PHAN MO bAU

Viéc ting sd lugng cac phan tir trong mot hé phan tan diéu nay ciing c6 nghia 13 ting
nguy co cé mot vai phan tr gap 13i trong qué trinh thuc thi mot thuat téan phan tan.
Cac 13i co thé 1a may tinh trong mdt mang c6 thé hong, cac process trong mot hé théng
cd thé ngirng thuc hién do cac may tram bi tit, hodc may tinh c6 thé cho ra cac két qua
khong dung , vi du nhu bo nhé bi 16i. Nhitng may tinh hién dai cang ngay cang dang
tin cay, do d6 giam di su xay ra 15i trong ting mdy tinh c4 nhan. Tuy nhién, co hoi xay
ra 15i & mot vai noi trong mot hé thong phan tan 1a 16n bét ky khi sé lwgng céc phan tu
tang. Dé tranh phai khoi dong lai mot thuat toan mai lan 15i xuét hién, cac thuat toan
phai dugc thiét ké dé chiu nhitng 16i nhu thé.

Sy hu hai do 13i con lién quan dén viéc tinh toan tuan tu, dén cac tng dung khong
chd trong dén su an toan, hoiac maot tinh toan chay trong mot thoi gian dai va sinh ra
nhitng két qua khong thé kiém tra duoc. Viéc kiém tra noi bo c6 thé xa Iy mot vai loai
15i (vi du kiém tra chia cho khdng, kiém tra gia tri nhap vao c6 1a sé hop 1¢é khéng,...),
nhung khong thé bao vé cho viéc mat toan bo chuong trinh (may tinh bi tit ngudn)
hoic do sy thay ddi trong chinh cac 1énh cta chuwong trinh. Do d6 kha ning chiu I8i cia
cac thuat toan tuan tu 13 han ché.

Trong luan vin nay sé& trinh bay céc thuat toan giai quyét 15i dang nhu sau: trong khi
thuc hién tinh toan c6 mot vai process ngung hoat dong, thuat toan van hoat dong. Khi
thuat toan két thuc két qua phai bao dam thoa mot sé diéu kién cho trugc. Cac thuat
toan dugc xay dung cho cic bai todn cu thé sau : bai toan quyét dinh, bai toan t6 sau
mau cho d6 thi phang, bai todn giai gan dang hé phuong trinh tuyén tinh bang phuong

phép lap don.



CHUONG 1: THUAT TOAN PHAN TAN

1.1 Hé théng phan tan:

Mot hé thdng tphan tan bao gdm mot tap tat ca cac trang thai co thé ¢ cua hé théng
(system), hé thdng s& thay dbi trang thai cua no trén tap trang thai nay, va mot tap
C4cC trang thai ban dau. Ta s& goi trang thai cua mot process trong hé théng 1a trang
thai, va trang thai caa hé thong ca4u hinh .

Pinh nghia 1.1.1 Mgt h¢é théngtphan tan 1a mét bg S=(C, =, 1), véi C la tdp cac
cau hinh cia hé théng (sau nay goi tat 14 cdu hinh), = 1a mét quan hé nh;j phan
trén C, va | 1a tdp cac cdu hinh ban dau.

Thay vi viét (y,8) € > , 7,8 € C tasg viét lay > 8.

Pinh nghia 1.1.2 Cho S=(C, 2, I). M4t thuc thi cia S (execution of S) 1a day toi
dail E=(0, 51, ...) vl % 2 pien, Vi=0, 1, 2,..., va pel.

Mot cau hinh két thac y 1a cau hinh ma khéng ton tai cdu hinh & sao cho y > 8.
Vay E=(yo, 11, ...) 1a day v6 han hoic 1a day duoc két thlic bai cau hinh két thic,
Pinh nghia 1.1.3 Mgt cdu hinh & dwroc n6i 1a c6 thé dat duwoc tir , ky hiéu y > 6,
néu ton tai mat day =, 1, ... k= 0Voi i 2y, Vi=0, 1, 2,..., k. Cau hinh &
dwoc n6i 1a c6 thé dar diroc néu né cé thé dar duroc tir mét cau hinh thuge |.

1.2 Hé théng phan tan véi su trao déi thong diép khong dong b :
Ta xét mot hé phan tan bao gom mat tap cac proccess , ky hiéu P, va mot hé théng
trao doi thong diép giira cac proccess (communication subsystem). M&i mot process
la mot may tinh , 12 mot automata. Bé tranh 1am 1an ta s& sir dung “dich chuyén”
(transition) va “cau hinh” (configuration) cho ca hé thdng va “sy kién” (event) va
“trang thai” (state) cho proccess. Goi M la tap cac thong diép (message) duoc

truyén giita cac process.

Pinh nghia 1.2.1 Thudt fodn dia phuwong cua mgt proccess p la mét bg (Zp , Iy,

L, =5, 7)), Véi Z, 1a tdp cac trang thai, I, < Zp 1a tdp cac trang thdi ban dau,



—);', la quan hé trén Z*Z, —;, va =, la cac quan hé trén Z*M*Z . M¢t quan hé nhj
phan —y trén Z duoc dinh nghia boi
¢ d &((c,d) e 5% )v(dm eM:(c,m d) e =5 U D).

Cac quan hé¢ —i, =5, va -} a nhang chuyén doi trang thai trong proccess p
véi - 1a chuyén doi trang thai ngi bg, khdng nhdn hay goi thong diép, —3
chuyén doi trang thai va goi thong diép, va cudi ciing 1a - chuyén doi trang thai
va nhdn thong diéep.

Pinh nghia 1.2.2 Mgt thudt toan phan tan (distributed algorithm) trén P={py, ..,
pn} la tdp cac thudt rodn dia phirong cua cac pi.

M3i cau hinh caa hé thdng 1a mot vector ¢6 dang vy = ( Si...., s2), Véi si 1a trang
thai cua process pi.

Pinh nghia 1.2.3 Mgt sw dich chuyén cdu hinh theo phuwong thirc truyén thong tin
khéng dong bé duwa trén mgt thugdt toan phan tan trén py, .., py (Vi thudt todn dia

phiwrong ciia mét proceess pi la mét bé (Z =, %5, ). 1as=(C, 2, 1) véi

oo Lo
1) C={(cps, .., Con, M ): (VP € P:cp eZp)vaM cM },
2) > =(pep —p), V6i —p la ham chuyén déi trang thai cua process p; —i la

tdp cac cap

(Cp1, ..., Cpi, ... ,cpn, M1), (Cpt, ..., € iy ... ,CpN, M2)

ching théa mét trong ba diéu sau

o (Cpi, cpi) € —);.,l- va M1=M3

e com e M, (cpi, m, c’hi) € —=,; va M=M1 v {m},

e cOm eM, (Cpi, m, c’hi) € =p; va Mi=Mz v {m},
3) 1I={(cp1, ..., Con, M)z (VP € P:cp elp)vaM =}
Mot thuc thi cia mot thuat toan phan tan 1a su chuyén doi cdu hinh dwa trén S. Céc
cap (c,d) e —);', duoc goi la cac s kién ngi bg (internal event) cua p, va (c, m, d)
thuoc —;, va —}, duoc goi la cac s kién goi (send event) va su kién nhgn (receive

event) cua p.



e M0ot su kién noi b e duoc cho boi e=(c, d) cta p duoc noéi la ap dung duwoc
trong cau hinh y=(Cpu, ..., Cp,..., cpn, M) Néu cp=c. Trong trudng hop nay , e(y)
duoc dinh nghia 1a ciu hinh (Cpy, ..., d,..., con, M).

e M0t su kién goi e duoc cho baoi e=(c, m, d) cua p duoc noéi la ap dung duoc
trong cau hinh y=(Cpu, ..., Cp,..., cpn, M) Néu cp=c. Trong truong hop nay , e(y)
dugc dinh nghia 14 cau hinh (Cpy, ..., d...., con, MU {m}).

e Mot su kién nhan e duoc cho baoi e=(c, m, d) ctaa p duoc ndi la &p dung duoc
trong cau hinh y=(Cpu, ..., Cp,..., cpn, M) Néu cp=c. Trong trudng hop nay , e(y)
duoc dinh nghia 14 cau hinh (Cpy, ..., d,..., cpn, M\ {m}).

Ta lubn gid thiét rang mai mét théng diép chi cd mét process la cé thé nhan va méi
thong diép dwoc goi cho mot process thi sau mgt khoang thoi gian hizu han process

dé sé nhdn dwoc néu process con hoat déng.

1.3Hé théng phan tan véi sy trao déi thong diép dong b :
Truyén thong diép dugc noi 1a dong bd néu sy kién goi va bién cb nhan phéi hop voi
nhau mot cach théng nhat. Mot process p khong duoc goi thong diép cho process q
trir khi g san sang nhan thong diép. Ta c6 dinh nghia hinh thirc sau.
Pinh nghia 1.3.1 Mt s thay doi cdu hinh (transition system) theo phwong thirc
truyén théng tin dong bé dwa trén mgt thudt todn phan tan trén pg, .., pn, 12 S =
(C, 2, 1) véi
1) C={(cpy, .., Con, M ): VP € P:cp € Zp},
2) —>=(Lpep —p) U (Lhger: pg —pa), VI
o —yilatap cac cap
(Cot, wovs Cpisenn ,CpN), (Cpt, -.r, € pis... ,cpn) tha (Cpi, € pi) Eﬁ;i,
® —yig la tdp cac cap
(cees Cpiyeee sCplpeve )y (ceesCpiy wvey Cpjirens )

thoa cO mét thong diép m € M sao cho



(Coi, m, c’pi) € —; Va (Cpj, m, C'pj) € =)

3) Iz{(Cpl, ceey CpN) . (\7@ eP: Cp e Ip)}



CHUONG 2: SU CHIU LOI TRONG HE THONG PHAN TAN

2.1 Bai toan quyét dinh (Decision Problem) :

Bai todn quyét dinh duoc phat biéu nhu sau: 1a bai toan trong d6 doi hoi mdi process
sau mot thoi gian hoat dong phai dung lai va cho ra mot quyét dinh bang cach gan mot
gia tri vao mot bién, ta goi bién va gia tri nay lan luot 12 bién quyér dinh va gia tri
quyér dinh, tinh chat dimg nay duoc goi la tinh chét két thic (termination). Bién nhan
gia tri quyét dinh khong dugc thay di gia tri khi di duoc gan gia tri quyét dinh. Céc
gia tri quyét dinh giira cac process thuong c6 mot méi lién hé nao do, tinh chat nay
duogc goi la tinh 6n dinh ( consistency ). Ngoai ra dé tranh cac bai toan tim thudng bai
toan quyét dinh con doi hoi tinh chat khéng tam thirong (non-trivial).

Mot vi du vé bai toan quyét dinh tim thuong 1a sau khi nhan song gia tri vao ban
dau nao d6 thi cac process dong loat gan gia tri quyét dinh vao bién quyét dinh va két
thuc.

Bai toan quyét dinh 1 sy triru tuong hda mot 16p cac bai toan nhu:

1) Commit-Abort. Trong co s& dir liéu phan tan khi mét giao dich can duoc thyc
hién trén cac site lién quan thi mot 1a thuc hién trén tat ca cac site d6 hodc khong
site ndo trong céac site d6. Do d6 sau khi duoc théng bao vé mot giao dich thi
c4c site s& xac dinh xem viéc cap nhat trén né co6 duoc khong, néu duoc thi goi
cho céc site khac “yes”, nguoc lai 1a “no”. Sau khi nhan dugc cac tin hiéu tir cac
site khéc , nd phai quyét dinh 1a c6 thyc hién cap nhat hay khong.

2) Dé tin cdy cua tin hiéu dau vao. Gia sir tin hiéu vao 1a 0 hay 1.Dé biét mot tin
hiéu vao c6 phai ding 1a tin hiéu 1 hay khong thi ta c6 thé nhan tin hiéu do tur
nhiéu sensor. Sau d6 goi tin hiéu nhan duoc cho cac process. Cac process phai
ra cling quyét dinh néu ching nhan duoc cung mot tin hiéu, hoic céc tin hiéu
phai thoa mot tiéu chi nao dé, vi du nhu vé sb lugng ciia mét loai tin hiéu.

3) Election. Pay 1a mot 16p cac bai toan. Election duoc phét biéu chung nhu sau:
Trong c4c process phai c6 mot process quyét dinh va tré thanh leader va cac

process khac ciing quyét dinh nhung trg thanh non-leader. Vi du (day ciing 1a



mét 16p chira nhiéu bai toan khac) gia sir mdi process chira mot gia tri 1a sb

nguyén, tat ca déu khac nhau. Hay tim process mang gia tri 16n nhat.

Trong ludn van s& trinh bay bai toan quyét dinh vai cac y chinh sau:

- M®i process nhan gia tri vao 1a 0 hoic 1,

- Giatri quyét dinh 12 0 hoic 1 tiy vao sé luong 0 hoic 1 chiém vu thé,

- Céc process chi nhan dugc mot sé lwgng nhat dinh céc tin hiéu tir cac process
khac. Vi du trong hé thdng mang ta can biét tinh chit nao d6 co6 phai la tinh chat
A hay khong. Sau khi phat tin hiéu Ién mang moi may tra loi mét y , yes/no. Vi
khdng biét s6 may tham gia 1a bao nhiéu (N) va may tinh phéat tin hiéu chi cd thé
cho trong mét khoang thoi gian nao d6. Do d6 sb lugng tin hiéu nhan duoc chi
1a d (< N). d s& duogc xac dinh trong phan Iy thuyét dé su quyét dinh 1 dang tin

cay.

Cac gia thiét :
- Mai process thuc hién it nhat mot 1an goi thong diép cho céc process khac van
con hoat dong.
- Mot process van con hoat dong thi ludn nhan thong diép khi thong diép duoc

goi dén no.

2.2 Kha ning chiu 18i caa cac thuat toan quyét dinh :

Trong muyc nay ta s& nghién ciu vé kha ning chiu 15i cua cac thuat toan phan tan
dung dé giai quyét bai toan quyét dinh. Hai loai thuat toan s& duoc xem xét 1a don dinh
(deterministic) va xac suat (Probabilistic) . Trong muc nay ciing sé& trinh bay céc ching
minh cho thdy cac thuat toan don dinh, phan tan khéng cd kha niang chiu 16i. Thuat
toan XAc suat cua Bracha va Toueg s& duoc dua ra trong muc nay dé giai quyét bai toan

da trinh bay o trén.

2.2.1 Cac khai niém va cac két qua co ban:



Cho day cac su kién o = (ey, ..., ex) duoc noi 1a p dung duoc trong cau hinh y néu
e1 ap dung duoc trong v, e2 4p dung dugc trong ei(y),va ...v.v. Néu cu hinh két qua
khi 4p dung o trong y 1 8, ta viét y —° & hay o(y)=5. Néu S — IP va & chi chta cac sy

Kién cua cac process thuoc S thi ta viét y—. 3.

Ménh dé 2.2.1.0 [3] Goi y la cdu hinh ma hai si kién ep, va eq cia hai process khac
nhau c6 thé ap dung dwrgc. Khi dé ep &p dung duwoc trong eq(7), eq ap dung diwrot trong
ep(7), va ep(eq(7))=eq(en(7)) (ep va eq giao hoan).
Ménh dé 2.2.1.1 [4] Goi o1 va o2 12 hai ddy ap dung dwoc trong cdu hinh ythda khong
ton tai process chung (process p cd sw kién e trongor va co su kién g trong oz la
process chung). Khi dé o» &p dung dwoc trong ou(y),o1 ap dung durgc trong o»(y) va
ox(o1(7))=o1(02(7))-
Pinh nghia 2.2.1.2 Mgt thyee thi dieoc noi 1 t-crash fair néu co it nhat N-t process c6
thé thiec thi nhiéu vo han cac sir kién (cdc process nhwr vdy dwoc goi 1a cac process
diing) va méi théng diép dwoc géi téi mét process diing luén dwoc nhdn.
Pinh nghia 2.2.1.3 Mgt thudr todn dwoc noi I t-crash-robust consensus néu né thoa
cac doi hol sau:
1) Két thac (Termination). Véi moi thyc thi t-crash fair , moi process diing déu
quyét dinh (decide).
2) Pong Yy (Agreement). Néu , trong mét cau hinh dat dwoc, Yp =b va yq =b trong
cdc process diing p va q thi yp=Yq, Vi Yp, Yq | cac bién quyét dinh.
3) Khong tdam thwong (Non-triviality). Véi v=0 va v=1 ton tgi nhiing cdu hinh dat
dirge ma trong do ¢é it nhdt mét process p sao cho yp=v.
Véi v=0, 1 mot cdu hinh dugc ndi 1a v-quyét dinh néu cd process p sao cho yp=Vv;
mét cdu hinh dwoc n6i 1a quyér dinh néu né 12 0-quyét dinh hay 1-quyét dinh. Mot cau
hinh dugc néi 1a v-valent néu moi cau hinh quyét dinh dat duoc tir n6 1a nhitng v-quyét

dinh. Mot cau hinh dugc néi 1a bivalent néu ca hai loai ciu hinh 0-quyét dinh va 1-



quyét dinh déu dat duoc tir n6, va duoc néi 1a univalent néu né 1a mét trong 0-quyét
dinh hoac 1-quyét dinh.

M6t cau hinh y cuia mot thuat toan t-robus dugc noi 1a mot fork néu ton tai tap T co
nhiéu nhat t process, va hai cau hinh yo va y1, sao cho y—; yo, Y= 1, V& v 12 v-
valent.

Ménh dé 2.2.1.4 [5] Véi mdi cdu hinh dat dwoc y cia mgt thudt toan t-robus va maéi
tdp con S ¢6 it nhat N-t process, ton tai mét cdu hinh quyét dinh §sao cho y— 6.
Chitng minh. Xét thyc thi dat téi cau hinh y va chira nhiéu tly y cac sy kién trong moi
process p cua S (khdng chtra cac sy Kién ctia cac process ngoai S). RO rang day 1la mot
thuc thi t-crash fair, va cac process trong S la ding nén cac process nay s€ dat tai trang
thai quyét dinh. [

Bé dé 2.2.1.5 [6] Khdng tan tai cau hinh fork.

Ching minh. Goi v la c4u hinh dat dwoc va T 12 tap con ¢d nhiéu nhat t process.

Pit S= P\T; S ¢6 it nhat N-t process, do d6 ton tai cau hinh quyét dinh & sao cho y
—s & (ménh d¢ 2.2.1.3). Khdng mat tinh tong quat ta gia sir & 1a 0-quyét dinh.

Goi y’ 14 cau hinh sao cho y —1 y’. Cac budc trong T va S Ia loai trir nhau nén theo
ménh dé 2.2.1.1 , ton tai cau hinh & dat duoc tir ca hai & va y’. Vi & 1a 0-quyét dinh
nén & ciing 1a 0-quyét dinh. Vay ta c6 y’ phai 1a 0-quyét dinh.

]
2.2.2 Kha ning chiu 16i cia thuit toan phan tan don dinh:

Ta goi A la mét thuat toan 1-crash-robust. Trong muc nay ta sé chi ra thuat toan
phan tan don dinh khéng c6 kha nang chiu 151 d6i véi bai toan quyét dinh.
B6 dé 2.2.2.1 [7] Ton tai mét cdu hinh bar dau bivalent cho A.
Chizng minh. Vi A 1a khéng tam thuong nén cé cac cau hinh 0- va 1-quyét dinh dat
duoc. Goi 8o va &1 1a cac cau hinh bat d¢au sao cho cau hinh v-quyét dinh 1a dat dugc tur
Ov.

Néu 80=5; thi ta c6 diéu can ching minh. Gia st 8031 . Ta xét diy cac cau hinh bat

dau , phan tir dau 1a 8o va phan tir cudi 1 81, hai phan tir lién tiép trong day chi khac
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nhau & mot process ( ddy nhu vay dugc xay dung bang cach lan lugt doi céc bit tir 8o
dén &1, vd : §0=100110 va 8:= 110101 , ta c6 §o= 100110 110110 > 110110 &=
110100 ). Goi yo va y1 la hai cdu hinh lién tiép trong ddy sao cho v-quyét dinh dat duoc
tur yv. Goi p la process trong yo va y1.

Xét mot thuc thi véi cau hinh bat dau 14 yo trong thuc thi nay p khong chuyén doi
trang thai ( khong budc nao dugc thuc hién trong p). Ta c6 thuc thi nay la 1-crash fair,
do d6 c6 cau hinh quyét dinh B dat duogc tir yo. néu B 1a 1-quyét dinh thi yo la bivalent.
Néu B 1a 0-quyét dinh , vi y1 chi khac yo & process p, va p khong thuc hién buéc nao
nén B dat duoc tir y1, diéu nay cho thay y1 1 bivalent.

[

Ta goi budc s 1a dé chi sy nhan va xir ly mot thong diép hodc mot chuyén trang théi
( su kién noi b hay su kién goi). Su nhan thong diép chi &p dung duoc néu thong diép
dang trén duong dan va mot chuyén trang thai thi luén cé thé duoc &p dung.

Bo d@é 2.2.2.2 [8] Goi yla mét cdu hinh bivalent dat dwroc Va s 1a mét buréc 6 thé ap
dung duwoc trong process p trong cdu hinh y Khi dé ton tai mét day o cac sw kién sao
cho s c6 thé &p dung dwoc trong o(), va s(o(»)) la bivalent.

Chitng minh. Goi C la tap tat ca cac cau hinh dat duoc tir y chua ap dung budc s, i.e.,
C={o(y) : s khdng xay ra trong y}, vay ta c6 s c6 thé ap dung duoc trong moi ciu hinh
thuoc C.

Ta chizng minh ton tai cac cau hinh oo va a1 trong C sao cho ¢ mot cau hinh v-
quyét dinh c6 thé dat duoc tir s(av). Néu chimg minh dwoc diéu nay thi c6 hai truong
hop xay ra

(1) ao = a1, day 1a diéu ma ta can chirng minh,

(2) 00 # a1 , X6t tat ca cac cAu hinh trén dudng dan tir y dén ao va as. Hai cau hinh
trén duong dan 1a ké nhau néu cdu hinh nay thu duoc tir ciu hinh kia chi boi
mot budc. Vi 0-quyét dinh c6 thé dat duoc tir s(ao) va 1-quyét dinh c6 thé dat

duoc tir s(o) Nén ton tai hai cau hinh k& nhau yo va y1 sao cho s(yo) 1a 0-valent
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va s(y1) la 1-valent. Ta chitng minh mot trong yo va y1 1a mot fork. Pay 1a diéu
trai voi Bo dé 2.2.1.5. Vay ta phai c¢6 ao = oa.

= Chitng minh ton tai cac cau hinh ao va a1 trong C sao cho ¢6 mét cau hinh v-
quyét dinh c6 thé dat duoc tir s(ow).

Vi v 1a bivalent nén c6 v-quyét dinh By c6 thé dat duogc tir y, véi v=0,1. Néu py € C
thi chon av=Bv ( ta luu ¥ s(Bv) van la v-quyét dinh). Néu By ¢ C , khi nay s da duogc ap
dung vao mét cau hinh 8y e C va By dat duoc tir 8y . Ta chon oy 12 8.

=>» Chrng minh mét trong yo va y1 1a mot fork.

Ta xem 1 14 cdu hinh thu duoc tir yo boi mot budc e cua process ¢, y1=e(yo). Ta ¢6
s(e(yo)) 12 s(y1) nén la 1-valent, nhung ta lai cO e(s(yo)) khéng la 1-valent vi s(yo) la O-
valent. Vay e va s khdng giao hoan (ménh dé 2.2.1.0), suy ra p=qg. Ta c6 yo—>p S(y0) Va
vo —p S(€(y0)) lan luot 1a 0-valent va 1-valent. Vay yo 1a mot fork.

[

Ménh dé 2.2.2.3 [9] Khong ton tai thudt todn 1-crash-robust consensus don dinh, phan
tan, khéng dong bg.

Chitng minh. Gia st thuat toan trén ton tai, khi d6 t6n tai yo ban dau la bivalent (B6 dé
2.2.2.1). Ta chon budc so ¢6 thé &p dung trong yo cua process p. Ton tai ddy sy kién o
sao cho y1= so(o(y)) la bivalent. Ta lai thuc hién nhu trén cho y:1. Vay ta da xay dung
dugc mot thuc thi fair nhung khéng quyét dinh.
]

Ménh dé sau day sé& cho thay khdng thé xay dung thuat toan cho bai toan quyét dinh
Véi s6 process bi hong > N/2, véi N 1a sb process.
Ménh dé 2.2.2.4 [10] Khéng ton tgi thudt toan t-crash-robust consensus véi t > N/2.
Ching minh. Néu ton tai mot thuat toan P nhu thé, goi thuat toan ay la P, thi s& dan dén
cac khang dinh sau:

Khang dinh 1 P c6 mét cdu hinh bar dau 1a bivalent.
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Ching minh. B6 dé 2.2.2.1.
]
Cho tap con S cac process, cau hinh y dugc ndi 1a S-bivalent néu ca hai 0- va 1-quyét
dinh déu c6 thé dat duoc tir y voi cac bude chi thudc cac process trong S. Cau hinh vy
dugc noi 1a S-0-valent , néu chi c6 0-quyét dinh cd thé dat duoc tir y Voi cac budc chi
thudc cac process trong S, va S-1-valent dugc dinh nghia tuong tu.
Chia N process thanh hai tap S va T ¢6 s6 phan tu 1A N/2] valN/21.

Khang dinh 2 Véi moi cdu hinh y dat dwoc, ¥ dong thoi 1a S-0-valent va T-0-
valent hodc dong thoi 1a S-1-valent va T-1-valent.

Ching minh. Vit > N/2 nén ta c6 S va T déu cd thé dat dén su quyét dinh mot cach
doc lap. Néu céc quyét dinh nay khac nhau thi trai véi dinh nghia vé t-crash-robust
consensus ( tinh chat ddng y).

]

Khang dinh 3 P khong c6 cdu hinh dat dwoc 14 bivalent.

Chutng minh. Gia sir P ¢6 cu hinh dat duoc 13 y, khdng mat tinh tong quéat ta cd thé
xem v la S-1-valent va T-1-valent (Khang dinh 2). T lai c6 v I bivalent nén s& c6 mot
cau hinh 0-quyét dinh 8o dat duoc tir y. Trong day cac cau hinh tir y dén 8o c6 hai ciu
hinh lién tiép nhau y1 V& yo, V4i yv dong thoi 1a S-v-valent va T-v-valent. Goi p la
process gay ra su chuyén dich tir cau hinh y1 sang yo. Process p khong thé thudc S vi y1
la S-1-valent va yo 1a S-Ovalent. Tuong tu p khong thé thuoc T.

[]
Ta thay rang khing dinh 1 va 3 l1a mau thuan nhau. Ménh dé 2.2.2.4 di duoc chiing

minh. [

2.2.3 Kha niing chiu I8i ciia thuat toan consensus XAac suat:
Ménh dé 2.2.2.3 cho ta thay rang moi thuat toan consensus don dinh, phén tan diéu
c6 mat tinh toan vo han ma khdng quyét dinh. Trong muc nay sé& trinh bay mot thuat

toan xac suat cua Bracha va Toueg dé giai quyét bai toan trén. Thuat toan cua Bracha
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va Toueg van hanh dua trén su lap di 1ap lai (ta s€ goi la cac round) hai thao tac d6 la
goi thong diép cho tat ca cac process ( ké ca chinh nd) va chd nhan cac thong diép tur
cac process khéc. Thuat toan dugc ching minh 1a quyét dinh, véi s6 process hong <
N/2.

Pinh nghia 2.2.3.1 Mgt thudr todn dwoc néi la Probabilistic, t-crash-robust
consensus néu né théa cdc doi héi sau:

1) Héi tu (Convergence). Véi moi cau hinh ban dau , moi thuc thi cho truéc,

lim Pr[mét process chira quyét dinh sau k buéc]=0.

k—o0
2) Pong Yy (Agreement). Néu , trong mét cau hinh dat dwoc, Yp #b va yq =b trong
cdc process dung p va q thi yp=Yq.
3) Khoéng tdm thwong (Non-triviality). Véi v=0 va v=1ton tai nhitng cdu hinh dat

dwoc ma trong do cé it nhat mét process p sao cho yp=V.

O lan lap thir k ta s& goi la round k. Ta dinh nghia R(p, q, k) 1a su kién , & round k,
process g nhan théng tin caa p trong N-t thong tin dén dau tién & round k. Gia sir ta co :
(1)3&e>0Vp,q,k:Pr[R(p,q, k)] >e.
(2) V6i moi k, va vai moi p,q,r cac process khac nhau, su kién R(q, p, k) va R(q, r,
k) la doc lap.

Hai gia thiét trén duoc goi la gia thiét Fair Scheduling.

Thuat todn 2.2.3.2 [11] ( thuat toan cua process p)

var value :{0,1}  initxp, //giatrip s&bau (p’s vote)
round :integer  init0  // giatri round
weight sinteger  init1  //trong s6 p’s vote
msg[0..1] “integer  init (0,0) // @&m cac vote d3 nhan
witness[0..1]  :integer init (0,0) // ém cac witness dd nhan
begin
while y=b do

begin
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witness[0] = witness[1] = 0;
msg[0] = msg[1] = 0;
shout ( round, value, weight);
while (msg[0]+msg[1] < N-t) do
begin
receive (r, v, w); // nhan thong tin tir mot process q
if r>round then
send (r, v, w) to p; // chd round ké
else if r = round then
begin
msg[v] = msg[v] + 1;
if w > N/2 then witness[v] = witness[v] + 1;
end
else skip;
end;
/I Chon gia tri mai : vote va weight cho vong lap ké
if witness[0] > 0 then value =0
else if witness[1] > 0 then value = 1
else if msg[0] > msg[1] then value =0

else value = 1;

weight = msg[v];

/I Quyét dinh néu 16n hon t witness
if witness[value] >t then y = value; // két thic
round = round +1,;

end;

shout( round, value, N-t);

shout( round+1, value, N-t);
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end // Két thac thuat toan

M0 ta thuét toan :

O mdi round process p & goi gia tri round (bién round), mét phiéu bau cho 0 hoic 1
(ta goi 1a vote, bién value) , cing véi trong sé cua la phiéu ay (bién weight). Trong sd
cua l4 phiéu 1a sb luong 14 phiéu d6 nhan dugc & round trudc. Process p cho nhan du
N-t thong diép (r, v, w) tur cac process g, voi r la round , v 1a value va w la weight cua
g. Néu w trong s6 > N/2 thi ting s6 lwong v-witness mot don vi (bién witness[v]), duoc
goi 1a mot v-witness. Néu p ¢ witness[v]>0 & round k , thi p s& bau cho v & round k+1.
Néu witness[v]=0 , v=0,1, thi néu s thong diép 0 nhan duoc > s6 luong thong diép 1
nhan dugc thi p s& bau cho 0 ¢ round k+1 nguoc lai bau cho 1. Process p sé quyét dinh
véi gi tri v=0,1 néu p c6 sb luong v-witness > t. CAc ménh dé sau s& ching minh rang

tat ca cac process quyét dinh cing mot gia tri néu t < N/2.

Ménh dé 2.2.3.3 [12] Véi moi round, khéng co hai process co v-witness, w-witness ma
v #W khac nhau.

Chizng minh. Gia st & round k process p c6 v-witness va q cO w-witness; k > 1 vi ¢
round 1 khéng cé process nao c6 witness. Ta ¢6 ¢ round k-1, p nhan nhiéu hon N/2
vote cho v va g nhan nhiéu hon N/2 vote cho w. S process 1a N nén c6 mot process r
goi v-vote cho p va gai w-vote cho q. Diéu ndy dan dén v = w.

[

Ménh dé 2.2.3.4 [13] Néu mét process quyét dinh véi gia tri v thi tat cd cac process
diing sé cling quyét dinh véi gia tri v ¢ nhiéu nhat 1a hai round ké tiép.
Chitng minh. Goi k 13 round dau tién p quyét dinh véi gia tri v. Sy quyét dinh nay dan
dén 1a c6 nhiing v-witness trong round k. Theo ménh dé 2.2.3.3 khodng cé quyét dinh
véi gia tri khac v trong round k.

Trong round k c6 nhiéu hon t v-witness (do quyét dinh cua p), do d6 tit ca cac

process dung nhan it nhat 14 mot v-witness ¢ round k. Vay tat ca cac process sé cling
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bau cho v & round k+1 (& round k+1 p van goi v-vote). Diéu ndy dan dén Ia néu co
mét quyét dinh xay ra trong mot mot process trong round k+1 thi quyét dinh d6 1a cho
giatriv.

Trong round k+1 chi c6 v-vote 1a duoc gai & tit ca cac process dung. VAy trong
round k+1 tat ca cac process dung déu c6 v-witness. Tir d6 ta thay rang & round k+2 tat
cac process ding chwa quyét dinh s& nhan N-t v-witness ( N-t > t), nén s& quyét dinh

véi giatriv. N

Ménh dé 2.2.3.5 [14] lim Pr[ Khong c6 quyét dinh trong round <k ] = 0.

Ching minh. Goi S 1a tap c6 N-t process va gia st rang khdng c6 quyét dinh nao cho
dén round ko. Gia thiét Fair Scheduling dan dén ton tai p > 0 la x4c suat nho nhat ma
trong bat ky round ndo moi process trong S déu nhan ding cac vote cua N-t process
trong S. Ta cO xac suat dé diéu nay xay ra trong cac round Ko, ko +1 va ko +2 13 w=p3.
Néu diéu trén xay ra thi d& dang ta co tat ca cac process trong S s& quyét dinh ¢
round ko+2. Néu ménh dé 2.2.3.5 khong dung thi ¢6 mot tinh toan ma trong dé khong
c6 quyét dinh , i.e, s& khdng xay ra diéu sau : vai moi ko, trong céc round ko, ko +1 va
Ko +2 moi process trong S déu nhan ding cac vote cua N-t process trong S. Piéu nay

chi xay ra khi p=0. N

Ménh dé 2.2.3.6 [15] Néu tdt cd cac process clng gié tri ban dau 1a v thi tat cac

process sé quyét dinh cho v ¢ round 2.

Ménh dé 2.2.3.7 [16] Thugt toan 2.2.3.2 Ia thudt toan t-crash-robust consensus xac
suat véi t < N/2.

Chitng minh. Hai tu do ménh dé 2.2.3.5, khéng tim thuong do ménh dé 2.2.3.6, dong ¥
do ménh & 2.2.3.4.

2.2.4 Thuat toan Master:
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Trong phan cai dit s& sir dung mo hinh Master va Slave. Cac Slave 1a cac process nhur
da trinh bay ¢ c&c muc trén. Master la mot process ¢6 nhiém vu khai tao cac process,
goi gia tri x = 0/1 cho cac process, kiém tra xem process nao hong, géi s6 luong
process hong cho céc process, va nhan céac quyét dinh tir cac process van con hoat dong
(process dung).

Trong phan cai dat Master con gitt vai trd 1am hong mot sé process duoc chi dinh.
Thu tuc kill trong thuat toan Master ding dé ra Iénh cho mot s process nging hoat
dong. Thu tuc nay dit ¢ dau cling dwgc mién sao cac process da ggi vote it nhat mot

lan cho it nhat mot process ding (do gia thiét ban dau).

Dir liéu dugc dung trong Master :
- livetids : mang céc tid cua cac process van lam viéc,
- t:sd process hong,

- count : dém s6 quyét dinh duoc gai vé tir cAc process.

Thuét toan :
begin
t=0;
count =0;
Khai tao N process;
Gai x[q] = 0/1 cho process c0 tid la livetids[q], g = 0,1,.., N-1;
while (1)
begin
If ( process cé tid l1a livetids[q] bi hong)
begin
t++;
Cap nhat lai livetids;
end

If ( c6 thong diép quyér dinh dén)
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begin
Nhan thong diép;
count++;
end
If (count==N-t)
begin
Két thic while(1);
end
end // while (1)

end.

2.2.4 M@t &eng dung ciia bai todn consensus Xac suat :

Véi cac ménh dé trén trong muc nay sé trinh bay nhitng lap luan dé cho thay gia tri
quyét dinh 12 0 hay 1a 1 tuy vao sé luong 0 hodc 1 chiém wu thé va sy quyét dinh c6
tinh xac suat. Xac suat quyét dinh 1a 0 s& 16n hon xac suat quyét dinh 12 1 néu sb lugng
0 16n hon s6 lugng 1, i.e, s6 process nhan gia tri 0 ban dau 16n hon sé process nhan gia
tri 1 ban dau.

Goi mo la tap hop N-t phan tir véi sb luong gia tri 0 16n hon s6 lwong gia tri 1, my

1a tap hop N-t phan tir véi s6 lwong gid tri 1 16n hon sé luong gié tri 0. Goi So |4 tap cac
phan tir mo, S1 1 tap cac phan tir my. Néu s6 lwong gi tri 0 16n hon s6 luong gia tri 1
thi ta 0 |So| > |S4|.
Gia thiét rang xac suat nhan duoc tin hiéu cia process p dugc gai boi cac process q la
nhu nhau véi moi g. Vi gia thiét nay, néu sé lugng gia tri 0 16n hon s6 lugng gia tri 1
thi ta c6 [So| > |Sa|, & round thiz hai xac suat dé sb lugng process nhdn mo 16n hon xéc
suat dé so lugng process nhgn my. Khi d6 & round thi ba xac suat dé sé lwong s6 0
dugc chon dé bau (vote) 1a 16n hon xéc sudt dé sé luong sé 1 dugc chon dé bau. Tu
nhan xét trén suy ra xac suat 0 1a gia tri quyét dinh s& Ién hon 1.

Phan thuc nghiém duoc trinh bay & chuong 5.
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CHUONG 3 : GIAI GAN PUNG HE PHUONG TRINH TUYEN TiNH VA BAI
TOAN TO MAU PO THI PHANG

3.1 Giai thiéu :

Téng quan vé cac thuit todn 6n dinh 1a vao mot giai doan nao d6 cac process dung cd
thé bi x4o tron hanh vi (trong chuong nay dugc xem c6 thé 1a do mét vai process hong)
nhung sau mdt khoang thoi gian hitu han cac process ding s¢€ tro lai hanh vi diing nhu
khi chua xay ra c6 process hong.

Trong chuong trude ta dinh nghia mot hé thong phan tan 1a mot bo S=(C, >, 1), trong
chuong nay S 1a bo S=(C, -2).

Pinh nghia 3.1.1 Cho hé thong phan tan S=(C, =)dwoc néi la én dinh doi véi diéu
kién P néu ton tai mét tap con L < C, 1a tdp cac cau hinh hep 16 ¢é céc tinh chdt sau:
1) Piing (Correctness). Moi thyec thi bdt dau béi mét cau hinh trong L thi théa P.

2) Hgi tu (Convergence). Moi thiee thi déu chira mét cdu hinh thuge L.

Pinh nghia 3.1.2 Mgt chuong trinh dwoc dinh nghia nhw la mét tap cac bién va céc

buréc nguyén té trén céc bién do.

Sy kién gan mat gia tri vao mot bién, su kién doc gié tri cua bién 13 cac budc nguyén td
trén bién.

Cho mot thuc thi E=(yo,y1, .. ) ta ky hiéu Ei =(yi, yi+1, ...).

Pinh nghia 3.1.3 Goi S1va Sz la hai chuong trinh sao cho khéng cé bién nao dwoc
gan gia tri béi S; ma xudt hién trong Su. Ta dinh nghia S10 Sz la chwong trinh chira tat

Cd CAc bién va tdt ca cac thao tac (Cia cdc buwéc) cua Siva Se.

Pinh nghia 3.1.4 M4t thuc thi E cia $10 S, 1a fair doi véi Si néu né chira vo han céc
buoc cua Si, hogc c6 mét Ej cua E ma trong do khong c6 buoc nao cua Si la ap dung

duroc.
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Meénh dé 3.1.5 [17] Néu cdc diéu kién sau théa:
1) chuwong trinh S1 6n dinh d6i Véi 6,
2) chirong trinh Sz 6n dinh doi véi wnéu Othsa,
3) chwong trinh S1 khéng thay déi gia tri cia cac bién doc béi Sz khi fthaa,

4) tdt cd cac thuc thi déu fair doi Véi cd hai S1va Sz,
thi S10S, 6n dinh doi Véi .

Chizng minh. Cho mét cau hinh cua $1@ Sz , goi v 1a tap gié tri ciia cac bién cua Si.
Cho mét thyc thi E = (yo, y1, ...) cua $1© Sp, dat EW = (v, vy, ...), cac y* gidng nhau
thi chi gitr lai mot.

Xét E® . Vi S, khdng viét vao cac bién cua Sy, nén tat ca cac thay doi trong y© 1a
boi cac budc cua S, didu ndy dan dén E® 13 mot thuc thi cua Si. Theo 4) ta c6 E 14 fair
d6i vai S1 dan dén néu EM 13 hitu han thi thi cau hinh cudi trong ddy E s& la cau hinh
két thiic cho Si. Vi S1 12 6n dinh d6i v6i 6 nén ¢d i sao cho 6(y;) dung véi moi j > i.

Véi i ¢ trén ta xét Ei. 0 dang v6i moicau hinh trong E® dan dén khéng co bién nao
duogc doc bai S, ma bi thay doi bsi S1. Do do, chudi (v, v, ...) 1a mét thyc thi cua

S2. Néu (y@,y@, ...) 1a hitu han thi trang théi cudi s& Ia trang théi két thiic. Vi Sz 1a 6n

1
dinh ddi v6i w néu 6 ding , vay ta s& c6 y dung & mot con lai nao dé cua E.

[

3.2 Bai toan td sdu mau cho dd thi phing:
3.2.1 Co s& ly thuyét:
Cho G=(V, E) 1a db thi phang, voi mdi dinh 1a mot process, canh ndi giita p va q dugc
xem la duong truyén gitta p va g. Process p c6 bién cp c6 gia tri thuoc {1, 2,3, 4, 5, 6}
la mau to cua dinh p. Cac dinh s& dugc t6 mau sao cho hai dinh ké nhau thi c6 mau
khéac nhau. Néu tan tir y duoc dinh nghia

v =(Vpg € E: Cp+#Cy),
thi G t6 dugc sdu mau nhu phat biéu ta phai c6 v 1a dung.
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Ménh 3.2.1.1 [18] Mét d thi phang c6 it nhat mér dinh ¢6 bdc nhé hon hay bang 5.

Mot do thi G khéng hudng néu mdi canh cia G ta xac dinh mot huéng trén d6 thi ta
bao rang G dugc dinh hudng. Cho G 1a dd thi ¢6 hudng. Mot chu trinh 1a mot day cac

canh (c6 huéng) tir dinh vo dén dén dinh vo.

Ménh 3.2.1.2 [19] Cho G la do thi phdang khi dé c6 mét dinh hwéng , khdng chu trinh
cua G sao cho moi dinh déu cé bdc ra Ién nhdt 14 5.

Chitng minh. Ta chiang minh bang qui nap trén cac dinh. Xét d6 thi véi s6 dinh lon hon
hay bang 2. Theo ménh dé 3.2.1 ¢6 dinh v véi bac < 5. B6 thi G’= G-{v} 1a d6 thi c6 it
hon G mét dinh, theo gia thiét qui nap G’ c6 mot dinh huéng , khdng chu trinh ¢6 céc
dinh véi bac ra 16n nhat 1a 5. Ta xay dung dinh huéng cua G bang cach thém v vao
dinh hudng cua G’ va cac canh cua v s€ hudng ra.

[

Ménh 3.2.1.3 [20] Mét do thi phang la t6 dwoc sau mau.
Chitng minh. Cho db thi phang G, va goi G’ 1a mét dinh huéng, khdng chu trinh,
khong ¢6 dinh nao c6 bac ra Ién hon 5 cia G (ménh dé 3.2.2). Do G’ 1a khong chu

trinh nén ta cé thé danh nhan cho cac dinh ctia G’ bai cac nhan v, vz, Vs, ..., va a0 cho
£ - .o , 5 ~ A~ , \ A . Lp . ~
neu v,v; thi j > i. Cac dinh s¢ duoc t0 theo thir tu tir v dén vi. Tinh chat cua cac nhan
cho ta thay rang dinh v chi duogc to chi khi cac dinh ké trén canh huéng ra tir v da dugc
t6. Vi v chi c6 téi da 13 5 canh huéng ra nén mau cua v s& khac cac dinh ké trén céc

canh hudng ra cua no. O

Giai thuat t6 mau dwa vao ¥ tuong ching minh ménh dé 3.2.3. Giai thuat duoc chia la
hai pha. Pha dau la xay dyng G’. Pha thir hai t6 mau theo thir tw nhu di chi. Dé thé

hién mot dinh hudng, khong chu trinh d6 thi ma cac dinh 1a cac process, trong mdi
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process p , p cling 1a mot s6 nguyén, cd bién X, cd kiéu nguyén, va ta dinh nghia canh
pq 1a huéng tr p d¢én g, néu

Xp < Xq V (Xp = Xq A P <0).

R6 rang mdi chi co thé theo mot hudng va d6 thi 1a dinh hudng, khéng chu trinh. Van
dé con lai 1a thay di xp dé c6 dugc mdi p c6 sb canh ra nhiéu nhit 12 5. Goi out(p) la

sb canh ra cua p,

out(p) = #{q < Neigh, : pg}.
Tan tir cho pha dau tién 1a 6 = (Vp : out(p) < 5).

Chuong trinh S1 , dung dé thiét l1ap 0, chira mot thao tac cho mdi process, dinh
hudng lai cho tat ca cac canh hudng ra tir p néu sé canh nay > 5:

Dy, : if (out(p) > 5)

Xp=max { Xq: g € Neighp } +1

Ménh dé 3.2.1.4 [21] Chicong trinh S1 6n dinh d6i Véi 6, va néu 6 duoc théa thi gia tr;
cuia Xp 1 hang sé trong tdt ca cac cdu hinh sau dé.
Chitng minh. Pé chizng minh 6 dung ta s& chitng minh Sy dung.

Ménh dé 3.2.2 suy ra tén tai mot cach danh nhan cho cac dinh vai cac nhan vi, vz,
... sao cho moi dinh p , ¢ nhan vi, ¢ nhiéu nhit 1a 5 dinh ké c6 nhan v; ma j > i. Ta s&

goi mot canh 12 sai néu vi huéng t6i vj ma i > j. Xét ham f(y) = (n1, na, ...), véi ni s6

canh sai k& véi vi. Gia st Dp ap dung trén vj, goi i 1a chi s6 bé nhat sao cho v?vi AVIRY/
c6 it nhat sau canh ra nhung chi 6 nhiéu nhat 5 dinh trong sé d6 1a ¢6 nhan c6 chi s6
I6n hon j. Suy ra j > i. Vay khi Dp thuc hién thi n; giam, nk khéng bi anh huong , véi k
< i. Vay Mdi lan 4p dung Dp s& la giam f (xét theo thir tu chudi ky tu, thu ty

lexicographic). Vay S: dung. O
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Chuong trinh Sz , thiét lap , cling chira mot thao tdc cho mdi process. Process p
gan giatrib € {1, 2, 3, 4, 5, 6} cho ¢ néu c6 q sao cho p huéng dén q, cp = cqva b

chua dugc dung. Ta cé Sz nhu sau:

Co: If (3q: ﬁ A Cp =Cq) A (Vrsao cho : ¢ # b) then

Cp:b

Ménh dé 3.2.1.5 [22] Churong trinh S» dirng, va néu @ duoc théa thi cau hinh két thic
cua Sy thoa w.
Ching minh. Trong dinh mét dinh huéng, khéng chu trinh cia G ton tai mot danh nhéan
cac dinh bang vi, v, ... mdi dinh chi c6 cac dinh k& & canh ra c6 nhan véi chi sé nho
hon. Pinh nghia g(y) = (Mz, M, ...), v6i mi 12 0 néu mau ci khac vai tat ca cac mau cia
cac dinh ké ni trén va 1a 1 néu nguoc lai. Mot &p dung Cp ¢ dinh vi s& thay d6i m tir 1
thanh 0, va cd thé s& chuyén m; tir O thanh 1 véi j > i, vay g giam theo thu tu
lexicographic.

Gia st 0 thoa, xét cau hinh két thic. Cp khodng 4p dung trong cau hinh két thic, diéu

kién If cia Cp sai. Process p ¢6 téi da 1a 5 dinh ké ¢ cac canh hudng ra vay s€ co b e

{1,2,3,4,5, 6} chua dugc dung boi cac dinh nay. Vay ta phai cé (39 : ﬁ A Cp = Cq)
sai, i.e, cp khéc tat c4c cq.

Vi mdi canh gr , ta cd q huéng toi r hodc r hudng téi r. Suy ra ¢ # cq.

Thuat todn 3.2.1.6

var Xp : integer;
cp:{1,2 34,5 6}

begin

Dp: if (out(p) > 5)

Xp=max { Xq:q € Neighp } +1
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Cp: If (3q:: ﬁ A Cp = Cq) A (Vrsao cho: ¢ = b) then
Cp = b
end.

Ménh dé 3.2.1.7 [23] Thudt toan 3.2.6 6n dinh doi Véi w.

Chitng minh. Thuat toan 3.2.6 12 S1© Sz Vi céc bién duoc gan boi S, (cp) khong xuat
hién & S1. Ménh dé& 3.2.4 cho S1 6n dinh di vai 0 va khong thay ddi Xp sau khi 0 thoa.
Ménh dé 3.2.5 cho Sz 6n dinh ddi véi w néu 0 thoa. Cubi cling ta c6, theo ménh dé
3.2.5 chi c6 mét sé hitu han cac budc cua S, gitta cac hai budc cua Sy, suy ra S10 Sz
fair d6i véi S1. Theo ménh dé 3.2.4 S; ding cho thay S1® S; fair véi S. Ménh dé 3.1.5

cho ta dié can chtzng minh. 0

3.2.2 Cai dat:
process dirng hoat dong. Ta ciing gia dinh rang Master ludn hoat dong. Ta ciling c6 thé
khic phuc han ché nay bang cach mdi mot process ciing 1a mot Master kiém soat cac
process ké véi minh (dinh ké trong do thi).
Thuat toan cho Master sé lam viéc theo cach thuc sau :
- Khoi tao cac process,
- Gai cac thdng tin Xp, Cp, cac dinh lién két ( luu trong mang G[p]) cho process p,
- Kiém tra c6 process q nao hong khong. Néu c6 thuc hién :
e Tao process mai p_t va cho process nay dam nhan cong viéc ciaa g. Goi X,
Cq, cac dinh lién két cho process t.
e Néu khong tao dugc thi tim mot process p ¢6 s6 nhiém vu (dang thuc hién

gilip cho cac process khéac) it nhat va gan nhiém vu caa g cho p.

Thuét toan cho Master:

Dt ligu:
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- Mang G[N][N] c6 gia tri 0, 1 biéu dién d6 thi G. Néu G[i][jl=1 c0 canh giita
dinhivaj, va G[i][j]=0 néu nguoc lai.
- Manng F[N][N+1] co gia nguyén.
e Néu F[i][j]=1 , 0 <j < N-1thi process i dang thuc hi¢n nhiém vy cua process
.
e F[i][N] : sb process process i dang dam nhan, c6 gia tri dau 1a 1.
- Mang x[N] : gié tri xp cua cac dinh, c6 gia tri nguyén dwong, c6 gia tri dau I1a bat
Ky.
- Mang c[N] : gia tri cp caa cac dinh, c6 gia tri € {1,2,3,4,5,6}, c6 gia tri dau la
bat ky, trong thuat toan 1a gia trj 1.
begin //1
Khai tao N process ;
Goi <p, X[p]l, G[p] > cho process p, p=0,1,..., N-1;
while (1)
begin //2
if( cO process g hong) then
begin //3
for (t=0;t < N; t++)
if (F[q][t]==1) /I q dang dam nhan cong viéc cua process k

begin //4
Flq][t]=0; Il Khong con dam nhan cong viéc t
F[qI[N]--; /I Giam s6 lugng cong viéc

if ( sinh dugc process mai t) then
begin //5
FIt[t]=1; // Task t nhan cong viec t.
F[t][N]=1;  // Sénhiemvulal
Goi  <t, x[t], c[t], G[t]> process t;
end //5

else
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begin //6
Tim process min_g ¢6 sé nhiém vu it nhét;
F[min_g][N]++; //S6 lugng nhién vu ting 1
F[min_q][q]=1; // Nhan thém nhiém vu cua q
Goi <t x[t], c[t], G[t]> process min_q;
end //6
end //4

end //3

If (cb cp tdi ) then Nhan cp;

If ( 3 nhan hét ¢p) then Két thic;

end// 2
end. //1

Thuat todn cua process p ngoai thuc hién D_p va C_p cho chinh n6 thi p con c6 thé
nhan thém cac dinh q ma cac process dam nhan g khéng con hoat dong.

Khi thuc hién xong C_p néu c[p] khong doi thi goi vé Master c[p] va gia tri v=1. Nho
gia tri nay ma Master biét khi nao két thic. Ta dé dang thay rang chi két thiic khi moi

dinh diéu gaoi gia tri v=1.

Thuat toan cho process p:

Dt liéu:

- Mang x[N] : gia tri nguyén, xac dinh chiéu dinh p va dinh q,

- Mang c[N] : mau cua cac dinh,

- Mang G[N][N] : Néu G[q] = Null thi G[q] 1a mang chi cac dinh j lién két véi q,

G[q][j]=1, va ciing cho biét p dang dam nhan cong viéc cua q,

begin

Nhan <p, Xp, Cp, G[p]> tir Master;

do

begin // 1
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for(g=0;0<N;q++)
if (G[q]'=NULL) then // process p thuc hi¢n nhiém vu cua dinh g
begin
Gai <q, x[q], c[q]> cho tat ca c4c process;
end
for (4=0;9<N;q++) x[q]=0,véi g=p;
do
begin //2
Nhan <q, x[q], c[q]> q hoac process k dang dam nhan nhién vu cia q;
If (cO nhiém vu mai , nhiém vu cua q dugc goi tir Master) then
begin
Nhan <q, x[q], c[al, G[a]>;
Goai <q, x[q], c[g]> cho tat ca cac process;
end
If (d4 nhan du céc x[q]) then két thic nhan; // x[q] # 0, =0, 1, .., N-1
end// 2
for( k =0; k < N;k++)
if (G[K]'=NULL) then // dinh k duoc dam nhan bai p
begin //3
Dp:
if (outp(k)>5) then
X[K]=max_x(K)+1;
C p:
If (6 q ké véi k sao cho: (k=>q) && (c[k]==c[q])) &&
(3 b e {1,2,3,4,5,6}sao cho: (Vr :(k=>r)) && c[r] # b)
then c[k]=b;
v=0;
if (c[k] khong d6i gia tri) then v=1; //
Gai <c[k], v> cho Master;
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end //3
if (o tin hiéu két thic tir Master) then Két thic;
end //1

end.

Ménh dé 3.2.2.1 Néu ton tai n sao cho cau hinh 5 khdng con process héng , j >n, thi
thugt toan cho Master va cho p théa ménh dé 3.2.1.7.

Ching minh. R3 rang néu khdng process nao ngirng hoat dong thi ta c6 ngay ménh dé
3.2.1.7 thoa.

Gia su c6 process g ngung hoat dong. Vay sé c6 mot vai process chua nhan dugc
x[q], c[q] tir . Thuat todn cho Master cho ta thdy khi phét hién ra q ngirng hoat dong
thi c0 hai truong hop:

1. Master sinh duwoc process mai dam nhan dinh g. Thuat toan cho process p cho ta

thay khi hoat dong n6 gaoi ngay x[p], c[p] cho tat ca cac process.

2. Master khong sinh dugc process méi khi d6 mot process s€ dam nhan q. Thuat

toan cho process cho ta thay khi nhan thém mot nhioém vu thi né goi ngay x[q],
c[q] cho tat ca céc process.
Vay sau khoang mét thoi gian hitu han x[q], c[q] s& duoc gai cho tt ca cac process, ¢6
gia tri co thé khdng la gia tri process nging hoat dong dang luu trit. Cac ménh dé trén

cho ta thiy chi can du cac x[p] va c[p] thi cudi cung ta ciing c6 ménh dé 3.2.1.7 thoa.

3.3 Bai toan giai gan ding hé phwong trinh tuyén tinh:

3.3.1 Co sé ly thuyét:

Cho h¢ phuong trinh tuyén tinh AX = B, véi A la ma tran vudng cap n c6 cac hé sb ajj,
X la vector nghiém can tim ¢ nghiém thanh phan xi, B vector n thanh phan c6 hé s6 1a
bi, i=1,..n, j=1..n. Ta chuyén hé phuong trinh da cho vé dang:

X=FX + G,

F 12 ma tran vudng cap n cd cac hé sé 1a fij, G 1a vector c6 cac hé s gi. fi awoc tinh theo

cong thuec:
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Pinh nghia 3.3.1.1 Mgt bé (S, +, *) duoc goi la khdng gian tuyén tinh, néu :
a) Vdimoicdapx,ycuas, alasothuc, tacdx+y eSva a*x €8.
b) Phép toan +, * thoa:
1) x+y =y+x,
2) (x+y)+z =x+(y+2),
3) C6 phdn tir 0 e X sao cho x+0 = X,
4) Véi moi x ¢6 phdn tir doi x* € S sao cho x+x’ = 0, ky hiéu —x cho x’,
5) 1*x =X,
6) a*(F*X) = (af)*X, a,f €R,
7) (a+p)y* = (a*x) +( fX) = a*x + [,

8) a*(x+y) = (a*x) + (a*y) = &*X + a*y.

Ménh dé 3.3.1.2 V4i S 1a tdp cac ma trdn vudng cdp N, Vdi cdc phép todn +, * dwoc
dinh nghia nhu sau:

A = (aij)n*n , B = (bij)n=n € S, A+B = (aij+hij) va a e R, o*A = (aaij)

thi (S, +, *) 1a mgt khdng gian tuyén tinh.

Chitng minh. D& dang kiém tra cé4c tinh chat cta dinh nghia 3.3.1.1.

[

Pinh nghia 3.3.1.3 Cho (S, +, *) la khong gian tuyén tinh. Véi x € S ta dinh nghia
chudn cua x , ky hiéu ||x|], 1a mét gia tri thuec thoa cac tinh chdt sau:
1) ||Ix]] > 0 néu x =0 va ||x|| = 0 néu x =0,

2) |le*x|| = lal.|Ixl, & & so thuc,
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3) Iyl < x[| + [yll-

Ménh a@é 3.3.1.4 Cho (S, +, *) nhw trong ménh @é 3.3.1.2. Cho A €S, goi [|All1, [|All2

lan heot 14 chudn 1, chudn 2 cia A dwoce dinh nghia nhw sau:

1) ”A”1: MiaX{Z‘aij‘},

2) |IAll2= MjaX{Z‘aij ‘},

thi ||A]|2 va [|A]]2 1a cac chuan.

Chizng minh. Chang minh cho ||A|lz.

Tinh chat 1. Néu A = 0 => 3i, j sao cho ajj = 0. Vay |JA]|s = 0.

Tinh chat 2. Ta cd a*A = (aai) => ||a*AllxL = M?X{Z‘Ofaaj[} = M?X{Z‘aﬁ[}-
j j

Tinh chat 3. ||A+B||1 = Miax{Z‘aij +by < Max{y" (lay | +[o; )3 < Max{D" a1+ Max{D "o,
j b j j

Ménh dé 3.3.1.5 (R", +,.),Vdi X,Y €R", @ € R. Ta dinh nghia:
1) X+Y =(Xa+yy, ..., x24Y2),
2) aX=(oXy, ..., a%n),
3) [IX]I = Max {|xil},

thi (R", +,.)lakhéng gian tuyen tinh va || X]| la chuan.

Ménh dé 3.3.1.6 Cho (S, +, *) nhw trong ménh dé 3.3.1.2 va (R", +, . ) nhw trén ta cé
|[AX]| < {|4[<|[X]].

Pinh nghia 3.3.1.7 (S, +, *) la khong gian tuyén tinh véi chuan ||.|| va (S’, +, *) la
khong gian tuyén tinh véi chudn ||.||”. Anh xa £:S 28’ la lién tuc néu

Ve, I7>0 sao cho: |[x-y|| < n=>[[fx)/0)I" < &

Pinh nghia 3.3.1.8 (S, +, *) la khéng gian tuyén tinh véi chuan ||.||. Day {xn} €S

diroc oI 12 héi tu vé a € S néu ||xn-al| 20, khin = .
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Ménh dé 3.3.1.9 Cho (R", +,.) va chudn ||.|| nhr ménh dé 3.3.1.5. Néu [|Xn-Xnml|
20, khi n,m = cothi ¢6 a dé Xn = a (ddy Xn duoc goi 1a ddy Cauchy).

Ménh dé 3.3.1.10 (S, +, *) la khdng gian tuyén tinh véi chudn ||.||, (S’, +, *) la khéong
gian tuyén tinh véi chudn ||.|| va f-S =2 S’ lién tuc. Khi dé néu day {x»} € S hgi tu
vé a e S thi day {f(xn)} héi tu vé f(a).

Ménh dé 3.3.1.11 Cho (S, +, *) nhu trong ménh dé3.3.1.2. f: S, +,*) 2(R", +,.) voi
f(X) = FX + G la lién tuc.

Ménh dé 3.3.1.12 [24] Cho phuong trinh X=FX+G. Néu ||F|l1 < a<1hay ||F|l2< <
1 thi véi moi Xo ban dau, Xis1 = FXi + G, ta ¢6 Xn héi tu vé nghiém diing duy nhat X*
SL‘
-

, VOl

cua hé phuong trinh tuyén tinh di cho. Hon nira ta co HX* -X,

Xo— xn—l

n

chudn [|X|] 1& chudn trong R" & trén (twong ti dwroc phét biéu cho ).

ching minh.

Chang minh X, la ddy Cauchy:

Voik>2tacd

Xk = Xk-1]| = [|[FXk-1 — FXke2|| = [[F(Xk-1 — Xk2)|| < [[F|[a][Xk-1-Xk2|| (ménh dé 3.3.1.6)
< ([Fl[2)?X2-Xics]| < ...< ([[Ffla)HIXa-

Xl
< o XXl

Suy ra véi m > ntacéd

[IXm = Xa|| = || Xm = Xm-1 + Xma - ... + Xnez — Xy

< || Xm— Xmet]| + || Xt = Xmegl| + ...+ || Xne1 — Xa|| - (tinh chét 3)

< (™4 a™2 + |+ o) [[X1-Xol|

Vay khi m, n > oo ta co || Xm— Xi|| = 0.
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Theo ménh dé 3.3.1.9 ton tai a sao cho Xn = a, khi n=>w. Do f(X) = FX+G la lién
tuc nén ta cd F(Xn) = F(a), khi X, = a va do d6 a=Fa + G. Suy ra a la nghiém cua hé
phuong trinh tuyén tinh di cho. Pt X* = a.

X 1 duy nhat:

Gid strco X’ = X" . Tacod || X" -X|| = |[FX"-FX’|| < ||F||1 ||X*-X"]|. Suy ra |[F||1 > 1.

Ta co ||Xn — X7 = |IFXn-1 - FEXY|| < J[F|l1 [IXn-2-X7]]
< o Xn-1-Xn + Xn - X7|
< af| Xn-1-Xall +atl|Xn-X

suyra X" =X, [< X, =X,
-

[

3.3.2 Thuat toan :

Ta xay dung thuat toan giai hé phuong trinh tuyén tinh véi ||F|ls < o < 1. Gia tri nhap
vao la mot vector Xo bat ky. Thuat toan s& két thiic khi [[Xn-X7|| < &. Tuy nhién tir ménh
dé 3.3.1.12 ta sur lai diéu kién ding 12 ||Xn — Xn-a|| < €.

Pity=@3p € P,3n >1:|Xn— Xn1l| <& X caa p). Ta can xay dung thuat toan on
dinh ddi véi v, i.e, néu mdi process pi dam nhan viéc tinh x; thi vai cau hinh yo ban dau
(ang véi Xo) thi ¢d k sao cho cau hinh y; théa y , véi moi j > k.

Ky hiéu Xn = (X3, X'y X3 4)-

Thuét toan cho Master:

Dt ligu:
- F[N]IN+2]: F[p][i] Ia fpi ca ma tran F trong cong thiac X=FX+G. F[p][N] la gp.
FIp][N+1] la 1/agp.

- G[N][N+1] : G[p][t]=1, process p dam nhan tinh x[t]. G[p][N] s6 lwong cong

viéc hién c6 cua p, dung dé tim process ¢ sé cong Viéc it nhat.
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- X[N] : vector nghiém.
begin
Tao N process;
for(p=0;p<N;p++)
Goi X, F[p] cho process p;
while(1)
begin
if( process g ngung hoat dong) then
begin
for(t=0;t<N;t++)
if(G[q][t]==1) then // q cé tinh X[t]
begin
G[q][t]=0; // khong con dam nhan cong viéc tinh x][t]
G[q][N]--; // Sé lwgng cdng viéc giam 1
if( Tao duoc process mai) then
begin
G[t][t]=1;
G[t]IN]=1;
Gai x, F[t] cho process;
end
else
begin
Tim process ¢6 s6 cong viéc it nhat, min_g;
G[min_q][N]++;
G[min_q][t]=1;
Goai x[t], F[t] cho process min_g;
end
end

end
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Nhan x[p] tur process p;
if (co tin hiéu két thac tr p) then két thic;
end

end.

Thuat todn caa p, dam nhan tinh x[p], ¢é cac y chinh sau : nhan Xo ban déu, tinh x[p],
goi x[p] cho cac process khéc. Kiém tra diéu kién ding , Xk — Xk-1|| <e. Trong qua thi
cd tiép nhan thém nhiém vu tinh cho cac x[q] khac néu cac process tinh x[q] nging

hoat dong va khdng tao process méi cho q duoc.

Thuét toan cho process p:

Dtr liéu:
- F[N][N], G[N] : ma tran F va vector G trong cong thirc X=F*X + G,
- X[N], y[N] :vector nghié¢m.
begin
Nhany, F[p] , G[p] tir master //nhan Xo
repeat
X=Y;
for(q=0;a<N;g++)
if (F[q]'=NULL) then
begin
Goai y[q] cho Master;
Tinh y[q]=F[a][0]*X[0]+ Fal[1]*X[1]+..+ F[a][9]*X[9]+G[a];
end
Goai y[p] cho cac process khéc;
repeat
Nhan cac y[q] tu cac process
if (c6 nhiém vu tinh x[q]) then

begin
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Nhan y[q], Fla];
Gai y[q] cho céac process khéc;
end
until (da nhan du);
until ||x-y|| <e; /||Xk—Xk1]| <&
Goi thong diép két thic cho Master;

end.

Ménh dé 3.3.2.1 Néu ton tgi n sao cho cau hinh 3 khdng con process heng , j > n, thi
thugt toan cho Master va cho p thoa .

Chitng minh. Goi pi la process tinh xi. Mdi process dén luu trit vector nghiém X=[xo,
X1, .oy XN-1].

Truong hop 1: Cac pi khdng bi hong trong suét qua trinh tinh toan. Theo thuat toan,
cac pi déu nhan cung Xo , duoc luu vao mang x, ldc khoi tao, budc ké 1a tinh i tur
mang x, budc ké 1a goi xi cho tat ca cac process, budc ké chd nhan cac xj tir cac
process khac, néu nhan du quay lai tinh xi. Vay truéc khi quay lai tinh xi mang x pi ¢6
gia tri 1a X1. Qua trinh duoc lap lai ta trong pi lan luot luu trir Xo, X1, Xo, ..., voi Xix
= FX; +G. Tir ménh dé 3.3.1.12 ta c6 diéu can chiing minh.

Truong hop 2: Xét moét thuc thi nhu sau:

Buoc 1: pinhan Xo Ivu vao x, i=0,1,..., N-1,

Bueéc 2: pi tinh yi tix X va géi yi cho cac process p;. gia tri yi 1a x?, thanh phan thi i
cua Xi cua pi. Gia st trong budc ndy po ngirng hoat dong va khéng kip goi yo cho
P1.

Buéc 3: pi nhan cé4c yj tir cac process khac.Trong budc ndy Cac pa, .., pn-1 déu
nhan duoc Yo. Ta €O C4C P2, .., Pn-1 déu €6 y mang gid tri Xi. p1 cO y 1a Xi thiéu
thanh phan x..

Bu6c 4: Process pz, .., pn-1 Kiém tra diéu kién dirng va quay lai budc 2. Process pi

van nam & buée 3.
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Tiép tuc thuc hién dén budc 3 ta co pz, .., pn-1 déu €O y mang gia tri Xz véi Xo

thiéu thanh phan x2,x2. pz, .., pn-1 cho & budc nay. Ta ctheo thuat toan pi ¢6 y mang
gia tri Xz ciing thiéu hai thanh nhu d3 noi con cac thanh phan khéc ciing nhu pa,...,
PN-1.
Khi c6 process méi (hay chung véi process nao do) thuc hién tinh yo thi yo s& goi
cho tat ca cac process. Céc process lai tiép tuc hoat dong va c6 x 1a nhu nhau va van
bao dam Xi.1 trong mdi process 1a FX; + G. Ciing theo ménh dé 3.3.1.12 ta c6 diéu
can chitng minh.

Ta c6 thé tong quét hoa ching minh trén bang cach phan hoach thanh cac tap cac
process ngung hoat dong va p cac process khong nhan duoc y; tir CAC process ngung
hoat dong.
[
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CHUONG 4: BAI TOAN PHAN CONG CONG VIEC

4.1 Bai toan :

O cac chuong trugc , process master gitr nhiém vu quan sat xem process nio ngung
lam viéc rdi sau d6 tao process méi thay thé hoic gan céc cong viéc cua process ngung
hoat dong cho process c6 sé cdng viéc it nhat. Ta thay ring su ngung 1am viéc khong
loai trir bat ky mot process nao. Do d6 néu khong may master ngung hoat dong thi toan
bo hé thdng s& deadlock. Hon nira ¢d nhitng bai toan trong d6 khéng cé khai niém
master. Vi du nhu bai toan tim dudng di ngan nhat gitra hai may tinh néi mang khi goi
thong diép, bai toan ngir phap d6 thi, .... Trong chuong nay xin dé cir mét thuat toan
phé&n cbng cdng viéc cua cac process ngung hoat dong dugc thuc hién boi cac process

con dang hoat dong.

Pinh nghia 4.1.1 Cho (x, y) va (u, v) € NxN. Ta dinh nghia (x, y) < (U,v) < (y <v) v
((x <u) Ay=v)).

Ménh dé 4.1.2 Phép toan < c6 tinh bat cau.
Chizng minh. Giasataco (X, y) < (uv)va (u,v) < (t,z). theo dinh nghia 4.1.1 ta co
cac truong hop :

- Truonghopl: y<vvav<z=>y<z=> (X,Y) < (t,2).

- Truong hop2: y<vvau<tvav=z =>y<z=> (X,Y) < (t,2).

- Truonghop 3: X<u,y=v,vav<z=>y<z=> (x,Y) < (t,2).

- Truonghop 4: x<u,y=v,vau<tvav=z=>x<tvay=z=> (X,Y) < (t,2).

[

Ménh dé 4.1.2 Goi S 1a tgp hizu han cac phan tir c6 dang {(0, Lo), (1, L1), ..., (n, Ln)},
V6i Li € N. Khi d@6 ton tai duy nhat i sao cho ¥ =i, (i, L)) < (j, Lj). Ta c6 thé néi (i,
Li) 1a bé nhat.

Chizng minh. Ta co vai moi cap (i, Li) va (j, Lj) lubn co (i, Li) < (j, Lj) hoac (j, Lj) <
(i, Li). Mat khac S 1a hitu han nén ton tai isao cho Vj =i, (i, L)) < (j, Lj). do tinh bat
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cAu nén khong thé c6 ddng thai (i, L) < (i, Lj) va (, Lj) < (i , Li). Vay i la duy nhét.
U]

4.2 Thuat toan phan cong céng viéc:

Céc process trao d6i thdng tin cho nhau, ngoai cac théng tin can tinh toan cho bai toan
thi con kém theo (p_index, p_L) , véi p_index chi s cong viéc p dam nhan, p_L 1a s6
lung cong viéc p dam nhan. Ta xay dung thuat toan cho p nhu sau:

- Néu c6 mét process g ngung hoat dong , tim p ¢6 (p_index, p_L) nhé nhat (theo
dinh nghia Binh nghia 4.1.1) va gan cbng viéc ma q dang dam nhan cho p.

- Gié tri ban dau cua ( v_index, v_L) 1a ( p_index, p_L). Process p nhan tat ca
thong diép ( g_index, Lg) tir g con dang hoat dong. Néu ( v_index, v_L) < (
p_index, p_L) thi gan ( g_index, g_L) cho ( v_index, v_L). Khi két thic viéc
nhan, néu (p_index, p_L) la nho nhat thi ta c6 ( p_index,p_ L) = ( v_index,
v L)

Thuét toan cho process p:

Dt ligu:
- p_tid: tid cua process,
- p_index : chi s cong viéc process p dam nhan,
- p_L :s6 luong cbng viéc p dang dam nhan,
- q_index : chi s c6ng viéc process q dam nhan,
- ¢_L : s6 luong cbng viéc q dang dam nhan,
- danhan_K[N] : néu danhan_k[i]=1 thi p d& nhan cac thdng tin vé& cdng viéc thir i,
- p_karr[N]: néu danhan_K[i]=1 thi p dang ¢dam nhan céng viéc i.
begin
If la process duoc khoi phuc then
begin

Gai < p_tid, p_index > cho céac process;
Cho nhan < g_tid, g_index> tir cac q;
end



39

p_L=1;
repeat
If c6 mot process q vir khoi tao then
begin
Nhan g_tid,q_index cuaq;
Két néi vai p;
Néu process p dang dam nhdn q_index thi p_L =p_L-1;
end
(v_index, v_L) = (p_index, p_L) ;
For all process g
begin
If p dang dam nhdn g_index (ké cd process p_index) hodc process q ngung
hoat dong then
danhan_Kk[q_index]=1;
If p dang dam nhan q_index then
p_karr[g_index]=1;
end
Goi <p_index, p_L, p_karr> cho cac process q;

while(nhan chua du <p_index, p_L, p_karr> tir cac g con hoat dong)
/* 3k : danhan_k[k]=0 */
begin
If co process q ngung hoat dong then
begin
Nhan g_index cuaq;
Ghi nhan g khéng co hoat dong ;
danhan_Kk[q_index]=1; // xem nhw da nhan cac théng tin tir g
end
If cO thong diép ter process g then
begin
Nhan q_tid,q_index,q_L, q_karr, q_giatri cuaq;
If p khong dam nhan q_index then
begin
For k=01to N-1
If g_karr[k]=1 then
danhan_k[k]=1; // 42 nhan thong di¢p k ma q dam nhan,
/Il k_giatri

If (q_index, g _L) < (v_index, v_L) then
(g_index, g L) =(v_index, v_L);
end

end // while
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If (g_index, g_L)= (v_index, v_L) then
/* p 1a process c6 it cong viéc nhat va c6 chi sb bé nhat */
begin
Tim chi s6 k nho nhat chwa c6 process dam nhan , gan k cho p;
p_L++: // s6 cbng viéc ting 1én 1
end
until théa diéu kién két thic;

Goi y la tan tir dugc phat biéu nhu sau :
“ TN tai s € N sao cho sau budc s hé théng s& dirng phan cong cong viéc, mdi process
c6 cac cong viéc la khac nhau va sb cong viéc cia hai process chénh Iéch nhiéu nhat 1a

mot don vi”

Ménh dé 4.2.1 Thudt toan cho process p 1a 6n dinh déi Véi w.

Chitng minh. Goi S 12 {(0, Lo), (1, L1), ..., (N-1, Ln-1)}. S 1 hitu han. do d6 & mdi dau
vong 1ap nhan luén ton tai phan tir bé nhat va 1a duy nhat. Theo thuat toan ta thay vong
lp while chi két thuc khi p da nhan du cac (q_index, q_L), véi cac g con hoat dong.
Do d6 khi két thic while ta c6 néu (p_index, p_L) 1a nho nhat thi (v_index, v_L)=
(p_index, p_L), p 1a duy nhat. Khi d6 p s& dam nhan k (chi s6 bé nhat) néu process dam
nhan k da ngung hoat dong. S6 lwong cong viéc , p_L, caa p tang 1 don vi. Vay néu p
van it céng viéc nhat thi p lai tiép tuc nhan thém cong viéc (néu c6). RO rang sb cong
viéc p va g khong thé chénh léch nhau hon mot don vi. Cac cong viéc giira hai process
q va p 1a khac nhau vi tai mdi dau vong lap repeat ta chi c6 duy nhat mot mot process

la bé nhat. D& dang kiém tra vong lip while luén két thic O

4.3 Ap dung bai toan phan cong cong viéc cho bai toan té do thi phang biang sau
mau:
Thuat toan ndy ciing nhu thuat toan trudc , van &p dung 6n dinh di trinh bay. Trong
thuat nay khéng cd Master ma cac process tu phan céng cong viéc theo thuat toan ¢
trén.

Thuét toan cho process p:
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Thuét toan cho process p:

Dt liéu:
- p_tid: tid cua process,
- p_index : chi s c6ng viéc process p dam nhan,
- p_L :sé luong cbng viéc p dang dam nhan,
- g_index : chi s c6ng viéc process q dam nhan,
- ¢_L : sé luong cbng viéc q dang dam nhan,
- danhan_K[N] : néu danhan_k[i]=1 thi p dd nhan cac thdng tin vé& cdng viéc thi i,
- p_karr[N]: néu danhan_k[i]=1 thi p dang dam nhan céng viéc i,
- X[N] : gié tri dinh, x4c dinh huéng canh ( két hop véi chi s6 dinh),
- ¢[N] : mau t6 dinh.
begin

p_L=1;
repeat
If c6 mot process q vir khoi tao then
begin
Nhan g_tid,q_index cuaq;
Két ndi véi p;
Néu process p dang dam nhan q_index thi p_L =p_L-1;
end
(v_index, v_L) = (p_index, p_L) ;
For all process q
begin
If p dang dam nhdn q_index (ké cd process p_index) hodc process q ngung
hoat dong then
danhan_k[q_index]=1;
If p dang dam nhan q_index then
p_karr[q_index]=1;
end
Goi <p_index, p_L, p_karr> cho cac process q;

while(nhan chua di <p_index, p_L, p_karr> tir cac g con hoat dong)
/* 3k : danhan_k[k]=0 */
begin
If co process q ngung hoat dong then
begin
Nhan g_index cuaq;
Ghi nhan g khéng co hoat dong ;
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danhan_k[qg_index]=1; // xem nhw da nhan cac théng tin tir q
end
If cO thong diép tur process g then
begin

Nhan g_tid,q_index,q_L, q_karr, g_giatri cuaq;

If p khong dam nhan g_index then

begin

For k=0to N-1
If g_karr[K]=1 then
danhan_k[k]=1; // 43 nhan thong di¢p k ma q dam nhan,
Il k_giatri

If (q_index, g L) < (v_index, v_L) then
(g_index, g L) =(v_index, v_L);
end

end // while

If (q_index, g_L)= (v_index, v_L) then

/* p 1a process c6 it cong viéc nhat va co chi s6 bé nhat */

begin
Tim chi s6 k nho nhat chua c6 process dam nhan , gan k cho p;
p_L++; // s6 cOng viéc tang 1én 1

end

If moi dinh k dwoc dam nhdn boi mét process then Tinh x ,c ;

until thoa diéu kién ket thic;
end. /*ket thic process*/
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CHUONG 5 : KET QUA THUC NGHIEM
5.1 Két qua thuc nghiém cia thuat toan Bracha — Toueg :

MJi process p s& nhan dau vao 1a x[p], 0 < p< N-1. N trong thyc nghiém 12 100 va sé
lwong s6 1 16n hon s lwong s6 0 14 2 va duoc cho nhu sau:
Xx[N]={1,0,1,0,1,0,1,0,1,0,

1,0,1,0,1,0,1,0,1,0,

1,0,1,0,1,0,1,0,1,0,

1,0,1,0,1,0,1,0,1,0,

1,0,1,0,1,0,1,0,1,0,

1,0,1,0,1,0,1,0,1,0,

1,0,1,0,1,0,1,0,1,0,

1,0,1,0,1,1,1,1,1,0,

1,0,1,0,1,0,1,0,1,0,
1,0,1,0,1,0,1,0,1,0
}3

Két qua khi thyc hién chuong trinh:

49 27.20. 20.42. 49. 22. 29 0. 19 Process [9] c6 t=19, gid tri nay duwoc lay
30, 20, 2, 47,7, 26,0, 44, 12, 12, ngau nhién.
10, 25, 12, 9, 19, 22, 21, 14, 7, 47,

18, 8, 26, 40, 28, 20, 41, 2, 1, 41,
21, 32, 13, 25, 31, 20, 2, 33, 15, 16,
47,27, 41, 10, 37, 10, 34, 10, 24, 41,
9, 44,0, 35, 34, 30, 5, 25, 33, 7,
18, 4,41, 32,30, 22,4, 34,7, 21,
0,4,49, 41, 14, 38, 3, 48, 48, 29,
42,7,23,44,44,9, 24, 49, 34, 7,
tid[262155] ---> decide=1.
tid[262159] ---> decide=1.
tid[262161] ---> decide=1.
tid[262163] ---> decide=1.
tid[262170] ---> decide=1.
tid[262175] ---> decide=1.
tid[262178] ---> decide=1.
tid[262184] ---> decide=1.
tid[262185] ---> decide=1.
tid[262193] ---> decide=1.
tid[262207] ---> decide=1.
tid[262209] ---> decide=1.
tid[262213] ---> decide=1.
tid[262216] ---> decide=1.



tid[262218] ---> decide=1.
tid[262223] ---> decide=1.
tid[262225] ---> decide=1.
tid[262227] ---> decide=1.
tid[262228] ---> decide=1.
tid[262233] ---> decide=1.
tid[262238] ---> decide=1.
tid[262246] ---> decide=1.
tid[262148] ---> decide=1.
tid[262149] ---> decide=1.
tid[262150] ---> decide=1.
tid[262153] ---> decide=1.
tid[262154] ---> decide=1.
tid[262156] ---> decide=1.
tid[262157] ---> decide=1.
tid[262158] ---> decide=1.
tid[262162] ---> decide=1.
tid[262165] ---> decide=1.
tid[262166] ---> decide=1.
tid[262167] ---> decide=1.
tid[262168] ---> decide=1.
tid[262169] ---> decide=1.
tid[262171] ---> decide=1.
tid[262172] ---> decide=1.
tid[262173] ---> decide=1.
tid[262174] ---> decide=1.
tid[262177] ---> decide=1.
tid[262179] ---> decide=1.
tid[262181] ---> decide=1.
tid[262182] ---> decide=1.
tid[262187] ---> decide=1.
tid[262188] ---> decide=1.
tid[262189] ---> decide=1.
tid[262190] ---> decide=1.
tid[262191] ---> decide=1.
tid[262192] ---> decide=1.
tid[262194] ---> decide=1.
tid[262195] ---> decide=1.
tid[262196] ---> decide=1.
tid[262198] ---> decide=1.
tid[262200] ---> decide=1.
tid[262202] ---> decide=1.
tid[262203] ---> decide=1.
tid[262204] ---> decide=1.
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tid[262205] ---> decide=1.
tid[262210] ---> decide=1.
tid[262211] ---> decide=1.
tid[262212] ---> decide=1.
tid[262214] ---> decide=1.
tid[262217] ---> decide=1.
tid[262220] ---> decide=1.
tid[262221] ---> decide=1.
tid[262222] ---> decide=1.
tid[262224] ---> decide=1.
tid[262226] ---> decide=1.
tid[262231] ---> decide=1.
tid[262236] ---> decide=1.
tid[262239] ---> decide=1.
tid[262242] ---> decide=1.
tid[262243] ---> decide=1.
tid[262147] ---> decide=1.
tid[262151] ---> decide=1.
tid[262152] ---> decide=1.
tid[262160] ---> decide=1.
tid[262164] ---> decide=1.
tid[262176] ---> decide=1.
tid[262180] ---> decide=1.
tid[262183] ---> decide=1.
tid[262186] ---> decide=1.
tid[262197] ---> decide=1.
tid[262199] ---> decide=1.
tid[262201] ---> decide=1.
tid[262206] ---> decide=1.
tid[262208] ---> decide=1.
tid[262215] ---> decide=1.
tid[262219] ---> decide=1.
tid[262229] ---> decide=1.
tid[262230] ---> decide=1.
tid[262232] ---> decide=1.
tid[262234] ---> decide=1.
tid[262235] ---> decide=1.
tid[262237] ---> decide=1.
tid[262240] ---> decide=1.
tid[262241] ---> decide=1.
tid[262244] ---> decide=1.
tid[262245] ---> decide=1.
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5.2 Két qua thyc nghiém ciia thuat toan to 6 mau che dé thi phang:
Do thi duogc cho nhu sau:
int G[N*N]={

0,1,1,1,1,0,1,0,1,0,
1,0,1,1,1,0,0,0,0,0,
1,1,0,1,0,0,0,0,0,0,
1,1,1,0,1,1,0,1,1,1,
1,1,0,1,0,1,1,0,0,0,
0,0,0,1,1,0,1,1,0,0,
1,0,0,0,1,1,0,1,1,0,
0,0,0,1,0,1,1,0,1,1,
1,0,0,1,0,0,1,1,0,1,
0,0,0,1,0,0,0,1,1,0
o

Trong thyc nghiém nay process tinh dinh 0 , dugc goi la Task[0], va task[1] s€ ngung
hoat dong. Task[2] nhan tinh xo va x1. Ké den Task[2] ngung hoat dong. Ké dén
Task[8] ngung hoat dong.

Két qua cia thuc nghiém:

N=10

Task[0] ngung hoat dong them vao task[2].
Task[1] ngung hoat dong them vao task[2].
tids:

-20, -20, 262248, 262249, 262250, 262251, 262252, 262253, 262254, 262255,
Task[262248][2] ngung hoat dong.

Master tao them new Task[262256][0].
Master tao them new Task[262257][1].
Master goi new_task[2] cho task[262256][0] .
round = 1.

Task[262254][8] ngung hoat dong.

Master tao them new Task[262258][8].

round = 2.

round = 3.

round = 4.

round = 5.

round = 6.



47

dinh[0]---->maul[1].
dinh[1]---->maul[4].
dinh[2]---->maul2].
dinh[3]---->maul3].
dinh[4]---->maul5].
dinh[5]---->maul2].
dinh[6]---->maul3].
dinh[7]---->maul[4].
dinh[8]---->maul2].
dinh[9]---->maul[1].

5.3 Két qua thuc nghiém ciia thuat toan giai gan ding hé phwong trinh tuyén tinh

H¢é phuong trinh ¢6 nghiém dung la X=1, 2, 3,4, 5,6, 7, 8, 9, 10 va duoc cho

10X1 + X2 + X3 + X4 + X5 + Xg + X7 + Xg + X9 + X10 = 64
X1+ 10X2 + X3+ Xa + X5+ Xe + X7 + Xg + X9 + X10 = 73
X1+ X2 + 10X3 + X4 + X5 + Xg + X7 + Xg + Xg + X10 = 82
X1+ X2 + X3+ 10Xs4 + X5 + Xe + X7 + Xg + Xg + X10 = 91
X1+ X2+ X3+ Xa+ 10X5 + X6 + X7 + Xg + X9 + X10 = 100
X1+ X2+ X3+ Xq + X5+ 10Xe + X7 + Xg + X9 + X10 = 109
X1+ X2+ X3+ Xq+ X5+ Xg + 10X7 + Xg + Xg + X10 = 118
X1+ X2+ X3+ Xa+ X5+ X + X7+ 10Xg + X9 + X10 = 127
X1+ X2+ X3+ Xa+ X5+ X + X7+ Xg + 10X9 + X10 = 136
X1+ X2+ X3+ Xq + X5+ Xg + X7 + Xg + Xo + 10X10 = 145

Trong thuc nghiém nay process tinh xo , duoc goi la Task[0], va task[1] s& ngung hoat
dong. Task[2] nhan tinh xo va x1. Ke dén Task[2] ngung hoat dong. Ke den Task[3]
ngung hoat dong. ké dén Task[7] ngung hoat dong.

Két qua cua thuc nghiém:

N=10

Master->Task[0] ngung hoat dong.

Master->Goi task[0] cho Process[262260][2] .

Master->Task[1] g hoat dong.

Master->Goi task[1] cho Process[262260][2] .

0---Master->tids:

0, 0, 262260, 262261, 262262, 262263, 262264, 262265, 262266, 262267,
Process->Process[262260][2] bat dau.
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Process->Process[262261][3] bat dau.
Process->Process[262262][4] bat dau.
Process->Process[262263][5] bat dau.
Process->Process[262264][6] bat dau.
Process->Process[262265][7] bat dau.
Process->Process[262267][9] bat dau.
1---Master->Task[262260][2] ngung hoat dong.
2---Master->tao New Task[262268] cho x[0].
3---Master->tao New Task[262269] cho x[1].
4---Master->Goi task[2] cho Process[262268][0] .
Process->Process[262266][8] bat dau.
5---Master->Task[262261][3] ngung hoat dong.
6---Master->tao New Task[262270] cho x[3].
Process->Process thay the[262268][0] bat dau.
Process->Process thay the[262269][1] bat dau.
Process->Process thay the[262270][3] bat dau.
Process->Chuan=14.500000.
Process->Task[262268][0] nhan Task[2].
Process->Chuan=8.170000.
Process->Chuan=4.156596.
Process->Chuan=1.680311.
Process->Chuan=0.454753.
Process->Chuan=0.064768.
Process->Chuan=0.021505.
Process->Chuan=0.007622.
Process->Chuan=0.002470.
Process->Chuan=0.000501.
7---Master->Task[262265][7] ngung hoat dong.
3---Nghiem:

x[0]=0.999985.

x[1]=1.999987.

X[2]=2.999985.

X[3]=3.999985.

x[4]=5.000028.

x[5]=6.000028.

X[6]=7.000028.

X[7]=8.000028.

x[8]=9.000028.

X[9]=10.000028.
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Két luan :

Luan van da thuc hién dugc cac vain dé sau:

cai dat cac thuat toan bang cac chuong trinh cu thé bang pvm cho C,

chi ra mot ung dung caa bai toan quyét dinh,

tng dung ly thuyét 6n dinh dé giai hai bai toan giai gan dung hé phuong trinh
tuyén tinh va t6 do thi phang bang 6 mau, va trong khi chuong trinh hoat dong
c6 thé c6 mot vai process ngung hoat dong, chuwong trinh van dam bao cho két
qua dung,

dua ra va cai dat duoc ba todn phan céng cong viéc khi c6 process hong.

Mot s6 van dé luan van chua dat duoc 1 cac chuong trinh chi dugc thuc hién trén mot

s6 it may , cu thé 1a 3 may. Do d6 chua thé hién duoc hét cac kich ban ma cac process

cd thé hong. V& mit viét chuong trinh thi chuwong trinh chua dugc gon, chua tbi wu.



