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PHU THUOC HAM SUY RONG TREN CO’ SO’ LY THUYET TAP THO
NGUYEN PANG KHOA!, VU HUY HOANG?

Y Hoc vién Hanh chinh Quéc gia, 2 Ban co yéu Chinh phi

Abstract. Functional dependencies play an important role in the theory of relational databases.
Based on the underlying semantics of a rough sets based generalization of functional dependencies
proposed by Ha Quang Thuy [3] and recently by L. B. Cristofor [1], we demonstrate in another way
some interesting properties in [3] and [1] and some new ones. Some remarks about them are also

given.

Tém tat. Céc phu thuoc ham déng mét vai tro quan trong trong 1y thuyét cic hé co s& dir liéu
quan hé. Dua vao ngit nghia ngam (khong tudng minh) cla viée mé rong cédc phu thudée ham trén
co 86 1§ thuyét tap thd duoc dé xuat béi Ha Quang Thuy ([3]) va gan day bdi L. B Cristofor ([1])
chiing t6i chirng minh theo mot cédch khdc mot s6 tinh chat 1y thi trong [1,3] va mot vai tinh chat

méi. Mot s6 nhan xét vé cic tinh chat nay cing duoc dua ra.

1. MO PAU

Nhuw da biét, cac phu thuoc ham déng mot vai tro quan trong trong 1y thuyét ciac heé CSDL
quan hé, lién quan téi viéc xac dinh khéa, xdc dinh dang chuan, xéc dinh cdc phan téch bao
toan thong tin... cia mot lwoc do quan heé.

Phét trién mot y twdng mé rong khai niém phu thude ham trén co sé céc khai niém cia
tho dwoc trinh bay trong [3] va gan day trong [1] va dua vao ngir nghia cia sy mé rong nay,
ching t6i trinh bay sw mé& rong dé theo mot cdch khac, twong dwong véi cach trinh bay trong
[1], chirng minh lai theo mot cdch domn gian hon mot s6 tinh chat duwge chitng minh trong [1].
Ngoai ra mot s6 tinh chat méi cia ki€u phu thuoc suy rong nay ciing dwoc dwa ra va ching
minh. Clng can thay ro 1a ca cach tiép can va cac két qua trong Muc 2 cta [1] vé co ban la
tring véi [3]. Vé mot s6 khai niem co ban cia Iy thuyét tap tho, ¢é thé tham khao trong [2].

1. PHU THUQOC HAM SUY RONG

Pinh nghia 1. Cho (41, Az, ...A,,) 1 mét quan hé xdc dinh trén tap thude tinh:
Q= {A}, Ao, . AL}

Vé&i moi thuoe tinh A; ¢é twong ng véi mot mien tri Dom(A;), 1d mot tap cdc gid tri ma
thuoc tinh A; c¢6 the ldy dwoc. T dé:

r = {t|t = (a1, as, ...a,) trong dé a; € Dom(A;),¥i=1,2,..n}

C Dom(Ay) x Dom(As3) X «--x Dom(A,) = Dom(€Q).

Ky hiéu card(r) = |r| = m, néu quan hé » gom m bo phan biét ¢y, ta, ..., t.
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Pinh nghia 2. Cho X va Y la cdc tap con cia Q = {4, As, ..., A,}. Ta ndi quan hé
r(Aq, ..., A,) théa phu thuoc ham X — Y néu nhuw hai bo bat ky cia r da giong nhau trén
X thi ching ciing phai giéng nhau trén Y. Néi cach khéc:

Vi, ty € ry W[ X] = L[ X] = 4L [Y] = &[Y].

Suy ra, néu ton tai t1, o € r sao cho t1[X] = t2[ X]| va t1][Y] # t2[Y] thi ta két luan dwgc rang
r khong théa phu thuée ham X — Y (hodc phu thuoc ham X — Y khong ding trén r).

biéu nay duwong nhuwr qué ngat ngheo khi ta hinh dung téi mot quan hé ¢é hang nghin bo,
trong khi d6 chi ¢6 khoang chuc boé vi pham phu thuéc ham X — Y, do ¢ mot s6 dir licu
khong chinh xdc hodc mot s6 ngoai 1é.

Pinh nghia 3. Chor(4,...4,) 1 mot quan hé xdc dinh trén tap thuodc tinh Q = {41, As, ... A,},
X va Y la céc tap con cia Q2 v6i X NY = ¢. Trén r, quan hé twong duwong E(X) dwoc xdc
dinh nhu sau:

(tl,tg) € E(X) = tl[X] = tQ[X] Vi1, to € 7.

Quan hé F(X) sé phan hoach r thanh céc 16p twong dwong. Mai 1ép twong dwong la mot
tap con cua r chita ciac bo giong nhau trén X. Ky hiéu phan hoach dé 1a PART (X).

Cho U € PART(X). Néu t1[X] = to[ X]| & 11]Y] = 2]Y] Y1, 12 € U, ta néi rang U thoa
phu thuoc ham X — Y . Nguoc lai U khong théa X — Y.

Ta quy wéc mot bo t € r 1a théa X — Y néut € U véi U la mot 16p twong duwong thoéa
X =Y.

Pinh nghia 4. (Pinh nghia 2 trong [1]) Cho r(A44,...A,); X, Y C Q = {Ay,...A,}. Khong
gian dwong [4] xdc dinh bdi mot tap thude tinh X C Q ddi véi mot tap thuoc tinh Y C Q
trén r, dwoc dinh nghia béi:

POS(X,Y) =U{U € PART(X)|U C Vvéi motVnao dé thuse PART(Y)}.
Pinh nghia 5. (Pinh nghia 3 trong [1]) Ta néi rang tap thuoc tinh Y phu thuoc véi cdp do
k € 10, 1] vao tap thuoc tinh X, ky hiéu X LA Y, trong d6 k duoc xdc dinh nhw sau:

card(POS(X,Y))

k pu—
card(r)

T céc dinh nghia trén, dé thay:

(1) POS (X,Y) = U{U € PART(X)|U thod X — Y}.

(2) Quan hé E(X) phan chia » thanh hai tap r = r1 Ura, 71 Nre = ¢ trong dé 1 gom nhimg
bo théa X — Y va rp gom nhitng bo khong thda X — Y. Ro rang POS (X,Y) = r va
k=|ri|/|r|.

(3) X Ly twong dwong véi phu thude ham kinh dién X — Y. Vi vay trong bai bdo nay hai

cach ky hieu X — Y va X Ly duoc xem 1a nhu nhau.

3. CAC TINH CHAT CUA PHU THUOC HAM SUY RONG

Muc nay dwa vao ngir nghia cia POS(X,Y) = ry 1a tap cdc bo trong r théa X — Y va
ngtr nghia cia k 1 ty s6 gitra s6 bo cia m théa X —Y va s6 bd cia r, ching toi chiing minh
lai mot s6 tinh chdt trong [1] va mot s6 tinh chat méi khéc.
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Tinh chédt 1. (Pinh Iy 1 trong [1])
POS(X,Y) C POS(XZ,YZ,) v6iX,Y, Z C Q

Chitng minh. Cho tg € POS(X,Y). Suyratyp € U vé6i U € PART(X) va U théa X — Y.
Goi V € PART(X Z) dugc x4c dinh bdi V = {t € r|[t[X Z] = {p[ X Z]}. Tir d6 suy ra:

lo € Vvavily,ts €V = (H1[X 7] = 12[ X Z] == {p[X] va

tZ] = LlZ] = ulY] = LY = 4|V Z] = [V Z],
chitng t6 V théa X Z — Y Z va tg € POS(X Z,YZ). Viy POS (X,Y) C POS(XZ,YZ). u

Tinh chét 2. (Hé qua 1 trong [1])
XEyoxz8yz K>k vei X, Y, Zeq.

Chatng minh. Theo Tinh chat 1:

. card(POS(X,Y)) < card(POS(XZ,YZ)) W
B 7] - 7] o

Vay Tinh chat 2 duwgc chirng minh. Diéu nay chimg t rang heé tién de 2 cia Armstrong (tién
dé gia tdng) dwoc bdo toan. [ ]
Tinh chat 3. (Pinh Iy 2 trong [1]) Néu POS (X,Y) = r thi POS (Y, Z) C POS(X, Z), véi
X,Y,ZCQ.

Chitng minh. Gid st tp € POS(Y,Z). Suyraty € V,V € PART(Y) va V théa Y — Z. Xét
U € PART(X) v6i U = {t € r|t[X]| = to[X]}. Rorang tg € U va v6i Viy,ty € U = [ X] =
tQ[X] = tl[Y] = tQ[Y] = to[Y] (dO c6 X i> Y va t1,t € V) = tl[Z] = tQ[Z], Chfrng to U
thoa X — Z vi to € POS(X, 7). Vay POS (Y, Z) C POS(X, 7). n

Tinh chét 4. (Hé qua 2 trong [1]) T X — Y va Y LNy suy ra X LA Z, k>k.
Chatng minh. Dé dang suy ra tir Tinh chét 3. [ ]

Tinh chdt 5. (Ménh dé 1 trong [1]) Néu POS (X,Y) = r thi véi bit kj U € PART(X) déu
ton tai V€ PART(Y) sao cho U C V.
Chitng minh. Cho U 1a mot 16p twong duwong bat ky thuéc PART(X) va tg € U. Khi dé:
U = {t|t|X] = to[X]} va U théa X — Y(do r théa X - Y).

Goi V € PART(Y) v6i V = {t]t[Y] = to[Y]}. RS rang U C V. n
Tinh chét 6. (Pinh Iy 3 trong [1]) Néu POS(Y, Z) = r thi POS(X,Y) C POS(X,Y) vdi
X.Y, 7 CQ.
Chitng minh. Gia st to € POS(X,Y). Suyraty € U, U € PART(X) va U thdéa X — Y véi
U = {t)iX] = to[X]}.
a) Néu |U| =1, thi ty € POS(X, 7).
b) Néu [U] > 1, khi d6 V1, ts € U = £1[X] = £ X] va 61[Y] = ta[Y].

Do POS(Y, Z) = r, suy ra {1[Z] = t2[Z]. Tx A6 U thdéa X — Z va tg € POS(X, 7). Vay
POS(X,Y) C POS(X, Z) va tinh chat 6 dugc chimg minh. Tt tinh chdt 6, dé dang ching
minh duoc hé qua sau. [ |
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/
Hé qual. T X 5 vaV — Z suyra X 5 2,k > k.

Tinh ch&t 7. (Quy tic tach) To X 5V Z suyra X 5 v va X & 26 > k va k" > k.
Ching minh:

Tacé X & vZ. (1)
Theo qui tic tdch cé YZ — Y (2)
vaYZ — Z. (3)
Tt (1) va (2), theo hé qua 1, ¢6 X LA Y, K > k.

T (2) va (3), theo hé qua 2, ¢6 X L Z, k" > k. [ ]

Tinh ch&t 8. Cho r(A1, As, .., A,) va X,Y,Z C Q = {Ay, As, ..., A,}. Khi @6, to X >
Y, V5 Zsuyra X 5B 210 > k.
Chitng minh. Gid sttty € POS(Y, Z). Suyra o € V, V € PART(Y) va V théa YV — Z. Xét
U € PART(X), v6i U = {t € r|t|X] = {p[X]}. Suy ra tg € U.

Vit € U= 4[X] = ]| X] = t[Y] = ta2[Y] = to]Y](doX 5 Y)

= 11[Z] = to[Z](do t1,ts € V).

Chitmg té U thdéa X — Z vatg € POS(X, Z). Vay POS(Y, Z) C POS(X, Z) va tinh chat
8 dwoc chitng minh. |

/
Tinh ch&t 9. T X 5 Y v X 5 Z khong suy ra dwoc X 5 Y7 voi k! > k.
Néi cdch khdc, d6i véi phu thuéc ham suy rong, quy tac hop cé trong phu thuéc ham kinh
dién khong con ding.

Chitng minh. Xét quan hé r(A, B, C, D) nhu sau:

W R W Lo W
W = == == o
Tt ot ot w o oww O
00~ S U W =T

D& thiy 1o A 22 B v A5 €. Tuy nhien 4 % BC.

Nhan zét:
+ Khéc véi phu thuoée ham théong thwong tir X Aywy & 7 khéng suy ra dwoc
/
x5z (ttrc khong c6 tinh bac cau) véi 1 > k' > k. Néi cdch khéc, véi cdc phu thude ham
suy rong, tién de thir 3 (tién dé bac cau) cia heé tién dé Armstrong khong con ding. Dieu
nay duoc minh hoa bédi vi du sau:
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r. A B C D
0 3 5 1
0 3 6 2
1 2 2 3
1 1 0 4
2 1 0 5
2 2 3 6

Dé thay 1a A YpwpYl C tuy nhién A %

+ Céc tien dé 1 (phan xa) va tién dé 2 (gia tdng) van con ding.

Sau khi da chimg minh cdc tinh chat 7, 8, 9, bay gio ta hay xem xét va gid i quyet van de
sau: Cho r va s 1a hai quan hé cing xdc dinh trén tap thuoc tinh Q = {Aq, Ay, ..., A}, X, Y
I céc tap con cia Q,r thoa X 55 Vs théa X 3V véi 0 < ky, ke < 1. Khi d6 ¢6 thé két
luan gl vé s phu thuoc cia phu thuéc ham suy rong X E Y trén cac quan hé rUs,r — s va
r N s? Ta c¢6 nhirng két qua sau:

Tinh chit 10. Cho r wva s la hat quan hé cung xdc dinh trén tap thudc tinh
Q = {A1, Ao, .o, AL, X, Y 1l cdc tip con cia Qr théa X =5 Y,s théa X B Y véi 0 <
ki, ke < 1.

Khi @6 c6 thé xay dung dwoc cdc quan hé r va s thda tat cd cdc dicu kién trén sao cho
rUs théa X 2 Y wa ciing c6 thé zay dung dwoc cdc quan hé r va s théa tdt cd cdc dieu kién
trén sao cho rUs théa X 5 V.
max (kT|r|, K3|s|)

min([r|, [s])

vot k < min Al va k<1

Chitng minh. Vé&ir va s thda céc diéu kién dwoc néu trong tinh chat 10, ta xay dung céc
quan hé r va s cho hai treomg hop sau.

Truong hop 1: rUs: A B C
r: A B C s: A B C 1 0 0

1 0 0 1 0 0 1 0 1

1 0 1 1 0 1 1 1 0

1 1 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 1

0 0 1 0 1 1 0 1 0

0 1 1

RO rang r théa A 2—>/BB va s théa A 2 B, con rUs théoa A 2 B.

Truong hop 2:

Ta xay dung hai quan hé r va s sao cho v&i moi t € r ¢ t[X] # /[ X] V¢ € s. Diéu kien
nay dam bdo r Ns = ¢.

Khi d6 16 rang véi r U s, s6 b thoéa phu thuoc ham X — Y bang |r1| + |s1|, trong dé
|r1]| va |s1] theo thit tw 14 86 bo cia r va s théa phu thuéoc ham X — Y. Nhuw vay r U s thoa
X 5y véi
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oo Il sl
7|+ sl
Mat khac ta co:
oo Il il lsal _ 2maxnllal)  mas(nl s max(lr )
Pl +1sl = 2min(|r[,[s[) = 2min([r|,[s])  min(|r[,[s]) min([r|, [s])

Vay k < min{3, 1}.

Truong hop 2 duwoc minh hoa béi vi du sau:

rUs: A B C
1 0 0
s: A B C 1 0 1
= f 13 % 2 0 1 0 0 0
1 o0 1 2 1 0 0 1 0
0 0 o 2 1 1 2 0 1
0 1 1 3 0 0 2 1 0
3 0 1 2 1 1
3 0 0
3 0 1

r thda A1—>/2B sthoéA2—>/BB r thda A4—>/QB

Ro rang
kf|r|, k3 1/2*4,2/5%5
k= 4)g < DXLl Kals) | max(1/2%4,2/5%5) o5 s
min(|r|, |s|) min(4, 5)
Tinh chat 11. Cho r wa s la hai quan hé cung zdc dinh itrén tdp thuoc tinh

Q = {A1, Ao, .o, AL, X, Y 1l cdc tip con cia Qr théa X =5 Y,s théa X B Y véi 0 <
ki, ke < 1.

Khi @6 c6 thé xdy dung dwoc cdc quan hé v va s thda tdt cd cdc dieu kién trén sao cho
r— s théa X > Y va ciing cé thé zdy dung dwoc cdc quan hé r vi s théa tdt cd cdc dicu
kién trén sao chor — s thda X Ly.

Ching minh:
Véir va s thda cdc diéu kién dwoc néu trén trong tinh chdt 12, ta xay dung céc quan hé

r va s cho hai trrong hop sau:

Truong hop 1:

— s
o ol
— ol Q
<
|
»

e N a N
S O
— ol
o <o

C
0 s
1
0
0

— o o ol

RO rang r théa A 23 B; s théa A L Bvir—sthoa A2 B,
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Truong hop 2: Xét

r: A B (C si A B C
00 1 2 0 0
0 0 0 2 1 1 r—s: A B C
9 0 0 2 1 0 0 0 1
1 0 2 0 0 0
2 1 1
5 1 0 1 0 0
1 0 1
rthéa,AL/BB;sthéa,Ao—’?B; r — s thoa A5 B.
Tinh chat 12. Cho r wa s la hai quan hé cung zdc dinh itrén tdp thuoc tinh

Q = {A1, Ao, .o, AL, X, Y 1l cdc tip con cia Qr théa X =5 Y,s théa X B Y véi 0 <
ki, ko < 1.

Khi @6 c6 thé xay dung dwoc cdc quan hé r va s thda tat cd cdc dicu kién trén sao cho
rOs théa X 2V va ciing c6 thé zdy dung dwoc cdc quan hé r va s théa tdt cd cdc diéu kién
trén sao chorN's théa X = Y.

Ching minh:

Véir va s thda cdc diéu kién dwoc néu trén trong tinh chdt 12, ta xay dung céc quan hé

r va s cho hai treomg hop sau:

Truong hop 1:

s: A B (C
T'fBC 0 0 0 r—s: A B C
088 0 1 0 0 0 0
R 11 1 0 1 0
1 1 0

RO rang r théa A 1—/?B; s thda A vz Bvir—sthéa A B.

Truong hop 2: Xét

r.

—
e
e

C
0 rns: A B C
1
0
1

—_—_ o o ol
— o = o ol
N DN
o~ o ol

B
0
1
0
0
0

/

—

rthéa,A2—>/5B; s thoa A —?B; r— s thoa A 5 B.
Ban luan

Trén day ching toi da trinh bay duwéi dang hién vé ngit nghia cdch mé rong cia [1,3] dé
thay duoc ban chat cia sw mé rong [1,3]. Ching t6i cing da chimg minh lai mot s6 tinh
chét trong [1,3] theo mot cach méi. Céc tinh chat 7, 8, 9,10, 11, 12 14 nhing tinh chat méi
da dwoc chiing minh va nhitng nhan xét trong bai bao nay 1a nhitng nhan xét c¢6 ¥ nghia vé
phu thuoc ham suy rong trén co s& 1y thuyét tap tho.
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Qua cdc tinh chat 10, 11, 12 da chirng minh & trén, ta thay dwoc ¢6 su khac nhau gitra
phu thuoc ham kinh dién va phu thuéc ham suy rong. Cu thé 1a néu r va s c6 cing lwoc do
va cung thoa X LY thi cac quan hé rUs,r — s,r Ns cang théa phu thuéc ham X 4 Y,
nhung diéu dé khong con ding véi cac phu thuoc ham suy rong.

L&i cAm on. Ching t6i xin chan thanh cdm on TS. Ha Quang Thuy da cho nhiéu ¥ kién déng gép
quy bdu, gitip ching t6i hoan thién bai bdo nay.
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