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[HocTtbn 0o obLm pecypcu

EnQHoBpeMeHHMs AOCTbM 40 00K pecypcu Moxe Aa
[loBefie 0O HEKOPEKTHWN pe3ynTaTu.

Heobxoanmm ca mexaHnamm 3a ocurypsisaHe
NpaBUNHUAT Pef Ha JOCTbN A0 OOLnTEe pecypcu.

Ob6wun pecypcu — nameT, yCTpoOUCTBa.
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KpuTnyHa cekuus

 Kputnuna cekuums (Critical Section - CS) — ta3u yact oT koga Ha
npoLec, B KOUTO MMa 06pbLLEHME KbM 00LL pecypc.

*  W3uckBaHusa kbm CS:

B KpuTMYHa cekums B AaJeH MOMEHT MOXe [a ce HaMmmpa camMo eauH
npoLec.

AKO e[IH UNW HAKONKO MNpoLeca XenasaTt Aa Bna3aT B KpUTUYHUTE CU
CeKLUU, TO Ha eMH OT TAX ToBa 3aabIKUTENHO TpsibBa Aa 6bae
pa3peLLeHo.

Bcekn npolec moxe ga npeMmnHaBa B MPOU3BOJTHO CbCTOSIHNE U3BbH
KpuTM4yHaTa cu cekuus, T.e. MoXxe aa 6bae aopum crnpsH. Toea He
TpsibBa Oa okasBa BNNSHUE BbPXY ApPYruTe nNpouecu npu
n3nons3esaHe Ha odLwnsa pecypc.

OTHOCUTENHUTE CKOPOCTU Ha pa3BUTUE Ha NpoLiecuTe ca
npeaBapuUTENHO HEN3BECTHU U NMPOU3BOHMN.

[Mpouec He MOXe Aa crpe U3NbIIHEHNETO CU B KPUTUYHA CEKLIMS.
KputnyHute cekuumn He TpsibBa ga umat npuoputeTy.
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ObBLa CTpyKTypa Ha rnpoLec

do {

entry section

critical section

exit section

remainder section

} while (true);

)
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[Tpnmep 3a gocTbn A0 0bL, pecypc

[Mpouec P1 nssbpLuBa yBenmyasa npoMeHnmMBaTa count
1000000 nbTH, Npouec P2 Hamansaea NpoMeHnmMBaTa count
1000000 nbTK. HavanHaTta ctoMHOCT Ha counte 0.

]

P1 P2

> KakBa e CTOMHOCTTA Ha count crej 3aBbpluBaHe Ha

npouecurte?
)
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[Tpnmep 3a goctbn Ao obuy pecypc (2)

shared int count;

/* Pl.c */ /* P2.c */
int main () { int main () {
for (i=0; i<1000000; i++) { for (i=0; i<1000000; i++) {
inc(count) ; dec (count) ;
} }
} }
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[Tpnmep 3a gocTtbn o obuy pecypc (3)

Pl:

P2:

Cnep koMmnunauus:

LOADR
INCR
STORER

LOADR
DECR
STORER

count

count

count

count

3apexna count B permcTip R
NukpemeHTHpPa R
3anncea R Ha azgpec count

3apexna count B permcTsp R
HexkpemMeHTHpa R
3anmcea R Ha azgpec count
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BrnnaHmne Ha npekbCcBaHUATA

quant P1 count R P2
t, 100 ?7?7?
t, LOADR count 100 100
INCR 100 101
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BnuaHue Ha npekbcBaHuATa (2)

quant P1 count R P2
t, - 100 ?77?
t, LOADR count 100 100
INCR 100 A01
rnpeKbceaHe
PCB r,

R=101
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BnnsaHmne Ha npekbcBaHunaTa (3)

quant P1 count R P2
t, . 100 ?7?7?
t, LOADR count 100 100
INCR 100 101

t, 100 100 LOADR count
100 99 DECR
99 99 STORER count

PCB r,

R=101

OnepayuoHHU cucmemu, Xpucmo BbnyaHos




BnuaHue Ha npekbcBaHuaTa (4)

NpeKbceaHe

quant P1 count R P2
t, 100 ?7?7?
t LOADR count 100 100
INCR 100 101

t, 100 100 LOADR count
100 99 DECR
99 99 STORER count

PCB r, PCB r2
R=101 R=99
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BnuaHue Ha npekbcBaHudaTa (4)

quant P1 count P2
t, 100
t, LOADR count 100
INCR 100
ts 100 LOADR count
100 DECR
99 STORER count
t, 99 /101
STORER count 101
PCB r, PCB »r,
R =101 R=99
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[lporpamHa 3awuta Ha CS

N3nona3sBaHe Ha NPOMEHNBa 3a pef Ha JOCTbI

int turn=1;

Pl: for (;;) {
while (turn==2);
CS1l;
turn=2;
Progl;
}
P2: for (;;) {
while (turn==1);
CS2;
turn=1;
Prog2;
}
AKO enH OT npouecuTe ¢ n3nbrHaBa 6e3kpanHoO U3BBLH
ceosita CS, apyrmaTt He MOXe [a Briese B CBOATA.
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[lporpamHa 3awmTta Ha CS - 2

N3nonsBaHe Ha 2 NnpoMeHNnBM 3a ped Ha AOCTbN
int kl=k2=false;

Pl: for (;;) {
while (K2);
Kl=true;
Csl;
Kl=false;
Progl;
}
P2: for (;;) {
while (K1),
K2=true;
Cs2;
K2=false;
Prog2;

AKO ca C eaHaKBM CKOPOCTU 1 ABaTa eqHOBPEMEHHO MoraT Aa
Bnga3aT B ceoute CS.
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[lporpamHa 3awmTta Ha CS - 3

N3nonsBaHe Ha 2 NnpoMeHNnBM 3a ped Ha OOCTbN U 3asiBKa
int kl=k2=false;

Pl: for (;;) {
Kl=true; // BasiBka Ba BIMBaHe
while (K2) ;
CSsl;
Kl=false;
Progl;
}
P2: for (;;) {
K2=true;
while (K1) ;
CSs2;
K2=false;
Prog2;
}
AKO ca C eHaKBM CKOPOCTWU 1 ABaTa Morat 6e3kpanHo ga 4Yakat
Ha Bxoga Ha ceouTe CS.
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Anropntbm Ha [lekep

N3nons3BaHe Ha 2 cdonara 3a 3asiBka U €QuH 3a ped Ha AoCTbN

Cl=true;
C2=true;
queue=1;

// Process 1

Cl=false;
while 'C2 {
if (queue == 2) {
Cl=true;
while (queue == 2) ;
Cl:=false;

}

Csl;
queue=2; [lpekaneHo crioXeH 3a ePEKTUBHO
Cl=true: n3nonasaHe, 0CObeHO Npu noeeye ot 2

npoLeca.
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Anropntbm Ha [leTepcoH

N3nons3BaHe Ha 2 cdonara 3a 3asiBka U €QuH 3a ped Ha AoCTbN

Cl=true;
C2=true;
queue=1;

// Process 1

Cl = false;

queue = 2;

while (!'C2) && (queue == 2) do ;
Cs1;

Cl = true;

TpyoeH 3a nsnonssaHe OT MHOIO
npouecu.
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CuHXpOoHU3aUuna 4Ypes 3abpaHsaBaHe Ha
NpeKkbCBaHUS

« 3abpaHsiBaHe Ha NpeKkbCcBaHUATa JOKaTO NpoLec
e B KpUTUYHA CeKLuS.

while (true) {

disable interrupts
critical section
enable interrupts

remainder section

};
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CUMHXpOHM3aLUmMs Ypes3 3aKroyYBaHUS

PeweHusTa (xapayepHun) ce basupaT Ha mexaHnsma
Ha 3akno4vBaHudaTa (locks).

do {

acquire lock

critical section

release lock

remainder section

} while (TRUE)
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CUHXPOHN3aLUMOHEH Xapayep

* Hanunyune Ha aTtomapHu xapayepHn MHCTPYKLMK
3a peanuanpaHe Ha 3akniyBaHuAaTa.

« ATOMapeH = HenpeKkbCcBaeMm.

*  WHCTpyKUKMSA 3a TeCTBaHE Ha CbAbPXXaHMETO Ha
NameT U ycTaHOoBABaHe Ha CTOMHOCT.
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NHcTpykuma test and_set

HednHnumna:

boolean test and set (boolean *target) ({
boolean rv = *target;
*target = TRUE;
return rv:

N3nbnHABa ce aToMapHo;

Bpblla CTOMHOCTTa Ha u3npareHarta KaTto napamMmeTbp
NPOMEHSINBA

3. YcTaHoBsBa CTOUHOCT true Ha NpoMeHnmMBaTa

N —
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CuHxpoHunsaums c test and set

do {
while (test and set(&lock));
CS;
lock = false;
Prog;

} while (true);

 Ob6wa npomeHnuea lock;
« Bceku npouec nanbriHaBa T03U KoA
 AKTMBHO n34yakBaHe (3aema ce CPU)
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Mutex locks

[MpeguLHUTE peLlleHna ca CNoXHN 1 HeyaobHK 3a
n3nosi3BaHe

Pa3paboTeHn ca codTyepHM CpeacTBa 3a pellaBaHETO Ha
npobnema

[1pocTo cpencTBo e T.H. mutex lock.

Mutex lock nputexasa bynesa npomeHniMBa, acoummpaHa c
Hero. YkasBa ganv € Hanu4yHo 3akntovBaHe.

acquire () {
while ('available); /* busy wait */
available = false;

release () {
available = true;
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Mutex locks

acquire () {
while ('available) ; /* busy wait */
available = false;;

}

release () {
available = true;

}
do {
acquire lock
CS
release lock
Prog

} while (true);

« Peanusnpat ce 06MKHOBEHO Ype3 XapAyepHU NHCTPYKLUM
« AKTMBHO ns4vakBaHe (3aema ce CPU) - spinlock
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Cemadopu

Cemadpop — crneumnaneH Bma LIENIOYUCTIEHA
NONIOXKMUTENHA NPOMEHINBA, BbPXY KOSATO ca
onpepnenenn ase onepaunun (npummtuen) P n V.
Onepauunte ca Hegenumu.

Cemadbop, npnemauy camo ase ctomnHoctm 0O n 1
— ABOUYeH cemadpop.
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Cemadpopu - 2

« onepauusa P(S):
[MpouechbT ce onuTBa Aa u3nbiHuM S=S-1. Npu ToBa ca BL3MOXHW ABa Cryyasi:

« S>0. MNpouechbT nanbnHsaBa S=S-1 n npoabmKasa CBOETO Pa3BUTUE;

« S=0. lNpouecbT ce Brnokupa (wait) gokaTo S cTaHe NO-rofisiMo OT Hyna.
ToraBa n camo Toraea Tou 3aBbpLUBa onepauusita S=S-1 n npogbrkasa
N3MNbIIHEHNETO CW.

« onepauusa V(S):
[MpouechbT n3nbnHsBa onepauyusaTa S=S+1. Npu ToBa CbLLUO Ca Bb3MOXHWU ABa
cnyyas:

« S>0. lNpouectT, u3nbnHsBaly onepaunaTa V(S), npogbikasa ga pabotu;

« S=0. lNpouectbT, U3nbnHsBawy onepaunaTa V(S), npoabkasa ga padotu,
HO Npeau ToBa Ce akTuBMpa eanH oT BroknpaHnTe nNpouecu (T.e. AgaBa My
ce Bb3MOXHOCT Ja 3aBbpLum 3anovHartarta cu P(S) onepauus).
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13anon3BaHe Ha cemadopwu

semaphore sem=1;

Pl: for (;;) {
P (sem) ;
Cs1;
V(sem) ;
Progl;

}

P2: for (;;) {
P (sem) ;
Cs2;
V(sem) ;
Prog2;

}

Cemadhop ¢ noBeye OT ABe CTOMHOCTU — 06L cemachop
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Peanunsauyma Ha cemadop

sem \

Value

Blocked

PCB PCB

process1 proces5

processes

[eckpunTtop Ha
cemadopa

CnucbK oT BrokMpaHn KbM
cemMadpopa npouecu
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Peannsauna Ha ceMmadoOpHU onepaumm

void P (semaphore S) ({

if (S->Value == 0) {
MBBMUKBaHE IucCledYepa 3a 6JiokmpaHe TeKyl, npouec;
(S->Value) --;

} else {
(S->Value) --;

}
}

void V (semaphore S) {
(S->Value) ++;
if (S->BlockedProcesses != NULL) {
npeMecTBaHe NEpBuUsS npouec B ReadyQueue;

}
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[Tpumep “TlponssoauTten-koHcymaTop”

[MponsBoanTENAT reHepupa asbykarta u s 3anMcea CMMBOS MO
cumBon B 6ydep oT Tun char.
KoHcymaTopbT YeTe gaHHUTE OT Bydepa 1 rm usBexaa Ha ekpaHa.

Buff

printf( )
Producer

a..z
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[Tpnmep “TlponssoanTen-KkoOHCymaTop’

Bb3MOXHM BapuaHTU Ha N3BEXOAHETO:
caaaaaaabbcdddddddee...

bfpz
4

» KakBa e npunymHaTa 3a HEKOPEKTHUSA
n3xon~?
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3agada ‘[lponsBoanTern-KkoHCymaTop” -
peLleHne

semaphore mutex=1;

Producer: for (;;) {
generate data;
P (mutex) ;
fill the buffer; // CS
V (mutex) ;
}
Consumer: for (;;) {
P (mutex) ;
read from buffer; // CS
V (mutex) ;
consume data;
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3agada ‘[lponsBoanTern-KkoHCymaTop” -
peLleHne

KakbB e e peaynTtara?
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caaaaaaabbcdddddddee...
cbfpz
e 7

EL
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[lpmep OT peanHocTTa
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lTpou3zeodumen:

KOUTO LLe Yepnu
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KoHcymamop:

KOroTo LUe Yyepnart
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O6uw pecypc:
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3almTta Ha obLmsa pecypc

P (mutex)

=

V (mutex)
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Cutyaumna 1. KOHCyMaTopbT € Hapen
Oa ce nodvepnu
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Cutyaumna 1. KOHCyMaTopbT € Hapen
Oa ce nodvepnu

» Ho vyawara e npa3Ha!

OnepayuoHHU cucmemu, Xpucmo BbnyaHos



Cutyauusa 2: npons3BoanUTENAT € Hapen
na Hanee

> Ho yawaTta e nbnHa!l
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» Wma ycnoBus, npu KOUTO Oa ce
U3BbLpPLUBAT AeUCTBUATA:

1. KOHCyMaToOp®BT LWe KOHcyMupa
ako yawata HE E NMPA3HA, ako
He e - Yyaka

2. NpousBoauTensaT wWe HanNUBa aKko
yawaTta HE E INbJIHA, ako He e -

YaKa
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3anada ‘[lponsBoauTtern-koHcymaTop”

semaphore empty=1, full=0;
semaphore mutex=1;

Producer: for (;;) {
generate data;

P (empty) ;
P (mutex) ;
fill the buffer;
V (mutex) ;
V(£full) ;
}

Consumer: for (;;) |
P(full);
P (mutex) ;
read from buffer;
V (mutex) ;
V (empty) ;
consume_data;
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[Tpobnemun npu cemadopu

HekopekTHO nanonssaHe Ha cemadpopu:

e V(S)... P(S)
« P(S)... P(S)
* W3snyckaHe Ha V(S) unu P(S)

Bb3MOXHO e HacTbNBaHe Ha B3aMMHa 6110KMpOBKa.

PelleHue: cb3gaBaHe Ha NporpamMHuN e3anKoBu
KOHCTPYKLMU OT BUCOKO HUBO.
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MoHunTOopn

Bucoko HMBO Ha abcTpakums, NpeaocTaBsLo ePeKTUBEH
MEXaHNU3bM 3a CUHXPOHM3aLMUA Ha NPOLECK.

MOHUTOPBLT BKNOYBA AaHHU N B3aMMOMU3KITOYBALLM Ce onepauun
BbpXYy TAX.

Camo eguH npouec moxe ga 6bae akTMBEH B MOHUTOpPA B Aa4€EH
MOMEHT

B3anMMHOTO M3KknouYBaHe ce rapaHTmpa oT KoMnuraTopa.

monitor monitor-name

{

// shared variable declarations
procedure P1 (..) {...}

procedure Pn (..) {...}

Initialization code (..) { .. }
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CxemaTun4Ho npeacrtaBsaHe HA MOHUTOP

entry queue

shared data

. A
¥

operations

initialization
code
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YCNOBHWN NPOMEHNNBA

Heobxogoum e MmexaHu3bM, NO3BONSBaLL Ha npouecuTe Ha
n34yakeaT B MOHUTOP.

N3nons3saT ce ycnoBHU npomeHnueu (conditional variables).
YcrnoBHa NpoMeHnuBea Moxe fa 6bae OCTbMHA caMo Ypes
[Ba ornepaTtopa:

e x.wait () — m3BUKBaALWUAT npouec ce brnoknpa, gokaTo
Opyr He U3Nbnn x.signal () . MOHUTOPBLT € HaNM4YeH 3a
N3rona3BaHe oT ApYr npouec.

* x.signal () — Bb3CTaHOBSIBa e4WH OT npouecute (ako
nMma), KONTo e 6un n3Bukan x.wait (). AKo HaAMa brnokmpaH
KbM NPOMEHNMBATa npoLec, AeNCTBUETO HAMA eeKkT BbpXy
Hes.
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MoHUTOD C VCJ'IOBHla NMPpOMEHITnBa

Queue of
entering
processes
Monitor waiting area Entrance
|
é MONITOR
Condition cl E Local data

cwait(cl) [J
Condition variables

Procedure 1

Condition cn

cwait(cn) Procedure k

O—0O|0—0|0

e

Urgent queue

—0

csignal T
g Initialization code

Dll:i
Exit
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3agava “Yutatenu-nucartenu’

HanwnyeH e eguHnyeH dydep.
Camo egumH npouec-nucarern MoXe fa 3anucsea gdaHHU B

bydepa B gageH MOMEHT.
MHOro npouecu-ymtaTenn morart ga Yetart JaHHuTe oT

bypepa

W1 R1

N

W2 — Buffer — R2

w7 N\ s
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3agava “Yutatenu-nucatenun’

monitor RWmonitor {
int readercount;
bool busy;
condition OKtoread, OKtowrite; RWmonitor R;

void startread() {

. . init();
if (busy) OKtoread.wait() ;
readercount++; Writers :
OKtoread.signal () ; o
} . R.startwrite (),
void endread() { write to buffer;
readercount--;

; R.endwrite (),
if (readercount==0)

OKtowrite.signal;

b _ Readers:
void startwrite() { e
if (busy || (readercount!=0)) R.startread() ;
OKtowrite.wait() read from buffer;
\ busy=true; R.endread() ;
void endwrite () {
busy=false;

if (OKtoread.queue)
OKtoread.signal ()
else OKtowrite.signal() ;
}
void init () {
busy=false;

readercount=0;
1
J
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B3anmHa 6nokmpoBka

3ncksaHe Ha pecypcu.

AKO pecypc He e Hanun4yeH, npouecshT ce brnokupa.
BsanmHa bnoknposka (deadlock) — nBa nnu
noBeYe rnpoueca Yakat be3kpanHoO 3a HaCcTblNBaHE
Ha cbOUTME, KOETO MOXe da bbae MHNUMMpPaHo
camMo OT HAKOW OT TSIX.

beskpainHo bnokupaHe (starvation) — npouec
MOXe HWKOra ga He 6bae npemMaxHart OT onawikaTa
Ha cemMadopa, KbM KOUTO € BrokmpaH.
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[Tpmep 3a deadlock

Process 1: Process 2:
Iock(mutexl); Iock(mutex2);
1ock(mutex2)° lock(mutexl)'
use resource 1; use resource 2;
use resourse - 2; use resourse - 1;
unlock(mutex2); unlock(mutexl);

unlock (mutexl) ; unlock (mutex2) ;
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7

PeweHune — “3akntoyBalln nepapxmm

Process 1: Process 2:
Iock(mutexl); Iock(mutexl);
1ock(mutex2)° lock(mutex2)°
use resource 1; use resource 2;
use resourse - 2; use resourse - 1;
unlock(mutex2); unlock(mutexl);

unlock (mutexl) ; unlock (mutex2) ;
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Bbnpocun?
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