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Abstract. Fuzzy databases under several different approaches allow not only traditional crisp data
and fuzzy sets representing the meaning of vague linguistic values, but also data in the form of finite
subsets of attribute domains and, especially, null values of different types such as “inapplicable”,
“missing” or “at present unknown”, and so on. In this paper, the semantics of linguistic terms in
fuzzy databases will be considered based on hedge algebra structure and, consequently, the databases
under such data semantics are called linguistic databases. For these databases, a unified method of
fuzzy data representation in which each datum of all types under consideration is represented by a set
of intervals in the respectice attribute domains, and therefore it is a method of interval representation.
Note that these intervals are defined relying on the neighbourhoods of a semantics-based topology on
attribute domains. In these databases, the concept of fuzzy equality and matching relations of degee
k between data of different types, where k is a positive interger indicating the length of terms in the
respective hedge algebra, are proposed and studies. Based on the interval representation of the data
in databases, fuzzy queries to the linguistic databases will be transformed in to (crisp) ordinary ones

and, hence, a great benefit is obtained.

Tém tdt. Co s& dir libu md, véi nhitng céch tiép can khic nhau, ngoai dit liéu rd truyeén thong va
tap md biéu thi gid tri ngén ngit md con cho phép chita nhirng dir liéu dang tap con hiru han cla
mién thudc tinh, dac biét cdc dang dir lieu “null” nhu dir liéu khong xéc dinh, dr liéu “at present
unknown” ... Trong bai bdo, chiing téi trinh bay mot phwong phap biéu dién céc dang dir liéu niy
moét céch théng nhat biang tap cic khodng, trong dé dir liéu ngén ngir mo duoc biéu thi bing tap
cic khodng duoc xdc dinh tir 1an can topo nglr nghia trén mién tri cia thude tinh. Vi vay né duoc
goi 13 phwong phép biéu dién khoang. Cac khai niém bang nhau mé, quan hé déi sénh md mic k
v6i k 14 d6 dai cia bidu dién chinh téc cla cde gid tri ngén ngtt trong dai s8 gia tir thich hop duoc
giGi thiéu va nghién ctru. Trén co s& dé mot truy van ngoén ngit mo sé chuyén déi duoc vé mot truy
van thong thuong khé tién loi cho viéc xir 1¥.

1. GIOT THIEU

A s’ ~ N N ’ ., . ~ ~ ’ e ~ . oA A N » X ’
béi véi co s& dir lieu mo chita gid tri ngon ngtr, cach tiép can kinh dién dé biéu dién céc

*Nghién ctru dwge thire hién dwéi su tai tro ciia Quy phét trién Khoa hoc - Cong nghé Quéc gia Nafosted
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gia tri nay 1a st dung tap mo [20, 21,16]. Chang han ddi véi thude tinh A, mot gid tri ngon
ngir mo clia thuoc tinh nay dwoc bieu dién bdi tap mo A(x) trén khong gian tham chiéu clia
A. D& so sanh do twong tir gitta A va B, mot s6 do do Com(A, B) do do twong thich giira hai
tip mo A va B duoc dinh nghia dua trén nhirmg dic trung cia cdc dang tap mdo tam gidc,
tap mo hinh thang [16]. Mot cdch tiép can khdc 14 dua trén ly thuyét khd niang: sit dung
mot phan phdi kha nang 74 : Dy — [0, 1] véi 7w4(d) bieu thi khd nang thudc tinh A nhan
gid tri d. Dua trén Iy thuyét nay, c6 thé dinh nghia do do Poss(A, B) - kha nang bang nhau
gitta A va B; do do Nec(A, B) biéu thi mitc do cia suw kién “théng tin cé trong B bi bao
ham trong A” va c¢é thé dinh nghia nhiéu phép toan khac. Mot cach tiép can nira la sir dung
dai s6 gia tr (PSGT), mot mo6 hinh toan hoc vé cdu tric thit tw ngr nghia cia mién gid tri
clia bién ngoén ngir. Moi gid tri ngon ngir dwoc biu dién bdi mot phan tir trong mot DSGT
thich hop. Céch biéu dién nay cho phép thuc hién nhitng thao téc truc ti€p trén ngdén ngi,
bdo toan dwoc ngit nghia cia dir lieu ngon ngir theo quan diém tinh todn trén cic tir [24].
Tuy nhién, do tinh chat dinh tinh cda dir liéu ngén ngit nén khé bieu dién thong nhat véi
cac dang dir lieu khac nhw s6, khodng va dic biet hon 1a tap céc gid tri roi rac, “unknown”,
“missing”, “inapplicable” [8]. V1 vay can phai c¢6 phwong phdp dinh lwong nglr nghia cdc gid
tri ngoén ngir lam co s& d€ bi€u dién mét cich thong nhat cdc dang dit liéu trén.

Vé co ban phwong phap nay dwa trén y twdng chinh nhw sau. Mién gid tri ngon ngir cia
moi thuoc tinh duwoc nhiing vao mot BSGT phit hop. St dung cich lwong héa ciia DSGT,
moi gid tri ngon ngir @ sé xac dinh mot khodng J(a) trén mién tri cda thudc tinh twong ting.
Kich thuéc cia J(z) phu thuéc vao do dai biéu dién chinh tic ctia @ trong DSCGT. Tap tat
ca cdc khodng J(hx) véi h 1a gia tir tiy ¥ sé phan hoach khodng J(x). Néu xem ching dwoc
sinh ra tir J(x) thi tap tat ci cic khodng biéu dién cho tat ci cic gid tri cia DSGT sé& 13 mot
ciy. Moi gia tri thyre trong mot khoang J(x) & do sau k dwoc xem 13 twrong thich ngir nghia
mitc k v&i . Trén co s& nay, ching ta sé xay dung phwong phép dé bieu dién thong nhat
cadc dang dir lieu néi trén. Hon nira, tap cdc khodng & do sau k sé phan hoach mién tri cia
thuoc tinh. Chiing ta biét rang moi phan hoach x4c dinh mot quan hé twong dwong. Céac
phan tir thudc cing 16p twong dwong sé duwoc xem 13 bang nhau mitc k. T dé ching ta c¢é
thé xay dung céc quan hé doi sanh va chuyén doi céc truy van mo trén céc co s& dir lidu
ngon ngir thanh cac truy van thong thuong de xi 1y.

Bai bdo gom 5 muc. Muc 2 nhic lai nhitng két qua co ban vé phuwong phip lwong héa
trong PSCGT; Muc 3 danh cho viéc trinh bay quan diém biéu dién cdc dang dir liéu khong
dong nhat; Muc 4 trinh bay co s& d€ xay dung cdc quan hé twong tw, quan hé déi sanh; Muc

5 la mot s6 nhan xét két luan cho bai bo.

2. CO SO LUQONG HOA NGU NGHIA CAC GIA TRI NGON NGU'

2.1. Mot s6 khai niém va tinh chét co ban cia BPSGT

Nhw trén da néi, DSGT 1a mot trong nhitng cach tiép can dé phét hién cdu tric dai s6

A .z . e ~ ~ oA . ~ A .z . e ~ ~
cla mién gia tri cia bién ngon nglr. Theo quan diém dai s6, mién gia tri cia bién ngon ngr X
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duwoc sinh ra tir tap cdc phan tir sinh thuwomg gom hai phan tir G = {c¢', ¢~} bdi su tdc dong
clia céc gia tir trong H. Quan hé thit tw < trén ciu tric nay duwoc xdc lap tir ngit nghia céc
tlr ngén ngtr. Cau tric thit tw cdm sinh truc tiép nhw vay chinh la diém khac biét so véi cac
cach tiép can khic. Thém mot s6 phan tir, toan tir dic biet, DSGT 1a mot dai s6 triru twong
AX = (X, G, C H,®,5, <), trong d6 C = {0, W, 1} 1a cic hang; @, X7 1a céc todn tir 14y giéi
han cia tap cdc phan tir duoc sinh ra khi chiu tdc tdc dong lién tiép cia cac gia tir trong
H. Mot céch khéc, néu ki hieu H(xz) = {h...Ra|h,...,h € H} thl ¢ = infimumH (z)
va Y = supremumH (x). Nhu vay, PSGT AX dwoc xay dung trén nén cia mot DSGT
AX = (X,G,C, H,<), & day X = H(G), bang cidch bo sung hai todn tir @, . Khi dé
X = X U Lim(G) v6i Lim(G) 1a tap cdc phan tir giéi han: véi moi @ € Lim(G), ton tai
u € X sao cho & = ®u hoiac x = Yu. Céc phan tir gigi han nay dwoc bo sung vao BDSGT
AX dé lam cho céc phép tinh méi c6 nghia va vi vay AX = (X, G, C, H,®, X, <) dugc goi
1A BSGT day du [11]. Con lai, nhitng phan ti 2 € X — Lim(G) déu c¢é thé bicu dién dwoc &
dang @ = h,,...h1c, v6i c € G. Néu h;h;_1...hic # h;i_1...hic, vé6i moi 1 < ¢ < n thl h,...hic
dwoc goi 1a dang biéu dién chinh tic cia 2. Dang bieu dién chinh tic cia méi phan tir z € X
13 duy nhat. Vi vay ta c6 thé dinh nghia do6 dai cia o, ki hiéu la |2|, bang tong s6 cic gia ti
va phin tit sinh cé mit trong biéu dién chinh tac cia né.

Trong H c6 nhirng gia tr khi tdc dong thi ¢6 khuynh huéng lam manh lén ngtr nghia cia
phan tir sinh nguyén thiy goi 1a cdc gia tt dwong, cé gia tir thi lam yéu di goi 1 cdc gia
tt am. Chang han, xem True la phan ti sinh nguyén thdy cda bién ngén ngit Truth thi
Very la gia tt dwong vi True < VeryTrue, va Little la gia ti am vi LittleTrue < True.
Nhw vay, H cé thé dwoc chia thanh hai tap roi nhau H ' céc gia tik dwong va H~ céc gia tit
am. Hom nita, hai gia tit trong trong moéi tap H ' (hay H~) cé thé sanh dwoc hoac khong
sanh dwoc vé kha nang tdc dong ctia né doi véi mot gid tri ngon ngir. N6i chung, H |
H~ 13 cac tap sap thit tw bo phan. Néu nhw HT , H~ la céc tap sap thit tu toan phan va
GUC ={0,c,W,c", 1} cing vay th AX = (X,G,C, H,®, ¥, <) dwoc goi 1a DPSGT tuyén
tinh day du [12]; hon ntra, néu hx # x véi moi @ € X ngoai trir 0, W, 1 thi né dwoc goi la
tu do.

So vé&i nhitng céch bieu dién khac nhw tap meo, céch biéu dién bang céc phan tit trong
DSGT cho phép so sanh cdc gid tri ngdn nglr mot cach de dang hon. Gid st & = hy,...hju 13
mot bieu dién cia  ddi véi u, ki hiéu @,|; dung dé chi cho hj—1...hqu v6i quy wée @y = u.
Dé so sanh hai phan tir # va y ta diung dinh 1y sau day.

Pinh 1y 2.1. ([12,13,14]) Cho @ = hy...hiu vay = ky,...kyu la hai bi€u dién chinh tic twong
tng cia x va y 61 vor u. Khi @6, ton tai chi s6 j < min{m,n} + 1 sao cho hy = kjr, v6i
moi j' < 7 va

(1) @ =y khi va chi khi m = n va hja,; = kjoy;;

(2) @ <y khi va chd khi hja,); < kj

ulj ulj

2.2, Dinh lwong ngir nghia cac gia tri ngdn ngwv

Theo trirc gidc, moi gia tri ngoén ngtr ¢é mot do mo nhat dinh tiy thude vao mitc do xéc
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dinh cia thong tin ma né mang lai. Chang han, rdt-tré c6 mirc do xdc dinh cao hon tré nén
d6 md& ctia né thap hon doé mo cia tré. Tong quat, Ao mo cia ha thap hon do mo cla x va
dé thay bao gitr ta cing ¢é6 H(hax) C H(x). Néi mot cdch khdc c6 nhirng tap céc gid tri ngon
ngtr ¢6 kich thwéc khic nhau chita « va cdc tap nhd hon chitra cdc gid tri ngon ngr cé ngir
nghia gan nglr nghia cia x hon. Piéu nay goi ¥ cho chiing ta xem H (x) nhu 13 mot 1an can
topod dua trén nglr nghia cia x. Ho U = {H(z)|z € H(G)} thdéa céc diéu kién cia mot co
s& topod nén né duoc goi la co sd tépé ngit nghia X trén X = H(G) véi mot so tinh chat co
ban nhu sau:

a) H(hx) C H(z), véimoi h € H vaz € X.

b) H(hz) N H(kx) = 0, néu h,k € H va ha # kx; nghia la lan can cia cdc phan tir ¢6
do6 dai bang nhau sé roi nhau.

¢) H(z) = Upepur H(ha), & day toan ti¥ I duoc dinh nghia la Jx = @, Vo € X; nghia la
lan can cla tit cd cac phan tir ¢6 dang ha 14 mot phan hoach trén lan can cia .

Nhuw vay, tinh mo cia x lién quan dén kich thuwéce cia H(x). Gidst AX = (X, G, C, H, @, 3, <
) 14 mot DSGT tuyén tinh day dui, tw do cia bién ngon ngr X va f 1a mot dnh xa lién tuc
béo toan thit tw tir X — [0,1]. Khi d6, do dai cia khoang con bé nhat J(x) C [0, 1], chita
f(H(z)) c6 thé dic trung cho do mo cia @. Vi vay, ta ¢é mot ham fm : X — [0, 1] x4c
dinh d6 m& cho cdc phan tir trong X bang cach dat fm(z) = |J(2)]; vd dua vio dé d6 mo
cla céc gia tit u(h), h € H ciing dwoc x4c dinh véi mot s6 tinh chat dwoc phéat bieu qua
ménh deé sau. Trong ménh dé nay gid st rang H" = {h1, ..., hp}, H = {h_1,...,h_g}, & day
hi < ...<hy,vadh | <..<h_g4 véicéc sé nguyén duong p,q > 2.
Meénh dé 2.1. [12] Cho fm la @6 do tinh mo trén X wa u(h) la d6 mo cia cdc gia t h, ta

cé:
1) fm(hx) = p(h) fm(z), Ve € X va fm(z) =0, Yo € Lim(X);

2) fm(e™) + fm(ch) = 1;

3) 3 g<i<pizo fm(hic) = fm(c), véic e {c,c};

4) 20 y<icpizo S(hix) = fm(x), voiw € X;

5) qugigfl fm(h;) = o va Z1§i§p fm(h;) =8, ¢ ddy o, 3 >0 va e+ 3= 1.

T ménh dé trén, ta thiy tap cdc khodng mo {J(h;z)|i € [—¢"p|} 14 mot phan hoach trén
J(x), & day [—q¢"p| ki hiéu cho tap s6 nguyen {i| — ¢ < i < p,i # 0}. Hon nira, ching xép
trén J(x) theo thir tw sau day:

Néu Sign(hpx) = +1, tikc la hya > @ thi

J(h_qu) <TF(h_griz) < ... <T(h_1z) < TI(hix) < T(how) < ... < I(hpx) (2.1)
va nguoc lai, néu Sign(h,x) = —1, tic 1a hyz < x thi
J(hpx) < TF(hp_rz) < ... <TF(hix) < I(h_1z) < T(h_ox) < ... <T(h_g2) (2.2)

Mot cach day du, goi Xj 1a tap cdc phan tir ¢é do dai k, cdc khodng mo lién quan dén céc

phan tir ¢6 cing do dai ¢6 mot s6 tinh chat diroc phéat bieu qua ménh de sau.
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Ménh dé 2.2. Cho AX = (X,G,C, H,®,, <) la mot DSGT tuyén tink day di va tu do.
Khe do, ta co

(i) Véi méi @ € Xy, tdp cdc khodng mo {3I(h;x)|i € [—q"p|}, la mot phan hoach cia
J(z). Hon nia, I(h;x) < I(h;x) khi va chi khi hijx < hjz, v6i moi i,j € |—q"p|, ¢ day
U<LZnghtalaa<b¥VaeclUwvaVbe Z;

(ii) Tap cdc khodng mo I, = {3(z)|x € Xy} la mot phan hoach trén [0,1], dong thoi Iy,
va Xy, dang cdu bdo toan thit tw tuyén tinh;

(iii) Txr1 min hon Iy, titc la moéi khodng mo thudc I bao gior ciing ndm trong mot
khodng mo thuéc Iy. Cu thé la méi @ € Xpy1 néu x = hu thi I(x) C I(u) € Iy;

(iv) Véim > 1, tap {3y = km...k12, Ykp, ..., k1 € H} gom cdc khodng mo cia cdc
phdn i ¢6 d6 dai m + |z| la mot phan hoach trén J(x).

Nhitng tinh chdt trén mo ta cau tric cia tap cdc khodng mo, 1a co s& quan trong dé ching
ta dwa ra ham dinh lwong nglr nghia cho cdc gid tri ngon ngr. Ham dau Sgn: X — {—1,0,1}
(xem [12]) trong dinh nghia sau, xdc dinh béi tinh am dwong (lam yéu di hay manh thém)
cla gia tir d6i véi phan tir sinh nguyén thiy cling nhw déi véi gia tir khdc nham bdo toan
quan hé thir tu cho ham dinh lweng ngtr nghia.

Pinh nghia 2.1. [12] Cho AX = (X, G, C, H,®, 3, <) 1a mot DSGT tuyén tinh day du, tu
do; fm(c™), fm(c™) va u(h) lan lwot 1a do mo cia cdc phan tir sinh nguyén thiy ¢, ¢ va
cac gia tir h € H, théa man cdc diéu kién 2) va 5) trong Ménh dé 2.1. Khi dé, v: X — [0, 1]
dwoc goi 1a ham dinh lrong ngtr nghia néu né dwoc xac dinh nhu sau:
1 o(W) =K = fm(c), v(c") = K —afm(c) = Bfm(c), v(c") = K +afm(c?);
2) v(hjw) = v(@) + Sgn(hja) {1 gy #lh) fm(@) —w(hja)u(hy) fm(@)}, & day

w(hjw) = 51 + Sgn(h @) Sgn(Sgn(hphiz) (6 — )] € {a, B}, véi moi j € [—¢"p]};

[
3) v(Pe ) 0,v(Xec ) =K =v(®ch), v(Xech) = 1 va véi moi j € [—¢"p], ta cé:
Sgnl; 1+Sgn(h ) .
o(@hja) = v(w) + Sgn(ha) S92 k) fm(e)} va
1— Sgn(hjw)

o(Shjw) = v() + Sgn(hye) {3 gD T (k) fn(a)}.

Dura trén cau tric ciia cidc khodng mo duoc mo ta trong Ménh dé 2.2 va cdch dinh lwong
céc gi tri ngén ngir trong Pinh nghia 2.1, ching ta thay cé nhitng diém can chi ¥ sau:

1) Gi4 tri v(2) la diém chia tap céc phan hoach {Jg 1(h:x)|i € [¢"p]} trén Jx(z) thanh
hai phan gom {Jp41(h;x)|i € [1,p]} va {1 (hiz)|i € [—q, —1]}. Thanh phan thir nhit nam
bén phai diém v(z) néu nhu Sign(h,x) = +1 (titc hyz > @), thanh phan thit hai nam bén
trdi. Néu Sign(hyx) = —1 (tic hy@ < x) thi thanh phan thit nhat nam bén trai, thanh
phan thit hai nam bén phdi diem v(z). Diém v(x) cing 14 diém dau mit chung cia hai

khodng Jg1(h12), Jrt1(h_12); dong thoi né ciing chia khodng md Jx(x) theo ti 1é o : 3 néu

Sign(hyx) = +1 hodc chia theo ti 1& 3 : o néu Sign(hyx) = —1. Tl diéu nay, ta suy ra
> i<i<p [ Ter1(hi)| = B|Tk(@)].
2) Truomg hop || = j < k, va(z) luon luon 1a diem dau mit chung cia hai khodng

Ter1(hiy), Tei1(hyy') véi chisd 4,4’ € {—q, p}, titc 1a v4(a) nam gitra hai khodng nay.
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3. MO HINH QUAN HE CUA CO SO DU LIEU NGON NGU'
3.1. Giéi thiéu mé hinh

Luogc do co sé dir lieu (CSDL) ngon ngir 13 mot tap DB = {U, Ry, Ra, ..., Ry; Const},
& day U = {Aq, Aa, ..., An} la mién tri cia céc thudc tinh, moi R; 14 mot lwoc do quan heé,
Const la tap céc rang buoc dir lieu. Goi D4, 14 mién tri cda thudc tinh A;. Trong CSDL
ngon ngtr, D4, = Da, U LDom(A;), trong d6 D 4, 1a mién tri tham chiéu va LDom(A;) 1a
mién tri ngéon ngr cia thuoc tinh A;. Céc gid tri trong LDom(A;) 14 céc phan tir cia DSGT
twong ing v6i A; déng vai tro nhu mot bién ngdén ngir ¢6 khong gian co s& chinh 1a D 4.
Néu LDom(A;) # 0 thi A; duoc goi 1a thuoc tinh ngon ngir. Trong bai bdo nay, ching ta
sé xét CSDL ngon nglr m& rong chira cic dang dir lieu khdc nhau dwoc duge dé cap trong
17,8,9,22]:

Kiéu 1: Gia tri ngon ngir mo (tudi rat tré)
Kieu 2: Gi4 tri 1o (tudi bang 24 hoic tén la Nam)

Kiéu 3: Gi4 tri khodng (nhiét do trong ngay 25 <t < 35)

Kiéu 4: Gia tri khong xdc dinh (undefine, inapplicable) (khéng c6 hoc vi khi xét thuoc
tinh hoc vi khoa hoc)

Kiéu 5: Dir liéu thiéu vang (missing) (lwong chac chan cé nhung khong biét bao nhiéu)

Kiéu 6: Tap hiru han cic gid tri rd (tudi la mot trong s6 cac s6 thuoc {31, 33, 35})

Kiéu 7: Gi4 tri “khong biét” (unknown) (da két hén nhung khong biét c6 con chuwra, hay
la da c6 con nhung khong biét bao nhiéu con).

Trong CSDL thong thuong, moéi thong tin trén mién tri cia céc thuoc tinh 1a thong tin
chinh xé4c nén né dwoc bicu dién béi mot gid tri duy nhat trén khong gian co sé. Tuy nhién,
dieu nay la khong thé ddi véi cac thong tin khong chinh xéc trong CSDL ngoén ngit mé rong
da trinh bay trén day. Vi vay, trudce tién chiing ta sé dwa ra quan di€m méi dé biéu dién cho

dir lieu kieu 1, va trén co s& dé, sé bieu dién cac dang dir lieu con lai mot cach théng nhat.
3.2. Biéu dién khodng cho céc gia tri ngdn ngir trén mién tri cia cac thuodc tinh

Biéu dién gid tri ngon ngit m& @ bang lat cat a cla tap mo A(x) thue chat 1a cich bieu
dién cic khoang 6. Néu A(z) la tap mo 161, chuan tic thi véi moi a € (0, 1], lat cat A%(x)
14 mot khodng trén khong gian co s&. Hon nira, khi o dan vé 1 thi cdc khoang tuwong timg bé
dan va hoi tu vé 2. Vi thé, cic khodng nay cé thé dwoc xem nhw cdc 1an can cia x. Quan
di€m nay va khéi niém lan can trén khong gian topd dwa theo ngit nghia trong DSGT cé
nhitng diém twong dong. Pay chinh 1a ¥ twdng cho viéc de xuat cach biéu dién méi cho céc
kicu dir lieu.

Nhuw da trinh bay trong Muc 2, H(x) 1a lan can topo cia x va ho U = {H(z)|x € X} 1a
mot co s& topo ¥ cia X. Dé thay, ho cac khodng mo B = {J(x)|x € X} ding cau véi co
s& topo T. Vi vay B c6 thé xem la mot co s& topd trén [0, 1] - mieén tri co s& da dwoc chuan
héa cia thuoc tinh. Bay gio, gid st « 14 mot gid tri ngon ngr mo cia thuoc tinh A, dua trén

co 86 topo B ching ta sé xay dung hé lan can cia .
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Gié tri cia ham dinh lwong v(x), twong tuw nhu nhan cda tap mo, duge xem la gid tri
twong thich nhat cho ngir nghia cia x. Mot lan can cia @ 1a hop céc khoang ro trong 9B ma
moi khoang nay 1a moét khoang thudce Jj,(z), nam quanh v(2). N6i cach khac, céc lan can
cla 2 13 nhitng khodng trén khong gian tham chiéu ma v(z) la diém trong theo nghia topod
thong thuwong, tirc 1a phai chira mot khoang con du 16n cdc gid tri twong thich nglr nghia véi
2z & mot mitc do nao dé.

Xét BSGT day dd, tuyén tinh vaty do AX = (X, G, C, H,®, 3, <), v6i HT = {hq, ..., hy},
H™ ={h_q,..,h_g4}. Gid thi€t hy < ... < hy, vih_ | <..<h_4, & day p,q > 2. Trong thuc
té, s6 gia tit trong céc gid tri ngoéon ngit 1a hitu han nén ton tai mot s6 nguyeén dwong k* sao
cho 0 < |x] < k* Vo € X. Véibat ky @ € X, diat j = |«|; véi moi s6 nguyen k cho truée véi
1 <k < k* lan can téi thicu mitc k cia @ dwoc dinh nghia nhw sau:

a) Treong hop k = j: khodng m& Ji(z) 14 anh cia H(x) trén khong gian tham chiéu.
H(z) déc trung cho tap t6i da céc gid tri ngén ngtr xap xi v6i @ vé mit ngtr nghia [11,12]. Néu
cac gia tri trén mién tri twong tng véi tap nay duwoc coi la xap xi nhau mite & thi sé ¢6 nhirng
cap qué xa nhau va dwong nhw khéng phtt hop véi y nghia ctia 1an can téi thieu nén chiing ta
sé str dung mot s6 khodng mo mikc k + 1. Tap cdc Jpy1(ha), Yh € H 13 mot phan hoach cia
Jr(2) va v(z) 1a diém dau mit chung cia cdc khodng Jpi1(h_12) va Jgp1(hz). Vi trf cda
hai khodng nay c¢é thé trdo doi cho nhau tiy vao h_jx < & < hia hay la hie <ax < h_ja. Vi
vay, lan can t6i thieu cia o dwoc dinh nghia la hop cta hai khodng T 1(h_12) va Jgi1(h12):

Oming(®) = Tpr1 (h—12) U T (R @) (3.1)

b) Truomg hop 1 < k < j: Gié tri cda k chi cho mitc m& ma ching ta dang quan tam. Do
md cla cdc phan tir trong X ti 1& nghich véi do dai cia né. Khi k < §, mitc m& ching ta xét
dé dinh nghia Oyin k() 161 hon mitc m& cda ban than di liu @ va khodng m& J;(x) chira
v(2) bao giv cing dwoc chita trong mot khoang mo mike k. Vi vay, ban than  ¢6 do mo nhéd
(vi § > k) nén né khong thé dwgc mo td bang khodng tinh mo mikc k va do dé ching ta sé

phdi 18y chinh khodng J;(x) lam lan cén t6i thi€u mitc k cla a:
Ominyk(®) = Jj () (3.2)

c) Truomg hop j + 1 < k < k*: Lap luan twong tu nhu truomg hop a) 1an can t6i thieu
mic k cia x duwoc dinh nghia la hop cia hai khoang m& mitc &k + 1, duoc xdc dinh nhu sau.
Theo chi ¥ cudi muc 2.2, v(z) 1a dau miit clda cdc doan Jgi1(hy) va g1 (hpy') & day chon
I, € {—q,p} sao cho hyy < x < hypy'; vay,y' € H(x) vé6i |y| = |y/| = k. Nhu vay,

Omin k() = Fri1 (hiy) U g1 (heyy) (3.3)

Cuéi cling, ching ta thong nhat cich biéu dién dit liéu ngén ngit me theo dinh nghia sau
day.

Pinh nghia 3.1. Cho x € X UC, mot biu dién khodng ciia x 13 mot tap I Rp(z) cic khodng

duwoc xac dinh nhw sau:

IRp(w) = {Omini(@)|1 < k < 1} (3.4)
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Vi du 3.1 Cho BSGT tuyén tinh ctia bién Tudi 13 AX = (X, G,C, H,®,3, <) véi G =
{tré, gia}, H~ = {gan, it} va H" = {khd, r@t}. Chd ¥ 1a rdt > khd va i > gan. Gid sir mién
tri tham chiéu cia bién Tudi cia nhitng ngudi dang cong téc 1a D 4 = [18, 60]; cdc tham s6 mor
fm(gia) = 0.58, fm(tré) = 0.42, pu(gdn) = 0.27, p(it) = 0.25, u(khd) = 0.28, u(rdt) = 0.20;
suy ra o = 0.52, 8 = 0.48. Chiing ta s& biéu dién gi4 tri ngén ngit « = khd-tré.

Gid str k* = 3. Ta c6 |z| = 2 v D4 = [18,60] nén sé ding hé s6 » dé chuyén dai tir [0,1]
qua [18, 60], cdc ki hiéu cé kem r chi cho s chuyén doi nay.

1) Truong hop k < 2 = |khd-tré|: Ta cé |J1,(tré)| = fm(tré) x (60 — 18) = 0.42 x 42 =
17.64. Suyra J1,(tré) = [18.00, 35.64] vafm, (khd-tré) = u(khd)x fm(tré) x (60—18) = 0.28x
0.42 x 42 = 4.9392; fm,.(rdt-tré) = p(rat) x fm(tré) x (60 —18) = 0.20 x 0.42 x 42 = 3.528.

Vi {Jg,(rdt-tré), 3o . (khd-tré), 3o ,(gin-tré), 3o ,(#-tré) } 1a mot phan hoach cia Jy . (tré),
ta suyra Jo . (rdt-tré) = [18,21.5280] va o, (khd-tré) = (21.5280, 26.4672]. Vay, Opin,1(khd-tré) =
3o, (khd-tré) = (21.5280, 26.4672].

2) Truomg hop k = j = 2: Ta cé H(khd-tré)NXs = {rdt-khd-tré, khd-khd-tré, gin-khd-tré, it-khd-tré},
¢6 thit tu tir nhé dén l6n nhu da liét k. Ta ¢ Ompmino(khd-tré) = s, (khd-khd-tré) U
33, ((gdn-khd-tré). Cac khodng mo lién quan dwoc tinh nhw sau: fm, (rdt-khd-tré) = p(rdat) x
frm, (khd-tré) = 0.20 x 4.9392 = 0.98784. Vi vay, Js ,(rdt-khd-tré) = (21.5280,22.51584].
Tuong tu, ta cé Js ,(khd-khd-tré) = (22.51584,23.89882] va J3 ,(gdn-khd-tré) = (23.89882, 25.2324].
Do A6 Opin.2(khd-tré) = (22.51584, 25.2324].

3) Truong hop k = 3: Opins(khd-tré) = T3y, (#-khd-khd-tré) U 34 ,(it-gdn-khd-tré). Vi
v(khd-tré) = 23.89882 va fm,(it-khd-khd-tré) = u(it)x fm,(khd-khd-tré) = 0.25x1.382976 =
0.345744; fm,(rdt-gin-khd-tré) = p(rdt) x fm,(gin-khd-tré) = 0.2 x 1.333584 = 0.333396
nén Jy ,(f-khd-khd-tré) = (23.55308,23.89882], Jy ,(t-gdn-khd-tré) = (23.89882,24.23222]

Vi do A6 Opins(khd-tré) = (23.55308, 24.23222].
Nh vay, I Rp(khd-tré) = {(21.5280,26.4672], (22.51584, 25.2324], (23.55308, 24.23222]}.

3.3. Bi€u dién khodng cho cac dang dir liéu khac

Céch bieu dién dir litu ngdn ngir mo trén day cé thé sit dung dé biéu dién céc dang dit
liéu con lai da néi trong Muc 3.1:

a) Kieu 2: Moi gid tri thuce a la dir liéu 16, do m& cta dir lieu bang 0, s& dwgce bieu dién
bang [a, a], twong ng véi mitc mo ludn luon 1a oo nén con goi 1a khodng m& mitc oo cia a.
Vi vay, Omink(a) = {[a, al}, véi moi 1 <k < k* va IRp(a) = {[a,a]}.

b) Ki€u 3: Moi gia tri khoang [a, b] dwroc bieu dién bang mét tap chira duy nhat khodng
[a,b]. Vi [a,b] la dir liéu 16 nén Ouin k([a, b]) = {[a,b]}, véi moi 1 < k < k* va IRp([a, b]) =
{la,b]}.

c) Kiéu 4: Moi gid tri khong dwoc xéc dinh (undefine, inapplicable) dwoc biéu dién bang
tap 0, xem nhuw thong tin chinh xdc. V1 vay Oumin i (inapplicable) = {0}, véi moi 1 < k < k*
va I Rp(inapplicable) = {0}.

d) Kieu 5: Gid tri kifu nay c6 nhung khong biét Ia bao nhiéu (missing) nghia la cé

thé nhan bat ky mot gid tri rd6 nao dé trén mién tri cda thudc tinh. Theo quan diem dé,
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Omin,k(missing) = {[a, alla € D}, véimoi 1 < k < k* va I Rp(missing) = {[a,al|la € D4}.

e) Ki€u 6: Gi4 tri kiu nay c6 thé 1a mot gia tri thuée mot tap P C D 4 nhung chura biét
1a gid tri nao. Twong tw nhw ki€u 5, Omink(P) = {[a,alla € P}, véi moi 1 < k < k* va
IRp(P) = {la, al]|a € P}.

f) Kieu 7: Vé mat ¥ nghia, gid tri kieu nay (unknown) c6 thé xem la su két hop cia kieu
4 va kieu 5. Do vay I Rp(unknown) = {0, [a,a]|la € D4}.

Véi phwong phép biéu dién khodng vira néu trén, ching ta da xem cdc kiéu dir liéu khéc
nhau trén mot quan diém thong nhat. Moi thong tin déu dwoc biéu dién béi mot tap céc
khodng trén khong gian tham chiéu. Céc tham s6 can xdc dinh bao gom: dé m& cia phan ti
sinh nguyén thiy, cla céc gia tir va gia tri k*. So véi cach bi€u dién bang tap mo hodic phan
phdi kha nang thi s6 lwong cdc tham s6 it hon nhiéu va nguoi ding ¢é truc quan dé ¢é thé

x4c dinh dé dang hon so véi cdch xdc dinh tap md cho moi gid tri ngdn ngir.

4. MOT €O SO HINH THUC THONG NHAT CHO CAC THAO TAC
TREN NGU NGHIA CUA DU LIEU

Mot van dé dwoc dat ra khi xit 1y cdc CSDL ngon ngir 1 dinh nghia quan hé bang nhau
nhir thé niao dé so sanh hai thoéng tin khong chinh xdc. P& c¢é nhieu nghién cttu vé quan hé
nay. Ching dwoc goi 14 quan hé twong tu [4-6], quan hé xap xi, quan hé gan nhau [7,18,19].
Tir d6, nguoi ta dinh nghia cdc quan hé doi sanh khiac <, >, < v& > trén mién tri m& rong
cla céc thudc tinh. Trong muc nay, ching ta sé trinh bay mot co s& todn hoc dé dinh nghia
céc quan hé nhw trén véi muc dich cudi cling 1 ¢6 thé xit 1y cdc truy van dit lieu dé dang,

theo mot cach théng nhat.

4.1. Quan hé gan nhau mic k va bidng nhau mitc k trén mién tri cda thudc tinh

Quan hé gan nhau sé dwoc xay dung dua trén cdc khodng mo cda cdc phan tir trong X.
Ching 1a mot co s& t6po6 nglr nghia trén mien tri D 4 nhw da trinh bay trong Muc 2. V1 tap
cdc khodng mo thuoc I 1a mot phan hoach trén D4 nén né xdc dinh mot quan hé twong
dwong véi cc 16p twong dwong la cdc khodng mo nay. Céc gid tri nam trong cling khodng sé
dwoc coi 1a gan nhau mitc k. Tuy nhién, nhw da nhan xét trong Muc 2.2, khi 2 ¢ do dai bé
hon k thi gid tri v(x) 13 diém dau mit ciia mot 16p twong dwong Jp(u) trong Ir. Dieu nay
dan dén ¢6 nhirng gid tri trong lan can cda « lai khong twong tw mitc k. Vi vay, ching ta sé
xay dung mot phan hoach khéc sao cho v(z) la di€ém trong topo ctia phan hoach véi moi a,
|2| <k, nhu sau:

Xét BSGT tuyén tinh, day di vatw do AX = (X, G, C, H, 8, %, <)v6i HT = {hq, ..., hy,},
H™ ={h_1,...h_g} v6ihy < .. < h,vih_| <..<h_g4 &dayp,qg>2 Dit Hi latap céc
gia tir yéu, Ho la tap céc gia tir manh theo nghia khi tdc dong né sé lam thay doi nghia manh

hon s6 gia tir trong Hy, tirc 1a cdc tap Hy va Hy gom:
Hy = {hi, hj]1 < <[p/2],1<j <[q/2]}, (4.1a)

Hy = {hs, h_j|[p/2] <i < p,lg/2] <j < q}. (4.1b)
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bat Iri1(H,) = {Skr1(hiy)ly € X, hi € Hy}, v6in = 1,2, Hai khodng Jpi1(2) va Jri1(y)
trong Iy 1(H,) dwoc goi la lién thong nhau v&i nhau néu ton tai cdc khoang thudc Iy 1 (H,)
lien ti€p nhau xép tir Jp41(x) dén Jgr1(y). Quan hé nay sé phan Ix.1(H,) thanh cic thanh
phan lién thong. Theo (2.1) va (2.2), véi moi y € X, ta thay Ixr1(H1) dwoc phan thanh cic
cum (cluster) ¢6 dang {Jxy1(hiy)|h; € H1}. Hon ntra, do Jri1(h-1y) < v(y) < Ty (hiy)
hodc 1a Jg11(h1y) < v(y) < Tiy1(h_1y) nén bao gio ta cing ¢b v(y) € {Tg1(hiy)|hi € Hi}.

Bay gio ta phan cum céc khodng mo cia I (Hz). Gid st Xi = {z4]s = 0,...,m — 1}
gom m phan tir duge sap thanh mot day sao cho @; < @; khi va chi khi ¢ < j. Kf hiéu
Hy = HoNH™ va Hf = H,NnH'. Pé ¥ ring h_q€ Hy vah,c HQ+ Céac cum duoc sinh
ra tir cdc khodng mo thuode Ix4q(Hz) ¢6 ba loai sau day:

1) Cum nam bén trdi xp: Céc khoang mo cia Jpi1(hizo) véi i € [—¢"\p] sap xép trén
khodng Jx(xo) theo thit tu trong (2.2), do Sgn(hyro) = —1. Vi vay, cum bén tréi cia zo 1a
{Tk11(hizo)|hi € Hy }.

2) Cum nam bén phai s,, 1: Céc khodng mo cia Jpi1(hi@y, 1) véii € [—¢"p] sip xép
trén khodng Jx(@p,—1) theo thit tu trong (2.1), do Sgn(hyzm—1) = +1. Vi vay, cum bén phai
cla @, 1 18 {Fp1 (hiwp 1) |hi € Hy }.

3) Cdc cum nam gitta @5 VA 2511 v6i s = 0,...,m — 2: phu thudc vao Sgn(hyzs) va

Sgn(hyxsi1) nhu sau
C = {Jer1(hiws), Tpr1(Rjasr1)hs € Hy B € Hy }, (4.2a)

néu Sgn(hyxs) = +1 va Sgn(hyxsi) = +1.

C = {Jer1(hiws), Tpr1(Rjasr1)hs € Hy B € Hy }, (4.2b)

néu Sgn(hyxs) = +1 va Sgn(hyxsi) = —1.

C = {Tkr1(hiws), Tpr1(Rjwsi)|hs € Hy B € Hy b, (4.2¢)

néu Sgn(hyxs) = —1 va Sgn(hyxsi) = +1.
C = {Oks1(hiwes), Tp1 (Wjaes1) by € Hy b € Hy'}, (4.2d)

néu Sgn(hyxs) = —1 va Sgn(hyxsi) = —1.
Tap tat cd cac cum dwoc ky hiéu 14 € va ta sé dinh nghia khodng twong tuw mirc k& nhw

sau.

Pinh nghia 4.1. Moi C thuoc €, ta goi khoang twong tw mic k ting véi C la
Se(C) = | {0k 1l9k 1 € C} (4.3)

Véi cach dinh nghia nay, méi khodng S(C) sé khong qua 16n dé phi bat ky mot khoang
Jx nhung lai cling khong qua nhé d€ nam gon trong mot khodng i1 nao. Vi {Sk(C))|C € ¢}
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14 mot phan hoach trén mién tri tham chiéu nén né xdc dinh mot quan hé twong dwong va
chiing ta sé goi 1a quan hé twong tw mitc k. Do tinh chat cia phan hoach nén vé&i moi gia
tri @ cla thuoc tinh, ton tai duy nhat mét cum C sao cho v(x) € Sp(C). Vi vay, ching ta cé

thé dinh nghia Sk(z) = Sk(C).

L(RA) % 2 LA ET) ualf)
(IR = S,(TES
0| NSRRI, . L S
| e [ > I I ’I' B EEEI *I{ ......... s ,,J B
E A .. Siess- T e TEED S GHD) sk ANEEE
SRR KR miGR IR ShRER) SIE S RGY

. ~ ~ N . ~ ~ Al
Hinh 4.1. Phan cum mot s6 khodng mo cia bién ngoén ngr “Tuoi”

Pé minh hoa cho khéi niém nay, ching ta xét mot s6 khodng mo trong Hinh 4.1. Trong
dé céac gia tir “It”, “Gan”, “Kh4”, “Rat” dwoc ki hieu 1a I, G, K, R va “tr&” dwoc ki hiéu 1
t. V6i k=2, ta ¢6 {I3(KRt),I33(GRt)} va {Js(KKt), Is(GKt)} 1a cde cum thude Is(Hy);
{33(RRt)}, {33(IRt), Is(RKt)} va {33(I Kt),33(RGt)} 1a céc cum thude Is(Hz). T d6 suy
ra cac khoang Sz nhu trong Hinh 4.1.

Ménh dé 4.1. Cho AX la DSGT tuyén tinh diy di cia thudc tinh A, trong d6 H va H™
¢6 it nhdt hai phdan i, cdc tham s6 dinh lwong mo dwoc xdc dinh theo Pinh nghia 2.1. Khi
do:

a) Véimoik, {Sk(u)|lu € X UC} dwoc xdc dinh duy nhdt va la mét phan hoach cia doan
[0, 1].

b) Véi moi x,u € X UC, néu v(x) € Sk(u) thi lan cdn bé nhit mitc k cia x nam trong

Sk(uw), titc o Opmin k(x) C Sp(u).

Chitng minh. a) Tap cdc khodng tinh m¢ thude 11 1a mot phan hoach trén [0, 1] va céc
cum trong ¢ la mot phan hoach cia Iy 1. Hon nira, Iz 1 xdc dinh duy nhat béi cdc tham s6
mo. Tir dé ta suy ra khang dinh (a).

b) Gid stt v(x) € Sg(u), |x| = j vd @ = hj_1...hic 1a biéu dién chinh tic cia x dSi véi
cefec,ct}.

Truong hop k < j: Néuj = 1thia € {0, ,W,c", 1} vik =35 =1 Gidsta=cc
{c7, ¢}, tr v(z) € Si(u) ta suy ra S;(u) la hop cia cic khodng sinh béi cdc gia tir trong
Hy, tie 1a S1(u) = S1(C) = U{T2(h}e) |, € Hi}. Vi Omini () = Jry1(h—1¢) UTg1(hic) nén
Omink(2) C Sg(u). B6i véi @ € {0, W, 1}, chitng minh twong tu.

Néu 1 < k < j thl Onini(z) = J;(z). Ky hiéu @ = hi1...hac. Néu hy € Hy thi tix
v(x) € Sg(u) ta suy ra Sg(u) = U{Tg+1(Rjap)|h; € Hi}. Theo Ménh dé 2.2(iv), J;(x) C
Jier1 (hap) © Sk(u). Néu by, € Hy thi theo (4.3a)-(4.3d) va Binh nghia ciia Sk, ton tai y ¢6
d6 dai k sao cho S(u) = U{Tk1 (Riak), T (Rjy)|h; € Hy b € Hs}, & day e € {—, +}. Dé
thay J;(z) C Tk (hepk) € Sk(u), tic 1a Opin k() C Sg(u). Truong hop hy € H;7 ching

minh twong tur.
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Truong hop k = j: Ta ¢ Opmink(x) = Jj1(h—12) UTj 11 (hiz). Viv(z) € Sgp(u) nén theo
dinh nghia, Sg(u) = U{Txr1 (Ri2)|h; € Hi}. Do A6 O i(x) C Siuw).

Truomg hop k > j: Theo dinh nghia, ta ¢6 Opmink(®) = Tee1 (hiy) U T (hey), & day
I, € {p,—q}, v,y € H(x) N X} va & nam gitta hyy va hpy', tic 1a by < o < hpy' hoac
by > @ > hpy'. Gid st hy € HS, hy € HSvéi e, € € {—, +}, tir gid thiét cia v(x) ta suy ra
Sk(u) = U{Tkr1(hiy), Ser1 (R ki € HS, b € HS }. Vi vay Opins(w) € Si(u). n

Bay gio chiing ta c¢6 thé dinh nghia khéi niém bang nhau m& mitc k tong quéat nhu sau.

Pinh nghia 4.2. Cho PSGT tuyén tinh, day di AX va do do mo fm. Gid st vy la mot

ham dinh lwong ngir nghia trén AX va; véi moi k ma 1 < k < k*, Sk 14 quan hé twong tu

mirc k trén D 4. Khi dd, véi hai bo ¢ va s tuy ¥ trén U, hai gia tri t[A] va s[A] trén mién tri

D, duoc goi la bang nhau mite k, ki hiéu 1a ¢[A] =,k s[A] hodc t[A] = s[A], néu ton tai

mot 16p twong dwong Sk(u) cia Sk sao cho Ouin k(t[A]) C Sk(u) va Omink(s[A]) C Sk(uw).
DPé minh hoa, trong Hinh 4.1 ching ta thay KRt =, GRt =5 Rt va IKt —y RGt.

4.2. Quan hé bing nhau mitc k vA quan hé d&i sanh trén mién tri mé rong cia
thudc tinh

Nhw d& trinh bay trong Muc 3.3, mién tri mé rong cia thuoc tinh A s& bao gom thém céc
gid tri cé kiéu tir 3 dén 7 va dwoc ky hieu 1a D 4. Bdi vi méi dir lieu d thuode cic kidu nay deu
6 Opmin k(d) = IRp(d) v6i moi 0 < k < k* nén Oyin k(d) C Sp(u) dwoe dinh nghia nhu sau:

Omink(d) C Sk(w) khi va chi khi V3 € Opin i(d) va T # 0, ta ¢ T C Sp(u) (4.4)

Theo Ménh dé 4.1, gid tri ngon ngtt « ¢6 v(x) € Sk(u) sé twong tu mitc k doi véi cac gid
tri khéc trong Sg(u). Dieu kien J # @ dwoc dit ra dé phit hop véi ¥ nghia true quan 1 dir
lieu “inapplicable”, c6 bieu dién {0}, khong thé twong twr mitc k véi dir lieu trong Sg(u). Tir

binh nghia 4.2 va khdi niém bao ham trong (4.4), ta dwa ra dinh nghia sau.

Pinh nghia 4.3. Véi giad thiét nhu trong Pinh nghia 4.2, hai gid tri t[A], s[A] thuoc D 4
dwoc goi la bang nhau mitc k, ki hiéu ¢[A] = s[A], néu mot trong céc dieu kién sau day théa
man:

(a) t[A] va s[A] dong nhat nhau vé ki hiéu;

(b) Ton tai mot 16p twong dwong Sk(u) clia quan hé twong tu S sa0 cho Opin k(t{A]) C
Sk(w) va Opmin k(s[A4]) C Sk(u).

Dir lieu d dwoc goi la twomg thich dugce mitc k néu nhiwr lan can t6i thieu mitc k cia
d nam tron trong mét 16p twong duong cia quan hé Sy . Theo dinh nghia nay, moéi phan ti
d € D 4 twong thich dwoc mitc k véi k tiy ¥, vi 1an can téi thieu mic k cia d luén 1a [d, d].
Theo Ménh deé 4.1, ta thay véi k tuy ¥ ¢6 dinh trudc, moi gid tri ngéon ngir déu twong thich
dwoc mitc k. Tuy nhién, céc gid tri kiéu 3, 4, 7 khong twong thich dwroc mitc k.

Néu mot trong cac t[A], s|A] khong twong thich dwoc mite k hoic chiing déu twong thich
nhung lan can téi thieu mitc k& khong nam chung trong mot lép twong duwong cia = thi
ta néi t[A] #¢ s[A]. Theo Dinh nghia nay, véi bay ky d € D4, ta c6 thé kiem tra dwgc
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d #1 inapplicable, d #y missing, d #p unknown ngoai trir trudng hop ching thoéa dieu
kién (a). Truong hop dir lieu doan [a,b] kiu 3 c6 do dai di 16m, ta cling sé cé [a, b] # d,
vd € LDom(A). Két qua cling nhw vay ddi véi dir lieu kieu 6. Tir Ménh dé 4.1 va Dinh
nghia 4.2, ta cé:

Hé qua 4.1. Quan hé =g la quan hé tuong dwong trén mién tri mo rong D4 va vdi hai bo
s,t tuy y thudc U hodc la t]A] =g s|A] hodc la t[A] #r s[A].
Bay gior, ching ta sé dinh nghia cdc quan hé déi sdnh con lai tréen D4 nhu sau.

Pinh nghia 4.4. V&i moi k, 1 < k < k* va hai gia tri bat ky t[A], s|A] trong D4, ta viét:
(a) t[A] <k s|A] khi va chi khi ¢[A] = s[A] hodc 1a t[A], s[A] déu twong thich dwoc mitc
kv S (t{A]) < Si(s]A]):
(b) t[A] <k s[A] khi va chi khi t[A], s[4] déu twong thich dwoc mic k va Si(t[4]) <
Sk(s[A]).

Ménh dé 4.2.

a) Védi moix € X UC wva k tiy ¢ théa man 1 < k < k*, ta ¢d x luon twong thich duoc
muc k;

b) Véi hai gid tri tiy g t[A], s|[A] € D4, néu ching déu twong thich dugc mitc k thi chi
zdy ra mot trong ba quan hé sau day: 1) t[A] = s[A]; 2) t[A] <k s[4]; 3) t[A] >k s[A].
Ching minh.

a) Vi cic 16p trrong dwong cia Sy 13 mot phan hoach trén D4 nén ton tai u € X UC sao
cho v(x) € Sk(u). Theo Ménh dé 4.1(b), ta c6 Omink(x) C Sk(u), tie 1a & twong thich dwoc
muc k.

b) Gia sit t[A], s|[A] € D, déu twong thich dwoe mite k, tite 1& Ouin k(t[A]) C Sk(ue) va
Onmin,k(s[A]) C Sk(us), véi ug, us € X UC . Theo Dinh nghia 4.3(b), Pinh nghia 4.4 va do
cac 16p tuwong dwrong cia Sg 1a mot phan hoach trén D 4 nén ta suy ra chi xdy ra mot trong
ba quan hé trén. [ |

Véimoi k,1 < k < k%, dat Xy = X1 U ... UXy, la tap tét cd cdc phan ti c6 do dai toi
da bang k. Vé quan hé gitra cac Sp(x) véi @ € X() ta ¢6 mot s6 tinh chit sau.

Meénh dé 4.3. Gid sit Sg la mét quan hé twong tw mitc k trén LDom(A). Ta cé cdc khang
dinh sau day:

a) Voimoix,y € Xp vax #y ta cdv(x) ¢ Sp(y) vav(y) ¢ Sk(z).

b) Véimoi x € Xy, véi moiy € X—1) UC ta cév(x) ¢ Se(y) vav(y) ¢ Sk(x).
Chitng minh

a) Vi Si(z) = {Jg41(ha)|h € H1} va Jppq(hae) C Ji(z) theo (iii) cia Ménh dé 2.1 nén
Sk(z) C Jr(z). Hon ntra, theo (ii) cia Ménh de 2.1, {Jx(z)|x € X} 13 mot phan hoach trén
[0,1] nén véi moi @,y € Xy ta ¢6 Sp(x) N Sk(y) = 0. Vi v(z) € Si(x) va v(y) € Sk(y) nén
v(w) ¢ Sk(y) va v(y) ¢ Se().

b) Gid st X = {20, ..., &m} trong d6 ¢ < ... < 2y, VEimoi y € X(j,_1) hodc y = W ton
tai s € {0, ...,m — 1} sao cho x5 < y < @s11. Theo (4.2a)-(4.2d), Sp(y) = {Tr+1 (hixs)|h €
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Hy, hyxs > w5} U {1 (hpasi)|hy € Ha hpwsy < @sp1}. V6i bat ky @ € Xp ta cb
Sk(x) = {Jg+1(hx)|h € Hi}. Do Hi N Hy = O nén hx, hyxs cing nhw hx, hyzgey trong
cic bieu dién trén doéi mot khac nhau. Hon nita, vi {Jpi1(2)|2 € Xgi1} 1a mot phan hoach
trén [0, 1] theo (ii) ciia Ménh dé 2.2 nén ta suy ra Si(x) N Sk(y) = 0. Vay v(y) ¢ Sk(x) va
v(@) & Sk(y).

Néu y = 0 thi Si(0) = {Jgt1(hyo)|hy € Ha, hjzo < @p}. Lap luan twong tu nhuw trén ta
dwoc v(0) ¢ Sk(x) va v(z) ¢ Sk(0) v6i moi @ € Xj. Truong hop y = 1 chitng minh twong
tu. [ |

Hé qua 4.2. Moi lop Sp(C) cia quan hé twong tu Sk c6 khong qud mét gid tri @ € X () sao
cho v(z) € Si(C).
Chitng minh. Ching ta s& chitng minh bang quy nap theo mitc k.

Buéc co sd k = 1: Xét cic phan tir trong X1 = {¢—, ¢} v C = {0, W, 1}. Theo Ménh dé
4.3(a), S1(c)NSi(eT) = 0. Theo Ménh de 4.3(b), v(co) ¢ Si(c™) USi(cT) véi moi ¢ € C.
Hon nita, 0 < ¢ < W < ¢ < 1 nén moi khoang Si(C) cé duy nhat mot gid tri € X; UC
sao cho v(z) € Sk(C).

Buéc quy nap: Véi gid thiét quy nap 14 moi 16p S, 1(C’) ¢6 khong qud mot phan tir
@ € X(,_1y md v(x) € S,-1(C’); ching ta sé chimg minh rang moi 16p S,(C) cling ¢6 khong
qué mét phan tir € X,y ma v(x) € S,(C) qua hai truong hop sau:

a) Néu ton tai € X,, v v(z) € 8,(C), tirc 1a S, () = S,(C) thi theo Ménh dé 4.3, z 1a
phan tir duy nhat trong X,y ¢6 v(z) € S,(C).

b) Néu ton tai y € X(,_1) va v(y) € C tirc 1a S,(y) = Sp(C) thi theo Ménh deé 4.3(b)
v6i moi @ € X, v(x) ¢ S,(y). Bay gid xét nhirng phan tir con lai thude X, 1y. Vi
cac 16p twong dwong cua quan hé S, 1a phan hoach trén mot 1ép cia S, 1 nén ta luon cé
S,(C) = Su(y) € Sn1(y) = S, 1(C'). Theo giad thiét quy nap, doi véi 16p S, 1(C’) chi ¢
duy nhat phan tit y € X, 1) sao cho v(y) € S, 1(C’). Vi vay S,(C) ciing chi ¢6 duy nhat
phan tir y € X(,, 1) sao cho v(y) € S,(C). Hé qua da dwoc chimg minh. [ ]

Véi ki hieu Xy = X1 U ..U X, dac biét khi k = k* ta c6 X(x) chinh la LDom(A). Tl
Heé qua 4.2 ta suy ra mot tinh chdt quan trong vé quan hé bang nhau mic k trong truwong

hop nay.

Ménh dé 4.4. Gid sit LDom(A) hiu han, k* la 49 dai 161 da cia du liéu trong LDom(A)
va fm la mot A6 do tinh mo trén X. Voi k tuy g, 1 < k <k va bat ky v,y € Xx), néu
@ =gy thix =y. Do do, cic quan hé A6 sinh m& =k, Fi, <k, 2k, <k, >k han ché trén Xy
tring vo1 cdc quan hé =, 7#, <, >, <, > thong thuong dvgc dinh nghia trén X, .

Chitng minh. Xét quan he twong tu mic k la Sg. V6i @,y € Xp), néu & =, y thi ton tai
mot khoang Si(C) sao cho Si(x) C Sk(C) va Sip(y) C Sk(C). Ta suy ra v(z) € Sk(C) va
v(y) € Sk(C) va vi vay x = y theo Hé qua 4.2. Két hop véi Pinh nghia 4.4, dé dang suy ra

cac khang dinh con lai. [ |
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4.3. Chuyén céc truy van mé& co s& vé truy van rd

Vi ¢6 nhirng diém twong dong gita quan hé déi sanh mo mitc k va quan hé ddi sanh
thong thwomg nén ching ta sé dwa ra cach chuyén doéi cac truy van mo co s& ve cac truy van
6. Moi @ € D4, 16p twong dwong Sk() clia quan hé = chita lan can t6i thieu Ormin, k()
clia & va moi 16p Sg(z) nhw vay 14 mot khoang duy nhat. Ki hieu 1f(Sk(x)) va rt(Sk(z))
cho cic diém dau cudi cia doan Sk(x). Ngoai trir trwomg hop [f(Sk(z)) = 0, ta quy wéc
Lf(Sk(x)) ¢ Sk(w).

Néu chi ¢é dir lieu kiéu 1 va kiéu 2 thi viéc chuyén déi kha don gian. Deé tién cho viéc
trinh bay, ki hiéu v*(¢[A]) dugc sit dung theo nghia sau: Néu t[A] € D4 thi v*(¢[A]) = ¢[A];
ngoai ra néu t[A] € LDom(A) thi v*(¢[A]) = va(t[A]).

Ménh dé 4.5. Trén Da = D4 U LDom(A), ta cé:
a) t|A] = @ khi va chi khi v*(t|A]) € Sk(x);
b) t|A] #x @ khi va chi khi v*(t[A]) ¢ Sk(x);
¢) t{A] <g @ khi va chi khi t[A] = @ hodc v*(t[A]) < 1f(Sk(x));
d) t[A] <g @ khi va chi khi v*(t[A]) # 0 va v*(¢[A]) < 1f(Sk(2)) hodc v*(t[A]) = 0 va
v (tA]) < Lf(Sk(w));
e) t{A] >x @ khi va chi khi t[A] = « hodc v*(t[A]) > rt(Sk(x));
) t[A] >k x khi va chi khi v*(t[A]) > ri(Sk(2)).
Céc khang dinh trén cé thé kiém chirng dé dang nhe cdc Dinh nghia 4.3, 4.4 va Ménh dé
4.1(b).

Ménh dé 4.6. Trén mién tri moé rong D4, néu trong t{A] va @ ¢d it nhdt mot gid tri thudc
tir ki€u 3 dén ki€u 7 thi ta cé:

a) t{A] = @ khi va chd khi t[A], x déu twong thich mic k va Ouin i (t[A]) € Sk(x) hodc
mot trong hai gid tri t|A] va @ khéng twong thich mitc k, nhung dong nhat nhav vé ki hiéu
(tic la t[A] = x);

b) t[A] #k x khi va chi khi t[A], x déu twong thich mitc k va v*(t[A]) ¢ Sk(x) hodc mét
trong hai gid tri t|A], @ khong twong thich matc k, va ching khong dong nhdt nhav vé ki hiéu
(tic la t[A] # x);

c) t{A] <g @ khi va chi khit[A] = @ hodc t[A], x déu twong thich mick va O k(t[A]) <
Lf(Sk(2));

d) t{A] <g @ khi va chi khi t[A], x déu tuong thich mic k va Oppn p(HA]) < Uf(Sk(x))
néu Lf(Se(x)) # 0, hodc Opmin k(t[A]) < Lf(Sk(x)) néu lf(Sk(x)) = 0;

e) t{A] >r @ khi va chi khit[A] = @ hodc t[A], x déu twong thich mick va O k(t[A]) >
rt(Sk(@));

g) t{A] >, @ khi va chi khi t[A], x déu tuong thich mic k va Opmin k(t[A]) > rt(Sk(2)).

DPé minh hoa cho cach chuyén d6i truy van mo sang truy van theo kicu théng thuomg, ta

xét vi du sau.
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Vidu4.1. Xét lwvge dd quan hé R = Bdng-Lwong = {Tén, Tudi, Chitc-vu, Lwong, Phu-cdp}.
Gid st mot the hién cia R dwoc cho trong Bang 4.1 (khong can dé y céc dong dau), trong dé
Lwong va Phu-cap tinh theo don vi triéu dong. Bay gio, ta xét truy van sau: “Tim nhirng
nhan vién tré c6 lwong va phu cadp kha cao”. Dicu kién trong truy vin trén cé thé bieu
dién béi bieu thiic ¢{ Tuéi| = Tré and t[Lwong| > Khd-cao and t[Phu-cdp| > Khd-cao.

Ching ta sé tim céc bo thda diéu kién khi chon cidc mitc k =1 va k = 2.

Bdng 4.1. Quan hé R = Bdng-Lwong

k=1 Sy quss(tré) 81 Luwong (khd-cao) | Si ppy.cap(khd-cao)
=(21.528,31.23] =(4.125,6.6] =(2.75,4.4]

k=2 Sy quss(tré) 81 Luwong (khd-cao) | Si ppy.cap(khd-cao)

=(25.2324,27.91476] =(5.75625,6.375] =(3.8375,4.25]

Tén Tudi Chitc-vu Lwong Phuy-cip

Vinh 49 Giam ddc Rél-cao(7.0950) 4.6

Linh 45 Trudng phong 6.2 4.2

Hung** 27 Phé phong 5.8 3.8

Thanh 35 Chuyén viéen | Khd-cao (6.09375) 4.0

Tuyét* 31 Chuyen vién 4.7 Cao (3.65)

Viet 29 Chuyén vién 4.3 2.5

Tai 24 Chuyén vién 3.5 2.1

Gid stt D55 = [18,60], DLwong = [0,7.5], Dppycap = [0,5] va cdc tham s6 mo gom c6:
fm(gia) = 0.58, fm(tré) = 0.42, pu(gan) = 0.27, p(ét) = 0.25, u(khd) = 0.28 va p(rdt) = 0.20.
Vivay a = 0.52, 3 = 0.48. Ddi véi cac thude tinh Lwong va Phu-cdp cic tham s6 nhu nhau:
K = fm(c) = 0.40, p(it) = 0.25, pu(gdn) = 0.30, p(khd) = 0.25, u(rdt) = 0.20, suy ra
a = 0.55, 8= 0.45. Tinh céc gia tri ¢6 mat trong R va phan hoach mitc 1, mirc 2 cho céc gia
tri trong truy van:

(1) Thuéc tinh Tuéi: theo Vi du 3.1, ta cé Vs (11€) = 264672, vy, 5 (khd-tré) =
23.89882
1 8y iy (110) = Ty g0, (Kh-tré) Uy gy s, (giin-tré) = (264672 —0.28x 0.42 X 42, 26,4672+
0.27 x 0.42 x 42] = (21.528, 31.23]

+ Sy, s (11€) = T3 g, (-khd-tré) U35 g4, (rdt-gan-tré) = (26.4672—0.25 x 0.28 X 0.42 x
42,26.4672 4 0.20 x 0.27 x 0.42 x 42] = (25.2324,27.91476].
(2) Thuoc tinh Lwong:
+ VLwongr(cao) = [K + afm(cao)] x 7.5 = [0.40 + 0.55 x 0.60] x 7.5 = 5.475
+ VLwongr(khd-ca0) = Viyongr(cao) +a x u(khd) x fm(cao) x 7.5 = 5.475 + 0.55 x 0.25 x
0.60 x 7.5 = 6.09375
+ Viwongr(rdt-cao) = 7.5—[(1—a) x u(rdt) x fm(cao)] x 7.5 = 7.5—-0.45x0.20 x 0.60 x 7.5 =
7.095
+ S1, Lwongr (khd-cao) = Fa [yong,r(gin-cao) U Jo, [yong,r(khd-cao)
— (5475 — 0.30 X 0.60 X 7.5,5.475 + 0.25 x 0.60 x 7.5] = (4.125, 6.6]
+ 82, Luwongr (khd-cao) = 33 [wong,r(gin-khd-cao) U 33 Luyong,r (khd-khd-cao)
= (6.09375—0.30x0.25 x 0.60% 7.5, 6.0937540.25 X 20.25 X 0.60 x 7.5] = (5.75625, 6.375]
(3) Thudc tinh Phu-cdp:
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+ Vphyeedpr(cao) = [K +a x fm(cao)] x 5= [0.40 + 0.55 x 0.60] x 5 = 3.65
+ Vphy-cdp,r (khd-cao) = vpp, cq, (cao) + a X p(khd) x fm(cao) x 5 = 3.65 + 0.55 x 0.25 x
0.60 x 5 = 4.0625
+ 81, Phy-cap,r (khd-cao) = Ty ppy_cap »(9an-cao) U Iy phy, ey, (khd-cao)

= (3.65 — 0.30 x 0.60 x 5,3.65+ 0.25 x 0.60 x 5] = (2.75, 4.4]
+ Sophy-cip,r (khd-cao) = T3 phy.cap ,(gan-khd-cao) U T3 ppy,_cap , (khd-khd-cao)

= (4.0625 — 0.30 x 0.25 x 0.60 x 5,4.0625 + 0.25 x 0.25 x 0.60 x 5] = (3.8375, 4.25]

Nhu vay, khi & = 1 sit dung cdc quan hé déi sanh da néu, so sanh véi diéu kién trong truy

van ¢6 hai bo théa man tng véi Hung** va Tuyét*. Khi k = 2, chi ¢6 duy nhat mot bo thoéa

man 13 Hung**.

5. KET LUAN

Trong bai b4o nay, ching toi da dé xuit mot moé hinh méi cho co s& dir liéu ngdn ngir véi
thong tin mo, khong chinh xdc va ¢é nhieu kicu dir liéu khac nhau dwa trén cau tric dinh
lrong cia DPSGT. Quan diém chinh 14 biéu dién dir liéu bang tap céc khodng trén khong gian
tham chiéu cia mién tri cdc thudc tinh twong tu nhuw cach bicu dién qua lat cit o cia tap
mo. Tuy nhién, nho céch bieu dién cic gid tri ngdn nglt theo ci phép va cau tric thit tuw
trong DSGT nén viéc xay dung cdc quan hé déi sanh dwoc thwc hién dé dang hon. Dong
thoi phwong phép ciing ¢é mot s6 wu diém nhat dinh: biéu dién céc kiéu dit liéu khac nhau
mot cach thong nhit; quan hé twong tw dwoc dinh nghia mot cach mém déo véi nhiéu mike
khéc nhau; cdc tham s6 dwoc stt dung trong phwong phép la it va dé xdc dinh; quan hé bang
nhau mitc k giéng nhw quan hé bang nhau thoéng thuomg nén cé thé thao tic trén céic truy
van mo nhw 1 truy van r6. Phu thudc ham, phu thudc dir lieu trén moé hinh nay sé dwoc

tiép tuc nghién ciru trong nhirng cong trinh tiép theo.
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