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(UURU�5HFRYHU\�5HSUHVHQWDWLRQV

LQ�,QWHUDFWLYH�6\VWHP�'HYHORSPHQW

)UDQFLV�-$0%21

/,6,���(160$��%3����

)�������)XWXURVFRSH�FHGH[��)UDQFH

(�PDLO��MDPERQ#HQVPD�IU

$EVWUDFW� 7KLV SDSHU GHDOV ZLWK KXPDQ HUURU UHVLVWDQFH� ,Q WKH ILUVW SDUW RI LW� D VKRUW VWDWH�RI�WKH�
DUW RI KXPDQ HUURU UHVLVWDQFH� L�H�� HUURU SUHYHQWLRQ DQG HUURU FRUUHFWLRQ ZLOO EH SUHVHQWHG� 7KHQ�
HUURU FRUUHFWLRQ� ZKLFK LV XVXDOO\ GLYLGHG LQWR WKUHH VHTXHQWLDO WDVNV� GHWHFWLRQ� H[SODQDWLRQ� DQG
UHFRYHU\ ZLOO EH GHVFULEHG�
7KH VHFRQG SDUW RI WKH SDSHU ZLOO SXW HPSKDVLV RQ HUURU UHFRYHU\� ZKLFK LV RXU PDLQ REMHFW RI

VWXG\� )LUVW DQG IRUHPRVW� WKURXJK DQ H[DPSOH� ZH ZLOO VHH ZKDW PDNHV WKH GLVWLQFWLRQ EHWZHHQ
IRUZDUG DQG EDFNZDUG HUURU UHFRYHU\� L�H�� KRZ WKH V\VWHP LV DEOH WR UHVWRUH LWV SUHYLRXV VWDWH DIWHU
DQ HUURU RFFXUUHQFH� ,Q DGGLWLRQ WR LW� WKH WKUHH GLIIHUHQW NLQGV RI EDFNZDUG HUURU UHFRYHU\ ± XQGR�
FDQFHO� DQG VWRS ± ZLOO EH LOOXVWUDWHG�
7KHQ� WKH OLPLWV RI WKH FXUUHQW GLVWLQFWLRQ EHWZHHQ IRUZDUG DQG EDFNZDUG HUURU UHFRYHU\ ZLOO EH

KLJKOLJKWHG� $V D FRQVHTXHQFH� WKH SDSHU SURSRVHV D QHZ UHSUHVHQWDWLRQ RI HUURU UHFRYHU\ EDVHG RQ
WZR GLPHQVLRQV� HUURU DGGLWLRQDO FRVW DQG V\VWHP VWDWH GHJUDGDWLRQ� ,Q WKH FRQWH[W RI WLPH�FULWLFDO
V\VWHPV� DQRWKHU GLPHQVLRQ ZLOO EH LQWURGXFHG� WLPH�

���,1752'8&7,21

$OWKRXJK�KXPDQ�HUURUV�DUH�RIWHQ�REVHUYHG�LQ�KXPDQ�FRPSXWHU�LQWHUDFWLRQ��WKH\�DUH�XVXDOO\

RYHUORRNHG�RU�LJQRUHG�E\�PRVW�LQWHUIDFH�GHVLJQHUV��3RRU�VXSSRUW�IRU�KXPDQ�HUURU�PDQDJHPHQW

LQ� LQWHUDFWLYH� V\VWHP�GHYHORSPHQW�PD\�EH� DQ� H[SODQDWLRQ�RI� WKH�GHVLJQHU¶V� DWWLWXGH�� ,Q� WKLV

SDSHU�� WDNLQJ� LQWR� DFFRXQW� GHVLJQHUV¶� SRLQW� RI� YLHZ�� RXU� DLP� LV� WR� VXSSRUW� GHVLJQ� IRU� HUURU

UHFRYHU\� SUDFWLFHV� LQ� LQWHUDFWLYH� V\VWHP� GHYHORSPHQW� WKDQNV� WR� PRGHOV��:H� DOO� NQRZ� WKDW

QRYLFH��YHU\�\RXQJ��RU�HOGHUO\�SHRSOH�PDNH�PRUH�RIWHQ�HUURUV�WKDQ�H[SHUW�XVHUV��6R��LQ�RUGHU

WR� FUHDWH� ³8VHU� ,QWHUIDFHV� IRU� $OO´�� GHVLJQHUV� PXVW� LQFOXGH� JRRG� KXPDQ� HUURU� UHVLVWDQFH

VWUDWHJLHV� LQWR� WKH� XVHU� LQWHUIDFH� OLIH� F\FOH�� ,Q� WKLV� DUWLFOH�� ZH� SURSRVH� D� QHZ� GLVWLQFWLRQ

EHWZHHQ� HUURU� UHFRYHU\�PHWKRGV� LQ� RUGHU� WR� KHOS� SUDFWLWLRQHUV� WR� FKRRVH� EHWZHHQ� UHFRYHU\

DOWHUQDWLYHV�

���5(/$7('�:25.

�����+XPDQ�(UURU

+XPDQ�(UURU�KDV�EHHQ�ZLGHO\�VWXGLHG�IURP�WKH�FRJQLWLYH�VFLHQFH�SHUVSHFWLYH�>/HSODW�����

��5DVPXVVHQ��������5HDVRQ�����@�DV�ZHOO�DV�IURP�WKH�DSSOLHG�VFLHQFH�SHUVSHFWLYH�>1LFROHW�

&DUQLQR��	�:DQQHU��������6ZDLQ�	�*XWWPDQQ�����@��7KH�GHILQLWLRQ�RI�³KXPDQ�HUURU´�LV�DQ

LPSRUWDQW� WRSLF�� EXW� FDQQRW� EH� UHYLHZHG� KHUH�� )RU� DQ� RYHUYLHZ� RQ� WKLV� WRSLF�� ZH� VXJJHVW

UHDGLQJ�5HDVRQ��������

2QH� RI� WKH�PRVW� VLJQLILFDQW� UHVXOW� RI� KXPDQ� HUURU� VWXGLHV� ±�IURP� WKH� GHVLJQHU
V� SRLQW� RI

YLHZ�±�LV�WKH�HYDOXDWLRQ�RI�WKH�+XPDQ�(UURU�3UREDELOLW\��$V�DQ�H[DPSOH��WKH�7+(53�PHWKRG

>6ZDLQ�HW�DO������@�IRFXVHV�RQ�QXFOHDU�SRZHU�SODQW�FRQWURO�URRPV��0RUH�UHFHQW�ZRUNV�VXJJHVW

WKDW�±�H[WHQGHG�±�LQWHUIDFH�VSHFLILFDWLRQ�QRWDWLRQV�FDQ�EH�XVHG�WR�GHWHFW�D�EUHDNGRZQ�GXULQJ

KXPDQ�FRPSXWHU�LQWHUDFWLRQ�>-RKQVRQ�	�*UD\�����@�
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:LWK�WKHVH�UHVXOWV��GHVLJQHUV�FDQ�HYDOXDWH�KXPDQ�HUURU�UDWHV�DQG�WKHLU�FRQVHTXHQFHV�RQ�WKH

V\VWHP� VWDWH�� DW� WKH� YHU\� ILUVW� VWHS� RI� WKH� GHVLJQ� SURFHVV�� 6R�� DW� WKLV� VWDJH�� KXPDQ� HUURU

UHVLVWDQFH�VWUDWHJLHV�FDQ�EH�GHILQHG� LQ�RUGHU� WR�SUHYHQW�RU� OLPLW� WKH�FRQVHTXHQFHV�RI�KXPDQ

HUURUV�

�����(UURU�5HVLVWDQFH�6WUDWHJLHV

(UURU� UHVLVWDQFH�FDQ�EH�DFKLHYHG�E\�PHDQV�RI� WZR�VWUDWHJLHV��HUURU�SUHYHQWLRQ� DQG�HUURU

FRUUHFWLRQ� >/HZLV� 	� 1RUPDQ� ����@�� (UURU� SUHYHQWLRQ� FDQ� UHVXOW� IURP� IRUFLQJ� IXQFWLRQV

>1RUPDQ�����@��RSHUDWRU¶V�VHOHFWLRQ��RU�WUDLQLQJ��%XW�HUURU�SUHYHQWLRQ�ZLOO�QHYHU�JHW�ULG�RI�DOO

KXPDQ� HUURU� RFFXUUHQFHV�� 7KDW¶V� ZK\� HUURU� FRUUHFWLRQ� ±�VRPHWLPHV� FDOOHG� HUURU

PDQDJHPHQW�±��KDV�WR�EH�DFWXDOO\�VXSSRUWHG�LQ�LQWHUDFWLYH�V\VWHPV�

+XPDQ� HUURU� UHVLVWDQFH� LV�PRVWO\� VXSSRUWHG� ±�ZKHQ� WKDW� LV� WKH� FDVH�±� E\� XVHU� LQWHUIDFH

GHVLJQHUV� WKURXJK� SUHYHQWLRQ�� 'HVLJQHUV� RXJKW� WR� IROORZ� WKH� SUHYHQWLRQ� VWUDWHJ\�� IRU� VHOI�

HYLGHQW�UHDVRQV��8QIRUWXQDWHO\��WKH\�XVXDOO\�GHDO�ZLWK�KXPDQ�HUURU�RQO\�ZLWK�WKH�SUHYHQWLRQ

VWUDWHJ\��$QG�\HW�� VFLHQWLILF�SXEOLVKHG�ZRUNV� >/HQPDQ�	�5REHUW�����D@�� DV�ZHOO� DV� DLUFUDIW

DFFLGHQW� UHSRUWV� >0LQLVW�UH� GH� O
�TXLSHPHQW� GHV� WUDQVSRUWV� HW� GX� WRXULVPH� ����@�� VWUHVV� WKH

QHHG�IRU�FRUUHFWLRQ��,Q�WKH�IRUPHU�UHSRUW��WKH�DXWKRUV�FULWLFL]H�WKH�IDFW�WKDW�WKH�KXPDQ�V\VWHP

LQWHUIDFH� KDV� JLYHQ� WKH� FUHZ� WRR� OLWWOH� FKDQFH� WR� FRUUHFW� WKHLU� GLVDVWURXV� HUURU�� 1RZ�� OHW¶V

H[SORUH�HUURU�FRUUHFWLRQ�

�����(UURU�&RUUHFWLRQ

$V� DQ� RSHUDWRU�� FRUUHFWLQJ� DQ� HUURU� RU� D

V\VWHP� IDLOXUH�� FDQ� EH� DFKLHYHG� E\� IROORZLQJ

WKUHH�VHTXHQWLDO�WDVNV��(UURU�GHWHFWLRQ��L�H���WKH

XVHU� QHHGV� WR� NQRZ� WKDW� DQ� HUURU� RFFXUUHG� �

(UURU� H[SODQDWLRQ�� L�H��� WKH� XVHU� PXVW

XQGHUVWDQG� WKH� QDWXUH� RI� WKH� HUURU� ±�GR� QRWH

WKDW�IRU�WKH�³XQGR´�IXQFWLRQ��WKH�XVHU�GRHV�QRW

DOZD\V�QHHG�WR�NQRZ�WKDW���(UURU�UHFRYHU\��L�H��

WKH� XVHU� KDV� WR� FRXQWHUDFW� WKH� HIIHFWV� RI� WKH

HUURU� >/HQPDQ� HW� DO�� ����D@�� 6RPH� V\VWHPV

KDYH�HPEHGGHG�DXWR�FRUUHFWLRQ�IHDWXUHV�>/HZLV

HW� DO�� ����@�� LQ� VXFK� V\VWHPV�� WKH� HUURU

FRUUHFWLRQ� LV� DFKLHYHG� E\� WKH� V\VWHP�ZKLFK� LV

LQ� FKDUJH� RI� WKH� FRUUHFWLRQV� WDVNV� ±�GHWHFWLRQ�

H[SODQDWLRQ��DQG�UHFRYHU\�

(UURU�GHWHFWLRQ�DQG�H[SODQDWLRQ�DUH�WKH�ILUVW

VWHSV� RI� HUURU� FRUUHFWLRQ�� 7KH\� DUH� SULPDULO\

UHODWHG� WR� WKH� LQWHUIDFH� SUHVHQWDWLRQ�� ,Q� WKLV

SDSHU�� ZH� IRFXV� RQ� WKH� UHFRYHU\� SDUW� RI� WKH

HUURU� FRUUHFWLRQ� ZKLFK� LQYROYHV� WKH� GHILQLWLRQ� RI� WKH� UHFRYHU\� SURFHGXUHV�� $OWKRXJK� HUURU

GHWHFWLRQ� DQG� H[SODQDWLRQ� DUH� QRW� RXU� WRSLF�� ZH� DVVXPH� WKDW� WKH\� DUH� FRPSXOVRU\� LQ� D

SHUVSHFWLYH� RI� GHVLJQ� IRU� HUURU�� )RU� VHOI�HYLGHQW� UHDVRQV�� HUURU� UHFRYHU\� LV� YRLG� LI� WKH� XVHU

FDQQRW�QHLWKHU�GHWHFW�QRU�XQGHUVWDQG� WKH�HUURU���)LJXUH���VXPPDUL]HV� WKH�VWUDWHJLHV� WKDW�ZLOO

KHOS�XV�WR�RYHUFRPH�KXPDQ�HUURU�DQG�KLJKOLJKWV�RXU�WRSLF�RI�VWXG\�

������������������������������������������������
� 1RQ )UHQFK�VSHDNLQJ UHDGHUV FDQ ILQG DQ HQJOLVK DEVWUDFW RI WKLV UHSRUW DQG VRPH UHODWHG GLVFXVVLRQV LQ WKH

³5LVNV´ IRUXP DUFKLYHV� �KWWS���FDWOHVV�QFO�DF�XN�5LVNV�������KWPO�VXEM�!�

(UURU

([SODQDWLRQ

(UURU

&RUUHFWLRQ

+XPDQ (UURU

5HVLVWDQFH

(UURU

5HFRYHU\

(UURU

3UHYHQWLRQ

)RUZDUG

(UURU 5HFRYHU\

%DFNZDUG

(UURU 5HFRYHU\

7RSLF RI

6WXG\

(UURU

'HWHFWLRQ

)LJXUH � � 6WUDWHJLHV WR GHDO ZLWK +XPDQ (UURUV
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'L[�� )LQOD\�� $ERZG�� 	� %HDOH� >'L[�� )LQOD\�� HW� DO�� ����@� PDNH� D� GLVWLQFWLRQ� EHWZHHQ

EDFNZDUG�DQG�IRUZDUG�HUURU�UHFRYHU\��7KLV�GLVWLQFWLRQ�LV�QRZ�FRPPRQO\�XVHG�LQ� LQWHUDFWLYH

V\VWHP�GHYHORSPHQW��+RZHYHU��ZH�VXJJHVW�WKDW�WKLV�GLVWLQFWLRQ�LV�QRW�DV�XVHIXO�DV�LW�FRXOG�EH

IURP�WKH�GHVLJQHUV¶�SRLQW�RI�YLHZ��6R�ZH�SURSRVH�RXU�RZQ�FRPSOHPHQWDU\�WD[RQRP\�

�����%DFNZDUG�HUURU�UHFRYHU\

%DFNZDUG� HUURU� UHFRYHU\� LV� DQ� DWWHPSW� WR� UHVWRUH� WKH� V\VWHP� VWDWH� DIWHU� DQ� HUURU� KDV

RFFXUUHG��%DFNZDUG�UHFRYHU\�FDQ�EH�FRQVLGHUHG�DV�WKH�RQO\�UHDO�³UHFRYHU\´�IXQFWLRQ��VLQFH�WKH

XQH[SHFWHG� HIIHFWV� RI� HUURU� DUH� WRWDOO\� UHPRYHG��%DFNZDUG� HUURU� UHFRYHU\� FDQ� EH� VHHQ� DV� D

IXQFWLRQ� WR� JR� EDFN� LQ� WLPH��$V� D� UHVXOW�� QRYLFH� XVHUV� XVXDOO\� XVH� LW� DV� D� IDLO�VDIH� OHDUQLQJ

PHWKRG��$FFRUGLQJ�WR�<DQJ�><DQJ�����@�±�LQ�>/HQPDQ�HW�DO������D@�±�WKHUH�DUH�WKUHH�NLQGV�RI

EDFNZDUG�HUURU�UHFRYHU\�FRPPDQGV��XQGR��FDQFHO��DQG�VWRS�

��7KH�XQGR� IXQFWLRQ� LV� WKH�PRVW� IDPRXV� RQH�� DQG�PRVW� HGLWRUV� ±�IRU� WH[WV� RU� JUDSKLFV�±

LPSOHPHQWV�DQ�XQGR�IXQFWLRQ��8QIRUWXQDWHO\��WKH�XQGR�IXQFWLRQ�LV�DOVR�WKH�PRVW�FRPSOH[�RQH�

'HVLJQHUV�KDYH� WR�GR�ZLWK� WKH�SUHVHQWDWLRQ�� WKH�JUDQXODULW\�� WKH� VFRSH��DQG� WKH� UDQJH�RI� WKH

XQGR�IXQFWLRQ��0RUHRYHU��FXUUHQW�LPSOHPHQWDWLRQV�RI�WKH�XQGR�IXQFWLRQ�VHHP�WR�IDOO�VKRUW�RI

XVHU�H[SHFWDWLRQV�>/HQPDQ�	�5REHUW�����E@�

��7KH�VWRS�IXQFWLRQ�LV�XVHG�WR�WHUPLQDWH�WKH�SURFHVV�XQGHU�H[HFXWLRQ��)RU�H[DPSOH��D�XVHU

FDQ�PDNH�WKH�FKRLFH�WR�VWRS�D�ORQJ�SULQWLQJ�FRPPDQG�ZKHQ�KH�UHDOL]HV� WKDW�PDQ\�XVHUV�DUH

ZDLWLQJ� IRU� WKH� SULQWHU�� +RZHYHU�� WKH� VWRS� IXQFWLRQ� LV� QRW� DOZD\V� LPSOHPHQWHG� DV� D� SXUH

EDFNZDUG�UHFRYHU\��LQ�WKH�IRUPHU�H[DPSOH��WKH�XVHU�FDQ�VWRS�WKH�SULQWLQJ�FRPPDQG�ZKLOH�WKH

SULQWHU�LV�ZRUNLQJ��VR��VRPH�SDJHV�PD\�KDYH�EHHQ�SULQWHG�XVHOHVVO\�

��7KH�FDQFHO� IXQFWLRQ� LV�XVHG� WR�DEDQGRQ�FRPPDQGV�XQGHU� VSHFLILFDWLRQ��)RU�H[DPSOH�� D

XVHU�FDQ�FDQFHO� WKH�W\SLQJ�RI�DQ�H�PDLO�PHVVDJH� LI� WKH�DGGUHVVHH�KDV� MXVW�HQWHUHG� WKH�XVHU¶V

RIILFH��+RZHYHU��DV�IRU�WKH�XQGR�IXQFWLRQ��WKH�FDQFHO�IXQFWLRQ�KDV�WR�GHDO�ZLWK�LWV�VFRSH��WKH

XVHU�PXVW�NQRZ�ZKLFK�FRPPDQG�V��DUH�FRQFHUQHG�E\�WKH�UHFRYHU\�

�����)RUZDUG�HUURU�UHFRYHU\

,Q� IRUZDUG�HUURU� UHFRYHU\�� WKH�XVHU�KDV� WR� H[HFXWH�XQH[SHFWHG� WDVNV� WR� UHFRYHU� WKH� IDXOW�

8VXDOO\�WKH�ILQDO�UHVXOW�±�WKH�V\VWHP�VWDWH�±�LV�QRQ�RSWLPDO��)RU�H[DPSOH��LI�\RX�EUHDN�D�GLVK

SODWH��\RX�KDYH�WR�XVH�JOXH�WR�UHFRYHU�\RXU�HUURU��2I�FRXUVH��WKH�ILQDO�GLVK�SODWH�LV�QRW�DV�QLFH

DV�WKH�XQEURNHQ�RQH��,Q�FLYLO�DYLDWLRQ��D�ORW�RI�HPHUJHQF\�SURFHGXUHV�>$LUEXV�,QGXVWULH�����@

DUH� IRUZDUG� UHFRYHU\� SURFHGXUHV�� ,Q� WKHVH� SURFHGXUHV� WKH� ³HUURU´� LV� D� V\VWHP� IDLOXUH�� 7KH

UHVXOW�LV�JHQHUDOO\�D�QRQ�RSWLPDO�VWDWH�RI�WKH�DLUFUDIW��DIWHU�DQ�HQJLQH�ILUH��WKH�ODWWHU�FDQ�UHPDLQ

LQRSHUDWLYH�IRU�WKH�IOLJKW�

)RUZDUG�UHFRYHU\� LV�FRPPRQO\� WKH�RQO\�ZD\� WR� UHFRYHU� IURP� WHFKQLFDO� IDLOXUH�RU�KXPDQ

HUURU� LQ�FULWLFDO� V\VWHPV� OLNH�QXFOHDU�SRZHU�SODQWV�� FKHPLFDO� SODQWV�� DLUFUDIW�� YHVVHOV�� HWF�� ,Q

WKHVH�V\VWHPV��VLGH�HIIHFWV�RI�PDQ\�DFWLRQV�FDQQRW�EH�HDVLO\�UHPRYHG��$V�/HQPDQ�	�5REHUW

�����D�� VD\� ³)RUZDUG� HUURU� UHFRYHU\� LV� DQ� LPSRUWDQW� WRSLF�� DQG� PRUH� UHVHDUFK� LV� QHHGHG

FRQFHUQLQJ�WKHVH�TXHVWLRQV´�

�����/LPLWV�RI�WKLV�FODVVLILFDWLRQ

'L[� HW� DO�� ������� XVH� WKH� H[DPSOH� RI� DQ� KRXVH� RI� FDUGV� WR� VKRZ� WKH� GLIIHUHQFH� EHWZHHQ

EDFNZDUG�DQG�IRUZDUG�HUURU�UHFRYHU\��³IRU�H[DPSOH��LQ�EXLOGLQJ�D�KRXVH�RI�FDUGV��\RX�PLJKW

VQHH]H� ZKLOVW� SODFLQJ� D� FDUG� RQ� WKH� VHYHQWK� OHYHO�� EXW� FDQQRW� XQGR� WKH� HIIHFW� RI� \RXU

PLVIRUWXQH�H[FHSW�E\�UHEXLOGLQJ´�
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����D��(UURQHRXV�WDVN�JUDQXODULW\

'L[�HW�DO��VXSSRVH�WKDW�\RX�FDQQRW�XQGR�WKH�IDOO�RI�\RXU�KRXVH�RI�FDUG�DIWHU�SODFLQJ�D�ZURQJ

FDUG��2EYLRXVO\�'L[�HW�DO��FRQVLGHU�WKDW�WKH�HUURQHRXV�WDVN�LV�SODFLQJ�RQH�FDUG�RQ�WKH�KRXVH�

%XW�WKDW¶V�QRW�VR�REYLRXV��LI�ZH�FRQVLGHU�WKDW�WKH�UHDO�WDVN�LV�EXLOGLQJ�DQ�HLJKW�OHYHO�KRXVH�RI

FDUGV��<RX�PD\�SODFH�D�FDUG�LQ�D�ZURQJ�ZD\��DQG�WKHQ��WKH�KRXVH�IDOOV�GRZQ��1RZ�FROOHFW�DOO

WKH�IDOOHQ�FDUGV��WKDW¶V�D�EDFNZDUG�HUURU�UHFRYHU\�EHFDXVH�\RX�KDYH�XQGRQH�WKH�HIIHFW�RI�\RXU

HUURU��7KH�V\VWHP�LV�H[DFWO\�LQ�WKH�VWDWH�EHIRUH�WKH�EHJLQQLQJ�RI�\RXU�WDVN�³EXLOGLQJ�WKH�KRXVH

RI�FDUGV´��5HEXLOGLQJ�WKH�KRXVH�RI�FDUGV�LV�QRZ�FRQVLGHUHG�DV�D�QHZ�WDVN�RFFXUULQJ�DIWHU�WKH

UHFRYHU\�� 6R�� WKH� GLIIHUHQFH� EHWZHHQ� EDFNZDUG� DQG� IRUZDUG� UHFRYHU\� LV� UHODWLYH� WR� WKH

JUDQXODULW\�RI�WKH�HUURQHRXV�WDVN�

����E��$GGLWLRQDO�FRVW�RI�HUURU

,W�LV�DVVXPHG�WKDW�EDFNZDUG�HUURU�UHFRYHU\�±�XQGR��FDQFHO��	�VWRS�±�LV�WKH�EHVW�ZD\�IRU�D

XVHU�WR�UHFRYHU�IURP�DQ�XQH[SHFWHG�HUURU��&OHDUO\��SUHVVLQJ�WKH�³XQGR´�EXWWRQ�DIWHU�D� W\SLQJ

HUURU�LV�HDV\��<HW�WR�DFKLHYH�WKLV�JRDO��WKH�XVHU�PXVW�UHW\SH�WKH�ULJKW�OHWWHU��ZRUG��SDUDJUDSK��RU

ZK\�QRW��WKH�GRFXPHQW��7KH�FRVW�RI�DQ�HUURU�LV�FOHDUO\�WKH�FRVW�RI�WKH�FRUUHFWLRQ�WDVN��DV�ZHOO

DV� WKH� FRVW� RI� WKH� FRUUHFWO\� H[HFXWHG� WDVN�� 6R��PDQ\� XVHUV�PD\� SUHIHU� WR� XVH� IRUZDUG� HUURU

UHFRYHU\� LQ� RUGHU� WR�PRYH� WKH� V\VWHP� WR� D� QRQ�RSWLPDO� VWDWH� EXW� DW� D� ORZHU� FRVW�� 7KLV� LV� D

FULWLFDO�WRSLF�IURP�WKH�GHVLJQHU
V�SRLQW�RI�YLHZ�

�����5HSUHVHQWDWLRQV�RI�(UURU�5HFRYHU\

,Q�RUGHU�WR�DYRLG�FRQIXVLRQ�EHWZHHQ�EDFNZDUG�DQG�IRUZDUG�HUURU�UHFRYHU\��ZH�SURSRVH�D

QHZ�WD[RQRP\�RI�HUURU�UHFRYHU\��7KLV�WD[RQRP\�LV�EDVHG�RQ�WZR�GLPHQVLRQV��(UURU�DGGLWLRQDO

FRVW�DQG�V\VWHP�VWDWH�GHJUDGDWLRQ�

����D��(UURU�DGGLWLRQDO�FRVW

7KH�ILUVW�GLPHQVLRQ��WKH�HUURU�DGGLWLRQDO�FRVW��UHSUHVHQWV�WKH�FRVW�RI�WKH�WDVNV�WKH�XVHU�KDV

WR� SHUIRUP� LQ� DGGLWLRQ� WR� WKH� QRUPDO� HUURU�IUHH� WDVN� LQ� RUGHU� WR�PDQDJH� WKH� HUURU�� ,Q� RWKHU

ZRUGV��WKH�HUURU�DGGLWLRQDO�FRVW�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�HUURU�IUHH�WDVN�DQG�WKH�DGGLWLRQ

RI�WKH�HUURQHRXV�WDVN��WKH�UHFRYHU\��DQG�WKH�QHZ�WDVN�SHUIRUPHG�WR�DFKLHYH�WKH�JRDO��7KLV�FRVW

FDQ� EH� HYDOXDWHG� DV� WKH� WLPH� QHHGHG� WR� HQVXUH� WKH� FRPSOHWLRQ� RI� WKH� WDVNV�� DV�ZHOO� DV� WKH

FRJQLWLYH�RU� WKH�FRQDWLYH�>'RUZHOO�	�/RQJ�����@�FRVW�RI� WKH�DGGLWLRQDO� WDVNV�� ,W� UHSUHVHQWV�

IRU� WKH�XVHU
V�SRLQW�RI�YLHZ�� WKH�H[WUD�FRVW�RU� WKH�GLVDSSRLQWPHQW�JHQHUDWHG�E\�KLV�HUURU� �RU

V\VWHP�IDLOXUH��

����E��6\VWHP�VWDWH�GHJUDGDWLRQ

7KH� VHFRQG� GLPHQVLRQ�� WKH� V\VWHP� VWDWH� GHJUDGDWLRQ�� LV� WKH� GLIIHUHQFH� EHWZHHQ� WKH

DFKLHYHG�DQG�H[SHFWHG�V\VWHP�VWDWHV�DIWHU�UHFRYHU\��7KLV�GLPHQVLRQ�VKRZV�ZKHWKHU�WKH�XVHU¶V

JRDO�KDV�EHHQ�IXOO\�DFKLHYHG�RU�QRW��,W�LV�DQ�LPSRUWDQW�LVVXH�IURP�WKH�XVHU
V�SRLQW�RI�YLHZ��:H

VXSSRVH�WKDW��DW�WKH�VHFRQG�WLPH��WKH�XVHU�VXFFHHGV�LQ�SHUIRUPLQJ�WKH�WDVN�ZLWKRXW�HUURU��

����F��*UDSKLFDO�HGLWRU�H[DPSOH

/HW�XV�VWXG\�D�W\SLFDO�WDVN�LQ�D�JUDSKLFDO�HGLWRU�OLNH�0DF'UDZ���7KH�XVHU
V�WDVN�LV�WR�FUHDWH

D�SHUIHFW�FLUFOH��7KH�XVHU�IRUJHWV�WR�SUHVV�WKH�VKLIW�NH\�EHIRUH�GUDZLQJ��VR�WKH�FLUFOH�LV�LQ�IDFW

DQ�RYDO�
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1R�
UHFRYHU\

%DFNZDUG�
UHFRYHU\ )RUZDUG�

UHFRYHU\

(UURU � )DLOXUH

DGGLWLRQDO FRVW

6\VWHP VWDWH

GHJUDGDWLRQ

)LJXUH �� (UURU UHFRYHU\ LQ WKH JUDSKLFDO HGLWRU H[DPSOH�

7KH�XVHU�FDQ�FKRRVH�WR�PDQDJH�WKH�HUURU�E\�WKH�XQGR�IXQFWLRQ�RI�0DF'UDZ���DQG�UH�GUDZ

WKH�FLUFOH��7KLV�LV�D�EDFNZDUG�HUURU�UHFRYHU\��$V�VKRZQ�RQ�)LJXUH����WKH�FRVW�LV�KLJK�EHFDXVH

WKH� XVHU� PXVW� DFWLYDWH� WKH� XQGR� IXQFWLRQ� DQG� WR� UHGUDZ�� 0RUHRYHU�� WKH� V\VWHP� VWDWH

GHJUDGDWLRQ�LV�YRLG�EHFDXVH�WKH�JRDO��D�SHUIHFW�FLUFOH��KDV�EHHQ�DFKLHYHG�

7KDW¶V� ZK\� WKH� XVHU� FDQ� FKRRVH� WR� WXUQ� KLV� RYDO� LQWR� DQ� DSSUR[LPDWH� FLUFOH� E\� GLUHFW

PDQLSXODWLRQ�� 7KLV� LV� D� IRUZDUG� HUURU� UHFRYHU\�� $V� VKRZQ� RQ� )LJXUH���� WKH� FRVW� RI� WKH

UHFRYHU\�WDVN�LV�ORZ�EHFDXVH�WKH�XVHU�KDV�WR�SHUIRUP�D�VLPSOH�GLUHFW�PDQLSXODWLRQ��0RUHRYHU�

WKH�V\VWHP�VWDWH�LV�QRW�RSWLPDO��WKH�FLUFOH�LV�QRW�SHUIHFW��EXW�HQRXJK�VDWLVIDFWRU\�IRU�WKH�XVHU
V

QHHG�

7KH�XVHU�FDQ�DOVR�FKRRVH�QRW� WR�UHFRYHU� WKH�HUURU��$V�VKRZQ�RQ�)LJXUH���� WKH�FRVW�RI� WKH

UHFRYHU\�WDVN�HTXDOV�]HUR��EXW�WKH�V\VWHP�VWDWH�GHJUDGDWLRQ�LV�KLJK�EHFDXVH�WKH�FLUFOH�LV�VWLOO�DQ

RYDO�

7KLV�H[DPSOH�VKRZV�KRZ�D�GHVLJQHU�FDQ�HYDOXDWH��IRU�HYHU\�VLJQLILFDQW� WDVN�� WKH�SRVVLEOH

UHFRYHU\�IXQFWLRQV�IURP�WKH�XVHU
V�SRLQW�RI�YLHZ�DFFRUGLQJ�WR�RXU�GLPHQVLRQV��/HW�XV�VHH�WKHLU

DSSOLFDWLRQV�WR�WLPH�FULWLFDO�V\VWHPV�

����G��7LPH�FULWLFDO�V\VWHPV

,Q�WLPH�FULWLFDO�V\VWHPV��WKH�UHFRYHU\�IXQFWLRQV�DUH�QRW�DOZD\V�SRVVLEOH��7KH�WLPH�LV�DOVR�DQ

DGGLWLRQDO�GLPHQVLRQ�RI�LQWHUHVW�WR�WKLQN�DERXW�UHFRYHU\��,Q�RUGHU�WR�LOOXVWUDWH�WKH�LPSRUWDQFH

RI�WLPH��ZH�SUHVHQW�WKH�H[DPSOH�RI�DQ�DLUFUDIW�SLORW�ZKR�KDV�IRUJRWWHQ�WR�H[WHQG�WKH�ODQGLQJ

JHDU�RI�DQ�DLUFUDIW�GXULQJ�WKH�ILQDO�SDWK�EHIRUH�ODQGLQJ�

$V�VKRZQ�RQ�)LJXUH����WKH�SLORW�FDQ�UHFRYHU�KLV�HUURU�E\�EDFNZDUG�HUURU�UHFRYHU\�±�H[WHQG

WKH�JHDUV�±�EHIRUH�7��DQG� WKHQ� ODQG�VDIHO\��7KH�FRVW�RI� WKLV� UHFRYHU\� LV� ORZ�DQG� WKH�V\VWHP

VWDWH�LV�RSWLPDO��ZH�GHSORUH�QHLWKHU�ZDVWH�RI�WLPH�QRU�H[WUD�XVH�RI�NHURVHQH��'R�QRWH�WKDW�WKH

SLORW�FDQ�DOVR�FKRRVH�WR�XVH�D�IRUZDUG�HUURU�UHFRYHU\�KHUH��EXW�LW�SURYHV�WR�EH�OHVV�LQWHUHVWLQJ�
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)RUZDUG�
UHFRYHU\

� 6\VWHP VWDWH

GHJUDGDWLRQ

1R�
UHFRYHU\

%DFNZDUG�
UHFRYHU\

7LPH

)RUZDUG

UHFRYHU\ ]RQH

1R UHFRYHU\

]RQH

����%DFNZDUG

UHFRYHU\ ]RQH

(UURU � )DLOXUH

DGGLWLRQDO FRVW

7�

7�

)LJXUH �� (UURU UHFRYHU\ LQ WKH ODQGLQJ DLUFUDIW H[DPSOH�

$IWHU�7��WKH�SLORW�GRHV�QRW�KDYH�HQRXJK�WLPH�WR�H[WHQG�WKH�JHDUV�EHIRUH�WRXFKLQJ�GRZQ�WKH

UXQZD\��6R�KH�KDV�WR�JR�DURXQG�DQG�WR�UH�WU\�WKH�ODQGLQJ��7KLV�D�IRUZDUG�HUURU�UHFRYHU\��WKH

FRVW�LV�KLJK�IRU�WKH�SLORW�±�WKH�JR�DURXQG�WDVN�±��DQG�WKH�V\VWHP�VWDWH�LV�QRW�RSWLPDO�EHFDXVH�RI

ZDVWH�RI�WLPH�DQG�NHURVHQH�

$IWHU�7���LW�LV�WRR�ODWH��WKH�DLUFUDIW�LV�RQ�WKH�UXQZD\�DQG�WKH�SLORW�KDV�QHLWKHU�HQRXJK�WLPH

WR�H[WHQG�JHDUV�QRU� WR�JR�DURXQG��7KH�FRVW�RI� WKH� UHFRYHU\�HTXDOV�]HUR�EXW� WKH�V\VWHP�VWDWH

GHJUDGDWLRQ�LV�KLJK�EHFDXVH�WKH�DLUFUDIW�KDV�FUDVKHG�RQ�WKH�UXQZD\�

:H�DVVXPH�WKDW�D�JUDSK�FDQ�KHOS�GHVLJQHUV�YLVXDOL]LQJ�WKH�FRQVHTXHQFHV�RI�HUURU�UHFRYHU\

IXQFWLRQV�IRU�FULWLFDO�WDVNV��7KHVH�GLPHQVLRQV�FDQ�DOVR�KHOS�GHVLJQHUV�WR�FKRRVH�ZKHWKHU�WKH\

LPSOHPHQW�RU�QRW�UHFRYHU\�IXQFWLRQV�ZLWK�UHVSHFW�WR�WKH�FRVW�WKH�XVHU�ZLOO�KDYH�WR�WDNH�FDUH�RI�

&21&/86,21

$V�D�FRQFOXVLRQ��ZH�KRSH�ZH�KDYH�SURYLGHG�GHVLJQHUV�D�QHZ�ZD\�WR�XQGHUVWDQG�WKH�XVHU
V

SRLQW� RI� YLHZ� LQ� HUURU� UHFRYHU\�� :H� DVVXPH� WKDW� WKHVH� GLPHQVLRQV� FDQ� DOVR� EH� XVHG� WR

XQGHUVWDQG�V\VWHP�IDLOXUH�UHFRYHU\�LQ�VDIHW\�FULWLFDO�V\VWHPV��%\�GRLQJ�VR��ZH�KRSH�WKDW�WKHVH

GLPHQVLRQV� FDQ� HQVXUH�PRUH� VDIHW\� LQ� WKH� FRQFHSWLRQ� RI� WKH� LQWHUIDFH� RI� WKHVH� V\VWHPV��2I

FRXUVH�� WKHVH� GLPHQVLRQV� FDQ� DOVR� EH� XVHG� LQ� WKH� GHVLJQ� SURFHVV� RI� GHVNWRS� FRPSXWHU

LQWHUIDFHV�LQ�RUGHU�WR�HYDOXDWH�WKH�UHDO�EHQHILWV�RI�UHFRYHU\��'XULQJ�WKH�ZRUNVKRS��ZH�ZRXOG

OLNH�WR�GLVFXVV�WKH�SRVVLEOH�ZD\V�WR�LQFOXGH�HUURU�PDQDJHPHQW�LQ�WKH�GHYHORSPHQW�SURFHVV�RI

XVHU� LQWHUIDFH� E\� WKH�ZD\� RI�PRGHOV� DQG� IRUPDOLVPV�� 7KHQ��ZH�ZRXOG� OLNH� WR� HYDOXDWH� WKH

XVDELOLW\�RI�RXU�GLPHQVLRQV�RI�DQDO\VLV�LQ�WKLV�FRQWH[W�

$&.12:/('*0(176

7KH� DXWKRU� ZRXOG� OLNH� WR� DFNQRZOHGJH� WKH� &/,36�,0$*� ODERUDWRU\� ZKLFK� SDUWLDOO\

VXSSRUW�WKLV�ZRUN��0DQ\�WKDQNV�WR�6\OYLH�)HUU�V�IRU�WKH�(QJOLVK�UHYLHZ�RI�WKH�DUWLFOH�
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>$LUEXV�,QGXVWULH�����@�$LUEXV�,QGXVWULH��)OLJKW�&UHZ�2SHUDWLQJ�0DQXDO�$����������

>'L[� HW� DO�� ����@� 'L[� $��� )LQOD\� -��� $ERZG� *��� 	� %HDOH� 5�� +XPDQ�FRPSXWHU� LQWHUDFWLRQ�

&DPEULGJH��8QLWHG�.LQJGRP���3UHQWLFH�+DOO�������

>'RUZHOO� HW� DO�� ����@� 'RUZHOO� -�� 	� /RQJ� -�� 7RZDUGV� D� FRQFHSWLRQ� IRU� DQ� HQJLQHHULQJ

GLVFLSOLQH�RI�KXPDQ�IDFWRUV��(UJRQRPLFV��1RYHPEHU�������YRO������Q������S������������

>-RKQVRQ� HW� DO�� ����@� -RKQVRQ� &�� 	� *UD\� 3�� 6XSSRUWLQJ� (UURU�'ULYHQ� 'HVLJQ�� 7KLUG

,QWHUQDWLRQDO� (XURJUDSKLFV� :RUNVKRS� RQ� 'HVLJQ�� 6SHFLILFDWLRQ�� � DQG� 9HULILFDWLRQ� RI

,QWHUDFWLYH�6\VWHPV��'69�,6
�����1DPXU��%HOJLXP������-XQH�������S����������

>/HQPDQ� HW� DO�� ����D@� /HQPDQ� 6�� 	� 5REHUW� -��0�� $� IUDPHZRUN� IRU� HUURU� UHFRYHU\�

,QWHUQDWLRQDO� (UJRQRPLFV�$VVRFLDWLRQ� �,($
����� 7RURQWR��&DQDGD��$XJXVW� ������ ����D�

YRO��������S����������

>/HQPDQ�HW�DO������E@�/HQPDQ�6��	�5REHUW�-��0��,QYHVWLJDWLQJ�WKH�JUDQXODULW\�RI� WKH�8QGR

IXQFWLRQ� LQ� KXPDQ�FRPSXWHU� LQWHUIDFHV�� $SSOLHG� 3V\FKRORJ\�� $Q� LQWHUQDWLRQDO� UHYLHZ�

����E��YRO������Q�����VSHFLDO�LVVXH�RQ�+XPDQ�(UURUV���S����������

>/HSODW� ����@� /HSODW� -�� (UUHXU� KXPDLQH�� ILDELOLWH� KXPDLQH� GDQV� OH� WUDYDLO�� 3DULV�� )UDQFH� �

$UPDQG�&ROLQ�������

>/HZLV� HW� DO�� ����@� /HZLV�&��	�1RUPDQ�'�$��'HVLJQLQJ� IRU� (UURU��8VHU�&HQWHUHG� 6\VWHP

'HVLJQ� �� 1HZ� 3HUVSHFWLYHV� RQ� +XPDQ�&RPSXWHU� ,QWHUDFWLRQ�� +LOOVGDOH� �1-��� 86$� �

/DZUHQFH�(UOEDXP�$VVRFLDWHV��������S����������

>0LQLVW�UH�GH�O
�TXLSHPHQW�GHV�WUDQVSRUWV�HW�GX�WRXULVPH�����@�0LQLVW�UH�GH�O
�TXLSHPHQW�GHV

WUDQVSRUWV�HW�GX�WRXULVPH��&RPPLVVLRQ�G
HQTX�WH�VXU�O
DFFLGHQW�VXUYHQX�OH����MDQYLHU�����

�� O
$LUEXV�$����)�**('�SU�V� GX�PRQW�6DLQWH�2GLOH� �%DV�5KLQ��� -RXUQDO� RIILFLHO� GH� OD

5�SXEOLTXH�IUDQ�DLVH���GLWLRQ�GHV�GRFXPHQWV�DGPLQLVWUDWLIV��Q�����6DPHGL����PDUV������

5DSSRUW�ILQDO�,661�����������

>1LFROHW�HW�DO������@�1LFROHW�-��/���&DUQLQR�$���	�:DQQHU�-��&��&DWDVWURSKHV�"�1RQ�PHUFL���/D

SU�YHQWLRQ�GHV�ULVTXHV�WHFKQRORJLTXHV�HW�KXPDLQV��3DULV��)UDQFH���ÿGLWLRQV�0DVVRQ�������

>1RUPDQ� ����@� 1RUPDQ� '�$�� 7KH� GHVLJQ� RI� HYHU\� GD\� WKLQJV�� 1HZ� <RUN� �1<��� 86$� �

'RXEOHGD\�&XUUHQF\�������

>5DVPXVVHQ� ����@�5DVPXVVHQ� -�� ,QIRUPDWLRQ� SURFHVVLQJ� DQG�+XPDQ�0DFKLQH� ,QWHUDFWLRQ� �

$Q�DSSURDFK� WR�FRJQLWLYH�HQJLQHHULQJ��$PVWHUGDP��7KH�1HWKHUODQGV� ��(OVHYLHU�6FLHQFH�

�����

>5HDVRQ�����@�5HDVRQ�-��+XPDQ�HUURU��1HZ�<RUN��1<���86$���&DPEULGJH�8QLYHUVLW\�3UHVV�

�����

>6ZDLQ� HW� DO�� ����@�6ZDLQ�$�'��	�*XWWPDQQ�+�(��+DQGERRN� RI� KXPDQ� UHOLDELOLW\� DQDO\VLV

ZLWK� HPSKDVLV� RQ� QXFOHDU� SRZHU� SODQW� DSSOLFDWLRQV�� 1XFODU� 5HJXODWRU\� &RPPLVVLRQ

�185(*���$XJXVW�������)LQDO�UHSRUW�185(*�&5�����)�

><DQJ� ����@� <DQJ� <�� $QDWRP\� RI� WKH� GHVLJQ� RI� DQ� XQGR� VXSSRUW� IDFLOLW\�� ,QWHUQDWLRQDO

-RXUQDO�RI�0DQ�0DFKLQH�6WXGLHV��������YRO������Q�����S��������


