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'XULQJ�WKH�ODVW�IHZ�\HDUV�WKHUH�FRQWLQXHV�WR�EH�UHPDUNDEOH�JURZWK�LQ�WHOHSKRQH�FDOO�FHQWHU�V\VWHPV��7KHUH�DUH�PDQ\�DSSOL�
FDWLRQV�RI�FDOO�FHQWHUV�LQ�GLIIHUHQW�DUHDV�RI�EXVLQHVV�VXFK�DV�LQ�WHOHPDUNHWLQJ��LQVXUDQFH��FXVWRPHU�VHUYLFH��HOHFWURQLF�FRP�
PHUFH��HWF��0RUHRYHU��LQ�VRPH�FDVHV�LW�LV�UHDVRQDEOH�WR�WKLQN�RI�D�FDOO�FHQWHU�DV�DQ�LQWHJUDWHG�SDUW�RI�D�ZKROH�EXVLQHVV�V\V�
WHP�UHVSRQVLEOH�IRU�WKH�WHOHSKRQH�LQWHUIDFH�ZLWK�WKH�RXWVLGH�ZRUOG��7\SLFDOO\��D�FDOO�FHQWHU�FRQVLVWV�RI�D�VHW�RI�RSHUDWRUV�
FDOOHG�DJHQWV��ZKR�SURFHVV�LQERXQG�FDOOV�IURP�FOLHQWV��&DOO�SURFHVVLQJ�PD\�LQYROYH�WKH�XVH�RI�FRPSXWHU�V\VWHPV��H�J��GDWD�
EDVH���RWKHU�GHYLVHV��H�J��ID[�PDFKLQHV��LQWHUDFWLYH�YRLFH�UHVSRQVH�XQLWV��DV�ZHOO�DV�FRPPXQLFDWLRQ�ZLWK�RWKHU�DJHQWV��H�J�
GHOLYHU�D�FDOO�WR�PRUH�TXDOLILHG�DJHQW��PDNLQJ�D�FRQVXOWHG�FDOO���7KH�FDOO�SURFHVVLQJ�PD\�DOVR�SURGXFH�RXWERXQG�FDOOV��7KH
WUHDWPHQW�RI�HDFK�FDOO�EHLQJ�SURFHVVHG�LV�KHDYLO\�UHJXODWHG�E\� VFHQDULRV�FDOOHG� VFULSWV�ZKLFK�DUH� VSHFLDOO\�GHVLJQHG� IRU
VSHFLILF�NLQGV�RI�WKH�FDOOV��7KH�GHVLJQ�RI�VXFK�VFULSWV�LV�RQH�RI�WKH�PDLQ�SUREOHPV�LQ�FDOO�FHQWHU�PDLQWHQDQFH��7R�FRSH�ZLWK
WKLV�SUREOHP�ZH�QHHG�VSHFLDO� WRROV��L�H���VFULSWLQJ�ODQJXDJH��FRUUHVSRQGLQJ�HGLWRU��UHODWHG�HQYLURQPHQW�� ,Q� WKLV�SDSHU�ZH
SUHVHQW�DQ�RQJRLQJ�SURMHFW�DLPHG�DW�WKH�GHVLJQ�RI�VXFK�D�SODWIRUP��:H�LQWURGXFH�D�3HWUL�QHW�EDVHG�PRGHO�IRU�IRUPDO�UHSUH�
VHQWDWLRQ�RI�VFULSWV�DQG�D�ORJLFDO�VWUXFWXUH�RI�WKH�FDOO�FHQWHU��7KH�PRGHO��FDOOHG�VFULSW�QHW��LV�EDVHG�RQ�REMHFW�RULHQWHG�3HWUL
QHW�GLDOHFW�EHORQJLQJ�WR�D�FODVV�RI�KLJK�OHYHO�3HWUL�QHWV��,Q�SDUWLFXODU��WKH�PRGHO�DOORZV�RQH�WR�IRUPDOO\�UHSUHVHQW�VFULSWV�
WKHLU�FRPPXQLFDWLRQ�ZLWK�DJHQWV�DQG�RWKHU�UHVRXUFHV��H[FHSWLRQ�KDQGOLQJ��WLPH�FRQVWUDLQV��:H�DOVR�FRQVLGHU�VRPH�LPSOH�
PHQWDWLRQ�LVVXHV��,Q�SDUWLFXODU��ZH�RXWOLQH�D�YLVXDO�LFRQLF�ODQJXDJH�VSHFLDOO\�GHVLJQHG�IRU�VFULSW�VSHFLILFDWLRQ��7KH�VHPDQ�
WLFV�RI�WKH�ODQJXDJH�LV�EDVHG�RQ�VFULSW�QHWV��$Q�DJHQW�RI�WKH�FDOO�FHQWHU�FDQ�EH�SHUFHLYHG�DV�D�VSHFLILF�UHVRXUFH�DQG�LV�LP�
SOHPHQWHG�ZLWK�WKH�DLG�RI�,QWHUQHW�,QWUDQHW�WHFKQRORJ\��7R�LOOXVWUDWH�WKH�XVH�RI�VXJJHVWHG�WRROV��VRPH�W\SLFDO�H[DPSOHV�RI
VFULSWV�DUH�SUHVHQWHG�LQFOXGLQJ�VFHQDULRV�IRU�LQERXQG�DQG�RXWERXQG�WHOHPDUNHWLQJ�

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

�&RUUHVSRQGLQJ�DXWKRU�

��� ,QWURGXFWLRQ

2YHU� WKH� ODVW� IHZ� \HDUV� SKRQH� FDOO�FHQWHU� V\VWHPV� KDYH
FRQWLQXHG�WR�JURZ�DW� D�UHPDUNDEOH�SDFH��6HYHUDO�PDQX�
IDFWXUHUV�DQG�VHUYLFH�SURYLGHUV�DUH�GHYHORSLQJ�DQG�LQWUR�
GXFLQJ� V\VWHPV�ZLWK� HQKDQFHG� IXQFWLRQDOLW\�� SULQFLSDOO\
WKURXJK� ZKDW� LV� NQRZQ� DV� FRPSXWHU�WHOHSKRQ\� LQWHJUD�
WLRQ��&7,��>��@��7KH�JHQHUDO�SXUSRVH�RI�D�FDOO�FHQWHU�LV�WR
FRQQHFW� RSHUDWRUV� FDOOHG� DJHQWV� ZLWK� PHPEHUV� RI� WKH
SXEOLF� FDOOHG�FOLHQWV�� L�H��� SHRSOH� LQWHUHVWHG� LQ� XVLQJ� WKH
VHUYLFHV� RI� WKH� FDOO� FHQWHU�� 7\SLFDOO\� D� FDOO� FHQWHU� LV
EDVHG� RQ� DW� OHDVW� RQH� WHOHSKRQ\� VZLWFK� WR� ZKLFK� DJHQW

VWDWLRQV� DUH� FRQQHFWHG� E\� H[WHQVLRQ� OLQHV� DQG� GLUHFWRU\
QXPEHUV�� DQG� WR� ZKLFK� LQFRPLQJ� DQG� RXWJRLQJ� WUXQN
OLQHV�PD\�FDUU\� WHOHSKRQH� FDOOV� EHWZHHQ� WKH� VZLWFK� DQG
WKH�SDUWLHV�ZKR�FDOO� LQ�� ,Q� DGGLWLRQ��PRVW�PRGHUQ�KLJK�
FDSDFLW\� FDOO� FHQWHUV� KDYH� DJHQW� VWDWLRQV� WKDW� LQFOXGH
FRPSXWHU�SODWIRUPV��RIWHQ�3&V��HTXLSSHG�ZLWK�YLGHR�GLV�
SOD\�XQLWV��9'8V���7KH�3&�9'8�SODWIRUPV�DUH�W\SLFDOO\
LQWHUFRQQHFWHG��XVXDOO\�E\�D� ORFDO� DUHD�QHWZRUN� �/$1��
7KHUH�PD\�DOVR�EH�VHUYHUV�RI�YDULRXV�VRUWV��H�J��GDWD�EDVH
RU�ID[�VHUYHU��IRU�YDULRXV�SXUSRVHV�RQ�WKH�/$1��DQG�WKH
/$1�PD\�DOVR�EH�FRQQHFWHG�WR�D�&7,�VHUYHU��LQ�WXUQ�FRQ�
QHFWHG�WR�WKH�FHQWUDO�VZLWFK�WKURXJK�D�&7,�OLQN�
0-7695-0001-3/99 $10.00 (c) 1999 IEEE 1
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:LWKLQ�D�FDOO�FHQWHU��DJHQWV�SURFHVV�WHOHSKRQH�FDOOV�IURP
FOLHQWV�DQG�FDUU\�RXW�FDOO�UHODWHG�EXVLQHVV�

7KH�W\SLFDO�SURFHVVLQJ�RI�FDOOV� LQFOXGHV�XVLQJ�GDWD�IURP
FRPSXWHU� V\VWHPV�� LQFOXGLQJ� GDWDEDVHV�� LQFRUSRUDWLQJ
RWKHU�GHYLFHV�VXFK�DV�ID[�DQG�H�PDLO��DQG�FRPPXQLFDWLRQ
ZLWK�RWKHU�DJHQWV��7KH�FRPPXQLFDWLRQ�RI� WKH�DJHQW�GXU�
LQJ�FDOO�SURFHVVLQJ�LV�KHDYLO\�GLUHFWHG�E\�D�VSHFLILF�VFH�
QDULR�� VSHFLDOO\�GHYHORSHG� IRU� VXFK� FDOOV� E\� WHOHPDUNHW�
LQJ� H[SHUWV�� 7KHVH� VFHQDULRV� DUH� UHIHUUHG� WR� DV� VFULSWV�
7KH� VDPH�DJHQW� FDQ�ZRUN�ZLWK�YDU\LQJ�FDOO� W\SHV�� FRQ�
WUROOHG�E\� GLIIHUHQW� VFULSWV��7KXV�� D� FDOO� FHQWHU� LV� D�GLV�
WULEXWHG�V\VWHP��XVXDOO\�EXLOW�RQ�WRS�RI�D�ORFDO�DUHD�QHW�
ZRUN�WKDW�FRQQHFWV�DJHQW�VWDWLRQV��VHUYHU�FRPSXWHUV�DQG
WHOHSKRQH�HTXLSPHQW�

,W� LV� LQWHUHVWLQJ� WKDW� FRQFHSW� RI� ZRUNIORZ� PDQDJHPHQW
>���@�FDQ�EH�YHU\�XVHIXO�LQ�GHVLJQLQJ�FDOO�FHQWHUV��,Q�IDFW�
D� FDOO� FHQWHU� FDQ� EH� XQGHUVWRRG� DV� D� VSHFLILF� FDVH� RI� D
ZRUNIORZ� V\VWHP�� ZKLFK� VXEVWLWXWHV� WHOHSKRQH� FDOOV� IRU
GRFXPHQWV� FLUFXODWLQJ� LQ� WKH� V\VWHP�� :H� VKRXOG� DOVR
PHQWLRQ�WKDW�EHFDXVH�RIILFH� DFWLYLW\�YHU\�RIWHQ� LQYROYHV
ZRUNLQJ�ZLWK�LQERXQG�DQG�RXWERXQG�FDOOV��WKH�SURFHVVLQJ
RI� VXFK� FDOOV� VKRXOG� EH� QDWXUDOO\� LQFRUSRUDWHG� LQWR
ZRUNIORZ�PDQDJHPHQW�V\VWHPV�

7KH�SUHVHQW�SDSHU�LV�GHYRWHG�WR�FDOO�FHQWHU�PDQDJHPHQW�
DQG�LV�VSHFLILFDOO\�GLUHFWHG�WRZDUG�VFULSWLQJ�IRU�FDOO�FHQ�
WHUV��8VXDOO\��VFULSWV�DUH�ZULWWHQ�LQ�D�UHODWLYHO\�KLJK�OHYHO
SURJUDPPLQJ�ODQJXDJH��7KH�FRPSOH[LW\�RI� D� FDOO� FHQWHU
SUHVHQWV�D�FKDOOHQJH�IRU�DQ\�SURJUDPPLQJ�WRRO���0RUHR�
YHU��DV�ZLWK�DQ\�RWKHU�VRUW�RI�SURJUDPPLQJ��ZKHQ�D�EXJ
DSSHDUV�RU�D�FKDQJH�LV�PDGH�LQ�WKH�SXUSRVH�RU�RSHUDWLRQ
HLWKHU�RI�D�FDOO�FHQWHU�RU�D�VHJPHQW�RI�FDOO�FHQWHU�RSHUD�
WLRQV�� LW� LV� RIWHQ�QHFHVVDU\� WR� UHZULWH� D� ODUJH�QXPEHU� RI
VFULSWV��7KLV� HQGHDYRU� LV�QR� VPDOO� WDVN�� DQG�PD\� WDNH�D
FRQVLGHUDEOH�WLPH��0RUHRYHU��VXFK�UHSURJUDPPLQJ�LQWUR�
GXFHV� QXPHURXV� RSSRUWXQLWLHV� IRU� HUURUV�� ERWK� LQ� SUR�
JUDPPLQJ�DQG�LQ�WKH�OD\RXW�RI�WKH�VFULSW�

*LYHQ�WKH�QDWXUH�RI�FDOO�FHQWHU�PDQDJHPHQW��DQG�VFULSW�
LQJ�LQ�SDUWLFXODU��LW�LV�KLJKO\�GHVLUDEOH�WR�UHGXFH�WKH�FRP�
SOH[LW\�DQG�DPRXQW�RI�HIIRUW�UHTXLUHG�WR�GLUHFW� WKHVH�DF�
WLYLWLHV�� ,W� LV� HVSHFLDOO\� LPSRUWDQW� WR� VLPSOLI\� WKH� DFWLYL�
WLHV� RI� DJHQWV�� VXFK� DV� HQJDJHPHQW� ZLWK� FOLHQWV�� DQG� WR
SURYLGH� HQRXJK� IOH[LELOLW\� VR� WKDW� FKDQJHV� DQG� DGDSWD�
WLRQV�FDQ�EH�HDVLO\�DQG�TXLFNO\�PDGH�ZLWKRXW�IHDU�RI�HU�
URU��7R�KDQGOH�WKLV�LVVXH�ZH�QHHG�VSHFLDO�WRROV��VXFK�DV�D
YLVXDO�ODQJXDJH��JUDSKLFDO�HGLWRU��DQG�RWKHUV��(VVHQWLDOO\�
WKH�UHTXLUHPHQW�LV�WR�EXLOG�D�SODWIRUP�IRU�D�JHQHUDWLRQ�RI
&7,�DSSOLFDWLRQV�RI�YDULHG�W\SHV��6XFK�WRROV�IRU�WKH�JHQ�
HUDWLRQ�RI�&7,�DSSOLFDWLRQV�DOUHDG\�H[LVW��EXW�IRU�WKH�PRVW
SDUW� WKH\�GR�QRW� WDNH�LQWR�DFFRXQW� WKH�GLVWULEXWHG�QDWXUH
RI�FDOO�FHQWHUV�DQG�WKHUHIRUH�GR�QRW�DOORZ�WKH�SURGXFWLRQ
0-7695-0001-3/99 $10.0
RI�VFULSWV�ZLWK�FRPSOH[�FRPPXQLFDWLRQV�EHWZHHQ�DJHQWV�
KDUGZDUH� DQG� RWKHU� UHVRXUFHV�� ,Q� WKLV� SDSHU� ZH� SUHVHQW
WKH�SURJUHVV�ZH�KDYH�PDGH�LQ�DQ�RQJRLQJ�SURMHFW�DLPHG
DW�GHVLJQLQJ�VXFK�D�SODWIRUP�

,I�ZH�H[DPLQH�VFULSWV�RI�D�W\SLFDO�FDOO�FHQWHU��ZH�VHH�WKDW
WKHLU� NH\� IHDWXUHV� LQFOXGH� WKH� IOH[LEOH� XVH� RI� UHVRXUFHV
GXULQJ� FDOO� SURFHVVLQJ�� H[WHQVLYH�PDQLSXODWLRQ� RI� FDOOV�
LQFOXGLQJ�DWWDFKHG�GDWD��DOORZDQFH� IRU� H[FHSWLRQV�� FRP�
SOH[LW\�RI�UHDO�ZRUOG�VFULSWV��SDUDOOHO�FDOO�SURFHVVLQJ��DQG
VWULFW� UHTXLUHPHQWV� IRU� UHDO�WLPH� FDOO� SURFHVVLQJ�� ,W� LV
FOHDU�WKDW�VFULSWLQJ�WRROV�VKRXOG�EH�GHVLJQHG�DFFRUGLQJ�WR
D�IRUPDO� DSSURDFK��7KLV�SDSHU� LV�GHYRWHG� WR�GHYHORSLQJ
VXFK�DQ�DSSURDFK��XVLQJ�WKH�WKHRU\�RI�3HWUL�QHWV�>�����@�
0RUH� VSHFLILFDOO\�� LQ� WKLV� SDSHU� ZH� EXLOG� D� 3HWUL� QHW�
EDVHG�IRUPDO�PRGHO�IRU�UHSUHVHQWLQJ�FDOO�FHQWHU�VFULSWV�

��� 6WUXFWXUH�RI�D�FDOO�FHQWHU

,Q�WKLV�VHFWLRQ�ZH�SUHVHQW�DQ�DEVWUDFW�PRGHO�RI�D� W\SLFDO
FDOO�FHQWHU�WKDW�ZLOO�VHUYH�DV�D�VXEMHFW� IRU� WKH�IRUPDOL]D�
WLRQ� SURFHVV�� )URP�QRZ� RQ�� WKH� FDOO� FHQWHU� ZLOO� EH� UH�
IHUUHG�WR�DV�D��V\VWHP���

7\SLFDOO\�� D� V\VWHP� RSHUDWHV� ZLWK� D� VHW� RI� UHVRXUFHV�
7KHVH� DUH�� HTXLSPHQW� �H�J�� SKRQHV�� ID[� PDFKLQHV�
VZLWFKHV�� D� ORFDO� DUHD� QHWZRUN�� HWF���� VRIWZDUH� FRPSR�
QHQWV��GDWDEDVH��WH[W�HGLWRU��HWF���DQG�SHUVRQQHO�LQYROYHG
LQ� V\VWHP� RSHUDWLRQ� �DJHQWV�� DGPLQLVWUDWLRQ��� $OO� FRP�
PXQLFDWLRQV�RI� WKH�V\VWHP�LV�DFFHVVHG� WKURXJK� WKHVH�UH�
VRXUFHV��$�W\SLFDO�&DOO�&HQWHU�HQYLURQPHQW�LV�VKRZQ�RQ
)LJXUH���

)URP�WKH�SRLQW�RI�YLHZ�RI�DSSOLFDWLRQV��WKH�V\VWHP�FDQ�EH
SHUFHLYHG�DV�D�FROOHFWLRQ�RI�FRPPXQLFDWLQJ�REMHFWV��:H
ZLOO� GLYLGH�DOO� REMHFWV� RI� WKH� DSSOLFDWLRQ� OHYHO� LQWR� WZR
W\SHV��UHVRXUFH�REMHFWV�DQG�FDOO�REMHFWV��7KH�IRUPHU�UHS�
UHVHQWV� REMHFWV� FRUUHVSRQGLQJ� SK\VLFDO� UHVRXUFH� RI� WKH
V\VWHP� ZKLOH� WKH� ODWWHU� UHSUHVHQWV� REMHFWV� LQWHQGHG� IRU
FDOO�SURFHVVLQJ�

7KH� EHKDYLRU� RI� HDFK� REMHFW� LV� UHJXODWHG� E\� D� VFHQDULR
VSHFLILFDWLRQ��FDOOHG�D�CVFULSW
��7KHUH�PD\�EH�VHYHUDO�RE�
MHFWV� ZRUNLQJ� LQ� DFFRUGDQFH� ZLWK� RQH� DQG� WKH� VDPH
VFULSW��)RU�H[DPSOH�� IRU�D�VFULSW�GHVFULELQJ�WKH�EHKDYLRU
RI�D�WHOHSKRQH��WKHUH�PD\�EH�VHYHUDO�REMHFWV�FRUUHVSRQG�
LQJ�WR�DFWXDO�WHOHSKRQHV�LQ�WKH�V\VWHP��D�VFULSW�VSHFLI\LQJ
WKH�FDOO�SURFHVVLQJ��PD\�KDYH�VHYHUDO�REMHFWV�SURFHVVLQJ
GLIIHUHQW�FDOOV�RI�WKH�VDPH�W\SH�
0 (c) 1999 IEEE 2
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)LJXUH����$�FDOO�FHQWHU�HQYLURQPHQW
:H�ZLOO�DVVXPH�WKDW�HDFK�VFULSW�LV�LGHQWLILHG�E\�D�XQLTXH
QDPH� ZLWKLQ� WKH� V\VWHP�� 0RUHRYHU�� ZH� DVVRFLDWH� ZLWK
HDFK� VFULSW� D� GRPDLQ� RI� REMHFW� QDPHV�� WR� LGHQWLI\� HDFK
REMHFW�ZLWKLQ� WKH� VFULSW��7KLV� DGGUHVVLQJ� VFKHPH� DOORZV
XV�WR�XQLTXHO\�LGHQWLI\�REMHFWV�ZLWKLQ�WKH�ZKROH�V\VWHP�

��� )RUPDO�0RGHO

)RU� IRUPDO� VSHFLILFDWLRQ� RI� VFULSWV� RI� &7,�DSSOLFDWLRQV�
ZH� GHYHORSHG� D� 3HWUL� QHW�EDVHG�PRGHO� FDOOHG� VFULSW�QHW
>�@�FRPELQLQJ�VRPH�IHDWXUHG�IURP�RWKHU�3HWUL�QHW�PRGHOV
>�����@��7KH�PRGHO�FRQVLVWV�RI� WKH�IROORZLQJ�IRXU��TXLWH
RUWKRJRQDO��FRQVWLWXHQWV�

��� +LJK�OHYHO� DQG�REMHFW� RULHQWHG� 3HWUL�QHW�PRGHO
FDOOHG� FRRSHUDWLYH� QHWV� >��@� WKDW� DOORZV� WR� UHSUHVHQW
0-7695-0001-3/99 $10.
FRPSOH[� V\VWHP� DV� D� VHW� RI� VXEV\VWHPV� FRPPXQLFDWLQJ
YLD�WKH�FOLHQW�VHUYHU�SURWRFRO�>��@�

��� )RU�VWUXFWXUHG�VSHFLILFDWLRQ�RI� FRPSOH[� VFULSWV�
ZH� VXJJHVW� WKH� FRQFHSW� RI� KLHUDUFKLFDO� WUDQVLWLRQ� >�@�
8QGHU�WKLV�FRQFHSW��D�QHW�FDQ�EH�UHSUHVHQWHG�DV� D� VHW� RI
GLVMRLQWHG�VXEQHWV�ZLWK�OLQNV�EHWZHHQ�KLHUDUFKLFDO�WUDQVL�
WLRQV�DQG�VXEQHWV�IRUPLQJ�D�KLHUDUFKLFDO�VWUXFWXUH��)LULQJ
DQ\�KLHUDUFKLFDO�WUDQVLWLRQ�UHVXOWV� LQ� H[HFXWLRQ�RI� LWV� LQ�
WHUQDO�QHW��7KLV�FRQVWUXFWLRQ�PDNHV�VFULSW�UHSUHVHQWDWLRQ
PRGXODU�DQG�DOORZV� IRU� WKH� VLPSOH�PRGLILFDWLRQ�DQG�UH�
XVH�RI�VSHFLILFDWLRQV�

��� )RU� SURFHVVLQJ� H[FHSWLRQV� LQ� VFULSWV�� VXFK� DV
UHFHLSW� RI� XQVROLFLWHG� HYHQWV�� ZH� VXJJHVW� D� PDFURSODFH
FRQVWUXFWLRQ�>�@�

��� 7R� UHSUHVHQW�UHDO�WLPH�FRQVWUDLQWV� WKDW� DUH�YHU\
FULWLFDO� IRU� VFULSWV�� ZH� LQFRUSRUDWH� 0HUOLQ
V� WLPH� FRQ�
VWUXFWV�LQWR�RXU�PRGHO�>��@�
00 (c) 1999 IEEE 3
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,Q�WKH�IROORZLQJ�ZH�FRQVLGHU�VRPH�RI� WKHVH�FRQVWLWXHQWV
LQ�GHWDLO�DQG�VKRZ�KRZ�WKH\�FDQ�EH�XVHG�

�����%DVLV�RI�VFULSW�QHWV

$V�D�EDVLV�RI�VFULSW�QHW�ZH�WDNH�DQ�REMHFW�RULHQWHG�PRGHO
RI�KLJK�OHYHO�3HWUL�QHWV�NQRZQ�DV�FRRSHUDWLYH�QHWV� >��@
WKDW�DOORZV�XV�WR�UHSUHVHQW�D�V\VWHP�DV�D�VHW�RI�FRPPXQL�
FDWLQJ�VXEQHWV��,Q�SDUWLFXODU��HDFK�WUDQVLWLRQ�FDQ�EH�DVVR�
FLDWHG� ZLWK� WKH� SURFHVV� RI� FRPPXQLFDWLRQ� �VHQGLQJ� RU
UHFHLYLQJ�RI�PHVVDJH��ZLWK�RWKHU�VFULSW�QHWV�

�� 6HQGLQJ� D� FRPPDQG�� V�VFULSW�Y��FRP�Y��
«�YQ���� ZKHUH� VFULSW�Y�� VSHFLILHV� D� WDUJHW� REMHFW�� DQG
FRP�Y��«�YQ��LV�D�FRPPDQG�ZLWK�SDUDPHWHUV�

�� 5HFHLYLQJ� D� FRPPDQG�� U�VFULSW�Y��FRP�Y��
«�YP����WKDW�JLYHV�D�FRPPDQG�ZLWK�SDUDPHWHUV�IURP�WKH
REMHFW�VFULSW�Y��

7KLV� HQDEOHV� XV� WR� VSHFLI\� D� FRPPXQLFDWLRQ� EHWZHHQ� D
&7,�DSSOLFDWLRQ�DQG�D�VHUYHU�XVLQJ�D�FOLHQW�VHUYHU�SURWR�
FRO�>��@��0RUHRYHU��LW�LV�SRVVLEOH�WR�DVVRFLDWH�D�WUDQVLWLRQ
ZLWK�D�FUHDWLRQ�RI�QHZ�REMHFWV�IRU�VRPH�VFULSW�QHW�

�� &UHDWLQJ� D� QHZ� REMHFW�� F�VFULSW�Y��Y��«�YN��
ZKHUH� VFULSW�Y�� LGHQWLILHV� D� FUHDWLQJ� REMHFW� DQG� Y��«�YQ
LWV�LQLWLDO�SDUDPHWHUV�

7KXV�HDFK�VFULSW�RI�D�&7,�DSSOLFDWLRQ�FDQ�EH�GHVFULEHG�DV
D�FRUUHVSRQGLQJ�VFULSW�QHW��,Q�WKLV�FDVH�WKH�SURFHVV�RI�FDOO
SURFHVVLQJ� FDQ�EH�XQGHUVWRRG� DV� FUHDWLQJ�DQ� REMHFW� �LQ�
MHFWLQJ�D�WRNHQ�LQ�KHDG�SODFH�RI�VFULSW�QHW��DQG�PRYLQJ�LW
WKURXJK� WKH� QHW�� 6RPH� H[DPSOHV� RI� VFULSW�QHWV� DUH� SUH�
VHQWHG�LQ�>���@�

:H� DOORZ�PXOWLODEHOLQJ� RI� QHW� >�@�� L�H��� ODEHOLQJ� ZKHUH
HDFK� WUDQVLWLRQ�PD\� EH� ODEHOHG� E\� D� VHW� RI� H[SUHVVLRQV�
VXFK�DV� VHQGLQJ�DQG� UHFHLYLQJ�D�PHVVDJH�� RU� FUHDWLQJ� D
QHZ� REMHFW�� 7KLV� H[WHQVLRQ� FDQ� VLPSOLI\� VSHFLILFDWLRQV
DQG�PDNH�WKHP�PRUH�FRPSDFW�

%\� FROOHFWLQJ� FRPPXQLFDWLQJ� VFULSW�QHWV�� ZH� FDQ� SUR�
GXFH�D�VFULSW�V\VWHP�WKDW�UHSUHVHQWV�D�FDOO�FHQWHU¶V�ORJLFDO
VWUXFWXUH��,Q�WKLV�VWUXFWXUH�ZH�FDQ�GLVWLQJXLVK�DSSOLFDWLRQ
VFULSWV� DQG� V\VWHP� VFULSWV� UHSUHVHQWLQJ� V\VWHP� VHUYLFHV
VXFK�DV�UHVRXUFH�PDQDJHPHQW�DQG�FDOO�URXWLQJ�

��� 0DFURQHWV��H[FHSWLRQ�KDQGOLQJ

$W�WKLV�SRLQW��ZH�VKRXOG�QRWH�WKDW�VFULSWV�GHVFULELQJ�UHDO
VFHQDULRV� DUH� XVXDOO\� H[WUHPHO\� FRPSOLFDWHG� WR� ZRUN
0-7695-0001-3/99 $10.
ZLWK� DQG� WKHUHIRUH� UHTXLUH� VRPH� PHDQV� RI
PRGXODUL]DWLRQ��:H�ZLOO� FRQVLGHU� WKH� SUREOHP� RI� VWUXF�
WXUDO�UHSUHVHQWDWLRQ�RI�VFULSW�QHWV��,Q�WKLV�UHVSHFW��ZH�FDQ
SRLQW�RXW�WZR�WHFKQLTXHV�IRU�PRGXODUL]DWLRQ�LQ�3HWUL�QHW�
EDVHG� PRGHOV� ZH� ZRXOG� OLNH� WR� HPSOR\� ±� KLHUDUFKLFDO
WUDQVLWLRQV�DQG�PDFURSODFHV��7KH� ILUVW� WHFKQLTXH� LV�ZHOO
HODERUDWHG�ZLWKLQ�WKH�IUDPHZRUN�RI�KLJK�OHYHO�3HWUL�QHWV�
H�J��VHH�>�@��*HQHUDOO\��LW�FRQVLVWV�RI�UHSUHVHQWLQJ�D�KLHU�
DUFKLFDO� QHW� DV� D� VHW� RI� GLVMRLQW� VXEQHWV� ZLWK� OLQNV� EH�
WZHHQ� WUDQVLWLRQV� DQG� VXEQHWV� IRUPLQJ� D� KLHUDUFKLFDO
VWUXFWXUH��)LULQJ�RI� VXFK�D�KLHUDUFKLFDO� WUDQVLWLRQ� FDXVHV
DQ�H[HFXWLRQ�RI�LWV�LQWHUQDO�QHW�WKDW�FRQVLVWV�RI�WKH�ILULQJ
RI�D�WUDQVLWLRQ��RU�VWHS��VHTXHQFH�IURP�LQLWLDO�PDUNLQJ�WR
WKH� WHUPLQDO�RQH��6R�XVLQJ�WKLV� WHFKQLTXH�ZH�FDQ�UHSUH�
VHQW� VFULSW�QHWV� DV� D� VHW� RI� KLHUDUFKLFDO� RUJDQL]HG� VFULSW
VXEQHWV�

$W�WKH�VDPH�WLPH��LQ�FDOO�SURFHVVLQJ��ZH�PD\�IDFH�VLWXD�
WLRQV��ZKLFK�DUH�DV\QFKURQRXV�WR�QRUPDO�SURFHVVLQJ��DQG
D� UHDFWLRQ� WR� VXFK� HYHQWV� VKRXOG� DOVR� EH� VSHFLILHG�� )RU
H[DPSOH�� WKHUH�PD\�EH� VLWXDWLRQV�ZKHQ�� GXULQJ� WKH� GLD�
ORJXH�EHWZHHQ�DJHQW�DQG�FOLHQW��WKH�WHOHSKRQH�OLQH�LV�GLV�
FRQQHFWHG��H�J��VXGGHQO\�FOLHQW�SXWV�GRZQ�D�UHFHLYHU���DV
ZHOO� DV�PRUH� VRSKLVWLFDWHG� VLWXDWLRQV�ZKHQ� WKH� SURFHVV�
LQJ� RI� FXUUHQW� FDOOV� LV� LQWHUUXSWHG� DQG� WKH� DJHQW� LV� IRU�
ZDUGHG�WR�SURFHVV�QHZ�FDOOV�ZLWK�KLJKHU�SULRULW\��0RUHR�
YHU�� SURFHVVLQJ� RI� VXFK� EURNHQ� FDOOV� FRXOG� EH� UHFRP�
PHQFHG� XSRQ� DYDLODELOLW\� RI� DJHQWV�� 7R� VSHFLI\� VXFK
VLWXDWLRQV�LQ�VFULSW�QHWV��VSHFLDO�FRQVWUXFWV�DUH�QHHGHG��7R
DFFRPSOLVK� WKLV��ZH� VXJJHVW� XVLQJ� WKH� FRQFHSW� RI� PDF�
URQHWV�UHSRUWHG�LQ�>�@�DQG�JHQHUDOL]HG�RQ�KLJK�OHYHO�3HWUL
QHWV�>�@�

3HWUL�QHWV�ZLWK�PDFURSODFHV��1RWLRQV�RI�PDFURQHWV� DQG
PDFURSODFHV� KDYH� EHHQ� LQWURGXFHG� LQ� >�@� IRU� VSHFLILFD�
WLRQ� RI� VXFK� VLWXDWLRQV� ZKHUH� VWDUWLQJ� WKH� H[HFXWLRQ� RI
RQH�SURFHGXUH�PD\�LQWHUUXSW�H[HFXWLRQ�RI�DQRWKHU�SURFH�
GXUH��6\QWDFWLFDOO\��D�PDFURQHW�LV�GHILQHG�VLPLODU�WR�QHWV
ZLWK� KLHUDUFKLFDO� WUDQVLWLRQV�� KRZHYHU� ZH� XVH� PDFUR�
SODFHV�LQVWHDG�RI�WUDQVLWLRQV��,Q�RWKHU�ZRUGV��D�PDFURQHW
FRXOG�EH�SHUFHLYHG�DV� D� VHW� RI� 3HWUL�QHWV� HTXLSSHG�ZLWK
KLHUDUFKLFDO�OLQNV�RI�WKH�W\SH��SODFH���QHW��

*UDSKLFDOO\�� D� PDFURQHW� FDQ� EH� UHSUHVHQWHG� DV� D� VHW� RI
LQFOXGHG� QHWV�� HDFK� LQWHUQDO� QHW� EHLQJ� GUDZQ� ZLWKLQ� D
FLUFOH�RI� FRUUHVSRQGLQJ�PDFURSODFHV��7KH�KHDG� SODFH� RI
DQ�LQWHUQDO�QHW�LV�PDUNHG�E\�DQ�LQFRPLQJ�H[WUD�DUF�

7KH�ILULQJ�UXOHV�RI�PDFURQHWV�DUH�DV�IROORZV�

�� $�PDFURSODFH� LV� FRQVLGHUHG� WR� KDYH� D� WRNHQ� LI� LWV
LQWHUQDO�QHW�DOVR�KDV�D�WRNHQ�

�� DGGLQJ�D� WRNHQ�WR� D�PDFURSODFH� UHVXOWV� LQ� DGGLQJ�D
WRNHQ�WR�WKH�KHDG�SODFH�RI�WKH�LQWHUQDO�QHW�
00 (c) 1999 IEEE 4
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�� UHPRYLQJ� D� WRNHQ� IURP� PDFURSODFH� UHVXOWV� LQ� UH�
PRYLQJ�D�WRNHQ�IURP�WKH�LQWHUQDO�QHW�QR�PDWWHU�ZKDW�SR�
VLWLRQ�LW�LV�LQ�

,W�LV�FOHDU�WKDW�WKH�FRQFHSW�RI�D�PDFURSODFH�LV�KHOSIXO�IRU
UHSUHVHQWLQJ� YDULRXV� VLWXDWLRQV� ZKHUH� DQ� LQWHUUXSWLRQ� LV
LQYROYHG�

+LJK� OHYHO� PDFURQHWV�� 8VLQJ� VWDQGDUG� SRVVLELOLWLHV� RI
KLJK�OHYHO�QHWV�ZH�JHQHUDOL]H�WKH�QRWLRQ�RI�PDFURSODFHV�
DOORZLQJ�XV�WR�VSHFLI\�PRUH�JHQHUDO�FRQVWUXFWLRQV��)LUVW�
ZH�ZLOO�EH�DEOH�WR�EXLOG�FRQVWUXFWLRQV�ZKHUH�H[HFXWLRQ�RI
DQ� LQWHUQDO� QHW� FDQ� EH� LQWHUUXSWHG� RQO\� LQ� VSHFLILHG� UH�
JLRQV�� 6HFRQG��ZH� FDQ� VSHFLI\� D�KHDG� SODFH� RI� LQWHUQDO
QHWV�G\QDPLFDOO\��KHOSLQJ�XV� WR� LQMHFW� D� WRNHQ� LQWR� DQ\
GHVLUHG�SODFH�
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)LJXUH����0DFURSODFH�DQG�LQWHUQDO�QHW

/HW�P�EH�D�PDFURSODFH�DQG�1P �6P�7P�)P��EH�LWV�LQWHUQDO
VXEQHW��)RU�DQ�LQWHUQDO�QHW�ZH�LQWURGXFH�D�GDWD�W\SH�W\SHP
ZLWK� D� GRPDLQ� HTXDO� WR� D� VHW� RI� LQWHUQDO� SODFHV�
'RP�W\SHP� 6P ^V��«�VQ`��/HW�XV�DGG�WR�WKH�WRNHQ�LQWHU�
QDO� QHW� DQ� LWHP� RI� W\SH� W\SHP�� WKH� YDOXH� RI� WKH� LWHP� LV
H[DFWO\� HTXDO� WR� WKH� SODFH� ZKHUH� WKH� WRNHQ� LV� VLWXDWHG�
7KLV�FDQ�EH�HDVLO\�LPSOHPHQWHG�E\�DVVLJQLQJ�WR�WXSOHV�RI

LQFRPLQJ� DUFV� ZLWK� FRUUHVSRQGLQJ� YDOXHV� IURP� 6P�� VHH
)LJXUH����7KHQ�ZH�DGG�WR�WKLV�D�SUHFRQGLWLRQ�RI�RXWJRLQJ
WUDQVLWLRQ�W­�P��DQ�H[SUHVVLRQ�RI�WKH�W\SH�YP­�6
��ZKHUH
6
�¬� 6P��)LULQJ�RI� WKH� WUDQVLWLRQ� W� UHVXOWV� LQ� UHPRYLQJ� D
WRNHQ�IURP�D�SODFH�RI�6
��1RWH�WKDW�ZH�FDQ�
UHPHPEHU
�WKH
DFWXDO�SODFH�ZKHUH� WKH�WRNHQ�ZDV�EHIRUH� LW�KDG�EHHQ�UH�
PRYHG��)RU� DQ� DUF� FRPLQJ� LQ� WR� WKH�PDFURSODFH�P�� WKH
FRUUHVSRQGLQJ� LWHP� RI� WKH� WXSOH� LV� VWDWHG� LQ� D� VXLWDEOH
PDQQHU��)RU�LQVWDQFH��LI�LW�LV�HTXDO�WR�D�SODFH�VL­�6P� WKH
DGGLQJ�RI�D�WRNHQ�WR�PDFURSODFH�P�ZLOO�UHVXOW�LQ�LQMHFWLQJ
D�WRNHQ�LQWR�VL�RI�WKH�LQWHUQDO�QHW��$SDUW�IURP�D�FRQVWDQW�
ZH�FDQ�ZULWH�D�YDULDEOH�RI�WKH�W\SH�W\SHP�WKDW�DOORZV�XV�WR
GHWHUPLQH�WKH� LQFRPLQJ�SODFH�G\QDPLFDOO\��6SHFLILFDOO\�
ZH�FDQ�UHSODFH�WDNHQ�WR�LWV�SRLQW�RI�RULJLQDWLRQ��VHH�)LJ�
XUH����0RUH�VWULFW�GHILQLWLRQ�RI�KLJK�OHYHO�PDFURQHWV�FDQ
EH�IRXQG�LQ�>�@�

:LWK�WKH�DLG�RI�D�PDFURSODFH��RQH�FDQ�HDVLO\�VSHFLI\�WKH
QH[W�VLWXDWLRQ�LQ�DQ�DJHQW
V�VFHQDULR�

�� ,QWHUUXSWLRQ�RI�D�VFULSW�H[HFXWLRQ��QDWXUDOO\�ZLWK�DQ
DSRORJ\�WR�D�FOLHQW��DW�DQ\�VWDJH�ZLWK� VXEVHTXHQW�UHWXUQ
WR�DQ�LQLWLDO�VWDWH��,Q�WKLV�FDVH�WKH�SURFHVVLQJ�RI�WKH�LQWHU�
UXSWHG�FDOO�LV�FDQFHOOHG

�� ,QWHUUXSWLRQ�RI�D�VFULSW�H[HFXWLRQ�RQO\�LI�LW�LV�LQ�VSH�
FLDO�UHJLRQV�RI�WKH�VFULSW�

�� ,QWHUUXSWLRQ� RI� D� VFULSW� H[HFXWLRQ� ZKLOH� QRWLQJ� WKH
SODFH�RI� LQWHUUXSWLRQ�DQG�SRVVLEOH� FXUUHQW�SDUDPHWHUV�RI
WKH� FDOO� SURFHVVLQJ�� 7KLV� LQIRUPDWLRQ� FDQ� EH� XVHG� IRU
IXWXUH�UHFRPPHQFLQJ�RI�WKH�SURFHVVLQJ�RI�WKH�FDOO�

����7LPH�FRQVWUDLQWV

7R� UHSUHVHQW� UHDO�WLPH� FRQVWUDLQWV� WKDW� DUH� YHU\� FULWLFDO
IRU� VFULSWV�� ZH� LQFRUSRUDWH�0HUOLQ
V� WLPH� FRQVWUXFWV� >�@
LQWR�RXU�PRGHO�� ,Q�SDUWLFXODU��HDFK�WUDQVLWLRQ�LQ�D�VFULSW�
QHW�FDQ�EH�DVVRFLDWHG�ZLWK�D�SDLU�>WPLQ�WPD[@�WKDW�SURYLGHV�D
WLPH� LQWHUYDO� HQDEOLQJ� WKH� WUDQVLWLRQ�� 7KLV� HQDEOHV� XV� WR
VSHFLI\�WLPHRXWV�LQ�VFULSW�H[HFXWLRQ�
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)LJXUH����5HVRXUFH�FDSWXULQJ
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8VLQJ� WKLV� FOLHQW� VHUYHU� VFKHPH� RI� FRPPXQLFDWLRQ� DQG
WLPH�FRQVWUDLQWV��ZH�FDQ�EXLOG�D�PHFKDQLVP�RI� UHVRXUFH
FDSWXULQJ�UHOHDVH�� 2Q� )LJXUH� �� �L�� WKH� VFKHPH� RI� DJHQW
FDSWXULQJ�ZLWKLQ�WLPH�LQWHUYDO�t� LV�GHSLFWHG��7KH�FDSWXU�
LQJ� LV� VWDUWHG� E\� VHQGLQJ� F� FRPPDQG� JHW� �ILULQJ� RI� WKH
WUDQVLWLRQ�W���WR�WKH�VFULSW�DJHQW��WKDW�GHILQHV�WKH�EHKDYLRU
RI�WKH�DJHQWV�� ,I�ZLWKLQ�WKH� WLPH�LQWHUYDO�>��t@�D�SRVLWLYH
UHSO\� LV�UHFHLYHG� U�RN�[��� �ILULQJ� W��� WKHQ�WKH�DJHQW�ZLWK
WKDW� LGHQWLILHU�[� LV� FRQVLGHUHG� WR� EH� FDSWXUHG�� ,I� ZLWKLQ
WLPH� LQWHUYDO� QRWKLQJ� KDSSHQV� WKHQ� WUDQVLWLRQ� W�� ILUHV
KHQFH�WKHUH�DUH�QR�DJHQWV�DYDLODEOH��7KLV�FRQVWUXFWLRQ�LV
FDOOHG�JHWBDJHQW�t���,I�QR�WLPH�LQWHUYDO�LV�VSHFLILHG��WKHQ
WKH�WUDQVLWLRQ�W��ZLOO�QHYHU�ILUH�DQG�WKXV�FDQ�EH�UHPRYHG�
VHH�)LJXUH����LL��

���([DPSOHV

,Q�WKH�VHFWLRQ�ZH�GLVFXVV�D�PHWKRGRORJ\�RI�UHSUHVHQWLQJ
VFULSWV�DFFRUGLQJ�WR� WKH�PRGHO�ZH�DUH� LQWURGXFLQJ��ZLWK
WKH�DLG�RI�VRPH�UHDOLVWLF�VFULSW�H[DPSOHV�

([DPSOH� ��� 2Q� )LJ��� WKH� VFULSW� FRUUHVSRQGLQJ� WR� UH�
VRXUFH�RI�RSHUDWRUV��DJHQWV�� LV�GHSLFWHG��7KH�DJHQWV� FDQ
EH� LQ� WKUHH� VWDWHV��5($'<��%86<��127�5($'<� �15
IRU� VKRUW��� 7KH� WUDQVLWLRQ� IURP� 5($'<� WR� %86<� LV
FDXVHG�E\�UHFHLYLQJ�D�FRPPDQG�JHW�IURP�DQ�REMHFW�;�DQG
VHQGLQJ�LW�D�UHSO\�RN��1RWH� WKDW� WKLV�WUDQVLWLRQ�LV�ODEHOHG
E\� WZR� ODEHOV� WKDW� FRUUHVSRQG� WR� UHFHLYLQJ� DQG� VHQGLQJ
FRPPDQGV�� ,Q� D� %86<� VWDWH� WKH� DJHQW� FDQ� UHWXUQ� WR� D
5($'<� VWDWH� E\� UHFHLYLQJ� D� FRPPDQG� U�;�IUHH�� IURP
WKH�DSSOLFDWLRQ��0RUHRYHU��LQ�D�%86<�VWDWH�WKH�DJHQW�FDQ
PRYH� WR� D� 127�5($'<� VWDWH� �H�J�� VZLWFKLQJ� WR� PRUH
XUJHQW� ZRUN�� LQIRUPLQJ� WKH� DSSOLFDWLRQ� E\� VHQGLQJ� D
FRPPDQG�QRWBUHDG\��7KH�SODFH�6�VD\V�WKDW�WKH�RSHUDWRU�D
FDQ� ZRUN� ZLWK� VFULSW�$�� WKH� RSHUDWRU� E� FDQ� ZRUN� ZLWK
VFULSW�%�DQG�F�FDQ�ZRUN�ZLWK�ERWK�VFULSWV�$�DQG�%�
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)LJXUH����6FULSW�QHW�RI�DJHQW�
0-7695-0001-3/99 $10.0
([DPSOH����,Q� WKLV�H[DPSOH�ZH�EXLOG�D�VFULSW�QHW�FRUUH�
VSRQGLQJ� WR� D� VFULSW� IRU� WKH� SURFHVVLQJ� RI� D� UHWDLO� FDWD�
ORJXH�VDOHV�FDOO�FHQWHU�>�@��,Q�WKLV�FRQWH[W��PDQ\�FXVWRP�
HUV� FDOO� WR� LQTXLUH� DERXW� WKH� DYDLODELOLW\� RI� LWHPV� LQ� D
FDWDORJXH�� VWDWXV� RI� WKHLU� RUGHU�� GHOLYHU\� RSWLRQV�� DQG
VLPLODU�URXWLQH�TXHVWLRQV��6XFK�VLPSOH�FDOOV�FDQ�EH�SURF�
HVVHG�DXWRPDWLFDOO\�E\�D�YRLFH�SURFHVVLQJ�V\VWHP��2WKHU
FDOOV�� HVSHFLDOO\� WKRVH� LQYROYLQJ� QHZ� FXVWRPHUV� ZKR
QHHG�VSHFLDO�DVVLVWDQFH��PXVW�EH�SURFHVVHG�E\�DQ�RSHUD�
WRU��,Q�)LJXUH����ZH�SUHVHQW�D�VFULSW�QHW�FRUUHVSRQGLQJ�WR
SURFHVVLQJ� WKLV� W\SH� RI� FDOO��:KHQ� WKH� V\VWHP� HQWHUV� D
FDOO�LQWR�D�VFULSW��D� WRNHQ�DSSHDUV� LQ�D�KHDG�SODFH� V���� LW
SOD\V�D�JUHHWLQJ�DQG�JLYHV�D�FKRLFH�RI�SUHVVLQJ����������
RU� ���� �WKH� WUDQVLWLRQ� W���� 7KHVH� FKRLFHV� FRUUHVSRQG� WR
FDOOV�FRQFHUQLQJ�DYDLODELOLW\�RI�LWHPV��WKH�VWDWXV�RI�D�FXU�
UHQW�RUGHU��RU�RWKHU�W\SHV�RI�FDOOV��UHVSHFWLYHO\�

,Q�WKH�ILUVW�WZR�FDVHV� WKH�FDOO� LV�SURFHVVHG�DXWRPDWLFDOO\
�KLHUDUFKLFDO� WUDQVLWLRQV� W�� DQG� W����7KH� WKLUG� FDVH�QHHGV
WKH� LQWHUYHQWLRQ� RI� DQ� RSHUDWRU��ZKR� LV� FDSWXUHG� E\� WKH
H[SUHVVLRQ� V�DJHQW�JHW��� +HUH�� WKH� DJHQW� LV� WKH� QDPH� RI
WKH� VFULSW�QHW� IRU� UHVRXUFHV� FRUUHVSRQGLQJ� WR� RSHUDWRUV�
JHW� WKH� QDPH� RI� FDSWXULQJ� FRPPDQG�� ,I� WKHUH� LV� D� IUHH
RSHUDWRU� LQ� WKH�V\VWHP��KH� LV� FDSWXUHG��$W� WKLV�SRLQW� WKH
FDOO� LV� WUDQVIHUUHG�DQG� WKH� RSHUDWRU�ZRUNV�ZLWK� WKH� FXV�
WRPHU��KLHUDUFKLFDO�WUDQVLWLRQ�W�����$W�WKH�HQG�RI�WKH�FRQ�
YHUVDWLRQ�� WKH� RSHUDWRU� LV� UHOHDVHG� �W����� ,I� WKHUH� DUH� QR
IUHH�RSHUDWRUV��W����WKH�V\VWHP�SOD\V�D�UHFRUGHG�VRXQG�ILOH
ZLWK�DSSURSULDWH�H[SODQDWLRQV�

,Q� WKLV� H[DPSOH�� WZR� SRVVLELOLWLHV� IRU� DJHQW� FDSWXULQJ
ZLWKLQ� WKH� WLPH� LQWHUYDO� t� DUH� VKRZQ� ZLWKLQ� GDVKHG
ER[HV��7KH� FDSWXULQJ� LV� LQLWLDWHG�E\� VHQGLQJ�D�JHW� FRP�
PDQG� WR� WKH� �DJHQW�� VFULSW� WKDW� GHILQHV� WKH� EHKDYLRU� RI
WKH�DJHQWV��,I�D�SRVLWLYH�UHSO\�U�RN��LV�UHFHLYHG�ZLWKLQ�WKH
WLPH�LQWHUYDO�UHSUHVHQWHG�E\�>��t@�WKHQ�WKH�DJHQW�ZLWK�WKDW
LGHQWLILHU�LV�FRQVLGHUHG�WR�EH�FDSWXUHG��,I�ZLWKLQ�WKH�WLPH
LQWHUYDO�QRWKLQJ�KDSSHQV��WKHQ�WUDQVLWLRQ�QRN� ILUHV��LQGL�
FDWLQJ� WKDW�QR�DJHQWV� DUH� DYDLODEOH�� 7KLV� FRQVWUXFWLRQ� LV
FDOOHG�JHWBDJHQW�t��

,PDJLQH�WKDW�DQ�DJHQW�LQYROYHG�LQ�FDOO�SURFHVVLQJ�SUHVVHV
D� �QRW�UHDG\��EXWWRQ�RQ�KLV� WHOHSKRQH�DQG� EHFRPHV� XQ�
DYDLODEOH��7KLV�HYHQW�FRUUHVSRQGV�WR�ILULQJ�WKH� WUDQVLWLRQ
W����$W�WKLV�SRLQW�WKH�VFULSW�WULHV�WR�ILQG�DQRWKHU�DJHQW��W����
,I�DQRWKHU�DJHQW�LV�LQGHHG�DYDLODEOH��FRQWURO�RI�WKH�VFULSW
LV� UHWXUQHG� WR� WKH� VDPH� SODFH� ZKHUH� LW� ZDV� LQWHUUXSWHG�
DQG� FDOO� SURFHVVLQJ� FRQWLQXHV�� 7KH� VWDWH� ZKHUH� WKH� FDOO
SURFHVVLQJ�ZDV�LQWHUUXSWHG�LV�VDYHG�LQ�WKH�YDULDEOH�Y�
0 (c) 1999 IEEE 6
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)LJXUH����([DPSOH�RI�D�6FULSW�1HW��LQ�&DWDORJXH�6DOHV�&RQWH[W
$OWHUQDWLYHO\�� LPDJLQH� WKDW� D� FOLHQW� VXGGHQO\� KDQJV� XS
GXULQJ�D�FDOO��7KLV�HYHQW�FRUUHVSRQGV�WR�ILULQJ�WKH�WUDQVL�
WLRQ�W����)LULQJ�RI�WKLV�WUDQVLWLRQ�GLVUXSWV�WKH�H[HFXWLRQ�RI
WKH� VFULSW� LQFOXGLQJ� WKH� FRQVWUXFWLRQ� GHILQHG� DERYH�� UH�
OHDVHV� LWV� DFWLYH� DJHQW� �LI� DQ\��� DQG� WKHQ� WHUPLQDWHV� WKH
FDOO�SURFHVVLQJ�

��� ,PSOHPHQWDWLRQ�,VVXHV

,Q� WKLV� VHFWLRQ�ZH�EULHIO\� VNHWFK� VRPH� WRROV� IRU�JHQHUD�
WLRQ� FDOO� FHQWHU�DSSOLFDWLRQV� EDVHG� RQ� GHYHORSHG� IRUPDO
PRGHO�� ,Q�SDUWLFXODU��ZH�GHYHORSHG�D�SURJUDPPLQJ� V\V�
WHP�IRU�EXLOGLQJ�VFULSWV�IRU�SURFHVVLQJ�ERWK�LQERXQG�DQG
RXWERXQG� FDOOV� ZLWK� H[WHQVLYH� LQWHUYHQWLRQ� RI� OLYLQJ
DJHQWV��7KH�V\VWHP�IXQFWLRQV�LQ�DQ�,QWUDQHW�HQYLURQPHQW�
LV� EDVHG� RQ� WKLQ�FOLHQW� WHFKQRORJ\�� DQG� XVHV� D� JUDSKLF
ODQJXDJH� WR� GHVFULEH� DJHQW� ZRUN� VFULSWV�� 0RUH� VSHFLIL�
FDOO\��WKH�V\VWHP�FRPSULVHV�WKH�IROORZLQJ�FRPSRQHQWV�
0-7695-0001-3/99 $10.
�� $�IURQW�HQG�JUDSKLFDO�ODQJXDJH�IRU�VSHFLILFDWLRQ
VFULSWV�ZLWK�VHPDQWLFV�EDVHG�RQ�3HWUL�QHW�EDVHG�PRGHO�

�� $�JUDSKLF�VFULSW�HGLWRU� WKDW�VXSSRUWV� WKH� VFULSW�
LQJ�ODQJXDJH�DQG�DOORZV�WR�EXLOG�VFULSWV�LQ�D�VLPSOH�DQG
FRQYHQLHQW�ZD\�

�� )RUP�PDQDJHU�IRU�FUHDWLQJ�D�VHW�RI� IRUPV�WR�EH
LQWHUFKDQJHG�EHWZHHQ�DSSOLFDWLRQ�DQG�DJHQW� VWDWLRQ�GXU�
LQJ�D�FDOO�SURFHVVLQJ�

�� $� VFULSW� HQJLQH� WKDW� H[HFXWHV� VFULSWV� XSRQ
HPHUJLQJ� LQERXQG� DQG� RXWERXQG� FDOOV� LQ� WKH� UXQ�WLPH
VWDJH�

7KH�JUDSKLFDO�VFULSWLQJ�ODQJXDJH�DOORZV�RQH�WR�UHSUHVHQW
D� VFULSW� DV� D� JUDSK� ZKHUH� HDFK� QRGH� GHSLFWHG� E\� LFRQ
FRUUHVSRQGV� WR� HOHPHQWDU\� FRPPXQLFDWLRQ� ZLWK� RWKHU
REMHFWV��H�J��GHYLVH�REMHFW��DJHQW���$UURZV�EHWZHHQ�LFRQV
GHILQH�D�FDXVDO�UHODWLRQ�EHWZHHQ�FRPPXQLFDWLRQ�DFWLRQV�
00 (c) 1999 IEEE 7
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)LJXUH����*UDSKLFDO�VFULSW�HGLWRU
$PRQJ�RWKHU� IHDWXUHV�RI� WKH� ODQJXDJH��ZH� FDQ�PHQWLRQ
IHDWXUHV�ZKLFK�LQKHULWHG�IURP�WKH�IRUPDO�PRGHO�

�� 3DUDOOHO� FRQVWUXFWV� DOORZLQJ� RQH� WR� UHSUHVHQW
PXOWLWKUHDGLQJ�DQG�V\QFKURQL]DWLRQ�EHWZHHQ�WKUHDGV�

�� +LHUDUFKLFDO� FRQVWUXFWV� ZKLFK� DOORZ� RQH� WR
EXLOG�VFULSWV�LQ�D�PRGXODU�IDVKLRQ�

�� ([FHSWLRQ�KDQGOLQJ�FRQVWUXFWV�ZKLFK�HQDEOH�RQH
WR� VSHFLI\� WKH�UHDFWLRQ�RI� WKH� VFULSWV� RQ�UHFHLYLQJ�DV\Q�
FKURQRXV�DQG�XQVROLFLWHG�HYHQWV�

2Q�)LJXUH����ZH�SUHVHQW�WKH�VQDSVKRW�RI�WKH�VFULSW�HGLWRU
ZLWK� WKH� IUDJPHQW� RI� WKH� VFULSW� GLVFXVVHG� LQ� WKH
H[DPSOH���

��� &RQFOXGLQJ�5HPDUNV

,Q�WKLV�SDSHU�ZH�KDYH�SURSRVHG�WKH�3HWUL�QHW�EDVHG�PRGHO
IRU� GHVLJQ� GLIIHUHQW� GLVWULEXWHG� &7,� DSSOLFDWLRQV�� 7KLV
0-7695-0001-3/99 $10.0
DSSURDFK�HQDEOHV�D�GHVLJQHU�WR�UHSUHVHQW�D�ORJLFDO�VWUXF�
WXUH�RI�FRPSOH[�DSSOLFDWLRQV�IRU�FDOO�FHQWHUV�

,Q� WKH� QHDUHVW� IXWXUH� ZH� SODQ� WR� SD\� PRUH� DWWHQWLRQ� WR
DUFKLWHFWXUDO�DVSHFWV�LQ�WKH�SURFHVV�RI� IRUPDOL]DWLRQ�WDN�
LQJ� LQWR� FRQVLGHUDWLRQ� GLIIHUHQW� UHODWHG� DUFKLWHFWXUDO� DS�
SURDFKHV�>�@�

&RQVLGHULQJ� DOPRVW� DOO� &7,�DSSOLFDWLRQV� DUH� UHDO� WLPH
V\VWHPV��ZH�PXVW� WDNH� LQWR� FRQVLGHUDWLRQ� WLPH�DQG� VWR�
FKDVWLF� DVSHFWV� RI� WKH�PRGHO�XQGHU�GLVFXVVLRQ�� L�H��� LW� LV
GHVLUDEOH� WR� FDOFXODWH� DYDLODELOLW\� RI� D� FDOO� FHQWHU� �IRU
VSHFLILF� VRUW� RI� FDOOV��� DJHQW
V� ORDGLQJ�� RSWLPDO� FRQILJX�
UDWLRQ� RI� FDOO�FHQWHU�� HWF�� %\� H[WHQGLQJ� RXU� PRGHO� WR�
ZDUGV� VWRFKDVWLF� 3HWUL� QHWV�� WKHVH� LVVXHV� FDQ� EH� DG�
GUHVVHG�

$FNQRZOHGJHPHQWV�� 7KH� DXWKRUV� DUH� JUDWHIXO� WR� (YJHQ\
3HWURYLNK�DQG�3DYHO�3RVWXSDOVNL�IRU�WKH\�KHOSIXO�GLVFXV�
VLRQV��)LUVW�DXWKRU�KDG�DOVR�D�EHQHILW�IURP�5XVVLDQ�)XQG
IRU�%DVLF�5HVHDUFK��JUDQW�1R����������������
0 (c) 1999 IEEE 8
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5()(5(1&(6

>�@ :�0�3�� YDQ� GHU� $DOVW�� 7KH� $SSOLFDWLRQ� RI� 3HWUL
1HWV� WR�:RUNIORZ�0DQDJHPHQW��7R� DSSHDU� LQ� WKH
-RXUQDO� RI� &LUFXLWV�� 6\VWHPV� DQG� &RPSXWHUV
�������

�� 1�$�$QLVLPRY��$Q�$OJHEUD� RI�5HJXODU�0DFURQHWV
IRU�)RUPDO�6SHFLILFDWLRQ�RI��&RPPXQLFDWLRQ�3URWR�
FROV��&RPSXWHUV�DQG�$UWLILFLDO�,QWHOOLJHQFH��9RO����
1R�����������SS�����±����

�� 1�$QLVLPRY��.�.LVKLQVNL��$�0LORVODYVNL��3HWUL�1HW
%DVHG� 0RGHO� IRU� 'HVLJQ� RI� &7,�DSSOLFDWLRQV�� LQ
3URF��RI� WKH�,QW��&RQIHUHQFH��&RPSXWDWLRQDO�(QJL�
QHHULQJ�RQ�6\VWHPV�$SSOLFDWLRQ��&(6$
�����-XO\���
����������/LOOH��)UDQFH�

�� 1�$�$QLVLPRY��.�3�.LVKLQVNL��$�0LORVODYVNL��3�$�
3RVXSDOVNL��0DFURSODVHV� LQ�+LJK�/HYHO�3HWUL�1HWV�
$SSOLFDWLRQ� IRU� 'HVLJQ� ,QERXQG� &DOO� &HQWHU�� ,Q�
3URF�� ,QW�� &RQIHUHQFH� RQ� ,QIRUPDWLRQ� 6\VWHPV
$QDO\VLV� DQG� 6\QWKHVLV� �,6$6
����� 2UODQGR�� )ORU�
LGD��86$��-XO\���������������SS���������

�� 1��$QLVLPRY��0��.RXWQ\��2Q�&RPSRVLWLRQDOLW\�DQG
3HWUL� 1HWV� LQ� 3URWRFRO� (QJLQHHULQJ�� ,Q�� 3URWRFRO
6SHFLILFDWLRQ�� 7HVWLQJ� DQG� 9HULILFDWLRQ�� ;9�
&KDSPDQ�	�+DOO��SS�������������

�� &�$��(OOLV�DQG�*�-��1XWW��0RGHOLQJ�DQG�(QDFWPHQW
RI�:RUNIORZ�6\VWHPV��,Q��0�$MPRQH�0DUVDQ��HG���
��WK� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� $SSOLFDWLRQ� DQG
7KHRU\�RI�3HWUL�1HWV�������/HFWXUH�1RWHV� LQ�&RP�
SXWHU�6FLHQFH��9RO�������SS�������6SULQJHU�9HUODJ�
%HUOLQ�������

�� (QWHUSULVH�&RPSXWHU�7HOHSKRQ\�)RUXP��6�����5H�
YLVLRQ��0HGLD�6HUYLFHV��&��/DQJXDJH��$SSOLFDWLRQ
3URJUDPPLQJ�,QWHUIDFH�������

�� .�-HQVHQ�� &RORXUHG� 3HWUL� 1HWV�� %DVLF� &RQFHSWV�
$QDO\VLV�0HWKRGV�DQG�3UDFWLFDO�8VH��9RO�����%DVLF
&RQFHSWV�� ($7&6� 0RQRJUDSK� RQ� 7KHRUHWLFDO
&RPSXWHU�6FLHQFH��6SULQJHU�9HUODJ�������

�� (��0DUJXOLHV��9RLFH�3URFHVVLQJ�$SSOLFDWLRQV�)ODWL�
URQ�3XEOLVKLQJ��������,6%1��������������

��� 3�0�0HUOLQ�� '�-�)DUEHU�� 5HFRYHUDELOLW\� RI� &RP�
PXQLFDWLRQ�3URWRFROV�²�,PSOLFDWLRQ�RI�D�7KHRUHWL�
FDO�6WXG\��,(((�7UDQV��&RPPXQ��&20±���������
����±�����
0-7695-0001-3/99 $10.0
��� -�/�3HWHUVRQ��3HWUL�1HW�7KHRU\�DQG�WKH�0RGHOLQJ�RI
6\VWHPV���3UHQWLFH±+DOO�,QF��������

��� :�5HLVLJ�� 3HWUL� 1HWV�� $Q� ,QWURGXFWLRQ�� ($7&6
0RQRJUDSK� RQ� 7KHRUHWLFDO� &RPSXWHU� 6FLHQFH
�6SULQJHU±9HUODJ��������

��� &��6LEHUWLQ�%ODQF��$�&OLHQW�6HUYHU�3URWRFRO�IRU�WKH
&RPSRVLWLRQ�RI�3HWUL�1HWV�� ,Q��0�$MPRQH�0DUVDQ
�HG������WK� ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$SSOLFDWLRQ
DQG�7KHRU\� RI� 3HWUL� 1HWV� ������ /HFWXUH� 1RWHV� LQ
&RPSXWHU�6FLHQFH��9RO�������������SS���������

���� &��6LEHUWLQ�%ODQF��&RRSHUDWLYH�1HWV��,Q��5��9DOHWWH
�HG�����WK� ,QWHUQDWLRQDO�&RQIHUHQFH� RQ�$SSOLFDWLRQ
DQG�7KHRU\� RI� 3HWUL� 1HWV� ������ /HFWXUH� 1RWHV� LQ
&RPSXWHU� 6FLHQFH�� 9RO������ 6SULQJHU� 9HUODJ
��������SS��������

���� 5�:DOWHUV�� &RPSXWHU� 7HOHSKRQH� ,QWHJUDWLRQ�
$UWHFK�+RXVH���������
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