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TINH KHA TUAN Tlf CUA GIAO THlfC DIEU KHIEN TlfO"NG TRANH

KHOA HAl PHA TRONG CO"Sa ocr lI~U THell GIAN THlfC

DoAN VAN BAN, HO VAN HUONG

Abstract. In this paper, we present a formal model of real time database system using Duration Calculus
(DC). We give a formal specification of the correctness criterion for the execution of transaction systems
and of the two phase locking concurrency control protocol (2PL-CCP). We also give a formal proof for the
correctness of the 2PL-CCP using the DC proof systems.

T6m tltt. Trong bai nay, chung t6i trlnh bay m{>tm6 hlnh hlnh thtrc cda h~ th6ng CO"s& dii' li~u thai gian
thu'c trong logic tinh toan khoang Duration Calculus (DC). Chung t6i dira ra d~c ta hlnh thirc chinh xac
cho vi~c thuc hien cda M th6ng cac giao tac va giao thtrc di'eu khign nrong tranh kh6a hai pha 2PL-CCP.
Chung t6i ciing du'a ra m{>tchirng minh hlnh thu-c tinh dung cda cac giao thirc di'eu khign tirong tranh kh6a
hai pha trong co' sO-dir li~u thai gian thirc sd' dung h~ th6ng clnrng minh DC.

Ng ay nay cac h~ thong thai gian thirc (HTTGT) diro'c d~c bi~t quan tam khi din phai quan ly
mi?t khoi hrong Ian dii' li~u va han hop. Hieu qua ciia cac thu~t toan quan ly viec truy nhap va thao
tac du: li~u trong cac HTTGT phu thucc nhieu vao dieu ki~n rang buoc ve thai gian cua cac irng
dung da diro'c cung cap.

Trong bai bao cluing tc3i trlnh bay ve mi?t d~c t<l.hlnh thtrc dieu khi~n tirong tranh cti a co' s6-
dfr li~u thai gian th u'c (CSDLTGT) trong logic tinh toan khoang DC (Duration Calculus) [5,10].
CSDLTGT c6 th~ xem nhir 111. sir hop nhat giira CO's6- dir li~u (CSDL) ven HTTGT. Trrrac tien giai
thi~u t6m t~t d~c t<l.hinh thirc chinh xac cho viec thu'c hien ciia h~ thong cac giao tac va. giao thtrc
dieu khi~n tuong tranh kh6a hai pha 2PL-CCP (Two Phase Locking Concurrency Control Protocol)
[1,9]. Sau d6 111. mdt clnrng minh hmh thirc tinh dung cua cac giao thirc dieu khi~n ttrong tranh
trong CSDLTGT de khiing dinh dtro'c tinh dung ciia h~ thong cac giao tac darn bao h~ thong thuc
hi~n nhat quan.

2. H:¢ THONG CO' so' ntr LI:¢U THOl GIAN THVC

CO' s& diT li~u 130 mi?t h~ thong tfch ho'p cac quan h~ dir li~u ve cac t5 chirc diroc hru triT tren
may tfnh. Vi~c truy nhap cd a nguoi su: dung tai CSDL dtro'c thirc hi~n thOng qua cac giao tac, d6
111. mi?t day logic cac thao tic chinh 111. d9C va ghi.

Mc;>tgiao thirc darn bao thirc hien tinh nguyen ttl.-diro'c goi 130 giao thtrc CCP (Concurrency
Control Protocol). Dieu ki~n M thirc hi~n tu'o'ng tranh cac giao tic trong CSDL dam bao tinh nhat
quan dfr li~u 111. kha tuan tv- (serializability) [1,4,9]. CSDLTGT c6 th~ xem nhtr 111. SV' ket hop cua
CSDL va HTTGT. Di'eu kien can de' tuan tv- h6a dircc la. cac giao tic thirc hi~n cac thao tic trong
thai gian thuc phai thoa man ca rang buoc thoi gian tren cac giao tic tly thac tlnrc hien [goi t~t 130
uy th ac] c6 thoi han [1].

Trong CSDLTGT, t~p cac doi t tro'ng diT li~u bao gom d. lam thai (temporal) va phi lam thai
(non-temporal). Mi?t doi tuong diT !i~u lam thai phan anh trang thai cu a cac doi ttro'ng xufit hien
trong the giai thu'c, Mi)i gii tri ciia mi?t doi ttro'ng dir li~u lam thai c6 th~ hop l~ va khOng hop l~
trong mi?t thai khoang nao d6.

C6 hai th~ hien khac nhau cti a doi tirong dfr li~u: th~ hi~n ben ngoai (the gioi thirc] va th~
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hi~n trong CSDL. Chung c6 quan h~ thoi gian v&i nhau va di'eu nay diro'c goi Ia t inh nhat quan theo
thai gian. Tinh nhat quan theo thci gian dtroc thg hi~n thee hai khia canh: tuy~t doi va ttrong doi.
Tfnh nhat quan tuy~t doi diro'c thg hien khi thuc hi~n nhimg yeu c'fm can xem dir Ii~u tu'c thl, dir
Ii~u mo i nhat cua h~ thong. Tinh nhat quan tiro'ng doi theo thai gian thg hien yeu cau tu'o'ng irng
ve so hrong dfr Ii~u duoc s11-dung qua lai vci nhau.

Trong CSDLTGT, x& Iy giao tac rat plnrc t ap VI n6 doi h6i phai tich hop m?t t~p Ion cac giao
thii'c sac cho khong chi duy trl tinh nhat quan cii a CSDL ma con phai dam bao thao tac tho a man
cac rang buoc ve thci gian. D~c bi~t, khi CSDLTGT yeu cau mot CCP mo'i, se dan den mdt yeu cau
can xac dinh digm t&i han cti a thai gian v a rang buoc thai gian ket hop v6i cac giao tac can thirc
hien.

3. LOGIC TiNH TOA.N KHOANG DC

Trong phan nay chiing ta xet m9t so tinh chat CO" ban cua logic tinh toan khoang DC, m9t md
hinh d~c d. hmh thtrc cho cac CSDL va CSDLTGT [5,10].

Thai. gian Time trong DC la t~p R+ cac so thirc khOng am. V&i t, t' E R+, t ::; t', ki hi~u It, t']
Ia thg hien khoang thai gian tl'r t t&i t'.

GiA thiet E Ia t~p cac bien trang thai logic nhan cac gia tr; logic 0 (false) ho~c 1 (true). T~p
cac bigu thtrc tr ang thai SR dtro'c dinh nghia nlur sau:

1. MCli bien tr ang thai PEE Ia m9t bigu thirc trang thai thucc SR.
2. Neu P v a Q E S R thi ,P, (P 1\ Q), (P v Q), (P => Q), (P {} Q) cling Ia cac bigu t.lurc thuoc

SR.
Thg hien cu a tr ang thai P diro'c xem nhir Ia m9t ham I(P) : R+ -> {o, I}. I(P)(t) = 1 khhg

dinh trang thai P c6 m~t tai thai digm xac dinh t vi I(P)(t) = 0 kHng dinh tr ang thai P khOng c6
m~t tai thai. digm t. Chung ta gia thiet rhg moi bien trang thai deu c6 th€ thay d5i hiru han Ian
trong m9t khoang thai gian hiru h an. M9t bi€u thirc trang thai diro'c th€ hien nhir Ii m9t ham va
diro'c dinh nghia b6i. su bien d5i trang thai theo cac toan tti: logic.

V6'i bi€u thtrc P xac dinh m9t khoang turmg irng, ki hieu Ia I P chinh la t5ng d9 d ai cac khoang
thai gian trong d6 P xac dinh. Cho trtro'c th€ hien I xac dinh doi v6i. bien trang thai P trong khoang
It, t'l, thg hien cu a thai khoang I(J P)([t, t'l) diro'c dinh nghia Ia It I(P)(t)dt. Do d6 I P luon cho
ta d9 dai cii a cac thai dean va diro'c ky hi~u la L.

Cong thirc kho ang nguyen thuy Ia m9t bi€u thfrc dtroc t ao I~p t ir cac hang thirc va cac phep
toan quan h~ tren cac so thuc nhir phep so sanh bhg = va phep so sanh nho ho n <. Cong thirc
khoang Ia cong thtrc nguyen thuy ho~c bi€u thirc duo c xay dung t.ir cac cong thtrc tren CO" s& dung
cac phep toan logic " 1\, V, =>, {}, n. hay cac hro'ng t11-V,:3 ap dung vao cac bien xac dinh tren R+ .

Cong thuc khoang D trong DC tho a man th€ hien I trong tho'i khoang It', t"] neu no nhan gia
tr~ dung dutri thg hi~n I trong thai khoang d6, se drro'c viet nlnr sau: I, [t't"] ~ D. Trong d6 th€
hien tr ang thai I Ia ham tir R+ t&i {o, I}.

Cho tru'o'c mot thg hieri I, cong thirc DIn D2 dung trong [t', t"] neu ton tai tho'i di€m t : t' ::;
t ::; t" sac cho Dl, D2 dung trong It', t] va It, t"] tu'crng irng.

Sau day cluing ta nHc I':1im9t so cong thirc khoang se dtro'c s11-dung trong cac chirng minh ve
sau.

V&i mCli trang thai P, 1Pl ki hieu cho m9t thai dean (khong phai Ia cac thai digm) ma trong
d6 P xufit hi~n. Nhir v%y

1Pl = (J P = L) 1\ (L > 0).
Ky hieu 11 sli' dung cho tan t ir nh~n gia tr] dung cho nhirng thai doan Ia cac thai digm.
M& r9ng cac dinh nghia ta c6:

1Pl * ~ 11 v 1Pl·
Tiep theo Ia cac th€ thirc <> - bi€u di~n cho "thinh thoang"; 0- bi~u di~n cho "lucn luon" , diro'c

dinh nghia sau:
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(>D ~ true n D n true,

(>D co gia tr! true (dung) trong m9t thai dean neu va chi neu D dung trong thai dean con nao do
cua thai doan do.
DD co gia tri true neu va chi neu D dung trong moi thci dean con cti a thoi doan do, noi each khac
Ill.khong khi nao D co gia tr] false trong thoi dean do. Sau day Ill.m9t so Iu~t, tien de quan trong:

if A=> B then (AnC => BnC) (DC-I)
if A=> B then (CnA => CnB)
(An B)nC {} An(BnC)
(Anm {} mnA) {} A
(An false) {} (Jalsen A) {} false
(A V B)nC {} (AnC) V (BnC)
Cn(A V B) {} (CnA) V (CnB)
(A /\ B)nC => (AnC) /\ (BnC)
Cn(A /\ B) => (CnA) /\ (CnB)
DA=> A
rPl n rPl {} rPl
rPl => 0 (f Pl *)
rPl /\ rQl {} rp/\Ql
rPl ntrue /\ true'? r,Pl => rPl ntrue'? r,Pl
rPl n true'? r,Pl => rPl n r,Pl ntrue /\ truen r,Pl n rPl
rPl ntrue /\ truen r,Pl nA => rPl n truen r,Pl nA
An rPlntrue /\ true') r,Pl => An rPlntruen r,Pl
[P] /\ rQIlnrQ21 {} (fPl /\ rQIl)n(fPl /\ rQ21)
rPln (f ,Pl /\ A) /\ rPln (f ,Pl /\ B) => rPln (f ,Pl /\ A /\ B)
,rPl {} rl V (>r,Pl
O(A)n D(B) => D(A V B V AnB)

(DC-2)
(DC-3)
(DC-4)

(DC-5)

(DC-6)
(DC-7)
(DC-S)
(DC-g)

(DC-lO)
(DC-ll)
(DC-I2)
(DC-I3)
(DC-14)
(DC-I5)
(DC-I6)
(DC-I7)
(DC-IS)

4. HINH THUC HOA HTCSDLTGT TRONG DC

4.1. Mc3 hinh esr ban

Nhir (y phan tren ta da. xet , CSDL gom mdt t~p e cac doi tirong dU'Ii~u (ky hi~u Ill.x, y, z, v.v ... )
va t~p T = {Ii Ii :S n} cac giao tac. M6i giao tac T; co th~ thirc hi~n trong CSDL & thai di~m Xi
khong xac dinh truce. Khi thuc hien, giao tac do co th~ d9C V Wi m9t so doi ttrong dir Ii~u, thuc
hien m9t so tinh toan rieng va sau do co the' thuc hien m9t so thao tac ghi W ri tren cling cac doi
ttrong dii' Ii~u do. M5i giao tac co the' d9C va ghi dii' Ii~u ngay trong qua trlnh th1JC hi~n, va cac thao
tac d9C thirc hi~n trtroc cac thao tac ghi.

x E e, i :S n, bien trang thai Wrdx) mo t<l.h anh vi cua doi tiro'ng X. Wrdx) dung tai thai die'm
t khi va chi khi gia tri cua x dtro'c giao tac T; thuc hien thao tac ghi & thoi die'm t. Nhir v~y

Wri E e ~ Time ~ {a, I},
Wri(x)(t) = 1 {} T; ghi gia tr! cho x tai thai die'm t.

V Wi (x) xac dinh trang thai d9C x cii a Ti,
Vw;(x) dung & thai die'm t khi va chi khi T; thuc hi~n thao tac doc diro'c x trurrc thai di~m t.

VWi E e ~ Time ~ {a, I},
Vw;(x)(t) = 1 {} T; thuc hien d9C diroc x t.ai thai die'm t.
M9t giao tac co th~ uy thac (commit) ho~c huy bo (abort). Vai m6i i :S n bien trang thai emi

va ab;, diro'c suodung de' mo ti trang thai diro'c iiy th ac va bi huy b3 [tirong irng] cua giao tac Ii.
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emt, ab; E Time -+ {a, I},
em;(t) = 1 {} 1';. da uy thac trtro'c thai di€m t,
ab;(t) = 1 {} Ti bi huy bo trirrrc thai di€m t.
Van de chinh la can d~c d, qua trlnh thirc hi~n cac giao tac tu: dau tai thai di~m ma cac giao

tac diro'c tiy thac ho~c bi huy boo Bi€u thirc trang thai d6 dtro'c xac dinh nhir sau:

F ~ 1\ (emi Vab;),
i~n

Bign trang thai F nh~n gia tr] true & thai di€m t ngu voi moi i ~n, 1';. ho~c dtro'c uy th ac hoac bi
huy bo tru'oc thai di€m t.

Cac thai dean th€ hien toan b9 qua trlnh thuc hi~n cua h~ thong cac giao tic se thoa man cac
cong thtrc sau:

e ~ ( 1\ rW ro (x)1/\ 1\ r ...,vW;(x)l) n truen rFl·
xE8 i~n,xEO

Nhir v~y, m9t thai doan thoa e thl & nhirng thoi di€m dau moi giao tac ho~c d9C ho~c ghi bat
ky dii' li~u x nao d6 va 0- giai doan cuoi thl moi giao tac se dircc uy th ac ho~c bi huy bo.

Cac tien de sau de c~p dgn m9t so tinh chat quan trong cua h~ thong cac trang thai va mdi
quan h~ cu a chung.

TH!n de 1. Neu din ghi dii: li~u thi tq,i moi thiri ilie"m, chi co ilung mijt giao tdc ghi dii: li~u (W r)
ilu:(!'e th.u:« hi~n.

r VO~i~n Wr;(x)1,
rWr;(x)l * A""Jr...,Wrj(x)l·

(1)
(2)

Tien de 2. V6-i moi giao tdc Ti (i ~ n) va moi ilOi tu:q-ng dii: Li~u x , cdc irosiq thai Vw;(x), emi va
ab, co the' thay il5i mijt liin, va trq,ng thai crru , ab, La duy nhiit,

rVw;(x)1ntrue * Ww;(x)l, (3)
rcmilntrue*rcmil, (4)
rabilntrue * rabil, (5)
remil*r...,abil. (6)

Tien de 3. Tir gii thigt cua vi~c uy thac nguyen tu', neu m9t giao tac ghi m9t so den vi du' li~u
vao trong CSDL, thl n6 se diro'c dy th ac tai thai die'm kih thiic.

e * (<>rWr;(x)l * truenremil). (7)

Ky hieu ENV la t~p cac cong thirc tir (1) den (7),

4.2. Kha tuan tV' cda cac giao tac

Hai phep toan du'cc goi la xung d9t neu chung cling thao tac tren cling m9t do'n vi du: li~u,
trong d6 c6 it nhat m9t thao tac ghi (write). Nhir v~y vi~c thuc hi~n tirong tranh cu a cac giao tac
la khd tuan tlJ.' neu tren t~p cac giao tac d6 xac dinh m9t quan h~ thu' tv' t5ng the' sao cho neu giao
tac T dtrng trurrc T' thi moi thao tac 0 cua T phai thirc hi~n truxrc nhirng thao t ac 0' ciia T', xung
d9t voi 0 d€ thuc hien tu'o'ng tranh.

Thir tV' giira cac giao tac T; va Tj, i f- j c6 xung d9t tren d5i tu'o'ng dir lieu x du'o'c dinh nghia
hinh thirc nhir sau:

WRij(X) ~ <>(rWr;(x)1/\ r""VWj(x)l)ntruenWwj(x)l,
RWij(x) ~ <>( W w;(x)1/\ r...,Wrj(x)l) ntruen rW rj (x) 1,
WWij(x) ~ <>(rWr;(x)1ntruenrWrj(x)1,
VI v~y, W R;j(x) thu'c hien trong khoang thai gian nao d6 neu gia tri cua z diro'c ghi bO'i giao

tac T; m9t so Hin trong khoang d6 va sau d6 cac giao tac Tj thuc hien d9C tren X. TU'O'ng tlJ.' cho
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nhimg trtrorig hop khac.
Cac ky hieu RWij, W Rij va WWij xac dinh thrr tl! din thtrc hi~n cila cac giao tac T; va Tj khi

c6 xung d9t tren ffi9t don vi du' li~u nao d6.

RWij ~ V xEIJ RWij(x) /\ rc.;
W Rij ~ V xEO W Rij(X) /\ rc.;
WWij ~ V xEO WWij(x) /\ rc.;

& day TGij ~ true'? remi /\ emj 1 .
. Quan h~ thtr t~· gifra cac giao tac c6 xung d9t diro'c dinh ngh'ia nhir tren cho phep h~ thong thirc

hi~n tuan t~· h6a khi xU- lY.
Tiep theo chung ta suodung C:~.mo tel.quan h~ thir tl! thuc hien voi m~i i, i. k, i f= j f= k, dircc

dinh nghia nhir sau:

Glj ~ RWij V W ~j V WWij ,

G2. ~ G1 V (Gl
k /\ Gk

1) ,
'J 'J ' J

Gr.',~ Gn-1 V (Gn
k
-1 /\ G

k
n:-1),

~ ~ , J

Tit d6 chiing ta c6:

Dieu ki~n khd tuan tV: M9t thirc hien ttro'ng tranh cua t~p giao tac la kha tuan tl! neu n6 thoa
man cong th irc neu tren (G0,) va thoa cong thirc SERIAL cho moi thai khoang.

SERIAL ~ e '* 1\ -,(G0,/\ Gji),
i,j~n,ii'j

4,3, Giao thtrc dieu khi~n ttrcrng tranh b~ng kh6a hai pha

Trong ph'an nay chung ta xet mo hlnh d~c d. hmh thirc 2PL-CCP [2]. Trong 2PL-CCP, m~i doi
nrcng dfr li~u c6 m9t kh6a d9C (read lock) va m9t kh6a ghi (write lock). M9t giao tac c6 thif tlnrc
hien d9C (ghi) tren doi tirong dir li~u x khi va chi khi n6 gifr diro'c kh6a d9C (ghi tuxrng irng] tren x.
Hai kh6a diro'c goi la xung d9t neu cluing diro'c gan cho cling doi ttrong duo li~u va it nhat m9t thao
tac trong chung 1ft kh6a ghi. Cac giao tac chi c6 thif chia s~ nhirng kh6a khOng xung d9t, nghia Ill.
nhfmg kh6a d9C. Dif hmh thtrc h6a giao thirc, vai m~i i ~n, x E 0, bien trang thai rl;(x) va Wli(X)
thif hi~n kh6a d9C (rli) hoac kh6a ghi (Wli) tren x giii' m9t so Ian b&i giao tac T; ho~c khOng Ian nao.

rli,wli EO --+ Time --+ {0,1},

rl;(x)(t) = 1, neu giao tac T; giii' kh6a d9C tren x tai thai diifm t.
wl;(x)(t) = 1, neu giao tac T; giii: kh6a ghi tren x tai thai diifm t.

M9i giao tac c6 thif d"eu thtrc hien theo hai pha. Trong pha dau, doi ttrong giii: kh6a dfr li~u
diroc thirc hien, trong khi pha thfr hai doi tirong kh6a duoc giai ph6ng. Vi v~y, voi m~i giao tac T;
ta st1-dung m9t bien trang thai phi thif hi~n pha giao tac Ii trong cling m9t thai diifm.

phi: Time --+ {O, 1}, Ph;(t) = 1, neu giao tac T; trong pha nh~n - pha dau.
Vi v~y, 2PL-CCP dtro'c hinh tlnrc h6a theo cong thirc DC nhir sau:

Kh6a xung d9t khOng thif chia s~ diro'c b6'i cac giao taco Do d6, voi m~i i, J' ~ n, i f= i, x E 0

rrli(x)l '* r-,wlj(x)l,
rwli(x)l '* r -'rlj(x)l/\ r -,wlj(x)l·

Pha nhan luon thu'c hien trutrc pha giai ph6ng voi moi giao t ac T;

e '* rphi 1n r -,phi 1·
M9t giao tac c6 thif & trong pha nhan chi khi n6 khOng iiy th ac ho~c hily b6

rphi 1 '* r -,emi 1/\ r -,abi 1·
M9t giao tac c6 thif nh Sn cac kh6a chi khi n6 dang la pha nhan. Vi v~y

(8)
(9)

(10)

(11)
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r ,rld x)l n rrld x)l => r ,rld x)l n rphi 1n true, (12)
r ,wl;(x)ln rwldx)l => r ,wli(x)ln rphi lntrue. (13)

Mc$t giao tac c6 th~ giai ph6ng mc$t kh6a tren d5i trrongdir Ii~u chi trong pha 2

rrldx)ln r ,rldx)l => rrldx)ln r ,ph; lntrue, (14)
rwl;(x)ln r ,wl;(x)l => rwldx)ln r ,phi lntrue. (15)

Mc$t giao tac c6 th~ d9C ho~c ghi tren doi ttrong dfr Ii~u chi khi n6 giii: kh6a ttrong irng tren doi
tucng dfr Ii~u It cling m9t thai di~m

r,Vwdx)lnrvw;(x)l => Orrldx)l, (16)
r,Wrdx)lnrWrdx)l => Orwl;(x)l. (17)
Ki hieu 2P LC Ia t~p cac cong thtrc DC tir (8) t6i. (17) va TWOP H AS E ~ " Ocp. Tir d6

<pE2PLC
cluing ta c6

D!nh ly 1. SERIAL tel dJn i/:u:q"ctit ENV vel 2PLC, nghia tel
ENV,2PLC f- SERIAL.

Theo dinh If suy dh thi TWOPHASE => SERIAL duo i ENV, do v~y tat d. cac thirc hien
cila h~ thong giao tac tao ra bo-i 2PLC-CCP d"eu Ia kh a tuan t¥".

I)~ chirng minh diro'c dinh If tren chung ta di.n cac b5 de sau:

B8 de 1. Veri 2PLC, cho i :S; n

c=>o (truen rphi 1 => rphi 1) ,
e => o (r,philntrue => r'phil).

Chung mink:

e => rphi 1n r ,phi 1
=> orphil*nor,phil*
=> o (fphil* V r,phil* V rphil*nr,phil*)

=> 0 (truen rphi 1 => rphi 1)*

(10)
(DC-g)

(DC-18)

(DC-1), (DC-4), PC

B8de2. Ckoi,j:S;n,i:j;j

2PLCf- cAOr,philnrphil => (fphil A rphil)n(f,phil A rphi1)n(f,phil A r,phil).
Chung minh:

c A or ,phi 1n rphi 1
=> (rphilnr,phil A rphJTr,phil AOr,philnrphil)
=> (r phi 1n true r. truen r ,phi 1 A truen r ,phi 1n rphi 1n true)

=> (truen r ,phi 1 A rphi 1n truen r ,phi 1n rphi 1n true)

=> (truen r ,phi 1 A truen rphi 1n r ,phi 1n rphi 1ntrue)

=> (truen r ,phJ 1 A rphi 1n r 'phi 1n rphJT true)

=> (f phi 1n r ,phi 1n rphJT truen rphi 1)
=> (f phi 1n r=vph.; 1n rphJT rphJT true)

=> (l ph; 1n r ,phi 1n rphJT r ,phi 1)
=> rphi In (f ,phi lntrue A true') rphil)n r ,phil

=> rphiln(f,phil A rphil)nr,phil

=> (truen rphi 1 A rphi 1n (f ,phi 1 A rphi 1) ) n r ,phi 1
=> (f phi 1 A rphi 1) n (!,phi 1 A rphi 1) n r ,phi 1

(10), PL

(DC-1), DefDC

(DC-13)
(DC-12), (DC-1)

B1, (DC-1)

(DC-14)

(DC-12) (DC-1)

B1, (DC-1)

PL, (DC-1)

B1, (DC-1)

PL, (DC-1)

B1, (DC-15)
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Chung minh: V &i i, j ~ n, i t= i, ta co
I; /\ RWi]

=> (I -,v wdx)l ntrue /\ <>W wdx) /\ ...,Wr](x)l ntruen rW r](x)l)

=> (r...,V Wi (x)l ntrue /\ <>W Wi (x)ln r...,Wr](x)lntruen rW rJ"(x) 1)
=> uv w;(x)ln r ""Vwdx)lntruen rWr](x)ln r ...,Wr](x)l)

=> <>rrldx)lntruen<>r wl](x)l
=> <>rrli(x)ln r ...,wl](x)lntruen rWl](x)l

=> <>rrldx)lntruen rwl](x)ln r""wl](x)l
=> o] rl;(x)lntruen rwl](x) /\ phil
::.:> cr rl;(x)lntruen r ""rldx)ln rph]l
=> o] rl;(x)ln r ...,rli (x)lntruen rph]l
=> c r ...,phi1n truen rph] 1
=> o r ...,phi1n rph] 1
I; /\ RWi] {} I; /\ V RWi](X) /\ TGi]

xEli

{} V (I; r; RWiJ"(x) /\ TGi])
xEli

=> o] ...,phi1n rph] 1,
Chirng minh tuxrng tl}.'cluing ta cling- th€ co th€ thie't l~p diro'c

I; /\ W Ri](X) => o] ...,phi In rph]l,
1;/\ WWi](x) => <>r...,philnrph]l,

Bay gio- chiing ta chimg minh b5 de dua tren qui n~p tren m:
Xet btro'c qui nap co' s6-:

I; r. Gl] {} I; r; (RWi] V W RiJ" v WWi])
{} (I; /\ RWi]) v (I; r; W Ri]) v (I; /\ WWi])
=> o r ...,phi1n rph] 1·

Qui n~p thira nhan:

I; /\ G;] => o] ...,phiIn rphil,

Buoc qui nC).ptie'p:
Chung ta chirng minh ring vrri i, j, k ~ n, i t= j t= k

I; /\ G;k /\ Gk] => o] ...,phiIn rphil,

Th~t v~y
c /\ G;k /\ Gk] => I; /\ o r ...,phi1n rphk 1/\ <>r ...,phk1n rph] 1

=> rphk 1n (f ...,phk1/\ r ...,phi1) /\ rphk 1n U ...,phk1/\ rph] 1n r""ph] 1)
=> rphk In (f ...,phk1/\ r ...,t:hi1/\ rphJT r ...,ph]l)
=> true'? r ...,phi /\ ph] 1n r ·.phi r; ...,ph]1
=> true'? r ...,phi1n rph] 1n true
=> <>r...,phi In rph]l

=> (fphil/\ rph]l)n(truenr...,phil/\ (f...,phil/\ rph]l)nr""ph]l)

=> Uphi 1/\ rph] 1) n (f ...,phi1/\ rph] 1) n (f ...,phi1/\ r ...,ph]1)
Bci de 3. Cha m,i,)" ~ n, i t= j

ENV, 2P LG f- I; /\ Gr; => o] ...,phiIn rphil·

PL, (DC-1)

B1, (DC-15)

def 1;, RWiJ, (DC-1)

(DC-8), (DC-10)' (DC-1)

(DC-12), (DC-13), (DC-1)
(16), (17), (DC-1)

(8), (DC-8), (DC-1)

(DC-12), (DC-1)
(13), (DC-1), (DC-8)

(9), PL, (DC-8), (DC-1)
(DC-12), (DC-1)

(14), (DC-1), (DC-8)

E1, (DC-1)

PL

DefC1"
'J

PL

(IA)

(IS)

(IA)
B2, PL, (DC-1)

(DC-16)
(DC-15), PL, (DC-1)

PL, (DC-1)
(DC-8)
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6/\ C::1 '* 6/\ (Cfj V (Cfk /\ C'kj))
'* (6/\ C;,.) V (6/\ C;k /\ Clj)

'* ¢r·phi1nrphj1·

DefCt+1
'J

PL

lA, IS, PL

Chung minh Dinh 111 1:

Tir cac b5 de tren ta suy ra: Va-i i, J' ~ n, i =J: i,

6/\ CI;"/\ Cji '* 6/\ o! .phi l" rphj1/\ of .phJT rphi 1 B3, PL

'* Uphj1n U .phj1/\ r .phi 1) /\ rphJTU .phj1/\ rphi l" r .phi 1)B2, PL, (DC-15), (DC-I)

'* rphj 1n (r .phj 1/\ r.phi 1/\ rphi 1n r.phi 1) (DC-16)
'* rphj1nfalse (DC-15),PL,(DC-1),(DC-4)
'* false (DC-4)

{=> 6 '* A +t (CI;" /\ Cji).
i,j~n,ii'j

Nhir v~y ta co: ENV, 2PLC f- SERIAL. Dinh ly da dtro'c chirng minh.

5. KET LU~N

V&i logic DC chung ta co the' d~c d. diro'c nhirng h~ thilng la-n, phirc tap nhir h~ CSDLTGT.
Van de chinh trong bai bao la d~c d. hlnh thirc giao thirc dieu khie'n tiro'ng tranh kh6a hai pha trong
logic DC. Ket qua chimg minh t inh kha tuan tl! cti a 2PL-CCP khhg dinh diro'c tinh dung cii a h~
thilng cac giao tic dam bao dtroc tinh nhat quan dir li~u trong CSDLTGT.
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