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#Define TRUE 1
while (TRUE){ //repeat forever
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The 11 steps in making the system call read(fd, buffer, nbytes). (Thisitem is displayed on page 43in
the print version)

Address
OxFFFFFFFF _

Retum to caller Libra
Trap to the kemel prooer;u(e
5 Put code for read in register read
1
A 0
Us
Brepans'y Increment SP 11
+ Call read
3| Pushid User program
2| Push &buffer calling read
1| Push nbytes
6 9
z ) 4
Kemel space L 7 8 | Syscall
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0
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D edlao
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whil e(turn){
whi | e(l ock==1) (1)
| ock=1;
critical _region();
l ock = O;
noncritical region();
}
29 488 ol 5 CPUamy yois 1y JiB aSo) ) 8 592 5L 5 00,8 S 1) Jid L ooy 51 (o o8 lej 51 (D)
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whi | e( TRUE) { whi | e( TRUE) {
while(turn !'= 0) while(turn !'= 1)
critical _region(); critical _region();
turn = 1; turn = 0;
noncritical _region(); noncritical _region();
} }
(a) (b)

D edlao
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PB : PA :
Enter- region (1); Enter- region (0);
Critical-Section(); Critical-Section();
Leave-region(1); Leave-region(0);
non-critical-section (1); non-critical-section (0);
#define FALSE 0O
#define TRUE 1
#define N 2 /* nunmber of processes */
int turn; /* whose turnis it? 39 o 03zl 23 Cugi (lyy JUolS puize ¥/
int interested[N; /* all values initially 0 (FALSE)*/
voi d enter_region(int process) /* process is 0 or 1 */
{
i nt other; /* nunber of the other process */
other = 1 - process; /* the opposite of process */
i nterested[ process] = TRUE; /* show that you are interested */
turn = process; /* set flag */
while (turn == process & interested[other] == TRUE) /* null statenent */;
}
voi d | eave_region(int process) /* process: who is |eaving */
{
i nterested[ process] = FALSE; /* indicate departure fromcritical region */
}

Nam g Jd dm e oniS S ) 88 (0 )5 gplp sl it L &S ol > L oS0l MU0 (9,5 S 4l
ey 4idg L]
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#i nt x=0;
#int f1=1;
#int f0=1;
THpOl i rriririrrr [Hlipdi i rrrrirrrrirtri
while (true) while (true)
fi1 = 0; fo = 0O;
X = 1; X = 0;
while (x && !'f0) while (Ix & !'f1)
G 3(); G 3S();
fi1=1; fo = 1;
N-C S(): N-C S();
} }

sl gty w2295 Glad sl
Interested (0) --> FO

Interested (1) -->F1
52:00

(318 <o) TSL Jo ol4.5
wlo by Set locky Test 10CK Jacgs oo 5148 canloes) JSie (LOCK) vy 150 jlasys 1) Jib puize oo,
Do g0l Culey blde jlasdl

While (trun) {

while( lock =1) ; Test lock
lock=1; Set lock
C-3();
Lock =0;
N-C-S(1);
}
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L Joallysiod S 4y bdds Lsd Suadl b Joallysiods ol 45 awS ) )38l Cotw Sjge 4 2
AugS o tel Ltest & setlock ,test&set 1) was Josl g

Test lock + set lock = > test & set lock
yadmane.com Memory

CPU 1-Test Lock
"’"—P——_-\\'-«

Re Lock

2- Set Lock
I

enter_region:

TSL REGQ STER, LOCK | copy LOCK to register and set LOCK to 1

CMP REQ STER, #0 | was LOCK zero?

JNE ENTER_REGQ ON |[if it was non zero, LOCK was set, so |oop

RET |[return to caller; critical region entered
| eave_region:

MOVE LOCK, #0 | store a 0 in LOCK

RET |return to caller

o S dasd lan 4w o ool LOCK a8 dlasd las oS s wias CS 5 ly wlgns olojenm i 93 5,5 Sl
1:17:00

s 2l )50 dld 81 s e 4y 250 (g0 085 11,3 PCB s oty ) o 1] 0 aidy o5 5

031> lod Ly Jome lodsl doliy > cpred 4 ond 390 o PCBjlailys (ol juans ) jlaio Ioasce didyjl

Aad o doldl 553 )8 4y LB

1y
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sl S0 > e 4y g (Cunl (B0l iy 40U 4y 939) 35 o Cale) g g oSl il 3 1
s,y Busy Waiting .2

Cawl ol 38] Conw & diwly .3
o) 1, TEST AND SET LOCK _faal 505 45 33,50 5 3 1y s igmsels - 272 o 14 Jlons

pE doly Joe S po dadls > 4l SO Slgize b1y adiihy sy S Slgive Wle o S 2l aallygins
9,5 odlatwl enter-region Jloy & Josdlygiwd ol 5l le 0 lﬂ led dbols s 18
mov reg,1
xchg reg,lock
gt [y YU g T8 gt (gl 4 cd 8
Dl Stie ol ol Joallygis ol Joallygis S0p3 o1 03,5 (does Sety LOCK 05 Joe g2
W [RVSIES

enter- region( ) ;
mov reg ,1;
exchg reg , lock;
cmpreg, 0,
Jnz enter-region( );
ret;

1:29:45

1:33:00
L ld 61580 S Js o, 3 5 cdls 3
swap -
TSL -

L aidy oslulls;l —

¢
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fcww> Busy waiting JSiw
CPU uwl 1

(S 106uasiw ) wsSas Cuslsl JSuie 2
T g Caglf
o Ly H Tt g0 008 (55

L -> owl caglyl

H-> YU Caglyl

TTEY Illllil
FARTTTT .—':-—.——ln‘l'er'r‘up‘l'
while(....) Wi b ‘ while(....)
CASQ): by Waiteg 1 28 c_s0:
cenes -~ T o akly C_S g s
TILL ﬁqﬂﬂhﬂ'ﬂmh ssmam
szt cesss  yadmane.com

sl ol 38l o 4" Bl Ly iy g lo YL Caglgl b anl )b g 098 Sloo 4l o)ly 5 ol Caglyl b sl 31

ol Glymo asl o Lanld e 568 Slmo as b d)ly wlg e a8 es by 1y o 93,0 CPU & H w3 o8

29 (o sl Il S g Cany o2 syl g 095 )5 Sl a0l 51 S0 CPU 5 L iyl s

14400
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LU sl g ol
ol oM o BUusy waiting Llie,s ol gl o)ls

L 0N O pao g oS W oF Ao
s 107 o
Sl i g plen b Jas (0l U oS (6) 0l 08 o B (S 5 45 o 1y (S Nl 4y )b 3L

3 o a3 o 63 3 L g el oy o (5,305

#define N 100 /* nunber of slots in the buffer */
int count = 0; /* nunmber of items in the buffer */

voi d producer (voi d)

t
int item
while (TRUE){ /* repeat forever */
item = produce_item(); /* generate next item*/
if (count == N) sleep(); [* if buffer is full, go to sleep */
insert_iten(iten); /[* put itemin buffer */
count = count + 1; /* increnment count of items in buffer */
if (count == 1) wakeup(consuner); /* was buffer enpty? */
}
}
voi d consurer (voi d)
{
int item
whil e (TRUE){ /* repeat forever */
if (count == 0)(1) sleep(); /* if buffer is enpty, got to sleep */
item= renove_item(); /* take itemout of buffer */
count = count 1; /* decrenment count of items in buffer*/
if (count ==N 1) wakeup(producer); /* was buffer full? */
consune_iten(iteny; /* print item*/
}
}
(xs)@dglgl?saﬁ).\m@@M&Ambé)&?(l)p)fllﬁ}wlblémdl
2:02:50
2:07:00

(if count >0) .13 (f count ==1) ls 4 Blein, S

N
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A ~—-WakeUp—->B-—wemeemee c
B 09 Nwyd e B sly Wakeup S A Ll D) v Syide sl Jole B,C 3 A,B O S (548

Lol Wlgsw salgd o canly a5 A8 o3kl B,C o Spiie Jolejl salgs (o0 B Jbs 0s 0 1 o s el iy
A ol 1l e s

S o ISy 55 a3 21 o Lol ST e S > a8 21 el () 3 e polis Atz o

Cap M b oo 55 WAKEUD S, 08" o i |y Jgamme (sl 5 415 (oo M5 & 9,5 0008 A5 il 087 (08
COUNE (cms 535 53 das ddd oo 4oyl G o COUNT 95 oo dily3 W o iy duy 39 (o0 1 00iiS B pae
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ol U sy waizhy o yin WAKEUP ol JiSis o8 g1 eyl oS 5 ymn g 00838 0gf Alfuns 55 o o e
LL L g cwl Job LB onsl pl Lol g 3850 aS™ i 00> wakeup ¢l U (958 033 (gl sl o] e
w52 |y WaKEUD (sla JiSow (3 10 (g5l (] 4358
o 1y 39y yam cunl 5 a8 s WBKEUP o 53 48 03,5 s pai ygdloww pb s (65l Los o] ool 51 o3l b 1S

‘Wake up JiSkw o jShos
oS o3 |y Jiew ccwl s 1

oSl ¢ Canl Slgs 2
<l DOWN g UP (o Joe SlEEp s WAKEUP Jolo Lo jgdlows )

wakeup ~ UP
sleep ~ DOWN

: wakeup gsleep s Jusw b jgdlow o gl
Ll 558 G aSh oS od e 1y b anTyd s o jgdlews aSh sins b a0 )3 Lo Clus )b 2
oS 50 )M |y ednled jedlews (g9, oS
. ol 0 o:bl.o;),éhw Jol8 LY ols 109 Ao )
DOWN 4 UP il 03850 95 g (o =2 05ylos = 1) ald 93 Jolis ,lis b SO 51 ol @)ls jg8lome
oS (o WL 05 jlads 4y (S &5 ouiS o )M 2 oS ST 08 0 UP 5,

wslled o 1y (0 091 o S g oS o o5 (S 09 Sl S5 olads ST oS o DOWN 3y
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Struct semaphore{

int count = initial value;

int queue[N] = initial value;
}s

void down(semaphore s){
if (s.count>0){
s.count = s.count-1;
}else{
place the process in s.queue;
block the process,
}
void up(semaphore s){
if (s.queueisempty){
s.count = s.count+1;
}elsef
remove a process from s.queue;

place the removed process in ready queue; //wake up selected process

(BLIs (oo 18 o3 o5 1503 L3 yho By (3208l ko Wl od pgdloww et Jlaie @
S e el ol Ulgd bl (S pain 4 oS 0 oSS Cho 4 il DOWNG UP Cllos oy @

D)lbmblwb‘;\wp:)b):uho)l |);§J Plﬁ&ubp_»)bw&u)yawdlf

bl b oyl anldy 59, o REAAY 4 DlOCKEd)) sl s o] oS ol |y Guwsgyy S &8 3y @
D) o dabdl 58 4 295 pailsS

Ak Saodl bygilows @

T4
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D Jolbw Ol Mol

Down ~ wait ~
UP ~ signal ~
LA plul Wlg o yedlows b )8 dw )8 sla doli
(adghlaie) iy 1
Down 2

UP 3

S8 o (Sltdy 1) jodlows (5 4>

) (s by sl ol S5 Sl Jole et ST Ll 08T o Sl 1y psilons |) jgblons ol s ]
) hgad ol Ba)ls )8 cnl sl 5 coly 5 syt sl Sl ole s Lol and oo ploxil 1) 518 el (HbLals
Aad ploo] Sl

23:30

s Lale s sl ol v

ISemaphor S=2

2 Main {

3 Down (S) ;
4 UP (S);

5 S.count + + ;

6 if(s.count<Q)UP(S);

Ve
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Sowd ol Jo ol p SIS

sy Lol3)] yghlans adgl i 5 3> 4yl aio yoilaws s g o .1
.+ ol UPy DOWN Kiasl Jos g3 ygdlows 4 (quyiawd ofy s 2
adgl 23l g DOWN § UP Joe il 16 onil asls pwjiwod ol Hlde 4 ouilgy o5 COUNE by .3
(s & 5 (pls &) o2y pglons & (s sl 503 ol
Feadd el (gah Caglgl B jedlem )3 wilei (o0
oS g 3 a bl wuS U jedlew b1y Sl anl ) o) diee ealss o 35
ol 423l Hgdlows b ais 1
w5 UP s g Down x5 2
il iz b jgilew adgl i 3
Sl Sl ygdlew Lz 4 Jlie pl >
35:50 Wl (B jgdlans SO S o)l o S§ 5
o8l gy N 3L MUEEX = N 81 1S obetelly (iShisg Jolas 1L MULEX adgl Jluie 3,5 lay (ol %

melge ST 20 Sl 4ol o)y Wl ged g1l e 250 MULEX = Q S1y 5 il 40U 3)ls aiily 0

37:30 ol LML.A MuteX :1 .)9....: LF")DU 4\.;.’>L: .))|9 Y] L_gq Lags
semaphore mutex = 1;
voi d pl()
voi d p2
while (TRUE){ p2()
down( &mut ex) ; whil e ( TRUE){
Nl sl oy a5l > S 51 down( &mut ex) ;
c_s(); c_s();
up( &mut ex) ; up( &mut ex) ;
I8 Yoy (S titads Dlgse S 51 n_c_s();
n_c_s(); }
}
}
A
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#define N 100
typedef int semaphore;
semaphor e nut ex 1,
semaphore enpty = N;
semaphore full 0;

/1Y in sound
// X in sound

voi d producer (voi d)
{
int item
whil e (TRUE){
item = produce_item);
down( &enpty);
down( &ut ex) ;
insert_itemitem;
up( &mut ex) ;
up(&ull);

}

voi d consuner (voi d)

t
int item

whil e (TRUE){
down(&full);
down( &ut ex) ;
item= renove_iten();
up( &mut ex) ;
up( &enpty);
consune_iten(iten);

/*
/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*

/*
/*
/*
/*
/*
/*
/*

number of slots in the buffer */
semaphores are a special kind of int
controls access to critical region */
Cool J5 sl SB Sl bl adgl lade */

a0l Bl ol g 0395 S35 @ o S sl pLasly ¥/

*/

TRUE is the constant 1 */
generate sonething to put
b JB el Sl sla - el JB 50 51/

enter critical region */
put newitemin buffer */
| eave critical region */

S Uil sl Clgd oS B pan S1%/

in buffer */

infinite | oop */

Sl cal Ji 3 5%

enter critical region
take item from buffer
| eave critical region
S Uil sl Clgs 0aS wles S1%
do sonething with the

*/
*/
*/

item*/
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el o 5555 (sl YU g I3l S
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o ol g b pxite ol ol g dolyp jlid b G ygiile .3

noni tor exanpl e
i nteger i;
condition c;

procedure producer (X);

énd;

procedure consuner (Xx);

end;
end nonitor;

295 (o Slaidy (LLelS) sss 4ely b5 awgs gisle Lol ol ol s s 1 b jglas o)) 4

50:50

i gl Lol w8 od odlazwl System calljl jguile oS e w8 S 1) Heiile Wl cod Jole piamw .5
(UP, Down) s . eslizl System call

o5 Jos 3y Jole s 1315 SYSIOM CAIl U oy sty o |y Lo sy (39,0 g0 o Jole s 6

WS e s |y U S olSmd g 395
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o2 dd 1S o5 117 107 amio slosS 4y (51 w48 o (6o Lo ungs dlipy gy yoiileyd @

ol 03,8 03\l yg8lows 51 45 el (5w 45 112 amis oS Lol s

nmoni t or Producer Consuner
condition full, enpty;
i nt eger count;

procedure insert(item integer);
begi n
if count = N then wait(full);
insert_iten(item;
count := count + 1;
if count = 1 then signal (enpty)
end;

function renove: integer;
begi n
if count = 0 then wait (enpty);
renove = renove_item
count := count 1;
if count = N 1 then signal (full)
end;

count := 0;
end nonitor;

procedur e producer;

begin
whil e true do
begin
item = produce_item
Pr oducer Consuner.insert(itemn
end
end;

procedur e consurmer;

begin
while true do
begin
item = Producer Consuner.renove;
consune_iten(iten)
end
end;

258 (o s (g aelin Glod @)l (Lol oS B ) jgnile S5 sl cannd SIVL S
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#define N 100 /* nunber of slots in the buffer */

voi d producer (voi d)

int item
message m /* message buffer */

while (TRUE) {

item = produce_item); /* generate something to put in buffer */
recei ve(consuner, &m; /* wait for an enpty to arrive */
bui I d_nessage(&m iten); /* construct a nessage to send */
send(consuner, &m; /* send itemto consumer */
}
}
voi d consumer (voi d)
R
int item i;
nessage m

for (i =0; i <N, i++) send(producer, &m; (1) /* send N enpties */
while (TRUE) {

recei ve(producer, &m; /* get nessage containing item?*/
item= extract_iten(&m; /* extract itemfrom nessage */
send( producer, &nm; /* send back enpty reply */
consune_itenm(iteny; /* do sonelthing with the item?*/
}
}
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Figure4-12. A TLB to speed up paging.
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