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» w Course Goal and its Preliminary Courses

The Preliminary Courses are:
= Data Structure
= Database Principles
= Database Design and Application

The students should already have the basic concepts
about database system, such as data model, data
schema, SQL, DBMS, transaction, database design, etc.

Now we will introduce the implementation
techniques of Database Management System:s.

The goal is to build the foundation of further
research in database field and to use database
system better through the study of this course.
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1) Stefano Ceri, “Distributed Databases”

2) Egek, “BHRERSAE (EHD 7, BTk
A, 2008

3) Raghu Ramakrishnan, Johannes Gehrke, “Database
Management Systems” , 3rd Edition, McGraw-Hill
Companies, 2002

4)  Hector Garcia-Molina, Jetfrey.D.Ullman, “Database
Systems: the Complete Book”

5) S.Bing Yao et al, “Query Optimization in DDBS”

6) Courseware:
http:/ /cse.seu.edu.cn/people/lzxu/resource
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Database Landscape Map — December 2012

Towards

3 Google
Towards enterprise search S Compgute Amazon ) :
Ediccovry Lucene/Solr Infochimps  Qubole Engine_ EMR Continuuity Metascale
Elasticsearch Mortar Data — O - e —0 ——0
X MapR Berkeley Data
LucidWorks Zettaset EMC Greenplum |BM HortonworksCloudera ey
ik Big Data Treasure Data HD/MR  Biglnsights i el s
-Aut
SOy Microsoft HDInsight HPCC
Endeca g)eﬁ}\fé? NGDATA ~ Drawn to Scale RS
Splice Machine . Hadapt Teradata RainStor |
Actian Ingres Aster
IBM InfoSphere
Data Explorer SAP Sybase ASE
EnterpriseDB
[ SAP 1BM Oracl_e
ostgreSQL Exadata  PureData PDW HANA Netenzza Terg\data Exalytics
Percona MySQL & —"= 194 194 : )\5 : )\5 : {
MarkLogi ; Oracle  IBM Informix sQL ParSteam Exasol XtremeData
Og | Database DB2 Server ParAccel
Or=t—Crmm) LucidDB—
‘ MySQL \
Ipl)egtggxé- w Aerospike VO,ItDB Clzsto'er Cluﬁ?&aleos | Amazon RDS Kx Systems —
—— . T L) e - Rackspace iDB =
i CassandraQ—— FairCom NuoDB Drizzle GenieDB] Cloud Databases o SS:DB
amino, ; | —
XML Server | Neo4) i ScaleBase |Google Cloud SQ L
DatzStaxQ Riak -~ ScaleArc | HP Cloud RD Calpont =
Documentum _DExAcum()-~ - — ParElastic | for MysQL SAP Sybase 1Q=
XDB| | orientDB I Raeronss Tokutek— -
Hypertabl ESSSSRTEN CodeFutures| FathomDB HP Vertica—
Progress pepdteteis o Datomic EMC Greenplum=
ObjectStore™ HBase— Handlersocket Contiiient Database.com i s D
- YarcData ~“Voldemort MemsSQL : ‘ SQL Azure et:fmar els e
Accumulo— RethinkDB JustOneDB Zimory Scale | ClearDB Actian VectorWise—
McObject= |- FlockDB iEoce NOSQL'_' Translattice Galera StormDB() Google lnfobraght—
wvolaBase | |, CouchDB : \ o BigQuery  1010data BitYota
d‘l_ﬁrﬁ'ﬁ) ?M'Le‘ﬁea:\?:nom A - Xeround
- atastore — com— Kognitio Amazon
Veran 0 =Membrain Redshift
~ AffinityDB Redis Garantia Data
InterSystems | = Trinity —Castle Memcached Cloud IronCache
Caché™| |—Giraph QerkeleyDB
2 SimpleDB
Allegrograph adis b
~HypergraphDBK G rantia gData ) Mongolab InfiniSpan
ObjectivityCO Redis Cloud Iris Couch } T
InfiniteGraph Cloudant S Memcached Ehcache
DynamoDB
eXtreme VMware Oracle ScaleOut
Scale GemfFire Coherence Software
Lotus Notes : | ] 1 ]
: | | ! I
GridGain  GigaSpaces XAP  Hazelcast CloudTran

Research

Key:

Operational
Analytic

-as-a-Service

NoSQL extension
.BigTables

Graph

Document

~Key value stores

Key value direct access
Hadoop

————— NewSQL extension
e StOTAGE €NEINES

Advanced
clustering/sharding

New SQL databases

— = =Data caching extension

Data caching

Data grid

Index-based data
management

Appliances

www.451research.com
@maslett
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What i1s DDB?

A DDB is a collection of correlated data which are
spread across a network and managed by a software
called DDBMS.

PR
(V)W Loy An, 4 g —(— M IDDB)
)3 EoAn, &4 L6 (FDBS)
KiRFELLEE —FDDBS A
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= Distribution
s Correlation
= DDBMS
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SQLiE ]

N HEREL | & 1 (pipe) DBMS#% L 1t £
A4
SQLiEA]

N FHRERE2 |, & I (pipe) DBMS#Z /L 3t £
EERTERT S
SQLiEH] )
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DBMSHZ (U261
Lgaemon B B | B | b
L SQUEA A T
N FH 3R L < pipe/socke,t/" > DBMS?F? LR 2L
A O
SQLféﬁ - =
. FHIERE2 < pipé/socket > DBMSZ LZifE2 | &
G “ it
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7 sQLiEty :
ot fin |« Bibelsoat WL D> DBMS P i
255
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s N R 78 i DBMSH2 4t 1 APTEL ik A .SQL
D B, AR S PR AT (R R

Ui 7 1o s B F R

Pipe0

" DBMSH >

Pipel

Pipe0: ﬁjiSQLlﬂni’j PN BB i 4 s

Pipel: RIAlZ5H . 4554
State | TupNum | AttNum | AttName | AttType AttLen | --- --- TmpFileName
— — A v J
— M PER)E X HERMERE X
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o ﬁ@éﬁﬁ I‘E—l‘li.;ﬁmij(

s State: 0 — M4, 1 — ¥ M. SERERID,
2 — AWM, FRiE—PAELER,

s TupNum: %R oHEL.

s AttNum: 4R JEMEIDE

s AttName: B4

B AttTYPE: JETEIEY

s AttLen: BMHKE.

= TmpFileName: 17345 58 203 B S04

H s 2 A FR 7 A Bk .
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« « 2.3 DDBMSH: )[R Bk

LDB1 DB | DC DB: #¥ & 2
pp |0oo¢ DC: {5 Fs ]
/ itep DDBK: %, fi i
— BEYESTHT . A B 55
LDB2 DB | DC DDBK i 3H 3‘{:‘7/%\‘ Wig\u
bD R4A BB,
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« x EREHTAH]

R1 R2
Sitel Site2

Select *

From R1,R2

Where R1.a = R2.b;

BBEER LG AR RN, 2%

&R E W RAREAI A

— N PATIHRIR . Eedn:
(1)5R2 — Sitel, R’

(2)7ESitel AT
Select *
From R1,R’

Where R1.a = R’.b;

LL
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« » 2.4 DDBMSHEZH

djibizEs ijibizE.
1 )
R D ] . ‘4

SQLTH% Daemon . QL paemon|| | .- » Daemon

DDBMS#%:0» £ 1

DDBMS#% /0 £ 5.2

]

v
DDBMS#%:0» 245

Y

¥
SQL)X%% SQ\{%ST% SQLI% SQLié%
LDBMSi £ LDBMSi £ LDBMSi#FE
L w2 | RS
Al A2 3

BBEER LG AR RN, 2%




=

a PEY H) B B

e B AR G LS, AROLER



o igw?é\_:

X2
AR
17 9]
il
s il
s
]
s f7HY

Yt J2E ) 15 B 2 B2 SE R ST A
25 Ke) S L BT B A A7 B A2 B 13 52 M 200

VR EE, — P51 AN Rl e Fr A £

ISR
=PIt
ZH 21
IR

U

BBEER LG AR RN, 2%

31



N CES
s B O R A B = 2 18 3 (>15%)
= AR IL K
s RS ISR (<15%)
Il {B %1/_‘]

BBEER LG AR RN, 2%

32



o XCHFHR

o HESOMF: AR IR EG PR, &
SR, B H R e

o EEX: 15K
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BRG] — R E T B REHE

Binary Index for Sales

Binary Index for State

8bit 4bit 2bit 1bit

AK AR CA CO CT MA NY RI

Date Store State Class | Sales
3/1/96 32 NY A 6
3/1/96 36 MA A 9
3/1/96 38 NY B 5
3/1/96 41 CT A 11
3/1/96 43 NY A 9
3/1/96 46 R B 3
3/1/96 47 CT B 7
3/1/96 49 NY A 12

0 1 1 0 0o 0 0 0 0 01 O
1 0 0 1 0 0 0 0 01T 0 O
0 1 0 1 0 0 0 0 0 01 O
1 0 1 1 0o 0 0 01 0 O0 O
1 0 0 1 0 0 0 00 01 O
0 0 1 1 0 0 0 0 0 0 0 1
0o 1 1 1 0 0 0 01 0 0 O
1 1 0 0 0 0 0 0 0 01 O

> D&

(4*8+4*4+472+6+1=62)
>NymA;ér“ﬁz 57 (3

>CT7§%//'\%§ ? (2)

> AR (BN I AS)E B8 72 T 5

BBEER LG AR RN, 2%

(2#8+2*4+1*2+1*1=27)

for Class

A B C
1 0 0
1 0 0
0 1 0
1 0 0
1 0 0
0 1 0
0 1 0
1 0 0
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= int dbopendb(char * dbname)
Dy ge: fTH— I E.
= int dbclosedb(unsigned dbid)
Ty fe: RM— R

= int dbTablelnfo(unsigned rid, TableInfo * tinfo)

T fe: HUSridx MATERIIE R .

= int dbopen(char * thame, int mode, int flag)

Ih fe: LhflagfT T —1~44 Ntname 3R I 9]
= int dbclose(unsigned rid)

Ty fe: RHMIPArid AR IRIER, FEilrid.

= int dbrename(oldname, newname)

Ty fe: HEAT4EK.

BBEER LG AR RN, 2%

£ Bidrid
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= int dbcreateattr (unsigned rid, sstree * attrlist)
Dy gg: fEridk R EIE— Rk,

= int dbupdateattrbyidx(unsigned rid, int nth, sstree
attrinfo)

Ty BE: BBTR Frid P snth A JE U B .
= int dbupdateattrbyname(unsigned rid, char *
attrname, sstree attrinfo)

T He: BEHrR Frid 44 vattrnameH J& 415 B

= int dbinsert(unsigned rid, char * tuple, int length, int
flag)

T f: HK Hlengthif) 764 ABR IR A rid i 56 B

HBEEERY AL R, b2k 37
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= int dbdelete(unsigned rid, long offset, int flag)

D) He: MIBRridXS N IR A W AS NoffsetH TG4l .
= int dbupdate(unsigned rid, long offset, char *
newtuple, int flag)

I ge: XHmt2 yoffsetit] s Fnewtuple 85§ .
= int dbgetrecord(unsigned rid, int nth, char* buf)
Py fe: BUHridR R SEn el buf .

= int dbopenidx(unsigned rid, indexattrstruct *
attrarray, int flag)

) ge: FIHRrid R 9] CHFHAE B —Mid .

BBEAEEELGAREN, h 25
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= int dbcloseidx(unsigned iid)
Ty Bé: REBRIRONiHdRIER S

= int dbfetch(unsigned rid, char * buf, long offset)
oh g MFErid B PRI Noffset) o4 2lbuf .

= int dbfetchtid(unsigned iid, void * pvalue,
long*otfsetbut, flag)

I fe: EPRRNIdRIR G| X P B R G B T E S
pvaluef flago< 5 K TTAH HIBR IR (SEPR o o4 e S
1WA &) I offsetbuf - .

= int dbpack(unsigned rid)

o fe: KR ZRBATIESE, XA MR ERC B TY
P o I B A

HBEEERY AL R, b2k 39
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(1) Centralized:Rl 73/ =W &2 %8, (HEEIE 2L
PR Scla] R, {HIGDDBE A

(2) Partitioned: #4270 A K, (BRI AHE H
S (LEEA),

(3) Replicated:A complete copy of DB at each
node. Good for retrieval-intensive system.

(4) Hybrid (A JLFHE): An arbitrary fraction
of DB at various nodes. & R ifi« W2 A4<H) 57

A TTIA

7/

HBEEERY AL R, b2k 41
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flexibility

complexity

Advantage of DDBS

Problems with DDBS

BBEER LG AR RN, 2%
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o w 4.2 BT R EAL
(1) L% (3R 1) 2o (B A Kl 49)

(2) LLZ Fr (fragments) N #L.47

s /K43 F|(Horizontal fragmentation): tuple
partition

» HEH 70 #|(Vertical fragmentation): attribute
partition

s JBA 0 #](Mixed fragmentation): both

HBEEERY AL R, b2k 43



(Ths

- B 53“1?'] Y’%)E"J :

(1) Completeness: HF4>Ju2H Bl PHAREL

!

fragmentation 5 'E R BL S

(2) Reconstruction: #LfEHfragments — global

relation.

(3) Disjointness: X 7K

5T

BBEAEEELGAREN, h 25
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i)

- n ﬁ“i?ﬂ ﬁ?dﬁ

SELECT *
FROM R
WHEREP ;

(1)Horizontal Fragmentation

HF R PO PEER (R L, ISR AR HLAA.

Ro>n M3 (

~

P, P, ..., P)

wiL: PiaP=false (i#)
P,vPyv...vP =true

Derived Fragmentation: A2 45 4~ 5% R J& 1 B R 1k
K& 7y, el 73— R R HTR R A

BBEAEEELGAREN, h 25
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 w FHOEHT

TEACHER(TNAME,DEPT)
COURSE(CNAME, TNAME)
W TEACHER C.#%DEPT /K

JTDEPT )& %,
ZX5r, SBR[

\

-1 #E|, COURSEH

Hu] #Z TNAMEFTE 20 R FE 1%

TEACHER %

tH #7031

Semi join: RPXS =T1I; (R PIS)
S TEACHER9=SELECT * FROM TEACHER
WHERE DEPT="9%’;

COURSE9 = COURSE PX< TEACHER9

BBEAEEELGAREN, h 25
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* m (2)Vertical Fragmentation

BB X, HIERBEEN. FE:

» Completeness: &: & PE 2/ DAEF AR b
0,

s Reconstruction: 73 5] v 2 To i B 54
a BN P AR — RS R I
b AN T RS — D RGN T A br

RFF(TID).

-

BBEER LG AR RN, 2%
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* » (3)Mixed Fragmentation

Apply fragmentation operations recursively.
Can be showed with a fragmentation tree:

Global relation

Fragments

HEBEEER Y G AR RN, 25k 48



* w 4.3 AFEEHHIE

—

K Finformation hiding [\ J7 ¥4 fai 14 = % [n] &t

-Level 1: Fragmentation Transparency

H & #lglobal relation, 1M A K& A& WA X

/\EI’J I BEAN TR 22 1 I A [ A A R D

7, EXMENT,
S G AR AE A FE

BBEER LG AR RN, 2%

— ;E?E

& rp QOB 22— 1

J IR A BB Y o0 A
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sLevel 2: Location Transparency

1B [ < R % /> fragments,  {H AN
RIIE EATTHIAT L B

sLevel 3: Local Mapping Transparency

17 75 1 fffragments X HAF A B, 1H %45 5
R EAE A A DBMS. A DML, A
= R

sLevel 4: No Transparency

BBEEER4 G AREN h 25k 50



=+

o w44 BOE AR [

1) Multicopy consistency

2) Distribution consistency

R
(1) Redistribution
After Update:Select-Move-Insert-Delete

(2) Piggybacking

SR AR, AN RE R NAS R 8]

BBEER LG AR RN, 2%

T Bl T R SR R s A UL B ) PAE
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3) Translation of Global Queries to Fragment
Queries and Selection of Physical Copies.

4) Design of Database Fragments and
Allocation of Fragments.

EiR1)~3) ¥ HDDBMSf# i ;
7 4) 72 73 A7 2 A 2E Bt 1 1)

BBEAEEELGAREN, h 25

52



* w 4.5 A REAEE T
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EEFR b B 7 R
4 A
VAR SV NI ey K DDBMSH# %
B < H 40 007 At |
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« x (D - E il ans

DDBH, A HAES) Hiéﬂﬂiﬁ SE MR IE N

SN o b I AT R A
i H1: SELECT GRADE FROM STUDENT

WHERE DEPT=c AND AGE>20;
RFiH2: SELECT AVG(GRADE)

FROM STUDENT

WHERE SEX="Male’;

S MISSTUDENT % 246 7K FE 4

O

|2

BBEAEEELGAREN, h 25
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X HE HL 77
@ TEMERE L. 4555 E:

A A [RAIL/ O

cgett. FEEEALEERFER

(2§ 43 A1 77 S 1 B
ST P 5 DL R 5 444 A B ) 3 O
B (4 5). T Fip252.

BBEAEEELGAREN, h 25

58



* w2 HITEEE

s AT EIRE RS

s LHE(SN)E

o T H AT HUKHAT

> BIHEAER v E THAT P IR, ]
P HAT AT B2 T HL AT .

> RSR TAESS, Wm o R F

X e J5 IR ]

557

T2 A A7 BAESNZE #4) FEAT AL AS [F] A %

0%
-, )

] DL IR AT 0 7 20 T . X2 KBTS

BBEER LG AR RN, 2%
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SELECT - R=0nul®)]
FROM R,5 O < 10\8) }J 17
WHERE R.a=S.a AND Ra X Sa
R.b>20 AND 7K~
S.c<10; FEAT

IKEIRATHIRTHE R SE AL BIAE UE AN [H]
R o X EPDBU T B B i e B 35 5 v il
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(DfEET7 =
R R R RARLMERETT R B Fr s 0 A7 X
EAFR AL BEES b B mT DORFREE 73 Bl LEX
Plhash /7 A lnBCES: o
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* w PDB5DDBX T3 15515 53-47 K X 5

PDB DDB
nEEy | REAHEPATYE, | SRR R ERE,
MEE | RAFIHIFATHU I | 98D R A

T b T AE

d\
i

FEKTE | T I TR G X P AR SR, 45
PDBMSHI4: 1%, 456 | & Bt FHHDDBMSH) 454

GIRVE T 2
AR [ EOHTILIE A | ER g L
G314 o

BBEER LG AR RN, 2%



* w HPDBRDDBARSWTHRE

R ey SE N

ITHLRS?
Y ‘
SHDDB Y )
C R S BT
l
PN AR

BBEER LG AR RN, 2%



« w 3) BB E

o MR ERIRCH R, A
3 P B R i o

e R ALNE -

n 2R BRI P R SR RO R E R G — —

R A B
o R BRI REF S H

TR AR 3

m i DR TR R A E BN / i
SR MR IR AR

BBEER LG AR RN, 2%

AR E T
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i PR AR G

’

15,
S, ES,
CS, CS, CS,
DB, DB, DB,
45 mil 245 1.2 45 13

BBEER LG AR RN, 2%




= FS;=CS, +1S,
s FSpest M LB AP ArE 2RI pra vl

o ISEIT 5

= F P XSFS,
ES,HI & ﬁ

~

va

Iy

15U -

B &5 L BVES, B pe T A5 (j721) o

) =X CS, FNIS, H A 1) = %o A7

.Xﬂ5%§ﬁ B e =>X] M IS, [ £ %
%MB% G S ey &HW?

BBEAEEELGAREN, h 25

IS. 1145 R
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» w 4.6 BHEEHXHA

Catalog— — Data about data.

ETH TR P @ R B R Gt A R EE H s
4.6.1 Contents of Catalogs

(X RASRBI (AR A& L) R
(2) 734115 B (Wfragment location)

(3) A7 B BR A2

(4)FZBUE

(5)H Tt AL KU A7 BRI — 2 4t 1HE 2

HBEEERY AL R, b2k 68



(1)~(4) A 224k,

X I
n € U ATt B B

117 (5) B X B Hr R AE I il = 224

s i X Updatex J5 B3
4.6.2 H SEHIHRHIE

(1) = ZE R T A

2) % Z G B R BB A7 3 A PR AR

3

5) H sk 14341

BBEAEEELGAREN, h 25

(2)
(3)XF 45 A H VR IR B B

(4) = L8 — HUPEBOR A BRE B 4 7 4%
(®)

DDBMS K 22 45 ¥ 1 7€
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i

AN(b g
a7

« w 4.6.3 BFH44

(1)ZH sl
= A complete catalog stored at one site.

s Extended centralized catalog: - 4r i FE 1 - —
s FZER T FEHTHS R

)& E | H=%: Catalogs are replicated at each
site. Simple in retrieval. Complex in update.

Poor in autonomy.

(3)Jm#l H xx: Catalogs for local data are stored
at each site. Bl H 5B 208 1775

BBEAEEELGAREN, h 25
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v« x MEEHEERNEE: (T FRAN)

s Master Catalog:fE5:45 i FAFI— 288 H X%,
R H s I IS 2 A

» Cache UG HEA RHXERGE, H7EHET.
I B A 5 B fr Cache i H %

R
R’s catalog(Ver No.) Cache of R’s catalog

(Ver No.)

HBEEERY AL R, b2k 71



(4)Ditferent Combination of the above

X H R BPHAR N, K ERHAR H kA
Ji, ISR S . .

aﬁ“ﬁﬁmu’ﬂéaﬁ,; N 2 SR BBAF T o
b. X4t it{E B R R, e e S,

BBEEER4 G AREN h 25k 72



* 5 464ARFEFEE - -4 5HE

= FERL:

> e KIS (76 H )

> JROZ A 44 FIAE 2 X

> PRSI S G K

s EERMS — — R4UHE 4 (SWN)
<SWN>::=User@UserSite.ObjectName@BirthSite
> ObjectName: H 7' JYHH N X R AL ) 4

> User: /44, ErIEANE P A FE T2 705
) A 5] ) 2P

HBEEERY AL R, b2k 73



> UserSite:

IS e . Bl AR S A B

ANTEL s AR R B P 42

> BirthSite: iZZ K r= 45 m . R* A X L4 R
7: At the birth site the information about the
data is always kept even the data is migrated
to other site.

JEACIEZE

AR ArE A BT R BRI X 544

<PN>:=[User

BBEAEEELGAREN, h 25

(@UserSite].|ObjectName|@birthSite]
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* w "Name Resolution —Mapping PN to SWN

SWN

j"j/l\ ] )i' @j_‘g& Iﬁlj{lﬁ,li% ObjectName
(FDefine Synonym if)). i

AR Bt Rl Be LA LM B -
1y PrintName = SWN, ANFEiE#t

) H A ObjectName: & 24 HiI 45 1 241 H

EI’J EIDEGES

3 User.ObjectName: & 4 HI 45 & _E User
[ 3R] 55
5 User@UserSite.ObjectName

BBEER LG AR RN, 2%

PRI
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5 ObjectName@BirthSite

If no match for the ObjectName is found in (2),
(3) or print name is in the form of (4) or (D),
name completion is used:

NS WAE
= A missing User is replaced by current User.

=A missing UserSite or BirthSite is replaced by
current site 1D.

BBEEER4 G AREN h 25k 76



5 B AbHE
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« w TEIST

= 5%

(14 E&E b4 ,
-aﬁmum¢mﬁm
P REca INERT

BBEAEEELGAREN, h 25

'4‘

| TS AR
%F%Eﬁﬁﬂm NESE(E

AT 1Y 1]

aiD) AT

+ FH
25 2R o

B R 12

— .

iy

><1¢

/E[L

~F O

LL
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« » 5.1 DDBMST ] A BEAE R
» 25751 (Global Query) :

|7 5 s 4

) R AR & V]

n 25 &1 (Fragment Query) :

ARG 5 L B B BT 2 A Y A

HEBEEER Y G AR RN, 25k
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Global Query
4 f FAY Hifragment queries
E | Query tree
] < 1) Xfqueries treeﬁfﬁﬂzi‘ﬁ%(bl@ﬁlﬁﬁﬁ 2K)
1 2) AR (0 R e T ] R BB AL R ) 1 A D)
(£ _[3) REHRAESIT T A
B | AU ALFE R
= FEAHAT TR B R B BT 45 4R
. |
i EERIESE S

BBEER LG AR RN, 2%

e RERA
}>ﬁ¢%%
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« x BT

S(SNUM,SNAME, CITY)
SP(SNUM,PNUM,QUAN)
P(PNUM,PNAME,WEIGHT,SIZE)
BT EITF O T -

S1 = o¢ry- S)

52 = Ocrry='Shanghai’ (5)

‘Nanjing’ (

SP1 = 5P P< 51
SP2 = 5P p< 52

BBEAEEELGAREN, h 25
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* w Global Query:

SELECT SNAME

FROM S,SP,P

WHERE S.SNUM=SP.SNUM AND
SP.PNUM=P.PNUM AND
S.CITY="Nanjing” AND
P.PNAME="Bolt" AND
SP.QUAN>1000;

BBEAEEELGAREN, h 25
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* u Query tree

I1(S.SNAME)

x_SP.PNUM=P.PNUM

T

S.SNUM=SP.SNUM b4 03wE=IBOW
ol CITY="Nanjing’ ~02 QUAN>1000 P
S1 S2 SP1 SP2

BBEER LG AR RN, 2%
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- %ﬁiﬁ%ﬁ’?ﬁﬁ%

I1(S.SNAME)

>4 SP.PNUM=P.PNUM

S.SNUM=SP.SNUM M 1353

P
PI

pry) (e,
¥ 1= T1(S.SNUM,S.SNAME)
51 )

e SP?‘ I12= I1(SP.SNUM,SP.PNUE)
51’ 52’ SP1’ Sp2’ [13= I1(P.PNUM)

HBEEERY AL R, b2k 84



| ﬁﬁ%%

I1(S.SNAME)

/ SP.PNUM=P.PNUM
~

PI

/\ N

52" SPT’ SP2’

HEBEEER Y G AR RN, 25k
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. w TREBSHERAER L,

= JBESAIN: (1) (S U S2)) JN (SP1” U SP2)
(2) Distributed Join

s 7% [ESite Selection, FrEAIRZHE

o FEAJoinA Ly, tHHR 2 LTV

(R—Sitej, Rx S

/ \ S—Site i, S N.R

g < INgu(S) —>Site i, S X R -5Sitej, (S X R) X R
Slte i OSite]

25 16] 1%4%5%%%‘&% Al RE) T R R B T . R OR.

BBEER LG AR RN, 2%




" w52 BHHFMRR
NIRE L . X IR B HEAT — R A A2, R
B RAE T AT s FETE 30 (HA A AT

1l I\ ame pEPTODEPT=15(EMP) =0 08pT 215 [y aAMmE DEPT (EMP)
(1) &

15 H l—ISNUMGAREA=’NORTH’ (SUPPLY NDEPTNUM DEPT)

T(SNUM) M. Global Relation

AREA = ‘North’ ‘ T/ e
T ort A 2E . — ot/ ZICHRAE

x DEPTNUM=DEPTNUM M —#R: E/ERIHAT NP
/ \
Supply DEPT

HBEEERY AL R, b2k 87



* o (2 REMRBHFM A BN

0 X/ X PR E1 X E2=E2 XE1
2 M/ XBISEEHE: E1X (B2XE3)=(E1 X E2) X E3

y T & A T an(Tp1. gm(E))=A1 an(E)
A,... A N{B,...B MHTFHER A Sk,

) oHIFEH:  Op(Op(E))=0k Ap(E)

5 o SRR HAE:  op(Tar an(E)=TTar an (0£(E))
MFH W EEAETA. . A MEMEB,...B,,
)l_\IUHAl...An (0r(E)) a1 aAn Op(TI1a1. An, B1..Bm(E))

o WFFHIWEESZEIF I EME, T
op(E1 X E2) = op(E1) X E2

HBEEERY AL R, b2k 88



MFERAF1AF2, HF19 R HIEL &M,
F2 L HHILE2/) @k,
op(E1 X E2) = o (E1) X o5,(E2)
MEFE KX F1AF2, HF194 RE&E1H)
ME2 & E1IAE2M & 1) Jg 4,
or(E1 X E2) = opy(op (E1) X E2)
7 op(E1 U E2) =c6p(E1) U op(E2)
89 op(El - E2) = op(El) - op(E2)
9) uA A NAEME, B RYB,.. B ZEL
J& r_&; C,..CGABE28 @,

BBEEER4 G AREN h 25k 89
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i




a1 an(E1XE2)=1g) g (E1) XTIy i (E2)
1) Ip1 an(E1UE2)=I5q  an(E1) UTIa;  An(E2)

a0, ARE DALY B HOFE T R AL B ) B PRAT
Hbrse R B2 52705 A E 1B E B AR .

1|I(SNUM)

(3) AL < DEPTNUM=DEPTNUM
— Mg o R L E o T

13118 [(SNUM, DEPTNUM) _T1(DEPTNUM)

o AREA =‘North’

Supply DEPT

HBEEERY AL R, b2k 90



* w 5.3 ¥ Global Queries’#tf{Fragment Queries

u 77/2
> STKEE]: R=RIUR2U.
> MIEEHE]: S=S51 M S2 X .

. URn
. DX Sn

¥ 77 N\ & #Global Relation ED ] .

= 7 AN IR 2R IA 2
1) — ot E R AT BE M) R %

HIR R0 A e, SR 0 -

)—J*EHZ 7L, =1 7L /A.\ ;j:%i%ﬁft (Common Sub- expressmn)
o X EEWERENHA LI —IKFIRE A,

IRk R RIS G, X

H A5 —, Toat

SR K.

BBEER LG AR RN, 2%



o ROTR: ()& ERAER L BAR R 45 R
(2) & AR T- 45 4 [ 5 K 1 I
A B[R] 45 5
15 H: Hemp.name(emp X (Gmgrnum=373 dept) -

(Osai>35000 €MP) M (O pmgrnum=373 dept))

\ emp.name
B3 i

L @Ot DIt
. deptnum = dept @&
: PN

mgrnum=373 Osal>35000 mgrnum=373

emp dept emp dept

HBEEERY AL R, b2k 92



1_[[ emp.name

< >Osal>35000

X deptnum

/ ngrnum=373

emp dept

IEFFRIAF:

emp X (Gmgrnum=373 dept)

BBEER LG AR RN, 2%

vRX R=ER
vRURE=R
VR—R=O

V'R X og(R) = op(R)
vR U og(R) =R

‘/R - cTF(R) = CTmotF R
Vo (R) X 6py(R) = 051 o p2(R)
‘/GF1(R) U op(R) = opym(R)

93



IT emp.name emp.name
Ogal<=35000 /M @lm
X deptnum > [I(name,deptnum) II(deptnum)
N
mgrnum =373 O¢,1<=35000 Omgrnum=373
emp dept
emp dept
T m)a 32 HBRIEN B2 expertd Y H P —IF

HLEEE
A5 R

T2 A A R

BBEER LG AR RN, 2%

. AL H E’Jﬁdtmﬂmm X Fh—IF

/G

B
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* w3 HRFHEEBRENTREN

15 IJ . 0dep’mum=1
0deptnum=1
—
deptl dept2 dept3 deptl
deptnum<=10 10<deptnum<=20 deptnum>20
4) JHERTCH R B2

1_IA 1_IA
If A UAttr(F) < Attr(R1)

»
»

Op

X
T~ R1

R1 R2

BBEER LG AR RN, 2%
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* w 54 BBEWTRERTER

e B L, 1B R ] R AL EE
e e R E

IT

X

N/\
s s
U/ \U R/ 3
I i T O i
Rll 2l R31

v g EEAR,

HBEEERY AL R, b2k 96



w BT

1, BRI, EiF,

BRFEIR TR, KR, JB2RIE W

%o B AT 5 Y
Rl
/ N\

I U 2 I1 J 114
W e &
R,! R, R R,

Gitel

BBEER LG AR RN, 2%

R2 R3 I1
I15 116 DL
o5 06 / \
N /U AN
Rs R¢ R? R3
1
Site2  Site3 S G R
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" w 5.5 ZJuBAERATRITLIL

b R E AR AT A NS 1 R BB
DBMS fi1 5t , DDBMS F) & i) 18 46 11 57 fif ¥k
Global optimization|n] &, R L3P AT
T— I E Bt . Bl fE il A
FEDBMS 1 51, FTDDBMS 4 & & A,
NG R —ootelE, FEEJoin#fE.

AR BB E W AR P BRI 5, B —1

“Ur” BRI E B 258l “tR”
B .

HBEEERY AL R, b2k 98



« w —.EZREERAPREE RS

1)k E B WP K fragments I E A, RIS Aix
(8 Site selection)

2)Strategies for join operation

Non_distributed join: Y
(RZUR%) x R1
Distributed join:

(R1 X RZ) U (R1 X R3) S

Direct join
- <

Use of semi_join

3) LR ERE R HAT 7125 (FE £ direct joinIll 5)

HBEEERY AL R, b2k 99



= Nested loop: =ZFrH5T ZHEIEH, XFAME
WRABENICH, KATESH R — .
KA ITHNEAL, 12 ARy H
N NHERLEN BN AF ) . Fr LA &R, Xt
TRXS, WRURNINKR, SHHNKSR, by
NREVEE, b NSHIVIHEIEL, REGTE
Hng MM X (ng>=2), HHng-17MHNHR
AR MX, TPMHNNRABBIZEMX, W
ORIEE R/ €A OSE
br+ 'br/(ng-1) 1 Xbg

BBEEER4 G AREN h 25k 100



= Merge scan: FR. SHIuLLELEMEHFE, T
AR P L B e, SRR IR . 4
R. SHEARIELBIEA, W& H B 2
BHET%. (21 +pl122)

n ‘%glﬁﬁﬁﬁﬂﬁi&ﬁﬂﬁméﬁ%: TEHRELE A
VEY, NN SRR SIEM IR, Nn) % E
{3 FH X B A7 B AR LRI 434, 3l S %

JB I A 2B BN, .

o HOIEEE: R, SERRMA MR, FIF
— BB R RO R SB[ BB SO

BBEEER4 G AREN h 25k 101



s FIARWANEF L RKDBMSH &L, fF

DDBMSH Hdirect joinSEBLERERT, AL,

AT I =

1) By cost comparison(tl#Rexhaustive search)

2) By heuristic rule. /M 24t H I3 Z

B T Fipl24E B 7515 e w B
3) Combination of 1, 2: ﬁz[iﬂl, {Elﬁ%

BN EER TSR, JHNMES

—.. Cost estimation

122

Total query cost=Processing cost+Transmission cost

BBEAEEELGAREN, h 25
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MRAE NI ANA] «
s For wide area network: f&#Hi%x

100bps~50Kbps, EHLNALBIRERAF 2, Fh
PAProcessing costiffl i ZBE AT

s For local area network: {%i% A]iA1000Mbps,
IX P TS A 25 FE

1) Transmission cost
TC(x)=Cy+C;x
X: 1%%‘555&4%% CO: %Dﬁé?@dﬂﬁ C1: N |
BRI AR AR . Cp v CIRIBT M 28451

BBEEER4 G AREN h 25k 103



* w 2) Processing cost

Processing cost=cost_,,tcost;

—Micost,,, AT LA 2 o

cost of one I/O=D,+D,

D, ¥ FER B (ms); D1: 1/O— "1 %E (us)
cost;,o=no. of I/O XD,

“ VER: it query costid A B A
SKH, FATTHY K2 EA R BT S 2 (5]

BEATELRS, AL A SRR [FEs T 5 T X ANA
77 RHISATAR T BEAT A8 55

BBEEER4 G AREN h 25k 104




- - 5.6

—. semi_joinF1E

1

N

W

)
)
)
)

4

semi_joinSLHjoin#R/E

Semi_join is used to reduce transmission
cost. So it is suitable for WAN only.

RS =TI(R X S)

MR, SRS N1, 2,
SH IR

KT, (S)>4E A1, AREREN

E4E 1 EMR ) ITL(S)=R XS (F

KR X S—45 5.2
TS 2 EMM(RXS) S =R XS

|

BBEER LG AR RN, 2%

IXSEIR X
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- n ’F%'T[:B?B?

» Cost of direct join=C,+C;min(r,s) — — @
r,s—— |R|,|S]| (GREAERIK/N)

= Cost of join via semi_join=
min(2C,+C,s'+C,1” 2C,+Cyr +C,s”)=

2C,+Cmin(s’+r” 1’ +s")

/1" — — [TIA(5) |, [TIA(R)

s" 1" ——|SSJR|,|RSJS
» (XZH@<OKY, fliH]semi

)

_joinZ & & H I

(1)C, must be small (2)4 H H £ Jtsemi_join

(B)RELSHIHAH L semi_join & MK K/

#EEEIEL G AR RN, b2
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* w —.KTsemi_joinHIPFie

1) RHSPARH AR 9D & U A A FRA AT
7']1”217!\ o
Semi_joinH FJ i )7 RIRZ
IMAEWR, MR, X R;... KR, KR, fHox:
R, X R, R;X (R,XR,), RX (R,XRy)...
ELNPTA A HE T 58 ik i s 4 B LA AT e
3  Bernstein

X can be regarded as reducers.

= Def: A chain of semi_join to reduce R is
called reducer program for R.

N
N

BBEEER4 G AREN h 25k 107



= RED(Q,R): A set of all reducer programs for R
in query Q.
= Full reducer: i & F 5544 Hreducer:
(1) eRED(Q,R)
(2) reduce R mostly
s {Bfull reducerF A AN AZIE K 1 H i
#1: Qisa query with qualification:
4=(R,.A=R,B) A\ (R,.C=R,.D) A\ (R,.E=R,.F)
A (R3.G=R.H) A (R;.J=R..K)

BBEEER4 G AREN h 25k 108



* @ Query graph:

A T I B S

Roo K 1] 5 Query graph. i K
VN iuery grap

R, PR Atree query(TQ).

X AT 1)

#12: q= (R;.A=R,.B) A\ (R,.C=R;.D) A\ (R;.E=R,.F)

&\ I/ iX
R3

FRERIFR Neyclic query(CQ)s

#13: g= (R.A=R,.B) A\ (R,.B=R;.C) A\ (R;.C=R,.A)

X —TQIMAeCQ,

BBEAEEELGAREN, h 25

A

9R,.C=R,.AT[

fRigite 2.
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- B E.I‘w\ﬁEHH

1) Full reducer exists for TQ.

2 No full reducer exists for CQ in many cases.

R, |A
0
3

R, Rs

F

3
0

9= (R;.B=R,.C) A\ (R,.D=R,.E) A (R,.F=R,.A)
HHEE R NT, HR,. R,w RANTLIEBELSHEN,

-full reducer.

AT AAATL

BBEER LG AR RN, 2%
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OJ|\)D>

g= (RB=S.B)A\(S.C=T.C)A(T.A=R.A)  Frifjg5 R ?

A A
R’=R X T: - SI=S X R/= T’:T X S’=

’ -

A A
RIi:RIM T/= = SII=SI[>< R//= T”=T,[>< S”= ;

BBEEER4 G AREN h 25k 111



R”'=R” x T”=0, FrlARAfull reducer:
OR'=RxT @S=SxR @T'=TxS @WDR"=R'xT ®&
S//=S/ X R// @T”=T/ X S”®R///=R// X T//= (I)

2510

e NTCQ: — A full reducer, BIf¥f, HKRE
i AR HP R O R B e AH AR MRS K (B(m-1))

o XTTQ: full reducerf K EE<n-1 (n vt 145 SED).

n PTLL, 18I = SEI AT ISR T IR EAN FE DA
full reducer Nt H #5

BBEEER4 G AREN h 25k 112



* w SDD-1&H¥:: B RABN(E+Hp189~190)

5.7 Direct Join
— — R* AR SEI T V2

—. PAMPEE A )join S HI T V2
= Nested Loop: & H = DBMSH #H MW E L1 &
M= (bg+ by / (Ng-1)1 X bg) X D,

s Merge Scan: £+ sUDBMSH A N FVE T &
W= (bg+bg) X D+ Cost,,.(R)+ Cost,,.,(S)

BBEEER4 G AREN h 25k 113



Y w D EARMTER R AL R

1) “shipped whole” : The whole relation is
shipped without selections.

= Forl, a temporary relation is established at
the destination site for further use.

= For O, the relation need not storing.

»  “Fetch as need” : The whole relation is not
shipped. The tuples need by the remote site
are sent at its request. The request message
usually contains the value of join attribute.

Usually there is a index on join attribute at
the requested site.

BBEEER4 G AREN h 25k 114



it

rNested Loop [ O: shipped whole
U I:fetch as needed
O: shipped whole
L I:  shipped whole
fetch as needed
“-Shipping whole O and I to a 3" site(NL or MS)

= Itis obvious that O should be shipped whole.

= In NL, if I is shipped whole, index can’t be
shipped along with it, moreover temporary
relation is required. Both processing cost and
storage cost are high.

AT

o =. /_‘\‘ﬂJ]OlnSme

I |

b Merge Scan

-

BBEEER4 G AREN h 25k 115



AT

AN(b g

'l‘/;\‘ﬁ

= ZJGjoin— — W NZ A Ztjoin.

= Copy selection— —

A

NR¥ASHFZ A

5.8 Distributed Grouping & Aggregate Function

Evaluation

SELECT PNUM, SUM(QUAN)

FROM 5P
GROUP BY PNUM,;

EIJ : GBPNUM, SUM(QUAN)SP

BBEAEEELGAREN, h 25
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* w TARARE TR HALREREHE, FUTER:

A —4, iff GER, OR GAR=® for all
i,j —_— (SNC) ’ )I_\”J .
GBg Ar(R; U Ry)=(GBg ArRy) U (GBg AeR))

5] SELECT SNUM, AVG(QUAN) FROM SP
GROUP BY SNUM;

s ISP AN fE AR T 3 H e F: T 2 SNC
s WISPIZFEMRELFH 2 H: AR LSNC, [
N A —HHE B By AT B[R] I AR B o AN [8] 224

4m

BBEEER4 G AREN h 25k 117



2) If SNC does not hold, it is possible to compute some
“ MW aggregate functions of global relation distributed

i gobal relation: S
fragments: S, S,, ..., S,

NISUM(S)=SUM(SUM(S,),SUM(S,),...,SUM(S.))
COUNT(S)=SUM(COUNT(S,),...COUNT(S,))
AVG(S)=SUM(S)/ COUNT(S)
MIN(S)=MIN(MIN(S,),MIN(S,),...,MIN(S.))

MAX(S)= MAX(MAX(S,), MAX(S,), ...,
MAX(S,))
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AT

- B 53%%?% Iﬂ%

TAEDDBHE—ZEH I R Z B A T &
W), FrAFESE B % i 2 B A [A] i) — 201

1 Updating all strategy
The update will fail if any one of copies is

unavailable.
p— —probability of availability of a copy.
n— —No. of copies

The probability of success of the update=p"
im p" = 0O

n—> oo
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2y Updating all available sites immediately and
keeping the update data at spooling site for
unavailable sites, which are applied to that
site as soon as 1t 1s up again.

3  Primary copy updating strategy

Assign a copy as primary copy. The
remaining copies called secondary copies.

Update : update P.C, then P.C broadcast the
update to S5.Cs at sometimes.

P.C5S. C/\ﬁ%‘%f M, ﬁn%%ﬁ%%mmﬁ
EER R R, WeieielE, 1eP.CHun
ML 72S.CHY
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Compare the version No. of 5.C with that of P.C,
if version No. are equal, read S.C; else:

(1)redirect the read to P.C
(2)wait the update of S.C

4 Snapshot

snapshot — —a copy image not followed the
changes in DB.

= Master copy at one site, many snapshots are
distributed at other sites.

= Update: master copy only.
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= Read: [master copy is indicated by users

snapshots

= The snapshot can be refreshed:
(1) periodically
(2) forced refreshing by REFRESH command

.%ﬁ?ﬁﬁh&%fﬂ%%,mkmﬁﬁ%&
o )L
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6 Recovery
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« 5 6.1 R

DBMSH Pk Z AL I £ Z2AEH 72 -
(1) Reducing the likelihood of failures  (Pj)
(2) Recover from failures (iR)

Restore DB to a consistent state after some
failures.

r %%7\%%\2ﬁﬁ/go
o TR B AT R A R
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g 1) Periodical dumping

durrllpmg dunllplng ,-;. failure

Updavte lost

s M Backup+Incremental dumping
[.D — —updated parts of DB

Backup LD L.D M;faﬂure

N
Update lost

kS T, A, HEERER, '
A &R G E/NEDBMS.

BBEER LG AR RN, 2%
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% 2) Backup+Log

Log : record of all changes on DB since the last
backup copy was made.

[ Old value(before image---B.I)1 id A
Change: New value(after image-——A.I)?r Log
Xf  update op. : B. Al

insert op. :--—-- A.l

delete op. :B.l —-

| Log =|

Bac:;kup M;faﬂure y
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K Bt

o AEeERERTRE JM T —2, ZEH HLogHid %
HIB.LAHEH A E, Elundo

s X OSEEIE R N E NDBIEAE, HAIKE,
Elredo

It is possible to recover DB to the most recent
consistent state.
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* u 3) Multiple Copies

NG 2 BA, RAENERN L TR A
5, H AR EA AR ] FH 11 5 50 R SR «

IfAL:  (1)increase reliability
(2)recovery is very easy

M @:  (1)difficult to acquire independent failure
modes in CDBS.

(2)waste in storage space

AT AR AN 16 1 5 A o Qs 2 &R 4.
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* w 6.2 Transaction(F55)

A transaction T is a finite sequence of actions on
DB exhibiting the following effects:

v Atomic action: Nothing or All.

~ Consistency preservation: consistency state ot
DB—another consistency state of DB.

v Isolation: concurrent transactions should run
as if they are independent each other.

v Durability:The etfects of a successtully
completed transaction are permanently
reflected in DB and recoverable even failure
occurs later.
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« u Bl WATEW, REsMA-B

Begin transaction
read A
A:=A-s
if A<0 then Display “insufficient fund”
Rollback /*undo and terminate */
else B:=B+s
Display “transfer complete”
Commit /*commit the update and terminate */

Rollback --- abnormal termination. (Nothing)
Commit --- normal termination. (All)
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® u 6.3 Some Structures to support recovery

WS B (I Log’%), Y
b, R TIRE, B AR R

Enonvolatile storage

1) Commit list: list of TID which have been

committed.

2) Active list: list of TID which is in progress.

3 Log:
After gD\

N

image I

TID

BID

BID

BBEER LG AR RN, 2%

BID

Before
image
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LogltiRH Bk i T — A, 23 0.
ﬁﬂﬁ?@ykdumpl‘m@j&{i, LOgﬂﬁE &%@%’ }‘Aﬁﬁ
SIS A ), R

1)

W N
SN——" =

DN NN

Free the space after commit. It is impossible
to recover from disk failure.

Periodically dump to tape.

Log compression:

A b Haborted T fR1FLog

B.I are no longer needed for committed T
Changes can be consolidated, keep the
newest A.l only.
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* w 6.4 commit Rule and Log Ahead Rule

6.4.1 Commit Rule

A.I must be written to nonvolatile storage
before commit of the transaction.

6.4.2 Log Ahead Rule

If A.lis written to DB before commit then B.I
must first written to log.

6.4.3 PR = SN
(1) undoMredo R HF &=, i AL T S 1k
undo(undo(undo === undo(x) ===))=undo(x)

redo(redo(redo === redo(x) ===))=redo(x)
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- (Z)E‘Zﬁjﬁ%ﬁ%mﬁ
a) A.I-DB before commit
TID —active list

B { B.I »Log (t4%Log Ahead Rule)
A [ -DB

. { TID —commit list
commit
delete TID from active list
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o w EXHIBFHRT, WRBIHEE, ke ?
Restartl), STEEANTID, 2K Mlist:

Commit | Active
list list
v |undo, delete TID from active list
v v | delete TID from active list
v nothing to do

BBEER LG AR RN, 2%
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b) A.I-DB after commit
TID —active list
j { A:.I —Log (% commit rule)

/‘

TID —commit list

commit< _TA-I —DB

delete TID from active list

BBEEER4 G AREN h 25k 136



o w EXHIBFHRT, WRBIHEE, ke ?
Restartl), STEEANTID, 2K Mlist:

Commit | Active
list list
4 delete TID from active list
v v redo, delete TID from active list
v nothing to do

BBEER LG AR RN, 2%
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c) A.I-DB concurrently with commit
D —active list

TII
] { Al BI—Log (142 rules)
] LA

 —DB (partially done)

- TID —commit list
‘Al -»DB (completed)

commity | |

delete TID from active list

.
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o w EXHIBFHRT, WRBIHEE, ke ?
Restartl), STEEANTID, 2K Mlist:

Commit | Active
list list
v |undo, delete TID from active list
v v |redo, delete TID from active list
v nothing to do

BBEER LG AR RN, 2%
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redo undo
a) X v
b) v X
c) v v
X X

BBEER LG AR RN, 2%
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* w 6.5 Update out of Place
n NRZTHE P page EMPEA
s NEE R R IRFF—TKpage table(PT)
s B Hpagelf, RHIA inew page, HI5HERL

5f Pk 3lipage table M AH N IR TR ET, % A5 ]
new pagelR[l A]
\ | PT
11k AR 5N page, '
e [ PTH AN f\
old new
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. FHeXR Tip141: lorie’s approach

Master Record (17 Master Record (fifi £i%)
SO0 SO0 |::> SO0 SO0
Kkth [
PT, PT\ PT.
!
: old

new
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® m 6.6 Recovery Procedures

2R AY

1)

2)

3)

1)
[ |

Transaction failure:

transaction’Z1E J% .

TAETIRHR A, 1%

System failure: RGtAA i, {HAL EDBARH

e InNEH,

Media failure:f &=, £ FEDBAEIA 1.
i Jit -

Transaction failure:[»

Undo if necessary

NEH EEcommitZ B

Delete TID from active list

BBEER LG AR RN, 2%
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2 System failure:

= Restore the system

= Undo or redo if necessary
3  Media failure:

= Load the latest dump

= Redo according the log
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®» g 6.7 System Start Up

1) Emergency restart

Start after system or media failure.
Recovery is needed before start.

2y Warm start

Start after system shutdown. Recovery is
not required.

5 Cold start

Start the system from scratch. Start after a
catastrophic failure or start a new DB.
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* » 6.8 Two Phase Commit

s DDBMSH E‘J;T%%I%ﬁj\%ﬁﬁg%, HHAT B R
P T %5 55 A [E B commit, B4 [

abort.

m L_?JJ EATZ B ESEEAE, Mg AR
IE

s R ZEIZL: No fixed length protocol exists.
n R SMEHHRT .
A Marchi , B

T: OKi_ ! IR ARIRIOK i+1
—Marchi+1 , ) BAUFE|March i+1] AE KMarchi+l; Ti%IB:
o OKit] I ) OKiM1FE4k 1) e EE, B ROK i+l

) B, T, RIOK i+l
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s ZHER, EHE—1F Ncoordinator

coordinator

M, -

participant participant
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* w " Two Phase Commit

{ | ikprepare ——
| S V
£| OK/notOK | % | wizr#%msh, bicommit, fF
5 b 5| H%OK, 75linot OK

g [ commit/abort | = |y g4 4OK, K commit
II{ S Ack S| 4, 50 Kabortdr4

OK — — if success not OK — — if fail

commit — — all OK abort — — any one not OK

= Fparticipantft [F[ZOKZ |, A H IR, 7] LLEEabort,
—HFZOKZ J5, ERBEERIAZER WS T,

= WRMOK)GE, MHRENR T, XNZH5ERAES, AT
PHIEIRAS, 1X722PCHIFH K
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®* w " Three Phase Commit
| ikprepare |
| { iy ready / abort iz 7 H55 %, A Llcommit, &
S | £ | E%&ready, 75MI[E%Zabort
< Prepare to commit © o
k= 1 .2~ | Broadcast to all participants and
H{ T OK .= | this MSG is recorded on the disk
. —
S commit/abort | &
() g
III{ Ack

L

= NP A AN A R, II?)EEME&T
= MAKHOKE, WMiFAER T, S5 2 EMEEKE, KAl
0 TE # F HIMSG, iﬁi‘ﬁé%ﬁmﬁ% mrENEZ=E5H

prepare to commit, M|&commitaz4>, 75Mabort. MM

iR R 2E

# BRI 4 B R R,

]
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- . 7.1 Mﬁ

Z M P DBMSH, SV 245 55 IR K VI IR A8
7.1.1 Why concurrency?

(il

1) Improving system utilization & response time

o) Different transaction may access to different
parts of DB

7.1.2 Concurrency Problems
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T, T, T, T, T, T,

Read(x) Read(t[x]) Read(x)
Read(x) Write(t) Write(x)
x:=x+1
Write(x)  x:=2*x Read(t[y]) Read(x)
t) Write(x)  (rollback)

R eSS =R ujE

FTLL, S5RGBT ATRES A =FR: 5-5. -,

B 5 — ST AT AR, S — A —
g MO RS, (SRR 4 4 T L 2
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* w713 AR ATAL — — ORI B IEAA PR AE

X W{T,T,,.. TV e —HIFREBITHES. W
RIHT,T,,... T B — 4 E(schedule)ﬁiﬁﬁﬁ
P AERROR, HIXH S5 B R B AT AT R A
HIZSRAE R, JUPRR SC/\IHTLE—TE??@CE‘L

o) @l AN A AN R B B AT 78— AN
HHATLER? (nl)

Ty T Tc PATEE RS HBAT S
Tr >Tn >T~FH[E]
Read R1 A TTB O
Frbl, ml&17th. SEhr
Read R2 Write R1 AT AT A_)TB_)TC
Write R2
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* w 714 X T HRENHSHREN

o W BRGNS IR B R R
FF ) — A2 4k

o HAREEM: AR s Mllsy, UNERTERIFERIY]
Aok AT, R AR R RUR se A ]
NI FRsy Asy A2 HARSEHT Y

s PREE: R-W. W-W. 5 EAE AT I
ERCMPHATROR

s AP REAE: OR-R QEFHEAE, HEIEHXT
ZAE, IR, (x) M Wi(y)-

n PPRZEN: B s A PR EAE B
SHHRAE, FRONsHIR RGN
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s PR WPRIAE R M RENT, W—E %
SN ARV IR

s FFATHE N H PR E

u WJl: Xﬂ‘E

AT U T T
i%\ g% {T1;T2/T3} El@ */l\l}%] E

S

s=Ry(x)W3 ()R (y)Wa(y) =R, (3R, ()W (y) W5 (x) =5

A

NS F&

/7 H o

=

AT, BT Ao

AT

= BI2: s=R,0QWH)Wi()W5(x) o 5% 55 4 3
B, ABEIA] LR B — AN s
s"=R; (X)W (X) W,(x)W;(X)

s BFRSEN

BBEAEEELGAREN, h 25
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HFr ] SR ATAL MR EE R NP, 1 RA] AT HR

w o o VEERERGAERATEIRE SR, B LS R R
" OBLE, TTERATALI R R AT B AT AL

7.1.5 Ak
A EG=<V E>
V- -—TNaES, SehaZ5RERNES.

E— —1&ES, L.Ji"*ﬁ/*k%&f’l%ﬁ@%m i
RTFNEMZ— AL, ATEEF AT -T;:

= Ri(X)TEW,(x)ZHi]
W.(x) R] X)Z_Hif
Wi(x) FEW;(x)-Z B

WEZ%%Lﬁ@%%%H%Qﬁ%%,m%ﬁ,
MRAZ AT AT, &, AT ERATAL.

.|+1L1
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w FTERATALRS, BLEEH B AT IEE RS-

b BT, A AREAOMITI . KR
BT 1L R 5 A T 7 N —

A o

o AR B EIE RIREAL B, AN HS Y T 22
IAB A BT TR )5

y  HEE1, 2HEEA LB ASIYIE,

BIXHT,, T,, T, T, T — N1 s

5= W5(y)R; (X)R,(y) W3 (x) W, (x) W3 (2)R4(2) W4(x)
Bt AT ? el AT AN 1Y
EATHAT IR A1
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* o 5= Wi(y)R; (x)R, ()W (x)W,(x)W;(2) R4 (2) W, (x)

@T—»D ey

13 5 F: T, Ty
T, 2
—> —>
BAAI: Ty, T, T, LN EBETFH: T,>T,—>T,>T,

R ) AT 55 Bl A X I R IRAT B85 55 R 1
{5 2 A% AP A] B AT AL TR S e 81 SR AT
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* w 7.2 Lock Protocol

B A B 2
LA

7.2.1 X locks

Only one type of lock, for both read and write.
MAEHFE: NL—no lock

Y —HE
£ NL X
NL Y | Y
X Y N

BBEAEEELGAREN, h 25

S IR ERITRZ —, R

X—X lock
-
N— A
T T
X_lock R X_lock R
Update R wait
)&_unlock
R X lock R
EOT

Read R
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* » “Two Phase Locking

= Defl: In a transaction, if all locks precede all unlocks,
then the transaction is called two phase transaction.
This restriction is called two phase locking protocol.

= Def2: In a transaction, if it first acquires a lock on the
object before operating on it, it is called well-formed.

T
s Theorem: If Sis any Growing Egilﬁg
schedule of well- phase Lock C
formed and 2PL S
transactions, then S 7o
’ . Unlock A
is serializable. Sig;ekm% Unlock B
(EFpl151UEH) ¥ . Unlieds€
2PL

BBEER LG AR RN, 2%

T2
Lock A
Lock B
Unlock A
Unlock B
Lock C

[Bnlock C
not 2PL
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- = %i’ﬁ

1) Well-formed+2PL: serializable

2 Well-formed+2PL+unlock update at EOT:

serializable and recoverable.(N&H Z KEIF)

3  Well-formed+2PL+holding all locks to EOT: strict

two phase locking transaction.

7.2.2 (5,X) locks
S lock — —if read access is
intended.

X lock — —if update access
is intended.

BBEAEEELGAREN, h 25

5 NL| S | X
NL Y | Y| Y

S Y | Y | N

X Y | N | N
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* w 7.2.3 (S,UX) locks
U lock — —update lock.

For an update access the G

transaction first acquires

a U-lock and then
promote it to X-lock.

H: Jab ARl 18], 2

(SE -d R A A

NL| S | U/| X

NL Y Y | Y | Y
S Y Y | Y | N
U Y Y | N | N
X Y | N | N | N

X (S,X) (S,U,X)

concurrency

overhead

BBEER LG AR RN, 2%

162



* w 7.3 Dead Lock & Live Lock

SEBL: EIAE ,wﬁﬂzﬂﬁ/ﬁﬁﬁé%’ AP/

Wel. BEIRHEEH %‘Wtﬁﬁﬁﬁﬁﬁﬁﬂmljﬁ*ﬁﬁT
ﬁﬁ,@%—%ﬂmfﬁﬁﬁ GEEN LS

T

R
A
X_lock R1 X_loci R2 T1: S-lovck\

T2: S-lock T: x-lock

ITI

i X lock R1
X lock R2 wait
wait l

o B TR R, A B O SRS, WIFIFO
SEE: (D)BF(N UV RAE); QIA(CTF, BETHER)

BBEEER4 G AREN h 25k 163



» w 7.3.1 Deadlock Detection

1 Timeout: If a transaction waits for some specified
time then deadlock is assumed and the transaction

should be aborted.
2 Detect deadlock by wait-for graph G=<V ,E>

V — set of transactions {T; | T, is a transaction in
DBS (i=1,2,...n)}

E — {<T, T>|T, waits for T, (i #j)}
w5 B HOE IR I BB O ) AR AR
= When to detect?

1)  Whenever one transaction waits.

2 periodically
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)

What to do when detected?

Pick a victim (youngest. minimum abort cost...)
Abort the victim and release its locks and resources
Grant a waiter

restart the victim (automatically or manually)

7.3.2 Deadlock avoidance

Requesting all locks at initial time of transaction.
Requesting locks in a specified order of resource.
Abort once conflicted.

Transaction Retry
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Every transaction is uniquely timestamped. If

T, requires a lock on a data object that is

already locked by T, one of the following

methods is used:

) Wait-die: T, waits if it is older than Tj,
otherwise it “dies”, i.e. it is aborted and

automatically retried
by Wound-wait: T, wait

with original timestamp.
s if it is younger than T,

otherwise it “wound” Ty, i.e. Ty is aborted
and automatically retried with original

timestamp.

ERTEH, AR AT RIS, R

FRIER-SFZ, AR Jf%)ﬁ$’5ﬁ—’i

MTTTEE S 7 AE B R A

HBEEERY AL R, b2k

_Ao

166



* w 7.4 Lock Granularities

7.4.1 2 881

M{W Dlock 45K, SETERABUREL; MIE
SIS AT IR R E R YR, R N T

It CAOR 2R e 8 B 49 J L
DB—File—Record —Field

In this situation, if a transaction acquires a lock
on a node then it acquires implicitly the same
lock on each descendant of that node.

FIT LA 22 2 B P AP B -
= Explicit lock
= Implicit lock
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.« w 7.4.2 ZMB

s WA R A implicit locks?

= [BMHPJintention lock: #HtIS. IXHISIX =F &
n) Bt I AR 2 SR BN 1 SEI, )”'Jf B E
PR 5 % Enisst, fEAESHGFEE. Xt
TE = 0 5B E XA, E‘ETU&W&%A
TOPLER

| DB IS
s [S—Intention share lock

= IX—Intention exclusive lock  Fjle IS
s SIX—S+IX Record S

Field
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* w SHREBE AR

o NL| IS | 1X| s |six]| X X R
NL Yy | Y| Y| Y| Y ]|Y SIx
IS Yy Y| Y|Y]| Y |N HE
[ ]
IX Y | Y| Y|N|N|N S IX Hi
S y |y I N| Y| NN — [
SIX Y | Y| N|N| N |N I5
X Y |[N|N|N| N |N N 3

JIEES AT LA A i (R ) AC5S,

BBEER LG AR RN, 2%

{EANFE LSS Ao
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- = ﬁn@’i)ﬁﬁlﬂ

= Locks are requested from root to leaves and
released from leaves to root.

Sl - ez [fB
record fle DB F le
1) s IS IS Record
(2) X X IX Field

(3) Allread and some write SIX  IX
X5 record INXAA DL A5
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7.5 Locking on Index (B+ Tree)

= Transactions access concurrently not only the data in DB, but also
the indexes on these data, and apply operations on indexes, such as
search, insert, delete, etc. So indexes also need concurrency control
while multi granularity locking is supported.

= How can we efficiently lock a particular leaf node?

= Btw, don’t confuse this with multiple granularity locking!

= One solution: Ignore the tree structure, just lock pages while
traversing the tree, following 2PL.

= This has terrible performance!

= Root node (and many higher level nodes) become bottlenecks because
every tree access begins at the root.
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®» » Some Useful Observations

Every access to B+ tree need a traverse from root to some leaf.
Only leaves have detail information about data, such as TID,
while higher levels of the tree only direct searches for leaf pages.

One node occupies one page generally, so the lock unit of B+
tree is page. Don’t need multi granularity locks, only S, X lock
on page level are enough.

B+ tree is key resource accessed frequently, liable to be the
bottleneck of system. Performance is very important in index
concurrency control.

If occur conflict while traverse the tree, discard all locks applied,
and search from root again after some delay. Avoid deadlock
resulted by wait.
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. = Some Useful Observations

= Originally, locks on index are only used to keep the consistency
of index itself. The correctness of concurrent transactions is
responsible by 2PL. From this sense, the locks on index don’t
need keeping to EOT, they can release immediately after finish
the mapping from attribute value to tuples” addresses. But in 7.6
we will know, even the strict 2PL has leak while multi
granularity locks are permitted. The lock on leaf of B+ tree
should be kept to EOT in order to make up the leak of strict 2PL
in this situation, while locks on other nodes of the tree can be
released after finishing of search.
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ROOT ~
- m \.I A Example
Traversing
the tree

/ E
/IIII P /Irﬂ\

EaE B e -
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* w Tree Locking Algorithm

1. While traversing, apply S lock on root first, then apply S lock on the
child node selected. Once get S lock on the child, the S lock on parent
can be released, because traversing can’t go back. Search like this until
arrive leaf node. After traversing, only S lock on wanted leaf is left.

Keep this S lock till EOT.
2. While inserting new index item, traverse first, find the leaf node where
the new item should be inserted in. Apply X lock on this leaf node.
= Ifitisnot full, insert directly.

= Ifitis full, split node according to the rule of B+ tree. While splitting,
besides the original leaf, the new leaf and their parent should add X lock. If
parent is also full, the splitting will continue.

= Inevery splitting, must apply X lock on each node to be changed. These X
locks can be released when the changes are finished.

= After the all inserting process is completed, the X lock on leaf node is
changed to S lock and kept to EOT.
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* w Tree Locking Algorithm

3. While deleting an index item from the tree, the procedure is
similar as inserting. Deleting may cause the combination of
nodes in B+ tree. The node changed must be X locked first and X
lock released after finishing change. The X lock on leaf node is
also changed to S lock and kept to EOT.
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7.6 Phantom and Its Prevention

= The assumption that the DB is a fixed collection of
objects is not true when multi granularity locking is
permitted. Then even Strict 2PL will not assure
serializability:
= T1 locks all pages containing sailor records with rating =1,
and finds oldest sailor (say, age = 71).
= Next, T2 inserts a new sailor; rating =1, age = 96.

= T2 also deletes oldest sailor with rating = 2 (and, say, age =
80), and commits.

= T1 now locks all pages containing sailor records with rating =
2, and finds oldest (say, age = 63).

Il!

s No consistent DB state where T1 is “correct
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The Problem

= T1 implicitly assumes that it has locked the set of all sailor
records with rating = 1.

= Assumption only holds if no sailor records are added while T1 is
executing!

= Need some mechanism to enforce this assumption. (Index locking
and predicate locking)

= Example shows that conflict serializability guarantees
serializability only if the set of objects is fixed!

= If the system don’t support multi granularity locking, or even if
support multi granularity locking, the query need to scan the
whole table and add S lock on the table, then there is not this
problem. For example :

select s#, average(grade) from SC group by s#;
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= [f there is a dense index on the rating field, T1 should lock

Index Locking

the index node containing the data entries with rating =1
and keep it until EOT.

= [If there are no records with rating =1, T1 must lock the index
node where such a data entry would be, if it existed!

When T2 wants to insert a new sailor ( rating =1, age = 96 ),
he can’t get the X lock on the index node containing the data
entries with rating =1, so he can’t insert the new index item
to realize the insert of a new sailor.

If there is no suitable index, T1 must lock the whole table, no
new records can be added before T1 commit of course.
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Predicate Locking

= Grant lock on all records that satisty some logical
predicate, e.g.age > 2*salary.

= Index locking is a special case of predicate locking for
which an index supports efficient implementation of
the predicate lock.
= What is the predicate in the sailor example?

= In general, predicate locking has a lot of locking
overhead. It is almost impossible to realize it.
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7.7 Isolation Level of Transaction

= Support for isolation level of transaction is added from SQL-92.
Each transaction has an access mode, a diagnostics size, and an

isolation level.
m SET TRANSACTION statement

Possible result
Isolation Level Dirty Unrepeatable | Phantom Lock demand
Read Read Problem
Read No lock when read; X lock when write, keep
Uncommitted Maybe Maybe Maybe until EOT
Read S lock when read, release after read; X lock
Committed e Maybe Maybe |\ hen write, keep until EOT
According to Strict 2PL
Repeatable No No Maybe &
Reads
Serializable No No No StriFt 2PL and keep S lock on leaf of index
until EOT
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* w Example:

SET TRANSACTION READ ONLY
ISOLATION LEVEL REPEATABLE READ;

SET TRANSACTION ISOLATION LEVEL
{ READ COMMITTED |
READ UNCOMMITTED |
REPEATABLE READ |
SERIALIZABLE
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* w 7.9 The Time Stamp Method

1. T.S --- A number generated by computer’s internal
clock in chronological order.

». T.S for a transaction --- the current T.S when the
transaction initials.

3. T.S for an data object:

1) Read time (tr) - highest T.S possessed by any
transaction to have read the object.

2) Write time (tw) - highest T.S possessed by any
transaction to have written the object.

. The key idea of T.S method is that the system will
enforce the concurrent transactions to execute in the
schedule equivalent with the serial execution
according to T.S order.
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*» w Read/Write operations under T.S method

5.  Let R---adata object with T.S tr and tw.
T --- a transaction with T.S t.

Transaction T reads R:
read R
if (t >= tw)
then /*OK*/
tr = Max (tr, t)

else /* a transaction younger than T has already write R
ahead of T, conflict */

restart T with a new T.S
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Transaction T writes R:
if (t >= tr)
then if (t >= tw)
then /*OK*/

write R No other reads
tw =t —
else [Ftr<=t<tw?*/ tr t  tw
do nothing : : —
else /* a transaction younger than T has already

read R ahead of T, conflict */
restart T with a new T.S
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* » Remarks:

1. Compared with lock method, the most obvious
advantage is that there is no dead lock, because of no
wait.

2. Disadvantage: every transaction and every data
object has T.S, and every operation need to update tr
or tw, so the overhead of the system is high.

3. Solution:

= Enlarge the granularity of data object added T.S.
(Low concurrency degree)

= T.S of data object are not actually stored in
nonvolatile storage but in main memory and
preserved for a specified time and the T.S of data
objects whose T.S is not in main memory are
assumed to be zero.
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7.10 Optimistic Concurrency Control Method

The key idea of optimistic method is that it supposes
there is rare conflict when concurrent transactions
execute. It doesn't take any check while transactions are
executing. The updates are not written into DB directly
but stored in main memory, and check if the schedule of
the transaction is serializable when a transaction
finishes. If it is serializable, write the updating copies in
main memory into DB; Otherwise, abort the transaction
and try again.

The lock method and time stamp method introduced
above are called “pessimistic method”.
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* w Three phases of transaction execution:

1. Read phase: read data from database and
execute every kind of processing, but update
operations only form update copies in
memory.

2. Validate phase: check if the schedule of the
transaction is serializable.

. Write phase: it pass the check successtully,
write the update copies in memory into DB
and commit the transaction; Or throw away
the update copies in memory and abort the
transaction.

BBEEER4 G AREN h 25k 191



* » Information must be reserved:

1.  Read set of each transaction
».  Write set of each transaction

3. The start and end time of each phase of each
transaction
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* m Checking method while transaction ends:

When transaction T, ends, only need to check if there is conflict
among T; and the transactions which have committed and other
transactions which are also in checking phase. The transactions
which are in read phase don't need to be considered.

Suppose T; is any transaction which has committed or is being
checked, T, passes the check if it fulfills one of the following
conditions for all T; :

—_

T; had finished write phase when T, began read phase, T, — T;

2. The intersection of Tj's read set and T;'s write set is empty, and T;
began write phase after T, finifhed write phase.

@

Both T's read set and write set don't intersect with T)'s write set.

I

. There is not any access conflict between T; and T
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* w 7.11 Locking in DDBMS

VAR E

) R A - B R U —

B, BRIFAESIPAT I B AT [ el

= Multi_copy

s Communication overhead

7.11.1 write lock all, read lock one

= Read R —S_lock on any copy of R
= Write R—X_lock all copies of R

s Hold the locks

to EOT

W5 H4H: htn—No. of copies

BBEER LG AR RN, 2%

194



Write: n lock MSG Read: 1 lock MSG
n lock grants 1lock grants 7 canbe
n update MSG 1 read MSG merged
n ACK
[n unlock MSG]

4n
7.11.2 Majority locking

= Read R —S5_lock on a majority of copies of R

= Write R—X_lock on a majority of copies of R
= Hold the locks to EOT

W5 H4H: Majority —(n+1)/2
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Write: (n+1)/2 lock MSG ~ Read: (n+1)/2 lock MSG

(n+1)/2 lock grants (n+1)/2 lock grants
n update MSG 1 read MSG }
n ACK n+1
3n+1
= XI7111, WNAFEEELE, SEFXE, ]

%Qaa@**lz/\@l, fE%KT eX-lock all, FrlA
REZ A8, vk N En & 80 A o K AE

;g?ﬁ%ﬁm%@,ﬁﬁ@ﬁ BV

A
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* u 7.11.3 k-out-of-n locking

= Write R—X_lock on k copies of R, k>n/2

= Read R—S_lock on n-k+1 copies of R

= Hold the locks to EOT

v XEEE R k+(n—k+1)=n+1>n, Fir LA &/ a] Bl
E— AR BRI R 2R

o XNEEHMR: 2k>n, BT A EERUEA I H 5
FIT AR AR 7 VR SEBR B2 B B P

o 71115 &k=n; 7.11.252k=(n+1)/2

v KAT{E(n+1)/2~n[AlF3), KGBORN B0 A .
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* u 7.11.4 Primary Copy Method

R—data object

Assign the lock responsibility for locking R to a
given site. This site is called primary site of R.

GIKEPIRGE

Write: 1 lock MSG Read: 1 lock MSG
1 lock grants 1 lock grants
n update MSG 1 read MSG
2n+1

ﬁh/ﬁxﬁzi&mfa%x T ﬁﬁtﬁﬁ%ﬂﬂ‘
R 32 5 AN B S SR S A1
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» w 7.11.5 Global Deadlock

Site A

Site B

BBEER LG AR RN, 2%

frlock

T, s THIT NS HRES, 5

MAELE A, BEEAHA
STl THES.

* Tias Tigdi[A]Hf commit

JP * Tous Topbdil[A]Hf commit

R AT

455

|

3Ny M S o P ) O I K17 B 7 1 1
s TE R ORI SRR F IS INEXTSZE s, U
TRAMNFES, THEESETEHS,
EET S mUER RS, B INEXT—T;
AT

ST R R, T I T—EXT
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“ x ERFEFERLETTE:

FlnAEss i bA . EXT-T—T—- T, —EXT
) B 745 EXT-T, T1 »==-—T —EXT
o) if T,=T, : global deadlock is detected.
it T.#T; : merge two wait-for graphs:
EXT-Ti—>Ti—=—>T -1 —=-—1,»EXT
L RRY, BT B =BT IR TG L

AT AR A A, NS 4 B ISR A R A
o M AR = AR 4 R el i — — e ABBi A

LLL\

&
llmll
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* w 7.12 Time Stamp Technique in DDBMS

7.12.1 4= JRy ) )k
o YIRS A R BR B S B R B[R], AL
Global T.S = Local T.S + Site ID
s SRR REANE], AER, RELRIE:
time of receipt >= time of delivery
n fifEER: U ot receiptsite -~ max(t;, t)
t, —current T.S at receipt site
t,—T.S of MSG
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v w 7122 EE#E
1) Write—update t, of all copies.

2y Read—update t, of the copy read.

3 When writing we check T.S of all copies. If
t<t, for any copy the transaction should be
aborted. When reading we check T.S of the
copy read. If t<t, the transaction should be
aborted.
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