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/RFNLQJ��/RJJLQJ�	�5HFRYHU\
$UFKLWHFWXUH

'DYLG�&DPSEHOO
0LFURVRIW�&RUS�



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

2YHUYLHZ�RI���[�DUFKLWHFWXUH

n 3DJH�ORFNLQJ�DUFKLWHFWXUH
n 5HFRYHU\�SURWRFROV�SUHGLFDWHG�RQ�SDJH�ORFNLQJ
n 7[�XQGR�WDNHV�SDJHV�EDFN�LQ�WLPH
n 7UDQVDFWLRQDO�ORFNV�FRYHU�SDJH�³DFFHVV´��QR
ODWFKHV�

n )DLUO\�ROG�FRGH�EDVH
n 'HVLJQ�WDUJHW���¶V�0%�RI�5$0���¶V�*%�RI�GLVN�
n 6PDOO�IRRWSULQW��WLJKWO\�FRXSOHG��FRGH�EDVH�

n 2OG�GLVN�UHFRUG�OD\RXW
n ³'HYLFH´�PRGHO�±�ILOH�V\VWHP�LQ�D�ILOH�
n 2SWLPL]HG�IRU�VSDFH��LQIOH[LEOH
n 1R�ZD\�WR�UHSUHVHQW�18//¶V��HWF�



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

*RDOV�	�&RQVWUDLQWV

n $UFKLWHFW�V\VWHP�IRU�QH[W�������\HDUV�
n 1R�³DUFKLWHFWXUDO�KHDGURRP´�LQ���[�GHVLJQ
n 'LGQ¶W�ZDQW�WR�FRPSURPLVH�QHZ�V\VWHP

n .HHS�V\VWHP�UXQQLQJ
n .HSW�V\VWHP�UXQQLQJ�GXULQJ�HQWLUH�LPSOHPHQWDWLRQ
F\FOH�±�PDMRU�HIIRUW��PDMRU�SD\RII

n &RPSDWLELOLW\
n 5HWDLQ�DSSOLFDWLRQ�FRPSDWLELOLW\

n (DVH�RI�XVH
n 0DNH�FRGH�VPDUWHU�UDWKHU�WKDQ�DGG�NQREV



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

$UFKLWHFWXUDO�3KLORVRSK\

n ³&OHDQ�VKHHW´
n 3UHWHQG�OLNH�ZH¶UH�GRLQJ�LW�IURP�VFUDWFK�
n 7KHQ�DSSO\�FRQVWUDLQWV

n 6HSDUDEOH�FRPSRQHQWV
n &DQ�EH�WXQHG�RSWLPL]HG�LQGHSHQGHQWO\

n &OHDQ�LQWHUIDFHV
n 7KH�GHVLJQ�WHDP�HQDEOHG�WKLV

n 5HDO�ZRUOG�H[SHULHQFH�IURP�PXOWLSOH
SURGXFWV



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

:KDW�ZH�FKDQJHG«

n &RPSOHWH�UHGHVLJQ�RI�RQ�GLVN�DUFKLWHFWXUH
n 1HZ�GDWDEDVH�VWUXFWXUH

n )LOHV�LQVWHDG�RI�IRUPHU�³GHYLFH´�PRGHO

n 1HZ�SDJH�VWUXFWXUH
n �.��!��.�SDJH
n +HDGHU�IURP�����!����E\WHV
n )UHH�VSDFH�PJPW��DQG�RWKHU�URZ�ORFNLQJ�HOHPHQWV
n 0HFKDQLVP�WR�GHWHFW�WRUQ�ZULWHV

n 1HZ�URZ�IRUPDW
n ([WHQVLEOH�±�FRPSOH[�W\SHV��VFKHPD�YHUVLRQ��HWF�
n &DQ�QDWLYHO\�UHSUHVHQW�18//¶V



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

&RUH�6(�DUFKLWHFWXUH«

n 5HZURWH�ORFN�PDQDJHU
n 5HZURWH�UHFRYHU\�PDQDJHU
n 5HZURWH�ORJ�PDQDJHU
n 5HZURWH�DOORFDWLRQ�PDQDJHU
n 5HZURWH�'%�DQG�ILOH�,�2�LQWHUIDFH
n 5HZURWH�SDJH�DFFHVV�LQWHUIDFH
n 5HZRUNHG�DFFHVV�PHWKRGV�IRU�URZ�ORFNLQJ
n �<RX�JHW�WKH�LGHD«�



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

$UFKLWHFWXUH�RQ�D�VOLGH

n .H\�UDQJH�LQGH[�ORFNLQJ���DV�RSSRVHG�WR�GDWD
RU�5,'�ORFNLQJ��

n &RQFXUUHQW�7DEOH��3DJH��DQG�5RZ�ORFNLQJ
JUDQXODULWLHV

n $5,(6�EDVHG�UHFRYHU\�SURWRFRO
n /RJLFDO�XQGR���QDYLJDWH�LQGLFHV�WR�SHUIRUP
XQGR��

n 0XOWL�OHYHO�UHFRYHU\
n (QVXUHV�SK\VLFDO�LQGH[�FRQVLVWHQF\�IRU�ORJLFDO
XQGR�SKDVH�



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

.H\�5DQJH�/RFNLQJ

n +RZ�WKH�³JKRVW´�UHFRUG�ZDV�ERUQ«
n ,QLWLDOO\�LPSOHPHQWHG�VWUDLJKW�UDQJH
ORFNLQJ�IRU�GHOHWHG�LQGH[�NH\V�

31 5

Range Lock for (1,5]



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH �

.H\�5DQJH�/RFNLQJ

n /RFNLQJ�RI�HQWLUH�UHVXOWDQW�GHOHWH�UDQJH�WRR
SURKLELWLYH
n 6ROXWLRQ�ZDV�WR�LPSOHPHQW�GHOHWHV�DV�XSGDWHV�
n $OORZV�FRQFXUUHQW�LQVHUWV�LQWR�UDQJH�IRUPHG�E\
GHOHWH

31 5

2

2

X Lock for 3

3’



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

.H\�5DQJH�/RFNLQJ

n &OHDQLQJ�XS�JKRVWHG�NH\V
n &DQ�EH�UHPRYHG�ZKHQ�;�FRYHULQJ�GHOHWH�LV
UHOHDVHG�

n &DQ�EH�UHPRYHG�HQ�PDVVH�ZKHQ�SDJH�/61
��ROGHVW$FWLYH/61

n +DUYHVWHG�ZKHQ�ZH�QHHG�URRP�IRU�DQ
LQVHUW

n $GGHG�D�KDUYHVWHU�WKUHDG�IRU�³VOLGLQJ´�GDWD



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

'\QDPLF�/RFNLQJ

Locking cost

Concurrency cost

Row Page Table

C
o

st

• Row locks are great for concurrency but require lots of
bookkeeping and lock manager calls

• Table locks don’t allow much concurrency
but are cheaper to acquire and manage

• Each has its place



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

3DJH�ORFNLQJ�KDV�LWV�SODFH

n &RQFHUQ��FRVW�RI�ORFNLQJ�DQG�XQORFNLQJ
HDFK�URZ�IRU�D�VFDQ�±�SDUWLFXODUO\�LQGH[
UDQJH�VFDQV��ZKLFK�DUH�GHQVH

n +DYLQJ�SDJHV�LQ�WKH�ORFN�KLHUDUFK\
UHTXLUHV�LQWHQW�ORFNV�IRU�PXOWL�JUDQXODU
ORFNLQJ�

n 7KH�WULFN�LV�KRZ�WR�KDQGOH�SDJH�VSOLWV�



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

3DJHV�LQ�WKH�ORFN�KLHUDUFK\

n :KHQ�D�7[�VSOLWV�D�SDJH��LW�PXVW�PRYH�DOO�LQWHQW�ORFNV
FRUUHVSRQGLQJ�WR�WKH�PRYHG�NH\V�±�HYHQ�WKRVH�IRU
RWKHU�WUDQVDFWLRQV�

1      3      5

4

T1:X

T1:IX

P1

T1:IX

1    3

P1 P2

4    5

T1:X

T2:IX

T2:X



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

Isolation
level

Scan type
(Range,Table,Probe)

# of rows
in scan

# of rows/page

Locking strategy
(Table, Page, Row)

Operation type 
(scan, update)

'\QDPLF�/RFNLQJ

Selectivity

Access Path
Concurrency Level



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

'\QDPLF�/RFNLQJ�([DPSOH

n 6FDQ�LQGH[�DQG�WKHQ
ORRNXS�URZV�EDVHG�XSRQ
VFDQ�
n 8VH�SDJH�ORFNV�WR�VFDQ
LQGH[���FRQWLJXRXV
FRPSDFW�UDQJH�

n 8VH�URZ�ORFNV�ZKHQ�UHDGLQJ
IURP�IL[HG�5,'�EDVH�WDEOH

n 0LQLPL]HV�ORFNLQJ�FRVW�
PD[LPL]HV�FRQFXUUHQF\

n $OO�GRQH�G\QDPLFDOO\
DW�UXQ�WLPH



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

/DWFKLQJ�KXUWV

n +DG�WR�DGG�ODWFKHV�WR�KDQGOH�FRQFXUUHQW
DFFHVV�WR�SDJHV�±�SUHYLRXVO\�FRYHUHG�E\
SDJH�ORFNV�

n 1DwYH�LPSOHPHQWDWLRQ
n /DWFK�XQODWFK�IRU�HDFK�URZ�LQ�VFDQ
n 6DYH�RII�VFDQ�SRVLWLRQ��NH\��IRU�HDFK�URZ
n 7KLV�FDQ�FRVW����¶V�LQVWUXFWLRQV�URZ



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

/DWFKLQJ�KXUWV

n +RZ�ZH�KDQGOHG�WKLV�
n 'RQ¶W�UHOHDVH�ODWFK�IRU�HDFK�URZ
n 5DWKHU�WKDQ�UHOHDVLQJ�ODWFK�ZKHQ�OHDYLQJ�SDJH�
KROG�WKH�ODWFK�LQ�³OD]\´�PRGH�ZLWK�QRWLILFDWLRQ

n :KHQ�QRWLILHG�WKDW�\RXU�OD]\�ODWFK�LV�EORFNLQJ
VRPH�RWKHU�UHTXHVWRU�
n 6DYH�RII�VFDQ�NH\
n 5HOHDVH�OD]\�ODWFK

n 7\SLFDO�FRVW�
n ��/DWFK�DFTXLUH�UHOHDVH�SHU�SDJH��GRQ¶W�KDYH�WR�VDYH�RII
NH\V



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

0XOWL�OHYHO�UHFRYHU\

n 8QGR�LV�ORJLFDO��L�H��XQGR�RI�LQGH[�GHOHWH
LV�QRUPDO�LQGH[�LQVHUW�RSHUDWLRQ�

n 5HTXLUHV�SK\VLFDOO\�FRQVLVWHQW�LQGH[
VWUXFWXUH�WR�SHUIRUP�XQGR�RSHUDWLRQ�

n 6ROXWLRQ��³6\VWHP´�WUDQVDFWLRQV�DQG
PXOWL�OHYHO�UHFRYHU\�SURWRFRO
n 0/5��D�UHFRYHU\�PHWKRG�IRU�PXOWL�OHYHO�V\VWHPV
'DYLG�%��/RPHW��6LJPRG�µ��



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

0XOWL�OHYHO�UHFRYHU\

n ,QGH[�VSOLWV�SHUIRUPHG�XQGHU�ODWFKHV�WR
SURYLGH�LVRODWLRQ�

n 7UHH�LV�LQFRQVLVWHQW�GXULQJ�VSOLW
n 'DWDEDVH�KDV���FRQVLVWHQF\�VWDWHV�

n ,QFRQVLVWHQW
n 3K\VLFDOO\�FRQVLVWHQW
n 7UDQVDFWLRQDOO\�FRQVLVWHQW



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

0XOWL�OHYHO�UHFRYHU\

n &UDVK�GXULQJ�VSOLW

1 3 5 7

Redo phase - inconsistent

Undo system Xacts – 
physically consistent

Undo user Xacts – 
X-actional consistency

5 7

4



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

:DUP�6WDQGE\�6HUYHU

n &RS\�DQG�DSSO\�ORJ�WR�UHPRWH�VHUYHU
n 'LVDVWHU�UHFRYHU\��UHSRUWLQJ��HWF�

Primary
Server

Warm
Standby
Server

Tx Logs



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

:DUP�VWDQGE\�VHUYHU

n ��[�DOJRULWKP
n &RS\�ORJ
n 3HUIRUP�UHFRYHU\

n 5HGR
n ,GHQWLI\�ORVHUV
n 8QGR�ORVHUV�E\�WDNLQJ�SDJHV�³EDFN´�LQ�WLPH

n &RS\�ORJ«��1HZ�ORJ�GXPS�FRQWDLQV�GDWD
IRU�SUHYLRXV�ORVHU�7[¶V�



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

:DUP�VWDQGE\�VHUYHU�±�����,VVXH

n 7KH�SUREOHP�
n &RS\�ORJ
n 3HUIRUP�UHGR
n 8QGR�JHQHUDWHV�FRPSHQVDWLQJ�DFWLRQ�DQG
WDNHV�SDJHV�WR�SRLQW�ZKHUH�VXEVHTXHQW
UHGR�ZLOO�IDLO�

n 7KRXJKW�DERXW�SK\VLFDO�XQGR
n &RPSOLFDWHG
n 1RW�UXQQLQJ�VDPH�FRGH�DV�³UHDO´�WLPH



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

:DUP�VWDQGE\�VHUYHU�±�����LVVXH

n 7KH�VROXWLRQ��&RS\�RQ�ILUVW�XQGR�UHIHUHQFH
n $OJRULWKP�

n &RS\�ORJ
n &RS\�SDJHV�IURP�VLGH�ILOH
n 3HUIRUP�UHGR��UHFRUG�UHGR/DVW/61
n 3HUIRUP�XQGR

n ,I�SDJH/61���UHGR/DVW/61�FRS\�SDJH�WR�VLGH�ILOH

n %DFN�WR�VWHS��



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

4$�7HVWLQJ

n )DLO�)DVW
n ,I�VRPHWKLQJ¶V�ZURQJ�GRQ¶W�FRQWLQXH�ZLWK�EDG
VWDWH

n &RGH�5HYLHZV
n 3HHU�UHYLHZV�RI�DOO�FKHFNLQV�
n 0RUH�GHWDLOHG�UHYLHZV�RI�QHZ�VXEV\VWHPV

n $VVHUWLRQV�$VVXPSWLRQ�FKHFNV
n 0RUH�WKDQ�SDUDPHWHU�YDOLGDWLRQ�
n /DWFK�HQIRUFHPHQW��PHPRU\�SURWHFW�XQODWFKHG
SDJHV�

n $VVHUW�WKDW�SURSHU�ORFNV�KHOG�RQ�DOO�PRGLILFDWLRQV



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

4$�7HVWLQJ
n ³6(�6WUHVV´

n +LJKO\�FRQFXUUHQW�ZRUNORDG�ZLWK�VWUHVV�LQGXFWLRQ
n &OLHQWV�UDQGRPO\�FDQFHOLQJ�TXHULHV�DQG�EHLQJ
NLOOHG�

n 5$*6
n 5DQGRP�TXHU\�JHQHUDWRU
n 5HVXOWV�FDQ�EH�FRPSDUHG�ZLWK�ROG�UHOHDVH
n 5DQ�LQ�VLQJOH�XVHU�DQG�FRQFXUUHQW�PRGH

n 64/�³.LOOHU´
n 2/73�ZRUNORDG�ZLWK�EDFNXS�DQG�ORJ�EDFNXS
n 5DQGRPO\�NLOO�DQG�UHFRYHU
n 5HVWRUH�DQG�UHFRYHU�DQG�FRPSDUH�UHVXOWV
n 5XQV�IRU�ZHHNV«



64/�6HUYHU�����/RFNLQJ��/RJJLQJ
	�5HFRYHU\�$UFKLWHFWXUH ��

4$�7HVWLQJ

n )DLOSRLQWV
n ,QGXFH�IDLOXUHV�DW�LQWHUHVWLQJ�SRLQWV�

n ,Q�PLGGOH�RI�%�7UHH�VSOLW
n $W�LQWHUHVWLQJ�SRLQWV�LQ���SKDVH�FRPPLW�SURWRFRO

n ([FHSWLRQ�LQGXFWLRQ
n 7KURZV�ORZ�OHYHO�H[FHSWLRQV���RXW�RI�PHPRU\��ORJ
IXOO��ORFN�UHTXHVW�FDQFHOOHG��,�2�IDLOXUH���IURP
HYHU\�UHDFKDEOH�FDOO�SDWK�

n )LQGV�KDUG�EXJV�WKDW�RWKHUZLVH�ZRXOGQ¶W�EH�IRXQG
LQ�KRXVH�

n 3OD\EDFN�WHVWLQJ
n ���¶V�RI�UHDO�OLIH�FRQFXUUHQW�FXVWRPHU�ZRUNORDGV


