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,Q WKH FRQWH[W RI &25%$� VWDQGDUG VHUYLFHV IRU QDPLQJ�
WUDQVDFWLRQ SURFHVVLQJ� DQG DOLNH KDYH EHHQ GHILQHG� +RZHYHU� QR
VWDQGDUG VXSSRUW LV SURYLGHG WR KDQGOH ORDG LPEDODQFHV WKDW PD\ RFFXU
LQ GLVWULEXWHG REMHFW DSSOLFDWLRQV ZKHUH VHYHUDO REMHFW VHUYHUV DUH XVHG WR
SURYLGH WKH VDPH VHUYLFH W\SH� 7R DGGUHVV WKLV VKRUWFRPLQJ� ZH KDYH
GHVLJQHG D &25%$�FRPSOLDQW ORDG VKDULQJ VHUYLFH �/66��
3UHOLPLQDU\ H[SHULPHQWV ZLWK /66 VKRZ WKDW /66 DOORZV IRU WKH
XQLIRUP ORDG GLVWULEXWLRQ DPRQJ VHUYHUV� )XUWKHUPRUH� ZH UHSRUW WKDW
ORDG VKDULQJ YLD /66 SHUIRUPV EHWWHU WKDQ WKH DSSURDFKHV EDVHG RQ WKH
UDQGRP DQG WKH URXQG URELQ VHUYHU VHOHFWLRQ PHWKRGV� LQ WHUPV RI WKH
DYHUDJH UHVSRQVH WLPH IRU FOLHQW UHTXHVWV�

.H\� ZRUGV� &25%$� ORDG VKDULQJ� G\QDPLF VHUYHU VHOHFWLRQ�

VHUYHU GLVFRYHU\�

�� ,1752'8&7,21

7RGD\·V GLVWULEXWHG VHUYLFHV DUH GHSOR\HG LQ ZLGH DUHD
GLVWULEXWHG V\VWHPV� VXFK DV WKH ,QWHUQHW� DQG VHUYH D ODUJH
SRSXODWLRQ RI XVHUV� 0DQ\ RI WKHVH VHUYLFHV UHTXLUH D KLJK
GHJUHH RI DYDLODELOLW\ UHJDUGLQJ ERWK� FRPSXWHU IDLOXUHV DQG
QHWZRUN IDLOXUHV� 7KH GHSOR\PHQW RI VXFK VHUYLFHV LV
EHFRPLQJ LQFUHDVLQJO\ HDV\� VSHFLILFDOO\� ZLWK WKH DGYHQW RI
'LVWULEXWHG 2EMHFW &RPSXWLQJ HQYLURQPHQWV� VXFK DV
&25%$ >��@ DQG '&20 >�@� 2EMHFW VHUYHUV LQ WKHVH
HQYLURQPHQWV PD\ VHUYH YDULRXV FOLHQWV ZULWWHQ LQ GLIIHUHQW
ODQJXDJHV� 7KHUHIRUH� GLVWULEXWHG V\VWHPV KDYH WR VFDOH LQ
WHUPV RI ERWK� WKH QXPEHU RI VHUYLFHV DQG WKH QXPEHU RI
XVHUV� ,Q WKLV FRQWH[W� DYDLODELOLW\ DQG SHUIRUPDQFH DUH YHU\
VLJQLILFDQW LVVXHV�

&25%$ SURYLGHV EDVLF PHFKDQLVPV IRU UHPRWH
LQYRFDWLRQ WKURXJK WKH REMHFW UHTXHVW EURNHU �25%�� DV ZHOO
DV D VHW RI VHUYLFHV IRU REMHFW PDQDJHPHQW >��@�
1HYHUWKHOHVV� QHLWKHU WKH 25% QRU WKH H[LVWLQJ VHUYLFHV

                                                          

 7KLV ZRUN LV EHLQJ VXSSRUWHG E\ WKH 1DWLRQDO 6FLHQFH DQG (QJLQHHULQJ

5HVHDUFK &RXQFLO RI &DQDGD �16(5&�� XQGHU JUDQW QXPEHU 23*��������
DQG E\ &HQWUH GH 5HFKHUFKH ,QIRUPDWLTXH GH 0RQWUpDO �&5,0��

SURYLGH WRROV IRU EDODQFLQJ WKH ORDG DPRQJ WKH REMHFWV RI D
GLVWULEXWHG DSSOLFDWLRQ WKDW UHTXLUHV D KLJK GHJUHH RI
DYDLODELOLW\� ,Q WKLV SDSHU� ZH IRFXV RQ D SDUWLFXODU DVSHFW RI
WKH SUREOHP� JLYHQ D VSHFLILF VHUYLFH W\SH� KRZ FDQ ZH
ORFDWH VHUYHUV SURYLGLQJ WKLV VHUYLFH W\SH� DQG KRZ FDQ ZH
GLVWULEXWH VHUYLFH UHTXHVWV LQ D ZD\ WKDW PLQLPL]HV WKH
DYHUDJH UHVSRQVH WLPH IRU FOLHQW UHTXHVWV DQG LQFUHDVHV
DYDLODELOLW\ RI WKHVH VHUYHUV"

$V D VROXWLRQ WR WKLV SUREOHP� ZH SUHVHQW WKH GHVLJQ RI
D &25%$ FRPSOLDQW ORDG VKDULQJ VHUYLFH �/66�� /66 KDV
EHHQ GHVLJQHG ZLWK VFDODELOLW\ LVVXHV LQ PLQG� 7R WDNH
DGYDQWDJH RI WKLV VHUYLFH� FOLHQW DQG VHUYHU REMHFWV VKRXOG
LQKHULW IURP VSHFLILF FODVVHV RI WKH VHUYLFH� $ SUHOLPLQDU\
VHULHV RI WHVWV VKRZV WKDW WKH XVH RI /66 UHVXOWV LQ D XQLIRUP
ORDG GLVWULEXWLRQ� 7KH DYHUDJH UHVSRQVH WLPH RI FOLHQW
UHTXHVWV LV FRQVLGHUDEO\ VPDOOHU ZLWK DQ LQFUHDVLQJ QXPEHU
RI UHTXHVWV� ZKHQ FRPSDUHG WR UDQGRP DQG URXQG URELQ
VHUYHU VHOHFWLRQ�

7KH UHPDLQGHU RI WKLV SDSHU LV RUJDQL]HG DV IROORZV� LQ
6HFWLRQ �� ZH SUHVHQW VRPH EDFNJURXQG DERXW ORDG VKDULQJ
DQG VHUYHU GLVFRYHU\ LQ &25%$� ,Q 6HFWLRQ �� ZH H[SRVH
WKH GHVLJQ RI D &25%$ ORDG VKDULQJ VHUYLFH E\ SUHVHQWLQJ
WKH VHUYLFH VWUXFWXUH DQG WZR XWLOL]DWLRQ VFHQDULRV� ,Q
6HFWLRQ �� ZH SUHVHQW H[SHULPHQWDWLRQ UHVXOWV� ,Q 6HFWLRQ ��
ZH UHYLHZ VRPH UHODWHG ZRUN� DQG ILQDOO\� LQ 6HFWLRQ �� ZH
FRQFOXGH WKH SDSHU E\ GLVFXVVLQJ IXWXUH ZRUN�

�� %$&.*5281'

���� /RDG VKDULQJ LQ &25%$

7KH SUHVHQW ZRUN KDV HYROYHG IURP RXU SUHYLRXV ZRUN
GHVFULEHG LQ >�@ ZKHUH ZH SURSRVH DQ DUFKLWHFWXUH� FDOOHG
/R'$&(� ZKLFK DOORZV ORDG VKDULQJ EHWZHHQ REMHFW VHUYHUV
LQ DQ REMHFW�EDVHG GLVWULEXWHG V\VWHP� /RDG VKDULQJ LV
DFKLHYHG WKURXJK WKH LQLWLDO SODFHPHQW RI FOLHQW UHTXHVWV
DPRQJ DYDLODEOH VHUYHUV WKDW SURYLGH WKH UHTXLUHG VHUYLFH�
2QH GUDZEDFN RI WKH /R'$&( DUFKLWHFWXUH LV LWV
FHQWUDOL]HG GHVLJQ� ,Q IDFW� WKH ORDG PDQDJHU FROOHFWV ORDG
LQIRUPDWLRQ IURP DOO UHJLVWHUHG VHUYHUV� DQG LV UHVSRQVLEOH
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IRU ILQGLQJ OHDVW ORDGHG VHUYHUV� 7KXV� LW PD\ EHFRPH D
ERWWOHQHFN ZLWK DQ LQFUHDVLQJ QXPEHU RI FOLHQWV DQG VHUYHUV
LQ WKH V\VWHP� 7KLV KDV OHG XV WR FRQVLGHU D GLVWULEXWHG
DSSURDFK E\ VKLIWLQJ IURP WKH GHVLJQ RI DQ DUFKLWHFWXUH WR
WKH GHVLJQ RI D &25%$ VHUYLFH IRU ORDG VKDULQJ� ZKLFK LV
FRPSOLDQW ZLWK WKH &25%$ REMHFW VHUYLFH SKLORVRSK\� 7KH
VHUYLFH FODVVHV FDQ EH LQKHULWHG E\ FOLHQWV DQG VHUYHUV WR
LPSOHPHQW ORDG VKDULQJ� &OLHQWV FDQ LQKHULW FHUWDLQ FODVVHV WR
EH DEOH WR JHW WKHLU UHTXLUHG VHUYLFHV IURP OHDVW ORDGHG
VHUYHUV� 6HUYHUV FDQ LQKHULW RWKHU FODVVHV WR EH DEOH WR H[SRUW
WKHLU VHUYLFHV DQG VKDUH ORDG ZLWK RWKHU VHUYHUV SURYLGLQJ
WKH VDPH VHUYLFH W\SH� 1R FHQWUDO FRPSRQHQW LV QHHGHG IRU
JDWKHULQJ ORDG LQIRUPDWLRQ DQG ILQGLQJ OHDVW ORDGHG VHUYHUV�
WKXV SURYLGLQJ D VFDODEOH VHUYLFH�

���� 2YHUYLHZ RI WKH 20* 7UDGLQJ 6HUYLFH

7KH WUDGLQJ VHUYLFH LV D VHUYLFH WKDW DOORZV FOLHQWV �RU XVHUV�
WR G\QDPLFDOO\ GLVFRYHU RIIHUHG VHUYLFHV� 7KH REMHFW
SURYLGLQJ WKLV VHUYLFH LV FDOOHG D WUDGHU� $ WUDGHU LV D
PHFKDQLVP WKDW IDFLOLWDWHV WKH DGYHUWLVHPHQW DQG WKH
GLVFRYHU\ RI VHUYLFHV� ,W FRPPXQLFDWHV ZLWK VHUYHUV� ZLWK
FXVWRPHUV� DQG ZLWK RWKHU WUDGHUV >��@� :KHQ D VHUYHU
ZLVKHV WR DQQRXQFH LWV VHUYLFH� LW UHFRUGV LWV RIIHU LQ WKH
WUDGHU·V GDWDEDVH� $Q RIIHU RI VHUYLFH FRQWDLQV D W\SH RI
VHUYLFH� DQ LGHQWLILHU RI WKH LQWHUIDFH RI WKH VHUYLFH ZKHUH
WKDW VHUYLFH LV SURYLGHG� DQG WKH YDOXHV RI WKH VHUYLFH
SURSHUWLHV� 7KH DGYHUWLVHPHQW RI D VHUYLFH LV FDOOHG
H[SRUWDWLRQ� :KHQ D FXVWRPHU UHTXLUHV D VHUYLFH� LW VHQGV D
UHTXHVW RI VHUYLFH WR WKH WUDGHU WR ILQG D VXLWDEOH VHUYLFH� $
UHTXHVW RI VHUYLFH H[SUHVVHV WKH FKDUDFWHULVWLFV UHTXLUHG E\
WKH FXVWRPHU E\ VSHFLI\LQJ WKH W\SH RI WKH GHVLUHG VHUYLFH
DQG WKH FRQVWUDLQWV RQ WKH VHUYLFH SURSHUWLHV� 7KLV RSHUDWLRQ
LV FDOOHG LPSRUWDWLRQ� 7KH WUDGHU� WKHQ� VHDUFKHV LWV GDWDEDVH
IRU VHUYLFH RIIHUV WKDW PDWFK WKH FXVWRPHU·V UHTXHVW� 7KH OLVW
RI WKH VHUYLFH RIIHUV IRXQG LV WKHQ UHWXUQHG WR WKH FXVWRPHU�
ZKLFK FDQ FKRRVH IURP WKLV OLVW D VHUYHU WR ZKLFK LWV VHUYLFH
UHTXHVWV DUH WR EH VHQW�

�� $ &25%$ /2$' 6+$5,1* 6(59,&(

7KH /66 VHUYLFH LV LQWHQGHG WR EH JHQHULF DQG QRW
VSHFLILF WR FHUWDLQ REMHFW W\SHV� /RDG VKDULQJ LV PHDQLQJIXO
RQO\ LI DSSOLHG WR REMHFW VHUYHUV SURYLGLQJ WKH VDPH VHUYLFH
W\SH� 7KH JRDO RI WKLV VHUYLFH LV WR SURYLGH SURJUDPPHUV
ZLWK WKH DELOLW\ WR VKDUH WKH ORDG EHWZHHQ VHYHUDO REMHFW
VHUYHUV SURYLGLQJ WKH VDPH VHUYLFH W\SH� 7KXV� FOLHQW VHUYLFH
UHTXHVWV ZLOO EH DVVLJQHG WR OLJKWO\ ORDGHG VHUYHUV� 7KH
H[SHFWHG UHVXOWV DUH LPSURYHG UHVSRQVH WLPH IRU FOLHQWV� DQG
LQFUHDVHG DYDLODELOLW\ RI VHUYHUV�

7KH VHW RI REMHFWV FRQFHUQHG ZLWK ORDG VKDULQJ LV
G\QDPLF VLQFH REMHFWV FDQ JR XS RU FRPH GRZQ G\QDPLFDOO\�
7KLV FRPSOLFDWHV WKH WDVN LQ FRPSDULVRQ ZLWK V\VWHPV WKDW
SHUIRUP ORDG VKDULQJ EHWZHHQ WKH SURFHVVRUV RI D
GLVWULEXWHG V\VWHP ZKHUH WKH FRQILJXUDWLRQ RI QRGHV LV
VWDWLF� &RQVHTXHQWO\� ORDG VKDULQJ LQ GLVWULEXWHG REMHFW
HQYLURQPHQWV UHTXLUHV G\QDPLF GLVFRYHU\ RI REMHFW VHUYHUV

SURYLGLQJ WKH VDPH VHUYLFH W\SH�

7KH /66 VHUYLFH SUHVHQWHG KHUH LV EDVHG RQ WKH XVH RI
WKH 20* WUDGLQJ VHUYLFH� 7KH GHVLJQ RI /66 GLVWLQJXLVKHV
WKH IROORZLQJ FDWHJRULHV RI REMHFWV� �� &OLHQW REMHFWV DUH
REMHFWV LQWHUHVWHG LQ JHWWLQJ D FHUWDLQ VHUYLFH W\SH� 8VLQJ
/66� WKH\ ZLOO EH DEOH WR GLVFRYHU REMHFW VHUYHUV DQG WR VHQG
WKHLU VHUYLFH UHTXHVWV WR OHDVW ORDGHG RQHV� �� $SSOLFDWLRQ
REMHFWV �VHUYHUV� DUH REMHFWV SURYLGLQJ GLIIHUHQW VHUYLFH
W\SHV� 7KHVH REMHFWV DUH DSSOLFDWLRQ GRPDLQ GHSHQGHQW�
2EMHFW VHUYHUV SURYLGLQJ WKH VDPH VHUYLFH W\SH IRUP D
FOXVWHU RI REMHFWV IRU ZKLFK ORDG VKDULQJ LV WR EH SHUIRUPHG�
7R WDNH SDUW LQ WKH ORDG VKDULQJ SURFHVV� REMHFW VHUYHUV KDYH
WR DQQRXQFH WKH VHUYLFH W\SHV WKH\ SURYLGH DQG WKHLU ORDG
VKRXOG EH PRQLWRUHG� �� /66 ,QWHUQDO REMHFWV DUH REMHFWV
ZKLFK DOORZ� �L� FOLHQW REMHFWV WR GLVFRYHU OHDVW ORDGHG REMHFW
VHUYHUV SURYLGLQJ WKHLU UHTXLUHG VHUYLFHV� �LL� REMHFWV VHUYHUV
WR H[SRUW� XSGDWH� RU ZLWKGUDZ WKHLU VHUYLFH RIIHUV� DQG �LLL�
WR PRQLWRU REMHFW VHUYHUV ORDG�

���� 6HUYLFH VWUXFWXUH

)LJXUH � LOOXVWUDWHV WKH /66 FODVV GLDJUDP� ZKLFK VKRZV
WKH /66 LQWHUIDFHV DQG WKH UHODWLRQVKLSV EHWZHHQ WKHP�
7KHVH LQWHUIDFHV SURYLGH GLIIHUHQW YLHZV IRU WKH XVHUV RI WKH
/66 VHUYLFH�

�� 7KH FOLHQW
V YLHZ WR ILQG VXLWDEOH REMHFW VHUYHUV DQG
OHDVW ORDGHG RQHV�

�� 7KH REMHFW VHUYHU
V YLHZ WR DGYHUWLVH VHUYLFHV DQG WR
PRQLWRU VHUYHUV ORDG�

�� 7KH VHUYLFH
V YLHZ XVHG E\ /66 LQWHUQDO REMHFWV WR
LQYRNH DSSOLFDWLRQ REMHFW VHUYHUV�
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)LJXUH � SUHVHQWV WKHVH YLHZV DQG WKH LQWHUIDFHV XVHG E\
HDFK REMHFW RI WKH V\VWHP�
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7KH FOLHQW
V YLHZ

7KLV YLHZ DOORZV D FOLHQW WR G\QDPLFDOO\ GLVFRYHU REMHFW
VHUYHUV ZKLFK SURYLGH WKH UHTXLUHG VHUYLFH DFFRUGLQJ WR LWV
FRQVWUDLQWV DERXW WKH VHUYLFH SURSHUWLHV� DQG ZKLFK SUHVHQW
OHDVW ORDG� 2QFH D WDUJHW REMHFW VHUYHU LV GLVFRYHUHG� WKH
FOLHQW FDQ LQYRNH LWV PHWKRGV� 2EMHFW VHUYHUV DUH GLVFRYHUHG
XVLQJ WKH %LQGHU LQWHUIDFH� %LQGHU REMHFWV DUH FUHDWHG E\
LQYRNLQJ WKH FUHDWH%LQGHU�� PHWKRG RQ D %LQGHU)DFWRU\
REMHFW� 7KH %LQGHU LQWHUIDFH GHILQHV DQ RSHUDWLRQ FDOOHG
TXHU\��� ZKLFK LV LQKHULWHG IURP WKH WUDGLQJ VHUYLFH /RRNXS
LQWHUIDFH� 7KH HIIHFW RI D FDOO WR WKH %LQGHU TXHU\�� PHWKRG LV
WR IRUZDUG WKH UHTXHVW WR WKH /RRNXS LQWHUIDFH DQG WKHQ WR
GHWHUPLQH OHDVW ORDGHG VHUYHUV DPRQJ WKH OLVW RI VHUYHUV
UHWXUQHG DV WKH UHVXOW RI WKH /RRNXS TXHU\�� RSHUDWLRQ�

7KH REMHFW VHUYHU·V YLHZ

7KLV YLHZ DOORZV WR PRQLWRU WKH ORDG RI REMHFW VHUYHUV
DQG WR DGYHUWLVH WKHLU VHUYLFHV� /RDG PRQLWRULQJ RI DQ REMHFW
VHUYHU UHTXLUHV WKDW LW FUHDWHV D 0RQLWRUDEOH REMHFW E\
LQYRNLQJ WKH FUHDWH0RQLWRUDEOH�� RSHUDWLRQ RQ D
0RQLWRUDEOH)DFWRU\ REMHFW� $ 0RQLWRUDEOH REMHFW SURYLGHV
WKUHH PHWKRGV� ��� WKH RSHUDWLRQ RSHUDWLRQ6WDUW7LPH�� LV XVHG
E\ D VHUYHU WR UHSRUW WKH DUULYDO RI DQ LQYRFDWLRQ RQ RQH RI
LWV REMHFWV� ��� WKH RSHUDWLRQ RSHUDWLRQ(QG7LPH�� LV XVHG E\ D
VHUYHU WR UHSRUW WKH HQG RI SURFHVVLQJ D UHTXHVW� DQG ��� WKH
RSHUDWLRQ JHW/RDG9DOXH�� WKDW LV XVHG E\ D %LQGHU REMHFW WR
JHW WKH ORDG YDOXH RI WKH REMHFW VHUYHU DVVRFLDWHG WR D
0RQLWRUDEOH REMHFW� 7KH 0RQLWRUDEOH REMHFW PDLQWDLQV D
KLVWRU\ DERXW VHUYLFH UHTXHVWV PDGH WR WKH DVVRFLDWHG REMHFW
VHUYHU�

7R DGYHUWLVH LWV VHUYLFH RIIHU� DQ REMHFW VHUYHU QHHGV WR
FUHDWH D 5HJLVWHUDEOH REMHFW E\ LQYRNLQJ WKH FUHDWH5HJLVWHUDEOH��
RSHUDWLRQ RQ D 5HJLVWHUDEOH)DFWRU\ REMHFW� 7KH 5HJLVWHUDEOH
LQWHUIDFH LQKHULWV WKH IROORZLQJ PHWKRGV IURP WKH WUDGHU
5HJLVWHU LQWHUIDFH� H[SRUW��� ZLWKGUDZ��� XSGDWH��� HWF� 7KHVH
PHWKRGV DOORZ PDQDJLQJ VHUYLFH RIIHUV�

7KH VHUYLFH·V YLHZ

7KLV YLHZ LV GHILQHG E\ WKH 6KDUDEOH LQWHUIDFH� ZKLFK
VKRXOG EH VXSSRUWHG E\ REMHFW VHUYHUV� 7KLV LQWHUIDFH
GHILQHV WZR UHDGRQO\ DWWULEXWHV� WKDW DUH UHVSHFWLYHO\ RI W\SHV
0RQLWRUDEOH DQG 5HJLVWHUDEOH� DQG RQH RSHUDWLRQ FDOOHG
JHW0RQLWRUDEOH�� WKDW LV LQYRNHG E\ WKH VHUYLFH LQ RUGHU WR JHW
WKH REMHFW UHIHUHQFH RI WKH 0RQLWRUDEOH REMHFW DVVRFLDWHG WR
D ZHOO NQRZQ REMHFW VHUYHU� 7KLV REMHFW UHIHUHQFH LV XVHG WR
JHW WKH FXUUHQW ORDG YDOXH RI WKH REMHFW VHUYHU�

C lie n t
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se r v e r

S h a rab le

R e g is te ra b le

M o n ito ra b le
L o a d  S h a r in g  

S e r v ic e
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B in d e r

I

U ses  th e  p o in te d  in te r f ac e

)LJXUH � � /RDG 6KDULQJ 6HUYLFH LQWHUIDFHV

���� /RDG 6KDULQJ 6HUYLFH 6FHQDULRV

,Q WKLV VHFWLRQ� ZH SUHVHQW WZR VFHQDULRV VKRZLQJ KRZ
WKH LQWHUIDFHV RI WKH ORDG VKDULQJ VHUYLFH LQWHUDFW�

&OLHQW VLGH VFHQDULR

)LJXUH � VKRZV KRZ D FOLHQW XVHV /66 LQ RUGHU WR
G\QDPLFDOO\ ORFDWH D VXLWDEOH VHUYHU WKDW SURYLGHV WKH
UHTXLUHG VHUYLFH ZKLOH VDWLVI\LQJ WKH PLQLPDO ORDG DQG WKH
FOLHQW FRQVWUDLQWV�

Client BinderFactory

Binder

Sharable Monitorable Monitorable

createBinder()

query()

Server

invoke methods

getMonitorable()
getLoadValue()

getLoadValue()

:    method invocation

:    object creation

)LJXUH � � /RDG 6KDULQJ 6HUYLFH � FOLHQW VLGH

7KH VWHSV DUH DV IROORZV�

�� 7KH FOLHQW FUHDWHV D %LQGHU REMHFW E\ LQYRNLQJ WKH
FUHDWH%LQGHU�� RSHUDWLRQ RQ D %LQGHU)DFWRU\ LQWHUIDFH�

�� 7KH FOLHQW IRUPXODWHV LWV UHTXHVW VSHFLI\LQJ WKH UHTXLUHG
VHUYLFH W\SH� LWV FRQVWUDLQWV� DQG WKHQ� LQYRNHV WKH TXHU\��
RSHUDWLRQ RQ WKH %LQGHU REMHFW FUHDWHG LQ VWHS �� 7KH
UHVXOW LV D OLVW RI VHUYHUV SURYLGLQJ WKH UHTXLUHG VHUYLFH�
7KLV OLVW LV VRUWHG DFFRUGLQJ WR WKH FXUUHQW ORDG RI
VHUYHUV� DQG LV REWDLQHG WKURXJK WKH VWHSV �� �� DQG ��

�� 7KH UHTXHVW LV IRUZDUGHG WR WKH /RRNXS LQWHUIDFH RI WKH
WUDGHU VHUYLFH E\ LQYRNLQJ LWV TXHU\�� RSHUDWLRQ�

�� )RU HDFK VHUYLFH RIIHU RI WKH OLVW REWDLQHG LQ VWHS �� WKH
%LQGHU REMHFW LQYRNHV WKH JHW0RQLWRUDEOH�� RSHUDWLRQ RQ
WKH REMHFW UHIHUHQFHG E\ WKH REMHFW UHIHUHQFH RI WKH
VHUYLFH RIIHU LQ RUGHU WR JHW WKH REMHFW UHIHUHQFH RI WKH
DVVRFLDWHG 0RQLWRUDEOH REMHFW WKDW PRQLWRUV LWV ORDG�
7KH REMHFW UHIHUHQFH RI WKH VHUYLFH RIIHU UHIHUHQFHV D
6KDUDEOH REMHFW �RU DQ REMHFW VHUYHU WKDW LQKHULWV WKH
6KDUDEOH LQWHUIDFH��

�� 7KH %LQGHU LQYRNHV WKH JHW/RDG9DOXH�� RSHUDWLRQ RQ HDFK
0RQLWRUDEOH REMHFWV REWDLQHG LQ VWHS � LQ RUGHU WR JHW
WKH ORDG RI WKH VHUYHUV GLVFRYHUHG LQ VWHS ��

�� 7KH FOLHQW FKRRVHV WKH OHDVW ORDGHG REMHFW VHUYHU WKDW FDQ
SURYLGH WKH VHUYLFH DQG LQYRNHV LWV PHWKRGV WR JHW WKH
VHUYLFH LI LW KDV D VWXE IRU WKH VHUYHU·V LQWHUIDFH�
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2WKHUZLVH� LW KDV WR XVH WKH &25%$ G\QDPLF LQYRFDWLRQ
VHUYLFH IRU EXLOGLQJ G\QDPLF LQYRFDWLRQV�

2QH GUDZEDFN RI WKLV VFHQDULR LV WKDW RQFH WKH FOLHQW
KDV REWDLQHG WKH UHIHUHQFH REMHFW RI WKH FXUUHQW OHDVW ORDGHG
VHUYHU� LW FDQ XVH LW WR PDNH VXEVHTXHQW VHUYLFH UHTXHVWV WR
WKLV VHUYHU� &RQVHTXHQWO\� WKHVH UHTXHVWV PD\ EH VHUYLFHG E\
VHUYHUV ZKLFK DUH QRW OHDVW ORDGHG� 7R DYRLG WKLV VLWXDWLRQ�
WKH FOLHQW KDV WR LPSOHPHQW D VPDUW SUR[\ WKDW DFWV RQ LWV
EHKDOI WR JHW WKH UHIHUHQFH RI WKH FXUUHQW OHDVW ORDGHG VHUYHU
SULRU WR VHQGLQJ D QHZ VHUYLFH UHTXHVW� 7KH VPDUW SUR[\
IHDWXUH LV SURYLGHG RQO\ E\ IHZ FRPPHUFLDO 25%V VXFK DV
2UEL[ IURP ,RQD 7HFKQRORJLHV >�@�

6HUYHU VLGH VFHQDULR

)LJXUH � VKRZV KRZ DQ REMHFW VHUYHU DGYHUWLVHV LWV
VHUYLFH RIIHU DQG KRZ LWV ORDG LV PRQLWRUHG� $Q REMHFW
VHUYHU VKRXOG LQKHULW WKH 6KDUDEOH LQWHUIDFH DV VKRZQ LQ
ILJXUH ��

Registerable

RegisterableFactory

Monitorable

MonitorableFactory Sharable

:   method invocation

:   object creation

createMonitorable()

createRegisterable()

export()

update()

withdraw()

Server

operationStartTime()

operationEndTime()

)LJXUH � � /RDG 6KDULQJ 6HUYLFH � 6HUYHU VLGH

7KH VWHSV DUH DV IROORZV�

�� 7KH 6KDUDEOH REMHFW �RU DQ REMHFW VHUYHU LQKHULWLQJ WKH
6KDUDEOH LQWHUIDFH� FUHDWHV D 0RQLWRUDEOH REMHFW� E\
LQYRNLQJ WKH FUHDWH0RQLWRUDEOH�� RSHUDWLRQ RQ D
0RQLWRUDEOH)DFWRU\ REMHFW� WKDW PRQLWRUV LWV ORDG�

�� 7KH 6KDUDEOH REMHFW FUHDWHV D 5HJLVWHUDEOH REMHFW E\
LQYRNLQJ WKH FUHDWH5HJLVWHUDEOH�� RSHUDWLRQ RQ D
5HJLVWHUDEOH)DFWRU\ REMHFW� 7KLV DOORZV WKH REMHFW
VHUYHU WR DGYHUWLVH LWV VHUYLFH RIIHU�

�� 7KH REMHFW VHUYHU H[SRUWV LWV VHUYLFH RIIHU E\ LQYRNLQJ
WKH H[SRUW�� RSHUDWLRQ RQ WKH 5HJLVWHUDEOH REMHFW FUHDWHG
LQ VWHS �� 7KLV UHTXHVW LV IRUZDUGHG WR WKH 5HJLVWHU
LQWHUIDFH RI WKH WUDGHU�

�� 2QFH WKH REMHFW VHUYHU PHWKRGV DUH LQYRNHG E\ FOLHQWV�
WKH DVVRFLDWHG 0RQLWRUDEOH REMHFW FUHDWHG LQ VWHS � LV
QRWLILHG RI WKH DUULYDO RI D QHZ UHTXHVW WR WKH REMHFW
VHUYHU E\ LQYRNLQJ WKH RSHUDWLRQ6WDUW7LPH�� RSHUDWLRQ�

DQG RI WKH HQG RI SURFHVVLQJ RI WKH UHTXHVW E\ LQYRNLQJ
WKH RSHUDWLRQ(QG7LPH�� RSHUDWLRQ� 7KHVH WZR RSHUDWLRQV
DOORZ FDOFXODWLQJ WKH VHUYHU EXV\ WLPH GXULQJ D XQLW RI
WLPH�

�� ,I WKH REMHFW VHUYHU ZLVKHV WR PRGLI\ LWV VHUYLFH RIIHU� LW
LQYRNHV WKH XSGDWH�� RSHUDWLRQ RQ WKH 5HJLVWUDEOH REMHFW
FUHDWHG LQ VWHS ��

�� ,I WKH REMHFW VHUYHU ZLVKHV WR ZLWKGUDZ LWV VHUYLFH RIIHU�
LW LQYRNHV WKH ZLWKGUDZ�� RSHUDWLRQ RQ WKH 5HJLVWHUDEOH
REMHFW FUHDWHG LQ VWHS ��

�� (;3(5,0(17$7,21 $1' 5(68/76

7KH ORDG VKDULQJ VHUYLFH KDV EHHQ LPSOHPHQWHG XVLQJ
WKH 2UEL[:HE >�@ 25% DQG WKH 2UEL[7UDGHU >�@ &25%$
7UDGLQJ 2EMHFW 6HUYLFH IURP ,RQD 7HFKQRORJLHV� DQG WKH
-DYD SURJUDPPLQJ ODQJXDJH� 7KH H[HFXWLRQ HQYLURQPHQW
XQGHU ZKLFK RXU GHVLJQ LV LPSOHPHQWHG FRQVLVWV RI WZR 6XQ
:RUNVWDWLRQV UXQQLQJ 6RODULV ���� ZKLFK DUH FRQQHFWHG E\ D
��0ESV (WKHUQHW�

7KH JRDO RI WKH H[SHULPHQWV ZH KDYH FRQGXFWHG LV WR
HYDOXDWH WKH SHUIRUPDQFH EHQHILWV RI WKH /66 VHUYLFH� 7KH
SHUIRUPDQFH PHWULF ZH FRQVLGHU LV WKH DYHUDJH UHVSRQVH
WLPH RI VHUYLFH UHTXHVWV LVVXHG E\ FOLHQWV� 7KH VHUYLFH W\SH
ZH KDYH XVHG LV D EDQN VHUYLFH ZLWK RSHUDWLRQV IRU PRQH\
GHSRVLW� PRQH\ ZLWKGUDZDO� DQG EDODQFH FRQVXOWDWLRQ� )RXU
VHUYHUV QDPHG VHUYHU�� VHUYHU�� VHUYHU�� DQG VHUYHU�
UHVSHFWLYHO\ LPSOHPHQW WKLV VHUYLFH� :H SHUIRUP ORDG
GLVWULEXWLRQ EHWZHHQ WKHVH IRXU VHUYHUV XVLQJ WKH IROORZLQJ
WKUHH PHWKRGV IRU VHUYHU VHOHFWLRQ�

�� /HDVW ORDGHG VHUYHU VHOHFWLRQ XVLQJ /66� ORDG LV VKDUHG
EHWZHHQ VHUYHUV XVLQJ WKH /66 VHUYLFH� &OLHQW UHTXHVWV
DUH VHQW WR OHDVW ORDGHG VHUYHUV GHWHUPLQHG E\ WKH %LQGHU
REMHFWV� 7KH ORDG RI D VHUYHU LV GHILQHG E\ WKH VHUYHU
XWLOL]DWLRQ� L�H� WKH DPRXQW RI WLPH �LQ PLOOLVHFRQGV� WKH
VHUYHU LV EXV\ KDQGOLQJ UHTXHVWV GXULQJ RQH SHULRG RI
WLPH �� VHFRQG��

�� 5RXQG�URELQ VHUYHU VHOHFWLRQ� WKH IRXU VHUYHUV DUH VHOHFWHG LQ
D F\FOLFDO ZD\� DQG FOLHQW UHTXHVWV DUH VHQW WR WKH VHOHFWHG
VHUYHUV�

�� 5DQGRP VHUYHU VHOHFWLRQ� WKH IRXU VHUYHUV DUH VHOHFWHG LQ D
UDQGRP ZD\� DQG FOLHQW UHTXHVWV DUH VHQW WR WKH VHOHFWHG
VHUYHUV�

:H PHDVXUH WKH DYHUDJH UHVSRQVH WLPH IRU WKH VDPH
VHUYLFH UHTXHVW �JHWBEDODQFH��� LQ RUGHU WR DOORZ WR
DFFXUDWHO\ FRPSDUH WKH WKUHH PHWKRGV�

$ VHW RI VLPLODU FOLHQWV RI WKH EDQN VHUYLFH KDV EHHQ
LPSOHPHQWHG� 7KHVH FOLHQWV JHQHUDWH VHUYLFH UHTXHVWV
DFFRUGLQJ WR 3RLVVRQ GLVWULEXWLRQV ZLWK WKH VDPH PHDQ UDWH

�λ ��� 5HTXHVWV DUH DVVLJQHG WR VHUYHUV DFFRUGLQJ WR WKH
WKUHH FRQVLGHUHG SROLFLHV IRU VHUYHU VHOHFWLRQ� )RU HDFK
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UHTXHVW� WKH HODSVHG WLPH EHWZHHQ UHTXHVW VXEPLVVLRQ DQG
WKH DUULYDO RI WKH UHVXOW �UHVSRQVH WLPH� LV PHDVXUHG� :H
FRQVLGHU VLWXDWLRQV ZLWK UHVSHFWLYHO\ �� �� �� �� ��� ��� DQG ��
VLPXOWDQHRXV FOLHQWV� $OO WKH FOLHQW SURJUDPV ZHUH H[HFXWHG
RQ WKH VDPH KRVW� 7KH FRPPXQLFDWLRQ FRVWV DUH QRW
FRQVLGHUHG LQ WKH SUHVHQW ZRUN�

/HDVW�ORDGHG
VHOHFWLRQ �/66�

5DQGRP
VHOHFWLRQ

5RXQG�URELQ
VHOHFWLRQ

1XP�
RI

FOLHQWV 1XP�
RI UHT�

$57
�PV�

1XP�
RI UHT�

$57
�PV�

1XP�
RI UHT�

$57
�PV�

� � �� � �� � ��

� �� �� �� �� � ����

� �� ����� �� �� �� �����

� �� ���� �� ����� �� ����

�� �� ���� �� ���� �� ����

�� �� ����� �� ����� �� �����

�� ��� ����� ��� ���� ��� �����

7DEOH � � *HQHUDWHG UHTXHVWV DQG DYHUDJH UHVSRQVH WLPHV
SHU QXPEHU RI FOLHQWV

7DEOH � OLVWV WKH WRWDO QXPEHU RI JHQHUDWHG UHTXHVWV DQG
WKH DVVRFLDWHG DYHUDJH UHVSRQVH WLPH �$57� IRU HDFK FDVH RI
WKH DERYH VLWXDWLRQV DQG IRU HDFK VHUYHU VHOHFWLRQ SROLF\�
)LJXUH � VKRZV WKH DYHUDJH UHVSRQVH WLPH DV D IXQFWLRQ RI
WKH QXPEHU RI UHTXHVWV� $W VPDOO ORDGV� WKH WKUHH PHWKRGV
SHUIRUP QHDUO\ HTXLYDOHQWO\� 7KH VOLJKWO\ GLIIHUHQFHV LQ
DYHUDJH UHVSRQVH WLPH DW VPDOO ORDGV DUH SULQFLSDOO\ GXH WR
H[SHULPHQWDO YDULDWLRQV� VLQFH DOO WKH IRXU VHUYHUV RI WKH
H[SHULPHQW DUH XQGHU�ORDGHG� 7KH EHQHILWV RI WKH /66 ORDG
VKDULQJ VWUDWHJ\ LQFUHDVHV ZLWK WKH QXPEHU RI UHTXHVWV� ,Q
FRQWUDVW� UDQGRP DQG URXQG URELQ VKRZ LQFUHDVLQJO\ ZRUVH
SHUIRUPDQFH DV WKH QXPEHU RI UHTXHVWV LQFUHDVHV� :H WKLQN
WKDW WKLV LV EHFDXVH ZLWK /66 ORDG LV XQLIRUPO\ GLVWULEXWHG
DPRQJ WKH IRXU VHUYHUV DV LW LV LOOXVWUDWHG LQ ILJXUH ��
:KHUHDV� VRPH VHUYHUV PD\ KDYH H[FHVVLYH ORDG ZLWK WKH
UDQGRP DQG WKH URXQG URELQ PHWKRGV�

)LJXUH � � (YROXWLRQ RI WKH DYHUDJH UHVSRQVH WLPH ZLWK WKH
QXPEHU RI UHTXHVWV

'XULQJ WKH H[SHULPHQW RI /66 ZLWK �� FOLHQWV� ZH
UHFRUGHG WKH ORDG RI HDFK VHUYHU DQG WKH WLPH DW ZKLFK LV
KDV EHHQ PHDVXUHG� )LJXUH � VKRZV WKH HYROXWLRQ RI WKH
ORDG IRU HDFK VHUYHU� 7KH ORDG RI WKH IRXU VHUYHUV IROORZV
QHDUO\ WKH VDPH SDWWHUQ� 'LIIHUHQFHV PDLQO\ DSSHDU DW WKH
EHJLQQLQJ RI WKH H[SHULPHQW� :H WKLQN WKDW WKLV LV EHFDXVH

FOLHQWV DUH DFWLYDWHG VHTXHQWLDOO\ DQG EHFDXVH RI WKH
QHFHVVDU\ RSHUDWLRQV WR DFWLYDWH WKH VHUYHUV DQG WKHLU
DVVRFLDWHG REMHFWV �0RQLWRUDEOH DQG 5HJLVWHUDEOH REMHFWV��

)LJXUH � � (YROXWLRQ RI WKH VHUYHUV
 ORDG ZLWK /66 IRU ��
VLPXOWDQHRXV FOLHQWV

7KHVH UHVXOWV VKRZ WKDW ZLWK /66 WKH ORDG LV XQLIRUPO\
GLVWULEXWHG DPRQJ WKH IRXU VHUYHUV RI WKH H[SHULPHQW� DQG
WKDW /66 RXWSHUIRUPV WKH UDQGRP DQG URXQG URELQ
PHWKRGV�

�� 5(/$7(' :25.

2QO\ IHZ ZRUNV KDYH LQYHVWLJDWHG WKH LVVXHV RI G\QDPLF
ORDG GLVWULEXWLRQ DQG KLJK DYDLODELOLW\ LQ &25%$
HQYLURQPHQWV� DQG RQO\ IHZ 25% YHQGRUV KDYH DQQRXQFHG
WKDW WKHLU SURGXFWV SURYLGH VXSSRUW IRU G\QDPLF ORDG
GLVWULEXWLRQ�

7KH /<',$ SURMHFW >�@ GHVFULEHV D FHQWUDOL]HG
DUFKLWHFWXUH IRU UHTXHVW DVVLJQPHQW LQ &25%$
HQYLURQPHQWV� /RDG EDODQFLQJ GHFLVLRQV DUH WDNHQ E\ D ORDG
EDODQFHU� ZKLFK FRRSHUDWHV ZLWK WKH QDPLQJ VHUYLFH WR
SHUIRUP UHTXHVW DVVLJQPHQW� 0RQLWRULQJ LV DFKLHYHG
WKURXJK WKH LQVWUXPHQWDWLRQ RI FOLHQWV DQG VHUYHUV E\
PRGLI\LQJ UHVSHFWLYHO\ WKHLU VWXEV DQG VNHOHWRQV� 7KLV
VROXWLRQ LV QRW SRUWDEOH VLQFH VWXEV DQG VNHOHWRQV DUH
JHQHUDWHG E\ DQ ,'/ FRPSLOHU IRU D VSHFLILF 25%� 7KH
/2&$ SURMHFW >��@ LQYHVWLJDWHV WZR G\QDPLF ORDG�
GLVWULEXWLQJ VWUDWHJLHV IRU &25%$ DSSOLFDWLRQV� UHTXHVW
DVVLJQPHQW DQG REMHFW PLJUDWLRQ� 7KH UHTXHVW DVVLJQPHQW
DSSURDFK LQ /2&$ LV WR VRPH H[WHQW VLPLODU WR WKH
DSSURDFK ZH KDYH XVHG LQ /R'$&(�

3� )HOEHU HW DO >��@ GHVFULEH WKH GHVLJQ RI D &25%$
JURXS FRPPXQLFDWLRQ VHUYLFH� 6� 0DIIHLV >��@ DOVR SUHVHQWV
DQ REMHFW JURXS GHVLJQ SDWWHUQ IRU JURXS FRPPXQLFDWLRQ
DQG IDXOW WROHUDQFH LQ &25%$ GLVWULEXWHG V\VWHPV� *URXS
FRPPXQLFDWLRQ LV FRQVLGHUHG D SRZHUIXO SDUDGLJP WR
VXSSRUW IDXOW WROHUDQFH DQG KLJK DYDLODELOLW\ WKURXJK
UHSOLFDWLRQ� $ VHUYLFH UHTXHVW VHQW WR D JURXS LV H[HFXWHG E\
DOO WKH VHUYHUV RI WKH JURXS LQ D WUDQVSDUHQW ZD\ IRU WKH
FOLHQW� 7KH GLVDGYDQWDJH RI WKLV SDUDGLJP OLHV LQ WKH IDFW WKDW
VRPH VHUYHUV RI WKH JURXS DUH OLNHO\ WR EH RYHUORDGHG
HVSHFLDOO\ ZKHQ UHTXHVWV DUH RI ORQJ GXUDWLRQ�

5



5HFHQWO\� FHUWDLQ 25%V YHQGRUV KDYH DQQRXQFHG WKDW
WKHLU SURGXFWV VXSSRUW ORDG EDODQFLQJ� &25%$SOXV >�@
RIIHUV WR WKH GHYHORSHU IRXU DOJRULWKPV WR EDODQFH WKH ORDG
DPRQJ D VHW RI VHUYHUV� E\4XHXH6L]H� E\3URFHVV/RDG�
E\([SOLFLWVHWWLQJ� DQG E\5RXQG5RELQ� 7KH %($ 2EMHFW%URNHU
>�@ XVHV WKH FRQFHSW RI �6PDUW0DSV� WKDW DOORZV VHYHUDO
SROLFLHV IRU ELQGLQJ WR VHUYHUV� 2UEL[ 270 >�@ DQG WKH ,%0
&RPSRQHQW %URNHU &RQQHFWRU >�@ SURYLGHV ORDG
GLVWULEXWLRQ XVLQJ WKH URXQG�URELQ VHUYHU VHOHFWLRQ PHWKRG�
$V RSSRVHG WR /66� ORDG VKDULQJ LQ DOO WKHVH SURGXFWV LV QRW
EDVHG RQ WKH FXUUHQW ORDG RI VHUYHUV� H[FHSW IRU
&25%$SOXV� DQG LV QRW SRUWDEOH VLQFH LQ PRVW FDVHV LW UHOLHV
RQ VSHFLILF IHDWXUHV RI WKH SURGXFW�

�� &21&/86,21

,Q WKLV SDSHU� ZH KDYH GHVFULEHG WKH LVVXH RI ORDG
VKDULQJ LQ &25%$ HQYLURQPHQWV� :H KDYH SUHVHQWHG WKH
GHVLJQ RI D &25%$ FRPSOLDQW ORDG VKDULQJ VHUYLFH �/66�
ZKLFK LV EDVHG RQ D WUDGLQJ VHUYLFH DQG RQ ORDG PRQLWRULQJ
RI VHUYHUV� ([SHULPHQWDWLRQ UHVXOWV VKRZ WKDW /66 DOORZV
WKH XQLIRUP ORDG GLVWULEXWLRQ DPRQJ WKH VHUYHUV� ,Q
DGGLWLRQ� /66 RXWSHUIRUPV WKH UDQGRP DQG WKH URXQG URELQ
VHUYHU VHOHFWLRQ PHWKRGV� LQ WHUPV RI WKH DYHUDJH UHVSRQVH
WLPH IRU FOLHQW UHTXHVWV�

%HORZ� ZH ZLOO GLVFXVV WKH /66 VHUYLFH LQ WHUPV RI
VFDODELOLW\� DYDLODELOLW\� SHUIRUPDQFH� DQG IDXOW WROHUDQFH� DQG
DGGUHVV IXWXUH ZRUN� �� 6FDODELOLW\� 7KH GHVLJQ SULQFLSOHV RI
/66 DV SUHVHQWHG LQ 6HFWLRQ ��� DOORZ IRU VFDODELOLW\� 2EMHFW
VHUYHUV RI D GLVWULEXWHG DSSOLFDWLRQ PD\ EH DGGHG WR UHVSRQG
WR WKH LQFUHDVLQJ GHPDQG RI FOLHQWV� DQG VHYHUDO VHUYHUV PD\
UXQ RQ WKH VDPH KRVW� �� $YDLODELOLW\ DQG SHUIRUPDQFH� VKDULQJ
WKH ORDG EHWZHHQ SHHU VHUYHUV SURYLGLQJ WKH VDPH VHUYLFH
W\SH LQFUHDVHV WKH DYDLODELOLW\ RI VHUYHUV DQG UHGXFHV WKH
UHVSRQVH WLPH RI FOLHQW UHTXHVWV� 6HUYHUV SURYLGLQJ
LQDGHTXDWH UHVSRQVH WLPHV PD\ EH LGHQWLILHG DQG DGGLWLRQDO
LQVWDQFHV RI WKHVH VHUYHUV PD\ EH FUHDWHG HLWKHU RQ WKH VDPH
KRVW RU RQ RWKHU KRVWV RI WKH V\VWHP� �� )DXOW WROHUDQFH� XVLQJ
/66� SDUWLDO IDLOXUH RI VRPH VHUYHUV ZRQ·W SUHYHQW WKH
VHUYLFH IURP EHLQJ SURYLGHG� :KHQ WKH IDLOXUH RI D VHUYHU LV
GHWHFWHG� WKH FOLHQW JHWV WKH REMHFW UHIHUHQFH RI DQRWKHU
VXLWDEOH VHUYHU IURP LWV %LQGHU REMHFW� +RZHYHU� WKH IDLOHG
VHUYHU·V VWDWH LV ORVW� 6RSKLVWLFDWHG IDXOW WROHUDQFH WHFKQLTXHV�
VXFK DV FKHFNSRLQWLQJ DQG JURXS FRPPXQLFDWLRQV� PD\ EH
LQWHJUDWHG WR WKH /66 VHUYLFH WR SURYLGH D IXOO\ IDXOW WROHUDQW
VHUYLFH�

$V IXWXUH ZRUN� ZH LQWHQG WR H[WHQG /66 WR VXSSRUW
ORDG�VKDULQJ WHFKQLTXHV VXFK DV VHQGHU�LQLWLDWHG DQG
UHFHLYHU�LQLWLDWHG SROLFLHV� 0RUHRYHU� IXUWKHU H[WHQVLYH WHVWV
LQFOXGLQJ WKH DERYH PHQWLRQHG H[WHQVLRQV ZLOO EH PDGH�
)LQDOO\� WKH IRUPDO DQDO\VLV RI WKH /66 PHWKRG ZLOO PDNH LW
SRVVLEOH WR SUHGLFW WKH SHUIRUPDQFH DQG WR YDOLGDWH WKH
H[SHULPHQWDO UHVXOWV�

5()(5(1&(6

>�@ %� 6FKLHPDQQ� �6SHFLILFDWLRQ RI ,'/ 0HFKDQLVPV IRU /RDG
%DODQFLQJ �)LUVW 'UDIW�� (635,7 ,,, 3�����
/<',$�:3���7�����'�� �����

>�@ %($ 6\VWHP ,QF�� �3UHVHQWDWLRQ GH %($ 2EMHFW%URNHU��
KWWS���ZZZ�EHDV\V�IU�SURGXLWV�REMHFWEURNHU�KWP�

>�@ (� %DGLGL � 5� .� .HOOHU� 3� *� .URSI� DQG 9� 9DQ 'RQJHQ�
�/R'$&(� XQH DUFKLWHFWXUH GH SDUWDJH GH FKDUJH GDQV OHV
V\VWqPHV GLVWULEXpV REMHWV�� 3URF� RI WKH &ROORTXH ,QW� VXU OHV
12XYHOOHV 7(FKQRORJLHV GH OD 5HSDUWLWLRQ� 0RQWUHDO� 4&�
&DQDGD� SS� �������� �����

>�@ ([SHU6RIW &RSRUDWLRQ� �&RUED3OXV� 7KH ([SHUVRIW
'LIIHUHQFH� 3HU ,QYRFDWLRQ /RDG %DODQFLQJ ��
KWWS���ZZZ�H[SHUVRIW�FRP�3URGXFWV�7HFK$GY�/RDGBEDODQ
FH�KWP�

>�@ ,%0� ,QWHUQ� 7HFKQLFDO 6XSSRUW 2UJ�� $XVWLQ &HQWHU� �,%0
&RPSRQHQW %URNHU &RQQHFWRU� 2YHUYLHZ�� 6*�����������
1RYHPEHU �����

>�@ ,RQD 7HFKQRORJLHV /WG�� 2UEL[:HE SURJUDPPLQJ JXLGH�
�����

>�@ ,RQD 7HFKQRORJLHV 3/&� �7KH 2UEL[ 2EMHFW 7UDQVDFWLRQ
0RQLWRU �270��� :KLWH SDSHU�
KWWS���ZZZ�LRQD�FRP�VXSSRUW�ZKLWHSDSHUV�RUEL[RWP�RWPB
ZS�KWPO

>�@ ,RQD 7HFKQRORJLHV 3/&� 2UEL[7UDGHU 3URJUDPPHU·V *XLGH
DQG 5HIHUHQFH� �����

>�@ 0LFURVRIW &RUSRUDWLRQ� �0LFURVRIW :LQGRZV 17 6HUYHU�
'&20 7HFKQLFDO 2YHUYLHZ �� :KLWH 3DSHU� �����

>��@ 20*� &25%$VHUYLFHV� &RPPRQ 2EMHFW 6HUYLFHV
6SHFLILFDWLRQ� 8SGDWHG YHUVLRQ� �����

>��@ 20*� 7KH &RPPRQ 2EMHFW 5HTXHVW %URNHU� $UFKLWHFWXUH
DQG 6SHFLILFDWLRQ� 5HY����� �����

>��@ 3� )HOEHU� %� *DUELQDWR� DQG 5� *XHUUDRXL� �7KH GHVLJQ RI D
&25%$ JURXS FRPPXQLFDWLRQ VHUYLFH�� ,((( ,QW� &RQI� RQ
5HOLDEOH 'LVWULEXWHG 6\VWHPV� SS� �������� 1LDJDUD� &DQDGD�
�����

>��@ 6� 0DIIHLV� �7KH 2EMHFW *URXS 'HVLJQ 3DWWHUQ�� 3URF� RI WKH
86(1,; &RQIHUHQFH RQ 2EMHFW�2ULHQWHG 7HFKQRORJLHV�
7RURQWR� &DQDGD� �����

>��@ 7� 6FKQHNHQEXUJHU DQG *� 5DFNO� �,PSOHPHQWLQJ '\QDPLF
/RDG 'LVWULEXWLRQ 6WUDWHJLHV ZLWK 2UEL[�� 3URF� ,QW�
&RQIHUHQFH RQ 3DUDOOHO DQG 'LVWULEXWHG 3URFHVVLQJ
7HFKQLTXHV DQG $SSOLFDWLRQV �3'37$·���� /DV 9HJDV�
1HYDGD� 9ROXPH ,,� SS� ��������� �����
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