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Abstract
The trend in Internet applications is to move from browsing to real-time transactions with
business critical information.  The characteristics of Internet applications  requires system
architectures that are scaleable,  flexible and adaptable, whilst still easy to use, to develop and
to deploy. The “three-tier” architecture is now emerging to address the needs of Internet
applications in terms of scaleability and dynamic access. In a three-tier architecture, most of
an application’s logic is moved from the client to one or more servers in the middle tier. This
makes the middle tier the single most critical component of the emerging Internet application
architecture from a developer’s point of view.
 In this paper we advocate a reflective component-based transaction architecture. Using
components enables users to assemble portable, customisable components into applications.
Reflection provides two additional features that are important for supporting Internet
transaction processing. First, it enables the transaction infrastructure  to be easily adapted to
new application requirements and changing environments. Secondly, it allows programmers to
provide application-specific information declaratively and separately from application code.
This information can be used either at deployment time for configuring the transaction
infrastructure to best suit the application component, or at execution time for improving
system performance.  The architecture supports implicit transactions, thus removes from the
developers any concern for transaction management details.

Distribution:
Supersedes:
Superseded by:

APM.2118.00.01 Draft / Approved 02 March 1998
External



17-Mar-98 A Reflective Component-Based Transaction Architecture



17-Mar-98 A Reflective Component-Based Transaction Architecture i

TABLE OF CONTENTS

1 INTRODUCTION 1

2 A REFLECTIVE COMPONENT-BASED TRANSACTION ARCHITECTURE 4

�����&RPSRQHQW�EDVHG�VRIWZDUH �

�����5HIOHFWLRQ�DQG�PHWDREMHFW�SURWRFRO �

�����7KH�FRPSXWDWLRQ�PRGHO �

�����&RQFXUUHQF\�VHPDQWLFV �

�����7KH�DUFKLWHFWXUH �

�����6WUXFWXUH�RI�WKH�VHUYHU�FRPSRQHQW�FRQWDLQHU ��

�����7KH�WUDQVDFWLRQ�PRGHO ��

3 DEVELOPMENT, ASSMBLY AND CUSTOMISATION OF SERVER
COMPONENTS 12

�����&RPSRQHQW�GHYHORSPHQW ��

�����$VVHPEOLQJ�DQG�FXVWRPLVLQJ�D�FRPSRQHQW ��

�����6HOHFWLQJ�FRQFXUUHQF\�PHWKRG�DQG�SURYLGLQJ�FRQFXUUHQF\�VHPDQWLFV ��

4 RELATED WORK 15

5 SUMMARY 17

6 REFERENCE 18





17-Mar-98 A Reflective Component-Based Transaction Architecture 1

 1 INTRODUCTION

7KH� WUHQG� LQ� ,QWHUQHW� DSSOLFDWLRQV� LV� WR� PRYH� IURP� EURZVLQJ� WR� UHDO�WLPH
WUDQVDFWLRQV� ZLWK� EXVLQHVV� FULWLFDO� LQIRUPDWLRQ�� ([DPSOHV� LQFOXGH� RQOLQH
EDQNLQJ��RUGHU�HQWU\��DQG�FXVWRPHU�VHUYLFH��7UDQVDFWLRQV�KDYH�EHHQ�XVHG� LQ
RQOLQH�SURFHVVLQJ�RQ�PDLQIUDPH�V\VWHPV�IRU�PDQ\�\HDUV��+RZHYHU��WKHUH�DUH
VRPH� GLVWLQJXLVKLQJ� FKDUDFWHULVWLFV� RI� � ,QWHUQHW� DSSOLFDWLRQV�� ZKLFK� FKDQJH
WKH�ZD\�LQ�ZKLFK�WUDQVDFWLRQDO�DSSOLFDWLRQV�DUH�FRQVWUXFWHG�DQG�GHSOR\HG�

7KLQ�FOLHQWV�� ,Q� WUDGLWLRQDO� FOLHQW�VHUYHU� FRPSXWLQJ��DQ�DSSOLFDWLRQ�VSHFLILF
FOLHQW�QHHGV�WR�EH�SUH�LQVWDOOHG�RQ�WKH�XVHU�PDFKLQH�WR�UXQ�DQ�DSSOLFDWLRQ��,Q
:HE�EDVHG� ,QWHUQHW� DSSOLFDWLRQV�� WKH� UXQWLPH� FRPSRQHQWV� DUH� GRZQORDGHG
IURP� WKH� :HE� VLWH�� 6XFK� D� WKLQ� FOLHQW� PRGHO� GHOLYHUV� WZR� NH\� EHQHILWV�
XQLYHUVDO�DFFHVV��DQG�UHGXFHG�LQVWDOODWLRQ�DQG�PDQDJHPHQW�FRVWV�

6FDOH��8QOLNH�WUDGLWLRQDO�DSSOLFDWLRQV��,QWHUQHW�XVHU�FRPPXQLWLHV�FDQ�H[WHQG
ZHOO� EH\RQG� GHSDUWPHQW� RU� FRPSDQ\�� :LWK� WKHVH� QHZ� �VHOI�VHUYLFH�
DSSOLFDWLRQV�� DFFHVV� WR� D� VHUYHU� EHFRPHV� RSHQ� WR� WKRXVDQGV� RI� XVHUV� DOO
H[HFXWLQJ�WUDQVDFWLRQV�VLPXOWDQHRXVO\��7KLV�UHTXLUHV�KLJKO\�VFDOHDEOH�VHUYHU
DUFKLWHFWXUHV�WR�VXSSRUW�WUDQVDFWLRQDO�DSSOLFDWLRQV�

5DSLG� GHYHORSPHQW�� 0DQ\� FRUSRUDWLRQV� KDYH� VWDUWHG� XVLQJ� ,QWHUQHW� IRU
SXEOLVKLQJ�DQG�FROOHFWLQJ�LQIRUPDWLRQ��DQG�LQWHQG�WR�GRLQJ�EXVLQHVV�RYHU�WKH
,QWHUQHW���7KHUHIRUH��WKH�WHFKQRORJ\�IRU�EXLOGLQJ�,QWHUQHW�DSSOLFDWLRQ�V\VWHPV
PXVW�EH�YHU\�HDV\�WR�XVH��GHYHORS�DQG�GHSOR\�

$OO� WKHVH� FKDUDFWHULVWLFV� RI� ,QWHUQHW� DSSOLFDWLRQV� UHTXLUHV� V\VWHP
DUFKLWHFWXUHV�WKDW�DUH�VFDOHDEOH�� � IOH[LEOH�DQG�DGDSWDEOH��ZKLOVW�VWLOO�HDV\�WR
XVH�� WR� GHYHORS� DQG� WR� GHSOR\�� ´7KUHH�WLHUµ� RU� ´PXOWL�WLHUµ� DUFKLWHFWXUHV� DUH
QRZ� HPHUJLQJ� WR� DGGUHVV� WKH� QHHGV� RI� ,QWHUQHW� DSSOLFDWLRQV� LQ� WHUPV� RI
VFDODELOLW\� DQG� G\QDPLF� DFFHVV�� ,Q� D� WKUHH�WLHU� DUFKLWHFWXUH�� PRVW� RI� DQ
DSSOLFDWLRQ·V� ORJLF� LV� PRYHG� IURP� WKH� FOLHQW� WR� RQH� RU� PRUH� VHUYHUV� LQ� WKH
PLGGOH� WLHU��7KLV� SURYLGHV� D�QXPEHU� RI� EHQHILWV�� 6HUYHU� FRPSRQHQWV� FDQ� EH
UHSOLFDWHG�DQG�GLVWULEXWHG�DFURVV�PDQ\�VHUYHUV��WR�ERRVW�V\VWHP�DYDLODELOLW\�
6HUYHU� FRPSRQHQWV� FDQ� EH� HDVLO\� PRGLILHG� WR� DGDSW� WR� FKDQJLQJ� EXVLQHVV
UXOHV�DQG�HFRQRPLF�FRQGLWLRQV��WKXV�SURYLGLQJ�IOH[LELOLW\��6HUYHU�FRPSRQHQWV
DUH�DOVR�ORFDWLRQ�LQGHSHQGHQW��LI�WKH\�DUH�EXLOW�XVLQJ�GLVWULEXWHG�REMHFWV��H�J�
&25%$���WKHUHIRUH�V\VWHP�DGPLQLVWUDWRUV�FDQ�HDVLO\�UHFRQILJXUH�V\VWHP�ORDG�

,Q� WKLV� QHZ�PRGHO�� XVHUV� ILQG� DQG� ODXQFK� DSSOLFDWLRQV� RQ� +70/� SDJHV� DW
:HE�VHUYHUV�� ,QVWHDG�RI� VLPSO\� ORDGLQJ�D� VWDWLF�SDJH�� D�G\QDPLF� �DSSOHW�� LV
GRZQORDGHG� WR� WKH� LQGLYLGXDO·V� EURZVHU�� 7KH� DSSOHW� EULQJ� ZLWK� LW� SURWRFROV
WKDW�DOORZ�WKH�DSSOHW�WR�FRPPXQLFDWH�GLUHFWO\�WR�DSSOLFDWLRQ�VHUYHUV�UXQQLQJ
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LQ� WKH�PLGGOH� WLHU�� 7KHVH� VHUYHUV� DFFHVV� GDWD� IURP� RQH� RU�PRUH� GDWDEDVHV�
DSSO\�EXVLQHVV�UXOHV��DQG�UHWXUQ�UHVXOWV�WR�WKH�FOLHQW�DSSOHW�IRU�GLVSOD\���7KLV
PDNHV� WKH�PLGGOH� WLHU� WKH� VLQJOH� PRVW� FULWLFDO� FRPSRQHQW� RI� WKH� HPHUJLQJ
,QWHUQHW�DSSOLFDWLRQ�DUFKLWHFWXUH�IURP�D�GHYHORSHU·V�SRLQW�RI�YLHZ�

7KHUH� DUH� WKUHH� SRSXODU� DUFKLWHFWXUHV� IRU� EXLOGLQJ�PLGGOH� WLHU� FRPSRQHQWV�
&25%$�VW\OH� 2EMHFW� 5HTXHVW� %URNHUV� �25%V��� 7UDQVDFWLRQ� 3URFHVVLQJ
0RQLWRUV��:HE�$SSOLFDWLRQ�6HUYHUV��$OWKRXJK�HDFK�KDV�LWV�VWUHQJWKV��QRQH�RI
WKHP�LV�LGHDOO\�VXLWHG�IRU�WKH��PLGGOH�WLHU�UHTXLUHPHQW�RI�,QWHUQHW�WUDQVDFWLRQ
SURFHVVLQJ�

&25%$� 25%V� >�@� KDYH� H[FHOOHQW� PXOWL�WLHU� FDSDELOLWLHV� ZLWK� VWURQJ
GLVWULEXWHG� REMHFW� LQYRFDWLRQ� DQG� UHODWHG� LQIUDVWUXFWXUH� VHUYLFHV� VXFK� DV
WUDQVDFWLRQV� DQG� VHFXULW\�� 8QIRUWXQDWHO\�� WKH� FRPSOH[LW\� RI� WKH� RYHUDOO
VROXWLRQ�DQG�D�ODFN�RI�VWURQJ�WRRO�VXSSRUW�OLPLWV�WKHLU�DSSHDO�WR�VRSKLVWLFDWHG
GHYHORSHUV�� $GGLWLRQDOO\�� PRVW� 25%V� DOVR� KDYH� SULPLWLYH� VHUYHU�VLGH
H[HFXWLRQ�HQJLQHV��OLPLWLQJ�SHUIRUPDQFH�DQG�VFDOHDELOLW\�

73�PRQLWRUV��RQ�WKH�RWKHU�KDQG��KDYH�UREXVW�DQG�PDWXUH�H[HFXWLRQ�HQJLQHV
WKDW� GHOLYHU� H[FHOOHQW� SHUIRUPDQFH� DQG� VFDOHDELOLW\�� +RZHYHU�� OLNH� 25%V�
WKHLU� RYHUDOO� FRPSOH[LW\� DQG� SURSULHWDU\� $3,V� RIWHQ�PDNH� WKHP� GLIILFXOW� WR
XVH�DQG�H[SHQVLYH�WR�LQVWDOO��DGPLQLVWHU��DQG�PDLQWDLQ�

:HE�$SSOLFDWLRQ�6HUYHU�WHFKQRORJ\�HPHUJHG�LQ�DQ�DWWHPSW�WR�WUDQVIRUP�:HE
VHUYHUV� WR� DSSOLFDWLRQ� VHUYHUV�� :HE� $SSOLFDWLRQ� 6HUYHUV� DUH� JHQHUDOO\
FXVWRPHU�JHQHUDWHG�IURP�RQH�RI�VHYHUDO�:HE�RU�VLWH�GHYHORSPHQW�WRROV��7KLV
VWURQJ� WRROV� IRFXV� OHDGV� WR� KLJK� GHYHORSHU� SURGXFWLYLW\�� 2Q� WKH� IOLS� VLGH�
VFDOHDELOLW\� LV� VHYHUHO\� OLPLWHG� E\� WKH� DSSOLFDWLRQ� VHUYHU·V� GLUHFW� WLH� WR�:HE
VHUYHUV� DQG� WKH� ODFN� RI� QRQ�+773� SURWRFROV� IRU� DSSOLFDWLRQ�WR�DSSOLFDWLRQ
FRPPXQLFDWLRQ�

7R�DGGUHVV�WKH�QHHG�IRU�D�VFDOHDEOH�DQG�HDV\�WR�XVH�PLGGOH�WLHU��FRPSRQHQW�
EDVHG� WUDQVDFWLRQ� VHUYHUV� DUH� HPHUJLQJ�� VXFK� DV� 6\EDVH·V� -DJXDU� &76� >�@�
DQG� 0LFURVRIW� 7UDQVDFWLRQ� 6HUYHU� >�@�� 7KH\� FRPELQH� WKH� EHVW� IHDWXUHV� RI
25%V� DQG� 73� PRQLWRUV� ZLWK� FRPSRQHQW�EDVHG� GHYHORS� WRROV�� 7KLV� HQDEOHV
TXLFN� FUHDWLRQ� RI� VFDOHDEOH� � DSSOLFDWLRQV�� &RPSRQHQW�EDVHG� WUDQVDFWLRQ
VHUYHUV� RIIHU� EXLOW�LQ� WUDQVDFWLRQ� PDQDJHPHQW� FDSDELOLWLHV�� DQG� VXSSRUW
GLVWULEXWHG�REMHFW� LQYRFDWLRQ� IRU�PXOWL�WLHU�DSSOLFDWLRQ�FRPPXQLFDWLRQ��7KH\
DOVR� VXSSRUW� UDSLG� PLGGOH� WLHU� GHYHORSPHQW� DQG� SURYLGH� DQ� H[HFXWLRQ
HQYLURQPHQW�IRU�VHUYHU�FRPSRQHQWV�

,Q� WKLV� SDSHU� ZH� DGYRFDWH� D� UHIOHFWLYH� FRPSRQHQW�EDVHG� WUDQVDFWLRQ
DUFKLWHFWXUH��/LNH�-DJXDU�&76�DQG�076��LW�LV�FRPSRQHQW�EDVHG��WKXV�HQDEOHV
XVHUV�WR�GHYHORS�SRUWDEOH��FXVWRPLVDEOH�FRPSRQHQWV��DQG�DVVHPEOH��WKHP�LQWR
DSSOLFDWLRQV��,W�HQDEOHV�UDSLG�DSSOLFDWLRQ�GHYHORSPHQW�DQG�GHSOR\PHQW�XVLQJ
VWDQGDUG� FRPSRQHQWV� DQG� RII�WKH�VKHOI� WRROV�� 7KH� DUFKLWHFWXUH� VXSSRUWV
LPSOLFLW�WUDQVDFWLRQV��UHPRYLQJ� IURP�GHYHORSHUV�DQ\�FRQFHUQ� IRU� WUDQVDFWLRQ
PDQDJHPHQW�GHWDLOV��$Q\�FRPSRQHQW�LQVWDOOHG�LQ�WKH�VHUYHU�LV�D�FDQGLGDWH�IRU
SDUWLFLSDWLRQ� LQ� D� WUDQVDFWLRQ�� 0RUH� LPSRUWDQWO\�� QR� FRPSRQHQW� LQ� D
WUDQVDFWLRQ� QHHG� FRQFHUQ� LWVHOI� ZLWK� WKH� EHKDYLRXU� RI� RWKHU� FRPSRQHQWV� LQ
UHJDUGV�WR�WKHLU�HIIHFW�RQ�WKH�WUDQVDFWLRQ�
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8QOLNH�-DJXDU�&76�RU�076��WKH�DUFKLWHFWXUH�LV�DOVR�UHIOHFWLYH��SURYLGLQJ�WZR
DGGLWLRQDO� IHDWXUHV� WKDW� DUH� LPSRUWDQW� IRU� VXSSRUWLQJ� ,QWHUQHW� WUDQVDFWLRQ
SURFHVVLQJ�� )LUVW�� LW� HQDEOHV� WKH� WUDQVDFWLRQ� LQIUDVWUXFWXUH� WR� EH� HDVLO\
DGDSWHG� WR� QHZ� DSSOLFDWLRQ� UHTXLUHPHQWV� DQG� FKDQJLQJ� HQYLURQPHQWV�
6HFRQGO\�� LW� DOORZV�SURJUDPPHUV� WR� SURYLGH� DSSOLFDWLRQ�VSHFLILF� LQIRUPDWLRQ
GHFODUDWLYHO\�DQG�VHSDUDWHO\� IURP�DSSOLFDWLRQ�FRGH��7KLV� LQIRUPDWLRQ�FDQ�EH
XVHG�HLWKHU�DW�GHSOR\PHQW�WLPH�IRU�FRQILJXULQJ�WKH�WUDQVDFWLRQ�LQIUDVWUXFWXUH
WR� EHVW� VXLW� WKH� DSSOLFDWLRQ� FRPSRQHQW�� RU� DW� H[HFXWLRQ� WLPH� IRU� LPSURYLQJ
V\VWHP� SHUIRUPDQFH�� 2XU� DUFKLWHFWXUH� WUDFNV� FORVHO\� WKH� (QWHUSULVH
-DYD%HDQV� VSHFLILFDWLRQ� >�@�� DQG� FDQ� EH� XVHG� WR� H[HFXWH� (QWHUSULVH
-DYD%HDQV�
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 2 A REFLECTIVE COMPONENT-BASED
TRANSACTION ARCHITECTURE

,Q� WKLV� VHFWLRQ�� ZH� SUHVHQW� RXU� UHIOHFWLYH� FRPSRQHQW�EDVHG� WUDQVDFWLRQ
DUFKLWHFWXUH� DIWHU� D� EULHI� LQWURGXFWLRQ� WR� WKH� FRPSRQHQW� PRGHO� DQG� WKH
UHIOHFWLRQ�WHFKQRORJ\�

 2.1 Component-based software

,Q� UHFHQW� \HDUV�� FRQVWUXFWLQJ� DSSOLFDWLRQV� WKURXJK� WKH� DVVHPEO\
RI�UH�XVDEOH�VRIWZDUH�FRPSRQHQWV�KDV�HPHUJHG�DV�D�KLJKO\�SURGXFWLYH�ZD\�WR
GHYHORS�FXVWRP�DSSOLFDWLRQV�

7KH� WHUP� FRPSRQHQW�EDVHG� VRIWZDUH� LV� XVHG� WR� GHVFULEH� D� VRIWZDUH� PRGHO�
ZKLFK�VSHFLILHV�KRZ�WR�GHYHORS�UHXVDEOH�VRIWZDUH�FRPSRQHQWV�DQG�KRZ�WKHVH
FRPSRQHQW� REMHFWV� FDQ� FRPPXQLFDWH� ZLWK� HDFK� RWKHU�� $� FRPSRQHQW� LV� DQ
HQFDSVXODWHG�SLHFH�RI�FRGH�WKDW�FDQ�EH�FRPELQHG�ZLWK�RWKHU�FRPSRQHQWV�DQG
ZLWK�KDQGZULWWHQ�FRGH�WR�UDSLGO\�SURGXFH�D�FXVWRP�DSSOLFDWLRQ���$�FRPSRQHQW
LV� GHVLJQHG� WR� EH� XVHG� ZLWKLQ� DQRWKHU� DSSOLFDWLRQ�� FDOOHG� D� FRQWDLQHU�� DQG
GHVLJQHG� WR� EH� UHXVHG� DQG� FXVWRPLVHG�ZLWKRXW� DFFHVV� WR� LWV� VRXUFH� FRGH�� $
FRQWDLQHU� SURYLGHV� DQ� DSSOLFDWLRQ� FRQWH[W� IRU� FRPSRQHQWV� DQG� SURYLGHV
PDQDJHPHQW�DQG�FRQWURO�VHUYLFHV�WR�WKH�FRPSRQHQW�LW�VWRUHV�

,Q� RUGHU� WR� TXDOLI\� DV� D� FRPSRQHQW�� WKH� DSSOLFDWLRQ� FRGH� PXVW� SURYLGH� D
VWDQGDUG� LQWHUIDFH� WKDW� HQDEOHV� RWKHU� SDUWV� RI� WKH� DSSOLFDWLRQ� WR� LQYRNH� LWV
IXQFWLRQV�DQG�WR�DFFHVV�DQG�PDQLSXODWH�WKH�GDWD�ZLWKLQ�WKH�FRPSRQHQW��7KLV
LV�RIWHQ�WHUPHG�´LQWURVSHFWLRQµ�DQG�HQDEOH�WKH�DSSOLFDWLRQ�GHYHORSHU�WR�PDNH
IXOO� XVH� RI� WKH� FRPSRQHQW� ZLWKRXW� UHTXLULQJ� DFFHVV� WR� LWV� VRXUFH� FRGH�
&RPSRQHQWV� FDQ� EH� FXVWRPLVHG� WR� VXLW� WKH� VSHFLILF� UHTXLUHPHQWV� RI� DQ
DSSOLFDWLRQ� WKURXJK� D� VHW� RI� H[WHUQDO� SURSHUW\� YDOXHV�� RIWHQ� FDOOHG
´UHIOHFWLRQµ�

6HUYHU�FRPSRQHQWV�DUH�DSSOLFDWLRQ�FRPSRQHQWV� WKDW�UXQ�RQ�D�VHUYHU��$V�ZH
GLVFXVVHG� LQ�6HFWLRQ���� LQ�D� WKUHH�WLHU�DUFKLWHFWXUH��PRVW�RI� DQ�DSSOLFDWLRQ·V
ORJLF� LV� SDUWLWLRQHG� LQWR� VHSDUDWH� VHUYHU� FRPSRQHQWV� WR� EH� GHSOR\HG� RQ� D
VHUYHU� V\VWHP�� $� VHUYHU� FRPSRQHQW� FRQWDLQHU� SURYLGHV� D� UXQWLPH
HQYLURQPHQW�WR�VXSSRUW� WKH�H[HFXWLRQ�RI� VHUYHU� FRPSRQHQWV�� ,Q�RXU� FDVH�ZH
FRPELQH�WKH�UREXVW� UXQWLPH� IHDWXUHV�RI�D� WUDGLWLRQDO� WUDQVDFWLRQ�SURFHVVLQJ
�73�� PRQLWRU� ZLWK� WKH� IOH[LELOLW\� DQG� UHXVDELOLW\� IHDWXUHV� RI� GLVWULEXWHG
FRPSRQHQWV��7KH�FRQWDLQHU�SURYLGHV� WKH�FRPSOH[�PDQDJHPHQW�VHUYLFHV� WKDW
DUH� UHTXLUHG� WR� VXSSRUW� KLJK�YROXPH� EXVLQHVV� WUDQVDFWLRQV�� LQFOXGLQJ
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PXOWLWKUHDGLQJ�� UHVRXUFH�SRROLQJ�� DQG� WUDQVDFWLRQ� FR�RUGLQDWLRQ�� 7KH
LQWURVSHFWLRQ�DQG�UHIOHFWLRQ�IDFLOLWLHV�DOORZ�WKH�FRQWDLQHU�WR�WDNH�GHVLJQ�WLPH
DQG�UXQWLPH�SROLF\�RQ�KRZ�WR�FRXSOH�LWV�VHUYHUV�WR�DSSOLFDWLRQ�FRPSRQHQWV�

 2.2 Reflection and metaobject protocol

5HIOHFWLRQ�>�@�LV�WKH�FDSDELOLW\�RI�D�FRPSXWDWLRQDO�V\VWHP�WR�UHDVRQ�DERXW�DQG
DFW�XSRQ�LWVHOI��8QOLNH�FRQYHQWLRQDO�V\VWHP��D�UHIOHFWLYH�V\VWHP�DOORZV�XVHUV
WR�SHUIRUP� FRPSXWDWLRQ� RQ� WKH� V\VWHP� LWVHOI� LQ� WKH� VDPH�PDQQHU� DV� LQ� WKH
DSSOLFDWLRQ��WKXV�SURYLGLQJ�XVHUV�ZLWK�WKH�DELOLW\�WR�DGMXVW� WKH�EHKDYLRXU�RI
WKH�V\VWHP�WR�VXLW�WKHLU�SDUWLFXODU�QHHGV�

,Q�DQ�REMHFW�RULHQWHG�SURJUDPPLQJ�HQYLURQPHQW��UHIOHFWLRQ�FDQ�EH�UHDOLVHG�LQ
WKH� IRUP� RI� PHWDREMHFWV� WKDW� UHSUHVHQW� VRPH� LQWHUQDO� LQIRUPDWLRQ� DQG
LPSOHPHQWDWLRQ�RI�WKH�V\VWHP��7KH�LQWHUIDFHV�RI�WKHVH�PHWDREMHFWV�DUH�FDOOHG
PHWDREMHFW� SURWRFROV� �023V�� >�@�� EHFDXVH� WKH\� DOORZ� DSSOLFDWLRQ� REMHFWV� WR
FRPPXQLFDWH� ZLWK� PHWDREMHFWV�� 7KURXJK� 023V�� XVHUV� FDQ� PRGLI\� WKH
V\VWHPV
�EHKDYLRXU�DQG�LPSOHPHQWDWLRQ�LQFUHPHQWDOO\�

8VLQJ�PHWDREMHFW�SURWRFROV�� WKH�DFWXDO�EHKDYLRXU� RI� DQ�DSSOLFDWLRQ� REMHFW� LV
GHWHUPLQHG� QRW� RQO\� E\� LWVHOI�� EXW� DOVR� E\� WKH� PHWDREMHFW� ZKLFK� LW� LV
DVVRFLDWHG� ZLWK�� 7KH� DVVRFLDWLRQ� FDQ� EH� WKRXJKW� RI� LQ� WHUPV� RI� D� ELQGLQJ
EHWZHHQ�WKH�DSSOLFDWLRQ�REMHFW�DQG�WKH�PHWDREMHFW��$Q�DSSOLFDWLRQ�REMHFW�FDQ
REWDLQ� WKH� FDSDELOLW\� RI� D� PHWDREMHFW� E\� ELQGLQJ� WR� LW�� ,Q� WKLV� ZD\�� WKH
IXQFWLRQDOLW\�RI�DQ�DSSOLFDWLRQ�LV�GHWHUPLQHG�E\�LWV�DSSOLFDWLRQ�REMHFWV��ZKLOVW
WKH� TXDOLW\� RI� DSSOLFDWLRQ� GHOLYHU\� LV� GHWHUPLQHG� E\� WKH� DVVRFLDWHG
PHWDREMHFWV�� 7KH� TXDOLW\� RI� DSSOLFDWLRQ� GHOLYHU\� FDQ� EH� FKDQJHG� WKURXJK
DOWHUQDWLYH�PHWDREMHFWV�ZLWKRXW�PDNLQJ�FKDQJHV�WR�DSSOLFDWLRQ�REMHFWV��7KLV
PDNHV� LW� SRVVLEOH� WR� SURYLGH� V\VWHP� FDSDELOLWLHV� WR� DQ� DSSOLFDWLRQ� SURJUDP
WUDQVSDUHQWO\�DQG�IOH[LEO\�

optimistic
concurrency control

metaobject

hybrid
concurrency control

metaobject

pessmistic
concurrency control

metaobject

binding switch

application
object

Figure 2.1  The metaobject protocol approach

)RU� H[DPSOH� DV� LOOXVWUDWHG� LQ� )LJXUH� ����� DQ� DSSOLFDWLRQ� REMHFW� FDQ� EHFRPH
XVDEOH� LQ� D� FRQFXUUHQW� HQYLURQPHQW� E\� ELQGLQJ� WR� RQH� RI� WKH� FRQFXUUHQF\
FRQWURO�PHWDREMHFWV��7KHUH�LV�QR�QHHG�WR�PDNH�DQ\�FKDQJH�WR�WKH�DSSOLFDWLRQ
REMHFW�� $� ELQGLQJ� EHWZHHQ� DQ� DSSOLFDWLRQ� REMHFW� DQG� D� PHWDREMHFW� FDQ� EH
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FKDQJHG� G\QDPLFDOO\� DFFRUGLQJ� WR� WKH� UXQ�WLPH� FRQGLWLRQV�� )RU� H[DPSOH�
ZKHQ�WKH�FRQIOLFW�UDWH�RI�FRQFXUUHQWO\�DFFHVVLQJ�DQ�DSSOLFDWLRQ�REMHFW�LV�ORZ�
LW�ZRXOG�EH�EHWWHU�WR�ELQG�LW�WR�DQ�RSWLPLVWLF�FRQFXUUHQF\�FRQWURO�PHWDREMHFW�
+RZHYHU��ZKHQ�WKH�FRQIOLFW�UDWH�EHFRPHV�KLJK��WKH�ELQGLQJ�FDQ�EH�VZLWFKHG�WR
D�SHVVLPLVWLF�FRQFXUUHQF\�FRQWURO�PHWDREMHFW��%\�PRQLWRULQJ� LWV�FRPSRQHQWV
DQG� DSSOLFDWLRQV�� WKH� V\VWHP� FDQ� SHUIRUP� WKLV� VZLWFKLQJ� DXWRPDWLFDOO\
ZLWKRXW�GLVWXUELQJ�DSSOLFDWLRQ�SURJUDPV�

 2.3 The computation model

7KH� FKDUDFWHULVWLFV� RI� ,QWHUQHW� DSSOLFDWLRQV� UHTXLUHV� V\VWHP� DUFKLWHFWXUHV
WKDW�PXVW�EH�VFDOHDEOH�� �IOH[LEOH�DQG�DGDSWLYH��ZKLOVW�VWLOO�EH�HDV\�WR�XVH��WR
GHYHORS� DQG� WR� GHSOR\�� 2XU� UHIOHFWLYH� FRPSRQHQW�EDVHG� DUFKLWHFWXUH� PHHWV
WKH�ULJRUV��RI�,QWHUQHW�DSSOLFDWLRQV�E\�WDNLQJ�DGYDQWDJH�RI�ERWK�WKH�UHIOHFWLRQ
WHFKQRORJ\�DQG�WKH�FRPSRQHQW�PRGHO�

7R� DFKLHYH� WKH� PRVW� EHQHILWV� IURP� WKH� PXOWL�WLHU� DUFKLWHFWXUH�� VHUYHU
FRPSRQHQWV� VKRXOG�EH� LPSOHPHQWHG�DV� VKDUHG� VHUYHUV��+RZHYHU�� EXLOGLQJ�D
VKDUHG�VHUYHU�LV�QRW�DQ�HDV\�WDVN��,W�LV�PXFK�KDUGHU�WKDQ�EXLOGLQJ�D�VLQJOH�
XVHU�DSSOLFDWLRQ��8VXDOO\�� VKDUHG�VHUYHUV�QHHG� WR� VXSSRUW� FRQFXUUHQW�XVHUV�
DQG� WKH\� QHHG� WR� VKDUH� V\VWHP� UHVRXUFHV�� VXFK� DV� WKUHDGV�� PHPRU\�� DQG
QHWZRUN�FRQQHFWLRQV��7KH\�DOVR�QHHG�WR�SDUWLFLSDQW�GLVWULEXWHG� WUDQVDFWLRQV
DQG�HQIRUFH�VHFXULW\�SROLFLHV�

,W�ZRXOG�EH�YHU\�KDUG�IRU�DSSOLFDWLRQ�GHYHORSHUV��ZKR�DUH�H[SHUWV�LQ�EXVLQHVV
ORJLF��EXW�QRW�QHFHVVDULO\� LQ� WUDQVDFWLRQ�PRQLWRU� HQJLQHHULQJ�� WR�DGGUHVV�DOO
WKHVH� V\VWHP� LVVXHV�� 7R� VROYH� WKLV� SUREOHP� DQG� WR� SURYLGH� SRUWDELOLW\� WR
DSSOLFDWLRQ�SURJUDPV��RXU�FRPSXWDWLRQ�PRGHO�DOORZV�D�FOHDU�VHSDUDWLRQ�WR�EH
PDGH� EHWZHHQ� EXVLQHVV� ORJLF� DQG� V\VWHP� LVVXHV�� � 7KLV� HQDEOHV� DSSOLFDWLRQ
SURJUDP� WR� IRFXV� RQ� DSSOLFDWLRQ� UHTXLUHPHQWV� ZLWKRXW� FRQFHUQ� DERXW� WKH
V\VWHP� LVVXHV�� 7KH� VHSDUDWLRQ� DOVR� PDNHV� LW� SRVVLEOH� IRU� DQ� DSSOLFDWLRQ
SURJUDP� WR� EH� H[HFXWHG� LQ� GLIIHUHQW� V\VWHP� HQYLURQPHQW� ZLWKRXW� PDNLQJ
FKDQJHV�WR�LWV�VRXUFH�FRGH�

%HFDXVH�RI�WKH�ZLGH�UDQJH�RI�SRWHQWLDO�DSSOLFDWLRQV��ZLWK�YDU\LQJ�QHHGV��LW�LV
LPSRVVLEOH� WR� SURYLGH� D� VLQJOH� PRQROLWKLF� DSSOLFDWLRQ� VHUYHU� LQIUDVWUXFWXUH
VXLWDEOH� IRU� DOO� DSSOLFDWLRQV�� 7KH� LPSOHPHQWDWLRQ� RI� DQ� DSSOLFDWLRQ� VHUYHU·V
LQIUDVWUXFWXUH� PXVW� EH� IOH[LEOH� DQG� DGDSWLYH� VR� WKDW� LW� FDQ� EH� FXVWRPLVHG
HDVLO\� WR� FDWHU� IRU� D� SDUWLFXODU� DSSOLFDWLRQ�� 7R� DFKLHYH� WKLV� DLP�� RXU
LQIUDVWUXFWXUH� UHSUHVHQWV� DOWHUQDWLYH� LQIUDVWUXFWXUH� FKRLFHV� DV� DOWHUQDWLYH
PHWDREMHFWV��DV�VKRZQ�LQ�)LJXUH������7KXV�DW�GHSOR\PHQW�WLPH��DQ�DSSOLFDWLRQ
DVVHPEOHU�FDQ�FKRRVH�WKH�PRVW�VXLWDEOH�LQIUDVWUXFWXUH�IRU�KLV�DSSOLFDWLRQ�E\
VHOHFWLQJ� WKH� FRUUHVSRQGLQJ� PHWDREMHFW�� 7KH� VHOHFWHG� PHWDREMHFW� LV� WKHQ
LQWHJUDWHG�ZLWK�WKH�DSSOLFDWLRQ�REMHFW�WR�IRUP�D�VHUYHU�FRPSRQHQW�
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Figure 2.2 A reflective computation model

$�FOHDU�VHSDUDWLRQ�EHWZHHQ�WKH�DSSOLFDWLRQ�SURJUDP�DQG�WKH�LPSOHPHQWDWLRQ
RI� V\VWHP� LVVXHV� LV� HVVHQWLDO� IRU� PDNLQJ� DSSOLFDWLRQ� FRPSRQHQW� SRUWDEOH�
+RZHYHU��ZLWKRXW�DQ\�LQIRUPDWLRQ�DERXW�WKH�DSSOLFDWLRQ��LW�ZRXOG�EH�KDUG�IRU
D�V\VWHP�WR�SURYLGH�D�JRRG�TXDOLW\�RI�VHUYLFH�WR�WKDW�DSSOLFDWLRQ��2QO\�ZKHQ
GHWDLOHG� NQRZOHGJH� DERXW� DQ� DSSOLFDWLRQ� LV� DYDLODEOH� VXFK� DV� RUGHULQJ
FRQVWUDLQWV� IRU� FRQVLVWHQF\�� LW� LV� SRVVLEOH� IRU� D� V\VWHP� WR� RSWLPLVH� LWV
EHKDYLRXU� DQG� WR� LPSURYH� LWV� SHUIRUPDQFH�� :H� VROYH� WKLV� GLOHPPD� E\
DOORZLQJ� DSSOLFDWLRQ� GHYHORSHUV� WR� VSHFLI\� DSSOLFDWLRQ�VSHFLILF� LQIRUPDWLRQ
GHFODUDWLYHO\� DQG� VHSDUDWHO\� IURP�DSSOLFDWLRQ�SURJUDPV�� ,Q� VXFK� D�ZD\��ZH
HQDEOH�DSSOLFDWLRQ�LQIRUPDWLRQ�DYDLODEOH�WR�D�V\VWHP��EXW�ZLWKRXW�LQFUHDVLQJ
WKH� EXUGHQ� RI� DQ� DSSOLFDWLRQ� GHYHORSHU�� QRU� ORVLQJ� WKH� SRUWDELOLW\� RI� DQ
DSSOLFDWLRQ�SURJUDP�

)RU�D�WUDQVDFWLRQ�V\VWHP��WKH�FRQFXUUHQF\�VHPDQWLFV�RI�DQ�DSSOLFDWLRQ�FDQ�EH
XVHG�WR�UHGXFH�GHOD\�GXH�WR�EORFNLQJ��7KXV��ZH�DOORZ�FRQFXUUHQF\�VHPDQWLFV
WR� EH� UHSUHVHQWHG� LQ� RXU� PRGHO�� EXW� LW� LV� UHSUHVHQWHG� GHFODUDWLYHO\� DQG
VHSDUDWHG� IURP� WKH� VHTXHQWLDO� EHKDYLRXU� RI� DQ� DSSOLFDWLRQ�� 7KH� VHTXHQWLDO
EHKDYLRXU� LV� LPSOHPHQWHG� LQ� DSSOLFDWLRQ� FRGH�� ZKLOVW� WKH� FRQFXUUHQF\
VHPDQWLFV� DUH� UHSUHVHQWHG� DV� D� FRQFXUUHQF\� VFULSW�� $W� UXQWLPH�� WKH
FRQFXUUHQF\� VHPDQWLFV� ZRXOG� EH� XVHG� E\� WKH� WUDQVDFWLRQ� VWUDWHJLHV� WR
VFKHGXOH�RSHUDWLRQV�

 2.4 Concurrency semantics

%\� WDNLQJ� LQWR� FRQVLGHUDWLRQ� W\SH�VSHFLILF� VHPDQWLFV� RI� RSHUDWLRQV�� D
WUDQVDFWLRQ�V\VWHP�FDQ�DOORZ�FRQFXUUHQW�H[HFXWLRQV�WKDW�ZRXOG�RWKHUZLVH�EH
IRUELGGHQ� LI� RSHUDWLRQV�ZHUH� VLPSO\� FKDUDFWHULVHG� DV� UHDGV� DQG�ZULWHV�� 7KH
FRQFXUUHQW�VHPDQWLFV�RI�RSHUDWLRQV�DUH�XVXDOO\�UHSUHVHQWHG�E\�UHODWLRQVKLSV
EHWZHHQ�RSHUDWLRQV�� VXFK�DV� FRPPXWDWLYLW\>�@��*LYHQ� WZR�RSHUDWLRQV� RQ� WKH
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VDPH�W\SH��S�DQG�T��ZH�VD\�WKDW�WKH\�DUH�FRPPXWH�LI�WKH�UHVXOW�RI�H[HFXWLQJ�S
DQG�WKHQ�T�RQ�G�LV�WKH�VDPH�DV�WKH�UHVXOW�RI�H[HFXWLQJ�T�DQG�WKHQ�S�RQ�G�

&RQVLGHU��IRU�H[DPSOH��D�EDQN�DFFRXQW�FODVV��$FFRXQW��,W�KDV�DQ�DVVRFLDWHG�VHW
RI�RSHUDWLRQV��FUHGLW�PRQH\�WR�DQ�DFFRXQW��GHELW�PRQH\�IURP�DQ�DFFRXQW��DQG
FKHFN� WKH�EDODQFH� RI� DQ�DFFRXQW�� ,Q� WKLV� H[DPSOH�� WZR� FUHGLW� RSHUDWLRQV� DUH
FRPPXWH��VR�GR�WZR�FKHFN�RSHUDWLRQV��7KHUHIRUH�� LW� LV�SRVVLEOH�IRU�WZR�FUHGLW
RSHUDWLRQV� WR�EH� H[HFXWHG� FRQFXUUHQWO\�� �+RZHYHU�� WKLV� H[HFXWLRQ�ZRXOG�QRW
EH� SHUPLWWHG� LQ� D� V\VWHP� WKDW� FODVVLILHG� RSHUDWLRQV� LQWR� UHDGV� DQG�ZULWHV
RQO\��7KLV� VKRZV�D�JHQHUDO�SKHQRPHQRQ��E\� WDNLQJ� LQWR� FRQVLGHUDWLRQ� W\SH�
VSHFLILF� LQIRUPDWLRQ�� D� V\VWHP� FDQ� SHUPLW� JUHDWHU� FRQFXUUHQF\� WKDQ� ZRXOG
RWKHUZLVH�EH�SRVVLEOH�

+RZHYHU�� XWLOLVLQJ� FRQFXUUHQF\� VHPDQWLFV� LV� QRW� DQ� HDV\� WDVN�� ,W� ZRXOG
PDNHV� WKH� DSSOLFDWLRQ� SURJUDP� FRPSOLFDWHG�� LI� WKH� FRQFXUUHQF\� FRGH� LV
LQWHUWZLQHG�ZLWK�WKH�LPSOHPHQWDWLRQ�RI�EXVLQHVV�ORJLF��,Q�RUGHU�WR�DYRLG�WKLV�
ZH�DOORZ�DSSOLFDWLRQ�XVHUV�WR�H[SUHVVLQJ�FRQFXUUHQF\�VHPDQWLFV�GHFDUDWLYHO\
DQG�VHSDUDWHO\�IURP�WKH�LPSOHPHQWDWLRQ�RI�WKH�REMHFWV�

7KH� FRQFXUUHQF\� VHPDQWLFV� FDQ� EH� UHSUHVHQWHG� HDVLO\� LQ� SDLUV� RI� RSHUDWLRQ
QDPHV�� )RU� H[DPSOH�� D� SDLU� �S�� T�� PHDQV� WKDW� RSHUDWLRQ� S� DQG� T� DUH
FRPPXWDWLYH��,Q�MXGJLQJ�ZKHWKHU�WZR�RSHUDWLRQV�DUH�FRPPXWDWLYH��RQH�QHHGV
RQO\� WR� FRQVLGHU� WKH� ORJLFDO� UHODWLRQVKLS� RI� WKH� WZR� RSHUDWLRQV�� QRW� WKH
LPSOHPHQWDWLRQ� RI� WKH� RSHUDWLRQV�� 2XU� WUDQVDFWLRQ� V\VWHP� ZLOO� HQVXUH� WKH
DWRPLFLW\�RI�LQGLYLGXDO�RSHUDWLRQV�

 2.5 The architecture

7KHUH�DUH�VL[�NLQGV�RI�HQWLWLHV�LQ�RXU�DUFKLWHFWXUH��VHH�)LJXUH�������WKH�VHUYHU
FRPSRQHQW�� DSSOLFDWLRQ� LQIRUPDWLRQ� VFULSW�� VHUYHU� FRPSRQHQW� FRQWDLQHU�
FOLHQW�FRPSRQHQW��PHWDREMHWV��DQG�XQGHUO\LQJ�VXSSRUWLQJ�V\VWHP��7KH�VHUYHU
FRPSRQHQWV�LPSOHPHQW�WKH�EXVLQHVV�ORJLF�IRU�DQ�DSSOLFDWLRQ�

$� VHUYHU� FRPSRQHQW� FRQWDLQHU� SURYLGHV� FHUWDLQ� V\VWHP� FDSDELOLWLHV�� VXFK� DV
PXOWLWKUHDGLQJ�� WUDQVDFWLRQ� DQG� VHFXULW\�� ,W� DOVR� SURYLGHV� DQ� DSSOLFDWLRQ
FRQWH[W�� PDQDJHPHQW� DQG� FRQWURO� VHUYLFH� WR� WKH� HQFDSVXODWHG� VHUYHU
FRPSRQHQWV�� 7R� SURYLGH� IOH[LELOLW\� DQG� DGDSWDELOLW\�� D� VHUYHU� FRPSRQHQW
FRQWDLQHU�UHSUHVHQWV�LPSOHPHQWDWLRQ�VWUDWHJLHV�LQ�WKH�IRUP�RI�PHWDREMHFWV��$
PHWDREMHFW� FDQ�EH� UHSODFHG�E\�D�QHZ�PHWDREMHFW� WKDW� LPSOHPHQWV� WKH� VDPH
IXQFWLRQDOLW\�� EXW� ZLWK� D� GLIIHUHQW� VWUDWHJ\�� ,Q� HDFK� VHUYHU� FRPSRQHQW
FRQWDLQHU�WKHUH�DUH�D�QXPEHU�RI�´VRFNHWVµ�IRU�SOXJJLQJ�LQ�PHWDREMHFWV��8VHUV
FDQ� FKRRVH� ´RII�WKH�VKHOIµ� PHWDREMHFWV� WKDW� DUH� EHVW� VXLWHG� WR� WKHLU
DSSOLFDWLRQV�DW�GHSOR\� WLPH��7KH\� FDQ�DOVR� VXSSO\� WKHLU� RZQ�PHWDREMHFWV�� LI
WKH\�OLNH��0HWDREMHFWV�FDQ�DOVR�EHHQ�FKDQJHG�G\QDPLFDOO\�DW�UXQWLPH�WR�FDWHU
IRU�FKDQJLQJ�HQYLURQPHQW�FRQGLWLRQV�
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Figure 2.3 The reflective component-based transaction architecture

$� VHUYHU� FRPSRQHQW� FRQWDLQHU� LQVXODWHV� VHUYHU� FRPSRQHQWV� IURP� WKH
XQGHUO\LQJ�VXSSRUWLQJ�V\VWHP��7KH�FRQWDLQHU�DXWRPDWLFDOO\�DOORFDWHV�V\VWHP
UHVRXUFHV�RQ�EHKDOI�RI�WKH�FRPSRQHQWV�DQG�PDQDJHV�DOO�LQWHUDFWLRQV�EHWZHHQ
WKH� FRPSRQHQWV� DQG� WKH� XQGHUO\LQJ� V\VWHP�� 7KLV� HQVXUHV� WKDW� WKH� VHUYHU
FRPSRQHQWV� FDQ� EH� UXQ� LQ� DQ\� V\VWHP� DV� ORQJ� DV� LW� VXSSRUWV� D� FRPSDWLEOH
VHYHU�FRPSRQHQW�FRQWDLQHU�

$� VHUYHU� FRPSRQHQW� FRQWDLQHU� PDLQWDLQV� FRQWURO� RYHU� D� VHUYHU� FRPSRQHQW
WKURXJK� D� ZUDSSHU�� $� FRQWDLQHU� SURYLGHV� DQ� H[WHUQDO� UHSUHVHQWDWLRQ� RI� D
VHUYHU� FRPSRQHQW��&OLHQW� FRPSRQHQWV�GR�QRW�GLUHFWO\� LQWHUDFW�ZLWK�D� VHUYHU
FRPSRQHQW��EXW�ZLWK�WKH�H[WHUQDO�UHSUHVHQWDWLRQ���7KLV�DOORZV�WKH�FRQWDLQHU
WR�LQWHUFHSW�DOO�RSHUDWLRQV�PDGH�RQ�WKH�LQVLGH�VHUYHU�FRPSRQHQWV��(DFK�WLPH
D�FOLHQW�FRPSRQHQW�LQYRNHV�D�PHWKRG�RQ�D�VHUYHU�FRPSRQHQW��WKH�UHTXHVW�JRHV
WKURXJK�WKH�FRQWDLQHU�EHIRUH�EHLQJ�GHOHJDWHG�WR�WKH�WDUJHW�VHUYHU�FRPSRQHQW�
7KH� FRQWDLQHU� FDQ� WKHUHE\� LPSOHPHQWV� V\VWHP� FDSDELOLWLHV�� VXFK� DV
FRQFXUUHQF\� FRQWURO�� VHFXULW\� DQG� WUDQVDFWLRQ� PDQDJHPHQW� WUDQVSDUHQWO\�
7KH�EHKDYLRXU� RI� WKH� VHUYHU� FRPSRQHQW� FRQWDLQHU�DUH�GHFLGHG�SDUWO\�E\� WKH
DVVRFLDWHG�PHWDREMHFWV�

6HUYHU� FRPSRQHQWV� DUH� EXLOW� E\� XVLQJ� D� FRPSRQHQW� EXLOGHU�� 7KURXJK� WKH
EXLOGHU��XVHUV�FDQ�PDQLSXODWH�DQG�FXVWRPLVH�D�VHUYHU�FRPSRQHQW�WKURXJK�LWV
SURSHUW\�WDEOHV�DQG�FXVWRPLVDWLRQ�PHWKRGV��8VHUV�FDQ�DOVR�DVVHPEOH�D�VHUYHU
FRPSRQHQW�ZLWK�RWKHU�FRPSRQHQWV�WR�FUHDWH�D�QHZ�DSSOLFDWLRQ��)XUWKHUPRUH�
WKH\� FDQ� DOVR� DWWDFK� VRPH� FRPSRQHQW�VSHFLILF� LQIRUPDWLRQ� ZLWK� WKH
FRPSRQHQW�� VXFK� DV� FRQFXUUHQF\� VHPDQWLFV�� GHSOR\LQJ� SROLF\�� DQG
FRQFXUUHQF\�SROLF\��7KHVH�LQIRUPDWLRQ�DUH�XQGHUVWDQGDEOH�DQG�XVDEOH�E\�WKH
VHUYHU�FRPSRQHQW�FRQWDLQHU�
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 2.6 Structure of the server component container

,Q�WKLV�VHFWLRQ��ZH�SUHVHQW�WKH�VWUXFWXUH�RI�WKH�VHUYHU�FRPSRQHQW�FRQWDLQHU�
$V�ZH�GHVFULEHG�LQ�WKH�ODVW�VHFWLRQ��D�VHUYHU�FRPSRQHQW�FRQWDLQHU�PDQDJHV�D
VHUYHU� FRPSRQHQW� YLD� LQWHUFHSWLQJ� LQYRFDWLRQV� WR� WKH� FRPSRQHQW�� 7KH
LQWHUFHSWLRQ� LV� LPSOHPHQWHG� WKURXJK�RXU� UHIOHFWLRQ� V\VWHP��)RU� HDFK� VHUYHU
FRPSRQHQW��D� UHIOHFWLRQ�REMHFW� LV�JHQHUDWHG�ZKLFK�SURYLGHV� � D� FOLHQW�YLHZ�RI
WKH�VHUYHU�FRPSRQHQW��&OLHQWV�DFFHVV�D�VHUYHU�FRPSRQHQW�WKURXJK�LQWHUDFWLQJ
ZLWK�WKH�FRUUHVSRQGLQJ�UHIOHFWLRQ�REMHFW�

Server
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security
metaobject
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metaobject

Concurrency
Semantics
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Deployment
Descriptor
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Figure 2.4 Server component container

)RU�HDFK�DFWLYH�VHUYHU�FRPSRQHQW��WKH�VHUYHU�FRPSRQHQW�FRQWDLQHU�JHQHUDWHV
D�FRQWH[W�REMHFW�WR�PDLQWDLQ�LWV�LQIRUPDWLRQ��DQG�D�QXPEHU�RI�PHWDREMHFWV�WR
LPSOHPHQW� FRUUHVSRQGLQJ� IXQFWLRQDOLW\�� VXFK� DV� FRQFXUUHQF\� FRQWURO� DQG
VHFXULW\� FKHFNLQJ��7KH�UHIOHFWLRQ�REMHFW�ZLOO� LQWHUDFW�ZLWK� WKH� FRQWH[W� REMHFW
WKDW� LQ� WXUQ�ZLOO� LQWHUDFW�ZLWK� WKH� FRUUHVSRQGLQJ�PHWDREMHFWV� DW� SDUWLFXODU
SRLQWV�WR�HQIRUFH�WUDQVDFWLRQ�DQG�VHFXULW\�UXOHV�

7R��HQDEOH�FRQWDLQHUV�WR�XWLOLVLQJ�FRPSRQHQW�VSHFLILF�LQIRUPDWLRQ�WR�LPSURYH
V\VWHP�SHUIRUPDQFH��XVHUV�FDQ�SURYLGH�WKHVH�LQIRUPDWLRQ�WKURXJK�VFULSWV�DW
DVVHPEO\� WLPH� �VHH� 6HFWLRQ� �� IRU� GHWDLO��� 7KH� FRQWDLQHU� ZLOO� HQVXUH� WKHVH
LQIRUPDWLRQ� WR� EH� XVHG� E\� FRUUHVSRQGLQJ� PHWDREMHFWV�� )RU� H[DPSOH�� WKH
FRQFXUUHQF\� FRQWURO� PHWDREMHFW� ZRXOG� XVH� WKH� FRQFXUUHQF\� VHPDQWLFV� RI� D
FRPSRQHQW�WR�LQFUHDVH�FRQFXUUHQF\�GHJUHH�

 2.7 The transaction model

2XU� WUDQVDFWLRQ� PRGHO� LV� EDVHG� RQ� WKH� 20*
V� 2EMHFW� 7UDQVDFWLRQ� 6HUYLFH
�276�� VSHFLILFDWLRQ� >�@�� ,W� LV� D�ZHOO�GHILQHG� WUDQVDFWLRQ�PRGHO�� EULQJLQJ� WKH
WUDQVDFWLRQ�SDUDGLJP�DQG�WKH�REMHFW�SDUDGLJP�WRJHWKHU��$�PDMRU�DGYDQWDJH
RI� WKH�PRGHO� LV� WKDW� LW� HQDEOHV� HYHU\� REMHFW� WR� SURYLGH� LWV� RZQ� FRQFXUUHQF\
FRQWURO�DQG�UHFRYHU\��WKXV�SURYLGLQJ�WKH�SRVVLELOLW\�IRU�DQ�REMHFW�WR�DSSO\�DQ
LQGLYLGXDO� FRQFXUUHQF\� FRQWURO� DQG� UHFRYHU\� SROLF\� WR� FDWHU� IRU� LWV� VSHFLILF
UHTXLUHPHQWV��+RZHYHU�� WKLV� DGYDQWDJH� LV� QRW� H[SORLWHG� IXOO\� LQ� WKH�20*
V
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VSHFLILFDWLRQ�� 7KH� UHIOHFWLRQ� IXQFWLRQDOLW\� RI� RXU� � DUFKLWHFWXUH� SURYLGHV� WKH
ULJKW�WRRO�IRU�H[SORLWLQJ��WKLV�DGYDQWDJH�

276�VXSSRUWV�GLVWULEXWHG�WUDQVDFWLRQV�WKDW�FDQ�VSDQ�PXOWLSOH�GDWDEDVHV�RQ
PXOWLSOH� V\VWHPV� FR�RUGLQDWHG� E\� PXOWLSOH� WUDQVDFWLRQ� PDQDJHUV� YLD� D
GLVWULEXWHG� WZR�SKDVH�FRPPLWPHQW� SURWRFRO�� 7KHUHIRUH�� E\� XVLQJ� 276� RXU
DUFKLWHFWXUH� HQVXUHV� WKDW� D� WUDQVDFWLRQ� RI� D� VHUYHU� FRPSRQHQW� FDQ� LQWHU�
RSHUDWH�ZLWK�RWKHU�VHUYHU�FRPSRQHQW�VHUYHUV�
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Figure 2.5 Database oriented and object oriented transactions

2XU�WUDQVDFWLRQ�PRGHO�LV�REMHFW�RULHQWHG��UDWKHU�WKDQ�GDWDEDVH�RULHQWHG��,Q�D
GDWDEDVH�RULHQWHG�PRGHO��WKH�V\VWHP�FRPSRQHQW�FRQWDLQHU�IRFXVHV�PDLQO\�RQ
UREXVW� PHVVDJLQJ�� ,W� LV� WKH� GDWDEDVH� V\VWHP� WKDW� LV� UHVSRQVLEOH� IRU
FRQFXUUHQF\�FRQWURO�� UHFRYHU\�DQG�SHUVLVWHQFH��7KLV�DSSURDFK�PDNHV� LW� HDV\
WR�OHYHUDJH�H[LVWLQJ�GDWDEDVH�V\VWHPV�DQG�WUDQVDFWLRQ�SURFHVVLQJ�PRQLWRUV�WR
,QWHUQHW� DSSOLFDWLRQV�� +RZHYHU�� PRVW� GDWDEDVH� V\VWHPV� GHDO� ZLWK
FRQFXUUHQF\� EDVHG� RQ� ILOH� RU� UHFRUGV� UDWKHU� WKDQ� REMHFWV�� 7KLV� PDNHV
LPSRVVLEOH� IRU� WKHP�WR�XWLOLVH�DSSOLFDWLRQ�VHPDQWLFV� WR� LPSURYH�FRQFXUUHQF\
FRQWURO�� DQG� KHQFH� V\VWHP� SHUIRUPDQFH�� ,W� DOVR�PHDQV� WKDW� DOO� FRPSRQHQWV
VWRUHG� LQ� D� GDWDEDVH� V\VWHP� FDQ� RQO\� XVH� WKH� FRQFXUUHQF\� FRQWURO� PHWKRG
SURYLGHG�E\�WKH�GDWDEDVH�V\VWHP��ZKHQHYHU�ZKHWKHU�RU�QRW�LW�LV�VXLWDEOH�IRU
WKHLU�DSSOLFDWLRQV�

$QRWKHU� GUDZEDFN� RI� WKH� GDWDEDVH�RULHQWHG� PRGHO� LV� WKDW� LW� NHHSV
XQQHFHVVDU\� FRSLHV� RI� FRPSRQHQWV� LQ� PHPRU\�� )RU� H[DPSOH�� LI� WZR� FOLHQWV
DFFHVV� D� FRPSRQHQW� &� WKURXJK� D� VHUYHU� FRQFXUUHQWO\�� WKHUH� ZRXOG� EH� WZR
FRSLHV� RI� &� LQVLGH� D� FRQWDLQHU�� HDFK� IRU� RQH� FOLHQW�� 7KLV� ZDVWHV� V\VWHP
UHVRXUFHV�DQG�LQFUHDVHV�LQWHUDFWLRQV�WR�WKH�GDWDEDVH�V\VWHP�

%\�WDNLQJ�WKH�REMHFW�RULHQWHG�WUDQVDFWLRQ�DSSURDFK��RXU�DUFKLWHFWXUH�HQDEOHV
XVHUV� WR� FKRRVH� WKH� EHVW� VXLWDEOH� FRQFXUUHQF\� FRQWURO� PHWKRG� IRU� WKHLU
DSSOLFDWLRQ��7KH�VHUYHU�FRPSRQHQW�FRQWDLQHU�DXWRPDWLFDOO\�XVHV�WKH�VHOHFWHG
FRQFXUUHQF\� FRQWURO�PHWKRG� WR� LPSOHPHQW� WKH� WUDQVDFWLRQ� VHUYLFHV��:H�DOVR
HQDEOH�XVHUV�WR�FKDQJH�WKH�FRQFXUUHQF\�FRQWURO�PHWKRG�RI�D�VHUYHU�FRPSRQHQW
G\QDPLFDOO\�DW�UXQWLPH�WR�FDWHU�IRU�HQYLURQPHQW�FKDQJHV�
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 3 DEVELOPMENT, ASSMBLY AND
CUSTOMISATION OF SERVER COMPONENTS

,Q� WKLV� VHFWLRQ�� ZH� SUHVHQW� WKH� GHYHORSPHQW�� GHSOR\PHQW� DQG� DVVHPEO\� RI
VHUYHU� FRPSRQHQWV�� 3DUWLFXODUO\�� ZH� IRFXV� RQ� WKH� DVSHFWV� RI� VXSSRUWLQJ
FRPSRQHQW�VSHFLILF�FRQFXUUHQF\�FRQWURO�DQG�IUHH�FKRLFH�RI�FRQFXUUHQF\�FRQWURO
PHWKRGV��ZKLFK�DUH�XQLTXH�WR�RXU�ZRUN�

 3.1 Component development

$V� GHVFULEHG� HDUOLHU�� E\� WDNLQJ� D� UHIOHFWLYH� FRPSRQHQW�EDVHG� DSSURDFK� IRU
LPSOHPHQWLQJ�DSSOLFDWLRQ�VHUYHUV��RXU�DUFKLWHFWXUH�HQDEOH�D�FOHDU�VHSDUDWLRQ
WR� EH�PDGH� EHWZHHQ� WKH� FRGH� WR� LPSOHPHQW� EXVLQHVV� ORJLF� DQG� WKH� FRGH� WR
LPSOHPHQW� V\VWHP� LVVXHV�� 7KXV� WKH� VHUYHU� FRPSRQHQWV� QHHG� RQO\� IRFXV� RQ
LPSOHPHQWLQJ�WKH�EXVLQHVV�ORJLF�ZLWKRXW�DQ\�FRQFHUQ�DERXW�WKH�HQYLURQPHQW
ZKHUH� WKH� FRPSRQHQWV�ZLOO� EH� GHSOR\HG�� 7KLV�PDNHV� WKH� VHUYHU� FRPSRQHQW
PXFK�HDVLHU�WR�LPSOHPHQW��8VHUV�FDQ�SURJUDPPLQJ�EDVHG�RQ�WKH�DVVXPSWLRQ
WKDW�WKH�FRPSRQHQWV�ZRXOG�EH�XVHG�RQO\�E\�D�VLQJOH�XVHU�DQG�WKDW�WKHUH�LV�QR
V\VWHP� IDLOXUHV��7KH�SXUH� UHVSRQVLELOLW\� RI� WKH� FRPSRQHQWV� LV� WR� HQVXUH� WKH
FRUUHFWQHVV� RI� WKH� EXVLQHVV� ORJLF� LQ� D� VHTXHQWLDO� DQG� UHOLDEOH� HQYLURQPHQW�
7KH� � VHUYHU� FRPSRQHQW� FRQWDLQHU� ZLOO� SURYLGH� IXQFWLRQDOLW\� RI� FRQFXUUHQF\
FRQWURO��WUDQVDFWLRQV�DQG�VHFXULW\�LPSOLFLWO\�

:H�IROORZ�WKH�GHVLJQ�SDWWHUQ�RI�-DYD�%HDQV�VR�WKDW�D�VHUYHU�FRPSRQHQW�FDQ
EH�FXVWRPLVHG�YLD�DQ\�EXLOGLQJ�WRRO�VXSSRUWLQJ�WKH�-DYD�%HDQV�VSHFLILFDWLRQ�
:H�DUH�QRW�JRLQJ� WR�GLVFXVV� WKLV� LVVXH�KHUH�� ,QWHUHVWHG�UHDGHUV� FDQ� UHIHU� WR
WKH�VSHFLILFDWLRQ�RI�-DYD�%HDQV�>�@�IRU�GHWDLOV�

$OWKRXJK� RXU� VHUYHU� FRPSRQHQW� FRQWDLQHU� SURYLGHV� DGGLWLRQDO� IHDWXUHV
EH\RQG� WKRVH�GHILQHG� LQ� WKH�(QWHUSULVH�-DYD%HDQV� � �(-%�� VSHFLILFDWLRQ��:H
GR� QRW� LPSO\� DQ\� VSHFLDO� UHTXLUHPHQWV� RQ� WKH� LPSOHPHQWDWLRQ� FRGH� RI� D
VHUYHU� FRPSRQHQW�� $V� ORQJ� DV� LW� IXOILO� WKH� UHTXLUHPHQWV� RI� WKH� (-%
VSHFLILFDWLRQ��LW�FDQ�EH�GHSOR\HG�LQ�RXU�VSHFLDOLVHG�FRQWDLQHU��+RZHYHU��ZH�GR
UHTXLUH� DSSOLFDWLRQ� XVHUV� WR� SURYLGH� WKH� FRQFXUUHQF\� VHPDQWLFV� RI� D
FRPSRQHQW�DW�GHSOR\PHQW� WLPH� LQ� RUGHU� IRU� LW� WR� HQMR\� WKH� EHQHILWV� RI� W\SH�
VSHFLILF�FRQFXUUHQF\�FRQWURO�
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 3.2 Assembling and customising a component

$�VHUYHU�FRPSRQHQW�FDQ�EH�PDQLSXODWHG�LQ�RXU�YLVXDO�EXLOG�WRRO��DQ�H[WHQVLRQ
RI�WKH�%HDQ%R[�IURP�WKH�%'.�>��@��,W�PDLQWDLQV�DOO�WKH�RULJLQDO�IXQFWLRQDOLW\�
EXW�JDLQV�VRPH�QHZ�IHDWXUHV�WR�PHHW�RXU�VSHFLDO�UHTXLUHPHQWV�

:H� KDYH� EXLOG� D� JHQHUDO� FRQWDLQHU� �5HIOHFWLRQ� )UDPH�� DQG� D� VSHFLDOLVHG
FRQWDLQHU� �7UDQVDFWLRQ� )UDPH���:KHQ� VWDUWLQJ� WKH� ([WHQGHG� %HDQ%R[�� WKH
7UDQVDFWLRQ�)UDPH�ZLOO�DSSHDU�RQ�WKH�7RRO%R[�DV�ZHOO�DV�DOO� WKH� UHJLVWHUHG
FRPSRQHQWV��,QVWDQWLDWLQJ�D�7UDQVDFWLRQ�)UDPH�LQ�WKH�%HDQ%R[�FDQ�EH�GRQH
E\� FOLFNLQJ� RQ� LW� DQG� WKHQ� RQ� WKH� %HDQ%R[� DUHD�� $� FRPSRQHQW� FDQ� EH
LQVWDQWLDWHG�LQ�WKH�VDPH�ZD\��)RU�DQ�LQVWDQWLDWHG�IUDPH�RU�FRPSRQHQW��WKHUH
ZLOO�EH�D�ER[�ZLWK�LWV�QDPH�DSSHDULQJ�RQ�WKH�%HDQ%R[�DUHD�

$�VHUYHU�FRPSRQHQW�LV�SXW�LQVLGH�D�7UDQVDFWLRQ�)UDPH���E\�ILUVW�VHOHFWLQJ�WKH
7UDQVDFWLRQ�)UDPH� DQG� WKHQ� FOLFNLQJ� WKH� UHIOHFWLRQ� LWHP� LQ� WKH� HGLW�PHQX�
:KHQ�D�UHG�OLQH�IURP�WKH�IUDPH�DSSHDUV��D�FOLFN�RQ�WKH�VHUYHU�FRPSRQHQW�ZLOO
FRQQHFW�LW�WR�WKH�7UDQVDFWLRQ�)UDPH�

7R�SURYLGH�IOH[LELOLW\��ZH�PDNH� LW�SRVVLEOH� IRU�D�FRPSRQHQW�WR�H[SRVH�RQO\�D
VXEVHW� RI� LWV� RSHUDWLRQV� IRU� WKH� RXWVLGH�ZRUOG��7KLV�SURYLGHV� WKH� FRPSRQHQW
DVVHPEOHU� ZLWK� WKH� SRZHU� WR� UHPRYH� IURP� WKH� H[WHUQDO� LQWHUIDFH� VRPH
RSHUDWLRQV�ZKR�WKLQNV�DUH�LPSURSHU�RU�XQQHFHVVDU\�WR�EH�H[SRVHG��7R�VXSSRUW
WKLV�IHDWXUH��WKH�H[WHQGHG�%HDQ%R[�GLVSOD\V�D�OLVW�RI�WKH�SXEOLF�RSHUDWLRQV�RI
D� FRPSRQHQW� ZKHQ� LW� LV� VHOHFWHG�� 7KH� DVVHPEOHU� WKHQ� FDQ� FKRRVH� WKH
RSHUDWLRQV� WR� EH� H[SRVHG� E\� FOLFNLQJ� RQ� WKH� FRUUHVSRQGLQJ� LWHPV�� 2WKHU
FRPSRQHQWV�FDQ�RQO\�DFFHVV�WKLV�FRPSRQHQW�YLD�WKHVH�FKRVHQ�RSHUDWLRQV�

$IWHU� WKH�GHFLVLRQ�KDV�EHHQ�PDGH�RQ�ZKDW� RSHUDWLRQV�DUH� WR�EH� H[SRVHG�� � D
UHIOHFWLRQ� FODVV� ZLOO� EH� DXWRPDWLFDOO\� JHQHUDWHG� IRU� WKH� FRPSRQHQW�� 7KH
UHIOHFWLRQ�FODVV�SURYLGHV�DQ�LQWHUIDFH�ZKLFK�LQFOXGHV�WKRVH�FKRVHQ�RSHUDWLRQV�
(DFK�RI�WKHVH�RSHUDWLRQV�ZLOO�KDYH�WKH�VDPH�VLJQDWXUH�DV�WKH�FRUUHVSRQGLQJ
RSHUDWLRQ� RI� WKH� FRPSRQHQW�� 7KH� UHIOHFWLRQ� FODVV� SURYLGHV� D� FOLHQW·V� YLHZ� WR
WKH�VHUYHU�FRPSRQHQW�

$W� WKLV� VWDJH�� WKH� FRPSRQHQW� DVVHPEOHU� FDQ� DOVR�� DV� LQ� D� QRUPDO�%HDQ%R[�
FXVWRPLVH� RWKHU� SURSHUWLHV� RI� D� FRPSRQHQW� WR� FDWHU� IRU� WKH� SDUWLFXODU
DSSOLFDWLRQ��7KH�DVVHPEOHU�FDQ�DOVR�XVH�WKH�HYHQW�SURSHUWLHV�RI�D�FRPSRQHQW
WR�HVWDEOLVK�FRQQHFWLRQV�ZLWK�RWKHU�FRPSRQHQWV�WR�IRUP�D�VHUYLFH�

 3.3 Selecting concurrency method and providing concurrency semantics

$V�ZH� GHVFULEHG� HDUOLHU�� ZH� HQDEOH� DQ� DSSOLFDWLRQ� WR� FKRRVH� D� FRQFXUUHQF\
FRQWURO�PHWKRG� WKDW� LV�PRVW� VXLWDEOH� IRU� LWV� UHTXLUHPHQWV�� 7KLV� LV� GRQH� E\
SURYLGLQJ� PXOWLSOH� FRQFXUUHQF\� FRQWURO� PHWKRGV� YLD� D� VHW� RI� � FRQFXUUHQF\
PHWDREMHFWV�� 7R� HQVXUH� D� VHDPOHVV� FRQQHFWLRQ� EHWZHHQ� D� FRQFXUUHQF\
PHWDREMHFW�DQG�WKH�FRQWDLQHU��ERWK�RI�WKHP�QHHG�WR�FRQILUP�WR�D�FRQWUDFW��$
FRQFXUUHQF\� PHWDREMHFW� PXVW� LPSOHPHQW� WKH� &RQFXUUHQF\0HWDREMHFW
LQWHUIDFH�� 7KLV� HQVXUHV� WKDW� D� FRQFXUUHQF\� PHWDREMHFW� SURYLGHV� DOO� WKH
QHFHVVDU\� RSHUDWLRQV� IRU� FRQFXUUHQF\� FRQWURO�� � 2Q� WKH� RWKHU� KDQG�� WKH
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FRQWDLQHU�PXVW�LQYRNH�WKHVH�RSHUDWLRQV�DW�SURSHU�WLPH�WR�HQIRUFH�FRQFXUUHQF\
FRQWURO�

$� FRQFXUUHQF\� PHWDREMHFW� QHHGV� WR� GHVFULEH� LWV� FRQFXUUHQF\� VWUDWHJ\� LQ� D
VSHFLDO�SURSHUW\��:KHQ�LW� LV� LQVWDQWLDWHG�LQ�WKH�%HDQ%R[��WKDW�SURSHUW\�ZLOO
EH�GLVSOD\HG��VR�WKDW�DQ�DVVHPEOHU�FDQ�XQGHUVWDQG�WKH�VWUDWHJ\�DQG�WR�GHFLGH
ZKHWKHU�LW�LV�VXLWDEOH�IRU�D�SDUWLFXODU�DSSOLFDWLRQ��$IWHU�FKRRVLQJ�D�SDUWLFXODU
FRQFXUUHQF\�FRQWURO�PHWKRG��DQ�DVVHPEOHU�FRQQHFWV� LW�WR�WKH�FRQWDLQHU��7KLV
ZLOO� HQVXUH� ERWK� WKH� %HDQ%R[� DQG� WKH� FRQWDLQHU� FDQ� ILQG� WKH� QHFHVVDU\
LQIRUPDWLRQ�DERXW�WKH�FRQFXUUHQF\�FRQWURO�PHWKRG�

1RZ�� LW� LV� WLPH�WR�SURYLGH�WKH�FRQFXUUHQF\�VHPDQWLFV�RI�D�FRPSRQHQW� WR� WKH
FRQWDLQHU�� � $V� ZH� GLVFXVVHG� HDUOLHU�� WKH� FRQFXUUHQF\� VHPDQWLFV� FDQ� EH
UHSUHVHQWHG� E\� UHODWLRQVKLSV� EHWZHHQ� RSHUDWLRQV�� 7KH� GHIDXOW� RQH� LV� WKH
FRPPXWDWLYLW\� UHODWLRQVKLS�� EXW� D� PHWDREMHFW� FDQ� XVH� RWKHU� NLQGV� RI
UHODWLRQVKLS� IRU� WKLV� SXUSRVH�� ,Q� WKH� FDVH� D� UHODWLRQVKLS� UDWKHU� WKDQ� WKH
FRPPXWDWLYLW\�LV�XVHG��WKH�FRQFXUUHQF\�PHWDREMHFW�LV�UHTXLUHG�WR�SURYLGH�WKH
GHILQLWLRQ� RI� WKH� UHODWLRQVKLS� LQ� D� VSHFLDO� SURSHUW\�� :KHQ� WKH� FRQFXUUHQF\
PHWDREMHFW�� LV� VHOHFWHG�� WKLV� LQIRUPDWLRQ� ZLOO� EH� GLVSOD\HG� VR� WKDW� WKH
DVVHPEOHU� FDQ� XQGHUVWDQG� WKH� UHODWLRQVKLS� DQG� UHSUHVHQW� WKH� FRQFXUUHQF\
VHPDQWLFV�DFFRUGLQJO\�

:KHQ�WKH�FRPPXWDWLYLW\�UHODWLRQVKLS�LV�XVHG��WKH�FRQWDLQHU�ZLOO�LQWHUSUHW�WKH
VSHFLILFDWLRQ�SURYLGHG�E\�DQ�DVVHPEOHU��WUDQVODWH�LW�LQWR�D�VWDQGDUG�IRUP��DQG
VWRUH� LW� LQWR� D� SODFH� WKH� PHWDREMHFW� FDQ� DFFHVV�� ,Q� WKH� FDVH� WKDW� DQ� RWKHU
UHODWLRQVKLS� LV� XVHG� IRU� UHSUHVHQWLQJ� FRQFXUUHQF\� VHPDQWLFV�� LW� ZLOO� EH� WKH
PHWDREMHFW� WKDW� LV� UHVSRQVLEOH� IRU� LQWHUSUHWLQJ� DQG� WUDQVODWLQJ� WKH
VSHFLILFDWLRQ��7KH�PHWDREMHFW�PXVW�SURYLGH�D�PHWKRG�IRU�WKLV�SXUSRVH�IRU�WKH
FRQWDLQHU�WR�LQYRNH�
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 4 RELATED WORK

2XU� ZRUN� LV� UHODWHG� WR� WKUHH� UHVHDUFK� ILHOGV�� FRPSRQHQW�EDVHG� VRIWZDUH�
UHIOHFWLRQ�DQG�WUDQVDFWLRQ�VHUYHU�V\VWHPV��5HIOHFWLRQ�KDV�EHHQ�XVHG�LQ�PDQ\
DSSOLFDWLRQ� DUHDV�� IOH[LEOH� SURJUDPPLQJ� >��� ��@�� FRQFXUUHQW� SURJUDPPLQJ
>��@��GLVWULEXWHG�V\VWHPV>������@��DQG� IDXOW� WROHUDQW�DSSOLFDWLRQV� >��@��8VLQJ
UHIOHFWLRQ� DV� D� JHQHUDO� DSSURDFK� WR� LPSOHPHQWLQJ� QRQ�IXQFWLRQDO
UHTXLUHPHQWV� KDV� EHHQ� GLVFXVVHG� LQ� >��@�� 6RPH� UHVHDUFK� UHVXOWV� >��@� KDYH
DOVR� VKRZQ� WKH� IHDVLELOLW\� RI� XVLQJ� UHIOHFWLRQ� WR� LPSOHPHQW� V\VWHP
PLGGOHZDUH�� +RZHYHU�� WKH� ODFN� RI� D� FRPPRQ� IUDPHZRUN� IRU� LQWHJUDWLQJ
PHWDREMHFWV� FUHDWHG� E\� GLIIHUHQW� SDUWLHV� LQWR� RQH� DSSOLFDWLRQ� PDNH� LW
LPSRVVLEOH� IRU� WKHP� WR� EH� XVHG� LQ� PXOWLSOH� DSSOLFDWLRQV�� 7KHUHIRUH�� WKH
SRWHQWLDO�RI�WKH�UHIOHFWLRQ�WHFKQRORJ\�WR�SURYLGH�IOH[LELOLW\�DQG�SRUWDELOLW\�IRU
V\VWHP�PLGGOHZDUH�LV�QRW�IXOO\�H[SORLWHG�

&RPSRQHQW�EDVHG�VRIWZDUH�WHFKQLTXHV�KDYH�EHFRPH�SRSXODU�EHFDXVH�RI�WKHLU
HPSKDVLV�RQ�PRGXODULW\��UH�XVDELOLW\��UHOLDELOLW\��DQG�WKHLU�DELOLW\�WR�IXQFWLRQ
LQ�D�QHWZRUN�HQYLURQPHQW��2QH�RI�WKH�PRVW�VXFFHVVIXO�FRPSRQHQW�SURGXFW�KDV
EHHQ�%RUODQG·V�'HOSKL�>��@��KRZHYHU��WKH�ILUVW�RQH�WR�EHFRPH�ZLGHVSUHDG�XVH
ZDV� 0LFURVRIW·V� 9LVXDO� %DVLF� >��@�� -DYD6RIW� FDPH� LQWR� WKH� ILHOG� ZLWK� D
FRPSRQHQW� DUFKLWHFWXUH� FDOOHG� -DYD%HDQV� >�@�� 7KH�GLVWLQJXLVKLQJ� IHDWXUH� RI
-DYD� %HDQV� DV� UHXVDEOH� FRPSRQHQWV� LV� WKDW� WKH\� LQWHURSHUDWH� DFURVV� DOO
SODWIRUPV� VXSSRUWHG� E\� -DYD�� 6LQFH� WKH� -DYD� 9LUWXDO� 0DFKLQH� UXQV� RQ� D
YDULHW\�RI�SODWIRUPV��D�-DYD�FRPSRQHQW��DIIHFWLRQDWHO\�FDOOHG�D�´EHDQµ�FDQ�EH
XVHG�RQ�DQ\�SODWIRUP�

7R� DGGUHVV� WKH� UHTXLUHPHQWV� RI� PLGGOH�WLHU� GHYHORSPHQW�� FRPSRQHQW�EDVHG
VHUYHU�V\VWHPV�KDYH�HPHUJHG��0LFURVRIW�KDV�UHWRROHG�LWV�H[LVWLQJ�FRPSRQHQW
PRGHO� LQWR� $FWLYH;� >��@�� $FWLYH;� SURYLGHV� WKH� JOXH� IRU� FRPSRQHQWV� WR
FRPPXQLFDWH�ZLWK� HDFK� RWKHU�� UHJDUGOHVV� RI� WKHLU� LPSOHPHQWDWLRQ� ODQJXDJH
DQG� SODWIRUP�� 7KH� VHUYHU� VLGH� $FWLYH;� FRPSRQHQWV� DUH� H[HFXWHG� XQGHU
0LFURVRIW� 7UDQVDFWLRQ� 6HUYHU� �076�� >�@� WKDW� SHUIRUPV� DQ\� DSSOLFDWLRQ
SURFHVVLQJ�� 076� KDQGOHV� DOO� WKH� PDQDJHPHQW� RI� VKDULQJ�� SURFHVVHV�� DQG
WKUHDGV�� $OO� WKH� FRPSRQHQWV� WKDW� PDNH� XS� DQ� DSSOLFDWLRQ� FDQ� VKDUH� WKHVH
UHVRXUFHV�� &RQVHTXHQWO\�� XVLQJ� 076� PD\� DFWXDOO\� LPSURYH� SHUIRUPDQFH
FRPSDUHG� WR� VWDQG�DORQH� H[HFXWLRQ�� LQ� ERWK� WLPH� DQG� PHPRU\�� 076� DOVR
DXWRPDWLFDOO\�PDQDJHV�WKH�WUDQVDFWLRQDO�EHKDYLRXU�RI�VHUYHU�FRPSRQHQWV��$
SURJUDPPHU� FDQ� PDNH� DQ� $FWLYH;� FRPSRQHQW� WUDQVDFWLRQDO� E\� VHWWLQJ� D
WUDQVDFWLRQDO�SURSHUW\�

$QRWKHU� FRPSRQHQW�EDVHG� WUDQVDFWLRQ� VHUYHU� LV� 6\EDVH·V� -DJXDU� &76
�&RPSRQHQW�7UDQVDFWLRQ�6HUYHU�� >�@��7KH�-DJXDU�&76�7UDQVDFWLRQ�0DQDJHU
KLGHV� YLUWXDOO\� DOO� WKH� FRPSOH[LW\� RI� WUDQVDFWLRQ� PDQDJHPHQW� DQG



16 A Reflective Component-Based Transaction Architecture 17-Mar-98

FRRUGLQDWLRQ� IURP� DSSOLFDWLRQ� GHYHORSHUV� ZLWK� �LPSOLFLW� WUDQVDFWLRQV���:LWK
LPSOLFLW� WUDQVDFWLRQV� PDQDJHPHQW�� GHYHORSHUV� DW� GHSOR\PHQW� WLPH� VLPSO\
VSHFLI\�ZKHWKHU�RU�QRW�D�FRPSRQHQW�LV�WUDQVDFWLRQDO��$W�UXQWLPH��WKH�-DJXDU
&76� 7UDQVDFWLRQ� 0DQDJHU� DXWRPDWLFDOO\� PDQDJHV� WUDQVDFWLRQ� ERXQGDULHV
DQG� HQVXUHV� WUDQVDFWLRQDO� FRQVLVWHQF\� DFURVV� DOO� WUDQVDFWLRQDO� FRPSRQHQWV
DQG�WKH�XQGHUO\LQJ�'%06�

7KH� (QWHUSULVH� -DYD%HDQV� �(-%�� >�@� IURP� -DYD6RIW� LV� DQ� H[WHQVLRQ� RI
-DYD%HDQV� IRU� KDQGOLQJ� � PLGGOH�WLHU�VHUYHU� VLGH� WUDQVDFWLRQDO� EXVLQHVV
DSSOLFDWLRQV��7KH�(-%�DUFKLWHFWXUH�SODFHV�(-%�FRPSRQHQWV�RQ�WRS�RI�WKH�(-%
([HFXWLYH��7KH�([HFXWLYH�� LQ� WXUQ�� JLYHV�(-%�EHDQV� DFFHVV� WR�$3,V�� UHPRWH
REMHFWV�� DQG� WUDQVDFWLRQ� VHUYLFHV�� 3DUW� RI� WKH� DWWUDFWLRQ� RI� WKH� (-%
DUFKLWHFWXUH�LV�WKDW�WKH�GHYHORSHU�GRHV�QRW�QHHG�WR�NQRZ�DERXW�-DYD�LQWHUIDFH
GHILQLWLRQ� ODQJXDJH�� PXOWLWKUHDGLQJ�� RU� VHFXULW\�� WKH� ([HFXWLYH� UXQWLPH
DEVWUDFWV� $3,V� DQG� UHPRWH� REMHFW� FDOOV�� � (-%� GRHV� QRW� VXSSRUW� D� IXOO
WUDQVDFWLRQ�VHUYHU� HQYLURQPHQW�� WKXV� QHHGV� VRPH� NLQGV� RI� WUDQVDFWLRQDOO\
DZDUH� H[HFXWLRQ� HQYLURQPHQW�� VXFK� DV� D� WUDQVDFWLRQ� SURFHVVLQJ� VHUYHU� RU
GDWDEDVH�HQJLQH�

$OWKRXJK� WKHUH� DUH� VRPH� GLIIHUHQFHV� EHWZHHQ� WKHVH� ZRUN�� WKH\� DUH� DOO
FRPSRQHQW�EDVHG� VRIWZDUH�� WKXV� SURYLGH� SRUWDELOLW\�� VFDOHDELOLW\� DQG
IOH[LELOLW\�WR�WKH�VHUYHU�FRPSRQHQWV���+RZHYHU��D�FRPPRQ�ZHDNQHVV�RI�WKHP
LV� WKH� ODFN� RI� DGGUHVVLQJ� WKH� LVVXH� DERXW� KRZ� WR�PDNH� WKH� FRQWDLQHU� LWVHOI
IOH[LEOH�DQG� FXVWRPLVDEOH��:H�EHOLHYH� WKDW� UHIOHFWLRQ� FDQ�SOD\�DQ� LPSRUWDQW
UROH� KHUH�� 7KH� DUFKLWHFWXUH� ZH� SUHVHQWHG� DW� WKLV� SDSHU� FRPELQHV� WKH
DGYDQWDJHV�RI�WKH�UHIOHFWLRQ�DQG�FRPSRQHQW�EDVHG�VRIWZDUH�

/LNH�WKH�DERYH�WUDQVDFWLRQ�VHUYHUV�DQG�(QWHUSULVH�-DYD%HDQV��RXU�ZRUN�DLPV
WR�PHHW�WKH�UHTXLUHPHQWV�RI�WUDQVDFWLRQDO�EXVLQHVV�DSSOLFDWLRQV��E\�SURYLGLQJ
D� FRPSRQHQW� DUFKLWHFWXUH� IRU� WKH� PLGGOH�WLHU�VHUYHU� VLGH�� � 0RUHRYHU�� RXU
DUFKLWHFWXUH� DOVR� GHILQHV� D� VWDQGDUG� VWUXFWXUH� IRU� WKH� VHUYHU� FRPSRQHQW�
ZKLFK�HQDEOHV�D�FRQWDLQHU�WR�FKDQJH�LWV�IXQFWLRQDOLW\�E\�SOXJJLQJ�XQSOXJJLQJ
LWV�PHWDREMHFWV��7KLV�PDNHV�LW�HDV\�IRU�D�FRQWDLQHU�WR�EH�FXVWRPLVHG�WR�PHHW
QHZ� DSSOLFDWLRQ� UHTXLUHPHQWV� RU� FKDQJLQJ� HQYLURQPHQW� FRQGLWLRQV�
0RUHRYHU�� RXU� DUFKLWHFWXUH� DOORZV� DSSOLFDWLRQ� GHYHORSHUV� WR� SURYLGH
FRPSRQHQW�VSHFLILF�LQIRUPDWLRQ��OLNH�FRQFXUUHQF\�VHPDQWLFV��WR�FRQWDLQHUV�VR
WKDW�WKH�LQIRUPDWLRQ�FDQ�EH�XVHG�DW�UXQWLPH�WR�LPSURYH�VHUYHU�SHUIRUPDQFH�
:H�HQDEOH�WKH�LQIRUPDWLRQ�WR�EH�VSHFLILHG�GHFODUHWLYHO\�DQG�VHSDUDWHO\� IURP
DSSOLFDWLRQ�FRGH�

2XU�ZRUN�VWDUWHG�EHIRUH� WKH�HPHUJLQJ�RI� WKH�(QWHUSULVH�-DYD%HDQV�DQG�ZH
DUH�QRZ�DOLJQLQJ� �VRPH�RI�RXU�GHVLJQ�DQG� LPSOHPHQWDWLRQ�WR� � LW�VR� WKDW�RXU
VHUYHU� FRPSRQHQW� FRQWDLQHU� FDQ� EH� XVHG� DV� D� VSHFLDOLVHG� (QWHUSULVH
-DYD%HDQV� FRQWDLQHU�� 7KLV� HQVXUHV� DOO� (-%� EHDQV� FDQ� EH� H[HFXWHG� LQ� RXU
FRQWDLQHU��+RZHYHU��ZH�SURYLGH� WKH� IOH[LELOLW\� IRU� FXVWRPLVLQJ� FRQWDLQHUV� WR
FDWHU� IRU� DSSOLFDWLRQ� UHTXLUHPHQWV� DQG� WKH� SRZHU� IRU� XVLQJ� DSSOLFDWLRQ
LQIRUPDWLRQ� WR� LPSURYH� V\VWHP� SHUIRUPDQFH�� 7KHUHIRUH�� RXU� ZRUN� LV� DQ
H[WHQVLRQ� WR� (QWHUSULVH� -DYD%HDQV�� UDWKHU� WKDQ� D� FRPSHWLWRU�� 2U� LQ� WKH
WHUPV�RI�(-%��D�VSHFLDOLVHG�FRQWDLQHU�
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 5 SUMMARY

7KH� FKDUDFWHULVWLFV� RI� ,QWHUQHW� DSSOLFDWLRQV� UHTXLUHV� V\VWHP� DUFKLWHFWXUHV
WKDW�DUH�VFDOHDEOH�� IOH[LEOH�DQG�DGDSWLYH��ZKLOVW�VWLOO�HDV\� WR�XVH�� WR�GHYHORS
DQG�WR�GHSOR\��,Q�WKLV�SDSHU�ZH�KDYH�SUHVHQWHG�D�UHIOHFWLYH�FRPSRQHQW�EDVHG
WUDQVDFWLRQ� DUFKLWHFWXUH� WKDW� WDNHV� DGYDQWDJH� RI� WKH� UHIOHFWLRQ� DQG
FRPSRQHQW� WHFKQRORJLHV�� /LNH� PRVW� FRPSRQHQW� PRGHOV�� LW� HQDEOHV� XVHUV� WR
GHYHORS� SRUWDEOH�� FXVWRPLVDEOH� FRPSRQHQWV�� DQG� DVVHPEOH� WKHP� LQWR
DSSOLFDWLRQV��,W�HQDEOHV�UDSLG�DSSOLFDWLRQ�GHYHORSPHQW�DQG�GHSOR\PHQW�XVLQJ
VWDQGDUG� FRPSRQHQWV� DQG� RII�WKH�VKHOI� WRROV�� 0RUHRYHU�� XQLTXH� WR� RXU
DUFKLWHFWXUH��E\�VXSSRUWLQJ�UHIOHFWLRQ�LW�DOORZV�D�VHUYHU�FRPSRQHQW�FRQWDLQHU
WR� EH� HDVLO\� FXVWRPLVHG�� IRU� H[DPSOH�� LQ� RUGHU� WR� FDWHU� IRU� QHZ� DSSOLFDWLRQ
GHPDQGV�� RU� WR� DGDSW� WR� D� QHZ� HQYLURQPHQW�� :H� DOVR� DOORZ� DSSOLFDWLRQ
GHYHORSHUV� WR� SURYLGH� DSSOLFDWLRQ�VSHFLILF� LQIRUPDWLRQ�� GHFODULWLYHO\� DQG
VHSDUDWHO\�IURP�DSSOLFDWLRQ�FRGH��WR�WKH�FRQWDLQHU�VR�WKDW�WKH�ODWWHU�FDQ�PDNH
XVH�RI�WKH�LQIRUPDWLRQ�WR�LPSURYH�V\VWHP�SHUIRUPDQFH�

7KH�ZRUN�RQ� FRPSRQHQW�EDVHG� VRIWZDUH� LV�QRZ�PRUH� IRFXV� RQ�KRZ� WR�PDNH
VHUYHU� FRPSRQHQWV� RQ� WKH� PLGGOH�WLHU� HDV\� WR� GHYHORS�� WR� GHSOR\� DQG� WR
PDQDJH�� :H� WKLQN� LW� LV� DOVR� YHU\� LPSRUWDQW� WR� PDNH� WKH� H[HFXWLRQ
HQYLURQPHQW�RI�WKH�FRPSRQHQWV��L�H��WKH�FRQWDLQHU��IOH[LEOH�DQG�FXVWRPLVDEOH�
,Q� WKH� RWKHU� IURQW�� DOWKRXJK� ZH� EHOLHYH� WKDW� D� FOHDU� VHSDUDWLRQ� EHWZHHQ
EXVLQHVV�ORJLF�DQG�V\VWHP�LVVXHV�LV�D�NH\�WR�WKH�VXFFHVV�RI�FRPSRQHQW�EDVHG
VRIWZDUH��ZH�DOVR�EHOLHYH�WKDW�DSSOLFDWLRQ�VSHFLILF� LQIRUPDWLRQ�FRXOG�SOD\�DQ
LPSRUWDQW�UROH�IRU�LPSURYLQJ�V\VWHP�SHUIRUPDQFH��2XU�ZRUN�KDV�FRQWULEXWHG
VRPH�LGHDV�LQ�WKHVH�DVSHFWV�

:H� KDYH� FRPSOHWHG� RXU� GHVLJQ� VWDJH�� DQG� D� EXLOGHU� WRRO� LV� DYDLODEOH� IRU
GHYHORSHUV�WR�DVVHPEOH�DQG�FXVWRPLVH�VHUYHU�FRPSRQHQWV��DQG�WR�VSHFLI\�DQG
SURYLGH�FRQFXUUHQF\�VHPDQWLFV��7KH�LPSOHPHQWDWLRQ�RI�WKH�VHUYHU�FRPSRQHQW
FRQWDLQHU�KDV�EHHQ�XQGHUZD\�DQG�WKH�ILUVW�SURWRW\SLQJ�VKRXOG�EH�FRPSOHWHG
EHIRUH�WKH�HQG�RI�WKLV�\HDU�
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 6 REFERENCE

��� 20*�� &25%$� ����,,23� 6SHFLILFDWLRQ�� 20*� 7HFKQLFDO� 'RFXPHQW
IRUPDO����������

��� -DJXDU��-DYD�&RPSRQHQWV�DQG�7UDQVDFWLRQV��%\WH��)HEUXDU\�����

��� 0LFURVRIW�7UDQVDFWLRQ�6HUYHU�:KLWH�3DSHU�
�KWWS���ZZZ�PLFURVRIW�FRP�WUDQVDFWLRQ�OHDUQ�PWVZS�KWP!

��� (QWHUSULVH�-DYD%HDQV70�
�KWWS���ZZZ�MDYDVRIW�FRP����SURGXFWV�HME�GRFV�KWPO!

��� 3�� 0DHV�� &RQFHSWV� DQG� H[SHULPHQWV� LQ� FRPSXWDWLRQDO� UHIOHFWLRQ�� ,Q
2236/$�
���3URFHHGLQJV��SDJHV�����������2FWREHU������

��� *��.LF]DOHV��-��GHV�5LYLHUHV��DQG�'��*��%REURZ��7KH�$UW�RI�WKH�0HWDREMHFW
3URWR��FRO��0,7�3UHVV�������

��� :�� (�� :HLKO� DQG� %�� /LVNRY�� ,PSOHPHQWDWLRQ� RI� UHVLOLHQW�� DWRPLF� GDWD
W\SHV�� $&0� 7UDQVDFWLRQV� RQ� 3URJUDPPLQJ� /DQJXDJHV� DQG� 6\VWHPV�
���������������$SULO������

��� 20*��2EMHFW�7UDQVDFWLRQ�6HUYLFH��20*�GRFXPHQW���������$XJXVW������

��� 7KH�-DYD%HDQV70��6SHFLILFDWLRQ
�KWWS���MDYD�VXQ�FRP�EHDQV�GRFV�VSHF�KWPO

���� 7KH�%HDQV�'HYHORSPHQW�.LW
�KWWS���MDYD�VXQ�FRP�EHDQV�VRIWZDUH�EGNBGRZQORDG�KWPO!

���� 6�� &KLED�� $� 0HWDREMHFW� 3URWRFRO� IRU� &���� ,Q� 3URFHHGLQJV� RI� WKH� ��WK

&RQIHUHQFH�RQ�2EMHFW�RULHQWHG�3URJUDPPLQJ��SDJHV���������������

���� 6�� 0DWVXRND�� 7�� :DWDQDEH�� DQG� $�� <RQH]DZD�� +\EULG� JURXS� UHIOHFWLYH
DUFKLWHFWXUH� IRU� REMHFW�RULHQWHG� FRQFXUUHQW� UHIOHFWLYH� SURJUDPPLQJ�� ,Q
3URFHHGLQJV� RI� WKH� (XURSHDQ� &RQIHUHQFH� RQ� 2EMHFW�2ULHQWHG
3URJUDPPLQJ�
����SDJHV�����������-XO\������

���� 6�� &KLED� DQG� 7��0DVXGD�� 'HVLJQLQJ� DQ� H[WHQVLEOH� GLVWULEXWHG� ODQJXDJH
ZLWK� PHWD�OHYHO� DUFKLWHFWXUH�� ,Q� 3URFHHGLQJV� RI� WKH� �WK� � (XURSHDQ
&RQIHUHQFH�RQ�2EMHFW�2ULHQWHG�3URJUDPPLQJ��SDJHV����������������
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���� -��0F$IIHU��0HWD�/HYHO�3URJUDPPLQJ�ZLWK�&RG$��,Q�SURFHHGLQJV�RI�WKH��WK

(XURSHDQ� &RQIHUHQFH� RQ� 2EMHFW�2ULHQWHG� 3URJUDPPLQJ�� SDJHV� ��������
�����

���� -�� )DEUH�� 9�� 1LFRUQHWWH�� 7�� 3HUHQQRX�� 5�� -�� 6WURXG�� DQG� =�� :X�
,PSOHPHQWLQJ� )DOXW� 7ROHUDQW� $SSOLFDWLRQV� XVLQJ� 5HIOHFWLYH� 2EMHFW�
2ULHQWHG� 3URJUDPPLQJ�� 3URFHHGLQJV� RI� WKH� ��WK� ,(((� 6\PSRVLXP� RQ
)DXOW�7ROHUDQW�&RPSXWLQJ�6\VWHPV�������

���� 5�� -�� 6WURXG�� 7UDQVSDUHQF\� DQG� UHIOHFWLRQ� LQ� GLVWULEXWHG� V\VWHPV�� $&0
2SHUDWLQJ�6\VWHPV�5HYLHZ�����������������$SULO������

���� 5��-��6WURXG��DQG�=��:X��8VLQJ�0HWDREMHFW�3URWRFRO�WR�,PSOHPHQW�$WRPLF
'DWD� 7\SHV�� ,Q� SURFHHGLQJV� RI� WKH� �WK� (XURSHDQ� &RQIHUHQFH� RQ� 2EMHFW�
2ULHQWHG�3URJUDPPLQJ��SDJHV���������������

���� 'HOSKL���KWWS���ZZZ�ERUODQG�FRP�GHOSKL�SDSHUV!

���� 9LVXDO�%DVLF���KWWS���ZZZ�PLFURVRIW�FRP�YEDVLF�FRQWUROV!

���� $FWLYH;�7XWRULDO���KWWS���ZZZ�PLFURVRIW�FRP�LQWGHY�DFWLYH[�WXWRULDO!


