HEE R R E B

RandomStar

BOWS: WK% B

o W TWIKBIERIIES, T —F, Bl AR, HIFGEERNEHSEAL, it EHR
()RR IE S BR 2 A e A —

o kI )\ KB, HRTGETE:

o RAMBASQLIEA): Bt B A EMEMBREERHM LKL

o ERK|: HERE, #il%#EEschema, FE &MLk WS EX A

o Jusl, MM, REUKIIIMIGHS, B 5BCNE/ iR

o XML: Z#EDTD, XPathfIXQuery

o B+ AFMER, LLEbufferff)it5: buffer Al — bk 2 HIAEIE &5 18

o EiljMjoinffhit: BVER, HHEAGREEAR

o FHATALEL: mRETIRE, KW PR EATILE, B B BT REAS fE A

o ARIESIKE k. WRFHEARIESIKE &y 5 B s T LA

i

o IRITIAZEALA, H OB IHRAT RS, FEOL - RENE R

B EAMESMR AR
1.0 R

e Nothing important, %2/ ZHIRFE I PE bR AEE R — i@
1.1 X R B %47 # Relational Database
RABIBHE ) — AN 1

o RAMHHRIER —RIIRKER
o KRR AL
o R —TERIR KRR

1.2 EAM &M G H

e arelationrisasubset of D; x Dy x ... x D,,, —%trelationilZH o #— P nichit 4 (tuple)
e attribute/@fE, RETMF] 4

o attribution type J& 1 1257

o attribute value J@VH1E, HEAJEPEAER SFrelation  HI{H

S RMEE FE G JE A L 2 S atomic ), RIANET 43 E 1)
® domain: EMHMEMESEL, nullZFrf B domainHAH KT ER, (Haenull{fsigmk—
L i) 5
e Relation Schema ¢ R,

© R=(A1,As,...,A,) Hh A2 —RIENE, RAEBEN KRN —Fidgh 5
o r(R)F/RRABARFH—FIIK R, tabledmix >k 5 2 HT HIME (5 R L 41)

n AR ArF TR LtableF ) —AT
w RN AR R 4 i 44 08 R AR R OG &R
o KREALFFM, KRZPATHFIINFFE Zirrelevantft)

1.3 Keys##
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o super keyf: FEEME— IR IR CARBYESE, BT 20 0 RN A A B2 M — )

o MM UEZANEIEMAE
o HWIRARKARM —METE, A, ByHIERARK /M
o JEIBEM“ME—FR I A TR W UL TURTE B
o candidate key{Fi%: &% KB M HER
o WHRKJERM—/MEHE, M EMKKETEARRY—/ M, BAKHRRI— Mk
e primary key3- 4.
o K EE 1R B I n AR IR —AMEL S, AR EnullfE
o foreign key#Mi#: HISRIIRMNR IR, 7T LA TE
o WIRXABMARITH—NEMR S AN RRZEAR2T ) — T, BLXAE 2R —
A H1

m a3 foreign key from r1 referencing r2
1.4 Relational algebra>< & X #

o Select i&#%: o,(r) = {t|{t e r Ap(t)}
o ik th BT i R AT p(t) I TRt
e Projectfi: HAl,Az,~-~,Ak (r)
o IBHMEREFERNK AT HI A REARBIEA;, Ao, ..., A TR R
o RXHEZMEHERMICE, KW RERFIIIAE & 7 1) B M il DUR IR OC e — 1L 1) & 1%
e Union Jf#fE: rUs={tftervte s}
o PN AR I B AN B b Z5UAH [F)
o #JEPEfdomainh 2 vl LLEL /N
o Setdifference ZH#fF: r—s={titerAt ¢ s}
e Cartesian-Product® R/RK#: rx s = {tglt er Aq € s}
o PANK RIS AAHAZ Y, U AR AT ) T EEx) 45 o E AT e R AL kAT E A
o HRJIIEHM SR KR P Ic AN Z L rs KA B el
e Renaming#E i #: px(E)
o WEHEM A NX, ik— N RAMAEZANMNG, FNXATUS NX (A, Ao, ..., A,) Foxt @tk
AT H A 44
o KALTCH+r gl H
o HRRIZH: W LARIHI ¥ /N Fh A A E A F
o Intersection LigHrNs={tltcrAtecst=r—(r—s)
o Natual-Join H#A¥EH: ras
m AN R R4 JE I AR I 5 MR R — AN B Sk Ak B
= Theta join J# 2 XM FMHIEIF: 1oy s = og(rs)
o Outer-Join/MiliHs, 70 N/EINERE, HIMNER:, iMER
w TR AF BB B BL (A null )
m JEANEREX
» O RERHUCA TME IR IR OC R IERE, A IAAEER A
m HAhEREEX
AR R EME IR IO R A LR, ANEE RN
= Fulljoin/i A 4x b, ATELEX NS s (8
o Divisionfi%: r+s={t|t € [[z_s(r) ANVu € s(tu € r)}
s NER= (Al,Az,...,Am,Bl,...,Bn) NS = (Bl,...,Bn) s
R—-5= (A17A2a"'7A‘m)
o Assignment HJ#AE, KT AR 4 M« oTHE— DR REERIE#AT i 44

e Aggregation operations 2 & 11k
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o EAXX: ¢.6....6.9m ), . F(4,) (E)
o GEEEMIME, WTRAPIEGHEMEIRITEHITES, FORFEHIBHE BRI
o ‘# WA SUM/MAX/MIN/AVG/COUNT

F#45: SQL
2.1 SQLE: A% &

e SOL: ZMWEMIES, 4 ADDLDML,DCLJLFZEAL, FH EL 4 2 (b5 v & SQL-92
o EFERNIES

2.2 SQL G, HH, Mk
o SQLICHFFMHE A

o char, varchar, int, numeric(p,d), null-value, date, time, timestamp
o FTA MR AVER S Finull/E N JEPEAE, 7T LAE 2 SIS 75 B — AN @ P4 (1B not null
o flE % ¥E K create table

o QUKL

create table table_name(
variable_namel type_namel,
variable_name2 type_name2,
(integrity-contraints)

o dintegrity-contraint SE#PELW: FfLIE %E primary key, foreign key references xxx,
not null

o fHEEEHEER drop table
o HHIEIEENIEH alter table
o alter table R add A D WFIN—4¥i/EMH
» HAREM4, DiZARdomain
o alter table R drop A MIFEAJEM:
2.3 SQLE #)

o ST R ETSQLIEHR], HRFM— B L EIREN
o SQLAWMIEATLA: selectift)

select Al,A2,..,An
from rl,r2,..,rn
where P

o EMEMHNTFILy 0 a (0p(r X 12 X - X 7))
o SQLE WML RAE—NKAR
o selectTH) [ —LLegy ¥y

o select * from xxx KW A B, FHL LR IENRERX, RRTEEERIIT
BNE, NGNS NRE, selectifA)ffios i EN#ix

o SQLH R B FXF KB AUk
o EMpHEHE: select distinct, PjihEEELMKTME select all
o select T i i FRIE SRS A R IY N 32 B i),  thi
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select ID, name, salary/2
from instructor;

o where A 1:

m T HFand or not ¥ HIZE
m 7 between and SRA G H
o from F#J:

n EAERIE, ATLLEIT old_name as new_name #HTE M4
m from A] LLEF L AR, W S RIATE RILRRIEE, BilliTselect
n oA E: A LLNEZ AR Fiselectiii /& — & AR LA R 8 AR oo 4

select instructor.name as teacher-name, course.title as course-title
from instructor, teaches, course
where instructor.ID = teaches.ID and

teaches.course_id = course.course_id and

instructor.dept_name = 'Art';

o FREHRIFFIEMREAXILE, H Tike regrex [¥175 zUn LAEAT J& MEAE ) 1E U ik =TT
» ENERGE A R B AT

select name
from teacher
where name like '%hihci%';

o R L R

m order by JE¥4% asc/desc
o EAEME:

= T LLH union/intersect/except A ESIZH REEMNEAANRAKEH

o RafiE:

» I #ERAEE avg/min/max/sum/count, IR PSR

select dept_name,avg(salary) as avg_salary
from instructor
group by dept_name;

5 FSQLIBFI R G EAEA X RAE P IR G EBHE AT ENPI), KRARBTHHES
BREFERG, 6, ... 9 (A1), .., 7, (4,) (B)XF R FISQLIE A5

select G1,G2,..,Gn,F1(Al),..,Fn(An)
from E
group by G1,G2,..,Gn;

RO HAVENISQLIEA) B E H LAE R having xxx Kgm— 5 75 5 I A /R R 3R AB1)
%A%, tein

select cno

from pos natural join detail
where year(detail.cdate) = 2018
having count(distinct campus) = 1;



o Null values %14

w EMEEPT DA, SRR DATE S SCEUHE 3R I B 0 e RS T 3R AN RE N S
e Nested Subquery % £ 7 i

o XfTH&E

select Al,A2,..,An
from rl,r2,..,rn
where P

HAPWA, 1 PEHATUM BN~ T EH
o LKA M in/not in +F i KA R LR MZETE TR ENE ST

®  some+T i T HIWEES R TAETEN L&A, FRANFEN
= all+7aEif Al LU ORI % 5
® exists+ 7AW AW TEANLSREGARNT
®  not exists+ T KT NAE
o with7a): XfFElE X —MEE4, A IEZ 1A

o scalar¥#&ifl: M T FHE—MEMENE L R
o joinfA): ALK AT Tk KT & Fhjoin J5 £ )
® natural join HARERE

®m A join B on(xxx)

2.4 SQLiE N, MIBx, E#H

e jfi\: insert into table_name values( );

o nJ LA select &) FHI15 R &5 BAFE Avalues, BERS AT LLF R 36 N\ £ 4545 1

o JHEsk: delete from table_name where XxXxxxx

e Y. update table_name set xxx where xxxxx

o case THA): HT2Zitie

update instructor
set salary = case
when salary <= 100000 then salary*1.05
else salary *1.03
end

2.5 SQL view #1 A, index % 5|

o ML —Fh R B IR BOHE R AR 4 IR A L
o ATEHEEE E B E LRI, T AR 1 — e
o BUEALEIN E IEH:
xR ATR, RN tableiselect i)

create view xxx as (a subquery)

o LKW
o T EH HinsertiE A) HH L
o HJ LATEHHA A
w GUEER RAEH T kR M
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w G A HEAT distinet AL S 44
n H A {E Aldefault
e Domainf) & Hr21

o create domain new_name + data type (Eb#0 char(20))

o domainn] DL E A&, HLln FiiX —BidomainiE X & rdegree_level R AEEIX =ik
TR

create domain degree_level varvhar(10)
constraint degree_level_test
check(value in ('Bachelors', 'Masters', 'Doctorate'));

o Large-Object Types Kxf %3574, 43 Ablob( ki KXt %) Mclob(SLA KX} G ) Fifd, 247
LR [E] RO AT i, BT 12 — MR R Fa %t

e IndexZ 7l

o iEVkE create index index_name on table_name(attribute)

o FEX MRANEIE PR G, INPRAE R

e Transactions %%

o —RIIEMEHIENES
o Atomic transaction 1355 R AR 78 AT B [H1R (roll back)

2.6 Integrity 5% % 14 4% i
o FANCR LILR

o 4@ primary key, unique, not null
check 7). "SRRI E L
= check(P) 1 & FAN P 5 U HREE 1 —L411H
o Domain constraints {35 1) £ %
= {Edomainf¥)E X H M Acheck

m &7k create domain domain_name constraints check_name check(P)
Referential Integrity 5| f 52 %4

w4l 5| F 3R A R B A R o R
n JSEPPT X — Bk T - R A 75 U AR 8 SR I 2 A Mg i AT 2R
o Cascading action(F 1B X — BAE PHT A M0 i)

[e]

o

= on update
= on delete
o T RN PRI 2
o Assertions(MysqlAs 3 )
w0 TR P R AL IR O R ) — R TR S )

m create assertion <assertion-name> check <predicate> T Ifif&— Bl 1
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create assertion credits_constaint check
( not exists(
select *
from student S
where total_cred <>(
select sum(credits)
from takes nature join course

where takes.ID = S.ID and grade is not null and grade

<> "F'
)
)
)

= Triggerfil k& %%
w FERBDE T EE N 2 ST LE )
LI RETREPN: HpriE
= referencing old row as Xf [H AT #EAT#EAE, - T-HHIBR A0 5E B

= referencing new row as XJ (AT EEATHAE, T4 ANFIEEHr
= trigger eventfill &k FH1F

= insert/delete/update=5f:/E#R W] LAk 15 B 4f i trigger
w il (R E] £ AT DLt before flafter, fili &k 2 EVE DR

create trigger trigger_name before/after trigger_event of
table_name on attribute

referencing xxx

for each row

when xxxx

begin

xxxX(SQL operation)

end

2.7 Authorization

o KdE E DU A ALR read,insert,update,delete
e Security specification in SQL 4 {78

o grantiff) Al IR T F AR grant <privilege 1ist> on <relation name or view

name> to <user Tist>
o <user Tist> AL 44, AT LU public(FoVF a4 %M A X AR )
o grantiZ )G A/ AN with grant option, FR~iZH ) G P HoAh B 7 X IR (K4 )
o revoke £ J/j [l

m revoke <privilege 1ist> on <relation/view name> from <user Tlist>

[restrict|cascade] MA F h[alid £

o roleiff)

® create role role_name

» FVF SRR AR B R

F=#4r: EREZRFINormal Form(FE:X)
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3.1 E-RAE R

o E-RELAY fHenitites(S44) Firelation(9¢ R ) 2H ik
e Entity set SZik%E
o SRR —RIIMFFIIN R, H—RIEMERIR
o [A—ZSAIL =AM A [ Properties, SEAREE R H [FI 287 () SR 4 K 42 &
o TRk
s KRR ES
s BWEEK IS, primary keyH T I £ bR
o SRS R M SURLZ /T L —FE

w SRR EVEE AT LR A G AR R, R — M)
Instructor
D
name
first name
last name
address
street
street_ number
street_name
apt_number
city
state
e Relationship set % &4
o —“relationship/& JL M SR Z AR R, K REEH A [FIZER R A B SE &
o —“relationship /b 75 E A K LLERISEAR, —NR AL DMPIA SRR IR

n A REFT LB SR E AN EFR degree, HALI IR RENT
e E-R model constraints £

o mapping cardinalities B 5 3 %

LR AR PR A X, W, 26—, 2XE
. E-RECHHRFRIRIL R Hikfn—, HERRZ
m OpKRAEP: Bk RBEHI K, Bl R X
o ZHEAR
m total participation: #—PEMAELEMSHBC RS, BHWHFKL
= partical participation #4> %5

o keyZJ: FHHYHIFIEA

o gysifhtiweak entity set: —LESIARIEHIRIEA L LU ESRE, AR, 52X
SRSEARSE

» TR R AP, 59 SRR 5 EMN SR SEAR SR SCIR A R
n ZWHIE X 2R RS, EEREIHHEMANL T ER R, R TR TXE,
LB ANREM 28 T HR TAAAE, P ABR LK@t — 55 e i &

e Aggregation ¥&

o A LUE—H#EE-RKE RE A M — M Entity 4 TH#:4F

o {EEREHHJTHER — 60 REM A LR B R LR AN RE G145
e Specialization ¥ ik{k
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o HTF NI

o Attribute inheritance: overlapping, disjoint

o 7y 2t & M AL T, Entityff) N A B #4405, A2k K T BB i A attribute
e Generalization iz {t,

o HIKN LML

o MWFH L, FTREMAREHKEZMAE

3.2 E-R Diagram

o E-REWHAFNEIR

E
E entity set Al .
attributes:
A2 simple (A1),
A21 composite (A2) an
relationship set A22 mu!tivalued (A3)
(A3) derived (A4)
A40
identifying
relationship set E
for weak entity set Al primary key
total participation E discriminating
E of entity set in Al attribute of
relationship | 555 weak entity,set
many-to-many many-to-one
relationship relationship
one-to-one Lh | g | cardinality
relationship limits

role- El
Tl E | role indicator j? b\ ISA: generalization
or specialization
E2 E3
El El . = -
total (disjoint) disjoint
_Q"""tota] generalization % generalizati
E2 E3 E2 E3 |

3.3 Normal Form i &
3.3.1 ¥ B B it 9 B A
o [RiEEERBAABENTIR, MEREERRES
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o XUty il % AP YE A (normal form) >R sLEL
3.3.2 First Normal Form # — 35 3

o JTPratomic: FREHMLNTS, RERAEEA T4
o FMRIE L —RBKRIFA Rt R atomicky, X RBARM LS — TR
o FHEMIE

o redundancy JU4

o complicates updates 5 3 ¥ #i 1K 5 44

o null-values---difficult to insert/remove
e Decomposition ) fi#

o Lossy Decomposition A5 fi#: AfeH oG LA R REZEJFEARKIKL R
o Lossless join JGH5 2 i & X
" R ANRL RDIFEHR=R UR,
o TR REAR ERRRTE 7 = [[5, (r) >a 1R, (r)
3.3.3 Functional dependency & $4& #i

o PR BRI 1 E X
o XF—NKAMKE, o c RIFHL C RNEH K ia — BEXAERE, HHLY
n RS TFRAMEZE R RIrR) JHAFERH A JCHOR2, W R A1 o MR A [F) AT L
HE B ARATT B)E PEAE AR R
o MREFEANEIEEAT LYE R —ANBIEEBKIE, #MiRA — B —ANEREUKEG
o PREKIRIBEII KR : REURIBSEER &2 NES I —Fhz L
n KEexAZFEARVBRUYENS K - R

= KR RS ERS A0S K — RIFHAKE o C K,a > R
o AT ALMML: TR ER HCEE K

3.3.4 [AH

e Closure [y
o PAIAL, XF T I AR 1 B B R AR A F T DUHE IR BT BR UK A OG R 7 AR I AR S R F I L
o FSHFYERR
o PR EIAG L 5T

reflexity: aff)¥4— & KT ok HH s

augmentation: W¥a — B NHIa — AB

transitivity: @WRa — BA B — v lIfHa — v

union: WiHa — BAa —yllHa — By

decomposition: WMo — Sy lEHa — BAa — vy

pseudotransitivity: @R a — BA By — W Hya — §

o ML
w ARG ) R R OC REE G F AR B R 5T, TF B T 1 BR BURSA) Ji% PA L
s A[DLHA RSB ARG R, BT Bk S WA I R 2O/

o JEMHERIHE

w AEPITA R T ok BB R PSR R S

s iR (a— B) e FTEL e at
R M A
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result={a}
while result is changed do
for each b->c in F do

begin
if b is in result then push c into result

end

RN RER
KRS N TR WRaIMEAE THEBME, Mot
KR EOSL: N T e — BT ATLE A T EIGEBE 5 (el AL
w FEEFT EEANE MR T LS BN O R AR

o H5E T HNLossless Joinft FpiE
u %Ea%Rl NRy — Ry ﬁ%‘Rl N Ry — RQE//I\ﬁ#/I\F%»EP

3.3.5 BCNF/3NF

e BC iz (Boyee-Codd Normal Form)
o BCYuR M2 MEFT hTa Rk Bio — 8 232 R —%
= o — R ARI (LRl T4E)
m e KREBEARP—MEE, Hla— R
o 4nfa 5 iiFBCNF:
R — N RS LI SR AR #io — BT IETY T BCNFJE
m o E A
s MEXNEEABES TIERITER, Bt — 1
w0 R AN R B T X A R B AN L, BT T BCNF Y R
w ARSI Ty
s HHREE LR ARM A4 € 1 R BRI A FH I & A B BB 2 5 2
BCNF 1 J5 ]
» NFRER A AT R R Ok ST
m 0] DR B R E R % A 1 BCNF I U e i, I8 AFI e ik A
m XANTTVEARE R TR 40 i
o BCu= M7 i ik A

result={R}
done=false
compute F+ by F
while (!done) do
if exist Ri in result that is not a BCNF

then begin
Tet a->b be a non-trivial function dependency that holds on Ri

such that a->Ri is not in F+ and (a and b)=empty set
result=(result-Ri)or(Ri-b)or(a,b);
end

else
done=true

o HIRATH K RBARBEAT MR, FRATH) H bR 2
o WHILAR, FAKHHZ 1 good form
o TeHisfik
o Denpendency preservation Bz R4 FERAMIF 1) P16 42 6 5C 5 6T B 1E 47 %) 43
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MF3om REEAER; U BLK 70 3K 1 R BUK UG BRI SR &
BAIFENERE (FLUFR”RU---UF,)" =F7

» BCNFHI il — € 2B Mo ARy 1)
PRST A LR O B0 IE B

R F A 4 Rresult B8 7T JENE, B4 MEUK B — B w2 H IR

1 result = «

2  while result changed do

3 for each Ri in the composition
4 t = (result and Ri)+ and Ri
5 result = result or t

e Third normal form Zf =G
o F=yuzUE X BT BB AEFT RIRTE REUK o — B T =Z(2 /D E —5%
" a— LY
m e R R AR
s H—PB—a TR BHEAEE S TE— ARG -4
o BCNF—E&3NF, 5£Br F3NFRAN T AREsha7 4247 () BCNF

o INFAHIUAR, JLEMILHERE Ll
o 3NFIHE

o AN EAI AL BT BRI, R B AT I R T BR B AT A
o HMEMUMEa — B Ma A2
o WIRAK, W EMART A ANE IR S AR R LR T

3.3.6 R/NEE

e Canonical conver /N7 i 7] #
o REUKI R RINEB/NES(WEIEE A TUR, MFEMTTLIESHF+RRES)
o F%JEMExtraneous Attributes:
m E X W EREUREEAF A — N R B o — B
s o P EEARZRE, WHRFEHE ETUHEH(F — {a — 8}) V {(a — A) — B}
s BEEARZ RN, WRF - {a— 8}) V{ia— (B— A)} &4 L LUIHEHF
n R EGE AT DAHE S R S5 0 R B
n Ao — BFHI— N EERARZRK
R ar R B AR TS N Z A
s i (a— A)F
w REASRTEEEEE, WRAMUIARZ R
s KB E AR AL R
s HH(F—{a— B8}) V{a— (8- A)}HREHKEER R Ha ™
s MRS RGEA, AR Z AN
o HNETFMIE X
» FIFLLHAMZ S LESE, FHB/NESETEREZRER
w /N S P REAN B B R AL T N 2R AR AL unique
w AR AR /N B . PPT-8HI53 A — Mol 1
m g4 Fc=F
®  fHUnion rule¥§FcH i fEa — B A a — B R BRI B ha — 162

n FREBIFC AP i — A R B 25 4wt LT 5L R A0 J 1k
w HE2, IHPREIFCAHALL
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THZEH DT EERRNAREE, A AE T, AEHE

e 3NF decomposition algorithm

e Multivalued denpendency

o ZAAMKH a->->b, L/ED, M AD+

e Fourth Normal Form

o X FD+H T a->->bH DR LI e #E @akt — i i
o 4NF—jE &BCNF

SHUUFER 7y - B P v i B iR
4.1 FRAE RIS 251
E—EMFEAEALH IR, HRHERRTE RS, IR E G800 iR IEH — ¥ 5 388
o fifi# 45 H4 storage hierarchy
o primary {7t &5

m RIS K, & LA 3 F# Hicache
» cachef{IFHUSCE B R, B Ecostly, FA7 Ui ) PE & 0T s 12 1m0 5 25 [ R/
o secondary —-ZGfFf# S

» REGER, VAR, XTELAAE
m LI A R A
o tertiary =A%

» NEHER, Vikig, HEEE KMcheap, A7k
w [, JCAFEA
o MAMITEEIAN: cache-- A7 -~ INAF--EAE -G Ak -- Tty

4.1.1 B #% Magnetic Disks

o NG
o read-write head 15 3k
w AL R AR
» TSRS E R
o tracks f4iH, G RER, FAEL KA 50kE] 100k L E

m sectors 3 [X, FHREE R 400 AL

w X S R B AL
u t/\)i'a]:E’JjVJ\ESIZ?—% &ML IEA 500-10004 5 [X
o MRS THEHLR GRS 2 18] (4

o Disk subsystem #i# T % 4. Hidisk controllerfE A T AN AL AL RN 7 R 4t
o TUE I REVEAN bRt
o access time: Vjrlif[A], HE

m seek time: %5 karmIERf$E BltrackfIR 8], P Hseek time & IR G LA —F
= rotational latency: JE¥5i&E M IILEIR, I3 ]2 R i —F
o data-transfer rate Z(¥E M LA 5L 5 a8 &
o MTTF: Hi¥lfailure §i () F-¥)iz 47 [a]
o WALV FI AL
o block : —AMHEIE I THES B X AR F 51

o buffering
o read-ahead
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o disk—arm-scheduling
o file organization: it 7 [ KedhE i 7 Rk 2H Zblock At AL 1] it (7]

4.1.2 File organization 3 {441 4%

o HRFEIEMEE— RYIFI S, B E— RARIESR, SR ES— &5/ ields
o FFA ARy 9 2 K fiblock, block & E i A2 B/ A7 it 25 7] 43 e 1) 35 A< B Ay
o —/blockfi £ 4cic, AL G REHE FE
 USEKEARE T block
n RRFKICFE B TE RN
o Free List Fl 5% 1K=k A7 flrecords

o Variable-length records ZF K:it\s%
w R AR R

n B PR R A

n R R offset+datalfi T XU/, 7% {8 Ffnull-value bitmapf7fi#
= slotted page4ity, ‘&M headertl &

LIRTRIDPEE

= block 117 N X 5[ end

n RESRICSRPITE AL B AT

Block Header Records
Size # Entries| e s —
Location ' P
H A L
En&}}}'ﬁ}éé"s'};;éé """"""""""""
o I’ﬁ:':'jlaiﬁ/’]éﬂf/\ﬁﬁ
= heap
m sequential
® hashing

= nulti-table clustering file organization

o (AHEZEMNIX 1 B
R A R TS 1 3 A7 R SRR e 1) R
= buffer manager: T BRGZ M X o (1) A A7 5T
n YRR Eblock I %, BE PE 45 [ buffer mananger (¥ 2 G
» fikblock L& fEbufferth 17, i LR [A1X block M ik

s WANTE, Nibuffer manager 23075 2 Bibuffer [ N /745 block, JfHAlfEE
G block, SRJE KL A block T ) N 7% 5 Abuffer

» 3 K Fbuffer ) & #: 9% LRU strategy B[} % Hfei fie 3/ 48 F A A (K [ block
= pinned block P 7FH AN fe VF 5 Bl G5 [fblock, &7 1E7E Kb B 5 45 ml 3 b 2 Bz by

4.2 B+ & 5|
4.2.1 &5

o HRFERG A GINRGIHN, TP Ay i 75 A
o search key it —MEMAEER — RYEMHME, H TP EH

o Index file KR53 ELA — &R I search key Mlpointer (%1 # 1414 # X Nindex entry), £
77 2l i search key#Eindex file s 7 ifidata bk (pointer), 4R /5 Fi Mdata file /1 25 ) H 4
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m Pifhsearch keyJH /¥ /7 2: ordered index, hash index
= ordered index JIiiF % 5]
= index entryf%fsearch key[{{E K475
» primary key #§ % LT 1% 5] secondary key X KB
R BIAE
» Dense index &M RG] 20 FHH W MR 5]
» Sperse index Fiibi [t % 5
m T A (R AN A R TR 5 RN, (ER B SRR R G g
= Secondary indice 7| id — N K Hbucket Rk T i [ (1) b 7
» Multilevel index £2(% 5], 4 ~outer indexflinner index

4.2.2 B+M &5
o B+H TR

o EIIBHI1Z 51 U7 Aok F SO A ik, B 2 SURHads HH RIBHR JE AR [
m B HEMT A R LT R FR S flsearch-keyAH [ 204 1M A&
» [/ search-key 2 [A] 5 £ 7] B E0HE BB CE X 5 > search-key 2 [H]
o B+ LA I A & 24 £ logN 2 7], N search key (K= N4
» HHPHEKE: Aaiidlog, , (K) + 1 PKZBH 112 5] A E (T RUEN)
m BB — AT R KNI — AN X B — R (43 /2 4KB) M FEn RS — L 7E 10042 45
o B+ R Hh MR
o FAMFL: HIRBNZIENIA B EBAEN, W0 200 1 AR T B HV R B R A
oy, Fm L HRG

o MBRAIFE: EHACEMERKT RUMER, REIERA RSl key T HIARM T RUMBR, ML —
AN R I B R AR
o B+ HIHRIHE

o mEMIliTt:

w BT R/NIERL: A O AR, SR R = [logy (M)]
n SRRIE L, A R S, IR = [logpy g (BD)] + 1
o size /MMt PRI

5T T T ] o [T e
s | iy [ ] [ || || | el | =

4.2.3 XH &5

e Hash¥ {5l
o HAMA

= il — ZR¥lbuckets K17k — & 51 ffrecords, ifiithashpk % Misearch-key )iz H K 2 4k
A
= hashef 3. ¥ A [F [f)search keyit i} 3 A A ftbucket B 1 2
o Hash indices ¥ hashf 2 5| &+
= A hash index organizes the search keys, with their associated record pointers, into a
hash file structure.
= hash indices are always secondary indices
o ZhAIE A

LI E O S BN
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AR
4.2.4 B8 FHESHABHRKITE
o i T AEblock i fEfk, —AMblock i KEINATAZ,, AR, (5 R
B+t %31 i1y
o LRVEFEIICR:
n R AKIORIK BN, blockMIK/NAB, M4 KDk E | 2] Kiow
R SCHNZILRE, —Ablock P HM&IET, HA—IEHE[ L] Ablock, i
M=|Z]

L

o B+ &K 5IblockfIit5, fritblockfIA/NAB, fiREHIIA/ N, #RG| KB K/ ED
= EERAREHT SR A, BT AN ROt %n(fan-out rate) & [ 22 | + 1

+b

» ntBFUERXABH ARG SRJE IRYE A FORM B K s, A MZRAE AR 51 1)
[ERER R

4.3 B 4 ¥ QueryProcess
BN R X — o R LV E A X E
o AL A IR

o Parsing and translation it A% %

o Optimization 1tk
. —FhSQLAE M I REXS B | 2 M4 (1) 8 AR B
w0 LS AL TR T U costR PEAI TV I AF IR
= WA R AR 77 AT i

o Evaluation

e Query costffIit5
o FEcostKiF: disk access

m seeks
® block read
= block written
o costilHM77: 7EB/blocksH & 1] ST IH FE 1IN (8] =B*H#% 1] —Nblock 1 I [A] +S* — )k 7
WHIEE: B X tr + 5 x tg HAty F7x—Kblock transfer T[]
= costfk#i T EAAFE MR IR : HZ RPN A7 LUgbdisk access
m EEE SRRSO R SR AR I N AR 8 R ) AR

4.3.1 selectf] costfi it

e Select #1Ef)costit 5
o Algorithm1: £k 4825, 2 if)aE A block HI K2 75 1 & 25 i) 2514

= Cost = brblock transfers + 1 seek, b, &= ZrHfZfiE T ic A block ) $ &
n InRUE R R, EHREBIPNEHELL, W cost = (br /2) block transfers + 1 seek
s ORI AEER, FOAEHEAZIESAAE T

Index scan--f#f & 5 AT &R

Algorithm2: primary index, equality on key, 2% —%id3t

m cost = (h; + 1) x (tr + tg) --- KRR 5| M= &
Algorithm3: primary index, equality on non-key 7 %4% % £ 41t 3¢
m FHESE RS IE S block (RN £ &)
cost = hi(tr +tg) + ts + tr * b HHDRIE A VLALICL 3 Iblock B 4L

m YA BRI E R S AT A 29— seek BT[], cost = hi(tr +ts) +tr % b

[e]

(o]

[e]

o
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o Hyk4: Secondary index
o FMEik EEIE MR TR KIS cost = (h; + 1) x (tr +ts)
o ik EEKR I nakid k(A —ELER—block L)
Cost = (h; +n) x (tr + tg) ARAERZIEFFER

4.3.2 sortfljoin costff it

e Sort: external sort-merge 5224l F-ads B (1 4MEE A FHEHE T
o MERWAAHIKA, b, FRblock 4=
w JLAOPIRIN

= create sorted runs
= merge the runs
= T E [ merge passiiH [logy,_q (b, /M)]

» @A Rrunid 72 ¥ disk access¥ & 2br
m SRR e ) disk access kAL (2[logy,_q (B /M) + 1)b,
e Join #AEcostfliit
o nested-loop join

» {[Htheta-joinFiAR: r<y s EIEMNAIL T

for each tuple tr in r do begin
for each tuple ts in s do begin
test pair (tr,ts) to see if they satisfy the join condition
if they do, add tr « ts to the result
end
end

m block transfer/X#(: n, x b, + b,
m seeksHJIRE n, + b,
o block nested-loop join 7 <y s

for each block Br of r do begin
for each block Bs of s do begin
for each tuple tr in Br do begin
for each tuple ts in Bs do begin
Check if (tr,ts) satisfy the join condition if they
do, add tr ¢ ts to the result.

= RGO cost
m block transfer b, x b, + b,
® seeks 2b,

= RIS DL cost
® block transfers b, + b, with 2 seeks

= Ak fEFHM-2block{F Ablocking unit(MA2 ] 77 1] LA 4 block#i &), B
= block transfer?ﬁ(%%% X by + b,
m seek{k#= %

o Index nested-loop join
K5 —EREE LA LR Efile scan
® cost = b (tr + ts) + ¢ x n, HreFoRiE P ER 51 RIS AT VTR s 1 tuple BT i FE 1)
A, AU — ks b [ B/ selection>R 4 7 s {H
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o Merge-Join

= HfEfEnatural-joinfllequal-join 1% F
= block transfer(f] 7 #=b, + bs, seek(tVx%=[b,/by] + [bs/bs]
o Hash join: f#Ahashefi%i1Tjoin

= h maps JoinAttrs values to {0, 1, ..., ny}, P45 RBEAT EL BN [E 2R AL [ IT RS
m cost of hash-join
m block transfer: 3(b, + bs) + 4np,

® partition: i b, + b, blocks 5 (b, + bs) + 2n;, blocks
® join: (b, + bs) + 20y
m seeks: 2([b,/by] + [bs /b))

w WRFTE R VEERRE O FAE L Ming, = 0 IF HANT Zpartition
» 7 Epartition I % cost = 2(b, + bs[logy, 1 (bs) — 1]) + b, + b,
e Evaluation of Expression it 23k
o Materialization SZ{A1k
w RREEATFE AT, R AT S ik kAT
o Pipelining #i/KZE, [FIRPPAL 2 AN A

m evaluate several operations simultaneously , passing the results of one operation on
to the next.

4.4 MR Query Optimization

o PR AL I IR
o FRBNZAN A I RCR e i 1% RARBR A R
o FBE VELII SR BE R AL HE A if)
4.4.1 EMRAZARBERER

e Equivalent Expressions &4 i) ok RACE R L
o evaluation plan: LT EARKEKXWATEN, T 7 EHEMEETERE
o Cost-based optimization& T cost{ 4k
m JLAOPIR
s HEEEENER I FERIER
m RS R RIA AR B
m EFcostiR ik HIRIA
= costffIftiH

. GHEEEMAN, WintuplesiiZis, —ANEMEARFEBUERAEL
s SR EE, HTERRAM
= HETHFE

o FHrRIEA B M

o GHULFFEPIREAN: 09,00, (E) = 09, (00, (E))

o RSP ] AL #e: 09, (06, (E)) = 06, (09, (E))

o EBMBHEATEERINZN: [1, T, ( - (B) =11, (E)

o JEFEA LI B R /R F Mitheta join

o 0'9(E1 X Eg) = Fy <y Ey

= 0y, (Ey <, Ey) = Ey ><p, 9, B
m  Theta-joinfll 5 A& 1] AU E Bk R IMIT: By by Ey = By by Ey
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. HONERH RSB (B > Ey) < Ey = Ey < (By 1 Ey)
» Theta-join 45 &
(Ey <, E3) ><ig 00, B3 = Eq <9, 00, (B2 <p, E3)
» EFEERTAL
= 20, PHJEVER R HIEETT IR : o9, (E1 <9, E2) = 0g, (E1) b<p, Eo
0., 0, A R EELE2H I JE LR 9,00, (E1 D9 E9) = o9, (E1) < 09, (E2)
= HEE/EfITheta-join IR A5 5
HOREEL V Ly PHETERIAR: [z, (B <9 E2) = ([11, (E1)) > ([11, (E2))
m A SE B RS IS BN RS B S A A A
w EPRRE A &S B BN L BT E IS E R RSN T Dk R s
&)
w AR A s S 2 2 B

o

o

o JoinfliFHAt: 247 4 T ikE T EjoinfI %, 58 Mjoin/a B E & & /N FF 45
o AT LI 3L A [F] 1) 1 R0k ORIl > 2B AL AN (1025 (6] Y A6, 33 3 A LRI ol i 1)
#E

4.4.2 costiHIfhi it

o JEARMAREE X
Ny RN R R G FECE (A2 Ok Rrifsize)
b, & TH JCAH Fblock$ &
I, rrf—AN e Hsize
f» block factor of r Eb Al DLk HL— 4 block AE 25 40 tir 7 TG 20 1 7 25 B i
V(A, 1) KRrd & AR BEREI M AN [F 1E I 20
o Mk ARri KIS ARA AR — A S IR b, = ?—
o EPEMIMGTT
o MriikfFAJEE=xKcost = —=

V(Ar)
o IEFEAJEME/NTxHcost

m cost = 0if x <min(A,1)
z—min(A,r)

O O O O O

] = -
cost = n, X maz(A,r)—min(A,r)

o EFFARBMEKTx, MLMHIFRIEAZFRG
e complex selection % H ik %
o Biks; /& 2 A0, B TT A RIS EL

i i X 89 X... X8y
o conjunction cost = n, x 22t

nr

o disjunction cost =n, x (1 —(1—2-) x ... x (1—2))
© negation cost = n, — size(dg(r))
* join fIfliit

HRRBEN T, KRR SHjoinf & AN E N, X n,

WHERRNS ZE, T SR 42 1) 45 B R RFR 25 SR A [R)

WiRdE=, HRNSZERKIkey, MIR,SHHRER AL R I nH MR &g
WIERRNSHI4E RARSHIRAIAMEE, W I e ZH AR s HH (1) o 2 £ [

—iEN B ﬁi‘%i@%ﬂ‘]%%%%E‘Jsizeﬁii‘l‘ﬁ%#

(4,7),V(4s))
o FHABERIERIMTE
o i Msize=V(A,r)
o ELHHAEMsize=V(A,r)
o fEAHRME: MAEDNARKFEHHCEMINE O
o AMERE:
m o HNEREIsize = HARZESE Fsize + rffsize

o O O O ©o
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m ANER:Isize = AR IEH: size + sfisize
m EPsize = HIRIER: Ksize + rfsize + s [size
o AFEMEAEMAETE
o T costijoin/lii LAt
o /MK RIUAT HMERER S IR I joiniF
o IREIFAIEMjoin-treeflJFpk: BITAHEAR, 5348 &R 1) M2
o Left Deep Join Trees/c i, 445G 77 2 A 5 M Zc T (R iz, R 3 A 0 At F) I 1) 52 2% g
O(n2")
e Heuristic Optimization % 1L

o R Ejt1Tselection

o R Ei4Tprojection

o kA H fselectionfloperationstAF
o HTHEMWMMIILH

o pipelined evaluation plan
o optimization cost budget
o plan catching

BRI BLELE
o XL R E RGOk R LR E DY)
5.1 5 K
5.1.1 B AR KM &
o HEMME
o FHEWREFHATHIEA AL, 25— BRI R, 75 Z 0P 7] f
» B E RGO R SR R S S
n ZEHEPIATHAT
o HEITURANGE AR A5 Z0 3 22 #R A1 consistent [
o AU~ it ACDI:
. HEWJETE Atomicity

w5 T P IR A BE 58 2T (commit) 2 # [F17R (rollback)
F % MFE A% Durability

w SR SRR A T T, SR O O R A AL
H4 12 Consistency

FROBAAT 5555 AT DA DRSF Hdis e ) — Bk

m F5 RS Isolation
n AR AT HAT B A BRI B Ho A 4% IEAE B AT, ST H TE) 45 SR T HoAth R Rk
PAT I 55 2 BRI
o HEMPRE

active HIAHIRAS, AT AU FHAL TXAMIRES
partially committed 7£ 55— FJFE 2B HAT 2 )5
failed 7E K IMBPAT RIMZ J5

aborted FVRZE W, SEFLEFHPATERZELLE R
committed 554 56 B (AT

0O O O O ©°o
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Single step

5.1.2 HEHHF RIMAT

o [FINHATZAT, WTLIREIBITIIRE, Py HAT )
o JFERIEHIEEENLH]: kIR BFIFSZMLFAT, FHH RS Z AR
o Schedules i JE
. — RYIH TR E IR FH S AT 0T 4R 4
 HEAERZPMATES
m TR BRI AN 55 B TR A BRI
n HEMWEE P
® RIIPAT, &5 — & commit instruction
» PAT R G — P /&abort instruction
» serial schedule H A7 : — NHFZWE TR G FHET F—1
= equivalent schedule S5 5. 20 b B )G L2 0 5 SR S5 A
= Serializabilityr] #: 171k
w BRI FHE ARG ER — Bk, RSB EEE AR
» gen] R 4716 conflict serializability
AN A G RIS AT ECE AR S 25 KR
= conflict equivalent: /™% 2 5] v DU (088 — Lo AN ph R 4k i
e, R AN
= conflict serializable: 5 n] 174k 4 HACY—ANRESHT AT —/NHAT
W RSN
= Precedence graph i3 [X]
n EP T AR SN ES, HEST, T, ORI HT; Javrin) B R r %
PR, whiE—%AT; — T;
AN B PR ER AT 2 AN M A ORI

n P, W UER RN EEHE T S A S E BT I
m Recoverable Schedules A V& & i &

= database must ensure that schedules are recoverable. /4% 2> Hi Hildirty read
R AN FST ER O H R, T 25 AR & s, T w27
Tycommit Figicommit, 75 Mk<it plidirty read
= Cascading Rollbacks 2 [F]i&
m FAANFHS R failiE g 1 — R YIS IR
= Cascadeless Schedules & % 2 I [0 7 ) 8 15
TR HSafbIf Hb R E A — P a B AN, 84 a b J7Eb I SR EIT
2 Hifcommit
= Cascadeless Schedules t /& 7] % & {1 )&
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5.1.3 Concurrency Control 3 % 12 #i]

e Lock-Based Protocols & T8l fr#ris
o lock 2 —Fz il 3 & 15 [l [A] — £ Hs T ML il
o PWifhlock mode

m exclusive(X) : FaHHRIIA LLEAE, Mlock-X#&/R
= shared(S) : FnHHEIUAAER:, Mlock-S &R
o AN S IR I R -

S X
S true flase
X false false

w0 SRR A B A 55 XA IR T O AR SR, B AR T BAA — AN S5
— M
AR, RTUAERZMSESEESH, FRNESE - FESFEXY, HALK
FE55HRANTT DURFA 1% AN 5085 I (14 851
RN A R, B A MRS, SR T R B firelease 2 J5 i H
W
o ML RRRRIE O
o dead lock ZE8i: PS5 H B HAHSE G P55 EPAT, 5218 R EFH 5 1%
release, fH 2% 1ffirelease b IR F 4520 G HUGTH, w2 a3 55 12110 5841
o Starvation Jl3ic: —MHEHLSAES - MEFEIIXlock, — A 15 S hrelease, LT
e Two-Parse Locking Protocol it BeaHpill: A Or 2R w] HR A7 A0 IR 1 2

iAW B growingflshrinking, growing R4 81 A B, shrinking/z 2
TEiF AR R BT 7] L
o strict two-phase locking

m BN FSHEORRR A Mexclusivedi B 345
m N ARG TR (1 )
Rigorous two-phase locking
® AT B TR R B $ %5 commit 8 3 abort
e Lock Conversions®i#%#: $&4t | — Rk SEITH X BRI
o BB
BB DA B SHIXE, ] DAFH 2 S
NP B DURE IS AN, ] DARE X B
o HEATEEAMHIBFIEKR, tinreadflwrite AT IS AR
» A (A TE 3 %% commit i # abort 2 J5 F 4k BT

(o]

(e]

(o]

if Ti has a lock on D
then read(D)
else
begin
if necessary wait until no other
transaction has a Tock-X on D
grant Ti a Tlock-S on D;
read(D)
end
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if Ti has a Tlock-X on D
then
write(D)
else
begin
if necessary wait until no other trans. has any lock on D,
if Ti has a lock-S on D
then
upgrade lock on D to lock-X
else
grant Ti a lock-X on D
write(D)
end;

o HifysEI: Lock Manager i] LA 1 — /N7 it RSk e 35 45 2 H ) BRN A B0 oK
o Lock Manager# A 52 H1 i 8 (1)1 3K
o RIMIERMF S EAFUE KA F L T4k b
o lock manager4Ed'—> £ H £ 4 A lock-table ki s CL 48k Hi It E

= Lock table & —“~in-memoryff/hash®&
w EE W EBEIR T E RG], BAERE BB WA HERORTE ST
m CHT B SR AR BB A v, FE ELYE AN LA B SHE 2 (1 A 2 e AN A
w RBE T SR MR RLE SR, A S 1 SRR 5 ] DAL
m RN S5aborts 1, FTH %S IE KA MM ER
= lock-managersx 4 — AN kAR FE 55 BB LIRS R AR
¢ Deadlock prevention protocols FE& - HrL, FRIE R GiA 23k NFESK

o predeclaration $UAT Z i et & 2 Ao IR, PRUE—N 3 ST UEIAT Z BT K 21 () e

A HHRE TR L
o graph-based protocol: i {3 KA e it b8 i it 5
o wait-die scheme #;%))
m BN S SRR SR, (BRI AN L T 2 B R
o wound-wait scheme Tz}

n ZHELS IR LLE SRR A SR, BN HEESE S NELLER
o Timeout-Based Schemes

U —BRER), ok T Es A At el

n G, {H24 5% starvation
o Deadlock Detection B4l

= wait-for E: Fifa IS5 ZOR B I AL AR 35517 2R~ data item I & i — 2%

ARG L, WERE A, B RGAAE O — — R AT I AR A AL
= JEEIKE

m total rollback ¥ gi4abort J5 & /5
= partial rollback A~ H #Zabort iy S [F17 2 BE MR BRFLA RS

n |6 —PDELSLE KIS S starvation, R fstarvation i FE T costE 2 & [H]

BRI AL
e Multiple Granularity £ $iJ¥
o AVFEIRIUEA ANFMKRA, IF IR I )=k, Horh/NRLE R AE KR E
o nLAHMIELMRE R
o HHIKLE (level in tree where locking is done)

= fine granularity(lower in tree) &%, T4



= coarse granularity(higher in tree) (&3 %, 1KJT4Y

|.-/.P_\-H\\

| DB |

S
o 7\
[ A ) [ Ay )
_ ___,/ N, 4

/N /'F \

/ / (
K \ az |.\ I-"'n } L l-.‘:'I \ rbk
_« 4 SN S /

e SR R EANDB
n ARSIk, SO e SR
e " JEftLock Modes

\
I

\\111

‘1
|'r I. '. '/
\ "/

o intention-shared (IS): indicates explicit locking at a lower level of the tree but only with
shared locks.

o intention-exclusive (IX): indicates explicit locking at a lower level with exclusive or shared
locks

o shared and intention-exclusive (SIX): the subtree rooted by that node is locked explicitly
in shared mode and explicit locking is being done at a lower level with exclusive-mode
locks.

o MRIMFEUITR

IS IX S SIX | X

| X v v X X 2

S IX v X s X X

X X X X X X

o XA KBEHIIFET, TAET

5.2 Recovery System H 51k 5

o RR 33K

o Transaction failure 34545 1%: @& BHAL R RS R, BB T KRG
o System crash F 4 i it 5 501 b (A A V5 H 5
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o Disk failure i H i il 25 BURL AL A7 il 4 1 55
o RS REFEHR R — 2, FEME AR A
o fE¥IH 55 Ab B h BLLRAIEA A2 08 A5 B PRIE W] DU iR

o TEMIIE KA 2 JE EEORRR RO B ) — 3, S IR T RN RE A
e Data Access 41 Ir] [=2] i

o YyFblocks2fb#E X 7
o ZEblockse 7E FE A7 H Hblock
o MR EAT 2 B B R A input floutput B F
o FANHESLT, fENAETH E Ciiwork-area, 31 H ¥ U1 T —41%35 555 H 2 10 4 31 50
buffer
Buffer Block A ———
Buffer Block B — H
read(X)
write(Y)

W PO
Y1 D/

work area work area
of T-| of T2

memory

o Fi&imidread fwritef EIEEHE/E H I TE X3k Abuffer blocks X [F] 2 [ 34T 142
o LnfalfE F 45 failure 1 L R AR CRIE SR 1~
o JLIBHIRAEAETERIAL [, AR B HAT B B
o ARJGTEIRAE RUNEIR PEEATAE L, AR AR B Rt oL 1 R R
m HXATERERR T, 2ttt B AR

5.2.1 log-based Recovery#: T H & K&k &

o HiEdog) Wi /it fERa e -G, B85 —RHIMH LR
o HLHUR <T start>
o BRI B H &L <Ti,x,vl,v2> X)EEAE, V1, V24 5lREZ Mz 5HX
AR
o HELLRMIES N <1 commit>
o HHHSSEMA—EE
o HMIBIEAEIRT HIIHEAR —E RN BRI M LR B0 5 B E ANAR
o IHMBHEAIRAL Z RIAS—E %4 FEcommit /i & AR A 15K T0 12 [ 7R 21 5 R 148
o T BT 45 R 25 N
® commit rule: FIKIEE 7 commit 7T Wik 5 e JE 5 5 Mk il AR i geh
m Jogging rule: [HRMEAHHI SN BT EW 54 HER
o HEHEANcommitRHMEM A —NFLEBIRAZ T, HikR buffer i] g7 17 write#1E,
A Nlogh) 5 N Tk

o deferred database modification ZEEH4E T B : LM AN EHSAHER, 725 Acommit
2 JE IR 5 NEE

o RNFHSZFITHATIY
o FHLTTFUGMIEE S N <T1 start>
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o

(o]

(o]

write(X) #EX A H G <Ti, X, V> , VERXHHIE
% % partially commits [ i 75 225 N\ commit
SRJE AR H ERLBR AT — Lowrite (i #4F
 CUESREAR, M EACY H & Fstartflcommit A I %, 555 % Eredo

e immediate database modification B 350 E3E E

(o]

o

(o]

SeEE L HE RS, R H IR EZoutput B & FIA7 %

block 18 H AT LA R A FEAT A B JB) 05, 35 5 45 commit /T flcommit /5, block 4 AT A1
write [T A — € A 7]

PR RE A PRl R

» undo: JlAl, REHESST b g ST IR AR [ EA ) (.
redo: MEESST; (S —DITaRER i, KT A e (e

w IR AL T Eidempotent—— i B AE AT 2 AN HAT — IR AR AR ]
undoffI & H AP XA FH 55 Wstartil A & commit, HIF 55847 2l 1

m redofI%kfF: HEHEEXANFHL Hstartfllcommit

o JHATIEHIFK

o

o

o

BT %45 3 — A H £ fdisk buffer

LA B
w WUR AR TR R, At 9 F 5% BLRIX 955 commit el abort 2 Fif#IAS
A AN i T £

» 3 commited K5 55 51 S ) SR A RE Al HL At 355 S
H A A 9555 (0 H B T RE AL

e check point

o i AT checkpointd /K 5¢ i ik Pk &

LS A7 RS A S BURSE 1476k
2.4 T 5 B0 fblock 5 ATk i

3.5 N H &l %< checkpoint L> , HAHLZE —MEcheckpoint i fk#A &b T #EATIRAS (1) 5
e
77

o jd@itcheckpoint, 7EH HACEEFIREHA T EAITA N HE, R EE TN EEER
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