Buffer Management




Idea: Minimize the count of disk I/Os by keeping
likely-to-be-requested pages in memory (buffer frames)
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Page Requests from Higher Levels

BUFFER POOL ¢

disk page ‘
free frame | - ‘
______ MAINMEMORY % .\ .~ ..
DISK choice of frame dictated
DB by replacement policy

= Data must be in RAM for DBMS to operate on it!
= Buffer Mgr hides the fact that not all data is in RAM
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1. frameli£¥

® Dirty
o Frame R E B E LW IE
® Pin-count
o FramefRHI B E#MIERFH AL RBERMAVITE, BIXHEIRA P

m *Others
o Latch: E& 0
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2. SESRBRET

m If the requested block is not in the pool:

o Choose a frame for replacement

o If the frame is dirty (some blocks are modified and
havent been written to the disk), write it to the disk

o Read the requested block into the chosen frame

m Pin (increment the pin-count of the frame) the block and
return its address.
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2. SFENRAE

B Requestor must vnp/n the frame containing the
block

B Requestor must indicate whether block has been
modified:

o dirty bit is used for this.
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=\ BAXERERE

® Frame is chosen for replacement by a rep/acement
policy:

o Least-recently-used (LRU), Clock, FIFO, MRU (Most-
recently-used) etc.

= Only frames whose pin-count=0 are candidates

= Policy can have big impact on # of I/0’s; depends
on the access pattern.
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=\ EBAXERER
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1. LRU

® LRU (Oracle, Sybase, Informix)
o FrEframeizRFIE—XiGEIFTEHEFIRE— 1 8&3=

LRU — A
A md  mapy

o ETHiEEEP(Temporal Locality) {Ri%: HEHIEGOIMERRSHONEHRES. S22k
LRUix I frame

m Pros
o Works well for repeated access to popular pages
o O(1) complexity for victim selection
m Cons:
o ZEFSH(Sequential flooding): LRU + repeated sequential scans.
BRI EEENLRUSER, HAMEEE
WMRGEIAHEREFHERE, WitgERE
REFEJIE—RTIE], NEEHEME

© © ©
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2\ LRU‘K

B LRUAEEframeifoiHnE, 148
B LRU-K: SiRENMframefiz e BuEEI TKRUUE, MMYEREAER

° Zﬁ-FFZ/I\LRusﬁi F\;ﬁiﬁrﬂﬂm
o I EHERBUNFKRE
o IPRBERBKRIA LR s
o 1 LRU
o ticIZBBLRUKER E Ha ; TR
INFKORBIER =\, e
_ X . LRU - . B e B
o RIUEESNE]AITIRER R Sk 3
E:Ebulfferl:l:l - 3. Kk R s 10
o SEIOFRAH -
o KHIE#AHEF, LRU-2 fEERT ;
o B EBEHIMIRIHERS \,

J R BRI S

E. O'Neil, P. O’Neil, G. Weikum: The LRU-K Page Replacement Algorithm for Database Disk Buffering, SIGMOD 1993, pp. 297-306
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3. 2Q

B 5LRU-23{i0, ARIZAETF 751 1XIBASIKHFIFO,
mAzELRU
_\:.ﬁmm

3. i A

4, BEih s

FIFORAFI LRUBLF

J 2. B ERE
5. “Iﬁﬂ;tﬁﬁ—?

T. Johnson, D. E. Shasha: 2Q: A Low Overhead High Performance Buffer Management Replacement Algorithm. VLDB 1994: 439-450
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4. Second-Chance FIFO

m fi5frametAFIFO#3R, S frameMiin—/ bitfi, #&H0. HFOTIE
};}i?&iﬁniiﬁﬂ#iﬂu, R EIFIEE. REDIMIN1INFORBMTIABIERE

B = =1 =S I

 HETEAMframef TRAXERI S, BReSinho{E&iIi—3 B #H1GI0IY
frame# & buffer

. FMrameRFEFEL/EIMbIt, ZFERNBRIK
R B BERFNSERIZI TR, BieMeEEELRUE
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5. CLOCK

m AEnhE R BRI B BT RO SRR A MY ?
m Second-Chance FIFO

Head ol mill— i~ WM

m Clock (MS SQL Server, PostgreSQL, GaussDB)

o #iSecond-Chance FIFOZHZR s ¥R 2 0 0 1
o NAMramefHR I, currentiE$tigEI1ZiA]
frame; S/ \frameB—/referenced{ii, #i5H1; 1 0
o HEEEMIAM, McurrentFHRrigsE, & 0 1
pin-count>0, currentigfnl; #referenced 1

BBs (=1) , MXFAE (=0) HiEmcurrent ({RiE
IR #HER) ; Epin-count=03t Hreferenced%i (=0) ,
N&#izframe, [ERfcurrentinl

o FE: Currentigft REBEBRKEH, HioldPERALZTECurrentigst
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6. SSD LB E

B NF: ZRE8, BXMABIR
o RUEHGHEHRPFAENERE—INEEIEIR
m SSD-awareZFE L

o CFLRU (CASES’06, CASES’21 Test of Time Award)

¢ Clean-first

o LRU-WSR (IEEE Trans CE’08)
+ Clean-first + cold flag
¢ B¥: clean>cold dirty>hot dirty

o AD-LRU (DKE'10)
+ cold LRU list + hot LRU list
+ Dynamically adjust two LRUs

0 EEEEER
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7. REFEROSE MXEIR?

= DBMSZ & gl a]4=2 3 (Access Pattern)

o AIIERHE L IMNE P X S ERT
o BFlTpre-fetchIREEHI B ER
» DBMSEE IS RI#ERE S (\IWAL) , OSHEATS

o] — B IR E IR K REIH (RE TI_JF'Hi) , SEFRHEY
BEERIER, EETERES IR
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= BHAXEERSEH

Jrecordi%?]?

. IER. REIEE:
Insert Record, Delete Record, Create Table, Drop Table,
Create Index, «**---

J frameig Kk

Buffer Manager:
FindFrame, FixPage, FixNewPage, SetDirty, SetVictim, ¢----

J’ pageig >k

Storage Manager
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v SERAICRIRMESSHBTF

m BN, F/AICER
int insert _record(DBFILE*, DBRECORD)

o fopen()
o fseek()
o fwrite()

T

= RBDBMSECOHMENX EHEMFHETLE
 BERETHRS, EHTFSHERE
o IEEIRIEWAL
o AFITFE ML
Q Z‘iﬁ[ﬁ@ﬁﬁ%

LT
==
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2. Block vs. Disk File

m Disk File

0101001001001001011110100111010100101101111 ==~~~

|
Block #1 Block #2

| »' »\

Y FisfEmuE FrYIER I 2bits/bytes, blockzZH
OSz DBMSiX {4 X M HFEr A0SR, X—HR EB I H
BIEE G P A Ik offset3k SLITRY
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3. Buffer vs. Disk File
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frameX/y=pageX /)

NN\

Buffer =set of frames

?
FHEIES % File=set of pages
J
page/block
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4. BufferfiFik&®

m BufferE—" {framefi%lzk, H{framelAT R <MEN
— N EEIR

Buffer B TR fi#Z5 12 E X 7~ 1l

#define FRAMESIZE 4096 #define BUFSIZE 1024 // frame#{H
struct bFrame
{ bFrame buf[BUFSIZE];
Char field [FRAMESIZE ; /BRI L= PECERYE
3
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5. BufferfhFramefiZEik
B LA RiEpage_idFiEEBufferh EL L FE

frame

n SN ERiEframe_idBiER B ScEh xRS
page_.id

—
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5. BufferffFrameRfJ&Ei%

m 55, E4iFBufferdhfiBframefV4EFER (Buffer
Control Blocks) ,

struct BCB
{

BCB();

int page id;
int frame _id;
Int count;
int time;

int dirty;
BCB * next;
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5. BufferffFrameRfJ&Ei%

m #EiIframe-pagez [GIES|

= ZfHash Table, TEE&EZ24
o BCB hTable[BufferSize] //page 2 frame
o int hTable[BufferSize] //frame 2 page

— N & B AYHash Functionf5l+

H(k)=(page_id)%(buffersize)
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6. Buffer Managerf) £ A& 1hhk

= FixPage(int page_id)

o Xt Ripage_idApageii\Z|bufferth, fnRbuffercEi#, NEEEFH
Hayframe.

® FixNewPage()
o ERAAHHEF RIF— " HFTpageHtis:
m SelectVictim()
o EHEEHH HIframe_id
= FindFrame(int page_id)
o BIRGEERIpageRBELER Mramedh T
m SetDirty(int frame_id)

LI {Ebufferth
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n IR

o Bi#EInsert_Recordiitl#E (A Buffer Managerfy
FixNewPage) , —f3RS MOHH

n REEHFXH

o HIR—fCreate_TableRi6|3E (i Buffer Managerfy
FixNewPage)

Note:

T B HEM TR ER(EEE—RE
Buffer Manager3kigKpage
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8. X H#idR#{E5SBuffer Manager

Jrecordi%?]?

X, IER. REIEE:
Insert Record, Delete Record, Create
Table, Drop Table, Create Index, ¢+«

J frameigk

Buffer Manager :
FindFrame, FixPage, FixNewPage, SetDir
ty, SetVictim, *----
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9. FRAEES

Jrecordi%ﬁ?

. IER. REIEE:
Insert Record, Delete Record, Create Table, Drop Table, C
reate Index, :°*-

J frameig Kk

Buffer Manager:
FindFrame, FixPage, FixNewPage, SetDirty, SetVictim, ¢----

J’ pageig >k

Storage Manager
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9. FiAEIEss

J' pageig >k

Storage Manager

disk file I/O

/
\

T
T
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10. FFHEEIEARINAE

B \NEEESYIEEE, JABuffer Managerig{itPagefi%
o OpenFile/CloseFile

o ReadPage/WritePage
o FileSeek

o GetNumPages

o IncreaseNumPages
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Advanced Database Systems

bt

File. Record & Access Methods

Buffer Manager
FixPage(int page id)
FixNewPage()
SelectVictim()
Hash(int page id)
SetDirty(int frame_id)

Storage Manager
OpenFile(string filename)
CloseFile()
ReadPage(int page id)
WritePage(int frame 1d, bFrame

Buffer
(Main Memory)

frm)
FileSeek(int offset, int pos)
IncNumPages()

GetNumPages()
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