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MO RONG PHU THUOC HAM VA PHU THUOC DA TRI
HO THUAN!, HOANG THI LAN GIAOQ?

LVién Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam
2Khoa Cong Nghé Thong Tin, Pai hoc Khoa hoc Hué

Abstract. The aim of the paper is to give a generalization of functional and multivalued dependencies
in an information system. The definitions are established under the assumption that there are some
similarity relations between values of attributes. By using the so-called generalized dependency
matrices we develop a necessary and sufficient condition for an extension dependency to be hold.
Besides, some computational examples are given for illustration too.

Tém tdt. Bai bdo da xay dung cic dinh nghia mé rong vé phu thuoe ham va phu thudce da tritrong
hé théng théng tin. Céc dinh nghia mé&i nay dwoc thiét 1ap trén co s& thira nhan viéc ton tai cic
quan hé twong tir gitra céc gid tri clia nhitmg thudc tinh. Bang cdch sttdung cac ma trdn phu thudc
md réng ching toi da ra dwge mot diéu kién can va dudé mot phu thude mé rong thod man. Mot
s6 vi du minh hoa ciing dugc trinh bay trong bai bdo.

1. MO PAU

Cho A = (U, A) 1a mot hé thong thong tin véi U 1a tap cde doi twgng va A 1atap cac
thuoc tinh. Vé&i moi u € U va a € A ta ky hiéu u(a) 1a gid tri thuoc tinh a cda déi twong u.
Néu X C A la mot tap céc thuoc tinh ta ky hiéu u(X) 1a bo gdom céc gid tri u(a) véi a € X.
Vi vay, néu u va v 1a hai ddi tugng thude U, ta sé néi u(X) = v(X) néu u(a) = v(a) véi moi
thudc tinh a € X.

Nhic lai rang, néu X,Y 1a cc tap thudc tinh, thi Y dwoc goi 1a phu thudc ham vao X
trén U va ky hiéu X — Y néu

Vu,v e U u(X) =v(X) = ul)=v(). (1)

Hon nita, bang cach dit Z = A\ (X UY), tanéi Y 14 phu thudc da tri vio X trén U va
ky hieu X —— Y néu

(X)) = u(X),
Vu,v e U u(X)=v(X)=>3TtecU: S t(Y) =u(Y), (2)
tZ2) =v(2).

Tuy nhién, trong thuec té, ¢ nhitng phu thuoéc ham va phu thudc da tri ma cic ding thitc
trong (1) va (2) khong doi héi thue sir nghiém ngéit nh vay. Chang han, cho bang dir liéu
sinh vién, dio tao theo nién ché, véi ba thudc tinh I6p, hotén, mén hoc. Dé thay thudc tinh
ho tén la phu thuoc da tri vao thuodc tinh I6p, nghia 1a moi sinh vién trong cing mot 16p se
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phai hoc cdc moén nh nhau. Bay gi, néu nha trudomg da ra mot sé hoc phan twr chon, va véi
moi hoc phan nh vay céc sinh vién trong mot 16p c6 thé hoc cdc mén khac nhau (nhng dwge
xem 14 Twong dwong), thi ching ta van c6 Iy do dé néi ring thuoc tinh ho tén phu thudc da
tri vao thudc tinh I6p, mic du lic nay diéu kién (2) khong con ding nira. Rorang la trong
trueomg hop nay cdc dinh nghia nh trén khong con phu hop. Mét khéc, trong thuc té khong
hiém khi nhirng dir liéu thu nhan dwgc khong con chinh xdc nh vén cé. Diéu nay chic chin
cling 1am cho chiing ta khong phat hién hét moi phu thudc tir co s& dir liéu.

Dé gép phan phat hién céc phu thuoc tiém an trong dir liéu, trong bai nay ching toi sé
cogang da ra mot cach tiép can md rong cia cic khai niém phu thuoéc ham va phu thuoc da
tri. Céc khai niém md rong nay duwgc thiét 1ap dua trén mot ham dénh gid Ao Twong tir gitra
céc gia tri trong bang dir litu. Khi sy Twong tu gitra hai gia tri dat dén mot mirc do nhat
dinh, ching ta c6 thé xem hai gid tri nay 1a “dong nhat”. Vé&i cach ti€p can nay, cic phu
thudc thue ra 1a phu thuoc xap xi. Pé kiem chirng mot phu thuoc xap xi nao dé, ching to6i
cling sé st dung mot ma tran Twong tu ma tran phu thuée dugce st dung trong [?].

2. CAC KHAI NIEM

Cho hé théng thong tin A = (U, A). Véimoi V C U va X C A, ta goi mién gia tri cia
V trén X la tap hop
dom(V, X) := {u(X) |ue V}.

Khi V = U ta viét dom(X) thay cho dom(U, X) va hon ntta, néu X = {a}, ta chiviét mot
cach don gidn: V, = dom({a}).

Dé md rong cac khai niém phu thudc, trén céc tap gia tri V,, ngoai quan hé bang nhau
thong thomg ta gid dinh 13 ton tai mot ham Twong tw, phdn 4nh do gan nhau gitra cic gié
tri. Mot cach chinh xdc, mot anh xa s : V, x V, — [0, 1] dwgce goi 1a ham twong tu trén tap
V, néu hai diéu kién sau théa man:

1. s(a1,a2) = s(ag,ay), véi moi ay,az € Vg,

2. s(ay,a2) = 1< a1 = as.
s(a1,a2) duge goi la mikc twong tw gitra hai gid tri a; va ag. Cho « € [0, 1], hai gia tri a; va
ay dwgce goi 1a a—tuwong tu, va ky hiéu a; =, ag, néu s(ai,az) > a. RO rang khi ham s chi
nhan hai gid tri 0 va 1, thi, v4i moi a > 0, a1 =4 ag khi va chi khi a1 = as.

Cho tap thudc tinh B = {by,ba, -+ b} C A vd 3,y € dom(B). Khi d6 3 va v c6 thé
xem la hai day (5;); va(v;):, v6i Bi,vi € dom(b;), 1 < i < m. Do tuong tu gita [ va v dugce
dinh nghia la gid tri:

S(B,v) = min{s(8;,v:) | 1 <i < m}. (3)

Bay gio, gid st v € dom(B) va D C dom(B), ta goi do thudc cua v vao D la do twong
tir 1ém nhét gifra v v6i cac gid tri trong D. Cuthé, gid tri nay dwgc xéc dinh béi:

b(v, D) = max S(v,8).

Mot céch tir nhién, ta ti€p tuc dung ky hiéu 3 =, v néu S(3,7) > a va néi rang 38 vi
v la a—twong tw. Clng vay, ta néi v thudc vao tap D véi mite a, va ky hiéu v €, D, néu
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b(,D) > a. Ménh dé dudi day cho ta mot s6 tinh chat co ban cia cdc khai niém nay maviéc
chitng minh c6 thé suy ra truc tiép tir dinh nghia.

Ménh dé 2.1. Cho BC A, D C dom(B), 3,v € dom(B), ta cd
1. S(B,7) =8(v,8); S(B,7) =1 f=1.
2.0<b(v,D)<1;b(y,D)=1<~v€D.

3. Néu D C D' C dom(B), thi b(y, D) < b(v, D’).
4. vEq D d6 € D,y=4 0.

Vi du 2.1. Xét hé thong v6i ba thudce tinh: a (tén 1ap trinh vién), b (trinh do chuyén mon),
¢ (ngon ngtr 1ap trinh sir dung) dwoc cho trong Bang 1.

Bdng 1

a b C

A | Be PASCAL
A | Bc | FORTRAN
A | Be COBOL
A | Dip | PASCAL
A | Dip C

A | Dip | FORTRAN
A | Ms COBOL
A | Ms | PASCAL
B | Be C

B | Bce PASCAL

Gia st ham twong tu gitta nhirng gia tri trong tirng thudc tinh dwoc cho bdi cdc bang sau

Bdng 2. Ham twong tw trén V

b | Bc | Dip | Ms
Bec| 1 |06 ]08
Dip|06| 1 |0.3
Ms |08] 03] 1

Bdng 3. Ham tuwong tu trén V,

¢ FORTRAN | COBOL | PASCAL | C

FORTRAN 1 0.9 0.7 0.8

COBOL 0.9 1 0.7 0.6

PASCAL 0.7 0.7 1 0.8
C 0.8 0.6 0.6 1

bat B = {b,c}, 8 = (Be, FOTRAN),y = (Ms,COBOL) € dom(B), ta c6

S(6,7v) = min{s(Bc, Ms),s(FORTRAN,COBOL)} = min{0.8,0.9} = 0.8.
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Mat khac, véi D = {Be, Dip} C dom(b) va M's € dom(b), ta c
b(Ms,D) = max{s(Ms, Bc),s(Ms, Dip)} = max{0.8,0.3} = 0.8.

Nhu Véy7 ﬂ =0.8 7Y va Ms €gg D.

3. PHU THUOC MO RONG VA CAC TINH CHAT

Dua trén quan hé a—twong tu trén céc tap gia tri, chung ta sé da ra cac khai niém phu
thudc ham va phu thuodc da tri md rong. Mot cach chinh xéc, ching ta ¢é cac dinh nghia sau.
Pinh nghia 3.1. Cho X,Y C Ava a € [0,1]. Tanéi Y a—phu thuéc ham vao X trén U va
ky hieu X —, Y néu

Vu,v € U u(X) =v(X) = u(Y) =4 v(Y).

Khi @ = 1 ta nhan dugc dinh nghia phu thuéc ham nguyén thuy.
Pinh nghia 3.2. Cho XY C Avaa € [0,1]. Pat Z = A\ (X UY). Tandi Y la a—phu
thudc da tri vao X trén U, va ky hieu X ——, Y, néu véi moi ciap doi twong u,v € U sao
cho u(X) = v(X) = z, ton tai déi twong t € U sao cho t(X) = z, dong thoi thda man mot
trong hai diéu kién sau:

L t(Y)=u(Y) vat(Z) =4 v(2),
2. t(Y) =q u(Y) vat(Z) =v(Z2).

RO rang, khi @ = 1 hai diéu kién trén twong dwong va cing twong dwong véi (2), nén ta
cing nhan dwgc khai niém phu thudc da tri nguyén thuy. Tt cdc dinh nghia mé& rong trén
dé kiém tra dugc réng, nfu 0 < S < a < 1, thi X —, Y (X ==, Y) kéo theo X —3Y
(X ——3 Y). Ngoai ra, mot sé tinh chat cia phu thudc ham va phu thude da tri van con
ding ddi véi cac phu thuoc mé rong. Pieu dé dwoc khang dinh trong ménh dé dwdi day

Meénh dé 3.1. Cho X,Y,Z C A, a € [0,1]. Khi d6
1. NeuY CX thi X —a Y.
2. NeuX 5o Y thi XUZ —a Y UZ.
3. NéuX 5—a Y thi X = A\ (X UY).
4. NeuX = Y thi X =, Y.

Chitng minh.

1) Hién nhién ding vi ta da biét, néu Y € X thi X —1 Y.

2) Véi moi cdp doi twong u,v € U néuu(X UZ) =v(X UZ) thi u(Z) = v(Z) vau(X) =
v(X). ViX =Y nénu(Y)=qv(). Dodou(YUZ)=qv(YUZ). Vay XUZ —,YUZ.

3) Khong mat tinh tong quét, gid st X NY = 0. Khi d6, dat Z = A\ (X UY), thi
Y =A\(XUZ). Tt X -, Y suy ra véi moi ciap doi tuong u,v € U ma u(X) =v(X) ==
thi ton tai déi twong t € U sao cho ¢(X) = z va t(Y) = uw(Y),t(Z) =4 v(Z) hodc t(Y) =,
w(Y),#(Z) = v(Z). Do 46 X —q Z.
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4)Pat Z = A\ (XUY). Do X —, Y nén véi moi cap doi tuong u,v € U ma u(X) =
v(X) =z ta cé v(Y) =, uw(Y). Bang céch chon t = v ta nhan duge t(X) = z, t(Z) = v(Z)
vat(Y) =qu(Y). Vay X ——, Y.
Vi du 3.1. Xét hé théng A = (U, {X,Y, Z}) dugc cho trong Bang 4, cdc ham twong tu trén
Vy va Vz dugce cho trén Bang 5.

Khi d6, dé thdy X ——og Y. Nhng X —/+09 Y vi ¢6 hai di twong t4 vats cling bang
x1 trén thuoc tinh X, mat khéc t4(Y) = 81 vats(Z) = 73, nhng khong c¢6 ddi twong v nao
ma v(X) = x; dong thoi thod man (v(Y) = B1 va v(Z) =¢9 ~3) hodc (v(Y) =9 B1 va
v(Z) = 3).

Bdng 4 Bdng 5. Céc ham twong tu trén Vy va Vy
Ul X|Y | Z
t1|z1 | B |m
t
t2 il gQ n Y | B | B Bs Z1lm ||
t3 wl ﬁ?’ 72 8.1 110507 ~ | 1 06]0.7
t4 $1 ﬁl 32 Blos| 1 ]09 v | 06| 1|08
5071 | B3 |73

07109] 1 07108 1

te | T1 | B2 | V3 B 15
t7 | @2 | B1 | m
ts | w2 | B1 | 2

4. KIEM TRA - PHU THUOC DA TRI

4.1. Piéu kién ton tai - phu thudc da tri

Trong mot bai bdo tréc [?], d€ nghién ciru phu thuoc da tri, céc tac gia da thiét lap ma
tran phu thudc dua vao phan hoach trén cac gid tri thuoc tinh va da chirng minh dwoc rang,
X —— Y duing khi va chi khi ma tran phu thuédc la ddy ddc, ttrc 1amoi phan ti clia ma tran
déu ¢ gia tri 1. Trong trudmg hop ma tran phu thuoc 1a gin ddc (tic 1a chira phan 16m cdc
s6 1), thi ta cing nhan dwge mot phuthude da tri xap xi(tire 14 bod di mot s6 it bd nao dé cia
béng dir liéu thi nhan dwge phu thudc ding). Trén co s& cac két qua nay, mot thuat todn
kiém ching phu thuéc va phu thuoc xap xi dua vao ma tran phu thudc ciing da dugc thiét
lap. Phét trién ¥ tong d6, & day ching ta sé xay dung mot ma tran cé vai tro twong tu trong
viéc xac dinh a—phuthudc da tri.

Trén U ta xdc dinh quan hé IND(X) xdc dinh béi

uIND(X)v < u(X) =v(X); w,vel.

Dé kiém chirng dwrge rang IND(X) 14 mét quan hé twong dwong trén U. Ta ky hiéu ho cic 16p
twong dwong cua U theo quan hé nay bdi [X] = { X1, -+, X }. Rorang, Y ——, Z ding trén
U khi va chi khi Y ——, Z ding trén moi X;. Do dé, & day ta chi han ché viéc kiém tra phu
thudc trén moi X; ¢6 dinh. Ky hiéu Z = A\ (X UY). Gid st dom(X;,Y) = {61,582, -+ , Bp}
va dom(X;, Z) = {71,72, -+ ¥} V6i moi B, v, ta ky hiéu

E; ={t(Z)|te X;; t(Y)=p;} C dom(Z);
Fr. ={t(Y)|te X;; t(Z) =} C dom(Y).
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Ta goi ma trdn phu thuéc md réng, twong tmg véi 16p X, 1a D' = (djk)pxq, vOi céc thanh
phan d;;, duoc xdc dinh boi:

djk := max{b(8;, Fi,), b(vk, Ej)}.

Ma tran D? dugc goi la a—day dic néu véi moi j, k ta déu ¢ djr > «, hay, mot cach tuwong
dwong: hoac 3; €, Fj, hoac v, €4 Ej.

twrong tu nh phu thudc da tri nguyén thiy, a—phu thuoc da tri ciing cé thé dwoc dic
trung hoan toan bang ho cdc ma tran phu thuoéc mé rong D, Dieu dé duwoc khing dinh trong
dinh ly sau.

Pinh 1y 4.1. Y la a—phu thudc da tri vaio X khi va chi khi D' laa—ddy ddc, véi moi
1<t <m.

Chitng minh. Gid st X ——, Y. Chung ta sé chitng minh moi D! déu la ma tran a—day
diic. That vay, véimoi 1 < j < pval < k < g, ton tai hai déi twong u,v € X; sao cho
uw(Y) = B vav(Z) = v, Viu vav cung thudc 16p X; nén u(X) = v(X). Theo dinh nghia
clia a—phu thudc da tri, ton tai bo ¢ € X; thod man mot trong hai dieu kién sau

L t(Y) = u(Y) = ; VA (Z) =a v(Z) = 7,
2. 1Y) =a u(Y) = B va 1(Z) = v(Z) = .

Néu trudmg hop a) xay ra thl ¢(Z) € Ej va v =q t(Z). Do d6, b(y, Ej) > a. Tuong ty,
néu b) xay ra thi b(8;, Fy) > «. Ca hai truong hop d6 déu dan dén dji > «. Vi diéu nay
ding v6i moi dj; nén D' 1a ma tran a—day dic.

Nguroc lai, gid stt moi D? déu 1a ma tran a— day diac. Cho hai d6i twong tuy yu,v € U
thod man u(X) = v(X). Lic d6, u va v phdi thudc cing mot 16p twong dwong X; nao do.
bat 6 = u(Y) va v, = v(Z). Do dji, > o nén ta cé

1. hoac b(B;, F) > «,
2. hodc b(vk, Ej) > o

Néu i) ding thi ton tai t € X; sao cho t(Z) = v = v(Z) va t(Y) =4 B; = u(Y), con néu
ii) ding thi ton tai t € X; sao cho t(Y) = B; = w(Y) va t(Z) =4 7 = v(Z). Trong cd hai
truong hop, t déu thod man diéu kién cia Pinh nghia 7?. Vay X ——, Y va dinh Iy da dwoc
chirng minh. [
Vi du 4.1. Xét lai hé théng cho trong Vi du ??. Ho cdc l6p tuwong dwong theo quan
hEIND(X) 13 [X] = {X1, X}, v6i X1 = {t1, ba, ts, ta, t5, b6} vAX2 = {t7, ts).
Trén 16p X; ta c6 dom(X1,Y) = {01, B2, B3}, dom(X1, Z) = {71,72,73} va
Ey={t(Z) |t € X1, t(Y) =B} = {1,712}

Ey={t(Z) [t € X1, t(Y) = B2} = {n,73};
By ={t(Z) [t € X1, t(Y) = B3} = {72,73};
F={t(Y)|te X1, t(Z) =n}=1{61,06}%
Py ={t(Y) |t € X1, t(Z) = 2} = {B1, 8 };

Fy ={t(Y) |t € X1, t(Z) = v3} = {B2, B3}
Tir A6 cac phan tr cia ma tran D! dwoc x4c dinh bdi:
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di1 = max{b(f, F1),
di2 = max{b(f1, F2),

( ), b(71, E1)} = max{1;1} = 1;

( ), b(v2, E1)} = max{1;1} = 1;

d13 = max{b(B1, F3), b(v3, F1)} = max{0.7;0.8} = 0.8;

do1 = max{b(f2, F1), b(y1, E2)} = max{1;1} = 1;

doo = max{b(f2, F2), b(y2, F2)} = max{0.9;0.8} = 0.9;

da3 = max{b(f2, F3), b(y3, E2)} = max{1;1} = 1;

d31 = max{b(fs, F1), b(y1, E3)} = max{0.9;0.7} = 0.9;

d32 = max{b(ﬁg, 2), b(’)’Q,Eg)} = max{l; 1} = 1;

d33 = max{b(ﬁg,Fg) b(’)’3,E3)} = max{l; 1} =1.

Twong tur, trén 16p Xo ta c6 dom(Xs,Y) = {B1}, dom(X2,Z) = {71,792} v& bing tinh

todn don gidn ta thu dwoc cdc phan tir cia ma tran D? lady; = dio = 1. Tém lai, ta dwoc

D'=| 1 09 1 |, D*=(11).

RO rang v6i o < 0.8 thi cd hai ma tran D! va D? déu a—day diic. Do d6 X ——, Y, v6i
moi a < 0.8. Trong khi dé, néu a > 0.8 thi D! khong a—day dic nén X -+, Y
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