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 __ f .\ .~ ..
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 FrameF IR BB S LM IEET
® Pin-count

o FramefI R E L#i1E K H AR FRAY T
, BB P

n *Others
o Latch: E& s
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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 haven’t 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. SENRAE

B Requestor must vnp/n the frame
containing the block

® 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
replacement 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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=\ BAXERER
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1. LRU

® LRU (Oracle, Sybase, Informix)
o FiBframeizB&iA— X inEIET B HESIR — 1 #E3=

MR
B = =4 =J s
o ETHEFERIE(Temporal Locality) i : &2 S FHIZER KN
PIRERES. SR FHRLRUmKframe
= Pros

o Works well for repeated accesses to popular pages

U

o 0O(1) complexity for victim selection

m Cons:
o ZEHFSH(Sequential flooding): LRU + repeated sequential scans.
o Expensive : Each access modifies the LRU list
o IMRIGEIAHEREEHEYE, MitseEE
o RFEFIA—RVIIE], FAEEIPFEINFR
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2\ LRU‘K

B LRUANEEframeryijFE)3iR, FS5H

® LRU-K: giRE A Mframeryi e BuE2] 7T KR E, M
MY REAEHH W
o HF2PLRUEER

o IMRIBEIREIFIORH L
¢ 1PN EERBIOR L LB - Shsk
Q ﬁ%ﬁ:ﬂ\ﬁLRU%HﬁEﬁ LRU ° o GEEETES
INFKOR B EESR s :
o RIEESTH BRI TTIREBR e A
= fEbufferdh m
o SCLG3RAP i
o KHIEMABEF, LRU-2 HEe8iF Q”f’*
o TRR: FEEGIMCHEIFEAH JWW

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

® 5LRU-2:K{), ARIZAHETTELRAIBAIUEK
JFIFO, M4 ZLRU

—\:. b0\ ST

3. ek e

4. BiRin g

FIFORAFI LRUBL S

Jz. EhnE
5, ﬁ&ﬁ-’

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 fiBframedH K FIFO#3R, T \frameffiin—i bitliL, #iHA
0. HFOME—XHiEPERMNERHL, HBAIFIKx. R Bbit
i A3 189FOim Y 5T A # ik B .

gl -

. Y TS NMrame THRAE#HI S, B SMiARERIE—
g AN frametf E# Hbuffer

. FiMframeRAFEL]FIbIt, ZERNBIK
B BRE: EMMFEERHZATE, BEiMEELRUE
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5. CLOCK

= e s RIS Bl RO SR AR A 2
m Second-Chance FIFO

e =

® Clock (MS SQL Server, PostgreSQL)

o fiSecond-Chance FIFOZB 4R R IR 0 ! 1
o NAMframefBR I, currentig$tigEZ A
frame; E/frameE—4referenced{ii, #i5H1; 1 0
o HEEBRNF, McurrentFHiK®E, & 0 1
pin-count>0, currentl#@inl; #referenced 1

BBzl (=1) , NXAE (=0) Hihmcurrent (4RiE
BRI #EIR) ; FHpin-count=03} Hreferencedxif] (=0) , N|E ik
Zframe, [E]Ffcurrentfnl

o EE: Currentigft REEHFTEHT, HEIHHPEAEZECurrentigst
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6. SSD LB E

" AEF: ERER, EXAAR

Working region Clean-first region
o RUBFERTHNGFNER— o (o oy o e
&E%*Eﬁ: - MRU I LRU>|
- indow, w
m SSD-awareZ=FE X% [ e e
9 CFLRU (CASESIOG, CASES’21 Test Figure 1. Example of CFLRU algorithm
of Time Award)
) second chance
# Clean-first -
o LRU-WSR (IEEE Trans CE'08) vopa [ Jd e e [d Jody, o&den
¢ Clean-first + cold flag 0 1 1 ’ A
» EH#: clean>cold dirty>hot dirty
o AD-LRU (DKE'10) LRU CF-LRU LRU-WSR  AD-LRU
+ cold LRU list + hot LRU list e . .
¢ Dynamically adjust two LRUs Frequency x x x \

0 EEEEER
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- 7. R {ERAOSE hXETR?

= DBMSZ&F g5 0)4= 3 (Access
Pattern)
o AILUMEAE LI THNE HX B IR
o HF|Tpre-fetchIREEHIBHER
» DBMSTEESFIERIf#ZE (WAWAL)
, OSHRYEME B —fEdIdRE 1Rk KL
W CEEARNMA) , SEPRRVEEBIHER
, B gRFRIES IR
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= BHAXEERSEH

Jrecordi%?]?

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

l framelg 3k

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

J’ pageig >k

Storage Manager
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v SERAICRIRMESSHBITF

m flan, FHAICFE
int insert _record(DBFILE*, DBRECORD)
o fopen()
o fseek()
o fwrite()
= RXBDBMSHCHZMXEEMEFHEE
B BEEETXHZRYS, £H TFSHEHAEE

o T EE{RIEWAL
o AFIFEANL
o MENMMNAFZEX
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2. Block vs. Disk File
= Disk File

0101001001001001011110100111010100101101111 ==~~~

| »: »\

Block #1 Block #2

Y EEERE FRNYIEERE
bits/bytes, block2H0Sz;DBMS}X {4
SR, X—HRERTES]
HiEfE S aYiEE Ik offset e SEITAY
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3. Buffer vs. Disk File

CPU frame B,
r\em frame X/h=
page X))

ZMXEEES

NN\

Buffer =set of frames

2
FHEIESE % File=set of pages
J
page/block
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4. BufferfiFik&®

m Buffer2— 1 framely¥izx:, H - frame

RATRRMER—THEER

Buffer R TF (i L5 E X 7~ 17l

#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. BufferffFramepjZ=%

B EEE: RiEpage_idifhEEBuUffer
b REELZFEframe

m SRR ERfEframe_idiRiER ST
xR Rpage_id
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5. BufferffFrameRf)&E %

m B, E4irBufferthfiBframeRy4EsH
{52 (Buffer Control Blocks) , 0

struct BCB
{

BCB();

int page id;
int frame_id;
iInt count;
Int time;

int dirty;
BCB * next;

X
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5. BufferfPFrameRf)&E %

= #i/frame-pageZ B T]

m £MHash Table, EE&E24
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 )8k

® FixPage(int page_id)

o X page_idiIpageiE A E|bufferd . IR
bufferE i, NFHFZEixF#HLAframe.

® FixNewPage()
o EMAREFIRIF—{ FhpagedHiF]
m SelectVictim()
o IEFEM L Aframe_id
® FindFrame(int page_id)
o ERGEHIpage_RBELERMramed T
m SetDirty(int frame_id)

i it #Ebufferd
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m BRI

o BifEInsert RecordBiglE A

ManagerfJFixNewPage) , — AR E IO

Buffer

iBuffer

%A
B RGEHRXH
o HiR—p%Create_TableRJ8IE (i
ManagergyFixNewPage)
Note:

B A SRR T SRR M — BT
Buffer Manager3Ei5XKpage
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8. X #id R {ESBuffer Manager

Jrecordi%ﬁ?

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

l frameig sk

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

Jrecord%?ﬁ

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

l framelg 3k

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

J’ pageig >k

Storage Manager
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9. FiAEIEsS

J’ pagelg >k

Storage Manager

disk file I/O

/
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10. FFHEEIEARIIAE

n \EEPFEIGIEHEE, JBuffer
ManagerizfitPageii®

o OpenFile/CloseFile

o ReadPage/WritePage
o FileSeek

o GetNumPages

o IncreaseNumPages
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| 1
File. Record & Access Methods

Buffer Manager Buffer (Main
FixPage(int page _id) Memory)
FixNewPage()
SelectVictim()
Hash(int page id)
SetDirty(int frame _id)

II)Q'

AR

CloseFile()

ReadPage(int page id)
WritePage(int frame id, bFrame
frm)

FileSeek(int offset, int pos)
IncNumPages()

GetNumPages()

Advanced Database Technologies SN (jpg@ustc.edu.cn)



u ZHX G
" EHRXEREE
u EHXEERSCE

Advanced Database Technologies SN (jpg@ustc.edu.cn)



	Buffer Management
	幻灯片编号 2
	主要内容
	一、缓冲区结构
	1、frame的参数
	2、当请求块时
	2、当释放块时
	二、缓冲区替换策略
	二、缓冲区替换策略
	1、LRU
	2、LRU-K
	3、2Q
	4、Second-Chance FIFO
	5、CLOCK
	6、SSD上的置换算法
	7、为何不使用OS缓冲区管理？
	三、缓冲区管理器的实现
	1、错误的记录操作实现例子
	2、Block vs. Disk File
	3、Buffer vs. Disk File
	4、Buffer的存储结构
	5、Buffer中Frame的查找
	5、Buffer中Frame的查找
	5、Buffer中Frame的查找
	6、Buffer Manager的基本功能
	7、数据库文件的一般组成
	8、文件记录操作与Buffer Manager
	9、存储管理器
	9、存储管理器
	10、存储管理器功能
	幻灯片编号 31
	总结

