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TOM TAT
Khoa téi ti€u va phan khoa la nhiing khéi niém c¢6 vai trd quan trong trong toan ti
bao dong. Bai bao gidi thiéu vé mot bai toan tap khong khoa cua toan tir bao dong.
Bai toan nay dwgc bai bao chitng minh c6 do phtc tap 1la NP-day du.

Tt khoa: Toan tix bao dong, khoa t6i tiéu, phan khoa.

1. MO PAU

Toan tit bao déng da xudt hién tir rat lau trong toan cling nhu toan tng dung.
Tuy nhién, gan 30 nam tro lai day, toan tir bao déng cd nhiéu ting dung quan trong trong
cac linh vuyec lién quan vé dit liéu nhw co so dit liéu, cac hé suy dién, khai pha dit liéu [1,
4, 6, 9]. Ngoai ra, cac toan ti bao déng nay ciing c6 thé tim thdy trong nhiéu ly thuyét
thoi sw nhu siéu d6 thi, matroid, tap tho, tdp mo, tri tué nhan tao, ly thuyét quyét dinh
[3, 5,8, 10].

Trong cac van dé nghién cttu vé toan tir bao déng thi khoa va phan khoa la duoc
nhiéu nha nghién ctu quan tam nhat. Bai bao nay cting khong ngoai muc dich dé. Trong
bai bdo nay chung t6i nghién cttu do phttc tap cua bai toan xac dinh moét tap cho truede
c6 phai khong khda ctia todn tit bao dong hay khong.

Cau trac bai bao chia lam 4 phan, Sau phan mé dau, phan th 2 gidi thiéu khai
niém todn tir bao dong va mot s6 khai niém, két qua co so lién quan. Phan th 3 ching
t0i gidi thiéu va chiing minh mot bai toan NP-day du vé tap khong khoa cta toan ti bao
doéng. Phan cudi cung caa bai bao 1a két luan.

2. MOT SO KHAI NIEM CO SO

Muc nay nhic lai mot s6 khai niém va két qua co so. Cac dinh nghia va két qua
nay co thé tim thay trong [1, 2, 10].
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Cho U 1a mét tap hitu han khac rong. Ky hiéu P (U) la tap lily thita ctia U . Anh
xa L:P(U)— P(U) thoa cac diéu kién sau:

(L1) X < L(X)
(L2) X Y = L(X)c L)
(L3) L(L(X)) =L(X)

véimoi XY c U, duoc goi la mot todn tir bao dong (TTBD) trén U . Ky hiéu CL(U) 1a
tdp tit ca cdc TTBD trén U .

Xét TTBD L e CL(U) va K cU . Tap K duwoc goila khda cua L néu L(K)=U .
Mot khoa K dwoc goi 1a t6i tiéu néu véi moi @ e K thi L(K —a)! khong phai 1a mét
khoa. Ky hiéu tdp tdt ca khéa t6i tiéu ctia L 1a Key (L).

Mot tap con K T cU duoc goi la phan khéa caa L néu L(K N =U vavéi moi
aclU—-K'thiL(K 'ua)=U .Ky hiéu Antikey (L) 1a tép tat cd cic phin khéa ctia L .
MGi quan hé gitra khoa tdi tiéu va phan khoa ciia TTBD nhu sau:
Ménh deé 2.1. [9]
UKey (L) =U —NAntikey (L).
Vi du 2.1. Céc d4nh xa sau la cac TTBD co so:
1) Anh xg t6i dai m :P(U) - P(U) xéac dinh béi m(X)=U véimoi X cU, va
Key (m) ={@}, Antikey(m)=2.
2) Anh xq dong nhat i :P({U)—P(U) cho boi i(X)=X véi moi X cU, va
Key(i)={U}, Antikey(i)={U -a:a cU}.
3) Anhxgtinhtién t,, :P(U)— P(U) xac dinhbéi t,,(X)=M UX véi M latap
con cho truéc cua U, XcU va Key(t,)= {U -M } ,
Antikey (t,,)={U —a:aelU -M}

3. KET QUA
Xét TTBD LeCL(U). bat S ={X : X khong phai la mét khéa clia L}. Nhu

vay, ro rang S 1a ho cac tdp khong phai khoa cua TTBD L. Tt dinh nghia phan khda,
suy ra Antikey (L) cting 1a ho céc tdp khong phai khoa toi dai ctia L .

1 Ky hiéu X —-a,X va,X =Y tuong ung lan luot thay cho X \{a},X u{a},X \Y vdi moi
XY cU vaaeU
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Nhu ching ta da biét cac tap khong phai khoa t6i dai dong vai tro quan trong
trong nhiéu bai toan thu vi cia TTBD ciing nhw nhiéu van dé lién quan khéac. Trong muc
nay, chung ta sé€ gidi thiéu mot bai toan NP-day du lién quan dén tap khong khda ctia
TTBD. Bai todn nay dugc mo ta nhu sau

Bai toan 3.1. (Bai toan khong khéa ciia TTBD)
Dit kién: TTBD L e CL(U) va mot s6 nguyén duong k sao cho k U |.
Céau hoi: C6 ton tai mdttap X €S saocho k < X |?

b€ chiing minh tinh NP-ddy du ctia Bai toan 3.1, ching ta sé sit dung Bai todn
NP-diay du tdp djc lap da biét sau
Bai toan 3.2. [7] (Bai toan tap doc lap)
Dit kién: M6t s6 nguyén duwong kK va mot do thi vo huéng G = (V,E) véiV 1a tap cac
dinh va E la tap cac canh.
Cau héi: Co ton tai mot tap doc lap / sao cho k <[/ |?
DPinh 1y 3.1. Bai todn 3.1 la NP-dady du.
Chirng minh.

Dé thay Bai toan 3.1 thudc 16p NP, vi ton tai thuat toan khong don dinh giai Bai
toan 3.1 nhu sau:

e Sinhmét tdp con X c U sao cho | X |2k mdt cach khong don dinh.

e Kiém tra trong thoi gian da thiec X c¢b phai la tap khéng khoa ctia TTBD L

hay khong.

Bay gio chting ta sé& chirmg minh Bai toan 3.2 quy dan da thirc vé Bai toan 3.1.
That vay, xét d6 thi vo huéng G =(V,E) véi k |V |. Ta xdy dung anh xa
f:PU)—P(U) nhu sau:

V néuX ={uv!eE

F(X)= uvie
X nguac lai

& day U =V .Chayrang véimdi X ¢ E tacd F(X)=i(X).Déthdy f eCL(U) va f

duoc xay dung trong thoi gian da thiec theo kich thude cua G .

Theo dinh nghia d6 thi, rd rang E la mot siéu d6 thi don trén V . T dinh nghia
khoa t8i tiéu va TTBD f dwoc xay dung nhu trén, ta c6 Key (f) = E . Do d06, c6 thé thay
X khong phai mot khoa ctia f néu va chi néu {U,V} z X véimoi {u ,V} eE .Vay, X

khong phai khoa cua f néu va chi néu X 1a mot tap doc lap cua G .
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4. KETLUAN

Nhu vay, bai bdo da gidi thiéu bai todn khong khda ctia TIBD, va chitng minh

duoc bai toan nay c6 d6 phtec tap 1a NP-day dt. Diéu nay c6 nghia rang bai toan khong

khoa cua TTBD la bai toan rat kho, khong c6 thuat toan da thie giai bai toan nay néu

NP

[1].

[2].

[3].
[4].

[5].

[6].

[7].

[8].

[9].

[10].

=P .

TAI LIEU THAM KHAO

W. W. Armstrong, Dependency structures of database relationships, Information processing 74
(1974), 580-583.

F. E. Bennett, Li Sheng Wu, On minimum matrix representation of closure operations, Discrete
Applied Mathematics, 26 (1990) 25-40.

C. Berge, Hypergraphs: combinatorics of finite sets, North-Holland, Amsterdam, 1989.

G. Burosch, J. Demetrovics, G. O. H. Katona (1987), The poset of closures as a model of changing
databases, Order, 127-142.

N. Caspard, B. Monjardet, The lattices of closure systems, closure operators, and implicational
systems on a finite set: a survey, Discrete Applied Mathematics, 127 (2003) 241-269.

J. Demetrovics, G. Hencsey , L. Libkin, I. Muchnik, On the interaction between closure operations
and choice functions with applications to relational databases, Acta Cybernetica, 10 (1992) 129-139.

M. R. Garey, D. S. Johnson, Computers and Intractability: A Guide to the Theory of NP-
Completeness, A Series of Books in the Mathematical Sciences, W. H. Freeman and Company,
San Francisco, 1979.

H. Mao, S. Liu, Posets and closure operators relative to matroids, Matematika, (2012) 77-85.

Nguyen Hoang Son, Vu Duc Thi, Some the combinatorial characteristics of closure operations,
Algebra and Discrete Mathematics, 28 (2019) 144-156.

Z. Pawlak, Rough sets-Theoretical aspects of reasoning about data, Kluwer Academic Publishers,
The Netherlands, 1991.



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 18, S8 1 (2021)

ABSTRACT

NP-COMPLETE PROBLEM OF CLOSURE OPERATIONS
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Minimal keys and antikeys that are concepts play an important role in the closure

operations. The paper presents a problem about the nonkey set of the closure

operations. The paper proves that this problem has NP-complete complexity.

Keywords: antikey, closure operations, minimal key.
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