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TOM TAT

Trong mot co so dir liéu quan hé voi phu thuéc ham cho treoec A — b gia tri cua thuoc tinh
b dwoc xdc dinh duy nhdt boi tdp thuéc tinh A. Tuy nhién, qua qud trinh truyén dit liéu, dir
liéu nhdn dwoc da bi nhiéu va cé thé khong con ding nhw nguyén ban. RG rang, trén bé div
liéu méi nay phu thudc ham A — b khéng con ding nita. N6i cdach khdc, néu chi dya vao
dir liéu trén tdp thuoc tinh A chung ta khong thé xdc dinh dwoc chinh xac cac ddi tiong.
Trong bai bao nay, chiing t6i sé nghién ciru viéc mo rong tap thugc tinh A thanh mét tap

cuee tiéu A’ chira A sao cho A'— b la phu thuéc ham dung trén co co dir liéu moi.

Tar khéa: co sd dir liéu quan hé, phu thuéc ham, phu thuéc ham bi 16i.

1. MO PAU

Gia str ta c6 mot co s& dir liéu thuc gém m ddi tuong va 21a tép n thude tinh, duoc biéu
dién bang mdt ma trin My, khi d6 mdi dong twong tng 13 mot ban ghi va khong c6 hai dong
gidng nhau. Goi K 13 ho cac khoa cyc tiéu. Nhitng dir liéu nay duoc chuyén dich théng qua mot
kénh c6 151, ta ky hiéu M* 1a ma tran nhan dugc sau khi dich chuyén. M va M* khac nhau it
nhit 13 e gia trj trén mdi dong. Trong M khong c6 hai dong giéng nhau nhung trong M* diéu
nay khong chic chan. Chang han cip thudc tinh (ten, ho) 1a mot khoa trong co sé dir liéu M va
ta c6 hai dong tuong (mg voi cap nay 14 (Tran, Chi) va (Tran, Nhi). Tuy nhién, khi chuyén dich
ta nhan duoc trong M* hai cip gi4 tri nay déu 1a (Tran, Nhi). Khi d6 dbi twong can xac dinh
trong M* khong duy nht.

C6 nhiéu cach tiép can khac nhau, chang han thuat toan Tane [7]md rong cac phu thudc
ham béng cach dua ra mot sai s6 chép nhén duoc dua vao ty 1€ gilra cac bo (déi tuong) ding véi
phu thudc ham dé va tong sé bd trong co s& dir liéu. Y tudng nay ciing duoc chung tdi md rong
trén ca phuy thudc da tri xp xi theo tiép can tap tho bang cach xay dung ma tran phu thudc [5,6].

Muc dich ctia nghién ctru ndy theo hudng tiép can khac, tim cach bd sung thudc tinh
vao khoa dé chung ta co thé xac dinh mot cach duy nhat dbi tuong can tim trong M*, Vén dé dat
ra 1a biét cdu tric cua M va chi nhan dit liéu 1a M*, chung ta can dua ra két luan dya vao nhitng
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thong tin nay. Bai toan nay s& img dung trong Khai pha dit liéu, ddc biét 1a trong HJ tro quyét
dinh, khi thudc tinh quyét dinh duoc xem nhu vé phai ctia phu thudc ham.

Gia st A - b (A c 2, b €Q) dung trong M nhung khong tit yéu A— a dung trong M*
do dit liéu bi bién dang. Li¢u ching ta c6 thé bd sung cac thudc tinh vao A thanh A' (trong M*)
dé A' - b, néu c6 thi nén mé rong nhu thé nao? Chrflng han, néu sd 15i trén mot dong it nhat1a 1
(e = 1) va gioi tinh 1a mot thudc tinh, khi d6 hodc ten, hogc gioi tinh c¢6 thé dung va nhu vay bo
(Tran, Nhi, . . .) trong M c6 thé tim thay hai dong khac nhau trong M*:

(Tran, Nhi, N, . . .)

(Trﬁn, Nhi, Nam, . .)

Nhu vy néu chung ta bd sung vao tap khoa thém thudc tinh gioitinh thi chung ta s& xéac
dinh dugc b dir lidu chiing ta can tim kiém.

2. XU LY PHU THUQC HAM BI NHIEU
2.1. Khoiang cach Haming

Cho M 1a ma tran m dong va n cot. Mdi dong caa M 1a mot bo n phén tur ( X', Xiz, Cee

Xin). Khoang cach Haming giira hai dong (Xil, Xi2, C e Xin) va (le, ij, C e Xjn) dugc dinh nghia

la
H(x',x)) = ¥P_, sign(x},x)) (1)

1néua #b @)

trong d6 ham dau sign duoc tinh: sign(a, b) = {0 néud = b

Vi du 1. Cho bang quyét dinh vé thong tin 6 bénh nhan bi cam cim dudi day:

X Pau dau Pau co Than nhiét Cam cim
X! Co Co Binh thuong Khoéng
X Co Co Cao Co
X? Cé Céb Rét cao Céo
X Khéng Cé Binh thuong Khéng
X® Khéng Khéng Cao Khéng
X° Khong Co Rét cao Co
ma tran M luu trit théng tin nay gdm 6 dong, 4 ¢t va khoang cach H(X', X?) = 2; H(X?,
X*) =1.
cé C6  Binhthwong Khéng
cé co cao o
M = Kiczgng g‘g Biﬁflttl;ﬁr%'ng I(If(”f)ng (3)
Khéng Khong  Cao Khong
Khong €6 R4t cao Co
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2.2. Phu thuc ham cé 16i

Cho A, B 1a tap con cac thugc tinh ctia £2, nhitng gia tri trong nhiing cdt ctia A xac dinh
nhiing gia tri trong nhitg c6t cta B duy nhat voi it nhat e 18i x3y ra trong mdi dong (thuc ra né
xac dinh trong M nhung do dit liéu trong M* ¢ thé sai). Khi d6 ta ky hiéu A — {e}B. Noi mot
cach khac, voi mot dong bat ky r trong M*, néu co hai dong s, t trong M, hai dong nay c6
khoang cach Haming véi r khong vuot qua e trong nhitg cot ciia A, thi chung s& bang nhau
trong nhitng ct ctia B. Phu thuoc ham A —{e}B duogc goi 1a phu thudc ham e-16i. Ky hi¢u M(A)
12 ma tran dit liéu twong Gmg véi phép chiéu M trén tap thudc tinh A. M(A) 1a ma tran co kich
thude m x |A|.

Vi du 2. Trong Vi du 1, gia st ma tran M ™ nhéan duogc la:

Khong C6  Binhthwong Khong

Cé Khong Cao Ccé

* __ cé Co Cao Ccé
M" = | Khong Khong cao Khong l (4)

Khong Khong Cao cé

Khong Ccé R4t cao Cco

liy A = {Pau d4u, Than nhiét}; B= {Cam cam}, khi d6 A —B trong M va A ->{1}B
trong M*

Chung ta d& dang nhan dugc két qua sau:

Ménh dé 1. Cho A 2, a € 2. Khi d6 A —{e}a néu va chi néu khoang cach Haming ctia mdi
cap trong M(A), ma khac nhau tai a, it nhét 1a 2e + 1.

R4 rang néu khoang cach Haming cua timg cip dong trong M(A), khac nhau tai a it nhat
la 2e thi tri thirc nhan dugc trong M*(A) s& phat hién 16i (tirc 1a c6 mat 18i trong M*), nhung
khong xac dinh dit liéu trong a duy nhat. C6 nghia 1a c6 thé c6 nhiéu hon mot dong ciia M c6
gia tri gibng nhau trong M*(A). Tir day chiing ta dua ra dinh nghia tong quat vé phu thudc ham
d-khodng cdach.

Pinh nghia 1. Cho A < ©, a € 2. Khi d6 A — (d)a dugc goi 1a phu thudc ham d-khodng cach
néu va chi néu khoang cach Haming ctia mdi cip trong M(A), ma khac nhau trong a, it nhat 1a d.

Muc dich chinh ctia nghién clru nay la tim mbi lién hé gitra phy thudc ham va phu thudc
ham d-khodng cdach. Goi £ a1a ho cac tap con cuc tiéu F cta 2thoa F — a (trong M).

Ménh dé 2. Cho A c 2, a € £2. Khi d6 A — (d)a néu va chi néu véi d-1 thudc tinh bit ky ay, ay,
... a@ trong A, ton tai Fe £ asao cho F c A\{ay, &, . . ., ag)}-
Chirng minh

e Diéu kién can (“=7)

Gia str nguoc lai, ton tai mot bo (d-1) thudc tinh ay, ay, . . . ,a(¢-1) trong A sao cho A \{a;,
a, . . ., g1y} khong chura phan tir nao ciia £ a, hay noi cach khac, khong co phu thugc ham A
ay, a, . . ., 4@} = a. Nhu vay, ton tai hai dong ciia M bang nhau trong A \{a,, a,, . . ., a1}
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nhung khéac nhau trong a. Khi d6 khoang cach Haming ctia hai dong nay trong M(A) nhiéu nhét
la d-1 (< d). Piéu nay mau thudn véi gia thiét.
e Diéukién du (“<”
Gia sur trong M(A) chira hai dong c6 khoang cach Haming nho hon d va hai dong nay
khéc nhau trong a. Néu chung ta xo6a di nhitng ¢t ma tai d6 hai dong nay khac nhau. Khi dé
M(A \{ay, a, . . ., 4g-1)}) chira hai dong béng nhau nhung lai khac nhau trong a. Do d6 A \{ay, a,

..+ 4@} — a khong dung trong M hay A \{ay, a, . . ., ag1)} khong thé chira phan t nio cia
F a.

Bay gio chung ta s& dua ra sy mo ta twong duong hé phu thuéc ham Amstrong bang bao
dong [2]. Pt L(A) = {a:a €, A— a} (A ). R3 rang bao dong nay thoa ba tinh chat:

i) AcL(A),
i) AcB=L(A) cL(B),
iii) L(L(A)) = L(A).
That vay,
i) VacA,A—>a=AcL(A),
i) Vae L(A) = A—>a,AcB=B—>a=ae L(B)= L(A) cL(B),
iii) Ac L(A) = L(A) c L(L(A)). bat B=L(A) = VbeB, A—> b, do d6 A — B.
Hon nira, Vae L(L(A)) = L(B), B — a. Theo trén, ta c6 A — B, nhu vay A — a hay ae
L(A).
Nhu viy £ a gdm {a} va ho bao ham tu do Fcac tap con ciia 22\{a} (hé bao ham tu do
cia FconghialaF_,F e FF 1 #F ,=>F _ z F_)).
B6 dé 1. [1,2] Cho ho bao ham ty do # cac tip con cua £2\{a}. Khi d6 ton tai mot hé phu thude
ham (va vi vy, tuong ing ma tran quan hé M ) sao cho n6 xac dinh £ a = F U {a} d6i voi a €
nao do.
Chirng minh. C6 dinh a € Qva dinh nghia £ a = £ U{a}, dat
Auf{a}néua FeFavaFcA
L(A) = (5)

A trong truong hop nguoc lai
D@ thy L(A) thoa min céac diéu kién i), ii), iii) cua bao dong.

B6 dé trén trén khang dinh voi mot ho bao ham thirc ty do bat ky trén tap n-1 phan tu,
tdn tai mot co s& dit liéu ma ho cac tap cuc tiéu F — a thoa bé“mg dung F a= Fu{a}.
Pinh nghia 2. Cho X la mét tap n phﬁn tir va £ 1a mot ho bao ham tu do cac tap con cta nd, ky

hiéu £(d) 1a tap dugc xac dinh boi:

FA)={GcX|VX, X .. Xy €G,IF e F, FC G\ { Xy, X, . .., X} VA G la
cuc tiéu thoa min tinh chit nay}.
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Chu y rang, £ (1) = £ Dic biét trong phan sau ching ta s& thay d6i vi mot ho bao ham
tu do ctia nhiing tap £ bao gém vé trai cia nhiing phu thu¢c ham cuc tiéu ctia mot quan h¢ thi £
(d) s& 1a vé trai ctia nhitng phu thudc ham d-khodng cdch cuc tiéu. Hon nita, £ (d) c6 thé rong
trong khi £ khac rdng. C6 dinh a € X va k 1a s6 nguyén 16n hon 2. Chung ta xay dung £ 1a ho k
phan tir ciia X chita a. Thé thi véi bat ky tap G < X, G \{a} khong thé chira bat ky phan tir ciia £
va vi vay F(d) 1a rdng v6i moi d < 2. Mit khac, néu F gdm tét ca cac tip con K phan tir ciia X thi
tat ca tap G < X voi (k+d-1) phan tir tao thanh F(d). Chung ta ndi rang ho #co thé dugc gan boi
p phan tr néu ¢ Xy, Xy, . . . ,xpsaochomoiphﬁntfr Fcua F, F{xg, X, . .. ,Xp};t@.NéuF
c6 thé gan boi (d-1) phan tir thi £(d) 1a rdng. Nguoc lai #(d) khac rdng do X thoa diéu kién dau
cﬁaphﬁntﬁtrongf’(d)(Vxl, Xay « ooy Xdt, XO{ Xy, Xo, o oo Xg1 =D 2 X X\ {Xg, X, . . .,
Xd.1 }) va néu chua cuc tiéu, chung ta co thé rat gon cho dén khi nhan duge tap cuc tiéu.

Pinh 1y 1. [3] Cho n > ny(k,d) va £ 1a mdt ho bao ham ty do cta nhitng tdp con c6 kich thudce
ti da k ctia tap cho trudc c6 n phan tir. Khi d6 kich thudce cta nhimg phan tir trong # (d) tdi da
1a c,k. Mit khac, ton tai £ nhu vy ma tit ca cac phan tir ciia nd c6 kich thudc it nhat 1a ck, &
day c;, ¢, chi phu thudce vao d.

[3] dua ra két qua nay dé gi6i han viéc mo rong vé trai cac phu thudc ham co 15i 1a
nhitng phan tir cia £ (d). Chung t6i chimg minh dinh 1y nay dé khang dinh tinh dung dan cua
no. Trude hét chung ta s& chimg minh ménh dé sau

Ménh dé 3. G € £(d) néu va chinéu {F |F € £, F — G } khong thé gin boi d-1 phan tir nhung
{F|F e F£,Fc G\{a}} co thé gin boi d-1 phan tir d6i véi mdi a € G.

Chirng minh. ChoG € F(d) => V aj, a ...,a4,IFe FsaochoFcG\Yag,ay,...,a41}
suyraFN{a, a,...,a1}=FVaFcGdodso{F|F e F, F c G } khong thé gin bai d-1
ph?m tu. Mat khac, G € £(d) la tap cuc tiéu thoa tinh chat: véi moi ag, @y, . . . , agq, tOn tai F e
FsaochoFc G\{ay, ay,...,a41}, viviy Va € G, G\{a} ¢ £(d) = ton tai a, @y, . . ., Aq.1,
mavoimoi Fe F,(FcG\a}),Fn{ay,ay...,au}# = {F|F e £ FcG\{a}}cothé
dugc gin boi d-1 phan ti.

Nguoc lai, ho #* = { F | F — G } khong thé gin boi d-1 phén tr suy ra ton tai a, a, . . .
,8g1, 3IF e F*saochoFn{aja, ..., a1}=9 .Miatkhac,Fe F* nenFc G,dodo Fc
G\{ay,ay...,aq41} Xéttap con thyc sy cia G: G'=G\{a} (a €G). Khido F*={F |Fc G’

} 6 thé gén boi d-1 ph?m tir, vi vay ton tai @y, @y, . . ., g1, S@0ChOVF € F* Fc G" (c G), F
ﬁ{al, d, ..., ad_1}¢@ Khldé, F¢GI\{a1, d, ..., ad_l},nhu‘VéIYGl & F(d) ,dOdéG la
tap cuc tiéu thoa V a, @y, . . ., aq1, IF, Fc G \{ ay, @y, . . ., ag.1 }. Hay noi cach khac G € F
(d).

Bay gio chung ta s€ chirmg minh Pinh 1y 1

Trudc hét, ching ta ching minh gi¢i han dudi: Cho ho bao ham thic ty do #gdém cac
tap k phan tir (k > 2) sinh ra £ (d) chira mot phan tir c6 kich thudc it nhit 1a ck®. C§ dinh sb
nguyén i: 1 <i <k va ldy tdp con A X c6 kich thudc i+d-1. Pat By, By, . . ., B i+a-1 12 nhitng
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tap con i phan tir ciia A; VAEy, E, . . ., 1a nhitng tip con roi nhau cia X \A véi [Ey| = [Ej| = ... =
k-i. Diéu nay co thé thuc hién dugc néu tong cac phan tir cta nhimng tap E;j khong vuot qua sb
phan tir ctia X \ A. Ttrc 13, bat dang thirc sau phai dung;

i+d—1+CH*tx(k—i)<n (6)
Tiép dén, dat G* 1aho {B, U E;, B, UE,, ...}, chiing ta s& chimg minh

Gi(d) = UE,-
j

Dit D = A U; E;. Theo Ménh dé 3, trude tién ta chimg minh {F €G' | = D} khong thé
gin boi d-1 phan tir. That vay, gia str nguoc lai, tirc 13, V Xy, Xz, . . ., X, 3 F = B; U E;j sao cho
F{Xy, Xo, - . ., Xg1} = D. Gid s tap {X, Xz, . . . , Xg.1} €O r phan tir thudc A va d-1-r phan tir
thudc phan bu ciia né. Vi vay, c6 tbi da d-1-r tap E; chira cac phan tir cta {X;, Xa, . . . , Xg.1} (Mdi
E; chira mét phan tir vi cac E; roi nhau). Chon B; < A\{Xy, X2, . . ., X¢1} €O i phan tir. Khi d6 s6
tap Bj duoc chon 16n hon d-1-r. That vay, s tap Bjla

>d—1—-r=>0

citd-1 _ (d+i-1-7)x(d+i-1-(r+1))x---x(d-7) S dti-1-r
t iX((i—=1)x--x1 - i

Diéu niy c6 nghia 13, ton tai tap F = B; U Ejsao cho F n{Xy, Xz, . . ., X1} = @ (dpcm).
Phén con lai, cdn chig minh {F € G' | F = D \{a}} c6 thé gin boi d-1 phén ti (a €D).
Xét hai truong hop:

1. aeEj,chon{X;, Xz ..., Xs1} =A\B;. Khido, VFcD\{a}vaF e G' tac6 F=B,u
E. DOdélij vaB N (A\BJ);t@

2. aeA xétTapHcod-1phantrvaHc A\{a}, VFcD\a}, tacd F=B,UE, véiB,c
AMa}. Vi|B|=ivaaeBsuyraB nH=2. VayD ee G (d). Chon i = lk(l —%]
Khi d6 ta co cac bat dang thirc:

L _kd-D _ ., .k .
lZTSl+1,dSk i @)

Mit khac, kich thude ciia D dugc xac dinh boi vé trai cia biéu thirc (6):
(+1D)x-x({+d—1)
(d—1)!

k _ 1\\d-1 1 d o (d-1d1 1
ax (k> (1 d)) X (a-1)! >k ad (d-1)!

D= Al + (k=) xCH¥ 1 =i4+d—1+ (k—1i)x
l

(i+1)%-1

_ d
(d-1)! = czk

>(k—-10)Xx

Bay gio chung ta s€ chirng minh gidi han trén. Cho Ge £ (d) vdi £ 1a ho cac tap con
ctia X ¢6 sb phan tir < k, chung ta s& chi ra rang |G| < dk®. C6 thé gia thiét moi phan tir ciia £
déu con ctia G. Tir Ménh dé 3, suy ra rang cac tip con D ¢6 d phan tir cia G gin cac phan tir cia
ho F. Cu thé, mdi phﬁn ttr a cua G c6 thé mo rong thanh tdp D. Hon nita, Ménh dé 3 con chira
rang, hop ciia nhiing tip nay bang ding G. Ching ta ky hiéu ho cac tap D la D. Khi d6:

Utb e D}D =G (8)
va DnF+#Y,vDe D, Fe F 9)
6
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F khong thé gin boi mot tap it hon d phan tir. Cho | G, I- bac ctia D14 s6 phan tir cua
D chura |, ky hidu deg(D) ={D € D: | = D}|.

Bo dé 2. Néu |I| < d thi deg,(2) < k™",
B dé nay s€ dugc chung minh bé’mg quy nap theo j =d - |l.

Véij=d-|I| =1 = |I| = d-1, néu tit ca cic phan tir ciia £ duoc gan boi d-1 phan tu,
diéu nay vo ly. Vivay, tontai F e F: F | = . Tur (8), tap D thoamén | c DthiD N F = @.
Do d6, sb cac tap D ndy bé hon hodc bang sb phén tir cia F, hon nira |F| < k = k%,

Gia sir ménh dé ding véi j = d-|I| > 1, chiing ta chimg minh ménh dé ding voi j+ 1 =d
-|I]. Pat |I*| =d-j-1,khido ton tai F € £, F n I* = &, vi nguoc lai thi £ dugc gin boi it hon
d phan tir, vo 1y. Pat F =\{xy, X,, . . ., Xi}, v6i | < k. Theo (8), ching ta co:
l

{DeD:I"cD} = U{D € D:I" U {x;}c D}
i=1
Kich thuéc cua tap & vé phai 1a degg« ., pipy(D), theo gia thiét quy nap voi j=d - |I* U
{x} = degi- piy(D) = k¥ "1 = K. Theo (9): degi«(D) < I x k* "t <k . vay, bd d& dugc
chirng minh véi j+1.

Cubi cung, xét bat ky F = {y, Yo, . . ., i} €FvGir <k Tir (8) taco ho {D e D:y; eD}
phu D. Ap dung bd d& vira ching minh véi | = {y;}: {D € D:y; D} < k™ suy ra |D| < k* (= k x
k*") va |Upep D| < D] x d (D] = d) < dk®. Tix (7) suy ra |G| < dk’. Pinh Iy 1d4 dugc chimg minh
hoan toan.

Nhu nhédn xét trude ddy, chung ta xac dinh £ ,(d) nhu 1a tap vé trai ciia phu thuéc ham
cuc tiéu d-khodng cdch md ta boi Ménh dé 2. Ho # (d) dugc xac dinh 13 hop ciia ho #,(d) ddi
vO1 moi aeQ.

Ap dung Pinh 1y 1 d6i voi phu thudc ham va phy thudc ham cé 156i chung ta s& thu dugc
két qua & dinh 1y sau:

Pinh 1y 2.[4] Cho n > ne(k.e) (d = 2e+1), gia sir tit ca nhimng tap vé trai ca phu thudc ham cuc
tiéu co kich thudc tbi da 1a k. Khi do, kich thudc cac phan tir ciia £ (2e+1)$ khong thé 16n hon
c;k. Mat khac, ton tai mot co s& dit lidu voi nhitng tap vé trai cua phu thudc ham cuc tiéu co
kich thudc tbi da 1a k, ma cac phan tir cia va £ (2e+1) c6 kich thudc it nhat 1a ¢k, & day ¢y, C;
chi phu thudc vao e.

3. KET LUAN

Ho céc bao ham thure ty do £, dugc xac dinh boi can dudi t6i wu trong Pinh 1y 1, biéu
dién truong hop xau nhat. Do d6 ching ta hy vong co thé tim dugc M* trong ho nay dua vao
viéc sap x¢p chung trén nhirng danh gia thuce té. Viéc xay dung tiéu chuin danh gia hay sap xép
cac phan tur trong ho {M*} c6 thé 1a van dé nghién ctru tiép theo. Hon nira, voi sai sb e =1,

chung ta c6 kich thudc cac phan tir ciia £ (3) khong thé 16n hon 3k® va tdn tai mot co so dir liéu
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voi tap vé trai cua phu thude ham cyc tiéu véi kich thude khong vuot qua K ¢o6 kich thudce it nhét
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EXPANDING FUNCTIONAL DEPENDENCIES IN TROUBLE DATABASES

Hoang Thi Lan Giao
Department of Information Technology, Hue University College of Sciences
Email: hlgiao.it@gmail.com
ABSTRACT

In relational database with a given functional dependencies A — b, values of attribute b
will be uniquely determined by the ones of attributes A. However, during data transmission,
the data received has been noised and may not be as the original. Clearly, on the new data
the functional dependencies A— b will no longer true. In other words, It cannot be
identified the objects based on the data of attributes A only. In this paper, we study how to
expand the set of attributes A to a minimal set A’ containing A so that A'— b is really a
functional dependencies on the new data.

Keywords: error functional dependencies, functional dependencies, relational database.



