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PHU THUOC BOOLE DUONG THEO NHOM B0

NGUYEN XUAN HUY, NGUYEN XUAN HOANG, VU MANH XUAN, NGUYEN VAN TAO

Abstract. This paper introduces a new type of dependencies in relational databases, named tuple grouping
Boolean dependencies. This concept is a generalization of the Boolean dependencies with a set of tuples. We
discuss in what conditions the following three types of consequences are equivalent for the tuple grouping
Boolean dependencies:

+ consequences in the world of all relations

+ consequences in the world of k-tuple relations

+ consequences of propositional logic.

Tém tat. Bai bdo giéi thiéu khai niém phu thudc Boole duong theo nhém bé nhur 13 mot mé réng tie nhién
ctia 16p phu thude Boole duong téng quét, trong dé thay vi xét cdc cip bd trong mdi quan hé ta xét mot
nhém k bé. Chimg minh rang déi véi phu thudc Boole duirong theo nhém bo, ba loai suy dan sau day la
twong duong: suy dan theo céc quan heé, suy dan theo cdc quan hé cé khong qua k bo va suy dan theo logic
ménh dé.

1. MO PAU

Nam 1970 Codd [3] gi6i thiéu mé hinh co s& dir liéu quan hé va khéi niém phu thuoc ham dé
phan dnh ngtr nghia cia dir liéu trong thé giéi thue. Mot trong nhitng két qua chi yéu cia 1y thuyeét
phu thuéc ham dwoc thé hién qua dinh 1§ turong dwong khing dinh sur twong dwong giita ba loai
suy dien: suy dién logic, suy dién theo quan hé va suy dién theo cdc quan hé cé khong qud har bo. Str
dung dinh 1y trong dwrong chiing ta c6 thé gidi bai todn thanh vién, xdc dinh xem mét rang budc ¢
duoc suy dan ra tir mét tap céc rang budc cho truée hay khong thong qua day bién déi hinh thire
cic cong thire Boole. Céc nghién citu cia Nguyen Xuan Huy va cdc cong sy da chi ra dinh Iy twong
dwong ¢é hiéu lwc d6i véi mot 16p khé rong céc phu thude 1a phu thuoée ham va céc bién thé cia
né (phu thude manh, phu thuoe yéu, phu thude déi ngau), phu thude Boole durong, phu thude Boole
dwong tong quét, phu thuoe Boole dwong da tri [1, 4, 6, 11].

Bai viét nay ti€p tuc phét trién 16p phu thuoe Boole dirong tong quat thong qua viéc xéc dinh
mot dnh xa tir mot nhém k bo sang khong gian Boole {0, 1}, Céc phu thuoc méi nay dugce goi 14
phu thuéc Boole duvong theo nhém bo.

Céc khéi niém co ban lién quan dén co s& dit liéu quan hé duoc trinh bay chi tiét trong [3, 5, 10].

1.1. Quan hé

Cho tap thuoc tinh U = {4y, Ay, ..., A,}. Véi moi thuoe tinh A; ta dit twong trmg mot tap tri
d; chtra it nhat 13 hai phan tr, 1 <4 < n. Ky hiéu D 13 hop cia cic d;, 1 < ¢ < n. Quan hé R trén
tap thudc tinh U 13 tap hitu han cic d4nh xa ¢ : U — D thda tinh chat

(VMteR) VA, € U): t(4) ed;

Méi phan tir clia quan hé duoc goi 14 mét bo clia quan hé dé.

Ta luén luén gid thiét 1 cho triréec mét tap hitu han gom n thude tinh U va moi khai niém déu
xay dung trén tap thuoc tinh ban dau nay.

Ta k§ hiéu REL(U) 14 tip cdc quan hé véi tap thuoe tinh U. REL, (U) 1A tap cdc quan hé véi
tap thuoc tinh U va chita khong qua k bo, véi k 14 mot s6 tu nhién 1ém hon 1.

Cho mot bo ¢ trong quan hé R va tap thuoce tinh X. Ta k¥ hiéu ¢(X) 1 han ché cia dnh xa ¢
tren tap X.
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1.2, Phuy thuéc ham

Mét phu thuéce ham 15 mét phét biéu dang X — Y, trong dé6 X, Y C U. Ta néi quan hé R théa
phu thuoc ham f: X — Y, va k¥ hiéu R(f), néu (Vu,v € R, u(X) = v(X)) = w(Y) = v(Y).
Ta ndi quan hé R thda tap phu thuoc ham F, va ky hieu R(F), néu ¥Vf € F: R(f)

1.3. Céc cong thirc Boole

Ta dit twrong rng moi thuoc tinh trong U véi mot bién logic bién thién trong mien B ={0,1}.
Ky hiéu L(U) la tap céc cong thitc logic ¢6 thé thanh lap tir cdc bién trong U lién két véi nhau qua
cac phép toan logic V, A, =, — va cdc hang logic true (1), false (0).

Mbi vector v = (vy, ..., vy,) trong khong gian B™ = B x B X ... X B duoc goi 13 mot phép gén tri.

Khi dé v4i moi cong thire Boole f € L(U) ta c6 f(v) = f(v1,...,v,) 12 tri cia cong thirc f déi
véi phép gan tri v.

Ta goi cong thite f: X — ¥ 14 mot cong thirc suy dan néu X va Y ¢6 dang tich (hoi).

Ta quan tam hai phép gan tri dac biét 14 phép gan tri don vi, e = (1,1, ...,1) va phép gan tri
khong, z = (0,0, ...,0).

Véi moi tap hiru han cic cong thice Boole, F' = {f1, fa, ..., fm} trong L(U) ta xem I nhu 13 mot
cong thirc dang ' = fi A fa A ... A frn. Khi dé véi méi phép gén tri v, gid tri chan 1y cla cong thire
F sé duoc tinh 14 F(v) = fi(v) A fa(v) Ao A fr ().

Véi moi cong thire f trén U, bang chan 1§ cda f, ky hieu 1a T}, 12 tdp cdc phép gén tri v sao
cho f(v) nhan gid tri 1,7y = {v € B"|f(v) = 1}. Khi dé bdng chin lj Tr cia tap htru han céc cong
thirc F' trén U chinh 1a giao cla cdc béng chan 1y clia moéi cong thire thanh vién trong F. Ta cb,

v € Tp khi va c¢hi khi (Vf € F)(f(v) = 1).
1.4. Céng thic Boole duong

Cong thite f € L(U) duoc goi 1a cong thite Boole duong néu f(e) = 1, trong dé e 14 phép gén
tri don vi, e = (1,1, ..., 1).

1.5. Suy dan logic

Cho f va g 14 hai cong thitc. Ta néi cong thitc f dan ra dwoc cong thire g va ki hiéu f F g, néu
Ty CT,. Tandi f va g la hai cong thic twong duong, ky hiéu f = g, néu Ty =Ty,

Véi hai tap cdc cong thite F, G trong L(U), ta néi F' dan ra duge G, k§ hiéu F + G, néu
Tr CTg. Tanéi F va G 1a twong dwong, ki hieu F = G, néu Tr = Tg.

1.6. Suy dan theo quan hé

Cho tap phu thuoc ham F va mét phu thuoec ham f. Ta néi F dan ra dwoc f theo quan hé, va
ky hiéu F' = f néu (VR € REL(U), R(F)) = R(f).

1.7. Suy dan theo quan hé cé khéng qu4 k bd

Cho tap phu thuéc ham F va mot phu thude ham f. Ta néi F' dan ra dwoc f theo quan hé cé
khong qud k bo, ky hiéu F |=; f néu (VR € REL,(U), R(F)) = R(f).

Mobi phu thuéc ham f: X — Y ¢6 thé dit twong ving véi mot cong thire cla dai s6 ménh dé
theo cidch xay dung nhu trén.

1.8. Bang chan Iy cia quan hé (|2, 6])
Cho quan hé R trén tap thuéc tinh U. Ta xét 4nh xa F : R? — U™ nhu sauw:
Gid st v, v € R,u= (uq, uo, ..., upn) va v = (v1,vs, ..., vy,), ta dit
E(u,v) =t = (t1,1a, ..., y), trong A6 ¢; = 1 néu u; = v; va t; = 0 néu u,; £ v,.
Ta lap bang Tr C B",Tr = {F(u,v)|u,v € R} va goi la bang chan 17 cia quan hé R.
Tir dinh nghia trén ta suy ra: Quan hé R thda tap phu thudc ham F khi va chi khi T C Tr.

1.9. Pinh ly tuong duong ([9])
Ba ménh dé sau la twong dwong
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(i) FEf (suy dan logic).
(ii) F | f (suy dan theo quan hé).
(iii) F [ f (suy dan theo quan hé cd khéng qud 2 bd).

2. PHU THUOC BOOLE DUONG THEO NHOM BO

2.1. Y tudng

Mé réng phu thudc Boole dwong tong quat bang cich xay dung bang chan 1y clia quan hé theo
nhém k bo.

Cho k 1& mot s6 tu nhién, k > 1. Véi moi mién tri d; cia thudc tinh A; ta xét anh xa
Bi : d¥ — {0, 1} théa ba tinh chat sau:

a. Tinh phan xa: Va € d¥ : 8;(z) = 1, néu moi thanh phan trong x gidng nhau.

b. Tinh dgi xtmg: Yz € d¥ : B;(x) = Bi(2'), trong d6 =’ 1a mét hodn vi cia x.

c. Tinh bo phan: 3z € d¥ : Bi(x) = 0.

2.2. Bang chéan ly cia quan hé

Gid stt cc 4nh xa 3; da duoc xac dinh trén mo6i mién tri dF cia cac thude tinh A; trong tap U va
R 13 mo6t quan hé trén U. V&i k bo uq, ug, ..., u, tiy ¥ trong quan hé R ta dinh nghia B(uq, us, ..., ug)
13 phép gan tri: B(uy,us, ..., ux) =

(51 (ul <A1>7 u2<A1>7 X uk<A1>>7 (52(“1 <A2>7 U’Q(AQ)v ) uk<A2>>7 XS] BTL(ul (ATL)v u2<Aﬂ>7 oy uk(ATL)))

Khi d6 bang chan 1§ cia quan hé R duoc dinh nghia 1a:
Te = {B(u1,ua, ..., uk) | u1,ug,...,ur € R({U)}

Vidu 1. Quan hé R trén U = {A;, A3, A3, A4} cho bdi bang beén:

Véi k=4 va mdi i(1 <4 < 4) ta dinh nghia 3 : d¢ — {0,1}, - ﬁl ’12 ’13 "C‘f‘
Bi(x) =1 néu x c¢6 it nhat hai thanh phan giong nhau, u; 5 i 3 a
B (x) = 0 trong cdc treomg hop khic. s 3 T 5 P
Khi dé B(uq, ug, uz, us) = (0,1,0,1), Uy 4 F 6 b

Bug, us, ug, us) = (0,1, 1, 1). us 5 t 6 b

2.3. Phu thuéc Boole duong theo nhém bd

Ta goi mot phu thude Boole dirong theo nhém bé 13 mot phét biéu dudi dang mét cong thire
Boole duong. Ta néi quan hé R € REL(U) thda phu thudc Boole dwong theo nhém bo f, hay R(f),
néu TR Q Tf.

2.4. Dinh ly tuvong duong

Cho tap phu thuéc Boole duong theo nhom bo F va mot phu thudéc Boole duong theo nhom bo
f trén tdap thuéc tinh U. Ba ménh @¢ sau la tuong duong:
(i) FE f (suy ddn logic);
(ii) F | f (suy dan theo quan hé);
(iii) F |=x f (suy dan theo quan hé cd khong qud k b9).
Chitng manh.
()= (ii) Gid stt F + £ va R(F). Ta 6, i F F f nén Tp C Ty. Vi R(F) nén T C Tp. Tir do,
theo tinh chat bac cau ta suy ra Tr C T, tic 1a R(f) (diéu phai chitng minh).
(ii)=(iii) Hién nhién.
(iii)=(i) Gid st F | f nghia la v6éi moi quan hé khong qud k bo R ta ¢6 R(F) = R(f). Ta
can ching minh F' F f, nghia la T C T5.
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Véi moi t = (t1,t2,,t,) € Tr ta xay dung quan hé R ¢6 k bo nhur sau. Theo tinh chat bo phan
(c) clia cdc dnh xa G;, I ¢ dF : Bi(xD) = 0,4 =1,2,...,n. V&i mi mién tri d; cia céc thude tinh
trong U, i =1,2,...,nta lay mot tri a; tly ¥ trong vector 2 néi trén.

Néu t; = 1 ta dién vao cot A;, k gid tri bang nhau va bang a;. Néu ¢; = 0 ta dién vao cot A4;
chinh vector z(.

Theo cach xay dyng R ta ¢6 Tr = {t} C Tp. Quan hé R c¢6 k bo va thoa tap phu thuoc Boole
duong theo nhém bo F, theo gid thiét R sé théa f, tic la Tr = {¢t} C Ty, hay t € T¥. m

2.5. Nhan xét
Néu k = 2 ta xét cdc 4nh xa 3; : d2 — {0, 1} nhu sau
(Va,b e d;) : Bi(a,b) =1 <= a =,

ta thu dwoc phu thuée Boole duirong tong quat [6].
Véi k = 2 va cdc 4nh xa 3; 1a tong quat (thda cic tinh chat a, b, ¢) ta sé thu duoc phu thude
Boole duong da tri [4, 1].

2.6 Chinh Iy
Trong tai lieu [7], tiéu muc 5.1, do so xuat ciia nhém téc gid nén tinh chat (i) da bi in sai. Nhém
tac gid rat mong dugc thit 16i va dugc thay bang tinh chat (a) cla tiéu muc 2.1 trong bai nay.
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