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Keywords:  Positive  Boolean  dependencies,
unification algorithm, membership problem, key
algorithm, closure algorithm.

I. GIOI THIEU

Khéa cta luge do quan hé la tap tdi thiéu cac thude
tinh nham xéac dinh don trj mot bo trong co so dir liéu
quan hé. Khoa giir vai tro0 quan trong trong cac bai
toan tim kiém va suy din. Chinh vi vy ma bai toan
tim khoa ludn duoc dé cap nhu mot dbi tuong co ban
trong nghién ctru vé cac loai phu thugc nhu phu thudc
ham, phu thudc da tri, phu thudc sai khac [12, 13, 14],
v.v.. Khai niém khoéa lai dugc din xuét tir khai niém
bao dong ctia mét tap thude tinh. Do d6 bai toan tim
bao déng va tim khoa trong lugc d6 quan hé co trang
bi phu thudc Boole duong va phu thudc Boole duong
tong quat [10, 11, 14] dang 1a van dé mo. Bai bao nay
trinh bay cac thuit toan tim bao déng va khoa theo tiép
can cua phép hop giai trong logic hinh thuc [1].

Sau phan gi6i thiéu ciia bai bao, phan 2 va 3 trinh

bay van tat cac khai niém va két qua nghién clru trudc

d6 vé phu thudc Boole dwong. Phan 4 1a mot s6 hudng
nghién ciru cia cac nhom tac gia vé céc loai phu thude
logic trong co so dit lidu. Phan 5 dé xuét thuat toan tim
khoa va tim bao dong trong 16p cac phu thude logic
dwa trén thuat toan hop giai. Phan 6 1a két ludn cua bai
bao.

I1. CONG THUC BOOLE DUONG

Cho U = {X4,..., X,} 1 tap hiru han cac bién Boole
nhén gia tri trong tdp B = {0, 1}. Tap céac cong thirc
Boole (CTB), ki hiéu L(U), bao gém cac biéu thic
dugc xdy dung tir cac bién trong U, cac hing 0/1 va
cac phép toan logic A, v, -, —. Mdi vector 0/1, v =
(Vy,...,Vy) trong khong gian B" duoc goi 1a phép gan tri.
Khi d6 véi mdi CTB f e L(U), f(v) 1a tri cua cong
thirc f d6i v6i phép gan tri v. Ki hiéu e 1a phép gdn tri
don vi, e = (1,1,...,1). Cong thurc f € L(U) goi 1a cong
thirc Boole dirong (CTBD) néu f(e) = 1.

Ky hiéu P(U) la tap cac cong thic Boole duong
trén U. V&i mdi cong thirc Boole f € L(U), ki hiéu T; =
{v e B" | f(v) = 1} 1a bdng chan Ii cia f. Mdi tap cong
thirc F < L(U) duoc hiéu 1a mét hoi logic cua cac cong
thirc thanh phan, A{f|f e F}. Khi do, Te=n{T; |f e
F} 1a bdng chén i ctia tp cong thirc F. Ta da biét f —
g (F — g) khi va chi khi Ty < Ty (Tec Ty).

Theo qui udc cua li thuyét co so dir liéu va tri thirc,
ddu phép hoi thuong duoc bd qua, giéng nhu phép
nhan trong dai s, dau phép tuyén co thé duge viét 1a
“+”_dau phép phu dinh “—” duoc thay bang “’”. Tap
cac thudc tinh (bién logic) dugc viét lién nhau nhu
mot day ki tu.
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I1l. PHEP SANH TRI

Ta quy udc mdi mién tri d, ciia bién x trong U ¢o6
chtra it nhét hai phﬁn tir. V&i mdi mién tri dy, xét anh
xa & dy x dy— B thoa ba tinh chét sau [11, 14]:

Va, b e d,

@ a)=1
ox(a, b) = ax(b, @)
dcedy (@, c)=0

ay chinh la quan hé (hai ng6i) bd phan thuc sy,
thoa cac tinh chét phan xa va ddi xUng trén mién tri dy.
Viée x4c dinh o duoc hiéu 1a thiét 1ap mot phép sanh
tri trén mién tri dy cho x.

Quan hé béng =, dugc dinh nghia: ¥V a, b e dg
=¢(a, b) = 1, khi va chi khi a = b la truong hop riéng
ctia phép sanh tri va dugc ngdm dinh trong truong hop
khong dinh nghia tuong minh phép sanh tri cho thudc
tinh nay.

Cho quan hé r trén tap thudc tinh U, vdi mdi bo v €
r, thudc tinh x € U va tdp con thudc tinh X < U, ki
hiéu u.x (u.X) 1a tri ctia thudc tinh u (cua tap con thudc
tinh X) trong bo u. Véi mdi cap bo u, v e r, u = (uy,
Uz,... , Upn), V = (V, Va,... , V), ta ddt tuong Gmg mot
vector t € B", t = (ty, ty,... , t,) va ki hiéu 1a a(u,v),
trong d6 thanh phan tng voi thudc tinh x trong U
chinh 13 anh cta 4nh xa ¢ (u.X, v.X). Khi d6 méi quan
hé r s€ duoc dat tuong rng vai tap cac vector 0/1:

Tr={a(u,v) |uyv er}
va duoc goi 1a bdang tri cua quan hé r [10, 14, 15].

IV. QUAN HE GIUA CAC LOAI PHU THUQC
LOGIC TRONG CO SO DU LIEU

Phu thudc ham d3 1a cach thic truyén théng dé
thiét ké luogc dd, rang budc toan ven, t6i uu hod truy
van,...Voi dé xuét dau tién cho khia canh hudng lugc
d6, 1a dinh nghia co s trén phép suy dan thong
thuong (—) va phép sanh tri dang thirc (=). Tuy nhién,
trong huéng dit liéu thuc tién khong phai luc ndo ciing
dong nhat. Do d6, rat nhiéu nhom nghién ciru gan day
da dé xuat cac loai phu thudc khac nhau dé phu hop
hon véi déc trung cua dir liéu, vi du nhu viée léy duoc
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dir liéu nguoc nhau, phuc hdi dit liéu, loai bo dit liéu
trung lap...[4, 16, 17].

Phu thudc ham c6 diéu kién [2, 3, 5]. Phy thudc ham
c¢6 diéu kién 12 mo rong cac phu thudc ham bang cach
cing ¢d cac miu ciia cac hang sé c6 quan hé vé ngir
nghia. Cac phu thugc ham co diéu kién d3 dugc chung
minh 1a hiéu qua hon so v&i phu thudc ham trong viéce
phat hién va sira chita cac diém khong nhat quan (tinh
trang khong sach) cua dir liu.

Mot phu thude ham cé diéu kién ¢ trén quan hé r 1a
mot cap (X — X, Tp) thda man:

. Xc Uvax e U, véi U latap cac thudc tinh

« X = x1a mot phu thudc ham

. Tp 14 tAp bo mau trong X va X twong tng.

Phu thudc ham mém [8]. Ilyas nghién ciru phu thudc
ham mém véi cac gia tri cua thude tinh dugc du doan
bdi cac gia tri cua thude tinh khac. Trong phu thudc
ham, gia tri ciia X x4c dinh ddy du gi tri cua Y. Trong
phu thudc ham mém, gi4 trj ciia X xac dinh gia tri cua
Y nhung khong day du, chi voi xac suét cao. Vi du,
trong mot co s& di li€u cia xe 6 t6, mot phu thudc
mém co6 thé: model — make. V&i model = 323, ta suy
ra make = Mazda véi x4c sudt cao, nhung xac suat nhd
¢ thé 1a BMV. Do d6 phu thuoc ham mém duoc st
dung trong viéc cai tién su danh gia chon lgc trong tdi
uu hod truy van va 1am nén chi s6 so sanh téi thiéu.
Phu thudc ham d9 do [9]. Koudas nghién ctru cac phu
thudc voi do do gan gidng trén tap thude tinh Y khi cho
cac gia tri dugc so sanh chinh xac trén tap thudc tinh X;
véi X, Y < U.

Trude hét, ta xdy dung do do cho tip cac diém S
trong khong gian, khoang cach giita hai diém bat ky d:
dy x dy >R 1a do do duoc xac dinh trén mién cua X,
thoa ba tinh chat:

Va, b e dg
d(a, b) >0, d(a, b) = 0 khi va chi khi a=b
d(a, b) = d(b, a)
Ve e dy: d(a, €) + d(c, b) >d(a, b).
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Puong kinh cia tap cic diém S trong khong gian
d6 do 1a khoang cach 16n nhit gitra cap diém p, q
trong S, Ay(S) = max, 4es d(p, Q).

Cho quan hé r trén tap thudc tinh U; hai tap con X,
Y c U. Cho tdp b Tc r, d6 do d trén Y, tham $68>0.

Ta ndéi c6 phu thuéc ham do do XiY néu
MaxXrer, Aq (T-Y) < 6. Trong do, T.Y ={t.Y [t € T},
iy (r) = {[t]x} 1a phan hoach cua quan hé r trén tap
thudc tinh X.

Phu thudc d6i sanh [6]. Phu thuéc déi sanh duge dé
xudt dau tién trong Fan (2008) véi viée dic ta cac luat
d6i sanh voi bién di tugng. Trong quan hé r, vi mdi
thudc tinh X c6 mot mién khoang cach tuong tng d,.

Mot toan tir déng dang =~ trén mot thudc tinh X
duoc dinh nghia trén mién khoang cach cua x, ~: dy x
dy — {true, false}, véi u, v € dy. Cho tip cac thudc tinh
X, toan tur déng dang trén X nhan tri = true néu cac
toan tir dong dang trén Vx e X déu 1a true. Mot toan tir
dbi sanh & <> trén thudc tinh X dugc dinh nghia trén
mién khoang cach cua x. N6 1a true néu hai gia tri
dong dang.

Mot phu thudc d6i sanh co dang: [Xx]—[Y<],

trong d6 X, Y < U, va =, <> biéu thi su tuong tng
ddng dang cac toan tir d6i sanh trén tap thudc tinh X
va 'Y theo thu tu.
Phu thudc tuén tw [7]. Golab d& xut phu thudc tuan
fu ¢6 dang: X — 4Y, v61 X < U la céc thudc tinh co
thr tu, Y < U duoc trang bi mdt d6 do nao do, g la
khoang thoi gian. Diéu d6 néi 1én rang khi cac bd duoc
sdp xép trén X (thi du nhu theo thuat toan group by X
trong SQL), thi khoang cach gilra cac gia tri Y cua hai
b bét ky lién tiép nhau trong khoang thoi gian g.

Mot phu thudc tuan ty co diéu kién 1a mot cap: (X
— oY, t) voi t, 1a bo mau. V&i mdi mau t, dic ta mot
day gié tri ciia X dé dong nhat mot tap cac bo trén r.
Phu thugc sai khac [12, 13]. Phu thudc sai khdc trén
quan hé r c6 dang g: ¢« > ¢y, trong d6 X, Y 1a cac tap
con cua tap thugc tinh U; ¢x, ¢y 1a cac ham sai khac
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Badng 1. So sanh cac loai phu thuéc logic

thoa dé sai khac & d,> — D thoa hai tinh chat phan xa
va dbi xtmg cta do do.

Loai phu Phép toan Phép Tap
thugc logic logic sanh tri tri
Phu thudc N Thoa tap mau | {0,1}
c6 diéu kién Tp
Phu thudc — = (Vi xac | [0;1]
ham mém suét cao)

Phu thudc - Do do khoang | [0;1]
ham d¢ do cach &
Phu  thudc - bong dang | {0,1}
ham dbi trén toan t
sénh ddi sanh ~ cho

vé trai va <

cho vé phai
Phu thudc - Thoi khoang g | [a..b]
tuén tu
Phu thudc - Ham sai khac | [0;1]
sai khac ¢ thoa do sai

khac 6, voi hai

tinh chét

khong am va

dbi xtng
Phu thudc | A, v, -, = | Phép sanh | {0,1}
Boole dang thuc (=)
duong
Phu thudc | A, v, =, > | Thoa phép | {0,1}
Boole sanh tri a voi
duong tong ba tinh chat
quat phan xa, dbi

xing va bd

phén.
Phu thudc | A, v, =, — | Thoa phép | [0;1]
Boole sanh tri a voi
duong da tri ba tinh chat

phén xa, doi
xtmg va bd
phan.
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Phu thudc Boole dwong tong quat [14]. Mdi cong
thirc Boole duong f trong P(U) véi phép sanh tri « la
mdt phu thuéc Boole dwong tong quat (PTBDTQ).
Quan hé r trén tap thudc tinh U théa PTBDTQ f (tap
PTBDTQ F) va viét r(f) (r(F)) néu T, Ty (T, < Te).
Phu thudc Boole dwong da tri [14]. Tap tri Boole
B = {by,....b} gém k gia tri thuc trong doan [0; 1], k >
2 duoc sép tang va thda cac diéu kién sau:

0 e %,
Vbe#B = 1-beB.
Véimditri b € B ta dinh nghia ham I,
V x € B : ly(x)=1 néu x = b, ngoai ra ly(x) = 0
Cho U = {X,....X,} 12 tap hiru han cac bién Boole,
B 1a tap tri Boole. Khi d6 cac cong thirc Boole da tri
(CTBDT) Ia cac cong thuc dugc xdy dung trén cac
bién ctia U, cac tri trong BB , cac ham I, véi b € B va
cac phép todn A, v, —, —>. Mdi cong thire Boole duwong
da tri f voi f (€) =1 thoa phép sanh tri « trén tap tri B
1a phu thuoc Boole dwong da tri (PTBDDT).

V. LOP CAC PHU THUQC LOGIC

Trong [10, 14, 15] dé chi ra méi quan hé gitta mot
s6 loai phu thudc trong co so dit liéu,...va goi chung
1a I6p cdc phu thuéc logic (PTLG). Mdi phu thudc
trong 16p nay chinh 1a mot biéu thizc Boole trén tap
hitu han cac thudc tinh. Thi dy, phu thudéc ham la
truong hop riéng cia PTBDTQ khi cac biéu thirc logic
c6 dang hoi suy dan va cac phép sanh trj =.
V.1. Pinh ly twong duwong

Cho tip cac PTBD F va mot PTBD f trén tap thudc
tinh U. Cho quan hé r trén tap thudc tinh U. Quan hé
r(U) thoa PTBD f va viét r(f) néu T, < Ty, quan hé r(U)
thoa tap PTB F, R(F), néu T, = T¢. Ta néi tap PTBD F
suy ra PTBD f'theo quan hé va viét F | f, néu véi moi
quan hé r(U), r théa F kéo theo r thoa f:

FFfe VrU): r(F) - r(h)

Ta noi F suy ra f theo quan A¢é co khong qua hai bo
va viét F |—2 f, néu v6i moi quan hé r trén tap thudc tinh
U va c6 khong qua hai bo, r thoa F thi r thoa f:
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Fhfe V), (I <2:rF) - r()
Pinh ly 5.1. (Pinh 1y tuvong duong) [10, 11, 15]

Cho tdp PTBD F va m¢t PTBD f trén U. Ba ménh
dé sau la twong dwong:

F — f (suy dan logic)

F |- f (suy dan theo quan hé)

F |-2 f (suy dan theo quan hé cé khéng qua 2 bo)
V.2. Bai toan thanh vién

Ki hiéu F* = {f € P(U) | F |- f } 14 tap toan b cac
PTBD duoc suy dan theo quan hé tir tip PTBD F. Néu
F |- f, c6 nghia f € F" thi f 1a thanh vién cia F*. Hién
nhién, néu f e F thi F |} f. Véan dé dit ra 1a ngoai F thi
F* con chtra PTBD nao khéc?

Bai todan thanh vién [18]: Cho F la tap PTBD va f la
mot PTBD trén U. Hay xac dinh F | £? Noi cch khac
la xac dinh f € F™?

Dinh 1y 5.1 cho thdy viéc kiém tra F| f tuong
duong véi viéc kiém tra suy dan logic F — f va ciing
tuong duong v6i viée kiém tra trén cic quan hé co
khoéng qua hai bo.

Dinh 1y tuong duong ciing cho biét bai toan thanh
vién twong duong védi bai toan suy dan cua logic ménh
dé trong 16p cac phu thuéc Boole dwong. Néu chon
cach kiém tra F | f theo quan hé thi ta phai xay dung
2" quan hé, trong ¢6 m 1a tich cac lyc lugng ctia mién
tri clia cac thudc tinh. Pé xay dung bang chéan li T cho
mdi quan hé gom k b ta phai xét k* cip bo. Trong
truong hop cac thudc tinh cé vo han gia tri thi tiép can
theo quan h¢ 1a khong thé. Do d6, theo dinh 1y tuong
duong, thay vi kiém tra F |- f theo quan hé, ta c6 thé
ching minh F — f theo logic, cu thé 1a van dung thudt
todn hop gidi dé chimg minh F — f .

Thuat toan 5.1. (Thuat toan hop giai)

Trong logic, bai toan suy dan F— f d6i voi tap
cong thirc Boole F va cong thirc Boole f trén tip bién
Boole U duoc giai theo thudt todn hop gidi nhu sau

[1]
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Pé chimg minh F — f ta xét phu dinh g = (F — f)’
= Ff. Néu chimg minh duoc Ff* 1a sai thi F — f,
nguoc lai F khong suy dan duoc f.

Budc 1. Chudn héa CNF. Pua g vé dang chuan hoi
(CNF) h, tirc 1a viét g duéi dang hoi cua cac tuyén co
s0, trong d6 mdi hang tir cia moi tuyén co s déu la
céc bién don hodc phu dinh cua bién don trong . Goi
thu tuc nay la CNF, ta c6 h = CNF(g).

Budc 2. Hop gidgi. Lan luot thay cip nhan ti
(a+B)(a’+C) trong h bang (B+C) cho dén khi khong
con thay dugc nita, hodc gdp hai nhan tir phu dinh
nhau la x va x'. Ta goi thu tuc nay la Unif(h).

Luu ¥ x = x+0 = 0+x, nén ta c6 thé thay (a+B)a’ hoic
(a’+B)a bang B trong qua trinh hop giai.

Budc 3. Két ludn. Néu h bi x6a hét (két qua nhan dugc
1a tap rdng @), tic 1a hop gidi thanh céng thi két luan
F — f; nguoc lai, vdi moi kha nang thay thé nhu trén,
h khong bi x6a hét, tic 13 hop gidi khéng thanh cong
thi két luan F khong suy dan ra f.

Téng hop cac budc trén ta thu dugc thudt toan
Member_PBD(F, f) kiém tra tap PTBD f c6 1a thanh
vién trong tap F* ?

Néu f € F* thuat toan cho gia tri 1 (true), nguoc lai
thuét toan cho ra gia tri 0 (false).

Thuit toan 5.2. [18] (Thuat toan thanh vién)
Algorithm Member_ PBD(F, f)

Input: Tap PTBD F; PTBDf.
Output: true, if F>f; else false
Method
g« Ff’; // gdn Ff'cho g
h < CNF(g) ;
return Unif(h) =3 ;
End Member_ PBD.
Ménh dé 5.1. Bai todn thanh vién trong l6p cac phu
thudc Boole dwong thugc l6p NP day du (NPC) [18]

V.3. Thuit toan bao dong
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Goi U la tap cac thugc tinh va F 1a tap PTBD trén
U, X < U. Ta dinh nghia bao dong X" ctia X 1a tap cic
thudc tinh sau:

X'={aeU|X—>aecF?}

Pé tim bao dong X" cua X, ta khdi tao X" = X sau
d6 van dung thudt toan thanh vién dé xét cho tung
thudc tinh a € U-X, néu X — a € F* thi b6 sung thém
a vao X*. Tiép tuc qua trinh cho dén khi khong mo
rong thém X" duoc nita.

Dé y rang néu F d3 dugc dua vé dang CNF thi diéu
kién X - a e F" s& cho ta CNF(F(X — a)') = FXa', do
d6 s& tuong duong voi diéu kién Unif(FXa') = &.
Thuit toan 5.3. (Thuét toan tim bao dong)

Algorithm Closure_PBD(X, F)
Input: Tap PTBD F dang CNF
Tap thudc tinh X c U
Output: X'={aeU|X—>aeF}
Method
Y < X; // Y chira két qua
V < U-X; // phan bu cla X
repeat
Z<Y;
for each attribute a in V do
if Unif(FYa') = < then
addatoy;
endif;
endfor;
until Y =Z;
returny;
End Closure_PBD.

Theo ménh dé 5.1 thi thuat toan tim bao déng trong
16p cac phu thude Boole duong 1a NP day da (NPC).
Thi du 5.1. Cho tap thudc tinh U = abcd, tap PTBD F
= {b’+c, a’+b}, X = ab, tim bao dong X*?

Ta c6 F = (b’+c)(a’+b) hién & dang CNF.
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bat Y = X = ab, V = U-X = cd. Xét cac thudc tinh
trong V.

Véi ¢ e V, ta ¢o Unif(FXc’) = (b’+c)(a’+b)abe’
(c+ahabc' =bcc' = . Vay Y = abc.

Vi d e V, ta ¢ Unif(FXd’) = (b’+c)(a’+b)abed’
(a'+c)abcd’ = ched’ # @ nén Y khong thay doi. Cudi
cung ta thu duoc X' = (ab)* = abc.

V.4. Thuit toan tim khoa

Cho F la tap PTBD trén U. Tap K < U duogc goi la
khoa néu

- K'=U

- VaeK: (K-a)'#U

Dé tim tap khoa K, trudc tién dit K = U. Sau d6 rat
gon K bang cich xét ting thudc tinh a trong K, néu
(K—a)" = U thi loai a ra khoi K.

Do ta ludn bao toan bat bién K* = U nén diéu kién
(K-a)* = U tuong duong vai diéu kién (K-a)—a. Diéu
kién nay lai twong duong voi dieu kién
Unif(F(K-a)a') = &.

Thuit toan 5.4. (Thuét toan tim khoa)
Algorithm Key_ PBD(U, F)

Input: Tap thudc tinh U; Tap PTBD F dang CNF
Output: K< U:

- K'=U

- VaeK: Unif(F(K-a)a') =@
Method

K<« U;
for each attribute a in K do
if Unif(F(K - a)a') = @ then
delete a from K;
endif
endfor
return K;

End Key_PBD.

Theo ménh dé 5.1 thi thuat toan tim khoa trong 16p
cac phu thudc Boole dwong 1a NP day da (NPC).
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Thi du 5.2. Cho tap cac thudc tinh U ={a, b, c, d}, tap
phu thudc Boole duong F = {b’+c, a’+b}, hay xac
dinh mdt khoa K trong quan hé r?

Tru6c hét ta dua F vé dang CNF, F =
(b’+c)(a’+b).

Ap dung thuat toan tim khéa, dat K = U = abcd.
Lan lugt rat gon khoa K bang cach xét timg thudc tinh
a, b, cvadtrong K:

Xét a: K-a = bed. Ta co: Unif(Fbeda’) =
(b’+c)(@'+b)bcda’ = (a'+c)bcda’ # J. Vay, K khong
thay doi, K = abcd.

Xét b: K-b = acd. Ta c¢o: Unif(Facdb’) =
(b’+c)(@+b)acdb’ = (b'+c)bedb’ = &. Vay, K = acd.
Xét c: K-¢c = ad. Ta c6 Unif(Fadc") = (b’+c)(a'+b)adc’
= (b'+c)bdc' = cdc' = J. Vay, K = ad.

Xét d: K-d = a. Ta ¢6 Unif(Fad’) = (b'+c)(@'+b)ad’ =
(b'+c)bd' = cd' # &. Vay, K khong thay dbi. Cubdi
cung ta thu dugc khoa k = ad.

VI. KET LUAN

Thuét toan hop giai c6 thé duoc cai dat nhu mot
tién ich trong céac thu vién cia cac ngdn ngit 1ap trinh
logic nhu Prolog, P#, Lisp. Nghién ctru cac phu thudc
Boole dwong theo tiép can cua logic hinh thirc cho
phép ta thiét ké va quan li cac co so dir liu va tri thirc
véi nhitng phu thudc phirc tap va da dang mot cach
thong nhat. Cac két qua thu duoc trong bai nay co thé
duoc van dung trong linh vuc khai théc tri thirc tir cac
tap dir li¢u 16n.
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