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$EVWUDFW�
,Q� WKH�6KDUHG�6SDFH�SURMHFW��ZH�H[SORUH�� LQQRYDWH��GH�
VLJQ� DQG� HYDOXDWH� IXWXUH� FRPSXWLQJ� HQYLURQPHQWV� WKDW�
ZLOO� UDGLFDOO\� HQKDQFH� LQWHUDFWLRQ� EHWZHHQ�KXPDQ�DQG�
FRPSXWHUV� DV�ZHOO� DV� LQWHUDFWLRQ� EHWZHHQ�KXPDQV�PH�
GLDWHG�E\�FRPSXWHUV�� ,Q�SDUWLFXODU��ZH�LQYHVWLJDWH�KRZ�
DXJPHQWHG�UHDOLW\�HQKDQFHG�E\�SK\VLFDO�DQG�VSDWLDO��'�
XVHU�LQWHUIDFHV�FDQ�EH�XVHG�WR�GHYHORS�HIIHFWLYH�IDFH�WR�
IDFH�DQG�UHPRWH�FROODERUDWLYH�FRPSXWLQJ�HQYLURQPHQWV��
+RZ� ZLOO� ZH� LQWHUDFW� LQ� VXFK� FROODERUDWLYH� VSDFHV"�
+RZ�ZLOO�ZH�LQWHUDFW�ZLWK�HDFK�RWKHU"�:KDW�QHZ�DSSOL�
FDWLRQV�FDQ�EH�GHYHORSHG�XVLQJ�WKLV�WHFKQRORJ\"�7KHVH�
DUH� WKH� TXHVWLRQV� WKDW� ZH� DUH� WU\LQJ� WR� DQVZHU� LQ� UH�
VHDUFK� RQ� 6KDUHG� 6SDFH�� 7KLV� SDSHU� SURYLGHV� D� VKRUW�
RYHUYLHZ� RI� 6KDUHG� 6SDFH�� LWV� PDLQ� GLUHFWLRQV�� FRUH�
WHFKQRORJLHV�DQG�DSSOLFDWLRQV��

.H\ZRUGV�� DXJPHQWHG� UHDOLW\�� SK\VLFDO� LQWHUDFWLRQ��
FRPSXWHU�YLVLRQ�WUDFNLQJ��FROODERUDWLRQ��HQWHUWDLQPHQW��

��� ,QWURGXFWLRQ�
,Q� WKH�6KDUHG�6SDFH�SURMHFW��ZH�H[SORUH�� LQQRYDWH��

GHVLJQ�DQG�HYDOXDWH�IXWXUH�FRPSXWLQJ�HQYLURQPHQWV�WKDW�
ZLOO� UDGLFDOO\� HQKDQFH� LQWHUDFWLRQ� EHWZHHQ� KXPDQ� DQG�
FRPSXWHUV�DV�ZHOO�DV�LQWHUDFWLRQ�EHWZHHQ�KXPDQV�PHGL�
DWHG� E\� FRPSXWHUV�� ,Q� SDUWLFXODU�� ZH� LQYHVWLJDWH� KRZ�
DXJPHQWHG�UHDOLW\�HQKDQFHG�E\�SK\VLFDO�DQG�VSDWLDO��'�
XVHU�LQWHUIDFHV�FDQ�EH�XVHG�WR�GHYHORS�HIIHFWLYH�IDFH�WR�
IDFH�DQG�UHPRWH�FROODERUDWLYH�FRPSXWLQJ�HQYLURQPHQWV��

6KDUHG�6SDFH�LQWHJUDWHV�D�QXPEHU�RI�QRYHO�LQWHUIDFH�
WHFKQRORJLHV��LQFOXGLQJ��

$XJPHQWHG� UHDOLW\�� $XJPHQWHG� UHDOLW\� �$5��� L�H��
RYHUOD\LQJ�RI�YLUWXDO�REMHFWV�RQ�WKH�UHDO�ZRUOG��DOORZV�XV�
WR� LQWHJUDWH� FRPSXWHU�JHQHUDWHG� DQG� FRPSXWHU�
FRQWUROOHG�REMHFWV�LQWR�VXUURXQGLQJ�XV�HYHU\GD\�SK\VLFDO�
UHDOLW\� >�@�� 8QOLNH� YLUWXDO� UHDOLW\� ZKHUH� WKH� SK\VLFDO�
ZRUOG� LV� FRPSOHWHO\� UHSODFHG� ZLWK� V\QWKHWLF� HQYLURQ�
PHQWV��LQ�DXJPHQWHG�UHDOLW\�HQYLURQPHQWV���'�FRPSXWHU�
JUDSKLFV�REMHFWV�DUH�PL[HG�ZLWK�SK\VLFDO�REMHFWV�WR�EH�
FRPH�LQ�D�VHQVH�DQ�HTXDO�SDUW�RI�WKH�UHDO�ZRUOG��

&ROODERUDWLYH� FRPSXWLQJ��8VLQJ� FRPSXWHUV� FDQ�EH�
D� ORQHO\� H[SHULHQFH�� QRUPDOO\�� WKHUH� LV� QR� VXSSRUW� IRU�
FROODERUDWLYH� DFWLYLWLHV� LQ� ZKLFK� VHYHUDO� SHRSOH� FDQ�
ZRUN� WRJHWKHU�� ,Q� WKH� UHDO�ZRUOG� FROODERUDWLRQ�� REMHFWV�
DQG� LQIRUPDWLRQ� FDQ� EH� VLPXOWDQHRXVO\� DQG� DV\QFKUR�
QRXVO\� DFFHVVHG� E\�PXOWLSOH� SDUWLFLSDQWV� DW� RQFH�� ZLWK�
FRPPXQLFDWLRQ� GLVFRXUVH� IORZLQJ� IUHHO\� EHWZHHQ� WKH�
SDUWLFLSDQWV�� 6KDUHG� 6SDFH� DLPV� WR� DOORZ� IRU� D� VLPLODU�
IUHHGRP�RI�FROODERUDWLRQ�DQG� LPSURPSWX�OHYHO�RI� LQWHU�

DFWLRQ� WKDW�ZH�KDYH� LQ�SK\VLFDO�HQYLURQPHQWV��:H�DOVR�
DLP� WR� DGGUHVV� VRPH� RI� WKH� OLPLWDWLRQV� RI� FXUUHQW� FRO�
ODERUDWLYH�LQWHUIDFHV��7KHVH�OLPLWDWLRQV�LQFOXGH�WKH�ODFN�
RI�VSDWLDO�FXHV�� WKH�GLIILFXOW\�RI� LQWHUDFWLQJ�ZLWK�VKDUHG�
�'�GDWD�� WKH� LQWURGXFWLRQ�RI�DUWLILFLDO�VHDPV�LQWR�D�FRO�
ODERUDWLRQ�� DQG� WKH� QHHG� WR� EH� SK\VLFDOO\� SUHVHQW� DW� D�
FRPSXWHU�WR�FROODERUDWH�>�����@��

3K\VLFDO�LQWHUIDFHV��,QWHUDFWLRQ�LQ�WRGD\¶V�JUDSKLFDO�
XVHU� LQWHUIDFHV��*8,V�� LV�RIWHQ�GXEEHG�DV�GLUHFW��PHDQ�
LQJ� WKDW� WKH� XVHU� ³SLFNV´� DQG� ³PDQLSXODWHV´� LQWHUIDFH�
REMHFWV� XVLQJ�PRXVH� VLPLODUO\� WR� KRZ�ZH�DFWXDOO\�SLFN�
DQG� PDQLSXODWH� SK\VLFDO� REMHFWV�� :KHQ� FRPSDUHG� WR�
HDUO\� FRPPDQG� OLQH� LQWHUIDFHV�� LQWHUDFWLRQ� LQ� FXUUHQW�
*8,V�LV�LQGHHG�PRUH�GLUHFW��QHYHUWKHOHVV��LW�FDQ�RQO\�EH�
ORRVHO\� FRPSDUHG� WR� RXU� LQWHUDFWLRQ� ZLWK� WKH� SK\VLFDO�
ZRUOG�� ,Q� IDFW�� LQWHUIDFH� REMHFWV� GR� QRW� KDYH� SK\VLFDO�
SURSHUWLHV�� DQG� ³SLFNLQJ´� DQG� ³PDQLSXODWLQJ´� WKHP�DUH�
VLPSO\�PHWDSKRUV�WKDW�KHOS�XV�XQGHUVWDQG�KRZ�WR�XVH�WKH�
LQWHUIDFH� E\� GUDZLQJ� IURP� RXU� HYHU\GD\� H[SHULHQFHV��
6KDUHG�6SDFH� LQYHVWLJDWHV� WKH�XVH�RI�SK\VLFDO�� WDQJLEOH�
LQWHUIDFHV� >�@� ZKHUH� LQVWHDG� RI� XVLQJ� D� PRXVH� DQG� D�
NH\ERDUG� WKH� XVHU� FDQ� FRQWURO� FRPSXWHU� E\� SK\VLFDOO\�
PDQLSXODWLQJ�PXOWLSOH� VLPSOH� SK\VLFDO� REMHFWV� WKDW� EH�
FRPH�D�SDUW�RI�WKH�XVHU�LQWHUIDFH��

6SDWLDO� �'� XVHU� LQWHUIDFHV�� �'� XVHU� LQWHUIDFHV�� DQ�
LPSRUWDQW�WRSLF�LQ�YLUWXDO�UHDOLW\��H[SORUH�KRZ�XVHUV�FDQ�
HIILFLHQWO\� DQG� HIIHFWLYHO\� LQWHUDFW� LQ� VSDWLDO� �'� FRP�
SXWHU�JHQHUDWHG� HQYLURQPHQWV�� ,Q� VSDWLDO� LQWHUIDFHV� DV�
ZHOO�DV� LQ� WKH�SK\VLFDO�ZRUOG��XVHUV�DUH�QRW�FRQVWUDLQHG�
E\�WKH��'�PHWDSKRU�RI�FRQYHQWLRQDO�GHVNWRS�XVHU�LQWHU�
IDFHV�EXW�FDQ�LQWHUDFW�IUHHO\�LQ�VSDFH��6KDUHG�6SDFH�LV�D�
�'�XVHU�LQWHUIDFH�WKDW�SURYLGHV�WKH�XVHU�ZLWK�ULFK�VSDWLDO�
FXHV� DQG� FRPELQHV� VSDWLDO� DQG� SK\VLFDO� LQWHUDFWLRQ� IRU�
HDV\�FRQWURO�DQG�PDQLSXODWLRQ�RI�YLUWXDO�REMHFWV��

&RPSXWHU� YLVLRQ� WUDFNLQJ� DQG� UHJLVWUDWLRQ��&RP�
SXWHU� YLVLRQ� WHFKQLTXHV� KDYH� UHFHQWO\� EHFRPH� YHU\�
SRSXODU� LQ� XVHU� LQWHUIDFH� UHVHDUFK� >�@� 7KH� FRUH� WHFK�
QRORJLHV�HPSOR\HG�LQ�6KDUHG�6SDFH�±�WUDFNLQJ�DQG�UHJ�
LVWHULQJ�YLUWXDO�REMHFWV�LQ�WKH�SK\VLFDO�ZRUOG�±�DUH�EDVHG�
RQ�D�KHDY\�XVH�RI�FRPSXWHU�YLVLRQ�>�@��

7KH�UHVW�RI�WKLV�SDSHU�LV�RUJDQL]HG�DV�IROORZV��,Q�WKH�
QH[W� VHFWLRQ��ZH�EULHIO\�GLVFXVV� UHODWHG�ZRUN�� IROORZHG�
E\� D� PRUH� GHWDLOHG� GLVFXVVLRQ� RI� WKH� WHFKQRORJLHV� LQ�
YROYHG� LQ� 6KDUHG� 6SDFH�� DXJPHQWDWLRQ�� FROODERUDWLRQ��
LQWHUDFWLRQ�DQG�WKHLU�LPSOHPHQWDWLRQ�EDVHG�RQ�FRPSXWHU�
YLVLRQ� WUDFNLQJ� DQG� UHJLVWUDWLRQ� WHFKQLTXHV�� :H� WKHQ�
GHVFULEH� DQ� DSSOLFDWLRQ�� ZKLFK� ZDV� GHPRQVWUDWHG� DW�
6,**5$3+���� WKDW� XVHV� DOO� RI� WKHVH� WHFKQRORJLHV� WR�
EXLOG�DQ�HQWHUWDLQPHQW�DSSOLFDWLRQ���



��� 5HODWHG�ZRUN�
6KDUHG� 6SDFH� KDV� EHHQ� LQVSLUHG� E\� D� QXPEHU� RI�

SUHYLRXV� UHVHDUFK� SURMHFWV� LQ� DXJPHQWHG� UHDOLW\� DQG�
XELTXLWRXV� FRPSXWLQJ� UHVHDUFK�� FRPSXWHU� VXSSRUWHG�
FROODERUDWLYH� ZRUN� �&6&:��� �'� XVHU� LQWHUIDFHV� DQG�
YLUWXDO� UHDOLW\�� DQG� WDQJLEOH� DQG� SK\VLFDO� FRPSXWLQJ�
>��@��2XU�UHVHDUFK�RQ�6KDUHG�6SDFH�LQWHJUDWHV�PDQ\�RI�
WKHVH� LQGLYLGXDO� FRPSRQHQWV� LQWR�DQ�HIIHFWLYH� LQWHUIDFH�
WKDW�FDQ�VXSSRUW�LQWXLWLYH�IDFH�WR�IDFH��'�&6&:��

:KLOH�WKH�XVH�RI�VSDWLDO�FXHV�DQG�WKUHH�GLPHQVLRQDO�
REMHFW� PDQLSXODWLRQ� DUH� FRPPRQ� LQ� IDFH� WR� IDFH� FRP�
PXQLFDWLRQ�� WRROV�IRU� WKUHH�GLPHQVLRQDO�&6&:�DUH�VWLOO�
UDUH��2QH� DSSURDFK� LV� WR� DGG� FROODERUDWLYH� FDSDELOLWLHV�
WR� H[LVWLQJ� GHVNWRS�EDVHG� WKUHH�GLPHQVLRQDO� SDFNDJHV��
+RZHYHU�� D� WZR�GLPHQVLRQDO� ��'�� LQWHUIDFH� IRU� WKUHH�
GLPHQVLRQDO� FROODERUDWLRQ� FDQ� KDYH� VHYHUH� OLPLWDWLRQV��
IRU�H[DPSOH�XVHUV�ILQG�LW�GLIILFXOW�WR�YLVXDOL]H�GHSWK�FXHV�
RU�WKH�GLIIHUHQW�YLHZSRLQWV�RI�WKHLU�FROODERUDWRUV�>��@��

$OWHUQDWLYH� WHFKQLTXHV� LQFOXGH� XVLQJ� ODUJH� VWHUHR�
SURMHFWLRQ�VFUHHQV�WR�SURMHFW�D�WKUHH�GLPHQVLRQDO�YLUWXDO�
LPDJH�LQWR�VSDFH��VXFK�DV�LQ�WKH�&$9(�V\VWHP�>�@��8Q�
IRUWXQDWHO\�� LPDJHV�FDQ�RQO\�EH� UHQGHUHG�IURP�D�VLQJOH�
XVHU¶V�YLHZSRLQW�LQ�WKLV�VHWWLQJ��VR�RQO\�RQH�SHUVRQ�ZLOO�
VHH� WUXH� VWHUHR�� :KLOH� WKLV� PLJKW� EH� VDWLVIDFWRU\� IRU�
VRPH�WDVNV��VXFK�DV�FROODERUDWLYH�YLHZLQJ��HIIHFWLYH�IDFH�
WR�IDFH�&6&:�XVLQJ�&$9(�LV�LPSRVVLEOH��

0HFKDQLFDO�GHYLFHV�FDQ�EH�XVHG�WR�FUHDWH�YROXPHW�
ULF�GLVSOD\V��VXFK�DV�VFDQQLQJ�ODVHUV�RQWR�D�URWDWLQJ�KHOL[�
WR� FUHDWH� D� WKUHH�GLPHQVLRQDO� YROXPHWULF� GLVSOD\� >��@��
+RZHYHU�� WKHVH� GHYLFHV� GR� QRW� DOORZ�GLUHFW� LQWHUDFWLRQ�
ZLWK�WKH�LPDJHV�EHFDXVH�RI�WKH�URWDWLQJ�GLVSOD\�VXUIDFH��

0XOWL�XVHU� LPPHUVLYH�YLUWXDO�HQYLURQPHQWV�SURYLGH�
DQ� H[WUHPHO\� QDWXUDO� PHGLXP� IRU� WKUHH� GLPHQVLRQDO�
&6&:��5HVHDUFK�RQ�WKH�',9(�SURMHFW�>�@��*UHHQ6SDFH�
>��@�DQG�RWKHU� IXOO\� LPPHUVLYH�PXOWL�SDUWLFLSDQW�YLUWXDO�
HQYLURQPHQWV� KDV� VKRZQ� WKDW� FROODERUDWLYH�ZRUN� LV� LQ�
GHHG� LQWXLWLYH� LQ� VXFK� VXUURXQGLQJV�� 3DUWLFLSDQWV� FDQ�
VHDPOHVVO\� H[FKDQJH� DQG� FRPPXQLFDWH� JHVWXUH�� YRLFH�
DQG� JUDSKLFDO� LQIRUPDWLRQ�� +RZHYHU�� PRVW� FXUUHQW�
PXOWL�XVHU� 95� V\VWHPV� DUH� IXOO\� LPPHUVLYH�� VHSDUDWLQJ�
WKH� XVHU� IURP� WKH� UHDO� ZRUOG�� QRWHV�� GRFXPHQWV�� WRROV�
DQG�RWKHU�DUWLIDFWV�RI�HYHU\GD\�OLIH�FDQQRW�EH�HDVLO\�DF�
FHVVHG�IURP�LPPHUVLYH�YLUWXDO�HQYLURQPHQWV��

8QOLNH�RWKHU�PHWKRGV�IRU�WKUHH�GLPHQVLRQDO�&6&:��
DXJPHQWHG� UHDOLW\� LQWHUIDFHV� FDQ� RYHUOD\� JUDSKLFV� DQG�
DXGLR� RQWR� WKH� UHDO� ZRUOG�� 7KLV� DOORZV� IRU� FUHDWLRQ� RI�
$5� LQWHUIDFHV� WKDW� FRPELQH� WKH� DGYDQWDJHV� RI� YLUWXDO�
HQYLURQPHQWV� DQG� SRVVLELOLWLHV� IRU� VHDPOHVV� LQWHUDFWLRQ�
ZLWK�UHDO�ZRUOG�REMHFWV�DQG�RWKHU�FROODERUDWRUV��

6LQJOH�XVHU�$5�LQWHUIDFHV�KDYH�EHHQ�GHYHORSHG�IRU�
FRPSXWHU� DLGHG� LQVWUXFWLRQ� >�@�� PHGLFDO� YLVXDOL]DWLRQ�
>�@�� LQIRUPDWLRQ� GLVSOD\V� DQG� RWKHU� SXUSRVHV�� 7KHVH�
DSSOLFDWLRQV�KDYH�VKRZQ�WKDW�$5�LQWHUIDFHV�FDQ�HQDEOH�D�
SHUVRQ�WR�LQWHUDFW�ZLWK�WKH�UHDO�ZRUOG�LQ�ZD\V�QHYHU�EH�
IRUH� SRVVLEOH�� +RZHYHU�� DOWKRXJK� $5� WHFKQLTXHV� KDYH�
SURYHQ� YDOXDEOH� LQ� VLQJOH� XVHU� DSSOLFDWLRQV�� WKHUH� KDV�
EHHQ�VLJQLILFDQWO\� OHVV� UHVHDUFK�RQ�FROODERUDWLYH��PXOWL�
XVHU� DSSOLFDWLRQV�� 7KH� $5�� +RFNH\� >��@� DQG� WKH�
6WXGLHUVWXEH�SURMHFW�>��@�DUH�WZR�RI�WKH�IHZ�H[FHSWLRQV��

2Q� WKH� LQWHUIDFH�VLGH�ZKLOH� WKH�SK\VLFDO�DQG� WDQJL�
EOH� LQWHUIDFHV�KDYH�EHHQ�H[WHQVLYHO\�H[SORUHG�>�@��WKHUH�
KDYH� EHHQ� IHZ� HIIRUWV� DW� FRPELQLQJ� WKHP� ZLWK� VSDWLDO�
LQWHUIDFHV��

)LQDOO\�� FRPSXWHU� YLVLRQ� WHFKQLTXHV� KDYH�EHHQ�H[�
WHQVLYHO\� XVHG� WR� WUDFN� DQG� UHJLVWHU� YLUWXDO� REMHFWV� LQ�
DXJPHQWHG� UHDOLW\� DSSOLFDWLRQV�� 2XU� DSSURDFK� ZDV� LQ�
VSLUHG�E\�WKH�ZRUN�RI�5HNLPRWR�ZKR�GHYHORSHG�D�WHFK�
QLTXH�IRU�UREXVW�WUDFNLQJ�RI��'�PDUNHUV�DQG�UHJLVWHULQJ�
�'�REMHFWV�UHODWLYH�WR�WKHP�>��@��

��� 6KDUHG�6SDFH�
7KLV�VHFWLRQ�GLVFXVVHV�NH\�DVSHFWV�RI�6KDUHG�6SDFH��

L�H��� DXJPHQWDWLRQ�� FROODERUDWLRQ�� LQWHUDFWLRQ�� DQG� LP�
SOHPHQWDWLRQ� EDVHG� RQ� FRPSXWHU� YLVLRQ� WUDFNLQJ� DQG�
UHJLVWUDWLRQ�WHFKQLTXHV��

���� $XJPHQWDWLRQ�
6KDUHG� 6SDFH� XVHV� D� VHH�WKURXJK� RU� RSDTXH� KHDG�

PRXQWHG� GLVSOD\� �+0'�� ZLWK� D� OLJKWZHLJKW� FDPHUD�
PRXQWHG� LQ� IURQW� RI� WKH� GLVSOD\� �)LJXUH� ���� :LWK� WKH�
RSDTXH�GLVSOD\�� WKH� RXWSXW� IURP�WKH�FDPHUD� LV�GLUHFWHG�
WR�WKH�+0'�VR�WKDW�WKH�XVHU�KDV�WKH�LOOXVLRQ�RI�ORRNLQJ�
WKURXJK�D�GLVSOD\�LQ� WKH�HQYLURQPHQW�LQ�IURQW�RI�KLP�RU�
KHU��7KH�$5�HQYLURQPHQW�LQFOXGHV�D�QXPEHU�RI�PDUNHG�
REMHFWV�ZLWK�VTXDUH�ILGXFLDO�SDWWHUQV�WKDW�KDYH�DQ�LGHQWL�
I\LQJ�V\PERO�LQ�WKH�PLGGOH�RI�WKH�SDWWHUQ��:KHQ�WKH�XVHU�
ORRNV�DW�WKH�REMHFWV��FRPSXWHU�YLVLRQ�WHFKQLTXHV�DUH�WKHQ�
XVHG�WR�LGHQWLI\�WKH�VSHFLILF�PDUNHU��FDOFXODWH�KHDG�SRVL�
WLRQ� DQG� RULHQWDWLRQ� UHODWLYH� WR� WKH� ILGXFLDO�PDUNV�� DQG�
GLVSOD\��'�YLUWXDO� LPDJHV�VR�WKDW� WKH\�DSSHDU�SUHFLVHO\�
UHJLVWHUHG�ZLWK� WKH� SK\VLFDO� REMHFWV��7KH� GHWDLOV� RI� WKH�
LPSOHPHQWDWLRQ�DUH�EULHIO\�GHVFULEHG� ODWHU� LQ�WKH�SDSHU��
IRU�D�IXOO�GHVFULSWLRQ�VHH�>�@��

���� &ROODERUDWLRQ�
6KDUHG� 6SDFH� DOORZV� XVHUV� WR� UHIHU� WR� SK\VLFDO�

QRWHV�� GLDJUDPV�� ERRNV� DQG� RWKHU� UHDO� REMHFWV�ZKLOH� DW�
WKH� VDPH� WLPH�YLHZLQJ� DQG� LQWHUDFWLQJ�ZLWK�YLUWXDO� LP�
DJHV��0RUH�LPSRUWDQWO\��XVHUV�FDQ�VHH�HDFK�RWKHU
V�IDFLDO�
H[SUHVVLRQV�� JHVWXUHV� DQG� ERG\� ODQJXDJH�� WKXV� LQFUHDV�
LQJ� WKH� FRPPXQLFDWLRQ� EDQGZLGWK� EHWZHHQ� WKH� XVHUV��
)XUWKHUPRUH��WKH�6KDUHG�6SDFH�LQWHUIDFH�VXSSRUWV�WKUHH�

�
)LJXUH����7KH�+0'�DQG�D�FDPHUD�DUH�XVHG�IRU�UHJLVWHU�
LQJ� DQG� YLHZLQJ� YLUWXDO� REMHFWV�� H�J�� D� VDPXUDL�PRGHO��
WKDW�DSSHDU�RQ�WRS�RI�WKH�SK\VLFDO��'�PDUNHUV���



GLPHQVLRQDO� FROODERUDWLRQ� EHWZHHQ� IDFH�WR�IDFH� DQG�
UHPRWH� XVHUV� VR� WKDW�PXOWLSOH� XVHUV� LQ� WKH� VDPH� RU� UH�
PRWH�ORFDWLRQ�FDQ�VLPXOWDQHRXVO\�ZRUN�LQ�ERWK�WKH�UHDO�
DQG� YLUWXDO� ZRUOG� �)LJXUH� ���� 6LQFH� DOO� XVHUV� VKDUH� WKH�
VDPH�GDWDEDVH�RI�YLUWXDO�REMHFWV��WKH\�VHH�WKH�VDPH�YLU�
WXDO�REMHFWV� DWWDFKHG� WR�WKH�PDUNHUV��7KH�XVHU�FDQ�SLFN�
XS� DQG�VKRZ�WKH�FDUG� WR� WKH�RWKHU�SDUWLFLSDQWV��SDVV�RU�
UHTXHVW� YLUWXDO� REMHFWV� LQ� WKH� VDPH�PDQQHU� WKDW�ZH� GR�
ZLWK�SK\VLFDO�REMHFWV�LQ�WKH�UHDO�ZRUOG��

���� ,QWHUDFWLRQ�
6KDUHG�6SDFH�H[SORUHV�WKH�XVH�RI�VSDWLDO�DQG�SK\VL�

FDO�LQWHUDFWLRQ�LQ�DXJPHQWHG�HQYLURQPHQWV��WKH�XVHU�FDQ�
GLUHFWO\� PDQLSXODWH� YLUWXDO� REMHFWV� E\� PDQLSXODWLQJ�
PDUNHG�SK\VLFDO�REMHFWV�ZLWK�YLUWXDO�REMHFWV�³VWDQGLQJ´�
RQ� WKHP� �)LJXUH� ����7KH� V\VWHP�FDQ� UREXVWO\� WUDFN� WKH�
PRWLRQ�RI�WKH�SK\VLFDO�PDUNHUV�DQG�NHHS�WKH�YLUWXDO�RE�
MHFW� SUHFLVHO\� DOLJQHG� UHODWLYH� WR� WKH� PDUNHU�� %HFDXVH�

VHYHUDO�PDUNHUV�DUH�WUDFNHG�VLPXOWDQHRXVO\�DQG�WKH�UHOD�
WLYH�SRVLWLRQV�RI�PDUNHG�REMHFWV�WR�RWKHU�PDUNHG�REMHFWV�
FDQ�EH�FDOFXODWHG��ZH�FRXOG�DOVR�H[SORLW�VSDWLDO�UHODWLRQV�
EHWZHHQ�DXJPHQWHG�REMHFWV��,Q�WKH�H[DPSOH�LQ�)LJXUH����
WKH�XVHU�FDQ�WULJJHU�WKH�DQLPDWLRQ�RI�YLUWXDO�REMHFWV��H�J��
8)2�DQG�DOLHQ��E\�SODFLQJ�FDUGV�QH[W�WR�HDFK�RWKHU��

���� 7UDFNLQJ�DQG�UHJLVWUDWLRQ�
6KDUHG�6SDFH� XVHV� D� FRPSXWHU� YLVLRQ� EDVHG� WUDFN�

LQJ� DQG� UHJLVWUDWLRQ� DOJRULWKP� GHVLJQHG� DQG� LPSOH�
PHQWHG�E\�+LURND]X�.DWR�>�@��)LJXUH���VKRZV�WKH�EDVLF�
VFKHPH�RI�WKH�DOJRULWKP��

��� $SSOLFDWLRQV�DQG�XVHU�H[SHULHQFHV�
$�QXPEHU�RI�DSSOLFDWLRQV�KDYH�EHHQ�GHYHORSHG�DQG�

H[SORUHG� XVLQJ� YDULRXV� FRPSRQHQWV� DQG� FRQILJXUDWLRQV�
RI� WKH�6KDUHG�6SDFH�WHFKQRORJ\�� LQFOXGLQJ�PRELOH�FRQ�
IHUHQFLQJ� VSDFH� IRU� UHPRWH� FROODERUDWLRQ� �$5� &RQIHU�
HQFH�6SDFH�>�@��DQG�D�FROODERUDWLYH�HQWHUWDLQPHQW�DSSOL�
FDWLRQ��ZKLFK�ZDV�GHPRQVWUDWHG�DW� WKH�(PHUJLQJ�7HFK�
QRORJLHV� H[KLELW� DW� WKH�6,**5$3+��� FRQIHUHQFH��7KH�
JRDO�RI�WKLV�GHPRQVWUDWLRQ�ZDV�WR�VKRZ�KRZ�DXJPHQWHG�
UHDOLW\�FRXOG�EH�XVHG�WR�HQKDQFH�IDFH�WR�IDFH�FROODERUD�
WLRQ� LQ� D� ZD\� WKDW� FRXOG� EH� XVHG� E\� QRYLFHV� ZLWK� QR�
WUDLQLQJ��

$�PXOWL�SOD\HU�JDPH�VLPLODU�WR�WKH�JDPH�FRQFHQWUD�
WLRQ� ZDV� GHVLJQHG��:H� SUHVHQWHG� YLVLWRUV� ZLWK� VL[WHHQ�
�[�� LQFK� SOD\LQJ� FDUGV� ZLWK� WUDFNLQJ� SDWWHUQV� RQ� RQH�
VLGH�� DQG� WKH� YLVLWRUV� ZHUH� UHTXLUHG� WR� PDWFK� FDUGV��
7KUHH�SHRSOH�FRXOG�SOD\�VLPXOWDQHRXVO\�DQG�ZKHQ�WKH\�
WXUQHG� WKH� FDUGV� RYHU� WKH\� VDZ� D� GLIIHUHQW� �'� YLUWXDO�
REMHFW� RQ� HDFK� FDUG�� VXFK� DV� D� ZLWFK�� KRUVH�� DOLHQ�� RU�
FUDE��)LJXUH���DQG�)LJXUH�����7KH�JRDO�RI�WKH�JDPH�ZDV�
WR�PDWFK�REMHFWV� WKDW� ORJLFDOO\� EHORQJHG� WRJHWKHU�� VXFK�
DV�DQ�DOLHQ�DQG�D�IO\LQJ�VDXFHU��:KHQ�FDUGV�FRQWDLQLQJ�
ORJLFDO�PDWFKHV�ZHUH�SODFHG�VLGH�E\�VLGH��DQ�DQLPDWLRQ�
ZDV� WULJJHUHG� LQYROYLQJ� WKH� REMHFWV� RQ� WKH� FDUG�� )RU�
H[DPSOH��ZKHQ�WKH�FDUG�ZLWK�WKH�YLUWXDO�ZLWFK�RQ�LW�ZDV�
SODFHG� QH[W� WR� WKH� FDUG�ZLWK�D� YLUWXDO�EURRP�RQ� LW�� WKH�
ZLWFK� ZRXOG� WR� MXPS� RQ� WKH� EURRP� DQG� VWDUW� WR� IO\�
DURXQG� LQ� D� FLUFOH�� 6RXQG� FXHV� KDYH� EHHQ� DOVR� XVHG� WR�
KHOS�SOD\HUV�WR�LGHQWLI\�FRUUHFW�PDWFKHV��D�XQLTXH�PXVL�
FDO� VHTXHQFH� ZDV� SOD\HG� IRU� HDFK� VXFFHVVIXO� PDWFK��
6LQFH� WKH�SOD\HUV�ZHUH�DOO� FR�ORFDWHG� WKH\�FRXOG� HDVLO\�
VHH�HDFK�RWKHU��DQG�WKH�YLUWXDO�REMHFWV��

�
)LJXUH� ��� ,Q� FROODERUDWLYH� HQYLURQPHQW� RI� WKH� 6KDUHG�
6SDFH�� XVHUV� FDQ� VHH� DQG� LQWHUDFW� ZLWK� SK\VLFDO� DQG�
YLUWXDO�REMHFWV��DQG�DOVR�VHH�WKH�RWKHU�SDUWLFLSDQWV��

� �
)LJXUH� ��� 6SDWLDO� LQWHUDFWLRQ� LQ� 6KDUHG� 6SDFH�� XVHUV�
WULJJHU� DQLPDWLRQ� RI� YLUWXDO� REMHFWV� �LQ� WKLV� FDVH� DOLHQ�
DQG�8)2��E\�EULQJLQJ�WZR�FDUGV�WRJHWKHU��
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)LJXUH����6KDUHG�6SDFH�WUDFNLQJ�DQG�UHJLVWUDWLRQ�WHFKQLTXH��



2YHU� WKH� FRXUVH� RI� WKH� ZHHN� RI� $XJXVW� ����� DW�
6,**5$3+��DURXQG������FRQIHUHQFH�SDUWLFLSDQWV�WULHG�
WKH�H[KLELW��8VHUV�KDG�QR�GLIILFXOW\�XVLQJ� WKH�$5�LQWHU�
IDFHV� DQG� H[KLELWHG� WKH� VDPH� VRUW� RI� FROODERUDWLYH� EH�
KDYLRU� VHHQ� LQ� W\SLFDO� IDFH� WR� IDFH� LQWHUDFWLRQ� ZLWK�
SK\VLFDO�REMHFWV��)RU� LQVWDQFH��GXULQJ�WKH�JDPH�SOD\HUV�
ZRXOG� RIWHQ� VSRQWDQHRXVO\� FROODERUDWH� ZLWK� VWUDQJHUV�
ZKR�KDG�D�PDWFKLQJ�FDUG��UHTXHVW�DQG�SDVV�FDUGV�DURXQG�
DV� ZHOO� DV� FROODERUDWLYHO\� YLHZ� REMHFWV� DQG� FRPSOHWHG�
DQLPDWLRQV�� )XUWKHUPRUH�� VLQFH� WKH� PDWFKHV� ZHUH� QRW�
REYLRXV�� XVHUV� ZRXOG� RIWHQ� UHTXHVW� DQG� UHFHLYH� KHOS�
IURP�RWKHU�FROODERUDWRUV�DW�WKH�WDEOH���

7KH�SK\VLFDO��WDQJLEOH�QDWXUH�RI�RXU�LQWHUIDFH�PDGH�
FROODERUDWLYH� LQWHUDFWLRQ� YHU\� HDV\� DQG� LQWXLWLYH��8VHUV�
SDVVHG�FDUGV�EHWZHHQ�HDFK�RWKHU��SLFNHG�XS�DQG�YLHZHG�
YLUWXDO� REMHFWV� IURP� DOO� DQJOHV� DQG� DOPRVW� DOZD\V� H[�
SUHVVHG�VXUSULVH�DQG�HQMR\PHQW�ZKHQ� WKH\�JRW�D�PDWFK�
DQG�WKH�VWDWLF�YLUWXDO�REMHFWV�FDPH�WR�OLIH��%\�FRPELQLQJ�
D� WDQJLEOH�� SK\VLFDO� LQWHUIDFH�ZLWK� �'� YLUWXDO� LPDJHU\��
ZH�IRXQG�WKDW�HYHQ�\RXQJ�FKLOGUHQ�FRXOG�SOD\�DQG�HQMR\�
WKH� JDPH� �)LJXUH� ���� 8VHUV� GLG� QRW� QHHG� WR� OHDUQ� DQ\�
FRPSOLFDWHG�FRPSXWHU� LQWHUIDFH�RU�FRPPDQG�VHWV�±� WKH�
RQO\�LQVWUXFWLRQV�SHRSOH�QHHGHG�WR�EH�JLYHQ�WR�SOD\�WKH�
JDPH�ZHUH�WR�WXUQ�WKH�FDUGV�RYHU��QRW�FRYHU�WKH�WUDFNLQJ�
SDWWHUQV��DQG�ILQG�REMHFWV�WKDW�PDWFKHG��

8VHUV�DOVR�FRPPHQWHG�RQ�KRZ�PXFK�WKH\�OLNHG�WKH�
LPDJH�UHFRJQLWLRQ�DQG�RQ�KRZ�OLWWOH�ODJ�WKHUH�ZDV�LQ�WKH�
V\VWHP��7KLV� FRPPHQW� LV� LQWHUHVWLQJ�EHFDXVH� WKHUH�ZDV�
DFWXDOO\� D� VLJQLILFDQW� ��������PV�� GHOD\�� KRZHYHU�� WKH�
XVHUV�EHFDPH�VR�LPPHUVHG�WKH\�GLG�QRW�QRWLFH�WKLV��
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��� &RQFOXVLRQV�
,Q�RXU�ZRUN�RQ�6KDUHG�6SDFH��ZH�FRPELQH�UHDO�DQG�

YLUWXDO� ZRUOGV� WR� FUHDWH� FRPSHOOLQJ� �'� FROODERUDWLYH�
H[SHULHQFHV� LQ�ZKLFK� WKH� WHFKQRORJ\� WUDQVSDUHQWO\� VXS�
SRUWV� QRUPDO� KXPDQ� EHKDYLRUV�� ,W� LV� WKLV� WUDQVSDUHQF\�
WKDW�LV�D�NH\�FKDUDFWHULVWLF�RI�WKH�6KDUHG�6SDFH�UHVHDUFK�
DQG� VKRXOG� HQDEOH� WKH� FRQWLQXHG�GHYHORSPHQW� RI� LQQR�
YDWLYH� FROODERUDWLYH� $5� LQWHUIDFHV� LQ� WKH� IXWXUH��0RUH�
LQIRUPDWLRQ� RQ� WKH� 6KDUHG� 6SDFH� FDQ� EH� IRXQG� DW��
KWWS���ZZZ�KLWO�ZDVKLQJWRQ�HGX�UHVHDUFK�VKDUHGBVSDFH��
RU�KWWS���ZZZ�PLF�DWU�FR�MS�aSRXS�UHVHDUFK�DU��
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:H� DUH� YHU\� WKDQNIXO� WR� $75� FRPSXWHU� JUDSKLFV�
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DQG� PDQDJHPHQW�� HVSHFLDOO\� 3URI�� )XUQHVV�� 'U�� 2K\D�
DQG�'U��1DNDWVX� IRU� WKHLU� VXSSRUW�RI� WKH�GHPRQVWUDWLRQ�
DV�ZHOO�DV�+,7/�VWXGHQWV�DQG�UHVHDUFKHUV�ZKR�SUHSDUHG�
DQG�ZRUNHG�WKH�6,**5$3+�GHPRQVWUDWLRQ��
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