Tap chi Tin hoc va Piéu khién hoc, T.26, S.2 (2010), 131-139
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Abstract. The block-formed database model is an extension of the relative database model. In
recent years, this model has been introduced and studied. Some results on block, block scheme,
relational algebra over block, keys, functional dependencies, normal forms, etc. have been presented
in [1,2,3,5]...

This paper presents new concepts a—approximate level, a-functional dependencies, a-closure in
the database model of block form. Some properties of a-functional dependencies and - closure are
introduced and proved.

Tém tat. M6 hinh dit liéu dang khéi 1a mot mé rong cia mo hinh dir liéu quan hé. Trong mot vai
nam gan day, mo hinh nay da dwrge dé xuit va nghién citu. Mot s6 két qu vé khdi, lrge do khdi, dai
s6 quan hé trén khéi, khod, phu thuoc ham, cic dang chudn ... da dwge trinh bay trong [1, 2, 3, 5]...

Bai bdo dua ra cic khai niém méi vé xap xi mitc o, «—phu thudc ham, a—bao déng trong mod
hinh dir liéu dang khdi. Tir cdc khai niém dwrge dinh nghia, mot s6 tinh chdt cia a—phu thude ham,
a—bao déng da dwgc phat biéu va chirng minh.

1. MO HINH DU LIEU DANG KHOI
1.1. Khéi, lwoc dé khdi

Pinh nghia 1.1. Goi R = (id; Ay, As, ..., A,) 1a mdt bd hiru han céc phan ti, trong dé
id 1a tap chi s6 hiru han khéc rong, A4;, (i = 1..n) 1a cdc thudc tinh. Moi thuoc tinh Aj,
(i=1,...,n) c6 mién gia tri tung tmg 1a dom(A4;). Mot khéi r trén R, ki hieu r(R) gom mot
s6 hiru han phan tir ma mo6i phan tir 13 mot ho cac anh xa tir tip chi s6 id dén cdc mién tri

cla cdc thuoe tinh A;, (i =1,...,n). N6i mot cach khac

ter(R)&t= {ti sid — dom(Ai) }iz1. p-

Ta ki hiéu khéi d6 1a r(R) hoac r(id; Ay, Aa, ..., Ay), doi khi néu khong sg nham lan ta
ki hiéu don gidn 1a . Khi d6 khdi 7(R) dwge goi 1a ¢6 lwge do khdi R. Nhir vay trén cling
mot lwrge dd khoi R ta ¢é thé xay dung dwoce nhieu khéi khac nhau.

Pinh nghia 1.2. Cho R = (id; Ay, Ag, ..., Ay), 7(R) 1a mot khdi trén R. Vi moi z € id
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ta ki hiéu r(R;) 1a mot khéi v6i R, = ({x}; A1, Ag, ..., Ay) sao cho t, € r(R,) khi va chi khi
te = {t'r=t'}ic1, nt €r(R), t={t":id — dom(A;)}iz1, .,

& day ti(x) = t'(z), i = 1,...,n. Khi dé r(R,) dwgc goi 1a mot 14t cat trén khdi r(R) tai
diém 2.
1.2. Phu thudéc ham

Pé cho dom gian, ta str dung céc ki hicu: 2 = (a7 A;) ; id® = {2 . z € id}. Ta goi
2@ (z e€id,i=1,...,n) la cdc thudc tinh chi s6 cia lwoc do khéi R = (id; Ay, Ag, ..., Ay).
DPinh nghia 1.3. Cho R = (id; Ay, A, ..., Ay), 7(R) 1a mot khéi trén R, X, Y € UP_ id®,
X — Y 13 ki hiéu mot phu thuoc ham. Mot khoi 7 thod X — Y néu véi moi tq,ts € R sao
cho tl(X) = tQ(X) thi tl (Y) = tQ(Y).
Pinh nghia 1.4. Cho lwgc do khéi R = (id; Ay, As, ..., A,), F 1a tap cic phu thuoc ham
trén R. Khi d6 bao déng cia F, ki hieu F'*, duirge xdc dinh nhir sau:

Ft={X-Y|F= X —-Y}.

Néu X = {z™} cid™, Y = {y®} c id® thi ta ki hiéu phu thuoc ham X — Y don
gidn 1a 2™ — y#) |

Khéi 7 thod man (™ — y*) néu véi moi ty,ts € r sao cho t1(z™) = ty(z(™) thi
t1(y®)) = to(y™®), trong dé

t1(2™) = t1(2; Am), t2(2™) = to(a; Ap),
t1(y ™) = t1(y; Ag), t2(y™®) = ta(y; Ag).

Ménh dé 1.1. Cho R = (id; Ay, As, ..., Ay,), 7(R) la mét khéi trén R, X, Y C U id®,
X — Y la ki hiéu mét phu thudc ham. Gid sit v(R) thod phu thudc ham X — Y. Khi 46 néu
id = {z} thi

e r(R) tré thanh quan hé r(Ay, Ag, ..., Ay) va

e phu thugc ham X — Y, (X, Y C U, A; ) tré thanh phu thudc ham trong mo hinh di
lieu quan hé.
1.3. Bao ddéng cia tap thudc tinh chi s
Pinh nghia 1.5. Cho lwgc do khéi R = (id; Ay, Ao, ..., A,), F 1a tap céc phu thuoc ham
trén R. Vi moi X C U?:lid(i)7 ta dinh nghia bao déng cia X déi véi F ki hieu X T nhr sau:

Xt={2W zeidi=1,... nX—29DeFt
Cho lwge do khéi R = (id; A1, Aa, ..., Ay), ta ki hiéu tap cdc phu thuoc ham trén R:

Fi C{X - Y|X CUjeaz Y C Ujepa D, A, BC {1,...,n} x € id},
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Fho = Fp U2 = {X - Y € X, Y U2 @).

2. a—PHU THUQC HAM VA a—BAO PONG TRONG MO HINH
DU LIEU DANG KHOI

2.1. Khai niém xdp xi mirc o

Dinh nghia 2.1. Cho lwge do khéi R = (id; Ay, Ag, ..., Ay), v 1a mot khéi trén R, X C
ur_,id®, E C r, ta goi mién gid tri ciia E trén X 1 tap hop

Dom(E, X)={u(X)|u e E}.

Khi E = r ta viét dom(X) thay ki hitu dom(r, X), khi X = {A}, ta viét mot cdch don
gidn r4. Trén r4, ngodi quan hé bang nhau thong thwong ta xdy dung mot ham phan dnh
do gan nhau giita cdc gid tri, ta goi ham nay 14 ham tung tu s trén tap r4. Cu thé ta cé

s:ra xra — [0,1] thod man 2 diéu kién sau:

a) s(a1,az) = s(az,a1),a1,as € ra,
b) s(a1,a2) = 1< a; = as.

Phan tir s(aq1, az) goi 1a do tung tir gitra hai gid tri a1 va as. V&i moi a € [0, 1], ta néi aq
va az 1a o twong tir (bang nhau & mitc «) va ki hieu a; =, az néu s(ay, az) > a.

D6i v6i tap thude tinh chi s X = {zM 2 . 20} < id® va 3,4 € rx thi khi d6
B, v c6 thé xem 1 2 day (3:); va (7i)s, 1 <4 < k va do tung tir clia ching dwoce dinh nghia
la: S(8,7) = min{s(B;, 7)1 <i <k}

Hoan toan tung tir, ta dimg ki hieu 3 =, v néu S(3,v) > a, khi dé ta néi rang 3 va vy la
o tung tu.

Gistt 3 €rx va D C rx, khi dé ta goi do thudc cia 3 vao D la dd tung tu 16m nhat
gitta 3 vGi céc gia tri trong D, ki hiéu (5, D). Nghia la (5, D) = max{S(3,v)|y € D}. Khi
dé ta néi B thude vao D véi mite a va ki hiéu 3 €, D néu u(B, D) > . Clng tung tu nhuw
trong mo6 hinh quan hé, mot s6 tinh chat co ban cia khai niém nay ta c6 thé dé dang suy ra

tir dinh nghia.
Ménh dé 2.1. Cho X c Ul ,id®, D C rx, 8,7 € rx. Khi d6

e S(B,7)=5(7.8),5B,7) =1 B=1.
e 0<u(B,D)<L,u(B,D)=1«<pB€D.
e NéuD C D' C rxthiu(B, D) < u(B3, D).
e 3,D = Iye D,B=,7. Chitng minh. Cho tap thudc tinh chi s6

X = {zW, 2?2 cupid®

va
ﬁ77 € TXaﬁ: (ﬁl)m’y: (71)171 <1< k.
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Theo dinh nghia ta co:

S(ﬁvV) = mm{s(ﬁn%)ﬂ <1< k}
= min{s(yi, Bi)|1 <i <k}
= S5(v.0).
SByv)=1 < min{s(By,vi)|1<i<k}=1

& s(Biv) =11<i<k
~ {ﬁz Vi, 1 <1< k}
& [f=7.

Theo dinh nghia, ta ¢6 u(8, D) = maz{S(B3,v)|y € D}, ma

S(ﬁv ) mm{s(ﬁu%)u k} 0 (61771) < 17
suyra 0 < pu(B,D) <1

Mat khac,
& dyeD:SB,v)=1
& B=9

vatacd e D.
Néu D C D' C rx thi

w(B, D) = maz{S(B,7)ly € D}
< maz{S(B,7)|y € D'}
< (B, D).
Néu 8 €, D thi (3, D) = max{S(3,7)|y € D} > a, suy ra 3y € D : S(8,7) > a. Nhu
vay ta co 8 =4 7. O

.1. a—phu thuéc ham va a—bao déng
Trén co s& khai niém a twong tu ching ta dwa ra khéi niém a—phu thudc ham nhu sau:
Pinh nghia 2.2 Cho R = (id; Ay, A, ..., A,), r(R) 1a mot khéi trén R, X, Y C UP_ id®,
X —Y 1a ki hiéu mot phu thuoe ham xap xi mite a. Mot khoi r thod X —® Y néu véi moi
t1,t2 € R sao cho tl(X) = tQ(X) thi tl(Y) =a tQ(Y).

Nhuw vay khi @ = 1 thi a—phu thuoc ham lai tré thanh phu thude ham quen thudc trong
mo hinh dir liéu dang khdi. N6i mot cdch khdc, phu thuoc ham 134 mot trwong hop dac biét
cia a—phu thuéc ham khi oo = 1.
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Ménh dé 2.2 Cho lwge do khéi R = (id; Ay, As, ..., Ay), r(R) 1amot khéi trén R, X, Y, Z C
ur_,id@ | khi d6 ta c6:

e X =Y VY C X

o X »*Y =XZ->*YZ

e X =Y X -7 =X ->*YZ

o X 5V, X 5P Z = X SVYZ véiy =min(a, B)

e X =Y, ZCY=X 27

Ching minh. Tac6 X - Y, VY C X,dodé X - Y, VY C X.
Néu Vtq,ts € r sao cho t1 (X Z) = to(X Z) thi ta suy ra

t1(X) = t2(X), ta(2) = t2(2).

Theo gid thiét ta ¢6 X —* Y do d6 tir t1(X) = t2(X) suy ra t1(Y) =, t2(Y). Ma ta
lai c6 t1(Z) = ta(2), suy ra t1(YZ) =, t2(YZ). Nhu vay, tt t1(XZ) = t2(XZ) suy ra
1Y Z) =a t2(Y Z), do d6 XZ —° Y Z.

ViX —-*Y, X —% Z nén Vi1, ta € r sao cho t1(X) = to(X) ta cé t1(Y) =4 ta(Y) va
t1(Z) =a ta(Z) suy ra t1(YZ) =4 t2(YZ). Vay tacé X - Y Z.

Vi X =Y, X =P Z nén Vt,ta € 7 sao cho t1(X) = to(X) ta c6 t1(Y) =4 t2(Y) va
t1(Z) =g ta(2) suy ra t1(YZ) =, t2(Y Z) v6i v = min(a, 3). Nhu vay ta c6 X =7 Y Z véi
v = min(a, 3).

Vi X —®Y nén Vt;,te € rsao cho t1(X) = t2(X) ta c6: t1(Y) =4 t2(Y) ma Z C Y suy
ra t1(Z) =4 t2(Z). Do d6 X —* Z. ]

Pinh nghia 2.3 Cho lwge d6 khéi R = (id; A1, Ag, ..., Ay), r(R) 13 mot khéi trén R,
X,Y C Ur,id®. Khi d6 véi bat ki tap thuoc tinh chi s6 X, ta xdy dung mot quan hé ~
trén r nhw sau:

Vi,u € r(R),t ~u < t[X] =ulX].

R6 rang quan hé ~ la mot quan hé twong dwong trén r. Khi d6 quan hé ~ sé phan hoach
r thanh cdc 16p twong dwong. Ta ki hiéu 16p twong dwong cia bd ¢ € r(R) ing véi tap X 1a
[t]x - Nhu vay: r = Use,[t]x va [tlx N[¢]x =0 néut ~ ¢t

Ta ki hiéu tap céc 16p twong dwong theo quan hé ~ la r/X | gid si:

T/X = {T17T27 - '7rn}'

Tung tu ta cé quan hé bang nhau trén Y ciing 1a mot quan hé tirong dwong trén r; véi
i=1,...,n. Ta dat
)Y = {rl e 1< < n.

[ ERE RN
Nhu vay,
tl(X) = tg(X) & dicty, to €14,

t(XY) = t5(XY) & i, j: byt €77

i
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Ta cé diéu kién can va dud sau:

Ménh dé 2.3 Cho lwgce d6 khéi R = (id; Ay, As, ..., Ay), r(R) 1a mot khéi tréen R, X, Y C
ur_,id®. Khi d6 X — Y khi va chi khi S(3,7) > o, 8 = u(Y), v = v(Y), Yu,v € [t]x.

Chitng minh. Gid st X —* Y. Khi d6, theo dinh nghia, tir Vu,v € r sao cho u(X) = v(X)
suy ra u, v € [t|x vatir u(Y) =4 v(Y) suy ra S(B,7) > «, S =u(Y), vy =v(Y), Vu,v € [t]x .
Nguwoe lai, gia st S(8,7) > «, B=u(Y), vy =0v(Y), Vu,v € [t]x. Khi dd, tir Vu, v € r sao
cho u(X) =v(X)suyrau,v € [t]x va S(B,7) > a, B=uY),y=v(Y). Vaytacdé X —-*Y
|

Pinh nghia 2.4 Cho lwge do khéi R = (id; Ay, A, ..., Ay), F® 1a tap cédc a—phu thuoc
ham trén R. Khi dé bao déng cia F* ki hiéu F*+ dwoc xdc dinh nhu sau:

For = {X 5 Y|F = X > Y}

Pinh nghia 2.5 Cho lwge d6 khéi R = (id; Ay, Ag, ..., Ay), FY 1a tap cdc a—phu thuoc
ham trén R. Vi moi tap thude tinh chi s6 X C U ,id®, ta dinh nghia a—bao déng clia X
doi voi F ki hiéu X%+ nhw sau:

X = {29 zeidi=1,... nX - z® e Fo+}.

Ta ki hieu tap cac a—phu thudc ham trén R
FE={X =Y |X = UieazD) Y = Ujepz, A, BC {1,2,...,n} va = €id},

Fﬁ; = Fﬁ ﬂU?:1$(i) — {X NGO V= Fﬁ|X,Y C U?:lin(i)}-

Ménh dé 2.4 Cho R = (id; Ay, A, ..., A,), X,V C U ,id®, X = Upeaiepr?, Y =
Ugeajecz), A Cid, B,C C {1,...,n}. Khi d6 néu X —*Y thi

XU,y S8y nur Oy

trén Ry, By, > a, Vy € A.

Chitng minh. Gid sit ry, 1a mot quan hé trén R,,. Khi d6 ton tai mot khéi dong mite r trén R

sao cho 7, la mot 14t cat ciia no tai y € A. Trén Ty = TIn_ g ta chon bat ki 1 va t3 sao cho
t (X NUL ) = (X NUL ),y € A

Khi d6 3t), th € r sao cho

75/1 (X) = t/2(X)v t/1|U?:1y(i) =11, tl2|u?:1y(i) = la.
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Do X —®Y trong r, ta c6 t)(Y) =, t5(Y). Tr diéu nay suy ra

! _ !
751|U?:1Z/(i) By t2|U?:1y(i)’ ﬁy Z a.

Nhu vay
(Y U y) =g, to(Y DU y™), y € A
Do dé
XN U?:ly(i) —Py YN U?Zly(i)
trén Ry, By, > a, Vy € A. [ |

Hé qud 2. 1 Cho R = (id; Ay, Ag, ..., Ay), X, Y C UP_id®),

X = Umeid,i€B$(i)7

Y = Umeid,j€C$(j)7
B,C c{1,...,n}. Khi d6 néu X —*Y thi
X AU~ Y AUy
trén Ry, By > o, Vy € id. [ |

Ménh dé 2.5 Cho R = (id; Ay, Ag,..., An), X,V C UPidD, X = Upcigicpr®, Y =
Umeid,jeC$(j)7 B,C c{1,...,n}. Khi dd néu

XN U?:ﬂ/(i) =%y n U?:ﬂ/(i)

trén Ry, Vy € id thi X —*Y véi a = min{8y}, .

Chitng minh. Gia sit r 14 mot khoi trén R. Khi d6 véi bat ki ¢y, te € r sao cho ¢1(X) = t2(X),
suy ra ty (X NULy0) = to(X NUP_yD), Vy € id. Tir gid thiét X nuUp_,y® P ynur y®
trén Ry, Yy € id suy ra

(Y N ULy ™) =, to(Y N ULy W), vy € id.
Tir d6 suy ra t1(Y) =4 t2(Y), @« = min{By}, . Do d6 ta c6 X =Y véi o = min{By}, . m

T Hé qua 2.1 va Ménh dé 2.5 ta suy ra diéu kién can va du sau:

Ménh dé 2.6 Cho R = (id; Ay, Ag, ..., An), X,V C UPidD, X = Upcigicpr®, Y =
Ugeidjecz), B,C C {1,...,n}. Khi d6 X —* Y khi va chi khi

XN U?:ly(i) =B v U?:ly(i)

trén Ry, Yy € id.
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Ta cé cdc ménh dé sau:
Ménh dé 2.7 Cho lugc do khdi R = (id; Ay, A, ..., Ay), F, F 1a tap cdc a—phu
thuéc ham trén R, R, tung tng, M C U?:lid(i)7 M = UgeaM,, M, C U?len(i)7 M, # 0,
z € A C id. Khi d4, néu M+ la a—bao déng cia M d6i véi Ff* thi Vo € A C id,
n 2@ N M+ 13 a—bao déng cia M, = U,z N M dsi véi FY, .

Chitng minh. Gia stt My " 1a a—bao déng ciia M, d6i véi F,. Ta can chimg minh
Mo+ = Ul 2 N MY Vo e A Cid.

That vay, Va € A, ta ¢6 M, C M, suy ra My C M®+. Do d6 M+ c Uz n Mo+ .
Vi ve® e ur_ 2@ n Mo+ vay 2B € Mo+ suy rta M - zF) ¢ F*. Tir d6 ta c6
M, — zk) ¢ Ft . suy ra ) € My va do d6 ta nhan dwge UP_ 2 n Mo+ ¢ M+ . Vay

M+ = U 2N MY Vo € ACid. n

Ménh dé 2.8 Cho lwge d6 khdi R = (id; Ay, Ag, ..., Ay), FY, F2 1a tap cdc a—phu
thuoc ham trén R, R, tung tng, M C U id®D, M = UyeaM,, M, C U} z® M, # 0,
z € A Cid. Khi d6, néu M; " 14 a—bao déng cia M, ddi véi F®, thi M = UgeaM; " 1a
a—bao déng cia M = UzeaM, déi véi F .

Chitng minh. Gid st M+ 1a a—bao déng cia M d6i véi F*. Ta can chimg minh
M = UgeaMI* Ve € A Cid.

ViVz € A, tacé M, C M, nén Myt C M®+. Do A6 Ugea My C M+ .

Do Va(F) € M+ ta c6 2 € M+ nuUr,z®. Theo Ménh dé 2.7, ta c6 Up_z(®) N M+
lai chinh 14 a—bao déng cia M, = U,z N M d6i véi F2, .

Vay %) € MZ", suy ra M+ C UpeaMS™ . Dan t61 M+ = UpeaMe™, A C id. Tir d6
ta c6 M = UzeaMyt 1a a—bao déng cia M = Uzea doi véi F7. []

T hai ménh dé 2.7 va 2.8 & trén, ta rit ra diéu kién can va di sau:

Ménh dé 2.9 Cho lwge d6 khdi R = (id; Ay, Ag, ..., Ay), FY, F2 1a tap cdc a—phu
thuéc ham trén R, R, tung tng, M C U?:lid(i)7 M = UgeaM,, M, C U?len(i)7 M, # 0,
x € A Cid. Khidé My " 1a a—bao déng cia M, ddi véi FY, khi va chi khi M+ = Uye A My "
14 a—bao déng cia M = Uye A M, d6i véi FY .

3. KET LUAN

Nhirng két qud vé a—phu thudéc ham va a—bao déng trong mo hinh dir liéu dang khdi
dwgc nghién ciru & trén maéi chi 14 nhitng két qua bude dau. D6 cing 1a cde két qua doi véi
trwong hop riéng cia tap cdc phu thuoc ham cé dang Fy, Fy,, F, F, trong lwoc do khaoi
R = (id; A1, Ay, ..., A,). Trén co s& ctia céc két qua nay ta cé thé trién khai tiép qué trinh
chuan hoé va tira chuan hod trong cac trirong hop riéng (nhiwr déi véi tap céc phu thudc ham

dang Fy), gép phan lam hoan chinh thém 1f thuyét thiét ké mo hinh co s& dir liéu dang khoi.
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