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$EVWUDFW

0XOWLFDVW FRPPXQLFDWLRQ LV RQH RI WKH PDMRU WHFKQLTXHV

WR VKDUH WKH WUDQVPLVVLRQ FRVW� +RZHYHU� LQ WKH W\SLFDO
PXOWLFDVW VHUYLFH� DOO GHVWLQDWLRQV DUH H[SHFWHG WR UHFHLYH

WKH VDPH PXOWLFDVW VWUHDP IURP WKH VRXUFH DW WKH VDPH

WLPH� 8QIRUWXQDWHO\� WKLV LV D VHYHUH UHVWULFWLRQ IRU VRPH

RQ�GHPDQG PXOWLPHGLD DSSOLFDWLRQV� VXFK DV YLGHR�RQ�
GHPDQG �92'�� LQ ZKLFK FXVWRPHUV© UHTXHVWV DUH

H[SHFWHG DW YDULRXV WLPH� 7KHUHIRUH� RQO\ IHZ FXVWRPHUV

FDQ EH VHUYHG LQ WKH VDPH PXOWLFDVW JURXS� WKXV

DGGLWLRQDO EDQGZLGWK LV UHTXLUHG� ,Q WKLV SDSHU� ZH
SURSRVH D QHZ PXOWLFDVW FRPPXQLFDWLRQ VFKHPH WR DOORZ

WKH GHVWLQDWLRQV DFFHVVLQJ WKH VDPH PXOWLFDVW VWUHDP DW

GLIIHUHQW WLPH E\ EXIIHULQJ WHFKQLTXH DQG KHQFH

WUHPHQGRXVO\ UHGXFH WKH FRPPXQLFDWLRQ EDQGZLGWK� :H
FDOO WKLV W\SH RI FRPPXQLFDWLRQV DV WKH RQ�GHPDQG

PXOWLFDVW FRPPXQLFDWLRQV� :H DOVR GHILQH WKH

RSWLPL]DWLRQ SUREOHPV RI WKH RQ�GHPDQG PXOWLFDVW

URXWLQJ DQG JLYH D WKHRUHWLFDO DQDO\VLV� $ JUHHG\
DOJRULWKP IRU WKLV SUREOHP LV DOVR SUHVHQWHG DQG KDG EHHQ

LPSOHPHQWHG RQ RXU 92' V\VWHPV�

�� ,QWURGXFWLRQ

0XOWLFDVW FRPPXQLFDWLRQV LV DQ LPSRUWDQW WHFKQLTXH WR

VKDUH WKH WUDQVPLVVLRQ FRVW IRU PXOWLPHGLD DSSOLFDWLRQV�

VXFK DV GLVWDQFH HGXFDWLRQ� WHOHFRQIHUHQFLQJ� DQG YLGHR�
RQ�GHPDQG �92'� >�� �@� ,Q WKLV FRPPXQLFDWLRQ PRGH�

WKH VDPH GDWD VWUHDP DUH VHQW VLPXOWDQHRXVO\ IURP WKH

VRXUFH WR PXOWLSOH GHVWLQDWLRQV E\ VHWWLQJ XS D URXWLQJ

SDWK WR FRQQHFW WKH PHPEHUV RI WKH PXOWLFDVW JURXS�
7KHUHIRUH� GHVLJQLQJ D FRVW�HIIHFWLYH PXOWLFDVW URXWLQJ

DOJRULWKP ZLWK OLPLWHG WUDQVPLVVLRQ GHOD\ LV RQH RI WKH

IXQGDPHQWDO LVVXHV >�� �� �� �@� 7KH FRPPRQO\ XVHG

DSSURDFK IRU WKLV SUREOHP LV WKH WUHH�EDVHG URXWLQJ ZKLFK
FDQ VKDUH PDQ\ OLQNV LQ WUDQVPLWWLQJ WKH GDWD VWUHDP WR

WKH GHVWLQDWLRQV� ,Q JHQHUDO� WKLV VW\OH RI PXOWLFDVW FRQFHSW

DVVXPHV DOO GHVWLQDWLRQV UHFHLYH WKH WUDQVPLWWHG GDWD DW

DSSUR[LPDWHO\ WKH VDPH WLPH� +RZHYHU� WKLV FRQFHSW

VHYHUHO\ UHVWULFWV WKH RQ�GHPDQG PXOWLPHGLD DSSOLFDWLRQV
>�� �@ EHFDXVH WKH FXVWRPHUV YLHZLQJ WKH VDPH PRYLH DW

GLIIHUHQW WLPH FDQ QRW EH VHUYHG LQ WKH VDPH PXOWLFDVW

JURXS� 7KHUHIRUH� LQGLYLGXDO PXOWLFDVW JURXS LV UHTXLUHG

IRU HDFK GLIIHUHQW UHTXHVW WLPH� 7KLV LV QRW HIILFLHQW� ,Q
WKLV SDSHU� ZH SURSRVH QHZ PXOWLFDVW FRPPXQLFDWLRQ

VFKHPH LQ ZKLFK WKH GHVWLQDWLRQV UHTXHVWLQJ WKH VDPH

PRYLH DW GLIIHUHQW WLPH FDQ EH VHUYHG LQ WKH VDPH

PXOWLFDVW JURXS� :H FDOO WKLV W\SH RI PXOWLFDVW
FRPPXQLFDWLRQV DV WKH RQ�GHPDQG PXOWLFDVW

FRPPXQLFDWLRQV� ,Q DGGLWLRQ� WKLV VFKHPH DOVR SURYLGHV

WKH 9&5�OLNH LQWHUDFWLYH FRQWURO EHWZHHQ WKH VRXUFH DQG

WKH LQGLYLGXDO GHVWLQDWLRQ� 7KH FRPSDULVRQ EHWZHHQ WKH
RQ�GHPDQG PXOWLFDVW WUHH DQG WKH FRQYHQWLRQDO RQH LV

GHPRQVWUDWHG LQ )LJ� �� ,Q )LJ� �D� DOO GHVWLQDWLRQ QRGHV

UHFHLYH WKH VDPH VWUHDP DW WKH VDPH WLPH �LJQRULQJ WKH

WUDQVPLVVLRQ GHOD\�� ,Q FRQWUDVW� DV LQGLFDWHG LQ )LJ� �E�
WKH RQ�GHPDQG PXOWLFDVW VFKHPH FDQ EXLOG XS D PXOWLFDVW

WUHH DOORZLQJ GLIIHUHQW DFFHVV WLPH�
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Fig. 1. The conparison of the conventional multicast tree and the
on-demand multicast tree.

,Q WKLV SDSHU� ZH GHVLJQ D VLPSOH EXIIHULQJ PHFKDQLVP
WR FRQVWUXFW WKH RQ�GHPDQG PXOWLFDVW WUHHV� %DVHG RQ WKLV

PHFKDQLVP� ZH GHILQH DQ RSWLPL]DWLRQ SUREOHP IRU WKLV

RQ�GHPDQG PXOWLFDVW URXWLQJ DQG JLYH D WKHRUHWLFDO

DQDO\VLV RQ WKLV SUREOHP� $Q RSWLPDO JUHHG\ DOJRULWKP LQ
D IXOO\ FRQQHFWHG WRSRORJ\ LV DOVR SUHVHQWHG� ,Q DGGLWLRQ�

WKH WUDQVPLVVLRQ ORDG LV DOVR SURYHG EDODQFH DQG OLJKW LQ

RXU DOJRULWKP� 7R YHULI\ WKH SHUIRUPDQFH RI WKH RQ�

GHPDQG PXOWLFDVW FRPPXQLFDWLRQ� ZH LPSOHPHQW LW RQ
RXU 92' V\VWHPV� ZKLFK LV DOVR GHVFULEHG LQ WKLV SDSHU�

7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� 6HFWLRQ �



SUHVHQWV WKH EDVLF PHFKDQLVP WR FRQVWUXFW WKH RQ�GHPDQG

PXOWLFDVW WUHHV� 6HFWLRQ � GHILQHV DQ RSWLPL]DWLRQ
SUREOHP IRU WKH RQ�GHPDQG PXOWLFDVW URXWLQJ DQG

SUHVHQWV DQ RSWLPDO JUHHG\ URXWLQJ DOJRULWKP IRU WKLV

SUREOHP� ,Q 6HFWLRQ �� ZH GLVFXVV DQG VLPXODWH WKH
DSSOLFDWLRQ RI WKH RQ�GHPDQG PXOWLFDVW VFKHPH RQ WKH

92' V\VWHPV� &RQFOXVLRQV DUH ILQDOO\ PDGH LQ 6HFWLRQ ��

�� 7KH FRQVWUXFWLRQ RI WKH RQ�GHPDQG

PXOWLFDVW WUHHV

%HIRUH GHVFULELQJ KRZ WR FRQVWUXFW DQ RQ�GHPDQG

PXOWLFDVW WUHH� ZH ILUVW LQWURGXFH D PHFKDQLVP WR DOORZ

WKH GHVWLQDWLRQV DFFHVVLQJ WKH VDPH PXOWLFDVW VWUHDP DW

GLIIHUHQW WLPH� XVLQJ WKH EXIIHULQJ WHFKQLTXH� ,Q D WUHH�
EDVHG PXOWLFDVW URXWLQJ DSSURDFK� WUDQVPLVVLRQ GHOD\ PD\

QRW EH DYRLGHG ZKHQ PHVVDJHV DUH SDVVHG WKURXJK RU

UHSOLFDWHG RQ WKH URXWLQJ QRGHV LQ WKH PXOWLFDVW WUHH� 7KXV�

UHGXFLQJ WKH WUDQVPLVVLRQ GHOD\ LV DQ LPSRUWDQW GHVLJQ
LVVXH RI D URXWLQJ DOJRULWKP� +RZHYHU� WKLV LV QRW RXU

FRQFHUQ� LQ FRQWUDVW� ZH GHOLEHUDWHO\ LQWHQW WR GHOD\LQJ WKH

LQFRPLQJ VWUHDP D VSHFLILF WLPH WR VDWLVI\ WKH VSHFLILF

FRQGLWLRQV� ,Q RXU DSSURDFK� WKH LQFRPLQJ VWUHDP ZDV
VWRUHG LQ WKH URXWLQJ QRGH DQG WKHQ VHQW RXW DW YDULRXV

WLPH WR SURGXFH RXWJRLQJ VWUHDPV DW GLIIHUHQW WLPH� )LJ� �

VKRZV DQ H[DPSOH RI WKLV EXIIHULQJ WHFKQLTXH� ,Q )LJ� �D�

WKH LQFRPLQJ VWUHDP LV IORZHG RXW LPPHGLDWHO\� QR
WUDQVPLVVLRQ GHOD\� ,Q )LJ� �E� WR VLPXOWDQHRXVO\ SURYLGH

DQRWKHU VWUHDP ZLWK � VHFRQGV WUDQVPLVVLRQ GHOD\� WKH

LQFRPLQJ VWUHDP ZDV VWRUHG LQ D SLSH EXIIHU DQG WKHQ VHQW

RXW DIWHU � VHFRQGV� /LNHZLVH� DV VKRZQ LQ )LJ� �F� LI WKH
VL]H RI WKH SLSH EXIIHU FDQ VWRUH � VHFRQGV LQFRPLQJ

VWUHDP� DQRWKHU VWUHDP ZLWK � VHFRQGV WUDQVPLVVLRQ GHOD\

FDQ EH SURYLGHG LQ WKLV URXWLQJ QRGH�
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Fig. 2 � The buffering technique.

%DVHG RQ WKLV WHFKQLTXH� WKH FRQVWUXFWLRQ SURFHVV RI
WKH RQ�GHPDQG PXOWLFDVW WUHHV FDQ EH H[SODLQHG E\ DQ

LOOXVWUDWLYH H[DPSOH RI ZKDW KDSSHQV ZKHQ D GHVWLQDWLRQ

QRGH LVVXHV D UHTXHVW IRU UHFHLYLQJ WKH VDPH VWUHDP� )RU

H[SODQDWLRQ� ZH SDUWLWLRQ WKH UHTXHVWHG VWUHDP LQWR
FRQVHFXWLYH VHJPHQWV� V

�
� V

�
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Q
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L
UHSUHVHQWV WKH

LWK PLQXWHV VHJPHQW� 7KHUHIRUH� D WZR KRXUV YLGHR VWUHDP

LV UHSUHVHQWHG E\ VHJPHQWV V
�
� V

�
� �� V
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�

&RQVLGHU WKH H[DPSOH VKRZQ LQ )LJ� �� ,Q )LJ� �D� WKH

GHVWLQDWLRQ '
�
LVVXHV WKH ILUVW UHTXHVW DW ����� DQG D GLUHFW

SDWK ZDV HVWDEOLVKHG DORQJ WKH EROG OLQH IURP WKH VRXUFH
QRGH 6 WR QRGH '

�
� )LJ� �E VKRZV WKH VHFRQG UHTXHVW IURP

QRGH '
�
DW ������ $W WKLV PRPHQW� WKH VHJPHQW V

�
LV UHDG\

WR IORZ LQWR WKH SDWK IURP QRGH E WR QRGH '
�
EXW WKH

VHJPHQW V
�
DQG V

�
KDG JRQH �LI WKH RWKHU WUDQVPLVVLRQ

GHOD\ IDFWRU FDQ EH LJQRUHG�� 7KHUHIRUH� WKH QRGH E DQG

'
�
FDQ SURYLGH WKH GDWD VHJPHQWV VWDUWHG IURP V

�
IURP

QRZ RQ� 7KXV� QRGH '
�
FDQ LPPHGLDWHO\ PDNH D URXWH WR

JHW WKH VHJPHQWV V
�
DQG V

�
IURP WKH VRXUFH QRGH 6 DQG

WKHQ JHW WKH UHVW RI VHJPHQWV IURP QRGH E RU '
�
� EXW WZR

PLQXWHV ODWHU� ,Q WKLV H[DPSOH� QRGH E ZDV FKRVH� 1RWLFH

WKDW WKH ILUVW URXWH LV WHPSRUDU\ DQG ZLOO EH UHOHDVHG WZR
PLQXWHV ODWHU ZKHQ WKH VHJPHQW V

�
DQG V

�
DUH UHFHLYHG�

WKHUHIRUH� PDNLQJ WKLV URXWH HIILFLHQW LV QRW DV FULWLFDO DV

WKH RWKHU URXWHV� 2Q WKH RWKHU KDQG� WR JHW WKH UHVW RI

VHJPHQWV IURP QRGH E WZR PLQXWHV ODWHU� D SDWK PXVW EH
HVWDEOLVKHG IURP QRGH E WR QRGH '

�
ZLWK GHOD\ RI WZR

PLQXWHV� ZKLFK PHDQV WZR PLQXWHV EXIIHU LV UHTXLUHG

DORQJ WKLV SDWK� ,Q WKLV H[DPSOH� WKH\ DUH SURYLGHG E\

QRGH D� ,Q IDFW� WKHUH LV D VPDOO WULFN PD\ SRVVLEO\ UHGXFH
WKH GXUDWLRQ RI WKH WHPSRUDU\ URXWH� HYHQ GR QRW UHTXLUH

WKLV URXWH� 7KH WULFN LV WR SUH�EXIIHU WKH GDWD DV PXFK DV

SRVVLEOH LQ WKH DYDLODEOH EXIIHU RQ HDFK QRGH DORQJ WKH

URXWLQJ SDWK� $OWKRXJK WKLV SUH�EXIIHUHG GDWD PD\EH
XVHOHVV LQ WKH IXWXUH� LW LV QRW D SUREOHP VLQFH WKLV EXIIHU

LV VWLOO DYDLODEOH IRU RWKHU URXWLQJV� )RU H[DPSOH� LI QRGH E

SUH�EXIIHU � PLQXWHV VWUHDP DW WKH ILUVW URXWH� WKH

WHPSRUDU\ URXWH RI GHVWLQDWLRQ '
�
LV QRW QHFHVVDU\ VLQFH

WKH VHJPHQW V
�
DQG V

�
DUH VWLOO UHWDLQHG LQ QRGH E�
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Fig. 3. An example of constructing on-demand multicast tree.

:KHQ WKH QH[W UHTXHVW FRPHV DW ������ DV VKRZQ LQ )LJ�

�F� ZH QHHG RQO\ � PLQXWH EXIIHU DW QRGH F WR HVWDEOLVK D
SDWK IURP QRGH D WR QRGH '

�
ZLWK GHOD\ RI � PLQXWHV� ,Q

WKLV FDVH� WKH WHPSRUDU\ SDWK IURP QRGH '
�
WR WKH VRXUFH

QRGH 6 ZLOO EH UHOHDVHG � PLQXWHV ODWHU� 7KHUHIRUH�

IROORZLQJ WKHVH SURFHGXUHV� DQ RQ�GHPDQG PXOWLFDVW WUHH
FDQ EH HVWDEOLVKHG�

1RWLFH WKDW� LQ DQ RQ�GHPDQG VHUYLFH� WKH UHTXHVWHG

VWUHDP ZLOO EH UHFHLYHG LQ D IHZ VHFRQGV DIWHU WKH UHTXHVW

ZDV LVVXHG� 7KXV� LQ WKH UHVW RI WKH SDSHU� ZH DVVXPH WKDW
WKHUH LV QR WUDQVPLVVLRQ GHOD\ EHWZHHQ WKH VRXUFH QRGH

DQG WKH GHVWLQDWLRQ QRGHV LI RXU EXIIHULQJ WHFKQLTXH GRHV

QRW EH HPSOR\HG�



,Q DGGLWLRQ� WKH LQWHUDFWLRQ EHWZHHQ WKH VRXUFH QRGH

DQG WKH GHVWLQDWLRQ QRGHV FDQ EH VLPSO\ DFKLHYHG E\ WKH
RQ�GHPDQG PXOWLFDVW URXWLQJ VFKHPH� )RU H[DPSOH�

FRQVLGHU WKH FDVH WKDW QRGH ' UHTXHVWV D VWUHDP DW ������

SDXVHV DW ����� DQG UHVXPHV DW ������ :KHQ QRGH '
UHVXPHV� LW LV HTXLYDOHQW WR LVVXH D QHZ UHTXHVW DW �����

EXW WKH UHTXHVWHG VWUHDP LV VWDUWHG IURP WKH VHJPHQW V
�
�

7KHUHIRUH� ZH QHHG D QRGH WR SURYLGH WKH UHTXLUHG VWUHDP

IRU QRGH '� /HW XV FRQVLGHU WKH IROORZLQJ � URXWLQJ FDVHV�

7KH VLPSOHVW FDVH LV WR ILQG D QRGH SURYLGLQJ WKH

VHJPHQW VWDUWHG IURP V
�
LPPHGLDWHO\� ,Q WKLV FDVH� ZH MXVW

PDNH D URXWH IURP WKLV QRGH WR QRGH ' ZLWK QR

WUDQVPLVVLRQ GHOD\� 7KH VHFRQG FDVH LV WR ILQG D QRGH LQ
ZKLFK WKH VHJPHQW V

�
KDG EHHQ VHQW RXW DQG QRW VWRUHG LQ

LWV EXIIHU� IRU H[DPSOH� RQO\ WKH VHJPHQWV VWDUWHG IURP V
�

DUH SURYLGHG� 1RWH WKDW WKLV FDVH LV VLPLODU WR WKH SUHYLRXV

FRQVWUXFWLRQ SURFHVV� 7KHUHIRUH� ZH VLPXOWDQHRXVO\ PDNH
D WHPSRUDU\ URXWH WR JHW WKH VHJPHQWV V

�
DQG V

�
� DQG WKHQ

PDNH DQRWKHU URXWH IURP WKH VHOHFWHG QRGH ZLWK GHOD\ RI

WZR PLQXWHV WR JHW WKH UHVW RI VHJPHQWV VWDUWHG IURP V
�
� ,Q

WKH ODVW FDVH� LI QR QRGH LV VDWLVILHG WKH SUHYLRXV WZR FDVHV�
ZH URXWH WKLV QHZ UHTXHVW GLUHFWO\ WR WKH VRXUFH QRGH�

6LPLODUO\� WKH IDVW�IRUZDUG RSHUDWLRQ FDQ EH PDGH E\

WKH VDPH LGHD� $W ILUVW� EHFDXVH RI WKH GDWD UDWH LV

GLIIHUHQW� D WHPSRUDU\ URXWH LV QHHGHG WR SURYLGH WKH IDVW�
IRUZDUG VWUHDP DQG WKH SUHYLRXV URXWLQJ LGHD FDQ EH

DSSOLHG ZKHQ WKLV RSHUDWLRQ LV ILQLVKHG� 7KH RWKHU

RSHUDWLRQV �H[� VWRS� MXPS�IRUZDUG� MXPS�EDFNZDUG�

VORZ�GRZQ� �� KDYH WKH VDPH SURSHUW\ DV WKH SUHYLRXV
GLVFXVVHG RQH� ZH VNLS LW KHUH�

�� 2Q�GHPDQG PXOWLFDVW URXWLQJ SUREOHP

DQG DOJRULWKP GHVLJQ

,Q WKLV VHFWLRQ� ZH IRUPDOO\ GHILQH WKH SUREOHP RI
FRQVWUXFWLQJ WKH RQ�GHPDQG PXOWLFDVW URXWLQJ WUHHV� ,Q

DGGLWLRQ� D JUHHG\ DOJRULWKP IRU WKLV SUREOHP RQ D IXOO\

FRQQHFWHG WRSRORJ\ LV SUHVHQWHG DOVR�

���� 2Q�GHPDQG PXOWLFDVW URXWLQJ SUREOHP

7KH RQ�GHPDQG PXOWLFDVW URXWLQJ SUREOHPV PD\ KDYH D

YDULHW\ RI FRQWH[WV� SDUWLFXODUO\ LQ WKH GRPDLQ RI UHVRXUFH

DOORFDWLRQ� :H FRQFHUQ WKH IROORZLQJ WZR YHUVLRQV ZKLFK

DUH IRFXV RQ WKH QXPEHU RI UHTXLUHG PXOWLFDVW VWUHDPV
VLQFH WKH OHVV VWUHDPV UHTXLUHG� WKH PRUH WUDQVPLVVLRQ

EDQGZLGWK VKDUHG�

,� 2II�OLQH RQ�GHPDQG PXOWLFDVW URXWLQJ SUREOHP� *LYHQ D

QHWZRUN WRSRORJ\ *� D VRXUFH QRGH 6� DQG D VHW RI
GHVWLQDWLRQ QRGHV ODEHOHG ZLWK D WLPH IRU LVVXLQJ WKH

UHTXHVW WR UHFHLYH WKH VDPH VWUHDP� HDFK QRGH L FRQWDLQV D

EXIIHU RI VL]H %L� DQG HDFK OLQN M KDV D EDQGZLGWK FDSDFLW\

&M� ZKDW LV WKH PLQLPXP QXPEHU RI UHTXLUHG RQ�GHPDQG

PXOWLFDVW WUHHV WR VHUYH DOO WKH JLYHQ UHTXHVWV"

,,� 2Q�OLQH RQ�GHPDQG PXOWLFDVW URXWLQJ SUREOHP� 7KH

GHILQLWLRQ LV VLPLODU WR WKH RII�OLQH YHUVLRQ H[FHSW WKDW WKH

WLPH IRU LVVXLQJ WKH UHTXHVW LV QRW SUH�GHILQHG LQ DGYDQFH�

&OHDUO\� WKH SURFHVV RI RQ�OLQH FRQVWUXFWLQJ WKH RQ�
GHPDQG PXOWLFDVW WUHHV LV YHU\ FRPSOLFDWHG VLQFH VHYHUDO

FRQVWUDLQWV VKRXOG EH FRQVLGHUHG WRJHWKHU� )RU H[DPSOH�

WKHUH PD\ H[LVW PDQ\ URXWLQJ SDWKV VDWLVI\LQJ WKH

FRQVWUDLQWV� DQG HYHQ LQ D SDWK� WKHUH VWLOO DUH PDQ\
GLIIHUHQW EXIIHU DOORFDWLRQ FRPELQDWLRQV DYDLODEOH�

)XUWKHUPRUH� HDFK URXWLQJ SDWK ZLOO DIIHFW WKH IROORZLQJ

URXWLQJ VLWXDWLRQV� 7KHUHIRUH� KRZ WR VHOHFW RQH RI WKH

SDWKV DQG WR GHWHUPLQH WKH EXIIHU DOORFDWLRQ SODQ LV TXLWH
FRPSOLFDWHG� :H WKLQN VXFK URXWLQJ SUREOHP LV 13�

FRPSOHWH VLQFH WKH W\SLFDO PXOWLFDVW SUREOHP �ZLWKRXW

EXIIHU DOORFDWLRQ� RQ WKH JHQHUDO QHWZRUN LV 13�FRPSOHWH

>��@� ,Q WKLV SDSHU� ZH RQO\ GLVFXVV WKLV SUREOHP RQ WKH
FRPSOHWH JUDSK� )RU WKH RII�OLQH SUREOHP� WKH PLQLPXP

QXPEHU RI UHTXLUHG RQ�GHPDQG PXOWLFDVW WUHHV RYHU WKH

FRPSOHWH JUDSK FRXOG EH GHULYHG LQ WKH IROORZLQJ

DQDO\VLV�

/HW * GHQRWH D FRPSOHWH JUDSK ZLWK Q QRGHV� /HW %

GHQRWH WKH WRWDO EXIIHU VL]H LQ DOO URXWLQJ QRGHV DQG U LV

WKH QXPEHU RI GHVWLQDWLRQ QRGHV� /HW '
L
UHSUHVHQW WKH

GHVWLQDWLRQ QRGH LVVXLQJ WKH L
WK UHTXHVW DW WLPH W

L
� ZLWKRXW

ORVV RI JHQHUDOLW\� ZH DVVXPH W
�
� W

�
� � � W

U
� &OHDUO\� LI

WKH RQ�GHPDQG PXOWLFDVW WUHH LV FRQVWUXFWHG E\ PDNLQJ D

URXWH FRQQHFWLQJ '
L
WR '

L��
� OHDVW EXIIHUV XVHG WKDQ DOO

RWKHU URXWLQJ SDWKV� /HW G
L
EH WKH PLQLPXP EXIIHU

UHTXLUHG WR FRQQHFWLQJ '
L
WR '

L��
� ZKLFK LV HTXDO WR W

L
� W

L��
�

1RWH WKDW WKH ILUVW UHTXHVW PXVW URXWH WR WKH VRXUFH� WKXV�

G
�
 �� 7KH PLQLPXP QXPEHU RI WKH UHTXLUHG RQ�GHPDQG

PXOWLFDVW WUHHV FDQ EH FDOFXODWHG LQ WZR FDVHV�

&DVH , � %G

U

L

L
≤∑

=�

� 7KH PLQLPXP UHTXLUHG EXIIHU VL]H LV

OHVV WKDQ WKH WRWDO DPRXQW RI EXIIHUV� FOHDUO\� RQO\ RQH RQ�

GHPDQG PXOWLFDVW WUHH LV UHTXLUHG�

&DVH ,, � %G

U

L

L
>∑

=�

� 7KH WRWDO DPRXQW RI EXIIHUV LV QRW

VXIILFLHQW� WKXV� PRUH WKDQ RQH RQ�GHPDQG PXOWLFDVW WUHH

LV UHTXLUHG� /HW G
�
′� G

�
′� �� GQ′ EH WKH VRUWHG VHTXHQFH RI

G�� G�� �� GQ LQ QRQGHFUHDVLQJ RUGHU� WKDW LV� G�′ ≤ G�′ ≤ �≤

GQ′� /HW `_PD[^
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DQG ZH GHILQH . EH WKH

VHW RI WKH GHVWLQDWLRQ QRGHV FRUUHVSRQGLQJ WR G�′� G�′� ��

GN′� ,Q WKH IROORZLQJ� ZH SURYH WKH UHTXLUHG QXPEHU RI WKH
RQ�GHPDQG PXOWLFDVW WUHHV LV Q�N�� LQ WZR VWHSV�

$W ILUVW� WKH Q�N�� LV WKH OHDVW SRVVLEOH QXPEHU RI WKH

UHTXLUHG RQ�GHPDQG PXOWLFDVW WUHHV VDWLVI\LQJ WKH EXIIHU
FRQVWUDLQW� ,I WKLV LV QRW WUXH� WKHUH LV D URXWLQJ UHVXOW LQ



ZKLFK XVLQJ OHVV RQ�GHPDQG PXOWLFDVW WUHHV DQG VWLOO

VDWLVI\LQJ WKH EXIIHU FRQVWUDLQW� 7KLV LV LPSRVVLEOH E\ WKH
GHILQLWLRQ RI N�

6HFRQG� ZH SUHVHQW DQ RII�OLQH URXWLQJ DOJRULWKP WR

FRQVWUXFW RQO\ Q�N�� RQ�GHPDQG PXOWLFDVW WUHHV XQGHU WKH
EXIIHU FRQVWUDLQW� 7KLV RII�OLQH URXWLQJ DOJRULWKP LV

VLPSOH DQG H[SODLQHG DV IROORZV� )RU HDFK GHVWLQDWLRQ

QRGH LQ WKH VHW .� PDNH LW MRLQ WKH H[LVWLQJ PXOWLFDVW WUHH

DQG WKXV FRQVXPHV WKH EXIIHU RI VL]H ∑
=

N

L

L
G

�


 ZKLFK LV OHVV

WKDQ RU HTXDO WR %� 2Q WKH RWKHU KDQG� DOO RWKHU Q�N

GHVWLQDWLRQ QRGHV LQLWLDWH PXOWLFDVW WUHHV� 7KXV� WKHUH DUH

Q�N�� PXOWLFDVW WUHHV LQ WKLV URXWLQJ PHWKRG�

7KHRUHP �� /HW * EH D IXOO\ FRQQHFWHG WRSRORJ\ DQG % EH

WKH WRWDO DPRXQW RI EXIIHUV� 7KH QXPEHU RI PLQLPXP

UHTXLUHG RQ�GHPDQG PXOWLFDVW WUHHV LV U ¤ N � �� ZKHUH U

LV WKH QXPEHU RI GHVWLQDWLRQ QRGHV DQG N LV WKH ODUJHVW

YDOXH VXFK WKDW %G
N

L

L
≤∑

=�


 � DQG 


L
G LV WKH VRUWHG

VHTXHQFH VWDWHG DERYH�

���� 7KH JUHHG\ DOJRULWKP IRU RQ�OLQH SUREOHP

7KH NH\ LGHD RI RXU JUHHG\ URXWLQJ DOJRULWKP IRU WKH

FRPSOHWH JUDSK LV WR URXWH HDFK UHTXHVW WR WKH ODVW �MXVW

FRPSOHWHG� UHTXHVW QRGH DQG G\QDPLFDOO\ UHURXWH VRPH
UHTXHVWV ZKLFK QRW LQ WKH VHW . RI WKH RII�OLQH VFKHPH

VWDWHG LQ VHFWLRQ ���� 2XU RQ�OLQH DOJRULWKP LV GHSLFWHG LQ

)LJ� �� 7KLV DOJRULWKP FRQVLVWV RI WZR SURFHGXUHV� WKH

SURFHGXUH URXWH5HTXHVW�� URXWH WKH FXUUHQW UHTXHVW WR WKH
ODVW UHTXHVW QRGH� DQG WKH SURFHGXUH UHURXWH'HVWLQDWLRQ��

G\QDPLFDOO\ UHURXWH VRPH UHTXHVWV WR VDWLVI\ WKH UHTXLUHG

UHVXOWV� /HW URXWLQJ 'M UHTXLUH UM EXIIHU VL]H� WKHQ UM  � LI

'M GLUHFWO\ FRQQHFWV WR WKH VRXUFH� RWKHUZLVH� UM  GM� /HW %
LV WKH FXUUHQW WRWDO EXIIHU VL]H� WKH GHWDLO RI WKLV DOJRULWKP

LV H[SODLQHG EHORZ�

1. procedure routeRequest(Dj)
2. {
3.   if  (B > rj)
4.     arbitrarily make a route from Dj to Dj-1.
5.   else
6.     if  (rerouteDestination() == true )
7.       arbitrarily make a route from Dj to Dj-1.
8.     Else
9.       make a route directly connecting to the source
10. }
11. procedure  rerouteDestination()
12. {
13.   if  (rm = max {r1, .. , rj-1} ≤ rj)
14.     return  false ;
15.   else  {
16.     reroute Dm directly connecting to the source
17.     return  true ;
18.   }
19. }

Fig. 4. The on-demand multicast routing algorithm.

$W ILUVW� OLQH � WHVWV ZKHWKHU WKH WRWDO EXIIHU LV VXIILFLHQW�

,I LW LV WUXH� ZH PDNH DQ DUELWUDULO\ URXWH IURP 'M WR 'M��

E\ FRQQHFWLQJ D VHULHV RI QRGHV WR VDVWLI\ WKH EXIIHU

UHTXLUHPHQW� 7KLV URXWLQJ SDWK FDQ EH IRXQG VLQFH WKH

WRSRORJ\ LV IXOO\ FRQQHFWHG� ,Q DGGLWLRQ� ZH H[KDXVW HDFK
QRGH EXIIHU DV SRVVLEOH� 7KLV FRQFHSW LV LOOXVWUDWHG LQ )LJ�

�� 1RGH 'M LVVXHV D UHTXHVW DW ����� DQG QRGH 'M�� LV WKH

ODVW UHTXHVW DW ������ 7KH UHPDLQLQJ EXIIHU RI QRGH'M�� LV

�� PLQXWHV DQG QR EXIIHU LV DYDLODEOH LQ QRGH 'M� ,Q WKLV
VLWXDWLRQ� ZH PDNH D URXWH FRQQHFWLQJ QRGH D �ZLWK EXIIHU

� PLQXWHV�� QRGH E �ZLWK EXIIHU � PLQXWHV� DQG QRGH F

�ZLWK EXIIHU � PLQXWHV� WR VDWLVI\ WKH EXIIHU UHTXLUHPHQW�

7KH EXIIHU LQ QRGHV 'M��� D DQG E DUH H[KDXVWHG� EXW WKHUH
DUH VWLOO � PLQXWHV EXIIHU LQ QRGH F�

request  j-1
at  10:00

D j-1 D jba c

request  j
at  10:25

10 min. 5 min. 8 min. 2 min.

Fig. 5. An example of buffer allocation in a routing path.

2Q WKH RWKHU KDQG� LI WKH DQVZHU LQ OLQH � LV IDOVH� WKDW
LV� WKH UHPDLQLQJ QRGH EXIIHU LV LQVXIILFLHQW WR VHUYH WKH

FXUUHQW UHTXHVW� WKH SURFHGXUH UHURXWH'HVWLQDWLRQ�� LV

H[HFXWHG� 7R DFKLHYH WKH VDPH UHVXOWV DV WKH RII�OLQH

URXWLQJ DOJRULWKP� WKLV SURFHGXUH RQO\ UHURXWH WKH QRGH
QRW LQ WKH VHW . DQG WKHQ UHOHDVH WKH RFFXSLHG EXIIHUV IRU

RWKHU URXWLQJV�

,Q OLQH ��� LI WKH ODUJHVW FRQVXPHG EXIIHU LV OHVV WKDQ

'M©V UHTXLUHG EXIIHU� OLQH �� MXVW UHWXUQ IDOVH DQG QR EXIIHU
LV UHOHDVHG� 7KXV� OLQH � LV H[HFXWHG� 2Q WKH RWKHU KDQG�

ZH UHURXWH 'P GLUHFWO\ WR WKH VRXUFH DQG UHOHDVH WKH

RFFXSLHG EXIIHU VL]H UP LQ OLQH ��� 1RWH WKDW WKLV UHOHDVHG

EXIIHU FDQ EH XVHG LQ URXWLQJ QRGH 'M LQ OLQH �� 7KLV
UHURXWLQJ SURFHVV LV LOOXVWUDWHG LQ )LJ� ��

request  m -1

request  m -1

D mba c

request  m

10 min. 5 min. 8 min. 2 min.

D mba c

request  m

10 min. 5 min. 8 min. 2 min.

S

D m-1

D m-1

Fig. 6. An illustrative example of the rerouting process.

,Q WKH IROORZLQJ� ZH SURYH WKDW� DW ILQDO� RQO\ WKRVH

GHVWLQDWLRQ QRGHV LQ WKH VHW . DUH FRQQHFWHG WR WKH

H[LVWLQJ RQ�GHPDQG PXOWLFDVW WUHHV DQG WKH RWKHU QRGHV
LQLWLDWH QHZ RQ�GHPDQG PXOWLFDVW WUHHV�

)RU HDFK GHVWLQDWLRQ QRGH 'M� LI WKH SURFHGXUH

UHURXWH'HVWLQDWLRQ�� ZDV VXFFHVVIXOO\ H[HFXWHG� WKH QRGH

FRQVXPLQJ EXIIHU RI VL]H S PD[^U�� �� UM��` ZLOO EH
UHURXWHG DQG WKH QRGH 'M ZLOO FRQQHFW WR WKH H[LVWLQJ

PXOWLFDVW WUHH� 1RWH WKDW S PD[^ U�� �� UM��` DQG S!UM� L�H�



S PD[^ U�� �� UM��� UM`� WKH VXEVHTXHQW UHOHDVHG EXIIHU

PXVW EH OHVV WKDQ RU HTXDO WR S� WKDW LV� S� ≥ S� ≥ S� ≥ �≥
SU ≥ PD[^UL`� IRU DOO L� DQG SN LV WKH N

WK UHOHDVHG EXIIHU VL]H�
7KXV� DW ILQDO� RQO\ WKRVH GHVWLQDWLRQ QRGHV LQ WKH VHW .
�WKH QRGHV FRUUHVSRQGLQJ WR WKH VPDOOHVW UL� ZLOO FRQQHFW

WR WKH H[LVWLQJ PXOWLFDVW WUHH DQG WKH RWKHU QRGHV ZLOO EH

UHURXWHG WR WKH VRXUFH E\ RXU SURFHGXUH� 7KLV SURYHV RXU

RQ�OLQH JUHHG\ DOJRULWKP LV RSWLPDO�

,Q WKH IROORZLQJ� ZH VKRZ WKDW WKH UHTXLUHG OLQN

FDSDFLW\ RI RXU DOJRULWKP LV DW PRVW � WLPHV RI WKH VWUHDP

EDQGZLGWK� 7R DWWDLQ WKLV UHVXOW� ZH DVVXPH WKDW DOO

UHTXHVWV RFFXU DW GLIIHUHQW WLPH� 7KLV DVVXPSWLRQ LPSOLHV
WKDW DQ HVWDEOLVKHG SDWK PXVW FRQVXPH VRPH EXIIHU� ,Q

DGGLWLRQ� WKH OLQN LV DVVXPHG WR EH IXOO GXSOH[�

request  j-1

D j-1 D jba c

request  j

d....

(a)

d D j D j+k
....

request  j request  j+k

(b)

Fig. 7. An example for counting the required link capacity.

&RQVLGHU D URXWLQJ SDWK IURP QRGH 'M WR QRGH 'M�� DV

VKRZQ LQ )LJ� 7� $V PHQWLRQHG EHIRUH� WKH SURFHGXUH

URXWH5HTXHVW�� H[KDXVW WKH QRGH EXIIHUV RQ WKH URXWLQJ
SDWK DV SRVVLEOH� WKXV� RQO\ WKH ODVW WZR QRGHV FRXOG

UHPDLQ EXIIHUV� ,Q )LJ� 7D� WKH EXIIHUV IURP QRGH 'M�� WR

QRGH F DUH H[KDXVWHG DQG WKHUH PD\ KDYH VRPH EXIIHU

UHPDLQHG LQ QRGH G DQG QRGH 'M� 1RZ SOHDVH FRQVLGHU WKH
IROORZLQJ WZR FDVHV�

&DVH �� &RQVLGHU WKH OLQNV IURP QRGH 'M�� WR QRGH F�

%HFDXVH QR EXIIHU LV DYDLODEOH RQ WKHVH QRGHV� WKHVH OLQNV

FDQQRW EH XVHG DJDLQ� 7KH RWKHU SRVVLEOH XVH RI WKLV OLQN
LV WKDW WKH FRQVHFXWLYH QRGHV LVVXH FRQVHFXWLYH UHTXHVWV

EHIRUH WKLV URXWLQJ� )RU LQVWDQFH� QRGH D LVVXHV WKH L
WK

UHTXHVW DQG QRGH E LVVXHV WKH �L��� WK UHTXHVW� 7KHUHIRUH�

WKH UHTXLUHG FDSDFLW\ RI WKHVH OLQNV LV DW PRVW WZLFH RI WKH
VWUHDP EDQGZLGWK�

&DVH �� &RQVLGHU WKH OLQN FRQQHFWLQJ QRGH G DQG QRGH

'L� 6LQFH QRGH G UHPDLQV VRPH DYDLODEOH EXIIHU� WKLV OLQN

FDQ EH XVHG DJDLQ� +RZHYHU� LI WKLV OLQN LV XVHG DJDLQ� WKH
QRGH G PXVW EH DQ LQWHUPHGLDWH QRGH EXW QRW EH WKH ODVW

WZR QRGHV RQ WKH URXWLQJ SDWK� 7KLV LV WKH FDVH � DQG QRGH

G©V EXIIHU ZLOO EH H[KDXVWHG �VHH )LJ� 7E�� 7KHUHIRUH� WKH
OLQN FRQQHFWLQJ QRGH G DQG QRGH 'M LV WUDYHUVHG DW PRVW
WZR WLPHV�

7KHUHIRUH� WKH UHTXLUHG OLQN FDSDFLW\ LV DW PRVW WZR

WLPHV RI WKH VWUHDP EDQGZLGWK�

�� $SSO\LQJ WKH RQ�GHPDQG PXOWLFDVW URXWLQJ

RQ WKH VZLWFK�EDVHG 92' V\VWHPV

7KH RQ�GHPDQG PXOWLFDVW FRPPXQLFDWLRQ LV VXLWDEOH

IRU 92' DSSOLFDWLRQV� ,W WUHPHQGRXVO\ UHGXFHV WKH

WUDQVPLVVLRQ FRVW DQG DOVR SURYLGHV WKH 9&5�OLNH

LQWHUDFWLRQV IRU LQGLYLGXDO FXVWRPHU� $OWKRXJK WKH FXUUHQW
URXWHU FDQ QRW VXSSRUW WKLV W\SH RI FRPPXQLFDWLRQV� ZH

FDQ XVH ZRUNVWDWLRQV DV WKH URXWLQJ QRGH MXVW OLNH WKH

PRVW 0ERQH >��@ URXWHUV� ,Q DGGLWLRQ� WKH VDPH FRQFHSW

FDQ EH DSSOLHG RQ WKH VZLWFK�EDVHG 92' V\VWHPV LQ
ZKLFK QHWZRUN LV RUJDQL]HG DV D FRPSOHWH JUDSK�

7KHUHIRUH� RXU JUHHG\ DOJRULWKP FDQ EH GLUHFWO\ DSSOLHG

RQ WKLV QHWZRUN� ,Q IDFW� ZH KDG LPSOHPHQWHG WKLV RQ�

GHPDQG PXOWLFDVW URXWLQJ DOJRULWKP RQ WKH 17+8 92'
V\VWHPV >�@�

7KH 17+8 92' DUFKLWHFWXUH FRQVLVWV RI RQH PDQDJHU

3& �0LFURVRIW� :LQGRZV �� � :HE VHUYHU�� VRPH YLGHR

VHUYHUV �0LFURVRIW� :LQGRZV 17 � 6&6, +'�� WKH
WUDQVSRUW V\VWHP �(WKHUQHW VZLWFK DQG KXEV� DQG D

QXPEHU RI FXVWRPHU 3&V �0LFURVRIW� :LQGRZV ���� 7KH

XQGHUOLQHG QHWZRUN LV FRPSRVHG RI WKH WUHH�VWUXFWXUHG

VZLWFKHV DQG WKH VFDOH RI WKLV DUFKLWHFWXUH FDQ EH ODUJH
HQRXJK WR SURYLGH WKRXVDQGV RI FXVWRPHUV E\ FXUUHQW

FRPPHUFLDO SURGXFWV �VHH )LJ� ��� )RU H[DPSOH� LI URRW

VZLWFK KDV ��� SRUWV �/XFHQW� 3���� &DMXQ� VZLWFK�

DQG OHYHO WZR VZLWFKHV KDYH �� SRUWV HDFK� ���×�� ����
FXVWRPHUV FDQ EH VHUYHG� )XUWKHUPRUH� LI OHYHO WZR
VZLWFKHV KDYH ��� SRUWV HDFK� WKH WRWDO VHUYHG FXVWRPHUV

DUH ���×��� ������

switch switch switch

customers

switch

to server

....

c1 c2 c i... .... ....c i+1 c i+2 c2i

Fig. 8. The tree-structured VOD architecture using the switch.

,Q RXU 92' V\VWHPV� HYHU\ FXVWRPHU 3& LV DOVR D

YLGHR VHUYHU VLQFH WKH YLGHR VWUHDP FDQ EH EXIIHUHG DQG
WKHQ VHQG RXW ODWHU� ,Q RXU H[SHULHQFHV� LI WKH PHPRU\ LV

XVHG DV WKH FDFKH EXIIHU� DW OHDVW �� FXVWRPHUV FDQ EH

VXSSRUWHG LQ D 3HQWLXP 3& ZLWK ��� 0ESV (WKHUQHW� ,I

KDUG GLVN LV DGRSWHG� IHZHU FXVWRPHUV DUH VXSSRUWHG EXW
PRUH EXIIHUV DUH SURYLGHG� %\ FDUHIXOO\ VZLWFKLQJ WKH

FDFKH EXIIHU EHWZHHQ WKH PHPRU\ DQG WKH KDUG GLVN� HDFK

3& FDQ SURYLGH VHYHUDO PLQXWHV EXIIHU IRU 03(*��

VWUHDP� ,Q DGGLWLRQ� RXU LPSOHPHQWDWLRQ UHVXOWV VKRZ ���
0ESV (WKHUQHW FDQ WUDQVPLW DW OHDVW �� 03(*�� VWUHDP�

7KHUHIRUH� RXU WUHH�VWUXFWXUHG DUFKLWHFWXUH LV UHDVRQDEOH

DQG SUDFWLFDO VLQFH WKH UHTXLUHG OLQN FDSDFLW\ RI RXU

DOJRULWKP LV DW PRVW WZR WLPHV RI VWUHDP EDQGZLGWK�

,Q DGGLWLRQ� ZH VLPXODWH RXU DOJRULWKP RQ FRPSOHWH



JUDSK DQG WKH VLPXODWLRQ SDUDPHWHUV DUH DVVXPHG DV

IROORZV� 7KHUH DUH �� YLGHR SURJUDPV DQG WKH UHTXHVW
IUHTXHQF\ IROORZV WKH =LSI©V GLVWULEXWLRQ >��@� 7KHUH DUH

��� UHTXHVWV DQG WKH DUULYDO UDWH LV D 3RLVVRQ GLVWULEXWLRQ

ZLWK PHDQ �� VHFRQGV� 7KH VLPXODWLRQ UHVXOWV DUH VKRZQ
LQ )LJ� �� )LJ� �D VKRZV WKH LPSDFW RI WKH QRGH EXIIHU VL]H

RQ WKH QXPEHU RI WKH UHTXLUHG PXOWLFDVW WUHHV� 6LPXODWLRQ

VKRZV WKDW PRUH EXIIHU SURYLGHG LQ HDFK QRGH� OHVV

PXOWLFDVW WUHHV DUH QHHGHG� 1RWLFH WKDW WKH UHTXLUHG
PXOWLFDVW WUHHV DUH PXFK OHVV WKDQ WKH UHTXHVWV� )LJ� �E

VKRZV WKDW PRVW RI WKH EXIIHU UHVRXUFHV DUH XVHG E\ WKH

SRSXODU PRYLHV� DQG WKH UHTXHVWV IRU WKH XQSRSXODU

PRYLHV �WKH YLGHR SURJUDP IURP � WR ��� DOPRVW LQLWLDWH D
PXOWLFDVW VWUHDP� 7KXV� WKH EXIIHU XWLOL]DWLRQ LV HIILFLHQW�

0

20

40

60

80

0 1000 2000 3000 4000 5000 6000
time (seconds)

buffer = 60s
buffer = 120s
buffer = 180s

(a)

0

10

20

30

40

0 1 2 3 4 5 6 7 8 9 10 11
video program

request times
required streams

(b)
Fig. 9. The simulation results.

�� &RQFOXVLRQ

,Q WKLV SDSHU� ZH SUHVHQW DQ LQQRYDWLYH RQ�GHPDQG

PXOWLFDVW FRPPXQLFDWLRQ VFKHPH DQG H[SORUH WKH EHQHILW

LQ WKH RQ�GHPDQG PXOWLPHGLD DSSOLFDWLRQV� 8VLQJ WKH
EXIIHULQJ WHFKQLTXH� RXU VFKHPH DOORZV GHVWLQDWLRQV

DFFHVVLQJ WKH VDPH PXOWLFDVW VWUHDP DW YDULRXV WLPH�

)XUWKHUPRUH� DSSO\LQJ RXU VFKHPH RQ 92' V\VWHPV� WKH

GLVWULEXWHG FXVWRPHU©V EXIIHU UHVRXUFH FDQ EH DJJUHJDWHG
DQG VKDUHG� ,I WKH XQGHUOLQHG QHWZRUN LV IXOO\ FRQQHFWHG

�H�J�� (WKHUQHW VZLWFK�� RQO\ RQH RQ�GHPDQG PXOWLFDVW

WUHH LV QHHGHG IRU D � KRXUV YLGHR SURJUDP IRU DOO

FXVWRPHUV DW DQ\ WLPH� ZKHQ WKH WRWDO DPRXQW RI
GLVWULEXWHG EXIIHUV LV ODUJHU WKDQ WKLV YLGHR OHQJWK� )RU

H[DPSOH� RQO\ � PLQXWH �DERXW �� 0 E\WHV IRU 03(*���

EXIIHU LV UHTXLUHG RQ HDFK FXVWRPHU VLWHV LI WKHUH DUH ���

XVHUV RQ WKLV V\VWHP� 7KLV WUHPHQGRXVO\ UHGXFHV WKH ORDG
RQ WKH YLGHR VHUYHU DQG WKH WUDQVPLVVLRQ FRVW� ,Q DGGLWLRQ�

RXU JUHHG\ DOJRULWKPV G\QDPLFDOO\ DGMXVW WKH EXIIHU

XWLOL]DWLRQ LQ D TXLWH HIILFLHQW PDQQHU� WKDW LV� WKH EXIIHU

ZLOO EH VKDUHG RQO\ E\ SRSXODU PRYLHV�

,Q WKH RQ�GHPDQG PXOWLFDVW URXWLQJ SUREOHP� RQH RI WKH

PDMRU FKDOOHQJHV LV WR GHVLJQ WKH URXWLQJ DOJRULWKP RQ WKH

JHQHUDO QHWZRUN WRSRORJ\� :H WKLQN WKLV LV D 13�
&RPSOHWH SUREOHP� $V IXWXUH ZRUNV� ZH SODQ WR VWXG\ WKH

FRPSOH[LW\ RI WKLV SUREOHP DQG SURSRVH HIILFLHQW

DOJRULWKPV RQ VHYHUDO SDUWLFXODU JUDSKV� VXFK DV WUHH�
LQWHUYDO JUDSK� FKRUGDO JUDSK� HWF�

5HIHUHQFHV

>�@ .HYLQ &� $OPHURWK� 0RVWDID +� $PPDU� ¦7KH XVH RI

PXOWLFDVW GHOLYHU\ WR SURYLGH D VFDODEOH DQG LQWHUDFWLYH

YLGHR�RQ�GHPDQG VHUYLFH�§ ,((( -� 6HOHFW� $UHDV &RPPXQ��

YRO� ��� QR� �� SS� ���������� $XJ� �����

>�@ :DQMLXQ /LDR� 9LFWRU 2�.� /L� ¦7KH VSOLW DQG PHUJH �6$0�

SURWRFRO IRU LQWHUDFWLYH YLGHR�RQ�GHPDQG V\VWHPV�§ ,(((

0XOWLPHGLD� YRO� �� QR� �� SS� ������ 2FW�'HF �����

>�@ .� 5DYLQGUDQ� 7� -� *RQJ� ¦&RVW DQDO\VLV RI PXOWLFDVW

WUDQVSRUW DUFKLWHFWXUHV LQ PXOWLVHUYLFH QHWZRUNV§�

,(((�$&0 WUDQVDFWLRQV RQ QHWZRUNLQJ� YRO� �� QR� �� )HE�

�����

>�@ )UHG %DXHU� $QXMDQ 9DUPD� ¦'LVWULEXWHG DOJRULWKPV IRU

PXOWLFDVW SDWK VHWXS LQ GDWD QHWZRUNV�§ ,((( -� 6HOHFW�

$UHDV &RPPXQ�� YRO� �� QR� �� SS� �������� $SULO �����

>�@ 9� 3� .RPSHOOD� -� &� 3DVTXDOH� *� &� 3RO\]RV� ¦0XOWLFDVW

URXWLQJ IRU PXOWLPHGLD FRPPXQLFDWLRQ§� ,(((�$&0

WUDQVDFWLRQV RQ QHWZRUNLQJ� YRO� �� QR� �� -XQH� �����

>�@ $QHHV 6KDLNK� .DQJ 6KLQ� ¦'HVWLQDWLRQ�GULYHQ IRU ORZ�FRVW

PXOWLFDVW�§ ,((( -� VHOHFW� $UHDV &RPPXQ�� YRO� ��� QR� ��

SS� �������� $SULO �����

>�@ -HDQ�3DXO 1XVVEDXPHU� %DLMX 9� 3DWHO� )UDQN 6FKDIID� 3�*�

6WHUEHQ]� ¦1HWZRUNLQJ UHTXLUHPHQWV IRU LQWHUDFWLYH YLGHR

RQ GHPDQG�§ ,((( -� 6HOHFW� $UHDV &RPPXQ�� YRO� ��� QR� ��

SS� �������� -XQH ����

>�@ /�$� 5RZH� '�$� %HUJHU� -�(� %DOGHVFKZLHOHU� ¦7KH
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