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TOM TAT-Trong bdi bdo nay, ching t6i trinh bay phwong phdp xdy dung mét dé do méi, goi la dé phu thuéc Gamma, do
do phu thudc giita cdc tdp thudc tinh pham tru (categorical attributes) trong mot hé thong tin. Do do nay dwoc xdy dung dua trén
khdi niém entropy bii (complementary entropy) do Jiye Liang va cong sw dé xudt. Vi hai tdp thuge tinh X va Y, @ do ndy sé gan
cho ching mot s6 thire thuéce khodng déng [0,1] phan dnh mike @6 phu thudc cia Y vao X. Gid tri dé do bang 1 khi va chi khi ton tai
phu thuge ham X = Y. Va nhir thé, gid tri ciia n6 cang gan bang 1 thi s phu thude ciia Y vdo X trong hé théng tin cdng gan phu
thuoc ham X - Y. Cac tinh chcft cua do do phu thuéc dé xudt va méi lién hé ciia né véi phu thugc ham ciing duoc nghién cuu. Cdc
tinh chdt nay cho thdy c6 thé xem né la sy mé rong ciia khdi niém phy thugc ham, va dg phy thuéc Gamma cé thé dwoe sir dung nhw
la mét do do phu thude ham xdp xi.

Tir khoa- Entropy bu, Do phu thudc thudc tinh Gamma, Phu thuéc ham, Khai pha dir liéu.

I. MO DPAU

Trong mét co s& dir licu, tap thude tinh Y phu thudc ham vao tap thudc tinh X néu gia tri cua céc thugc tinh
trong Y dugc xac dinh duy nhit boi gi tri cta cac thudc tinh trong X. Trong nhitng ndm gan déy, vin dé khai pha sy
phu thudc giira cac thudc tinh (cic bién) trong co s& dit liéu da tro thanh dé tai thu hat sy quan tim cua nhiéu nha
nghién ctru. Muc tiéu cta khai pha phu thudc thudc tinh 12 nham phat hién ra cic mdi quan hé giita cac thudc tinh trong
mdt co sd dir liéu. Cac phu thude thude tinh phat hién dugc s€ duge sir dung vao viéc thuc hién cac nhiém vu khac
trong khai pha dit liéu nhu Iyra chon thugc tinh (dic trung) trong nhan dang, phan 16p dit liéu, khai phé luat két hop, roi
rac hoa dir liéu, ... [10, 17, 23].

Dé phat hién hiéu qua cac phu thudce thude tinh thi viéc xay dung cac d6 do (cac ham) cho phép danh gia ding
mirc d6 phu thudc 1a didu rat quan trong. Trong nhiing nam qua, nhidu d6 do da duoc d& xudt hodc phat trién nhim do
dac mic d6 phuy thudce gitta cac thudc tinh. Hé so twong quan Pearson [9] la d6 do kinh dién, duoc xdy dung nham
danh gia mire d6 twong quan tuyén tinh giita cac bién s6 ngau nhién. D@ thdy, c6 mot s6 han ché khi sir dung hé sO nay.
Thir nhat, hé sb twong quan chi phan anh duoc su phu thude tuyén tinh, trong khi trén thuc té, cac mdi quan hé giita cac
bién thuong khong phai 1a tuyén tinh. Thu hai, hé s6 tuong quan khong cho phép do dac mirc do quan hé gitta mot tap
bién nay véi mot tap bién khac. Nhu da biét, khi giai quyét van dé lya chon thudc tinh, ta thuong phai tinh toan moi
quan h¢ gitra mét thudc tinh img vién va mot tap thudc tinh da duogc lwa chon. Hon nita, hé s6 twong quan Pearson co
thé tro nén khong hiéu qua khi phai tinh toan d6 phu thudc gilta cac thude tinh pham tra (nhu quoc tich, mau sic,...).
Dé giai quyet nhiing van dé néu trén, cac nha nghién ctru da dé xuét nhiéu d6 do méi. Ching han, d6 do dwa vio thong
tin twong hd [2], d6 do do nhét quan trong lya chon thudc tinh [6], Chi 2 trong lua chon thudc tinh va roi rac hoa [17],
Relief va ReliefF dé udc lugng cac thude tinh [22], 6 do d6 phu thude riéng phan trong 1y thuyét tap tho [20, 18, 19,
11].

Trong ly thuyét tap tho, dya trén quan hé bat kha phan biét, Pawlak da dé xuét mot mé hinh toan hoc, goi la do
phu thudc riéng phén Y dé tinh muc do phu thudc ctia mét tap thudc tinh nay vao mot tap thudc tinh khac [18]. Céc
tinh chat dai $6 ctia md hinh nay cling da duogc nhiéu nha nghién ctru ban luan [20, 18, 11, 7, 8, 6],. Khi dir liéu chua
céc gia tri pham tru, d6 phu thudc riéng phan y thuong duoc sir dung vao viée tinh toan cac tap thudc tinh rat gon, giai
quyét bai toan lwa chon thudc tinh [11, 19, 23]. Tuy nhién, trong [8] Diintsch va Gediga da chi ra rang md hinh cua
Pawlak 1a khong hoan chinh (inadequate) cho viéc tinh toan dé phu thudc. VAn dé gip phai ¢ day 1a, trong mét sb
truong hop, mét thudc tinh c6 sy phu thugc vao mot thude tinh khac & mic d6 nao d6 nhung mo hinh Pawlak lai cho
d6 phu thudc v bang 0. Chi tiét vé van dé nay c6 thé tham khao cac tai liéu [8, 24].

Trong nhitng nam qua, mdt $6 mo hinh tinh toan do phu thudc kiéu Pawlak cling da duogc dé xuét. Bhatt va
Gopal [3] di @& xuat mo hinh d6 phu thudc dua vao xép xi tap thé mo. M6 hinh nay 1a sy mé rong mé hinh Pawlak va
6 thé ap dung cho ca dir li¢u gia tri thyc, tuy nhién vé ban chit n6 cling giéng nhu mé hinh cua Pawlak, do do6 cling
gap phai véan dé vira néu trén. Trong [4] Chen va cdng su cling da dé nghi m§t mo hinh dya trén cac tap thdé mo, trong
d6 d6 phu thude dugc tinh toan theo mot quan hé T-twong tuy mo. Tuy nhién, mé hinh nay tré thanh moé hinh giéng nhu
mo hinh Pawlak khi quan hé T-twong ty mé 14 quan hé twong ty rd. Va nhu thé, mé hinh cta Chen va cong su ciing gip
phai vin d& nhu mé hinh ciia Pawlak. Trong [13] Hu va cong sy d trinh bay mé hinh tap thd dua trén khoang cach va
ham phu thude giéng nhu ciia Pawlak. Trong [21] Sakai va Okuma di dé xuat mot mo hinh tinh toan do phu thudc
trong bang quyet dinh khong nhét quan (c6 chtra ca gia tri tap hop va gia tri khoang). Thuét toan nay doi hoi hai gia tri
ngudng ma néu chung khong dwoc nap vao mdt cach ding dan s& cho ra do phu thudc sai léch. Viéc xac dinh cac
ngudng thé nao cho ding khong duoc ban trong [21]. Ziarko [25,26] ciing dd dé xuat mot mo hinh phu thude thude
tinh, goi 13 ham k-phu thudc, dwa vao xac suat. M6 hinh nay doi héi mot tap dich dé xap xi tap tho va do phu thudce
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dugc tinh dya vao tap dich da chon. Thé nhung, viéc xac dinh tap dich ra sao khong duoc ban t6i trong [25,26]. Gan
day, Yamaguchi [24] di dé xuit mot mo6 hinh méi tinh toan d6 phu thuge bang cach xét dén do hiéu qua dir liéu. Dya
vao ma tran kha phan biét ddi vOi quyét dinh, mé hinh nay xem xét s 1an céc thudc tinh diéu kién dwoc sir dung dé xac
dinh gia tri cia thudc tinh quyet dinh.

Mic di mot sé md hinh phu thudc da duge dé xuat nhu vira trinh bay trén ddy, vin dé néu ra trong [8] hau nhu
van chua duogc giai quyét mot cach triét dé.

Trong bai bao nay, chiing t6i trinh bay phuong phéap xay dung mot d6 do mdi, goi 1a d6 phu thudc Gamma, do
d6 phu thudc gitra cac tap thudc tinh pham tru (categorical attributes) trong mdt hé thong tin. B9 do nay duoc xay dung
dua trén khai niém entropy bul (complementary entropy) do Jiye Liang va cong su d& xuit [14, 15]. V6i hai tap thudc
tinh X va Y, d6 do nay s& gan cho ching mét s thuc thudc khoang dong [0,1] phan anh mirc do phu thudc cua Y vao
X. Gia tri 9 do bang 1 khi va chi khi ton tai phu thudc ham X — Y trong quan hé. Va nhu thé, gié tri cia n6 cang gan
béng 1 thi sy phu thudc cua Y vao X trong quan h¢ cang gén phu thudc ham X — Y. Cac tinh chét cua d6 do phu thudc
dé xuét va moi lién hé ciia n6 v6i phu thudc ham ciing duge nghién ciru. Cac tinh chat nay cho thiy c6 thé xem phu
thugc Gamma 1a sy mé rong cua khai niém phu thugc ham, va d¢ phu thuéc Gamma céd thé duoc su dung nhu 1a mét
d6 do phu thudc ham xap xi.

Noi dung phﬁn con lai ctia bai bao nay 1a nhu sau. Muc II trinh bay van tat mot sb kién thirc lién quan; muc III
dua ra dinh nghia vé do phu thuéc Gamma va nghién ctru cac tinh chét cua né; muc IV trinh bay moi lién hé gitta phu
thudéc Gamma va phu thudc ham; myc V 14 phan két luan trong d6 néu ca huéng nghién ctru tiép theo. Cudi bai béo la
danh sach cac tai li€u tham khao.

II. MOT SO KIEN THU'C LIEN QUAN
Néu khong néi gi khéc, tit ca cac tap hop xét dén trong phan con lai ciia bai bao 1a hitu han.
A. Phén hoach ciia mét tap hop hitu han
Cho U 1a mot tap hop khac rdng cac ddi twong. Mot phan hoach cia U 1a mot ho khac rdng cac tap con m =
{B1, By, ..., Bs} théa man }i_, B; = U va B; N B; = @ v&i moi i # j. Moi tap con B; dugc goi 1a mot khoi hay mét 16p
clia 7 . Dudi day s& ky hiéu ho tat ca cac phan hoach ciia U 1a PART(V).

Trén ho cac phan hoach cua mét tap hop cod thé dinh nghia mét quan hé thr ty bd phan nhu sau: cho w, 0 €
PART(U), ta néi ™ min hon ¢ va viét T < o néu mdi khdi B cia w déu ton tai mot khdi C cua o sao cho B € C; ndi
cach khac, néu mdi khéi C thudce o 1a hop ciia mot s6 khoi thude . Ngudi ta da chimg minh duoc rang, quan hé riéng
phan nay sinh ra mot dan trén PART(U), nghia 1 v6i hai phan hoach bat ky 7,6 € PART(U) ludn t6n tai mot phan
hoach min nhat 6; sao cho < 6;, 6 < 6; va mot phan hoach tho nhét 6, thoa man 6, < m, 8, < 0.

B. Khdi niém entropy bu

Ly thuyét tap thd do Z. Pawlak dé xuét vao nhing ndm déu thap nién 80 thé ky XX 1a mot cong cu cho viée xir
Iy dir liéu khong chac chan, khong day da. Trong ly thuyét tap tho, mot bang dir li€u gom m ¢t ing véi m thude tinh
pham tru, n héng ung véin doi tugng (bo dir ligu) duge goi 1a mot hé thong thong tin. Néu goi U 1a tép tat ca cac doi
tuong, A 13 tip tat ca cac thudc tinh thi mot hé théng tin thudng duoce ky hiéu 1a bo d6i § = (U, A).

Dé do dac s khong chic chin va tinh md trong 1y thuyét tap tho, trong [14,15] Jiye Liang va cong su da dua ra
khai niém entropy bu (Complementary entropy) ctia cac phan hoach nhu sau.

Chom,o € PART(U) vagiasuem = {X;,X,, ..., Xpn}, 0 = {Y1,Y, ...,V }.

Dinh nghia 1 (Entropy bu) [14,15]. Entropy bu cta phan hoach 7 1a dai lugng E () dinh nghia bai
Z X [Xi]
\ul 11’

trong d6 | . | chi s6 phan tir cia mot tip hop va X 1a phan bu ctia X in U.

D@ thiy, E () ¢6 thé dugc viét lai nhu sau:

Xl (1l )
E(”)=;|U|< 1) 1‘WZ'X'

Dinh nghia 2 (Entropy bii ¢6 diéu kién) [14,15]. Entropy bu c6 diéu kién ctia 7 khi da biét o duge dinh nghia boi:

& %y [7, - X
Blolm =) ) S

i=1 j=1

Vi |7j -Xi| = |7j nX;| = I1X1-1]Xn Y}| ,E(m|0) c6 thé duge viét lai nhu sau:
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m n m m n
1 — 1 5 2
E(Jlﬂ)—U—ZZ|Xian||YjﬂXi|=W ZIXiI ZZ|Xln !
i=1 j=1 i=1 i=1 j=1
Pinh nghia 3 (Entropy bii dong thoi) [14]. Entropy bu dong thoi ctia  va o duge dinh nghia boi:
5 )_Z Clxony|[xay 1 miIXnle
"o ol P& A
i=1 j= i=1j=1

Tir dinh nghia, suy ra E (1, 0) = E (o, ). Va néu dat
rAc={X;nY|i=1.mj=1..,nXNnY;* 0}
thi A 0 1a mét phan hoach cua U. Rd rang m A 0 < 1, 0 va ta co:
E(m,0) = E(w A o).
Dinh nghia 4 (Entropy bii twong hd) [14]. Entropy bu twong hd cua 7 va o duge dinh nghia bai:

|x; nY||X ny;|
I(m;0) = ZZ T

i=1 j=

D@ thay I(m; o) ¢6 tinh ddi xtmg va
I(m;0) = E(o) — E(o|n) = E(r) — E(xt|o).
Ciing nhur Shannon entropy [27], entropy bu E ¢6 cac tinh chit sau day.

Mgnh d@ 1 (Gid tri nho nhdt, Ién nhat) [1,14]. V6i moi m € PART(U), ta déu ¢6 0 < E(U) < 1—1/|U| . Gia tri nho
nhat 0 dat duoc khi va chi khi T = wy = {U}, con gia tri 16n nhat 1 — 1/|U| dat duoc khi va chi khi 7 = ay =
{{x} | x € U}.

Ménh d& 2 (Tinh don diéu) [1,14]. Cho 7, & € PART(U).
a)Néur < o thi E(n) > E(0).
b)Néurm < o vaE(m) = E(0) thim = 0.
Chu y rang, ndi chung néu chi ¢6 E () = E (o) thi chua suy ra dugc = o.
Ménh d& 3 [1]. Cho 7, ¢ € PART(U). Ta 6
E(m,0) = E(n) + E(o|n) = E(o) + E(m|o) .
Ménh dé 4 [1]. Cho 7,0 € PART(U). Ta co
I(m;0) = 1(o;m) = E(n) + E(0) — E(m,0) .
Ménh dé 5 (Gid tri nhé nhat, I6n nhdt cia entropy bii ¢é diéu kién). Véi moi w,0 € PART(U) ta déu c6

1
0< E(aln) < 1—m;
E(o|m) = 0khivachikhin <o ; E(o|lnr) =1—1/|U| khivachikhioc =ay va © = wy.
Chirng minh. Hién nhién ta c6 E(o|m) = 0. Theo Ménh dé 3,
E(o|n) = E(rt,0) — E(m).
Thé thi
E(oln) =0 E(m,0) =E(m) © E(tAo)=E(n).
Vi m Ao <, theo Ménh dé 2, ta c6
E(mAo)=E(n)e nho=n & n<o0.
Vay, E(o|m) = 0 khivachikhiw < o.
Mit khéc, theo Ménh dé 1,

E(m,0) =E(mAo)<1=— 1

and E(o) = 0.

Suy ra
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E(o|ln) = E(r,0) —E(m) < 1—%

Dau “=" xay ra khi va chi khi

E(m)=0 @{ﬂ=wuu

1
E(nAho)=1—-—— o=ay
Ul

Ménh dé 6 (Gid tri nhé nhat, I6n nhdt ciia entropy bit dong thoi). Cho m, 0 € PART(U). Khi d6
max(E(n),E(0)) < E(m,0) < E(m) + E(0) .
Chirng minh. V& trai max(E(w), E(0)) < E(m,0) suy ra tir cac Ménh dé 1, 3 va 5. V& phai E(m,0) < E() + E(0)
suy ra tir Ménh dé 4 va Pinh nghia 4.0
1II. PO PO PO PHU THUQC GAMMA

A. Dinh nghia dj phu thugc Gamma

Cho hé théng thong tin S = (U, A), trong d6 U 1a tap tat ca cac d6i tugng, A 1a tap tt ca cac thudc tinh. Cac tap
con thudc tinh trong A4 c6 mdi lién két tu nhién véi cac phan hoach ctia U: mdi tap con thudc tinh tao ra mot phan
hoach trén U, trong d6 hai déi twong s& thudc vao ciing mot khbi néu chung c6 cung gia tri vé tap thudc tinh do.

Duoi day, dé cho tién, ta s& viét hop cua cac tap con thudc tinh, chéng han cia X va Y la XY. Phan hoach trén U
sinh ra bdi tap thudc tinh X 1a my.

Chu y rang dbi v6i mot co so dit liéu quan hé, my 12 phan hoach cua tip cac hang trong mot bang c6 thé thu
duoc bang cach sir dung tuy chon group by X trong SQL.

Cho hai tdp con thudc tinh X,Y € A. Gia st cac phan hoach trén U sinh bdi X va Y lan luot 1a Ty =
{X1, X5, ..., X} va my = {Y1, Y5, ..., ¥, }. Khi @6, phan hoach trén U sinh bsi XY s& 1a

Ty =y Aty ={X;nYj|i=1..mj=1.,nX,nY; # 0}

Pinh nghia 5. Cho hai tap con thudc tinh X,Y € A. Gia sir cac phan hoach trén U sinh boi X va Y 1an luot 1a my =
{X, X5, .., X} va my = {Y1, Y5, ..., ¥, }. Ta goi dd phu thudc cua Y vao X 1a dai lwong I'(X, Y) x4c dinh nhu sau:

n

_ U] _
F(X,Y)—l—lul—_lE(nylnX)— |U|(|U| ZIXI ZZIXLO

i=1 i=1 j=1

Vi du: Xét bang quyét dinh cho trong Bang 1.
Bang 1. Bang quyét dinh cta Diintsch [8].

X c ) d
X1 0 0 0
X3 0 2 0
X3 0 2 0
X4 1 1 0
Xs 1 0 1
X6 1 2 1
X7 1 2 1
Xg 0 1 1

O day, ta co: |U| = 8,

Ty = {X1 = {x1, %2, X3, Xg}, X5 = {X4, X5, X6, x7}}, Tg = {Yl = {x1, X2, X3, %4}, Y, = {xs,x6,x7,x8}}.

(e (@) = 1= s Zw Zme

i=1 j=

1
=1-—— (@ +4) - (@ +1)+ (12 +3))) =

Chu y rang, néu tinh theo md hinh Pawlak, ta c6 y({c,}, {d}) = 0 (xem [8]).
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B. Cdc tinh chit
Ménh d@ 7 (Gid tri nhé nhat, I6n nhat cia dé phu thuée Gamma). 0 < T(X,Y) < 1.

Chitng minh. Theo Ménh dé 6: E(my|my) = 0 khi va chi khi my < my; E(my|my) = 0khi va chi khimy = wy va
Ty = ay. Suy ra, ['(X,Y) = 1 khi va chi khi my < my; T'(X,Y) = 0 khi va chi khi ny = wy va my = ay.O

Ménh dé 8 (Quy tdc phanxa). NéuY € X € AthiI'(X,Y) = 1.
Chitng minh. Néu'Y € X thi my < my. Vay theo Ménh ¢ 7, T(X,Y) = 1.0
M¢énh @& 9. Cho ba tap con thugc tinh X,Y,Z € A. Taco I'(XZ,YZ) = T'(XZ,Y).
Chieng minh.
E(myz|myz) = E(txyz) — E(xz) (Ménh dé 3)
= E(mylnyz) + E(myz) — E(yz) (Ménh dé 3)
= E(my|myz).
Suy ra,

|U| |U|
—E = —_—
U] =1 (yzlmxz) U] -1

Ménh dé 10 (Quy tdc hop phdi). Cho ba tdp con thudc tinh X,Y,Z S A. Gia st my = {X1, X5, o, X}, Ty =
{Yl’ Yz, ey YTL} va Ty; = {Zl,Zz, ""Zl}' Khi dé,

FrX,Y)+riX,z2) <rix,vyz)+ 1.

r(XzZ,YZ)=1- E(nylny,) =T(XZ,Y) .0

Chitng minh. Theo Pinh nghia 2, ta c6

E(my|my) + E(m,|my) = |U|ZZZ|X nyl-y; nX|+|U|ZZZIX NZ - |Ze n X

t=1J= i=1 k=
1 m n ) 1 ;
:WZZ'Y nx- Z|X nY; nZz U_ZZanX|Z|X nY;NZ
i=1 j=1 k=1 = T
m n l
1 gy —
=WZZZ|Xi”16’”Zk|(IY;ﬂXiI+|anxl.|)
i=1 j=1k=1
m n l
1 o j—
2> 3 K (0 2|7, uZ) 0
i=1 j=1k=1
1 By
~GED D DN 6zl Az x|
i=1 j=1k=1
=E(7TYZ|7T)().
Do d6
|U| |U| Ul
mE(ﬂylﬂx) +|U|7_1E(TCZ|7TX) = U] — 1E(T[YZ|7TX)

U u v
(1 2t - ) 1 (- 2 i)

rX,Y)+r(X,2) <r(x,yz)+1.0
Ménh dé 11 (Quy tdc xich). T(X,YZ) =T(X,Y) + ['(XY,Z) — 1.
Chirng minh. Ap dung lién tiép Ménh dé 3:

E(myzlmy) = E(mxy;) — E(mx)
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= E(mzlnyy) + E (nxy) — E (1)
= E(nz|mxy) + E (my|my).
Suy ra,

14 [U|
U] = 1E(7TYZ|7TX) =1- |U|—_1(E(7TZ|T[Xy) + E(T[Y|T[X))

U] U]
= <1 - U] =1 E(nglmgy) |+ 1— Ul = 1E(7TY|7TX) -1
=T(X,Y)+T(XY,Z2)—1.0
Ménh dé 12. T(XY,2) >T(X,2) .

rx,yz)=1-

Chitng minh.
['(XY,Z) =T(X,YZ) —T(X,Y) + 1 (Ménh d& 11)
>T(X,Y) +I'(X,Z) —T(X,Y) (Quy tic hop phai, Ménh d& 10)
=T(X,Z) .0
Ménh dé 13 (Quy tic hop trai). Max(T'(X,Z),T(Y,Z)) < T(XY,Z).
Chitng minh. Theo Ménh d& 12:
r'(x,z) <T(XY,2),
I'(Y,Z) <T(XY,2).
Vay, Max(I'(X,2),I'(Y,2)) <T(XY,Z).O
Ménh dé 14 (Quy tdic gia tang). T(XZ,YZ) = T(X,Y) .
Chitng minh. Ta co:
['(XZ,YZ) = T'(XZ,Y) (Ménh d 9)
> I'(X,Y) (Ménh dé 12) .0
Ménh dé 15 (Quy tdc bdic cau). T(X,Y) +T(Y,2) <T(X,Z) + 1.
Chung minh. Ta co:
I'(X,Y)+T(Y,Z) <T(X,Y) + I'(XY,XZ) (Quy tic gia ting, Ménh dé 14)

|U| U]
= (1 - mE(ﬂy|ﬂx)> + (1 - |U|7_15(7sz|ﬂxy)>

U] |U| A
= (1 - Ul =1 (E(T[xy) - E(”x))) + (1 - m (E(T[XYZ) - E(”XY))) (Ménh dé 3)

|U|
=1+ (1 - = 1(E(7TXYZ) _E(T[X))>

<1+ (1 - IllllL—ll (E(myz) — E(nx))> (Ménh dé 6)

U
=1+ (1 - |U||—_|1E(T[Z|T[X)> (Ménh de 3)

=I(X,Z2)+1.0
Ménh d@ 16 (Quy tdc hop toan phan). T(X,Y) +T(W,Z) < T(XW,YZ) + 1.

Chieng minh.
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I(X,Y) +T(W,2) <T(XW,YW) + T(WY,YZ) (Quy tic gia ting, Ménh dé 14)
< T(XW,YZ) + 1 (Quy tic bic cau, Ménh dé 15). O
Ménh dé 17 (Quy tdc tach). NéuZ € Y thiT'(X,YZ) < T(X,Z) .
Chirng minh.
I(X,YZ)+T(YZ,Z) <T(X,Z) + 1 (Quy tic bic cau, Ménh dé 15) .
Vi T'(YZ,Z) =1 (Quy tic phan xa, Ménh dé 8), taco I'(X,YZ) < T(X,Z) . O
Ménh dé 18 (Quy tdc gia bdc cau). T(X,Y) + T(WY,Z) <T(XW,Z) + 1.
Chieng minh.
I'(X,Y) +T(WY,Z) < T(XW,YW) + T'(WY, Z) (Quy tic gia ting, Ménh d& 14)
< T(WY,Z) + 1 (Quy tic bic cau, Ménh dé 15) . O
IV. MOI LIEN HE GIUA PHU THUQC GAMMA VA PHU THUQC HAM

Mot quan hé r x4c dinh trén tap thudc tinh A c6 thé dugc xem nhu mot hé thong tin S = (U, A). Tuy nhién, khai
niém hé thong thong tin 14 tong quat hon, do cac ddi twong & ddy dugc xem 1a nhitng phan tir ciia U thay vi 1a nhitng bo
gia tri gdm |A| thanh phan [20].

Céc phy thudc ham dd dwoc nghién ctru ki trong nhiéu tai liéu. Cho quan hé r xéac dinh trén tap thudc tinh
A.Véi hai tap thugc tinh X, Y € A, ta néi ¥ phy thudc ham vao X, viét X = Y, néu mdi bd gia tri X cho ta mot bo gia tri
duy nhét ctia Y. C6 thé thay sy phy thuéc Gamma nghién ciru trén dy 1a mot mo rong ciia phu thudce ham.

A . Méi lién hé

Ménh dé 19. Cho hai tap thudc tinh X,Y S A. X — Y théa méan khi va chi khi I'(X,Y) = 1.

Chiing minh. Gia st cic phan hoach trén U sinhrabgi X va Y lan luot 1a gy = (X, Xy, oo, X}, Ty = {V, Y, ..., V).
=:Néu X - Y thi véi mbi bo gid tri x, € dom(X) chi c6 tuong tmg mot bo gia tri duy nhét y; € dom(Y).

Suy ra, my < my. Tic la v6i mdi khoi X; € my chi ton tai duy nhat mot khéi ¥; € my théa man X; € ¥;. Do do,

n
D%yl =i
j=1

Khi do,

m n m

1 2 2 1 2 2
Byl mo) = |U|zZ 2= Y X gl ) = ) = 1) = 0.

j=1 i=1
Suy ra

r(X,Y)=1- Ul E(Y|X) =1

UT-1

&: NéuT(X,Y) = 1thi E(my|X) = 0. Suy ra,

m
|X;2 —Z|Xl- ny,[*=0

véimoii = 1,2,...,n . Diéu nay chi co thé xay ra néu mdi khdi X; € my chi ton tai duy nhat mot khoi Y; ; € Ty thoa méan
X; €Y. Taclaco phu thuoc ham X — Y.OO
B. Cic tién dé Armstrong

Céc tién d& Armstrong 13 rit quan trong dbi voi ly thuyet phu thudc ham vi ching cung cip co s cho hé thong
suy dién phu thudc. Thong thudng céc tién d& Armstrong bao gdbm 3 quy Quy tic chinh sau day [5].
1. Quy tdc phanxa: Néu Y < X thi X =Y
2. Quy tdc tang truong: Néu X =Y thi XZ -YZ
3. Quy tac bdc cau: Néu X -Yva Y —>Zthi X - Z.

Ménh dé 20. Céc tién dé Armstrong suy ra truc tiép tir cic bat ding thirc phu thuéc Gamma.
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Chitng minh. 1. Tinh phan xa: Theo Ménh dé 4, néu Y € X thi I'(X,Y) = 1. Lai theo Ménh d¢ 19, tir T'(X,Y) = 1 suy
raX Y.
_ 2.Quy tic tang truong: Néu X — Y thi theo Ménh d& 15 ta c6 T'(X,Y) = 1. Do I'(XZ,YZ) = T'(X,Y) (theo Ménh
dé 10), suyra'(XZ,YZ) = 1 (viT'(XZ,YZ) < 1). Lai ap dung Ménh dé 19, suyra XZ —» YZ.
3. Quy tic bac cdu: NéuX » Y vaY - Z thi['(X,Y) = I'(Y, Z) = 1 (theo Ménh d& 19). ViI'(X,Y) + I'(Y, Z) <
I'(X,Z) + 1 (theo Ménh d& 11), suy ra['(X, Z) = 1. Do d6 X = Z (theo Ménh d 19). O

V. KET LUAN

Phu thudc gifra cac tap thudc tinh trong mot co s& dir li€u 1a mét dang tri thirc hitu ich tiém an. Dé phat hién
hiéu qua cac phu thudc thi viéc xdy dung cac d6 do (cac ham) cho phép danh gia dung mirc do phu thudc 1a diéu rat
quan trong. Trong bdo cdo nay, chung t6i trinh bay phuong phép xay dung mot d6 do mdi, goi 1a 46 phu thude Gamma,
do do phu thudc giira cac tap thudc tinh pham tru trong mdt h¢ thong tin. B do nay duoc xay dung dua trén khai niém
entropy bul (complementary entropy) do Jiye Liang va cong su dé xudt. Vi hai tap thudc tinh X va Y, do do nay s& gan
cho chung mét sb thue thudc khoang dong [0,1] phan anh muc d6 phu thudc cia Y vao X. Gia tri do do bang 1 khi va
chi khi ton tai phy thudc ham X — Y trong quan hé. Va nhu thé, gia tri cia n6 cang gan bang 1 thi sy phu thudc cua Y
vao X trong quan hé cang gan phuy thuoc ham X — Y. Céc tinh chét ciia d6 do phu thugc dé xuat va méi lién hé cua nd
v6i phu thude ham ciing dugc nghién ciru. Cac tinh chat nay cho thdy c6 thé xem né 1a sy mé rong ctia khai niém phu
thudgc ham, va 6 phu thuéc Gamma cé thé dugc st dung nhu 1a mot d6 do phu thugc ham xép Xi.

Duya trén cac két qua da nghién ctru dugc vé do do do phu thugc Gamma, trong thoi gian téi, ching toi s& nghién
ctru thuat toan khai pha cac phy thugc Gamma véi ngudng phu thude cho trudc; tién hanh thu nghiém st dung d¢ do
Gamma thay cho information gain trong thuat toan xay dung cdy quyét dinh C4.5.
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A NEW MEASURE FOR MEASURING ATTRIBUTE DEPENDENCIES

Nguyen Minh Huy, Po Si Truong, Nguyen Huy Duc, Nguyen Thanh Tung

ABSTRACT - In this paper, we propose a new dependency measure, called Gamma, to measure dependency degree between two
given sets of categorical attributes in an information system. The proposed measure is based on the concept of complementary
entropy introduced by Jiye Liang et al. For two sets of attributes X and Y, this measure maps them to a real number in the closed
interval [0;1] describing the dependency degree of Y on X. The mapped number equal to 1 if and only if there exists functional
dependency X — Y. Hence, the smaller the number to which X and Y are mapped, the “closer” X — Y is to being a functional
dependency in the information system. The properties of the proposed measure and its relationship with functional dependency have
also been investigated. These properties show that we can consider Gamma dependency as an extension of the concept of functional
dependency, and it can be used as an approximation measure for functional dependencies.



