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 1 INTRODUCTION

 1.1 Overview

7KH� )OH[L1HW� 25%� IUDPHZRUN� IRUPV� WKH� ORZHU� OD\HUV� RI� WKH� )OH[L1HW
DUFKLWHFWXUH�� )OH[L1HW� LV� DQ� DUFKLWHFWXUH� IRU� WKH� G\QDPLF� DVVRFLDWLRQ� RI
LQIUDVWUXFWXUH�FRPSRQHQWV�WR�VXSSRUW�DSSOLFDWLRQ�GHSOR\PHQW�LQ�PRELOH�FRGH
HQYLURQPHQWV��7KH�IRFXV�RI�WKH�)OH[L1HW�25%�IUDPHZRUN�LV�DQ�RSHQ�ELQGLQJ
PRGHO� ZLWK� WKH� HPSKDVLV� RQ� WKH� UHXVH� RI� FRPSRQHQWV�� KHWHURJHQHRXV
PHFKDQLVP� DQG� WKH� DELOLW\� WR� HQIRUFH� SROLF\� FRQVWUDLQWV�� 7KH� IUDPHZRUN
FRQVLVWV�RI�DQ�DUFKLWHFWXUDO�GHVLJQ��DQG�D�VHW�RI� FRPSRQHQW�FODVVHV� WKDW�DUH
VXIILFLHQW� WR� LPSOHPHQW� UHPRWH�PHWKRG� LQYRFDWLRQ��)XWXUH�ZRUN�ZLOO�DGG� WR
WKLV� VHW� RI� FODVVHV�� WR� SURYLGH� DGGLWLRQDO� IXQFWLRQDOLW\�� DQG� WR� H[SORLW� WKH
IOH[LELOLW\�SURYLGHG�E\�WKLV�IUDPHZRUN�

 1.2 Current Functionality

7KH� IUDPHZRUN� FDQ� SURYLGH� FRPPXQLFDWLRQV� IXQFWLRQDOLW\� VLPLODU� WR� WKDW
SURYLGHG� E\� 50,>�@� RU� RWKHU� SDFNDJHV�� )OH[L1HW� SURYLGHV� IRXU� PDMRU
DGYDQWDJHV�RYHU�RWKHU�DSSURDFKHV

♦ 7UDQVSDUHQF\

)OH[L1HW�DOORZV�UHPRWH�DFFHVV�WR�DQ\�SXEOLF� LQWHUIDFH�RQ�DQ\�DFFHVVLEOH
REMHFW��7KDW�LV�DQ\�LQWHUIDFH�WKDW�KDV�EHHQ�H[SRUWHG��HLWKHU�H[SOLFLWO\��RU
LPSOLFLWO\� E\� UHIHUHQFLQJ� LW� GXULQJ� DQRWKHU� UHPRWH� FDOO�� 7KLV� DSSURDFK
FDQ� EH� XVHG� WR� WXUQ� H[LVWLQJ� REMHFWV� LQWR� VHUYLFHV� ZLWKRXW� WKH� QHHG� WR
PRGLI\��RU�DFFHVV��WKH�VRXUFH�FRGH��,W�DOVR�VLPSOLILHV�WKH�WDVN�RI�ZULWLQJ
GLVWULEXWHG�DSSOLFDWLRQV�DV�WKHUH�LV�OLWWOH�DGGLWLRQDO�V\QWD[�RYHU�VWDQGDUG
-DYD�

♦ ,QWHUIDFH�EDVHG

,Q�)OH[L1HW�LQWHUIDFHV�DUH�WKH�SRLQWV�RI�DFFHVV��QRW�REMHFWV��,W�LV�SRVVLEOH
IRU�DQ�REMHFW�WR�LPSOHPHQW�PDQ\�LQWHUIDFHV��DQG�WR�LPSOHPHQW�DFFHVV�WR
WKHVH�LQWHUIDFHV�YLD�GLIIHUHQW�FRPPXQLFDWLRQV�PHFKDQLVPV��7KLV�LV�FORVHU
WR� WKH� 2'3� PRGHO� WKDQ� RWKHU� 53&� V\VWHPV�� OHDGLQJ� WR� PRUH� QDWXUDO
LPSOHPHQWDWLRQ�RI�GLVWULEXWHG�DSSOLFDWLRQV�

♦ 6HFXULW\
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)OH[L1HW� SURYLGHV� G\QDPLF� VWXE� FUHDWLRQ� RQ� WKH� FOLHQW�� 8QOLNH� RWKHU
DSSURDFKHV� WKLV� GRHV� QRW� UHTXLUH� WKH� GRZQORDGLQJ� RI� VWXE� FRGH� IURP
VHUYHU� WR� FOLHQW�� 7KLV� UHPRYHV� D� SRWHQWLDO� VHFXULW\� ULVN�� 7KH� FXUUHQW
LQFDUQDWLRQ� RI� WKH� )OH[L1HW�25%� IUDPHZRUN� GRHV� QRW� SURYLGH� VHFXULW\
IXQFWLRQV�VXFK�DV�SURRI�RI�DXWKHQWLFLW\�RU�VHFUHF\��DOWKRXJK�WKHVH�PD\�EH
DGGHG�DV�RSWLRQDO�FRPSRQHQW�OD\HUV�LQ�IXWXUH�

♦ )OH[LELOLW\

7KH�)OH[L1HW�25%�IUDPHZRUN�LV�GHVLJQHG�DV�D�VHW�RI�FRPSRQHQWV�WR�EH
G\QDPLFDOO\� DVVHPEOHG� E\� RWKHU� SDUWV� RI� WKH� )OH[L1HW� IUDPHZRUN�
&RPSRQHQWV�DUH�KLJKO\�LQGHSHQGHQW��FRQVLGHUDEO\�VLPSOLI\LQJ�WKH�WDVN�RI
WDLORULQJ�WKH�IUDPHZRUN�WR�VXLW�SDUWLFXODU�DSSOLFDWLRQ�FODVVHV�

 1.3 Performance

7KH� IUDPHZRUN�KDV�EHHQ� WHVWHG�E\�SHUIRUPLQJ� UHSHDWHG� UHPRWH� LQYRFDWLRQV
EHWZHHQ� D� VLQJOH� FOLHQW� DQG� D� VLQJOH� VHUYLFH�� 7KH� PHWKRG� FKRVHQ� ZDV� WKH
HFKRLQJ� RI� D� QXOO� VWULQJ�� DV� WKLV� GHPRQVWUDWHV� WKH�PLQLPDO� 53&� RYHUKHDG�
DQG� LV� XVHG� DV� D� VWDQGDUG� EHQFKPDUN� IRU� GLVWULEXWHG� REMHFW� V\VWHPV�� ,W
VKRXOG� EH� QRWHG� WKDW� EHQFKPDUNV� ZHUH� QRW� WDNHQ� XQGHU� LGHDO� FRQGLWLRQV�
50,>�@�DQG�2UEL[:HE>�@�PHDVXUHPHQWV�DUH�JLYHQ�IRU�FRPSDULVRQ�

+RVW�0DFKLQH���-90 )OH[L1HW 2UEL[:HE 50,

5(; 3URS� ,,23 3URS�

17�����3HQWLXP�3UR����0+]
(WKHUQHW��-DYD�������LQWHUSUHWHG

���PV ���PV ���PV ���PV

17�����3HQWLXP�3UR����0+]
(WKHUQHW�-DYD�������6XQ�-,7

���PV ���PV ���PV ���PV

17�����3HQWLXP�3UR����0+]
(WKHUQHW�-DYD�������0LFURVRIW�-,7

���PV ���PV ���PV )DLOHG

6XQ26�����8OWUD������0+]
6DPH�0DFKLQH�-DYD�������LQWHUSUHWHG

���PV QRW
WHVWHG

QRW
WHVWHG

���PV

6XQ26�����WR�17����
(WKHUQHW�-DYD�������LQWHUSUHWHG

���PV ���PV ���PV ���PV

7KH�)OH[L1HW�25%� IUDPHZRUN� FDQ� VXSSRUW�PXOWLSOH� SURWRFROV�� 7KH� SURWRFRO
LOOXVWUDWHG� LV� EDVHG� RQ� WKH� 5(;� SURWRFRO� RYHU� 8'3�� 7KLV� KDV� VHYHUDO
DGYDQWDJHV� RYHU� 7&3� EDVHG� SURWRFROV� �VXFK� DV� ,,23��� LQ� SDUWLFXODU� LW� FDQ
VXSSRUW� ODUJHU� QXPEHUV� RI� FOLHQWV�� DQG� DOORZV� PRUH� FRQWURO� RYHU� UHVRXUFH
DOORFDWLRQ��+RZHYHU��WKH�GLVDGYDQWDJH�LV�WKDW�UHOLDEOH�PHVVDJH�SDVVLQJ�PXVW
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EH� LPSOHPHQWHG� DERYH� WKH� VRFNHW� OD\HU� �L�H�� LQ� -DYD�� UDWKHU� WKDQ� LQ� WKH
RSHUDWLQJ�V\VWHP�NHUQHO��LQ�&�&���RU�DVVHPEOHU���7KLV�H[SODLQV�WKH�GLIIHUHQFH
LQ� SHUIRUPDQFH� EHWZHHQ�5(;� DQG� WKH� RWKHU� SURWRFROV�� � 7KHUH� LV� QR� UHDVRQ
ZK\� ,,23� VKRXOG� QRW� EH� VXSSRUWHG� E\� )OH[L1HW�� DQG� D� )OH[L1HW
LPSOHPHQWDWLRQ�ZRXOG�EH�H[SHFWHG�WR�JLYH�VLPLODU�SHUIRUPDQFH�WR�50,�
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 1.4 Future Work

7KLV� IUDPHZRUN� GRFXPHQW� GHVFULEHV� WKH� NH\� FRQFHSWV� IRU� WKH� DVVHPEO\� RI
FRPPXQLFDWLRQV� FRPSRQHQWV�� 7KH� 25%� IUDPHZRUN� GLVWULEXWLRQ� FRQVLVWV� RI
VXIILFLHQW� FRPSRQHQWV� WR� SHUIRUP� EDVLF� 53&� RSHUDWLRQV�� )XWXUH� ZRUN� ZLOO
FRQFHQWUDWH� RQ� WKH�SURYLVLRQ� RI� VSHFLDOLVW� FRPSRQHQWV� �IRU� H[DPSOH� VHFXULW\
FRPSRQHQWV��DQG�RQ� WKH� VSHFLILFDWLRQ�DQG�DXWRPDWLRQ�RI� � DVVHPEO\�RI� WKHVH
FRPSRQHQWV�WR�EXLOG�D�GLVWULEXWHG�DSSOLFDWLRQ�
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 2 ARCHITECTURE

 2.1 Introduction

7KH� IUDPHZRUN� FRQVLVWV� RI� D� QXPEHU� RI� FRPSRQHQWV� PDNLQJ� XS� D� SURWRFRO
VWDFN��WRJHWKHU�ZLWK�UHVRXUFH�PDQDJHPHQW�FODVVHV�DQG�D�JHQHUDOLVHG�QDPLQJ
PRGHO��,Q�DGGLWLRQ�D�WHPSRUDU\�$3,�KDV�EHHQ�FUHDWHG�WR�DOORZ�WHVW�SURJUDPV
WR�EH�ZULWWHQ�DQG�WR�GHPRQVWUDWH�KRZ�WKH�IUDPHZRUN�PD\�EH�XVHG�LQ�SODFH�RI
RWKHU�53&�WUDQVSRUWV�VXFK�DV�50,��7KLV�$3,�ZLOO�QRW�IRUP�SDUW�RI�)OH[L1HW
SURSHU�

 2.2 Protocol Stack

7KH�SURWRFRO�VWDFN�FRQVLVWV�RI�D�QXPEHU�RI�OD\HUV�WKDW�WUDQVIRUP�D�FDOO�IURP�D
VLPSOH� LQYRFDWLRQ�RQ� WKH� FOLHQW�� WKURXJK�D� JHQHULF� LQYRFDWLRQ�� D�PDUVKDOOHG
LQYRFDWLRQ�WR�D�´FRQYHUVDWLRQµ�RI�PHVVDJHV�SDVVHG�EHWZHHQ�FOLHQW�DQG�VHUYHU�
2Q� WKH� VHUYHU� WKH� FDOO� LV� UHFHLYHG� DV� D� QXPEHU� RI�PHVVDJHV� DQG� SDVVHV� XS
WKURXJK�WKH�OD\HUV�WR�XOWLPDWHO\�UHVXOW�LQ�D�FDOO�RQ�D�SDUWLFXODU�LQWHUIDFH�RQ�D
SDUWLFXODU�REMHFW�

$Q� LPSRUWDQW� GHVLJQ� LVVXH� ZDV� HQVXULQJ� WKDW� WKH� OD\HUV� UHPDLQHG� KLJKO\
DXWRQRPRXV��VR�WKDW�LQGLYLGXDO�OD\HUV�FRXOG�EH�UHSODFHG��RU�DGGLWLRQDO�OD\HUV
LQVHUWHG�� )RU� H[DPSOH�� LW� LV� SRVVLEOH� WR� UHSODFH� WKH� QDPLQJ� VFKHPH� XVHG
ZLWKLQ�)OH[L1HW��LQ�RUGHU�WR�LQWHU�ZRUN�ZLWK�RWKHU�V\VWHPV��RU�WR�UHSODFH�WKH
SURWRFRO�XVHG�IRU�PHVVDJH�SDVVLQJ�

7KHUH�DUH�D�QXPEHU�RI�GLIIHUHQW�VW\OHV�RI� FRPPXQLFDWLRQ� WKDW� WDNH�SODFH� LQ
WKH�SURWRFRO�VWDFN��)LJXUH���LOOXVWUDWHV�WKH�EDVLF�SURWRFRO�VWDFN�DQG�LQGLFDWHV
ZKHUH�DGGLWLRQDO�IXQFWLRQDOLW\�PD\�EH�SODFHG�IRU�D�SDUWLFXODU�SURWRFRO�
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 2.3 A Walk-through from Client to Server

8VLQJ�)LJXUH����WKLV�VHFWLRQ�GHVFULEHV�WKH�IXQFWLRQV�SURYLGHG�E\�WKH�GLIIHUHQW
SURWRFRO�OD\HUV��DQG�IROORZV�WKH�SURJUHVV�RI�D�FDOO�IURP�WKH�FOLHQW�VWXE�WR�WKH
VHUYHU�REMHFW�DQG�EDFN�

��� ,QLWLDOO\�D�FDOO�LV�PDGH�RQ�D�FOLHQW�VWXE��7KH�QDWXUH�RI�WKLV�FDOO�ZLOO�GHSHQG
RQ� WKH� VHPDQWLFV� RI� WKH� LQWHUIDFH�� DQG� WKH� VWXE� LV� UHVSRQVLEOH� IRU
FRQYHUWLQJ� WKLV� LQWR� D� JHQHULF� UHSUHVHQWDWLRQ� WKDW�PD\� ODWHU� EH� H[HFXWHG
XVLQJ�-DYD�&RUH�5HIOHFWLRQ>�@��7KLV�GH�FRXSOHV�WKH�W\SH�RI�WKH�REMHFW�EHLQJ
LQYRNHG�IURP�WKH�LPSOHPHQWDWLRQ�RI�WKH�SURWRFRO�VWDFN��DQG�HQDEOHV�UHXVH
RI�VWDQGDUG�UHIOHFWLYH�FRPSRQHQWV�

��� 7KH� VWXE� ZLOO� WKHQ� FDOO� WKH� WRS� RI� WKH� SURWRFRO� VWDFN�� $W� WKLV� VWDJH� WKH
DUJXPHQWV�WR� WKH�FDOO��DQG�WKH�PHWKRG�FODVV�DUH�DYDLODEOH��DQG�UHIOHFWLYH
FODVVHV�PD\�EH� FDOOHG��)RU�H[DPSOH�� WKH�DUJXPHQWV�PD\�EH� YDOLGDWHG�� RU
PRGLILHG��1RUPDOO\�WKH�FDOO�ZLOO�HYHQWXDOO\�SDVV�WR�WKH�´&OLHQW�&DOO�/D\HUµ�
KRZHYHU�IRU�D�ORFDO��UHIOHFWLYH�FDOO��WKH�FDOO�PD\�LQVWHDG�E\�GLYHUWHG�GLUHFWO\
WR�WKH��6HUYHU��&DOO�&RQWURO�OD\HU��DQG�IRU�UHSOLFDWHG�REMHFWV��WKH�FDOO�PD\
EH� PXOWLSOH[HG� WR� D� QXPEHU� RI� FDOOV� RQ� WKH� VDPH� RU� GLIIHUHQW� SURWRFRO
VWDFNV�

��� 7KH� ´&OLHQW� &DOO� /D\HUµ� ZLOO� FKRRVH� DQ� DSSURSULDWH� VHVVLRQ� RQ� ZKLFK� WR
SHUIRUP�WKH�FDOO��7KH�VHVVLRQ�LV�D�JURXSLQJ�RI�D�QXPEHU�RI�LQYRFDWLRQV�WKDW
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VKDUH�WKH�VDPH�VHUYLFH�HQGSRLQW��DQG�D�VHVVLRQ�DEVWUDFWLRQ� LV�FRPPRQ�LQ
53&� SURWRFROV�� 2WKHU� OD\HUV� PD\� XWLOLVH� WKH� VHVVLRQ� VWUXFWXUH� WR� FDFKH
LQIRUPDWLRQ� UHODWLQJ� WR� D� SDUWLFXODU� HQGSRLQW� �IRU� H[DPSOH� HQFU\SWLRQ
NH\V���,Q�)LJXUH����WKH�UHG�ER[HV�LQGLFDWH�WKH�OD\HUV�WKDW�PD\�PDNH�XVH�RI
WKH�VHVVLRQ�LQ�WKLV�ZD\�

��� 7KH�QH[W�IHZ�OD\HUV�DUH�UHVSRQVLEOH�IRU�IXQFWLRQV�VXFK�DV�PDUVKDOOLQJ�WKH
GDWD�VR� WKDW�ZKHQ�WKH�FDOO� UHDFKHV� WKH�53&�3URWRFRO�/D\HU� WKH�FDOO� LV� LQ
WKH�IRUP�RI�D�UHTXHVW�PHVVDJH�WKDW�LV�WR�EH�SDLUHG�ZLWK�D�UHSO\�

��� %HORZ�WKH�53&�OD\HU��FRPPXQLFDWLRQ�LV�YLD�PHVVDJH�SDVVLQJ�DQG�WKH�53&
OD\HU� LV� UHVSRQVLEOH� IRU� SDLULQJ� UHTXHVWV� ZLWK� UHSOLHV�� DQG� PDQDJLQJ
DFNQRZOHGJHPHQW� RU� RWKHU� SURWRFRO� PHVVDJHV�� ,W� LV� DOVR� UHVSRQVLEOH� IRU
GHDOLQJ�ZLWK�WLPHRXWV��DQG�GHFLGLQJ�ZKHQ�D�VHVVLRQ�VKRXOG�EH�DEDQGRQHG�

��� )XUWKHU� OD\HUV� SHUIRUP� SURFHVVLQJ� WKDW� LV� PHVVDJH�� UDWKHU� WKDQ� FDOO�
VSHFLILF��)RU�H[DPSOH�HQFU\SWLRQ�RU�FRPSUHVVLRQ�

��� 7KH� RXWJRLQJ� PHVVDJH� XOWLPDWHO\� UHDFKHV� WKH� 6HVVLRQ� (VWDEOLVKPHQW
/D\HU��)RU�RXWJRLQJ�FOLHQW�PHVVDJHV��WKLV�OD\HU�VLPSOH�HQFRGHV�WKH�VHVVLRQ
LG�LQ�WKH�PHVVDJH��WR�DOORZ�WKH�VHVVLRQ�WR�EH�UH�HVWDEOLVKHG�RQ�WKH�VHUYHU�

7KH�6HVVLRQ�(VWDEOLVKPHQW�/D\HU�PDUNV�WKH�ORZHU�ERXQGDU\�RI�WKH�UHJLRQ
RI� PXWXDO� H[FOXVLRQ�� 2QO\� RQH� FDOO� RU� PHVVDJH� SHU� VHVVLRQ� ZLOO� EH� LQ
SURJUHVV�ZLWKLQ�WKH�UHG�VHVVLRQ�]RQH��7KLV�VLPSOLILHV�WKH�FRGLQJ�RI�VHVVLRQ
UHODWHG� IXQFWLRQV�� DQG� UHGXFHV� WKH� QXPEHU� RI� UDFH� FRQGLWLRQV� �VXFK� DV
GXSOLFDWH�PHVVDJHV�RU�VLPXOWDQHRXV�PHVVDJHV�DQG�WLPHRXWV��

��� 7KH� ILQDO� FOLHQW� OD\HU� LV� D�PHGLD� DFFHVV� OD\HU�� 7KLV� SHUIRUPV� UHDGV� DQG
ZULWHV� RQ� D� VRFNHW��2QFH� WKH� UHTXHVW� KDV� EHHQ�ZULWWHQ� WKH� FOLHQW� WKUHDG
ZLOO�W\SLFDOO\�UHWXUQ�WR�WKH�53&�OD\HU�ZKHUH�LW�ZLOO�EORFN�XQWLO�LW�UHFHLYHV�D
PDWFKLQJ�UHSO\�

��� 2Q�WKH�VHUYHU�ZH�ZLOO� H[DPLQH�PHVVDJH� IORZ� IURP�WKH�ZLUH� WR� WKH�REMHFW
DQG� EDFN��$� UHFHLYHG�PHVVDJH� SDVVHV� WKURXJK� VLPLODU�0HGLD�$FFHVV� DQG
VHVVLRQ� HVWDEOLVKPHQW� OD\HUV� WR� UHDFK� WKH�53&�3URWRFRO� /D\HU�� 7KLV�ZLOO
W\SLFDOO\�VSDZQ�D�QHZ�WKUHDG�WR�PDQDJH�WKH�UHTXHVW��DOORZLQJ�WKH�LQLWLDO
WKUHDG� WR� VHUYLFH� IXUWKHU� LQFRPLQJ� UHTXHVWV��+RZHYHU�� IRU� VRPH� VHUYLFHV�
WKH�FDOO�PD\�SURFHHG�LQOLQH���7KLV�ZLOO�GHSHQG�RQ�WKH�53&�3URWRFRO�/D\HU
EHLQJ� XVHG�� DQG� WKH� PDQDJHPHQW� RI� WKH� WKUHDG� SRRO� �VHH� ODWHU��

7KH�53&�3URWRFRO�/D\HU�PDUNV� WKH�XSSHU� UHJLRQ�RI�PXWXDO� H[FOXVLRQ� IRU
VHVVLRQV�RQ�WKH�VHUYHU��2QO\�RQH� WKUHDG�SHU�VHVVLRQ�ZLOO�EH�DFWLYH�ZLWKLQ
WKH�UHG�VHVVLRQ�]RQH��7KHUH�LV�D�VHFRQG��GDVKHG��]RQH�LQ�ZKLFK�WKH�VHVVLRQ
UHPDLQV�DYDLODEOH��+RZHYHU�WKH�VHVVLRQ�LV�QRW� ORFNHG�LQ�WKH�GDVKHG�]RQH�
7KLV� LV� EHFDXVH� WKH� VHVVLRQ� PD\� EH� UHTXLUHG� IRU� SURWRFRO� H[FKDQJHV
EHWZHHQ� WKH�SHHU�53&� OD\HUV�ZKLOVW� WKH� FDOO� LV� VWLOO� LQ� SURJUHVV�� �$V� WKH
VHVVLRQ�FDQQRW�EH�WLPHG�RXW�ZKLOVW�WKH�FDOO�LV�LQ�SURJUHVV��WKH�VHVVLRQ�PD\
EH�VDIHO\�XVHG��IRU�H[DPSOH�WR�VWRUH�WKH�LGHQWLW\�RI�WKH�FOLHQW�

���� /D\HUV�DERYH�WKH�53&�OD\HU�ZLOO�XQPDUVKDOO�WKH�FDOO��DQG�WUDQVODWH�IURP
WKH�VXSSOLHG�DGGUHVV� WR� WKH�GHVWLQDWLRQ� REMHFW��$GGLWLRQDO� IXQFWLRQV� VXFK
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DV�PHWKRG�PDWFKLQJ� �IRU� W\SH� FRQIRUPDQFH�� DQG� DFFHVV� FRQWURO�PD\� DOVR
WDNH�SODFH��7KHUH�PD\�DOVR�EH�VHUYHU�VLGH�UHIOHFWLYH�OD\HUV�

���� 7KH�ILQDO�OD\HU�WR�EH�FDOOHG�LV�D�&DOO�&RQWURO�/D\HU��7KLV�ZLOO�WUDQVODWH�WKH
JHQHULF�FDOO�LQWR�D�FDOO�RQ�WKH�VHUYHU�REMHFW�XVLQJ�-DYD�&RUH�5HIOHFWLRQ��7KH
UHVXOW� �QRUPDO� RU� H[FHSWLRQ�� LV� SURFHVVHG� LQ� D� VLPLODU� IDVKLRQ� DQG� LV
UHWXUQHG�WR�WKH�FOLHQW�WKUHDG�

 2.4 Reflection

5HIOHFWLRQ�LV�D�WHFKQLTXH�ZKHUHE\�REMHFWV�DUH�VSOLW�LQWR�D�QXPEHU�RI�SDUWV��WKH
FRUH�REMHFW��ZKLFK�SHUIRUPV�WKH�IXQFWLRQ�RI�WKH�REMHFW��DQG�D�QXPEHU�RI�PHWD�
REMHFWV�ZKLFK�DUH�UHVSRQVLEOH�IRU�QRQ�IXQFWLRQDO�DVSHFWV��0HWD�REMHFWV�PLJKW
EH� UHVSRQVLEOH� IRU� HQVXULQJ� WUDQVDFWLRQDO� SURSHUWLHV�� PDQDJLQJ� UHSOLFDWLRQ�
RU� SHUIRUPLQJ� DFFHVV� FRQWURO�� 5HIOHFWLYH� WHFKQLTXHV� DOORZ� D� VHSDUDWLRQ� RI
FRQFHUQV��)RU�H[DPSOH�LW� LV�SRVVLEOH�WR�FKDQJH�WKH�WUDQVDFWLRQDO�PHWD�REMHFW
ZLWKRXW�UHFRXUVH�WR�UH�LPSOHPHQWLQJ�WKH�FRUH�REMHFW��0RUH�LQIRUPDWLRQ�DERXW
UHIOHFWLRQ� FDQ� EH� IRXQG� LQ� >�@�� 0HWKRG� UHIOHFWLRQ� LV� LPSOHPHQWHG� E\
LQWHUFHSWLQJ� DOO�PHWKRG� FDOOV� WR� DQ� REMHFW�� DQG� SDVVLQJ� WKH� DUJXPHQWV� WR� D
PHWDBEHIRUH� PHWKRG� IRU� DFFHSWDQFH� WHVWLQJ� DQG� SRVVLEOH� PRGLILFDWLRQ�� DQG
WKHQ�SHUIRUPLQJ�D�PHWDBDIWHU� FDOO� WR� SHUIRUP�PHWD� WUDQVIRUPDWLRQV� RI� WKH
UHSO\�� 7KLV� LV� LOOXVWUDWHG� LQ� )LJXUH� ��D��� )OH[L1HW� HQDEOHV� UHIOHFWLRQ� DQG
GLVWULEXWLRQ� WR� JR� KDQG� LQ� KDQG�� DQG� SURYLGHV� D� IUDPHZRUN� IRU� UHIOHFWLYH
H[HFXWLRQ�LQ�WKH�XSSHU�OD\HUV�RI�WKH�SURWRFRO�VWDFN��7KLV�IUDPHZRUN�VXSSRUWV
ERWK�FOLHQW�VLGH�DQG�VHUYHU�VLGH� UHIOHFWLRQ�� LQ�DGGLWLRQ� WR� UHIOHFWLRQ� IRU� ORFDO
REMHFWV��7KLV�LV�LOOXVWUDWHG�E\�)LJXUH���E��

STUB

Client Side
Meta Objects

Lower Layers of Protocol Stack

Destination
Object

Server Side
Meta Objects

Lower Layers of Protocol Stack

Call Control Layer
STUB

Meta Before

Meta After

Destination
Object

Meta Objects

Typed Invocation

Generic Invocation

Conversion

(a) Figure 2 (b)

7KLV�DSSURDFK�KDV�WKH�EHQHILW�WKDW�RQO\�RQH�VWXE�LV�UHTXLUHG�WR�SHUIRUP�WKH
IXQFWLRQ� RI� ERWK� D� UHIOHFWLYH� DQG� UHPRWH� H[HFXWLRQ� VWXE�� 7KLV� UHGXFHV� WKH
RYHUKHDG� RI� FRQYHUWLQJ� WKH� FDOO� IURP� D� W\SHG� LQYRFDWLRQ� WR� D� JHQHULF
LQYRFDWLRQ�� DQG� DOORZV� UHIOHFWLYH� WHFKQLTXHV� WR� EH� XVHG� WR� LPSOHPHQW� KLJK
OHYHO�25%�VHPDQWLFV��VXFK�DV�UHSOLFDWLRQ�RU�WUDQVDFWLRQV�
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 2.5 Naming

7KH�)OH[L1HW� IUDPHZRUN� WDNHV� DQ� RSHQ� YLHZ� RI� LQWHUIDFH� QDPLQJ�� 7KHUH� LV
VXSSRUW�IRU�PXOWLSOH�QDPH�VSDFHV�DQG�PXOWLSOH�SURWRFROV��7KH�EDVLF�VWUXFWXUH
LV�LOOXVWUDWHG�LQ�)LJXUH����7KHUH�LV�D�VLQJOH�JOREDO�QDPHU�WKDW�LPSOHPHQWV�WKH
LQWHUIDFH�1DPHU��DQG�ZKLFK�PDSV�IURP�LQWHUIDFHV�WR�QDPHV��DQG�IURP�QDPHV
WR�LQWHUIDFHV��,I�DQ�DWWHPSW�LV�PDGH�WR�QDPH�D�SUHYLRXVO\�XQQDPHG�LQWHUIDFH
�IRU�H[DPSOH�E\�SDVVLQJ�LW�DV�D�SDUDPHWHU��WKHQ�WKH�JOREDO�QDPHU�ZLOO�FKRRVH
DQ� DSSURSULDWH� JHQHUDWRU� WR� SHUIRUP� WKH� WUDQVODWLRQ�� ,Q� WKH� LQLWLDO
IUDPHZRUN�� WKHUH� LV� RQO\�RQH�JHQHUDWRU��DQG� WKLV� FKRLFH� LV� WKHUHIRUH� WULYLDO�
(TXDOO\�� ZKHQ� D� QDPH� QHHGV� WR� EH� UHVROYHG� IRU� WKH� ILUVW� WLPH�� WKH� JOREDO
QDPHU�ZLOO�FKRRVH�DQ�DSSURSULDWH�UHVROYHU� WR�SHUIRUP�WKH� WUDQVODWLRQ��7KH
UHVROYHU�ZLOO�UHVROYH�WKH�QDPH�WR�D�ORFDO�REMHFW��7\SLFDOO\�WKLV�ZLOO�EH�D�VWXE
REMHFW�LQVWDQWLDWHG�ZLWK�WKH�QDPH�RI�WKH�UHPRWH�LQWHUIDFH�DQG�D�UHIHUHQFH�WR
WKH�DSSURSULDWH�SURWRFRO�VWDFN�

Protocol Specific
Resolver

resolve names under the
direction of the Global

Namer

Resolver
Protocol Specific

Generator
name interfaces under the
direction of Global Namer

Generator

Protocol Specific
Generator

name interfaces under the
direction of Global Namer

Generator

1DPH���JHW1DPH�,QWHUIDFH�

2EMHFW�UHVROYH1DPH�1DPH�

1DPH���SDUVH1DPH�6WULQJ�

N
am

er

Global Namer
stores name associates and

chooses an appropriate
protocol to resolve a name

or name an interface

Protocol
Stack

Protocol Specific
Generator

name interfaces under the
direction of the Global

Namer

Generator
Protocol Specific

Resolver
resolve names under the

direction of the Global
Namer

Resolver

1DPH�JHQHUDWH1DPH�,QWHUIDFH�

2EMHFW�UHVROYH1DPH�1DPH�

1DPH�SDUVH1DPH�6WULQJ�

Figure 3

 2.5.1 Names and Addresses

7KH�W\SH�KLHUDUFK\�IRU�QDPHV�LV�LOOXVWUDWHG�LQ�)LJXUH����$�QDPH�LV�WKH�PRVW
JHQHUDO�UHSUHVHQWDWLRQ�RI�D�UHIHUHQFH�WR�D�UHPRWH�REMHFW��1DPHV�PD\�UHTXLUH
WUDGLQJ� WR� UHVROYH� WKHP�� DQG� PD\� UHSUHVHQW� D� VHW� RI� UHPRWH� REMHFWV�� IRU
H[DPSOH� D� VHW� RI� UHSOLFDV�� RU� D� VHW� RI� DOLDVHV� IRU� D� UHPRWH� LQWHUIDFH�� $Q
DGGUHVV� LV� D� UHSUHVHQWDWLRQ� RI� D� SDUWLFXODU� UHPRWH� LQWHUIDFH�� (DFK� DGGUHVV
FRQVLVWV�RI�D� ORZ� OHYHO� HQGSRLQW� �IRU� H[DPSOH�D� VRFNHW�� WKDW�PD\�EH�XVHG� WR
FKRRVH�DQ�DSSURSULDWH�VHVVLRQ��DQG�D�IXUWKHU�SDUW�WKDW�FDQ�EH�UHVROYHG�E\�WKH
UHPRWH�SURWRFRO�VWDFN�WR�LGHQWLI\�D�SDUWLFXODU�GHVWLQDWLRQ�LQWHUIDFH�

/D\HUV� LQ� WKH� SURWRFRO� VWDFN� KDYH� OLPLWHG� NQRZOHGJH� DERXW� QDPLQJ�� DQG
QDPHV� DUH� WUDQVODWHG� DV� WKH\� SDVV� XS� DQG� GRZQ� WKH� VWDFN�� )RU� H[DPSOH�
ZKHQ�DQ�RXWJRLQJ�FDOO�UHDFKHV�WKH�&OLHQW�&DOO�/D\HU��WKH�UHPRWH�QDPH�PXVW
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EH�DQ�LQVWDQFH�RI�FODVV�$GGUHVV��VR�WKDW�WKH�OD\HU�FDQ�FKRRVH�DQ�DSSURSULDWH
VHVVLRQ��+RZHYHU�� WKH�&OLHQW�&DOO�/D\HU�GRHV�QRW�XQGHUVWDQG� WKH� IRUPDW� RU
VHPDQWLFV�RI�SDUWLFXODU�DGGUHVV�FODVVHV��RU�RI� WKH�HQGSRLQWV�DVVRFLDWHG�ZLWK
WKHP��7KLV�HQDEOHV�WKH�VDPH�OD\HU�WR�EH�XVHG�LQ�SURWRFRO�VWDFNV�LPSOHPHQWLQJ
GLIIHUHQW�53&�SURWRFROV��RU�XWLOLVLQJ�GLIIHUHQW�WUDQVSRUW�PHFKDQLVPV�

�

7ULY1DPH
A specific naming scheme

used in FlexiNet

$GGUHVV
Location specific names

Addresses representing
exported interfaces

Names representing
mobile objects

Names representing
traded objects

Names representing
aggregate names

Names representing
replicated objects

methods:
  1DPH�SDUVH�6WULQJ�QDPH�
  parse a name of  the same format as this name.

methods:

  2EMHFW�JHW6HVVLRQ(QGSRLQW,GHQWLILHU��
   identify the remote endpoint for this address.

1DPH
The most general name

Figure 4

 2.6 Layer Binding

,Q�RUGHU�WR�IRUP�D�SURWRFRO�VWDFN��HDFK�OD\HU�PXVW�EH�DZDUH�RI�WKH�OD\HUV�ZLWK
ZKLFK�LW�PXVW�FRPPXQLFDWH��W\SLFDOO\�WKRVH�LPPHGLDWHO\�DERYH�DQG�EHORZ�LW��
7KH�OD\HU�PD\�DOVR�UHTXLUH�RWKHU�LQIRUPDWLRQ�VXFK�DV�WKH�EXIIHU�VHJPHQW�WR
XVH��RU�WKH�SRRO�IRU�WKUHDG�UHVRXUFHV��VHH�ODWHU���7KLV�LQIRUPDWLRQ�LV�QRW�FRGHG
LQWR�WKH�GHILQLWLRQ�RI�HDFK�OD\HU��EXW�LV�SURYLGHG�E\�DQ�LQLWLDOLVDWLRQ�PHWKRG�
$Q� REMHFW� FDOOHG� D� ELQGHU� LV� UHVSRQVLEOH� IRU� EXLOGLQJ� D� SURWRFRO� VWDFN� RI� D
SDUWLFXODU� NLQG�� DQG� LQLWLDOLVLQJ� HDFK� RI� WKH� OD\HUV�� &XUUHQWO\� RQO\� RQH
ELQGLQJ� REMHFW� H[LVWV�� ZKLFK� JHQHUDWHV� D� SURWRFRO� VWDFN� IRU� 5(;� EDVHG
FRPPXQLFDWLRQ� �5(;� LV� D� UHOLDEOH� 53&� SURWRFRO� EDVHG� RQ� 8'3��� &XUUHQW
ZRUN� LV� LQYHVWLJDWLQJ� RWKHU� ELQGLQJ� REMHFWV�� DQG� WKH� DXWRPDWH� FUHDWLRQ� RI
ELQGHUV�ZKLFK� IXOILO� SDUWLFXODU� UHTXLUHPHQWV��7KH�%LQGHU� HIIHFWLYHO\�GHILQHV
WKH�FRPPXQLFDWLRQV�SURWRFRO�DV�LW�GHILQHV�WKH�WUDQVIRUPDWLRQV�WKDW�LQWHUIDFH
UHIHUHQFHV�DQG�GDWD�XQGHUJR�LQ�WKH�SURFHVVHV�RI�DQ�LQYRFDWLRQ��,Q�DGGLWLRQ��DV
D�ELQGHU�VSHFLILHV�WKH�WUDQVIRUPDWLRQ�WKDW�DQ�LQWHUIDFH�UHIHUHQFH�XQGHUJRHV�
LW�DFWV�DV�ERWK�D�*HQHUDWRU�DQG�D�5HVROYHU��%LQGHUV�PD\�EH� FRPSDWLEOH� LQ
WKH�VHQVH�WKDW�QDPHV�JHQHUDWHG�E\�RQH�QDPHU�PD\�EH�UHVROYDEOH�E\�DQRWKHU�
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 2.7 Resource Management

7KH�)OH[L1HW�IUDPHZRUN�PDQDJHV�D�QXPEHU�RI�UHVRXUFHV��LQFOXGLQJ�WKUHDGV�
VHVVLRQV� DQG� PHPRU\� LQ� WKH� IRUP� RI� LQSXW� DQG� RXWSXW� EXIIHUV�� 7KHUH� DUH
VHYHUDO�UHDVRQV�ZK\�WKHVH�UHVRXUFHV�QHHG�WR�EH�PDQDJHG�

♦ 4XDOLW\�RI�6HUYLFH�3URYLVLRQ

:H�PD\�ZLVK�WR�UHVHUYH�UHVRXUFHV�LQ�DGYDQFH�WR�HQVXUH�WKDW�DQ�DJUHHG
TXDOLW\� RI� VHUYLFH� FDQ� EH� SURYLGHG�� (TXDOO\�� ZH�PD\� ZLVK� WR� OLPLW� WKH
UHVRXUFH�XVHG�RQ�EHKDOI�RI�D�SDUWLFXODU�FOLHQW��RU�VHW�RI�FOLHQWV��WR�HQVXUH
WKDW�D�VHUYLFH�GRHV�QRW�EHFRPH�RYHUORDGHG�

♦ $EVWUDFW�5HVRXUFH�$OORFDWLRQ

$Q� LPSRUWDQW� JRDO� RI� WKH� )OH[L1HW� IUDPHZRUN� LV� WR� HQVXUH� WKDW� WKH
GLIIHUHQW�PRGXOHV�XVHG�LQ�D�SURWRFRO�VWDFN�UHPDLQ�LQGHSHQGHQW�IURP�HDFK
RWKHU�� WR� DOORZ� FRGH� UHXVH� DQG� G\QDPLF� UHFRQILJXUDWLRQ�� ,W� LV� RIWHQ� WKH
FDVH�WKDW�RQH�OD\HU�RI�WKH�VWDFN�ZLOO�QHHG�WR�FUHDWH�D�UHVRXUFH�WKDW�ZLOO
XOWLPDWHO\� EH� XVHG� E\� DQRWKHU� OD\HU�� ,W� LV� LPSRUWDQW� WKDW� FUHDWLRQ� RI
UHVRXUFHV� LV�PDQDJHG� WR� HQVXUH� WKDW� WKH� UHVRXUFH� LV� RI� WKH�DSSURSULDWH
VXE�FODVV�� )RU� H[DPSOH�� WKH� VHVVLRQ� HVWDEOLVKPHQW� OD\HU� PD\� QHHG� WR
FUHDWH� VHVVLRQV�� ,I� WKH� 53&� 3URWRFRO� /D\HU� LV� D� 5(;� OD\HU�� WKHQ� WKHVH
PXVW� EH�5(;� VHVVLRQV��ZKHUHDV� IRU� D� ,,23� 3URWRFRO� /D\HU�� D� GLIIHUHQW
FODVV�RI�VHVVLRQV�LV�UHTXLUHG�

♦ 6KDULQJ�EHWZHHQ�FRPSRQHQWV

8VH� RI� PRELOH� FRGH� PD\� UHVXOW� LQ� VHYHUDO� LQGHSHQGHQW� DSSOLFDWLRQ
FRPSRQHQWV�UHVLGLQJ�LQ�WKH�VDPH�YLUWXDO�PDFKLQH��DQG�KHQFH�VKDULQJ�WKH
VDPH� UHVRXUFHV�� $OWKRXJK� PDQDJHG� UHVRXUFHV� FDQQRW� VWRS� RQH
DSSOLFDWLRQ� FRPSRQHQW� IURP� VWDUYLQJ� WKH� RWKHU� RI� PHPRU\�� WKUHDGV� RU
RWKHU� OLPLWHG� UHVRXUFHV�� WKH� XVH� RI� PDQDJHG� UHVRXUFHV� FDQ� UHGXFH� WKH
XQLQWHQWLRQDO�LQWHUDFWLRQ�EHWZHHQ�ZHOO�EHKDYHG�FRPSRQHQWV�

(DFK� )OH[L1HW� UHVRXUFH� FODVV� LPSOHPHQWV� WKH� LQWHUIDFH� 5HVRXUFH�� DQG� LV
PDQDJHG� E\� RQH� RU� PRUH� 3RRO� FODVVHV�� 7KH� UHVRXUFH� LQWHUIDFH� SURYLGHV� D
IUHH���PHWKRG�IRU�LQGLFDWLQJ�WKDW�D�UHVRXUFH�LV�QR�ORQJHU�UHTXLUHG��DQG�WKH
3RRO�LQWHUIDFH�SURYLGHV�D�QXPEHU�RI�JHW�«��PHWKRGV�IRU�REWDLQLQJ�UHVRXUFHV�
7KH�JHW�PHWKRGV�WDNH�DSSURSULDWH�DUJXPHQWV�IRU�WKH�SDUWLFXODU�UHVRXUFH��IRU
H[DPSOH� EXIIHUV�PD\� EH� RI� D� SDUWLFXODU� VL]H��� (DFK� SRRO� LV� FRQWUROOHG� E\� D
3RRO0DQDJHU�� ZKLFK� LV� UHVSRQVLEOH� IRU� PDQDJLQJ� UHVRXUFH� UHVHUYDWLRQ� DQG
UHXVH�� 7KH� UHDVRQ� IRU� WKLV� VHSDUDWLRQ� LV� WR� GH�FRXSOH� WKH� LQLWLDOLVDWLRQ� RI� D
SDUWLFXODU�FODVV�RI�UHVRXUFH�IURP�WKH�SROLF\�IRU�UHXVLQJ�UHVRXUFHV��7KHUH�PD\
EH� PDQ\� SRROV� PDQDJLQJ� UHVRXUFHV� RI� D� SDUWLFXODU� FODVV�� HDFK� XVLQJ� � D
GLIIHUHQW�LQVWDQFH�RI�D�SRRO�PDQDJHU��3RRO0DQDJHUV�XQGHUVWDQG�RQO\�JHQHULF
UHVRXUFHV��DQG�VR�PD\�EH�XVHG�WR�PDQDJH�SRROV�RI�DQ\�W\SH�RI�UHVRXUFH�

)RU�H[DPSOH��WKHUH�PD\�EH�WKUHH�LQSXW�EXIIHU�SRROV�HDFK�RI�ZKLFK�PDQDJHV�D
VHSDUDWH� SRRO� RI� UHVRXUFHV�� 7ZR� RI� WKHVH�PD\� XVH� 5HF\FOH0DQDJHUV�� ZKLFK
PDQDJH� WKH� UHXVH� RI� UHVRXUFHV�� HDFK� IURP� D� GLIIHUHQW� VL]HG� SRRO�� 7KH� WKLUG
LQSXW�EXIIHU�SRRO�PD\�XVH�DQ�$OORF0DQDJHU��ZKLFK�FUHDWHV�D� IUHVK�UHVRXUFH
LQVWDQFH�ZKHQHYHU�QHHGHG��IURP�D�FRQFHSWXDOO\�LQILQLWH�SRRO�
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7KLV� DSSURDFK� GH�FRXSOHV� JHQHULF� UHVRXUFH�PDQDJHPHQW� �UHXVH�� UHVHUYDWLRQ
HWF���IURP�W\SH�VSHFLILF�UHVRXUFH�PDQDJHPHQW��FUHDWLQJ�LQVWDQFHV��LQLWLDOLVLQJ
UHVRXUFHV� HWF��� DQG� DOORZV� DEVWUDFW� UHVRXUFH� DOORFDWLRQ�� )LJXUH� �� JLYHV� DQ
H[DPSOH�RI�WKH�FODVVHV�XVHG�LQ�WKH�DOORFDWLRQ�RI�5(;�6HVVLRQV�

methods:
  �6HVVLRQ�JHW6HVVLRQ��
   recycle/create a session.

methods:
  �YRLG�SXW�5HVRXUFH�U�
   Used by a Resource to return itself
   to a pool once freed.

methods:
  �6HVVLRQ�JHW6HVVLRQ��
   Overrides, SessionPool.getSession
    to return a RexSession.

3RRO
Abstract Resource

Management

6HVVLRQ3RRO
Abstract Session

Management

5H[6HVVLRQ3RRO
Manage RexSessions

5H[6HVVLRQ
Sessions for use by the

REX RPC Protocol

6HVVLRQ
Abstract Session

5HVRXUFH
Abstract Resource

Figure 5

 2.7.1 Resource management under load

:KHQ�D�VHUYLFH�LV�KHDYLO\�ORDGHG��UHVRXUFHV�PD\�EH�VFDUFH��'LIIHUHQW�UHVRXUFH
SRRO�PDQDJHUV�PD\� LPSOHPHQW�GLIIHUHQW� VWUDWHJLHV� IRU�PDQDJLQJ� UHVRXUFHV�
IRU� H[DPSOH� E\� SODFLQJ� DQ� XSSHU� OLPLW� RQ� WKH� QXPEHU� RI� DFWLYH� VHVVLRQV� LQ
RUGHU� WR� UHGXFH� WKUDVKLQJ� EHWZHHQ� FDOOV� LQ� SURJUHVV�� ,Q� DGGLWLRQ�� ZKHQ
UHVRXUFHV� DUH� UHTXHVWHG�� WKHUH� DUH� WZR� IRUPV� RI� JHW��� FDOO�� 7KH� ILUVW�
JHW5HVRXUFH%��� LV� EORFNLQJ�� ,I� QR� VXLWDEOH� UHVRXUFH� LV� FXUUHQWO\� DYDLODEOH�
WKH� WKUHDG� ZLOO� EORFN� XQWLO� VXFK� WLPH� WKDW� WKHUH� LV�� 7KH� VHFRQG�
JHW5HVRXUFH1%���LV�QRQ�EORFNLQJ��LI�D�VXLWDEOH�UHVRXUFH�LV�XQDYDLODEOH��WKHQ
QXOO� LV� UHWXUQHG�� DQG� WKH� FDOOHU� PXVW� DFW� DSSURSULDWHO\� �IRU� H[DPSOH� E\
GURSSLQJ�WKH�UHTXHVW��

 2.7.2 Buffers

7KHUH�DUH�WZR�GLVWLQFW�EXIIHU�W\SHV�LQ�WKH�)OH[L1HW�IUDPHZRUN��,QSXW%XIIHU
DQG�2XWSXW%XIIHU��7KLV� LV�GXH� WR� WKH�GLVWLQFWLRQ�EHWZHHQ� LQSXW�DQG�RXWSXW
VWUHDPV�XVHG�E\�WKH�FRUH�MDYD�LR�FODVVHV��2WKHU�WKDW�WKLV��LQSXW�DQG�RXWSXW
EXIIHUV� DUH� DOPRVW� LGHQWLFDO��:KHQ� GHVLJQLQJ� EXIIHUV�� WKH� LQWHQWLRQ� ZDV� WR
PDNH�LW�DV�HDV\�DV�SRVVLEOH�IRU�GLIIHUHQW�OD\HUV�LQ�WKH�SURWRFRO�VWDFN�WR�LQVHUW
DQG�UHPRYH�GDWD�IURP�WKH�EXIIHU��ZLWKRXW�WKH�QHHG�WR�XQGHUVWDQG�WKH�IRUPDW
RI�GDWD�XVHG�E\�RWKHU�OD\HUV��7KLV�LV�HVVHQWLDO�LI�SURWRFRO�VWDFNV�DUH�WR�EH�EXLOW
G\QDPLFDOO\��$Q�DGGLWLRQDO�JRDO�ZDV�WR�NHHS�WKH�DPRXQW�RI�GDWD�FRS\LQJ�WR�D
PLQLPXP��WR�HQVXUH�WKDW�WKH�V\VWHP�LV�DV�HIILFLHQW�DV�SRVVLEOH�

7KH�EXIIHU� V\VWHP� LV�EDVHG�RQ�D�PXOWL�VHJPHQW�DEVWUDFWLRQ�RI�D� VLQJOH�E\WH
DUUD\��(DFK�OD\HU�LV�DZDUH�RI�WKH�VHJPHQW�V��WKDW�LW�XWLOLVHV��DQG�PD\�XVH�WKH
EXIIHU� DV� DQ� LQSXW� RU� RXWSXW� VWUHDP� WR� UHDG� IURP�� RU� ZULWLQJ� WR�� WKHVH
VHJPHQWV��6HJPHQWV�DUH�JHQHUDOO\�IL[HG�VL]H��DOWKRXJK�WKHUH�LV�WKH�DELOLW\�WR
H[WHQG� EXIIHUV� RU� UHPRYH� HPSW\� VSDFH�� 7KH� FXUUHQW� 5(;� EDVHG� SURWRFRO
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LPSOHPHQWHG�LQ�WKH�)OH[L1HW�IUDPHZRUN�XVHV�WKUHH�IL[HG�VL]HG�VHJPHQWV��DQG
RQH�YDULDEOH�VL]HG�VHJPHQW��7KLV�LV�LOOXVWUDWHG�LQ�)LJXUH���

MDYD�LR�2XWSXW6WUHDP

Segment 0 Segment 3Segment 1 Segment 2

methods:
  �YRLG�VHW6HJPHQW�LQW�LG�
   Choose the segment in use
��E\WH>@�JHW'DWD��
   Return the byte array for
transmission
   ....

2XWSXW%XIIHU

Byte Array

6HJPHQW
'HVFULSWRU

'DWD

Destination
Interface

Name

Method Identifier,Arguments
or

Result

Session
Identification

Rex Protocol
Header

8 bytes 2 bytes 8 bytes

Segments as used by the current REX based RPC implementation

5HVRXFH

Figure 6

 2.7.3 Threads

&OLHQW� VLGH� WKUHDG� PXOWLSOH[LQJ� LV� XQGHU� WKH� FRQWURO� RI� WKH� 53&� 3URWRFRO
OD\HU��DV� WKLV�PXVW�EH�DZDUH�RI� WKH� UHODWLRQVKLS�EHWZHHQ� V\QFKURQRXV� FDOOV
DQG� DV\QFKURQRXV� PHVVDJHV�� %HORZ� WKH� 53&� OD\HU�� WKHUH� PD\� EH� PDQ\
VLPXOWDQHRXV�PHVVDJHV�IORZLQJ�XS�RU�GRZQ�WKH�SURWRFRO�VWDFN��DOWKRXJK�RQO\
RQH�SHU�VHVVLRQ���$ERYH�WKH�53&�OD\HU�WKHUH�PD\�EH�PDQ\�VLPXOWDQHRXV�FDOOV�

2Q�WKH�VHUYHU��WKH�0HGLD�$FFHVV�/D\HU�LV�UHVSRQVLEOH�IRU�UHFHLYLQJ�PHVVDJHV
DQG� WUDQVPLWWLQJ� WKHP�XS� WKH�SURWRFRO� VWDFN��:KHQ�D�PHVVDJH� UHDFKHV� WKH
53&�OD\HU��LW�PD\�EH�FRQYHUWHG�WR�D�FDOO�WKDW�SURFHHGV�XS�WKH�SURWRFRO�VWDFN�
7KH�XSSHU�OD\HUV�RI�WKH�VWDFN��DQG�LQ�SDUWLFXODU�WKH�REMHFW�LPSOHPHQWLQJ�WKH
VHUYLFH��PD\�WDNH�D�ORQJ�WLPH�WR�SURFHVV�WKH�UHTXHVW�DQG�GXULQJ�WKLV�SHULRG��LW
LV� LPSRUWDQW� WKDW�PHVVDJHV� FRQWLQXH� WR� EH� UHFHLYHG��7KHUH�DUH� WZR� RSWLRQV�
HLWKHU�WKH�FDOO�SURFHHGV�XVLQJ�WKH�RULJLQDO�WKUHDG�DQG�D�VHFRQG�WKUHDG�WDNHV
LWV�SODFH�WR�OLVWHQ�IRU�IXUWKHU�PHVVDJHV��RU�WKH�RULJLQDO�WKUHDG�SDVVHV�WKH�FDOO
VWDWH�WR�D�QHZ�WKUHDG�DQG�UHWXUQV�WR�WKH�0HGLD�$FFHVV�/D\HU�LWVHOI��)LJXUH��
LOOXVWUDWHV�WKH�JHQHUDO�FDVH�

&OHDUO\�� WKH� 0HGLD� $FFHVV� /D\HU� DQG� WKH� 53&� /D\HU� PXVW� FR�RUGLQDWH� WR
HQVXUH�WKDW�WKUHDGV�DUH�FUHDWHG�DV�UHTXLUHG��VR�WKDW�PHVVDJH�DUH�QRW�PLVVHG�
,Q� WKH�FXUUHQW�5(;� LPSOHPHQWDWLRQ�� WKH�0HGLD�$FFHVV�/D\HU� LV� UHVSRQVLEOH
IRU�WKUHDG�FUHDWLRQ��,W�PDLQWDLQV�D�SRRO�RI�WKUHDGV��RQH�RI�ZKLFK�DFWV�DV�WKH
´DFWLYH� OLVWHQHUµ��:KHQ�D�PHVVDJH� LV�UHFHLYHG�E\�WKLV�WKUHDG�� LW�SURFHHGV�XS
WKH� SURWRFRO� VWDFN�� DQG� DQRWKHU� WKUHDG� IURP� WKH� SRRO� WDNHV� LWV� SODFH�� 7KLV
VFKHPH�KDV�WKH�DGYDQWDJHV�WKDW�QR�WKUHDG�VZLWFK� LV� UHTXLUHG�RQ�WKH�VHUYHU
GXULQJ�WKH�SURFHVVLQJ�RI�D�FDOO��OHDGLQJ�WR�UDSLG�UHVSRQVH��DQG�WKDW�WKH�VL]H�RI
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WKH� WKUHDG� SRRO� PD\� EH� VLPSO\� VSHFLILHG� E\� D� WXSOH� RI� WZR� YDOXHV�� WKH
PD[LPXP� QXPEHU� RI� LGOH� WKUHDG� ZDLWLQJ� WR� UHFHLYH� PHVVDJHV�� DQG� WKH
PD[LPXP� QXPEHU� RI� WKUHDGV� LQYROYHG� LQ� FDOO� SURFHVVLQJ�� 7KUHDGV� DUH
G\QDPLFDOO\� FUHDWHG� DQG� GHVWUR\HG� DV� UHTXLUHG�� )LJXUH� �� LOOXVWUDWHV� WKLV
SURWRFRO� �WLPHRXWV� DUH� RPLWWHG� IRU� FODULW\���1RWH� WKDW� WKH� OD\HUV� RWKHU� WKDQ
WKH�53&�DQG�0HGLD�$FFHVV�/D\HUV�DUH�XQDIIHFWHG�E\�WKHVH�GHFLVLRQV�

CallDown

MessageUp

MessageDown

Await
Reply

RPC Protocol
Control Layer

Await
Incomming
Message

Await
Timeout

MessageDown

MessageUp

CallUp

Await
Timeout

Client Server

Await
Incomming
Message

Figure 7

 2.7.4 Timers

$�XWLOLW\�UHVRXUFH�LV�SURYLGHG�LQ�WKH�IRUP�RI�D�WLPHU�WKUHDG��7KLV�PDLQWDLQV�D
SULRULW\� TXHXH� RI�4XHXDEOH� REMHFWV� RUGHUHG�E\� WLPHRXW�� DQG� FDOOV� HDFK� EDFN
ZKHQ�WKH�WLPHRXW�RFFXUV��,WHPV�PD\�EH�DGGHG�DQG�UHPRYHG�IURP�WKH�TXHXH
DW�ZLOO�� 7KLV� UHVRXUFH� LV� XWLOLVHG� E\� WKH� 53&� OD\HU� WR�PDQDJH� IDLOXUHV� DQG
FRQWURO� UHWUDQVPLVVLRQ�� 7KH� ORFNLQJ� VWUDWHJ\� IRU� WKH� WLPHU� TXHXH� LV� WKDW
REMHFWV�PXVW�EH�ORFNHG�WR�EH�DGGHG�RU�UHPRYHG�IURP�WKH�TXHXH��DQG�WKDW�WKH
FDOOEDFN� RFFXUV� ZLWK� WKH� ORFN� KHOG�� 7KLV� HQVXUHV� WKDW� WKHUH� DUH� QR� UDFH
FRQGLWLRQV� ZLWK� TXHXH� PDQDJHPHQW�� )RU� H[DPSOH� LI� D� ORFN� LV� KHOG� RQ� DQ
REMHFW�� DQG� WKH� WLPHRXW� RFFXUV�� WKH� FDOOEDFN�ZLOO� QRW� RFFXU� XQWLO� WKH� ORFN� LV
UHOHDVHG�DQG�PD\�EH� DWWDLQHG� E\� WKH� WLPHU� WKUHDG�� ,I� LQ� WKH�PHDQWLPH� WKH
LWHP�LV�UHPRYHG�IURP�WKH�TXHXH��WKH�FDOOEDFN�ZLOO�QRW�RFFXU�DW�DOO�

7KHUH�LV�RQH�LVVXH�KHUH��LQ�-DYD��WKHUH�LV�QR�ZD\�WR�DVFHUWDLQ�LI�D�ORFN�LV�KHOG
RQ�DQ�REMHFW�ZLWKRXW�DWWHPSWLQJ�WR�JDLQ�WKH� ORFN��DQG�SRVVLEO\�EORFNLQJ���,Q
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WKH�FDVH�RI�WKH�WLPHU�TXHXH��WKLV�PD\�UHVXOW�LQ�WKH�FDOOEDFN�RQ�RWKHU�REMHFWV
EHLQJ�GHOD\HG��EHFDXVH�WKH�REMHFW�ZLWK�WKH�ORZHVW�WLPHRXW�LV�ORFNHG�IRU�D�ORQJ
SHULRG�RI�WLPH��7KLV�OLPLWDWLRQ�LV�QRW�FRQVLGHUHG�LPSRUWDQW�DW�SUHVHQW��DV�WKH
RQO\� LWHPV� FXUUHQWO\� TXHXHG� DUH� VHVVLRQV�� ZKLFK� DUH� RQO\� ORFNHG� IRU� VKRUW
SHULRGV�

CallDown

MessageUp

MessageDown

Await
Reply REX Layer

Await
Incomming
Message

MessageDown

MessageUp

CallUp

Await
Incomming
Message

Client Server

)LJXUH��

 2.8 Stub Creation

,Q�WKH�)OH[L1HW� IUDPHZRUN�� OLNH�RWKHU�53&�V\VWHPV�� LV� LW�QHFHVVDU\�WR�KDYH
VWXEV�WR�UHSUHVHQW�UHPRWH�REMHFWV��)OH[L1HW�DYRLGV�WKH�QHHG�IRU�VLPLODU�VWXEV
�RU�VNHOHWRQV���RQ�WKH�VHUYHU�VLGH�RI�D�FRQQHFWLRQ�E\�PDNLQJ�XVH�RI�-DYD�FRUH
UHIOHFWLRQ�

,Q�)OH[L1HW� WKH� SXUSRVH� RI� D� VWXE� LV� WR� FRQYHUW� D� W\SHG�PHWKRG� FDOO� LQWR� D
JHQHULF� PHWKRG� FDOO�� 7KLV� PD\� XQGHUJR� UHIOHFWLYH� SURFHVVLQJ� EHIRUH� EHLQJ
SDVVHG� WR� D� SURWRFRO� OD\HU� WR� EH� SURFHVVHG� IRU� UHPRWH� H[HFXWLRQ�� $V� WKH
IXQFWLRQ� RI� VWXEV� LV� ZHOO� GHILQHG�� DQG� WKH\� DUH� QRW� UHVSRQVLEOH� IRU� REMHFW
QDPLQJ� RU� GDWD�PDUVKDOOLQJ�� LW� LV� SRVVLEOH� WR� KDYH� D� VLQJOH� VWXE� FODVV� SHU
LQWHUIDFH�FODVV�WKDW�PD\�EH�XVHG�E\��DOO�53&�SURWRFROV��7KLV�VLPSOLILHV�GHVLJQ
DQG�DLGV�UHXVH�

,Q�WUDGLWLRQDO�V\VWHPV��VWXEV�DUH�JHQHUDWHG�E\�D�VSHFLDO�FRPSLOHU�WKDW�EXLOGV
WKH�VWXEV�IURP�D�GHILQLWLRQ�RI�WKH�LQWHUIDFH�WR�EH�UHSUHVHQWHG��D�-DYD�LQWHUIDFH
FODVV�� RU� VWDWHPHQWV� LQ� D� VSHFLDO� LQWHUIDFH� GHILQLWLRQ� ODQJXDJH��� 7KHUH� LV
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W\SLFDOO\� DQ� DGGLWLRQDO� FRPSLODWLRQ� SKDVH� WKDW� DGGV� WR� WKH� FRPSOH[LW\� RI
GLVWULEXWHG� SURJUDPPLQJ�� ,Q� DGGLWLRQ�� WKHUH� DUH� VHFXULW\� FRQFHUQV� WR� EH
FRQVLGHUHG��7KH� FOLHQW�DSSOLFDWLRQ�PXVW� WUXVW� WKH� UHSRVLWRU\� WKDW� VWRUHV� WKH
VWXEV��DV�WKH�VWXEV�DUH�REMHFWV�WKDW�ZLOO�EH�H[HFXWHG�LQ�WKH�FOLHQW�GRPDLQ��,Q
JHQHUDO� WKH� VWXEV�DUH� VWRUHG� LQ�D� UHSRVLWRU\� OLQNHG� WR� WKH� VHUYHU� FRGH��7KLV
SODFHV� D� WUXVW� UHTXLUHPHQW� EHWZHHQ� FOLHQW� DQG� VHUYHU� WKDW� PD\� QRW� EH
ZDUUDQWHG�

,Q� WKH� )OH[L1HW� IUDPHZRUN�� WKH� VWXEV� DUH� DXWRPDWLFDOO\� JHQHUDWHG� DV
UHTXLUHG��E\�WKH�FOLHQW��7KLV�UHGXFHV�WKH�WUXVW�UHTXLUHPHQWV�WR�DJUHHPHQW�RQ
WKH� LQWHUIDFH�XVHG� IRU� LQWHUDFWLRQ� �ZKLFK� LV� D�GHFODUDWLYH� VWDWHPHQW��QRW� DQ
H[HFXWDEOH� REMHFW��� ,Q� DGGLWLRQ� WKLV� JLYHV� FRPSOHWHO\� WUDQVSDUHQW� VWXE
FUHDWLRQ��HDVLQJ�GLVWULEXWHG�SURJUDPPLQJ�

7KH�VWXE�JHQHUDWRU�ZRUNV�E\�FRQVWUXFWLQJ�D�VWXE�FODVV�LQ�-DYD�E\WH�FRGH�WKDW
LPSOHPHQWV�WKH�LQWHUIDFH�H[SRUWHG�E\�WKH�VHUYHU�REMHFW��7KLV�E\WH�FRGH�LV�WKHQ
ORDGHG�OLNH�DQ\�RWKHU�FODVV��7KH�FOLHQW�GRHV�QRW�UHTXLUH�DFFHVV�WR�DQ\�VSHFLDO
UHVRXUFHV� �VXFK� DV� ILOH� DFFHVV�� DV� WKH� ¶ORDG·� RSHUDWLRQ� XVHV� DQ� LQ� PHPRU\
LPDJH�DV�WKH�VRXUFH�ORFDWLRQ�

 2.9 Serialisation

,Q� RUGHU� WR� WUDQVIHU� GDWD� EHWZHHQ� WKH� FOLHQW� � DQG� VHUYHU�� LW� PXVW� ILUVW� EH
FRQYHUWHG�LQWR�VHULDOL]HG�IRUP�WKDW�PD\�EH�SDVVHG�DFURVV�WKH�ZLUH��,Q�REMHFW
RULHQWHG� V\VWHPV�� WKH� GDWD� WR� EH� WUDQVIHUUHG� W\SLFDOO\� FRQVLVWV� RI� � GDWD
REMHFWV��HDFK�RI�ZKLFK�PD\�EH�D�VXEFODVV�RI�WKH�FRUUHVSRQGLQJ�FODVV�GHILQHG�LQ
WKH�VHUYHU�LQWHUIDFH��,W�LV�WKHUHIRUH�QHFHVVDU\�WR�SDVV�LQIRUPDWLRQ�SHUWDLQLQJ
WR� WKH� W\SH� RI� WKH� GDWD�� LQ� DGGLWLRQ� WR� WKH� GDWD� LWVHOI�� 7KH� SURFHVV� RI
FRQYHUWLQJ� D� JUDSK� RI� VWUXFWXUHG� REMHFWV� LQWR� D� VHULDO� VWUHDP� RI� E\WHV� IRU
WUDQVPLVVLRQ� LV� RIWHQ� UHIHUUHG� WR� DV� VHULDOLVDWLRQ�� :LWKLQ� WKH� GDWD� WR� EH
SDVVHG�� WKHUH� PD\� EH� UHIHUHQFHV� WR� REMHFWV� LPSOHPHQWLQJ� RWKHU� VHUYLFHV�
ZKLFK� VKRXOG� EH� SDVVHG� E\� UHIHUHQFH� UDWKHU� WKDQ� E\� VLPSO\� VHULDOLVLQJ� WKH
VWDWH� RI� WKH� REMHFWV�� $Q\� 53&� V\VWHP� WKDW� VXSSRUWV� ERWK� E\� YDOXH� DQG� E\
UHIHUHQFH�VHPDQWLFV�PXVW�DSSO\�VRPH�FULWHULD�WR�GHWHUPLQH�KRZ�D�SDUWLFXODU
REMHFW�VKRXOG�EH�WUDQVIHUUHG�

7KH� FULWHULD� XVHG� E\� 6XQ·V� 50,� SURWRFRO� LV� WR� SDVV� REMHFWV� WKDW� H[WHQG� D
SDUWLFXODU� VXSHU�FODVV� E\� UHIHUHQFH�� DQG� WR� SDVV� DOO� RWKHU� REMHFWV� E\� YDOXH�
7KLV�DSSURDFK�LV�FOHDUO\�QRW�WUDQVSDUHQW��DV�REMHFWV�PXVW�EH�GHVLJQHG�IRU�RQH
PRGH�RI�RSHUDWLRQ��DQG�LV�XQKHOSIXO�ZKHQ�WKHUH�DUH�D�UDQJH�RI�SRVVLELOLWLHV���
IRU� H[DPSOH� D� QXPEHU� RI� WUDQVPLVVLRQ� SURWRFROV�� 7KH� DSSURDFK� WDNHQ� LQ
)OH[L1HW�LV�WR�H[DPLQH�WKH�FODVV�RI�WKH�UHIHUHQFH�UDWKHU�WKDQ�WKH�FODVV�RI�WKH
REMHFW��,I�WKH�UHIHUHQFH�LV�RI�DQ�LQWHUIDFH�FODVV��L�H��LW�UHIHUV�WR�DQ�LQWHUIDFH�RQ
WKH�REMHFW��WKHQ�WKLV�UHIHUHQFH�LV�SDVVHG�E\�UHIHUHQFH��,I�D�UHIHUHQFH�LV�RI�DQ
REMHFW�FODVV� WKHQ�WKH�REMHFW�UHIHUUHG� WR� LV�SDVVHG�E\�YDOXH��7KHVH� VHPDQWLFV
DUH�QDWXUDO��DV�WKH\�DOORZ�UH�LPSOHPHQWDWLRQ�EHKLQG�DQ�LQWHUIDFH��VLPSOH�WR
XVH�DQG�PRVW�LPSRUWDQWO\��WUDQVSDUHQW��1R�VSHFLDO�DFWLRQ�KDV�WR�EH�WDNHQ�LQ
WKH� GHVLJQ� RI� D� VHUYLFH� REMHFW�� $Q� DGGLWLRQDO� DGYDQWDJH� LV� WKDW� RQH� VHUYHU
REMHFW� PD\� LPSOHPHQW� D� YDULHW\� RI� GLIIHUHQW� LQWHUIDFHV�� DQG� D� GLIIHUHQW
DSSURDFK� PD\� EH� WDNHQ� WR� UHDOLVLQJ� UHPRWH� UHIHUHQFHV� WR� HDFK� RQH�� )RU
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H[DPSOH� DQ� REMHFW� PD\� KDYH� ERWK� D� UHOLDEOH� PDQDJHPHQW� LQWHUIDFH�� DQG� D
KLJK�SHUIRUPDQFH�VWUHDP�LQWHUIDFH�

8QIRUWXQDWHO\�� 6XQ·V� VHULDOLVDWLRQ� FODVVHV� DUH� QRW� VXLWDEOH� IRU� VHULDOLVLQJ
FODVVHV�ZKHUH�GLVWLQFWLRQV�DERXW� LQWHUIDFH�QHHG�WR�EH�PDGH��VR�D�QHZ�VHW� RI
VHULDOLVDWLRQ� FODVVHV� ZDV� GHVLJQHG�� 7KH� QHZ� VHULDOLVDWLRQ� VFKHPH� GRHV� QRW
UHTXLUH�FODVVHV�WR�EH�VHULDOLVHG�WR�LPSOHPHQW�DQ\�VSHFLDO�LQWHUIDFHV��EXW�WKHUH
LV�FXUUHQWO\�D�OLPLWDWLRQ�WKDW�WKH�FODVVHV�PXVW�KDYH�D�QR�DUJ�FRQVWUXFWRU��DQG
RQO\� SXEOLF� ILHOGV� DUH� VHULDOL]HG�� 6XQ·V� VFKHPH� DOVR� VXIIHUV� IURP� WKH� ILUVW
UHVWULFWLRQ�� EXW� XVHV� QDWLYH� PHWKRGV� WR� RYHUFRPH� WKH� VHFRQG�� 7KLV� LV� DQ
DSSURDFK�ZH�DUH�UHOXFWDQW�WR�WDNH�ZLWK�)OH[L1HW��$Q�DOWHUQDWLYH�VROXWLRQ�KDV
EHHQ�DUFKLWHFWHG�

6RPH�FODVVHV�FDQQRW�EH�VHULDOL]HG�LQ�WKH�QRUPDO�ZD\��EHFDXVH�WKH�ILHOGV�KDYH
VSHFLDO� PHDQLQJ�� 6XQ·V� VFKHPH� DOORZV� VXFK� FODVVHV� WR� SURYLGH� VSHFLDOLVW
VHULDOLVDWLRQ� FRGH�� E\� LPSOHPHQWLQJ� PHWKRGV� LQ� WKH� 6HULDOL]DEOH� RU
([WHUQDOL]DEOH� LQWHUIDFH�� )OH[L1HW� VHULDOL]DWLRQ� LV� FRPSDWLEOH� ZLWK� WKH
([WHUQDOL]DEOH� DSSURDFK�� DQG� REMHFWV�ZULWWHQ�ZLWK� 6XQ·V� VHULDOL]HU� LQ�PLQG
PD\� EH� XVHG� ZLWK� WKH� )OH[L1HW� VHULDOL]HU�� 8QIRUWXQDWHO\� WKH� )OH[L1HW
VHULDOL]HU�FDQQRW�PDNH�XVH�RI�VSHFLDOLVW�VHULDOL]DWLRQ�PHWKRGV�RI�WKH�RULJLQDO
6HULDOL]DEOH�IRUP��7KLV�LV�GXH�WR�6XQ·V�GHFLVLRQ�WR�WLH�WKH�VLJQDWXUH�RI�WKHVH
PHWKRGV� GLUHFWO\� WR� 6XQ·V� FXUUHQW� LPSOHPHQWDWLRQ� RI� LWV� VHULDOL]HU�� UDWKHU
WKDQ�WR�DQ�DEVWUDFW�VSHFLILFDWLRQ�RI�DOO�SRVVLEOH�VHULDOL]HUV�

 2.10 Widening and the ‘Tagged’  Class

)OH[L1HW�SHUIRUPV�UHPRWH�LQYRFDWLRQ�EDVHG�RQ�H[SRUWHG�LQWHUIDFHV��2QH�REMHFW
PD\� LPSOHPHQW�PDQ\� LQWHUIDFHV�� DQG� D� FOLHQW� VWXE� SURGXFHG� WR� DFFHVV� WKH
REMHFW�LV�VSHFLILF�WR�D�SDUWLFXODU�LQWHUIDFH�FODVV��7KH�FODVV�RI�DQ�LQWHUIDFH�WR�EH
H[SRUWHG�PD\�EH�GHWHUPLQHG�E\�WKH�ZD\�LQ�ZKLFK�LW�LV�FDOOHG�

)RU�H[DPSOH
 
   public interface Foo
   {
   public int method1(Bar b);
   }

,I�%DU�LV�DQ�LQWHUIDFH�FODVV��WKHQ�DQ�LQYRFDWLRQ�RI�PHWKRG��RQ�D�UHPRWH�REMHFW
LPSOHPHQWLQJ� )RR�� VKRXOG� SDVV� D� UHIHUHQFH� WR� DQ� REMHFW� LPSOHPHQWLQJ
LQWHUIDFH�%DU��7KLV�ZLOO�KDYH�D�VWXE�FUHDWHG�IRU�LW�WKDW�DOVR�LPSOHPHQWV��%DU�
,I�WKH�RULJLQDO�REMHFW�LPSOHPHQWHG�RWKHU�LQWHUIDFHV�DV�ZHOO�DV�%DU��WKHQ�WKLV
ZLOO�QRW�KDYH�DQ\�HIIHFW�RQ�WKH�JHQHUDWLRQ�RI�WKH�VWXE���,Q�SDUWLFXODU�WKH�VWXE
FDQQRW�EH�FDVW�WR�EH�RI�DQRWKHU�FODVV�HYHQ�LI�WKLV�ZDV�SRVVLEOH�ZLWK�WKH�RULJLQDO
REMHFW��7KLV� OLPLWDWLRQ� LV� GXH� WR� VHFXULW\� UHTXLUHPHQWV�� LQ� JHQHUDO� D� FOLHQW
VKRXOG�QRW�EH�DEOH�WR�FRQYHUW�D�QDPH�IRU�RQH�LQWHUIDFH�LQWR�D�QDPH�WR�DQRWKHU
LQWHUIDFH�

$OWKRXJK� WKLV� OLPLWDWLRQ� LV� LPSRVHG� IRU� D� JRRG� UHDVRQ�� LW� FDXVHV� SUREOHPV
ZKHQ�LW�LV�QHFHVVDU\�WR�SDVV�DQ�LQWHUIDFH�JHQHULFDOO\��L�H��E\�SDVVLQJ�LW�DV�LI�LW
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ZHUH�RI�W\SH�2EMHFW��,Q�WKH�ORFDO�FDVH�ZH�PD\�SDVV�DQ�REMHFW�DV�DQ\�LQWHUIDFH
WKDW�LW�LPSOHPHQWV��DQG�WKHQ�FDVW�WKH�REMHFW�EDFN�WR�VRPH�RWKHU�LQWHUIDFH�

)RU�H[DPSOH
 
 public class Baz
 {
   public int method1(Object o)
   {
   Bar b = (Bar) o;
   ...
   }
 }

7KLV�LV�QRW�SRVVLEOH�LI�WKH�FDOO�LV�PDGH�UHPRWHO\�

7KH�7DJJHG� FODVV� LV�D� VROXWLRQ� WR� WKLV�SUREOHP��7KH�7DJJHG� FODVV� LV�XVHG� WR
UHSUHVHQW�D�JHQHULF�UHIHUHQFH�WR�DQ�LQWHUIDFH��WRJHWKHU�ZLWK�WKH�FODVV�RI�WKLV
LQWHUIDFH��:KHQ� LQVWDQFHV� RI� FODVV� 7DJJHG� DUH� VHULDOL]HG� RU� XQVHULDOL]HG�� D
VSHFLDO� WHFKQLTXH� LV� DGRSWHG� VR� WKDW� LW� ZLOO� DOZD\V� EH� SRVVLEOH� WR� FDVW� WKH
UHIHUHQFH�WR�EH�RI�WKH�QDPHG�FODVV�

)RU�H[DPSOH
 
 Bar b;
 Baz z;
 . . .
 z.method2(new Tagged(b,"Bar"));
 
 public class Baz
 {
   public void method2(Tagged a)
   {
   Bar b = (Bar) a.iface;
   ….
   }
 }

7KLV� WHFKQLTXH� LV� XVHG� LQ� WKH� 7UDGHU� GHVFULEHG� LQ� WKH� IROORZLQJ� VHFWLRQ�� $
VKRUWKDQG�FRQVWUXFWRU�PD\�EH�XVHG�IRU�WDJJHG�
 
 new Tagged(obj)

SURGXFHV�D�UHIHUHQFH�WR�WKH�REMHFW�REM�ZKLFK�LV�WDJJHG�ZLWK�WKH�ILUVW�LQWHUIDFH
LPSOHPHQWHG�E\�REM��7KLV�LV�GHILQHG�DV�WKH�ILUVW�LQWHUIDFH�QDPH�WR�DSSHDU�LQ
WKH� ¶LPSOHPHQWV·� FODXVH� RI� REM·V� FODVV� GHILQLWLRQ�� RU� LI� REM� LPSOHPHQWV� QR
LQWHUIDFHV�GLUHFWO\�� WKHQ�WKLV� LV�WKH�ILUVW� LQWHUIDFH� LPSOHPHQWHG�E\� LWV�GLUHFW
VXSHUFODVV��RU�QHDUHVW�DQFHVWRU�WKDW�LPSOHPHQWV�DQ�LQWHUIDFH�
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 3 TEMPORARY API

 3.1 Introduction

,Q�RUGHU�IRU�SURJUDPV�WR�XVH�PDNH�XVH�RI�WKH�)OH[L1HW�IUDPHZRUN�GLUHFWO\��D
WHPSRUDU\�$3,�KDV�EHHQ�GHVLJQHG�WR�PDQDJH�WUDGLQJ�RI�LQWHUIDFHV��7KLV�$3,
LV�XVHG�E\� WKH� WHVW�DQG�GHPRQVWUDWLRQ�SURJUDPV��EXW�GRHV�QRW� IRUP�SDUW� RI
WKH�RYHUDOO�)OH[L1HW�DUFKLWHFWXUH�

 3.2 Trivial Naming API

7KH�VWDWLF�FODVV�8.�FR�DQVD�IOH[LQHW�)1HW7HVW�SURYLGHV�EDVLF�IDFLOLWLHV�IRU
QDPLQJ�LQWHUIDFHV��DQG�UHVROYLQJ�WKHVH�QDPHV�

Name FNetTest.name(Object o)

ZLOO�QDPH�DOO� WKH� LQWHUIDFHV�WR�DQ�REMHFW�R�DQG�UHWXUQ�D�QDPH�ZKLFK�FDQ�EH
UHVROYHG�E\�D� UHPRWH�PDFKLQH��7KH�QDPH� FDQ� EH� FRQYHUWHG� WR� D� VWULQJ� DQG
SULQWHG�WR�WKH�VFUHHQ��RU�ZULWWHQ�WR�D�ILOH�

$Q�H[DPSOH�VHUYHU�
 Class Server
 {
 public static void main(String[] args)
   {
   A a = new AImp();
   // A is an interface
     // AImp is an class that implements this interface
   Object n = FNetTest.name(a);
   System.out.println("Service name =  " + n );
 
 // Don’t let the server exit!
   Thread.currentThread().suspend();
   }
 }

7KH�PHWKRG
 
 Object FNetTest.resolve(String ifaceclass,String name)
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ZLOO�UHVROYH� WKH�QDPH�UHSUHVHQWHG�E\� WKH�VWULQJ�QDPH��7KH�REMHFW�UHWXUQHG
ZLOO� LPSOHPHQWV� WKH� FODVV� LIDFHFODVV� E\� SHUIRUPLQJ� D� UHPRWH� PHWKRG
LQYRFDWLRQ�RQ�WKH�REMHFW�QDPHG�E\�QDPH�

$Q�H[DPSOH�FOLHQW�WR�XVH�WKH�DERYH�VHUYHU�LV

 Class Client
 {
   public static void main(String[] args)
   {
     String name = args[0];
     A a = (A) FNetTest.resolve("A",name);
     int result = a.add(2,3);
     System.out.println("2 + 3 = " + result);
   }
 }

7KH�IXOO�H[DPSOH�PD\�EH�IRXQG�LQ�)OH[L1HW�7HVW&RGH�7HVW&DOO

 3.3 Trivial Trading

$�WULYLDO�WUDGHU�LV�SURYLGHG�WR�DOORZ�FOLHQWV�DQG�VHUYLFHV�WR�ORFDWH�HDFK�RWKHU�
7KH� WUDGHU� VWRUHV� D� PDSSLQJ� EHWZHHQ� QDPHV� DQG� UHIHUHQFHV� WR� H[SRUWHG
LQWHUIDFHV��6HUYLFHV�PD\�DGG�WR�WKLV�GLFWLRQDU\��DQG�FOLHQWV�PD\�UHTXHVW�WKH
LQWHUIDFH�WR�D�VHUYLFH�E\�VXSSO\LQJ� LWV�QDPH��7KLV� LV�QRW� LQWHQGHG�DV�D� IXOO\
IHDWXUHG�WUDGHU��PHUHO\�DV�D�VLPSOH�XWLOLW\�WR�DLG�H[SHULPHQWDWLRQ�

2QO\�RQH�LQWHUIDFH�LV�VWRUHG�SHU�QDPH��DQG�WKH�WUDGHU�GRHV�QRW�SHUIRUP�DQ\
FKHFNLQJ� WR� HQVXUH� WKDW� WKH� REMHFW� WKDW� SURYLGHG� WKH� LQWHUIDFH� LV� VWLOO� LQ
H[LVWHQFH��,I�D��QDPH��UHIHUHQFH��SDLU�LV�DGGHG�WR�WKH�WUDGHU�DQG�WKH�QDPH�LV
DOUHDG\�LQ�XVH��WKH�ROG��QDPH��UHIHUHQFH��SDLU�LV�GLVFDUGHG�

7KH� V\VWHP�SURSHUW\� ´IOH[LQHW�WUDGHUµ� LV�XVHG� WR� HVWDEOLVK� D� UHIHUHQFH� WR
WKH� WUDGHU�� 7KLV�PD\� EH� VHW� E\� GHILQLQJ� LW� RQ� WKH� FRPPDQG� OLQH�ZKHQ� WKH
-DYD�LQWHUSUHWHU�LV�UXQ��7KH�WUDGHU�LWVHOI�PXVW�EH�UXQQLQJ�LQ�RUGHU�IRU�FOLHQWV
DQG�VHUYLFHV�XVLQJ�LW�WR�ZRUN��7\SLFDOO\�WKHUH�LV�RQO\�RQH�WUDGHU��DQG�LW�QHHG
QRW� EH� RQ� WKH� VDPH�PDFKLQH� DV� WKH� FOLHQW� DQG�RU� VHUYHU�� ,I�PRUH� WKDQ� RQH
WUDGHU�LV�UXQQLQJ��WKHQ�HDFK�ZLOO�PDQDJH�D�VHSDUDWH�QDPH�VSDFH��L�H��QDPHV
H[SRUWHG�WR�RQH��FDQQRW�EH�LPSRUWHG�YLD�DQRWKHU�

 3.3.1 Starting the Trader

7KH�WUDGHU�PD\�EH�VWDUWHG�DW�D�UDQGRP�DGGUHVV�XVLQJ�WKH�FRPPDQG
 
 java UK.co.ansa.flexinet.trader.TrivTrader

7KH�DGGUHVV�RI�WKH�WUDGHU�ZLOO�EH�SULQWHG�WR�6\VWHP�RXW
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7R�VWDUW�WKH�WUDGHU�DW�D�SDUWLFXODU�DGGUHVV��XVH�WKH�FRPPDQG
 
 java -Dflexinet.trader=<address >
      UK.co.ansa.flexinet.trader.TrivTrader

ZKHUH��DGGUHVV!�LV�WKH�DGGUHVV�JLYHQ�E\�D�SUHYLRXV�LQFDUQDWLRQ�RI�WKH�WUDGHU�
ZKHQ�UXQ�RQ�WKH�VDPH�PDFKLQH��1RWH��7KH�WUDGHU�PD\�EH�XQDEOH�WR�XVH�WKLV
DGGUHVV�� IRU� H[DPSOH� LI� WKH� SURWRFRO� EHLQJ� XVHG� UHTXLUHV� DFFHVV� WR� D� VRFNHW
WKDW�LV�LQ�XVH��,I�WKH�WUDGHU�FDQQRW�XVH�WKH�DGGUHVV�JLYHQ��LW�ZLOO�IDLO�

 3.3.2 Exporting an interface to the Trader

$�VHUYLFH�PD\�H[SRUW�DQ�LQWHUIDFH�RQ�DQ\�REMHFW�WR�WKH�WUDGHU�E\�FDOOLQJ�RQH
WKH�VWDWLF�PHWKRGV
 
 void FNetTrader.put(String name,Object obj,
                       String ifaceclass)
RU
 void FNetTrader.put(String name,Object obj)
 

ZKHUH�QDPH�LV�WKH�QDPH�WKH�LQWHUIDFH�LV�WR�EH�FDOOHG�LQ�WKH�WUDGHU��IRU�H[DPSOH
´0\6HUYLFHµ��REM�LV�WKH�REMHFW�LPSOHPHQWLQJ�WKH�LQWHUIDFH�WR�EH�H[SRUWHG�DQG
LIDFHFODVV�LV�WKH�FODVV�RI�WKH�LQWHUIDFH�WR�EH�H[SRUWHG��,I�WKH�LQWHUIDFH�FODVV
LV� RPLWWHG�� WKHQ� WKH� ILUVW� LQWHUIDFH� LPSOHPHQWHG� E\� REM� ZLOO� EH� XVH� �DV
GHVFULEHG� LQ� VHFWLRQ� ������� $Q\� VWULQJ� PD\� EH� XVHG� DV� WKH� QDPH� IRU� DQ
LQWHUIDFH��KRZHYHU�LI�WZR�RU�PRUH�VHUYLFHV�XVH�WKH�VDPH�QDPH��WKHQ�WKH�ODVW
VHUYLFH�WR�H[SRUW�DQ�LQWHUIDFH�WR�WKH�WUDGHU�ZLOO�GLVSODFH�WKH�RWKHU�LQWHUIDFHV�

8.�FR�DQVD�IOH[LQHW�WUDGHU�)1HW7UDGHU�� LV�VLPSO\�D�VWDWLF�ZUDSSHU� FODVV
IRU�WKH�7UDGHU�LQWHUIDFH�WKDW�GHDOV�ZLWK�WKH�LQLWLDO�ELQGLQJ�WR�WKH�WUDGHU�DQG
KLGHV�WKH�XVH�RI�WKH�7DJJHG�FODVV��$�FOLHQW�RU�VHUYHU�PD\�RI�FRXUVH�FKRRVH�QRW
WR�XVH�WKLV�ZUDSSHU�FODVV�

&OLHQWV�DQG�VHUYLFHV�ZLVKLQJ�WR�XVH�WKH�WUDGHU�PXVW�KDYH�WKH�DGGUHVV�RI�WKH
WUDGHU�VHW� LQ�WKH�V\VWHP�SURSHUWLHV��)RU�6XQ·V�-DYD� LQWHUSUHWHU� WKLV�PD\�EH
GRQH�E\�XVLQJ�WKH��'�IODJ��)RU�H[DPSOH
 
 java -Dflexinet.trader=<address> MyServiceClass

 3.3.3 Importing an interface from the Trader

$�FOLHQW�PD\�LPSRUW�DQ�LQWHUIDFH�IURP�WKH�WUDGHU�E\�FDOOLQJ�WKH�VWDWLF�PHWKRG
 
 Object FNetTrader.get(String name)

:KHUH� QDPH� LV� WKH� QDPH� WKH� LQWHUIDFH� WR� EH� LPSRUWHG� ZDV� JLYHQ� LQ� WKH
FRUUHVSRQGLQJ�SXW�FDOO��7KH�REMHFW�UHWXUQHG�VKRXOG�WKHQ�EH�FDVW�WR�EH�RI�WKH
DSSURSULDWH�LQWHUIDFH�FODVV�
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 4 EXAMPLE APPLICATIONS AND APPLETS

 4.1 Introduction

:LWK�WKH�)OH[L1HW�FRGH�DUH�D�QXPEHU�RI�H[DPSOH�DSSOLFDWLRQV�WR�GHPRQVWUDWH
KRZ� WR� XVH� WKH� 25%� IUDPHZRUN�� DQG� WR� DOORZ� VRPH� VLPSOH� SHUIRUPDQFH
PHDVXUHPHQWV�WR�EH�WDNHQ��(DFK�H[DPSOH�LW�LQ�LWV�RZQ�GLUHFWRU\�DQG�W\SLFDOO\
FRQVLVWV�RI�WZR�ILOHV�&OLHQW�MDYD�DQG�6HUYHU�MDYD��:LWK�HDFK�H[DPSOH� LV�D
5HDG0H�W[W�ILOH�H[SODLQLQJ�KRZ�WR�XVH�LW�

 4.2 FlexiNet and Applets

7KHUH� LV� QRWKLQJ� LQKHUHQW� LQ� WKH� GHVLJQ� RI� )OH[L1HW� WKDW� SUHYHQWV� LW� IURP
EHLQJ�XVHG�IURP�ZLWKLQ�DSSOHWV��DV�ZHOO�DV�DSSOLFDWLRQV��+RZHYHU�GXH�WR�WKH
VHFXULW\� UHVWULFWLRQV� SODFHG� XSRQ� DSSOHWV� E\� DSSOHW� YLHZHUV�EURZVHUV�� WKHUH
DUH�D�QXPEHU�RI�SRLQWV�WR�QRWH�

��� )OH[L1HW�UHTXLUHV�-'.������)OH[L1HW�XVH� LQ�DSSOHWV�KDV�RQO\�EHHQ� WHVWHG
XVLQJ�6XQ·V�DSSOHWYLHZHU���������

��� 7KH�)OH[L1HW�OLEUDULHV�PXVW�EH�SUHVHQW�RQ�WKH�EURZVHU·V�&/$663$7+��7KLV
LV�EHFDXVH�ORFDOO\�ORDGHG�FRGH�KDV� LV�DEOH�WR�DFFHVV�WKH�QHWZRUN��ZKHUHDV
FRGH�ORDGHG�UHPRWHO\�PD\�QRW��LQ�JHQHUDO��

��� 'XULQJ�H[HFXWLRQ��)OH[L1HW�ZLOO�GHWHFW�WKDW�LW�LV�UXQQLQJ�XQGHU�D�EURZVHU�
DQG�ZLOO�WDNH�VSHFLDO�DFWLRQ�WR�FLUFXPYHQW�WKH�QRUPDO�VHFXULW\�UHVWULFWLRQV
WKDW�ZRXOG�EH�SODFHG�RQ�D�UHPRWHO\�ORDGHG�DSSOHW��7KHUH�LV�D�SHUIRUPDQFH
KLW� RI� WZR� WKUHDG� VZLWFKHV� SHU� SDFNHW� VHQW� DVVRFLDWHG�ZLWK� WKLV�� 7KLV� LV
HTXLYDOHQW� WR�DSSUR[LPDWHO\����PV�SHU� UHPRWH� LQYRFDWLRQ� LI� HLWKHU� RI� WKH
VHUYHU� RU� FOLHQW� LV� DQ� DSSOHW�� DQG� �PV� LI� ERWK� WKH� FOLHQW� DQG� VHUYHU� DUH
DSSOHWV�

��� ,03257$17�%\�SODFLQJ�)OH[L1HW�RQ�WKH�EURZVHU·V�&/$663$7+��WKH�IDFLOLW\
WR�VHQG�GDWD�WR�DQ\�KRVW�RQ�WKH�,QWHUQHW�LV�PDGH�DYDLODEOH�WR�DQ\�DSSOHW�
(IIHFWLYHO\�� )OH[L1HW� FKDQJHV� WKH� EURZVHU·V� VHFXULW\� SROLF\� WR� DOORZ
QHWZRUN�DFFHVV� IRU�DOO�DSSOHWV��)OH[L1HW�DOVR�DOORZV�DSSOHWV� WR�GHWHUPLQH
WKH�,3�DGGUHVV�RI�WKH�KRVW�RQ�ZKLFK�WKH\�DUH�UXQQLQJ�

7KH�GUDIW�VSHFLILFDWLRQ�RI� �-'.�����LQFOXGHV�FKDQJHV�WR�WKH�ZD\�LQ�ZKLFK
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DSSOHW�VHFXULW\�LV�PDQDJHG��VR�WKDW�WKH�FXUUHQW�DSSOHW�VSHFLILF�PHFKDQLVPV
ZRXOG�QRW�EH�UHTXLUHG�

��� :KHQ� REMHFWV�� RU� UHIHUHQFHV� WR� LQWHUIDFHV� DUH� SDVVHG� EHWZHHQ� )OH[L1HW
FOLHQWV� DQG� VHUYHUV�� WKH� FODVVHV� RI� WKH� REMHFWV� DQG� LQWHUIDFHV� PXVW� EH
DYDLODEOH�WR�WKH�)OH[L1HW�FRGH��%\�GHIDXOW��)OH[L1HW�FDQ�RQO\�DFFHVV�FODVVHV
RQ�WKH�EURZVHU·V�&/$663$7+��7R�DOORZ�DFFHVV�IURP�RWKHU�FODVV�UHSRVLWRULHV
�H�J��7KH�DSSOHW·V�VRXUFH�GLUHFWRU\��XVH�WKH�VWDWLF�PHWKRG

��)1HW7HVW�DGG&RGH%DVH�&ODVV/RDGHU�ORDGHU�

RU
)1HW7HVW�DGG&RGH%DVH�2EMHFW�R�

// Allow classes from same location as O

$OWHUQDWLYHO\� WKH� DSSOHW� FDQ� EH� PDGH� WR� LQKHULW� IURP
8.�FR�DQVD�IOH[LQHW�)OH[L1HW$SSOHW��UDWKHU�WKDQ�MDYD�DSSOHW�$SSOHW

 4.3 Example Programs

 4.3.1 TestCall

7KLV� LV� WKH� VLPSOHVW� WHVW�� DQG� SHUIRUPV� VLPSOH� 53&V� EHWZHHQ� D� FOLHQW
DSSOLFDWLRQ� DQG� D� VHUYHU� DSSOLFDWLRQ��1R� WUDGHUV� RU� RWKHU� QHWZRUN� VHUYLFHV
DUH�LQYROYHG�

 4.3.2 AppletTest

7KLV� LV� D� YHUVLRQ� RI� 7HVW&DOO�ZKHUH� WKH� FOLHQW� DQG� VHUYHU� DUH� ERWK� DSSOHWV�
7KH� FOLHQW� IURP�7HVW&DOO� FDQ� EH� XVHG�ZLWK� WKH� VHUYHU� IURP�$SSOHW7HVW� DQG
YLVD�YHUVD�

 4.3.3 TestRefPassing

7KLV� LV� DQ� H[WHQVLRQ� RI� 7HVW&DOO� ZKHUH� WKH� FOLHQW� SDVVHV� WKH� VHUYHU� D
UHIHUHQFH� WR� DQ� LQWHUIDFH� WR� DQ� REMHFW� RQ� WKH� FOLHQW�� DQG� WKHQ� LQYRNHV� D
PHWKRG�RQ�WKDW�LQWHUIDFH�

 4.3.4  AppletTestRefPassing

7KLV�LV�WKH�DSSOHW�YHUVLRQ�RI�7HVW5HI3DVVLQJ��7KH�FOLHQW�IURP�7HVW5HI3DVVLQJ
FDQ�EH�XVHG�ZLWK�WKH�VHUYHU�IURP�$SSOHW7HVW5HI3DVVLQJ�DQG�YLVD�YHUVD�

 4.3.5 ChineseWhispers

7KLV� LV� D� PRUH� HODERUDWH� UHIHUHQFH� SDVVLQJ� H[DPSOH�� 7KH� FOLHQW� LQYRNHV� D
PHWKRG�RQ�WKH�VHUYHU��DQG�SDVVHV�D�UHIHUHQFH�WR�D�ORFDO�LQWHUIDFH��7KH�VHUYHU
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LQYRNHV�D�PHWKRG�RQ�WKLV�LQWHUIDFH�DQG�WKHQ�UHWXUQV�WKH�UHVXOW�WR�WKH�FOLHQW�
7KLV�GHPRQVWUDWHV�DSSOLFDWLRQV�DFWLQJ�DV�FOLHQWV�DQG�VHUYHUV�VLPXOWDQHRXVO\
�LQ�WKH�53&�VHQVH��DQG�WKH�QHVWLQJ�RI�FDOOV�

 4.3.6 TestTrader

7KLV� H[DPSOH� GHPRQVWUDWHV� KRZ� D� QHWZRUN� VHUYLFH� FDOOHG� D� WUDGHU� FDQ� EH
XVHG�WR�DOORZ�D�FOLHQW�WR�ORRNXS�WKH�QHWZRUN�DGGUHVV�RI�D�VHUYHU��7KH�VHUYHU
H[SRUWV�DQ� LQWHUIDFH�WR�WKH�WUDGHU��JLYLQJ� LW�D� WH[WXDO�QDPH��7KH�FOLHQW� WKHQ
ORRNXSV� WKH� QDPH� LQ� WKH� WUDGHU� DQG� LPSRUWV� LW�� %RWK� WKH� FOLHQW� DQG� VHUYHU
PXVW� EH� JLYHQ� WKH� QHWZRUN� DGGUHVV� RI� WKH� WUDGHU�� VR� WKDW� WKH\� PD\
FRPPXQLFDWH�ZLWK�LW��7KLV�LV�GRQH�E\�VHWWLQJ�D�-DYD�SURSHUW\�

2QFH� WKH� FOLHQW� KDV� ORFDWHG� WKH� VHUYHU�� LW� SHUIRUPV� D� VLPSOH� PHWKRG
LQYRFDWLRQ�

 4.3.7 SoakTest

7KLV� LV� D� VLPSOH� VRDN� WHVW� WR� GHPRQVWUDWH� WKH�SHUIRUPDQFH� RI� ORQJ� UXQQLQJ
VHUYHUV�ZLWK� ODUJH�QXPEHUV�RI�FOLHQWV��,W�DOVR�VLPXODWHV�QHWZRUN�IDLOXUHV�E\
RFFDVLRQDOO\� SDXVLQJ� IRU� XS� WR� D� PLQXWH�� 7KLV� WHVWV� WKH� UHWUDQVPLVVLRQ
PHFKDQLVPV� SUHVHQW� LQ� WKH� 53&� SURWRFRO�� 7KH� VHUYHU� PDLQWDLQV� D� OLVW� RI
DFWLYH� FOLHQWV�� DQG� IRU� HDFK� YDOLGDWHV� HDFK� FDOO� WR� HQVXUH� WKDW� QR�PHVVDJHV
KDYH� EHHQ� GXSOLFDWHG� RU� ORVW�� $Q\� QXPEHU� RI� FOLHQWV� PD\� EH� VWDUWHG� RU
GHVWUR\HG�DW�ZLOO�

%RWK�WKH�FOLHQW�DQG�WKH�VHUYHU�DFWLYHO\�FDOO�WKH�-DYD�JDUEDJH�FROOHFWRU��VR�WKDW
WKH�DPRXQW�RI�PHPRU\�FRQVXPHG�E\�WKH�SURFHVVHV�PD\�EH�PRQLWRUHG�

6RDN�WHVW�FOLHQWV�PDNH�XVH�RI�WKH�7UDGHU�WR�ORFDWH�WKH�VHUYHU�

 4.3.8 TestPerformance

7KLV�WHVW�SHUIRUPV�UHSHDWHG�VLPSOH�LQYRFDWLRQV�EHWZHHQ�FOLHQW�DQG�VHUYHU��,W
ZDV�XVHG�WR�SURGXFH�WKH�SHUIRUPDQFH�ILJXUHV�JLYHQ�LQ�VHFWLRQ����

 4.3.9 RMIPerformance

7KLV�H[DPSOH�KDV�LGHQWLFDO�IXQFWLRQDOLW\�WR�7HVW3HUIRUPDQFH��EXW�XVHV�6XQ·V
50,�UDWKHU� WKDQ� WKH�)OH[L1HW�25%��$V�ZHOO�DV�EHLQJ�XVHG� IRU� FRPSDUDWLYH
SHUIRUPDQFH��WKLV�FRGH�LOOXVWUDWHV�WKH�DGGLWLRQDO� ¶FRGH�SROOXWLRQ·�UHTXLUHG�IRU
50,�
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 5 SUMMARY

7KLV� GRFXPHQW� KDV� RXWOLQHG� WKH� EDVLF� 25%� IUDPHZRUN� GHVLJQHG� DV� D� WHVW
EHQFK�IRU�WKH�)OH[L1HW�$UFKLWHFWXUH��7KH�NH\�IHDWXUHV�RI�WKLV�IUDPHZRUN�DUH
WUDQVSDUHQW�UHPRWH�PHWKRG�LQYRFDWLRQ��DQG�WKH�DELOLW\� WR�FRQVWUXFW�SURWRFRO
VWDFNV� G\QDPLFDOO\�� 7KH� )OH[L1HW� SURMHFW� LV� FXUUHQWO\� LQYHVWLJDWLQJ� KRZ� D
SROLF\� DQQRWDWHG� GHVFULSWLRQ� RI� DSSOLFDWLRQ� FRPSRQHQW� LQWHUDFWLRQ� FDQ� EH
XVHG�WR�DXWRPDWLFDOO\�FKRRVH�ZKHUH�WR�SODFH�DSSOLFDWLRQ�FRPSRQHQWV��DQG�KRZ
WR�ELQG�WKHP�WRJHWKHU�
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