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%BOLXPPSE

'LW ERHN LV WRW VWDQG JHNRPHQ GRRU HHQ FRPELQDWLH YDQ QDwHI RSWLPLVPH� WDOOR]H
LGHHsQ� EHKRRUOLMN ZDW NR̋H� EHHWMH XLWVWHOJHGUDJ� HHQ JRHLH SRUWLH VWUHVV� HHQ GXL�
]HQGWDO EURRGMHV YDQ GH UHVWR� HLQGHORRV SHUIHFWLRQLVPH HQ GH ELM]RQGHUH VWHXQ YDQ
KHHO ZDW PHQVHQ� +RHZHO LN GH SHUIHFWLRQLVW LQ PH]HOI RRN ZHO ZDW GDQN YHUVFKXOGLJG
EHQ ]LMQ KHW YRRUDO GLH ODDWVWH GLH LN LQ GLW GDQNZRRUG ZLO YHUPHOGHQ�

9LMI MDDU ODQJ KHE LN QDDU GLW PRPHQW WRHJHZHUNW� 'DW ZDV RRN HHQ EHHWMH YLMI MDDU
DI]LHQ HQ JHQLHWHQ GRRU HONDDU� +RHZHO KHW EHVHI YDQ GH LPSDFW YDQ GH]H SUHVWDWLH RRN
QX� ELM KHW VFKULMYHQ YDQ GLW GDQNZRRUG� QRJ QLHW KHOHPDDO LV GRRUJHGURQJHQ� YRHO LN
WRFK ZDW WURWV� +HW LV ]HNHU HHQ YDVW HHQ PLMOSDDO LQ PLMQ OHYHQ ZDDU LN QRJ YDDN RS
]DO WHUXJNLMNHQ�

/DDW LN GXV PHWHHQ EHJLQQHQ ELM GH SHUVRRQ ZDDUELM KHW EHJRQ� 0LMQ SURPRWRU�
)LOLS 'H 7XUFN� GLH PH GH NDQV JDI LHWV WH SUREHUHQ ZDDU LN QRRLW YDQ KDG GXUYHQ
GURPHQ� %HGDQNW YRRU KHW YHUWURXZHQ� GH NDQVHQ HQ GH EHJHOHLGLQJ� %HGDQNW DDQ
)HPNH 'H %DFNHUH� PLMQ FR�SURPRWRU� YRRU GH EHJHOHLGLQJ� GH VWHXQ HQ GH DGYLH]HQ�
1DWXXUOLMN ZDV GLW KHOH YHUKDDO QLHW PRJHOLMN ]RQGHU GH RQGHU]RHNVJURHS ZDDULQ KHW
]LFK DIVSHHOGH� ,'/DE� GDDUYRRU ZLO LN 3LHW 'HPHHVWHU EHGDQNHQ� ,N QHHP JUDDJ GH
WLMG RP RRN DOOH MXU\OHGHQ YDQ GLW GRFWRUDDW WH EHGDQNHQ� )UDQN *LHOHQ� 0DULD 7RUUHV
9HJD� 6DUD 6FKHYHQHHOV� /XFD 6LPHRQH HQ .ULVWRI 6WHXUEDXW HQ GH YRRU]LWWHU +HQQLH
'H 6FKHSSHU�

'DQ ]LMQ HU GH PHQVHQ ZDDUPHH LN GH JDQJHQ YDQ L*HQW GHHOGH� -H ZHHW ZHO� YRRU
FRURQD� WRHQ LHGHUHHQ QRJ GDJHOLMNV QDDU GH EXUHDX NZDP� 2P WH EHJLQQHQ DOOH WR̊H
FROOHJD·V ZDDUPHH LN GH EXUHDX GHHOGH� 0DWKLDV 'H %URXZHU� 6WpSKDQLH &DUOLHU� %UDP
6WHHQZLQFNHO� )HPNH2QJHQDH� 3LHWHU %RQWH� *LOOHV 9DQGHZLHOH� 0LFKDHO:H\QV� 3KLOLS
/HURX[ HQ 6WLMQ 9HUVWLFKHO� 7ZHH KLHUYDQ YHUGLHQHQ ZDW H[WUD DDQGDFKW LQ GH]H EH�
GDQNLQJ� 6WpSKDQLH� MLM KHEW PLM ]R ZDW GRRU GH ]ZDDUVWH SHULRGHV YDQ GLW GRFWRUDDW
JHVOHXUG� -LM ZDV HU RRN WHONHQV RP PLM HUDDQ WH KHULQQHUHQ ZDQQHHU LN PH QRJ PDDU
HHQV OLHW YHUEOLQGHQ GRRU PLMQ SHUIHFWLRQLVPH� =RQGHU MRXZ KXOS ZDV LN QX ZDDU�
VFKLMQOLMN QRJ DOWLMG KHW MXLVWH OHWWHUW\SH YDQ GLW ERHN DDQ KHW NLH]HQ� 2RN %UDP ZLO
LN EHGDQNHQ YRRU GH OHXNH WLMGHQ RS GH EXUHDX HQ GDDUEXLWHQ� 2S MRX NRQ LN RRN
DOWLMG UHNHQHQ YRRU VWHXQ� KXOS RI HHQ NRUWH SDX]H PHW :DOO\� %XLWHQ GH YHUWURXZGH
PXUHQ YDQ ORNDDO ������� ORSHQ RRN ZDW PHQVHQ URQG GLH LN ZLO EHGDQNHQ� 6DP 9DQ
'DPPH� KHW ZDV OHXN MH HHUVW DOV PDVWHUVWXGHQW WH PRJHQ EHJHOHLGHQ ELM MH WKHVLV HQ
KHW MDDU HUQD VDPHQ WH NXQQHQ ZHUNHQ DDQ SXEOLFDWLHV DOV FROOHJD·V� 0DULD 7RUUHV 9HJD
PRHW LN RRN HHQ WZHHGH NHHU EHGDQNHQ� QLHW DOOHHQ ]DW MH LQ PLMQ MXU\� PDDU MH ZDV
RRN HHQ RQW]HWWHQG ÀMQH FROOHJD� 'H VDPHQZHUNLQJHQ HQ FRQIHUHQWLHV GLH ZH GHGHQ
ZDUHQ ]HHU OHXNH HUYDULQJHQ� 2RN VODDJGH MH HU VWHHGV LQ PHW HHQ YDQ MH SHSWDONV PLM



ZHHU QLHXZH PRHG WH JHYHQ ZDQQHHU GDW HYHQ QRGLJ ZDV� -LM KHEW PH JHKROSHQ VWHHGV
YRRUXLW WH VWUHYHQ�

$OV LN GHQN DDQ PLMQ GRFWRUDDW� GHQN LN RRN PHWHHQ DDQ 'HVLJQ 3URMHFW� +HW YDN
ZDDU LN YLMI MDDU ODQJ ]HHU VWHUN ELM EHWURNNHQ ZDV� ,N KHE HU KHHO YHHO ELMJHOHHUG YDQ
DQGHUH PHQVHQ� 'DDURP ZLO LN DOOH FROOHJD·V YDQ KHW YDN EHGDQNHQ ZDDUYDQ LN 'LUN
6WURREDQGW� -HOOH 1HOLV� /DXUHQV 0DUWLQ HQ $QQD /LQ QRJ QLHW YHUPHOG KHE�

8LW GH VDPHQZHUNLQJ YRRU KHW 3$752186 SURMHFW ]LMQ HU RRN HQNHOH QDPHQ
GLH LQ GLW GDQNZRRUG DDQ ERG PRHWHQ NRPHQ� ,Q KHW ELM]RQGHU EHGDQNW DDQ GH SV\�
FKRWKHUDSHXWHQ YDQ 7KH +XPDQ /LQN� %DUEDUD 'HSUHHXZ� 7RP 9DQ 'DHOH HQ 7LQH
'DHVHOHLUH�

0HW HHQ GRFWRUDDW EHQ MH RRN YDDN EXLWHQ GH ZHUNXUHQ EH]LJ� HQ GDQ ]LMQ YULHQGHQ
HQ IDPLOLH HUJ EHODQJULMNH EURQQHQ YDQ VWHXQ HQ DÁHLGLQJ� $DQ %UHFKW HQ 7LP� EHGDQNW
YRRU GH OHXNH PRPHQWHQ VDPHQ HQ GH ODVW�PLQXWH DIVSUDNHQ ZDQQHHU LN QRRG KDG DDQ
ZDW DÁHLGLQJ RI JHZRRQ RPGDW KHW PRRL ZHHU ZDV� .DUHO HQ 0DDLNH� MXOOLH KHEEHQ
]HNHU RRN HHQ URO JHVSHHOG LQ GLW KHOH YHUKDDO� -XOOLH DDQPRHGLJHQGH ZRRUGHQ KHEEHQ
PLM JHKROSHQ RP YRO WH KRXGHQ ZDQQHHU LN KHW HYHQ QLHW PHHU ]DJ ]LWWHQ� (Q EURHU�
MRX PRHW LN ]HNHU EHGDQNHQ ZDQW MH EHQW PLMQ JURWH KHOG HQ PLMQ JURWH YRRUEHHOG� LN
KHE YHHO YDQ MH JHOHHUG HQ LN KRRS GDW ZH VDPHQ QRJ YHOH ]RWWH SURMHFWHQ NXQQHQ GRHQ�
'H ZHJ QDDU KHW HLQGH YDQ GLW GRFWRUDDW ZDV ODQJ HQ LV ZDDUVFKLMQOLMN DO YHHO HHUGHU
EHJRQQHQ GDQ YLMI MDDU JHOHGHQ� GDDUYRRU PRHW LN 0DPD HQ0HHWMH EHGDQNHQ� 9RRU GH
VWHXQ HQ KHW YHUWURXZHQ GLH MXOOLH PLM VWHHGV JDYHQ LQ DO PLMQ EHVOLVVLQJHQ� 1DWXXUOLMN
PDJ LN 3DSD HQ 2SD RRN QLHW YHUJHWHQ� LN GHQN QRJ VWHHGV ]R YDDN DDQ MXOOLH HQ LN
KRRS GDW LN MH WURWV JHPDDNW KHEW ZDQW ]RQGHU GH NDQVHQ GLH MXOOLH PLM JDYHQ ]RX GLW
QRRLW JHOXNW ]LMQ� 2RN GDQN DDQ PLMQ PHWHU� 0RHNH�

'DQ NRPHQ ZH ELMQD DDQ KHW HLQG� PDDU YRRU LN GH ODDWVWH SHUVRRQ EHGDQN ]LMQ HU
QRJ HHQ DDQWDO PHQVHQ GLH PRHWHQ YHUPHOG ZRUGHQ� ZDQW VLQGV HHQ WLMGMH KHE LN HU HHQ
WZHHGH IDPLOLH ELM� /LHYHQ HQ 6X]\� ,VDEHOOH HQ .DUHO� HQ 3KLOLSSH HQ +HOHQD� EHGDQNW
YRRU MXOOLH LQWHUHVVH LQ PLMQ RQGHU]RHN HQ EHGDQNW RP DO GLH MDUHQ ]R JRHG YRRU GH
EHODQJULMNVWH SHUVRRQ LQ PLMQ OHYHQ WH ]RUJHQ� :DQW $QQHNH� MLM KHEW ZDDUVFKLMQOLMN
KHW PHHVW DIJH]LHQ PHW PLM GH ODDWVWH MDUHQ� -LM KHEW WHONHQV YDQ KHHO GLFKW ELM JH]LHQ
ZDQQHHU KHW PRHLOLMN JLQJ� -H KHEW GLH NHHU PHHJHPDDNW WRHQ LN HFKW ZRX VWRSSHQ PHW
KHW GRFWRUDDW� 0DDU MH KHEW JHOXNNLJ RRN HQNHOH KRRJWHSXQWHQ NXQQHQ PHHPDNHQ�
+HW EHODQJULMNVWH YRRU PLM LV GDW MH HU DOWLMG YRRU PLM ZDV� RP PH WH VWHXQHQ� RP PHW
PH WH YLHUHQ� RI JHZRRQ RP PH NRHNMHV WH EUHQJHQ �]HOIV KHOHPDDO WRW LQ =ZLMQDDUGH��
(Q GDDUYRRU YHUGLHQ MLM GH DOOHUJURRWVWH GDQN MH ZHO�
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4VNNBSZ YYJY

� *OUSPEVDUJPO �
��� 7JSUVBM 3FBMJUZ 5ISPVHIPVU )JTUPSZ � � � � � � � � � � � � � � � � � � � � � �
��� "UUSJCVUFT PG 7JSUVBM 3FBMJUZ � � � � � � � � � � � � � � � � � � � � � � � � �
��� 7JSUVBM 3FBMJUZ JO )FBMUIDBSF � � � � � � � � � � � � � � � � � � � � � � � � �

����� 5IF /FFET PG F)FBMUI � � � � � � � � � � � � � � � � � � � � � � � �
����� 7JSUVBM 3FBMJUZ JO .FOUBM )FBMUI BOE 3FIBCJMJUBUJPO � � � � � � � � � �

��� 1JUGBMMT PG 7JSUVBM 3FBMJUZ � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0QFO $IBMMFOHFT � 0WFSBMM (PBM � � � � � � � � � � � � � � � � � � � � � � ��
��� .BJO 3FTFBSDI $POUSJCVUJPOT � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 0VUMJOF � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 1VCMJDBUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� 1VCMJDBUJPOT JO *OUFSOBUJPOBM +PVSOBMT
	MJTUFE JO UIF 4DJFODF $JUBUJPO *OEFY
 � � � � � � � � � � � � � � � � ��

����� 1VCMJDBUJPOT JO *OUFSOBUJPOBM $POGFSFODFT
	MJTUFE JO UIF 4DJFODF $JUBUJPO *OEFY
 � � � � � � � � � � � � � � � � ��

����� 1VCMJDBUJPOT JO PUIFS *OUFSOBUJPOBM $POGFSFODFT � � � � � � � � � � � ��
3FGFSFODFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 'SPN 1BUJFOU UP .VTJDJBO� " .VMUJ�4FOTPSZ 7JSUVBM 3FBMJUZ 3FIBCJMJUBUJPO 5PPM GPS
4QBUJBM /FHMFDU ��
��� *OUSPEVDUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



WJ

��� #BDLHSPVOE � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� $MBTTJðDBUJPO PG 4QBUJBM /FHMFDU � � � � � � � � � � � � � � � � � � ��
����� "TTFTTNFOU PG 64/ � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3FIBCJMJUBUJPO 5FDIOJRVFT GPS 64/ � � � � � � � � � � � � � � � � � ��
����� .VTJD 5IFSBQZ BOE 64/ � � � � � � � � � � � � � � � � � � � � � � ��
����� 73 GPS 3FIBCJMJUBUJPO � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7JTJPO BOE 0CKFDUJWFT � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� %FTJHO PG UIF 73 5IFSBQZ GPS 64/ � � � � � � � � � � � � � � � � � � � � � � ��

����� 73 5IFSBQZ .PEVMF � � � � � � � � � � � � � � � � � � � � � � � � ��
������� "TTFTTNFOU 5BTL � � � � � � � � � � � � � � � � � � � ��
������� 4DBMFT 5BTL � � � � � � � � � � � � � � � � � � � � � � ��
������� .FNPSZ 5BTL � � � � � � � � � � � � � � � � � � � � � ��
������� 'SFF�UP�1MBZ 5BTL � � � � � � � � � � � � � � � � � � � ��

����� 5IFSBQJTU %BTICPBSE � � � � � � � � � � � � � � � � � � � � � � � ��
��� *NQMFNFOUBUJPO %FUBJMT � � � � � � � � � � � � � � � � � � � � � � � � � � ��

����� %FTJHO 0WFSWJFX � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� *OUFSGBDFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 5FDIOPMPHJFT � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� %FQMPZNFOU � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &WBMVBUJPO 4FU�6Q � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� .FUIPE � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 3FDSVJUNFOU BOE 1BSUJDJQBOUT � � � � � � � � � � � � � � � � � � � ��
����� %BUB $PMMFDUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3FTVMUT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� "TTFTTNFOU 5BTL � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 4DBMFT 5BTL � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� .FNPSZ 5BTL � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'SFF�UP�1MBZ 5BTL � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &WPMVUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� *OUFSWJFXT � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� %JTDVTTJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
����� 'JOEJOHT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

������� "TTFTTNFOU 5BTL � � � � � � � � � � � � � � � � � � � ��
������� 4DBMFT 5BTL � � � � � � � � � � � � � � � � � � � � � � ��
������� .FNPSZ 5BTL � � � � � � � � � � � � � � � � � � � � � ��
������� 'SFF�UP�1MBZ 5BTL � � � � � � � � � � � � � � � � � � � ��

����� 3FTFBSDI 2VFTUJPOT � � � � � � � � � � � � � � � � � � � � � � � � ��
����� -JNJUBUJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $PODMVTJPOT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
3FGFSFODFT � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� " 1FSTPOBMJTFE &NPUJPO�#BTFE .PEFM GPS 3FMBYBUJPO JO 7JSUVBM 3FBMJUZ ��
��� *OUSPEVDUJPO � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 3FMBUFE 8PSL � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� .FUIPEPMPHZ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��



WJJ

����� 1FSTPOBMJUZ .PEFM � � � � � � � � � � � � � � � � � � � � � � � � ��
����� &NPUJPOBM .PEFM � � � � � � � � � � � � � � � � � � � � � � � � � ��
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��� 5IFSBQJTU EBTICPBSE UP DPOUSPM BOE PWFSTFF UIF UIFSBQZ� � � � � � � � � � � � ��

���� 5IF BSDIJUFDUVSF PG UIF EFTJHOFE 73 QMBUGPSN� � � � � � � � � � � � � � � � � ��

���� 5IF UJNFMJOF PG UIF DMJOJDBM TUVEZ XJUI QBUJFOUT JOEJDBUFT � TFTTJPOT EVSJOH �
XFFLT� &BDI TFTTJPO DPOTJTUFE PG B GFX UBTLT BOE EBUB DPMMFDUJPO� (SFFO NBSL�
FST JOEJDBUF UIF BWBJMBCMF EBUB� SFE NBSLFST JOEJDBUF VOBWBJMBCMF EBUB� � � � � ��

���� 5IF BWFSBHF IFBE EJSFDUJPO PG UIF ðSTU �� T PG BMM UIF "TTFTTNFOU UBTLT JT BH�
HSFHBUFE BOE QMPUUFE GPS UIF DMJOJDBM QBUJFOUT 	CMVF
 BOE UIF OPO�DMJOJDBM UFTU
VTFST 	QJOL
� 5IF QBUJFOUT JOEJDBUF B CJBT PG BSPVOE �� EFHSFFT UPXBSET UIFJS
OPO�OFHMFDUFE TJEF GPS UIF ðSTU �� T UIF BWFSBHF UJNF VOUJM UIF ðSTU LFZ JT QMBZFE
	HSFFO
� 5IJT CJBT JT DPSSFDUFE BGUFS UIJT ðSTU TUJNVMVT SFTVMUJOH JO BO BWFSBHF
IFBE EJSFDUJPO ñVDUVBUJOH BSPVOE UIF NJEEMF GPS UIF SFNBJOEFS PG UIF �� T� � ��

���� 	-FGU
 6TFSTXJUI B IJHIFS $BUIFSJOF #FSHFHP 4DBMF 	$#4
 TDPSF JOEJDBUF B IJHIFS
CJBT UPXBSET UIFJS OPO�OFHMFDUFE TJEF DPNQBSFE UP UIF VTFST XJUI B $#4 TDPSF
PG �� 8JUIJO UIF QBUJFOU TBNQMF OP TJHOJðDBOU EJGGFSFODF JO IFBE EJSFDUJPO DBO
CF PCTFSWFE CBTFE PO UIF $#4 TDPSF GPS UIF ðSTU �� T� 	3JHIU
 5IF $#4 TDPSFT
PG BMM QBSUJDJQBOUT BSF QMPUUFE BHBJOTU UIF BWFSBHF IFBE EJSFDUJPO EVSJOH UIF
SFNBJOEFS PG UIF "TTFTTNFOU� 5IFTF TIPX UIBU UIF CJBT PG UIF IFBE EJSFDUJPO
IBT TIJGUFE UPXBSET UIF OPO�OFHMFDUFE TJEF GPS VTFST XJUI B IJHIFS $#4 TDPSF� � ��

���� 5IF $#4 TDPSFT PG BMM QBSUJDJQBOUT BSF QMPUUFE BHBJOTU UIF EJGGFSFODF CFUXFFO
BWFSBHF IFBE EJSFDUJPO EVSJOH UIF ðSTU �� T BOE UIF SFNBJOEFS PG UIF "TTFTT�
NFOU� 5IFTF JOEJDBUF B MJOFBS DPSSFMBUJPO XJUI B CJBT UPXBSET UIF OFHMFDUFE
TJEF� 5IF IJHIFS UIF $#4 TDPSF UIF HSFBUFS UIF CJBT UPXBSET UIF OFHMFDUFE TJEF
PG TQBDF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 5IF NFEJBO PG UIF UJNF JU UPPL UP IJU UIF SFRVJSFE OPUF EVSJOH UIF 4DBMFT UBTL
GPS QBUJFOUT BOE UFTU VTFST� 2VBSUJMFT 2� BOE 2� BSF JOEJDBUFE CZ UIF IPSJ[PO�
UBM MJOFT� 1BUJFOU � SFRVJSFE NPSF UJNF UP IJU UIF ðOBM LFZ BU UIF FYUSFNF FOE
PG UIFJS OFHMFDUFE TJEF XIFSFBT GPS BMM QBUJFOUT UIF UJNF UP IJU UIF OFYU LFZ
SFEVDFE HSBEVBMMZ BT UIFZ NPWFE BMPOH UIF TDBMF� 5IF UFTU VTFST JOEJDBUFE B
TJHOJðDBOUMZ GBTUFS SFTQPOTF UJNF DPNQBSFE UP UIF DMJOJDBM VTFST� � � � � � � � ��

���� 5IF EJTUSJCVUJPO PG UIF OPUFT JO UIF FYBNQMF TFRVFODF� 5IF LFZT UIBU TIPVME
IBWF CFFO QMBZFE UIF QMBZFE TFRVFODFT BOE UIF LFZT UIBU XFSF QMBZFE JOEJDBUF
UIBU PWFSBMM NPTU LFZTXFSF QMBZFE DPSSFDUMZ� /POFUIFMFTT QBUJFOUT JOEJDBUFE B
IJHIFS DPODFOUSBUJPO PG NJTUBLFT JO HFOFSBM NPTUMZ TJUVBUFE JO UIFJS OFHMFDUFE
TJEF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 5IF NFEJBO PG UIF UJNF GPS XIJDI B CBMM XBT MZJOH PO UIF TVSGBDF GPS FBDI LFZ
EVSJOH UIF 'SFF�UP�1MBZ UBTL JT SFNBSLBCMZ IJHIFS GPS UIF QBUJFOUT UIBO GPS UIF
UFTU VTFST� .PSFPWFS UIF TQSFBE PG UIF WBMVFT JT XJEFS BT TFFO CZ UIF RVBSUJMFT
2� BOE 2� JOEJDBUFE CZ UIF IPSJ[POUBM MJOFT� 'PS NPTU QBUJFOUT LFZT PO UIF
FYUSFNJUZ PG UIF JOTUSVNFOU JO UIFJS OFHMFDUFE TJEF SFNBJOFE VOQMBZFE GPS UIF
MPOHFTU� 1BUJFOUT � BOE � TIPXFE B TPNFXIBU TJNJMBS JODSFBTF GPS LFZT JO UIF
NJEEMF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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���� 	-FGU
 5IF BWFSBHF IFBE EJSFDUJPO GPS UIF .FNPSZ UBTL GPS FBDI QBUJFOU EVS�
JOH BMM � TFTTJPOT JOEJDBUFT B HSBEVBMMZ JODSFBTJOH DPSSFDUJPO UPXBSET UIFJS OF�
HMFDUFE TJEF� 	3JHIU
 5IF BWFSBHF IFBE EJSFDUJPO GPS UIF 'SFF�UP�1MBZ UBTL GPS
FBDI QBUJFOU EVSJOH BMM � TFTTJPOT JOEJDBUFT B HSBEVBMMZ JODSFBTJOH DPSSFDUJPO
UPXBSET UIFJS OFHMFDUFE TJEF� � � � � � � � � � � � � � � � � � � � � � � � � ��

��� )JHI MFWFM WJFX PG UIF BSDIJUFDUVSF� � � � � � � � � � � � � � � � � � � � � � ��
��� 1MPUT TIPXJOH EJGGFSFOU QSFGFSFODF GVODUJPOT GPS EJGGFSFOU PQUJNBM WBMVFT� � � � ��
��� 1MPUT TIPXJOH EJGGFSFOU GFBS JOEVDUPS GVODUJPOT GPS EJGGFSFOU PQUJNBM WBMVFT� � � ��
��� 5IF UXP UZQFT PG JOEPPS FOWJSPONFOU� 	B
 -BLF IPVTF 	C
 'PSFTU DBCJO� � � � � ��
��� 5IF UXP UZQFT PG PVUEPPS FOWJSPONFOU� 	B
 -BLF DBNQ 	C
 .PVOUBJO DBNQ� � � ��
��� %FDJTJPO USFF VTFE CZ UIF FOWJSPONFOU TFMFDUPS� � � � � � � � � � � � � � � � ��
��� 5IF QSPHSFTTJPO PG UIF GFBS GVODUJPO f(x) GPS B DIBOHJOH JOUFOTJUZ PG dg BOE

EJGGFSFOU WBMVFT GPS dgRSW  XIFSF apy = aGDUN = 0.5 BOE pyRSW = GDUNRSW =
0 BSF ðYFE� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 1MPUT TIPXJOH UIF DBMDVMBUJPO PG TUSFTT BT JU EFQFOET PO PUIFS GVODUJPOT� &BDI
QMPU TIPXT TUSFTT JO GVODUJPO PG B EJGGFSFOU BEBQUBUJPO� � � � � � � � � � � � � ��

��� 1MPUT TIPXJOH UIF DBMDVMBUJPO PG BSPVTBM BT JU EFQFOET PO PUIFS GVODUJPOT� &BDI
QMPU TIPXT BSPVTBM JO GVODUJPO PG B EJGGFSFOU BEBQUBUJPO� � � � � � � � � � � � ��

���� 1MPUT TIPXJOH UIF FWPMVUJPO PG UIF FNPUJPOBM TUBUFT BU FBDI UJNF TUFQ GPS UIF
PVUEPPS FOWJSPONFOU� 5IF IFVSJTUJD PQUJNJTFS BQQMJFT UIF BEBQUBUJPOT JO UIF
TBNF PSEFS GPS FBDI VTFS� � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 1MPUT TIPXJOH UIF FWPMVUJPO PG UIF FNPUJPOBM TUBUFT BU FBDI UJNF TUFQ GPS UIF JO�
EPPS FOWJSPONFOU� 5IF IFVSJTUJD PQUJNJTFS BQQMJFT UIF BEBQUBUJPOT JO UIF TBNF
PSEFS GPS FBDI VTFS� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

���� 5IF BWFSBHF SFMBYBUJPO PWFS BMM TJNVMBUJPOT QMPUUFE GPS FWFSZ QFSNVUBUJPO PG
BEBQUBUJPOT GPS UIF PVUEPPS FOWJSPONFOU� 5IF BEBQUBUJPO TFRVFODFT BSF TPSUFE
BDDPSEJOH UP EFDSFBTJOH ðOBM BOE BWFSBHF SFMBYBUJPO� � � � � � � � � � � � � ��

���� 5IF BWFSBHF SFMBYBUJPO PWFS BMM TJNVMBUJPOT QMPUUFE GPS FWFSZ QFSNVUBUJPO PG
BEBQUBUJPOT GPS UIF JOEPPS FOWJSPONFOU� 5IF BEBQUBUJPO TFRVFODFT BSF TPSUFE
BDDPSEJOH UP EFDSFBTJOH ðOBM BOE BWFSBHF SFMBYBUJPO� � � � � � � � � � � � � ��

���� 7JTVBMJTBUJPO PG UIF EFDJTJPO QSPDFTT UIBU MFBET UP BO PQUJNBM TFRVFODF� � � � � ��

��� 1JDUVSFT PG UIF XPSLTIPQT TIPXJOH POF QFSTPO XSJUJOH EPXO PO MBSHF TIFFUT
PG QBQFS XIJMF UIF QTZDIPUIFSBQJTUT BSF EJTDVTTJOH UIF UIFSBQZ XPSLñPX� � � � ���

��� 0WFSWJFX PG UIF TPGUXBSF BSDIJUFDUVSF PG UIF 1"530/64 TZTUFN � � � � � � � ���
��� 5IF XFC BQQMJDBUJPO JT B EBTICPBSE UISPVHI XIJDI UIF QTZDIPUIFSBQJTUT DBO

DPOUSPM UIF UIFSBQZ� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
��� 5IF BQQ JT VTFE CZ UIF QBUJFOU 	B
 UP QFSGPSN UIFJS FYQPTVSF FYFSDJTFT BU IPNF

BOE 	C
 UP SFDPSE TFMG�SFQPSUT PG UIFJS NFOUBM TUBUF� � � � � � � � � � � � � � ���
��� 5IF QSPDFTT UP HFOFSBUF OFX TVHHFTUJPOT XJUI UIF BEBQUBUJPO BMHPSJUIN JO�

WPMWFT UIF USBOTNJTTJPO PG NFTTBHFT PO B CVT DPNNVOJDBUJPO TZTUFN� � � � � ���
��� 5IF GFBS BMHPSJUIN NBLFT QSFEJDUJPO PG GFBS MFWFM PO B EBUB TUSFBN PG QIZTJP�

MPHJDBM EBUB UIBU JT QBSUJUJPOFE BOE TFOE PO UIF NFTTBHF CVT� � � � � � � � � ���
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��� 0WFSWJFX PG UIF BEBQUJPO TZTUFN GPS 7JSUVBM 3FBMJUZ &YQPTVSF 5IFSBQZ 	73&5
 � ���
��� 5IJT HSBQIJDBM QSFTFOUBUJPO PG UIF VQQFS POUPMPHZ TIPXT UIF DPODFQUT 	CMBDL

CPYFT
 BOE UIF SFMBUJPOT CFUXFFO UIFN 	CMBDL BSSPXT
� 5IF HSFFO CPYFT SFQSF�
TFOU FYBNQMFT PG JOEJWJEVBMT DSFBUFE GPS UIF DPSSFTQPOEJOH DMBTTFT� � � � � � � ���

��� 5IF DPODFQUT BOE SFMBUJPOT PG UIF 73&5�POUPMPHZ UIBU FYUFOE UIF DPODFQUT PG
UIF VQQFS POUPMPHZ 	HSFZ
 � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� "O FYBNQMF PG B TNBMM POUPMPHZ UIBU EFTDSJCFT B 7JSUVBM &OWJSPONFOU 	7&
 PG
B ESJWJOH DBS� 5IF FOWJSPONFOU IBT GPVS QBSBNFUFST UIBU DBO CF DPOðHVSFE
	$POEJUJPOFE 4UJNVMVT 	$4

� 5IFZ FYUFOE UIF 73&5�POUPMPHZ DPODFQUT 	HSFZ
� � � ���

��� 5IF 1"530/64 TZTUFN JT B QBUJFOU�DFOUSFE CMFOEFE DBSF TPMVUJPO GPS BOYJFUZ
USFBUNFOU UISPVHI 73&5 XJUI UIF QTZDIPUIFSBQJTU BOE BU IPNF� � � � � � � � ���

��� 5IF EBTICPBSE BQQMJDBUJPO JT UIF JOUFSGBDF GPS UIF QTZDIPUIFSBQJTUT UP VTF UIF
FOUJSF 1"530/64 TZTUFN� � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 5IF MPPL BOE GFFM PG UIF FMFWBUPS EFQFOET PO UIF DPNCJOBUJPO PG NBOZ QBSBN�
FUFST TVDI BT UIF FMFWBUPS JOUFSJPS UIF EPPS UZQF BOE UIF CVUUPOTn QPTJUJPO� 	B

.PEFSO FMFWBUPS XJUI UXP�TJEFE TMJEJOH EPPST 	C
 0ME FMFWBUPS XJUI B IJOHFE
EPPS GFBUVSJOH B XJOEPX UIF CVUUPOT BSF MPDBUFE PO UIF PVUTJEF 	D
 4FSWJDF
FMFWBUPS XJUI B POF�TJEFE TMJEJOH EPPS� � � � � � � � � � � � � � � � � � � � ���

��� 5IF DPNCJOBUJPO PG QBSBNFUFST TVDI BT UIF SPBE UZQF UIF TFBUJOH QPTJUJPO BOE
UIF UJNF PG EBZ JOñVFODF UIF SFQSFTFOUBUJPO PG UIF DBS FOWJSPONFOU� 	B
 " CVTZ
GSFFXBZ XIJMF B NPUPSDZDMF PWFSUBLFT UIF DBS 	C
 " UVOOFM SPBE XIJMF TJUUJOH JO
UIF CBDLTFBU 	D
 " SPBE BDSPTT B CSJEHF CZ OJHIU� � � � � � � � � � � � � � � ���

��� 5IF JOUFSPDFQUJWF TUJNVMJ BSF BEKVTUBCMF JO UIF EBTICPBSE WJFX EVSJOH BO FYQP�
TVSF FYFSDJTF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 'MPX EJBHSBN PG UIF BEBQUJWF BMHPSJUIN CBTFE PO UIF 3FTDPSMB�8BHOFS NPEFM � ���
���� 5IF JNQMFNFOUBUJPO PWFSWJFX PG UIF EJGGFSFOU DPNQPOFOUT PG UIF BEBQUBUJPO

TZTUFN BOE IPX UIF NFTTBHF CVT JT VTFE GPS DPNNVOJDBUJPO XJUI BOZ PUIFS
QBSU PG UIF TZTUFN� � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

���� 0WFSWJFXPG UIF EBUBNBQQJOH QSPDFTT TIPXJOH UIF UXPQSPDFTTPS VOJUT 	TRVBSFT

BOE UIF EBUB PCKFDUT 	PWBMT
 UIBU ñPX UISPVHI JU� 5IF PSBOHF QSPDFTT JT POMZ FY�
FDVUFE PODF CFGPSF FYFDVUJPO UJNF� 4JNJMBSMZ UIF PSBOHF EBUB PCKFDUT BSF DSF�
BUFE PODF BU EFTJHO UJNF� 5IF CMBDL QSPDFTT JT FYFDVUFE SFQFBUFEMZ BU SVOUJNF
SFTVMUJOH JO OFX EBUB PCKFDUT� � � � � � � � � � � � � � � � � � � � � � � � ���

���� 5IF NBKPSJUZ PG UIF UPUBM FYFDVUJPO UJNF PG UIF BMHPSJUIN OBNFMZ 99� JT BD�
DPVOUFE GPS CZ GPVS TUFQT PG UIF BMHPSJUIN� 3.-�NBQQJOH TUFQ 	14�
 SFBTPOJOH
TUFQ 	39�
 VQEBUJOH TUFQ PG UIF 38NPEFM 	7�
 BOE UIF TVHHFTUJPO HFOFSBUJPO
TUFQ 	40�
 GPS �� FYFSDJTFT� 1SF�QSPDFTTJOH BOE UIF mPUIFS QSPDFTTJOHn DBUFHPSZ
BSF BMNPTU OFHMJHJCMF NBLJOH VQ UIF ðOBM 1�� � � � � � � � � � � � � � � � � ���

���� 'PS FBDI TUFQ UIF BWFSBHF FYFDVUJPO UJNFT 	GBEFE DPMPVST
 BSF TIPXO UPXIJDI B
MJOFBS GVODUJPO JT ðU 	CSJHIU DPMPVST
� &WFSZ TUFQ PG UIF BMHPSJUIN TDBMFT BQQSPYJ�
NBUFMZ MJOFBSMZ XJUI UIF OVNCFS PG QSFWJPVT FYFSDJTFT� )PXFWFS UIF SFBTPOJOH
BOE HFOFSBUJPO TUFQT BSF UIF NPTU BGGFDUFE CZ UIF BNPVOU PG JOQVU EBUB BT
UIF FYFDVUJPO UJNF JODSFBTFT TJHOJðDBOUMZ NPSF UIBO UIF PUIFS UXP EPNJOBUJOH
DPNQVUBUJPO TUFQT XJUI JODSFBTFE JOQVU EBUB� � � � � � � � � � � � � � � � � ���
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"�� 4DSFFOTIPUT PG UIF EJGGFSFOU WJFXT JO UIF 1"530/64 NPCJMF BQQMJDBUJPO� 	B
 -JTU
PG BMM FYFSDJTFT XJUI B TIPSU EFTDSJQUJPO EVF EBUF BOE JNBHF GPS FBDI 	C
 73
WJFX SFOEFSFE PO TDSFFO 	MBOETDBQFNPEF
 GPS B 73 IFBETFU 	D
 -JTU PG BMM HPBMT
XJUI B TIPSU EFTDSJQUJPO GPS FBDI 	E
 +PVSOBM JOQVU QBHF GPS B SBUJOH 	�����

BEEJUJPOBM UFYU BOE B UJNFTUBNQ 	F
 5JNFMJOF PWFSWJFX TIPXJOH UIF QMBOOFE
FYFSDJTFT JO UIF GVUVSF BOE B MJTU PG HPBMT� � � � � � � � � � � � � � � � � � � ���

"�� %JTUSJCVUJPO QMPU PG QBHF WJTJU GSFRVFODZ� � � � � � � � � � � � � � � � � � � ���
"�� %JTUJCVUJPO QMPU PG QBHF WJTJUT XFJHIUFE CZ UJNF TQFOE PO QBHF� � � � � � � � ���
"�� 7JTVBMJTBUJPO PG UIF USBDF PG UIF UISFF VTFST FBDI SPX SFQSFTFOUT B USBDF FBDI

DFMM SFQSFTFOUT B QBHF JO UIBU USBDF UIF DPMPVS PG UIF USBDF JOEJDBUFT XIJDI QBHF
JU XBT� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

#�� #MPDL EJBHSBN PG UIF DPOUFYUVBM CBOEJU MFBSOJOH CBTFE WJFXQPSU QSFEJDUJPO BM�
HPSJUIN� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

#�� 1MPUT GPS UIF QSFEJDUJPO FSSPS 	UPQ
 BOE SFMBUJWF WJFXQPSU RVBMJUZ 	CPUUPN
 PG
VTFST � 	MFGU
 BOE � 	SJHIU
 PWFS B UJNF XJOEPX PG �� TFDPOET� � � � � � � � � ���





-JTU PG 5BCMFT

��� "O PWFSWJFX PG UIF DIBMMFOHFT UBDLMFE QFS DIBQUFS JO UIJT EJTTFSUBUJPO� � � � � ��

��� " UBCMF TVNNBSJTJOH UIF OFHMFDU BTTFTTNFOUT FYFDVUFE CZ UIF DMJOJD� " IJHIFS
$#4 TDPSF JOEJDBUFT NPSF TFWFSF OFHMFDU� .PSF PNJTTJPOT BOE B IJHIFS SFBDUJPO
UJNF PO POF TJEF JO UIF 5"1 UFTU JOEJDBUF OFHMFDU UPXBSET UIBU TBNF TJEF� � � � ��

��� 5IF TVDDFTT SBUF GPS SFQMBZJOH TFRVFODFT DPSSFDUMZ EVSJOH UIF .FNPSZ UBTL GPS
FBDI QBUJFOU� 1BUJFOU � IBE UIF MPXFTU TVDDFTT SBUF XIJMF UIF TVDDFTT SBUF PG
1BUJFOU � BQQSPBDIFE UIBU PG UIF OPO�DMJOJDBM VTFST� � � � � � � � � � � � � � ��

��� 4VNNBSZ PG BMM QPTTJCMF BEBQUBUJPOT JNQMFNFOUFE JO UIF 7&T� � � � � � � � � ��
��� 5IF BNPVOU PG QPTTJCMF BOTXFST UIBU DBO CF HJWFO UP FWFSZ RVFTUJPO GSPN UIF

RVFTUJPOOBJSF� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
��� 4VNNBSZ PG BMM QPTTJCMF BEBQUBUJPOT VTFE CZ UIF FNPUJPOBM NPEFM� 'PS FBDI PG

UIF BEBQUBUJPOT UIF WBMVF PG UIF DPOTUBOUT EFðOFT UIF QSFTFODF PG UIF FNP�
UJPOT JO UIF FRVBUJPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6TFS QSPðMFT VTFE GPS TJNVMBUJPOT� � � � � � � � � � � � � � � � � � � � � � ��
��� &GGFDU PG EJGGFSFOU BEBQUBUJPO TFRVFODFT PO UIF BWFSBHF SFMBYBUJPO GPS PVUEPPS

FOWJSPONFOUT� 5IF MJTU JT PSEFSFE BDDPSEJOH UP EFDSFBTJOH ðOBM BOE BWFSBHF
SFMBYBUJPO� 5IF IJHIMJHIUFE TFRVFODF JT UIF PSEFS VTFE JO UIF IFVSJTUJD JNQMF�
NFOUBUJPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &GGFDU PG EJGGFSFOU BEBQUBUJPO TFRVFODFT PO UIF ðOBM BOE BWFSBHF SFMBYBUJPO
GPS JOEPPS FOWJSPONFOUT� 5IF MJTU JT PSEFSFE BDDPSEJOH UP EFDSFBTJOH ðOBM BOE
BWFSBHF SFMBYBUJPO� 5IF IJHIMJHIUFE TFRVFODF JT UIF PSEFS VTFE JO UIF IFVSJTUJD
JNQMFNFOUBUJPO� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &BDI UFTU DPOEJUJPO JT FYFDVUFE �� UJNFT UIF BWFSBHF FYFDVUJPO UJNF BOE TUBO�
EBSE EFWJBUJPOT GPS FBDI TUFQ BSF QSFTFOUFE JO TFDPOET GPS � �� �� �� �� BOE
�� QSFWJPVT FYFSDJTFT� � � � � � � � � � � � � � � � � � � � � � � � � � � � ���

��� 5IF TJNJMBSJUZ PG FBDI HFOFSBUFE TVHHFTUJPO DPNQBSFE UP UIF VTFE DPOðHVSB�
UJPOT� 5IF CPME DFMMT JOEJDBUF UIF IJHIFTU TJNJMBSJUZ GPS FBDI DPOðHVSBUJPO� 5IF
HSFZ DFMMT JOEJDBUF UIF DIPJDF PG UIF QTZDIPUIFSBQJTU EVSJOH UIF QPTU�TUVEZ� � � ���

#�� 5IF BWFSBHF QSFEJDUJPO FSSPS PG UIF BMHPSJUINT FYQSFTTFE JO SBEJBOT 	MPXFS JT
CFUUFS
� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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#�� 5IF QFSDFOUBHF PG PWFSMBQ CFUXFFO UIF WJFXQPSU BOE UIF QSFEJDUFE UJMF HJWJOH
UIF RVBMJUZ PG UIF WJFXQPSU 	IJHIFS JT CFUUFS
� � � � � � � � � � � � � � � � � ���
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4BNFOWBUUJOH

'H JH]RQGKHLGV]RUJ ZRUGW VWHHGV FRPSOH[HU� 'LW KHHIW WH PDNHQ PHW GH VWLMJHQGH
YUDDJ QDDU FRQVXOWDWLHV� KHW YDNHU YRRUNRPHQ YDQ PXOWLPRUELGLWHLW� HQ GH JHOLMNWLM�
GLJH GDOLQJ YDQ GH ]RUJFDSDFLWHLW� 0HW DQGHUH ZRRUGHQ� FDVXVVHQ ZRUGHQ FRPSOH[HU
ZDDUGRRU ]H PHHU WLMG YUDJHQ WHUZLMO HU VWHHGV PLQGHU WLMG YRRU]LHQ NDQ ZRUGHQ SHU
SDWLsQW� *HOXNNLJ ]RUJGH GH GLJLWDOH HYROXWLH LQ GH JH]RQGKHLGV]RUJ YRRU H̋FLsQWHUH�
EHWHUH HQ VRPV ]HOIV NRVWHQEHVSDUHQGH ]RUJ� 'LW KHHIW JHOHLG WRW GH LQWURGXFWLH YDQ GH
WHUP H+HDOWK� RI HOHNWURQLVFKH JH]RQGKHLGV]RUJ� ZDW YHUZLMVW QDDU KHW JHEUXLN YDQ LQ�
IRUPDWLHWHFKQRORJLH WHU RQGHUVWHXQLQJ YDQ WRHSDVVLQJHQ LQ GH JH]RQGKHLGV]RUJ� (pQ
YDQ GLH GLJLWDOH WHFKQRORJLHsQ LV 9LUWXDO 5HDOLW\ �95� ZDDUPHH JHEUXLNHUV HHQ YLUWX�
HOH ZHUHOG NXQQHQ HUYDUHQ HQ GDDUELM KHW JHYRHO NULMJHQ ]LFK ZHUNHOLMN LQ GLH ZHUHOG
WH EHYLQGHQ� 0HHVWDO ZRUGW KLHU HHQ +HDG 0RXQWHG 'LVSOD\ �+0'� YRRU JHEUXLNW�
ZDDUELM NOHLQH VFKHUPSMHV YRRU GH RJHQ YDQ GH JHEUXLNHU ZRUGHQ JHSODDWVW ]RGDW GLH
HQNHO QRJ GH YLUWXHOH EHHOGHQ NDQ ]LHQ� 'H YRRUGHOHQ YDQ 95 ]LWWHQ YRRUQDPHOLMN LQ
GH ÁH[LELOLWHLW YDQ GH WHFKQRORJLH� HHQ DOWHUQDWLHYH ZHUHOG NDQ QDPHOLMN JHFUHsHUG ZRU�
GHQ ZDDULQ HON DVSHFW DDQSDVEDDU HQ DDQVWXXUEDDU LV� =R NXQQHQ JHEUXLNHUV VLWXDWLHV
HUYDUHQ GLH LQ ZHUNHOLMNKHLG ]HHU PRHLOLMN RI KHOHPDDO RQPRJHOLMN WH UHDOLVHUHQ ]LMQ�

'H HOHNWURQLVFKH JH]RQGKHLGV]RUJ KDDOW YRRUGHOHQ XLW GH]H 95 WHFKQRORJLH GRRU
]H WRH WH SDVVHQ ELM EHKDQGHOLQJHQ RI WKHUDSLHsQ ZDDUELM GH SDWLsQW OHHUW KRH GLH NDQ
KDQGHOHQ LQ HHQ ]HHU VSHFLÀHNH VLWXDWLH� 'H YDDUGLJKHGHQ GLH LQ 95 RPJHYLQJHQ
ZRUGHQ DDQJHOHHUG� NXQQHQ QDGLHQ WRHJHSDVW ZRUGHQ LQ KHW GDJHOLMNVH OHYHQ� 2Q�
GHU DQGHUH WZHH VSHFLÀHNH GRPHLQHQ LQ GH JH]RQGKHLGV]RUJ GLH GLW VRRUW WKHUDSLH
JHEUXLNHQ� ]LMQ GH EHKDQGHOLQJHQ YDQ DQJVWVWRRUQLVVHQ� DOV RQGHUGHHO YDQ GH PHQWDOH
JH]RQGKHLGV]RUJ� HQ FRJQLWLHYH RI I\VLHNH UHYDOLGDWLH� 'LW ]LMQ WHYHQV GH WZHH GRPHL�
QHQ GLH DDQ ERG NRPHQ LQ GLW SURHIVFKULIW� 0DDU KHW WRHSDVVHQ YDQ 95 WHFKQRORJLH
WHU EHYRUGHULQJ YDQ GH H̋FLsQWLH HQ GRHOWUH̊HQGKHLG YDQ GH JH]RQGKHLGV]RUJ LV QLHW
YDQ]HOIVSUHNHQG� :H PRHWHQ HU RRN RS WRH]LHQ GDW ZH 95 WHFKQRORJLH QLHW ]RPDDU
JHEUXLNHQ RP WHFKQRORJLH WH JHEUXLNHQ� PDDU GDW ]H H̊HFWLHI RRN PHHUZDDUGH ELHGW�
+LHUYRRU GLHQHQ ZH RQV YRRUQDPHOLMN WH ODWHQ OHLGHQ GRRU GH NHQQLV HQ GH YUDDJ XLW HON
VSHFLÀHN GRPHLQ YDQ GH JH]RQGKHLGV]RUJ HQ PRHWHQ ZH ZHHUVWDDQ DDQ GH YHUOHLGLQJ
RP VWHHGV GH ODDWVWH WHFKQRORJLVFKH LQQRYDWLHV WRH WH SDVVHQ�

(pQ YDQ GH XLWGDJLQJHQ ELM KHW FUHsUHQ YDQ JHDYDQFHHUGH 95 WRHSDVVLQJHQ LV GH
QRRG DDQ JHSHUVRQDOLVHHUGH RPJHYLQJHQ� +HW LV DO ODQJHU JHNHQG GDW JHSHUVRQDOL�
VHHUGH ]RUJ YHHO H̋FLsQWHU LV RPGDW ]H GRHOJHULFKW LQVSHHOW RS GH QRGHQ YDQ GH VSH�
FLÀHNH SDWLsQW� +HW VSUHHNW YRRU ]LFK GDW HHQ XQLIRUPH DDQSDN �RQH�VL]H�ÀWV�DOO� QLHW
DOWLMG DOV GRHOWUH̊HQG HUYDUHQ ZRUGW RPGDW LHGHUH SHUVRRQ DQGHUV LV� 'H XLWGDJLQJ ]LW
KHP QHW LQ KHW ]RHNHQ QDDU RSORVVLQJHQ RP GH QRGHQ YDQ GH SDWLsQW WH LGHQWLÀFHUHQ



YYWJ 4BNFOWBUUJOH

HQ HU YHUYROJHQV QDDU WH KDQGHOHQ� 'DDUYRRU ]LMQ HQHU]LMGV DOJRULWPHQ QRGLJ� GLH DDQ
GH KDQG YDQ GDWD NXQQHQ DFKWHUKDOHQ KRH GH SDWLsQW HYROXHHUW� KRH GLH UHDJHHUW RS
GH EHKDQGHOLQJ HQ KRH GLH VSHFLÀHNH RSGUDFKWHQ XLWYRHUW� $QGHU]LMGV ]LMQ RRN V\V�
WHPHQ QRGLJ GLH DDQ GH KDQG YDQ GH]H LQVFKDWWLQJ YDQ GH SDWLsQW� KHW YHUYROJ YDQ
GH EHKDQGHOLQJ NXQQHQ ELMVWXUHQ� 9RRU GH]H DOJRULWPHQ LV HU YROGRHQGH GDWD QRGLJ
RP EHWURXZEDUH EHVOLVVLQJHQ WH PDNHQ� 0HW 95 WHFKQRORJLH LV KHW HFKWHU PRJHOLMN
RP ]HHU YHHO GDWD YDQ GH JHEUXLNHU WH YHU]DPHOHQ WHUZLMO GLH ]LFK LQ HHQ YLUWXHOH ZH�
UHOG EHYLQGW� 'LW NDQ ELMYRRUEHHOG GRRU GDWD YDQ VHQVRUHQ LQ GH 95 KDUGZDUH RS WH
YDQJHQ� GRRU JHEHXUWHQLVVHQ LQ GH YLUWXHOH RPJHYLQJ WH UHJLVWHUHQ� RI ]HOIV GRRU H[�
WHUQH PHHWDSSDUDWXXU WH JHEUXLNHQ� 'H]H GDWD NDQ YHUYROJHQV JHEUXLNW ZRUGHQ RP
JHGUDJVSDWURQHQ YDQ GH SDWLsQW WH DQDO\VHUHQ� 'H V\VWHPHQ GLH YHUYROJHQV GH EH�
KDQGHOLQJ SHUVRQDOLVHUHQ NXQQHQ JHEUXLN PDNHQ YDQ GH HHUGHU YHUPHOGH HLJHQVFKDS
GDW PHW 95 WHFKQRORJLH HHQGHU ZHONH YLUWXHOH RPJHYLQJ JHFUHsHUG NDQ ZRUGHQ� 3HU�
VRQDOLVDWLH NDQ HU ELMYRRUEHHOG YRRU ]RUJHQ GDW EHSDDOGH DVSHFWHQ YDQ GLH RPJHYLQJ
DDQJHSDVW ZRUGHQ RP GH GRHOWUH̊HQGKHLG YDQ GH EHKDQGHOLQJ WH RSWLPDOLVHUHQ�

(HQ YROJHQGH XLWGDJLQJ LV GH RQWZLNNHOLQJ YDQ HHQ SODWIRUP YRRU SDWLsQWJHULFKWH
]RUJ ZDDUELM 95 FHQWUDDO ZRUGW JHSODDWVW� +LHUELM GLHQW KHW SODWIRUP GH EHKDQGHOLQJ
YDQ GH SDWLsQW WH EHYRUGHUHQ HQ GH UHODWLH WXVVHQ GH SDWLsQW HQ GH ]RUJYHUOHQHU WH RQ�
GHUVWHXQHQ� 'LW NDQ JHUHDOLVHHUG ZRUGHQ GRRU GH SDWLsQW KXOSPLGGHOHQ DDQ WH UHLNHQ
WHU ]HOIEHNUDFKWLJLQJ YDQ GLHQV EHKDQGHOLQJ� YRRUDO EXLWHQ GH FRQVXOWDWLHV� HQ GRRU KHW
XLWZLVVHOHQ YDQ LQIRUPDWLH WH YHUHHQYRXGLJHQ� $OV KHW SODWIRUP GH LQIRUPDWLH GLH KHW
WHU EHVFKLNNLQJ KHHIW NDQ DQDO\VHUHQ� NDQ GLH DQDO\VH RIZHO JHEUXLNW ZRUGHQ LQ DOJR�
ULWPHQ� ELMYRRUEHHOG YRRU SHUVRQDOLVDWLH� RIZHO NXQQHQ HU LQ]LFKWHQ XLW JHGHVWLOOHHUG
ZRUGHQ YRRU GH ]RUJYHUOHQHU� 2P GLW VRRUW SODWIRUPHQ WH RQWZLNNHOHQ� GLHQHQ GH
QRGHQ HQ ZHQVHQ YDQ DOOH EHWURNNHQ SDUWLMHQ YROGRHQGH JHKRRUG WH ZRUGHQ� 'H FR�
GHVLJQ WHFKQLHN� ZDDUELM LHGHUH VWHP DDQ ERG NRPW WLMGHQV GH RQWZHUSIDVH� LV KLHUELM
FUXFLDDO� 'DDUQDDVW PRHW HU RRN UHNHQLQJ JHKRXGHQ ZRUGHQ PHW GH WHFKQLVFKH NHQQLV
YDQ GH JHEUXLNHUV� $OV HHQ V\VWHHP WH FRPSOH[ LV HQ KHW JHEUXLN HUYDQ ELMNRPHQGH
NHQQLV YHUHLVW� ]DO KHW LQ SUDNWLMN ZHLQLJ PHHUZDDUGH NXQQHQ ELHGHQ�

,Q GLW SURHIVFKULIW ZRUGW DQWZRRUG JHERGHQ RS GH]H XLWGDJLQJHQ GRRU GULH WRHSDV�
VLQJHQ YDQ 95 WHFKQRORJLH WH RQWZHUSHQ� WH RQWZLNNHOHQ HQ WH WHVWHQ� ,HGHUH WRHSDV�
VLQJ HYDOXHHUW HHQ FRPELQDWLH YDQ WHFKQRORJLHsQ� ZDDUELM 95 FHQWUDDO VWDDW� 'H HHUVWH
WRHSDVVLQJ SDVW PX]LHNWKHUDSLH WRH LQ HHQ 95 RPJHYLQJ WHU UHYDOLGDWLH YDQ SDWLsQWHQ
PHW HHQ KHPLVSDWLHHO QHJOHFW� 'H FRPELQDWLH YDQ PHHUGHUH VHQVRULVFKH PRGDOLWHLWHQ�
YLVXHHO HQ DXGLWLHI� ELHGW HHQ YRRUGHHO ELM GH EHKDQGHOLQJ YDQ GH]H SDWLsQWHQ� %RYHQ�
GLHQ ZRUGW VHQVRU GDWD YDQ GH 95 KDUGZDUH JHEUXLNW RP GH JUDDG YDQ KHW QHJOHFW LQ WH
VFKDWWHQ� $OOH LQIRUPDWLH ZRUGW ZHHUJHJHYHQ DDQ GH ]RUJYHUOHQHU YLD HHQ GDVKERDUG�
DSSOLFDWLH YDQ ZDDUXLW GH WKHUDSLH RRN DDQJHVWXXUG NDQ ZRUGHQ�'H WZHHGH WRHSDVVLQJ
EHWUHIW YLUWXHOH RPJHYLQJHQ YRRU KHW EHKDQGHOHQ YDQ PHQWDOH VWUHVV LQ HHQ WKXLVVL�
WXDWLH� 'H RPJHYLQJHQ ZRUGHQ DDQ GH KDQG YDQ HHQ LQLWLsOH YUDJHQOLMVW RSJHERXZG
YROJHQV GH ZHQVHQ YDQ GH JHEUXLNHU� 9HUYROJHQV ]DO HHQ SHUVRQDOLVDWLHDOJRULWPH DDQ�
SDVVLQJHQ GRHQ DDQ GH RPJHYLQJ RS EDVLV YDQ GH HPRWLRQHOH WRHVWDQG YDQ GH JHEUXL�
NHU� 8QLHN DDQ GH]H XLWZHUNLQJ LV GDW GLH HPRWLRQHOH WRHVWDQG EHUHNHQG ZRUGW DDQ
GH KDQG YDQ HHQ PDWKHPDWLVFK PRGHO GDW KHW H̊HFW YDQ YHUDQGHULQJHQ LQ GH RPJH�
YLQJ EHUHNHQW� $DQSDVVLQJHQ DDQ GH YLUWXHOH RPJHYLQJ JHEHXUHQ DXWRPDWLVFK ]RGDW



4VNNBSZ JO %VUDI YYWJJ

GH]H WRHSDVVLQJ JHEUXLNW NDQ ZRUGHQ ]RQGHU ELMVWDQG YDQ HHQ JHWUDLQGH WKHUDSHXW�
7HQ VORWWH� GH GHUGH WRHSDVVLQJ EHNLMNW GH WRHSDVVLQJ YDQ 95 YRRU GH EHKDQGHOLQJ
YDQ DQJVWVWRRUQLVVHQ� 0RPHQWHHO LV GH PHHVW GRHOWUH̊HQGH EHKDQGHOLQJ YRRU DQJVW�
VWRRUQLVVHQ EORRWVWHOOLQJVWKHUDSLH �([SRVXUH 7KHUDS\ �(7��� +LHUELM ZRUGW GH SDWLsQW
JHFRQIURQWHHUG PHW KHW RQGHUZHUS YDQ KXQ DQJVW� (HQ QLHXZ JHELHG LQ RQGHU]RHN
LV JHwQWHUHVVHHUG LQ KHW WRHSDVVHQ YDQ (7 YLD 95� RI 9LUWXDO 5HDOLW\ ([SRVXUH 7KH�
UDS\ �95(7�� RP WZHH UHGHQHQ� .RVWHOLMNH VFHQDULRV NXQQHQ JRHGNRRS JHVLPXOHHUG
ZRUGHQ HQ HU LV ]HHU ÀMQHU FRQWUROH RYHU GH VFHQDULRV PRJHOLMN ZDDUGRRU GLH EHWHU
DIJHVWHOG NXQQHQ ZRUGHQ RS GH QRGHQ YDQ GH SDWLsQW� 9RRU GH]H GHUGH WRHSDVVLQJ
ZHUG HHQ SDWLsQWJHULFKW SODWIRUP YRRU 95(7 RQWZLNNHOG YRRU EOHQGHG FDUH� GDW LV
HHQ FRPELQDWLH YDQ WUDGLWLRQHOH ]RUJ WLMGHQV FRQVXOWDWLHV LQ SHUVRRQ HQ RHIHQLQJHQ
YRRU WKXLV� +HW SODWIRUP ELHGW YHUVFKLOOHQGH VFHQDULRV DDQ ZDDULQ (7 NDQ JHJHYHQ
ZRUGHQ GLH HON WRW LQ GHWDLO JHFRQÀJXUHHUG PRHWHQ ZRUGHQ QDDU GH QRGHQ YDQ GH
SDWLsQW� 7HU RQGHUVWHXQLQJ YDQ GH WKHUDSHXW LV HHQ DOJRULWPH RQWZLNNHOG GDW JHSHU�
VRQDOLVHHUGH VXJJHVWLHV NDQ GRHQ YRRU QLHXZH WKHUDSLH�RHIHQLQJHQ� 'DDUQDDVW LV HU
RRN HHQ VPDUWSKRQHDSSOLFDWLH YHUERQGHQ DDQ KHW SODWIRUP ZDDUPHH SDWLsQWHQ WKXLV
95 RHIHQLQJHQ NXQQHQ GRHQ HQ JHEHXUWHQLVVHQ NXQQHQ UHJLVWUHUHQ LQ KXQ GDJHOLMNV
OHYHQ� 9LD HHQ GDVKERDUGDSSOLFDWLH NDQ GH WKHUDSHXW DOOH LQIRUPDWLH RYHU GH SDWLsQW
UDDGSOHJHQ� HQ GH 95 RHIHQLQJHQ FRQÀJXUHUHQ�

'H]H GULH WRHSDVVLQJHQ YDQ 95 WHFKQRORJLH� LQ FRQWH[W YDQ GH GLJLWDOH JH]RQG�
KHLGV]RUJ� GUDJHQ ELM DDQ KHW RQGHU]RHN QDDU EHWHUH� NRVWHQEHVSDUHQGH HQ H̋FLsQWHUH
]RUJ� 'RRU GH LPSOHPHQWDWLH YDQ GH]H FDVXVVHQ ZHUGHQ QLHXZH WHFKQLHNHQ YHUNHQG�
HQ QLHXZH LQ]LFKWHQ YHUJDDUG� 'H HOHNWURQLVFKH JH]RQGKHLGV]RUJ NHQW QRJ VWHHGV
YHUVFKLOOHQGH XLWGDJLQJHQ ZDW GH LQJHEUXLNQDPH YDQ LQQRYDWLH LQ GH SUDNWLMN VRPV EH�
PRHLOLMNW� 0DDU PHW JHULFKW RQGHU]RHN NXQQHQ ZH ELMGUDJHQ DDQ HHQ EHWHU WRHNRPVW�
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7KH FRPSOH[LW\ RI KHDOWKFDUH LV HYHU LQFUHDVLQJ� 7KLV FDQ EH OLQNHG WR WKH ULVLQJ GH�
PDQG IRU FRQVXOWDWLRQV� WKH LQFUHDVLQJ SUHYDOHQFH RI PXOWLPRUELGLW\� DQG WKH VLPXO�
WDQHRXV GHFUHDVLQJ FDSDFLW\ RI RXU KHDOWKFDUH FDSDFLW\� ,Q RWKHU ZRUGV� FDVHV DUH EH�
FRPLQJ PRUH FRPSOH[� FDXVLQJ WKHP WR WDNH PRUH WLPH WR SURFHVV DQG OHDYLQJ OHVV
WLPH SHU SDWLHQW� )RUWXQDWHO\� WKH GLJLWDO HYROXWLRQ LQ KHDOWKFDUH KDV LPSURYHG H̋�
FLHQF\ DQG TXDOLW\� DQG LQ VRPH FDVHV HYHQ UHGXFHG WKH FRVW RI KHDOWKFDUH� 7KLV OHDG
WR WKH LQWURGXFWLRQ RI H+HDOWK ZKLFK UHIHUV WR WKH XVH RI LQIRUPDWLRQ WHFKQRORJ\ WR
VXSSRUW DSSOLFDWLRQV LQ KHDOWKFDUH� 2QH RI WKRVH GLJLWDO WHFKQRORJLHV LV 9LUWXDO 5H�
DOLW\ �95�� D WHFKQRORJ\ WKDW DOORZV XVHUV WR H[SHULHQFH D YLUWXDO ZRUOG JLYLQJ WKHP
WKH LPSUHVVLRQ WR EH WUXO\ SUHVHQW LQ WKDW ZRUOG� 0RVW FRPPRQO\� 95 XVHV D +HDG
0RXQWHG 'LVSOD\ �+0'�� D GHYLFH WKDW SRVLWLRQV PLQLDWXUH GLVSOD\V LQ IURQW RI WKH
XVHU·V H\HV WKXV ÀOOLQJ WKHLU ÀHOG RI YLHZ� 7KH PDLQ DGYDQWDJH RI 95 LV WKH ÁH[LELOLW\
RI WKH WHFKQRORJ\� DOORZLQJ DQ DOWHUQDWLYH ZRUOG WR EH FUHDWHG LQ ZKLFK HYHU\ DVSHFW
LV DGDSWDEOH DQG FRQWUROODEOH� 7KLV DOORZV WKH XVHU WR H[SHULHQFH VLWXDWLRQV WKDW DUH
GL̋FXOW RU HYHQ HQWLUHO\ LPSRVVLEOH WR UHFUHDWH LQ WKH UHDO ZRUOG�

H+HDOWK EHQHÀWV IURP 95 WHFKQRORJ\ E\ DSSO\LQJ LW LQ WUHDWPHQWV RU WKHUDSLHV
WKDW WHDFK SDWLHQWV KRZ WR KDQGOH YHU\ VSHFLÀF VLWXDWLRQV� 7KH VNLOOV OHDUQHG LQ WKH 95
HQYLURQPHQW FDQ WKHQ EH DSSOLHG LQ GDLO\ OLIH� $PRQJ RWKHUV� WZR VSHFLÀF GRPDLQV
LQ KHDOWKFDUH WKDW DSSO\ WKLV NLQG RI WKHUDS\ DUH WKH WUHDWPHQW RI DQ[LHW\ GLVRUGHUV DV
SDUW RI PHQWDO KHDOWKFDUH� DQG FRJQLWLYH DQG SK\VLFDO UHKDELOLWDWLRQ� 7KHVH DUH LQGHHG
WKH WZR GRPDLQV WKDW DUH GLVFXVVHG LQ WKLV GLVVHUWDWLRQ� +RZHYHU� WKH DSSOLFDWLRQ RI
95 WHFKQRORJ\ WR LPSURYH H̋FLHQF\ DQG H̊HFWLYHQHVV RI KHDOWKFDUH LV QRW ZLWKRXW
KXUGOHV� :H DOVR KDYH WR FDUHIXOO\ YDOLGDWH WKDW 95 WHFKQRORJ\ LV QRW PHUHO\ EHLQJ
XVHG IRU WKH VDNH RI WHFKQRORJ\� EXW LQGHHG KDV LWV RZQ DGGHG YDOXH� 7R DFKLHYH WKLV�
ZH VKRXOG OLVWHQ WR WKH H[SHUWLVH DQG QHHGV RI HDFK VSHFLÀF GRPDLQ RI KHDOWKFDUH� DQG
ZH QHHG WR UHVLVW WKH WHPSWDWLRQ WR IRFXV RQ PHUHO\ DSSO\LQJ WKH ODWHVW WHFKQRORJLFDO
LQQRYDWLRQV�

2QH RI WKH FKDOOHQJHV LQ FUHDWLQJ DGYDQFHG 95 DSSOLFDWLRQV LV WKH QHHG IRU SHUVRQ�
DOLVHG HQYLURQPHQWV� ,W KDV EHHQ SURYHQ WKDW SHUVRQDOLVHG FDUH LV PXFK PRUH H̊HFWLYH
EHFDXVH LW LV WDLORUHG WR WKH QHHGV RI WKH VSHFLÀF SDWLHQW� ,W LV VHOI�H[SODQDWRU\ WKDW D
RQH�VL]H�ÀWV�DOO VROXWLRQ LV QRW DOZD\V H[SHULHQFHG DV H̊HFWLYH EHFDXVH HYHU\ SHUVRQ
LV XQLTXH� 7KH FKDOOHQJH OLHV LQ ÀQGLQJ D ZD\ WR LGHQWLI\ WKH QHHGV RI WKH SDWLHQW� DQG
DFW RQ WKLV LQIRUPDWLRQ� 2Q WKH RQH KDQG� WKLV UHTXLUHV DOJRULWKPV WKDW FDQ� EDVHG
RQ GDWD� GHWHUPLQH KRZ D SDWLHQW SURJUHVVHV� KRZ WKH\ UHVSRQG WR WKH WUHDWPHQW DQG
KRZ WKH\ H[HFXWH VSHFLÀF WDVNV� 2Q WKH RWKHU KDQG� ZH QHHG V\VWHPV WKDW FDQ XVH WKLV
LQIRUPDWLRQ WR DGDSW DQG WXQH WKH VXFFHVVLYH WUHDWPHQWV� 7KHVH DOJRULWKPV UHTXLUH



YYY 4VNNBSZ

VX̋FLHQW DPRXQWV RI GDWD WR EH DEOH WR PDNH UHOLDEOH GHFLVLRQV� :LWK 95 WHFKQRORJ\�
LW LV SRVVLEOH WR FROOHFW D ORW RI GDWD DERXW WKH XVHU ZKLOH WKH\ DUH LQ D YLUWXDO HQYL�
URQPHQW� 7KLV FDQ EH DFKLHYHG E\ FDSWXULQJ GDWD IURP VHQVRUV LQ WKH 95 KDUGZDUH�
E\ UHJLVWHULQJ HYHQWV LQ WKH YLUWXDO HQYLURQPHQW� RU HYHQ E\ XVLQJ H[WHUQDO PHDVXUH�
PHQW LQVWUXPHQWV� 7KLV GDWD FDQ VXEVHTXHQWO\ EH XVHG WR DQDO\VH EHKDYLRXUDO SDWWHUQV
RI WKH SDWLHQW� 6\VWHPV IRU WKH SHUVRQDOLVDWLRQ RI WUHDWPHQWV FDQ XVH WKH SUHYLRXVO\
GHVFULEHG SURSHUW\ RI 95 ZKLFK DOORZV WKH FUHDWLRQ RI DQ\ LPDJLQDEOH YLUWXDO HQYLURQ�
PHQW� 3HUVRQDOLVDWLRQ FDQ HQWDLO IRU LQVWDQFH WKDW FHUWDLQ DVSHFWV RI WKH HQYLURQPHQW
DUH DGDSWHG WR RSWLPLVH WKH H̊HFWLYHQHVV RI WKH WUHDWPHQW�

$ QH[W FKDOOHQJH LV WKH GHYHORSPHQW RI 95�HQDEOHG SDWLHQW�FHQWUHG SODWIRUPV�
7KH JRDO RI WKH SODWIRUP LV WR LPSURYH WKH SDWLHQW·V WUHDWPHQW DQG VXSSRUW WKH UH�
ODWLRQ EHWZHHQ SDWLHQW DQG FDUHJLYHU� 7KLV FDQ EH DFKLHYHG E\ VXSSO\LQJ WKH SDWLHQW
ZLWK WRROV WKDW HQFRXUDJH VHOI�HPSRZHUPHQW DQG VHOI�PDQDJHPHQW RI WKHLU WUHDWPHQW
LQ EHWZHHQ FRQVXOWDWLRQV� DQG E\ IDFLOLWDWLQJ WKH H[FKDQJH RI LQIRUPDWLRQ� ,I WKH SODW�
IRUP FDQ DQDO\VH WKH LQIRUPDWLRQ DW LWV GLVSRVDO� WKHVH DQDO\VHV FRXOG EH XVHG WR VWHHU
DOJRULWKPV� H�J� IRU SHUVRQDOLVDWLRQ� RU LQVLJKWV FRXOG EH H[WUDFWHG IURP WKHP WKDW
FDQ KHOS WKH FDUHJLYHU� 7R VXFFHVVIXOO\ GHYHORS WKLV NLQG RI SODWIRUP� WKH QHHGV DQG
ZLVKHV RI DOO VWDNHKROGHUV KDYH WR EH WDNHQ LQWR DFFRXQW� 7KH FR�GHVLJQ WHFKQLTXH�
ZKLFK LQYROYHV FRQVLGHULQJ DOO VWDNHKROGHUV LQ WKH GHVLJQ RI D V\VWHP� LV HVVHQWLDO WR
DFKLHYH WKLV� 0RUHRYHU� WKH WHFKQRORJLFDO SURÀFLHQF\ RI WKH XVHUV QHHG WR EH WDNHQ
LQWR DFFRXQW� :KHQ D V\VWHP LV WRR FRPSOH[ DQG LWV XVH UHTXLUHV DGGLWLRQDO WUDLQLQJ�
LW ZLOO EH R̊ OLWWOH YDOXH LQ SUDFWLFH�

,Q WKLV GLVVHUWDWLRQ� WKHVH FKDOOHQJHV DUH WDFNOHG WKURXJK WKH GHVLJQ� GHYHORSPHQW
DQG WHVWLQJ RI WKUHH 95�HQDEOHG DSSOLFDWLRQV� (YHU\ DSSOLFDWLRQ LV DQ HYDOXDWLRQ RI D
FRPELQDWLRQ RI WHFKQRORJLHV� ZLWK 95 DW LWV FHQWUH�SRLQW� 7KH ÀUVW LV DQ DSSOLFDWLRQ
RI PXVLF WKHUDS\ LQ D 95 HQYLURQPHQW IRU WKH UHKDELOLWDWLRQ RI SDWLHQWV ZLWK VSDWLDO
QHJOHFW� 7KH FRPELQDWLRQ RI WKH YLVXDO DQG DXGLWLYH PRGDOLWLHV LV DQ DGYDQWDJH IRU
WUHDWLQJ WKLV W\SH RI SDWLHQW� $GGLWLRQDOO\� VHQVRU GDWD IURP WKH 95 KDUGZDUH LV XVHG
WR HVWLPDWH WKH GHJUHH RI QHJOHFW� $OO WKLV LQIRUPDWLRQ LV SUHVHQWHG WR WKH FDUHJLYHU
WKURXJK D GDVKERDUG DSSOLFDWLRQ WKDW DOVR FDQ EH XVHG WR FRQWURO WKH WKHUDS\� 7KH
VHFRQG DSSOLFDWLRQ FRQFHUQV D YLUWXDO HQYLURQPHQW IRU WUHDWLQJ PHQWDO VWUHVV LQ KRPH
VLWXDWLRQV� 7KH HQYLURQPHQW LV FRQVWUXFWHG EDVHG RQ DQ LQLWLDO TXHVWLRQQDLUH WR GH�
WHUPLQH WKH SUHIHUHQFHV RI WKH XVHU� $ SHUVRQDOLVDWLRQ DOJRULWKP ZLOO VXEVHTXHQWO\
PRGLI\ WKH HQYLURQPHQW EDVHG RQ WKH HPRWLRQDO VWDWH RI WKH XVHU� 8QLTXH WR WKLV
VROXWLRQ LV KRZ WKH HPRWLRQDO VWDWH LV FDOFXODWHG E\ XVLQJ D PDWKHPDWLFDO PRGHO WKDW
FDOFXODWHV WKH H̊HFWV RI DGDSWDWLRQ LQ WKH HQYLURQPHQW� &KDQJHV WR WKH 95 HQYLURQ�
PHQW DUH DXWRPDWLFDOO\ DSSOLHG WR DOORZ WKH DSSOLFDWLRQ WR EH XVHG ZLWKRXW LQWHUYHQWLRQ
E\ D WUDLQHG WKHUDSLVW� )LQDOO\� D WKLUG DSSOLFDWLRQ FRQVLGHUV WKH DSSOLFDWLRQ RI 95 WR
WUHDW DQ[LHW\ GLVRUGHUV� &XUUHQWO\� WKH PRVW H̊HFWLYH WKHUDS\ IRU DQ[LHW\ GLVRUGHUV LV
([SRVXUH 7KHUDS\ �(7�� 7KLV LQYROYHV FRQIURQWLQJ WKH LQGLYLGXDO ZLWK WKH VXEMHFW RI
WKHLU IHDU� $ QHZ DUHD RI UHVHDUFK LV LQWHUHVWHG LQ WKH DSSOLFDWLRQ RI (7 WKURXJK 95�
RU 9LUWXDO 5HDOLW\ ([SRVXUH 7KHUDS\ �95(7�� IRU WZR UHDVRQV� ([SHQVLYH VFHQDULRV
FDQ EH VLPXODWHG DW ORZ FRVW DQG D ÀQH GHJUHH RI FRQWURO RYHU WKH VFHQDULRV LV SRV�
VLEOH� DOORZLQJ WKHP WR EH EHWWHU WDLORUHG WR WKH QHHGV RI WKH SDWLHQW� )RU WKLV WKLUG
DSSOLFDWLRQ� D SDWLHQW�FHQWUHG SODWIRUP IRU 95(7 ZDV GHYHORSHG IRU EOHQGHG FDUH�



4VNNBSZ YYYJ

D FRPELQDWLRQ RI IDFH�WR�IDFH FRQVXOWV DQG KRPH H[HUFLVHV� 7KH SODWIRUP R̊HUV D
QXPEHU RI VFHQDULRV IRU (7 LQ ZKLFK HDFK GHWDLO QHHGV WR EH FRQÀJXUHG WR PDWFK
WKH QHHGV RI WKH SDWLHQW� $Q DOJRULWKP ZDV GHYHORSHG WR VXSSRUW WKH SV\FKRWKHUDSLVW
LQ WKH FRQÀJXUDWLRQ RI QHZ WKHUDS\ H[HUFLVHV E\ JHQHUDWLQJ SHUVRQDOLVHG VXJJHVWLRQV�
0RUHRYHU� D VPDUWSKRQH DSSOLFDWLRQ ZDV FUHDWHG WKDW LV FRQQHFWHG WR WKH SODWIRUP
WR DOORZV SDWLHQWV WR GR 95 H[HUFLVHV DW KRPH DQG UHJLVWHU HYHQWV LQ WKHLU GDLO\ OLYHV�
7KH SV\FKRWKHUDSLVW FDQ SXOO XS DOO LQIRUPDWLRQ DERXW WKH SDWLHQW� DQG FRQÀJXUH 95
H[HUFLVHV WKURXJK D GDVKERDUG DSSOLFDWLRQ�

7KH DERYH WKUHH DSSOLFDWLRQV RI 95 WHFKQRORJ\� LQ WKH FRQWH[W RI H+HDOWK� FRQ�
WULEXWH WR WKH UHVHDUFK WRZDUGV EHWWHU� FKHDSHU DQG PRUH H̋FLHQW FDUH� 7KH LPSOH�
PHQWDWLRQ RI WKHVH FDVHV DOORZHG QHZ WHFKQLTXHV WR EH H[SORUHG� DQG QHZ LQVLJKWV WR
EH JDLQHG� H+HDOWK VWLOO KDV PDQ\ FKDOOHQJHV DKHDG WKDW PD\ KLQGHU WKH XVH RI WKHVH
LQQRYDWLRQV LQ SUDFWLFH� %XW WKURXJK WDUJHWHG UHVHDUFK� ZH FDQ FRQWULEXWH WR D EHWWHU
IXWXUH�





�
*OUSPEVDUJPO

´¶%XW ZKDW LV UHDOLW\"· DVNHG WKH JQRPHOLNH PDQ� +H JHVWXUHG DW WKH WDOO EDQNV RI EXLOGLQJV WKDW
ORRPHG DURXQG &HQWUDO 3DUN� ZLWK WKHLU FRXQWOHVV ZLQGRZV JORZLQJ OLNH WKH FDYH ÀUHV RI D FLW\ RI
&UR�0DJQRQ SHRSOH� ¶$OO LV GUHDP� DOO LV LOOXVLRQ� , DP \RXU YLVLRQ� DV \RX DUH PLQH·µ

²6WDQOH\ *� :HLQEDXP ����� � �����

��� 7JSUVBM 3FBMJUZ 5ISPVHIPVU )JTUPSZ
7KH ÀUVW WR UHDG DERXW WKH ZRQGURXV SRWHQWLDO RI 9LUWXDO 5HDOLW\ �95� PXVW KDYH EHHQ
WKH IDQV RI VFLHQFH ÀFWLRQ DXWKRU 6WDQOH\ *� :HLQEDXP� ,Q ����� KH ZURWH WKH VKRUW
VWRU\ 3\JPDOLRQ·V VSHFWDFOHV �)LJ� ���� LQ ZKLFK WKH PDLQ FKDUDFWHU PHHWV D SURIHVVRU ZKR
LQYHQWHG D SDLU RI JRJJOHV WKDW FUHDWHV DQ H[SHULHQFH GHVFULEHG DV ´D PRYLH WKDW JLYHV
RQH VLJKW DQG VRXQG >«@ WDVWH� VPHOO� DQG WRXFK� >«@ DQG LQVWHDG RI EHLQJ RQ D VFUHHQ�
WKH VWRU\ LV DOO DERXW \RX� DQG \RX DUH LQ LWµ >�@� ,W RQO\ WRRN �� \HDUV IRU WKLV ÀFWLRQ
WR WXUQ LQWR VFLHQFH ZKHQ� LQ ����� 0RUWRQ +HLOLJ LQYHQWHG WKH 6HQVRUDPD >�@� $V D
FLQHPDWRJUDSKHU� +HLOLJ ZDQWHG WR FUHDWH DQ H[SHULHQFH RI EHLQJ ´LQµ WKH PRYLH� 7KH
6HQVRUDPD �)LJ� ���� ZDV D GHYLFH WKDW VWLPXODWHG YDULRXV VHQVHV RI WKH YLHZHU VXFK
DV VLJKW� VRXQG� WRXFK DQG HYHQ VPHOO� ,W WRRN XQWLO ���� EHIRUH WKH WHUP ´9LUWXDO
5HDOLW\µ ZDV FRLQHG E\ -DURQ /DQLHU� D FRPSXWHU VFLHQWLVW� UHVHDUFKHU DQG DUWLVW >�@� $W
WKDW WLPH� PDQ\ UHVHDUFKHUV DQG FRPSDQLHV KDG DOUHDG\ GHVLJQHG DQG PDQXIDFWXUHG
YDULRXV GHYLFHV WR H[SHULHQFH 95� 7KH PRVW SURPLVLQJ ZDV D +HDG 0RXQWHG 'LVSOD\
�+0'� RI ZKLFK WKH ÀUVW ZDV LQWURGXFHG LQ ���� E\ ,YDQ 6XWKHUODQG >�@� $ +0'



� $IBQUFS �

'JHVSF ���� 5IF ðSTU SFGFSFODF UP B EFWJDF DBQBCMF PG QSPEVDJOH BO JNNFSTJWF WJSUVBM FYQFSJFODF JT GPVOE JO UIF
TDJFODF ðDUJPO TIPSU TUPSZ 1ZHNBMJPOT 4QFDUBDMFT CZ 4UBOMFZ (� 8FJOCBVN GSPN �����

VLJQLÀFDQWO\ LQFUHDVHG WKH VHQVH RI LPPHUVLRQ DV YLVXDO LPDJHV DUH SURMHFWHG VWUDLJKW
RQWR WKH H\HV RI WKH ZHDUHU� QR PDWWHU ZKLFK GLUHFWLRQ WKH\ ORRN�

95 KDV NQRZQ PDQ\ GHÀQLWLRQV DQG LQWHUSUHWDWLRQV GHSHQGLQJ RQ LWV FRQWH[W RI
XVH� 6WLOO� PDQ\ DJUHHG WKDW LW ZDV D QHZ PHGLXP� MXVW OLNH WKH WHOHSKRQH RU WKH WHOHYL�
VLRQ >�@� ,Q WKLV GLVVHUWDWLRQ� ZH ZLOO VHWWOH RQ WKH GHÀQLWLRQ ZLWKRXW UHIHUHQFH WR DQ\
RI WKH KDUGZDUH LQYROYHG�

´$ 9LUWXDO 5HDOLW\ LV GHÀQHG DV D UHDO RU VLPXODWHG HQYLURQPHQW LQ ZKLFK
D SHUFHLYHU H[SHULHQFHV WHOHSUHVHQFH�µ >�@

1HZ LGHDV DQG WHFKQRORJLHV HPHUJHG WKDW GLG QRW H[DFWO\ ÀW ZLWK H[LVWLQJ GHÀQLWLRQV�
7KH\ ZHUH VR IXQGDPHQWDOO\ GL̊HUHQW WKDW WKH\ ZHUH ODEHOHG ZLWK QHZ QDPHV VXFK DV
$XJPHQWHG 5HDOLW\ �$5� DQG 0L[HG 5HDOLW\ �05�� \HW VR VLPLODU WKDW LW ZDUUDQWHG WKH
LQWURGXFWLRQ RI D VSHFWUXP RQ ZKLFK WKH\ FDQ EH SODFHG DORQJVLGH 95� 0LOJUDP DQG
.LVKLQR GHYHORSHG WKH UHDOLW\�YLUWXDOLW\ FRQWLQXXP ZKLFK WKH\ ÀUVW LQWURGXFHG LQ ���� >�@
DV D WKHRU\ WR H[SODLQ $5� 05 DQG 95� DQG WKHLU UHODWLRQVKLS WR HDFK RWKHU� 7KH
FRQWLQXXP� YLVXDOLVHG LQ )LJXUH ���� VKRZV WZR H[WUHPD� WKH UHDO ZRUOG� ZKHUH QRWKLQJ
LV YLUWXDO RU DXJPHQWHG DQG HYHU\WKLQJ LV ´UHDOµ� DQG WKH YLUWXDO ZRUOG� L�H� 95� ZKHUH
WKH LQYHUVH LV WUXH DQG HYHU\WKLQJ LV YLUWXDO� ,Q EHWZHHQ� WKH\ SODFHG $XJPHQWHG 5HDOLW\
DV WKH UHDO ZRUOG WR ZKLFK YLUWXDO DVSHFWV DUH DGGHG� DQG $XJPHQWHG 9LUWXDOLW\ �$9�
DV WKH YLUWXDO ZRUOG WR ZKLFK UHDO DVSHFWV DUH DGGHG� (YHU\WKLQJ EHWZHHQ WKH UHDO
ZRUOG DQG 95� H[FOXGLQJ WKRVH� LV FDOOHG 05� 7KLV GHÀQLWLRQ VWDWHV WKDW ´95 LV QRW
SDUW RI 05 DQG $5 LV RQO\ D VXEVHW RI 05µ >�@� 7KHVH GHÀQLWLRQV IRUPXODWHG E\ WKLV
FRQWLQXXP KDYH EHHQ TXHVWLRQHG LQ RWKHU SDSHUV >�@� 0RUH UHFHQWO\� H;WHQGHG 5HDOLW\



*OUSPEVDUJPO �

'JHVSF ���� 5IF 4FOTPSBNB JOWFOUFE CZ .PSUPO )FJMJH JO ���� JT DPOTJEFSFE BT UIF ðSTU BDUVBM EFWJDF UP PGGFS
BO JNNFSTJWF FYQFSJFODF� *U XBT EFTJHOFE UP DSFBUF UIF TFOTBUJPO PG CFJOH oJOp B NPWJF XIJMF
XBUDIJOH JU�

'JHVSF ���� 5IF NJYFE SFBMJUZ DPOUJOVVN QSFTFOUFE CZ .JMHSBN QSPWJEFT EFðOJUJPO GPS "3 "7 BOE .3 <�>�

�;5� HPHUJHG DV DQ XPEUHOOD WHUP FRYHULQJ DOO RI WKHVH WHFKQRORJLHV >�@�
&XUUHQWO\� 95 WHFKQRORJ\PD\ UHIHU WR D ZLGH UDQJH WHFKQRORJLHV WKDW SURYLGH D 95

H[SHULHQFH� $ ÀUVW GLVWLQFWLRQ FDQ EH PDGH EHWZHHQ WKH XVH RI GHGLFDWHG 95 JRJJOHV
�FIU� +0'� RU PRUH WUDGLWLRQDO GLVSOD\V DQG SURMHFWRUV� $ 95 &$9( >�@ LV VXFK
DQ H[DPSOH RI 95 ZLWKRXW JRJJOHV LQ ZKLFK YLUWXDO LPDJHU\ LV SURMHFWHG RQ WKH ZDOO
RI D URRP� SRVVLEO\ ZLWK LPDJH WUDQVIRUPDWLRQ WR DFFRXQW IRU WKH XVHUV SRVLWLRQ� $
VHFRQG GLVWLQFWLRQ LV PDGH LQ WKH FDSWXULQJ� DQG GHOLYHU\ RI WKH 95 FRQWHQW� 7KH PRVW
WUDGLWLRQDO 95 FRQWHQW DUH &RPSXWHU�*HQHUDWHG ,PDJHU\ �&*,�� D FRPSXWHU V\VWHP
ZLOO UHQGHU DOO FRQWHQW LQ UHDOWLPH� $QRWKHU� ZHOO HVWDEOLVKHG PHGLD W\SH LV ��� GHJUHH
YLGHR >��@� $ VSHFLDO FDPHUD ZKLFK FDSWXUHV LPDJHV LQ HYHU\ GLUHFWLRQ RI LWV SRVLWLRQ LV
XVHG WR UHFRUG YLGHR� 7KLV YLGHR FDQ EH YLHZHG XVLQJ +0'V E\ SURMHFWLQJ WKH FRQWHQW
RQ WKH LQVLGH RI D YLUWXDO VSKHUH� 2WKHU� PRUH DGYDQFHG PHWKRGV� WR FDSWXUH PRUH
LQIRUPDWLRQ IURP WKH VXUURXQGLQJ LQ RUGHU WR SURYLGH PRUH UHDOLVWLF UHSUHVHQWDWLRQV
LQ 95� )RU H[DPSOH� �'�FDPHUDV DQG /,'$5 FDSWXUH YROXPHWULF PHGLD� RIWHQ LQ WKH
IRUP RI SRLQW FORXGV >��@� ZKLFK SUHVHUYH WKH SRVLWLRQDO LQIRUPDWLRQ RI REMHFWV DV



� $IBQUFS �

'JHVSF ���� 5IF OVNCFS PG QVCMJDBUJPOT GPVOE PO 8FC PG 4DJFODF PO UIF UPQJDT PG 73 BOE 73 JO DPNCJOBUJPO
XJUI IFBMUI USBJOJOH PS JOEVTUSZ IBWF TFFO BO FYQPOFOUJBM JODSFBTF JO UIF MBTU EFDBEF�

ZHOO� RU OLJKW ÀHOG WHFKQRORJ\ >��@ ZKLFK FDSWXUHV OLJKW UD\V LQ D VLPLODU ZD\ DV WKH\ DUH
FDSWXUHG LQ WKH KXPDQ H\H�

7KURXJKRXW WKH \HDUV� LW ZDV PDLQO\ WKH HQWHUWDLQPHQW LQGXVWU\ WKDW EURXJKW WKH
FRQFHSW RI 95 WR WKH ZLGHU SXEOLF� ZLWK PRYLHV VXFK DV 7URQ DQG 7KH 0DWUL[� DQG
JDPLQJ FRPSDQLHV OLNH 6HJD DQG 1LQWHQGR� +RZHYHU� LW LV FOHDU WKDW HYHQ IURP WKH
EHJLQQLQJ RI WKH 95 UHVHDUFK DUHD� DOVR RWKHU LQGXVWULHV DQG VHFWRU ZHUH LQWHUHVWHG LQ
WKH WHFKQRORJ\� 5HVHDUFK ZDV GRQH RQ PLOLWDU\ DSSOLFDWLRQV >��²��@ DQG KHDOWKFDUH
DSSOLFDWLRQV >��� ��@ DQG HYHQ 1$6$ FRQGXFWHG UHVHDUFK ZLWK WKH WHFKQRORJ\ >��@�

7KH LQWHUHVW LQ 95 WHFKQRORJ\ LV FOHDUO\ YLVLEOH ZKHQ FRQVLGHULQJ WKH QXPEHU RI
SXEOLFDWLRQV RQ WKH WRSLF� 6LQFH WKH HDUO\ ����V� SXEOLFDWLRQ RQ 9LUWXDO 5HDOLW\ KDYH
VWDUWHG WR DSSHDU LQ LQFUHDVLQJ QXPEHUV� $URXQG ����� WKLV WXUQHG LQWR DQ H[SRQHQ�
WLDO WUHQG ZLWK WKH UHOHDVH RI WKH ÀUVW D̊RUGDEOH� FRQVXPHU JUDGH +0'� WKH 2FXOXV
5LIW >��@� 7KHVH WUHQGV DUH DOVR QRWLFHDEOH LQ PDQ\ GRPDLQV WKDW KDYH WULHG WR LQFRUSR�
UDWH 95 VXFK DV KHDOWK� WUDLQLQJ DQG LQGXVWU\� 7KH ÀQGLQJV DUH YLVXDOLVHG LQ )LJXUH ���
EDVHG RQ WKH QXPEHU RI SXEOLFDWLRQV IRXQG RQ :HE RI 6FLHQFH IRU WKH VHDUFK TXHU\
´YLUWXDO UHDOLW\µ� ´YLUWXDO UHDOLW\ $1' KHDOWKµ� ´YLUWXDO UHDOLW\ $1' WUDLQLQJµ� DQG ´YLU�
WXDO UHDOLW\ $1' LQGXVWU\µ� ,W LV DVVXPHG WKDW LQ JHQHUDO WKLV WUHQG LV PDLQO\ GULYHQ E\
WKH UHGXFWLRQ LQ FRVW DQG WKH SURJUHVV LQ LQQRYDWLRQ RI WKH KDUGZDUH�

��� "UUSJCVUFT PG 7JSUVBM 3FBMJUZ
7KH DWWHQWLRQ IRU 95 WHFKQRORJ\ LV QRW VXUSULVLQJ FRQVLGHULQJ ZKDW LW KDV WR R̊HU� ,WV
PRVW LPSRUWDQW DWWULEXWHV DUH WKH LPPHUVLRQ DQG VHQVH RI SUHVHQFH LW SURYLGHV� WKH
DELOLW\ WR OHDUQ LQ 95 HQYLURQPHQWV� WKH ÁH[LELOLW\ RI DQG FRQWURO RYHU WKH HQYLURQ�
PHQWV� WKH DELOLW\ WR FROOHFW GDWD RI WKH XVHU DQG WKH HQMR\PHQW LW FDQ EULQJ�

7KH ÀUVW DVSHFW� LV WKH GLUHFW FRQVHTXHQFH RI WKH WHFKQRORJ\ WKDW 95 LV EXLOG RQ�
QDPHO\ WKH LPPHUVLRQ WKDW LW SURYLGHV� ,PPHUVLRQ LV UDWKHU D WHFKQRORJ\ EDVHG WHUP
DQG LV GHÀQHG DV� ´WKH XVH RI LPPHUVLYH WHFKQRORJLHVµ� ,Q WKLV GHÀQLWLRQ� LPPHUVLYH



*OUSPEVDUJPO �

WHFKQRORJLHV DUH DQ\WKLQJ WKDW VWLPXODWHV WKH KXPDQ VHQVRU\ V\VWHP LQ DQ DUWLÀFLDO
PDQQHU� 7KH OHYHO RI LPPHUVLRQ LV WKXV LQÁXHQFHG E\ WKH UHDOLVP RI WKH VWLPXODWLRQ
DQG WKH UDQJH RI VHQVRU PRGDOLWLHV WKDW DUH VWLPXODWHG� 7KH +0' XVHG IRU 95 SUR�
YLGHV VLJQLÀFDQW LPPHUVLRQ IRFXVVHG RQ WKH YLVLRQ V\VWHP >��� ��@�

$ VHFRQG SURSHUW\ RI 95 WKDW LV RIWHQ IDOVHO\ LQWHUFKDQJHG IRU LPPHUVLRQ LV SUHV�
HQFH� $ VHQVH RI SUHVHQFH RFFXUV LQ DQ LPPHUVLYH 95 HQYLURQPHQW ZKHQ WKH EUDLQ DQG
QHUYRXV V\VWHP RI WKH XVHU EHKDYH LQ D VLPLODU ZD\ DV LQ WKH VDPH VLWXDWLRQ LQ WKH UHDO
ZRUOG� 7KH EUDLQ JHWV WULFNHG MXVW HQRXJK LQWR WKLQNLQJ WKDW WKH HQYLURQPHQW LV UHDO�
$Q H[WHQVLRQ WR WKLV LV WHOHSUHVHQFH� LQ ZKLFK WKH XVHU KDV DQ H[SHULHQFH DV LI WKH\ ZHUH
LQ D GL̊HUHQW ORFDWLRQ� 7KLV DELOLW\ WR YLUWXDO WUDQVSRUW WR GL̊HUHQW ORFDWLRQV LV SHUKDSV
WKH HVVHQFH RI 95 >��� ��@�

%HFDXVH RI WKH VHQVH RI SUHVHQFH� DQG EHFDXVH WKH EUDLQ UHDFWV LQ D VLPLODU ZD\
DV LQ WKH UHDO ZRUOG� ZH FDQ OHDUQ LQ 95� 6NLOOV FDQ EH DFTXLUHG DQG UHÀQHG WKURXJK
UHSHWLWLRQ RI H[DPSOHV� JXLGDQFH DQG IHHGEDFN RQ WKHLU DFWLRQV MXVW DV LQ UHDO OLIH�
DQG VRPHWLPHV HYHQ EHWWHU� 7KH DLP LV RI FRXUVH WKDW VNLOO DFTXLVLWLRQ LQ 95 FDQ EH
WUDQVIHUUHG WR UHDO ZRUOG VLWXDWLRQV� L�H� VNLOOV WDXJKW LQ 95 FDQ EH XVHG DQG DSSOLHG LQ
WKH UHDO ZRUOG >��� ��@�

7KH HQYLURQPHQW WKDW D XVHU VHHV ZKHQ WKH\ HQWHU D 95 ZRUOG LV FDOOHG WKH 9LUWXDO
(QYLURQPHQW �9(�� ,W LV FUHDWHG E\ WKH GHVLJQHU RI WKH HQYLURQPHQW� DQG 95 WHFK�
QRORJ\ DOORZV WKH XVHU WR VHH DQG H[SHULHQFH LW� 7KH FRQWHQW RI D 9( LV FUHDWHG ZLWK
PRGHUQ WRROV IRU �'�PRGHOOLQJ� DQLPDWLQJ DQG VFULSWLQJ� 7KLV R̊HUV D JUHDW ÁH[LELOLW\
WR 95� DV DQ\WKLQJ FDQ EH FUHDWHG ZLWKLQ WKH FRQVWUDLQWV RI WKH WRROV� 7KLV VWLOO PHDQV
WKDW HYHQ VLWXDWLRQV WKDW DUH QRW SRVVLEOH LQ WKH UHDO ZRUOG FDQ EH FUHDWHG LQ WKH YLUWXDO
ZRUOG� $GGLWLRQDOO\� HQYLURQPHQWV GR QRW KDYH WR EH VWDWLF� EXW FDQ EH G\QDPLFDOO\
PDQLSXODWHG ZKLOH WKH XVHUV DUH LQ WKHP� 7KHUH LV� DW DOO WLPHV� IXOO FRQWURO RYHU WKH
EHKDYLRXU DQG VKDSH RI WKH YLUWXDO ZRUOG >��@�

95 WHFKQRORJ\ LV YHU\ ÁH[LEOH ZKLFKPDNHV LW SRVVLEOH WR FRPELQH LW ZLWK D SOHWKRUD
RI �H[WHUQDO� LQVWUXPHQWV IRU PHDVXULQJ DQG UHFRUGLQJ GDWD RI WKH XVHU� &XUUHQW 95 WHFK�
QRORJ\ HYHQ DOUHDG\ LQFOXGHV VHQVRUV WKDW FDQ EH H[SORLWHG WR UHFRUG EHKDYLRXU RI WKH
XVHUV� H�J� J\URVFRSH� DFFHOHURPHWHU DQG H\H WUDFNLQJ LQ D +0'� %\ FROOHFWLQJ DV
PXFK GDWD DERXW WKH XVHUV ZKLOH LQ D 9(� PRUH LQVLJWKV FDQ EH JDWKHUHG RI WKH XVHUV
EHKDYLRXU WR EHWWHU XQGHUVWDQG DQG KHOS WKHP >��@�

)LQDOO\� LW FDQQRW EH XQGHUHVWLPDWHG WKDW 95 DGGV DQ HOHPHQW RI HQMR\PHQW� %HFDXVH
RI WKH JUHDW IUHHGRP DQG ÁH[LELOLW\� ERULQJ DQG XQLQWHUHVWLQJ WDVN FDQ EH WUDQVIRUPHG
LQWR HQJDJLQJ DQG HQMR\DEOH DFWLYLWLHV� 7KLV HYHQWXDOO\ OHDGV WR LQFUHDVHG DWWHQWLRQ
>��� ��@�

��� 7JSUVBM 3FBMJUZ JO )FBMUIDBSF
0DQ\ KDYH WULHG WR JLYH RQH FRPSOHWH DQG JHQHUDO GHÀQLWLRQ RI KHDOWK >��� ��@� QRQH
KDYH UHDOO\ VXFFHHGHG >��@� (DFK GHÀQLWLRQ KDV DW RQH SRLQW EHHQ FULWLFLVHG� LQFOXG�
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LQJ WKH GHÀQLWLRQ SURSRVHG E\ WKH :RUOG +HDOWK 2UJDQLVDWLRQ �:+2�� RU DV 'DQLHO
&DOODKDQ SXWV LW VR EHDXWLIXOO\� ´>«@ RQH RI WKH JUDQGHVW JDPHV LV WKDW YHUVLRQ RI NLQJ�
RI�WKH�KLOO ZKHUH WKH DLP RI DOO SOD\HUV LV WR XSVHW WKH :+2 GHÀQLWLRQ RI KHDOWKµ >��@�
7KDW GHÀQLWLRQ LV� ´+HDOWK LV D VWDWH RI FRPSOHWH SK\VLFDO� PHQWDO� DQG VRFLDO ZHOO�EHLQJ
DQG QRW PHUHO\ WKH DEVHQFH RI GLVHDVH RU LQÀUPLW\µ� 7KH :+2 GHÀQLWLRQ GRHV PDNH
FOHDU WKDW KHDOWK LV DERXW PRUH WKDQ MXVW FXULQJ GLVHDVHV� LW HQFRPSDVVHV ZHOO�EHLQJ RI
LQGLYLGXDOV RQ SK\VLFDO� PHQWDO DQG VRFLDO DVSHFWV DV ZHOO� 7RROV DQG PHWKRGV WR LP�
SURYH WKLV ZHOO�EHLQJ KDYH EHHQ ZLGHO\ UHVHDUFKHG� DQG ZLWK WKH LQFUHDVLQJ SRSXODULW\
RI GLJLWDOLVDWLRQ WKH GRPDLQ RI H+HDOWK KDV HPHUJHG IURP WKLV� H+HDOWK� RU HOHFWURQLF
KHDOWKFDUH� FDQ EH GHÀQHG DV WKH XVH RI GLJLWDO LQQRYDWLRQ DQG LQIRUPDWLRQ WHFKQRORJ\
LQ KHDOWKFDUH DSSOLFDWLRQ >��@�

(OHFWURQLF KHDOWKFDUH LV D YHU\ UHOHYDQW DSSOLFDWLRQ GRPDLQ ZLWK KLJK VRFLHWDO LP�
SDFW� +RZHYHU� WR EHWWHU XQGHUVWDQG ZK\ LW ZDV FKRVHQ DV WKH PDLQ DSSOLFDWLRQ GR�
PDLQ LQ WKLV 3K'� ÀUVW LWV QHHGV DQG FKDOOHQJHV QHHG WR EH LQYHVWLJDWHG� 1H[W� WKH
FKDUDFWHULVWLFV RI 95 FDQ EH GLVFXVVHG LQ WKH FRQWH[W RI H+HDOWK�

����� 5IF /FFET PG F)FBMUI

,Q ����� WKH SURSRUWLRQ RI SHRSOH RQ D ZDLWLQJ OLVWV LQ WKH (XURSHDQ 8QLRQ ZDV 19.4�
RI WKH SHRSOH LQ QHHG RI KHDOWK FDUH >��@� $W WKH VDPH WLPH� VWXGLHV DUH UHSRUWLQJ DQ
LQFUHDVLQJ QXPEHU RI PHGLFDO FRQVXOWDWLRQV DQG D GHFUHDVLQJ LQ FOLQLFDO FDSDFLW\ >��@�
)XUWKHUPRUH� WKH QXPEHU RI SDWLHQWV SUHVHQWHG ZLWK PXOWLPRUELGLW\ LV DOVR LQFUHDV�
LQJ >��@� ,W LV QHHGOHVV WR VWDWH WKDW SURYLGLQJ TXDOLWDWLYH KHDOWKFDUH LV JHWWLQJ PRUH
FRPSOH[ HYHU\ \HDU� H+HDOWK VROXWLRQV DUH DWWHPSWLQJ WR VXSSRUW +HDOWK &DUH 3UR�
IHVVLRQDOV �+&3V� LQ PRUH H̋FLHQW ZD\V WKDQ ZDV SRVVLEOH EHIRUH� IRU H[DPSOH� E\
SUHVHQWLQJ GDWD LQ ZD\V WKDW PDNHV LW HDVLHU WR LQWHUSUHW� &OHDUO\� QHZ RSSRUWXQLWLHV�
FKDOOHQJHV DQG QHHGV DULVH�

&UHDWLQJ XVHIXO DQG XVDEOH DSSOLFDWLRQV LV QRW D WULYLDO WDVN� HVSHFLDOO\ LQ KHDOWKFDUH
ZKLFK LV D FRPSOH[ DQG IUDJLOH HQYLURQPHQW� 6RPH RI WKH FKDOOHQJHV LQYROYHG DUH WKH
ZLGH UDQJH RI DFWRUV� WKH FRPSOH[LW\ RI KHDOWKFDUH HFRV\VWHPV DQG WKH FXOWXUDO EDFN�
JURXQG DQG FRQWH[W LQ ZKLFK WKH H+HDOWK VROXWLRQ QHHGV WR RSHUDWH� +HDOWK FDUH LV DQ
DFWLYLW\ LQYROYLQJ PXOWLSOH VWDNHKROGHUV� 7KH SDWLHQW LV RI FRXUVH DW WKH FHQWUH� ZKLFK
LV DFFRPSDQLHG E\ D +&3� +RZHYHU� WKH SDWLHQW LV DOVR VXUURXQGHG E\ IULHQGV DQG
IDPLO\� ZKLFK VRPHWLPHV WDNH XS WKH UROH DV LQIRUPDO FDUHJLYHU >��@� (DFK RQH LV DQ
DFWRU LQ WKH HQYLVLRQHG H+HDOWK DSSOLFDWLRQ DQG HYHU\RQH RI WKHP VHUYHV DQ LPSRU�
WDQW UROH LQ WKH WUHDWPHQW SURFHVV� 7KHUHIRUH� LW LV QHFHVVDU\ WR XQGHUVWDQG WKH UROH
DQG IXQFWLRQ RI HDFK DFWRU DQG WKH LQWHUDFWLRQV EHWZHHQ WKHP� 7KH IXQFWLRQDOLW\ RI
WKH VROXWLRQ VKRXOG EH WDLORUHG WR WKH QHHGV DQG ZLVKHG RI HDFK DFWRU LQ WKH V\VWHP�
7KLV OHDGV WR DQRWKHU FKDOOHQJH� DQ H+HDOWK V\VWHP HQWDLOV PRUH WKDQ RQH VLQJOH DSSOL�
FDWLRQ� LQ PRVW FDVHV LW LV DQ HFRV\VWHP RI PXOWLSOH DSSOLFDWLRQV� IRU PXOWLSOH DFWRUV�
LQWHUDFWLQJ ZLWK PXOWLSOH LQVWDQFH >��@� $OO RI WKHVH DSSOLFDWLRQV DUH LQWHUFRQQHFWHG E\
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H[FKDQJLQJ LQIRUPDWLRQ� ,Q VRPH FDVHV� DQ HFRV\VWHP DOUHDG\ H[LVWV IRU ZKLFK D QHZ
H+HDOWK DSSOLFDWLRQ QHHGV WR EH GHVLJQHG DQG LQWHJUDWHG� H�J� ZKHQ D QHZ GLJLWDO WRRO
LV EHLQJ GHVLJQHG WR VXSSRUW ZLWK DQ H[LVWLQJ WUHDWPHQW� ,Q HDFK FDVH� XQGHUVWDQGLQJ
WKH HFRV\VWHP LV YHU\ LPSRUWDQW WR GHVLJQ DSSURSULDWH H+HDOWK VROXWLRQV WKDW FDQ EH
SXW LQ SUDFWLFH� $OVR FXOWXUDO DQG FRQWH[WXDO GL̊HUHQFHV� H�J� UHOLJLRQ� ODQJXDJH� DQG
SHUFHSWLRQ RI HPRWLRQV >��@� SOD\ DQ LPSRUWDQW IDFWRU LQ WKH GHVLJQ SURFHVV >��@� :KDW
ZRUNV LQ RQH FRQWH[W PLJKW QRW ZRUN LQ DQRWKHU� 7KH RUJDQLVDWLRQ RI KHDOWKFDUH GLI�
IHUV IURP UHJLRQ WR UHJLRQ� WKHUHIRUH� WKH GHVLJQ RI H+HDOWK DSSOLFDWLRQV RU HFRV\VWHPV
VKRXOG EH DSSURSULDWHO\ DGDSWHG� ,GHQWLI\LQJ WKLV FRQWH[W DQG XQGHUVWDQGLQJ ZKDW LW
PHDQV IRU WKH H+HDOWK VROXWLRQ LQ QHFHVVDU\�

7KHVH FKDOOHQJHV LQGLFDWHG WKDW D SOHWKRUD RI NQRZOHGJH DERXW WKH GRPDLQ DQG
FRQWH[W RI WKH V\VWHP DQG WKH QHHGV RI WKH HQG XVHUV LV QHHGHG WR DFKLHYH JRRG H+HDOWK
VROXWLRQV� +RZHYHU� WKLV NQRZOHGJH LV VHOGRP UHDGLO\ DYDLODEOH WR WKH GHVLJQHUV RI WKH
V\VWHP� ,Q VRPH FDVHV� ÀQGLQJV IURP OLWHUDWXUH FDQ EH XVHG EXW LQ PRVW FDVHV LW DUH
WKH HQG XVHUV WKDW KROG WKH UHTXLUHG NQRZOHGJH� 7KDW LV ZK\ UHVHDUFKHUV LQ WKH ��V
DOUHDG\ VWDUWHG LQYHVWLJDWLQJ WKH UROH RI HQG XVHUV LQ WKH GHVLJQ SURFHVV >��@� ,Q WKH
8QLWHG 6WDWHV� XVHU�FHQWUHG GHVLJQ ZDV LQWURGXFHG� ZKLFK IRFXVVHG SULPDULO\ RQ REVHUYLQJ
HQG XVHUV LQ WKHLU FXUUHQW DFWLYLWLHV DQG DVNLQJ WKHP IRU IHHGEDFN RQ FRQFHSWV FUHDWHG
E\ WKH GHVLJQHU >��@� 6LPXOWDQHRXVO\� UHVHDUFKHUV LQ 1RUWKHUQ (XURSHDQ FRXQWULHV
UHFRJQLVHG WKH UROH RI WKH HQG XVHU LQ WKH HDUO\ GHVLJQ SKDVHV DV ZHOO DQG LQFOXGHG
WKHP LQ WKH LGHDWLRQ DQG FRQFHSWXDOLVDWLRQ RI QHZ SURGXFWV DORQJ VLGH WKH GHVLJQHU�
7KLV DSSURDFK LV WHUPHG SDUWLFLSDWRU\ GHVLJQ DQG PRWLYDWHV HQG XVHUV WR SDUWLFLSDWH LQ WKH
FUHDWLRQ SURFHVV DV RSSRVHG WR PHUHO\ EHLQJ REVHUYHG E\ WKH UHVHDUFKHUV� L�H� XVHU�
FHQWUHG GHVLJQ >��@� ,Q WKH ODVW GHFDGHV� LQWHUDFWLRQV EHWZHHQ WKHVH WZR DSSURDFKHV
KDYH EHHQ H[SORUHG UHVXOWLQJ LQ D ODQGVFDSH ZLWK PDQ\ GHVLJQ DSSURDFKHV LQYROYLQJ
WKH HQG XVHUV� 6DQGHUV YLVXDOLVHG WKH ODQGVFDSH RI KXPDQ�FHQWUHG GHVLJQ UHVHDUFK LQ
)LJXUH ��� >��@� 7KH FKDUDFWHULVLQJ IDFWRUV RI HDFK PHWKRG DUH WKH UROHV RI WKH XVHU�
WKH UHVHDUFKHU DQG WKH GHVLJQHU� WKHVH DUH SURMHFWHG RQ WZR D[HV� 2Q RQH HQG� WKH XVHU
LV D VXEMHFW ZKLFK LV REVHUYHG E\ WKH GHVLJQHU RI WKH UHVHDUFKHU� 2Q WKH RWKHU HQG� WKH
XVHU LV DFWLYHO\ SDUWLFLSDWLQJ LQ WKH SURFHVV� $SSURDFKHV GULYHQ E\ UHVHDUFKHUV UHO\ RQ
WHFKQLTXHV DQG WRROV LQWURGXFHG IURP UHVHDUFK ZKLOH DSSURDFKHV GULYHQ E\ GHVLJQHUV
UHO\ RQ GHVLJQ WHFKQLTXHV IURP WKHLU SHUVSHFWLYH�

$V WKH H+HDOWK V\VWHPV EHFRPH PRUH FRPSOH[� LW LV RI XWPRVW LPSRUWDQFH WR KDYH
D YDVW XQGHUVWDQGLQJ RI WKHLU REMHFWLYH� 3DUWLFLSDWRU\ GHVLJQ DSSURDFKHV DUH FUXFLDO IRU
WKLV >��@� 7KH FR�GHVLJQ PHWKRG FDQ EH RI JUHDW YDOXH� DV LW HQJDJHV WKH HQG XVHUV DQG
RWKHU DFWRUV� H�J� IDPLO\ DQG IULHQGV� LQ WKH GHVLJQ SURFHVV >��@� %\ DOORZLQJ HYHU\
VWDNHKROGHU WR FRQWULEXWH WR WKH UHTXLUHPHQWV RI D V\VWHP� ZH FDQ IRFXV RQ EXLOGLQJ
WKH V\VWHP WKDW WKH\ ZRXOG DFWXDOO\ XVH�

6WXGLHV KDYH VKRZQ WKDW SHUVRQDOLVHG WUHDWPHQWV DUH PRUH H̊HFWLYH WKDQ RQH�VL]H�
ÀWV�DOO DSSURDFKHV >��@� 3HUVRQDOLVDWLRQ LV DLPHG DW EHWWHU XQGHUVWDQGLQJ KRZ DQ LQGL�
YLGXDO UHVSRQGV WR WUHDWPHQW DQG SURYLGLQJ D WDLORUHG SODQ EDVHG RQ WKDW XQGHUVWDQG�



� $IBQUFS �

'JHVSF ���� 5IF MBOETDBQF PG IVNBO�DFOUSFE EFTJHO SFTFBSDI� *NBHF VTFE GSPN <��>

LQJ� ,PSRUWDQW IRU WKLV DSSURDFK LV WR KDYH JRRG PRGHOV RI WUHDWPHQW ZKLFK RIWHQ
UHO\ RQ D ORW RI GDWD DQG�RU NQRZOHGJH� 7KH DSSOLFDWLRQ RI SHUVRQDOLVHG WUHDWPHQW
JRHV KDQG LQ KDQG ZLWK WKH SDWLHQW�FHQWUHG SKLORVRSK\�

5HVHDUFK KDV SURYLGHG HYLGHQFH WKDW VHOI�PDQDJHPHQW DQG SDWLHQW HPSRZHUPHQW
KDYH D SRVLWLYH LPSDFW RQ FDUH SUDFWLFHV >��²��@� 7KLV LV GRQH E\ SURYLGLQJ SDWLHQWV
WKH WRROV WR PDNH LQIRUPHG GHFLVLRQV DERXW WKHLU RZQ WUHDWPHQW DQG WR DSSO\ ZKDW
WKH\ KDYH OHDUQHG LQ VHVVLRQV ZLWK PHGLFDO SURIHVVLRQDOV� 7KHUHIRUH� VHOI�PDQDJHPHQW
JRHV ZHOO ZLWK D EOHQGHG�FDUH DSSURDFK� WKLV PHWKRG FRPELQHV IDFH�WR�IDFH VHVVLRQV
ZLWK H+HDOWK WRROV >��@ WKDW FDQ EH XVHG DW KRPH�

7R DFFRPSOLVK SHUVRQDOLVHG WUHDWPHQWV DQG HQDEOH SDWLHQW HPSRZHUPHQW� ÀQH
JUDLQHG IHHGEDFN LV UHTXLUHG� 7KH +&3 VKRXOG NQRZ KRZ WKH SDWLHQW LV SURJUHVVLQJ�
IRU H[DPSOH E\ NQRZLQJ ZKLFK DVSHFWV DUH JRLQJ ZHOO DQG ZKLFK DUH QRW� 7KDW ZD\� DQ
LQGLYLGXDOLVHG DSSURDFK WR WKH WUHDWPHQW EHFRPHV SRVVLEOH� 7R WKH SDWLHQW� GHWDLOHG
IHHGEDFN LV DOVR UHOHYDQW� 7KH\ FDQ OHDUQ IURP WKHLU RZQ EHKDYLRXU E\ XQGHUVWDQGLQJ
ZKDW WKH\ DUH GRLQJ ULJKW� 7KHUHIRUH� LW FDQ SURYLGH WKHP ZLWK WKH ULJKW PRWLYDWLRQ
WR VWD\ HQJDJHG ZLWK WKHLU WUHDWPHQW�

7R FRQFOXGH� ZKHQ FUHDWLQJ QHZ H+HDOWK VROXWLRQV� H[WUD DWWHQWLRQ VKRXOG EH JLYHQ
WR D IHZ DVSHFWV� )LUVW� QHZ VROXWLRQV VKRXOG EH FUHDWHG LQ FORVH FROODERUDWLRQ ZLWK WKH
HQG XVHUV RI WKH V\VWHP� 7KH\ KHOS LQ JHQHUDWLQJ QHZ LGHDV WKDW DUH LQ OLQH ZLWK WKHLU
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H[SHFWDWLRQV DQG WKH QHHGV RI WKH FRQWH[W LQ ZKLFK WKH\ RSHUDWH� 6HFRQG� WKHUH GRHV
QRW H[LVW D RQH�VL]H�ÀWV�DOO DSSURDFK LQ KHDOWKFDUH� 7KHUHIRUH� SHUVRQDOLVHG WUHDWPHQWV
VKRXOG EH H[SORUHG DV PXFK DV SRVVLEOH LQ QHZ H+HDOWK VROXWLRQV� 7KLUG� H+HDOWK
VKRXOG HPSRZHU SDWLHQWV WR LQYHVW WKH UHTXLUHG WLPH DQG H̊RUW LQWR WKHLU WUHDWPHQW
DQG SURYLGH WKH WRROV IRU VHOI�PDQDJHPHQW ZKHUHYHU LW LV SRVVLEOH� )RUWK� ÀQH JUDLQHG
IHHGEDFN RI KRZ WKH SDWLHQW LV GRLQJ LV UHTXLUHG WR HQDEOH D SHUVRQDOLVHG WUHDWPHQW
DQG SURYLGH SDWLHQWV ZLWK WKH LQVLJKWV WR VHOI�PDQDJH WKHLU WUHDWPHQW� H+HDOWK VKRXOG
IDFLOLWDWH WKLV IHHGEDFN FROOHFWLRQ DV PXVK DV SRVVLEOH�

����� 7JSUVBM 3FBMJUZ JO .FOUBM )FBMUI BOE 3FIBCJMJUBUJPO
$Q[LHW\ GLVRUGHUV DUH UDQNHG �WK RQ WKH OLVW RI ODUJHVW FRQWULEXWRUV WR JOREDO GLVDELOLW\
E\ :+2 >��@� 7RJHWKHU ZLWK GHSUHVVLRQ� LW LV RQH RI WKH PRVW SUHYDOHQW KHDOWK LVVXHV
LQ WKH ZRUOG� $Q[LHW\ GLVRUGHUV DUH D FROOHFWLRQ RI PHQWDO GLVRUGHUV LQ ZKLFK IHHOLQJV
RI DQ[LHW\ DQG IHDU DUH WKH PDLQ FKDUDFWHULVWLFV >��@� 0HQWDO GLVRUGHUV FDQ� DPRQJVW
RWKHUV� EH WUHDWHG ZLWK YDULRXV IRUPV RI &RJQLWLYH %HKDYLRXUDO 7KHUDS\ �&%7��

)RU PDQ\ RWKHU KHDOWK FRQGLWLRQV VXFK DV GLVHDVHV� LQMXULHV DQG WUDXPDV� UHKD�
ELOLWDWLRQ LV SDUW RI WKH DGYLVHG WUHDWPHQW� 5HKDELOLWDWLRQ DLPV DW UHGXFLQJ GLVDELOLW\
LQ SDWLHQWV LQ LQWHUDFWLQJ ZLWK WKHLU HQYLURQPHQW >��@� 7KLV FDQ EH IRU GLVDELOLW\ LQ�
DPRQJVW RWKHUV� PRELOLW\� YLVLRQ RU FRJQLWLRQ� $V VWDWHG E\ WKH :+2 >��@� 75� RI
WKH <HDUV /LYHG ZLWK 'LVDELOLW\ �</'V� RI WKH ZRUOGZLGH SRSXODWLRQ DUH FDXVHG E\
KHDOWK FRQGLWLRQV ZKLFK FDQ EH WUHDWHG ZLWK UHKDELOLWDWLRQ� )XUWKHUPRUH� DV WKH SRSX�
ODWLRQ LV DJHLQJ DQG WKH SUHYDOHQFH RI QRQFRPPXQLFDEOH GLVHDVHV LQFUHDVHV� WKH QHHG
IRU UHKDELOLWDWLRQ FORVH WR KRPH ZLOO ULVH >��@�

,W KDV EHHQ VKRZQ WKDW 95 WHFKQRORJ\ FDQ EH RI JUHDW YDOXH LQ PHQWDO KHDOWK WKHU�
DS\ >��@ DQG UHKDELOLWDWLRQ >��@� 6SHFLÀFDOO\� PDQ\ PHQWDO GLVRUGHUV UHO\ RQ WKHUDS\
WKDW LQYROYHV FRJQLWLYH EHKDYLRXUDO FKDQJH� 7KLV PHDQV WKDW QHZ EHKDYLRXU QHHGV WR
EH OHDUQHG E\ WKH SDWLHQW� $OVR UHKDELOLWDWLRQ WKHUDS\ FRQVLVWV RI OHDUQLQJ DQG WUDLQLQJ
RI VHQVRU\�PRWRU VNLOOV� ,W LV H[DFWO\ IRU OHDUQLQJ LQ VSHFLÀF VLWXDWLRQV WKDW 95 WHFK�
QRORJ\ VKRZV D ORW RI SRWHQWLDO� 7KH PDLQ EHQHÀWV RI 95 IRU PHQWDO KHDOWK WUHDWPHQW
DQG UHKDELOLWDWLRQ DUH WLPH DQG FRVW H̋FLHQF\� WKH SRVVLELOLW\ IRU WUHDWPHQW DW KRPH�
H[WHQVLYH SHUVRQDOLVDWLRQ RSSRUWXQLWLHV DQG HDVLHU IHHGEDFN FROOHFWLRQ�

7KH LPPHUVLRQ DQG VHQVH RI SUHVHQFH RI 95 DOORZV WKH XVHU WR EH FRPSOHWHO\
VXEPHUJHG LQ DQ HQYLURQPHQW WKDW LV GHVLJQHG IRU WUHDWPHQW� 7KH LPPHUVLYH WHFK�
QRORJ\ DOORZV WR FRQWURO ZKLFK VWLPXOL WKH XVHU LV H[SRVHG WR� E\ EORFNLQJ RXW UHDOLW\
DQG VLPXODWLQJ D FRQWUROODEOH YLUWXDO ZRUOG� 'XH WR WKH VHQVH RI SUHVHQFH� WKH XVHUV
FDQ OHDUQ LQ 95� E\ PLPLFNLQJ UHDO OLIH VLWXDWLRQV� 7KH XVHU FDQ WKHQ WUDQVIHU WKH VNLOOV
WKH\ OHDUQHG LQ 95 WR UHDO OLIH VLWXDWLRQV� H�J� FHUWDLQ PRWLRQV ZLWK WKHLU XSSHU OLPEV
RU VSHFLÀF EHKDYLRXU LQ VWUHVVIXO VLWXDWLRQV�

7KH ÁH[LELOLW\ RI 9(V DOORZV IRU VLWXDWLRQV WR EH FUHDWHG WKDW DUH GDQJHURXV� H[�
SHQVLYH� XQFRPPRQ RU HYHQ LPSRVVLEOH LQ UHDO OLIH >��@� 7KH FRQÀJXUDWLRQ RI WKHVH
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VLWXDWLRQV LV SDUDPRXQW IRU WKH WKHUDS\� :LWKRXW WKH ÁH[LELOLW\ WR YLUWXDOO\ UHFUHDWH
VLWXDWLRQV� VRPH WKHUDSLHV ZRXOG EH RYHUO\ H[SHQVLYH� H�J� FKDUWHULQJ D SODQH WR RYHU�
FRPH D IHDU RI Á\LQJ� RU LPSRVVLEOH� H�J� H[HUFLVLQJ XSSHU OLPEV E\ SOD\LQJ D JDPH LQ
ZKLFK PLQL GUDJRQV DUH FDXJKW� )XUWKHUPRUH� VLWXDWLRQV WKDW DUH UDUH LQ UHDO OLIH EXW
UHTXLUH WR EH H[SHULHQFHG UHSHDWHGO\ E\ WKH SDWLHQW FDQ HDVLO\ EH FUHDWHG� %HFDXVH RI
WKH ÁH[LELOLW\� WUHDWPHQW LQ 95 FDQ EH PDGH PRUH WLPH DQG FRVW H̋FLHQW� HVSHFLDOO\ DV
HYHU\ WUHDWPHQW VFHQDULR FDQ EH FUHDWHG DW WKH R̋FH RI +&3� 7KLV DVSHFW DOVR HQDEOHV
WUHDWPHQW DW KRPH DV WKH SDWLHQW FDQ WDNH WKH 95 JRRJOHV ZLWK WKHP DQG H[SHULHQFH
WKH VDPH 9( IURP DQ\ZKHUH�

7KH IXOO FRQWURO RYHU WKH 9( DW DOO WLPHV� PHDQV WKDW WKH VLWXDWLRQ FDQ EH DGDSWHG WR
WKH QHHGV RI WKH XVHU� 7KLV DOORZV IRU UHDO�WLPH SHUVRQDOLVDWLRQ RI 9(V� 3HUVRQDOLVHG
WUHDWPHQW LV LPSRUWDQW LQ PHQWDO KHDOWK� H�J� LQ WKH WUHDWPHQW RI DQ[LHW\ GLVRUGHUV >��@�
DV ZHOO DV IRU UHKDELOLWDWLRQ >��@� 3HUVRQDOLVDWLRQ GHSHQGV RQ D ÀQH�JUDLQHG IHHGEDFN
RI KRZ WKH SDWLHQW LV UHVSRQGLQJ WR WKH WUHDWPHQW� &ROOHFWLQJ WKLV IHHGEDFN EHFRPHV
HDVLHU ZLWK WR 95 WHFKQRORJ\� ,QIRUPDWLRQ DERXW WKH XVHUV EHKDYLRXU LQ 95 FDQ EH
H[WUDFW IURP WKH 95 KDUGZDUH LWVHOI� ,W FDQ DOVR EH H[WHQGHG ZLWK H[WHUQDO LQVWUXPHQWV
WR FROOHFW HYHQ PRUH LQIRUPDWLRQ RI WKH SDWLHQW·V UHVSRQVH WR WKH WUHDWPHQW�

��� 1JUGBMMT PG 7JSUVBM 3FBMJUZ
)RU DOO WKH EHQHÀWV WKDW 95 KDV WR R̊HU LQ H+HDOWK DSSOLFDWLRQV� WKHUH DUH DOVR D IHZ
ULVNV LQYROYHG LQ XVLQJ WKH WHFKQRORJ\� 7KH PDLQ SLWIDOOV WR ORRN RXW IRU DUH� F\EHU�
VLFNQHVV� SRWHQWLDO KLJK FRVW RI VSHFLDOLVW KDUGZDUH� DQG FRPSOH[LW\ RI WRROV WKDW FRXOG
UHTXLUHG KLJK SURÀFLHQF\ ZLWK GLJLWDO WHFKQRORJ\�

$ FRPPRQO\ NQRZQ VLGH H̊HFW RI XVLQJ 95 LV F\EHUVLFNQHVV� ZKLFK LV PRWLRQ
VLFNQHVV LQGXFHG E\ 95� 6RPH HDUOLHU VWXGLHV VKRZHG WKDW ������ RI WKH SRSXODWLRQ
ZDV D̊HFWHG E\ LW >��� ��@� 0RUH UHFHQW UHVXOWV LQGLFDWH WKDW ������ JHW F\EHUVLFNQHVV
LQ 95� 7KLV OHG WR WKH FRQFOXVLRQ WKDW LPSURYHPHQWV LQ KDUGZDUH DOUHDG\ UHGXFH LWV
LPSDFW >��@� $W WKH VDPH WLPH PXFK UHVHDUFK LV JRLQJ RQ WR UHGXFH F\EHUVLFNQHVV >��²
��@� +RZHYHU� WKH LVVXH VWLOO UHPDLQV VLJQLÀFDQW� HVSHFLDOO\ LQ WKH FRQWH[W RI KHDOWKFDUH�
ZKHUH WUHDWPHQW VKRXOG EH VDIH DQG H̊HFWLYH�

6HFRQG� ZKLOH 95 WHFKQRORJ\ KDV VHHQ D VLJQLÀFDQW UHGXFWLRQ LQ FRVW LQ UHFHQW
\HDUV >��@� WKH WRWDO FRVW RI D FRQVXPHU V\VWHP VWLOO FDQQRW EH RYHUORRNHG� ,Q WKH HDUO\
����V D +0' ZDV FRPPHUFLDOO\ DYDLODEOH IRU ���. >��@� 7RGD\� KLJK�HQG +0'V FDQ
EH ERXJKW IRU SULFHV VWDUWLQJ DW ������ +RZHYHU� WKH XVH RI WKH JRJJOHV VWLOO UHTXLUHV
DQ LQYHVWPHQW RI DSSUR[LPDWHO\ ��. IRU D FDSDEOH FRPSXWHU V\VWHP� )RU KRPH XVH�
WKLV LQYHVWPHQW LV D VLJQLÀFDQW WKUHVKROG ZKLFK FRXOG SUHYHQW WKH WHFKQRORJ\ IURP
EHLQJ DGRSWHG� 7KH LQWURGXFWLRQ RI FKHDSHU� ORZ�HQG 95 KDUGZDUH KDV WULHG WDFNOLQJ

�KWWSV���ZZZ�WKHYHUJH�FRP�D�EHVW�YU�KHDGVHW�RFXOXV�ULIW�VDPVXQJ�JHDU�KWF�YLYH�YLUWXDO�UHDOLW\� DFFHVVHG
RQ ����������
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WKLV SUREOHP E\ PDNLQJ D WUDGHR̊ EHWZHHQ SULFH DQG WKH TXDOLW\ RI WKH WHFKQRORJ\
�H�J� VPDOOHU ÀHOG RI YLHZ� OHVV DFFXUDWH WUDFNLQJ� RU ORZHU GLVSOD\ UHVROXWLRQV��

7KLUG� XVLQJ H+HDOWK DSSOLFDWLRQV RIWHQ UHTXLUHV VRPH GHJUHH RI SURÀFLHQF\ ZLWK
GLJLWDO WHFKQRORJ\ >��@� )RU H[DPSOH� WKH GHVLJQ DQG FRQÀJXUDWLRQ RI D 9( FDQ EH
FRPSOH[ ZLWKRXW WKH DSSURSULDWH WRROV� %RWK IRU SDWLHQW DQG +&3 LW FDQ EH D VLJQLI�
LFDQW WKUHVKROG WR LQFRUSRUDWH RYHUO\ FRPSOH[ H+HDOWK VROXWLRQV LQWR WKH WUHDWPHQW�
+RZHYHU� UHYLHZV VXJJHVW WKDW H+HDOWK KDV WKH SRWHQWLDO WR ERWK LQFUHDVH DQG GHFUHDVH
KHDOWK LQHTXDOLW\ >��@� %\ LQFOXGLQJ WKH PRVW YXOQHUDEOH JURXSV LQ WKH FR�GHVLJQ SUR�
FHVV� DSSOLFDWLRQV FDQ EH WDLORUHG WR WKHLU OHYHO RI SURÀFLHQF\� /LNHZLVH� E\ OLVWHQLQJ WR
ZKDW +&3V QHHG IRU WKHLU SUDFWLFH� VROXWLRQV FDQ EH GHYHORSHG WKDW DFWXDOO\ VXSSRUW
WKHP ZLWKRXW UHTXLULQJ H[WHQVLYH WHFKQLFDO H[SHUWLVH RI KRZ WR XVH WKH V\VWHP�

7KHVH ULVNV ZDUUDQW H[WUD FDUHIXO FRQVLGHUDWLRQ ZKHQ UHVHDUFKLQJ WKH DSSOLFDWLRQ
RI 95 WHFKQRORJ\ LQ KHDOWKFDUH�

��� 0QFO $IBMMFOHFT � 0WFSBMM (PBM
)URP WKH SUHYLRXV VHFWLRQV� LW VKRXOG EH FOHDU WKDW WKHUH DUH VWLOO PDQ\ RSHQ FKDO�
OHQJHV LQ WKH DSSOLFDWLRQ RI 95 LQ WKH H+HDOWK GRPDLQ� 6RPH RI WKHVH FKDOOHQJHV DUH
VXPPDULVHG EHORZ�

&KDOOHQJH �� $VVHVVPHQW 3HUVRQDOLVDWLRQ GHSHQGV RQ D JRRG XQGHUVWDQGLQJ RI
KRZ WKH SDWLHQW UHVSRQGV WR WKH WUHDWPHQW� UHJDUGOHVV RI ZKHWKHU WKH SHUVRQDOLVDWLRQ
LV SURYLGHG E\ WKH +&3 RU DQ LQWHOOLJHQW V\VWHP >��@� 7KHUHIRUH� DXWRPDWLF DVVHVVPHQW
RI WDVNV DQG OHDUQLQJ FDQ EH D YHU\ H̊HFWLYH ÀUVW VWHS LQ UHDFKLQJ SHUVRQDOLVDWLRQ�
+RZHYHU� LW KDV QRW EHHQ IXOO\ H[SORLWHG \HW LQ PDQ\ VWXGLHV� $XWRPDWLF DVVHVVPHQW
KDV WKH DGYDQWDJHV WKDW LW FDQ SHUIRUP TXDQWLWDWLYH DQG VWDQGDUGLVHG WHVWV� LW KDV WKH
SRVVLELOLW\ RI PHDVXULQJ SDUDPHWHUV FXUUHQWO\ OHIW XQFROOHFWHG� DQG WKH DVVHVVPHQW FDQ
EH SHUIRUPHG RQ D PXFK KLJKHU UHVROXWLRQ OHDGLQJ WR PRUH ÀQH�JUDLQHG LQVLJKWV >��@�

&KDOOHQJH �� 3HUVRQDOLVDWLRQ :KLOH WKH DGYDQWDJHV RI� DQG QHHG IRU SHUVRQDOL�
VDWLRQ RI 9(V DUH ZHOO HVWDEOLVKHG DQG DJUHHG XSRQ >��� ��� ��� ��@� LW KDV WURXEOH
JHWWLQJ DGRSWHG LQ PDLQVWUHDP DSSOLFDWLRQV� ,Q SDUW WKLV LV GXH WR WKH KLJK FRPSOH[LW\
RI WKH VLWXDWLRQV LQ ZKLFK SHUVRQDOLVDWLRQ LV PRVW EHQHÀFLDO� 5HVHDUFK LV QHHGHG RQ
SHUVRQDOLVDWLRQ WHFKQLTXHV IRU YDULRXV DSSOLFDWLRQV GRPDLQV LQ H+HDOWK� ZLWK D IRFXV
RQ FRPSOH[ V\VWHPV DQG PRUH UREXVWQHVV�

&KDOOHQJH �� 3DWLHQW�FHQWUHG SODWIRUPV 7KHUH LV D QHHG IRU ODUJH VFDOH� SDWLHQW�
FHQWUHG SODWIRUPV� SURYLGLQJ 95�EDVHG WUHDWPHQW LQ ZKLFK DOO VWDNHKROGHUV DUH LQ�
FOXGHG� +RZHYHU� WKH UROH RI VWDNHKROGHUV� VXFK DV WKH KHDOWK FDUH SURYLGHUV� DOVR
QHHGV WR EH FRQVLGHUHG LQ WKH GHVLJQ RI VXFK SODWIRUPV� 7KH SXUSRVH RI VXFK SODWIRUPV
VKRXOG EH WR FRQQHFW WKH VWDNHKROGHUV �H�J� SDWLHQW DQG WKHUDSLVW� ZLWKRXW EHFRPLQJ
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D EDUULHU WKDW VHSDUDWHV WKHP� 7KXV� IRU 95 WR EH UHDOO\ LQFOXGHG LQ H[LVWLQJ SURWRFROV
DQG WUHDWPHQW� ZH QHHG VWXGLHV RI JRRG H[DPSOHV ZKHUH WKH SODWIRUP SURYLGHV WKH
UHTXLUHG VXSSRUW WR DOO VWDNHKROGHUV DQG DVVLVWV WKHP LQ WKHLU WDVNV�

&KDOOHQJH �� ([SHUWLVH GULYHQ GHYHORSPHQW %HFDXVH WKH 95 GRPDLQ LV FXUUHQWO\
VHHLQJ VLJQLÀFDQW WHFKQRORJLFDO LQQRYDWLRQV LQ WHUPV RI KDUGZDUH DQG VRIWZDUH� PDQ\
RI WKH UHFHQW VWXGLHV ZLWK 95 KDYH EHHQ GULYHQ E\ WKH WHFKQRORJ\ >��@� ,QVWHDG ZH QHHG
WR IRFXV PRUH RQ DQ H[SHUWLVH GULYHQ GHVLJQ IRU QHZ V\VWHPV DQG VWXGLHV ZKHUH WKH
95 WHFKQRORJ\ LV YLHZHG DV WKH SURYLGHU RI WKH PHGLXP DQG WKH WRROV� 7KLV UHTXLUHV
FR�GHVLJQ SURFHVVHV LQ ZKLFK WKH JRDOV DQG NQRZOHGJH RI KHDOWK FDUH GRPDLQ H[SHUWV
LV XVHG DV GULYHUV IRU WKH GHVLJQ RI QHZ V\VWHP� 7KH IRFXV VKRXOG EH RQ DSSO\LQJ
H[LVWLQJ� HYLGHQFH�EDVHG WUHDWPHQWV LQ 95 HQYLURQPHQWV DQG H[SORULQJ QHZ ZD\V RI
WUHDWPHQW WKDW ZHUH QRW SRVVLEOH EHIRUH�

&KDOOHQJH �� &R�GHVLJQ 7KH FROODERUDWLRQ RI FRPSXWHU VFLHQWLVWV DQG H[SHUWV
IURP GL̊HUHQW GRPDLQV VXFK DV KHDOWKFDUH FDQ RQO\ EH HQFRXUDJHG� +RZHYHU� WKH
WHFKQLFDO H[SHUWLVH DQG SURÀFLHQF\ RI +&3V DQG HQG XVHUV KDV WR EH FRQVLGHUHG DV
ZHOO LQ RUGHU IRU 95 WHFKQRORJ\ WR EH DGRSWHG LQ ODUJH VFDOH VWXGLHV DQG PDLQVWUHDP
WKHUDS\ >��@� :KHQ WKH UHTXLUHG WHFKQLFDO NQRZOHGJH VXSHUVHGHV WKH FDSDELOLWLHV RI WKH
WDUJHW JURXS� WKH 95 VROXWLRQV EHFRPH REVROHWH� 7KHUHIRUH� WKH WHFKQRORJ\ VKRXOG
DOZD\V EH HDV\ WR XVH DQG VXSSRUW WKH XVHU LQ WKHLU WDVN�

7KH RYHUDOO JRDO RI WKLV GLVVHUWDWLRQ LV WR LQYHVWLJDWH KRZ95 WHFKQRORJ\ FDQ EH DSSOLHG
LQ H+HDOWK DSSOLFDWLRQV� EH\RQG WKH QDLYH DQG VWUDLJKWIRUZDUG WUDQVODWLRQ RI H[LVWLQJ
VROXWLRQV WR 95� 7KH DLP LV WR HQKDQFH H+HDOWK VROXWLRQV E\ XVLQJ 95 DV D WRRO�

��� .BJO 3FTFBSDI $POUSJCVUJPOT
7KLV 3K' GLVVHUWDWLRQ FRQWULEXWHV WR WKH UHVHDUFK GRPDLQV RI 95 WHFKQRORJ\� H+HDOWK�
DQG SHUVRQDOLVDWLRQ� 7KH XVH FDVHV LQ WKLV UHVHDUFK DUH FKRVHQ IURP WKH PHQWDO KHDOWK
DQG UHKDELOLWDWLRQ GRPDLQV� 7KH SUHVHQWHG UHVHDUFK FKDOOHQJHV DQG JRDOV LQ 6HFWLRQ ���
DUH WDFNOHG LQ WKH IROORZLQJ WKUHH FRQWULEXWLRQV�

&RQWULEXWLRQ �� 7KH GHVLJQ� GHYHORSPHQW DQG WHVWLQJ RI D QHZ WKHUDS\ WRRO IRU
8QLODWHUDO 6SDWLDO 1HJOHFW �861� ZLWK 95� 7KLV QHZ DSSURDFK LPSURYHV RQ H[LVWLQJ
WKHUDS\ E\ LQFRUSRUDWLQJ PXOWLSOH VHQVRU\ PRGDOLWLHV� ,Q DGGLWLRQ WR WKH YLVXDO DVSHFWV
RI &*, 95 FRQWHQW� DOVR VSDWLDO DXGLR LV LQFOXGHG� 7KLV LV GRQH E\ DSSO\LQJ 0XVLF
1HJOHFW 7KHUDS\ �017�� DQ DSSURDFK WKDW KDV VHHQ SRVLWLYH H̊HFWV LQ RWKHU IRUPV RI
WKHUDS\� 7KLV UHVHDUFK LV WKH ÀUVW GRFXPHQWHG FDVH LQ ZKLFK PXVLF WKHUDS\ LV XVHG
LQ 95� 7KH XVH RI 95 LV YHU\ LPSRUWDQW EHFDXVH RI LWV LPPHUVLYH FKDUDFWHULVWLFV� LW
LV DEOH WR VWLPXODWH WKH SDWLHQW RQ WKH YLVXDO DQG DXGLWRU\ VSHFWUXP ZKLOH EORFNLQJ
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WKHP IURP RWKHU H[WHUQDO� QRQ�LQWHQGHG� GLVWUDFWLRQV� )XUWKHUPRUH� LQ WKLV UHVHDUFK�
FRQWLQXRXV DXWRPDWLF DVVHVVPHQW LV SHUIRUPHG E\ PDNLQJ XVH RI VHQVRU GDWD IURP
LQWHUQDO VHQVRUV RI WKH +0' KDUGZDUH� VSHFLÀFDOO\ KHDG PRYHPHQW� DQG IHHGLQJ LW
EDFN WR WKH WKHUDSLVW� 7KLV DSSURDFK DOORZV IRU D FKHDS ZD\ RI H[WUDFWLQJ QHZ LQVLJKWV
RQ WKH SDWLHQWV EHKDYLRXU WKDW ZRXOG RWKHUZLVH EH PXFK PRUH FRPSOLFDWHG�

&RQWULEXWLRQ �� 7KH GHVLJQ� GHYHORSPHQW DQG WHVWLQJ RI UHOD[DWLRQ WKHUDS\ LQ 95
LQFOXGLQJ DXWRPDWLF DGDSWDWLRQV WR WKH HPRWLRQDO VWDWH RI WKH XVHU� 7KH XVH RI 95
WHFKQRORJ\ DQG &*, FRQWHQW DOORZV WKH XVHU WR EH FRPSOHWHO\ VXEPHUJH LQ D WUDQTXLO
DQG UHOD[LQJ HQYLURQPHQW� DZD\ IURP UHDO ZRUOG GLVWUDFWLRQV� $GGLWLRQDOO\� WRWDO FRQ�
WURO RI WKH 9( LV UHTXLUHG LQ RUGHU WR DGDSW LW WR WKH FXUUHQW QHHGV RI WKH XVHU� 7KH
SHUVRQDOLVDWLRQ RI WKH WKHUDS\ UHOLHV RQ WKH HPRWLRQDO VWDWH RI WKH XVHU� 7KH FKDOOHQJHV
RI GHWHFWLQJ RU PHDVXULQJ HPRWLRQDO FRQGLWLRQV LV PLWLJDWHG E\ IROORZLQJ D SUHGLFWLYH
DSSURDFK WKURXJK D PDWKHPDWLFDO PRGHO EXLOW RQ WKHRUHWLFDO IRXQGDWLRQV� 7KH PRGHO
DVVXPHV XVHU SURÀOH DQG FKDQJHV LQ WKH HQYLURQPHQW WR XSGDWH WKH SUHGLFWLRQV RI
WKH HPRWLRQDO VWDWH� (YHQWXDOO\� WKH 9( LV DGDSWHG XVLQJ D KHXULVWLF RSWLPLVHU IRU
GHWHUPLQLQJ WKH DSSURSULDWH HQYLURQPHQW FKDQJHV EDVHG RQ WKH HPRWLRQDO FRQGLWLRQ�
)XUWKHUPRUH� WKLV UHVHDUFK DLPV WR HPSRZHU XVHUV E\ JLYLQJ WKHP WKH WRROV WR VXSSRUW
WKHLU RZQ KHDOWK WKURXJK D 95 DSSOLFDWLRQ� 7KH XVHU LV SXW DW WKH FHQWUH RI WKH GHVLJQ
SURFHVV DQG WKH UHVXOWLQJ DSSOLFDWLRQ E\ DOOHYLDWLQJ WKH QHHG IRU D WUDLQHG WKHUDSLVW
WKHUDSLVW�

&RQWULEXWLRQ �� 7KH GHVLJQ� GHYHORSPHQW DQG WHVWLQJ RI D SDWLHQW�FHQWUHG SODWIRUP
IRU 9LUWXDO 5HDOLW\ ([SRVXUH 7KHUDS\ �95(7� ZLWK ORQJLWXGLQDO IROORZ XS DQG KRPH�
ZRUN H[HUFLVHV WKURXJK D PRELOH FRDFKLQJ DSS� 7KLV UHVHDUFK ZDV SDUW RI DQ LQWHUGLVFL�
SOLQDU\ SURMHFW� FDOOHG 3$752186� LQYROYLQJ SV\FKRWKHUDSLVWV� FRPSXWHU VFLHQWLVWV�
FRPPXQLFDWLRQ VFLHQWLVWV� 95 GHYHORSHUV DQG VHFXUH FORXG V\VWHP VSHFLDOLVWV� 7KH
SODWIRUP GHYHORSHG LQ WKH 3$752186 SURMHFW IRUPHG WKH FHQWUDO VXSSRUW WRRO IRU
SV\FKRWKHUDSLVWV WR SURYLGH JUDGXDO H[SRVXUH WKHUDS\ WR SDWLHQWV LQ 95� WKURXJK &*,
FRQWHQW� DQG LQ YLYR� WKURXJK UHDO OLIH VLWXDWLRQV� 7KH VXSSRUW WR WKH WKHUDSLVWV ZDV
HQKDQFHG E\ LQFRUSRUDWLQJ DQ LQWHOOLJHQW V\VWHP WKDW SURYLGHG VXJJHVWLRQV IRU SHUVRQ�
DOLVHG FRQÀJXUDWLRQV RI WKH 9( XVHG IRU WKH WKHUDS\� 6SHFLÀFDOO\� WKH FRQÀJXUDWLRQV
DUH DGDSWHG WR WKH WKHUDSHXWLF QHHGV RI WKH SDWLHQWV DQG DLP WR PD[LPLVH WKH OHDUQ�
LQJ RI WKH SDWLHQW LQ WKH 9(� %\ SURYLGLQJ WKLV VXSSRUW WR WKH WKHUDSLVW� QR H[WHQGHG
WHFKQLFDO SURÀFLHQF\ LV UHTXLUHG WR XVH WKH 95 WRRO� 7KH NQRZOHGJH XVHG WR SRZHU
WKH DGDSWLRQV LV PDQDJHG WKURXJK VHPDQWLF WHFKQRORJ\�

��� 0VUMJOF
7KLV GLVVHUWDWLRQ LV FRPSRVHG RI D QXPEHU RI SXEOLFDWLRQV WKDW ZHUH UHDOLVHG ZLWKLQ
WKH VFRSH RI WKLV 3K'� 7KH VHOHFWHG SXEOLFDWLRQV SURYLGH DQ LQWHJUDO DQG FRQVLVWHQW
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'JHVSF ���� 4DIFNBUJD QPTJUJPO PG UIF EJGGFSFOU DIBQUFST JO UIJT EJTTFSUBUJPO�

RYHUYLHZ RI WKH ZRUN SHUIRUPHG� 7KH FRPSOHWH OLVW RI SHHU�UHYLHZHG SXEOLFDWLRQV
WKDW UHVXOWHG IURP WKLV ZRUN LV SUHVHQWHG LQ 6HFWLRQ ����

:LWKLQ WKLV VHFWLRQ ZH JLYH DQ RYHUYLHZ RI WKH UHPDLQGHU RI WKLV GLVVHUWDWLRQ DQG
H[SODLQ KRZ WKH GL̊HUHQW FKDSWHUV DUH OLQNHG WRJHWKHU� )LJXUH ��� SRVLWLRQV WKH GL̊HU�
HQW FRQWULEXWLRQV WKDW DUH SUHVHQWHG LQ HDFK FKDSWHU �&KSW� DQG DSSHQGL[ �$SS��

,Q &KDSWHU � D 95 DSSOLFDWLRQ LV SUHVHQWHG IRU WKH WUHDWPHQW RI VSDWLDO QHJOHFW
WKURXJKPXVLF WKHUDS\� 7KH SDWLHQW� ZHDULQJ DQ +0' H[SHULHQFHV H[HUFLVHV LQ WKH 9(
GHYHORSHG IRU WKLV XVH FDVH� $Q DVVHVVPHQW PRGXOH SHUIRUPV FRQWLQXRXV HYDOXDWLRQ
RI WKH XVHU E\ UHFRUGLQJ KHDG URWDWLRQ IURP WKH LQWHUQDO VHQVRUV RI WKH +0'� 7KH
LQIRUPDWLRQ IURP WKLV DVVHVVPHQW LV SUHVHQWHG RQ D GDVKERDUG DSSOLFDWLRQ IRU WKH
+&3 SURYLGLQJ WKH WKHUDS\� 7KH SUHVHQWHG DSSURDFK SURYLGHV D WRRO WKDW DLPV WR
LPSURYH RQ H[LVWLQJ WKHUDS\ E\ XVLQJ 95 DQG E\ JLYLQJ PRUH LQVLJKWV WR WKH KHDOWK
FDUH SUDFWLWLRQHU�

,Q&KDSWHU � D 95 DSSOLFDWLRQ LV SUHVHQWHG IRFXVVHG RQ SURYLGLQJ UHOD[DWLRQ WKHU�
DS\� 7KLV DSSOLFDWLRQ SUHVHQWV D PHWKRG RI SHUVRQDOLVLQJ WKH UHOD[DWLRQ H[SHULHQFH
EDVHG RQ WKH HPRWLRQDO VWDWH RI WKH XVHU� 7R PDNH WKH SHUVRQDOLVDWLRQ SRVVLEOH� D
PDWKHPDWLFDO PRGHO LV GHVLJQHG DQG LPSOHPHQWHG WKDW PDNHV DQ DVVHVVPHQW RI WKH
FXUUHQW HPRWLRQDO VWDWH E\ PDNLQJ SUHGLFWLRQ EDVHG RQ XVHU SURÀOH DQG FKDQJHV LQ WKH
9(� 7KLV DSSOLFDWLRQ SURYLGHV D VHOI�PDQDJHPHQW WRRO IRU WKH XVHU DV WKH V\VWHP LV
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VHPL�DXWRQRPRXV DQG LQWHQGHG IRU XVH DW KRPH�
7KH SODWIRUP LQWURGXFHG LQ &KDSWHU � LV WKH UHVXOW RI WKH 3$752186 SURMHFW

LQ ZKLFK D SDWLHQW�FHQWUHG EOHQGHG FDUH VROXWLRQ IRU 95(7 LV GHVLJQHG� GHYHORSHG
DQG WHVWHG� 7KH SURMHFW ZDV DQ LQWHUGLVFLSOLQDU\ HQGHDYRXU EHWZHHQ SV\FKRWKHUDSLVWV�
FRPSXWHU VFLHQWLVWV� FRPPXQLFDWLRQ VFLHQWLVWV� 95 GHYHORSHUV DQG VHFXUH FORXG V\V�
WHP VSHFLDOLVWV� ,Q WKLV FKDSWHU WKH DUFKLWHFWXUH RI WKLV SODWIRUP LV GHVFULEHG� LW LQ�
FOXGHV� D 95 V\VWHP IRU WKH SUHVHQWDWLRQ RI WZR 9( VFHQDULRV� SHUVRQDOLVHG DGDSWDWLRQ
WR WKHVH 9(V EDVHG RQ WKH QHHGV RI WKH SDWLHQW� D FHQWUDO V\VWHP IRU GDWD PDQDJHPHQW
DQG FRQWURO� D FRDFKLQJ DSS IRU WKH SDWLHQW WKURXJK ZKLFK ORQJLWXGLQDO IROORZ�XSV
DQG KRPHZRUN H[HUFLVHV DUH SRVVLEOH� DQG D GDVKERDUG DSSOLFDWLRQ IRU WKH WKHUDSLVW
WKURXJK ZKLFK WKH\ FDQ PRQLWRU DQG PDQDJH 95 VHVVLRQ� 7KH DGDSWDWLRQ DOJRULWKP
WKDW HQDEOHV WKH SHUVRQDOLVDWLRQ RI WKH 9( IRU 95(7 LV GLVFXVVHG LQ GHWDLO LQ &KDS�
WHU �� 7KH SHUVRQDOLVDWLRQ DOJRULWKP SURYLGHV VXSSRUW WR WKH WKHUDSLVW E\ SUHVHQWLQJ
VXJJHVWLRQV IRU WKH QH[W H[HUFLVH RQ WKH GDVKERDUG� 7KH WKHUDSLVW FDQ WKHQ FKRRVH
ZKLFK VXJJHVWLRQ RI WKH DOJRULWKP WR XVH� 7KH LQIRUPDWLRQ XVHG E\ WKH DOJRULWKP LV D
FRPELQDWLRQ RI VHOI�DVVHVVPHQWV RI WKH SDWLHQW DQG GRPDLQ NQRZOHGJH� ,Q &KDSWHU ��
WKH XVH RI VHPDQWLF WHFKQRORJ\ LV GHVFULEHG IRU WKH PDQDJHPHQW RI WKLV NQRZOHGJH
DQG LQIRUPDWLRQ�

$SSHQGL[ $ SUHVHQWV DQ H[WHQVLRQ WR WKH FRDFKLQJ DSS LQ WKH 3$752186 SODW�
IRUP� 7KLV H[WHQVLRQV DQDO\VHV XVDJH GDWD RI WKH PRELOH DSS WR JDLQ EHWWHU XQGHUVWDQG�
LQJ RI WKH SDWLHQW� %\ LGHQWLI\LQJ SDWWHUQV� GL̊HUHQW W\SHV RI XVDJHV ZHUH GLVWLQJXLVKHG
WKDW KHOS WKHUDSLVWV LQ SURYLGLQJ EHWWHU IROORZ�XS WUHDWPHQW�

)LQDOO\� $SSHQGL[ % LQYHVWLJDWHV� RQ D PRUH WHFKQLFDO OHYHO� KRZ 95 H[SHULHQFHV
FDQ EH GHOLYHUHG ZLWK KLJKHU TXDOLW\� 6SHFLÀFDOO\� WKLV UHVHDUFK IRFXVHV RQ WKH FKDO�
OHQJH RI YLHZSRUW SUHGLFWLRQ IRU VWUHDPLQJ 95 FRQWHQW� %\ SUHGLFWLQJ WKH GLUHFWLRQ D
XVHU ZLOO ORRN DW� VWUHDPLQJ SURWRFROV FDQ EH RSWLPLVHG WR SURYLGH EHWWHU 4XDOLW\ RI
([SHULHQFH �4R(�� 0XOWL�DUPHG EDQGLWV ZHUH XVHG WR OHDUQ WKH EHKDYLRXU RI XVHUV DQG
PDNH EHWWHU SUHGLFWLRQV�

(YHU\ 95 DSSOLFDWLRQ DQG LQWHOOLJHQW FRPSRQHQW LV GHVLJQHG ZLWK WKH LQSXW RI
GRPDLQ H[SHUWV DQG�RU GRPDLQ NQRZOHGJH� :KHUHYHU SRVVLEOH� DQ LQFOXVLYH DSSURDFK
ZDV IROORZHG ZKHUH LQSXW IURP SDWLHQWV DQG +&3V ZDV WDNHQ LQWR DFFRXQW�

7DEOH ��� VKRZV WKH FKDOOHQJHV WKDW ZHUH KLJKOLJKWHG LQ 6HFWLRQ ��� DQG LQGLFDWHV
ZKLFK ZHUH WDUJHWHG SHU FKDSWHU�

��� 1VCMJDBUJPOT

7KH UHVHDUFK UHVXOWV REWDLQHG GXULQJ WKLV 3K' UHVHDUFK KDYH EHHQ SXEOLVKHG LQ VFLHQ�
WLÀF MRXUQDOV DQG SUHVHQWHG DW D VHULHV RI LQWHUQDWLRQDO FRQIHUHQFHV� 7KH IROORZLQJ OLVW
SURYLGHV DQ RYHUYLHZ RI WKH SXEOLFDWLRQV GXULQJ P\ 3K' UHVHDUFK�
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����� 1VCMJDBUJPOT JO *OUFSOBUJPOBM +PVSOBMT
	MJTUFE JO UIF 4DJFODF $JUBUJPO *OEFY � 


�� -RULV +H\VH� 0DULD 7RUUHV 9HJD� 7KRPDV 'H -RQJH� )HPNH 'H %DFNHUH� DQG
)LOLS 'H 7XUFN�$ 3HUVRQDOLVHG (PRWLRQ�%DVHG 0RGHO IRU 5HOD[DWLRQ LQ 9LUWXDO 5HDOLW\�
3XEOLVKHG LQ $SSOLHG 6FLHQFHV� 9ROXPH ��� ,VVXH ��� 6HSWHPEHU �����

�� 6DP 9DQ 'DPPH� 0DULD 7RUUHV 9HJD� -RULV +H\VH� )HPNH 'H %DFNHUH� DQG
)LOLS 'H 7XUFN�$ ORZ�FRPSOH[LW\ SV\FKRPHWULF FXUYH�ÀWWLQJ DSSURDFK IRU WKH REMHFWLYH TXDO�
LW\ DVVHVVPHQW RI VWUHDPHG JDPH YLGHRV� 3XEOLVKHG LQ 6LJQDO 3URFHVVLQJ� ,PDJH &RP�
PXQLFDWLRQ� 9ROXPH ��� ,VVXH �� 2FWREHU �����

�� -RULV +H\VH�� 6WpSKDQLH &DUOLHU�� (ZRXG 9HUKHOVW� &DWKDULQH 9DQGHU /LQGHQ�
)HPNH 'H %DFNHUH� DQG )LOLS 'H 7XUFN� )URP 3DWLHQW WR 0XVLFLDQ� $ 0XOWL�6HQVRU\
9LUWXDO 5HDOLW\ 5HKDELOLWDWLRQ 7RRO IRU 6SDWLDO 1HJOHFW� 3XEOLVKHG LQ $SSOLHG 6FLHQFHV�
9ROXPH ��� ,VVXH �� -DQXDU\ �����

�� -RULV +H\VH� %DUEDUD 'HSUHHXZ� 7RP9DQ'DHOH� 7LQH 'DHVHOHLUH� )HPNH 2Q�
JHQDH� )HPNH 'H %DFNHUH� DQG )LOLS 'H 7XUFN� $Q $GDSWDWLRQ $OJRULWKP IRU 3HU�
VRQDOLVHG 9LUWXDO 5HDOLW\ ([SRVXUH 7KHUDS\� 5HYLVLRQ VXEPLWWHG WR &RPSXWHU 0HWK�
RGV DQG 3URJUDPV LQ %LRPHGLFLQH� 0DUFK �����

�� -RULV +H\VH� .ODDV %RPEHNH� $QLVVD $OO� %HUQDUG )UDQoRLV� 6WHYHQ 7K\V� 3DW
9DQ 5RH\� 0LFKDHO 9DQ GHU 9ORHGW� %DUEDUD 'HSUHHXZ� 7RP 9DQ 'DHOH� 7LQH
'DHVHOHLUH� )HPNH 2QJHQDH� )HPNH 'H %DFNHUH� DQG )LOLS 'H 7XUFN� 3$�
752186� 7RZDUGV DQ $UFKLWHFWXUH IRU 3HUVRQDOLVHG 9LUWXDO 5HDOLW\ ([SRVXUH 7KHUDS\�
0DQXVFULSW VXEPLWWHG WR ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV� $SULO �����

�7KH SXEOLFDWLRQV OLVWHG DUH UHFRJQLVHG DV ¶$� SXEOLFDWLRQV·� DFFRUGLQJ WR WKH IROORZLQJ GHÀQLWLRQ XVHG E\
*KHQW 8QLYHUVLW\� $� SXEOLFDWLRQV DUH DUWLFOHV OLVWHG LQ WKH 6FLHQFH &LWDWLRQ ,QGH[ ([SDQGHG� WKH 6RFLDO
6FLHQFH &LWDWLRQ ,QGH[ RU WKH $UWV DQG +XPDQLWLHV &LWDWLRQ ,QGH[ RI WKH ,6, :HE RI 6FLHQFH� UHVWULFWHG WR
FRQWULEXWLRQV OLVWHG DV DUWLFOH� UHYLHZ� OHWWHU� QRWH RU SURFHHGLQJV SDSHU�
�7KH ÀUVW WZR DXWKRUV VKDUH FR�ÀUVW DXWKRUVKLS RI WKLV ZRUN�
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����� 1VCMJDBUJPOT JO *OUFSOBUJPOBM $POGFSFODFT
	MJTUFE JO UIF 4DJFODF $JUBUJPO *OEFY � 


�� -RULV +H\VH� 0DULD 7RUUHV 9HJD� 7LP :DXWHUV� )HPNH 'H %DFNHUH� DQG )LOLS
'H 7XUFN� (̊HFWV RI $GDSWLYH 6WUHDPLQJ 2SWLPL]DWLRQV RQ WKH 3HUFHSWLRQ RI ���� 9LU�
WXDO 5HDOLW\ 9LGHR� 3XEOLVKHG LQ SURFHHGLQJV RI WKH ��WK ,QWHUQDWLRQDO 7HOHWUD̋F
&RQJUHVV �,7& ���� ,(((� 9LHQQD� $XVWULD� SDJHV ��²��� 6HSWHPEHU �����

�� -RULV +H\VH� >'&@ 6HOI�$GDSWLYH 7HFKQRORJLHV IRU ,PPHUVLYH 7UDLQLQJV� 3XEOLVKHG LQ
SURFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ 9LUWXDO 5HDOLW\ DQG �'8VHU ,QWHUIDFHV
�95�� ,(((� 2VDND� -DSDQ� SDJHV ����²����� 0DUFK �����

�� -RULV +H\VH� 0DULD 7RUUHV 9HJD� )HPNH 'H %DFNHUH� DQG )LOLS 'H 7XUFN� &RQ�
WH[WXDO %DQGLW /HDUQLQJ�%DVHG 9LHZSRUW 3UHGLFWLRQ IRU ��� 9LGHR� 3XEOLVKHG LQ SUR�
FHHGLQJV RI WKH ,((( &RQIHUHQFH RQ 9LUWXDO 5HDOLW\ DQG �' 8VHU ,QWHUIDFHV
�95�� ,(((� 2VDND� -DSDQ� SDJHV ���²���� 0DUFK �����

�� -RULV +H\VH� 7KRPDV 'H -RQJH� 0DULD 7RUUHV 9HJD� )HPNH 'H %DFNHUH� DQG
)LOLS 'H 7XUFN� $ SHUVRQDOL]HG 9LUWXDO 5HDOLW\ ([SHULHQFH IRU 5HOD[DWLRQ 7KHUDS\�
3XEOLVKHG LQ SURFHHGLQJV RI WKH (OHYHQWK ,QWHUQDWLRQDO &RQIHUHQFH RQ 4XDOLW\
RI 0XOWLPHGLD ([SHULHQFH �4R0(;�� ,(((� %HUOLQ� *HUPDQ\� -XQH �����

�� 0DULD 7RUUHV 9HJD� -HURHQ YDQ GHU +RRIW� -RULV +H\VH� )HPNH 'H %DFNHUH�
7LP :DXWHUV� )LOLS 'H 7XUFN� DQG 6WHIDQR 3HWUDQJHOL� ([SORULQJ 1HZ <RUN LQ
�.� DQ DGDSWLYH WLOH�EDVHG YLUWXDO UHDOLW\ YLGHR VWUHDPLQJ H[SHULHQFH� 3XEOLVKHG LQ SUR�
FHHGLQJV RI WKH ��WK $&0 0XOWLPHGLD 6\VWHPV &RQIHUHQFH� $&0� $PKHUVW�
0DVVDFKXVHWWV� 86$� SDJHV ���²���� -XQH �����

�� 6DP 9DQ 'DPPH� -RULV +H\VH� )HPNH 'H %DFNHUH� 0DULD 7RUUHV 9HJD DQG
)LOLS 'H 7XUFN� (̊HFWV RI +DSWLF )HHGEDFN RQ 8VHU 3HUFHSWLRQ DQG 3HUIRUPDQFH
LQ 3URMHFWHG $XJPHQWHG 5HDOLW\� 6XEPLWWHG WR WKH ��WK ,QWHUQDWLRQDO &RQIHUHQFH
RQ 4XDOLW\ RI 0XOWLPHGLD ([SHULHQFH �4R0(;�� ,(((� /LSSVWDGW� *HUPDQ\�
6HSWHPEHU �����

����� 1VCMJDBUJPOT JO PUIFS *OUFSOBUJPOBM $POGFSFODFT
�� -RULV+H\VH� )HPNH2QJHQDH� )HPNH'H%DFNHUH� DQG )LOLS'H 7XUFN� 3HUVRQDO�

LVDWLRQ RI ([HUFLVHV LQ 95(7� 3XEOLVKHG LQ SURFHHGLQJ RI WKH $UWLÀFLDO ,QWHOOLJHQFH
$SSOLHG WR $VVLVWLYH 7HFKQRORJLHV DQG 6PDUW (QYLURQPHQWV :RUNVKRS DW WKH

�7KH SXEOLFDWLRQV OLVWHG DUH UHFRJQLVHG DV ¶3� SXEOLFDWLRQV·� DFFRUGLQJ WR WKH IROORZLQJ GHÀQLWLRQ XVHG E\
*KHQW 8QLYHUVLW\� 3� SXEOLFDWLRQV DUH SURFHHGLQJV OLVWHG LQ WKH &RQIHUHQFH 3URFHHGLQJV &LWDWLRQ ,QGH[
� 6FLHQFH RU &RQIHUHQFH 3URFHHGLQJV &LWDWLRQ ,QGH[ � 6RFLDO 6FLHQFH DQG +XPDQLWLHV RI WKH ,6, :HE RI
6FLHQFH� UHVWULFWHG WR FRQWULEXWLRQV OLVWHG DV DUWLFOH� UHYLHZ� OHWWHU� QRWH RU SURFHHGLQJV SDSHU� H[FHSW IRU
SXEOLFDWLRQV WKDW DUH FODVVLÀHG DV $��
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7KLUW\�6HFRQG $$$, &RQIHUHQFH RQ $UWLÀFLDO ,QWHOOLJHQFH� $$$,� 1HZ 2U�
OHDQV� 86$� SDJHV ���²���� )HEUXDU\ �����

�� -RULV+H\VH� )HPNH2QJHQDH� -ROLHQ 'H /HWWHU� $QLVVD $OO� )HPNH'H %DFNHUH�
DQG )LOLS 'H 7XUFN� 'HVLJQ RI DQ 2QWRORJ\ IRU 'HFLVLRQ 6XSSRUW LQ 95 ([SRVXUH 7KHU�
DS\� 3XEOLVKHG LQ SURFHHGLQJV RI WKH ��WK ($, ,QWHUQDWLRQDO &RQIHUHQFH RQ
3HUYDVLYH &RPSXWLQJ 7HFKQRORJLHV IRU +HDOWKFDUH � 'HPRV DQG 3RVWHUV� ($,�
7UHQWR� ,WDO\� 0D\ �����

�� -RULV+H\VH� *LOOHV 9DQGHZLHOH� )HPNH2QJHQDH� )HPNH'H %DFNHUH� DQG )LOLS
'H 7XUFN�+RZ GR 8VHUV LQWHUDFW ZLWK0RELOH +HDOWK $SSV"� $0DUNRY &KDLQ $QDO\VLV�
3XEOLVKHG LQ SURFHHGLQJV RI WKH ��WK ($, ,QWHUQDWLRQDO &RQIHUHQFH RQ 3HUYD�
VLYH &RPSXWLQJ 7HFKQRORJLHV IRU +HDOWKFDUH �3HUYDVLYH+HDOWK�� $&0� $WODQWD�
*HRUJLD� 86$� SDJHV ���²���� 0D\ �����
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'SPN 1BUJFOU UP .VTJDJBO� " .VMUJ�4FOTPSZ

7JSUVBM 3FBMJUZ 3FIBCJMJUBUJPO 5PPM GPS 4QBUJBM
/FHMFDU

5IF ðSTU BEWBODFE WJSUVBM SFBMJUZ BQQMJDBUJPO PG UIJT EJTTFSUBUJPO JT B SFIBCJMJUBUJPO UPPM GPS UIF
USFBUNFOU PG QBUJFOUT XJUI TQBUJBM OFHMFDU� 5IF NBJO BEWBODFNFOUT JO UIJT BQQMJDBUJPO BSF UIF VTF
PG NVTJD UIFSBQZ BT B NVMUJ�NPEBM USFBUNFOU UPHFUIFS XJUI WJTJPO TUJNVMJ BOE UIF VTF PG JOUFSOBM
TFOTPST PG UIF IFBE NPVOUFE EJTQMBZ GPS BVUPNBUFE BTTFTTNFOU� *O UIJT DIBQUFS UISFF PG UIF
DIBMMFOHFT QSFTFOUFE JO 4FDUJPO ��� BSF UBDLMFE� 4QFDJðDBMMZ UIF GPMMPXJOH DIBMMFOHFT� 	J
 UIF VTF
PG BVUPNBUFE BTTFTTNFOU UP FYUSBDU JOTJHIUT PG UIF QBUJFOUnT CFIBWJPVS UIBU JT QSFTFOUFE UP UIF
IFBMUI DBSF QSPGFTTJPOBM PO B EBTICPBSE 	JJ
 UIF OFFE GPS FYQFSUJTF�ESJWFO JOTUFBE PG UFDIOPMPHZ�
ESJWFO BQQMJDBUJPOT BOE 	JJJ
 BQQMJDBUJPO EFTJHO UIBU UBLFT JOUP BDDPVOU UIF UFDIOJDBM QSPðDJFODZ
PG UIF VTFST�

? ? ?

-�+H\VH�� 6� &DUOLHU�� (� 9HUKHOVW� &� 9DQGHU /LQGHQ� )�'H%DFNHUH�
DQG )� 'H 7XUFN�

3XEOLVKHG LQ $SSOLHG 6FLHQFHV� 9ROXPH ��� ,VVXH �� -DQXDU\ ����

�7KH ÀUVW WZR DXWKRUV VKDUH FR�ÀUVW DXWKRUVKLS RI WKLV ZRUN�



�� $IBQUFS �

$EVWUDFW 8QLODWHUDO 6SDWLDO 1HJOHFW �861� FRPPRQO\ UHVXOWV IURP D VWURNH RU DF�
TXLUHG EUDLQ LQMXU\� 861 D̊HFWV PXOWLSOH PRGDOLWLHV DQG UHVXOWV LQ IDLOXUH WR UHVSRQG
WR VWLPXOL RQ WKH FRQWUDOHVLRQDO VLGH RI VSDFH� $OWKRXJK 861 LV D KHWHURJHQHRXV V\Q�
GURPH� SUHVHQW�GD\ WKHUDS\ PHWKRGV RIWHQ IDLO WR FRQVLGHU PXOWLSOH PRGDOLWLHV� 0XVLF
1HJOHFW 7KHUDS\ �017� LV D WKHUDS\ PHWKRG WKDW VXFFHHGV LQ LQFRUSRUDWLQJ PXOWL�
SOH PRGDOLWLHV E\ DVNLQJ SDWLHQWV WR PDNH PXVLF� 7KLV UHVHDUFK DLPHG WR H[SORLW WKH
LPPHUVLYH DQG PRGLÀDEOH DVSHFW RI 9LUWXDO 5HDOLW\ �95� WR WUDQVODWH 017 WR D 95
WKHUDS\ WRRO� 7KH WRRO ZDV HYDOXDWHG LQ D ��ZHHN SLORW VWXG\ ZLWK IRXU FOLQLFDO XVHUV�
7KHVH UHVXOWV DUH FRPSDUHG WR D FRQWURO JURXS RI IRXU QRQ�FOLQLFDO XVHUV� 5HVXOWV LQGL�
FDWHG WKDW SDWLHQWV UHVSRQGHG WR WULJJHUV LQ WKHLU HQWLUH HQYLURQPHQW DQG SHUIRUPDQFH
UHVXOWV FRXOG EH FOHDUO\ GL̊HUHQWLDWHG EHWZHHQ FOLQLFDO DQG QRQ�FOLQLFDO XVHUV� 0RUH�
RYHU� SDWLHQWV LQFUHDVLQJO\ FRUUHFWHG WKHLU KHDG GLUHFWLRQ WRZDUGV WKHLU QHJOHFWHG VLGH�
3DWLHQWV VWDWHG WKDW WKH XVH RI 95 LQFUHDVHG WKHLU HQMR\PHQW RI WKH WKHUDS\� 7KLV VWXG\
FRQWULEXWHV WR WKH FXUUHQW UHVHDUFK RQ UHKDELOLWDWLRQ IRU 861 E\ SURSRVLQJ WKH ÀUVW
V\VWHP WR DSSO\ 017 LQ D 95 HQYLURQPHQW� 7KH WRRO VKRZV SURPLVH DV DQ DGGLWLRQ
WR FXUUHQWO\ XVHG UHKDELOLWDWLRQ PHWKRGV� +RZHYHU� UHVXOWV DUH OLPLWHG WR D VPDOO VDP�
SOH VL]H DQG SHUIRUPDQFH PHWULFV� )XWXUH ZRUN ZLOO IRFXV RQ YDOLGDWLQJ WKHVH UHVXOWV
ZLWK D ODUJHU VDPSOH RYHU D ORQJHU SHULRG� 0RUHRYHU� IXWXUH H̊RUWV VKRXOG H[SORUH
SHUVRQDOLVDWLRQ DQG JDPLÀFDWLRQ WR WDLORU WR WKH KHWHURJHQHLW\ RI WKH FRQGLWLRQ�

��� *OUSPEVDUJPO
$SSUR[LPDWHO\ �� WR ��� RI DOO VWURNH LQGLYLGXDOV VX̊HU IURP 8QLODWHUDO 6SDWLDO 1H�
JOHFW �861� >�@� 0RUHRYHU� 861 LV D V\QGURPH WKDW LV V\VWHPDWLFDOO\ XQGHU�GLDJQRVHG
GXH WR D ODFN RI VHQVLWLYLW\ LQ WKH XVHG DVVHVVPHQW PHWKRGV >�@� 6WURNH LV WKH OHDG�
LQJ FDXVH RI GLVDELOLW\ DFFRUGLQJ WR WKH :RUOG +HDOWK 2UJDQLVDWLRQ �:+2�� DQG QH�
JOHFW SUHGLFWV SRRU RXWFRPHV LQ IXQFWLRQDO UHFRYHU\� OHDGLQJ WR ORQJHU KRVSLWDOLVDWLRQV�
IXQFWLRQDO GHSHQGHQF\ RU ORQJ�WHUP GLVDELOLW\ LQ HYHU\GD\ DFWLYLWLHV� 7KHUHIRUH� 861
LV DQ LPSRUWDQW V\QGURPH WKDW UHTXLUHV FDUHIXO GLDJQRVLV DQG WUHDWPHQW >�� �@�

861 LV D V\QGURPH WKDW LV FRPPRQO\ FDXVHG E\ XQLODWHUDO EUDLQ LQMXU\� PRVW RIWHQ
D VWURNH >�@� ,W LV GHÀQHG DV WKH IDLOXUH WR UHSRUW� UHVSRQG RU RULHQW WR PHDQLQJIXO RU
QRYHO VWLPXOL WKDW RFFXU RQ WKH VLGH FRQWUDODWHUDO WR WKH KHPLVSKHULF OHVLRQ� ZKHUH WKLV
IDLOXUH FDQQRW EH DWWULEXWHG WR HLWKHU DQ HOHPHQWDO VHQVRU\ RU PRWRU GHÀFLW >�@� 7KH
GL̊HUHQW PRGDOLWLHV LQ ZKLFK WKLV ODFN RI DZDUHQHVV PDQLIHVWV LWVHOI DUH PDQLIROG� DQG
LWV SUHVHQFH VHYHUHO\ KLQGHUV IXQFWLRQDO UHFRYHU\ DIWHU EUDLQ LQMXU\ >�@�

0RUHRYHU� 861 LV FRQVLGHUHG WR EH D KHWHURJHQHRXV V\QGURPH� ZKLFK PHDQV WKDW
WKH GLVRUGHU FDQ D̊HFW YDULRXV PRGDOLWLHV >�@� 7KH PRVW SUHYDOHQW RQHV DUH WKH YLVXDO�
DXGLWRU\ DQG PRWRU PRGDOLW\ >�@� $OWKRXJK LW LV FUXFLDO IRU D UHKDELOLWDWLRQ PHWKRG
WR LQFOXGH DOO WKH D̊HFWHG PRGDOLWLHV� PRUH RIWHQ WKDQ QRW� VROHO\ WKH YLVXDO PRGDOLW\
UHFHLYHV DWWHQWLRQ LQ FXUUHQW WUHDWPHQWV >�@� 9LVXDO 6FDQQLQJ 7UDLQLQJ �967�� IRU H[�
DPSOH� LV D WHFKQLTXH WKDW HQMR\V D KLJK DGRSWLRQ UDWH LQ FOLQLFDO SUDFWLFH EXW IDLOV WR



" .VMUJ�4FOTPSZ 73 3FIBCJMJUBUJPO 5PPM GPS 4QBUJBM /FHMFDU ��

LQFRUSRUDWH RWKHU VHQVRU\ PRGDOLWLHV >��@� +RZHYHU� 0XVLF 1HJOHFW 7KHUDS\ �017�
LV D WKHUDS\ PHWKRG EDVHG RQ DFWLYH PXVLF�PDNLQJ WKDW VKRZV SRWHQWLDO IRU WKH PXOWL�
VHQVRU\ UHKDELOLWDWLRQ RI 861 >��@�

7KH DLP RI WKLV SDSHU LV WR UHVHDUFK WKH IHDVLELOLW\ RI WUDQVODWLQJ 017 WR D 9LUWXDO
5HDOLW\ �95� HQYLURQPHQW IRU WKH UHKDELOLWDWLRQ RI SDWLHQWV ZLWK 861� H[SORLWLQJ WKH
LPPHUVLYH SRZHU DQG YHUVDWLOLW\ RI 95 WR SURYLGH D PXOWL�VHQVRU\ H[SHULHQFH� )RU
WKH GHVLJQ RI WKLV 95 WKHUDS\ WRRO� DQ LQWHUGLVFLSOLQDU\ DSSURDFK LV WDNHQ LQ FORVH
FRRSHUDWLRQ ZLWK H[SHUWV IURP WKH *KHQW 8QLYHUVLW\ +RVSLWDO� 7KH UHVXOWLQJ SURRI
RI FRQFHSW LV HYDOXDWHG LQ D SLORW VWXG\ ZLWK IRXU LQGLYLGXDOV VX̊HULQJ IURP 861 DQG
IRXU QRQ�QHJOHFW LQGLYLGXDOV�

7KH UHPDLQGHU RI WKLV SDSHU LV VWUXFWXUHG DV IROORZV� )LUVW� UHOHYDQW UHODWHG UH�
VHDUFK LV GLVFXVVHG LQ 6HFWLRQ ���� IROORZHG E\ WKH YLVLRQ RI WKH WKHUDS\ WRRO IRU 861
LQ 6HFWLRQ ���� +HUHDIWHU� WKH PDWHULDOV DQG PHWKRGV ZLOO EH GLVFXVVHG� VXEGLYLGHG
LQWR 6HFWLRQ ���� ZKLFK HODERUDWHV RQ WKH GHVLJQ RI WKH SURSRVHG WKHUDS\ WRRO� DQG
6HFWLRQ ���� ZKLFK GLVFXVVHV WKH LPSOHPHQWDWLRQ RI WKH V\VWHP� 1H[W� 6HFWLRQ ���
SUHVHQWV WKH VHWXS RI WKH SHUIRUPHG SLORW VWXG\� :H IROORZ ZLWK 6HFWLRQV ��� DQG ����
ZKLFK SUHVHQW DQG GLVFXVV WKH ÀQGLQJV RI WKH SLORW VWXG\� )LQDOO\� D FRQFLVH FRQFOXVLRQ
ZLOO EH JLYHQ LQ 6HFWLRQ ����

��� #BDLHSPVOE
7KLV VHFWLRQ ZLOO GLVFXVV UHOHYDQW EDFNJURXQG LQIRUPDWLRQ DQG UHODWHG ZRUN FRQFHUQ�
LQJ WKH FODVVLÀFDWLRQ RI VSDWLDO QHJOHFW� IROORZHG E\ WKH DVVHVVPHQW DQG H[LVWLQJ UHKD�
ELOLWDWLRQ WHFKQLTXHV IRU 861� )LQDOO\� PXVLFDO WKHUDS\ DQG WKH XVH RI 95 IRU SDWLHQWV
ZLWK 861 ZLOO EH FRYHUHG LQ GHSWK�

����� $MBTTJðDBUJPO PG 4QBUJBM /FHMFDU
861 LV UHODWLYHO\ FRPPRQ DQG KDV PDQ\ FDXVHV� LQFOXGLQJ QHXURGHJHQHUDWLYH GLVHDVHV�
QHRSODVP� DQHXU\VP� WUDXPDWLF EUDLQ LQMXU\ DIWHU WKH VXUJLFDO UHVHFWLRQ RI D EUDLQ WX�
PRXU DQG VWURNH� ZKHUH VWURNH LV E\ IDU WKH PRVW SUHYDOHQW FDXVH >�� ��²��@� /HIW�VLGHG
QHJOHFW LV PRUH FRPPRQ WKDQ ULJKW�VLGHG QHJOHFW� DV LW LV PRVWO\ OLQNHG WR GDPDJH WR
WKH ULJKW KHPLVSKHUH RI WKH EUDLQ >��� ��@� 7KH EUDLQ KDV DQ DV\PPHWULF DWWHQWLRQ
PHFKDQLVP� ZKHUH WKH OHIW KHPLVSKHUH LV UHVSRQVLEOH IRU SURFHVVLQJ LQSXW RULJLQDWLQJ
IURP WKH ULJKW VLGH RI VSDFH� ZKHUHDV WKH ULJKW KHPLVSKHUH LV UHVSRQVLEOH IRU VWLPXOL
IURP ERWK WKH OHIW DQG SDUWO\ WKH ULJKW� :KHQ GDPDJH RFFXUV DW WKH OHIW KHPLVSKHUH�
WKH ULJKW KHPLVSKHUH FDQ SDUWLDOO\ FRPSHQVDWH IRU LW� +RZHYHU� ZKHQ WKH ULJKW KHPL�
VSKHUH LV GDPDJHG� QR FRPSHQVDWLRQ LV SRVVLEOH�

$OWKRXJK WKH H[LVWLQJ OLWHUDWXUH LV QRW FRQVLVWHQW RQ WKH FODVVLÀFDWLRQ RI WKH W\SHV
RI 861� WZR FDWHJRULHV H[LVW� 7KH ÀUVW FDWHJRULVHV QHJOHFW EDVHG RQ WKH D̊HFWHG
PRGDOLW\� LQFOXGLQJ VHQVRU\� PRWRU RU UHSUHVHQWDWLRQ QHJOHFW� 3DWLHQWV ZLWK VHQVRU\



�� $IBQUFS �

'JHVSF ���� 8IFO QBUJFOUT XJUI SFQSFTFOUBUJPOBM OFHMFDU BSF BTLFE UP ESBX BO BOBMPHVF DMPDL GSPN NFNPSZ
UIF OVNCFST BSF QMBDFE JO UIFJS OPO�OFHMFDUFE TJEF PG UIF DMPDL 	B�H
� *NBHF VTFE GSPN <��>�

QHJOHFW H[SHULHQFH D GLVRUGHUHG DZDUHQHVV RI VHQVRU\ LQSXWV RULJLQDWLQJ IURP WKHLU
FRQWUDOHVLRQDO VLGH RI VSDFH� 7KH\ ODFN WKH DELOLW\ WR EULQJ WKHLU DWWHQWLRQ WR WKLV VLGH
RI VSDFH LQ WKH SUHVHQFH RI H[WHUQDO VWLPXOL >��� ��@� 7KLV W\SH RI QHJOHFW FDQ EH IXUWKHU
VSHFLÀHG E\ WKH VHQVRU\ PRGDOLW\ LQ ZKLFK LW PDQLIHVWV LWVHOI� VXFK DV YLVXDO� DXGLWRU\
DQG WDFWLOH QHJOHFW >�@� $Q H[DPSOH RI VHQVRU\ QHJOHFW LV ZKHQ WKH SDWLHQW RQO\ HDWV
KDOI WKH SODWH RI IRRG� GHVSLWH VWLOO EHLQJ KXQJU\ >��@� 1H[W� PRWRU QHJOHFW LV GHÀQHG
DV D IDLOXUH WR JHQHUDWH WKH GHVLUHG PRYHPHQW LQ UHVSRQVH WR REVHUYHG VWLPXOL� ZKHUH
WKLV IDLOXUH FDQQRW EH DVFULEHG WR D SULPDU\ VHQVRU RU PRWRU GHÀFLW >�� ��@� 0XOWLSOH
VXE�W\SHV RI WKLV W\SH RI QHJOHFW H[LVW� VXFK DV WKH XQGHU�XWLOLVDWLRQ RI D OLPE RSSRVLWH
WR WKH EUDLQ OHVLRQ >��@� $ ÀQDO W\SH RI PRGDOLW\�EDVHG QHJOHFW LV UHSUHVHQWDWLRQ QH�
JOHFW RU LPDJHU\ QHJOHFW� ZKHUH D SHUVRQ LJQRUHV WKH FRQWUDOHVLRQDO VLGH RI LPDJHV WKDW
ZHUH LQWHUQDOO\ JHQHUDWHG� VXFK DV PHQWDO UHSUHVHQWDWLRQV RI D WDVN� DFWLRQ RU PRYH�
PHQW >�� ��@� $Q H[DPSOH RI WKLV W\SH RI QHJOHFW FDQ EH VHHQ ZKHQ D SDWLHQW LV DVNHG
WR GUDZ DQ DQDORJXH FORFN IURP PHPRU\� LQ ZKLFK WKH SDWLHQW SODFHV DOO WKH QXPEHUV
RQ WKHLU QRQ�QHJOHFWHG VLGH RI WKH FORFN >��@� $Q H[DPSOH RI WKLV H[SHULPHQW LV VKRZQ
LQ )LJXUH ����

7KH VHFRQG PHWKRG FODVVLÀHV QHJOHFW DFFRUGLQJ WR WKH GLVWULEXWLRQ RI DEQRUPDO
EHKDYLRXU LQ VSDFH� H�J� SHUVRQDO DQG VSDWLDO QHJOHFW >��@� 3HUVRQDO QHJOHFW LV WKH
ODFN RI H[SORUDWLRQ RI KDOI RI WKH ERG\ FRQWUDODWHUDO WR WKH GDPDJHG KHPLVSKHUH >��@�
$Q H[DPSOH RI SHUVRQDO QHJOHFW LV RQO\ VKDYLQJ KDOI RI WKHLU IDFH� RU SXWWLQJ RQ RQO\
RQH VKRH� 3HUVRQDO QHJOHFW GL̊HUV IURP VHQVRU\ QHJOHFW DV LW LV FKDUDFWHULVHG E\ DQ
XQDZDUHQHVV RI WKH ERG\ SDUW LWVHOI� ZKHUHDV VHQVRU\ QHJOHFW UHIHUV WR DQ XQDZDUHQHVV
RI H[WHUQDO VWLPXOL� H�J� YLVLRQ RU WRXFK >�@� 6SDWLDO QHJOHFW LV GHÀQHG DV QHJOHFW ZKHUH
WKH DEQRUPDO EHKDYLRXU LV QRW ORFDWHG LQ SHUVRQDO VSDFH� WKLV WKXV UHIHUV WR IDLOXUH
WR DFNQRZOHGJH VWLPXOL RQ WKH FRQWUDOHVLRQDO VLGH RI VSDFH >��@� 6SDWLDO QHJOHFW LV
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RIWHQ XVHG DV D V\QRQ\P IRU WKH QHJOHFW V\QGURPH DV D ZKROH� 7ZR VXE�W\SHV RI
VSDWLDO QHJOHFW FDQ EH GLVFHUQHG� 3HULSHUVRQDO RU QHDU�VSDFH QHJOHFW LV ZKHQ V\PSWRPV
PDQLIHVW LQ WKH UHDFKLQJ GLVWDQFH RI WKH SDWLHQW� H�J� WKH H[DPSOH RI HDWLQJ KDOI D
SODWH RI IRRG� :KHQ V\PSWRPV RFFXU LQ WKH VSDFH EH\RQG UHDFKLQJ GLVWDQFH� H�J�
LQDGYHUWHQWO\ EXPSLQJ LQWR REVWDFOHV ZKLOH ZDONLQJ� LW LV FODVVLÀHG DV H[WUDSHUVRQDO RU
IDU�VSDFH QHJOHFW�

$OWKRXJK WKHVH FDWHJRULHV H[LVW� 861 UHPDLQV DQ LQKHUHQWO\ KHWHURJHQHRXV V\Q�
GURPH� PHDQLQJ WKDW SDWLHQWV RIWHQ H[SHULHQFH PXOWLSOH W\SHV RI QHJOHFW VLPXOWDQH�
RXVO\ >�@�

����� "TTFTTNFOU PG 64/
7R DVVHVV WKH GHJUHH DQG QDWXUH RI WKH VSDWLDO QHJOHFW� VHYHUDO DVVHVVPHQW PHWKRGV DUH
DYDLODEOH WRGD\ WKDW WU\ WR PHDVXUH D SRWHQWLDO ELDV WRZDUGV WKH QRQ�QHJOHFWHG VLGH RI
VSDFH� 7KHVH DVVHVVPHQW WHVWV FDQ EH FDWHJRULVHG LQWR WKH VR�FDOOHG SDSHU�DQG�SHQFLO
WHVWV� ZKLFK DUH RIWHQ WRROV IRU TXLFNO\ VFUHHQLQJ SDWLHQWV� DQG WKH EHKDYLRXUDO WHVWV�
ZKLFK DVSLUH WR DVVHVV VSDWLDO QHJOHFW EDVHG RQ HYHU\GD\ WDVNV >�� ��� ��@�

([DPSOHV RI SDSHU�DQG�SHQFLO WHVWV DUH WKH OLQH ELVHFWLRQ WHVW DQG WKH FDQFHOODWLRQ
WHVW� 'XULQJ WKH OLQH ELVHFWLRQ WHVW�� SDWLHQWV DUH DVNHG WR LQGLFDWH WKH KRUL]RQWDO FHQWUH
RI D VLPSOH VWUDLJKW OLQH� $ ELDV WRZDUGV WKH ULJKW RU OHIW FDQ WKHQ LQGLFDWH 861� DV
VKRZQ LQ )LJXUH ��� >��²��@� )RU WKH FDQFHOODWLRQ WHVW� WKH SDWLHQW KDV WR FURVV RXW
FHUWDLQ V\PEROV RQ D VKHHW RI SDSHU� RIWHQ LJQRULQJ RWKHU GLVWUDFWLRQ V\PEROV� 2QH
H[DPSOH RI VXFK D FDQFHOODWLRQ WHVW LV WKH VWDU FDQFHOODWLRQ WHVW�� VKRZQ LQ )LJXUH ���� LQ
ZKLFK DOO VPDOO VWDUV QHHG WR EH LQGLFDWHG� LJQRULQJ WKH UDQGRP GLVWUDFWLRQ ZRUGV� 7KH
TXDQWLÀFDWLRQ RI 861 LV WKHQ WKH GL̊HUHQFH EHWZHHQ WKHPLVVHG VWDUV RQ WKH OHIW YHUVXV
WKH ULJKW VLGH >��²��@� $Q H[DPSOH RI D GLJLWDO SDSHU�DQG�SHQFLO WHVW LV WKH QHJOHFW WHVW
RI WKH 7HVW IRU $WWHQWLRQ 3HUIRUPDQFH �7$3�� 7KH QHJOHFW WHVW LV D VXEWHVW RI WKH 7$3
WHVW VXLWH�� GXULQJ ZKLFK WKH SDWLHQW QHHGV WR UHVSRQG WR D ÁLFNHULQJ VWLPXOXV RQ WKH
VFUHHQ E\ SUHVVLQJ D EXWWRQ >��@� 7KHVH SDSHU�DQG�SHQFLO WHVWV DUH VLPSOH DQG TXLFN
WR VHW XS� +RZHYHU� WKH\ VKRXOG RQO\ EH XVHG IRU LQLWLDO VFUHHQLQJ DQG QRW IRU FOLQLFDO
GLDJQRVLV DV WKH\ FDQQRW GLVFULPLQDWH EHWZHHQ VHQVRU\ DQG PRWRU QHJOHFW�

([DPSOHV RI EHKDYLRXUDO WHVWV DUH WKH %HKDYLRXUDO ,QDWWHQWLRQ 7HVW �%,7�� WKH
6HPL�6WUXFWXUHG 6FDOH IRU )XQFWLRQDO (YDOXDWLRQ RI +HPL�,QDWWHQWLRQ DQG WKH &DWKHU�
LQH %HUJHJR 6FDOH �&%6�� 7KH %,7 FRQVLVWV RI FRQYHQWLRQDO SHQ�DQG�SDSHU WHVWV DV ZHOO
DV SUDFWLFDO WHVWV VXFK DV UHDGLQJ D PHQX RU VRUWLQJ FRLQV >�� ��� ��@� 6LPLODUO\� IRU WKH
6HPL�6WUXFWXUHG 6FDOH IRU )XQFWLRQDO (YDOXDWLRQ RI +HPL�,QDWWHQWLRQ�� WKH SDWLHQW

�KWWSV���ZZZ�VWURNHQJLQH�FD�HQ�DVVHVVPHQWV�OLQH�ELVHFWLRQ�WHVW� DFFHVVHG RQ ����������
�KWWSV���VWURNHQJLQH�FD�HQ�DVVHVVPHQWV�VWDU�FDQFHOODWLRQ�WHVW� DFFHVVHG RQ ����������
�KWWSV���ZZZ�SV\WHVW�QHW�HQ�WHVW�EDWWHULHV�WDS�VXEWHVWV�YLVXDOBILHOGBH[DPLQDWLRQ� DFFHVVHG RQ
����������
�KWWSV���VWURNHQJLQH�FD�HQ�DVVHVVPHQWV�VHPL�VWUXFWXUHG�VFDOH�IRU�WKH�IXQFWLRQDO�HYDOXDWLRQ�RI�KHPL�
LQDWWHQWLRQ� DFFHVVHG RQ ����������

https://www.strokengine.ca/en/assessments/line-bisection-test
https://strokengine.ca/en/assessments/star-cancellation-test
https://www.psytest.net/en/test-batteries/tap/subtests#visual_field_examination
https://strokengine.ca/en/assessments/semi-structured-scale-for-the-functional-evaluation-of-hemi-inattention
https://strokengine.ca/en/assessments/semi-structured-scale-for-the-functional-evaluation-of-hemi-inattention
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'JHVSF ���� 'PS UIF MJOF CJTFDUJPO UFTU UIF NJEEMF PG UIF MJOF IBT UP CF JOEJDBUFE 	"
� " CJBT UPXBSET POF PG UIF
FYUSFNJUJFT PG UIF MJOF DBO CF BO JOEJDBUJPO PG 64/ 	#
�

'JHVSF ���� 'PS UIF TUBS DBODFMMBUJPO UFTU BMM UIF TUBST IBWF UP CF JOEJDBUFE� 5IF EJGGFSFODF JO NJTTFE TUBST
CFUXFFO UIF MFGU BOE SJHIU TJEF JOEJDBUFT QPUFOUJBM 64/�

KDV WR SHUIRUP IXQFWLRQDO WDVNV VXFK DV FRPELQJ WKHLU KDLU RU VHUYLQJ WHD >�� ��� ��@�
)LQDOO\� WKH &%6� LV D VWDQGDUGLVHG FKHFNOLVW IRU WKH GHWHFWLRQ DQG GHJUHH RI XQLODW�
HUDO QHJOHFW GXULQJ WKH REVHUYDWLRQ RI HYHU\GD\ OLIH VLWXDWLRQV� 0RUHRYHU� WKH VFDOH
DOVR PHDVXUHV WKH VHOI�DZDUHQHVV RI EHKDYLRXUDO QHJOHFW� ([DPSOHV DUH JURRPLQJ DQG
SD\LQJ DWWHQWLRQ WR SHRSOH WDONLQJ WR WKH SDWLHQW IURP RQH VLGH RI WKHLU ÀHOG RI YLHZ�
7KH GLVDGYDQWDJH RI WKHVH EHKDYLRXUDO WHVWV LV WKDW WKH\ RIWHQ IRFXV RQ YLVXDOO\ EDVHG
IXQFWLRQDO WDVNV DQG GR QRW GL̊HUHQWLDWH EHWZHHQ VHQVRU\ DQG PRWRU QHJOHFW >�� ��@�

����� 3FIBCJMJUBUJPO 5FDIOJRVFT GPS 64/
0DQ\ LQWHUYHQWLRQV IRU WKH UHKDELOLWDWLRQ RI VSDWLDO QHJOHFW KDYH EHHQ SURSRVHG� KRZ�
HYHU� WKHUH LV D QHHG IRU PRUH HYLGHQFH UHJDUGLQJ WKHLU H̊HFWLYHQHVV� &RQVHTXHQWO\�
QR VWDQGDUGLVHG VHW RI UHKDELOLWDWLRQ PHWKRGV IRU 861 H[LVWV >��@� 7KH H[LVWLQJ DS�
SURDFKHV FDQ EH FDWHJRULVHG LQWR WRS�GRZQ PHWKRGV� ERWWRP�XS PHWKRGV� PRGXOD�
WLRQ RI LQKLELWRU\ SURFHVVHV DQG LQFUHDVLQJ DURXVDO�

7RS�GRZQ PHWKRGV DLP WR VWLPXODWH WKH YROXQWDU\ DWWHQWLRQ JD]H RI WKH SDWLHQW
WRZDUGV WKH QHJOHFWHG VLGH RI VSDFH� 7KLV VWLPXODWLRQ FRQVLVWV RI FXHV DQG LQVWUXFWLRQV
IURP WKH WKHUDSLVW� 967 LV WKH PRVW XVHG IRUP RI WRS�GRZQ UHKDELOLWDWLRQ WHFKQLTXH�
967 DLPV WR RULHQWDWH WKH YLVXDO VFDQQLQJ RI WKH SDWLHQW EDFN WRZDUGV WKH QHJOHFWHG
�KWWSV���VWURNHQJLQH�FD�HQ�DVVHVVPHQWV�FDWKHULQH�EHUJHJR�VFDOH�FEV� DFFHVVHG RQ ����������

https://strokengine.ca/en/assessments/catherine-bergego-scale-cbs
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'JHVSF ���� 5IF GPVS QIBTFT PG UIF 1SJTN "EBQUBUJPO SFIBCJMJUBUJPO NFUIPE� 	"
 1SF�UFTU 	#
 UIF QFSDFQUJPO
PG WJTVBM FSSPS TJHOBM 	$
 UIF BEBQUBUJPO BOE 	%
 UIF BGUFS�FGGFDU� *NBHF VTFE GSPN <��>�

VLGH E\ JLYLQJ H[SOLFLW LQVWUXFWLRQV RQ ZKHUH WR ORRN� H�J� DVNLQJ WKHP WR ORFDWH WKH
OHIW�KDQG PDUJLQ RI WKH SDJH EHIRUH UHDGLQJ WKH QH[W OLQH >��@� 7RS�GRZQ PHWKRGV
DUH RIWHQ FULWLFLVHG IRU WKHLU ODFN RI VSHFLÀFLW\� DV QRW DOO QHJOHFW V\PSWRPV VHHP WR
LPSURYH DQG QRQ�YLVXDO VHQVRU\ QHJOHFW LV QRW DGGUHVVHG >��� ��@� 1HYHUWKHOHVV� WRS�
GRZQ DSSURDFKHV� DQG VSHFLÀFDOO\ 967� DUH VWLOO PDLQO\ XVHG LQ FOLQLFDO SUDFWLFH >��@�

,Q DQ DWWHPSW WR DGGUHVV WKH VKRUWFRPLQJV RI WRS�GRZQ PHWKRGV� ERWWRP�XS
PHWKRGV ZHUH GHYHORSHG� $ GHÀFLW LQ SURFHVVLQJ WKH VHQVRU\ LQIRUPDWLRQ RI RQH
VLGH RI VSDFH FUHDWHV DQ XQEDODQFH LQ WKH SDWLHQW·V UHSUHVHQWDWLRQ RI VSDFH� %RWWRP�
XS PHWKRGV DLP WR UHVWRUH WKLV EDODQFH E\ PDQLSXODWLQJ WKH SDWLHQW·V VHQVRU\ HQ�
YLURQPHQW >��� ��@� 6HQVRU\ 6WLPXODWLRQ LV DQ H[DPSOH RI VXFK D PHWKRG� ZKLFK
XVHV VHQVRU\ LQSXW IURP GL̊HUHQW PRGDOLWLHV� WKHUHE\ DGGUHVVLQJ WKH PXOWL�VHQVRU\
DVSHFW RI 861� WR HOLPLQDWH WKLV RULHQWDWLRQ ELDV WRZDUGV WKH QHJOHFWHG VLGH� 7KH
PRVW ZHOO�NQRZQ LPSOHPHQWDWLRQV RI 6HQVRU\ 6WLPXODWLRQ DUH 2SWRNLQHWLF 6WLPXOD�
WLRQ �2.6�� 1HFN�0XVFOH 9LEUDWLRQ �190�� &DORULF 9HVWLEXODU 6WLPXODWLRQ �&96�
DQG *DOYDQLF 9HVWLEXODU 6WLPXODWLRQ �*96� >��@� $QRWKHU ZHOO�NQRZQ ERWWRP�XS
WHFKQLTXH LV 3ULVP $GDSWDWLRQ �3$�� ZKHUH SDWLHQWV ZHDU SULVPV WKDW VKLIW WKHLU YLVLRQ
WRZDUGV WKHLU QRQ�QHJOHFWHG VLGH� )RU OHIW�VLGHG QHJOHFW� WKH SULVP LQWURGXFHV DQ RS�
WLFDO VKLIW RI VHYHUDO GHJUHHV WR WKH ULJKW� $W WKH VWDUW RI WKH DGDSWDWLRQ SURFHVV� WKLV
OHDGV WR D ULJKW�VLGHG HUURU VLJQDO� DV VKRZQ LQ )LJXUH ���� $IWHU VHYHUDO LWHUDWLRQV� FRP�
SHQVDWLRQ RI WKH EHKDYLRXU NLFNV LQ� DQG WKLV HUURU LV FRUUHFWHG� :KHQ WKHVH SULVPV
DUH WKHQ UHPRYHG� D FRQVLVWHQW GHYLDWLRQ WR WKH OHIW RFFXUV ZKHQ SRLQWLQJ WR D YLVXDO
WDUJHW� FDOOHG WKH DIWHU�H̊HFW >��� ��@�

$ ÀQDO H[DPSOH RI D ERWWRP�XS WHFKQLTXH LV /LPE $FWLYDWLRQ �/$�� ZKHUH SDWLHQWV
DUH DVNHG WR PDNH YROXQWDU\ FRQWUDOHVLRQDO OLPE PRYHPHQWV LQ WKHLU D̊HFWHG VLGH RI
VSDFH� 7KLV� LQ WXUQ� DFWLYDWHV WKH FRUUHVSRQGLQJ DUHDV RI WKH EUDLQ GHDOLQJ ZLWK H[WUD�
DQG SHULSHUVRQDO VSDFH >��@� 6WXGLHV UHJDUGLQJ /$ VKRZ LQWHUHVWLQJ UHVXOWV� KRZHYHU�
ORQJ�WHUP IXQFWLRQDO H̊HFWLYHQHVV KDV \HW WR EH GHWHUPLQHG >��@�

7KH QH[W FDWHJRU\ DUH PHWKRGV WKDW DGGUHVV WKH PRGXODWLRQ RI LQKLELWRU\ SUR�
FHVVHV� VXFK DV 7UDQVFUDQLDO 0DJQHWLF 6WLPXODWLRQ �706� DQG WUDQVFUDQLDO 'LUHFW &XU�
UHQW 6WLPXODWLRQ �W'&6�� 7KHVH WHFKQLTXHV XVH QRQ�LQYDVLYH EUDLQ VWLPXODWLRQ WR UH�
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GXFH WKH DFWLYLW\ RI WKH FRQWUDOHVLRQDO KHPLVSKHUH RU LQFUHDVH WKH DFWLYLW\ RI WKH LSVLOH�
VLRQDO KHPLVSKHUH >��@�

7KH ÀQDO FDWHJRU\ RI WHFKQLTXHV IRU WKH UHKDELOLWDWLRQ RI 861 LQFOXGHV PHWKRGV
WKDW IRFXV RQ WKH VWLPXODWLRQ RI DURXVDO� VXFK DV 6XVWDLQHG $WWHQWLRQ 7UDLQLQJ �6$7�
>�@� 861 KDV EHHQ OLQNHG ZLWK D QRQ�ODWHUDOLVHG DWWHQWLRQ GHÀFLW� L�H� SDWLHQWV RIWHQ
VWUXJJOH WR NHHS WKHLU DWWHQWLRQ IRFXVHG IRU D ORQJHU WLPH SHULRG� HYHQ LQ WKHLU QRQ�
D̊HFWHG VLGH RI VSDFH >��@� 7KHVH WHFKQLTXHV DLP WR VWLPXODWH VXVWDLQHG DWWHQWLRQ WR
LPSURYH DVVRFLDWHG QHJOHFW V\PSWRPV� 6$7 GRHV WKLV E\ ÀUVW SRLQWLQJ RXW WKH VSDWLDO
HUURUV WKDW WKH SDWLHQWV PDNHV GXULQJ WKH H[HFXWLQJ RI D FHUWDLQ WDVN� 7KH SDWLHQW
WKHQ KDV WR UHSHDW WKLV WDVN� ZKLOH WKH WUDLQHU SURYLGHV D UHPLQGHU� HYHU\ �� WR �� V�
WR UHPDLQ DWWHQWLYH� WHDFKLQJ WKH SDWLHQW WR ´VHOI�DOHUWµ ZKLOH FRPSOHWLQJ WKLV WDVN RQ
WKHLU RZQ >�@�

����� .VTJD 5IFSBQZ BOE 64/
0XVLF WKHUDS\ KDV VKRZQ JUHDW SRWHQWLDO DV D WKHUDS\ PHWKRG IRU PXOWLSOH V\QGURPHV
>��²��@� 7KH DFW RI SOD\LQJ DQ LQVWUXPHQW SURYLGHV D SDWLHQW ZLWK WKH RSSRUWXQLW\
WR WUDLQ PXOWLSOH VHQVRU\ PRGDOLWLHV VLPXOWDQHRXVO\� VXFK DV KHDULQJ� YLVLRQ� WRXFK�
PRWRU DQG FRJQLWLYH VNLOOV >��� ��@� 0RUHRYHU� PXVLF�PDNLQJ WDSV LQWR WKH HPRWLRQ DQG
UHZDUG V\VWHP RI WKH KXPDQ EUDLQ� PDNLQJ D PXVLF WKHUDS\ LQWHUYHQWLRQ LQWULQVLFDOO\
UHZDUGLQJ DQG HQJDJLQJ >��@�

1HXURORJLF 0XVLF 7KHUDS\ �107� LV D QHXURVFLHQWLÀFDOO\ PRWLYDWHG PRGHO RI PX�
VLF SUDFWLFH DQG FRQVLVWV RI �� UHVHDUFK�EDVHG PXVLF WKHUDS\ WHFKQLTXHV� 2QH RI WKHVH
WHFKQLTXHV LV 017� D PXVLF�PDNLQJ VSDWLDO QHJOHFW WKHUDS\� ,Q WKLV PRGHO� 017 LV
GHVFULEHG DV D WHFKQLTXH WKDW ´LQFOXGHV DFWLYH SHUIRUPDQFH H[HUFLVHV RQ PXVLFDO LQ�
VWUXPHQWV WKDW DUH VWUXFWXUHG LQ WLPH� WHPSR DQG UK\WKP� DQG LV LQ DSSURSULDWH VSDWLDO
FRQÀJXUDWLRQV� WR IRFXV WKH DWWHQWLRQ WR D QHJOHFWHG RU XQDWWHQGHG YLVXDO ÀHOGµ >��@�

7KH XVH RI PXVLF LQ VSDWLDO QHJOHFW WKHUDS\ KDV DGGLWLRQDO EHQHÀWV� VXFK DV WKH
0R]DUW H̊HFW� 7KLV H̊HFW VWDWHV WKDW RQH KDV EHWWHU VSDWLDO²WHPSRUDO UHDVRQLQJ ZKHQ
OLVWHQLQJ WR D FHUWDLQ 0R]DUW VRQDWD >��@� LQGLFDWLQJ WKDW PXVLF DQG VSDFH DUH FORVHO\
OLQNHG� ,W KDV EHHQ VKRZQ WKDW� IRU SHRSOH ZLWK VSDWLDO QHJOHFW� OLVWHQLQJ WR FODVVL�
FDO PXVLF� RU SOHDVDQW PXVLF LQ JHQHUDO� LQFUHDVHV WKHLU VSDWLDO DZDUHQHVV DQG ERRVWV
DURXVDO >��� ��@� 6HFRQG� SHRSOH KDYH D WHQGHQF\ WR VSDWLDOO\ UHSUHVHQW RUGLQDO VH�
TXHQFHV� VXFK DV QXPEHUV RU WRQHV� (YHQ QRQ�PXVLFLDQV KDYH D VR�FDOOHG ´SLDQR LQ
WKH KHDGµ� ZKHUH QRWHV DUH DUUDQJHG IURP OHIW WR ULJKW� ORZ WR KLJK� RQ D KRUL]RQ�
WDO D[LV� 7KLV QHXURORJLFDO WULFN FDQ WKXV EH DSSOLHG LQ D VSDWLDO QHJOHFW LQWHUYHQWLRQ
PHWKRG >��� ��@�

)RU WKHVH DIRUHPHQWLRQHG UHDVRQV� PXVLFDO SUDFWLFH LV FRQVLGHUHG D SURPLVLQJ WRRO
IRU WKH UHKDELOLWDWLRQ RI 861 >��@� +RZHYHU� WR GDWH� RQO\ D IHZ VWXGLHV H[LVW RQ WKH
XVH RI 017 >��� ��²��@� 7KHVH VWXGLHV XVH D KRUL]RQWDOO\ DOLJQHG LQVWUXPHQW� VXFK
DV D SLDQR� ZLWK WKH REMHFWLYH WR LQFUHDVH WKH DFWLYH H[SORUDWLRQ WRZDUGV WKH QHJOHFWHG
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VLGH RI WKH SDWLHQW� 2YHUDOO� UHVXOWV ZHUH SRVLWLYH� REVHUYLQJ VLJQLÀFDQW LPSURYHPHQWV
LQ WKH YLVXDO H[SORUDWLRQ RI SDWLHQWV� ZLWK ERWK VKRUW� DQG ORQJ�WHUP H̊HFWV� 2QH
FDVH VWXGLHG WKH LQÁXHQFH RI WKH FRQJUXHQFH RI WKH VRXQG IHHGEDFN GHVLJQ RQ WKH
SHUIRUPDQFH RI WKH SDWLHQW� E\ FRPSDULQJ PXOWLSOH VRXQG IHHGEDFN RSWLRQV� VXFK DV
FRQJUXHQW VRXQG IHHGEDFN� L�H� WKH SLWFKHV RI WKH QRWHV DUH KRUL]RQWDOO\ DOLJQHG VLPLODU
WR WKH NH\V RQ D SLDQR� UDQGRP VRXQG IHHGEDFN DQG QR IHHGEDFN� L�H� VLOHQFH >��@� 7KH
UHVHDUFKHUV REVHUYHG WKDW WKH VSDWLDO H[SORUDWLRQ RI SDWLHQWV ZLWK OHIW�VLGHG QHJOHFW
ZDV VXSHULRU LQ WKH FDVH RI FRQJUXHQW VRXQG IHHGEDFN DQG WKDW WKH XVH RI D PXVLFDO
VFDOH PD\ WULJJHU WKH SUHVHUYHG DXGLWRU\ DQG VSDWLDO PXOWL�VHQVRU\ UHSUHVHQWDWLRQ RI
VXFFHVVLYH VRXQGV�

����� 73 GPS 3FIBCJMJUBUJPO

,Q 9LUWXDO 5HDOLW\� WKH XVHU LV SODFHG LQ D FRPSOHWHO\ FRPSXWHU�JHQHUDWHG WKUHH�GLPHQVLRQDO
VLPXODWLRQ� ZKHUH WKH\ FDQ ORRN DURXQG DQG LQWHUDFW ZLWK WKHLU HQYLURQPHQW XVLQJ GH�
YLFHV VXFK DV D +HDG 0RXQWHG 'LVSOD\ �+0'� DQG JORYHV RU FRQWUROOHUV� WR FUHDWH
DQ LPPHUVLYH H[SHULHQFH� 95 KDV ORQJ VLQFH IRXQG LWV SODFH LQ WKH ZRUOG RI JDPLQJ
DQG HQWHUWDLQPHQW� 1HYHUWKHOHVV� 95 LV LQFUHDVLQJ LQ SRSXODULW\ LQ D FOLQLFDO VHWWLQJ�
$ WRRO IRU WKH UHKDELOLWDWLRQ RI FKLOGUHQ ZLWK G\VWRQLF FHUHEUDO SDOV\ >��@� OLPE SDLQ
DOOHYLDWLRQ >��@ DQG 95 H[SRVXUH WKHUDS\ IRU DQ[LHW\ GLVRUGHUV >��@ DUH MXVW D IHZ H[�
DPSOHV RI WKH FOLQLFDO DSSOLFDWLRQV RI 95 >��²��@� 2WKHU PL[HG UHDOLW\ WRROV� VXFK
DV $XJPHQWHG 5HDOLW\ �$5�� KDYH DOVR IRXQG WKHLU ZD\ LQWR FOLQLFDO DSSOLFDWLRQV� H�J�
QHXURVXUJHU\ >��� ��@

95 KDV PDQ\ DGYDQWDJHV RYHU WUDGLWLRQDO UHKDELOLWDWLRQ WHFKQLTXHV� )LUVW� 95 V\V�
WHPV FDQ DXJPHQW DQGPDQLSXODWH WKH LQWHUDFWLRQ RI WKH XVHU ZLWK WKH HQYLURQPHQW DQG
FDQ TXDQWLWDWLYHO\ PRQLWRU LW� SURPRWLQJ WKH IXQFWLRQDO UHFRYHU\ RI WKH SDWLHQW >��@�
6HFRQG� RSSRVHG WR WUDGLWLRQDO WUHDWPHQW RSWLRQV� 95 LV PRGXODU� HQDEOLQJ WKH WDL�
ORULQJ RI WKH WUHDWPHQW WR WKH SDWLHQW·V QHHGV DQG SK\VLFDO RU FRJQLWLYH FDSDELOLWLHV�
7KLUG� WKHUH LV QR QHHG IRU D FOLQLFLDQ DV WKH V\VWHP FDQ PRQLWRU WKH SHUIRUPDQFH RI
WKH SDWLHQW DQG TXDQWLI\ KRZ ZHOO D WDVN LV EHLQJ SHUIRUPHG DQG JLYH IHHGEDFN DFFRUG�
LQJO\� 7KLV FRQVHTXHQWO\ LQFUHDVHV WKH SRWHQWLDO IRU DW�KRPH UHKDELOLWDWLRQ� /DVWO\� WKH
YLUWXDO HQYLURQPHQW LV RIWHQ PRUH LPPHUVLYH DQG HQMR\DEOH WKDQ FRQYHQWLRQDO WUHDW�
PHQWV� ZKLFK OHDGV WR WKH SDWLHQW PRUH DFWLYHO\ SDUWLFLSDWLQJ DQG DQ LQFUHDVHG SRVLWLYH
DWWLWXGH WRZDUGV WKH WUHDWPHQW� ZKLFK LQFUHDVHV WKH RYHUDOO TXDOLW\ RI OLIH RI WKH SD�
WLHQW >��@�

+RZHYHU� WKH XVH RI 95 LQWURGXFHV VHYHUDO GLVDGYDQWDJHV DV ZHOO� )LUVW� WKH LP�
PHUVLRQ DVSHFW FDQ SURYRNH F\EHU VLFNQHVV LQ VRPH� OHDGLQJ WR WKH LQFRPSOHWLRQ RI WKH
WUHDWPHQW RU DQ XQHQMR\DEOH H[SHULHQFH� 1HYHUWKHOHVV� D ODUJH SRUWLRQ RI WKHVH VLGH
H̊HFWV FDQ EH PDQDJHG E\ WDNLQJ DSSURSULDWH SUHFDXWLRQV� VXFK DV H[FOXGLQJ SDWLHQWV
SURQH WR PRWLRQ VLFNQHVV DQG IROORZLQJ SRVW�LPPHUVLRQ SURFHGXUHV >��@� 6HFRQG�
WKHUH DUH VWXGLHV LQYHVWLJDWLQJ WKH VSDWLDO SHUFHSWLRQ RI GLVWDQFH >��� ��@ DQG RULHQWD�
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WLRQ >��@ LQ 95 HQYLURQPHQWV� 7KHVH VWXGLHV KDYH IRXQG WKDW VXEMHFWV SHUFHLYH GLV�
WDQFHV GL̊HUHQWO\ LQ 95 WKDQ LQ UHDO OLIH� ZKLOH WKH SHUFHSWLRQ RI RULHQWDWLRQ UHPDLQV
WKH VDPH LQ 95� 7KLV VKRXOG EH FDUHIXOO\ FRQVLGHUHG LQ WKHUDS\ XVH FDVHV ZKHUH WKH
SHUFHSWLRQ RI WKH XVHU LV LPSRUWDQW� 7KLUG� WKH GHVLJQ RI D QHZ 95 WRRO IRU D FOLQLFDO
VHWWLQJ VKRXOG DOZD\V EH EDVHG RQ DQ LQIRUPHG WKHRUHWLFDO IRXQGDWLRQ >��@� )LQDOO\�
DOWKRXJK WKH FRVW RI 95 GHYLFHV KDV GHFUHDVHG LQ UHFHQW \HDUV� WKH LQLWLDO HTXLSPHQW
FRVW LV VWLOO IDU JUHDWHU WKDQ WUDGLWLRQDO SHQ�DQG�SDSHU WRROV� ZKLFK FDQ EH D EDUULHU WR
WKHLU DGDSWLRQ LQ D FOLQLFDO VHWWLQJ� HVSHFLDOO\ LQ ORZHU�LQFRPH FRXQWULHV >��� ��@�

$V PHQWLRQHG� 95 LV EHFRPLQJ PRUH DQG PRUH SUHVHQW LQ KHDOWKFDUH DSSOLFDWLRQV�
2Q RI WKHVH DSSOLFDWLRQV LV WKH UHKDELOLWDWLRQ RI VSDWLDO QHJOHFW >��²��@� $V WKHUH LV
FXUUHQWO\ QR JROG VWDQGDUG IRU WKH UHKDELOLWDWLRQ RI 861� QHZ 95 LQWHUYHQWLRQV FDQ
ÁRXULVK� 0RUHRYHU� 95 SURYLGHV WKH RSSRUWXQLW\ WR DGGUHVV DQG VXSSRUW WKH PXOWL�
VHQVRU\ FKDUDFWHULVWLFV RI WKH V\QGURPH DV LW LQFRUSRUDWHV QRW RQO\ YLVXDO EXW DOVR RWKHU
VHQVRU\ VWLPXOL� 7DFWLOH IHHGEDFN FDQ EH SURYLGHG XVLQJ KDSWLF IHHGEDFN WKURXJK FRQ�
WUROOHUV� DQG WKH KHDGSKRQHV LQWHJUDWHG LQ D +0'SURYLGH DXGLWRU\ VWLPXOL� 0RUHRYHU�
WKUHH�GLPHQVLRQDO VRXQG FDQ EH VLPXODWHG VXFK WKDW VRXQG LV OLQNHG WR D FHUWDLQ OR�
FDWLRQ LQ VSDFH� 7KH XVH RI 95 LQ UHKDELOLWDWLRQ IRU 861 FDQ KHUHE\ DFFRPPRGDWH
WKH GHPDQG IRU PXOWL�VHQVRU\ LQWHUYHQWLRQ WHFKQLTXHV� 1H[W� FOHDU YLVXDO DQG DXGL�
WRU\ SURJUHVV PDUNHUV PRWLYDWH WKH XVHU DQG KHOS WKH UHKDELOLWDWLRQ SURFHVV� )XUWKHU�
PRUH� WKH XVH RI 95 SURYLGHV PRUH HQMR\PHQW RI WKH WKHUDS\ DQG LQFUHDVHV RYHUDOO
PRWLYDWLRQ� 3DWLHQWV WKDW KDYH VX̊HUHG IURP D VWURNH H[SHULHQFH RIWHQ VX̊HU IURP
SRVW�VWURNH GHSUHVVLRQV� RULJLQDWLQJ IURP WKH IHHOLQJ RI ORVV RI LQGHSHQGHQFH >��@�
6HOI�DGPLQLVWHULQJ UHKDELOLWDWLRQ FDQ UHVWRUH WKH VHQVH RI VHOI�RZQHUVKLS E\ HQDEOLQJ
SDWLHQWV WR FDUU\ RXW WKH UHKDELOLWDWLRQ LQGHSHQGHQWO\� )LQDOO\� WKH RSWLRQ IRU DW�KRPH
UHKDELOLWDWLRQ LV EHQHÀFLDO IRU WKRVH ZLWK PRELOLW\ LVVXHV� RIWHQ WKH FDVH IRU SRVW�VWURNH
SDWLHQWV >��� ��@�

$ YDULHW\ RI VWXGLHV UHJDUGLQJ WKH XVH RI 95 IRU WKH UHKDELOLWDWLRQ RI 861 H[LVW�
VXFK DV WKH JUDEELQJ DQG SODFLQJ RI VXVKL RQ D YLUWXDO VXVKL EDU >��@� IROORZLQJ D YLU�
WXDO PRYLQJ EDOO ZLWK WKHLU H\HV >��@� D UHKDELOLWDWLRQ WRRO WKDW R̊HUV H[WUD�SHUVRQDO DQG
SHULSHUVRQDO WUDLQLQJ E\ SHUIRUPLQJ VHYHUDO WDVNV LQ WKH 95 HQYLURQPHQW >��@� D YLUWXDO
WUDQVODWLRQ RI WKH &%6 >��@ DQG D YLUWXDO HQYLURQPHQW EDVHG RQ WKH 3$ PHWKRG� ZKHUH
WKH +0' HPXODWHV WKH SULVP >��@� +RZHYHU� QR VWXGLHV KDYH EHHQ IRXQG WKDW FRP�
ELQH PXVLF WKHUDS\ DQG 95 LQWR D UHKDELOLWDWLRQ WRRO IRU 861� 1RQHWKHOHVV� VWXGLHV
FRPELQLQJ PXVLFDO WKHUDS\ DQG 95 H[LVW� VXFK DV D 95 V\VWHP WR WUDLQ HYHU\GD\ KDQG
PRYHPHQWV XVLQJ PXVLFDO H[HUFLVHV IRU SRVW�VWURNH SDWLHQWV >��@ RU D YLUWXDO PXVLFDO
WKHDWUH IRU SHRSOH VX̊HULQJ IURP $O]KHLPHU·V GLVHDVH� ZKHUH SDWLHQWV DUH LPPHUVHG LQ
D PXVLFDO H[SHULHQFH DPRQJ WKH DXGLHQFH >��@�
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��� 7JTJPO BOE 0CKFDUJWFT
7KH SUHYLRXV VHFWLRQ LQGLFDWHV D ODFN RI WKHUDS\ WRROV IRU 861 WKDW LQFOXGH PXOWLSOH
PRGDOLWLHV� GHVSLWH WKH FRQVLGHUDWLRQ RI 861 DV D PXOWL�VHQVRU\ GHÀFLW� 017 H[SORLWV
WKHVH PXOWLSOH PRGDOLWLHV DQG LV WKHUHIRUH FRQVLGHUHG WR EH D SURPLVLQJ WRRO IRU WKH
UHKDELOLWDWLRQ RI 861 SDWLHQWV >��@� 7KH XVH RI 95 IRU WKH UHKDELOLWDWLRQ RI 861 R̊HUV
WKH DGYDQWDJH RI QRW OLPLWLQJ WKH WKHUDS\ WR YLVXDO VWLPXOL GXH WR WKH HDV\ LQWHJUDWLRQ
RI DXGLWRU\� WDFWLOH DQG PRWRU VWLPXOL� $ 95 HQYLURQPHQW IDFLOLWDWHV WKH FUHDWLRQ RI DQ
LPPHUVLYH H[SHULHQFH WKDW FDQ EH DGDSWHG WR WKH QHHGV RI WKH SDWLHQW� 0RUHRYHU� WKH
XVH RI D GLJLWDO WRRO� DV RSSRVHG WR PDQXDO DVVHVVPHQW� SURYLGHV WKH RSSRUWXQLW\ IRU
PRUH XQELDVHG GDWD FROOHFWLRQ GXULQJ WKHUDS\� ,QIRUPDWLRQ� VXFK DV KHDG GLUHFWLRQ RU
UHVSRQVHV WR VWLPXOL LQ WKH 95 HQYLURQPHQW� FDQ EH WUDFNHG WR HYDOXDWH SURJUHVVLRQ
RYHU WLPH�

7KH REMHFWLYH RI WKLV UHVHDUFK LV WR LQYHVWLJDWH ZKHWKHU 017 IRU 861 FDQ EH VXF�
FHVVIXOO\ WUDQVODWHG WR DQ LPPHUVLYH 95 HQYLURQPHQW DQG ZKHWKHU WKH GDWD FROOHFWHG
GXULQJ WKH LPPHUVLYH WUDLQLQJ FDQ EH XVHG IRU WKH DVVHVVPHQW DQG WKXV HYDOXDWLRQ
RI WKH SURJUHVV RI SDWLHQWV D̊HFWHG E\ 861� 7R DFKLHYH WKLV� D GLJLWDO WRRO KDV EHHQ
GHVLJQHG WKDW LQFOXGHV DQ LPPHUVLYH 95 HQYLURQPHQW LQ ZKLFK WKH SDWLHQW KDV WR
SHUIRUP VHYHUDO PXVLFDO H[HUFLVHV� WUDFNLQJ DQG GLVSOD\LQJ VHVVLRQ GDWD RQ D WKHUDSLVW
GDVKERDUG�

7R HQVXUH WKDW WKLV WRRO DFKLHYHV LWV REMHFWLYH� H[SHUW NQRZOHGJH DERXW WKH QHHGV RI
WKH WDUJHW DXGLHQFH DQG R̊HUHG WKHUDS\ LV QHFHVVDU\� $Q LWHUDWLYH SDUWLFLSDWRU\ GHVLJQ
DSSURDFK KDV EHHQ WDNHQ� LQYROYLQJ H[SHUWV DQG SDWLHQWV LQ WKH GHVLJQ SURFHVV� 7KLV
UHVHDUFK KDV EHHQ HVWDEOLVKHG LQ FORVH FR�RSHUDWLRQ ZLWK VSHFLDOLVWV DQG WKHUDSLVWV IURP
WKH 5HKDELOLWDWLRQ 'HSDUWPHQW RI WKH *KHQW 8QLYHUVLW\ +RVSLWDO� 7R HYDOXDWH WKH
UHVXOWLQJ V\VWHP� D SLORW VWXG\� DSSURYHG E\ WKH HWKLFV FRPPLWWHH� KDV EHHQ FRQGXFWHG
LQYROYLQJ VHYHUDO SDWLHQWV ZKR ZHUH FXUUHQWO\ XQGHUJRLQJ WUHDWPHQW IRU 861 DW WKH
5HKDELOLWDWLRQ 'HSDUWPHQW RI WKH *KHQW 8QLYHUVLW\ +RVSLWDO�

7KUHH UHVHDUFK TXHVWLRQV KDYH EHHQ LQYHVWLJDWHG�

�� &DQ 017 EH H̊HFWLYHO\ WUDQVODWHG LQWR D 95 HQYLURQPHQW"

�� &DQ WKH QHZO\ GHVLJQHG 95 V\VWHP EH XVHG IRU WKH WUHDWPHQW RI DGXOWV ZLWK
861 ZLWK DQ DFTXLUHG EUDLQ LQMXU\"

�� :LOO WKH VSDWLDO SHUIRUPDQFH RI WKH SDWLHQW ZLWK DQ DFTXLUHG EUDLQ LQMXU\ HYROYH
SRVLWLYHO\ DIWHU WUHDWPHQW ZLWK WKH 95 V\VWHP"

��� %FTJHO PG UIF 73 5IFSBQZ GPS 64/
7KH PXOWL�VHQVRU\ 95 UHKDELOLWDWLRQ WRRO HQDEOHV WKH XVHU WR SHUIRUP VHYHUDO PXVLFDO
H[HUFLVHV RQ D YLUWXDO [\ORSKRQH� ZKLOH LQFRUSRUDWLQJ WKUHH VHQVRU\ PRGDOLWLHV� QDPHO\
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'JHVSF ���� 5IF EFTJHOFE 73 UIFSBQZ UPPM GPS 64/ DPOTJTUT PG UXP NPEVMFT� UIF 73 UIFSBQZ NPEVMF GPS UIF
QBUJFOU XIP IBT UP XFBS B ).% BOE VTF DPOUSPMMFST BOE UIF EBTICPBSE BDDFTTJCMF PO B DPNQVUFS
XIFSF UIF UIFSBQJTU DBO DPOUSPM BOE PWFSTFF UIF TFTTJPO�

DXGLWRU\� YLVXDO DQG PRWRU� 'XULQJ WKHVH H[HUFLVHV� SDWLHQWV DUH WULJJHUHG WR H[SORUH
WKHLU QHJOHFWHG VLGH�

7R HQVXUH WKDW D WKHUDSLVW FDQ JXLGH DQG IROORZ DQ RQJRLQJ VHVVLRQ� WKH GHVLJQHG
SODWIRUP FRQVLVWV RI WZR PRGXOHV� RQH IRU WKH SDWLHQW DQG RQH IRU WKH WKHUDSLVW� DV
VKRZQ LQ )LJXUH ���� )RU WKH WKHUDSLVW� WKHUH LV D GDVKERDUG� DFFHVVLEOH RQ D FRPSXWHU�
WR RYHUVHH DQG FRQWURO WKH WKHUDS\ DV LW LV LQ SURJUHVV� )RU WKH VHFRQG PRGXOH� WKH 95
WKHUDS\� WKH SDWLHQW KDV WR ZHDU D +0' DQG XVH WZR FRQWUROOHUV� UHSUHVHQWLQJ PDOOHWV�
WR VWURNH WKH NH\V RI WKH YLUWXDO [\ORSKRQH�

7KH IROORZLQJ VHFWLRQV ZLOO ÀUVW HODERUDWH RQ WKH GHVLJQHG 95 WKHUDS\ PRGXOH DQG
LWV IRXU WDVNV� IROORZHG E\ DQ H[SODQDWLRQ RI WKH GHVLJQHG WKHUDSLVW GDVKERDUG�

����� 73 5IFSBQZ .PEVMF
'XULQJ D 95 WKHUDS\ VHVVLRQ� WKH SDWLHQW ZLOO VHH DQ DUUDQJHPHQW RI VHYHUDO PXVLFDO
NH\V� VLPLODU WR D [\ORSKRQH� DOLJQHG LQ D VHPL�FLUFOH DURXQG WKHP� DV VKRZQ LQ )LJ�
XUH ���� 8VLQJ WKH FRQWUROOHUV� QRWHV FDQ EH SOD\HG E\ KLWWLQJ D NH\ ZLWK D SHUFXVVLRQ
PDOOHW� L�H� WKH PRWRU PRGDOLW\ RI WKH WKHUDS\� 7KH QRWHV SURGXFHG E\ WKH NH\VWURNHV
DUH VSDWLDO VRXQGV� L�H� RULJLQDWLQJ IURP WKHLU ORFDWLRQ LQ VSDFH� ZKHUH LWV SLWFK DOVR
GHSHQGV RQ LWV ORFDWLRQ LQ WKH YLUWXDO HQYLURQPHQW� L�H� WKH DXGLWRU\ PRGDOLW\� )LQDOO\�
ZKHQ KLW� WKH NH\V OLJKW XS LQ D GL̊HUHQW FRORXU IRU DSSUR[LPDWHO\ � V EHIRUH WXUQLQJ
EDFN WR WKHLU RULJLQDO FRORXU� FRUUHVSRQGLQJ WR WKH YLVXDO PRGDOLW\�

7KH 95 WKHUDS\ PRGXOH FRQWDLQV IRXU WDVNV� FDOOHG $VVHVVPHQW� 6FDOHV� 0HPRU\
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DQG )UHH�WR�3OD\� 7KH $VVHVVPHQW WDVN DLPV WR DVVHVV WKH VHYHULW\ RI WKH VSDWLDO QHJOHFW
RI WKH SDWLHQW DQG WKHLU SURJUHVV LQ WKH UHKDELOLWDWLRQ SURFHVV� 7KH RWKHU WKUHH WDVNV
DLP WR FKDQJH WKH EHKDYLRXU RI WKH SDWLHQW E\ WUDLQLQJ WKHP WR UHVSRQG WR WULJJHUV LQ
WKHLU HQYLURQPHQW� D WRS�GRZQ DSSURDFK�

7KH XVH RI D 95 HQYLURQPHQW HQDEOHV XV WR DGDSW WKH VHWXS RI WKH [\ORSKRQH WR
WKH FXUUHQW WDVN DQG GL̋FXOW\ OHYHO� 0RUH VSHFLÀFDOO\� WKH QXPEHU RI NH\V RI WKH LQ�
VWUXPHQW DQG WKHLU ORFDWLRQ LQ VSDFH FDQ LQVWDQWO\ EH FKDQJHG WR PHHW WKHUDS\ QHHGV�
7KH ORFDWLRQ RI WKH NH\V FKDQJHV EDVHG RQ WKH REMHFWLYH RI WKH WDVN� 6LQFH WKH $V�
VHVVPHQW WDVN DLPV WR DVVHVV SURJUHVV� WKH NH\V ZLOO EH V\PPHWULFDOO\ VSDFHG RQ WKH
VHPL�FLUFOH� DV VKRZQ LQ )LJXUH ���� +RZHYHU� IRU WKH WKUHH WUDLQLQJ WDVNV� WKH NH\V
ZLOO EH ORFDWHG R̊�FHQWUH WRZDUGV WKH QHJOHFWHG VLGH RI WKH SDWLHQWV· HQYLURQPHQW� DV
VKRZQ LQ )LJXUH ���� D ERWWRP�XS DSSURDFK� 0RUH VSHFLÀFDOO\� WZR NH\V ZLOO DOZD\V
EH ORFDWHG RQ WKH LSVLOHVLRQDO VLGH� ZKLOH WKH RWKHU NH\V DUH VLWXDWHG LQ WKH QHJOHFWHG
VLGH RI WKH HQYLURQPHQW� ,Q WKLV VHWXS� WKH NH\ DW WKH H[WUHPLW\ RI WKH LQVWUXPHQW LV
DQ H[WUD NH\� SURGXFLQJ D VSHFLDO VRXQG� 7KLV PRGLÀFDWLRQ LV QHFHVVDU\ DV SHRSOH ZLWK
861 EHQHÀW IURP WKHVH DQFKRU SRLQWV LQ WKHLU QHJOHFWHG VLGH RI VSDFH� 0RUHRYHU� D
UHG WDUJHW ZLOO RFFDVLRQDOO\ DSSHDU GXULQJ WKHVH WUDLQLQJ WDVNV� 7KH XVHUV DUH UHTXLUHG
WR ORRN GLUHFWO\ DW WKLV WDUJHW IRU D IHZ VHFRQGV� EHIRUH FRQWLQXLQJ ZLWK WKH WDVN� 7KLV
DGGLWLRQ LV QHFHVVDU\ WR NHHS WKH SDWLHQW DZDUH RI WKH ORFDWLRQ RI WKHLU PLG�OLQH� )L�
QDOO\� WKH GL̋FXOW\ OHYHO RI HDFK WDVN LV UHÁHFWHG LQ WKH QXPEHU RI NH\V VKRZQ� QDPHO\
GL̋FXOW\ � WR �� ZKLFK FRUUHVSRQGV WR � WR � NH\V� UHVSHFWLYHO\� (DFK WDVN� H[FHSW
WKH $VVHVVPHQW� FRQVLVWV RI VHYHUDO RI WKHVH OHYHOV� DQG WKXV D GL̊HUHQW QXPEHU RI NH\V
EDVHG RQ WKH VHW GL̋FXOW\ OHYHO� DV VKRZQ LQ )LJXUH ����

1H[W� HDFK WDVN ZLOO EH GLVFXVVHG LQ PRUH GHWDLO�

������� "TTFTTNFOU 5BTL

7KH $VVHVVPHQW WDVN LV WKH RQO\ WDVN WKDW GRHV QRW XVH GL̋FXOW\ OHYHOV DQG VKRXOG QRW
EH SOD\HG HDFK VHVVLRQ� 7KH REMHFWLYH RI WKLV WDVN LV WR DVVHVV WKH SURJUHVV RI WKH
SDWLHQW GXULQJ WKHLU UHKDELOLWDWLRQ DQG FDQ EH SHUIRUPHG ZKHQHYHU WKH WKHUDSLVW GHHPV
LW QHFHVVDU\� )RU WKLV WDVN� WKH LQVWUXPHQW NH\V DUH VHW XS V\PPHWULFDOO\ �FI� )LJXUH �����
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'JHVSF ���� 4FUVQ PG JOTUSVNFOU EVSJOH UIF SFIBCJMJUBUJPO UBTLT� %JGðDVMUZ 0OF 	MFGU
 BOE EJGðDVMUZ 'PVS 	SJHIU
�

UHJDUGOHVV RI WKHLU QHJOHFWHG VLGH� DVVXPLQJ WKDW WKH KHDG GLUHFWLRQ RI D SDWLHQW ZLWK
861 ZLOO LQGLFDWH D ELDV WRZDUGV WKHLU QRQ�QHJOHFWHG VLGH�

'XULQJ WKLV WDVN� WKH SDWLHQW LV DVNHG WR IUHHO\ SOD\ WKH LQVWUXPHQW� +RZHYHU� WHVW
UXQV DQG IHHGEDFN IURP WKH H[SHUWV LQGLFDWHG WKH QHHG WR LQFHQWLYL]H SDWLHQWV WR FRQ�
WLQXH SOD\LQJ GL̊HUHQW QRWHV� 7KHUHIRUH� HDFK NH\ LV VXSSRUWHG E\ D VPDOO EDOO� WKDW
VWDUWV XS LQ WKH DLU DQG VORZO\ IDOOV WRZDUGV WKH NH\V� 3DWLHQWV DUH LQVWUXFWHG WR DYRLG
OHWWLQJ WKH EDOOV WRXFK WKH NH\V� :KHQ D EDOO LV FORVH WR WKH VXUIDFH RI D NH\� LW WXUQV
JUHHQ� LQGLFDWLQJ WKDW WKH SDWLHQW FDQ WKHQ KLW WKH FRUUHVSRQGLQJ NH\ WR VHQG WKH EDOO
EDFN XS LQWR WKH DLU� :KHQ WKH EDOO WRXFKHV WKH NH\� LW WXUQV UHG �FI� )LJXUH ��� ULJKW��
7KLV JDPLÀHG HOHPHQW WULJJHUV WKH DFWLYH H[SORUDWLRQ RI WKHLU HQWLUH HQYLURQPHQW GXU�
LQJ WKH $VVHVVPHQW�

������� 4DBMFT 5BTL

7KH 6FDOHV WDVN LV WKH ÀUVW WUDLQLQJ WDVN� ,Q WKLV WDVN� WKH SDWLHQW KDV WR SOD\ VFDOHV
RQ WKH [\ORSKRQH� L�H� WKH SDWLHQW KDV WR VHTXHQWLDOO\ KLW HDFK NH\ LQ RUGHU� VWDUWLQJ
IURP WKHLU QRQ�QHJOHFWHG VLGH WRZDUGV WKHLU QHJOHFWHG VLGH� )RU OHIW�VLGHG QHJOHFW�
WKLV FRUUHVSRQGV WR SOD\LQJ WKH NH\V IURP ULJKW WR OHIW� 7KLV WDVN IDPLOLDULVHV WKH XVHU
ZLWK WKH R̊�FHQWUH OD\RXW RI WKH LQVWUXPHQW �FI� )LJXUH ���� DQG H[SORUHV ZKHWKHU WKH
SDWLHQW KDV D FHUWDLQ WKUHVKROG IRU ZKLFK WKH\ EHOLHYH LW LV WKH ODVW NH\ RQ WKH LQVWUXPHQW�
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������� .FNPSZ 5BTL

7KH 0HPRU\ WDVN DVNV WKH SDWLHQW WR PHPRULVH D VHTXHQFH RI QRWHV WKDW LV VKRZQ WR
WKHP DQG WKHQ UHSHDW WKLV VHTXHQFH� 7KLV WDVN VWDUWV IURP WKH ORZHVW GL̋FXOW\ OHYHO�
VKRZLQJ D VHTXHQFH RI RQH QRWH� HDFK WLPH LQFUHDVLQJ WKH GL̋FXOW\� L�H� WKH OHQJWK RI
WKH VHTXHQFH RU WKH QXPEHU RI NH\V RQ WKH YLUWXDO [\ORSKRQH� :KHQ WKH SDWLHQW SOD\V
DQ LQFRUUHFW NH\� WKH VHTXHQFH LV VKRZQ DJDLQ� ZKHQ WKH\ SOD\ WKH FRUUHFW NH\� SRVLWLYH
IHHGEDFN LV JLYHQ� 7KLV SURFHVV LV UHSHDWHG ZLWK LQFUHDVLQJ GL̋FXOW\ XQWLO WKH SDWLHQW
HUUV WRR RIWHQ�

7KH FXHV WKDW DUH JLYHQ WR LQGLFDWH WKH VHTXHQFH WR EH PHPRULVHG DUH WKH VDPH DV
ZKHQ D NH\ LV KLW� L�H� WKH NH\ FKDQJHV FRORXU DQG DQ DQLPDWLRQ LV SOD\HG� DFFRPSDQLHG
E\ WKH VSDWLDO VRXQG RI WKH QRWH�

7KH0HPRU\ WDVN XUJHV WKH SDWLHQW WR DFWLYHO\ H[SORUH WKHLU HQWLUH HQYLURQPHQW DQG
UHVSRQG WR ERWK YLVXDO DQG DXGLWRU\ VWLPXOL� 6LQFH WKH HQWLUH LQVWUXPHQW LV QRW YLVLEOH
LQ RQH JODQFH� WKH SDWLHQW KDV WR PRYH WKHLU KHDG WR ORFDWH DQG UHDFW WR WKH VSDWLDO
DXGLR� 7KLV WKXV DLPV WR LPSURYH WKH DELOLW\ WR UHVSRQG WR H[WHUQDO PXOWL�VHQVRU\
WULJJHUV� ORFDWHG LQ WKH FRQWUDOHVLRQDO VLGH RI VSDFH�

������� 'SFF�UP�1MBZ 5BTL

7KH ÀQDO WDVN LV WKH )UHH�WR�SOD\ WDVN� ,Q WKLV WDVN� WKH REMHFWLYH ZDV WR SURYLGH WKH
SDWLHQW ZLWK VRPH ¶FRJQLWLYH GRZQWLPH� E\ OHWWLQJ WKHP SOD\ IUHHO\� +RZHYHU� VLPLODU
WR WKH$VVHVVPHQW WDVN� WR PRWLYDWH WKH SDWLHQWV WR NHHS RQ SOD\LQJ GXULQJ WKLV WDVN� WKH
VDPH JDPH PHFKDQLFV KDYH EHHQ LQFOXGHG� 7KH XVH RI VPDOO EDOOV IDOOLQJ WR WKH VXUIDFH
RI WKH NH\V DJDLQ WULJJHUV WKH DFWLYH H[SORUDWLRQ RI WKH SDWLHQW� XUJLQJ WKHP WR H[SORUH
WKHLU HQWLUH HQYLURQPHQW WR DYRLG DQ\ EDOOV KLWWLQJ WKH NH\V�

����� 5IFSBQJTU %BTICPBSE
7KH VHFRQGPRGXOH LV WKH WKHUDSLVW GDVKERDUG� DLPHG WR RYHUVHH DQG FRQWURO WKH RQJR�
LQJ VHVVLRQ� 7KH GDVKERDUG VKRZV WKH KHDG GLUHFWLRQ RI WKH SDWLHQW RYHU WLPH DQG WKH
NH\V WKDW DUH SOD\HG GXULQJ D VHVVLRQ� DV VKRZQ LQ )LJXUH ���� 8VLQJ WKH KHDG GLUHFWLRQ
LQIRUPDWLRQ RI SUHYLRXV VHVVLRQV� WKH WKHUDSLVW FDQ VHH LI LPSURYHPHQWV DUH QRWLFHDEOH
DQG WKH SDWLHQW JLYHV PRUH DWWHQWLRQ WR WKHLU QHJOHFWHG VLGH� 9LD WKH GDVKERDUG� WKH
WKHUDSLVW FDQ VWDUW RU SDXVH WKH WKHUDS\ DQG VHOHFW ZKLFK WDVN DW ZKLFK GL̋FXOW\ OHYHO
LV VWDUWHG QH[W�

��� *NQMFNFOUBUJPO %FUBJMT
%DVHG RQ WKH IXQFWLRQDO UHTXLUHPHQWV SUHVHQWHG LQ 6HFWLRQ ���� D ZRUNLQJ SURWRW\SH
KDV EHHQ GHYHORSHG IRU WKH SLORW VWXG\� +RZHYHU� DV WKH UHVXOWLQJ V\VWHP LV XVHG LQ D
UHVHDUFK WUDFN� VRPH DGGLWLRQDO QRQ�IXQFWLRQDO UHTXLUHPHQWV QHHG WR EH FRQVLGHUHG�
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'JHVSF ���� 5IFSBQJTU EBTICPBSE UP DPOUSPM BOE PWFSTFF UIF UIFSBQZ�

6SHFLÀFDOO\� WKH PRGLÀDELOLW\ RI WKH V\VWHP LV TXLWH HVVHQWLDO� )LUVWO\� WKH V\VWHP·V
GDVKERDUG QHHGV WR EH LQWHUFKDQJHDEOH ZLWK GL̊HUHQW LPSOHPHQWDWLRQV� )XWXUH UH�
VHDUFK PLJKW IRFXV RQ GL̊HUHQW GDVKERDUG GHVLJQV DQG WKHLU XVDELOLW\� ZKLFK UHTXLUHV
QHZ LPSOHPHQWDWLRQV� 6HFRQGO\� WKH V\VWHP·V GDWD VWRUDJH QHHGV WR EH DV ÁH[LEOH DV
SRVVLEOH� /HJDO� HWKLFDO RU *HQHUDO 'DWD 3URWHFWLRQ 5HJXODWLRQ �*'35��UHODWHG LVVXHV
PLJKW UHTXLUH FKDQJHV WR WKH GDWD VWRUDJH GHSOR\PHQW� IRU ZKLFK LW PLJKW EH QHFHV�
VDU\ WR RSW IRU HLWKHU D ORFDO RU VHUYHU�EDVHG VROXWLRQ� )XUWKHUPRUH� IXWXUH UHVHDUFK
ZLOO FRQVLGHU LQWHJUDWLQJ WKH V\VWHP ZLWK H[LVWLQJ GDWD VWRUHV³IRU H[DPSOH� IRU SDWLHQW
GDWD UHFRUGV�

7KH UHPDLQGHU RI WKLV VHFWLRQ GLVFXVVHV WKH GHFRPSRVLWLRQ RI WKH V\VWHP LQWR
LQGLYLGXDO FRPSRQHQWV FRQQHFWHG E\ LQWHUIDFHV EHWZHHQ WKHP� 7KLV LV IROORZHG E\ DQ
RYHUYLHZ RI WKH WHFKQRORJLHV XVHG DQG� ÀQDOO\� D GLVFXVVLRQ RI WKH GHSOR\PHQW RI WKH
WHVW VHWXS�

����� %FTJHO 0WFSWJFX
%DVHG RQ WKH IXQFWLRQDO DQG QRQ�IXQFWLRQDO UHTXLUHPHQWV� WKH V\VWHP LV GHFRPSRVHG
LQWR WKUHH VHSDUDWH FRPSRQHQWV� )LJXUH ���� VKRZV WKH V\VWHP·V GHFRPSRVLWLRQ LQWR
D 95 V\VWHP� D GDWD VWRUDJH DQG D GDVKERDUG� 7KH 95 V\VWHP LV UHVSRQVLEOH IRU PDQDJLQJ
DQG GLVSOD\LQJ WKH 95 HQYLURQPHQWV WR WKH SDWLHQW DQG FROOHFWLQJ WKH GDWD IURP WKH
WKHUDS\ VHVVLRQV DQG WKH+0'� 7KH GDWD VWRUDJH FRPSRQHQW VWRUHV DQG GHOLYHUV WKH GDWD
GLVSOD\HG RQ WKH GDVKERDUG� 7KH GDVKERDUG FRPSRQHQW LV D VWDQG�DORQH GDVKERDUG
DSSOLFDWLRQ WKDW UHTXHVWV WKH GDWD IURP WKH GDWD VWRUDJH WR GLVSOD\ WKHP LQ JUDSKV RQ
WKH VFUHHQ� 7KH GDVKERDUG DOVR LVVXHV FRQWURO UHTXHVWV WR WKH 95 V\VWHP WR FRQWURO WKH
WKHUDS\ DQG FRQÀJXUH WKH H[HUFLVH�
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VWRUH�GDWDVWRUH�DQG�UHTXHVW�GDWD

FRQWURO�VHVVLRQ

Ζ3�7&3

'JHVSF ����� 5IF BSDIJUFDUVSF PG UIF EFTJHOFE 73 QMBUGPSN�

����� *OUFSGBDFT
,Q RUGHU WR DOORZ HDV\ PRGLÀDELOLW\ ZLWK OLWWOH FRQVWUDLQW RQ WKH GDWD VWRUDJH DQG GDVK�
ERDUG FRPSRQHQWV� WKH WHFKQRORJLHV IRU WKH LQWHUIDFHV EHWZHHQ WKH FRPSRQHQWV DUH
EDVHG RQ WKH 7&3�,3 SURWRFRO VWDFN� )LJXUH ���� VKRZV WKH LQWHUIDFHV EHWZHHQ WKH
LGHQWLÀHG FRPSRQHQWV� %RWK LQWHUIDFHV EHWZHHQ WKH 95 V\VWHP DQG WKH GDVKERDUG DQG
WKH95 V\VWHP DQG WKH GDWD VWRUDJH XVH D QHWZRUN�EDVHG PHVVDJH TXHXH� 7KH FRPPXQL�
FDWLRQ EHWZHHQ WKH GDVKERDUG DQG WKH GDWD VWRUDJH KDSSHQV RYHU WKH GDWDEDVH·V 7&3�,3
FRPPXQLFDWLRQ SURWRFRO�

����� 5FDIOPMPHJFT
7KH95 V\VWHP FRPSRQHQW ZDV HQWLUHO\ GHYHORSHG LQ 8QLW\�'�� 7KLV LV D JDPH HQJLQH
ZLWK EURDG VXSSRUW IRU 95 GHYHORSPHQW� 7KH GDWD VWRUH LV D 3RVWJUH64/� GDWDEDVH
ZLWK D 3\WKRQ VFULSW WR KDQGOH WKH FRPPXQLFDWLRQ ZLWK WKH 95 V\VWHP� 7KH GDVKERDUG
LV D YXH�MV DSSOLFDWLRQ� )RU WKH PHVVDJH EXV� =HUR04� LV XVHG� ,W LV DQ RSHQ�VRXUFH
XQLYHUVDO PHVVDJLQJ OLEUDU\ ZLWK VXSSRUW IRU 7&3 WUDQVSRUW� )LQDOO\� WKH +0' LV DQ
2FXOXV 4XHVW ��� FRQQHFWHG ZLWK D OLQN FDEOH WR D JDPLQJ ODSWRS IHDWXULQJ DQ R̊�
WKH�VKHOI 95�UHDG\ *UDSKLFV 3URFHVVLQJ 8QLW �*38�� 7KH WHFKQRORJLHV XVHG LQ HDFK
FRPSRQHQW DUH LQGLFWHG LQ )LJXUH �����

����� %FQMPZNFOU
)RU WKH LPSOHPHQWDWLRQ RI WKH SURRI RI FRQFHSW XVHG LQ WKLV VWXG\� DOO FRPSRQHQWV
DUH GHSOR\HG RQ D VLQJOH PDFKLQH� 7KHUH DUH WZR SULPDU\ PRWLYDWRUV IRU WKLV� )LUVWO\�
VHFXULW\ LV QHHGHG GXH WR WKH VHQVLWLYH QDWXUH RI WKH GDWD� 6HFRQGO\� WKH DYDLODELOLW\ RI

�KWWSV���ZZZ�XQLW\�FRP� DFFHVVHG RQ ����������
�KWWSV���ZZZ�SRVWJUHVTO�RUJ� DFFHVVHG RQ ����������
�KWWSV���]HURPT�RUJ� DFFHVVHG RQ ����������
��KWWSV���ZZZ�RFXOXV�FRP�TXHVW��� DFFHVVHG RQ ����������
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WKH V\VWHP LV UHTXLUHG GXH WR WKH VHQVLWLYH QDWXUH RI WKH WKHUDS\� 7KH PRVW D̊RUG�
DEOH WDFWLF WR DFKLHYH ERWK LV UHVWULFWLQJ WKH HQWLUH VRIWZDUH VWDFN WR RQH V\VWHP DQG
HOLPLQDWLQJ DOO H[WHUQDO FRPPXQLFDWLRQ� 7KHUHIRUH� WKH LPSOHPHQWDWLRQ DOVR QHHGV
QR LQWHUQHW FRQQHFWLRQ� 7KH RQO\ H[WHUQDO KDUGZDUH UHTXLUHG LV WKH +0' DQG WKH
FRQWUROOHUV FRQQHFWHG WR WKH 3&� ZKLFK GLUHFWO\ FRPPXQLFDWH ZLWK WKH 95 V\VWHP�

��� &WBMVBUJPO 4FU�6Q

7KLV UHVHDUFK DLPHG WR HYDOXDWH WKH SURSRVHG 95 WKHUDS\ LQ SUDFWLFH� 7KHUHIRUH�
WKHUDS\ VHVVLRQV ZHUH SHUIRUPHG ZLWK GLDJQRVHG 861 SDWLHQWV� $ FRQWURO JURXS RI
XVHUV ZLWKRXW 861 DOVR SHUIRUPHG WKH WKHUDS\ H[HUFLVHV XVLQJ WKH 95 V\VWHP� 7KLV
VWXG\ ZDV SHUIRUPHG DW WKH *KHQW 8QLYHUVLW\ +RVSLWDO ZLWK FOLQLFDO SDWLHQWV DQG LQ
WKH R̋FHV RI WKH ,'/DE UHVHDUFKHUV RI WKLV ZRUN ZLWK QRQ�FOLQLFDO XVHUV� (WKLFDO
DSSURYDO ZDV REWDLQHG IRU WKH VWXG\ DQG DOO SDUWLFLSDQWV VLJQHG DQ LQIRUPHG FRQVHQW
IRUP EHIRUH SDUWLFLSDWLQJ� 7KH VWXG\ ZDV DSSURYHG E\ WKH 0HGLFDO (WKLFV &RPPLWWHH
RI *KHQW 8QLYHUVLW\ +RVSLWDO RQ �� 0DUFK ���� >%�������������@�

7KLV VHFWLRQ ZLOO GLVFXVV WKH WHVW PHWKRGRORJ\ WKDW ZDV DGRSWHG� DQG WKH WLPHOLQH
RI WKH SLORW VWXG\� $Q RYHUYLHZ RI WKH SDUWLFLSDWLQJ LQGLYLGXDOV DQG WKH UHFUXLWPHQW
SURFHVV LV JLYHQ� )LQDOO\� WKH GDWD FROOHFWLRQ GXULQJ WKH VWXG\ LV GLVFXVVHG�

����� .FUIPE

7KH FOLQLFDOO\ GLDJQRVHG SDWLHQWV ZLWK 861 UHFHLYHG 95�EDVHG WKHUDS\ IRU WZR ZHHNV
DV SDUW RI WKHLU UHKDELOLWDWLRQ SURJUDP DW WKH KRVSLWDO� 'XULQJ WKH WZR�ZHHN SHULRG�
VHVVLRQV WRRN SODFH RQ 0RQGD\� :HGQHVGD\ DQG )ULGD\ LQ WKH SUHVHQFH RI D WKHUDSLVW�
(DFK VHVVLRQ KDG D GXUDWLRQ RI DSSUR[LPDWHO\ �� PLQ� LQ ZKLFK� ÀUVW� WKH $VVHVVPHQW
WRRN SODFH� IROORZHG E\ WKH 6FDOHV� 0HPRU\ DQG )UHH�WR�3OD\ WDVNV� 2Q IRXU RFFDVLRQV
GXULQJ WKHVH WZR ZHHNV� WKH$VVHVVPHQW WDVN RI WKH WKHUDS\ WRRO ZDV SHUIRUPHG� 'XULQJ
HDFK VHVVLRQ� DOO RWKHU 95 UHKDELOLWDWLRQ WDVNV ZHUH SHUIRUPHG� )LJXUH ���� VKRZV D
WLPHOLQH RI WKH WZR�ZHHN WHVW SHULRG� RQ ZKLFK WKH WDVNV IRU HDFK VHVVLRQ DUH LQGLFDWHG�
$W WKH HQG RI WKH WZR�ZHHN SHULRG� DQ LQWHUYLHZ ZLWK WKH SDWLHQWV FROOHFWHG DGGLWLRQDO
IHHGEDFN DQG LPSUHVVLRQV�

$V D EDVHOLQH WR FRPSDUH WKH SHUIRUPDQFH RI WKH FOLQLFDO SDWLHQWV ZLWK� WKH VDPH
WKHUDS\ VHVVLRQV ZHUH SHUIRUPHG ZLWK WHVW XVHUV ZLWKRXW 861� 7KHVH WHVW XVHUV ZRXOG
HDFK SHUIRUP D VLQJOH WKHUDS\ VHVVLRQ RI DURXQG ��PLQ� 7KH WHVW FRQGLWLRQV PLPLFNHG
DV FORVHO\ DV SRVVLEOH WKH SLORW VWXG\ ZLWK WKH SDWLHQWV� +RZHYHU� WKHVH WHVWV ZHUH
SHUIRUPHG DW RXU FRPSXWHU VFLHQFH ODE LQVWHDG RI WKH KRVSLWDO�
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&%6�VFRUH
KHDG�URWDWLRQ�GDWD
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'JHVSF ����� 5IF UJNFMJOF PG UIF DMJOJDBM TUVEZ XJUI QBUJFOUT JOEJDBUFT � TFTTJPOT EVSJOH � XFFLT� &BDI TFTTJPO
DPOTJTUFE PG B GFX UBTLT BOE EBUB DPMMFDUJPO� (SFFONBSLFST JOEJDBUF UIF BWBJMBCMF EBUB� SFE NBSL�
FST JOEJDBUF VOBWBJMBCMF EBUB�

����� 3FDSVJUNFOU BOE 1BSUJDJQBOUT
7KH 5HKDELOLWDWLRQ &HQWUH RI WKH *KHQW 8QLYHUVLW\ +RVSLWDO VHOHFWHG IRXU SDUWLFLSDQWV
IRU WKLV VWXG\� 7KHVH � SDWLHQWV ZHUH XQGHUJRLQJ UHKDELOLWDWLRQ WKHUDS\ IRU 861 DW
WKH PRPHQW RI UHFUXLWPHQW DQG DOO SDWLHQWV UHFHLYHG WKHLU ÀUVW 95 WKHUDS\ VHVVLRQ
RQ ��WK $SULO ���� DQG WKHLU ODVW VHVVLRQ RQ ��WK $SULO ����� 7KH SDUWLFLSDQWV ZHUH
DOO ROGHU WKDQ �� \HDUV� VX̊HUHG IURP DQ DFTXLUHG EUDLQ LQMXU\ ZLWK 861 DQG ZHUH DW
OHDVW VL[ PRQWKV SRVW�LQMXU\� 2I WKH IRXU SDUWLFLSDWLQJ SDWLHQWV� WKUHH KDG OHIW�VLGHG
QHJOHFW� DQG RQH KDG ULJKW�VLGHG QHJOHFW� )XUWKHUPRUH� HYHU\ SDWLHQW ZDV DVVHVVHG ZLWK
VWDQGDUGLVHG 861 DVVHVVPHQW WHVWV SULRU WR WKH VWXG\� 7KHVH DVVHVVPHQWV VKRZHG WKDW
3DWLHQWV � DQG � KDG VLJQLÀFDQWO\ PRUH VHYHUH QHJOHFW WKDQ 3DWLHQWV � DQG �� 0RUHRYHU�
3DWLHQW � KDG $SUD[LD� L�H� D QHXURORJLFDO GLVRUGHU FKDUDFWHULVHG E\ WKH LQDELOLW\ WR
SHUIRUP IDPLOLDU PRYHPHQWV RQ FRPPDQG� DQG D ODQJXDJH GLVRUGHU�

7KH OHDGLQJ UHVHDUFKHUV UHFUXLWHG WKH QRQ�GLDJQRVHG WHVW XVHUV RI WKLV VWXG\ WKHP�
VHOYHV� ,Q WRWDO� IRXU WHVW XVHUV SDUWLFLSDWHG� (DFK XVHU ZDV DOVR DVVHVVHG XVLQJ WKH &%6
WR FRQÀUP WKDW WKH\ GLG QRW KDYH 861� 7KH 7$3 QHJOHFW WHVW ZDV QRW SHUIRUPHG RQ
WKHVH WHVW XVHUV�

7KH LQIRUPDWLRQ IRU HDFK SDUWLFLSDQW LV VXPPDULVHG LQ 7DEOH ���� 7KH ÀUVW FROXPQ
LV WKH SVHXGRQ\P RI WKH LQGLYLGXDO XVHG LQ WKLV SDSHU� 7KH VHFRQG FROXPQ LQGLFDWHV
WKH SDUWLFLSDQW·V VLGH RI WKH QHJOHFW� 7KH WKLUG DQG IRXUWK FROXPQV SUHVHQW WKH &%6
DQG 7$3 VFRUH� )RU 3DWLHQW � DQG DOO WHVW XVHUV� WKH UHVXOWV RI WKH 7$3 DVVHVVPHQW DUH
QRW DYDLODEOH�

����� %BUB $PMMFDUJPO
7KH &%6 DQG 7$3 VFRUHV� DV GLVFXVVHG DERYH� ZHUH FROOHFWHG DW WKH VWDUW RI WKH
VWXG\� 'XULQJ WKH 95 WKHUDS\� GDWD DERXW WKH XVHU·V LQWHUDFWLRQV ZLWK WKH V\VWHP
ZHUH UHFRUGHG� 6SHFLÀFDOO\� WKH KHDG GLUHFWLRQ RI WKH XVHU DQG WKH SOD\HG QRWHV ZHUH
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5BCMF ���� " UBCMF TVNNBSJTJOH UIF OFHMFDU BTTFTTNFOUT FYFDVUFE CZ UIF DMJOJD� " IJHIFS $#4 TDPSF JOEJDBUFT
NPSF TFWFSF OFHMFDU� .PSF PNJTTJPOT BOE B IJHIFS SFBDUJPO UJNF PO POF TJEF JO UIF 5"1 UFTU JOEJDBUF
OFHMFDU UPXBSET UIBU TBNF TJEF�

8VHUV 1HJOHFW &%6 6FRUH
7$3

/HIW 5LJKW

3DWLHQW � OHIW ����� UHDFWLRQ� ��� PV UHDFWLRQ� ��� PV
RPLVVLRQV� ����� RPLVVLRQV� ����

3DWLHQW � OHIW ���� UHDFWLRQ� ���� PV UHDFWLRQ� ��� PV
RPLVVLRQV� ���� RPLVVLRQV� ����

3DWLHQW � OHIW ����� UHDFWLRQ� ���� PV UHDFWLRQ� ��� PV
RPLVVLRQV� ����� RPLVVLRQV� ����

3DWLHQW � ULJKW ���� ² ²
7HVW XVHU � QRQH ���� ² ²
7HVW XVHU � QRQH ���� ² ²
7HVW XVHU � QRQH ���� ² ²
7HVW XVHU � QRQH ���� ² ²

UHJLVWHUHG LQ WKH 95 DSSOLFDWLRQ� $GGLWLRQDOO\� WKH WLPH EHWZHHQ HDFK SOD\HG QRWH ZDV
DOVR PHDVXUHG GXULQJ WKH 6FDOHV WDVN� )RU WKH 0HPRU\ WDVN� WKH LQVWUXFWLRQ VHTXHQFH�
HDFK SOD\HG NH\ DQG ZKHWKHU WKH NH\ ZDV FRUUHFW ZHUH VDYHG� 7KH )UHH�WR�3OD\ WDVN
DOVR UHFRUGHG KRZ ORQJ HDFK EDOO UHVWHG RQ WKH VXUIDFH RI WKH NH\ EHIRUH LW ZDV KLW�
)LQDOO\� DIWHU DOO WKH 95 WKHUDS\ VHVVLRQV ZHUH ÀQLVKHG� WKH SDWLHQWV ZHUH LQWHUYLHZHG
WR FROOHFW WKHLU LPSUHVVLRQV RI WKH V\VWHP� 7KH PHGLFDO H[SHUWV ZHUH DOVR LQWHUYLHZHG
WR OHDUQ WKHLU ÀQGLQJV RI WKH SURSRVHG V\VWHP DQG WKHUDS\� )LJXUH ���� LQGLFDWHV WKH
FROOHFWHG GDWD IRU HDFK VHVVLRQ LQ WKH FOLQLFDO SLORW VWXG\� 7KH JUHHQ PDUNHUV LQGLFDWH
WKH SHUIRUPHG WDVNV IRU ZKLFK GDWD ZHUH DYDLODEOH� 7KH UHG PDUNHUV VKRZ IRU ZKLFK
SHUIRUPHG WDVNV GDWD ZHUH QRW DYDLODEOH� 'XULQJ WKH WHVWV ZLWK WHVW XVHUV� DOO WKH DERYH
PHQWLRQHG GDWD ZHUH FROOHFWHG IRU HDFK XVHU�

��� 3FTVMUT
7KH IROORZLQJ VHFWLRQ SUHVHQWV DOO UHVXOWV RI WKH WZR�ZHHN SLORW VWXG\ ZLWK SDWLHQWV DQG
WKH WHVWV ZLWK QRQ�FOLQLFDO WHVW XVHUV� $OO GDWD WKDW LQFOXGH D (XFOLGHDQ DQJOH KDYH EHHQ
VWDQGDUGLVHG DV IROORZV� $ SRVLWLYH DQJOH PHDQV D URWDWLRQ WRZDUGV WKH QHJOHFWHG VLGH
RI WKH SDWLHQW� UHJDUGOHVV RI WKH QHJOHFW W\SH RI WKH SDWLHQW� 7KLV DOORZV WKH FRPSDUL�
VRQ RI SDWLHQWV ZLWK OHIW DQG ULJKW QHJOHFW LQ DQ HTXDO PDQQHU� )XUWKHUPRUH� ZKHQHYHU
DSSOLFDEOH� WKH QDPHV RI WKH NH\V DQG WKHLU SRVLWLRQV DUH LQGLFDWHG RQ WKH D[LV RI WKH
JUDSK� L�H� WKH DQJOH EHWZHHQ WKH QRWH DQG WKH FHQWUH RI WKH 95 HQYLURQPHQW� +RZ�
HYHU� WKH QDPH RI WKH NH\ LV OHVV VLJQLÀFDQW WKDQ WKH SRVLWLRQ ZLWK UHVSHFW WR LWV LPSDFW
RQ 861�
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'JHVSF ����� 5IF BWFSBHF IFBE EJSFDUJPO PG UIF ðSTU �� T PG BMM UIF "TTFTTNFOU UBTLT JT BHHSFHBUFE BOE QMPUUFE
GPS UIF DMJOJDBM QBUJFOUT 	CMVF
 BOE UIF OPO�DMJOJDBM UFTU VTFST 	QJOL
� 5IF QBUJFOUT JOEJDBUF B CJBT
PG BSPVOE �� EFHSFFT UPXBSET UIFJS OPO�OFHMFDUFE TJEF GPS UIF ðSTU �� T UIF BWFSBHF UJNF VOUJM UIF
ðSTU LFZ JT QMBZFE 	HSFFO
� 5IJT CJBT JT DPSSFDUFE BGUFS UIJT ðSTU TUJNVMVT SFTVMUJOH JO BO BWFSBHF
IFBE EJSFDUJPO ñVDUVBUJOH BSPVOE UIF NJEEMF GPS UIF SFNBJOEFS PG UIF �� T�

����� "TTFTTNFOU 5BTL
'XULQJ WKH $VVHVVPHQW� WKH KHDG GLUHFWLRQ RI WKH XVHUV LV UHFRUGHG� UHVXOWLQJ LQ WUDFHV
IRU HDFK XVHU RI HDFK VHVVLRQ� 7KH DYHUDJH RI DOO WUDFHV LV FDOFXODWHG DQG FRPSDUHG
IRU SDWLHQWV DQG WHVW XVHUV� )LJXUH ���� VKRZV WKH ÀUVW �� V RI WKH DJJUHJDWLRQV� 7KH
SDWLHQWV VKRZ D FRQVLVWHQW ELDV RI �� WR �� GHJUHHV WRZDUGV WKH QRQ�QHJOHFWHG VLGH
GXULQJ WKH ÀUVW �� V RI HDFK $VVHVVPHQW� $IWHU WKHVH �� V� LW DSSHDUV WKDW WKH DYHUDJH
UHVLGHV PXFK FORVHU WR WKH FHQWUH RI WKH SOD\LQJ DUHD� DOEHLW ZLWK D PRUH VLJQLÀFDQW
VWDQGDUG GHYLDWLRQ� 7KLV PHDQV WKDW WKHUH LV D ODUJH FRQVHQVXV DPRQJ DOO SDWLHQWV WR
ORRN DW WKH QRQ�QHJOHFWHG VLGH GXULQJ WKH ÀUVW �� V� 7KH WHVW XVHUV GR QRW VKRZ WKLV
EHKDYLRXU� 7KHLU DYHUDJH KHDG GLUHFWLRQ LV FORVH WR � GHJUHHV WKURXJKRXW WKH HQWLUH
VHVVLRQ� 7KH VWDQGDUG GHYLDWLRQ IRU WKH WHVW XVHUV UHPDLQV UHODWLYHO\ FRQVLVWHQW DQG LV
VLPLODU WR WKDW RI WKH SDWLHQWV DIWHU WKH ÀUVW �� V� )LJXUH ���� DOVR LQGLFDWHV WKDW� RQ
DYHUDJH� WKH ÀUVW NH\ ZDV SOD\HG DIWHU DSSUR[LPDWHO\ �� V IROORZLQJ WKH EHJLQQLQJ RI
WKH WUDFHV�

7KH ELDV RI WKH KHDG GLUHFWLRQ GXULQJ WKH $VVHVVPHQW WDVN LV IXUWKHU LQYHVWLJDWHG�
$V WKH SXUSRVH RI WKH $VVHVVPHQW WDVN LV WR DVVHVV WKH VHYHULW\ RI WKH 861 LQ D SDWLHQW�
LW LV LQWHUHVWLQJ WR FRPSDUH LW WR WKH &%6 VFRUHV RI WKH SDWLHQWV� )LJXUH ���� VKRZV
KRZ WKH &%6 VFRUH FRUUHODWHV WR WKH DYHUDJH KHDG GLUHFWLRQ GXULQJ WKH ÀUVW �� V �OHIW�
DQG WKH UHPDLQGHU RI WKH WDVN �ULJKW�� 3DUWLFLSDQWV ZLWK D &%6 VFRUH FORVH WR ]HUR
FRQVLVWHQWO\ KDYH DQ DYHUDJH KHDG GLUHFWLRQ FORVH WR ]HUR� $V WKH &%6 VFRUH LQFUHDVHV�
ELDV LQ WKH DYHUDJH KHDG GLUHFWLRQ FDQ EH REVHUYHG� 'XULQJ WKH ÀUVW �� V� DOO SDWLHQWV
ZLWK &%6 > 0 KDYH D ELDV WRZDUGV WKH QRQ�QHJOHFWHG VLGH� )RU WKH UHPDLQGHU RI WKH
WDVN� SDWLHQWV ZLWK &%6 <= 8 VKRZ QR ELDV DQ\ PRUH� DQG WKH\ SRVLWLRQ WKHLU KHDG LQ
WKH FHQWUH� ZKLOH SDWLHQWV ZLWK &%6 > 8 VKRZ D ELDV WRZDUGV WKH QHJOHFWHG VLGH�

+RZHYHU� ZKHQ REVHUYLQJ WKH GL̊HUHQFH EHWZHHQ WKH DYHUDJHV GXULQJ WKH ÀUVW
�� V RI WKH $VVHVVPHQW DQG WKH UHVW RI WKH WDVN� D PRUH VLJQLÀFDQW FRUUHODWLRQ ZLWK
WKH &%6 VFRUH EHFRPHV DSSDUHQW� ,Q )LJXUH ����� WKLV GL̊HUHQFH LV FDOFXODWHG DQG
SORWWHG DJDLQVW WKH &%6 VFRUH� ,QGHHG� WKH FRUUHODWLRQ DSSHDUV OLQHDU ZLWKLQ WKH UDQJH



�� $IBQUFS �

'JHVSF ����� 	-FGU
 6TFST XJUI B IJHIFS $#4 TDPSF JOEJDBUF B IJHIFS CJBT UPXBSET UIFJS OPO�OFHMFDUFE TJEF
DPNQBSFE UP UIF VTFST XJUI B $#4 TDPSF PG �� 8JUIJO UIF QBUJFOU TBNQMF OP TJHOJðDBOU EJGGFSFODF
JO IFBE EJSFDUJPO DBO CF PCTFSWFE CBTFE PO UIF $#4 TDPSF GPS UIF ðSTU �� T� 	3JHIU
 5IF $#4
TDPSFT PG BMM QBSUJDJQBOUT BSF QMPUUFE BHBJOTU UIF BWFSBHF IFBE EJSFDUJPO EVSJOH UIF SFNBJOEFS
PG UIF "TTFTTNFOU� 5IFTF TIPX UIBU UIF CJBT PG UIF IFBE EJSFDUJPO IBT TIJGUFE UPXBSET UIF OPO�
OFHMFDUFE TJEF GPS VTFST XJUI B IJHIFS $#4 TDPSF�

'JHVSF ����� 5IF $#4 TDPSFT PG BMM QBSUJDJQBOUT BSF QMPUUFE BHBJOTU UIF EJGGFSFODF CFUXFFO BWFSBHF IFBE EJSFD�
UJPO EVSJOH UIF ðSTU �� T BOE UIF SFNBJOEFS PG UIF "TTFTTNFOU� 5IFTF JOEJDBUF B MJOFBS DPSSFMBUJPO
XJUI B CJBT UPXBSET UIF OFHMFDUFE TJEF� 5IF IJHIFS UIF $#4 TDPSF UIF HSFBUFS UIF CJBT UPXBSET
UIF OFHMFDUFE TJEF PG TQBDF�

RI &%6 VFRUHV RI � WR ��� 0RUH VSHFLÀFDOO\� XVHUV ZLWK D &%6 VFRUH RI � VKRZ PLQLPDO
GL̊HUHQFHV GXULQJ WKH ÀUVW �� V DQG WKH UHPDLQGHU RI WKH $VVHVVPHQW WDVN� 7KH ODUJHU
WKH &%6 VFRUH� WKH PRUH VLJQLÀFDQW WKLV GL̊HUHQFH LQ ELDV EHFRPHV� 7KH SDWLHQWV
DSSHDU WR DSSO\ D FRUUHFWLRQ WR WKHLU KHDG GLUHFWLRQ LQ RUGHU WR REVHUYH PRUH RI WKH
HQYLURQPHQW�

����� 4DBMFT 5BTL
7KH WLPH WR SOD\ WKH IROORZLQJ NH\ LQ WKH VFDOH LV H[WUDFWHG GXULQJ WKH 6FDOHV WDVN�
)LJXUH ���� VKRZV WKH DJJUHJDWHG YDOXHV RI DOO VHVVLRQV IRU SDWLHQWV DQG WHVW XVHUV�
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'JHVSF ����� 5IF NFEJBO PG UIF UJNF JU UPPL UP IJU UIF SFRVJSFE OPUF EVSJOH UIF 4DBMFT UBTL GPS QBUJFOUT BOE
UFTU VTFST� 2VBSUJMFT 2� BOE 2� BSF JOEJDBUFE CZ UIF IPSJ[POUBM MJOFT� 1BUJFOU � SFRVJSFE NPSF UJNF
UP IJU UIF ðOBM LFZ BU UIF FYUSFNF FOE PG UIFJS OFHMFDUFE TJEF XIFSFBT GPS BMM QBUJFOUT UIF UJNF
UP IJU UIF OFYU LFZ SFEVDFE HSBEVBMMZ BT UIFZ NPWFE BMPOH UIF TDBMF� 5IF UFTU VTFST JOEJDBUFE B
TJHOJðDBOUMZ GBTUFS SFTQPOTF UJNF DPNQBSFE UP UIF DMJOJDBM VTFST�

7KH GDWD LQ WKH JUDSKV DUH WKH PHGLDQ WLPH LW WRRN WR SOD\ HDFK NH\ IRU DOO VHVVLRQV�
UHJDUGOHVV RI WKH GL̋FXOW\ OHYHO DQG WKH 4� DQG 4� TXDUWLOHV� 7KH WLPH WR SOD\ WKH ÀUVW
QRWH RQ WKH VFDOH LV RPLWWHG LQ WKHVH ÀJXUHV� 7KH YDOXH RI WKLV ÀUVW NH\VWURNH UHSUHVHQWV
WKH UHDFWLRQ WLPH WR WKH SUHVHQWDWLRQ RI WKH YLVXDO VWLPXOXV RQ WKH ÀUVW NH\� ZKLOH DOO
RWKHU YDOXHV UHSUHVHQW WKH WLPH LQ EHWZHHQ WZR NH\V EHLQJ SOD\HG� /HDYLQJ RXW WKH
ÀUVW NH\ DOORZV IRU D EHWWHU FRPSDULVRQ RI WKH GDWD� 3DWLHQW � KDG GL̋FXOWLHV ZLWK WKH
ODVW QRWH LQ WKH VHTXHQFH� ,W WRRN WKHP VLJQLÀFDQWO\ ORQJHU WR SOD\ WKDW QRWH WKDQ DQ\
RWKHU QRWH� 0RUHRYHU� WKH VSUHDG RI WKH WLPH YDOXHV IRU WKLV NH\ LV VLJQLÀFDQWO\ ZLGHU�
WKLV VXJJHVWV WKDW WKH\ ZHUH QRW FRQVLVWHQW LQ WKH WLPH WR SOD\ WKLV NH\� )RU DOO SDWLHQWV�
H[FHSW 3DWLHQW �� WKH WLPH WR SOD\ WKH IROORZLQJ NH\ RQ WKH VFDOH JUDGXDOO\ UHGXFHV DV
WKH\ PRYH IXUWKHU WRZDUGV WKH QHJOHFWHG VLGH� 7KH WLPH QHHGHG E\ WKH WHVW XVHU WR
SOD\ HDFK NH\ LV VLJQLÀFDQWO\ ORZHU WKDQ WKDW RI WKH SDWLHQWV� ,Q DGGLWLRQ� WKH VSUHDG
RI WKH WLPH YDOXHV LV PXFK QDUURZHU IRU WKH WHVW XVHUV FRPSDUHG WR WKH SDWLHQWV�

����� .FNPSZ 5BTL

)RU WKH 0HPRU\ WDVN� WKH FRUUHFWO\ SOD\HG NH\V DQG WKH PLVWDNHV DUH UHFRUGHG� )LUVWO\�
WKH VXFFHVV UDWH RI FRUUHFWO\ UHSHDWLQJ D VHTXHQFH RI QRWHV LV VKRZQ LQ 7DEOH ��� IRU
DOO SDUWLFLSDQWV� 7KLV PHDVXUH UHSUHVHQWV WKH IUDFWLRQ RI FRUUHFWO\ SOD\HG VHTXHQFHV
RI DOO VHTXHQFHV SOD\HG� LQFOXGLQJ HYHU\ UHWU\ RI D VHTXHQFH XQWLO WKH\ VXFFHHGHG� ,Q
JHQHUDO� WKH QRQ�FOLQLFDO WHVW XVHUV PDGH IHZHU PLVWDNHV DFURVV WKH ERDUG WKDQ WKH
FOLQLFDO SDWLHQWV� 0RUHRYHU� WKHUH DUH VLJQLÀFDQW GL̊HUHQFHV LQ VXFFHVV UDWHV EHWZHHQ
WKH GL̊HUHQW SDWLHQWV� 3DWLHQW � SOD\HG WKH PRVW HUURQHRXV VHTXHQFHV� ZKLOH 3DWLHQW �



�� $IBQUFS �

5BCMF ���� 5IF TVDDFTT SBUF GPS SFQMBZJOH TFRVFODFT DPSSFDUMZ EVSJOH UIF.FNPSZ UBTL GPS FBDI QBUJFOU� 1BUJFOU
� IBE UIF MPXFTU TVDDFTT SBUF XIJMF UIF TVDDFTT SBUF PG 1BUJFOU � BQQSPBDIFE UIBU PG UIF OPO�
DMJOJDBM VTFST�

8VHU 6XFFHVV 5DWH

3DWLHQW � ����
3DWLHQW � ����
3DWLHQW � ����
3DWLHQW � ����
7HVW XVHU � ����
7HVW XVHU � ����
7HVW XVHU � ����
7HVW XVHU � ����

KDG D VXFFHVV UDWH DSSURDFKLQJ WKDW RI WKH QRQ�FOLQLFDO WHVW XVHUV� 7HVW XVHU � GLG QRW
PDNH DQ\ PLVWDNHV�

)LJXUH ���� VKRZV WKH GLVWULEXWLRQV RI WKH QRWHV LQ WKH LQVWUXFWLRQ VHTXHQFHV DQG
WKH SOD\HG VHTXHQFHV IRU SDWLHQWV DQG WHVW XVHUV� 7KH VL]H RI WKH PDUNHU LQGLFDWHV WKH
UHODWLYH IUHTXHQF\ RI WKDW QRWH LQ ERWK GLVWULEXWLRQV� )RU DOO SDUWLFLSDQWV� PRVW NH\V
ZHUH SOD\HG FRUUHFWO\� ZKLFK FDQ EH VHHQ E\ WKH ODUJH YDOXHV RQ WKH GLDJRQDOV RI WKH
JUDSKV� +RZHYHU� WKH SDWLHQWV PDGH VLJQLÀFDQWO\ PRUH PLVWDNHV WKDQ WKH WHVW XVHUV�
,Q SDUWLFXODU� 3DWLHQW � PDGH PDQ\ PLVWDNHV RQ LQGLYLGXDO NH\VWURNHV� 5HPDUNDEO\�
3DWLHQW � FRQIXVHG DOPRVW HDFK NH\ IRU HYHU\ RWKHU NH\ DW OHDVW RQFH� $ KLJKHU FRQ�
FHQWUDWLRQ FDQ EH VHHQ WRZDUGV WKH QHJOHFWHG VLGH� 7KLV LQGLFDWHV WKDW NH\V LQ WKH
LQVWUXFWLRQ VHTXHQFH RQ WKH QHJOHFWHG VLGH ZHUH RIWHQ FRQIXVHG IRU DQRWKHU NH\� 7KH
GDWD RI 3DWLHQW � VKRZ D VLPLODU SDWWHUQ� ZKHUH VRPH NH\V LQ WKH IDU QHJOHFWHG VLGH
DUH PRUH FRQIXVHG IRU RWKHU NH\V� 7KH PLVWDNHV PDGH E\ WKH RWKHU XVHUV DUH VLWXDWHG
PRUH FORVHO\ WR WKH LQVWUXFWHG NH\V� ,Q RWKHU ZRUGV� WKH PLVWDNHV E\ WKH RWKHU XVHUV
PHDQW WKDW WKH\ SOD\HG D NH\ RQO\ D IHZ NH\V DSDUW IURP WKH LQVWUXFWHG NH\� 7KH WHVW
XVHUV PDGH PLQLPDO PLVWDNHV� ZKLFK UHVXOWHG LQ D VSDUVH SORW�

����� 'SFF�UP�1MBZ 5BTL
'XULQJ WKH )UHH�WR�3OD\ WDVN� WKH WLPH IRU ZKLFK HDFK EDOO ZDV UHVWLQJ RQ WKH VXUIDFH
ZDV PHDVXUHG� )LJXUH ���� SUHVHQWV WKHVH GDWD IRU SDWLHQWV DQG WHVW XVHUV� 7KH GDWD
DUH WKH PHGLDQ WLPH HDFK NH\ ZDV QRW SOD\HG ZKLOH LW VKRXOG EH SOD\HG� DV ZHOO DV WKH
4� DQG 4� TXDUWLOHV WR LQGLFDWH WKH VSUHDG RI WKH WLPLQJ YDOXHV� )RU 3DWLHQWV �� �
DQG �� DQ LQFUHDVH LQ WLPH FRXOG EH VHHQ IRU WKH NH\V RQ WKH IDU PRVW QHJOHFWHG VLGH�
3DWLHQWV � DQG � DOVR VKRZHG D VLJQLÀFDQW LQFUHDVH IRU VRPH NH\V LQ WKH FHQWUH RI WKH
SOD\LQJ DUHD� )XUWKHUPRUH� LQ 3DWLHQWV � DQG �� LW ZDV PRVW DSSDUHQW KRZ NH\V XS
XQWLO �� GHJUHHV WRZDUG WKH QHJOHFWHG VLGH ZHUH SOD\HG WKH TXLFNHVW� ZKLOH� EH\RQG
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'JHVSF ����� 5IF EJTUSJCVUJPO PG UIF OPUFT JO UIF FYBNQMF TFRVFODF� 5IF LFZT UIBU TIPVME IBWF CFFO QMBZFE
UIF QMBZFE TFRVFODFT BOE UIF LFZT UIBU XFSF QMBZFE JOEJDBUF UIBU PWFSBMM NPTU LFZT XFSF QMBZFE
DPSSFDUMZ� /POFUIFMFTT QBUJFOUT JOEJDBUFE B IJHIFS DPODFOUSBUJPO PG NJTUBLFT JO HFOFSBM NPTUMZ
TJUVBUFE JO UIFJS OFHMFDUFE TJEF�

WKLV DQJOH� WKH\ ZHUH OHIW XQSOD\HG IRU ORQJHU� 0RUHRYHU� WKH VSUHDG RI WKH WLPLQJ
YDOXHV LQFUHDVHG WKH IXUWKHU WKH NH\ ZDV WR WKH QHJOHFWHG VLGH� )LQDOO\� WKH WHVW XVHUV
OHIW IDU IHZHU NH\V XQSOD\HG� DQG ZKHQ WKH\ GLG� WKH GXUDWLRQ ZDV DOZD\V FRQVLGHUDEO\
ORZHU FRPSDUHG WR WKH SDWLHQWV�

����� &WPMVUJPO
%HFDXVH WKH SXUSRVH RI WKH UHKDELOLWDWLRQ WDVNV ZDV WR PRWLYDWH SDWLHQWV WR H[SORUH
WKH HQWLUH SOD\LQJ DUHD DQG SD\ DWWHQWLRQ WR WKHLU QHJOHFWHG VLGH� LW ZDV UHDVRQDEOH
WR LQYHVWLJDWH ZKHWKHU DQ\ HYROXWLRQ ZDV QRWLFHDEOH DFURVV WKH WZR�ZHHN SHULRG� ,Q
SDUWLFXODU� WKH 0HPRU\ DQG )UHH�WR�3OD\ WDVNV ZHUH PRVW LQWHUHVWLQJ WR LQYHVWLJDWH DV
WKHVH WZR WDVNV PRWLYDWHG WKH SDWLHQW WR H[SORUH WKH HQWLUH HQYLURQPHQW WR QRWLFH
VWLPXOL DQG UHVSRQG WR WKHP� 7KH WDVNV WKHPVHOYHV GLG QRW IRUFH WKH SDUWLFLSDQW WR
ORRN LQ D SDUWLFXODU GLUHFWLRQ� )LJXUH ���� SORWV WKH HYROXWLRQ RI DYHUDJH KHDG GLUHFWLRQ
IRU WKH 0HPRU\ DQG )UHH�WR�3OD\ WDVNV� 7KH GDWD RI DOO VL[ VHVVLRQV DUH XVHG� $ VOLJKW
JUDGXDO WUDQVLWLRQ RI WKH DYHUDJH KHDG GLUHFWLRQ LV YLVLEOH DFURVV WKH WZR�ZHHN SHULRG
IRU DOO SDWLHQWV�

����� *OUFSWJFXT
7KH IHHGEDFN IURP WKH TXHVWLRQHG SDWLHQWV VXJJHVWV WKDW WKH\ SHUFHLYHG WKH WKHUDS\
DV QHLWKHU WRR FRPSOH[ QRU WRR VLPSOH� 1HYHUWKHOHVV� DFFRUGLQJ WR WKH SDUWLFLSDQWV� D
KLJK FRQFHQWUDWLRQ OHYHO ZDV UHTXLUHG� ZKLFK VRPHWLPHV PDGH LW WLULQJ� 7ZR SDWLHQWV
PHQWLRQHG WKDW WKHLU SHUIRUPDQFH RQ WKH GL̊HUHQW WDVNV LPSURYHG GXULQJ WKH WZR
ZHHNV� 2QH SDWLHQW DQHFGRWDOO\ VDLG WKDW QRZ VKH ZDV PRUH LQFOLQHG WR ORRN WRZDUGV



�� $IBQUFS �

'JHVSF ����� 5IF NFEJBO PG UIF UJNF GPS XIJDI B CBMM XBT MZJOH PO UIF TVSGBDF GPS FBDI LFZ EVSJOH UIF 'SFF�UP�
1MBZ UBTL JT SFNBSLBCMZ IJHIFS GPS UIF QBUJFOUT UIBO GPS UIF UFTU VTFST� .PSFPWFS UIF TQSFBE PG
UIF WBMVFT JT XJEFS BT TFFO CZ UIF RVBSUJMFT 2� BOE 2� JOEJDBUFE CZ UIF IPSJ[POUBM MJOFT� 'PS NPTU
QBUJFOUT LFZT PO UIF FYUSFNJUZ PG UIF JOTUSVNFOU JO UIFJS OFHMFDUFE TJEF SFNBJOFE VOQMBZFE GPS
UIF MPOHFTU� 1BUJFOUT � BOE � TIPXFE B TPNFXIBU TJNJMBS JODSFBTF GPS LFZT JO UIF NJEEMF�

'JHVSF ����� 	-FGU
 5IF BWFSBHF IFBE EJSFDUJPO GPS UIF .FNPSZ UBTL GPS FBDI QBUJFOU EVSJOH BMM � TFTTJPOT JO�
EJDBUFT B HSBEVBMMZ JODSFBTJOH DPSSFDUJPO UPXBSET UIFJS OFHMFDUFE TJEF� 	3JHIU
 5IF BWFSBHF IFBE
EJSFDUJPO GPS UIF 'SFF�UP�1MBZ UBTL GPS FBDI QBUJFOU EVSJOH BMM � TFTTJPOT JOEJDBUFT B HSBEVBMMZ
JODSFBTJOH DPSSFDUJPO UPXBSET UIFJS OFHMFDUFE TJEF�
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KHU QHJOHFWHG VLGH ZKLOH VLWWLQJ LQ WKH FDU� +RZHYHU� WKH RWKHU WZR SDWLHQWV PHQWLRQHG
QR QRWLFHDEOH GL̊HUHQFHV LQ UHDO OLIH� )LQDOO\� DOO WKUHH TXHVWLRQHG SDWLHQWV ZRXOG EH
ZLOOLQJ WR UHFHLYH WKLV WKHUDS\ DV SDUW RI WKHLU FXUUHQW WUHDWPHQW�

7KH PHGLFDOO\ WUDLQHG WKHUDSLVWV WKDW VXSHUYLVHG WKH 95 VHVVLRQV DQG ZKR DGPLQ�
LVWHUHG UHJXODU WKHUDS\ EHOLHYHG WKDW WKH SURSRVHG WKHUDS\ WRRO FRXOG WUHDW QHJOHFW DW DQ
HDUO\ UHKDELOLWDWLRQ VWDJH� 7UDLQLQJ WKUHH PRGDOLWLHV� YLVXDO� DXGLWRU\ DQG PRWRU� SRVHG
D VLJQLÀFDQW DGYDQWDJH IRU XVLQJ 95 LQ 861 WKHUDS\� 0RUHRYHU� WKH LQFUHDVHG LQGH�
SHQGHQFH DQG LPPHUVLRQ RI WKH WKHUDS\ ZHUH FRQVLGHUHG EHQHÀFLDO� 0RWLRQ VLFNQHVV�
HSLOHSV\ DQG WKH LQDELOLW\ WR YLVXDOO\ H[SODLQ WKLQJV ZHUH UHSRUWHG DV GLVDGYDQWDJHV RI
95 LQ 861 WKHUDS\� /DVWO\� LW LV EHOLHYHG WKDW WKH SURSRVHG WRRO ZRXOG EH D PHDQLQJIXO
DGGLWLRQ WR WKH RWKHU WKHUDS\ PHWKRGV RI WKH FOLQLF�

��� %JTDVTTJPO
$ WKRURXJK GLVFXVVLRQ RI WKH UHVXOWV DQG DQ LQYHVWLJDWLRQ RI WKH VWXG\·V OLPLWDWLRQV
DUH SURYLGHG LQ WKLV VHFWLRQ� )LUVWO\� WKH PRVW LQWHUHVWLQJ DQG QRWDEOH ÀQGLQJV RI WKH
GL̊HUHQW WKHUDS\ WDVNV DUH SUHVHQWHG� 1H[W� EDVHG RQ WKHVH ÀQGLQJV� WKH UHVHDUFK
TXHVWLRQV DUH UHYLVLWHG DQG GLVFXVVHG� )LQDOO\� WKH OLPLWDWLRQV RI WKH VWXG\ DQG WKH
UHVXOWLQJ GDWD DUH LQYHVWLJDWHG DQG GLVFXVVHG�

����� 'JOEJOHT
$OO SDWLHQWV FRXOG SHUIRUP DOO WDVNV ZLWK VX̋FLHQW SURÀFLHQF\� +RZHYHU� LQ DOO FDVHV�
WKHLU SHUIRUPDQFH RI WKH WDVNV ZDV VLJQLÀFDQWO\ ORZHU WKDQ WKDW RI WKH WHVW XVHUV� 7KLV
PD\ LQGLFDWH WKH VX̋FLHQW PRWRU DQG FRJQLWLYH FKDOOHQJHV WKDW WKH WDVNV SUHVHQW� ,W
FRXOG DOVR LQGLFDWH WKDW WKH WDVNV GR QRW VX̋FLHQWO\ DFW RQ WKH 861� DQG DGGLWLRQDO
FKDOOHQJHV FDQ EH DGGHG LQ IXWXUH LWHUDWLRQV� 7KH GLDJQRVHG 861 GLG QRW SURKLELW DQ\
RI WKH SDWLHQWV WR SHUIRUP D WDVN� QRU GLG WKHLU GLDJQRVLV OHDG WKHP WR FRPSOHWHO\ LJQRUH
SDUW RI YLUWXDO LQVWUXPHQW� +RZHYHU� WKH UHVXOWV RI WKH 95 UHKDELOLWDWLRQ VKRZ VRPH
SDWWHUQV WKDW VXJJHVW WKDW WKH 861 KDV DQ LPSDFW RQ WKH SDWLHQWV· SHUIRUPDQFH DQG
WKDW WKH\ QHHG WR DGDSW WKHLU EHKDYLRXU WR SHUIRUP WKHP VXFFHVVIXOO\� 7KHVH SDWWHUQV
LQ EHKDYLRXU DUH GLVFXVVHG LQ GHWDLO EHORZ� DQG SRVVLEOH LQWHUSUHWDWLRQV DUH SUHVHQWHG�

������� "TTFTTNFOU 5BTL

7KH GDWD RI WKH$VVHVVPHQW VKRZ D FOHDU DQG LQWHUHVWLQJ SKHQRPHQRQ� 'XULQJ WKH ÀUVW
�� V RI WKH $VVHVVPHQW� DOO SDWLHQWV DUH ELDVHG RQ WKH DYHUDJH KHDG GLUHFWLRQ WRZDUGV
WKHLU QRQ�QHJOHFWHG VLGH� 7KH DVVXPSWLRQ LV WKDW WKLV LV WKHLU QDWXUDO EHKDYLRXU� L�H� WKH
SDWLHQWV WHQG WR ORRN DQG H[SORUH WKHLU QRQ�QHJOHFWHG VLGH ZKHQ QR VWLPXOL DUH SUH�
VHQWHG� +RZHYHU� DIWHU DSSUR[LPDWHO\ �� V� ZKHQ� RQ DYHUDJH� WKH ÀUVW NH\ LV SOD\HG�
WKH DYHUDJH KHDG GLUHFWLRQ VKLIWV WRZDUGV WKH FHQWUH DQG VRPHWLPHV HYHQ WRZDUGV WKH
QHJOHFWHG VLGH� ,W LV DVVXPHG WKDW WKLV LV WDXJKW EHKDYLRXU RI WKH SDWLHQWV� L�H� ZKHQHYHU
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H[WHUQDO VWLPXOL DUH SUHVHQWHG� WKH\ VKLIW WKHLU DWWHQWLRQ WR WKH QHJOHFWHG VLGH� 3DWLHQWV
� DQG � FRUUHFWHG WKHLU KHDG GLUHFWLRQ PRUH VHYHUHO\ FRPSDUHG WR 3DWLHQWV � DQG ��
7KLV LV PRVW OLNHO\ UHODWHG WR WKH VLJQLÀFDQWO\ KLJKHU &%6 VFRUHV RI 3DWLHQWV � DQG ��
$V WKH\ KDG PRUH VHYHUH QHJOHFW� D PRUH VLJQLÀFDQW FRUUHFWLRQ WR WKHLU KHDG GLUHFWLRQ
LV ZDUUDQWHG� WR REVHUYH WKH HQWLUH HQYLURQPHQW VXFFHVVIXOO\� 7KLV FRUUHODWLRQ LV HYL�
GHQW LQ )LJXUH ���� IRU WKH DYDLODEOH GDWD� 8OWLPDWHO\� WKH$VVHVVPHQW WDVN VKRXOG UHVXOW
LQ D PHWULF WKDW DFFXUDWHO\ SUHGLFWV WKH GHJUHH RI 861 LQ D SDWLHQW� $GGLWLRQDO GDWD
SRLQWV RI PRUH SDWLHQWV ZRXOG EH QHHGHG WR IXUWKHU LQYHVWLJDWH WKLV EHKDYLRXU DQG WKH
FRUUHODWLRQ ZLWK WKH &%6 VFRUH�

������� 4DBMFT 5BTL

)RU WKH 6FDOHV WDVN� WZR SDWWHUQV DUH REVHUYHG� )LUVW� IRU DOO SDWLHQWV� H[FHSW 3DWLHQW
�� WKH WLPH WR SOD\ D NH\ JUDGXDOO\ GHFUHDVHG WKH IXUWKHU LW ZDV WRZDUGV WKH QHJOHFWHG
VLGH� 6HFRQG� 3DWLHQW � QHHGHG VLJQLÀFDQWO\ PRUH WLPH WR SOD\ WKH XOWLPDWH NH\� 7KH
UHGXFWLRQ LQ WKH WLPH WR SOD\ WKH IROORZLQJ NH\ FDQ EH H[SODLQHG E\ WKH FRJQLWLYH H̊RUW
UHTXLUHG WR SOD\ WKH ÀUVW NH\ FRPSDUHG WR WKH NH\V IROORZLQJ LW� 2QFH WKH SDUWLFLSDQW
KDV IRXQG WKH SDWWHUQ� L�H� SOD\LQJ RQH NH\ DIWHU WKH RWKHU� WKLV DFWLRQ FDQ EH SHUIRUPHG
IDVWHU DQG ZLWK OHVV FRJQLWLYH H̊RUW� 7KLV EHKDYLRXU FDQ PRVW FOHDUO\ EH VHHQ IRU
3DWLHQWV � DQG �� 7KH RWKHU SDWLHQWV DQG WKH WHVW XVHUV DOVR KDG WKH VDPH SDWWHUQ EXW
OHVV SURQRXQFHG� $ SRVVLEOH H[SODQDWLRQ IRU WKH VHFRQG SDWWHUQ LV WKDW WKH GL̊HUHQW
QDWXUH RI WKH XOWLPDWH NH\ LPSDFWV WKH SHUFHSWLRQ RI WKH XVHUV RQ WKH QHJOHFWHG VLGH�
6SHFLÀFDOO\� WKH ODVW NH\V SOD\ D VRXQG WKDW LV QRW FRQJUXHQW LQ SLWFK FRPSDUHG WR
WKH RWKHU NH\V� 7KH SDWLHQW FRXOG EH FRQGLWLRQHG QRW WR SOD\ WKH ODVW QRWH DV LW GRHV
QRW EHORQJ WR WKH VFDOH� +RZHYHU� WKLV DSSHDUV WR RQO\ KDSSHQ IRU WDVNV RI WKH KLJKHVW
GL̋FXOW\ �QLQH NH\V�� 7KLV H[SODQDWLRQ LV LQ OLQH ZLWK WKH ÀQGLQJV RI %HUQDUGL HW DO� >��@�
ZKLFK VWDWHG WKDW LQGLYLGXDOV SHUIRUPHG EHWWHU XQGHU FRQGLWLRQV ZLWK FRQJUXHQW VRXQG
IHHGEDFN FRPSDUHG WR UDQGRP VRXQG IHHGEDFN� ,Q WKLV FDVH� SDWLHQWV QHHGHG PRUH
WLPH WR SOD\ WKH ODVW NH\� ZKLFK LV WKH RQO\ NH\ WR SURGXFH D VRXQG QRW SDUW RI WKH
PXVLFDO VFDOH� L�H� UDQGRP VRXQG IHHGEDFN� FRPSDUHG WR WKH UHVW RI WKH NH\V� ZKLFK
HDFK SURGXFH D SLWFK SDUW RI WKH PXVLFDO VFDOH� L�H� FRQJUXHQW VRXQG IHHGEDFN�

������� .FNPSZ 5BTL

,Q WKH GDWD RI WKH 0HPRU\ WDVN� WKHUH DUH DOVR WZR SDWWHUQV� 7KH ÀUVW SDWWHUQ FDQ EH
VHHQ IRU DOO SDUWLFLSDQWV� 7KH\ PLVWDNHQO\ SOD\ D NH\ YHU\ FORVH WR WKH LQVWUXFWHG NH\�
H�J� ZKHQ WKH LQVWUXFWLRQ VHTXHQFH VKRZV DQ )D� EXW WKH XVHU SOD\V DQ0L RU D 6RO� ERWK
DGMDFHQW WR )D� 7KLV LV H[SHFWHG EHKDYLRXU DQG FDQ EH FODVVLÀHG DV D FRQVHTXHQFH RI
WKH SDUWLFLSDQWV· FRJQLWLYH FDSDFLW\� VSHFLÀFDOO\ PHPRU\� 7KH QXPEHU RI PLVWDNHV RI
WKLV W\SH LV UHODWLYHO\ ORZ� 7KH VHFRQG SDWWHUQ FDQ PDLQO\ EH VHHQ LQ 3DWLHQW � DQG WR D
OHVVHU H[WHQW LQ 3DWLHQW �� 7KHVH SDWLHQWV PDNH DQRWKHU PLVWDNH ZLWK D UHODWLYHO\ KLJKHU
RFFXUUHQFH WKDQ WKH IRUPHU W\SH� :KHQ SOD\LQJ D VHTXHQFH� WKH\ PDNH PRUH PLVWDNHV
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ZKHQ WKH LQVWUXFWLRQ NH\ LV LQ WKH PRVW SHULSKHUDO DUHD RI WKHLU QHJOHFW WKDQ FORVHU WR
WKH FHQWUH� H�J� 3DWLHQW � RIWHQ SOD\V WKH ÀUVW RU VHFRQG NH\ ZKHQ WKH HLJKWK RU QLQWK
DUH LQVWUXFWHG� )XUWKHUPRUH� 3DWLHQWV � DQG � KDYH WKH ORZHVW VXFFHVV UDWHV IRU SOD\LQJ
D FRUUHFW VHTXHQFH� ([SORUDWLRQ DQG UHDFWLRQ WR YLVXDO DQG DXGLWRU\ VWLPXOL DUH FUXFLDO
LQ WKLV WDVN� 7KH XVHUV FDQ UHVSRQG WR WKH DXGLWRU\ VWLPXOXV WR JHW D JHQHUDO LGHD RI
WKH ORFDWLRQ RI WKH NH\� EXW WKH\ XVXDOO\ QHHG WR ORRN IRU WKH YLVXDO FXH WR REVHUYH WKH
H[DFW NH\ WR SOD\� 7KH DVVXPSWLRQ LV PDGH WKDW WKH DYHUDJH KHDG GLUHFWLRQ GXULQJ D
WDVN LV D JRRG LQGLFDWRU RI H[SORUDWLRQ� 7KDW LV� WKH JUHDWHU WKH GHYLDWLRQ RI WKH DYHUDJH
KHDG GLUHFWLRQ IURP WKH FHQWUH RI WKH SOD\LQJ DUHD� WKH EHWWHU WKH XVHU LV H[SORULQJ WKDW
SHULSKHUDO DUHD� :KHQ ORRNLQJ DW WKH HYROXWLRQ RI WKH DYHUDJH KHDG GLUHFWLRQ GXULQJ
WKH0HPRU\ WDVN� D JUDGXDO VKLIW FDQ EH VHHQ PRYLQJ DZD\ IURP WKH FHQWUH� 7KLV FRXOG
LQGLFDWH WKDW WKH SDUWLFLSDQWV SHUIRUP EHWWHU H[SORUDWLRQ DV WKH UHKDELOLWDWLRQ VHVVLRQV
SURJUHVV� 7KXV� LW FRXOG EH WDXJKW EHKDYLRXU IURP WKH WDVNV WKDW SHUVLVWV LQ EHWZHHQ
VHVVLRQV� 7KH WHVW XVHUV PDGH YHU\ IHZ PLVWDNHV LQ JHQHUDO� 7KHUHIRUH� PLQLPDO GDWD
RQ WKHLU EHKDYLRXU DUH DYDLODEOH� DQG DQ LQVLJKWIXO FRPSDULVRQ LV LQIHDVLEOH�

������� 'SFF�UP�1MBZ 5BTL

,Q WKH )UHH�WR�3OD\ WDVN� VRPH EHKDYLRXU LV YLVLEOH LQ WKH GDWD RI 3DWLHQWV �� � DQG ��
6SHFLÀFDOO\� WKH PRUH WRZDUGV WKH QHJOHFWHG VLGH LW LV� WKH PRUH OLNHO\ D NH\ ZLOO EH OHIW
XQSOD\HG IRU ORQJHU� 7KLV EHKDYLRXU LV XQPLVWDNDEOH HYLGHQFH RI 861� 7KLV WDVN KDV
QR OLPLWHG H[SORUDWLRQ SKDVH DV ZLWK WKH 0HPRU\ WDVN� WKH FXHV DSSHDU FRQWLQXRXVO\
DQG WKXV H[SORUDWLRQ LV UHTXLUHG FRQWLQXRXVO\� $Q DFWLRQ DOVR GLG QRW OHDG WR D SUH�
GLFWDEOH QH[W VWLPXOXV DV ZLWK WKH 6FDOHV WDVN� ,QGHHG� IRU WKH )UHH�WR�3OD\ WDVN� VWLPXOL
FRXOG DSSHDU DW UDQGRP WLPHV DQG LQ UDQGRP RUGHU� )XUWKHUPRUH� WKH VWLPXOL DUH RQO\
YLVXDO �WKH EDOO WXUQLQJ JUHHQ DQG WKHQ UHG ZKLOH UHVWLQJ RQ D NH\�� 7KHUHIRUH� WKH XVHU
PXVW FRQWLQXRXVO\ VFDQ WKH SOD\LQJ DUHD IRU YLVXDO FXHV� DQG WKH LQFHQWLYH WR GR VR
GHSHQGV HQWLUHO\ RQ WKH XVHU·V DELOLW\� 7KLV FDQ H[SODLQ ZK\ WKH FHQWUH RI WKH SOD\LQJ
DUHD LV H[SORUHG WKH PRVW ZKLOH WKH SHULSKHUDO DUHD LV WKH OHDVW� 7KHUHIRUH� LW FDQ DOVR
H[SODLQ ZK\ WKH NH\V LQ WKH FHQWUH DUH OHIW XQSOD\HG IRU WKH VKRUWHVW WLPH RQ DYHUDJH�
0RUHRYHU� DOVR IRU WKLV WDVN� D QRWHZRUWK\ HYROXWLRQ LV YLVLEOH LQ WKH SDWWHUQ RI WKH
DYHUDJH KHDG GLUHFWLRQ RI WKH GL̊HUHQW VHVVLRQV� 7KH SDWLHQWV DSSHDU WR EH H[SORULQJ
PRUH DV VHVVLRQV LQ 95 SURJUHVV� DV LV WKH FDVH IRU WKH 0HPRU\ WDVN� 7KLV FDQ DOVR
LQGLFDWH WKDW VRPH EHKDYLRXU LV WDXJKW WR H[SORUH WKH QHJOHFWHG VLGH� 7KLV EHKDYLRXU
SURYLGHV DGGLWLRQDO HYLGHQFH WKDW WKH SUHVHQWHG 95 V\VWHP FRQWULEXWHV WR WKH UHKDELO�
LWDWLRQ RI SDWLHQWV ZLWK 861� 0RUHRYHU� IRU WKLV WDVN� PLQLPDO PLVWDNHV ZHUH PDGH E\
WKH WHVW XVHUV� PHDQLQJ WKDW WKH\ UDUHO\ OHW D EDOO WRXFK D NH\� DQG WKHUHIRUH� QRW D ORW
RI GDWD DUH DYDLODEOH� 7KLV PDNHV D FRPSDULVRQ LQIHDVLEOH� 7KLV WDVN DLPV H[SOLFLWO\ WR
HQFRXUDJH SDWLHQWV WR H[SORUH WKHLU QHJOHFWHG SHULSKHUDO DUHD� 7KLV ZDV WKH UHDVRQ IRU
SODFLQJ PRVW NH\V RQ WKH QHJOHFWHG VLGH LQVWHDG RI GLVWULEXWLQJ WKHP HYHQO\ DV IRU WKH
$VVHVVPHQW WDVN� &RPSDUDEOH GDWD IURP WKH $VVHVVPHQW ZRXOG SURYLGH PRUH LQVLJKWV
LQWR WKH EHKDYLRXU RI WKH SDWLHQWV DQG WKH LPSDFW RI WKH 95 WDVNV� 8QIRUWXQDWHO\�
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WKHVH GDWD DUH QRW DYDLODEOH IURP WKLV VWXG\�

����� 3FTFBSDI 2VFTUJPOT
:LWK WKH DYDLODEOH LQIRUPDWLRQ DQG LQVLJKWV� DQVZHUV FDQ EH IRUPXODWHG WR WKH UHVHDUFK
TXHVWLRQV ÀUVW SUHVHQWHG LQ 6HFWLRQ ����

� ´&DQ 017 EH H̊HFWLYHO\ WUDQVODWHG LQ D 95 HQYLURQPHQW"µ
7KH WHVWV VKRZ SURPLVLQJ UHVXOWV WR VXSSRUW WKH DSSOLFDWLRQ RI 017 LQ 95� $V
LQGLFDWHG E\ WKH PHGLFDO H[SHUWV LQ WKH LQWHUYLHZV� WKH FRPELQDWLRQ RI YLVXDO
DQG DXGLWRU\ VWLPXOL LV EHQHÀFLDO� &RPELQLQJ ERWK WULJJHUV DQG WUDLQLQJ WKH
SDWLHQWV RQ ERWK PRGDOLWLHV WHDFKHV WKHP FRQQHFWLRQV EHWZHHQ WKH WZR� 7KH
UHVXOWV DOVR VKRZ VRPH HYLGHQFH WKDW WKH DGGLWLRQ RI DXGLWRU\ VWLPXOL LPSDFWV
WKH SHUIRUPDQFH RI WKH H[HUFLVHV� 2Q WKH RQH KDQG� LQ WKH 0HPRU\ WDVN� ZKHUH
XVHUV DOVR UHVSRQG WR VRXQG FXHV� KDOI RI WKH SDWLHQWV VKRZ VRPH GL̊HUHQFH
LQ SHUIRUPDQFH EDVHG RQ ZKHUH WKH VWLPXOL DUH VKRZQ� 7KDW LV� WKH\ SHUIRUP
ZRUVH IRU VWLPXOL SUHVHQWHG LQ WKH IDU PRVW QHJOHFWHG VLGH� 2Q WKH RWKHU KDQG�
LQ WKH )UHH�WR�3OD\ WDVN� ZKHUH XVHUV RQO\ UHVSRQG WR YLVXDO VWLPXOL� � RXW RI �
SDWLHQWV VKRZ VLJQLÀFDQWO\ ZRUVH SHUIRUPDQFH� ZKLFK FDQ EH OLQNHG WR WKH 861�
+RZHYHU� SUHFDXWLRQ LV ZDUUDQWHG ZLWK UHVSHFW WR WKH DGRSWLRQ RI WKH SURSRVHG
95 V\VWHP IRU LQGLYLGXDOV VXVFHSWLEOH WR PRWLRQ VLFNQHVV DQG HSLOHSV\ LQ 95�

� ´&DQ WKH QHZO\ GHVLJQHG 95 V\VWHP EH XVHG IRU WKH WUHDWPHQW RI DGXOWV
ZLWK 861 ZLWK DQ DFTXLUHG EUDLQ LQMXU\"µ
)RU WKH 6FDOHV WDVN� QRW HQRXJK HYLGHQFH LV REWDLQHG WKDW WKH PLVWDNHV PDGH E\
WKH SDWLHQW DUH WKH UHVXOW RI WKHLU 861� +RZHYHU� WKLV GRHV QRW PHDQ WKDW WKH
WDVN VHUYHV QR SXUSRVH RU GRHV QRW WUDLQ WKH SDWLHQWV LQ DQ\ ZD\� 7KH SDWLHQWV·
DWWHQWLRQ LV JUDGXDOO\ JXLGHG WRZDUGV WKH SHULSKHUDO DUHD RQ WKH QHJOHFWHG VLGH�
7KH GDWD VKRZ WKDW DOO SDWLHQWV VXFFHVVIXOO\ IRUP WKLV PRWLRQ� DQG E\ GRLQJ
VR� WKH\ DUH XUJHG WR REVHUYH WKHLU QHJOHFWHG VLGH DV ZHOO� 7KH SDWLHQWV SHU�
IRUPHG TXLWH GL̊HUHQWO\ LQ WKH0HPRU\ DQG )UHH�WR�3OD\ WDVNV� 7KH UHVXOWV RI WKHVH
WDVNV GR VKRZ WKH LQÁXHQFH RI WKH 861� ,Q JHQHUDO� WKH\ SHUIRUPHG ZRUVH RQ
WKHLU QHJOHFWHG VLGH� 7KLV SURYLGHV VX̋FLHQW HYLGHQFH IRU WKH DVVXPSWLRQ WKDW
WKH SDWLHQWV ZHUH WUDLQHG WR SHUIRUP EHWWHU GHVSLWH WKHLU 861� WKHUHE\ WUHDW�
LQJ WKH GLVRUGHU� )XUWKHUPRUH� WZR RI WKH SDWLHQWV ZHUH UHSRUWHG WR SHUFHLYH
LPSURYHPHQWV LQ WKHLU SHUIRUPDQFH RI WKH GL̊HUHQW WDVNV� ,Q FRQFOXVLRQ� DOO SD�
WLHQWV FRXOG SHUIRUP WKH H[HUFLVHV DQG QR SUREOHPV DURVH LQ WKH SLORW VWXG\ WKDW
ZRXOG SUHYHQW WKLV VROXWLRQ IURP EHLQJ UHVHDUFKHG IXUWKHU� 7KHUH LV HYLGHQFH
WR VXSSRUW WKH QRWLRQ WKDW WKH UHKDELOLWDWLRQ WDVNV KDYH VRPH H̊HFW RQ WKH 861
GLVRUGHU LQ WKH SDWLHQWV� +RZHYHU� DGGLWLRQDO VWXGLHV DUH QHHGHG WR LQYHVWLJDWH
WKH VLJQLÀFDQFH DQG SHUVLVWHQFH RI WKHVH H̊HFWV�

� ´:LOO WKH VSDWLDO SHUIRUPDQFH RI WKH SDWLHQW ZLWK DQ DFTXLUHG EUDLQ LQMXU\
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HYROYH SRVLWLYHO\ DIWHU WUHDWPHQW ZLWK WKH 95 V\VWHP"µ
7KH WZR�ZHHN OLPLWDWLRQ RI WKLV VWXG\ SURKLELWV D FRQFOXVLYH DQVZHU WR WKLV
TXHVWLRQ� +RZHYHU� WKHUH LV VRPH HYLGHQFH WKDW VXJJHVWV LQWUD�VHVVLRQ LPSURYH�
PHQWV LQ WKH H[SORUDWLRQ RI WKH SDUWLFLSDQWV IRU WKH0HPRU\ DQG )UHH�WR�3OD\ WDVNV�
8QIRUWXQDWHO\� QR LQVLJKWV DUH JDWKHUHG RQ WKH SHUVLVWHQFH RI WKLV H̊HFW WRZDUGV
HYHU\GD\ OLIH VLWXDWLRQV LQ WKH ORQJ WHUP� 2QH SDWLHQW GLG UHSRUW WKDW WKH\ H[SH�
ULHQFHG LPSURYHPHQWV LQ GDLO\ OLIH GXULQJ WKH WZR�ZHHN SHULRG� ,W LV DOVR FUXFLDO
WR GLVFXVV ZKDW HOVH FRXOG LQÁXHQFH WKH DSSDUHQW HYROXWLRQ RI WKH KHDG GLUHFWLRQ
GXULQJ VHVVLRQV� ,QGHHG� WKH JUDGXDO LQFUHDVH LQ WKH DYHUDJH KHDG GLUHFWLRQ PD\
UHVXOW IURP WDXJKW EHKDYLRXU GXULQJ SUHYLRXV 95 H[HUFLVHV� +RZHYHU� LW LV DOVR
SRVVLEOH WKDW WKH FKDQJH LQ WKH DYHUDJH KHDG GLUHFWLRQ LV WKH GLUHFW FRQVHTXHQFH
RI WKH GL̊HUHQW VHVVLRQV WKHPVHOYHV� 6SHFLÀFDOO\� DV WKH VHVVLRQV SURJUHVVHG�
WKH WDVN·V GL̋FXOW\ ZDV RIWHQ LQFUHDVHG� $ JUHDWHU GL̋FXOW\ DOZD\V PHDQW WKDW
PRUH QRWHV ZHUH SUHVHQWHG� DQG WKHUHIRUH D ODUJHU DUHD RI WKH SOD\LQJ DUHD ZDV
QHHGHG� 7KXV� VWLPXOL ZHUH SUHVHQWHG LQ D ODUJHU DUHD� ZKLFK LQKHUHQWO\ ZRXOG
IRUFH XVHUV WR H[SORUH PRUH WRZDUGV WKH QHJOHFWHG VLGH DV ZHOO� 7KLV ZRXOG DOVR
UHVXOW LQ DQ LQFUHDVH LQ WKH DYHUDJH KHDG GLUHFWLRQ� )LQDOO\� LW LV DOVR SRVVLEOH
WKDW WKH HYROXWLRQ RI WKH EHKDYLRXU LQ EHWZHHQ VHVVLRQV LV QRW D UHVXOW RI WKH
95 UHKDELOLWDWLRQ LWVHOI EXW RI WKH UHKDELOLWDWLRQ WKH SDWLHQWV UHFHLYHG LQ EHWZHHQ
95 VHVVLRQV� 2I FRXUVH� D FRPELQDWLRQ RI DQ\ H[SODQDWLRQV LV VWLOO SRVVLEOH�

����� -JNJUBUJPOT

7R SHUIRUP D JRRG DQDO\VLV RI WKH UHVXOW LQ 6HFWLRQ ���� LW LV LPSRUWDQW WR XQGHUVWDQG
WKH OLPLWDWLRQV DQG VKRUWFRPLQJV RI WKH VWXG\� )LUVWO\� WKH VDPSOH VL]H RI n = 8 SDUWLF�
LSDQWV� RI ZKLFK IRXU ZHUH FOLQLFDOO\ GLDJQRVHG 861 SDWLHQWV� LV UHODWLYHO\ VPDOO� 7KH
VWDWLVWLFDO UHOHYDQFH RI WKH UHVXOWV DQG WKH FRQFOXVLRQV DULVLQJ IURP WKHP VKRXOG EH
LQWHUSUHWHG ZLWK D FULWLFDO PLQG� $GGLWLRQDO WHVWV ZLWK FOLQLFDO SDWLHQWV DQG QRQ�FOLQLFDO
WHVW XVHUV DUH UHTXLUHG WR IXUWKHU VXSSRUW WKH ÀQGLQJV SUHVHQWHG LQ WKLV VHFWLRQ� 6HF�
RQGO\� WKH GDWD FROOHFWHG GXULQJ WKH WHVWV VROHO\ IRFXV RQ PHDVXULQJ WKH KHDG GLUHFWLRQ
DQG WKH WDVN SHUIRUPDQFH� 7KLUGO\� WKH 95 HQYLURQPHQW DQG WKH [\ORSKRQH DUH FXU�
UHQWO\ DEVWUDFW YLVXDOLVDWLRQV DQG FDQ EH H[WHQGHG LQ WKH IXWXUH WR FUHDWH D PRUH UHDOLVWLF
H[SHULHQFH� )XUWKHUPRUH� JHQHUDO SULRU NQRZOHGJH RI WKH SDUWLFLSDQWV LV OLPLWHG WR WKH
VHYHULW\ RI 861� 7KHUHIRUH� UHFRJQLVLQJ ZKHWKHU WKH UHFRUGHG EHKDYLRXU LV LQGXFHG E\
WKH 861 RU DQRWKHU XQGHUO\LQJ FRQGLWLRQ LV LPSRVVLEOH� H�J� WKH GLDJQRVLV RI DSUD[LD
LQ 3DWLHQW � FRXOG DOVR LPSDFW WKH FROOHFWHG GDWD� ,Q WKLV GLVFXVVLRQ� WKH DVVXPSWLRQ
LV DGRSWHG WKDW DQ\ EHKDYLRXU IRXQG LQ D SDWLHQW LV PDLQO\ WKH UHVXOW RI WKHLU 861
GLDJQRVLV�
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&XUUHQWO\ XVHG UHKDELOLWDWLRQ PHWKRGV IRU 861 RIWHQ IDLO WR WDNH LQWR DFFRXQW WKH
KHWHURJHQHLW\ RI WKH V\QGURPH E\ VROHO\ IRFXVLQJ RQ WKH YLVXDO PRGDOLW\� 017 VKRZV
JUHDW SRWHQWLDO WR EULGJH WKLV JDS� LQFRUSRUDWLQJ PXOWLSOH PRGDOLWLHV LQ WKH WUDLQLQJ
SURFHVV� 7KH XVH RI 95 LQ UHKDELOLWDWLRQ KDV VKRZQ PDQ\ DGYDQWDJHV RYHU WUDGLWLRQDO
PHWKRGV DV LW IDFLOLWDWHV WKH PRGLÀFDWLRQ RI WKH WKHUDS\ DQG DOORZV IRU LQFUHDVHG GDWD
FROOHFWLRQ UHJDUGLQJ WKHUDS\ SURJUHVV�

7KHUHIRUH� WKH DXWKRUV GHVLJQHG� GHYHORSHG DQG HYDOXDWHG D QRYHO 95 WKHUDS\ WRRO
IRU 017� 7KLV SDSHU LQYHVWLJDWHG WKH IHDVLELOLW\ RI WKH WRRO IRU WKH UHKDELOLWDWLRQ RI
SDWLHQWV GLDJQRVHG ZLWK 861� 7KH UHVXOWLQJ SURRI RI FRQFHSW ZDV HYDOXDWHG GXULQJ D
WZR�ZHHN SLORW VWXG\ ZLWK IRXU FOLQLFDO SDWLHQWV DQG FRPSDUHG WR WKH UHVXOWV RI IRXU
QRQ�FOLQLFDO WHVW XVHUV�

7KH UHVXOWV RI WKH VWXG\ LQGLFDWHG WKDW WKH SDWLHQWV ZLWK 861 ZHUH FDSDEOH RI
SHUIRUPLQJ WKH IRXU UHKDELOLWDWLRQ WDVNV DQG LQGLFDWHG LQFUHDVHG HQMR\PHQW� 1H[W� WKH
UHVXOWV VKRZHG WKDW QRQ�FOLQLFDO WHVW XVHUV SHUIRUPHG VLJQLÀFDQWO\ EHWWHU WKDQ FOLQLFDO
XVHUV ZLWK UHVSHFW WR WDVN SHUIRUPDQFH� ZKLFK LQGLFDWHV WKDW WKH V\VWHP LV DEOH WR
GLVFHUQ EHWZHHQ XVHUV ZLWK 861 DQG XVHUV ZLWKRXW 861� )XUWKHUPRUH� WKLV UHVXOW
LQGLFDWHV WKDW WKH WDVNV ZHUH FKDOOHQJLQJ WKH SDWLHQWV� 1RQHWKHOHVV� IRU HDFK WDVN� WKH
SDWLHQWV ZHUH DEOH WR UHVSRQG WR WKHLU HQWLUH HQYLURQPHQW DQG WKH SUHVHQWHG WULJJHUV
VXFFHVVIXOO\� 2YHU WKH FRXUVH RI � ZHHNV� SDWLHQWV ZHUH VKRZQ WR LQFUHDVLQJO\ DGMXVW
WKHLU KHDG GLUHFWLRQ WRZDUGV WKHLU QHJOHFWHG VLGH IRU WKH0HPRU\ DQG )UHH�WR�3OD\ WDVNV�
SUHVXPDEO\ WR LPSURYH WKHLU WDVN SHUIRUPDQFH� 7KHVH UHVXOWV LQGLFDWH WKDW WKH 95
WRRO PDQDJHG WR VXFFHVVIXOO\ WUDQVODWH 017 WR D YLUWXDO HQYLURQPHQW DQG WKDW WKH
WRRO VKRZV SURPLVH IRU WKH UHKDELOLWDWLRQ RI 861�0RUHRYHU� WKH SDUWLFLSDWLQJ PHGLFDO
H[SHUWV RI WKLV VWXG\ UHVSRQGHG SRVLWLYHO\ WR WKH GHYHORSHG WRRO� 7KH\ EHOLHYH WKDW LW
ZLOO EH D XVHIXO WRRO DW DQ HDUO\ UHKDELOLWDWLRQ VWDJH� +RZHYHU� LW VKRXOG EH QRWHG WKDW
WKH VDPSOH VL]H ZDV OLPLWHG WR IRXU FOLQLFDO SDWLHQWV DQG IRXU QRQ�FOLQLFDO WHVW XVHUV�
$GGLWLRQDOO\� WKH PHDVXUHV XVHG LQ WKLV VWXG\ ZHUH VROHO\ IRFXVHG RQ KHDG URWDWLRQ DQG
WDVN SHUIRUPDQFH�

,Q FRQFOXVLRQ� WKH WRRO GHYHORSHG E\ WKH DXWKRUV LV D YDOXDEOH FRQWULEXWLRQ WR WKH
FXUUHQW UHVHDUFK RQ UHKDELOLWDWLRQ IRU 861 DV LW LV WKH ÀUVW V\VWHP WR DSSO\ 017 LQ
D 95 HQYLURQPHQW� 7KH SURPLVLQJ UHVXOWV VKRZ LQFUHDVHG HQMR\PHQW LQ WKH SDWLHQWV
DQG VX̋FLHQW FKDOOHQJHV LQ WKH WDVNV� +RZHYHU� WKH WRRO DQG WKH HYDOXDWLRQ KDYH WKHLU
OLPLWDWLRQV� VSHFLÀFDOO\ WKH OLPLWHG VDPSOH VL]H DQG OLPLWHG PHWULFV� :LWK WKH HQWKXVL�
DVP WR FRQWLQXH WKH UHVHDUFK� IXWXUH ZRUN VKRXOG� WKHUHIRUH� IRFXV RQ YDOLGDWLQJ WKHVH
UHVXOWV RYHU D ORQJHU UHKDELOLWDWLRQ SHULRG ZLWK D ODUJHU VDPSOH� 0RUHRYHU� GXH WR WKH
KHWHURJHQHLW\ RI WKH V\QGURPH� IXWXUH ZRUN VKRXOG H[SORUH WKH LQFRUSRUDWLRQ RI SHU�
VRQDOLVDWLRQ DQG JDPLÀFDWLRQ WR IXOÀO WKH QHHGV RI WKH SDWLHQWV DQG IXUWKHU LQFUHDVH
HQMR\PHQW GXULQJ WKH UHKDELOLWDWLRQ SURFHVV�
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"DLOPXMFEHNFOU
:H ZRXOG OLNH WR H[SUHVV RXU JUDWLWXGH WR WKH 5HKDELOLWDWLRQ &HQWUH RI WKH *KHQW 8QL�
YHUVLW\ +RVSLWDO� WKH SDUWLFLSDQWV RI WKLV VWXG\ DQG WKHLU VXUURXQGLQJ WHDP RI WKHUDSLVWV
DQG VSHFLDOLVWV IRU KHOSLQJ XV WR DFFRPSOLVK WKLV UHVHDUFK�

"VUIPS $POUSJCVUJPOT
&RQFHSWXDOLVDWLRQ� -�+�� 6�&�� (�9�� &�9�/� DQG )�'�%�� PHWKRGRORJ\� -�+�� 6�&�� (�9�
DQG &�9�/�� VRIWZDUH� (�9�� YDOLGDWLRQ� -�+�� 6�&� DQG &�9�/�� IRUPDO DQDO\VLV� -�+�
DQG 6�&�� LQYHVWLJDWLRQ� 6�&� DQG (�9�� GDWD FXUDWLRQ� -�+� DQG (�9�� ZULWLQJ³RULJLQDO
GUDIW SUHSDUDWLRQ� -�+�� 6�&� DQG (�9�� ZULWLQJ³UHYLHZ DQG HGLWLQJ� -�+�� 6�&�� &�9�/��
)�'�%� DQG )�'�7�� YLVXDOLVDWLRQ� -�+� DQG 6�&�� VXSHUYLVLRQ� )�'�7� $OO DXWKRUV KDYH
UHDG DQG DJUHHG WR WKH SXEOLVKHG YHUVLRQ RI WKH PDQXVFULSW�
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3FGFSFODFT
>�@ 5� *DPPHUL� &� ,DFRQR� 5� 5LFFL� DQG $� 6DODWLQR� 8QLODWHUDO 6SDWLDO 1HJOHFW

$IWHU 6WURNH� &XUUHQW ,QVLJKWV� 1HXURSV\FKLDWULF 'LVHDVH DQG 7UHDWPHQW� �������
MDQ ����� $YDLODEOH IURP� �SPF�DUWLFOHV�30&���������SPF�DUWLFOHV�
30&��������"UHSRUW DEVWUDFWKWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�
30&��������� GRL���������1'7�6�������

>�@ $� 3XLJ�3LMRDQ� (� *LUDOW�6WHLQKDXHU� $� =DEDO]D GH 7RUUHV� 5� 0� 0DQHUR %RU�
UjV� *� 6iQFKH]�%HQDYLGHV� *� *DUFtD (VFREDU� &� 3pUH] (QUtTXH]� $� *yPH]�
*RQ]iOH]� É� 2LV� $� 5RGUtJXH]�&DPSHOOR� (� &XDGUDGR�*RGtD� -� -LPpQH]�
&RQGH� -� 3HxD�&DVDQRYD� DQG -� 5RTXHU� 8QGHUGLDJQRVLV RI 8QLODWHUDO 6SDWLDO 1H�
JOHFW LQ VWURNH XQLW� $FWD 1HXURORJLFD 6FDQGLQDYLFD� ����������²���� QRY �����
GRL���������DQH�������

>�@ 3� 6DQGHUFRFN� :RUOG 6WURNH 'D\� ����� $YDLODEOH IURP� KWWSV�
��ZZZ�ZKR�LQW�VRXWKHDVWDVLD�QHZV�VSHHFKHV�GHWDLO�ZRUOG�VWURNH�GD\������
GRL���������6752.($+$������������

>�@ 0� &RUEHWWD DQG *� /� 6KXOPDQ� 6SDWLDO 1HJOHFW DQG $WWHQWLRQ 1HWZRUNV�
$QQXDO 5HYLHZ RI 1HXURVFLHQFH� ���������²���� -XO\ ����� $YDLODEOH
IURP� KWWSV���ZZZ�DQQXDOUHYLHZV�RUJ�GRL���������DQQXUHY�QHXUR��������
������� GRL���������DQQXUHY�QHXUR���������������

>�@ .� 0� +HLOPDQ� (� 9DOHQVWHLQ� DQG 5� 7� :DWVRQ� 1HJOHFW DQG UHODWHG GLVRUGHUV� �����
GRL���������V������������

>�@ 7� 6KLPL]X� 7� $EH� <� $NDVDNL� DQG +� .DPLLVKL� 8QLODWHUDO VSDWLDO QHJOHFW�
����� $YDLODEOH IURP� KWWSV���VWURNHQJLQH�FD�HQ�FRQVHTXHQFHV�XQLODWHUDO�
VSDWLDO�QHJOHFW�� GRL���������EFU�������������

>�@ ,� +� 5REHUWVRQ� 5� 7HJQpU� .� 7KDP� $� /R� DQG ,� 1LPPR�6PLWK� 6XVWDLQHG $W�
WHQWLRQ 7UDLQLQJ IRU 8QLODWHUDO 1HJOHFW� 7KHRUHWLFDO DQG 5HKDELOLWDWLRQ ,PSOLFDWLRQV� -RXU�
QDO RI &OLQLFDO DQG ([SHULPHQWDO 1HXURSV\FKRORJ\� ���������²���� MXQ �����
GRL���������������������������

>�@ 3� 3OXPPHU� 0� (� 0RUULV� DQG -� 'XQDL� $VVHVVPHQW RI XQLODWHUDO QHJOHFW� 3K\VLFDO
7KHUDS\� ���������²���� DXJ ����� GRL���������SWM����������

>�@ $� 5� 5LHVWUD DQG $� 0� %DUUHWW� 5HKDELOLWDWLRQ RI VSDWLDO QHJOHFW� ,Q +DQGERRN
RI &OLQLFDO 1HXURORJ\� YROXPH ���� SDJHV ���²���� (OVHYLHU %�9�� MDQ �����
GRL���������%��������������������������

>��@ /� 'LOOHU DQG -� :HLQEHUJ� +HPL�LQDWWHQWLRQ LQ UHKDELOLWDWLRQ� WKH HYROXWLRQ RI D UDWLRQDO
UHPHGLDWLRQ SURJUDP� $GYDQFHV LQ QHXURORJ\� �����²��� �����
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>��@ 0� +� 7KDXW� 5K\WKP� PXVLF� DQG WKH EUDLQ� 6FLHQWLÀF IRXQGDWLRQV DQG FOLQLFDO DSSOLFDWLRQV�
����� $YDLODEOH IURP� KWWSV���ERRNV�JRRJOH�EH�ERRNV"KO QO^	`OU ^	`LG 
M��+%�\1'��&^	`RL IQG^	`SJ 33�^	`GT 5K\WKP��0XVLF�DQG�
WKH�%UDLQ��6FLHQWLILF�)RXQGDWLRQV�DQG�&OLQ�LFDO�$SSOLFDWLRQV^	`RWV 
/6�EHJNU6L^	`VLJ YO+�<��*KN-(H(�;$VYFJZYO:Y4^�`Y 
RQHSDJH^	`T 5K\WKP^�`�&0XVLFDQGWKH%UDLQ^�`�$6FLHQWLILF�
GRL�����������������������

>��@ .� /L DQG 3� $� 0DOKRWUD� 6SDWLDO QHJOHFW� RFW ����� GRL���������SUDFWQHXURO������
�������

>��@ 0� /L� *� 'RQJ� :� =KDQJ� ;� 5HQ� +� -LDQJ� &� <DQJ� ;� =KDR� 4� =KX�
0� /L� +� &KHQ� .� <X� <� &XL� DQG /� 6RQJ� &RPELQLQJ 0*07 SUR�
PRWHU S\URVHTXHQFLQJ DQG SURWHLQ H[SUHVVLRQ WR RSWLPL]H SURJQRVLV VWUDWLÀFDWLRQ
LQ JOLREODVWRPD� &DQFHU 6FLHQFH� �����������²����� VHS ����� $YDLO�
DEOH IURP� �SPF�DUWLFOHV�30&���������SPF�DUWLFOHV�30&��������
"UHSRUW DEVWUDFWKWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&���������
GRL���������FDV�������

>��@ 1� 0RQWHPXUUR� *� 1� )DQHOOL� &� 6FDWHQD� 9� 2UWHQ]L� )� 3DVTXDOHWWL� &� 0�
0D]]DQWL� 5� 0RUJDQWL� )� 3DLDU� $� *� 1DFFDUDWR� DQG 3� 3HUULQL� 6XUJLFDO RXW�
FRPH DQG PROHFXODU SDWWHUQ FKDUDFWHUL]DWLRQ RI UHFXUUHQW JOLREODVWRPD PXOWLIRUPH� $ VLQJOH�
FHQWHU UHWURVSHFWLYH VHULHV� &OLQLFDO 1HXURORJ\ DQG 1HXURVXUJHU\� ���� DXJ �����
GRL���������M�FOLQHXUR�������������

>��@ $� %RZHQ� .� 0F.HQQD� DQG 5� &� 7DOOLV� 5HDVRQV IRU YDULDELOLW\ LQ WKH UHSRUWHG UDWH RI
RFFXUUHQFH RI XQLODWHUDO VSDWLDO QHJOHFW DIWHU VWURNH� 6WURNH� ����������²����� MXQ �����
$YDLODEOH IURP� KWWSV���ZZZ�DKDMRXUQDOV�RUJ�GRL������������675�����������
GRL������������675�����������

>��@ *� *LDQRWWL� /� *LXVWROLVL� DQG 8� 1RFHQWLQL� &RQWUDODWHUDO DQG LSVLODWHUDO GLVRUGHUV RI
YLVXDO DWWHQWLRQ LQ SDWLHQWV ZLWK XQLODWHUDO EUDLQ GDPDJH� -RXUQDO RI 1HXURORJ\ 1HXUR�
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-� 5� 3HUU\� HGLWRUV� &RJQLWLRQ DQG &DQFHU� SDJHV �²��� &DPEULGJH 8QL�
YHUVLW\ 3UHVV� &DPEULGJH� ����� $YDLODEOH IURP� KWWSV���ZZZ�FDPEULGJH�
RUJ�FRUH�SURGXFW�LGHQWLILHU�&%2�������������$����W\SH�ERRNBSDUW�
GRL���������&%2������������������
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>��@ 7� '� 3XQW DQG0� -� 5LGGRFK�0RWRU QHJOHFW� ,PSOLFDWLRQV IRU PRYHPHQW DQG UHKDELOLWDWLRQ
IROORZLQJ VWURNH� MXO ����� GRL���������������������������

>��@ '� *URVVL� 5� $QJHOLQL� $� 3HFFKLQHQGD� DQG /� 3L]]DPLJOLR� /HIW LPDJLQDO QHJOHFW
LQ KHPLQDWWHQWLRQ� ([SHULPHQWDO VWXG\ ZLWK WKH 2·FORFN 7HVW� 7HFKQLFDO 5HSRUW �� �����
GRL���������%(1�����������

>��@ 3� &KHQ DQG .� 0� *RHGHUW� &ORFN GUDZLQJ LQ VSDWLDO QHJOHFW� $ FRPSUHKHQVLYH DQDO\VLV
RI FORFN SHULPHWHU� SODFHPHQW� DQG DFFXUDF\� -RXUQDO RI 1HXURSV\FKRORJ\� ��������²����
VHS ����� $YDLODEOH IURP� �SPF�DUWLFOHV�30&��������"UHSRUW DEVWUDFWKWWSV�
��ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&��������� GRL���������M������
����������������[�

>��@ .� 0� +HLOPDQ� (� 9DOHQVWHLQ� DQG 5� 7� :DWVRQ� 7KH :KDW DQG +RZ
RI 1HJOHFW� 1HXURSV\FKRORJLFDO 5HKDELOLWDWLRQ� ��������²���� MXQ �����
GRL���������������������������

>��@ 1� %HVFKLQ DQG ,� +� 5REHUWVRQ� 3HUVRQDO YHUVXV H[WUDSHUVRQDO QHJOHFW� $ JURXS
VWXG\ RI WKHLU GLVVRFLDWLRQ XVLQJ D UHOLDEOH FOLQLFDO WHVW� &RUWH[� ���������²���� �����
GRL���������6���������������������

>��@ 6� )HUEHU DQG +� 2� .DUQDWK� +RZ WR DVVHVV VSDWLDO QHJOHFW � /LQH ELVHFWLRQ RU
FDQFHOODWLRQ WDVNV" -RXUQDO RI &OLQLFDO DQG ([SHULPHQWDO 1HXURSV\FKRORJ\�
���������²���� ����� $YDLODEOH IURP� KWWSV���ZZZ�WDQGIRQOLQH�FRP�GRL�
DEV���������MFHQ��������������KWWSV���SXEPHG�QFEL�QOP�QLK�JRY�����������
GRL���������MFHQ���������������

>��@ 3� $]RXYL� 7KH HFRORJLFDO DVVHVVPHQW RI XQLODWHUDO QHJOHFW� MXQ ����� GRL���������M�UH�
KDE�������������

>��@ /� *DPEHULQL� %� 6HUDJOLD� DQG .� 3ULIWLV� 3URFHVVLQJ RI SHULSHUVRQDO DQG H[WUDSHU�
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>��@ 7� 6FKHQNHQEHUJ� '� &� %UDGIRUG� DQG (� 7� $MD[� /LQH ELVHFWLRQ DQG XQLODW�
HUDO YLVXDO QHJOHFW LQ SDWLHQWV ZLWK QHXURORJLF LPSDLUPHQW� 1HXURORJ\� ���������²����
PD\ ����� $YDLODEOH IURP� KWWSV���Q�QHXURORJ\�RUJ�FRQWHQW���������KWWSV�
��Q�QHXURORJ\�RUJ�FRQWHQW����������DEVWUDFW� GRL���������ZQO����������

>��@ (� /jGDYDV� 7KH 5ROH RI 9LVXDO $WWHQWLRQ LQ 1HJOHFW� $ 'LVVRFLDWLRQ EHWZHHQ 3HUFHSWXDO
DQG 'LUHFWLRQDO 0RWRU 1HJOHFW� 1HXURSV\FKRORJLFDO 5HKDELOLWDWLRQ� ��������²����
MXQ ����� GRL���������������������������
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>��@ 5� 5RQFKL� /� 3RVWHUDUR� 3� )RUWLV� (� %ULFROR� DQG *� 9DOODU� 3HUVHYHUDWLRQ LQ
OHIW VSDWLDO QHJOHFW� 'UDZLQJ DQG FDQFHOODWLRQ WDVNV� &RUWH[� ���������²���� PDU �����
GRL���������M�FRUWH[�������������

>��@ 3� $]RXYL� &� 6DPXHO� $� /RXLV�'UH\IXV� 7� %HUQDWL� 3� %DUWRORPHR� -� 0� %HLV�
6� &KRNURQ� 0� /HFOHUFT� )� 0DUFKDO� <� 0DUWLQ� *� 'H 0RQWHW\� 6� 2OLYLHU�
'� 3HUHQQRX� 3� 3UDGDW�'LHKO� &� 3UDLULDO� *� 5RGH� (� 6LpUR̊� /� :LDUW� DQG
0� 5RXVVHDX[� 6HQVLWLYLW\ RI FOLQLFDO DQG EHKDYLRXUDO WHVWV RI VSDWLDO QHJOHFW DIWHU ULJKW KHPL�
VSKHUH VWURNH� -RXUQDO RI 1HXURORJ\ 1HXURVXUJHU\ DQG 3V\FKLDWU\� ���������²����
����� GRL���������MQQS����������

>��@ 3� 0ROHQEHUJKV DQG 0� 9� 6DOH� 7HVWLQJ IRU VSDWLDO QHJOHFW ZLWK OLQH ELVHFWLRQ DQG WDUJHW
FDQFHOODWLRQ� $UH ERWK WDVNV UHDOO\ XQUHODWHG" 3/R6 21(� �����H������ MXO �����
GRL���������MRXUQDO�SRQH���������

>��@ :� 6WXUP� 0� 7KLPP� )� %LQNRIVNL� +� +RURXIFKLQ� *� )LQN� -� .�VW� +� .DUEH�
DQG .� :LOOPHV� &RPELQHG VSDFH DQG DOHUWQHVV UHODWHG WKHUDS\ RI YLVXDO KHPLQHJOHFW�
(̊HFW RI WKHUDS\ IUHTXHQF\� )URQWLHUV LQ +XPDQ 1HXURVFLHQFH� ��-81�� MXQ �����
$YDLODEOH IURP� �SPF�DUWLFOHV�30&���������SPF�DUWLFOHV�30&��������
"UHSRUW DEVWUDFWKWWSV���ZZZ�QFEL�QOP�QLK�JRY�SPF�DUWLFOHV�30&���������
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>��@ 3� =RFFRORWWL DQG $� -XGLFD� )XQFWLRQDO (YDOXDWLRQ RI +HPLQHJOHFW E\ 0HDQV RI D
6HPLVWUXFWXUHG 6FDOH� 3HUVRQDO ([WUDSHUVRQDO 'L̊HUHQWLDWLRQ� 1HXURSV\FKRORJLFDO 5H�
KDELOLWDWLRQ� �������²��� MDQ ����� GRL���������������������������
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GRL���������M�QHXURSV\FKRORJLD�������������

>��@ -� /XDXWp� 3� +DOOLJDQ� *� 5RGH� <� 5RVVHWWL� DQG '� %RLVVRQ� 9LVXR�VSDWLDO QHJOHFW�
$ V\VWHPDWLF UHYLHZ RI FXUUHQW LQWHUYHQWLRQV DQG WKHLU H̊HFWLYHQHVV� ����� GRL���������M�QHX�
ELRUHY�������������

>��@ 9� 6LQJK�&XUU\ DQG 0� +XVDLQ� 5HKDELOLWDWLRQ LQ SUDFWLFH� +HPLVSDWLDO QHJOHFW�
$SSURDFKHV WR UHKDELOLWDWLRQ� &OLQLFDO 5HKDELOLWDWLRQ� ���������²���� DXJ �����
GRL��������������������������

>��@ 0� -HDQQHURG DQG %� %LJXHU� 7KH GLUHFWLRQDO FRGLQJ RI UHDFKLQJ PRYHPHQWV� $ YLVXR�
PRWRU FRQFHSWLRQ RI VSDWLDO QHJOHFW� $GYDQFHV LQ 3V\FKRORJ\� ���&����²���� �����
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" 1FSTPOBMJTFE &NPUJPO�#BTFE .PEFM GPS

3FMBYBUJPO JO 7JSUVBM 3FBMJUZ

5IF TZTUFN QSFTFOUFE JO UIJT DIBQUFS CVJMET GVSUIFS PO UIF DPODFQU PG $IBQUFS � JO UIBU JU VTFT
JOGPSNBUJPO GSPN BO BTTFTTNFOU UP ESJWF B QFSTPOBMJTBUJPO BMHPSJUIN� 5IF WJSUVBM SFBMJUZ BQQMJ�
DBUJPO JT EFTJHOFE BOE EFWFMPQFE GPS SFMBYBUJPO UIFSBQZ NBJOMZ GPS UIF QBUJFOU UP VTF BU IPNF�
3FMBYJOH WJSUVBM FOWJSPONFOUT BSF UBJMPSFE UP UIF QSFGFSFODFT PG UIF VTFS BOE BEBQU UP DIBOHFT
JO UIFJS FNPUJPOBM TUBUF� *O DPOUSBTU UP UIF NPSF DPNNPO BQQSPBDI JO XIJDI JOGPSNBUJPO PG UIF
VTFS JT DPMMFDUFE UISPVHI JOUSVTJWF NFBTVSFNFOU JOTUSVNFOUT PS EJTUVSCJOH WFSCBM�UFYUVBM RVFSJFT
UIJT XPSL FNQMPZT B QSFEJDUJWF NPEFM GPS FNPUJPOBM TUBUF� *U BWPJE UIF JOUFSSVQUJPO PG VTFST XIJDI
DBO CSFBL UIFJS TFOTF PG QSFTFODF� #Z JOWFTUJHBUJPO B OFX BQQSPBDI GPS QFSTPOBMJTBUJPO PG 7JSUVBM
&OWJSPONFOU 	7&
 JO B DPNQMFY TZTUFN UIJT DIBQUFS DPOUSJCVUFT TQFDJðDBMMZ UP DIBMMFOHF � PG 4FD�
UJPO ���� "T GPS BMM UIF SFTFBSDI JO UIJT EJTTFSUBUJPO UIF EFTJHO PG UIF 7& BOE UIF QSFEJDUJWF NPEFM
BSF ESJWFO CZ FYQFSUJTF LOPXMFEHF BT QSFTDSJCFE CZ DIBMMFOHF �� 5IF QSPQPTFE TZTUFN JT EFTJHOFE
GPS VTF BU IPNF XIJDI SFRVJSFT JU UP CF FBTZ UP PQFSBUF XJUIPVU UFDIOPMPHJDBM LOPXMFEHF BT JT
SFRVJSFE GPS DIBMMFOHF ��

? ? ?

-� +H\VH� 0� 7RUUHV 9HJD� 7� 'H -RQJH� )� 'H %DFNHUH� DQG )� 'H
7XUFN�

3XEOLVKHG LQ $SSOLHG 6FLHQFHV� 9ROXPH ��� ,VVXH ��� 6HSWHPEHU �����
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$EVWUDFW 2QH RI WKH PRVW IUHTXHQW KHDOWK SUREOHPV LV VWUHVV� ,W KDV EHHQ OLQNHG WR
QHJDWLYH H̊HFWV RQ HPSOR\HH ZHOO�EHLQJ LQ PDQ\ RFFXSDWLRQV� DQG LW LV FRQVLGHUHG
UHVSRQVLEOH IRU PDQ\ SK\VLFDO DQG SV\FKRORJLFDO SUREOHPV� 7UDGLWLRQDO LQ�SHUVRQ UH�
OD[DWLRQ WKHUDS\ KDV SURYHQ WR EH H̊HFWLYH LQ UHGXFLQJ VWUHVV� +RZHYHU� LW KDV VRPH
GUDZEDFNV VXFK DV KLJK FRVW� UHTXLUHG LQIUDVWUXFWXUH DQG WKH QHHG IRU TXDOLÀHG WUDLQHUV�
5HOD[DWLRQ WKHUDS\ LQ 9LUWXDO 5HDOLW\ �95� WULHV WR VROYH WKHVH SUREOHPV� +RZHYHU� RQH
DVSHFW KDV UHFHLYHG OLWWOH DWWHQWLRQ� WKDW LV SHUVRQDOLVHG WKHUDS\� ,QGHHG� ZKLOH PDQ\
VWXGLHV VKRZ WKH QHHG IRU SDWLHQW�WDLORUHG UHOD[DWLRQ H[HUFLVHV� OLWWOH H[LVWLQJ ZRUN IR�
FXVHV RQ SHUVRQDOLVHG 95 FRQWHQW� 2QH UHDVRQ IRU WKLV LV WKH FRPSOH[LW\ RI UHFRJ�
QLVLQJ HPRWLRQV� ZKLFK LV UHTXLUHG IRU HPRWLRQ�EDVHG DGDSWLYH 95� ,Q WKLV ZRUN� D
PHWKRG IRU DGDSWLQJ 95 FRQWHQW WR WKH HPRWLRQDO VWDWH RI WKH XVHU LV SUHVHQWHG� 7KLV
PRGHO KDV EHHQ DSSOLHG LQ D 95 UHOD[DWLRQ WKHUDS\ DSSOLFDWLRQ� ZKLFK DGDSWV WR WKH
XVHU·V HPRWLRQDO VWDWH XWLOLVLQJ D KHXULVWLF RSWLPLVHU� 6LPXODWLRQV KDYH SURYHQ WKH SHU�
IRUPDQFH DQG XVDELOLW\ RI WKH HPRWLRQ PRGHO� $GGLWLRQDOO\� WKLV SDSHU H[SORUHV WKH
LPSDFW RI WKH RUGHU LQ ZKLFK DGDSWDWLRQV DUH SHUIRUPHG RQ WKH H̊HFWLYHQHVV RI WKH
UHOD[DWLRQ H[SHULHQFH�

��� *OUSPEVDUJPO
$FFRUGLQJ WR WKH :RUOG +HDOWK 2UJDQLVDWLRQ �:+2�� VWUHVV� HVSHFLDOO\ UHODWLQJ WR
ZRUN DFWLYLWLHV� LV WKH VHFRQG PRVW IUHTXHQW KHDOWK SUREOHP� LPSDFWLQJ RQH�WKLUG RI
HPSOR\HG SHRSOH LQ WKH (XURSHDQ 8QLRQ >�²�@� ,W KDV EHHQ ZLGHO\ OLQNHG ZLWK DG�
YHUVH H̊HFWV RQ HPSOR\HHV� WKHLU SV\FKRORJLFDO DQG SK\VLFDO ZHOO�EHLQJ LQ PDQ\ RFFX�
SDWLRQV� ZLWK WHDFKLQJ DQG HGXFDWLRQDO SURIHVVLRQDOV DW SDUWLFXODU ULVN >�� �@� ([FHVV
RI VWUHVV FRQWULEXWHV WR WKH GHYHORSPHQW RI SK\VLFDO DLOPHQWV VXFK DV K\SHUWHQVLRQ�
XOFHUV� VNLQ GLVRUGHUV� KHDGDFKHV� DUWHULRVFOHURVLV� FDUGLRYDVFXODU GLVHDVHV� DQG RWKHU
OLIH�WKUHDWHQLQJ GLVHDVHV >�� �@� 'XH WR WKH SUHYDOHQFH RI WKHVH VWUHVV�UHODWHG KHDOWK
FRQGLWLRQV� WKH FRVW WR D QDWLRQ·V KHDOWK FDUH V\VWHP� DQG WKH ORVV RI TXDOLW\ RI OLIH
IRU LQGLYLGXDOV� FRQFHUQV RYHU WKH H̊HFWV RI VWUHVV DUH LQFUHDVLQJ DPRQJ SXEOLF KHDOWK
SURIHVVLRQDOV >�@�

*LYHQ WKH LPSDFW RI VWUHVV� UHVHDUFK KDV IRFXVHG RQPHDQV WR UHGXFH VWUHVV WKURXJK
UHOD[DWLRQ WKHUDS\ >�@� 5HOD[DWLRQ WKHUDS\ UHVRUWV WR FHUWDLQ VWUHVV PDQDJHPHQW WHFK�
QLTXHV ZKLFK KDYH SURYHQ WR KHOS LQ DOORZLQJ WKH ERG\ WR FRSH ZLWK VWUHVV� 6RPH
RI WKHVH WHFKQLTXHV DUH ELRIHHGEDFN WUDLQLQJ WR LQFUHDVH KHDUW UDWH YDULDELOLW\� SDFHG
EUHDWKLQJ� PXVFOH UHOD[DWLRQ� RU PHQWDO LPDJLQJ DQG PXVLF >�@� :KLOH UHVHDUFK KDV
VKRZQ WKHLU H̊HFWLYHQHVV� PRVW WHFKQLTXHV UHTXLUH SHUVHYHUDQFH DQG IRFXV RI WKH SD�
WLHQW ZKLFK LV GL̋FXOW WR PDLQWDLQ� ([HUFLVHV FDQ EH SHUFHLYHG WR EH ERULQJ� WHGLRXV RU
LPSUDFWLFDO� )XUWKHUPRUH� HVFDSLQJ WR D GL̊HUHQW HQYLURQPHQW LV QRW DOZD\V SRVVLEOH�

9LUWXDO 5HDOLW\ �95� FDQ SURYLGH WKH UHTXLUHG H̊HFWLYHQHVV IRU YDULRXV NLQGV RI
WKHUDS\ >�@� %\ IXOO\ LPPHUVLQJ WKH XVHU LQ D QHZ HQYLURQPHQW� WKH\ FDQ YLUWXDOO\ WHOH�
SRUW WR D PRUH VXLWHG ORFDWLRQ IRU UHOD[DWLRQ� 7KLV LPPHUVLRQ HOLPLQDWHV WKH PDQ\
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GLVWUDFWLQJ IDFWRUV RI WKH UHDO HQYLURQPHQW� )XUWKHUPRUH� LW UHGXFHV FRVWV� DV WKH XVHU
RQO\ UHTXLUHV D +HDG 0RXQWHG 'LVSOD\ �+0'� DQG DQ ,QWHUQHW FRQQHFWLRQ� LQVWHDG
RI WKH GHGLFDWHG WUDLQHUV DQG LQIUDVWUXFWXUHV RI WUDGLWLRQDO UHOD[DWLRQ WKHUDS\� )LQDOO\�
ZKHUH UHDO�OLIH UHOD[DWLRQ WKHUDS\ DGRSWV D SHUVRQDOO\ WDLORUHG DSSURDFK� WKH 95 FRXQ�
WHUSDUW VKRXOG IROORZ LQ WKLV SDWK� ,QGHHG� JLYHQ LWV LQGLYLGXDOLVWLF HVVHQFH� 95 KDV WKH
SRWHQWLDO WR SURYLGH SHUVRQDOLVHG VROXWLRQV WR WKH XVHUV� +RZHYHU� GXH WR WKH DEVHQFH
RI D WUDLQHU RU WKHUDSLVW� WKH SHUVRQDOLVDWLRQ QHHGV WR EH DXWRPDWHG E\ D FRPSXWHU
V\VWHP�

,Q SUHYLRXV UHVHDUFK� WKH SRWHQWLDO RI SHUVRQDOLVHG 95 IRU UHOD[DWLRQ KDYH EHHQ
H[SORUHG� )RU H[DPSOH� 3L]]ROL HW DO� >��@ SURSRVHG D XVHU�FHQWHUHG 95 H[SHULHQFH
IRU JHQHUDO UHOD[DWLRQ� +RZHYHU� FXUUHQW VROXWLRQV DUH HLWKHU WRR WDLORUHG IRU D YHU\
SDUWLFXODU XVHU�W\SH RU YHU\ JHQHULF WKXV GHFUHDVLQJ WKHLU H̊HFWLYHQHVV� )XUWKHUPRUH�
WKH\ WHQG WR UHO\ IXOO\ RQ VHQVRU GDWD DQG VXEMHFWLYH XVHU HYDOXDWLRQV� :KLOH HPSOR\LQJ
XVHU GDWD DLGV WR WDLORU DQG DGDSW WKH DSSOLFDWLRQV� WKH YDULDELOLW\ PDNHV LW GL̋FXOW WR
FUHDWH PRGHOV WKDW FRXOG EH XWLOLVHG IRU D EURDG UDQJH RI XVHUV� )RU VXFK FDVHV� WKHUH
LV D QHHG IRU REMHFWLYHO\ GULYHQ PRGHOV DEOH WR ÀW D EURDG UDQJH RI XVHUV�

7KLV ZRUN SURSRVHV D SHUVRQDOLVHG DQG DGDSWLYH 95 PRGHO IRU UHOD[DWLRQ WKHUDS\
LQ 95� (PSOR\LQJ D EURDG VHW RI SRVVLEOH DGDSWDWLRQV LQ D 9LUWXDO (QYLURQPHQW �9(��
RXU DSSURDFK PRGHOV UHOD[DWLRQ DV D IXQFWLRQ RI WKUHH RWKHU HPRWLRQV� QDPHO\ VWUHVV�
DURXVDO DQG IHDU� :H KDYH HYDOXDWHG RXU DSSURDFK ERWK IRU UHOD[DWLRQ LQGRRU DQG
RXWGRRU HQYLURQPHQWV DQG IRU D ZLGH UDQJH RI XVHUV� 2XU UHVXOWV LOOXVWUDWH WKH SRWHQWLDO
RI HPSOR\LQJ REMHFWLYH PRGHOV IRU SHUVRQDOLVDWLRQ DSSURDFKHV LQ 95�

7KH UHPDLQGHU RI WKLV SDSHU LV VWUXFWXUHG DV IROORZV� 6HFWLRQ ��� GHVFULEHV WKH
VWDWH RI WKH DUW RQ 95 IRU UHOD[DWLRQ WKHUDS\� 6HFWLRQ ��� LQWURGXFHV RXU PHWKRG SUR�
YLGLQJ DOO WKH HTXDWLRQV DQG WKHRUHWLFDO UHDVRQLQJ EHKLQG WKH GHÀQLWLRQ RI WKH PRGHO�
6HFWLRQV ��� DQG ��� SUHVHQW WKH HYDOXDWLRQ VHWXS GHWDLOV DQG HYDOXDWLRQ UHVXOWV� )LQDOO\�
6HFWLRQ ��� FRQFOXGHV WKLV SDSHU�

��� 3FMBUFE 8PSL
95 KDV EHHQ XVHG LQ FOLQLFDO VHWWLQJV WR WUHDW D UDQJH RI FRJQLWLYH� HPRWLRQDO DQG PRWRU
SUREOHPV LQ YDULRXV SV\FKRORJLFDO DQG SV\FKLDWULF GLVRUGHUV >�� ��²��@� 0DQ\ VWXG�
LHV KDYH VKRZQ WKDW WKH 95�EDVHG WKHUDS\ LV DV H̊HFWLYH DV WKHLU LQ�YLYR �WUDGLWLRQDO�
FRXQWHUSDUW >��� ��� ��@�

6KDK HW DO� >��@� 6R\ND HW DO� >��@� *HUEHU HW DO� >��@ DQG $QGHUVRQ HW DO� >��@ SHU�
IRUPHG VWXGLHV SURYLGLQJ HPSLULFDO HYLGHQFH IRU WKH H̊HFW RI XVLQJ 95 IRU UHGXFLQJ
VWUHVV LQ YDULRXV GRPDLQV RI DSSOLFDWLRQ� ,QGHHG� WKH VWXG\ E\ 6KDK HW DO� UHSRUWHG SRV�
LWLYH UHVXOWV RQ VWUHVV UHGXFWLRQ DQG�RU DQ[LHW\ WKURXJK H[SRVXUH WR QDWXUDO LPDJHU\ LQ
95� $GGLWLRQDOO\� WKH DXWKRUV HPSOR\HG DEGRPLQDO EUHDWKLQJ DQG PXVFOH UHOD[DWLRQ DV
ZHOO DV SV\FKR�HGXFDWLRQ LQ WKHLU VWXG\� 7KHLU WHVWV ZHUH IRFXVHG RQ SHRSOH ZLWK PRRG
GLVRUGHUV ZKR KDG EHHQ VXEPLWWHG WR D KRVSLWDO� *HUEHU HW DO� UHVWULFWHG WKHPVHOYHV
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WR SDWLHQWV LQ DQ LQWHQVLYH FDUH XQLW �,&8� ZKLOH $QGHUVRQ HW DO� H[SORUHG WKH H̊HFW
RQ SHRSOH OLYLQJ DQG ZRUNLQJ LQ LVRODWHG DQG FRQÀQHG HQYLURQPHQWV �H�J� VXEPDULQHV�
VSDFH�� :KHUHDV� 6R\ND HW DO� GLG QRW HQYLVLRQ D SDUWLFXODU WDUJHW JURXS EXW IRFXVHG
RQ XQGHUZDWHU VFHQH LPDJHU\� $GGLWLRQDOO\� $QGHUVRQ HW DO� GLVFXVVHG WKH QHHG IRU D
SHUVRQDOLVHG H[SHULHQFH LQ UHOD[DWLRQ 95� 7KH\ VXJJHVW WKDW WKH H̊HFW RI QDWXUDO LP�
DJHU\ RQ VWUHVV UHGXFWLRQ GHSHQGV RQ SHUVRQDO SUHIHUHQFH� 0DQ\ RI WKH H[LVWLQJ ZRUN
IRFXVHV RQ �SHUVRQDOLVHG� UHOD[DWLRQ LQ WKH FRQWH[W RI D VSHFLÀF FRQGLWLRQ �H�J� FDQFHU
WUHDWPHQW� ,&8� DQG QRW IRU JHQHUDO UHOD[DWLRQ RU GH�VWUHVVLQJ� 7KLV ZRUN IRFXVHV RQ
WKH ODWWHU�

,W KDV EHHQ VXJJHVWHG LQ SUHYLRXV UHVHDUFK WKDW SURYLGLQJ D SHUVRQDOLVHG WUHDWPHQW
ZRXOG LQGHHG LPSURYH WKH WKHUDS\� HLWKHU LQ H̊HFWLYHQHVV RU LQ XVHU VDWLVIDFWLRQ >��@�
,Q ����� *UD̊DP DQG -RKQVRQ >��@ DOUHDG\ GLG D FRPSDUDWLYH VWXG\ EHWZHHQ WZR UH�
OD[DWLRQ VWUDWHJLHV� 7KHLU ÀQGLQJ ZDV WKDW ERWK VWUDWHJLHV ZHUH HTXDOO\ H̊HFWLYH ZKLOH
RQH ZDV PRUH SUHIHUUHG WKDQ WKH RWKHU E\ SDWLHQWV� +\ODQG HW DO� >��@ FDPH WR VLP�
LODU FRQFOXVLRQV DV ZHOO ZKHQ SHUIRUPLQJ D VWXG\ FRPSDULQJ VL[ GL̊HUHQW UHOD[DWLRQ
WHFKQLTXHV� 7KLV VKRZV WKHUH LV D GHÀQLWH DQG FOHDU QHHG IRU SHUVRQDOLVHG UHOD[DWLRQ
WKHUDS\� +RZHYHU� PRVW VWXGLHV RQ 95 EDVHG UHOD[DWLRQ ODFN WKLV SHUVRQDOLVHG DQG
DGDSWLYH DSSURDFK >��@� 2QO\ D IHZ SDSHUV LQ OLWHUDWXUH PDNH FRQWULEXWLRQV WR WKLV
VSHFLÀF GRPDLQ� ,Q WKHLU SDSHU >��@� 3L]]ROL HW DO� SURSRVH D 95 H[SHULHQFH ZLWK
SHUVRQDOLVHG FRQWHQW DV DQ DOWHUQDWLYH WR JHQHULF VWRU\�WHOOLQJ RU JXLGHG DFWLYLWLHV IRU
UHJXODWLQJ HPRWLRQV LQ 95�

3HUVRQDOLVHG V\VWHPV QHHG LQSXW WR DGDSW WR WKH XVHU� )RU UHDO�WLPH DGDSWDWLRQV�
FRQWLQXRXV GDWD VWUHDPV DUH SUHIHUUHG WR HVWLPDWH D FHUWDLQ VWDWH RI WKH XVHU� H�J� SUH�
GLFWLQJ WKH HPRWLRQDO VWDWH IRU ELRIHHGEDFN� 6XEVWDQWLDO UHVHDUFK KDV EHHQ GRQH RQ
GHWHFWLQJ WKLV HPRWLRQDO VWDWH IURP YDULRXV VHQVRU GDWD >��� ��@� +HDOH\ HW DO� >��@
GHYHORSHG D V\VWHP IRU SUHGLFWLQJ VWUHVV ZKLOH GULYLQJ EDVHG RQ KHDUW UDWH DQG VNLQ
FRQGXFWDQFH GDWD� 0LUDQGD HW DO� >��@ DOVR XVHG KHDUW UDWH EXW LQ FRPELQDWLRQ ZLWK
VSRQWDQHRXV EOLQN UDWH WR GHWHFW DQ[LHW\� 7KH\ GLG� KRZHYHU� ÀQG WKDW KHDUW UDWH ZDV
WKH PRVW SURPLQHQW SUHGLFWRU�

2WKHU ZRUN UHVHDUFKHV WKH XVH RI PDFKLQH OHDUQLQJ WHFKQLTXHV VXFK DV &RQYROX�
WLRQDO 1HXUDO 1HWZRUN �&11� >��@ DQG 6XSSRUW 9HFWRU 0DFKLQH �690� >��@ LQ GH�
WHFWLQJ HPRWLRQV� 7KHVH DOJRULWKPV DUH RIWHQ YHU\ FRPSOH[ DQG QHHG ODUJH DPRXQWV RI
FRPSXWLQJ SRZHU DQG H[SHQVLYH ZHDUDEOHV� ,Q VRPH FDVHV� WKH\ DUH GHVLJQHG IRU RQH
SDUWLFXODU VHWWLQJ ZLWKRXW SURRI IRU DSSOLFDWLRQ WR RWKHU VHWWLQJV >��@� )RU PDQ\ XVH
FDVHV� DLPHG DW UHOD[DWLRQ� WKHVH DUH XQDFFHSWDEOH UHTXLUHPHQWV� 7KHVH XVH FDVHV UH�
TXLUH VLPSOH XVDJH� QRQ�LQWUXVLYH DQG QRQ�REVWUXFWLQJ VHQVRUV� DQG SUHIHUDEO\ FKHDS
KDUGZDUH� 7KHUHIRUH� WKHUH LV D QHHG IRU VLPSOHU PRGHOV SUHGLFWLQJ WKH HPRWLRQDO VWDWH
RI D SHUVRQ� 'HYHORSLQJ VXFK D PRGHO QHHGV D GHHS XQGHUVWDQGLQJ RI HPRWLRQV RQ D
ELRORJLFDO DQG SK\VLRORJLFDO OHYHO >��@�
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'JHVSF ���� )JHI MFWFM WJFX PG UIF BSDIJUFDUVSF�

��� .FUIPEPMPHZ
7KLV VHFWLRQ SUHVHQWV WKH PHWKRGRORJ\ HPSOR\HG RQ WKH GHVLJQ RI WKH DGDSWLYH DQG
SHUVRQDOLVHG 95 DSSURDFK WR UHOD[DWLRQ WKHUDS\� 7KH KLJK�OHYHO RYHUYLHZ RI WKH V\V�
WHP LV LOOXVWUDWHG LQ )LJXUH ���� $W WKH VWDUW RI WKH VHVVLRQ� WKH XVHU SURYLGHV GDWD
UHJDUGLQJ WKHLU SHUVRQDOLW\ DQG WKHLU LQLWLDO HPRWLRQDO VWDWH� %DVHG RQ ERWK W\SHV RI LQ�
IRUPDWLRQ� D YLUWXDO HQYLURQPHQW LV FUHDWHG� 7R SURYLGH VPRRWK WUDQVLWLRQV WR WKH XVHU
DQG QRW WR GLVWXUE WKH LPPHUVLYHQHVV� UDGLFDO FKDQJHV LQ WKH HQYLURQPHQW DUH DYRLGHG�
7KHUHIRUH� ÀUVW� D EOXHSULQW RI WKH HQYLURQPHQW LV FKRVHQ EDVHG VROHO\ RQ WKH SHUVRQ�
DOLW\ RI WKH XVHU DQG LQGHSHQGHQW RI WKH HPRWLRQDO VWDWH RI WKH XVHU� &KRRVLQJ WKLV
EOXHSULQW LV GRQH E\ WKH HQYLURQPHQW VHOHFWRU� UHVXOWLQJ LQ D UDZ HQYLURQPHQW WR UHQ�
GHU� 1H[W� WKH EOXHSULQW LV HQKDQFHG WR FUHDWH WKH ÀQDO HQYLURQPHQW WKDW LV VKRZQ WR
WKH XVHU� WKLV HQKDQFHPHQW LV GRQH E\ WKH DGDSWRU FRPSRQHQW� 6XEVHTXHQWO\� WKH 9(
FDQ EH VKRZQ WR WKH XVHU� 7KLV LV GRQH E\ WKH 95 UHQGHU FRPSRQHQW� 9LVXDOLVLQJ WKH
HQYLURQPHQW ZLOO WULJJHU DQ HPRWLRQDO UHDFWLRQ LQ WKH XVHU� ZKLFK LV VLPXODWHG E\ WKH
HPRWLRQDO PRGHO� UHVXOWLQJ LQ QHZ HPRWLRQDO GDWD� 7KLV GDWD LV WKHQ UHWXUQHG WR WKH
DGDSWRU� FRPSOHWLQJ WKH F\FOH� ,Q D K\EULG DSSURDFK� WKH HVWLPDWLRQ RI WKH HPRWLRQDO
VWDWH FRXOG EH LPSURYHG E\ LQFRUSRUDWLQJ ELRIHHGEDFN IURP WKH XVHU� +RZHYHU� WKLV
LV RXWVLGH WKH VFRSH RI WKLV SDSHU� 1H[W� IXUWKHU GHWDLOV DUH JLYHQ RQ WKH SHUVRQDOLW\
DQG HPRWLRQDO PRGHOV DV ZHOO DV RQ WKH KHXULVWLF DGDSWRU�

����� 1FSTPOBMJUZ .PEFM
7KH HQYLURQPHQW VHOHFWRU LV UHVSRQVLEOH IRU JHQHUDWLQJ D UDZ HQYLURQPHQW EDVHG RQ
WKH SHUVRQDOLW\ RI WKH XVHU� 7R DFKLHYH WKLV� LW XVHV GHFLVLRQ WUHHV� 7KH GHFLVLRQV WDNHQ
DW HYHU\ GHFLVLRQ QRGH GHSHQG VROHO\ RQ WKH XVHU·V SHUVRQDOLW\ GDWD DQG HDFK RXWFRPH
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UHSUHVHQWV D GL̊HUHQW UDZ HQYLURQPHQW� 7KH VHW RI SRVVLEOH UDZ HQYLURQPHQWV LV À[HG
DQG WKXV WKH VDPH IRU HYHU\ XVHU� 7KHUHIRUH� XVHUV ZLWK VLPLODU SHUVRQDOLWLHV FRXOG
JHQHUDWH WKH VDPH UDZ HQYLURQPHQW� +RZHYHU� WKHLU ÀQDO HQYLURQPHQWV PD\ VWLOO VKRZ
VLJQLÀFDQW GL̊HUHQFHV DV WKH HQYLURQPHQW GHWDLOV JHW GHFLGHG XSRQ ODWHU� DV WKH\ DUH
EDVHG RQ WKH XVHU·V HPRWLRQDO VWDWXV� 7KH GHFLVLRQ WUHH ZLOO EH PRGLÀHG GHSHQGLQJ
RQ WKH DYDLODEOH YLUWXDO HQYLURQPHQWV DQG RSWLRQV�

����� &NPUJPOBM .PEFM
7KH PDLQ SXUSRVH RI WKH HPRWLRQDO PRGHO LV WR HVWLPDWH WKH OHYHO RI UHOD[DWLRQ� RU
UDWKHU WKH VWDWH RI UHOD[DWLRQ sUHOD[DWLRQ� RI WKH XVHU EDVHG RQ WKH FXUUHQW VHWWLQJV RI
WKH HQYLURQPHQW� 5HOD[DWLRQ KDV EHHQ VKRZQ WR EH LQÁXHQFHG E\ VWUHVV� IHDU DQG
DURXVDO >��@� 7KHUHIRUH� WKH PRGHO HVWLPDWHV UHOD[DWLRQ IURP WKH WKUHH ODWHQW YDULDEOHV
�sVWUHVV � sIHDU � DQG sDURXVDO �� $W WKH PRVW DEVWUDFW OHYHO� UHOD[DWLRQ FDQ EH H[SUHVVHG DV D
IXQFWLRQ RI WKH WKUHH RWKHU HPRWLRQDO VWDWHV DQG WKH SUHIHUHQFH RI WKH XVHU RQ WKH
DGDSWDWLRQV LQ WKH HQYLURQPHQW� 7KLV LV IRUPDOLVHG LQ (TXDWLRQV �����²������ ZKHUH
D = (ax1 , ..., axn) LV WKH YHFWRU UHSUHVHQWLQJ WKH YDOXHV RI DOO DGDSWDWLRQV xi, i 2
{1, . . . , n} LQ WKH HQYLURQPHQW�

sUHOD[DWLRQ = UHOD[DWLRQ
�
sIHDU , sVWUHVV , sDURXVDO , SUHI (D)

�
�����

sIHDU = IHDU (D) �����

sVWUHVV = VWUHVV (D) �����

sDURXVDO = DURXVDO (D) �����

$GDSWDWLRQV FDQ LQÁXHQFH WKH PRGHO HLWKHU E\ WKH SUHIHUHQFH IRU WKH DGDSWDWLRQ
RU GLUHFWO\ E\ LWV YDOXH� *LYHQ WKH ODUJH YDULHW\ RI RSWLRQV DQG WKH YDULDELOLW\ RI XVHUV�
ZKHQ WKH XVHU ÀUVW VWDUWV WKH V\VWHP� WKH\ ZLOO DQVZHU TXHVWLRQV UHJDUGLQJ WKHLU SUHI�
HUHQFHV RQ VRPH RI WKH DGDSWDWLRQV� ,Q WKDW ZD\� IRU H[DPSOH� LI WKH XVHU LV DIUDLG RI
GDUNQHVV� WKH FUHDWHG HQYLURQPHQW ZLOO EH PDGH LQ D PDQQHU WKDW LW PDLQWDLQV OLJKW
WKURXJKRXW WKH VHVVLRQ� 7KHUHIRUH� D SUHIHUHQFH IXQFWLRQ SUHI x(ax) IRU HDFK DGDS�
WDWLRQ xi LV GHÀQHG DFFRUGLQJ WR (TXDWLRQ ����� ZKLFK GHWHUPLQHV WKH LPSDFW RI WKH
LQGLYLGXDO DGDSWDWLRQV RQ WKH XVHU·V HPRWLRQDO VWDWH� +XPDQ SHUFHSWLRQ KDV EHHQ
GHHPHG WR EH KLJKO\ QRQOLQHDU� IROORZLQJ PRUH WKH VKDSH RI D VLJPRLG RU D *DXVVLDQ
FXUYH >��@� 7KHUHIRUH� D *DXVVLDQ IXQFWLRQ LV XVHG� 7KH *DXVVLDQ KDV D PD[LPXP
YDOXH RI �� FHQWUHG DURXQG WKH DGDSWDWLRQ·V RSWLPDO LQWHQVLW\ �xopt�� 7KLV RSWLPDO LQ�
WHQVLW\ LV D À[HG YDOXH GHULYHG IURP WKH TXHVWLRQQDLUH GDWD� 7KH UDQJH RI WKH SUHI x(ax)
IXQFWLRQ LV EHWZHHQ � DQG �� ZKHUH � LQGLFDWHV WKDW WKH XVHU GRHV QRW OLNH WKH DGDS�
WDWLRQ DQG � WKDW WKH XVHU OLNHV LW YHU\ PXFK� $V FDQ EH VHHQ LQ )LJXUH ���� WKH PRUH
WKH RSWLPDO LQWHQVLW\ OHDQV WRZDUGV 0.5� WKH PRUH WKH XVHU IHHOV LQGL̊HUHQW DERXW WKH
DGDSWDWLRQ� WKXV WKH ÁDWWHU WKH *DXVVLDQ EHFRPHV� ,Q RWKHU ZRUGV� ODUJH FKDQJHV LQ
WKH DGDSWDWLRQ LQWHQVLW\ KDYH OLWWOH H̊HFW RQ WKH SUHIHUHQFH IXQFWLRQ·V RXWFRPH� 7KH
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PRUH WKH RSWLPDO LQWHQVLW\ UHDFKHV 0 RU 1� WKH VWURQJHU WKH XVHU IHHOV DERXW WKH DGDSWD�
WLRQ� WKXV WKH PRUH QDUURZ WKH EHOO VKDSH EHFRPHV� 0HDQLQJ WKDW VPDOO FKDQJHV LQ WKH
DGDSWDWLRQ LQWHQVLW\ DOUHDG\ KDYH D ELJ LPSDFW RQ WKH SUHIHUHQFH IXQFWLRQ·V RXWFRPH�

SUHI x(ax) = H[S

 
�
�
xRSW � ax

�2

2 ·
�
1.075� 2 ·

���0.5� xRSW
����2

!
�����

:LWK WKH GHÀQLWLRQV IRU WKH DGDSWDWLRQV DQG SUHIHUHQFHV� WKH WKUHH HPRWLRQPRGHOV
ZLOO EH H[SODLQHG� 6LQFH VRPH RI WKH DGDSWDWLRQV LQ WKH V\VWHP FRXOG SRWHQWLDOO\ LQGXFH
IHDU RQ WKH XVHU� WKHVH DUH FDOOHG �IHDU� LQGXFWRUV� )RU H[DPSOH� D XVHU FDQ EH DIUDLG RI
GDUNQHVV� ÀUH RU DQLPDOV� 7KHUHIRUH� LQ WKLV PRGHO IHDU LV FDOFXODWHG DV D ZHLJKWHG VXP
RI WKH SRVVLEOH IHDU LQGXFWRUV LQGHSHQGHQWO\ �(TXDWLRQ ������� 7KH ZHLJKWV �Fax � FDQ
EH FKRVHQ EDVHG RQ WKH XVHU·V SHUVRQDOLW\� (DFK LQGXFWRU LV PRGHOHG E\ D IXQFWLRQ
EDVHG RQ WKH XVHU SURÀOH·V RSWLPDO YDOXH �xRSW � DV LQ (TXDWLRQ ������ 7KH IHDU LQGXFWRU
IXQFWLRQ� f(ax)� LV D OLQHDU IXQFWLRQ EDVHG RQ WKH DGDSWDWLRQ·V FXUUHQW LQWHQVLW\ DQG
WKH À[HG RSWLPDO LQWHQVLW\� 7KLV LV SORWWHG LQ )LJXUH ��� IRU GL̊HUHQW YDOXHV RI RSWLPDO
LQWHQVLW\� 7KLV SORW VKRZV WKDW LI WKH DGDSWDWLRQ KDV DQ RSWLPDO LQWHQVLW\ YDOXH EHORZ
0.5� LW IULJKWHQV WKH XVHU� WKXV FRQWULEXWLQJ WR D SRVLWLYH LPSDFW RQ WKH RYHUDOO IHDU� $Q
RSWLPDO LQWHQVLW\ DERYH 0.5 LQGLFDWHV FRPIRUW� WKXV FRQWULEXWLQJ WR D QHJDWLYH LPSDFW
RQ WKH RYHUDOO IHDU� 7KH PDJQLWXGH RI IHDU RU FRPIRUW GHSHQGV RQ KRZ PXFK WKH
YDOXH OHDQV WRZDUGV 0 RU 1 UHVSHFWLYHO\� $V IHDU(a) LV D OLQHDU FRPELQDWLRQ RI LQVWDQFHV
RI f(ax)� LW DOVR LV D OLQHDU IXQFWLRQ VLPLODU WR )LJXUH ���� 7KH UHVXOWLQJ IXQFWLRQ IRU
IHDU DOZD\V SURYLGHV DQ RXWSXW YDOXH EHWZHHQ �1 DQG 1� 1HJDWLYH IHDU LQGLFDWHV WKDW
WKH XVHU LV QRW DIUDLG DQG IHHOV FRPIRUWDEOH� ZKLOVW SRVLWLYH IHDU LQGLFDWHV WKH XVHU LV
DIUDLG�
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sIHDU = IHDU (D) =
P

ax2D Fax · f(ax)P
ax2D Fax

�����

f(ax) = (1� 2 · xRSW ) · ax �����

7KH VHFRQG HPRWLRQ LV VWUHVV� ,Q (TXDWLRQ ������ LW LV IRUPXODWHG DV D PD[�IXQFWLRQ
RI WKUHH DUJXPHQWV�7KH ÀUVW HOHPHQW LV WKH YDOXH RI sIHDU � DV WKH OHYHO RI IHDU ZLOO GLUHFWO\
WUDQVODWH LQWR VWUHVV� 7KH VHFRQG LV D QHZ FDQGLGDWH YDOXH IRU sVWUHVV ZKLFK GHSHQGV RQ
WKH SUHIHUHQFH IXQFWLRQV RI DGDSWDWLRQV WKDW FDQ LQGXFH VWUHVV� $V WKH DGDSWDWLRQV
FXUUHQW YDOXHV DSSURDFK WKH RSWLPDO SUHIHUHQFH� WKH VWUHVV GHFUHDVHV �(TXDWLRQ �������
/DVWO\� WKH YDOXH RI sVWUHVV DW WKH SUHYLRXV WLPH VWHS LV FRQVLGHUHG�

sVWUHVV = VWUHVV (D)
= PD[(sIHDU , VWUHVVQHZ(D), VWUHVVSUHY)

�����

VWUHVVQHZ(D) = 1�
P

ax2D Spax · SUHI ax
(ax) +

P
ax2D Sax · axP

ax2D Sax +
P

ax2D Spax

�����

7KH ÀQDO HPRWLRQ LV DURXVDO �(TXDWLRQ �������� 0XFK OLNH VWUHVV DURXVDO LV QRQ�
OLQHDU DQG IRUPXODWHG DV D PD[ IXQFWLRQ ZLWK WKUHH DUJXPHQWV� 7KH ÀUVW LV WKH HPR�
WLRQDO VWDWH RI IHDU �sIHDU �� ZLWK KLJK IHDU FRPHV KLJK DURXVDO� 7KH VHFRQG LV WKH HPR�
WLRQDO VWDWH RI VWUHVV �sVWUHVV�� DQDORJRXV WR IHDU� ZLWK KLJK VWUHVV FRPHV KLJK DURXVDO�
7KH ODVW DUJXPHQW LV WKH PLQLPXP RI D QHZ FDQGLGDWH YDOXH IRU DURXVDO DQG WKH YDOXH
RI sDURXVDO DW WKH SUHYLRXV WLPH VWHS� 7KH FDQGLGDWH YDOXH RI DURXVDO LV EDVHG RQ WKH
SUHIHUHQFH RI VRPH DGDSWDWLRQV DQG WKH GLUHFW H̊HFW RI RWKHUV� )RU H[DPSOH� XVHUV
KDYH D SUHIHUHQFH IRU PXVLF� 7KHUHIRUH� EDVHG RQ WKHLU SUHIHUHQFH IRU WKLV DGDSWDWLRQ�
WKH XVHU ZLOO IHHO PRUH RU OHVV DURXVHG� 2Q WKH RWKHU KDQG� RWKHU DGDSWDWLRQV� VXFK
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DV WKH SUHVHQFH RI OLJKW� KDV EHHQ VKRZQ WR LQFUHDVH DURXVDO LQ DOO XVHUV >��@� 7KXV�
WKHLU H̊HFW QHHGV WR EH GLUHFWO\ DGGHG WR WKH DURXVDO FDOFXODWLRQ� 7KH YDOXH RI DURXVDO
DOZD\V OLHV EHWZHHQ � DQG ��

sDURXVDO = DURXVDO (D)

= PD[(sIHDU , sVWUHVV ,PLQ(DURXVDO QHZ(D), DURXVDO SUHY))
������

DURXVDO QHZ(D) = 1�
P

ax2DApx · SUHI x(ax) +
P

ax2DAx · axP
ax2DApx +

P
ax2DAx

������

%DVHG RQ WKH SUHIHUHQFHV RI WKH XVHUV DQG WKH ODWHQW HPRWLRQDO VWDWHV� sUHOD[DWLRQ FDQ
EH H[SUHVVHG� (TXDWLRQ ������ VKRZV UHOD[DWLRQ DV D FRPELQDWLRQ RI WKH DGDSWDWLRQ
SUHIHUHQFHV ZKLFK GLUHFWO\ D̊HFW UHOD[DWLRQ� WKH DGDSWDWLRQV WKDW D̊HFW WKH UHOD[DWLRQ
LQGHSHQGHQW IURP WKH XVHU SUHIHUHQFH� WKH VWUHVV� DURXVDO DQG IHDU YDOXHV� ,W LV LPSRU�
WDQW WR QRWH WKDW DGDSWDWLRQV ZLOO HLWKHU D̊HFW DV D SUHIHUHQFH RU GLUHFWO\ DV DQ DGDSWD�
WLRQ� 7KHUHIRUH IRU DQ DGDSWDWLRQ ax� HLWKHU Rpax RURax ZLOO EH VHW WR D YDOXH KLJKHU
WKDQ ]HUR� 7R NHHS WKH YDOXH RI UHOD[DWLRQ EHWZHHQ � DQG �� UHOD[DWLRQ LV GLYLGHG E\
WKH VXP RI WKH ZHLJKWV RI WKH HOHPHQWV�

UHOD[DWLRQ =

P
ax2DRpax · SUHI (ax) +

P
ax2DRax · ax �RIHDU · sIHDU

�RVWUHVV · sVWUHVV �RDURXVDO · sDURXVDOP
ax2DRpax +

P
ax2DRax +RVWUHVV +RDURXVDO +RIHDU

������

����� )FVSJTUJD "EBQUPS
7KH DGDSWRU LV WKH FRPSRQHQW LQ FKDUJH RI XSGDWLQJ WKH DGDSWDWLRQ LQWHQVLWLHV LQ UHDO�
WLPH� ,W REVHUYHV WKH FXUUHQW VWDWH RI WKH 9( DQG WKH XVHU·V HPRWLRQDO GDWD� %DVHG RQ
WKLV� LW GHFLGHV ZKLFK DGDSWDWLRQ LQWHQVLW\ VKRXOG EH FKDQJHG QH[W� 7KH DGDSWRU XS�
GDWHV RQH DGDSWDWLRQ HDFK WLPH VWHS� ,W FDOFXODWHV ZKLFK DFWLRQ LV EHVW� SHUIRUPV WKLV
DFWLRQ� DQG ZDLWV IRU WKH XVHU·V HPRWLRQDO VWDWH WR XSGDWH� 7KLV SURFHVV LV UHSHDWHG
XQWLO WKH XVHU UHDFKHV KLV RSWLPDO HPRWLRQDO VWDWH� DW ZKLFK SRLQW QR PRUH DGDSWDWLRQV
DUH QHFHVVDU\� )LQGLQJ WKLV RSWLPDO VWDWH DQG WKH PD[LPDO UHOD[DWLRQ OLQNHG WR LW FDQ
EH IRUPXODWHG DV DQ RSWLPLVDWLRQ SUREOHP� 7KH HPRWLRQDO PRGHO LV QRQ�OLQHDU DQG
FDQ EH VROYHG XVLQJ 0L[HG ,QWHJHU 1RQ�/LQHDU 3URJUDPPLQJ �0,1/3�� $V 0,1/3
SUREOHPV DUH QRW HDV\ WR VROYH� WKH SUREOHP �DQG WKXV� WKH PRGHO� QHHG WR EH OLQ�
HDULVHG� 7KLV UHVXOWV LQ D OLQHDU SUREOHP WKDW FDQ EH VROYHG XVLQJ 0L[HG ,QWHJHU /LQHDU
3URJUDPPLQJ �0,/3� >��@� +RZHYHU� WKLV RSWLPLVDWLRQ SUREOHP FDQQRW EH VROYHG LQ
UHDO�WLPH� 7KHUHIRUH� D KHXULVWLF DSSURDFK LV XVHG�

7KH KHXULVWLF DSSURDFK ÀUVW GHWHUPLQHV WKH DEVROXWH PD[LPXP DFKLHYDEOH UHOD[�
DWLRQ IRU WKH HQYLURQPHQW DQG XVHU SURÀOH� ,W DFKLHYHV WKLV E\ VDPSOLQJ WKH DGDSWDWLRQ
LQWHQVLWLHV DQG FRPSDULQJ DOO SRVVLEOH FRPELQDWLRQV� L�H� D EUXWH IRUFH DSSURDFK� 7KH
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	B
 	C


'JHVSF ���� 5IF UXP UZQFT PG JOEPPS FOWJSPONFOU� 	B
 -BLF IPVTF 	C
 'PSFTU DBCJO�

FRPELQDWLRQ WKDW OHDGV WR WKH PD[LPDO UHOD[DWLRQ YDOXH LV WKH FRPELQDWLRQ WKH KHXULV�
WLF RSWLPLVHU VKRXOG ZRUN WRZDUGV� $V LW FDQ RQO\ FKDQJH RQH DGDSWDWLRQ LQWHQVLW\ SHU
VWHS� LW VKRXOG FKRRVH DQ RUGHU LQ ZKLFK WR FKDQJH WKH LQWHQVLWLHV�

��� 6TF $BTF *NQMFNFOUBUJPO
7KLV VHFWLRQ GLVFXVVHV WKH XVH FDVH LPSOHPHQWHG WR WHVW RXU PRGHO DQG DOJRULWKP�
7ZR GL̊HUHQW 9( VHWWLQJV KDYH EHHQ GHVLJQHG� RQH LV IRU LQGRRU HQYLURQPHQWV DQG
WKH RWKHU IRU RXWGRRU HQYLURQPHQWV� )RU HDFK� WZR GL̊HUHQW W\SHV DUH SURYLGHG� 7KH
LQGRRU VHWWLQJV UHVHPEOH D OLYLQJ URRP RI D KRXVH HLWKHU QHDU D ODNH �)LJXUH ���D� RU
LQ D IRUHVW �)LJXUH ���E�� ZKLOH WKH RXWGRRU VHWWLQJ UHSOLFDWHV D FRV\ FDPS VSRW DURXQG
D FDPSÀUH HLWKHU QHDU D ODNH �)LJXUH ���D� RU LQ WKH PRXQWDLQV �)LJXUH ���E�� 7KHVH
WZR 9(V KDYH EHHQ FKRVHQ DV WKH\ DUH YHU\ GL̊HUHQW IURP HDFK RWKHU DV ZHOO DV R̊HU
GL̊HUHQW SRVVLELOLWLHV IRU DGDSWDWLRQV ZKLFK FRXOG LQÁXHQFH UHOD[DWLRQ� $OO DGDSWDWLRQV
ZKLFK DUH LPSOHPHQWHG IRU WKLV XVH FDVH DUH OLVWHG LQ 7DEOH ��� ZLWK D VKRUW GHVFULSWLRQ�
7KH VHFRQG DQG WKLUG FROXPQV LQGLFDWH ZKHWKHU WKH\ DUH LPSOHPHQWHG IRU LQGRRU RU
RXWGRRU HQYLURQPHQWV� 7KH 9(V DUH LPSOHPHQWHG LQ 8QLW\�'� LW SURYLGHV DQ HDV\ WR
XVH IUDPHZRUN IRU 95 FRQWHQW� 7KHVH HQYLURQPHQWV KDYH EHHQ GHVLJQHG IRU XVH ZLWK
WKH +7& 9LYH +0'� 7KH HPRWLRQDO PRGHO DQG KHXULVWLF RSWLPLVHU UXQV DV D VHSDUDWH
-DYD DSSOLFDWLRQ ZKLFK FDQ FRPPXQLFDWH ZLWK WKH 95 DSSOLFDWLRQ�

����� 1FSTPOBMJTBUJPO .PEFM BOE &OWJSPONFOU 4FMFDUPS
$ TXHVWLRQQDLUH LV XVHG WR JDWKHU ERWK WKH SHUVRQDOLW\ GDWD DQG WKH LQLWLDO HPRWLRQDO
GDWD� 4XHVWLRQV RQH WKURXJK QLQH LQ 7DEOH ��� DUH GHVLJQHG VSHFLÀFDOO\ IRU WKH GH�
YHORSHG 9( WR JDWKHU WKH SHUVRQDOLW\ GDWD RI WKH XVHU� 7KLV GDWD FRQVLVWV RI RSWLPDO
LQWHQVLWLHV �XVHG E\ WKH HPRWLRQDO PRGHO� DQG ELQDU\ YDULDEOHV �XVHG E\ WKH HQYLURQ�
PHQW VHOHFWRU�� %DVHG RQ WKH FKRVHQ RSWLPDO LQWHQVLW\ IRU HDFK DGDSWDWLRQ� WKH V\VWHP
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'JHVSF ���� 5IF UXP UZQFT PG PVUEPPS FOWJSPONFOU� 	B
 -BLF DBNQ 	C
 .PVOUBJO DBNQ�

PD\ GHFLGH WR UHPRYH WKDW DGDSWDWLRQ IURP WKH HQYLURQPHQW� H�J� IRU D YHU\ ORZ RS�
WLPDO LQWHQVLW\ IRU GRJ LW LV EHWWHU QRW WR VKRZ WKH GRJ DW DOO� 7KH WKUHVKROG YDOXH LV
FKRVHQ DW 0.25� DQ\WKLQJ EHORZ WKLV YDOXH ZLOO UHPRYH WKH DGDSWDWLRQ� ,W ZDV REVHUYHG
WKDW DQ\ YDOXH EHOORZ 0.25 KDG OLWWOH H̊HFW RQ WKH XVHUV� 7KH TXHVWLRQV DVNHG WR JDWKHU
WKH LQLWLDO HPRWLRQDO GDWD DUH JLYHQ E\ TXHVWLRQV WHQ WR WZHOYH� %DVHG RQ WKLV GDWD� D
URXJK HVWLPDWH RI WKH LQLWLDO DGDSWDWLRQ LQWHQVLWLHV LV GHULYHG� $IWHUZDUGV� WKH LQLWLDO
VWDWH RI sUHOD[DWLRQ LV FRPSXWHG XVLQJ WKH HPRWLRQDO PRGHO�

7KH HQYLURQPHQW VHOHFWRU XVHV WKH SHUVRQDOLW\ GDWD DQG WUDQVIRUPV LW LQWR D UDZ
HQYLURQPHQW XVLQJ D GHFLVLRQ WUHH� 7KLV WUHH LV JLYHQ LQ )LJXUH ���� %DVHG RQ WKUHH
GHFLVLRQ QRGHV LQ WKH WUHH� IRXU GL̊HUHQW RXWFRPHV DUH SRVVLEOH� 7KH ÀUVW QRGH GHWHU�
PLQHV ZKHWKHU WR VHOHFW DQ LQGRRU RU RXWGRRU HQYLURQPHQW� ZKLFK DUH IXQGDPHQWDOO\
GL̊HUHQW IURP HDFK RWKHU� $V PHQWLRQHG EHIRUH� HDFK LQGRRU DQG RXWGRRU HQYLURQ�
PHQW KDV � YDULDWLRQV� )RU WKH LQGRRU� WKH VHFRQG GHFLVLRQ FKHFNV ZKHWKHU D YLHZ
RYHU WKH ZDWHU LV SUHIHUUHG� )RU WKH RXWGRRU� WKH VHFRQG GHFLVLRQ FKHFNV ZKHWKHU D
YLHZ IURP D KHLJKW LV SUHIHUUHG� )RU HYHU\ SRVVLEOH RXWFRPH� D UDZ 9( LV SUHSDUHG�
7KH GHFLVLRQ WUHH GHFLGHV ZKLFK 9( WR ORDG�

����� &NPUJPOBM .PEFM
7KH HPRWLRQDO PRGHO LV LPSOHPHQWHG IRU WKH SUHVHQWHG 9(V� %DVHG RQ WKH DGDSWDWLRQV
IRXQG LQ 7DEOH ��� WKH IRUPXODV LQ 6HFWLRQ ����� DUH FRPSOHWHG� 7DEOH ��� VKRZV WKH
UDQJH RI YDOXHV IRU HDFK DGDSWDWLRQ DV ZHOO DV WKH ZHLJKWV WKH\ DUH JLYHQ IRU HDFK RI
WKH IRUPXODV� 7KH DGDSWDWLRQV DUH GLVFXVVHG LQ PRUH GHWDLO� )LUVW� DUWLÀFLDO OLJKW �al�
FRUUHVSRQGV WR OLJKW DUWLÀFLDOO\ SURGXFHG� H�J� D OLJKW EXOE� 7KH OLJKW LQWHQVLW\ VFDOHV
OLQHDUO\ EHWZHHQ � DQG �� ZKHUH � LV QR OLJKW DQG � LV PD[LPXP OLJKW� 7KLV DUWLÀFLDO
OLJKW ZLOO RQO\ EH SUHVHQW IRU LQGRRU HQYLURQPHQWV� 6HFRQG� QDWXUDO OLJKW �nl� GHQRWHV
QDWXUDOO\ SURGXFHG OLJKW� VXFK DV WKH VXQ� 7KH OLJKW LQWHQVLW\ VFDOHV OLQHDUO\ EHWZHHQ
� DQG �� ZKHUH � LV ODWH DW QLJKW �ORZ OLJKW� DQG � LV DURXQG QRRQ �PD[LPXP OLJKW��
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Indoors?

Water?

Heights?

Forest Cabin

Lake house

Lake camp

Mountain camp

yes

yes

yesno

no

no

'JHVSF ���� %FDJTJPO USFF VTFE CZ UIF FOWJSPONFOU TFMFDUPS�

/LJKW KDV D VLJQLÀFDQW LPSDFW RQ DURXVDO >��@� 7KHUHIRUH� WKH V\VWHP KDV WR FRQWURO
WKH SDUDPHWHUV IRU OLJKW� 7KLUG� LW KDV EHHQ VKRZQ WKDW WKH FRORXU RI DUWLÀFLDOO\ FUHDWHG
OLJKW KDV D VWURQJ LQÁXHQFH RQ WKH UHOD[DWLRQ RI WKH XVHU >��@� 7KHUHIRUH� ZH GHÀQHG
WKH DGDSWDWLRQ OLJKW FRORXU �lc�� ,I DUWLÀFLDO OLJKW LV DFWLYDWHG� WKH FRORXU RI WKH OLJKW
FDQ EH VHW� 7KH FRORXU RI WKH OLJKWV VFDOHV OLQHDUO\ EHWZHHQ ZKLWH DQG EOXH OLJKW� ZKHUH
� LV ZLWK ZKLWH OLJKW DQG � LV EOXH OLJKW� 7KH IRXUWK DGDSWDWLRQ LV WKH ÀUH �py�� ,W
KDV EHHQ VKRZQ WKDW D VRXUFH RI ÀUH� VXFK DV D ÀUHSODFH RU DQ RXWGRRU FDPSÀUH� FDQ
EH UHOD[LQJ IRU VRPH XVHUV >��@� ZKLOH DW WKH VDPH WLPH ÀUH FDQ GLVWUHVV SHRSOH ZLWK
S\URSKRELD� 7KH LQWHQVLW\ RI WKH ÀUH VFDOHV OLQHDUO\ EHWZHHQ � DQG �� ZKHUH � LV QR ÀUH
DQG � LV D ODUJH ÀUH� 7KH ÀUH DGDSWDWLRQ LV RQO\ GHÀQHG IRU WKH RXWGRRU HQYLURQPHQW�
)LIWK� IRU ERWK WKH LQGRRU DQG RXWGRRU HQYLURQPHQWV� LW LV SRVVLEOH WR DGG D GRJ� 7KH
GRJ DGDSWDWLRQ �dg� DFWLYDWHV D GRJ SOD\LQJ DURXQG XQOHVV WKH XVHU SUHIHUV RWKHUZLVH�
'RJV KDYH SURYHQ WR SURYLGH FRPIRUW DQG UHGXFH VWUHVV LQ SDWLHQWV >��@� 7KH GLVWDQFH
RI WKH GRJ WR WKH XVHU FDQ EH FRQWUROOHG FKRRVLQJ IURP WKUHH YDOXHV� ZKHUH IRU � WKH
GRJ LV IDU DZD\� IRU 1/2 WKH GRJ LV FORVHU DQG IRU � WKH GRJ LV YHU\ FORVH� 0XVLF KDV
VKRZQ YHU\ JRRG UHVXOWV WR LQGXFH UHOD[DWLRQ� 7KHUHIRUH� PXVLF LV DOVR VHW DV D SDUW RI
WKH DGDSWDWLRQ VHW� :KHQ PXVLF �ms� LV VHOHFWHG� UHOD[DWLRQ PXVLF �LQGRRU� RU VRXQGV
�RXWGRRU� DUH SOD\LQJ LQ WKH EDFNJURXQG� H�J� ELUGV� 7KH PXVLF FDQ EH WXUQHG RQ ��� RU
R̊ ���� )LQDOO\� FRQWURO EUHDWKLQJ �cb� SURYLGHV D YLVXDO DLG IRU D FRQWUROOHG EUHDWKLQJ
H[HUFLVH� 7KLV YLVXDOLVDWLRQ LV HLWKHU WXUQHG RQ ��� RU R̊ ����

%DVHG RQ WKH DGDSWDWLRQV� IRU WKLV XVH FDVH� ZH GHÀQHG WKUHH VRXUFHV RI IHDU ZKLFK
DUH PRGHOOHG ZLWK WKH f(ax) IXQFWLRQ GHÀQHG LQ (TXDWLRQ ������ 7KHVH DUH S\URSKR�
ELD� F\QRSKRELD >��@ DQG Q\FWRSKRELD >��@� 3\URSKRELD LV WKH IHDU RI ÀUH� ,W LV WKHUH�
IRUH LQGXFHG E\ WKH ÀUH DGDSWDWLRQ �f(apy)�� &\QRSKRELD� RU IHDU RI GRJV� LV LQGXFHG
E\ WKH GRJ DGDSWDWLRQ �f(adg)�� )LQDOO\� WR PRGHO WKH IHDU RI GDUNQHVV RU Q\FWRSKRELD
�f(aGDUN)�� ZH PRGHOOHG LW E\ WKH FRPELQDWLRQ RI WKH ÀUH� QDWXUDO OLJKW� DQG DUWLÀFLDO
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5BCMF ���� 4VNNBSZ PG BMM QPTTJCMF BEBQUBUJPOT VTFE CZ UIF FNPUJPOBM NPEFM� 'PS FBDI PG UIF BEBQUBUJPOT
UIF WBMVF PG UIF DPOTUBOUT EFðOFT UIF QSFTFODF PG UIF FNPUJPOT JO UIF FRVBUJPO�

ax 5DQJH ax Fax Spax Sax Apax Aax Rpax Rax

al [0, 1] � � � � � � �
nl [0, 1] � � � � � � �
lc [0, 1] � � � � � � �
py [0, 1] � � � � � � �
dg {0, 1/2, 1} � � � � � � �
ms {0, 1} � � � � � � �
cb {0, 1} � � � � � � �

'JHVSF ���� 5IF QSPHSFTTJPO PG UIF GFBS GVODUJPO f(x) GPS B DIBOHJOH JOUFOTJUZ PG dg BOE EJGGFSFOU WBMVFT GPS
dgRSW  XIFSF apy = aGDUN = 0.5 BOE pyRSW = GDUNRSW = 0 BSF ðYFE�

OLJKW DGDSWDWLRQV� 7KH DGDSWDWLRQ LQWHQVLW\ RI GDUN LV JLYH E\ (TXDWLRQ ������ DQG GH�
ÀQHV KRZ GDUN WKH HQYLURQPHQW LV� ,Q WKLV HTXDWLRQ� Dal, Dnl DQG Dpy DUH ZHLJKWV
IRU HDFK DGDSWDWLRQ� LQGLFDWLQJ WKHLU VLJQLÀFDQFH WR WKH RYHUDOO GDUNQHVV LQWHQVLW\�

aGDUN = 1� Dal · aal +Dnl · anl +Dpy · apy
Dal +Dnl +Dpy

������

)LJXUH ��� LOOXVWUDWHV WKH EHKDYLRXU RI WKH IHDU IXQFWLRQV IRU FKDQJLQJ LQWHQVLWLHV RI
DQ DGDSWDWLRQ� ,Q WKLV FDVH sIHDU LV SORWWHG RXW LQ IXQFWLRQ RI adg ZKHUH WKH LQWHQVLWLHV
RI ÀUH �apy� DQG GDUNQHVV �aGDUN� HTXDO 0.5 DQG WKHLU RSWLPDO YDOXHV pyRSW DQG GDUNRSW
UHVSHFWLYHO\� HTXDO �� 'L̊HUHQW SORWV VKRZ D GL̊HUHQW RSWLPDO LQWHQVLW\ IRU GRJ �dgRSW ��

5HJDUGLQJ VWUHVV� DV H[SODLQHG LQ 6HFWLRQ ���� LW LV PRGHOOHG DV D QRQ�OLQHDU PD[
IXQFWLRQ RI WKH FXUUHQW IHDU� WKH SRVVLEOH QHZ VWUHVV DQG WKH VWUHVV RI WKH SUHYLRXV
LQWHUYDO LI WKH FRQWUROOHG EUHDWKLQJ ZDV HQDEOHG� 7DNLQJ LQWR DFFRXQW WKH SRVVLEOH
DGDSWDWLRQV� DQG WKH GHÀQHG IRUPXODV LQ WKH PHWKRGRORJ\� WKH SRVVLEOH QHZ VWUHVV
KDV EHHQ VHW WR EH LQÁXHQFHG E\ WKH ÀUH �S\� DQG WKH GRJ �GJ� DV IRUPXODWHG LQ (TXD�
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'JHVSF ���� 1MPUT TIPXJOH UIF DBMDVMBUJPO PG TUSFTT BT JU EFQFOET PO PUIFS GVODUJPOT� &BDI QMPU TIPXT TUSFTT
JO GVODUJPO PG B EJGGFSFOU BEBQUBUJPO�

WLRQ ������ )LJXUH ��� LOOXVWUDWHV DQ H[DPSOH RI WKH FDOFXODWLRQ RI VWUHVV� 7KH ÀJXUH
VKRZV VWUHVV DV D IXQFWLRQ RI WKUHH GL̊HUHQW DGDSWDWLRQV� GRJ� ÀUH DQG GDUNQHVV� (DFK
SORW VKRZV WKH WKUHH DUJXPHQWV RI WKH PD[LPLVDWLRQ IXQFWLRQ IURP (TXDWLRQ ����� DQG
WKH UHVXOWLQJ YDOXH RI VWUHVV� $V FDQ EH VHHQ IURP WKH ÀJXUH� LQ HDFK FDVH VWUHVV WDNHV
WKH JUHDWHVW YDOXH RI DOO RWKHU IXQFWLRQV� 0RUHRYHU� QRWH KRZ WKH FDQGLGDWH YDOXH IRU
VWUHVV LV FRQVWDQW LQ WKH WKLUG SORW DV LW GRHV QRW GHSHQG RQ WKH LQWHQVLW\ RI GDUNQHVV�
+RZHYHU� IHDU GRHV GHSHQG RQ GDUNQHVV LQ WKH HPRWLRQDO PRGHO DQG FDQ RYHUWDNH WKH
FDQGLGDWH YDOXH UHVXOWLQJ LQ DQ LQFUHDVHG OHYHO RI VWUHVV�

7KH DURXVDO LV DJDLQ D PD[ IXQFWLRQ RI WKH FXUUHQW YDOXHV RI VWUHVV� IHDU DQG WKH
QHZ FDQGLGDWH YDOXHV RI DURXVDO� 7KH FDQGLGDWH QHZ DURXVDO LV EDVHG RQ WKH SUHIHU�
HQFH WRZDUGV PXVLF� WKH LQWHQVLW\ RI QDWXUDO OLJKW DQG WKH LQWHQVLW\ RI DUWLÀFLDO OLJKW DV
GHÀQHG LQ (TXDWLRQ ������� ,Q VKRUW� DURXVDO ZLOO RQO\ LQFUHDVH ZKHQ IHDU RU VWUHVV LQ�
FUHDVHV� DQG LW ZLOO RQO\ GHFUHDVH ZKHQ WKH PXVLF LV RSWLPDO DQG�RU WKH HQYLURQPHQW LV
EULJKW� )LJXUH ��� VKRZV WKH HYDOXDWLRQ RI DURXVDO DV DQ H[DPSOH� 7KH WKUHH SORWV VKRZ
DURXVDO LQ IXQFWLRQ RI PXVLF� DUWLÀFLDO OLJKW DQG GRJ UHVSHFWLYHO\� (DFK SORW VKRZV WKH
� DUJXPHQWV RI WKH PD[LPLVDWLRQ DQG PLQLPLVDWLRQ IXQFWLRQV IURP (TXDWLRQ ������
DV ZHOO DV DURXVDO LWVHOI� 7KH SORWV FOHDUO\ VKRZ KRZ DURXVDO WDNHV WKH PD[LPXP RI
IHDU DQG VWUHVV EXW WKH PLQLPXP RI WKH FDQGLGDWH DURXVDO DQG SUHYLRXV DURXVDO YDOXHV�
,QGHHG� DV H[SODLQHG EHIRUH� DURXVDO GHFUHDVHV DV PXVLF DSSURDFKHV WKH RSWLPDO YDOXH
�0.8 LQ WKLV FDVH� RU DV WKH HQYLURQPHQW JHWV EULJKWHU� $GGLWLRQDOO\� DURXVDO LQFUHDVHV
DV IHDU RU VWUHVV LQFUHDVH�

)LQDOO\� WKH SUHIHUHQFHV RI PXVLF� OLJKW FRORXU� QDWXUDO OLJKW DQG DUWLÀFLDO OLJKW� WKH
DGDSWDWLRQ YDOXHV RI FRQWUROOHG EUHDWKLQJ DQG WKH ODWHQW HPRWLRQDO VWDWHV sIHDU � sVWUHVV
DQG sDURXVDO FRQIRUP WKH UHOD[DWLRQ PRGHO�

$V WKH KHXULVWLF RSWLPLVHU� ZKLFK WDNHV FDUH RI DSSO\LQJ WKH DSSURSULDWH DGDSWD�
WLRQV EDVHG RQ WKH RXWSXW RI WKH HPRWLRQDO PRGHO� FDQ RQO\ FKDQJH RQH DGDSWDWLRQ
LQWHQVLW\ SHU VWHS� LW VKRXOG FKRRVH DQ RUGHU LQ ZKLFK WR DSSO\ WKH DGDSWDWLRQV� 7KH
RUGHU WKH KHXULVWLF RSWLPLVHU DSSOLHV LV À[HG DV IROORZV�

�� GRJ
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'JHVSF ���� 1MPUT TIPXJOH UIF DBMDVMBUJPO PG BSPVTBM BT JU EFQFOET PO PUIFS GVODUJPOT� &BDI QMPU TIPXT BSPVTBM
JO GVODUJPO PG B EJGGFSFOU BEBQUBUJPO�

�� ÀUH

�� QDWXUDO OLJKWLQJ

�� DUWLÀFLDO OLJKWLQJ

�� FRQWUROOHG EUHDWKLQJ RQ

�� FRQWUROOHG EUHDWKLQJ R̊

�� PXVLF

�� OLJKW FRORXU

7KLV RUGHU LV FKRVHQ DV WKH GHIDXOW RUGHU IRU WKH KHXULVWLF RSWLPLVHU EDVHG RQ ORJLFDO
UHDVRQLQJ� H�J� ´FRQWUROOHG EUHDWKLQJ RQµ VKRXOG FRPH EHIRUH ´FRQWUROOHG EUHDWKLQJ
R̊µ� +RZHYHU� WKHUH LV QR SURRI \HW WKLV RUGHU LV WKH RSWLPDO DSSURDFK� 7KLV ZLOO EH
DQDO\VHG LQ GHWDLO LQ 6HFWLRQ ����

��� &YQFSJNFOUBM &WBMVBUJPO
7KLV VHFWLRQ SUHVHQWV WKH H[SHULPHQWDO HYDOXDWLRQ RI WKH SHUVRQDOLVHG DGDSWLYH HPR�
WLRQ V\VWHP IRU UHOD[DWLRQ WKHUDS\ LQ 95� *LYHQ WKH EURDG UDQJH RI XVHUV DQG SHU�
VRQDOLVDWLRQ RSWLRQV� DQ DSSURDFK ZLWK VLPXODWHG XVHUV ZDV RSWHG IRU� 7KURXJK WKLV
DSSURDFK� WKH SHUIRUPDQFH RI WKH V\VWHP FDQ EH DVVHVVHG LQ D FRQWUROOHG HQYLURQPHQW
DQG IRU LWHUDWLRQV� 6HFWLRQ ����� SUHVHQWV WKH VLPXODWLRQ DSSURDFK DQG WKH XVHU SURÀOHV
HPSOR\HG LQ WKH DQDO\VLV� 7KHVH XVHUV KDYH EHHQ SXW WKURXJK WKH V\VWHP WR HYDOXDWH
LWV SHUIRUPDQFH� WKH UHVXOWV RI WKHVH H[SHULPHQWV DUH SUHVHQWHG LQ 6HFWLRQ ���� )LQDOO\�
IXUWKHU DQDO\VLV DQG OHVVRQV OHDUQHG DUH SURYLGHG LQ 6HFWLRQ ������
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����� 4JNVMBUJOH 6TFST
7R IXOO\ DQDO\VH WKH SHUIRUPDQFH RI WKH V\VWHP� LW QHHGV WR EH HYDOXDWHG RQ D ZLGH
UDQJH RI XVHU SURÀOHV� 7R WKLV HQG� XVHU SURÀOHV KDYH EHHQ FUHDWHG DQG WKH RXWFRPH
LV DQDO\VHG LQ DQ ŘLQH VLPXODWLRQ IRU HYDOXDWLRQ RI WKH V\VWHP� 7KH RXWSXW RI WKH
VLPXODWLRQ VKRZV WKH HYROXWLRQ RI WKH DGDSWLRQV DQG WKH H̊HFW RQ WKH HPRWLRQDO VWDWH�

,Q D UHDO VHWXS� WKH XVHU SURÀOHV ZRXOG EH GHÀQHG E\ WKH LQIRUPDWLRQ WKDW LV SUR�
YLGHG WKURXJK WKH TXHVWLRQQDLUH LQ 7DEOH ���� 2QH SRVVLELOLW\ ZRXOG EH WR JHQHUDWH
HYHU\ FRPELQDWLRQ RI DQVZHUV WR WKH TXHVWLRQV DQG SHUIRUP D VLPXODWLRQ IRU HYHU\
SRVVLEOH SURÀOH� +RZHYHU� GRLQJ WKLV LV FRPSXWDWLRQDOO\ LQIHDVLEOH DV VRPH TXHV�
WLRQV IURP WKH TXHVWLRQQDLUH DFFHSW FRQWLQXRXV YDOXHV ZKLFK ZRXOG UHVXOW LQ DQ LQÀ�
QLWH DPRXQW RI XVHU SURÀOHV� :KLOH DW WKH VDPH WLPH PDQ\ FRPELQDWLRQV RI DQVZHUV
ZRXOG OHDG WR WKH VDPH GHFLVLRQV DQG WKHUHIRUH WKH VDPH UHVXOWV RU YHU\ VLPLODU UHVXOWV�
7KHUHIRUH� D OHVV QDLYH DSSURDFK LV DGRSWHG E\ FUHDWLQJ �� XVHU SURÀOHV ZLWK YHU\ GLI�
IHUHQW FKDUDFWHULVWLFV� 7KHVH �� SURÀOHV DUH VX̋FLHQW WR FRYHU DOO HGJH FDVHV DQG VRPH
DYHUDJH XVHUV IRU ERWK LQGRRU DQG RXWGRRU HQYLURQPHQWV�

7KH �� SURÀOHV DUH FRQVWUXFWHG E\ VSHFLI\LQJ WKH VHYHQ SDUDPHWHUV ZKLFK DUH QRU�
PDOO\ GHULYHG IURP WKH TXHVWLRQQDLUH� WKHVH DUH SUHIHUUHG HQYLURQPHQW DQG WKH RSWLPDO
LQWHQVLW\ RI WKH VL[ DGDSWDWLRQV �GRJ� ÀUH� QDWXUDO OLJKW� DUWLÀFLDO OLJKW� OLJKW FRORXU DQG
PXVLF�� 7KH �� VHOHFWHG SURÀOHV ZLWK WKHLU YDOXHV IRU WKHVH SDUDPHWHUV DUH OLVWHG LQ
7DEOH ����

7KH ÀUVW VL[ SURÀOHV DUH H[WUHPH FDVHV XVHG IRU REVHUYLQJ JHQHUDO WUHQGV DQG FRP�
SDULQJ DGDSWDWLRQV REMHFWLYHO\� 7KLV LV EHFDXVH WKH RSWLPDO LQWHQVLW\ RI DOO DGDSWDWLRQV
LV WKH VDPH� DQG WKXV WKH\ ZLOO KDYH WKH VDPH LPSDFW RQ WKH PRGHO� 7KH VL[ ODVW SUR�
ÀOHV DUH DYHUDJH XVHUV� 8VHUV � DQG � SUHIHU D GDUN HQYLURQPHQW ZLWK D ÀUH RU EOXH
OLJKWV� 7KH\ DOVR SUHIHU PXVLF ZKHQ UHOD[LQJ DQG GLVOLNH GRJV� 8VHUV � DQG �� DUH WKH
RSSRVLWH� WKH\ OLNH GRJV DQG EULJKW HQYLURQPHQWV EXW GLVOLNH ÀUH� EOXH OLJKW� DQG PXVLF�
/DVWO\� XVHUV �� DQG �� DUH VRPHZKDW LQ EHWZHHQ� 7KH\ DUH TXLWH QHXWUDO WRZDUGV D GRJ
DQG GDUNQHVV� GLVOLNH PXVLF� DQG OLNH ÀUH DQG EOXH OLJKW� 7KH HQYLURQPHQW SDUDPHWHU
KDV RQO\ WZR SRVVLELOLWLHV� HLWKHU DQ LQGRRU RU DQ RXWGRRU HQYLURQPHQW� 7KHUHIRUH� VL[
SURÀOHV DUH FUHDWHG IRU HDFK� )LQDOO\� ZH QRWH WKDW WKH LQLWLDO HPRWLRQDO VWDWH VKRXOG
DOVR EH VHW DQG KDV DQ LQÀQLWH DPRXQW RI SRVVLEOH FRPELQDWLRQV� +RZHYHU� D VLP�
XODWLRQ ZLWK D PLOG LQLWLDO HPRWLRQDO VWDWH �DOUHDG\ KLJK UHOD[DWLRQ� GRHV QRW SURYLGH
PDQ\ LQVLJKWV� ,W ZRXOG PHUHO\ UHVXOW LQ IHZHU DGDSWDWLRQV WR UHDFK RSWLPDO UHOD[DWLRQ�
7KHUHIRUH� WKH LQLWLDO VWDWH IRU HDFK VLPXODWLRQ LV VHW WR EH WKH PRVW VHYHUH� WKDW LV KLJK
IHDU� KLJK VWUHVV DQG KLJK DURXVDO ZKLFK OHDGV WR ORZ UHOD[DWLRQ�

����� 3FTVMUT
,Q WKLV VHFWLRQ� WKH UHVXOWV RI WKH HYDOXDWLRQ RI WKH WZR WHVWV DUH GLVFXVVHG� )LUVW� WKH
SHUIRUPDQFH RI WKH KHXULVWLF RSWLPLVHU� DV GHVFULEHG EHIRUH� LV HYDOXDWHG RQ WKH ��
JHQHUDWHG XVHUV� 6HFRQG� WKH LPSDFW RI RUGHU LQ ZKLFK WKH DGDSWDWLRQV DUH DSSOLHG LV
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'JHVSF ����� 1MPUT TIPXJOH UIF FWPMVUJPO PG UIF FNPUJPOBM TUBUFT BU FBDI UJNF TUFQ GPS UIF PVUEPPS FOWJSPO�
NFOU� 5IF IFVSJTUJD PQUJNJTFS BQQMJFT UIF BEBQUBUJPOT JO UIF TBNF PSEFS GPS FBDI VTFS�

REVHUYHG�

������� 1FSGPSNBODF "OBMZTJT

7KH SXUSRVH RI WKLV ÀUVW DQDO\VLV LV WR DVVHVV WKH SHUIRUPDQFH RI WKH SHUVRQDOLVHG
UHOD[DWLRQ PRGHO� )RU WKLV� WKH GHIDXOW KHXULVWLF RUGHU FRQÀJXUDWLRQ �GRJ� ÀUH� QDWXUDO
OLJKWLQJ� DUWLÀFLDO OLJKWLQJ� FRQWUROOHG EUHDWKLQJ RQ� FRQWUROOHG EUHDWKLQJ R̊� PXVLF�
OLJKW FRORXU� LV WDNHQ DQG ZH HYDOXDWH WKH �� XVHU SURÀOHV�

7KH HYROXWLRQ RI WKH HPRWLRQDO VWDWH LQ WKH VLPXODWLRQV IRU WKH RXWGRRU DQG LQGRRU
HQYLURQPHQWV DUH VKRZQ LQ )LJXUHV ���� DQG ���� UHVSHFWLYHO\� 7KH SORWV VKRZ WKH
HYROXWLRQ RI WKH GL̊HUHQW HPRWLRQDO SDUDPHWHUV ZLWK HYHU\ DGDSWDWLRQ LQ WKH HQYLURQ�
PHQW� 7KH DGDSWDWLRQV DUH VKRZQ RQ WKH [�D[LV ZKLOH WKH IRXU HPRWLRQV DUH SUHVHQWHG
RQ WKH \�D[LV� :KLOH WKH PRVW LPSRUWDQW HPRWLRQ LV UHOD[DWLRQ �ZKLFK QHHGV WR EH
PD[LPLVHG�� WKH RWKHU SDUDPHWHUV� IHDU� VWUHVV DQG DURXVDO DUH DOVR LQWHUHVWLQJ WR WKH
REVHUYHU DV WKHVH QHHG WR GHFUHDVH� )RU VRPH RI WKH XVHUV� QRW DOO SRVVLEOH DGDSWDWLRQV
DSSHDU� 7KLV LV GXH WR WKH SURÀOH RI WKHVH XVHUV ZKLFK SUHYHQWV WKHVH DGDSWDWLRQV IRUP
EHLQJ XVHG�
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'JHVSF ����� 1MPUT TIPXJOH UIF FWPMVUJPO PG UIF FNPUJPOBM TUBUFT BU FBDI UJNF TUFQ GPS UIF JOEPPS FOWJSPONFOU�
5IF IFVSJTUJD PQUJNJTFS BQQMJFT UIF BEBQUBUJPOT JO UIF TBNF PSEFS GPS FBDI VTFS�



�� $IBQUFS �

7KH LQLWLDO HPRWLRQ VWDWH LV REVHUYHG DW LQLW DQG LV WKH VDPH IRU HYHU\ XVHU� 7KH
HPRWLRQDO VWDWH DW WLPH VWHS VWDUW GHSHQGV RQ WKH XVHU LWVHOI� $W WKLV WLPH VWHS HQYL�
URQPHQW LV JHQHUDWHG DQG LQLWLDO YDOXHV IRU WKH DGDSWDWLRQV DUH FDOFXODWHG� WKHVH KDYH
DQ LPSDFW RQ WKH HPRWLRQDO VWDWH DOUHDG\ DV VKRZQ LQ HDFK SORW� ,Q WKH FDVH ZKHUH WKH
XVHU KDV WKH GRJ DGDSWDWLRQ� WKLV ZLOO EH DFWLYDWHG DW WLPH VWHS VWDUW� WKLV LV LQGLFDWHG LQ
WKH SORWV DV ZHOO�

)RU HYHU\ VLPXODWHG XVHU LQ WKH RXWGRRU HQYLURQPHQW WKH PD[LPXP UHOD[DWLRQ
RI � LV UHDFKHG� :KLOH WKH VWUHVV SDUDPHWHU GLVDSSHDUV �YDOXH RI �� LQ HYHU\ VLPXOD�
WLRQ DV ZHOO� WKH RWKHUV� IHDU DQG DURXVDO� GR QRW DOZD\V UHDFK WKHLU PLQLPXP� )HDU
QHYHU UHDFKHV �1� 6LPLODUO\� DURXVDO LV DOVR QHYHU FRPSOHWHO\ JRQH� +RZHYHU� WKHVH
VXE�RSWLPDO ÀQDO HPRWLRQDO SDUDPHWHUV GR QRW KDYH DQ LPSDFW RQ WKH ÀQDO UHOD[DWLRQ
SDUDPHWHU DV WKH\ DUH FRXQWHUDFWHG E\ WKH KLJK HYDOXDWLRQ RI WKH SUHIHUHQFH IXQFWLRQV�

,Q WKH FDVH RI WKH LQGRRU HQYLURQPHQWV� IRU HYHU\ XVHU� WKH UHOD[DWLRQ LQFUHDVHV
VLJQLÀFDQWO\ RYHU WKH GXUDWLRQ RI WKH VLPXODWLRQ� +RZHYHU� LQ PDQ\ FDVHV� WKH RSWLPDO
YDOXH RI � LV QRW UHDFKHG� ,Q WKRVH FDVHV� WKH DURXVDO YDOXH GRHV QRW DSSURDFK � ZKLFK
FRXOG EH WKH UHDVRQ IRU WKH VXE�RSWLPDO UHVXOW� ,Q VRPH FDVHV �8VHUV 2in� 3in� 4in
DQG 6in� IHDU GRHV QRW UHDFK LWV PLQLPDO YDOXH RI �1� KRZHYHU� WKLV GRHV QRW VHHP
WR LPSDFW WKH ÀQDO UHOD[DWLRQ WRR PXFK HLWKHU� )LQDOO\� WKH UHOD[DWLRQ FXUYH VKRZV
VOLJKW UHGXFWLRQV IRU XVHUV �� � DQG � VXJJHVWLQJ UHOD[DWLRQ FDQQRW EH UHDFKHG WKURXJK
D JUHHG\ DSSURDFK� LQ RWKHU ZRUGV� ORFDO RSWLPD LQ WKH FXUYH DUH QRW WR EH FRQVLGHUHG
DV D JOREDO RSWLPXP�

7KHVH VLPXODWLRQV LQGHHG VKRZ KRZ� HYHQ ZLWK D À[HG RUGHU IRU DFWLYDWLQJ WKH
DGDSWDWLRQV� QHDU�RSWLPDO UHOD[DWLRQ FDQ EH UHVHDUFKHG� $GGLWLRQDOO\� WKH KHXULVWLF
RSWLPLVHU FDQ ÀQG D VROXWLRQ ZKLFK OHDGV WR DQ DFFHSWDEOH ÀQDO UHOD[DWLRQ� +RZHYHU�
LW LV DOVR FOHDU WKDW PD[LPLVLQJ UHOD[DWLRQ LV QRW VX̋FLHQW LQ HYHU\ FDVH� 7KH RWKHU
HPRWLRQV VKRXOG EH PLQLPLVHG DV PXFK DV SRVVLEOH WR UHDFK SHUIHFW UHOD[DWLRQ� 7KLV
FRXOG SRWHQWLDOO\ EH DFKLHYHG E\ FKDQJLQJ WKH RUGHU RI WKH DGDSWDWLRQV�

������� "EBQUBUJPO 0SEFS

$V VHHQ LQ WKH SUHYLRXV HYDOXDWLRQ� WKH RUGHU LQ ZKLFK DGDSWDWLRQV RFFXU FRXOG KDYH DQ
LPSDFW RQ WKH H̊HFWLYHQHVV RI WKH DGDSWDWLRQV DQG� WKXV� WKH ÀQDO HPRWLRQDO VWDWH� 7R
HYDOXDWH WKLV� WHVWV DUH SHUIRUPHG ZKLFK FKDQJH WKLV RUGHU� (YHU\ WLPH LQWHUYDO� H[DFWO\
RQH DGDSWDWLRQ WDNHV SODFH� ZKLFK OHDGV WR D FKDQJH RI HPRWLRQDO YDOXHV� (LJKW DGDS�
WDWLRQV RFFXU �dg� fr� nl� al� cb RQ� cb R̊� ms� DQG lc�� 7KHUHIRUH� 40.320 SRVVLEOH
SHUPXWDWLRQV RI WKHVH DGDSWDWLRQV H[LVW� KRZHYHU� DV ´cb R̊µ ZLOO RQO\ KDSSHQ DIWHU
´cb RQµ� RQO\ 20.160 SHUPXWDWLRQV DUH YDOLG� )RUWXQDWHO\� VRPH PRUH UHGXQGDQFLHV
FDQ EH UHPRYHG WR UHGXFH WKH QXPEHU RI SHUPXWDWLRQV IXUWKHU GRZQ� :KLOH LQ LQGRRU
HQYLURQPHQWV WKH ÀUH �fr� DGDSWDWLRQ LV QRW SUHVHQW� RXWGRRU HQYLURQPHQWV GR QRW
FRQWDLQ DUWLÀFLDO OLJKW �al�� FRQWUROOHG EUHDWKLQJ �cb�� DQG OLJKW FRORXU �lc�� 7KHUHIRUH�
WKH QXPEHU RI SHUPXWDWLRQV IRU LQGRRU HQYLURQPHQWV LV UHGXFHG WR ���� SRVVLEOH SHU�
PXWDWLRQV DQG IRU RXWGRRU WR ��� 7R IXUWKHU UHGXFH WKH QXPEHU RI SHUPXWDWLRQ RI
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'JHVSF ����� 5IF BWFSBHF SFMBYBUJPO PWFS BMM TJNVMBUJPOT QMPUUFE GPS FWFSZ QFSNVUBUJPO PG BEBQUBUJPOT GPS UIF
PVUEPPS FOWJSPONFOU� 5IF BEBQUBUJPO TFRVFODFT BSF TPSUFE BDDPSEJOH UP EFDSFBTJOH ðOBM BOE
BWFSBHF SFMBYBUJPO�

LQGRRU HQYLURQPHQWV� WKH DFWLRQV µcb RQµ DQG µcb R̊µ DUH FRPELQHG LQWR RQH� ORZHU�
LQJ WKH QXPEHU RI YDOLG SHUPXWDWLRQV WR ���� 7KLV OHDGV WR D VLPXODWLRQ UXQ WLPH RI D
PD[LPXP RI �� PLQXWHV IRU LQGRRU HQYLURQPHQWV DQG DURXQG �� VHFRQGV IRU RXWGRRU
HQYLURQPHQWV� ,Q WRWDO� VLPXODWLQJ WKH WZHOYH XVHUV WDNHV DSSUR[LPDWHO\ �� PLQXWHV�

7KH UHVXOWV RI WKH VLPXODWLRQV RQ WKH H̊HFW RI FKDQJLQJ WKH RUGHU LQ ZKLFK DGDS�
WDWLRQV RFFXU DUH VKRZQ LQ )LJXUHV ���� DQG ���� IRU WKH RXWGRRU DQG LQGRRU HQYL�
URQPHQWV UHVSHFWLYHO\� 7KHVH SORWV VKRZ WKH UHOD[DWLRQ� DYHUDJHG RYHU DOO VHVVLRQV RI
HYHU\ VLPXODWHG XVHU� DQG WKH UHOD[DWLRQ DW WKH HQG RI HDFK VHVVLRQ DYHUDJHG RYHU DOO
XVHUV� 7KH GL̊HUHQW VHTXHQFHV �[�D[LV� DUH ÀUVW VRUWHG E\ GHFUHDVLQJ ÀQDO UHOD[DWLRQ
WKDQ E\ GHFUHDVLQJ DYHUDJH UHOD[DWLRQ� ,Q WKHVH SORWV� D UHOD[DWLRQ YDOXH RI � FRUUH�
VSRQGV WR WKH PD[LPXP UHOD[DWLRQ DFKLHYDEOH IRU WKDW SDUWLFXODU HQYLURQPHQW DQG
XVHU SURÀOH� 7KLV QRUPDOLVDWLRQ LV SHUIRUPHG WR HQDEOH D SURSHU FRPSDULVRQ RI WKH
GL̊HUHQW XVHU SURÀOHV� 7DEOHV ��� DQG ��� VKRZ WKH VDPH VHTXHQFHV ZLWK WKH DFWXDO
YDOXHV IRU WKH DYHUDJHG DQG ÀQDO UHOD[DWLRQ� 7KH IROORZLQJ VHFWLRQV GLVFXVV WKH UHVXOWV
LQ PRUH GHWDLO�

7KH ÀUVW WKLQJ WR QRWLFH IRU WKH RXWGRRU HQYLURQPHQW LQ )LJXUHV ���� LV WKDW IRU
WKH RXWGRRU HQYLURQPHQW HYHU\ VHTXHQFH RI DGDSWDWLRQV WKH PD[LPXP UHOD[DWLRQ LV
DFKLHYHG� 7KLV LPSOLHV WKDW WKH RUGHU RI WKH DGDSWDWLRQV KDV QR LPSDFW RQ WKH ÀQDO
UHOD[DWLRQ IRU WKLV VHW RI DGDSWDWLRQV� +RZHYHU� WKH RUGHU GRHV KDYH DQ LPSDFW RQ
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WKH DYHUDJH UHOD[DWLRQ RYHU HDFK VHVVLRQ� $ KLJKHU DYHUDJH UHOD[DWLRQ PHDQV WKDW HDUO\
RQ LQ WKH VHVVLRQ D KLJKHU UHOD[DWLRQ LV REWDLQHG� 7KLV WUDQVODWHV LQWR ÀUVW DSSO\LQJ
DGDSWLRQV ZLWK D ELJ LPSDFW DQG ÀQLVKLQJ ZLWK WKH ORZHU LPSDFW DGDSWDWLRQV� 5HDFKLQJ
KLJK UHOD[DWLRQ DV VRRQ DV SRVVLEOH LV WKH GHVLUHG RXWFRPH� ,QWHUHVWLQJO\� WKUHH JURXSV
RI XVHUV DUH REVHUYHG LQ WHUPV RI DYHUDJH UHOD[DWLRQ� 8VHUV 1out DQG 5out KDYH D
UHOD[DWLRQ EHORZ WKH DYHUDJH �RUDQJH� IRU HYHU\ SHUPXWDWLRQ RI WKH DGDSWDWLRQV� XVHUV
2out DQG 3out DUH DOZD\V DERYH WKH DYHUDJH UHOD[DWLRQ� ZKLOH XVHUV 4out DQG 6out
SHUIRUP DURXQG WKH DYHUDJH IRU HDFK VHTXHQFH� 7KLV FRXOG EH SDUWLDOO\ H[SODLQHG E\
WKH SURÀOH RI WKH VLPXODWHG XVHUV LQ 6HFWLRQ ������ 7KH ÀUVW WKUHH XVHU SURÀOHV DUH
H[WUHPH FDVHV� UHVXOWLQJ LQ DERYH RU EHORZ DYHUDJH UHVXOWV� 7KH ODVW WKUHH DUH UDWKHU
DYHUDJH XVHUV UHVXOWLQJ LQ DYHUDJH UHOD[DWLRQ H[FHSW IRU XVHU 5out� 7KLV XVHU VKRZV D
UDWKHU ORZ DYHUDJH UHOD[DWLRQ ZLWK OLWWOH YDULDWLRQ IRU GL̊HUHQW VHTXHQFHV� 7KLV FRXOG
EH H[SODLQHG E\ WKH IDFW WKDW WKLV XVHU KDV PDQ\ UHVWULFWLRQV ZKLFK UHVXOWHG LQ RQO\ WZR
H̊HFWLYH DGDSWDWLRQ� 7KHVH VDPH DSSOLHV IRU XVHU 3out ZKLFK KDV RQO\ RQH H̊HFWLYH
DGDSWDWLRQ�

,Q 7DEOH ��� WKH �� SHUPXWDWLRQV RI WKH DGDSWLRQV DUH OLVWHG ZLWK WKH DYHUDJH UH�
OD[DWLRQ RYHU HYHU\ XVHU� 7KLV OLVW LV DOVR VRUWHG DFFRUGLQJ WR WKLV UHOD[DWLRQ PHWULF�
6HTXHQFHV �� �� � DQG � KDYH LQ FRPPRQ WKDW WKH ÀUVW WZR DGDSWDWLRQ DUH GRJ �dg�
DQG QDWXUDO OLJKW �nl� ZKLOH WKH ODVW WZR DGDSWDWLRQ LQ WKH VHTXHQFH DUH PXVLF �ms� DQG
ÀUH �py� ZKLFK LV QRW WKH FDVH IRU DQ\ RI WKH RWKHU VHTXHQFHV� 7KH KLJKOLJKWHG URZ LQ
7DEOH ��� LQGLFDWHV WKH VHTXHQFH ZKLFK LV XVHG E\ WKH KHXULVWLF RSWLPLVHU� ,QGHHG WKLV
VHTXHQFH LV QRW WKH RSWLPDO RUGHU�

1RZ ZH FDQ FRQVLGHU WKH LQGRRU HQYLURQPHQWV LQ )LJXUH ���� IRU ZKLFK 7DEOH ���
VKRZV VRPH RI WKH PRVW LQWHUHVWLQJ VHTXHQFHV� 7KHVH DUH DOVR LQGLFDWHG RQ WKH SORWV�
7KH RUGHU RI WKH DGDSWDWLRQV GRHV KDYH DQ LPSDFW RQ WKH ÀQDO UHOD[DWLRQ� &HUWDLQ
SHUPXWDWLRQV DUH VXE�RSWLPDO LQ WKH VHQVH WKDW WKH\ GR QRW JXDUDQWHH PD[LPDO UHOD[�
DWLRQ� )XUWKHUPRUH� WKH RUGHU DOVR KDV DQ LPSDFW RQ WKH DYHUDJH UHOD[DWLRQ SHU XVHU
DQG WKH DYHUDJH UHOD[DWLRQ RYHUDOO� ,QWHUHVWLQJO\� WKH VDPH WKUHH JURXSV RI XVHUV FDQ
EH LGHQWLÀHG IRU WKH LQGRRU HQYLURQPHQWV DV IRU WKH RXWGRRU� 1DPHO\� XVHUV 1in DQG
5in DFKLHYH EHORZ DYHUDJH UHOD[DWLRQ IRU HYHU\ SHUPXWDWLRQ� XVHUV 2in DQG 3in DFKLHYH
DERYH�DYHUDJH UHOD[DWLRQ� ZKLOH XVHUV 4in DQG 6in SHUIRUP RQ DYHUDJH�

)LJXUH ���� DQG 7DEOH ��� LQGLFDWH WKDW IURP VHTXHQFH ��� WR ��� D ELJ GHFUHDVH
LQ ÀQDO DQG DYHUDJH UHOD[DWLRQ RFFXUV� (YHU\ VHTXHQFH EHIRUH ��� KDV WKH GRJ �dg�
DGDSWDWLRQ EHIRUH WKH FRQWUROOHG EUHDWKLQJ �cb��

1H[W� RXW RI DOO ��� VHTXHQFHV� H[DFWO\ �� DFKLHYH PD[LPDO ÀQDO UHOD[DWLRQ IRU DOO
XVHUV� 7KHVH �� VHTXHQFHV WXUQ RXW QRW WR EH UDQGRP� $V LQGLFDWHG HDUOLHU� LQ DOO ��
VHTXHQFHV dg RFFXUV EHIRUH cb� )RU �� RI WKH �� EHVW VHTXHQFHV� WKH VHTXHQFH HQGV
ZLWK DUWLÀFLDO OLJKW �al�� 7KH RWKHU �� VHTXHQFHV HQG ZLWK WKH al DGDSWDWLRQ LPPHGL�
DWHO\ IROORZHG E\ WKH OLJKW FRORXU �lc� DGDSWDWLRQ� :KHQ LQVSHFWLQJ WKH SORWV� LW FDQ EH
REVHUYHG WKDW IRU DOO XVHUV� H[FHSW 3in DQG 4in� WKH RSWLPDO VHTXHQFH LV ZLWKLQ WKH ÀUVW
�� VHTXHQFHV� 8VHUV 3in DQG 4in KDYH WKH FRPELQDWLRQ RI D ORZ RSWLPDO al DQG dg
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5BCMF ���� &GGFDU PG EJGGFSFOU BEBQUBUJPO TFRVFODFT PO UIF BWFSBHF SFMBYBUJPO GPS PVUEPPS FOWJSPONFOUT� 5IF
MJTU JT PSEFSFE BDDPSEJOH UP EFDSFBTJOH ðOBM BOE BWFSBHF SFMBYBUJPO� 5IF IJHIMJHIUFE TFRVFODF JT
UIF PSEFS VTFE JO UIF IFVSJTUJD JNQMFNFOUBUJPO�

1R� 6HTXHQFH $YHUDJH 5HOD[DWLRQ )LQDO 5HOD[DWLRQ

� GJ QO PV S\ ����� �����
� GJ QO S\ PV ����� �����
� QO GJ PV S\ ����� �����
� GJ PV QO S\ ����� �����
� QO GJ S\ PV ����� �����
� PV GJ QO S\ ����� �����
� QO PV GJ S\ ����� �����
� QO S\ GJ PV ����� �����
� GJ S\ QO PV ����� �����
�� PV QO GJ S\ ����� �����
�� GJ PV S\ QO ����� �����
�� QO PV S\ GJ ����� �����
�� QO S\ PV GJ ����� �����
�� GJ S\ PV QO ����� �����
�� S\ GJ QO PV ����� �����
�� PV GJ S\ QO ����� �����
�� S\ QO GJ PV ����� �����
�� PV QO S\ GJ ����� �����
�� S\ GJ PV QO ����� �����
�� PV S\ GJ QO ����� �����
�� S\ QO PV GJ ����� �����
�� S\ PV GJ QO ����� �����
�� PV S\ QO GJ ����� �����
�� S\ PV QO GJ ����� �����
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5BCMF ���� &GGFDU PG EJGGFSFOU BEBQUBUJPO TFRVFODFT PO UIF ðOBM BOE BWFSBHF SFMBYBUJPO GPS JOEPPS FOWJSPO�
NFOUT� 5IF MJTU JT PSEFSFE BDDPSEJOH UP EFDSFBTJOH ðOBM BOE BWFSBHF SFMBYBUJPO� 5IF IJHIMJHIUFE
TFRVFODF JT UIF PSEFS VTFE JO UIF IFVSJTUJD JNQMFNFOUBUJPO�

1R� 6HTXHQFH $YHUDJH 5HOD[DWLRQ )LQDO 5HOD[DWLRQ

� OF GJ PV FE QO DO ����� �����
���
�� PV QO GJ FE OF DO ����� �����
�� OF GJ PV FE DO QO ����� �����
���
��� GJ QO DO FE PV OF ����� �����
���
��� PV DO QO GJ FE OF ����� �����
��� GJ DO OF PV FE QO ����� �����
���
��� DO PV QO GJ FE OF ����� �����
��� OF QO PV DO FE GJ ����� �����
���
��� FE PV DO QO GJ OF ����� �����
��� OF QO DO FE GJ PV ����� �����
���
��� FE DO PV QO GJ OF ����� �����
��� DO OF QO PV FE GJ ����� �����
���
��� DO FE PV QO GJ OF ����� �����
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'JHVSF ����� 5IF BWFSBHF SFMBYBUJPO PWFS BMM TJNVMBUJPOT QMPUUFE GPS FWFSZ QFSNVUBUJPO PG BEBQUBUJPOT GPS
UIF JOEPPS FOWJSPONFOU� 5IF BEBQUBUJPO TFRVFODFT BSF TPSUFE BDDPSEJOH UP EFDSFBTJOH ðOBM BOE
BWFSBHF SFMBYBUJPO�

LQWHQVLW\� $ ORZ RSWLPDO dg LQWHQVLW\ GHDFWLYDWHV WKH dg DGDSWDWLRQ� DQG WKXV WKH RF�
FXUUHQFH RI dg EHIRUH cb GRHV QRW PDNH D GL̊HUHQFH� )XUWKHUPRUH� WKH DEVHQFH RI WKH
dg DGDSWDWLRQ PHDQV WKDW IHDU DQG VWUHVV QHHG WR EH GHFUHDVHG E\ DQRWKHU DGDSWDWLRQ
EHIRUH DFWLYDWLQJ cb� L�H� E\ nl DQG al� 7KH KLJKOLJKWHG URZ LQ 7DEOH ��� LQGLFDWHV WKH
VHTXHQFH ZKLFK LV XVHG E\ WKH KHXULVWLF RSWLPLVHU� $V IRU WKH RXWGRRU HQYLURQPHQW
WKLV VHTXHQFH LV DOVR QRW WKH RSWLPDO RUGHU LQ WKLV FDVH�

����� %JTDVTTJPO
7KH UHVXOWV RQ WKH RUGHU RI WKH DGDSWDWLRQV KDYH LQGLFDWHG WKDW HDFK XVHU KDV DQ RSWLPDO
RUGHU IRU WKH DGDSWDWLRQV WR RFFXU LQ� WKLV RUGHU GHSHQGV HQWLUHO\ RQ WKH SURÀOH RI WKH
XVHU� ,Q IDFW� DQ DOJRULWKP LQ WKH IRUP RI D GHFLVLRQ WUHH FDQ EH FRQVWUXFWHG ZKLFK
VHOHFWV WKH RSWLPDO RUGHU� %HIRUH FRQVWUXFWLQJ WKLV GHFLVLRQ WUHH� WKH ÀQGLQJV ZKLFK
OHDG WR WKH DOJRULWKP DUH VXPPDULVHG� )RU WKH RXWGRRU HQYLURQPHQW LW ZDV REVHUYHG
WKDW QDWXUDO OLJKW DQG GRJ VKRXOG RFFXU HDUO\ LQ WKH VHTXHQFH DQG PXVLF DQG ÀUH FDQ
RFFXU QHDU WKH HQG� +RZHYHU� ZKHQ QDWXUDO OLJKW KDV D ORZ RSWLPDO YDOXH� DQG WKHUHIRUH
KDG OLWWOH LPSDFW� WKH RSWLPDO VHTXHQFHV ZRXOG HQG ZLWK QDWXUDO OLJKW LQVWHDG� 0RUH
VSHFLÀFDOO\� WKH VHW RI RSWLPDO VHTXHQFHV DUH dg� nl� py� ms� dg� nl� ms� py� nl� dg�
py�ms� DQG nl� dg�ms� py� ([SHFW LI QDWXUDO OLJKW KDV D ORZ RSWLPDO YDOXH� WKDQ WKH
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Indoors
environment?

nl and dg 
enabled?

nl enabled?

Any sequence ending with cb.

Any sequence ending with al 
where dg occurs before cb.

• dg, py, ms, nl
• dg, ms, py, nl

• dg, nl, py, ms
• dg, nl, ms, py
• nl, dg, py, ms
• nl, dg, ms, py

yes

yes

yesno

no

no

'JHVSF ����� 7JTVBMJTBUJPO PG UIF EFDJTJPO QSPDFTT UIBU MFBET UP BO PQUJNBM TFRVFODF�

RSWLPDO VHTXHQFHV DUH dg� py�ms� nl� DQG dg�ms� py� nl�

6LQFH WKH LQGRRU HQYLURQPHQWV FRQWDLQ RWKHU DGDSWDWLRQV DV ZHOO� GL̊HUHQW UXOHV
DSSO\� ,W ZDV REVHUYHG WKDW HYHU\ VHTXHQFH VKRXOG HQG ZLWK DUWLÀFLDO OLJKW DQG WKDW GRJ
VKRXOG DOVR FRPH EHIRUH FRQWUROOHG EUHDWKLQJ� +RZHYHU� ZKHQ DUWLÀFLDO OLJKW DQG GRJ
DUH QRW HQDEOHG EHFDXVH WKHLU RSWLPDO YDOXH LV WRR ORZ� WKH VHTXHQFH VKRXOG VLPSO\
HQG ZLWK FRQWUROOHG EUHDWKLQJ�

6WUXFWXULQJ WKLV ORJLF LQWR D GHFLVLRQ WUHH UHVXOWV LQ )LJXUH ����� 7KLV WUHH FDQ EH
XVHG WR UHGXFH WKH VHW RI DOO SRVVLEOH SHUPXWDWLRQ RI DGDSWLRQV WR D VPDOO VHW RI VH�
TXHQFHV ZKLFK DUH JXDUDQWHHG WR SHUIRUP EHWWHU WKDQ DQ\ RWKHU VHTXHQFH� 'HSHQGLQJ
RQ WKH DYDLODEOH FRPSXWLQJ SRZHU� D VLPXODWLRQ FDQ EH UXQ WR VHOHFW WKH YHU\ EHVW
VHTXHQFH IURP WKLV UHGXFHG VHW� RU D UDQGRP VHTXHQFH FDQ EH VHOHFWHG�

7KLV UHVXOW� ZKLFK VKRZV WKDW GL̊HUHQW VHTXHQFHV UHVXOW LQ D GL̊HUHQW RXWFRPH�
LQGHHG SURYHV WKDW SHUVRQDOLVDWLRQ LV QHHGHG� $GGLWLRQDOO\� LW LV VKRZQ WKDW WKURXJK
WKH GHVFULEHG DOJRULWKPV WKLV SHUVRQDOLVDWLRQ FDQ EH DFKLHYHG� 0RUH FRPSOH[ DOJR�
ULWKPV DQG PRUH GDWD FRXOG SRWHQWLDOO\ IXUWKHU LPSURYH WKH EHQHÀWV RI D SHUVRQDOLVHG
DSSURDFK� )RU H[DPSOH� WKH DGGLWLRQ RI ELRIHHGEDFN FRXOG HQVXUH D TXLFNHU DQG PRUH
DFFXUDWH UHVSRQVH WR FKDQJHV LQ HPRWLRQ DQG EHKDYLRXU RI WKH SDWLHQW�

$W WKLV VWDJH� WKH IRFXV RI WKH UHVHDUFK LV RQ VLPXODWHG XVHUV DV WKH\ SURYLGH IXOO
FRQWURO RYHU WKH XVHUV� ,Q D QH[W VWDJH� WKHVH WHVWV ZLOO EH H[WHQGHG WR UHDO KXPDQ
XVHUV� $ GHPR DSSOLFDWLRQ ZDV DOUHDG\ GHYHORSHG IRU WKHVH 9( DQG WKH SURSRVHG
PRGHO DQG DOJRULWKP� 7KLV GHPR DSSOLFDWLRQ ZDV SUHVHQWHG LQ >��@� 7KH UHVSRQVH
WR WKLV GHPR GXULQJ LWV SUHVHQWDWLRQ DW WKH FRQIHUHQFH ZDV YHU\ SRVLWLYH� +RZHYHU�
QR IRUPDO VXEMHFWLYH VWXG\ ZDV FRQGXFWHG� ,Q IXWXUH ZRUN� VWUXFWXUHG WHVWV ZLOO EH
SHUIRUPHG ZLWK WKLV GHPR DSSOLFDWLRQ WR HYDOXDWH WKH UHOHYDQFH RI WKH PRGHO RQ UHDO
XVHUV�
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��� $PODMVTJPO BOE 'VUVSF 8PSL
,Q WKLV ZRUN� D PDWKHPDWLFDO PRGHO IRU VLPXODWLQJ HPRWLRQDO UHVSRQVH IRU 95�EDVHG
UHOD[DWLRQ WKHUDS\ LV SUHVHQWHG� 7KH PRGHO PDNHV XVH RI ERWK D SHUVRQDOLW\ SURÀOH DV
ZHOO DV WKH XVHU·V HPRWLRQDO VWDWH WR FUHDWH D IXOO\ DGDSWLYH DQG SHUVRQDOLVHG UHOD[DWLRQ
HQYLURQPHQW IRU WKH XVHU� 7KLV LV D VLPSOH \HW H̊HFWLYH PRGHO WKDW GRHV QRW QHHG PRUH
FRPSOLFDWLRQ DV RQO\ D OLPLWHG VHW RI EDVH HQYLURQPHQWV DUH SRVVLEOH� 7R LOOXVWUDWH LWV
SRWHQWLDO� LW KDV EHHQ LPSOHPHQWHG DQG XVHG LQ D V\VWHP WKDW SURYLGHV D SHUVRQDOLVHG
95 H[SHULHQFH IRU UHOD[DWLRQ WKHUDS\� 7KH V\VWHP VHOHFWV DQ HQYLURQPHQW EDVHG RQ
D GHFLVLRQ WUHH� 7KH LQIRUPDWLRQ IRU HYDOXDWLQJ WKH GHFLVLRQ WUHH LV FROOHFWHG WKURXJK
D VKRUW OLVW RI TXHVWLRQV� )URP WKHVH EDVH HQYLURQPHQWV� VPDOO DGDSWDWLRQV DUH PDGH
WKURXJK DGDSWDWLRQ SDUDPHWHUV� WR SHUVRQDOLVH WKH HQYLURQPHQW DQG WKXV PD[LPLVH
WKH UHOD[DWLRQ�

,Q WKLV SDSHU� WKH SRWHQWLDO RI WKH HPRWLRQDO PRGHO KDV EHHQ VKRZQ WKURXJK SUH�
OLPLQDU\ UHVXOWV IURP VLPXODWLRQV� )XUWKHUPRUH� WKLV ZRUN VKRZV WKH FDSDELOLW\ RI
SHUVRQDOLVHG� DGDSWLYH DSSOLFDWLRQV LQ 95� QRW RQO\ IRU UHOD[DWLRQ WKHUDS\ EXW DOVR IRU
RWKHU H[SRVXUH WKHUDS\ DSSOLFDWLRQV�

$V IXWXUH ZRUN� ZH DLP WR IXUWKHU WXQH WKH HPRWLRQDO PRGHO E\ LQFRUSRUDWLQJ
ELRIHHGEDFN� 7KLV ELRIHHGEDFN FRXOG LQVXUH WKDW WKH HVWLPDWHG HPRWLRQDO VWDWH LV LQ
V\QF ZLWK WKH XVHU·V DFWXDO VWDWH� 0RUHRYHU� LW FRXOG PDNH LW SRVVLEOH WR UHDFW RQ VPDOO�
VXGGHQ FKDQJHV LQ WKH XVHU·V VWDWH� ZKLFK DUH QRW FDXVHG E\ WKH HQYLURQPHQW RU DUH
QRW FDSWXUHG H[SOLFLWO\ LQ WKH PDWKHPDWLFDO PRGHO� $GGLWLRQDOO\� WHVWV ZLWK DFWXDO XVHUV
ZLOO EH SHUIRUPHG WR FROOHFW IXUWKHU HYLGHQFH IRU WKH H̊HFWLYHQHVV RI WKLV DSSURDFK�

"DLOPXMFEHNFOU
7KLV UHVHDUFK LV IXQGHG E\ WKH LPHF�LFRQ SURMHFW 3$752186 ZLWK FRQWUDFW QXPEHU
+%&����������� ZKLFK ZDV FR�ÀQDQFHG E\ LPHF� 9/$,2� 7KH +XPDQ /LQN� 3UH�
YLHZ/DEV� %D]RRNDV DQG 9DQ 5RH\ $XWRPDWLRQ� 7KLV ZDV D UHVHDUFK FROODERUDWLRQ
ZLWK *KHQW 8QLYHUVLW\³,'/DE� *KHQW 8QLYHUVLW\³0,&7 DQG LPHF³&+6�
0DULD 7RUUHV 9HJD LV IXQGHG E\ WKH 5HVHDUFK )RXQGDWLRQ )ODQGHUV �):2�� JUDQW QXP�
EHU ��:����1�

"VUIPS $POUSJCVUJPOT
&RQFHSWXDOL]DWLRQ� -�+� DQG0�7�9�� PHWKRGRORJ\� 7�'�-�� VRIWZDUH� 7�'�-�� YDOLGDWLRQ�
-�+� DQG 0�7�9�� IRUPDO DQDO\VLV� -�+�� LQYHVWLJDWLRQ� -�+�� 0�7�9� DQG 7�'�-�� ZULWLQJ²
RULJLQDO GUDIW SUHSDUDWLRQ� -�+�� 0�7�9� DQG )�'�%�� ZULWLQJ²UHYLHZ DQG HGLWLQJ� -�+��
0�7�9�� )�'�%� DQG )�'�7�� YLVXDOL]DWLRQ� -�+�� VXSHUYLVLRQ� )�'�%� DQG )�'�7� $OO
DXWKRUV KDYH UHDG DQG DJUHHG WR WKH SXEOLVKHG YHUVLRQ RI WKH PDQXVFULSW�
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3FGFSFODFT
>�@ /� 9DUYRJOL DQG &� 'DUYLUL� 6WUHVV 0DQDJHPHQW 7HFKQLTXHV� HYLGHQFH�EDVHG SURFHGXUHV

WKDW UHGXFH VWUHVV DQG SURPRWH KHDOWK� +HDOWK 6FLHQFH -RXUQDO� �������²��� �����

>�@ $� 6� %HOO� '� 5DMHQGUDQ� DQG 6� 7KHLOHU� -RE VWUHVV� ZHOOEHLQJ� ZRUN�OLIH EDODQFH
DQG ZRUN�OLIH FRQÁLFW DPRQJ $XVWUDOLDQ DFDGHPLFV� (�-RXUQDO RI $SSOLHG 3V\FKRORJ\�
�������²��� 'HFHPEHU ����� $YDLODEOH IURP� KWWS���SDQGRUD�QOD�JRY�DX�WHS�
������� GRL���������HMDS�Y�L������

>�@ -� 6NDNRQ� .� 1LHOVHQ� 9� %RUJ� DQG -� *X]PDQ� $UH OHDGHUV· ZHOO�EHLQJ� EHKDYLRXUV
DQG VW\OH DVVRFLDWHG ZLWK WKH D̊HFWLYH ZHOO�EHLQJ RI WKHLU HPSOR\HHV" $ V\VWHPDWLF UHYLHZ RI
WKUHH GHFDGHV RI UHVHDUFK� :RUN 	 6WUHVV� ���������²���� $SULO ����� $YDLODEOH
IURP� KWWS���ZZZ�WDQGIRQOLQH�FRP�GRL�DEV������������������������������
GRL������������������������������

>�@ *� .LQPDQ DQG 6� :UD\� 7DNLQJ LWV WROO� ULVLQJ VWUHVV OHYHOV LQ IXUWKHU HGX�
FDWLRQ 8&8 6WUHVV 6XUYH\ ����� /RQGRQ� 8QLYHUVLW\ DQG &ROOHJH 8QLRQ�
����� $YDLODEOH IURP� KWWS���UJGRL�QHW����������5*�����������������
GRL����������5*�����������������

>�@ 0� &DUGHU� 6� 7XUQHU� 5� 0F1DPHH� DQG 5� $JLXV� :RUN�UHODWHG PHQWDO LOO�KHDOWK
DQG ·VWUHVV· LQ WKH 8. ���������� 2FFXSDWLRQDO 0HGLFLQH� ���������²���� 'HFHPEHU
����� $YDLODEOH IURP� KWWSV���DFDGHPLF�RXS�FRP�RFFPHG�DUWLFOH�ORRNXS�GRL�
��������RFFPHG�NTS���� GRL���������RFFPHG�NTS����

>�@ 6� %� +DQVHU� 0XVLF 7KHUDS\ DQG 6WUHVV 5HGXFWLRQ 5HVHDUFK� -RXUQDO RI 0XVLF 7KHUDS\�
���������²���� 'HFHPEHU ����� $YDLODEOH IURP� KWWSV���DFDGHPLF�RXS�FRP�
MPW�DUWLFOH�ORRNXS�GRL���������MPW���������� GRL���������MPW����������

>�@ $� 6WHSWRH DQG 0� .LYLPlNL� 6WUHVV DQG FDUGLRYDVFXODU GLVHDVH� 1DWXUH 5HYLHZV
&DUGLRORJ\� ��������²²���� �����

>�@ 0� %� 6FKXUH� -� &KULVWRSKHU� DQG 6� &KULVWRSKHU� 0LQG�%RG\ 0HGLFLQH DQG WKH
$UW RI 6HOI�&DUH� 7HDFKLQJ 0LQGIXOQHVV WR &RXQVHOLQJ 6WXGHQWV 7KURXJK <RJD� 0HGL�
WDWLRQ� DQG 4LJRQJ� -RXUQDO RI &RXQVHOLQJ 	 'HYHORSPHQW� ��������²��� -DQ�
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>�@ $� 7UDSSH\� &� 9� 7UDSSH\� &��0� &KDQJ� 5� 5� .XR� $� 3� /LQ� DQG &� 1LHK�
9LUWXDO 5HDOLW\ ([SRVXUH 7KHUDS\ IRU 'ULYLQJ 3KRELD 'LVRUGHU� 6\VWHP 'HVLJQ DQG 'H�
YHORSPHQW� $SSOLHG 6FLHQFHV� ������������ -XO\ ����� $YDLODEOH IURP� KWWSV�
��ZZZ�PGSL�FRP���������������������� GRL���������DSS���������
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>��@ 6� )� 0� 3L]]ROL� .� 0D]]RFFR� 6� 7ULEHUWL� '� 0RQ]DQL� 0� /� $OFDxL] 5D\D� DQG
*� 3UDYHWWRQL� 8VHU�&HQWHUHG 9LUWXDO 5HDOLW\ IRU 3URPRWLQJ 5HOD[DWLRQ� $Q ,QQRYD�
WLYH $SSURDFK� )URQWLHUV LQ 3V\FKRORJ\� ��� 0DUFK ����� $YDLODEOH IURP� KWWSV�
��ZZZ�IURQWLHUVLQ�RUJ�DUWLFOH���������ISV\J������������IXOO� GRL���������IS�
V\J������������

>��@ $� *XWLpUUH]� '� 6HS~OYHGD�0XxR]� $� *LO�$JXGR� DQG $� GH ORV 5H\HV *X]PiQ�
6HULRXV *DPH 3ODWIRUP ZLWK +DSWLF )HHGEDFN DQG (0* 0RQLWRULQJ IRU 8SSHU /LPE 5H�
KDELOLWDWLRQ DQG 6PRRWKQHVV 4XDQWLÀFDWLRQ RQ 6SLQDO &RUG ,QMXU\ 3DWLHQWV� $SSOLHG 6FL�
HQFHV� ���������� )HEUXDU\ ����� $YDLODEOH IURP� KWWSV���ZZZ�PGSL�FRP������
�������������� GRL���������DSS���������

>��@ /� 1� /HH� 0� -� .LP� DQG :� -� +ZDQJ� 3RWHQWLDO RI $XJPHQWHG 5HDOLW\ DQG 9LUWXDO
5HDOLW\ 7HFKQRORJLHV WR 3URPRWH:HOOEHLQJ LQ 2OGHU $GXOWV� $SSOLHG 6FLHQFHV� �����������
$XJXVW ����� $YDLODEOH IURP� KWWSV���ZZZ�PGSL�FRP���������������������
GRL���������DSS��������

>��@ /� 5� 9DOPDJJLD� /� /DWLI� 0� -� .HPSWRQ� DQG 0� 5XV�&DODIHOO� 9LUWXDO UH�
DOLW\ LQ WKH SV\FKRORJLFDO WUHDWPHQW IRU PHQWDO KHDOWK SUREOHPV� $Q V\VWHPDWLF UHYLHZ RI
UHFHQW HYLGHQFH� 3V\FKLDWU\ 5HVHDUFK� �������²���� )HEUXDU\ ����� $YDLODEOH
IURP� KWWS���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6�����������������
GRL���������M�SV\FKUHV�������������
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GLVRUGHUV� D V\VWHPDWLF UHYLHZ RI SURFHVV�DQG�RXWFRPH VWXGLHV� 'HSUHVVLRQ DQG $Q[LHW\�
����������²���� $XJXVW ����� $YDLODEOH IURP� KWWS���GRL�ZLOH\�FRP���������
GD������� GRL���������GD�������

>��@ <� $� 6HNKDYDW DQG 3� 1RPDQL� $ &RPSDULVRQ RI $FWLYH DQG 3DVVLYH 9LUWXDO 5HDOLW\
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)HEUXDU\ ����� $YDLODEOH IURP� KWWS���GRL�ZLOH\�FRP���������GD�������
GRL���������GD�������

>��@ /� %� ,� 6KDK� 6� 7RUUHV� 3� .DQQXVDP\� &� 0� /� &KQJ� +��*� +H� DQG 3� .ODLQLQ�
<REDV� (̋FDF\ RI WKH 9LUWXDO 5HDOLW\�%DVHG 6WUHVV 0DQDJHPHQW 3URJUDP RQ 6WUHVV�5HODWHG
9DULDEOHV LQ 3HRSOH :LWK 0RRG 'LVRUGHUV� 7KH )HDVLELOLW\ 6WXG\� $UFKLYHV RI 3V\FKLDWULF
1XUVLQJ� �������²��� )HEUXDU\ ����� $YDLODEOH IURP� KWWS���ZZZ�VFLHQFHGLUHFW�
FRP�VFLHQFH�DUWLFOH�SLL�6����������������� GRL���������M�DSQX�������������

>��@ )� 6R\ND� 0� /H\UHU� -� 6PDOOZRRG� &� )HUJXVRQ� %� (� 5LHFNH� DQG %� -� 0RKOHU�
(QKDQFLQJ VWUHVV PDQDJHPHQW WHFKQLTXHV XVLQJ YLUWXDO UHDOLW\� ,Q 3URFHHGLQJV RI WKH $&0
6\PSRVLXP RQ $SSOLHG 3HUFHSWLRQ � 6$3 ·��� SDJHV ��²��� $QDKHLP� &DOLIRUQLD�
����� $&0 3UHVV� GRL�������������������������

>��@ 6� 0� *HUEHU� 0��0� -HLW]LQHU� 3� :\VV� $� &KHVKDP� 3� 8UZ\OHU� 5� 0� 0�UL�
6� 0� -DNRE� DQG 7� 1HI� 9LVXR�DFRXVWLF VWLPXODWLRQ WKDW KHOSV \RX WR UHOD[� $ YLUWXDO
UHDOLW\ VHWXS IRU SDWLHQWV LQ WKH LQWHQVLYH FDUH XQLW� 6FLHQWLÀF 5HSRUWV� ����� 'HFHPEHU
����� GRL���������V������������������
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%� :KDOOH\� &� -� *UHDYHV� $� /� +DZNLQV� DQG '� 6HDPDUN� 3UHIHUHQFH IRU GL̊HU�
HQW UHOD[DWLRQ WHFKQLTXHV E\ &23' SDWLHQWV� FRPSDULVRQ EHWZHHQ VL[ WHFKQLTXHV� ,QWHUQD�
WLRQDO -RXUQDO RI &KURQLF 2EVWUXFWLYH 3XOPRQDU\ 'LVHDVH� �������²����� �����
GRL���������&23'�6�������

>��@ 6� *UD̊DP DQG $� -RKQVRQ� $ FRPSDULVRQ RI WZR UHOD[DWLRQ VWUDWHJLHV IRU WKH
UHOLHI RI SDLQ DQG LWV GLVWUHVV� -RXUQDO RI 3DLQ DQG 6\PSWRP 0DQDJHPHQW�
��������²���� ����� $YDLODEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�
SLL�6����������������� GRL���������6���������������������

>��@ &� /� 0DFQDPDUD� (� &YHMLF� *� %� 3DUNHU� $� 5� /OR\G� *� /HH� -� (� %HLOKDU]� DQG
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DWULF 'LVRUGHUV� +DUYDUG 5HYLHZ RI 3V\FKLDWU\� ���������²���� -XQH �����
GRL���������+53������������������

>��@ (� *DUFLD�&HMD� 0� 5LHJOHU� 7� 1RUGJUHHQ� 3� -DNREVHQ� .� -� 2HGHJDDUG� DQG
-� 7¡UUHVHQ� 0HQWDO KHDOWK PRQLWRULQJ ZLWK PXOWLPRGDO VHQVLQJ DQG PDFKLQH OHDUQLQJ�
$ VXUYH\� 3HUYDVLYH DQG 0RELOH &RPSXWLQJ� ����²��� 'HFHPEHU ����� $YDLO�
DEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6�����������������
GRL���������M�SPFM�������������

>��@ 0� (JJHU� 0� /H\� DQG 6� +DQNH� (PRWLRQ 5HFRJQLWLRQ IURP 3K\VLRORJLFDO 6LJQDO $QDO�
\VLV� $ 5HYLHZ� (OHFWURQLF 1RWHV LQ 7KHRUHWLFDO &RPSXWHU 6FLHQFH� ������²���
0D\ ����� $YDLODEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�
6���������������;� GRL���������M�HQWFV�������������

>��@ -� +HDOH\ DQG 5� 3LFDUG� 'HWHFWLQJ 6WUHVV 'XULQJ 5HDO�:RUOG 'ULYLQJ 7DVNV 8VLQJ
3K\VLRORJLFDO 6HQVRUV� ,((( 7UDQVDFWLRQV RQ ,QWHOOLJHQW 7UDQVSRUWDWLRQ 6\VWHPV�
��������²���� -XQH ����� $YDLODEOH IURP� KWWS���LHHH[SORUH�LHHH�RUJ�GRFXPHQW�
��������� GRL���������7,76�������������

>��@ '� 0LUDQGD� 0� &DOGHUyQ� DQG -� )DYHOD� $Q[LHW\ GHWHFWLRQ XVLQJ ZHDUDEOH PRQLWRU�
LQJ� ,Q 3URFHHGLQJV RI WKH �WK 0H[LFDQ &RQIHUHQFH RQ +XPDQ�&RPSXWHU ,Q�
WHUDFWLRQ � 0H[,+& ·��� SDJHV ��²��� 2D[DFD� 0H[LFR� 0H[LFR� ����� $&0
3UHVV� $YDLODEOH IURP� KWWS���GO�DFP�RUJ�FLWDWLRQ�FIP"GRLG ����������������
GRL�������������������������

>��@ 0� 6� /HH� <� .� /HH� '� 6� 3DH� 0� 7� /LP� '� :� .LP� DQG 7� .� .DQJ� )DVW
(PRWLRQ 5HFRJQLWLRQ %DVHG RQ 6LQJOH 3XOVH 33* 6LJQDO ZLWK &RQYROXWLRQDO 1HXUDO 1HWZRUN�
$SSOLHG 6FLHQFHV� ����������� $XJXVW ����� $YDLODEOH IURP� KWWSV���ZZZ�PGSL�
FRP��������������������� GRL���������DSS��������

>��@ -� 'RPtQJXH]�-LPpQH]� .� &DPSR�/DQGLQHV� -� 0DUWtQH]�6DQWRV� (� 'HODKR]�
DQG 6� &RQWUHUDV�2UWL]� $ PDFKLQH OHDUQLQJ PRGHO IRU HPRWLRQ UHFRJQLWLRQ IURP
SK\VLRORJLFDO VLJQDOV� %LRPHGLFDO 6LJQDO 3URFHVVLQJ DQG &RQWURO� ����������
-DQXDU\ ����� $YDLODEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�
6����������������� GRL���������M�EVSF�������������
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1HXURVFLHQFH� ��������²���� 6HSWHPEHU �����

>��@ &� 5� 6LPV� 5DWH²GLVWRUWLRQ WKHRU\ DQG KXPDQ SHUFHSWLRQ� &RJQLWLRQ� �������²����
-XO\ ����� $YDLODEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�
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�����²��� 6HSWHPEHU ����� $YDLODEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�
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>��@ '� *� /XHQEHUJHU DQG <� <H� /LQHDU DQG 1RQOLQHDU 3URJUDPPLQJ� YROXPH ��� RI
,QWHUQDWLRQDO 6HULHV LQ 2SHUDWLRQV 5HVHDUFK 	 0DQDJHPHQW 6FLHQFH� 6SULQJHU ,QWHUQD�
WLRQDO 3XEOLVKLQJ� &KDP� ����� $YDLODEOH IURP� KWWS���OLQN�VSULQJHU�FRP����
����������������������� GRL���������������������������

>��@ %� 0DQDY� &RORU�HPRWLRQ DVVRFLDWLRQV DQG FRORU SUHIHUHQFHV� $ FDVH VWXG\ IRU UHVLGHQFHV�
&RORU 5HVHDUFK 	 $SSOLFDWLRQ� ���������²���� $SULO ����� $YDLODEOH IURP� KWWS�
��GRL�ZLOH\�FRP���������FRO������� GRL���������FRO�������

>��@ &� 'DQD /\QQ� +HDUWK DQG &DPSÀUH ,QÁXHQFHV RQ $UWHULDO %ORRG 3UHVVXUH� 'HIUD\LQJ
WKH &RVWV RI WKH 6RFLDO %UDLQ WKURXJK )LUHVLGH 5HOD[DWLRQ� (YROXWLRQDU\ 3V\FKRORJ\�
���������������������� $SULO ����� $YDLODEOH IURP� KWWS���MRXUQDOV�VDJHSXE�
FRP�GRL���������������������������� GRL����������������������������

>��@ (� )ULHGPDQQ DQG +� 6RQ� 7KH +XPDQ²&RPSDQLRQ $QLPDO %RQG� +RZ +XPDQV %HQ�
HÀW� 9HWHULQDU\ &OLQLFV RI 1RUWK $PHULFD� 6PDOO $QLPDO 3UDFWLFH� ���������²����
0DUFK ����� $YDLODEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�
6����������������� GRL���������M�FYVP�������������

>��@ &� 6XLHG� *� 'UHWWDNLV� 2� :DUXVIHO� DQG ,� 9LDXG�'HOPRQ� $XGLWRU\�
9LVXDO 9LUWXDO 5HDOLW\ DV D 'LDJQRVWLF DQG 7KHUDSHXWLF 7RRO IRU &\QRSKRELD� &\�
EHUSV\FKRORJ\� %HKDYLRU� DQG 6RFLDO 1HWZRUNLQJ� ���������²���� )HEUXDU\
����� $YDLODEOH IURP� KWWS���ZZZ�OLHEHUWSXE�FRP�GRL���������F\EHU������
����� GRL���������F\EHU�����������

>��@ (� 3DXOXV� )� <XVXI� 0� 6XU\DQL� DQG ,� 6XU\DQD� 'HYHORSPHQW DQG (YDOXD�
WLRQ RQ 1LJKW )RUHVW 9LUWXDO 5HDOLW\ DV ,QQRYDWLYH 1\FWRSKRELD 7UHDWPHQW� -RXU�
QDO RI 3K\VLFV� &RQIHUHQFH 6HULHV� ������������ -XQH ����� $YDLODEOH
IURP� KWWSV���LRSVFLHQFH�LRS�RUJ�DUWLFOH���������������������������������
GRL���������������������������������

>��@ -� +H\VH� 7� '� -RQJH� 0� 7RUUHV 9HJD� )� '� %DFNHUH� DQG )�'H 7XUFN�$SHUVRQDO�
L]HG 9LUWXDO 5HDOLW\ ([SHULHQFH IRU 5HOD[DWLRQ 7KHUDS\� ,Q ���� (OHYHQWK ,QWHUQDWLRQDO
&RQIHUHQFH RQ 4XDOLW\ RI 0XOWLPHGLD ([SHULHQFH �4R0(;�� SDJHV �²�� ,(((�
-XQH ����� $YDLODEOH IURP� KWWSV���LHHH[SORUH�LHHH�RUJ�GRFXPHQW����������
GRL���������4R0(;��������������

https://linkinghub.elsevier.com/retrieve/pii/S0272494413001060
https://linkinghub.elsevier.com/retrieve/pii/S0272494413001060
http://dx.doi.org/10.1016/j.jenvp.2013.12.010
http://link.springer.com/10.1007/978-3-319-18842-3
http://link.springer.com/10.1007/978-3-319-18842-3
http://dx.doi.org/10.1007/978-3-319-18842-3
http://doi.wiley.com/10.1002/col.20294
http://doi.wiley.com/10.1002/col.20294
http://dx.doi.org/10.1002/col.20294
http://journals.sagepub.com/doi/10.1177/147470491401200509
http://journals.sagepub.com/doi/10.1177/147470491401200509
http://dx.doi.org/10.1177/147470491401200509
https://linkinghub.elsevier.com/retrieve/pii/S0195561608001940
https://linkinghub.elsevier.com/retrieve/pii/S0195561608001940
http://dx.doi.org/10.1016/j.cvsm.2008.10.015
http://www.liebertpub.com/doi/10.1089/cyber.2012.1568
http://www.liebertpub.com/doi/10.1089/cyber.2012.1568
http://dx.doi.org/10.1089/cyber.2012.1568
https://iopscience.iop.org/article/10.1088/1742-6596/1235/1/012003
http://dx.doi.org/10.1088/1742-6596/1235/1/012003
https://ieeexplore.ieee.org/document/8743335/
http://dx.doi.org/10.1109/QoMEX.2019.8743335


�
1"530/64� 5PXBSET BO "SDIJUFDUVSF GPS

1FSTPOBMJTFE 7JSUVBM 3FBMJUZ &YQPTVSF 5IFSBQZ

*O UIJT DIBQUFS UIF 1"530/64 QMBUGPSN JT QSFTFOUFE� *U UBLFT UIF SFTFBSDI QSFTFOUFE JO $IBQ�
UFST � BOE � FWFO GVSUIFS CZ JODPSQPSBUJOH UIF 7JSUVBM 3FBMJUZ 	73
 TZTUFN JO B QBUJFOU�DFOUSFE
CMFOEFE DBSF QMBUGPSN� 5IFSFCZ DPOUSJCVUJOH UP UIF UIJSE DIBMMFOHF JO 4FDUJPO ���� 1"530/64 QSP�
WJEFT B QMBUGPSN DPNQPTFE PG WBSJPVT UPPMT UP IFMQ QTZDIPUIFSBQJTUT JO QSPWJEJOH CFUUFS DBSF BOE
USFBUNFOU GPS QBUJFOUT XJUI BOYJFUZ EJTPSEFST� 5IF NBJO GVODUJPOBMJUZ PG UIF TZTUFN BSF 	J
 7JSUVBM
&OWJSPONFOU 	7&
 GPS TQFDJðD TDFOBSJPT JO XIJDI QBUJFOUT BSF FYQPTFE UP UIFJS BOYJFUZ 	JJ
 TVQQPSU
JO QFSTPOBMJTJOH UIFTF 7& UISPVHI BVUPNBUJD TVHHFTUJPO HFOFSBUJPO CBTFE PO IJTUPSZ DPOUFYU PG
UIF QBUJFOU 	JJJ
 BNPCJMF DPBDIJOH BQQ GPS UIF QBUJFOU UP QFSGPSN 73 BOE JO WJWP FYQPTVSF FYFSDJTFT
BU IPNF BOE UP SFHJTUFS SFMFWBOU FWFOUT JO UIFJS EBJMZ MJWFT 	JW
 TVQQPSU GPS QTZDIPUIFSBQJTUT JO UIF
BTTFTTNFOU PG QBUJFOUT UISPVHI UIF BVUPNBUFE BOBMZTJT PG QIZTJPMPHJDBM EBUB BOE 	W
 B DFOUSBMJTFE
JOGPSNBUJPO TZTUFN XJUI B EBTICPBSE JOUFSGBDF UISPVHI XIJDI UIF QTZDIPUIFSBQJTU DBO DPOTVMU BMM
JOGPSNBUJPO PG B QBUJFOU BOENBOBHF UIFSBQZ TFTTJPOT� 5IF QFSTPOBMJTBUJPO BMHPSJUIN JT EJTDVTTFE
JO NPSF EFUBJM JO $IBQUFS �� 5IJT DIBQUFS GVSUIFS DPOUSJCVUFT UP DIBMMFOHF � BOE � JO 4FDUJPO ��� CZ
BEPQUJOH BO JODMVTJWF EFTJHO QSPDFTT�

? ? ?

-� +H\VH� .� %RPEHNH� $� $OO� %� )UDQoRLV� 6� 7K\V� 3� 9DQ 5RH\�
0� 9DQ GHU 9ORHGW� %� 'HSUHHXZ� 7� 9DQ 'DHOH� 7� 'DHVHOHLUH� )�
2QJHQDH� )� 'H %DFNHUH� DQG )� 'H 7XUFN�

0DQXVFULSW VXEPLWWHG WR ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV� $SULO ����



��� $IBQUFS �

$EVWUDFW([SRVXUH WKHUDS\ LQ YLUWXDO UHDOLW\ KDV LQFUHDVLQJO\ EHHQ LQYHVWLJDWHG DV WUHDW�
PHQW IRU DQ[LHW\ GLVRUGHUV� +RZHYHU� PRVW RI VWXGLHV GR QRW \HW UHVHDUFK WKH LQWHJUD�
WLRQ RI YLUWXDO UHDOLW\ H[SRVXUH WKHUDS\ DV SDUW RI D EOHQGHG FDUH VROXWLRQ� 7KHUHIRUH�
QR VWXGLHV DUH DYDLODEOH WKDW SUHVHQW VXFK D SODWIRUP� ,Q WKLV SDSHU� WKH 3$752186
SODWIRUP LV SUHVHQWHG DV D SDWLHQW�FHQWUHG EOHQGHG FDUH VROXWLRQ IRU YLUWXDO UHDOLW\ H[�
SRVXUH WKHUDS\� 7KH PHWKRGRORJ\ IRU WKH GHVLJQ RI WKH SODWIRUP IRFXVVHV RQ WKH
LQFRUSRUDWLRQ RI QHHGV DQG ZLVKHV RI SDWLHQWV DQG SV\FKRWKHUDSLVWV ZKLFK KDYH EHHQ
FROOHFWHG WKURXJK IRFXV JURXSV DQG ZRUNVKRSV� 7KH UHVXOW LV D V\VWHP WKDW HQDEOHV
H[SRVXUH WKHUDS\ LQ YLUWXDO UHDOLW\ IRU VSHFLÀF DQG JHQHUDOLVHG DQ[LHW\ GLVRUGHUV� 7KH
YLUWXDO HQYLURQPHQWV FDQ EH WDLORUHG WR WKH QHHGV RI WKH SDWLHQW� HLWKHU PDQXDOO\ RU
WKURXJK DQ LQWHOOLJHQW DGDSWDWLRQ DOJRULWKP� )XUWKHUPRUH� WKH SDWLHQW LV HPSRZHUHG
WR SHUIRUP YLUWXDO UHDOLW\ H[SRVXUH H[HUFLVHV DW KRPH WKURXJK D PRELOH DSSOLFDWLRQ� $
SUHOLPLQDU\ H̊HFWLYHQHVV VWXG\ VKRZV SRWHQWLDO IRU WKLV SODWIRUP� +RZHYHU� H[WHQVLYH
XVHU VWXGLHV ZLWK ODUJH SRSXODWLRQV DUH QHHGHG WR IXUWKHU SURYH LWV H̊HFWLYHQHVV�

��� *OUSPEVDUJPO
$Q[LHW\ GLVRUGHUV DUH H[WUHPHO\ FRPPRQ LQ WKH ZRUOG SRSXODWLRQ� $FFRUGLQJ WR
:RUOG +HDOWK 2UJDQLVDWLRQ �:+2�� LW LV WKH �WK ODUJHVW FRQWULEXWRU WR JOREDO GLV�
DELOLW\ >�@� 7KH PRVW H̊HFWLYH WUHDWPHQW IRU DQ[LHW\ GLVRUGHUV LV ([SRVXUH 7KHUDS\
�(7� >�@� %\ FRQIURQWLQJ DQ LQGLYLGXDO ZLWK WKH VRXUFH RI WKHLU DQ[LHW\� WKH\ OHDUQ WR
FRQWURO WKHLU IHDU LQVWHDG RI OHWWLQJ LW FRQWURO WKHP� ,Q UHFHQW \HDUV� WKHUH KDV EHHQ
DQ LQFUHDVLQJ LQWHUHVW LQ 9LUWXDO 5HDOLW\ ([SRVXUH 7KHUDS\ �95(7�� DQ DSSURDFK LQ
ZKLFK (7 LV SURYLGHG LQ 9LUWXDO 5HDOLW\ �95�� 95 DOORZV IRU PXFK PRUH FRQWURO RYHU
WKH HQYLURQPHQW LQ ZKLFK H[SRVXUH KDSSHQV ZKLFK DOORZV IRU EHWWHU SDWLHQW�FHQWUHG
WKHUDS\� 0HDQZKLOH� SOHQW\ RI VWXGLHV VKRZ HYLGHQFH WKDW 95(7 LV DW OHDVW DV H̊HFWLYH
DV UHJXODU LQ YLYR (7 >�²�@�

+RZHYHU� PRVW UHVHDUFK IRFXVHV VROHO\ RQ WKH (7 LQ 95 LWVHOI DQG QRW RQ LWV
LQWHJUDWLRQ LQ D SDWLHQW�FHQWUHG RU EOHQGHG FDUH VROXWLRQ� %OHQGHG FDUH LV WKH FRPEL�
QDWLRQ RI UHJXODU IDFH�WR�IDFH FDUH ZLWK WHFKQRORJ\ DVVLVWHG WRROV IRU LQGLYLGXDO VHOI�
PDQDJHPHQW� %OHQGHG FDUH LV UHODWLYHO\ QHZ DQG UHTXLUHV PRUH UHVHDUFK EXW HDUO\
VWXGLHV VKRZ SURPLVLQJ UHVXOWV >�@� ,WV EHQHÀW LV WKDW WUHDWPHQW FDQ EH PXFK PRUH
H̊HFWLYH LQ WKH ORQJ WHUP LI SDWLHQWV DUH VWLPXODWHG WR IROORZ XS RQ WKHLU WUHDWPHQW
E\ WKHPVHOYHV� 7R WKH DXWKRUV· NQRZOHGJH� WKHUH DUH FXUUHQWO\ QR SXEOLFDWLRQV WKDW
GLVFXVV DQ DUFKLWHFWXUH IRU D SDWLHQW�FHQWUHG� EOHQGHG FDUH SODWIRUP IRU 95(7� 7KLV
SDSHU DLPV WR ÀOO WKLV JDS E\ GLVFXVVLQJ WKH GHVLJQ� DQG LPSOHPHQWDWLRQ RI VXFK D
SODWIRUP�

3$752186 LV DQ LQWHUGLVFLSOLQDU\ H̊RUW EHWZHHQ SV\FKRWKHUDSLVW� VFLHQWLVWV DQG
,7 H[SHUWV WR GHVLJQ� GHYHORS DQG HYDOXDWH DQ DGYDQFHG V\VWHP IRU 95(7� 7KH NH\ IHD�
WXUHV WKDW FKDUDFWHULVH 3$752186 DQG PDNH LW XQLTXH DUH� ��� FRQÀJXUDEOH 9LUWXDO
(QYLURQPHQW �9(� IRU YDULRXV VFHQDULRV� ��� D VXSSRUW DOJRULWKP IRU SHUVRQDOLVHG 9(
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WDLORUHG WR WKH QHHGV RI WKH SDWLHQW� ��� DXWRPDWLF DQDO\VLV RI SK\VLRORJLFDO GDWD IURP D
ZHDUDEOH GHYLFH IRU SUHVHQWDWLRQ RI DQ REMHFWLYH PHWULF IRU DQ[LHW\� ��� 95(7 KRPH�
ZRUN H[HUFLVHV WKURXJK D PRELOH DSS� ��� ORQJLWXGLQDO IROORZ�XS E\ VHOI�UHSRUWLQJ LQ
D PRELOH DSS� ��� D FHQWUDOLVHG V\VWHP IRU SDWLHQW DQG WKHUDS\ VHVVLRQ PDQDJHPHQW�
%HFDXVH 3$752186 DLPV WR SURYLGH EHWWHU FDUH IRU WKH SDWLHQW DQG WKH SURSHU WRROV
IRU WKH SV\FKRWKHUDSLVW WR GHOLYHU WKLV� ERWK WKHLU QHHGV DQG ZLVKHV QHHG WR EH FDUHIXOO\
FRQVLGHUHG LQ WKH FUHDWLRQ RI WKLV SODWIRUP� &R�GHVLJQ LV WKH SURFHVV RI FUHDWLQJ D VR�
OXWLRQ LQ FORVH FROODERUDWLRQ ZLWK WKH HQG XVHUV GXULQJ WKH HQWLUH GHVLJQ SURFHVV� 7KLV
DSSURDFK HQVXUHV WKDW WKH SURGXFW PHHWV WKH H[SHFWDWLRQV RI WKH HQG XVHUV� 7KHUHIRUH�
LW KDV EHHQ ULJRURXVO\ DSSOLHG LQ WKH GHVLJQ SURFHVV RI 3$752186�

7KH UHPDLQGHU RI WKLV SDSHU LV VWUXFWXUHG DV IROORZV� )LUVW UHODWHG ZRUN UHJDUG�
LQJ FR�GHVLJQ WHFKQLTXHV LV FRYHUHG LQ 6HFWLRQ ���� ,Q 6HFWLRQ ���� WKH PHWKRGRORJLHV
IRU H[WUDFWLQJ WKH UHTXLUHPHQWV IRU WKH SUHVHQWHG SODWIRUP WKURXJK IRFXV JURXSV DQG
ZRUNVKRSV DUH GLVFXVVHG� 7KLV LV IROORZHG E\ D K\SRWKHWLFDO VFULSW RI DQ 95(7 SUR�
FHGXUH WR LOOXVWUDWH ZKDW SDWLHQWV DQG SV\FKRWKHUDSLVWV H[SHFW RI WKH V\VWHP LQ 6HF�
WLRQ ���� 1H[W� WKHVH H[SHFWDWLRQV DUH IRUPDOO\ VXPPDULVHG LQ 6HFWLRQ ���� WKLV LV WKH
UHVXOW RI WKH IRFXV JURXSV DQG ZRUNVKRSV ZLWK HQG XVHUV� %DVHG RQ WKHVH UHTXLUH�
PHQWV� 6HFWLRQ ��� LQWURGXFHV WKH GHVLJQ RI WKH DUFKLWHFWXUH� 7KH VSHFLÀFDWLRQV RI WKH
LPSOHPHQWDWLRQ DUH IRUPXODWHG LQ 6HFWLRQ ���� )LQDOO\� D SLORW VWXG\ ZLWK SDWLHQWV DQG
D FRQFOXVLRQ DUH SUHVHQWHG LQ 6HFWLRQV ��� DQG ��� UHVSHFWLYHO\�

��� 3FMBUFE 8PSL
&R�GHVLJQ DSSURDFKHV KDYHPDQ\ EHQHÀWV IRU WKH GHYHORSPHQW RI H+HDOWK VROXWLRQV >��
�@� ,Q IDFW� RQH FRXOG DUJXH WKDW LW LV D QHFHVVLW\ IRU FUHDWLQJ XVHIXO VROXWLRQV RI KLJK
TXDOLW\ DV LW HQVXUHV WKDW WKH QHHGV� ZLVKHV DQG LQVLJKWV RI WKH HQG XVHUV DUH LQFRUSR�
UDWHG LQ WKH GHVLJQ SURFHVV� +RZHYHU� FR�GHVLJQ UHIHUV WR WKH SURFHVV RI LQFOXGLQJ HQG
XVHUV LQ WKH HQWLUH GHVLJQ SURFHVV >�@� 6RPH H[DPSOHV RI WKHVH PHWKRGV DUH REVHUYD�
WLRQ VHVVLRQV� TXHVWLRQQDLUHV DQG VXUYH\V >��@� LQWHUYLHZV >��@� IRFXV JURXSV >��@ DQG
LQWHUDFWLYH ZRUNVKRSV >��@� 7KH PHWKRGV GL̊HU LQ WKH DPRXQW RI HQJDJHPHQW ZLWK
WKH HQG XVHUV� WKH OHYHO RI GHWDLO WKDW FDQ EH GLVFXVVHG DQG WKH LQWHUDFWLRQ EHWZHHQ WKH
GL̊HUHQW SDUWLFLSDWRUV �HQG XVHUV� UHVHDUFKHUV� GHVLJQHUV RU RWKHU VWDNHKROGHUV� >��@�
(DFK DSSURDFK KDV LWV EHQHÀWV DQG FKDOOHQJHV� )RU H[DPSOH� REVHUYDWLRQ VHVVLRQV DUH
LQWHUHVWLQJ IRU UHVHDUFKHUV DQG GHVLJQHUV WR XQGHUVWDQG FRQWH[W DQG WHVW WKH LPSOH�
PHQWDWLRQ RI QHZ FRQFHSWV� +RZHYHU� WKH LQFOXVLRQ RI WKH HQG XVHU LQ WKH FUHDWLRQ
LWVHOI LV OLPLWHG� 4XHVWLRQQDLUHV FDQ SURYLGH ODUJH DPRXQWV RI GDWD IURP D ZLGH UDQJH
RI GL̊HUHQW HQG XVHUV WR VWHHU WKH FUHDWLRQ SURFHVV� EXW WKH VHW RI TXHVWLRQV LV WKH
VDPH IRU HYHU\ HQG XVHU� WKHUHIRUH LQ�GHSWK GLVFXVVLRQV DUH QRW SRVVLEOH� ,QWHUYLHZV
GR DOORZ IRU DQ LQ�GHSWK GLVFXVVLRQ DV WKH UHVHDUFKHU RU GHVLJQHU FDQ DVN IROORZ�XS
TXHVWLRQV WR WKH HQG XVHUV� EXW WKLV PDNHV WKHP TXLWH WLPH FRQVXPLQJ� )RFXV JURXSV�
WKHQ DJDLQ� DUH PRUH H̋FLHQW DV WKH\ EULQJ WRJHWKHU PXOWLSOH VWDNHKROGHUV� ZKLFK� LQ
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WXUQ� HQFRXUDJHV LQWHUDFWLRQV DQG GLVFXVVLRQV� ,QWHUDFWLYH ZRUNVKRSV DUH SHUKDSV WKH
OHDVW IRUPDO DQG EHFDXVH RI WKLV FDQ UHVXOW LQ WKH PRVW RXW RI WKH ER[ DQG WDQJLEOH
FRQFHSWV� 7KLV PHWKRG HQFRXUDJHV FUHDWLRQ WKURXJK EUDLQVWRUPLQJ� VWRU\WHOOLQJ� ZDOO
VWRUPV DQG RWKHU WHFKQLTXHV� 0DQ\ GL̊HUHQW LQWHUDFWLYH ZRUNVKRSV IRUPDWV H[LVW VXFK
DV KDFNDWKRQV >��@� GHVLJQ MDPV >��@ RU GHVLJQ FKDUUHWWHV >��@� $V WKH DYDLODEOH WHFK�
QRORJLHV NHHS HYROYLQJ� WKH FR�GHVLJQ WHFKQLTXHV WKDW SXW WKHP LQWR SUDFWLFH ZLOO NHHS
HYROYLQJ DV ZHOO >��@�

0DQ\ VWXGLHV DQG XVH FDVHV KDYH EHHQ GRFXPHQWHG WKDW LQFRUSRUDWH DQ\ RI WKH
SUHYLRXVO\ PHQWLRQHG WHFKQLTXHV RU DGDSWDWLRQ WKHUHRI� )RU H[DPSOH� FR�GHVLJQ KDV
OHDG WR WKH GHYHORSPHQW RI D VHOI�PRQLWRULQJ DSS IRU \RXQJ SHRSOH GXULQJ WUHDWPHQW
RI GHSUHVVLRQ >��@� 7KH\ XVHG FR�GHVLJQ ZRUNVKRSV WR GHYHORS WKH DSS WR WKH \RXQJ
SHRSOH·V QHHGV� %\ GHYHORSLQJ SURWRW\SHV DQG PRFN�XSV RI WKH DSS� SHHUV FRXOG HYDO�
XDWHG HDFK RWKHUV LGHDV� $OVR IRU OHVV WDQJLEOH EXW PRUH WHFKQLFDO SUREOHPV KDYH
FR�GHVLJQ DSSURDFKHV EHHQ XVHG� )RU H[DPSOH� 2QJHQDH HW DO� GHYHORSHG D FR�GHVLJQ
IUDPHZRUN IRU FRQVWUXFWLQJ GHWDLOHG VHPDQWLF RQWRORJLHV FRQWDLQLQJ KLJKO\ VSHFLÀF
GRPDLQ NQRZOHGJH LQ WKH FRQWH[W RI KHDOWK >��@� 7KH DSSURDFK FRQVLVWV RI ZRUNVKRS
VHVVLRQV LQ ZKLFK GLVFXVVLRQ DUH HQJDJHG ZLWK KHDOWK GRPDLQ H[SHUWV WR H[WUDFW WKH
NQRZOHGJH WKH\ HPSOR\ GXULQJ WKHLU SURIHVVLRQDO DFWLYLWLHV� 7KLV NQRZOHGJH LV VWUXF�
WXUHG RQ ODUJH FDQYDVHV GXULQJ WKH ZRUNVKRSV ZKLFK DUH WKHQ XVHG WR FRQVWUXFW WKH
RQWRORJ\ FRQWDLQLQJ WKH H[WUDFWHG NQRZOHGJH� 7KHVH ZRUNVKRSV DUH PRVWO\ IRFXVVHG
RQ XQFRYHULQJ WDFLW NQRZOHGJH RI WKH GRPDLQ H[SHUWV�

��� .FUIPEPMPHZ
7KH GHVLJQ RI D SODWIRUP VXFK DV 3$752186 LV FRPSOH[ EHFDXVH RI WKH GL̊HUHQW
VWDNHKROGHUV LQYROYHG� $ FRPELQDWLRQ RI PHWKRGV VXFK DV IRFXV JURXSV� ZRUNVKRSV
DQG EUDLQVWRUP VHVVLRQV ZHUH XVHG WR JDWKHU WKH UHTXLUHG LQIRUPDWLRQ WR EXLOG WKH
V\VWHP DQG LWHUDWLYHO\ ZRUN WRZDUGV D ÀQDO SURRI RI FRQFHSW� ,Q WKLV VHFWLRQ� WKHVH
PHWKRGV DQG WKHLU DSSOLFDWLRQ IRU WKLV ZRUN DUH GLVFXVVHG�

����� 'PDVT HSPVQT
'HVLJQLQJ D QHZ DSSOLFDWLRQ UHTXLUHV WR XQGHUVWDQG WKH QHHGV DQG ZLVKHV RI WKH HQG
XVHUV RI WKH SURGXFW� (VSHFLDOO\ LQ UHVHDUFK� WKLV LV LPSRUWDQW EHFDXVH WKRVH QHHGV DQG
ZLVKHV PLJKW QRW EH YHU\ FOHDU IURP WKH EHJLQQLQJ� )RU H[DPSOH� ZKHQ H[SORULQJ D
QHZ WHFKQRORJ\� WKHUH LV QR SUHFHGHQW IRU LW� WKHUHIRUH� LW LV LPSRUWDQW WR LQYHVWLJDWH
KRZ HQG XVHUV ZDQW WR XVH LW� )XUWKHUPRUH� LI WKH JRDOV LV WR LQQRYDWH E\ LQFRUSRUDWLQJ
QHZ WHFKQRORJ\� FDXWLRQ LV ZDUUDQWHG LQ PDNLQJ VXUH WKDW WKH WHFKQRORJ\ FRQWULEXWHV
WR WKH SUREOHP WR EH VROYHG� $Q LQFOXVLYH GHVLJQ SURFHVV LQ ZKLFK YDULRXV VWDNHKROG�
HUV� LQFOXGLQJ WKH HQG XVHUV� DUH LQYROYHG IURP WKH EHJLQQLQJ RI WKH SURFHVV LV DOVR
UHIHUUHG WR DV FR�FUHDWLRQ GHVLJQ >��@� 7KLV DSSURDFK LV DOVR IROORZHG IRU WKH GHVLJQ
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DQG GHYHORSPHQW RI WKH 3$752186 SODWIRUP�
,Q DQ HDUO\ VWDJH RI WKH SURMHFW� IRFXV JURXSV ZHUH RUJDQLVHG ZLWK SRWHQWLDO SD�

WLHQWV DQG SV\FKRWKHUDSLVWV� 7ZR VHVVLRQV ZLWK HDFK IRXU SDUWLFLSDQWV ZHUH KHOG ZLWK
SDWLHQWV GLDJQRVHG ZLWK DQ DQ[LHW\ GLVRUGHU� ZKLOH RQH VHVVLRQ ZDV KHOG ZLWK VL[ SV\�
FKRWKHUDSLVWV ZKR KDG H[SHULHQFH ZLWK (7� 'XULQJ WKHVH VHVVLRQV WKH SDWLHQWV ZHUH
DVNHG DERXW WKHLU RZQ H[SHULHQFHV ZLWK UHJXODU (7 DQG SRVVLEOH H[SHULHQFHV ZLWK
WHFKQRORJ\ LQ VXSSRUW RI WKHLU DQ[LHW\ GLVRUGHU� 7KH SDWLHQWV DOVR IRFXVVHG RQ LGHDV
WKH\ PLJKW KDYH WKDW ZRXOG EH EHQHÀFLDO WR WKHP� ,Q JHQHUDO WKH\ ZHUH DVNHG ZKDW
WKH V\VWHP VKRXOG EH DEOH WR GR� 7KH SV\FKRWKHUDSLVWV ZHUH DVNHG WKH VDPH TXHVWLRQ�
EXW IURP WKH SHUVSHFWLYH RI WKHLU SURIHVVLRQ� )XUWKHUPRUH� IHDWXUHV ZHUH SULRULWLVHG
LQ IXQFWLRQDOLW\ WKH V\VWHP VKRXOG GHÀQLWHO\ KDYH DQG IXQFWLRQDOLW\ WKDW ZRXOG EH QLFH
WR KDYH� 7KHVH SV\FKRWKHUDSLVWV ZHUH DOVR DVNHG DERXW WKHLU FRQFHUQV DQG OLPLWDWLRQV
RI WKH WHFKQRORJ\�

7KH ÀQGLQJV DQG LGHDV RI WKHVH IRFXV JURXSV ZHUH JDWKHUHG DQG SULRULWLVHG EDVHG
RQ WKH LQSXW RI WKH SDUWLFLSDQWV� 1H[W� D OLVW RI UHTXLUHPHQWV ZDV FUHDWHG ZKLFK FRXOG
EH GLVFXVVHG ZLWK WKH RWKHU VWDNHKROGHUV RI WKH SURMHFW VXFK DV WKH GHYHORSHUV DQG
UHVHDUFKHUV�

����� 73 1SPUPUZQJOH
'HYHORSLQJ D 95 HQYLURQPHQW LV FRPSOH[ DQG WLPH FRQVXPLQJ� 7KLV FDQ SRVH D SURE�
OHP ZKHQ WKH UHTXLUHPHQWV RI WKH 9( DUH QRW \HW NQRZQ DW WKH EHJLQQLQJ RI D SURMHFW�
7KLV ZDV WKH FDVH IRU WKLV UHVHDUFK ZKHUH QRYHO 9(V QHHGHG WR EH FUHDWHG� 8QFRYHULQJ
WKH UHTXLUHPHQWV IRU WKHVH 9(V ZDV DQ LWHUDWLYH SURFHVV LQ ZKLFK LQWHUPHGLDWH UHVXOWV
ZHUH WHVWHG DQG HYDOXDWHG� 7UDGLWLRQDO VRIWZDUH GHYHORSPHQW DSSURDFKHV� LQ ZKLFK
WKH 9( DUH GHVLJQHG IURP DQ DJUHHG XSRQ VHW RI UHTXLUHPHQWV� DUH QRW VXLWDEOH IRU
GHYHORSLQJ 95 HQYLURQPHQWV� 7KHUHIRUH� D UDSLG JDPH SURWRW\SLQJ WHFKQLTXH ZDV
XVHG WKDW KDG EHHQ WHVWHG EHIRUH RQ 95 HQYLURQPHQWV� 7KLV WHFKQLTXH HPSOR\V D
ZRUNÁRZ WKDW DOORZV PXOWLSOH LWHUDWLRQV DQG HDV\ H[SHULPHQWDWLRQ ZLWK YDULRXV SUR�
WRW\SHV� 7KH ÀQGLQJV RI WKH H[SHULPHQWV DUH WDNHQ LQWR DFFRXQW IRU WKH QH[W LWHUDWLRQ
DQG WKXV� JUDGXDOO\ WKH GHVLUHG UHVXOW LV REWDLQHG� 7KH SURWRW\SLQJ SURFHVV UHVXOWV LQ
WKH GHOLYHU\ RI FOHDU UHTXLUHPHQWV DQG UHFRPPHQGDWLRQV IRU WKH ÀQDO SURGXFW� %HORZ�
WKH PHWKRGRORJ\ RI WKH SURFHVV LV GLVFXVVHG LQ PRUH GHWDLO�

%DVHG RQ WKH LGHDV IURP WKH IRFXV JURXSV GHVFULEHG LQ 6HFWLRQ ������ VHYHUDO SUR�
WRW\SHV ZHUH GHYHORSHG� (DFK SURWRW\SH VWDUWV ZLWK DQ LQ�GHSWK DQDO\VLV WR PDNH VXUH
DOO LQIRUPDWLRQ WR FUHDWH WKH SURWRW\SH LV DYDLODEOH� 7KLV DQDO\VLV UHVXOWV LQ D 3URWR�
W\SH 'HVLJQ 'RFXPHQW �3''� FRQWDLQLQJ WKH VWUXFWXUH DQG IHDWXUHV RI WKH SURWRW\SH�
7KH IHDWXUHV DUH GLYLGHG LQWR ´PXVW KDYHµ IHDWXUHV IRU WKH ÀUVW SURWRW\SH LWHUDWLRQ DQG
´QLFH WR KDYHµ IHDWXUHV IRU SRVVLEOH ODWHU LWHUDWLRQV� 7KLV GLVWLQFWLRQ FDQ EHPDGH EDVHG
RQ WKH SULRULWLVDWLRQ RI LGHDV RI WKH IRFXV JURXSV� 7KH 3'' UHTXLUHV ÀQDO DSSURYDO
RI WKH GRPDLQ H[SHUWV EHIRUH LPSOHPHQWDWLRQ FDQ VWDUW� ,I QHHGHG� FKDQJHV FDQ VWLOO
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EH PDGH WR WKH 3'' EHIRUH DSSURYDO�
0XOWLSOH ÀUVW�LWHUDWLRQ SURWRW\SHV DUH FUHDWHG WR FRPSDUH FRQFHSWV DQG LGHDV� %\

XVLQJ WKH LWHUDWLYH DSSURDFK� SURWRW\SHV FDQ EH DGMXVWHG DQG LPSURYHG WR ÀQH�WXQH WKH
FRQFHSWV LQWR D VDWLVIDFWRU\ UHVXOW� :LWK HDFK LWHUDWLRQ� QHZ IHDWXUHV DQG DGMXVWPHQWV
DUH GHÀQHG ZKLFK DUH GRFXPHQWHG LQ WKH 3''� 7KH SURWRW\SHV ZHUH EXLOW ZLWK D SD�
UDPHWHU WXQLQJ V\VWHP LQ SODFH� 7KLV PHDQV WKDW FHUWDLQ SURSHUWLHV RI WKH 9(� H�J� WKH
VL]H RI D URRP RU WKH DSSHDUDQFH RI REMHFWV� FRXOG EH FKDQJHG WKURXJK VLPSOH FRQÀJ�
XUDWLRQ DQG WKLV ZLWKRXW UHTXLULQJ DGGLWLRQDO PRGHOLQJ RU SURJUDPPLQJ� 7KLV DOORZV
WR TXLFNO\ FKDQJH WKH EHKDYLRXU RI WKH SURWRW\SH DQG HQDEOHV HDV\ H[SHULPHQWDWLRQ
ZLWK YDULDWLRQV RI D SURWRW\SH ZLWKRXW UHTXLULQJ SURJUDPPLQJ NQRZOHGJH�

)RU HYHU\ SURWRW\SH� GHVLJQ UHFRPPHQGDWLRQV DUH DGGHG WR WKH GRFXPHQWDWLRQ�
7KHVH UHFRPPHQGDWLRQV LQFOXGH YDULRXV LQVLJKWV DQG LGHDV WKDW FDPH IRUZDUG GXULQJ
WKH GHYHORSPHQW DQG WHVWLQJ RI WKH SURWRW\SH WKDW FRXOG EH UHOHYDQW IRU WKH LPSOH�
PHQWDWLRQ RI WKH ÀQDO SURGXFW�

����� &YQFSU ,OPXMFEHF 8PSLTIPQT
7KH LQWHOOLJHQW DOJRULWKP IRU WKH DGDSWDWLRQ RI H[SRVXUH HQYLURQPHQWV ZDV DOVR GH�
YHORSHG LQ FORVH FROODERUDWLRQ ZLWK GRPDLQ H[SHUWV� :RUNVKRSV ZHUH RUJDQLVHG WR
XQFRYHU WKH NQRZOHGJH WKDW QHHGV WR EH LQFRUSRUDWHG LQ WKRVH DOJRULWKPV� 6SHFLÀ�
FDOO\� WKHVH ZRUNVKRSV ZHUH GHVLJQHG WR XQGHUVWDQG WKH GHFLVLRQ PDNLQJ SURFHVV RI
WKH SV\FKRWKHUDSLVWV LQ GHWDLO VXFK WKDW SDUW RI WKHVH SURFHVVHV FRXOG EH GLJLWLVHG WR XVH
WKHP LQ LQWHOOLJHQW DOJRULWKPV VXFK DV WKH DGDSWDWLRQ DOJRULWKP� 7KH UHVXOW RI WKHVH
ZRUNVKRSV LV D NQRZOHGJH PRGHO FRQWDLQLQJ WKH PRVW LPSRUWDQW FRQFHSWV XVHG E\
WKH SV\FKRWKHUDSLVWV DQG LQIRUPDWLRQ RQ KRZ WKH\ ZHUH XVHG WR PDNH GHFLVLRQV� 7KLV
NQRZOHGJH PRGHO ZDV IRUPDOLVHG LQWR D VHPDQWLF RQWRORJ\� ZKLFK LV D IRUPDOLVHG GH�
VFULSWLRQ RI FRQFHSWV� UHODWLRQ EHWZHHQ WKHP DQG ORJLFDO UXOHV ZKLFK DUH LQWHUSUHWDEOH
E\ D FRPSXWHU V\VWHP� 7KH DGYDQWDJH RI VXFK DQ RQWRORJ\ LV WKDW UHDVRQLQJ FDQ EH
XVHG WR SURFHVV GDWD XVLQJ WKH NQRZOHGJH LQ WKLV RQWRORJ\�

7ZRZRUNVKRS VHVVLRQV ZHUH RUJDQLVHG ZLWK SV\FKRWKHUDSLVWV ZKR KDG H[SHULHQFH
ZLWK UHJXODU LQ YLYR (7� 2QH VHVVLRQV KDG IRXU SDUWLFLSDQWV� WKH RWKHU WKUHH� 7KH
UHVXOWV RI WKH ZRUNVKRSV ZHUH SURFHVVHG DQG FRPELQHG DIWHUZDUGV� 7KLV DSSURDFK
HQVXUHV WKDW WKH UHVXOWV DUH QRW OLPLWHG WR WKH YLHZ RI RQH JURXS RI SHRSOH DQG LW
HQDEOHV FRYHULQJ D EURDGHU VHFWLRQ RI WKH GRPDLQ� 7KH SV\FKRWKHUDSLVWV SDUWLFLSDWLQJ
LQ WKH ZRUNVKRSV KDG QR SULRU NQRZOHGJH RI WKH 3$752186 SURMHFW LWVHOI� 7KLV
LV WR SUHYHQW ELDVHG GHFLVLRQV RQ WKH GHVLJQ RI WKH V\VWHP� 7KH ZRUNVKRSV ZHUH
OHG E\ D PRGHUDWRU ZKLFK DVNV IROORZ�XS TXHVWLRQ ZKHQ FODULÀFDWLRQ LV QHHGHG RU
ZKHQ WKH GLVFXVVLRQ UXQV VLOHQW� $Q RQWRORJ\ HQJLQHHU ZULWHV GRZQ� RQ ODUJH VKHHWV RI
SDSHU� WKH FRQFHSWV DQG UHODWLRQV PHQWLRQHG E\ WKH SV\FKRWKHUDSLVWV DQG WKH GHFLVLRQ
VWHSV ZKLFK ZLOO EH SURFHVVHG DQG IRUPDOLVHG DIWHU WKH ZRUNVKRS� )LQDOO\� DQ REVHUYHU
WUDQVFULEHV WKH VHVVLRQV� 2QJHQDH HW DO� >��@ GLVFXVVHV WKH JHQHUDO DSSURDFK RI WKH
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'JHVSF ���� 1JDUVSFT PG UIF XPSLTIPQT TIPXJOH POF QFSTPO XSJUJOH EPXO PO MBSHF TIFFUT PG QBQFS XIJMF UIF
QTZDIPUIFSBQJTUT BSF EJTDVTTJOH UIF UIFSBQZ XPSLñPX�

ZRUNVKRS LQ PRUH GHWDLO�
7KH ZRUNVKRS VWDUWV ZLWK D ZDUP�XS H[HUFLVH WKURXJK ZKLFK WKH SV\FKRWKHUDSLVWV

H[SHULHQFH D WKHUDS\ VFHQDULR LQ 95 WR JHW WKHP IDPLOLDU ZLWK WKH WHFKQRORJ\ DQG DOORZ
WKHP WR EHWWHU XQGHUVWDQG LWV SRWHQWLDO DQG OLPLWDWLRQV� 1H[W� HDFK SDUWLFLSDQW LV DVNHG
WR GHVFULEH D SDUWLFXODU WKHUDS\ VHVVLRQ IURP WKHLU RZQ H[SHULHQFH� 7KHVH DUH XVHG GXU�
LQJ WKH ZRUNVKRS DV XVH FDVHV WR YDOLGDWH WKH GHFLVLRQ SURFHVVHV WKH SV\FKRWKHUDSLVWV
DUH H[SODLQLQJ� $IWHU WKDW� WKH GLVFXVVLRQ LV LQLWLDWHG E\ KDYLQJ WKH SV\FKRWKHUDSLVWV
H[SODLQ KRZ WKH\ WKLQN D 95(7 V\VWHP FRXOG DXWRPDWLFDOO\ DGDSW WR WKH QHHGV RI WKH
SDWLHQW DQG ZKLFK LQIRUPDWLRQ LW QHHGV WR KDYH IRU WKLV� (YHU\ PDMRU GHFLVLRQ VWHS LV
FKDOOHQJHG GXULQJ WKH GLVFXVVLRQ WR ÀOWHU RXW WKH PRVW UHOHYDQW RQHV DQG UHGXFH WKHP
WR WKHLU HVVHQFH� )LJXUH ��� JLYHV DQ LPSUHVVLRQ RI RQH RI WKH ZRUNVKRSV�

��� &YQPTVSF 5IFSBQZ 4DSJQU
%DVHG RQ WKH ÀQGLQJV RI WKH IRFXV JURXSV ZLWK XVHUV DQG SV\FKRWKHUDSLVWV WKH IRO�
ORZLQJ ÀFWLWLRXV VFHQDULR FDQ EH FUHDWHG ZKLFK LOOXVWUDWHV WKH JRDO DQG YLVLRQ RI WKH
3$752186 SODWIRUP�

$ SDWLHQW� FDOOHG $OLFH� H[SHULHQFHV VHYHUH DQ[LHW\ DQ\ WLPH VKH QHHGV WR GULYH LQ D
FDU DV D SDVVHQJHU� ,W KDV UHDFKHG D SRLQW ZKHUH VKH FDQQRW JHW LQ D FDU ZLWK VRPHRQH
HOVH LI VKH LV QRW GULYLQJ KHUVHOI� 7R ÀQG D VROXWLRQ IRU KHU SUREOHP� $OLFH GHFLGHV WR
JR WR D SV\FKRWKHUDSLVW IRU KHOS� KLV QDPH LV %RE�

'XULQJ KHU ÀUVW DSSRLQWPHQW� %RE GRHV DQ LQWDNH LQWHUYLHZ ZLWK $OLFH� +H DVNV
KHU TXHVWLRQ DERXW KHU DQ[LHW\ DQG DYRLGDQFH EHKDYLRXU WR JHW D FOHDU YLHZ RI WKH
SUREOHP� %RE DOVR FKHFNV IRU VRPH FULWHULD WR PDNH VXUH $OLFH LV HOLJLEOH IRU (7 LQ
95� 2QFH %RE YHULÀHV WKDW 95(7 FDQ EH SDUW RI $OLFH·V WUHDWPHQW� KH DVNV KHU WR



��� $IBQUFS �

ÀOO LQ VRPH TXHVWLRQQDLUHV� 7KLV LQFOXGHV D TXHVWLRQQDLUH WKDW ZLOO EH XVHG E\ WKH
3$752186 SODWIRUP WR XQGHUVWDQG KRZ WKH SDWLHQW FDQ EH WUHDWHG�

,Q EHWZHHQ WKH ÀUVW DQG WKH VHFRQG DSSRLQWPHQW� %RE XVHV D GDVKERDUG DSSOLFD�
WLRQ WR FUHDWHV D SDWLHQW DFFRXQW IRU $OLFH WR ZKLFK KH XSORDGV WKH TXHVWLRQQDLUHV WKDW
$OLFH ÀOOHG LQ� 2Q KHU VHFRQG DSSRLQWPHQW� $OLFH UHFHLYHV SV\FKR�HGXFDWLRQ DERXW
DQ[LHW\ DQG DYRLGDQFH EHKDYLRXU DQG %RE H[SODLQV WR KHU KRZ WKH WKHUDS\ ZRUNV�
'XULQJ WKLV DSSRLQWPHQW� %RE ORJV LQ RQ WKH 3$752186 SODWIRUP WKURXJK WKH
GDVKERDUG DSSOLFDWLRQ DQG VWDUWV D QHZ VHVVLRQ IRU $OLFH� %HIRUH DQ\ H[HUFLVHV FDQ
EH SHUIRUPHG� D EDVHOLQH PHDVXUHPHQW QHHGV WR EH WDNHQ RI $OLFH·V SK\VLRORJLFDO SD�
UDPHWHUV� 6KH LV DVNHG WR VWUDS D ZHDUDEOH GHYLFH RQ KHU ZULVW ZKLFK FRQWDLQV VHQVRUV
WKDW FDQ PHDVXUH YDULRXV SK\VLRORJLFDO SDUDPHWHUV� 'XULQJ D �� PLQXWH SHULRG� GDWD
LV FROOHFWHG DQG VWRUHG RQ WKH 3$752186 SODWIRUP�

:KHQ WKH EDVHOLQH PHDVXUHPHQW LV ÀQLVKHG DQG $OLFH LV UHDG\� D ÀUVW H[SRVXUH
H[HUFLVH LQ 95 FDQ EH SHUIRUPHG� :KHQ $OLFH SXWV RQ WKH 95 KHDGVHW� VKH ÀUVW VHHV
D TXLHW DQG QHXWUDO HQYLURQPHQW� ,W UHSUHVHQWV VRPH NLQG RI ORXQJH DUHD LQ ZKLFK VKH
LV VHDWHG RQ D FRXFK� ,Q WKH PHDQWLPH� %RE LV FUHDWLQJ D QHZ 95 H[HUFLVH IRU WKH
FXUUHQW VHVVLRQ RQ WKH GDVKERDUG RI WKH 3$752186 SODWIRUP� +H FKRRVHV D 95
H[HUFLVHV VHW LQ D FDU VFHQDULR� 7KH VFHQDULR VWLOO QHHGV WR EH FRQÀJXUHG WR WKH VSHFLÀF
UHTXLUHPHQWV RI $OLFH DW WKDW WLPH� 7KH GDVKERDUG VKRZV D OLVW RI SDUDPHWHUV WKDW %RE
FDQ FKDQJH EDVHG RQ KLV H[SHUWLVH� (DFK SDUDPHWHU FKDQJHV VRPHWKLQJ DERXW WKH 95
HQYLURQPHQW� %RE FRQÀJXUHV WKH H[HUFLVH VXFK WKDW $OLFH LV VLWWLQJ LQ WKH SDVVHQJHU
VHDW RI D FDU� GULYLQJ DW ORZ VSHHG� RQ D URDG ZLWK OLWWOH WUD̋F� %HIRUH $OLFH FDQ VWDUW
WKH H[HUFLVH� VKH ÀUVW QHHGV WR DQVZHU D IHZ TXHVWLRQV DERXW KHU H[SHFWDWLRQV� %RE
ZULWHV GRZQ WKH DQVZHUV WR WKHVH TXHVWLRQV LQ WKH GDVKERDUG�

,W LV WLPH IRU $OLFH WR VWDUW KHU ÀUVW 95(7 H[HUFLVH ZKLFK %RE LQLWLDWHV WKURXJK
WKH GDVKERDUG� ,PPHGLDWHO\� $OLFH LV WUDQVLWLRQHG WR YLUWXDO FDU DFFRUGLQJ WR WKH FRQ�
ÀJXUDWLRQ FKRVHQ E\ %RE� $W UHJXODU WLPH LQWHUYDOV %RE DVNV $OLFH WR VD\ KRZ PXFK
GLVFRPIRUW VKH LV H[SHULHQFLQJ RQ D VFDOH RI � WR ��� ZKLFK KH HQWHUV LQ WKH GDVKERDUG�
:KHQ $OLFH LV VXGGHQO\ RYHUWDNHQ E\ D ORUU\� %RE QRWLFH RQ WKH VFUHHQ WKDW DQ DOJR�
ULWKP SUHGLFWV D YHU\ KLJK DQ[LHW\ OHYHO LQ $OLFH� 7KH DOJRULWKP LV DEOH WR PDNH WKLV
SUHGLFWLRQ EDVHG RQ WKH ZHDUDEOH GHYLFH FROOHFWLQJ SK\VLRORJLFDO GDWD WKDW $OLFH LV VWLOO
ZHDULQJ� %RE GHFLGHV WR DVN $OLFH DERXW WKLV DQG ZULWHV GRZQ KLV REVHUYDWLRQV� +H
FDQ DOVR UHJLVWHU RWKHU VSHFLÀF REVHUYDWLRQV VXFK DV ZKHQ $OLFH LV VKRZLQJ DYRLGDQFH
EHKDYLRXU GXULQJ DQ H[HUFLVH�

$IWHU D SUHGHWHUPLQHG WLPH� WKH H[HUFLVHV LV WHUPLQDWHG E\ %RE� $OLFH FDQ NHHS
WKH +HDG 0RXQWHG 'LVSOD\ �+0'� RQ ZKLOH VKH LV WUDQVLWLRQHG EDFN WR WKH UHOD[LQJ
ORXQJH� $IWHU HDFK H[HUFLVH� %RE ZLOO DVN KHU DJDLQ D IHZ TXHVWLRQV DERXW WKH H[HUFLVH
WR ZKLFK KH ZLOO HQWHU WKH DQVZHUV LQ WKH GDVKERDUG� ,Q DJUHHPHQW ZLWK $OLFH D QHZ
H[HUFLVH ZLOO EH VWDUWHG� 7KLV WLPH %RE GHFLGHV WR OHW WKH V\VWHP PDNH VXJJHVWLRQV
RQ ZKDW D JRRG FRQÀJXUDWLRQ ZRXOG EH IRU WKH QH[W H[HUFLVH� ,W GRHV WKLV EDVHG RQ
LQIRUPDWLRQ WKDW ZDV SURYLGHG IRU SUHYLRXV H[HUFLVHV� %DVHG RQ KLV H[SHUWLVH DQG
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NQRZOHGJH RI $OLFH·V FDVH� %RE FKRRVHV RQH RI WKH VXJJHVWLRQV EXW WZHDNV LW D OLWWOH
EXW IXUWKHU EHIRUH VDYLQJ LW� +H WKHQ VWDUWV WKH QHZ H[HUFLVH LQ WKH VDPH ZD\ DV WKH
SUHYLRXV RQH�

$W WKH HQG RI WKH VHVVLRQ� $OLFH FDQ WDNH RI WKH +0' DJDLQ� %HFDXVH %RE IHOW
WKDW WKH H[HUFLVHV ZHQW YHU\ ZHOO� KH SURSRVHV WKDW $OLFH GRHV VRPH RI WKH H[SRVXUH
H[HUFLVHV DW KRPH RQ KHU RZQ� %RE FUHDWHV D QHZ KRPHZRUN H[HUFLVHV IRU $OLFH EDVHG
RQ WKH FRQÀJXUDWLRQ RI WKH ÀUVW 95 H[HUFLVH WKH\ GLG WRJHWKHU� 1RZ $OLFH FDQ DOVR
VHH WKLV H[HUFLVH LQ WKH FRDFKLQJ DSSOLFDWLRQ VKH KDG WR LQVWDOO RQ KHU VPDUWSKRQH�

7KH QH[W GD\� ZKHQ $OLFH LV DW KRPH� VKH GHFLGHV WR GR KHU KRPHZRUN H[HUFLVH�
6KH QDYLJDWHV WR WKH H[HUFLVH LQ WKH DSSOLFDWLRQ DQG LV LQVWUXFWHG WR SXW KHU VPDUW�
SKRQH LQ D PRELOH 95 KHDGVHW� 7KLV ZD\ VKH FDQ SHUIRUP WKH 95 H[HUFLVH RQ KHU
PRELOH SKRQH� 6RPHWLPH ODWHU WKDW GD\� $OLFH LV SUHVHQWHG ZLWK D UHDO OLIH VLWXDWLRQ LQ
ZKLFK VKH KDV WKH RSSRUWXQLW\ WR JHW LQ D FDU ZLWK VRPHRQH HOVH� $IWHUZDUGV� VKH ORJV
KHU H[SHULHQFH LQ WKH FRDFKLQJ DSS EHFDXVH %RE KDV DVNHG KHU WR NHHS D MRXUQDO RI
QRWHZRUWK\ PRPHQWV WKURXJKRXW WKH GD\� 7KLV LQIRUPDWLRQ WKHQ EHFRPHV DYDLODEOH
WR %RE�

��� 3FRVJSFNFOUT "OBMZTJT
%DVHG RQ FRQYHUVDWLRQV GXULQJ WKH IRFXV JURXSV� WKH QHHGV DQG ZLVKHV RI DOO VWDNH�
KROGHUV ZHUH XQFRYHUHG� 7KLV OHG WR WKH IRUPXODWLRQ RI WKH UHTXLUHPHQWV IRU WKH 3$�
752186 SODWIRUP� 'RPDLQ H[SHUWV DQG SRWHQWLDO XVHUV RI WKH V\VWHP H[SODLQHG ZKDW
WKH\ H[SHFW WR EH DEOH WR GR ZLWK WKH V\VWHP� 7KLV LQFOXGHV JHQHUDO IXQFWLRQDOLW\ WR
VXSSRUW UHJXODU WKHUDS\ DQG VSHFLÀF IXQFWLRQDOLW\ IRU 95(7� 7KHVH DUH WKH IXQFWLRQDO
UHTXLUHPHQWV RI 3$752186� $GGLWLRQDOO\� D FHUWDLQ OHYHO RI TXDOLW\ LV H[SHFWHG RI
D VRIWZDUH V\VWHP� 7KLV LV FDSWXUHG LQ WKH QRQ�IXQFWLRQDO UHTXLUHPHQWV� 7KHVH ZHUH
DOVR GLVFXVVHG GXULQJ IRFXV JURXSV ZLWK WKH VWDNHKROGHUV� /DVWO\� WKHUH DUH FRQVWUDLQWV
RQ WKH V\VWHP WKDW QHHG WR EH WDNHQ LQWR DFFRXQW GXULQJ WKH GHVLJQ RI WKH V\VWHP�
7KHVH FRQVWUDLQWV DUH WKH UHVXOW RI OLPLWDWLRQV LPSRVHG E\ WKH VWDNHKROGHUV� ,Q WKLV
VHFWLRQ� DOO PDMRU UHTXLUHPHQWV DQG FRQVWUDLQWV RI WKH SURSRVHG 3$752186 V\VWHP
DUH GLVFXVVHG LQ GHWDLO�

����� 'VODUJPOBM 3FRVJSFNFOUT
7KHUH DUH WZR JURXSV RI XVHUV RI WKH SURSRVHG V\VWHP� SV\FKRWKHUDSLVWV WKDW DGPLQLV�
WHU WKH WKHUDS\� DQG SDWLHQWV WKDW XQGHUJR WKH WKHUDS\� %RWK XVHU JURXSV KDYH D VHW RI
IXQFWLRQDOLWLHV WKDW QHHG WR EH LPSOHPHQWHG E\ WKH V\VWHP WR VXSSRUW WKHUDS\ VHVVLRQV
LQ 95 DQG LQ YLYR� 7KH UHPDLQGHU RI WKLV VXEVHFWLRQ SURYLGHV D VXPPDU\ RI WKHVH
IXQFWLRQDOLWLHV LQ WKH IRUP RI XVH FDVHV� (DFK XVH FDVHV LV GHVFULEHG LQ GHWDLO�

7KH V\VWHP VKRXOG KDYH WKUHH GL̊HUHQW XVHU LQWHUIDFHV� 7KHUH LV D GDVKERDUG DS�
SOLFDWLRQ ZKLFK LV WKH PDLQ LQWHUIDFH IRU PRVW DGPLQLVWUDWLRQ DQG FRQÀJXUDWLRQ WDVNV�
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WKLV LV RQO\ XVHG E\ WKH SV\FKRWKHUDSLVW� $ PRELOH DSSOLFDWLRQ ZKLFK LV XVHG E\ WKH
SDWLHQW DW KRPH DQG WKH 95 KHDGVHW WKURXJK ZKLFK WKH SDWLHQW LQWHUDFWV ZLWK WKH 95
HQYLURQPHQWV�

������� .BOBHF VTFST

3V\FKRWKHUDSLVWV VKRXOG EH DEOH WR PDQDJH XVHUV ZLWKLQ WKH V\VWHP� $ SDWLHQW·V DF�
FRXQW ÀUVW QHHGV WR EH OLQNHG WR D SV\FKRWKHUDSLVW·V DFFRXQW� 7KH SV\FKRWKHUDSLVW
DOVR QHHGV WR SURYLGH LQIRUPDWLRQ WR WKH V\VWHP DERXW WKH SDWLHQW� 7KLV LQIRUPDWLRQ
LQFOXGHV DQVZHUV WR TXHVWLRQV FROOHFWHG WKURXJK H[WHUQDO TXHVWLRQQDLUH V\VWHPV VXFK
DV 4XDOWULFV�� 7KH UHVXOWV RI WKHVH TXHVWLRQQDLUHV FDQ EH XSORDGHG LQWR WKH V\VWHP E\
WKH XVHUV WKURXJK WKH GDVKERDUG DSSOLFDWLRQ�

������� .BOBHF 4DFOBSJPT BOE &YFSDJTFT

$ VFHQDULR GHVFULEHV WKH JHQHUDO VHWWLQJ RI D 9( IRU H[SRVXUH H[HUFLVHV� ,W GHÀQHV
WKH DSSHDUDQFH RI WKH 9( DQG SRVVLEOH HYHQWV DQG DFWLRQV WKDW PD\ RFFXU GXULQJ WKH
H[HUFLVH� 0RVW VFHQDULRV ZLOO KDYH VRPH YDULDEOH SDUDPHWHUV WR IXUWKHU VSHFLI\ WKH H[�
HUFLVHV� WKHVH FDQ EH FRQWUROOHG E\ WKH SV\FKRWKHUDSLVWV� 7KH UDQJHV RI SRVVLEOH YDOXHV
RI WKHVH YDULDEOHV SDUDPHWHUV DUH DOVR GHÀQHG E\ WKH VFHQDULR GHVFULSWLRQ� 6FHQDULRV
FDQ EH GLYLGHG LQWR WZR JURXSV� LQ YLYR VFHQDULRV DQG 95 VFHQDULRV� ,Q YLYR VFHQDULRV
DUH YHU\ YHUVDWLOH DQG FDQ EH DQ\WKLQJ WKH SV\FKRWKHUDSLVWV ZLVKHV WR GHVFULEH� 95
VFHQDULRV DUH PXFK PRUH FRQVWUDLQW EXW R̊HU PRUH ÀQH JUDLQHG FRQWURO� 7KHVH VFH�
QDULRV QHHG WR EH LPSOHPHQWHG DV 95 HQYLURQPHQWV E\ GHYHORSHUV� $ 95 VFHQDULR
LV GHÀQHG E\ WKH ORRN DQG IHHO RI WKH YLUWXDO HQYLURQPHQW� WKH DFWLRQV WKH XVHU FDQ
SHUIRUP� HYHQWV WKDW FDQ KDSSHQ LQ WKH VFHQDULR DQG WKH VHW RI SDUDPHWHUV WKDW FDQ EH
FRQÀJXUHG� ,Q YLYR VFHQDULRV FDQ EH FUHDWHG DQG PDQDJHG E\ WKH SV\FKRWKHUDSLVWV�
95 VFHQDULRV FDQQRW EH FUHDWHG E\ WKH SV\FKRWKHUDSLVW WKHPVHOYHV DV WKH\ UHTXLUH �'�
PRGHOLQJ DQG SURJUDPPLQJ� $ WHDP RI 95 GHYHORSHUV FRXOG FUHDWH QHZ VFHQDULRV IRU
WKH V\VWHP�

$Q H[HUFLVH LV DQ LQVWDQWLDWLRQ RI D VFHQDULR� :LWKLQ WKH FRQVWUDLQWV GHVFULEHG E\ D
VFHQDULR� DQ H[HUFLVH FDQ EH FUHDWHG ZKLFK DGKHUHV WR WKHVH FRQVWUDLQWV DQG FRQÀJXUHV
WKH YDOXHV IRU WKH YDULDEOH SDUDPHWHUV RI WKH VFHQDULR� ,Q YLYR H[HUFLVHV IROORZ LQ
YLYR VFHQDULRV ZKLOH 95 H[HUFLVHV RULJLQDWH IURP 95 VFHQDULRV� 3V\FKRWKHUDSLVWV FDQ
FUHDWH DQG PDQDJH H[HUFLVHV DV WKH\ VHH ÀW�

6SHFLÀFDOO\ IRU 95 H[HUFLVHV� HDFK SDUDPHWHU RI WKH 95 VFHQDULR ZLOO QHHG WR EH
VHW WR D VSHFLÀF YDOXH� 7KH SV\FKRWKHUDSLVW FDQ GR WKLV PDQXDOO\ IRU HDFK SDUDPHWHU RI
HDFK H[HUFLVH� 7KH\ FDQ DOVR FRS\ WKH FRQÀJXUDWLRQ RI D SUHYLRXV H[HUFLVH DQG FKDQJH
RQO\ D IHZ SDUDPHWHUV LI QHHGHG� )XUWKHUPRUH� WKH SURSRVHG V\VWHP LV DEOH WR VXSSRUW
WKH SV\FKRWKHUDSLVW GXULQJ WKH FRQÀJXUDWLRQ RI QHZ 95 H[HUFLVHV� 7KH V\VWHP ZLOO
DQDO\VH SUHYLRXV H[HUFLVHV RI D SDWLHQW WRJHWKHU ZLWK DYDLODEOH SULRU LQIRUPDWLRQ RI WKH

�KWWSV���ZZZ�TXDOWULFV�FRP� DFFHVVHG RQ ����������

https://www.qualtrics.com
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SDWLHQW� %DVHG RQ WKLV� IRXU VXJJHVWLRQV DUH JHQHUDWHG IURP ZKLFK WKH SV\FKRWKHUD�
SLVWV FDQ FKRRVH WKH PRVW DSSURSULDWH RQH� 7KH SV\FKRWKHUDSLVW FDQ IXUWKHU PRGLI\
D JHQHUDWHG FRQÀJXUDWLRQ LI WKH\ ZLVK�

������� .BOBHF 4FTTJPOT

$ VHVVLRQ LV D SHULRG RI WLPH GXULQJ ZKLFK D SDWLHQW SHUIRUPV D QXPEHU RI H[SRVXUH
H[HUFLVHV� 7KH SV\FKRWKHUDSLVW VKRXOG VWDUW DQG VWRS D VHVVLRQPDQXDOO\ ZKHQ D SDWLHQW
LV ZLWK WKHP� )LUVW� VHVVLRQV QHHGV WR EH FUHDWHG DQG PDQDJHG� ,W LV XVXDOO\ FUHDWHG EH�
IRUHKDQG VXFK WKDW WKH SV\FKRWKHUDSLVW FDQ GR VRPH DGPLQLVWUDWLYH WDVNV� H�J� OLQNLQJ
LW WR WKH SDWLHQWV DFFRXQW� SURYLGLQJ QRWHV DQG GHVFULSWLRQV� 7KH SV\FKRWKHUDSLVW FDQ
FUHDWH RQH RU PRUH H[HUFLVHV EHIRUHKDQG DQG DGG WKHP WR WKH VHVVLRQ� ([HUFLVHV FDQ
DOVR EH FUHDWHG GXULQJ WKH VHVVLRQ� ,QIRUPDWLRQ RI WKH H[HUFLVHV GXULQJ D VHVVLRQ DUH
OLQNHG WR WKLV VHVVLRQ� $ SV\FKRWKHUDSLVWV FDQ FRQVXOW D VHVVLRQ DIWHUZDUGV DQG JHW DQ
RYHUYLHZ RI DOO WKH LQIRUPDWLRQ RI WKDW VHVVLRQ�

������� $POEVDUJOH 4FTTJPOT BU UIF 5IFSBQZ 0GðDF

$ SV\FKRWKHUDSLVW VKRXOG EH DEOH WR JLYHQ WKH DFWXDO WKHUDS\� 7KHUHIRUH� WKH\ EHJLQ
E\ VHOHFW D VHVVLRQ WKDW KDV FUHDWHG EHIRUH� DQG VWDUW LW� 1H[W� D EDVHOLQH PHDVXUHPHQW
RI WKH SDWLHQW·V SK\VLRORJLFDO SDUDPHWHUV LV WDNHQ ZLWK D ZHDUDEOH GHYLFH� 7KH GHYLFH
QHHGV WR EH ZRUQ E\ WKH SDWLHQW DQG GDWD VKRXOG EH JDWKHUHG RYHU D SHULRG RI WLPH
ZKLOH WKH SDWLHQW LV QRW HQJDJHG LQ DQ\ SDUWLFXODU WKHUDS\� 7KH EDVHOLQH PHDVXUHV DUH
XVHG E\ WKH IHDU UHJLVWUDWLRQ DOJRULWKP WR SUHGLFW WKH SHUFHLYHG OHYHO RI IHDU E\ WKH
SDWLHQW�

'XULQJ WKLV WLPH� WKH SV\FKRWKHUDSLVW FDQ FUHDWH DQ H[HUFLVH RU VHOHFW RQH WKDW
KDV DOUHDG\ EHHQ PDGH EHIRUHKDQG� $W WKH VWDUW RI HDFK H[HUFLVH� D SUH�H[SRVXUH ORJ LV
ÀOOHG LQ E\ WKH SDWLHQW� 7KLV IRUP FRQWDLQV D IHZ TXHVWLRQV WKDW JDXJH WKH H[SHFWDWLRQV
RI WKH SDWLHQW� 7KH DQVZHUV WR WKHVH TXHVWLRQV FDQ EH ÀOOHG LQ WKURXJK WKH GDVKERDUG
DSSOLFDWLRQ�

2QFH WKLV LQIRUPDWLRQ LV SURYLGHG WR WKH V\VWHP� WKH H[HUFLVH FDQ EH VWDUWHG� )RU
95 H[HUFLVHV� WKH SDWLHQW ZRXOG SXW RQ WKH +0' DW WKLV SRLQW� 'XULQJ DQ H[HUFLVH
WKHUH LV D ORW RI LQIRUPDWLRQ WKDW D SV\FKRWKHUDSLVW PLJKW ZDQW WR ZULWH GRZQ WR UH�
YLHZ ODWHU� 7KLV FDQ DOO EH GRQH WKURXJK WKH GDVKERDUG� 7KH PRVW SURPLQHQW DQG
LPSRUWDQW PHWULF XVHG GXULQJ DQ H[SRVXUH H[HUFLVH LV WKH 6XEMHFWLYH 8QLWV RI 'LVWUHVV
6FDOH �68'6� VFRUH ZKLFK UHJLVWHUV WKH SHUFHLYHG OHYHO RI IHDU LQ WKH SDWLHQW >��@� $W
UHJXODU LQWHUYDOV WKH SV\FKRWKHUDSLVW ZLOO DVN WKH SDWLHQW WR VWDWH WKHLU FXUUHQW 68'6
VFRUH DQG LQSXW LW LQWR WKH V\VWHP� $ SV\FKRWKHUDSLVW PLJKW DOVR UHFRJQLVH VSHFLÀF
EHKDYLRXUV WKDW QHHG WR EH UHFRUGHG� 7KH V\VWHP SURYLGHV D SUHGHÀQHG OLVW RI FRP�
PRQ EHKDYLRXUV IURP ZKLFK WKH SV\FKRWKHUDSLVW FDQ HDVLO\ SLFN RQH DQG WDJ LW ZLWK
D WLPHVWDPS� 7KHVH DUH PRVWO\ DYRLGDQFH EHKDYLRXU� 2I FRXUVH� WKH SV\FKRWKHUDSLVW
FDQ DW DOO WLPHV PDNH IUHH WH[W QRWHV LQ WKH GDVKERDUG DV ZHOO�



��� $IBQUFS �

,Q FDVH WKH FXUUHQW H[HUFLVH LV D 95 H[HUFLVH� WKH V\VWHP ZLOO SURYLGH VRPH DG�
GLWLRQDO IHDWXUHV� :KLOH D 95 H[HUFLVH LV FRPSOHWHO\ FRQÀJXUHG EHIRUHKDQG� FHUWDLQ
SDUDPHWHUV FDQ VWLOO EH WZHDNHG GXULQJ WKH H[HUFLVH� 7KLV HQVXUHV WKDW WKH SV\FKRWKHU�
DSLVW LV LQ IXOO FRQWURO RI WKH WKHUDS\� 6KRXOG WKH SDWLHQW UHVSRQG WRR YLROHQWO\ RU WRR
PLOGO\ WR WKH HQYLURQPHQW� WKH SDUDPHWHUV FDQ EH FKDQJHG DSSURSULDWHO\� 2I FRXUVH�
WKH SV\FKRWKHUDSLVW FDQ DOVR IROORZ DORQJ ZLWK ZKDW WKH SDWLHQW LV VHHLQJ LQ WKH 95
HQYLURQPHQW�

:KHQ WKH H[HUFLVH LV ÀQLVKHG� WKH SV\FKRWKHUDSLVW LQGLFDWHV VR LQ WKH GDVKERDUG
DQG D SRVW�H[SRVXUH ORJ LV SUHVHQWHG� 6LPLODU WR WKH SUH�H[SRVXUH ORJ� WKH SRVW�
H[SRVXUH ORJ JDXJH DERXW WKH SHUFHLYHG H[SHULHQFH RI WKH SDWLHQW GXULQJ WKH H[HU�
FLVH� 7KLV LQIRUPDWLRQ ZLOO EH XVHG E\ WKH DGDSWDWLRQ DOJRULWKP WR JHQHUDWH SRVVLEOH
FRQÀJXUDWLRQ IRU IXWXUH H[HUFLVHV�

$ VHVVLRQ FDQ FRQWDLQ DQ\ QXPEHU RI H[HUFLVHV� $IWHU WKH ODVW H[HUFLVH� WKH SV\�
FKRWKHUDSLVW VKRXOG LQGLFDWH WKH VHVVLRQ KDV HQGHG�

������� 'FBS "MHPSJUIN

7R KHOS WKH SV\FKRWKHUDSLVW� DQG DYRLG GLVWXUELQJ WKH SDWLHQW E\ SURELQJ WKHP IRU D
68'6 VFRUH� DQG H[SHULPHQWDO DOJRULWKP ZLOO VKRZ WKH HVWLPDWHG FXUUHQW IHDU OHYHO
RI WKH SDWLHQW EDVHG RQ WKH FXUUHQW SV\FKRORJLFDO GDWD FROOHFWHG WKURXJK WKH ZHDUDEOH
GHYLFH LQ UHDOWLPH� 7KLV HVWLPDWLRQ LV SUHVHQWHG DV D ODEHO ZLWK WKUHH SRVVLEOH YDOXHV�
ORZ� PHGLXP DQG KLJK OHYHO RI IHDU�

7KH V\VWHP VKRXOG VXSSRUW WZR ZHDUDEOH GHYLFH� 7KH ÀUVW LV WKH &KLOOEDQG� GHYHO�
RSHG E\ LPHF�� D PHPEHU RI WKH SURMHFW FRQVRUWLXP� 7KH VHFRQG LV WKH (PSDWLFD (�
ZULVWEDQG�� D FRPPHUFLDOO\ DYDLODEOH ZHDUDEOH GHYLFH WKDW DOORZV UHDO WLPH VWUHDPLQJ
RI UDZ GDWD DW DFFHSWDEOH VDPSOH UDWHV�

������� "EBQUBUJPO "MHPSJUIN

3V\FKRWKHUDSLVWV QHHG WR UHFHLYH VXJJHVWLRQV IRU 95 H[HUFLVH FRQÀJXUDWLRQV EDVHG
RQ ZKDW KDSSHQHG LQ SDVW VHVVLRQV� $Q LQWHOOLJHQW DGDSWDWLRQ DOJRULWKP ZLOO QHHG
NQRZOHGJH RI WKH SDWLHQW DQG LWV WKHUDS\ KLVWRU\� %DVHG RQ WKLV LQIRUPDWLRQ LW FDQ
VXJJHVW IRXU FRQÀJXUDWLRQV IRU D QHZ 95 H[HUFLVH� 7KH SV\FKRWKHUDSLVW FDQ VHOHFW
RQH RU PRGLI\ LW LI QHHGHG� 7KH SV\FKRWKHUDSLVW DOZD\V PDNHV WKH ÀQDO GHFLVLRQ RI
ZKDW LV SUHVHQWHG WR WKH SDWLHQW� 7KH DOJRULWKP ZLOO QHYHU VWHHU WKH WKHUDS\ GLUHFWO\
DQG XQVXSHUYLVHG�

������� .PCJMF $PBDIJOH "QQ

7KH SDWLHQW FDQ LQVWDOO DQ DSS RQ WKHLU VPDUWSKRQH DV D VXSSRUW WRRO IRU WKHLU WKHUDS\�
7KH DSS KDV WKUHH IXQFWLRQV� ��� SURYLGLQJ KRPHZRUN H[HUFLVHV� ��� DFWLQJ DV D MRXUQDO
�KWWSV���ZZZ�LPHF�LQW�FRP�HQ�FKLOO� DFFHVVHG RQ ����������
�KWWSV���ZZZ�HPSDWLFD�FRP�HQ�JE�UHVHDUFK�H�� DFFHVVHG RQ ����������

https://www.imec-int.com/en/chill
https://www.empatica.com/en-gb/research/e4
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LQ ZKLFK GDLO\ OLIH HYHQWV FDQ EH ORJJHG� ��� DOORZLQJ GDWD FROOHFWLRQ IURP WKH ZHDUDEOH
GHYLFH�

$ KRPHZRUN H[HUFLVH LV OLNH D WKHUDS\ VHVVLRQ EXW WKDW FDQ EH SHUIRUPHG E\ WKH
SDWLHQW RQ LWV RZQ� 7KH H[HUFLVHV FDQ EH LQ YLYR RU LQ 95� 7KH H[HUFLVHV DUH FUHDWHG
EHIRUHKDQG E\ WKH SV\FKRWKHUDSLVW DQG FDQQRW EH FKDQJHG E\ WKH SDWLHQW WKHPVHOYHV�

7KH MRXUQDO IXQFWLRQDOLW\ RI WKH DSS LV DLPHG DW FROOHFWLQJ LQIRUPDWLRQ RI WKH SD�
WLHQW GXULQJ GDLO\ OLIH DFWLYLWLHV� 7KLV LQIRUPDWLRQ FDQ KHOS WKH SV\FKRWKHUDSLVW WR EHWWHU
XQGHUVWDQG WKH GLVRUGHU DQG DOORZV WKHP WR WDLORU WKH WKHUDS\ EHWWHU WR WKH QHHGV RI
WKH SDWLHQW� 3DWLHQWV FDQ ORJ VLWXDWLRQV RI SDQLF WKURXJKRXW WKH GD\� $ ORJ UHFRUG FRQ�
WDLQV D 68'6 VFRUH� D GHVFULSWLRQ DQG D WLPHVWDPS� $OVR DYRLGDQFH EHKDYLRXU FDQ EH
ORJJHG E\ WKH SDWLHQW LQ D VLPLODU ZD\� /DVWO\� SK\VLFDO FRPSODLQWV FDQ EH ORJJHG� H�J�
KHDUW SDOSLWDWLRQV RU GL̋FXOW\ EUHDWKLQJ� 7KH SDWLHQWV VHOHFWV D V\PSWRP DQG DVVLJQV
D VFRUH WR LW EHWZHHQ � DQG ����

'XULQJ H[SRVXUH H[HUFLVHV ZLWK WKH SV\FKRWKHUDSLVW� WKH SDWLHQW FDQ ZHDU D ZHDU�
DEOH GHYLFH ZKLFK FROOHFWV SK\VLRORJLFDO GDWD� %DVHG RQ WKLV GDWD� DQ DOJRULWKPV ZLOO
SUHGLFW WKH OHYHO RI IHDU LQ WKH SDWLHQW DQG SUHVHQW LW WR WKH SV\FKRWKHUDSLVW� 7KH GDWD
IRU WKLV DOJRULWKP LV VWUHDPHG IURP WKH ZHDUDEOH GHYLFH� WR WKH FRDFKLQJ DSS RQ WKH
VPDUWSKRQH ZKLFK UHOD\V LW WR WKH EDFNHQG V\VWHP ZKHUH WKH DOJRULWKP FDQ SURFHVV LW�

����� /PO�'VODUJPOBM 3FRVJSFNFOUT

7KH SURSRVHG 3$752186 V\VWHP QRW RQO\ VHWV JRDOV IRU WKH IXQFWLRQDOLW\ LW SURYLGHV
EXW LW DOVRPDNHV DVVXPSWLRQV RQ WKH RSHUDWLRQ RI WKH V\VWHP� 7KHVH DVVXPSWLRQV QHHG
WR EH PHW E\ WKH GHVLJQ RI WKH V\VWHP WR HQVXUH H̊HFWLYH DGRSWLRQ RI WKH V\VWHP LQ
H[WHQVLYH WHVWLQJ VHWWLQJV ZLWK DFWXDO FOLQLFDO HQG XVHUV� 7KH DVVXPSWLRQV WUDQVODWH LQ
QRQ�IXQFWLRQDO UHTXLUHPHQWV DQG DUH SUHVHQWHG LQ WKLV VHFWLRQ�

������� 6TBCJMJUZ

$V D SDWLHQW�FHQWUHG UHKDELOLWDWLRQ V\VWHP WKDW VXSSRUWV WKH SV\FKRWKHUDSLVWV LQ SHU�
IRUPLQJ WKHUDS\� WKH XVDELOLW\ RI WKH V\VWHP LV SDUDPRXQW� )RU WKH SDWLHQWV DQG WKH
SV\FKRWKHUDSLVWV� WKH V\VWHP KDV WR EH HDV\ WR XVH DQG LQWXLWLYH� 3V\FKRWKHUDSLVWV QHHG
WR EH DEOH WR RSHUDWH WKH V\VWHP ZLWK PLQLPDO WHFKQLFDO NQRZOHGJH RU WUDLQLQJ�

������� 4FDVSJUZ BOE 1SJWBDZ

'XH WR WKH GHOLFDWH QDWXUH RI WKH SURSRVHG V\VWHP� VWULFW VHFXULW\ UHTXLUHPHQWV DUH LP�
SRVHG ZLWK D VSHFLÀF IRFXV RQ SULYDF\ RI XVHU GDWD� 7KH JXLGHOLQHV VHW E\ WKH *HQHUDO
'DWD 3URWHFWLRQ 5HJXODWLRQ �*'35� QHHG WR EH IROORZHG DV ZHOO�



��� $IBQUFS �

������� .PEJðBCJMJUZ

&HUWDLQ VXEV\VWHPV RI WKH 95(7 V\VWHP QHHG WR EH LQWHUFKDQJHDEOH IRU GL̊HUHQW LP�
SOHPHQWDWLRQ LI WKH QHHG DULVHV� (VSHFLDOO\ VLQFH WKH V\VWHP LV SULPDULO\ GHVLJQHG DV
D SURRI RI FRQFHSW DQG WKH VXEMHFW RI D UHVHDUFK SURMHFW� PXOWLSOH LPSOHPHQWDWLRQ RI
YDULRXV VXEV\VWHPV ZLOO QHHG WR EH WHVWHG� 2WKHU VXEV\VWHPV FDQ DOVR UHTXLUH PXOWLSOH
LWHUDWLRQV LQ ZKLFK WKH\ DUH DGDSWHG DQG XSGDWHG EDVHG RQ XVHU IHHGEDFN� ([DPSOHV
DUH WKH SRWHQWLDO XVH DQG VXSSRUW RI GL̊HUHQW ZHDUDEOH GHYLFHV DQG LWHUDWLRQV RI WKH
DGDSWDWLRQ DOJRULWKP�

����� $POTUSBJOUT BOE -JNJUBUJPOT
6RPH UHTXLUHPHQWV RI WKH V\VWHP DUH WKH UHVXOW RI FRQVWUDLQWV RU OLPLWDWLRQ LPSRVHG
E\ WKH HQYLURQPHQW LQ ZKLFK LW ZLOO EH GHSOR\HG� 6SHFLÀFDOO\� WKH GHVLJQ SKDVH QHHGV
WR WDNH LQWR DFFRXQW WKH H[LVWLQJ VLWXDWLRQ DQG HQVXUH LW FDQ RSHUDWH LQ WKDW HQYLURQ�
PHQW� )LUVWO\� WKH SV\FKRWKHUDSLVWV UHTXHVWHG WKDW WKH V\VWHP FRXOG EH XVHG RQ D VLQJOH
PRQLWRU� 7KLV ZDV WR DYRLG UHTXLULQJ DGGLWLRQDO LQYHVWPHQWV IRU VHFRQGDU\ PRQLWRUV
LQ HDFK SV\FKRWKHUDSLVW·V R̋FH� 6HFRQGO\� DIWHU D WHFKQLFDO DQDO\VLV LW ZDV UHYHDOHG
WKDW WKH VXSSRUWHG ZHDUDEOH GHYLFHV DUH PRVW UHOLDEOH ZKHQ VWUHDPLQJ WR DQ $QGURLG
VPDUWSKRQH� 7KHUHIRUH� WKH FRQVWUDLQWV ZDV VHW WKDW WKH VWUHDPLQJ RI WKH ZHDUDEOH
GDWD WR WKH EDFNHQG V\VWHP VKRXOG KDSSHQ WKURXJK WKH PRELOH FRDFKLQJ DSS UXQQLQJ
RQ WKH $QGURLG VPDUWSKRQH� /DVWO\� DV FHUWDLQ SDUWV RI WKH V\VWHP UHO\ RQ FRQWLQXRXV
GDWD VWUHDPV� LW LV H[SHFWHG WKDW WKH $QGURLG DSSOLFDWLRQ DQG 'DVKERDUG DSSOLFDWLRQ
KDYH D VWDEOH DQG SHUPDQHQW LQWHUQHW FRQQHFWLYLW\ DYDLODEOH�

��� 5IF 1"530/64 4PGUXBSF %FTJHO
,Q WKLV VHFWLRQ� WKH GHVLJQ RI WKH 3$752186 V\VWHP WKDW IXOÀOV WKH UHTXLUHPHQWV LV
GHVFULEHG LQ GHWDLO� 7KH V\VWHP KDV EHHQ GHFRPSRVHG LQWR VHYHUDO FRPSRQHQWV EDVHG
RQ WKHLU IXQFWLRQDOLW\ DQG VRIWZDUH SDWWHUQV WKDW DUH XVHG LQ WKH GHVLJQ� )LJXUH ���
VKRZV DQ RYHUYLHZ RI WKH DUFKLWHFWXUH RI WKH V\VWHP� 7KH ÀUVW WKLQJV WR QRWLFH DUH WKDW
WKH V\VWHP R̊HUV WZR SRLQWV RI HQWU\ IRU XVHU LQWHUDFWLRQ ZLWK WKH V\VWHP� WKH V\VWHP
FRQWDLQV WZR DOJRULWKPV WKDW UHO\ RQ UHDOWLPH GDWD VWUHDPV DQG VHFXULW\ LV EDNHG LQWR
WKH DUFKLWHFWXUH� (DFK FRPSRQHQW� LWV UHVSRQVLELOLWLHV� DQG WKH LQWHUIDFHV EHWZHHQ WKH
FRPSRQHQWV DUH GLVFXVVHG LQ WKH UHPDLQGHU RI WKLV VHFWLRQ�

7KH 3$752186 V\VWHP FRQWDLQV D ZHE DSS �)LJXUH ���� ZKLFK KRVWV WKH GDVK�
ERDUG IRU WKH SV\FKRWKHUDSLVW DQG D PRELOH DSS �)LJXUH ���� ZKLFK SURYLGHV DFFHVV WR
KRPHZRUN H[HUFLVHV DQG WKH MRXUQDO ORJ IRU SDWLHQWV EXW DOVR HQDEOHV UHDO WLPH VWUHDP�
LQJ RI GDWD IURP WKH ZHDUDEOH GHYLFH� 7KH SDWLHQWV H[SHULHQFH WKH 9( WKURXJK DQ
+0' FRQQHFWHG WR WKH 95 V\VWHP� 7KLV V\VWHP ZLOO FRPPXQLFDWH ZLWK WKH ZHE DSS
GLUHFWO\ WR DOORZ FRQWURO DQG FRQÀJXUDWLRQ RI WKH 95 HQYLURQPHQWV� (YHQWV IURP WKH
95 V\VWHP DUH DOVR UHOD\HG WKRXJKW WKH ZHE DSS WR WKH UHVW RI WKH V\VWHP� 7KH $3, DSS
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'JHVSF ���� 0WFSWJFX PG UIF TPGUXBSF BSDIJUFDUVSF PG UIF 1"530/64 TZTUFN
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'JHVSF ���� 5IF XFC BQQMJDBUJPO JT B EBTICPBSE UISPVHI XIJDI UIF QTZDIPUIFSBQJTUT DBO DPOUSPM UIF UIFSBQZ�

VHUYLFH LV WKH UHTXHVW KDQGOHU RI WKH V\VWHP� ,W GHSOR\V DQ $3, WR ZKLFK IURQWHQG DS�
SOLFDWLRQV FDQ VHQG UHTXHVW IRU XVHU� VFHQDULR� H[HUFLVH DQG VHVVLRQ PDQDJHPHQW DQG
FRQWURO RI WKH DGDSWDWLRQ DOJRULWKP� 7KH $3, DSS VHUYLFH LWVHOI LV UHVSRQVLEOH IRU WKH
PDQDJHPHQW WDVN E\ UHDGLQJ DQG ZULWLQJ WKH GDWD WR WKH DSSURSULDWH GDWD VWRUH LQ WKH
SDWLHQW GDWD VWRUDJH� 7KH ZHE DSS� PRELOH DSS� DQG WKH $3, DSS VHUYLFH UHTXLUH WKH LGHQWLW\
VHUYLFH IRU DXWKHQWLFDWLRQ DQG DXWKRULVDWLRQ RI WKHLU UHTXHVW� 2QO\ SV\FKRWKHUDSLVWV
DUH DEOH WR SHUIRUP PDQDJHPHQW WDVNV DQG SDWLHQWV DUH OLPLWHG WR UHDGLQJ WKHLU RZQ
GDWD� 7KH $3, DSS VHUYLFH LV WKH RQO\ FRPSRQHQW WKURXJK ZKLFK GDWD FDQ OHDYH WKH
WKH EDFNHQG V\VWHP� WKLV VLQJOH SRLQW RI HQWU\ FUHDWHV DQ DGGLWLRQDO VHFXULW\ EDUULHU�
7KH GHFRXSOLQJ RI WKH IURQWHQG DSSOLFDWLRQ DOORZV IRU FKHDS DGDSWDWLRQV WR WKH 8,
HOHPHQWV RI WKH GDVKERDUG DQG WKH PRELOH DSS� 7KLV HQDEOHV H[SHULPHQWDWLRQ ZLWK
GL̊HUHQW 8, FRQÀJXUDWLRQV ZKLFK LV ÀWWLQJ IRU WKLV UHVHDUFK SURMHFW�

7KH DOJRULWKPV UHO\ RQ D ORW RI GDWD� VRPHWLPHV FRPLQJ IURP GL̊HUHQW VRXUFHV�
DQG WKH\ DUH FRQWUROOHG IURP WKH ZHE DSSOLFDWLRQ� 7KHUHIRUH� D PHVVDJH EXV LV XVHG DV
SDUW RI WKH SXEOLVK VXEVFULEH SDWWHUQ� 0HVVDJHV LQGLFDWLQJ GDWD FKDQJHV DQG PHVVDJHV
UHOD\LQJ UHTXHVWV IURP WKH IURQWHQG DUH SXVKHG RQ WKLV EXV� 7KH UHOHYDQW DOJRULWKPV
VXEVFULEH WR WKH GDWD DQG FRQWURO PHVVDJHV WKH\ UHO\ RQ�

7KH PHVVDJH KDQGOHU RI WKH $3, VHUYLFH LQMHFWV PHVVDJHV RQ WKH PHVVDJH EXV ZKHQHYHU
D UHTXHVW IRU DQ DOJRULWKP LV VHQW IURP D IURQWHQG DSSOLFDWLRQ� 7KHVH PHVVDJHV DUH
SLFNHG XS E\ HLWKHU WKH DGDSWDWLRQ DOJRULWKP RU WKH IHDU DOJRULWKP� 7KH DGDSWDWLRQ DOJRULWKP
ZLOO OLVWHQ IRU PHVVDJHV WKDW UHTXHVW QHZ FRQÀJXUDWLRQ VXJJHVWLRQV� 7KLV PHVVDJH ZLOO
FRQWDLQ VRPH LQIRUPDWLRQ UHJDUGLQJ WKH ORFDWLRQ RI WKH SDWLHQW� VHVVLRQ DQG H[HUFLVH
GDWD IRU ZKLFK VXJJHVWLRQV QHHG WR EH JHQHUDWHG� 7KH DOJRULWKP ZLOO SURGXFH VXJJHV�
WLRQV LQ UHVSRQVH WR WKLV PHVVDJH E\ FROOHFWHG WKH GDWD IURP WKH VSHFLÀHG ORFDWLRQ LQ
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'JHVSF ���� 5IF BQQ JT VTFE CZ UIF QBUJFOU 	B
 UP QFSGPSN UIFJS FYQPTVSF FYFSDJTFT BU IPNF BOE 	C
 UP SFDPSE
TFMG�SFQPSUT PG UIFJS NFOUBM TUBUF�

WKH SDWLHQW GDWD VWRUDJH� 1H[W WKH DOJRULWKP ZLOO SXEOLVK D QHZ PHVVDJH RQ WKH PHVVDJH EXV
FRQWDLQLQJ WKH VXJJHVWLRQV ZKLFK DUH SLFNHG XS E\ WKH PHVVDJH KDQGOHU DQG IRUZDUGHG
WR WKH GDVKERDUG DSSOLFDWLRQ� 7KH PHVVDJH KDQGOHU ZLOO DOVR PDNH VXUH WKH VXJJHVWLRQV
DUH SHUPDQHQWO\ VWRUHG LQ WKH SDWLHQW GDWD VWRUDJH� 7KLV SURFHVV LV LOOXVWUDWHG E\ PHDQV
RI D VHTXHQFH GLDJUDP LQ )LJXUH ���� :KHQ WKH IHDU DOJRULWKP UHFHLYHV D PHVVDJH WR
VWDUW SUHGLFWLQJ WKH IHDU OHYHOV� LW DFWV LQ D VLPLODU ZD\� 7KH PDLQ GL̊HUHQFH LV WKDW WKLV
DOJRULWKP UHOLHV RQ D VHPL�UHDO�WLPH VWUHDP RI GDWDSRLQWV RI SK\VLRORJ\ GDWD� 7KLV GDWD
RULJLQDWHV IURP D ZHDUDEOH GHYLFH ZKLFK LV FRQQHFWHG WR WKH PRELOH DSS� 7KLV DSSOLFDWLRQ
LV DEOH WR VWUHDP GDWD WR DQ HYHQW KXE LQ WKH EDFNHQG� 1H[W� WKLV GDWD LV SDVVHG WR D
VWUHDP DQDO\WLFV FRPSRQHQW� 7KLV FRPSRQHQW GRHV WZR WKLQJV� LW VWRUHV WKH VWUHDPHG
GDWD LQ D VWUHDP GDWD VWRUDJH� DQG LW SUHSDUHV WKH GDWD IRU WKH IHDU DOJRULWKP� 7KLV GDWD
SUHSDUDWLRQ FRQVLVWV RI ÀOWHULQJ� JURXSLQJ DQG EX̊HULQJ WKH GDWD VWUHDP DQG VHQGLQJ
LW LQ � V VHJPHQWV WR WKH PHVVDJH EXV� 7KH IHDU DOJRULWKP FDQ WKHQ IHWFK WKH GDWD PHVVDJHV
IURP WKH EXV DQG XVH WKHP LQ LWV SUHGLFWLRQ DOJRULWKP� (DFK WLPH WKH DOJRULWKP SUR�
GXFHV D QHZ IHDU OHYHO� WKLV LV SXEOLVKHG RQ WKH PHVVDJH EXV� 7KH PHVVDJH KDQGOHU SLFNV
WKLV XS� DQG IRUZDUG WKHVH YDOXHV WR WKH GDVKERDUG DSSOLFDWLRQ� ,W ZLOO DOVR VWRUH WKH
SUHGLFWHG YDOXH LQ WKH VWUHDP GDWD VWRUDJH� )LJXUH ��� IXUWKHU GHWDLOV WKLV SURFHVV ZLWK D
VHTXHQFH GLDJUDP�

7KLV ORRVH FRXSOLQJ RI WKH DOJRULWKPV ZLWK WKH UHVW RI WKH V\VWHP HQDEOHV HDV\
PRGLÀDELOLW\ RI WKH DOJRULWKPV� HDV\ GHSOR\PHQW DQG VFDODELOLW\� DV PXOWLSOH FRSLHV RI
WKH VDPH DOJRULWKPV RU GL̊HUHQW YDULDWLRQV RI WKH DOJRULWKPV FDQ VLPXOWDQHRXVO\ EH
GHSOR\HG� )XUWKHUPRUH� E\ HOLPLQDWLQJ ZULWH RSHUDWLRQV E\ WKH DOJRULWKPV WR D FRP�
SOH[ DQG GHOLFDWH GDWDEDVH� WKH LPSOHPHQWDWLRQ RI WKHVH DOJRULWKPV UHTXLUHV YHU\ OLWWOH



��� $IBQUFS �

'JHVSF ���� 5IF QSPDFTT UP HFOFSBUF OFX TVHHFTUJPOTXJUI UIF BEBQUBUJPO BMHPSJUIN JOWPMWFT UIF USBOTNJTTJPO
PG NFTTBHFT PO B CVT DPNNVOJDBUJPO TZTUFN�

NQRZOHGJH RI WKH UHVW RI WKH V\VWHP� 7KH\ VLPSO\ QHHG WR OLVWHQ WR FHUWDLQ WRSLFV RQ
WKH PHVVDJH EXV� 7KLV ZDV D UHTXLUHPHQW WR HQDEOH UDSLG SURWRW\SLQJ RI WKH DOJRULWKPV�

$V FDQ EH VHHQ LQ WKLV GHVLJQ� LW KHDYLO\ UHOLHV RQ LQWHUQHW FRPPXQLFDWLRQ EHWZHHQ
WKH IURQWHQG DQG EDFNHQG V\VWHPV IRU UHOLDEOH RSHUDWLRQ� 7KHUH DUH QR PHFKDQLVPV
LQVWDOOHG WR FRSH ZLWK ORVV RI FRQQHFWLRQ� H�J� EX̊HULQJ RI WKH GDWD VWUHDP LQ WKH
PRELOH DSS� 7KLV GHVLJQ GHFLVLRQ LV DFFHSWDEOH DV WKLV ZDV LQFOXGHG LQ WKH EXVLQHVV
FRQVWUDLQWV RI WKH UHTXLUHPHQWV�

��� *NQMFNFOUBUJPO %FUBJMT
7KH SODWIRUP SUHVHQWHG LQ WKH SUHYLRXV VHFWLRQV LV IXUWKHU GLVFXVVHG LQ WKLV VHFWLRQ�
7KH IRFXV LV RQ WKH PRVW SURPLQHQW WHFKQRORJLHV WKDW ZHUH XVH WR LPSOHPHQW WKH
V\VWHP� $GGLWLRQDOO\� GHWDLOV DERXW WKH 9( DQG LQWHOOLJHQW DOJRULWKPV DUH GLVFXVVHG�
)LQDOO\� WKH DSSURDFK IRU WKH GHSOR\PHQW RI WKH V\VWHP LV GHVFULEHG�

����� "[VSF
7KH EDFNHQG V\VWHP LV GHYHORSHG DQG GHSOR\HG RQ WKH 0LFURVRIW $]XUH &ORXG 3ODW�
IRUP�� 7KLV SODWIRUP ZDV FKRVHQ IRU LWV LQKHUHQW ÁH[LELOLW\� VFDODELOLW\ DQG VHFXULW\�
0LFURVRIW $]XUH SURYLGHV FRQÀGHQWLDOLW\� LQWHJULW\� DQG DYDLODELOLW\ RI FXVWRPHU GDWD�
�KWWSV���D]XUH�PLFURVRIW�FRP� DFFHVVHG RQ ����������
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��� $IBQUFS �

ZKLOH DOVR HQDEOLQJ WUDQVSDUHQW DFFRXQWDELOLW\� ,W R̊HUV D ORW RI WRROV DQG IHDWXUHV WR
PDQDJH UHVRXUFHV DQG HQIRUFH FHUWDLQ SROLFLHV WR DFFHVV UHVRXUFHV� 7KURXJK WKH $]XUH
SRUWDO LW ZDV PDGH VXUH WKDW RQO\ D VHOHFW QXPEHU RI SHRSOH KDYH DFFHVV WR WKH QHFHV�
VDU\ UHVRXUFHV� &HUWDLQ UHVRXUFHV DUH QRW DYDLODEOH IURP WKH RXWVLGH RU DUH OLPLWHG WR EH
DFFHVVHG YLD FHUWDLQ ,3 UDQJHV IRU DQ\ RXWVLGH DFFHVV� 7KH UHVRXUFHV LQVLGH WKH SRUWDO
LWVHOI FDQ KDYH DFFHVV WR HDFK RWKHU ZLWKRXW KDYLQJ WR EH H[SRVHG WR RXWVLGH SDUWLHV�
&RQQHFWLRQ VWULQJV DQG VHUYLFH 85/·V DUH VWRUHG LQ $]XUH LQ HQYLURQPHQW YDULDEOHV
DQG DUH LQMHFWHG GXULQJ WKH FRQWLQXRXV LQWHJUDWLRQ DQG FRQWLQXRXV GHOLYHU\ SLSHOLQHV�
VXFK WKDW WKHVH DUH QRW DFFHVVLEOH E\ XQDXWKRULVHG UHVRXUFHV DQG WKLV VHQVLWLYH GDWD LV
QRW DYDLODEOH LQ VRXUFH FRQWURO IRU QRQ�GHYHORSPHQW HQYLURQPHQWV� 6RXUFH FRQWURO
DFFHVV LV DOVR OLPLWHG WR RQO\ WKRVH ZKR QHHG DFFHVV IRU GHYHORSPHQW�

2QH RI WKH XVHIXO IHDWXUHV R̊HUHG E\ $]XUH LV WKH DELOLW\ WR HDVLO\ VFDOH WR WKH
GHPDQGV RI WKH DSSOLFDWLRQ XVDJH� %RWK VFDOLQJ RXW DQG VFDOLQJ XS LV UHODWLYHO\ VLPSOH�
6FDOLQJ RXW PHDQV DGGLQJ H[WUD LQVWDQFHV RI D VSHFLÀF VHUYLFH WR ŘRDG SDUWV RI WKH
WUD̋F WR WKH RWKHU LQVWDQFH� 6FDOLQJ XS PHDQV DGGLQJ H[WUD KDUGZDUH UHVRXUFHV WR
D VHUYLFH� H�J� PRUH &38 SRZHU RU DGGLWLRQDO 5$0� 2QH RI WKH PDLQ EHQHÀWV RYHU
WUDGLWLRQDO KRVWLQJ LV WKDW LQ PRVW FDVHV WKH V\VWHP GRHV QRW QHHG WR JR ŘLQH�

����� %PDLFS

7KH DOJRULWKPV LQ WKH SUHVHQWHG V\VWHP KDYH VSHFLÀF VRIWZDUH� RSHUDWLQJ V\VWHP DQG
GHSHQGHQF\ UHTXLUHPHQWV� IXUWKHUPRUH� WKHVH DUH GHYHORSHG E\ WKH UHVHDUFKHUV FRQ�
WULEXWLQJ WR WKH SURMHFW ZKLFK EHORQJ WR D VHSDUDWH WHDP GHYHORSLQJ WKH UHVW RI WKH
EDFNHQG� &RQWDLQHULVDWLRQ WKURXJK 'RFNHU HQDEOHV WR HDVLO\ GHSOR\ WKH FXVWRP HQ�
YLURQPHQWV QHHGHG IRU WKH DOJRULWKPV ZLWKRXW LQWURGXFLQJ PXFK GHSHQGHQFLHV� 7KH
$]XUH SODWIRUP FRQWDLQV GRFNHU UHJLVWULHV ZLWK LPDJHV WKDW FDQ EH LQVWDQWLDWHG DV FRQ�
WDLQHUV LQ WKH $]XUH FRQWDLQHU LQVWDQFH VHUYLFH� 7KHVH FRQWDLQHUV FDQ EH UXQ ZKHQ
QHHGHG DQG VFDOHG ERWK KRUL]RQWDOO\ DQG YHUWLFDOO\ ZLWKRXW WKH QHHG WR FKDQJH WKH
FRQWDLQHU LPDJH LWVHOI�

����� *EFOUJUZ 4FSWFS �

)RU DXWKHQWLFDWLRQ� ,GHQWLW\ 6HUYHU � LV XVHG DV WKH $]XUH $FWLYH 'LUHFWRU\ ZDV QRW
HQWLUHO\PDWXUH DW WKH VWDUW RI WKH SURMHFW� ,PSOHPHQWDWLRQV RI LGHQWLW\ SURYLGHU DUH HDV�
LO\ VZLWFKDEOH� DQG WKH VHWXS RI WKH SURMHFW DOORZV IRU LQWHUFKDQJLQJ LGHQWLW\ SURYLGHUV
ZLWK D UHODWLYHO\ VPDOO H̊RUW�

,GHQWLW\ 6HUYHU � LV DQ 2SHQ,' &RQQHFW DQG 2$XWK ��� IUDPHZRUN IRU $63�1(7
&RUH� )RU 3$752186 LW HQDEOHV DXWKHQWLFDWLRQ DV D VHUYLFH ZLWK D FHQWUDOLVHG DX�
WKHQWLFDWLRQ ZRUNÁRZ IRU ERWK WKH WKHUDS\ GDVKERDUG DQG WKH PRELOH FRDFKLQJ DS�
SOLFDWLRQ�
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����� 7JSUVBM &OWJSPONFOUT GPS &YQPTVSF &YFSDJTFT
7KH 9( DUH GHYHORSHG XVLQJ WKH 8QLW\ �'� JDPH HQJLQH� ,W SURYLGHV DQ HDV\ WR XVH
ZRUNÁRZ WR FUHDWH 95 DSSOLFDWLRQV DQG GHSOR\ WKHP RQ YDULRXV SODWIRUPV� 7KLV ZDV
D UHTXLUHPHQW IRU WKLV SURMHFW DV WKH 9( QHHG WR UXQ RQ D KLJK�HQG FRPSXWHU V\VWHP
IRU XVH LQ WKH SV\FKRWKHUDSLVW·V R̋FH� DQG RQ PRELOH GHYLFHV IRU KRPHZRUN H[HUFLVHV�

,W ZDV GHFLGHG WR LPSOHPHQW WZR GLVWLQFW 95 VFHQDULRV IRU (7� (DFK KDG D VSHFLÀF
IRFXV EXW ERWK FRXOG EH XVHG IRU JHQHUDOLVHG DQ[LHW\ GLVRUGHUV VXFK DV D SDQLF GLVRUGHU�
2QH 95 VFHQDULR SUHVHQWV DQ HOHYDWRU HQYLURQPHQW� ,Q WKLV 9( WKH SDWLHQW FDQ IUHHO\
ZDON DURXQG LQ D OREE\ DUHD E\ SK\VLFDOO\ ZDONLQJ DURXQG� 7KH OREE\ JLYHV DFFHVV WR
DQ HOHYDWRU� WKH SDWLHQW QHHGV WR SK\VLFDOO\ HQWHU WKH HOHYDWRU LQ RUGHU WR XVH LW� ,QVLGH
WKH HOHYDWRU DUH EXWWRQV WR FKRRVH WKH ÁRRU WR JR WR� -XVW OLNH LQ D UHDO HOHYDWRU WKH
SDWLHQW VHOHFWV D ÁRRU E\ SUHVVLQJ WKH EXWWRQV� 9LVXDO H̊HFWV JLYH WKH VHQVDWLRQ WKDW
WKH HOHYDWRU LV PRYLQJ� (OHPHQWV VXFK DV WKH VL]H DQG ORRN RI WKH HOHYDWRU FDQ EH
FRQÀJXUHG E\ WKH SV\FKRWKHUDSLVW� 2WKHU HYHQWV OLNH ÁLFNHULQJ HOHYDWRU OLJKWV� WKH
HOHYDWRU JHWWLQJ VWXFN DQG QRLVHV FDQ DOVR EH FRQWUROOHG� 7KLV HQYLURQPHQW FDQ EH
XVHG IRU VSHFLÀF SKRELDV LQFOXGLQJ IHDU RI HOHYDWRUV DQG FODXVWURSKRELD�

7KH RWKHU 95 VFHQDULR LV D FDU GULYLQJ RQ D VWUDLJKW URDG� 7KH SDWLHQW KDV QR FRQ�
WURO RYHU WKH PRYHPHQW RI WKH FDU EXW WKH SV\FKRWKHUDSLVW FDQ FRQWURO PDQ\ HOHPHQWV
RI WKH FDU DQG LWV VXUURXQGLQJ� LQFOXGLQJ WUD̋F� 7KH SDWLHQW LV VHDWHG LQ RQH RI WKH
SRVLWLRQV RI D FDU� H�J� EHKLQG WKH ZKHHO RU LQ WKH EDFN� DQG FDQ ORRN DURXQG� 7KH
VSHHG RI WKH SDWLHQW·V FDU DQG RI WKH RWKHU FDUV RQ WKH URDG FDQ EH FKDQJHG LQ UHDOWLPH�
WKLV DOORZV IRU FUHDWLQJ TXHXHV RI WUD̋F DV ZHOO� $GGLWLRQDOO\� VRXQG FDQ EH JHQHUDWHG�
H�J� WKH UDGLR LQ WKH FDU� VLUHQV� RU HQJLQH VRXQGV� 7KLV HQYLURQPHQW LV GHVLJQHG IRU
IHDU RI GULYLQJ DQG FODXVWURSKRELD�

%RWK 95 VFHQDULRV DOORZ WKH LQWURGXFWLRQ RI HQYLURQPHQW LQGHSHQGHQW VWLPXOL�
7KHVH DUH VLPXODWLRQV RI LQWHURFHSWLYH VHQVDWLRQV� )RU H[DPSOH� FRPPRQ WULJJHUV IRU
SDQLF DWWDFNV DUH KHDULQJ RQHV RZQ KHDUWEHDW� 7KLV VRXQG FDQ EH VLPXODWHG ZLWK WKH
3$752186 SODWIRUP� $OVR WXQQHO YLVLRQ� EOXUUHG YLVLRQ� DQG OLJKW ÁLFNHUV DUH VRPH
RI WKH RWKHU LQWHURFHSWLYH VWLPXOL�

2QH ODVW 95 HQYLURQPHQW KDV EHHQ LPSOHPHQWHG ZLWK WKH SXUSRVH RI EHLQJ D
QHXWUDO HQYLURQPHQW LQ ZKLFK QR VWLPXOL DUH SUHVHQW WKDW FRXOG WULJJHU WKH SDWLHQW·V
DQ[LHW\� 7KH ORXQJH HQYLURQPHQW LV WKH ÀUVW HQYLURQPHQW SDWLHQW HQWHU ZKHQ SXWWLQJ
RQ WKH +0'� ,Q EHWZHHQ H[HUFLVHV� LW LV DOVR WKH HQYLURQPHQW WKH\ UHWXUQ WR�

0RUH GHWDLOV RI WKHVH HQYLURQPHQWV DQG WKH FRQWUROODEOH SDUDPHWHUV FDQ EH IRXQG
LQ >��@�

����� *OUFMMJHFOU "MHPSJUINT
7KH LQWHOOLJHQW DOJRULWKPV DUH WKH SHUVRQDOLVHG DGDSWDWLRQ DOJRULWKP IRU 9(V DQG WKH
IHDU DOJRULWKP ZKLFK SURYLGHV DQ REMHFWLYH PHDVXUH RI DQ[LHW\�
�KWWSV���ZZZ�XQLW\�FRP� DFFHVVHG RQ ����������
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7KH SXUSRVH RI WKH DGDSWDWLRQ DOJRULWKP LV WR VXSSRUW WKH SV\FKRWKHUDSLVW LQ FRQ�
ÀJXULQJ QHZ H[HUFLVHV EHFDXVH LW LV D WHGLRXV DQG VRPHWLPHV FRPSOH[ SURFHVV� 7KHUH�
IRUH� WKH DOJRULWKP VXJJHVWV IRXU FRQÀJXUDWLRQV EDVHG RQ WKH LQIRUPDWLRQ LV KDV RQ WKH
SDWLHQW DQG SUHYLRXV H[HUFLVHV SHUIRUPHG E\ WKH SDWLHQW� %HFDXVH WKLV DOJRULWKP QHHGV
WR SURFHVV WKH DYDLODEOH LQIRUPDWLRQ LQ D VLPLODU ZD\ DV D SV\FKRWKHUDSLVW ZRXOG� LW
UHTXLUHV TXLWH VRPH NQRZOHGJH� 7KLV NQRZOHGJH� FROOHFWHG GXULQJ WKH GRPDLQ NQRZO�
HGJH ZRUNVKRSV� LV FDSWXUHG LQ D VHPDQWLF RQWRORJ\� ,W DOORZV WKH DOJRULWKP WR XQGHU�
VWDQG ZKLFK LQIRUPDWLRQ QHZ GDWD KROG� 7KH LPSOHPHQWDWLRQ RI WKH DOJRULWKP XWLOLVHV
WKH 5HVFRUOD�:DQJHU PRGHO >��@ WR SUHGLFW ZKLFK VWLPXOL WKH SDWLHQW UHTXLUHV� 7KH
PRGHO� SUHVHQWHG E\ 5HVFRUOD DQG :DJQHU� SURYLGHV D PDWKHPDWLFDO IRXQGDWLRQ WKDW
GHVFULEHV OHDUQLQJ IRU (7� 7KH REMHFWLYH RI WKH DGDSWDWLRQ DOJRULWKP WKHQ EHFRPHV WR
PD[LPLVH WKH OHDUQLQJ RI WKH SDWLHQW E\ VHOHFWLQJ WKH DSSURSULDWH VWLPXOL� 7KH DOJR�
ULWKP LV GHVFULEHG LQ PXFK PRUH GHWDLO LQ >��@�

)RU WKH GHYHORSPHQW RI WKH IHDU DOJRULWKP� LW TXLFNO\ EHFDPH FOHDU WKDW 68'6
VFRUHV DUH QRW WKH PRVW DSSURSULDWH PHWULF WR HYDOXDWH REMHFWLYH OHYHOV RI DQ[LHW\�
7KHUHIRUH� WKH\ FRXOG QRW EH XVHG DV WDUJHW YDOXH WR WUDLQ DQ DUWLÀFLDO LQWHOOLJHQFH V\V�
WHP� )XUWKHU H[SHULPHQWDWLRQPDGH FOHDU WKDW GHULYLQJ DQ[LHW\ OHYHO IURP SK\VLRORJLFDO
GDWD LV H[WUHPHO\ FRPSOH[ DQG YHU\ PXFK GHSHQGV RQ SHUVRQDO DQG FRQWH[WXDO FKDU�
DFWHULVWLFV� H�J� FD̊HLQH LQWDNH� DPRXQW RI VOHHS RU UHVWLQJ KHDUW UDWH� (YHQWXDOO\� WKH
FKRVHQ DSSURDFK LV WR XVH D *DXVVLDQ PL[WXUH PRGHO >��@ WR SUHGLFW WKH OLNHOLKRRG WKDW
WKH SK\VLRORJLFDO GDWD RI D SDWLHQW LV LQGLFDWLQJ D ORZ� PHGLXP RU KLJK OHYHO RI DQ[LHW\�
7KLV DSSURDFK DOORZHG WR WDNH WKH SHUVRQDO DQG FRQWH[WXDO FKDUDFWHULVWLFV LQWR DFFRXQW
E\ FRPSDULQJ WKH GDWD GXULQJ WKH H[SRVXUH H[HUFLVHV DJDLQVW D EDVHOLQH PHDVXUHPHQW
RI WKH VDPH SDWLHQW�

����� %FQMPZNFOU
6HYHUDO HQYLURQPHQWV ZHUH VHW XS WR HLWKHU EH DEOH WR VHSDUDWH FRQFHUQV DQG KDYH WKH
DELOLW\ WR R̊HU FHUWDLQ HQYLURQPHQWV WR FHUWDLQ VWDNHKROGHUV ZLWKRXW KDYLQJ WR ZRUU\
DERXW GRZQWLPH RU LPSDFWLQJ VWDNHKROGHUV ZKHQ FKDQJHV QHHGHG WR EH GHSOR\HG� )RU
H[DPSOH� ZKLOH HQG XVHUV KDG WR GR H̊HFWLYLW\ WHVWV ZLWK UHDO FOLHQWV� WKH\ PLJKW DOVR
KDYH WR WHVW QHZ IHDWXUHV IRU DQ XSFRPLQJ UHOHDVH� ZKLOH WKLUG SDUW\ LQWHJUDWRUV QHHGHG
WR WHVW FHUWDLQ LQWHJUDWLRQV� ZKLOH D ORFDO GHYHORSPHQW WHDP KDG WR EH DEOH WR GHYHORS
DQG WHVW GDLO\ ZRUN� 7R PDNH VXUH WKHVH SURFHVVHV FRXOG KDSSHQ VPRRWKO\ WKH IROORZ�
LQJ HQYLURQPHQWV ZHUH VHWXS�

� '(9 �GHYHORSPHQW HQYLURQPHQW�� XVHG IRU GDLO\ GHYHORSPHQW� WKLV HQYLURQ�
PHQW FDQ FRQWDLQ EXJV DQG XQÀQLVKHG ZRUN DQG KDV QR DYDLODELOLW\ JXDUDQWHH�
7KLV LV WR EH XVHG RQO\ E\ WKH SDUWLHV GHYHORSLQJ WKH 3$752186 VRIWZDUH�

� 7(67 �WHVW HQYLURQPHQW�� XVHG WR WHVW IHDWXUHV LQ GHYHORSPHQW WHDPV ZLWK�
RXW KDYLQJ WR D̊HFW GHYHORSPHQW HQYLURQPHQWV� 7KLV HQYLURQPHQW VHUYHV QR
DYDLODELOLW\ JXDUDQWHHV�
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� $&& �DFFHSWDQFH HQYLURQPHQW�� XVHG WR WHVW IHDWXUHV E\ VWDNHKROGHUV� WKLV HQYL�
URQPHQW LV XVHG WR GHSOR\ ÀQLVKHG ZRUN� DQG KDYH LW WHVWHG E\ WKH DFWXDO XVHUV RI
WKH SURGXFW� %HIRUH DQ\WKLQJ VKLSV WR SURGXFWLRQ� VWDNHKROGHUV PXVW JLYH WKHLU
DSSURYDO E\ YDOLGDWLQJ WKH UHTXHVWHG IXQFWLRQDOLW\ RQ WKH $&& HQYLURQPHQW�
7KLV HQYLURQPHQW ZLOO EH DYDLODEOH DFFRUGLQJ WR DJUHHPHQWV� ,Q SUDFWLFH WKLV
HQYLURQPHQW ZLOO DOZD\V EH DYDLODEOH H[FHSW IRU WLPHV ZKHQ D QHZ GHSOR\PHQW
LV GRQH� WKHVH DOZD\V KDSSHQ GXULQJ D VKRUW WLPH�ZLQGRZ�

� 352' �SURGXFWLRQ HQYLURQPHQW�� XVHG LQ SURGXFWLRQ� WKLV HQYLURQPHQW LV WKH
DFWXDO HQYLURQPHQW WKDW VHUYHV WKH ÀQLVKHG DQG DSSURYHG SURGXFW DQG FDQ EH
XVHG E\ WKH VWDNHKROGHU IRU WKH H̊HFWLYLW\ VWXG\� 5HDO SDWLHQWV GDWD VKRXOG RQO\
XVH WKLV HQYLURQPHQW� 'HSOR\PHQWV DUH VFKHGXOHV DFFRUGLQJ WR DJUHHPHQW ZLWK
PLQLPDO GRZQWLPH�

��� 6TFS TUVEZ
7KRXJK WKHUH LV VWURQJ HYLGHQFH IRU WKH H̊HFWLYHQHVV RI 95(7� WKH IRFXV OLHV RQ
VSHFLÀF SKRELDV �L�H�� IHDU RI VPDOO DQLPDOV� Á\LQJ� HWF��� 6WXGLHV RQ WKH H̊HFWLYHQHVV RI
PRUH JHQHUDO SKRELDV DUH VFDUFH DQGPDLQO\ IRFXV RQ VRFLDO SKRELD DQG 3RVW 7UDXPDWLF
6WUHVV 'LVRUGHU �376'�� 0RUHRYHU� PRVW VWXGLHV DUH IRFXVHG RQ 95 WKHUDS\ DW WKH
SV\FKRWKHUDSLVW·V R̋FH� ZKLOH SUHYLRXV UHVHDUFK KDV VKRZQ WKDW H[HUFLVHV DW KRPH
DUH DQ LPSRUWDQW DVSHFW RI WKH WUHDWPHQW� 7KHUHIRUH� D XVHU VWXG\ ZDV VHW XS WKDW
DLPV WR LQYHVWLJDWH WKH H̊HFWLYHQHVV RI 95(7 IRU FODXVWURSKRELD DQG SDQLF GLVRUGHU
ZLWK WKH 3$752186 EOHQGHG FDUH SODWIRUP WKDW DOVR LQFOXGHV D FRDFKLQJ DSS ZLWK
KRPHZRUN H[HUFLVHV�

5DQGRPLVHG FRQWUROOHG WULDOV DVN IRU D VLJQLÀFDQW DPRXQW RI SDUWLFLSDQWV DQG DG�
PLQLVWHULQJ D WKHUDS\ WR D ODUJH DPRXQW RI SHRSOH LV QRW SRVVLEOH WR LQWHJUDWH LQ WKH
GDLO\ RSHUDWLRQV RI D SV\FKRWKHUDSLVW RUJDQLVDWLRQ� 0RUHRYHU� DGPLQLVWUDWLRQ RI D
WKHUDS\ WR D ODUJH DPRXQW RI SHRSOH WKDW KDV QRW \HW EHHQ SURYHQ WR EH H̊HFWLYH�
PLJKW EH XQHWKLFDO� 6LQJOH FDVH LQWHUYHQWLRQ UHVHDUFK LV EHFRPLQJ LQFUHDVLQJO\ SURPL�
QHQW DFURVV PXOWLSOH ÀHOGV LQ WKH EHKDYLRXUDO VFLHQFHV DQG LV FRQVLGHUHG D YDOXDEOH
UHVHDUFK PHWKRG IRU HYLGHQFH EDVHG SUDFWLFHV LQ FOLQLFDO SV\FKRORJ\ >��@� ,Q VLQJOH
FDVH LQWHUYHQWLRQ UHVHDUFK� WKH IRFXV OLHV RQ UHSHDWHG PHDVXUHPHQWV EHIRUH DQG DIWHU
WKH LQWURGXFWLRQ RI RQH RU VHYHUDO PDQLSXODWLRQV� 7R SURYLGH PRUH UHVHDUFK VXSSRUW
IRU SRWHQWLDO ÀQGLQJV� D PXOWLSOH EDVHOLQH VLQJOH FDVH VWXG\ ZDV DSSOLHG� ,Q PXOWLSOH
EDVHOLQH GHVLJQ� VHYHUDO SDWLHQWV WKDW KDYH VWDUWHG WUHDWPHQW DW D GL̊HUHQW WLPH DUH LQ�
YHVWLJDWHG�

,Q FORVH FROODERUDWLRQ ZLWK WKH SV\FKRWKHUDSLVWV� VL[ SHRSOH ZLWK GL̊HUHQW W\SHV
RI DQ[LHW\ LVVXHV ZHUH VHOHFWHG� RI ZKLFK WKUHH ZHUH JLYHQ 95(7 DQG WKUHH IROORZHG
WKH UHJXODU LQ�YLYR (7� 7KH DQ[LHW\ GLVRUGHUV LQ WKH VHOHFWHG SDUWLFLSDQWV UDQJHG IURP
FODXVWURSKRELD DQG SDQLF GLVRUGHU WR GULYLQJ DQ[LHW\� 7KH VWXG\ ZDV GLYLGHG LQ WR
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WKUHH SKDVHV� D EDVHOLQH SKDVH LQ ZKLFK QRW WUHDWPHQW ZDV JLYHQ� D SV\FKR�HGXFDWLRQ
SKDVH FRQVLVWLQJ RI RQH WKHUDS\ VHVVLRQ� DQG WKH (7 SKDVH LQ ZKLFK EHWZHHQ WKUHH
WR ÀYH (7 VHVVLRQV ZLWK WKH SV\FKRWKHUDSLVW DQG KRPHZRUN H[HUFLVHV ZHUH JLYHQ�
2I WKH VL[ SDUWLFLSDQWV� WKUHH UHFHLYHG EOHQGHG FDUH XVLQJ WKH 3$752186 SODWIRUP�
ZKLOH WKUHH UHFHLYHG UHJXODU WUHDWPHQW LQYROYLQJ LQ YLYR H[SRVXUH WKHUDS\� 'DWD ZDV
FROOHFWHG WKURXJK TXHVWLRQQDLUHV LQ D SUH WHVW� D SRVW WHVW DQG GDLO\ PHDVXUHPHQWV�
6WDQGDUGLVHG DQG YDOLGDWHG TXHVWLRQQDLUHV ZHUH XVHG VXFK DV WKH 3DQLF 2SLQLRQ /LVW
�32/� >��@� WKH 2YHUDOO $Q[LHW\ 6HYHULW\ DQG ,PSDLUPHQW 6FDOH �2$6,6� >��@ DQG WKH
,QVRPQLD 6HYHULW\ ,QGH[ �,6,� >��@�

%DVHG RQ WKH FROOHFWHG GDWD GXULQJ WKH XVHU WHVW� D UHOLDEOH FRQFOXVLRQ RQ WKH HI�
IHFWLYHQHVV RI 3$752186 EOHQGHG FDUH FDQQRW EH PDGH� $ FOHDUO\ GLVWLQJXLVKDEOH�
XQLIRUPO\ GHFUHDVLQJ WUHQG LQ WKH GDLO\ DQ[LHW\ PHDVXUHPHQWV FRXOG QRW EH REVHUYHG
IRU SDUWLFLSDQWV UHFHLYLQJ WKH 3$752186 95(7� +RZHYHU� VXFK D WUHQG ZDV DOVR
QRW REVHUYHG IRU SDUWLFLSDQWV UHFHLYLQJ WKH WUDGLWLRQDO LQ YLYR WUHDWPHQW� ,W LV FOHDU
WKDW WKUHH H[SRVXUH VHVVLRQV DUH QRW VX̋FLHQW WR UHOLDEO\ GHWHFW D GHFUHDVH LQ DQ[LHW\
OHYHOV� 1HYHUWKHOHVV� VRPH LPSRUWDQW LQVLJKWV ZHUH IRXQG ZLWK WKLV XVHU VWXG\�

� 7KH LQLWLDO UHSRUWHG DQ[LHW\ ZDV PXFK ORZHU WKDQ H[SHFWHG� ,W LV OLNHO\ WKDW D
PRUH VLJQLÀFDQW GHFUHDVH LQ DQ[LHW\ ZRXOG EH REVHUYHG ZLWK SHRSOH ZLWK PRUH
VHYHUH DQ[LHW\ LVVXHV� WKLV LV UHIHUUHG WR DV WKH ÁRRU H̊HFW� 7KLV PLJKW LQGLFDWH
WKDW WKH 3$752186 EOHQGHG FDUH VROXWLRQ VKRXOG EH IXUWKHU RSWLPLVHG LQ
RUGHU WR DOVR EH H̊HFWLYH LQ KHOSLQJ SHRSOH ZLWK PLOG DQ[LHW\ GLVRUGHUV�

� $Q LQWHUHVWLQJ WUHQG ZDV REVHUYHG LQ WKH GDLO\ PHDVXUHPHQWV UHJDUGLQJ WKH
KRPHZRUN H[HUFLVHV IRU ERWK LQ YLYR DQG 95� 0RUH VSHFLÀFDOO\� LQLWLDO KRPH�
ZRUN H[HUFLVHV HOLFLW D SHDN LQ VHOI�UHSRUWHG DQ[LHW\ VFRUHV� IROORZHG E\ D GH�
FUHDVH� ,W LV WKXV LPSRUWDQW WR WDNH WKLV KRPHZRUN DVVLJQPHQW DVSHFW RI (7
LQWR DFFRXQW LQ GHVLJQ DQG UHVHDUFK RI 95(7� 7KLV PHULWV IXUWKHU LQYHVWLJD�
WLRQ�

� 'HSHQGLQJ RQ WKH QDWXUH RI WKH DQ[LHW\ GLVRUGHU� H�J� JHQHUDO SDQLF YV� VSHFLÀF
IHDU RI GULYLQJ D FDU� WKH YDULDELOLW\ RI WKH UHSRUWHG GDLO\ DQ[LHW\ PHDVXUHPHQWV
FRXOG YDU\ VLJQLÀFDQWO\� 7KHUHIRUH� ZLWK WKLV OLPLWHG QXPEHU RI SDWLHQWV� LW LV
KDUG WR GHWHFW PHDQLQJIXO SDWWHUQV LQ WKH GDWD�

� 7KH WKHUDSLVW·V GDVKERDUG KDV SURYHQ WR EH D UHOLDEOH UHVHDUFK WRRO WR JHW D GHHS
XQGHUVWDQGLQJ RI ZKDW RFFXUUHG GXULQJ VHVVLRQV ERWK DW WKH SV\FKRWKHUDSLVW DQG
DW KRPH�

� 7KH SV\FKRWKHUDSLVWV KDG WKH IHHOLQJ WKDW WKH EHVW ÁRZ RI WKHUDS\ ZDV REWDLQHG
ZLWK D FRPELQDWLRQ RI LQ YLYR DQG 95(7� 7KLV LV UHÁHFWHG LQ WKH KRPHZRUN
H[HUFLVHV WKDW FRPELQHG WKH WZR� 8QIRUWXQDWHO\� 95 LQ FRPELQDWLRQ ZLWK LQ
YLYR ZDV QRW D IRUPDO FRQGLWLRQ LQ WKLV XVHU VWXG\� WKHUHIRUH DQG D V\VWHPDWLF
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FRPSDULVRQ EHWZHHQ 95� LQ YLYR RU D FRPELQDWLRQ RI ERWK ZDV QRW SRVVLEOH�
)XUWKHU UHVHDUFK VKRXOG IRFXV RQ WKLV FRPELQHG DSSURDFK�

��� $PODMVTJPO
$Q[LHW\ GLVRUGHUV DUH H[WUHPHO\ FRPPRQ EXW WKH FDQ EH WUHDWHG ZLWK (7� ,Q UHFHQW
\HDUV� WKH LQWHUHVW WR PRYH (7 WR 95 KDV LQFUHDVHG VLJQLÀFDQWO\� +RZHYHU� PRVW UH�
VHDUFK IRFXVHV RQ VSHFLÀF FDVH VWXGLHV ZLWK 95(7ZLWKRXW FRQVLGHULQJ WKH LQWHJUDWLRQ
RI 95(7 LQ D EOHQGHG FDUH WUHDWPHQW SURFHGXUH� )XUWKHUPRUH� WKH DGYDQWDJHV RI 95
IRU (7 DUH EDUHO\ H[SORLWHG� H�J� VHPL�DXWRPDWHG SHUVRQDOLVDWLRQ RI (7 HQYLURQPHQWV�
,Q WKLV SDSHU� DQ DUFKLWHFWXUH IRU WKH 3$752186 SODWIRUP LV SUHVHQWHG� DQ H̊RUW WR
FUHDWH D SODWIRUP IRU SDWLHQW�FHQWUHG EOHQGHG FDUH IRU 95(7 ZLWK WKH LQFRUSRUDWLRQ
RI DGYDQFHG VXSSRUW V\VWHPV� 7KH PHWKRGRORJ\ XVHG LQ WKLV ZRUN IRFXVVHV RQ WKH
LQFOXVLRQ RI SDWLHQWV DQG SV\FKRWKHUDSLVWV GXULQJ WKH GHVLJQ SURFHVV� 7KHLU QHHGV DQG
NQRZOHGJH LV WKH GULYHU IRU WKH GHFLVLRQ PDGH LQ WKH GHYHORSPHQW RI WKH 3$752186
SODWIRUP� 7KLV OHG WKH GHVLJQ RI WZR FRQÀJXUDEOH H[SRVXUH HQYLURQPHQWV� DQ HOHYDWRU
DQG D FDU VFHQDULR� 7KH FRQÀJXUDWLRQ RI WKHVH HQYLURQPHQWV LV VXSSRUWHG E\ DQ LQWHOOL�
JHQW DOJRULWKPZKLFKPDNHV VXJJHVWLRQV IRU QHZ FRQÀJXUDWLRQV EDVHG RQ SULRU NQRZO�
HGJH DERXW WKH SDWLHQW� )XUWKHUPRUH� EDVHG RQ SK\VLRORJLFDO GDWD FROOHFWHG WKURXJK
D ZHDUDEOH GHYLFH� DQ REMHFWLYH PHDVXUH RI DQ[LHW\ LV VKRZQ WR WKH SV\FKRWKHUDSLVW�
7R VXSSRUW WKH SDWLHQWV DW KRPH� D PRELOH DSSOLFDWLRQV SURYLGHV WKHP WKH RSSRUWX�
QLW\ WR DOVR H[SHULHQFH WKH 95 H[SRVXUH H[HUFLVHV LQ WKHLU RZQ KRPH� $GGLWLRQDOO\�
D MRXUQDO LQ WKH PRELOH DSS DOORZV WKHP WR UHJLVWHU QRWHZRUWK\ HYHQWV LQ WKHLU GDLO\
OLYH ZKLFK EHFRPH DYDLODEOH WR WKHLU SV\FKRWKHUDSLVW� )LQDOO\� WKH H̊HFWLYHQHVV RI WKH
3$752186 EOHQGHG FDUH VROXWLRQ ZDV WHVWHG GXULQJ D SLORW H̊HFWLYHQHVV VWXG\� 7KH
UHVXOWV VKRZ WKDW KRPHZRUN H[HUFLVHV DSSHDU WR KDYH D SRVLWLYH H̊HFW� +RZHYHU� WKH
OLPLWHG GDWD PDGH FOHDU WKDW DGGLWLRQDO WHVWV RYHU ORQJHU SHULRGV RI WLPH ZLWK D ODUJHU
SRSXODWLRQ DUH QHHGHG WR IRUP FOHDU FRQFOXVLRQV RQ WKH H̊HFWLYHQHVV RI WKH V\VWHP�
7KHUHIRUH� IXWXUH VWXGLHV ZLOO IXUWKHU LQYHVWLJDWH WKH H̊HFWLYHQHVV DQG XVDELOLW\ RI 3$�
752186�

"DLOPXMFEHFNFOU
7KLV UHVHDUFK ZDV IXQGHG E\ WKH LPHF�,&21 SURMHFW 3$752186� FR�IXQGHG E\
9/$,2� LPHF� 7KH +XPDQ /LQN� 3UHYLHZ/DEV� %D]RRNDV DQG 9DQ 5RH\ $XWRPDWLRQ
>+%&����������@�
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3FGFSFODFT
>�@ :+2� 'HSUHVVLRQ DQG 2WKHU &RPPRQ 0HQWDO 'LVRUGHUV� *OREDO +HDOWK (V�

WLPDWHV� 7HFKQLFDO UHSRUW� :RUOG +HDOWK 2UJDQL]DWLRQ� ����� $YDLO�
DEOH IURP� KWWSV���DSSV�ZKR�LQW�LULV�ELWVWUHDP�KDQGOH��������������:+2�
06'�0(5��������HQJ�SGI�

>�@ '� +� %DUORZ� 6� '� 5D̊D� DQG (�0� &RKHQ� 3V\FKRVRFLDO WUHDWPHQWV IRU SDQLF GLVRUGHUV�
SKRELDV� DQG JHQHUDOL]HG DQ[LHW\ GLVRUGHU� ,Q $ JXLGH WR WUHDWPHQWV WKDW ZRUN� �QG HG��
SDJHV ���²���� 2[IRUG 8QLYHUVLW\ 3UHVV� 1HZ <RUN� 1<� 86� �����

>�@ *� 0� 5HJHU� .� 0� +ROORZD\� &� &DQG\� %� 2� 5RWKEDXP� -� 'LIHGH� $� $�
5L]]R� DQG *� $� *DKP� (̊HFWLYHQHVV RI YLUWXDO UHDOLW\ H[SRVXUH WKHUDS\ IRU DFWLYH GXW\
VROGLHUV LQ D PLOLWDU\ PHQWDO KHDOWK FOLQLF� (̊HFWLYHQHVV RI ([SRVXUH IRU $FWLYH 'XW\ 6ROGLHUV�
-RXUQDO RI 7UDXPDWLF 6WUHVV� ��������²��� )HEUXDU\ ����� $YDLODEOH IURP� KWWSV�
��RQOLQHOLEUDU\�ZLOH\�FRP�GRL���������MWV������� GRL���������MWV�������

>�@ /� 5� 9DOPDJJLD� /� /DWLI� 0� -� .HPSWRQ� DQG 0� 5XV�&DODIHOO� 9LUWXDO UH�
DOLW\ LQ WKH SV\FKRORJLFDO WUHDWPHQW IRU PHQWDO KHDOWK SUREOHPV� $Q V\VWHPDWLF UHYLHZ
RI UHFHQW HYLGHQFH� 3V\FKLDWU\ 5HVHDUFK� �������²���� )HEUXDU\ ����� $YDLO�
DEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6�����������������
GRL���������M�SV\FKUHV�������������

>�@ -� /� 0DSOHV�.HOOHU� %� (� %XQQHOO� 6��-� .LP� DQG %� 2� 5RWKEDXP�
7KH 8VH RI 9LUWXDO 5HDOLW\ 7HFKQRORJ\ LQ WKH 7UHDWPHQW RI $Q[LHW\ DQG 2WKHU
3V\FKLDWULF 'LVRUGHUV� +DUYDUG 5HYLHZ RI 3V\FKLDWU\� ���������²���� 0D\
����� $YDLODEOH IURP� KWWSV���MRXUQDOV�OZZ�FRP��������������������������
GRL���������+53������������������

>�@ '� 5LFKDUGV DQG 7� 5LFKDUGVRQ� &RPSXWHU�EDVHG SV\FKRORJLFDO WUHDWPHQWV IRU GHSUHVVLRQ�
$ V\VWHPDWLF UHYLHZ DQG PHWD�DQDO\VLV� &OLQLFDO 3V\FKRORJ\ 5HYLHZ� ���������²����
-XQH ����� $YDLODEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�
6���������������;� GRL���������M�FSU�������������

>�@ 0� 6WHHQ� 0� 0DQVFKRW� DQG 1� 'H .RQLQJ� %HQHÀWV RI FR�GHVLJQ LQ VHUYLFH GHVLJQ
SURMHFWV� ,QWHUQDWLRQDO -RXUQDO RI 'HVLJQ� ����� �����

>�@ -� /DQJOH\� '� :ROVWHQKROPH� DQG -� &RRNH� ¶&ROOHFWLYH PDNLQJ· DV NQRZOHGJH PR�
ELOLVDWLRQ� WKH FRQWULEXWLRQ RI SDUWLFLSDWRU\ GHVLJQ LQ WKH FR�FUHDWLRQ RI NQRZOHGJH LQ KHDOWK�
FDUH� %0& +HDOWK 6HUYLFHV 5HVHDUFK� ���������� 'HFHPEHU ����� $YDLODEOH
IURP� KWWSV���EPFKHDOWKVHUYUHV�ELRPHGFHQWUDO�FRP�DUWLFOHV���������V������
���������\� GRL���������V���������������\�

>�@ (� %��1� 6DQGHUV DQG 3� -� 6WDSSHUV� &R�FUHDWLRQ DQG WKH QHZ ODQG�
VFDSHV RI GHVLJQ� &R'HVLJQ� ������²��� 0DUFK ����� $YDLODEOH IURP�
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KWWS���ZZZ�WDQGIRQOLQH�FRP�GRL�DEV���������������������������
GRL���������������������������

>��@ (� +RGVRQ� 1� 'DGDVKL� 5� 'HOJDGR� &� &KLVKROP� 5� 6JULJQROL� DQG 5� 6ZDLQH�
&R�GHVLJQ LQ PHQWDO KHDOWK� 0HOORZ� D VHOI�KHOS KROLVWLF FULVLV SODQQLQJ PRELOH DSSOLFDWLRQ E\
\RXWK� IRU \RXWK� 7KH 'HVLJQ -RXUQDO� ���VXS�������²����� $SULO ����� $YDLO�
DEOH IURP� KWWSV���ZZZ�WDQGIRQOLQH�FRP�GRL�IXOO�����������������������
�������� GRL�������������������������������

>��@ *� ,� &KULVWLH� 0� 6KHSKHUG� 6� 1� 0HUU\� 6� +RSNLQV� 6� .QLJKWO\� DQG .� 6WDVLDN�
*DPLI\LQJ &%7 WR GHOLYHU HPRWLRQDO KHDOWK WUHDWPHQW WR \RXQJ SHRSOH RQ VPDUWSKRQHV�
,QWHUQHW ,QWHUYHQWLRQV� ���������� 'HFHPEHU ����� $YDLODEOH IURP� KWWSV�
��OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6����������������� GRL���������M�LQ�
YHQW�������������

>��@ $� 5DGRYLF� $� /� 'H0DQG� 7� *PHOLQ� %� '� 6WHLQ� DQG (� 0LOOHU� 629$�
'HVLJQ RI D 6WDNHKROGHU ,QIRUPHG 6RFLDO 0HGLD :HEVLWH IRU 'HSUHVVHG $GROHVFHQWV DQG
7KHLU 3DUHQWV� -RXUQDO RI 7HFKQRORJ\ LQ +XPDQ 6HUYLFHV� ���������²����
-XO\ ����� $YDLODEOH IURP� KWWSV���ZZZ�WDQGIRQOLQH�FRP�GRL�IXOO���������
���������������������� GRL�������������������������������

>��@ 6� 5LFH� -� *OHHVRQ� &� 'DYH\� 6� +HWULFN� $� 3DUNHU� 5� /HGHUPDQ� *� :DGOH\�
*� 0XUUD\� +� +HUUPDQ� 5� &KDPEHUV� 3� 5XVVRQ� &� 0LOHV� 6� '·$O�
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7JSUVBM 3FBMJUZ &YQPTVSF 5IFSBQZ

5IF 1"530/64 QMBUGPSN QSFTFOUFE JO $IBQUFS � SFMJFT PO QFSTPOBMJTFE TVHHFTUJPOT GPS OFX WJSUVBM
SFBMJUZ FYQPTVSF UIFSBQZ FYFSDJTFT� 5IFTF TVHHFTUJPOT BSF HFOFSBUFE CZ BO JOUFMMJHFOU BMHPSJUIN
UIBU VTFT QSPðMF BOE IJTUPSZ EBUB PG B QBUJFOU UP ðOE QPTTJCMF DPOðHVSBUJPOT GPS OFX FYQPTVSF
FYFSDJTFT� 5IJT DIBQUFS XJMM EJTDVTT UIF EFTJHO JNQMFNFOUBUJPO BOE FWBMVBUJPO PG UIJT BMHPSJUIN
JO EFUBJM� *U JT BO JOUFSFTUJOH DBTF TUVEZ GPS UIF VTF PG QFSTPOBMJTBUJPO JO FYUSFNFMZ DPNQMFY TZT�
UFNT� 5IJT XPSL JT B GVSUIFS FYQMPSBUJPO PG QFSTPOBMJTBUJPO UFDIOJRVFT BT TFU PVU CZ DIBMMFOHF �
JO 4FDUJPO ���� "EEJUJPOBMMZ UIF TZTUFN JT EFTJHOFE JO DMPTF DPMMBCPSBUJPO XJUI QTZDIPUIFSBQJTUT
MFWFSBHJOH UIFJS EPNBJO FYQFSUJTF PO UIJT TVCKFDU BOE UIFSFCZ DPOUSJCVUJOH UP DIBMMFOHF � BOE ��

? ? ?

-� +H\VH� %� 'HSUHHXZ� 7� 9DQ 'DHOH� 7� 'DHVHOHLUH� )� 2QJHQDH�
)� 'H %DFNHUH� DQG )� 'H 7XUFN�

5HYLVLRQ VXEPLWWHG WR &RPSXWHU 0HWKRGV DQG 3URJUDPV LQ %LRPHGLFLQH�
0DUFK �����
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$EVWUDFW
%DFNJURXQG� $Q[LHW\ GLVRUGHUV DUH KLJKO\ SUHYDOHQW LQ PHQWDO KHDOWK SUREOHPV� 7KH
OLYHV RI SHRSOH VX̊HULQJ IURP DQ DQ[LHW\ GLVRUGHU FDQ EH VHYHUHO\ LPSDLUHG� 9LUWXDO
5HDOLW\ ([SRVXUH 7KHUDS\ �95(7� LV DQ H̊HFWLYH WUHDWPHQW� ZKLFK LPPHUVHV SDWLHQWV
LQ D FRQWUROOHG 9LUWXDO (QYLURQPHQW �9(�� 7KLV FUHDWHV WKH RSSRUWXQLW\ WR FRQIURQW
IHDUHG VWLPXOL DQG OHDUQ KRZ WR GHDO ZLWK WKHP� ZKLFK PD\ UHVXOW LQ WKH UHGXFWLRQ
RI DQ[LHW\� 7KH FRQÀJXUDWLRQ RI WKHVH 9(V UHTXLUHV H[WHQVLYH H̊RUW WR PD[LPLVH WKH
SRWHQWLDO RI 9LUWXDO 5HDOLW\ �95� DQG WKH H̊HFWLYHQHVV RI WKH WKHUDS\� 0DQXDO FRQÀJ�
XUDWLRQ EHFRPHV LQIHDVLEOH ZKHQ WKH QXPEHU RI SRVVLEOH YLUWXDO VWLPXOL FRPELQDWLRQV
LV LQÀQLWH� 'XH WR WKH JURZLQJ FRPSOH[LW\� DFTXLULQJ WKH VNLOOV WR WUXO\ PDVWHU D 95
V\VWHP LV GL̋FXOW DQG LW LQFUHDVHV WKH WKUHVKROG IRU SV\FKRWKHUDSLVWV WR XVH VXFK XVHIXO
V\VWHPV� :H WKHUHIRUH GHYHORSHG D SURWRW\SH RI D VXSSRUWLYH DOJRULWKP WR IDFLOLWDWH
WKH XVH RI 95(7 LQ D FOLQLFDO VHWWLQJ� 7KLV DXWRPDWLVHG V\VWHP DVVLVWV SV\FKRWKHUD�
SLVWV WR XVH WKH ZLGH UDQJH RI IXQFWLRQDOLWLHV ZLWKRXW EXUGHQLQJ WKHP ZLWK WHFKQLFDO
FKDOOHQJHV� 7KXV� SV\FKRWKHUDSLVWV FDQ IRFXV WKHLU DWWHQWLRQ RQ WKH SDWLHQW�

0HWKRGV� ,Q WKLV SDSHU ERWK WKH SURWRW\SH RI WKH DOJRULWKP DQG D ÀUVW SURRI RI
FRQFHSW DUH GHVFULEHG� 7KH DOJRULWKP VXJJHVWV HQYLURQPHQW FRQÀJXUDWLRQV IRU 95(7�
WDLORUHG WR WKH LQGLYLGXDO WKHUDSHXWLF QHHGV RI HDFK SDWLHQW� 7KH V\VWHP DLPV WR PD[�
LPLVH OHDUQLQJ GXULQJ H[SRVXUH WKHUDS\ IRU GL̊HUHQW FRPELQDWLRQV RI VWLPXOL E\ XVLQJ
WKH 5HVFRUOD�:DJQHU PRGHO DV D SUHGLFWRU IRU OHDUQLQJ� ,Q D ÀUVW SURRI RI FRQFHSW� WKH
9( FRQÀJXUDWLRQV VXJJHVWHG E\ WKH DOJRULWKP IRU WKUHH DQRQ\PLVHG FOLQLFDO YLJQHWWHV
ZHUH FRPSDUHG ZLWK SULRU PDQXDO FRQÀJXUDWLRQV E\ WZR SV\FKRWKHUDSLVWV�

5HVXOWV� 7KH SURWRW\SH RI WKH DOJRULWKP DQG D ÀUVW SURRI RI FRQFHSW DUH GHVFULEHG�
7KH ÀUVW SURRI RI FRQFHSW GHPRQVWUDWHG WKH UHOHYDQFH DQG SRWHQWLDO RI WKH SURSRVHG
V\VWHP� DV LW PDQDJHG WR SURSRVH VLPLODU FRQÀJXUDWLRQV IRU WKH FOLQLFDO YLJQHWWHV FRP�
SDUHG WR WKRVH PDGH E\ WKHUDSLVWV� 1RQHWKHOHVV� EHFDXVH RI WKH H[SORUDWRU\ QDWXUH RI
WKH VWXG\� QR FODLPV FDQ \HW EH PDGH DERXW LWV H̋FDF\�

&RQFOXVLRQV� :LWK WKH LQFUHDVLQJ XELTXLW\ RI LPPHUVLYH WHFKQRORJLHV� WKLV WHFK�
QRORJ\ IRU DVVLVWHG FRQÀJXUDWLRQ RI 9(V FRXOG PDNH 95(7 D YDOXDEOH WRRO IRU SV\�
FKRWKHUDSLVWV�

��� *OUSPEVDUJPO
$Q[LHW\ GLVRUGHUV DUH KLJKO\ SUHYDOHQW� RIWHQ FKURQLF� PHQWDO KHDOWK GLVRUGHUV� 2Q
DYHUDJH� RQH LQ IRXU LQGLYLGXDOV LQ WKH 8QLWHG 6WDWHV DQG (XURSH VX̊HU IURP VXFK D
FRQGLWLRQ DFURVV WKHLU OLIHWLPH >�� �@� 6SHFLÀF SKRELDV� SDQLF GLVRUGHUV� DQG 3RVW 7UDX�
PDWLF 6WUHVV 'LVRUGHUV �376'V� DUH H[DPSOHV RI DQ[LHW\ DQG WUDXPD�UHODWHG GLVRUGHUV
WKDW FDQ VHYHUHO\ LPSDFW GLVDELOLW\ DQG LPSDLUPHQW� )RUWXQDWHO\� H̊HFWLYH WUHDWPHQWV
H[LVW� OLNH ([SRVXUH 7KHUDS\ �(7�� ZKLFK LV JURXQGHG LQ &RJQLWLYH %HKDYLRXUDO 7KHU�
DS\ �&%7� >�� �@� 'XULQJ (7� WKH SDWLHQW LV UHSHDWHGO\ DQG V\VWHPDWLFDOO\ H[SRVHG WR
D IHDUHG VWLPXOXV LQ D VDIH FRQWH[W� )RU H[DPSOH� SDWLHQWV ZLWK DUDFKQRSKRELD DUH H[�
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SRVHG WR VSLGHUV DQG JUDGXDOO\ OHDUQ WR GHDO ZLWK WKH HOLFLWHG IHDU� (7 WHQGV WR PDNH D
SDWLHQW OHVV DQ[LRXV RU PDNHV WKH DQ[LHW\ OHVV GHELOLWDWLQJ IRU VSHFLÀF VWLPXOL� DOWKRXJK
WKLV LV QRW D QHFHVVLW\ >�@� 8QGHUVWDQGLQJ ZKDW PDNHV WKH SDWLHQW DQ[LRXV LV HVVHQWLDO
WR FUHDWH D SURSHU H[SRVXUH H[HUFLVH� ,I D SDWLHQW LV DIUDLG RI DQ H[WHUQDO FXH� H�J� GULY�
LQJ D FDU RQ D IUHHZD\ RU LQ D WXQQHO RU WDNLQJ DQ HOHYDWRU� WKH\ VKRXOG EH H[SRVHG WR
VLPLODU FRQWH[WV� &RPSOHPHQWDU\� LQWHURFHSWLYH FXHV� H�J� IHHOLQJ RQH·V KHDUWEHDW RU
H[SHULHQFLQJ EOXUUHG YLVLRQ� DUH RIWHQ ERWK WKH REMHFW RI D SDWLHQW·V IHDUV DQG HVVHQWLDO
V\PSWRPV RI WKHLU FRQGLWLRQ� 7KHUHIRUH� HOLFLWDWLRQ RI WKHVH FXHV LV IXQGDPHQWDO WR
FRQGXFW WKH SURSHU H[SRVXUH H[HUFLVH� :LWK WKHVH UHTXLUHPHQWV� GL̊HUHQW IRUPV RI
(7 DUH SRVVLEOH� H�J� LQ YLYR �LQ UHDO OLIH�� LPDJLQDU\� RU LQ 9LUWXDO 5HDOLW\ �95� >�� �@�
7R DXJPHQW ERWK WKH UHDFK DQG H̊HFWLYHQHVV RI H[LVWLQJ WUHDWPHQWV DQG VHUYLFHV� WKLV
ODWWHU IRUP RI 9LUWXDO 5HDOLW\ ([SRVXUH 7KHUDS\ �95(7�� LQ ZKLFK 95 WHFKQRORJ\ HQ�
KDQFHV H[SRVXUH WUHDWPHQW� LV LQFUHDVLQJO\ EHLQJ H[SORUHG >�@� :LWK 95 WHFKQRORJ\� LW
LV SRVVLEOH WR VLPXODWH DOPRVW DQ\ VFHQDULR� 7KLV FUHDWHV WKH RSSRUWXQLW\ IRU ÀQH�WXQHG
SHUVRQDOLVHG 95 HQYLURQPHQWV IRU (7� +RZHYHU� FRQÀJXULQJ WKHVH HQYLURQPHQWV LV
QRW WULYLDO DQG LQWURGXFHV DQ DGGLWLRQDO ZRUNORDG IRU WKH SV\FKRWKHUDSLVW�

7KLV PDQXVFULSW LV WKH SURGXFW RI LQWHUGLVFLSOLQDU\ UHVHDUFK EHWZHHQ SV\FKRWKHU�
DSLVWV DQG FRPSXWHU VFLHQWLVWV� 7KH PDLQ REMHFWLYH RI WKLV SDSHU LV WKH SUHVHQWDWLRQ RI
D SURWRW\SH RI D QRYHO DGDSWDWLRQ DOJRULWKP IRU 95(7 ZKLFK JHQHUDWHV SHUVRQDOLVHG
95 HQYLURQPHQWV WR WUHDW SDWLHQWV ZLWK DQ[LHW\� 7KH VFDODELOLW\ RI WKH DOJRULWKP LV
LQYHVWLJDWHG LQ WHUPV RI H[HFXWLRQ WLPH UHODWLYH WR WKH DPRXQW RI LQSXW GDWD� )XUWKHU�
PRUH� D SURRI RI FRQFHSW 95(7 DSSOLFDWLRQ FDOOHG 3$752186 KDV EHHQ GHVLJQHG
DQG LPSOHPHQWHG LQ ZKLFK WKH DOJRULWKP LV LQWHJUDWHG� 7KH SURRI RI FRQFHSW IRFXVVHV
RQ IHDU RI GULYLQJ D FDU� FODXVWURSKRELD� DQG SDQLF GLVRUGHUV� ,Q WKLV SURRI RI FRQFHSW�
GDWD RI WKUHH SULRU DQRQ\PLVHG FOLQLFDO YLJQHWWHV DUH XVHG WR JHQHUDWH VXJJHVWLRQV ZLWK
WKH DGDSWDWLRQ DOJRULWKP� 7KHVH VXJJHVWLRQV DUH FRPSDUHG ZLWK WKH PDQXDO FRQÀJX�
UDWLRQV RI WZR SV\FKRWKHUDSLVWV� 7KH DGDSWDWLRQ DOJRULWKP ZDV QRW XVHG LQ D FOLQLFDO
VHWWLQJ WR VWHHU WKH SDWLHQWV· WKHUDS\�

7KLV SDSHU SUHVHQWV WKH DOJRULWKP E\ GHVFULELQJ WKH XQGHUO\LQJ WKHRU\ DQG WHFK�
QLTXHV IURP ERWK WKH SV\FKRORJLFDO DQG FRPSXWHU VFLHQFH SRLQW RI YLHZ� PDNLQJ LW
UHOHYDQW IRU H[SHUWV IURP ERWK GRPDLQV� 7KH UHPDLQGHU RI WKH SDSHU LV VWUXFWXUHG DV
IROORZV� 6HFWLRQ ��� JLYHV D WKHRUHWLFDO IRXQGDWLRQ RI WKH SV\FKRORJLFDO OHDUQLQJ PHFK�
DQLVPV WKDW DUH UHOHYDQW IRU (7� 6HFWLRQ ��� FRQWLQXHV ZLWK WKH PHWKRGRORJ\ IRU WKH
GHVLJQ RI WKH SUHVHQWHG DGDSWDWLRQ DOJRULWKP DQG SURRI RI FRQFHSW DSSOLFDWLRQ� 7KLV
VHFWLRQ FRYHUV WKH RXWOLQH RI WKH V\VWHP LQ ZKLFK WKH DGDSWDWLRQ DOJRULWKP LV LQWHJUDWHG
DV ZHOO DV WKH NQRZOHGJH DQG GDWD PDQDJHPHQW WHFKQLTXHV XVHG� ,Q 6HFWLRQ ������ WKH
3$752186 SURRI RI FRQFHSW� D 95(7 V\VWHP WKDW LQWHJUDWHV WKH DGDSWDWLRQ DOJR�
ULWKP� LV GHVFULEHG LQ GHWDLO� 7KH SURWRW\SH RI WKH DGDSWDWLRQ DOJRULWKP LV SUHVHQWHG
LQ ������ WKH WHFKQLFDO GHWDLOV RI WKH LPSOHPHQWDWLRQ DUH H[SODLQHG LQ 6HFWLRQ ������ $
VFDODELOLW\ WHVW RQ WKH H[HFXWLRQ WLPH RI WKH DOJRULWKP LV SUHVHQWHG LQ 6HFWLRQ ������
7KH UHVXOWV RI WKH FRPSDULVRQ EHWZHHQ WKH JHQHUDWHG VXJJHVWLRQV RQ WKUHH FOLQLFDO YL�
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JQHWWHV DUH SUHVHQWHG LQ 6HFWLRQ ������ )LQDOO\� D GLVFXVVLRQ DQG FRQFOXVLRQ LV JLYHQ LQ
6HFWLRQ ����

��� 3FMBUFE 8PSL
95 KDV D SURYHQ WUDFN UHFRUG� &RQWUDU\ WR FRPPRQ EHOLHI� LW KDV H̊HFWLYHO\ EHHQ XVHG
LQ FOLQLFDO SUDFWLFH IRU RYHU WZR GHFDGHV >�²��@� 7KH WKHUDSHXWLF DSSURDFK UHO\LQJ RQ
95� NQRZQ DV 95(7� ZDV LQLWLDOO\ SULPDULO\ R̊HUHG LQ VSHFLDOLVHG VHWWLQJV� L�H� WUHDW�
PHQW FHQWUHV IRU ZDU YHWHUDQV LQ WKH 8QLWHG 6WDWHV VX̊HULQJ IURP 376' >��@� 2QH
RI WKH PDLQ DGYDQWDJHV RI 95(7� FRPSDUHG WR FRQYHQWLRQDO (7� LV WKH SRVVLELOLW\
WR LPPHUVH SDWLHQWV LQ 9LUWXDO (QYLURQPHQWV �9(V� WKDW DUH KLJKO\ FRQWUROODEOH DQG
FXVWRPLVDEOH� 7KLV LV SDUWLFXODUO\ LQWHUHVWLQJ IRU WKH WUHDWPHQW RI DQ[LHW\ GLVRUGHUV�
'HVSLWH WKH FRPPRQ JURXQG RI DQ[LHW\ GLVRUGHUV� HDFK SDWLHQW LV VWLOO XQLTXH� $FURVV
SDWLHQWV� WKHUH PD\ QRW RQO\ EH VXEWOH GL̊HUHQFHV EHWZHHQ IHDUHG VWLPXOL EXW DOVR LQ
WHUPV RI WKH SDFH DW ZKLFK WKH SDWLHQW SURJUHVVHV� 'HWHUPLQLQJ ZKHQ D SDWLHQW LV UHDG\
IRU WKH QH[W VWHS LV WKHUHIRUH LQGLYLGXDOO\ GHWHUPLQHG� 2SWLPLVLQJ 9( DQG WKH SDFH DW
ZKLFK WKH\ HYROYH DQG WDLORULQJ WKDW WR LQGLYLGXDO SDWLHQWV LV WKHUHIRUH QHFHVVDU\� 3HU�
VRQDOLVHG 9(V WHQG WR LQFUHDVH WKH SRWHQWLDO RI FUHDWLQJ D VHQVH RI SUHVHQFH� R̊HULQJ
SDWLHQWV WKH LGHD RI UHDOO\ EHLQJ LQ D GL̊HUHQW SODFH WKDQ ZKHUH WKH\ SK\VLFDOO\ DUH >��@�
7R VRPH H[WHQW� WKH WHFKQRORJ\ LWVHOI FDQ IDFLOLWDWH WKLV E\ FUHDWLQJ D KLJKO\ LPPHUVLYH
H[SHULHQFH� H�J� DFFRPPRGDWLQJ D ZLGH ÀHOG RI YLHZ LQ WKH YLUWXDO ZRUOG RU R̊HULQJ
KLJKO\ UHDOLVWLF 9( >��@� +RZHYHU� UHVHDUFK LQGLFDWHV WKDW FUHDWLQJ D IHHOLQJ RI EHLQJ D
SDUW RI D 9( LV QRW RQO\ D FKDUDFWHULVWLF RI WKH WHFKQRORJ\ LWVHOI� 7DLORULQJ WKH 9( WR
WKH SDUWLFXODU IHDUV RI LQGLYLGXDO SDWLHQWV FDQ SOD\ DQ LPSRUWDQW UROH DV ZHOO >��@�

$OWKRXJK IRXQG WR EH FOLQLFDOO\ H̊HFWLYH� WKH WHFKQLFDO QDWXUH RI 95(7 DQG WKH
DVVRFLDWHG FRVWV GLG QRW DOORZ WKLV WUHDWPHQW IRUP WR EHFRPH ZLGHO\ DYDLODEOH \HW� ,Q
UHFHQW \HDUV� 95 V\VWHPV· RQJRLQJ FRPPHUFLDOLVDWLRQ KDV RSHQHG XS SRVVLELOLWLHV IRU
PRUH ZLGHVSUHDG XVH EH\RQG WKHVH VHWWLQJV >��@� $ ORZHU KDUGZDUH FRVW DQG LQFUHDVHG
DFFHVVLELOLW\ RI UHOHYDQW VRIWZDUH DSSOLFDWLRQV DQG SODWIRUPV KROG SURPLVH� $ORQJVLGH
HVWDEOLVKHG� H[WHQVLYH 95(7 SODWIRUPV� H�J� 2[IRUG 95� DQG 3VLRXV�� D ORZ�FRVW
VWDQG�DORQH 95(7�DSS ZLWK GHPRQVWUDWHG FOLQLFDO H̊HFWLYHQHVV KDV DOVR PDGH LWV ZD\
WR PDUNHW >��@� 1HYHUWKHOHVV� WKLV GRHV QRW LPSO\ WKDW QR FKDOOHQJHV UHPDLQ IRU SV\�
FKRWKHUDSLVWV WR LPSOHPHQW 95(7� 3V\FKRWKHUDSLVWV DUH QRW QHFHVVDULO\ WHFK�VDYY\ RU
DUH LQVX̋FLHQWO\ IDPLOLDU ZLWK WKH ZLGH UDQJH RI SRVVLELOLWLHV DQG IHDWXUHV WKDW EURDGO\
DYDLODEOH 95 V\VWHPV LQFUHDVLQJO\ VXSSRUW >��@� 7KH FXUUHQW VROXWLRQV DUH HLWKHU YHU\
VWDWLF ZLWK SUHGHÀQHG HQYLURQPHQWV RU DUH G\QDPLF ZLWK DQ RYHUORDG RI PDQXDOO\ FRQ�
ÀJXUDEOH RSWLRQV� 7KH VWDWLF HQYLURQPHQWV DUH HDV\ WR XVH EXW ODFN WKH SRVVLELOLW\ WR
SHUVRQDOLVH WKH WKHUDS\ WR WKH SDWLHQW·V QHHGV FRPSOHWHO\� 7KH G\QDPLF HQYLURQPHQWV
DOORZ WKLV SHUVRQDOLVDWLRQ DW WKH FRVW RI LQFUHDVHG FRPSOH[LW\� KLQGHULQJ SV\FKRWKHUD�

�KWWSV���RYUKHDOWK�FRP� DFFHVVHG RQ ����������
�KWWSV���SVLRXV�FRP� DFFHVVHG RQ ����������

https://ovrhealth.com
https://psious.com
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SLVWV IURP XVLQJ WKHVH WRROV H̊HFWLYHO\� 7KH ODWWHU FDQ� LQ SDUW� EH RYHUFRPH WKURXJK
YRFDWLRQDO WUDLQLQJ� LQ ZKLFK SV\FKRWKHUDSLVWV DUH LQIRUPHG DQG WUDLQHG LQ LQWHUDFWLQJ
ZLWK 95(7 ² DQG RWKHU ² WHFKQRORJLFDO H[WHQVLRQV WR FRQYHQWLRQDO SUDFWLFH >��@� $V
SRVVLELOLWLHV RI 9( DUH VWHDGLO\ LQFUHDVLQJ LQ QXPEHU� VR GR WKH SRVVLELOLWLHV IRU WDLORU�
LQJ WKHVH HQYLURQPHQWV� 7KH JURZLQJ FRPSOH[LW\ LPSOLHV WKDW WUXO\ PDVWHULQJ D V\VWHP
ZLOO DOVR UHTXLUH LQFUHDVLQJ DQG RQJRLQJ DPRXQWV RI WUDLQLQJ� ZKLFK LQWURGXFHV D QRYHO
WKUHVKROG DQG OLPLWV WKH IXOO SRWHQWLDO IRU FOLQLFDO SUDFWLFH� )XUWKHUPRUH� D 95(7 V\V�
WHP VKRXOG EH HDV\ WR XVH� DQG WKH SV\FKRWKHUDSLVW VKRXOG SRVVHVV WKH UHTXLUHG NQRZO�
HGJH WR DGRSW D 95 WRRO LQ WKHUDS\ H̊RUWOHVVO\� 2WKHUZLVH� WKH 95 V\VWHP GUDZV WKH
SV\FKRWKHUDSLVW·V IRFXV DZD\ IURP WKH SDWLHQW� GDPDJLQJ WKH SDWLHQW�WKHUDSLVW ERQG�

2QH ZD\ WR GHDO ZLWK WKLV FKDOOHQJH LV WKURXJK WKH GHYHORSPHQW RI VXSSRUWLYH
DOJRULWKPV� 6XFK DOJRULWKPV FRXOG IDFLOLWDWH 95 V\VWHPV WR FRQVLGHU FOLQLFDO H[SHUWLVH
ZLWKRXW UHTXLULQJ SV\FKRWKHUDSLVWV WR JUDVS WKH WHFKQLFDO QXDQFHV IXOO\� 1RU GR WKH\
QHHG WR NQRZ E\ KHDUW WKH ZLGH UDQJH RI IXQFWLRQDOLWLHV DYDLODEOH LQ D V\VWHP� 0RUH
VSHFLÀFDOO\� DGDSWDWLRQ DOJRULWKPV DUH QHHGHG WR DXWRPDWLVH WKLV WUDQVODWLRQ IURP H[�
SHUW REVHUYDWLRQV DQG LQVLJKWV WR HQYLURQPHQWDO DGDSWDWLRQV LQ 95� 7KLV ZLOO WDNH DZD\
WKH EXUGHQ RI UHTXLULQJ SV\FKRWKHUDSLVWV WR PDQXDOO\ FUHDWH WKH WDLORUHG HQYLURQPHQW
WKH\ FRQVLGHU PRVW VXLWDEOH IRU HDFK VWHS RI D 95(7� $W WKH VDPH WLPH� LW FDQ KHOS
WKHP NHHS WKHLU IRFXV GXULQJ VHVVLRQV WR ZKHUH LW PDWWHUV WKH PRVW� RQ WKHLU SDWLHQWV�

$ YDVW DPRXQW RI ODE UHVHDUFK DLPV DW XQFRYHULQJ WKH OHDUQLQJ SURFHVVHV XQGHU�
O\LQJ (7� )RU WKLV SXUSRVH� SV\FKRWKHUDSLVWV RIWHQ XVH D 3DYORYLDQ IHDU FRQGLWLRQ
SDUDGLJP WR PRGHO WKH SDWKRJHQHVLV RI DQ[LHW\ GLVRUGHUV DQG (7 >�� ��� ��@� 7KLV
SURFHGXUH FRQVLVWV RI WZR SDUWV� VWDUWLQJ ZLWK WKH IHDU DFTXLVLWLRQ WR PLPLF WKH GH�
YHORSPHQW RI DQ DQ[LHW\ GLVRUGHU DQG WKHQ IROORZHG E\ IHDU H[WLQFWLRQ DV D PRGHO
IRU (7� ,Q WKH IHDU DFTXLVLWLRQ� D QHXWUDO VWLPXOXV �&RQGLWLRQHG 6WLPXOXV �&6�� LV UH�
SHDWHGO\ SUHVHQWHG WR WKH VXEMHFW� IROORZHG E\ DQ DYHUVLYH VWLPXOXV �8QFRQGLWLRQHG
6WLPXOXV �86��� $V D UHVXOW� WKH &6 DFTXLUHV D GDQJHURXV PHDQLQJ DQG VWDUWV HOLFLWLQJ
IHDU UHDFWLRQV LQ DQWLFLSDWLRQ RI WKH 86 �URXWLQHO\ PHDVXUHG DV HQKDQFHG SK\VLRORJLFDO
DURXVDO� 86�H[SHFWDQF\ DQG LQFUHDVHG QHJDWLYH YDOHQFH RI WKH &6�� 7KLV LV FRPPRQO\
WHUPHG WKH &RQGLWLRQHG 5HVSRQVH �&5�� 7KH FXUUHQW GRPLQDQW YLHZ LV WKDW GXULQJ
FRQGLWLRQLQJ� WKH SHUVRQ IRUPV D PHQWDO DVVRFLDWLRQ EHWZHHQ UHSUHVHQWDWLRQV RI WKH
&6 DQG WKH 86 >��@� 1RYHO FRQIURQWDWLRQV ZLWK WKH &6 ZLOO WKHUHE\ DFWLYDWH WKH UHS�
UHVHQWDWLRQ RI WKH 86 DV ZHOO� ZKLFK SURGXFHV IHDU UHDFWLRQV� 6XEVHTXHQWO\� LQ IHDU
H[WLQFWLRQ� WKH VXEMHFW LV UHSHDWHGO\ H[SRVHG WR WKLV &6 LQ WKH DEVHQFH RI WKH 86� DQG
WKH FRQGLWLRQHG IHDU UHDFWLRQV GHFUHDVH� 7KLV IHDU H[WLQFWLRQ SURFHGXUH LV VLPLODU WR
ZKDW KDSSHQV LQ (7� +RZHYHU� ZKDW GULYHV WKLV IHDU UHGXFWLRQ"

$ UDWLRQDOH ZK\ IHDU GHFOLQHV GXULQJ H[WLQFWLRQ LV WKDW WKH 86 LV H[SHFWHG EXW
QRW GHOLYHUHG ZKHQHYHU WKH &6 DSSHDUV� 7KLV YLRODWHV D SDWLHQW·V H[SHFWDQF\� ZKLFK
GULYHV QHZ OHDUQLQJ WR XSGDWH IDOVH H[SHFWDWLRQV� 9LRODWLRQV RI WKHVH IDOVH H[SHFWDWLRQV
RI GDQJHU DUH WKHUHIRUH YLWDO LQ H[WLQFWLRQ OHDUQLQJ� 5HVHDUFKHUV KDYH IRUPDOLVHG WKLV
QRWLRQ LQ IRUPXODV WKDW VWLSXODWH KRZ H[SHFWDWLRQV DUH XSGDWHG DIWHU HDFK YLRODWLRQ� $V
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LQ WKH LQÁXHQWLDO WKHRU\ RI 5HVFRUOD DQG :DJQHU ������ >��@� WKH VWDQGDUG DSSURDFK
LV WR FDOFXODWH WKH GL̊HUHQFH EHWZHHQ ZKDW D SDWLHQW H[SHFWV DQG ZKDW KDV DFWXDOO\
KDSSHQHG� 7KLV DOORZV HYDOXDWLQJ WKH DPRXQW RI OHDUQLQJ RQ DQ\ JLYHQ H[WLQFWLRQ
WULDO�

)XUWKHUPRUH� WKH 5HVFRUOD�:DJQHU �5:� PRGHO DOORZV IRU DQ LGLRV\QFUDWLF IRU�
PDOLVDWLRQ SHU SDWLHQW SHU H[SRVXUH H[HUFLVH� ,Q WKHRU\� VXFK DQ DSSURDFK ZRXOG DOORZ
WR SHUVRQDOLVH DQG RSWLPLVH 9(V� $ WKHUDSLVW� KRZHYHU� FDQQRW SHUIRUP WKH FDOFXOD�
WLRQV RI WKH 5:PRGHO WR GHWHUPLQH WKH DPRXQW RI OHDUQLQJ LQ UHDO�WLPH GXULQJ 95(7�
7KHUHIRUH� WKLV SDSHU SUHVHQWV DQ DOJRULWKP WKDW XVHV WKH 5: PRGHO WKDW ZLOO SOD\ DQ
HVVHQWLDO UROH LQ VXSSRUWLQJ D WKHUDSLVW WR PD[LPLVH SRWHQWLDO OHDUQLQJ GXULQJ H[SRVXUH
H[HUFLVHV� 7KH DOJRULWKP VXJJHVWV 9(V WKDW DUH SHUVRQDOLVHG DQG RSWLPLVHG IRU HDFK
LQGLYLGXDO SDWLHQW DW HYHU\ VWHS GXULQJ WKH WKHUDS\ SURFHVV�

��� .FUIPET
,Q WKLV ZRUN� D SURWRW\SH RI DQ DOJRULWKP IRU DGDSWLQJ 95 HQYLURQPHQWV LV SUHVHQWHG�
VSHFLÀFDOO\ IRU 95(7� 7KH DGDSWDWLRQV DLP WR RSWLPLVH WKH FRQÀJXUDWLRQ RI WKHVH 9(V
WRPDWFK WKH SDWLHQW·V QHHGV LQ HDFK WKHUDS\ H[HUFLVH� DV LQGLFDWHG E\ WKHLU SV\FKRWKHUD�
SLVW� 7KH DGDSWDWLRQV DUH SHUIRUPHG EDVHG RQ SURÀOH LQIRUPDWLRQ RI WKH SDWLHQW� ZKLFK
GHVFULEHV FKDUDFWHULVWLFV RI WKH SKRELD� DQG FRQWH[W LQIRUPDWLRQ� ZKLFK GHVFULEHV ZKDW
KDSSHQV GXULQJ H[SRVXUH H[HUFLVHV� 7KH SUHVHQWHG DGDSWDWLRQ DOJRULWKP LV WR EH LQWH�
JUDWHG LQ D V\VWHP IRU DGPLQLVWHULQJ 95(7� ,Q WKLV VWXG\ WKH 3$752186 DSSOLFDWLRQ
LV GHVLJQHG DV D SURRI RI FRQFHSW LQ ZKLFK WKH DGDSWDWLRQ DOJRULWKP LV LPSOHPHQWHG�
7KLV VHFWLRQ GHVFULEHV WKLV V\VWHP DQG WKH SURRI RI FRQFHSW LQ GHWDLO�

����� 4ZTUFN 0WFSWJFX

7KH DGDSWDWLRQ V\VWHP IRU 95 FRQWHQW LQ (7 FRQVLVWV RI PXOWLSOH VRIWZDUH DQG KDUG�
ZDUH FRPSRQHQWV� )LJXUH ��� JLYHV D KLJK�OHYHO RYHUYLHZ RI WKH V\VWHP� 7KH SHU�
VRQDOLVHG DGDSWDWLRQV DUH FDOFXODWHG LQ WKH$GDSWRU FRPSRQHQW� ZKLFK XVHV GDWD DERXW
WKH SDWLHQW DQG WKH H[HUFLVHV WKH\ SHUIRUPHG� $OO WKH GDWD LV JDWKHUHG DQG VWRUHG LQ
D .QRZOHGJH EDVH WKDW FRPELQHV WKDW GDWD ZLWK SULRU NQRZOHGJH IURP GRPDLQ H[SHUWV�
H�J� WKH NQRZOHGJH LQWURGXFHG LQ WKH EDFNJURXQG VHFWLRQ RI WKLV ZRUN� 7KH .QRZO�
HGJH EDVH R̊HUV DQ DFFHVV SRLQW IRU WKH $GDSWRU WR JHW WKH LQIRUPDWLRQ QHHGHG WR PDNH
DGDSWDWLRQV� 7KH RXWSXW RI WKH $GDSWRU LV D VHW RI VXJJHVWLRQV IRU QHZ HQYLURQPHQWV�
7KH SV\FKRWKHUDSLVW WKHQ VHOHFWV RQH RI WKHVH VXJJHVWLRQV� %HIRUH SUHVHQWLQJ WKH HQ�
YLURQPHQW WR WKH SDWLHQW WKURXJK WKH95 V\VWHP� WKH SV\FKRWKHUDSLVW FDQ VWLOO PDQXDOO\
FKDQJH WKH FRQÀJXUDWLRQ� %\ JHQHUDWLQJ PXOWLSOH VXJJHVWLRQV� WKH SV\FKRWKHUDSLVW FDQ
VWLOO GHFLGH KRZ WR DGYDQFH WKH WKHUDS\ DV WKHUH RIWHQ LV QRW RQO\ RQH VLQJOH VROXWLRQ
LQ H[SRVXUH WKHUDS\ EXW PXOWLSOH YDOLG DSSURDFKHV�



"O "EBQUBUJPO "MHPSJUIN GPS 1FSTPOBMJTFE 73&5 ���

Knowledge 
base

Therapy context

User pro�le

Adaptor

VR
system

TherapistPatient

'JHVSF ���� 0WFSWJFX PG UIF BEBQUJPO TZTUFN GPS 73&5

%HFDXVH WKH SV\FKRWKHUDSLVW KDV� DW DOO WLPHV� FRPSOHWH FRQWURO RYHU ZKDW WKH SD�
WLHQW VHHV� WKH DGDSWDWLRQ V\VWHP LV D 'HFLVLRQ 6XSSRUW 6\VWHP �'66� >��@� ,W SUHVHQWV
WKH LQIRUPDWLRQ LQ DQ HDV\ WR GLJHVW IRUPDW ZKLOH OHDYLQJ WKH ÀQDO GHFLVLRQ WR D KXPDQ
H[SHUW� %HIRUH� GXULQJ DQG DIWHU HDFK H[SRVXUH H[HUFLVH� LQIRUPDWLRQ LV FROOHFWHG IURP
WKH SDWLHQW DQG VWRUHG LQ WKH .QRZOHGJH EDVH IRU FRQÀJXUDWLRQ RI WKH QH[W H[HUFLVH�

����� ,OPXMFEHF #BTF
7KH .QRZOHGJH EDVH LV D FROOHFWLRQ SRLQW IRU DOO LQIRUPDWLRQ DQG NQRZOHGJH� 7KLV VHFWLRQ
GHVFULEHV ZKLFK GDWD LV XVHG� KRZ GDWD LV PRGHOOHG DQG KRZ NQRZOHGJH LV H[WUDFWHG
IURP WKDW GDWD�

������� %BUB

'DWD LV IHG WR WKH DGDSWDWLRQ DOJRULWKP WR JHQHUDWH QHZ SHUVRQDOLVHG DGDSWDWLRQV IRU
WKH 9(� 2Q WKH RQH KDQG� WKH XVHU·V SURÀOH LQIRUPDWLRQ LGHQWLÀHV WKH FKDUDFWHULVWLFV
RI WKHLU DQ[LHW\� H�J� WKH SDWLHQW LV XQFRPIRUWDEOH LQ EXV\ SODFHV DQG DSSUHKHQVLYH
RI EULJKW OLJKWV� 2Q WKH RWKHU KDQG� WKH XVHG FRQWH[W GDWD LV WKH OHYHO RI DQ[LHW\
GXULQJ H[SRVXUH ZKLFK DLGV LQ XQGHUVWDQGLQJ WKH H̊HFW RI WKH SHUIRUPHG H[HUFLVHV�
7KH SDWLHQWV H[SUHVV WKHLU OHYHO RI DQ[LHW\ XVLQJ WKH 6XEMHFWLYH 8QLWV RI 'LVWUHVV 6FDOH
�68'6�� ,W H[SUHVVHV WKH SDWLHQW·V SHUFHSWLRQ RI GLVFRPIRUW DV D QXPEHU EHWZHHQ �
DQG ��� ZKLFK LV ZLGHO\ XVHG IRU (7 >��@� 7KH FRQWH[W GDWD DOORZV GHVLJQLQJ H[HUFLVHV
WDLORUHG WR WKH SDWLHQW·V SKRELD DW HDFK VWHS WKURXJKRXW WKH WKHUDS\�

7KH SURÀOH LQIRUPDWLRQ LV FROOHFWHG E\ KDYLQJ WKH SDWLHQW ÀOO RXW D 95 SDUDPHWHU
TXHVWLRQQDLUH� 7KLV TXHVWLRQQDLUH LV VSHFLÀFDOO\ FRQVWUXFWHG IRU WKLV ZRUN DQG GHSHQGV
HQWLUHO\ RQ WKH VSHFLÀF HQYLURQPHQWV VXSSRUWHG E\ WKH V\VWHP� 7KH TXHVWLRQQDLUH LQ�
TXLUHV WKH SDWLHQW DERXW WKHLU H[SHFWHG UHDFWLRQV WR WKH VHW RI VWLPXOL LQ WKH 95 V\VWHP�
$OO WKHVH TXHVWLRQV KDYH WKH IROORZLQJ IRUPDW� ´:KDW H̊HFW GR \RX H[SHFW >SDUDPHWHU
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FRQÀJXUDWLRQ RI WKH 9(@ KDV RQ \RX"µ� (DFK TXHVWLRQ LV DQVZHUHG ZLWK ´$Q[LRXVµ� ´1RW
DQ[LRXVµ� RU ´, GRQ·W NQRZµ� ([DPSOHV DUH�

� ´:KDW H̊HFW GR \RX H[SHFW GULYLQJ WKURXJK D WXQQHO KDV RQ \RX"µ

� ´:KDW H̊HFW GR \RX H[SHFW VWDQGLQJ LQ D FURZGHG HOHYDWRU KDV RQ \RX"µ

� ´:KDW H̊HFW GR \RX H[SHFW KHDULQJ \RXU RZQ KHDUWEHDW KDV RQ \RX"µ

7KH FRQWH[W LQIRUPDWLRQ DERXW WKH SURJUHVV GXULQJ H[HUFLVHV LV FROOHFWHG WKURXJK
H[SRVXUH ORJV ZKLFK DUH FRPPRQO\ XVHG LQ (7 >�@� ,Q WKHVH H[SRVXUH ORJV� WKH SDWLHQW
DQVZHUV D IHZ TXHVWLRQV DIWHU HDFK H[HUFLVH�

� ´+RZ DIUDLG DUH \RX LPPHGLDWHO\ DIWHU WKH H[SRVXUH H[HUFLVH"µ �68'6�

� ´:KDW ZDV \RXU SHDN DQ[LHW\ OHYHO GXULQJ WKH H[SRVXUH H[HUFLVH"µ �68'6�

� ´'LG WKDW ZKDW \RX IHDUHG WKH PRVW DFWXDOO\ KDSSHQ GXULQJ WKH H[SRVXUH H[HU�
FLVH"µ ><HV�1R@

7KHVH TXHVWLRQV KDYH EHHQ GHVLJQHG WR SUHFLVHO\ H[WUDFW WKH LQIRUPDWLRQ QHHGHG WR
HYDOXDWH WKH 5: PRGHO XVHG E\ WKH DGDSWDWLRQ DOJRULWKP�

������� 0OUPMPHZ

'DWD LQ LWVHOI KDV OLWWOH PHDQLQJ� 2QO\ ZKHQ DGGLQJ FRQWH[W DERXW WKH GDWD� WKH LQ�
IRUPDWLRQ LW KROGV EHFRPHV FOHDU� ([SHUW NQRZOHGJH LV UHTXLUHG WR DGG DQG LQWHU�
SUHW WKH FRQWH[W� 7KH PHUJHU RI WKHVH W\SHV RI GDWD DQG NQRZOHGJH FDQ LGHDOO\ EH
SHUIRUPHG WKURXJK 6HPDQWLF :HE WHFKQRORJLHV >��@� L�H� VHPDQWLF RQWRORJLHV� ZKLFK
SURYLGH IRUPDO GHVFULSWLRQV RI FRQFHSWV� WKHLU SURSHUWLHV DQG UHODWLRQVKLSV EHWZHHQ
WKRVH FRQFHSWV� 7KHVH RQWRORJLHV DUH EXLOW ZLWK GRPDLQ H[SHUWV WKURXJK D FR�GHVLJQ
DSSURDFK >��@� ,QVWDQFHV RI WKH GHÀQHG FRQFHSWV DUH FUHDWHG IURP UDZ GDWD� WKHUHE\
PDSSLQJ WKH GDWD RQ WKH RQWRORJ\� 7KHVH DUH FDOOHG LQGLYLGXDOV�

)RU WKLV UHVHDUFK� D QHZ RQWRORJ\ KDV EHHQ GHYHORSHG VSHFLÀFDOO\ IRU 95(7� 7R
WKH DXWKRUV· NQRZOHGJH� QR RQWRORJLHV \HW H[LVW WKDW GHVFULEH WKH GRPDLQ RI &%7 LQ
JHQHUDO DQG 95(7 LQ VSHFLÀF� 7KH RQWRORJ\ LV VSOLW XS LQWR WKUHH ORJLFDO OD\HUV� HDFK
PRGHOOLQJ D GL̊HUHQW OHYHO RI VSHFLÀFLW\� 7KH WRS OD\HU FRQWDLQV D JHQHUDO XSSHU RQ�
WRORJ\� ZKLFK GHÀQHV FRQFHSWV UHOHYDQW WR (7 LQ JHQHUDO� 7KH OD\HU EHORZ FRQVLVWV
RI D 95(7�RQWRORJ\� ZKLFK H[WHQGV WKH XSSHU RQWRORJ\ ZLWK FRQFHSWV VSHFLÀF IRU
(7 LQ 95� 7KH ERWWRP OD\HU FRQWDLQV VHYHUDO RQWRORJLHV� HDFK FRUUHVSRQGLQJ WR D
VSHFLÀF 9(� 7KH SUHVHQWHG RQWRORJLHV LQ HDFK OD\HU DUH SXEOLFO\ DFFHVVLEOH IURP RXU
UHSRVLWRU\� DQG DUH GLVFXVVHG LQ PRUH GHWDLO EHORZ�

7KH XSSHU RQWRORJ\ LV PRGHOOHG DURXQG WKH FRQFHSW RI K\SRWKHVHV DERXW WKH SD�
WLHQW·V IHDU DQG LV VKRZQ LQ )LJXUH ���� 7KHVH K\SRWKHVHV PRGHO D UHODWLRQVKLS EHWZHHQ
�KWWSV���JLWKXE�FRP�,%&16HUYLFHV�3$752186�RQWRORJ\� DFFHVVHG RQ ����������

https://github.com/IBCNServices/PATRONUS-ontology
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D VHW RI IHDU VWLPXOL DQG UHVSRQVHV� H�J� D WLQ\ HOHYDWRU ZLWK QR ZLQGRZV DQG QR DODUP
EXWWRQ HOLFLWV KLJK DQ[LHW\ LQ WKH SDWLHQW� $ K\SRWKHVLV LV WHVWHG WKURXJK DQ H[SRVXUH
H[HUFLVH� 'RLQJ WKH H[HUFLVH UHYHDOV WKH DFWXDO UHVSRQVH RI WKH XVHU� 2QH WDUJHW K\�
SRWKHVLV LV GHÀQHG� ,W LV D WUDQVODWLRQ RI RQH RI WKH SDWLHQW·V JRDOV LQWR D FRQÀJXUDWLRQ
IRU WKH V\VWHP� 7KH $GDSWRU ZLOO JHQHUDWH LQWHUPHGLDWH K\SRWKHVHV EDVHG RQ WKLV WDU�
JHW K\SRWKHVLV WKDW LV XVHG IRU QHZ H[HUFLVHV� 7KH RQWRORJ\ PRGHOV ERWK LQWHUQDO DQG
H[WHUQDO VWLPXOL� 7KHVH DUH SURSHUWLHV RI WKH HQYLURQPHQW RU HYHQWV KDSSHQLQJ GXULQJ
WKH H[HUFLVH� 7KH SDWLHQW·V UHVSRQVHV WR WKH H[HUFLVH FDQ EH PRGHOOHG DV HLWKHU EH�
KDYLRXU FKDUDFWHULVWLFV� H�J� DYRLGDQFH� SDQLF DQG IUHH]LQJ XS� RU D 68'6� )LJXUH ���
VKRZV VRPH H[DPSOHV RI LQGLYLGXDOV FUHDWHG IRU VRPH RI WKHVH FODVVHV LQ JUHHQ� 7KLV
UHSUHVHQWV LQVWDQWLDWLRQV RI WKHVH FRQFHSWV EDVHG RQ LQSXW GDWD�

7KH 95(7�RQWRORJ\ H[WHQGV WKH XSSHU RQWRORJ\ E\ SURYLGLQJ 95(7 VSHFLÀF GHI�
LQLWLRQV IRU JHQHUDO FRQFHSWV DQG LQWURGXFLQJ VRPH QHZ RQHV� 7KH RQWRORJ\ LV JUDSK�
LFDOO\ SUHVHQWHG LQ )LJXUH ���� $ 956FHQDULR HPERGLHV WKH K\SRWKHVLV LQ 95� 7KHUH�
IRUH� LW LV D VXEW\SH RI +\SRWKHVLV� $ VFHQDULR LV DQ HQWLUH FRQÀJXUDWLRQ RI D 9( ZLWK
DOO LWV SURSHUWLHV DQG HYHQWV WKDW FDQ RFFXU� ([HUFLVH� 6WLPXOXV DQG (QYLURQPHQW3URSHUW\
IURP WKH XSSHU RQWRORJ\ KDYH D 95(7 HTXLYDOHQW SUHÀ[HG E\ WKH DFURQ\P ´95µ� 7KH
HTXLYDOHQWV RI ,QWHUQDO(YHQW DQG([WHUQDO(YHQW DUH95,QWHURFHSWLYH6WLPXOXV DQG95(YHQW�
UHVSHFWLYHO\� 7KHVH VXE�FODVVHV DUH QHHGHG DQG XVHG LQ WKLV V\VWHP EHFDXVH SRWHQWLDOO\
RWKHU RQWRORJLHV RQ WKH VDPH OHYHO DV WKH 95(7�RQWRORJ\� H�J� DQ RQWRORJ\ IRU LQ
YLYR (7� FRXOG H[WHQG WKHVH VXSHU�FODVVHV DV ZHOO� ,Q DGGLWLRQ� WKH 95(7�RQWRORJ\
FRQWDLQV D FODVVLÀFDWLRQ IRU VWLPXOL EDVHG RQ WKH GDWDW\SH RI WKH VWLPXOXV SDUDPHWHU�
7KH $GDSWRU UHTXLUHV WKLV FODVVLÀFDWLRQ WR TXHU\ WKH .QRZOHGJH EDVH DERXW WKH VWLPXOL
SUHVHQW LQ HDFK 9( DQG KRZ WKH\ FDQ EH FRQÀJXUHG� 7KH PDLQ WZR FODVVHV DUH95'LV�
FUHWH6WLPXOXV IRU VWLPXOL ZLWK GLVFUHWH YDOXHV DQG95&RQWLQXRXV6WLPXOXV IRU VWLPXOL ZLWK
DQ LQÀQLWH UDQJH RI YDOXHV� %RWK KDYH VRPH VXEW\SHV DV ZHOO�

7KH RQWRORJLHV LQ WKH ORZHU OD\HU GHSHQG HQWLUHO\ RQ WKH GHVLJQ RI WKH 9(V� 7KH\
FODVVLI\ WKH VWLPXOL XVHG LQ HDFK 9( EDVHG RQ WKH W\SHV GHÀQHG LQ WKH 95(7�RQWRORJ\�
,Q HVVHQFH� HDFK RQWRORJ\ LQ WKH ORZHU OD\HU GHVFULEHV RQH W\SH RI 9( DQG FRUUHVSRQGV
WR RQH VSHFLÀF SKRELD WR EH WUHDWHG ZLWK WKH V\VWHP� 7KURXJK WKLV DSSURDFK� WKH
V\VWHP LV DJQRVWLF WR WKH VSHFLÀF SKRELDV LW FDQ WUHDW� 7KXV� WR VXSSRUW PRUH W\SHV
RI 9(� RQO\ WKH .QRZOHGJH EDVH QHHGV WR EH H[WHQGHG ZLWK D GHVFULSWLRQ RI WKRVH 9(V�
ZKLOH WKH UHVW RI WKH V\VWHP UHPDLQV XQWRXFKHG� 7KH DGDSWDWLRQ DOJRULWKP LV EXLOG WR
ZRUN ZLWK WKH FODVVHV LQ WKH XSSHU OD\HUV� 7KXV� WKURXJK LQKHULWDQFH� WKH DGDSWDWLRQ
DOJRULWKP ZRUNV ZLWK DQ\ 9( RQWRORJ\ WKDW H[WHQGV WKH XSSHU OD\HUV ZLWK VXE�FODVVHV�
)LJXUH ��� VKRZV DQ H[DPSOH RI DQ RQWRORJ\ IRU D 9( RI D GULYLQJ FDU� 7KH FRQFHSWV
RI WKH 95(7�RQWRORJ\� VKRZQ LQ JUH\� DUH H[WHQGHG WR GHVFULEH WKH VSHFLÀF DWWULEXWHV
RI WKH FDU 9(�
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'JHVSF ���� "O FYBNQMF PG B TNBMM POUPMPHZ UIBU EFTDSJCFT B 7& PG B ESJWJOH DBS� 5IF FOWJSPONFOU IBT GPVS
QBSBNFUFST UIBU DBO CF DPOðHVSFE 	$4
� 5IFZ FYUFOE UIF 73&5�POUPMPHZ DPODFQUT 	HSFZ
�

������� 4FNBOUJD 3FBTPOJOH

6HPDQWLF UHDVRQLQJ DOORZV GHULYLQJ ORJLFDO FRQVHTXHQFHV IURP WKH GDWD DQG NQRZOHGJH
LQVLGH D .QRZOHGJH EDVH >��� ��@� 7KHUH DUH WZR W\SHV RI LQIRUPDWLRQ WKDW FDQ EH GHULYHG�
2Q WKH RQH KDQG� RQWRORJ\ UHDVRQLQJ LV XVHG WR LQIHU WR ZKLFK FODVVHV DQ LQGLYLGXDO
EHORQJV� 2Q WKH RWKHU KDQG� XVHU�GHÀQHG UHDVRQLQJ H[WUDFWV KLJK�OHYHO LQVLJKWV IURP
ORZ�OHYHO GDWD� 7KLV LV FDOOHG XVHU�GHÀQHG UHDVRQLQJ� DV WKH UXOHV ZKLFK GLFWDWH WKH UHD�
VRQHU DUH IRUPXODWHG E\ WKH HQG�XVHU� ,Q RWKHU ZRUGV� WKH GRPDLQ H[SHUWV· NQRZOHGJH
LV WUDQVODWHG LQWR UXOHV VXFK WKDW WKH FRPSXWHU V\VWHP FDQ UHSOLFDWH SDUW RI LWV WKRXJKW
SURFHVV�

7KH .QRZOHGJH EDVH FRQWDLQV WZR XVHU�GHÀQHG UXOHV� EXW LW FDQ HDVLO\ EH H[WHQGHG
ZLWK PRUH UXOHV RU PRUH FRPSOH[ UXOHV� 7KH ÀUVW UXOH LV D VLPSOH UXOH XVHG WR GHÀQH WKH
SURSHUW\ KDV7DUJHW+\SRWKHVLV� 7KLV UHODWLRQ KROGV ZKHQ D SDWLHQW KDV VRPH K\SRWKHVLV
�KDV+\SRWKHVLV�� DQG WKDW K\SRWKHVLV LV PDUNHG DV WKH WDUJHW K\SRWKHVLV �LV7DUJHW+\SRWK�
HVLV�� 7KH VHFRQG UXOH FDOFXODWHV WKH YDOXH RI WKH DVVRFLDWLRQ FKDQJH GHÀQHG E\ WKH
5: PRGHO� ZKLFK LV QHHGHG LQ WKH $GDSWRU DQG LV GLVFXVVHG LQ PRUH GHWDLO LQ WKH QH[W
VHFWLRQ� 7KLV YDOXH FDQ EH FDOFXODWHG IURP GDWD FROOHFWHG WKURXJK WKH H[SRVXUH ORJ�
7KLV LV DQ H[FHOOHQW H[DPSOH RI KRZ WKH .QRZOHGJH EDVH FRQWDLQV H[SHUW NQRZOHGJH� 7KH
.QRZOHGJH EDVH NQRZV KRZ WR FDOFXODWH WKH DVVRFLDWLRQ FKDQJH EDVHG RQ WKH DYDLODEOH
GDWD�

����� "EBQUPS
7KH $GDSWRU LV WKH FRPSRQHQW WKDW FRQWDLQV WKH DFWXDO DGDSWDWLRQ DOJRULWKP IRU SHU�
VRQDOLVLQJ WKH HQYLURQPHQW� ,W FROOHFWV WKH UHTXLUHG GDWD IURP WKH .QRZOHGJH EDVH DQG
SURYLGHV IRXU VXJJHVWHG FRQÀJXUDWLRQV IRU WKH IROORZLQJ H[HUFLVHV WR WKH SV\FKRWKHU�
DSLVW� 7KH FKRLFH IRU IRXU FRQÀJXUDWLRQV LV SULPDULO\ SUDJPDWLF� LW FUHDWHV VX̋FLHQWO\
GLVWLQFW HQYLURQPHQWV ZKLOH NHHSLQJ WKH FKRLFH IRU D VSHFLÀF HQYLURQPHQW PDQDJH�
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DEOH IRU WKH SV\FKRWKHUDSLVW� 7KH$GDSWRU HPSOR\V WKH WKHRU\ DQG PRGHO SURSRVHG E\
5HVFRUOD DQG :DJQHU >��@ IRU FDOFXODWLQJ WKH H[SOLFLW FRQÀJXUDWLRQV� 7KH PHFKDQLVPV
RI WKH DOJRULWKP DUH GLVFXVVHG LQ GHWDLO LQ 6HFWLRQ �����

����� 1SPPG PG $PODFQU
7KH 9( IRU ZKLFK WKH DGDSWDWLRQ DOJRULWKP LV JHQHUDWLQJ VXJJHVWLRQV DUH SDUW RI WKH
95 V\VWHP� ,Q WKLV ZRUN� D SURRI RI FRQFHSW DSSOLFDWLRQ IRU 95(7 KDV EHHQ GHYHORSHG
ZKLFK IXOÀOV WKH UROH RI WKH95 V\VWHP� 7KLV SURRI RQ FRQFHSW DSSOLFDWLRQ LV FDOOHG 3$�
752186� DQG LV WKH SURGXFW RI DQ LQWHUGLVFLSOLQDU\ FROODERUDWLRQ EHWZHHQ FRPSXWHU
VFLHQFH HQJLQHHUV� XVHU UHVHDUFKHUV� ,7 H[SHUWV DQG SV\FKRWKHUDSLVWV� 7KH SURRI RI
FRQFHSW DSSOLFDWLRQ ZLWK ZKLFK WKH DGDSWDWLRQ DOJRULWKP LV LQWHUDFWLQJ LV IXUWKHU GLV�
FXVVHG LQ WKLV VXEVHFWLRQ� 6SHFLDO DWWHQWLRQ LV JLYHQ WR WKH YLUWXDO HQYLURQPHQWV RI WKH
SURRI RI FRQFHSW�

������� 1"530/64 4ZTUFN

7KH 3$752186 V\VWHP DLPV WR FUHDWH D SDWLHQW�FHQWULF EOHQGHG KHDOWKFDUH VROXWLRQ
IRU DQ[LHW\ WUHDWPHQW WKURXJK (7� 7KH DSSURDFK FRQVLVWV RI WKHUDS\ DW WKH SV\FKRWKHU�
DSLVW·V R̋FH DQG ORQJLWXGLQDO IROORZ�XSV WKURXJK KRPHZRUN H[HUFLVHV RQ D PRELOH
FRDFKLQJ DSS� DV SUHVHQWHG LQ )LJXUH ���� 'XULQJ WKH IDFH�WR�IDFH VHVVLRQV� WKH SDWLHQW
UHFHLYHV (7 WKURXJK WKH XVH RI 95� 7KH 9( DUH SHUVRQDOLVHG WR WKH VSHFLÀF QHHGV
RI WKH SDWLHQW� ,Q EHWZHHQ VHVVLRQV� WKH SDWLHQW FDQ FRQWLQXH H[SRVLQJ WKHPVHOYHV WR
DQ[LHW\�LQGXFLQJ HQYLURQPHQWV WKURXJK KRPHZRUN H[HUFLVHV RQ WKHLU PRELOH SKRQH�
7KH SDWLHQW DOZD\V SODQV WKH KRPHZRUN H[HUFLVHV LQ FRQVXOWDWLRQ ZLWK WKH SV\FKRWKHU�
DSLVW� 7KHVH KRPHZRUN H[HUFLVHV DUH LQVWUXFWLRQV WR H[SHULHQFH UHDO�OLIH VLWXDWLRQV RU
95(7 H[HUFLVHV VLPLODU WR WKRVH SHUIRUPHG GXULQJ WKH IDFH�WR�IDFH VHVVLRQV�

$W WKH FHQWUH RI WKH 3$752186 V\VWHP LV D GDVKERDUG DSSOLFDWLRQ� DV VKRZQ
LQ )LJXUH ���� 7KURXJK WKLV GDVKERDUG� WKH SV\FKRWKHUDSLVW FDQ UHFRUG LQIRUPDWLRQ
DERXW WKH SDWLHQW� FRQÀJXUH DQG VWDUW 95 H[HUFLVHV IRU (7 DQG FUHDWH KRPHZRUN H[HU�
FLVHV WKDW V\QFKURQLVH ZLWK D PRELOH DSSOLFDWLRQ RQ WKH SDWLHQW·V VPDUWSKRQH� 7KH SV\�
FKRWKHUDSLVW FDQ DOVR FRQVXOW WKH SURJUHVV RI WKH SDWLHQW IURP WKH GDVKERDUG� :KHQ
FRQÀJXULQJ D 95 H[SRVXUH H[HUFLVH� WKH SV\FKRWKHUDSLVW FDQ HLWKHU PDQXDOO\ FRQÀJ�
XUH D QHZ HQYLURQPHQW RU KDYH WKH DGDSWDWLRQ DOJRULWKP JHQHUDWH IRXU VXJJHVWLRQV
IRU WKH SDWLHQW�

������� 5IF 7JSUVBM &OWJSPONFOUT

7KH 9(V DUH GHVLJQHG WR PDNH WKHP HDVLO\ DGDSWDEOH� HLWKHU PDQXDOO\ RU WKURXJK DQ
DOJRULWKP� (DFK HQYLURQPHQW KDV VRPH EDVH HOHPHQWV DQG FKDUDFWHULVWLFV ZKLFK FDQ�
QRW EH FKDQJHG� 7KHVH GHÀQH WKH RYHUDOO SXUSRVH RI WKH HQYLURQPHQW� )RU HDFK

�KWWSV���ZZZ�LPHF�LQW�FRP�HQ�ZKDW�ZH�RIIHU�UHVHDUFK�SRUWIROLR�SDWURQXV� DFFHVVHG RQ ����������

https://www.imec-int.com/en/what-we-offer/research-portfolio/patronus


��� $IBQUFS �

Coaching app

Anxiety levels

Dashboard for therapist

VR HMD

Light-weight VR
set-up

Therapist

Blended care

'JHVSF ���� 5IF 1"530/64 TZTUFN JT B QBUJFOU�DFOUSFE CMFOEFE DBSF TPMVUJPO GPS BOYJFUZ USFBUNFOU UISPVHI
73&5 XJUI UIF QTZDIPUIFSBQJTU BOE BU IPNF�

'JHVSF ���� 5IF EBTICPBSE BQQMJDBUJPO JT UIF JOUFSGBDF GPS UIF QTZDIPUIFSBQJTUT UP VTF UIF FOUJSF 1"530/64
TZTUFN�
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HQYLURQPHQW� D VHW RI SDUDPHWHUV LV GHÀQHG� ZKLFK IXUWKHU UHÀQHV WKH HOHPHQWV DQG
FKDUDFWHULVWLFV RI WKH HQYLURQPHQW� 7KHVH SDUDPHWHUV DUH FRQÀJXUDEOH DQG DOORZ WKH
HQYLURQPHQW WR EH DGDSWHG� ,Q WKLV LPSOHPHQWDWLRQ� HDFK SDUDPHWHU LV FRQVLGHUHG
D SRWHQWLDO VWLPXOXV WKDW HOLFLWV IHDU� L�H� &6� 7KH IROORZLQJ VHFWLRQV GLVFXVV VSHFLÀF
FRQÀJXUDEOH SDUDPHWHUV�

7KH 3$752186 V\VWHP LQFRUSRUDWHV WZR GLVWLQFW HQYLURQPHQWV� 7KHUH LV DQ
HOHYDWRU HQYLURQPHQW DQG D FDU HQYLURQPHQW� %RWK HQYLURQPHQWV FDQ EH XVHG IRU
SHRSOH ZLWK SDQLF GLVRUGHU DQG FODXVWURSKRELD� 7KH FDU HQYLURQPHQW DOVR IRFXVHV RQ
IHDU RI GULYLQJ�

$SDUW IURP WKH HQYLURQPHQW�VSHFLÀF SDUDPHWHUV� D VPDOO VHW RI JHQHUDO DGDSWDWLRQ
SDUDPHWHUV DUH SURYLGHG� 7KHVH DUH WKH VR�FDOOHG LQWHURFHSWLYH SDUDPHWHUV� 7KHVH GR QRW
FKDQJH DQ\WKLQJ DERXW WKH HQYLURQPHQW LWVHOI� 7KH\ DUH GHVLJQHG WR HOLFLW D VSHFLÀF
LQWHURFHSWLYH VHQVDWLRQ LQ WKH SDWLHQW E\ PRGLI\LQJ WKH SHUFHSWLRQ RI WKH HQYLURQPHQW�

7KH HOHYDWRU DQG FDU HQYLURQPHQWV� DQG LQWHURFHSWLYH SDUDPHWHUV DUH GLVFXVVHG LQPRUH
GHWDLO LQ WKH IROORZLQJ VHFWLRQV�

(OHYDWRU HQYLURQPHQW 7KH XVHU FDQ LQWHUDFW ZLWK WKH HOHYDWRU HQYLURQPHQW E\
ZDONLQJ DURXQG IUHHO\ DQG SUHVVLQJ WKH EXWWRQV LQ WKH HOHYDWRU� ,Q WKLV VFHQDULR� WKH
XVHU FRQWUROV ZKDW KDSSHQV DV WKH\ GHFLGH WR HQWHU WKH HOHYDWRU RU JR WR D VSHFLÀF
ÁRRU� ,QWHUDFWLRQ KDSSHQV WKURXJK KDQG�KHOG FRQWUROOHUV� ZKLFK DUH UHSUHVHQWHG E\
KDQGV LQ WKH 9(� 7KH ORRN DQG IHHO RI WKH HOHYDWRU DUH FUXFLDO EHFDXVH WKLV FDQ LQÁX�
HQFH WKH SDWLHQW·V DQ[LHW\ OHYHO� 7KHUHIRUH� WKUHH EDVH W\SHV RI HOHYDWRUV DUH VXSSRUWHG�
D PRGHUQ�ORRNLQJ HOHYDWRU �)LJ� ���D�� DQ ROG HOHYDWRU �)LJ� ���E� DQG D VHUYLFH HOHYD�
WRU �)LJ� ���F�� 7KH\ FDQ WKHQ EH IXUWKHU WDLORUHG E\ FKRRVLQJ D W\SH RI GRRU IURP
D RQH�VLGHG VOLGLQJ GRRU �)LJ� ���F�� D WZR�VLGHG VOLGLQJ GRRU �)LJ� ���D�� RU D KLQJHG
GRRU �)LJ� ���E�� DGGLQJ ZLQGRZV �)LJ� ���E�� DQG FKDQJLQJ WKH VL]H RI WKH HOHYDWRU�
$OVR� PRUH VXEWOH HOHPHQWV FDQ EH FRQÀJXUHG� VXFK DV ZKHWKHU WKH ÁRRU EXWWRQV DUH
LQVLGH RU RXWVLGH WKH HOHYDWRU� ZKHWKHU DQ DODUP EXWWRQ LV SUHVHQW RU KRZ PXFK QRLVH
WKH HOHYDWRU PDNHV� 7KH QXPEHU RI SHRSOH LQ WKH HOHYDWRU FDQ EH FKDQJHG WR VLPXODWH
D FURZGHG VSDFH� 7R IXUWKHU HQKDQFH WKH VHQVH RI SUHVHQFH� VXEWOH YLVXDO FXHV DUH
LQFRUSRUDWHG IRU WKH HOHYDWRU·V VSHHG WKURXJK PRYLQJ OLJKW VWUHDNV DURXQG WKH GRRUV
DQG WKH VHQVDWLRQ RI WKH HOHYDWRU VWDUWLQJ DQG VWRSSLQJ WKURXJK VRPH FDPHUD VKDNH�
/DVWO\� WKUHH SDUDPHWHUV VLPXODWH GHIHFWV LQ WKH HOHYDWRU DV WKHVH DUH HVVHQWLDO VWLPXOL
IRU VRPH SDWLHQWV� 5DQGRP VKDNLQJ RI WKH HOHYDWRU LV VLPXODWHG WKURXJK FDPHUD VKDN�
LQJ� WKH OLJKWV LQ WKH FDELQ FDQ GLP DW UDQGRP PRPHQWV� DQG WKH HOHYDWRU FRXOG JHW
VWXFN ZKLOH PRYLQJ EHWZHHQ ÁRRUV�

&DU HQYLURQPHQW 7KH SDWLHQW LV VHDWHG LQ D YLUWXDO FDU RQ WKH IUHHZD\� 7KHUH LV OLWWOH
LQWHUDFWLRQ SRVVLEOH IURP WKH XVHU ZLWK WKH 9(� 7KH XVHU FDQ RQO\ ORRN DURXQG ZKLOH
EHLQJ VXEPLWWHG WR ZKDW LV JRLQJ RQ LQ WKH HQYLURQPHQW� 7R SURYLGH D EHWWHU VHQVH RI
SUHVHQFH LQ WKH HQYLURQPHQW� WKH SDWLHQW KROGV WZR FRQWUROOHUV PDWFKHG WR KDQGV RQ
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	B
 	C


	D


'JHVSF ���� 5IF MPPL BOE GFFM PG UIF FMFWBUPS EFQFOET PO UIF DPNCJOBUJPO PG NBOZ QBSBNFUFST TVDI BT UIF
FMFWBUPS JOUFSJPS UIF EPPS UZQF BOE UIF CVUUPOTn QPTJUJPO� 	B
 .PEFSO FMFWBUPS XJUI UXP�TJEFE
TMJEJOH EPPST 	C
 0ME FMFWBUPS XJUI B IJOHFE EPPS GFBUVSJOH B XJOEPX UIF CVUUPOT BSF MPDBUFE PO
UIF PVUTJEF 	D
 4FSWJDF FMFWBUPS XJUI B POF�TJEFE TMJEJOH EPPS�

WKH VWHHULQJ ZKHHO� ,Q WKLV FDU HQYLURQPHQW� PDQ\ SDUDPHWHUV FDQ EH DOWHUHG WR LQFUHDVH
RU GHFUHDVH WKH SDWLHQW·V OHYHO RI DQ[LHW\� 7KH ÀUVW LV WKH W\SH RI IUHHZD\� DQ RSHQ
IUHHZD\ �)LJ� ���D�� D WXQQHO �)LJ� ���E� RU D EULGJH �)LJ� ���F�� 7KH WUD̋F RQ WKH URDG LV
FRQÀJXUDEOH DV ZHOO� WKH DPRXQW RI WUD̋F� WKH VSHHG OHYHO� WKH SUHVHQFH RIPRWRUF\FOHV
�)LJ� ���D�� DQG WKH ODQH LQ ZKLFK WKH FDU LV GULYLQJ� $OVR� WKH WLPH RI GD\ DQG WKH
ZHDWKHU FRQGLWLRQV FDQ EH DOWHUHG� ,Q WKLV 9(� LW FDQ EH QLJKWWLPH RU GD\WLPH� DQG LW FDQ
EH VXQQ\ RU UDLQ\ DQG FOHDU RU IRJJ\� $ VHW RI SDUDPHWHUV IRFXVHV RQ WKH VLWXDWLRQ LQ WKH
FDU LWVHOI DQG GLVFHUQV EHWZHHQ YLVXDO DQG DXGLWLYH VWLPXOL� )RU WKH YLVXDO SDUDPHWHUV�
WKH SDWLHQW FDQ EH VHDWHG EHKLQG WKH VWHHULQJ ZKHHO RU VLW LQ WKH SDVVHQJHU·V VHDW LQ
WKH IURQW RU WKH EDFN� $GGLWLRQDOO\� WKH QXPEHU RI SDVVHQJHUV LQ WKH FDU FDQ DOVR
EH PRGLÀHG� 7KHUH LV DOVR DQ RSWLRQ IRU HQDEOLQJ D EOLQNLQJ ZDUQLQJ OLJKW RQ WKH
GDVKERDUG WR VLJQDO D GHIHFW� )LQDOO\� IRXU PRUH SDUDPHWHUV SURYLGH DFRXVWLF VWLPXOL WR
LQFUHDVH RU GHFUHDVH WKH SDWLHQW·V OHYHO RI DQ[LHW\� DV VRPH SDWLHQWV DUHPRUH VXVFHSWLEOH
WR VRXQGV� 7KH SDWLHQW FDQ KHDU D FDU KRUQ� ZDLOLQJ VLUHQV DQG HQJLQH VRXQGV� $OVR� WKH
UDGLR FDQ EH WXUQHG RQ DQG R̊� HLWKHU EURDGFDVWLQJ WUD̋F LQIRUPDWLRQ RU LQVWUXPHQWDO
PXVLF�

,QWHURFHSWLYH SDUDPHWHUV 'L]]LQHVV LV DFKLHYHG E\ DSSO\LQJ PRWLRQ RQ WKH FDPHUD
YLHZ RI WKH YLUWXDO HQYLURQPHQW� ZKLFK FDXVHV D PLVDOLJQPHQW EHWZHHQ WKH SK\VLFDO
SRVLWLRQ RI WKH XVHU·V KHDG DQG WKH SRVLWLRQ LQ WKH YLUWXDO HQYLURQPHQW� $ ÀOWHU RQ WKH
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	B
 	C
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'JHVSF ���� 5IF DPNCJOBUJPO PG QBSBNFUFST TVDI BT UIF SPBE UZQF UIF TFBUJOH QPTJUJPO BOE UIF UJNF PG EBZ
JOñVFODF UIF SFQSFTFOUBUJPO PG UIF DBS FOWJSPONFOU� 	B
 " CVTZ GSFFXBZ XIJMF B NPUPSDZDMF PWFS�
UBLFT UIF DBS 	C
 " UVOOFM SPBE XIJMF TJUUJOH JO UIF CBDLTFBU 	D
 " SPBE BDSPTT B CSJEHF CZ OJHIU�

YLVXDO IHHG DSSOLHV D EOXU WR VLPXODWH D VXGGHQ YLVLRQ EOXU IRU WKH XVHU� 7XQQHO YLVLRQ
LV DOVR D ÀOWHU DSSOLHG RQ WKH YLVXDO IHHG� 7KLV ÀOWHU QDUURZV GRZQ WKH ÀHOG RI YLVLRQ
UHVXOWLQJ LQ D VPDOO DUHD WKURXJK ZKLFK FDQ EH VHHQ� ZKLOH WKH UHVW LV EODFN� $QRWKHU
H̊HFW FDXVHV OLJKW ÁLFNHUV ZKLFK FUHDWH VKRUW EXUVWV LQ ZKLFK WKH YLHZ WXUQV FRPSOHWHO\
ZKLWH� 7KHVH ÁLFNHUV KDSSHQ DW UDQGRP SRLQWV LQ WLPH� 7KH ODVW WZR DUH EDVHG RQ DQ
DFRXVWLF FXH� 7KH VRXQG RI D KHDUWEHDW FDQ EH VLPXODWHG� 7KLV FUHDWHV WKH LOOXVLRQ
WKDW WKH SDWLHQWV KHDU WKHLU KHDUWEHDW� /DVWO\� LQWHQWLRQDOO\ FDXVLQJ K\SHUYHQWLODWLRQ LV
D FRPPRQ H[HUFLVH LQ (7 DQG HOLFLWV LQWHURFHSWLYH VHQVDWLRQV� +\SHUYHQWLODWLRQ FDQ
EH WULJJHUHG E\ OHWWLQJ WKH SDWLHQW EUHDWKH GHHSO\ LQ DQG RXW DW D VWHDG\ DQG IDVW SDFH�
,Q WKH 9(� D EHHSLQJ VRXQG LQGLFDWHV WKH SDFH� $OO LQWHURFHSWLYH SDUDPHWHUV FDQ EH
VHW LQ WKH GDVKERDUG� VHH )LJXUH ���� WKURXJK D WRJJOH EXWWRQ DQG D VOLGHU LQGLFDWLQJ
WKH LQWHQVLW\�

��� 3FTVMUT
7KH SULPDU\ UHVXOW SUHVHQWHG E\ WKLV SDSHU LV WKH SURWRW\SH RI DQ DGDSWDWLRQ DOJRULWKP
IRU 95(7� 7KH DOJRULWKP FUHDWHV IRXU VXJJHVWLRQV IRU SRVVLEOH QHZ FRQÀJXUDWLRQV RI
9( EDVHG RQ WKH QHHGV RI WKH SDWLHQW E\ UHO\LQJ RQ WKH WKHRUHWLFDO IRXQGDWLRQ SUR�
YLGHG E\ WKH 5: PRGHO DQG GDWD RI WKH SDWLHQW DQG SULRU H[HUFLVHV� 7KLV SURWRW\SH
LV IXUWKHU GHVFULEHG LQ WKLV VHFWLRQ� )XUWKHUPRUH� D VFDODELOLW\ WHVW RQ WKH H[HFXWLRQ
WLPH RI WKH DOJRULWKP LV SHUIRUPHG LQ WKH QH[W SDUW RI WKH VHFWLRQ� )LQDOO\� WKH VXJ�
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'JHVSF ���� 5IF JOUFSPDFQUJWF TUJNVMJ BSF BEKVTUBCMF JO UIF EBTICPBSE WJFX EVSJOH BO FYQPTVSF FYFSDJTF�

JHVWLRQV UHVXOWLQJ IURP WKLV DOJRULWKP DUH FRPSDUHG WR SULRU PDQXDO FRQÀJXUDWLRQ RI
WZR SV\FKRWKHUDSLVWV IURP WKUHH DQRQ\PLVHG FOLQLFDO YLJQHWWHV�

����� "EBQUBUJPO "MHPSJUIN

7KH DGDSWDWLRQ DOJRULWKP UHOLHV RQ D SOHWKRUD RI KHWHURJHQRXV GDWD RI WKH SDWLHQW�
LWV KLVWRU\ DQG WKH DYDLODEOH 9( IRU WKH 95(7� 7KLV LQIRUPDWLRQ LV FRQVROLGDWHG LQ D
NQRZOHGJH EDVH DV GLVFXVVHG LQ 6HFWLRQ ���� 7KLV NQRZOHGJH EDVH LV FULWLFDO IRU WKH
DGDSWDWLRQ DOJRULWKP� )LJXUH ���� SUHVHQWV WKH SURFHVV RI WKH DGDSWDWLRQ DOJRULWKP WR
JHQHUDWHG WKH IRXU VXJJHVWLRQV EDVHG RQ WKH LQIRUPDWLRQ LW KDV DYDLODEOH�

7KH SURFHVV VWDUWV E\ TXHU\LQJ WKH NQRZOHGJH EDVH IRU WKH WDUJHW K\SRWKHVLV DQG D
EDVH K\SRWKHVLV� 7KH WDUJHW K\SRWKHVLV KDV EHHQ FRQVWUXFWHG IURP WKH 95 SDUDPHWHU
TXHVWLRQQDLUH� 7KH EDVH K\SRWKHVLV FRUUHVSRQGV WR WKH K\SRWKHVLV WKDW ZDV XVHG LQ
WKH ODVW H[HUFLVH� ,W LV FDOOHG WKH EDVH K\SRWKHVLV RU FRQÀJXUDWLRQ EHFDXVH LW IRUPV WKH
VWDUWLQJ SRLQW IRU WKH VXJJHVWLRQV RI WKH QH[W H[HUFLVH� L�H� IRU HDFK QHZ H[HUFLVH� WKH
FRQÀJXUDWLRQ RI WKH SUHYLRXV H[HUFLVH LV DOWHUHG� ,I QR WDUJHW RU EDVH K\SRWKHVLV H[LVWV�
GHIDXOW VXJJHVWLRQV ZLOO EH SURYLGHG WR WKH SV\FKRWKHUDSLVW DV WKHUH LV QRW HQRXJK GDWD
DYDLODEOH WR FRQVWUXFW VHQVLEOH VXJJHVWLRQV� ,Q WKLV FDVH� WKH SURFHVV WHUPLQDWHV HDUO\�

7KH QH[W VWHS LV XSGDWLQJ WKH 5:PRGHO >��@� 7KH IROORZLQJ WZR IRUPXODV GHVFULEH
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'JHVSF ����� 'MPX EJBHSBN PG UIF BEBQUJWF BMHPSJUIN CBTFE PO UIF 3FTDPSMB�8BHOFS NPEFM

WKH PRGHO�

V n+1
X = ↵X�

 
��

X

s2S

Vs

!
, �����

V n+1
X = V n

X + V n+1
X . �����

(TXDWLRQ ��� PRGHOV WKH FKDQJH LQ DVVRFLDWLRQ� �VX IRU WULDO n + 1 EHWZHHQ
WKH &6 X DQG WKH 86 ZKHUHDV� (TXDWLRQ ��� H[SUHVVHV WKH WRWDO DVVRFLDWLRQ VWUHQJWK
EHWZHHQ &6 X DQG WKH 86 DIWHU n + 1 WULDOV� ,Q (TXDWLRQ ���� ↵X LV WKH VDOLHQFH RI
X � � LV WKH UDWH SDUDPHWHU IRU WKH 86� � LV WKH PD[LPXP DVVRFLDWLRQ SRVVLEOH IRU X �
DQG S LV WKH FROOHFWLRQ RI DOO VWLPXOL SUHVHQWHG GXULQJ WKH WULDO�

7KH NQRZOHGJH EDVH SURYLGHV WKH LQIRUPDWLRQ QHHGHG WR SHUIRUP WKH XSGDWH VWHS�
6SHFLÀFDOO\� LW SURYLGHV HVWLPDWLRQV IRU WKH YDOXHV RI ↵X � �� � DQG VWRW � 7KH WKHRU\ RI
5HVFRUOD DQG :DJQHU VWDWHV WKDW ↵X DQG � QHHG WR UHPDLQ WKH VDPH IRU HDFK H[HUFLVH�
7KH SDUDPHWHU � GHQRWHV WKH UDWH DW ZKLFK D SDWLHQW IRUPV QHZ DVVRFLDWLRQV� 7KHUH�
IRUH� WKH YDOXH RI � LV DVVRFLDWHG ZLWK WKH QXPEHU RI H[SRVXUH H[HUFLVHV QHHGHG EHIRUH
WKH SDWLHQW VKRZV D UHGXFHG 68'6 IRU D SDUWLFXODU VWLPXOXV� )RU WKH FRQVWUXFWLRQ RI
WKLV DOJRULWKP� ZH DVVXPH D YDOXH RI 0.2 IRU WKH SURGXFW RI ↵X DQG � LQ (TXDWLRQ ����
)LQGLQJ WKH RSWLPDO YDOXHV IRU ↵X DQG � LV RXWVLGH WKH VFRSH RI WKLV UHVHDUFK� 7KLV
ZRUN XVHV DQ HVWLPDWHG YDOXH DV D GHIDXOW� 7KH YDOXH IRU � FDQ EH H[WUDFWHG IURP WKH
H[SRVXUH ORJ GLUHFWO\� 7KH DQVZHU WR WKH TXHVWLRQ ´'LG WKDW ZKDW \RX IHDUHG WKH PRVW
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DFWXDOO\ KDSSHQ GXULQJ WKH H[SRVXUH H[HUFLVH"µ LV HLWKHU \HV RU QR� ZKLFK WUDQVODWHV WR D
YDOXH RI 1 RU 0� UHVSHFWLYHO\� IRU �� /DVWO\� VWRW LV WKH IHDU DVVRFLDWLRQ RI WKH SDWLHQW IRU
WKH FRPELQDWLRQ RI DOO VWLPXOL LQ WKH FXUUHQW H[HUFLVH� 7KLV YDOXH FDQ DOVR EH GLUHFWO\
REWDLQHG IURP WKH H[SRVXUH ORJ� 7KH REVHUYHG SHDN GLVFRPIRUW SURYLGHV WKLV YDOXH�

:LWK WKH XSGDWHG 5: PRGHO� WKH IRXU VXJJHVWLRQV FDQ EH FDOFXODWHG� (DFK VXJ�
JHVWLRQ KDV DQ HVWLPDWHG GL̋FXOW\ DV D QXPEHU EHWZHHQ 0 DQG 1 GHQRWHG GL̋FXOW\BOHYHO�
$Q HYHQ GLVWULEXWLRQ RI GL̋FXOWLHV UDQJLQJ IURP 0.5 WR 0.95 LV FKRVHQ� UHVXOWLQJ LQ D
GLYHUVH UDQJH RI VXJJHVWLRQV WKDW DUH QRW WRR VLPSOH EXW VWLOO FKDOOHQJH WKH SDWLHQW� $G�
MXVWLQJ WKH GL̋FXOW\ OHYHO IRU HDFK RI WKH IRXU VXJJHVWLRQV FDQ UHVXOW LQ PRUH GLYHUVH
FRQÀJXUDWLRQV LI QHHGHG�

7KH GL̋FXOW\ YDOXH LQÁXHQFHV WKH QXPEHU RI VWLPXOL IRU ZKLFK D QHZ YDOXH LV
FKRVHQ DQG WKH YDOXH RI WKH QHZ VWLPXOXV LWVHOI� $V PHQWLRQHG EHIRUH� D QHZ FRQÀJ�
XUDWLRQ LV FUHDWHG E\ FKDQJLQJ WKH FRQÀJXUDWLRQ RI WKH SUHYLRXV H[HUFLVH� ZKLFK ZDV
FDOOHG WKH EDVH K\SRWKHVLV� (DFK VWLPXOXV IURP WKH EDVH FRQÀJXUDWLRQ FKDQJHV ZLWK
D SUREDELOLW\ p� DV GHÀQHG LQ (TXDWLRQ ���� DQG VWD\V WKH VDPH ZLWK D SUREDELOLW\ RI
1 � p� 7KHUHIRUH� D KLJKHU GL̋FXOW\ YDOXH OHDGV WR PRUH VWLPXOL ZLWK D QHZ YDOXH�
ZKLOH D KLJKHU DVVRFLDWLRQ ZLWK WKH SUHYLRXV H[HUFLVH OHDGV WR IHZHU VWLPXOL ZLWK D QHZ
YDOXH�

p = GLIILFXOW\BOHYHO ⇤ (1� VWRW ) �����

7KH QHZ YDOXH RI D VWLPXOXV LV EDVHG RQ s� DFFRUGLQJ WR (TXDWLRQ ���� 7KLV YDOXH
LQGLFDWHV WKH GLVWDQFH EHWZHHQ WKH YDOXH RI WKH VWLPXOXV DQG WKH WDUJHW YDOXH RI WKDW
VWLPXOXV� $ YDOXH RI 1 UHVXOWV LQ SUHFLVHO\ WKH WDUJHW YDOXH� ZKLOH 0 UHVXOWV LQ WKH YDOXH
IXUWKHVW DZD\ IURP WKH WDUJHW�

s = GLIILFXOW\BOHYHO/VX �����

7KH WDUJHW YDOXH t LV WKH YDOXH JLYHQ WR D VWLPXOXV LQ WKH WDUJHW K\SRWKHVLV� 7KH
PHWKRG IRU FDOFXODWLQJ WKH H[DFW QHZ YDOXH u RI D VWLPXOXV GHSHQGV RQ WKH GDWDW\SH
RI LWV SDUDPHWHU DQG WKH WDUJHW YDOXH RI WKH VWLPXOXV� 7KH IRXU VXSSRUWHG W\SHV DUH
SDUDPHWHUV ZLWK ERROHDQ YDOXHV� SDUDPHWHUV ZLWK DQ RUGHUHG VHW RI SRVVLEOH YDOXHV�
SDUDPHWHUV ZLWK DQ XQRUGHUHG VHW RI SRVVLEOH YDOXHV DQG SDUDPHWHUV ZLWK FRQWLQXRXV
YDOXHV�

)RU VWLPXOL ZLWK ERROHDQ SDUDPHWHUV� WKH YDOXH RI u LV FDOFXODWHG DV (TXDWLRQ ���
IRUPXODWHV�

u =

⇢
WUXH s > 0.5
IDOVH s  0.5

�����

,I WKH SDUDPHWHU FDQ WDNH D YDOXH IURP D VHW RI RUGHUHG RSWLRQV� s LV ÀUVW WUDQV�
IRUPHG WR PDWFK WKH UDQJH EHWZHHQ 0 DQG t� DQG WKHQ WKH YDOXH LV URXQGHG WR WKH
QHDUHVW LQWHJHU QXPEHU� 7KLV YDOXH WKHQ UHSUHVHQWV WKH VHOHFWHG RSWLRQ IURP WKH VHW
DV (TXDWLRQ ��� VWDWHV�

u = URXQG(s · t) �����
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:KHQ WKH VHW RI RSWLRQV LV XQRUGHUHG� WKH YDOXH RI s KDV OLWWOH VLJQLÀFDQFH� 7KHUH�
IRUH� WKH DOJRULWKP DOZD\V VHOHFWV WKH H[DFW WDUJHW YDOXH�

)LQDOO\� IRU FRQWLQXRXV YDOXHV� WKH QHZ VHWWLQJ LV FDOFXODWHG E\ PXOWLSO\LQJ s E\ WKH
WDUJHW YDOXH DQG DGMXVWLQJ IRU WKHPLQLPXP YDOXH RI WKH UDQJH DV VWDWHG LQ (TXDWLRQ ����

u = (s · (t� YDOXHPLQ)) + YDOXHPLQ �����

$V PHQWLRQHG EHIRUH� WKH YDOXH RI s LQGLFDWHV WKH UHODWLYH GL̊HUHQFH EHWZHHQ t DQG
u� :KHQ s = 0� WKH GL̊HUHQFH VKRXOG EH PD[LPDO� ,Q WKHVH IRUPXODV� WKH DVVXPSWLRQ
ZDV PDGH WKDW WKH WDUJHW YDOXH LV DOZD\V FORVH WR 1� LQGLFDWLQJ D KLJK LQWHQVLW\� 7KHUH�
IRUH� WKH RSSRVLWH ZRXOG EH 0� LQGLFDWLQJ D ORZ LQWHQVLW\� ,Q SUDFWLFH� WKLV DVVXPSWLRQ
GRHV QRW DOZD\V KROG DV WKH WDUJHW FRXOG DOVR EH H[SRVHG WR D ORZ�LQWHQVLW\ VWLPXOXV
EHFDXVH LW HOLFLWV IHDU� ,I WKH WDUJHW LV FORVH WR 0� WKH QHZ YDOXH RI WKH VWLPXOXV FDQ EH
FDOFXODWHG XVLQJ WKH SUHYLRXV IRUPXODV DV 1� u�

����� *NQMFNFOUBUJPO
7KH V\VWHP LQ ZKLFK WKH DGDSWDWLRQ DOJRULWKP JHWV LQWHJUDWHG LV UHVSRQVLEOH IRU FROOHFW�
LQJ GDWD IURP GL̊HUHQW VRXUFHV �H�J� PDQXDO LQSXW� TXHVWLRQQDLUHV� SUHYLRXV H[HUFLVHV�
DQG UHQGHULQJ WKH 9( EDVHG RQ WKH FRQÀJXUDWLRQ� 7KHUHIRUH� WKH DOJRULWKP DQG WKH
NQRZOHGJH EDVH QHHG WR LQWHUDFW ZLWK WKH V\VWHP WR XVH WKH FROOHFWHG GDWD DQG LQVWUXFW
LW KRZ WR FRQÀJXUH WKH 9(V� 7KH WHFKQLFDO LPSOHPHQWDWLRQ GHWDLOV RI WKH LQWHUDFWLRQ
ZLWK WKH V\VWHP DUH GLVFXVVHG KHUH�

)LJXUH ���� LOOXVWUDWHV WKH WKUHH FRPSRQHQWV WKDW HQDEOH WKH LQWHJUDWLRQ RI WKH
DGDSWDWLRQ DOJRULWKP� 7KHVH FRPSRQHQWV FRPPXQLFDWH ZLWK DQ\ RWKHU SDUW RI WKH
V\VWHP WKURXJK D PHVVDJH EXV� $ FRQWLQXRXVO\ UXQQLQJ OLVWHQHU SURFHVV ZULWWHQ LQ
3\WKRQ PRQLWRUV WKH EXV IRU QHZ LQFRPLQJ PHVVDJHV IRU WKH DGDSWLRQV V\VWHP� 7KH
PHVVDJH RQ WKH EXV FRQWDLQV DQ LGHQWLÀHU LQGLFDWLQJ IRU ZKLFK SDWLHQW WKH DGDSWDWLRQV
VKRXOG EH FDOFXODWHG� 7KH PHVVDJH DOVR FRQWDLQV WKH ORFDWLRQV RI WKH UHOHYDQW GDWD IRU
WKDW SDWLHQW� )RU HYHU\ LQFRPLQJ PHVVDJH� D QHZ SURFHVV LV VWDUWHG ZKLFK SHUIRUPV WKH
FDOFXODWLRQV IRU WKH DGDSWLRQV� 7KH FRQWURO ÁRZ LV GULYHQ E\ WKH $GDSWRU FRPSRQHQW
DV GHSLFWHG LQ )LJXUH ���� ZKLFK LV DOVR LPSOHPHQWHG LQ 3\WKRQ DQG LQWHUDFWV ZLWK D
-DYD�EDVHG VHPDQWLF UHDVRQHU FDOOHG 3HOOHW >��@� 2QFH WKH VXJJHVWLRQV DUH JHQHUDWHG�
WKHVH DUH SXVKHG EDFN RQ WKH PHVVDJH EXV IRU WKH IROORZLQJ FRPSRQHQWV WR KDQGOH
WKHP�

������� 0OUPMPHZ 3FQSFTFOUBUJPO BOE 3FBTPOJOH

2QWRORJLHV QHHG D IRUPDO GHVFULSWLRQ IRU D FRPSXWHU V\VWHP WR EH DEOH WR LQWHUSUHW LW�
7KH RQWRORJ\ GHVFULSWLRQ XVHV 2:/ � >��@� WKH PRVW UHFHQW YHUVLRQ RI :HE 2QWRORJ\
/DQJXDJH �2:/�� 2:/ LV D UHFRPPHQGDWLRQ RI WKH :�&� 7KH $GDSWRU XVHV 2:/
$3, >��@ IRU KDQGOLQJ WKH 2:/ RQWRORJLHV DW UXQWLPH� ZKLOH 63$54/ LV XVHG WR TXHU\
WKH LQIRUPDWLRQ IURP WKH RQWRORJLHV� 7KH 3URWpJp >��@ HGLWRU VRIWZDUH ZDV XVHG WR
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'JHVSF ����� 5IF JNQMFNFOUBUJPO PWFSWJFX PG UIF EJGGFSFOU DPNQPOFOUT PG UIF BEBQUBUJPO TZTUFN BOE IPX UIF
NFTTBHF CVT JT VTFE GPS DPNNVOJDBUJPO XJUI BOZ PUIFS QBSU PG UIF TZTUFN�

FUHDWH WKH 2:/ RQWRORJLHV� /LVWLQJ ��� SUHVHQWV D IUDJPHQW RI WKH 95(7�RQWRORJ\
XVLQJ 2:/�

7KH XVHU�GHÀQHG UXOHV DOVR QHHG D IRUPDO GHÀQLWLRQ IRU WKH UHDVRQHU WR LQWHUSUHW
WKHP� 7KH 6HPDQWLF :HE 5XOH /DQJXDJH �6:5/� >��� ��@ FDQ EH XVHG IRU WKLV� ,W
PDNHV LW SRVVLEOH WR GHVFULEH ORJLFDO UXOHV IRU 2:/ RQWRORJLHV� $Q H[DPSOH RI D
6:5/ UXOH LV DV IROORZV�

([SRVXUH/RJ(?e) ^ H[SHULHQFHG'LVFRPIRUW(?e, ?x) ^ H[SHFWHG'LVFRPIRUW(?e, ?y)

^ VZUOE : VXEWUDFW(?z, ?x, ?y) �! DVVRFLDWLRQ&KDQJH(?e, ?z)

������� %BUB .BQQJOH

5DZ LQFRPLQJ GDWD LV PDSSHG RQWR WKH RQWRORJ\� 7KLV PHDQV FUHDWLQJ LQVWDQFHV RI
WKH FRQFHSWV GHÀQHG LQ WKH RQWRORJ\ DQG DVVLJQLQJ UHODWLRQVKLSV EHWZHHQ WKHVH LQ�
VWDQFHV EDVHG RQ WKH LQFRPLQJ GDWD� )LJXUH ���� GHSLFWV WKLV GDWD PDSSLQJ SURFHVV�
7KH UDZ GDWD HQWHUV WKH DGDSWDWLRQ V\VWHP LQ D VHPL�VWUXFWXUHG IRUPDW� QDPHO\ -621�
7KH UHVXOW RI WKLV GDWD PDSSLQJ LV D VHW RI 5HVRXUFH 'HVFULSWLRQ )UDPHZRUN �5')�
WULSOHV� $ WULSOH FRQVLVWV RI D VXEMHFW� D SUHGLFDWH DQG DQ REMHFW� H�J� patient �VXE�
MHFW� hasHypothesis �SUHGLFDWH� hypothesis �REMHFW�� ,Q WKLV ZD\� HYHU\ UHODWLRQ
RI HYHU\ LQVWDQFH FDQ EH GHÀQHG� 7KH GDWD LQ VHPL�VWUXFWXUHG -621 IRUPDW FDQ EH
DXWRPDWLFDOO\ PDSSHG XVLQJ D WRRO FDOOHG 50/PDSSHU� ZKLFK XVHV WKH 5') 0DSSLQJ
/DQJXDJH �50/� >��@ WR GHÀQH UXOHV IRU PDSSLQJ IURP RQH VWUXFWXUH WR DQRWKHU�

7KH 50/ V\QWD[ LV UDWKHU FRPSOH[� 7KHUHIRUH� DQ DGGLWLRQDO WRRO LV XVHG IRU JHQ�
HUDWLQJ WKHVH UXOHV IURP D PXFK VLPSOHU V\QWD[� <$5550/ >��@ LV DQ DSSOLFDWLRQ WKDW
DFFHSWV PDSSLQJ UXOHV LQ <$0/ V\QWD[ DQG RXWSXWV WKH FRUUHVSRQGLQJ 50/ UXOHV�
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'JHVSF ����� 0WFSWJFX PG UIF EBUB NBQQJOH QSPDFTT TIPXJOH UIF UXP QSPDFTTPS VOJUT 	TRVBSFT
 BOE UIF EBUB
PCKFDUT 	PWBMT
 UIBU ñPX UISPVHI JU� 5IF PSBOHF QSPDFTT JT POMZ FYFDVUFE PODF CFGPSF FYFDVUJPO
UJNF� 4JNJMBSMZ UIF PSBOHF EBUB PCKFDUT BSF DSFBUFE PODF BU EFTJHO UJNF� 5IF CMBDL QSPDFTT JT
FYFDVUFE SFQFBUFEMZ BU SVOUJNF SFTVMUJOH JO OFX EBUB PCKFDUT�

&RQVWUXFWLQJ WKH 50/ UXOHV XVLQJ <$5550/ LV RQO\ SHUIRUPHG RQFH GXULQJ LP�
SOHPHQWDWLRQ� 7KH PDSSLQJ LQWR 5') WULSOHV XVLQJ 50/PDSSHU LV SHUIRUPHG IRU
HYHU\ QHZ GDWD HQWHULQJ WKH V\VWHP� 7KLV LV LOOXVWUDWHG E\ WKH RUDQJH DQG EODFN FRP�
SRQHQWV� UHVSHFWLYHO\� LQ )LJXUH �����

7R LOOXVWUDWH WKLV SURFHVV� WKH IROORZLQJ H[DPSOH LV SUHVHQWHG� 7KH LQSXW LV WKH
-621�ÀOH LQ /LVWLQJ ���� ZKLFK FRQWDLQV RQO\ DQ ,' RI WKH SDWLHQW� 7KH LQSXW GDWD
LV PDSSHG DFFRUGLQJ WR WKH PDSSLQJ UXOHV GHÀQHG LQ /LVWLQJ ���� 7KHVH UXOHV DUH LQ
<$0/ V\QWD[� 7KHUHIRUH� WKH\ DUH ÀUVW WUDQVODWHG LQWR 50/ V\QWD[� ZKLFK UHVXOWV LQ
WKH UXOHV VKRZQ LQ /LVWLQJ ���� 7KH RXWSXW RI WKH SURFHVV IRU WKLV H[DPSOH LV WZR WULSOHV
VKRZQ LQ /LVWLQJ ���� 7KH ÀUVW WULSOH VWDWHV WKDW WKHUH LV VRPH HQWLW\ ZKLFK LV RI W\SH
3DWLHQW� 7KH VHFRQG WULSOH LQGLFDWHV WKDW WKLV QHZ HQWLW\ KDV WKH SURSHUW\ KDV3DWLHQW,'�
ZKLFK SURYLGHV LW ZLWK DQ ,'�

{
"ClientId": "f21a3f6d"

}

-JTUJOH ���� 5IJT JT BO FYBNQMF PG B QPTTJCMF JOQVU +40/ ðMF� *U POMZ DPOUBJOT BO *% PG B QBUJFOU�

base:patient_f21a3f6d a uet:Patient.
base:patient_f21a3f6d uet:hasPatientID "f21a3f6d"^^xsd:string.

-JTUJOH ���� 5IF PVUQVU PG UIF NBQQJOH QSPDFTT BSF UXP USJQMFT�

����� &WBMVBUJPO PG UIF &YFDVUJPO 5JNF
,W LV KDUGO\ IHDVLEOH WR FROOHFW ODUJH DPRXQWV RI GDWD IURP UHDO�OLIH H[SHULPHQWV ZLWK
DFWXDO SDWLHQWV IRU HYDOXDWLQJ FRPSXWDWLRQDO FRPSOH[LW\ DQG SHUIRUPDQFH� QRU ZRXOG
LW EH HWKLFDOO\ DSSURSULDWH WR GR VR ZLWK D ÀUVW SURWR\SH RI WKH DOJRULWKP� 7KHUHIRUH�
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'JHVSF ����� 5IF NBKPSJUZ PG UIF UPUBM FYFDVUJPO UJNF PG UIF BMHPSJUIN OBNFMZ 99� JT BDDPVOUFE GPS CZ GPVS
TUFQT PG UIF BMHPSJUIN� 3.-�NBQQJOH TUFQ 	14�
 SFBTPOJOH TUFQ 	39�
 VQEBUJOH TUFQ PG UIF 38
NPEFM 	7�
 BOE UIF TVHHFTUJPO HFOFSBUJPO TUFQ 	40�
 GPS �� FYFSDJTFT� 1SF�QSPDFTTJOH BOE UIF
mPUIFS QSPDFTTJOHn DBUFHPSZ BSF BMNPTU OFHMJHJCMF NBLJOH VQ UIF ðOBM 1��

WKHVH WHVWV UDQ LQ D VLPXODWHG HQYLURQPHQW ZLWK UDQGRPLVHG GDWD� 6SHFLÀFDOO\� WKH
H[HFXWLRQ WLPH RI WKH DOJRULWKP IRU DQ LQFUHDVLQJ DPRXQW RI LQSXW GDWD LV HYDOXDWHG�
7KH DPRXQW RI LQSXW GDWD GLUHFWO\ FRUUHODWHV WR WKH QXPEHU RI SUHYLRXV H[HUFLVHV�
7KHUHIRUH� WKH WHVWV DUH HYDOXDWHG DV D IXQFWLRQ RI WKH QXPEHU RI SUHYLRXV H[HUFLVHV
GLUHFWO\� 7KH FRQWHQW RI WKH SURFHVVHG GDWD GRHV QRW LQÁXHQFH WKH H[HFXWLRQ WLPH�
WKXV� UDQGRPLVHG GDWD LV XVHG�

7KH QXPEHU RI LQSXW H[HUFLVHV IRU WKH VLPXODWLRQ UDQJH IURP � WR ��� 7KH H[HFX�
WLRQ PHWULFV SUHVHQWHG DUH DYHUDJHG RYHU �� UHSHWLWLRQV� $OO VLPXODWLRQV UDQ RQ D ���
*+] 'XDO�&RUH ,QWHO &RUH L� ZLWK �*% RI PHPRU\� 7KH FRGH LV ZULWWHQ LQ 3\WKRQ
ZLWKRXW DQ\ SDUDOOHO FRPSXWLQJ�

7KH H[HFXWLRQ RI WKH HQWLUH DOJRULWKP LV GLYLGHG LQWR ÀYH VWHSV� WKH SUH�SURFHVVLQJ
VWHS� WKH 50/�PDSSLQJ VWHS� WKH UHDVRQLQJ VWHS� WKH XSGDWLQJ VWHS RI WKH 5: PRGHO DQG
WKH VXJJHVWLRQ JHQHUDWLRQ VWHS� 7KH H[HFXWLRQ WLPH IRU HDFK VWHS LV UHSRUWHG LQGLYLGXDOO\�
$ FDWHJRU\ LV DGGHG IRU RWKHU SURFHVVLQJ� LQFOXGLQJ GRZQORDGLQJ GDWD DQG TXHU\LQJ
WKH NQRZOHGJH EDVH WR HQVXUH WKH VXP RI DOO VWHSV HTXDOV WKH RYHUDOO H[HFXWLRQ WLPH�
)LJXUH ���� VKRZV WKH VWDFN SORW RI WKH H[HFXWLRQ WLPH DV D IXQFWLRQ RI WKH QXPEHU RI
SUHYLRXV H[HUFLVHV� 7DEOH ��� SUHVHQWV WKH H[DFW YDOXHV RI HDFK VWHS·V DYHUDJH H[HFXWLRQ
WLPH DQG VWDQGDUG GHYLDWLRQ IRU �� ��� ��� �� DQG �� SUHYLRXV H[HUFLVHV�

(YHU\ VWHS RI WKH DOJRULWKP VFDOHV OLQHDUO\ ZLWK WKH QXPEHU RI SUHYLRXV H[HUFLVHV�
7KH SUH�SURFHVVLQJ VWHS DQG WKH RWKHU SURFHVVLQJ WDNH XS WKH OHDVW DPRXQW RI WLPH DQG
DUH DOPRVW QHJOLJLEOH FRPSDUHG WR WKH RWKHU IRXU FODVVHV� )RU DQ LQSXW RI �� H[HUFLVHV�
WKHVH IRXU FODVVHV DFFRXQW IRU 99.2� RI WKH WRWDO H[HFXWLRQ WLPH� ,Q WRWDO� 14.07� RI
WKH H[HFXWLRQ WLPH LV VSHQW RQ GDWD PDSSLQJ� 38.54� LV VSHQW RQ UHDVRQLQJ� 6.62�
LV VSHQW RQ XSGDWLQJ WKH 5: PRGHO� DQG 39.98� LV VSHQW RQ JHQHUDWLQJ VXJJHVWLRQV�
$OO VWHSV WRJHWKHU VFDOH DW D UDWH RI 0.27 VHFRQGV SHU DGGLWLRQDO SUHYLRXV H[HUFLVH� 7KH
VWDQGDUG GHYLDWLRQV DUH UHDVRQDEO\ ORZ IRU HDFK VWHS� 7KH UHDVRQLQJ VWHS GRHV VKRZ
WKH PRVW GHYLDWLRQ DW PD[ ��� PV�

)LJXUH ���� FRPSDUHV WKH VORSH RI HDFK RI WKHVH IRXU GRPLQDWLQJ FRPSXWDWLRQ
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'JHVSF ����� 'PS FBDI TUFQ UIF BWFSBHF FYFDVUJPO UJNFT 	GBEFE DPMPVST
 BSF TIPXO UP XIJDI B MJOFBS GVODUJPO
JT ðU 	CSJHIU DPMPVST
� &WFSZ TUFQ PG UIF BMHPSJUIN TDBMFT BQQSPYJNBUFMZ MJOFBSMZ XJUI UIF OVNCFS
PG QSFWJPVT FYFSDJTFT� )PXFWFS UIF SFBTPOJOH BOE HFOFSBUJPO TUFQT BSF UIF NPTU BGGFDUFE CZ
UIF BNPVOU PG JOQVU EBUB BT UIF FYFDVUJPO UJNF JODSFBTFT TJHOJðDBOUMZ NPSF UIBO UIF PUIFS UXP
EPNJOBUJOH DPNQVUBUJPO TUFQT XJUI JODSFBTFE JOQVU EBUB�

VWHSV DJDLQVW HDFK RWKHU� 7KH 5: XSGDWLQJ VWHS LV WKH OHDVW D̊HFWHG E\ WKH DPRXQW
RI LQSXW GDWD� ZKLOH WKH UHDVRQLQJ DQG VXJJHVWLRQ JHQHUDWLRQ VWHSV DUH D̊HFWHG WKH PRVW�
7KH UHDVRQLQJ VWHS KDV D YHU\ KLJK LQLWLDO RYHUKHDG� +RZHYHU� LW KDV D UHODWLYHO\ VPDOO
VORSH� $IWHU DSSUR[LPDWHO\ �� H[HUFLVHV� WKH H[HFXWLRQ WLPH RI WKH JHQHUDWLRQ VWHS ZLOO
GRPLQDWH RYHU WKDW RI WKH UHDVRQLQJ VWHS� 7KH KLJK LQLWLDO RYHUKHDG RI WKH UHDVRQHU LV
GXH WR WKH VORZ VWDUWXS WLPH RI WKH UHDVRQLQJ SURFHVV� ZKLFK LV SHUIRUPHG DW WKH VWDUW
RI HDFK VLPXODWLRQ UXQ� 2:/�'/ UHDVRQLQJ LV D VORZ SURFHVV WKDW VFDOHV SRRUO\ IRU
ODUJH DPRXQWV RI GDWD >��@�

,Q WKH SUHVHQWHG V\VWHP� WKH $GDSWRU FRPSRQHQW ODFNV WKH FDSDELOLW\ RI SHUVLVWHQW
VWRUDJH� 7KLV KDV DQ LPSDFW RQ WKH GDWD PDSSLQJ VWHS DQG WKH FDOFXODWLRQV IRU XSGDWLQJ
WKH 5: PRGHO� 6SHFLÀFDOO\� LQWHUPHGLDWH UHVXOWV RI ERWK VWHSV FDQQRW EH VWRUHG� %\
LQWURGXFLQJ SHUVLVWHQW VWRUDJH DQG VWRULQJ LQWHUPHGLDWH UHVXOWV� WKHVH WZR VWHSV FDQ EH
RSWLPLVHG� 6LQFH RQO\ QHZ LQIRUPDWLRQ IURP WKH ODVW H[HUFLVH QHHGV SURFHVVLQJ� WKH
PDSSLQJ VWHS ZRXOG UHGXFH WR PDSSLQJ WKH GDWD RI WKH ODVW H[HUFLVHV� 7KH H[HFXWLRQ
WLPH ZRXOG EH FRQVWDQW DW DSSUR[LPDWHO\ ���PV� DV FDQ EH GHGXFHG IURP )LJXUH �����
7KH VDPH DSSOLHV WR WKH XSGDWH VWHS RI WKH 5: PRGHO� 7KH WLPH QHHGHG IRU WKLV
VWHS ZRXOG EH FRQVWDQW DW DSSUR[LPDWHO\ ��PV� DV VKRZQ LQ )LJXUH ����� $VVXPLQJ
WKHVH RSWLPLVDWLRQV DUH DSSOLHG� WKH H[HFXWLRQ WLPHV FDQ EH HVWLPDWHG WR EH UHGXFHG E\
15.8� IRU �� SUHYLRXV H[HUFLVHV� 7KLV UHVXOWV LQ D VFDOLQJ IDFWRU RI 0.22 VHFRQGV SHU
SUHYLRXV H[HUFLVHV� $GGLWLRQDOO\� WKH UHDVRQLQJ SURFHVV ZRXOG EHQHÀW IURP VWRULQJ
LQWHUPHGLDWH UHVXOWV� 7KH UHDVRQLQJ ZRXOG EH OLPLWHG WR GDWD IURP QHZ H[HUFLVHV E\
VWRULQJ WKH PDWHULDOLVHG RQWRORJ\ IRU HDFK SDWLHQW� 7KHUHIRUH� WKH JDLQ LQ H[HFXWLRQ
WLPH LV PRUH FKDOOHQJLQJ WR HVWLPDWH DQG LV WKHUHIRUH QRW LQFOXGHG LQ WKH SUHVHQWHG
WLPH HVWLPDWLRQ DERYH�
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����� $MJOJDBM 7JHOFUUFT
7KURXJK WHVWV RQ GDWD RI FOLQLFDO YLJQHWWHV� WKH RYHUDOO TXDOLW\ RI WKH JHQHUDWHG VXJ�
JHVWLRQV LV HYDOXDWHG� 6SHFLÀFDOO\� 95(7 WKHUDS\ VHVVLRQV ZHUH KHOG ZLWK FOLQLFDO SD�
WLHQWV ZLWKRXW WKH XVH RI WKH DGDSWDWLRQ DOJRULWKP� 7KH GDWD RI WKHVH WKHUDS\ VHV�
VLRQV ZDV FROOHFWHG DV SDUW RI D VWXG\� IRU ZKLFK WKH SURWRFRO ZDV DSSURYHG E\ WKH
0HGLFDO (WKLFDO &RPPLWWHH RI *KHQW 8QLYHUVLW\ +RVSLWDO >(&����������@� 'XULQJ
WKHVH VHVVLRQV� WKUHH SDWLHQWV VX̊HULQJ IURP SDQLF GLVRUGHU RU VSHFLÀF SKRELD ² IHDU
RI GULYLQJ GLDJQRVHG YLD D VWUXFWXUHG LQWHUYLHZ� 0LQL ,QWHUQDWLRQDO 1HXURSV\FKLDWULF
,QWHUYLHZ �0,1,� >��@ ² UHFHLYHG (7 ZLWK PDQXDOO\ FRQÀJXUHG 95 H[SRVXUH H[HUFLVHV
RQ WKH 3$752186 V\VWHP� 7KHVH SDWLHQWV KDG WKH IROORZLQJ FKDUDFWHULVWLFV� 3DWLHQW
�� PDOH� �� \HDUV� GLDJQRVHG ZLWK SDQLF GLVRUGHU� 3DWLHQW �� PDOH� �� \HDUV� GLDJQRVHG
ZLWK VSHFLÀF SKRELD DQG IHDU RI GULYLQJ� 3DWLHQW �� IHPDOH� �� \HDUV� GLDJQRVHG ZLWK
VSHFLÀF SKRELD� 7KH WZR SV\FKRWKHUDSLVWV SHUIRUPLQJ WKH WKHUDS\ DUH H[SHULHQFHG LQ
WKHLU GRPDLQ DQG ZHOO IDPLOLDU ZLWK WKH 3$752186 V\VWHP �SV\FKRWKHUDSLVW �� ��
\HDU ROG� SV\FKRWKHUDSLVW �� �� \HDUV� ZLWK H[SHULHQFH EHWZHHQ �� DQG �� \HDUV RI SUR�
IHVVLRQDO H[SHULHQFH�� 7KLV H[SHULHQFH SURYLGHV WKHP ZLWK JRRG NQRZOHGJH RI KRZ
WR FUHDWH WKH EHVW 9( IRU WKH SDWLHQWV PDQXDOO\� 'XULQJ D SRVW�WKHUDS\ HYDOXDWLRQ�
WKH SV\FKRWKHUDSLVWV ZHUH SUHVHQWHG ZLWK PXOWLSOH VHWV RI IRXU VXJJHVWLRQV IRU HDFK
H[HUFLVH WKH\ DFWXDOO\ SHUIRUPHG ZLWK WKH SDWLHQW GXULQJ WKH WKHUDS\ VHVVLRQV� ,Q RWKHU
ZRUGV� HDFK VHW RI VXJJHVWLRQV ZDV FDOFXODWHG ZLWK WKH GDWD ZKLFK ZRXOG EH DYDLODEOH
DW WKDW WLPH WR VLPXODWH WKH DFWXDO VHWWLQJ�

2Q WKH RQH KDQG� WKHVH VXJJHVWLRQV DUH FRPSDUHG ZLWK WKH PDQXDO FRQÀJXUDWLRQV
RI WKH SV\FKRWKHUDSLVWV IURP WKH DFWXDO H[HUFLVH� 2Q WKH RWKHU KDQG� WKH SV\FKRWKHU�
DSLVWV ZHUH DVNHG WR LQGLFDWH WKH PRVW DSSURSULDWH VXJJHVWLRQV� 7KLV DSSURDFK ZDV
FKRVHQ WR SUHYHQW WKH DOJRULWKP IURP LQÁXHQFLQJ WKH SV\FKRWKHUDSLVW� WKHUHE\ LQ�
WURGXFLQJ ELDV LQWR WKH UHVXOWV� $OO WHVWV IURP WKLV HYDOXDWLRQ DUH DSSOLHG WR WKH FDU
HQYLURQPHQW EHFDXVH QRQH RI WKH SDUWLFLSDWLQJ SDWLHQWV UHTXLUHG WKHUDS\ XVLQJ WKH HO�
HYDWRU HQYLURQPHQW� +RZHYHU� HQYLURQPHQW GHVLJQ VKRXOG QRW VLJQLÀFDQWO\ LPSDFW
WKH UHVXOWV DV WKH DOJRULWKP LV HQYLURQPHQW DJQRVWLF� ,Q RWKHU ZRUGV� WKH DOJRULWKP
VKRXOG DGDSW WKH YDOXHV RI DQ\ 95 SDUDPHWHU RU FRPELQDWLRQ RI SDUDPHWHUV�

7KH VLPLODULW\ RI WKH WZR FRQÀJXUDWLRQV LQFUHDVHV ZLWK WKH QXPEHU RI SDUDPHWHUV
ZLWK WKH VDPH YDOXH EHWZHHQ WKHVH WZR� )RU WKLV HYDOXDWLRQ� WKLV VLPLODULW\ LV H[SUHVVHG
DV D QXPEHU EHWZHHQ � DQG �� ZKHUH D YDOXH RI � PHDQV WZR FRQÀJXUDWLRQV DUH DV GLV�
VLPLODU DV SRVVLEOH ZKLOH D YDOXH RI � GHQRWHV WZR LGHQWLFDO FRQÀJXUDWLRQV� 7DEOH ���
SUHVHQWV WKH VLPLODULW\ RI WKH IRXU VXJJHVWLRQV JHQHUDWHG E\ WKH DGDSWDWLRQ DOJRULWKP
DJDLQVW WKH PDQXDO FRQÀJXUDWLRQ RI HDFK H[HUFLVH� )RU HDFK URZ� WKH VXJJHVWLRQ ZLWK
WKH KLJKHVW VLPLODULW\ LV LQGLFDWHG LQ EROG� ,Q PRVW FDVHV� WKH KLJKHVW VLPLODULW\ LV EH�
WZHHQ 0.6 DQG 0.8� 7KLV UHVXOW LQGLFDWHV WKDW WKH VXJJHVWLRQV DUH LQGHHG FORVH WR ZKDW
WKH SV\FKRWKHUDSLVW ZRXOG GR� )RU VRPH FRQÀJXUDWLRQV� WKH VLPLODULW\ LV WKH VDPH
FRPSDUHG WR WZR GL̊HUHQW VXJJHVWLRQV� 7KDW LV EHFDXVH WKH DFWXDO FRQÀJXUDWLRQ ZDV
HTXDOO\ VLPLODU WR ERWK� QRW EHFDXVH ERWK VXJJHVWLRQV DUH LGHQWLFDO� 7KLV RFFXUV IRU
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5BCMF ���� 5IF TJNJMBSJUZ PG FBDI HFOFSBUFE TVHHFTUJPO DPNQBSFE UP UIF VTFE DPOðHVSBUJPOT� 5IF CPME DFMMT
JOEJDBUF UIF IJHIFTU TJNJMBSJUZ GPS FBDI DPOðHVSBUJPO� 5IF HSFZ DFMMT JOEJDBUF UIF DIPJDF PG UIF
QTZDIPUIFSBQJTU EVSJOH UIF QPTU�TUVEZ�

([HUFLVH 6XJJHVWLRQV

� � � �

� ���� ���� ���� ����
� ���� ���� ���� ����
� ���� ���� ���� ����
� ���� ���� ���� ����
� ���� ���� ���� ����
� ���� ���� ���� ����
� ���� ���� ���� ����
� ���� ���� ���� ����
� ���� ���� ���� ����

H[HUFLVHV WKDW KDYH UHODWLYHO\ ORZ VLPLODULW\ WR DOO VXJJHVWLRQV� ,W VXJJHVWV WKDW WKH
SUHVHQWHG VXJJHVWLRQV DUH QRW LQ OLQH ZLWK WKH SV\FKRWKHUDSLVWV· DSSURDFK GXULQJ WKH
WKHUDS\�

7KH UHVXOWV LQ 7DEOH ��� SUHVHQW WKH VLPLODULW\ VFRUHV RI WKH HQYLURQPHQW SDUDP�
HWHUV DQG LQWHURFHSWLYH SDUDPHWHUV FRPELQHG IRU QLQH GL̊HUHQW H[SRVXUH H[HUFLVHV
FRYHULQJ WKUHH SDWLHQWV� (DFK H[HUFLVH ZDV DVVHVVHG E\ RQH RI WKH WZR SV\FKRWKHUD�
SLVWV� 7KH WHVWV VKRZ D VLJQLÀFDQW GL̊HUHQFH LQ WKH DYHUDJH VLPLODULW\ IRU LQWHURFHSWLYH
SDUDPHWHUV DQG HQYLURQPHQWDO SDUDPHWHUV� 7KH VLPLODULW\ LV 0.88 RQ DYHUDJH IRU WKH
LQWHURFHSWLYH SDUDPHWHUV� ZKLOH IRU WKH HQYLURQPHQWDO SDUDPHWHUV� LW LV 0.58� )RU VSH�
FLÀF VXJJHVWHG FRQÀJXUDWLRQV� WKH VLPLODULW\ RQ WKH LQWHURFHSWLYH SDUDPHWHUV HTXDOV
�� PHDQLQJ WKH FRQÀJXUDWLRQV DUH LGHQWLFDO� ,W LV FOHDU WKDW DSSURSULDWH SHUVRQDOLVHG
LQWHURFHSWLYH SDUDPHWHU YDOXHV DUH PXFK HDVLHU WR SUHGLFW� +RZHYHU� LI WKLV LQFUHDVHG
DFFXUDF\ LV GXH WR WKH VPDOOHU FRQÀJXUDWLRQ VSDFH RI WKHVH SDUDPHWHUV FRPSDUHG WR WKH
HQYLURQPHQW SDUDPHWHUV RU EHWWHU SUHGLFWDELOLW\ RI LQWHURFHSWLYH SDUDPHWHUV LV XQFOHDU
IURP WKH GDWD�

7KH FHOOV ZLWK D JUH\ EDFNJURXQG LQ 7DEOH ��� LQGLFDWH WKH VXJJHVWLRQV WKH SV\�
FKRWKHUDSLVW DVVHVVHG DV WKH PRVW DSSURSULDWH GXULQJ WKH SRVW�WKHUDS\ HYDOXDWLRQ� $V
FDQ EH VHHQ� IRU VRPH H[HUFLVHV� WKH SV\FKRWKHUDSLVW GHFLGHG WKDW QRQH RI WKH VXJJHV�
WLRQV ZDV JRRG HQRXJK �([� �� � DQG ��� )RU RWKHU H[HUFLVHV �([� � DQG ��� WKH FKRLFH
RI WKH SV\FKRWKHUDSLVW PDWFKHG WKH VXJJHVWLRQ ZLWK WKH KLJKHVW VLPLODULW\� ,Q DOO RWKHU
FDVHV� WKH FKRLFH RI WKH SV\FKRWKHUDSLVW GXULQJ WKH SRVW�VWXG\ GLG QRW PDWFK ZLWK WKH
KLJKHVW VLPLODULW\ VXJJHVWLRQ RI WKH DFWXDO WKHUDS\ VHVVLRQV� +RZHYHU� LQ WKRVH FDVHV�
WKH GL̊HUHQFH LQ VLPLODULW\ WR WKH DFWXDO FRQÀJXUDWLRQ EHWZHHQ WKH SV\FKRWKHUDSLVW·V
FKRLFH DQG WKH FORVHV PDWFKLQJ VXJJHVWLRQ LV PLQRU� 2Q DYHUDJH� D GL̊HUHQFH RI 0.09
LQ VLPLODULW\� ZLWK D PLQLPXP RI 0.02 DQG D PD[LPXP RI 0.21� ZDV REWDLQHG�
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��� %JTDVTTJPO BOE $PODMVTJPO
7KLV ZRUN SUHVHQWV D SURWRW\SH RI DQ DGDSWDWLRQ DOJRULWKP IRU SHUVRQDOLVHG 9( LQ
95(7� $ SURRI RI FRQFHSW DSSOLFDWLRQ IRU 95(7 HQDEOHG WKH LQWHJUDWLRQ RI WKH DO�
JRULWKP� 'DWD IURP WKUHH FOLQLFDO YLJQHWWHV HQDEOHG WKH FRPSDULVRQ RI WKH PDQXDOO\
FRQÀJXUHG HQYLURQPHQWV DQG WKH JHQHUDWHG VXJJHVWLRQV� 7KH UHVXOWV RI WKLV FRPSDU�
LVRQ LQGLFDWH WKDW WKH SURSRVHG V\VWHP KDV PHULW� DV WKHUDSLVWV FKRRVH VLPLODU FRQ�
ÀJXUDWLRQV WR DW OHDVW RQH JHQHUDWHG VXJJHVWLRQ� ,QGHHG� WKH UHVXOWV VXJJHVW WKDW WKH
RXWSXW RI WKH DGDSWDWLRQ DOJRULWKP LV YDOXDEOH WR WKH H[SHULHQFHG SV\FKRWKHUDSLVWV LQ
WKLV VWXG\� +RZHYHU� IXWXUH VWXGLHV DUH QHHGHG WR GLVFRYHU LI OHVV H[SHULHQFHG SV\�
FKRWKHUDSLVWV ZRXOG EHQHÀW HYHQ PRUH IURP WKH DOJRULWKP�

)URP D FRPSXWDWLRQDO SRLQW RI YLHZ� WKH WHVWV VKRZHG WKDW WKH V\VWHP VFDOHV OLQ�
HDUO\ ZLWK WKH QXPEHU RI SUHYLRXV H[HUFLVHV ZLWK D IDFWRU RI 0.22 VHFRQGV SHU H[HUFLVH�
$OWKRXJK WKLV LV TXLWH VWHHS� WKH FRPSXWDWLRQ IRU �� SUHYLRXV H[HUFLVHV LV EHORZ �� VHF�
RQGV� 7KH GRPDLQ H[SHUWV HVWLPDWH WKDW WKH DFWXDO UHTXLUHG QXPEHU RI 95 H[HUFLVHV
FDQ YDU\ EXW UDUHO\ H[FHHG ��� 7KHUHIRUH� WKH H[HFXWLRQ WLPH PHDVXUHG IRU �� H[HUFLVHV
FDQ EH FRQVLGHUHG DQ XSSHU ERXQG� ZKLFK LV DFFHSWDEOH IRU WKHUDS\ DSSOLFDWLRQ�

7KH UHOHYDQFH IRU SRWHQWLDO DSSOLFDWLRQ LQ FOLQLFDO SUDFWLFH KDV DOVR EHHQ D NH\ IRFXV
WKURXJKRXW WKLV ZRUN� 5HVHDUFKLQJ WKLV UHOHYDQFH UHTXLUHG D PXOWLGLVFLSOLQDU\ PLQGVHW
DQG UHVXOWHG LQ FRQWLQXRXV FROODERUDWLRQ ZLWK SV\FKRWKHUDSLVWV� 7KH\ SURYLGHG D WKH�
RUHWLFDOO\ VRXQG IRXQGDWLRQ IRU WKH UHVXOWLQJ DGDSWDWLRQ DOJRULWKP DQG LPSOHPHQWHG
D SURRI RI FRQFHSW LQ SUDFWLFH� 7KLV KHOSHG WR GHPRQVWUDWH WKH DOJRULWKP·V SRWHQWLDO
EHWWHU DQG SXVKHG WKLV UHVHDUFK IXUWKHU WKDQ PHUH WKHRUHWLFDO FRQFHSWXDOLVDWLRQ�

1RQHWKHOHVV� IXUWKHU LPSURYHPHQWV DUH UHTXLUHG WR XQORFN WKH IXOO SRWHQWLDO� 7KH
DSSOLFDWLRQ RI WKH 5: PRGHO VKRXOG EH IXUWKHU LQYHVWLJDWHG� 6SHFLÀFDOO\� UHVHDUFK RQ
WKH RSWLPDO YDOXHV IRU ↵x DQG � LV QHHGHG� $V ↵x GHSHQGV RQ WKH LPSDFW RI VWLPX�
OXV x RQ HDFK XVHU� WKLV YDOXH FRXOG SRWHQWLDOO\ EH FDOFXODWHG IRU HDFK XVHU�VWLPXOXV
SDLU LQGLYLGXDOO\� $QDORJRXVO\� WKH SDUDPHWHU � PRGHOV D SURSHUW\ RI WKH XVHU LWVHOI�
QDPHO\� WKH UDWH DW ZKLFK SDWLHQWV IRUP QHZ DVVRFLDWLRQV� %RWK SDUDPHWHUV FRXOG EH
FDOFXODWHG IURP WKH SHUVRQDOLW\ WUHDWV RI WKH SDWLHQWV�

)XUWKHUPRUH� QR FODLPV FDQ EH PDGH FRQFHUQLQJ H̊HFWLYHQHVV RU H̋FDF\ DW WKLV
SRLQW� )XWXUH VWXGLHV VKRXOG EH VHW XS ZLWK ODUJH VDPSOHV RI SDUWLFLSDQWV� ERWK SV\�
FKRWKHUDSLVWV DQG FOLHQWV� DQG ZLWK D ULJRURXV PHWKRGRORJ\� 7KH GHYHORSPHQW DQG
HYDOXDWLRQ PHWKRGRORJ\ SURSRVHG E\ %LUFNKHDG HW DO� >��@ FDQ VHUYH DV DQ H[FHOOHQW
IUDPHZRUN WR IXUWKHU LWHUDWH RQ WKH GHVLJQ RI WKLV DOJRULWKP DQG LWV 95 DSSOLFDWLRQ�

,W LV FOHDU IURP WKH UHVXOWV WKDW WKH WKHUDSLVW PDNHV GL̊HUHQW GHFLVLRQV LQ VRPH FDVHV
WKDQ WKRVH VXJJHVWHG E\ WKH DGDSWDWLRQ DOJRULWKP� 2Q WKH RQH KDQG� IXOO\ TXDQWLI\LQJ
DQG DXWRPDWLQJ WKH FRPSOH[ SURFHVV RI (7 LV SUREDEO\ QRW SRVVLEOH QRU IHDVLEOH� 7KLV
LV ZK\ WKH DGDSWDWLRQ DOJRULWKP VKRXOG SULPDULO\ EH FRQVLGHUHG DV D GHFLVLRQ VXSSRUW
V\VWHP WR KHOS JXLGH SV\FKRWKHUDSLVWV� 2Q WKH RWKHU KDQG� PDQ\ VROXWLRQV SURSRVHG
E\ WKH V\VWHP FRXOG KDYH EHHQ SURYHQ WR EH UHOHYDQW� DV LW LV XQOLNHO\ WKDW RQO\ D
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VLQJOH SHUIHFW FRQÀJXUDWLRQ RI WKH 95 HQYLURQPHQW FDQ EH PDGH DW DQ\ JLYHQ WLPH�
1HYHUWKHOHVV� WKH TXDOLW\ RI WKH V\VWHP FDQ EH IXUWKHU LPSURYHG E\ OHDUQLQJ IURP
WKH GHFLVLRQV PDGH E\ SV\FKRWKHUDSLVWV� HVSHFLDOO\ DV WKH\ DOVR EHFRPH LQFUHDVLQJO\
IDPLOLDU ZLWK 95(7� WKH IXQFWLRQDOLWLHV DQG WKH SRWHQWLDO� 7KURXJK VHOI�OHDUQLQJ WHFK�
QRORJLHV� WKH V\VWHP ZRXOG OHDUQ WR DGDSW WR WKH LQWHQWLRQV RI WKH WKHUDSLVW DV ZHOO�
)XUWKHUPRUH� ZLWK PRUH TXDOLWDWLYH LQSXW GDWD IRU WKH DOJRULWKP� EHWWHU VXJJHVWLRQV
EHFRPH SRVVLEOH� :KHUH D GLVFUHWH H[SHFWDQF\ YLRODWLRQ PHWULF LV XVHG LQ WKH FXUUHQW
GHVLJQ RI WKH DOJRULWKP� D FRQWLQXRXV H[SHFWDQF\ UDWLQJ FDQ SURYLGH D TXDQWLWDWLYH DQG
TXDOLWDWLYH LPSURYHPHQW LQ IXWXUH VWXGLHV�

$V LPPHUVLYH WHFKQRORJ\ LV EHFRPLQJ LQFUHDVLQJO\ DFFHVVLEOH� LW LV ERXQG WR VSDUN
WKH LQWHUHVW RI SV\FKRWKHUDSLVWV DV ZHOO� 2QH SDUWLFXODU WHFKQLTXH WKDW KDV DOUHDG\
EHHQ SURYHQ YDOXDEOH DQG H̊HFWLYH LQ UHVHDUFK LV 95(7� :H H[SHFW WKDW � ZLWK IXUWKHU
UHVHDUFK � DGDSWDWLRQ DOJRULWKPV OLNH WKH RQH GHVFULEHG LQ WKLV SDSHU ZLOO SOD\ D YLWDO
UROH LQ IDFLOLWDWLQJ VXFFHVVIXO XSWDNH LQ FOLQLFDO SUDFWLFH� 7KHVH DOJRULWKPV KDYH WKH
SRWHQWLDO WR UHGXFH WKH FKDOOHQJH IRU SV\FKRWKHUDSLVWV WR PDVWHU WKH RSHUDWLRQ RI WKH
V\VWHPV IXOO\ DQG WR PDNH XVH RI WHFKQRORJ\ IRU LWV SULPDU\ SXUSRVH� WR IDFLOLWDWH
R̊HULQJ KLJK�TXDOLW\ DQG H̊HFWLYH FDUH WR WKRVH LQ QHHG RI VXSSRUW�

"DLOPXMFEHFNFOU
7KLV UHVHDUFK ZDV IXQGHG E\ WKH LPHF�,&21 SURMHFW 3$752186� FR�IXQGHG E\
9/$,2� LPHF� 7KH +XPDQ /LQN� 3UHYLHZ/DEV� %D]RRNDV DQG 9DQ 5RH\ $XWRPDWLRQ
>+%&����������@�

4UBUFNFOUT PG &UIJDBM "QQSPWBM
7KLV VWXG\ ZDV DSSURYHG E\ WKH *KHQW 8QLYHUVLW\ +RVSLWDO (WKLFDO &RPPLWWHH
>(&����������@�

$PEF 3FQPTJUPSZ
$OO VRXUFH ÀOHV RI WKH RQWRORJ\ SUHVHQWHG LQ WKLV ZRUN DUH SXEOLFO\ DYDLODEOH RQ RXU
UHSRVLWRU\ XQGHU WKH &&�%<���� OLFHQFH�
KWWSV���JLWKXE�FRP�,%&16HUYLFHV�3$752186�RQWRORJ\�

"QQFOEJY
<?xml version="1.0"?>
<rdf:RDF

xmlns="http://idlab.ugent.be/ontology/VRETPatronus.owl#"

https://github.com/IBCNServices/PATRONUS-ontology
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xml:base="http://idlab.ugent.be/ontology/VRETPatronus.owl"
xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:owl="http://www.w3.org/2002/07/owl#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">
<owl:Ontology rdf:about="http://idlab.ugent.be/ontology/

VRETPatronus.owl">
<owl:imports rdf:resource="http://idlab.ugent.be/ontology/

UpperET.owl"/>
</owl:Ontology>

<owl:ObjectProperty rdf:about="http://idlab.ugent.be/ontology/
VRETPatronus.owl#hasVREvent">

<rdfs:domain rdf:resource="http://idlab.ugent.be/ontology/
VRETPatronus.owl#VRScenario"/>

<rdfs:range rdf:resource="http://idlab.ugent.be/ontology/
VRETPatronus.owl#VREvent"/>

<rdfs:range rdf:resource="http://idlab.ugent.be/ontology/
VRETPatronus.owl#VRInteroceptiveStimulus"/>

</owl:ObjectProperty>

<owl:Class rdf:about="http://idlab.ugent.be/ontology/VRETPatronus.
owl#InternalEvent">

<rdfs:subClassOf rdf:resource="http://idlab.ugent.be/ontology/
UpperET.owl#InternalStimulus"/>

</owl:Class>

...
</rdf:RDF>

-JTUJOH ���� 'SBHNFOU PG UIF 73&5�POUPMPHZ�

prefixes:
base: "http://idlab.ugent.be/ontology/Patronus/individual/"
uet: "http://idlab.ugent.be/ontology/UpperET.owl#"

mappings:
patient:

sources:
- ['data.json~jsonpath', '$']

s: base:patient_$(ClientId)
po:

- [a, uet:Patient]
- [uet:hasPatientID , $(ClientId), xsd:string]

-JTUJOH ���� 5IF NBQQJOH SVMFT JO :".- TZOUBY JOTUSVDU UP DSFBUF B OFX JOWJEVBM PG UZQF 1BUJFOU BOE HJWF JU BO
*%�

@prefix rr: <http://www.w3.org/ns/r2rml#>.
@prefix rml: <http://semweb.mmlab.be/ns/rml#>.
@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>.
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#>.
@prefix ql: <http:// semweb.mmlab.be/ns/ql#>.
@prefix map: <http://mapping.example.com/>.
@prefix uet: <http://idlab.ugent.be/ontology/UpperET.owl#>.
@prefix base: <http://idlab.ugent.be/ontology/Patronus/individual/>.
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map:map_patient_0 rml:logicalSource map:source_0;
a rr:TriplesMap;
rdfs:label "patient";
rr:subjectMap map:s_0;
rr:predicateObjectMap map:pom_0 , map:pom_1.

map:om_0 a rr:ObjectMap;
rr:constant uet:Patient;
rr:termType rr:IRI.

map:om_1 a rr:ObjectMap;
rml:reference "ClientId";
rr:termType rr:Literal;
rr:datatype <http://www.w3.org/2001/XMLSchema#string>.

map:pm_0 a rr:PredicateMap;
rr:constant rdf:type.

map:pm_1 a rr:PredicateMap;
rr:constant uet:hasPatientID.

map:pom_0 a rr:PredicateObjectMap;
rr:predicateMap map:pm_0;
rr:objectMap map:om_0.

map:pom_1 a rr:PredicateObjectMap;
rr:predicateMap map:pm_1;
rr:objectMap map:om_1.

map:s_0 a rr:SubjectMap;
rr:template base:patient_{ClientId}.

map:source_0 a rml:LogicalSource;
rml:source "config_report.json";
rml:iterator "$";
rml:referenceFormulation ql:JSONPath.

-JTUJOH ���� 5IFTF 3.-�NBQQJOH SVMFT EFTDSJCF UIF TBNF BT UIF NBQQJOH SVMFT JO :".- TZOUBY�
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3FGFSFODFT
>�@ -��3� /pSLQH� 7KH HSLGHPLRORJ\ RI DQ[LHW\ GLVRUGHUV� SUHYDOHQFH DQG VRFLHWDO FRVWV� 7KH

-RXUQDO RI &OLQLFDO 3V\FKLDWU\� �� 6XSSO ����²�� �����

>�@ -� $ORQVR� 0� &� $QJHUPH\HU� 6� %HUQHUW� 5� %UX̊DHUWV� 7� 6� %UXJKD� +� %U\VRQ�
*� *LURODPR� 5� *UDDI� .� 'HP\WWHQDHUH� ,� *DVTXHW� -� 0� +DUR� 6� -�
.DW]� 5� &� .HVVOHU� 9� .RYHVV� -� 3� /HSLQH� -� 2UPHO� *� 3ROLGRUL� /� -�
5XVVR� *� 9LODJXW� -� $OPDQVD� 6� $UEDE]DGHK�%RXFKH]� -� $XWRQHOO� 0� %HUQDO�
0� $� %XLVW�%RXZPDQ� 0� &RGRQ\� $� 'RPLQJR�6DOYDQ\� 0� )HUUHU� 6� 6�
-RR� 0� 0DUWLQH]�$ORQVR� +� 0DWVFKLQJHU� )� 0D]]L� =� 0RUJDQ� 3� 0RURVLQL�
&� 3DODFLQ� %� 5RPHUD� 1� 7DXE� DQG :� $� 0� 9ROOHEHUJK� 3UHYDOHQFH RI PHQWDO GLV�
RUGHUV LQ (XURSH� UHVXOWV IURP WKH (XURSHDQ 6WXG\ RI WKH (SLGHPLRORJ\ RI 0HQWDO 'LVRUGHUV
�(6(0H'� SURMHFW� $FWD 3V\FKLDWULFD 6FDQGLQDYLFD� ����V�������²��� -XQH �����
GRL���������M����������������������[�

>�@ '� +� %DUORZ� 6� '� 5D̊D� DQG (�0� &RKHQ� 3V\FKRVRFLDO WUHDWPHQWV IRU SDQLF GLVRUGHUV�
SKRELDV� DQG JHQHUDOL]HG DQ[LHW\ GLVRUGHU� ,Q $ JXLGH WR WUHDWPHQWV WKDW ZRUN� �QG HG��
SDJHV ���²���� 2[IRUG 8QLYHUVLW\ 3UHVV� 1HZ <RUN� 1<� 86� �����

>�@ %� 'HSUHHXZ� /� $� $QGUHZV� 6� (OGDU� DQG 6� *� +RIPDQQ� 7KH 7UHDW�
PHQW RI 3DQLF 'LVRUGHU DQG 3KRELDV� ,Q (YLGHQFH�%DVHG 3V\FKRWKHUDS\� SDJHV
��²��� -RKQ :LOH\ 	 6RQV� ,QF�� +RERNHQ� 1-� 86$� 'HFHPEHU �����
GRL�����������������������FK��

>�@ 0� *� &UDVNH� .� .LUFDQVNL� 0� =HOLNRZVN\� -� 0\VWNRZVNL� 1� &KRZGKXU\� DQG
$� %DNHU� 2SWLPL]LQJ LQKLELWRU\ OHDUQLQJ GXULQJ H[SRVXUH WKHUDS\� %HKDYLRXU 5HVHDUFK
DQG 7KHUDS\� �������²��� -DQXDU\ ����� GRL���������M�EUDW�������������

>�@ 0� *� &UDVNH� 0� 7UHDQRU� &� &RQZD\� 7� =ER]LQHN� DQG %� 9HUYOLHW� 0D[LPL]LQJ
([SRVXUH 7KHUDS\� $Q ,QKLELWRU\ /HDUQLQJ $SSURDFK� %HKDYLRXU UHVHDUFK DQG WKHUDS\�
�����²��� -XO\ ����� GRL���������M�EUDW�������������

>�@ .� 0H\HUEU|NHU DQG 3� 0� (PPHONDPS� 9LUWXDO UHDOLW\ H[SRVXUH WKHUDS\ LQ DQ[LHW\
GLVRUGHUV� D V\VWHPDWLF UHYLHZ RI SURFHVV�DQG�RXWFRPH VWXGLHV� 'HSUHVVLRQ DQG $Q[LHW\�
����������²���� $XJXVW ����� GRL���������GD�������

>�@ '� '� (EHUW� 7� 9DQ 'DHOH� 7� 1RUGJUHHQ� 0� .DUHNOD� $� &RPSDUH� &� =DUER�
$� %UXJQHUD� 6� �YHUODQG� *� 7UHEEL� .� /� -HQVHQ� )� .DHKONH� DQG +� %DXPHLV�
WHU� ,QWHUQHW� DQG 0RELOH�%DVHG 3V\FKRORJLFDO ,QWHUYHQWLRQV� $SSOLFDWLRQV� (̋FDF\� DQG 3R�
WHQWLDO IRU ,PSURYLQJ 0HQWDO +HDOWK� $ 5HSRUW RI WKH ()3$ (�+HDOWK 7DVNIRUFH� (XUR�
SHDQ 3V\FKRORJLVW� ���������²���� 0D\ ����� GRL�������������������D�������

http://dx.doi.org/10.1111/j.1600-0047.2004.00327.x
http://dx.doi.org/10.1002/9781119462996.ch4
http://dx.doi.org/10.1016/j.brat.2007.10.003
http://dx.doi.org/10.1016/j.brat.2014.04.006
http://dx.doi.org/10.1002/da.20734
http://dx.doi.org/10.1027/1016-9040/a000318
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>�@ '� )UHHPDQ� 6� 5HHYH� $� 5RELQVRQ� $� (KOHUV� '� &ODUN� %� 6SDQODQJ� DQG
0� 6ODWHU� 9LUWXDO UHDOLW\ LQ WKH DVVHVVPHQW� XQGHUVWDQGLQJ� DQG WUHDWPHQW RI PHQ�
WDO KHDOWK GLVRUGHUV� 3V\FKRORJLFDO 0HGLFLQH� �����������²����� 2FWREHU �����
GRL���������6���������������;�

>��@ 3� %HVW� $� 0F.HQQD� 3� 4XLQQ� 0� 'X̊\� DQG 7� 9DQ 'DHOH� &DQ 9LUWXDO 5HDOLW\
(YHU %H ,PSOHPHQWHG LQ 5RXWLQH &OLQLFDO 6HWWLQJV" $ 6\VWHPDWLF 1DUUDWLYH 5HYLHZ RI &OLQ�
LFDO 3URFHGXUHV &RQWDLQHG :LWKLQ &DVH 5HSRUWV IRU WKH 7UHDWPHQW RI 376'� )URQWLHUV LQ
9LUWXDO 5HDOLW\� ��������� 1RYHPEHU ����� GRL���������IUYLU�������������

>��@ 6� <� 3DUN� 6� 0� .LP� 6� 5RK� 0��$� 6RK� 6� +� /HH� +� .LP� <� 6� /HH� DQG '� +�
+DQ� 7KH H̊HFWV RI D YLUWXDO UHDOLW\ WUHDWPHQW SURJUDP IRU RQOLQH JDPLQJ DGGLFWLRQ� &RP�
SXWHU 0HWKRGV DQG 3URJUDPV LQ %LRPHGLFLQH� ������²���� -XQH ����� $YDLO�
DEOH IURP� KWWSV���OLQNLQJKXE�HOVHYLHU�FRP�UHWULHYH�SLL�6�����������������
GRL���������M�FPSE�������������

>��@ $� 5L]]R� 0� -� 5R\� $� +DUWKROW� 0� &RVWDQ]R� .� %� +LJKODQG� 7� -RYDQRYLF�
6� '� 1RUUKROP� &� 5HLVW� %� 5RWKEDXP� DQG -� 'LIHGH� 9LUWXDO 5HDOLW\ $SSOLFDWLRQV
IRU WKH $VVHVVPHQW DQG 7UHDWPHQW RI 376'� ,Q 6� 9� %RZOHV DQG 3� 7� %DUWRQH� HG�
LWRUV� +DQGERRN RI 0LOLWDU\ 3V\FKRORJ\� SDJHV ���²���� 6SULQJHU ,QWHUQDWLRQDO
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&RJQLWLYH %HKDYLRU 7KHUDSLVWV� $ &URVV�6HFWLRQDO 6XUYH\ 6WXG\ LQ WKH (UD RI &RQVXPHU
95 3ODWIRUPV� )URQWLHUV LQ 3V\FKRORJ\� ������� )HEUXDU\ ����� GRL���������IS�
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'� '� (EHUW� *� 7UHEEL� 6� %HUQDHUWV� (� 9DQ $VVFKH� DQG 1� $� -� 'H :LWWH�
5HFRPPHQGDWLRQV IRU SROLF\ DQG SUDFWLFH RI WHOHSV\FKRWKHUDS\ DQG H�PHQWDO KHDOWK LQ (XURSH
DQG EH\RQG� -RXUQDO RI 3V\FKRWKHUDS\ ,QWHJUDWLRQ� ���������²���� -XQH �����
GRL���������LQW��������
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:H /HDUQ )URP WKH 3DVW" ,Q 0� *� &UDVNH� '� +HUPDQV� DQG '� 9DQVWHHQ�
ZHJHQ� HGLWRUV� )HDU DQG OHDUQLQJ� )URP EDVLF SURFHVVHV WR FOLQLFDO LPSOLFD�
WLRQV�� SDJHV ��²��� $PHULFDQ 3V\FKRORJLFDO $VVRFLDWLRQ� :DVKLQJWRQ� �����
GRL�������������������

>��@ %� 9HUYOLHW� 0� *� &UDVNH� DQG '� +HUPDQV� )HDU ([WLQFWLRQ DQG 5HODSVH� 6WDWH
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>��@ )� 2QJHQDH� 3� 'X\VEXUJK� 1� 6XOPRQ� 0� 9HUVWUDHWH� /� %OHXPHUV� 6� 'H =XWWHU�
6� 9HUVWLFKHO� $� $FNDHUW� $� -DFREV� DQG )� 'H 7XUFN� $Q RQWRORJ\ FR�GHVLJQ PHWKRG
IRU WKH FR�FUHDWLRQ RI D FRQWLQXRXV FDUH RQWRORJ\� $SSOLHG 2QWRORJ\� �������²��� �����
GRL���������$2��������

>��@ ;LDR +DQJ :DQJ� 'D 4LQJ =KDQJ� 7DR *X� DQG +XQJ .HQJ 3XQJ� 2QWRORJ\
EDVHG FRQWH[W PRGHOLQJ DQG UHDVRQLQJ XVLQJ 2:/� ,Q ,((( $QQXDO &RQIHUHQFH RQ
3HUYDVLYH &RPSXWLQJ DQG &RPPXQLFDWLRQV :RUNVKRSV� ����� 3URFHHGLQJV RI
WKH 6HFRQG� SDJHV ��²��� 2UODQGR� )/� 86$� ����� ,(((� GRL���������3(5�
&20:��������������

>��@ '� ,VHUQ� '� 6iQFKH]� DQG $� 0RUHQR� 2QWRORJ\�GULYHQ H[HFXWLRQ RI FOLQLFDO JXLGH�
OLQHV� &RPSXWHU 0HWKRGV DQG 3URJUDPV LQ %LRPHGLFLQH� ����������²���� $XJXVW
����� GRL���������M�FPSE�������������

>��@ (� 6LULQ� %� 3DUVLD� %� &� *UDX� $� .DO\DQSXU� DQG <� .DW]� 3HOOHW� $ SUDF�
WLFDO 2:/�'/ UHDVRQHU� -RXUQDO RI :HE 6HPDQWLFV� �������²��� -XQH �����
GRL���������M�ZHEVHP�������������
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0DUFK ����� GRL���������������������

>��@ ,� +RUURFNV� 3� )� 3DWHO�6FKQHLGHU� +� %ROH\� 6� 7DEHW� %� *URVRI� DQG 0� 'HDQ�
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´+H SXW RQ WKH JODVVHV� DQG IHOO LQ ORYH ZLWK D GUHDP�µ

²6WDQOH\ *� :HLQEDXP ����� � �����

+HDOWKFDUH LV DQ HYHU�FKDQJLQJ GRPDLQ EHFDXVH RXU KHDOWK QHHGV NHHS FKDQJLQJ
DV ZHOO� 7KH QXPEHU RI FRQVXOWDWLRQV LQFUHDVHV ZKLOH WKH KHDOWKFDUH FDSDFLW\ LV UHGXF�
LQJ >�@ DQG WKH QXPEHU RI SHRSOH RQ ZDLWLQJ OLVWV VHHNLQJ PHGLFDO KHOS LV VLJQLÀFDQW >�@�
7KH LQWURGXFWLRQ RI H+HDOWK KDV EHHQ DQ DWWHPSW DW PDNLQJ FHUWDLQ SURFHVVHV LQ KHDOWK�
FDUH PRUH WLPH DQG FRVW H̋FLHQW� H+HDOWK IRFXVVHV RQ FDSWXULQJ DQG SURFHVVLQJ GDWD
DQG LQIRUPDWLRQ WKURXJK LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJ\ >�@� 2QH RI WKH
WHFKQRORJLHV UHFHLYLQJ LQFUHDVLQJO\ PRUH DWWHQWLRQ LV 9LUWXDO 5HDOLW\ �95�� 7KURXJK
WKH XVH RI 95� XVHUV IHHO DV LI WKH\ DUH LQ D FRPSOHWHO\ GL̊HUHQW ZRUOG� D YLUWXDO ZRUOG
LQ ZKLFK HYHU\ DVSHFW FDQ EH GHVLJQHG WR WKH OLNLQJ RI WKH FUHDWRU� ,PPHUVLYH WHFKQRO�
RJ\� VXFK DV +HDG 0RXQWHG 'LVSOD\ �+0'�� PDNH LW SRVVLEOH WKDW XVHUV JHW D VHQVH RI
SUHVHQFH LQ WKHVH YLUWXDO ZRUOGV E\ VWLPXODWLQJ WKHLU VHQVHV ZLWK DUWLÀFLDO LQSXW >�� �@�
2ULJLQDOO\� 95 KDUGZDUH ZDV H[WUHPHO\ H[SHQVLYH DQG WKHUHIRUH UHVHDUFK RQ WKH DS�
SOLFDWLRQ RI WKH WHFKQRORJ\ ZDV OLPLWHG� +RZHYHU� WKH LQWHUHVW LQ 95 WHFKQRORJ\ ZDV
VLJQLÀFDQWO\ ERRVWHG LQ ���� ZLWK WKH LQWURGXFWLRQ RI FKHDSHU� FRQVXPHU�JUDGH 95
KDUGZDUH� :LWK WKH ULVH RI H+HDOWK DQG 95 QHZ FKDOOHQJHV HPHUJHG LQ WKH DUHDV RI
VHOI�PDQDJHPHQW DQG SDWLHQW HPSRZHUPHQW� SDWLHQW�FHQWUHG SODWIRUPV� DQG SHUVRQ�
DOLVHG WUHDWPHQW >�@�

7KLV GLVVHUWDWLRQ SURSRVHV VHYHUDO FRQWULEXWLRQV WR H+HDOWK DQG 95 IRU PRUH HI�
IHFWLYH WUHDWPHQW PHWKRGV� )LUVW� 95 DSSOLFDWLRQV ZHUH GHVLJQHG� GHYHORSHG DQG HYDO�
XDWHG IRU WKUHH XVH FDVHV DV D WRRO WR SURYLGH WKHUDS\� DQ DSSOLFDWLRQ IRU WUHDWPHQW
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RI 8QLODWHUDO 6SDWLDO 1HJOHFW �861� WKURXJK 0XVLF 1HJOHFW 7KHUDS\ �017�� DQ DS�
SOLFDWLRQ SURYLGLQJ UHOD[DWLRQ WKHUDS\ LQ VRRWKLQJ HQYLURQPHQWV� DQG D 9LUWXDO 5HDOLW\
([SRVXUH 7KHUDS\ �95(7� V\VWHP IRU WKH WUHDWPHQW RI DQ[LHW\ GLVRUGHUV WKURXJK
JUDGXDO H[SRVXUH� 6HFRQG� WZR PHWKRGV IRU SHUVRQDOLVLQJ WKH 9LUWXDO (QYLURQPHQW
�9(� WR WKH QHHGV RI WKH SDWLHQW DQG WKH WUHDWPHQW ZHUH SUHVHQWHG� ,Q WKH UHOD[DWLRQ
WKHUDS\� SHUVRQDOLVDWLRQ LV XVHG WR JUDGXDOO\ DGDSW WKH 9( WR WKH SUHIHUHQFHV RI WKH
XVHU LQ D KRPH VHWWLQJ� 7KH 95(7 DSSOLFDWLRQ XVHG SHUVRQDOLVDWLRQ DV D VXSSRUW WRRO
IRU WKHUDSLVWV E\ SURYLGLQJ VXJJHVWLRQV IRU QHZ H[HUFLVHV EDVHG RQ WKH LQSXW RI WKH
XVHU GXULQJ SUHYLRXV H[HUFLVHV� 7KH WKHUDSLVW FRXOG FKRRVH D VXJJHVWLRQ RU FUHDWH WKHLU
RZQ FRQÀJXUDWLRQ� 7KLUG� DQ DUFKLWHFWXUH IRU D SDWLHQW�FHQWUHG EOHQGHG FDUH SODWIRUP
LV SUHVHQWHG ZKLFK VXSSRUWV WKH DGPLQLVWHULQJ RI 95�EDVHG WKHUDS\� WKH LQWHJUDWLRQ RI
D FRDFKLQJ DSS IRU WKH SDWLHQW� DQG D GDVKERDUG DSSOLFDWLRQ IRU WKH WKHUDSLVW WKURXJK
ZKLFK WKH\ UHFHLYH LQVLJKWV LQ WKH XVHU·V EHKDYLRXU� 7KH PDLQ DGYDQWDJHV RI WKLV SODW�
IRUP LV KRZ DOO WRROV DUH EXLOW WR LPSURYH WKH WUHDWPHQW RI WKH SDWLHQW LQ IDFH�WR�IDFH
VHVVLRQV DQG DW KRPH� %\ SURYLGLQJ WKHVH VXSSRUWLYH WRROV IRU WKH KHDOWK FDUH SURYLGHU
LQ ZKLFK DOO LQIRUPDWLRQ LV FHQWUDOLVHG� WKH\ DUH EHWWHU DEOH WR KHOS WKH SDWLHQW�

,Q WKH UHPDLQGHU RI WKLV VHFWLRQ� WKH FRQWULEXWLRQV WR WKH RSHQ FKDOOHQJHV IURP
6HFWLRQ ��� DUH GLVFXVVHG LQ 6HFWLRQ ���� )ROORZHG E\ D GLVFXVVLRQ RI WKH UHPDLQLQJ
FKDOOHQJHV DQG IXWXUH GLUHFWLRQV LQ 6HFWLRQ ���� )LQDOO\� WKLV FKDSWHU DQG WKLV GLVVHUWD�
WLRQ ZLOO EH FRQFOXGHG ZLWK VRPH ÀQDO FORVLQJ ZRUGV LQ 6HFWLRQ ����

��� 3FWJFX PG UIF 0QFO $IBMMFOHFT
,Q 6HFWLRQ ���� WKH RSHQ FKDOOHQJHV LQ H+HDOWK DQG 95 ZHUH SUHVHQWHG� ,Q WKLV VHFWLRQ�
WKH FRQWULEXWLRQV WR WKHVH FKDOOHQJHV DUH UHYLHZHG�

&KDOOHQJH �� $VVHVVPHQW 7KH ÀUVW FKDOOHQJH VWDWHV WKH QHHG IRU DXWRPDWHG DV�
VHVVPHQW LQ 95� 7KHVH DVVHVVPHQWV FDQ VXSSRUW +HDOWK &DUH 3URIHVVLRQDOV �+&3V�
LQ PDNLQJ LQIRUPHG GHFLVLRQV DV WKH\ DUH SUHVHQWHG ZLWK UHFHQW LQIRUPDWLRQ RI WKH
SDWLHQW� %XW LW FDQ DOVR EH XVHG WR IHHG SHUVRQDOLVDWLRQ DOJRULWKPV VXFK WKDW WKH\ FDQ
DGDSW WR WKH QHHGV RI WKH SDWLHQW� )XUWKHUPRUH� DXWRPDWHG DVVHVVPHQW FDQ SURYLGH
LQIRUPDWLRQ RQ SDUDPHWHUV WKDW ZHUH SUHYLRXVO\ OHIW XQWRXFKHG� ,Q &KDSWHU �� WKH
95 DSSOLFDWLRQ IRU WKH WUHDWPHQW RI 861 XVHV VHQVRU GDWD IURP +0'·V LQWHUQDOV
VHQVRUV DV D PHDVXUH IRU DVVHVVPHQW� 7KLV GDWD ZDV GLVSOD\HG RQ D GDVKERDUG DSSOLFD�
WLRQ� ZKLFK WKH +&3 FRXOG PRQLWRU� 'XULQJ SRVW�DQDO\VLV� WKHUH ZDV LQGHHG HYLGHQFH
IRXQG WKDW WKLV PHDVXUH SURYLGHG LQVLJKWV LQ WKH EHKDYLRXU RI WKH SDWLHQW WKDW ZDV
OLQNHG WR WKH VHYHULW\ RI WKH 861� )XUWKHUPRUH� LQ &KDSWHU �� D PDWKHPDWLFDO PRGHO
LV SUHVHQWHG IRU WKH SUHGLFWLRQ RI WKH HPRWLRQDO VWDWH RI WKH XVHU� 7KHVH SUHGLFWLRQV
DUH XVHG WR GULYH D SHUVRQDOLVDWLRQ DOJRULWKP WKURXJK KHXULVWLF RSWLPLVDWLRQ� 7KH DS�
SURDFK LQ &KDSWHU � LV UDWKHU XQLTXH LQ WKH VHQVH WKDW LW DYRLGV WKH XVH RI LQWUXVLYH
VHQVRUV IRU WKH DVVHVVPHQW� ,QVWHDG WKH PRGHO XVHV LQLWLDO VHOI�UHSRUWV RI WKH XVHU DQG
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UHJLVWHUV FKDQJHV LQ WKH 9( WR PDNH QHZ SUHGLFWLRQV�

&KDOOHQJH �� 3HUVRQDOLVDWLRQ 7KLV FKDOOHQJH SRLQWV RXW WKH QHHG IRU DGGLWLRQDO
WHFKQLTXHV WR SURYLGH SHUVRQDOLVDWLRQ LQ FRPSOH[ XVH FDVHV� 3HUVRQDOLVDWLRQ LPSURYHV
WKH H̊HFWLYHQHVV RI WUHDWPHQW LQ PDQ\ FDVHV EHFDXVH D RQH�VL]H�ÀWV�DOO DSSURDFK LV
RIWHQ QRW LQFOXVLYH WR DOO SDWLHQWV� +RZHYHU� SHUVRQDOLVLQJ 9(V LV QRW VWUDLJKWIRUZDUG�
)RU +&3� RQ WKH RQH KDQG� LW FDQ EH WLPH FRQVXPLQJ DQG LQIHDVLEOH ZKHQ WKH DPRXQW
RI GDWD DQG LQIRUPDWLRQ LV WRR ODUJH� 3DWLHQWV� RQ WKH RWKHU KDQG� RIWHQ GR QRW NQRZ
H[DFWO\ ZKDW WKH\ QHHG� 7KHUHIRUH� SHUVRQDOLVDWLRQ DOJRULWKPV FDQ EH D VXSSRUW WRRO
IRU D +&3 WR PDNH GHFLVLRQV PRUH H̊HFWLYHO\� DQG D VHOI�PDQDJHPHQW WRRO IRU SD�
WLHQWV LQ EHWZHHQ FRQVXOWDWLRQV ZLWK D +&3� &KDSWHU � SUHVHQWV WKH SHUVRQDOLVDWLRQ
DOJRULWKP DV DQ H[DPSOH RI VHOI�PDQDJHPHQW� ZKHUH WKH DOJRULWKP SURYLGHV FKDQJHV
WR WKH 9( ZLWK PLQLPDO LQSXW DQG PLQLPDO VXSHUYLVLRQ� 7KH DOJRULWKP LV DEOH WR
DGDSW WKH 9( EDVHG RQ WKH HPRWLRQDO VWDWH RI WKH XVHU WR PD[LPLVH UHOD[DWLRQ� 7KH
VHFRQG DSSOLFDWLRQ RI SHUVRQDOLVDWLRQ LQ WKLV GLVVHUWDWLRQ LV IRXQG LQ &KDSWHU �� ZHUH
SHUVRQDOLVDWLRQ LV XVHG DV D WRRO WR VXSSRUW WKH WKHUDSLVW� 7KH DOJRULWKP PDNHV VXJ�
JHVWLRQV IRU QHZ 9( FRQÀJXUDWLRQV WKDW PD[LPLVH WKH H̊HFWLYHQHVV RI WKH ([SRVXUH
7KHUDS\ �(7�� ,W XVHV LQIRUPDWLRQ IURP WKH SDWLHQW·V KLVWRU\ WR PDNH QHZ VXJJHV�
WLRQV� 7KH PDLQ FRQWULEXWLRQ RI WKLV FKDSWHU LV WKH LQWHJUDWLRQ RI GRPDLQ NQRZOHGJH
WKURXJK VHPDQWLF WHFKQRORJ\ DQG WKH DSSOLFDWLRQ RI WKH 5HVFRUOD�:DJQHU �5:� PRGHO
DV IRXQGDWLRQ RI DQ DOJRULWKP WR PD[LPLVH OHDUQLQJ�

&KDOOHQJH �� 3DWLHQW�FHQWUHG SODWIRUPV 7KH QHHG IRU ODUJH VFDOH� SDWLHQW�FHQWUHG
SODWIRUPV� ZKLFK LQFRUSRUDWH WKH WRROV WR SURYLGH WUHDWPHQW� DQG PDNH LQIRUPDWLRQ
H[FKDQJH DQG LQWHUSUHWDWLRQ HDVLHU� LV LGHQWLÀHG� )RU WKH GHVLJQ RI WKHVH SODWIRUPV WKH
FROODERUDWLRQ RI DOO VWDNHKROGHUV LV UHTXLUHG WR XQGHUVWDQG WKHLU QHHGV� 7KH SXUSRVH
RI VXFK D SODWIRUP LV WR SURYLGH EHWWHU FDUH IRU WKH SDWLHQW LQ IDFH�WR�IDFH VHVVLRQV DQG
DW KRPH� 7KLV LV DFKLHYHG E\ HPSRZHULQJ WKH SDWLHQW WR FRQWLQXH SUDFWLVLQJ RXWVLGH
RI FRQVXOWDWLRQV� H�J� WKURXJK D PRELOH DSS� DQG E\ SURYLGLQJ WKH +&3 ZLWK DV PXFK
LQIRUPDWLRQ DV SRVVLEOH LQ DQ HDV\ WR FRPSUHKHQG IRUPDW� H�J� RQ D GDVKERDUG DSSOL�
FDWLRQ� 2QH DSSURDFK WR FROOHFW DGGLWLRQDO LQIRUPDWLRQ LV E\ KDYLQJ WKH SDWLHQW UHFRUG
HYHQWV WKURXJK WKH SODWIRUP� WKDW WKH +&3 FDQ XVH WR LPSURYH WKH WUHDWPHQW� +&3
DOVR XVH WKH SODWIRUP WR PDQDJH WKH WUHDWPHQW LWVHOI� H�J� E\ FUHDWLQJ QHZ H[HUFLVHV
WKDW DSSHDU RQ WKH SDWLHQWV PRELOH DSS� ,Q &KDSWHU �� D SDWLHQW�FHQWUHG� EOHQGHG FDUH
SODWIRUP LV GHYHORSHG IRU 95(7� ,W SURYLGHV D JRRG H[DPSOH RI FR�GHVLJQ LQ ZKLFK
WKH VWDNHKROGHUV DUH LQFOXGHG LQ WKH GHVLJQ RI WKH V\VWHP� )XUWKHUPRUH� DQ DUFKLWHF�
WXUH LV SUHVHQWHG WKDW LQFRUSRUDWHV D 95 V\VWHP� 7KH DUFKLWHFWXUH PDNHV LW HDV\ WR
GHYHORS LQWHOOLJHQW DOJRULWKPV� H�J� IRU SHUVRQDOLVDWLRQ� WKDW UHTXLUH GDWD IURP YDULRXV
VRXUFHV�



��� $IBQUFS �

&KDOOHQJH �� ([SHUWLVH GULYHQ GHYHORSPHQW (YHU\ FRQWULEXWLRQ LQ WKLV GLVVHUWD�
WLRQ KDV NHSW WKH IRXUWK FKDOOHQJH LQ PLQG� 5HVHDUFK RQ WKH DSSOLFDWLRQV RI 95 LQ
KHDOWKFDUH VKRXOG EH GULYHQ E\ WKH H[SHUWLVH RI WKH KHDOWK FDUH GRPDLQ H[SHUWV DQG
QRW E\ WKH 95 WHFKQRORJ\� ,QGHHG� WKH GHVLJQ RI HDFK 95 DSSOLFDWLRQ ZDV GULYHQ E\
SUHYLRXV HYLGHQFH RU H[SHUWLVH IURP GRPDLQ H[SHUWV� 7KH 95 WHFKQRORJ\ ZDV PDLQO\
XVHG DV D WRRO WR DFFRPSOLVK ZKDW ZDV SUHYLRXVO\ LQIHDVLEOH� +RZHYHU� LQQRYDWLRQ
UHTXLUHV VHDUFKLQJ IRU QHZ DSSURDFKHV DQG QHZ VROXWLRQV WR H[LVWLQJ SUREOHPV WKDW
XVH QHZ WHFKQRORJLHV� ,Q WKDW VHQVH� WKH FRQWULEXWLRQV LQ WKLV GLVVHUWDWLRQ KDYH WULHG
WR XVH WKH ODWHVW ÀQGLQJ LQ 95 WHFKQRORJ\ WR LPSURYH RQ H[LVWLQJ WUHDWPHQWV�

&KDOOHQJH �� &R�GHVLJQ 7KLV FKDOOHQJH IRFXVVHV RQ WKH QHHG IRU FR�GHVLJQPHWKRG�
RORJLHV LQ WKH GHVLJQ RI QHZ 95 DSSOLFDWLRQV� 6SHFLÀFDOO\� WKH GLJLWDO SURÀFLHQF\ RI
SDWLHQWV DQG +&3 QHHGV WR EH FRQVLGHUHG� 7KH DLP RI GLJLWDO WHFKQRORJ\ VKRXOG EH
WR KHOS DQG VXSSRUW LQ FRPSOH[ WDVNV E\ UHPRYLQJ WKDW FRPSOH[LW\� ,I QHZ WRROV DGG
DGGLWLRQDO FRPSOH[LW\ WR XVH WKHP� WKHQ WKH WRRO LV UHQGHUHG XVHOHVV� 7R WKLV HQG� WKH
FRQWULEXWLRQV LQ &KDSWHUV �� �� � DQG � KDYH EHHQ GHVLJQHG WR VLPSOLI\ WKH SUREOHP DQG
VXSSRUW WKH XVHU E\ UHTXLULQJ DV OLWWOH WHFKQLFDO NQRZOHGJH DV SRVVLEOH� 6SHFLÀFDOO\� WKLV
LV DFFRPSOLVKHG WKURXJK VLPSOH WR XVH GDVKERDUG DSSOLFDWLRQV� DQG VXSSRUWLYH V\VWHPV
IRU SHUVRQDOLVDWLRQ WKDW RSHUDWH DXWRQRPRXV ZLWK PLQLPDO LQSXW�

��� 3FNBJOJOH $IBMMFOHFT BOE 'VUVSF %JSFDUJPOT

7KLV GLVVHUWDWLRQ IRFXVVHG RQ RQO\ D IHZ RI WKH FKDOOHQJHV RI 95 LQ KHDOWKFDUH� 7KHUH
DUH RI FRXUVH VWLOO RWKHU FKDOOHQJHV WKDW UHPDLQ WR EH UHVHDUFKHG� ,Q WKLV VHFWLRQ WKH
PRVW SURPLQHQW FKDOOHQJHV IRU WKH DGRSWLRQ RI 95 LQ H+HDOWK SUDFWLFH DUH OLVWHG�

����� 4UBOEBSEJTFE *NQMFNFOUBUJPO

95 WHFKQRORJ\ LV VWLOO LQ IXOO GHYHORSPHQW� 1HZ LQQRYDWLRQV LQ KDUGZDUH DQG VRIWZDUH
IROORZ HDFK RWKHU LQ TXLFN VXFFHVVLRQ� 7KLV KDV OHG WR WKH VLWXDWLRQ LQ ZKLFK VWXGLHV
DQG UHVXOWV RI VWXGLHV TXLFNO\ EHFRPH REVROHWH RU FRPSDULVRQ LV PDGH LPSRVVLEOH�
(YHQ IRU VWXGLHV RQO\ D IHZ \HDUV DSDUW� WKH DYDLODELOLW\ RI KDUGZDUH DQG VRIWZDUH ZLOO
KDYH FKDQJHG FRPSOHWHO\ >�@� ,Q RUGHU WR HQDEOH UHVHDUFK WR EXLOG IXUWKHU RQ H[LVWLQJ
DSSOLFDWLRQV LQ VSHFLÀF XVH FDVHV� WKHUH LV D QHHG IRU VWDQGDUGLVHG LPSOHPHQWDWLRQ
JXLGHOLQHV� 7KHVH VKRXOG VSHFLI\ WKH FKDUDFWHULVWLFV RI 95 KDUGZDUH DQG VRIWZDUH
HQVXULQJ WKDW IROORZ�XS VWXGLHV FDQ XVH VLPLODU HTXLSPHQW� +RZHYHU� WR PDNH WKLV
SRVVLEOH� UHVHDUFK LV QHHGHG RQ WKH H̊HFWV RI KDUGZDUH DQG VRIWZDUH RQ WKH XVHU� 7KLV
ZLOO HQDEOH WR DFFRXQW IRU FKDQJHV LQ FKDUDFWHULVWLFV ZKHQ LQWHUSUHWLQJ WHVW UHVXOWV�
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����� -BSHF 4DBMF &GGFDUJWFOFTT 4UVEJFT
:H VWLOO GR QRW \HW IXOO\ XQGHUVWDQG ZKDW WKH H̊HFW RI 95 LV RQ SDWLHQWV DQG ZKHWKHU
HYHU\ IRUP RI SHUVRQDOLVDWLRQ LV DV H̊HFWLYH� 7KHUH LV VRPHWLPHV FRQWUDGLFWLQJ HYL�
GHQFH IRXQG LQ OLWHUDWXUH� 2QH RI WKH PRVW IUHTXHQW VKRUWFRPLQJV RI FXUUHQW VWXGLHV
LV WKH OLPLWHG VFRSH RI XVHU WHVWV� 7KHVH WHVWV DUH IXQGDPHQWDO WR XQGHUVWDQG WKH FLU�
FXPVWDQFHV LQ ZKLFK 95 WHFKQRORJ\ LV PRVW H̊HFWLYH LQ KHDOWKFDUH� )XWXUH VWXGLHV
QHHG WR IRFXV RQ RUJDQLVLQJ ODUJH VFDOH UDQGRPLVHG FRQWUROOHG WUDLOV� 7KHVH VKRXOG
H[WHQG RYHU ODUJH SHULRGV RI WLPH� ZLWK ODUJH SRSXODWLRQV WR HVWDEOLVK VWDWLVWLFDOO\ VLJ�
QLÀFDQW UHVXOWV� &RPSDULVRQ DJDLQVW QRQ�95 HTXLYDOHQWV LV DOVR HVVHQWLDO IRU FRPSDU�
DWLYH VWXGLHV� 6WDQGDUGLVHG LPSOHPHQWDWLRQ JXLGHOLQHV ZLOO KHOS LQ WKLV HQGHDYRXU EXW
GR QRW VX̋FH RQ WKHLU RZQ� 7KH ODFN RI ODUJH VFDOH VWXGLHV LV DOVR D OLPLWDWLRQ RI WKLV
UHVHDUFK WR EH DGGUHVVHG LQ IXWXUH SURMHFWV�

����� (FOFSBMJTFE 1FSTPOBMJTBUJPO 'SBNFXPSL
,Q OLWHUDWXUH� VROXWLRQV IRU SHUVRQDOLVDWLRQ DUH GHVLJQHG RQO\ IRU YHU\ VSHFLÀF XVH FDVHV�
ZKLFK PDNHV LW RIWHQ LQIHDVLEOH WR WUDQVODWH WKHLU ÀQGLQJV WR RWKHU XVH FDVHV� 7KHUH LV
D ODFN RI IUDPHZRUNV WKDW HQDEOH SHUVRQDOLVDWLRQ LQ D XVH FDVH DJQRVWLF PDQQHU� 6XFK
D IUDPHZRUN ZRXOG EH KLJKO\ UHOHYDQW DV LW ZLOO HQDEOH HDVLHU WUDQVIHU RI NQRZOHGJH
DQG WHFKQLTXHV EHWZHHQ XVH FDVHV� 2QH SRVVLELOLW\ WR DSSURDFK WKLV SUREOHP LV FRQ�
VWUXFWLQJ DQ DEVWUDFWLRQ OD\HU RQ WRS RI XVH FDVH VSHFLÀF SHUVRQDOLVDWLRQ UHTXLUHPHQWV�
:LWK WKLV DEVWUDFWHG GHÀQLWLRQ� SHUVRQDOLVDWLRQ FRXOG EH DSSURDFKHG DV DQ RSWLPL�
VDWLRQ SUREOHP LQ ZKLFK WKH REMHFWLYH LV WR PD[LPLVH D FRPELQDWLRQ RI SDUDPHWHUV�
H�J� WUHDWPHQW SURJUHVV� XVHU HQMR\PHQW� RU OHDUQLQJ SRWHQWLDO� 7KHUHIRUH� D WKRURXJK
DQDO\VLV RI WKH UHTXLUHPHQWV RI SHUVRQDOLVDWLRQ LQ YDULRXV XVH FDVHV LV ÀUVW QHHGHG�

����� (BNJðDBUJPO
95 WHFKQRORJ\ DOUHDG\ SURYLGHV DQ LQWULQVLF TXDOLW\ RI HQMR\PHQW WR RWKHUZLVH EODQG
WUHDWPHQW H[HUFLVHV� +RZHYHU� IXUWKHU LQYHVWPHQW RQ WKH HQMR\PHQW IDFWRU RI H+HDOWK
DSSOLFDWLRQV� HVSHFLDOO\ ZLWK 95� ZRXOG QRW EH LQ YDLQ� $GRSWLQJ JDPLÀFDWLRQ HOH�
PHQWV LQ WKH GHVLJQ RI QHZ 95 WKHUDS\ WRROV VKRZV D ORW RI SRWHQWLDO� HVSHFLDOO\ LQ
FRPELQDWLRQ ZLWK SHUVRQDOLVDWLRQ RI WKH JDPLÀFDWLRQ WDFWLFV� )XUWKHUPRUH� 95� ZLWK
LWV EDFNJURXQG LQ WKH HQWHUWDLQPHQW VHJPHQW� LV DQ LGHDO PHGLXP WR DSSO\ WKLV LQ�
,QFUHDVHG HQMR\PHQW KDV VKRZQ WR LPSURYH HQJDJHPHQW� XVHU UHWHQWLRQ DQG H̊HFWLYH�
QHVV�

����� -PX -BUFODZ %FMJWFS PG 7JSUVBM 3FBMJUZ $POUFOU
7R IXUWKHU UHGXFH WKH FRVW RI 95 DSSOLFDWLRQV� PRUH LQWHUHVW PLJKW JR WRZDUGV QHWZRUN
GHOLYHUHG 95 FRQWHQW� L�H� VWUHDPLQJ RI 95 FRQWHQW� 7KLV ZRXOG HOLPLQDWH WKH QHHG IRU



��� $IBQUFS �

KLJK�HQG FRPSXWHU V\VWHPV DW WKH FOLHQW VLGH EHFDXVH FRQWHQW LV FUHDWHG DQG SURFHVVHG
RQ H̋FLHQW ODUJH�VFDOH VHUYHUV� +RZHYHU� IRU WKLV DSSURDFK WR EH VXFFHVVIXO� DGGLWLRQDO
UHVHDUFK LV QHHGHG RQ ORZ ODWHQF\ GHOLYHU\ RI WKLV FRQWHQW RYHU XQVWDEOH QHWZRUNV VXFK
DV WKH LQWHUQHW� 7KHUH DUH PXOWLSOH SRVVLEOH DYHQXHV LQ DSSOLFDWLRQV RSWLPLVDWLRQ WR
IXUWKHU H[SORUH� (QFRGLQJ VWUDWHJLHV QHHG IXUWKHU RSWLPLVDWLRQ IRFXVHG RQ WLOHG YLGHR�
SRLQW FORXGV DQG OLJKW ÀHOGV� )XUWKHUPRUH� WHFKQLTXHV VXFK DV YLHZSRUW SUHGLFWLRQ DQG
FRQWHQW SUHIHWFKLQJ FRXOG EH YHU\ EHQHÀFLDO IRU KLJK TXDOLW\ DQG ORZ ODWHQF\ GHOLYHU\�

��� $MPTJOH 8PSET
7KLV GLVVHUWDWLRQ SUHVHQWV WKH GHVLJQ DQG HYDOXDWLRQ RI � DGYDQFHG 95�EDVHG DSSOL�
FDWLRQV IRU KHDOWKFDUH� (DFK SUHVHQWV DQ LQQRYDWLYH FRQWULEXWLRQ WR WKH XVH RI 95 E\
WDFNOLQJ VHYHUDO FKDOOHQJHV� , KRSH WKLV GLVVHUWDWLRQ ZLOO KHOS LQ PDNLQJ 95 WHFKQRO�
RJ\ EHFRPH SDUW RI WKH HYHU\GD\ VHW RI WRROV DYDLODEOH WR KHDOWK FDUH SURYLGHUV DURXQG
WKH ZRUOG� $W WKH YHU\ OHDVW� PD\ , LQVSLUH IHOORZ UHVHDUFKHUV LQ SXUVXLQJ 95 DQG LWV
DSSOLFDWLRQV LQ IXWXUH VWXGLHV� %HFDXVH� , EHOLHYH ZKDW ZH KDYH VHHQ VR IDU� LV MXVW WKH
WLS RI WKH LFHEHUJ�
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>�@ 5� 0� YDQ GHU .OHLM� 0� -� .DVWHOH\Q� (� 0HLMHU� 7� 1� %RQWHQ� (� -� +RXZLQN�

0� 7HLFKHUW� 6� YDQ /XHQHQ� 5� 9HGDQWKDQ� $� (YHUV� -� &DU� +� 3LQQRFN� DQG
1� +� &KDYDQQHV� 6(5,(6� H+HDOWK LQ SULPDU\ FDUH� 3DUW �� &RQFHSWV� FRQGL�
WLRQV DQG FKDOOHQJHV� (XURSHDQ -RXUQDO RI *HQHUDO 3UDFWLFH� ���������²���� 2F�
WREHU ����� $YDLODEOH IURP� KWWSV���ZZZ�WDQGIRQOLQH�FRP�GRL�IXOO���������
���������������������� GRL�������������������������������

>�@ (XURVWDW� 6HOI�UHSRUWHG XQPHW QHHGV IRU KHDOWK FDUH E\ VH[� DJH� VSHFLÀF UHDVRQV DQG HGXFDWLRQDO
DWWDLQPHQW OHYHO� 7HFKQLFDO UHSRUW� ����� $YDLODEOH IURP� KWWSV���DSSVVR�HXURVWDW�
HF�HXURSD�HX�QXL�VKRZ�GR"GDWDVHW KOWKBHKLVBXQ�H	ODQJ HQ�

>�@ /� -HQVHQ DQG )� .RQUDGVHQ� $ UHYLHZ RI WKH XVH RI YLUWXDO UHDOLW\ KHDG�PRXQWHG GLVSOD\V LQ
HGXFDWLRQ DQG WUDLQLQJ� (GXFDWLRQ DQG ,QIRUPDWLRQ 7HFKQRORJLHV� ����������²�����
-XO\ ����� $YDLODEOH IURP� KWWS���OLQN�VSULQJHU�FRP���������V���������������
�� GRL���������V�����������������

>�@ *� 7LHUL� *� 0RURQH� 6� 3DROXFFL� DQG 0� ,RVD� 9LUWXDO UHDOLW\ LQ FRJ�
QLWLYH DQG PRWRU UHKDELOLWDWLRQ� IDFWV� ÀFWLRQ DQG IDOODFLHV� ([SHUW 5HYLHZ
RI 0HGLFDO 'HYLFHV� ���������²���� )HEUXDU\ ����� $YDLODEOH IURP�
KWWSV���ZZZ�WDQGIRQOLQH�FRP�GRL�IXOO�������������������������������
GRL�������������������������������

>�@ %� *DUUHWW� 7� 7DYHUQHU� '� *URPDOD� *� 7DR� (� &RUGLQJOH\� DQG &� 6XQ�
9LUWXDO 5HDOLW\ &OLQLFDO 5HVHDUFK� 3URPLVHV DQG &KDOOHQJHV� -0,5 6HULRXV *DPHV�
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)PX EP 6TFST *OUFSBDU XJUI .PCJMF )FBMUI

"QQT " .BSLPW $IBJO "OBMZTJT

5IF NPCJMF DPBDIJOH BQQ JOUSPEVDFE GPS UIF 1"530/64 QMBUGPSN JO $IBQUFS � JT B UPPM UP TVQ�
QPSU UIF QBUJFOU JO CFUXFFO UIFSBQZ TFTTJPOT� 5ISPVHI UIF BQQ UIFZ DBO GFFM TFMG�FNQPXFSFE
CFDBVTF UIFZ IBWF UIF NFBOT UP QFSGPSN UIFJS FYFSDJTFT BU IPNF UIFZ DBO LFFQ USBDL PG UIFJS QFS�
TPOBM HPBMT BOE UIFZ DBO DPMMFDU JOGPSNBUJPO XIJDI DBO FWFOUVBMMZ IFMQ UIFJS USFBUNFOU� )PXFWFS
UIFSF JT NVDI NPSF JOGPSNBUJPO BCPVU UIF QBUJFOUnT CFIBWJPVS UIBU DPVME CF SFMFWBOU UP JNQSPWF
UIF USFBUNFOU� 0CWJPVTMZ JU JT VOGFBTJCMF GPS UIF QBUJFOU UP SFHJTUFS BMM JUT CFIBWJPVS NBOVBMMZ�
5IFSFGPSF JU JT NPTU JOUFSFTUJOH UP FYUSBDU JOTJHIUT PG UIF VTFS CZ PCTFSWJOH BOE BOBMZTJOH EBUB
UIBU DBO CF DIFBQMZ BOE BVUPOPNPVTMZ DPMMFDUFE� "O FYBNQMF PG UIJT JT UIF JOUFSBDUJPOT PG B QB�
UJFOU XJUI B NPCJMF BQQ F�H� UIF DPBDIJOH BQQ JO 1"530/64� *OGPSNBUJPO TVDI BT UIF BQQ QBHFT
UIFZ DPOTVMU UIF FYFSDJTFT UIFZ QFSGPSN PS UIF GSFRVFODZ BU XIJDI UIFZ MPH OFX FWFOUT DBO UFMM B
MPU� 5IJT SFTFBSDI FYQMPSFE UIF VTF PG .BSLPW DIBJOT UP BOBMZTF BOE EFUFDU QBUUFSOT JO UIF JOUFS�
BDUJPO PG B QBUJFOU XJUI UIF BQQ� 5IFTF QBUUFSOT DPVME CF VTFE JO GVUVSF SFTFBSDI UP JOGPSN UIF
QTZDIPUIFSBQJTU PS UP ESJWF QFSTPOBMJTBUJPO BMHPSJUINT UIBU DBO TVHHFTU BQQSPQSJBUF DPOUFOU UP
UIF QBUJFOU�

? ? ?

-� +H\VH� *� 9DQGHZLHOH� )� 2QJHQDH� )� 'H %DFNHUH� DQG )� 'H
7XUFN�

3XEOLVKHG LQ SURFHHGLQJV RI WKH ��WK ($, ,QWHUQDWLRQDO &RQIHUHQFH RQ 3HUYD�
VLYH &RPSXWLQJ 7HFKQRORJLHV IRU +HDOWKFDUH �3HUYDVLYH+HDOWK�� 0D\ �����



��� "QQFOEJY "

$EVWUDFW ,QWHOOLJHQW YLUWXDO FRDFKHV IRU KHDOWKFDUH UHTXLUH VX̋FLHQW LQVLJKWV DERXW
WKH XVHU� 'DWD IURP LQWHUDFWLRQV ZLWK D PRELOH KHDOWK DSS KDYH SUHYLRXVO\ EHHQ RYHU�
ORRNHG DV D VRXUFH RI YDOXDEOH LQVLJKWV� ,Q WKLV SDSHU� WUDFHV RI LQWHUDFWLRQ ZLWK D
PRELOH DSS DUH DQDO\VHG WR LGHQWLI\ WKH QHHGV DQG JRDOV RI WKH XVHU� 7KH PRELOH DSS LV
SDUW RI D EOHQGHG FDUH VROXWLRQ IRU DQ[LHW\ WKHUDS\� 7KH SDSHU LOOXVWUDWHV KRZ 0DUNRY
&KDLQ DQDO\VLV SURYHV WR EH D XVHIXO WRRO LQ FODVVLI\LQJ XVHU LQWHUDFWLRQ EDVHG RQ WKH
XVHU·V JRDO�

"�� *OUSPEVDUJPO
$ YLUWXDO FRDFK FDQ RQO\ EH DV VPDUW DV WKH GDWD LW KDV DYDLODEOH DQG WKH LQVLJKWV LW FDQ
H[WUDFW IURP WKDW GDWD� )RUWXQDWHO\� WKHVH GD\V WKHUH LV D ORW RI GDWD HDVLO\ DFFHVVLEOH�
7KHUH LV D SOHWKRUD RI ZHDUDEOHV WKDW PHDVXUH HYHU\WKLQJ IURP KHDUW UDWH� JDOYDQLF
VNLQ UHVSRQVH DQG WHPSHUDWXUH� WR DFWLYLWLHV� VOHHS TXDOLW\ DQG SRVWXUH >�@� 'XH WR
WKH GLJLWLVDWLRQ RI ÀOHV DQG WRROV� PXFK PRUH LQIRUPDWLRQ WKDQ EHIRUH LV EHFRPLQJ
DYDLODEOH LQ GLJLWDO IRUP� 2QH OHVV REYLRXV VRXUFH RI GDWD LV PRELOH DSS LQWHUDFWLRQ� EXW
EHFDXVH RI WKHLU HDVH RI DFFHVV DQG ZLGH DSSOLFDWLRQV LQ KHDOWKFDUH� WKH\ DUH FHUWDLQO\
ZRUWK ORRNLQJ LQWR >�²�@� +RZ WKH XVHU LQWHUDFWV ZLWK WKH DSS FDQ SURYLGH XVHIXO
LQVLJKWV LQWR WKH QHHGV DQG ZHOOEHLQJ RI WKH XVHU� 7\SLFDOO\� WKHVH DSSV VHUYHU PXOWLSOH
SXUSRVHV� 2EVHUYLQJ ZKLFK JRDO RU SXUSRVH WKH XVHU ZDQWV WR VHUYHU ZLWK WKLV DSS
FRXOG LQGLFDWH WKH QHHGV RI WKDW XVHU�

,Q WKLV SDSHU� ZH H[SORUH ZKLFK LQVLJKWV FDQ EH H[WUDFWHG LQ WHUPV RI JRDO LGHQWLÀ�
FDWLRQ IURP GDWD ZKLFK LV FROOHFWHG IURP XVHUV LQWHUDFWLQJ ZLWK D PRELOH DSSOLFDWLRQ�
7KH DSSOLFDWLRQ LV GHVLJQHG VSHFLÀFDOO\ DV D FRPSOHPHQWDU\ WRRO IRU DQ[LHW\ 9LUWXDO 5H�
DOLW\ ([SRVXUH 7KHUDS\ �95(7�� :H IRFXV RQ VHDUFKLQJ WHFKQLTXHV WKDW DUH VFDODEOH
WR ODUJH DPRXQWV RI GDWD�

"�� .PCJMF "QQMJDBUJPO %BUB
7KH DQDO\VLV LQ WKLV SDSHU LV EDVHG RQ GDWD FROOHFWHG IURP D PRELOH DSS GHVLJQHG DV
SDUW RI D EOHQGHG FDUH VROXWLRQ IRU H[SRVXUH WKHUDS\�

"���� .PCJMF "QQMJDBUJPO %FTJHO
7KH PRELOH DSSOLFDWLRQ LV GHYHORSHG DV SDUW RI D SURMHFW FDOOHG 3$752186� LQ ZKLFK
D EOHQGHG�FDUH VROXWLRQ LV FUHDWHG IRU 95(7� 7ZR RI WKH JRDOV RI WKH SURMHFW DUH WR
HQDEOH ORQJLWXGLQDO IROORZ�XS RI SDWLHQWV DQG SURYLGH KRPHZRUN H[HUFLVHV LQ EHWZHHQ
VHVVLRQV IRU WKH SDWLHQW WR SUDFWLFH LQ UHDO OLIH DQG D YLUWXDO HQYLURQPHQW� 7KH KRPH�
ZRUN H[HUFLVHV DUH FUHDWHG E\ D WKHUDSLVW DQG EHFRPH DYDLODEOH WR WKH XVHU RQ LWV GHYLFH

�ZZZ�LPHF�LQW�FRP�HQ�ZKDW�ZH�RIIHU�UHVHDUFK�SRUWIROLR�SDWURQXV� DFFHVVHG RQ ����������
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DIWHU WKH WKHUDS\ VHVVLRQ� 3K\VLRORJLFDO GDWD ZDV FROOHFWHG WKURXJK RQH RI WZR ZHDU�
DEOHV� WKH (PSDWLFD (�� RU WKH &KLOO���

$ VHOHFWLRQ RI VFUHHQVKRW RI GL̊HUHQW YLHZ LQ WKH PRELOH DSSOLFDWLRQ DUH VKRZQ LQ
)LJXUH $��� 7KH VWDUW YLHZ RI WKH DSSOLFDWLRQ VKRZV DQ RYHUYLHZ RI DOO WKH H[HUFLVHV RI
WKH XVHU �)LJXUH $��D�� 7KLV YLHZ OLVWV DOO WKH H[HUFLVHV ZKLFK DUH DYDLODEOH WR WKH SDWLHQW�
7KH OLVW FRQWDLQV D FRPELQDWLRQ RI H[HUFLVH LQ UHDO OLIH DQG H[HUFLVHV LQ 9LUWXDO 5HDOLW\
�95� RQ WKH PRELOH GHYLFH� :KHQ VHOHFWLQJ DQ H[HUFLVH WKH XVHU JHWV IRUZDUGHG WR D
GHWDLOHG YLHZ RI WKDW H[HUFLVH ZKLFK LQ WKH FDVH RI 95 H[HUFLVHV ZLOO IRUZDUG WKHP WR
WKH 95 HQYLURQPHQW �)LJXUH $��E�� 7KH JRDOV YLHZ �)LJXUH $��F� OLVWV JRDOV ZKLFK KDYH
EHHQ GHÀQHG LQ FRQVXOWDWLRQ ZLWK KLV�KHU WKHUDSLVW� 7KHVH JRDOV VHUYH D PRWLYDWLRQDO
SXUSRVH DV SDWLHQWV FDQ UHDFK LQWHUPHGLDWH JRDOV WKDW FDQ KHOS WKHP WRZDUGV FRSLQJ
ZLWK DQ[LHW\� 1H[W� WKHUH LV D VFUHHQ ZKLFK DOORZV XVHUV WR LQSXW LQIRUPDWLRQ DERXW
WKHLU FXUUHQW VWDWH �)LJXUH $��G�� 7KURXJK WKLV IHDWXUH� WKH SDWLHQW NHHSV D UHFRUG RI
KLV�KHU HPRWLRQDO VWDWH LQ GL̋FXOW VLWXDWLRQV� 7KHVH UHFRUGV FDQ ODWHU EH UHYLHZHG ZLWK
D WKHUDSLVW� $QRWKHU VFUHHQ SURYLGHV DQ RYHUYLHZ LQ WKH IRUP RI D WLPHOLQH ZKLFK OLVWV
DOO WKH H[HUFLVHV DQG JRDOV LQ FKURQRORJLFDO RUGHU �)LJXUH $��H�� 7KLV YLHZ KDV QR RWKHU
IXQFWLRQDOLW\ RWKHUZLVH� 7KHUH LV DOVR D YLHZ ZLWK DFFRXQW VHWWLQJV DQG LQIRUPDWLRQ
ZKLFK UDUHO\ QHHGV WR EH DFFHVVHG E\ WKH XVHU� 7KH DFFRXQW YLHZ LV DOVR XVHG IRU
FRQQHFWLQJ D ZHDUDEOH GHYLFH� 7KH DSSOLFDWLRQ FRQWDLQV D IHZ RWKHU VFUHHQV ZKLFK DUH
QRW GLVFXVVHG LQ PRUH GHWDLO DV WKH QDPH RI WKH VFUHHQ SURYLGHV HQRXJK H[SODQDWLRQ
DERXW WKHLU SXUSRVH RU WKH VFUHHQ KDV QR VLJQLÀFDQFH WR WKLV SDSHU�

"���� %BUB $PMMFDUJPO

7R DQDO\VH KRZ WKH XVHUV DUH LQWHUDFWLQJ ZLWK WKH DSS� GDWD QHHGV WR EH FROOHFWHG
ZKLFK UHSUHVHQWV WKLV LQWHUDFWLRQ� 6SHFLÀFDOO\� WKH SDJHV RI WKH DSSOLFDWLRQ WKH XVHU LV
YLVLWLQJ� WKH RUGHU LQ ZKLFK WKHVH DUH YLVLWHG DQG IRU KRZ ORQJ WKH\ DUH YLVLWHG� $OO WKLV
LQIRUPDWLRQ FDQ EH H[WUDFWHG ZKHQ VWRULQJ RQH GDWD UHFRUG HDFK WLPH WKH XVHU VHHV
D QHZ YLHZ LQ WKH DSS WRJHWKHU ZLWK D WLPHVWDPS RI ZKHQ WKLV YLHZ LV VKRZQ� 7KLV
NLQG RI LQIRUPDWLRQ FDQ HDVLO\ EH UHFRUGHG WKURXJK WKH XVH RI WKH *RRJOH )LUHEDVH
SODWIRUP��

,Q WKLV VWXG\� GDWD KDV EHHQ FROOHFWHG IURP � FOLHQWV XVLQJ WKH DSSOLFDWLRQ WR REWDLQ
D VPDOO GDWDVHW� )RU HDFK XVHU� WKH DSSOLFDWLRQ ZDV SRSXODWHG ZLWK VRPH H[HUFLVHV� ERWK
95 DQG LQ YLYR� DQG VRPH JRDOV ZHUH VSHFLÀFDOO\ VHW IRU WKRVH XVHUV� 7KH DFWLYLW\ LQ
WKH DSS ZDV UHFRUGHG RYHU D SHULRG RI WZR ZHHNV�

�ZZZ�HPSDWLFD�FRP�UHVHDUFK�H�� DFFHVVHG RQ ����������
�ZZZ�LPHF�LQW�FRP�QO�FKLOO� DFFHVVHG RQ ����������
�KWWSV���ILUHEDVH�JRRJOH�FRP� DFFHVVHG RQ ����������
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'JHVSF "��� 4DSFFOTIPUT PG UIF EJGGFSFOU WJFXT JO UIF 1"530/64 NPCJMF BQQMJDBUJPO� 	B
 -JTU PG BMM FYFSDJTFT
XJUI B TIPSU EFTDSJQUJPO EVF EBUF BOE JNBHF GPS FBDI 	C
 73 WJFX SFOEFSFE PO TDSFFO 	MBOETDBQF
NPEF
 GPS B 73 IFBETFU 	D
 -JTU PG BMM HPBMT XJUI B TIPSU EFTDSJQUJPO GPS FBDI 	E
 +PVSOBM JOQVU QBHF
GPS B SBUJOH 	�����
 BEEJUJPOBM UFYU BOE B UJNFTUBNQ 	F
 5JNFMJOF PWFSWJFX TIPXJOH UIF QMBOOFE
FYFSDJTFT JO UIF GVUVSF BOE B MJTU PG HPBMT�
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'JHVSF "��� %JTUSJCVUJPO QMPU PG QBHF WJTJU GSFRVFODZ�

"�� %BUB "OBMZTJT
7KH PHWKRGRORJ\ RI WKH GDWD DQDO\VLV LV VSOLW XS LQ WZR SKDVHV� )LUVW� WKH GDWD LV
DQDO\VHG IURP D VWDWLF SHUVSHFWLYH LQ ZKLFK RQO\ WKH YLVLWV WR HDFK SDJH DUH FRQVLGHUHG�
6HFRQG� WKH G\QDPLF FKDUDFWHULVWLFV RI WKH FROOHFWHG GDWD DUH DQDO\VHG� ,Q RWKHU ZRUGV�
WKH WUDQVLWLRQV EHWZHHQ SDJHV DUH LQYHVWLJDWHG� 7KLV VHFWLRQ GLVFXVVHV WKH DQDO\VLV DQG
UHVXOWV LQ GHWDLO�

"���� 4UBUJD "OBMZTJT� 1BHF 7JTJU "OBMZTJT

7KH ÀUVW DQG VLPSOHVW DQDO\VLV FRQVLVWV RI ORRNLQJ DW WKH GLVWULEXWLRQ RI WKH SDJH YLV�
LWV IRU HYHU\ XVHU LQGLYLGXDOO\� ,Q )LJXUH $�� WKH GLVWULEXWLRQV RI YLVLWV WR HDFK SDJH
DUH SORWWHG SHU XVHU� 7KH SORW LV JHQHUDWHG E\ VXPPLQJ WKH YLVLWV WR HDFK SDJH DQG
QRUPDOLVLQJ LW E\ WKH WRWDO RI YLVLWV WR HDFK SDJH SHU XVHU� 7KHVH UHVXOWV VKRZ VOLJKW
GL̊HUHQFHV EHWZHHQ XVHUV� HYHQ WKRXJK WKH LQVWUXFWLRQV JLYHQ WR WKHP ZHUH WKH VDPH�
7KLV LQGLFDWHV WKDW WKH XVHU EHKDYLRXU LV GL̊HUHQW IRU HDFK SHUVRQ� ZKLFK KLQWV DW WKH
GL̊HUHQW LQWHQWLRQV RI HDFK XVHU ZLWK WKH DSS ZKLFK OHDG WR GL̊HUHQW JRDOV SHU XVHU�

6RPH SDJHV DUH OHVV LPSRUWDQW WKDQ RWKHUV� )RU H[DPSOH� WUDQVLWLRQ SDJHV ZKLFK
DUH YLVLWHG RQO\ EULHÁ\ WR WUDQVLWLRQ RQ WR D QH[W SDJH W\SLFDOO\ KDYH OHVV LPSRUWDQFH�
+RZHYHU� WKH YLVLW GLVWULEXWLRQ LQ )LJXUH $�� GRHV QRW UHÁHFW WKLV EHFDXVH LW FRXQWV
HYHU\ YLVLW WR HYHU\ SDJH DV HTXDOO\ LPSRUWDQW� 7KLV FDQ EH PLWLJDWHG E\ WDNLQJ WKH WLPH
RQ HDFK SDJH LQWR DFFRXQW� )LJXUH $�� VKRZV WKH VDPH GLVWULEXWLRQ ZKHQ SDJH YLVLWV
DUH ZHLJKWHG E\ WKH WLPH VSHQG RQ WKDW SDJH� 7KLV SORW VKRZV D GLVWULEXWLRQ RI WLPH
VSHQW RQ HDFK SDJH GHVFULELQJ D PRUH UHDOLVWLF YLHZ RI ZKLFK SDJHV PXVW EH LPSRUWDQW
WR WKH XVHU DV WKH\ VSHQW WKH PRVW WLPH RQ WKHP� ,W FDQ EH VHHQ WKDW PRUH WKDQ ���
RI WKH WLPH LV VSHQW RQ � RI WKH VFUHHQV� ([HUFLVH OLVW� ([HUFLVH GHWDLOV�:HDUDEOH� 95 YLHZ
DQG /RJLQ� 7KH WZR PRVW LQWHUHVWLQJ RQHV DUH WKH ([HUFLVH GHWDLOV DQG WKH95 YLHZ SDJHV
DV WKH\ UHODWH WR SHUIRUPLQJ H[HUFLVHV DQG WKH DSSOLFDWLRQ� 7KH FKDOOHQJH QRZ LV WR WU\
DQG XQGHUVWDQG ZK\ D SHUVRQ VSHQGV PRUH WLPH RQ RQH SDJH WKDQ DQRWKHU�
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'JHVSF "��� %JTUJCVUJPO QMPU PG QBHF WJTJUT XFJHIUFE CZ UJNF TQFOE PO QBHF�

'JHVSF "��� 7JTVBMJTBUJPO PG UIF USBDF PG UIF UISFF VTFST FBDI SPX SFQSFTFOUT B USBDF FBDI DFMM SFQSFTFOUT B
QBHF JO UIBU USBDF UIF DPMPVS PG UIF USBDF JOEJDBUFT XIJDI QBHF JU XBT�

"���� %ZOBNJD "OBMZTJT� 1BHF 5SBOTJUJPO "OBMZTJT
7KH IUHTXHQF\ RI SDJH YLVLWV RQO\ JLYHV D IHZ LQVLJKWV� ,Q ZKDW IROORZV� WUDFHV RI
SDJH YLVLWV DUH FRQVLGHUHG DV ZHOO� $ WUDFH LV D VHTXHQFH RI FRQVHFXWLYH SDJH YLVLWV�
,W VWDUWV ZKHQ WKH XVHU RSHQV WKH DSS DQG VWRSV ZKHQ KH�VKH FORVHV WKH DSS� 7KHVH
WUDFHV DUH YLVXDOLVHG LQ )LJXUH $�� ZKHUH HDFK FHOO UHSUHVHQWV D SDJH YLVLW DQG LWV FRORXU
LQGLFDWHV ZKLFK SDJH LW ZDV� (YHU\ WUDFH LV GL̊HUHQW� WKH\ FRQWDLQ GL̊HUHQW FRORXUV
DQG KDYH GL̊HUHQW OHQJWKV� 6RPH FRQWDLQ YLVLWV WR SDJHV ZKLFK GR QRW RFFXU LQ RWKHU
WUDFHV� 7KLV LQGLFDWHV WKDW WKH FRORXUV�SDJHV KDYH VSHFLÀF JRDOV WKDW WKH XVHUV YLVLW
WR FRPSOHWH D FHUWDLQ WDVN� %\ WUDFNLQJ ZKLFK WUDFHV FRQWDLQ ZKLFK SDJH YLVLWV� DQG LQ
ZKLFK RUGHU� PRUH LQVLJKWV FDQ EH JDWKHUHG DERXW WKH QHHGV DQG JRDOV RI WKH XVHUV�
)RU H[DPSOH� IUHTXHQW YLVLWV WR WKH -RXUQDO SDJH FRXOG LQGLFDWH LQVHFXULW\ DQG IUHTXHQW
YLVLWV WR WKH H[HUFLVH SDJH FRXOG LQGLFDWH PRWLYDWLRQ WR SUDFWLFH�

7KLV LQLWLDO YLVXDO LQVSHFWLRQ RI WKH GDWD LV RQO\ SRVVLEOH IRU VPDOO DPRXQWV RI GDWD
LV LQ WKLV FDVH� +RZHYHU� W\SLFDOO\ WKH VL]H RI WKH GDWDVHW LV WRR ODUJH WR DSSO\ D YLVXDO
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DQDO\VLV� 7KHUHIRUH� WKH IRFXV LV PRYHG RQWR D VFDODEOH WHFKQLTXH ZKLFK FRXOG JLYH
VLPLODU LQVLJKWV� 7KLV LV ZKHUH 0DUNRY &KDLQV FRPH LQWR SOD\ >�@�

0DUNRY &KDLQV �0&V� DUH XVHG IRU WKH DQDO\VLV RI PDQ\ DSSOLFDWLRQV LQYROYLQJ
WLPH VHULHV� WKH\ GHVFULEH WKH VWRFKDVWLF EHKDYLRXU RI D VHTXHQFH RI HYHQWV >�@� $ SDJH
WUDQVLWLRQ OHDGV WR D QHZ VWDWH DQG WKH 0DUNRY SURSHUW\ UHTXLUHV WKDW WKH SUREDELOLW\
RI WKH HYHQW OHDGLQJ WR WKDW VWDWH RQO\ GHSHQGV RQ WKH SUHYLRXV VWDWH� $Q 0& FDQ EH
IRUPDOLVHG E\ D VWDWH VSDFH S� D WUDQVLWLRQ PDWUL[ P DQG DQ LQLWLDO VWDWH GLVWULEXWLRQ
⇡0� $SSOLHG RQ WKH DSS XVDJH GDWD� D VHTXHQFH RI HYHQWV LV LQWHUSUHWHG DV D VHTXHQFH
RI WUDQVLWLRQV EHWZHHQ WKH SDJHV RI WKH DSSOLFDWLRQ� 6SHFLÀFDOO\� WKLV PHDQV WKDW WKH
VWDWH VSDFH S LV JLYHQ E\ WKH ÀQLWH FROOHFWLRQ RI DOO SDJHV RI WKH PRELOH DSS� S =
{s0, s1, . . . , sn}� 7KH SUREDELOLW\ RI WUDQVLWLRQLQJ IURP SDJH i WR SDJH j LV JLYHQ E\
pij DQG FDQ EH VWRUHG LQ D WUDQVLWLRQ PDWUL[ P RQ URZ i DQG FROXPQ j�

7KH DLP LV WR EH DEOH WR FODVVLI\ DSS VHVVLRQV EDVHG RQ WKH WUDFHV FUHDWHG E\ LQ�
WHUDFWLQJ ZLWK WKH DSS� +DYLQJ WKLV FODVVLÀFDWLRQ FRXOG LQGLFDWH WKH LQWHQWLRQ RI WKH
XVHU QDYLJDWLQJ WKH DSS E\ OLQNLQJ SDJH YLVLWV WR D JRDO RI WKH XVHUV� 0&V FDQ EH XVHG
WR FODVVLI\ WKHVH WUDFHV� 7ZR DSSURDFKHV DUH GLVFXVVHG� ,Q WKH ÀUVW DSSURDFK� GR�
PDLQ NQRZOHGJH LV XVHG WR FRQVWUXFW DQ 0& PDQXDOO\ EDVHG RQ ZKDW DUH NQRZQ WR
EH LPSRUWDQW SDJHV WR YLVLW ZKHQ WU\LQJ WR UHDFK D JRDO� )RU HYHU\ JRDO� DQG WKHUHIRUH
FRUUHVSRQGLQJ FODVV� DQ 0& LV FUHDWHG� 2QH RI WKH SURSHUWLHV RI D 0& LV WKDW WKH
OLNHOLKRRG IRU DQ\ WUDFH WR EH JHQHUDWHG E\ D FHUWDLQ 0& FDQ EH FDOFXODWHG� 7KLV LV
GRQH E\ PXOWLSO\LQJ WKH WUDQVLWLRQ SUREDELOLWLHV IRU DOO WUDQVLWLRQ LQ WKH WUDFH� ,Q RWKHU
ZRUGV� WKH SUREDELOLW\ RI D WUDFH EHLQJ JHQHUDWHG E\ D 0& ZKLFK PRGHOV D FHUWDLQ JRDO
FDQ EH FDOFXODWHG� DQG WKHUHIRUH WKH SUREDELOLW\ RI WKH JRDO RI WKDW WUDFH DV ZHOO� :KHQ
FDOFXODWLQJ WKLV SUREDELOLW\ IRU HYHU\ KDQG�PRGHOOHG 0&� D SUREDELOLW\ IRU HDFK JRDO LV
REWDLQHG WKDW FDQ EH XVHG IRU FODVVLI\LQJ WKH WUDFHV EDVHG RQ D WKUHVKROG YDOXH� (TXD�
WLRQ $�� IRUPDOLVHV WKLV FODVVLÀFDWLRQ IXQFWLRQ c� ZKHUH WUDFH tj EHORQJV WR FODVV i LI
WKH SUREDELOLW\ RI WKDW WUDFH EHORQJLQJ WR WKH 0& ZLWK WUDQVLWLRQ PDWUL[ Pi LV VWULFWO\
ODUJHU WKDQ ↵�

c(i, tj) =

(
1 LI Pr(tj , Pi) � ↵�
0 RWKHUZLVH�

�$���

,Q IDFW� WKLV DOORZV IRU PXOWL�ODEHO FODVVLÀFDWLRQ DV D FHUWDLQ WUDFH FRXOG FRQWDLQ PXOWLSOH
JRDOV� 7KLV DSSURDFK LV IHDVLEOH ZKHQ WKH UHTXLUHG GRPDLQ NQRZOHGJH LV DYDLODEOH WR
PDQXDOO\ FUHDWH 0&V DQG ZKHQ WKH FRUUHODWLRQ EHWZHHQ JRDOV DQG SDJH YLVLWV LV QRW
WRR FRPSOH[�

+RZHYHU� ZKHQ WKLV LV QRW WKH FDVH� D GL̊HUHQW WHFKQLTXH LV QHHGHG ZKLFK FRXOG
KHOS LQ JHQHUDWLQJ WKH 0&V� 7KLV VHFRQG DSSURDFK ZLOO FRQVWUXFW 0&V DQG FRUUH�
VSRQGLQJ FOXVWHUV RI WUDFHV VLPXOWDQHRXVO\ LQ DQ LWHUDWLYH PDQQHU� 7KH GL̊HUHQW VWHSV
RI WKLV SURFHGXUH DUH DV IROORZV�

�� (YHQO\ GLVWULEXWH DOO WUDFHV LQWR n UDQGRP FOXVWHUV�
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�� )RU HDFK VHW� FRQVWUXFW WKH 0&�

�� &DOFXODWH IRU HDFK WUDFH WKH SUREDELOLW\ WKDW WKLV WUDFH ZDV JHQHUDWHG E\ HYHU\
0& RI HDFK FOXVWHU�

�� $VVLJQ HDFK WUDFH WR WKH FOXVWHU IRU ZKLFK LW KDV WKH KLJKHVW SUREDELOLW\�

�� 5HSHDW VWHSV ��� XQWLO FRQYHUJHQFH LV UHDFKHG ZKHQ QR WUDFH FKDQJHV WR D GLI�
IHUHQW FOXVWHU�

:LWK WKLV DOJRULWKP� n FOXVWHUV ZLWK D FRUUHVSRQGLQJ 0& DUH REWDLQHG IRU ZKLFK n
LV VHOHFWHG PDQXDOO\� 7KH DOJRULWKP LV DSSOLHG WR RXU GDWDVHW ZLWK n = 3 EHFDXVH RI WKH
� PDLQ SXUSRVHV RI WKH DSS� 7R XQGHUVWDQG WKH FODVVLÀFDWLRQ� WKHVH 0&V QHHG WR EH
DQDO\VHG WR LGHQWLI\ ZKLFK JRDOV WKH\ GHWHFW LQ WKH WUDFHV� :LWK WKLV LQIRUPDWLRQ� HDFK
QHZ WUDFH FDQ EH FODVVLÀHG DQG ODEHOOHG ZLWK D FHUWDLQ JRDO EDVHG RQ WKH SUREDELOLW\ RI
LW EHLQJ JHQHUDWHG E\ HDFK 0& DV LQ (TXDWLRQ $��� 7KH DQDO\VLV RI WKH 0&V VKRZV WKDW
RQH FOXVWHU UHYHDOV WUDFHV LQ ZKLFK WKH ZHDUDEOH JRW FRQQHFWHG WR WKH DSS IROORZHG E\
H[HUFLVHV LQ 95� $QRWKHU FOXVWHU UHYHDOV WUDFHV ZKLFK LQWHUDFWHG D ORW ZLWK WKH MRXUQDO
SDJH ZKLOH WKH WKLUG FOXVWHU FRQWDLQV WUDFHV ZKHUH WKH SHUVRQDO JRDOV ZHUH FRQVXOWHG�

"�� $PODMVTJPO
7R PDNH YLUWXDO FRDFKHV IRU KHDOWKFDUH PRUH LQWHOOLJHQW WKH\ QHHG WR KDYH DFFHVV WR
DV PDQ\ LQVLJKWV DV SRVVLEOH IURP GL̊HUHQW VRXUFHV RI GDWD� 8VHU LQWHUDFWLRQ ZLWK D
PRELOH KHDOWK DSS SURGXFHV YDOXDEOH LQVLJKWV LQWR WKH QHHGV RI WKH XVHU� 0&V KDYH
EHHQ SURSRVHG WR FOXVWHU WUDFHV RI LQWHUDFWLRQV� %\ DQDO\VLQJ WKH 0&� WKH LQWHQWLRQV
DQG JRDOV RI HDFK FOXVWHU RI WUDFHV FDQ EH UHYHDOHG� 7KLV VKRZHG KRZ LQWHUDFWLRQ ZLWK
GL̊HUHQW SDUWV RI WKH DSSOLFDWLRQ JRW LGHQWLÀHG DQG FODVVLÀHG DXWRPDWLFDOO\� 7KXV� WKLV
SDSHU LOOXVWUDWHV KRZ 0& DQDO\VLV FDQ EH XVHG WR H[WUDFW LQVLJKWV DERXW XVHUV ZKLFK
FDQ EH XVHG E\ YLUWXDO FRDFKHV WR VXSSRUW WKH XVHU·V QHHGV� )RU H[DPSOH� UHSHWLWLYH
FRQVXOWDWLRQ RI KHDOWK LQIR LQ DQ DSS PLJKW WULJJHU D YLUWXDO LQWHUYHQWLRQ� ,Q DQRWKHU
H[DPSOH� SURFUDVWLQDWLRQ RI H[HUFLVHV PLJKW EH DQ LQFHQWLYH IRU WKH YLUWXDO FRDFK WR
PRWLYDWH WKH XVHU�

"DLOPXMFEHNFOU
7KLV UHVHDUFK LV IXQGHG E\ WKH LPHF�LFRQ SURMHFW 3$752186� ZKLFK ZDV FR�ÀQDQFHG
E\ LPHF DQG 9/$,2� WKLV LV D FROODERUDWLRQ EHWZHHQ� 7KH +XPDQ /LQN� 3UHYLHZ/DEV�
%D]RRNDV� 9DQ 5RH\$XWRPDWLRQ� *KHQW 8QLYHUVLW\ ² ,'/DE� *KHQW 8QLYHUVLW\ ²0,&7
DQG LPHF ² :+6�
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3FGFSFODFT
>�@ %� 0XQRV� 3� &� %DNHU� %� 0� %RW� 0� &URXWKDPHO� *� GH 9ULHV� ,� )HUJXVRQ� -� '�

+L[VRQ� /� $�0DOHN� -� -� 0DVWURWRWDUR� 9�0LVUD� $� 2]FDQ� /� 6DFNV� DQG 3�:DQJ�
0RELOH KHDOWK� WKH SRZHU RI ZHDUDEOHV� VHQVRUV� DQG DSSV WR WUDQVIRUP FOLQLFDO WULDOV� $QQDOV
RI WKH 1HZ <RUN $FDGHP\ RI 6FLHQFHV� ���������²��� �����

>�@ '� 5� 6WXNXV� 1� )DURRTXL� .� 6WURWKPDQ� .� 5\DQ� 6� =KDR� -� +� 6WHYHQV� DQG
'� 0� &RKHQ� 5HDO�ZRUOG HYDOXDWLRQ RI D PRELOH KHDOWK DSSOLFDWLRQ LQ FKLOGUHQ ZLWK DVWKPD�
$QQDOV RI $OOHUJ\� $VWKPD 	 ,PPXQRORJ\� ����������²���� �����

>�@ -� +HOERVWDG� %� 9HUHLMNHQ� &� %HFNHU� &� 7RGG� .� 7DUDOGVHQ� 0� 3LMQDSSHOV�
.� $PLQLDQ� DQG 6� 0HOORQH� 0RELOH +HDOWK $SSOLFDWLRQV WR 3URPRWH $FWLYH DQG +HDOWK\
$JHLQJ� 6HQVRUV� ���������� �����

>�@ $� 'ULQFLF� 3� 3UDKDODG� '� *UHHQZRRG� DQG '� &� .ORQR̊� (YLGHQFH�EDVHG 0RELOH
0HGLFDO $SSOLFDWLRQV LQ 'LDEHWHV� (QGRFULQRORJ\ DQG 0HWDEROLVP &OLQLFV RI 1RUWK
$PHULFD� ���������²���� �����

>�@ -� 6WUDJLHU� *� 9DQGHZLHOH� 3� &RSSHQV� )� 2QJHQDH� :� 9DQ GHQ %URHFN�
)� 'H 7XUFN� DQG /� 'H 0DUH]� 'DWD 0LQLQJ LQ WKH 'HYHORSPHQW RI 0RELOH +HDOWK
$SSV� $VVHVVLQJ ,Q�$SS 1DYLJDWLRQ 7KURXJK 0DUNRY &KDLQ $QDO\VLV� -RXUQDO RI 0HGL�
FDO ,QWHUQHW 5HVHDUFK� �������²��� �����

>�@ 9� 9� 0D\LO� :HE 1DYLJDWLRQ 3DWK 3DWWHUQ 3UHGLFWLRQ XVLQJ )LUVW 2UGHU 0DUNRY
0RGHO DQG 'HSWK ÀUVW (YDOXDWLRQ� ,QWHUQDWLRQDO -RXUQDO RI &RPSXWHU $SSOLFDWLRQV�
���������²��� �����





#
$POUFYUVBM #BOEJU -FBSOJOH�#BTFE 7JFXQPSU

1SFEJDUJPO GPS ��� 7JEFP

5IF TFOTF PG QSFTFODF DBO FBTJMZ CF EJTUVSCFE CZ CBE RVBMJUZ PG UIF 7JSUVBM 3FBMJUZ 	73
 F�H� EFMBZT
MPX SFTPMVUJPO BOE PUIFS WJTVBM BSUFGBDU� &TQFDJBMMZ JO TDFOBSJPT XIFSF 73 DPOUFOU JT EFMJWFSFE
UISPVHI UIF JOUFSOFU UIJT JT B TJHOJðDBOU DIBMMFOHF� 4USFBNJOH PG ��� EFHSFF WJEFP UP B IFBE
NPVOUFE EJTQMBZ JT BO FYBNQMF PG UIJT� #FDBVTF ��� EFHSFF WJEFP SFRVJSFT NVDI NPSF CBOEXJEUI
UIBO SFHVMBS WJEFP B UFDIOJRVF GPS EZOBNJD BEBQUJWF TUSFBN JT VTFE XIJDI DBO SFEVDF UIF SFRVJSFE
CBOEXJEUI CZ FODPEJOH TQBUJBM WJEFP UJMFT BU EJGGFSFOU RVBMJUJFT GPS B TQFDJðFE UJNF TFHNFOU� *O BO
JEFBM TDFOBSJP POMZ UIF WJEFP UJMFT JO UIF DFOUSF PG UIF VTFSnT ðFME PG WJFX OFFE UP CF FODPEFE BOE
USBOTNJUUFE JO UIF IJHIFTU RVBMJUZ� )PXFWFS VTFST LFFQT DIBOHJOH UIF EJSFDUJPO UIFZ BSF XBUDIJOH
UIFSFGPSF UIF FODPEJOH PG UIF UJMFT OFFE UP DIBOHF BT XFMM� *O PSEFS UP PQUJNJTF UIF EFMJWFSZ PG UIF
��� EFHSFF WJEFP UIF VTFSnT WJFX EJSFDUJPO OFFET UP CF QSFEJDUFE JO BEWBODF GPS UIF DPSSFDU UJMFT UP
CF FODPEFE JO UIF DPSSFDU RVBMJUZ� 5IJT XPSL QSFTFOUT BO BQQSPBDI VTJOH TFMG�MFBSOJOH DPOUFYUVBM
CBOEJUT UIBU NBLF UIJT QSFEJDUJPO CBTFE PO QSJPS USBJOJOH EBUB� 5IJT UFDIOJRVF JT OPU MJNJUFE UP
��� EFHSFF WJEFP CVU DPVME BMTP CF FYUSFNFMZ JNQPSUBOU GPS TUSFBNJOH DPNQVUFS HFOFSBUFE WJSUVBM
FOWJSPONFOUT UP MPX�DPTU 73 IBSEXBSF TZTUFNT�

? ? ?

-� +H\VH� 0� 7RUUHV 9HJD� )� 'H %DFNHUH� DQG )� 'H 7XUFN

3XEOLVKHG LQ SURFHHGLQJV RI WKH ,((( &RQIHUHQFH RQ 9LUWXDO 5HDOLW\ DQG �'
8VHU ,QWHUIDFHV �95�� 0DUFK �����



��� "QQFOEJY #

$EVWUDFW$FFXUDWHO\ SUHGLFWLQJ ZKHUH WKH XVHU RI D 9LUWXDO (QYLURQPHQW �9(� DSSOLFD�
WLRQ ZLOO EH ORRNLQJ DW LQ WKH QHDU IXWXUH LPSURYHV WKH SHUFHLYH TXDOLW\ RI VHUYLFHV� VXFK
DV DGDSWLYH WLOH�EDVHG VWUHDPLQJ RU SHUVRQDOLVHG RQOLQH WUDLQLQJ� +RZHYHU� EHFDXVH RI
WKH XQSUHGLFWDELOLW\ DQG GLVVLPLODULW\ RI XVHU EHKDYLRXU LW LV VWLOO D ELJ FKDOOHQJH� ,Q WKLV
ZRUN� ZH SURSRVH WR XVH UHLQIRUFHPHQW OHDUQLQJ� LQ SDUWLFXODU FRQWH[WXDO EDQGLWV� WR
VROYH WKLV SUREOHP� 7KH SURSRVHG VROXWLRQ WDFNOHV WKH SUHGLFWLRQ LQ WZR VWDJHV� ���
GHWHFWLRQ RI PRYHPHQW� ��� SUHGLFWLRQ RI GLUHFWLRQ� ,Q RUGHU WR SURYH LWV SRWHQWLDO
IRU 95 VHUYLFHV� WKH PHWKRG ZDV GHSOR\HG RQ DQ DGDSWLYH WLOH�EDVHG 95 VWUHDPLQJ
WHVWEHG� IRU EHQFKPDUNLQJ DJDLQVW D �' WUDMHFWRU\ H[WUDSRODWLRQ DSSURDFK� 2XU UH�
VXOWV VKRZHG D VLJQLÀFDQW LPSURYHPHQW LQ WHUPV RI SUHGLFWLRQ HUURU FRPSDUHG WR WKH
EHQFKPDUN� 7KLV UHGXFHG SUHGLFWLRQ HUURU DOVR UHVXOWHG LQ DQ HQKDQFHPHQW RQ WKH
SHUFHLYHG YLGHR TXDOLW\�

#�� *OUSPEVDUJPO
:LWK WKH LQFUHDVH LQ FKHDS +HDG0RXQWHG 'LVSOD\ �+0'�� WKH GHPDQG IRU LPPHUVLYH
FRQWHQW DQG 9LUWXDO 5HDOLW\ �95� DSSOLFDWLRQV LV DOVR ULVLQJ� ,Q VXFK DSSOLFDWLRQV� DF�
FXUDWH SUHGLFWLRQV RI WKH EHKDYLRXU RI XVHUV ZLWKLQ WKH RPQLGLUHFWLRQDO HQYLURQPHQW
DOORZV WR LPSURYH WKH SHUFHLYHG TXDOLW\� 2QH SURPLQHQW H[DPSOH LV DGDSWLYH WLOH�EDVHG
���� YLGHR VWUHDPLQJ� $GDSWLYH WLOH�EDVHG VWUHDPLQJ H[SORLWV WKH IDFW WKDW DW DQ\ JLYHQ
PRPHQW WKH XVHU FDQ RQO\ REVHUYH D VPDOO SRUWLRQ RI WKH HQWLUH SDQRUDPLF YLGHR� L�H��
WKH YLHZSRUW� ,W HQFRGHV WKH YLGHRV DW GL̊HUHQW TXDOLW\ OHYHOV� VSOLWV WKH VWUHDPV LQWR
WHPSRUDO VHJPHQWV DQG GLYLGHV WKHVH VHJPHQWV LQWR VSDWLDO WLOHV� 'XULQJ VWUHDPLQJ�
WLOHV ZLWKLQ WKH YLHZSRUW DUH GHOLYHUHG LQ KLJK TXDOLW\ ZKLOH WKH RWKHUV DUH LQ ORZ TXDO�
LW\ >�@� ,Q RUGHU WR HQVXUH D JRRG H[SHULHQFH� WKH V\VWHP QHHGV DFFXUDWH SUHGLFWLRQV RI
WKH YLHZHG YLHZSRUW IRU WKH QH[W VHJPHQW� +RZHYHU� EHFDXVH RI WKH XQSUHGLFWDELOLW\
RI KHDG PRYHPHQW� WKLV LV FXUUHQWO\ D ELJ FKDOOHQJH�

([LVWLQJ VROXWLRQV DUH HLWKHU FRQWHQW�DZDUH RU FRQWHQW DJQRVWLF� 0RVW FRQWHQW�
DZDUH DSSURDFKHV UHTXLUH SUHSURFHVVLQJ RI WKH YLGHR FRQWHQW DQG WKXV� DUH WRR FRP�
SXWDWLRQDOO\ LQWHQVLYH IRU UHDO�WLPH SUHGLFWLRQV DQG XQÀW IRU OLYH 95 YLGHR VWUHDPLQJ
�H�J�� 3DQR�YLG >�@�� &RQWHQW DJQRVWLF VROXWLRQV� LQ FRQWUDVW� DUH PXFK PRUH OLJKW�
ZHLJKW DV WKH\ RQO\ UHTXLUH WKH +0' VHQVRU GDWD� 7KHVH DSSURDFKHV WHQG WR DVVXPH
OLQHDU PRWLRQ IRU WKH YLHZLQJ EHKDYLRXU� VXFK DV WKH OLQHDU UHJUHVVLRQ DSSURDFK RI
4LDQ HW DO� >�@� 5HFHQWO\� ;LH HW DO� >�@ SUHVHQWHG D 0DFKLQH /HDUQLQJ �0/� DSSURDFK
EDVHG RQ SUH�FOXVWHULQJ XVHUV DQG PXOWL�XVHU UHJLRQV RI LQWHUHVW� +RZHYHU� WKHLU VR�
OXWLRQ UHTXLUHV D ORW RI WUDLQLQJ GDWD� ZKLOH HDFK YLGHR QHHGV LWV LQGLYLGXDOO\ WUDLQHG
PRGHO�

$V PDQ\ XVHUV GR QRW PRYH YHU\ RIWHQ� H[LVWLQJ JHQHUDO VROXWLRQV DUH RIWHQ ELDVHG
WRZDUGV SUHGLFWLQJ WKDW WKH XVHU QHYHU PRYHV DW DOO� +RZHYHU� RWKHU XVHUV� LQ FRQWUDVW�
PLJKW PRYH YHU\ PXFK DQG HUUDWLFDOO\� UHVXOWLQJ LQ EDG SUHGLFWLRQV IRU WKHVH XVHUV� $Q
0/ PRGHO� WKDW ÀUVW SUHGLFWV WKH OLNHOLKRRG RI WKH XVHU PRYLQJ VLJQLÀFDQWO\ DQG QH[W



$POUFYUVBM #BOEJU -FBSOJOH�#BTFE 7JFXQPSU 1SFEJDUJPO GPS ��� 7JEFP ���

SUHGLFWV KRZ WKH\ PRYH� FRXOG LPSURYH WKH SHUIRUPDQFH� ZKLOH DYRLGLQJ SHU�YLGHR
SUHSURFHVVLQJ� )XUWKHUPRUH� VLQFH HDFK XVHU SURGXFHV D XQLTXH WUDMHFWRU\ E\ ZDWFKLQJ
D YLGHR� WKH PRGHO QHHGV WR DGDSW WR QHZ GDWD DQG EHFRPH PRUH SHUVRQDOLVHG RYHU
WLPH�

5HLQIRUFHPHQW /HDUQLQJ �5/� PRGHOV FDQ SURYLGH WKH UHTXLUHG SHUVRQDOLVDWLRQ
DQG SHU�VWDJH OHDUQLQJ� 7KHLU JHQHUDO SULQFLSOH LV WKDW WKH DJHQWV VHOHFWV DQ DFWLRQ
DFFRUGLQJ WR VRPH WUDLQHG SROLF\ EDVHG RQ VRPH VWDWH WKDW LV SUHVHQWHG WR LW �L�H� WKH
FRQWH[W�� ,Q UHVSRQVH WR FKRRVLQJ DQ DFWLRQ� WKH DJHQW UHFHLYHV D UHZDUG WR UHLQIRUFH
JRRG GHFLVLRQV DQG SHQDOLVH EDG RQHV� $ ZHOO NQRZQ VXEFODVV RI 5/ DUH WKH &RQWH[WXDO
%DQGLW �&%� DJHQWV� LQ ZKLFK WKH FKRVHQ DFWLRQ KDV QR LQÁXHQFH RQ WKH QH[W VWDWH� 7KLV
FKDUDFWHULVWLF PDNHV &% DJHQWV WKH EHVW ÀW IRU YLHZSRUW SUHGLFWLRQ DV WKH SUHGLFWHG
ORFDWLRQ KDV QR LQÁXHQFH RQ ZKHUH WKH XVHU ZLOO DFWXDOO\ ORRN QH[W�

,Q WKLV SDSHU� ZH SUHVHQW D QRYHO &% OHDUQLQJ�EDVHG YLHZSRUW SUHGLFWLRQ DSSURDFK
IRU ���� YLGHR� ZKLFK E\ RQO\ XVLQJ WKH +0' VHQVRU GDWD� LV DEOH WR DFFXUDWHO\ SUHGLFW
WKH WUDMHFWRULHV RI GL̊HUHQW W\SHV RI XVHUV� 7KH PHWKRG KDV EHHQ HYDOXDWHG RQ DQ
DGDSWLYH WLOH�EDVHG VWUHDPLQJ VHWXS IRU ���� YLGHR� DQG KDV EHHQ EHQFKPDUNHG DJDLQVW
D ��GLPHQVLRQDO H[WUDSRODWLRQ PHWKRG >�@�

#�� "QQSPBDI

,Q JHQHUDO� WKH V\VWHP �)LJXUH %��� WDNHV LQ D VHW RI SUHYLRXV RULHQWDWLRQV RI WKH +0'
DQG IHHGV WKLV WR D �' &% DJHQW EDQN� ZKLFK SUHGLFWV� LQ WZR VWDJHV� LI WKH XVHU LV
ERXQG WR PRYH DQG LQ ZKLFK GLUHFWLRQ� 7KH RXWFRPH RI WKH DJHQWV UHVXOWV LQ WKH ÀQDO
SUHGLFWLRQ�

7KH �' GDWD [xt, yt, zt] IURP WKH+0'RULHQWDWLRQ LV ÀUVW SURFHVVHG DQG SURMHFWHG
RQWR WKH �' VSDFH� SURYLGLQJ WKH ORQJLWXGLQDO ✓t DQG WKH ODWLWXGLQDO �t FRRUGLQDWHV RQ
WKH �' HTXLUHFWDQJXODU SURMHFWLRQ RI WKH VSKHUH� %HFDXVH RI WKH ZUDSDURXQG RI WKH
SURMHFWLRQ LQ WKH ORQJLWXGLQDO GLPHQVLRQ� L�H� YDOXHV pi DQG �pi FRUUHVSRQG WR WKH
VDPH SRVLWLRQ RQ WKH VSKHUH� �t LV ÀUVW FRQYHUWHG WR WKH XQLW YHFWRU �FRVLQH DQG VLQH
RI WKH DQJOH� EHIRUH EHLQJ SXW LQ WKH &% EDQN� $ VOLGLQJ ZLQGRZ SURYLGHV WKH ODVW k
VDPSOHV WR WKH &% EDQN� ,Q RUGHU WR VLPSOLI\ WKH SUHGLFWLRQ RI WKH QH[W SRVLWLRQ� WKH
VWDWH VSDFH LV GLVFUHWLVHG� 6SHFLÀFDOO\� HDFK SRVLWLRQ VDPSOH [✓t,�t] RQ WKH YLGHR LV
PDSSHG WR D FHOO [✓it,�

j
t ] RI D JULG ZLWK GLPHQVLRQV n⇥m� ZKHUH i DQG j DUH WKH URZ

DQG FROXPQ RI WKH FHOO FORVHVW WR WKH DFWXDO SRVLWLRQ� 7KH &% EDQN FRQVLVWV RI IRXU
&RQWH[WXDO EDQGLWV� RQH SHU GLPHQVLRQ DQG GHFLVLRQ �HLWKHU PRWLRQ RU GLUHFWLRQ�� 7KH
SUHGLFWHG DFWLRQV RI WKH IRXU &% DJHQWV [APRW✓

t+1, A
GLU✓
t+1, A

PRW�
t+1 , A

GLU�
t+1] DUH VXEVHTXHQWO\

XVHG LQ WKH IROORZLQJ DOJRULWKPLF EORFN WR REWDLQ WKH GLVFUHWLVHG SUHGLFWHG GHFLVLRQV
[✓̂it+1, �̂

i
t+1]�
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'JHVSF #��� #MPDL EJBHSBN PG UIF DPOUFYUVBM CBOEJU MFBSOJOH CBTFE WJFXQPSU QSFEJDUJPO BMHPSJUIN�

#�� 3FTVMUT PO BO "EBQUJWF 5JMF�#BTFE 7JSUVBM 3FBMJUZ
7JEFP 4USFBNJOH 4ZTUFN

$ WHVWEHG ZDV GHYHORSHG IRU WKH DGDSWLYH WLOH�EDVHG VWUHDPLQJ XVH FDVH RI ���� YLGHR
>�@� $ PRELOH +0' LV ZLUHOHVVO\ FRQQHFWHG WR D 95 FRQWHQW VHUYHU WKDW SHUIRUPV
DOO SUHGLFWLRQV� VWLWFKLQJ DQG HQFRGLQJ RI WKH WLOHV EHIRUH VWUHDPLQJ WKH YLGHR WR WKH
+0'�

7KH VWXG\ RI WKH SHUIRUPDQFH RI WKH &% OHDUQLQJ V\VWHP ZDV GRQH ZLWK � XVHUV�
ZKLOH ZDWFKLQJ WKH 6SRWOLJKW 6WRULHV 9LGHR� +(/3� SURGXFHG E\ *RRJOH�� 7KH ÀUVW
WKUHH XVHUV ZHUH JLYHQ QR LQVWUXFWLRQV H[FHSW IRU ZDWFKLQJ WKH YLGHR DV WKH\ QRUPDOO\
ZRXOG IRU WKH ÀUVW WLPH� 7KH ODVW WZR XVHUV ZHUH JLYHQ LQVWUXFWLRQV WR PRYH YHU\
HUUDWLF DQG WR PRYH FRQWLQXRXVO\ DW D FRQVWDQW VSHHG� UHVSHFWLYHO\� 7KH YLGHR ZDV
HQFRGHG ZLWK WZR TXDOLWLHV �IXOO TXDOLW\ DQG ORZ TXDOLW\� DQG D 4 ⇥ 4 WLOLQJ VFKHPH�
9LGHR VHJPHQWV ZHUH ���� PV VR SUHGLFWLRQV ZHUH DOVR GRQH RYHU ���� PV� ZKLOH
VHQVRU VDPSOHV ZHUH FROOHFWHG HYHU\ ��� PV� 5HJDUGLQJ WKH &% DSSURDFK� WKH VOLGLQJ
ZLQGRZ ZDV VHW WR KROG � VDPSOHV DQG WKH HQWLUH LQSXW VSDFH ZDV GLVFUHWLVHG LQ 16⇥32
FHOOV IRU WKH SUHGLFWLRQ� 7KH V\VWHPZDV WUDLQHG RQ WKH GDWD IURP XVHUV � DQG �� DQG WKH
HYDOXDWLRQ ZDV SHUIRUPHG RQ DOO XVHUV� 7KH SURSRVHG DSSURDFK ZDV FRPSDUHG ZLWK
D ��GLPHQVLRQDO H[WUDSRODWLRQ PHWKRG FRQVLVWLQJ RI H[WUDSRODWLQJ WKH FXUUHQW VDPSOH
EDVHG RQ WKH VSHHG HVWLPDWH REWDLQHG IURP WKH ODVW WZR VDPSOHV LQ WKH �' &DUWHVLDQ
VSDFH >�@� %RWK SUHGLFWLRQ DOJRULWKPV ZHUH HYDOXDWHG DFFRUGLQJ WR WZRPHWULFV� QDPHO\
WKH SUHGLFWLRQ HUURU DQG WKH UHODWLYH TXDOLW\� 7KH HUURU ZDV GHÀQHG DV WKH DQJXODU
GL̊HUHQFH EHWZHHQ WKH SUHGLFWLRQ DQG WKH DFWXDO ODEHO VDPSOH IRU HDFK WLPH VWHS� 7KH
TXDOLW\ ZDV FDOFXODWHG DV WKH SHUFHQWDJH RI WKH YLHZSRUW WKDW RYHUODSV ZLWK WKH VXUIDFH
RI WKH SUHGLFWHG WLOH� 6LQFH WKH SUHGLFWHG WLOH LV VWUHDPHG DW WKH KLJKHVW TXDOLW\ DQG WKH

�KWWSV���ZZZ�\RXWXEH�FRP�ZDWFK"Y *�;=K.T4$+8� DFFHVVHG RQ ����������

https://www.youtube.com/watch?v=G-XZhKqQAHU
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5BCMF #��� 5IF BWFSBHF QSFEJDUJPO FSSPS PG UIF BMHPSJUINT FYQSFTTFE JO SBEJBOT 	MPXFS JT CFUUFS
�

XVHU � XVHU � XVHU � XVHU � XVHU �

%DQGLW ����� ����� ����� ����� �����
�'�([WU� ����� ����� ����� ����� �����

5BCMF #��� 5IF QFSDFOUBHF PG PWFSMBQ CFUXFFO UIF WJFXQPSU BOE UIF QSFEJDUFE UJMF HJWJOH UIF RVBMJUZ PG UIF
WJFXQPSU 	IJHIFS JT CFUUFS
�

XVHU � XVHU � XVHU � XVHU � XVHU �

%DQGLW ����� ����� ����� ����� �����
�'�([WU� ����� ����� ����� ����� �����

UHVW DW WKH ORZHVW TXDOLW\� WKLV PHWULF JLYHV DQ LQGLFDWLRQ RI WKH UHODWLYH TXDOLW\ RI WKH
SHUFHLYHG YLGHR�

7DEOH %�� VKRZV WKH DYHUDJH SUHGLFWLRQ HUURUV IRU DOO � XVHUV� 7KH DYHUDJH HUURU
ZDV FDOFXODWHG IRU ERWK WKH EDQGLW PRGHO SUHGLFWLRQV DQG WKH H[WUDSRODWLRQV� )URP
WKLV 7DEOH� LW LV FOHDU WKDW WKH EDQGLW OHDUQLQJ DSSURDFK UHVXOWV LQ PXFK EHWWHU SHUIRU�
PDQFH LQ WHUPV RI SUHGLFWLRQ HUURU� $V LW FRXOG EH H[SHFWHG� WKH H[WUDSRODWLRQ PHWKRG
SHUIRUPV ZRUVH IRU XVHU �� EHFDXVH WKH H[WUDSRODWLRQ LV EDVHG RQ WKH KHXULVWLF WKDW PR�
WLRQ LQ RQH GLUHFWLRQ ZLOO FRQWLQXH LQ WKDW GLUHFWLRQ DW WKH VDPH VSHHG� +RZHYHU� WKH
EDQGLW DSSURDFK� ZKLFK ZDV WUDLQHG RQ XVHUV WKDW GLG QRW VKRZ DEQRUPDO YLHZLQJ EH�
KDYLRXU� SHUIRUPV VLJQLÀFDQWO\ EHWWHU LQ WKLV FDVH� 7KLV VXJJHVWV WKDW WKH EDQGLW DJHQW
LV DEOH WR OHDUQ WR DQWLFLSDWH FHUWDLQ PRWLRQ�

3UHGLFWLRQ HUURU RQO\ JLYHV KDOI RI WKH YLHZ RQ WKH SHUIRUPDQFH DQG H̊HFWLYHQHVV
RI XVLQJ D EDQGLW DJHQW WR SUHGLFW YLHZLQJ EHKDYLRXU IRU DGDSWLYH ���� YLGHR VWUHDP�
LQJ� 7KH TXDOLW\ RI WKH YLGHR ZLWKLQ WKH YLHZSRUW LV WKH PRVW LQWHUHVWLQJ RXWFRPH�
7DEOH %�� VKRZV WKH DYHUDJH UHODWLYH TXDOLW\ ZLWKLQ WKH YLHZSRUW RYHU WKH HQWLUH YLGHR
IRU HDFK XVHU� 7KH 7DEOH VKRZV WKDW WKH EDQGLW DJHQW DSSURDFK SHUIRUPV EHWWHU WKDQ
WKH H[WUDSRODWLRQ PHWKRG IRU DOO XVHUV� 7KLV PHDQV WKDW HYHQ LI WKHUH DUH HUURUV LQ WKH
SUHGLFWLRQ� GXH WR WKH IDFW WKDW WKH &% OHDUQLQJ PRGHO LV DEOH WR OHDUQ SDWWHUQV� WKH\
DUH OHVV QRWLFHDEOH IRU WKH TXDOLW\�

7R IXUWKHU LOOXVWUDWH� )LJXUH %�� SORWV RXW WKH SUHGLFWLRQ HUURU DQG SHUFHLYHG TXDOLW\
RI XVHUV � DQG � RYHU D �� VHFRQGV WLPH ZLQGRZ� 7KHVH SORWV VKRZ WKDW LQGHHG�
RXU DSSURDFK GRHV QRW RQO\ SHUIRUP EHWWHU RQ DYHUDJH� EXW SHUVLVWHQWO\ RXWSHUIRUPV
WKH H[WUDSRODWLRQ PHWKRG� 7KLV LV FOHDU IURP WKH WZR ULJKWPRVW SORWV� ZKHUH WKH &%
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