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Research Challenges in Designing Mobile, Multimodal and Adaptive

Interfaces for Context-Aware Assistance
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ABSTRACT
7KHUH DUH D VWDJJHULQJ QXPEHU RI DGXOWV LQ RXU QDWLRQ ZLWK

FRJQLWLYH LPSDLUPHQWV GXH WR GLVHDVH DQG�RU DJH� 7KHVH

LPSDLUPHQWV FRQVLGHUDEO\ GLPLQLVK WKHLU DELOLW\ WR FDUU\ RXW

HYHU\ GD\ WDVNV� &RPPXQLW\ DFFHVV KDV EHHQ LGHQWLILHG DV

RQH RI WKH NH\ EDUULHUV WR DQ LQGHSHQGHQW OLIHVW\OH IRU VXFK

LQGLYLGXDOV� +RZ FDQ ZH H[SORLW XELTXLWRXV FRPSXWLQJ

WHFKQRORJ\ DQG WUDQVSDUHQW LQWHUIDFHV RQ PRELOH GHYLFHV WR

GHOLYHU SHUVRQDO DVVLVWDQFH WR WKLV XVHU SRSXODWLRQ" 7KLV LV

WKH FHQWUDO IRFXV RI D QDVFHQW UHVHDUFK SURMHFW LQYROYLQJ

UHVHDUFKHUV IURP WKH 8QLYHUVLW\ RI 2UHJRQ� $XEXUQ

8QLYHUVLW\ DQG WKH 8QLYHUVLW\ RI 0DQFKHVWHU ,QVWLWXWH RI

6FLHQFH DQG 7HFKQRORJ\� ,Q WKLV SDSHU ZH GHVFULEH WKH

UHVHDUFK FKDOOHQJHV DULVLQJ IURP WKLV HQGHDYRU WR GHVLJQ D

ZHDUDEOH DVVLVWLYH LQIRUPDWLRQ DSSOLDQFH IRU WKH FRJQLWLYHO\

LPSDLUHG�

Keywords
&RJQLWLYH LPSDLUPHQW� DVVLVWLYH GHYLFHV� FRQWH[W DZDUHQHVV�

XELTXLWRXV FRPSXWLQJ�

INTRODUCTION
7KHUH DUH D VWDJJHULQJ QXPEHU RI DGXOWV LQ RXU QDWLRQ ZLWK

FRJQLWLYH LPSDLUPHQWV GXH WR GLVHDVH DQG�RU DJH� ZKLFK

FRQVLGHUDEO\ GLPLQLVK WKHLU DELOLW\ WR FDUU\ RXW HYHU\ GD\

WDVNV� 6XFK LQGLYLGXDOV ILQG LW GLIILFXOW WR YHQWXUH RXWVLGH

WKHLU KRPHV IRU GDLO\ FKRUHV� VRFLDOL]LQJ� DQG HQWHUWDLQPHQW�

7KLV OHDGV QRW RQO\ WR GLIILFXOWLHV RI GDLO\ OLIH� EXW DOVR WR

VRFLDO LVRODWLRQ DQG ODFN RI FRPPXQLW\ DFFHVV� $ 1HHGV

$VVHVVPHQW XQGHUWDNHQ LQ WKH VWDWH RI 2UHJRQ WR LGHQWLI\

WKH SULPDU\ DUHDV RI FRQFHUQ WR SHRSOH ZLWK FRJQLWLYH

LPSDLUPHQWV IRXQG WKDW FRPPXQLW\ DFFHVV ZDV RQH RI WKH

NH\ EDUULHUV WR LQGHSHQGHQFH� 7KHUHIRUH� ZH KDYH HPEDUNHG

XSRQ D UHVHDUFK SURMHFW WR DGGUHVV WKH QHHGV RI VXFK

LQGLYLGXDOV E\ EULQJLQJ SHUVRQDOL]HG LQIRUPDWLRQ DFFHVV�

PHPRU\ HQKDQFHPHQW DQG FRQWH[W�VHQVLQJ FDSDELOLWLHV WR

WKHP E\ PHDQV RI D ZHDUDEOH LQIRUPDWLRQ V\VWHP �)LFNDV�

.RUWXHP 	 6HJDOO� ������ 7KH NH\ FRPSRQHQW RI WKLV

V\VWHP ZLOO EH D ZLUHOHVVO\ QHWZRUNHG KDQGKHOG RU ZRUQ

GHYLFH� ZKLFK VHUYHV DV DQ DVVLVWLYH GHYLFH IRU MRXUQH\V

RXWVLGH WKH KRPH� ,Q WKLV GRFXPHQW ZH GHVFULEH WKLV QDVFHQW

SURMHFW� DQG RXWOLQH VRPH RI WKH UHVHDUFK FKDOOHQJHV

SUHVHQWHG E\ WKH SURMHFW WKDW DUH RI UHOHYDQFH WR WKLV

ZRUNVKRS� :H EHOLHYH WKDW D GLVFXVVLRQ RI WKHVH FKDOOHQJHV

ZLOO EH RI FRQVLGHUDEOH LQWHUHVW WR WKH ZRUNVKRS DWWHQGHHV�

AN ILLUSTRATIVE CASE
:H SUHVHQW WKH FDVH RI 0� D K\SRWKHWLFDO PDOH� 7KLV LV D

FRPSRVLWH FDVH UHSUHVHQWDWLYH RI WKH WDUJHW SRSXODWLRQ RXU

SURMHFW LV GHVLJQHG WR DVVLVW� ,W LV FRQVWUXFWHG IURP VHYHUDO

UHDO FDVHV LQ DQ DGXOW SRSXODWLRQ LQ 2UHJRQ WKDW ZH ZLOO EH

ZRUNLQJ ZLWK� 0 LV D ���\HDU ROG PDOH ZKR KDV HDUO\

$O]KHLPHU©V GLVHDVH� +H OLYHV LQ KLV RZQ KRPH ZLWK DQ

HOGHUO\ VSRXVH� +H OLNHV WR JR RXW LQWR WKH FRPPXQLW\

XQDFFRPSDQLHG� 6RPH RI KLV LPSDLUPHQWV DUH PLOG PHPRU\

SUREOHPV �IRUJHWV FXUUHQW WDVN RU GHVWLQDWLRQ VRPHWLPHV��

VSDWLDO GLVRULHQWDWLRQ� GLIILFXOW\ LQ ILQGLQJ WKH ULJKW ZRUGV�

WDNLQJ VRPH WLPH WR UHFRJQL]H WKDW KH LV ORVW ZKHQ KH

EHFRPHV ORVW� HPEDUUDVVPHQW LQ DSSURDFKLQJ RWKHUV DQG

DVNLQJ IRU GLUHFWLRQV� DQG LQDELOLW\ WR JHQHUDWH VROXWLRQV

�H�J� VLWV RQ D EHQFK LQ WKH PDOO IRU KRXUV� EXW GRHV QRW WKLQN

RI FDOOLQJ ZLIH WR DVN ZK\ KH ZHQW WR WKH PDOO�� 7KHVH

LPSDLUPHQWV DUH HSLVRGLF �RFFXU RQO\ RFFDVLRQDOO\�� $Q\

KDQGKHOG RU ZHDUDEOH DVVLVWLYH GHYLFH WKDW 0 FDQ EHQHILW

IURP VKRXOG KDYH WKH IROORZLQJ IHDWXUHV�

¾ 2QH RU D IHZ VLPSOH DFWLRQV� ZKLFK GR QRW UHTXLUH 0 WR

JHQHUDWH D FRPSOH[ YHUEDO UHTXHVW� PXVW VXIILFH WR DVN

IRU KHOS� 7KHVH DFWLRQV VKRXOG ZRUN LQ D YDULHW\ RI

VLWXDWLRQV� 7KLV REYLDWHV DQ\ QHHG IRU 0 WR JHQHUDWH KLV

RZQ VROXWLRQV GHSHQGLQJ RQ WKH VLWXDWLRQ� ZKLFK KH LV

VRPHWLPHV XQDEOH WR GR� DQG GRHV QRW SUHGLFDWH WKH

DYDLODELOLW\ RI DVVLVWDQFH RQ 0©V YHUEDO VNLOOV�

)XUWKHUPRUH� WKHVH DFWLRQV VKRXOG EH DV XQREWUXVLYH�

3DSHU SUHVHQWHG DW WKH &+,©�� :RUNVKRS RQ 'LVWULEXWHG

DQG 'LVDSSHDULQJ 8VHU ,QWHUIDFHV LQ 8ELTXLWRXV

&RPSXWLQJ� 7HFKQLFDO 5HSRUW ������� )DNXOWlW I�U

,QIRUPDWLN� 8QLYHUVLWlW .DUOVUXKH� *HUPDQ\� SS� ������

$XWKRUV UHWDLQ FRS\ULJKW�



DQG XQOLNHO\ WR DWWUDFW WKH DWWHQWLRQ RI RWKHUV DURXQG 0�

DV SRVVLEOH� 2WKHUZLVH� KLV VRFLDO HPEDUUDVVPHQW ZLOO

NHHS 0 IURP PDNLQJ XVH RI WKH KHOS IDFLOLW\�

¾ $V VRPHWLPHV 0 KDV GLIILFXOW\ HYHQ UHFRJQL]LQJ WKH

IDFW WKDW KH QHHGV KHOS �H�J� WKDW KH LV ORVW�� WKH GHYLFH

VKRXOG EH DEOH WR WUDFN 0©V SURJUHVV UHODWLYH WR D

SUHYLRXVO\ HQWHUHG WDVN SODQ� )RU LQVWDQFH� EHIRUH 0©V

MRXUQH\ EHJLQV KLV ZLIH PD\ VSHDN WR WKH GHYLFH�

VWDWLQJ KLV GHVWLQDWLRQ DQG ZK\ KH LV JRLQJ� 6KH PD\

DOVR VNHWFK D URXWH WKDW 0 LV H[SHFWHG WR WDNH �H�J� D

EXV URXWH ZLWK WKH HPEDUNDWLRQ DQG GLVHPEDUNDWLRQ

SRLQWV PDUNHG RQ D ORFDO PDS�� 7KH GHYLFH VKRXOG WKHQ

EH DEOH WR GHWHFW LI 0©V ORFDWLRQ GHYLDWHV VLJQLILFDQWO\

IURP WKH URXWH RU LI RWKHU ZDUQLQJ VLJQV �VXFK DV 0

VWD\LQJ DW WKH VDPH SODFH IRU DQ H[WHQGHG SHULRG RI

WLPH� RFFXU� DQG DXWRQRPRXVO\ LQLWLDWH KHOS IXQFWLRQV�

¾ +HOS SURYLGHG VKRXOG LQFOXGH FHUWDLQ VWDQGDUG

FRPSRQHQWV� ZKDW WKH FXUUHQW WDVN LV� ZKDW DFWLRQV DUH

UHTXLUHG WR DFFRPSOLVK LW� ZKHUH VKRXOG 0 JR WR

DFFRPSOLVK WKH WDVN� ZKHUH 0 LV FXUUHQWO\ LQ UHODWLRQ WR

KLV GHVWLQDWLRQ� DQG GLUHFWLRQV WR UHDFK 0©V GHVWLQDWLRQ

IURP KLV FXUUHQW ORFDWLRQ LI KH LV QRW DOUHDG\ DW WKH

GHVWLQDWLRQ�

RESEARCH ISSUES
7KH EDVLF UHVHDUFK SUREOHP LV WR GHYHORS VFLHQWLILF PHWKRGV

RI GHVLJQ IRU :HDUDEOH $VVLVWLYH ,QIRUPDWLRQ $SSOLDQFHV

�:$,$� ZH XVH WKH WHUP ¦LQIRUPDWLRQ DSSOLDQFH§ LQ WKH

VSLULW RI 1RUPDQ©V H[SRVLWLRQ� VHH 1RUPDQ� ������ $OVR

QHHGHG LV D FRUUHVSRQGLQJ XELTXLWRXV LQIRUPDWLRQ V\VWHP

LQIUDVWUXFWXUH LQ WKH FRPPXQLW\ LQ ZKLFK WKH XVHUV UHVLGH� WR

DPHOLRUDWH WKH VRFLDO LVRODWLRQ DQG FRPPXQLW\ DFFHVV LVVXHV

RI SHRSOH OLNH 0� ,W LV FULWLFDO WKDW WKH GHVLJQ SURFHVV HOLFLWV

WKH UHDO QHHGV RI XVHUV �UDWKHU WKDQ ZKDW WKH UHVHDUFKHUV

WKLQN XVHUV ZDQW�� DQG UHVXOWV LQ D V\VWHP WKDW LV FDSDEOH RI

SURYLGLQJ HIIHFWLYH KHOS QRW RQO\ ZKHQ DVNHG IRU EXW DOVR

ZKHQ D QHHG LV LPSOLFLWO\ VHQVHG� 0RUHRYHU� WKH GHYLFH

VKRXOG PRQLWRU DQG DGDSW WR WKH FKDQJLQJ QHHGV RI XVHUV�

2XU DSSURDFK WR WKLV SUREOHP LV WR EOHQG UHVXOWV IURP

6RIWZDUH (QJLQHHULQJ �H�J� )LFNDV 	 )HDWKHU� ������ +&,

DQG 8ELTXLWRXV &RPSXWLQJ �H�J� 6DOEHU� 'H\ 	 $ERZG�

������ DQG &RJQLWLYH 5HKDELOLWDWLRQ �H�J� %DOFD]DU� HW DO�

����� WR FUDIW D VROXWLRQ WKDW LV ERWK RULJLQDO DQG YLDEOH� $V

D ILUVW VWHS� ZH DUH GHYHORSLQJ D VWUXFWXUHG DSSURDFK �VHH

)LJXUH � DW WKH HQG RI WKH SDSHU� WR :$,$ GHVLJQ IRU WKH

FRJQLWLYHO\ LPSDLUHG E\ DGDSWLQJ WKH VWDU OLIH F\FOH IRU XVHU

LQWHUDFWLRQ GHYHORSPHQW �+DUWVRQ 	 +L[� ����� +L[ 	

+DUWVRQ� ������

7KH GHVLJQ SURFHVV VWDUWV ZLWK WZR SDUDOOHO VWHSV� $ QHHGV

DVVHVVPHQW RI WKH XVHU SRSXODWLRQ DQG DQ DQDO\VLV RI WKH

WDVN �LQ WKLV FDVH� MRXUQH\V RXWVLGH WKH KRPH IRU FRPPXQLW\

DFFHVV� WKDW ZH ZDQW WR VXSSRUW� %DVHG RQ WKH QHHGV

DVVHVVPHQW� ZH H[SHFW WR GHYHORS D FRJQLWLYH PRGHO RI WKH

LPSDLUPHQWV WKDW QHHG DPHOLRUDWLRQ DQG WKHLU GHOHWHULRXV

HIIHFWV RQ WKH XVHUV© DELOLWLHV WR SHUIRUP WKH WDVN

VXFFHVVIXOO\� 7KLV PRGHO ZLOO LQ WXUQ OHDG WR D VHW RI XVHU

SURILOHV� :H DOVR H[SHFW WR JHQHUDWH WHVWDEOH SUHGLFWLRQV RI

XVHU EHKDYLRUV LQ DFWXDO VLWXDWLRQV IURP WKLV PRGHO� WHVW

WKHVH SUHGLFWLRQV XVLQJ ILHOG�EDVHG UHVHDUFK PHWKRGV �WKH

FHQWUDO GDUN FLUFOH LQ )LJXUH ��� DQG UHILQH WKH PRGHO

DFFRUGLQJO\� 0HDQZKLOH� WKH WDVN DQDO\VLV LV IROORZHG E\

IXQFWLRQDO DQDO\VLV WR JHQHUDWH DQ LQWHUQDO YLHZ RI WKH

WHFKQLFDO IXQFWLRQV WR EH GHVLJQHG LQWR WKH FRPSXWDWLRQDO

FRPSRQHQW �QRQ�LQWHUIDFH DVSHFWV� RI WKH V\VWHP� 7KH QH[W

VWHS LV WDVN�IXQFWLRQ DOORFDWLRQ� WR GHFLGH ZKLFK VXEWDVNV

DQG VWHSV LGHQWLILHG LQ WDVN DQDO\VLV DUH WR EH FDUULHG RXW E\

WKH XVHU DQG ZKLFK E\ WKH V\VWHP�

7KXV� WKHUH DUH WZR SDUDOOHO WUDFNV RI LQLWLDO DQDO\VHV� RQH

IRFXVLQJ RQ WKH XVHU SRSXODWLRQ DQG WKH RWKHU IRFXVLQJ RQ

WKH WDVN� 7KHVH PHUJH LQ WKH VWHS RI UHTXLUHPHQWV HOLFLWDWLRQ

DQG VSHFLILFDWLRQ� $V D UHVXOW RI WKLV VWHS� ZH H[SHFW WR

JHQHUDWH D VHW RI JHQHULF GHVLJQ UXOHV WKDW FRQVWUDLQ WKH

KDUGZDUH� VRIWZDUH DQG SK\VLFDO DWWULEXWHV RI WKH ZHDUDEOH

GHYLFH� LQWHUDFWLRQ PRGDOLWLHV WKLV GHYLFH ZLOO VXSSRUW� WKH

FRQWHQW DQG QDWXUH RI DVVLVWDQFH WR EH SURYLGHG E\ WKH

GHYLFH� DQG KRZ WKH GHYLFH ZLOO DGDSW WR FKDQJLQJ XVHU

QHHGV� $GDSWDWLRQ LV LPSRUWDQW VLQFH WKH LPSDLUPHQWV RI RXU

XVHU SRSXODWLRQ DUH UDUHO\ VWDEOH� 7KH\ PD\ EH LQWHUPLWWHQW�

RU GHFUHDVH RU LQFUHDVH ZLWK WLPH�

7KHVH VWHSV VNHWFKHG DERYH IRUP WKH ILUVW VWDJH ¤ HVVHQWLDO

WKHRU\ DQG PRGHO GHYHORSPHQW �WKH VKDGHG DUHD LQ )LJXUH

�� ¤ RI D PXOWL�VWDJH LWHUDWLYH GHVLJQ SURFHVV� 7KH GRWWHG

DUURZV IURP WKH HPSLULFDO HYDOXDWLRQ VWDJH WR WKH WKHRU\ DQG

PRGHO GHYHORSPHQW KLJKOLJKW KRZ ZH H[SHFW H[SHULPHQWV WR

FRQWULEXWH QRW RQO\ WR GHVLJQLQJ DQ HIIHFWLYH SURGXFW� EXW

DOVR WR UHILQLQJ D PRGHO RI FRJQLWLYH LPSDLUPHQW DQG D

WKHRU\ RI GHVLJQLQJ LQWHUDFWLYH V\VWHPV IRU WKH FRJQLWLYHO\

LPSDLUHG�

7KH IROORZLQJ ILYH VWDJHV DUH FRPPRQ WR DOO LQWHUDFWLYH

V\VWHP GHVLJQ� FRQFHSWXDO GHVLJQ� WKH GHVLJQ RI VFHQDULRV�

GHWDLOHG GHVLJQ� UDSLG SURWRW\SLQJ� GHSOR\PHQW DQG

IRUPDWLYH HYDOXDWLRQ� +RZHYHU� RXU GHVLJQ SURFHVV GLIIHUV

IURP WUDGLWLRQDO LQWHUDFWLYH V\VWHP GHVLJQ LQ WZR LPSRUWDQW

DVSHFWV� )LUVW DQG IRUHPRVW� WKH W\SLFDO XVDELOLW\ HYDOXDWLRQ

WKDW LQYROYHV EULQJLQJ VXEMHFWV WR D XVDELOLW\ ODERUDWRU\ ZLOO

EH UHSODFHG ZLWK PHWKRGV EDVHG RQ 3DUWLFLSDWRU\ $FWLRQ

5HVHDUFK �3$5� WR DVVHVV XVDELOLW\ DQG HIIHFWLYHQHVV RI

SURWRW\SHV� 3$5 LV D PHWKRG RI VRFLDO LQTXLU\ WKDW LQYROYHV

FRRSHUDWLRQ EHWZHHQ SDUWLFLSDQWV XQGHU VWXG\ DQG

SURIHVVLRQDO UHVHDUFKHUV WKURXJKRXW WKH UHVHDUFK SURFHVV�

3$5 KDV EHHQ XVHG H[WHQVLYHO\� ZLWK SRVLWLYH UHVXOWV� WR

LQFOXGH HPSOR\HHV LQ LPSURYLQJ EXVLQHVV SUDFWLFHV �H�J��

6DQWRV� ������ LQ HGXFDWLRQ LQYROYLQJ VWXGHQWV DV ZHOO DV

WHDFKHUV WR GHYHORS FXUULFXOXP �H�J�� 3HFN 	 &XUOH\� ������

DQG PRUH UHFHQWO\ LQ DQ LQYHVWLJDWLRQ RI FRJQLWLYH

UHKDELOLWDWLRQ ZLWK SHUVRQV DIIHFWHG E\ EUDLQ LQMXU\ WR

GHYHORS PHWKRGV WR LPSURYH DGRSWLRQ RI H[WHUQDO

FRPSHQVDWRU\ FRJQLWLYH V\VWHPV �6RKOEHUJ� *ODQJ 	 7RGLV�

������ 3$5 LV DOVR RI LQFUHDVLQJ LQWHUHVW WR SHUVRQV ZLWK

GLVDELOLWLHV DQG WKHLU IDPLOLHV ZKR IHHO WKDW UHVHDUFK LQ

UHKDELOLWDWLRQ KDV LJQRUHG WKHLU SHUVSHFWLYH RQ WKH



H[SHULHQFH RI KDYLQJ D GLVDELOLW\� $Q DGYDQWDJH RI 3$5 LV

WKDW LW OHDGV WR D PRUH DFFXUDWH DQG DXWKHQWLF DQDO\VLV RI

VRFLDO UHDOLW\ IRU SHUVRQV ZLWK GLVDELOLWLHV �%DOFD]DU� HW DO�

������

7KH GRXEOH�KHDGHG DUURZV RI )LJXUH � LQGLFDWH VWDJHV RI

GHVLJQ LQ ZKLFK IHHGEDFN IURP HPSLULFDO HYDOXDWLRQ LV

FULWLFDO� $ PDMRU UHVHDUFK LVVXH� WKHUHIRUH� LV WKH

GHYHORSPHQW RI QRYHO UHVHDUFK PHWKRGV WKDW LQFRUSRUDWHV

WKH 3$5 DSSURDFK LQWR WUDGLWLRQDO UHTXLUHPHQWV HQJLQHHULQJ

DQG XVDELOLW\�XVHIXOQHVV HYDOXDWLRQ PHWKRGV� 2QH H[DPSOH

RI VXFK LQWHJUDWLRQ LV ILHOG�EDVHG :L]DUG RI 2]

H[SHULPHQWV� 7\SLFDO :L]DUG RI 2] VWXGLHV DUH GRQH LQ D

FRQWUROOHG ODERUDWRU\ VLWXDWLRQ� 7KLV FDQ DGYHUVHO\ DIIHFW

WKH HFRORJLFDO YDOLGLW\ RI UHVXOWV LQ VLWXDWLRQV ZKHUH WKH

ILHOG FRQWH[W RI XVH LV LPSRVVLEOH WR UHSURGXFH LQ D

ODERUDWRU\ VHWWLQJ� 7KLV LV LQGHHG WKH FDVH LQ RXU SURMHFW�

)XUWKHUPRUH� LW KDV EHHQ IRXQG DWWHPSWLQJ WR HPSOR\ W\SLFDO

HYDOXDWLRQ WHFKQLTXHV LQ D ODERUDWRU\ LV RI OLPLWHG

HIIHFWLYHQHVV IRU RXU XVHU SRSXODWLRQ� ,Q D SLORW VWXG\ WR

DVVHVV DQ HPDLO WRRO� LW ZDV IRXQG WKDW FRJQLWLYHO\ LPSDLUHG

XVHUV KDG GLIILFXOW\ ZLWK WKH QRWLRQ ¦SUHWHQG WKDW \RX ZDQW

WR VHQG HPDLO WR ;§ LQ WKH DUWLILFLDO VHWWLQJ RI D ODERUDWRU\�

6R ZH SURSRVH WR WDNH WKH :L]DUG RI 2] DSSURDFK LQWR WKH

ILHOG� )RU H[DPSOH� WKH HIILFDF\ RI ZHDUDEOH SURWRW\SHV FDQ

EH LQYHVWLJDWHG E\ UHVHDUFKHUV� SHUKDSV LQFRJQLWR�

DFFRPSDQ\LQJ XVHUV DQG WKHLU FDUHJLYHUV RQ MRXUQH\V

RXWVLGH WKHLU KRPHV� LQ RUGHU WR WUDFN DV ZHOO DV FRQWURO WKH

UHVSRQVHV RI WKHLU DVVLVWLYH GHYLFHV XVLQJ D ZLUHOHVV

WHFKQRORJ\ VXFK DV %OXHWRRWK� 7KH VHFRQG SRLQW RI

GHSDUWXUH LV WKH LPSRUWDQFH RI VFHQDULR�EDVHG GHVLJQ� :H

EHOLHYH WKDW JLYHQ WKH GLIILFXOWLHV RI DSSO\LQJ WUDGLWLRQDO

UHTXLUHPHQWV HOLFLWDWLRQ DQG HYDOXDWLRQ WHFKQLTXHV IURP

VRIWZDUH HQJLQHHULQJ RU KXPDQ�FRPSXWHU LQWHUDFWLRQ WR D

FRJQLWLYHO\ LPSDLUHG SRSXODWLRQ� WKH VFHQDULR�EDVHG GHVLJQ

DSSURDFK �&DUUROO� ����� PD\ SURYH WR EH VXSHULRU�

UBIQUITOUS COMPUTING CHALLENGES
7KH FHQWUDO FKDOOHQJH LV WR GHYHORS D QHZ W\SH RI :$,$

ZLWK FRQWH[W�VHQVLQJ DQG LQIHUHQFH FDSDELOLWLHV� DQG

HIIHFWLYH XVHU LQWHUIDFHV WR KHOS FRJQLWLYHO\ LPSDLUHG XVHUV

MRXUQH\ RXWVLGH WKHLU KRPHV DQG FDUU\ RXW HYHU\GD\ WDVNV

VXFK DV VKRSSLQJ RU JRLQJ WR WKH SRVW RIILFH� 0RVW FXUUHQW

UHVHDUFK RQ XELTXLWRXV FRPSXWLQJ DQG XVHU LQWHUIDFHV IRU

ZHDUDEOHV�KDQGKHOGV KDV WDUJHWHG D QRUPDO� DQG WR D JUHDW

H[WHQW FRPSXWHU�VDYY\� XVHU SRSXODWLRQ� 7KHUHIRUH� WKH

OLWHUDWXUH GRHV QRW SURYLGH GHVLJQ JXLGDQFH RQ HLWKHU

LQWHUIDFH IXQFWLRQDOLW\ RU LQWHUDFWLRQ PRGDOLW\ IRU

FRJQLWLYHO\ LPSDLUHG XVHUV� 7KH IROORZLQJ UHVHDUFK

FKDOOHQJHV KDYH WR EH PHW LQ RUGHU WR GHVLJQ D XVHIXO DQG

XVDEOH :$,$ IRU WKH FRJQLWLYHO\ LPSDLUHG SRSXODWLRQ�

Physical Form

$ :$,$ PXVW EH OLJKWZHLJKW DQG HDV\ WR ZHDU RU FDUU\� ,W

PXVW KDYH XQREWUXVLYH DHVWKHWLFV DQG IRUP IDFWRU� VR WKDW LW

LV QRW RQO\ SOHDVLQJ WR XVH EXW DOVR PHHWV WKH UHTXLUHPHQW

WKDW LWV XVH LQ SXEOLF GRHV QRW DWWUDFW WKH DWWHQWLRQ RI SHRSOH

QHDUE\� 2QH DWWUDFWLYH SRVVLELOLW\ LV WR KDYH RQH RU PRUH

VHQVRUV LQFRUSRUDWHG LQ D ZDWFK�OLNH GHYLFH ZRUQ DURXQG WKH

ZULVW WKDW FRPPXQLFDWHV XVLQJ VKRUW UDQJH UDGLR IUHTXHQFLHV

�H�J� %OXHWRRWK� ZLWK D 3'$�OLNH GHYLFH FOLSSHG WR D EHOW RU

NHSW LQ D ZDLVW SDFN� 7KLV GHYLFH ZLOO LQFRUSRUDWH WKH

DQWHQQDH IRU *36 UHFHSWLRQ DQG ZLUHOHVV FRPPXQLFDWLRQ�

7KLV LV WKH GHVLJQ XVHG E\ WKH ZLUHOHVV PRQLWRULQJ GHYLFH

IRU $O]KHLPHU©V SDWLHQWV EHLQJ PDUNHWHG E\ 'LJLWDODQJHO

�ZZZ�GLJLWDODQJHO�QHW��

Limited Computational Power
7KH FRPSXWDWLRQDO SRZHU RI D ZHDUDEOH DVVLVWLYH GHYLFH IRU

WKH WDUJHW SRSXODWLRQ LV QHFHVVDULO\ OLPLWHG� ,W PXVW EH

OLPLWHG GXH WR QRW RQO\ FRVW FRQVLGHUDWLRQV �L�H�� D IXOO�

IOHGJHG 3&� HYHQ LI PLQLDWXUL]HG� LV QRW DQ DIIRUGDEOH

VROXWLRQ� EXW XVDELOLW\ FRQVLGHUDWLRQV DV ZHOO �L�H�� D IXOO�

EORZQ RSHUDWLQJ V\VWHP OLNH :LQGRZV RU :LQGRZV &( LV

WRR FRPSOLFDWHG WR EH XVDEOH�� 7KH UHVHDUFK FKDOOHQJH KHUH

LV WR EXLOG D FRPSDFW DQG GHGLFDWHG RSHUDWLQJ V\VWHP ZLWK

WKH IROORZLQJ FKDUDFWHULVWLFV �ZH DUH ORRNLQJ LQWR EXLOGLQJ D

VFDOHG�GRZQ YHUVLRQ RI WKH RSHQ VRXUFH /LQX[ RSHUDWLQJ

V\VWHP IRU WKLV SXUSRVH��

Transparency
$ XVHU VKRXOG QRW KDYH WR NQRZ DQ\WKLQJ DERXW WKH

RSHUDWLQJ V\VWHP LQ RUGHU WR XVH WKH GHYLFH�

Stability
7KH GHYLFH VKRXOG QRW ORFN XS RU VKXW GRZQ VXGGHQO\

ZLWKRXW ZDUQLQJ�

Robustness
,I D SUREOHP DW WKH DSSOLFDWLRQ OHYHO RFFXUV� WKHUH VKRXOG EH

V\VWHP�OHYHO VXSSRUW IRU WKH DSSOLFDWLRQ WR TXLW RU PRYH LQWR

WKH EDFNJURXQG JUDFHIXOO\� ZLWKRXW DIIHFWLQJ WKH RSHUDWLQJ

V\VWHP RU RWKHU DSSOLFDWLRQV WKDW PD\ EH UXQQLQJ� )RU

LQVWDQFH� LI D KHOS UHTXHVW IURP WKH XVHU QHFHVVLWDWHV

GRZQORDGLQJ VRPH LQIRUPDWLRQ IURP WKH ZHE ZLUHOHVVO\ DQG

LI WKH ZDLW WR GRZQORDG H[FHHGV D WKUHVKROG� WKH RSHUDWLQJ

V\VWHP VKRXOG PRYH WKH ZDLWLQJ DSSOLFDWLRQ WR H[HFXWH LQ

WKH EDFNJURXQG DQG DSSURSULDWHO\ LQIRUP WKH XVHU� VR WKDW

KH RU VKH FDQ LQLWLDWH RWKHU DSSOLFDWLRQV RQ WKH GHYLFH�

Exploiting Advances in Storage Devices
)RUWXQDWHO\� PHPRU\ LV EHFRPLQJ ERWK PLQLDWXUL]HG DQG

DIIRUGDEOH� ([DPSOHV DUH GHYLFHV VXFK DV ,%0©V

0LFURGULYH� 86% KDUG GULYHV IURP $JDWH 7HFKQRORJLHV�

DQG WKH 4XDUWHU�VL]HG ���0% UHDG�ZULWH PLFUR RSWLFDO GLVN

GULYH IURP 'DWDSOD\ XQYHLOHG DW WKH ���� &RQVXPHU

(OHFWURQLF 6KRZ� 6XFK SURGXFWV QRW RQO\ HQKDQFH WKH

VWRUDJH FDSDELOLWLHV RI D ZHDUDEOH GHYLFH ZLWKRXW

VLJQLILFDQWO\ LQFUHDVLQJ LWV FRVW RU ZHLJKW� EXW DOVR DOORZ XV

WR EH DEOH WR FXVWRPL]H WKH DSSOLFDWLRQV DQG LQWHUIDFHV RQ

WKH GHYLFH VLPSO\ E\ VZDSSLQJ PHPRU\ PRGXOHV�

Assistive Functionality
7KH :$,$ VKRXOG SURYLGH DW OHDVW ILYH NLQGV RI DVVLVWDQFH�

WDVN�UHPLQGLQJ� WDVN�LQLWLDWLRQ� WDVN�WUDFNLQJ� WDVN�

UHIRFXVLQJ� DQG LQYRNLQJ�KXPDQ�LQWHUYHQWLRQ� 2XU WDUJHW

XVHUV QHHG KHOS ZLWK UHPLQGLQJ DERXW D WDVN DQG LQLWLDWLQJ

WKHLU DFWLRQ� VXFK DV LQIRUPLQJ D XVHU WKDW D EXV ZLOO EH



DUULYLQJ LQ �� PLQXWHV IRU D ULGH WR WKH JURFHU\ VWRUH VR LW LV

WLPH WR VWDUW JHWWLQJ GUHVVHG� ,W VKRXOG EH DEOH WR WUDFN WKH

SURJUHVV RI WKH XVHU� DW OHDVW LQ D UXGLPHQWDU\ IDVKLRQ� GHWHFW

ZKHQ SURJUHVV LV QRW EHLQJ PDGH� DQG EH DEOH WR SURYLGH

LQIRUPDWLRQ WR UHIRFXV WKH XVHU RQ WKH WDVN �VXFK DV ZKHUH

WKH XVHU LV DQG ZKDW VWHSV KH RU VKH QHHGV WR WDNH LQ RUGHU WR

VXFFHVVIXOO\ FRPSOHWH WKH WDVN�� ,I WKH GHYLFH VHQVHV D

SUREOHP �VXFK DV WKH XVHU©V ORFDWLRQ EHLQJ IDU DZD\ IURP

WKH WDUJHW� RU QRW FKDQJLQJ DW DOO IRU D ORQJ SHULRG RI WLPH��

LW QHHGV WR RIIHU DVVLVWDQFH� 6LPLODU DVVLVWDQFH LV DOVR

QHFHVVDU\ ZKHQ WKH XVHU H[SOLFLWO\ DVNV IRU KHOS� )LQDOO\� WKH

GHYLFH QHHGV WR FRQWDFW D KXPDQ FDUHWDNHU LI WKH XVHU

UHTXHVWV WKLV� RU LI WKH GHYLFH VHQVHV WKDW LWV KHOS IXQFWLRQV

DUH HLWKHU EHLQJ LJQRUHG RU LQVXIILFLHQW LQ WKH FXUUHQW

FRQWH[W� 2XU UHVHDUFK RQ GHYHORSLQJ WKHVH IXQFWLRQDOLWLHV

ZLOO EXLOG XSRQ H[LVWLQJ ZRUN RQ FRQWH[W�DZDUH UHPLQGLQJ

�'H\ 	 $ERZG� ������

Interaction Functionality
7\SLFDO ZHDUDEOH LQSXW GHYLFHV �VXFK DV D PLQLDWXUH

NH\ERDUG� DQG LQWHUDFWLRQ PRGDOLWLHV �H�J� VW\OL]HG

KDQGZULWLQJ ZLWK D SHQ DV LQ &LUULQ �0DQNRII 	 $ERZG�

����� RU 3DOP 3'$V� DUH QRW VXLWDEOH IRU FRJQLWLYHO\

LPSDLUHG XVHUV� &RPLQJ XS ZLWK ZD\V RI LQWHUDFWLQJ ZLWK D

:$,$ WKURXJK LQWHUIDFHV WKDW LPSRVH RQO\ D PLQLPDO

FRJQLWLYH ORDG RQ XVHUV� ZKLOH DW WKH VDPH WLPH EHLQJ

SRZHUIXO HQRXJK WR LPSOHPHQW WKH DIRUHPHQWLRQHG DVVLVWLYH

IXQFWLRQDOLWLHV� LV D VLJQLILFDQW UHVHDUFK FKDOOHQJH� 7KH

ZHDUDEOH GHYLFH QHHGV WR EH PRELOH DQG ZLUHOHVVO\

QHWZRUNHG� ,W QHHGV WR VXSSRUW PXOWLPRGDO LQWHUDFWLRQV

�2YLDWW 	 &RKHQ� ����� LQ D QDWXUDO ZD\� ,W QHHGV WR DGDSW

WKH FRQWHQW DQG PRGDOLW\ RI LQWHUDFWLRQV LQ DQ RSSRUWXQLVWLF

ZD\ WR PDWFK WKH XVHU DQG VLWXDWLRQ� 7KH ILUVW VWHS LQ

DGGUHVVLQJ WKHVH FKDOOHQJHV LV WR HPSLULFDOO\ HVWDEOLVK D

EDVHOLQH IRU WKH XVDELOLW\ RI WKH LQWHUIDFHV RI VHYHUDO SRSXODU

KDQGKHOG GHYLFHV XVLQJ D VHW RI EHQFKPDUN WDVNV E\ QRUPDO

XVHUV� WKHQ XVH WKH VDPH H[SHULPHQWDO SURWRFRO DQG

EHQFKPDUNV ZLWK FRJQLWLYHO\ LPSDLUHG XVHUV WR GHWHUPLQH

WKH H[WHQW WR ZKLFK FXUUHQW GHVLJQV IDOO VKRUW� $ SLORW VWXG\

RQ WKH &RPSDT L3DT DQG 3DOP 3LORWV ZLWK D QRUPDO XVHU

SRSXODWLRQ LV XQGHUZD\ DW $XEXUQ� $ VHFRQG VWHS LV WR

GHWHUPLQH WKH HIILFDF\ RI YDULRXV LQSXW DQG RXWSXW

PRGDOLWLHV IRU RXU XVHU SRSXODWLRQ� H�J� GLVFUHWH VSHHFK

LQSXW� VLPSOH KDSWLF LQSXW �EXWWRQ SUHVVHV� VW\OXV GUDZLQJ�

DQG VW\OXV VHOHFWLRQ�� LQHUWLDO JHVWXUH LQSXW �H� J� VKDNLQJ��

VSHHFK DQG QRQ�VSHHFK VRXQG RXWSXW �SUH�VWRUHG YRLFH

PHVVDJHV RU WH[W�WR�VSHHFK FRQYHUVLRQ�� YLEUDWLRQ DOHUWV�

DQG YLVXDO UHSUHVHQWDWLRQV VXFK DV PDSV DV RXWSXW� $ ILHOG�

EDVHG :L]DUG RI 2] VWXG\ WR WHVW WKH HIIHFWLYHQHVV RI YRLFH

LQVWUXFWLRQV WR FRJQLWLYHO\ LPSDLUHG XVHUV� GHOLYHUHG YLD FHOO

SKRQHV� LV LQ WKH SODQQLQJ VWDJH DW 2UHJRQ� /DWHU�

VRSKLVWLFDWHG DSSURDFKHV WR PXOWLPRGDO LQWHUDFWLRQ HYHQW

FROOHFWLRQ DQG LQWHUSUHWDWLRQ �H�J�� &URZH 	 1DUD\DQDQ�

����� ZLOO EH GHYHORSHG DQG HPSOR\HG IRU HYDOXDWLQJ

LQWHUIDFHV�

Sensing Context
7KH :$,$ VKRXOG EH DEOH WR VHQVH WKH HQYLURQPHQW RI LWV

XVHU XVLQJ D OLPLWHG VHW RI VHQVRUV� $W SUHVHQW� ZH DUH

LQYHVWLJDWLQJ WKH YDOXH RI �DQG VHQVRUV IRU� HOHYHQ YDULDEOHV�

WLPH� ORFDWLRQ� DPELHQW VRXQG� DPELHQW OLJKW� DPELHQW

WHPSHUDWXUH� SUHVVXUH� YLEUDWLRQ� DFFHOHUDWLRQ� SXOVH� ERG\

WHPSHUDWXUH� DQG VNLQ FRQGXFWLYLW\� 7LPH DQG ORFDWLRQ� HYHQ

ZLWK WKH ORZ UHVROXWLRQ RI *36�EDVHG V\VWHPV� DUH FOHDUO\

XVHIXO YDULDEOHV IRU WUDFNLQJ WKH SURJUHVV RI D MRXUQH\�

6SHFWUDO DQDO\VLV RI WKH DPELHQW VRXQG PD\ DOORZ XV WR

GLVWLQJXLVK EHWZHHQ D FURZGHG SODFH VXFK DV D PDOO DQG

EHLQJ LQVLGH D FURZGHG YHKLFOH OLNH D EXV� $PELHQW OLJKW

PHDVXUHPHQWV FDQ KHOS GLVDPELJXDWH VRXQG�EDVHG ORFDWLRQ

LGHQWLILFDWLRQ �H�J�� D ZHOO�OLJKWHG PDOO YHUVXV D GLPO\

OLJKWHG EXV RU FDU�� $PELHQW WHPSHUDWXUH LV \HW DQRWKHU

GLVDPELJXDWLQJ YDULDEOH� H�J�� WR GLIIHUHQWLDWH EHWZHHQ DQ

DLU�FRQGLWLRQHG LQWHUQDO ORFDWLRQ DQG WKH ZDUPHU �RU FROGHU�

RXWVLGH DLU� 3UHVVXUH DQG LWV FKDQJH FDQ VLPLODUO\ EH XVHG WR

HVWLPDWH WKH HOHYDWLRQ RI WKH XVHU©V ORFDWLRQ DQG ZKHWKHU LW

LV FKDQJLQJ �H�J�� RQ WKH WHQWK IORRU RI D EXLOGLQJ� JRLQJ XS

RU GRZQ LQ D OLIW�� 0RYHPHQW VHQVLQJ EDVHG RQ YLEUDWLRQ

DQG DFFHOHUDWLRQ PHDVXUHPHQWV FDQ KHOS GHWHFW LI WKH XVHU LV

LQVLGH D PRYLQJ YHKLFOH RU QRW� 6XFK VHQVRUV DUH DOVR YHU\

XVHIXO IRU JHVWXUH�EDVHG LQSXW WR WKH LQIRUPDWLRQ DSSOLDQFH

�%HQEDVDW 	 3DUDGLVR� ������ 3XOVH� ERG\ WHPSHUDWXUH DQG

VNLQ FRQGXFWLYLW\ DUH XVHIXO IRU MXGJHPHQWV DERXW WKH

KHDOWK� SK\VLFDO H[HUWLRQ �L�H� H[HUWLRQ LQFUHDVHV SXOVH�

WHPSHUDWXUH DQG VNLQ FRQGXFWLYLW\ GXH WR VZHDWLQJ� DQG� WR

D FRDUVHU H[WHQW� PHQWDO VWDWH RI WKH XVHU� 7KXV� WKH UHVHDUFK

FKDOOHQJHV KHUH DUH� ��� :KDW NLQGV RI FRQWH[W YDULDEOHV FDQ

EH UHOLDEO\ DQG LQH[SHQVLYHO\ VHQVHG" ��� :KDW NLQGV RI

LQIHUHQFHV FDQ EH UHOLDEO\ PDGH IURP WKHVH YDULDEOHV"

Interpreting Context
:KLOH WKH VHQVLQJ RI FRQWH[W LV QHFHVVDULO\ OLPLWHG E\

FXUUHQWO\ DYDLODEOH VHQVRU WHFKQRORJLHV� LQWHUSUHWDWLRQ RI

FRQWH[W LV DOVR OLPLWHG E\ WKH FRPSXWDWLRQDO SRZHU DYDLODEOH

RQ D :$,$� %DVHG RQ LQIRUPDWLRQ IURP WKH VHQVRUV� DQG

XVLQJ NQRZOHGJH RI WKH WDVN WKH XVHU LV HQJDJHG LQ� WKH

:$,$ VKRXOG EH DEOH WR PDNH OLPLWHG LQIHUHQFHV DERXW WKH

FRQWH[W RU VLWXDWLRQ RI WKH XVHU� 7KH NH\ FKDOOHQJHV KHUH

DUH� ��� 'HYHORSLQJ FRQWH[W LQWHUSUHWDWLRQ DOJRULWKPV WKDW

DUH QRW FRPSXWDWLRQ RU PHPRU\ LQWHQVLYH� ��� ([SORLWLQJ

LQIRUPDWLRQ IURP PXOWLSOH VHQVRUV IRU LQFUHDVHG DFFXUDF\

DQG UHGXFHG DPELJXLW\� DQG ��� ,QFRUSRUDWLQJ WKH XVH RI

NQRZOHGJH DERXW WKH XVHU DQG WDVN LQ WKLV SURFHVV�

Lightweight Intelligence
7KH OHYHO RI ¦LQWHOOLJHQFH§ WR EH LQFRUSRUDWHG LQWR WKLV

GHYLFH LV OLPLWHG E\ WZR IDFWRUV� )LUVW� WKH UHTXLUHPHQW WKDW

WKH GHYLFH©V FRVW DQG SK\VLFDO FKDUDFWHULVWLFV PXVW EH

UHDVRQDEOH LPSRVHV OLPLWV RQ LWV FRPSXWDWLRQDO SRZHU� )RU

H[DPSOH� ZKLOH FRQWH[W LQWHUSUHWDWLRQ DOJRULWKPV QHHG WR

XVH NQRZOHGJH DERXW WKH FRJQLWLYH OLPLWDWLRQV RI WKH XVHU

DQG WKH WDVN KH RU VKH LV HQJDJHG LQ� WKLV QHHGV WR EH GRQH

ZLWKRXW UHO\LQJ RQ KHDY\ GXW\ PDFKLQH OHDUQLQJ RU

FRPSXWDWLRQDO LQWHOOLJHQFH WHFKQLTXHV� 6HFRQG� WKH



DXWRQRP\ RI WKH GHYLFH LQ WDNLQJ DFWLRQV KDV WR EH OLPLWHG

VLQFH ZH GR QRW ZDQW WKH XVHU WR IHHO WKDW WKH GHYLFH LV

LQWUXVLYH RU HURGHV KLV RU KHU IUHH ZLOO� )RU H[DPSOH�

¦DVNLQJ WKH XVHU§ LV D XVHIXO VWUDWHJ\ WR FRPSHQVDWH IRU WKH

ODFN RI SUHFLVH LQIRUPDWLRQ DERXW WKH FXUUHQW FRQWH[W� %XW

WRR PXFK DVNLQJ FDQ EH DQQR\LQJ� DQG PD\ OHDG WR ERWK WKH

GHYLFH©V UHTXHVWV DQG WKH DVVLVWDQFH LW RIIHUV EHLQJ LJQRUHG�

7KHUHIRUH� VXFK GLDORJXHV KDYH WR EH SODQQHG FDUHIXOO\�

ZLWK HDFK TXHVWLRQ GHVLJQHG WR PD[LPL]H GLVFULPLQDELOLW\

DPRQJ D VHW RI FKRLFHV WKH GHYLFH KDV LGHQWLILHG� 6LPLODUO\�

DVNLQJ IRU KXPDQ LQWHUYHQWLRQ LI WKH GHYLFH VHQVHV WKDW LW LV

XQDEOH WR KHOS WKH XVHU VKRXOG DOVR EH GRQH ZLWK UHVWUDLQW LQ

RUGHU QRW WR FUHDWH XVHU UHVHQWPHQW� 7KHUHIRUH� WKH UHVHDUFK

FKDOOHQJHV KHUH DUH� ��� :KDW NLQGV RI LQIHUHQFHV FDQ EH

PDGH E\ WKH GHYLFH� DQG ZLWK ZKDW DFFXUDF\" ��� +RZ

VKRXOG WKH GHYLFH LQWHUDFW ZLWK XVHUV� ZLWKRXW GLVWUDFWLQJ

WKHP IURP WKHLU WDVNV� WR FRQILUP LWV LQIHUHQFHV DQG

GLVDPELJXDWH LWV FRQFOXVLRQV E\ DVNLQJ WKH XVHU IRU

DGGLWLRQDO LQIRUPDWLRQ RU YHULILFDWLRQ" ��� :KDW

FRPSHQVDWRU\ VWUDWHJLHV FDQ EH DGRSWHG LI WKH UHTXLUHG

FRQWH[WXDO LQIRUPDWLRQ LV QRW DYDLODEOH" ��� :KDW NLQGV RI

DXWRQRPRXV DFWLRQV DUH DSSURSULDWH� JLYHQ WKH NLQGV RI

LQIHUHQFHV WKH GHYLFH LV DEOH WR PDNH"

Adapting to the Changing Needs of Users
7KLV LV WKH PRVW GLIILFXOW FKDOOHQJH� 7KH FRJQLWLYH

LPSDLUPHQWV RI XVHUV DUH QRW DOZD\V VWDEOH� ,PSDLUPHQWV

FDXVHG E\ SURJUHVVLYH GLVHDVHV OLNH $O]KHLPHU©V LQFUHDVH LQ

VHYHULW\ DV WLPH SDVVHV� 'HSHQGLQJ RQ WKH QDWXUH RI EUDLQ

LQMXULHV WKDW DUH WKH VRXUFHV RI LPSDLUPHQWV� WKH V\PSWRPV

PD\ DSSHDU VWDEOH IRU ORQJ SHULRGV RI WLPH DQG WKHQ ZRUVHQ

RU JHW EHWWHU� 6RPH LPSDLUPHQWV DSSHDU RQO\ VSRUDGLFDOO\�

7KXV WKHUH LV D KLJK YDULDELOLW\ LQ WKH DELOLW\ RI WKRVH LQ WKH

XVHU SRSXODWLRQ WR XVH WUDGLWLRQDO XVHU LQWHUIDFH GHVLJQV�

$QRWKHU SRWHQWLDO SUREOHP LV KDELWXDWLRQ� WKDW OHDGV XVHUV WR

¦WXQH RXW§ DQ DVVLVWLYH GHYLFH WKDW UHOLHV RQ D UHSHWLWLYH

IRUP RI FRPPXQLFDWLRQ� )RU WKHVH UHDVRQV� WKH GHVLJQ

SKLORVRSK\ RI ¦RQH VL]H ILWV DOO§ LV GRRPHG WR IDLO IRU WKLV

SRSXODWLRQ� 6R W\SLFDO +&, GHVLJQ DSSURDFKHV WKDW XVH D

UHSUHVHQWDWLYH VDPSOH RI D PXFK ODUJHU XVHU SRSXODWLRQ IRU

SDUWLFLSDWRU\ GHVLJQ DQG WHVWLQJ DUH XQOLNHO\ WR OHDG WR D

SURGXFW WKDW LV HPEUDFHG E\ DOO XVHUV� HYHQ ZKHQ WKH\ VKDUH

VLPLODU LPSDLUPHQWV� 7KH FRUUHVSRQGLQJ UHVHDUFK FKDOOHQJHV

DUH� ��� +RZ WR VWULNH D PLGGOH JURXQG EHWZHHQ ¦RQH GHVLJQ

IRU DOO§ DQG ¦D GHVLJQ IRU HDFK§" ��� 2QFH D :$,$ LV SXW

LQWR ILHOG XVH� KRZ WR WUDFN FKDQJHV LQ WKH HIIHFWLYHQHVV RI

DVVLVWDQFH LW RIIHUV RYHU WLPH" ��� +RZ WR DGDSW LWV

LQWHUIDFH� LQWHUDFWLRQ PRGDOLWLHV RU FRQWHQW RI DVVLVWDQFH WR

FRXQWHUDFW D GHFUHDVH LQ HIIHFWLYHQHVV" 7KH JHQHUDWLRQ RI

KLJK OHYHO NQRZOHGJH IURP ORZ OHYHO VHQVRU DQG LQWHUDFWLRQ

HYHQW GDWD LV D GLIILFXOW SUREOHP� $V RQH SRWHQWLDO VROXWLRQ�

ZH DUH LQYHVWLJDWLQJ WKH QRWLRQ RI �UHTXLUHPHQW� PRQLWRU�

DGDSWDWLRQ�UXOH� WULSOHV� LPSOHPHQWHG DV VPDOO SURJUDPV RU

¦DSSOHWV§� $VVRFLDWHG ZLWK HDFK LGHQWLILHG UHTXLUHPHQW ZLOO

EH D PHDVXUH RI LWV HIIHFWLYHQHVV ZLWK DFFHSWDEOH� PDUJLQDO

DQG XQDFFHSWDEOH YDOXH UDQJHV� $Q DGDSWDWLRQ UXOH ZLOO EH

DFWLYDWHG LI WKH PHDVXUH FURVVHV IURP PDUJLQDO WR DQ

DFFHSWDEOH RU XQDFFHSWDEOH UDQJH� )RU H[DPSOH� D

UHTXLUHPHQW PD\ EH WKDW LI WKH XVHU IDLOV WR JHW RII IURP WKH

EXV DW WKH FRUUHFW VWRS� D UHPLQGHU VKRXOG EH SURYLGHG

EHIRUH WKH QH[W EXV VWRS VR WKDW KH RU VKH JHWV RII DW WKLV

QH[W VWRS� ,I WKH XVHU©V ORFDWLRQ LV EHLQJ WUDFNHG� D PRQLWRU

FDQ FRPSXWH WKH UDWLR RI WKH QXPEHU RI WLPHV WKH XVHU JRW

RII DW WKH QH[W EXV VWRS WR WKH QXPEHU RI WLPHV WKH FRUUHFW

VWRS ZDV PLVVHG� ,I WKLV UDWLR FURVVHV D ORZ WKUHVKROG RYHU

WLPH� DQ DGDSWDWLRQ UXOH PD\ FKDQJH WKH KHOSHU DSSOLFDWLRQ

VR WKDW WKH V\VWHP SURYLGHV WKH UHPLQGHU EHIRUH WKH FRUUHFW

VWRS LV UHDFKHG� ,I DIWHUZDUGV WKLV UDWLR FURVVHV D KLJK

WKUHVKROG� WKH V\VWHP ZLOO UHWXUQ WR WKH RULJLQDO UHPLQGLQJ�

7KXV DQ DGDSWDEOH WUDGHRII EHWZHHQ IUHTXHQF\ RI UHPLQGHUV

�WKDW FDQ SRWHQWLDOO\ FDXVH DQQR\DQFH� DQG HIIHFWLYHQHVV RI

WKLV DVVLVWDQFH FDQ EH FRQWLQXDOO\ PDLQWDLQHG�

CONCLUSION
'HVLJQLQJ XELTXLWRXV FRPSXWLQJ VROXWLRQV WR VXSSRUW

PRELOLW\ DQG WDVN DFFRPSOLVKPHQW RI D FRJQLWLYHO\ LPSDLUHG

XVHU SRSXODWLRQ UDLVHV QHZ UHVHDUFK FKDOOHQJHV LQ ERWK

V\VWHP GHVLJQ DQG LQWHUIDFH GHVLJQ WKDW KDYH QRW \HW EHHQ

DGHTXDWHO\ DGGUHVVHG E\ WKH FRPPXQLW\� *LYHQ WKH ODUJH

LQFLGHQFH RI VXFK LPSDLUPHQWV LQ WKH DJLQJ DV ZHOO DV

GLVDEOHG SRSXODWLRQ PHDQV WKDW XQOHVV WKHVH FKDOOHQJHV DUH

PHW� D QHZ ¦GLJLWDO GLYLGH§ EHWZHHQ WKH QRUPDO DQG

FRJQLWLYHO\ LPSDLUHG SRSXODWLRQV RI XVHUV LV OLNHO\ WR

HPHUJH� GHQ\LQJ XQLYHUVDO DFFHVV WR LQIRUPDWLRQ WHFKQRORJ\

DQG XQLYHUVDO XVDELOLW\ RI LQIRUPDWLRQ DSSOLDQFHV�

:KDW ZH KDYH VNHWFKHG KHUH DUH LVVXHV DULVLQJ IURP DQ

DPELWLRXV SURMHFW� LQYROYLQJ D ODUJH PXOWL�LQVWLWXWLRQ DQG

LQWHUGLVFLSOLQDU\ JURXS RI UHVHDUFKHUV� WR DGGUHVV WKLV

SUREOHP� 3DUWLFLSDWLQJ UHVHDUFKHUV DUH 6WHSKHQ )LFNDV�

0F.D\ 6RKOEHUJ� =DU\ 6HJDOO DQG *HUG .RUWHXP DW WKH

8QLYHUVLW\ RI 2UHJRQ� 5LFKDUG &KDSPDQ� +DUL 1DUD\DQDQ�

5RODQG +XEVFKHU DQG 7HUHVD +XEVFKHU�<RXQJHU DW $XEXUQ

8QLYHUVLW\� DQG $OLVWDLU 6XWFOLIIH DW WKH 8QLYHUVLW\ RI

0DQFKHVWHU ,QVWLWXWH RI 6FLHQFH DQG 7HFKQRORJ\�
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