
/582:�+/6�

$�+LJK�OHYHO�
6HUYLFH�RI�WKH�
-�((�$FWLYLW\�
6HUYLFH

7KRPDV�0LNDOVHQ��,VDEHOOH�5RXYHOORX��6WHIDQ�7DL
$GYDQFHG�(QWHUSULVH�0LGGOHZDUH
,%0�7�-��:DWVRQ�5HVHDUFK�&HQWHU

+DZWKRUQH��1HZ�<RUN
6HSWHPEHU���������



LRUOW HLS

2YHUYLHZ

7KH�3UREOHP
7KH�/582:�$SSURDFK
7KH�$FWLYLW\�6HUYLFH�LQ�D�1XWVKHOO
/582:�+LJK�OHYHO�6HUYLFH



LRUOW HLS

7KH�3UREOHP

3URYLGLQJ�WUDQVDFWLRQDOWUDQVDFWLRQDO��SURSHUWLHVSURSHUWLHV�IRU�
ORQJ�UXQQLQJORQJ�UXQQLQJ��EXVLQHVV�SURFHVVHV



LRUOW HLS

7KH�3UREOHP��FRQW��

$�VLPSOH�EXVLQHVV�SURFHVV�

6WHS�$�PDQLSXODWHV�
VRPH�REMHFW�;
6WHS�%�PDQLSXODWHV�
VRPH�REMHFW�<

:H�ZRXOG�OLNH�WR�H[HFXWH�WKH�HQWLUH�
SURFHVV�DV�DQ�DWRPLF��LVRODWHG�DFWLRQ

Step A
{update X}

Step B
{update Y}



LRUOW HLS

7KH�3UREOHP��FRQW��

:H�FRXOG�WUHDW�WKH�HQWLUH�SURFHVV�DV�
DQ�$&,'�WUDQVDFWLRQ�

7KH�SUREOHP�
LQWURGXFHV�WHPSRUDO�WHPSRUDO�
GHSHQGHQFLHVGHSHQGHQFLHV�EHWZHHQ�;�DQG�<
ERWK�;�DQG�<�KDYH�WR�EH�DYDLODEOH�DW�DYDLODEOH�DW�
WKH�VDPH�WLPHWKH�VDPH�WLPH
;�KROGV�ORFNVKROGV�ORFNV�XQWLO�WKH�HQWLUH�SURFHVV�
FRPSOHWHV

ACID Transaction

Step A
{update X}

Step B
{update Y}



LRUOW HLS

7KH�3UREOHP��FRQW��

:H�FRXOG�H[HFXWH�HDFK�VWHS�DV�D�
VHSDUDWH�WUDQVDFWLRQ�

7KH�3UREOHP�
WKH�SURFHVV�LV�
QR�ORQJHU�DWRPLFQR�ORQJHU�DWRPLF
WKH�SURFHVV�LV�QR�ORQJHU�LVRODWHGQR�ORQJHU�LVRODWHG

ACID TransactionACID Transaction

Step A
{update X}

Step B
{update Y}



LRUOW HLS

7KH�3UREOHP��FRQW��

:H�FRXOG�XVH�FRPSHQVDWLRQ�VWHSVFRPSHQVDWLRQ�VWHSV�

7KH�SUREOHP�
FRPSHQVDWLRQ�VWHSV�DUH�GLIILFXOW�WR�GLIILFXOW�WR�
JHW�ULJKWJHW�ULJKW
OLPLWHG�VXSSRUWOLPLWHG�VXSSRUW�IRU�FRPSHQVDWLRQ�LQ�
H[LVWLQJ�V\VWHPV

ACID TransactionACID Transaction

Step A
{update X}

Step B
{update Y}

ACID Transaction

Step A’
{update X}



LRUOW HLS

7KH�/582:�$SSURDFK

7KH�/RQJ�UXQQLQJ�8QLW�RI�:RUN/RQJ�UXQQLQJ�8QLW�RI�:RUN�
�/582:/582:��DSSURDFK�DGGUHVVHV�WKH�
SUREOHP�E\�DOORZLQJ�D�ORQJ�UXQQLQJORQJ�UXQQLQJ�
EXVLQHVV�SURFHVV�WR�H[HFXWH�DV�PXOWLSOH��PXOWLSOH��
WUDQVDFWLRQDO��$&,'��VWHSVWUDQVDFWLRQDO��$&,'��VWHSV��ZKLOH�
SURYLGLQJ�LVRODWLRQ�LVRODWLRQ�DQG�DWRPLFLW\�DWRPLFLW\�IRU�WKH�
SURFHVV�DV�D�ZKROH�



LRUOW HLS

/582:�$SSURDFK��FRQW��

(DFK�VWHS�H[HFXWHV�DV�DQ�$&,'�
WUDQVDFWLRQ�ZLWKLQ�WKH
FRQWH[W�RI�VRPH�
/582:

WKH�HIIHFW�RI�HDFK�VWHS�LV�YLVLEOH�RQO\�
WR�RWKHU�VWHSV�H[HFXWLQJ�LQ�WKH�VDPH�/582:
FRQFXUUHQWO\�H[HFXWLQJ�VWHSV�ZLWKLQ�WKH�VDPH�
/582:�EHKDYH�DV�FRQFXUUHQWO\�H[HFXWLQJ�$&,'�
WUDQVDFWLRQV

LRUOW

ACID TransactionACID Transaction

Step A
{update X}

Step B
{update Y}



LRUOW HLS

/582:�$SSURDFK��FRQW��

(DFK�/582:�FRQWH[W�FUHDWHV�D�
YHUVLRQ�VSDFHYHUVLRQ�VSDFH�

VWHSV�PDQLSXODWH�YHUVLRQHGYHUVLRQHG�
REMHFWV
WKH�LQLWLDO�VWDWH�RI�DQ�REMHFW�LV�
WKH�YHUVLRQ�VWDWH�DVVRFLDWHG�ZLWK�WKH
JOREDO�YHUVLRQ�VSDFHJOREDO�YHUVLRQ�VSDFH
ZKHQ�D�/582:�FRPSOHWHV��LWV�YHUVLRQ�VSDFH�LV�
UHFRQFLOHGUHFRQFLOHG�ZLWK�WKH�JOREDO�YHUVLRQ�VSDFH

LRUOW  - version space V

ACID TransactionACID Transaction

Step A
{update XV}

Step B
{update YV}



LRUOW HLS

/582:�$SSURDFK��FRQW��

/582:�FRQWH[WV��DQG�DVVRFLDWHG�
YHUVLRQ�VSDFHV��FDQ�
EH�QHVWHGQHVWHG

WKH�LQLWLDO�VWDWH�RI�DQ�REMHFW�
LV�WKH�YHUVLRQ�VWDWH�DVVRFLDWHG
ZLWK�WKH�SDUHQW
V�YHUVLRQ�VSDFH
ZKHQ�DQ�QHVWHG�/582:�FRPSOHWHV��LWV�YHUVLRQ�
VSDFH�LV�UHFRQFLOHG�ZLWK�LWV�SDUHQW
V�YHUVLRQ�VSDFH

LRUOW 1 - version space 1

LRUOW 1.1 - version space 1.1

ACID TransactionACID Transaction

Step A
{update X1.1}

Step B
{update Y1.1}

ACID Transaction

Step C
{update X1}



LRUOW HLS

/582:�$SSURDFK��FRQW��

7KH�WULFN�LV
9HUVLRQ�6SDFH�5HFRQFLOLDWLRQ9HUVLRQ�6SDFH�5HFRQFLOLDWLRQ

7ZR�JHQHUDO�DSSURDFKHV
5HSOD\5HSOD\
ORJ�RSHUDWLRQV�SHUIRUPHG�RQ�REMHFWV�LQ�FKLOG�
YHUVLRQ�VSDFH
UHSOD\�ORJJHG�RSHUDWLRQV�LQ�SDUHQW�YHUVLRQ�
VSDFH

&RQIOLFW�'HWHFWLRQ&RQIOLFW�'HWHFWLRQ��DQG��5HVROXWLRQ�5HVROXWLRQ��&'�5&'�5�
GHWHFW�REMHFW�YHUVLRQ�FRQIOLFWV
DSSO\�DOJRULWKPV�WR�UHVROYH�FRQIOLFWV�



LRUOW HLS

7KH�-�((�$FWLYLW\�6HUYLFH�LQ�D�
1XWVKHOO

7KH�-�((�$FWLYLW\�6HUYLFH-�((�$FWLYLW\�6HUYLFH��$6$6��SURYLGHV�
D�IUDPHZRUN�IRU�FRQVWUXFWLQJ�
LQWHURSHUDEOH��GLVWULEXWHG�DFWLYLW\�
FRRUGLQDWLRQ�VHUYLFHV



LRUOW HLS

-�((�$FWLYLW\�6HUYLFH��FRQW��

$�SDUWLFXODU�DFWLYLW\�FRRUGLQDWLRQ�
VHUYLFH�LV�FDOOHG�D�+LJK�OHYHO�6HUYLFH+LJK�OHYHO�6HUYLFH�
�+/6+/6�

([DPSOHV�RI�DQ�+/6�LQFOXGH
ORQJ�UXQQLQJ���H[WHQGHG�
WUDQVDFWLRQ�VHUYLFHV
ZRUNIORZV�HQJLQHV



LRUOW HLS

-�((�$FWLYLW\�6HUYLFH��FRQW��

$Q�DSSOLFDWLRQ�SURFHVV�LV�VSOLW�
LQWR�PXOWLSOH�VWHSVPXOWLSOH�VWHSV

HDFK�VWHS�LV�HLWKHU�D
WUDQVDFWLRQWUDQVDFWLRQ��RU�DQ�DFWLYLW\DFWLYLW\

-7$�FRRUGLQDWHV�WUDQVDFWLRQV
WKH�+/6�SURYLGHV�WKH�ORJLF�WR�FRRUGLQDWH�LWV�
DFWLYLWLHV

WKH�RYHUDOO�DSSOLFDWLRQ�SURFHVV��H�J���$FWLYLW\�$��FDQ�
EHFRPH��WUDQVDFWLRQDO��DFFRUGLQJ�WR�WKH�VHPDQWLFV�RI�
WKH�SDUWLFXODU�+/6

Activity A

Activity B

Activity CTransaction 1 Transaction 2



LRUOW HLS

-�((�$FWLYLW\�6HUYLFH��FRQW��

7KH�$6�SURYLGHV�D�JHQHULF�VLJQDOLQJ�
PHFKDQLVP�WR�FRRUGLQDWH�
+/6�DFWLYLWLHV
�� $Q�+/6�UHJLVWHUV�$FWLRQV$FWLRQV�ZLWK�
6LJQDO6HWV6LJQDO6HWV�

$Q�$FWLRQ�UHSUHVHQWV�D�SDUWLFLSDQW�LQ�DQ�
DFWLYLW\��D�6LJQDO6HW�GHILQHV�D�VHW�RI�UHODWHG�
FRRUGLQDWLRQ�HYHQWV��FDOOHG�6LJQDOV��DQG
SURYLGHV�ORJLF�WKDW�GHWHUPLQHV�WKH�RUGHU
LQ�ZKLFK�6LJQDOV�DUH�SURGXFHG�DQG�KRZ
WKH�RXWFRPH�RI�VLJQDOHG�$FWLRQV�DUH�SURFHVVHG

��:KHQ�WKH�+/6�GHFLGHV�WR�FRPSOHWH�DQ�DFWLYLW\�
�� WKH�$6�UHWULHYHV�6LJQDOV�IURP�WKH�+/6
V�6LJQDO6HW��DQG�IRU�HDFK�6LJQDO
�� �D��GLVWULEXWHV�WKH�6LJQDO�WR�HDFK�$FWLRQ�UHJLVWHUHG�ZLWK�WKH�6LJQDO6HW
�E��SURYLGHV�WKH�6LJQDO6HW�ZLWK�WKH�RXWFRPH�RI�HDFK�VLJQDOHG�$FWLRQ�

��:KHQ�WKH�6LJQDO6HW�LV�ILQLVKHG�SURGXFLQJ�6LJQDOV��WKH�$6�UHWULHYHV�WKH�
ILQDO�RXWFRPH��

SignalSet
(HLS)

XAResourceActiion
XAResourceActiion

Action
(HLS)

XAResource
XAResource

Application
Component

3:   getSignal(),
4b: setResult(),
5:   getOutcome() ActivityCoordinator

(AS)

4a: processSignal()

ServiceManager
(HLS)

1: addAction(),
2: completeActivity()



LRUOW HLS

-�((�$FWLYLW\�6HUYLFH��FRQW��

$Q�+/6�SOXJV�LQWR�WKH�$6�DQG�
&RQWDLQHU

Activity Service

High-level service

HLS
SignalSet

HLS container interface HLS application interface

HLS
 ServiceManager

HLS
Action

App. Server / Container

Activity Manager UserActivity

Application

Application
Object

ActivityCoordinator



LRUOW HLS

/582:�+LJK�OHYHO�6HUYLFH

7KH�/582:/582:�DSSURDFK�FDQ�EH�
LPSOHPHQWHG�DV�D�+LJK�OHYHO�6HUYLFHDV�D�+LJK�OHYHO�6HUYLFH�RI�
WKH�-�((�$FWLYLW\�6HUYLFH



LRUOW HLS

/582:�+/6��FRQW��

:H�PRGHO�HDFK�/582:
FRQWH[W�DV�DQ�DFWLYLW\
DQG�H[HFXWH�HDFK�
EXVLQHVV�SURFHVV�VWHS�
ZLWKLQ�D�WUDQVDFWLRQ�
�

LRUOW Activity 1

LRUOW Activity 1.1

JTA TransactionJTA Transaction

Step A
{update X1.1}

Step B
{update Y1.1}

JTA Transaction

Step C
{update X1}



LRUOW HLS

/582:�+/6��FRQW��

$Q�/582:�DFWLYLW\�KDV�DQ�LPSOLFLW�
UHFRQFLOH�VWHSUHFRQFLOH�VWHS�
WKH�UHFRQFLOH�VWHS�H[HFXWHV
WR�UHFRQFLOH�WKH�/582:
V
YHUVLRQ�VSDFH
WKH�UHFRQFLOH�VWHS�H[HFXWHV�
DV�D�WUDQVDFWLRQ
WKH�UHFRQFLOH�VWHS�FDQ�IDLO

WKH�DSSOLFDWLRQ�FDQ�LQLWLDWH�DGGLWLRQDO�VWHSV�WR�
DGGUHVV�FRUUHFW�WKH�IDLOXUH

LRUOW Activity 1.1

JTA Transaction

Step A
{update X1.1}

JTA Transaction

Step B
{update Y1.1}

JTA Transaction

Reconcile
{X.reconcile();
Y.reconcile()}



LRUOW HLS

/582:�+/6��FRQW��

9HUVLRQHG�REMHFWV�DUH�
PRGHOHG�DV�YHUVLRQHG�YHUVLRQHG�
UHVRXUFH�PDQDJHUV�UHVRXUFH�PDQDJHUV��950950V�

D�950�VXSSRUWV�WKUHH�LQWHUIDFHV
WKH�YHUVLRQ�VSDFH�LQWHUIDFHYHUVLRQ�VSDFH�LQWHUIDFH��96,96,��
WKH�-7$�;$5HVRXUFH�LQWHUIDFH�
DQ�DSSOLFDWLRQ�SURJUDP�LQWHUIDFH�
�H�J���64/�

VRM

VSI

XA

API



LRUOW HLS

/582:�+/6��FRQW��

DSSOLFDWLRQ�VWHSV�XVH�WKH�
$3,�WR�PDQLSXODWH�
YHUVLRQHG�REMHFWV

D�WUDQVDFWLRQ�PDQDJHU�
XVHV�WKH�-7$�;$�LQWHUIDFH�
WR�FRRUGLQDWH�WUDQVDFWLRQV

WKH�/582:�VHUYLFH�PDQDJHU�XVHV�
WKH�96,�WR�HVWDEOLVK�DQG�UHFRQFLOH�
YHUVLRQ�VSDFHV

VRM

VSI

XA

API

LRUOW Activity

JTA Transaction

Step



LRUOW HLS

/582:�+/6��FRQW��

96,�YHUEV
YVLBVWDUW�YVLBVWDUW�YVLGYVLG�����VWDUW��RU�UHVXPH��ZRUN�
ZLWKLQ�D�YHUVLRQ�VSDFH
YVLBHQG�YVLBHQG�YVLGYVLG�����HQG��RU�VXVSHQG��ZRUN�
ZLWKLQ�D�YHUVLRQ�VSDFH
YVLBUHFRQFLOH�YVLBUHFRQFLOH�YVLGYVLG�����UHFRQFLOH�ZRUN�
SHUIRUPHG�ZLWKLQ�D�YHUVLRQ�VSDFH�
YVLBDEDQGRQ�YVLBDEDQGRQ�YVLGYVLG�����DEDQGRQ�ZRUN�
SHUIRUPHG�ZLWKLQ�D�YHUVLRQ�VSDFH



LRUOW HLS

ZKHQ�PXOWLSOH�950V�DUH�DFFHVVHG�
ZLWKLQ�DQ�/582:��HDFK
950��UHSUHVHQWV
D�VXEVHW�RI�WKH
DVVRFLDWHG�YHUVLRQ�
VSDFH

/582:�+/6��FRQW��

LRUOW Activity 1.1

JTA Transaction

Step A
{update X1.1}

VRM
X

XA

API

VSI

JTA Transaction

Step B
{update Y1.1}

VRM
Y

XA

API

VSI



LRUOW HLS

H[HFXWLQJ�WKH�UHFRQFLOH�VWHS�DV�D��
WUDQVDFWLRQ�HQVXUHV�WKDW�
WKH�HQWLUH�YHUVLRQ
VSDFH�LV�
UHFRQFLOHG�
DV�DQ�DWRPLF�DFWLRQ�

/582:�+/6��FRQW��

LRUOW Activity 1.1

JTA Transaction

Step A
{update X1.1}

VRM
X

XA

API

VSI

JTA Transaction

Step B
{update Y1.1}

VRM
Y

XA

API

VSI

JTA Transaction

Reconcile



LRUOW HLS

7KH�/582:�+/6�XVHV�WKH�VLJQDO�VLJQDO�
EURDGFDVWEURDGFDVW�IHDWXUH�RI�WKH�$6�WR�
LPSOHPHQW�UHFRQFLOH�VWHSV

/582:�+/6��FRQW��



LRUOW HLS

ZKHQ�ILUVW�DFFHVVHG��D�950�EHFRPHV�D�
SDUWLFLSDQW�LQ�WKH�/582:�DFWLYLW\�E\�
DGGLQJ�D�5HFRQFLOH$FWLRQ5HFRQFLOH$FWLRQ�WR�WKH�
5HFRQFLOH6LJQDO6HW5HFRQFLOH6LJQDO6HW�DVVRFLDWHG�ZLWK�WKH�
/582:
V�DFWLYLW\����

/582:�+/6��FRQW��



LRUOW HLS

/582:�+/6��FRQW��

LRUOW Activity 1.1

JTA TransactionJTA Transaction

Step A
{update X1.1}

Step B
{update Y1.1}

VRM
X

VRM
y

ReconcileAction
X

ReconcileAction
Y

ReconcileSignal
Set



LRUOW HLS

/582:�+/6��FRQW��

WR�UHFRQFLOH�WKH�YHUVLRQ�VSDFH�
DVVRFLDWHG�ZLWK�DQ�/582:��WKH�
UHFRQFLOH�VWHS�EURDGFDVWV�
5HFRQFLOH6LJQDO5HFRQFLOH6LJQDOV�WR�DOO�UHJLVWHUHG�
5HFRQFLOH$FWLRQV����



LRUOW HLS

LRUOW Activity 1.1

JTA TransactionJTA Transaction

Step A
{update X1.1}

Step B
{update Y1.1}

VRM
X

VRM
y

ReconcileAction
X

ReconcileAction
Y

ReconcileSignal
Set

JTA Transaction

Reconcile

/582:�+/6��FRQW��



LRUOW HLS

/582:�+/6��FRQW��

D�5HFRQFLOH$FWLRQ�SURGXFHV�DQ�
RXWFRPHRXWFRPH�WR�WKH�5HFRQFLOH6LJQDO
5HFRQFLOHG2XWFRPH5HFRQFLOHG2XWFRPH
)DLOHG7R5HFRQFLOH2XWFRPH)DLOHG7R5HFRQFLOH2XWFRPH

LI�DQ\�5HFRQFLOH$FWLRQ�SURGXFHV�WKH�
)DLOHG7R5HFRQFLOH2XWFRPH��WKH�
UHFRQFLOH�VWHS�LV�UROOHG�EDFN



LRUOW HLS

/582:�+/6��FRQW��

WR�UHFRQFLOH�D�QHVWHG�/582:�DFWLYLW\��
FRUUHVSRQGLQJ�5HFRQFLOH$FWLRQV5HFRQFLOH$FWLRQV�DUH�
DGGHG�WR�WKH�5HFRQFLOH6LJQDO6HW5HFRQFLOH6LJQDO6HW�
DVVRFLDWHG�ZLWK�WKH�SDUHQW�/582:
V�
DFWLYLW\�����



LRUOW HLS

/582:�+/6��FRQW��

LRUOW Activity 1

VRM
X

VRM
y

ReconcileAction
X

ReconcileAction
Y

ReconcileSignal
Set

LRUOW Activity 1.1

ReconcileAction
X

ReconcileAction
Y

ReconcileSignal
Set



LRUOW HLS

/582:�+/6��FRQW��

$SSOLFDWLRQV�DFFHVV�950V�LQGLUHFWO\�
WKURXJK��950$GDSWHU950$GDSWHUV
DGDSWHUV�DUH�W\SLFDOO\�ERXQG�WR�-1',�
QDPHV
DGDSWHUV�HQOLVW�GHOLVW�WKH�FDOOLQJ�WKUHDG�
LQ�WKH�DSSURSULDWH�WUDQVDFWLRQ�DQG�
/582:�FRQWH[W



LRUOW HLS

/582:�+/6��FRQW��

IRU�GDWDEDVH�950V��WKH�DGDSWHU�LV�
PRGHOHG�DIWHU�-'%&�'DWD6RXUFH
H�J���9HUVLRQHG'DWD6RXUFH�

IRU�RWKHU�950V��WKH�DGDSWHU�LV�
PRGHOHG�XVLQJ�-&$��-�((�&RQQHFWRU�
$UFK���5HVRXUFH�$GDSWHUV
H�J���9HUVLRQHG�;0/�&ROOHFWLRQ�
$GDSWHU


