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I. Mo dau

Phu thudc manh duwge dé xuat va tién dé héa trong [2,3,4] va da dugc cai dat
trong hé thiét ké cdc hé quan tri co s dir liéu ¢ dic tinh ndi bat thuan lgi la phan
taclt cac mang dir liéu Ién thanh cac mang dir lieu nhé hon. Bai bdo nay trinh bay
cac két qua méi thu duwge vé phu thudée manh. Trude tién, ching toi dua ra thuat
toan tim bao déng cia mét thude tinh véi dé phite tap la tuyén tinh O(p) , & day
p = 1(S) - chiéu dai cia tap phu thuoc manh S. Dya vao thuat toin nay, ching toi
dua ra thuat todn gidi quyét bai toan thanh vién. Khai niém khéa dwoe dwa ra
vGi ¥ nghia xdc dinh duy nhat mét d8i tuwong. Chiung t6i dua ra thuat toan tim
mot khéa véi do phire tap la da thive, ching t6i cling chi ra dwge ring déi vai phu
thuéc manh moi khéa déu ¢é lwe hrgng nhir nhau va hai toan tim tap 14t ca cac
khéa tSi thiéu clia § (Ks) dirge giai quvét bing mét thuat toan cé dé phire tap la
da thitc néu hre hrong cia K's la da thie.

2. Cac dinh nghia

Dinh nghia 1.1: Cho R = {hy,....hy} la quan hé trén Q va 4, B € Q. Ching ta néi
rang B phu thuéc manh vao 4 trong & (ki hiéu A—;}B) néu '

(Vhi, hj € R)((Ja € A) (hi(a) = hj(a)) — (¥b € B) (hi(b) = h;(b))).

bat Sg = {A%B}. Sr dwgce goi la ho di cac phu thuéc manh cia R.
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Dinh nghia 1.2: Cho R la quan hé trén Q.4,B € Q. Chiing ta néi 4 — B la mét
phu thudéc manh cia R néu B phu thuéc manh vao A trong R, hay A%B. Ching ta
cling néi rang R thda man A — B.

Dinh nghia 1.3: Cho S la moét tip phu thudc manh trén @ va X — Y la mot
phu thudéc manh, véi X,¥ € Q. Ching ta ndi S kéo theo logic ra X — Y, va viét
SE X — Y néu v&i moi quan hé R trén Q théa man cac phu thuéc manh trong S thi

cing thda man phuy thuéc manh X — Y. ‘

Dinh nghia 1.4: Cho © 13 mét tap hiru han cac thudc tinh, véiVA, B,C,D C Q, a € Q.
Cac S - luat suy dan la:
S1: {a} — {a}
$2: Néu A— B va B —C véi B#Othl 4——»C
S3: NSuA—BvACCA, DCB thl(J——D,
S4: Néu A— B va C — D thi AUC — BND;
$5: Néu A— B vad C — D véi thi AnC — BU D:
Dé dang nhan thay réng Sk thda ma cic S-ludt suy dién, do vay céc S-luat suy
dién nay cho phép ta suy dién ra tat cacic phu thudc manh khéc tir S.

3. Bao d6ng cda tap phu thudc manh, bao déng cua cdc thudc tinh

- Dinh nghia 2. I: Cho S 1a tap cac phu thuéc manh trén Q. D3t S* la bao dong
cia S, la tap tat ca cac phu thuéc manh duge kéo theo logic tir S, c6 nghia la
. St = (N=Y: SEX-Y}

Clning ta_khong hy vong liét ké toan bo S+, nhung it ra. chiing ta c6 thé biét dwgc
khi ndo mét phu thuéc manh X — ¥ cho trudce thudc vao S+, hay dirgc suy dién ra
tir S

Trude hét, ching ta dua ra khéai niém bao déng cia tap cdc thuéc tinh tng véi
tap cac phu thuéc manh da cho.

Dinh nghia 2.2: Cho S la tap cac phu thuéc manh trén @, X la tip con cda
Q, A c Q. Ching ta goi X*, bao dong cia X ing véi S, la tip cac thude tinh
a sao-cho X — {a} c6 thé suy dién tir § bdi cic S-luat suy dién, cé nghia la:
Xt={a€eQ: X— {a} € S*}.

Ta c6 bo dé sau:

Bo dé 2. 3 Phu thuéc manh X -Y dugce suy dién tw.S boi cde S-ludt suy dién néu
va chi néuY C X+,

Chu‘ng minh. Gla st Y = aja,.. ai VO a; €Q, i=1, T,k. Néu Y € @, do dinh nghla cla

+,taco X —{a;} véii=T1,k. Vi vay theo S5ta cé6 X — Y. Ngurgce lai, gla st X —Y
du‘qc suy dién tir § bdi cac §-luat suy dién. Véi modi i = 1,k, X — {a;} 12 diing bdi
($3). Vav ¥ ¢ X+. B4 dé dirge chitng minh.
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Lién quan dén khai niém bao déng va cac tinh chit cia bao*déng, ching ta dua
ra cac ham manh.

Dinh nghia 2.4: Cho @ 13 mét tap hirn han, anh xa F: P(Q) — P(Q) dirge goi la
ham manh trén'Q néu vdi moi ab € va ACQ cdc tinh chat sau la diang:

(1) a € F({a}). .
(2) be F({a}) — F({b}) C F({a}).
(3) F() = 0 F({a}).

Nhan xét 2.5: D& dang nhan thay ring cac tinh chit so ding sau cia ham manh
la ding

(1) Vi A, B € P(Q). ta ¢6 F(AU B) = F(A)n F(B);

(2) Boi quy wde b= Q. ta ¢6 F(0) =nd = Q;

(3) V&i A C B, thi F(B)C F(A).

B dé 2.6: Cho S la tip cdc phu thuée manh trén Q va A C Q. (hung ta ray dung ung
dnh xa F,: P(Q) — P(Q) nhu sau:

[«(A) = {(1 € Q: A — {(1} € S+} l

thi F, la mét hm manh.«. . I

Chirng minh. Gia su S la tap cac phu thuéc manh, ta ¢6 F,({e}) = {p€ Q: {a} —
{b} € St} do luat (bl), ta ¢o a € F({a}). Do dinh nghia cda F, va luat (S3) , ta ¢
{b} — F,({b}) va néu b e F({a}) thi {a} — {b}. Do vay, ta cd {a} — {b} va {b} — F.({b}),
su dung luat ($2), ta duoce {a} — Fu({b}) va I5({b}) C Fi({a}) do dinh nghia cia F..
Cho A la tap cac thuoe tinh, ta ¢é A4 — F.(A) € §*, do vay véi moi a € A, ta ¢o
{a} — Fy(a) boi luat (53) do d6 F,(A) C F.({«}) do dinh nﬂhla cia F({a}). Vi vay,

Fo(y) = GQAF‘({"})‘

Vay F, la mét ham manh.

Nh3n xét 2.7. Dé dang nhan thay ring F.(1) chinh la bao ddng ciia tap A cdc thude
tinh \ng véi tap cac phu thude manh S trén @ do dinh iighia cia F, va dinh nghia
bao déng cua mét tap thude tinh, cé nghia la A* = F(A) hay A% = 0 {a}+ Do vay

dé tinh bao d()ng.) cia mot tap thllO( tinh, triede hét ta can phai tmh l)ao dong cua
moi thudc tinh nim trong thioc tinh dé. !

Thu3t toan 2.8: Tim bao déng ciia mét Lhuuc tinh cho trude trng Vai tap cac phu

thudéc manh da cho: '

Vao: Tap hiru han cac thudc tinh Q, tap hiru han cac phu thuoc manh Svaa€en.
Ra: {a}*, bao ddng cua {«} ttng védi S.
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Céch tinh: Ching ta tinh day cac tap-thudc tinh X© XM theo quy tic sau:
1. X(O = {a}, '
2. Xti+1 = X6, néu ¢ mét ph thuéc manh Y = 7 € 5 ndo dé sao cho Yy nx( £ ¢
va A=2Z\ X0 #£9, va XD = XO trong frudng hgp ngwge lai.

Do vy, ching ta sé ¢6 mdt diy cac tap bao nhau X ¢ XV ¢ ..¢ X ¢ X+ ¢
Q@ va vi @13 hiru han, cdc tap phu thudc manh 1 hiru han, nén ching ta sé di dén
i ma X = X6+, Djéu do kéo theo rang X1 = XG+D) = x(+2)

Khi d6 chiing ta lay {a}* = XD,

Nhin xét 2.9: Thuit toan c6 thé cai dit dé chay trong thai gian ty 1é $6 cic phu
thudc manh trong § va chiéu dai cac phu thudc manh dé (s6 cac thude tinh trong
céc phu thudc msnh cida S). Do vy, thuit todn tim bao déng cia mét thude tinh
cho trudc ¢ 6 phire tap la tuyén tinh O(p), & day p = I(S) (p la chiéu dai cda S, tic
12 6 céc thudc tinh xudt hién trong S ké ca s6 1an 13p cac thude tinh gidng nhau).

Chiing ta phai chi ra ring thuit todn trén la ddng. Dé dang nhan thiy ring véi
moi i : X' C {a}* nhung ngugce lai thi kho hon.

Dinh Iy 2.10: Thudt todn 2.8 tink diing {a}*.

Chiing minh. Truéc tién chiing ta chi ra bang quy nap theo j ring XU C {a}*. Ta
phai chirmg minh ménh dé trén thda man 2 diéu kién:
1. Vaij=0 thi X(© C {a}*.

Thc vy, X© = {a}, do d6 hién nhién 1a X0 C {a}*+.

2. Cho j > 1, gia su rang NU-1 C {a}+ ta phai Chfmg minh rang X7 C {a}*.

Ta chi ra cho truong hop ngugc lai, néu b € {a} thi b€ X nao dé. Thuat toan
(2.8) két thic trude khi tinh X9 hay khong la khong quan trong b&i vi néu thuit
toan nay dirng khi X = XU+ vGi i< j thi ching ta c6 X = X)), Trong thuc té
ta ¢é i < m, véi m la phu thudc manh cia $. m = |5}, vi chi ¢é m phu thuéc manh
trong S thoi.

Chiing ta sé chi ra réng néu {a} — Y € §, tic la {a} — Y dugc suy dién tir § bdi
céc S-luat suy dién, thi nfub ey, ta phéi c6 b € X9 nao dé6. Chirng minh duge tién
hanh bang phuong phap quy nap theo s6 dong suy dién ra Y tir § 5. O day moi dong
la mot phu thuéc manh cia S, hodc 14 mot phu thuée manh dLrQC suy dién tir cac
dong trude va dong cudi cing 1a {a} — Y.

Ching ta chirng minh hai diéu kién sau:

1. Véi 1 dong:

- {a} - Y € 8, vi {a} N XU-D = {a} # (0 nén theo thuat toan (2.8) sé phai ton
tai mét j > 0 ndo d6 sao cho hofic Ia A =¥\ XU-D £ ¢ thi X&) = XU~y 4 hojc la
YC XU dodoycXx®, - _

- {a} — Y dugc suy dién bdi S1, tirc 1 Y = {a} thi hién nhién la Y c X©,
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2. Gia s cac chiing minh voi s& dong it hon p la ding va {a} — Y duge suy
dien tir S boi p dong.

- {a} — ¥ duge suy dien boi (S1). thi clning ta clirng minh twong tir nhar dicu
kicn 1. '

- {a} — Y duge suyv dién boi (52). ¢6 nghia la ¢ {a) = Bva B #0 Taco
{a} — B dwge suy dién tr s hoi <6 dong it hon p. Theo gia thict guy nap ¢ mot
XU ndo d6 dé B c XU,
Vi BA XYY £ 0 nén theo thuiat toian 2.8 sé phai ton tai mdt i > j nio dé sao cho
hoac la A=Yy \ XNU-D =@ thi X1 = X0=Dy 1 hodie 1a vy € X, do dé ¥ € X,

- {a} — ¥ duwoe suy dien boi (53). ¢6 nghia la ¢6 - CvaaeB, ¥ CCoVi
BAXN©® = {q} # 0 nén theo thudt toan 2.8 sé phai ton tai mot j > 0 nao do sao cho
hode 1a A= C\ XU~V =@ thy XU = XU=Dy 1 hode T ¢ € X9, do dé Y € XU,

- {a} =¥ duge suy dien bai (S1), ¢ nghia ld O {a} — B \a'{ } — D va
= BND. v {a} — B va {a} — D {a} — Y duge suy dien tiv S bai s6 dong it hon p.
0 Vay, ta co ¥ C XU,

=

- Ha) — v dirge suv dien boi (55). €6 nghia 1a ¢6 A — B. € — D va AnC =
{a}. Y = BuUD. Nhu trong trivong hgp vai (53) voi L — Y, a € (' s¢ ¢6 X' sao cho
BC XY vavei  —D. a€C.x¢ ¢d N sao cho D C XU do vay ¥y € Xm0 Bigh
Ly dwge cliimg minh. h N

i . "*i}"i\ ;‘
Thuat toan 2.11: Bai toan thanh vién FaA L R
Vao: Tap hiru han cae thuoe tinh 2. 13p htn han cac phu lhuoc manh $ va phu
thudc manh X — Y. "
Ra: v — Y € §+7
Buwde 1: Moi thude tinh « € X, tinh {«}* theo thudt todn 2.8 - (O(np))
Buwde 2: Tinh X+ = =nN{u}t (O(n~)) .
Budc 3 Kiém tra v c Nt - (O

Chitng minh. Theo bo dé 2.3 ta cd X — Y e 5t &)y C X*

Nhan xét 2.12: Bai toan thanh vién véi tap S cac phy thuge manh trén @ va phu
thuée manh X — ¥ cho trude, quyét dinh v — Y € S+ hay khong duge giai quyet
trong thoi gian da thive O(n?)+ Oy, & day n = |Q|. p = (S) - chicu dai cia tap phu

thudoe manh S. . o
: . TTETY e

£+ [l
, . .;’:i i:;"!;‘:; Qe
Khéa N
i
Khi ndi ve tap doi tugng. ching ta gié st rang ¢6 mot khoéa tire la tap cac thudge
tinh ma né xac dinh duy nhat mot A6 twgng. b

Dinh llJ/II(l 3.1: Cho R la quan hé tren @, va & € Q. Ching ta nét & la khoa 161
ticu cia R (Khda t6i tiéu ciia S) néu:
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bat K = {a,.az,va}. Fr({a;}) = {a € Q: {aj}—:»{a}}. Fol{ajji — {a e Q- Ha;} —
{a} € S*}. '

k ' k
1. U#rat{a;h = adJFdads = @)
j= i=1 .

2. Vdi moi tap con thire sit K’ ciia & thi U l“({a,}) cQ ( U [’({aJ}) c Q). Ta

nhan thdy \0‘1 moi quan hé hay tap cdc plm thuoc manh, co the la mot hay nhicu
l\hoa toi ticu. Ki hiéu K (K,) 1A ldp tat ca cdc khda 18i tidu cla R(S). RO rang
rang Kg. K, la cac hé Sperner trén Q.

Thuat todn 3.2: Tim mot khida téi ticu cia tap cac phy thugec manh $ trén. Q.
Vao: Tép hiru han cac thuge tinh 0, tap hiru han cac phy thuéc manh § trén Q.
Ra: N e K,.

Cach tlm: Gia su Q = {rll.(l'_v..;.(l,,}. _
V&1 noi a;, i = Tn,su dung thuat toan 2.8 tinh Fo{a:}) = {a;)* (O(np))
bat Ko =Q '

i Kici\ {a;} neu da; € N,—y\ {ai}a; € l.({(l;}) (O(n*))
\; = . . .
K,y neu ngiege lai ‘

thi &, chinb la khéa toi tién cla S tec la Kpe K,. !

Chieng minh. Do cach xay dyng K;. ta ¢é o

U Fdah) = @ vi=Tn,

ai€h;

hon the nira khong the loai mot pliaw tu nao cua i, direc mra do vay K. la khoa
t6i ticu. Dé dang nhan thay thuat toan tim mét khéa toi tidu duege giai qmct trong
thoi gian da thite (O(up) + 03N, & dav w101 p = iY) - chicu daj cia tap phu
thudae manh <.

Dinh nghia 3.3: Cho 5 la tap cac phu thuée manh 1rén Q va o, b 1a cic thuée tinl
cua Q. Ching ta néi ring a va b la twong duong (ki hi¢u =) néu F, ({a}) = F,({h)).
N hidu L(a) = {beQ: b= al.

Dinh ly 3.4: Cho s la tip cde phu thuoe manh trén Q. K = {ay,aq .a;} li khou
16i ticu ciia S. Thi K lu lhou 187 ti€u cia S khi va chy khi K = (b1, bay .. b} wdi
bi € L(a;). i=1.F.

Chirng minh. Do dinh nnhm cta khoa téi tién va dinh nulua phdn tu tuong dwong,
dé dang nhan thay R’ la khéa 161 ticu clia . Ngugce lai gia sie K" = {c,....c;} la
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khéa t&i 1icu cia S D&t 1 = Q\i91L(('1 ). XU aj €L, vi a; ¢ K nén phai ton tai o; # q;

+sa0 cho «; € Fi({aw}) va Fo({a;}) # Fo({a;}). Vi K 1a khéa t8i tiéu cia S, ¢6 nghia la
U F({a,}) = Q. do vay ton tal cp dé a; € Fs({ep }). Vi vay. ta co F, {a,} C Fy({cp})) va

a_, € F, ({r,,}) a; # ¢p va F.({&;}) # Fi({c;}). Do va) a; ¢ K", va K" khong chira L. Do
do sé ton tai by,..by vOi b; € L(a,), i=1k dé K = {by,...,bx} VO b; € L(a;), i = L. 1.k.
Dinh ly duge chirng minh.

Nhan xét 3.7: Cac bu‘é‘l,‘_.? cua thuat toan trén chi doi hoi théi gian la da thite doi
vGi Q va Chjleu dai cia cac tap phu thuéc manh S. & (Iay n= |Q| va p = I(S). Do
vay. bai toan tim tap tat ca cac khda 18i tidu clia S durge giai quyét bang mét thuat
toan c6 dd phic tap la da thiic néu hrge leong cik, la da thirc. ()
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Abstract ¥
Some results on strong dependencies

Strong dependencies have'been introduced and axiomatized in [2.3.4]. In this paper,
we give some results, that are related to strong dependencies. We. give an algorithm
for computing closures of one attribute in lincast arme O(p) where p s the length of
S. and then we give a membership algorithm. We also give an alyorithm for finding.
a minimal key and finding a sct of ull minimal keys of 5. -



