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VE DINH LY TUONG DUONG TRONG LGP
CAC PHU THUQC BOOL DUONG DA TRI

Vi Ngoc Lodn va Nguyén Xuan Huy

Vien Cong nghe thong tin

1. Gigi thieu

Trong 1§ thuyét co s& dir liéu quan hé, viée nghién ciru cic loai quan hé phu thude
dir lieu c6 ¥y nghia thuc tien cho viée dam bao tinh chat nhat quan div lieu. Céc
phu thudc Bool dwge gidgi thiéu trong [6] la mot trong céac loai phu thudc dur lieu
duge nhiéu ngudi quan tam phéat trien. Ticp d6 cac bai viét [1,2] da dé cap dén
mét 16p con kha rong cua né la 16p cac phy thude Boll duwong, 16p cac phu thuoce
Bool duwong téng quét,... Mot trong nhirng diéu duge quan tam nhiéu la dinh 1y
twong duong ve tinh dan dwoc trong 16p cac quan hé ¢6 36 bo thy ¥ ciing nhir trong
16p cac quan hé chi bao gém hai bo hay trong logic ménh dé khi xét dén cac 16p
phu thude Bool khidec nhau. Trong [2], dinh |y nay da duwge chi ra cho cdc 16p phu
thuée Bool duong dua trén cic anh xa bang. Trong [5], dinh 1y twong dwong da
dwoe phéat bieu & dang md rong hon cho 16p cde phu thuée Bool dwong téng quat.
O day do viée dwa vao logic da tri thay cho kiéu logic 2 tri va viéc md rong dnh xa
a cho nén dinh 1y tuwong dwong sé duwge phat biéu trong dang tong quat hon so véi
cac truong hop trén.

Bai vict gom bon phan. Phan dau gidi thiéu chung. Phan hai trinh bay mot s5
dinh nghia va cde két qua co s& chuan bi cho phan sau. Phan thi ba phat bidu va
chirng minh dinh 1y twong dwong cho 16p phu thudc Bool duwong da tri. Phan con
lai dé& xudt mot vai hudng nghién cirn.

2. Cac dinh nghia co ban
Gia st U = {Ay, ..., Ax} 12 tap cac thude tinh. Vi mdi A, 1<i<n ¢ mot tap d;

nao d6 gom 1t nhat hai phan tu duwge goi la mién tri cua thude tinh dé. Véi A e v
A . - ~ B ”, A Ny
mien tri cua 4 cung duge ky hiéu la dom(4).
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Mot tap con R hiru han cud tich d;  do x ... x d, dwge goi L mdt quan hé trén U.
Moi t € R dwgce goi la mot 6. Gid sw e R, AeU khi d6 ki liéu ¢4 la gid tri ¢ d6i
véi thuoe tinh A. Dat t.x la tép {t.0|1€ X}. vdi X CU.

Mbi s €[0.1] dwge goi 1d moét hing logic. \'éi sy, 5 € [0.1], ta xdx dinh cdc lién két
logic v, A,—,—.~ trén K nhu sau:

51082 = Max{s;.s»}, s; Asa = min{sy,s:}, s; — sa = max{l — sy, s2}, =51 = 1 —s51.

N6i rang trén U xac dinh ot logic da tri néu: V&i méi phan tid A, €U, 1<i<n
¢6 mot tap hiru han B; dwoc goi la mién danh gid cud A;, thod man cic dieu kién
sau:

B; € [0,1],
néu s € B; thil—-se Bi,
1 € B;.

b A

Ky hiéu B=B, xByx..x B, va K = BjUB,U...UB,. Mét anh xa 2: U — K sao cho
z(A;) € B vo1 1 < i < n duge goi 1a ot danh gida tréen U. Neu a(4;) = 2, 1 <i<n,
khi do ta ky hicu » boi (21, s, wndn) € B.

, A . IEEN , g . . ’ e ~ ’ Y
Céc phan tu trong U dwoc goi la cac bien logic hay la cac bién so cap. Cac hang
logic trong [0,1] va cdc bien logic trong U7 duge goi la cac cong thie.

Gian sit g, h |2 céc cong thire, khi d6 ta cé thé xay dung cic cong thire mdi bang
cach sit dung céc lién két logic v, A,—,~,~ va cic céng thic da cho. Diéu dé cé
nghia rang (¢"h). gvh), =(¢).(g — h) 1a cdc cong thirc méi. Ky hiéu tap tat cd céc
cong thive dwge xay dung tir U va cde lien kot logic da néu & trén bdi F. Mdi f e F
dwge goi la mot phu thudc Bool da tri.

Cho f € F va a = (21, 22,...2,) € B. Nhi d6 ta goi f(.z ) I cdc gia tri chan 1y cua

J ddi véi danh gid ¢ va duge xée dinh nhu sau: Néu f la mot héng c € [0,1] 1111
f(z) = ¢ v6i moi v € B. Néu f la mét bién 4, thi flx) = . IKhi f duwgce tao nén tir
céc cong thive g, h va céc lién két logic v. A, —,— thi ta x4c dinh f(z) nhu sau

Néu f = (4" h) thi f(z) = g() h(z)
Néu f = (guh) thi fl) = (. Y h(z)
Néu f = (g — h) thi f(2) = r;(a:)—» i (z)
Néu f = (~g) thi f(z) = gla)~(g(2))

bé ngan gon, thay cho cac cong thire (¢7h), (gvh), (g — h)(g—h) ta viet ¢hh, goh, g —
h, =g moét cach tuwong tng.

Vol me[0,1] f €F, ZCF tadat T™f = {er € B|f(x)>m} va 7™y ={r € B|Vf €
Y. f(e}>m}. Nhan thady 7Y = n{T™f| f € T}

Hé qua2l. Chomne [0.1], m<n. Gidswco S, TCFvaS, CT khidé T"TCT™Y.

Lt

Néi cdch khdc todn tw T™ S ty lé nghich véim va 3.

\ V/ €
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Chitng minh. Truée hét ta thiay rdng véi moi m € [0,1] va v6i Y, TCF, yCT thi
co '

™" C ™" Z ] (l)
Mat khac véi moi m, n€ [0,1], m<n va I'CF khi do

T"T C T™T. (2)

Tir (1) va (2) ta 6 dieu phai ching minh.
Dinh nghia 2.1. Gia st f, g € F, m € [0,1]. Néi rang g la m-suy dan s hoidc s la
m-suy dan dugc tir g, duge ky hiéu 1a g|— — —f, néu véi bat ky 2 € B, thda man hoamin
g(z) > m thi ta cung ¢6 f(x) > m. Hai cong thie f va ¢ dwgce goi la m-twong duong
néu fl===g va g|- — - f.

Véime[0,1], SCF, feF, ndiré ¢ 3 1a m-suy dan f hodc f la m- dan dwge tir
tap S, ky hieu 1a |- ——f, néu 7" = c 7™ f. Gid su 3, F C F. Tap I dwoc goi la
m-suy dan dwge tir tap 3, ky hiéu 1a |- — =T, néu 3" |-~ —f cho mdi f € . ndi

m m
rang, Y- va I la twong dwong, ky hieu [a 32|~ — =T, néu |- — —-T'va |- — - Y.
m m m

Vi cac tap d;, 1 <i<ntaxét cic anh xaa : d; x d; — [0,1] thda man cac diéu kién

sau

1. (Va € d;)(a(a,a) = 1),

2. (Va, be d;)(a(a.b) = a(b,a)).

3. (Vs € B;,3a,b € d;)(ala,b) = s).
Vidu 2.1. Gid st B; = {0.1}. d; 1a mot tdp hop ma trén d6 ¢é quan hé so sanh bang.
Khi d6 v6i a.b € d; ta xac dinh ei(a,b) = 1 néu a = b, aila, b) =0 néu a £ b.
Vidu 2.2. Gia st B; = {0,1}, d; 1a tap cac 1ir trén mét bang chir khdc trong. Ta
dinh nghia: Va.b € di, a;i(a,b) =1 néu a, b co cung do dal a;(a,b) = 0 trong truong
hop nguge lai.

Vidu 2.3. Gid sit B; = {0.0.5,1}, d; 1a tap cac s nguyén khong am v6i a,b ta xac
dinh:

i(a,b) = 1 néu a, b ¢6 cung tinh nguyén té va Ja — 6| < 5000,

=

ai(a,b) = 0.5 néu a, b 6 cung tinh nguyén 15 va a — b] > 5000,

ai(a,b) = 0 trong cac truong hop con lai.

Dé thay a; trong cac vi du trén thda man cac yéu cau cud dinh nghia.
Dinh nghia 2.2. Mot cong thire f € F duoc goi la dwong néu fle) = 1 véi e =
(1,1,..,1) € B. Ky hiéu Fp la tip tat cd céc cong thirc duong trén U. Moi f € Fp
duge goi la mot phu thude cud Bool dwong da tri va duoc viét tit PTBDDT.
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Gia st ¢6 R la mét méi quan hé khéc tréng trén U va u,.v € R khi dé danh gid
{ai(u.A;,v.A1), (a99u.19,v.42), ..., an(u.An,v.4,)} duge k)’l hiéu bdi a(u,v). Dit Tx =
{a(u,v)] uv,v € R}. Khi R =0 thl ta dat Tz = 0. Gid st m € [0,1], R 1A mdt. quan hé
trén U va f € Fp. Noi ring R 1a m-thoa 14ap PTBDDTY, ky hiéu la R™(Y) néu véi
moi f € Y ¢6 R™(f). Dieu d6 tuong dwong véi TR CT™ Y.

Cho m €[0,1], 3. C Fp va f € Fp. Khi d6 ta ky hiéu Z]— — —f ¢6 nghia vdi bat
ky quan hé R trén U néu R"’(Z) thi ¢6 R™(f). Y|-- —zf, co nghla la v&i quan hé R
trén U va R chi ¢6 hai bo, néu R™(Y) thl ta cung co R™(f).

Hé qua 2.2. Cho R 'la mdt quan hé trén U/ va m,n € [0,1), m < n. Gid st cd
S, T cT12(1). Tir (1) va hé qua 2.1 ta nhan dugc Tr C T Y, tlre la R™(Y).

Hé qua 2.3. V&i moi me[0,1], . T C F va ¥ ¢ I. Khi dé néu Y l===f thi [|===f.
Chitng minh. Gid st R la quan hé bat ky thod man k™ (I')(1). Khi d6 Tg € TR (2).

Do rer nén 1y € 72(3). Tur (20 va (3) suy ra T CT™ Y tic la R™(Y). Theo gid
thiét ta ¢ R™(f).

B8 @€ 2.1. Gid s me0,1), Y CFp, f € Fp, khi dd
a. Y |- — =T khi va chd khi T ¥ C T2,
b. Y |- = —f khi va chi khi méi quan hé R thda Tp CT™ ¥ thi ¢ Tg C T}

’ . ~ N I . “ o » I .
Chitng minh. Nhan dugc tir chinh dinh nghia cud céc kiéu suy dien.

3. Dinh ly twong duang

bBinh ly tuwong dwong da dwgc chirng minh cho cac 16p phu thudc Boole duong
dwge x4c dinh trén cic anh xa bing trong [2]. Déi v6i cdc phu thuéc Boole dwong
tong quat dinh ly twong dwong cling duge dé cap dén trong [5]. Muc nay sé phat
biéu va chirng minh dinh 1y twong duong trong dang téng quat hon cho Iép cac
phu thuée Boole duong da tri.

Dinh Iy 3.1. (Dinh ly twong dwong) Gid sé m € [0,1], S C Fp, f € Fp, khi d6 cde
diém sau la twong dwong

RS el

Z :::

3 Zl:::
Chitng minh. 1 = 2. Gid st rang ta cé 37 |— ~—f. Tir gid thiét Z|— ——fvabd dé
2.1 taco Ty € TP(1). Gia st rang R la mc)t méi quan hé trén U va R™(Y). khi
dé ta ¢ Tr € T™ 3 (2). Tir (1) va (2) suy ra Tg C TJ*, tirc la R™(f). N6i cach khac
Yl===/.
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N N v a
2 = 3. la hién nhien.
3= 1. Theo gia thiét ta ¢6 ¥ |===,f. Thtc la véi moi quan hé R gom hai bo ma

m
R™(37) thi ciing ¢é 17(f). Gid st 2 1a mot phan td bat ky va z € 7™ 3. ta can chi
ra rang r € T That vay, Viz€B =By Bx .. x B,, do d4 ta ¢é thé bidu dién
¢ trong dang = = (21,29, ...2,), & diy 2; € B;. 1 <i <n. Theo tinh chit cud anh xa
a;, khi dé sé ton tai hai phﬁ‘n t a;.b; € d; sao cho ag(ag. b)) = 25, vO1 1 < i< n. Dit
w = (ay,as, ...,an) Va v = (by,by,...,by). Goi R la quan hé chi gom hai bd u va v. Dé
dang thiy rng Tk = {e.e} € T™S . N&i céch khac R™(Y)). Do phan 3, ta suy ra
R™(f). Dieu do6 c¢b nghia la Tp C Ty, suy ra ¢ € Ty, Vay ta da ching minh duge
rang véi bat ky € 7 Y th\i ta c6 v €Ty, do dd ta cd Y |- =~/ Dinh Iy da duoc

chirng minh.

4. Hudng nghién clru. Trén co so cua dinh ly tuong duong ching toi sé dé cap
3 A A A ~ 3 A oA e ~ A ~ X ’,

dén mot so6 van de lién quan dén quan hé Avinstrong, mot so dang suy dien ¢6 dang
dac biét cho 16p ciac phu thuoe Boole duong da tri.
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Abstract
On the equivalent theorem in a class of multivalued positive Bollean dependencies

The main results of the puper is showing an equivalent theorem of consequences in
the world of all relations. the world of 2-tuple relations and propositional logic for
the class of mulli-valued positive Boolean dependencies.



