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NN IINYO NIAPN NNTIPN PNPTII0N DOV PN8IOY 18D - Legality of S .2
OV NDYIN



)~2)a)

T TS A B
25 25
L (A),r1(A4)
A=A+100
wy (A),u1 (A) 125
l2 (A) yT'2 (A)
A=Ax%x2
wao (A) , U (A) 250
l2(B),r2(B)
B=Bx2
Wo (B),’UQ (B) 50
Iy (B),ri(B)
B =B+100
w1 (B) , Up (B) 150
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Tl T2 A B
25 | 25
i (A),r1 (A)
A=A+4+100
w1 A) ,ll (B)
uy (A) 125
l2 (A), 72 (A)
A=Ax2
wa (A) 250
Iy (B) -Denied!
r1(B),B =B+ 100 125
w1 (B) , U1 (B)
l>(B), w2 (A),r2 (B)
BZB*Q,’LUQ(B),UQ(B) 250

Yya = T

T1:1,(A),la(B),u1 (A),u; (B) 2-phase

TQ : ZQ (B) ,lQ (A) , U2 (B) , U (A) 2-phase
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I (A)

l2(B)
I (B)-Denied!
I3 (A) -Denied
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Deadlock
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(Starvation)Livelock
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le ll(A)vrl(A)7ZI(B)7U}1(B)7U1(A)7U1(B)
TQI l2 (A),lg (C),TQ (C)JUQ (A),’U,g (C),UQ (A)
T3: 13 (B),T3 (B),lg (O),wg, (C),’U,g (B),U3 (C)
Ty: 14(A),l4(D),rs (D), wy (A),us (D), uq (A)
T T T3 T

ll (A) ,T1 (A)
I3 (A) -Denied!

l4 (A) -Denied!

ll (B) , W (B)

Ul (A)
12 (4),12(C)
r2 (C),wz (A)
U (C) , U2 (A)
Ul (B)

L (A), . ug (A)

Deadlock v tX np271aY Dn9ION

DG - directed graph

nodes:T
edges:T; — T}

DAG=no deadlock
loop=>deadlock
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T,

ll (A) , 1 (A)
12 (C),r2(C)

Z3 (B) , T3 (B)

l4 (D) s Ta (D)

I3 (A) -Denied!

I3 (C) -Denied!

l4 (A) -Denied
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Locking Systems with Several Lock
Modes

Shared(read) /eXclusive(write) Lock (1

.Shared Lock 92p5 m515> mInNK nyspIv o) X (sl)Shared Lock v nospryvd on
PRY ONIN - P W 902 (xl)Exclusive Locka prnnd N5 nnN ipsphIv P9 YaN
N Yy Shared Lock
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T, T,
sly (A),r1 (A)
sly (A), 2 (A)
sly (B) 72 (B)
zly (B) -Denied!
uz (A) , uz (B)
wly (B),r1(B), w1 (B)

U1 (A) , U1 (B)

Upgrading Locks

oD PN ,Shared Lock owpan omp 10t 1290 Dy NN IX PRYND 0pna
.Exclusive Lock owpan 11055

MP NN MINK NYPEPNIY »)Exclusive Lockd mond 79080 m8ptnvnw neind Hy
.0910 NN 25y ,O0TPM MOND 07PN Ypah Awnn 9Ty Mt 9ar - (Shared Lock
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Ty 1>
sly (A),r1(A)

sly (A) 72 (A)
Slz (B) , T2 (B)
Sll (B) , 1 (B)
xly (B)-Denied!
U2 (A) , U2 (B)
.Z‘ll (B) , W1 (B)
uy (A) u1 (B)




Upgrade Y952 Deadlock n»ya

T | T

SlQ (A)
zly (A)-Denied!
zly (A) -Denied

M N Yy - Deadlock 29209
:lock Yv wTn MO wHNW) 195

(ulyUpdate Lock
Update Lockb 92apna N5 Yan - Shared Lockd 9apna nvnd 915 Update Lock
.Exclusive Lockb 9apna XOw j21m) 19NN
Increment Lock
:N90INY TPMONY NS PTI ,ITOI MON NOY NN MWD 190N YNID IWANY NON
inc; (X,¢) = mn(X),X=X+cw; (X)

9an ~ ¢l W sl v R il Yapd ) 89 Increment Lock - il; (X) T 30 md
NN G W IWND DAPY IWaN

‘ sl xl il
slly n n
zl|ln n n
il|ln n y
NINT
T 15

Sll (A) , T (A)
sty (A) 2 (4)
ilQ (B) ,iTLCQ (B)
ill (B) ,incl (B)
us (A),uz (B)
uy (A),u1 (B)




Timestamping

T's - RIPIY ITON W iPYPHIV YO .00 DY MNNVYN 29D TAYY DNINONR W
NP0 WNY NN 7 D08 NN 29Y IN AVNNN OV YYD 09 yap) Mt timestamp
MAP Y 190NNV

oIRY ,0nwn WX - WT - Write Timey RT - Read Time mn> 1) 535 35 m>
SNINND 2NN NIPI NN PN

97
T T T3 A—RT | A-WT
100 200 150 0 0
" (4) 100
rs (A) 200
73 (A)
ws (A) 150
wy (A)
ws (A) 200
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DIIIONRN

switch(request)

{

case rp(X):
if(TS(T) > WT (X))

{
rT (X) 5
if (TS (T) > RT (X))
RT (X)=TS (T);
}

else rollback T';
case wr (X):
if (TS (T) > RT (X))
{
if(TS(T) > WT (X))
{
write X;
WT (X)=TS(T);

}
else{}



else rollback T;
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DB Recovery

PAVON Nya

DBn NN 9tnnd 7 iR 1rspna0 NN naor Deadlockd nyopiw napna e
SPNPTINON MDY 2NND

Timestamping ¥ NIPN2 727 N
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DX2IWN 2NXY PO Mnwvn ¢ .DBa oo A, B

Action t | Mem A | Mem B | Disk A | Disk B
r(A,0) | 8 8 8 8
t=1x%2 16 8 8 8
w(A,t) |16 16 8 8
r(B,t) | 8| 16 8 8 8
t=t*x2 |16 16 8 8 3
w(B,t) |16 16 16 8 8
output (A) | 16 16 16 16 8
output (B) | 16 16 16 16 16

7Nt NN YVIAY PIN ON NN N
D211 NND 1NN

Undo Recovery

mMoyan 0mMva 1av log) ,NMN ©0A YV (Copy)N) DN DN WUINNND 1D
YA

<start T> »n52 an2) ,N2NNN WIPIILY
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<commit T> n5a an2
OMN 21N NIDNNN NPINNAY ,NIOINN TN NP9 NN commit

<abort T> »52 2N2) ,NOVWII iPYPNIVM DTN e

01,2023 PN - X ,ieNpston - T awvnd [, <T,X,v> 1032 and) ,n2nd 951 e

AN TN -

00995 Yy vy 0993998 ,Undo now by Tiayd s
NS 970 (1

MO N2NON NN DYON L1

DB5 oann .2

MY N2NON NN DyNan .3

INT
Action t | Mem A | Mem B | Disk A | Disk B | LOG(UNDOO)
1
2 r(A,t) 8 8 8 8 (start T)
3 t=tx2 |16 8 8 8
4 w(A,t) |16 16 8 8 (T, A, 8)
5 r(B,1) 8 16 8 8 8
6 t=tx2 |16 16 8 8 8
7 w(Bt) |16| 16 16 8 8 (T, B, 8)
8  flush log
9 output (4) | 16 16 16 16 8
10 output (B) | 16 16 16 16 16
12 flush log (commit)
UNDOO omamoN
1l committed T
active T
2)t incomplete - UNDO
3) incomplete = abort
4) flush log
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recovery TN KO

o0o A, B R 0tnn - undo DYy8an - 107112 DOWON NN DYNIN (2 NN e

1)}log:

.DNOY 0» NP

2 0 DYYNaN - 87102 DYOWON NN OOYNAN (3 NN e

2 0 DYYNan - 1782 DOWIN NN DOYNAN (4 NN e

REDO

NN MDA N2NON YV ITON IND

start .1
commit .2

abort .3

VINN TIYN NN v oyan wnd - (T, X, v) .4

MmNT
T t | M.A | M.B|D.A | D.B | Log(REDO)
1 (start T
2 r(At) | 8| 8 8 | 8
3 t=tx2 |16
4 w(At) 16 (T, A, 16)
5  r(B,0) |8 8
6 t=1x*2 16
7 w(B,t) |16 16 (T, B, 16)
8 (commit)
9  flush log
10 output (A4) 16
11 output (B) 16
MYYY 1998 N
commit
action

imcopmlete - nothing
committed - REDO
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3) incomplete = abort

4) flush log

Dirty Data

T T T;
w1 (A)
: 2 (A)
w2 (A)
commit
73 (A)
abort :

DM M LA DIN NAND NNV NV DR YAN T Nn»o XY 29Y abort nnwy Ty
INDVW 110) NY TIya - A2 wnnwin 925 T3 Thw 799

.cascading rollback mwy> 7% Dirty Data X9 nth 2300

DN MVYDY AN 0w > T check point ©waY PN
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