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Abstract: Closure mapping on a finite set U is anhitng nim 2000, cac nha khoayt trong nhéu céng
mapping satisfied reflexibility, monotonicity, andrinh nghién ¢u da céng b cac ly thugt v& anh x
idempotence properties. This is one of mathematiadbng, i sinh AXD, biéu dién ar sv, phin oo s caa
tools supporting theoretical aspects in severallof hé sinh AXD théng qua phép thuog he sinh AXD
fields, such as database and knowledge-base systemdm muc dich nang cao Bu qua tinh toan trén cac
deductive systems, data mining etc. .. Each closutéi tuong aia AXD néi chung [5, 6, 7, 8] va catbi
mapping can be specified by a deductive systetagngdic thu trong kxéng nghién ¢u vé khai pha va
called generation system. An antibase of a closuf@ cacddi tuong ntay cam nhr cac ép thuong xuyén
mapping f on U is the subset P of U satified $#R), va luit két hop [4]. Két qua m6i ciia bai vét 1a dé xuat
and A U\ P: f(PA) = U. It is shown that antibasesmét dang biéu dién phin o s5 hé sinh AXD theo ¢
can be used in database design and data mining Rbai cuc dai cia #ip luat sinh. Két qui nay c6 y ngta
reduce computational complexity of algorithms foRhu sau: Thr nhat, ta c6 ti sir dung phin o s thay
computing such objects as closures, keys, nornfd]0 Vai tro éa @ sy vi co sy va phin ao s 1a hai khai
forms, sensitive itemsets and association rules,.et Niém déi ngau va thut toan xay gng phin oo s tir co
This paper presents some new results concernifigVa ngroc lai, xay dig o so tor phan oo sy ¢6 do
representing the antibases of a given generatidc tap tinh toan la tun tinh [1]. Thi hai, xacdinh
system. We show that each antibase in a generatidfoC phin o s5 thi @ sy ciing dugc xacdinh cho
system can be represented as a union of the maxirFp ta gim dugc khong giandu trir do ip luat duoc
right-hand side and an antibase of the reducedesyst thu gn va ing hiéu qua tinh toan cho cac¢hthong
quan ly cacdoi tugng phrc tap nhr co so dir ligu
huong déi tuong 1am viéc Véi cac dr liéu I6n, cac i
thdng suy dn nhr datalog, ontology va khai phard
liéu, v.v..

Bai viét ¢ diu trdc nhu sau Phin thi nhét trinh
bay caadinh nghia, khai ném vé& anh x dong, ¢ sinh
anh » doéng va nét sb tinh chit quan tong lién quan
dén cac khai im nay. Cac khai aim V& co 9, phan
co so va phép thu gn k¢ sinh AXD dugc trinh bay
trong phin thir hai. Pln thr ba d@ia bai vét trinh bay
cac khai mim vé vé phai cuc dai caa cac ldt sinh, trén

Keywords. closure mapping, generation system
deductive system, antibase

I. CAC KHAI NI EM M O PAU

Nhiéu két qua trong tin loc ly thuyét dya trén khai
niém anh x dong (AXD) nhe mot toan fr thiét lap
tuong wrng gita cac &p con @a p hiru han cho tuéc,
thoa man cac tiédé phin xz, dong bién va liy dang.
Viéc nghién éu tng quat ¥ cac anh x déng cho
phép ta ny rong kha ning van dung njt cong @ toan
hoc trg gilp phat tén mot sb két qua trong cacinh

vuc néi trén. Mi anh » dong cé th duoc dic trung
thdng qua rdt hé suy din goi 1a hé sinh AXD. Tir dau

co s d6 phat béu va chirng minhdinh 1y & mot dang
biéu dién phin cv s cia ke sinh anh x d6ng thdng
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qua phép thugn hé sinh theo @ phai cuc dai ciia tip
luét sinh.

Cac ky héu va quyusc sauday duoc sr dung nhr
trong [1, 2, 8]. Cac gin tir ciia tip hop duoc ky higu

bing cac clr Latin viét in ddu bang chir A, B, C,...

Céc fip duoc ky hiéu bing cac cir LATIN HOA cudi
bang chit X, Y, Z,... Cac phn tir trong ndt tap theong
dugc liet ké nhr mot xau ky t, ching han ta viét
X = abcthay vi vét X ={a,b,d. XY biéu dién hop caa
hai ip X vaY. Phép ter hai ip X vaY dugc ky hiéu la
X\Y. Tdp vii try haytdp rén U duoc cho tuéc ludn
lubn lahizu hgn vakhac tong. M| cho bét luc luong
cua tp M. Ky hiéu SubSet(U) ladp cac tip con @a U
Véi thir tir by phdn bao ham(O). Vi mdi ho cac fp
con ¥ cia U ta ky héu n ¥ la giao cia cac 4p con
trong b ¥, cu thé la ng[/:XDX

Chod, O O PosefU) vaM, P [0 PosefU). Tadinh
nghia phép toaml trénPosefU) nhr sau:

M O P =MP (hop cia hai §p conM vaP)
MOO={MX|XDO0O}va

ODO0O0={XY|XO0DO, Yoo}

Céc khai nim oo ban sauday duoc trinh bayday
du trong cac cong trinh [8, 10]

Cho #p hiu han U. Anh xa f: Subsdil) -
SubsefU) duoc gi 1a &nh x dong (AXD) trénU néu
véi moi tap conX, YO U, f théa mén céc tinh dhsau:

(C1)Tinh phin xq: f(X) O X,

(C2)Tinh dong bién: Néu X O Y thi f(X) O
f(Y),

(C3)Tinh kiy dang: f(f(X)) = f(X).

Goi f la mot AXD trénU . Tap conX O U duoc
goi la diém hit déng (haytdp dong cia AXD f néu
f(X) = X. Ta ky hu Fix(f) 1a tip toan tid cacdiém hit
déng caa AXD f trénU. Mit khac, theo tinhily ding
cia AXD, ta con c6 th mo & Fix(f) nhe sau,Fix(f) =
{fX)| XOU}

Mot luat sinh AXD f trénU la biéu thirc c6 ding f:
LR, L, ROU. Cac ép L, R dugc goi tuong trng la
vé trai va \é phai cua luat sinhf vaduoc ky hiéu twong
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ung laLS(f) vaRSf). Ta @i mot hé sinh AXD la cap
a= (U, F) trongdé U la mjt tap hiru han, F 1& tp cac
luat sinh trénU.

Véi moi hé sinh AXD a = (U,F), ta xacdinh anh
xa f, SubSdt)) - SubSdt)) nhr sau:

(i) fa(X) OX,
(i) OL - ROF, LO fi(X) = RO fi(X).

fo duoc i la &nh » cam sinhcaa ke sinh AXD g,
Xlavdt, f,(X) laanh ciaanh »x cam sinhf,,.

Dé& dang nén thay, f,(X) latdp bao(nhs nhat) cua
X trong I¢ sinh AXP a.

Gia sir G la mot ho cac fip condong Wi phép giao
cua tip hiru han U. Cuy thé 13,

G (OX,YOG=>XnYOG)

G duoc goi la gian giaotrénU. Khi d6, G chira duy
nhat mot ho con S sao cho mi phin tr cia G déu
duoc biéu dién qua giao a cac phn tir trongS.

Cu thé 1, Sla tip nhd nhit théa tinh clat,
G={Xin ...n X|k=20,Xg, ..., %X0OS}
S dugc goi la tagp sinhcaa gian giaoG va dugc ky
hiéu 1aGenG).

Cha y #ng, theo quyudc, giao Ga mdt ho rdng
cac fip trongS chinh layU, do d6 moi gian giaodéu
chiraU vaU khong théc vé Ger(G).

binh ngha 1.1[8] ChoG la mjt gian giaotrén &p
hiru han U. Ky hiéu CoatonfG) = MAX(G\{ U}). Céac
phan tir trong ip Coaton{G) duoc goi la doi nguyén
tir chagian giaoG.

binh ngha 1.2[8] Cho M, <) la nt tap hitu han
cO thir te bg phan. PHin tir m trong M duoc goi 1a cuc
dai néu tir x = mvaxOM, ta luén cax = m. Ta ky héu
MAX(M) la tap cac phn tir cuc dai coaM.

Ta nhin xét &ng, Wi mdi phan tr x trongM [udn
ton tai phan tir m trongMAX(M) théa manx < m

Vi mdi ho cac fip con @a mt tap hiru han U cho
trudc, ta xét thr tu bo phan 0.
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II. THU G ON HE SINH AXD

Muc dich aia thu @n hé sinh 1a gim thiéu & luat
sinh va gim kich thréc cia mdi luat sinh. Khi $
lwgng, kich thrgc cac ldt sinh dugc giam thi khéng
gian ku trir hé sinh § giam, dong thyi d6 phac tap
tinh toan da céc that toan ¢ dugc giam theo.

Khac Wi cac phép thu @n trong duong cac lat
dan, thu @n h sinh khéngdwa #p luit sinh & dang
twong duong nhing van bio lru dugc anh aia AXD.
Cac khai ngm sauday da duoc trinh bay mt cachday
du trong [7,8 9,10].

Cho hai ¢ sinh AXb a = (U,F), 8= (V,G) va &p
M O U. Ta n6i & sinh AXD £ nhin duoc tr hé sinh
AXD a qua phép thu gn theo tip M, va ky héu la g
= a\M, néu sau khi lai bo moi xuat hién caa cac phn
tir cia M trong a thi thudugc £.

Thao tac lai b6 M dugc thuc hién trén i sinh
AXD a = (U, F) & thudugc hé sinh AXD 8= (V,G)
nhu sau:

1.TinhV = UM cdd6 phic tap O(n) vai n = |U|.

2.Véi mbi luat sinh X — Y trongF ta to mot luat
sinhX\M - Y\M choG. Tha tuc nay xaadinh ép cac
luat sinhduoc ky hiéu 1aF\M. Dé don gian ta ky héu
G = F\M véi y nghia tip luat sinh G nhan duoc tir tap
luat sinhF sau khi tlrc hién tha tuc thu gn nhr trén.
Tinh F\M doi héi d6 phac tap O(mn), véi m = |F|.

Nhu vay = d\M = (U\M, R\M) duoc thec hién voi
d6 phirc tap O(mn), tic 1a tuyén tinh theo cliu dai di
liéu vao (@a ke sinh AXD a).

Sau khi thec hién tha tuc G = F\M, néu:

> G chira cacludt sinh tm throng (dang XY,

X 0OY) thi ta lai cac It sinh nay kbi G,

» G chra cac ldt sinh trung dp thi ta trgc bat

céc Idit sinh nay.

Thi du 2.1 Cho & sinh AXD a = (U, F), tip rén
U = ABCDEH, F = {AE-D, A-DH, BC-E,
E-BC}. Voi M = ADH.

Hay xacdinh 5= (V,G) = d\M.

Ta cé, V=UADH = ABCDEHADH =BCE,
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G ={E-0 (loai), 0 -0 (loai), BC> E, E~BC}
={BC - E, E - BC}.

Nhan xet

Phép thu gn thea tinhkét hop, cu thé 1a réu a la
hé sinh AXD trén fip U va X, Yla hai fip con bi nhau
caaU ta cOAAXY = (AAX)\Y = (a\Y)\X.

Cong thirc biéu dién AXD cam sinh theo phép thu
gon hé sinhdugc cac tac di trong [7] trinh bay nin
sau:

Cho F¢ sinh AXb a = (U,F) va hai §p con khoéng
giao nhauX vaY trongU. Khi dé: f(XY) = Xfx(Y).

Tur cbng thrc trén, trong [7] cac tac @ida dva ra
cong thirc tinhanh cho ép X O U trong ndt hé sinh
AXD a = (U, F) nha sau: f(X) = X fax(0).

Cong thrc tinhanh cho ndt tip conduoc dung lam
co & cho thit toan tinhanh aia anh % cam sinh \bi
thoi gian tuyén tinh theo kich thdc aia te sinh. Tir
tuong thuit toan 1a,dé tinh f,(X) trong ¢ sinh a =
(U,F), ta thec hign phép thu gn 8 = a\X. Trongp, ta
can tinhf{0). Ta c6 ik nhan thiy rang, f(0) # O khi
va ch khi h¢ sinh S co luat sinh ding 0 - R Vi R #
0. Néu c6 nlieng luat nhr vay, ta gom cac & phai R
cua ching.dua vao Kt qua va ki thyc hién tiép cac
phép rat gn trén & sinh B Qua trinh &t thac khi
trong S khoéng con lat dangd - R, R# 0.

Thi du 2.2 Cho I sinh AXD a = (U, F), tip én U
=ABCDEH, F{AE-. D, A~ DH, BC-E, E- BC}.

Tinh:1.f(AHE) va 2f,(E)?

Theo I¢ qua vé cong thirc xacdinh anh cho ndt tap
thi:

1. f{AHE) = AHE fune(0); G = FPAAHE =
{0 - D,BC-0O (loai), 0 - BC} ={0 - BCD}.

Tu day, ta tinhduoc faaue (O) =BCD. Do 46,
f,(AHE) = AHEBCD=U.

2.f(E) =Efae (0); G = F\E = {A-D, A-DH,
BC- 0O (loai), 0 -~ BC} ={A -DH, O - BC}.

Tu day, taduoc fae(00) =BC.Dodé f(E) =EBC.

Trong cac cbng trinh [9,10], cac tac giing da
trinh bayday du vé cac khai im oo s va phin o s&
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ciia mbt hé sinh AXD. Cu thé nhr sau,

Tap conK cia U duoc i 1a co so cia AXD f néu
thoa man cac tinh dhsauday:

(i) f(K)=U,va

(i) OXOK: f(X) z U.

Ta ky héu Bas€f) la tip cacco so cha AXD f.

Mot khai ném ddi ngdu voi co s& AXD l1a phin oo
so AXP. Khai ném ddi ngdu ¢ day duoc hiéu v6i y
ngHa co s la tp con nlb nhat cé anh 1aU, phin oo
s la fip con bn nhit cd anh khacU. Khai niém phan
co so AXD dugc phét béu nhr sau,

Cho AXD f trénU. Tap conP cia U duoc i la
phin oo s cia AXD f néu thda man céc tinh élr

(i) f(P)#U,va
(i) DADU\P:f(PA) =U. ,

Trongdag, theo trugn thong aia ly thuyét co so dir
liéu thi PA duogc hiéu 1a hyp cia @ip P vé6i phan tir A.

Ta ky hiéu Antibas€f) l1a tip cacphin o s cia
AXD f. Fix(a) ciing duoc ky hiéu 1a ip toan th cac
diém bit dong aia &nh x cam sinh k& sinha.

binh ly sau & trinh bay ndi tuong quan gia tip
phan oo s cia anh x dong va ép dbi nguyén t caa
gian giao.

binh ly 2.1[9] V&i moi AXD f trén ip hiru han U,
Antibaséf) = Coatontf).

Ta @i co s (phin o ) caa ke sinh laco so (
phin co s6) cia anh x cam sinh @a h¢ sinhdo.

Vi méi hé sinha = (U,F), ta ky héu Antibaséa)
l& tip cac phn o v cia ke sinha.

binh ly 2.2[9] Cho k& sinh AXb a = (U, F) va
B=(,G).Biétf=a\X, X, MOU,Xn M=0.

Khi @06,

1. XMOFix(a) khi va ch khi MOFix(B).

2. XMOGen a) khi va ch khi MOGen5).

3. XMOCoatonga) khi va ch khi MOCoaton{f).
4. XMOAntibaséa) khi va ch khi MO Antibas€f)

l1l. Bl EU DIEN PHAN CO SO HE SINH AXD
Trong cac cong trinh nghiénre v phin o 3,
ching han nhr [1, 8, 9], cac tAc gida phat biu vé
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mdi twong quan gra Bip phin co s5 AXD va tip ddi
nguyén t cia gian giao qudinh ly 2.1 @ing nhr chi
ra dugc cac tinh cfit cia hy cac ap doéng khi thrc
hién phép thu gn ¢ dinh ly 2.2. Tuy nhién, €c xac
dinh ip cacddi tugng qua phép thueg thi chra duoc
cac tac gi dé& cap dén. bay la cac kt qua quan tong
dé bai viét phat trén tiép mot dang biéu dién phan o
so dugc trinh bay saday.

Tu thoi diém nay to di, ta lubn gi thiét ring mpi
hé sinha = (U, F) déu duoc biéu dién dudi dang thu
gon tw nhiénvéi y nghia nhr sau: ép U hiru han va
khong bng, tip luat sinh F khong Hng va tlba man
céc tinh cht:

1. F khong clira cac 1t sinh fim theong:

OXYOU: XOY=>X - YOF)

2. Hai \é trai va phi cua nmi luat sinh trongF roi
nhau (khéng giao nhau):

Of OF: LYf) n R =0

3. Céc ¥¢ trai aia i luat sinh trongF khac nhau
d6i mot:

Of,g0F LYf)=LYQ) « f=g
Ta ky héu MR(F) la tip cac ¢ phai cuc dai cuaF,
MR(F) = MAX{RS(f) |f O F}.

Thi du 3.1 H¢ sinh AXD a = (U, F) c6 #ip ren
U=ABCDEH, F= {AE-D, A-DH, BC-E, E-~BC}
c6 cangthu gn tw nhién

B dé 3.1 Cho i sinha = (U, F), réu R O MR(F)
thi R1a ip con @a phin oo s& naodé cia a khi va ch
khi f(R)# U.

Chizng minh

(=) Gia st POAntibaséa), R 0 MR(F) vaR O P.
Theo gi thiét, doR O P nén theo tinh ¢ dong bién
cua AXD, ta cof(R) O f(P). Mat khac, doP la phin o
sé nénf(P) # U. Tur d0, ta suy rd(R) # U.

(0) Nguoc lai, néu R O MR(F) vaf(R) # U. Theo
tinh cHit diém bit dong thif(R) 1a mdt diém bit dong
nénf(R) O Fix(f)\{U} voi f 1a &nh x cam sinh @a k¢
sinh a. Suy ra, dn tai P O MAX(Fix(f){ U}) thoaf(R)
O P. Do tinh plan xa AXD, RO f(R) O P.
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VayROP 1)
Mit khéac, theadinh ngha 1.1 & tap Coatomva
dinh ly 2.1 phét iu vé sy tvong quan gira tip phin

co sy va #p ddi nguyén tr cia gian giao, ta co,

Coatonff) = MAX(Fix(f){U}) = Antibaséf). Suy ra,P
[0 Antibas€f). Vay P la not phan oo so (2)

T (1) & (2), ta Kt luan R O P, ngha la \é phai
cuc dai R phai chra trong nét phan oo s6 naodo aia
h¢ sinha.

binh ly 3.1Moi phan oo & caa ke sinha = (U, F)
déu biéu dién dugc dudi dang RM véi R la vé phai cuc
dai khéng chra @ so vaM la phin oo sy cia te sinh 8
= adR

Chizng minh

Theo gh thiét thi R 1a V& phai cuc dai khéng chira
co s5. Theo b dé 3.1, ta suy raR phai thusc vé mot
phan cr s P ndod6é aia ¢ sinh a. Nhu vay, ta da
chirng minhdwoc moi vé phai cuc dai cia ip luat sinh
khéng clira @ so thi luén ludn thac vé mot phan oo
s P naodo6 aia ke sinh.

Pit M = P\R, ta suy raP = MR. Ap dung ménh dé
(4) trongdinh ly 2.2 \é tinh déng khi thrc hién phép
thu gon hé sinhddi véi phan oo s, vi P = MR 1a phan
co sb cia ke sinhavaM n R=0 nénM ciing la ptn
co s cia g sinhB=a\R.

Thi du 3.2 Cho & sinh AXb a = (U, F) voi
U = ABCDEH va #ip luat sinhF = {AE-D, A-C,
E-BC, EH-A AC-EH, BD-C}. Ta c6 MR(F) =
{D, BC, A, EH. Ta thiy, f,(A) = U. Vay A khong
thuoc vé bat ky phan oo sy nao @a e sinh a. Ngoai
ra, f(BC) = BC # U. Ta thu gn a theo BC. bit
B = aBC = (V,G), ta c6V =ABCDEHBC = ADEH,
F={AE - D, A - 0O (loai), E - O (loai), EH - A,
A 5 EH, D - O (loai) } = {AE - D, EH - A,
A - EH}. Ta nhan thdy DH 1a phin oo so caa . Nhu
vay BCDH la phin oo sy cia a, trongdé BC 1a mot vé
phai cuc dai, DH la phin oo s6 cia AABC.

Bai toan xaatinh phin oo sy ciia ke sinh cédo phac
tap NP (Non-deterministic Polynomial). & xacdinh
phan oo sv h¢ sinh theo k thuat thu gon & phai cuc
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dai cua @p luat sinh € cai thién dugc hiéu qua tinh
toan lon so i cac thidt toan ma cac tac gkhacda
trinh bay do ta c6 ththu gn lién tép nhiéu lan he
sinh bandau chodén khi ntan duoc mjt hé sinhdon
gian ma véc xacdinh phin co s6 cia k¢ sinh nay
duogc tim thiy rat tr nhién. Gi thé 1a dé xacdinh phin
co sb P cia mbt hé sinh bandau, ta c6 th thu gn
nhiéu lan dé nhan dugc P=RR,...R_RP véi R (i=1,
2, ..., B 1a é phai cuc dai cia cac B sinh trung gian
sau khi thu gn, Py 1a phan oo sv cia k¢ sinh sau khi
thu gpn k 1an.

IV. KET LUAN

Viéc nghién @¢u va \in dung cac anh xdong nhr
mot cong @ toan hc cho phép tist 1ap mbi tuong
quan trong nfu finh wrc nhr co s dit liéu, cac i
suy din, logic, ly thuyt tap thé va 4p mo... Bai viét
da ng quat héa it sb van dé ly thuyét caa cac k
suy din theo ngén niycaa anh x dong. Trén o s& d6
dé xuit mot dang biéu dién phin o sb caa k¢ sinh
AXD theo ¢ phai cuc dai cua @p luat sinh Kt hop
v6i phép thu gn hé sinh.Béng gép nay co thgilp
cho vigc biéu dién phin oo so trong ndt hé suy din tro
néndon gian véi hiéu qua tinh toan ét hon. Cac Kt
qua dugc ung ding tnrge hét trong Inh wic oo so dir
lidu va khai pha @ liéu. Nhr ta bét, trong @ o dit
liéu quan B, rang bdc di liéu la cac ph thusc ham.
Toan tr lay baodéng aia ip thuc tinh trong froc db
quan & chinh la Mt &nh » déng, dod6 cac Kt qua
cia anh x dong c6 th van dung tuc tiép cho vic
thiét ké cac @ s dit liéu quan B. Vai cac bp phu
thuoc rong ton nhr  phy thuoc Boole drong, phu
thuoc Boole drong Hng quat, ph thusc sai khac, v.v..
thi ly thuyét anh » déng ding dugc van dung g rai
trong viéc xacdinh cac ph thuoc duoc suy dn tir mot
ho cac ph thudc cho trge. Mit khac, ly thugt anh
xa déng c6 ti tro gitp cho véc thu @n tp cac ph
thuoc nhim giam khong giandu tir va ting tc do
tinh toan cac thanh ph oo ban trong qui trinh tht ké
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cac krgc d6 chuin hoa, nir baodéng, @ s va phin  [8] NGUYEN XUAN HUY, Cac ph: thusc logic trong &

co D, sg diz liéu, Vien KH&CN VN, NXB Théng ké, 2006.
Tir cAc nlin xét nay, bai toaing ding cac khai [91 NGUYEN XUAN HUY, LE THI MY HANH,
niém AXD vao vic biéu dién cacddi tuong aia cac HUYNH MINH 1TRI, Phan khoa @a anh x dng qua
hé suy din trong nghién @u, phat trén ly thuyét mot p.heﬁ’ thu, gn e S'.nAh Ky y?u Hol thao\ tha h’c Qfﬁc
‘o A R ) , | gia lan thr 3 “Nghién ¢ru, tng dung va phat tdn Cong
so linh wic cia cong ngh thong tin cling han nhr ly nghe Thong tin va trujn thong”, ICT.rda’06, 20-
thuyet co 5 dir liu cing duoc xem la lréng phat 21/05/2006, NXB KHKT Ha 6i, 2006, 1-6.

HUYNH MINH TRi, NGUYEN BUC VU, Bidu dién
khoa gia anh x dong Ky yéu Hoi thio FAIR: Nghién
ctu o ban vaung dung CNTT, NXB KHKT Ha N,
2006, 23-28.
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