
'LVWULEXWHG�6\VWHPV���.HUQIDFK
7UDQVDFWLRQV�LQ�GLVWULEXWHG�VHWWLQJV

3URI��'U��*XVWDYR�$ORQVR
,QVWLWXWH�IRU�3HUYDVLYH�&RPSXWLQJ
&RPSXWHU�6FLHQFH�'HSDUWPHQW
(7+�=�ULFK
DORQVR#LQI�HWK]�FK
KWWS���ZZZ�LQI�HWK]�FK�aDORQVR
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%DVLFV�RI�WUDQVDFWLRQ�SURFHVVLQJ
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7UDQVDFWLRQ�3URFHVVLQJ
:K\�LV�WUDQVDFWLRQ�SURFHVVLQJ�UHOHYDQW"

Þ 0RVW�RI�WKH�LQIRUPDWLRQ�V\VWHPV�XVHG�LQ�EXVLQHVVHV�DUH�WUDQVDFWLRQ�EDVHG��HLWKHU
GDWDEDVHV�RU�73�0RQLWRUV���7KH�PDUNHW�IRU�WUDQVDFWLRQ�SURFHVVLQJ�LV�PDQ\�WHQV
ELOOLRQV�RI�GROODUV�SHU�\HDU

Þ 1RW�ORQJ�DJR��WUDQVDFWLRQ�SURFHVVLQJ�ZDV�XVHG�PRVWO\�LQ�ODUJH�FRPSDQLHV��ERWK
XVHUV�DQG�SURYLGHUV���7KLV�LV�QR�ORQJHU�WKH�FDVH��&25%$��:::��&RPPRGLW\�73�
0RQLWRUV��,QWHUQHW�SURYLGHUV��GLVWULEXWHG�FRPSXWLQJ�

Þ 7UDQVDFWLRQ�SURFHVVLQJ�LV�QRW�MXVW�GDWDEDVH�WHFKQRORJ\��LW�LV�FRUH�GLVWULEXWHG
V\VWHPV�WHFKQRORJ\

:K\�GLVWULEXWHG�WUDQVDFWLRQ�SURFHVVLQJ"
Þ ,W�LV�DQ�DFFHSWHG��SURYHQ��DQG�WHVWHG�SURJUDPPLQJ�PRGHO�DQG�FRPSXWLQJ�SDUDGLJP
IRU�FRPSOH[�DSSOLFDWLRQV

Þ 7KH�FRQYHUJHQFH�RI�PDQ\�WHFKQRORJLHV��GDWDEDVHV��QHWZRUNV��ZRUNIORZ
PDQDJHPHQW��25%�IUDPHZRUNV��FOXVWHUV�RI�ZRUNVWDWLRQV�«��LV�ODUJHO\�EDVHG�RQ
GLVWULEXWHG�WUDQVDFWLRQDO�SURFHVVLQJ
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)URP�EXVLQHVV�WR�WUDQVDFWLRQV
o $�EXVLQHVV�WUDQVDFWLRQ�XVXDOO\�LQYROYHV�DQ�H[FKDQJH�EHWZHHQ�WZR�RU�PRUH�HQWLWLHV
�VHOOLQJ��EX\LQJ��UHQWLQJ��ERRNLQJ�«��

o :KHQ�FRPSXWHUV�DUH�FRQVLGHUHG��WKHVH�EXVLQHVV�WUDQVDFWLRQV�EHFRPH�HOHFWURQLF
WUDQVDFWLRQV�

o 7KH�LGHDV�EHKLQG�D�EXVLQHVV�WUDQVDFWLRQ�DUH�LQWXLWLYH��7KHVH�VDPH�LGHDV�DUH�XVHG�LQ
HOHFWURQLF�WUDQVDFWLRQV�

o (OHFWURQLF�WUDQVDFWLRQV�RSHQ�XS�PDQ\�SRVVLELOLWLHV�WKDW�DUH�XQIHDVLEOH�ZLWK�WUDGLWLRQDO
DFFRXQWLQJ�V\VWHPV�

BUYER SELLER
TRANSACTION

STATE STATE STATE

book-keeping
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7KH�SUREOHPV�RI�HOHFWURQLF�WUDQVDFWLRQV
7UDQVDFWLRQV�DUH�D�JUHDW�LGHD�
o +DFN�D�VPDOO��FXWH�SURJUDP�DQG�WKDW·V�LW�

8QIRUWXQDWHO\��WKH\�DUH�DOVR�D�FRPSOH[�LGHD�
o )URP�D�SURJUDPPLQJ�SRLQW�RI�YLHZ��RQH�PXVW�EH�DEOH�WR�HQFDSVXODWH�WKH�WUDQVDFWLRQ
�QRW�HYHU\WKLQJ�LV�D�WUDQVDFWLRQ��

o 2QH�PXVW�EH�DEOH�WR�UXQ�KLJK�YROXPHV�RI�WKHVH�WUDQVDFWLRQV��EX\HUV�ZDQW�IDVW
UHVSRQVH��VHOOHUV�ZDQW�WR�UXQ�PDQ\�WUDQVDFWLRQV�FKHDSO\��

o 7UDQVDFWLRQV�PXVW�EH�FRUUHFW�HYHQ�LI�PDQ\�RI�WKHP�DUH�UXQQLQJ�FRQFXUUHQWO\�� �DW�WKH
VDPH�WLPH�RYHU�WKH�VDPH�GDWD��

o 7UDQVDFWLRQV�PXVW�EH�DWRPLF��3DUWLDOO\�H[HFXWHG�WUDQVDFWLRQV�DUH�DOPRVW�DOZD\V
LQFRUUHFW��HYHQ�LQ�EXVLQHVV�WUDQVDFWLRQV��

o :KLOH�WKH�EXVLQHVV�LV�FORVHG��RQH�PDNHV�QR�PRQH\��LQ�PRVW�EXVLQHVV���7UDQVDFWLRQV
DUH�´PLVVLRQ�FULWLFDOµ�

o /HJDOO\��PRVW�EXVLQHVV�WUDQVDFWLRQV�UHTXLUH�D�ZULWWHQ�UHFRUG��6R�GR�HOHFWURQLF
WUDQVDFWLRQV�
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:KDW�LV�D�WUDQVDFWLRQ"
7UDQVDFWLRQV�RULJLQDWHG�DV�´VSKHUHV�RI�FRQWUROµ�LQ�ZKLFK�WR�HQFDSVXODWH�FHUWDLQ�EHKDYLRU�RI
SDUWLFXODU�SLHFHV�RI�FRGH�

o $�WUDQVDFWLRQ�LV�EDVLFDOO\�D�VHW�RI�VHUYLFH�LQYRFDWLRQV��XVXDOO\�IURP�D�SURJUDP
�DOWKRXJK�LW�FDQ�DOVR�EH�LQWHUDFWLYH��

o $�WUDQVDFWLRQ�LV�D�ZD\�WR�KHOS�WKH�SURJUDPPHU�WR�LQGLFDWH�ZKHQ�WKH�V\VWHP�VKRXOG
WDNH�RYHU�FHUWDLQ�WDVNV��OLNH�VHPDSKRUHV�LQ�DQ�RSHUDWLQJ�V\VWHP��EXW�PXFK�PRUH
FRPSOLFDWHG��

o 7UDQVDFWLRQV�KHOS�WR�DXWRPDWH�PDQ\�WHGLRXV�DQG�FRPSOH[�RSHUDWLRQV�
Þ UHFRUG�NHHSLQJ�
Þ FRQFXUUHQF\�FRQWURO�
Þ UHFRYHU\�
Þ GXUDELOLW\�
Þ FRQVLVWHQF\�

o ,W�LV�LQ�WKLV�VHQVH�WKDW�WUDQVDFWLRQV�DUH�FRQVLGHUHG�$&,'��$WRPLF��&RQVLVWHQW�
,VRODWHG��DQG�'XUDEOH��
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7UDQVDFWLRQDO�SURSHUWLHV
7KHVH�V\VWHPV�ZRXOG�KDYH�EHHQ�YHU\�GLIILFXOW�WR�EXLOG�ZLWKRXW�WKH�FRQFHSW�RI�WUDQVDFWLRQ�
7R�XQGHUVWDQG�ZK\��RQH�QHHGV�WR�XQGHUVWDQG�WKH�IRXU�NH\�SURSHUWLHV�RI�D�WUDQVDFWLRQ�

o $720,&,7<��QHFHVVDU\�LQ�DQ\�GLVWULEXWHG�V\VWHP��EXW�DOVR�LQ�FHQWUDOL]HG�RQHV���$
WUDQVDFWLRQ�LV�DWRPLF�LI�LW�LV�H[HFXWHG�LQ�LWV�HQWLUHW\�RU�QRW�DW�DOO�

o &216,67(1&<��XVHG�LQ�GDWDEDVH�HQYLURQPHQWV��$�WUDQVDFWLRQV�PXVW�SUHVHUYH�WKH�GDWD
FRQVLVWHQF\�

o ,62/$7,21��LPSRUWDQW�LQ�PXOWL�SURJUDPPLQJ��PXOWL�XVHU�HQYLURQPHQWV��$�WUDQVDFWLRQ
PXVW�H[HFXWH�DV�LI�LW�ZHUH�WKH�RQO\�RQH�LQ�WKH�V\VWHP�

o '85$%,/,7<��LPSRUWDQW�LQ�DOO�FDVHV��7KH�FKDQJHV�PDGH�E\�D�WUDQVDFWLRQ�PXVW�EH
SHUPDQHQW�� �WKH\�PXVW�QRW�EH�ORVW�LQ�FDVH�RI�IDLOXUHV��
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7UDQVDFWLRQDO�SURSHUWLHV

FRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

Transaction

FRQVLVWHQW
GDWDEDVH

LQFRQVLVWHQW
GDWDEDVH

Txn

Failure

LQFRQVLVWHQW
GDWDEDVH

A

C

I

D
FRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

Txn

FRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

Txn 1

Txn 2
LQFRQVLVWHQW
GDWDEDVH

system
crash

recovery

recovery
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7UDQVDFWLRQDO�DWRPLFLW\
o 7UDQVDFWLRQDO�DWRPLFLW\�LV�DQ�´DOO�RU�QRWKLQJµ�SURSHUW\��HLWKHU�WKH�HQWLUH�WUDQVDFWLRQ
WDNHV�SODFH�RU�LW�GRHV�QRW�WDNH�SODFH�DW�DOO�

o $�WUDQVDFWLRQ�RIWHQ�LQYROYHV�VHYHUDO�RSHUDWLRQV�WKDW�DUH�H[HFXWHG�DW�GLIIHUHQW�WLPHV
�FRQWURO�IORZ�GHSHQGHQFLHV���7KXV��WUDQVDFWLRQDO�DWRPLFLW\�UHTXLUHV�D�PHFKDQLVP�WR
HOLPLQDWH�SDUWLDO��LQFRPSOHWH�UHVXOWV��D�UHFRYHU\�SURWRFRO��

FRQVLVWHQW
GDWDEDVH

LQFRQVLVWHQW
GDWDEDVH

Txn

Failure

RECOVERY
MANAGER

database
log

Txn

FRQVLVWHQW
GDWDEDVH

LQFRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

Failure
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7UDQVDFWLRQDO�LVRODWLRQ
o ,VRODWLRQ�DGGUHVVHV�WKH�SUREOHP�RI�HQVXULQJ�FRUUHFW�UHVXOWV�HYHQ�ZKHQ�WKHUH�DUH�PDQ\
WUDQVDFWLRQV�EHLQJ�H[HFXWHG�FRQFXUUHQWO\�RYHU�WKH�VDPH�GDWD�

o 7KH�JRDO�LV�WR�PDNH�WUDQVDFWLRQV�EHOLHYH�WKHUH�LV�QR�RWKHU�WUDQVDFWLRQ�LQ�WKH�V\VWHP
�LVRODWLRQ��

o 7KLV�LV�HQIRUFHG�E\�D�FRQFXUUHQF\�FRQWURO�SURWRFRO��ZKLFK�DLPV�DW�JXDUDQWHHLQJ
VHULDOL]DELOLW\�

FRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

Txn 1

Txn 2
LQFRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

Txn 1 Txn 2
FRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

Txn 1
Txn 2

CONCURRENCY
CONTROL
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7UDQVDFWLRQDO�FRQVLVWHQF\
o &RQFXUUHQF\�FRQWURO�DQG�UHFRYHU\�SURWRFROV�DUH�EDVHG�RQ�D�VWURQJ�DVVXPSWLRQ��WKH
WUDQVDFWLRQ�LV�DOZD\V�FRUUHFW�

o ,Q�SUDFWLFH��WUDQVDFWLRQV�PDNH�PLVWDNHV��LQWURGXFH�QHJDWLYH�VDODULHV��HPSW\�VRFLDO
VHFXULW\�QXPEHUV��GLIIHUHQW�QDPHV�IRU�WKH�VDPH�SHUVRQ�«���7KHVH�PLVWDNHV�YLRODWH
GDWDEDVH�FRQVLVWHQF\�

o 7UDQVDFWLRQ�FRQVLVWHQF\�LV�HQIRUFHG�WKURXJK�LQWHJULW\�FRQVWUDLQWV�
Þ 1XOO�FRQVWUDLQV��ZKHQ�DQ�DWWULEXWH�FDQ�EH�OHIW�HPSW\�
Þ )RUHLJQ�NH\V��LQGLFDWLQJ�ZKHQ�DQ�DWWULEXWH�LV�D�NH\�LQ�DQRWKHU�WDEOH�
Þ &KHFN�FRQVWUDLQWV��WR�VSHFLI\�JHQHUDO�UXOHV��´HPSOR\HHV�PXVW�EH�HLWKHU�PDQDJHUV
RU�WHFKQLFLDQVµ��

o 7KXV��LQWHJULW\�FRQVWUDLQWV�DFWV�DV�ILOWHUV�GHWHUPLQLQJ�ZKHWKHU�D�WUDQVDFWLRQ�LV
DFFHSWDEOH�RU�QRW�

o 127(��LQWHJULW\�FRQVWUDLQWV�DUH�FKHFNHG�E\�WKH�V\VWHP��QRW�E\�WKH�WUDQVDFWLRQ
SURJUDPPHU�
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7UDQVDFWLRQDO�GXUDELOLW\
o 7UDQVDFWLRQDO�V\VWHP�RIWHQ�GHDO�ZLWK�YDOXDEOH�LQIRUPDWLRQ��7KHUH�PXVW�EH�D�JXDUDQWHH
WKDW�WKH�FKDQJHV�LQWURGXFHG�E\�D�WUDQVDFWLRQ�ZLOO�ODVW�

o 7KLV�PHDQV�WKDW�WKH�FKDQJHV�LQWURGXFHG�E\�D�WUDQVDFWLRQ�PXVW�VXUYLYH�IDLOXUHV��LI�\RX
GHSRVLW�PRQH\�LQ�\RXU�EDQN�DFFRXQW��\RX�GRQ·W�ZDQW�WKH�EDQN�WR�WHOO�\RX�WKH\�KDYH�ORVW
DOO�WUDFHV�RI�WKH�WUDQVDFWLRQ�EHFDXVH�WKHUH�ZDV�D�GLVN�FUDVK��

o ,Q�SUDFWLFH��GXUDELOLW\�LV�JXDUDQWHHG�E\�XVLQJ�UHSOLFDWLRQ��GDWDEDVH�EDFNXSV��PLUURUHG
GLVNV�

o 2IWHQ�GXUDELOLW\�LV�FRPELQHG�ZLWK�RWKHU�GHVLUDEOH�SURSHUWLHV�VXFK�DV�DYDLODELOLW\�
Þ $YDLODELOLW\�LV�WKH�SHUFHQWDJH�RI�WLPH�WKH�V\VWHP�FDQ�EH�XVHG�IRU�LWV�LQWHQGHG
SXUSRVH��FRPPRQ�UHTXLUHPHQW���������RU���KRXU�D�PRQWK�RI�GRZQ�WLPH��

Þ $YDLODELOLW\�SOD\V�DQ�LPSRUWDQW�UROH�LQ�PDQ\�V\VWHPV��&RQVLGHU��IRU�LQVWDQFH��WKH
QDPH�VHUYHU�XVHG�LQ�D�&25%$�LPSOHPHQWDWLRQ�
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$�6LPSOH�7UDQVDFWLRQ�0DQDJHU��,�

TRANSACTION
MANAGER

SCHEDULER
(concurrency

control

RECOVERY
MANAGER

CACHE
MANAGER

LOG

STABLE
DATABASE CACHE

transactions
(r, w, c, a)

restart
(after system
failure)

read, write, commit, abort

read, write, 
commit, abort

read, write
fetch, flush

read, write

stable storage main memory

DATA
MANAGER
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$�6LPSOH�7UDQVDFWLRQ�0DQDJHU��,,�
o (DFK�RQH�RI�WKH�PRGXOHV�VKRZQ�LV�D�FRPSOH[�FRPSRQHQW�WKDW�FDQ�EH�RSWLPL]HG�E\
XVLQJ�FOHYHU�WULFNV��HQJLQHHULQJ��QRW�WKHRU\��

o ,Q�SUDFWLFH��WKHVH�PRGXOHV�WHQG�WR�EH�KHDYLO\�LQWHUFRQQHFWHG��LI�RQH�ZDQWV
SHUIRUPDQFH��IRUJHW�DERXW�PRGXODULW\�DQG�QLFH��FOHDU�FXW�LQWHUIDFHV��

o $�FUXFLDO�DVSHFW�RI�D�WUDQVDFWLRQ�PDQDJHU�LV�WR�HQVXUH�WKDW�RSHUDWLRQV�DUH�H[HFXWHG�LQ
WKH�SURSHU�RUGHU�

o :KHQ�D�PRGXOH�LQGLFDWHV�´$�VKRXOG�EH�H[HFXWHG�EHIRUH�%µ��WKLV�VKRXOG�EH�WKH�FDVH�DW
DOO�OHYHOV��LQGHSHQGHQWO\�RI�WKH�RSWLPL]DWLRQV�SHUIRUPHG�DW�HDFK�OHYHO��7KHUH�DUH�WZR
ZD\V�WR�JXDUDQWHH�VXFK�SURSHUW\�
Þ ),)2�TXHXHV�EHWZHHQ�HDFK�PRGXOH��IRUFH�VHTXHQWLDO�SURFHVVLQJ�EXW�KDYH�SUREOHPV
ZLWK�WKUHDGV�DQG�PXOWL�SURFHVVLQJ�

Þ +DQGVKDNLQJ��,I�$�PXVW�KDSSHQ�EHIRUH�%��%�LV�QRW�SDVVHG�WR�D�ORZHU�PRGXOH�XQWLO
WKH�H[HFXWLRQ�RI�$�KDV�QRW�EHHQ�FRQILUPHG�E\�WKH�ORZHU�PRGXOH�
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([DPSOH�$SSOLFDWLRQ��$70�
([DPSOH����$XWRPDWHG�7HOOHU�0DFKLQHV��$70�
o 7DEOHV�

Þ $FFRXQW%DODQFH��$FFW���EDODQFH���WKH�DFFRXQWV�DQG�WKH�PRQH\�LQ�WKHP
Þ +RW&DUG�/LVW��$FFW����FDUG�WKDW�KDYH�EHHQ�FDQFHOHG�VWROHQ�VXVSHQGHG�
Þ $FFRXQW9HORFLW\��$FFW��6XP:LWKGUDZDOV���VWRUHV�WKH�ODWHVW�WUDQVDFWLRQV�DQG�WKH
DFFXPXODWHG�DPRXQW�

Þ 3RVWLQJ/RJ��$FFW��$70LG�$PRXQW���D�UHFRUG�RI�HDFK�RSHUDWLRQ�
o 7\SLFDO�RSHUDWLRQ��PRQH\�ZLWKGUDZDO��

Þ *HW�LQSXW��$FFW���$70���W\SH��3,1��7[Q�LG��$PRXQW��
Þ :ULWH�UHTXHVW�WR�3RVWLQJ/RJ�
Þ &KHFN�3,1
Þ &KHFN�$FFW��ZLWK�+RW&DUG�/LVW�WDEOH�
Þ &KHFN�$FFW��ZLWK�$FFRXQW9HORFLW\�WDEOH
Þ 8SGDWH�$FFRXQW9HORFLW\�WDEOH�
Þ 8SGDWH�EDODQFH�LQ�$FFRXQW%DODQFH�WDEOH�
Þ :ULWH�ZLWKGUDZDO�UHFRUG�WR�3RVWLQJ/RJ
Þ &RPPLW�WUDQVDFWLRQ�DQG�GLVSHQVH�PRQH\�
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([DPSOH�$SSOLFDWLRQ��$70�
o 6L]H��ZLWK�VHYHUDO�KXQGUHG�$70V�DQG�DERXW�RQH�PLOOLRQ�FXVWRPHUV��WKH�GDWDEDVH�WDNHV
������0%�

o /RDG��WKH�V\VWHP�LV�FRQILJXUHG�WR�GHDO�ZLWK�WKH�SHDN�ORDG��DERXW�RQH�WUDQVDFWLRQ�SHU
PLQXWH�SHU�$70��8QGHU�QRUPDO�FLUFXPVWDQFHV��RQH�PLUURUHG�GLVN��WZR�GLVNV�GRLQJ�WKH
VDPH�RSHUDWLRQV��FDQ�KDQGOH���WUDQVDFWLRQV�SHU�VHFRQG��WSV���$VVXPLQJ���,�2
RSHUDWLRQV�SHU�WUDQVDFWLRQ��RQH�PLUURUHG�GLVN�FDQ�WKHQ�KDQGOH�DERXW�����$70V�

o 7KH�3RVWLQJ/RJ�FDQ�EH�XSGDWHG�RII�OLQH��DW�QLJKW��
o %HIRUH��WKHVH�V\VWHPV�ZHUH�EDVHG�RQ�VQDSVKRW�UHSOLFDWLRQ��7RGD\��PDQ\�RI�WKHVH
V\VWHPV�DFFHVV�RQ�OLQH�GDWDEDVHV�



��������� � 	�

��� 
�����
�������������� �  �!�� "$#�%�&(&()(*��(��� �

([DPSOH�$SSOLFDWLRQ��6WRFN�([FKDQJH�
([DPSOH����6WRFN�([FKDQJH�
o 7DEOHV�

Þ 8VHUV��OLVW�RI�WUDGHUV�DQG�PDUNHW�ZDWFKHUV�
Þ 6WRFNV��OLVW�RI�WUDGHG�VWRFNV�
Þ %X\2UGHUV�6HOO2UGHUV��DOO�WKH�RUGHUV�HQWHUHG�GXULQJ�WKH�GD\
Þ 7UDGHV��DOO�WUDGHV�H[HFXWHG�GXULQJ�WKH�GD\�
Þ 3ULFH��EX\�DQG�VHOO�WRWDO�YROXPH��DQG�QXPEHUV�RI�RUGHUV�IRU�HDFK�VWRFN�DQG�SULFH�
Þ /RJ��DOO�XVHUV·�UHTXHVWV�DQG�V\VWHP�UHSOLHV�
Þ 1RWLILFDWLRQ0VVJV��DOO�PHVVDJHV�VHQW�WR�WKH�XVHUV��XVXDOO\��FRQILUPDWLRQV�RI�DQ
RSHUDWLRQ��

o 7\SLFDO�RSHUDWLRQ��([HFXWH�7UDGH��
Þ 5HDG�LQIRUPDWLRQ�DERXW�WKH�VWRFN�IURP�WKH�6WRFNV�WDEOH�
Þ *HW�WLPHVWDPS�
Þ 5HDG�VFKHGXOHG�WUDGLQJ�SHULRGV�IRU�WKH�VWRFN�
Þ &KHFN�YDOLGLW\�RI�RSHUDWLRQ��WLPH��YDOXH��SULFHV��
Þ ,I�YDOLG��ILQG�D�PDWFKLQJ�WUDGH�RSHUDWLRQ��XSGDWH�7UDGHV��1RWLILFDWLRQ0VVJV�
2UGHUV��3ULFHV��6WRFNV�
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([DPSOH�$SSOLFDWLRQ��6WRFN�([FKDQJH�
Þ :ULWH�WKH�V\VWHP·V�UHVSRQVH�WR�WKH�ORJ�
Þ &RPPLW�WKH�WUDQVDFWLRQ�
Þ %URDGFDVW�WKH�QHZ�ERRN�VLWXDWLRQ�

o 6L]H�����VWRFN�H[FKDQJHV�FRQQHFWHG��UHDO�WLPH�GLVWULEXWHG�WUDGLQJ��WRWDO�GDWDEDVH�VL]H
����*%�

o /RDG��3HDN�GDLO\�ORDG�LV���������RUGHUV��7KH�SHDN�SHU�VHFRQG�ORDG�LQYROYHV�����GLVN
,�2V�DQG�H[HFXWLQJ�����PLOOLRQ�LQVWUXFWLRQV�SHU�VHFRQG�
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6RPH�EDVLF�DGYDQFHG�WUDQVDFWLRQ�PRGHOV

��������� � 	�

��� 
�����
�������������� �  �!�� "$#�%�&(&()(*��(�+%'&

'LVWULEXWHG�7UDQVDFWLRQV
o 7KH�WUDQVDFWLRQ�PRGHO�GHVFULEHG�VR�IDU�LV�NQRZQ�DV�´IODW�PRGHOµ��L�H���WUDQVDFWLRQV
KDYH�RQO\�WZR�OHYHOV��WKH�SDUHQW�WUDQVDFWLRQ�DQG�WKH�FKLOGUHQ�WUDQVDFWLRQ

o 'LVWULEXWHG�WUDQVDFWLRQV�DUH�GLIILFXOW�WR�PRGHO�ZLWK�IODW�WUDQVDFWLRQV��IRU�LQVWDQFH��D
FKDLQ�RI�753&V���KHQFH�PRUH�FRPSOH[�PRGHOV�DUH�QHHGHG

o 7KH�PRVW�FRPPRQ�PRGHO�IRU�GLVWULEXWHG�WUDQVDFWLRQV�LV�WKH�QHVWHG�PRGHO�LQ�ZKLFK
RSHUDWLRQV�RI�D�WUDQVDFWLRQ�FDQ�EH�WUDQVDFWLRQV�WKHPVHOYHV

o 2QH�RI�WKH�PRVW�LPSRUWDQW�DVSHFWV�RI�GLVWULEXWHG�WUDQVDFWLRQV�LV�WKH�SUREOHP�RI
DWRPLF�FRPPLWPHQW��1HVWHG�WUDQVDFWLRQV�KHOS�ZLWK�WKLV�SUREOHP�E\�LQGLFDWLQJ�ZKHQ
WUDQVDFWLRQV�DW�GLIIHUHQW�V\VWHPV�QHHG�WR�EH�FRPPLWWHG
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3URV�DQG�&RQV�RI�$WRPLFLW\

FRQVLVWHQW
GDWDEDVH

FRQVLVWHQW
GDWDEDVH

7UDQVDFWLRQ

FRQVLVWHQW
GDWDEDVH

LQFRQVLVWHQW
GDWDEDVH

7[Q

$ERUW

5HFRYHU\

If a program finds there is some error, it suffices to
abort the transaction. The recovery mechanism
ensures the effects of the transaction will be
eliminated. This is both good and bad.
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3URV�DQG�&RQV�RI�$WRPLFLW\
o ,I�\RX�DUH�D�WUDQVDFWLRQ�SURJUDPPHU��HYHU\��WLPH�WKHUH�LV�VRPHWKLQJ�WKDW�JRHV�ZURQJ
�WKHUH�LV�QRW�HQRXJK�IXQGV��IRU�LQVWDQFH���LW�LV�HQRXJK�WR�H[HFXWH�52//%$&.�:25.
WR�JR�EDFN�WR�WKH�EHJLQQLQJ�RI�WKH�WUDQVDFWLRQ�

o %XW�LV�WUDQVDFWLRQV�DUH�ORQJ��RU�FRPSOH[��DERUWLQJ�WKH�HQWLUH�WUDQVDFWLRQ�PD\�EH�D
ZDVWH�RI�HIIRUW��,Q�PDQ\�FDVHV��RQH�GRHV�QRW�ZDQW�WR�JR�DOO�WKH�ZD\�WR�WKH�EHJLQQLQJ
EXW�WR�VRPH�LQWHUPHGLDWH�SRLQW�ZKHUH�RQH�LV�VXUH�WKLQJV�ZHUH�FRUUHFW��DQG�WKHQ�WDNH
DJDLQ�IURP�WKHUH�

FRQVLVWHQW
GDWDEDVH

Txn

ROLLBACK 
WORK

Recovery
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6DYHSRLQWV
o 7R�DYRLG�WKLV�SUREOHP��VDYHSRLQWV�DUH�XVHG�
o $�VDYHSRLQW�UHFRUGV�WKH�FXUUHQW�VWDWH�RI�WKH�H[HFXWLRQ�RI�D�WUDQVDFWLRQ�
o :KHQ�LQYRNLQJ�52//%$&.�:25.��RQH�LQGLFDWHV�WR�ZKLFK�SRLQW�RQH�ZDQWV�WR�UROOEDFN
�WR�WKH�EHJLQQLQJ�RU�WR�D�VDYHSRLQW��

BEGIN (1)
OP 1
OP 2

SAVEP (2)
OP 3

ROLLB(2)

OP 4
OP 5

SAVEP (3)
OP 6
OP 7
OP 8

ROLLB(3)

OP 9
OP 10
OP 11

COMMIT
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7ULJJHUHG�&RPPLWV
o +RZ�FDQ�VDYHSRLQWV�EH�LPSOHPHQWHG�"
o &RQVLGHU�HDFK�VHW�RI�RSHUDWLRQV�EHWZHHQ�WZR�VDYHSRLQWV�DV�DQ�DWRPLF�XQLW�
o $�52//%$&.�[��DERUWV�DOO�DWRPLF�XQLWV�DOO�WKH�ZD\�EDFN�WR�VDYHSRLQW�[�
o $�&200,7�DW�WKH�HQG��WULJJHUV�D�FKDLQ�RI�FRPPLWV�IRU�HDFK�DWRPLF�XQLW�

BEGIN (1)
OP 1
OP 2

SAVEP (2)
OP 3

ABORT(2)
OP 4
OP 5

SAVEP (3)
OP 6
OP 7
OP 8

ABORT(3)

OP 9
OP 10
OP 11

COMMIT
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3HUVLVWHQW�6DYHSRLQWV�"
o 6DYHSRLQWV�DUH�D�JUHDW�LGHD�

Þ LI�VRPHWKLQJ�JRHV�ZURQJ��ZH�FDQ�UROOEDFN�WR�GLIIHUHQW�SDUWV�RI�WKH�H[HFXWLRQ�DQG
UHVXPH�IURP�WKHUH�

Þ UROOEDFN�LV�SHUIRUPHG�E\�WKH�V\VWHP�XVLQJ�WKH�VWDQGDUG�UHFRYHU\�PHFKDQLVP�
o &DQ�WKLV�JUHDW�LGHD�EH�JHQHUDOL]HG"
o ,I�VDYHSRLQWV�DUH�PDGH�SHUVLVWHQW��ZH�PD\�EH�DEOH�WR�UHVXPH�WKH�H[HFXWLRQ�RI�D
WUDQVDFWLRQ�HYHQ�DIWHU�FUDVK�IDLOXUHV�

o ,Q�SULQFLSOH�\HV��EXW�LQ�SUDFWLFH�
Þ 7KH�GDWDEDVH�FDQ�UHFRYHU�WR�D�VDYHSRLQW��EXW�WKH�DSSOLFDWLRQ�SURJUDP�PD\�QRW�EH
DEOH�WR�GR�WKH�VDPH�

User program

Database
transaction

crash
failure

restart

restart
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&KDLQHG�7UDQVDFWLRQV
o 1RWH�WKDW�WKH�DWRPLF�XQLWV�XVHG�LQ�VDYHSRLQWV�DUH�DOPRVW�OLNH�D�WUDQVDFWLRQ�
o 7KH�LPSRUWDQW�GLIIHUHQFH�LV�WKDW�WKH�WUDQVDFWLRQ�FRQWH[W�LV�NHSW��ORFNV�DUH�QRW
UHOHDVHG�XQWLO�FRPPLW��QRW�QHHGHG�RQHV�FDQ�EH�UHOHDVHG��

o &KDLQHG�WUDQVDFWLRQV�DOORZ�WR�FRPPLW�RQH�WUDQVDFWLRQ�DQG�SDVV�LWV�FRQWH[W�WR�WKH�QH[W�
o ,I�D�IDLOXUH�RFFXUV��FRPPLWWHG�WUDQVDFWLRQV�DUH�VDIH��RQO\�WKH�ODVW�DFWLYH�WUDQVDFWLRQ
ZLOO�EH�DERUWHG�

o +RZHYHU��WKHUH�LV�QR�SRVVLELOLW\�RI�UROOEDFN�WR�D�SUHYLRXV�WUDQVDFWLRQV��QRZ�WKH\�DUH
UHDOO\�FRPPLWWHG��

OP 3
OP 4
CHAIN

OP 5
OP 6
OP 7

COMMIT

BEGIN (1)

OP 1
OP 2

CHAIN
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1RQ�)ODW�7UDQVDFWLRQ�0RGHOV
o 6DYHSRLQWV�DQG�FKDLQHG�WUDQVDFWLRQV�SRLQW�WKH�QHHG�WR�VWUXFWXUH�VHTXHQFHV�RI
LQWHUDFWLRQV�ZLWK�WKH�GDWDEDVH�

o 7KH�WUDQVDFWLRQV�ZH�KDYH�EHHQ�GLVFXVVHG�VR�IDU�DUH�NQRZQ�DV�IODW�WUDQVDFWLRQV�
o $�FKDLQHG�WUDQVDFWLRQ�FDQ�EH�VHHQ�DV�D�ILUVW�VWHS�WRZDUGV�D�QRQ�IODW�WUDQVDFWLRQ�PRGHO�

o :KHQ�WKHVH�LGHDV�DUH�JHQHUDOL]HG��RQH�DUULYHV�DW�WKH�QHVWHG�WUDQVDFWLRQ�PRGHO�

parent 

children
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1HVWHG�7UDQVDFWLRQV
o $�QHVWHG�WUDQVDFWLRQ�LV�D�WUHH�RI�WUDQVDFWLRQV�
o 7UDQVDFWLRQV�DW�WKH�OHDYHV�DUH�IODW�WUDQVDFWLRQV�
o 7UDQVDFWLRQV�FDQ�HLWKHU�FRPPLW�RU�UROOEDFN��7KH�FRPPLW�LV�FRQGLWLRQDO�WR�WKH�SDUHQW
WUDQVDFWLRQ·V�FRPPLW��KHQFH��WUDQVDFWLRQV�FRPPLW�RQO\�LI�WKH�URRW�FRPPLWV��

o 5ROOEDFN�RI�D�WUDQVDFWLRQ�FDXVHV�DOO�RI�LWV�FKLOGUHQ�WR�DOVR�UROOEDFN�

root 
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1HVWHG�7UDQVDFWLRQ�6WUXFWXUH

BEGIN COMMIT

BOT C BOT C

B

BBBB CC

C

RR
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1HVWHG�7UDQVDFWLRQ�5XOHV
o 1HVWHG�7UDQVDFWLRQV�DUH�OLNH�D�FRPELQDWLRQ�RI�VDYHSRLQWV�DQG�FKDLQHG�WUDQVDFWLRQV�
o 7KH\�IROORZ�WKHVH�WKUHH�UXOHV��QRGH� �W[Q���

Þ &RPPLW�5XOH��:KHQ�D�QRGH�ZDQWV�WR�FRPPLW��LW�SDVVHV�LWV�FRQWH[W�WR�WKH�SDUHQW
QRGH��OLNH�LQ�FKDLQHG�W[QV����LW�ZLOO�DFWXDOO\�FRPPLW�ZKHQ�WKH�URRW�QRGH�FRPPLWV
�OLNH�LQ�VDYHSRLQWV��

Þ 5ROOEDFN�5XOH��,I�D�QRGH�GRHV�D�UROOEDFN��DOO�RI�LWV�FKLOGUHQ�PXVW�DOVR�UROOEDFN�
Þ 9LVLELOLW\�5XOH��:KHQ�D�QRGH�´FRPPLWVµ�DOO�RI�LWV�FKDQJHV�EHFRPH�YLVLEOH�WR�WKH
SDUHQW��EHFDXVH�WKH�FKLOG�SDVVHV�LWV�FRQWH[W�WR�WKH�SDUHQW���&RQFXUUHQW�VLEOLQJV
DUH�LVRODWHG�IURP�HDFK�RWKHU��WKH\�VHH�HDFK�RWKHU�DV�GLIIHUHQW�WUDQVDFWLRQV���7KH
SDUHQW�FDQ�PDNH�FHUWDLQ�REMHFWV�DFFHVVLEOH�WR�WKH�FKLOGUHQ��WKHUHE\�DOORZLQJ�WKH
FRQWH[W�RI�D�FKLOG�WR�SDVV�WR�DQRWKHU�FKLOG�

o $OO�RWKHU�QRWLRQV��VHULDOL]DELOLW\��UHFRYHUDELOLW\�«��VWLOO�DSSO\�DFURVV�GLIIHUHQW
QHVWHG�WUDQVDFWLRQV

o )RU�GLVWULEXWHG�WUDQVDFWLRQV��WKH�LPSRUWDQW�DVSHFW�LV�KRZ�WR�FRPPLW�DOO�WUDQVDFWLRQV�
QRW�VR�PXFK�WKH�LVRODWLRQ�DVSHFWV
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$WRPLF�FRPPLWPHQW�LQ�SUDFWLFH���3&��3&�
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$WRPLF�&RPPLWPHQW

The
Consensus
Problem

2 Phase
Commit

3 Phase
Commit

Applications
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7KH�&RQVHQVXV��DJUHHPHQW��3UREOHP
o 'LVWULEXWHG�FRQVHQVXV�LV�WKH�SUREOHP�RI
UHDFKLQJ�DQ�DJUHHPHQW�DPRQJ�DOO�ZRUNLQJ
SURFHVVHV�RQ�WKH�YDOXH�RI�D�YDULDEOH

o &RQVHQVXV�LV�QRW�D�GLIILFXOW�SUREOHP�LI�WKH
V\VWHP�LV�UHOLDEOH��QR�VLWH�IDLOXUHV��QR
FRPPXQLFDWLRQ�IDLOXUHV�

o $V\QFKURQRXV� �QR�WLPLQJ�DVVXPSWLRQV�FDQ�EH
PDGH�DERXW�WKH�VSHHG�RI�SURFHVVHV�RU�WKH
QHWZRUN�GHOD\��LW�LV�QRW�SRVVLEOH�WR�GLVWLQJXLVK
EHWZHHQ�D�IDLOXUH�DQG�D�VORZ�V\VWHP�

7KH�LPSRVVLELOLW\�UHVXOW�LPSOLHV�WKDW�WKHUH�LV�DOZD\V
D�FKDQFH�WR�UHPDLQ�XQFHUWDLQ��XQDEOH�WR�PDNH�D
GHFLVLRQ���KHQFH�

o ,I�IDLOXUHV�PD\�RFFXU��WKHQ�DOO�HQWLUHO\
DV\QFKURQRXV�FRPPLW�SURWRFROV�PD\�EORFN�

o 1R�FRPPLW�SURWRFRO�FDQ�JXDUDQWHH�LQGHSHQGHQW
UHFRYHU\��LI�D�VLWH�IDLOV�ZKHQ�EHLQJ�XQFHUWDLQ�
XSRQ�UHFRYHU\�LW�ZLOO�KDYH�WR�ILQG�RXW�IURP
RWKHUV�ZKDW�WKH�GHFLVLRQ�ZDV��

o 7KLV�LV�D�YHU\�VWURQJ�UHVXOW�ZLWK�LPSRUWDQW
LPSOLFDWLRQV�LQ�DQ\�GLVWULEXWHG�V\VWHP�

In an asynchronous environment where failures can occur
reaching consensus may be impossible
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*HQHUDOV�SUREOHP
o 7R�VXFFHHG�WKH�JHQHUDOV�PXVW�DWWDFN�DW�WKH
VDPH�WLPH

o 7KH�JHQHUDOV�FDQ�RQO\�FRPPXQLFDWH�WKURXJK
PHVVDJHV

o 7KH�V\VWHP�LV�DV\QFKURQRXV��PHVVDJHV�FDQ�EH
ORVW�RU�GHOD\HG�LQGHILQLWHO\

o 7KH�LPSRVVLELOLW\�LQ�WKH�JHQHUDOV�SUREOHP
DULVHV�IURP�WKH�QHHG�WR�KDYH�FRPSOHWH
NQRZOHGJH��,�QHHG�WR�NQRZ�P\�VWDWH��WKH
RWKHU·V�VWDWH��WKDW�WKH�RWKHU�NQRZV�P\�VWDWH�
WKDW�WKH�RWKHU�NQRZV�WKDW�,�NQRZ�KHU�VWDWH��WKDW
WKH�RWKHU�NQRZV�WKDW�,�NQRZ�WKDW�VKH�NQRZV�P\
VWDWH�«

o ,I�WKH�V\VWHP�LV�HQWLUHO\�DV\QFKURQRXV��WKLV
SUREOHP�FDQQRW�EH�VROYHG�E\�VLPSO\�H[FKDQJLQJ
PHVVDJHV

o 7KHUH�DUH�PDQ\�IRUPV�RI�WKLV�SUREOHP�DQG
DWRPLF�FRPPLWPHQW�LV�RQH�RI�WKHP�
Þ DOO�VLWHV�PXVW�GHFLGH�RQ�ZKHWKHU�WR
FRPPLW�RU�DERUW�D�WUDQVDFWLRQ�DQG�DOO
PXVW�PDNH�WKH�VDPH�GHFLVLRQ

8QGHU�WKHVH�FLUFXPVWDQFHV�
WKH�JHQHUDOV�ZLOO�QHYHU
EH�DEOH�WR�DJUHH�RQ�D
VLPXOWDQHRXV�DWWDFN�
WKDW�LV��WKH\�FDQ�QHYHU�UHDFK
FRQVHQVXV
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$WRPLF�&RPPLWPHQW
3URSHUWLHV�WR�HQIRUFH�
o $&�� �$OO�SURFHVVRUV�WKDW�UHDFK�D�GHFLVLRQ�UHDFK�WKH�VDPH�RQH��DJUHHPHQW�
FRQVHQVXV��

o $&�� �$�SURFHVVRU�FDQQRW�UHYHUVH�LWV�GHFLVLRQ�
o $&�� �&RPPLW�FDQ�RQO\�EH�GHFLGHG�LI�DOO�SURFHVVRUV�YRWH�<(6��QR�LPSRVHG
GHFLVLRQV��

o $&�� �,I�WKHUH�DUH�QR�IDLOXUHV�DQG�DOO�SURFHVVRUV�YRWHG�<(6��WKH�GHFLVLRQ�ZLOO�EH�WR
FRPPLW��QRQ�WULYLDOLW\��

o $&�� �&RQVLGHU�DQ�H[HFXWLRQ�ZLWK�QRUPDO�IDLOXUHV��,I�DOO�IDLOXUHV�DUH�UHSDLUHG�DQG�QR
PRUH�IDLOXUHV�RFFXU�IRU�VXIILFLHQWO\�ORQJ��WKHQ�DOO�SURFHVVRUV�ZLOO�HYHQWXDOO\�UHDFK�D
GHFLVLRQ��OLYHQHVV��
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6LPSOH��3&�3URWRFRO�DQG�LWV�FRUUHFWQHVV
35272&2/�
o &RRUGLQDWRU�VHQG�927(�5(4�WR�DOO
SDUWLFLSDQWV�

o 8SRQ�UHFHLYLQJ�D�927(�5(4��D�SDUWLFLSDQW
VHQGV�D�PHVVDJH�ZLWK�<(6�RU�12��LI�WKH�YRWH
LV�12��WKH�SDUWLFLSDQW�DERUWV�WKH�WUDQVDFWLRQ
DQG�VWRSV��

o &RRUGLQDWRU�FROOHFWV�DOO�YRWHV�
Þ $OO�<(6� �&RPPLW�DQG�VHQG�&200,7�WR
DOO�RWKHUV�

Þ 6RPH�12� �$ERUW�DQG�VHQG�$%257�WR
DOO�ZKLFK�YRWHG�<(6�

o $�SDUWLFLSDQW�UHFHLYLQJ�&200,7�RU�$%257
PHVVDJHV�IURP�WKH�FRRUGLQDWRU�GHFLGHV
DFFRUGLQJO\�DQG�VWRSV�

&255(&71(66�
7KH�SURWRFRO�PHHWV�WKH���$&�FRQGLWLRQV��,���9��
o $&,� �HYHU\�SURFHVVRU�GHFLGHV�ZKDW�WKH
FRRUGLQDWRU�GHFLGHV��LI�RQH�GHFLGHV�WR�DERUW�
WKH�FRRUGLQDWRU�ZLOO�GHFLGH�WR�DERUW��

o $&�� �DQ\�SURFHVVRU�DUULYLQJ�DW�D�GHFLVLRQ
´VWRSVµ�

o $&�� �WKH�FRRUGLQDWRU�ZLOO�GHFLGH�WR�FRPPLW
LI�DOO�GHFLGH�WR�FRPPLW��DOO�YRWH�<(6��

o $&�� �LI�WKHUH�DUH�QR�IDLOXUHV�DQG�HYHU\ERG\
YRWHV�<(6��WKH�GHFLVLRQ�ZLOO�EH�WR�FRPPLW�

o $&�� �WKH�SURWRFRO�QHHGV�WR�EH�H[WHQGHG�LQ
FDVH�RI�IDLOXUHV��LQ�FDVH�RI�WLPHRXW��D�VLWH�PD\
QHHG�WR�´DVN�DURXQGµ��
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7LPHRXW�3RVVLELOLWLHV

COORDINATOR

send
VOTE-REQ

wait
for votes

send
COMMIT

send
ABORT

COMMIT

ABORT

all vote YES

some vote NO
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7LPHRXW�3RVVLELOLWLHV

PARTICIPANT

wait for
VOTE-REQ

wait for
decision

ABORT

COMMITvote YES

vote NO

ABORT
received

COMMIT
received
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7LPHRXW�DQG�WHUPLQDWLRQ
,Q�WKRVH�WKUHH�ZDLWLQJ�SHULRGV�
o ,I�WKH�FRRUGLQDWRU�WLPHV�RXW�ZDLWLQJ�IRU�YRWHV�
LW�FDQ�GHFLGH�WR�DERUW��QRERG\�KDV�GHFLGHG
DQ\WKLQJ�\HW��RU�LI�WKH\�KDYH��LW�KDV�EHHQ�WR
DERUW�

o ,I�D�SDUWLFLSDQW�WLPHV�RXW�ZDLWLQJ�IRU�927(�
5(4��LW�FDQ�GHFLGH�WR�DERUW��QRERG\�KDV
GHFLGHG�DQ\WKLQJ�\HW��RU�LI�WKH\�KDYH��LW�KDV
EHHQ�WR�DERUW�

o ,I�D�SDUWLFLSDQW�WLPHV�RXW�ZDLWLQJ�IRU�D
GHFLVLRQ��LW�FDQQRW�GHFLGH�DQ\WKLQJ�XQLODWHUDOO\�
LW�PXVW�DVN��UXQ�D�&RRSHUDWLYH�7HUPLQDWLRQ
3URWRFRO���,I�HYHU\ERG\�LV�LQ�WKH�VDPH�VLWXDWLRQ
QR�GHFLVLRQ�FDQ�EH�PDGH��DOO�SURFHVVRUV�ZLOO
EORFN��7KLV�VWDWH�LV�FDOOHG�XQFHUWDLQW\�SHULRG

:KHQ�LQ�GRXEW��DVN��,I�DQ\ERG\�KDV�GHFLGHG��WKH\
ZLOO�WHOO�XV�ZKDW�WKH�GHFLVLRQ�ZDV�

o 7KHUH�LV�DOZD\V�DW�OHDVW�RQH�SURFHVVRU�WKDW�KDV
GHFLGHG�RU�LV�DEOH�WR�GHFLGH��WKH�FRRUGLQDWRU
KDV�QR�XQFHUWDLQW\�SHULRG���7KXV��LI�DOO�IDLOXUHV
DUH�UHSDLUHG��DOO�SURFHVVRUV�ZLOO�HYHQWXDOO\
UHDFK�D�GHFLVLRQ

o ,I�WKH�FRRUGLQDWRU�IDLOV�DIWHU�UHFHLYLQJ�DOO�<(6
YRWHV�EXW�EHIRUH�VHQGLQJ�DQ\�&200,7
PHVVDJH��DOO�SDUWLFLSDQWV�DUH�XQFHUWDLQ�DQG�ZLOO
QRW�EH�DEOH�WR�GHFLGH�DQ\WKLQJ�XQWLO�WKH
FRRUGLQDWRU�UHFRYHUV��7KLV�LV�WKH�EORFNLQJ
EHKDYLRU�RI��3&��FRPSDUH�ZLWK�WKH
LPSRVVLELOLW\�UHVXOW�GLVFXVVHG�SUHYLRXVO\�
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5HFRYHU\�DQG�SHUVLVWHQFH
3URFHVVRUV�PXVW�NQRZ�WKHLU�VWDWH�WR�EH�DEOH�WR�WHOO
RWKHUV�ZKHWKHU�WKH\�KDYH�UHDFKHG�D�GHFLVLRQ�
7KLV�VWDWH�PXVW�EH�SHUVLVWHQW�

o 3HUVLVWHQFH�LV�DFKLHYHG�E\�ZULWLQJ�D�ORJ�UHFRUG�
7KLV�UHTXLUHV�IOXVKLQJ�WKH�ORJ�EXIIHU�WR�GLVN
�,�2��

o 7KLV�LV�GRQH�IRU�HYHU\�VWDWH�FKDQJH�LQ�WKH
SURWRFRO�

o 7KLV�LV�GRQH�IRU�HYHU\�GLVWULEXWHG�WUDQVDFWLRQ�
o 7KLV�LV�H[SHQVLYH�

o :KHQ�VHQGLQJ�927(�5(4��WKH�FRRUGLQDWRU
ZULWHV�D�67$57��3&�ORJ�UHFRUG��WR�NQRZ�WKH
FRRUGLQDWRU��

o ,I�D�SDUWLFLSDQW�YRWHV�<(6��LW�ZULWHV�D�<(6
UHFRUG�LQ�WKH�ORJ�%()25(�LW�VHQG�LWV�YRWH��,I�LW
YRWHV�12��WKHQ�LW�ZULWHV�D�12�UHFRUG�

o ,I�WKH�FRRUGLQDWRU�GHFLGHV�WR�FRPPLW�RU�DERUW�
LW�ZULWHV�D�&200,7�RU�$%257��UHFRUG�EHIRUH
VHQGLQJ�DQ\�PHVVDJH�

o $IWHU�UHFHLYLQJ�WKH�FRRUGLQDWRU·V�GHFLVLRQ��D
SDUWLFLSDQW�ZULWHV�LWV�RZQ�GHFLVLRQ�LQ�WKH�ORJ�
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/LQHDU��3&
o /LQHDU��3&�FRPPLW�H[SORLWV�D�SDUWLFXODU�QHWZRUN�FRQILJXUDWLRQ�WR�PLQLPL]H�WKH�QXPEHU
RI�PHVVDJHV�

YES

...

YES

YES

COM
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/LQHDU��3&
o 7KH�WRWDO�QXPEHU�RI�PHVVDJHV�LV��Q�LQVWHDG�RI��Q��EXW�WKH�QXPEHU�RI�URXQGV�LV��Q
LQVWHDG�RI��

YES

YES

NO NO

NO NO
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��3KDVH�&RPPLW�3URWRFRO
�3&�PD\�EORFN�LI�WKH�FRRUGLQDWRU�IDLOV�DIWHU�KDYLQJ
VHQW�D�927(�5(4�WR�DOO�SURFHVVHV�DQG�DOO
SURFHVVHV�YRWH�<(6��,W�LV�SRVVLEOH�WR�UHGXFH
WKH�ZLQGRZ�RI�YXOQHUDELOLW\�HYHQ�IXUWKHU�E\
XVLQJ�D�VOLJKWO\�PRUH�FRPSOH[�SURWRFRO���3&��

,Q�SUDFWLFH��3&�LV�QRW�XVHG��,W�LV�WRR�H[SHQVLYH
�PRUH�WKDQ��3&��DQG�WKH�SUREDELOLW\�RI
EORFNLQJ�LV�FRQVLGHUHG�WR�EH�VPDOO�HQRXJK�WR
DOORZ�XVLQJ��3&�LQVWHDG�

%XW��3&�LV�D�JRRG�ZD\�WR�XQGHUVWDQG�EHWWHU�WKH
VXEWOHWLHV�RI�DWRPLF�FRPPLWPHQW

:H�ZLOO�FRQVLGHU�WZR�YHUVLRQV�RI��3&�
o 2QH�FDSDEOH�RI�WROHUDWLQJ�RQO\�VLWH�IDLOXUHV��QR
FRPPXQLFDWLRQ�IDLOXUHV���%ORFNLQJ�RFFXUV�RQO\
ZKHQ�WKHUH�LV�D�WRWDO�IDLOXUH��HYHU\�SURFHVV�LV
GRZQ���7KLV�YHUVLRQ�LV�XVHIXO�LI�DOO�SDUWLFLSDQWV
UHVLGH�LQ�WKH�VDPH�VLWH�

o 2QH�FDSDEOH�RI�WROHUDWLQJ�ERWK�VLWH�DQG
FRPPXQLFDWLRQ�IDLOXUHV��EDVHG�RQ�TXRUXPV��
%XW�EORFNLQJ�LV�VWLOO�SRVVLEOH�LI�QR�TXRUXP�FDQ
EH�IRUPHG�
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%ORFNLQJ�LQ��3&
:K\�GRHV�D�SURFHVV�EORFN�LQ��3&"
o ,I�D�SURFHVV�IDLOV�DQG�HYHU\ERG\�HOVH�LV
XQFHUWDLQ��WKHUH�LV�QR�ZD\�WR�NQRZ�ZKHWKHU�WKLV
SURFHVV�KDV�FRPPLWWHG�RU�DERUWHG��127(��WKH
FRRUGLQDWRU�KDV�QR�XQFHUWDLQW\�SHULRG��7R�EORFN
WKH�FRRUGLQDWRU�PXVW�IDLO��

o 1RWH��KRZHYHU��WKDW�WKH�IDFW�WKDW�HYHU\ERG\�LV
XQFHUWDLQ�LPSOLHV�HYHU\ERG\�YRWHG�<(6�

o :K\��WKHQ��XQFHUWDLQ�SURFHVVHV�FDQQRW�UHDFK�D
GHFLVLRQ�DPRQJ�WKHPVHOYHV"

7KH�UHDVRQ�ZK\�XQFHUWDLQ�SURFHVV�FDQQRW�PDNH�D
GHFLVLRQ�LV�WKDW�EHLQJ�XQFHUWDLQ�GRHV�QRW�PHDQ
DOO�RWKHU�SURFHVVHV�DUH�XQFHUWDLQ��3URFHVVHV
PD\�KDYH�GHFLGHG�DQG�WKHQ�IDLOHG��7R�DYRLG�WKLV
VLWXDWLRQ���3&�HQIRUFHV�WKH�IROORZLQJ�UXOH�

o 1%�UXOH��1R�RSHUDWLRQDO�SURFHVV�FDQ�GHFLGH�WR
FRPPLW�LI�WKHUH�DUH�RSHUDWLRQDO�SURFHVVHV�WKDW
DUH�XQFHUWDLQ�

+RZ�GRHV�WKH�1%�UXOH�SUHYHQW�EORFNLQJ"
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$YRLGLQJ�%ORFNLQJ�LQ��3&
7KH�1%�UXOH�JXDUDQWHHV�WKDW�LI�DQ\ERG\�LV�XQFHUWDLQ��QRERG\�FDQ�KDYH�GHFLGHG�WR�FRPPLW�
7KXV��ZKHQ�UXQQLQJ�WKH�FRRSHUDWLYH�WHUPLQDWLRQ�SURWRFRO��LI�D�SURFHVV�ILQGV�RXW�WKDW
HYHU\ERG\�HOVH�LV�XQFHUWDLQ��WKH\�FDQ�DOO�VDIHO\�GHFLGH�WR�DERUW�

o 7KH�FRQVHTXHQFH�RI�WKH�1%�UXOH�LV�WKDW�WKH�FRRUGLQDWRU�FDQQRW�PDNH�D�GHFLVLRQ�E\
LWVHOI�DV�LQ��3&��%HIRUH�PDNLQJ�D�GHFLVLRQ��LW�PXVW�EH�VXUH�WKDW�HYHU\ERG\�LV�RXW�RI
WKH�XQFHUWDLQW\�DUHD��7KHUHIRUH��WKH�FRRUGLQDWRU��PXVW�ILUVW�WHOO�DOO�SURFHVVHV�ZKDW�LV
JRLQJ�WR�KDSSHQ���UHTXHVW�YRWHV��SUHSDUH�WR�FRPPLW��FRPPLW���7KLV�LPSOLHV�\HW�DQRWKHU
URXQG�RI�PHVVDJHV�
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�3&�&RRUGLQDWRU

bcast
vote-req

wait
for votes

ABORT

COMMIT bcast
commit

bcast
abort

bcast
pre-commit

wait
for ACKs
*

Possible time-out actions

all vote YES

some vote NO

all ACKs
received
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�3&�3DUWLFLSDQW

wait for
vote-req

ABORT

COMMIT
wait for

pre-commit
send
ACK

wait for
commit

Possible time-out actions

vote YES

abort
received

vote NO

pre-commit
received

commit
received
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�3&�DQG�.QRZOHGJH��XVLQJ�WKH�1%�UXOH�
�3&�LV�LQWHUHVWLQJ�LQ�WKDW�WKH�SURFHVVHV�NQRZ�ZKDW
ZLOO�KDSSHQ�EHIRUH�LW�KDSSHQV�

o 2QFH�WKH�FRRUGLQDWRU�UHDFKHV�WKH�´EFDVW�SUH�
FRPPLWµ��LW�NQRZV�WKH�GHFLVLRQ�ZLOO�EH�WR
FRPPLW�

o 2QFH�D�SDUWLFLSDQW�UHFHLYHV�WKH�SUH�FRPPLW
PHVVDJH�IURP�WKH�FRRUGLQDWRU��LW�NQRZV�WKDW
WKH�GHFLVLRQ�ZLOO�EH�WR�FRPPLW�

:K\�LV�WKH�H[WUD�URXQG�RI�PHVVDJHV�XVHIXO"
o 7KH�H[WUD�URXQG�RI�PHVVDJHV�LV�XVHG�WR�VSUHDG
NQRZOHGJH�DFURVV�WKH�V\VWHP��7KH\�SURYLGH
LQIRUPDWLRQ�DERXW�ZKDW�LV�JRLQJ�RQ�DW�RWKHU
SURFHVVHV��1%�UXOH��

7KH�1%�UXOH�LV�XVHG�ZKHQ�WLPH�RXWV�RFFXU
�UHPHPEHU��KRZHYHU��WKDW�WKHUH�DUH�QR
FRPPXQLFDWLRQ�IDLOXUHV��

o ,I�FRRUGLQDWRU�WLPHV�RXW�ZDLWLQJ�IRU�YRWHV� 
$%257�

o ,I�SDUWLFLSDQW�WLPHV�RXW�ZDLWLQJ�IRU�YRWH�UHT� 
$%257�

o ,I�FRRUGLQDWRU�WLPHV�RXW�ZDLWLQJ�IRU�$&.V� 
LJQRUH�WKRVH�ZKR�GLG�QRW�VHQW�WKH�$&.���DW
WKLV�VWDJH�HYHU\ERG\�KDV�DJUHHG�WR�FRPPLW��

o ,I�SDUWLFLSDQW�WLPHV�RXW�ZDLWLQJ�IRU�SUH�FRPPLW
 �VWLOO�LQ�WKH�XQFHUWDLQW\�SHULRG��DVN�DURXQG�

o ,I�SDUWLFLSDQW�WLPHV�RXW�ZDLWLQJ�IRU�FRPPLW
PHVVDJH� �QRW�XQFHUWDLQ�DQ\�PRUH�EXW�QHHGV
WR�DVN�DURXQG�
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3HUVLVWHQFH�DQG�UHFRYHU\�LQ��3&
6LPLODUO\�WR��3&��D�SURFHVV�KDV�WR�UHPHPEHU�LWV
SUHYLRXV�DFWLRQV�WR�EH�DEOH�WR�SDUWLFLSDWH�LQ
DQ\�GHFLVLRQ��7KLV�LV�DFFRPSOLVKHG�E\�UHFRUGLQJ
HYHU\�VWHS�LQ�WKH�ORJ�

o &RRUGLQDWRU�ZULWHV�´VWDUW��3&µ�UHFRUG�EHIRUH
GRLQJ�DQ\WKLQJ��,W�ZULWHV�DQ�´DERUWµ�RU
´FRPPLWµ�UHFRUG�EHIRUH�VHQGLQJ�DQ\�DERUW�RU
FRPPLW�PHVVDJH�

o 3DUWLFLSDQW�ZULWHV�LWV�<(6�YRWH�WR�WKH�ORJ
EHIRUH�VHQGLQJ�LW�WR�WKH�FRRUGLQDWRU��,I�LW�YRWHV
12��LW�ZULWHV�LW�WR�WKH�ORJ�DIWHU�VHQGLQJ�LW�WR
WKH�FRRUGLQDWRU��:KHQ�UHDFKLQJ�D�GHFLVLRQ��LW
ZULWHV�LW�LQ�WKH�ORJ��DERUW�RU�FRPPLW��

3URFHVVHV�LQ��3&�FDQQRW�LQGHSHQGHQWO\�UHFRYHU
XQOHVV�WKH\�KDG�DOUHDG\�UHDFKHG�D�GHFLVLRQ�RU
WKH\�KDYH�QRW�SDUWLFLSDWHG�DW�DOO�

o ,I�WKH�FRRUGLQDWRU�UHFRYHUV�DQG�ILQGV�D�´VWDUW
�3&µ�UHFRUG�LQ�LWV�ORJ�EXW�QR�GHFLVLRQ�UHFRUG�
LW�QHHGV�WR�DVN�DURXQG�WR�ILQG�RXW�ZKDW�WKH
GHFLVLRQ�ZDV��,I�LW�GRHV�QRW�ILQG�D�´VWDUW��3&µ�
LW�ZLOO�ILQG�QR�UHFRUGV�RI�WKH�WUDQVDFWLRQ��WKHQ
LW�FDQ�GHFLGH�WR�DERUW�

o ,I�D�SDUWLFLSDQW�KDV�D�<(6�YRWH�LQ�LWV�ORJ�EXW�QR
GHFLVLRQ�UHFRUG��LW�PXVW�DVN�DURXQG��,I�LW�KDV
QRW�YRWHG��LW�FDQ�GHFLGH�WR�DERUW�
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7HUPLQDWLRQ�3URWRFRO
o (OHFW�D�QHZ�FRRUGLQDWRU�
o 1HZ�FRRUGLQDWRU�VHQGV�D�´VWDWH�UHTµ�WR�DOO
SURFHVVHV��SDUWLFLSDQWV�VHQG�WKHLU�VWDWH
�DERUWHG��FRPPLWWHG��XQFHUWDLQ��FRPPLWWDEOH��

o 75�� �,I�VRPH�´DERUWHGµ�UHFHLYHG��WKHQ�DERUW�
o 75�� �,I�VRPH�´FRPPLWWHGµ�UHFHLYHG��WKHQ
FRPPLW�

o 75�� �,I�DOO�XQFHUWDLQ��WKHQ�DERUW�
o 75�� �,I�VRPH�´FRPPLWWDEOHµ�EXW�QR
´FRPPLWWHGµ�UHFHLYHG��WKHQ�VHQG�´35(�
&200,7µ�WR�DOO��ZDLW�IRU�$&.V�DQG�VHQG
FRPPLW�PHVVDJH�

75��LV�VLPLODU�WR��3&��KDYH�ZH�DFWXDOO\�VROYHG�WKH
SUREOHP"

o <HV��IDLOXUHV�RI�WKH�SDUWLFLSDQWV�RQ�WKH
WHUPLQDWLRQ�SURWRFRO�FDQ�EH�LJQRUHG��$W�WKLV
VWDJH��WKH�FRRUGLQDWRU�NQRZV�WKDW�HYHU\ERG\�LV
XQFHUWDLQ��WKRVH�ZKR�KDYH�QRW�VHQW�DQ�$&.
KDYH�IDLOHG�DQG�FDQQRW�KDYH�PDGH�D�GHFLVLRQ�
7KHUHIRUH��DOO�UHPDLQLQJ�FDQ�VDIHO\�GHFLGH�WR
FRPPLW�DIWHU�JRLQJ�RYHU�WKH�SUH�FRPPLW�DQG
FRPPLW�SKDVHV�

o 7KH�SUREOHP�LV�ZKHQ�WKH�QHZ�FRRUGLQDWRU�IDLOV
DIWHU�DVNLQJ�IRU�WKH�VWDWH�EXW�EHIRUH�VHQGLQJ
DQ\�SUH�FRPPLW�PHVVDJH��,Q�WKLV�FDVH��ZH�KDYH
WR�VWDUW�DOO�RYHU�DJDLQ�
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3DUWLWLRQ�DQG�WRWDO�IDLOXUHV
7KLV�SURWRFRO�GRHV�QRW�WROHUDWH�FRPPXQLFDWLRQ
IDLOXUHV�

o $�VLWH�GHFLGHV�WR�YRWH�12��EXW�LWV�PHVVDJH�LV
ORVW�

o $OO�YRWH�<(6�DQG�WKHQ�D�SDUWLWLRQ�RFFXUV�
$VVXPH�WKH�VLGHV�RI�WKH�SDUWLWLRQ�DUH�$�DQG�%
DQG�DOO�SURFHVVHV�LQ�$�DUH�XQFHUWDLQ�DQG�DOO
SURFHVVHV�LQ�%�DUH�FRPPLWWDEOH��:KHQ�WKH\�UXQ
WKH�WHUPLQDWLRQ�SURWRFRO��WKRVH�LQ�$�ZLOO�GHFLGH
WR�DERUW�DQG�WKRVH�LQ�%�ZLOO�GHFLGH�WR�FRPPLW�

o 7KLV�FDQ�EH�DYRLGHG�LV�TXRUXPV�DUH�XVHG��WKDW
LV��QR�GHFLVLRQ�FDQ�EH�PDGH�ZLWKRXW�KDYLQJ�D
TXRUXP�RI�SURFHVVHV�ZKR�DJUHH��WKLV
UHLQWURGXFHV�WKH�SRVVLELOLW\�RI�EORFNLQJ��DOO
SURFHVVHV�LQ�$�ZLOO�EORFN��

7RWDO�IDLOXUHV�UHTXLUH�VSHFLDO�WUHDWPHQW��LI�DIWHU�WKH
WRWDO�IDLOXUH�HYHU\�SURFHVV�LV�VWLOO�XQFHUWDLQ��LW
LV�QHFHVVDU\�WR�ILQG�RXW�ZKLFK�SURFHVV�ZDV�WKH
ODVW�RQ�WR�IDLO��,I�WKH�ODVW�RQH�WR�IDLO�LV�IRXQG
DQG�LV�VWLOO�XQFHUWDLQ��WKHQ�DOO�FDQ�GHFLGH�WR
DERUW�

o :K\"�%HFDXVH�RI�SDUWLWLRQV��(YHU\ERG\�YRWHV
<(6��WKHQ�DOO�SURFHVVHV�LQ�$�IDLO��3URFHVVHV�LQ
%�ZLOO�GHFLGH�WR�FRPPLW�RQFH�WKH�FRRUGLQDWRU
WLPHV�RXW�ZDLWLQJ�IRU�$&.V��7KHQ�DOO�SURFHVVHV
LQ�%�IDLO��3URFHVVHV�LQ�$�UHFRYHU��7KH\�UXQ�WKH
WHUPLQDWLRQ�SURWRFRO�DQG�WKH\�DUH�DOO�XQFHUWDLQ�
)ROORZLQJ�WKH�WHUPLQDWLRQ�SURWRFRO�ZLOO�OHDG
WKHP�WR�DERUW�
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�3&�LQ�3UDFWLFH
o �3&�LV��D�SURWRFRO�XVHG�LQ�PDQ\�DSSOLFDWLRQV�IURP�GLVWULEXWHG�V\VWHPV�WR�,QWHUQHW
HQYLURQPHQWV

o �3&�LV�QRW�RQO\�D�GDWDEDVH�SURWRFRO��LW�LV�XVHG�LQ�PDQ\�V\VWHPV�WKDW�DUH�QRW
QHFHVVDULO\�GDWDEDVHV�EXW��WUDGLWLRQDOO\��LW�KDV�EHHQ�DVVRFLDWHG�ZLWK�WUDQVDFWLRQDO
V\VWHPV

o �3&�DSSHDUV�LQ�D�YDULHW\�RI�IRUPV��GLVWULEXWHG�WUDQVDFWLRQV��WUDQVDFWLRQDO�UHPRWH
SURFHGXUH�FDOOV��2EMHFW�7UDQVDFWLRQ�6HUYLFHV��7UDQVDFWLRQ�,QWHUQHW�3URWRFRO�«

o ,Q�DQ\�RI�WKHVH�V\VWHPV��LW�LV�LPSRUWDQW�WR�UHPHPEHU�WKH�PDLQ�FKDUDFWHULVWLF�RI��3&�
LI�IDLOXUHV�RFFXU�WKH�SURWRFRO�PD\�EORFN��,Q�SUDFWLFH��LQ�PDQ\�V\VWHPV��EORFNLQJ�GRHV
QRW�KDSSHQ�EXW�WKH�RXWFRPH�LV�QRW�GHWHUPLQLVWLF�DQG�UHTXLUHV�PDQXDO�LQWHUYHQWLRQ
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�3&

6WDUW 3UHSDUH�/RJ :DLW

$OO
�<(
6

6RPH�12

&RPPLW�/RJ

$ERUW�/RJ

&200,7

$%257

(27�/RJ

:DLW

9RWH�<HV��/RJ

$ERUW�/RJ

:DLW &RPPLW�/RJ &200,7

$%257

&225',1$725

3$57,&,3$17

9RWH�$ERUW

9R
WH�
5H
TXH
VW

9RWH�$ERUW

9RWH�&RP
P
LW &RP

PLW

$ERU
W

$FN

$FN
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25%

SOFTWARE BUS (ORB)

Application Objects Common Facilities

Common Object Services

naming events security transactions

...
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2EMHFW�7UDQVDFWLRQ�6HUYLFH
o 7KH�276�SURYLGHV�WUDQVDFWLRQDO�JXDUDQWHHV�WR�WKH�H[HFXWLRQ�RI�LQYRFDWLRQV�EHWZHHQ
GLIIHUHQW�FRPSRQHQWV�RI�D�GLVWULEXWHG�DSSOLFDWLRQ�EXLOW�RQ�WRS�RI�WKH�25%

o 7KH�276�LV�IDLUO\�VLPLODU�WR�D�73�0RQLWRU�DQG�SURYLGHV�PXFK�RI�WKH�VDPH�IXQFWLRQDOLW\
GLVFXVVHG�EHIRUH�IRU�53&�DQG�753&��EXW�LQ�WKH�FRQWH[W�RI�WKH�&25%$�VWDQGDUG

o 5HJDUGOHVV�RI�ZKHWKHU�LW�LV�D�73�PRQLWRU�RU�DQ�276��WKH�IXQFWLRQDOLW\�QHHGHG�WR
VXSSRUW�WUDQVDFWLRQDO�LQWHUDFWLRQV�LV�WKH�VDPH�
Þ WUDQVDFWLRQDO�SURWRFROV��OLNH��3&�
Þ NQRZLQJ�ZKR�LV�SDUWLFLSDWLQJ
Þ NQRZLQJ�WKH�LQWHUIDFH�VXSSRUWHG�E\�HDFK�SDUWLFLSDQW
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

Assume App A wants to update its database and also that in B
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

BEGIN
TXN
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

Register
DB

OTS now knows
that there is database

behind App A
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

TXN(1)
… but the transaction does not commit
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B
Call

B txn(1)
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

Register
DB

OTS now knows
that there is database

behind App B

��������� � 	�

��� 
�����

�

����� �(��� �  �!�� "$#�%�&(&()(*��(���(%

2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

TXN(1)… but the transaction does not commit
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

COMMIT
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2EMHFW�7UDQVDFWLRQ�6HUYLFH

ORB

Application Application
DB DB

Object
Transaction

Service

A B

2PC 2PC
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276�6HTXHQFH�RI�0HVVDJHV

DB A APP A OTS APP B DB Bbegin

register
TXN

invoke

register
TXN

commit

prepare prepare

vote yes vote yes
commit commit
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7UDQVDFWLRQ�3URSDJDWLRQ�	�5HVRXUFH�5HJLVWUDWLRQ
o :KHQ�D�FDOO�LV�PDGH�WR�DQRWKHU�VHUYHU�
VRPHERG\�KDV�WR�NQRZ�WKDW�WKLV�FDOO�EHORQJV�WR
D�JLYHQ�WUDQVDFWLRQ��7KHUH�DUH�WZR�ZD\V�RI
GRLQJ�WKLV�

o ([SOLFLW��PDQXDO���WKH�LQYRFDWLRQ�LWVHOI
FRQWDLQV�WKH�WUDQVDFWLRQ�LGHQWLILHU��7KHQ��ZKHQ
WKH�DSSOLFDWLRQ�UHJLVWHUV�WKH�UHVRXUFH�PDQDJHU�
LW�XVHV�WKLV�WUDQVDFWLRQ�LGHQWLILHU�WR�VD\�WR
ZKLFK�WUDQVDFWLRQ�LW�LV�´VXEVFULELQJµ

o ,PSOLFLW��DXWRPDWLF���WKH�FDOO�LV�PDGH�WKURXJK
WKH�276��ZKLFK�ZLOO�IRUZDUG�WKH�WUDQVDFWLRQ
LGHQWLILHU�DORQJ�ZLWK�WKH�LQYRFDWLRQ��7KLV
UHTXLUHV�WR�OLQN�ZLWK�WKH�276�OLEUDU\�DQG�WR
PDNH�DOO�PHWKRGV�LQYROYHG�WUDQVDFWLRQDO

o 5HJLVWUDWLRQ�LV�QHFHVVDU\�LQ�RUGHU�WR�WHOO�WKH
276�ZKR�ZLOO�SDUWLFLSDWH�LQ�WKH��3&�SURWRFRO
DQG�ZKDW�W\SH�RI�LQWHUIDFH�LV�VXSSRUWHG�
5HJLVWUDWLRQ�FDQ�EH�PDQXDO�RU�DXWRPDWLF

o 0DQXDO�UHJLVWUDWLRQ�LPSOLHV�WKH�WKH�XVHU
SURYLGHV�DQ�LPSOHPHQWDWLRQ�RI�WKH�UHVRXUFH�
7KLV�LPSOHPHQWDWLRQ�DFWV�DV�DQ�LQWHUPHGLDU\
EHWZHHQ�WKH�276�DQG�WKH�DFWXDO�UHVRXUFH
PDQDJHU��XVHIXO�IRU�OHJDF\�DSSOLFDWLRQV�WKDW
QHHG�WR�EH�ZUDSSHG�

o $XWRPDWLF�UHJLVWUDWLRQ�LV�XVHG�ZKHQ�WKH
UHVRXUFH�PDQDJHU�XQGHUVWDQGV�WUDQVDFWLRQV
�L�H���LW�LV�D�GDWDEDVH���LQ�ZKLFK�FDVH�LW�ZLOO
VXSSRUW�WKH�;$�LQWHUIDFH�IRU��3&�GLUHFWO\��$
UHVRXUFH�DUH�UHJLVWHUHG�RQO\�RQFH��DQG�LPSOLFLW
SURSDJDWLRQ�LV�XVHG�WR�FKHFN�ZKLFK�WUDQVDFWLRQV
JR�WKHUH
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7UDQVDFWLRQ�3URFHVVLQJ�0RQLWRUV��73�PRQLWRUV�
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2XWOLQH
o +LVWRULFDO�SHUVSHFWLYH�

Þ 7KH�SUREOHP��V\QFKURQL]DWLRQ�DQG�DWRPLF�LQWHUDFWLRQ
Þ 7KH�VROXWLRQ��WUDQVDFWLRQDO�53&�DQG�DGGLWLRQDO�VXSSRUW

o 73�0RQLWRUV
Þ ([DPSOH�DQG�)XQFWLRQDOLW\
Þ $UFKLWHFWXUHV
Þ 6WUXFWXUH
Þ &RPSRQHQWV

o 73�0RQLWRU�IXQFWLRQDOLW\�LQ�&25%$



��������� � 	�

��� 
�����
�������������� �  �!�� "'#�%�&(&()(*������ �

&OLHQW��VHUYHU��DQG�GDWDEDVHV
o 3URFHVVLQJ��VWRULQJ��DFFHVVLQJ�DQG
UHWULHYLQJ�GDWD�KDV�DOZD\V�EHHQ�RQH�RI
WKH�NH\�DVSHFWV�RI�HQWHUSULVH
FRPSXWLQJ��0RVW�RI�WKLV�GDWD�UHVLGHV�LQ
UHODWLRQDO�GDWDEDVH�PDQDJHPHQW
V\VWHPV��ZKLFK�KDYH�ZHOO�GHILQHG
LQWHUIDFHV�DQG�SURYLGHG�YHU\�FOHDU
JXDUDQWHHV�WR�WKH�RSHUDWLRQV�SHUIRUPHG
RYHU�WKH�GDWD�

o +RZHYHU�
Þ QRW�DOO�WKH�GDWD�FDQ�UHVLGH�LQ�WKH
VDPH�GDWDEDVH

Þ WKH�DSSOLFDWLRQ�LV�EXLOW�RQ�WRS�RI
WKH�GDWDEDVH��7KH�JXDUDQWHHV
SURYLGHG�E\�WKH�GDWDEDVH�QHHG�WR
EH�XQGHUVWRRG�E\�WKH�DSSOLFDWLRQ
UXQQLQJ�RQ�WRS

,19(1725<�&21752/
,)�VXSSOLHVBORZ
7+(1�
����%27

������3ODFHBRUGHU
������8SGDWHBLQYHQWRU\
����(27

3URGXFWV
GDWDEDVH'%

0
6 ,QYHQWRU\

DQG�RUGHU
GDWDEDVH

'%
0
6

1HZBSURGXFW
/RRNXSBSURGXFW
'HOHWHBSURGXFW
8SGDWHBSURGXFW

3ODFHBRUGHU
&DQFHOBRUGHU
8SGDWHBLQYHQWRU\
&KHFNBLQYHQWRU\

6HUYHU����LQYHQWRU\�6HUYHU����SURGXFWV�
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7KH�QLFH�WKLQJ�DERXW�GDWDEDVHV����
o «�LV�WKDW�WKH\�WDNH�FDUH�RI�DOO�DVSHFWV
UHODWHG�WR�GDWD�PDQDJHPHQW��IURP
SK\VLFDO�VWRUDJH�WR�FRQFXUUHQF\�FRQWURO
DQG�UHFRYHU\

o 8VLQJ�D�GDWDEDVH�FDQ�UHGXFH�WKH
DPRXQW�RI�FRGH�QHFHVVDU\�LQ�D�ODUJH
DSSOLFDWLRQ�E\�DERXW�����

o )URP�D�FOLHQW�VHUYHU�SHUVSHFWLYH��WKH
GDWDEDVHV�KHOS�LQ�
Þ FRQFXUUHQF\�FRQWURO��PDQ\�VHUYHUV
FDQ�EH�FRQQHFWHG�LQ�SDUDOOHO�WR�WKH
VDPH�GDWDEDVH�DQG�WKH�GDWDEDVH
ZLOO�VWLOO�KDYH�FRUUHFW�GDWD

Þ UHFRYHU\��LI�D�VHUYHU�IDLOV�LQ�WKH
PLGGOH�RI�DQ�RSHUDWLRQ��WKH
GDWDEDVH�PDNHV�VXUH�WKLV�GRHV�QRW
DIIHFW�WKH�GDWD�RU�RWKHU�VHUYHUV

o 8QIRUWXQDWHO\��WKHVH�SURSHUWLHV�DUH
SURYLGHG�RQO\�WR�RSHUDWLRQV�SHUIRUPHG
ZLWKLQ�WKH�GDWDEDVH��,Q�SULQFLSOH��WKH\
GR�QRW�DSSO\�ZKHQ�
Þ $Q�RSHUDWLRQ�VSDZQV�VHYHUDO
GDWDEDVHV

Þ WKH�RSHUDWLRQV�DFFHVV�GDWD�QRW�LQ
WKH�GDWDEDVH��H�J���LQ�WKH�VHUYHU�

o 7R�KHOS�ZLWK�WKLV�SUREOHP��WKH
'LVWULEXWHG�7UDQVDFWLRQ�SURFHVVLQJ
0RGHO�ZDV�FUHDWHG�E\�;�2SHQ��D
VWDQGDUG·V�ERG\���7KH�KHDUW�RI�WKLV
PRGHO�LV�WKH�;$�LQWHUIDFH�IRU���3KDVH
&RPPLW��ZKLFK�FDQ�EH�XVHG�WR�HQVXUH
WKDW�DQ�RSHUDWLRQ�VSDZQLQJ�VHYHUDO
GDWDEDVHV�HQMR\�WKH�VDPH�DWRPLFLW\
SURSHUWLHV�DV�LI�LW�ZHUH�H[HFXWHG�LQ�RQH
GDWDEDVH�
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2QH�DW�D�WLPH�LQWHUDFWLRQ
o 'DWDEDVHV�IROORZ�D�VLQJOH�WKUHDG
H[HFXWLRQ�PRGHO�ZKHUH�D�FOLHQW�FDQ
RQO\�KDYH�RQH�RXWVWDQGLQJ�FDOO�WR�RQH
DQG�RQO\�RQH�VHUYHU�DW�DQ\�WLPH��7KH
EDVLF�LGHD�LV�RQH�FDOO�SHU�SURFHVV
�WKUHDG��

o 'DWDEDVHV�SURYLGH�QR�PHFKDQLVP�WR
EXQGOH�WRJHWKHU�VHYHUDO�UHTXHVWV�LQWR�D
VLQJOH�ZRUN�XQLW

o 7KH�;$�LQWHUIDFH�VROYHV�WKLV�SUREOHP
IRU�GDWDEDVHV�E\�SURYLGLQJ�DQ�LQWHUIDFH
WKDW�VXSSRUWV�D���3KDVH�&RPPLW
SURWRFRO��+RZHYHU��ZLWKRXW�DQ\�IXUWKHU
VXSSRUW��WKH�FOLHQW�EHFRPHV�WKH�RQH
UHVSRQVLEOH�IRU�UXQQLQJ�WKH�SURWRFRO
ZKLFK�LV�KLJKO\�LPSUDFWLFDO

o $Q�LQWHUPHGLDWH�OD\HU�LV�QHHGHG�WR�UXQ
WKH��3&�SURWRFRO

'DWDEDVH�&/,(17
����%27

���������
����(27

GDWDEDVH

'%
0
6

'%06�HQIRUFHV
WUDQVDFWLRQDO
EUDFNHWV

'DWDEDVH�&/,(17
����%27

���������
����(27

GDWDEDVH

'%06

$GGLWLRQDO�OD\HU
�HQIRUFHV
WUDQVDFWLRQDO
EUDFNHWV

GDWDEDVH

'%06

��3KDVH�&RPPLW�
FRRUGLQDWRU

;$ ;$
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��3KDVH�&RPPLW
%$6,&��3&

o &RRUGLQDWRU�VHQG�35(3$5(�WR�DOO
SDUWLFLSDQWV�

o 8SRQ�UHFHLYLQJ�D�35(3$5(�PHVVDJH��D
SDUWLFLSDQW�VHQGV�D�PHVVDJH�ZLWK�<(6
RU�12��LI�WKH�YRWH�LV�12��WKH
SDUWLFLSDQW�DERUWV�WKH�WUDQVDFWLRQ�DQG
VWRSV��

o &RRUGLQDWRU�FROOHFWV�DOO�YRWHV�
Þ $OO�<(6� �&RPPLW�DQG�VHQG
&200,7�WR�DOO�RWKHUV�

Þ 6RPH�12� �$ERUW�DQG�VHQG
$%257�WR�DOO�ZKLFK�YRWHG�<(6�

o $�SDUWLFLSDQW�UHFHLYLQJ�&200,7�RU
$%257�PHVVDJHV�IURP�WKH�FRRUGLQDWRU
GHFLGHV�DFFRUGLQJO\�DQG�VWRSV�

:KDW�LV�QHHGHG�WR�UXQ��3&"
o &RQWURO�RI�3DUWLFLSDQWV��$�WUDQVDFWLRQ
PD\�LQYROYH�PDQ\�UHVRXUFH�PDQDJHUV�
VRPHERG\�KDV�WR�NHHS�WUDFN�RI�ZKLFK
RQHV�KDYH�SDUWLFLSDWHG�LQ�WKH�H[HFXWLRQ

o 3UHVHUYLQJ�7UDQVDFWLRQDO�&RQWH[W�
'XULQJ�D�WUDQVDFWLRQ��D�SDUWLFLSDQW�PD\
EH�LQYRNHG�VHYHUDO�WLPHV�RQ�EHKDOI�RI
WKH�VDPH�WUDQVDFWLRQ��7KH�UHVRXUFH
PDQDJHU�PXVW�NHHS�WUDFN�RI�FDOOV�DQG
EH�DEOH�WR�LGHQWLI\�ZKLFK�RQHV�EHORQJ
WR�WKH�VDPH�WUDQVDFWLRQ�E\�XVLQJ�D
WUDQVDFWLRQ�LGHQWLILHU�LQ�DOO�LQYRFDWLRQV

o 7UDQVDFWLRQDO�3URWRFROV��VRPHERG\
DFWLQJ�DV�WKH�FRRUGLQDWRU�LQ�WKH��3&
SURWRFRO

o 0DNH�VXUH�WKH�SDUWLFLSDQWV�XQGHUVWDQG
WKH�SURWRFRO��WKLV�LV�ZKDW�WKH�;$
LQWHUIDFH�LV�IRU�
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,QWHUDFWLRQV�WKURXJK�53&
o 53&�KDV�WKH�VDPH�OLPLWDWLRQV�DV�D
GDWDEDVH��LW�ZDV�GHVLJQHG�IRU�RQH�DW�D
WLPH�LQWHUDFWLRQV�EHWZHHQ�WZR�HQG
SRLQWV��,Q�SUDFWLFH��WKLV�LV�QRW�HQRXJK�
D��WKH�FDOO�LV�H[HFXWHG�EXW�WKH
UHVSRQVH�GRHV�QRW�DUULYH�RU�WKH
FOLHQW�IDLOV��:KHQ�WKH�FOLHQW
UHFRYHUV��LW�KDV�QR�ZD\�RI�NQRZLQJ
ZKDW�KDSSHQHG

E��F��LW�LV�QRW�SRVVLEOH�WR�MRLQ�WZR
FDOOV�LQWR�D�VLQJOH�XQLW��QHLWKHU
WKH�FOLHQW�QRU�WKH�VHUYHU�FDQ�GR
WKLV�

GDWDEDVH

'%
0
6

cl
ie

nt

se
rv

er

(a)

GDWDEDVH

'%
0
6

cl
ie

nt

se
rv

er

(b)

GDWDEDVH

'%
0
6

GDWDEDVH

'%
0
6

cl
ie

nt

se
rv

er

(c)
GDWDEDVH

'%
0
6

se
rv

er
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7UDQVDFWLRQDO�53&
o 7KH�OLPLWDWLRQV�RI�53&�FDQ�EH�UHVROYHG�E\
PDNLQJ�53&�FDOOV�WUDQVDFWLRQDO��,Q�SUDFWLFH�
WKLV�PHDQV�WKDW�WKH\�DUH�FRQWUROOHG�E\�D
�3&�SURWRFRO

o $V�EHIRUH��DQ�LQWHUPHGLDWH�HQWLW\�LV�QHHGHG
WR�UXQ��3&��WKH�FOLHQW�DQG�VHUYHU�FRXOG�GR
WKLV�WKHPVHOYHV�EXW�LW�LV�QHLWKHU�SUDFWLFDO
QRU�JHQHULF�HQRXJK�

o 7KLV�LQWHUPHGLDWH�HQWLW\�LV�XVXDOO\�FDOOHG�D
WUDQVDFWLRQ�PDQDJHU��70��DQG�DFWV�DV
LQWHUPHGLDU\�LQ�DOO�LQWHUDFWLRQV�EHWZHHQ
FOLHQWV��VHUYHUV��DQG�UHVRXUFH�PDQDJHUV

o :KHQ�DOO�WKH�VHUYLFHV�QHHGHG�WR�VXSSRUW
53&��WUDQVDFWLRQDO�53&��DQG�DGGLWLRQDO
IHDWXUHV�DUH�DGGHG�WR�WKH�LQWHUPHGLDWH
OD\HU��WKH�UHVXOW�LV�D�73�0RQLWRU

GDWDEDVH

'%06

client

server

GDWDEDVH

'%06

server

TM

TMTM
TP

monitor

;$ ;$
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%DVLF�753&��PDNLQJ�FDOOV�

Client
   BOT
   …
   
   Service_call
   …

Client stub
   Get tid
   from TM

   Add tid to
   call
   

Server
   

    Service 
    procedure

Server stub
 Get tid
 register with
     the TM
 Invoke service
 return

Transaction Manager (TM)
Generate tid
store context for tid

Associate server to tid

1 2

3

4

5
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%DVLF�753&��FRPPLWWLQJ�FDOOV�

Client
   ...
   Service_call
   …
   EOT

Client stub
   

  Send to TM
  commit(tid)
   

Server
   

    
    

Server stub
 Participant
   in 2PC

Transaction Manager (TM)
Look up tid

Run 2PC with all servers
   associated with tid

Confirm commit

1

3

2
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Additional
features

2QH�VWHS�EH\RQG����
o 7KH�SUHYLRXV�H[DPSOH�DVVXPHV�WKH
VHUYHU�LV�WUDQVDFWLRQDO�DQG�FDQ�UXQ
�3&��7KLV�FRXOG�EH��IRU�LQVWDQFH��D
VWRUHG�SURFHGXUH�LQWHUIDFH�ZLWKLQ�D
GDWDEDVH��+RZHYHU��WKLV�LV�QRW�WKH
XVXDO�PRGHO

o 7\SLFDOO\��WKH�VHUYHU�LQYRNHV�D�UHVRXUFH
PDQDJHU��H�J���D�GDWDEDVH��WKDW�LV�WKH
RQH�DFWXDOO\�UXQQLQJ�WKH�WUDQVDFWLRQ

o 7KLV�PDNHV�WKH�LQWHUDFWLRQ�PRUH
FRPSOLFDWHG�DV�LW�DGGV�PRUH
SDUWLFLSDQWV�EXW�WKH�EDVLF�FRQFHSW�LV
WKH�VDPH�
Þ WKH�VHUYHU�UHJLVWHUV�WKH�UHVRXUFH
PDQDJHU�V��LW�XVHV

Þ WKH�70�UXQV��3&�ZLWK�WKRVH
UHVRXUFHV�PDQDJHUV�LQVWHDG�RI�ZLWK
WKH�VHUYHU��VHH�276�DW�WKH�HQG�

client stub

Transaction
manager

RPC
support

server stub server stub

client stub

GDWDEDVH GDWDEDVH

TP-Monitor

��������� � 	�

��� 
�����
�������������� �  �!�� "$#�%�&(&()(*��(��� �

73�0RQLWRUV� �WUDQVDFWLRQDO�53&
o $�73�0RQLWRU�DOORZV�EXLOGLQJ�D�FRPPRQ
LQWHUIDFH�WR�VHYHUDO�DSSOLFDWLRQV�ZKLOH
PDLQWDLQLQJ�RU�DGGLQJ�WUDQVDFWLRQDO�SURSHUWLHV�
([DPSOHV��&,&6��7X[HGR��(QFLQD�

o $�73�0RQLWRU�H[WHQGV�WKH�WUDQVDFWLRQDO
FDSDELOLWLHV�RI�D�GDWDEDVH�EH\RQG�WKH�GDWDEDVH
GRPDLQ��,W�SURYLGHV�WKH�PHFKDQLVPV�DQG�WRROV
QHFHVVDU\�WR�EXLOG�DSSOLFDWLRQV�LQ�ZKLFK
WUDQVDFWLRQDO�JXDUDQWHHV�DUH�SURYLGHG�

o 73�0RQLWRUV�DUH��SHUKDSV��WKH�EHVW��ROGHVW�
DQG�PRVW�FRPSOH[�H[DPSOH�RI�PLGGOHZDUH�
6RPH�HYHQ�WU\�WR�DFW�DV�GLVWULEXWHG�RSHUDWLQJ
V\VWHPV�SURYLGLQJ�ILOH�V\VWHPV�
FRPPXQLFDWLRQV��VHFXULW\�FRQWUROV��HWF�

o 73�0RQLWRUV�KDYH�WUDGLWLRQDOO\�EHHQ�DVVRFLDWHG
WR�WKH�PDLQIUDPH�ZRUOG��7KHLU�IXQFWLRQDOLW\�
KRZHYHU��KDV�ORQJ�VLQFH�PLJUDWHG�WR�RWKHU
HQYLURQPHQWV�DQG�KDV�EHHQ�LQFRUSRUDWHG�LQWR
PRVW�PLGGOHZDUH�WRROV�

T
P-

M
on

it
or

transactional
coordination

client

services

Application 1 Application 3Application 2
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73�0RQLWRU�IXQFWLRQDOLW\
o 73�0RQLWRUV�DSSHDUHG�EHFDXVH�RSHUDWLQJ
V\VWHPV�DUH�QRW�VXLWHG�IRU�WUDQVDFWLRQDO
SURFHVVLQJ��73�0RQLWRUV�DUH�EXLOW�DV�RSHUDWLQJ
V\VWHPV�RQ�WRS�RI�RSHUDWLQJ�V\VWHPV�

o $V�D�UHVXOW��73�0RQLWRU�IXQFWLRQDOLW\�LV�QRW
ZHOO�GHILQHG�DQG�YHU\�PXFK�V\VWHP�GHSHQGHQW�

o $�73�0RQLWRU�WULHV�WR�FRYHU�WKH�GHILFLHQFLHV�RI
H[LVWLQJ�´DOO�SXUSRVHµ�V\VWHPV��:KDW�LW�GRHV�LV
GHWHUPLQHG�E\�WKH�V\VWHPV�LW�WULHV�WR
µLPSURYHµ�

o $�73�0RQLWRU�LV�EDVLFDOO\�DQ�LQWHJUDWLRQ�WRRO�
,W�DOORZV�V\VWHP�GHVLJQHUV�WR�WLH�WRJHWKHU
KHWHURJHQHRXV�V\VWHP�FRPSRQHQWV�XVLQJ�D
QXPEHU�RI�XWLOLWLHV�WKDW�FDQ�EH�PL[HG�DQG
PDWFKHG�GHSHQGLQJ�RQ�WKH�SDUWLFXODU
FKDUDFWHULVWLFV�RI�HDFK�FDVH�

o 8VLQJ�WKH�WRROV�SURYLGHG�E\�WKH�73�0RQLWRU�
WKH�LQWHJUDWLRQ�HIIRUW�EHFRPHV�PRUH
VWUDLJKWIRUZDUG�DV�PRVW�RI�WKH�QHHGHG
IXQFWLRQDOLW\�LV�GLUHFWO\�VXSSRUWHG�E\�WKH�73�
0RQLWRU�

o $�73�0RQLWRU�DGGUHVVHV�WKH�SUREOHPV�RI
VKDULQJ�GDWD�IURP�KHWHURJHQHRXV��GLVWULEXWHG
VRXUFHV��SURYLGLQJ�FOHDQ�LQWHUIDFHV�DQG
HQVXULQJ�$&,'�SURSHUWLHV�

o $�73�0RQLWRU�H[WUDSRODWHV�WKH�IXQFWLRQV�RI�D
WUDQVDFWLRQ�PDQDJHU��ORFNLQJ��VFKHGXOLQJ�
ORJJLQJ��UHFRYHU\��DQG�FRQWUROV�WKH�GLVWULEXWHG
H[HFXWLRQ��$V�VXFK��73�0RQLWRU�IXQFWLRQDOLW\
LV�DW�WKH�FRUH�RI�WKH�LQWHJUDWLRQ�HIIRUWV�RI
PDQ\�VRIWZDUH�SURGXFHUV��GDWDEDVHV��ZRUNIORZ
V\VWHPV��&25%$�SURYLGHUV��«��

o $�73�0RQLWRU�DOVR�FRQWUROV�DQG�PDQDJHV
GLVWULEXWHG�FRPSXWDWLRQV��,W�SHUIRUPV�ORDG
EDODQFLQJ��PRQLWRULQJ�RI�FRPSRQHQWV��VWDUWLQJ
DQG�ILQLVKLQJ�FRPSRQHQWV�DV�QHHGHG��URXWLQJ�RI
UHTXHVWV��UHFRYHU\�RI�FRPSRQHQWV��ORJJLQJ�RI
DOO�RSHUDWLRQV��DVVLJQPHQW�RI�SULRULWLHV�
VFKHGXOLQJ��HWF��,Q�PDQ\�FDVHV�LW�KDV�LWV�RZQ
WUDQVDFWLRQDO�ILOH�V\VWHP��EHFRPLQJ�DOPRVW
LQGLVWLQJXLVKDEOH�IURP�D�GLVWULEXWHG�RSHUDWLQJ
V\VWHP�
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7UDQVDFWLRQDO�SURSHUWLHV
o 7KH�73�PRQLWRU�WULHV�WR�HQFDSVXODWH�WKH
VHUYLFHV�SURYLGHG�ZLWKLQ�WUDQVDFWLRQDO�EUDFNHWV�
7KLV�LPSOLHV�53&�DXJPHQWHG�ZLWK�
Þ DWRPLFLW\��D�VHUYLFH�WKDW�SURGXFHV
PRGLILFDWLRQV�LQ�VHYHUDO�FRPSRQHQWV
VKRXOG�EH�H[HFXWHG�HQWLUHO\�DQG�FRUUHFWO\
LQ�HDFK�FRPSRQHQW�RU�VKRXOG�QRW�EH
H[HFXWHG�DW�DOO��LQ�DQ\�RI�WKH
FRPSRQHQWV��

Þ LVRODWLRQ��LI�VHYHUDO�FOLHQWV�UHTXHVW�WKH
VDPH�VHUYLFH�DW�WKH�VDPH�WLPH�DQG�DFFHVV
WKH�VDPH�GDWD��WKH�RYHUDOO�UHVXOW�ZLOO�EH
DV�LI�WKH\�ZHUH�DORQH�LQ�WKH�V\VWHP�

Þ FRQVLVWHQF\��D�VHUYLFH�LV�FRUUHFW�ZKHQ
H[HFXWHG�LQ�LWV�HQWLUHW\��LW�GRHV�QRW
LQWURGXFH�IDOVH�RU�LQFRUUHFW�GDWD�LQWR�WKH
FRPSRQHQW�GDWDEDVHV�

Þ GXUDELOLW\���WKH�V\VWHP�NHHSV�WUDFN�RI
ZKDW�KDV�EHHQ�GRQH�DQG�LV�FDSDEOH�RI
UHGRLQJ�DQG�XQGRLQJ�FKDQJHV�LQ�FDVH�RI
IDLOXUHV�

T
P-

M
on

it
or

transactional
coordination

client

services

Application 1 Application 3Application 2

us
er

 
pr

og
ra

m

client

VHUYHU
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75$1�&��(QFLQD�
# include <tc/tc.h>
inModule(“helloWorld”); 

void Main () {
    int i;
    inFunction(“main”);
    initTC(); /* initializes transaction manager */
    
    transaction { /* starts a transaction */

printf(“Hello World - transaction %d\n”, getTid());
if (I % 2) abort (“Odd transactions are aborted”);
}

    onCommit
printf(“Transaction Comitted”);

    onAbort
printf(“Abort in module: %s\n \t %s\n”, abortModuleNAme(), abortReason());

}
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73�0RQLWRU��JHQHULF�DUFKLWHFWXUH

Branch 1 Branch 2 Finance Dept.

Yearly balance ? Monthly average revenue ?

ap
p 
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rv

e r
 1
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p 
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e r
 1

’

wrappers

ap
p 

se
rv

e r
 2

app server 3

recoverable 
queue

Front end
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Control (load balancing,
cc and rec., replication,
distribution, scheduling,
priorities, monitoring …)

TP-Monitor 
environment

Interfaces to user defined services

Programs implementing the services
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7DVNV�RI�D�73�0RQLWRU
&RUH�VHUYLFHV

o 7UDQVDFWLRQDO�53&��,PSOHPHQWV�53&
DQG�HQIRUFHV�WUDQVDFWLRQDO�VHPDQWLFV�
VFKHGXOLQJ�RSHUDWLRQV�DFFRUGLQJO\

o 7UDQVDFWLRQ�PDQDJHU��UXQV��3&�DQG
WDNHV�FDUH�RI�UHFRYHU\�RSHUDWLRQV

o /RJ�PDQDJHU��UHFRUGV�DOO�FKDQJHV�GRQH
E\�WUDQVDFWLRQV�VR�WKDW�D�FRQVLVWHQW
YHUVLRQ�RI�WKH�V\VWHP�FDQ�EH
UHFRQVWUXFWHG�LQ�FDVH�RI�IDLOXUHV

o /RFN�PDQDJHU��D�JHQHULF�PHFKDQLVP�WR
UHJXODWH�DFFHVV�WR�VKDUHG�GDWD�RXWVLGH
WKH�UHVRXUFH�PDQDJHUV

$GGLWLRQDO�VHUYLFHV
o 6HUYHU�PRQLWRULQJ�DQG�DGPLQLVWUDWLRQ�
VWDUWLQJ��VWRSSLQJ�DQG�PRQLWRULQJ
VHUYHUV��ORDG�EDODQFLQJ

o $XWKHQWLFDWLRQ�DQG�DXWKRUL]DWLRQ�
FKHFNLQJ�WKDW�D�XVHU�FDQ�LQYRNH�D�JLYHQ
VHUYLFH�IURP�D�JLYHQ�WHUPLQDO��DW�D
JLYHQ�WLPH��RQ�D�JLYHQ�REMHFW�DQG�ZLWK
D�JLYHQ�VHW�RI�SDUDPHWHUV��WKH�26�GRHV
QRW�GR�WKLV�

o 'DWD�VWRUDJH��LQ�WKH�IRUP�RI�D
WUDQVDFWLRQDO�ILOH�V\VWHP

o 7UDQVDFWLRQDO�TXHXHV��IRU�DV\QFKURQRXV
LQWHUDFWLRQ�EHWZHHQ�FRPSRQHQWV

o %RRWLQJ��V\VWHP�UHFRYHU\��DQG�RWKHU
DGPLQLVWUDWLYH�FKRUHV
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6WUXFWXUH�RI�73�0RQLWRUV��,�
o 73�0RQLWRUV�WU\�LQ�PDQ\�DVSHFWV�WR�UHSODFH�WKH
RSHUDWLQJ�V\VWHP�VR�DV�WR�SURYLGH�PRUH
HIILFLHQW�WUDQVDFWLRQDO�SURSHUWLHV��'HSHQGLQJ
ZKDW�W\SH�RI�RSHUDWLQJ�V\VWHP�WKH\�WU\�WR
UHSODFH��WKH\�KDYH�D�GLIIHUHQW�VWUXFWXUH�
Þ 0RQROLWKLF��DOO�WKH�IXQFWLRQDOLW\�RI�WKH
73�0RQLWRU�LV�LPSOHPHQWHG�ZLWKLQ�RQH
VLQJOH�SURFHVV��7KH�GHVLJQ�LV�VLPSOHU��WKH
SURFHVV�FDQ�FRQWURO�HYHU\WKLQJ��EXW
UHVWULFWLYH��ERWWOHQHFN��VLQJOH�SRLQW�RI
IDLOXUH��PXVW�VXSSRUW�DOO�SRVVLEOH
SURWRFROV�LQ�RQH�VLQJOH�SODFH��

Þ /D\HUHG��WKH�IXQFWLRQDOLW\�LV�GLYLGHG�LQ
WZR�OD\HUV��2QH�IRU�WHUPLQDO�KDQGOLQJ�DQG
VHYHUDO�SURFHVVHV�IRU�LQWHUDFWLRQ�ZLWK�WKH
UHVRXUFH�PDQDJHUV��7KH�GHVLJQ�LV�VWLOO
VLPSOH�EXW�SURYLGHV�EHWWHU�SHUIRUPDQFH
DQG�UHVLOLHQFH�

Þ 0XOWLSURFHVVRU��WKH�IXQFWLRQDOLW\�LV
GLYLGHG�DPRQJ�PDQ\�LQGHSHQGHQW�
GLVWULEXWHG�SURFHVVHV�

Monitor process

Terminal handling (multithreaded)

Application handling (multithreaded)

db db dbdbdb

Monolithic structure
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6WUXFWXUH�RI�73�0RQLWRUV��,,�

Terminal handling (multithreaded)

db dbdb

Layered structure

App 1 App 1App 1

db dbdb

Multiprocessor structure

App 1 App 1App 1

Term.
interf.

Term.
interf.

Term.
interf.

M
on
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r

pr
oc

es
s
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73�0RQLWRU�FRPSRQHQWV��JHQHULF�

persistent
queue

Application
program

Recovery
manager

Log
manager

GDWDEDVH

persistent
queue

GDWD
GLFWLRQDU\

FRQWH[W
GDWDEDVH

SURJUDP
OLEUDU\

client

external
resource 
manager

client

client

P
re

se
nt

at
io

n 
se

rv
ic

es A
ut

he
nt

ic
at

io
n

Administration and operations interfaces

Monitor services

scheduling load balancing

server classqueues

contextbinding

internal
resource 
managers

From “Transaction Processing” Gray&Reuter. Morgan Kaufmann 1993
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([DPSOH��%($�7X[HGR
FOLHQW
SURFHVV

GOO
URXWLQH

FOLHQW
KDQGOHU

EXOOHWLQ
ERDUG

QDPH�VHUYHU
VHUYHU
SURFHVV

QDPHG
VHUYLFH

UHVRXUFH
PDQDJHU

VHUYLFH�
FDOO

IRUZDUG�FDOO ORFDWH
VHUYHU

VHUYHU
ORFDWLRQ

IRUZDUG�FDOO
TXHXH

UHDG LQYRNH

WUDQVDFWLRQ

TXHXH UHVSRQVH

UHVSRQVH

��������� � 	�

��� 
�����
�������������� �  �!�� "$#�%�&(&()(*��(��� �

([DPSOH��%($�7X[HGR
o 7KH�FOLHQW�XVHV�'//��'\QDPLF�/LQN
/LEUDULHV��URXWLQHV�WR�LQWHUDFW�ZLWK�WKH
73�0RQLWRU

o 7KH�0RQLWRU�3URFHVV�RU�7X[HGR�VHUYHU
LPSOHPHQWV�DOO�V\VWHP�VHUYLFHV��QDPH
VHUYLFHV��WUDQVDFWLRQ�PDQDJHPHQW��ORDG
EDODQFLQJ��HWF��DQG�DFWV�DV�WKH�FRQWURO
SRLQW�IRU�DOO�LQWHUDFWLRQV

o $SSOLFDWLRQ�VHUYLFHV�DUH�NQRZQ�DV
QDPHG�VHUYLFHV��7KHVH�QDPHG�VHUYLFHV
LQWHUDFW�ZLWK�WKH�V\VWHP�WKURXJK�D
ORFDO�VHUYHU�SURFHVV

o ,QWHUDFWLRQ�DFURVV�FRPSRQHQWV�LV
WKURXJK�PHVVDJH�TXHXHV�UDWKHU�WKDQ
GLUHFW�FDOOV��DOWKRXJK�FOLHQWV�DQG
VHUYHUV�PD\�LQWHUDFW�V\QFKURQRXVO\�

FOLHQW

GOO�URXWLQH

0RQLWRU�SURFHVV

1DPHG�VHUYLFH

'%06

GDWDEDVH

VHUYHU�SURFHVV

5HVRXUFH
PDQDJHU



��������� � 	�

��� 
�����
�������������� �  �!�� "$#$%'&(&()(*��(��� �

73�0RQLWRU�FRPSRQHQWV��(QFLQD�
o 7KH�FXUUHQW�WUHQG�LV�WRZDUGV�D�´IDPLO\�RI
SURGXFWVµ�LQVWHDG�RI�D�VLQJOH�V\VWHP��(DFK
HOHPHQW�FDQ�EH�XVHG�E\�LWVHOI��UHGXFHG
IRRWSULQW��DQG��LQ�VRPH�FDVHV��FDQ�EH�XVHG
FRPSOHWHO\�LQGHSHQGHQW�RI�WKH�73�0RQLWRU�

o 0RQLWRU��H[HFXWLRQ�HQYLURQPHQW�SURYLGLQJ
LQWHJULW\��DYDLODELOLW\��VHFXULW\��IDVW�UHVSRQVH
WLPH�DQG�KLJK�WKURXJKSXW��,W�LQFOXGHV�WRROV�IRU
DGPLQLVWUDWLRQ�DQG�LQVWDOODWLRQ�RI�FRPSRQHQWV
DQG�WKH�GHYHORSPHQW�HQYLURQPHQW�

o &RPPXQLFDWLRQ�VHUYLFHV��SURWRFROV�DQG
PHFKDQLVPV�IRU�SHUVLVWHQW�PHVVDJHV�DQG�SHHU
WR�SHHU�FRPPXQLFDWLRQ�

o 7UDQVDFWLRQDO�53&��EDVLF�LQWHUDFWLRQ
PHFKDQLVP

o 7UDQVDFWLRQDO�VHUYLFHV��VXSSRUWLQJ�FRQFXUUHQF\
FRQWURO��UHFRYHU\��ORJJLQJ�DQG�WUDQVDFWLRQDO
SURJUDPPLQJ��%HKDYLRU�RI�WKH�V\VWHP�FDQ�EH
WDLORUHG��DGYDQFHV�WUDQVDFWLRQ�PRGHOV�
VHOHFWLYH�ORJJLQJ��DG�KRF�UHFRYHU\�«�

o 3HUVLVWHQW�VWRUDJH

data mgmt.data mgmt.

adminadmin

server mgmt.server mgmt.

schedulingscheduling

Monitor Communication

Txn.-RPC Txn. services

Persistent storage

databasedatabasetxnal. file system.txnal. file system.

queuesqueues

peer to peerpeer to peer

concurrency controlconcurrency control

T-RPCT-RPC

RPCRPC

recoveryrecoverylogginglogging
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([WHUQDO�LQWHUIDFHV
:LWK�FOLHQWV

o 7KH�PDLQ�LQWHUIDFH�LV�WKURXJK�WKH
SUHVHQWDWLRQ�VHUYLFHV��,Q�ROG�V\VWHPV�
SUHVHQWDWLRQ�VHUYLFHV�LQFOXGHG�WHUPLQDO
KDQGOLQJ�DQG�IRUPDW�FRQWURO�IRU
SUHVHQWDWLRQ�RQ�D�VFUHHQ��7RGD\��WKH
SUHVHQWDWLRQ�VHUYLFHV�DUH�PRVWO\
LQWHUIDFHV�WR�RWKHU�V\VWHPV�WKDW�WDNH
FDUH�RI�GDWD�SUHVHQWDWLRQ��PDLQO\�ZHE
VHUYHUV�

o 7KH�PRVW�LPSRUWDQW�SDUW�RI�WKH
SUHVHQWDWLRQ�VHUYLFHV�VWLOO�LQ�XVH�WRGD\
LV�WKH�53&��753&��VWXEV�DQG�OLEUDULHV
XVHG�RQ�WKH�FOLHQW�VLGH�IRU�LQYRNLQJ
VHUYLFHV�LPSOHPHQWHG�ZLWKLQ�WKH�73�
0RQLWRU

:LWK�DGPLQLVWUDWRUV
o 7KH�73�0RQLWRU�QHHGV�WR�EH�PDLQWDLQHG
DQG�DGPLQLVWHUHG�OLNH�DQ\�RWKHU
V\VWHP��7RGD\�WKHUH�DUH�D�ZLGH�YDULHW\
RI�WRROV�IRU�GRLQJ�VR��7KH\�LQFOXGH�
Þ QRGH�PRQLWRULQJ
Þ VHUYLFH�PRQLWRULQJ
Þ ORDG�PRQLWRULQJ
Þ FRQILJXUDWLRQ�WRROV
Þ SURJUDPPLQJ�VXSSRUW
Þ «

o $QRWKHU�LPSRUWDQW�SDUW�RI�WKH
LQWHUIDFHV�WR�WKH�V\VWHP�DUH�WKH
GHYHORSPHQW�HQYLURQPHQWV�ZKLFK�WHQG
WR�EH�VLPLODU�LQ�QDWXUH�WR�WKDW�RI�53&
V\VWHPV
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0RQLWRU�VHUYLFHV
o 0RQLWRU�VHUYLFHV�DUH�WKRVH�IDFLOLWLHV
WKDW�SURYLGH�WKH�EDVLF�IXQFWLRQDOLW\�RI
WKH�73�0RQLWRU��7KH\�FDQ�EH
LPSOHPHQWHG�DV�SDUW�RI�WKH�73�0RQLWRU
SURFHVV�RU�DV�H[WHUQDO�UHVRXUFH
PDQDJHUV

o 6HUYHU�FODVV��HDFK�DSSOLFDWLRQ�SURJUDP
LPSOHPHQWLQJ�VHUYLFHV�KDV�D�VHUYHU
FODVV�LQ�WKH�PRQLWRU��7KH�VHUYHU�FODVV
VWDUWV�DQG�VWRSV�WKH�DSSOLFDWLRQ�
FUHDWHV�PHVVDJH�TXHXHV��PRQLWRUV�WKH
ORDG��HWF��,Q�JHQHUDO��LW�PDQDJHV�RQH
DSSOLFDWLRQ�SURJUDP

o %LQGLQJ��DFWV�DV�WKH�QDPH�DQG�GLUHFWRU\
VHUYLFHV�DQG�RIIHUV�VLPLODU
IXQFWLRQDOLW\�DV�WKH�ELQGHU�LQ�53&��,W
PLJKW�EH�FRXSOHG�ZLWK�WKH�ORDG
EDODQFLQJ�VHUYLFH�IRU�EHWWHU
GLVWULEXWLRQ

o /RDG�EDODQFLQJ��WULHV�WR�RSWLPL]H�WKH
UHVRXUFHV�RI�WKH�V\VWHP�E\�SURYLGLQJ�DQ
DFFXUDWH�SLFWXUH�RI�WKH�RQJRLQJ�DQG
VFKHGXOHG�ZRUN

o &RQWH[W�PDQDJHPHQW��D�NH\�VHUYLFH�LQ
753&�WKDW�LV�DOVR�XVHG�LQ�NHHSLQJ
FRQWH[W�DFURVV�WUDQVDFWLRQ�ERXQGDULHV
RU�WR�VWRUH�DQG�IRUZDUG�GDWD�EHWZHHQ
GLIIHUHQW�UHVRXUFH�PDQDJHUV�DQG
VHUYHUV

o &RPPXQLFDWLRQ�VHUYLFHV��TXHXH
PDQDJHPHQW�DQG�QHWZRUNLQJ��DUH
XVXDOO\�LPSOHPHQWHG�DV�H[WHUQDO
UHVRXUFH�PDQDJHUV��7KH\�WDNH�FDUH�RI
WUDQVDFWLRQDO�TXHXLQJ�DQG�DQ\�RWKHU
DVSHFW�RI�PHVVDJH�SDVVLQJ

��������� � 	�

��� 
�����
�������������� �  �!�� "$#�%�&(&()(*��(���(%

5HVRXUFH�PDQDJHUV
,QWHUQDO�5HVRXUFH�0DQDJHUV

o 7KHVH�DUH�PRGXOHV�WKDW�LPSOHPHQW�D
SDUWLFXODU�VHUYLFH�LQ�WKH�73�0RQLWRU�
7KHUH�DUH�WZR�NLQGV�

o $SSOLFDWLRQ�SURJUDPV��SURJUDPV�WKDW
LPSOHPHQW�D�FROOHFWLRQ�RI�VHUYLFHV�WKDW
FDQ�EH�LQYRNHG�E\�WKH�FOLHQWV�RI�WKH
73�0RQLWRU��7KH\�GHILQH�WKH
DSSOLFDWLRQ�EXLOW�XSRQ�WKH�73�0RQLWRU

o ,QWHUQDO�VHUYLFHV��OLNH�ORJJLQJ��ORFNLQJ�
UHFRYHU\��RU�TXHXLQJ��,PSOHPHQWLQJ
WKHVH�VHUYLFHV�DV�UHVRXUFH�PDQDJHUV
JLYHV�PRUH�PRGXODULW\�WR�WKH�V\VWHP
DQG�HYHQ�DOORZV�WR�XVH�RWKHU�V\VWHPV
IRU�WKLV�SXUSRVH��OLNH�TXHXH
PDQDJHPHQW�V\VWHPV�

([WHUQDO�5HVRXUFH�0DQDJHUV
o 7KHVH�DUH�WKH�V\VWHPV�WKH�73�0RQLWRU
KDV�WR�LQWHJUDWH

o 7KH�W\SLFDO�UHVRXUFH�PDQDJHU�LV�D
GDWDEDVH�PDQDJHPHQW�V\VWHP�ZLWK�DQ
64/�;$�LQWHUIDFH��,W�FDQ�DOVR�EH�D
OHJDF\�DSSOLFDWLRQ��LQ�ZKLFK�FDVH
ZUDSSHUV�DUH�QHHGHG�WR�EULGJH�WKH
LQWHUIDFH�JDS��$�W\SLFDO�H[DPSOH�DUH
VFUHHQ�VFUDSLQJ�PRGXOHV�WKDW�LQWHUDFW
ZLWK�PDLQIUDPH�EDVHG�DSSOLFDWLRQV�E\
SRVLQJ�DV�GXPE�WHUPLQDOV

o 7KH�QXPEHU�DQG�W\SH�RI�H[WHUQDO
UHVRXUFH�PDQDJHUV�NHHSV�JURZLQJ�DQG�D
UHVRXUFH�PDQDJHU�FDQ�EH�DQRWKHU�73
PRQLWRU�

o 7KH�:::�LV�VORZO\�DOVR�EHFRPLQJ�D
UHVRXUFH�PDQDJHU
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7UDQVDFWLRQ�SURFHVVLQJ�FRPSRQHQWV

Client

TP
Monitor

communication
manager

Service

forward request

response

Transaction
manager

Begin Work
Save Work
Commit
Rollback

Savepoint
Prepare
CommitSavepoint

Prepare
Commit

Service Request/Response

Log
Records

UNDO/
REDO
Log
Records

Savepoint
Prepared

 Committed
 Completed
 Checkpoint

Save Work
Checkpoint
Prepare
Commit

transaction

send /
receive

Log
manager

GDWDEDVH Resource
managers

register incoming /
outgoing transactions

From “Transaction Processing” Gray&Reuter. Morgan Kaufmann 1993
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From “Transaction Processing” Gray&Reuter. Morgan Kaufmann 1993
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$GYDQWDJHV�RI�73�0RQLWRUV
o 73�0RQLWRUV�DUH�D�GHYHORSPHQW�DQG�UXQ�WLPH�SODWIRUP�IRU�GLVWULEXWHG�DSSOLFDWLRQV
o 7KH�VHSDUDWLRQ�EHWZHHQ�WKH�PRQLWRU�DQG�WKH�WUDQVDFWLRQ�PDQDJHU�ZDV�D�SUDFWLFDO
FRQVLGHUDWLRQ�EXW�WXUQHG�RXW�WR�EH�D�VLJQLILFDQW�DGYDQWDJH�DV�PDQ\�RI�WKH�IHDWXUHV
SURYLGHG�E\�WKH�PRQLWRU�DUH�DV�YDOXDEOH�DV�WUDQVDFWLRQV

o 7KH�PRYH�WRZDUGV�PRUH�PRGXODU�DUFKLWHFWXUHV�SUHSDUHG�73�0RQLWRUV�IRU�FKDQJHV�WKDW
KDG�QRW�EHHQ�IRUHVHHQ�EXW�WXUQHG�EH�TXLWH�DGYDQWDJHRXV�
Þ WKH�ZHE�DV�WKH�PDLQ�LQWHUIDFH�WR�DSSOLFDWLRQV��WKH�SUHVHQWDWLRQ�VHUYLFHV�LQFOXGHG
DQ�LQWHUIDFH�VR�WKDW�UHTXHVWV�FRXOG�EH�FKDQQHOHG�WKURXJK�D�ZHE�VHUYHU

Þ TXHXLQJ�DV�D�IRUP�RI�PLGGOHZDUH�LQ�LWVHOI��0HVVDJH�2ULHQWHG�0LGGOHZDUH��020��
RQFH�WKH�TXHXLQJ�VHUYLFH�ZDV�DQ�LQWHUQDO�UHVRXUFH�PDQDJHU��LW�ZDV�QRW�WRR
GLIILFXOW�WR�DGDSW�WKH�LQWHUIDFH�VR�WKDW�WKH�73�0RQLWRU�FRXOG�WDON�ZLWK�RWKHU
TXHXLQJ�V\VWHPV

Þ 'LVWULEXWHG�REMHFW�V\VWHPV��H�J���&25%$��UHTXLUHG�RQO\�D�VPDOO�V\QWDFWLF�OD\HU
LQ�WKH�GHYHORSPHQW�WRROV�DQG�WKH�SUHVHQWDWLRQ�VHUYLFHV�VR�WKDW�VHUYLFHV�ZLOO
DSSHDU�DV�REMHFWV�DQG�753&�ZRXOG�EH�FRPH�D�PHWKRG�LQYRFDWLRQ�WR�WKRVH�REMHFWV�
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73�+HDY\�YV��73�/LJKW� ���WLHU�YV����WLHU
o $�73�KHDY\�PRQLWRU�SURYLGHV�

Þ D�IXOO�GHYHORSPHQW�HQYLURQPHQW
�SURJUDPPLQJ�WRROV��VHUYLFHV��OLEUDULHV�
HWF���

Þ DGGLWLRQDO�VHUYLFHV��SHUVLVWHQW�TXHXHV�
FRPPXQLFDWLRQ�WRROV��WUDQVDFWLRQDO
VHUYLFHV��SULRULW\�VFKHGXOLQJ��EXIIHULQJ��

Þ VXSSRUW�IRU�DXWKHQWLFDWLRQ��RI�XVHUV�DQG
DFFHVV�ULJKWV�WR�GLIIHUHQW�VHUYLFHV��

Þ LWV�RZQ�VROXWLRQV�IRU�FRPPXQLFDWLRQ�
UHSOLFDWLRQ��ORDG�EDODQFLQJ��VWRUDJH
PDQDJHPHQW������PRVW�RI�WKH�IXQFWLRQDOLW\
RI�DQ�RSHUDWLQJ�V\VWHP��

o ,WV�PDLQ�SXUSRVH�LV�WR�SURYLGH�DQ�H[HFXWLRQ
HQYLURQPHQW�IRU�UHVRXUFH�PDQDJHUV
�DSSOLFDWLRQV���DQG�GR�DOO�WKLV�ZLWK�JXDUDQWHHG
UHDVRQDEOH�SHUIRUPDQFH��H�J���!������W[QV�
SHU�VHFRQG��

o 7KLV�LV�WKH�WUDGLWLRQDO�PRQLWRU��&,&6��(QFLQD�
7X[HGR�

o $�73�/LJKW�LV�DQ�H[WHQVLRQ�WR�D�GDWDEDVH�
Þ LW�LV�LPSOHPHQWHG�DV�WKUHDGV��LQVWHDG�RI
SURFHVVHV�

Þ LW�LV�EDVHG�RQ�VWRUHG�SURFHGXUHV
��PHWKRGV��VWRUHG�LQ�WKH�GDWDEDVH�WKDW
SHUIRUP�DQ�VSHFLILF�VHW�RI�RSHUDWLRQV��DQG
WULJJHUV�

Þ LW�GRHV�QRW�SURYLGH�D�GHYHORSPHQW
HQYLURQPHQW�

o /LJKW�0RQLWRUV�DUH�DSSHDULQJ�DV�GDWDEDVHV
EHFRPH�PRUH�VRSKLVWLFDWHG�DQG�SURYLGH�PRUH
VHUYLFHV��VXFK�DV�LQWHJUDWLQJ�SDUW�RI�WKH
IXQFWLRQDOLW\�RI�D�73�0RQLWRU�ZLWKLQ�WKH
GDWDEDVH�

o ,QVWHDG�RI�ZULWLQJ�D�FRPSOH[�TXHU\��WKH�TXHU\
LV�LPSOHPHQWHG�DV�D�VWRUHG�SURFHGXUH��$�FOLHQW�
LQVWHDG�RI�UXQQLQJ�WKH�TXHU\��LQYRNHV�WKH
VWRUHG�SURFHGXUH�

o 6WRUHG�SURFHGXUH�ODQJXDJHV��6\EDVH
V�7UDQVDFW�
64/��2UDFOH
V�3/�64/�
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73�OLJKW��GDWDEDVHV�DQG�WKH���WLHU�DSSURDFK
o 'DWDEDVHV�DUH�WUDGLWLRQDOO\�XVHG�WR�PDQDJH
GDWD�

o +RZHYHU��VLPSO\�PDQDJLQJ�GDWD�LV�QRW�DQ�HQG�LQ
LWVHOI��2QH�PDQDJHV�GDWD�EHFDXVH�LW�KDV�VRPH
FRQFUHWH�DSSOLFDWLRQ�ORJLF�LQ�PLQG��7KLV�LV
RIWHQ�IRUJRWWHQ�ZKHQ�FRQVLGHULQJ�GDWDEDVHV
�VSHFLDOO\�EHQFKPDUNLQJ��DQG�KDV�DOORZHG�6$3
WR�WDNH�RYHU�D�VLJQLILFDQW�PDUNHW�VKDUH�EHIRUH
DQ\�RWKHU�YHQGRUV�UHDFWHG�

o %XW�LI�WKH�DSSOLFDWLRQ�ORJLF�LV�ZKDW�PDWWHUV�
ZK\�QRW�PRYH�WKH�DSSOLFDWLRQ�ORJLF�LQWR�WKH
GDWDEDVH"�7KHVH�LV�ZKDW�PDQ\�YHQGRUV�DUH
DGYRFDWLQJ��%\�GRLQJ�WKLV��WKH\�SURSRVH�D��
WLHU�PRGHO�ZLWK�WKH�GDWDEDVH�SURYLGLQJ�WKH
WRROV�QHFHVVDU\�WR�LPSOHPHQW�FRPSOH[
DSSOLFDWLRQ�ORJLF�

o 7KHVH�WRROV�LQFOXGH�WULJJHUV��UHSOLFDWLRQ��VWRUHG
SURFHGXUHV��TXHXLQJ�V\VWHPV��VWDQGDUG�DFFHVV
LQWHUIDFHV��2'%&��-'%&�����ZKLFK�DUH�DOUHDG\
LQ�SODFH�LQ�PDQ\�GDWDEDVHV�

user defined
application logic

database

resource manager

external
application

Database
developing

environment

client

database management system
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73�+HDY\����WLHU�PLGGOHZDUH
o 73�KHDY\�DUH�PLGGOHZDUH�SODWIRUPV�IRU
GHYHORSLQJ���WLHU�DUFKLWHFWXUHV��7KH\�SURYLGH
DOO�WKH�IXQFWLRQDOLW\�QHFHVVDU\�IRU�VXFK�DQ
DUFKLWHFWXUH�WR�ZRUN�

o $�V\VWHP�GHVLJQHU�RQO\�QHHG�WR�SURJUDP�WKH
VHUYLFHV��ZKLFK�ZLOO�UXQ�ZLWKLQ�WKH�VFRSH�RI�WKH
73�0RQLWRU��WKH�VHUYLFHV�DUH�OLQNHG�WR�D
QXPEHU�RI�73�OLEUDULHV�SURYLGLQJ�WKH�QHHGHG
IXQFWLRQDOLW\���WKH�ZUDSSHUV��LI�WKH\�DUH�QRW
DOUHDG\�SURYLGHG���DQG�WKH�FOLHQWV��7KH�73�
0RQLWRUV�WDNHV�WKHVH�FRPSRQHQWV�DQG�HPEHGV
WKHP�ZLWKLQ�WKH�RYHUDOO�V\VWHP�DV
LQWHUFRQQHFWHG�FRPSRQHQWV�

o 7KH�73�0RQLWRU�SURYLGHV�WKH�LQIUDVWUXFWXUH�IRU
WKH�FRPSRQHQWV�WR�ZRUN�DQG�WKH�WRROV
QHFHVVDU\�WR�EXLOG�VHUYLFHV��ZUDSSHUV�DQG
FOLHQWV��,Q�VRPH�FDVHV��LW�SURYLGHV�HYHQ�LWV�RZQ
SURJUDPPLQJ�ODQJXDJH��H�J���7UDQVDWLRQDO�&�RI
(QFLQD��

Clients

connecting logic

Transaction
control

Services

terminal
handling

2 
ti

er
 s

ys
te

m
s

Resource
managers

wrappers

T
P 

m
on

ito
r
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2EMHFW�7UDQVDFWLRQ�6HUYLFH
o $Q�276�SURYLGHV�WUDQVDFWLRQDO
JXDUDQWHHV�WR�WKH�H[HFXWLRQ�RI
LQYRFDWLRQV�EHWZHHQ�GLIIHUHQW
FRPSRQHQWV�RI�D�GLVWULEXWHG�DSSOLFDWLRQ
EXLOW�RQ�WRS�RI�DQ�25%��,W�LV�SDUW�RI
WKH�&25%$�VWDQGDUG�,W�LV�LGHQWLFDO�WR�D
EDVLF�73�0RQLWRU

o 7KHUH�DUH�WZR�ZD\V�WR�WUDFH�FDOOV�
Þ ([SOLFLW��PDQXDO���WKH�LQYRFDWLRQ
LWVHOI�FRQWDLQV�WKH�WUDQVDFWLRQ
LGHQWLILHU��7KHQ��ZKHQ�WKH
DSSOLFDWLRQ�UHJLVWHUV�WKH�UHVRXUFH
PDQDJHU��LW�XVHV�WKLV�WUDQVDFWLRQ
LGHQWLILHU�WR�VD\�WR�ZKLFK
WUDQVDFWLRQ�LW�LV�´VXEVFULELQJµ

Þ ,PSOLFLW��DXWRPDWLF���WKH�FDOO�LV
PDGH�WKURXJK�WKH�276��ZKLFK�ZLOO
IRUZDUG�WKH�WUDQVDFWLRQ�LGHQWLILHU
DORQJ�ZLWK�WKH�LQYRFDWLRQ��7KLV
UHTXLUHV�WR�OLQN�ZLWK�WKH�276
OLEUDU\�DQG�WR�PDNH�DOO�PHWKRGV
LQYROYHG�WUDQVDFWLRQDO

o ����DQG�WZR�ZD\V�WR�UHJLVWHU�UHVRXUFHV
�QHFHVVDU\�LQ�RUGHU�WR�WHOO�WKH�276
ZKR�ZLOO�SDUWLFLSDWH�LQ�WKH��3&
SURWRFRO�DQG�ZKDW�W\SH�RI�LQWHUIDFH�LV
VXSSRUWHG�

o 0DQXDO�UHJLVWUDWLRQ�LPSOLHV�WKH�WKH
XVHU�SURYLGHV�DQ�LPSOHPHQWDWLRQ�RI�WKH
UHVRXUFH��7KLV�LPSOHPHQWDWLRQ�DFWV�DV
DQ�LQWHUPHGLDU\�EHWZHHQ�WKH�276�DQG
WKH�DFWXDO�UHVRXUFH�PDQDJHU��XVHIXO�IRU
OHJDF\�DSSOLFDWLRQV�WKDW�QHHG�WR�EH
ZUDSSHG�

o $XWRPDWLF�UHJLVWUDWLRQ�LV�XVHG�ZKHQ
WKH�UHVRXUFH�PDQDJHU�XQGHUVWDQGV
WUDQVDFWLRQV��L�H���LW�LV�D�GDWDEDVH���LQ
ZKLFK�FDVH�LW�ZLOO�VXSSRUW�WKH�;$
LQWHUIDFH�IRU��3&�GLUHFWO\��$�UHVRXUFH
DUH�UHJLVWHUHG�RQO\�RQFH��DQG�LPSOLFLW
SURSDJDWLRQ�LV�XVHG�WR�FKHFN�ZKLFK
WUDQVDFWLRQV�JR�WKHUH
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5XQQLQJ�D�GLVWULEXWHG�WUDQVDFWLRQ����

ORB

App A App B
DB DB

Object
Transaction

Service

1) Assume App A wants to update databases A and B

ORB

App A App B
DB DB

Object
Transaction

Service

ORB

App A App B
DB DB

Object
Transaction

Service

Begin
txn

2) App A obtains a txn identifier for the operation

ORB

App A App B
DB DB

Object
Transaction

Service

Register
db

3) App A registers the database for that transaction 

Txn has part
executed in
database A

txn
4) App A runs the txn but does not
commit  at the end
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5XQQLQJ�D�GLVWULEXWHG�WUDQVDFWLRQ����

ORB

App A App B
DB DB

Object
Transaction

Service

5) App A now calls  App B

ORB

App A App B
DB DB

Object
Transaction

Service

ORB

App A App B
DB DB

Object
Transaction

Service

Register
db

6) App B registers the database for that transaction 

Txn has part
executed in
database B

txn
7) App B runs the txn but does not
commit  at the endCall for

Txn

ORB

App A App B
DB DB

Object
Transaction

Service

Commit
txn

2) App A request commit and the OTS runs 2PC

2PC 2PC
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7KH�IXWXUH�RI�73�0RQLWRUV
o 73�0RQLWRUV�DUH�WKH�EHVW�H[DPSOH�RI�PLGGOHZDUH�DQG�WKH�PRVW�VXFFHVVIXO
LPSOHPHQWDWLRQ�ERWK�LQ�WHUPV�RI�SHUIRUPDQFH�DQG�IXQFWLRQDOLW\�

o 7RJHWKHU�ZLWK�REMHFW�EURNHUV��73�0RQLWRUV�IRUP�WKH�IRXQGDWLRQ�RI�WRGD\·V�GLVWULEXWHG
GDWD�PDQDJHPHQW�SURGXFWV��(QWHUSULVH�$SSOLFDWLRQ�,QWHJUDWLRQ�LV�VWLOO�ODUJHO\�EDVHG�RQ
73�0RQLWRU�WHFKQRORJ\�

o 73�0RQLWRUV�DUH�WKH�PDLQ�UHIHUHQFH�IRU�LPSOHPHQWLQJ�PLGGOHZDUH�
Þ LQ�WHUPV�RI�SHUIRUPDQFH��73�0RQLWRUV�DUH�RUGHUV�RI�PDJQLWXGH�DKHDG�RI�RWKHU
PLGGOHZDUH�V\VWHPV

Þ LQ�WHUPV�RI�IXQFWLRQDOLW\��73�0RQLWRUV�RIIHU�D�TXLWH�FRPSOHWH��ZHOO�LQWHJUDWHG
SODWIRUP�WKDW�FDQ�EH�H[WHQGHG�WR�SURYLGH�WKH�IXQFWLRQDOLW\�QHHGHG�LQ�RWKHU
PLGGOHZDUH�V\VWHPV

o 8QOLNH�RWKHU�IRUPV�RI�PLGGOHZDUH��73�0RQLWRUV�KDYH�SURYHQ�WR�EH�TXLWH�UHVLOLHQW�LQ
WLPH��VRPH�SURGXFW�OLQHV�DUH�DOPRVW����\HDUV�ROG�DOUHDG\��$OWKRXJK�WKH�WHFKQRORJ\
FKDQJHV��WKH�DQVZHU�WR�IXQGDPHQWDO�GHVLJQ�SUREOHPV�LV�ZHOO�XQGHUVWRRG�LQ�73�
0RQLWRUV��7KHVH�H[SHUWLVH�ZLOO�VWLOO�KDYH�D�VLJQLILFDQW�LPSDFW�RQ�DQ\�HPHUJLQJ�IRUP�RI
PLGGOHZDUH�
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:6�&RRUGLQDWLRQ
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:6�&RRUGLQDWLRQ
o :6�&RRUGLQDWLRQ�LV�LQWHQGHG�DV�D
JHQHULF�LQIUDVWUXFWXUH�WR�LPSOHPHQW
FRRUGLQDWLRQ�SURWRFROV�EHWZHHQ�:HE
VHUYLFHV

o ,WV�PDLQ�JRDO�LV�WR�VHUYH�DV�D�JHQHULF
SODWIRUP�IRU�LPSOHPHQWLQJ�DGYDQFHG
WUDQVDFWLRQ�PRGHOV�EXW�LW�FDQ�EH�XVHG
WR�LPSOHPHQW�D�ZLGH�YDULHW\�RI
FRRUGLQDWLRQ�SURWRFROV�EHWZHHQ�VHUYLFHV
�LQFOXGLQJ�VRPH�IRUPV�RI
FRQYHUVDWLRQV�

o :6�&RRUGLQDWLRQ�HQFRPSDVVHV�D�VHW�RI
EHKDYLRUV�DQG�$3,V�WKDW�FRQIRUP�D
PRGXOH�WKDW�ZLOO�H[WHQG�:HE�VHUYLFHV
ZLWK�FRRUGLQDWLRQ�FDSDELOLWLHV

o ,W�PLUURUV�WKH�EHKDYLRU�RI�WUDQVDFWLRQDO
VHUYLFHV�LQ�FRQYHQWLRQDO�PLGGOHZDUH
SODWIRUPV

COORDINATOR

Activation
service

Registration 
service

Coord.
Protocol

A

Coord.
Protocol

B...

Start a coordination
protocol

Register for a
coordination

protocol

Operations of
coordination

protocol

Operations of
coordination

protocol
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%DVLFV�RI�:6�&RRUGLQDWLRQ����

Activation
service

Registration
service A

Coord.
Protocol Ya

COORDINATOR A

Activation
service

Registration
service B

Coord.
Protocol Yb

COORDINATOR B

APPLICATION
A

C
re

at
eC

oo
rd

in
at

io
nC

on
te

xt
fo

r 
co

or
di

na
ti

on
 t

yp
e 

Q

APPLICATION
B

Context (Ca)
activity identifier A1
coordination type Q supporting protocol Y
portReference for the registration service A
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%DVLFV�RI�:6�&RRUGLQDWLRQ����

Activation
service

Registration
service A

Coord.
Protocol Ya

COORDINATOR A

Activation
service

Registration
service B

Coord.
Protocol Yb

COORDINATOR B

APPLICATION
A

APPLICATION
B

APPLICATION MESSAGE (e.g., SOAP message)

HTTP POST

SOAP Envelope

Header: Context Ca 

Body
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%DVLFV�RI�:6�&RRUGLQDWLRQ����

Activation
service

Registration
service A

Coord.
Protocol Ya

COORDINATOR A

Activation
service

Registration
service B

Coord.
Protocol Yb

COORDINATOR B

APPLICATION
A

APPLICATION
B

C
re

at
eC

oo
rd

in
at

io
nC

on
te

xt
C

a

Context (Cb)
activity identifier A1
coordination type Q supporting protocol Y
portReference for the registration service B
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%DVLFV�RI�:6�&RRUGLQDWLRQ����

Activation
service

Registration
service A

Coord.
Protocol Ya

COORDINATOR A

Activation
service

Registration
service B

Coord.
Protocol Yb

COORDINATOR B

APPLICATION
A

APPLICATION
B

Application B
registers for coordination protocol Y
and passes portReference to the protocol
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%DVLFV�RI�:6�&RRUGLQDWLRQ����

Activation
service

Registration
service A

Coord.
Protocol Ya

COORDINATOR A

Activation
service

Registration
service B

Coord.
Protocol Yb

COORDINATOR B

APPLICATION
A

APPLICATION
B

Registration service B forwards the registration of
application B to the registration service A along

with information about coordination protocol Yb
The registration service A can then link both ends 

of the coordination protocol
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0HVVDJHV�DQG�LQWHUIDFHV
o 7KH�FRRUGLQDWRU�GHILQHG�E\�:6�&RRUGLQDWLRQ�LV�GHVFULEHG�XVLQJ�:6'/�DQG�RIIHUV�D
QXPEHU�RI�VHUYLFHV�WR�WKH�DSSOLFDWLRQ�

o 7KH�DSSOLFDWLRQ�DFFHVVHV�WKHVH�VHUYLFHV�E\�VHQGLQJ��H�J���62$3�PHVVDJHV�WR�WKH
FRRUGLQDWRU�ZKLFK�WKHQ�UHVSRQGV�ZLWK�QHZ�62$3�PHVVDJHV��,QWHUDFWLRQV�ZLWK�WKH
SURWRFRO�ZRXOG�WKHQ�DOVR�EH�LQ�WHUPV�RI�62$3�PHVVDJHV��EXW�RWKHU�SURWRFROV�DUH
SRVVLEOH��RQH�QHHGV�RQO\�R�SURYLGH�DOWHUQDWLYH�ELQGLQJV�IRU�WKH�FRRUGLQDWRU�VHUYLFHV�

o 7KH�H[DPSOH�VKRZQ�FRQVLGHUV�WKH�FDVH�ZKHUH�DSSOLFDWLRQ�%�GHFLGHV�WR�XVH�LWV�RZQ
FRRUGLQDWRU��$SSOLFDWLRQ�%�FRXOG�DOVR�GHFLGH�WR�XVH�WKH�VDPH�FRRUGLQDWRU�DV
DSSOLFDWLRQ�$�EXW�LQ�WKH�FDVHV�ZKHUH�$�DQG�%�DUH�LQGHSHQGHQW�VHUYLFHV�SURYLGHG�E\
GLIIHUHQW�RUJDQL]DWLRQV�D�FRRUGLQDWRU�SHU�DSSOLFDWLRQ�PDNHV�PRUH�VHQVH

o :6�&RRUGLQDWLRQ�LV�DQ�DWWHPSW�DW�VWDQGDUGL]LQJ�
Þ WKH�XVH�RI�62$3�KHDGHUV�IRU�FRRUGLQDWLRQ�SURWRFROV
Þ WKH�EDVLF�RSHUDWLRQV�IRU�PRVW�FRRUGLQDWLRQ�SURWRFROV
Þ WKH�IXQFWLRQDOLW\�D�:HE�VHUYLFH�PLGGOHZDUH�SODWIRUP�PXVW�VXSSRUW�IRU�DOORZLQJ
FRRUGLQDWLRQ�SURWRFROV�WR�EH�LPSOHPHQWHG
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:6�&RRUGLQDWRU�LQ�;0/

$&7,9$7,21�6(59,&(�
�ZVGO�SRUW7\SH�QDPH �$FWLYDWLRQ&RRUGLQDWRU3RUW7\SH�!
��������ZVGO�RSHUDWLRQ�QDPH �&UHDWH&RRUGLQDWLRQ&RQWH[W�!
������������ZVGO�LQSXW�PHVVDJH �ZVFRRU�&UHDWH&RRUGLQDWLRQ&RQWH[W��!
���������ZVGO�RSHUDWLRQ!
�����ZVGO�SRUW7\SH!

5(63216(�$&7,9$7,21�6(59,&(
�ZVGO�SRUW7\SH�QDPH �$FWLYDWLRQ5HTXHVWHU3RUW7\SH�!
��������ZVGO�RSHUDWLRQ�QDPH �&UHDWH&RRUGLQDWLRQ&RQWH[W5HVSRQVH�!
������������ZVGO�LQSXW�PHVVDJH �ZVFRRU�&UHDWH&RRUGLQDWLRQ&RQWH[W5HVSRQVH��!
���������ZVGO�RSHUDWLRQ!
��������ZVGO�RSHUDWLRQ�QDPH �(UURU�!
������������ZVGO�LQSXW�PHVVDJH �ZVFRRU�(UURU��!
���������ZVGO�RSHUDWLRQ!
�����ZVGO�SRUW7\SH!
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:6�7UDQVDFWLRQV
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:6�7UDQVDFWLRQV
o :6�7UDQVDFWLRQV�EXLOGV�GLUHFWO\�XSRQ�:6�&RRUGLQDWLRQ�WR�VSHFLI\�GLIIHUHQW
FRRUGLQDWLRQ�SURWRFROV�UHODWHG�WR�WUDQVDFWLRQ�SURFHVVLQJ
Þ DWRPLF�WUDQVDFWLRQV��JRYHUQHG�E\���3KDVH�&RPPLW�
Þ EXVLQHVV�DFWLYLWLHV��WUDQVDFWLRQDO�EXW�EDVHG�RQ�FRPSHQVDWLRQ�DFWLYLWLHV�

� EXVLQHVV�DJUHHPHQW

� EXVLQHVV�DJUHHPHQW�ZLWK�FRPSOHWH
o :6�7UDQVDFWLRQV�VSHFLILHV�WKH�FRRUGLQDWLRQ�SURWRFRO�WR�EH�XVHG�DV�SDUW�RI�:6�
&RRUGLQDWLRQ��7KH�VSHFLILFDWLRQ�GHDOV�ZLWK�WKH�QDWXUH�RI�WKH�LQWHUDFWLRQ��WKH�V\QWD[
DQG�VHPDQWLFV�RI�WKH�PHVVDJHV�WR�H[FKDQJH�DV�SDUW�RI�WKH�FRRUGLQDWLRQ�SURWRFRO��DQG
WKH�H[SHFWHG�UHVSRQVHV�RI�DOO�SDUWLFLSDQWV�LQYROYHG

o /LNH�:6�&RRUGLQDWLRQ��:6�7UDQVDFWLRQV�IROORZV�YHU\�FORVHO\�WKH�WUDQVDFWLRQDO�PRGHO
IRXQG�LQ�FRQYHQWLRQDO�PLGGOHZDUH�SODWIRUPV
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&RRUGLQDWLRQ�SURWRFRO�IRU��3&
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%XVLQHVV�DJUHHPHQW
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%XVLQHVV�DJUHHPHQW�ZLWK�FRPSOHWLRQ
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:6�7UDQVDFWLRQV

Activation
service

Registration
service A

Coord.
Protocol Ya

COORDINATOR A

Activation
service

Registration
service B

Coord.
Protocol Yb

COORDINATOR B

APPLICATION
A

APPLICATION
B

WS-TRANSACTION
PROTOCOL
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&25%$�WUDQVDFWLRQV����

ORB

App A App B
DB DB

Object
Transaction

Service

���$VVXPH�$SS�$�ZDQWV�WR�XSGDWH�GDWDEDVHV�$�DQG�%

ORB

App A App B
DB DB

Object
Transaction

Service

ORB

App A App B
DB DB

Object
Transaction

Service

Begin
txn

���$SS�$�REWDLQV�D�W[Q�LGHQWLILHU�IRU�WKH�RSHUDWLRQ

ORB

App A App B
DB DB

Object
Transaction

Service

Register
db

���$SS�$�UHJLVWHUV�WKH�GDWDEDVH�IRU�WKDW�WUDQVDFWLRQ�

Txn has part
executed in
database A

txn
���$SS�$�UXQV�WKH�W[Q�EXW�GRHV�QRW
FRPPLW�LW�DW�WKH�HQG
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&25%$�WUDQVDFWLRQV����

ORB

App A App B
DB DB

Object
Transaction

Service

���$SS�$�QRZ�FDOOV
$SS�%

ORB

App A App B
DB DB

Object
Transaction

Service

ORB

App A App B
DB DB

Object
Transaction

Service

Register
db

���$SS�%�UHJLVWHUV�WKH�GDWDEDVH�IRU�WKDW�WUDQVDFWLRQ�

Txn has part
executed in
database B

txn
���$SS�%�UXQV�WKH�W[Q�EXW�GRHV�QRW
FRPPLW�LW�DW�WKH�HQGCall for

Txn

ORB

App A App B
DB DB

Object
Transaction

Service

Commit
txn

���$SS�$�UHTXHVW�FRPPLW�DQG�WKH�276�UXQV��3&

2PC 2PC
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7UDQVDFWLRQDO�TXHXHV
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6\QFKURQRXV�&OLHQW�6HUYHU
o 7KH�PRVW�VWUDLJKWIRUZDUG�LQWHUDFWLRQ
EHWZHHQ�FRPSRQHQWV�LV�WKH
UHTXHVW�UHVSRQVH�PRGHO�LQ�ZKLFK�WKH
FOLHQW�VHQGV�D�UHTXHVW�DQG�ZDLWV�XQWLO
WKH�VHUYHU�SURYLGHV�D�UHVSRQVH�
Þ FORVHO\�UHVHPEOHV�WKH�ZD\�ZH
SURJUDP��KHQFH�53&�DV�WKH�EDVLF
PHFKDQLVP�WR�VXSSRUW�WKLV�LGHD�

Þ WKH�PRGHO�LV�VLPSOH�DQG�LQWXLWLYH
Þ ZHOO�VXSSRUWHG�E\�53&�DQG�WKH
V\VWHPV�EXLOW�DURXQG�53&��753&�
73�0RQLWRUV�DQG�HYHQ�2EMHFW
0RQLWRUV�

Þ QHHGV�DGGLWLRQDO�LQIUDVWUXFWXUH
ZKHQ�LQWHUDFWLRQV�EHFRPHV�PRUH
FRPSOH[��H�J���QHVWHG��EXW�WKLV
LQIUDVWUXFWXUH�LV�DYDLODEOH

,19(1725<�&21752/
,)�VXSSOLHVBORZ
7+(1�
����%27

������3ODFHBRUGHU
������8SGDWHBLQYHQWRU\
����(27

3URGXFWV
GDWDEDVH'%

0
6 ,QYHQWRU\

DQG�RUGHU
GDWDEDVH

'%
0
6

1HZBSURGXFW
/RRNXSBSURGXFW
'HOHWHBSURGXFW
8SGDWHBSURGXFW

3ODFHBRUGHU
&DQFHOBRUGHU
8SGDWHBLQYHQWRU\
&KHFNBLQYHQWRU\

6HUYHU����LQYHQWRU\�6HUYHU����SURGXFWV�
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'LVDGYDQWDJHV�RI�V\QF�&�6
o 6\QFKURQRXV�LQWHUDFWLRQ�UHTXLUHV�ERWK
SDUWLHV�WR�EH�´RQ�OLQHµ��WKH�FDOOHU
PDNHV�D�UHTXHVW��WKH�UHFHLYHU�JHWV�WKH
UHTXHVW��SURFHVVHV�WKH�UHTXHVW��VHQGV�D
UHVSRQVH��WKH�FDOOHU�UHFHLYHV�WKH
UHVSRQVH�

o 7KH�FDOOHU�PXVW�ZDLW�XQWLO�WKH�UHVSRQVH
FRPHV�EDFN��7KH�UHFHLYHU�GRHV�QRW�QHHG
WR�H[LVW�DW�WKH�WLPH�RI�WKH�FDOO��73�
0RQLWRUV��&25%$�RU�'&20�FUHDWH�DQ
LQVWDQFH�RI�WKH�VHUYLFH�VHUYHU��REMHFW
ZKHQ�FDOOHG�LI�LW�GRHV�QRW�H[LVW
DOUHDG\��EXW�WKH�LQWHUDFWLRQ�UHTXLUHV
ERWK�FOLHQW�DQG�VHUYHU�WR�EH�´DOLYHµ�DW
WKH�VDPH�WLPH

&DOO
5HFHLYH

5HVSRQVH
$QVZHU

LGOH�WLPH

o %HFDXVH�LW�V\QFKURQL]HV�FOLHQW�DQG
VHUYHU��WKLV�PRGH�RI�RSHUDWLRQ�KDV
VHYHUDO�GLVDGYDQWDJHV�
Þ FRQQHFWLRQ�RYHUKHDG
Þ KLJKHU�SUREDELOLW\�RI�IDLOXUHV
Þ GLIILFXOW�WR�LGHQWLI\�DQG�UHDFW�WR
IDLOXUHV

Þ LW�LV�D�RQH�WR�RQH�V\VWHP��LW�LV�QRW
UHDOO\�SUDFWLFDO�IRU�QHVWHG�FDOOV
DQG�FRPSOH[�LQWHUDFWLRQV��WKH
SUREOHPV�EHFRPHV�HYHQ�PRUH
DFXWH�
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2YHUKHDG�RI�V\QFKURQLVP
o 6\QFKURQRXV�LQYRFDWLRQV�UHTXLUH�WR
PDLQWDLQ�D�VHVVLRQ�EHWZHHQ�WKH�FDOOHU
DQG�WKH�UHFHLYHU�

o 0DLQWDLQLQJ�VHVVLRQV�LV�H[SHQVLYH�DQG
FRQVXPHV�&38�UHVRXUFHV��7KHUH�LV�DOVR
D�OLPLW�RQ�KRZ�PDQ\�VHVVLRQV�FDQ�EH
DFWLYH�DW�WKH�VDPH�WLPH��WKXV�OLPLWLQJ
WKH�QXPEHU�RI�FRQFXUUHQW�FOLHQWV
FRQQHFWHG�WR�D�VHUYHU�

o )RU�WKLV�UHDVRQ��FOLHQW�VHUYHU�V\VWHPV
RIWHQ�UHVRUW�WR�FRQQHFWLRQ�SRROLQJ�WR
RSWLPL]H�UHVRXUFH�XWLOL]DWLRQ
Þ KDYH�D�SRRO�RI�RSHQ�FRQQHFWLRQV
Þ DVVRFLDWH�D�WKUHDG�ZLWK�HDFK
FRQQHFWLRQ

Þ DOORFDWH�FRQQHFWLRQV�DV�QHHGHG
o :KHQ�WKH�LQWHUDFWLRQ�LV�QRW�RQH�WR�
RQH��WKH�FRQWH[W��WKH�LQIRUPDWLRQ
GHILQLQJ�D�VHVVLRQ��QHHGV�WR�EH�SDVVHG
DURXQG��7KH�FRQWH[W�LV�XVXDOO\�YRODWLOH

UHTXHVW��

GR�ZLWK�DQVZHU

UHFHLYH
SURFHVV
UHWXUQ

VHVVLRQ
GXUDWLRQ

UHTXHVW��

GR�ZLWK�DQVZHU

UHFHLYH
SURFHVV
UHWXUQ

UHFHLYH
SURFHVV
UHWXUQ

UH
SO
LF
DW
HG
�V
HU
YL
FH
V

&RQWH[W�LV�ORVW
1HHGV�WR�EH�UHVWDUWHG��
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)DLOXUHV�LQ�V\QFKURQRXV�FDOOV
o ,I�WKH�FOLHQW�RU�WKH�VHUYHU�IDLO��WKH
FRQWH[W�LV�ORVW�DQG�UHV\QFKURQL]DWLRQ
PLJKW�EH�GLIILFXOW�
Þ ,I�WKH�IDLOXUH�RFFXUUHG�EHIRUH���
QRWKLQJ�KDV�KDSSHQHG

Þ ,I�WKH�IDLOXUH�RFFXUV�DIWHU���EXW
EHIRUH����UHFHLYHU�FUDVKHV���WKHQ
WKH�UHTXHVW�LV�ORVW

Þ ,I�WKH�IDLOXUH�KDSSHQV�DIWHU���EXW
EHIRUH����VLGH�HIIHFWV�PD\�FDXVH
LQFRQVLVWHQFLHV

Þ ,I�WKH�IDLOXUH�RFFXUV�DIWHU���EXW
EHIRUH����WKH�UHVSRQVH�LV�ORVW�EXW
WKH�DFWLRQ�KDV�EHHQ�SHUIRUPHG��GR
LW�DJDLQ"�

o )LQGLQJ�RXW�ZKHQ�WKH�IDLOXUH�WRRN�SODFH
PD\�QRW�EH�HDV\��:RUVH�VWLOO��LI�WKHUH
LV�D�FKDLQ�RI�LQYRFDWLRQV��WKH�IDLOXUH
FDQ�RFFXU�DQ\ZKHUH�

UHTXHVW��

GR�ZLWK�DQVZHU

UHFHLYH
SURFHVV
UHWXUQ

�

�

��

UHTXHVW��

GR�ZLWK�DQVZHU
WLPHRXW
WU\�DJDLQ

GR�ZLWK�DQVZHU

UHFHLYH
SURFHVV
UHWXUQ

�

�

�

UHFHLYH
SURFHVV
UHWXUQ

�·

�·
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)DLOXUH�VHPDQWLFV
o $�JUHDW�GHDO�RI�WKH�IXQFWLRQDOLW\�EXLOW
DURXQG�53&�WULHV�WR�DGGUHVV�WKH
SUREOHP�RI�IDLOXUH�VHPDQWLFV��L�H��
GHWHUPLQH�ZKDW�KDV�KDSSHQHG�DIWHU�D
IDLOXUH

o ([DFWO\�RQFH�VHPDQWLFV�VROYHV�WKLV
SUREOHP�EXW�LW�KDV�KLGGHQ�FRVWV�
Þ LW�LPSOLHV�DWRPLFLW\�LQ�DOO
RSHUDWLRQV

Þ WKH�VHUYHU�PXVW�VXSSRUW�VRPH�IRUP
RI��3&��LI�LW�LV�D�GDWDEDVH��WKHQ
RQH�FDQ�XVH�WKH�;$�LQWHUIDFH�
RWKHUZLVH�RQH�QHHGV�D�73�0RQLWRU
WR�PDNH�WKH�VHUYHU�WUDQVDFWLRQDO

Þ LW�XVXDOO\�UHTXLUHV�D�FRRUGLQDWRU�WR
RYHUVHH�WKH�LQWHUDFWLRQ

o 7KH�PRUH�HOHPHQWV�DUH�LQYROYHG�LQ�DQ
LQWHUDFWLRQ��WKH�KLJKHU�WKH�SUREDELOLW\
WKDW�WKH�LQWHUDFWLRQ�ZLOO�IDLO��D�IDLOXUH
LQ�DQ\RQH�RI�WKH�HOHPHQWV�UHVXOWV�LV
HQRXJK�

o 7KH�PRUH�HOHPHQWV�DUH�UHTXLUHG�WR�EH
DOLYH�IRU�DQ�LQWHUDFWLRQ�WR�VXFFHHG��WKH
PRUH�GLIILFXOW�LW�LV�WR�PDLQWDLQ�WKH
V\VWHP�
Þ HYHQ�LI�LW�LV�PRGXODU��WKH
FRPSRQHQWV�FDQQRW�GR�DQ\WKLQJ
ZLWKRXW�WKH�UHVW�RI�WKH�V\VWHP

Þ XSJUDGHV��FRUUHFWLRQV��JHQHUDO
PDLQWHQDQFH�EHFRPHV�YHU\�GLIILFXOW
EHFDXVH�WKH\�PLJKW�UHTXLUH�WR�VKXW
WKH�V\VWHP�GRZQ
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7ZR�VROXWLRQV
(QKDQFHG�6XSSRUW

o &OLHQW�6HUYHU�PLGGOHZDUH�SURYLGHV�D
QXPEHU�RI�PHFKDQLVPV�WR�GHDO�ZLWK�WKH
SUREOHPV�FUHDWHG�E\�V\QFKURQRXV
LQWHUDFWLRQ�
Þ 7UDQVDFWLRQDO�53&��WR�HQIRUFH
H[DFWO\�RQFH�H[HFXWLRQ�VHPDQWLFV
DQG�HQDEOH�PRUH�FRPSOH[
LQWHUDFWLRQV�ZLWK�VRPH�H[HFXWLRQ
JXDUDQWHHV

Þ 6HUYLFH�UHSOLFDWLRQ�DQG�ORDG
EDODQFLQJ��WR�SUHYHQW�WKH�V\VWHP
IURP�KDYLQJ�WR�VKXW�GRZQ�LI�D
JLYHQ�VHUYLFH�LV�QRW�DYDLODEOH��WKLV
DOVR�JLYHV�D�FKDQFH�WR�PDLQWDLQ�DQG
XSJUDGH�WKH�V\VWHP�ZKLOH�NHHSLQJ
LW�RQOLQH

$6<1&+521286�,17(5$&7,21
o 8VLQJ�DV\QFKURQRXV�LQWHUDFWLRQ���WKH
FDOOHU�VHQGV�D�PHVVDJH�WKDW�JHWV�VWRUHG
VRPHZKHUH�XQWLO�WKH�UHFHLYHU�UHDGV�LW
DQG�VHQGV�D�UHVSRQVH��7KH�UHVSRQVH�LV
VHQW�LQ�D�VLPLODU�PDQQHU

o $V\QFKURQRXV�LQWHUDFWLRQ�FDQ�WDNH
SODFH�LQ�WZR�IRUPV�
Þ QRQ�EORFNLQJ�LQYRFDWLRQ��53&�EXW
WKH�FDOO�UHWXUQV�LPPHGLDWHO\
ZLWKRXW�ZDLWLQJ�IRU�D�UHVSRQVH�
VLPLODU�WR�EDWFK�MREV�

Þ SHUVLVWHQW�TXHXHV��WKH�FDOO�DQG�WKH
UHVSRQVH�DUH�DFWXDOO\�SHUVLVWHQWO\
VWRUHG�XQWLO�WKH\�DUH�DFFHVVHG�E\
WKH�FOLHQW�DQG�WKH�VHUYHU�
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73�0RQLWRUV
o 7KH�SUREOHPV�RI�V\QFKURQRXV
LQWHUDFWLRQ�DUH�QRW�QHZ��7KH�ILUVW
V\VWHPV�WR�SURYLGH�DOWHUQDWLYHV�ZHUH
73�0RQLWRUV�ZKLFK�RIIHUHG�WZR
FKRLFHV�
Þ DV\QFKURQRXV�53&��FOLHQW�PDNHV��D
FDOO�WKDW�UHWXUQV�LPPHGLDWHO\��WKH
FOLHQW�LV�UHVSRQVLEOH�IRU�PDNLQJ�D
VHFRQG�FDOO�WR�JHW�WKH�UHVXOWV

Þ 5HOLDEOH�TXHXLQJ�V\VWHPV��H�J��
(QFLQD��7X[HGR��ZKHUH�LQVWHDG�RI
WKURXJK�SURFHGXUH�FDOOV��FOLHQW�DQG
VHUYHU�LQWHUDFW�E\�H[FKDQJLQJ
PHVVDJHV��0DNLQJ�WKH�PHVVDJHV
SHUVLVWHQW�E\�VWRULQJ�WKHP�LQ
TXHXHV�DGGHG�FRQVLGHUDEOH
IOH[LELOLW\�WR�WKH�V\VWHP

client
service call

get results

server
service

return results

C
lie

nt
 s

tu
b

Se
rv

er
 s

tu
b

RPC support

external
application

external
application

Input  queue

Input 
queue

Output 
queue

Output  queue Reliable
queuing
system
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5HOLDEOH�TXHXLQJ
o 5HOLDEOH�TXHXLQJ�WXUQHG�RXW�WR�EH�D
YHU\�JRRG�LGHD�DQG�DQ�H[FHOOHQW
FRPSOHPHQW�WR�V\QFKURQRXV
LQWHUDFWLRQV�
Þ 6XLWDEOH�WR�PRGXODU�GHVLJQ��WKH
FRGH�IRU�PDNLQJ�D�UHTXHVW�FDQ�EH
LQ�D�GLIIHUHQW�PRGXOH��HYHQ�D
GLIIHUHQW�PDFKLQH���WKDQ�WKH�FRGH
IRU�GHDOLQJ�ZLWK�WKH�UHVSRQVH

Þ ,W�LV�HDVLHU�WR�GHVLJQ�VRSKLVWLFDWHG
GLVWULEXWLRQ�PRGHV��PXOWLFDVW�
WUDQVIHUV��UHSOLFDWLRQ��FRDOHVFLQJ
PHVVDJHV��DQ�LW�DOVR�KHOSV�WR
KDQGOH�FRPPXQLFDWLRQ�VHVVLRQV�LQ
D�PRUH�DEVWUDFW�ZD\

Þ 0RUH�QDWXUDO�ZD\�WR�LPSOHPHQW
FRPSOH[�LQWHUDFWLRQV��VHH�QH[W�

GR�ZLWK�DQVZHUGR�ZLWK�DQVZHU

UHTXHVW��UHTXHVW��

UHFHLYH
SURFHVV
UHWXUQ

queue

queue
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4XHXLQJ�V\VWHPV
o 4XHXLQJ�V\VWHPV�LPSOHPHQW�DV\QFKURQRXV
LQWHUDFWLRQV�

o (DFK�HOHPHQW�LQ�WKH�V\VWHP�FRPPXQLFDWHV�ZLWK
WKH�UHVW�YLD�SHUVLVWHQW�TXHXHV��7KHVH�TXHXHV
VWRUH�PHVVDJHV�WUDQVDFWLRQDOO\��JXDUDQWHHLQJ
WKDW�PHVVDJHV�DUH�WKHUH�HYHQ�DIWHU�IDLOXUHV
RFFXU�

o 4XHXLQJ�V\VWHPV�RIIHU�VLJQLILFDQW�DGYDQWDJHV
RYHU�WUDGLWLRQDO�VROXWLRQV�LQ�WHUPV�RI�IDXOW
WROHUDQFH�DQG�RYHUDOO�V\VWHP�IOH[LELOLW\�
DSSOLFDWLRQV�GR�QRW�QHHG�WR�EH�WKHUH�DW�WKH
WLPH�D�UHTXHVW�LV�PDGH�

o 4XHXHV�SURYLGH�D�ZD\�WR�FRPPXQLFDWH�DFURVV
KHWHURJHQHRXV�QHWZRUNV�DQG�V\VWHPV�ZKLOH�VWLOO
EHLQJ�DEOH�WR�PDNH�VRPH�DVVXPSWLRQV�DERXW�WKH
EHKDYLRU�RI�WKH�PHVVDJHV�

o 7KH\�FDQ�EH�XVHG�HPEHGGHG��ZRUNIORZ��73�
0RQLWRUV��RU�E\�WKHPVHOYHV��046HULHV�
7X[HGR�4��external

application

client

Input  queue

Input  queue Output queue

Output  queue

Reliable queuing system
Monitoring
Administration
Persistent storage
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7UDQVDFWLRQDO�TXHXHV
o 3HUVLVWHQW�TXHXHV�DUH�FORVHO\�WLHG�WR
WUDQVDFWLRQDO�LQWHUDFWLRQ�
Þ WR�VHQG�D�PHVVDJH��LW�LV�ZULWWHQ�LQ�WKH
TXHXH�XVLQJ��3&

Þ PHVVDJHV�EHWZHHQ�TXHXHV�DUH�H[FKDQJHG
XVLQJ��3&

Þ UHDGLQJ�D�PHVVDJH�IURP�D�TXHXH�
SURFHVVLQJ�LW�DQG�ZULWLQJ�WKH�UHSO\�WR
DQRWKHU�TXHXH�LV�DOO�GRQH�XQGHU��3&

o 7KLV�LQWURGXFHV�D�VLJQLILFDQW�RYHUKHDG�EXW�LW
DOVR�SURYLGHV�FRQVLGHUDEOH�DGYDQWDJHV��7KH
RYHUKHDG�LV�QRW�WKDW�LPSRUWDQW�ZLWK�ORFDO
WUDQVDFWLRQV��ZULWLQJ�RU�UHDGLQJ�WR�D�ORFDO
TXHXH��

o 8VLQJ�WUDQVDFWLRQDO�TXHXHV��WKH�SURFHVVLQJ�RI
PHVVDJHV�DQG�VHQGLQJ�DQG�UHFHLYLQJ�FDQ�EH�WLHG
WRJHWKHU�LQWR�RQH�VLQJOH�WUDQVDFWLRQV�VR�WKDW
DWRPLFLW\�LV�JXDUDQWHHG��7KLV�VROYHV�D�ORW�RI
SUREOHPV�

external
application

external
application

Input  queue

Input queue

Output queue

Output queue

�3&

�3&�3&

�3&�3&
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3UREOHPV�VROYHG��,�
6(1',1* 5(&(,9,1*

external
application

�3&

external
application

�3&

0HVVDJH�LV�QRZ�SHUVLVWHQW��,I�WKH�QRGH
FUDVKHV��WKH�PHVVDJH�UHPDLQV�LQ�WKH
TXHXH��8SRQ�UHFRYHU\��WKH�DSSOLFDWLRQ
FDQ�ORRN�LQ�WKH�TXHXH�DQG�VHH�ZKLFK
PHVVDJHV�DUH�WKHUH�DQG�ZKLFK�DUH
QRW��0XOWLSOH�DSSOLFDWLRQV�FDQ�ZULWH�WR
WKH�VDPH�TXHXH��WKHUHE\�´PXOWLSOH[LQJµ
WKH�FKDQQHO�

$UULYLQJ�PHVVDJHV�UHPDLQ�LQ�WKH�TXHXH�
,I�WKH�QRGH�FUDVKHV��PHVVDJHV�DUH�QRW
ORVW��7KH�DSSOLFDWLRQ�FDQ�QRZ�WDNH�LWV
WLPH�WR�SURFHVV�PHVVDJHV��,W�LV�DOVR�
SRVVLEOH�IRU�VHYHUDO�DSSOLFDWLRQV�WR�UHDG
IURP�WKH�VDPH�TXHXH��7KLV�DOORZV�WR
LPSOHPHQW�UHSOLFDWHG�VHUYLFHV��GR�ORDG
EDODQFLQJ��DQG�LQFUHDVH�IDXOW�WROHUDQFH�
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3UREOHPV�VROYHG��,,�
o $Q�DSSOLFDWLRQ�FDQ�EXQGOH�ZLWKLQ�D�VLQJOH
WUDQVDFWLRQ�UHDGLQJ�D�PHVVDJH�IURP�D�TXHXH�
LQWHUDFWLQJ�ZLWK�RWKHU�V\VWHPV��DQG�ZULWLQJ�WKH
UHVSRQVH�WR�D�TXHXH�

o ,I�D�IDLOXUH�RFFXU��LQ�DOO�VFHQDULRV�FRQVLVWHQF\
LV�HQVXUHG�
Þ LI�WKH�WUDQVDFWLRQ�ZDV�QRW�FRPSOHWHG��DQ\
LQWHUDFWLRQ�ZLWK�RWKHU�DSSOLFDWLRQV�LV
XQGRQH�DQG�WKH�UHDGLQJ�RSHUDWLRQ�IURP�WKH
LQSXW�TXHXH�LV�QRW�FRPPLWWHG��WKH
PHVVDJH�UHPDLQV�LQ�WKH�LQSXW�TXHXH�
8SRQ�UHFRYHU\��WKH�PHVVDJH�FDQ�EH
SURFHVVHG�DJDLQ��WKHUHE\�DFKLHYLQJ�H[DFWO\
RQFH�VHPDQWLFV�

Þ ,I�WKH�WUDQVDFWLRQ�ZDV�FRPSOHWHG��WKH
ZULWH�WR�WKH�RXWSXW�TXHXH�LV�FRPPLWWHG�
L�H���WKH�UHVSRQVH�UHPDLQV�LQ�WKH�TXHXH
DQG�FDQ�EH�VHQW�XSRQ�UHFRYHU\�

Þ ,I�UHSOLFDWHG�VHUYLFHV�DUH�XVHG��LI�RQH
IDLOV�DQG�WKH�PHVVDJH�UHPDLQV�LQ�WKH
LQSXW�TXHXH��LW�LV�VDIH�IRU�RWKHU�VHUYLFHV
WR�WDNH�RYHU�WKLV�PHVVDJH�

external
application

Input queue Output queue

�3&

external
application

Input queue Output queue

�3&

0HVVDJH�LV�HLWKHU�UHDG�RU�ZULWWHQ

7KLV�LV�XQGRQH�LI�QHFHVVDU\
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6LPSOH�LPSOHPHQWDWLRQ
o 3HUVLVWHQW�TXHXHV�FDQ�EH�LPSOHPHQWHG
DV�SDUW�RI�D�GDWDEDVH�VLQFH�WKH
IXQFWLRQDOLW\�QHHGHG�LV�H[DFWO\�WKDW�RI
D�GDWDEDVH�
Þ D�WUDQVDFWLRQDO�LQWHUIDFH
Þ SHUVLVWHQFH�RI�FRPPLWWHG
WUDQVDFWLRQV

Þ DGYDQFHG�LQGH[LQJ�DQG�VHDUFK
FDSDELOLWLHV

o 7KXV��PHVVDJHV�LQ�D�TXHXH�EHFRPH
VLPSOH�HQWULHV�LQ�D�WDEOH��7KHVH�HQWULHV
FDQ�EH�PDQLSXODWHG�OLNH�DQ\�RWKHU�GDWD
LQ�D�GDWDEDVH�VR�WKDW�DSSOLFDWLRQV�XVLQJ
WKH�TXHXH�FDQ�DVVLJQ�SULRULWLHV��ORRN
IRU�PHVVDJHV�ZLWK�JLYHQ
FKDUDFWHULVWLFV��WULJJHU�FHUWDLQ�DFWLRQV
ZKHQ�PHVVDJHV�RI�D�SDUWLFXODU�NLQG
DUULYH�«

external
application

Input  queueOutput queue

066* 48(8(
P�

P�

P�

P�
P�

P�

T�
T�

T�
T�

T�
T�
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4XHXHV�LQ�SUDFWLFH
o 7R�DFFHVV�D�TXHXH��D�FOLHQW�RU�D�VHUYHU
XVHV�WKH�TXHXLQJ�VHUYLFHV��H�J����
Þ SXW��HQTXHXH��WR�SODFH�D�PHVVDJH
LQ�D�JLYHQ�TXHXH

Þ JHW��GHTXHXH��WR�UHDG�D�PHVVDJH
IURP�D�TXHXH

Þ PSXW�WR�SXW�D�PHVVDJH�LQ�PXOWLSOH
TXHXHV

Þ WUDQVIHU�D�PHVVDJH�IURP�D�TXHXH�WR
DQRWKHU

o ,Q�73�0RQLWRUV��WKHVH�VHUYLFHV�DUH
LPSOHPHQWHG�DV�53&�FDOOV�WR�DQ
LQWHUQDO�UHVRXUFH�PDQDJHU��WKH�UHOLDEOH
TXHXLQJ�VHUYLFH�

o 7KHVH�FDOOV�FDQ�EH�PDGH�SDUW�RI
WUDQVDFWLRQ�XVLQJ�WKH�VDPH�PHFKDQLVPV
RI�753&��WKH�TXHXLQJ�V\VWHP�XVHV�DQ
;$�LQWHUIDFH�DQG�ZRUNV�OLNH�DQ\�RWKHU
UHVRXUFH�PDQDJHU�

persistent
repository

client
put
…
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put

queue
management

get mput
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$GYDQFHG�IXQFWLRQDOLW\
o 4XHXHV�DOORZ�WR�LPSOHPHQW�FRPSOH[�LQWHUDFWLRQ�SDWWHUQV�EHWZHHQ�PRGXOHV�

Þ ��WR���LQWHUDFWLRQ�ZLWK�IDLOXUH�UHVLOLHQFH
Þ ��WR�PDQ\��PXOWLFDVW��SXW�LQ�D�TXHXH�DQG�WKHQ�VHQG�IURP�WKLV�TXHXH�WR�PDQ\
RWKHU�TXHXHV��WKLV�LV�YHU\�KHOSIXO�IRU�´VXEVFULSWLRQVµ��7KH�IDFW�WKDW�WKH�TXHXHV
DUH�LPSOHPHQWHG�LQ�WKH�GDWDEDVH�HYHQ�KHOSV�ZLWK�SHUIRUPDQFH�VLQFH�WKH�ORJLF�IRU
GLVWULEXWLRQ�FDQ�EH�HPEHGGHG�LQ�WKH�GDWDEDVH�LWVHOI

Þ PDQ\�WR���PDQ\�PRGXOHV�VHQG�WKHLU�UHTXHVW�WR�D�VLQJOH�PRGXOH�WKDW�FDQ�WKHQ
DVVLJQ�SULRULWLHV��UHRUGHU��FRPSDUH��HWF�

Þ PDQ\�WR�PDQ\�DV�LQ�UHSOLFDWHG�VHUYLFHV�IRU�ODUJH�DPRXQW�RI�FOLHQWV
o ,Q�VRPH�FDVHV�TXHXHV�DUH�EHLQJ�XVHG�IRU�LQWHUDFWLRQV�WKDW�DUH�DOVR�RQ�OLQH��,I�WKH
TXHXHV�DUH�IDVW�HQRXJK��OLNH�LQ�D�FOXVWHU��RQH�FDQ�WDNH�DGYDQWDJH�RI�WKH�SURSHUWLHV�RI
TXHXHV�DW�WKH�H[SHQVH�RI�SHUIRUPDQFH��%XLOGLQJ�FRPSXWHU�IDUPV�EHFRPHV�HDVLHU�VLQFH
PHVVDJHV�DUH�RQH�PRUH�HOHPHQW�WKDW�FDQ�EH�PRYHG��FRSLHG�DQG�VWRUHG�

o ,QFRUSRUDWLQJ�TXHXHV�LQWR�GDWDEDVHV�SURYLGHV�GDWDEDVHV�ZLWK�D�YHU\�SRZHUIXO�WRRO�IRU
GHVLJQLQJ�GLVWULEXWHG�DSSOLFDWLRQV��73�OLJKW��
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7\SHV�DQG�PHVVDJHV
o 4XHXHV�DUH�YHU\�XVHIXO�EXW�WKH\�DOVR
KDYH�WKHLU�GLVDGYDQWDJHV�IURP�WKH
SURJUDPPLQJ�SRLQW�RI�YLHZ�
Þ ,Q�53&��WKH�W\SH�RI�WKH�SDUDPHWHUV
H[FKDQJHG�EHWZHHQ�FOLHQW�DQG
VHUYHU�LV�GHWHUPLQHG�E\�WKH�,'/
GHILQLWLRQ�DQG�DYDLODEOH�LQ�WKH
VWXEV��7KH�53&�LQIUDVWUXFWXUH
WDNHV�FDUH�RI�PDUVKDOOLQJ�
XQPDUVKDOOLQJ��VHULDOL]LQJ��HWF�

Þ :KHQ�TXHXHV�DUH�XVHG��WKHUH�LV�QR
,'/�GHWHUPLQLQJ�WKH�LQWHUIDFH��7KH
W\SH�DQG�IRUPDW�RI�WKH�GDWD�LQ�D
TXHXH�PXVW�EH�DJUHHG�XSRQ�EHIRUH
KDQG�EXW�WKH�V\VWHP�GRHV�QRW�KDYH
PXFK�FRQWURO�RYHU�LW

Þ 7KH�UROH�RI�,'/�LV�QRZ�WDNHQ�RYHU
E\�WKH�PHVVDJH�IRUPDW��LW�LV�QRW�LQ
WKH�VWXEV�

o 7KH�ZD\�WR�GHYHORS�D�V\VWHP�LV�DV
IROORZV�
Þ GHILQH�PHVVDJH�IRUPDWV�E\
FUHDWLQJ�FRPSOH[�W\SHV��UHFRUGV�
REMHFWV�

Þ FUHDWH�WKH�TXHXHV�DQG�WKH�DFFHVV
SROLFLHV�IRU�WKRVH�TXHXHV

Þ SURJUDP�WKH�VHUYHU�DQG�FOLHQWV
DFFRUGLQJ�WR�WKH�W\SH�GHILQLWLRQV
RI�WKH�PHVVDJHV

o 7KH�V\VWHP�XVHV�WKH�W\SHV�GHILQHG�IRU
WKH�PHVVDJHV�WR�VHW�XS�WKH�53&�FDOOV
QHHGHG�WR�GR�PDUVKDOOLQJ�
XQPDUVKDOOLQJ��VHULDOL]DWLRQ��HWF�
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%H\RQG�FOLHQW�VHUYHU
o 3HUVLVWHQW�TXHXHV�DUH�PRVW�XVHIXO�ZKHQ
WKH�LQWHUDFWLRQV�DUH�QRW�VLPSOH
FOLHQW�VHUYHU�FDOOV
Þ ZRUNIORZ�SURFHVVHV�FDQ�EH�HDVLO\
LPSOHPHQWHG�DV�D�VHTXHQFH�RI
VHUYLFHV�WKDW�SDVV�PHVVDJHV�WR
HDFK�RWKHU�DORQJ�D�ZHOO�GHILQHG�VHW
RI�TXHXHV

Þ LQIRUPDWLRQ�GLVVHPLQDWLRQ�DQG
HYHQW�QRWLILFDWLRQ�FDQ�EH�GLUHFWO\
DQG�HIILFLHQWO\�LPSOHPHQWHG�RQ�WRS
RI�TXHXHV

Þ SXEOLVK�VXEVFULEH�V\VWHPV�DUH��LQ
HVVHQFH��HYHQW�V\VWHPV
LPSOHPHQWHG�RQ�WRS�RI�PRGLILHG
TXHXLQJ�V\VWHPV

o %HFDXVH�WKHVH�LQWHUDFWLRQV�DUH�DOVR
YHU\�FRPPRQ�DQG�KDYH�LQFUHDVHG�LQ
LPSRUWDQFH��TXHXLQJ�V\VWHPV�DUH�QR
ORQJHU�MXVW�RQH�PRUH�PRGXOH�LQ�73�
0RQLWRUV�EXW�KDYH�EHFRPH�SURGXFWV�LQ
WKHLU�RZQ�ULJKW��H�J���046HULHV�RI
,%0�

o 2QFH�WKH\�EHFDPH�SURGXFWV��TXHXLQJ
V\VWHPV�VWDUWHG�WR�EH�VXEMHFWHG�WR�WKH
VDPH�HYROXWLRQDU\�IRUFHV�DV�RWKHU
IRUPV�RI�PLGGOHZDUH�
Þ LQWHJUDWLRQ�LQ�ODUJHU��PRUH
FRPSUHKHQVLYH�WRROV

Þ HQKDQFHPHQWV�WR�WKH�EDVLF
IXQFWLRQDOLW\�E\�PDNLQJ�WKH�TXHXHV
DFWLYH�SURFHVVLQJ�HQWLWLHV� 
,QIRUPDWLRQ�%URNHUV
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0HVVDJH�EURNHUV
o 0HVVDJH�EURNHUV�DGG�ORJLF�WR�WKH�TXHXHV�DQG�DW
WKH�OHYHO�RI�WKH�PHVVDJLQJ�LQIUDVWUXFWXUH�

o 0HVVDJLQJ�SURFHVVLQJ�LV�QR�ORQJHU�MXVW�PRYLQJ
PHVVDJHV�EHWZHHQ�ORFDWLRQV�EXW�GHVLJQHUV�FDQ
DVVRFLDWH�UXOHV�DQG�SURFHVVLQJ�VWHSV�WR�EH
H[HFXWHG�ZKHQ�JLYHQ�PHVVDJHV�DUH�PRYHG
DURXQG

o 7KH�GRZQVLGH�RI�WKLV�DSSURDFK�LV�WKDW�WKH�ORJLF
DVVRFLDWHG�ZLWK�WKH�TXHXHV�DQG�WKH�PHVVDJLQJ
PLGGOHZDUH�PLJKW�EH�YHU\�GLIILFXOW�WR
XQGHUVWDQG�VLQFH�LW�LV�GLVWULEXWHG�DQG�WKHUH�LV
QR�FRKHUHQW�YLHZ�RI�WKH�ZKROH

message broker core

sender receiver

message broker

with message
brokers, custom
message routing
logic can be
defined at the
message broker
level or at the
queue level

in basic MOM it is
the sender who
specifies the
identity of the
receivers
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3XEOLVK�6XEVFULEH
o 6WDQGDUG�FOLHQW�VHUYHU�DUFKLWHFWXUHV
DQG�TXHXLQJ�V\VWHPV�DVVXPH�WKH�FOLHQW
DQG�WKH�VHUYHU�NQRZ�HDFK�RWKHU
�WKURXJK�DQ�LQWHUIDFH�RU�D�TXHXH�

o ,Q�PDQ\�VLWXDWLRQV��LW�LV�PRUH�XVHIXO�WR
LPSOHPHQW�V\VWHPV�ZKHUH�WKH
LQWHUDFWLRQ�LV�EDVHG�RQ�DQQRXQFLQJ
JLYHQ�HYHQWV�
Þ D�VHUYLFH�SXEOLVKHV
PHVVDJHV�HYHQWV�RI�JLYHQ�W\SH

Þ FOLHQWV�VXEVFULEH�WR�GLIIHUHQW�W\SHV
RI�PHVVDJHV�HYHQWV

Þ ZKHQ�D�VHUYLFH�SXEOLVKHV�DQ�HYHQW�
WKH�V\VWHP�ORRNV�DW�D�WDEOH�RI
VXEVFULSWLRQV�DQG�IRUZDUGV�WKH
HYHQW�WR�WKH�LQWHUHVWHG�FOLHQWV�
WKLV�LV�XVXDOO\�GRQH�LQ�WKH�IRUP�RI
D�PHVVDJH�SXW�LQWR�D�TXHXH�IRU
WKDW�FOLHQW

o SXEOLVK��VXEVFULEH��JHW�����DUH�DOVR�53&
FDOOV�WR�D�UHVRXUFH�PDQDJHU

server
publish
…

client
subscribe
…
get

Publish
check subscriptions
put in queues

Subscription server
List subscriptions 
  for a message type
Subscribe to a 
  message type

subscriptions

subscribe
check subscriptions
put in queues

get
read from queue

Reliable queuing system

RPC support (DCE,
TP-Monitor, …)
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6XEVFULSWLRQ�LQ�PHVVDJH�EURNHUV

message broker

SmartQuotation
adapter

SmartQuotation

SmartForecasting
adapter

SmartForecasting

RFQ processing

1A 6

B C 72 4

3

5

8

at systems startup time (can occur in
any order, but all must occur before
RFQs are executed)

A: subscription to message quote

B: subscription to message
quoteRequest

C: subscription to message newQuote

at run time: processing of a request for
quote.

1: publication of a quoteRequest
message

2: delivery of message quoteRequest

3: synchronous invocation of the
getQuote function

4: publication of a quote message

5: delivery of message quote

6: publication of a newQuote message

7: delivery of message newQuote

8: invocation of the
createForecastEntry procedure


