Chuong 3
Poéng b6 va giai quyét
tranh chap
(Process Synchronization)

¢3 Noi dung

o Khai niém cad ban

o Bai toan “Critical-Section”

o Cac giadi phap phan mém
— Peterson, Bakery

0 Pong bd bang hardware

o Semaphore

o Cac bai toan dong bd

a Critical Region

a Monitor
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N ;. . 2
#>s Khai niém cd ban

o Cac process/thread thuc thi dong thdi chia sé code, chia
sé di liéu (qua shared memory, file).

o Né&u khéng cé su diéu khién khi truy cap cac di liéu chia
s& thi c6 thé x4y ra trudng hdp khong nhat quan dii liéu
(data inconsistent).

o Dé duy tri sy nhat quan dii liéu, hé théng can cé co ché
bao dam su thuc thi co6 thi tu clia cac process dong thdi.

o Vi du Bounded-Buffer (ch.4) thém bién dém count

#defi ne BUFFER_SI ZE 10
# typedef struct {
.} item
i tem buf f er [ BUFFER_SI ZE] ;
int in =20, out =0, count = O;
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% Bounded Buffer (t.t)

o Producer
i t em next Produced;
while (1){
while ( count == BUFFER SIZE ); /* do nothing */
buffer[in] = nextProduced;
count ++;
in=(in + 1) % BUFFER S| ZE;

}
a Consumer

i t em next Consuned;

while (1){
while ( count == 0 ); /* do nothing */
buffer[in] = next Consuned;
count - -;
out = (out + 1) % BUFFER SI ZE;
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Race Condition

o Race condition: nhiéu u]
process truy xuat va thao
tac dong thai trén di liéu

chia sé. o

va

truy xuat, thao tac trén di
liéu chia sé. Do do, can cé

ca

clia cac process nay.

Chung ta can bao dam sao
cho tai mdi thdi diém c6 mot

K&t qua cudi cung cla viéc
truy xudt déng thgi nay phu
thudc thi ty thuc thi cla cac
Iénh thao tac di liéu.

chi moét process dugc

ché& dong bé hoat déng

Céac lénh tang, gidm bién
tuong duong trong ngdén ngid
may la:

(P) count ++;

— register, := count

— register, := register; +1

— count := register,

(C) count --;

— register, := count

— register,:= register, -1

— count := register,

Trong dd, register, 1a cac thanh
ghi ctia CPU.
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% Vi du vé Race Condition

0 Qua trinh thyc hién xen k& cla lénh tang/gidm bién count

o Hién tai: count=5

0: producer register,; :-= count {register, = 5}
1: producer register,; = register;+1 {register, = 6}
2: consumer register, -= count {register, = 5}
3: consumer register, := register,-1 {register, = 4}
4: producer count := register, {count = 6}
5: consumer count := register, {count = 4}

Ca hai process thao tac déng thgi trén bién chung count. Két

qua clia bi€n chung nay khong nhat quan dudi cac thao tac
clia hai process = lénh count++, count-- phdi la atomic, nghia
la thuc hién nhu mot 1énh dan, khong bi ngét niia chiing.
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:. Critical Section

0 Gia s’ c6 n process cung truy xuét dong thai di liéu
chia sé

o Khéng phai tat ca cac doan code déu phai dugc
quan tdm giai quyét van dé race condition ma chi
nhiing doan code c6 chua cac thao tac trén di liéu
chia sé. Doan code nay dudc goi la ving tranh chap
- critical section (CS).

o Vén dé dat ra: phai bao dam rang khi mot process
dang thuc thi trong vlng tranh chap, khong cé mot
process nao khac dugc phép thuyc thi cac 1énh trong

vung tranh ~ché1'p = mutual exclusion (mutex): sy loai
tr tuong ho.
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N . . . .
e Critical Section va Mutual Exclusion

A: enter(critical_section) A: leave(critical_section)

B attemps

| toenter CS |  B: enter(critical_section)

Process A —

i B,

Process B ——Q ———————— | —
' . B blocked | \

B: leave(critical_section)

»
»

Time Tt 1y
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*% C4u tric t8ng quét

o Gia st mdi process thuc thi binh | Mot sé gia dinh:
thudng (i.e, nonzero speed) va o Cé thé c6 nhiéu CPU nhung
khéng cé su tuong quan gilia téc khong cho phép c6 nhiéu tac
do thuc thi clia céc process vu truy cap mot vi tri trong b6
o CAu tric t8ng quét ciia mot nhg cung luc (S|mul'faneous)
a Khéng rang budc vé thu tu

process: fang bt
thuc thi cua cac process
DO { a Céc process c6 thé chia sé
: mot sé bién chung nham muc
entry section dich déng bd hoat dong cla
critical section el

o Giai phap cla chung ta can

2. EEEL e phai dac ta dugc cac phan

remai nder section entry section va exit section.
} WH LE (1);
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v N -
#*e Rang budc cua bai toan tranh chap

a Mutual Exclusion

— Tai m6i thdi diém, chi cé mot process dudgc phép thuc thi trong
vung tranh chép (CS)

0 Progress: néu khéng co process nao dang thuc thi trong
vling tranh chap va dang c6 mét s6 process chd dgi vao
vlung tranh chap thi:

— Chi nhCrng process khong phai dang thuc thi trong ving khéng
tranh chap mdéi dugc la t’{ng ql’j \{ién cho viéc chon process nao
dudc vao vung tranh chap ké tiép.

— Qua trinh chon lya nay khéng dugc tri hoan v han (postponed
indefinitely)

a Bounded Waiting

— M@i process chi phai chd trong dé dudc vao ving tranh chap
trong mot khodng thdi gian nao dé. Khéng dé xay ra tinh trang
“doi tai nguyén” (starvation)
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#% Phan loai gidi phap

0 Giai phap phan mém (software solutions)

- uger/programmer tu thuc hién (théng thudng sé cé sy
ho trg cla cac thu vién lap trinh)

— OS cung cap mot s6 cdng cu (cac ham va cau trac
di liéu) ho trg cho programmer qua system calls.

0 Giai phap phan cting (hardware solutions)
— Duya trén mot s Iénh may dac biét
» Interrupt disable, Test-and-Set
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3 Giai phap phan mém

0 Trudng hgp 2 process dong thdi
— Giaithuat1va2
— Gidi thuat 3 (Peterson’s algorithm)

o Giai thuat t6ng quat cho n process
— Bakery algorithm
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% Giai thuat 1

a Bién chia sé
— int turn;

/* kh@i dau turn = 0 */

— néuturn =i = P, dugc phép vao critical section

a Process P,
do {

while (turn !=i) ;
Critical_Section();

turn = j;

Remainder_Section();

} while (1);

o Thoa man mutual exclusion (1)
o Khéng thod man yéu cau progress (2) va bounded-
waiting (3) vi tinh chat strict alternation.
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% Giai thuat 1 (t.t

Process PO:
do
while(turn !'=0);
Critical _Section();
turn: =1,
Remai nder _Section();
while (1);

Process P1:
do
whi | e(turn!=1);
Critical _Section();
t ur n: =0;
Remai nder _Section();
while (1);

Vi du:

PO cé RS rat I16n va P1 c6 RS nhd. Néu turn=0, PO
dugc vao CS va sau dé thuc thi ving RS (turn=1). Dén
P1 vao CS va sau do thuc thi RS (turn=0) va tim cach
vao CS mot lan nita nhung yéu cau bi ti choi !l P1

phai chd PO !1l.
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% Giai thuat 2

0 Bién chia sé
— boolean flag[2]; /* khdi dau flag [0] = flag [1] = false. */
— Né&u flag [i] = true = P, s8n sang vao critical section
a Process P,
do {
flag[i] := true;
while (flag[j]) ;
Critical_Section();

flag [i] = false;
Remainder_Section();
} while (1);
0 Béo ddm dugc mutual exclusion. Chiing minh?
o Khéng thod man progress. Vi sao?
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% Giai thuat 3 (Peterson)

0 Bién chia sé: két hgp ca giai thuat 1 va 2.
o Process P,
do {
flag [i]:= true;
turn = j;
while (flag [j] and turn =j) ;
Critical_Section();
flag [i] = false;
Remainder_Section();
} while (1);

0 Tho& man dudgc ca 3 yéu cau (chiing minh - ?), gidi
quyét bai toan “critical-section” cho 2 process.

Khoa Cong Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM
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3 Giai thuat Peterson-2 process

PROCESS PO PROCESS P1
DO { DO {
flag[0]:=true; flag[1]: =true;
/* 0 wants in */ /[* 1 wants in */
turn: = 1; turn: =0;
/* 0 gives a chance to 1 */ /* 1 gives a chance to 0 */
VWHI LE VWHI LE
( flag[1] && turn=1); ( flag[0] && turn=0 );
CRI Tl CAL_SECTI ON; CRI TI CAL_SECTI ON,
flag[0]: =fal se; flag[1]:=fal se;
/* 0 no longer wants in */ /* 1 no longer wants in */
REMAI NDER_SECTI ON,; REMAI NDER_SECTI ON,;
VWHI LE (1); WHI LE (1);
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*% Giai thuat 3: Tinh ddng dén

0 Mutual exclusion dudc bao dam bdi vi
— PO va P1 déu G trong CS néu va chi néu flag[0] =
flag[1] = true va chi néu turn = i véi mdi Pi (khéng thé
xay ra)
0 Ching minh thod yéu cau vé progress va
bounded waiting
— Pi khéng thé vao CS néu va chi néu bi ket tai vong
lap while() v&i diéu kién flag[j] = true va turn = j.
— Né&u Pj khdong mudn vao CS thi flag[j] = false va do dé
Pi c6 thé vao CS.
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*$ Giai thuat 3: Tinh ddng dén (t.t)

— Néu Pj da bat flag[jj=true va dang chd tai while() thi
c6 chi hai truéng hgp la turn=i hoac turn=j

— Né&u turn=i thi Pi vao CS. Néu turn=j thi Pj vao CS
nhung sé bat flag[ jl=false khi thoat ra = cho phép Pi
vao CS

— Nhung néu Pj co6 du thdi gian bat flag[ jl=true thi Pj
cling phai gan turn=i

— Vi Pi khéng thay déi tri clia bién turn khi dang ket
trong vong 1ap while(), Pi s& chd dé vao CS nhiéu
nhé&t la sau mot lan Pj vao CS (bounded waiting)
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#-% Trudng hop process bi “chét’

o Né&u thda dong thdi 3 yéu cau (mutex, progress,
bounded waiting) thi gidi phap giai quyét tranh chap cé
kha nang phat hién mot process bi “chét” tai nhiing ving
khéng cé tranh chap (remainder section)

— Khi dé, process bi “chét” tai cac ving khong tranh chép ciing cé
nghia la c6 mét remainder section dai v han.

o Khoéng c6 giai phap nao cé thé cung cdp co ché di
manh dé giai quyét trudng hop process bi “chét” bén
trong critical section (CS)
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3 Giai thuat Bakery: N process

0 Trudc khi vao CS, process Pi nhan mét con so.
Process nao gitia con s6 nhd nhat thi dugc vao CS
0 Trudng hgp Piva Pj cuing nhan dugc mét chi sé:
— Né&u i < j thi Pi dugc vao trudc, ngudc lai Pj dugc vao trude.
o Khi ra khdi CS, Pi dat lai s6 cGa minh bang 0
0 Cd ché cap so6 cho cac process thudng tao cac sb
theo co ché tang dan, vidu 1,2,3,3,3,3,4,5...

a Ki hiéu
— (a,b) < (c,d)néu a<choacifa==cvab<d
— max(ag,...a,) la con sé b sao cho b >= a, véi moi i=0,..k
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:. Giai thuat Bakery: N process

/* shared variable */

bool select[n]; /* initially, select[i] =false */
integer num[n]; /* initially, num[i]=0 */
while (1) {

select[i] = true;
number[i] = max(num[0], num[1], .., num [n — 1]) + 1;
select[i] = false;
for (j=0;j<n;j++){
while (select[j]);
while ((num[j] != 0) && (num([jl, j) < num[il, i));

}
Critical_Section();
numli] = 0;

Remainder_Section();
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% TU software dén hardware

o Khuyét diém cla cac giai phap software
— Cac process khi yéu cau dugc vao vung tranh chap
déu phai lién tuc kiém tra diéu kién (busy waiting),
tiéu tén lang phi nhiéu thai gian x4 ly cia CPU
— Né&u thdi gian xU ly trong vung tranh chép I6n, mot
gidi phap hiéu qua nén co co ché block cac process

dang dgi.

o Cac giai phap phan ciing (hardware)
— Cam ngét (disable interrupts)

— Dung cac Iénh dac biét
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. 2
s Cam ngat

o Trong hé théng uniprocessor:
mutual exclusion dudc bao
dam tuy nhién hiéu suat thuc
thi bi gidm sut vi khi cé
process trong CS, chung ta
khéng thé thuc hién cach
thuc thi xen k& déi véi cac
process dang & vuing khéng
c6 tranh chap (non-CS).

o Trén hé thong multiprocessor:
mutual exclusion khéng dugc
dam bao
— CS c6 tinh atomic nhung

khéng mutual exclusive

Process Pi:

repeat
disable_interrupts();
Critical_Section();
enable_interrupts();
Remainder_Section()
forever
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N . , n o . n
#*s Dung cac Iénh dac biét

o Y tudng co sb

— Viéc truy xuat vao vao mot dia chi clia bd nhé von da co
tinh loai tri tuong hé (chi cé mot thao tac truy xudt tai mot
thdi diém)

o Mé& rong
— thi€t k&€ mot Iénh may cé thé thuc hién hai thao tac chap

(atomic, indivisible) trén cung mét 6 nhé (vd: read va write)
— Viéc thuc thi cac 1énh may nhu trén luén bdo ddm mutual
exclusive (ngay ca vdi hé thong multiprocessor)

o Cac |énh may d&c biét cé thé dam bao mutual exclusion
tuy nhién ciing can ké&t hgp véi mot s6 co ché khac dé
thod man hai yéu cau con lai la progress va bounded
waiting cling nhu tranh tinh trang starvation va deadlock.
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:. Lénh test-and-set

o Kiém tra va cap nhat mot bién
trong mét thao tac dan (atomic).

bool Test&Set(bool target) mShared data:
{ bool lock = false;

bool rv = target;

tqrget = true: mProcess P,
return rv; while
} {
while (Test&Set(lock)) ;
Critical_Section;
lock = false;
Remainder_Section;
}
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¢-% Lénh test-and-set (t.t)

o Mutual exclusion dugc bdo ddm: néu P, vao CS, cac
process P; khac déu dang busy waiting

o Khi P, ra khoi CS, qua trinh chon lya process P,vao CS
ké ti€p la tuy y = khong bdo ddm diéu kién bounded
waiting. Do d6 cé thé xay ra starvation (bi bé déi)

o Cac processor (vi du Pentium) théng thudng cung cép
mot Iénh don la swap(a,b) ¢6 tdc dung hoan chuyén noi
dung clia ava b.

— swap(a,b) ciing ¢6 uu nhugc diém nhu test-and-set
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n . .
“e Swap va Mutual Exclusion

o Bién chia sé lock dugc khéi o Bién chia sé (khdi tao 1a false)
tao gia tri false bool lock;
o Maéi process P, c6 bi€n cuc bd bool waiting[n];
key
o Process P, nao thdy gia tri a Process P,
lock=false thi dugc vao CS.
— Process P, sé loai tru cac do {
process P; khac khi thiét lap key = true;
lock=true while (key == true)
void Swap(bool a, bool b) Swap(lock,key);
{ critical section
lock = false;

boolean temp = a;
a=b;
b =temp;

remainder section
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N 2 ~ n N
#*s Thoa man 3 yéu cau

o CAau trdc di liéu dung chung (khdi tao la false)
— bool waiting[n];
— bool lock;
o Mutual Exclusion: Pi chi cé thé vao CS néu va chinéu
hoac waiting[i]==false, hoac la key==false
— key = false chi khi Test&Set (hay Swap) dugc thuc thi
» Process dau tién thuc thi Test&Set méi cé key==false; cac
process khac déu phai dgi
— waiting[i] = false chi khi process khac rgi khéi CS
» Chi c6 moét waiting[i] cé gia tri false
a Progress: chung minh tuong tu nhu exclusion
o Bounded Waiting: waiting in the cyclic order
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¢ Thoa man 3 yéu cau (t.t)

while {

waiting[i] = true;

key = true;

while ( waiting[i] && key )
key = Test&Set( lock );

waiting[i] = false;

Critical Section

j=(i+1)%n;

while ((j!'=1) && ! waiting][i])
j=(j+1)%n;

if (j=1i)
lock = false;
else
waiting[i] = false;
Remainder Section
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$ Semaphore

a

a

La cong cu dong bd cung cédp bdi OS ma khéng doi hoi
busy waiting

Semaphore S |a moét bién sé nguyén, ngoai thao tac
kh&i dong bién thi chi c6 thé dudc truy xuat qua hai tac
vu c6 tinh don nguyén (atomic) va loai trt (mutual
exclusive)

— wait(S) hay con goi la P(S): gidm gia tri semaphore. N&u gia tri
nay am thi process thuyc hién Iénh wait() bi blocked.

— signal(S) hay con goi la V(S): tang gia tri semaphore. N&u gia tri
ne‘}y am, mQt process dang blocked b&i mot Iénh wait() sé dudc
héi phuc dé thuc thi.

Tranh busy waiting: khi phai dgi thi process sé dugc dat
vao mot blocked queue, trong dé chua cac process dang
chG dgi cung mét sy kién.
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:. Hién thuc Semaphore

a Binh nghia semaphore nhu moét record

typedef struct {

int value;

struct process *L; /* process queue */
} semaphore;

o Gia s’ co hai tac vu daon:

— block: tam treo process nao thuc thi Iénh nay.
— wakeup(P): hoi phuc qua trinh thuc thi ctia mot
process P dang blocked .
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ns?.. Hién thuc Semaphore (t.t)

a Cac tac vu semaphore dugc dinh nghia nhu sau
wait(S):
S.value--;
if (S.value < 0) {
add this process to S.L;

block;
}
signal(S):
S.value++;

if (S.value <= 0) {

remove a process P from S.L;
wakeup(P);

}
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*3 Hién thyc Semaphore (t.1)

0 Khi mot process phai chd trén semaphore S, né
sé bi blocked va dugc dat trong hang dgi
semaphore
— Hang dgi nay la danh sach lién két cac PCB

o Tac vu signal() thudng st dung co ché FIFO dé
chuy&n mot process tif hang dgi va dua vao
hang dgi ready

o block() va wakeup() thay déi trang thai cGa
process — do la cac system call co ban.

— Block: chuyé&n tu running sang waiting
— wakeup: chuyén tu waiting sang ready

Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -34-
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N .-
#=e Hién thyc Mutex véi Semaphore

a Dung cho n process

o Khditao S.value = 1

o Chi duy nhat mot 1
process dugc vao CS

(mutual exclusion)

o Dé cho phép k process
vao CS, khdi tao

o Shared data:
semaphore mutex;
[*initially mutex.value = 1*/

o Process Pi:
do {

wait(mutex);
critical section

S.value = k signal(mutex);
remainder section
} while (1);
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. n n N
#*s DONg bO process bang semaphore

a Hai process: P1 va P2

0 Yéu cau: lénh S1 trong
P1 can dudc thuc thi
trugc 1énh S2 trong P2

a Bbinh nghia semaphore
“synch” dung dong bd

o D& déng bd hoat dong
theo yéu cau, P1 phai
dinh nghta nhu sau:

S1;
signal(synch);

a Va P2 dinh nghia nhu sau:
wait(synch);

S2;
o Khéi dong semaphore:
synch.value= 0
Khoa Céng Nghé Théng Tin — Bai Hoc Bach Khoa Tp.HCM -36-
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-'B“ Nhan xét

o Khi S.value >=0: s& process c6 thé thuc thi wait(S)ma
khéng bi blocked = S.value

o Khi S.value<0: s6 process dang dgi trén S = [S.valuel

o Atomic va mutual exclusion: khdng dugc xay ra trudng
hgp 2 process cung dang & trong than Iénh wait(S) va
signal(S) (cung semaphore S) tai mot thdi diém (ngay ca
vGi hé thong multiprocessor)
= do db, doan ma dinh nghia cac Iénh wait(S) va
signal(S) cling chinh la viing x4y ra tranh chap (critical
section)
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“e Nhan xet (i.t)

o wait() va signal() phai thuc thi atomic va mutual
execution

o Vung tranh ché’p clia cac tac vu wait(S) va signal(S)
thong thudng rat nhé: khoang 10 Iénh.

0 Giai phap cho vung tranh chap wait(S) va signal(S):

— Uniprocessor: co thé dung co ché& c&m ngéat (dlsable
mterrupt) dé giai quyét tranh chap (trong mot khoang thdi
gian rat ngén). Phuang phap nay khéng lam viéc trén hé
thong multiprocessor.

— Multiprocessor: cé thé dung céc giai phap software (nhu
Dekker, Peterson) hodc giai phap hardware (test-and-set,
swap). Vi CS rat nhé nén chi phi cho busy waiting sé rat
thap.
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ns?. Deadlock va Starvation

0 Deadlock — hai hay nhiéu process dang ché dgi vo
han dinh mét sy kién khdng bao gid xay ra (vd: su
kién do mét trong cac process dang dgi tao ra).

o Goi S va Q la hai bién semaphore dugc khdi tao = 1

PO P1

P(S); P(Q);
P(Q); P(S);
V(S); V(Q);
v(Q) V(S);

a Starvation (indefinite blocking) c6 thé xay ra khi
chung ta bo process vao hang dgi va 1ay ra theo co
ché LIFO.
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N , .
#>s Cac loai semaphore

0 Counting semaphore: mot s6 nguyén cé gia tri
khéng han ché.

0 Binary semaphore: mot sé nguyén co gia tri nam
trong khoang [0,1]. Binary semaphore rat dé
hién thuc.

a Chung ta cé thé hién thuc counting semaphore
S bang binary semaphore.
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*3 Céc bai toan déng bd

o Bai toan Bounded-Buffer
— D liéu chia sé:
SEMAPHORE full, empty, mutex;

— Khdi tao:
full = 0;
empty = BUFFER_SIZE;
mutex = 1;

circular buffer

out | lin
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% Bounded Buffer (t.t)

PRODUCER CONSUMER
do { do {
wait(full)
nextp = new_item(); wait(mutex);
wait(empty); nextc = get_buffer_item(out);

wait(mutex);
signal(mutex);

insert_to_buffer(nextp); signal(empty);
signal(mutex); consume_item (nextc);
signal(full);
} while (1); } while (1);
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¢-3 Bai toan “Dining Philosopher”

o 5 triét gia ngoi an va suy @ N
nght f 2
0 MGi ngugi can 2 chiéc O O
~ Y o -
dia dé an
o Trén ban chicé 5 dia Fﬁ A

o Baitoan nay minh hoa su
khé khan trong viéc phan
phoi tai nguyén gilia cac
process sao cho khdng
xay ra deadlock va
starvation

oD liéu chia sé:
semaphore chopstick[5];

oKhdi dau cac bién déu la 1
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*S Bai toan “Dining Philosopher”

Triét gia thu i:
do {

wait(chopstick[i])
wait(chopstick[ (i+1) % 51])
eat
signal(chopstick[i]);
signal(chopstick[ (i+1) % 5] );
think

} while (1);
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¢-3 Bai toan “Dining Philosopher”

o Giai phap trén co6 thé gay ra deadlock

— Khi tat ca triét gia déi bung cung lic va déng thai

cam mot chi€c diia bén tay trai = deadlock
0 Mot s6 cach giai quyét deadlock

— Cho phép nhiéu nhat 4 triét gia ngoi vao cung mot ldc.

— Cho phép tri€t gia cAm diia khi c& hai chiéc diia déu
san sang (nghia la tac vu cam diia phai xay ra trong
CS)

— Tri€t gia ngdi & vi tri 1é cam diia bén trai trudc, sau do
mdi dé'rj dia bén phai, trong khi dé triét gia & vi tri
chan cam diia bén phai trudc, sau dé6 mdi dén dia
bén trai

o C6 thé xay ra trudng hdp starvation (tai sao?)
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N .., .
e Bai toan Readers-Writers

o DU liéu chia sé OReader Process
semaphore mutex=1;
semaphore wrt = 1; wait(mutex);
integer readcount =0; readcount++;
if (readcount == 1)
o Writer process ~ wait(wrt);
wait(wrt); signal(mutex);
writing is performed reading is performed
;ignal(wrt)' wait(mutex);
’ readcount--:
if (readcount == 0)
signal(wrt);
signal(mutex):
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3% Bai toan Readers-Writers (t.t)

0 mutex: bao vé bién readcount

a wrt
— Bao dam mutual exclusion doi véi cac writer
— Pudc st dung bdi reader dau tién ho&c cudi cling

vao hay ra khdi viing tranh chap.

0 Néu mot writer dang & trong CS va c6 n reader
dang dgi thi mot reader dugc xép trong hang
dgi clia wrt va n-1 reader kia trong hang dgi cla
mutex

o Khi writer thyc thi signal(wrt), ching ta c6 thé
phuc hoéi thuc thi cia mot trong cac reader dang
dgi hoac writer dang dgi = dua vao scheduler
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N . . oan o
#s Cac van dé vdi semaphore

o Semaphore cung cdp mot cdng cu manh mé dé bao
dam mutual exclusion va phdi hgp dong bod cac process

o Tuy nhién, cac tac vu wait(S) va signal(S) nam rai rac &
rat nhiéu processes = khé nédm bat dugc hiéu tng clia
cac tac vu nay. N&u khong s dung ding = ¢6 thé xay
ra tinh trang deadlock hoac starvation.

o Mot process bi “die” cé thé kéo theo cac process khac
cung sl dung bién semaphore.

signal(mutex) wait(mutex) signal(mutex)
é:.r.itical section é:.r.itical section (I:'r'itical section
\.A./;';\it(mutex) \.A./;';\it(mutex) .s.i-gnal(mutex)
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*3 Critical Region (CR)

a

]

]

Critical Region con dudc goi la conditional critical region

(CCR)

Co sé: dua trén semaphore, xay dung cau tric ngdn ngi

cap cao, thuan tién han cho ngugi lap trinh.

Mot bién chia s& vkiéu di liéu T, khai b4do nhu sau:

v:shared T

Bi€n chung v chi c¢6 thé dudc truy xuat qua phat biéu sau
region v when B do S

Cac region tham chiéu dén cling mot bién chia sé thi bi

loai tru tueng ho.

Khi mét process mudn thuc thi cac lénh trong region,

biéu thiic Boolean B dugc kiém tra. Néu B=true, 1énh S

dugc thuc thi. Néu B= false, process bi tri hoan cho dén

khi B = true va khéng c6 process nao dang § trong

region cung tham chiéu dén bién v.
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g

% CR va bai toan bounded-buffer

D liéu chia sé: Producer

struct buffer

region buffer when (count < n) {
pool[in] = nextp;

{ in=(in+1)%n;
int pool[n]; count++;
int count; }
!nt . Consumer
int out;
} region buffer when (count > 0){
nextc = pool[out];
out=(out+1) % n;
count--;
}
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u .
e Monitor

o Ciling la mot cau tric ngdon ngili cap cao (high-level
language construct) tuong tu CR, c6 chuic nang nhu
semaphore nhung dé diéu khién hon

0 Xudt hién trong nhiéu ngdn ngi lap trinh dong thdi nhu
— Concurrent Pascal, Modula-3, uC++, Java...
o Cé thé hién thuc bang semaphore (!!!)

shared data

/oo™ OO
T e

operations

initialization
code
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u .
s Monitor

0 La mét module phan mém trong dé bao gom
— M6t hodc nhiéu th tuc/ham (procedure)
— Mot doan code khdi tao (initialization code)
— Céc bién dii liéu cuc bd (local data variable)

o Pac tinh cia monitor:

— Local variable chi cé thé truy xudt bai cac thd tuc cla
monitor

— Process vao monitor bang cach goi mét trong cac thi
tuc do

— Chi cé mot process c6 thé vao monitor tai mot thoi
diém = Mutual Exclusion dudc bao dam

0 Hién thuc monitor (tham khao tai liéu)
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N n” , > .
*e Cau truc cua Monitor

monitor monitor-name

{

shared variable declarations
procedure body P1(...) {

}
procedure body P2 (...) {

}
procedure body Pn (...) {

}
{

}

initialization code

}
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:. Condition Variable

o Nham cho phép mét process dgi trong monitor, phai khai
bao bi€n diéu kién (condition variable)
condition a, b;
o Cac bién diéu kién déu cuc bd va chi dudc truy cap bén
trong monitor.
o Chi co thé truy xudt va thay déi bang hai tha tuc:
— cwait(a): process goi tac vu nay sé bi block trén bién diéu kién a
» process nay chi cé thé ti€p tuc thuc thi khi cé process khac
thuc hién tac vy csignal(a);
— csignal(a): phuc héi qua trinh thyc thi clia process bi block trén
bi€n diéu kién a.
» N&u co6 nhiéu process: chi chon mot
» N&u khéng co process: khéng cé tac dung.
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u . ] N .
#*s Monitor cé condition variable

OO

shared data entrance queue —

& Céc process c6 thé dgi &
entrance queue hoac dgi & cac
condition queue (a, b,...)

% Khi thyc hién Iénh cwait(a),
process s& dugc chuyén vao
- - condition queue a
operations % Lénh csignal(a) chuyén mot

process trong condition queue a
vao monitor

% Do do, process goi csignal(cn)
sé bij blocked va dugc dua vao
urgent queue

initialization
code
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u . . " .
s Monitor c6 condition variable
v

entrance
. .. queue
monitor waiting area entrance
{ ] l C—
L MONITOR
—>

condition c1 T | local dara |
[

| conditional variable |

cwait(cl)
Procedure 1
_> -]
condition cn T
1
cwait(cn) ? Procedure k
_> :l
urgent queue E initialization code

csignal T

exit l
| C—
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,B?__ Monitor va Dining Philosopher

type dining-philosophers = monitor

{
var state : array [0..4] of :(thinking, hungry, eating);

var self : array [0..4] of condition;

procedure pickup (i: 0..4);

begin
statel[i] := hungry;
test (i);
if state[i] # eating then self[i].wait;
end;
}
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:. Monitor va Dining Philosopher

monitor dp
{
enum {thinking, hungry, eating} state[5];
condition self[5];
void pickup(int i);
void putdown(int i);
void test(int i);
void init()
{
for (inti=0;i<5;i++)
state[i] = thinking;
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-y Dining Philosopher (t.t)

void pickup(int i) {
state[i] = hungry;
test([i];
if (state][i] != eating)

self[i].wait();

}

void putdown(int i) {
state[i] = thinking;
// test left and right neighbors
test((i+4) % 5);
test((i+1) % 5);
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:. Dining Philosopher (t.t)

void test(int i) {
if ( (state[(l + 4) % 5] |= eating) &&

(state[i] == hungry) &&

(state[(i + 1) % 5] != eating)) {
state[i] = eating;
self[i].signal();

}
}

o Trudc khi &n, mai tri€t gia phai goi ham pickup(), an

xong roi thi phai goi ham putdown()
dp.pickup(i);
/* yum..yum...yum */
dp.putdown(i);
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