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Tém tat: Hé phan tan 1a hé théng cung cip tai nguyén ding chung véi quy md 16n. Hé phan tan st dung co ché truyén
thong diép dé hop luc trong mdi trudng truyén thong. Trong hop luc, nhiéu tién trinh ciing tuong tranh tai nguyén ding
chung dé dan dén bé tic trong cung cip tai nguyén. Loai trif tuong hd phan tan cho phép chi c6 mot tién trinh duy nhét
dugc thuc thi trong mién ging tai mot thoi diém dbi véi mot tai nguyén dé gidi quyét bé tic. DE dat dugc loai trit tuong
hd phan tan, céc tién trinh phai dudc gian diu dong ho 16-gic d€ xac lap trat tu va loai trif cac tién trinh gy ra bé tic.
Bai bdo trinh bay gidi phap song song héa thudt todn Lamport trong loai trit tuong hd phan tan. Két qui giai phap la xdc
lap gia tri dong hd 16-gic dua trén song song héa thuat todn Lamport va xdc dinh cic tién trinh thuc thi trong ddm bio

tinh nhat quan va gin bé trong hé phan tan.

Tir khéa: Hé phdn tdn, déng hé 16-gic, thudt todn Lamport, loai triv twong hé phdn tdn, truyén thong diép.
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A Parallelization of the Lamport Algorithm for Distributed Mutual Exclusion

Abstract:

A distributed system is a complex system in which the shared resources are allocated at a large scale. Such a system
uses the message passing mechanism over the communication environment to coordinate the system’s entities. During
coordination, multiple concurrent processes might request the same resources, leading to deadlock in resource allocation.
In order to resolve this deadlock, distributed mutual exclusion allows only one process to be executed in the critical
section at a time for each shared resource. To this end, each process is assigned a timestamp to establish an order, and the
processes that cause deadlock are eliminated. There are several proposed distributed mutual exclusion algorithms such
as by Lamport, Ricart—-Agrawala, Raymond, and Suzuki—Kasami. In this paper, we develop a parallelization of Lamport
algorithm for distributed mutual exclusion. Our solution establishes a global state and determines the implementation

process in the critical section to ensure consistency and coherence in discrete systems.
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I. GIOI THIEU

Hién nay, cic ung dung 16n trén moi truong dién toan
dam may dudgc trién khai trong hé phan tin dé dap tng sd
lugng ngudi dung cuc dai. Theo nghién cuu trong [1], ddm
miy 12 mot hé théng song song va hé phan tin bao gom
mot tap hop cdc mdy chii dudc két ndi va 4o hoéa, dudc
cung cip dong va dugc xi ly dudi dang mot hodc nhiéu
tai nguyén tinh todn hop nhét dua trén cic thoa thuin cip
dich vu dugc thiét 1ap thong qua thoéa thuin gita nha cung
clp dich vu va ngudi dung. Pién toin dam may 1a mot gidi
phép toan dién cung cip ha tang, dich vu cong nghé thong
tin. Day 1a mot giai phap dién toan dua trén internet cung
cAp tai nguyén dung chung thong qua hé phan tan.
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Hé phan tan, dugc biéu dién trén hinh 1, 1a mot tap hop
cdc mdy chi két ndi qua moi trudng truyén thong trong
cung cp tai nguyén dung chung. Néu xét hoat dong mdi
may chi mot cach doc 1ap, khong cé su phdi hop dé chia
sé tai nguyén ding chung thi day la hé tap trung. Néu xét
cac mdy chii hop luc d€ chia sé thi nguyén ding chung thi
day 1a hé phan tan. Su hgp luc ciac mdy chii 1a su phdi hop
gitfa cdc mdy chi v6i nhau thong qua mdi trudng truyén
thong d€ cung cép tai nguyén dung chung cho ngudi st
dung. Khac biét gitta hé tip trung va hé phan tan la cac
dic tinh nhu: tinh gan b, kha ning chiu 16i, sy mé rong,
can bang tai, v.v. Cac nghién citu, trién khai hé phan tan dé
cung cip tai nguyén dung chung tip trung vao gidi phip
dam bao gin bo dit liéu [2]. Giai phap gin bé dua trén
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Hinh 1. M hinh két ni trong hé phan tin cung cip tai nguyén
dung chung.

su hgp luc cia cac may chu trong hé phan tan thong qua
co ché truyén thong diép [3]. Hé phan tan khong c6 dong
hd dung chung, do d6, gidi phap clia bai bdo cai tién thuat
toan Lamport d€ gidi quyét loai tri tuong hd phan tn trong
cung cip tai nguyén dung chung.

Nbi dung chinh ctia bai bao dudgc td chiic nhu sau. Phan II
trinh by cic nghién citu lién quan. Phan IIT dé xuit gidi
phép song song hoa thuét toan Lamport trong loai trif tuong
hd phan tan. Phan IV trinh bay hiéu ning thuc thi song song
héa thuit toan Lamport. Phan V dua ra két luan.

Trong toan bd bai bdo, ching tdi ky hiéu N 1a s6 mdy
chii, T 1a do tré clia qua trinh dong bd héa va E la thoi
gian thuc thi mién ging.

II. CAC NGHIEN CUU LIEN QUAN

Cic nghién ciu trong [4, 5] trinh bay vé truyén thong
trong hé phan tdn dé cap dén co ché truyén multicast. Trong
co ché nay, gbi tin vao va ra mot mdy chii khong tudn
thii nguyén tic vé luu lugng nhu truyén unicast. Truyén
multicast 12 sy két hop dic biét tif cic may chd két nbi véi
mdy chd phat thong tin truyén.

Co ché hop luc st dung truyén multicast cho phép céac
mdy chi két ndi v6i nhau thong qua mdi trudng truyén
thong truyén thong diép qua lai nham xac dinh céc tién trinh
di chuyén trong hé phan tin [3]. Trong qué trinh hop luc,
nhiéu tién trinh cling tuong tranh tai nguyén dung chung
dé dan dén bé tac trong cung cp tai nguyén [6-9].

Theo nghién citu ctia Singhal trong [10], qua trinh bé tic
dién ra khi hai hay nhiéu tién trinh chiém gii ti nguyén
dung chung dugc gidi han va dong thai tiép tuc phat di yéu
cAu tai nguyén khac dang bi chiém gii. Cdc qua trinh nay
tao ra mot vong tron khép kin 1am cho céc tién trinh ket
chéo 14n nhau din dén bé tic trong cung cip tai nguyén
theo mo ta trong hinh 2.

Nhiéu giai phap xi ly phan tan lién quan dén viéc chia
sé tai nguyén ding chung gifta cdc tién trinh khic nhau
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Hinh 2. D6 thi cung cip tai nguyén.

doi hdi tai nguyén phai dugc cung cip duy nhét cho mot
tién trinh tai mot thai diém. Do d6, loai trit tuong hé 1a
giai phdp trong cdc hé phan tdn cung cip thi nguyén dung
chung [3, 4, 11]. Giai phéap loai tri tuong hoé dudc gidi
quyét dua trén dong bd héa tién trinh truy cip vao céc tai
nguyén ding chung d€ dam bdo tinh nhét quan va gin bé
trong hé phan tdn. Qua trinh ddng bd héa bang cach truyén
thong diép gilta cdc mdy chli dua vio mdi trudng truyén
thong. Loai trif tuong hd phan tan tun thi cic yéu cau sau:

1) Cho phép mot tién trinh duy nhét dudc thuc thi trong

mién ging tai mot thoi diém ddi véi mot tai nguyén;

2) Néu khong c6 tién trinh nao trong mién ging, tién

trinh yéu cAu vao mién ging phdi dugc phép vao va
thuc thi trong khoang thdi gian cho phép;

3) Khi c6 nhiéu tién trinh yéu cau vio mién ging, viéc

cho phép c6 thé bi tri hoan dén khi dudc cip phép;

4) Tién trinh xt ly trong mién ging trong khong bi chin

bdi cic tién trinh khéc.

Theo thuit todn loai trif tuong hd phan tdn, Kshemkalyani
va Singhal trinh bay qud trinh mot mdy chu vao va ra khdi
mién ging, dugc mo td nhu trong hinh 3 [4, Muc 9.3, 9.4].
Thong diép c6 cAu triic va chita mot trong ba gia tri: REQ-
CS (yéu cau vao mién ging), REP-CS (phan hdi chip nhan
cia mdy chii cho phép vao mién ging), vd REL-CS (gidi
phéng khéi mién ging). Mot mdy chii dugc phép vao mién
ging khi mdy chd d6 tiép nhan du thong diép REP-CS sau
thong diép REQ-CS. Mdy chi S; phat thong diép yéu cau
REQ-CS vao mién ging tai thoi diém 1. Dén thoi diém 8,
S; nhan diy dd thong diép phan hdi REP-CS chip nhan
va vio mién ging cho dén thoi diém 10 phét thong diép
REL-CS r5i khéi mién ging sau khi xt ly xong. Trat tu
tiing phan trén cic mdy chi thé hién qua bang 1.

Xét truyén thong diép theo hinh 3, néu mot mdy chi
bi su cb trong qua trinh truyén thong diép, vi du dbi véi
trudng hop truyén thong diép REP-CS tit may chii S, dén
mdy chii S; tai thdi diém 6, S phdi chd dgi vio mién
gang véi khoang thai gian khong xac dinh. Ngoai ra, thong
diép trong qua trinh truyén c6 thé bi phan manh, thét lac,
nghén, v.v. Cic vin d& nay din dén hiéu niing ctia hé phan
tdn gidm trong qua trinh hop luc. Cu thé, [4] trinh bay hiéu
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Hinh 3. Qua4 trinh may chi vho va ra mién ging [4, Muc 9.3, 9.4].

HOAT PONG DIEN RA TREN CAC ]1?4?5 (l;HfJ TRONG TRAT TU TUNG PHAN
Pong ho May chi 1 May chii 2 May chii 3

| S — S, REQ-CS,1,1

S — S3: REQ-CS,1,1
5 S, — §1: REQ-CS,2,2

S, — S3: REQ-CS,2,2

3 Sy — §1: REQ-CS,2,2  §; — S2: REQ-CS,1,1 S, — §3: REQ-CS,2,2
4 S3 — S»>: REP-CS 4,3
5 S3 — S5: REP-CS4,3  §; — S3: REQ-CS,1,1
6 S3 g Sli REP-CS,6,3
7 S> — S1: REP-CS,5,2
8 May chit S; vio mién ging
9 S1 — S»>: REP-CS,9,1
10 S1 = S REL-CSI0.1 ¢ - o REP-CS.9.1

S1 — S3: REL-CS,10,1

May chit S, vao mién ging

ning loai trir tuong hd dudc x4c dinh dua trén cac tham sb:
do phiic tap thong diép, do tré qud trinh dong bo hoa, thdi
gian hdi dap va thong lugng hé théng. Bén canh d6, hiéu
ning loai trit tuong hd dua trén diéu kién cla tai trong hé
théng. Trong d6 tai dudc xdc dinh béi ty 1& thong diép dén
yéu cau thuc thi mién ging. Ddi vé6i tai thip, sé luong tién
trinh phai doi chd d€ vao mién ging 1a rit thip. Dbi véi
tai cao, ludn c6 tién trinh yéu cau thuc thi mién ging phai
chd trong hang dgi.

C6 hai nhém gidi phdp chinh trong loai tru tuwong
hd. Nhém thii nhit 1a phuong phap tiép cin dua
trén token: Ricart-Agrawala [12], Suzuki-Kasami [13],
Mizuno-Neilsen-Rao [14], Neilsen-Mizuno [14], Helary-
Plouzeau-Raynal [15], Raymond [16], Singhal [17], Naimi-
Trehel [18], Mishra-Srimani [19], va Nishio [20]. Nhém
thi hai 12 phuong phdp tiép cin dua trén quyén: Lam-
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port [21], Ricart-Agrawala [22], Carvalho-Roucairol [23],
Raynal [24], Maekawa [25], Sanders [26], Agrawal-El Ab-
badi [27], va Singhal [28]. Hiéu ndng cta cac thuit todn
trong nhém thi hai, tinh theo sb thong diép can dudc truyén,
dugc khio sit bdi Velazquez [29] va tom tit trong bang II.

Mot so sanh khac dugc trinh bay bdi Yadav va cong su
trong [30]. Trong d6, hai gidi phdp tiép can cho loai trit
tuong hd phén tdn la gidi phdp duva trén ndi dung va gidi
phép dua trén diéu khién. Giai phdp dua trén noi dung st
dung thuat toan trat tg nhan thoi gian 16-gic va thuat toan
bau chon. Giai phdp dua trén diéu khién st dung céu triic
ciy, ciu triic truyén broadcast va cAu triic mang vong [31].
Yadav va cong su phan tich, so sanh hiéu nang cda cac
thuit todn loai trit tuong hd phan tan. Két qua dugc thé
hién trong bang III.
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Bang II .
HIEU NANG CUA THUAT TOAN DUA TREN QUYEN [29]

Thuit toan Téng s6 thong diép

Lamport [21] 3(N-1)
Ricart-Agrawala [22] 2(N-1)
Carvalho-Roucairol [23] 0 dén 2(N - 1)
Raynal [24] 2(N = 1)2

Maekawa [25] 3VN dén 5VN
Sanders [26] |Ii — {i}| + 2|Ri — {i}|
Agrawal-El Abbadi [27] O(logN)

Singhal [28] (N-1) dén 3(N-1)/2

Bang III
PHAN TICH, SO SANH HIEU NANG CUA CAC
THUAT TOAN LOAI TRU TUONG HO [30]

Thuat Thfii gian I?f) tré Th. di§p Th. diép
toan hoi dap dong bd tai thap  tai cao
[21] 2T +E T 3(N-1) 3(N-1)
[22] T +E T 2AN-1) 2(N-1)
[13] XT+E T N N
[16] TlogN+E (TlogN)/2 log N 4

Hudng nghién ciu cua bai bdo 1a song song hda thuit
todn Lamport trong loai trlf tuong hd phin tin dé€ giam do
phtc tap thong diép, thoi gian hodi ddp va do tré dong bo.
Cu thé 1a dong bd héa céc tién trinh dua trén song song héa
thuat todn Lamport dat dugc trat ty tdng quét chit ché véi
do phuc tap thong diép 3(N —1). Sau do, cac may chi hgp
luc dé& vio mién ging thoi diém sém hon trong thuit todn
loai tri tuong hd phan tin véi thdi gian hoi dap 1a N—1+E,
do phiic tap thong diép 1a N — 1 va d6 tré dong bd T = 0.

III. SONG SONG HOA THUAT TOAN LAMPORT

1. Trat tu tong quat chit ché dua trén song song héa
thuat toan Lamport

Nhan thai gian 16-gic dudc xay dung dua trén thudt toan
Lamport trinh bay trong [32]. Thudt toan Lamport cho phép
ghi lai cac sy kién cua hé phan tan. Thuat toan tip trung
vao nguyén ly sau: m&i mdy chi S déu c6 trang bi cong
to v6i cdc gid tri nguyén goi 1a Hs,. D6 chinh 1a dong hd
16-gic ting 1én gifta hai su kién ké tiép. Mdy chi e phat
thong diép ghi diu ctia minh dua trén gid tri hién hanh cla
Hs,. Khi nhan dugc thong diép, mdy chi nhan r cip nhat
dong hd Hg, riéng clia minh bing giai thuat rit gon [32]:

If Hs, < E then
Hs, =E+1;
EndIf.

ey

Mot su kién a (sk,) sinh ra trong mdy chu i (S;) va dudc
danh diu bdi dong hd cuc bd goi 1a Hs, (a). Néu sk, va

86

t

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 >
s3 « \ 4 \
w// \‘% o/ \‘
T\ YR
S / « / \
270 3 /ﬂs 9 12 15 18 21 24 27/ 30 33136 39 A2 45
S“ & / \? sj
S // \‘ / < /
10 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Hinh 4. Nhan thoi gian cta thong diép khong theo trit ty.

----» GET_LAMPORT
) » ACCEPT_LAMPORT

A/ Sy | > LAMPORT

Hinh 5. Hoat dong cip gi4 tri ddng hd 16-gic theo thuit todn 1.

skp 12 hai sy kién duge gli t0f cung mdy chd S; dén S, ta
Iudn Iudn c6 quan hé xac dinh nhu sau:

skq — sk, & Hs, () < Hs, (b), @

trong d6 sk, — sk, thé hién su kién a gii cho su kién b,
Hs,(a) < Hg,;(b) th€ hién gia tri dong ho mdy chi a nho6
hon gié tri dong hd cuc bd may chid b, ky hiéu — biéu thi
phép kéo theo va ky hiéu < bi€u thi phép tuong duong.

Tuy nhién, cc nhian dong hd nay phai dudc cip nhat va
nhét quan trén tit ca cidc mdy chii. Néu gid tri khong dudc
cip nhit thi viéc x@ ly thong diép s€ bi sai va hoat dong
ctia hé sai trat tu theo ly thuyét trat tu nhu hinh 4.

Khi céc théng diép di chuyén qua cdc mdy chi, gid tri
gti va nhan c6 gi4 tri khdc nhau. Chinh vi gid tri dong hd
sai léch, khi mot mdy chd phat 1énh xit ly dong thdi trén
cdc mdy chii sé din dén sai léch vé céc tién trinh dudc triéu
goi d€ xt ly. Do d6, dif liu khong nhit quan trén tit ca
cac may chu.

Cac mdy cht hoat dong nhan va gti thong diép dua trén
dong hod cuc bd clia minh theo co ché truyén unicast. Do
d6, cac mdy chii chi biét dudc trdt ti titng phdn trén may
chii ctia minh va khéng nhan biét dugc cic hoat dong trén
may chi khéc. Trdt tuw titng phdn anh hudng dén hoat dong
tdng quat trong hé phan tan. Hai van dé co ban la: (i) gia tri
ddng hd 16-gic trén cac may chii khong nhét quan; (i) tién
trinh yéu cau vao doan ging phai chd dgi cho dén khi nhan
dd thong diép c6 thé gy anh hudng dén cic may chi khac
hoic sai 1éch khi tién hanh cip nhat dif liéu. D€ gidi quyét
bai todn trat tu tiing phan, nghién ciiu ctia bai bdo 13 song
song héa thuat toan Lamport d€ xay dung trdt ty tong qudt
chdt ché trén cac may chu theo thuét toan 1.
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Thuét toan 1: Song song héa thuit todn Lamport

Dur liéu vao:
e May chud S;;
e Gi4 tri dong hd 16-gic Hs,;
e Hanh dong act; va
e Su kién sk.

Dit liéu ra: Gid tri dong hé 16-gic Hs, da cép.

Khéi tao hoat dong Hg, , = 0;
Bién dém count = 0;
countCS|[S;, sk] = 0;

S6 lugng mdy chi S = N;
Ling nghe su kién act;

M R W N e

if act = REQ-LAMPORT then
HSi = Hsloml + ]’
act = REQ;
Thiét 1ap thong diép yéu cu cung cip gia tri dong hd 16-
gic: GetLamport(Siocal» Hs,,,,» act, sk);
10 return multicast(GetLamport(S,, Hs;, , act, sk));
11 else if act = LAMPORT then
12 return H S
13 end
14 GetLamport (S, Hg;, act, sk)
15 if act = REQ then

e o 9

16 if Hg, < Hg,,,, then

17 Xac dinh Hg, bi sai, Hg, da dudc gan cho sy kién
khac;

18 act = REP;

19 return multicast(AcceptLamport(Sipcal, Si» Hs; , act,
sk, false));

20 else if Hg, = Hg, , + 1 then

21 Xac dinh Hg, dung;

22 act = REP;

23 return multicast(AcceptLamport(Siocal,
Si, Hs,, act, sk, true));

24 end

25 end

26 AcceptLamport (Sjpcal, Si, Hs;, act, sk, boolean)
27 if act = REP then
28 if S; = Sipcai&&true then

29 count = count + 1;
30 if count = N — 1 then
31 Xéc nhan dd sb lugng thong diép phan hdi REP;
32 act = ACC,
33 count = 0;
34 return multicast(UpdateLamport(Siycai,
Heg,, > 4t sk));
35 end
36 else if S; = Sj,cq&&false then
37 Hg, . =max(Hg, +1);
38 act = REQ;
39 Thiét 14p lai thong diép yéu ciu cung cp véi gia tri
ddng ho 16-gic méi véi sy kién dang yéu cau;
40 GetLamport(Siocal» Hs,,;» act, sk);
41 end
42 end

43 UpdateLamport (S,, Hg,, act, sk)
44 if act = ACC then
45 ‘ HSlocal = HS[’

46 en
47 if sk = REP-CS then

48 count[S;, sk| = count[S;, sk] + 1;
49 if count[S;,sk] = N — 1 then

50 CriticalSection(sk, S;);

51 count[S;, sk] = 0;

52 end

53 end

54 multicast ((Sipcats Hsyppy» act, sk))

55 S, = tip tit ca may chd ngoai trit Sjyeqr;
s6 for j =1to S, do

57 kn = connect(IP(Sy), port(Sn));

58 if kn then

59 sendUDP(GetLamport((Sipcal> Hs,,,;» act, sk),
IP(Sn), port(Sn));

60 else if kn then

61 | log-err(kn);

62 end

63 end

64 return Hg ;

Dé dat dudgc trat tu tdng quat chiit ché, thuat toan Lamport
dudc song song héa nhim dong bo héa cic tién trinh di
chuyén trong hé phan tdn. Mé&i su kién dién ra trén bat ky
mdy chi nio déu phai yéu ciu gia tri dong hd va gid tri
nay dudc nhan biét va nhit quan trén tit ci cic mdy chi.

Hinh 5 mo ta hoat dong theo thuit toan 1, mdy chui S
yéu ciu cung cip gid tri dong hd 16-gic, thong diép mang
gia tri GetLamport dugc truyén multicast dén cac may chd
trong hé théng (dong 10). Cic thi tuc trong thuét toan 1
dugc giai thich nhu sau. Thii tuc multicast (dong 54 dén
64) 1a qua trinh xit ly truyén song song cdc thong diép dén
tap may chd trong hé thdng. Thi tuc GetLamport (dong 14
dén 25) thuc hién tinh to4n va xi 1y gia tri ddng ho so véi
mdy chii cuc bo nhian dugc thong diép, néu gia tri dong
hd ding tra vé gid tri true (dong 23), néu sai trd vé gid tri

false (dong 19). Thi tuc AcceptLamport (dong 26 dén 42)
cho phép gid tri dong hd dugc xéac lap dua trén gia tri true
clia tt cd cdc mdy chii. Ngudc lai néu mot mdy chii bt
ky trd vé gia tri false, thi tuc nay xac lap lai gid tri dong
hd 16-gic dua trén ldy gia tri cuc dai va phat di thong diép
GetLamport (dong 37). Thu tuc UpdateLamport (dong 43
dén 53) nham khang dinh cho mdy chi c6 su kién dudgc
yéu cu gan gia tri dong hd 16-gic va gid tri nay cap nhat
trén tit ca cic mdy chu.

Hinh 6 m6 ta két qua thuc hién song song héa thuat toan
Lamport so v6i thuit toan nguyén thiy cia Lamport theo
hinh 3. Theo thuit toan nguyén thiy cda Lamport, gia tri
dong hd 16-gic sinh ra khi né iy gid tri cuc dai clia thong
diép nhan va ting 1én mdi khi c6 su kién mdi phét sinh
bén trong may chi. Thuit todn nay tuin tha luit happened-
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CS cua May chi S

Hinh 6. Hoat dong song song héa Thuat todn Lamport.

before. Tuy nhién, diy la giai phap thu dong. Thong qua
hinh 6, mdi mot gid tri dong hod 16-gic duge gan cho su
kién déu gtii dén tat ca cdc tram. Vi vay, mic du khong c6
hoat dong trén tram nhung tram nhan biét dugc hoat dong
trén céc tram con lai. Day la giai phdp cha dong trong viéc
giam sdt va diéu khién su kién. Giai phdp nay tao diéu kién
thuan lgi cho cic su kién yéu ciu vao mién ging dé gidi
quyét loai trit tuong hd phan tan.

2. Ap dung song song héa thuét toan Lamport dé
giai quyét loai trir twong hé phan tin

Mo hinh hé phan tin theo hinh 1 dudc mo ta 1a hé thong
bao gdbm N mdy chii S; (i = 1,...,N) két nbi v6i nhau qua
mdi trudng truyén thong. Mot tién trinh p; (j =1,..., M)
thuc thi trén mot may chua S;.

Nghién ciiu trong [33] trinh bay gidi phdp gin bé dua
trén thuat toan 4PCoDT. Giai phdp thuc hién co ché truyén
thong diép trong vong tron 4o, mdi pha di chuyén qua tiing
mdy chii theo vong tron dinh trude. Pha thi nhét thuc hién
Xt 1y tién trinh yéu cau di vio mién ging d€ tranh tuong
tranh tai nguyén. Yéu cau thong diép trong tién trinh thuc
thi mién ging trén may chd c6 chiia mot trong ba gid tri:
REQ-CS, REP-CS va REL-CS. Khi tién trinh yéu cau REQ-
CS da nhan diy du phan hdi REP-CS mdéi dudc phép vao
mién ging. Tién trinh vao mién ging tuin thi nguyén tic
loai trif tuong hd phan tan trinh bay trong phan II. Sau khi
tién trinh x& ly xong va roi khéi mién ging, may chii phat
di thong diép c6 chda gid tri REL-CS d€ tién trinh khic
dudc phép vao mién ging.

Trén co s song song hda thuit todn Lamport trinh bay
trong muc II1.1, thuat todn loai trif tuong hd phan tin thuc
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hién duya trén cai tién thuat toan Lamport dudc trinh bay
trong thuat toan 2. Ham RequestCriticalSection (dong 10
dén 24) thé hién cic tién trinh yéu cau vao mién ging.
Ham RequestCriticalSection xac dinh gia tri dong ho 16-
gic da gan cho tién trinh, néu tién trinh nao c6 gia tri nhd
hon c6 quyén wu tién cao hon dé vao mién ging. Ham
CriticalSection (dong 25 dén 33) thuc hién xi 1y tién trinh
trong mién ging. Qud trinh xd ly tién trinh dam bao cdc
truong ndi dung tic dong 1én co sd dit lidu 1a duy nhit trén
tdp mdy chid, dam bao tinh gin bo trong hé phan tan. Sau
khi két thiic qua trinh xi ly trong mién ging lap tic yéu cau
x6a tién trinh khoi hang doi, phat thong diép giai phong
mién ging d€ tién trinh tiép theo dudc phép voa mién ging.
Ham NextCriticalSection (dong 34 dén 38) xi ly tién trinh
tiép theo trong hang doi. Néu tién trinh tiép theo nay da
tiép nhan diy di phan hoi theo thuat todn 1 thi 1ap tic vao
mién ging ma khong can phai dgi bat ky xdc nhan nao.

Theo thuét toan Lamport nguyén thdy trong bang I, may
chii S vao mién ging tai thoi diém 8 khi da nhan dd thong
diép phan hdi REP-CS. Sau khi dp dung song song hoa,
thuat toan Lamport dat dugc mot trat tu tdng quét chit ché
trén cac may chi theo bang IV. Két qua bang IV cho thiy
mdy chii vao mién ging thdi diém 6, sém hon so vdi trat
tu tiing phan & bang 1.

IV. HIEU NANG THUC THI SONG SONG HOA
THUAT TOAN LAMPORT

Dua vao md ta cic tién trinh hoat dong trong mién ging
va céc tham sb trinh bay trong phan I, chiing toi ddnh gid
hiéu ning loai trii tuong hd phéan tdn theo Hinh 7. Tham
s6 do phic tap thong diép clia song song héa thuit toan
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Bang IV
HOAT PONG DIEN RA TREN CAC MAY CHU TRONG TRAT TU TONG QUAT CHAT CHE

Pong hd May cha 1 May chi 2 May cha 3
| S1 — S: REQ-CS,1,1  §; — S2: REQ-CS, 1,1 §1 — S»: REQ-CS,1,1
S1 — S3: REQ-CS,1,1  §; — S3: REQ-CS,1,1 S| — S3: REQ-CS,1,1
) S> — S1: REQ-CS,2,2 S — S1: REQ-CS,2,2 S, — S1: REQ-CS,2,2
S» — S3: REQ-CS,2,2  § — S3: REQ-CS,2,2 S, — S3: REQ-CS,2,2
Sy — S§1: REQ-CS,2,2 S} — Sp: REQ-CS,1,1 S — S3: REQ-CS,2,2
3 S1 — S: REQ-CS,1,1 S5 — S3: REQ-CS,2,2 S, — S1: REQ-CS,2,2
S» — S3: REQ-CS,2,2 S — S1: REQ-CS,2,2  §1 — S»: REQ-CS,1,1
4 S3 — S»: REP-CS 4,3 S3 — S: REP-CS4,3  S3 — Sp: REP-CS 4,3
5 S3 — S5: REP-CS,4,3  S3 — Sp: REP-CS 4,3 S — S3: REQ-CS,1,1
S1 — S3: REQ-CS,1,1 S} — S3: REQ-CS,1,1  S3 — Sp: REP-CS /4,3
6 S3 — S1: REP-CS,6,3  S3 — S1: REP-CS,6,3  S3 — S;: REP-CS,6,3

S| vao mién ging

7 S1 — S2: REP-CS,7,1  S§; — S3: REP-CS,7,1 S} — S,: REP-CS,7,1

S, da nhén di REP-CS, chd lugt tiép theo vao mién ging
S1 — S2: REL-CS,8,1 S — S2: REP-CS,7,1 S| — S7: REL-CS,8,1
g S1 — S3: REL-CS,8,1  S; — S,: REL-CS,8,1 S| — S3: REL-CS,8,1
S1 — S: REP-CS,7,1  §1 — S3: REL-CS,8,1 S — S»: REP-CS,7,1

S, vao mién ging
9 S1 — S2: REL-CS,8,1  S; — S3: REL-CS,8,1 S| — S7: REL-CS,8,1
S1 — S3: REL-CS,8,1  S; — S3: REL-CS,8,1 S| — S3: REL-CS,8,1
Hang dol cac REQ_CS dugc Méy\chﬁ vao May chi roi Méy\chﬂ vao May chd roi
yéu cau mién gt di mién g&ng  mién gang mién gang  mién gang
gang 7 E 7 E
| < > < >< >
Thoi gian thyc thi 124 t\ré qua trinh | Thot gian thyc thi
mién gang dong bo héa mién gang
‘: Théi gian héi aap

Hinh 7. MBS ta céc tién trinh hoat dong trong mién ging.
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Hinh 8. S6 lugng thong diép hgp lyc ddp tng cdc tién trinh d&
vao mién gang.
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Lamport dugc xdc dinh dua trén sb lugng thong diép yéu
ciu trén mot mdy chi cho méi thuc thi mién ging. Dbi véi
song song héa thuat toan Lamport yéu cau N —1 thong diép
REQ, N — 1 thong diép REP, N — 1 thong diép ACC, do
do6, thuat toan yéu cau 3(N — 1) thong diép. Pbi v6i thuat
todn cai tién loai trit tuong hd clia bai bao yéu cau N — 1
thong di€p REQ-CS va khong xét thong di€ép REP-CS va
REL-CS trong qua trinh nhan, do d6, thuat toan yéu ciu
N — 1 thong diép khi vao mién ging.

Nguyén nhan dd phuc tap thong diép thuét toan loai trit
tuong hd thip 1a khi 4p dung song song hoéa thuit todn
Lamport, cac thong dié¢p REP-CS va REL-CS da dugc nhan
biét va danh diu khi yéu cau gid tri dong hd 16-gic trén céc
mdy chii. Do d6, mdy chii yéu ciu vao mién ging khong
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can phai doi tiép nhan di thong diép REP-CS va REL-CS.
Ngoai ra, trong qua trinh truyén thong diép trong hé thong,
thong diép REP-CS va REL-CS bi phan manh hoic thit lac
khong anh huéng dén qud trinh vio mién ging cla may
chi. Theo két qua hinh 8, ddi vé6i s6 lugng tién trinh yéu
cAu vio mién ging 16n thi sé lugng thong diép hop luc dé
tién trinh vio mién ging cang 16n. Do d6, néu giam dugc
s6 luong thong diép hop luc thi hiéu ning tién trinh vao
mién ging ting.

Tham s6 do6 tré qua trinh dong bd héa T dudc xac dinh
dua trén khoang thoi gian yéu ciu sau khi mdy chii bat dau
phat thong diép yéu cau REQ-CS cho dén khi vao mién

Thuét todn 2: Cii tién thuat todn loai trlii tuong
hé Lamport

Dit liéu vao: Tién trinh tt(start,jeton, lamporty,lamporty,
S_act,type,action,circle,content)
Dir liéu ra: Trat tu tong quat chit ché tién trinh, tién trinh
vao mién ging va loai tri tuong hd nho dau
action = tt.action;
if action = 1 then
sk = REQ-CS;
act = REQ-LAMPORT;
Hg, .. = LAMPORT(S|pcq, act, sk);
tt(start jeton,Hg, ..lamporty,Siycqrtype,action,
circle,content);
7 req_queue(tt),
8 multicast(RequestCriticalSection(sk,tt));
9 end
RequestCriticalSection (sk,tt)
Hg, . = tt.lamporty;

A U B W N =

12 §; = tt.Sqct;
13 if sk = REQ-CS, Hs,; < Hg,, , then
14 sk = REP-CS,

act = REQ-LAMPORT;

Hg, .. = LAMPORT(S|cqr, act, sk);

tt(start,jeton, H. Si» H Slnral’S i,type,action,circle,content);

else if sk = REP-CS, Hg, < Hg,,, then

sk = REP-CS,

act = REQ-LAMPORT,

Hg,, .. = LAMPORT(Sjocqr, act, sk);

writelog(tt(start, jeton, Hs,, Hs, ., Siocal, type, action,
circle, content));

end
return RequestCriticalSection(sk,t);
CriticalSection (sk,1t)
content = tt.content,
process(content);
remove_req_queue(tt);
sk = REL-CS;
act = REQ-LAMPORT;
Hg, .. = LAMPORT(S}yca1, act, sk);
tt(start, jeton, lamporty, Hg,,..» Si» type, action, circle,
content);
return multicast(NextCriticalSection());
NextCriticalSection ()
if req_queue # ( then
pop_req_queue(tt);
return CriticalSection(sk, tt);

23
24
25
26
27
28
29
30
31
32

33
34
35
36
37

38 end
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ging hodc mdy chd roi mién ging dé€ nhudng cho mdy chi
tiép theo vao mién ging. Trong trudng hop tai cao, nghia la
cdc mdy chd yéu cau vao mién ging di nhan du thong diép
phén hdi theo song song héa thuat toan Lamport (dong 52
cua thuat toan 1) va trén hang dgi cla cac may chu ludn cé
tién trinh sin sang vao mién ging. Mdy chu tiép theo dudc
thuc hién tiic thi trong mién ging trong trudng hop tai cao
sau khi mdy chi trudc vira ri khéi mién ging, tham sd do
tré qud trinh ddng bo héa dudc xac dinh 1a T = 0.

Tham sb thoi gian hoi dap H dudc xdc dinh 1a khoang
thoi gian tir khi giii yéu cau vao mién ging cho dén khi
ra khdi mién ging. Theo mo ta trong hinh 7, H dugc tinh
bing cong thic sau [4]:

H=T+E, 3

trong d6 T 1a do tré qud trinh dong bd héa va E 1a thoi
gian thuc thi mién ging. Ddi v6i trudng hop dp dung song
song héa thuat toan Lamport, mdy chi dudc phép vao mién
ging ngay tai thdi diém mdy chi cudi cling bat dau phan
hdi thong diép REP-CS sau thong diép REQ-CS. Nhu vay,
thoi gian hdi dap dudc xdc dinh nhu sau. P6i v6i truong
hop chd tiép nhan mdy chii cudi cing bat dau phat thong
diép REP-CS, chungtac6 T=N-1,dod6 H=N-1+E.
Dbi v6i truong hop da tiép nhan di thong diép REP-CS
va dang nim trong hang dgi vao mién ging trong lugt tiép
theo, ching ta c6 T =0, do d6 H =E.

Tham sb thong luong hé thdng ky hiéu 1a A dudc xic
dinh dua trén ty 16 ma hé thdng thuc thi cic yéu cau trong
mién ging. A dudc tinh bang cong thic [4]:

1

A=—,
H

trong d6 H 1a thoi gian hdi dap. Ddi véi trudng hop tai
thAp T=N—-1thi A=1/(N-1)+E. Pbi v6i trudng hop
tdi cao T =0thi A=1/E.

Ky hiéu X 1a s6 lugng trung binh thong diép vao mién
giing trén cac mdy chii. Ddi véi trudng hop tai cao, trén mbi
mdy chii déu c6 it nhit mot tién trinh yéu cAu vao mién
giing. Mot mdy chii cAn phdi phat N — 1 thong diép d€ yéu
cAu vao mién ging. Vi vdy, X dugc xdc dinh nhu sau:
N-1 N+(N-1) _3N-2

N N N -

Theo cong thic (5), néu sb lugng céc cic chi 16n (N — ),
s6 lugng trung binh thong diép trén cidc mdy chi x4p xi 3.
Trong khi d6 thong sb nay cho thuit todn Lamport nguyén
thiy 14 x4p xi 7 va cho thuat toan Ricart—Agrawala 1a xap
xi 5 v6i s lugng mdy chd tuong tu.

“

&)

Déi véi viéc ap dung song song héa thuit todn Lamport
trong thuc thi mién ging, thdi gian hodi ddp cla tién trinh
yéu cau mién ging va do tré qud trinh dong bo héa dudc
rit ngan. Két qua so sanh cdc thuat toan thé hién trong
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Hinh 9. Hiéu nang thyc thi song song hoéa thuat toan.

Bang V
SO SANH HIEU NANG CUA THUAT TOAN LAMPORT
CAI TIEN TRONG LOAI TRU TUONG HO PHAN TAN

Thuat Thoi gian Do tré  Th. di¢p Th. diép
toan hoi dap  dong bd  tai thap  tai cao
[21] 2T +E T 3N=-1) 3(N-1)
[22] T +E T AN=1) 2(N-1)
Caitin  T+E T N-1 N-1

bang V. Thuit toan Lamport cai tién khi 4p dung song
song hoa thuit toan Lamport dat dugc hi€u nang loai tru
tuong ho cao so vdi thut toan Lamport va Ricart-Agrawala.

Theo két qué thuc hién trong hinh 9, 4p dung song song
héa thuét toan Lamport, tién trinh trén mdy chd S; vao
mién ging tai thoi diém 6 va trén may chii S vao mién
ging tai thdi di€ém 8.

Tién trinh yéu cau mién ging trén mdy chii §; mo ta cho
trudng hop tai thip: thdi gian hoi dip D = 8 dudc xac dinh
tir thoi diém gia tri dong hd 1a 1 cho dén lic phét thong
diép roi khoi mién ging tai thoi diém 8. So vé6i hinh 3,
S| phéi doi di thong diép phan hdi tit cdc mdy chii con
lai tai thoi diém 8 mdi bat dau vao mién ging, do dé S;
c6 D =10.

Tién trinh yéu cau mién ging trén mdy chii S, md ti cho
truong hop tai cao: thdi gian hoi dap D = 8 dudc xac dinh
tir thoi diém gia tri dong hd 1a 2 cho dén ldc phét thong
diép roi khoi mién ging tai thai diém 10. Trong trudng hop
tai cao, tién trinh trén S, da nhan du thong diép phan hoi
va chd vao mién ging thi tai thdi di€ém 8 S, 1ap tic vao
mién ging. P&i v6i trudng hop nay, S, khong phai cho dgi
tiép nhan thong diép giai phong khoi mién ging tit S nhu
md ta trong hinh 3. Bén canh d6, theo md ta trong hinh 3
néu thong diép gidi phong tir Sy bi thét lac hodc phan manh
trong qud trinh truyén thi S, phéi chd dgi cho dén khi tiép
nhan ddy du, diéu nay din dén hiéu ning thuc hién bi giam.

91

V. KET LUAN

Trong bai bao nay, nghién ctiu giai phap song song hoda
thuat todan Lamport nhdm cai tién thuét toan loai trii tuong
hé phén tan. Song song héa thuit todn Lamport cho phép
thiét 1ap mot trat tu tdng quat chit ché va ghi diu cic su
kién dién ra trén cidc mdy chii. Thuat toan cai tién gan dau
cho su kién yéu cau 3(N - 1) thong diép. Khi 4p dung
song song hoa thuat toan Lamport trong thudt todn loai tru
tuong hd, tién trinh di vio mién ging yéu cau N — 1 thong
diép. Do d6, giai phdp cai tién ctia bai bdo dat hiéu ning
cao trong cii tién thuat todn loai trif tuong hd phan tan thé
hién trong bang V. Tuy nhién, dé€ dat dugc hiéu ning cao,
do phuc tap thong diép song song hoéa thuat toan Lamport
dé gin dau cho tién trinh yéu cau 3(N — 1) thong diép va
do dai thong diép 16n hon so vdi cac thut toan gan dau
khac. Do d6, dbi véi hé thong tii cao thi song song héa
thuat toan Lamport phéi xit ly v6i s6 lugng 16n cic yéu cau
gia tri dong hd 16-gic trong qua trinh hop luc. Vi vay, gidi
phéap d€ giai quyét tdi vu hé théng trong hop luc va truyén
thong can dudc tiép tuc nghién cifu.
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