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7.1 A| A8 nE

B A|AH D

= X}Q(resource) - 15t T 40| Xt
» IZ=M[2(process) - A AL S St Z2EMAS
NS

» A|AEIQIXRAZ O Fa(type)2 = -TL—.T—
. 22|% X}2: CPU AFO|2. B2 2| 27t 1/O AHX|
= =c|& AtE: O, More, FElA S
» 2P Ao XHRA(R)2 O 2] 7H(W)2| Q1A H A(instance)
B D= MAO| KR O] 1t
1. 2 (request) - 2 XIA2 FA| AIES = Qo H,
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2. ArE(use)

3. BF=/3|| K| (release)

n O|Qt 2tEH &l A|AHl = open() — close(), request() — release(),
allocate() — free(), wait() — signal()
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B 11 AHAMER (deadlock)
» DZE2MA AR (e 2e ZEMATE S}
e Hsto| 2 m2 AT HQ S XHlo
> RE ZRMAZ HAEX] X'
m 01
= At&: DVD, Printer
» P12 DVDE HQSID Z2IH @&
P2= T2lHE MQ5t1 DVD 85

» K212 X7|3HE &= 7l 2] Semaphore A, B
I:)0 I:)1

P(A); P(B);
P(B); P(A);
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1. 43 H| X (Mutual exclusion)
« OF HHOf| o ZE2EMADEARRE = /U= At
= At#)0| MO StLf =X
2. 493 Ll 7| (Hold and wait)
« ZENATFE| A SHLES| ALl S HEet SEHOM CHE Z2MATE
et ArE = o7
3. H| & (No preemption)
« A0l ZXzE WEE = gl AEHe =0
4. =2t 7| (Circular wait)
= T2 NA T {Py, Py, ..., PIOIA],
Py P, B-R AR T 7|
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A g ag=

RIS L E:
« V:vertex &g, E:edge &gt
«» vertex Het V=5 FF0| Fg PIRE &2 E
« P={P,,P, ....P}: Z2ANA E&
« R={R;,R,, ..., R} : XI&lo| &t
= edge - 20| U
= requestedge : P, > R (ZEZM A7 A1 %K)
= assignment edge : R, — P; (Xt 0] T2 M| A0 & E)

R,
R, —> oo| Pirequests instance of R,
== (request edge)
process  resource with R
# Instances /EE P;is holding an instance of R,

(assignment edge)






Xtel etk J2j =2 deadlock

B X 2 e d2 =7} cycleO| §= = no deadlock
B & ek 2= 7 cycle &

n AR & B 1719] instanceES 2S5 = deadlock
s AR & B 2] 749 instanceE E S = deadlock 7=
(cycle =7} instance s=E.C} 2 © ™ no deadlock 71&)



2l sttt Jef = - deadlock

B UAYEO A= AR A=

= cycleO| &X (==t L} 7|
B = 719l cycle =X}
PL2>R,2P,2R;2P;2>R,2>P;
P, >R;2>P;2>R,> P,

= R,Q| QIAEATE27H0[0 = 27| 2
cycleg EX| 5D 2 W ZFALEY ghAd



A g2k el = — no deadlock

B One cycle
P,2>R,2P;2>R,>P;

R, > P,

« R,7} 2710 QIAEIAZ JIX|D B
W AFAFER 7F 2R SER] G
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7.3 WEYE| XE| SH

B I XFAEY Of BE(prevention) EE = 3| I (avoidance)
s A|AHIO| deadlock MEf7} E|X| Y E HESH= HiH
= deadlock prevention :
« 474X RN F StL O|dS BHESHA| Q8A &
= deadlock avoidance :
« SO CI HEE AFESIH At 2F S Rl Z2 M AT 7| K|
ojFE AH
B 0 RFAMEY EFX|(detection) & = (recovery)
» deadlock AEf7F E|= A2 & &
» deadlock detection & 11 2|51} deadlock recovery & 12| FC =2 4
B DEAE] 2A
= deadlockO| Xj= EHSkA| 7| W= Of O &/2|O|Lt B K| StX| =
» $Egoz 827
- iR 20 2AHHOIM AFS - 382213 0| deadlock WX|& &8
T2 02 H A
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w E Al O S (A=)

m O xH S
» D= RS0 A Ol =X (total ordering) £ O
= One-to-one mapping function: F(r) = n (r: resource, n: integer)
= {2 7Ho| ArR0| ER% ER0 LEAITOE AASS ¥
« REERS ZENAE=FR)>FR) € MTIR E 2T = A
- F(R)<F(R) QI At R, 2 gHefeof gt
= RO F UMK ZERESS AMESIH =2 7|7t & 6HI H=

B (0f]) AArot= HelAr 24 - MOt =& 2LEX f—’f 273
if (1< (i+1)%5){
P(chopStick(i]);
P(chopsStick[(i+1) % 5]);
} else {
P(chopsStick[(i+1) % 5]);
P(chopStick(i]);
}
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m X

XEAL EH §| _|T|_|

-1 O

I-JCKDI- EH O:” I:II-O| E|—I—I

AEX| 0| 2 & (utilization) XS}
A A H N 2| & (throughput) ZF A
AHAFEN 2| If (avoidance) B EH
A0l OEA 28 E[= X0 EH ot =7 EEE HRE
« 2R = ot 2 Y AHREO| oo O] =~ S.
A & JEfE ZASHY =2t Cf 7| 20| LMK =
el REE M og

.l

2|-stct AMEl(resource-allocation state) — CHS 4O 2 ™M O|

"= o

712 (available) Xt 2 %=, & Eh(allocated) At %=
ZE2M£2| XL 8+'(demand)
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Ot AbEH(safe state)

B O

L—

rx

AFEH
o

= A|AHEIO| @ =AM (safe sequence)”Zt ERorH, S SELO| RULE.
B OtM &= A(safe sequence)

s TZ2NA AREA <P, P, ..., P>0f CH8HA
» P, 7t @S AR O|

a
()] <iQl BE P 7} HQBHS
off &M B EICHDH
. D2AA AFALS OFF £AMEHD B

P RTY < 718 R £ + XjTi(P) BHERHE )
B QiMoo Z2AMA AIE A0 CHOHA

= P= A @70 FA| SFEX] 2 o= 7SR A2
20| A= BE T2NATEELEN



Safe, Unsafe, Deadlock %&FE}

B Safe AEf > No deadlock
B Unsafe 2tEf > Deadlock 7t/

deadlock

unsafe

safe

17




A g Az ¥ae|E

B 0] 2F Of X|(claim edge)
= ZZM2 Pis O2f0f RiE 28g & AZ (Pi > R)j)
= 5 claim edge= request edgeE H2HE = QU F
» MMOZ HA

claim edge

a process reqguest a process release
a resource resource

request edge assignment edge

\ 4

allocation

B 2K &0Ql(grant)
«» X ™2 9H ofX|(request edge) Pi > Rj7} &2 of| X[ (assignment
edge) Rj > PiZ HSshs 20| XHS BHEF TaiZof cycleS 3 ABLX
2= [Moj| 2 5 QIokC).
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AHy &9 d2j= — Unsafe HEI 2 E|l= %

B P27} R2E QX
R. (claim edge 7} request edge7} &)
B request edge P2>R27}

assignment edge R2> P22 HH3t
T| ™ unsafe AHE{ 7} =

9 e B P10| R2E Mgt [} 0f deadlock

RN B [OEfA P22l R22F 2 5 2I5HA]
. oFro
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T2 MA7F AR O XH2l R0 2ot X0 7h=
= E|O == ALEO] 2ER/et 74 O[5H0]0]0F &
ARE edd M, XA &E0| safe MENS 7 X|SHXA| 25}

Ul

CHE Z2MA7FEL7[E 7|Ce{oF &
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Banker's &1 2|&2 gt X2+ X

B n:IT2MA 5 m: AR SS9
B Available : (27| mQl HH) Xt R 718 A& +=
= Available[jl =k : Xl Rj £ kJ| AR 7t

A

T
(@)

TT

B Max, Allocation, Need : (nxm ai&, 2 T2 M|A, S 2 X8 HD)

= MAX[i,j]=k : ZTZMA Pi7l XAt RjE %|C k7 Q=2 &t

= Allocation[i, j]=k: Z2MA Pi7l XI¥ RjE k7] & BFEZ(AIE T)

= Need[i,j]=k: ZEMA Pi7I X1 RiE =50 k| O 2o 2 o
Need][i,j] = Max]i,j] — Allocationli,j]

= Max;, Allocation;, Need, : i = o| i M
(E2MA Piol 2RAN, AR FE)
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OFX M 11 2| =(Safety Algorithm)

1. Work : 20| me| HiIE (Xt&)
Finish: Z0| no| HIE| (ZEEMA & O F)
Work = Available
Finish [i] = false fori=0,1, ..., n-1.

2. Find an i such that both
(a) Finish [i] = false
(b) Need, < Work
If no such i exists, go to step 4.

3. Work = Work + Allocation, // Pie= 2% XI&Z gt 712Xl S 7t
Finishl[i] = true
go to step 2.

4. If Finish [i] == true for all i, then the system is in a safe state
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0|: Banker's Algorithm A3t safety A}

B 5 processes: P, ~ Py;
3 resource types: A (10 instances), B (5 insts), C (7 insts).
= Initially, Available = (10 5 7)
B A|ZET, Mo A|AE! AE 5! Need (= Max — Allocation)
Allocation  Max Available =>» Need

ABC ABC ABC ABC
P, 010 753 332 743
P, 200 322 122
P, 302 902 600
P, 211 222 011
P, 002 433 431
m <P, P, P, P, P,>0| safe sequence0|E 2 A|AHIZ2 safe 2FE{Of

ol
YN =

= Work HHE 1}&: (332) > P1(532)> P3(743)> P4(745)
> P2 (104 7) 3P0 (105 7)
24



X2l 8@ H(Resource-Request) &1l

ol

B Request; : request vector for process P;.
= Request;[j] =k : process P, 7} k72| A& R, & 88

—

B Resource-Request Algorithm
1.1f Request; < Need, , go to step 2.
Otherwise, error (Z|C @ F2FS =118
2.If Request; < Available, go to step 3.
Otherwise P; wait, (S4Xf Z A} &I0| AR 7t5SHX
3.P 0 278 AtlS gt A ME HEE B E50]
Available = Available — Request;
Allocation; = Allocation; + Request;
Need, = Need, — Request;
o If safe = P, | A& &

= = O
e Ifunsafe = P, = [} 7|5} 10, B4 O|MO| K& SHEt MEE E2lst

25



0f: P, Request (1,0,2)

B Reguest < Available 0§ & =t91: (1,0,2) <(3,3,2) = true.

m AEj Al Allocation  Need Available
ABC ABC ABC
P, 010 743 230
P, 302 020
P, 301 600
P, 211 011
P, 002 431

B safety @12|& A : <Py, Py, Py, Py, P,>= safe sequenceO| 22
A axg 59
Work: (23 0)2>P,(532) > P3(743) > P,(745) > Py(755) > P,(1057)
mZ
= P, request (3,3,0) 2 Xt& 2H 5017
= P, request (0,2,0) 2 A& @8 5917
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FX|(Deadlock Detection)

O E= =20 Z2|55 AFEoH| B2

At AFEl (deadlock) 24 7t

H

B O|2{ot A|AEIO| A wAF AFEf X2 BE
» 0l AFAMER EFX| &0 2| S (Deadlock Detection algorithm)
» WAAMENZEEE O] 4 8 (Recovery scheme)
m 27tX| Xt 7
. T QIAEA X9l 9
. Chrol QIARAE ZHe XiE QY
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o = =
T QIAEA KR F
B Cf7| 12 =(Wait-for graph) G
AR S 20 X EEE KA \
= Nodest ZEMASS LIEILH R
» edgeP, > P;. q

- resource allocation graph
« P, 7t P2 MO XtQle rf7|skol 9|0 e allocation grap

= KFQISHE 2 Z0fM P, — R, Ry —> P,
o ool P, > P, =%}
B DAHANEY EFR| 2 TE|E wait-for graph
= wait-for graphQj| A cycleO| EXiSt= K| A A}
= cycleO| Et51H deadlock 7t A

= cycle ZX O] & ZALO| O(n?) ALt A2 (n: E =)
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(@)
Resource-Allocation Graph

0‘:'9

(b)
Corresponding wait-for graph
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o] 7Ho| QUAEHAE Zt= X1 G

m SiT|o| KHY ALEHO| safety 2 ZALSIO] mALAENS EHX| S}
= Banker's algorithm AtE
C NSRS
» Available: Z0| m@l HIE (X2 S8 Y 718 QAHA %)
= Allocation: nxm & (Z T2 MA0 2= SHE KR olA
» Request: nxmAE (4 T2 M AL AXl| H)
B DAPARE] EHX| 2 2|E

» Safety ZAI €11 2|F0| Al NeedE RequestZ HiE A= N|2|StH

J|E2HoR 28
- S| ALE§OY CHORA systemO| safe AFEH7} OFL|Bi(unsafe 4t Ef)
TEAE|2 X
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MA Sz - 271K B4
FAFERO Qe R E Z 2 M| A SX|(abort)

n FAFERZF K| = D 77EX] oF HO| oF 2 M| AR =X
282 S5 HANM SX| 2 Z2AMA HE A D2 At
» TEMNARH =%

» K|S == A|ZEH S20| 22T ALt
» ZEMAMTALESH AR

« S20| L3 XA

» SEE EHQI U= ZEZNL Il

» Clot/d 2K 2| (batch) O &



M=

L:

INEE RS

s WEMMENTE M AHE 7L T2 M A0 XS MAESIY CHE =2 M|A
O Al X =gt

S| M XF(victim) A EH

« O X}QIOF O ZEMATF MEE 4017}

» HES 2236t 48 =M 87

=t (Rollback)

« safe MENZ T S2l &, 1 AENO|A CEA] A|ZEE

= total rollback Bt - safe AEfO| 20| ({HREE ZZMA X =
CFA] Al &

« T2 rollback & — WAYE|E X Aot O Rt 2HF rollback
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