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TiNH KHA TUAN TU CUA GIAO THU'C DIEU KHIEN TU'ONG TRANH
KHOA HAI PHA TRONG €O SO DU LIEU THOI GIAN THUC

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.

Tém tdt. Trong bai niy, ching t8i trinh bay mét mé hinh hinh thic cda hé théng co sé dir liéu thoi gian
thuc trong logic tinh todn khodng Duration Calculus (DC). Ching t8i dwa ra dic td hinh thiéc chinh xdc
cho viéc thuc hién cda hé thdng céc giao tic va giao thic didu khién twong tranh khéa hai pha 2PL-CCP.
Chiing t4i ciing dwa ra mdt chirng minh hinh thic tinh ding cda céc giao thic didu khié€n twong tranh khéa
hai pha trong cor s& dir liéu thdi gian thuc si dung hé th8ng ching minh DC.

1. MO DAU

Ngdy nay cic hé thdng thoi gian thue (HTTGT) duge dic biét quan tdm khi cin phdi quin ly
mét khé&i lwgng 16n dir liéu va hdn hop. Hiéu qud cia cic thuit todn quin 1y viéc truy nhip v thao
tdc dir liéu trong cdc HTTGT phu thudc nhi€u vio di€u kién rang budc vé thoi gian cia cic img
dung di dwoc cung cip.

Trong bai bo chiing t6i trinh biy vé mét dic t4 hinh thirc diéu khién twong tranh cda co s&
dir liéu thoi gian thue (CSDLTGT) trong logic tinh todn khodng DC (Duration Calculus) [5,10].
CSDLTGT cé thé xem nhu 1a sy hop nhit gifa co sé& dir liéu (CSDL) véi HTTGT. Trwée tién gidi
thiéu tém tit ddc t4 hinh thirc chinh x4c cho viéc thuc hién cda hé thdng cic giao tac va giao thirc
diéu khi€n twong tranh khéa hai pha 2PL-CCP (Two Phase Locking Concurrency Control Protocol)
[1,9]. Sau dé 13 mét ching minh hinh thtc tinh ding cda céc giao théc di€u khi€n twong tranh
trong CSDLTGT d€ khing dinh duwgc tinh ding cda hé théng cic giao tdic ddm bdo hé théng thuc
hién nh&t quén.

2. HE THONG CO SO DU LIEU THOT GIAN THUC

Co s& dir liéu 13 mot hé thdng tich hop cdc quan hé dir liu veé céc t8 chirc dwoce lwu trir trén
may tinh. Viéc truy nhip cda ngudi st dung t&1 CSDL dwoc thuc hién théng qua céc giao tac, dé
12 mét day logic cac thao tdc chinh la doc va ghi.

Mét giao thitc ddm bdo thuc hién tinh nguyén tir dwoc goi 13 giao thitc CCP (Concurrency
Control Protocol). Diéu kién dé thuc hién twong tranh cdc giao tic trong CSDL ddm bio tinh nhit
quén dir liéu 1a kha tuin tu (serializability) [1,4,9]. CSDLTGT cé thé xem nhu 13 sy két hop cia
CSDL vad HTTGT. Diéu kién can dé tuin tw héa dwoc 13 cic giao téc thuc hién cic thao téc trong
thoi gian thuc phai thda man cd rang budc thdi gian trén cdc giao tdc dy thic thuc hién (goi tit 1a
ty théc) cé thoi han [1]. .

Trong CSDLTGT, tip cic d8i twong dir liéu bao gdm cd 1am thdi (temporal) va phi ldm thi
(non-temporal). Mot d6i twong dir !iéu ldm thdi phdn 4nh trang thai cda cdc d&i twong xuit hién
trong thé gii thuwc. M3i gid tri cda mot d8i twong dir liéu 1am thdi cé thé hop 16 va khéong hop 18
trong mot thoi khodng nio dé.

Cé hai thé hién khic nhau cda d&i twong dir liéu: thé hién bén ngoai (thé giéi thuc) va thé
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hién trong CSDL. Ching cé quan hé thoi gian véi nhau va diéu nay dwoc goi 13 tinh nhat quin theo
thoi gian. Tinh nhdt quan theo thoi gian dwoc thé hién theo hai khia canh: tuyét dSi va twong déi.
Tinh nhit quédn tuyét d8i duwgc thé hién khi thuc hién nhirng yéu ciu cin xem dir liéu ttc thi, dir
liéu mé&i nhit cda hé thdng. Tinh nhit quin twong d&i theo thoi gian thé hién yéu ciu twong tng
vé s8 luong dir liéu duoc st dung qua lai véi nhau.

Trong CSDLTGT, xtt ly giao tic rat phic tap vi né ddi hdi phdi tich hgp mdt tip 16n cdc giao
thdc sao cho khéng chi duy tri tinh nhat quan cia CSDL ma con phédi ddm bdo thao tic thda man
céc rang budc vé thoi gian. Pic biét, khi CSDLTGT yéu ciu mét CCP méi, sé din dén mét yéu ciu
can x4c dinh di€m t&i han cda thdi gian va rang budc thoi gian két hop véi cdc giao tac cin thuc
hién.

3. LOGIC TiNH TOAN KHOANG DC

Trong phin nay ching ta xét mot s6 tinh chit co bdn cda logic tinh todn khodng DC, mét mé
hinh ddc td hinh thiéc cho cdc CSDL va CSDLTGT |5, 10].

Thoi gian Time trong DC 1a tAp R cac s8 thuc khéng am. Véit,t' € RT, ¢ <t', ki hiéu [t, ¢']
12 thé hién khodng thoi gian tir ¢ téi ¢'.

Gid thié€t E 1A tip cdc bién trang thai logic nhin céc gid tri logic O (false) hodc 1 (true). Tap
céc bi€u thirc trang thii SR dwoc dinh nghia nhu sau:

1. M&i bién trang thii P € E 13 mdt bi€u thirc trang thai thuéc SR.

2. Néu PvaQ € SRthi-P, (PAQ), (PVQ), (P = Q), (P ¢ Q) ciing la cic bidu thirc thudc
SR.

Thé hién cda trang thdi P dwoc xem nhw 14 mét ham I(P) : RY — {0,1}. I(P)(t) = 1 khing
dinh trang thai P c6 mit tai thoi di€m xéc dinh ¢ va I(P)(t) = 0 khing dinh trang thai P khéng cé
mit tai thoi di€m t. Chiing ta gid thiét ring moi bién trang thai déu c6 thé thay ddi hiru han lin
trong mot khodng thoi gian hitu han. Mét bi€u thic trang thai dwoc thé hién nhuw 13 mét ham va
dwogc dinh nghia bdi su bién d6i trang théi theo cac todn ti logic.

Véi bi€u thic P xdc dinh mét khodng twong tng, ki hi¢u 13 [ P chinh 13 t8ng d6 dai c4c khodng
thoi gian trong A6 P x4c dinh. Cho trwéce thé hién I xéc dinh ddi véi' bién trang thai P trong khoédng
t,t'], thé hién cda thoi khodng I(f P)([t,t']) dwoc dinh nghia 12 f: I(P)(t)dt. Do dé [ P luén cho
ta do dai cda cac thoi doan va duwoc ky hiéu 13 L.

Céng thtrc khodng nguyén thiy 1 mét bi€u thic duwgce tao lap tir cadc hang thic va cidc phép
todn quan hé trén cac s6 thuc nhu phép so sinh bing = va phép so sdnh nhé hon <. Céng thirc
khodng 14 céng thirc nguyén thdy hodc bi€u thic dwoc xdy dung tir cdc cdng thirc trén co sé& dung
céc phép toan logic -, A, V, =, ¢, 7. hay céc lwong ti& V,3 4p dung vao céc bién x4c dinh trén R™.

Céng thirc khodng D trong DC thda méan thé hién I trong thoi khodng [¢/, t”] néu né nhén gid
tri ding dwéi thé hién I trong thdi khodng dé, sé dwoc viét nhw sau: I,[t't"] | D. Trong dé thé
hién trang thdi I 13 ham tir R+ téi {0, 1}.

Cho truéc mét thé hién I, cdng thie D17 D2 ding trong [¢t',t"] néu ton tai thoi di€ém t: ' <
t < t" sao cho D1, D2 ding trong [t/, t] va [t,t"] twong dng.

Sau day chiing ta nhic lai mét s3 cdng thirc khodng sé dwoc st dung trong céc chirng minh vé
sau.

Véi mbi trang thai P, [P] ki hiéu cho mét thoi doan (khong phdi 1 cdc thoi diém) ma trong
d6 P xudt hién. Nhu viy

[P]={(] P=L)A{L >D)
Ky hiéu [] st dung cho tan tir nhin gid tri ding cho nhitng thoi doan 14 céc thoi diém.
Mé& rdng cic dinh nghia ta cé:
[P]*=[]V[P].

Tiép theo 14 céc thé thirc ¢ - bidu didn cho “thinh thodng”, O- bidu dién cho “luén luén”, dwgc

dinh nghia sau:
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OD = true” D" true,

OD & -=$-D.
OD cb gid tri true (ddng) trong mdt thdi doan néu va chi néu D ding trong thdi doan con nic dé
cla th&i doan dé.

0D cé gia tri true néu va chi néu D ding trong moi thdi doan con cda thoi doan dé, néi cach khéc
la khéng khi nao D c6 gid tri false trong thoi doan d6. Sau diy 1a mot s8 luit, tién d€ quan trong:

if A= B then (A"C = B"C) (DC-1)
if A= B then (C"A = C"B)

(A"B)"C & A"(B"C) (DC-2)
(A7) & ([174) & 4 (DC-3)
(A" false) ¢ (false" A) & false (DC-4)
(AVB)"C & (A"C) v (B"C)

C"(AVB) & (C"A) v (C"B) (DC-5)
(AAB)"C = (A"C) A (B"C)

C"(A A B) = (C"A) A (C"B) (DC-6)
OA=>4 (DC-7)
[PIN[P] & [P] (DC-s)
[P] = D(P]) (DC-9)
[PIATQ] & [PAQ] (DC-10)
[P]"true A true” [-P] = [P]"true"[-P] (DC-11)
[P]"true"[-P] = [P]"[-P]"true A true" [~ P]|"[ P] (DC-12)
[P]"true A true" [-P]"A = [P]"true"[-P]" A (DC-13)
AN[P]"true Atrue" [~ P] = A"[P]|"true" [-P] (DC-14)
[P ATQII"[Q2] + ([P] A [QI))"(1P] AQ2)) (DC-15)
[P0 ([~P] A A) A [P1N(~P] A B) = [P]"(|~P] A 4 A B) (DC-16)
=[P & [TV <[P (DC-17)
O(4)"O(B) = O(AV BV A"B) (DC-18)

4. HINH THUC HOA HTCSDLTGT TRONG DC

4.1. M6 hinh co ban

Nhu & phin trén ta da xét, CSDL gdbm mdt tip 6 cdc d8i twong dir lidu (ky hiéu 13 z,y, z, v.v...)
va tap T = {Ti|s < n} céc giao tic. Mdi giao tic T; c6 thé thuc hién trong CSDL & th&i di€m x;
khéng xdc dinh truwéc. Khi thuc hién, giao tdc dé c6 thé doc Vw; mdt s8 ddi twong dir liéu, thuc
hién mot s tinh todn riéng va sau dé cé thé thwc hién mot s§ thao tdc ghi Wr; trén cing cic d8i
twong dir liu d6. M3i giao tac c6 thé doc va ghi di liéu ngay trong qud trinh thuc hién, va céc thao
tdc doc thuc hién trudc cic thao tac ghi.

z €0, 1 < n, bién trang thai Wr;(z) mé t hanh vi cda d8i twong z. Wr;(z) ding tai thoi diém
t khi va chi khi gid tri cda z dwoc giao tic T; thwce hién thao tic ghi & thoi di€m t. Nhw viy

Wr; € 0 — Time — {0, 1},

Wri(z)(t) = 1 & T; ghi gid tri cho z tai thoi diém ¢.
Vw; (z) x4c dinh trang théi doc z cda T;.
Vw;(z) ding & thoi di€m ¢ khi va chi khi 7} thuc hién thao tdc doc dwge z trwéc thdi di€m ¢.

Vw; € § — Time — {0, 1},

Vw;(z)(t) = 1 < T; thuc hién doc dwoc z tai thoi di€m t.

Mt giao tac c6 thé dy thic (commit) hojc hdy bd (abort). Vé&i mdis < n bién trang théi cm;
vi ab;, dwoc st dung d€ mé td trang thai dwoc dy thac va bi hdy bé (twong &ng) cda giao tic T;.
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cm;, ab; € Time — {0, 1},

cm;(t) = 1 < T; da dy thac trwée thoi diém ¢,

ab;(t) = 1 ¢ T; bi hiy bd truéc thoi di€m t.

Vin dé chinh 13 cin dic td qud trinh thuc hién céc giao téc tir diu t&i thoi difm ma cdc giao
tdc duoc dy thic hodc bi hiy bé. Biéu thic trang thii dé dwoc xdc dinh nhu sau:

F= /\ (ecmq; V ab;).
i<n

Bién trang thai F nhén gié tri true & th&i di€m t néu véi moi 7 < n, T; hoic dwoc dy thic hodc bi
hdy bd truéc thoi di€m t.

Céc thoi doan thé hién toan b qud trinh thuc hién cda hé thdng céc giao tdc sé thda mian cac
cong thic sau:

ex ( ANWro(z)]A A\ [-Vuwi(z)]) true"[F].
TEOH i<n,z€0

Nhu vdy, mdt thdi doan thda e thi & nhitng thoi di€ém diu moi giao tic hodc doc hodc ghi bit
ky dir liéu z ndo d6 va & giai doan cudi thl moi giao tac sé dwoc dy thac hodc bi hiy bd.

Céc tién dé sau dé cip dén mdt s8 tinh chit quan trong cia hé thdng cac trang thai vi méi
quan hé cida ching.
Tién dé 1. Néu cdn ghi di liéu thi tar méy thot di€m, chi cé ding mét giao tdc ghi di liéu (Wr)
dwoc thuc hién.

[VOSiSn Wri(z)], (1)

Wri(2)] = Aig;[-Wrj(z)]. (2)

Tién dé 2. V&1 mot giao tdec T1 (¢ < n) vd mot d6% twong du liéu z, cdc trang thdi Vw;(z), cm; vd
ab; cd thé thay d6% mét lin, va trang thdi cm;, ab; ld duy nhdt.

[Vw;(z)]"true = [Vw;(z)], (3)
[em;|"true = [emy], (4)
[ab;]"true = [ab;], (5)
forns] = [-uaks] (©

Tién dé 3. Tu gid thift cda viéc dy thic nguyén t&, néu mot giao tdc ghi moét s& don vi dir liéu
vao trong CSDL, thi né sé dwoc dy théc tai thoi di€m két thic.

e = (O[Wri(z)] = true"[emi]). (7)

Ky hiéu ENV la tip céc cdng thic tir (1) dén (7).
4.2. Kh3 tuln tu cda cic giao tac

Hai phép todn dwoc goi 13 xung dot néu ching cung thao tic trén cling mét don vi dir liéu,
trong d6 c6 it nhat mot thao tdc ghi (write). Nhuw vay viéc thuc hién twong tranh cida cic giao téc
12 khd tuin tw néu trén tip cic giao tic d6 xdc dinh mdt quan hé thi tw tdng thé sao cho néu giao
tdc T ddng trwédc T’ thi moi thao tdc O cda T phdi thuc hién trwéc nhitng thao tdc O’ cda T', xung
ddt véi O d€ thuc hién twong tranh.

Thi tu gira cdc giao tadc T; va Ty, ¢« # j c6 xung dot trén d8i twong dir liéu z dwoc dinh nghia
hinh théc nhu sau:

W R;j(z) = O([Wri(z)] A [~V w;(z)]) "true” [V w;(z)],

RWij(z) = O([Vwi(2)] A [-Wrj(z)])"true® [Wr;(z)],

WW;;(z) = O([Wri(z)] true" [Wrj(z)],

Vi vy, W R;;(z) thuc hién trong khodng th&i gian ndo dé néu gid tri cda z dwoe ghi bdi giao
tdc T; mot s8 lan trong khodng d6 va sau dé cic giao tdc T; thuc hién doc trén z. Twong tu cho
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nhing trudong hop khic.
Cic ky hiéu RW,;, W R;; va WW;; xdc dinh thi tu cin thuc hién cda cic giao tdc T; va T; khi
c6 xung dot trén mdt don vi du liéu nao dé.
RWij =V ey RBWi;(2) ATCiy,
WR,']‘ = szO WR,']'(.’E) A TC,;J',
WW,'J' >~ V:zEG WW,](:E) A TC{]',
& day TC;ij = true[em; A cmy].
*Quan hé thir tu gilra cdc giao tdc cé xung ddt dwoe dinh nghia nhu trén cho phép hé thdng thuc
hién tudn tu héa khi xi ly.
Tiép theo ching ta si dung C}; md td quan hé thi tu thuc hién véi méi s, 7, k, © # 7 # k, dwoc
dinh nghia nhu sau:
CE]- = RW,'J' \Y% WR,‘]' \% WWij .
Ctzj = Czlj 4 (Cilk A Clij)l

cr=Crtv(Crtace™).
Tir dé ching ta cé:
Diéu kién khd tudn tu: Mot thuc hién twong tranh cda tip giao tdc 12 kha tuin tw néu né thda
min cdng thic néu trén (C7%) va théa cong thic SERIAL cho moi thoi khodng.
SERIAL=e= |\ -(CLACE).
1,7<n,i#y
4.3. Giao thire diéu khién twong tranh bing khéa hai pha

Trong phin nay ching ta xét md hinh d3c t4 hinh thic 2PL-CCP [2]. Trong 2PL-CCP, mdi d&i
twong dir liéu c6 mdt khéa doc (read lock) vd mdt khéa ghi (write lock). Mdt giao tac cé thé thuc
hién doc (ghi) trén d8i twong dir liéu z khi va chi khi né gitt duoc khéa doc (ghi twong ¥ng) trén z.
Hai khéa dwoc goi 1 xung ddt néu ching duoc gén cho cing déi twgng dit liéu va {t nhit mot thao
tic trong ching 13 khéa ghi. Céac giao tdc chi c6 thé chia sé nhirng khéa khéng xung ddt, nghia 13
nhitng khéa doc. D€ hinh thic héa giao thic, véi mdi ¢ < n, z € §, bién trang thai rl;(z) va wi;(z)
thé hién khéa doc (rl;) hodc khéa ghi (wl;) trén z git mét s8 lan béi giao téc T; hoic khong Iin nio.

rl;,wl; € § — Time — {0, 1},

rl;(z)(t) = 1, néu giao téc T; gir khéa doc trén z tai thdi di€m ¢.

wl;(z)(t) = 1, néu giao tic T; giir khda ghi trén z tai thoi di€m ¢.

Moi giao tic c6 thé déu thuc hién theo hai pha. Trong pha dau, ddi twong giit khéa di liéu
dwoc thuc hién, trong khi pha thit hai d8i twong khéa dwoc gidi phéng. Vi vy, véi mdi giao tac T;
ta st dung mét bién trang thai ph; thé hién pha giao tic T} trong cling mét th&i di€m.

ph; : Time — {0,1}, Ph;(t) = 1, néu giao tdc T; trong pha nhén - pha d3u.

Vi viy, 2PL-CCP duwgc hinh thic héa theo cong thitc DC nhu sau:
Khéa xung d6t khong thé chia sé dwoc bdi céc giao tdc. Do db, véimbiz,j <n,i# 73, z €0

[rli(z)] = [~wl;(=)], (8)

[wli(z)] = [—rl;(z)] A [-wli(2)]. (9)
Pha nhén luén thuc hién truéc pha gidi phéng véi moi giao tac T;

& = [phi]"[-phi]. (10)
M&bt giao téc c6 thé & trong pha nhan chi khi né khéng dy thac hoic hdy bé

[phi] = [—em;] A [—ab;]. (11)

M&bt giao tdc c6 thé nhan cic khéa chi khi né dang 13 pha nhan. Vi viy
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[=rli(2)]"[rli(z)] = [-rli(2)]7 [phi] true, (12)

[~wl;(2)]" [wli(z)] = [~wl;(z)]"[ph; ]| true. (13)
Mot giao tac c6 thé gii phéng mét khéa trén ddi twong dir lidu chi trong pha 2

[rli(2)]" [—rli(z)] = [rli(z)]" [-phi] true, (14)

[wli(z)]"[~wli(z)] = [wl(z)]"[-phi ]| true. (15)

Moét giao tic c6 thé doc hodc ghi trén ddi twong dir liéu chi khi né giit khéa twong dng trén dsi
twong dir liéu & cing mét thoi di€m

[V w;(2)]"[Vwi(z)] = O[rli(2)], (16)

[=Wri(2)]"[Wri(z)] = Owl(z)]. (17)

Ki hiéu 2PLC 14 tap cac cong thire DC tir (8) téi (17) va TWOPHASE= A Oe. T dé
©E2PLC

ching ta cé

'Pinh Iy 1. SERIAL ld dén dwoc té ENV va 2PLC, nghia ld
ENV,2PLC |— SERIAL.

Theo dinh 1y suy d&n thi TWOPHASE = SERIAL duéi ENV, do vy tit cd cic thuc hién
cia hé théng giao tic tao ra bdi 2PLC-CCP d&u la khd tuin tu.

Dé chitng minh dwoc dinh 1y trén chiing ta cin cic bd dé sau:
Bo de 1. Véi 2PLC, choi < n

e = O(true"[phi] = [phi]),

e = O([—phi]"true = [-phi]).
Ching minh:

e = [phi]|"[-phi] (10)
= O[ph;|*" O[-ph:]* (DC-9)
= O([phi]* V [-phi]* V [phi]*" [-phi]*) (DC-18)
= O(true"[ph;] = [ph,-])* (DC-1),(DC-4),PC

B8 de 2. Choi,j<n,i#j
2PLC |— e A O[-phi]"[ph;] = ([phi] A [phs1)" ([-phi] A [ph;1) ([—phi] A [-ph;1).
Ching manh:
e A O[—phi]"[phy]

= (phs]"[~phe] A [phs1" [~phs] A O-phe]" [phs1) (10), PL
= ([phi]"true A true [—ph;] Atrue” [—ph;]"[ph;] true) (DC-1),Def DC
= (true” [—ph;] A [phi]"true” [—ph;]" [ph;] true) (DC-13)
= (true" [—ph;] A true” [ph;]" [—phi]"[ph;]"true) (DC-12), (DC-1)
= (true [—ph;] A [ph:]"[~phi]" [ph;] true) B1, (DC-1)
> (Iphs 1" [~phi " [phy " truen [ohy ) (DC-14)
» ([phs] [~phs]"[phy 1" [phy N truc) (DG-12) (DC-1)
> ([phs1 [~k ] [phy 1 [~phs]) B1, (DC-1)
= [phi]"([—ph;]"true A true” [ph;])" [-ph;] PL, (DC-1)
= [phi]"([—phi] A [phs])" [~phy) B1, (DC-1)
= (true” [phy] A [phi]" ([—phi] A [phs1))" [-phy] PL, (DC-1)
=% ([ph,] A "ph‘j-l)n([ﬁphi] A [phj-‘)n [—ph;] B1, (DC-15)
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= (Tphs] A [phy 1) (true” [=phi] A ([=phi] A [phy1)" [~phs]) PL, (DC-1)
= ([phi] A [phs1)" ([-pRs] A [pRs1)" ([-PR:] A [-phRs1) B1, (DC-15)

B3 dé 8. Cho m,i,j<n,i#j
ENV,2PLC |— e A C} = $[-phi]|"[phy].

Chitng manh: Véin, g < n, 1 # 7, ta cb

e A RW;;

( =V w;(z)]"true A O[Vw;(z) A —-Wrji(z)]"true” [WTJ(:C)]) defe, RW;;, (DC-1)
= ([-Vwi(z) ntrue/\(>[Vw,-(:z:)]n[ﬂWrJ-(:t:).lnltrue"‘ [Wr;(z)]) (DC-8), (DC-10), (DC-1)
= ([Vwi(z)]" [~V w;(z)]|"true" [Wr;(z)]" [-Wr,(z)]) (DC-12), (DC-13), (DC-1)
= O[rli(z)]"true" Olwlj(z)] (16),(17), (DC-1)
= <>[rl ()17 [~wl;(z)]"true” [wl;(z)] (8), (DC-8), (DC-1)
Ofrli(z)]"true” [wl;(z)]" [~wl;(z)] (DC-12), (DC-1)
Ofrli(z)]"true? [wli(z) A phy] (1 ) (DC-1),(DC-8)
Ofrli(z)]"true” [—rl; (z)]7 [phy] (9), PL, (DC-8), (DC-1)
Olrli(z)]" [-rli(z)]|"true” [phy] (DC-12), (DC-1)
O[—phi|"true? [phy] (14), (DC-1), (DC-8)
=><>[—-ph] [ph;] B1, (DC-1)

eARW;; & e\ RW;(z) ATC;;
<V (e A RWi;(z) ATCj) PL

z€0
= O[-phi]"[ph;].
Chiérng minh twong tu ching ta ciing thé c6 thé thiét 1ap dwoc
e AW R;j(z) = <[-ph:i]"[ph;],
e A\WW;,;(z) = O[-phi|" [phy].
Bay gi¢ chiing ta chimg minh b8 dé dwa trén qui nap trén m:
Xét buéc qui nap co sé:

eANC}; & e A(RW;; VWR;; VWW,;) Def Cj;
& (e ARW;;) V (e AWR;;) V (e A\WWy5) PL
= O[-phi]"[ph;].

Qui nap thira nhin: (IA)
eA C’fj = O[-ph;]" [ph;].

Bwéc qui nap ti€p: (18)

Ching ta ching minh ring véie, 5, k<m, i #j#k
& A Cli A Ckj = &[-phi]"[phy].

Thit vay

e ACh A CL. = e A O[—phi]"[phi] A O[-phe]" [ph;] (IA)
= [phi]" ([-phi] A [-phi]) A [phi]” ([=phi] A [ph;17[-ph;]) B2, PL, (DC-1)
= [phi]" ([—phi] A [-£hi] A [ph;1" [-ph;1) (DC-16)
= true [—ph; A ph;]"[-ph; A —ph;] (DC-15),PL, (DC-1)

= true" [—ph;]" [ph; ]| true PL, (DC-1)
= O[-phi]"[ph;] (DC-8)
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eACH = e (Cl v (Cl ACLY)) Def CL !
= (eACL) V(e ACH ACE)) PL
= O[-phi]|"[ph;]. IA,IS, PL

Chitng minh Dinh Iy 1:

Tir céc b3 dé trén ta suy ra: V&ii,j <n, 1 # 7,

e ACLACT = e AO[-phi|"[ph;] A O[-ph;]|"[phi] B3, PL
= ([ph;1"([=phi]1 A[-phil) ATphi 1" ([=phi] A[phi]" [-ph:]) B2, PL, (DC-15), (DC-1)
= [ph; 1" ([~ph;] A [-phi] A [phi]"[-phi]) (DC-16)
= [ph;|" false (DC-15),PL, (DC-1), (DC-4)
= false (DC-4)

“e=> A (CEACEH).
1,7<n,i#y

Nhu viy ta c6: ENV,2PLC |— SERIAL. Dinh ly di dwgc ching minh.

5. KET LUAN

Véi logic DC chiing ta cé thé dic td dwoc nhitng hé thdng 16n, phitc tap nhw hé CSDLTGT.
Van dé chinh trong bai bao 13 dic t4 hinh thirc giao thirc diéu khi€n twong tranh khéa hai pha trong
logic DC. Két qua chimg minh tinh khd tuin tw cia 2PL-CCP khing dinh dwoc tinh ding cda hé
théng cic giao tdc ddm bdo dwoc tinh nhit quan dir liéu trong CSDLTGT.
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