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%HVNRZ��-���(GOXQG�� -���DQG�1RUGVWUDQG��0�� �VXEPLWWHG����$�0RGHO� IRU�*HQHUDOLVHG�0XOWL�
0RGDO� 'LDORJXH� 6\VWHP� 2XWSXW� $SSOLHG� WR� DQ� $QLPDWHG� 7DONLQJ� +HDG�� 7R� DSSHDU� LQ�
0LQNHU��:��� %�KOHU��'�� DQG�'\ENM U�� /�� �(GV�� 6SRNHQ�0XOWLPRGDO�+XPDQ�&RPSXWHU�'LDORJXH� LQ�
0RELOH�(QYLUQRQPHQWV��'RUGUHFK��7KH�1HWKHUODQGV��.OXZHU�$FDGHPLF�3XEOLVKHUV��
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',$/2*8(�6<67(0�287387�$33/,('�72�
$1�$1,0$7('�7$/.,1*�+($'�
�
-RQDV�%HVNRZ��-HQV�(GOXQG�DQG�0DJQXV�1RUGVWUDQG1��
�
&HQWUH�IRU�6SHHFK�7HFKQRORJ\�
5R\DO�,QVWLWXWH�RI�7HFKQRORJ\�
6WRFNKROP��6ZHGHQ�
�

$%675$&7�
:H�SUHVHQW�D�KLJK�OHYHO�IRUPDOLVP�IRU�VSHFLI\LQJ�YHUEDO�DQG�QRQ�YHUEDO�RXWSXW�IURP�D�PXOWL�
PRGDO� GLDORJXH� V\VWHP��7KH�RXWSXW� VSHFLILFDWLRQ� LV�;0/�EDVHG� DQG�SURYLGHV� LQIRUPDWLRQ�
DERXW� FRPPXQLFDWLYH� IXQFWLRQV� RI� WKH� RXWSXW�� ZLWKRXW� GHWDLOLQJ� WKH� UHDOLVDWLRQ� RI� WKHVH�
IXQFWLRQV��7KH�DLP�LV�WR�OHW�GLDORJXH�V\VWHPV�JHQHUDWH�WKH�VDPH�RXWSXW�IRU�D�ZLGH�YDULHW\�RI�
RXWSXW� GHYLFHV� DQG� PRGDOLWLHV��:H� JLYH� H[DPSOHV� IURP� DQ� LPSOHPHQWDWLRQ� LQ� WKH� PXOWL�
PRGDO�VSRNHQ�GLDORJXH�V\VWHP�$G$SW��DQG�GHVFULEH�KRZ�IDFLDO�JHVWXUHV�DUH�LPSOHPHQWHG�LQ�
WKH��'�DQLPDWHG�WDONLQJ�KHDG�XVHG�ZLWKLQ�WKLV�V\VWHP��
�
.H\ZRUGV��� JHVRP��GLDORJXH�V\VWHP��PXOWL�PRGDO�RXWSXW��WDONLQJ�KHDG�

���,1752'8&7,21�
6SHHFK�LV�D�XVHIXO�PRGDOLW\��HVSHFLDOO\�LI�RQH�FRQVLGHUV�PRELOH�GHYLFHV��ZKHUH�H�J��D�NH\ERDUG�
LV� QRW� DYDLODEOH�� 8VLQJ� RWKHU� PRGDOLWLHV� WRJHWKHU� ZLWK� VSHHFK� PD\� DOOHYLDWH� VRPH� RI� WKH�
SUREOHPV� DVVRFLDWHG� ZLWK� VSRNHQ� KXPDQ�FRPSXWHU� GLDORJXH�� 6SRNHQ� GLDORJXH� V\VWHPV�
LQFRUSRUDWLQJ�VRPH�IRUP�RI�DQLPDWHG�FKDUDFWHUV�DUH�EHFRPLQJ�LQFUHDVLQJO\�SRSXODU��7KHUH�
DUH�PDQ\� FRPSHOOLQJ� UHDVRQV� WR� LQFOXGH� DQ� DQLPDWHG� DJHQW� LQ� WKH� LQWHUIDFH�� 6LQFH� SHRSOH�
KDYH�OLIH�ORQJ�H[SHULHQFH�DW�LQWHUSUHWLQJ�IDFLDO�H[SUHVVLRQV�DQG�JHVWXUHV��0F1HLOO���������LW�LV�
RQH�RI�WKH�PRVW�LQWXLWLYH�DQG�QRQ�LQWUXVLYH�LQWHUIDFHV�LPDJLQDEOH��8VLQJ�JHVWXUHV��DQ�DJHQW�
FDQ�FRQWLQXRXVO\�SURYLGH�WKH�XVHU�ZLWK�IHHGEDFN�DERXW�WKH�SURJUHVV�RI�WKH�GLDORJXH��7KLV�LV�
DQ� HOHJDQW� ZD\� WR� KDQGOH� SUREOHPV� ZLWK� WXUQ� WDNLQJ�� SRWHQWLDOO\� UHVXOWLQJ� LQ� D� VPRRWKHU�
GLDORJXH� IORZ��ZKLOH� DW� WKH� VDPH� WLPH�PDNLQJ� WKH� V\VWHP�DSSHDU�PRUH� UHVSRQVLYH��*LYHQ�
SURSHU� VSHHFK�V\QFKURQLVHG�DUWLFXODWRU\�PRYHPHQWV� DQG�HPSKDWLF�JHVWXUHV�� WKH�DJHQW�ZLOO�
ERRVW�WKH�LQWHOOLJLELOLW\�RI�WKH�VSRNHQ�RXWSXW��$JHOIRUV�HW�DO����������

:KHQ� FRQVLGHULQJ� GLDORJXH� V\VWHPV� LQ� PRELOH� HQYLURQPHQWV�� LW� LV� FOHDU� WKDW� FRGLQJ�
RXWSXW� VHSDUDWHO\� IRU� HDFK� FRQFHLYDEOH� RXWSXW� GHYLFH� DQG�PRGDOLW\� LV� D� FRPSOLFDWHG� DQG�
WLPH�FRQVXPLQJ�WDVN��7KH�WDVN�JHWV�PDQDJHDEOH�LI�RQH�OHDYHV�WKH�RXWSXW�GHYLFH�WR�FKRRVH�WR�
SUHVHQW�WKH�RXWSXW�LQ�D�PDQQHU�VXLWDEOH�IRU�LWV�FDSDFLW\��7H[W��IRU�H[DPSOH��PD\�EH�SUHVHQWHG�
DV�ZULWWHQ�WH[W�RU�VSHHFK��DQG�HPSKDVLV�VLJQDOOHG�ZLWK�HLWKHU�EROGIDFH��SURVRG\�DQG�RU�IDFLDO�
JHVWXUHV�� 7KLV� FKDSWHU� SUHVHQWV� *(620� �*(QHULF� 6\VWHP� 2XWSXW� 0RGHO��� D� KLJK� OHYHO�
DEVWUDFWLRQ�OD\HU�IRU�VSHFLI\LQJ�YHUEDO�DQG�QRQ�YHUEDO�RXWSXW�LQ�D�ZD\�WKDW�IUHHV�WKH�GLDORJXH�
V\VWHP·V� RXWSXW� JHQHUDWLRQ� IURP� WKH� QHHG� WR� NQRZ� GHWDLOV� DERXW� WKH� FDSDELOLWLHV� RI� WKH�
RXWSXW� GHYLFH� �VHH� ILJ�� ��� 7KH� DLP� LV� WR� DOORZ� WKH� VDPH� GLDORJXH� V\VWHP� WR� ZRUN� ZLWK� D�
YDULHW\�RI�RXWSXW�GHYLFHV� DQG�PRGDOLWLHV�ZLWK�D�PLQLPXP�RI�DGDSWDWLRQ��$�EHQHILFLDO� VLGH�
�����������������������������������������������������������

� �1DPHV�LQ�DOSKDEHWLF�RUGHU�
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HIIHFW�LV�WKDW�RXWSXW�GHYLFHV�LPSOHPHQWLQJ�*(620�PD\�EH�XVHG�ZLWK�DQ\�GLDORJXH�V\VWHP�
FRQIRUPLQJ�WR�*(620���
����5HODWHG�ZRUN�
6HYHUDO� PRGHOV� IRU� DXWRPDWLF� JHQHUDWLRQ� RI� JHVWXUHV� IRU� DQLPDWHG� FKDUDFWHUV� LQ�
FRQYHUVDWLRQDO�V\VWHPV�KDYH�EHHQ�SURSRVHG��1DJDR�DQG�7DNHXFKL�������SUHVHQW�VWDWLF�IDFLDO�
GLVSOD\V� IRU� VLJQDOOLQJ� FRPPXQLFDWLYH� IXQFWLRQV� LQ� D� GLDORJXH� V\VWHP�� 3HODFKDXG� DQG�
3UHYRVW�� ����� SUHVHQW� D� PRGHO� IRU� JHQHUDWLQJ� IDFLDO� H[SUHVVLRQV� DQG� LQWRQDWLRQ� IURP� D�
FRPPRQ�UHSUHVHQWDWLRQ��3RJJL�DQG�3HODFKDXG�������SUHVHQW�DQ�DJHQW�FDSDEOH�RI�VLJQDOOLQJ�
LWV�FRPPXQLFDWLYH�JRDO��H�J��E\�VKRZLQJ�HPRWLRQV�LQ�WKH�IDFH��7KzULVVRQ��������DQG�&DVVHOO�
HW� DO�� �������ERWK�GHVFULEH� FRPSOHWH� IUDPHZRUNV� IRU� FRQYHUVDWLRQDO� GLDORJXH� V\VWHPV� WKDW�
LQFRUSRUDWH�DQLPDWHG�DJHQWV�FDSDEOH�RI�JHQHUDWLQJ�GHLFWLF�JHVWXUHV��WXUQ�WDNLQJ�VLJQDOV��DQG�
HPEOHPDWLF�JHVWXUHV�� UHO\LQJ�RQ� LQSXW� IURP� VHYHUDO� VRXUFHV�� ,Q�FRQWUDVW�� RXU�PRUH� OLPLWHG�
PRGHO� DLPV� DW� VHSDUDWLQJ� WKH� GLDORJXH� V\VWHP� IURP� WKH� UHDOLVDWLRQ� RI� RXWSXW� LQ� RUGHU� WR�
IDFLOLWDWH�UDSLG�GHYHORSPHQW�DQG�SRUWDELOLW\��ZKLFK�LV�D�JRDO�SHUKDSV�PRUH�FORVHO\�UHODWHG�WR�
WKDW� RI� SURSRVHG� PDUN�XS� ODQJXDJHV� VXFK� DV� 660/� �%XUQHWW� HW� DO��� ������ DQG� 9+0/�
�*XVWDYVVRQ�HW�DO����������7KRURXJK�GLVFXVVLRQV�RI�WKHVH�PDUN�XS�ODQJXDJHV�DQG�RWKHUV�DUH�
IRXQG�LQ�3LUNHU�DQG�.UHQQ�������DQG�*XVWDYVVRQ�HW�DO���������,Q�WKHLU�SUHVHQW�VWDWH�� WKHVH�
ODQJXDJHV�WHQG�WR�VSHFLI\�WKH�RXWSXW�RQ�D� ORZ�OHYHO��ZLWK�FRQVLGHUDEOH�GHWDLO��ZKLFK�PDNHV�
WKHP�OHVV�ZHOO� VXLWHG�IRU�RXU�SXUSRVHV��7KH�ZRUN� LQ� WKLV�SDSHU�DOVR�EXLOGV�RQ�H[SHULHQFHV�
JDLQHG� IURP� SUHYLRXV� HIIRUWV� DW� LQWHJUDWLQJ� DQLPDWHG� FKDUDFWHUV� LQWR� GLDORJXH� V\VWHPV�
GHYHORSHG�DW�&77��%HUWHQVWDP�HW�DO���������%HVNRZ�HW�DO���������*XVWDIVRQ�HW�DO��������DQG�
*UDQVWU|P�HW�DO����������

�
�
 

�)LJXUH����*(620���D�OD\HU�EHWZHHQ�WKH�GLDORJXH�V\VWHP�DQG�DQ�RXWSXW�GHYLFH��
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����%DFNJURXQG�
7KH� *(620� VSHFLILFDWLRQ� ZDV� FUHDWHG� WR� FRSH� ZLWK� QHHGV� WKDW� DURVH� GXULQJ� WKH�
GHYHORSPHQW�RI�WKH�$G$SW�V\VWHP��VHH�ILJ���D���ZKLFK�ZDV�EXLOW�DW�&77��ZLWK�7HOLD�5HVHDUFK�
DV�DQ�LQGXVWULDO�SDUWQHU��*XVWDIVRQ�HW�DO����������7KH�V\VWHP�DOORZV�XVHUV�WR�EURZVH�WKH�UHDO�
HVWDWH�PDUNHW�LQ�GRZQWRZQ�6WRFNKROP��DQG�IHDWXUHV�PXOWL�PRGDO�LQSXW��VSHHFK��FOLFNV��DQG�
D��'�DQLPDWHG�WDONLQJ�KHDG�SURGXFLQJ�OLS�V\QFKURQLVHG�V\QWKHWLF�VSHHFK��%HVNRZ���������,W�
LV�XVHG�DV�D�UHVHDUFK�SODWIRUP�IRU�GHYHORSPHQW�DQG�XVHU�WHVWLQJ��H�J��RI�PXOWL�PRGDO� LQSXW�
DQG�RXWSXW��7KH�V\VWHP�LV�PRGXODU��ILJ���E���LQ�RUGHU�WR�IDFLOLWDWH�UDSLG�LPSOHPHQWDWLRQ�DQG�
LQWHJUDWLRQ� RI� QHZ� IXQFWLRQDOLW\�� :KHQ� WKH� RXWSXW� VLGH� RI� WKH� $G$SW� DUFKLWHFWXUH� ZDV�
GHYHORSHG�� LW� ZDV� LPSRUWDQW� WR� DOORZ� IRU� UDSLG� WHVWLQJ� RI� GLIIHUHQW� W\SHV� RI� QRQ�YHUEDO�
RXWSXW� LQ� WKH� DQLPDWHG� WDONLQJ� KHDG�� 2QH� RI� WKH� JRDOV� RI� WKH� V\VWHP� ZDV� WR� LPSOHPHQW�
PHDQLQJIXO� IDFLDO� JHVWXUHV�� LQVSLUHG� E\� UHVXOWV� LQ� H�J�� &DVVHOO� HW� DO��� ������ ,Q� WKLV� SURFHVV�
SUREOHPV� DURVH� ZLWK� LVVXHV� VXFK� DV� EDFNZDUGV� FRPSDWLELOLW\� �WKH� LQWURGXFWLRQ� RI� QHZ�
HQWLWLHV� LQ� WKH� RXWSXW� JHQHUDWHG� E\� WKH� GLDORJXH� V\VWHP� ZRXOG� FDXVH� RXWSXW� PRGXOHV� WR�
PDOIXQFWLRQ��� ,QWHU�PRGXODU�FRPPXQLFDWLRQ� LQ�$G$SW� LV�HQFRGHG� LQ�;0/��ZKLFK� LV�JRRG�
IRU� EDFNZDUGV� DQG� IRUZDUGV� FRPSDWLELOLW\�� EXW� WKH� RULJLQDO� VSHFLILFDWLRQ� IRU� RXWSXW�
JHQHUDWLRQ�FOHDUO\�QHHGHG�VRPH�ZRUN��,Q�RUGHU�WR�PDNH�WKH�RXWSXW�UREXVW�DQG�JHQHUDO��WKH�
IROORZLQJ�KDG�WR�EH�DGGUHVVHG���

• 7KH� GLDORJXH� V\VWHP� VKRXOG� SUHIHUDEO\� QRW� KDYH� WR� NQRZ� WRR� PXFK� DERXW� WKH�
RXWSXW�GHYLFH�DQG�LWV�FDSDELOLWLHV���

• 6RPH� RI� WKH� HYHQWV� RQH� ZRXOG� ZDQW� WKH� GLDORJXH� V\VWHP� WR� VLJQDO� DUH� RI�
XQSUHGLFWDEOH� OHQJWK�� H�J�� OLVWHQLQJ� WR� RU� ZDLWLQJ� IRU� VSHHFK� LQSXW�� SURFHVVLQJ�
VSHHFK�� RU�ZDLWLQJ� IRU� D� GDWDEDVH� VHDUFK� WR� FRPSOHWH�� 7KH� GLDORJXH� V\VWHP�GRHV�
QRW�NQRZ�ZKHQ�WKHVH�WDVNV�ZLOO�HQG�XQWLO�WKH\�LQ�IDFW�KDYH��$�PHWKRG�IRU�KDQGOLQJ�
WKLV�ZDV�QHHGHG���

• $Q� DQLPDWHG� WDONLQJ� KHDG�� ZKLFK� XVHV� H[DFWO\� WKH� VDPH� JHVWXUH� HYHU\� WLPH� D�
SDUWLFXODU� HYHQW� RFFXUV��PDNHV� WKH�GLDORJXH� V\VWHP�YHU\� UHSHWLWLYH��%\� VSHFLI\LQJ�
QRWKLQJ�PRUH� WKDQ� WKH� JHQHUDO� SUDJPDWLF� IXQFWLRQ� WR� EH� VLJQDOOHG�� WKH� DQLPDWHG�
WDONLQJ�KHDG�FRXOG�EH�DOORZHG�WR�FKRRVH�DQ\�PHDQV�DYDLODEOH�WR�UHDOLVH�WKH�VLJQDO��
7KLV�ZRXOG�QRW�ZRUN�LI�WKH�GLDORJXH�V\VWHP�JHQHUDWHV�VSHFLILF�LQVWUXFWLRQV�IRU�QRQ�
YHUEDO�RXWSXW���

:KLOVW�DQ�;0/�VSHFLILFDWLRQ�WKDW�FDWHUHG�WR�WKHVH�QHHGV�ZDV�ZULWWHQ�DQG�WHVWHG�IRU�WKH�
DQLPDWHG�WDONLQJ�KHDG��RWKHU�XVHU�LQWHUIDFHV�ZHUH�XVHG�LQ�WKH�GHYHORSPHQW�RI�WKH�RWKHU�SDUWV�
RI� WKH� GLDORJXH� V\VWHP�� 7H[W� LQSXW� DQG� RXWSXW� ZHUH� XVHG� IRU� UHJUHVVLRQ� WHVWV�� DQG� IRU�
GHEXJJLQJ�SXUSRVHV� WKHUH�ZHUH�*8,V�ZLWK�FRORXUHG� LQGLFDWRUV� VLJQDOOLQJ�ZKDW� WKH� V\VWHP�

� �
)LJXUH��D�� )LJXUH��E��2YHUYLHZ�RI�WKH�$G$SW�DUFKLWHFWXUH�

�
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ZDV�RFFXSLHG�ZLWK�DW�DQ\�JLYHQ�WLPH��$OWKRXJK�WKH�GDWD�VHQW�WR�HDFK�RI�WKHVH�LQWHUIDFHV�ZDV�
JHQHUDWHG� VHSDUDWHO\� DW� WKH� WLPH�� LW� EHFDPH� FOHDU� WKDW� PRVW� RI� WKH� LQIRUPDWLRQ� FRXOG� EH�
XQREWUXVLYHO\� EXLOW� LQWR� D� JHQHUDO� ;0/� VSHFLILFDWLRQ�� VR� WKDW� WKH� VDPH� GLDORJXH� V\VWHP�
RXWSXW�FRXOG�EH�XVHG�DV� LQSXW� IRU�D�YDULHW\�RI�XVHU� LQWHUIDFHV��7KHVH�FRQVLGHUDWLRQV� OHG� WR�
WKH�*(620�VSHFLILFDWLRQ��
����2YHUYLHZ�
,Q�RUGHU�IRU�D�IRUPDOLVP�VXFK�DV�*(620�WR�ZRUN��D�IHZ�UHTXLUHPHQWV�PXVW�EH�PHW��)LUVWO\��
WKH� GLDORJXH� V\VWHP� PXVW� JHQHUDWH� V\VWHP� RXWSXW� IROORZLQJ� WKH� VSHFLILFDWLRQ�� ZKLFK� LV�
SURSRVHG� DQG� H[SODLQHG� QH[W�� 6HFRQGO\�� WKH� GLDORJXH� V\VWHP� PXVW� EH� DEOH� WR� VHQG� WKH�
*(620�PHVVDJH� WR� WKH�RXWSXW�GHYLFH��7KLV� LV� VWUDLJKWIRUZDUG� DQG�FDQ�EH�GRQH� WKURXJK�
DQ\�PHDQV� DYDLODEOH� WR� ERWK�PRGXOHV�� H�J�� 7&3�,3� VRFNHWV� RU� SLSHV�� 7KLUGO\�� WKH� RXWSXW�
GHYLFH�PXVW�NQRZ�KRZ�WR�GHFRGH�� LQWHUSUHW�DQG�UHDOLVH��RU�UHQGHU�� WKH�PDUN�XS��6HFWLRQ���
GHVFULEHV� KRZ� WR� LQWHUSUHW� WKH� PDUN�XS� XVLQJ� VWDQGDUG� ;0/� WHFKQLTXHV�� 1H[W�� VRPH�
H[DPSOHV�RI�KRZ�*(620�PHVVDJHV�PLJKW�EH�UHDOLVHG�LQ�GLIIHUHQW�RXWSXW�GHYLFHV�DUH�JLYHQ��
DQG� ILQDOO\� LQ� VHFWLRQ���ZH�JLYH�D�GHWDLOHG�GHVFULSWLRQ�RI�KRZ�*(620� LV� LQWHUSUHWHG�DQG�
UHDOLVHG� LQ� WKH� DQLPDWHG� WDONLQJ� KHDG� XVHG� LQ� WKH�$G$SW� V\VWHP��$� EULHI� VXPPDU\� DQG� D�
OLVWLQJ�SRLQWLQJ�WR�IXWXUH�ZRUN�FRQFOXGH�WKH�FKDSWHU��

 
<!ATTLIST output 

blocking   (0|1)   "0" 
callback   (0|1)   "0" 
background   CDATA   #IMPLIED  > 

<!ELEMENT  state 
EMPTY        > 

<!ATTLIST  state 
type    CDATA   "default" 
name    CDATA   #REQUIRED 
background   CDATA   #IMPLIED  > 

<!ELEMENT  event 
(#PCDATA)       > 

<!ATTLIST  event 
type    CDATA   "default" 
name    CDATA   #REQUIRED 
background   CDATA   #IMPLIED  > 
 

�
)LJXUH����*(620�����'7'��
 
 
<?xml version="1.0" encoding="iso-8859-1"?> 
<!DOCTYPE gesom PUBLIC "-//CTT//DTD GESOM 1.0//EN" 
"http://www.speech.kth.se/gesom/v1/dtd/gesom.dtd"> 
<gesom xmlns:ges="http://www.speech.kth.se/gesom/"> 
<head/> 
<body> 
<output>this is as simple as it gets</output> 
</body> 
</gesom> 
 
 
)LJXUH����*(620�PHVVDJH��QRWKLQJ�EXW�WH[W��
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*(620�LV� IXOO\�FRPSOLDQW�ZLWK� WKH�;0/�����VSHFLILFDWLRQ� �%UD\�HW�DO����������&RPSO\LQJ�
ZLWK�D�VWDQGDUG�KDV� WKH�DGYDQWDJH� WKDW� WKHUH�DUH�PDQ\� WRROV� IRU�YLHZLQJ��HGLWLQJ��DQG��QRW�
OHDVW��YDOLGDWLQJ�PHVVDJHV��7KH�*(620�����'7'��'RFXPHQW�7\SH�'HFODUDWLRQ��L�H��;0/�
JUDPPDU��LV�SUHVHQWHG�LQ�VLPSOLILHG�IRUP�LQ�ILJ�����7KH�DFWXDO�'7'�GHILQHV�<head> DQG�
<body> HOHPHQWV��ZKLFK�DUH�IRUZDUGV�FRPSDWLELOLW\�FRQVLGHUDWLRQV��DV�ZHOO�DV�D�QXPEHU�RI�
IRUPDO� ;0/� HQWLW\� GHILQLWLRQV�� 7KHVH� KDYH� EHHQ� KLGGHQ� KHUH�� EXW� WKH� VHPDQWLFV� RI� WKH�
DFWXDO�'7'�DUH�YLUWXDOO\�LGHQWLFDO�WR�ILJ�����
�
$Q\�WH[WXDO�FRQWHQW� LV� VHQW�DV�&'$7$��DQG�;0/�WDJV�DUH�XVHG� WR�PDUN�RWKHU�DVSHFWV��$�
PLQLPDO�*(620�PHVVDJH��WKHQ��ZRXOG�ORRN�VRPHWKLQJ�OLNH�ILJ�����$OO�*(620�H[DPSOHV�LQ�
WKLV� FKDSWHU� KDYH� LGHQWLFDO� HOHPHQWV� GRZQ� WR�� DQG� LQFOXGLQJ�� WKH�<body> HOHPHQW�� )RU�
VSDFH� DQG� OHJLELOLW\� UHDVRQV�� WKH� UHPDLQLQJ� *(620� H[DPSOHV� ZLOO� FRQWDLQ� RQO\� WKH�
<output> SDUW�RI�WKH�PHVVDJH��7KH�H[DPSOH�LQ�ILJ����FRQWDLQV�QRWKLQJ�EXW�WKH�WH[W�WR�EH�
FRPPXQLFDWHG� WR� WKH� XVHU�� 7KH� UHPDLQGHU� RI� WKH� VSHFLILFDWLRQ� LV� VRPHZKDW� PRUH�
LQWHUHVWLQJ��7KH�QH[W� WZR�VHFWLRQV�GHVFULEH� WKH�PRWLYDWLRQ�DQG�IXQFWLRQ�RI� WKH�<state> 
DQG�<event> HOHPHQWV��DV�ZHOO�DV�WKH�EDFNJURXQG�DWWULEXWH��
����7KH�HYHQW�DQG�VWDWH�HOHPHQWV�
:H�IRXQG�UHDVRQ�WR�FDWHJRULVH�QRQ�WH[WXDO��RU�QRQ�YHUEDO��RXWSXW�LQWR�WZR�FDWHJRULHV��VWDWHV�
DQG�HYHQWV��,Q�DGGLWLRQ��ZH�XVH�WKH�DWWULEXWH�background WR�DOORZ�WKH�GLDORJXH�V\VWHP�
WR�SDVV�JHQHUDO�LQIRUPDWLRQ�WR�WKH�RXWSXW�GHYLFH��7KLV�FDWHJRULVDWLRQ�LV�VLPSOH��SUREDEO\�WRR�
VLPSOH�IRU�FHUWDLQ�DSSOLFDWLRQV���EXW�DV�RXU�JRDO�ZDV�WR�DOORZ�D�GLDORJXH�V\VWHP�WR�JHQHUDWH�
RXWSXW�ZLWKRXW�PXFK�NQRZOHGJH�RI�WKH�RXWSXW�GHYLFH��DQG�WKH�RXWSXW�GHYLFH�WR�UHDOLVH�WKH�
RXWSXW�ZLWKRXW�PXFK� NQRZOHGJH� RI� WKH� GLDORJXH� V\VWHP�� D� JHQHUDO�� KLJK�OHYHO� DEVWUDFWLRQ�
ZDV�QHHGHG��7KH�VSHFLILFDWLRQ�LV�ODUJHO\�EDVHG�RQ�ZKDW�RXWSXW�D�GLVWULEXWHG�GLDORJXH�V\VWHP�
FDQ�EH�H[SHFWHG�WR�SURGXFH��ZKLFK�VHHPV�QHFHVVDU\�LQ�RUGHU�WR�NHHS�WKH�VSHFLILFDWLRQ�IUHH�
IURP�VWURQJ�GHPDQGV�RQ�WKH�FDSDELOLWLHV�RI�GLDORJXH�V\VWHPV�DQG�RXWSXW�GHYLFHV�DOLNH���

0RVW�GLDORJXH�V\VWHPV��DQG�LQGHHG�PRVW�LQWHUDFWLYH�V\VWHPV�LQ�JHQHUDO��DUH�EDVHG�DURXQG�
DQ�HYHQW�GULYHQ�PRGHO��L�H��DFWLRQV�WKDW�DUH�FDUULHG�RXW�E\�WKH�V\VWHP�DUH�WULJJHUHG�E\�VRPH�
NLQG�RI�HYHQW��7KH�HYHQWV�RFFXUULQJ�LQ�D�GLDORJXH�V\VWHP�FDQ�HLWKHU�EH�WKH�GLUHFW�UHVXOW�RI�D�
XVHU� DFWLRQ� �VXFK� DV� VSHDNLQJ�� RU� LQWHUQDOO\� JHQHUDWHG� GXULQJ� GDWD� SURFHVVLQJ�� $� GLDORJXH�
V\VWHP�KDV��DW�WKH�EDUH�PLQLPXP��RQH�XVHU�HYHQW��ZKLFK�ZH�FDQ�FDOO�´LQSXW�GRQHµ��WKH�XVHU�
KDV�ILQLVKHG�VSHDNLQJ�DQG�WKH�XWWHUDQFH�LV�DYDLODEOH�WR�WKH�V\VWHP��7KH�V\VWHP�ZLOO�SURFHVV�

�)LJXUH����2FFDVLRQV�WR�VHQG�IHHGEDFN�LQ�DQ�$G$SW�GLDORJXH�WXUQ��
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WKH�XWWHUDQFH�DQG�UHVSRQG�LQ�VRPH�ZD\��DIWHU�ZKLFK�LW�ZLOO�ZDLW�IRU�WKH�QH[W�´LQSXW�GRQHµ�
HYHQW��7KLV�RQH�HYHQW�SHU�WXUQ�PRGHO�LV�VXIILFLHQW�IRU�VLPSOH�V\VWHPV��EXW�LQ�PRUH�FRPSOH[�
V\VWHPV�ZH�PD\�ZDQW� WR� JLYH� IHHGEDFN� GXULQJ� VHYHUDO� VWDJHV� LQ� D� GLDORJXH� WXUQ�� QRW� MXVW�
GXULQJ�WKH�V\VWHP·V�VSHHFK�RXWSXW��,Q�WKH�$G$SW�V\VWHP��WKH�IROORZLQJ�HYHQWV�DW�ZKLFK�WKH�
V\VWHP�PD\�SURGXFH�IHHGEDFN�RFFXU�GXULQJ�D�GLDORJXH�WXUQ��VHH�ILJ�������

�� 6WDUW�RI�VSHHFK���WKH�VSHHFK�UHFRJQLVHU�KDV�GHWHFWHG�WKDW�WKH�XVHU�LV�VSHDNLQJ��
�� (QG� RI� VSHHFK� �� WKH� VSHHFK� UHFRJQLVHU� KDV� GHWHFWHG� WKDW� WKH� XVHU� KDV� VWRSSHG�

VSHDNLQJ��
�� 5HFRJQLWLRQ�GRQH���WKH�VSHHFK�UHFRJQLVHU�KDV�SURFHVVHG�WKH�XWWHUDQFH�DQG�SDVVHG�WKH�

UHVXOW�RQ�WR�WKH�SDUVHU��
�� 6HPDQWLFV� GRQH� �� WKH� SDUVHU� KDV� SURFHVVHG� WKH� UHFRJQLVHU� RXWSXW�� 7KH� SDUVHU� ZLOO�

FDWHJRULVH�DQ�XWWHUDQFH�DV�HLWKHU�FORVLQJ��WKH�XWWHUDQFH�FDQ�EH�LQWHUSUHWHG�LQ�LWV�RZQ�
ULJKW��RU�QRQ�FORVLQJ��PRUH�LQSXW�LV�QHHGHG�WR�PDNH�VHQVH�RI�WKH�XWWHUDQFH���%HOO�HW�
DO��� ������� &ORVLQJ� XWWHUDQFHV� ZLOO� EH� SDVVHG� RQ� WR� WKH� GLDORJXH� PDQDJHU�� 1RQ�
FORVLQJ�XWWHUDQFHV�FDXVH�WKH�V\VWHP�WR�JR�EDFN�WR�OLVWHQLQJ��

�� 3ODQQLQJ�GRQH���WKH�GLDORJXH�PDQDJHU�KDV�GHFLGHG�ZKDW�WR�GR�QH[W��DQG�D�UHVSRQVH�LV�
JHQHUDWHG��

�� 5HVSRQVH�GRQH���WKH�V\VWHP�KDV�SUHVHQWHG�LWV�UHVSRQVH��
�

$�GLDORJXH�V\VWHP�PD\�ZDQW�WR�VHQG�QRQ�WH[WXDO�WUDQVLHQW�RXWSXW�DW�WLPHV��%\�WUDQVLHQW�ZH�
PHDQ� WKDW� WKH� GXUDWLRQ� RI� WKH� RXWSXW� LV� ILQLWH�� DQG� SUHGLFWDEOH�7KLV� W\SH� RI� RXWSXW� LV�
HQFRGHG� LQ� WKH�<event> HOHPHQW��([DPSOHV� IURP� WKH�$G$SW� V\VWHP� LQFOXGH� HPSKDVLV�
DQG�SDXVHV��VHH�ILJ������6RPH�RI�WKH�WKLQJV�RQH�ZRXOG�ZDQW�WKH�DJHQW�WR�FRPPXQLFDWH�DUH�
SRRUO\� PRGHOOHG� E\� WUDQVLHQW� JHVWXUHV�� WKRXJK�� ,I� ZH� ZDQW� WR� VLJQDO� WKDW� WKH� DJHQW� LV�
SHUIRUPLQJ�DQ�DFWLRQ��H�J�� LV� OLVWHQLQJ�� VHDUFKLQJ�D�GDWDEDVH� �´WKLQNLQJµ��RU� MXVW�EHLQJ� LGOH��
ZH�QHHG�VLJQDOV�WKDW�DUH�YLVLEOH�IRU�DQ�DUELWUDU\�DPRXQW�RI�WLPH�� L�H��XQWLO� WKH�V\VWHP�VWRSV�
GRLQJ� ZKDWHYHU� LW� LV� GRLQJ�� 7KLV� W\SH� RI� RXWSXW� LV� HQFRGHG� LQ� WKH� <state> HOHPHQW��
+RZHYHU��LI�WKH�V\VWHP�LV�ZDLWLQJ�IRU�D�GDWDEDVH�VHDUFK�WR�ILQLVK�RU�IRU�VRPHRQH�WR�SLFN�XS�

�)LJXUH����7LPHOLQH��D�VWDWH�ODVWV�XQWLO�DQRWKHU�VWDWH�LV�HQWHUHG��ZKLOVW�HYHQWV�DUH�WUDQVLHQW��
�
--- 
<output> 
<event name="emphasis">this</event> 
is an emphasised word and this 
<event name="break" value="1000"/> 
was followed by a 1 second pause 
</output> 
--- 
�
)LJXUH����*(620�VQLSSHW��DQ�HPSKDVLV�DQG�D�EUHDN�HYHQW��
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WKH� SKRQH�� LW� KDV� QR� ZD\� RI� SUHGLFWLQJ� ZKHQ� WKLV� VWDWH� ZLOO� HQG�� $� VWDWH�� WKHQ�� KDV� WKH�
IROORZLQJ�SURSHUWLHV���

�� 7KH�RXWSXW�GHYLFH�PXVW�DOZD\V�EH�LQ�RQH�DQG�RQO\�RQH�VWDWH�DW�DQ\�JLYHQ�WLPH�
�� $�SDUWLFXODU�VWDWH�ODVWV�XQWLO�DQRWKHU�VWDWH�LV�HQWHUHG��

�
)LJXUH���VKRZV�D�WLPHOLQH�ZKHUH�ZH�SDVV�WKURXJK�WKH�VWDWHV�busy��present-text DQG�
idle�� 'XULQJ� present-text WZR� WUDQVLHQW� emphasis HYHQWV� DUH� PDUNHG��
6\QWKHVLVHG�WH[W� LV�UHSUHVHQWHG�DV�D�VSHHFK�ZDYHIRUP�LQ�WKH�ILJXUH��7KH� WZR�SURSHUWLHV�RI�
VWDWHV�OLVWHG�DERYH�DUH�YDOLG�ZLWKLQ�RQH�VWDWH�WLHU��,Q�WKH�SUHVHQW�LPSOHPHQWDWLRQV��ZH�KDYH��
�
RQO\�XVHG�RQH�WLHU�DW�D�WLPH��7KH�VSHFLILFDWLRQ��KRZHYHU��DOORZV�IRU�DQ�DUELWUDU\�QXPEHU�RI�
WLHUV��7KH�VWDWHV�LQ�RQH�WLHU�DUH�VHSDUDWH�IURP�WKH�VWDWHV�LQ�DQRWKHU��7LHUV�DUH�HQFRGHG�LQ�WKH�
type DWWULEXWH�RI� WKH�<state> HOHPHQW�� ,I�QR� W\SH�DWWULEXWH� LV�JLYHQ��D�GHIDXOW�� VLQJOH�
WLHU�VKRXOG�EH�DVVXPHG��7KH�WLHU�XVHG�LQ�WKH�$G$SW�V\VWHP�LV�FRQFHUQHG�ZLWK�IHHGEDFN�IRU�
LPSURYLQJ�GLDORJXH�IORZ��DQG�LV�FDOOHG�turn-taking��)LJXUH���VKRZV�D�*(620�PHVVDJH�
HQFRGLQJ�WZR�WXUQ�WDNLQJ�VWDWHV��present-text DQG�idle��DQG�ILJ����GHPRQVWUDWHV�WKH�
busy DQG�listening VWDWHV��7KH�ODWWHU�H[DPSOH�RFFXUV�ZKHQ�WKH�$G$SW�V\VWHP�PDNHV�
D�GDWDEDVH�VHDUFK�RU�SUHSDUHV�D�UHSO\��7KH�EXV\�VWDWH�HQGV�ZKHQ�WKH�UHSO\�LV�SUHVHQWHG��VLQFH�
WKH�SUHVHQW�WH[W�VWDWH�LV�WULJJHUHG��
����7KH�EDFNJURXQG�DWWULEXWH�
)LQDOO\��WKH�VSHFLILFDWLRQ�GHILQHV�DQ�DWWULEXWH�background��ZKLFK�PD\�EH�DWWDFKHG�WR�DQ\�
HOHPHQW��,I�WKH�VWDWHV�DQG�HYHQWV�DUH�WR�EH�PDQDJHDEOH�DQG�XVHIXO��WKH\�QHHG�WR�EH�OLPLWHG�LQ�
QXPEHU��,Q�VRPH�FDVHV��KRZHYHU��WKH�VDPH�VWDWH�RU�HYHQW�ZRXOG�EHVW�EH�UHDOLVHG�LQ�GLIIHUHQW�
ZD\V�GHSHQGLQJ�RQ�VRPH�RWKHU�SDUDPHWHU��$Q�H[DPSOH�ZRXOG�EH�HPSKDVLV�JHVWXUHV��HYHQWV��
LQ�DQ�DQLPDWHG�WDONLQJ�KHDG��D�VPDOO�QRG�ZRUNV�ZHOO�LQ�PRVW�FDVHV��EXW�QRW�LI� WKH�VHQWHQFH�
ZLWK� WKH� HPSKDVLVHG�ZRUG� LV� D� QHJDWLYH� UHSO\�� DV� LQ� ILJ�� ����'HILQLQJ� WKH� HYHQWV� QHJDWLYH�
HPSKDVLV��SRVLWLYH�HPSKDVLV��DQG�QHXWUDO�HPSKDVLV�ZRXOG�VROYH�WKH�SUREOHP��+RZHYHU��WKLV�

--- 
<output> 
<state type="turn-taking" name="present-text"/> 
the present text state is used when outputting text, and the 
idle state when the system is idle 
<state type="turn-taking" name="idle"/> 
</output> 
--- 
�
)LJXUH����*(620�VQLSSHW��WKH�SUHVHQW�WH[W�DQG�LGOH�WXUQ�WDNLQJ�VWDWHV��
 
--- 
<output> 
<state type="turn-taking" name="busy"/> 
</output> 
[database search completing] 
<output> 
<state type="turn-taking" name="present-text"/> 
the apartment has three rooms 
<state type="turn-taking" name="listening"/> 
</output> 
--- 
�
)LJXUH����*(620�VQLSSHW��WKH�EXV\��SUHVHQW�WH[W�DQG�OLVWHQLQJ�WXUQ�WDNLQJ�VWDWHV��
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NLQG�RI�VROXWLRQ�ZRXOG�FDXVH�WKH�VHW�RI�HYHQWV�WR�JURZ�UDSLGO\��WKXV�GHIHDWLQJ�WKH�SXUSRVH�
RI� WKLV� VSHFLILFDWLRQ�� ,QVWHDG�� WKH� VSHFLILFDWLRQ� DOORZV� WKH� GLDORJXH� V\VWHP� WR� VHQG�
EDFNJURXQG�DWWULEXWHV��ZKLFK�ZRUN�PXFK�OLNH�JOREDO�YDULDEOHV��
����3HUPLVVLEOH�DWWULEXWH�YDOXHV�
7KH� VSHFLILFDWLRQ� GRHV� QRW� DWWHPSW� VWULFW� FRQWURO� RYHU� ZKDW� VWDWHV� DQG� HYHQWV� DUH� XVHG��
*(620� LV� GHVLJQHG� WR� JLYH� DV� PDQ\� RXWSXW� GHYLFHV� DV� SRVVLEOH� D� IDLU� FKDQFH� DW� GRLQJ�
VRPHWKLQJ�XVHIXO�ZLWK�DQ\�PHVVDJH��)RU�WKH�IRUPDOLVP�WR�ZRUN�ZHOO��KRZHYHU��VRPH�GHJUHH�
RI�DJUHHPHQW�DERXW�ZKDW�WKH�DYDLODEOH�VWDWHV��HYHQWV�DQG�EDFNJURXQG�DWWULEXWHV�LV�QHFHVVDU\��
7R�UHDFK�VXFK�DQ�DJUHHPHQW��DQ�RQJRLQJ�GLVFXVVLRQ�DPRQJVW�GLDORJXH�V\VWHP�GHYHORSHUV�LV�
QHFHVVDU\��DQG�DW�WKLV�VWDJH��ZH�PHUHO\�GHVFULEH�ZKDW�ZH�IRXQG�XVHIXO�LQ�WKH�$G$SW�V\VWHP��
7DEOH���OLVWV�WKH�VWDWHV��HYHQWV�DQG�EDFNJURXQG�DWWULEXWHV�WKDW�DUH�XVHG�LQ�WKH�$G$SW�V\VWHP��
1RWH�WKDW�DOO�WKH�VWDWHV�DUH�RQ�WKH�WLHU�turn-taking���

,W�VKRXOG�EH�QRWHG�WKDW�WKH�EDFNJURXQG�DWWULEXWHV�VKRXOG�EH�XVHG�ZLWK�FDUH��VLQFH�WKH\�
SHUPLW� DQ\� NLQG� RI� FRQWHQW� WR� EH� VHQW�� DQG� QR� SDUWLFXODU� UHVWULFWLRQV� DUH� SODFHG� RQ� WKHLU�
LQWHUSUHWDWLRQ�� 7KH\� FRXOG� HDVLO\� EH� PLVXVHG� DQG� WKRURXJKO\� XQGHUPLQH� WKH� SXUSRVH� RI�
*(620��)LJXUH����JLYHV�DQ�H[DPSOH�RI�WKLV��

���,17(535(7$7,21�
$Q� REYLRXV� LQVSLUDWLRQ� LQ� GHYHORSLQJ� *(620� KDV� EHHQ� WKH� GHYHORSPHQW� RI� WKH� :HE�
SURWRFROV��+70/�HQFRGLQJ�LQ�JHQHUDO��DQG�EURZVHU��RU�XVHU�DJHQW��FRPSOLDQF\�JXLGHOLQHV�LQ�
SDUWLFXODU��$Q�RXWSXW�GHYLFH�LQWHUSUHWLQJ�D�*(620�PHVVDJH�LV�DQDORJRXV�WR�D�:HE�EURZVHU�
LQWHUSUHWLQJ�DQ�+70/�GRFXPHQW��7KXV��WKH�RXWSXW�GHYLFH�VKRXOG�PHHW�WKH�FULWHULD�OLVWHG�LQ�
H�J�� WKH� ;+70/� ���� UHFRPPHQGDWLRQ�� ���� 8VHU� $JHQW� &RQIRUPDQFH� �:�&� +70/�
:RUNLQJ�*URXS�������������,Q�VXPPDU\��WKH�RXWSXW�GHYLFH�VKRXOG���
 

--- 
<output background="attitude:negative"> 
<state type="turn-taking" name="present-text"/> 
the apartment does 
<event name="emphasis" value="5">not</event> 
have three rooms 
<state type="turn-taking" name="listening"/> 
</output> 
--- 
�
)LJXUH�����*(620�VQLSSHW��WKH�EDFNJURXQG�DWWULEXWH��
 
--- 
<output background="call synthesis(gesture(shake), no, I, 
shall, not, conform, gesture(smirk))"> 
</output> 
--- 
�
)LJXUH� ����*(620� DEXVHG�� VRPH� IRUHLJQ� FRGH� VQXFN� LQWR� D� EDFNJURXQG� DWWULEXWH�� 7KH�PHVVDJH� LV�
RWKHUZLVH�HPSW\��
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�� EH�DEOH�WR�SDUVH�*(620�PHVVDJHV�IRU�;0/�ZHOO�IRUPHGQHVV�DQG��SUHIHUDEO\��WR�
YDOLGDWH�WKH�PHVVDJH�DJDLQVW�WKH�UHIHUHQFHG�'7'��

�� GLVUHJDUG�XQUHFRJQLVHG�HOHPHQWV��EXW�SURFHVV�WKHLU�FRQWHQW��
�� LJQRUH�DQ\�XQUHFRJQLVHG�DWWULEXWHV�
�� VXEVWLWXWH�DQ\�XQUHFRJQLVHG�DWWULEXWH�YDOXHV�IRU�WKH�DWWULEXWH·V�GHIDXOW�

�
7KHVH� FULWHULD� VHUYH� WR� VDIHJXDUG� EDFNZDUGV� DQG� IRUZDUGV� FRPSDWLELOLW\�� DQG� PDNH� LW�
SRVVLEOH� IRU� RXWSXW� GHYLFHV� ZLWK� VSDUVH� FDSDELOLWLHV� WR� VWLOO� GR� WKHLU� EHVW� WR� LQWHUSUHW� DQG�
UHQGHU�WKH�FRQWHQW��
����([LVWLQJ�WRROV�DQG�VWDQGDUGV�IRU�;0/�UHQGHULQJ�
8VLQJ�;0/�HQFRGHG�PHVVDJHV�OHWV�RQH�WDNH�DGYDQWDJH�RI�PDQ\�H[LVWLQJ�WRROV�DQG�VWDQGDUGV��
7KH� UHPDLQGHU� RI� WKLV� VHFWLRQ� VKRZV� KRZ� WR� LQWHUSUHW�*(620�PHVVDJHV�ZLWK� YHU\� OLWWOH�
FRGLQJ� HIIRUW��:LWK� VLPSOH�([WHQVLEOH� 6W\OH� 6KHHW� /DQJXDJH� �;6/��:�&�� WUDQVIRUPDWLRQV�
�;6/7�� :�&�� DQG�RU� &DVFDGLQJ� 6W\OH� 6KHHWV� �&66�� :�&��� ZKLFK� FDQ� EH� XVHG� ZLWK� DQ\�
DYDLODEOH� ;6/7� DQG� &66� SURFHVVRUV�� *(620�PHVVDJHV� FDQ� EH� LQWHUSUHWHG�� WUDQVIRUPHG�
DQG�RU� UHDOLVHG��1RWH� WKDW� WKH�QRQ�WUDQVLHQW� VLJQDOV� UHSUHVHQWHG�E\� VWDWH�HOHPHQWV� DUH�QRW�
/* gesom2browser.css */ 
[background="response-type:negative"]:before _ color: red; content: 
":-( "; 
_[background="response-type:positive"]:before _ color: green; 
content: ":-) "; 
_event[name="emphasis"] _ font-weight: bold; font-style: italic; 
_ �

�)LJXUH�����([DPSOH�RI�&66��

7DEOH����6WDWHV�DQG�HYHQWV�WKDW�DUH�LPSOHPHQWHG�LQ�WKH�$G$SW�V\VWHP��
States 

Name Description 
idle System is inactive 
attentive System is ready for input 

cont_attentive 
System has received input that is not sufficient to 
prepare a response 

busy System is busy preparing a response 
text_presentation System is presenting a response 
sleep System is off-line 

Events 
Name Description 
break System should pause the presentation at this event 
emphasis Marked text should be emphasised 

Background attributes 
Name Description 
attitude:negative 
attitude:positive 
attitude:neutral 
attitude:question 

Relates to type of response 

�
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OLNHO\�WR�EH�UHSUHVHQWHG�ZHOO�LQ�D�VWDWLF�PHVVDJH��ZKLFK�LV�LQ�LWVHOI�WUDQVLHQW��,Q�WKH�IROORZLQJ�
ZHE� EURZVHU� H[DPSOHV�� WKH� VWDWH� HOHPHQWV� DUH� VLPSO\� LJQRUHG�� :H� VWDUW� ZLWK� D� VLPSOH�
H[DPSOH�XVLQJ�&66�WR�UHQGHU�WKH�PHVVDJH� LQ�ILJ�����DV�D�VWDWLF�PHVVDJH� LQ�D�ZHE�EURZVHU��
7KH� &66� DQG� WKH� UHVXOW� RI� DSSO\LQJ� WKH� VW\OH� VKHHW� RQ� WKH� *(620� PHVVDJH� LQ� D� &66�
FRPSOLDQW� ZHE� EURZVHU� DUH� VKRZQ� LQ� ILJ�� ���� 8VLQJ� D� VOLJKWO\� PRUH� FRPSOH[� ;6/�
WUDQVIRUPDWLRQ��ZH�FDQ�JHW�PRUH� LQWHUHVWLQJ�UHVXOWV��7KH�HVVHQWLDO�ELWV�RI�WKH�;6/�DQG�WKH�
UHVXOW�LQ�DQ�;6/�FRPSOLDQW�ZHE�EURZVHU�DUH�VKRZQ�LQ�ILJ�������

7KH� FRGH� LQ� WKHVH� H[DPSOHV� FDQ� EH� FKDQJHG� WR� SURGXFH� H�J�� SODLQ� WH[W�� FRPSOHWH� DQG�
KLJKO\� IRUPDWWHG� +70/� PHVVDJHV�� LQVWUXFWLRQV� IRU� YRLFH� EURZVHUV�� RU� WKH� HTXLYDOHQW�
PHVVDJH�LQ�VRPH�RWKHU�YRLFH�RU�VSHHFK�PDUN�XS�ODQJXDJH�&66�0RELOH�3URILOH��:XJRIVNL�HW�
DO���������DQG�VLPLODU�WHFKQRORJLHV�FDQ�EH�XVHG�WR�LQWHUSUHW�WKH�PHVVDJHV�LQ�3'$V��+RZHYHU��
WKH�UDQJH�RI�RXWSXW�GHYLFHV�LV�QRW�OLPLWHG�WR�;0/�EDVHG�VWDQGDUG�XVHU�DJHQWV��$Q\�RXWSXW�
GHYLFH�DEOH�WR�LQWHUSUHW�WKH�PHVVDJHV�PD\�EH�XVHG��

,Q�WKH�QH[W�VHFWLRQ�ZH�ZLOO�VKRZ�KRZ�WKH�*(620�PHVVDJHV�DUH�LQWHUSUHWHG�DQG�UHDOLVHG�
LQ�WKH�DQLPDWHG�WDONLQJ�KHDG��ZKLFK�LV�WKH�$G$SW�V\VWHP�RXWSXW�PRGXOH�RULJLQDOO\�WDUJHWHG�
E\�*(620���

���5($/,6$7,21�,1�$1�$1,0$7('�7$/.,1*�+($'�
7KH�$G$SW�V\VWHP�XVHV�D��'�SDUDPHWHULVHG�WDONLQJ�KHDG�WKDW�FDQ�EH�FRQWUROOHG�E\�D�776�
V\VWHP�WR�SURYLGH�DFFXUDWH� OLS�V\QFKURQLVHG�DXGLR�YLVXDO� V\QWKHWLF�VSHHFK� �%HVNRZ���������
7KH� IDFLDO� PRGHO� LQFOXGHV� FRQWURO� SDUDPHWHUV� IRU� DUWLFXODWRU\� JHVWXUHV� DV� ZHOO� DV� IDFLDO�
H[SUHVVLRQV��3DUDPHWHUV�LQ�WKH�IRUPHU�FDWHJRU\�LQFOXGH�MDZ�RSHQLQJ��OLS�FORVXUH��ODELRGHQWDO�
RFFOXVLRQ�� WRQJXH� WLS� HOHYDWLRQ�� OLS� URXQGLQJ� DQG� OLS� SURWUXVLRQ� ZKLOH� WKH� ODWWHU� FDWHJRU\�
LQFOXGHV�FRQWUROV�IRU�UDLVLQJ�DQG�VKDSLQJ�RI�H\HEURZV��VPLOH��H\HOLG�RSHQLQJ��JD]H�DQG�KHDG�

<!-- gesom2browser.xsl --> 
<xsl:template match="text()"> <xsl:value-of select="."/> 
_ </xsl:template> 
<xsl:template match="@background"> 
<xsl:choose> 
<xsl:when test=".=’attitude:positive’"> 
<a href=http://www.speech.kth.se/gesom/img/positive.gif/> 
</xsl:when> 
<xsl:when test=".=’attitude:negative’"> 
<a href=http://www.speech.kth.se/gesom/img/negative.gif/> 
</xsl:when> 
</xsl:choose> 
</xsl:template> 
<xsl:template match="event"> 
<xsl:choose> 
<xsl:when test="@name=’emphasis’"> 
<span style=’’font-weight:bold’’><xsl:apply-templates/></span> 
</xsl:when> 
</xsl:choose> 
</xsl:template> 
�
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PRYHPHQW��*HVWXUHV�FDQ�EH�GHYHORSHG�XVLQJ�DQ� LQWHUDFWLYH�SDUDPHWHU�HGLWRU�EDVHG�RQ� WKH�
:DYH6XUIHU�SODWIRUP��%HVNRZ�DQG�6M|ODQGHU���������
����*HVWXUH�OLEUDU\�
7KH� HYHQWV�� VWDWHV� DQG� EDFNJURXQG� DWWULEXWHV� SURYLGH� DOO� WKH� VHPDQWLF� LQIRUPDWLRQ� WKH�
DQLPDWHG�DJHQW�QHHGV�LQ�RUGHU�WR�SURGXFH�PHDQLQJIXO�JHVWXUHV��DQG�WKH�VHW�RI�GHILQHG�HYHQWV�
DQG�VWDWHV�FRQVWLWXWH�DOO� WKH� LQIRUPDWLRQ� WKDW�QHHGV� WR�EH�HQFRGHG�ERWK�RQ� WKH�DJHQW� VLGH�
DQG�LQ�WKH�GLDORJXH�V\VWHP��+RZ�WKH�JHVWXUHV�VKRXOG�DFWXDOO\�ORRN�LV�XS�WR�WKH�DJHQW��,Q�RXU�
LPSOHPHQWDWLRQ��WKLV�LQIRUPDWLRQ�LV�HQFRGHG�LQ�D�JHVWXUH�OLEUDU\���
$W�WKH�ORZHVW�OHYHO�RI�WKH�OLEUDU\�DUH�GHVFULSWLRQV�RI�WKH�DFWXDO�JHVWXUH�UHDOLVDWLRQV��)RU�PRVW�
VWDWHV� DQG� HYHQWV� WKHUH� DUH� PXOWLSOH� UHDOLVDWLRQV� ZLWK� VXEWOH� GLIIHUHQFHV�� )RU� RXU�
SDUDPHWULFDOO\�FRQWUROOHG�DQLPDWHG�DJHQW��WKH�GHVFULSWLRQV�DUH�FRGHG�LQ�WHUPV�RI�SDUDPHWHU�
WUDFNV��)RU�RWKHU�W\SHV�RI�DJHQWV�� WKH\�ZRXOG�EH�FRGHG�LQ�RWKHU�ZD\V��IRU�H[DPSOH�DV��'�
DQLPDWLRQ� VHTXHQFHV�� 2XU� JHVWXUH� UHDOLVDWLRQ� GHVFULSWLRQV� LQFOXGH� WKH� WLPH� RIIVHW� WR� WKH�
VWURNH�SKDVH�RI�WKH�JHVWXUH�� L�H�� WKH�FRUH�SDUW�WKDW�FDUULHV�WKH�PHDQLQJ�RI�WKH�JHVWXUH��7KLV�
LQIRUPDWLRQ�LV�XVHG�WR�V\QFKURQLVH�WKH�WLPLQJ�RI�JHVWXUHV�ZLWK�RWKHU�HYHQWV�VXFK�DV�VWUHVVHG�
V\OODEOHV�RI�HPSKDVLVHG�ZRUGV��

7KH�JHVWXUH�OLEUDU\�FRQWDLQV�D�VHSDUDWH�HQWU\�IRU�HDFK�HYHQW�DQG�VWDWH��)RU�HYHQWV��D�VHW�
RI� DOWHUQDWLYH� JHVWXUH� UHDOLVDWLRQV� LV� GHILQHG�� *HVWXUHV� GHILQHG� IRU� D� SDUWLFXODU� HYHQW� ZLOO�
W\SLFDOO\�KDYH�VLPLODU�VHPDQWLF�PHDQLQJ���VRPH�JHVWXUHV�PLJKW�RQO\�KDYH�VXEWOH�GLIIHUHQFHV�
�H�J��LQ�GXUDWLRQ��ZKHUHDV�RWKHUV�PD\�GLIIHU�LQ�VW\OH��VXFK�DV�D�KHDG�QRG�YV��DQ�H\H�ZLGHQLQJ�
JHVWXUH�WR�VLJQDO�HPSKDVLV���

�)LJXUH� ���� 7KH� VWUXFWXUH� RI� WKH� JHVWXUH� OLEUDU\�� *HVWXUHV� DUH� SLFNHG� IURP� WKH� OLEUDU\� �ERWWRP�� DQG�
VFKHGXOHG�IRU�UHDOLVDWLRQ�LQ�WKH�WLPHOLQH��WRS���

�
7DEOH����([DPSOH�RI�KRZ�JHVWXUH�ZHLJKWV�FDQ�EH�PRGLILHG�LQ�WKH�SUHVHQFH�RI�EDFNJURXQG�DWWULEXWHV��

Event: emphasis 
Gesture  Weight Modifier  

(default) 
attitude:positive 

Modifier 
attitude:negative 

Nod 2.0 1 0 
Eyebrow widening 1.0 1 1 
Eyebrow lowering 1.0 0 1 
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(DFK� JHVWXUH� KDV� DQ� DVVRFLDWHG� ZHLJKW� WKDW� GHWHUPLQHV� KRZ� OLNHO\� LW� LV� WR� RFFXU�� %\�
DOORZLQJ� DOWHUQDWLYH� UHDOLVDWLRQV�� WKH� DJHQW�ZLOO� EH� OHVV� SUHGLFWDEOH� DQG�PRUH� QDWXUDO� LQ� LWV�
EHKDYLRXU���

,Q�RUGHU� WR�GHDO�ZLWK� WKH�DUELWUDU\� OHQJWK�RI� VWDWHV�� WKH\�DUH�GLYLGHG� LQWR� WKUHH�SKDVHV��
HQWHU�� VXVWDLQ� DQG� H[LW�� )RU� HDFK� RI� WKH� SKDVHV�� DV� RI� WKH� HYHQWV�� RQH� RXW� RI� D� VHW� RI�
DOWHUQDWLYH� JHVWXUHV� ZLOO� EH� FKRVHQ��*HVWXUHV� LQ� WKH� HQWHU� DQG� H[LW� SKDVHV� DUH� SHUIRUPHG�
RQFH� SHU� VWDWH� �RQ� VWDWH� HQWUDQFH� DQG� H[LW� UHVSHFWLYHO\��� ZKLOH� WKH� VXVWDLQ� JHVWXUHV� DUH�
H[HFXWHG�DW�UDQGRP�LQWHUYDOV�WKURXJKRXW�WKH�GXUDWLRQ�RI�WKH�VXVWDLQ�SKDVH��(QWHU�DQG�H[LW�
JHVWXUHV� DUH� SDLUHG� LQ� VXFK� D� ZD\� WKDW�� LI� D� SDUWLFXODU� HQWHU� JHVWXUH� LV� SLFNHG�� WKH�
FRUUHVSRQGLQJ� H[LW� JHVWXUH�ZLOO� EH� FKRVHQ�� 7KLV�PDNHV� LW� SRVVLEOH� IRU� WKH� H[LW� JHVWXUH� WR�
UHVWRUH�WKH�SDUDPHWHUV�WKDW�KDYH�EHHQ�FKDQJHG�E\�WKH�HQWHU�JHVWXUH��)LJXUH����LOOXVWUDWHV�WKH�
OD\RXW�RI�WKH�JHVWXUH�OLEUDU\���
����&KRRVLQJ�EHWZHHQ�PXOWLSOH�UHDOLVDWLRQV�
6HOHFWLRQ�RI�D�SDUWLFXODU�JHVWXUH�LV�GRQH�LQ�D�ZHLJKWHG�UDQGRP�IDVKLRQ��EDVHG�RQ�WKH�ZHLJKWV�
VSHFLILHG�IRU�HDFK�HQWU\�LQ�WKH�OLEUDU\��$OWKRXJK�WKH�JHVWXUHV�LQ�HDFK�JURXS�DUH�VXSSRVHG�WR�
EH�VHPDQWLFDOO\�HTXLYDOHQW��WKHUH�PLJKW�EH�H[WHUQDO�IDFWRUV�PDNLQJ�D�SDUWLFXODU�JHVWXUH�PRUH�
RU� OHVV� DSSURSULDWH� DW� VRPH�JLYHQ�SRLQW��7R� UHIOHFW� WKLV� LQ� WKH� OLEUDU\�� WKH�JHVWXUH�ZHLJKWV�
FRXOG� EH� G\QDPLFDOO\� XSGDWHG�� EDVHG� RQ� EDFNJURXQG� DWWULEXWHV�� RU� DV� D� IXQFWLRQ� RI� WLPH��
7DEOH���VKRZV�KRZ�WKLV�FDQ�EH�UHSUHVHQWHG��7R�EHJLQ�ZLWK��HDFK�JHVWXUH�ZLWKLQ�D�FDWHJRU\�
KDV� D� ZHLJKW� DV� VHHQ� LQ� FROXPQ� WZR� LQ� WKH� ILJXUH�� 7KH� UHPDLQLQJ� FROXPQV� DUH� ZHLJKW�
PRGLILHUV� IRU� GLIIHUHQW� EDFNJURXQG� DWWULEXWHV�� 7KH� JHVWXUH� ZHLJKWV� DUH� PXOWLSOLHG� E\� WKH�
PRGLILHUV�RI�WKH�SUHVHQW�EDFNJURXQG�DWWULEXWHV��1RWH�WKDW�VHYHUDO�EDFNJURXQG�DWWULEXWHV�FDQ�
EH�SUHVHQW�DW�WKH�VDPH�WLPH��,W�LV�SRVVLEOH�WR�VSHFLI\�D�GHIDXOW�PRGLILHU��WKDW�ZLOO�EH�XVHG�LI�
QR�PRGLILHUV�PDWFK�WKH�SUHVHQW�EDFNJURXQG�DWWULEXWHV��7KLV�LV�QHHGHG�ZKHQ�FHUWDLQ�JHVWXUHV�
VKRXOG�QRW�EH�SDUW�RI�WKH�GHIDXOW�EHKDYLRXU��,Q�WKLV�FDVH��WKH�GHIDXOW�PRGLILHU�FDQ�EH�XVHG�WR�
PDVN�DZD\�WKH�XQZDQWHG�JHVWXUHV�E\�PXOWLSO\LQJ�WKHP�ZLWK�]HUR��

)RU�H[DPSOH��ZKHQ�FKRRVLQJ�D�UHDOLVDWLRQ�IRU�DQ�HPSKDVLV�HYHQW��DQ�HPSKDWLF�QRG�RU�DQ�
H\H�ZLGHQLQJ�ZRUNV�ZHOO�LQ�WKH�GHIDXOW�FDVH��,I�WKH�XWWHUDQFH�LV�RI�D�QHJDWLYH�QDWXUH��´WKHUH�
DUH�QR�VXFK�DSDUWPHQWV���µ���WKH�QRG�LV�OHVV�DSSURSULDWH��EXW�DQ�H\HEURZ�ORZHULQJ�ZRXOG�ILW��
/HWV�VHH�ZKDW�KDSSHQV�ZKHQ�WKH�DJHQW�UHFHLYHV�DQ�HPSKDVLV�HYHQW��JLYHQ�WKH�JHVWXUH�OLEUDU\�
UHSUHVHQWDWLRQ�LQ�WDEOH����7KH�DJHQW�QHHGV�WR�FRPSXWH�WKH�SUREDELOLW\�S�JHVWXUH��IRU�HDFK�RI�
WKH�WKUHH�FDQGLGDWH�JHVWXUHV��,I�WKHUH�DUH�QR�EDFNJURXQG�DWWULEXWHV��RU�LI�background LV�
attitude:positive��WKH�ZHLJKWV�ZLOO�EH�PXOWLSOLHG�E\�WKH�PRGLILHUV�LQ�WKH�GHIDXOW��L�H��
attitude:positive�� FROXPQ� DQG� WKHQ� QRUPDOLVHG�� UHVXOWLQJ� LQ� WKH� SUREDELOLWLHV�
S�QRG� ����� S�H\H� ZLGHQLQJ��  ���� DQG� S�H\HEURZ� ORZHULQJ��  � ��� ,I� EDFNJURXQG� LV�
attitude:negative�� WKH� UHVXOW� ZLOO� LQVWHDG� EH� S�QRG�� � ��� S�H\H� ZLGHQLQJ�� ���� DQG�
S�H\HEURZ�ORZHULQJ� �����

:H�FDQ�HYHQ�OHW�WKH�ZHLJKWV�EH�IXQFWLRQV�RI�WLPH��E\�VSHFLI\LQJ�WKHP�DV�DQ�H[SUHVVLRQ�RI�
W�� ZKHUH� W� LV� WKH� WLPH� WKDW� KDV� SDVVHG� VLQFH� WKH� FXUUHQW� VWDWH�ZDV� HQWHUHG�� 7KLV�PDNHV� LW�
SRVVLEOH� WR�PRGHO�D�JUDGXDO�FKDQJH�RI� WKH�DJHQWV�EHKDYLRXU�GXULQJ� WKH�VXVWDLQ�SKDVH�RI�D�
VWDWH��IRU�H[DPSOH�WR�VLPXODWH�ERUHGRP�RU�WLUHGQHVV�E\�LQFUHDVLQJ�WKH�SUREDELOLW\�RI�\DZQLQJ�
DV�WLPH�SDVVHV��$Q�H[DPSOH�LI�WKLV�LV�VKRZQ�LQ�WDEOH����

7DEOH����([DPSOH�RI�JHVWXUH�ZHLJKWV�WKDW�FKDQJH�DV�D�IXQFWLRQ�RI�WLPH��W���
State: idle, sustain gestures 
Gesture  Weight 
Blink  5.0 
Blink double  1.0 
Yawn  t < 30 ? 0.0 : 1.0 
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����*HVWXUH�FR�DUWLFXODWLRQ�
8S� XQWLO� QRZ� ZH� KDYH� FRQVLGHUHG� HDFK� JHVWXUH� UHDOLVDWLRQ� DV� EHLQJ� LQGHSHQGHQW� RI�
SUHFHGLQJ� DQG� IROORZLQJ� JHVWXUHV�� 7KLV� LV� KRZHYHU� DQ� RYHUVLPSOLILFDWLRQ� �� MXVW� DV� ZLWK�
VSHHFK�� WKHUH� LV�FR�DUWLFXODWLRQ�DPRQJ�JHVWXUHV�� ,I�D�KHDG�QRG� LV� IROORZHG�E\�D� ORRN�ULJKW�
JHVWXUH��LW�PD\�EH�XQQDWXUDO�LI�WKH�DJHQW�UHWXUQHG�WR�WKH�QHXWUDO�SRVH��VWUDLJKW�DKHDG��ZKLFK�
LV�WKH�HQGLQJ�SRVH�RI�WKH�QRGGLQJ�JHVWXUH��EHIRUH�VWDUWLQJ�WR�WXUQ�WKH�KHDG�VLGHZD\V�WR�WKH�
ULJKW��7KH�QDWXUDO�WKLQJ�ZRXOG�EH�WR�JR�PRUH�RU�OHVV�GLUHFWO\�IURP�WKH�ORZ�SRLQW�RI�WKH�QRG�
WR�WKH�ORRNLQJ�ULJKW�SRVH��7R�DFKLHYH�WKLV�EHKDYLRXU�ZH�KDYH�LPSOHPHQWHG�D�FR�DUWLFXODWLRQ�
DOJRULWKP�WKDW�PHUJHV�JHVWXUHV�WKDW�DUH�RYHUODSSLQJ�RU�DGMDFHQW�LQ�WLPH��7KH�DOJRULWKP�ZLOO�
DOZD\V�SUHVHUYH�WKH�DUHD�DURXQG�WKH�VWURNH�RI�HDFK�JHVWXUH��EXW�VHJPHQWV�EHIRUH�DQG�DIWHU�
WKLV�DUHD�DUH�VXEMHFW�WR�UHGXFWLRQ��5HGXFHG�SDUWV�RI�WKH�WUDFN�DUH�LQWHUSRODWHG�ZLWK�D�VPRRWK�
VSOLQH�FXUYH��

���',6&866,21�$1'�)8785(�:25.�
7KH� *(620� VSHFLILFDWLRQ� KDV� RQO\� EHHQ� WHVWHG� H[WHQVLYHO\� LQ� WKH� UHDO� HVWDWH� EURZVLQJ�
GRPDLQ�ZLWKLQ�WKH�$G$SW�V\VWHP��7KH�RQO\�RWKHU�RXWSXW�GHYLFHV�XVHG�KDYH�EHHQ�FRPSXWHU�
HPXODWHG��7HVWLQJ�WKH�V\VWHP�ZLWK�UHDO�PRELOH�SKRQHV��3'$V��%UDLOOH�GLVSOD\V��DV�ZHOO�DV�LQ�
RWKHU� GRPDLQV�� ZRXOG� VXUHO\� XQHDUWK� VKRUWFRPLQJV� LQ� WKH� VSHFLILFDWLRQ�� 6RPH� NQRZQ�
VKRUWFRPLQJV���

• ,W�ZRXOG�EH�XVHIXO�WR�VSHFLI\��RU�UDWKHU�VXJJHVW��D�QXPEHU�RI�IUXLWIXO�VHWV�RI�VWDWHV��
HVSHFLDOO\� LI� VWDWHV� DUH� WR� EH� XVHG� LQ� PRUH� WKDQ� RQH� WLHU�� (YHQ� WKRXJK� WKH�
VSHFLILFDWLRQ�LQ�LWVHOI�ZRXOG�DOORZ�DQ\�VHW��FRGLQJ�RXWSXW�ZLWK�PDUN�XS�WKDW�LV�QRW�
LPSOHPHQWHG�LQ�DQ\�RXWSXW�GHYLFHV�ZRXOG�EH�D�ZDVWH�RI�WLPH��

• 7KH� EDFNJURXQG� DWWULEXWHV� EHDU� JUHDW� VLPLODULW\� WR� WKH� +70/�� ;+70/� VW\OH�
DWWULEXWH��EXW�DUH�QRW�DV�ZHOO� WKRXJKW� WKURXJK��$Q�HOHJDQW�VROXWLRQ� LV� WR�XVH�VW\OH�
VKHHWV�RI�VRPH�VRUW�WR�FRQWURO�YDULHWLHV�LQ�H[HFXWLRQ�RI�JHVWXUHV��:RUN�DORQJ�WKHVH�
OLQHV�KDV�VWDUWHG��EXW�FRXOG�XVH�PRUH�H[SORUDWLRQ��

• $OWKRXJK� *(620� ZDV� GHYHORSHG� ZLWKLQ� D� V\VWHP� WKDW�� LQ� DGGLWLRQ� WR� WKH�
DQLPDWHG�WDONLQJ�KHDG��XVHV�D�FOLFNDEOH�PDS�RQ�ZKLFK�DSDUWPHQWV�DUH�SORWWHG��DQG�
YLVXDOLVHV�VHDUFK�FRQVWUDLQWV�DV� LFRQV�%R\H�HW�DO��������� WKH�VSHFLILFDWLRQ�GRHV�QRW�
LQFOXGH�WKLV�W\SH�RI�RXWSXW��:H�ZRXOG�WKXV�OLNH�WR�H[WHQG�WKH�VSHFLILFDWLRQ�VR�WKDW�
LW�FDQ�KDQGOH�WKH�SUHVHQWDWLRQ�RI�REMHFWV�LQ�D�JHQHUDO�PDQQHU��

• 7KHUH� LV� QR� JRRG� VXSSRUW� IRU� JHQHUDWLQJ� GHLFWLF� QRQ�YHUEDO� RXWSXW�� 7KLV� VHHPV�
VWUDLJKWIRUZDUG�WR�VROYH�ZLWK�UHVSHFW�WR�VRPH�RXWSXW�GHYLFHV���QRGV��SRLQWLQJ�DQG�
DUURZV�FRXOG�EH�XVHG��EXW�JHQHUDOLVDWLRQ�RI�WKH�WDUJHWV�LV�WURXEOHVRPH��

• ,Q� PRVW� FDVHV�� WKH� RXWSXW� GHYLFH� ZRXOG� EH� WKH� VDPH� DV� WKH� LQSXW� GHYLFH�� 7KH�
$G$SW�V\VWHP�XVHV�WKH�VDPH�LQSXW�IRUPDW�IRU�WH[W�ZKHWKHU�LW�LV�W\SHG��FRPHV�IURP�
D�VSHHFK�UHFRJQLVHU�RU�IURP�D�VWRUHG�GLDORJXH�ORJ�ILOH��7KLV�IRUPDW�LV��KRZHYHU��QRW�
SDUWLFXODUO\�JHQHUDOLVHG�RU�IRUPDOLVHG��([WHQGLQJ�WKH�VSHFLILFDWLRQ�WR�FRYHU��DW�OHDVW�
WH[WXDO�� LQSXW� DV� ZHOO� DV� RXWSXW� ZRXOG� PDNH� LW� D� PRUH� XVHIXO� WRRO�� 7KH�
UHSUHVHQWDWLRQ�RI�REMHFWV�PHQWLRQHG�DERYH�PLJKW�WKHQ�H[WHQG�WR�PRXVH�FOLFNV��

�
7KH� V\VWHP� SUHVHQWHG� KHUH� LV� D� ILUVW� DWWHPSW� DW� D� JHQHUDOLVHG� GHVFULSWLRQ� IRUPDOLVP� IRU�
PXOWLPRGDO�RXWSXW�IURP�D�GLDORJXH�V\VWHP��2XU�H[SHULHQFHV�IURP�WKH�LPSOHPHQWDWLRQ�LQ�WKH�
$G$SW�V\VWHP�LQGLFDWH�WKDW�LW�LV�VXFFHVVIXO�LQ�LWV�SXUVXLW��QDPHO\�WR�IRUP�DQ�DEVWUDFWLRQ�OD\HU�
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EHWZHHQ�WKH�GLDORJXH�PDQDJHU�DQG�WKH�RXWSXW�PRGXOH�� VR� WKDW� WKH�GLDORJXH�PDQDJHU�GRHV�
QRW�QHHG�WR�NQRZ�DERXW�WKH�FDSDELOLWLHV�RI�WKH�RXWSXW�PRGXOH��7KH�RXWSXW�PRGXOH��H�J��DQ�
DQLPDWHG�WDONLQJ�KHDG��LV�UHVSRQVLEOH�IRU�VXLWDEOH�UHDOLVDWLRQ�RI�WKH�FRPPXQLFDWLYH�IXQFWLRQV�
UHTXHVWHG�E\�WKH�GLDORJXH�PDQDJHU��6LQFH�WKH�RXWSXW�GHVFULSWLRQ�GRHV�QRW�DVVXPH�DQ\WKLQJ�
DERXW�WKH�FDSDELOLWLHV�RI�WKH�RXWSXW�GHYLFH��LW�LV�IXOO\�SRVVLEOH�WR�UHDOLVH�WKH�RXWSXW�LQ�VRPH�
RWKHU�ZD\� WKDQ� WKURXJK� WKH�JHVWXUHV� LQ� DQ�DQLPDWHG� WDONLQJ�KHDG��$Q�DOWHUQDWLYH� LV� WR�XVH�
IDPLOLDU�*8,�PHWDSKRUV��VXFK�DV�DQ�KRXUJODVV�IRU�WKH�EXV\�VWDWH�RU�D�EOLQNLQJ�UHG�ODPS�IRU�
OLVWHQLQJ��UHFRUGLQJ���(GOXQG�DQG�1RUGVWUDQG���������7KLV�DOORZV�RXWSXW�WR�EH�JHQHUDWHG�RQ�
KDUGZDUH� LQFDSDEOH� RI� UHQGHULQJ� WKH� DQLPDWHG� DJHQW�� VXFK� DV� SUHVHQW� GD\� FHOO� SKRQHV� RU�
3'$V���

2XU�FXUUHQW�LPSOHPHQWDWLRQ�RI�WKH�DQLPDWHG�DJHQW�XVHV�D�OLEUDU\�RI�KDQGFUDIWHG�JHVWXUH�
GHVFULSWLRQV�� JURXSHG� E\� FRPPXQLFDWLYH� IXQFWLRQ�� 7KLV� LV� D� YHU\� IOH[LEOH� PRGHO�� VLQFH� LW�
DOORZV�XV� WR�PRGHO�GLIIHUHQW�DWWLWXGHV��PDQQHUV��SHUVRQDOLWLHV��PRRGV�RU� WKH� VRFLR�FXOWXUDO�
LGHQWLW\� RI� WKH� DJHQW� VLPSO\� E\� GHILQLQJ� D� QHZ� VHW� RI� JHVWXUH� GHVFULSWLRQV� �DW� OHDVW�
WKHRUHWLFDOO\��DVVXPLQJ�WKDW�WKH�FRPPXQLFDWLYH�IXQFWLRQV�DUH� LQYDULDQW���+RZHYHU��FUHDWLQJ�
JHVWXUH� UHDOLVDWLRQV� LV� D� ODERULRXV� SURFHVV�� DQG� WR� FRQYLQFLQJO\� PRGHO� H�J�� DWWLWXGHV� DQG�
HPRWLRQV�ZRXOG� UHTXLUH�H[WHQVLYH� VWXGLHV�RI� UHDO�OLIH� VXEMHFWV��$� IDVWHU� DQG�PRUH�DFFXUDWH�
ZD\�RI�REWDLQLQJ� WKH�JHVWXUH� UHDOLVDWLRQV�ZRXOG�EH� WR� UHFRUG� IDFLDO�PRYHPHQW�RI� DQ�DFWRU�
XVLQJ�D�PRWLRQ�FDSWXUH�V\VWHP�VXFK�DV�4XDOLV\V��������:RUN�WRZDUGV�WKLV�HQG�LV�LQ�SURJUHVV�
DW�&77��

$&.12:/('*0(176�
7KLV�UHVHDUFK�ZDV�FDUULHG�RXW�DW�WKH�&HQWUH�IRU�6SHHFK�7HFKQRORJ\��D�FRPSHWHQFH�FHQWHU�DW�
.7+��VXSSRUWHG�E\�9,1129$��7KH�6ZHGLVK�$JHQF\�IRU�,QQRYDWLRQ�6\VWHPV���.7+�DQG�
SDUWLFLSDWLQJ�6ZHGLVK�FRPSDQLHV�DQG�RUJDQLVDWLRQV��

5()(5(1&(6�
$JHOIRUV��(���%HVNRZ��-���'DKOTXLVW��0���*UDQVWU|P��%���/XQGHEHUJ��0���6SHQV��.��(���DQG�gKPDQ��7��

��������6\QWKHWLF�)DFHV�DV�D�/LSUHDGLQJ�6XSSRUW��,Q�3URFHHGLQJV�RI�,&6/3��6\GQH\��$XVWUDOLD��
%HOO�� /��� %R\H�� -��� DQG� *XVWDIVRQ�� -�� �������� 5HDO�WLPH� +DQGOLQJ� RI� )UDJPHQWHG� 8WWHUDQFHV�� ,Q�

3URFHHGLQJV�RI�WKH�1$$&/�:RUNVKRS�RQ�$GDSWLRQ�LQ�'LDORJXH�6\VWHPV��3LWWVEXUJK��3$��%HUWHQVWDP��-���
%HVNRZ��-���%ORPEHUJ��0���&DUOVVRQ��5���(OHQLXV��.���*UDQVWU|P��%���*XVWDIVRQ��-���+XQQLFXW��6���
+|JEHUJ�� -��� /LQGHOO�� 5��� 1HRYLXV�� /��� GH� 6HUSD�/HLWDR�� $��� 1RUG�� /��� DQG� 6WU|P�� 1�� ��������
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