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PONG BO HOA QUA TRINH
I Muc tiéu

Sau khi hoc xong chuong ndy, ngudi hoc nim dugc nhitng kién thirc sau:
Hiéu van d& viing twong truc

Hiéu co ché hoat dong hiéu bao Semaphores dé dong bo hoa qua trinh
Hiéu co ché hoat dong ctia Monitors dé dong bo hoa qué trinh

Van dung céc giai phap dé giai quyét cac bai toan dong bo hoa co ban

I Gi6i thidu

Mot qua trinh hop tic 13 mot qua trinh c6 thé gdy anh huong hay bi anh hudng t6i
qué trinh khac dang thuc thi trong hé théng. Cac qué trinh hop tac c6 thé chia sé truc
tiép khong gian dia chi ludn Iy (ma va dir liéu), hay duoc phép chia sé dit liéu thong
qua cac tap tin. Truong hop dau dat duoc théng qua viéce str dung cac qua trinh c6
trong lwong nhe hay ludng. Truy xuit ddng hanh dir liéu dugc chia sé ¢ thé dan toi
viéc khong dong nhét dir lidu. Trong chuong nay chung ta s& thao luan cac co ché
dam bao viéc thuc thi c6 tht tu ctia cac qua trinh hop tac chia sé khong gian dia chi dé
tinh ding dén cta dit liéu ludn duoge duy tri.

III Tong quan

Trong chuong trudce, ching ta phat trién mot mo hinh hé thong chua s6 lugng
qua trinh hop tac tuan tu, tit ca ching chay bat ddng bo va c6 thé chia sé dit lidu.
Chung ta hién thi mé hinh nay véi co ché viing dém c6 kich thudc gidi han, duoc dai
dién cho hé diéu hanh.

Chung ta xét gidi phap bd nhé duoc chia sé cho bai toan vung dém c6 kich
thude gidgi han. Giai phap nay cho phép co nhiéu nhat BUFFER_SIZE -1 san pham
trong vung dém tai cung thoi diém. Gia sir rang ching ta mudn hi¢u chinh giai thuat
dé giai quyét su thiéu sot nay. Mot kha nang la thém mot bién dém s6 nguyén
counter, duoc khoi tao bang 0. counter dugc tang mdi khi chung ta thém mot san
pham t&i viing dém va bi giam mdi khi ching ta 1dy mot san pham ra khoi ving dém.
Mi cho qué trinh nguoi san xudt co thé duoc hiéu chinh nhu sau:

while (1){/*tao san pham trong nextProduced*/
while (counter==—BUFFER_SIZE); /*khong lam gi ca*/
buffer[in] = nextProduced;

in =(in+1)% BUFFER SIZE;
counter++;
i
Mi cho qué trinh nguoi tiéu dung c6 thé duoc hiéu chinh nhu sau:
while (1){

while (counter == 0) ; /*khong lam gi ca*/
nextConsumed = buffer[out];
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out = (out+ 1) % BUFFER_SIZE;
counter--;
/*tiéu thu san pham trong nextConsumed™*/

Mic du ca hai thu tyc ngudi san xuét va ngudi tiéu dung thuc thi _ding khi tach
bi¢t nhau nhung chiing khong thue hién ding chire nang khi thuce thi dong hanh. Nhu
minh hoa dudi day, gia s rang gia tri cua bién counter hién tai 1 5 va thu tuc nguoi
san xudt va ngudi tiéu dung thuc thi ddng hanh cau 1énh “counter++” va “counter--".
Theo sau viéc thyc thi hai cau 1énh nay, gia tri cia bién counter c6 thé 13 4, 5 hay 6!
Két qua chi ding khi bién counter==5, dugc tao ra dung néu qua trinh nguoi san xuat
va nguoi tiéu dung thyc thi riéng biét.

Chung ta c6 thé minh hoa gié tri ciia counter c¢6 thé khong dung nhu sau. Chu ¥,
cau lénh “counter++” ¢ thé duogc cai dit bang ngdn ngir may (trén mot may dién
hinh) nhu sau:

register; = counter
register; = register; + 1
counter = register;

O day register; la mgt thanh ghi CPU cuc bg. Tuong tu, cau 1€nh “counter--"
duoc cai dat nhu sau:
register, = counter
register, = register; - 1
counter = register,

O day register, 1a thanh ghi CPU cuc bg. Du 1a register; va register, c6 thé ding
cung thanh ghi vat 1y, nhung noi dung cta thanh ghi s& duoc luu lai va lay lai boi bd
quén 1y ngit.

Thuec thi déng hanh cua “counter++” va “counter--" la tuong tu nhu thuc thi
tuan tu & day cac cau 1énh cép thép hon dugc hién dién trude bi phu lép trong thu tu
bét ky (nhung thir tu bén trong mdi ciu 1énh cap cao duoc luu giir). Mot su phu lap 1a:

To: producer thuyc thi register; = counter  {register; =5}

T): producer thyc thi register; = register; + 1 {register; = 6}
T,: consumer thuyc thi register, = counter  {register, =5}

Ts: consumer thuc thi register, = register; — 1 {register, = 4}
T4: producer thuyc thi counter = register; {counter = 6}

Ts: consumer thuc thi counter = register,  {counter = 4}

Chay rang, chung ta xem x¢ét tinh trang khong ding “counter==4" theo d6 c6 4
ving dém day, nhung thuc té khi d6 c6 5 viung dém day. Néu chung d6i nguoc lai thi
tu ctia cau 1énh T4 va Ts, chiing ta s€ c6 trang thai khong dung “counter ==6".

Chung ta di dén trang thai khong dung nay vi chung ta cho phep ca hai qua trinh
thao tac ddng thoi trén bién counter. Trudng hop tuong tu, ¢ day nhiéu qua trinh truy
xuét va thao tac cung dir licu dong hanh va két qua cua vi¢e thuc thi phu thudc vao
thir tyr xac dinh trong d6 viéc truy xuat xay ra, dugc goi 1a diéu kién canh tranh (race
condition). Dé ngin chin diéu kién canh tranh & trén, chiing ta can dam bao rang chi
mot qué trinh tai mot thoi diém c6 thé duge thao tac bién counter. Dé thuc hién viéc
dam bao nhu thé, chiing ta yéu cau mot vai hinh thirc ddng bd hoa qua trinh. Nhitng
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truong hop nhu thé xdy ra thuong xuyén trong cac hé diéu hanh khi cac phan khac
nhau ctia hé théng thao tac cac tai nguyén va chiing ta mudn cac thay dbi khong gay
trd ngai mot sy thay ddi khac. Phan chinh ctia chuong nay 1a tap trung vao van dé
ddng bo hoa va cong tac qua trinh.

IV Vian dé vung twong truc

Xét mot hé thong gom n qué trinh (Po, Py, ... Py ). M&i qué trinh ¢6 mot phan
doan ma, dugc goi la vung twong truc (critical sectlon) trong do qua trinh nay c6 thé
thay d6i nhitng bién ding chung, cép nhat mét bang, viét dén tap tin,.. Pac diém quan
trong ctia hé thong 1a & chd, khi mot qua trinh dang thyc thi trong ving tuong truc,
khong c6 qua trinh nao khac dugc phép thyc thi trong ving tuong truc ctia nd. Do do,
viéc thyc thi cua cac vung tuong truc bdi cac qua trinh 1a sy loai trir hd tuong. Van dé
vung tuong truc la thiét ké mot giao thirc ma cac qua trinh c6 thé dung dé cong tac.
Mobi qua trinh phai yéu cau quyén dé di vao vung tuong truc cia no. Ving mé thyc
hién yéu cau nay la phan di vao (entry section). Vung tuong truc co thé duoc theo
sau boi mot phan két thiic (exit section). Ma con lai 1a phin con lai (remainder
section).

do { entry section
critical section
exit section
remainder section
}
while (1);

Hinh 0-1 Céu triic chung ciia mdt qua trinh dién hinh Pi

Mot giai phap d6i véi van dé ving tuong truc phai thoa mén ba yéu ciu sau:

e Loai trir hd twong (Mutual Exclusion): Néu qua trinh P; dang thuc thi
trong vung tuong truc cua noé thi khong qué trinh nao khac dang duoc thuc
thi trong vung tuong truc do.

e Tién trinh (Progress): néu khong c6 qua trinh nao dang thyc thi trong
viing tuong truc va ¢ vai qua trinh mudn vao ving twong truc thi chi
nhiing qua trinh khong dang thuc thi phan con lai méi co the tham gia vao
viéc quyét dinh qua trinh nao s&€ di vao vung tuong truc tiép theo va chon
lra nay khong thé tri hodn v han dinh.

e Cho doi co gidi han (bounded wait): gidi han s6 1an cac qua trinh khac
dugc phép di vao mién tuong truc sau khi mot qua trinh thuc hién yéu ciu
dé di vao mién twong truc ctia né va trude khi yéu cau d6 duoc gan.

Chung ta gia st rang mdi qua trinh dang thuc thi voi tée do khac 0. Tuy nhién,
chung ta c6 thé thuc hién rang khong c6 gia thuyét nao duoc quan tim vé toc tuong
dbi cta n qua trinh.

Trong phan tiép theo chung ta nghién ctru dé nim dugc cac giai phap thoa ba.
yéu cau nay. Nhiing giai phap nay khong quan tam dén cac chi thi phan cimg hay sb
lwong bo xtr Iy ma phan cimg hd tro. Tuy nhién ching ta gia st rang nhiing chi thi
ngdn nglr may co ban (chi thi co ban nhu load, store va test) dugc thuc hién mang
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tinh nguyén tir (atomically). Nghia la, néu hai chi thi nhu thé dugc thyc thi dong hanh
thi két qua twong tu nhu thuc thi tudn tir trong thtr ty khong xac dinh. Do d6, néu chi
thi load va store duogc thuc thi dong hanh thi load s€ nhan gié tri cli hay méi nhu
khong co su két hop vira cii vira méi.

Khi trinh bay mot giai thuat, chiing ta dinh nghia chi nhiing bién duoc ding
cho muc dich déng bo va mo ta chi mot qua trinh dién hinh P; ma ciu trac cta no
duoc hién thi trong hinh V.1. Phan di vao va két thuc duoc bao trong hinh chit nhat dé
nhan manh cac doan ma quan trong.

do { while (turn!=i) ;
critical section
turn = j;
remainder section

¥

while (1);

Hinh 0-2-Ciu tric ciia qua trinh P; trong giai thuat 1

V Giai phap

Co nhicu giai phap dé thuc hién viéc loai trir hd twong. Céc gidi phap nay, tuy
thudc vao céach tiép can trong xur 1y cua qué trinh bi khoda, dugc phan biét thanh hai
16p: chod doi ban (busy waiting) va nghén va danh thuce (sleep and wakeup)

V.1 Giai phap “cho doi ban”
V.1.1 Giadi phap hai qua trinh (two-Process Solution)

Trong phan niy, ching ta gi6i han viéc quan tim t6i nhiing giai thuat co théqép
dung chi hai qua trinh cung mot lac. Nhitng qué trinh nay dugc danh s6 Py va P;. bé
thuén loi, khi trinh bay P;, chiing ta dung P; dé chi qua trinh con lai, nghialaj=1-1

.V.L1.1 Giai thuat 1

Tiép can dau tién cua chung ta la dé hai qua trinh chia sé mot bién sé nguyén
chung turn dugc khai tao bang 0 (hay 1). Néu turn == 0 thi qua trinh P; dugc phép
thue thi trong viing twong truc ctia nd. Cu tric cta qua trinh P; dugc hién thi trong
Hinh V.-2.

Giai phap ndy dam bao rang chi mot qua trinh tai mot thoi diém c6 thé ¢ trong
ving twong truc cua nd. Tuy nhién, n6 khong thoa méan yéu cau tién trinh vi né yéu
cau sy thay doi nghiém khic cua cac qua trinh trong viée thuc thi ciia ving tuong
truc. Thi dy, néu turn == 0 va P, san sang di vao ving tuong truc ciia n6 thi P; khong
thé di vao vung tuong truc tham chi khi Py dang ¢ trong phan con lai cta no.

V.1.1.2 Gidi thuit 2

Van d& voi giai thuat 1 1a no khong giir lai da thong tin vé trang thai cua m01
qua trinh; né nh¢ chi qua trinh nao dugc pheép di vao mién twong tryc. Dé giai quyét
van dé nay, chiing ta c6 thé thay thé bién turn v6i mang sau:

Boolean flag[2];
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Cac phan tir ciia mang duoc khoi tao toi flase. Néu flag[i] 1a true, gid tri nay
hién thi rang P; san sang di vao ving tuong truc. Cau triic cta qua trinh P; dugc hién
thi trong hinh V.-3 dudi day:

do{ flag[i] = true;
while (flag[j]);

critical section

flag[i] = false;

remainder section
}+ while(1);

Hinh 0-3 —Céu tric ciia qua trinh P; trong giai thuét 2

Trong giai thuat nay, qua trinh P; trude tién thiét lap flag[i] toi true, hién thi
rang no san sang di vao mién tuong tryc. Sau do, P kiém tra rang qua trinh qua trinh
Pj cing khong san sang di vao mién tuong truc cua no. Néu P; san sang thi P; s€ cho
cho to1 khi P; hién thi rang n6 khong con can & trong ving tuong truc nita (nghia 1a
cho toi khi ﬂag[]] 1a false). Tai thoi diém nay, P; s& di vao mién twong truc. Thoat ra
khoi mién twong truc, P; s& dat flag[i] 1a false, cho phép qua trinh khac (néu n6 dang
cho) di vao mién twong truc clia no.

Trong giai phap nay, yéu cau loai trir hd twong s& dugc thod méan. Tuy nhién,
yéu cau tién trinh khong duoc thoa méan. D& minh hoa van dé nay, ching ta xem xét
thir tu thuc thi sau:

To: Py thiét 1ap flag[0] = true;
T;: P, thiét lap flag[1] = true;

Bay gio Py va P; dugc 1ap mai mai trong cau 1énh while twong tmg ctia chung.

Giai thuat nay phu thudc chit yéu vao thoi gian chinh xac cua hai qua trinh. Tht
tu nay dugc phat sinh trong mdi truodng noi o nhiéu bo xtr 1y thyc thi dong hanh hay
noi mot ngat (chang han nhur mot ngat dinh thoi) xay ra lap tirc sau khi bude T, duoc
thyc thi va CPU dugce chuyen tor mot qua trinh nay t61 mot qua trinh khac.

Chu ¥ rang chuyén doi thi tu cua cac chi thi 1énh dé thiét 1ap flag[i] va kiém tra
gia tri ctia flag[j] s& khong giai quyét vin dé cuia chiing ta. Hon nira chung ta s& c¢6
mot truong hop do 1a hai qua trinh ¢ trong vung tuong truc cung mdt luc, vi pham yéu
cau loai trir hd tuong.

V.1.1.3 Giai thuat 3
Giai thuat 3 con goi 1a giai phap Peterson. Bang cach két hop hai y tudong quan
trong trong giai thuat 1 va 2, chiing ta dat dwoc mot giai phap ding toi véi van dé
ving tuong truc, & d6 hai yéu cau duoc thoa. Cac qua trinh chia sé hai bién:
Boolean flag[2]
Int turn;
Khéi tao flag[0] = flag[1] = false va gia tri ctia turn 1a khong xac dinh (hodc la
0 hay 1). Cau tric ctia qua trinh P; dugc hién thi trong hinh sau:
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do{

flag[i] = true;

turn = j;

while (flag[j] &&turn ==j);
critical section
flag[i] = false;
remainder section
}+ while (1);

Hinh 0-4 Céu tric ciia qua trinh P; trong gii thuat 3

Pé di vao mién tuong truc, _qua trinh P; trudce tién dat flagfi] 1a true sau do dat
turn toi1 gid tri j, do d6 xac dinh rang néu qua trinh khac mudn di vao mién tuwong truc
no. Neu ca hai qua trinh di vao mién tuong truc cung mot liic turn s€ dét ca hai i va
tai x4p xi cung mot thoi diém. Chi mét trong hai phép gan nay la két qua cudi cing.
Gia tri cubi cung cta turn quyét dinh qua trinh nao trong hai qua trinh duoc cho phép
di vao mién twong truc trudc.

Bay gio chung ta chimg minh rang giai phap nay la dang. Chung ta can hién thi
rang:
1) Loai trir hd twong duoc bao toan
2) Yéu cau tién trinh duoc thoa
3) Yéu cau cho doi ¢ gidi han ciing dugc thoa

Chting minh thudc tinh 1, chiing ta cht ¥ rang mdi P; di vao mién twong truc
ctia n6 chi néu flag[j] ==false hay turn ==i. Ciing chu y rang, néu c4 hai qua trinh c6
thé dang thuc thi trong vung tuong truc ctia ching tai cung thoi diém thi flag[0] ==
flag[1] ==true. Hai nhan xét ndy ngu ¥ rang Py va P; khong thé thuc thi thanh cong
trong vong lap while ciia ching tai cing mot thoi diém vi gia tri turn 6 thé 1a 0 hay 1.
Do do6, mét trong cac qua trinh-P; phai dugc thyc thi thanh cong cau 1énh while,
nguoc lai P; phai thyc thi it nhat ciu 1énh bd sung (“turn==j"). Tuy nhién, vi tai thoi
diém do, flag[j] ==true va turn ==j, va diéu kién nay s€ khong ¢ d6i véi didu kién 1a P; &
trong viing mién tuwong truc cta nd, két qua sau viéc loai trir hd twong duoc bao vé

do {
flag[i] = true;
turn = j;
while (flag[j] && turn ==);
critical section
| flag[i] = false; ‘
Remainder section
twhile (1);

Hinh 0-5-Céu triic ciia qua trinh Pi trong giai thuat 3

Dé chimg minh thudc tinh 2 va 3, chung ta chu y rang mot qué trinh P; c6 thé
dugc ngan chan tir viée di vao mién twong truc chi néu no bi ket trong vong lap while
v6i diéu kién flag[j] == true va turn ==j. Neu P; khong san sang di vao mién tuong
truc thi flag[j] == false va P; c6 thé di vao mién tuong truc ctia nd. Néu P; dat flag[j] 1a
true va n6 cling dang thuc thi trong cau 1énh while ctia n6 thi turn ==1 hay turn ==j.
Néu turn == i thi P; s& di vao mién twong truc. Néu turn ==j thi P; s€ di vao mién
tuong tryc. Tuy nhién, mot khi P; ¢ trong vung tuong tryc ctia n6 thi no s€ dat lai
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flag[j] t6i false, cho phép P; di vao mién tuwong truc ciia n6. Néu P; dat lai flag[j] toi
true, n cing phai dat turn t6i i. Do do, vi P; khong thay doi gia tri cua bién turn trong
khi thyc thi cau 1énh while, nén P; s€ di vao mién tuong truc (tién trinh) sau khi nhiéu
nhat chi P; di vao (cho co6 gioi han).

V.1.2  Giai phap nhiéu qua trinh

Giai thuat 3 giai quyét van dé mién tuwong truc cho hai qué trinh. Bay gio
ching ta phat trién mot giai thuat dé giai quyét van dé mién twong truc cho n qua
trinh. Giai thuat nay duoc goi la gidi thuat Bakery va n6 dua trén co s¢ cua giai thuat
dinh thoi thuong dugc dung trong ctra hi¢u banh mi, cra hang kem,..noi ma thir tuy rat
hdn don. Giai thuat nay dugc phat trién cho méi trudng phén tan, nhung tai thoi diém
nay ching ta tap trung chi nhitng khia canh cuia giai thuat lién quan td1 moi truong tap
trung.

Di vao mdt ctra hang, mdi khach hang nhan mét s6. Khach hang véi s6 thap
nhat dugc phuc vu tiép theo. Tuy nhién, giai thuat Bakery khong thé dam bao hai qua
trinh (khach hang) khong nhén cung s0. Trong truong hop rang budc, mot qua trinh
véi tén thap dugc phuc vu trude. Nghia 13, néu P; va Pj nhén cung mot s6 vanéu (i <
j) thi P; dugc phuc vu trude. Vi tén qua trinh 1a duy nhat va dugc xép tht tu nén giai
thuat 1a hoan toan mang tinh “may rai” (deterministic).

Céu trac dit liéu chung 1a
boolean choosing[n];
int number[n];
Pau tién, cac cu trac dit liéu nay duoc khdi tao toi false va 0 tuong ng. Pé tién
dung, chung ta dinh nghia cac ky hi¢u sau:

e (a, b)<(c,d)néua<chaynéua==cvab<d

e max(ag,...,an1) la sOk>a;voii= 0,...,n-1

Céu tric cta qué trinh P; duge dung trong giai thuat Bakery, dugc hién thi
trong hinh dudi day.

do {

choosing][i] = true;
number[i] = max(number[0], number[i],...,number[n-1]) + 1;
choosing][i] = false;
for (j=0; j <n; j++){

while (choosing[j]);

while ((number[j]!=0)&&((number] j ], j ) <(number][i], 1)));
}
Critical section

| Number[i]=0; |

} While (1);

Hinh 0-6 Ciu triic ciia giai thuat P; trong giai thuat Bakery

Két qua duoc cho nay thé hién rang loai trur hd twong duoc tuan theo. That vay,
x€t P; trong vung tuong truc cua no va Py b gang di vao Vung tuong truc Py. Khi qué
trinh Py thuc thi cdu 1énh while thir hai cho j==i, nhan thay rang

e number[i]!=0
e (number]i], 1) < (number[k], k).
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Do d6, no tiép tuc vong lap trong ciu 1énh while cho dén khi P; roi khoi ving
tuong truc P;.

Giai thuat trén dam bao rang yéu cau vé tién trinh, chd doi c6 gidi han va dam
bao s cong bang, vi cac qua trinh di vao mién twong truc dua trén co so t6i trude
dugc phuc vu trude.

V.1.3 Phin cirng dong b hoa

Nhu céc khia canh khac cia phan mém, cac ddc diém phan cimg c6 thé lam
cac tac vu lap trinh d& hon va cai tién tinh hiéu qué cta hé thong. Trong phan nay,
ching ta trinh bay mot s chi thi phan ctimg don gian sin dung trén nhiéu hé thong va
trinh bay cach chiing dugc dung hiéu qua trong viéc giai quyét van dé mién twong
truc.

boolean TestAndSet( boolean &target){
boolean rv = target;
target = true;
return rv;

}

Hinh 0-7 Dinh nghia cua chi thi TestAndSet

Van d& mién tuong truc c6 thé duoc giai quyét don gian trong méi truong chi
c6 mot bo xtr Iy néu ching ta cAm cac ngit xay ra khi mot bién chia sé dang duoc thay
d6i. Trong cach nay, chung ta dam bao rang chudi chi thi hién hanh c6 thé dugc cho
phép thyc thi trong thir tw khong trung dung. Khéng c6 chi thi nao khac co thé chay vi
thé khong c6 bit ctr sy thay ddi nao c6 thé dugc thuc hién trén cac bién duoc chia sé.

Tuy nhién, giai phap nay la khong kha thi trong mot moi trudng cd nhiéu bd
xur ly. VO hi¢u hoa cac ngat trén da bo xur 1y co the mat nhiéu thoi gian khi mot thong
diép muon truyén qua tat ca bo xir 1y. Viéc truyen thong di€p nay bi tri hoan khi di
vao mién twong tryc va tinh hiéu qua cua h¢ thong bi giam.

Do d6 nhiéu méay cung cép cac chi thi phan cting cho phép chung ta kiém tra
hay thay doi ndi dung ctia mét tir (word) hay dé thay d6i noi dung cua hai tir tudn theo
tinh nguyén tir (atomically)-nhu la mét don vi khong thé ngit. Ching ta c6 thé sir
dung céc chi thi dic biét nay dé giai quyét van dé mién tuong truc trong mot cach
tuong ddi don gian.

Chi thj TestAndSet c6 thé dugc dinh nghia nhu trong hinh V.-7. Dac diém
quan trong ctia chi thi ndy 14 viéc thuc thi c6 tinh nguyén tir. Do d6, néu hai chi thi
TestAndSet dugc thuc thi cung mot lac (mdi chi thi trén mot CPU khac nhau), thi
chung s& duogc thyc thi tudn tu trong thir ty bat ky.

do{
| while (TestAndSet(lock)); |
Critical section
| lock:= false |
remainder section
} while (1);

Hinh 0-8: Cai diit loai trir hd twong véi TestAndSet
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Néu mot may hd tro chi thi TestAndSet thi chung ta cé thé loai trir hd tuong
bang cach khai bao mot bién khoa kiéu ludn 1y va duoc khéi tao toi false. Cau trac
cua qué trinh P; dugc hién thi trong hinh V.-9 & trén.

Chi thi Swap dugc dinh nhu hinh V.-9 dudi day, thao tac trén ndi dung cua hai
tir; nhu chi thi TestAndSet, né dugc thuc thi theo tinh nguyén tur.

void Swap(boolean &a, boolean &b){
boolean temp = a;
a=Db;
b = temp;

Hinh 0-9: Dinh nghia chi thi Swap

Néu mot may hd tro chi thi Swap, thi viéc loai trir hd twong c6 thé dugc cung
cép nhu sau. Mot bién luan 1y toan cuc lock dugc khai bao va dugc khoi tao toi false.
Ngoai ra, mdi qué trinh cling c6 mot bién luan 1y cuc bo key. Ciu triic ctia qua trinh P;
duogc hién thi trong hinh V.-10 duéi day.

do{
key = true;
while (key == true) Swap(lock, key);
Critical section
| lock = false; ‘
Remainder section
} while(1);

Hinh 0-10: Cai d:t loai trir hd twong véi chi thi Swap

Céc giai thuat nay khong thoa man yéu cau chd doi c6 gigi han. Ching ta hién
thi gidi thuat su dung chi thi TestAndSet trong hinh V.-11 dudi day. Gidi thuat nay
thoa man tat ca cac yéu cau mién tuong truc.

do{

Waiting][i] = true;

key = true;

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

waiting[i] = false;

Critical section

i=G+1)%n;

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

if j==1)

lock = false;

else

waiting[j] = false;
Remainder section

} while(1);

Hinh 0-11 Loai trir hd twong cho doi c6 gidi han voi TestAndSet
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Chu truc dir liéu thong thuong l1a:
boolean waiting[n];
boolean lock;

CAu trac dit lidu nay dugc khoi tao téi false. pé ching minh réng loai trir hd
tuong duogc thoa, chung ta cha ¥ rang qua trinh P; c6 thé dua vao mién twong truc chi
néu hoac waiting[i] ==false hay key == false. Gia tri cua key co thé tr¢ thanh false chi
néu TestAndSet dugc thuc thi. Dbi voi qué trinh dau tién, dé thuc thi TestAndSet s&
tim key == false; tat ca qua trinh khac phai chd. Bién waiting[i] c6 thé tro thanh false
chi néu qua trinh khac roi1 khéi mién tuong truc cua no; chi mot waiting[i] dugc dat
false, duy tri yéu cau loai trir hd twong.

Pé chimg minh yéu cau tién trinh duoc thod, ching ta chu ¥ rang cac ddi sb
dugc hién dién cho viée loai trur hd tuong ciing ap dung dugc ¢ day, vi thé mot qua
trinh thoat khoi mién tuong truc hodc dat lock bang false hay dat waiting][j] bang
false. Ca hai truong hop déu cho phép mot qua trinh dang cho dé di vao mién tuong
truc duogc xtur ly.

Dé ching minh yéu cau cho doi duoc gisi han dugce thoa, ching ta chu ¥ rang
khi mdt qua trinh rdi mién twong truc ciia nd, nd duyét qua mang waiting trong thu tu
tuAnhoan i+ 1,i+2,...,n—1,0, ..., i- 1). N6 dinh 1& qua trinh dau tién trong thir
tur ndy ma tht tu d6 ¢ trong phan di vao (waiting[j] == true) khi qua trinh tiép theo di
vao mién tuong truc. Bat cir qué trinh nao dang chd dé di vao mién tuong truc s& thuc
hién n — 1 1an. Tuy nhién, ddi v&i ngudi thiét ké phan ctmg, cai dit cac chi thi nguyén
tr TestAndSet trén b da xur 1y khong 1a tac vu thir nghiém.

Nhirng giai phap trén déu phai thuc hién mot vong lap dé kiém tra lidu nd co
dugc phép vao mién tuong tryc hay khong. Néu diéu kién chua thoa, qua trinh phai
cho tiép tuc trong vong lap kiém tra nay. Cac giai phap budc qua trinh phai lién tuc
kiém tra diéu kién dé phat hién thoi diém thich hop duoc vao mién tuong tryc nhu thé
duogc goi la cac gidi phdp cho dgi bdn “busy waiting”. Luu y, viéc klem tra nhu thé
tiéu thu rat nhidu thoi gian st dung CPU, do véy qua trinh dang cho van chiém dung
CPU. Xu hudng giai quyét vin dé dong bo hoa 1a nén tranh cic giai phap chd doi ban.

V.2 Cac gidi phap “SLEEP and WAKEUP”

Dé loai bo céc bét tién cia ciia giai phap cho doi ban, ching ta co thé tiép can
theo hudng cho mot qua trinh chwa du diéu kién vao mién tuong truc chuyen sang
trang thai nghén, tir bo quyén sir dung CPU. Dé thyc hién didu nay, can phai sir dung
cac thi tuc do hé diéu hanh cung cép dé thay ddi trang thai qua trinh. Hai thu tuc co
ban SLEEP va WAKEUP thuong dugc st dung cho muc dich nay.

SLEEP 1a mét 101 goi hé thng c6 tac dung lam “nghén” (blocked) hoat dong
cua qué trinh goi no6 va cho dén khi duoc mot tién trinh khac “ddnh thire”. Loi goi h¢
théng WAKEUP nhan mot tham sd duy nhat: qué trinh s€ duoc kich hoat trd lai (dat
ve trang thai san sang).

Y tuong st dung SLEEP va WAKEUP nhu sau: khi mét qua trinh chua du
diéu kién vao mién tuong truc, né goi SLEEP dé ty khoa dén khi c6 mot qua trinh
khac goi WAKEUP dé giai phong né. Mot qua trinh goi WAKEUP khi ra khoi mién
twong truc dé danh thirc mot qua trinh dang chd, tao co hoi cho qua trinh nay vao
mién tuwong truc.

int busy; //1néu mién tuong truc dang bi chiém
int blocked; // dém so lugng qua trinh dang bi khoa
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do{

if (busy) {
blocked = blocked + 1;
sleep();

}

else busy=1;

twhile (1);

Critical section

busy =0;

if (blocked){
wakeup(process);
blocked = blocked -1;

}

Remainder section
Hinh 0-12 Cau tric chwong trinh trong gidi phap SLEEP and
WAKEUP

Khi sir dung SLEEP va WAKEUP can hét stc can than, néu khéng mudn xay
ra tinh trang mau thuan truy xuat trong mot vai tinh huéng nhu sau: gia st qua trinh A
vao mién tuong truc, va trude khi né rdi mién twong truc thi qua trinh B duoc kich
hoat. Qua trinh B thir vao mién tuong truc nhung né nhan thdy A dang & trong d6, do
vay B ting gia tri bién blocked 1én 1 va chuan bi goi SLEEP d¢ tu nghén. Tuy nhién,
trude khi B ¢6 thé thuc hién SLEEP, qua trinh A duogc kich hoat tr¢ lai va ra khoi
mién tuong truc. Khi ra khoi mién tuong truc, qua trinh A nhan thiy c6 mot qua trinh
dang cho (blocked=1) nén goi WAKEUP va giam gié tri blocked xubng 1. Khi d6 tin
hiéu WAKEUP s& lac mat do qué trinh B chua that sy “ngt” dé nhan tin hiéu danh
thirc! Khi qué trinh B duoc tiép tuc xir 1y, nd méi goi SLEEP va tu nghén vinh vién!

Vén dé ghi nhan duoc 14 tinh trang 16i ndy xay ra do viéc kiém tra trang thai
mién tuong truc va viéc goi SLEEP hay WAKEUP la nhitng hanh dong tach biét, co6
thé bi ngat nira ching trong qué trinh xtr 1y, do d6 ¢6 khi tin hiéu WAKEUP goi dén
mot qué trinh chua bi nghén s€ lac mét. Dé tranh nhitng tinh huéng tuong tu, hé diéu
hanh cung cip nhitng co ché dong bd hoa dua trén ¥ tudng cua chién lugc “SLEEP
and WAKEUP” nhung chua dugc xay dung bao gdm ca phuong tién kiém tra diéu
kién vao mién tuwong truc gitp sir dung an toan.

V.2.1 Semaphore

Tiép can Semaphore dugc. Dijkstra dé xuit vao nim 1965. Mot semaphore S
1a mot bién sé nguyén (integer) duoc truy xuat chi théng qua hai thao tac nguyén tir:
wait va signal. Cac thao tac ndy duoc dit tén P (cho wait - chd dé kiém tra) va V (cho
signal- bao hiéu dé tang). Pinh nghia co ban cta wait trong ma gia 1a:

wait(S){
while (S<0)
;//mo-op
S--;
}
DPinh nghia co ban cua signal trong ma gia la
signal(S){
S++;
}
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Nhing sira d6i dbi véi gia tri integer ctia semaphore trong cac thao tac wait va
signal phai dugc thuc thi khong bi phan chia. Nghia la khi mot qua trinh sira dbi gia
tri semaphore, khong c6 qua trinh nao ciing mét luc c6 thé sira doi cung bién
semaphore d6. Ngoai ra, trong truong hop cta bién wait(S), kiém tra gia trj integer
ctia S (S < 0) va stra doi c6 thé ctia n6 (S--) ciing phai dugc thuc thi ma khong bi ngit.

.V.2.1.1 Cich dung

Chung ta c6 thé st dung semaphores dé giai quyét vn dé mlen tuong truc voi
n qua trinh. N qué trinh chia sé mét bién semaphore, mutex (viét tat tir mutual
exclusion) dugc khoi tao 1. Mdi qua trinh P; dugc td chirc nhu duge hién thi trong
hinh dudi day.

do{
| wait(mutex) |
critical section
\ Signal(mutex) \
remainder section
twhile(1);

Hinh 0-13 Cai dit loai trir hd twong véi semaphores

Chung ta ciing sir dung semaphores dé giai quyét cac van dé dong bo khac
nhau. Thi du, dé xem xét hai qué trinh dang thuc thi déng hanh: P; véi cau 1énh S; va
P, v&i cu 1énh S,. Gia sir chung ta yéu cau rang S, duoc thyc thi chi sau khi S; hoan
thanh. Chiing ta ¢ thé hoan thanh co ché nay mét cach d& dang bang cach P, va P,
chia s¢ mot semaphore chung synch, duoc khoi tao 0 va bang cach chén cac cau 1énh:

Si;

signal(sync);
vao qua trinh Py va cac cau 1€nh:

wait(synch);

Sa;
vao trong qua trinh P,. Vi synch dugc khoi tao 0. P, sé thuc thi S, chi sau khi P nap
signal(synch) ma sau do 1a Sy;

V.2.1.2 Cai dat

Nhuoc diém chinh cua cac giai phap loai trir hd twong trong phan V.-5.1 va
ctia semaphore dugc cho & day 1a tat ca chiing déu doi hoi sy chd doi ban.Dé giai
quyét yéu cau cho viée cho doi ban, chung ta c6 thé hiéu chinh dinh nghia cia cac
thao tac wait va signal cua semaphore. Khi mot qua trinh thyc thi thao tac wait va
nhan thay rang néu gi tri ctia semaphore khong duwong, né phai chd. Tuy nhién, thay
vi cho doi ban, qua trinh ¢6 thé nghén chinh né. Thao tac nghén dit qua trinh vao mot
hang doi gén lién véi semaphore va trang thai qua trinh dugc chuyén tdi trang thai
cho. Sau d6, diéu khién dugc chuyén téi bo dinh thoi biéu va bo dinh thoi biéu chon
mot qué trinh khac dé thuc thi.

Mot qua trinh bi nghén cho trén bién semaphore nén duoc khoi dong lai khi
qua trinh khac thyc thi thao tac signal. Qua trinh duge khoi dong lai boi thao tac
wakeup va chuyén qua trinh tir trang thai cho sang trang thai san sang. Sau do, qua
trinh nay dugc dat vao hang doi san sang. (CPU co thé hay khong thé duge chuyén tir
qua trinh dang chay t6i qua trinh san sang méi nhat phu thudc vao giai thuat dinh thoi
biéu CPU).
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Dé cai dat semaphore dudi dinh nghia nay, ching ta dinh nghia mét

semaphore nhu mét cau tric duoc viét bang C nhu sau:
typedef struct{
int value;
struct process *L;
} semaphore;

M&i semaphore c6 mot s6 integer value va mot danh sach cac qua trinh L. Khi
mot qua trinh phai cho trén mot semaphore, n6 dugc thém vao danh sach cac qua trinh
L. Mot thao tac signal xoa mdt qua trinh ra khoi danh séch cac qué trinh dang cho va
danh thtrc qua trinh do.

Thao tac semaphore wait bay gio dugc dinh nghia nhu sau:

void wait(semaphore S){
S.value--;
If (S.value < 0){
Thém qua trinh nay téi danh sach cac qua trinh S.L;
block();
}
}

Thao tac semaphore signal bay gio c6 thé duoc dinh nghia nhu sau:
void signal(semaphore S){
S.value++;
if(S.value <= 0){
x04 mot qua trinh ra khoi hang doi S.L;
wakeup(P);
}

}
Thao tac block() tam dirng qué trinh goi thao tac d6. Thao tac wakeup(P) tiep

tuc thyc thi qua trinh bi nghén P. Hai thao tac nay dugc cung cip bdi hé diéu hanh
nhu nhitng 101 goi hé thdng co ban.

Chu ¥ rang, mic du dudi sy dinh nghia kinh dién cta semaphores véi sy chd
doi ban la gia tri semaphore khong bao gio am. Cai dat nay co thé co gia tri
semaphore am. Néu gia tri semaphore am thi tinh cht trong yéu ctia n6 1a s6 luong
qué trinh cho trén semaphore d6. Sy that nay 1a két qua ciia viée chuyén thir ty cua
viéc giam va kiém tra trong viéc cai dit thao tac wait. Danh sach cac qua trinh dang
chd ¢6 thé dugce cai dat dé dang bai mot trudng lién két trong mbi khéi diéu khién qua
trinh (PCB). Mdi cach thém va xo04 cdc qua trinh tir danh sach, ddm bao viéc cho doi
c6 gi6i han sé str dung hang doi FIFO, & d6 semaphore chtra hai con tré dau (head) va
duoi (tail) chi t6i hang doi. Tuy nhién, danh sach c6 thé dung bat ctr chién luoc hang
doi nao. Sir dung diing semaphores khong phu thudc vao chién luge hang doi cho
danh sach semaphore.

Khia canh quyét dinh ctia semaphores 1a chung dugc thuc thi theo tinh nguyén
tir. Chung ta phai dam bao rang khong c6 hai qua trinh c6 thé thuc thi cac thao tac
wait va signal trén cting mot semaphore tai cting mot thoi diém. Trudng hop nay 1a
van dé ving tuong truc va cé thé giai quyét bang mot trong hai cach.

Trong moi truong don xu ly (nghia la chi c6 mot CPU ton tai), don gian 14 chiing ta
c6 thé ngan chin cac ngit trong thoi gian cac thao tac wait va signal xay ra. Co ché
nay lam viéc trong mdt moi truong don xir Iy vi mot khi ngat bi ngan chdn, c4c chi thi
tir cac qua trinh khac khong thé duoc chen vao. Chi qua trinh dang chay hién tai thuc
thi cho t6i khi cac ngit duoc cho phép sir dung trd lai va bo dinh thoi c6 thé thu hoi
quyén diéu khién.
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Trong moi truong da xu 1y, ngan chan ngét khong thé thuc hién duoc. Céc chi
thi tir cac qua trinh khac nhau (chay trén cac bd xtr Iy khac nhau) c6 thé dugc chen
vao trong cach bat ky. Néu phan cling khong cung cip bét cir cac chi thi dic biét nio,
ching ta c6 thé tan dung cac giai phap phan cing phu hop cho van dé ving tuong truc
(phan V. -4), 6 d6 cac vung tuong truc chira ca thu tuc wait va signal.

Vén dé quan trong 13 chiing ta khong xo04 hoan toan chd doi ban, v6i dinh
nghia nay cho cac thao tac wait va signal. Di nhién la ching ta xoé cho dgi ban tu
viéc di vao ving twong truc ctia chuong trinh tng dung. Ngoai ra, chung ta han ché
viéc chd doi ban chi cic mién tuong truc v6i thao tic wait va signal va cac ving niy
1a ngdn (néu duoc ma hop 1y, ching nén khong qua 10 chi thi). Do d6, mién twong
truc hiu nhu khong bao gio bi chiém va su cho doi ban rat hiém khi xay ra va sau do
chi cho thoi gian ngan. Mot trudng hop hoan toan khac xay ra voi nhitng chuong trinh
mg dung c6 mién tuwong truc dai (vai phat hay tham chi vai gid) hay c6 thé hdu nhu
ludn bi chiém. Trong trudng hop ndy, chd doi ban 1a cuc ky kém hiéu qua.

.\V.2.1.3 Su khoa chét (deadlocks) va déi tai nguyén

Cai dat semaphore voi mot hang doi c6 thé dan dén truong hop hai hay nhiéu
qua trinh dang chd khong han dinh mét sy kién ma c6 thé dugc gay ra chi boi mot
trong nhitng qua trinh dang cho. Su kién dat ra 1a sy thuc thi cia thao tac signal. Khi
mat trang thai nhu thé xdy ra, nhiing qua trinh nay dugc néi 1a bi khoa chét.

Dé hién thi diéu nay, chung ta xét mot h¢ théng chtra hai qua trinh Py va Py,
mdi truy xudt hai semaphore, S va Q, duoc dit gia tr 1.

P() P1
wait(S); wait(Q);
wait(Q); wait(S);
.signal(S); .signal(Q);
Signal(Q); signal(S);

Gia st rang Py thuc thi wait(S) va sau d6 P; thuc thi wait(Q). Khi P thuc thi
wait(Q), nd phai chd cho dén khi P, thyc thi signal(Q). Tuong ty, khi P; thyc thi
wait(S), n6 phai cho cho tdi khi Py thuce thi signal(S). Vi céc thao tac signal nay khong
thé dugc thyc thi nén Py va P; bi khod chét.

Chung ta n6i rang mot tp hop cac qua trinh trong trang thai khoa chét khi moi
qué trinh trong tap hop dang chd mot sy kién dugc gay ra chi bo1 mot qua trinh khac
trong tap hop. Nhiing su kién ma chiing ta quan tim chil yéu ¢ day 1a viéc chiém tai
nguyén va giai phong tai nguyén. Tuy nhién, cac loai sy kién khac cting c6 thé dan
dén viéc khoa chét. Chiing ta s& xem trong chuong VI. Trong chuong do, ching ta s&
mo ta cac co che khac nhau dé giai quyét van dé khoa chét.

Mot van dé khod chét lién quan téi khoa chét 1a nghén hay déi tai nguyén
khong han dinh (indefinite blocking or starvation), ¢ d6 cac qua trinh cho doi khong
han dinh trong semaphore. Ngh&n khong han dinh c6 thé x4y ra néu chung ta thém
vao va ly ra cac qua trinh tir danh sach duoc ndi két voi mot semaphore trong thir tu
vao sau ra truoc (LIFO).
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.V.2.1.4 Semaphore nhj phan

Xay dung semaphore dugc mé ta trong phan trudc dugc goi 1a semaphore
dém (counting semaphore) vi gia tri nguyén c6 thé tri dai mot pham vi khong giéi
han. Mot semaphore nhi phan (binary semaphore) 1a mot semaphore voi mot gia tri
nguyén ma trai dai tir 0 va 1. Semaphore nhi phan c6 thé don gian hon trong cai dat so
v6i semaphore dém va phu thudc vao kién trac phan cimg ndm bén duéi. Chung s&
hién thi cach mot semaphore dém co6 thé duoc cai dat st dung semaphore nhi phan
duéi day:

Gia str S 12 mot semaphore dém. Dé cai dit no trong dang semaphore nhi phan
chung ta cin cac cau trac dit liéu nhu sau:

Binary-semaphore S1, S2;
int C;

Khéi tao ST =1, S2 =0 va gia tri nguyén C dugc dat téi gia tri khdi tao cua
semaphore dém S.

Thao tac wait trén semaphore dém S c6 thé duogc cai dat nhu sau:

wait(S);
C--;
If (C<0) {
signal(S1);
wait(S2);
}
signal(S1);
Thao tac signal trén semaphore dém S c6 thé duoc cai dat nhu sau:

wait(S1);
C++;
if (C<=0)
signal(S2);
else
signal(S1);

V.2.2 Monitors

Dé co thé dé viét dung céc chuong trinh ddng bod hod hon, Hoare (1974) va
Brinch & Hansen (1975) dé nghi mét co ché dong bo hod cap cao hon duge cung cap
bdi ngon ngir 1ap trinh 1a monitor. Mot monitor dugc md ta boi mot tdp hop cia cac
toan tir dwoc dinh nghia bai nguoi 1ap trinh. Biéu dién kiéu ctia mot monitor bao gdm
viéc khai béo cac bién ma gia tri ctia n6 xac dinh trang thai cia mot thé hién kiéu,
ciing nhu than ctia thi tuc hay ham ma cai dat cac thao téc trén kiéu d6. Cta phap cua
monitor dugc hién thi trong hinh duéi day:

Monitor <tén monitor>

{

khai bao cac bién duoc chia sé
procedure P1 (...){

procedure P2 (...){
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procedure Pn (...){

{

ma khéi tao
}
}

Hinh 0-14 C1a phap ciia monitor

Biéu dién kiéu monitor khong thé duoc dung truc tiép boi cac qua trinh khac
nhau. Do d6, mét thi tuc duoc dinh nghia bén trong mot monitor chi ¢ thé truy xuat
nhiing bién duogc khai bao cuc bd bén trong monitor d6 va cac tham s6 chinh thirc cua
n6. Tuong ty, nhitng bién cuc bd ctia monitor ¢6 thé duoc truy xuét chi boi nhimg thu
tuc cuc bo.

Xay dyng monitor dam bao rang chi mot qué trinh tai mot thoi diém co thé
duogc kich hoat trong monitor. Do d6, nguoi 1ap trinh khong can viét ma rang budc
dong bd hod nhu hinh V-15 dudi day:

entry queue

shared data

18

operations

initialization
code

Hinh 0-15 Hinh anh dwéi dang biéu dd ciia monitor

Tuy nhién, xay dyng monitor nhu dugc dinh nghia la khéng du manh dé mo
hinh ho4 céc co ché déng bd. Cho muyc dich nay, chung ta can dinh nghia cac co ché
dong bo hoa bo sung. ‘Nhiing co ché nay duoc cung cap boi construct condition.
Nguoi 1ap trinh c6 thé dinh nghia mot hay nhiéu bién cua kiéu condition:

condition X, y;

Chi nhitng thao tac c6 thé goi 1én trén cac bién didu kién 13 wait va signal.
Thao tac
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x.wait();
c6 nghia 1a qua trinh goi trén thao tac nay dugc tam dimg cho dén khi qué trinh khac
goi

x.signal();
thao tac x.signal() thuc thi tiép mot cach chinh xac mot qué trinh tam dimg. Néu
khong c6 qua trinh tam dung thi thao tac signal khong bi anh hudng gi c4; nghia la
trang thai x nhu thé thao tac chua bao gi0 duoc thyc thi (nhu hinh V.-16). Nguoc lai,
vo1 thao tac signal dugc gan cung vdi semaphores ludn anh hudng to1 trang thai cua
semaphore.

Bay gio gia st rang, khi thao tac x.signal() dugc goi boi mot qua trinh P thi co
mot qua trinh Q gan voi bién diéu kién x bi tam dimg. RS rang, néu qua trinh Q duoc
phép thuc thi tiép thi qua trinh P phai dimg. Néu khong thi ca hai qua trinh P va Q
hoat dong cung mot luc trong monitor. Tuy nhién, vé khai niém hai qua trinh c6 thé
tiép tuc viéc thuc thi ctua chiing. Hai kha ning c6 thé xay ra:

P cho cho dén khi Q roi khoi monitor hodc chd diéu kién khac.

Q cho cho dén khi P roi monitor hodc chd diéu kién khac.

entry queue

shared data

B BB
y —={3+3=

~
operations

initialization
code

Hinh 0-16 Monitor véi cac bién diéu kién

queues associated with {
x, y conditions

C6 céc luan ctr hop 1y trong viée chdp nhan kha ning 1 hay 2. Vi P da thyc thi
trong monitor rdi, nén chon kha niang 2 c6 vé hop 1y hon. Tuy nhién, néu ching ta cho
phép qua trinh P tiép tuc, bién diéu kién “ludn 1> ma Q dang cho ¢ thé khong con
quan 1y thoi gian Q dugc tiép tuc. Chon kha ning 1 dugc tan thanh bai Hoare vi tham
s6 dau tién ctia n6 chuyén truc tiép t6i cac qui tic ching minh don gian hon. Thoa
hiép giita hai kha ning nay duoc chap nhan trong ngdn ngir dong hanh C. Khi qua
trinh P thyc thi thao tac signal thi qua trinh Q lap ttrc duoc tiép tuc. M6 hinh nay
khong manh hon mé hinh ctia Hoare vi mét qua trinh khong thé bao hiéu nhiéu lan
trong mot 161 goi thu tuc don.

Bay gio chung ta xem xét cai dit co ché monitor ding semaphores. Déi véi
mdi monitor, mot bién semaphore mutex (dugc khoi tao 1) duge cung cép. Mot qua
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trinh phai thuc thi wait(mutex) trudce khi di vao monitor va phai thuce thi
signal(mutex) sau khi ro1 monitor.

Vi qua trinh dang béo hiéu phai cho cho dén khi qua trinh duoc bit dau lai roi
hay cho, mot bién semaphore bd sung next duogc gidi thiéu, duge khoi tao 0 trén qua
trinh bao hi¢u co6 thé tu tam ding. Mot bién sé nguyén next count cling s€ dugc cung
cap dé dém sd luong qua trinh bi tam ding trén next. Do d6, mdi tha tuc bén ngoai F
s& duoc thay thé boi

wait(mutex);

than cua F
if (next_count > 0)
signal(next);
else
signal(mutex);
Loai trir hd tuong trong monitor duge dam béo.
Bay gio chung ta mé ta cac bién diéu kién duogc cai dat nhu thé nao. Déi véi
mdi bién diéu kién x, chiing ta gioi thidu mot bién semaphore x_sem va bién sd
nguyén x_count, ca hai dugc khdi tao téi 0. Thao tac x.wait c6 thé duoc cai dat nhu
sau:

X_count++;
if ( next_count > 0)
signal(next);
else
signal(mutex);
wait(x_sem);
X _count--;

Thao tac x.signal() co thé duoc cai dit nhu sau:

if (x_count > 0){
next count++;
signal(x_sem);
wait(next);
next count--;

}

Cai dat nay c6 thé ap dung dé dinh nghia ctiia monitor dugc cho boi ca hai
Hoare va Brinch Hansen Tuy nhlen trong mat ) tru(yng hop tinh tong quat cua viéc
cai dat 1a khong can thiét va yéu cau c6 mot cai tién hiéu qua hon.

Bay gi¢ chung ta s€ tr¢ lai chu dé thu ty bat dau lai ca qua trinh trong
monitor. Néu nhiéu qua trinh bi tri hodn trén bién diéu kién x va thao tac x.signal
duogc thuc thi bdi mot vai qua trinh thi thi tu cadc qua trinh bi tri hoan dugc thyc thi
tro lai nhu thé nao? Mot giai phap don gian la dung thir tw FCFS vi thé qua trinh cho
lau nhét s& dugc thyc thi tiép trude. Tuy nhién, trong nhiéu truong hop, co ché dinh
thoi biéu nhu thé 1a khong di. Cho muc dich nay ciu tric conditional-wait c6 thé
dugc dung; n6 c6 dang

x.wait(c);
& day ¢ 1a mot biéu thuc sé nguyén dugc dinh gia khi thao tac wait duoc thuc thi. Gia
tri ¢, duogc goi la sé wu tién, duge luu véi tén qué trinh dugc tam dung. Khi x.signal
duogc thyc thi, qua trinh v6i s6 vu tién nho nhét duoc thyc thi tiép.
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D¢ hién thi co ché moi nay, chiing ta xem xét monitor dugc hién thi nhu hinh
duoi day, diéu khién viéc cap phat cua mot tai nguyén don gitra cac qua trinh canh
tranh. Mdi qué trinh khi yéu cau cap phat tai nguyén cua nd, xac dinh thoi gian t6i da
n6 hoach dinh de st dung tai nguyén. Monitor cap phat tai nguyén té1 qua trinh c6 yéu
cau thoi gian cp phat ngan nhat.

Monitor ResourceAllocation

{
boolean busy;
condition X;
void acquire(int time){
if (busy) X.wait(time);
busy = true;
}
void release(){
busy = false;
x.signal();
b
void init(){
busy = false;
b
}

Hinh 0-17 M{t monitor cAp phat téi mot tai nguyén

Mot qua trinh cin truy xudt tai nguyén phai cht y th tu sau:
R.acquire(t);

truy xudt tai nguyén

R.release();
& day R 1a thé hién cua kiéu ResourceAllocation.
Tuy nhién, khai niém monitor khéng dam bao rang cac th tu truy xuét trudc sé
duoc chu y. Bac biét,
e Mot qué trinh c6 thé truy xudt tai nguyén ma khong dat duoc quyén truy xuét
trude do.
e Mot qua trinh s€ khong bao gid giai phong tai nguyén mot khi n6 duoc gan
truy xuét t6i tai nguyén do.
e MOt qua trinh c6 thé ¢d ging giai phong tai nguyén ma nd khong bao gid yéu
cau.
e MOt qua trinh c6 thé yéu ciu cing tai nguyén hai lan (khéng giai phong tai
nguyén do6 trong lan dau)

Viéc st dung monitor ciing gap cung nhirng kho khan nhu xay dung mién tuong
truc. Trong phan trude, ching ta lo lang vé viéc str dung dung semaphore. Bay gio,
chuing ta lo ling vé viéc str dung diing céc thao tac duoc dinh nghia ctia ngudi lap
trinh cdp cao ma céc trinh bién dich khong con hd trg ching ta.
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Mot giai phap c6 thé ddi voi van dé trén 14 chira cac thao tac truy Xuét tai nguyén
trong monitor ResourceAllocation. Tuy nhién, giai phap nay s& dan den viéc dinh thoi
duogc thuc hién dya theo giai thuat dinh thoi monitor duge xay dung san hon la dugc
viét boi ngudi lap trinh.

Dé dam bao rang cac qua trinh chii § dén thir ty hop 1y, ching ta phai xem xét k§
tat ca chuong trinh thuc hién viéc ding monitor ResourceAllocation va nhiing tai
nguyén dugc quan ly cua chung. Co hai diéu kién ma chung ta phai kiém tra dé thiét
1ap tinh dung din cua hé thong. Pau tién, cac qua trinh ngudi dung phai ludn ludn
thye hién cac 101 goi cua chiing trén monitor trong thir ty ding. Thir hai, chung ta phai
dam bao rang mot qua trinh khong hop tac khong don gian bo qua cong (gateway)
loai trir hd twong dugc cung cap boi monitor va co ging truy xudt truc tiép tai nguyén
duogc chia sé ma khong str dung giao thirc truy xuat. Chi néu hai diéu kién nay c6 thé
dugc dam bao c6 thé ching ta dam bao rang khong c6 16i rang budc thoi gian nao xay
ra va giai thuat dinh thoi s& khong bi thét bai.

Mic dii viéc xem xét ndy ¢ thé cho hé théng nho, tinh nhung né khéng phu hop
cho mot hé thong 16n hay dong. Van dé kiém soét truy xuat c6 thé duoc giai quyét chi
bai mot co ché bo sung khac.

VI Cac bai toan dong b hoa nguyén thuy

Trong phan nay, ching ta trinh bay mot s6 bai toan dong bd hoa nhu nhiing thi
du vé sy phén cap 16n cac van dé didu khién dong hanh. Cac van dé nay duoc ding
cho viéc kiém tra moi co ché dong bd hoa dugc dé nghi gan day. Semaphore duoc
ding cho viéc dong bod hod trong céac giai phap dudi day.

VI.1 Bai toin ngudi san xuat-nguoi tiéu thu

Bai toan ngudi san xuat-nguoi tidu thy (Producer-Consumer) thuong dugc
ding dé hién thi sirc manh ctia cac ham co s déng bd hoa. Hai qua trinh cung chia sé
mot vung dém co kich thude gioi han n. Bién semaphore mutex cung cap su loai trur
hd tuong dé truy xuit ving dém va duoc khoi tao voi gia tri 1. Cac bién semaphore
empty va full dém s6 khe trong va diy twong ing. Bién semaphore empty duoc khoi
tao tGi gia tri n; bién semaphore full dugc khai tao toi gia tri 0.

Ma cho ngudi qua trinh san xuat dugc hién thi trong hinh V.-18:

do{
san xuét san pham trong nextp

wait(empty);
wait(mutex);

thém nextp tdi viung dém

signal(mutex);
signal(full);
}+ while (1);

Hinh 0-18 Cu triic ciia qua trinh nguoi sin xuit

Mai cho qua trinh ngudi tiéu thu dugc hién thi trong hinh dudi day:
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do{
wait(full);
wait(mutex);

lay mot san pham tir ving dém td1 nexte

signal(mutex);
signal(empty);
}+ while (1);

Hinh 0-19 CAu tric ciia qua trinh ngudi tiéu thu

V1.2 Bai toan by doc-b¢ ghi

B doc-b ghi (Readers-Writers) 1a mot dbi tuong dir liéu (nhu mot tap tin hay
mau tin) duoc chia sé gitta nhiéu qua trinh d6ng hanh. Mot sé trong cic qua trinh c6
thé chi can doc noi dung cta ddi tugng dugce chia sé, ngugc lai mQt vai qué trinh khac
can cap nhat (nghia la doc va ghi ) trén ddi tugng dugc chia sé. Ching ta phan biét su
khac nhau gitta hai loai qué trinh ndy bang cach goi cac qué trinh chi doc 1a b doc va
cac qua trinh can cap nhat 1a bo ghi. Chu ¥, néu hai bd doc truy xuat dbi twong duoc
chia sé ciing mot luc s& khong c6 anh huong gi. Tuy nhién, néu mot bo ghi va vai qua
trinh khéc (c6 thé 1a bo doc hay bo ghi) truy xuat ciing mot lac c6 thé dan dén su hon
don.

Pé dam bao nhitng kho khin nay khong phat sinh, chiing ta yéu cau cac bo ghi
cé truy xuét loai trir 1An nhau t&i d6i tugng chia sé. Viéc déng bd hod nay dugc goi la
bai toan bd doc-bo ghi. Bai toan bd doc-bd ghi c6 mot s6 bién dang lién quan dén do
uu tién. Dang don gian nhat 13 bai toan bg doc trwde-bg ghi (first reader-writer).
Trong dang nay yéu cau khong c6 bo doc nao phai cho ngoai trir c6 mét bo ghi da
dugc cap quyén su dung d6i twong chia sé. N6i cach khac, khong co bd doc nao phai
cho cac b doc khac dé hoan thanh don gian vi mot bd ghi dang cho. Bai toan bg doc
sau-by ghi (second readers-writers) yéu cau mot khi bo ghi dang san sang, bo ghi d6
thuc hién viéc ghi ctia né sém nhét c6 thé. Noi mot cach khac, néu bo ghi dang cho
truy xuét d6i tugng, khong c6 bo doc nao co thé bat dau viéc doc.

Giai phap cho bai toan nay cé thé dan dén viéc d6i tai nguyén. Trong truong
hop dau, cac bd ghi c6 thé bi déi; trong trudng hop thir hai cac bd doc c6 thé bi doi.
Trong giai phap cho bai toan bd doc trude-bd ghi, cac qua trinh bd doc chia sé cac cau
trac dir liéu sau:

semaphore mutex, wrt;
int readcount;

Bién semaphore mutex va wrt duoc khoi tao 1; bién readcount duge khoi tao
0. Bién semaphore wrt dung chung cho ca hai qua trinh bo doc va bo ghi. Bién
semaphore mutex duoc dung dé dam bao loai trir hd twong khi bién readcount duoc
cap nhat. Bién readcount ghi vét c6 bao nhiéu qua trinh hién hanh dang doc dbi
tugng. Bién semaphore wrt thuc hién chirc ning nhu mot bién semaphore loai trir hd
tuong cho cac bd doc. N6 cling dugce dung bdi bd doc dau tién hay bd doc cudi cung
ma no di vao hay thoat khoi mién tuong truc. N6 ciing khéng duoc dung boi cac bd
doc ma no di vao hay thoat trong khi cac bd doc khic dang & trong mién twong truc.
Mai cho qua trinh bo viét duoc hién thi nhu hinh V.-20:

wait(wrt);
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Thao tac viét duoc thuc hién
signal(wrt);

Hinh 0-20 CAu triic ciia qua trinh viét

M3 ctia qua trinh doc duoc hién thi nhu hinh V.-21:

wait(mutex);

readcount++;

if (readcount == 1)
wait(wrt);

signal(mutex);

Thao tac doc dugc thuc hién

wait(mutex);

readcount--;

if (readcount == 0)
signal(wrt);

signal(mutex);

Hinh 0-21 CAu tric ciia bd doc

Chu y rang, néu bo viét dang ¢ trong mién twong truc va n by doc dang cho thi
mot b doc duoc xép hang trén wrt, va n-1 dugc xép hang trén mutex. Cling can chu ¥
thém, khi mot bo viét thyc thi signal(wrt) thi chung ta c6 thé thuc thi tiép viéc thuc thi
clia cac qué trinh doc dang cho hay mét qua trinh viét dang chd. Viée chon lwa nay co

thé duoc thuc hién boi bd dinh thoi biéu.

VI.3 Bai toan céc triét gia in toi

C6 nam nha tri€t gia, vira suy nghi vira an t61. Cac tri€t gia ngodi trén cung mot
ban tron xung quanh c6 ndm chiéc ghe, moi chiée ghé duge ngodi boi mot trict gia.
Chinh gitra ban 1a mot bat com va nam chiéc diia dugc hién thi nhu hinh VI-22:

VII

VI

Xl

X1

Hinh 0-22 Tinh hudng céc triét gia dn toi
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Khi mot triét gia suy nghi, 6ng ta khong giao tiép voi cac trlet gia khac. Thinh
thoang, mot triét gia cam thdy doi va c¢b ging chon hai chiéc dua gan nhit (hai chiéc
diia nam giira Ong ta véi hai lang giéng trai va phai). Mot triét gia c6 thé lay chi mot
chiéc diia tai mot thoi diém. Chu ¥, 6ng ta khong thé 1dy chiéc diia ma né dang duoc
ding boi nguoi lang giéng. Khi mot triét gia doi va c6 hai chiéc diia ciing mot luc,
ong ta an ma khong dat diia xudng. Khi triét gia an xong, 6ng ta dat dila xudng va bét
dau suy nghi tiép.

Bai toan céc triét gia an tdi duoc xem nhu mot bai toan déng b6 hoa kinh dién.
N6 trinh bay yéu cau cp phat nhidu tai nguyén giita cac qua trinh trong cach tranh
viéc khoa chét va doi tai nguyén.

Mot giai phap don gian la thé hién mdi chiéc diia boi mot bién semaphore.
Mot triét gia ¢ ging chlem 1dy mot chiéc diia bang cach thyc thi thao tac wait trén
bién semaphore d6; triét gia dat hai chiéc diia xudng bang cach thyc thi thao tic signal
trén cac bién semaphore twong tmg. Do d6, dit liéu duoc chia sé la:

semaphore chopstick[5];
& day tat ca cac phan tir cuia chopstick dugc khdi tao 1. Céu tric cua philosopher i
duoc hién thi nhu hinh duéi day:
do{
wait(chopstick[ i ]);
wait(chopstick[ (1+1)%51]);

an

signal(chopstick][ 1 ]);
signal(chopstick[ (i+1)% 51]);

suy nghi
} while (1);
Hinh 0-23 Céu tric cia triét gia thir i

Mic du giai phap nay dam béao rang khong c6 hai lang giéng nao dang an cung
mot luc nhung no6 co kha nang gay ra khoa chét. Gia sir rang nam triét gia bi ddi cung
mdt lic va moi triét gia chiém lay chlec diia bén trai cua dng ta. Bay gio tat ca cac
phan tir chopstick s& 1a 0. Khi moi triét gia cd ging danh 13y chiéc diia bén phai, triét
gia s& bi chd mai mai.

Nhleu giai phap kha thi 601 v6i van dé khoa chét duoc liét ké tiép theo. Giai phap
cho vén dé cac triét gia an t6i ma n6 dam bao khong b1 khoa chét.

e Cho phép nhiéu nhit bdn triét gia dang ngdi cting mot luc trén ban

e Cho phép mot triét gia lay chiéc diia cila 6ng ta chi néu cé hai chiéc diia la

san ding (dé 1am diéu nély ong ta phai 1y chung trong mién tuong truc).

e Dung mot giai phap bat ddi ximg; nghia 1a mot triét gia 18 chon dia bén

trai dau tién ciia 6ng ta va sau d6 diia bén phai, trai lai mot triét gia chin
chon chiéc diia bén phai va sau d6 chiéc dila bén phai ciia ong ta.

Tom lai, bat ctir mot giai phap nao thoa man dbi voi bai toan cac triét gia an tdi
phai dam bao dua trén kha ndng mot trong nhiing trict gia s€ doi chét. Giai phap giai
quyét viéc khoé chét khong can thiét xoa di kha nang doéi tai nguyén.
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XIII Tém tit

Mot tép hop cac qua trinh tuln tr cong tac chia s¢ dir liéu, loai trir hd tuong
phai dugc cung cap. Mot giai phap dam bao rang ving tuong truc ciia ma dang sir
dung chi boi mét qua trinh hay mot ludng tai mot thoi dlem Céc giai thuat khac ton
tai dé giai quyet van dé mién tuong truc, v6i gia thuyét rang chi khoa bén trong viéc
luu trir 12 san dung.

Su bat loi cht yéu ciia cac giai phap duge mi hod béi nguoi ding 14 tit ca
ching déu yéu cau su cho doi ban. Semaphore khic phuc sy bat loi nay. Semaphores
c6 thé dugc dung de giai quyet cac van dé dong bo khac nhau va co thé duoc cai dat
hiéu qua, dic biét néu phan cing hd tro cac thao tac nguyén ti.

Céc bai toan dong bo khac (chang han nhu bai toan ngudi san xuat-ngudi tiéu
dung, bai toan b doc, by ghi va bai toan cac triét gia an téi) 1a cuc ky quan trong vi
chung la thi du cua phan 16p 1on cac van dé diéu khién dong hanh. Van dé nay dugc
ding dé kiém tra gan nhu moi co che dong bo duge dé nghi gan day.

Hé diéu hanh phai cung cap phuong tién de dam bao chdng lai 15i thoi gian.
Nhiéu céu trac dit liéu duoc dé nghj dé gidi quyét cac van de nay. Cac vung tuong
truc ¢ thé dugc dung dé cai dat loai trur hd twong va cac van dé dong bd an toan va
hi¢u qua. Monitors cung cap co che d6ng bo cho viée chia sé cac loai dir lidu triru
tugng. Mot bién diéu kién cung cAp mot phuong thire cho mot thu tuc monitor khoa
viéc thuc thi ciia né cho dén khi né dugc bao hiéu tiép tuc.
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