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Tém tat. Cac phu thuoc ham xap xi va luat két hop 1a nhing tri thic thuc sy ¢6 ¢ nghia trong
khai pha dit liu. Trong bai bdo nay, dau tién, ching t6i nhic lai mot sd khai niém co ban ciia ly
thuyét tap tho, cac do do 16i g1, g2, g3 clia phu thuoc ham. Sau d6, chiing toi dé xuit do do 16i gy
dyra trén phan hoach v k¥ vong trong 1y thuyét xac sudt. Phan tiép theo ching t6i xay dung ma
tran phan biét theo mot cach khéc va bidu dién cac do do 161 g1, g2, do phu thudc v va y nghia thudc
tinh o theo ma tran phan biét duge. Cudi ciing, ching t6i dwa ra méi lién hé gitta phu thudc ham
xap xi va luat két hop thong qua do do 16i g4 va do tin cay Confidence.

T khéa. Phy thuoe ham xép xi, luat két hop

Abstract. Approximate Functional Dependencies (AFD) and Association Rules are really mean-
ingful knowledge in data mining. In this article, we first recall some basic concepts of rough set theory,
error measures g1, go and g3 for functional dependencies. Then, based on the method of partitions
and expectation in probability theory, we propose an error measure g4 to construct the discernibility
matrix in a different way, defined error measures gj, g2, dependency degree v and significance of
Attributes o from the discernibility matrix. Finally, a relationship between AFD and Association
Rules via error measure g4 and confidence is presented.

Key words. Approximate Functional Dependencies, association rules.

1. MO PAU

Phu thudc ham xap xi (Approximate Functional Dependencies) 1a tri thic biéu dién sy phu
thudc mot phan gitta cac thuoc tinh. N6 1a mot mé rong cia phu thudc ham, phu thuéc ham xap
xi cho phép c6 mot sé6 lugng 16i nhat dinh ctia cac bo dit lieu dbi véi phu thuoc ham. Dé nghién
ctiu vé loai phu thudc nay Kivinen, Mannila [5] da dua ra cac do do 16i g1, g2, g3 dé6i v6i phu thude
ham. Sau dé da c6 nhiéu tac gid nghién citu cac thuat toan dé phat hién cac phu thuoc ham xép xi
nhu Huhtala, Karkkainen, Porkka, Toivonnen [4], Stéphane Lopes, Jean-Marc Petit, Lotfi Lakhal [6],
Daniel Sanchez, José Maria Serano, Ignacio Blanco, Maria José Martin-Bautista, Maria Amparo Vila
[7], ... Phu thuoc ham xap xi da c6 nhiéu iing dung trong phan tich dit ligu va danh gia thong tin nhu
rit gon cic thudc tinh du thira[11], tim kiém xap xi [3],...Ngoai ra, nhitng tri thic tiém an trong
cd 56 dit lieu ching han nhu: “Khach hang khi mua sita va banh mi thuong mua thém bo”, “Nhing
du khéach dén du lich & Hué khi mua tom chua va keo me xitng thuong mua thém banh loc”... Nhitng
tri thitc nay chinh 1a luat két hgp (Association Rules). Luat két hgp duge dua ra bdi nha nghién citu
Agrawal va SriKant vio nam 1994 [1] v da c6 nhiéu thuat toan dé phat hién luat két hgp nhu thuat
toan Apriori [1], Eclat [8], FP-Growth [12].
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Trong bai bdo nay, dau tién, ching t6i tim hiéu céc do do 16i g1, g2, g3 ciia Kivinen, Mannila
[5]. Sau d6, ching toi dé xuat mot do do 16i g4 d6i véi phu thuoe ham va tim mdi lien hé gitta phu
thuoc ham xap x{ va luat két hop thong qua g4. Tiép theo, chiing to6i xay dyng ma tran phan biét
dugc theo mot cach khéc, tit d6 biéu dién cac do do 16i g, g2, do phu thuoc v va ¥ nghia thudce tinh
o thong qua ma tran phan biét nay.

2. MOT SO KHAI NIEM CO BAN CUA LY THUYET TAP THO

Dinh nghia 2.1. [1, 9] (Quan hé khong phan biét dugc) Cho r(R). Khi d6, véi bat ky
X C R, ton tai mot quan hé khong phan biét duge ¢(X) trén r duge dinh nghia nhu sau:

Vi, wer, (t,u) € ¢(X) < t[X] = u[X].

Dinh nghia 2.2. |1, 9] (Ldp tuong duong va phan hoach) Quan hé ¢(X) sé phan hoach r
thanh céac 16p tuong duong. Lép tuong duong ctia bo t € r tng véi tap X C R, ky hiéu [t]x,
dugc dinh nghia nhu sau:

[t]x = {u € r|t|A] = u[A] VA € X}, [t]x # 0.

Khi d6, mx = {[t]x|t € r} la mot phan hoach cta r ung v6i X. Luc lugng cta m, ky hiéu |x|,
134 s6 16p tuong duong cla 7.

Cho U € mwx. Khi do, ta quan niém rang, U théa phu thuoc ham X — Y, ky hiéu la
Ul=X — Y néu v6i moi t, u € U sao cho t[X] = u[X], thi t[Y] = u[Y].

B6 dé 2.1. [4] X — Y ding khi va chi khi |7x| = |7txy|.

Dinh nghia 2.3. [4] (Phdn hoach thu gon) Phan hoach thu gon ctia 7, ky hi¢u 1a # néu
# = {U € n||U| > 1}. Dé gidm do phiic tap tinh toan khi lam viéc v6i cAc phan hoach, ta
dung cac phan hoach thu gon thay cho cac phéan hoach.

Dinh nghia 2.4. [1] (Khong gian duong) Khong gian duong cua tap thudc tinh X tng véi
tap thudc tinh Y dugce dinh nghia nhu sau:

POSX,)Y)=U{U enx|3V eny : U CV}

Dinh nghia 2.5. [1] (Do phu thuoc) Tap thudc tinh Y phu thuoc vao tap thuoc tinh X
v6i mitc do v(X,Y) € [0,1], ky hieu la X —XY) V| trong d6 y(X,Y) duge xac dinh nhu

o | POS (X,Y)|
(xy) = S

Dinh nghia 2.6. [9|(Bdng quyét dinh) Bang quyét dinh S = (r, R) 1a bang di lieu véi
cac ot tuong ting véi tap cac thuoc tinh R va cac hang 1a tap cac doéi tuong (bo) r. Tap
thuoc tinh R duge phan thanh tap thudc tinh diéu kien C' va tap thuoc tinh quyét dinh D,
R=CuD,CnD=0.

Dinh nghia 2.7. [9] (Y nghia clia thudc tinh) Y nghia ciia cac thuoc tinh do do quan trong
clia cac thuoc tinh trong bang dit lieu, nghia 1 ta xem xét do phu thuoc v(C, D) thay doi
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nhu thé nao khi ta loai bé mot thuoc tinh A; khéi tap thuoc tinh diéu kien C. Tir do, ¥
nghia ctia thudc tinh A; duge dinh nghia nhu sau:

voup (A = LGP =€ {43, D) | 2(C {4}, D)

7 (G, D) 7(C, D)

Dinh nghia 2.8. [9] (Ma tran phan biét dugc) Cho r = {t1,t2,...,t,}. Ma tran phan biét
dugc ctia S = (r, R), ky higu M(S) = (m;)},|x|r| 1a ma tran d6i xting ma méi phan ti clia
noé la mot tap hgp cac thudc tinh, duge xac dinh nhu sau:

s — { {Ai € C[ti(As) # t;(Ai)} t:(D) # t;(D)
K 0 L‘Z(D) = tj(D)

v6i 1,5 = 1, n.

3. CAC DO DO LOI CUA PHU THUOC HAM

Dé xéac dinh mot phu thuoe ham xap xi, Kivinen va Mannila [5] da dua ra mot s6 do do dé tinh
toan 16i clia mot phu thudoc ham nhu sau:

Dinh nghia 3.1. [5] (Do do l6i g1) Cho quan hé r(R). Khi d6, do do 16i g1 ctia mot phu
thuoc ham X — Y trén r dugc xac dinh nhu sau:

_ W 5)ltty € ry 6[X] = 6[X], G[Y]# ¢V}

gl(X — Y, T’) |2

Ir
Dinh nghia 3.2. [5] (D¢ do 10i g2) Cho quan hé r(R). Khi d6, do do 16i g2 ctia mot phu

thuoc ham X — Y trén r duge xac dinh nhu sau:

’{ti \tiEr,EItj Griti[X] :tj[X] ,ti[Y} #tj[Y] }‘

7]

g(X =Y r) =

Dinh nghia 3.3. [5|(Do do 16i g3) Cho quan hé r(R). Khi d6, do do 16i g3 cia mot phu
thuoc ham X — Y trén r duge xac dinh nhu sau:
max {|s||s C 7, s|=X =Y}

(X —=>Y,r)=1- ]
r

4. BIEU DIEN PHU THUOC HAM XAP Xi THEO PHAN HOACH

Do phu thuoc ~ rat thuan tién trong viec xem xét hé tien dé Armstrong vd mot s6 phép toan
dai s6 quan hé ddi véi phu thuoc ham xap xi trong [1]. Tuy nhién cac thuat toan [4, |10] dung do do
16i g3 dé phat hien phu thuoc ham xap xi. Trong cac thuat toan nay do do 16i g3 dugc tinh theo cac
phan hoach dya vao B8 dé 2.1 nhu sau:

Dinh nghia 4.1. [4] (D¢ do l6i g3 theo phan hoach) Cho quan hé r(R). Khi d6, do do 16i
ciia mot phu thudéc ham X — Y duge xac dinh nhu sau:
Ir|— > max{|V||Venxy,VCU}

Uernx

9g3(X = Y,r)=

7]



166 TRAN DUY ANH

Tinh chat 4.1. [10](M&i lién he giita g3 v& ) Cho do phu thude
|[POS(X.Y) |

(X, Y) =
]
va do do 16i g3(X — Y, r) cia phu thuoc ham X — Y. Khi d6, ta co:

>, max{|V||V enxy ,V CU}

Uernx

93(X%Y7r):1_’7(X7Y)_ | ‘

r
Dinh nghia 4.2. [10)(D¢ do 107 g3 theo phan hoach thu gon) Do do 16i g3(X — Y,r) tit
cac phan hoach thu gon dugce xac dinh nhu sau:

> (Ul —max{[V[|V eaxy,VCU}N+ > {(UlI|AV €txy,VCU)-1}

g3(X~>Y,T): Uenx ‘rl Uerx

Bay gio chiing to6i dua ra mot sé tinh chat va nhan xét dé xay dung do do 16i g4 ctia phu thudc
ham X — Y.

Tinh chéit 4.2. Cho mot quan hé r(R) va X,Y C R. Khi d6, X — Y la mot phu thude
ham khi va chi khi Y [UP?= > [|V|?

Uerx Verxy
Chiing minh. Gi st phan hoach mx gom cac 16p tuong duong U;, ¢ = 1,...,|7rx| vA phan
hoach 7xy gdm céc 16p tuong duong Vj, j = 1,...,|mxy|. Goi E(mx) la ky vong ctia tong s6 bo
ting véi cac 16p tuong duong U;, i = 1, ..., |mx|. Goi E(mxy) 1a k¥ vong ctia tong s6 bo ting vdi cac
16p tuong duong Vj, j =1, ..., |7xy]|.
Khi d6
|rx|

E(nx) = Z \Ui|.P (U;), v6i P(U;): kha ning phan b6 cac bo ctia r vao U;
i=1
lrx|
—Z |U| Z U,
U67r

|7er|

E(mxy) Z \V;|.P (V;), v6i P(V}): kha nang phan bd cic bo clia r vao V;

|7Txy|
ervNV’ ,1‘ > v

VEﬂ'XY

Ta ¢6 E(mx) = E(mxy) khi va chi khi ¢6 su phan b6 cdc bo vao cac U € mx gidng su
phan bd cac bo vio cic V € mwxy. Do vay X — Y 1la mot phu thudc ham khi vd chi khi

Y UpP= 3 VP .

Uerx Verxy
. VP

Nhan zét 4.1. Ta c6 thé dat 0(X,Y) = % Khi d6, 0 < 6(X,Y) < 1vad(X,Y) tang
Uerx

thi kha ning x4y ra 16i cia phu thudc ham cang it.
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Vi du 4.1. Cho quan hé r(R) sau:

Bdng 1. Mot quan hé trén tap thuoc tinh R = {A;y, ..., A4}

Ay Ay As Ay

=OoOINO|I O
Ol O+
OO == O
N =[O = O

Khi df), ta co: 5(A1,A2) = 1, 5(A1,A3) = 4/7, 5(A1,A4) = 3/7

Tit Tinh chat 4.2 vi Nhan xét 4.1, ta c¢6 Dinh nghia 4.3 nhu sau:
Dinh nghia 4.3. (Do do l6i g4 theo phan hoach) Cho quan hé r(R). Khi d6, do do 16i
94(X — Y, r) tit cac phan hoach duge tinh nhu sau:

VZ V[

ETXY

(X —-Yr=1-6XY)=1—- ————+
> |UP?

Uenx
Véi Béng ta c6 ga(A1 — Ag,7) =0, ga(A1 — As,r) =3/7, ga(A1 — Ay, r) =4/7.

Nhan xét 4.2. Tt Tinh chat 4.2, Nhan xét 4.1 va Dinh nghia 4.3, ta thiy rang g4(X — Y,r) ¢6
quan hé mat thiét v6i sy phan bd ciia cac bo dit lieu vio cac V € mxy tng véi cac U € mx. Tuy
nhién go(X — Y, 7) vi g3(X — Y, ) khong biéu dién dude cho sy phan bd nay.

Vi du 4.2. Cho quan hé r(R) sau:

Bdng 2. Mot quan hé trén tap thuoc tinh {Hoten, Trieuchung, Benh}

Hoten | Trieuchung | Benh

Py
Py
Py
Py
P
Ps
P;
P
Py
P
Py

o
=

N[ NN NN
HIWIN|N| | W NN
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V6i quan he & Béng ta c6 go(Trieuchung — Benh,r) = 0, g3(Trieuchung — Benh,r) =
%. Néu ching ta thay déi sy phan bd ciia cac bo dit lieu, chéng han & ngudi c6 Hoten 1a Pg, ta
thay thé gia tri 3 thanh gid tri 1 tng véi thuoc tinh Benh thi go(Trieuchung — Benh,r) va
g3(Trieuchung — Benh,r) van khong thay doi.

Nhan xét 4.3. Bay gio, ta thu hep tap dit lieu ctia quan hé 7 ting véi phép chon, khi d6 g4(X —
Y,0x=z,(r)) v6i x; € dom(X) do duge mitc do tap trung clia cac bo dit lieu trong ox—z,(r) vao
cac 16p tuong duong V € wxy.

> v

Ven
— ] VEemxy

That vay, ta c6 ga(X — Y, 0x=z,(r)) . Do d6 g4(X — Y,0x—y,(r)) cang

= VP
nhé khi chi khi ——2Y  cang 16n. Hay g4(X — Y, 0x—g, (1)) cang nho khi chi khi mitc do tap

‘O'X:zi (T)‘
trung céc bo ox—y, (7“) vao mot hay mot sb 16p tuong duong V' € wxy 1 cang 16n.

V6i quan hé & Bang ta co: g4(Tm'eu20hu/ng —  Benh, 0vicuchung=1(r)) = %,
ga(Trieuchung — Benh, 0Tricuchung=2(1)) = 5. Néu & ngudi c6 Hoten la Pg, ta thay doi gid tri
3 thanh gid tri 1 tng v6i thuoc tinh Benh thi g4(T'rieuchung — Benh, 0rricuchung=2(1)) = 18—1.
Nhu vay néu g4(Trieuchung — Benh, 0rrieuchung=z; (1)) cang nhé ting véi trieu ching x; thi

2
‘O-X:zi (r) ‘

mifc do phan bd tap trung bénh nhan trong orricuchung=x; (1) vao mot hosic mot s6 benh nao do
cang 16n va ngugc lai. Diéu nay gép mot phan trong viéc dy doan dude bénh clia bénh nhan théng
qua cac triéu ching.

Nhan xét 4.4. Ta thay rang g4(X — Y,r) > ¢1(X — Y, r), nghia la g4(X — Y, r) nghiem ngit
hon g1 (X — Y, 7). Tuy nhién g1 (X — Y,r) la khong t6t cho viec do 16i cia X — Y va mic do
tap trung ctia cac bo dit ligu trong r vao cac 16p tuong duong V' € mxy. That vay, ta co

— > (vp- ¥ vP)

v 2 U oy
ETXY -
ga(X = Y,r) =1 — = '
> U > |UP |r[?
Uerx Uerx
_ [{(ti, 1)) |ti 1y € [ X] = £5[X], 6:]Y] # 15[V} ]
> Ul |r[?
Uernx
P (X = Y,7)
= < 702 9 , )
> |UPR
Uernx

Suy ra g4(X = Y,r) = g1 (X = V,7).
Bay gig ta xét mot quan hé & Vi du 4.3 dudi day.

Vi du 4.3. Cho quan hé r(R) sau:

Bdng 3. Mot quan hé trén tap thuoc tinh {A, B, C'}

AjJoj2]1|1]0|1[{3|3|2|3|02|2|3]2
Bji1|5(1]213[4|3[4]|3|2|2|2]1]1
cl{t1(3|2|2|2(1|2|1}2|1|1|3]1/1]3

W
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g4(A — B,r) = 4 ~0.756, g3(A — B,r) = &£ ~0.733, g1(A = B,r) = 55+ ~ 0.196.
Ta thay rang do do 16i g1 (A — B,r) 1a qua nho so véi g4(A — B,r), trong khi d6 16i ctia
phu thuoc ham A — B 1a tuong do6i 16n va mitc do phan bd tap trung cic bo dit lieu vao cac

16p tuong duong V € map tng v6i U € w4 1a nhd.

Tinh chat 4.3. (Do do g4 trén phan hoach thu gon) Cho quan hé r(R). Khi dé, do do 16i
g4(X — Y) tir cac phan hoach thu gon duge xac dinh nhu sau:

X UP= X WVE= X U+ XV

g4(X—)Y”]“):UETArX Vefrxy2 Uenx Uenxy
> UF+Irl= > Ul
Uernx Uenx

Chitng minh. Ta c6 |r| — > |U]|: 1a 6 16p tuong duong mot phan tit bi loai khoi mx dé c6

Uenx
Tx. Suy ra
D UP=D> [UP+Ir- > Ul
Uerx Uerx Uerx
Tumg tutace S V2= S |[VP+[r|l— ¥ [V]. Do dé
Verxy Verxy Verxy
X VPR X W
EMTXY ETXY
g1 X = Y,r)=1—
> UP+Irl = > U
Uernx Uenx

> UP- ¥ WVP- X U+ XV

_ Ue€ry Verxy Ucry Uerxy n
- > UPHrl= > U
Ucry UErx

Vi du 4.4. Véi Bang[l] ta co:
A, = {{t1, ta, t3}, {ta,t5}}, a4, = {{t1, t2}}

Do do 16i g4(A; — As,r) duge tinh tit cdc phan hoach thu gon va g4(A; — As,r) = %

5. BIEU DIEN PHU THUOC HAM XAP Xi THEO MA TRAN
PHAN BIET bUGC

Trong phan nay ching t6i xay dung ma tran phan biet duge M (.S) theo 1 céch khéc va dé xuét
cach biéu dién do do 16i g1, g2, do phu thudc 7y va ¥ nghia thuoc tinh o thong qua M (.S).

Dinh nghia 5.1. (Ma tran phan biét dugc) Cho r = t1, ta,. .., t,. Ma tran phan biét duge
clia S = (r, R), ky hiéu M(S) = (m;),|x|r| 1a ma tran doi xing ma mdi phan tit ciia n6 la
mot tap hop cac thudce tinh, duge xac dinh nhu sau:
{Ar € Clti(Ag) # t;(Ar)} ti(D) # t;(D)
mzy = @ tl(D) = tj
{B|AA, € O ti(Ag) # t;(A) } ti(D) # t;(D),B ¢ C
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DPinh nghia 5.2. Cho ma tran phan biét duge M(S) = (mi;)}, x|r- Khi d6 s lan X xuat
hién trong M (S) ky hiéu la SL(X) va dugc dinh nghia nhu sau:

SL(X) = Hmj

(X Nmig) #0,X € OV, j =11} |

Néu X =0 thi SL(0) = |{ my

m,-jzm,w,j:1,|r\}‘.

= (mz‘j>|r‘><|r‘. Khi d6, X — D véi
|2 — SL(0).

)
Ching minh. Ta c6 véi méi m;; = 0 thi t;[D] = t;[D]. Do d6 SL(0) 1a sd cap bo (ti,t;),
1,] = T‘T’ khong vi pham phu thuoc ham X — D.

Mzt khac, véi moi m;; sao cho (X N mij) #* P, X C C thi ti[X N mij] #* tj[X N mij]
va tl[D] #* tj[D] suy ra tZ[X] #* tj[X] va tZ[D] #* tj[D}. Do dé SL(X) 13 s6 cap bo (ti,tj),
i,7 = 1,|r| khong vi pham phu thuoc ham X — D.

Vay SL(X) + SL((Z)) = ‘7“|2 véi X C C & At tyer: tZ[D} #* tj[D] va tz[X] = tj[X] =
X — D la mo6t phy thuoc ham. W

Tinh chat 5.1. Cho ma tran phan biét duge M(S)
X C C 1a mot phu thude ham khi va chi khi SL(X) =

Tinh chat 5.2. Do do 16i g; ctia mot phu thuoc ham X — D, véi X C C trén r dugce xéc
dinh nhu sau:
SL(0)+ SL(X)

g(X —D,r)=1- 5

7]

Chitng minh. Theo Tih chat 5.1, ta 6 SL(X) 4+ SL(0) 1a s6 cap bo (t;,t;), i,j = 1,|r| khong
vi pham phu thuoc ham X — D. Do d6: g1(X — D,r) = ‘r|2_SL‘(f)|)2_SL(X) =1- %
[ |

Hé qua 5.1. D¢ do loi g1 ciia mét phu thuoec ham X — D, véi X C C trén r duogc zdc dinh
nhu sau:

[{mis | (X mig) = 0) A mig #0) i, =117 }|
r[?
Chitng minh. - Ta c6 (X Nm;;) = 0) A (my; #0) < BA € X : t;[A] # t;[A] va t;[D] #
t;[D] & t;[X] = t;[X] va t;[D] # t;[D] < cap (t,t;) vi pham phu thuoe X — D.
- Trudng hop m;j; = [ suy ra ((X Nmyj) = 0) A (m4j; # 0) (vi B & X) < cap (t;,t;) vi pham
phu thudoe X — D
Vay Hmw | (X Nmyz) =0) A (mij #0) 4,5 = T‘T‘] } ‘ =6 cap (t;,t;) vi pham phu thuoc

X — D. Do dé: g1(X — D,r) = [{me ‘((Xmmij):@m(gm“#@) iI=LI } |, [ ]

gl(X — D,T) =

Tinh chat 5.3. Do do 16i go ctia mot phu thuoc ham X — D, véi X C C trén r duge xéc

dinh nhu sau:
||

> hang;(X)
g2(X = D,r)=1- =1
|
1 (X Nmyj) #0 Vm;j #£0,5=1,]|r|
0 Fj:(my #0)A (X Nmgy) =0)

Trong dé: hang;(X) = {
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Ching minh. Ta co:
|{ti |ti € r,ﬂtj cr:t; [X] :tj [X] st [D} ;étj [D} } |

gg(X—}D,T) = ‘7"

Goi ¢ 1 s6 bo vi pham phu thudc ham X — D trén r. Khi dé:
q= |{ti|ti € T,atj cr:i; [X] =t [X] s i [D] #tj [D] } |

Ta c6 v6i mdi bo t; € r:

- Xét truong hop, néu (X Nmy;) #0 Vmi; #0, j=1,|r|

Taco (X Nmij) #0 VYVmi; #0,5 =1,|r| & At €r [ | = t;[X] va t;[D] # t;[D] (v
néu Jt; : t;[X] = t;[X] va t;[D] # t;[D] thi (X N'my;) = (). Dieu ndy mau thudn véi gia thiét)
< t; 1a bo théa phu thuoe X — D < hang;(X) = 1.

- Xét trudng hop, néu 35 : (my; # 0) A (X Nmy;) = 0):
Ta c6 35 : (my; # 0) A (X Nmyj) = 0) < t[X] = t;[X] va t;[D] # t;[D] < t; 1a bo vi pham
phu thuoe X — D < hang;(X) = 0.

- Xét truong hop m;; = 8
Ta ¢6 mij = [ suy ra (mi; # 0) A (X N'my;) =0) < t; 1a bo vi pham phu thuoe X — D <

||
hang;(X) = 0. Do d6 Y hang;(X) = s6 bo théa phu thuoc ham X — D nén ¢ = |r| —
=1

Ir|

|| > hang;(X)

>~ hang;(X). Suyra go(X — D,r)=1— =+——

=1

Nhan xzét 5.1.
- Do phu thuoc v(X, D) duge tinh thong qua cong thic v(X, D) =1 — go( X ﬁ D,r) [7], véi

% hang; (X) Z hangz(X)
XCCvag(X—>D,r)=1—= (Tinh chat 5.3) nhu sau: (X, D) = =———

7

7 Ir|

-Y nghia thudc tinh dugce tinh dya trén ma tran phan biét duge thong qua cong thitc:

7]
Z hang; (X)

coup(Ai) =1 — LELEED) (o] v6i 4 (X, D) = =

TCD) S onwX el

6. LUAT KET HOP

Dinh nghia 6.1. [2] (CSDL giao dich) Cho I(items) = {i1,i2,...,%m} 1& tap muc, mot
CSDL giao dich, dugc ky higu la T'D gom cac giao dich T' € TD, véi mbi giao dich (Trans-
action) T dugc dinh nghia 1a tap con ctia tap muc I(7T C I) va ¢6 mot dinh danh duy nhat
(TID, iy, iz, ... i1).

Dinh nghia 6.2. [2| (Luat két hgp) Cho co sé dit lieu TD gom céc giao dich T ting véi tap
muc I = {i1,i2,...,%y}. Khi d6, mot luat két hop gitta Ix va Iy ¢6 dang la Ix = Iy, véi
Ix, Iy clvalxnly =0.

Dinh nghia 6.3. [2| (Do ho trg ctia mot tap muc) Cho tap muc Ix C I, do hd trg cua tap
muc [y duge ky hiéu la Support(Ix, TD) va duge dinh nghia nhu sau: Support(Ix, TD) =
% hay Support(Ix, TD) la ty 1¢ phan tram gitta cac giao dich chita Ix trén tong

cac giao dich ¢6 trong co sé du lieu TD.
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Dinh nghia 6.4. [2] (Do hé trg cia luat két hgp) Do hd trg ctia luat két hop Ix = Iy,
(ky higu 1a Support(Ix = Iy, TD)) bang ty l¢ phan tram gitta cac giao dich chia Ix U Iy
trén tong s6 cac giao dich trong cd sé dit lieu TD:

T e TD|Ix Uly C T}

Support(Ix = Iy, TD) = Support(Ix U Iy, TD) = D)

Dinh nghia 6.5. [2| (Do tin cay ctia luat két hop) Do tin cay cta luat két hop Ix = Iy,
(ky hieu 1a Confidence(Ix = Iy, TD)) bang ty 1é phan tram giita cac giao dich chia Iy U Ty
trén s6 giao dich c6 chita Iy:
Support(Ix U Iy, TD)

Support(Ix, TD)

Confidence(Ix = Iy, TD) =

7. MOI QUAN HE GITA PHU THUOC HAM XAP Xi
VA LUAT KET HOP

7.1. Mot s6 ky hiéu [7]

- r(R): mot quan he trén luge dd R, v6i R = {Ay, Ag, ..., An}
- Mién tri cia X C R, ky hieu la dom(X) = {x1, =2, ...,z }
- Mién tri ctia Y C R, ky hieu 1a dom(Y') = {v1, v2, .., Ui}
Cn= | va e, = [{t € 7t [X] = 2],y = 1t € It [Y] = g5} |,
Nayy; = ‘{t erft[X]=z;vat[Y]=y;} ‘
- Cho R = {Ay, A, ..., A }. Khi do, v6i A, € R thiiy, 1a mot muc (item) trong luat két hop.
- Cho X C R. Khi do6, tap muc ctia X ky hiula Iy = {ia, |Ar € X}

7.2. Dinh nghia méi ctia phu thuéc ham xap xi

Dinh nghia 7.1. [7] Cho quan hé r(R) véi R = {A1, Aa, ..., A} . MOt co s6 dit lieu giao

dich TD dugce dinh nghia nhu sau: méi cap (t,s) € r X r sao cho t,s € r la mot giao

dich ts € TD va dugc xac dinh nhu sau: ig, € ts < t[Ag] = s[Ag]. Khi do: ts.ia, =
1 néu iy, €ts

{ 0 néu i, ¢ts

Vi du 7.1. Cho quan hé sau:

Bdng 4. Mot quan hé r

Masv | Quequan | Truong | Ketqua

1 Hue QH Dau
2 Hue NH Dau
3 Hue QH Rot

Ta c6 thé biéu dién Bang 4| thanh co s6 dit lieu giao dich 7D nhu trong Bang



BIEU DIEN PHU THUOC HAM XAP Xi 173

Bdng 5. Mot co sé dit lieu giao dich TD cta r

ts i Masv iQuequan Z'Truong Z'Keiiqua
11| 1 1 1 1
12) ] 0 1 0 1
1,3) ] 0 1 1 0
21| o 1 0 1
22) | 1 1 1 1
23) ] 0 1 0 0
31| o 1 1 0
32| o 1 0 0
33) | 1 1 1 1

Dinh nghia 7.2. [7] Cho X,Y C R sao cho X NY = (). Khi d6 mot phu thuoc ham xap xi
X — Y trén quan hé r 1a mot luat két hgp Ix = Iy trén co sé giao dich TD. Va ta c6 do
ho trg va do tin cay nhu sau: Support (X — Y,r) = Support(Ix = Iy, TD)

Confidence (X — Y,r) = Confidence(Ix = Iy, TD)
Theo céch bidu dién nay thi do hd trg ciia tap thuoe tinh X 1a Support(X, r) = Support(Ix, TD).

Tinh chat 7.1. [7] X, Y C R, X — Y la mot phu thuoc ham khi va chi khi Confidence(Ix =
Iy, TD) = 1.

Dinh nghia 7.3. [7] Cho R = {41, Ay, ..., An}, X,Y C R. Khi d6, do hd trg ctia X va

k ko1
X — Y tuong tng la Support(X,r) = 7712 > nfh va Support(X — Y,r) = ,712 >y ngiyj.
i=1 i=1j=1
Vi du 7.2. Trong Béng ta c6: Support (Truong,r) = 5/9; Support ({Truong, Ketqua} ,r) =
3/9.
Khi do6, ta c6 mot s6 luat két hgp trong TD tuong ting v6i cdc phu thuoc ham xap xi
trong r nhu sau:

Bdng 6. Mot s6 luat két hop tuong ting véi phu thuoc ham xap xi

’ Luat két hop ‘ Do hd trg ‘ Do tin cay ‘ Phu thudc ham xap xi ‘
{iQuequan} = {iTruong} 5/9 5/9 { Quequan } — {Truong}
{iQuequans “Truong} = {iKetquat 1/3 3/5 {Quequan, Truong} — {Ketqua}

7.3. Do hd trg, do tin cay ctia phu thudc ham xap xi

Goi ARS[X_A/} = {ARUBt er:t [X] = Z; va t [Y] = yj} Vi = 1,7; Vj e m, trong doé
AR;j 1a mot luat két hop ¢6 dang (X = x;) = (Y = y;), véi Sj;, Cjj tuong ing la do ho trg, do
tin cay cta AR;;.
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Tinh chat 7.2. [7] Do hd trg clia phu thuoc ham xap xi X — Y dugc tinh theo cong thiic
nhu sau:

1 2 2
Support(X — Y,r) = 2 Z Ny, = Z Sii
ARUEARS[XA,}/] ARi]'EARS[XA,y]

Tinh chat 7.3. [7] Do tin cay ctia mot phu thuoc ham xap xi duge tinh theo cong thic

sau:

% L
Sta Cij

: Z
C'onfidence()( — Y,T) R RS
ije [ Y] AlzpquliS[X y]

Vi dy 7.3. D6i véi Bang[4] ta co:

1
Confidence({Quequan, Truong} — {Ketqua} ,r)

= Confidence({Quequan, Truong} — {Ketqua} ,r) =

7.4. Biéu dién d6 phu thudc, do6 do 16i thong qua luat két hop

. . XY
Tinh chat 7.4. [7] Cho phu thugc ham xap xi X 7(—> ) Y, trong d6 do phu thude v(X,Y) =

POS(X)Y s 32
| ‘£| ) . Khi do r}/(X’ Y) = ZAR,']'EARS[XA,)/HCU:l SZ]

Tinh chat 7.5. [7] Do do 16i g1 cfia phu thudc ham X — Y & Dinh nghia [3.1| dugc biéu
dién nhu sau:

g1(X = Y,r) = Support (Ix,TD)— Support (Ix = Iy, TD)

Tinh chit 7.6. [7] Do do 18i go clia phu thuoc ham X — Y & Dinh nghia [3.2] duge biéu
dién nhu sau:
g2(X = Yir)=1- ZAR”EARS[XHYHCij:l Sij

Tinh chat 7.7. [7] Cho phu thuoc ham xap xi X — Y véi

VETFX}/,VQU}

= 3. max { V]

Uenx

g3(X—>KT): ’7’|

K
Khi do6 gg(X —Y, 7") =1- Z maX{Sij]ARij S ARS[X%y]}
i=1 ;o
j=1,1

Tinh chat 7.8. Cho g4(X — Y, 7) 14 do do 16i ctia phu thude ham X — Y, Confidence(Ix =
Iy, TD) 1a do tin cay cta luat két hop Ix = Iy. Khi d6 g4(X — Y,r) = 1— Confidence(Ix =
Iy, TD).
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Ching minh. Ta co

SOVE S e rl(t(X] = o) A (1Y) = 5}

ver i=1j=1
94(X—>Y,T):1—%:1— J %
Ueny ; {t € rlt[X] =z}
k1
1 ; Jg Fivi . Support(Ix = Iy, TD)
N k N Support(Ix,TD)
Z n2

=1- Confzdence(IX = Iy, TD,).
Vay g4(X — Y,r) =1 — Confidence(Ix = Iy, TD) R

Vi du 7.4. Doi véi Béngta c6 ga(A1 — As,r) = 3/7 va Confidence(la, = Ia,, TD) =4/7.
Do d6, g4(A1 — As,r) =1 — Confidence(l4, = Ia,,TD).

Tinh chat 7.9. Mbi lien hé gitta g4(X — Y,7) va ARS|x Ly

> S
Aqu GARS[X_,y] pq

SQ
ZAR” EARS[Xﬁy]

Chiing minh. Ta c6 g4(X — Y,r) =1 — Confidence(Ix = Iy,TD). Ma

g4(X—>Y,'r) =1-

1 S 1 ,
= - —— (Tinh chat 7.3
Confidence(X — Y,r) Z D qu Cii (Tinh cha )
AR €ARS x>y ARpq€ARS[x v

S2.
! 5~ D AR;;CARS -1
L ARpq€ARS[x v Sha i CARSIX Sy | Yij

suyra g4(X = Y) =

52
! 2 i
AR;jEARS T
L ARpg€ARS|x v Shq [X—=Y] \ “ij
2

ZAR €ARS Spq
Do d6, g4(X = Y,r)=1— e
ij
EARijeARs[X%Y] ( ”.>

Vi du 7.5. Déi v6i Bang [1] ta 6 g4(A1 — As,r) = 3/7 (theo Dinh nghia 4.3) va

2. S
Aqu GARS[qu] rq

B s
]
ZARU EARS|x 5y \ Cij

=1-8/14=3/1.

8. KET LUAN

Trong bai bdo nay chting t6i da nghién citu phu thuoc ham xap xi dya vao phan hoach, ma tran
phan bigt duge va luat két hop va da dat dude mot s6 két qua sau:
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1. Dé xuat do do 16i g4 d6i v6i phu thuée ham va phan tich nhitng thuan 1¢i clia né so véi cac do
do 181 g1, g2, g3. DO do g4 khong nhiing do dugce 16i clia phu thudc ham ma con do duge mic do tap
trung hay khong tap trung ctia cac bo dit lisu. Sau dé xay dung g4 trén phan hoach thu gon va biéu
dién mbi quan hé giita n6 véi do tin cay ctia luat két hop. Tit d6 ching ta c6 thé st dung cac thuat
toan phét hien luat két hop dé phat hien cac phu thuoc ham xap xi vd ngugce lai.

2. Dua ra mot dinh nghia méi vé ma tran phan biét duge. Tit d6 xem xét phu thudc ham, bidu
dién do do 16i g1, do6 do 16i g2, do phu thudc vd § nghia thudc tinh thong qua ma tran phan biét
duge. Diéu nay lam co s dé nghién citu tiép tuc thuat toan rat gon céc thudc tinh du thita thong
qua cac do do 161 nay.
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