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KXPDQ�PDFKLQH�LQWHUDFWLRQ�DSSOLHG�WR�XQLYHUVLW\�WLPHWDEOLQJ��$GKHULQJ�WR�SULQFL�
SOHV�RI�VRIWZDUH�HQJLQHHULQJ��ZH�KDYH�GHYHORSHG�DQ�HIIHFWLYH�JUDSKLF�XVHU� LQWHU�
IDFH��*8,��IRU�RXU�FRPPHUFLDOLVHG�81,3/$11(5�DSSOLFDWLRQ��:LWK�WKH�KHOS�RI�,/2*
9LHZV��>�@��ZH�KDYH�IXOILOOHG�WKH�XVHU
V�UHTXLUHPHQWV�RI�D�VLPSOH�WR�XVH�DQG�LQWXL�
WLYH�WR�XQGHUVWDQG�RQH�WR�RQH�PDSSLQJ�IURP�PDQXDO�WR�HOHFWURQLF�GDWD�JDWKHULQJ�
7KH�*8,�FRPSRQHQW�ZDV�GHVLJQHG�DV�SDUW�RI� WKH�0RGHO�9LHZ�&RQWUROOHU� �09&�
SDWWHUQ�� WKDW� LV� WKH� DSSOLFDWLRQ
V� GDWD� PRGHO��0��� LWV� XVHU� LQWHUIDFH��9��� DQG� LWV
VROYHU�FRPSRQHQW��&��DUH�EDVLFDOO\�VHSDUDWHG�DQG�KHQFH�HDV\�WR�PDLQWDLQ�

.H\�ZRUGV� *8,�GHVLJQ��VRIWZDUH�HUJRQRPLFV��IRUP�EDVHG�GLDORJXHV��09&
SDWWHUQ��XQLYHUVLW\�WLPHWDEOLQJ�
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6FKHGXOLQJ�E\�KDQG�LV�H[WHQVLYH�DQG�WLPH�FRQVXPLQJ�HVSHFLDOO\�DW�XQLYHUVLWLHV��$W
WKH�8QLYHUVLW\� RI� 6LHJHQ�� IRU� H[DPSOH��PRUH� WKDQ� ������ FRXUVHV� IRU� ������� VWX�
GHQWV�UHJLVWHUHG�KDYH�WR�EH�VFKHGXOHG�LQ�WKH�IDFH�RI�VFDUFH�UHVRXUFHV�������OHFWXUH
KDOOV�DQG�VHPLQDU�URRPV���,Q�WKH�SDVW��LQGLYLGXDO�ZLVKHV�RI�WKH�OHFWXUHUV��H�J��WLPH
H[FOXVLRQV�RU�SUHIHUHQFHV��DV�ZHOO�DV�RI�WKH�VWXGHQWV�FRXOG�RQO\�EH�FRQVLGHUHG�VSR�
UDGLFDOO\�GHSHQGLQJ�RQ� WKH�VNLOOV�DQG�HIIRUWV�RI� WKH�KXPDQ�SODQQHU��$W�SUHVHQW�� D
SURJUDP� FDOOHG� 81,3/$11(5�� ZKLFK� LV� EDVHG� RQ� ,/2*� 6ROYHU��� KDV� OLJKWHQ� WKH
SODQQHU
V�EXUGHQ�>�@�� ,W�HIILFLHQWO\�FDOFXODWHV�D� WLPHWDEOH� WKDW�VDWLVILHV� UHVWULFWLRQV
DFFRUGLQJ� WR� D� OLVW� RI� SULRULWLHV�� H�J�� H[DPLQDWLRQ� UHJXODWLRQV� FRPH� ILUVW�� WKDW� LV
FRPSXOVRU\�FRXUVHV�PXVW�QRW�EH�SODFHG�DW�WKH�VDPH�WLPH�VORW�

0RWLYDWHG�E\�WKH�81,3/$11(5
V�VXFFHVV���ZH�DUH�QRZ�GHFLGHG�WR�FRPPHUFLDOLVH�RXU
SURJUDP��7R�WKLV�LQWHQW��ZH�KDYH�ILQLVKHG�D�FDVH�VWXG\�RQ�XS�WR�GDWH�HUJRQRPLFV�RI
KXPDQ�PDFKLQH�LQWHUDFWLRQ�>�@��7KLV�H[SHULHQFH�UHSRUW�VKRZV�KRZ�WKH�VWXG\
V�UH�
VXOWV� KDYH� EHHQ� DSSOLHG� WR� WKH� GHVLJQ� RI� DQ� LPSURYHG� JUDSKLF� XVHU� LQWHUIDFH� IRU
XQLYHUVLW\�WLPHWDEOLQJ��7KH�PDLQ�REMHFWLYHV�DUH�IXOILOOHG�

ä� 7KH� XVHU� LQWHUIDFH� VDWLVILHV� WKH� UHTXLUHPHQWV� RI� VHYHUDO� W\SHV� RI�*HUPDQ
XQLYHUVLWLHV�DQG�FDQ�EH�HDVLO\�PRGLILHG�LI�QHFHVVDU\��,W�FRPSOLHV�ZLWK�PRG�
HUQ�*8,�HUJRQRPLFV�

ä� 7KH�SUHYLRXV� RQH�EORFN� SURJUDP� LV� QRZ� IDFWRUL]HG� LQWR� LQGHSHQGHQW� DQG
H[WHQGLEOH�FRPSRQHQWV�

ä� 7KH� SURJUDP
V� SHUIRUPDQFH� FRXOG� EH� VXEVWDQWLDOO\� LPSURYHG� E\� LPSOH�
PHQWLQJ�D�FOLHQW�VHUYHU�DUFKLWHFWXUH�

)LJXUH��� LOOXVWUDWHV� WKH�81,3/$11(5
V�FRQILJXUDWLRQ�RSWLRQV��7KH�SULQFLSDO�FRPSR�
QHQWV�DUH�

•� D� GDWD� EDVH� ZKHUH� DOO� GDWD� FRQFHUQLQJ� VFKHGXOLQJ� DQG� DGPLQLVWUDWLRQ� LV
VWRUHG�

������������������������������������������������

�� 81,3/$11(5
V�KRPH�SDJH��KWWS���ZZZ�WL�HW�LQI�XQL�VLHJHQ�GH�6WXQGHQSODQXQJ
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•� D�*8,�IURQW�HQG�XVHG�IRU�LQSXW�DQG�RXWSXW�RI�VFKHGXOLQJ�GDWD�DQG�IRU�V\V�
WHP�FRQWURO�

•� WKH� VROYHU� FRPSRQHQW� WKDW� FDOFXODWHV� WLPHWDEOHV� XQGHU� SULRULWLVHG� UHVWULF�
WLRQV�

7KH� UHVW� RI� WKH� SDSHU� LV� GLYLGHG� LQWR� WZR� VHFWLRQV�� )LUVW��ZH� VXPPDULVH�PRGHUQ
NQRZOHGJH�RI�VRIWZDUH�HUJRQRPLFV�IRFXVLQJ�RQ�WKH�GHVLJQ�RI�IRUP�EDVHG�XVHU�LQ�
WHUIDFHV��6HFRQG��ZH�LQWURGXFH�WKH�81,3/$11(5
V�LPSURYHG�XVHU�LQWHUIDFH��ZKLFK�LV
EDVHG�RQ�RXU�VWXG\�RI�*8,�HUJRQRPLFV��DQG�RXWOLQH�WKH�VRIWZDUH�DUFKLWHFWXUH�EH�
KLQG�LW�

)LJXUH����81,3/$11(5
V�FRQILJXUDWLRQ�RSWLRQV

)URQWHQG

)URQWHQG

'DWD�%DVH
'DWD�%DVH

6ROYHU

6ROYHU

8QL3ODQQHU
6HUYHU

8QL3ODQQHU

,QWHUQHW�
,QWUDQHW

&OLHQWV

`

&OLHQW�6HUYHU
$UFKLWHFWXUH

6LQJOH�8VHU
2SWLRQ
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7KLV� VHFWLRQ� RXWOLQHV� WKH� NQRZOHGJH� RI�PRGHUQ� VRIWZDUH� HUJRQRPLFV�>�@� WKDW� LV
FORVHO\� UHODWHG� WR� WLPHWDEOLQJ� DSSOLFDWLRQV�� )URP� DQ� HQJLQHHU
V� SRLQW� RI� YLHZ�� LW
PLJKW�EH�D�SURJUDP
V�IXQFWLRQDOLW\�WKDW�FRXQWV��7KLV�LV�SUREDEO\�ZK\�PRVW�UHOHDVHV
RQO\�DGG�WR�D�SURJUDP
V�IXQFWLRQDO�IHDWXUHV��2Q�DYHUDJH��KRZHYHU��RQO\������RI�DOO
WKH� IXQFWLRQV� RI� D� FRPSOH[� DSSOLFDWLRQ� DUH� XVHG�� 7KLV� LV� HVSHFLDOO\� WUXH� IRU� WH[W
SURFHVVLQJ�DQG�GHVNWRS�SXEOLVKLQJ��:KHWKHU�DQ�DSSOLFDWLRQ�FDQ�EH�DSSUHFLDWHG�IRU
LWV�IXQFWLRQDOLW\�LV�D�TXHVWLRQ�RI�LWV�RSHUDWLQJ�IHDWXUHV��+HQFH��IURP�D�SV\FKRORJL�
FDO�SRLQW�RI�YLHZ��LW�LV�WKH�HDVH�RI�D�KXPDQ�PDFKLQH�LQWHUIDFH�WKDW�GHFLGHV�ZKHWKHU
D�SURJUDP�ZLOO�EH�XVHG�WR�LWV�SRWHQWLDO��7R�VXP�XS��VRIWZDUH�HUJRQRPLFV�KDV�EH�
FRPH�D�GHFLVLYH�FRPSHWLWLYH�IDFWRU�

2.1� Human-Machine Interaction

([FHSW�IRU�VRPH�IXOO\�DXWRPDWHG�DSSOLFDWLRQV��FRPSXWHUV�FDQQRW�FRPSOHWHO\�WDNH
RQ�WKH�YDULRXV�WDVNV�RI�D�KXPDQ��7KHUHIRUH��GLYLVLRQ�RI�ODERXU�LV�WKH�JRDO��ZKHUH�D
FRPSXWHU�LV�VXSHULRU�WR�D�KXPDQ��LW�LV�XVHG�DV�D�VXSSRUWLYH�WRRO��,Q�WKH�GRPDLQ�RI
WLPHWDEOLQJ��D�FRPSXWHU�VWRUHV� WKH�KXJH�DPRXQW�RI�SODQQLQJ�GDWD��NHHSV� WUDFN�RI
WKH�FRQVWUDLQWV��DQG�SURGXFHV�FRQVLVWHQW�WLPHWDEOHV��2Q�WKH�RWKHU�KDQG��WKH�KXPDQ
SODQQHU� FRPSLOHV� WKH� SODQQLQJ� GDWD� DQG� JLYHV� KLQWV� RQ� KRZ� WR� VDWLVI\� WKH� FRQ�
VWUDLQWV�PRUH�HIILFLHQWO\��7KHVH�KLQWV�DUH�EDVHG�RQ�H[SHULHQFH��KHXULVWLFV�IRU�YDUL�
DEOH�DQG�YDOXH�RUGHULQJ���7KXV��WKH�GHVLJQ�RI�D�XVHU�LQWHUIDFH�SUHVXSSRVHV�D�GHHS
DQDO\VLV�RI�WKH�DSSOLFDWLRQ�GRPDLQ�DQG�LWV�SDUWLFXODU�XVH�FDVHV�

)LUVW�RI�DOO��D�XVHU�LQWHUIDFH�VKRXOG�UHIOHFW�WKH�ZRUNLQJ�HQYLURQPHQW�RI�D�XVHU��$OO
WHUPV�DQG�H[SUHVVLRQV�RQ�WKH�ZLQGRZ�WHUPLQDO�VKRXOG�EH�WDNHQ�IURP�WKH�DSSOLFD�
WLRQ� GRPDLQ��7KH�ZRUN� IORZ� VLPXODWHG� E\� WKH� FRPSXWHU�PXVW� FRUUHVSRQG� WR� WKH
XVHU¶V�WDVNV��6\PEROV�DQG�LFRQV�PXVW�UHIOHFW�WKH�WRROV�DQG�PDWHULDOV�W\SLFDOO\�XVHG�
$� SULPH� H[DPSOH� IRU� WKLV� RQH�WR�RQH�PDSSLQJ� EHWZHHQ� D� ZRUNLQJ� HQYLURQPHQW
DQG� LWV� HOHFWURQLF� UHSUHVHQWDWLRQ� RQ� VFUHHQ� LV� WKH� ZHOO�NQRZQ
GHVNWRS�PHWDSKRU��(YHU\GD\�RIILFH�REMHFWV�OLNH�ILOHV�DQG�IROGHUV�
HYHQ�WKH�ZDVWHSDSHU�EDVNHW��KDYH�IRXQG�WKHLU�FRXQWHUSDUWV�RQ�WKH
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HOHFWURQLF�GHVNWRS��7KDW�PDNHV�D�KXPDQ�PDFKLQH� LQWHUIDFH�HDV\� WR� OHDUQ�DQG� LQ�
WXLWLYH�WR�XVH�

7R�KDQGOH� DEVWUDFW�REMHFWV�ZLWKRXW� D�YLYLG� UHSUHVHQWDWLRQ�� H�J�� QXPHULFDO� YDOXHV�
FKDUWV� DQG� GLDJUDPV� KHOS�� 6WDWLVWLFV� FDQ� EH� HDVLO\� YLVXDOLVHG� E\� EDU� RU� SLH� GLD�
JUDPV��&RPSDUHG� WR� WH[W�� WKH�JUDSKLF� UHSUHVHQWDWLRQ� RI� QXPHULFDO� YDOXHV� FDQ� EH
JUDVSHG�TXLFNO\��DQG�LQ�DGGLWLRQ��LW�VLPSO\�VDYHV�D�ORW�RI�VFUHHQ�VSDFH�

$�IXUWKHU�LPSRUWDQW�DVSHFW�RI�DQ\�XVHU�LQWHUIDFH�LV�UHOLDELOLW\��$Q\�GHVWUXFWLYH�DF�
WLRQ��IRU�H[DPSOH�GHOHWLQJ�D�ILOH��VKRXOG�SURPSW�D�QRWLFH�EHIRUH�WKH�DFWLRQ�LV�FDU�
ULHG�RXW��$V� WKLV�FDQ�EH�DQQR\LQJ�VRPHWLPHV��DQ�XQGR� IXQFWLRQ� VKRXOG�EH� DYDLO�
DEOH�� 7KH� XQGR� IHDWXUH� JLYHV� WKH� XVHU� VHOI�FRQILGHQFH
WKDW��ZKDWHYHU�KH�RU�VKH�GRHV�ZURQJ��LW�FDQ�EH�XQGRQH�
7KXV��D�ILUVW�WLPH�XVHU�FDQ�IROORZ�DQ�LQWXLWLYH�WULDO�DQG�
HUURU�PHWKRG� WR� EHFRPH� DFTXDLQWHG�ZLWK� WKH� SURJUDP
ZLWKRXW�ULVNLQJ�FRUUXSWLRQ�RU�ORVV�RI�GDWD�

2.2� Dialogues

&RPPDQG�GLDORJXHV�DUH�D�UHOLFW�RI�WKH�SDVW�ZKHQ�KXPDQ�PDFKLQH�LQWHUDFWLRQ�ZDV
UHVWULFWHG� E\� SRRU� KDUGZDUH� UHVRXUFHV�� 7KHLU� H[LVWHQFH�PD\� VWLOO� EH� MXVWLILHG� IRU
H[SHUW�XVH��VHH�)LJXUH���IRU�DQ�H[DPSOH���7KH�FDVXDO�XVHU��KRZHYHU��ZLOO�UHIXVH�WR
OHDUQ�D�VHW�RI�FRPPDQGV�ZLWK�D�FU\SWLF�V\QWD[�EHIRUH�KH�RU� VKH�FDQ�GR�DQ\WKLQJ
VHQVLEOH�ZLWK�WKH�SURJUDP�

$� PXFK� PRUH� LQWXLWLYH� DOWHUQDWLYH� LV� WKH� PHQX�GULYHQ
GLDORJXH��ZKLFK�KDV�EHFRPH�YHU\�SRSXODU��0HQXV�LQGLFDWH
WKH�IXQFWLRQV�DYDLODEOH�WR�WKH�XVHU�DW�D�JLYHQ�SRLQW�RI�WLPH
ZKLOH�WKH�DSSOLFDWLRQ�LV�UXQQLQJ��<RX�GR�QRW�QHHG�WR�OHDUQ
D�FRPPDQG�ODQJXDJH�ILUVW�WR�KDYH�VRPH�IXQFWLRQV�FDUULHG
RXW��D�VLQJOH�PRXVH�FOLFN�VXIILFHV��$�PHQX�V\VWHP�FOHDUO\
H[SRVHV� LWV� VWUXFWXUH� DQG� QDYLJDWHV� WKH� XVHU� WKURXJK� WKH
DSSOLFDWLRQ��7KH�PHQX
V�WUHH�VWUXFWXUH�VXSSRUWV�RXU�FRJQL�
WLYH�VWUXFWXUH�RI�OHDUQLQJ��:H�FDQ�VHH�ZKDW�WKH�SURJUDP�LV
DEOH� WR� GR��:H� FKRRVH� DQ� LWHP� IURP� WKH� PHQX�� DQG� WKH
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SURJUDP�ZLOO�UHDFW�HLWKHU�E\�FDUU\LQJ�RXW�WKH�IXQFWLRQ�UHTXHVWHG�RU�E\�SRSSLQJ�XS�D
VHFRQG�PHQX��ZKHUH� WKH� IXQFWLRQ� LV� IXUWKHU� LWHPLVH��+RZHYHU��D�SURJUDP
V�PHQX
V\VWHP�IDOOV� VKRUW�ZKHQ� LW� FRPHV� WR� LQSXW�DQG�RXWSXW� ODUJH� VHWV�RI�GDWD��)RU� WKLV
SXUSRVH��IRUP�EDVHG�GLDORJXHV�DUH�PXFK�EHWWHU�VXLWHG��)LJXUH���VKRZV�DQ�H[DPSOH�

)LJXUH����5HOLFW�RI�WKH�SDVW��$�:LQGRZV17��FRPPDQG�GLDORJXH

)LJXUH����$�81,3/$11(5
V�IRUP�EDVHG�GLDORJXH
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(DFK�ILHOG�LV�WLWOHG�DQG�PD\�EH�DOUHDG\�ILOOHG�ZLWK�IUHTXHQWO\�XVHG�GHIDXOW�YDOXHV�
7KH�XVHU�FDQ�HLWKHU�DFFHSW�RU�RYHUZULWH�WKHP��7KH�DGYDQWDJH�RI�D�IRUP�EDVHG�GLD�
ORJXH�LV�LWV�FOHDU�UHSUHVHQWDWLRQ��'DWD�VHWV�WKDW�EHORQJ�WRJHWKHU�DUH�UHSUHVHQWHG�WR�
JHWKHU��$�IRUP�VKRXOG�PLUURU�LWV�SDSHU�FRXQWHUSDUW�DV�XVHG�LQ�SUDFWLFH��%\�WKDW��WKH
XVHU� ZLOO� TXLFNO\� IDPLOLDULVH� KLP�KHUVHOI� ZLWK� WKH� SURJUDP�� )LJXUH��� LOOXVWUDWHV
VXFK�D� UHVHPEODQFH�EHWZHHQ�D�SDSHU� IRUP�DQG� LWV� HOHFWURQLF� FRXQWHUSDUW��+HQFH�
WUDQVIHUULQJ�GDWD�IURP�SDSHU�WR�VFUHHQ�EHFRPHV�D�VWUDLJKWIRUZDUG�WDVN�

)LJXUH����3DSHU�IRUP�YHUVXV�IRUP�EDVHG�GLDORJXH

8VXDOO\�� WKHUH�ZLOO�EH�D�PL[WXUH�RI�PHQX�GULYHQ�DQG�IRUP�EDVHG�GLDORJXHV��%RWK
DUH� LPSRUWDQW� WR� NHHS� D� XVHU� LQWHUIDFH� HIIHFWLYH�� 7KH� XVHU� LQWHUIDFHV� RI� PRGHUQ
GHVNWRS�SXEOLVKLQJ�SURJUDPV�DQG�JUDSKLF�HGLWRUV�DUH�JRRG�H[DPSOHV�IRU�WKH�V\QHU�
JHWLF�HIIHFW�EHWZHHQ�PHQXV�DQG�IRUPV�

�� «�WR�3UDFWLFH

:H�QRZ�VNHWFK�VRPH�H[DPSOHV�WKDW�ZLOO�VKRZ�KRZ�ZH�KDYH�WUDQVODWHG�WKHRU\�LQWR
DFWLRQ��)XUWKHUPRUH��ZH�GHVFULEH�WKH�VRIWZDUH�DUFKLWHFWXUH�WKDW�JLYHV�81,3/$11(5�D
EHWWHU�SHUIRUPDQFH�DQG�D�JUHDW�GHDO�RI�IOH[LELOLW\�
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3.1� The 81,3/$11(5’s User Interface

2XU� SURJUDP
V� WDUJHW� JURXS� � DUH� QRW� FRPSXWHU� H[SHUWV�� EXW� SHRSOH� LQ� FKDUJH� RI
WLPHWDEOLQJ��7KHLU� MDUJRQ�DQG� W\SLFDO� WDVNV�KDYH� OHG� WKH�GHVLJQ�RI� WKH�XVHU� LQWHU�
IDFH��/HW�XV�VXPPDULVH�WKH�PDLQ�REMHFWLYHV�

C� HDV\�WR�OHDUQ�DQG�HDV\�WR�PRGLI\�
C� RQH�WR�RQH�PDSSLQJ�EHWZHHQ�SDSHU�DQG�VFUHHQ�IRUPV�
C� DOO�GLDORJXHV�DUH�WR�EH�RSHUDWHG�E\�VLPLODU�PHQXV�DQG�EXWWRQV�
C� WKH�VHW�RI�GLIIHUHQW�GLDORJXHV�LV�NHSW�WR�D�PLQLPXP�
C� WKH�ORRN�DQG�IHHO�LV�VLPLODU�WR�RIILFH�DSSOLFDWLRQ�SURJUDPV�
C� JUDSKLF�LWHPV�RQO\�ZKHUH�DSSURSULDWH��QR�JLPPLFNV��

Document Structure

7KH�WHUP��GRFXPHQW��LV�RIWHQ�XVHG�LQ�RIILFH�DSSOLFDWLRQV��IRU�H[DPSOH�WH[W�GRFX�
PHQW� LQ�ZRUG� SURFHVVLQJ� RU� JUDSKLF� GRFXPHQW� LQ� GUDZLQJ� HGLWRUV�� 7KHUHIRUH�� WR
NHHS�DFFHVV�HDV\�IRU�QRQ�H[SHUWV��81,3/$11(5�IRFXVHV�RQ� WKLV� WHUP�� ,WV�GRFXPHQW
VWUXFWXUH�LV�VKRZQ�LQ�)LJXUH���

)LJXUH����81,3/$11(5
V�GRFXPHQW�VWUXFWXUH

'DWHQEDQN

3URMHNW��

)lFKHU

6WXQGHQSODQ��

6WXQGHQSODQ��

'R]HQW�[

5DXP��

'R]HQW�\

5DXP�Q3URMHNW��

'R]HQWHQ 5lXPH

5DXP��

(UKHEXQJV�
GDWHQ
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)LJXUH����81,3/$11(5
V�GLDORJXH�VWUXFWXUH

+HUH� WKH�GRFXPHQW� �GDWD�EDVH�� UHSUHVHQWV� WKH� VFKHGXOLQJ�SURMHFWV� DV� D�ZKROH��$
GDWD� EDVH� GRFXPHQW�PD\� FRQVLVW� RI� VHYHUDO� SURMHFW� GRFXPHQWV��$� VLQJOH� SURMHFW
GRFXPHQW� FRPSULVHV� DOO� GDWD� FRUUHVSRQGLQJ� WR� WKH� FXUUHQW� SODQQLQJ� VHVVLRQ�� IRU
H[DPSOH�OLVWV�RI�OHFWXUHUV��FRXUVHV��DQG�VHPLQDU�URRPV��DV�ZHOO�DV�FDOFXODWHG�WLPH�
WDEOHV��3URMHFW�GRFXPHQWV�DUH�FRPSOHWHO\�LQGHSHQGHQW�IURP�HDFK�RWKHU��7KXV��VHY�
HUDO�SODQQLQJ�VHVVLRQV�FDQ�EH�PDQDJHG�FRQFXUUHQWO\�

7KH�GRFXPHQW�VWUXFWXUH�FRUUHVSRQGV�GLUHFWO\�WR�WKH�GLDORJXHV�DQG�WKH�DSSOLFDWLRQ
V
ZRUN�IORZ��FRPSDUH�)LJXUH���ZLWK�)LJXUH�����(DFK�GRFXPHQW�KDV�LWV�RZQ�GLDORJXH�
(DFK�GLDORJXH� LV� VLPLODU� WR� LWV�SUHGHFHVVRU�� DQG�RQO\� WKRVH� IXQFWLRQV� DUH�RIIHUHG
WKDW� DUH� PHDQLQJIXO� IRU� WKH� GLVSOD\HG� GDWD�� %\� WKDW�� D� XVHU� LV� H[FOXVLYHO\� FRQ�
IURQWHG�ZLWK�GDWD�DQG�DFWLRQV�VLJQLILFDQW�LQ�WKH�FRQWH[W�RI�WKH�SUHVHQW�GLDORJXH�

'DWHQEDQN

3URMHNW

5lXPH )lFKHU

6WXQGHQSODQ

5DXP�[

'R]HQW�\

'R]HQWHQ
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Dialogue Types

7KH�GLDORJXH�W\SHV�RI�81,3/$11(5�DUH�NHSW�WR�D�PLQLPXP��7KLV�VKRUWHQV�WKH�OHDUQ�
LQJ�SURFHVV�VXEVWDQWLDOO\��&XUUHQWO\��WKH�XVHU�LV�FRQIURQWHG�ZLWK�MXVW�WKUHH�GLIIHUHQW
IRUPV�IRU�GDWD�DQG�DFWLRQ�

��� /LVW�GLDORJXHV�ZLWK�PHQX�DQG�WRRO�EDUV
��� )LHOG�GLDORJXHV�IRU�GDWD�LQSXW�DQG�PRGLILFDWLRQ
��� 7DEOH�GLDORJXHV� IRU�GLVSOD\LQJ�DQG�PRGLI\LQJ� WLPHWDEOHV� IRU�FRXUVHV�� OHF�

WXUHV��URRPV��HWF�

7KH�OLVW�GLDORJXH�LV�FHQWUDO� WR�81,3/$11(5��/LVWV�DUH� WKH�EDVLF�VWUXFWXUH� IRU� UHSUH�
VHQWLQJ�SURMHFWV��VHWV�RI�OHFWXUHUV�DQG�FRXUVHV��$W�D�SODQQLQJ�VHVVLRQ��IRU�H[DPSOH�
VHYHUDO�OLVWV�RI� OHFWXUHUV�DQG�FRXUVHV�KDYH�WR�EH�KDQGOHG��7LPHWDEOHV�IRU�VWXGHQWV
RI�GLIIHUHQW� WHUPV�DUH�DOVR�LQ�OLVW�IRUP��)RU�HDFK�WHUP�WKH�FRXUVHV�RIIHUHG�DUH�DV�
VLJQHG�WR�URRPV�DQG�WLPH�VORWV��)LJXUH���JLYHV�DQ�H[DPSOH�

)LJXUH����([DPSOH�RI�D�OLVW�GLDORJXH

7\SLFDOO\�� D� OLVW�GLDORJXH� LV�GLYLGHG� LQWR� WKUHH� VHFWLRQV��7KH�FRPPDQG� ILHOG� FRQ�
VLVWV�RI�PHQX�DQG�WRRO�EDUV��WKH�ZRUN�VSDFH� LV�D� OLVW�RI�GDWD�WR�EH�SURFHVVHG��DQG
WKH�PHVVDJH�ILHOG�DW�WKH�ERWWRP�RI�WKH�GLDORJXH�GLVSOD\V�ZDUQLQJV�DQG�LQIRUPDWLRQ
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DERXW�WKH�FXUUHQW�VWDWH�RI�WKH�SURJUDP��7KH�OLVW�GLDORJXH�DOORZV�PRXVH�FOLFN�VHOHF�
WLRQ�RI�LQGLYLGXDO�OLQHV�RU�JURXS�RI�OLQHV��,I�QHFHVVDU\��LW�FDQ�EH�VFUROOHG��$Q\�DF�
WLRQ��WULJJHUHG�E\�PRXVH�FOLFN�RQ�WKH�PHQX�RU�WRRO�EDU��RQO\�DIIHFWV�WKH�OLQHV�FXU�
UHQWO\�VHOHFWHG��%\�FOLFNLQJ�WKH�ULJKW�PRXVH�EXWWRQ��D�FRQWH[W�VHQVLWLYH�PHQX�SRSV
XS�VKRZLQJ�DOO�IXQFWLRQV�DYDLODEOH�IRU�WKH�OLQHV�VHOHFWHG�

7KH�VHFRQG�GLDORJXH�W\SH�XVHG�E\�81,3/$11(5�FRUUHVSRQGV�WR�WKH�IRUP�EDVHG�GLD�
ORJXHV�LQWURGXFHG�LQ�6HFWLRQ����&RPSDUHG�WR�OLVW�GLDORJXHV��WKH\�DUH�PXFK�PRUH�LU�
UHJXODU�DV�WKH\�DGGUHVV�WKH�PDQLSXODWLRQ�RI�VSHFLILF�GDWD��:KDW�WKH\�KDYH�LQ�FRP�
PRQ��KRZHYHU��LV�D�WLWOH�EDU�DQG�D�VHW�RI�DFWLRQ�EXWWRQV�SODFHG�DW�WKH�ERWWRP�RI�WKH
GLDORJXH��7KH�UHVW�LV�NHSW�DV�VLPSOH�DV�SRVVLEOH�DQG�FRUUHVSRQGV�WR�WKH�SDSHU�IRUP�
)LJXUH��� GHSLFWV� DQ� H[DPSOH� IRU� WKLV� GLDORJXH� W\SH�� 7KHUH�ZH� VHH� D� GLDORJXH� WR
UHJLVWHU�D�URRP�ZLWK�DOO� LWV�SURSHUWLHV�UHOHYDQW� WR�VFKHGXOLQJ��H�J��HTXLSPHQW��FD�
SDFLW\��DQG�DYDLODELOLW\�

)LJXUH����$�ILHOG�GLDORJXH�IRU�GDWD�LQSXW�DQG�PRGLILFDWLRQ
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7KH� WKLUG� W\SH� RI� GLDORJXH� LV� WDEOH�RULHQWHG�� 7KLV� GLDORJXH� FRQVLVWV� RI� D� WZR�
GLPHQVLRQDO�PDWUL[��WKH�\�FR�RUGLQDWH�VWDWHV�WKH�WLPH�VORW�RI�D�FRXUVH�DQG�WKH�[�FR�
RUGLQDWH� WKH� ZHHNGD\�� 7DEOH�RULHQWHG� GLDORJXHV� DUH� SULPDULO\� XVHG� IRU� WLPH� DQG
URRP�WDEOHV��)LJXUH���JLYHV�DQ�H[DPSOH�RI�D�WLPHWDEOH�SURGXFHG�E\�RXU�SURJUDP�
7KH�WDEOHV�DUH�XVHG�IRU�YLVXDO�FKHFNLQJ�DQG�IRU�SUHSDULQJ�D�SULQWHU�RXWSXW��,I�QHF�
HVVDU\��D�VHOHFWHG�FRXUVH�PD\�EH�GUDJJHG�DQG�GURSSHG�WR�DQRWKHU�WLPH�VORW��7KLV��RI
FRXUVH��ZLOO�UHVXOW�LQWR�D�QHZ�FDOFXODWLRQ�RI�WKH�ZKROH�WLPHWDEOH�

)LJXUH����'UDJ�	�GURS�LQ�D�WDEOH�GLDORJXH

3.2� The 81,3/$11(5’s Architecture

7KLV� VHFWLRQ� RXWOLQHV� WKH� VRIWZDUH� DUFKLWHFWXUH� RI�81,3/$11(5��2XU� SULPDU\� JRDO
ZDV�WR�NHHS�WKH�SURJUDP
V�PDLQ�FRPSRQHQWV�VHSDUDWH�DV�PXFK�DV�SRVVLEOH�LQ�RUGHU
WR� HDVH�PDLQWHQDQFH� DQG� IXUWKHU� GHYHORSPHQW� �SULQFLSOH� RI� �6HSDUDWLRQ� RI� &RQ�
FHUQV��>�@��� ,Q�DGGLWLRQ��D�FOLHQW�VHUYHU�VWUXFWXUH�VKRXOG�DOORZ�WR�PRYH�WKH�VROYHU
FRPSRQHQW�WR�D�KLJK�SHUIRUPDQFH�KDUGZDUH�SODWIRUP��7KH�ZHOO�NQRZQ�6PDOOWDON
SDWWHUQ�0RGHO�9LHZ�&RQWUROOHU�>�@�KHOSHG�XV� LQ� WKLV� UHVSHFW��)LJXUH���� LOOXVWUDWHV
WKH�FRPSRQHQWV
�UHODWLRQVKLSV�
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)LJXUH�����81,3/$11(5
V�09&�DUFKLWHFWXUH

7KH�9LHZ�FRPSRQHQW�FRUUHVSRQGV� WR� WKH�XVHU� LQWHUIDFH� �FDOOHG�81,3/$11(586(5��
7KH�0RGHO�FRPSRQHQW�FRUUHVSRQGV�WR�WKH�GDWD�PRGHO�DQG�LWV�VXSSRUWLQJ�GDWD�EDVH
PDQDJHPHQW� V\VWHP�� '%06�� �FDOOHG� 81,3/$11(502'(/� LQ� WKH� GLDJUDP��� $QG
WKH�&RQWUROOHU� FRPSRQHQW� FRUUHVSRQGV� WR� WKH� SURJUDP
V� DOJRULWKPLF� FRPSRQHQW
�FDOOHG�81,3/$11(562/9(5���$OO� WKUHH�FRPSRQHQWV�DUH�VHOI�FRQWDLQHG�SURJUDPV�
ZKLFK�FDQ�EH�UXQ�RQ�GLIIHUHQW�FRPSXWHUV�

81,3/$11(502'(/�LV� WKH�FHQWUDO�FRPSRQHQW�RI� WKH�DUFKLWHFWXUH��:H�LPSOHPHQ�
WHG�LW�RQ�0LFURVRIW�64/�6HUYHU���ZKLFK�VXSSRUWV�FOLHQW�VHUYHU�SURFHVVLQJ��7KH�GD�
WD�PRGHO� FRPSULVHV� DOO� GDWD� UHOHYDQW� WR� XQLYHUVLW\� WLPHWDEOLQJ�� ,Q� DGGLWLRQ�� GDWD
FRQFHUQLQJ�SURJUDP�FRQILJXUDWLRQ��XVHUV�PDQDJHPHQW�DQG�SURFHVV�FRQWURO�LV�NHSW
KHUH��7KH�64/�6HUYHU��FDQ�EH�LQVWDOOHG�RQ�DQ\�0LFURVRIW�FRPSDWLEOH�FRPSXWHU��$V
DOO�SRSXODU�,QWHUQHW�DQG�LQWUDQHW�SURWRFROV�DUH�VXSSRUWHG��WKH�GDWD�EDVH�LV�DFFHVVL�
EOH�LQ�VWDQGDUG�QHWZRUN�HQYLURQPHQWV��0RUHRYHU��WKH�GDWD�PRGHO�LV�QRW�IL[HG�WR�D
SDUWLFXODU�64/�'%06��7KHUHIRUH��DQ\�ORZ�FRVW�RSWLRQ�UHPDLQV�RSHQ��ZKLFK�QHHG
QRW�QHFHVVDULO\�EH�FDSDEOH�RI�PXOWL�XVHU�RU�FOLHQW�VHUYHU�SURFHVVLQJ�
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81,3/$11(586(5�LV�WKH�XVHU�LQWHUIDFH�RI�WKH�SURJUDP��,W�FRPELQHV�DOO�RSWLRQV�IRU
KXPDQ�PDFKLQH�LQWHUDFWLRQ��7KHVH�DUH�

•� GDWD�LQSXW�DQG�PRGLILFDWLRQ

•� SULQW�VHUYLFHV

•� SURFHVV�FRQWURO
•� H[SRUW�DQG�LPSRUW�RI�GDWD

81,3/$11(586(5�LV�D�VHOI�FRQWDLQHG�SURJUDP�WKDW�FDQ�EH�UXQ�RQ�D�:LQGRZV17�

FRPSXWHU�RI� ORZ�SHUIRUPDQFH�� ,W�ZDV� LPSOHPHQWHG�ZLWK� WKH�KHOS�RI� WKH� FODVV� OL�
EUDU\�,/2*�9LHZV��DQG�WKH�*8,�EXLOGHU�,/2*�9LHZV�6WXGLR���7KH�DGYDQWDJH�RI
LPSOHPHQWLQJ�WKLV�FRPSRQHQW�DV�D�VHOI�FRQWDLQHG�SURJUDP�LV�REYLRXV��WKXV�LW�FDQ
EH�UHSODFHG�DW�DQ\�WLPH��,W�LV�FOHDUO\�VHSDUDWHG�IURP�LWV�GDWD�EDVH�DQG�WKH�FRQVWUDLQW
DOJRULWKP�DV�ZHOO��+HQFH�� LW� LV�SRVVLEOH� WR� UHSODFH� LW�ZLWK�D�*8,�FRPSRQHQW� LP�
SOHPHQWHG�LQ�-DYD��IRU�H[DPSOH��LQ�RUGHU�WR�DFKLHYH�SODWIRUP�LQGHSHQGHQFH��81,�
3/$11(586(5� FRPPXQLFDWHV�ZLWK� WKH� GDWD� EDVH� YLD� WKH�2'%&� VWDQGDUG� �2SHQ
'DWDEDVH� &RQQHFWLYLW\��� +DYLQJ� LQSXW� DOO� QHFHVVDU\� SODQQLQJ� GDWD�� RQH� RU� PRUH
VFKHGXOLQJ� SURFHVVHV� FDQ� EH� VWDUWHG�� $V� GDWD� SURFHVVLQJ� LV� UHVWULFWHG� WR� 81,�
3/$11(562/9(5�� WKH�XVHU� LQWHUIDFH�ZLOO�QRW�EH�EORFNHG�E\�DQ�H[WHQVLYH�FDOFXOD�
WLRQ��3URFHVV�FRQWURO�LV�PDQDJHG�E\�53&�WHFKQLTXHV��5HPRWH�3URFHGXUH�&DOO��

81,3/$11(562/9(5�LV�LPSOHPHQWHG�ZLWK�WKH�KHOS�RI�WKH�FODVV�OLEUDU\�,/2*�6RO�
YHU���7KLV� FRPSRQHQW�KDV�EHHQ� UHXVHG� DV� LW�ZDV�RULJLQDOO\�GHVLJQHG� IRU� WKH�81,�
3/$11(5�SURWRW\SH�>�@��:H�MXVW�ZUDSSHG�LW�LQ�RUGHU�WR�IXQFWLRQ�DV�D�VHOI�FRQWDLQHG
SURJUDP��%\� WKDW��81,3/$11(562/9(5�PD\�EH� UXQ�RQ�D�KLJK�SHUIRUPDQFH�FRP�
SXWHU� RYHU� QLJKW� LI� QHFHVVDU\�� 7KH� VROYHU� FRPSRQHQW� LV� FRPSOHWHO\� LQGHSHQGHQW
IURP�WKH�XVHU�LQWHUIDFH��2QO\�WKH�GDWD�EDVH�FRPSRQHQW�LV�QHHGHG��'DWD�LV�UHDG�IURP
WKH�GDWD�EDVH�DQG��DIWHU�EHLQJ�SURFHVVHG��VWRUHG�EDFN��7R�DFFHVV�WKH�GDWD�EDVH��WKH
VROYHU�XVHV�WKH�2'%&�LQWHUIDFH�

$OWRJHWKHU��ZH� KDYH� DFKLHYHG� D� IOH[LEOH� DQG� SRZHUIXO� FOLHQW�VHUYHU� DUFKLWHFWXUH�
7KH�09&�SDWWHUQ��ZKLFK� LV�XVXDOO\�XVHG��LQ� WKH�VPDOO��� L�H�� IRU�*8,�GHVLJQ��KDV
EHHQ�LPSOHPHQWHG�KHUH��LQ�WKH�ODUJH��� L�H��DV�DQ�DUFKLWHFWXUDO�SDWWHUQ��7KH�FOLHQW�
VHUYHU� IHDWXUHV� SHUPLW� GLVWULEXWHG� SURFHVVLQJ� DQG�PXOWL�WDVNLQJ�� ,I� WKHVH� DUH� QRW
QHHGHG��D�VLQJOH�SODWIRUP�LQVWDOODWLRQ�LV�SRVVLEOH�ZLWKRXW�FKDQJHV�WR�WKH�VRIWZDUH�
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Conclusions and Outlook

+DYLQJ�VWXGLHG�VRIWZDUH�HUJRQRPLFV�LQ�GHWDLO��ZH�FRXOG�VLJQLILFDQWO\�LPSURYH�WKH
XVHU�LQWHUIDFH�RI�RXU�WLPHWDEOLQJ�DSSOLFDWLRQ��7KH�UHVXOWV�ZHUH�HYDOXDWHG�E\�VHYHUDO
SHUVRQV� LQ� FKDUJH� RI� VFKHGXOLQJ� DW� WKH� 8QLYHUVLW\� RI� 6LHJHQ�� $W� &H%,7�
���� WKH
SURWRW\SH�YHUVLRQ�RI�81,3/$11(5�ZDV�ZHOO�UHFHLYHG��ZKLFK�KDV�HQFRXUDJHG�XV�IRU
WKH� QH[W� VWHS� RI� FRPPHUFLDOLVLQJ� WKH� SURJUDP�� 6HYHUDO� SLORW� SURMHFWV� KDYH� EHHQ
LQLWLDWHG� ZLWK� UHSUHVHQWDWLYHV� RI� GLIIHUHQW� W\SHV� RI� *HUPDQ� XQLYHUVLWLHV��:H� DUH
FRQYLQFHG� WKDW� WKH� IOH[LELOLW\� RI� RXU� VRIWZDUH� DUFKLWHFWXUH� ZLOO� KHOS� XV� WR� VHUYH
YDULRXV�PDUNHW�UHTXLUHPHQWV�RI�XQLYHUVLW\�WLPHWDEOLQJ��0RUHRYHU��ZH�DUH�FRQILGHQW
WKDW�ZH�FDQ�DGDSW�WKH�SURJUDP�WR�ILW�WKH�QHHGV�RI�VHFRQGDU\�VFKRROV�
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