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ANCHORED CONVERSATIONS:  
CHATTING IN THE CONTEXT OF A DOCUMENT 
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ABSTRACT 
7KLV�SDSHU�GHVFULEHV�DQ�DSSOLFDWLRQ�LQGHSHQGHQW�WRRO�FDOOHG�
$QFKRUHG� &RQYHUVDWLRQV� WKDW� EULQJV� WRJHWKHU� WH[W�EDVHG�
FRQYHUVDWLRQV� DQG� GRFXPHQWV�� 7KH� GHVLJQ� RI� $QFKRUHG�
&RQYHUVDWLRQV� LV� EDVHG� RQ� RXU� REVHUYDWLRQV� RI� WKH� XVH� RI�
GRFXPHQWV� DQG� WH[W� FKDWV� LQ� FROODERUDWLYH� VHWWLQJV�� :H�
REVHUYHG� WKDW� FKDW� VSDFHV� VXSSRUW�ZRUN� FRQYHUVDWLRQV�� EXW�
WKH\� GR� QRW� DOORZ� WKH� FORVH� LQWHJUDWLRQ� RI� FRQYHUVDWLRQV�
ZLWK� ZRUN� GRFXPHQWV� WKDW� FDQ� EH� VHHQ� ZKHQ� SHRSOH� DUH�
ZRUNLQJ� WRJHWKHU� IDFH�WR�IDFH�� $QFKRUHG� &RQYHUVDWLRQV�
GLUHFWO\�DGGUHVVHV�WKLV�SUREOHP�E\�DOORZLQJ�WH[W�FKDWV�WR�EH�
DQFKRUHG� LQWR� GRFXPHQWV�� $QFKRUHG� &RQYHUVDWLRQV� DOVR�
IDFLOLWDWHV� GRFXPHQW� VKDULQJ�� DFFHSWLQJ� DQ� LQYLWDWLRQ� WR� DQ�
DQFKRUHG� FRQYHUVDWLRQ� UHVXOWV� LQ� WKH� GRFXPHQW� EHLQJ�
DXWRPDWLFDOO\� XSORDGHG�� ,Q� DGGLWLRQ�� $QFKRUHG�
&RQYHUVDWLRQV� SURYLGHV� VXSSRUW� IRU� UHYLHZ�� FDWFK�XS� DQG�
DV\QFKURQRXV� FRPPXQLFDWLRQV� WKURXJK� D� GDWDEDVH�� ,Q� WKLV�
SDSHU� ZH� GHVFULEH� PRWLYDWLQJ� ILHOGZRUN�� WKH� GHVLJQ� RI�
$QFKRUHG� &RQYHUVDWLRQV�� D� VFHQDULR� RI� XVH�� DQG� VRPH�
SUHOLPLQDU\�UHVXOWV�IURP�D�XVHU�VWXG\��

Keywords 
7H[W�EDVHG�FKDW�� VWLFN\�FKDWV��FROODERUDWLRQ��FRQYHUVDWLRQV��
&6&:�� VKDUHG� GRFXPHQWV�� V\QFKURQRXV� FRPPXQLFDWLRQ��
DV\QFKURQRXV�FRPPXQLFDWLRQ�

INTRODUCTION 
7KH�SDVW�IHZ�\HDUV�KDYH�VHHQ�WKH�GHYHORSPHQW�RI�D�QXPEHU�
RI� FRPSXWDWLRQDOO\� OLJKWZHLJKW� WH[W�FKDW� V\VWHPV� WKDW�
VXSSRUW� V\QFKURQRXV� DQG� DV\QFKURQRXV� FRPPXQLFDWLRQV�
EHWZHHQ�LQGLYLGXDOV�DQG�JURXSV��([DPSOHV�LQFOXGH�,QWHUQHW�
5HOD\� &KDW� �,5&�� DQG� $2/� ,QVWDQW� 0HVVHQJHU� >�@�� 2QFH�
FKDW�VRIWZDUH�RI�WKLV�NLQG�LV�LQVWDOOHG��LQLWLDWLQJ�FRQWDFW�ZLWK�
RWKHUV� LV� HDV\�� WDNLQJ� RQO\� D� IHZ� NH\VWURNHV�� %\� FUHDWLQJ�
µEXGG\� OLVWV¶� RI� UHJXODU� FRQWDFWV�� VWDUWLQJ� D� FKDW� LV� HYHQ�
VLPSOHU�±�VHOHFWLQJ�D�XVHU�QDPH�LQLWLDWHV�FRQWDFW��7KHUHIRUH��

RQJRLQJ� DQG� IUHTXHQW� LQIRUPDO� LQWHUDFWLRQV� DUH� HDVLO\�
VXSSRUWHG��,W�LV�DOVR�SRVVLEOH�WR�KDYH�PXOWLSOH�VLPXOWDQHRXV�
FRQYHUVDWLRQV� ZLWK� GLIIHUHQW� LQGLYLGXDOV� DQG� JURXSV� E\�
RSHQLQJ�PRUH�WKDQ�RQH�FKDW�ZLQGRZ�>���@���

,Q�PDQ\� FKDW� VSDFHV�� FRQYHUVDWLRQV� DUH� HSKHPHUDO�� ODVWLQJ�
RQO\� ZKLOH� WKH� FXUUHQW� FRQYHUVDWLRQ� RU� VHVVLRQ� LV� DOLYH��
+RZHYHU�� VRPH� DSSOLFDWLRQV� DQG� V\VWHPV� DOORZ� WH[W�EDVHG�
FRQYHUVDWLRQV�WR�EH�UHFRUGHG�VR�WKDW�WKH\�KDYH�SHUVLVWHQFH��
6XFK� WH[W� ORJV� HQDEOH� DV\QFKURQRXV� PHVVDJLQJ� EHWZHHQ�
FROODERUDWRUV�ZKR�DUH�QRW�RQOLQH�DW�WKH�VDPH�WLPH��DQG�FDQ�
DOVR�EH�XVHG�IRU�FDWFK�XS�DQG�UHYLHZ�>��������������@��0XFK�
UHFHQW� ZRUN� KDV� DOVR� IRFXVHG� RQ� SURYLGLQJ� PRUH� VRFLDO�
DFWLYLW\�FXHV�LQ�WKH�LQWHUIDFHV�WR�VXFK�FKDW�HQYLURQPHQWV�>���
��@���

7KH�VXFFHVV�RI� WKHVH�FKDW� WRROV� LV�QRW�HQWLUHO\�VXUSULVLQJ�±�
SHRSOH� OLNH� WR� WDON� DQG� PDLQWDLQ� FRQWDFW� ZLWK� RWKHUV� DQG�
FKDW�V\VWHPV�VXSSRUW�D�IRUP�RI�TXLFN��OLJKWZHLJKW��LQIRUPDO�
FRPPXQLFDWLRQ�� 7KHVH� DUH� QRW� MXVW� LPSRUWDQW� IRU�
UHFUHDWLRQDO� DFWLYLWLHV� �� LQ� WKH� ZRUNSODFH�� LQIRUPDO� TXLFN�
FRQYHUVDWLRQV�DQG�H[FKDQJHV�DUH�LPSRUWDQW�IRU�PDLQWDLQLQJ�
WKH� VRFLDO� IDEULF� DV� ZHOO� DV� IRU� VSHFLILF� LQIRUPDWLRQ�
H[FKDQJH�� 8QGRXEWHGO\�� WKH� VXFFHVV� RI� PHVVHQJHU�
DSSOLFDWLRQV� DQG� FKDW� VSDFHV� LV� DOVR� GXH� WR� WKHLU� EHLQJ�
FRPSXWDWLRQDOO\�DQG�FRJQLWLYHO\�OLJKWZHLJKW��WKH\�WDNH�OLWWOH�
WLPH�DQG�HIIRUW�WR�VHW�XS��OLWWOH�SURFHVVLQJ�SRZHU�WR�UXQ��DQG�
OLWWOH� PDLQWHQDQFH� WR� NHHS� JRLQJ�� <HW� WKH\� VXSSRUW� ULFK��
LQIRUPDO�� RQJRLQJ� FRQWDFW� ZKHQHYHU� XVHUV� UHTXLUH�� 0RVW�
SHRSOH� GRQ¶W� HYHQ� KDYH� WR� VWUD\� IURP� WKHLU� RIILFHV� ±�
HYHU\WKLQJ�KDSSHQV�RQ�WKHLU�GHVNWRSV���

Problems With Chats At Work 
$OWKRXJK� FKDW� WRROV� DUH� SURYLQJ� YHU\� XVHIXO� LQ� WKH�
ZRUNSODFH� IRU� PDLQWDLQLQJ� FRQWDFWV� DQG� H[FKDQJLQJ�
LQIRUPDWLRQ�� WKH\� GR� QRW� VXSSRUW� WKH� FORVH� LQWHJUDWLRQ� RI�
GRFXPHQWV� ZLWK� RQJRLQJ� FRQYHUVDWLRQV�� 0DQ\� ZRUN�
FROODERUDWLRQV� LQYROYH� WKH� VKDULQJ� RI� GRFXPHQWV�� :HE�
SDJHV�� SUHVHQWDWLRQV�� VSUHDGVKHHWV� DQG� ZRUG� SURFHVVHG�
GRFXPHQWV�� +RZHYHU�� WH[W� FRQYHUVDWLRQV� WHQG� WR� RFFXU� LQ�
ZLQGRZV� WKDW� DUH� VHSDUDWH� IURP�� DQG� KDYH� QR� UHODWLRQVKLS�
WR��ZRUN�UHODWHG�UHVRXUFHV��)LJXUH���LOOXVWUDWHV�WKLV�SRLQW��,Q�

�&XUUHQW� DGGUHVV��'HSW�� RI�&RPSXWHU�6FLHQFH��8QLYHUVLW\�RI�%ULWLVK
&ROXPELD�� �������� 0DLQ� 0DOO�� 9DQFRXYHU�� %&�� &DQDGD�
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WKH�ILUVW�LPDJH�D�FKDW�ZLQGRZ�LV�RSHQ�RQ�WKH�GHVNWRS��,Q�WKH�
VHFRQG�LPDJH��WKH�FKDW�ZLQGRZ�LV�VKRZQ�DORQJVLGH�D�ZRUG�
SURFHVVRU� GRFXPHQW� WKDW� FRQVWLWXWHV� WKH� VXEMHFW� RI� WKH�
FRQYHUVDWLRQ����

7KHUH� DUH� VHYHUDO� SUREOHPV� ZLWK� WKLV� DUUDQJHPHQW�� )LUVW�
VKDULQJ� RU� FRS\LQJ� WKH� GRFXPHQW� WKDW� LV� WR� EH� GLVFXVVHG�
UHTXLUHV� WKDW� XVHUV� FDUU\� RXW� H[WUD� VWHSV� XVLQJ� RWKHU�
DSSOLFDWLRQV��H�J��IWS�WKH�ILOH��HPDLO�DQ�DWWDFKPHQW��EURZVH�D�
VKDUHG�UHSRVLWRU\��VHW�XS�D�VKDUHG�ZLQGRZ��HWF����6HFRQGO\��
ZKHQ� GRFXPHQWV� DUH� VHQW� RU� UHWULHYHG�� LVVXHV� DULVH� DURXQG�
HQVXULQJ� WKDW� DOO� FROODERUDWRUV� KDYH� WKH� VDPH� GRFXPHQW��
7KLUGO\�� RQFH� DOO� FROODERUDWRUV� KDYH� FRSLHV� RI� WKH� VDPH�
GRFXPHQW�� HVWDEOLVKLQJ� VKDUHG� UHIHUHQFH� E\� QDYLJDWLQJ� WR�
WKH� VDPH�SRUWLRQ�RI� WKH�GRFXPHQW�FDQ�EH� WLPH�FRQVXPLQJ��
'LVFXVVLRQV�DERXW�WKH�FRQWHQW�RI�WKH�GRFXPHQW�UHTXLUH�WKDW�
QDYLJDWLRQ� VWDWHPHQWV� EH� W\SHG� LQWR� WKH� FKDW� ZLQGRZ�
�³/RRN�DW� VHFWLRQ� WKUHH�� SDUDJUDSK��´��RU� WKDW� WKH� UHOHYDQW�
PDWHULDOV�IURP�WKH�GRFXPHQW�EH�FRSLHG�DQG�SDVWHG�LQWR�WKH�
WH[W�FKDW� ZLQGRZ�� ,Q� WKH� FDVH� RI� VKDUHG� ZLQGRZV��
QDYLJDWLRQ� FXHV� LQ� WKH� IRUP� RI� VKDUHG� SRLQWHUV� PD\� EH�
DYDLODEOH��EXW� VKDUHG�ZLQGRZV� WHQG� WR�UHVXOW� LQ�UHVWULFWLRQV�
RQ�ZKDW�XVHUV�FDQ�GR�ZLWK�WKH�FRQWHQW�RI�WKH�ILOH�LWVHOI�DQG�
GR�QRW�VXSSRUW�DV\QFKURQRXV�FRPPXQLFDWLRQV���

:KDW� ZH� NQRZ� DERXW� PDQ\� FROODERUDWLRQ� VLWXDWLRQV� LV� DW�
RGGV� ZLWK� WKH� WHFKQRORJ\� DIIRUGDQFHV� LQ� WKLV� LQVWDQFH��
&ROODERUDWRUV�ZKR�DUH�FROORFDWHG�DQG�ZRUNLQJ�LQ�D�³WLJKWO\�
FRXSOHG´�ZD\� RYHU� WKRVH� GRFXPHQWV� RIWHQ� FRQYHUVH� DERXW�
WKH�GHWDLOV�RI�GRFXPHQWV��OLQHV�RI�WH[W��ILJXUHV�RU�FHOOV�LQ�D�
VSUHDGVKHHW�� &RQYHUVDWLRQV� LQ� VXFK� FROODERUDWLRQV� KDYH�
EHHQ� FKDUDFWHUL]HG� DV� �REMHFW� ODGHQ�� >�@�� WKHUH� LV� D� KLJK�
OHYHO� RI� IRFXV� RQ� WKH� REMHFW� RU� DUWLIDFW� WKDW� LV� XQGHU�
GLVFXVVLRQ�DQG�RU� WKDW� LV�EHLQJ�FR�FRQVWUXFWHG��'LVFXVVLRQV�
DUH� IDFLOLWDWHG� E\� ���� NQRZLQJ� ZKLFK� VHFWLRQ� LV� FXUUHQWO\�
XQGHU� GLVFXVVLRQ�� ���� VHHLQJ� WKH� EURDGHU� FRQWH[W� LQ� ZKLFK�
WKH� VHFWLRQ� LV� ORFDWHG��DQG� ����QHJRWLDWLQJ�D� VKDUHG�YLVLRQV�
RI� ZKDW� LV� UHTXLUHG� DQG� ZKR� ZLOO� FDUU\� LW� RXW�� � 6XFK�
FRQYHUVDWLRQV�� WKHUHIRUH�� FUXFLDOO\� GHSHQG� RQ� VKDUHG�

FRQWH[W�� L�H�� WKDW�FROODERUDWRUV�DOO�KDYH�YLVXDO�DFFHVV� WR�WKH�
DUWLIDFW� RU� REMHFW� XQGHU� FRQVWUXFWLRQ� RU� GLVFXVVLRQ�� +HUH��
�WKH�REMHFW�OHDGV�DQG�ODQJXDJH�IROORZV��>�@��

FIELD WORK: CONVERSATIONS OVER WORK 
DOCUMENTS 
2XU� LQWXLWLRQV� DERXW� ZRUN� FROODERUDWLRQV� ZHUH� IXUWKHU�
GHYHORSHG� LQ� D� VHULHV� RI� ILHOG� REVHUYDWLRQV� DQG� LQWHUYLHZV�
>�@��2XU� DQDO\VHV� IRFXVHG� RQ� WLJKWO\�FRXSOHG� FROODERUDWLYH�
ZRUN� EHWZHHQ� QRQ�FROORFDWHG� FROOHDJXHV� LQ� D� QXPEHU� RI��
GRPDLQV� LQFOXGLQJ� VRIWZDUH� UHVHDUFK�� QXFOHDU� IXVLRQ�
H[SHULPHQWV�� JHRORJ\� ILHOG� VWXGLHV� DQG�DIWHU�VDOHV� VRIWZDUH�
VXSSRUW�� ,Q� HDFK� RI� WKHVH� GRPDLQV�ZH� QRWHG� LVVXHV� DULVLQJ�
DURXQG�WKH�VKDULQJ�RI�DUWLIDFWV���

,Q� WKH� ILUVW� GRPDLQ�� VRIWZDUH� UHVHDUFK�� FROODERUDWRUV� ZHUH�
XVLQJ� D� WH[W�EDVHG� 08'� WR� NHHS� LQ� WRXFK� DQG� ZRUN�
WRJHWKHU�� +HUH�� WKH� WHQGHQF\� ZDV� WR� VKDUH� ILOHV� WKURXJK�
HPDLO� RU� E\� FRQVXOWLQJ� VKDUHG� ILOH� UHSRVLWRULHV�� 6SHFLILF�
GHWDLOV� ZHUH� VKDUHG� E\� SDVWLQJ� WH[W� LQWR� WKH� FKDW� ZLQGRZ�
DQG�JLYLQJ�QDYLJDWLRQ�FXHV� OLNH�³6HFWLRQ���� OLQH��´�>�@��$V�
ZHOO� DV� EHLQJ� VRPHZKDW� XQZLHOG\� DQG� LQYROYLQJ� PDQ\�
VWHSV�� WKLV� FRS\�DQG�SDVWH� SUDFWLFH� KDG� WKH� VLGH�HIIHFW� RI�
WDNLQJ�WKH�SDVWHG�LQ�PDWHULDO�RXW�RI�LWV�ORFDO�FRQWH[W��,Q�WKH�
VHFRQG�GRPDLQ��QXFOHDU�IXVLRQ�H[SHULPHQWV��SUREOHPV�DURVH�
DURXQG�WKH�VKDULQJ�RI�H[SHULPHQWDO�UHVXOWV�LQ�JUDSKLFDO�DQG�
WH[WXDO� IRUP�� ,Q� WKH� WKLUG� GRPDLQ�� JHRORJ\� ILHOG�
H[SHULPHQWV�� ZH� QRWHG� WKH� QHHG� WR� VXSSRUW� GLVFXVVLRQ�
DURXQG� QXPHULFDO�GDWD� LQ� D� VSUHDGVKHHW� DQG�JUDSKV�� ,Q� WKH�
ILQDO� GRPDLQ�� DIWHU�VDOHV� VRIWZDUH� VXSSRUW�� ZH� QRWHG� WKH�
QHHG�WR�VXSSRUW�FROODERUDWLYH�SUREOHP�VROYLQJ�RYHU�RQ�OLQH�
VRIWZDUH�PDQXDOV���

,Q� HDFK� RI� WKHVH� FDVHV� SUREOHPV� DURVH� DURXQG� WKH�
HVWDEOLVKPHQW� RI� VKDUHG� FRQWH[W� IRU� FRQYHUVDWLRQV�� 7KH�
FRPPXQLFDWLRQ�PHGLD��H�J��HPDLO�� WHOHSKRQH�DQG�WH[W�FKDW��
ZHUH� VHSDUDWH� IURP� GRFXPHQWV� XQGHU� GLVFXVVLRQ� DQG�
H[SOLFLW� QDYLJDWLRQ� FXHV� ZHUH� UHTXLUHG� WR� OLWHUDOO\� ³JHW�
HYHU\RQH�RQ�WKH�VDPH�SDJH´��

�
)LJXUH����&KDWWLQJ�LQ�PHVVHQJHU�ZLQGRZV���

2Q�WKH�OHIW�D�WH[W�FKDW�LV�RQJRLQJ��RQ�WKH�ULJKW�WKH�ZRUG�SURFHVVRU�GRFXPHQW�WKDW�LV�EHLQJ�GLVFXVVHG�KDV�EHHQ�RSHQHG�RQ�WKH�
GHVNWRS��&RQYHUVDWLRQV�DQG�GRFXPHQWV�KDYH�QR�UHODWLRQVKLS�
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ANCHORED CONVERSATIONS 
7KH� $QFKRUHG� &RQYHUVDWLRQV� WRRO� GLUHFWO\� DGGUHVVHV� WKH�
LVVXH� RI� FRXSOLQJ� FRQYHUVDWLRQV� DQG� ZRUN� DUWLIDFWV� ZKHQ�
ZRUNLQJ� UHPRWHO\�� /LNH� FKDW� VSDFHV�� WKH� $QFKRUHG�
&RQYHUVDWLRQV� WRRO� LV� FRPSXWDWLRQDOO\� DQG� FRJQLWLYHO\�
OLJKWZHLJKW�� VXSSRUWLQJ� V\QFKURQRXV� DQG� DV\QFKURQRXV�
FRPPXQLFDWLRQV�� +RZHYHU�� $QFKRUHG� &RQYHUVDWLRQV� DOVR�
DOORZV� WH[W�EDVHG� FRQYHUVDWLRQV� WR� EH� FRXSOHG� ZLWK� WKH�
GRFXPHQWV� WKDW� SURYLGH� WKH� FRQWH[W� IRU� ZRUN� GLVFXVVLRQV�
�H�J�� ZRUG� SURFHVVRU� GRFXPHQWV�� SUHVHQWDWLRQ� ILOHV��
VSUHDGVKHHW� ILOHV�� JUDSKLFDO� VLPXODWLRQV�� HWF��� 7KH� XVHU�
PRGHO�LV�WKDW�RI�³VWLFN\�FKDWV´���DGKHVLYH�FKDW�ZLQGRZV�WKDW�
FDQ� EH� VWXFN� WR� GRFXPHQWV� IRU� LQ�FRQWH[W� FRQYHUVDWLRQV��
PXFK�DV�D�VWLFN\�QRWH�FDQ�EH�DIIL[HG�WR�D�SULQWHG�GRFXPHQW���

$OWKRXJK� RXU� H[DPSOHV� LQ� WKH� IROORZLQJ� VHFWLRQV� DUH� DOO�
JURXQGHG� LQ� ZRUG� SURFHVVRU� GRFXPHQWV�� $QFKRUHG�
&RQYHUVDWLRQV� LV� DSSOLFDWLRQ� LQGHSHQGHQW�� 6WLFN\� FKDW�
ZLQGRZV�FDQ�EH�SODFHG�LQWR�DQ\�DSSOLFDWLRQ�GRFXPHQW��DQG�
FDQ� EH� PRYHG� EHWZHHQ� GLIIHUHQW� DSSOLFDWLRQ� GRFXPHQWV��
MXVW�DV�D�VWLFN\�QRWH�PD\�EH�PRYHG�IURP�RQH�W\SH�RI�SULQWHG�
GRFXPHQW�WR�DQRWKHU���

%HORZ� ZH� GHWDLO� WKH� IHDWXUHV� RI� $QFKRUHG� &RQYHUVDWLRQV���
)LUVW� ZH� GHVFULEH� WKH� ³VWLFN\� FKDW´� ZLQGRZV� LQ� ZKLFK�
FRQYHUVDWLRQV� WDNH� SODFH�� 7KHQ� ZH� GHVFULEH� KRZ� WKH�
$QFKRUHG� &RQYHUVDWLRQV� WRRO� VXSSRUWV� GRFXPHQW� WUDQVSRUW�
DQG� VKDULQJ�� +HUH� ZH� DOVR� GHVFULEH� KRZ� $QFKRUHG�
&RQYHUVDWLRQV� VROYHV� WKH� SUREOHP� RI� HVWDEOLVKLQJ� DQG�
PDLQWDLQLQJ�VKDUHG�FRQWH[W���

Chat windows in documents 
,Q�)LJXUH���ZH�VKRZ�WKH�XVH�RI�$QFKRUHG�&RQYHUVDWLRQV�WR�
VXSSRUW� V\QFKURQRXV� GLVFXVVLRQV� RYHU� D� WH[W� GRFXPHQW�� ,Q�
WKH�ILUVW�LPDJH�DW�WKH�OHIW�RI�)LJXUH����D�WH[W�HGLWRU�LV�VKRZQ�
ZLWK�D�GRFXPHQW�GLVSOD\HG��,Q�WKH�GRFXPHQW�LV�DQ�DQFKRUHG�
FKDW�VSDFH��D�³VWLFN\�FKDW´�ZLQGRZ��7KLV�LV�D�VWDQGDUG�FKDW�
VSDFH�KDYLQJ�D�VSDFH�IRU�W\SLQJ�WH[W��D�ZLQGRZ�IRU�YLHZLQJ�
WKH� RQJRLQJ� FRQYHUVDWLRQ� DQG� D� VFUROO� EDU� DW� WKH� ULJKW� IRU�
YLHZLQJ� WKLQJV� WKDW� KDYH� DOUHDG\� EHHQ� VDLG�� 7KH� ZLQGRZ�

FDQ�EH�UHVL]HG�HDVLO\��$JDLQ��DV�LV�VWDQGDUG��SHRSOH¶V�QDPHV�
DUH� VKRZQ� LQ� WKH� DQJOHG� EUDFNHWV� DW� WKH� OHIW� RI� WKH� FKDW�
ZLQGRZ���

7KH� VPDOO� SXVKSLQ� LFRQ� WR� WKH� WRS� OHIW�RI� WKH�FKDW�ZLQGRZ�
EHIRUH� WKH�ZRUG�³DVN\´� LQGLFDWHV� WKH� ORFDWLRQ�DW�ZKLFK� WKH�
FKDW�LV�DQFKRUHG���RU��WR�SXW�LW�DQRWKHU�ZD\��WKH�FRQWH[W�IRU�
WKH�FRQYHUVDWLRQ��7KH�FKDW�VSDFH�LV�OLWHUDOO\�DQFKRUHG�WR�WKH�
SRLQW�ZKHUH� WKH� SXVKSLQ� LV� LQVHUWHG�� ,I� WKH�XVHU� VFUROOV� WKH�
GRFXPHQW�� WKH�FKDW�ZLQGRZ�VFUROOV�ZLWK� LW�� ,W�PD\�HYHQ�JR�
RII� VFUHHQ��2Q� VFUROOLQJ�EDFN�� WKH� VWLFN\� FKDW�ZLQGRZ�ZLOO�
UHDSSHDU��VWLOO�DWWDFKHG�WR�LWV�DQFKRU�SRLQW��6LPLODUO\��LI� WKH�
XVHU�GUDJV� WKH�DSSOLFDWLRQ�ZLQGRZ�DURXQG�WKH�GHVNWRS�� WKH�
VWLFN\�FKDW�ZLQGRZ�ZLOO�VWLFN� WR� WKH�DSSOLFDWLRQ�ZLQGRZ�DW�
WKDW�ORFDWLRQ�DQG�PRYH�DURXQG�ZLWK�LW���

6WLFN\� FKDW� ZLQGRZV� PD\� EH� VWXFN� WR� WKH� DQFKRU� DV�
GHVFULEHG� DERYH�� VWXFN� QHDU� WKH� DQFKRU� RU� GHWDFKHG� IURP�
WKH�DQFKRU��7KXV��D�VWLFN\�FKDW�ZLQGRZ¶V�VSDWLDO�ORFDWLRQ�LQ�
UHODWLRQ�WR�WKH�DQFKRU�FDQ�EH�DOWHUHG�WR�SUHYHQW�RFFOXVLRQ�RI�
WKH�PDWHULDO�LQ�WKH�ERG\�RI�WKH�GRFXPHQW���

,Q� WKH� VHFRQG� LPDJH� LQ� WKH� FHQWHU� RI� )LJXUH� ��� WKH� VWLFN\�
FKDW�ZLQGRZ�LV�VKRZQ�KDYLQJ�EHHQ�PRYHG�WR�WKH�ULJKW�RI�LWV�
DQFKRU� SRLQW� LQ� WKH� GRFXPHQW� LQ� RUGHU� WR� XQFRYHU� WKH�
SUHYLRXVO\�RFFOXGHG�WH[W��7KH�VWLFN\�FKDW�ZLQGRZ�KDV�EHHQ�
³ORFNHG´� LQWR� WKLV� QHZ� ORFDWLRQ�� 7KH� FKDW� ZLQGRZ� LV� VWLOO�
DWWDFKHG�WR�LWV�DQFKRU�DQG�ZLOO�UHPDLQ�LQ�WKLV�VSDWLDO�UHODWLRQ�
WR� WKH� DQFKRU� XQOHVV� PRYHG� DQG� DJDLQ� ³ORFNHG´� WR� D� QHZ�
ORFDWLRQ��6R�� LI� WKH�XVHU�VFUROOV�WKH�GRFXPHQW�RU�PRYHV�WKH�
DSSOLFDWLRQ�ZLQGRZ��WKH�VWLFN\�FKDW�ZLOO�PRYH�DV�EHIRUH���

6WLFN\� FKDW� ZLQGRZV� FDQ� DOVR� EH� GHWDFKHG�� LQ� WKH� WKLUG�
LPDJH�DW�WKH�ULJKW�RI�)LJXUH����WZR�VWLFN\�FKDW�ZLQGRZV�DUH�
VKRZQ�� 7KH� ORZHU� ZLQGRZ� LQ� WKH� LPDJH� DW� WKH� ULJKW� RI�
)LJXUH��� LV�GHWDFKHG��7KH� WRJJOH�DW� WKH�ERWWRP�RI� WKH�FKDW�
ZLQGRZ� LQGLFDWHV� WKLV�� DV� WKH� XVHU� KDV� WKH� RSWLRQ� WR�
³UHDWWDFK´��:KHQ�D�ZLQGRZ� LV�GHWDFKHG�� LI� WKH�XVHU�VFUROOV�
WKH� GRFXPHQW� RU� PRYHV� WKH� DSSOLFDWLRQ� ZLQGRZ�� WKH� FKDW�
ZLQGRZ� ZLOO� QRW� PRYH� ZLWK� LW�� +RZHYHU�� WKH� VWLFN\� FKDW�
GRHV� QRW� ³IRUJHW´� LWV� ³KRPH´� RU� FRQWH[W� DQFKRU� SRLQW�� %\�

� � �

)LJXUH����&KDWWLQJ�RYHU�D�GRFXPHQW�XVLQJ�$QFKRUHG�&RQYHUVDWLRQV�
&KDW�ZLQGRZV�DUH�DQFKRUHG�LQWR�ZRUG�SURFHVVRU�GRFXPHQWV��$QFKRU�SRLQWV�DUH�UHSUHVHQWHG�DV�SXVKSLQV��7KHUH�DUH�QR�

UHVWULFWLRQV�RQ�WKH�QXPEHU�RI�FKDW�ZLQGRZV�WKDW�FDQ�EH�DQFKRUHG�LQWR�D�GRFXPHQW��
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VLPSO\� FOLFNLQJ� RQ� WKH� µ5HDWWDFK¶� WRJJOH� DW� WKH� ERWWRP� RI�
WKH� VWLFN\� FKDW� ZLQGRZ�� WKH� FKDW� ZLQGRZ� UHDWWDFKHV� WR� LWV�
³KRPH´�DQFKRU�ORFDWLRQ��

$V�VKRZQ�DW� WKH�ULJKW�RI�)LJXUH����XVHUV�FDQ�KDYH�DV�PDQ\�
VWLFN\� FKDW� ZLQGRZV� DQFKRUHG� LQ� WKH� GRFXPHQW� DV� WKH\�
ZLVK�� 7KHVH� VWLFN\� FKDWV� FRXOG� EH� VHSDUDWH� FRQYHUVDWLRQV�
EHWZHHQ� GLIIHUHQW� JURXSV� RI� SHRSOH� RU� FRXOG� EH�
FRQYHUVDWLRQV�WKDW�DUH�VHSDUDWHG�GXH�WR�WKHPH�RU�WRSLF���

,W� LV� DOVR� SRVVLEOH� WR�PRYH� D� VWLFN\� FKDW�ZLQGRZ¶V� DQFKRU�
ORFDWLRQ� E\� SODFLQJ� WKH� FXUVRU�� DQG� WKHQ� VHOHFWLQJ� DQG�
FOLFNLQJ� RQ� WKH� ³0RYH´� WRJJOH� DW� WKH� ERWWRP� RI� WKH� FKDW�
ZLQGRZ��7KH�QHZ�DQFKRU� ORFDWLRQ� LV� VHW� DQG� WKH�DQFKRU� LV�
PRYHG� WR� D� QHZ� SODFH� LQ� WKH� GRFXPHQW�� 7KH� VWLFN\� FKDW�
ZLQGRZ�LV�QRZ�DQFKRUHG�DW�WKLV�QHZ�ORFDWLRQ��:KHQ�VWLFN\�
FKDWV�DUH�PRYHG� LQ�RQH�GRFXPHQW�� WKLV�FKDQJH�SURSDJDWHV��
LI� ,�PRYH�D� VWLFN\�FKDW� WR�D�QHZ�ORFDWLRQ��\RX�ZLOO�VHH� WKH�
FKDQJH�DQG�\RXU�FKDW�ZLOO�PRYH�WRR��6WLFN\�FKDWV�FDQ�DOVR�
EH�PRYHG�EHWZHHQ�GRFXPHQWV��7KLV�LV�GLVFXVVHG�EHORZ��

�

)LJXUH���3XVKSLQ�$QFKRU�
0HQX�,WHP�7KH�$QFKRUHG�
&RQYHUVDWLRQV�WRRO�DGGV�D�
PHQX�GRZQ�WKH�OHIW�VLGH�RI�
DSSOLFDWLRQV��7KH�SXVKSLQ�
PHQX�LWHP�DOORZV�VWLFN\�
FKDWV�WR�EH�DWWDFKHG�WR�
GRFXPHQWV��

Starting conversations and sharing documents 
7KH�$QFKRUHG�&RQYHUVDWLRQV�WRRO�XVHU�LQWHUIDFH�FRQVLVWV�RI�
IRXU�SDUWV������WKH�VWLFN\�FKDW�ZLQGRZ�GHVFULEHG�DERYH������
WKH�SXVKSLQ�WKDW�UHSUHVHQWV�WKH�SRLQW�DW�ZKLFK�D�VWLFN\�FKDW�
LV� DQFKRUHG�� ���� D� PHQX� EDU� WKDW� LV� DGGHG� WR� DSSOLFDWLRQV�
DQG�WKDW�DSSHDUV�GRZQ�WKH�OHIW�VLGH�RI�DSSOLFDWLRQ�ZLQGRZV�
�VKRZQ� LQ� )LJXUH� ���� DQG� ���� D� FRQYHUVDWLRQ� FRRUGLQDWRU�
ZLQGRZ� ZKLFK� LQWHUIDFHV� WR� WKH� $QFKRUHG� &RQYHUVDWLRQV�
GDWDEDVH��VKRZQ�LQ�)LJXUH������

6WDUWLQJ� DQ� DQFKRUHG� FRQYHUVDWLRQ� UHTXLUHV� IHZ� VWHSV�� %\�
VHOHFWLQJ� WKH� SXVK�SLQ� IURP� WKH�PHQX� �VKRZQ� LQ�)LJXUH����
DQG�FOLFNLQJ��DQ�DQFKRU� LV�SODFHG� LQWR� WKH�GRFXPHQW�DW� WKH�
FXUUHQW� FXUVRU� SRLQW�� &OLFNLQJ� RQ� WKH� SXVK�SLQ� LQ� WKH�
GRFXPHQW� UHVXOWV� LQ�D� VWLFN\�FKDW�ZLQGRZ�DSSHDULQJ��2QFH�
WKH�ZLQGRZ�LV�RSHQ��QDPHV�FDQ�EH�VHOHFWHG�IURP�D�³EXGG\´�
OLVW� LQ� WKH�PHQX� EDU�� 6HOHFWLRQV� UHVXOW� LQ� LQYLWDWLRQV� EHLQJ�
VHQW� DXWRPDWLFDOO\� WR� LQYLWHHV¶�GHVNWRSV��7KLV�PRGHO� LV� WKH�
VDPH� DV� IRU�PRVW�PHVVHQJHU� VHUYLFHV��$OVR� LQ� DFFRUG�ZLWK�
PHVVHQJHU� VHUYLFHV�� RQFH� LQYLWDWLRQV� DUH� DFFHSWHG�� WKH�
LQYLWHHV�MRLQ�WKH�FKDW���

+RZHYHU��$QFKRUHG�&RQYHUVDWLRQV� GLIIHUV� IURP�RWKHU� FKDW�
DSSOLFDWLRQV� LQ� WKDW��RQ�DFFHSWLQJ�DQ� LQYLWDWLRQ� WR�FRQYHUVH�
RYHU� D� GRFXPHQW�� WKDW� GRFXPHQW� LV� DXWRPDWLFDOO\�
WUDQVSRUWHG� WR� WKH� GHVNWRS� RI� WKH� LQYLWHH�� 7KH� GRFXPHQW�
LWVHOI� RSHQV� DXWRPDWLFDOO\� DQG� LV� VFUROOHG� WR� WKH� ORFDWLRQ�
ZKHUH� WKH�VWLFN\�FKDW�ZLQGRZ�LV�DQFKRUHG��7KH�VWLFN\�FKDW�
ZLQGRZ�LV�RSHQ�DQG�,5&�DYDLODEOH��(DFK�SHUVRQ�KDV�KLV�KHU�

RZQ� FRS\� RI� WKH� GRFXPHQW� DW� WKLV� SRLQW�� WKH� VWLFN\� FKDW�
ZLQGRZ�LV�VKDUHG���

$QFKRUHG� &RQYHUVDWLRQV� FDQ� DOVR� DFW� DV� D� VLPSOH� FKDW�
DSSOLFDWLRQ�� ,I� D� FKDW� ZLQGRZ� LV� QRW� DQFKRUHG� ZLWKLQ� D�
GRFXPHQW� ZKHQ� FUHDWHG� XVLQJ� WKH� &RQYHUVDWLRQ�
&RRUGLQDWRU�� LQYLWDWLRQV� UHVXOW� LQ� D� FRQYHUVDWLRQ� FOLHQW�
EHLQJ�RSHQHG�RQ�WKH�GHVNWRS�PXFK�DV�D�VWDQGDUG�FKDW�FOLHQW�
ZRXOG��+RZHYHU��D�FKDW�FDQ�WKHQ�EH�DWWDFKHG�WR�D�GRFXPHQW�
DQG� WKDW� GRFXPHQW� ZLOO� EH� VHQW� WR� RWKHUV� LQ� WKH�
FRQYHUVDWLRQ����

Logging conversations and contexts  
$OO� FRQYHUVDWLRQV� DUH� ORJJHG� LQ� WKH� VWLFN\� FKDW� GDWDEDVH�
�FDOOHG� WKH� &RQYHUVDWLRQ� 'DWDEDVH��� DQG� DUH� DYDLODEOH� IRU�
UHYLHZ�DW�DQ\�WLPH�±�LUUHVSHFWLYH�RI�ZKHWKHU�WKH�DVVRFLDWHG�
GRFXPHQW� LV�RSHQ��$V�DOO�FRQYHUVDWLRQV�DUH� ORJJHG�DV� WH[W��
VHDUFKLQJ�DQG�GLVSOD\LQJ�E\�WKHPH�RU�SHUVRQ�LV�WULYLDO���

&RQYHUVDWLRQ�FRQWH[WV�DUH�DOVR�ORJJHG��6WLFN\�FKDWV�DUH�QRW�
VLPSO\� HPEHGGHG� FKDW� REMHFWV�� 7KH� �DQFKRUV�� VWRUH�
LQIRUPDWLRQ� DERXW� WKH� ORFDO� FRQWH[W� IRU� WKH� FRQYHUVDWLRQ��
7KLV�FRQWH[W�PD\�EH�ZRUGV�WKDW�DUH�QHDUHVW�WR�WKH�DQFKRU��RU�
FHOOV� LQ�D�VSUHDGVKHHW�±� WKH�VSHFLILFV�RI�FRQWH[W�GHSHQG�RQ�
WKH� DSSOLFDWLRQ� LQ� ZKLFK� WKH� VWLFN\� FKDW� LV� DQFKRUHG��
&RQWH[W� LQIRUPDWLRQ� RI� WKLV� NLQG� LV� VWRUHG� LQ� WKH� GDWDEDVH�
DORQJ�ZLWK� LQIRUPDWLRQ�DERXW�WKH�FUHDWLRQ�WLPH�DQG�GDWH�RI�
WKH� DQFKRU�� $OO� SUHYLRXV� FRQWH[W� ORFDWLRQV� LQ� ZKLFK� WKH�
DQFKRU�KDV�EHHQ�LQVHUWHG�DUH�DOVR�VWLOO�DYDLODEOH��

8VHUV� PD\� TXHU\� WKH� GDWDEDVH� WR� VHH�� IRU� H[DPSOH�� LI� DQ�
DQFKRUHG�FKDW�KDV�HYHU�EHHQ�ORFDWHG�LQ�D�GLIIHUHQW�SODFH��$OO�
DFWLRQV� DQG� FRQYHUVDWLRQV� WKDW� WDNH� SODFH� ZLWKLQ� DQ�
DQFKRUHG�FKDW�ZLQGRZ�DUH�UHWDLQHG�LQ�WKH�GDWDEDVH��DQG�DUH�
DYDLODEOH� IRU� VHDUFK�� UHYLHZ� DQG� UHXVH�� (YHQ� LI� WKH�
GRFXPHQW� LQ� ZKLFK� WKH� VWLFN\� FKDW� ZDV� ORFDWHG� KDV� EHHQ�
GHOHWHG�� LW� LV� VWLOO�SRVVLEOH� WR� UHYLHZ� WKH�FRQYHUVDWLRQV� WKDW�
ZHUH� DVVRFLDWHG� ZLWK� WKH� ILOH� ±� WKH� ILOHQDPH� DQG� ORFDO�
FRQWH[W�WKDW�WKH�DQFKRU�ZDV�RULJLQDOO\�LQ�DUH�DOVR�SUHVHUYHG��
7KXV� XVHUV� FDQ� UHFUHDWH� FRQYHUVDWLRQ� FRQWH[WV� LI� GHFLVLRQV�
QHHG� WR� EH� UHFRQVLGHUHG�� 7KHUH� LV� HYLGHQFH� WKDW� SHRSOH�
UHYLHZ�LQ�WKLV�ZD\�RFFDVLRQDOO\�>�@��

,Q�)LJXUH���ZH�VKRZ�RXU�FXUUHQW� LQWHUIDFH� WR� WKH�GDWDEDVH��
,QIRUPDWLRQ� DERXW� GLIIHUHQW� DFWLYH� FKDWV� LV� VKRZQ� ��� FKDWV�
DQG�WKHLU�FRQWH[WV�DUH�VKRZQ�RQ�WKH�ULJKW�RI�WKH�ZLQGRZ��DV�
ZHOO�DV�D�ORJ�RI�DOO�WKH�FXUUHQW�FKDWV�LV�VKRZQ�RQ�WKH�OHIW��%\�
VHOHFWLQJ� WKH� FKDWV�RQ� WKH� ULJKW�� WKH�XVHU� FDQ�QDYLJDWH� WR�D�
FKDW� ZLQGRZ� LQ� D� GRFXPHQW�� �:H� WKXV� VXSSRUW� RXU� IRXUWK�
JRDO�� WR� SURYLGH� UHYLHZ� IDFLOLWLHV� IRU� UHFUHDWLQJ�
FRQYHUVDWLRQV�LQ�FRQWH[W��

Scenario of use 
,Q� WKLV� VHFWLRQ�ZH�SUHVHQW� D� VKRUW� VFHQDULR� WR� LOOXVWUDWH� WKH�
XVH� RI� $QFKRUHG� &RQYHUVDWLRQV� LQ� D� GLVWULEXWHG��
FROODERUDWLYH�ZRUN�FRQWH[W���

&DURO��$QQ�DQG�-RH�DUH�FROOHDJXHV�ZRUNLQJ�FORVHO\�WRJHWKHU�
RQ� WKH� FROOHFWLRQ� DQG� DQDO\VLV� RI� ILHOG� GDWD�� 7KH\� DUH�
FXUUHQWO\� SUHSDULQJ� DQ� H[HFXWLYH� VXPPDU\� RI� WKHLU� UHFHQW�
ZRUN� WR� GLVWULEXWH� WR� WKH� FRPSDQ\�PDQDJHPHQW�� $QQ� DQG�
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-RH�ZRUN� LQ� WKH�VDPH�JHRJUDSKLF�ORFDWLRQ�EXW�&DURO�ZRUNV�
�����PLOHV�DZD\�ZLWK�D���KRXU�WLPH�GLIIHUHQFH���

�
)LJXUH����,QWHUIDFH�WR�GDWDEDVH��7KH�DUHD�RQ�WKH�OHIW�
GLVSOD\V�WKH�WH[W�FKDW�DQG�WKH�DUHD�RQ�WKH�ULJKW�OLVWV�WKH�

VWLFN\�FKDWV�WKDW�DUH�FXUUHQWO\�RSHQ��WKHLU�QDPHV�DQG�WKHLU�
FXUUHQW�FRQWH[WV��7KH�LFRQ�EHVLGH�WKH�VWLFN\�FKDW�QDPH�

VKRZV�ZKLFK�FKDWV�DUH�FXUUHQWO\�DFWLYH��

/DVW�ZHHN�WKH\�KDG�D�WHOHSKRQH�FRQIHUHQFH�FDOO�VR�WKDW�WKH\�
ZRXOG�DOO�KDYH�D�FKDQFH�WR�DJUHH�RQ�WKH�JHQHUDO�GLUHFWLRQ�RI�
WKHLU� H[HFXWLYH� VXPPDU\�� ,Q� DGGLWLRQ�� WKH\� KDYH� EHHQ�
HPDLOLQJ� PHVVDJHV� EDFN� DQG� IRUWK� GDLO\�� 7RGD\�� &DURO� LV�
ZRUNLQJ�WR�LQFRUSRUDWH�KHU�DQDO\VLV�LQWR�WKH�GUDIW�GRFXPHQW�
WKDW� -RH� VHQW� \HVWHUGD\�� 6KH� OLNHV� WKH� JUDSK� VKRZLQJ� WKH�
GDWD�SRLQWV�WKDW�WKH\
YH�FKRVHQ�WR�XVH�EXW�WKLQNV�WKHUH�LV�DQ�
DGGLWLRQDO� LQWHUSUHWDWLRQ� WKDW� VKRXOG� EH� LQFOXGHG� EDVHG� RQ�
WKH� RULJLQDO� GDWD�� +RZHYHU�� LW� ZLOO� UHTXLUH� D� VXEVWDQWLDO�
FKDQJH�WR�WKH�VXPPDU\�JUDSK�DQG�VKH
V�QRW�VXUH�KRZ�WR�EHVW�
WR� UHSUHVHQW� KHU� FRQFHUQ�� 6KH� LV� DQ[LRXV� WR� LQWHUDFW� ZLWK�
$QQ� DQG� -RH� DERXW� WKH� GDWD� DQG� WKH� DQDO\VLV�� 6KH� KDV�
DOUHDG\�PDGH�VHYHUDO�PRGLILFDWLRQV� WR� WKH�GRFXPHQW� LWVHOI��
6KH�KDV� WULHG� WR� VXPPDUL]H�KHU�FRQFHUQV�DERXW� WKH�GDWD� LQ�
DQ� HPDLO� PHVVDJH�� +RZHYHU�� VKH� ZDQWV� WR� KDYH� D�
FRQYHUVDWLRQ� DERXW� LW��$OWKRXJK� VKH� NQRZV� VKH� FRXOG� FDOO��
-RH�W\SLFDOO\�ZRUNV�DW�KLV�KRPH�LQ�WKH�PRUQLQJV�ZKLOH�$QQ�
ZLOO�EH�LQ�WKH�FRPSDQ\�RIILFH��7KH\�ZRXOG�KDYH�WR�DUUDQJH�
IRU� D� FRQIHUHQFH� SKRQH� FDOO� DQG� VWLOO� PLJKW� KDYH� WURXEOH�
NQRZLQJ� H[DFWO\� ZKDW� SRLQW� LQ� WKH� RULJLQDO� GDWD� ZDV�
WURXEOLQJ� KHU�� 6KH� GHFLGHV� WR� XVH� WKH� $QFKRUHG�
&RQYHUVDWLRQV� WRRO�� ,Q� WKH� SDUDJUDSK� H[SODLQLQJ� WKH� GDWD��
VKH� LQVHUWV� D� VWLFN\� FKDW�ZLQGRZ�DQG� LQYLWHV�$QQ�DQG�-RH��
6KH�NQRZV�WKH\
OO�EH�JHWWLQJ�LQWR�ZRUN�VRRQ�DQG�WKH\
OO�VHH�
WKH� LQYLWDWLRQ� WR� FKDW� ZLWK� KHU�� 6KH� WKHQ� FRQWLQXHV� WR� HGLW�
RWKHU� VHFWLRQV� RI� WKH� GRFXPHQW�� LQVHUWLQJ� DQG� FDUHIXOO\�
SRVLWLRQLQJ�D�VHFRQG�DQFKRUHG�FRQYHUVDWLRQ�WR�H[SODLQ�ZK\�
VKH�UHRUJDQL]HG�WKH�5HODWHG�:RUN�VHFWLRQ���

$V�VRRQ�DV�&DURO�VHHV�DFWLYLW\��VKH�FDQ�VHH�WKLV�ERWK�LQ�WKH�
FRQYHUVDWLRQ� FRRUGLQDWRU� ZLQGRZ� DQG� LQ� WKH� VWLFN\� FKDW�
ZLQGRZ�LWVHOI���VKH�UHWXUQV�WR�WKDW�VHFWLRQ�RI�WKH�GRFXPHQW��
-RH� LV� WKHUH� DQG�DVNV�ZK\� VKH� LVQ
W� KDSS\�ZLWK� WKH�GDWD�DV�
SUHVHQWHG��&DURO� LPPHGLDWHO\� WHOOV� -RH�VKH
OO� VKRZ�KLP� WKH�
LVVXH�ZLWK� WKH�RULJLQDO�GDWD�DQG�PRYHV� WKH�FKDW�ZLQGRZ�WR�
WKH� VSUHDGVKHHW�ZLWK� DOO� WKH�RULJLQDO�GDWD��6KH� DQFKRUV� WKH�
FRQYHUVDWLRQ� WR� WKH� JUDSK� RI� GDWD� SRLQWV� WKDW� VKH� WKLQNV�
FRQWUDGLFW� WKH� VXPPDU\�GDWD� UHSUHVHQWDWLRQ��$V� VKH�PRYHV�
WKH� VWLFN\� FKDW� ZLQGRZ�� -RH¶V� GRFXPHQW� DXWRPDWLFDOO\�

VFUROOV�WR�WKH�ORFDWLRQ�&DURO�KDV�VHOHFWHG�DQG�WKH�VWLFN\�FKDW�
ZLQGRZ�LQ�KLV�GRFXPHQW�UHDQFKRUHG���

$W� WKLV� SRLQW�� $QQ� MRLQV� LQ� DV� ZHOO�� 6KH� UHYLHZV� WKH�
FRQYHUVDWLRQV�WKDW�KDYH�WDNHQ�SODFH�±�VHHLQJ�ZKDW�ZDV�VDLG�
DQG�ZKHUH� LW�ZDV� VDLG�� �6KH�DJUHHV�ZLWK�&DURO¶V�SRLQW�DQG�
VWDUWV�DQRWKHU�VWLFN\�FKDW�LQ�D�GRFXPHQW�ZKHUH�VKH�KDG�EHHQ�
WU\LQJ� YDULRXV� GDWD� UHSUHVHQWDWLRQV�� 1HLWKHU� -RH� QRU� &DURO�
KDV�VHHQ�WKLV�GRFXPHQW�EXW�FRSLHV�RSHQ�XS�IRU�HDFK�RI�WKHP�
RQ�WKHLU�UHVSHFWLYH�GHVNWRSV��DQG�DOO�WKH�FKDWV�DXWRPDWLFDOO\�
IROORZ��7KH\�FRQWLQXH� WR�PRYH�DURXQG� WKH�GDWD�� WKH�UHSRUW�
GRFXPHQW� DQG� WKHLU� FRQYHUVDWLRQ�� DUJXLQJ� DQG� GLVFXVVLQJ�
WKH�SRVVLELOLWLHV�IRU�WKHLU�VXPPDU\��

:KHQ� &DURO� OHDYHV� IRU� WKH� GD\�� VKH� NQRZV� WKDW� WKH� QH[W�
PRUQLQJ� VKH� ZLOO� KDYH� DQRWKHU� JR� DW� WKH� GRFXPHQW� ��� DQG�
WKDW� -RH� DQG� $QQ� ZLOO� KDYH� OHIW� FRQYHUVDWLRQV� LQ� FULWLFDO�
SODFHV� LQ� WKH� GRFXPHQW� WR� VKDUH� WKHLU� WKLQNLQJ�ZLWK�KHU� DV�
WKH\�FRQWLQXHG�WR�HGLW�WKH�UHSRUW��

$QFKRUHG� &RQYHUVDWLRQV� DOORZV� -RH�� $QQ�� DQG� &DURO� WR�
ZRUN� WRJHWKHU� RQ� D� VKDUHG� GRFXPHQW� GHVSLWH� WKHLU�
GLIIHUHQFHV�LQ�WLPH�DQG�SODFH��&DURO�ZDV�DEOH�WR�H[SUHVV�KHU�
FRQFHUQV� DERXW� WKH� GDWD� ZLWK� D� FOHDU� UHIHUHQFH� WR� WKH�
SDUWLFXODU� SODFH� LQ� WKH� GDWD� DW� LVVXH�� 7KH\� ZHUH� DEOH� WR�
FRQYHUVH�DW�WKH�VDPH�WLPH�DQG�WR�OHDYH�QRWHV�IRU�HDFK�RWKHU�
DW� GLIIHUHQW� WLPHV�� 3ODFLQJ� PXOWLSOH� FRQYHUVDWLRQV� LQ� WKH�
GRFXPHQWV�DOORZHG�GLIIHUHQW�FRQYHUVDWLRQV�WR�SRLQW�GLUHFWO\�
WR�GLIIHUHQW� WRSLFV��$OVR� D� FRQYHUVDWLRQ� FRXOG�PRYH�DV� WKH�
JURXS� GLVFXVVLRQ� FRQWLQXHG�� LW� ZDV� QRW� KHOG� WR� GRFXPHQW�
ERXQGDULHV�RU� W\SH��7KH�DQFKRUHG�FRQYHUVDWLRQ�VHUYHV�DV�D�
PHDQV� RI� DQQRWDWLRQ�� RI� FKDW�� RI� SRLQWHU� LQ� ERWK� UHDO�WLPH�
DQG�DW�GLIIHUHQW�WLPHV���

�

)LJXUH���$UFKLWHFWXUH�IRU�$QFKRUHG�&RQYHUVDWLRQV�

Implementation 
7KH� $QFKRUHG� &RQYHUVDWLRQV� VRIWZDUH� GHVLJQ� �)LJXUH� ���
FRQVLVWV�RI�VHYHUDO�FRPSRQHQWV�� ���� WKH�DQFKRU� WKDW� ORFDWHV�
D� FRQYHUVDWLRQ� ZLWKLQ� D� GRFXPHQW� FRQWH[W�� ���� WKH�
FRQYHUVDWLRQ� FOLHQW� WKDW� SURYLGHV� WKH� LQWHUIDFH� IRU� RQH�
FRQYHUVDWLRQ������WKH�FRQYHUVDWLRQ�FRRUGLQDWRU�WKDW�KDQGOHV�
DOO� FRQYHUVDWLRQV� RFFXUULQJ� RQ� D� KRVW� FRPSXWHU�� ���� WKH�
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$SSOLFDWLRQ�$QFKRUHG� &RQYHUVDWLRQ� LQWHUIDFH� WKDW� HPEHGV�
WKH� QHFHVVDU\� IXQFWLRQDOLW\� LQ� D� DSSOLFDWLRQ� UHTXLUHG� WR�
HQDEOH� FRQYHUVDWLRQV�� ���� WKH� &RQYHUVDWLRQ� 'DWDEDVH� WKDW�
PDLQWDLQV� DFFHVV� FRQWURO� DQG�FRQYHUVDWLRQ�KLVWRU\�� DQG� ����
WKH�FRPPXQLFDWLRQ�FKDQQHO���

7R�IDFLOLWDWH�GRFXPHQW�DUWLIDFWV�EHLQJ�DFFHVVHG�ZLWKLQ�WKHLU�
QDWLYH�DSSOLFDWLRQV��H�J��:RUG��3RZHU3RLQW��3KRWRVKRS��RQ�
D� YDULHW\� RI� KRVW� FRPSXWHUV�� WKH� $QFKRUHG� &RQYHUVDWLRQV�
FRPSRQHQWV�DUH�GHVLJQHG�WR�EH�LQGHSHQGHQWO\�LPSOHPHQWHG�
DQG� WR� FRPPXQLFDWH� ZLWK� HDFK� RWKHU� WKURXJK� VWDQGDUG�
SURWRFROV� �H�J��8'3��7&3�,3��+773���7KHVH�SURWRFROV�DUH�
VHOHFWHG� IRU� WKURXJKSXW� DQG� IXQFWLRQDOLW\� QHHGHG� IRU� WKH�
GLIIHUHQW� PHVVDJLQJ� UHTXLUHPHQWV� RI� WKH� FRPSRQHQW�
LQWHUIDFHV���

7KH�PDLQ�FRQYHUVDWLRQDO�HOHPHQWV��&RRUGLQDWRU��&OLHQW��DQG�
'DWDEDVH�� IRU� WKH� FXUUHQW� SURWRW\SH� $QFKRUHG�
&RQYHUVDWLRQV� LPSOHPHQWDWLRQ� DUH� ZULWWHQ� LQ� -DYD�� 7KH�
FRPPXQLFDWLRQ�FKDQQHO�LV�,5&��ZKLFK�KDV�EHHQ�SRUWHG�WR�D�
QXPEHU� RI� GLIIHUHQW� V\VWHPV�� 7KH� &RQYHUVDWLRQ� &OLHQW� LV�
EDVHG�RQ�D�VOLPPHG�GRZQ�,5&�FOLHQW�IRU�WH[W�FKDW��$QFKRUV�
DUH� FRQVWUXFWHG� XVLQJ� 0LFURVRIW
V� $FWLYH;� WHFKQRORJ\��
ZKLFK� HQDEOHV� HPEHGGLQJ� RI� DQFKRUV� LQ� D� ZLGH� UDQJH� RI�
0LFURVRIW� :LQGRZV� DSSOLFDWLRQV�� ,Q� RXU� VWXG\� �GHVFULEHG�
EHORZ��� ZH� XVHG� 0LFURVRIW� :RUG� ���� 65���� UXQQLQJ� RQ�
:LQGRZV� 17� ���� DQG� XVLQJ� GLIIHUHQW� 3HQWLXP�W\SH�
SURFHVVRUV�� 7KH� :RUG� $SSOLFDWLRQ�$&� ,QWHUIDFH� LV�
LPSOHPHQWHG� DV� D� VHW� RI� :RUG� PDFURV� �9LVXDO� %DVLF� IRU�
$SSOLFDWLRQV��9HUVLRQ��������

7KH� GHWDLOHG� GHVFULSWLRQ� RI� WKH� VRIWZDUH� DQG� IORZ� RI�
FRQYHUVDWLRQ�DQG�UHODWHG�GRFXPHQW�DQG�FRQWURO�LQIRUPDWLRQ�
VWDUWV�ZLWK�WKH�DQFKRUV��(DFK�DQFKRU�FRQVLVWV�RI�DQ�LQVWDQFH�
RI�DQ�$QFKRUHG�&RQYHUVDWLRQV�$FWLYH;�FRQWURO�ZUDSSHG�LQ�
D�:RUG�REMHFW��RI�W\SH�,QOLQH6KDSH���7KH�FRQWURO�UHSUHVHQWV�
D� VSHFLILF� SRLQW� RI� FRQYHUVDWLRQ� �E\� WKH� SXVKSLQ� JUDSKLF�
VKRZQ�LQ�)LJXUH����DQG�FDQ�GHWHUPLQH�DQG�H[SRUW�LWV�VFUHHQ�
FRQGLWLRQ� �ORFDWLRQ�� IRFXV�� H[SRVXUH� HWF���� ,QVHUWLQJ� DQ�
DQFKRU� WKXV� FDXVHV�D�QHZ�$QFKRUHG�&RQYHUVDWLRQV�FRQWURO�
WR� EH� LQVHUWHG� ZLWKLQ� D� FRQWH[W� RI� WKH� GRFXPHQW�� 7KH�
FRQWH[W� XVHG� LQ� WKH� FXUUHQW� :RUG�EDVHG� SURWRW\SH� WR�
GHWHUPLQH� WKH� FRQYHUVDWLRQ� ORFDWLRQ� FRQVLVWV� RI� D� UDQJH� RI�
WH[W� VXUURXQGLQJ� WKH� DQFKRU�� :KHQHYHU� WKH� DQFKRU� REMHFW�
FKDQJHV� LQ� YLVLELOLW\� �E\� VFUROOLQJ� LQ� WKH� GRFXPHQW�� RU�
PRYHV� �E\� ZLQGRZ� PRYHPHQW� RU� E\� WKH� XVHU� PRYLQJ� WKH�
DQFKRU� LWVHOI��� 8'3� PHVVDJHV� FRPPXQLFDWH� WKHVH� HYHQWV��
7KH�&RRUGLQDWRU�GLVWULEXWHV�DQFKRU�FKDQJH�HYHQWV�ORFDOO\�WR�
WKH�&OLHQW�FKDW�ZLQGRZV��7KH�ZLQGRZV�DUH�SRVLWLRQHG�QHDU�
WR��DQG�DXWRPDWLFDOO\�IROORZ�WKHLU�DQFKRULQJ�SRLQWV�ZLWKLQ�D�
GRFXPHQW���

6LJQLILFDQW� HYHQWV� OLNH� DQFKRU� FUHDWLRQ� RU� GHOHWLRQ� DUH�
GLVWULEXWHG�WR�RWKHU�KRVWV�XVLQJ�WKH�&RQYHUVDWLRQ�'DWDEDVH��
(DFK� &RRUGLQDWRU� PDLQWDLQV� D� ORFDO� FRS\� RI� WKH� UHOHYDQW�
SDUWV� RI� WKH�GDWDEDVH� WKDW� JHWV� XSGDWHG� DV� WKH� V\VWHP� VWDWH�
FKDQJHV��7KH�FKDW�FOLHQW�SURYLGHV�D�XVHU�LQWHUIDFH�E\�ZKLFK�
D� FRQYHUVDWLRQ� DERXW� VRPH� DVSHFW� RI� WKH� DUWLIDFW� PD\� EH�
FRQGXFWHG��7KH� WH[W� FRQYHUVDWLRQ�PHVVDJHV� DUH�GLVWULEXWHG�
IURP�WKH�FKDW�FOLHQWV�WR�FRUUHVSRQGLQJ�FOLHQWV�XVLQJ�WKH�,5&�

QHWZRUN��,5&�SURYLGHV�WKH�EDVLF�PDFKLQHU\�IRU�LQYLWDWLRQ�WR�
D�FRQYHUVDWLRQ��7KH�&RRUGLQDWRU�WKHQ�FRSLHV�WKH�GRFXPHQWV�
WR� WKH� ORFDO�KRVW�ZKHQ�DQ� LQYLWDWLRQ� LV�DFFHSWHG�DQG�RSHQV�
WKH�GRFXPHQW�WR�WKH�FRQWH[W�RI�WKH�LQYLWLQJ�DQFKRU��

7KHUH� DUH� D� QXPEHU� RI� ZD\V� WKH� VRIWZDUH� DUFKLWHFWXUH�
SHUPLWV� WKH� DQFKRUHG� FRQYHUVDWLRQ� DSSURDFK� WR� EH�
JHQHUDOL]HG�EH\RQG�WKH�FXUUHQW�SURWRW\SH�LQFOXGLQJ��

� 7KH� UHIHUHQFH� IUDPH� IRU� DQFKRU� ORFDWLRQ� PD\� YDU\�
GHSHQGLQJ�RQ�WKH�W\SH�RI�DSSOLFDWLRQ�DQG��DUWLIDFW��H�J���
FKDUDFWHU�SRVLWLRQ�ZLWKLQ�D�WH[W�ILOH�RU�>[�\@�FRRUGLQDWH�
LQ�D�ZLQGRZ��D�UDQJH�RI�WH[W�ZLWKLQ�D�:RUG�ILOH���

� $QFKRU� UHSUHVHQWDWLRQ� PD\� LQFOXGH� D� ELWPDS� LPDJH��
WH[W�� RU� VRPH� FRPELQDWLRQ� RI� WH[W� DQG� JUDSKLFV�� 7KH�
UHSUHVHQWDWLRQ� PD\� EH� VWDWLF� RU� PD\� FKDQJH� LQ� YDOXH�
EDVHG�RQ�LQIRUPDWLRQ�REWDLQHG�GLUHFWO\�IURP�XVHU�LQSXW��
IURP�WKH�&OLHQW��RU�RWKHU�H[WHUQDO�VRXUFHV��

� &OLHQWV� PD\� EH� DVVRFLDWHG� ZLWK� VHYHUDO� DQFKRUV�
�PXOWLSOH� WRSLF� FRQYHUVDWLRQ�� ORFDWHG� LQ� RQH� RU� PRUH�
DUWLIDFWV��,Q�WKH�ODVW�FDVH��RQH�DQFKRU�FDQ�EH�FRQVLGHUHG�
LWV�SULPDU\�YLVXDO�DWWDFKPHQW�WR�ZKLFK�WKH�FRQYHUVDWLRQ�
KRPHV��

&XUUHQWO\��ZH�KDYH�LPSOHPHQWHG�DQ�RSHQ�PRGHO�RI�VKDULQJ��
SHRSOH� ZKR� DUH� LQYLWHG� WR� FKDW� LQ� DQ\� ZLQGRZ� DVVRFLDWHG�
ZLWK� D� GRFXPHQW� DUH� DEOH� WR� DFFHVV� DOO� RWKHU� FKDWV��
+RZHYHU�� PRUH� FRQVHUYDWLYH�� VHOHFWLYH� PRGHOV� RI� VKDULQJ�
FDQ� DOVR� EH� LPSOHPHQWHG�� :H� KDYH� DOVR� VLGHVWHSSHG� WKH�
LVVXH�RI�YHUVLRQ�FRQWURO�E\�SURYLGLQJ�XVHUV�ZLWK�D�PHDQV�RI�
H[SOLFLW� UHV\QFKLQJ� GRFXPHQW� YHUVLRQV�� 3URPSWV� DUH� JLYHQ�
ZKHQ� DQFKRU� FRQWH[WV� DFURVV� WKH� RSHQ� FOLHQWV� DUH� RXW� RI�
V\QFK� DQG� LI� XVHUV� ZLVK� WR� V\QFK� XS�� WKH\� FDQ� FOLFN� RQ� D�
PHQX�EXWWRQ�WR�DXWRPDWLFDOO\�XSGDWH�WKHLU�GRFXPHQWV�WR�EH�
LQ� V\QFK�� &XUUHQWO\� DOO� GRFXPHQWV� V\QFK� WR� WKDW� RI� WKH�
RULJLQDO�LQYLWHU���

RELATED WORK 
7KH�$QFKRUHG� &RQYHUVDWLRQV� WRRO� ILWV� ZLWKLQ� WKH� JHQUH� RI�
OLJKWZHLJKW� FRPPXQLFDWLRQV� WHFKQRORJLHV� OLNH� FKDW� VSDFHV�
DQG�PHVVHQJHU�DSSOLFDWLRQV�>������@��8QOLNH�PDQ\�RI�WKHVH�
DSSOLFDWLRQV� $QFKRUHG� &RQYHUVDWLRQV� UHWDLQV� ORJV� RI�
FRQYHUVDWLRQV� DQG� WKH� FRQWH[WV� LQ� ZKLFK� WKH\� WRRN� SODFH��
)XUWKHU�� FKDW� ZLQGRZV� LQ� PRVW� DSSOLFDWLRQV� FDQQRW� EH�
DVVRFLDWHG� ZLWK� SODFHV� �L�H�� FDQQRW� EH� DQFKRUHG� LQWR�
GRFXPHQWV�� DQG� GR� QRW� UHWDLQ� D� KLVWRU\� RI� WKHLU� ORFDWLRQV�
DQG� XVDJH� LQ� DQ� LQWHJUDWHG�PDQDJHPHQW� WRRO��7KH\� FDQQRW�
WKHUHIRUH�EH�XVHG�IRU�DUWLIDFW�GRFXPHQW�QDYLJDWLRQ��

$QFKRUHG�&RQYHUVDWLRQV�SURYLGH�VRPH�RI� WKH� IXQFWLRQDOLW\�
RI� FROODERUDWLYH� GRFXPHQW� SURGXFWLRQ� WRROV� OLNH� 4XLOW� >�@�
WKDW� VXSSRUW� FROODERUDWLYH�GRFXPHQW�ZRUN�� ,Q�DGGLWLRQ�� WKH�
VWRUDJH� RI� DQFKRU� FRQWH[W� LQIRUPDWLRQ� LV� VLPLODU� WR� WKDW�
GHVFULEHG� IRU� DQQRWDWLRQV� LQ� 4XLOW� �H�J�� FUHDWRU�� FUHDWLRQ�
WLPH��DFWLYLW\�ORJV��QRWLILFDWLRQ�DQG�WULJJHULQJ�PHFKDQLVPV���
,Q�4XLOW��GLVFXVVLRQ�LGHDV�LQ�WKH�IRUP�RI�DQQRWDWLRQV�FDQ�EH�
�DWWDFKHG�GLUHFWO\�WR�WKH�UHOHYDQW�SRLQWV�LQ�GRFXPHQWV�UDWKHU�
WKDQ� LQGLFDWHG� E\� LQGLUHFW� UHIHUHQFH� WR� WKRVH� SRLQWV��� 7KH�
DXWKRUV� DUJXH� WKDW� WKLV� �GLUHFW� PDQLSXODWLRQ� DOORZV�
GLVFXVVLRQ� WKUHDGV� WR� EH� IROORZHG�PRUH� HDVLO\���+RZHYHU��



�

�

4XLOW�GRHV�QRW�VXSSRUW�V\QFKURQRXV�FRPPXQLFDWLRQV�LQ�WKH�
FRQWH[W� RI� WKH� WH[W� EHLQJ� GLVFXVVHG�� $QFKRUHG�
&RQYHUVDWLRQV�LV�SULPDULO\�D�FRQYHUVDWLRQ�WRRO�UDWKHU�WKDQ�D�
VKDUHG�DQQRWDWLRQ�WRRO��

$OVR� VLPLODU� LV� 0LFURVRIW¶V� 2IILFH� ����� IDFLOLW\� LQ� :RUG�
ZKLFK�VXSSRUWV�LQ�GRFXPHQW�WKUHDGHG�FRQYHUVDWLRQV��:KLOVW�
WKLV�LV�FORVH�WR�RXU�QRWLRQ�RI�LQ�FRQWH[W�FRQYHUVDWLRQ��ZLWKLQ�
GRFXPHQW� WKUHDGHG� GLVFXVVLRQV� FDQQRW� EH� YLHZHG�
LQGHSHQGHQWO\� RI� WKH� GRFXPHQW�� %\� FRQWUDVW�� VWLFN\� FKDWV�
FDQ� EH� DFFHVVHG� YLD� WKH� GDWDEDVH� DV� ZHOO� DV� YLD� WKH�
GRFXPHQW� LQ� ZKLFK� WKH\� DUH� DQFKRUHG�� )XUWKHU�� $QFKRUHG�
&RQYHUVDWLRQV�LV�DSSOLFDWLRQ�LQGHSHQGHQW�±�VWLFN\�FKDWV�FDQ�
EH�PRYHG� IURP� WH[W� GRFXPHQWV� WR� JUDSKLFDO� GRFXPHQWV� WR�
VSUHDGVKHHWV���

7KHUH�DUH�RWKHU�PHDQV�RI�VKDULQJ�FRQWH[WV�IRU�FRQYHUVDWLRQV�
�H�J�� �'� JUDSKLFDO� 08'V� >��@� DQG� �'� YLUWXDO� ZRUOGV���
6KDUHG�FRQWH[W�LV�HVWDEOLVKHG�E\�UH�UHSUHVHQWLQJ�DUWLIDFWV�LQ�
YLUWXDO� ZRUOGV�� 7KLV� SURFHVV� LV� WLPH� FRQVXPLQJ� DQG�
UHSUHVHQWV� D� EDUULHU� WR� TXLFN� DQG� HDV\� FRQWDFW��
FRPPXQLFDWLRQV� DQG� FROODERUDWLRQV�� WDVN� UHODWHG� VSDFHV�
PXVW�EH�FUHDWHG�EHIRUH�YLUWXDO�PHHWLQJV�FDQ� WDNH�SODFH��$W�
WKH� OHYHO�RI� WKH�GHVLJQ�PHWDSKRU��$QFKRUHG�&RQYHUVDWLRQV�
LQYHUWV� WKLV� PRGHO�� ,Q� WKH� $QFKRUHG� &RQYHUVDWLRQ� PRGHO��
LQVWHDG� RI� WDNLQJ� DUWLIDFWV� LQWR� WKH� YLUWXDO� SODFH�� WKH�
FRQYHUVDWLRQV�DUH� WDNHQ� LQWR� WKH�SUH�H[LVWLQJ�ZRUN�DUWLIDFWV�
WKDW�DUH�WKH�IRFXV�RI�FRQYHUVDWLRQV��7KH�SUH�H[LVWLQJ�DUWLIDFW�
EHFRPHV� WKH� HQYLURQPHQW�� EDFNGURS� RU� SHULSKHU\� IRU� WKH�
FRQYHUVDWLRQV���

'RFXPHQW� VKDULQJ�DQG�FRQYHUVDWLRQV�DUH�DOVR�VXSSRUWHG� LQ�
ZRUN� HQYLURQPHQW� V\VWHPV� �H�J�>�����������@��� +HUH��
DSSOLFDWLRQV� ZKLFK� DUH� UHOHYDQW� WR� D� ZRUN� SURMHFW� DUH� DOO�
³FRUUDOOHG´� LQWR� D�:HE�SDJH� RU�ZLQGRZ�EDVHG�ZRUNVSDFH��
7KXV��DUWLIDFWV�RI�UHOHYDQFH�DQG�WKH�FKDW�ZLQGRZ�DUH�DOO� LQ�
WKH� VDPH� GHVNWRS� ZLQGRZ� VSDFH�� 7KH� DVVRFLDWLRQ� WKDW�
RFFXUV�� KRZHYHU�� LV� DW� WKH� DSSOLFDWLRQ� OHYHO� ±� WKH� FKDW�
ZLQGRZ� LV� DVVRFLDWHG� ZLWK� WKH� ZRUN� DUWLIDFW� DSSOLFDWLRQV�
EHFDXVH� LW� LV� LQ� WKH� VDPH� ZRUNVSDFH�� 7KHVH� WRROV� GR� QRW�
LQWHJUDWH�WKH�FRQYHUVDWLRQ�RU�FKDW�VSDFHV�ZLWK�WKH�WH[W�RI�WKH�
GRFXPHQWV��VKDULQJ�LV�DW�WKH�OHYHO�RI�ILOHV�DQG�IROGHUV��

USER STUDY 
$Q�LQIRUPDO�XVHU�VWXG\�ZDV�FDUULHG�RXW�XVLQJ�RXU�$QFKRUHG�
&RQYHUVDWLRQV�SURWRW\SH��7KH�JRDO�RI�WKH�XVHU�VWXG\�ZDV�WR�
HYDOXDWH� WKH� EDVLF� IHDWXUHV� RI�$QFKRUHG�&RQYHUVDWLRQV�� WR�
EHJLQ� WR� REVHUYH� WKH� ZD\V� LQ� ZKLFK� SHRSOH� PLJKW�
DSSURSULDWH� WKH� IXQFWLRQDOLW\�� DQG� WR� REWDLQ� IHHGEDFN� RQ�
SRVVLEOH� DSSOLFDWLRQV� RI� WKH� VRIWZDUH� LQ� SHRSOH¶V� ZRUNLQJ�
OLYHV���

6L[� WHDPV� RI� WKUHH� SDUWLFLSDQWV� ZHUH� DVNHG� WR� VKDUH� D�
GRFXPHQW� DQG� WR� DQVZHU�TXHVWLRQV� UHJDUGLQJ�YDULRXV�SDUWV�
RI�WKH�GRFXPHQW��7KH�TXHVWLRQV�GLUHFWHG�WKH�FRQYHUVDWLRQ�WR�
VSHFLILF� SDJHV�� SDUDJUDSKV�� LQGLYLGXDO� ZRUGV�� DQG� SLFWXUH�
FRQWHQW�� 2QH� SHUVRQ� ZDV� HOHFWHG� ³WHDP� OHDGHU´� DQG� WRRN�
UHVSRQVLELOLW\� IRU� LQYLWLQJ� WKH� RWKHUV� WR� KHOS�ZLWK� WKH� WDVN��
7KLV� SHUVRQ� WRRN� UHVSRQVLELOLW\� IRU� UHFRUGLQJ� DQVZHUV� WR�
TXHVWLRQV�� DQG� KHU�KLV� GRFXPHQW�ZDV� FRQVLGHUHG� WR� EH� WKH�
µPDVWHU¶� GRFXPHQW�� 7KH� WDVN� ZDV� LQWHQGHG� WR� EH� RQH� WKDW�

ZRXOG� HQJDJH� WKH� JURXS� LQ� WKH� FRQWHQW� RI� WKH� GRFXPHQW�
UDWKHU� WKDQ� IRFXVLQJ� RQ� SURWRW\SH� IHDWXUHV� DQG� WKDW�ZRXOG�
UHTXLUH� XVH� RI� WKH� DQFKRUHG� FRQYHUVDWLRQ� VSDFH� LQ� MRLQW�
DFWLYLW\�� $OO� JURXSV� ZHUH� JLYHQ� D� GHPRQVWUDWLRQ� DQG�
WUDLQLQJ� LQVWUXFWLRQV�� WKHQ������PLQXWHV�SUDFWLFLQJ�ZLWK� WKH�
V\VWHP�DQG�WKHQ����PLQXWHV� WR�DQVZHU� WKH�TXHVWLRQV��$IWHU�
WUDLQLQJ��JURXS�PHPEHUV�ZHUH�VHSDUDWHG�LQWR�WKUHH�GLIIHUHQW�
URRPV� VR� WKDW� WKHLU� RQO\� FRPPXQLFDWLRQ� ZDV� E\� XVLQJ�
VWLFN\� FKDWV�� 7KHLU� LQVWUXFWLRQV� ZHUH� WR� DQVZHU� HDFK�
TXHVWLRQ� LQ� WKH� FRQYHUVDWLRQ� VSDFH�� UHDFKLQJ� DJUHHPHQW�
DPRQJ�WKH�WKUHH�RI�WKHP��)RU�PRVW�TXHVWLRQV��WKHUH�ZDV�QR�
VLQJOH� ULJKW� RU� EHVW� DQVZHU�� $� IROORZ�XS� GLVFXVVLRQ� ZLWK�
JURXS� PHPEHUV� LQFOXGHG� TXHVWLRQV� DERXW� WKHLU� RYHUDOO�
H[SHULHQFH� XVLQJ� WKH� SURWRW\SH� DQG� ZKHWKHU� RU� QRW� WKH\�
FRXOG�LPDJLQH�XVLQJ�VXFK�DQ�DSSOLFDWLRQ�LQ�WKHLU�RZQ�ZRUN��
$OO� WKH� SDUWLFLSDQWV� VDLG� WKH\� HQMR\HG� WKH� H[HUFLVH� DQG� DOO�
JURXSV� DQVZHUHG� DW� OHDVW� ���� TXHVWLRQV�� 7KH� ³VWLFN\� FKDW´�
PHWDSKRU� SURYHG� HDV\� WR� JUDVS��$� SUHOLPLQDU\� ORRN� DW� WKH�
GDWD� VXJJHVWV� WKDW� PRVW� JURXSV� FKRVH� WR� XVH� PXOWLSOH�
FRQYHUVDWLRQ� VSDFHV�� WKDW� WKH� SDUWLFLSDQWV� ZHUH� KLJKO\�
LQWHUDFWLYH�DQG�WKDW�WKH�EDVLF�IXQFWLRQDOLW\�ZDV�XVHG�ZLWKRXW�
SUREOHPV�� ,Q� IROORZ�XS� GLVFXVVLRQV�� SDUWLFLSDQWV� ZHUH�
HQWKXVLDVWLF�DERXW�WKHLU�H[SHULHQFHV�DQG�SURYLGHG�QXPHURXV�
LGHDV� IRU� IXWXUH� GHVLJQ� DQG� XVH�� 2QH� RI� RXU� SDUWLFLSDQWV�
VWDWHG�³7KLV�ZRXOG�EH�UHDOO\�JRRG�IRU�RQOLQH�FULWLTXLQJ�DQG�
GLVFXVVLRQ�� OLNH� LQ� WKH� PDJD]LQH� :HEVLWHV� ,� XVH´�� 0RUH�
GHWDLOHG�DQDO\VLV�RI�WKH�VWXG\�ZLOO�EH�IRUWKFRPLQJ��

SUMMARY AND FUTURE WORK 
,Q� WKLV� SDSHU� ZH� KDYH� GHVFULEHG� D� WRRO�� $QFKRUHG�
&RQYHUVDWLRQV�� ZKLFK� VXSSRUWV� V\QFKURQRXV� DQG�
DV\QFKURQRXV� FRPPXQLFDWLRQV� RYHU� GRFXPHQWV�� 7KLV�
DSSOLFDWLRQ� DOORZV� FRQYHUVDWLRQ� SODFHV� LQ� WKH� IRUP�RI� FKDW�
VSDFHV�WR�EH�DVVRFLDWHG�ZLWK�VSHFLILF�ORFDWLRQV�ZLWKLQ�ZRUN�
GRFXPHQWV�� 7KH� $QFKRUHG� &RQYHUVDWLRQV� DSSOLFDWLRQ� DQG�
WKH� GRFXPHQW� DSSOLFDWLRQV�ZLWKLQ�ZKLFK� FRQYHUVDWLRQV� FDQ�
EH� DQFKRUHG� DUH� DVVRFLDWHG� E\� PHDQV� RI� WKH� SUHVHUYHG�
FRQWH[W� LQIRUPDWLRQ��$QFKRUHG�&RQYHUVDWLRQV�ZLQGRZV��RU�
VWLFN\�FKDW�ZLQGRZV��DUH�QRW�HPEHGGHG�ZLWKLQ�GRFXPHQWV�±�
WKH\� DUH� DVVRFLDWHG� ZLWK� ORFDWLRQV� LQ� GRFXPHQWV�� 7KXV�
FRQYHUVDWLRQV�PD\�EH�DFFHVVHG�IURP�ZLWKLQ�GRFXPHQWV�DQG�
IURP�WKH�$QFKRUHG�&RQYHUVDWLRQ�FRRUGLQDWRU�ZLQGRZ��

$QFKRUHG� &RQYHUVDWLRQV� LV� ERWK� FRJQLWLYHO\� DQG�
FRPSXWDWLRQDOO\�OLJKWZHLJKW�LQ�WKH�IROORZLQJ�ZD\V���

� %\� WDNLQJ� FRQYHUVDWLRQV� WR� GRFXPHQWV�� $QFKRUHG�
&RQYHUVDWLRQV� GRHV� QRW� UHTXLUH� UH�UHSUHVHQWDWLRQ� LQ� D�
YLUWXDO� ZRUOG� EHIRUH� VKDUHG� FRQWH[W� FDQ� EH� HVWDEOLVKHG��
5DWKHU�� $QFKRUHG� &RQYHUVDWLRQV� SURYLGHV� D� PHDQV� RI�
SODFLQJ� FRQYHUVDWLRQV� ZLWKLQ� WKH� DOUHDG\� H[LVWHQW� ZRUN�
FRQWH[WV���GRFXPHQWV���

� 7KH�$QFKRUHG�&RQYHUVDWLRQ� WRRO� VHW� XS� VKDUHG� FRQWH[WV�
IRU�LQWHUDFWLRQ�RYHU�GRFXPHQWV�DXWRPDWLFDOO\��XVHUV�GR�QRW�
QHHG� WR� LQYRNH� RWKHU� DSSOLFDWLRQV�� 1DYLJDWLRQ� WR� VKDUHG�
FRQWH[WV� LV� DOVR� DXWRPDWLF�� )XUWKHU�� DSSOLFDWLRQ� FRQWURO� LV�
QRW� WDNHQ� DZD\� DQG� HDFK� FROODERUDWRU� KDV� DFFHVV� WR� WKH�
DSSOLFDWLRQ¶V� IXOO� FDSDELOLWLHV�� 7KHUH� LV� DOVR� DQ� HDV\�
PHFKDQLVP�IRU�UHV\QFKLQJ�GRFXPHQWV�LI�QHFHVVDU\��
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� $QFKRUHG�&RQYHUVDWLRQV�LV�HDV\�WR�OHDUQ�WR�XVH��$V�VDLG��
XVHU¶V�H[LVWLQJ�H[SHUWLVH�DQG�NQRZOHGJH�RI�KRZ�WR�XVH�WKH�
GRFXPHQW� DSSOLFDWLRQ� UHPDLQV� UHOHYDQW�� 8VHUV� DUH� QRW�
SODFHG� LQWR� XQIDPLOLDU� FRQWH[WV� WR� GR� ZRUN�� %\� FRQWUDVW��
WRROV� ZKLFK� UH�UHQGHU� ZRUN� DUWLIDFWV� UHTXLUH� WKDW� XVHUV�
OHDUQ�KRZ�WR�LQWHUDFW�ZLWK�WKRVH�DUWLIDFWV�LQ�QHZ�ZD\V��DQG�
RIWHQ�IDPLOLDU�DSSOLFDWLRQ�W\SHV�PXVW�EH�UH�LPSOHPHQWHG��

� 7KH�$QFKRUHG�&RQYHUVDWLRQ�WRRO�LV�DOVR�ORZ�RYHUKHDG�DV�
LWV� XVH� LV� XQLIRUP� DFURVV� GLIIHUHQW� DSSOLFDWLRQV�� 7KXV��
LQVHUWLQJ�D�VWLFN\�FKDW�ZLQGRZ�LQWR�D�VSUHDGVKHHW�UHTXLUHV�
WKH� VDPH� DFWLRQV� DV� LQVHUWLQJ� RQH� LQWR� D� ZRUG� SURFHVVRU�
GRFXPHQW��6LPLODUO\��KROGLQJ�D�GLVFXVVLRQ�LQ�D�VWLFN\�FKDW�
ZLQGRZ�ZKHUH�DQ� LPDJH�SURYLGHV�WKH�EDFNJURXQG��H�J��LQ�
$GREH� 3KRWR6KRS�� UHTXLUHV� WKH� VDPH� XVHU� DFWLRQV� DV�
KROGLQJ�D�GLVFXVVLRQ�LQ�D�VSUHDGVKHHW���

� 8VHUV� FDQ� PRYH� EHWZHHQ� GLIIHUHQW� GRFXPHQWV� DQG�
DSSOLFDWLRQV� IROORZLQJ� FRQYHUVDWLRQ� OLQNV�� )ROORZLQJ�
FRQYHUVDWLRQ� OLQNV� LQ� WKLV� ZD\� UHVXOWV� LQ� WKH� EDFNJURXQG�
GRFXPHQWV� EHLQJ� RSHQHG� DXWRPDWLFDOO\�� DQG� FLUFXPYHQWV�
WKH�QHHG�IRU�WKH�XVHU�WR�VHDUFK�IRU�WKH�UHOHYDQW�GRFXPHQWV�
WR� RSHQ�� 7KH� &RQYHUVDWLRQ� &RRUGLQDWRU�� QRW� WKH� XVHU��
KDQGOHV� WKH� QDYLJDWLRQ� WR� ORFDWLRQV� LQ� GRFXPHQWV� LQ�
GLIIHUHQW�DSSOLFDWLRQV�DQG�QRW�WKH�XVHU���

7KHUH�DUH�D�QXPEHU�RI�LVVXHV�ZH�DUH�FXUUHQWO\�DGGUHVVLQJ�LQ�
RXU�ZRUN�RQ�$QFKRUHG�&RQYHUVDWLRQV��7KHVH�LQFOXGH�LVVXHV�
DERXW�VWLFN\�FKDW�SULYDF\�DQG�DFFHVVLELOLW\��LPSOHPHQWDWLRQ�
DFURVV� GLIIHUHQW� GRFXPHQW� W\SHV�� GDWDEDVH� H[SDQVLRQ�� DQG�
VKDUHG�HGLWLQJ�RI�XQGHUO\LQJ�GRFXPHQWV��2XU�FXUUHQW�PRGHO�
RI�GRFXPHQW�VKDULQJ�LV�WKDW��RQFH�LQYLWHG�WR�D�VLQJOH�FKDW�LQ�
D� GRFXPHQW�� DOO� RWKHU� FKDWV� DUH� DYDLODEOH�� $� PRUH�
FRQVHUYDWLYH� PRGHO� PD\� EH� DSSURSULDWH� ZLWK� FHUWDLQ�
GRFXPHQWV� ZKHUH� VHFXULW\� DQG� SULYDF\� RI� FRQYHUVDWLRQV� LV�
RI�LPSRUW���

:H�KDYH� VXFFHVVIXOO\� LPSOHPHQWHG� D�SURWRW\SH� WKDW�ZRUNV�
ZLWK� 06� :RUG�� DQG� DUH� QRZ� IDFLQJ� WKH� FKDOOHQJH� RI�
VXSSRUWLQJ�VWLFN\�FKDW�ZLQGRZV�DFURVV�GLIIHUHQW�DSSOLFDWLRQ�
W\SHV�� 3UHVHUYLQJ� FRQWH[W� ZLOO� WKHQ� UHTXLUH� DSSURSULDWH�
UHSUHVHQWDWLRQV� LQ� WKH� GDWDEDVH��:H� DUH� DOVR� FRQFHUQHG� WR�
PDNH�WKH�GDWDEDVH�PRUH�G\QDPLF��ZH�ZRXOG�OLNH�WR�VXSSRUW�
DFFHVV� WR� GRFXPHQWV� DV� ZHOO� DV� FKDWV� YLD� WKH� GDWDEDVH��
)LQDOO\��$QFKRUHG�&RQYHUVDWLRQV� FRXOG�EHQHILW� IURP�EHLQJ�
KRVWHG�LQ�XQGHUO\LQJ�GRFXPHQW�DSSOLFDWLRQV�WKDW�WKHPVHOYHV�
SURYLGH�VKDUHG�HGLWLQJ�DQG�FROODERUDWLYH�XVH���
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