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Abstract

In this paper we report research in progress on a flexible binding architecture. We define the concepts
of  bindings, activation of bindings and policies for protocol choice,  resource management strategices
etc. for channels representing binding-activations. The activation of a binding and the choice of policies
may also be governed by meta-policies. An engineering model has been sketched and an
experimental framework has partly been designed and implemented. It is demonstrated how we can do
lazy binding and explicit binding, using the framework.  The model and design are centred around the
idea of reflective proxy objects and policies represented as binders, activators and meta-objects.
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 1 Introduction

7KH�)OH[L1HW�2SHQ�25%�IUDPHZRUN�>+D\WRQ��@�PD\�EH�YLHZHG�DV�DQ
H[WHQVLEOH�PLFURNHUQHO��VHH�>+DQVVHQ��@���,W�SURYLGHV�D�IUDPHZRUN�IRU
ELQGLQJ��DQG�QDPLQJ��SOXV�D�VWXE�JHQHUDWRU�DQG�WKH�QHFHVVDU\�EXLOGLQJ
EORFNV�IRU�FUHDWLQJ�53&�FKDQQHOV��7KH�DFWXDO�ELQGLQJ�PHFKDQLVPV�PD\�EH
DGGHG�DV�H[WHQVLRQV��7KLV�DOORZV�GLIIHUHQW�ELQGLQJ�SROLFLHV�DQG�ELQGLQJ�
PRGHOV�WR�EH�XVHG�ZLWK�WKH�53&�IUDPHZRUN�

7KH�)OH[L1HW�2SHQ�25%�IUDPHZRUN�FXUUHQWO\�VXSSRUWV�D�VLPSOH�ELQGLQJ
PRGHO��FORVHO\�FRQQHFWHG�WR�QDPLQJ��1DPHV�DUH�VLPSO\�UHVROYHG�WR�VWXEV�WKDW
KDYH�D�VWDQGDUG�53&�SURWRFRO�VWDFN�DFWLYDWHG�DQG�DWWDFKHG�WR�WKHP��:H�DUH
LQWHUHVWHG�LQ�H[WHQVLRQV�WR�WKH�IUDPHZRUN�WKDW�VXSSRUW�

♦ $OWHUQDWLYH�SROLFLHV�IRU�ZKHQ�ELQGLQJV�DUH�DFWLYDWHG��RU�SDVVLYDWHG��LQ
WKH�VHQVH�WKDW�UHVRXUFHV�DUH�DOORFDWHG��SURWRFRO�VWDFNV��EXIIHUV�HWF���LQ
SDUWLFXODU�OD]\�ELQGLQJ��L�H��ZKHQ�WKH�DFWLYDWLRQ�RI�D�ELQGLQJ�LV�GHIHUUHG
XQWLO�WKH�ILUVW�DWWHPSW�LV�PDGH�WR�LQYRNH�RSHUDWLRQV�

♦ ([SOLFLW�ELQGLQJ��L�H���ELQGLQJ�LV�QRW�DFWLYDWHG�XQWLO�H[SOLFLWO\�UHTXHVWHG�
([SOLFLW�ELQGLQJ�DOVR�DOORZV�ELQGLQJV�WR�EH�SDUDPHWULVHG��GHQRWLQJ
UHTXLUHPHQWV�IRU�QRQ�IXQFWLRQDO�SURSHUWLHV��4R6��RU�VLPSO\�D�SROLF\�IRU
KRZ�WKH�FKDQQHO�VKRXOG�EH�FRQVWUXFWHG�

:H�DUH�LQWHUHVWHG�LQ�VXSSRUW�IRU�SROLF\�JRYHUQHG�ELQGLQJV�LQ�D�ZLGHU�VHQVH�
ZKHUH�SROLFLHV�DUH�H[WHQVLRQV�WKDW�FDQ�EH�G\QDPLFDOO\�DSSOLHG�WR�DSSOLFDWLRQV�
)LUVW��ZH�VKRXOG�VXSSRUW�GLIIHUHQW�SROLFLHV�IRU�KRZ�HDFK�ELQGLQJ�DFWLYDWLRQ�LV
GRQH��7KLV�W\SLFDOO\�PHDQV�FKRLFH�RI�SURWRFROV�DQG�UHVRXUFH�PDQDJHPHQW�WR
PHHW�FHUWDLQ�UHTXLUHPHQWV�IRU�QRQ�IXQFWLRQDO�SURSHUWLHV�RI�WKH�ELQGLQJ
�4XDOLW\�RI�6HUYLFH���6HFRQG��ZH�VKRXOG�DOORZ�PHWD�SROLFLHV�WKDW�JRYHUQ�WKH
DFWLYDWLRQ�DQG�SDVVLYDWLRQ�RI�D�ELQGLQJ�DQG�WKH�FKRLFH�RI�SROLF\�IRU
DFWLYDWLRQV�

 1.1 Purpose

7KH�SXUSRVH�RI�WKLV�SDSHU�LV�WR�UHSRUW�WKH�SURJUHVV�RI�LQYHVWLJDWLQJ�KRZ�ZH
FDQ�GHVLJQ�H[WHQVLRQV�WR�WKH�)OH[L1HW�2SHQ�25%�IUDPHZRUN�WKDW�VXSSRUW
SROLF\�JRYHUQHG�ELQGLQJV�
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 1.2 Report summary

,Q�VHFWLRQ���ZH�FODULI\�WKH�PHDQLQJ�RI�WKH�FRQFHSWV�RI�ELQGLQJV��ELQGLQJ�
DFWLYDWLRQ�DQG�SROLFLHV�

,Q�VHFWLRQ���ZH�GHVFULEH�WKH�IRXQGDWLRQV�RI�DQ�HQJLQHHULQJ�PRGHO�IRU�D
IUDPHZRUN�WKDW�VXSSRUWV�OD]\�ELQGLQJ�DQG�ELQGLQJ�PDQDJHPHQW��)LUVW��D
VLPSOH�DSSURDFK�WR�OD]\�ELQGLQJ�LV�EULHIO\�GHVFULEHG��WKHUHDIWHU�ZH�LQWURGXFH
D�PRUH�IOH[LEOH�DSSURDFK�LQFOXGLQJ�UHIOHFWLYH�SUR[\�REMHFWV�WKDW�UHSUHVHQW�WKH
ELQGLQJV�

7KLV�HQJLQHHULQJ�PRGHO�LV�PDSSHG�WR�WKH�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�DQ
H[SHULPHQWDO�ELQGLQJ�IUDPHZRUN�IRU�)OH[L1HW��7KLV�LV�PDLQO\�EDVHG�RQ
SUR[LHV��ELQGHUV��DFWLYDWRUV�DQG�HQYLURQPHQW�LQWHUIDFHV��,Q�VHFWLRQ���ZH
SUHVHQW�WKH�HVVHQWLDOV�RI�WKH�GHVLJQ��ZH�GLVFXVV�WKH�PRVW�LPSRUWDQW�DVSHFWV�RI
XVLQJ�LW�DQG�H[WHQGLQJ�LW�ZLWK�FRQFUHWH�SROLFLHV�

 1.3 Acknowledgements

7KH�DXWKRU�RI�WKLV�UHSRUW�LV�VHFRQGHG�WR�WKH�$16$�3KDVH�,,,�SURJUDPPH�E\
WKH�8QLYHUVLW\�RI�7URPVR�DQG�LV�VXSSRUWHG�E\�D�1$72�6FLHQFH�)HOORZVKLS
WKURXJK�WKH�1RUZHJLDQ�5HVHDUFK�&RXQFLO�JUDQW�QR�������������

7KDQNV�WR�$QGUHZ�+HUEHUW��5LFKDUG�+D\WRQ�DQG�0DWKHZ�)DXSHO�IRU�YDOXDEOH
FRPPHQWV�
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 2 Concepts

,Q�WKLV�VHFWLRQ�ZH�FODULI\�WKH�PHDQLQJ�RI�WKH�FRQFHSWV�RI�ELQGLQJV��ELQGLQJ�
DFWLYDWLRQV�DQG�SROLFLHV�

 2.1 Interface references1

,QWHUIDFH�UHIHUHQFHV�DUH�YDOXHV�ZKLFK�DUH�RIIHUHG�WR�FOLHQW�SURJUDPV�DV
XQLTXH�LGHQWLILHUV�IRU��SRVVLEO\�UHPRWH��REMHFW�LQWHUIDFHV��7KH\�DUH�ZKDW
FOLHQW�SURJUDPV�XVH�WR�UHIHUHQFH�WKRVH�REMHFWV�RU�VSHFLILF�LQWHUIDFHV�WR�WKHP�
,Q�REMHFW�RULHQWHG�ODQJXDJHV�OLNH�-DYD�RU�&����DQ�LQWHUIDFH�UHIHUHQFH�LV
W\SLFDOO\�DQ�REMHFW�ZKLFK�KDV�D�VHW�RI�PHWKRGV�WKDW�FRUUHVSRQGV�WR�WKH
LQWHUIDFH��VWXE�REMHFWV��DQG�ZKLFK�HQFDSVXODWHV�WKH�QDPHV�DQG�SURWRFROV�WKDW
DUH�QHHGHG�WR�EH�DEOH�WR�UHDFK�WKH�REMHFW
V�LPSOHPHQWDWLRQ�

$�SUR[\�LV�DQ�REMHFW�UHSUHVHQWLQJ�WKH�UHPRWH�LQWHUIDFH�RU�REMHFW��7KH�SUR[\
NQRZV�KRZ�WKH�LQWHUIDFH�LV�UHDFKHG��7KH�FRQFHSW�RI�SUR[\�REMHFWV�LV
LQGHSHQGHQW�RI�KRZ�LQWHUIDFH�UHIHUHQFHV�DUH�UHSUHVHQWHG�LQ�VSHFLILF�ODQJXDJH
ELQGLQJV�RU�$3,V��,I�DQ�LQWHUIDFH�UHIHUHQFH�LV�UHSUHVHQWHG�DV�D�VWXE�REMHFW��LW
HQFDSVXODWH�RU�UHIHUHQFH�WKH�SUR[\���$OWHUQDWLYHO\��WKH�LQWHUIDFH�UHIHUHQFH
PLJKW�EH�MXVW�D�SRLQWHU�WR�D�SUR[\2���7KLV�SRLQWHU�PLJKW�EH�XVHG�DV�DUJXPHQW
WR�VWXE�PHWKRGV�

 2.2 Binding

%LQGLQJ�LV�WKH�DVVRFLDWLRQ�RI�D�SUR[\��UHSUHVHQWLQJ�WKH��UHPRWH�REMHFW���WR�WKH
FOLHQW�SURJUDP��,W�DOVR�LQYROYHV�WKH�DFWLYDWLRQ�RI�D�FRPPXQLFDWLRQ�SDWK�WR�WKH
UHPRWH�REMHFW��+RZHYHU��WKH�DFWLYDWLRQ�PD\�EH�GHIHUUHG�WR�ODWHU��L�H��HLWKHU
ZKHQ�DVNHG�H[SOLFLWO\�WR��H[SOLFLW�ELQGLQJ���RU�ZKHQ�WKH�ILUVW�LQYRFDWLRQ
DWWHPSW�LV�PDGH��OD]\�ELQGLQJ��

                                                          

1 Here, the term ‘interface-reference’ refers to what is seen by client-programmers to access object-interfaces
(represented as some kind of object or value type). It may also refer to something that is exchangeable
between separate components in a distributed environment to uniquely identify object-interfaces. This duality
may be confusing.

2 This is how it is typically done in non-object-oriented languages. See for instance ANSAware’s interface
references. In client programs they are just pointers to data-structures containing the nececssary information
needed to reach the remote interface.
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7KH�IROORZLQJ�FRQFHSWXDO�RSHUDWLRQV�VKRXOG�EH�VXIILFLHQW�WR�GHVFULEH�ZKDW
KDSSHQV�EHWZHHQ�WKH�FOLHQW�DSSOLFDWLRQ�SURJUDP�DQG�WKH�V\VWHP�WKDW
HQJLQHHU�WKH�ELQGLQJV�

♦ %LQG���'HILQHV�D�ELQGLQJ�EHWZHHQ�D�FOLHQW�SURJUDP�DQG�WKH�REMHFW��7KH
%LQG�RSHUDWLRQ�WDNHV�DQ�LGHQWLILFDWLRQ�RI�WKH�REMHFW��H�J��D�QDPH�DQG
UHWXUQV�DQ�LQWHUIDFH�UHIHUHQFH�WR�WKH�FOLHQW�WKDW�PD\�EH�XVHG�WR�LQYRNH
RSHUDWLRQV�RQ�WKH�REMHFW�

♦ 8QELQG���XQELQGV�DQ�REMHFW�UHIHUHQFH��7KLV�LV�XVXDOO\�GRQH�LPSOLFLWO\
ZKHQ�WKH�LQWHUIDFH�UHIHUHQFH�LV�JDUEDJH�FROOHFWHG�

♦ ,QYRNH���LQYRNH�DQ�RSHUDWLRQ�RQ�WKH�UHPRWH�REMHFW�

%LQGLQJ�LV�XVXDOO\�LPSOLFLW��L�H��E\�LQYRNLQJ�RSHUDWLRQV�WKDW�UHWXUQV�LQWHUIDFHV
WR�REMHFWV��ELQGLQJ�ZLOO�EH�GRQH�LPSOLFLWO\��)RU�HDFK�REMHFW�LQWHUIDFH�WKDW�LV
UHWXUQHG�IURP�WKH��UHPRWH��LQYRFDWLRQ��DQ�LQWHUIDFH�UHIHUHQFH�ZLOO�EH
UHWXUQHG�WR�WKH�FOLHQW�SURJUDP�

 2.3 Activation

$FWLYDWLRQ�PHDQV�WKDW�UHVRXUFHV�DUH�DOORFDWHG�WR�WKH�REMHFW�DQG�WKH
FRPPXQLFDWLRQ�SDWK�EHWZHHQ�WKH�FOLHQW�DQG�WKH�REMHFW��VR�WKDW�LQYRFDWLRQV
PD\�EH�FDUULHG�RXW��7KLV�W\SLFDOO\�LQYROYHV�ORDGLQJ�WKH�REMHFW��DQG�LWV�FODVV�
LQWR�PHPRU\��DFWLYDWLQJ��RU�DOORFDWLQJ��SURWRFRO�VWDFNV�DQG�RWKHU�UHOHYDQW
UHVRXUFHV��$FWLYDWLRQ�PD\�DOVR�PHDQ�ORDGLQJ�WKH�REMHFW�RU�UHOHYDQW�SDUWV�RI�LW
LQWR�WKH�FOLHQW
V�DGGUHVV�VSDFH�

$FWLYDWLRQ�LV�GRQH�DFFRUGLQJ�WR�VRPH�SROLF\��ZKLFK�PD\�EH�YHU\�GLIIHUHQW��GXH
WR�GLIIHUHQW�ZD\V�WR�LPSOHPHQW�REMHFWV�DQG�GXH�WR�GLIIHUHQW�UHTXLUHPHQWV�IRU
QRQ�IXQFWLRQDO�SURSHUWLHV��TXDOLW\�RI�VHUYLFH��IRU�WKH�ELQGLQJV��:KHQ�DQ�REMHFW
LV�ERXQG�WR�WKH�FOLHQW��WKH�REMHFW�ZLOO�EH�UHSUHVHQWHG�E\�D�SUR[\�REMHFW�ZKLFK
NQRZ�WKH�REMHFW
V��ORFDO��UHSUHVHQWDWLRQ��LI�LW
V�DFWLYH��W\SLFDOO\�D
QDPH�DGGUHVV�LI�LW
V�UHPRWH��RU�DOWHUQDWLYHO\��KRZ�WKH�REMHFW�VKRXOG�EH
DFWLYDWHG�

 2.4 Policies

$�ELQGLQJ�ZLOO�EH�DVVRFLDWHG�ZLWK�D�SROLF\�WKDW�WHOOV�KRZ�WKH�ELQGLQJ�LV
DFWLYDWHG�WR�PHHW�FHUWDLQ�QRQ�IXQFWLRQDO�UHTXLUHPHQWV��7KH�SROLF\�W\SLFDOO\
FDSWXUHV�LPSOHPHQWDWLRQ�LVVXHV�OLNH�FKRLFH�RI�SURWRFROV��UHVRXUFH
PDQDJHPHQW�VWUDWHJLHV�HWF���([DPSOHV�RI�SROLFLHV�LQFOXGH�

♦ 8VH�RI�D�VKDUHG�VWDQGDUG�53&�FKDQQHO�

♦ &UHDWLRQ�RI�D�QHZ�SURWRFRO�VWDFN�IRU�HDFK�ELQGLQJ��ZLWK�FHUWDLQ
DOORFDWLRQV�RI�UHVRXUFHV�WR�HDFK�FKDQQHO��WR�PHHW�UHDO�WLPH
UHTXLUHPHQWV�

♦ 8VH�RI�DXWKHQWLFDWLRQ�RI�WKH�FOLHQW��WKH�VHUYHU�RU�ERWK�ZKHQ�DFWLYDWLQJ
WKH�ELQGLQJ�
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♦ 8VH�RI�HQFU\SWLRQ��XVLQJ�D�SHU�DFWLYDWLRQ�VHVVLRQ�NH\�

♦ 7KH�ORJJLQJ�RI�HDFK�LQYRFDWLRQ�DW�WKH�ELQGLQJ�

♦ $GGLQJ�WUDQVDFWLRQDO�VHPDQWLFV�WR�WKH�ELQGLQJ��E\�XVLQJ�WKH�QHFHVVDU\
PHFKDQLVPV�DQG�SURWRFROV�

 2.4.1 Meta-Policies

:H�PD\�DOVR�QHHG�SROLFLHV�IRU�KRZ�DFWLYDWLRQV�RI�ELQGLQJV�DUH�PDQDJHG�DQG
IRU�WKH�FKRLFH�RI�DQG��SRVVLEO\��G\QDPLF�UHSODFHPHQW�RI�ELQGLQJ�SROLFLHV�DV�D
UHVSRQVH�WR�FKDQJLQJ�HQYLURQPHQW���QRQ�IXQFWLRQDO�UHTXLUHPHQWV�DQG�XVDJH
SDWWHUQV���:H�WKHUHIRUH�LQWURGXFH�WKH�FRQFHSW�RI�PHWD�SROLFLHV��SROLFLHV�IRU
XVLQJ�SROLFLHV���([DPSOHV�RI�PHWD�SROLFLHV�LQFOXGH�

♦ 3DVVLYDWLRQ�RI�WKH�ELQGLQJ�DIWHU�D�FHUWDLQ�WLPH�RI�LQDFWLYLW\�

♦ 3UH�DFWLYDWLRQ�RI�ELQGLQJV�ZKLFK�DUH�OLNHO\�WR�EH�XVHG�LQ�QHDU�IXWXUH�

♦ &KDQJLQJ�SROLFLHV�G\QDPLFDOO\�WR�DGDSW�WR�FKDQJLQJ�UHVRXUFH
DYDLODELOLW\��XVDJH�SDWWHUQV�DQG�4XDOLW\�RI�6HUYLFH�IURP�WKH�QHWZRUN�
7KLV�PD\�DOVR�LQFOXGH�SROLFLHV�IRU�GHJUDGDWLRQ�RI�WKH�4R6�GHOLYHUHG�WR
WKH�DSSOLFDWLRQ�

$QRWKHU�H[DPSOH�RI�D�PHWD�SROLF\�LV�D�SHUPDQHQW�REMHFW�PDQDJHPHQW�SROLF\
�VHH�H�J��>+DQVVHQ��@���$�SHUVLVWHQW�REMHFW�PD\�KDYH�WHPSRUDU\�LGHQWLW\��L�H�
LW�ZLOO�W\SLFDOO\�KDYH�D�GLIIHUHQW�DGGUHVV�IRU�HDFK�DFWLYDWLRQ��DQG�LW�LV
SDVVLYDWHG�DQG�UHDFWLYDWHG�VHYHUDO�WLPHV�GXULQJ�LWV�OLIHWLPH��SRVVLEO\�DW
GLIIHUHQW�ORFDWLRQV�LQ�D�GLVWULEXWHG�HQYLURQPHQW��$�FOLHQW�PD\�EH�JLYHQ�DQ
LOOXVLRQ�RI�D�SHUPDQHQW�REMHFW�LGHQWLW\�LI�WKH�FKDQJLQJ�RI�DGGUHVVHV�DUH
WUDFNHG�DQG�ELQGLQJV�UHDFWLYDWHG�DV�QHHGHG��7KLV�RI�FRXUVH�GHSHQGV�RQ�D
UHORFDWLRQ�VHUYLFH�RU�D�PRUH�SHUPDQHQW�ZD\�WR�LGHQWLI\�REMHFW�VWDWH�

 2.4.2 Policy-trading

3ROLF\�WUDGLQJ�LV�HVVHQWLDOO\�WKH�SURFHVV�RI�PDSSLQJ�IURP�D��GHFODUDWLYH�
UHTXLUHPHQW�IRU�WKH�SURSHUWLHV�RI�WKH�ELQGLQJ��WR�DQ�LPSOHPHQWDWLRQ�RI�D
SROLF\�ZKLFK�LV�FDSDEOH�RI�PHHWLQJ�WKH�UHTXLUHPHQW��$�WUDGLQJ�VHUYLFH�LV�D
UHSRVLWRU\�RI�VRIWZDUH�FRPSRQHQWV�UHSUHVHQWLQJ�SROLFLHV�DQG�LW�PD\�SURYLGH
VHUYLFHV�WR�KHOS�LQVWDOOLQJ�WKHVH�FRPSRQHQWV�ZKHUH�UHTXHVWHG�

$�SROLF\�WUDGHU�ZLOO�W\SLFDOO\�SURYLGH�D�VHUYLFH�ZKLFK�WDNHV�WKH�IROORZLQJ
DUJXPHQWV�DQG�UHWXUQV�WKH�VRIWZDUH�FRPSRQHQW�WKDW�PDWFK�WKHP�

♦ $�UHTXLUHPHQW�IRU�WKH��QRQ�IXQFWLRQDO��SURSHUWLHV�RI�WKH�ELQGLQJ�

♦ 7KH�W\SH�RI�HQYLURQPHQW�IRU�WKH�SROLF\�LPSOHPHQWDWLRQ�WR�UXQ�LQ��$Q
HQYLURQPHQW�W\SH�HVVHQWLDOO\�FDSWXUHV�ZKDW�UHVRXUFHV�DUH�DYDLODEOH��$
SROLF\�LPSOHPHQWDWLRQ�PD\�UHTXLUH�D�FHUWDLQ�W\SH�RI�HQYLURQPHQW�
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 3  towards an ENgineering model

+HUH�ZH�GHVFULEH�WKH�IRXQGDWLRQV�RI�DQ�HQJLQHHULQJ�PRGHO�IRU�D�IUDPHZRUN
WKDW�VXSSRUWV�OD]\�ELQGLQJ�DQG�ELQGLQJ�PDQDJHPHQW��%HIRUH�ZH�JR�WR�WKDW
GLVFXVVLRQ��ZH�QHHG�WR�FODULI\�WKH�FRQFHSWV�RI�VWXEV�DQG�FKDQQHOV�DV�GHILQHG
E\�WKH�,62�5HIHUHQFH�0RGHO�IRU�2SHQ�'LVWULEXWHG�3URFHVVLQJ�>50�2'3@�

 3.1 Stubs and channels

$Q�DFWLYDWLRQ�RI�D�ELQGLQJ�LV�UHSUHVHQWHG�DV�D�FKDQQHO��$�FKDQQHO
HQFDSVXODWHV�DOO�SURWRFRO�OD\HUV�DQG�DVVRFLDWHG�UHVRXUFHV��H�J��EXIIHUV�
WKUHDGV���QHHGHG�WR�HVWDEOLVK�FRPPXQLFDWLRQ�EHWZHHQ�D�FOLHQW�DQG�D�VHUYHU�
REMHFW�LQWHUIDFH��$�FKDQQHO�PD\�EH�VHW�XS�GLIIHUHQWO\�GXH�WR�GLIIHUHQW�4R6
UHTXLUHPHQWV��GLIIHUHQW�SURWRFROV�DQG�GLIIHUHQW�UHVRXUFH�XVDJH��

$�VWXE�ZLOO�QHHG�D�UHIHUHQFH�WR�D�FKDQQHO�WR�EH�DEOH�WR�FDUU\�RXW�LQYRFDWLRQV�
,Q�WKH�)OH[L1HW�LPSOHPHQWDWLRQ��FKDQQHOV�ZLOO�RIIHU�D�&DOO'RZQ�LQWHUIDFH�WR
VWXEV��7KLV�FRQWDLQV�WKH�PHWKRG�FDOO'RZQ�ZKLFK�UHSUHVHQW�D�JHQHULF
RSHUDWLRQ�LQYRFDWLRQ��6WXEV�VLPSO\�WUDQVODWH�W\SHG�PHWKRG�FDOOV�LQWR�WKRVH
JHQHULF�FDOOV�

 3.2 A simple approach to lazy binding

7KH�DSSURDFK�RI�WKH�RULJLQDO�)OH[L1HW�IUDPHZRUN�LV�WKDW�WKH�LGHQWLILHU��QDPH�
IRU�WKH�REMHFW�LV�UHVROYHG�WR�D�VWXE�E\�VRPH�ELQGHU�REMHFW�LPSOHPHQWLQJ�D
5HVROYHU�LQWHUIDFH��VHH�>+D\WRQ��@��VHFWLRQ�������7KLV�VWXE�FRQWDLQ�UHIHUHQFHV
WR�WKH�LGHQWLILHU�SOXV�D�FKDQQHO��D�IXOO�SURWRFRO�VWDFN��ZKLFK�WKH�ELQGHU
DOORFDWHV�DQG�LQLWLDOLVHV��7KLV�LV�HDJHU�ELQGLQJ��%LQGHUV�UHSUHVHQW�WKH�SROLF\�

:H�PD\�DFKLHYH�OD]\�ELQGLQJ�E\�LQLWLDOO\�OHWWLQJ�WKH�VWXE�FRQWDLQ�D�UHIHUHQFH
WR�D�IDNH�FKDQQHO�LQVWHDG�RI�D�UHDO�RQH��7KLV�REMHFW��ZH�FDOO�LW�3DVVLYH&KDQQHO�
LPSOHPHQWV�WKH�&DOO'RZQ�LQWHUIDFH��OLNH�SURWRFRO�VWDFNV�GR��DQG�ZKHQ�D�FDOO
IURP�WKH�VWXE�DUULYHV��WKH�3DVVLYH&KDQQHO�ZLOO�XVH�DQRWKHU�ELQGHU��LW
W\SLFDOO\�NQRZ�RI�D�GHIDXOW�ELQGHU��WR�UHSODFH�LWVHOI�ZLWK�D�UHDO�FKDQQHO�DQG
IRUZDUG�WKH�FDOO�WR�LW��7KLV�LV�LOOXVWUDWHG�E\�WKH�ILJXUH�EHORZ�
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The stub  contains a
reference to  a Passive
Channel object  instead
of a real one.

Binder Passive
Channel

Name/
Object Stub

When an invocation is
attempted, the
PassiveChannel
replaces itself with a
real channel.

Name/
Object Stub

 3.3 A more flexible approach

7KH�ILJXUH�EHORZ�LOOXVWUDWHV�DQ�DOWHUQDWLYH�DSSURDFK��,W�FDSWXUHV�WKH
GLVWLQFWLRQ�EHWZHHQ�ELQGLQJ�DQG�DFWLYDWLRQ�RI�ELQGLQJV�DV�ZHOO�DV�WKH
GLVWLQFWLRQ�EHWZHHQ�VWXEV�DQG�ELQGLQJV��,W�RIIHUV�D�IOH[LEOH�IUDPHZRUN�IRU
DGGLQJ�H[WHQVLRQV��UHSUHVHQWLQJ�D�ZLGH�UDQJH�RI�SROLFLHV�DQG�PHWD�SROLFLHV�

 3.3.1 Interface proxies

$Q�LQWHUIDFH�SUR[\��UHSUHVHQWV�WKH�ELQGLQJ�WR�WKH��UHPRWH��REMHFW·V�LQWHUIDFH�
UHJDUGOHVV�RI�ZKHWKHU�WKLV�ELQGLQJ�LV�DFWLYH��DQG�LQ�VRPH�FDVHV��UHJDUGOHVV�RI
ZKHWKHU�WKH��UHPRWH��REMHFW�LWVHOI�LV�DFWLYH��7KH�SUR[\�HQFDSVXODWHV�WKH
LGHQWLW\�RI�WKH�UHPRWH�LQWHUIDFH��LW�FRQWDLQV�WKH�QDPH��DQG�LW�NQRZV�KRZ�WR
DFWLYDWH�ELQGLQJV�

7KH�SUR[\�LPSOHPHQWV�WKH�&DOO'RZQ�LQWHUIDFH��F�I��VHFWLRQ������DQG�ZKHQ
UHFHLYLQJ�FDOOV�IURP�VWXEV��LW�DGGV�WKH�DGGUHVV�QDPH�RI�WKH�REMHFW��DFWLYDWHV
ELQGLQJ�LI�QHFHVVDU\�DQG�IRUZDUGV�WKH�FDOO�WR�WKH�FKDQQHO��)URP�WKH�VWXE·V
SRLQW�RI�YLHZ�WKH�SUR[\�DFW�DV�D�WUDQVSDUHQW�FKDQQHO��7KH�SUR[\�PD\�DOVR
KDYH�RWKHU�LQWHUIDFHV�WR�RIIHU�SROLF\�PDQDJHPHQW��L�H��LW�LV�XVHG�IRU�FRQWURO�RI
PHWD�OHYHO�GHFLVLRQV�WKDW�DIIHFW�QRQ�IXQFWLRQDO�SURSHUWLHV�RI�WKH�ELQGLQJ�LW
UHSUHVHQW��W\SLFDOO\�H[SOLFLW�ELQGLQJ�DQG�UHELQGLQJ�

Stub

Activator

The proxy knows
how to activate the
binding

The objects
representation (name,
address,etc) is a part
of the Proxy

The channel  is
created/allocated and
connected to the
proxy when binding is
activated

Interface
Proxy

Name/
Object

Meta-
policies

CallDown

CallDown
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7KLV�DSSURDFK�DOVR�DOORZV�PRUH�WKDQ�RQH�VWXE�WR�VKDUH�RQH�SUR[\��7KLV�PD\
EH�GHVLUDEOH�RI�VHYHUDO�UHDVRQV��)LUVW��GLIIHUHQW�SDUWV�RI�WKH�VDPH�SURFHVV�PD\
KDYH�D�VWXE�HDFK��UHSUHVHQWLQJ�WKH�VDPH�LQWHUIDFH�WR�WKH�VDPH�REMHFW��7KLV
PD\�EH�QDWXUDO�LI�WKH�VKDULQJ�RI�GDWD�EHWZHHQ�WKRVH�SDUWV�LV�OLPLWHG��,W�PD\
DOVR�EH�DQ�DG�KRF�VROXWLRQ�WR�FRQFXUUHQW�XVH�RI�WKH�VDPH�LQWHUIDFH��EHFDXVH
)OH[L1HW�VWXEV�DUH�QRW�UH�HQWUDQW�DW�WKH�PRPHQW��7KH�FRQFXUUHQF\�FRQWURO
EHWZHHQ�LQYRFDWLRQV�LV�WKHQ�WKH�UHVSRQVLELOLW\�RI�WKH�SUR[\�

 3.3.2 Meta-objects

7KLV�DSSURDFK�PD\�EH�UHJDUGHG�DV�UHIOHFWLYH�LQ�WKH�VHQVH�WKDW�PRVW�RI�WKH
VHPDQWLFV�RI�WKH�SUR[\�LV�GHILQHG�LQ�UHSODFHDEOH�PHWD�REMHFWV�ZKLFK�DUH
FRQQHFWHG�WR�WKH�SUR[\��$Q�DFWLYDWRU�REMHFW�UHSUHVHQWV�WKH�ELQGLQJ�SROLF\�DQG
LV�FDSDEOH�RI�FRQVWUXFWLQJ�FKDQQHOV�ZKHQ�QHHGHG��,W�PD\�DOVR�KDYH�PHWD�
REMHFWV�UHSUHVHQWLQJ�PHWD�SROLFLHV�

 3.3.3 Object proxies

7KHUH�PD\�EH�PRUH�WKDQ�RQH�ELQGLQJ�XVLQJ�WKH�VDPH�SUR[\��7KH�PRGHO
LOOXVWUDWHG�LQ�WKH�ILJXUH�EHORZ�UHIOHFWV�WKH�IDFW�WKDW�RQH�REMHFW�PD\�H[SRUW
PRUH�WKDQ�RQH�LQWHUIDFH�DQG�WKDW�WKHUH�PD\�EH�PRUH�WKDQ�RQH�ELQGLQJ�WR�RQH
REMHFW��HDFK�ZKLFK�PD\�EH�JRYHUQHG�E\�D�GLIIHUHQW�VHW�RI�SROLFLHV��(DFK
ELQGLQJ�ZLOO�EH�DVVRFLDWHG�ZLWK�DQ�DFWLYDWRU�DQG��SRVVLEO\��SHU�ELQGLQJ�PHWD�
SROLFLHV�

7KH�REMHFW�SUR[\�UHSUHVHQWV�ZKDW�LV�VKDUHG�EHWZHHQ�WKH�GLIIHUHQW�ELQGLQJV�WR
WKH�VDPH�REMHFW��7KH�REMHFW�LGHQWLW\�DQG�SHU�REMHFW�PHWD�SROLFLHV��$�SHU�REMHFW
PHWD�SROLF\�PD\��F�I��VHFWLRQ���������PDQDJH�REMHFW�PLJUDWLRQ�DQG�FKDQJH�RI
LGHQWLW\�

Stub

Per object
meta-policies.

Name/
Object

Stub Stub

Activator and per-
binding meta-
policies

Binding

Object
Proxy

Binding
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 3.4 Server interface proxies

7KH�SUR[\�REMHFW�LGHD�DSSO\�WR�WKH�VHUYHU�VLGH�DV�ZHOO��:KHQ�DQ�LQWHUIDFH�LV
H[SRUWHG��D�FKDQQHO�ZLOO�EH�XVHG�IRU�OLVWHQLQJ�IRU�LQFRPLQJ�FDOOV��,QVWHDG�RI
UHJLVWHULQJ�WKH�REMHFW�LWVHOI�LQ�WKH�JOREDO�QDPHU��RQH�PLJKW�FKRRVH�WR�UHJLVWHU
D�SUR[\�IRU�LW��7KLV�SUR[\�PXVW�LPSOHPHQW�WKH�&DOO8S��LQWHUIDFH3�WR�UHFHLYH
JHQHULF��XS�FDOOV�IURP�FOLHQWV��:KHQ�UHFHLYLQJ�WKH�ILUVW�XSFDOO��WKH�SUR[\
�W\SLFDOO\�E\�XVLQJ�DQ�DFWLYDWRU��DFWLYDWHV�WKH�ELQGLQJ�WR�WKH�REMHFW�E\
LQVHUWLQJ�SHU�LQWHUIDFH�SURWRFRO�OD\HUV�EHWZHHQ�WKH�SUR[\�DQG�WKH�REMHFW��,W
WKHQ�IRUZDUGV�WKH�FDOO�XSZDUGV�WKURXJK�WKHVH�OD\HUV��7KLV�LV�D�NLQG�RI�OD]\
ELQGLQJ��,I�ZH�DOVR�QHHG�WR�DFWLYDWH�WKH�ORZHU�SDUW�RI�WKH�SURWRFRO�VWDFN�OD]LO\
DQG�QRQ�VKDUHG��D�QHZ�VWDFN�PLJKW�EH�FUHDWHG��EXW�WKLV�ZRXOG�UHTXLUH�SDUW�RI
WKH�LQWHUIDFH·V�DGGUHVV�FKDQJHG��7KH�ILJXUH�EHORZ�LOOXVWUDWHV�WKH�UROH�RI
VHUYHU�VLGH�SUR[LHV�

Proxy

Meta-policies

Object Object

Proxy

Object

ActivatorProxy

CallUp
(generic calls)

Meta
Interface

Activation of
binding
according to
some policy

generic
upcall

7KH�SUR[\�PLJKW�DOVR�LPSOHPHQW�D�PHWD�REMHFW�SURWRFRO4�WKDW�DOORZ�WKH
PDQLSXODWLRQ�RI�WKH�DFWLYDWLRQV�DQG�WKH�SROLFLHV�XVHG��7KLV�PD\�EH�H[SORLWHG
E\�WKH�FOLHQW�VLGH�SUR[\�WR�QHJRWLDWH�WKH�FKRLFH�RI�SROLFLHV�ZLWK�WKH�VHUYHU�
7KLV�PLJKW�EH�GRQH�´LQ�EDQGµ�ZKHQ�GRLQJ�VLPSOH�OD]\�ELQGLQJ��PHWD�SURWRFRO
LQIRUPDWLRQ�LV�SLJJ\EDFNHG�RQ�WKH�ILUVW�LQYRFDWLRQ���$OWHUQDWLYHO\�ZH�PLJKW
GR�LW�´RXW�RI�EDQGµ�LQ�IRUP�RI�H[SOLFLW�RSHUDWLRQ�FDOOV�

7KHUHIRUH��WKH�SUR[\�VKRXOG�LPSOHPHQW��W\SLFDOO\�E\�XVLQJ�DQ�DFWLYDWRU��D
PHWD�REMHFW�LQWHUIDFH�ZLWK�RSHUDWLRQV�IRU�DFWLYDWLRQ��SDVVLYDWLRQ�DQG�SROLF\�
PDQDJHPHQW��$FWLYDWLRQ�PD\�DOVR�LQYROYH�DFWLYDWLRQ�RI�WKH�REMHFW�LWVHOI�LI�WKLV
LV�SDUW�RI�WKH�SROLF\��7KH�SUR[\�REMHFWV�LPSOHPHQWDWLRQ�RI�WKH�&DOO8S
LQWHUIDFH�PLJKW�EH�DEOH�WR�UHFRJQLVH�FDOOV�IRU�PHWD�RSHUDWLRQV�DQG�GLUHFW�WKHP
WR�WKH�FRUUHFW�LPSOHPHQWDWLRQV�

                                                          

3 Upcalls at the server side corresponds to client side downcalls (see section 3.1).

4 The Open Implementation Approach [Kiczales91, Kiczales96] suggest opening up objects by adding  meta-
interfaces separate from the functional interfaces, to control non-functional aspects, typically by reflective
techniques.
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 4 AN EXPERIMENTAL framework

,PSRUWDQW�DVSHFWV�RI�WKH�HQJLQHHULQJ�PRGHO�RI�VHFWLRQ���LV�PDSSHG�WR�WKH
GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�DQ�H[SHULPHQWDO�ELQGLQJ�IUDPHZRUN��EDVHG�RQ
)OH[L1HW���,W�LV�IRFXVHG�DW�WKH�FOLHQW�VLGH��EXW�DV�ZH�VDZ�LQ�VHFWLRQ������PDQ\
RI�WKHVH�LGHDV��GHVLJQV�DQG�HYHQ�FRGH��PD\�EH�UHXVHG�LQ�D�VHUYHU�VLGH
IUDPHZRUN��+HUH��ZH�SUHVHQW�WKH�HVVHQWLDOV�RI�WKH�GHVLJQ��ZH�GLVFXVV�WKH
PRVW�LPSRUWDQW�DVSHFWV�RI�XVLQJ�LW�DQG�H[WHQGLQJ�LW�ZLWK�FRQFUHWH�SROLFLHV�

 4.1 Design overview

7KH�ILJXUH�EHORZ5�VKRZV�DQ�RYHUYLHZ�RI�WKH�FRUH�ELQGLQJ�IUDPHZRUN�DW�WKH
FOLHQW�VLGH��7KH�GHVLJQ�LV�FHQWUHG�DURXQG�WKH�3UR[\�FODVV�ZKLFK��LPSOHPHQWV
WKH�&DOO'RZQ�LQWHUIDFH�DQG�WKH�%LQG0JU�LQWHUIDFH��(DFK�VWXE�REMHFW�ZLOO
FRQWDLQ�D�UHIHUHQFH�WR�D�SUR[\�WKURXJK�LWV�&DOO'RZQ�LQWHUIDFH��7KH�%LQG0JU
LQWHUIDFH�PD\�EH�XVHG�E\�DSSOLFDWLRQ�SURJUDPV�RU�PHWD�SROLFLHV�WR�FRQWURO�WKH
DFWLYDWLRQ�RI�WKH�ELQGLQJ�DQG�WR�GR�SROLF\�PDQDJHPHQW�

Proxy

BindMgr

Meta level for
proxy-objects

Activator

CallDown

CallDownMeta Policies

Name

Stub

Core FlexiNet RPC
framework

 Channel
objects

Clients/policies

Binder

 4.1.1 Binders and activators

7KH�GHVLJQ�LQFOXGHV�ELQGHU�FODVVHV�ZKLFK�LPSOHPHQWV�WKH�%LQGHU�LQWHUIDFH6�
%LQGHU�FODVVHV�W\SLFDOO\�VXEFODVV�WKH�DEVWUDFW�FODVV�%LQGHU%DVH���7KLV�FODVV
LPSOHPHQWV�D�JHQHULF�UHVROYH�PHWKRG�ZKLFK�FUHDWHV�D�VWXE�JLYHQ�D�QDPH��7KLV

                                                          

5 We use the OMT notation where dashed boxes and arrows indicate interfaces and the relationship with
classes that implements them.

6 The Binder interface combines the Resolver interface which does client-side binding and the Generator
interface which does server side binding. A single binder-object may do both, but it is also possible to have
separate binders for client interfaces and server interfaces (c.f. [Hayton97] section 2.5).
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XVHV�D�VSHFLDO�UHVROYH�PHWKRG�LPSOHPHQWHG�E\�VXEFODVVHV��ZKLFK�FUHDWH�DQG
UHWXUQ�D�SUR[\�UHSUHVHQWLQJ�WKH�ELQGLQJ��,Q�WKLV�VHQVH��ELQGHUV�FDQ�EH
UHJDUGHG�DV�IDFWRULHV�IRU�SUR[LHV��'LIIHUHQW�VXEFODVVHV�PD\�EH�ZULWWHQ�WR
FUHDWH�GLIIHUHQWO\�FRQILJXUHG�SUR[LHV��:H�SURYLGH�D�VLPSOH�3UR[\%LQGHU�FODVV
ZKLFK�LQ�IDFW�VXSSRUW�D�ZLGH�UDQJH�RI�SROLFLHV��+HUH��WKH�GHIDXOW�DFWLYDWRU
REMHFWV�WR�EH�XVHG��LV�UHIHUHQFHG�E\�HDFK�LQVWDQFH�RI�3UR[\%LQGHU���+RZHYHU�
WKH�DFWLYDWRU�UHIHUHQFHG�E\�HDFK�SUR[\�PD\�EH�UHSODFHG�ODWHU�E\�XVLQJ�WKH
%LQG0JU�LQWHUIDFH�

6LPLODUO\��ZH�KDYH�DFWLYDWRU�FODVVHV��HDFK�ZKLFK�LPSOHPHQWV�WKH�$FWLYDWRU
LQWHUIDFH��'LIIHUHQW�DFWLYDWRU�FODVVHV�PD\�EH�ZULWWHQ��HDFK�ZKLFK�UHSUHVHQW�D
GLIIHUHQW�SROLF\�IRU�KRZ�FKDQQHOV�DUH�VHW�XS��7KH�PHWD�OHYHO�GHVLJQ�ZLWK�WKH
%LQGHU�DQG�$FWLYDWRU�IUDPHZRUNV�LV�VKRZQ�LQ�WKH�ILJXUH�EHORZ

BinderBase

ProxyBinder

Binder
Default activator

Other
binders...

REX
Activator

Activator

Other
activators...

REX
Channel

 4.1.2 Environments

'LIIHUHQW�HQYLURQPHQWV�ZLOO�SURYLGH�VOLJKWO\�GLIIHUHQW�$3,·V�DQG�GLIIHUHQW�VHWV
RI�VHUYLFHV�UHVRXUFHV�IRU�XVH�E\�DFWLYDWRUV��DQG�SRVVLEO\�ELQGHUV���7R�KHOS
PDQDJLQJ�GLIIHUHQW�HQYLURQPHQWV��ZH�FRXOG�HQFDSVXODWH�WKHP�LQWR
HQYLURQPHQW�REMHFWV��HDFK�ZKLFK�LPSOHPHQWV�WZR�LQWHUIDFHV������7KH�$3,�IRU
XVH�E\�DSSOLFDWLRQ�SURJUDPPHUV�DQG�����WKH�3ROLF\�3URJUDPPHU�,QWHUIDFH
�33,��IRU�XVH�E\�SROLF\�SURJUDPPHUV��&OHDUO\��HYHU\�DFWLYDWRU�LPSOHPHQWDWLRQ
ZLOO�GHSHQG�RQ�D�33,�LQWHUIDFH�FRPSDWLEOH�ZLWK�D�SDUWLFXODU�W\SH�

6WDQGDUGLVLQJ�RQ�D�VHW�RI�$3,�DQG�33,�LQWHUIDFHV�IRUPLQJ�WZR�VHSDUDWH�W\SH�
KLHUDUFKLHV��ZRXOG�WKHQ�VXSSRUW�WKH�ZULWLQJ�RI�SRUWDEOH�FRPSRQHQWV��ERWK
DSSOLFDWLRQV�DQG�SROLF\�FRPSRQHQWV��WKDW�FRXOG�EH�GHSOR\HG�LQ�PDQ\�GLIIHUHQW
HQYLURQPHQWV�FRQIRUPLQJ�WR�WKH�LQWHUIDFHV�WKH�FRPSRQHQWV�UHTXLUH��7KH
ILJXUH�EHORZ�LOOXVWUDWHV�WKLV�LGHD��7KH�URRWV�RI�WKH�LQWHUIDFH�KLHUDUFKLHV��$3,
DQG�33,��SURYLGHV�D�PLQLPDO�IXQFWLRQDOLW\�ZKLFK�FRXOG�EH�H[WHQGHG�E\
VXEW\SLQJ��7ZR�H[DPSOH�HQYLURQPHQWV�DUH�VKRZQ��RQH�ZKLFK�SURYLGHV�D
VKDUHG�FKDQQHO�IRU�53&�LQWHUDFWLRQ��5(;&KDQQHO��DQG�RQH�ZKLFK�DGGV�WKH
XVH�RI�D�WUDGLQJ�VHUYLFH��F�I��>+D\WRQ��@�VHFWLRQ������WR�WKH�$3,�
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PPI

Shared
Channel

Other
PPI’s ...

Env_Shared
Channel

Env_Shared
Ch_Trader

API

TraderAPI

PPI interface hierarchyAPI interface hierarchy

Other
API’s ...

REX
Channel

 4.2 Usage and extension

+HUH��ZH�LOOXVWUDWH�KRZ�OD]\�ELQGLQJ�DQG�H[SOLFLW�ELQGLQJ�FDQ�EH�UHDOLVHG
XVLQJ�WKLV�IUDPHZRUN��7KH�IUDPHZRUN�LV�PHDQW�EH�H[WHQGHG�ZLWK�FRQFUHWH
SROLFLHV�DQG�PHWD�SROLFLHV��VR�ZH�LOOXVWUDWH�KRZ�WKHVH�PD\�EH�UHSUHVHQWHG��DV
ELQGHUV��DFWLYDWRUV�DQG�PHWD�REMHFWV��

 4.2.1 Lazy binding

7KH�FXUUHQW�3UR[\�FODVV�VXSSRUWV�OD]\�ELQGLQJ��7KH�FDOO'RZQ�PHWKRG�VLPSO\
FKHFNV�LI�WKH�ELQGLQJ�LV�DFWLYH�DQG�LI�QRW��LW�XVHV�WKH�DFWLYDWRU�WR�DFWLYDWH�LW�
7KH�FRGH�IUDJPHQW�EHORZ�VKRZV�WKH�HVVHQWLDO�ZRUNLQJV�RI�WKH�FDOO'RZQ
PHWKRG��FRQFXUUHQF\�FRQWURO�FRGH�UHPRYHG�IRU�FODULW\��

 4.2.2 Explicit binding management

([SOLFLW�ELQGLQJ�DQG�ELQGLQJ�PDQDJHPHQW�LV�VXSSRUWHG�WKURXJK�WKH�%LQG0JU
LQWHUIDFH��ZKLFK�RIIHUV�WKH�IROORZLQJ�PHWKRGV�

♦ SDVVLYDWH���SDVVLYDWHV�WKH�ELQGLQJ�E\�GHDOORFDWLQJ�WKH�FKDQQHO�

♦ DFWLYDWH���LI�WKH�ELQGLQJ�LV�SDVVLYH��XVH�WKH�DFWLYDWRU�WR�VHW�XS�D
FKDQQHO�

♦ UHELQG���UHSODFH�WKH�DFWLYDWRU��,I�WKH�ELQGLQJ�LV�DFWLYH��SDVVLYDWH�LW�
UHSODFH�DFWLYDWRU�DQG�UHDFWLYDWH�

7KH�FRGH�IUDJPHQW�EHORZ�VKRZV�DQ�H[DPSOH�RI�KRZ�D�ELQGLQJ�PD\�EH
DFWLYDWHG�H[SOLFLWO\�XVLQJ�DQ�DOWHUQDWLYH�DFWLYDWRU��$�WULFN\�SDUW�RI�WKLV�LV�WR
JHW�KROG�RI�WKH�%LQG0JU�LQWHUIDFH��7KLV�LV�GRQH�E\�XVLQJ�WKH�JHW%RG\�PHWKRG

class Proxy implements CallDown, BindMgr
{
   ...
   void callDown(CallData data)
   {
      data.address = _name;                          // Add name to call-frame
      if (_channel == null)                          // If binding is not active (null channel)
          _channel = _activator.getChannel(_name);   // ... activate it, by using activator
      _channel.callDown(data);                       // forward the call to the channel
   }
   ...
}
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SURYLGHG�E\�VWXEV��WKURXJK�WKH�JHQHULF�)OH[L6WXE�LQWHUIDFH��WR�JHW�WKH�SUR[\�
7KH�JHW%RG\�PHWKRG�UHWXUQV�D�&DOO'RZQ�LQWHUIDFH��VR�ZH�WU\�WR�FDVW�LW�WR�D
%LQG0JU�LQWHUIDFH�W\SH���:H�KDYH�QR�JXDUDQWHH�WKDW�WKH�UHWXUQHG�REMHFW�DOVR
LPSOHPHQWV�WKH�%LQG0JU��VR�WKHUH�LV�DOZD\V�D�FKDQFH�RI�D�&ODVV&DVW
([FHSWLRQ�EHLQJ�WKURZQ��LI�QRW��7KH�QH[W�VWHS�LV�WR�ILQG�DQ�DFWLYDWRU�WKDW
VXSSRUW�RXU�UHTXLUHPHQWV�IRU�QRQ�IXQFWLRQDO�SURSHUWLHV�DQG�ZKLFK�FDQ�PDNH
XVH�RI��RXU�FXUUHQW�HQYLURQPHQW��:H�PLJKW�FUHDWH�D�WUDGLQJ�VHUYLFH�IRU
ORRNLQJ�XS�VXFK�SROLF\�REMHFWV��,Q�WKLV�H[DPSOH�ZH�XVH�D�SROLF\�WUDGHU�WR�ORRN
XS�DQ�DFWLYDWRU�WKDW�SURYLGHV�VHFXUH�ELQGLQJV��XVLQJ�WKH�33,�RI�WKH�FXUUHQW
HQYLURQPHQW�

 4.2.3 Writing binders and activators

1HZ�ELQGHU�FODVVHV�PD\�EH�FUHDWHG�E\�VXEFODVVLQJ�WKH�%LQGHU%DVH�FODVV�OLNH
VKRZQ�LQ�WKH�H[DPSOH�EHORZ��(VVHQWLDOO\��ZH�QHHG�WR�ZULWH�D�PHWKRG
UHVROYH1DPH�ZKLFK�FUHDWHV�DQG�UHWXUQV�D�SUR[\��7KH�SUR[\�QHHGV�WR�EH�JLYHQ
DQ�DFWLYDWRU�ZKHQ�FUHDWHG��:H�PD\�XVH�D�GHIDXOW�DFWLYDWRU�RU�D�PRUH�G\QDPLF
ZD\�RI�ILQGLQJ�D�VXLWDEOH�DFWLYDWRU�

1HZ�DFWLYDWRU�FODVVHV�HVVHQWLDOO\�KDYH�WR�LPSOHPHQW�WKH�PHWKRG�JHW&KDQQHO�
ZKLFK�VKRXOG�UHWXUQ�WKH�LQWHUIDFH�WR�D�FKDQQHO��7KH�FKDQQHO�PD\�EH�VHW�XS
GLIIHUHQWO\�E\�GLIIHUHQW�DFWLYDWRU�FODVVHV�WR�UHIOHFW�GLIIHUHQW�SROLFLHV�IRU
DOORFDWLQJ�UHVRXUFHV��IRU�WKH�XVH�RI�SURWRFROV��W\SLFDOO\�PXOWLSOH�OD\HUV���RU�IRU
VKDULQJ�RI�FKDQQHOV�RU�VXE�OD\HUV�

$�VLPSOH�DFWLYDWRU��5(;$FWLYDWRU�LV�SURYLGHG�DV�DQ�H[DPSOH��7KLV�VLPSO\
PDNHV�XVH�RI�D�VWDQGDUG�53&�FKDQQHO��ZKLFK�LV�VKDUHG�EHWZHHQ�DOO�SUR[LHV
XVLQJ�WKLV�DFWLYDWRU��7KH�VKDUHG�FKDQQHO�LV�LPSOHPHQWHG�DQG�LQVWDOOHG�E\�WKH
5(;&KDQQHO�FODVV��7KLV�PD\�DOVR�EH�XVHG�E\�RWKHU�DFWLYDWRUV�ZKLFK�PD\�DGG
H[WUD�OD\HUV�RQ�WRS�RI�WKH�VKDUHG�5(;�FKDQQHO��$Q�H[DPSOH�RI�WKLV�LV�WKH

{
   ...

   Account a = bank.access(accno, pin);
   try {
      BindMgr   mgr = (BindMgr) ((FlexiStub) a).getBody()
      Activator act = policyTrader.import(“Secure”, env.getPPI() );

      mgr.rebind(act);
      mgr.activate();

      a.withdraw(amount);
      ...
   }
   catch (ClassCastException e) {
      System.out.println(“Sorry, BindMgr not supported”);
   }
}

class MyBinder extends BinderBase
{
    ...

    public CallDown resolveName (Name name)
    {
        Proxy p = new Proxy(name, SELECT-DEFAULT-ACTIVATOR);
        return p;
    }
    ...
}
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/RJ$FWLYDWRU��,W��DGGV�D�ORJJHU�REMHFW�DV�D�OD\HU�EHWZHHQ�WKH�SUR[\�DQG�WKH
VKDUHG�FKDQQHO��7KH�ORJJHU�SULQWV�LQIRUPDWLRQ�RQ�HDFK�LQYRFDWLRQ�WR�WKH
FRQVROH�DQG�IRUZDUGV�LW�WR�WKH�OD\HU�EHORZ��7KH�HVVHQWLDOV�RI�WKLV�FODVV�LV
VKRZQ�EHORZ��,W�GHSHQGV�RQ�WKH�6KDUHG&KDQQHO�33,�LQWHUIDFH��$�33,�LV
DUJXPHQW�WR�WKH�FRQVWUXFWRU�PHWKRG�ZKLFK�FKHFNV�WKH�DFWXDO�W\SH�RI�LW�DQG
WKURZV�DQ�H[FHSWLRQ�LI�LW�LV�LQFRPSDWLEOH��$UJXPHQWV�WR�WKH�LQVWDQWLDWLRQ�RI
WKH�ORJJHU�REMHFW�DUH�D�WH[W�WR�EH�LQVHUWHG�LQ�HDFK�SULQWRXW�DQG�D�&DOO'RZQ
LQWHUIDFH��UHSUHVHQWLQJ�WKH�OD\HU�EHORZ��7KH�PHWKRG�JHW&OLHQW&DOO��UHWXUQV
WKH�LQWHUIDFH�WR�WKH�FKDQQHO·V�WRSPRVW�OD\HU�

 4.2.4 Meta-policies

0HWD�SROLFLHV�DUH�W\SLFDOO\�UHSUHVHQWHG�E\�ELQGHU�FODVVHV��,I�IRU�LQVWDQFH�WKH
PHWD�SROLF\�LV�WR�GR�HDJHU�ELQGLQJ��WKLV�LV�UHIOHFWHG�LQ�WKH�ELQGHU�FODVV��ZKLFK
WKHQ�FDOOV�WKH�DFWLYDWH�PHWKRG�RI�WKH�SUR[\�DV�VRRQ�DV�LW�LV�FUHDWHG��0RUH
DGYDQFHG�PHWD�SROLFLHV�PD\�QHHG�WR�EH�UHIOHFWHG�RQ�WKH�EHKDYLRXU�RI�WKH
SUR[\�LWVHOI��$�VLPSOH�ZD\�WR�GR�WKLV�LV�WR�VXEFODVV�WKH�SUR[\�DQG�UHGHILQH�RU
DGG�EHKDYLRXU�

$�PRUH�IOH[LEOH�ZD\�WR�GR�WKLV�LV�WR�VHSDUDWH�PHWD�SROLF\�EHKDYLRXU�LQWR�RQH
RU�PRUH�PHWD�REMHFWV��:H�PD\�XVH�UHIOHFWLRQ�WHFKQLTXHV�OLNH�WKRVH
LQYHVWLJDWHG�E\�WKH�5HIOHFWLYH�-DYD�SURMHFW�>5HIO-DYD@��7KH�IUDPHZRUN
SURYLGH�D�VXEFODVV�RI�3UR[\�ZKLFK�UHGHILQH�WKH�DFWLYDWH�DQG�SDVVLYDWH
PHWKRGV�VXFK�WKDW�WKH\�EHIRUH�DQG�DIWHU�DFWLYDWLRQ�SDVVLYDWLRQ�QRWLI\�WKH
PHWD�REMHFW�V����(YHU\�PHWD�REMHFW�VKRXOG�WKHQ�LPSOHPHQW�WKH�SUHBDFWLYDWH�
SRVWBDFWLYDWH��SUHBSDVVLYDWH�DQG�SRVWBSDVVLYDWH�PHWKRGV��6RPH�SROLFLHV�PD\
XVH�RQH�PHWD�REMHFW�SHU�SUR[\�DQG�RWKHUV�PD\�VKDUH�PHWD�REMHFWV�EHWZHHQ
SUR[LHV��VR�WKHUH�LV�D�PDQ\�WR�PDQ\�UHODWLRQVKLS�EHWZHHQ�SUR[LHV�DQG�PHWD�
REMHFWV���7KH�ILJXUH�EHORZ�LOOXVWUDWHV�WKLV�LGHD�

class LogActivator implements Activator
{
    private SharedChannelPPI _ppi;

    public LogActivator(PPI ppi) throws IncompatiblePPI
    {
       if (ppi oftype SharedChannelPPI)
          _ppi = (SharedChannelPPI) ppi;
       else
          throw IncompatiblePPI(ppi);
    }

    public CallDown resolveName (Name name)
    {
        Logger l = new Logger(“[“+name+”]”, _ppi.getChannel());
        return l;
    }

    ...
}
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Proxy

PolicyProxy Meta PoliciesMeta PoliciesMetaPolicy
classes...

MetaPolicy

$Q�H[DPSOH�RI�D�PHWD�SROLF\�LV�RQH�WKDW�VLPSO\�ORJV�WKH�HYHQWV�WR�WKH�FRQVROH�
7KLV�PHWD�REMHFW�FODVV�LV�WKHQ�YHU\�VLPSOH��(DFK�PHWKRG�MXVW�SULQWV�DQ
LGHQWLILFDWLRQ�RI�WKH�UHPRWH�LQWHUIDFH�DQG�DQ�LQGLFDWLRQ�RI�ZKDW�LV�JRLQJ�RQ�

:H�DOVR�QHHG�WR�FUHDWH�D�VSHFLDO�ELQGHU�FODVV�WKDW�XVHV�WKH�FRUUHFW�SUR[\�FODVV
DQG�LQVWDOOV�WKH�PHWD�REMHFWV�LQ�HDFK�SUR[\�

 4.3 Summary

7KH�FRUH�RI�WKLV�GHVLJQ�LV�WKH�SUR[\�REMHFW�ZKLFK�UHSUHVHQW�WKH�ELQGLQJ�WR�WKH
UHPRWH�LQWHUIDFH��,W�LV�D�WUDQVSDUHQF\�OD\HU�LQ�WKH�VHQVH�WKDW�LW�WKURXJK�WKH
&DOO'RZQ�LQWHUIDFH�KLGHV�WKH�XQGHUO\LQJ�DFWLYDWLRQ�PDQDJHPHQW�RI�WKH
ELQGLQJ��,W�DOVR�H[SRUWV�WKH�%LQG0JU�LQWHUIDFH�ZKLFK�DOORZV�H[SOLFLW
DFWLYDWLRQ��SDVVLYDWLRQ�DQG�SROLF\�PDQDJHPHQW�

public class MetaLogger implements MetaPolicy
{
    private String _name;

    public MetaLogger(String n) {
          _name = n;
    }

    public void pre_Activate()  {
 System.out.println(“[”+_name+”] -- Pre Activate");

    }

public void post_Activate() {
 System.out.println(“[”+_name+”] -- Post Activate");

}

public void pre_Passivate() {
 System.out.println(“[”+_name+”] -- Pre Passivate");

}

public void post_Passivate() {
 System.out.println(“[”+_name+”] -- Post Passivate");

}
}

class LogBinder extends BinderBase
{
    ...

public CallDown resolveName (Name name)
    {

PolicyProxy p = new PolicyProxy(name, _activator);
p.setMeta(new MetaLogger(name.toString()));
return p;

}

     ...
}
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:KDW�ZH�KDYH�GHVLJQHG�LV�D�IUDPHZRUN�ZKLFK�LV�PHDQW�WR�EH�H[WHQGHG�E\
FRQFUHWH�SROLFLHV�DQG��SRVVLEO\��PHWD�SROLFLHV��3ROLFLHV�DUH�UHSUHVHQWHG�E\
DFWLYDWRUV�ZKLFK�VHWV�XS�DQG�FRQILJXUHV�FKDQQHOV�LQ�GLIIHUHQW�ZD\V��$�VSHFLILF
FKDQQHO�FRQILJXUDWLRQ�LV�D�ZRUNLQJ�PDQLIHVWDWLRQ�RI�D�SROLF\���0HWD�SROLFLHV
DUH�PDLQO\�UHSUHVHQWHG�LQ�GLIIHUHQW�ELQGHUV��,Q�DGGLWLRQ��PDQ\�PHWD�SROLFLHV
PD\�QHHG�VSHFLDOLVDWLRQV�RI�WKH�SUR[\��2QH�PD\�FUHDWH�D�UHIOHFWLYH�SUR[\�
FODVV�ZKHUH�PHWD�REMHFWV�FRQQHFWHG�WR�SUR[LHV�LPSOHPHQW�PHWD�SROLF\
EHKDYLRXU��7KH�WDEOH�EHORZ�VXPPDULVHV�KRZ�SROLFLHV�DUH�UHSUHVHQWHG�

Instantiation Run-time

Policy

Meta-Policy

Activator

Binder

Channel-config

Meta-object

7R�VXSSRUW�WKH�SRUWDELOLW\�RI�FRPSRQHQWV�UHSUHVHQWLQJ�SROLFLHV�WR�GLIIHUHQW
HQYLURQPHQWV�DQG�WR�VXSSRUW�WKH�FKRLFH�RI�WKH�ULJKW�SROLF\�IRU�WKH�ULJKW
HQYLURQPHQW��ZH�VHSDUDWH�WKH�HQYLURQPHQW�IURP�LWV�DSSOLFDWLRQ�SURJUDPPHU
LQWHUIDFHV�DQG�SROLF\�SURJUDPPHU�LQWHUIDFH��$SSOLFDWLRQ��RU�SROLF\�
FRPSRQHQWV�FDQ�WKHQ�UHTXLUH�FRPSDWLELOLW\�ZLWK�FHUWDLQ�LQWHUIDFHV�
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 5 ConcluDING remarks

,Q�WKLV�SDSHU�ZH�UHSRUW�UHVHDUFK�LQ�SURJUHVV�RQ�D�IOH[LEOH�ELQGLQJ
DUFKLWHFWXUH��$�ELQGLQJ�LV�DQ�DVVRFLDWLRQ�EHWZHHQ�WKH�FOLHQW�SURJUDP�DQG�WKH
UHPRWH�LQWHUIDFH��UHSUHVHQWHG�E\�VRPH�SUR[\�REMHFW��$�ELQGLQJ�QHHGV�WR�EH
DFWLYDWHG�EHIRUH�LW�FDQ�FDUU\�RXW�LQYRFDWLRQV��$FWLYDWLRQ�LQYROYHV�DOORFDWLQJ
QHFHVVDU\�UHVRXUFHV�WR�WKH�ELQGLQJ�DQG��SRVVLEO\��WKH�REMHFW�LWVHOI��$FWLYDWLRQ
LV�GRQH�DFFRUGLQJ�WR�VRPH�SROLF\�ZKLFK�GHQRWHV�SURWRFRO�FKRLFH��UHVRXUFH
PDQDJHPHQW�VWUDWHJLHV�HWF��7KH�DFWLYDWLRQV�RI�D�ELQGLQJ�DQG�WKH�FKRLFH�RI
SROLFLHV�PD\�DOVR�EH�JRYHUQHG�E\�D�PHWD�SROLF\�

$�HQJLQHHULQJ�PRGHO�KDV�EHHQ�VNHWFKHG�DQG�DQ�H[SHULPHQWDO�IUDPHZRUN�KDV
SDUWO\�EHHQ�GHVLJQHG�DQG�LPSOHPHQWHG��,W�LV�GHPRQVWUDWHG�KRZ�ZH�FDQ�GR
OD]\�ELQGLQJ�DQG�H[SOLFLW�ELQGLQJ��XVLQJ�LW��:H�LQWURGXFH�WKH�SUR[\�DV�D
WUDQVSDUHQF\�REMHFW��UHSUHVHQWLQJ�WKH�ELQGLQJV��$W�WKH�FOLHQW�VLGH�WKH�SUR[\
NQRZV�KRZ�WR�UHDFK�WKH�UHPRWH�LQWHUIDFH�DQG�DFWLYDWH�WKH�ELQGLQJ��3ROLFLHV
DUH�UHSUHVHQWHG�DV�DFWLYDWRUV�ZKLFK�FDQ�VHW�XS�FKDQQHOV�DQG�DOORFDWH�WKH
QHFHVVDU\�UHVRXUFHV��0HWD�SROLFLHV�DUH�UHIOHFWHG�RQ�ELQGHUV�WKDW�DUH
UHVSRQVLEOH�IRU�LQVWDQWLDWLQJ�DQG�FRQILJXULQJ�SUR[LHV��3UR[LHV�DUH�UHIOHFWLYH�LQ
WKH�VHQVH�WKDW�LWV�EHKDYLRXU�UHSUHVHQWLQJ�SROLFLHV�DQG�PHWD�SROLFLHV�DUH
VHSDUDWHG�RXW�DV�UHSODFHDEOH�PHWDREMHFWV�������7KH�DFWLYDWRU�GHILQLQJ�WKH
SROLF\�EHKDYLRXU�DQG�����]HUR�RU�PRUH�PHWDREMHFWV�GHILQLQJ�PHWD�SROLF\
EHKDYLRXU�

7KH�IUDPHZRUN�GHVFULEHG�KHUH�LV�VWLOO�XQGHU�GHYHORSPHQW��:KDW�QHHGV�WR�EH
GRQH�IXUWKHU�LQFOXGHV�WKH�UHDOLVDWLRQ�RI�D�VHUYHU�VLGH�IUDPHZRUN��SHUIRUPDQFH
HYDOXDWLRQ��RSWLPLVDWLRQV�DQG�WHVWLQJ�RI�GLIIHUHQW�HQYLURQPHQW�FRQILJXUDWLRQV
DQG�SROLFLHV�WR�HYDOXDWH�WKH�IOH[LELOLW\���7KH�IUDPHZRUN�LV�EHOLHYHG�WR�EH�DQ
XVHIXO�WHVWEHG�IRU�IXUWKHU�ELQGLQJ�UHODWHG�UHVHDUFK��,VVXHV�IRU�IXUWKHU
UHVHDUFK�DQG�UHVHDUFK�LQ�SURJUHVV�LQFOXGH�

♦ 3ROLF\�VHOHFWLRQ�EDVHG�RQ�GHFODUDWLYH�UHTXLUHPHQW�VWDWHPHQWV�DQG
GHVFULSWLRQV�RI�WKH�HQYLURQPHQW��7KLV�FRXOG�EH�VLPSOH�VHOHFWLRQ�IURP�D
VHW�RI�SUH�LPSOHPHQWHG�SROLFLHV��SROLF\�WUDGLQJ��RU�DXWRPDWLF
FRQVWUXFWLRQ�RI�SROLF\�LPSOHPHQWDWLRQV��SRVVLEO\�E\�XVLQJ�EXLOGLQJ
EORFNV�IURP�D�SUH�LPSOHPHQWHG�VHW�

♦ /DQJXDJHV�IRU�GHFODUDWLYH�VSHFLILFDWLRQV�RI�SROLFLHV�DQG�DXWRPDWLF
JHQHUDWLRQ�FRQVWUXFWLRQ�RI�LPSOHPHQWDWLRQ�IURP�WKHVH��SRVVLEO\�LQ�UXQ�
WLPH�

♦ 3URWRFROV�DQG�WHFKQLTXHV�IRU�HQG�WR�HQG�SROLF\�ELQGLQJ���1HJRWLDWLRQ
EHWZHHQ�FOLHQW�DQG�VHUYHU�
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