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FCES 999 wud ¥ 4 Caodd shiwilo

Process Arrival Time  Burst Time
P, 0 24
P, 0 3
P, 0 3
P, 0 5
Pl PZ P3 P4
0 24 27 30 35

St ol Py=0; P,=24; P,=27; P,=30

Ssl obey o gzt (04+24+27+30)/4=20.25
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FCFS 3959 wud 5 4 cuodd goiuibo

AL 5 D s ol 5 AS B 8

Process Arrival Time  Burst Time
P, 0 3
P, 0 3
P, 0 5
P, 0 24
P P, P, P,
0 3 6 11 35

ol oLy Py=11; P,=3; P;=0; P,=6
Sl Oley gzt (114340+6)/4=5
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RR (owd 5 wigd (swmilo
Round Robin (RR)
o)b.w\é.@lﬂjéw‘)ﬁ‘u;joébjuaf b)‘é
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RR swwibo
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oS Dl

SVsle 5 Shas tbs gl 3 (65, 5 30
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RR (gnwlo )

Process Artival Time  Burst Time
P, 0.0 53
P, 0.0 17
P, 0.0 68
P, 0.0 24

Po| P | Ps| Py | Py | Py|Py| Py | Pyl Py

0 20 37 57 77 97 117 121 134 154 162

Hlasl oLy Py=81; P,=20; P;=94; P,=97

sl 0o Jaw gier (81420+94497)/4=73
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VRR § b0 (oo 5 i g silo
Virtual Round Robin
&S oo Jos oaijlo LKy sbhanld s 4 RR m
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SPN il 48 oy 55 0l g8 (silo
Shortest Process Next (SPN)

AU Gl Oley a8 pla Aol 5 05 5 42l Oy b ol 2
Sk Glasls 6oy 3 elbsS Ayl 5 sd e ]l gl L
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SPN (snwilo

min(s] (ol @U

05 S aad Oyl :Lgﬂfm@du

L3 i slles Ol

s obS sle Al bl el Ol

Al sl Ll e ol

03 aadeo SV b gla il 5o ila dal B guy 5t
3,03 Ol (starvation) S S

g o Ll Sl il ALS el Ol 45 s L5

64




33

SPN (swilo

Process Arrival Time  Burst Time
P, 0.0 7
P, 2.0 4
P, 4.0 1
P, 5.0 4
P, P, P, P,
0 7 8 12 16

Hasl ol Py=0; P,=06; P;=3; P,=7
Sl Ol o et (0+6+3+7)/4=4
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oilodl (o (0 3 oligS siwilo
SRT

Shortest Remaining Time

AL azBls | gy oleg sle 3 o 5aS o 353 o |l (55 W

osladl Oloj 3 s OlKal 355 o 35l eslel a4y (gl b By @
53,5 i Joe 45 L3 4213 |l o 53 e o (5508
el e s Ll g ) O

Ll 05 S 423 LSPN oy W

sl andls S5l Ol Sl wess UL SPN L
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SRT gwwwlo §

min[s-¢] :obksl &b

05 S s big,S e

sby i slkee Ol

w5 il ol

Al sl 3 Ll e L e

033 ands Vb gla dol b wile ul b g5, » iU

35l O viwjf

AL s /JC.,«Q Olojoile 5L (¢ 208 4S5 24d o] il 4
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SRT swwwibo

Process Arrival Time  Burst Time
P, 0.0 7
P, 2.0 4
P, 4.0 1
P, 5.0 4
P, P, JEN P, P, P,
0 2 4 5 7 11 16

sl ol Py=9; P,=1; P;=0; P,=2

Sl Oley o gzt (9+14+0+2)/4=3
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HRRN gty o 33 59U il
Highest Response Ratio Next

Lf‘/f’?//bjjj 4.2.,3/.)/:;.::‘4 g;i}/j//“ab}j‘;&‘jgj LAy ;g,a[‘:r/.) g.“,‘:rjjj/ ]

max(ws/s) : mul o 5 asis Jye s @
slijls s ol sl oy = W m
DSl s g Cwdt Oy = S m
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HRRN (goimilo )
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Feedback
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turnaround time (TAT) Js 0L
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o yod Jgo!
oolw Jlo & W

\{/o-id echo () WS Ll ol pyay, ®

chin = getch Q;

chout = chin;

putch ( chout );
}

Syl ol pydliom

Process P1 Process P2

chin = getch Q;
. chin = getch Q;
chout = chin;

. putch ( chout );
chout = chin;

putch ( chout );
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&lo sl Ll B el

QS oo ColB,) LSy bl eolaiul (gl p ol B wis &S K B
ey (50 SRS 5
el 3,95 p Wb Al an bl slaslg o 00 o B
Slye Lisu ¢l s (mutual exclusion) blite jlasil s yg,0 ®
(critical section)

o ol8 lwd 990 (S yiis alisl>) Shared Memorty ] (b oS asl 5l ide: iy B
.09 o 0dual (Sl i) Critical Section L (gl a.>b) Critical region »,.5

o, 5o Glej eogase slo codled B
(deadlock) cews o ®

Lol dgaze hlaie jeas 0 Sl asla 28, e ad e oloss B
(starversion) Kw,S ®
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Bl jlaz! Olog o

Iy y Sleagile b 0gd ags flate Jlasdl 5l coles gl as LB L SUG o

208 Jleel b blite lassl :Mutual Exclusion .1

Gosb Wb ogl o aBgle 093 Sl e iSu 0 aS gunl 8 Progress 2
Calb el o gle anld o s w45 WS s

W@yl Sz idu G pwyiws 4 3Ls &S sanl 8 sl :Bounded Waiting 3
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Jiliio sLazit cilog jho

b 0gd agd bl jlasl 5l ol gl a8 (LB L SIS o
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9,85 Sloyer sl wnl ¢l Gl |y )18l p 5 0 S, ®
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6)‘}3‘ fj bé})h’é%}lﬂ%'

o ol

S0 0529 Py 9Py assly8 g0 Lads m

wo (P; K0 0l 3) Prosl 3 IS > m
o

entry section

critical section

exct section

reminder section

} while (1);
W5 STll 4 0ex sleadled g5lw

LSJ|}'§‘ cJS éﬂj‘)zdﬂaﬁo)bﬂaﬁ‘
EOLIT
g_;‘)"'“"‘ 6st)...‘_£;.,o [ |

int turn =

P; sl sl (Busy wating) Jeeiwe [Uasl a9, @
do {
while (turn !=i) ;
critical section
turn = j;
reminder section
} while (1);
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gy o) JSal g
Ol s wisS Joe ol 50 G Silme 4l eolannl 6l b ol 9 m
O B b sl Gl (i j0 4 Jlo 09 azlse cuSi Lanlp 51 m
Aile dalez dgdune W L K0 wnl 3 s o g0

& (Progress) pgs b b Ll i oo 00,915 (mutual exclusion) Jgl b,s m
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LSJ|}'§‘ cJS éﬂj‘)z&m)ba%‘

O (090
g_;‘)"'“"‘ LSLQ Jeesoy
boolean flag[2]; m
flag|0]=flag[1]=false; aJsl oz m

do { RN -
while (flag[j]) ; Ppanls ol
flag[i] = true;
critical section
flag [i] = false;
remainder section

} while (1);
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6)‘}3‘ fj bé})h’é%}lﬁdﬂ'

LTS
i (6 I8 Jade Jlam b e Sl w2l o ganl,d ST e
‘Ls")"" URSu 4 99,59 )| J..ﬁ Cewyo true L (09> ‘bﬁ")"’) ﬂag
Sg ez dgde Wl U S0 aulid &ygo pl Ho )50 CwSl
ol 0Bl (g0 W (pdgl o, 5l S by, (pl i o ®
S el Oymeud | (mutual exclusion) Jsl b,s W
S el o)siﬁ I, (progress) pgo b,s W
o l.cbx_i\).é 6‘).?| (e S )’| JM LsoLQ.A..M J> o‘)

93

LSJ|}'§‘ cJS éﬂj‘)z&m)ba%‘

Sl e i ®
boolean flag[2]; =
flag[0]=flag[1]=false; algl jloi. m
do { P, onld gl m
flag[i] = true;
while (flag[j]) ;
critical section
flag[i] = false;
remainder section
} while (1);

P9 Ja).w szj 09.“: < 00)5]).3 (mutual exclusion) Js‘ Jajw u
.45 (progress)
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6)‘}3‘ fj bé})h’é%}lﬁdﬂ'

Sl glo e B
boolean flag[2]; =

do { flag[O]=flag[1]=false; aJyl ,laio m

flag [i] = true;
while (flag [j]) P, oxjloy gl m
{

flag [i] = false;

delay

flag [i] = true;
}

critical section adle S99 ‘)_>‘ )l 6‘ dJL_,Q ol 'Jioo | |
flag [i] = false;

remainder section é}u.o Cow Oy )3 5 k.».CL! as ML!

} while (1);

LSJ|}'§‘ cJS éﬂj‘)z&m)ba%‘
DEKKER ps ,55|

a1y oo ys¥dl il 8 g0 Jlite jlassl gl pDijestra m
T YRRW 6>|).|a G:Loﬂ olasl, Dekker bhog as 0,8

Jolatte slallas 5| 6 loms a5 ol ol 5T 0,505, el Siiel
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boolean flag[2];
int turn;

void POQ)

{

while(true)

flag[0] = true;
while(flag[1])
if(turn == 1)

{
flag[0] = false;
while(turn == 1)
/*do nothing*/
flag[0] = true;

}
/*critical section*/
turn = 1;

flag[0] = false;
/*reminder section*/

Dekker oz, S

void P10

while(true)
{
flag[1l] = true;
while(flag[0])
if(turn == 0)

flag[1l] = false;
while(turn == 0)
/*do nothing*/

flag[1l] = true;

}
/*critical section*/
turn = 0;

flag[1l] = false;
/*reminder section®/

}

}

void mainQ)

{
flag[0] = false;
flag[1l] = false;
turn = 1;
parbegin( PO, P1l);

}

LSJ|}'§‘ fjs :ﬂg,:dﬁlﬁh,b@‘

fos wlil |, Dekker 4,451
oS 5-0 alis
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6)‘}3‘ fj bé})h’é%}lﬂ%'

Peterson oo ,o< =
Al oo I (a9 5 Gl Sl senie Dloo (STiil o paie W
flag [i]:= true;
turn = j;
while (flag [j] && turn ==j);
critical section
flag [i] = false;
remainder section

} while (1);
S oo Jmanld s Gln ) Gl sl s w8 e oyl bl ples m
fosS sl m
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S e s le s il jlasut

aadg plasl Sl
axboosls b 0l 3 09l cod Gloy e oailo y ST il SG o
gd Sy
addy b anlyd agales 5l casl 3B blate jlasl ciles sl
9 (6 55 gl

while ( true )

{
/* disable interrupts */
/* critical section */
/* enable interrupts */
/* remainder section */

}
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(4alol) addq pslail (IS 5l m

Mo JLamil 14 390 o0l addy wilgs ol Gz (23w gz

Dy oo oS bl jeb 4 ol S5
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S e s le s il jlasut

boolean testset (int i)
{
if 1==0)
i
i=1;
return true;

b

else

{

return false;

}
}

Oesle 0525 Sledesdl jgss
@ s o)y pli jo anld e by, pl,o @
WS oo o 1y ol gt ) el
Syl Al pla 0g,9 o5l (gail )3
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Oeile 039 ledoasdl g

S o oolo
boolean lock = false;
Poslem
do {
while (Itestset (lock)) ;
critical section
lock = false;
remainder section
}while(1);
103

S e s le s il jlasut

int const n = /*number of processes*/

int bolt; s . Lo 0}13 & ‘ ) . s
void P(int i) O 'Q"'“J b amd
{ I H) sd L’ JJl ... I “ -
while( true ) G B R La.?u'
{ AL ERRY: can]
while( ltestset(bolt) ) J J PRG) op)
/*do nothing*/
/ *critical section™/
bolt = 0;
/ *reminder section*/
§
}
void main()
{
bolt = 0;

parbegin( P(1), P(2), ..., P(n) )
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Oeile 039 ledoasdl g
MjL&aO J.o.x.l‘)aﬁ.wd |

Wby 2y O Hlg e |y adglae Joadl oo @

{

void exchange (int register, int memory)

int temp;

temp = memory;
memory = register;
register = temp;

105

S e s le s il jlasut

int const n = /*number of processes*/

int bolt;
void P(int i)
{
int keyi;
while( true )
{
keyi = 1;
while( keyi |= 0)
exchange( keyi, bolt );
/ *critical section*/
exchange( keyi, bolt );
/ *reminder section*/
}
H
void main()
{
bolt = 0;
parbegin( P(1), P(2), ..., P(n) )

Ciile o519 Sledoadl jgiws
wbglne Lol pims b blite Lol m
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(semaphore) bl ,

adgl anl b 8 slaial, bwg codle ol b gl
&S oo L=, signal(s)

&S o L=, wait(s)

Oley banlyd pl il oois ooliw 8 jei cbogy o Cdle ST W
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(semaphore) bloal ,

g oo <y ol (g,
Dpda |y e pé jlaie SO wlgy o yedlom .1
ol S1aals oo jedlens Jlade 5l aslg & Wait(s) <lles 2
Dl oo Sgdume Walt 0aisS >l oy l,8 el caie e
QS e a8l jgilens jlade 4 axly SSignal(s) ollee .3
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(semaphore) kol ,

struct semaphore |
int count;
queueType queue;

void semWait{semaphore s)

{
s.count--;
if {s.count < 0)
{
place this process in s.queue;
block this process
t
4
void semSignal(semaphore s)
{

s.count++;
if {s.count <= 0)

{

remove a process P from s.queue;

place process P on ready list;

] 1M1
(semaphore) bl
struct binary_semaphorc {
enum/ zero, one} value;
queueType queue;
|5
void semWaitB(binary_semaphore s)
{
if (s.value == 1)
s.value = 0;
else
{
place this process in s.queue;
block this process;
t
]
void semSig‘hdlB(bemaphure s)
{
if (s.queue is empty())
s.value=1;
else
{
remove a process I’ from s.queuc;
place process PP on ready list;
}
112
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(semaphore) bl ,

Semaphore L blie Lasl

S b oolo

semaphore mutex; //initially mutex = 1

P oslysm
do {
wait(mutex);
critical section
signal(mutex);

remainder section

} while (1);

113

OWS W paw g oS wud o3 Ao

S0 g adei (L oSS w5, 65 5D 1, oo ools waiSody i L SO B
s oo lE Sl

Dyl soy pSiles 311 o ools 51 0d8 SO les p2 10 0aiiS Bras S W

o s 55 ol polic ) sl 4T ol 5 il i Sils oS o 5,5 B
S e ) Djge Al ealSadsl g oaisST B pas iy olys

bi1l | bzl | w31 | bidg | bis|
Out In

producer: consumer :

while (true) while (true)

{ {
/* produce item v */; while (in <= out)
blin] = v; /* do nothing */;
int+; w = blout];

}

ocut++;

/* consume item w */
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int n; void consumer()
binary_semaphore s = 1; {
binary_semaphore delay = 0; waitB(delay);
void producer() while(true)
{
while (true) waitB(s);
{ take(Q);
produce(); n--;
waitB(s); signalB(s);
append(); consume();
n++; if(n==0)
if(n==1) wateB(delay);
signalB(delay); }
signalB(s);
} void mainQ)
} {
n = 0;
5 00iS agi Alis (6l s Cey3b o ol Sy parbegin(producer, costumer);
Ly gdlons 51 ooliiul b ouiiS G pae }
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int n;

binary_semaphore s = 1;
binary_semaphore delay = 0;
void producer()

while (true)

{
produce();
waitB(s);
append(Q);
n++;
if(n==1)signalB(delay);
signalB(s);

Al plial 1Kl gl o Jo o) SO
) g8laws 3l ooliiwl b ouisS OB pae g 0aisS oy
29°9°

void consumer()
{
int m; /*a Tocal variable*/
waitB(delay);
while(true)
{
waitB(s);
take();
n--;
m=n;
signalB(s);
consume();
if(m==0)wateB(delay);
}

void mainQ)
{
n = 0;
parbegin(producer, costumer);

}

17
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semaphore n = 0;
semaphore s = 1;
void producer()

while (true)
{
produce();
wait(s);
append() ;
signal(s);
signal(n);

d)anjawq:ljﬂmk_glﬁ&ol)
g3l 31 ool | sus

void consumer()
{
while(true)
{
wait(n);
wait(s);
take(Q;
signal(s);
consume();
}
}
void main(Q)

{
}

parbegin(producer, costumer);
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semaphore n
semaphore s
semaphore e
void producer()

0;
1.

while (true)

{
produce();
wait(e);
wait(s);
append() ;
signal(s);
signal(n);

void consumer()

sizeofbuffer; While(true)

{
wait(n);
wait(s);
take();
signal(s);
signal(e);
consume();

}

void main(Q)

{

parbegin(producer, costumer);
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semWait(s) semWait(s)
{ t
while {tesiset(s.ag)) inhibit interrupts;
/* do nothing ‘f; s.count—;
S.count-; if{s.count < ()
if (s.count < 0)
{ lace: this process in s.queve:
{.)Lwcc this process in s.queuc; glock this process and aflow interrupts
block this process (must also set s flag to 0} }
} else
else allow interrupts;
s.flag =0; J
|
sem$ignalis)
semSignal(s) i
inhibit interrupts;
while {!testset(s.flag)) S.COUNt++;
/* donothing */; if(s.coumt <= )}
s.count++;
if {s.count <= 0) remove a process P from s.queue;
place process F on ready list
remove a precess I’ from s.queue; i
place process P on ready list allow interrupis:
: sflag = 0;
Db A g e el s (D) Aaadiy ()
2, g8lens 51y e (53l ool g0 12
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monitor bouendedbuffer;
char buffer([N];

int nextin, nextout;
int count;

int notfull, notempty;

void append(char x)

if (count == N)
cwaite(notfull);

buffer[nextin] = x;

nextin = (nextin+1)%N

count++;

csignal( notempty );

void take( char x )

if (count == 0)
cwaite(notempty);

x = buffer[nextout];

nextout = (nextout+1)%N

count--;

csignal( notfull );

B0 ealinad U e pdoms Sk b oS G as 5 oS A5 s gl > ol

void producer()
{
char x;
while( true)
{
produce( x );
append( x );
}
}
void consmer()
{
char x;
while( true )
take(x);
consume( X );
}
}
void mainQ)
{
nextin=0; nextout=0; count=0;
Parbegin(producer, cunsumer);
}
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