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Slide 0 28 22 A #E
(73 =2/ 5713)

vl 7
o 4739 Z2HU R o) item nextProduced;
— BUFFER.SIZE-1 7} wsjut while (1) {
AH-& while (counter == BUFFER_SIZE)
- BUFFER.SIZE ©Hg AHE-3t= ; /* do nothing */
2227
=T buffer[in] = nextProduced;
in = (in + 1) % BUFFER.SIZE;
counter+-+;
Slide 1 }
#tdefine BUFFER_SIZE 10
Typedef struct { item nextConsumed;
while (1) {
} item; while (counter == 0)
item buffer[BUFFER_SIZE]; ; /* do nothing */
int in = 0;

nextConsumed = buffer[out];

int out = 0; out = (out + 1) % BUFFER_SIZE;

int counter = 0; counter——;
;
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vl 7 (Cont’d)

o counter++ &} counter——2] AA 7)Ao £F9 =
register; = counter
— counter++ | register; = register; + 1
counter = register;
registers = counter
— counter—— | registery = registers — 1
Slide 2 counter = registers
— A3 ¢=Aouets 237t 2R — 3 A4 E (race condition)
To: producer execute register; = counter register; =5
Ti: producer execute register; = register; +1 register; =6
T»: consumer execute register, = counter registers =5
T3: consumer execute registery = registeros —1 registers =4
Ty:  producer execute counter = register; counter = 6
Ts: consumer execute counter = registers counter = 4
u] 7 (Cont’d)
- 54
* AR Z = counteri= 57} H o] oFsl=t| counter7} 42 FTF (L5F)
x Ty ©Ts 7} B IthdH counter7} 622 38 ()
- BAUQ 2 32
* Al TR mEAATF F A W counters ZZHF 7] wl &
Slide 3 *x A A A (race condition) XA
BN AR ZRAL FAG ARE W2 28] AW At ¢

*

T
*

*

x
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Aol g zshe AL B
S12: & <7kl Bhike] =22k counter W4
(1€ A3 Z2A 2~ 571307k A 2)

o2 s 2

counter++ 2} counter——E5 Y A4 (atomic operation) & 2 =3)
AR Aol @ 1 A ol AHAEHA F2e T
FHA57 o7l B o] ARA ool B A] B

S.H. Jung



28R 2 A HE (77 ZE2AN 2 5713} 3

QAT (Critical Section) &7

o AT
- ZZA|A FE YRE
- 0E ZRAa $EoR A s We/Hol /R 52 WAse 2
o AlTtzxA
- Stute] ZEAATE JAF A A FolH
- OE ZEAXT AT GS AP sHA == oloRdt
A7t H 07 AT uElA (mutually exclusive) o] o] oFgH
A A T4 (Critical Section) %] (Cont’d)
o YATH 2A 2
- GAFG Ads71A S 7F 24 (o] AT (entry section)©] 2}+3})
- 7t e ZR AT A
- OE ZEA27 GATY AYE  JEF WAl (ol STFT Y (exit
section) o] 2}3})
Slide 5 - AT oo TS FHFTH (remainder section) ©] 215t
o AT
do {

entry section

critical section

exit section

remainder section
} while(1);
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A A+ (Critical Section) F 4] (Cont’d)

[ )
o
X,

EE
"

2 M dshe 344 WAYZ
Hj A (mutual exclusive)

Z2 AT AATANA ABsET 9o

W zzAsE QAT AT 4 %M of
(progress)
ATe AGste A2 92 o)

A7)o] 2 A 27 Aol A St AT
‘%«] 29 A = o] S o o a AT A A o] oF5hH
5t o] AA o] LA A7|H oA oF

o

* %
FH © & o o &F_,J l‘oi’

o

- A3

Slide 6

:ﬂt

* X ¥ ¥

— %A

pal

At 7] (bounded waiting)
EE 1%7} AATAel MY 23S T F
Q

_4_'_4_4

g o] 5182 wj7hA]

22 Az QAT AYT 4 At Aol BT Aoio} T

* ¥ ¥

q

A A T4 (Critical Section) %] (Cont’d)

o T mEAl2 A9 s
- 73
* T ZEZAS P (FEFR), P (F2P) Y
x 7|22 9 7] A & o] (load, store, test)= % )

[ezvs ]

9|
-,

Slide 7

* =T int turn;

x Z7|F turn=1; [*orQ */

.
- turn©] (ol P; 7} QAT A ALY = A&
- turn©] jol™ P; 7} AT IAFT 5 A=
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A A7 (Critical Section) ¥4 (Cont’d)

do {

‘while (turn 1=1i) ; ‘

critical section

‘turn:j ‘

remainder section

} while(1);

* A

- Bl A= TS
YL F31A
= turn ©] 0°]&}

= Py7k 2Rl 9lu]

(% QATAL AYste ZoA2Tt 98)

> A 27k Hol gt Pio) 9ATS Ao] £7h5

Slide 8

Eay
d

OS]

A A T4 (Critical Section) %] (Cont’d)

- | €x2EE2
¥4~ boolean flag[2];

‘?r 'l__
71 %k: flagl0] = flag[1] = false;
A

oft PN ol

- flagf0]©] trueo] ™ P; o] YA+
- flag[1]°] trueo] ™ Py ©] YA+
do {

)
o o
1ok
4 4>
Q2
do o

Slide 9

flagli] = true;
while (flaglj]) :

critical section

‘ flagi] = false;

remainder section

} while(1);
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A A+ (Critical Section) F 4] (Cont’d)

22 JHd e B & P2 2F 993 7o
Slide 10 To: Py flagl0] = true;
Ty: Py flag[l] = true;
g A9 ArE FE A BEE A 2
while (flaglj]) ;
flagli] = true;
Y Al -4 (Critical Section) %] (Cont’d)
- | &= 3
* T
boolean flag]2];
Slide 11 int turm;
» 2713

flagl0] = flag[1] = false;

turn =0; /¥ or1%*/
57

turn©] io] A} flag[l] o] falseo]d Py 7} LA~ Gl A
- turn©] jo]l AL} flag[0]©] falseo] ™ P 7} AAF ol A
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A A7 (Critical Section) ¥4 (Cont’d)

do {
flagli] = true;
) turn = j;
Slide 12 while (flaglj] && turn == ) ;
critical section
‘ flagli] = false; ‘
remainder section
} while(1);
Y Al -4 (Critical Section) %] (Cont’d)
* ’éf’é
SHA: AS A YL turn B YT 585 W & 8H Z 2 M AT ALY
flag £ false 2 FH7|Aol= T2 Z 2 A2 1Yo &7}
= ¢uglFl A ﬁﬁ = ol st AT G S Hojud XgjEvE o
Slide 13
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2 37t uk2 AY 7S (flag o) 2&A)
= G &2 BA ) 2: F flag7t BF true £ FHTE T turn o 95t A

o (5, 7R 7IHEA S=
HA T 7]

d

o=

g 22 ALt AYANES A God e A7k
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A A+ (Critical Section) F 4] (Cont’d)

o U ZREA| XA AA TS ZA

- ’8]]7&\30]-‘1’]‘
* AATFHY IAYPF oA ASE w3
Slide 14 (WA =23 Ao W2 WS E Fo)

o] Zlg e Muusts ol ATl H)
¢ aPme, 58 1SS A8 (AATAS AATAl oby)
F A EUT NTE o Be A9 meAs WEE SHedE 24F
(222 WEE A2RRA FL3A 2017)
AT~ (Critical Section) ¥ (Cont’d)
- | gxeE

ET R
boolean choosing[n];
int number]n];
* 27|13k
Slide 15 choosing[n] = false;
number|n] = 0;
x 27
- (a,b) < (¢,d) ifa<corifa==candb<d
- maz(ag,---,0,_1) is a number, k, such that k > a; fori =0,...,n—1
.
- numberi] 7} 0°] o}y
- (numberi],i) < (numbedj],j)°1 ™8 P;7} JAF Gl 1Y
CEhi#jolL0<j<n—-1
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A A7 (Critical Section) ¥4 (Cont’d)

do {

choosing][i] = true;

numberli] = max(number[0].. . .,number|n-1])+1
choosing]i] = false;

for(j=0; j < n; j++) {

Slide 16 while(choosinglj]);
while((number]j]'=0)& & ((number[j].j) < (number]i].i)));

}

critical section
‘ number|i] = 0; ‘

remainder section

} while(1);

A AT (Critical Section) 4] (Cont’d)

i
- Azl A
= P 7F AT G A2 wl numberk]'=0 2 25 Pi(k #i)=
(numberi], i) < (numberk], k) YO8 YATA F¢ £33

Slide 17 >
TE
- P

o Q1o numberfi] 7} 0°] H 3L ojW P; 7} vz AP

- P A AQ}TA 3P Ahn—1 Z2AL Y F A b

Hansung Univ. S.H. Jung



28R 2 A HE (77 ZE2AN 2 5713}

10

o T ZEAM AT F7]3 5]
- QAT A e Y] AL v
do {

‘ disable interrupt ‘

critical section

Slide 18 ‘ enable interrupt ‘

remainder section
} while(1);
- oF Z2 oYl 9L o
- o ZRANNAE Aol 2 4 4
(JHHEE olx F Z2A| AN F

- o9 RE o f 2 ABPEES Aot WPUY S5 HEd
g PEe e

£7]3} sh=¢llo] (Cont'd)

- o] B2 AAH(HHo THF JEHHEHA da)o = A3y
==
- o T
* 3 Y& AASIT $A 3= W —TestAndSet B
* 7 HEY e wEel= Y —Swap ¥ H
Slide 19 _ _
e TestAndSet &< AMS-3t 573}
- 3389 &

boolean TestAndSet(boolean &target) {
boolean rv = target;
target = true;

return rv;
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28 2 AL He (73 Z==2AH2 5713} 11
%7]3} st=9) o] (Cont’d)
— G Al B

« BRAS
boolean lock;

x 2 7)%k
lock = false;

Slide 20 do {
‘ while(TestAndSet(lock)); ‘
critical section
‘ lock = false; ‘
remainder section

} while(1);

* AT 05 1T

%7)%} st=9lo] (Cont'd)
e Swap BB A 5735
- Beo] 55
Slide 21 void Swap(boolean &a, boolean &b) {
boolean temp = a;
a=b;
b = temp;
}
Hansung Univ. S.H. Jung



28R 2 A HE (77 ZE2AN 2 5713}

£7]3} sl=9]o] (Cont'd)

12

oolean lock;

o O

: boolean key;
lock = false;

Slide 22 do {

key = true;
while(key == true) Swap(lock,key);

critical section

‘ lock = false;

remainder section

} while(1);

* AT 7] v R

5713} sl=¢lo] (Cont’d)

o TestAndSet-2 AFE3H AT A, A3, 3HA ) 7] WrEt= Wy

3290 P
- o T 4T
boolean waiting|n];

boolean lock;

Slide 23
— A9 ¥ boolean key;

- 27%
waiting[n] = false;
lock = false;

.

* lock®] false o] 71 L} waiting[i]7} falseo] ™ P; 7} A A F ol A<
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£7)3} sh=9o] (Cont'd)

do {
waiting[i] = true ;
key = true;
while(waiting]i] && key) key = TestAndSet(lock);
waiting[i] = false;
Slide 24 critical section
j=(i+1) %n
while((j '= i) && !waiting[j]) j = (j+1) % n
i(j==i)
lock = false;
else
waiting]j] = false;
remainder section
} while(1);
5713} =419 (Cont'd)
- A
* 25 ul A
- ™ '1 S AYPF Ao S0t ZEAN2E locko] false 2 YAFECZ Y
- AYSHA lock ©] true 7F B o2 U A ZZ A= locko] truedl waiting©]
true A B3
e Rl
= waiting[j] 7} true 2171 (& 7|t}g]2 J=7) & while 2 22
Slide 25 = 7thel 3 Qe o] Lo (if(j==i)3¢) lockS false 2 3to] WA 2

Al AT 22A 2 AYSA
= Zlttg]a = Aol o (else FF) I Z 2 A 22 waiting]j] S false®
et Aol 29

* QAYEA 3| A: lockS false 2 3} AL} waiting[j] S falseZ 3o} JAF o] A
AsHA T
* A7) EA o 2
7159 ZEAAT Yo FA 1Y ZEANARRE A7 2 Rog
&t gropx YA
C3HEBER A n-1 ZEAA 7] T A e 5 Qe
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A|ul 3 (Semaphore)

14

o Mu}EZ?
- 5713 BAE A A8 =9E 5715 =
- AFAFE A YRR o7 FA5E T ¢ *POl Vs
* wait 94k
wait(S) {
Slide 26 while(S < 0)
; // no-op
S——;

}

* signal &1AF
signal(S) {
S++;

AlulZ (Semaphore) (Cont’d)

o A2
- NULZE o] &3to] nAe ZE A YATIEA 2
x BE ZZAMNAE mutex Bt NutEE 25
* 271321
x SHA 7| = S531A 1§

do {

Slide 27

‘ wait(mutex); ‘

critical section

‘ signal(mutex); ‘

remainder section
} while(1);
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A} (Semaphore) (Cont’d)

o AVHEE o] 5T £ A
- TN Z2A 2
- 022 27|3}5 = synch NUtEE &
x P
S1;
signal(synch);
* Py
wait(synch);
Sa;

Slide 28

AlulZ (Semaphore) (Cont’d)

. 73
- AFAA FES GATLEA HAPYL B
RN S

I7]

ZA2

|

°|

[l
it
i
g

=
n

Slide 29 * z]-;Q =100 ‘—y:ﬁ__o] i e}

L
|25 0] CPUZ A3 Zom ] A B (D lock ] FE

— spinlock®] T3 & & A3+ W
* busy waiting T Al ZZ 25 £ 2] (block E)
* ZEAS FEE 7] 2A Ak 3- Foll A4 Y
(1] Foll o2 APo g 2AEHA %43)
* signal A4HE S3lA 715 Z2AAF ShE THA] A3 (wakeup 2)

Hansung Univ. S.H. Jung
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A} (Semaphore) (Cont’d)

— busy waiting o] = Mwjz 12

typedef struct {
int value;
struct process *L;

} semaphore;

Slide 30 void wait(semaphore S) {

S.value——;

if (S.value < 0) {
add this process to S.L;
block();

AlulZ (Semaphore) (Cont’d)

void signal(semaphore S) {
S.value++;
if (S.value < 0) {
remove a process P from S.L;

Slide 31 wakeup(P):

}
* ANU}EZ FE FIFOZ 33 A3
x wait &} signal A4S FAA o
gdz 2 A A< = o}
OSZ2AA: 55 P
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Alu}Z (Semaphore) (Cont’d)
o W 24 E] (Deadlock) 2} 7] o} (Starvation)
-z
* T 7S ZEAN ARy, Py
x 12 AAE Aulx: S, Q
- w4
Py Py
Slide 32 wait(S); wait(Q);
wait(Q); wait(S);
signal(S);  signal(Q);
stgnal(Q);  signal(S);
— 7)o} &2 B3} E-&7] (indefinite blocking)
* ZR2A|2TF Ampz oA F3ekA tf 7] 8k A
¢ ATEEA A LIFO WA 02 2 A2g A5y B+ 98
Hansung Univ. S.H. Jung



