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P(int i) {
while (TRUE) {
while (lock ==1) /*loop*/

lock =1;
critical_region();
lock = 0;
non_critical region();
}
}
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int turn;
PO(void){ P1(void){
while (TRUE) { while (TRUE) {
while (turn !=0) /*loop*/; while (turn !=1) /*loop*/
critical_region(); 5
turn = 1; critical_region();
non_critical_region(); turn = 0;
} non_critical_region();
} }
}
W (090
boolean flag [2] = {FALSE, FALSE};
PO (void) { P1 (void) {
while (TRUE) { while (TRUE) {
while (flag [1] ) /* loop */ while (flag [0] ) /* loop */ ;
5 flag [1] = TRUE ;
ﬂag .[0] = TBUE 5 critical_region();
critical_region(); flag [1] = FALSE ;
flag [0] = FALSE ; non_critical_region();
non_critical region(); }
} }
}
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boolean flag [2] = {FALSE, FALSE};

PO (void) { P1 (void) {
while (TRUE) { while (TRUE) {



flag [0] = TRUE ; flag [1] = TRUE ;

while (flag [1] ) /* loop */ while (flag [0] ) /* loop */;
5 critical_region();

critical_region(); flag [1] = FALSE ;

flag [0] = FALSE ; non_critical_region();

non_critical_region(); }
} }
}
s © S|

boolean flag [2] = {FALSE, FALSE};

PO (void) {
while (TRUE) {
flag [0] = TRUE ;

P1 (void) {
while (TRUE) {
flag [1] = TRUE ;

while (flag [1]) {
flag [0] = FALSE ;

delay_for_a_short_time();
flag [0] = TRUE ;
}
critical_region();
flag [0] = FALSE ;
non_critical_region();

while (flag [0] ) {
flag [1] = FALSE ;
delay_for_a_short_time();
flag [1] = TRUE ;

}

critical_region();

flag [1] = FALSE ;

non_critical region();

9929 Livelock 5&! jeo Ll ccawl ouls Jo Deadlock JSCio .08 cod Coley 1y ogammo HUAG b ol gy oyl 1SS
Jooly ool eye S 51 Je o o Mac I, Livelock JSio « s o 00 (Polai b ylgi oo (el 506 Lol) o,l0
4z S G (Al j (lazd JSio cdgazmo HLII byl (lod 8590 50 S (03 Caley |y Jooly gl by 3
sl Jgiudan HUSl 3 (idimn b9y (2l crizpad (el 30U w2

G990l S ;Lo 31w Decker zoxo ool

boolean flag [2] = {FALSE, FALSE};
int turn = 0;

PO (void) {
while (TRUE) {
flag [0] = TRUE ;
while (flag [1])
if (turn==1) {
flag [0] = FALSE ;
. while (turn ==1) /* loop
flag [0] = TRUE ;
}
critical_region();
turn =1;
flag [0] = FALSE ;
non_critical region();

P1 (void) {
while (TRUE) {
flag [1] = TRUE ;
while (flag [0] )
if (turn==0) {
flag [1] = FALSE ;
while (turn == 0) /* loop

flag [1] = TRUE ;
}
critical_region();
turn = 0;
flag [1] = FALSE ;
non_critical_region();
¥
}



boolean flag [2] = {FALSE, FALSE};

int turn =0;

PO (void) {
while (TRUE) {

flag [0] = TRUE ;

turn = 0;

while (turn == 0 && flag [1] )
/*loop*/ ;

critical_region();

flag [0] = FALSE ;

non_critical_region();

}

: (Peterson) (yguw yo Jo> ol

ASS 0 oolawl Flag g turn O yileo puiio g0 51 b 0310

P0G P Gl gy S

P1 (void) {
while (TRUE) {
flag [1] = TRUE ;
turn=1;
while (turn == 1 & & flag [0] )
/*loop*/ ;
critical_region();
flag [1] = FALSE ;
non_critical_region();

}

S o Lol Glhmw axb A8 T bg b plod (giw iy (b,

(Semaphores) ;gélow ¥

osliial o (3luoly slp et sloadgl 5l 5 2,5 o0 J3 Jalepios ol (Hine slagol, aiws o WL j5dlons
b awd sloadgl sl 4 YU mhans SbulS wlss 5l eoliiul 5 (o3lwask  slayl; ,o 0T (oilwesly a5 ol atils ax g5 Lol o oo

S RESCEINE S FO FC WP DO

5l asnles o ool aSel ail )3 0gzg pae o 4 oS (oleup) sleSignal ijleds slp shie juf o onijled SV

Wait (s) :  while (S<0) ; // loop

S=8-1

.\.\55).3 Cawsd
s98lews (S9; p oad aSsh slaan] b (60K sl cho G iy
Qb e g O y90 4 signal g wait sole cay )l

Signal (s) : S=S+1:

Jols s | V£

33,5 o oolaiwl 33 V L UP sl 5l Signal sl> 45 9 P L Down slapls 5l wait sl> 4
x5 S ol &85 sl o ls |y Busy Waitin Sl TSL g (ygao yin S ol ) aslie oy g8lows signal , wait gly 399 ool iy )lss
Sgdue b aSsly wlai 1) ol Sliow a4l 4y 09,9 o5l uwgp a5 Sloy Sl () o 0uiS oo 5 eS| signal 5 wait ¢ g8lens
) QT G0 g B 0gy o0 Bulod Cl> 4y gy QT iy e (W Fuz while dal> G o aS QT &l 098 o (block)

S (wake up) o
shy>lwake up (p) Jos 5 (0 o0 jlail Sl a1 >l cdls 5l wuS oo dgan |y el 00 Taa | olas o3ls, sleep L block  Jase

A0 5 oo w2l ele i awgh Olles 90l (9, 50 oolel > 4 Ul > 51 O3S o o 311y P odd Sgaue 310y
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1 yadlows sy o9 JCho
P, P
Wait (S) Wait (Q)
Wait (Q) Wait (S)
Signal (S) Signal (Q)
Signal (Q) Signal (S)

Jo> sy @ ) Sl Pl ool wlgs b o islo n Slosed b alasl) 1o (sax (soloiian o650l 1o 1 TPC SeawdS” Filueo
oagls> Xl allus - lacsgulid 5,55 1aé allus Readers 8 writers _ Produeer & Consumer :ous
Semaphore L 64118 3§ juas — 0uiiS aul 95 SacudiS adlass Ja
§598 g apd a8 Bl o 1y Sledll (producer) Loyl 51 (So 05,138 o STonsl a0 1) N ol ojlasl b Jgome 5L SO ila, g0
Syl co 3L 51 Sledlsl (Consumer)
0olaiwl N g CD oy s adgl polie Lempty g full 5 leds j98lems 90 g 1 adgl jlade L Mutex s,0b s8lows Al J= sl
oS (o0

Counting Semaphore : full=Q; empty=N

Binary Semaphore : mutex =1

Producer Consumer

{ {

Produce on item Down (full)
Down (empty) Down (mutex)
Down (mutex) Remove item
Insert (item) Up (mutex)

Up (mutex) Up (Empty)

Up (full) Consume the item
b }

wibioe 1l T adel jlade WE 59, 00 L5 & Slyme b alles (610 45 (5 g8los
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298Lacs Ly Writers & Readers Sawds il Ja
Wil ools oL s Jb o (writer) (ile, SO ST Jy waslge 1) eols oL aulg oo lejen (Readers)  yosls s wis
sl adls olbaws eols oL anls ((Baslys o) oo sl isls

Semaphore mutex =1 ,db=1:

Int rc=0:
Reader Writer
{ while (TRUE) { { while (TRUE) {
Down (mutex) : Think up —data ( ) ;
Rc ++; Down (db)
If (rc == 1) down (db) Write — data base () ;
Up (mutex) Up (db)
Read — Data Base ( ) ; }
Down (mutex) }
Rc--;
If (rc ==0) up (db)
Up (mutex)

i 3,ly G0z HEalss L5 ye ST 008 0 00l LS ojlal odivsgs 4y asl anils g2y sloasilys a5 Sloy b aluse opl jo

D4 oo starvation el alivs ol dilo o (Bb Blae Hliren soiusgi 5 00l 00l g o] 4y g

5 98lacs b Lagd guulsd (juy 93 136 SueadiS alliws o

Void philosopher (int) {
While (TRUE) { thine ( );
Take — forks (i) ; cat ( ) :put—forks (); }}
Void take — forks (int 1) {down (8 mutex) ;
State [i] = HUNGRY ; test (i) ; up (8 mutex) ;
Down (8 S[i]); }

Void put — forks {down (8 mutex) ;
State [i] = thinking : Test (8 left); Test (Right)
Up (8 mutes) ; }

Void test (i)
{
If (state [1]] == HUNGRY 88 State [left] | = EATING 88
State [Right] ! = Eating)
{ state [1] = Eating ; up (8 S[i])
§
{



Yy d)lawp@sob 9 Jaﬁb )L«a:v‘ d.\’s,o@

b )g:lo -0
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monitor mon_name
var

integer i; real z;
condition c;

ANANANAN

procedure pl(...);
begin

end;

function f1(...);
begin

end;

N N N N N N SN

initialization code;
end monitor;

13,10 o Sl 90y giile XSS
(Encapsulation) (¢ ;lw,qazs .\
(Mutual exclusion) plaie lasl .Y
51 sleesls ezl & Lot giile 51 @5 slotzg, Goyb 51 aslyioses ool &8 Coul 55 ool Sele gl Cols
sgile ol JB1s slays, Jlssp atile J31s slo it 4 (g b Gailss) (o yiass oy L il bl (o iws 5l
Syl Cowges lgl> aiile aid iy (61,5 5 slapl; yo el pl .ol
So S aS 8 b Al sl b jeiile S o wlgioe sl o Ladd alad (a0 a5 wiS (o Olo p9d e Cool>

3)ly 50 slaayg, b ag; ples Sls313 L Wl ood (6,500 anld e 35 j5isle (o o)1y yatile (49,0 a5, S SleS8 L awl )

aals Jld o0 g wlgsu jeiile ;o Jgl anl B asSl S g jgiile )]

)50 50 a5 5,5 onlanul (Fondiomvableny. b 5 ol ko 5wl aid jeiile J3Io j0 0,5 o g oawles 5 sileplen sl
g oo iy a5 5 signal g wait Olles g0 o
(Message Passing) alaas Julsd saass - 7

il ol (omg 4l Slagly (S 5 00m (cet S SIS b gile
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ICLYPN
D00 092 K0 gy Ay opie e Sl ley sy (ilen G gl s a5 el ol Interleared (gl 5l glaies

Turn=1-1 | 0gd aigs Turn=lI a5 oS cod 3,8 ygmo yin o ,o3d) otk
Flag [ 1] = true

Tumn=1-1
While [flag [1-i] 88
Turn=1-1)

anlyey aili 5 on JoST 515 sl ke 5 Ladyg, 5] slacgazmn 5| &8 onl i 3 Wl gl (5158 5 31 S gl s 455G
) S (Gl 1) giile abgpe Jale s 08 g (cang5 4l Gb5 mo Bl 0,5 18 oolital 0590 (cmgs dalin b5 SG 0
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task body P is: Nj,N,: integer = 0;
begin task body P is:
loop begin
non-critical-section-1; loop
N;:=1; non-critical-section-2;
N =N, +1 N,:=1;
loop exit when N,=0 OR N;<N,;end loop; N, :=N;+1;
critical-section-1; loop exit when N;=0 OR N,<N; end loop;
end loop; critical-section-2;
end p;; end loop;
end P,;

g oo el Jlite jLassl ()
9 ga (yeels lie Lassl (Y
38 S92 ey el Jg 098 oo el hliie Lassl (¥
D)l S92y (S )F Sl g 398 o el blie jLassil (F
RNl bucyl gl i 5 9)50 50 43S plas Wbl o ) laudal S jo a4 sbeygdlow plod adgl polie ,51.Y

el Cawly s o 3l 2l cud 3 9 Cawl Signal Joleo V JSlos g Wait Joleo P ,SKlos S99 warlgs
(Ae 33T 3 ganls’ 0l (ol )15 9 AY (g gl o = IT ol sl 15)

P1: Pz: P3: P4: P5: P6:
P(s12) P(s13) P(s24) P(s2s) P(s36)
P(s3s) P(s46)
V(s12) . .
V(s13) V(s24) V(ss5) V(846)
V(s25) V(s36)
Pls PZy P4s P37 PS! P6 (Y Pls P27 P3s P47 P6s PS (\

Pls P39 PS! PZ» P4s P6 (’f Pln P3a P2n P5a P4n P6 (\N
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(AY Gyl o = IT oyl (ol j 1) 2ot 5951 (2 5o ! (il yzmy au b alinnn Jo (5l 551810 55 Jool) S 5 oite 951 Y
var C,C,: boolean; turn: integer;
C;:=C, =true;
cobegin
Py: loop

C, = false; turn == 1;

while (not C,) and (turn=1) do;
CSy;

C, :=True;

end loop

P,: loop
C, := false; turn := 2;
while (not C;) and (turn=2) do;
CS,;
C, :=True;
end loop

3,15 5¢>9 Deadlock (Y
3,15 54> Starvation (Y

(5 kamil oolaiwl) 05 cad 0351 Sz Al Loyl (F

aw slojod Glyal Wyg0 j0 Cawwl (P90 ) S axkd LP; g P, Py 4ol o dw Sloy STl Gloudjlo y ST pwaw S 50 F
s 2 g 10 adgl jlado gly10 coi 5 4 C 9B A g ygdloww s 03 é):)hd =955 plas 4l p
(AY al,‘T_)SWlS KWWy @wl.‘...;’))b’)

P1: P2: P3:
while(1){ while(1){ while(1) {

wait(A); wait(B); wait(C);

printf("A"); printf("B"); printf("C");

signal(C); wait(B); signal(B);
) printf("B"); }

signal(A);
}
BCCA (¥ BCBA (Y CCBC (Y CBBA ()

ol 5 O guudid dlawi Tl Cawyo a9 35 plas blio pigy & Ldgudd 555108 JSCio Jo 50 .0
(A? ‘5).w|).m_IT ..)..;.i':)| G.»L;&)Ls‘)
Void philosophers(int 1)

Think( ); /] iys,S S
take-forks(i; I 55 plosen iy
eat( ); 1 5y 555
put-fork-left(i); o Ko pmslis
put-fork-right(i); el Sz milis
Syl dasd Jlaimt g o jls Canspn (F Syl asd HSGI Jg ol e (A

sbmd Jlaiml a5 o s canyep i (F sbd Jlisl w2 5l e o2 (F
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99,3018 Yo adgl jlado X 5 yibeo piio g oo 1y (Slond31o 5 ST i S 50 Wig )b Gjgo 4 5 WS 90 WS (8 P
(M 3131 = 35 gunolS” oy ol 15 209 o0 plel ) Oyguo a4y Sl 0 X+ jgiw
Load R, X //load X into a register

INC R /l R++
Store X, R // store reg.value to X

Tl 4y 35 plaS X pursio 61y (K00 2 0lo plod Wil )8 90 yo sy JuoSS 1 oy

Process A: Process B:
fori=1to 5 do for j=1to 5 do
X++ X++
{5,6,7,8,9,10} (¥ {2,3,4,5,6,7,8,9, 10} ()
{1,2,3,4,5,6,7,8,9, 10} (Y {10} (¥

9 Prasulyd g0 )51 asciie [0S0 3l Jiu g wgliie Sl o sy 90 CS; g CS) .iawl 0ol iy pai ) & jg0 4 mON Hgiuilo Y

(AP S15T =TT oyl ol 5) Sogub on LAl p ) byl plaS Wl 1ya! Jl> 50 Kigyed O ygo 49 Ps
Monitor mon P;:
procedure enterl; while(true) {
Begin Mon.enterl;

CSy; }

end; P,:
procedure enter2; while(true) {
Begin Mon.enter2;

CSy; b
End
End

(Progress) & iy b, (Y (Busy Waiting) s ,Ual b, ()

e sos Latl YU byl 5l Sygmn (F (Mutual Exclusion) (¢,5 5Ll goasgs b o (Y
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Py aul,é P, aul,é
Ni=1;
N =N, +1=0+1=1 N
N, =1;
— N, =N, +1=1+1=2
Loop exit when N,=0 or N;<N,; end loop; —

loop exit when N1=0 or N,<Nj; end loop;

:raﬁé o wile ..\.b‘9.‘> 4.81:>).>P1 ..\.\.)‘)59 IR OP L‘:')‘)’U 4.;._‘>L> ‘3)‘5P2 M‘)B

Py asls Py anls
Nl = 1, —
— N,:=1;
N =N,+1=1+1=2
Loop exit when N,=0 or N;<N,; end loop; —
N, =N, +1=2+1=3
loop exit when N1=0 or N,<Nj; end loop;

ol iy ST aile aales adl> 10 Py g uls dwlss 095 Sl 4l o)ls Pp el N 5l 58568 Ny jlade (92 5 <> 0l o

‘P ga o> wile .\Q‘?dﬂ})oPl 90..&..34 LS"):U 4.».>L: J)‘gdsw‘Pz )Lg w‘r‘,...»SJ.S.C).’

Py asls Py anls
Ni=1; —
Nz:: 1,
— Ny=N;+1=1+1=2

N :=N,+1=2+1=3
Loop exit when N,=0 or N;<N,; end loop; —
loop exit when N1=0 or N,<Nj; end loop;

ool S ol walgs Jerde jUall >0 Py g oals Jlyou

Py aul,8 P, aul,8
Ni=1;
N =N, +1=0+1=1 N

Loop exit when N,=0 or N;<N,; end loop;
Ny:=1;
Nz::N1+1=1+1:2
loop exit when N;=0 or N,<Nj; end loop;
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N, =1;

Ni=Ny+1=2+1=3
loop exit when N,=0 or N;<N,; end loop;
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X | Process A: | Rp | Switch Process B: | Rp
0 | Load R, X; 0
— Jj‘ )5Q
0 0 Load R, X; 0
0 0 INCR; 1
1 0 Store X, R; 1
_ Pyl 90 )
3 0 Load R, X; 3
3 0 INCR; 4
4 0 Store X, R; 4
459 dalo]
-
4 | INCR; 1 4
1 | Store X, R; 1 4
- e H9e
1 1 Load R, X 1
P92 )32 -
1 | Load R, X; 1 1
1 | INCR; 2 1
2 | Store X, R; 2 1
o )99
4 | Load R, X; 4 1
4 | INCR; 5 1
5 | Store X, R; 5 1
459 dalol
—
5 INCR; 2
2 Store X, R; 2
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