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$EVWUDFW

&DVFDGLQJ 6W\OH 6KHHW �&66� LV D IXQGDPHQWDO ZHE ODQJXDJH IRU GHVFULE�

LQJ WKH SUHVHQWDWLRQ RI ZHE SDJHV� &66 UXOHV DUH RIWHQ UHXVHG DFURVV PXOWLSOH

SDUWV RI D SDJH DQG DFURVV PXOWLSOH SDJHV WKURXJKRXW D VLWH WR UHGXFH UHSHWL�

WLRQ DQG WR SURYLGH D FRQVLVWHQW ORRN DQG IHHO� :KHQ D &66 UXOH LV PRGLILHG�

GHYHORSHUV FXUUHQWO\ KDYH WR PDQXDOO\ WUDFN DQG YLVXDOO\ LQVSHFW DOO SRVVLEOH

SDUWV RI WKH VLWH WKDW PD\ EH LPSDFWHG E\ WKDW FKDQJH� :H SUHVHQW 6HH66� D

V\VWHP WKDW DXWRPDWLFDOO\ WUDFNV &66 FKDQJH LPSDFW DFURVV D VLWH DQG HQDEOHV

GHYHORSHUV WR HDVLO\ YLVXDOL]H DOO RI WKHP� 7KH GLIIHUHQFHV EHIRUH DQG DIWHU

WKH FKDQJH DUH KLJKOLJKWHG XVLQJ DQLPDWLRQV� :H UHILQH LWV LPSOHPHQWDWLRQ

GXULQJ D ��LWHUDWLRQ GHVLJQ SURFHVV� DQG UHOHDVH 6HH66 DV DQ RSHQ VRXUFH WRRO

IRU DOO ZHE GHYHORSHUV�

.H\ZRUGV

'HYHORSPHQW 7RROV� 7RRONLWV� :HE 'HYHORSPHQW� &DVFDGLQJ 6W\OH 6KHHW�

&KDQJH 9LVXDOL]DWLRQ
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� ,QWURGXFWLRQ �

� 5HODWHG :RUN �

��� :HE %URZVHU 'HYHORSHU 7RROV � � � � � � � � � � � � � � � � � � � � � � � �

��� :HE 8, 7HVWLQJ $XWRPDWLRQ 7RROV � � � � � � � � � � � � � � � � � � � � � �

��� &66 8QLW 7HVWLQJ 7RROV � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 5HJUHVVLRQ 7HVWLQJ IRU :HE � � � � � � � � � � � � � � � � � � � � � � � � � �

� )LUVW ,WHUDWLRQ 'HVLJQ DQG ,PSOHPHQWDWLRQ �

��� 6HH66 *8, � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �

��� 6LWH &UDZOHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,PSDFW 7UDFNHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,PSDFW 9LVXDOL]HU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,PSOHPHQWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� )LUVW ,WHUDWLRQ 'HYHORSHU )HHGEDFN ��

��� 6WXG\ 'HVLJQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 3DUWLFLSDQWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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� )LUVW ,WHUDWLRQ 'LVFXVVLRQ ��

��� :DLWLQJ IRU 7KXPEQDLOV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 8VLQJ )LOH 6HDUFK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'HVLJQLQJ 7KXPEQDLOV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6XPPDU\ RI )LUVW ,WHUDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 6HFRQG ,WHUDWLRQ %UDLQVWRUPLQJ ��

��� (PSLULFDO 'HVLJQ &KRLFHV LQ 3UHYLRXV ,WHUDWLRQ � � � � � � � � � � � � � � ��

��� %UDLQVWRUPLQJ 3URFHGXUH � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HVXOWHG ,GHDV DQG &RQFHSWV � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 9RWLQJ 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &RQFXUUHQF\ RI &RQFHSWV � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6XPPDU\ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� 6HFRQG ,WHUDWLRQ 'HVLJQ DQG ,PSOHPHQWDWLRQ ��

��� $XJPHQW� 5DWKHU 7KDQ 5HSODFH ([SHULHQFHV � � � � � � � � � � � � � � � � ��

��� ,PSDFW 9LVXDOL]HU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6LWH 5HFRUGHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 5HQGHUHU *UDSK � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� )LOH 7UDFNHU � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 6HH66 5HSRUW � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,PSOHPHQWDWLRQ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� (DUO\ 5HVXOWV � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

� /LPLWDWLRQ DQG )XWXUH :RUN ��

��� &KDQJHV QRW 5HFRUGHG � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� &KDQJHV WR WKH 8, )ORZ � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,QWHUQDOO\ 0DLQWDLQHG 6WDWHV � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 7KXPEQDLO $QLPDWLRQV � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ,PSDFW 5DQNLQJ DQG &OXVWHULQJ � � � � � � � � � � � � � � � � � � � � � � � ��
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� &RQFOXVLRQ ��

%LEOLRJUDSK\ ��
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/LVW RI )LJXUHV

��� 0RGLI\LQJ D &66 UXOH PD\ IL[ D EXJ RQ WKH FXUUHQW SDJH� EXW LQWURGXFH

EXJV HOVHZKHUH� D GHYHORSHU IL[HV WKH ³/RJLQ´ EXWWRQ DOLJQPHQW E\ DGGLQJ

DPDUJLQ�OHIW SURSHUW\ WR WKH ORJLQ SDJH� KRZHYHU� VXFK FKDQJH EUHDNV
WKH ³/RJLQ´ EXWWRQ OD\RXW LQ WKH QDYLJDWLRQ EDU RQ WKH KRPH SDJH� 7KLV EXJ

LV QRW LPPHGLDWHO\ YLVLEOH WR GHYHORSHUV XVLQJ FXUUHQWO\ DYDLODEOH WRROV� � �

��� 6HH66 JUDSKLFDO XVHU LQWHUIDFH� WKH OHIW SDQHO FRUUHVSRQGV WR WKH FRGH HG�

LWRU� DQG WKH ULJKW SDQHO VKRZV D OLVW RI YLVXDO FKDQJHV DVVRFLDWHG ZLWK WKH

PRVW UHFHQW &66 PRGLILFDWLRQV� � � � � � � � � � � � � � � � � � � � � � � �

��� $Q H[DPSOH RI +DUG\ >��@ WHVW VFULSW�� � � � � � � � � � � � � � � � � � � � �

��� 7KH �VW LWHUDWLRQ 6HH66 V\VWHP DUFKLWHFWXUH DQG GDWD IORZ� � � � � � � � � �

��� �D� 7KH RULJLQDO ORRN RI RQH RI WKH ZHEVLWHV SUHVHQWHG WR WKH SDUWLFLSDQWV�

�E� 7KH FRUUHVSRQGLQJ &66 SUREOHP VWDWHPHQW VKRZQ WR WKH SDUWLFLSDQWV

GXULQJ WKH XVHU VWXG\� 7KH SUREOHP VWDWHPHQW LQFOXGHV D VFUHHQVKRW RI

ZKDW WKH SDUWLFLSDQWV VKRXOG DFKLHYH� IROORZHG E\ WKH WH[W GHFULSWLRQ RI

WKH WDVN� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� 'XULQJ WKH EUDLQVWRUPLQJ VHVVLRQ� D SDUWLFLSDQW LV VKDULQJ DQ LGHD DQG GH�

VFULELQJ KRZ KLV LGHD FDQ EH DSSOLHG WR D FRGH HGLWRU ZLQGRZ RQ D VFUHHQ�

VKRW LPDJH VWLFNHG WR WKH ZKLWHERDUG� 7KLV IRRWDJH LV WDNHQ IURP WKH DFWXDO

UHFRUGLQJ RI WKH VHVVLRQ� � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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��� )RXU LGHD VWLFN\ QRWHV IURP WKH EUDLQVWRUPLQJ VHVVLRQ� �D� )DFHERRN�OLNH

OLVW RI FKDQJHV� (PEHGV WKH FRQFHSW &HQWUDO &KDQJH /LVW� �E� &KDQJHV

OLVWHG LQ WH[W GLVSOD\HG DW WKH ERWWRP RI D FRGH HGLWRU� (PEHGV WKH FRQ�

FHSW &HQWUDO &KDQJH /LVW� 1DUUDWLYH &KDQJHV DQG ,Q�(GLWRU� �F� 9LVXDO

FKDQJHV HPSKDVL]HG LQ D EURZVHU ZLQGRZ� (PEHGV WKH FRQFHSW &KDQJHV

LQ &RQWH[W DQG ,Q�%URZVHU� �G� 8QGHUOLQHG FRGH PRGLILFDWLRQV DQG VKRZ�

LQJ WKXPEQDLOV RQ PRXVH KRYHU� (PEHGV WKH FRQFHSW &KDQJHV LQ &RQWH[W

DQG ,Q�(GLWRU� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� ³7RS 6LWH´ SDJH LQ 6DIDUL EURZVHU� 8VLQJ VXFK OD\RXW WR GLVSOD\ YLVXDO

FKDQJHV LV WKH PRVW VXSSRUWHG DPRQJ DOO WKH RWKHU LGHDV� � � � � � � � � � ��

��� �QG LWHUDWLRQ 6HH66 V\VWHP DUFKLWHFWXUH DQG GDWD IORZ� %ORFNVZLWK GDVKHG

ERUGHUV SDUWLFLSDWH LQ WKH GDWD IORZ EXW DUH QRW SDUWV RI 6HH66� � � � � � � ��

��� &RQVWUXFWLQJ WKH 5HQGHUHU *UDSK DV WKH GHYHORSHU PDQLSXODWHV WKH 7R�'R

OLVW ZHE DSSOLFDWLRQ� (DFK VWHS WKDW XSGDWHV WKH XVHU LQWHUIDFH ZRXOG FUHDWH

D QHZ UHQGHUHU LQ WKH UHQGHUHU JUDSK� 7KH GHYHORSHU SHUIRUPV WKH IROORZ�

LQJ VWHSV� UHVXOWLQJ LQ WKH UHQGHUHU JUDSK RQ WKH ULJKW� 6WHS ��� WKH EURZVHU

UHORDGV DQG GLVSOD\V DQ HPSW\ WR�GR OLVW� 6WHS ��� GHYHORSHU VXEPLWV D QHZ

LWHP� 6WHS ��� WKH QHZ LWHP LV GHOHWHG E\ WKH GHYHORSHU� 6WHS ��� GHYHORSHU

VXEPLWV DQRWKHU QHZ LWHP� � � � � � � � � � � � � � � � � � � � � � � � � � ��

��� $IWHU GHYHORSHUV DGGV DQ +70/ FODVV RQ WKH LQSXW DQG EXWWRQ HOHPHQW� WKH

5HQGHUHU *UDSK XSGDWHV DOO UHQGHUHUV LQ WUHH�OHYHO RUGHU� ,Q WKH EHJLQQLQJ�

WKH 5HQGHU *UDSK UHORDGV DOO LWV UHQGHUHUV� 7KHQ ��� WKH URRW UHQGHUHUV FDO�

FXODWHV WKH PDSSLQJ RI HOHPHQWV EHWZHHQ WKH WZR YHUVLRQV� 7KH PDSSLQJ

LV XVHIXO ZKHQ FRPSDULQJ WKH VQDSVKRWV DQG XSGDWLQJ WKH RXWJRLQJ HGJHV

���� 7KH 5HQGHU *UDSK WKHQ UHSOD\V WKH XVHU DFWLRQ LQ WKH UHQGHUHUV SRLQWHG

E\ WKH XSGDWHG HGJHV ���� $V D UHVXOW� DOO UHQGHUHUV LQ WKH 5HQGHU *UDSK

FDQ EH HYHQWXDOO\ XSGDWHG ���� � � � � � � � � � � � � � � � � � � � � � � � ��
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��� 6HH665HSRUW DV D VHSDUDWH WDE LQ*RRJOH &KURPH� ,W KLJKOLJKWV WKH FKDQJHV

WR WKH GLPHQVLRQ DQG SRVLWLRQ RI DQ HOHPHQW XVLQJ DQ WUDQVSDUHQW� DQLPDW�

LQJ UHG ER[� ,W DOVR DQLPDWHV WKH SURSHUWLHV OLNH IRQW DQG EDFNJURXQG FRORU� ��

��� &RQVWUXFWLQJ WKH 5HQGHUHU *UDSK LQ D ZD\ WKDW 6HH66 FDQQRW UHSOD\ FRU�

UHFWO\� :KHQ 6HH66 WU\V WR UHSOD\ WKH UHVXOWLQJ 5HQGHUHU *UDSK �RQ WKH

ERWWRP ULJKW FRUQHU RI WKH ILJXUH� LQ WUHH�OHYHO RUGHU VWDUWLQJ IURP UHQ�

GHUHU $� 6HH66 ZRXOG PLVWDNHQO\ UHJDUG UHQGHUHU % DV UHQGHUHU &� WKXV

UHSRUW HUURQHRXV FKDQJH LPSDFW� ,Q WKH ILJXUH ZH DVVXPH WKDW WKH VWDWH RI

WKH FKHFNHG LWHPV �HLWKHU µ&RPSDFW¶� µ5HJXODU¶ RU µ([WHQGHG¶� LV VWRUHG LQ

-DYDVFULSW DQG GRHV QRW DIIHFW '20 RXWVLGH WKH PHQX� DQG WKDW WKH '20

RI PHQX LV UH�FUHDWHG IURP WKH VWRUHG VWDWH HYHU\ WLPH WKH µ�¶ EXWWRQ LV

SUHVVHG� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
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/LVW RI 7DEOHV

��� 3RSXODU LGHD FRQFHSWV UDQNHG XVLQJ YRWH FRXQWV� � � � � � � � � � � � � � � ��

��� 1XPEHU RI LGHDV LQ ZKLFK D FRQFHSW FRH[LVW ZLWK DQRWKHU FRQFHSW� )RU

LQVWDQFH� WKHUH DUH � LGHDV WKDW EHORQJ WR ERWK WKH FRQFHSW &RGH 3URSHUW\

&OXVWHULQJ DQG WKH FRQFHSW ,Q�(GLWRU� � � � � � � � � � � � � � � � � � � � ��

��� 'LIIHUHQW GHVLJQ FKRLFHV EHWZHHQ WKH WZR LWHUDWLRQV� � � � � � � � � � � � � ��

[



&KDSWHU �

,QWURGXFWLRQ

&DVFDGLQJ 6W\OH 6KHHW �&66� LV D IXQGDPHQWDO ZHE ODQJXDJH IRU GHVFULELQJ WKH SUHVHQWD�

WLRQ RI ZHE SDJHV� VXFK DV FRORUV� IRQWV� DQG OD\RXW� ,W LV SULPDULO\ GHVLJQHG WR HQDEOH WKH

VHSDUDWLRQ RI FRQWHQW IURP SUHVHQWDWLRQ� DQG KDV EHHQ D:�& VWDQGDUG VLQFH ���� >��� ��@�

2QH RI LWV NH\ EHQHILWV LV UHXVLQJ WKH VDPH &66 ILOHV DQG UXOHV RQ WKH VDPH SDJH DQG

DFURVV PXOWLSOH ZHE SDJHV� ZKLFK UHGXFHV UHSHWLWLRQ� LQFUHDVHV GRZQORDG VSHHG� SURYLGHV

D FRQVLVWHQW ORRN DQG IHHO� DQG LPSURYHV PDLQWDLQDELOLW\� &66 UHXVH LV D FRPPRQ SUDFWLFH�

)RU H[DPSOH� RQ $SSOH DQG 0F'RQDOG¶V 86 ZHEVLWHV� HDFK &66 ILOH LV UHIHUHQFHG E\ DQ

DYHUDJH RI ���� DQG ��� +70/ ILOHV UHVSHFWLYHO\�

:KHQ PRGLI\LQJ D &66 UXOH� GHYHORSHUV QHHG WR ILUVW YLVXDOO\ FKHFN WKDW WKH LQWHQGHG

FKDQJH KDV EHHQ FRUUHFWO\ LPSOHPHQWHG� 7KHQ WKH\ QHHG WR YHULI\ WKDW WKH FKDQJH GRHV QRW

LQWURGXFH XQLQWHQGHG EXJV RQ DOO SDUWV RI WKH VLWH WKDW UHIHUHQFH WKH PRGLILHG &66 ILOHV DQG

UHXVH WKH PRGLILHG &66 UXOHV >��@� )LJXUH ��� VKRZV DQ H[DPSOH ZKHUH D VLPSOH FKDQJH

WR IL[ DQ DOLJQPHQW EXJ RI WKH /RJLQ EXWWRQ RQ RQH SDJH EUHDNV WKH OD\RXW RI RWKHU EXWWRQV

HOVHZKHUH RQ WKH VLWH�

&66 LV VXSSRVHG WR EH D VLPSOH� GHFODUDWLYH FROOHFWLRQ RI VW\OH UXOHV� +RZHYHU� GH�

VSLWH WKH IDFW WKDW &66 LV HVVHQWLDOO\ QRW D SURJUDPPLQJ ODQJXDJH� &66 DXWKRULQJ LV RIWHQ

UHJDUGHG DV ³SURJUDPPLQJ´ >��� ��@ DQG LW LV QHFHVVDU\ WR GHEXJ &66 FRGH >��@� :HE

GHYHORSHUV KDYH WR GHDO ZLWK VRSKLVWLFDWHG FDVFDGLQJ UXOHV� WDNH FDUH RI VHOHFWRU VSHFL�

ILFLW\ DQG ZDWFK RXW IRU VHOHFWRUV PDWFKLQJ XQZDQWHG +70/ HOHPHQWV� (YHQ WKH &66 ���

VSHFLILFDWLRQ LWVHOI LV WRR FRPSOH[ IRU SHRSOH WR XQGHUVWDQG KRZ &66 IHDWXUHV LQWHUDFW >�@�
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)LJXUH ���� 0RGLI\LQJ D &66 UXOH PD\ IL[ D EXJ RQ WKH FXUUHQW SDJH� EXW LQWURGXFH EXJV
HOVHZKHUH� D GHYHORSHU IL[HV WKH ³/RJLQ´ EXWWRQ DOLJQPHQW E\ DGGLQJ D PDUJLQ�OHIW
SURSHUW\ WR WKH ORJLQ SDJH� KRZHYHU� VXFK FKDQJH EUHDNV WKH ³/RJLQ´ EXWWRQ OD\RXW LQ WKH
QDYLJDWLRQ EDU RQ WKH KRPH SDJH� 7KLV EXJ LV QRW LPPHGLDWHO\ YLVLEOH WR GHYHORSHUV XVLQJ
FXUUHQWO\ DYDLODEOH WRROV�

/DVW EXW QRW OHDVW� YLVXDO SURSHUWLHV RI DQ HOHPHQW FDQ FRPH IURP UXOHV VFDWWHUHG DFURVV

PXOWLSOH VW\OH VKHHWV� ,W LV RIWHQ QRW FOHDU KRZ D PRGLILFDWLRQ RI &66 FRGH ZLOO LPSDFW WKH

UHSUHVHQWDWLRQ RI D GRFXPHQW >��@�

0DQ\ WRROV KDYH EHHQ GHYHORSHG IRU ZHE SURJUDPPLQJ� LQVSHFWRU WRROV VXFK DV )LUH�

EXJ >��@ DQG &KURPH DQG 6DIDUL¶V EXLOW�LQ WRROV >��@ KHOS GHYHORSHUV LQVSHFW UHQGHUHG

ZHE SDJHV LQGLYLGXDOO\� EXW GR QRW KHOS WUDFN FKDQJHV DFURVV D VLWH� :HE 8, WHVWLQJ WRROV

VXFK DV 6HOHQLXP >��@� 6DKL >��@� DQG 6LNXOL >��@ VXSSRUW 8, DXWRPDWLRQ ZKHQ SHUIRUPLQJ

IXQFWLRQDO WHVWLQJ RI ZHE SDJHV� EXW PD\ QRW GHWHFW QRQ�IXQFWLRQDO SUREOHPV LQWURGXFHG

WKURXJK &66 FKDQJHV� 0RJRWHVW >��@ LV D ZHE�EDVHG UHJUHVVLRQ WHVWLQJ WRRO WKDW YLVXDOL]HV

FKDQJHV RQ SDJHV LQGLYLGXDOO\� EXW GR QRW VXSSRUW LQWHUDFWLYH GHYHORSPHQW QRU PXOWL�SDJH

YLVXDOL]DWLRQ�

:H SUHVHQW 6HH66� D V\VWHP WKDW WUDFNV &66 FKDQJH LPSDFW DFURVV D ZHEVLWH DQG YL�

VXDOO\ SUHVHQWV SDUWV RI WKH VLWH WKDW KDYH FKDQJHG GXH WR WKH &66 FRGH PRGLILFDWLRQ� $V

�



Code editor Changes

Cross-fade

)LJXUH ���� 6HH66 JUDSKLFDO XVHU LQWHUIDFH� WKH OHIW SDQHO FRUUHVSRQGV WR WKH FRGH HGLWRU�
DQG WKH ULJKW SDQHO VKRZV D OLVW RI YLVXDO FKDQJHV DVVRFLDWHG ZLWK WKH PRVW UHFHQW &66
PRGLILFDWLRQV�

VKRZQ LQ )LJXUH ���� 6HH66 FRPSXWHV DQG VKRZV DOO YLVLEOH FKDQJHV EHIRUH DQG DIWHU WKH

PRGLILFDWLRQ� ,W DOVR UHQGHUV DQG VWRUHV VQDSVKRWV RI DOO SDJHV DFURVV WKH ZHEVLWH� DQG

FRPSDUHV WKHP DFURVV UHYLVLRQV�

:H GHYHORSHG � 6HH66 SURWRW\SHV� RQH DIWHU DQRWKHU� XQGHU DQ LWHUDWLYH GHVLJQ >��@

SURFHVV� ,Q WKH �VW LWHUDWLRQ� ZH GHYHORSH D 6HH66 SURWRW\SH WKDW WUDFNV +70/ DQG &66

UHIHUHQFHV RI D VWDWLF VLWH ZKHQ GRFXPHQWV DUH RSHQHG DQG VDYHG� $ VPDOO ODE�EDVHG XVHU

VWXG\ VKRZV SURPLVLQJ LQLWLDO UHVXOWV� $OO RI WKH � SDUWLFLSDQWV UHSRUWHG WKDW WKH\ ZHUH

IDVWHU DW IL[LQJ &66 SUREOHPV ZLWK 6HH66 DQG DOO ZRXOG OLNH WR FRQWLQXH XVLQJ 6HH66 DV

WKHLU UHJXODU ZHE GHYHORSPHQW WRRO� 7KH �QG LWHUDWLRQ VWDUWV ZLWK D EUDLQVWRUPLQJ VHVVLRQ

ZLWK � ZHE GHYHORSHUV� 7KH �QG SURWRW\SH LPSURYHV WKH SHUIRUPDQFH DQG DSSOLFDELOLW\

DFURVV GLIIHUHQW W\SHV RI ZHEVLWHV� DLPLQJ IRU SXEOLF UHOHDVH� 7KH HYDOXDWLRQ RI WKLV LWHUD�

WLRQ LV FXUUHQWO\ RQJRLQJ�

:H UHSRUWHG RXU LQLWLDO UHVXOWV RI WKH �VW LWHUDWLRQ LQ D UHVHDUFK SDSHU� µ6HH66� 6HHLQJ

�



:KDW , %URNH ± 9LVXDOL]LQJ &KDQJH ,PSDFW RI &DVFDGLQJ 6W\OH 6KHHWV �&66�¶� ZKLFK ZDV

DFFHSWHG IRU SUHVHQWDWLRQ DW DQG SXEOLFDWLRQ LQ WKH SURFHHGLQJV RI WKH ��WK DQQXDO $&0

V\PSRVLXP RQ 8VHU LQWHUIDFH VRIWZDUH DQG WHFKQRORJ\ >��@�

7KLV WKHVLV UHSRUWV WKH GHVLJQ SURFHVV RI 6HH66 VR IDU� :H ILUVW FRPSDUH UHODWHG ZHE

GHYHORSHU WRROV DQG SUHYLRXV UHVHDUFKHV LQ ZHE WHVWLQJ LQ &KDSWHU �� :H WKHQ GHVFULEH WKH

GHVLJQ DQG LPSOHPHQWDWLRQ RI 6HH66 LQ &KDSWHU �� $IWHUZDUGV� ZH SUHVHQW RXU SUHOLPLQDU\

XVHU VWXG\ SURFHVV LQ &KDSWHU �� 7KH ILUVW LWHUDWLRQ HQGV DV ZH GLVFXVV WKH XVHU VWXG\ UHVXOWV

LQ &KDSWHU ��

,Q WKH VHFRQG LWHUDWLRQ ZH ILUVW H[SORUH SRVLELOLWLHV RI SUHVHQWDWLRQV RI FKDQJH LPSDFWV

YLD D EUDLQ�VWRUPLQJ VHVVLRQ ZLWK � ZHE GHYHORSHUV LQ &KDSWHU �� %DVHG RQ WKDW� ZH WKHQ

GHVFULEH WKH GHVLJQ FKRLFHV LQ &KDSWHU � DQG ZKDW ZH FKRRVH WR OHDYH RXW LQ &KDSWHU ��

/DVWO\� ZH FRQFOXGH WKLV WKHVLV ZLWK D VXPPDU\ RI WKH � LWHUDWLRQV LQ &KDSWHU ��

�



&KDSWHU �

5HODWHG :RUN

��� :HE %URZVHU 'HYHORSHU 7RROV

0RGHUQ GHVNWRS EURZVHUV OLNH *RRJOH &KURPH� 6DIDUL� )LUHIR[� DQG ,QWHUQHW ([SORUHU KDYH

EXLOW�LQ LQVSHFWRUV >��� ��@ WKDW KHOS GHYHORSHUV YLHZ� GHEXJ� LQVSHFW� DQG SURILOH LQGLYLG�

XDO ZHE SDJHV >��@� 7KH 'RFXPHQW 2EMHFW 0RGHO �'20� LQVSHFWRU HQDEOHV GHYHORSHUV WR

VHOHFW VSHFLILF HOHPHQWV RQ WKH FXUUHQW SDJH� YLHZ DOO WKH &66 DWWULEXWHV DSSOLHG WR WKHVH

HOHPHQWV DQG ORFDWH WKH &66 ILOHV FRQWDLQLQJ HDFK DVVRFLDWHG &66 UXOHV� :KLOH WKH '20

LQVSHFWRU FDQ KHOS GHYHORSHUV ORFDWH DQG PRGLI\ D SDUWLFXODU &66 UXOH� GHYHORSHUV VWLOO

QHHG WR PDQXDOO\ WUDFN DOO +70/ ILOHV WKDW UHIHUHQFH WKH FRUUHVSRQGLQJ &66 ILOH� DQG

FKHFN DOO SDUWV RI WKH VLWH ZKLFK DUH LPSDFWHG E\ D PRGLILFDWLRQ RI WKLV UXOH�

��� :HE 8, 7HVWLQJ $XWRPDWLRQ 7RROV

6HOHQLXP >��@ DQG 6DKL >��@ DUH GHVLJQHG IRU DXWRPDWLQJ IXQFWLRQDO WHVWV RI ZHE SDJHV�

3UH�UHFRUGHG LQSXW VHTXHQFHV� VXFK DV PRXVH DQG NH\ERDUG HYHQWV� DUH IHG WR WKH ZHEVLWH�

WKHQ DVVHUWLRQV DUH XVHG WR FKHFN LI UHVSRQVHV PDWFKHV H[SHFWHG SDWWHUQV �H�J� LI FHUWDLQ WH[W

H[LVWV�� 6LNXOL >�@ WDNHV D YLVXDO DSSURDFK� VFUHHQVKRWV DUH XVHG WR GHSLFW LQSXW VHTXHQFHV

DQG KHOS YLVXDOO\ FKHFN WKH UHVXOWLQJ SDWWHUQV�

:KLOH WKHVH WRROV KHOS WHVW WKH IXQFWLRQDOLW\ RI ZHEVLWHV� WKH\ DUH QRW GHVLJQHG WR VXS�

SRUW &66 SURJUDPPLQJ� )LUVW� LQ WKH FDVH RI G\QDPLF ZHE DSSOLFDWLRQV� VRPH RI WKH YLVXDO

�



SURJUDPPLQJ PD\ KDSSHQ LQGHSHQGHQW RI WKH IXQFWLRQDO SURJUDPPLQJ� )RU H[DPSOH� WKH

+70/�&66�-DYDVFULSW PD\ EH GHYHORSHG E\ IURQW HQG GHYHORSHUV� ZKLOH WKH IXQFWLRQDO

SURJUDPPLQJ LV GRQH E\ WKH EDFN HQG GHYHORSHUV� 6HFRQG� WKH GHVLUHG VWDWHV IRU &66 DUH

RIWHQ GHVFULEHG E\ ZLUHIUDPHV EHIRUH WKH ILQDO YLVXDO PRFNXSV DUH UHDG\� 6HH66 IDFLOLWDWHV

LWHUDWLYH &66 GHYHORSPHQW ZLWKRXW D IXQFWLRQDO ZHEVLWH DQG EHIRUH WKH ILQDO PRFNXS RI

WKH VLWH LV UHDG\�

��� &66 8QLW 7HVWLQJ 7RROV

7KH GHYHORSHU FRPPXQLW\ KDV UROOHG RXW VHYHUDO WRROV UHJDUGLQJ &66 XQLW WHVWLQJ� KRS�

LQJ WR PDNH &66 DV WHVWDEOH DV -DYDVFULSW RU VHUYHU�VLGH DSSOLFDWLRQV� 6XFK WRROV OLNH

&66XQLW >��@� &66HUW >��@� &DFWXV >�@ DQG +DUG\ >��@ WDNH D WHVW VFULSW DV LQSXW� 'HYHO�

RSHUV PD\ VSHFLI\ LQ WKH WHVW VFULSWV WKH H[SHFWHG YDOXH RI D FHUWDLQ &66 SURSHUW\ RI DQ

+70/ HOHPHQW� )LJXUH ��� VKRZV D VSHFLILFDWLRQ WKDW DVVHUWV �S! HOHPHQWV WR KDYH JUD\

FRORU� +RZHYHU� LQ RUGHU WR FOHDUO\ GHVFULEH YLVXDO DSSHDUDQFH RI DQ HOHPHQW� GHYHORSHUV

ZRXOG KDYH WR H[WHQG WKH QXPEHU RI DVVHUWLRQV WR D FHUWDLQ H[WHQW� ,W UHTXLUHV PXFK PRUH

ZRUN WKDQ IXQFWLRQDO XQLW WHVWV� ZKRVH FRGH XQGHU WHVW XVXDOO\ FRQWDLQV MXVW D IHZ IXQF�

WLRQDOLWLHV WR WHVW XSRQ� 7KH UDSLG FKDQJLQJ QDWXUH RI XVHU LQWHUIDFHV DOVR LQFUHDVHV WKH

PDLQWHQDQFH FRVW RI &66 XQLW WHVW FDVHV�

)HDWXUH� :HEVLWH OD\RXW WHVW
$V D XVHU , ZDQW YLVXDO FRQVLVWHQF\ RQ WKH KWWS���FVVWH�VW� ZHEVLWH

6FHQDULR� &RQWHQW OD\RXW
*LYHQ , YLVLW µKWWS���FVVWH�VW�µ
7KHQ µVHFWLRQ ! Sµ VKRXOG KDYH µFRORUµ RI µUJE���� ��� ���µ

)LJXUH ���� $Q H[DPSOH RI +DUG\ >��@ WHVW VFULSW��

�7KH H[DPSOH ZDV GLUHFWO\ H[FHUSWHG IURP +DUG\ ³*HWWLQJ 6WDUWHG´ GRFXPHQWDWLRQ KWWS���KDUG\�
LR�JHWWLQJ�VWDUWHG�KWPO�

�



��� 5HJUHVVLRQ 7HVWLQJ IRU :HE

5HJUHVVLRQ WHVWLQJ VKRZV FKDQJH LPSDFW DQG HQVXUHV WKDW WKH LQWHQGHG EHKDYLRU LV SUH�

VHUYHG DIWHU PRGLILFDWLRQ >��@� :KLOH UHJUHVVLRQ WHVWLQJ KDV EHHQ VXFFHVVIXOO\ DSSOLHG LQ

PDQ\ GRPDLQV� UHJUHVVLRQ WHVWLQJ ZHE DSSOLFDWLRQV LV QRWRULRXVO\ GDXQWLQJ GXH WR WKH G\�

QDPLVP LQ ZHE LQWHUIDFHV� ([SHULPHQWV VKRZV WKDW ��� RI WHVW FDVH RXWSXW GLIIHUHQFHV

DUH IDOVH DODPV >��� ��@� 3UHYLRXV ZRUN RQ ZHE UHJUHVVLRQ WHVWLQJ IRU ZHE PDLQO\ IRFXV

RQ WHVWLQJ IXQFWLRQDOLWLHV� LQ ZKLFK WKH WHVW FDVHV DUH FRPSULVHG RI VHTXHQFHV RI HYHQWV

�H�J�� ³FOLFN RQ EXWWRQ´� ³HQWHU WH[W´� RQ *8, ZLGJHWV �H�J� ³EXWWRQ´� ³WH[W�ILHOG´� >�@� $

WHVW SDVVHV LI DQG RQO\ LI WKH HYHQW VHTXHQFH RI D WHVW FDVH FDQ EH UHSOD\HG RQ WKH PRGLILHG

ZHE DSSOLFDWLRQ� ,Q RUGHU WR UHGXFH IDOVH DODUPV RI IXQFWLRQDO UHJUHVVLRQ WHVWV� SUHYLRXV

UHVHDUFKHUV >��� ��@ LJQRUH GLVFUHSDQFLHV WKDW DUH YLVLEOH WR KXPDQ EXW GR QRW DIIHFW IXQF�

WLRQDOLW\� ,Q FRQWUDVW� 6HH66 WDUJHWV WKH YLVXDO GLIIHUHQFHV DQG LV QRW GHVLJQHG WR GHWHFW WKH

IXQFWLRQDO FKDQJHV�

+X[OH\ LV D WHVW�OLNH V\VWHP IRU FDWFKLQJ YLVXDO UHJUHVVLRQV LQ:HE DSSOLFDWLRQV >��@� ,W

UXQV LQ � PRGHV� LQ UHFRUG PRGH� GHYHORSHUV FDQ WDNH VFUHHQVKRWV RI WKH ZHEVLWH XQGHU WHVW

DV WKH\ JR WKURXJK WKH IXQFWLRQDOLW\ WKH\ ZDQW WR WHVW� %HIRUH VXEPLWWLQJ FRGH IRU UHYLHZ

RU LQ FRQWLQXRXV LQWHJUDWLRQ� GHYHORSHUV VKRXOG UXQ +X[OH\ DJDLQ LQ SOD\EDFN PRGH� ZKLFK

UH�UXQV WKH XVHU DFWLRQV� WDNHV QHZ VFUHHQVKRWV DQG FRPSDUHV WKHP DJDLQVW WKH ROG RQHV�

7KH GHWHFWHG VFUHHQVKRW GLIIHUHQFHV ZLOO VKRZ XS LQ D FRPPLW LQ WKH VRXUFH FRGH UHSRVLWRU\

IRU WKH 8, GHVLJQHUV WR UHYLHZ WKH GLIIHUHQFHV DIWHUZDUGV�

0RJRWHVW >��@ LV D ZHE�EDVHG FRQVLVWHQF\ WHVWLQJ VHUYLFH WKDW SURYLGHV UHJUHVVLRQ WHVW�

LQJ DFURVV PXOWLSOH EURZVHUV� ,W FRPSDUHV WKH FXUUHQW '20 VQDSVKRWV RI WKH VLWH ZLWK

SUHYLRXV YHUVLRQV� )RU HDFK SDJH� LW VKRZV D VLGH�E\�VLGH YLHZ RI WZR YHUVLRQV LI LW GH�

WHFWV D FKDQJH� ,QVWHDG RI YLVXDOL]LQJ LQGLYLGXDO DQG HQWLUH SDJHV� 6HH66 LV GHVLJQHG WR

LGHQWLI\ WKH H[DFW VHW RI UHJLRQV WKDW FKDQJHG DQG WR HQDEOH XVHUV WR YLVXDOL]H DOO RI WKHP DW

RQFH� 7KLV HQDEOHV GHYHORSHUV WR YHULI\ WKH LQWHQGHG FKDQJHV DQG WR VSRW DQ\ XQLQWHQGHG

FKDQJHV DW D JODQFH�

/DVWO\� +X[OH\� 0RQJRWHVW DQG RWKHU VLPLODU WRROV >�� ��@ FROOHFWV WKH YLVXDO GLVFUHS�

DQFLHV DJJUHJDWHG LQ D SHULRG RI WLPH LQ D WHGLRXV UHSRUW� 'HYHORSHUV QHHG VRPH HIIRUW WR

�



UHFDOO DQG WUDFN GRZQ WKH VXVSLFLRXV HGLWV ZKHQ WKH\ UHFHLYH WKH HUURU UHSRUW ORQJ DIWHU WKH

DFWXDO PRGLILFDWLRQ� ,Q FRQWUDVW� 6HH66 DQDO\]HV DQG YLVXDOL]HV FKDQJHV ZKHQHYHU D ILOH

LV VDYHG LQ RUGHU WR SURYLGH LPPHGLDWH IHHGEDFN� UHYHDOLQJ HUURUV EHIRUH WKH\ DFFXPXODWH�

�



&KDSWHU �

)LUVW ,WHUDWLRQ 'HVLJQ DQG

,PSOHPHQWDWLRQ
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)LJXUH ���� 7KH �VW LWHUDWLRQ 6HH66 V\VWHP DUFKLWHFWXUH DQG GDWD IORZ�

,Q RUGHU WR VXSSRUW WKH WUDFNLQJ RI &66 FKDQJH LPSDFW� 6HH66 QHHGV WR� �D� WUDFN SDJHV

WKDW DUH SDUW RI WKH FXUUHQW VLWH� �E� GHWHFW DOO YLVXDO FKDQJHV DFURVV WKH VLWH GXH WR D &66

PRGLILFDWLRQ� DQG �F� YLVXDOL]H WKH GLIIHUHQFHV� )LJXUH ��� VKRZV WKH V\VWHP DUFKLWHFWXUH

DQG GDWD IORZ�

��� 6HH66 *8,

7KH 6HH66 *8, VXSSRUWV HGLWLQJ RI +70/ DQG &66 ILOHV� OLVWHQV WR +70/ DQG &66 ILOH

RSHQ DQG VDYH HYHQWV� DQG GLVSOD\V WKH UHQGHUHG YLVXDO FKDQJHV DV D VHULHV RI WKXPEQDLOV�

$ WKXPEQDLO UHSUHVHQWV D UHQGHUHG SDJH UHJLRQ WKDW KDV YLVLEOH GLIIHUHQFHV EHWZHHQ WKH

�



FXUUHQW DQG WKH ODVW VQDSVKRWV� ,W FRQVLVWV RI WZR FURSSHG VQDSVKRWV UHSUHVHQWLQJ KRZ WKH

UHJLRQ ORRNV EHIRUH DQG DIWHU WKH &66 FKDQJH�

7KH WKXPEQDLOV VXSSRUW WKH IROORZLQJ WZR XVHU LQWHUDFWLRQV� �D� ZKHQ WKH PRXVH KRY�

HUV RYHU WKH OHIW KDOI RI D WKXPEQDLO� WKH DQLPDWLRQ VWRSV DQG WKH SUHYLRXV YHUVLRQ RI SDJH

IUDJPHQW LV VKRZQ� :KHQ WKH PRXVH KRYHUV RYHU WKH RWKHU KDOI� WKH FXUUHQW YHUVLRQ LV

VKRZQ� �E� FOLFNLQJ RQ WKH WKXPEQDLO RSHQV WKH FRUUHVSRQGLQJ +70/ GRFXPHQW LQ WKH

HGLWRU ZLQGRZ�

��� 6LWH &UDZOHU

:KHQ DQ +70/ SDJH LV RSHQHG LQ WKH *8,� WKH ILOH LV SDVVHG WR WKH 6LWH &UDZOHU� ZKLFK

SHUIRUPV D UHFXUVLYH WUDYHUVDO RI WKH K\SHU�OLQNV LQ WKH ILOH� ,Q DGGLWLRQ WR FDOOLQJ WKH 3DJH

5HQGHUHU WR WDNH LQLWLDO VQDSVKRWV IRU HDFK FUDZOHG SDJH� WKH FUDZOHU DOVR UHFRUGV DOO &66

ILOHV WKDW DUH UHIHUHQFHG E\ HDFK SDJH� 7KH GHSHQGHQF\ JUDSK EHWZHHQ WKH +70/ ILOHV

DQG WKH &66 ILOHV LV XVHG WR WUDFN FKDQJH LPSDFW�

��� ,PSDFW 7UDFNHU

:KHQ D &66 PRGLILFDWLRQ KDV EHHQ VDYHG� WKH ,PSDFW 7UDFNHU ORRNV XS WKH VHW RI +70/

ILOHV UHIHUHQFLQJ WKH FKDQJHG &66 ILOH XVLQJ WKH GHSHQGHQF\ JUDSK� ,W FDOOV WKH 3DJH 5HQ�

GHUHU WR UHQGHU WKH +70/ ILOHV DQG VDYH WKH VQDSVKRWV WR WKH GDWDEDVH� DQG WKHQ FDOOV WKH

,PSDFW 9LVXDOL]HU WR GHWHFW GLIIHUHQFHV�

��� ,PSDFW 9LVXDOL]HU

)RU HDFK +70/ ILOH WKDW UHIHUHQFHV WKH FKDQJHG &66� WKH ,PSDFW 9LVXDOL]HU IHWFKHV WKH

FXUUHQW DQG WKH ODVW VQDSVKRWV DQG FDOFXODWHV WKHLU YLVXDO GLIIHUHQFHV� %HFDXVH D &66 PRG�

LILFDWLRQ PD\ LPSDFW PXOWLSOH UHJLRQV RI D SDJH� ERXQGLQJ ER[HV DUH FDOFXODWHG WR FDSWXUH

WKH DUHDV ZKHUH WKH WZR YHUVLRQV GLIIHU� 7KH ERXQGLQJ ER[HV DUH XVHG WR FURS WKH VQDSVKRWV

DQG WKH UHVXOWV DUH GLVSOD\HG LQ WKH *8,� $Q DQLPDWLRQ LV XVHG WR KHOS KLJKOLJKW WKH YLVXDO

��



GLIIHUHQFHV WR GHYHORSHUV� 'HWDLOV DERXW WKH DQLPDWLRQ DUH JLYHQ LQ WKH LPSOHPHQWDWLRQ

VHFWLRQ�

��� ,PSOHPHQWDWLRQ

:H LPSOHPHQWHG WKH 6HH66 *8, XVLQJ WKH %UDFNHWV RSHQ�VRXUFH WH[W HGLWRU >�@ ZLWK D FXV�

WRP 6HH66 H[WHQVLRQ� 7KH H[WHQVLRQ LV LPSOHPHQWHG XVLQJ +70/� &66� DQG -DYDVFULSW�

,W LV D UHVL]DEOH VLGHEDU RQ WKH ULJKW VLGH RI WKH HGLWRU ZLQGRZ� ,W GLVSOD\V WKH YLVXDO GLI�

IHUHQFHV XVLQJ &66 FURVV�IDGH DQLPDWLRQ� D FRPPRQ DSSURFK XVHG WR VPRRWKO\ WUDQVLW

EHWZHHQ WZR VWDWHV >�� ��@�

7KH RWKHU FRPSRQHQWV DUH LPSOHPHQWHG XVLQJ 1RGH�MV Y����� >��@� D -DYDVFULSW�EDVHG

VHUYHU IUDPHZRUN� UXQQLQJ RQ 0DF 26 ; ����� 7KH\ FRPPXQLFDWH ZLWK WKH 6HH66 %UDFN�

HWV H[WHQVLRQ YLD VRFNHW�LR� D -DYDVFULSW OLEUDU\ IRU UHDO�WLPH FRPPXQLFDWLRQ� 3KDQWRP-6

Y��� >��@� D KHDGOHVV :HE.LW UHQGHULQJ HQJLQH� LV XVHG WR UHQGHU WKH +70/ SDJHV� $ SRRO

RI 3KDQWRP-6 SURFHVVHV LV XVHG WR FUDZO WKH VLWH DQG WR UHQGHU PXOWLSOH SDJHV LQ SDUDOOHO�

7KH VQDSVKRWV DUH IXOO�SDJH VFUHHQVKRWV FDSWXUHG XVLQJ 3KDQWRP-6�

7KH FXUUHQW LPSOHPHQWDWLRQ RI WKH LPSDFW UDQNLQJ DOJRULWKP LV WKH PHDQ VTXDUH HUURU

RI WKH 5*% YDOXHV RI WKH SL[HOV EHWZHHQ WKH WZR YHUVLRQV� ZKLFK LV WKH VXP RI VTXDUHG

GLIIHUHQFH RI HDFK SL[HO¶V UHG� JUHHQ� DQG EOXH YDOXHV� GLYLGHG E\ WKH DUHD RI HDFK ERXQGLQJ

ER[�

��



&KDSWHU �

)LUVW ,WHUDWLRQ 'HYHORSHU )HHGEDFN

:H FRQGXFWHG D VPDOO ODE VWXG\ WR XQGHUVWDQG KRZ 6HH66 VXSSRUWV ZHE GHYHORSHUV¶ ZRUN�

IORZ >��@� *LYHQ WKH VPDOO QXPEHU RI SDUWLFLSDQWV DQG WKH ODUJH QXPEHU RI SRWHQWLDO IDFWRUV

WKDW FRXOG DIIHFW WDVN FRPSOHWLRQ WLPH DQG HUURU� RXU JRDO ZDV WR FROOHFW IHHGEDFN UDWKHU

WKDQ TXDQWLWDWLYH FRPSDULVRQV�

��� 6WXG\ 'HVLJQ

:H FUHDWHG WZR ZHEVLWHV ZLWK &66 SUREOHPV� DQG DVNHG HDFK SDUWLFLSDQW WR GHEXJ RQH VLWH

WKHQ WKH RWKHU� )LJXUH ����E� VKRZV RQH RI D &66 SUREOHP VWDWHPHQW ZH VKRZHG WR WKH SDU�

WLFLSDQWV� 7KH VWXG\ XVHG D ZLWKLQ�VXEMHFWV GHVLJQ� WKH RUGHU RI WKH ZHEVLWHV DQG WKH RUGHU

RI ZKHWKHU 6HH66 ZDV XVHG ZHUH FRXQWHU�EDODQFHG� :H DVNHG WKH SDUWLFLSDQWV WR WKLQN�

DORXG ZKLOH IL[LQJ WKH &66 SUREOHPV� $IWHUZDUGV� SDUWLFLSDQWV ILOOHG RXW TXHVWLRQQDLUHV�

DQG GLVFXVVHG WKHLU H[SHULHQFH LQ VHPL�VWUXFWXUHG LQWHUYLHZV�

(DFK VLWH KDG � &66 WDVNV WKDW WKH SDUWLFLSDQWV QHHGHG WR FRPSOHWH� 7KH WDVNV ZHUH GH�

VLJQHG WR FRYHU WKH IROORZLQJ &66 SURJUDPPLQJ FKDOOHQJHV� �7�� PRGLI\LQJ UXOHV VXFK DV

IRQW�IDPLO\ DQG OD\RXW ZLGWKV WKDW DUH W\SLFDOO\ XVHG WKURXJKRXW WKH VLWH� �7�� PRGLI\LQJ

UXOHV WKDW DSSO\ WR HOHPHQWV ZLWK PXOWLSOH RFFXUDQFHV RQ WKH VDPH SDJH� VXFK DV WKH DSSHDU�

DQFH RI EXWWRQV DQG ZLGJHWV� �7�� WLQNHULQJ ZLWK SRVLWLRQ DQG ]�LQGH[� ZKLFK DUH

DIIHFWHG E\ DWWULEXWH VHWWLQJV RI DQFHVWRU HOHPHQWV� �7�� RYHUULGLQJ H[LVWLQJ UXOHV� ZKLFK

UHTXLUHV WKH NQRZOHGJH RI VHOHFWRU VSHFLILFLW\� VW\OH FDVFDGLQJ� DQG VW\OH LQKHULWDQFH� �7��

��



)LJXUH ���� �D� 7KH RULJLQDO ORRN RI RQH RI WKH ZHEVLWHV SUHVHQWHG WR WKH SDUWLFLSDQWV� �E�
7KH FRUUHVSRQGLQJ &66 SUREOHP VWDWHPHQW VKRZQ WR WKH SDUWLFLSDQWV GXULQJ WKH XVHU VWXG\�
7KH SUREOHP VWDWHPHQW LQFOXGHV D VFUHHQVKRW RI ZKDW WKH SDUWLFLSDQWV VKRXOG DFKLHYH� IRO�
ORZHG E\ WKH WH[W GHFULSWLRQ RI WKH WDVN�

DYRLGLQJ LQHIIHFWLYH PRGLILFDWLRQV� VXFK DV DSSO\LQJ KHLJKW DWWULEXWH WR DQ LQOLQH HOH�

PHQW�

7KH H[SHULPHQW VHWXS PLPLFNHG W\SLFDO ZHE GHYHORSPHQW HQYLURQPHQW� ZLWK D FRGH

HGLWRU WR PDNH HGLWV DQG D EURZVHU ZLQGRZ WR YLVXDOO\ FKHFN DQG LQVSHFW WKH UHVXOWV� 7KH

H[SHULPHQW ZDV FDUULHG RXW RQ D 0DF 0LQL HTXLSSHG ZLWK ,QWHO &RUH'XR ����*+] DQG

�*% ''5� 5$0�

��� 3DUWLFLSDQWV

$IWHU D SLORW VWXG\ ZLWK � XVHUV� ZH UHFUXLWHG � SDUWLFLSDQWV �� PDOH� RQ DYHUDJH RI DJH ��

ZKR KDG &66 SURJUDPPLQJ H[SHULHQFH IURP RXU XQLYHUVLW\� 7KH SDUWLFLSDQWV VHOI�UDWHG

WKHLU +70/ DQG &66 SURILFLHQF\ EHWZHHQ � DQG � RQ D ��SRLQW /LNHUW VFDOH �DYHUDJH ����

ZLWK � EHLQJ DQ µH[SHUW¶� 7KH SDUWLFLSDQWV XVHG 6XEOLPH 7H[W DQG 9LP DV WKHLU SULPDU\

FRGH HGLWRU� DQG QRQH KDG H[SHULHQFH ZLWK WKH %UDFNHWV HGLWRU�

��� 5HVXOWV

7KH SRVW�H[SHULPHQW TXHVWLRQQDLUH DQG LQWHUYLHZV VKRZHG SRVLWLYH SHUFHSWLRQ DQG SURPLV�

LQJ UHVXOWV� 2Q D ��SRLQW /LNHUW VFDOH LQGLFDWLQJ OHYHOV RI DJUHHPHQW� DOO IRXU SDUWLFLSDQWV

��



UDWHG 6HH66 D � RQ KHOSLQJ WKHP IL[ &66 SUREOHPV PRUH TXLFNO\� 7KH\ DOVR DOO UDWHG D �

ZKHQ DVNHG LI WKH\ ZRXOG XVH 6HH66 DV WKHLU UHJXODU ZHE GHYHORSPHQW WRRO�

+RZHYHU� ZKHQ DVNHG LI 6HH66¶ VSHHG ZDV DFFHSWDEOH� WKUHH SDUWLFLSDQWV UDWHG LW �

DQG RQH UDWHG LW �� :H DQDO\]HG WKH V\VWHP ORJV DQG IRXQG WKDW 6HH66 WRRN DQ DYHUDJH

RI ��� VHFRQGV WR GLVSOD\ WKH WKXPEQDLOV �VWDQGDUG GHYLDWLRQ ZDV � VHFRQGV�� ZKLFK ZDV

VLJQLILFDQWO\ VORZHU WKDQ WKH VXE�VHFRQG UHQGHULQJ WLPH RI D EURZVHU SDJH UHORDG�

��



&KDSWHU �

)LUVW ,WHUDWLRQ 'LVFXVVLRQ

��� :DLWLQJ IRU 7KXPEQDLOV

:H REVHUYHG WKDW SDUWLFLSDQWV VRPHWLPHV FDPH WR D VKRUW KDOW DIWHU VDYLQJ D ILOH� :KHQ

DVNHG DERXW ZKDW WKH\ ZHUH ZDLWLQJ IRU� SDUWLFLSDQWV UHSRUWHG WKDW WKH\ ZHUH ZDLWLQJ IRU WKH

6HH66 WKXPEQDLOV WR GLVSOD\� 7KLV ZDV D EHKDYLRUDO FKDQJH RZLQJ WR WKH ODWHQF\ RI 6HH66�

EXW DOVR VXJJHVWHG WKDW 6HH66 SURYLGHG VXIILFLHQW XWLOLW\ IRU SDUWLFLSDQWV WR EH ZLOOLQJ WR

ZDLW� ,Q DQ\ FDVH� 6HH66¶ VSHHG VKRXOG EH VLJQLILFDQWO\ LPSURYHG DQG WKH XVHU LQWHUIDFH

VKRXOG SURYLGH D SURJUHVV LQGLFDWRU�

��� 8VLQJ )LOH 6HDUFK

3� DQG 3� XVHG WKH ³)LQG LQ 3URMHFW´ FRPPDQG WR ORRN DW DOO WKH+70/ ILOHV WKDW UHIHUHQFHG

WKH PRGLILHG &66 ILOH� ,QWHUHVWLQJO\� WKH\ RQO\ XVHG LW ZKHQ 6HH66 ZDV QRW DYDLODEOH� DQG

QHYHU XVHG LW ZKHQ 6HH66 ZDV DYDLODEOH� 7KH\ UHSRUWHG EHLQJ FDXWLRXV DERXW PDNLQJ

HGLWV EHFDXVH WKH FRGH ZDV ZULWWHQ E\ VRPHRQH HOVH DQG WKH LPSDFW RI HDFK &66 UXOH

ZDV XQNQRZQ� 7KH VLWXDWLRQ LV VLPLODU IRU FROODERUDWLYH SURMHFWV� HVSHFLDOO\ IRU QHZ WHDP

PHPEHUV ZKR DUH QRW \HW IDPLOLDU ZLWK WKH GHSHQGHQFLHV DPRQJ YDULRXV +70/ DQG &66

ILOHV� 6HH66 FDQ SOD\ DQ LPSRUWDQW UROH LQ KHOSLQJ GHYHORSHUV EHFRPH IDPLOLDU ZLWK QHZ

SURMHFWV DQG DYRLG EUHDNLQJ RWKHU GHYHORSHUV¶ FRGH�

��



��� 'HVLJQLQJ 7KXPEQDLOV

3LORW �� 3� DQG 3� UHSRUWHG WKDW WKH WKXPEQDLOV KHOS E\ SURYLGLQJ D KROLVWLF YLHZ RI DOO

FKDQJHV DFURVV WKH ZHEVLWH� 3LORW � VSHFLILFDOO\ PHQWLRQHG WKDW WKH KROLVWLF YLHZ SURYLGHV

HVVHQWLDO LQIRUPDWLRQ WR GHWHUPLQH ZKHWKHU KH VKRXOG PRGLI\ D &66 GHILQLWLRQ RU FUHDWH D

QHZ &66 FODVV�

7ZR RI WKH RWKHU SDUWLFLSDQWV UHSRUWHG GLIILFXOW\ LQPDWFKLQJ HOHPHQWV LQ WKH WKXPEQDLOV

WR SDJHV WKH\ DUH YLHZLQJ LQ WKH EURZVHU� 7KH\ VXJJHVWHG OLPLWLQJ WKH WKXPEQDLO VFDOLQJ

WR D PD[LPXP RI ���� DQG VKRZ PRUH VXUURXQGLQJ HOHPHQWV WR SURYLGH PRUH FRQWH[W ZKHQ

SRVVLEOH�

3� UHSRUWHG WKDW WKH FURVV�IDGH DQLPDWLRQ FRQYH\HG WKH FRQFHSW RI ³FKDQJH´� ZKLOH

3� DQG 3� ZRXOG OLNH WKH WKXPEQDLO WR EH VWDWLF� VKRZLQJ WKH ³DIWHU�FKDQJH´ VWDWH RI WKH

ZHEVLWH� 3� DQG 3LORW � FRXOG QRW WHOO ³EHIRUH�FKDQJH´ DQG ³DIWHU�FKDQJH´ IURP WKH FURVV�

IDGH DQLPDWLRQV� 6FDOLQJ DQG WUDQVODWLRQ DQLPDWLRQV PD\ EH D EHWWHU DOWHUQDWLYH WR FURVV�

IDGH ZKHQ YLVXDOL]LQJ GLPHQVLRQ RU SRVLWLRQ FKDQJH�

:KHQ DQ HOHPHQW LQ WKH XSSHU SDUW RI WKH SDJH LQFUHDVHV LWV KHLJKW� LW VKLIWV GRZQZDUGV

DOO WKH HOHPHQWV WKDW FRPHV DIWHU� 6HH66 JHQHUDWV RQH WKXPEQDLO IRU HDFK RI WKRVH DIIHFWHG

HOHPHQWV� ZKHUH VRPH SDUWLFLSDQWV IRXQG LW WRR YHUERVH� 7R PDNH WKLQJV ZRUVH� ZKHQ D WDOO

HOHPHQW VKLIWV YHUWLFDOO\� 6HH66 ZLOO GHWHFW WZR VHSDUDWH FKDQJHV� 7KH PRYHPHQW RI WRS

HGJH UHVXOWV LQ RQH WKXPEQDLO� DQG WKH PRYHPHQW RI ERWWRP HGJH UHVXOWV LQ WKH RWKHU� $V

D UHVXOW� WKXPEQDLOV RIWHQ FRPH LQ D ODUJH QXPEHU� DQG ORRN GXSOLFDWHG� 7KH SDUWLFLSDQWV

QHHGHG WR VFUROO WKURXJK WKH OLVW WR ORRN IRU LQWHUHVWLQJ FKDQJHV�

$OO WKH SDUWLFLSDQWV FRPPHQWHG WKDW WKH PRVW LPSRUWDQW WKXPEQDLO ZDV DW WLPHV QRW WKH

ILUVW RQ WKH OLVW� 3� DQG 3� VXJJHVWHG JURXSLQJ WKXPEQDLOV IURP WKH VDPH SDJH WRJHWKHU DQG

VRUW WKHP E\ WKHLU y�SRVLWLRQ RQ WKH SDJH� 7KLV PD\ DOVR PDNH LW HDVLHU WR ORFDWH HOHPHQWV

LQ WKH GRFXPHQW� &OXVWHULQJ VLPLODU FKDQJHV PD\ DOVR KHOS VXPPDUL]H WKH WKXPEQDLOV�

��



��� 6XPPDU\ RI )LUVW ,WHUDWLRQ

,Q WKH ILUVW LWHUDWLRQ ZH LPSOHPHQWHG 6HH66 *8, WKDW LQWHJUDWHV D FRGH HGLWRU ZLWK WKXPE�

QDLOV YLVXDOL]LQJ FRGH FKDQJHV� ,W SURYLGHV GHYHORSHUV D KROLVWLF YLHZ RI FKDQJHV DFURVV

DOO SDJHV RI D VWDWLF ZHEVLWH�

:H FRQGXFWHG D ��SHUVRQ SUHOLPLQDU\ VWXG\ WR HYDOXDWH 6HH66� $OO WKH SDUWLFLSDQWV

DJUHHG WKDW WKH YLVXDO IHHGEDFN 6HH66 SURYLGHV ULJKW DIWHU ILOH VDYHV KHOSV WKHP IL[ &66

SUREOHPV PRUH TXLFNO\� :H DOVR REVHUYHG WKDW 6HH66 LQWURGXFHG LQWHUHVWLQJ EHKDYLRU

FKDQJH WR WKH SDUWLFLSDQWV� ,W SURYLGHV XVHIXO YLVXDO IHHGEDFN VR WKDW WKH SDUWLFLSDQWV ZHUH

ZLOOLQJZDLW IRU WKH WKXPEQDLOV WR GLVSOD\� 7ZR SDUWLFLSDQWV VWRSSHG XVLQJ ³)LQG LQ SURMHFW´

IXQFWLRQ LQ WKH FRGH HGLWRU� SUHIHUULQJ 6HH66 QRWLI\LQJ WKHP WKH LPSDFW RI WKH PRGLILHG

&66 UXOHV� 7R VXP XS� D FKDQJH LPSDFW YLVXDOL]DWLRQ WRRO VXFK DV 6HH66 FDQ EH KHOSIXO LQ

&66 GHYHORSPHQW� ,W GHVHUYHV IXUWKHU SROLVKPHQWV� LQ SDUWLFXODU� LW LV WKH SURFHVVLQJ VSHHG

WKDW DIIHFWV WKH H[SHULHQFH WKH PRVW�

��



&KDSWHU �

6HFRQG ,WHUDWLRQ %UDLQVWRUPLQJ

��� (PSLULFDO 'HVLJQ &KRLFHV LQ 3UHYLRXV ,WHUDWLRQ

7KH SUHOLPLQDU\ XVHU VWXG\ LQ WKH �VW LWHUDWLRQ VKRZV WKDW LW FDQ EH KHOSIXO WR &66 GHYHO�

RSHUV ZKHQ ZH SURYLGH FKDQJH LPSDFW DV D IHHGEDFN GXULQJ GHYHORSPHQW� %HIRUH WKH �QG

LWHUDWLRQ� ZH VWHS EDFN DQG UHYLHZ WKH HPSLULFDO GHVLJQ FKRLFHV ZH KDYH PDGH SUHYLRXVO\�

VHHNLQJ IRU DOWHUQDWLYH VROXWLRQV DQG URRP IRU LPSURYHPHQW� 7KH GHVLJQ FKRLFHV LQFOXGH�

� :H XVH WKXPEQDLOV WR YLVXDOO\ UHSUHVHQW HDFK LQGLYLGXDO FKDQJH LPSDFW�

� 6HH66 *8, FRPELQHV WKH FKDQJH LPSDFW IHHGEDFN DQG D FRGH HGLWRU�

� :H XVH DQLPDWLRQ WR KLJKOLJKW YLVXDO GLIIHUHQFHV�

,Q RUGHU WR ILQG RXW LI WKH HPSLULFDO FKRLFHV ILW ZHE GHYHORSHUV¶ XVDJH SDWWHUQ� ZH KHOG D

EUDLQVWRUPLQJ VHVVLRQ ZLWK D VPDOO JURXS RI ZHE GHYHORSHUV� 7KH GHYHORSHUV VKDUHG ZLWK

XV WKHLU GHYHORSLQJ H[SHULHQFHV� DQG VKRZHG XV ZKDW D WRRO OLNH 6HH66 VKRXOG EH IURP

WKHLU SHUVSHFWLYHV�

��� %UDLQVWRUPLQJ 3URFHGXUH

2XU EUDLQVWRUPLQJ VHVVLRQ FRQVLVWHG RI � FRQVHFXWLYH SKDVHV� ,Q SKDVH �� ZH DVNHG WKH

SDUWLFLSDQWV WR GHVFULEH WKH WRROV DQG ZLQGRZ DUUDQJHPHQWV WKH\ XVH ZKHQ GHYHORSLQJ

��



)LJXUH ���� 'XULQJ WKH EUDLQVWRUPLQJ VHVVLRQ� D SDUWLFLSDQW LV VKDULQJ DQ LGHD DQG GHVFULE�
LQJ KRZ KLV LGHD FDQ EH DSSOLHG WR D FRGH HGLWRU ZLQGRZ RQ D VFUHHQVKRW LPDJH VWLFNHG WR
WKH ZKLWHERDUG� 7KLV IRRWDJH LV WDNHQ IURP WKH DFWXDO UHFRUGLQJ RI WKH VHVVLRQ�

ZHEVLWHV� 7KH SDUWLFLSDQWV WKHQ VKDUHG ZLWK HDFK RWKHU VRPH YLVXDO HUURUV WKH\ H[SHULHQFHG

ZKHQ DXWKRULQJ &66� :H WKHQ LQWURGXFHG WKH EUDLQVWRUPLQJ SULQFLSOHV WR WKH SDUWLFLSDQWV�

,Q SKDVH �� ZH LPDJLQHG D V\VWHP WKDW FRXOG SUHFLVHO\ ILQG RXW HUURUV DQG PLVWDNHV DV

VRRQ DV D PRGLILFDWLRQ LV PDGH WR &66 FRGH� :H DVNHG WKH SDUWLFLSDQWV KRZ VXFK D V\VWHP

VKRXOG SUHVHQW WKH HUURUV VR WKDW GHYHORSHUV FDQ TXLFNO\ LGHQWLI\ DQG IL[ WKH UHOHYDQW SDUW

RI FRGH� 7KH SDUWLFLSDQWV FRXOG ZULWH GRZQ WKHLU LGHDV RQ VWLFN\ QRGHV DQG SRVW WKHP RQ

D ZKLWHERDUG� 7R KHOS VROLGLI\LQJ WKH LGHDV� WKH SDUWLFLSDQWV ZHUH HQFRXUDJHG WR FRPH XS

ZLWK ZD\V WR GHVFULEH RU UHSUHVHQW WKH &66 HUURUV SUHYLRXVO\ VKDUHG LQ SKDVH �� $OVR� ZH

GLVSOD\HG D VFUHHQVKRW RI D FRGH HGLWRU DQG D EURZVHU ZLQGRZ �DV LQ )LJXUH ���� GXULQJ

WKH VHVVLRQ� UHPLQGLQJ WKH SDUWLFLSDQWV WR LGHDWH IRU D GHYHORSLQJ VFHQDULR�

3KDVH � ZDV D ZDUP�XS IRU WKH QH[W� UHDO SUREOHP�VROYLQJ SKDVH� ,Q SKDVH �� ZH GHJHQ�

HUDWHG WKH LPDJLQDU\ V\VWHP LQ SKDVH �� ,QVWHDG RI DQ RPQLSRWHQW V\VWHP WKDW GLIIHUHQWLDWHV

HUURUV IURP FRUUHFW FKDQJHV� ZH QRZ KDYH D V\VWHP� ZKLFK LV PRUH OLNH 6HH66� WKDW MXVW

UHSRUWV DOO WKH YLVXDO FKDQJHV DQG FDQQRW SRLQW RXW WKH HUURUV� :H DVNHG WKH SDUWLFLSDQWV

KRZ VXFK V\VWHP VKRXOG SUHVHQW WKH FKDQJHV VR WKDW GHYHORSHUV FDQ TXLFNO\ WHOO LI WKH

PRGLILFDWLRQ LV FRUUHFW�

��



/DVWO\� ZH DVNHG WKH SDUWLFLSDQWV WR YRWH IRU XS WR � IDYRULWH LGHDV�

��� 5HVXOWHG ,GHDV DQG &RQFHSWV

:H LQYLWHG � &66 GHYHORSHUV �� IHPDOHV� WR SDUWLFLSDWH WKH ��KRXU EUDLQVWRUPLQJ VHVVLRQ�

,Q SKDVH �� RQH RI WKH SDUWLFLSDQWV UHSRUWHG ZRUNLQJ LQ D ��VFUHHQ VHWXS� ZLWK VRXUFH FRGH

DQG ZHE EURZVHU DUUDQJHG LQ VHSDUDWH VFUHHQV� $OO WKH RWKHUV VDLG WKH\ FRQVWDQWO\ VZLWFK�

LQJ EHWZHHQ WKH FRGH HGLWRU DQG WKH ZHE EURZVHU DIWHU HYHU\ &66 ILOH VDYH� :KHQ ZH ZHQW

WKURXJK DOO WKH � SKDVHV� 7KH SDUWLFLSDQWV SODFHG �� YRWHV RQ �� LGHDV� $IWHU WKH EUDLQ�

VWRUPLQJ VHVVLRQ� ZH FDWHJRUL]HG WKH �� LGHDV LQWR �� FRQFHSWV� $Q LGHD FDQ KDYH RQH RU

PRUH FRQFHSWV HPEHGGHG� 6RPH FRQFHSWV FRQIOLFW ZLWK WKH RWKHU FRQFHSWV� )RU H[DPSOH�

D FRQFHSW WKDW VXJJHVWV FROOHFWLQJ DOO FKDQJHV LQ D FHQWUDO OLVW ZRXOG FRQIOLFW ZLWK DQRWKHU

FRQFHSW WKDW VXJJHVWV VKRZLQJ WKH FKDQJHV LQ ZKHUH WKH FKDQJHV DUH� :H QHYHU FDWHJRUL]H

DQ LGHD LQWR WZR FRQIOLFWLQJ FRQFHSWV� 7KH �� FRQFHSWV DUH GHVFULEHG EHORZ�

&HQWUDO &KDQJH /LVW DQG &KDQJHV LQ &RQWH[W

&HQWUDO &KDQJH /LVW DQG &KDQJHV LQ &RQWH[W DUH WZR FRQIOLFWLQJ FRQFHSWV� 7KH IRUPHU

VXJJHVWV SXWWLQJ DOO FKDQJHV LQ D FHQWUDO OLVW� ZKLOH WKH ODWWHU VKRZV WKH FKDQJHV RQ ZKHUH

WKH FKDQJHV DFWXDOO\ KDSSHQ� )LJXUH ��� �D� DQG �E� DUH H[DPSOHV RI &HQWUDO &KDQJH /LVW�

�F� DQG �G� DUH H[DPSOHV RI &KDQJHV LQ &RQWH[W�

,Q�%URZVHU DQG ,Q�(GLWRU

6RPH RI WKH LGHDV VSHFLILHG ZKHUH DQ LQGLYLGXDO FKDQJH RU D OLVW RI FKDQJHV WR EH GLVSOD\HG�

:KLOH PRVW RI WKH SDUWLFLSDQWV XVXDOO\ VZLWFK EDFN DQG IRUWK EHWZHHQ EURZVHU ZLQGRZV

DQG FRGH HGLWRU ZLQGRZV� LW ZDV LQWXLWLYH IRU WKHP WR FRPH XS ZLWK LGHDV WKDW DVVRFLDWHV

ZLWK WKHVH WZR DSSOLFDWLRQV� ,Q )LJXUH ���� �E� DQG �G� VKRZ WKH FKDQJHV LQ FRGH HGLWRUV�

�F� LQ EURZVHU ZLQGRZV� DQG �D� LV DQ LGHD WKDW DSSOLHV WR ERWK WKH EURZVHUV DQG WKH FRGH

HGLWRUV�

,W LV ZRUWK QRWLQJ WKDW WKH SDUWLFLSDQWV UHJDUGHG FRGH HGLWRUV DV ³LQSXW´ SDQHOV� DQG

��



)LJXUH ���� )RXU LGHD VWLFN\ QRWHV IURP WKH EUDLQVWRUPLQJ VHVVLRQ� �D� )DFHERRN�OLNH OLVW RI
FKDQJHV� (PEHGV WKH FRQFHSW &HQWUDO &KDQJH /LVW� �E� &KDQJHV OLVWHG LQ WH[W GLVSOD\HG DW
WKH ERWWRP RI D FRGH HGLWRU� (PEHGV WKH FRQFHSW &HQWUDO &KDQJH /LVW� 1DUUDWLYH &KDQJHV
DQG ,Q�(GLWRU� �F� 9LVXDO FKDQJHV HPSKDVL]HG LQ D EURZVHU ZLQGRZ� (PEHGV WKH FRQFHSW
&KDQJHV LQ &RQWH[W DQG ,Q�%URZVHU� �G� 8QGHUOLQHG FRGH PRGLILFDWLRQV DQG VKRZLQJ
WKXPEQDLOV RQ PRXVH KRYHU� (PEHGV WKH FRQFHSW &KDQJHV LQ &RQWH[W DQG ,Q�(GLWRU�

EURZVHUV DV ZKHUH WKH ³RXWSXW´ FRPHV RXW� ,W LV LQWXLWLYH IRU WKH GHYHORSHUV WR VHH WKH

RXWFRPH RI D FRGH FKDQJH FRPLQJ WKURXJK EURZVHU ZLQGRZV�

&RGH 3URSHUW\ 5DQNLQJ�5HQGHUHG 3URSHUW\ 5DQNLQJ�&RGH 3URSHUW\ &OXV�

WHULQJ DQG 5HQGHUHG 3URSHUW\ &OXVWHULQJ

,Q WKH EUDLQVWRUPLQJ VHVVLRQ� SDUWLFLSDQWV VRRQ UHDOL]HG WKDW WKHUH PLJKWV EH ORWV RI FKDQJHV

WR GLVSOD\� DQG LW PD\ EH QHFHVVDU\ WR UDQN RU FOXVWHU WKH FKDQJHV� 5DQNLQJ FRQFHSWV

FRQWDLQV LGHDV WKDW SURSRVHG D VRUWDEOH PHWULF� &OXVWHULQJ FRQFHSWV DUH WKRVH VXJJHVWHG

JURXSLQJ FKDQJHV WRJHWKHU XVLQJ D VSHFLILF PHWKRG� 5DQNLQJ DQG FOXVWHULQJ FDQ EH GRQH E\

PHWKRGV LQYROYLQJ HLWKHU VRXUFH FRGH SURSHUWLHV� VXFK DV VRXUFH FRGH ILOH QDPH RU FRPPLW

KLVWRULHV� RU UHQGHUHG HOHPHQW SURSHUWLHV� OLNH LI D &66 UXOH LV RYHUULGGHQ RU LI WKH HOHPHQWV

DUH DOLJQHG ZLWK RWKHU HOHPHQWV �H�J� DHWKHWLF PHWULFV��

$QLPDWHG 9LVXDOL]DWLRQ

,GHDV VXJJHVWLQJ WKH V\VWHP VKRXOG HPSKDVL]H WKH FKDQJH XVLQJ WUDQVLWLRQ DQLPDWLRQV�

7KLV FRQFHSW PDWFKHV RQH RI WKH HPSLULFDO GHVLJQ FKRLFHV ZH KDYH PDGH LQ WKH �VW GHVLJQ

LWHUDWLRQ�

��



%RROHDQ ,QGLFDWRU

,GHDV WKDW QRWLILHV WKH GHYHORSHU RI FKDQJHV XVLQJ LQGLFDWRUV� )RU LQVWDQFH� DQ LGHD VXJ�

JHVWLQJ WKDW WKH V\VWHP VKRXOG VKRZ D JUHHQ GRW DIWHU WKH VRXUFH FRGH ILOH QDPH LQ WKH FRGH

HGLWRU VLGHEDU PHQX� LI D VW\OH GHILQLWLRQ ZULWWHQ LQ WKDW ILOH LV FKDQJHG RU HUUHG�

1DUUDWLYH &KDQJHV

2QH RI WKH SDUWLFLSDQWV FDPH XS ZLWK D VHULHV RI LGHDV WKDW UHTXLUH YLVXDO FKDQJHV WR EH

UHSUHVHQWHG LQ WH[W UDWKHU WKDQ EHLQJ YLVXDOL]HG� 7KRVH LGHDV DUH DOO FDWHJRUL]HG XQGHU WKLV

FRQFHSW�

7KH SURSRVHU RI WKRVH LGHDV EHOLHYHG WKDW YLVXDO FKDQJHV FRXOG EH GHVFULEHG LQ WH[W LQ

PDQQHU RI WKH VL]H� FRORU DQG SRVLWLRQ RI WKH YLVXDOO\ FKDQJHG HOHPHQWV� $IWHUZDUGV� WKH

FKDQJHV FDQ EH VKRZQ LQ FRQVROH ZLQGRZ LQ WH[W OLNH LQ )LJXUH ����E�� RU HYHQ EH KHDUG

E\ GHYHORSHUV XVLQJ WH[W�WR�VSHHFK SURJUDPV�

��� 9RWLQJ 5HVXOWV

7KH LGHD UHFHLYLQJ WKH PRVW YRWHV �� YRWHV� VXJJHVWHG WKDW DOO YLVXDO FKDQJHV VKRXOG EH

GLVSOD\HG LQ D JULG�VW\OH IDVKLRQ LQVLGH D EURZVHU ZLQGRZ� OLNH WKH ³7RS 6LWHV´ SDJH LQ

6DIDUL EURZVHU �)LJXUH ����� 7KH YLVXDO FKDQJHV IURP GLIIHUHQW SDUWV RI WKH ZHEVLWH DUH WR

EH FROOHFWHG DQG GLVSOD\HG DW RQFH LQVLGH D JULG OD\RXW�

)LJXUH ���� ³7RS 6LWH´ SDJH LQ 6DIDUL EURZVHU� 8VLQJ VXFK OD\RXW WR GLVSOD\ YLVXDO FKDQJHV
LV WKH PRVW VXSSRUWHG DPRQJ DOO WKH RWKHU LGHDV�

��



&HQWUDO &KDQJH /LVW � YRWHV � LGHDV
,Q�%URZVHU � YRWHV � LGHDV
,Q�(GLWRU � YRWHV � LGHDV

&KDQJHV LQ &RQWH[W � YRWHV � LGHDV
$QLPDWHG 9LVXDOL]DWLRQ � YRWHV � LGHDV

5HQGHUHG 3URSHUW\ 5DQNLQJ � YRWHV � LGHDV
&RGH 3URSHUW\ 5DQNLQJ � YRWHV � LGHDV

7DEOH ���� 3RSXODU LGHD FRQFHSWV UDQNHG XVLQJ YRWH FRXQWV�

7KH VHFRQG SODFH JRHV WR WZR LGHDV WKDW KDV � YRWHV HDFK� 2QH VXJJHVWHG WKDW WKH

V\VWHP VKRXOG KLJKOLJKW WKH YLVXDO GLIIHUHQFHV XVLQJ WUDQVLWLRQ DQLPDWLRQV� ZKRVH FRQFHSW

ZDV DOUHDG\ DGRSWHG E\ 6HH66 �VW LWHUDWLRQ SURWRW\SH�

7KH RWKHU LGHD SURSRVHG D PHWKRG WKDW UDQNV YLVXDO FKDQJHV XVLQJ WKH QXPEHU RI RI

WKH FKDQJHG HOHPHQWV VKRZLQJ XS LQVLGH WKH ZHEVLWH� &KDQJHG HOHPHQWV ZLWK PRUH RFFXU�

UHQFHV VKRXOG DSSHDU LQ WKH IURQW RI WKH FKDQJH OLVW� ,I DQ HOHPHQW LV SODFHG LQ D ZHEVLWH IRU

PDQ\ WLPHV� WKLV LGHD DVVXPHV DQ\ YLVXDO FKDQJH WR WKDW HOHPHQW FDQ SUREDEO\ LQWURGXFH D

ODUJH LPSDFW WR WKH ZHEVLWH DQG WKXV GHVHUYHV KXPDQ LQVSHFWLRQ�

:H RPLW WKH UHVW EHFDXVH WKHUH DUH WRR PDQ\ LGHDV ZLWK � YRWHV RU � YRWHV�

%HVLGH VRUWLQJ LQGLYLGXDO LGHDV XVLQJ YRWH FRXQW� ZH DOVR FDOFXODWHV WKH VXP RI WKH YRWH

FRXQW LQVLGH HDFK FRQFHSWV� 7KH FRQFHSWV ZLWK PRVW YRWHV LQVLGH DUH VKRZQ LQ 7DEOH ����

:H DOVR LQFOXGH WKH LGHD FRXQWV RI WKHVH FRQFHSWV WR VKRZ KRZ RIWHQ HDFK FRQFHSW ZDV

EURXJKW XS GXULQJ WKH HQWLUH EUDLQVWRUPLQJ VHVVLRQ�

&HQWUDO &KDQJH /LVW LV WKH FRQFHSW WKDW UHFHLYHG WKH PRVW YRWHV� GHVSLWH LWV FRQIOLFWLQJ

FRQFHSW� &KDQJHV LQ &RQWH[W� ZDV PHQWLRQHG LQ PRUH LGHDV� 0RUH SDUWLFLSDQWV SUHIHUUHG

WKH FRQFHSW ,Q�%URZVHU WKDQ ,Q�(GLWRU� $ IHZ YRWHV JRHV WR $QLPDWHG 9LVXDOL]DWLRQ� EXW

IHZ SDUWLFLSDQWV FDPH XS ZLWK VXFK LGHD� ,QVWHDG� PRVW LGHDV ZHUH DERXW GLVSOD\LQJ RQO\

WKH ³DIWHU´ VWDWH� H�J� WKH DSSHDUDQFH RI FKDQJHG HOHPHQWV DIWHU FRGH PRGLILFDWLRQ� /DVWO\�

WKH SDUWLFLSDQWV KDG PRUH WKRXJKWV RQ UDQNLQJ WKDQ RQ FOXVWHULQJ� ZKLFK ZDV QRW GLVSOD\HG

LQ WKH WDEOH�
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7DEOH ���� 1XPEHU RI LGHDV LQ ZKLFK D FRQFHSW FRH[LVW ZLWK DQRWKHU FRQFHSW� )RU LQVWDQFH�
WKHUH DUH � LGHDV WKDW EHORQJ WR ERWK WKH FRQFHSW&RGH 3URSHUW\ &OXVWHULQJ DQG WKH FRQFHSW
,Q�(GLWRU�

��� &RQFXUUHQF\ RI &RQFHSWV

6RPH FRQFHSWV WHQG WR FRH[LVW ZLWK RWKHU FRQFHSWV ZLWKLQ DQ LGHD� 7DEOH ��� VKRZV WKH

FRQFXUUHQFH RI HDFK WZR RI WKH FRQFHSWV� :KHQ D V\VWHP SUHVHQWV WKH FKDQJHV LQ EURZVHU

ZLQGRZV �,Q�%URZVHU�� WKHUH DUH PDQ\ LGHDV VXJJHVW VKRZLQJ WKH YLVXDO GLIIHUHQFHV LQ

WKHUH UHVSHFWLYH SRVLWLRQ �&KDQJHV LQ &RQWH[W�� GHVSLWH WKH IDFW WKDW WKH LGHD FRPELQLQJ WKH

FRQFHSW ,Q�%URZVHU DQG&HQWUDO &KDQJH /LVW JDLQV WKH PRVW YRWH� :KHQ D V\VWHP SUHVHQWV

WKH FKDQJHV LQ HGLWRU ZLQGRZV �,Q�(GLWRU�� PRVW RI WKH FRQFXUUHQW FRQFHSWV �&KDQJHV LQ

&RQWH[W� %RROHDQ ,QGLFDWRU� 1DUUDWLYH &KDQJHV� &RGH 3URSHUW\ &OXVWHULQJ� ZHUH LGHDV

WKDW VXJJHVW IXUWKHU LQWHJUDWLRQ ZLWK WKH FRGH HGLWRU� UDWKHU WKDQ MXVW KDYLQJ D ³VLGHEDU´

WKDW SUHVHQWV D OLVW RI WKXPEQDLOV� 6XFK LGHDV LQFOXGH GUDZLQJ DQ XQGHUOLQH GLUHFWO\ XQGHU

WKH FRGH WKDW SURGXFHV YLVXDO FKDQJHV� VKRZLQJ D JUHHQ GRW DIWHU ILOHV WKDW FDXVHV YLVXDO

FKDQJHV� GHVFULEH YLVXDO FKDQJHV XVLQJ WH[W � ULJKW DIWHU WKH OLQH RI FRGH WKDW FDXVHV WKH

FKDQJH� DQG VR RQ�
�6KRUW WH[W PHVVDJHV OLNH ³HOHPHQW WRR ZLGH´ WKDW GHVFULEHV YLVXDO FKDQJHV�

��



��� 6XPPDU\

)URP WKH YRWLQJ UHVXOW RI WKH LGHDV� � RXW RI WKH � SDUWLFLSDQWV SUHIHUUHG D FHQWULF OLVW RI

WKXPEQDLOV RI FKDQJHV SXW LQ D JULG OD\RXW LQVLGH D EURZVHU ZLQGRZ� $OVR� IURP 7DEOH ���

WKH SDUWLFLSDQWV GLG QRW H[SHFW D FHQWULF OLVW RI WKXPEQDLOV SXW ULJKW LQVLGH DQ HGLWRU ZLQ�

GRZ� 7KH EUDLQVWRUPLQJ UHVXOWV VXJJHVW D UHGHVLJQ IURP WKH JURXQG XS� DQG SRLQW XV D

QHZ GLUHFWLRQ ZLWK UHVSHFW WR FKDQJH LPSDFW YLVXDOL]DWLRQ SUHVHQWHG LQVLGH D ZHE EURZVHU

ZLQGRZ�

,Q UHJDUG WR WKH HPSLULFDO GHVLJQ FKRLFHV ZHPDGH LQ WKH �VW LWHUDWLRQ� WKH EUDLQVWRUPLQJ

UHVXOW VXSSRUWV WKDW ZH XVH WKXPEQDLOV WR YLVXDOO\ UHSUHVHQW FKDQJH LPSDFW� +RZHYHU� WKH

UHVXOW GLVDJUHHV WKDW 6HH66 VKRXOG GLVSOD\ FKDQJH LPSDFW IHHGEDFN LQVLGH FRGH HGLWRUV�

7KH SDUWLFLSDQWV GLG QRW FDUH LI WKH WKXPEQDLOV DUH DQLPDWHG� ,Q PRVW RI WKH LGHD WKH\

PHUHO\ PHQWLRQHG D VWDWLF LPDJH RI WKH HOHPHQWV DIWHU FKDQJH�
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&KDSWHU �

6HFRQG ,WHUDWLRQ 'HVLJQ DQG

,PSOHPHQWDWLRQ

7KH UHYLHZ WKH GHYHORSHUV¶ IHHGEDFN LQ &KDSWHU � LQGLFDWHV WKDW WKH DFWXDO XVHUV RI 6HH66

ZRXOG OLNH LW WR EH IDVWHU� %UDLQVWRUPLQJ VHVVLRQ SDUWLFLSDQWV VXSSRUWHG YLVXDOL]LQJ WKH

FKDQJHV LQ D JULG OD\RXW LQ EURZVHU� 7KHUHIRUH� WKH PDLQ JRDO RI WKH �QG LWHUDWLRQ LV WR

FUHDWH D WRRO WKDW �D� SURYLGHV ³LQVWDQW´ IHHGEDFN� DQG �E� VKRZV WKH FKDQJH LPSDFW YLVX�

DOL]DWLRQ LQ D JULG IDVKLRQ LQVLGH EURZVHU�

0HDQZKLOH� 6HH66 LQ WKH �QG LWHUDWLRQ VKRXOG VWLOO PHHW WKH � EDVLF UHTXLUHPHQWV IURP

&KDSWHU �� �D� WUDFNLQJ SDJHV LQ WKH FXUUHQW VLWH� �E� GHWHFW YLVXDO FKDQJHV� DQG �F� YLVXDOL]H

WKH GLIIHUHQFHV� /DVW EXW QRW OHDVW� ZH SODQ WR UHOHDVH 6HH66 WR WKH FRPPXQLW\ DV DQ RSHQ

VRXUFH SURMHFW DW WKH HQG RI �QG LWHUDWLRQ� EHQHILWLQJ DV PXFK ZHE GHYHORSHUV DV ZH FDQ�

7KHUHIRUH� ZH VKRXOG FRQVLGHU WKH DSSOLFDELOLW\ RI 6HH66 WR QRQ�VWDWLF ZHEVLWHV VXFK DV

VLQJOH SDJH DSSOLFDWLRQV� :H VKRXOG DOVR UHGXFH WKH HIIRUW IRU D GHYHORSHU WR DGRSW VXFK

WRRO�

%HDULQJ DOO WKDW LQ PLQG� ZH GUDVWLFDOO\ FKDQJHG WKH GHVLJQ FKRLFH ZH KDYH PDGH LQ

WKH �VW LWHUDWLRQ� DQG DOVR PRGLILHG WKH RYHUDOO VWUXFWXUH RI 6HH66� )LJXUH ��� VKRZV WKH

QHZ V\VWHP DUFKLWHFWXUH DQG GDWD IORZ�

��
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)LJXUH ���� �QG LWHUDWLRQ 6HH66 V\VWHP DUFKLWHFWXUH DQG GDWD IORZ� %ORFNV ZLWK GDVKHG
ERUGHUV SDUWLFLSDWH LQ WKH GDWD IORZ EXW DUH QRW SDUWV RI 6HH66�

��� $XJPHQW� 5DWKHU 7KDQ 5HSODFH ([SHULHQFHV

$OO SDUWLFLSDQWV LQ WKH EUDLQVWRUPLQJ VHVVLRQ UHSRUWHG WKDW WKH\ ZRXOG RSHQ XS D FRGH HG�

LWRU DQG D ZHE EURZVHU DW WKH VDPH WLPH ZKHQ WKH\ ZULWH &66� 0DNLQJ FKDQJHV LQ HGLWRU

DQG WKHQ VZLWFKLQJ WR EURZVHUV IRU LQVSHFWLRQ KDV DOUHDG\ EHFRPH D URXWLQH LQ WKHLU &66

GHYHORSLQJ H[SHULHQFHV� ,QWHUHVWLQJO\� HYHQ WKRXJK WKH\ ZRXOG VZLWFK EHWZHHQ GLIIHU�

HQW EURZVHUV WR FKHFN FURVV�EURZVHU FRQVLVWHQF\� WKHLU FRGH HGLWRU RI FKRLFH GRHV QRW JHW

FKDQJHG HDVLO\�

,Q WKH �QG LWHUDWLRQ� LQVWHDG RI SXVKLQJ WKH XVHUV WRZDUGV DQRWKHU ,'( WKDW VXSSRUWV

6HH66� ZH VHSDUDWH 6HH66 IURP FRGH HGLWRUV VR WKDW DGRSWLRQ RI 6HH66 GRHV QRW UHSODFH

H[LVWLQJ H[SHULHQFHV� 7KH )LOH 7UDFNHU GHWHFWV ILOH FKDQJHV GLUHFWO\ IURP WKH ILOH V\VWHP�

7KHUHIRUH� GHYHORSHUV FDQ XVH DQ\ FRGH HGLWRU WR ZULWH &66 DQG +70/ ILOHV� ,W ORRNV

VHQVLEOH WR JLYH XS RQ DOO HGLWRU YLVXDOL]DWLRQV DQG JR IRU WKLV FKRLFH� VLQFH SDUWLFLSDQWV LQ

WKH EUDLQVWRUPLQJ VHVVLRQ OLNH SUHVHQWLQJ YLVXDOL]DWLRQV LQ EURZVHU PRUH WKDQ LQ HGLWRUV�

��� ,PSDFW 9LVXDOL]HU

7KH ,PSDFW 9LVXDOL]HU LV WKH RQO\ FRPSRQHQW OHIW XQWRXFKHG IURP WKH �VW LWHUDWLRQ� 6WLOO�

LW FRPSDUHV WKH ODWHVW � VQDSVKRWV RI HDFK SDJH DQG RXWSXWV WKH FDOFXODWHG WKXPEQDLO GDWD

DV LW GLG LQ WKH �VW LWHUDWLRQ� ,W LV WKH GHVLJQ RI VQDSVKRWV WKDW ZH FKDQJH WKH PRVW�

,Q WKH �VW LWHUDWLRQ� ZH XVHG IXOO�SDJH VFUHHQVKRW LPDJH DV VQDSVKRWV RI HDFK SDJH�

��



&RPSDULQJ WZR VFUHHQVKRW LPDJHV JLYHV XV WKH FKDQJHV WKDW DUH WUXO\ YLVLEOH� KLGLQJ DOO

WKH RWKHU FKDQJHV WKDW DUH LUUHOHYDQW WR 6HH66� 0DQ\ H[LVWLQJ &66 UHJUHVVLRQ WHVWLQJ

WRROV >�� ��� ��@ DOVR WDNH WKH LPDJH�GLII DSSURDFK� +RZHYHU� DIWHU VRPH EHQFKPDUNLQJ ZH

IRXQG WKDW WKH XQVDWLVIDFWRU\ GHOD\ RI WKH �VW LWHUDWLRQ SURWRW\SH DFWXDOO\ FDPH IURP LPDJH

SURFHVVLQJ� ,W WRRN DQ DYHUDJH RI ��� VHFRQGV WR GLVSOD\ WKH WKXPEQDLOV� 7KH 3KDQWRP-6

KHDGOHVV EURZVHU WRRN MXVW ��� VHFRQGV WR ORDG WKH SDJHV� %XW LW WRRN 3KDQWRP-6 DERXW

��� VHFRQGV WR JHQHUDWH D IXOO�SDJH VFUHHQVKRW LPDJH ZKRVH KHLJKW LV D FRXSOH WKRXVDQGV

RI SL[HOV� DQG WKH �VW LWHUDWLRQ ,PSDFW 9LVXDOL]HU WRRN DQRWKHU ��� VHFRQGV WR FDOFXODWH DQG

JHQHUDWH WKH WKXPEQDLO LPDJHV�

,Q FRQWUDVW WR WKH &66 UHJUHVVLRQ WHVWLQJ WRROV PHQWLRQHG DERYH� SUHYLRXV ZRUN LQ ZHE

UHJUHVVLRQ WHVWLQJ DQG FURVV�EURZVHU FRPSDELOLW\ FRPSXWHV WKH GLIIHUHQFH XVLQJ '20

WUHH SURSHUWLHV DIWHU FRGH PRGLILFDWLRQ >��� ��� ��� ��� ��� ��@� 6LPLODUO\� WKH ,PSDFW

9LVXDOL]HU LQ �QG LWHUDWLRQ XVHV WKH '20 WUHH SURSHUWLHV DV VQDSVKRW RI HDFK SDJH LQVWHDG

RI VFUHHQVKRW LPDJHV� &RPSDULVRQ RI WZR VQDSVKRWV LQYROYHV WUDYHUVLQJ HDFK QRGH LQ WKH

WZR '20 WUHHV� GHWHUPLQLQJ '20 QRGH PDSSLQJ LQ EHWZHHQ� DQG RXWSXWWLQJ WKH SURSHUW\

YDOXHV WKDW GLIIHUV� 7KH ,PSDFW 9LVXDOL]HU DOVR ILOWHUV RXW WKH SURSHUW\ FKDQJHV WKDW DUH QRW

YLVLEOH XVLQJ D SUHGHILQHG EODFNOLVW RI QRQ�YLVXDO SURSHUWLHV�

��� 6LWH 5HFRUGHU

,Q �QG LWHUDWLRQ� ZH H[WHQG 6HH66¶ DSSOLFDELOLW\ IURP VWDWLF ZHEVLWHV WR G\QDPLF ZHEVLWHV

SRZHUHG E\ -DYDVFULSW� 6XFK G\QDPLF ZHEVLWHV FDQ KDYH PDQ\ 8, VWDWHV QRW GLUHFWO\ EH

DFFHVVLEOH IURP WKH 85/V�

7KH 6LWH 5HFRUGHU GHWHFWV XVHU LQWHUIDFH FKDQJHV� VXFK DV IROORZLQJ OLQNV WR DQRWKHU

SDJH� RSHQLQJ XS D PRGDO GLDORJ RU WKH DSSOLFDWLRQ SRSXODWLQJ LWV FRQWHQW IURP H[WHUQDO

VWRUDJH� $ ZHESDJH DIWHU DQ VXFK LQWHUIDFH FKDQJH LV FRQVLGHUHG DV D GLIIHUHQW ³SDJH´ LQ

6HH66� 7KH 6LWH 5HFRUGHU FROOHFWV DOO WKH UHTXLUHG LQIRUPDWLRQ IURP D SDJH VR WKDW 6HH66

FDQ UHSURGXFH VXFK 8, VWDWH DIWHUZDUGV� 7KH FROOHFWHG SDJH GDWD� DV ZHOO DV WKH LQWHUDFWLRQ

QHHGHG WR HQWHU VXFK 8, VWDWH �IRU LQVWDQFH� PRXVH FOLFNV RQ D FHUWDLQ HOHPHQW�� LV WKHQ

SDVVHG WR WKH 5HQGHUHU *UDSK� ZKHUH D SDJH LV WDNHQ VQDSVKRW DQG VWRUHG�

��



(QXPHUDWLQJ 8, VWDWHV KDV EHHQ ZHOO UHVHDUFKHG LQ WKH ILHOG RI DXWRPDWLF *8, WHVW

FDVH JHQHUDWLRQ >�� �� ��@� :HE 8, DXWRPDWLRQ WHFKQLTXHV VXFK DV &UDZOMD[ >��@ FRXOG EH

XVHG WR HQXPHUDWH SRVVLEOH 8, VWDWHV DQG SHUIRUP MDYDVFULSW�EDVHG QDYLJDWLRQ� &UDZOMD[

LV DOVR XVHG LQ WKH UHJUHVVLRQ WHVWLQJ RI $-$; DSSOLFDWLRQV >��@� :KLOH DXWRPDWLF *8,

WHVW FDVH JHQHUDWLRQ DQG &UDZOMD[ H[FHO DW UHJUHVVLRQ WHVWLQJ� ODUJH VSDFH RI SRVVLEOH HYHQW

VHTXHQFHVPDNHV LW GLIILFXOW WR EH DSSOLHG WR DQ LQVWDQW IHHGEDFN WRRO OLNH 6HH66� $FFRUGLQJ

WR &UDZOMD[¶V HYDOXDWLRQ UHSRUW >��@� LW ZRXOG WDNH &UDZOMD[ �� VHFRQGV WR HQXPHUDWH DOO

WKH �� 8, VWDWHV RQ D VPDOO VFDOH ZHEVLWH�

2Q WKH RWKHU KDQG� FDSWXUH�UHSOD\ WRROV DUH WKH PRVW SRSXODU WRROV IRU *8, WHVWLQJ >���

��@� ,W RSHUDWHV LQ � PRGHV� FDSWXUH DQG UHSOD\� 7KH IRUPHU UHFRUGV WKH XVHU DFWLRQ VH�

TXHQFH� ZKLOH WKH ODWWHU WU\V UHSOD\LQJ WKH VHTXHQFH� ,QVWHDG RI DXWRPDWLF WUDFNLQJ� ZH

GHFLGHG WR WDNH WKLV DSSURDFK VR WKDW 6HH66 FDQ SURYLGH LQVWDQW FKDQJH LPSDFW IHHGEDFN

RQ SDJHV RI GHYHORSHUV¶ LQWHUHVW� 7KH 6LWH 5HFRUGHU UHFRUGV HDFK WKH XVHU LQWHUIDFH FKDQJH

DV WKH GHYHORSHU FOLFNV WKURXJK WKH ZHEVLWH XQGHU WHVW DIWHU WKH GHYHORSHU DFWLYDWHV 6HH66�

��� 5HQGHUHU *UDSK

7KH 5HQGHUHU *UDSK LV WKH UHQGHULQJ DQG VWRUDJH FRPSRQHQW RI �QG LWHUDWLRQ 6HH66� ,W

LV FRPSRVHG RI PXOWLSOH UHQGHUHUV LQWHUFRQQHFWHG ZLWK XVHU DFWLRQV� :KHQHYHU D SDJH LV

FROOHFWHG E\ WKH 6LWH 5HFRUGHU� LWV SDJH GDWD ZLOO UHVXOW LQ D QHZ UHQGHUHU WR EH FUHDWHG LQ�

VLGH WKH 5HQGHUHU *UDSK� (DFK UHQGHUHU LV LQ FKDUJH RI RQH VSHFLILF 8, VWDWH� 7KH UHQGHUHU

WDNHV DQG VWRUHV VQDSVKRWV RI WKDW VSHFLILF 8, VWDWH� XSGDWHV VWRUHG VQDSVKRWV ZKHQ WKH )LOH

7UDFNHU GHWHFWV &66 RU +70/ ILOH PRGLILFDWLRQV LQ WKH ILOH V\VWHP� WKHQ VHQGV WKH ODWHVW

WZR VQDSVKRWV WR ,PSDFW 9LVXDOL]HU DIWHU &66 RU +70/ ILOH PRGLILFDWLRQV� )LQDOO\� LI DQ

8, VWDWH FDQ EH UHDFKHG IURP DQRWKHU 8, VWDWH� WKHUH H[LVWV D GLUHFWHG HGJH IURP WKH ODWHU

UHQGHUHU WR WKH IRUPHU RQH� 2Q WKH HGJH VWRUHV WKH GHWDLOV RI WKH XVHU DFWLRQ VR WKDW LW FDQ

WR EH UHSOD\HG ODWHU�

)LJXUH ��� VKRZV DQ H[DPSOH RI KRZ WKH UHQGHUHU JUDSK LV FRQVWUXFWHG� $V D GHYHORSHU

DFWLYDWHV 6HH66� 6HH66 UHORDGV WKH EURZVHU WR PDNH VXUH WKH LQLWLDO 8, VWDWH LV DFFHVVLEOH

IURP 85/� 7KH UHORDGHG SDJH ZRXOG UHVXOW LQ D QHZ UHQGHUHU VWRULQJ WKH VQDSVKRW RI WKDW

��



Action Flow in Browser

!"#$%&what needs to be done?

!"#$%&what needs to be done?

!"#$%&what needs to be done?
cook

Constructed Renderer Graph

type ‘do laundry’ 
and click !"#$%&

!"#$%&what needs to be done?
do laundry

clicktype ‘do laundry’ 
and click !"#$%&

type ‘cook’
and click

!"#$%&click

type ‘do laundry’ 
and click !"#$%&

)LJXUH ���� &RQVWUXFWLQJ WKH 5HQGHUHU *UDSK DV WKH GHYHORSHU PDQLSXODWHV WKH 7R�'R OLVW
ZHE DSSOLFDWLRQ� (DFK VWHS WKDW XSGDWHV WKH XVHU LQWHUIDFH ZRXOG FUHDWH D QHZ UHQGHUHU LQ
WKH UHQGHUHU JUDSK� 7KH GHYHORSHU SHUIRUPV WKH IROORZLQJ VWHSV� UHVXOWLQJ LQ WKH UHQGHUHU
JUDSK RQ WKH ULJKW� 6WHS ��� WKH EURZVHU UHORDGV DQG GLVSOD\V DQ HPSW\ WR�GR OLVW� 6WHS ���
GHYHORSHU VXEPLWV D QHZ LWHP� 6WHS ��� WKH QHZ LWHP LV GHOHWHG E\ WKH GHYHORSHU� 6WHS ���
GHYHORSHU VXEPLWV DQRWKHU QHZ LWHP�

SDJH� 7KH GHYHORSHU WKHQ VXEPLWV D WR�GR LWHP LQ WKH OLVW� 7KLV ZRXOG FDXVH DQ XVHU

LQWHUIDFH FKDQJH� HQWHU D QHZ 8, VWDWH� DQG FUHDWH D FRUUHVSRQGLQJ QHZ UHQGHUHU� 7KHUH LV

DOVR D GLUHFWHG HGJH IURP WKH ILUVW UHQGHUHU WR WKH VHFRQG� UHPHPEHULQJ WKH FOLFN DFWLRQ

DQG WKH FOLFNHG VXEPLW EXWWRQ� ,Q DGGLWLRQ� WKH 5HQGHUHU *UDSK UHFRJQL]HV GXSOLFDWHG 8,

VWDWHV �)LJXUH ��� VWHS ��� WKXV DQ 8, VWDWH ZLOO QRW EH DVVLJQHG WR WZR GLIIHUHQW UHQGHUHUV�

)LJXUH ��� VKRZV KRZ WR XSGDWH WKH 5HQGHUHU *UDSK DIWHU WKH GHYHORSHU PDNHV DQ

HGLW WR +70/ ILOHV� )LUVW� WKH 5HQGHUHU *UDSK UHORDGV DOO WKH UHQGHUHUV WR IHWFK WKH QHZ

+70/ GRFXPHQW IURP WKH ILOH V\VWHP� $IWHUZDUGV� VWDUWLQJ IURP WKH URRW UHQGHUHUV RI

WKH UHQGHUHU JUDSK� WKH 5HQGHUHU *UDSK XSGDWHV WKH DFWLRQ WDUJHW VWRUHG RQ WKH HGJHV E\

��



type ‘cook’
and click !"#$%&

type ‘do laundry’ 
and click !"#$%&

type ‘cook’
and click !"#$%&

type ‘do laundry’ 
and click !"#$%&

type ‘cook’
and click !"#$%&

type ‘do laundry’ 
and click !"#$%& type ‘cook’

and click !"#$%&
type ‘do laundry’ 
and click !"#$%&

)LJXUH ���� $IWHU GHYHORSHUV DGGV DQ +70/ FODVV RQ WKH LQSXW DQG EXWWRQ HOHPHQW� WKH
5HQGHUHU *UDSK XSGDWHV DOO UHQGHUHUV LQ WUHH�OHYHO RUGHU� ,Q WKH EHJLQQLQJ� WKH 5HQGHU
*UDSK UHORDGV DOO LWV UHQGHUHUV� 7KHQ ��� WKH URRW UHQGHUHUV FDOFXODWHV WKH PDSSLQJ RI
HOHPHQWV EHWZHHQ WKH WZR YHUVLRQV� 7KH PDSSLQJ LV XVHIXO ZKHQ FRPSDULQJ WKH VQDSVKRWV
DQG XSGDWLQJ WKH RXWJRLQJ HGJHV ���� 7KH 5HQGHU *UDSK WKHQ UHSOD\V WKH XVHU DFWLRQ LQ WKH
UHQGHUHUV SRLQWHG E\ WKH XSGDWHG HGJHV ���� $V D UHVXOW� DOO UHQGHUHUV LQ WKH 5HQGHU *UDSK
FDQ EH HYHQWXDOO\ XSGDWHG ����

PDSSLQJ +70/ HOHPHQWV EHIRUH DQG DIWHU WKH UHIUHVK� UHSOD\V WKH DFWLRQ LQ WKH QRQ�URRW

UHQGHUHUV� WDNHV QHZ VQDSVKRWV� DQG WKHQ RXWSXWV WKH ODWHVW WZR YHUVLRQ RI VQDSVKRWV� LQ D

WUHH�OHYHO RUGHU�

:KHQ WKH )LOH 7UDFNHU GHWHFWV D &66 ILOH FKDQJH� WKH HGJHV GRHV QRW QHHG WR EH XSGDWHG

VR WKH VLWXDWLRQ LV D ORW VLPSOHU� 7KH 5HQGHUHU *UDSK RQO\ QHHGV WR XSGDWH WKH &66 ILOHV

OLQNHG LQ HDFK UHQGHUHUV EHIRUH WDNLQJ QHZ VQDSVKRWV�

��� )LOH 7UDFNHU

7KH )LOH 7UDFNHU WUDFNV WKH ILOH V\VWHP DQG LQIRUP WKH 5HQGHUHU *UDSK RI XSGDWLQJ UHQ�

GHUHUV XSRQ +70/ RU &66 ILOH PRGLILFDWLRQ�

��



��� 6HH66 5HSRUW

7KH 6HH66 5HSRUW LV D WDE LQ WKH EURZVHU ZKHUH WKXPEQDLOV YLVXDOL]LQJ FKDQJH LPSDFWV

DUH GLVSOD\HG LQ D JULG OD\RXW�

��� ,PSOHPHQWDWLRQ

:H LPSOHPHQWHG �QG LWHUDWLRQ 6HH66 DV D*RRJOH &KURPH H[WHQVLRQ� 7KH )LOH 7UDFNHU DFWV

DV D /LYH5HORDG &OLHQW >��@ FRQQHFWLQJ WR WKH /LYH5HORDG VHUYHUV SUH�FRQILJXUHG WR ZDWFK

WKH ZHEVLWH ILOH GLUHFWRULHV� 2WKHU FRPSRQHQWV ZHUH DOO LPSOHPHQWHG LQVLGH WKH *RRJOH

&KURPH H[WHQVLRQ� 7KH 6LWH 5HFRUGHU OHYHUDJHV '20 0XWDWLRQ 2EVHUYHUV WR ZDWFK WKH

XVHU LQWHUIDFH FKDQJH� 5HQGHUHUV LQVLGH WKH 5HQGHUHU *UDSK XVHV DQ+70/ ,IUDPH HOHPHQW

WR UHQGHU DQG VWRUH SDJH GDWD� /DVWO\ WKH 6HH66 5HSRUW UHQGHUV WKH DQLPDWHG WKXPEQDLOV

WR D WDE LQ *RRJOH &KURPH �)LJXUH �����

:H LPSOHPHQWHG9DOLHQWH¶V ERWWRP�XS DOJRULWKP >��@ DQG WKH EDVLF GLII; DOJRULWKP >�@�

6HH66 H[HFXWHV WKHP RQH DIWHU DQRWKHU WR PDS WKH +70/ QRGHV EHWZHHQ WZR VQDSVKRWV

LQVLGH WKH ,PSDFW 9LVXDOL]HU� ,W FRUUHFWO\ PDSV WKH QRGHV HYHQ LI WKHUH H[LVWV VWUXFWXUDO

GLIIHUHQFH EHWZHHQ WKH WZR '20 WUHHV XQGHU D WLPH FRPSOH[LW\ RI O(n1n2)� ZKHUH ni LV

WKH WRWDO QXPEHU RI +70/ HOHPHQWV� WH[W QRGHV DQG DWWULEXWHV RI D '20 WUHH�

/DVWO\� �QG LWHUDWLRQ 6HH66 LV D RSHQ�VRXUFH SURMHFW LQLWLDWHG E\ XV� 7KH GRFXPHQWDWLRQ

DQG VRXUFH FRGH LV DYDLODEOH DW KWWSV���JLWKXE�FRP�0U2U]�6HH66�

��� (DUO\ 5HVXOWV

:H UDQ DQ LQIRUPDO EHQFKPDUNLQJ WR PHDVXUH WKH SHUIRUPDQFH JDLQ RI WKH �QG LWHUDWLRQ

6HH66� 7KH HDUO\ UHVXOWV ORRN SURPLVLQJ� 6HH66 LQ WKH �QG LWHUDWLRQ SURYLGHV QHDU�LQVWDQW

IHHGEDFN� ZKLFK LV D JUHDW LPSURYHPHQW FRPSDUHG WR LWV SUHGHFHVVRU�

6HH66 LQ WKH �VW DQG �QG LWHUDWLRQ ZHUH ERWK SURYLGHG ZLWK WKH VDPH WHVW ZHEVLWH� 7KH

WHVW ZHEVLWH FRQWDLQV � VWDWLF ZHE SDJHV� :H PDGH WKH LGHQWLFDO &66 PRGLILFDWLRQ LQVLGH

ERWK V\VWHPV� 7KH &66 PRGLILFDWLRQ FDXVHG DOO EXWWRQV LQVLGH WKH ZHEVLWH WR EHFRPH

��



)LJXUH ���� 6HH66 5HSRUW DV D VHSDUDWH WDE LQ *RRJOH &KURPH� ,W KLJKOLJKWV WKH FKDQJHV
WR WKH GLPHQVLRQ DQG SRVLWLRQ RI DQ HOHPHQW XVLQJ DQ WUDQVSDUHQW� DQLPDWLQJ UHG ER[� ,W
DOVR DQLPDWHV WKH SURSHUWLHV OLNH IRQW DQG EDFNJURXQG FRORU�

��



ZLGHU� DQG WKH ERWK V\VWHPV VKRXOG JHQHUDWH VDPH DPRXQW RI IHHGEDFN LQIRUPDWLRQ� $IWHU

WKH &66 PRGLILFDWLRQ LV PDGH� WKH �QG LWHUDWLRQ 6HH66 WRRN OHVV WKDQ � VHFRQG WR YLVXDOL]H

WKH FKDQJH LPSDFW RQ 6HH66 UHSRUW� ZKLOH WKH �VW LWHUDWLRQ 6HH66 WRRN ��� VHFRQGV WR

JHQHUDWH WKH ILUVW WKXPEQDLO� DQG DQRWKHU ��� VHFRQGV WR YLVXDOL]H DOO WKXPEQDLOV� 7KH

SURFHVVLQJ ORJ VKRZHG WKDW LW WRRN WKH �VW LWHUDWLRQ 6HH66 ��� VHFRQGV WR UHQGHU DQG VWRUH

IXOO�SDJH VFUHHQVKRW LPDJHV RI DOO � SDJHV� DQG DQRWKHU � VHFRQGV WR FURS DQG JHQHUDWH

WKH WKXPEQDLO LPDJHV� ,W VHHPV WKDW LPDJH SURFHVVLQJ LV WKH GHFLVLYH SHUIRUPDQFH IDFWRU

EHWZHHQ WKH WZR LPSOHPHQWDWLRQV�

��



&KDSWHU �

/LPLWDWLRQ DQG )XWXUH :RUN

��� &KDQJHV QRW 5HFRUGHG

7KH PRVW REYLRXV OLPLWDWLRQ RI 6HH66 LQ WKH �QG LWHUDWLRQ LV WKDW WKH FKDQJH YLVXDOL]DWLRQ

LV OLPLWHG WR WKH UHFRUGHG SDJHV RQO\� &RPSDUHG WR WKH *8, DXWRPDWLRQ DSSURDFK VXFK

DV &UDZOMD[ >��@� WKH UHFRUG�UHSOD\ WHFKQLTXH HVVHQWLDOO\ IDOO VKRUW RI D JRRG FRYHUDJH RI

WKH VWDWHV� ZKLFK LV D WUDGH�RII IRU WKH SURFHVVLQJ VSHHG� :H SODQ WR DGG D FRYHUDJH UHSRUW

RQ KRZ PDQ\ SRVVLEOH DFWLRQV DUH QRW LQFOXGHG LQVLGH WKH 5HQGHUHU *UDSK� )RU H[DPSOH�

LI D EXWWRQ H[LVWV LQ RQH RI WKH UHFRUGHG SDJHV DQG LV QHYHU SUHVVHG GXULQJ WKH UHFRUGLQJ

VHVVLRQ� 6HH66 VKRXOG WHOO WKH GHYHORSHU DERXW WKH EXWWRQ EHLQJ RPLWWHG� :LWK VXFK UHSRUW�

WKH GHYHORSHUV FDQ KDYH D EHWWHU FKDQFH WR GLVFRYHU RPLWWHG SDJHV� $OVR� HQXPHUDWLQJ

DFWLRQV IURP WKH UHFRUGHG VWDWHV VKRXOG PRUH HIILFLHQW WKDQ DXWRPDWLFDOO\ DQG UHFXUVLYHO\

WUDYHUVLQJ DOO WKH SRVVLEOH VWDWHV�

��� &KDQJHV WR WKH 8, )ORZ

6HH66 FDQQRW KDQGOH FKDQJHV WR XVHU DFWLRQ¶V EHKDYLRU DIWHU WKH GHYHORSHUVPRGLI\ -DYDVFULSW�

6XFK PRGLILFDWLRQ RIWHQ LQWURGXFHV FKDQJH WR WKH 8, IORZ� VR WKDW 6HH66 FDQQRW VXFFHVV�

IXOO\ UHSOD\ WKH XVHU DFWLRQ DQ\PRUH� 7KH GHYHORSHUV ZRXOG KDYH WR UHFRUG WKH XVHU DFWLRQ

DJDLQ DIWHU WKH\ PDNH VXFK PRGLILFDWLRQ�

��
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)LJXUH ���� &RQVWUXFWLQJ WKH 5HQGHUHU *UDSK LQ D ZD\ WKDW 6HH66 FDQQRW UHSOD\ FRUUHFWO\�
:KHQ 6HH66 WU\V WR UHSOD\ WKH UHVXOWLQJ 5HQGHUHU *UDSK �RQ WKH ERWWRP ULJKW FRUQHU RI
WKH ILJXUH� LQ WUHH�OHYHO RUGHU VWDUWLQJ IURP UHQGHUHU $� 6HH66 ZRXOG PLVWDNHQO\ UHJDUG
UHQGHUHU % DV UHQGHUHU &� WKXV UHSRUW HUURQHRXV FKDQJH LPSDFW� ,Q WKH ILJXUH ZH DVVXPH
WKDW WKH VWDWH RI WKH FKHFNHG LWHPV �HLWKHU µ&RPSDFW¶� µ5HJXODU¶ RU µ([WHQGHG¶� LV VWRUHG
LQ -DYDVFULSW DQG GRHV QRW DIIHFW '20 RXWVLGH WKH PHQX� DQG WKDW WKH '20 RI PHQX LV
UH�FUHDWHG IURP WKH VWRUHG VWDWH HYHU\ WLPH WKH µ�¶ EXWWRQ LV SUHVVHG�

��� ,QWHUQDOO\ 0DLQWDLQHG 6WDWHV

:KHQ XSGDWLQJ WKH 5HQGHUHU *UDSK� 6HH66 WUDYHUVHV WKH UHQGHUHUV LQ WUHH�OHYHO RUGHU� ,I

WKHUH LV LQIRUPDWLRQ WKDW DIIHFWV VWDWH WUDQVLWLRQV EXW GRHV QRW LQWURGXFH D QHZ UHQGHUHU LQ

WKH 5HQGHUHU *UDSK� LW ZRXOG FRQIXVH 6HH66 ZKHQ XSGDWLQJ WKH 5HQGHUHU *UDSK�

)LJXUH ��� VKRZV D VFHQDULR WKDW FRQIXVHV 6HH66� ,W FRQVLVWV RI D PHQX WKDW LQWHUQDOO\

PDLQWDLQV WKH VWDWH RI ZKLFKPHQX LWHP LV FKHFNHG� :KHQ WKHPHQX VKRZV XS HYHU\ WLPH� LW

UHOLHV RQ WKDW LQIRUPDWLRQ WR SXW WKH FKHFN LFRQ EHVLGH WKH FRUUHFW PHQX LWHP� 6LQFH 6HH66

LV QRW DZDUH RI WKH PHQX¶V WKH LQWHUQDOO\ PDLQWDLQHG VWDWH� ZKHQ 6HH66 WULHV WR XSGDWH WKH

UHVXOWLQJ 5HQGHUHU *UDSK �ULJKW ERWWRP FRUQHU RI )LJXUH ���� LQ WUHH�OHYHO RUGHU VWDUWLQJ

IURP UHQGHUHU $� 6HH66 ZRXOG PLVWDNHQ UHQGHUHU % IRU UHQGHUHU &� DQG LQFRUUHFWO\ UHSRUW

WKDW WKH SRVLWLRQ RI WKH FKHFN KDV FKDQJHG�

,I WKH 5HQGHUHU *UDSK ZHUH WR WUDYHUVH WKH UHQGHUHUV LQ WKH H[DFW RUGHU RI KRZ WKH SDJHV

ZHUH FDSWXUHG� 6HH66 ZRXOG SOD\ ZHOO ZLWK WKH LQWHUQDOO\ PDLQWDLQHG VWDWHV� DW D FRVW RI

VORZHU UHQGHUHU WUDYHUVDO DQG KHQFH WKH VORZHU YLVXDO IHHGEDFN� :H SODQ WR SURYLGH WKH

GHYHORSHUV ZLWK DQ RSWLRQ RQ KRZ WKH UHQGHUHUV VKRXOG EH WUDYHUVHG LQ WKH SUHIHUHQFH

��



VHWWLQJV�

��� 7KXPEQDLO $QLPDWLRQV

2XU �VW LWHUDWLRQ SURWRW\SH VXSSRUWV FURVV�IDGH DQLPDWLRQ� '20 WUHH�EDVHG DQDO\VLV� LQ

DGGLWLRQ WR WKH RULJLQDO SL[HO�EDVHG DSSURDFK� FDQ EH XVHG WR LGHQWLI\ WKH FKDQJH RI GL�

PHQVLRQV� SRVLWLRQ DQG RWKHU SURSHUWLHV RI WKH LQGLYLGXDO '20 HOHPHQWV� ,Q WKLV ZD\ WKH

DFFXUDWH ERXQGLQJ ER[ RI HDFK FKDQJHG HOHPHQW FDQ EH GHWHUPLQHG E\ WKH HOHPHQW¶V '20

OD\RXW SURSHUWLHV� 6XFK DQ DSSURDFK DIIRUGV WKH VXSSRUW RI D ULFKHU DQLPDWLRQ YRFDEXODU\

WKDW FRQYH\V FRPSOH[ FKDQJHV VXFK DV WH[W UHIORZ� VW\OH FKDQJH DQG JO\SK WUDQVIRUPV LQ

D VLPLODU IDVKLRQ DV VR GRQH LQ WKH PDUNXS FRGH HGLWRU *OLLPSVH >��@�

��� ,PSDFW 5DQNLQJ DQG &OXVWHULQJ

5DQNLQJ FKDQJH LPSDFW LV VWLOO DQ RSHQ UHVHDUFK SUREOHP WKDW UHTXLUHV ODUJH�VFDOH XVHU

VWXGLHV DQG UHDO FDVHV RI &66 EXJV� 6RHFKWLQJ HW DO PRGHO UHJUHVVLRQ WHVWLQJ RXWSXW WKDW

PHULW KXPDQ LQVSHFWLRQ WKURXJK D VHW RI VWUXFWXUDO DQG V\QWDFWLF IHDWXUHV RI WZR +70/

GRFXPHQWV >��@� 'RERO\L HW DO GLVSOD\HG WKH IDXOWV RI ���� ZHE DSSV WR ��� SHRSOH� DVNHG

WKHP DERXW WKH VHYHULW\ RI HDFK IDXOW� WKHQ WUDLQHG D PRGHO WKDW GHWHUPLQHV WKH FRQVXPHU�

SHUFHLYHG IDXOW VHYHULW\ >��@� ,W ZRXOG EH LQWHUHVWLQJ LI ZH EXLOG D VLPLODU KXPDQ�SHUFHLYHG

VHYHULW\ PRGHO E\ ORRNLQJ IRU EXJ IL[HV LQ RSHQ�VRXUFHG ZHE DSSOLFDWLRQV� FROOHFWLQJ FRGH

GLIIV IURP WKH FRPPLW ORJ� WKHQ DVNLQJ WKH XVHUV DERXW VHYHULW\� DV ZHOO DV DQDO\]LQJ WKH

&66 SURSHUWLHV UHOHYDQW WR WKRVH FRPPLWV� $OVR� ZH SODQ WR UHOHDVH 6HH66 DQG FROOHFW

VRPH UHDO VWDWLVWLFV WKDW FDQ KHOS SURYLGH LQVLJKWV WR WKLV SUREOHP�

��



&KDSWHU �

&RQFOXVLRQ

:H KDYH SUHVHQWHG 6HH66� D V\VWHP WKDW DXWRPDWLFDOO\ WUDFNV &66 FKDQJH LPSDFW DFURVV DQ

HQWLUH ZHEVLWH DQG KHOSV GHYHORSHUV YLVXDOL]H WKHP� $ SUHOLPLQDU\� ��SHUVRQ VWXG\ VKRZHG

SURPLVLQJ UHVXOWV ZLWK SDUWLFLSDQWV DOO LQGLFDWLQJ IL[LQJ &66 SUREOHPV PRUH TXLFNO\ ZLWK

6HH66� DQG DOO ZRXOG OLNH WR XVH 6HH66 DV WKHLU UHJXODU ZHE GHYHORSPHQW WRROV� 7KH

GHYHORSPHQW RI 6HH66 IROORZHG WKH LWHUDWLYH GHVLJQ IORZ� ZLWK VLJQLILFDQW GLIIHUHQFH LQ

WKH GHVLJQ FKRLFH EHWZHHQ WKH WZR LWHUDWLRQV �7DEOH UHIWDE�FRQFOXVLRQ�� :H DUH H[SORULQJ

DOWHUQDWLYH WKXPEQDLO YLVXDOL]DWLRQV� DQG KXPDQ�SHUFHLYHG VHYHULW\ RI FKDQJH LPSDFW�

�VW ,WHUDWLRQ �QG ,WHUDWLRQ
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