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Tém tat: Trong linh vuc tri tué nhan tao va co s& dif liéu quan hé, khéa ctia luge d6 quan hé va bao déng ctia mot tap
thuoc tinh dbi v6i mot tap phu thudc ham cé vai trd quan trong va dugc st dung trong nhidu bai todn nhu tbi uu héa
truy vén, chuin héa lugc dd quan hé, loai bd rang budc du thira, v.v. Do d6, d6 phic tap cta thuit toin tim bao déng va
viéc riit gon bai todn tim khoéa 12 cic vin dé luon dudc quan tam. Trong vai nim gan diy, cic vin dé nay dudc x6i lai
v6i hang loat cic cong trinh méi nham gidi quyét bai todn tinh bao déng va tim tip cic khéa cia lugc d6 quan hé mot
cach hiéu qua hon theo nhiéu tiép cin khac nhau. Trong bai bdo nay, ching toi dé xuit mot thuit todn cai tién tinh bao
dong va dua ra mot sd két qua vé riit gon bai toan tim khéa nham ning cao hiéu ning tinh todn khi giai quyét cac van
dé c6 lién quan.

Tix khéa: Co sé dit liéu quan hé, luoc dé quan hé, phu thuéc ham, bao dong ciia mét tdp thudc tinh, khéa cia luoc do
quan hé.

Title:  Some Results for the Closure Computing Algorithm and Reducing the Key Finding Problem of a Relation Schema
Abstract:  In artificial intelligence and relational databases, the key for a relation schema and the closure of a set of attributes
under a set of functional dependencies are important and used in several problems such as query optimization, relational
schema normalization, removing redundant constraints, etc. Therefore, the complexity of closure computing algorithms
and reducing the key finding problem are always interesting problems. In recent years, these problems have been
revisited with a series of new studies, to be solved more efficiently by several different approaches. In this paper, we
propose an improved closure computing algorithm and provide some results for reducing the key finding problem to
enhance the computing performance for solving related problems.
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I. MO AU Phu thuéc ham. Cho Q la tap thudc tinh va S(Q) 1a mot
lugc dd quan hé trén Q. Gia stt X, Y C Q, khi d6 Y dugc

Phin nay nhéc lai mot sb khai niém quan trong trong ly goi 14 phu thuéc ham vao X trén lugc dd S(Q), ky hiéu 1a
thuyét co s6 dit liéu quan hé nhiam muc dich st dung cho X — Y, néu v6i moi quan hé r trén lugc dd S(Q), véi hai

céc phan tiép theo. bd bat ky 1, t, € r ma t[X] = [ X] thi 1[Y] = [Y].
Lugc do quan hé. Mot luge do quan hé S 1a mot cip 6 Néu Y phu thudc ham vio X thi ta cling néi “X xic dinh
tht ty § = (Q, F), trong d6 Q la tap hiiu han cdc thudc tinh  ham Y. Véi mdi quan hé r trén ludc dd S(Q), ta néi r théa
cua quan hé, F la tdp cdc rang budc gitta cac thudc tinh. man (hay théa) phu thudc ham X — Y (hay phu thudc ham
Cho lugc dd quan hé S = (Q, F) véi Q = {A}, Ay, ..., X — Y ding trén r) néu va chi néu véi moi bo 11, 1, € r,
A,}. Néu khong quan tm dén tap cdc rang budc F thi ta  11[X] = »[X] kéo theo #[Y] = 5[Y]. Trong bai bao nay,
s& ding ky hiéu S(Q) thay cho S = (Q, F). ta han ché F (ctia luge d6 S = (Q, F)) chi gom céc phu

3 . thudc ham.
Ta dung ky hiéu r(S) d€ chi mot quan hé r (hay mot thé 0

hién r) ctia lugc d6 quan hé S. V6i mot bd ¢ cia r(S) va Hé quy tdc suy dién Armstrong. V6i lugc d6 quan hé
X C Q, ta ky hiéu ¢[X] 1a b0 chi chita cac gia tri cia b S=(QF)vaX,Y CQ, taky hiéu XY thay cho X UY.
t tai cac thudc tinh trong X. V6i moi X, ¥, Z C Q, hé quy tic suy dién Armstrong dbi
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Thuét toan 1: Tinh bao déng X*

Thuét toan 2: Tinh bao déng X* [4]

Input:
QF, XCQ
Output: X*
begin
Xt=X
repeat
for each (Y —» Z) € F do
if Y C X* then
Xt=Xtuz
end if
end for each
until khong con thudc tinh nao duge thém vao X™;
return X1;
end

véi cac phu thudc ham gdém ba quy tic sau day:

Al. (Phan xa): Néu Y C X thi X - Y;
A2. (Gia tang): Néu X — Y thi XZ - YZ;
A3. (Bfc chu): Néu X > Y vaY — Z thi X — Z.

Ky hiéu F* 1a tip tit ca cac phu thudc ham dugc suy
dién tit F bing ciach dp dung mot s6 hitu han 1an cic quy
tic ctia hé quy tic suy dién Armstrong.

Bao dong ciia mét tdp thudc tinh. Cho tip phu thudc
ham F xac dinh trén tip thudc tinh Q (phu thuéc ham (FD:
functional dependency) Y — Z xac dinh trén tap thudc tinh
QnéuY, Z CQ)vaX C Q. Tagoi bao déng cia tap thudc
tinh X dbi vé6i tap phu thuoc ham F, ky hiéu 1a X} , 1a tap
tt ci cdc thudc tinh A ctia Q sao cho X — A dugc suy
dién tit F nhd hé quy tic suy dién Armstrong,

Xp={AeQ|(X > A) e F'}.

Khéa ciia lugc do quan hé. Cho luge dd quan hé S =
(Q, F) va K C Q. Tanéi K 1a mot khoa ciia S néu hai diéu
kién sau day dong thdi dudc thdéa man:

i) (K—>Q)eF*;
ii) Néu K’ c K thi (K’ = Q)¢ F™.

II. THUAT TOAN CAI TIEN TINH BAO PONG
CUA MOT TAP THUOC TINH

1. Thuét toan chuin tinh bao déng X*

Thuit to4n 1 1a thuét todn tinh bao déng X*. D& chiing
minh dudc riang do phifc tap thdi gian ctia Thudt todn 1 1a
O(np min{n, p}), trong d6 n 1a s6 thudc tinh trong Q va p 1a
s6 phu thudc ham trong F. Nhu vy, thuit toan trén khong
la tuyén tinh theo tich np. P& c6 céc thuit toan tinh bao
doéng véi do phic tap tuyén tinh, can st dung mot sb ciu
tric dit lidu thich hgp nham giam chi phi ctia viéc duyét
cic tap F va Q. Céc chién ludc rit gon bao gom:
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Input:
QF, XCQ
Output: X*
begin
Xnew = X;
repeat
Xold = Xnews
for each (Y —» Z) € F do
if Y C Xjew then

Xnew = Xnew U Z; > (I)
F=F-{Y > Z},
else if Z C X.w then
F=F-{Y - Z}; > (II)
else
F=F-{Y > Z}, > (TID)
F=FU{Y - Xpew = Z — Xpew}; > (IIT)

end if
end for each
until (Xpew = Xo14) hodc (|F| = 0);
return X' = Xjew;
end

Dung moét tip d€ luu gift cdc thudc tinh con phii thém
vao bao dong;

Dung mot mang duge danh chi s6 bdi cac thudc tinh
A; d€ luu giit cic phu thudc ham cé vé trai chida A;;
Luu giit s6 thuoc tinh thudc vé trdi ciia mdi phu thudc
ham con chua c6 mat trong bao dong.

i)
ii)
iif)

Cic chién lugc nay da gitip mot s tic gia xdy dung dudc
cdc thuat todn tuyén tinh tinh bao déng, tiic ¢ do phiic tap
thai gian 1a O(np). D6 1a cac thuét toan cia Beeri trong [1],
cta Diederich trong [2] va cia Paredaens trong [3].

2. Thuét toan cia Mora va cong su

Thuat toan 2 va cac thuat toan tinh bao dong cua
Diederich, Beeri va Paredaens da dugc chay thit nghiém
va cho két qua dudc trinh bay trong [4], cu thé nhu sau:
sinh ngiu nhién tap thudc tinh Q, tip phu thuéc ham F
va tap con X C Q; cac tip phu thudc ham dugc sinh ngiu
nhién 1an lugt c6 25, 50, 75, 100, 125, 150, 175 va 200 phu
thudc ham, sb lugng cdc thudc tinh & vé trai va vé phai clia
cdc phu thudc ham bién dé6i tir 1 dén 300, kich thudc cia
cdc tip phu thudc ham tir 50 dén 61770 thudc tinh (kich
thudc cia mot tdp phu thudéc ham F dudc dinh nghia la
tdng céc kich thudc clia cic phu thudc ham trong F; kich
thudc cia X — Y 1a |X|+ |Y[; | X| 1a s6 thuoc tinh cla tap
X); thuc hién thi nghiém céc thuat todn 1817 1an. Két qua
thit nghiém cho thoi gian tinh todn ctia 1817 1an thuc hién
dudc cho trong Bang I, trong d6 thdi gian trung binh tinh
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) Bang I

KET QUA THU NGHIEM

Thuét toan Trung binh
Thuat todn tinh bao déng X* clia Diederich 4593,48
Thuét todn tinh bao déng X* cia Beeri 7013,56
Thuét todn tinh bao déng X* cia Paredaens 5863,35
Thuét toan tinh bao dong cia nhém A. Mora va 1262,41
cong su (Thuit toan 2)

theo don vi gidy. Tir bang két qua trén, ta thiy Thuat toan 2
tiéu ton it thoi gian hon ba thuit toan con lai.

3. Thuét toan cai tién tinh bao déng

Ta nhan thiy rang, so véi cic thut toan tinh bao déng
da néu trong muc II-1, Thuit todn 2 ¢6 vu diém la 1am
don gian hoéa tap F bing cich loai bd FD Y — Z trong F
sau khi da dung né dé tinh gid tri méi clia Xyew hodc thay
thé FD Y — Z trong F bang mot FD don gian hon trong
truong hop ci hai vé cia FD nay déu khong 1a nhiing tap
con clia Xpew. Tuy nhién, tinh ding din cta Thuat todn 2
khong dudc chiing minh mot cach tudng minh. Hon niia,
nhugc diém ciia n6 1a mdi lan duyét tap F, tat ca cac FD c6
vé trai va vé phai ciing chia trong Xyew vAn dudc kiém tra
vé trai d€ tir d6 tinh gia tri mdi clia Xpey (diéu nay lam mét
thoi gian khong cin thiét vi gid tri Xpew thuc chit khong
thay d6i). Thuat toan 3 tréanh dugc nhiing phép kiém tra va
tinh todn khong can thiét nay vi thuc hién loai bd ngay tir
dau cic FD c6 vé phai chifa trong X, nén thoi gian thuc
hién nhanh hon so v6i Thuit toan 2.

V6i Thuat todn 3, ta c6 bd dé sau day.

BG dé 1. Thudt todn 3 la diing ddn, cé nghia né tinh diing
bao dong X* ciia X dobi véi F.

Chitng minh: Vi Thut toan 3 12 mot cai tién ctia Thuat
toan 2 va do d6 ciing 1a cdi tién ctia Thuat toan 1 nén dé
chiing minh tinh ding dan ctia Thuit toan 3, ta chi can chi
ra rang viéc thay thé

Y—)ZbéiY—Xnew_)Z_XneW (])

khong c6 anh hudng gi dén két qua ctia viéc tinh bao déng.
That vay, Thuat todn 3 sé thay thé ¥ — Z bdi ¥ — Xpew —
Z — Xpew trong trudng hop ca Y va Z déu khong phéi 1a
tap con clia Xyew. Do d6, tir (1) ta suy ra ¥ — Xpew # @ i
néu Y — Xpew = @ thi Y 12 tip con clia Xpew (mau thuin).

Mait khac, ta ludn cé
(Y - Xnew) U (Y N Xnew) =Y. (2)

Gia st sau phép thay thé (1), Xyew thay ddi va nhan gid
tri mél 151 Xnewl V(jl Xnew Cc Xnew]-
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Thuit toan 3: Tinh bao déng X*
Input:
Q F, XCQ
Output: X+
begin
Xnew = X;
repeat
Xotd = Xnews
for each (Y —» Z) € F do
if Z C Xpew then

F=F-{Y—Z} > (D)
else if ¥ C Xp.w then
begin > (ID)
Xnew = Xnew U Z;
F=F-{Y > Z};
end
else
begin > (III)
F=F-{Y > Z},
F=FU{Y - Xpew = Z = Xnew};
end
end if
end for each
until (Xpew = Xo1q) or (|F| = 0);
return Xew;
end
Béy gid ta phai chiing minh
(Y - Xnew) c Xnewl — YC Xnewl- (3)

Thét vay, th ¥ C Xjew) ta c6
(Y - Xnew) c Xnewl-

Tu (Y - Xnew) c Xnewl, (Y N Xnew) c Xnew c Xnewl va (2)a
ta co
Y= (Y - Xnew) U (Y N Xnew) C Xnewl -

Tir hai két qua trén, ta suy ra (3) dudc chiing minh. O

Vidu 1. Cho F = {d — a,ad — c¢,e — bi,ke — m,ce —
ik,d — bei,h — cde}. Ching ta tinh bao dong cta tip
thudc tinh X = acd theo Thuét toan 3. Trong Bang II, ky
hiéu (I), (IT), (IIT) tuong ung véi cac doan ma (1), (II), (III)
trong Thuat toan 3 dugc ap dung; ky hiéu x la phu thudc
ham trong cot tuong ting bi loai bé khoi F. Két qua ta dudc
X* = acdbeikm. So v6i Thuit todn 2, ta thiy c6 4 vi tri
(cac 6 ¢6 mau xam) chiing té Thuét toan 3 thuc hién hiéu
qua hon. Chzclng han, v6i (d — a) hoidc (ad — c¢) hodc
(e — bi) thi Thuat toan 3 chi cAn kiém tra vé phai va loai
bd ngay trong khi Thuit toan 2 phai kiém tra vé trdi réi hop
vé phdi vao Xjew (nhung thuc su Xpew khong thay d6i) sau
d6é mdéi loai bd. Nhu viy, chi v6i 7 phu thuoc ham trong
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Bang 1T
MINH HOA THUAT TOAN 3
F d—a ad — ¢ e — bi ke - m ce — ik d — bei h — cde
Xhew acd acdbei
@D D ) D O
F X X e — bi ke - m e — ik X X
Xnew acdbei acdbeik
(0] (11D (D
F X k—>m X
Xhew acdbeik acdbeikm
n
F X

vi du trén, Thuit todn 3 da tiét kiém dugc 4 thao tic tinh
toan voO ich so v6i Thuit toan 2.

L. MOT SO KET QUA VE RUT GON BAI TOAN
TIM KHOA

Trong [5], dua trén nglt nghia quen thudc cia cac phu
thudoc ham trong mo6 hinh co sé di liéu quan hé va thuit
toan tinh bao déng ctia mot tip thudc tinh, céc tac gia da
xdy dung dugc mot didu kién cin d€ mot tip thudc tinh
thuoc Q 1a khéa ctia S. Tiép d6, mot sb hudng cai tién cho
diéu kién can thu dugc ciing da dugc xem xét. Trong [6],
dua trén viéc nghién clu cic toan ti ly tudng khong tat
dinh (ideal non-deterministic operators) trong khuon khé
clia ly thuyét dan, céc téc gia ctia [6] cling dua ra mot diéu
kién cAn dé mot tap thudc tinh 12 khéa. Nhu vay, ching ta
c6 hai két qua cho cting mdt bai todn dudc cong bd cich
nhau 26 nam ma thoat nhin dudng nhu khac nhau.

Trong phan nay, chiing t6i sé chitng minh ring diéu kién
can trong [6] chinh 13 mot dang cdi tién cla diéu kién can
trong [5]. M&i quan hé giita cic dang ctia diéu kién can dé
mot tap thudc tinh 13 khéa ctia mot lude dd quan hé véi
viéc rut gon bai toan tim khoa ciing dugc chi ra.

1. Nhic lai mot s6 két qua da biét

Trong muc nay, mot s6 két qua trong [5] va [6] dudc
nhic lai d€ tién so sanh. Luu y rang thuat ngit khéa dung
& day dugc hiéu theo nghia khéa tdi thiéu.

Cho S = (Q, F) 1a mot lugc dd quan hé, trong d6 Q =
{AL, Az, ..., A,} la tdp hitu han céc thudc tinh va F =
(Li = Ri,..., L — Rl Li, Ry CQVi=1,...,m) Iatip
httu han cidc phu thuoc ham ding trén S.

Ky hiéu L = U L;, R = U R;, Ks 1a tip tit ca cdc
khoa cua S, Ks = {K;|K; 1a khoa cua S}, G = Nk, exsK;
la giao clia tat ca céc khoa ciia S, H = Uk, ek K; 1a tap tt
ca cic thudc tinh khéa ctia S, H = Q \ H 1a tap tit ca cic
thudc tinh khong khoéa cida S.
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Trong [5] da chiing minh cac két qué sau:

Pinh Iy 1 ([5, Pinh Iy 1]). Cho S = (Q, F) la mét lugc do
quan hé va X la mét khoa cia S, khi do

Q\RCXC(Q\RU(LNR). )

Pinh 1y 2 ([5, Pinh ly 4]). Cho S = (Q, F) la mét luoc do
quan hé, khi do
G=Q\R 5)

Ménh dé 1 ([5, Trong ching minh Pinh ly 1]). Ta co
R\ L C H, c6 nghia cdc thudc tinh trong R\ L déu la cdc
thugc tinh khong khoa.

Tur (4), dé dang suy ra cdc nhan xét sau:

Nhan xét 1. (Q\ R)U(L N R) 1a siéu khéa chia tit ci cac
khoéa cua S. Luu y 1a trong phéan tich Q = (Q \ R)U(R N L)U
(R\ L), chi tap (L N R) c6 kha nidng chia cd hai loai thudc
tinh 1a thudc tinh khoa va thudc tinh khong khéa. Thém vao
d6, néu c6 (R \ L) # @ thi siéu khéa (Q\ R)U(LNR) c Q
va viéc tim tap tit ca cac khoéa chia trong mot siéu khoa
nhd hon thuc sy Q sé it ton kém hon. Piéu nay 16 rang
lién quan dén viéc rit gon bai todn tim khéa clia mot lugc
dd quan hé. That viy, gia st da xdc dinh dudc Z ¢ Q 1a
tap chifa tit ca cac khéa clia luge d6 quan hé S = (Q, F).
Khi d6 viéc rit gon bai toan cho viéc tim khéa cia S duge
tién hanh qua cdc budc sau:

1) Xéc dinh lugc dd quan hé §” = (Q’, F’) trong d6 Q' =
Z\Q\R)vaF' ={L;inQ > RNQ|(L; > R) €
F,i=12...,m};

2) Tim K theo mot thuit toan nao do;

3) D& théy ring Ks = {(Q\ R)UK|K € Ky }.

Nhan xét 2. Céic khoa K; € Kg khong chita nhau va ¢
clu tric chung 1a K; = (Q\ R)U Z; v6i Z; € L N R. Piéu
nay tao thuén Igi cho viéc xac dinh cac khoa cua S.

Nhan xét 3. Truong hop ton tai tip Z C H sao cho
(LNR)NZ #+ @ thi (Q\R)U[(LNR)\ Z] & 1a mot
siéu khoa chia tit ca cic khéa ctia S va siéu khéa nay 1o
rang chia thuc su trong si€éu khéa (Q\ R) U (L N R).
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Khi d6
Q\R)CK; C@Q\R)U[(LNR)\Z], VK; € K,
s& 1a mot dang cai tién cla diéu kién can (4).

Trong [6, 7], c6 dua ra dinh nghia va dinh ly sau (cac
ky hiéu dudc sira lai cho phii hdp véi hé thong ky hiéu da
dung & trén).

Pinh nghia 1 ([7, Pinh nghia 3.3]). Cho S = (QQ, F) la
mot luge dd quan hé, khi d6 16i (core) va than (body) clia
S dugc dinh nghia nhu sau:

Q\ U R; |,
(L;—R;)EF

U Li [N [Q\ core(Q F)*].
(Li—R)eF

core (), F)

body (Q, F)

Bing nhiing tinh toan don gian, ta nhan dugc

core (Q, F)
body (), F)

Q\R,
LN[Q\(Q\R)].

(6)
(N

Vi du 1[[7, Vi du 3.1]] Cho § = (Q F) 1a mot lugc dd
quan hé, trong d6 tap thudc tinh Q = {a,b,c,d, e, f, g, h}
va tap phu thuéc ham F = {ab — c,a — g,g¢ —> ¢,b —
h,bh — d,c > d,e - f, f — e}.

Tacd L = abcefgh, R = cdefgh, Q\R = ab, (Q\R)*
abcdgh, LN[Q\ (Q\ R)"] = ef. Tu d6, core (Q, F) = ab
va body (, F) = ef.

Pinh ly 3 ([6, 7, Dinh ly 3.4]). Cho S = (Q, F) la mjt
lwoc dé quan hé va K la mét khoa (t6i tiéu) ciia S, khi do,
ta co core C K C (core U body), cé nghia la

Q\RCKC(Q\RU[LN[Q\(Q\ R ®)

R6 rang (8) 1a phét biéu ctia mot diéu kién can dé K Ia
khoéa cta S. Ching minh cta (8) dugc cho trong [6] cung
v6i mot sb vi du minh hoa.

2. Mt dang cai tién cho diéu kién can (4)
Trong [5] c¢6 chiing minh b3 dé sau:

BG dé 2 ([5, B dé 3]). Cho S = (O, F) la mot luge dé
quan hé va X la mét khoa cua S, khi dé

XNRN(L\R)"

B6 dé 2 dé dang dudc mé rong thanh B dé 3 sau day.
BG dé 3. Cho S = (Q, F) la mot luge do quan hé, khi do

KNRN(Q\R"=@VKeKs = RN(Q\R)" CH.
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Chiing minh: Gii st diéu ngudc lai, tic 1a ton tai

K € Kg sao cho KNRN(Q\ R)" # @, c6 nghia Ia ton tai
A € Qsao cho A € K, A € R va theo dinh nghia bao dong,
Q\R— A. ViAeRnén A¢Q\R. Tu dicu kién (4), c6
(Q\R)C K.Kéthop véi A¢ Q\R,suyra Q\RC K\ A.
Tir d6, K \ A — Q\ R. Miit khac, Q\ R — A. Két qua 13,
K\ A — A v6i A € K, chiing t6 K khong la khoa cua S.
Viy, KNRN(Q\ R)" =@, c6 nghia 1a RN (Q\ R)" C H.
O

Tir Nhan xét 3, dinh 1y sau ddy 1a hién nhién.

Pinh Iy 4. Cho S = (Q, F) la mét lugc do quan hé, khi do

Q\RCKC(@\RU[LNR)\ (RNQ\R)*')], )

voi moi K € K.

Ta xem (9) nhu mdt dang cai tién cta (4). Sau day la
mdt vi du trong d6 (LN R)N (RN (Q\ R)*) # B c6 nghia
la

Q\R)U[LNR)\ (RN(Q\R)")]c(@\RULNR).

Vi du 2. Xét luge do quan hé S = (Q, F), trong d6 Q =
{a,b,c,d,e, f,g,hi} va F ={a > bb— c¢,d > ¢,h —
ii — h).

Véi luge dd quan hé nay, ta c¢6: L = abdhi, R = beehi,
LN R = bhi, Q\ R = adfg; (Q\ R)* = abcdefg, RN
(Q\ R)" = bee. Dé thiy ring Kg = {adfgh, adfgi}. Tit d6
H ={a/d, f,g hi} va H = {b,c,e}. B & 3 dudc nghiém
ding vi RN (Q\ R)* = bce C H.

Hon niia, ta con ¢6 (LNR)N (RN(Q\R)") = b # @.
Va nhu vy, véi luge dd quan hé S dudc cho trong Vi du 2,
ta co

Q\RCKC(Q\RUNLNR)\ (RN(Q\R))]

v6i moi K € Kg. Cu thé 13, adfg € K C adfghi, v6i
K € {adfgh,adfgi}.

3. So sanh hai diéu kién can (8) va (9)
Nhan xét 4. Trong (8) dé thiy ring
LN[Q\(Q\R)T=L\(Q\R)".
That vdy, gid sit x € LN[Q\ (Q\ R)"]. Lic dé, x € L,
x € Q\(Q\R)", suyrax € L, x ¢ (Q\R)", vi thé
x € L\ (Q\ R)*. Nguogc lai, gid st x € L\ (Q\ R)". Khi

d, xeL,x¢g(Q\R)",suyraxeL, x€ Q\(Q\R), vi
vay x e LN [Q\ (Q\ R)*].

Do Nhin xét 4, d€ don gidn, ta van ddnh sb bao ham
thic kép
Q\RCKC(Q\RUI[L\(Q\R)'], VK€ Ks, (8

1a (8).



Pinh nghia 2. Ta néi ring diéu kién (8) t6t hon diéu kién
(9) néu

L\(@Q\ R S(LNR)\ (RN(Q\R))
va ton tai mot luge dd quan hé sao cho
L\@Q\R " c(LNR)\ (RN(Q\R)").

Hiéu theo nghia do, ta thiy diéu kién (9) 1a mot dang
cai tién clia (4). Tuong tu, ta c6 dinh nghia khi nao thi (9)
tbt hon (8).

D& so sdnh (8) véi (9) ta ¢ dinh ly sau.

Dinh Iy 5. Hai diéu kién (8) va (9) chi la mot va dugc dién
dat bang nhiing biéu thiic khdc nhau.

Chiing minh: D€ ching minh Dinh ly 5, rd rang chi
can ching minh

L\@\R"=(LNR)\(RNQ\R)"). (10

Gia st x 12 mot thudc tinh bat ky thuoc L\(Q \ R)*. Khi
do, véimoi x € L\(Q\ R)*,tac6x € Lvax ¢ (Q\ R)". Tu
d,xeL,x¢g(Q\R)vax¢ (Q\R)",suyraxe L, xeR
vaxg(Q\R)",suyraxe(LNR)vax¢g[RN(Q\R)"],
suyra x € (LNR)\ (RN(Q\R)"), c6 nghia la

L\@Q\R)'" c(LNR\(RN(Q\R)'). 1D

Bay gid ta chiing minh diéu ngudc lai. V6i moi x €
(LONR)\(RN(Q\R)"),tacdxe L, xe Rvax¢[RN
Q\R)'],suyraxe L, x € Rvaix ¢ (Q\R)", suy ra
xe€L\(Q\R)", c6 nghia la

(LOR\ (RN@\R)') CL\(@\BR)". (12
Két hop (11) va (12), ta c6

L\(@\R)'"=(LNR)\ (RN(Q\R)).
DPinh ly dugc chiing minh. O

Dé minh hoa cho Pinh Iy 5, ta tré lai v6i Vi du 1 va Vi
du 2. V6i Vidu 1, Q = {a,b,c,d,e, f,g,h}, F = {ab —
ca — gg — ¢b— hbh — dc — de — f,f —
e}. Ta co, L = abcefgh, R = cdefgh, LN R = cefgh,
Q\ R =ab, (Q\ R)* = abcdgh, RN (Q\ R)" = cdgh. Tu
d6 L\ (Q\R)  =ef va(LNR)\ (RN(Q\R)") =ef.

Vé6i Vi du 2, Q = {a,b,c,d,e, f,g hi}, F
bb - ¢,d —» e,h — i,i — h}. Ta ¢d, L abdhi,
R = bcehi, LN R bhi, Q\ R = adfg; (Q\R)"
abcdefg, RN (Q\R)* = bce. T d6 L\ (Q\R)" =
va(LNR)\ (RN(Q\R)") = hi.

Lién quan t6i cic diéu kién can dé€ mot tip thuoc tinh
K C Q 1a khéa ciia luge d6 quan hé S = (Q, F), ta c6 thé
xem xét va gidi quyét bai todn sau.

{a —

i
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4. Mot bai toan quyét dinh

Cho S = (Q, F) 1a mot luge do quan hé va cho Z c Q.
Bai todn dit ra 1a quyét dinh xem Z c6 phai 1a tip chifa tit
cé cac khoa cta S khong.

Gia st Z chiia tit c4 cac khéa cla S. Piéu d6 c6 nghia la

zo2H= | ] K.
KjEKS

T d6 Q\ZC Q\ H =H.

BG dé 4. Cho S = (Q, F) la mot luge dé quan hé va cho
Z C Q. Khi d6 Z chita tdt cd cdc khoa cia S khi va chi
khi Q\ Z chi gom cdc thudc tinh khong khoa, cé nghia la

Q\ZCH.

D€ thiy dudc y nghia ctia B§ dé 4, ta trd lai véi diéu
kién (8), 1a Dinh ly 3.4 trong [7]. RS rang, diéu kién nay
khéng dinh ring

Z=(Q\RU[L\(Q\R)] (13)

1a tap (siéu khéa) chifa tit ci cic khoa cla S.

D€ kiém tra tinh chét trén, ta c6 thé dung BS dé 4. Ta c6'
Q\Z=Q\[(Q\R)U(L\(Q\R))]
=R\ (L\(Q\R))
=(R\L)U(RN(Q\R)").
Nhu vay
Q\Z =R\ (L\(Q\R))
=(R\L)U(RN(Q\R)") CH,

do dda ¢6 (R\ L) C H (theo [5]) va RN (Q\R)" € H
(theo B dé 3). Piéu nay ching t6 ring Z = (Q \ R)U[L\
(Q\ R)*] 1a siéu khéa chita tit ca cdc khéa cia S.

IV. KET LUAN

Trong bai bao nay, chiing tdi da dé xuit mot thuat toan
cai tién (Thuat todn 3) tinh bao dong ciia mot tip thude
tinh d6i véi mot tap phu thudc ham. Vi tit ca cac FD c6
vé phdi chia trong X,e, déu bi loai bd trude khi thuc su
tién hanh tinh bao déng nén Thuat toan 3 rd rang la hiéu
quéa hon Thuét toan 2. Pac biét la trong trudng hgp tip F
ban ddu gdm mot sd phu thudc ham c6 vé phai chida trong
Xpew hodc trong qud trinh tinh gia tri méi cla Xpey, Vi€c
thay thé mot phu thuéc ham bang mot phu thudc ham don
gian hon, 1am xuat hién mot phu thuéc ham méi c6 vé phai
chia trong Xjew. Hon nita, tinh ding din cta Thuét toan 2
khong dugc ching minh tuGng minh khi thuc hién phép
thay thé cac phu thudc ham bing cic phu thudoc ham don

6 day, véi ba tap bit ky A, B, C C Q, ta da ap dung bién ddi quen
thuoc A\ (B\C)=(A\B)U(ANC).



Cdc cong trinh nghién cifu phat trién Céng nghé Théng tin va Truyén thong

gian hon. V6i bd dé 0, chiing toi da chiing minh tinh ding
ddn nay trong Thuat toan 3. V6i viéc rit gon bai todn tim
khoa, ching t6i ciing da chiing minh dugc diéu kién can (8)
trung v6i didu kién can (9) 1a mot dang céi tién cda diéu
kién can (4). Pay 1a nhiing diéu kién can d&€ mot tip con
ciia Q 12 khéa tdi tiéu ctia lude dd quan hé S = (Q, F). Viéc
tim mot diéu kién can t6t hon (8) hodc (9) nhim rit gon
hon nita bai toan tim khéa 1a mot vin dé ddng quan tam.
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