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UPDATE |z
SET 2o = 2% - 5000
WHERE ZAzt#= = 100;
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UPDATE 3
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O |E{01A Alel SET ol =aft s Reg OJEfHo]A Al

WHERE Zz{#i= = 200;
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INSERT
INTO Z2(Z2HS, 2202, 22HE, 2243, 22UR)
VALUES ('o11', ‘apple’, 'p01', 10, '2022-10-10")
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R 10074 @ =SRZ0| KTt A RHTEF 9074
Py UPDATE A= ol
NEFE N NEFE R
G0 [Ef#O1A AleH SET A1 =7A23-10 Gl0|E{#0]A AfeH
WHERE HEHSE = 'pO1';
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UPDATE
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DELETE
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DELETE FROM & WHERE ...

INSERT INTO & VALUES(...)
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H X8 Atomicity — All or Nothing

€ =amuol oitts0| BE A HUE|HLE SLEE AWEIX| QOf0} BHTE HB Al £ Q40| B wrIEICh

AZlolH| ExHxiM
O &3 7iztoM 5,000 2=

UPDATE Azt
SET 2oy = 2kl - 5000
WHERE AzH= = 100;
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UPDATE 22 —
HEto IR o) ol o AEIOP o
GIOJE{HHI0] A AfeH SET S8 =3 + 5600 B0 [EftHl0|A AfEH

WHERE AZ#Z = 200;
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0 85 AxoIM 5,0008 =
UPDATE |z}
SET  2t0f = 2o - 5000

WHERE AZ#= = 100;
£10,000% X #o 4
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© 22 74240l 5,0008 242

UPDATE )z}
SET 29§ = 2% + 5000
WHERE AZH3 = 200;
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UPDATE 2|z
SET ko = %o + 5000
WHERE 2% = 200;
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A5 7194:10,0009 A5 F1o4: 50009
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O 43 7Aizlol 5,000% 21E
UPDATE |2
SET ko4 = o4 - 5000
WHERE ZZ#3 = 100;

TERMS SdM
022 7izloll 1000 ¥ &1Z
UPDATE |zt
SET ol = 24 + 1000
WHERE A zt¥= = 200;
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UPDATE %2
SET &9 = 29 + 5000

A5 Tl : 50009
224 71K : 6,000
WHERE Z#= = 200;
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rollback (’“‘%1 *l*)
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O 43 7zjollM 5,000 2=
UPDATE 7|2t
SET  ZoY = 2o} - 5000
WHERE Zzf#iS = 100;

..... , commit 150009
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0 23 7iIxl0fl 5,0008 &=

UPDATE A2t
SE 2ol = 2408 + 5000
WHERE AztH= = 200;
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UPDATE 7|z}
SET 2ty = 2t} - 5000
WHERE 2% = 100;
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UPDATE A2t
SET 2ol = Ztoi + 5000
WHERE AHZHZ = 200;
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gojet =l

2|5 (recovery)} &0l (failure)

2|= (Recovery)
o7t M S [Mf C|O[EHH|O|AE Eof &
Mol dHE MEjE2 EFA7|= A

ZH0l (Failure)
AA”IO| M2 SESHA| Qi B 22
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ClA3 et ojel Hl22] Zke| H|O]E O] S

DBE C|AA0| &FSHCE Melstei® M2 2|2 7H 0k SHCt input(X): CI23—H 22, output(X): H 22|

EE CiQ| 0|5 (HE « C|AT EE) input(X) / output(X) ¢4t

ClA3 ES0 ME=|0] Q= CI0Ef XE HIQ! t|22| HIH 2522
OISAI7I= St

input(A) iUt
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H=e|
i output(B)
B o2l Hi=22| HI E20]| = HI0[E| XE ClAT E20=2

OISAI7I= St

output(X)
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read(x) o2 o 22| HH E=0i| MEZI = HI0E XE T2 30| . b=
a HAS QlojQL OAH read(A) [7 input(A) ["A*]
L
write(B) {— output(B)
write(X) OD273o| Ha S Miel Hi=22| M 220]| 4= HI0[Ef Xoll B B J ‘
7|25 St - ) —
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2|8 A4t — redo & undo

redo (X&)
C' xzps=i=e sixe 5 212 g4 24
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(g | RS S 8 WIS XHRSIO! S0bk ssl7] Syl IOl Aeke 27
- (siEoz A4S 290 F2 AIR)
ndo | £ 018 X371 LEl 2E t OIS HASIOI HOMOIA 2fel e 7
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| undo (F2)
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#10-3 2O y3=0 &R

2agEs Moy

ol SHM TIH4US ARISE 712
(Ti, start)

of (T, start)

oln EEL.HX—-H@ 7} C"IOIH XE OP"1 told valueoﬂkl AHEO 7}new value L2 tH 3]’
<T|, X, old_value, -1 l Eﬁﬁ}% a'c!?.,\na 71%
new_value)

o (T,, X, 10000, 5000)

o] EMM Tt MB8Xo=Z ARERISS 712
(Ti, commit)

o (T,, commit)

ol SaR T HelEiieg 12
(Ti, abort)

off (T, abort)
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Al=Holx| ERHZYEC] =21 of

B =24 110 230 start » BBX) — BZ(Y) — commit £A2 21 Y RE7} XHCH2 7| S ECk

AEIOIR| EZHEM (T, 2 ol 7|2E 271 yFc

read(X); 1: <T,, start)

X =X-5000;

i 2: <T,, X, 10000, 5000
read(Y); 3: <T,, Y, 0, 5000
Y=Y +5000; 4: <T,, commit)
write(Y);

T2 10-22 AZO|H| EHRMO| AT 7|SE 2739| of
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21 35 7|8 @ FA A4l (immediate update)

1]

MM =3 F HO| HA ZHE DBO| FA| BHASICE (undoredo 25+ AHE, 7|&2 commit 211 2|2

[N |m

C

)

HEIOH| E2HxM T,

read(X);

X =X-5000;
write(X);
read(Y);
Y=Y +5000;
write(Y);
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27 TRl 718 21 Yme dlo[EfefolA
1: 4T, start> X'= 10800, Y =0 |—— EiiziMo| 2345(7| 2 pleo| 2t 2104

2: 4T, X, 10000, 5000>
3:<T,, Y, 0, 5000> X =5000 e—— 21 I t174 OIARS AlsHSE 50| XHA} 2HOY
4: <T,, commit) Y = 5000 o c iy iz o412 Alowst B0 g} a0y

1% 10-24 7ixjo|x| EM 238 F 27 2 % HlOJEHI0]A BHE &AM
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EHN0| 24257 | Tofl Foli7t st 39

HIOIE{HIO] £ =]=

271 IR0yl (T, start) 271 #f|F == ZxHsR(2t
(T, commit) 271 HF=E ZRKEHK| Oi= Al

ERNO| ARE S0} FHOI7} LAE B

27 Ioj| (T, start) 21 =2}
(T,, commit) 271 HZ =7} 25 Exlish= A

redo At AlsH

T2 10-25 ZA| 21 31 7]o] colEfolA B Fiat

Fa

~

undo ¥ (F)
commit 21 HIZEI Qe 42 — ECHH
MOf 2tz Ol FOH7t e

S P

start9f commit EZUf ==
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ZA| HA — = E;MTMO| 219} DB HHE

AEO|H| ERM T, 2aap 7IEE 2a FEse H|O[E{Ho[|A

read(A); s
A= A-1000; B2 Yl SEATE) A=5000, B=0, C=3000,D =0
write(A); 2: <T,, A, 5000, 40005 —
read(B); (1) |
B =B +1000; 3:<T,, B, 6, 1000> A = 4000

: write(B); .

Ey 4:<T,, commit) B = 1000

N HEO|H| EMHHM T, 5: 4T,, start>
read(C); 6: <T,, C, 3000, 1000> —
C=C - 2000; 12} I

; - C =1000
write(Q); s <T2, D, 0, 2000>
read(D); i
8: , commlt) =

D =D +2000; <, D = 2000
write(D);
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| x| S| ol Zoh7} AR 22 commit 3 0}
‘ . " Al — Ot2! DBOf| OFR A= HHAZ|X| QAU
. RS O |5 2| L = ™A — O LS AX
277 Ofo]| (T, start) 271 H|F=2H ExhstD 2 LHES PAlSk B ‘ ooz 'g- OEI Ol 81 EI_
(T, commit) 21 HFE= ZX5IK| b= MEl ' ' ’
. J
] ( )
\ Eaio| 22 E Sof Kol LAE A

L . commit & X0}
221 IRl 7, start) 23 429 redohetald | redo A3 — 212 27 HZAS DBO| C}
(T,, commity 271 HF =} 25 Zxhsk= Al Al HEFE S

2 10-28 X 2441 5 7]] HlofEfIo]A 5= Rt
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X|Gl 24Al _ =19} DB HH Zi 7t

@ =z =72 =302 8K 712512, commit 0/ 0f C0|E|H|0] A0 BHHEICE (undo EEL, redoBt ALB)

27 O] 7|EE 23 EE H|O|Ef|O A
1: 4T, start) A =5000, B=0, C=3000,D=0
2: T, A, 4000
(1)
3: <T,, B, 1000
4: <T,, commit) ==
[ - A = 4000, B = 1000
5: 4T,, start>
6: <T,, C, 10005
(2]
7: <T,, D, 20005
8: <T., commit)
’ L ¢ - 1000, D = 2000

T2 10-29 2AHOR 43l £ E2RMO| 21 Tjl LT HOEHIOIA i Ziat
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21318 7| @ A AE & 0|C]of 3]E

© ZA MH(checkpoint) 312 7| & 0|C| 0 (media) 3|2 7|
- 21 TNE 245hs Y, 2 HHC= AM « C23 5 HI3|Yy & HX| Hojof ofst 3|5
Ne o=
HEE e - DB ®ME F7|Ho=z Cha obEeh ZX|of Ak
- HAAIM 0|Zo| EAMMMT (o2 5 m)
redo/undo 2|2 +=H

» QD2 231 5 27 7|89 2 redo YA M
A A H2es 2 2SS .+ EFE: AL BI8-CPU HI / THOIE THY B

ord M X0 7= <checkpoint L> h
« DB 2|5 A|ZHS 34| =
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Hall 3ol EX @ A4 ZH(lost update)

0| HES Z0tE CHE EAMMO| HOM, 7| & BHE0| FastEls A =it +AStH SHE
Ct

ARt ERET, EddiT, EJEEES Azt AHHET, ERNT, EI=LVES

read(x); X = 3000 read(x); X = 3000
X =X +1000; | (3000 + 1000) X =X +1000; | (3000 +1000)
read(x);

write(X); X = 4000
X=X*0.5 | (3000 *0.5)
= | read(x);
write(X); X = 4000 (

X=X*0.5 | (4000 * 0.5)
write(X); —————{ x = 2000
write(X); X = 1500

T2 10-31 EMUMT,
721 10-30 SNl #3430 WSt 44 20| of =10-8 i




StLto| EEMM4A0] 02 BE glits Jdg Ijf, 228 Rle &
A
A,

AR EWHMT, EWYMT, HOEf0A At

read(X); = X = 3000, ¥ = 3680

X=X +1000; | (3000 +1000)

write(X); X = 4000, Y = 3000
read(X);
X=X*0.5;| (4000 *0.5)
write(X) ._’4__X =2000, Y = 3000
read(y);

o[} oAt Y=Y 205 (Gose +0.5) |
= l write(v); X = 2600, ¥ = 1508

read(Y);

Y=Y +1000; | (1500 + 1000)

write(v); X = 2000, ¥ = 2500

T8 10-32 S ERNMo] #H 202 WAE DAMo| of a8 10-

FAF

Ef S| HIOIE S

SN, EJMNT, GlolEf#0lA

read(X);
X =X +1000; | (3060 + 1000)

read(Y); -
Y =Y +1000; | (3000 + 1000)
read(X); :

% = X285 (1080 #0.5) |
write(X) s [ = 2000, Y = 4000
read(Y);

[

Y=Y *0.5; (4000 *0.5)

write(Y); =——————————r>| X = 2000, Y = 2000

write(Y);

33 EWMNT 8 +UE § EWUNT S SUs 2t




‘9 EM™MMO| rollbacket M, 11 H|O|E{E 7FMC} £

AL x A HE
T +d — A S T
ARE EghT, EMAT, GlojEfufolA

read(X); ]l X = 3000, Y = 3000
x=x+10s0; [ (3000 + 1000) |

write(X); X = 4000, Y = 3000
read(X);

X=X*0,5;| (4000 * 0.5)
write(X); X = 2000, Y = 3000

e
Fphya™

read(Y);
rollback T,;

E2H24M T0| rollbackS|H E2#4M T, rollbackEloiof 5H=G|
T} 0[0] 225 E2Hakojat rollbackS & 4 S

T2 10-34 F E3mMo| Hsh o2 Wit ol 87

Hll Ao M ® P4l =+(cascading rollback)

CHE EzHMAEE S rollbackdl{OF St= A.

T1 - T2 =Xt £ (B4Y)

AR AT, M T, Blo[EftolA

read(x); X = 3000, Y = 3000
X =X +1000; | (3000 + 1000)
| X = 4000, Y = 3000 |
<

write(X);
rollback T; X = 3000, Y = 3000
read(X);

read(Y);
X=X *0.5;| (3000 * 0.5)
write(X); ———| X = 1500, Y = 3000
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A o
184 A#H|E (serial schedule)

A

1: CIE2|Y Qlo] ETMMMEZ ALS Xt Al 2 =MOf W2r Aotop FetX| 0, LMoz & M| =
= Eb

T1 - T2 =ME =¥ T2 > T1 =ME =¥

ARt ERMNT, ERMMMT, glojEfeflolA ARt ERMT, ST, GlojEfuiolA
read(x); '* EME 28 read(X); ESH LY A
X=X +1000; X=X*0.5;
write(X) write(X);
read(Y); read(Y);
Y=Y +1000; Y=Y=*0.5;
write(1); v -r write(y); ! -*—I, A%0| 251§
read(X); read(X);
X=X*0.5; X =X +1000;
write(X); write(X);
read(Y); read(Y);

Y=Y *0,5; Y=Y +1000;
write(Y); + X =2000, Y =2000 (1, 43%0| 255§ write(Y); =l X =2500, Y = 2500 T, 4%0| 25H Z

T 10-37 ERNUM T, 44881 S0| SUMM T 8 SHoHs TR AXEO| o : T, 48— T, 48

02 10-36 EMMMT & S35 20| EWMN T § SUsI= M AAHEA o T, 8 T, 58




gd Ao

H| 2! 2 A#| = (nonserial schedule)

Ao f2h A 24 2ed S0l 42 = A0 Jeds 28 + 8

G

y’ OlHZ|EloZ ECHMM S Sl 4=
% C}

ARt ERIMT, BT, HjojEffiofA ARE EWHMT, EHMMT, EELLES
read(X); read(X);
X = 3000, Y = 3000
X =X + 1000; | (3000 + 1600) A5 9009 an P00 X =X +1000; | (3000 + 1000)
MiLtet): ARt e read(X);
read(x); X=x*0.5;| (3600 %0.5) |
X=X*0.5; (4000 *0.5) write(X); | X = 1500, Y = 3000

write(X); =————— X = 2000, Y = 3000 write(x); X = 4000 V=3009|
read(Y);

read(Y);
Y =Y +1000; | (3000 +1000) e ‘
write(Y): X = 2000, Y = 4060 | L

read(Y);

read(Y); Y =Y +1008; | (3900 + 1006)
Y=y %05 | (4000 *6.5) write(Y); X = 4000, Y = 4000
X = 2000, Y = 2000 |

T8 10-38 EWHMAT 2t T 0fl Cit BIXIE AziEe) off 1 : Zaidt 20t &4y 7 10-39 ERWMT b T off i BIXiR AAISC off 2 : BRE Zat 4y

write(Y);

write(Y); X =4000, Y = 1500
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A& 715 A = (serializable schedule)
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X0

7

tse

sdS
— EZ(locking)

24
X8 7t
|

=




Hall Mo 7|18 — 2Z(locking)

ad 27 (locking) 7|

- I:C':I!?:I.)l Eg_lllx_l.llkl_:leol 7EI-: [:‘”OlE‘IO'" %AlO‘” XI:-lll_ 7 10-5 lock $IAH
e~ - —
StA| ZotA & = o
—_ . —_ o SH = 2 AlBHS = % Eé = _/'\_ U
« AS HYA|(mutual exclusion)2 & 7tsM2 2901 Olefol chsh B8 ook S41S ARSI SIS HOIEI read SIS AatE 4 9l
2F write SHh2 AItSH 4= QiCt J2|71 sHE H|0[E(ol| CHE ERANE Z& lock SIS SAl
E x I- “;Lgshared lock

e Al 4 9uct,
clolE{ol ciet ARSHE ofef E2kENO| 7l 7K 4 24S)

AbO o C
) |-9 ck/ unI%ck Ao = HOjStH, CojE o o EaR0] GOJEIO RS lock SIS ASHSIZ! SHS HIOIEION read ST write SIS D5
ot =8 HS 7Y s o | B 21Tk 2L B! OIS ChE SRS BB0IE TBOIE OfF ook S A
Lr&exclusive 10C _
st
» S E5R: 38 lock (H7]) - M8 lock (227)) (RIS lock SIS Al3ksH ERRRAEH S HOJE(O] CHE! SHAS 74 4 91S)
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SE(S) lock — & 75
H 10-6 lock S| g2y M2 ChE EHMMO| 22 B0E{0 38 lockS

- —
SAI0 2 == ULt (817]= SSoHA| %3S

22 lock M lock
22 |ock 7ts =2/t
M2 lock 2t 275

H8(X) lock — & =7t

& lockO| Z&! HIO|H0fl= 38 H& o™
locke Z = QICE BtEA] unlock 20 82 7=
ShEF

SA: 947|722 3R, 7|7k B S

|




2y RO - 2
12 22 A2z AE 71580 EEEX| = 8F

lock-unlock2F X[AE, HF S unlockst® CHE EZHMMO[ Latd Gl= HO[H 2ol =X 7t & ZICt

Azt EIAT, EMMT, Gjolemiol A

lock(X); I |
X = 3000, Y = 3000
read(X); .
X=X +1000; | (3000 + 1000)
: I 1
write(X); l X = 4000, Y = 3000

unlock(X);

Lock(X);
read(x);

X=X *0.5; (4800 +0.5) |

write(X); ————————=| X = 2600, Y = 3000 |
unlock(X); S

Tock(Y);
read(Y);
Y=y .9,5;L:355&~@ s)
[

write(r); -+ [{S SIS |

unlock(Y);

lock(Y):

read(Y);

Y=Y +1008; | (1500 + 1000) 2 =
write(Y); | x = 2000, v = 2500

unlock(Y);

I 10-40 72 2 FAoR XM JisH0| BUEX| o AxiE of




2PLO| & THA| T 2PLE X3 7l5480| &2

At EET, EWNT, < JSk WES
Tock(X); X = 3090, Y = 3060
read(X);
X=X +1000; [MJ
write(X); X = 4600, Y = 3068
lock(Y);
unlock(X);
lock(x):
‘ S| | ETAMO0| lock AR 3lS 4 T, unlock SR AdtSH 4 gl= B ‘ read(x);
X=X*0.5;| (4000 * 0.5)
’ SACY| | ETHANO0| unlock SHREAIRNSE 2= QUW lock 2 AlSt S Q= B ‘ read(1);
Y =Y +1600; | (3000 + 1000)
write(Y); @]
T2 10-41 2Eb) 22 7ot Fat wock:
lock(Y):
unlock(X);
read(Y);
Y=Y *0.5| (4000 *0.5) ‘
o
unlock(Y);

T8 10-42 287 2 0l MW Jhs 0| BYE AAES of




ol At EH (deadlock)

J 2rL= =2 k580l BREIEHRE, M2 71T lock 7IC2In] @S| BRE DA AEj7F HuT 4+ ok

EaixiM T1 EHMME T2

Go|E X2 7|t < M2 7807 <

(T27} lock E9)

ooy Y& 7|CHE
(T10] lock E8)

CHA: mAf SFEf7F B71X] A Df2| o stALEL, EE| XI5 ot2 S rollbackAlZ{ F= 20| Z[0|Ct.
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NEXT CLASS

Ct= AlZE of|

1% Ol O E{H| O] A E Otu} Aotk 2t2|
25 ACID - 21 2|5 - 2CHA| 2 CHA| F2|
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