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1. INSERT INTO Transaction
VALUES (“93000’, ‘b0922468’, ‘cart’,...)
2. INSERT INTO Record I
VALUES (“93000’, ‘b30999’, 1, 500); R
3. INSERT INTO Record
VALUES (930007, ‘d11222’, 1, 300);

2l ——— 4. INSERT INTO Record
VALUES (*93000°, *b10234’, 2, 550);
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= begin(T) : #77 - B3 THERNF -
= read(X, X) ¢ & 77 A gk BRI X B A e el 8 X o
= write(X, X) ¢ &7 #-A e R FEXBIAETHEX
e commit(T) : %7 BB TH#hid o
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= { #7if % e0A* 4% (The Lost Update Problem )
= 5 4.3 B~e0k? 42 (The Dirty Read Problem )
= x4 3 P~nf° 48 (The Non-repeatable Read Problem)
= s TR 38 (The Phantom Problem )
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P1 P2 T1 T2
begin(T1) begin(T2) 1 | begin(T1)
read(X, a); lr)eal;j(x, b); |2 [read(X, a);
a=a+10; =b+20; > -
write(a, X) write(b, X) 8 begin(T2)
commit(T1) commit(T2) 4 read(X, b);
5 (write(a, X)
—Bi%A X=100 6 /[ commit(T1)
PLRIP2E #1411 N write(b, X)
TEREGSER © X=130 / 8 commit(T2)
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P1 P2 Tl T2
begin(T1) begin(T2) 1 [
read(X, a); read(X, b); o |2 | read(X, a);
a=a+10; b=b+20; Bk write(a, X)
write(a, X) write(b, X) - -
abort(T1) commit(T2) 4 begin(T2)
5 read(Xm
— B4R X=100 6 | abort(T1) o
PLRIP2EAT T4 Y 7 | wite(b, x)
IERESESR © X=120 8 | P commit(T2)
EEHERHERARE T |
X =130
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begin(T1) begin(T2) 1 | begin(T1)
read(X, a); read(X, b); —_— begin(T2)
a=a+10; =
write(a, X) read(X, b) 2 realKblin
commit(T1) commit(T2) 4 | read(X a); W18
5 | write(a, X) WA
— B4 X=100 6 | commit(T1) D-= 2
P2EE VX R AN 7 read(X, b); ’
4EIRFERZ AR 8 commit(T2)
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P1 P2
begin(T1) begin(T2)

11="INSERT INTO Product(pNo,unitPrice)
VALUES (‘b40000’, 600);

Q1="SELECT * FROM Product
WHERE unitPrice > 5007

Exec(I1); Exec(Q1);
commit(T1)
Exec(Q1);
commit(T2)
BT —EMEBIEE |
T1 T2
1 begin(T1)
2 begin(T2)
3 EXEC(QL); ety NZEET 35
4 Exec(11);
5 EXEC(Q)); ety N+ 15557 3
6 commit(T1)
7 ’ O 2qocommit(T2) X-8
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;= SN g . 1 egin(T1
(7§ & = P ABR AL 2 begin(T2)
3 read(X, b); b=b+10
Ans: 4 read(X, a);
a=a+10
(% 117)T28 18 5 read(Y, c)
commn’ﬂhé*i%ﬁﬁ 6 write(b, X)
A iEfrr 2 €43 [ write(b, Y)
Pl 4R 8 write(a, X)
1»\( 11§ )TZﬁx 15 9 read(Y, c)
abort v i A5 4 B 10 commit(T1)
el AR o 1 commit(T2) =,
abort(T2)

© 252007
ZORHEEATR% L V "“’"“z"’mf iR

X-9

. 2 AUE -

% &% pT

B A&~ R R
or Nothing )

=
<

2
f

2L G

5

CAI

¥ﬁﬁﬁ§iﬁﬁ%$@@’?ﬁﬁiﬁﬁﬂ

DBMSERHIA 7555 &

RBET L AB P

] B pRABERNSHE o RFLSENGFTL §ERRF Y

P4 iR enit %
(_R,;’:H:u ’: 34415;‘?'

TSR g F R B FR RS

o2 7 SR R AE

© t:2007
kI L S BB I




" ‘% '*JL T "4’% —,:— /l% r{f‘)‘k:_""?&

= ACIDH

=Atomicity (E ~ ) - BRRIEIBARZ - BFAT
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«=Consistency (- &) @ - B 5 A2 fL
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50 LAEEIER S COMMITﬂ}rABORT DBMS#-< % aud
ﬁ‘&:““lﬁw —}u’r"';fé

® R Bdeiedr o FN A [start, 2 z. .@&%ﬁ]

@ b FHEF s 505 [read, % 5 WAL, P AL IE S Ei]

® 2% F*"’E » ekt RN 5 [write, = 3 SBE, TOELIE ShEL, BAninE o

ﬁ Xm0 ENIE 0 ﬁ » fymlE']
25 COMMIT:e4 @ %55 5 [commit, 2 % %%L]
@ 2 % ABORTze4% © #.3% % [abort, % % %¥%i]
u ‘%«; &

@  [start, t0001]

= [read, t0001, p3]

= [read, t0001, p15]

= [read, t0001, p9]

& [write, t0001, p9, 200, ‘w2’ , ‘P’ ]

&  [commit, t0001]
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= % %5 COMMIT :
= COMMITE Bizedr B » & SLif Bidh % 7 %
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weHFZE (COMMIT) 2 & Tl FF

R AT Y 3 B AR AL S ABORT

= R RE T4
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(Redo) - =%
®RiEEF » BAHAL 5 ABORTHR % & it R
(Undo)
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MAaAElE- BKERRE- BRAR
(Checkpoint) = # (T4
RAGRATF L T o
RHBHTF IR AL BT ~ H AR o
@R#HT) L ATHE DT R T B RT B~ B
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" - F«'!T-B‘lié‘«, BE T1 T2

@wX=0 1 begin (T1)
2 read (3. x)
«xY =0 3 write (5, X)
(\“QZ — O 4 begin (T2)
5 read (Y. ¥)
«xA=0 6 write (10, Y)
xR B - 0 7 read (Z. 2)
_ ) 8 write (15, Z)
«xC=0; 9 commit (T1)
n B AR BT v e (4.0
SS - 11 read (B, 5)
7}‘ E‘ ;E’ ‘—}'ﬁg Eﬁ“ 12 write (10, A)
13 checkpoint
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= T,-begin, r;(X), wy(5, X), T,-begin, r,(Y), w,(10, Y), r,(2),

-

w, (15, 2)
= 3 {7 commit,
el A
AR X=5, Y=10, Z=15 X=0,Y=0, Z2=0,
A=0,B=0,C=0

4 sk sk oors Lk
& BLIE ERdh

T1-begin, r1(X), wi(0,
X, 5), T2-begin, r2(Y),

w2(0, Y, 10), ri(2),

w1(0, Z, 15)
- ‘}20‘(‘)7 i1 X-19
V3
g o —
= T,-begin, ry(X), wy(5, X), T,-begin, ry(Y), w,(10, Y),
r,(2), w,(15, Z) , commit,
= {7 commit, {$
e Rl A
TRE X=5, Y=10,Z=15 | X =0, Y =0, Z=20,
A = 0Bl = Pyréa=b
& KL B T1-begin, r1(X), wi(0, X, 5), T2-
begin, r2(Y), w2(0, Y, 10), r1(2),
w1(0, Z, 15), T1-commit
X-20
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= T,-begin, r;(X), wy(5, X), To-begin, ry(Y), wy(10, Y), r(Z), w,(15, Z) , commit,, r,(A),
r,(B), w,(10, A), checkpoint

= # {7 checkpointis

R A
P*;}J.‘g‘ X=5, Y=10, Z=15, | X=5, Y=10, Z=15,
A=10 A=10,B=0,C=0
4 BLE BEAR T1-begin, r1(X), wi(o0, X, 5), T2-

begin, r2(Y), w2(0, Y, 10), r1(2),
wl1(0, Z, 15), T1l-commit , r2(A),

r2(B), w2(0, A, 10), checkpoint

o~

= T,-begin, ri(x), wy(5, x), To-begin, ry(y), w,(10, y), r,(z), wy(15, z), commity, r,(a), r»(b),
W,(10, a), checkpoint , w,(30, b) , Ts-begin, rs(c), w;(40, c) , commit,, ry(a), w,(50, a)
(I

= Pk seg B ||]l] P

B A

FTHRE X=5, Y=10, Z=15, |X=5, Y=10Z=Tomlz 10;
A=50, B=30, C=40 [B=0,C=0

RRCRIE T S r3(A), w3(10, A, 50) | T1-begin, r1(X), wi(0, X, 5),

T2-begin, r2(Y), w2(0, Y, 10),
r1(2), wi(o, Z, 15), T1-
commit , r2(A), r2(B), w2(0,
A, 10), checkpoint , w2(0, B,
30) , T3-begin, r3(C), w3(0,
C, 40) , T2-commit
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T,-begin, ry(x), wy(5, x), To-begin, ry(y), w,(10, y), r,(z), wy(15, z), commity, r,(a), r»(b),
w,(10, a), checkpoint , w,(30, b) , T53-begin, rs(c), w5(40, c) , commit,, ry(a), ws(50, a)
(I

%

= RERTE S L R R (T
Bt A
TARE B=30,C=0 X=5, Y=10, Z=15,A=10,B =
30,C=0
& KLif HEAE Redia: T1-begin, r1(X), wi(5, X, 0), T2-
B=30 begin, r2(Y), w2(0, Y, 10), ri(2),
C=40 w1(0, Z, 15), T1-commit , r2(A),
r2(B), w2(0, A, 10), checkpoint ,
w2(0, B, 30)|, T3-begin, r3(C),
[w3(0, C, 40)], T2-commit
© 2007 X-23
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= P - BRE GO a0k SR Bigedk

[start, t0001]
[read, t0001, p3]

[read, t0001, p15]
[write, t0001, p15, 310, ‘5566% & , 7788% &’
[read, t0001, p9]
[write, t0001, p9, 200, ‘&z , “f i’ ]

= [commit, t0001]
FRER R R L BT
PR A e COMMITF‘* D MS F 3% % #-3%
BB A

|\

)3
A @ 3 A R323 5 g e e

AnNs:
® T 3BHAEE
8 EHGes  IBAFT

[write, 0001, p3, 135, ‘FHEEHE T , FHEFHEETH |

]
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= DBMS# 3 - % % #4242 (Transaction
scheduler) - R % el g 5 EFE {5

e R AARAELLEEX
B ? 145
® AR
@ EE

T,=0,;,045,.- g}
T,=0,1,05,-- DBMS3: 5
27021:02; 7=

> 0115 021, 02, Opgs Ogpi -

HErEEH
Tn:0n1 0n2
| O = 252007 X-25
LA L B S B TS 5
= %\ //‘ . A4 f“ £ ‘.L’ ”L\
Ak SR N S R 2
= ¥4 &k (Recoverable) iz
- BRARSH > FHiEd B TIT 2 TR BT g
# o FT;zrCOMMIT & ABORT'F'S ,{J(_Tjﬁ‘lCOMMITE“
ABORTz 7 » BIESE¥ L R o3 4 #42
R | EAREF TR R T1 T2
= T1# ABORT 1 begin(T1)
= T2/ 52 ¥4 ABORT 2 read(X, a);
= £ T22 S COMMIT 3 write(a, X)
4 begin(T2)
5 N read(X, b);
6 write(b, X)
7 ~_—rcommit(T2)
8 abort(Tl)‘V
X-26
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n ,{z_ﬁ&ﬁ.ﬁ‘? (Cascadingless) egtfe

- EEEARSAT > $HiE A B
—}_‘ ) ?T gB’»T*—}—m@.ﬁrﬁv ]F;FHS L—T mCOMMITP_
ABORT7 19 ’ E] f?—Sﬂ-\#ﬁ#,ﬁ‘}'mi % #Lfi

® % DA T 4S5
= T1# ABORT
= T2 §9 ¥4 ABORT

% #42 (Cont)

ETAT,? T BT hF

T1 T2
1 begin(T1)
2 read(X, a);
3 write(a, X)
4 begin(T2)
5 \) read(X, b);
6 write(b, X)
7 abort(T1)
8

22007

O
EI 7N U TEL TSR =h

’]‘qﬁ%\%‘gfﬁfﬁ' K| 2

. EH%. (Strict) et fg
- BEAESE > HES BRI TITITHS 8 T,
rﬂ“é’:’}—— ’ $TJF§B’~‘\J?:% )\T?’}—Eﬂ}\_ﬁrﬁvlt' Kl’i_Tm
COMMIT &t ABORTzZ_ {8 » EJ%ﬁ-Saﬁ;’l‘%mi 5 :}*%E.

SRR A 3
= TLiABORT
= B3 X 5 100
= X ¢ 8 & %100

% #42 (Cont)

T1 T2
1 begin(T1)
2 write(200, X);
3 \ begin(T2)
4 N Write(300, X);
/
5 Commit(T2)
6 Abort(T1)

OFH =%
ZORHEERYAZ O B e B B 75 5 = IR
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s AnNS:

RFLPE R - TE AR H v AR oAy
B v Py - TR V4R R AR

%2007 X-29
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R B KRR R R

= 2 %R {5 (Serial execution) f #_it Frengtfg
ek ABRFHORETNERNE - AEEH F D
B3 g Al B #Eﬁiﬁf%ﬁi%ﬂ-m i
g B e (Serializable )
n 5 BE Y # (Toplirop24r sk % R TR PIAR S
(L
woplfrop24 B * ez b o
oaOpl*frOpZi’F’i’r ,ipa— i F*ﬁi;rﬁ =
woplfrop2i >3 - BEAB »EFE o
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ORHEEAAZ O B e B 5 5 = IR
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% (Equivalent) = % 42

= ek A LS £ AESI{rS2 ik - iR EE %
BEAn ke > RIFES1{-S25 £ 2 4 242

T1 T2 T1 T2
1 begin(T1) 1 begin(T1)
2 read(X, a); | 2 read(X, a);
3 write(X, a) 3 write(X, a)
4 \ begin(T2) — |4 begin(T2)
5 ‘read(X, b); 5 \\‘“read(X, b);
6 rite(b, X) 6 write(c, Y)\
7 write(c, Y) N 7 rite(b, X)
8 hread(Y, d) 8 read(Y, d)
commit(T2) commit(T2)
commit(T1) commit(T1) 4!

¥ g B ¢ (Serializable) #4%

2w - B RS ek FAEFY - BEARET #EFS
frT5 & 2 5 2420 RIFESE VA et fe

T1 T2 T1 T2
1 begin(T1) 1 begin(T1)
2 read(X, a); | 2 read(X, a)iy
3 write(X, a) 3 write(X, a)\\
4 \ begin(T2) E 4 write(c, Y),
5 ‘read(X, b); 5 commit(Tl)\
6 rite(b, X) 6 NN begin(T2)
7 write(c, Y) N 7 \\ ead(X, b);
8 hread(Y, d) 8 rite(b, X)
commit(T2) ead(Y, d)
commit(T1) commit(T2)
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B F A0 B (7 e

O =252007 X-33
5 RHERAIZ O B SR L S S =
B 7 AT F U B
n - BRAET LT RFTERE T1 T2 T3
B> * k&7 RERFEFER L begin(T21)
FE RS = B 2 read(X, a);
® FBLERE 3 write(a, X)
w3} AT hLEERE |4 begin(T2)
= FTORARRAET G hwE O bentEs)
;’/2 EE fii}“ QK G et A7 6 write(c, Z)
7 read(X, b);
8 read(Z, d);
9 write(b, Y)
X Y 10 commit(T2)
11 read(Y, €);
Z @ 12 write(e, Z)
13 commit(T3)
T1-5T2->T3 1440 | commit(T1) X84
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S Pz i B 1+ (Cont.)

T1 T2 T3
1 begin(T1) ( 2
2 read(X, a);
3 write(a, X) . g
4 begin(T2) < ( :: >
5 begin(T3) Z
6 read(X, b);
7 read(Z, d);
i LD, 1) BEHHE B R AT IE HEE
9 commit(T2)
10 read(Y, e);
11 write(e, Z)
12 write(c, Z)
13 commit(T3)
14 commit(T1) o ‘,‘2007 Lt X-35
2 3|
R J;f X-5
T1 T2 T3
" R AR EARATE (1 [beginy
%’_\’\:ﬂ JIIEE?, 1 ‘? 2 read(X, a)
3] write(a, X)
= Ans: & 4 begin(T2)
5 begin(T3)
6 read(X, b);
e 7 read(Z, d);
X Y 8 write(c, Z)
®/ e 9 write(b, )
10 commit(T2)
11 read(Y, e);
12 write(e, Z)
g commit(T3)
114 commit(T1) v

O =7
ZHEE AL LB S L 7

Bl

i
8
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B B PR B g T2
= N AR

@A - BEAAMG B B4 (Lock) » F =27 A E
= SHARED_LOCKED (4 % 4 2_) 3§ B~ 7 4 5% #
= EXCLUSIVE_LOCKED (fpit4f® ) @ B » FoRLE W
= UNLOCKED (i1} & %): FHFAsm=l i
UNLOCKED SHARED_LOCKED | EXCLUSIVE_LOCKED
B JoEF (MR oEF FoEF (EFERF)
SHARED_LOCKED)
BA JeEF (MEREE Azt (EFRF) st (EFR)
EXCLUSIVE_LOCKED)
fRERSHE | N/A EELSARFE % FUNLOCKED
HY - RilERs
UNLOCKED
%2007 X-37

ZHEE I OB S B 15 5 = R

Bote d pEEC4F 2

w i e B T
SERE T R0
REFEHEREFREELTEFELARTHE G T @
513 {5 COMMIT 2 ABORTF# | - 4z 3%

1. begin(T1) 1. begin(T1)

2. Tl.read(X,...) 2. Tl.read(X,...)

3. begin(T2) 3. begin(T2)

4. T2.read(X, ...) ——— 4. T2.read(X, ...)
T2NEEF »|5. T2.write(...,X) | 7. commit(T1)

6. commit(T2) \\ 5. T2.write(...,X)

7. commit(T1) 6. commit(T2)

752007
ZHE I OB S B 1S 5 = PR
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m —- B Fﬁﬁijé‘? R FER R
FE - BHREE ~- L2 41 8- BHF=
o] B mai e VOLFER S h b F ‘

B g 2

w* H i B el e

w SHM T E FoRT A-}'iﬁmﬁ FikA ) ARE - B
Fe &
RFFPE S>HEOFHEEZ >H ] >iesk

" ASL AR RATE BB TR B 0 T
T ehH T fofisg o

K = 4 % (Cont)

= - BFHAX § I AT s e N
= IS (Intentional Shared) : % 77 #-3f B~k =& & X7 chR B FHLE
& X (Intentional Exclusive ) : # 77 #-i2 sk & & XT ehk B FALIE
® S (Shared) : # 75 #3f B FHIEX
® X (eXclusive) @ #71# :!&.3 F AL X
= SIX (Shared-Intentional-eXclusive ) : # 75 #-3f B~ 4158 X T 18 2%

Bk B XT enk B %ﬂ‘iiﬁ °

= TR Pedied 3 BB e Mg T (S A XK L

T e gl S m;"ﬁ efiry b B H e B ARG G T

(IS ~ IX > 2 SIX)
= 4T RS mfﬁﬁﬁ Placke & FF Bl 202 8 5% 2 COMMIT
2 ABORT p*
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7 K =4 = (Cont.)

= 2z 3t(db, t1, pl)sh- 2 e4krllfei3t(db, t1, p2)eh ¥ - £ 2sékr2l

e IX(db), IX(t1), IX(p1), IX(p2), X(r11), X(r21)

= 3 B2 (db, t2, p3)i- 4 e 4r314r i3t (db, t3, pA)im T fed
= 1S(db), I1S(t2), 1S(p3), S(r31), I1S(t3), S(p4)

= G Bt (db, t5)AR T sed 0 ¥ g ex(db, 15 0 pS)AL TG e sk
= IX(db), SIX(t5), X(p5)

SHTEIREE IS IX S SIX X
PEETR
IS SoEF oEF oEF bV AR
IX SoEF oEF R R AT
s RFF | R SO R fer R AT
SIX RFF | R R AFF K fuRr EYiia
X R | R | Fosr e i E i
— X4
&2 D N K )
v % = fé T
m TR TZRERE
= TLl: 8 s =3 (db, t1, pl)e- 5 eérll
= T1: IX(db), IX(t1), IX(p1), X(r11)
®T2:3 B~ =3 (db, t1, pl)e— ¥ 3eé5rl2
= 1S(db), IS(t1), IS(p1), S(r12)
= T3: 3 P~(db, t1 > pl)s@ et 2ed
= |S(db), IS(t1), S(p1)
= AR
®T1ET2:X 5 ®R
®T2E T35 BFR
®T1ET3WFR
%2007 X-42
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SQL¥ < % dx &

= SET TRANSACTION
TR Y R B R A R R AT Y
o e bldp £
= SET TRANSACTION REPEATABLE READ

THAGHAIRE | AEEEAIE | EERAYRRE
READ UNCOMMITTED V N N
READ COMMITED x v v
REPEATABLE READ x x V
SERIAZABILITY x x x
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= COMMIT/ROLLBACK
«2SQL# * ABORT: # 3 » #¢* ROLLBACK
= SAVEPOINT
@SQLAF 2 b R FERLY R G
LA R T LERR
857 BT R

2. (Savepoint) - ¥
FHREFHRIIE- B
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PL/SQL # |

DECLARE
tno STRING;
pno STRING;

BEGIN
SAVEPOINT do_product_insert;
INSERT INTO Product VALUES (pno, ...);
SAVEPOINT do_transaction_insert;
INSERT INTO Transaction VALUES (tno, ...);

if salesprice < 100 ROLLBACK TO do_transaction_insert;
INSERT INTO Record (tno, pno, ...);

COMMIT;

EXCEPTION
WHEN DUP_VAL_ON_INDEX THEN
ROLLBACK;
END; O = #2007

ZHEE I OB S B 15 5 = R

23



