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PHU THUOC HAM XAP Xi VA PHAN TU NGOAI LAI
pOI VG1 PHU THUOC HAM

VU PUC THI!, PHAM HA THUY?

LVién Cong nghé thong tin, Vién Khoa hoc va Céng nghé Viét Nam
2 Trung tam Khoa hoc va BDCB - Kiém todn Nha nudc

Abstract. The aim of this paper is to present the concepts about Type 2 Approximate Functional
Dependency - AFD 2 (relating to the correlation between atributes of the relational file) and the
outliers with functional dependency. The paper also gives some properties of ADF 2 and algorithms
for finding the outliers with functional dependency.

Toém tAt. Bai bdo gidi thiéu vé phu thuoc ham x4p xi loai 2 (loai phu thuéc ham x&p xi lién quan
dén su twong quan gitra cac thudc tinh cia mot quan hé) va phan tir ngoai lai d6i véi phu thude
ham. Bai bdo cling trinh bay mot s tinh chit cia phu thudc ham x&p xi loai 2 va thuat todn xéic
dinh phan tir ngoai lai d6i véi phu thudc ham.

GIOI THIEU

Kh4i niém phu thuoc ham x4dp xi (Approximate functional dependency) va phuwong phap
phat hién cdc phu thudc ham xdp xi da dwgc nhiéu tac gia dé cap dén va dwoc ing dung
trong nhiéu bai todn phan 16p cia data mining ([1,2]). Nhitmg phu thudc nhw vay bieu dién
st phu thudc tu nhién gita cidc thudc tinh trong mét quan hé nhung c6 chira mét vai hang
c6 sai s6t hogc khong thda luat (goi 1a phu thuoc ham x&p xi loai 1). Mot truomg hgp phu
thuoc xap xi khac 14 ¢6 nhitng nhém thuoc tinh mic dit gitra chiing khong ¢é s phu thudc
ham theo kiéu bang nhau tuyét ddi (theo cich dinh nghia phu thuoc ham thong thurong) ma
cé su phu thude xap xi theo ki€u twong quan ham s6 (tuyén tinh hodc phi tuyén), (goi 14 phu
thuoc ham x&p xi loai 2). Trudmg hop nay xdy ra khé nhiéu va lién quan dén nhiéu bai todn
thire té. Vi du trong bdng quan hé ghi lai tinh hinh mua vao cdc loai hang héa cia mot doanh
nghiép ta thay quan hé giita khéi lrong hang mua vao va chi phi d€ mua la phu thuoc ham
xap xi loai 2. Néu su chénh léch gitta khdi lrong hang mua vao nhd hon mot mitc ndo dé
thi cting kéo theo sur chénh léch cua chi phi hai dgt mua cing nho (gid tri ciua hai ban ghi tai
céc thudc tinh nay duge phép ¢6 su chénh léch twong tng). Cung vay doi véi chi tiéu doanh
thu va chi phi trong bang ké vé tinh hinh kinh doanh... Viéc khdo sét loai phu thuoc ham
xap xi1 ndy ¢6 tmg dung thuc tién trong viéc phéat hién nhirng hién twong bat thuong (ngoai
lai) trong sdn xuat kinh doanh, phuc vu cho hoat dong kiém toan va quin ly kinh t&. Viéc
quyét dinh mitc chénh léch cho phép (vrgt qué mitc d6 1a hién twgng bat thuong) thuomg
dugce x4c dinh theo huéng ho tro quyét dinh ([3]) ¢6 nghia 1a con tliy thudc thém cic yéu t6
vé yéu cau va kinh nghiém cia céc chuyén gia trong céc linh vie thure té.
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Duéi day 13 khai niém cia phu thuoc ham xap xi loai 2 va khdo sat mot s6 tinh chat cia
né. Pong thoi, mot s6 khai niém, dinh nghia vé phan tir ngoai lai theo phu thuoc ham va
cdc ménh dé lam co s& cho viéc xay dung thuat toan xéc dinh phan tir ngoai lai d6i véi phu
thuoc ham cling dwoc trinh bay.

1. KHAI NIEM PHU THUOC HAM XAP Xi LOAI 2

Cho 7 la mot quan hé trén tap thuoc tinh R = {a1,az,...,an} trong dé cic thudc tinh
a1,as, ..., an c6 thé 1a cdc thudc tinh dinh danh(categorical), roi rac hoiic lién tuc (trwomg s6).
Déi véi nhitng thude tinh dinh danh, ta tién hanh thuce hién 4nh xa tat ca cic gid tri cé thé
t&i mot tap céc s6 nguyén duwong lién ke.

Pinh nghia 1.1. (khoang céch gitra 2 bo gid tri trén tap thudc tinh).

Vé6i 2 bo ty,ty € 7, ta ki hiéu p(t1(X), t2(X)) la khodng céch gitra ¢; va to trén tap thudc
tinh X C R, dugc xac dinh nhu sau:
(It1(ai) — ta(ai)|
p(t1(X),t2(X)) = max :
max([t1(ai)], [t2(as)]|)

ham max(x,y) 1& hAm chon ra s 16n nhéat trong 2 s6 z, y.
Truomg hop max(|t1(a;)], [t2(a:)|) = 0, ta qui wée:

[t1(ai) — t2(as)|/ max(|t1(ai)], [t2(as)]) = 0.

Khoang céch gifra 2 bo gid tri trén tap thuoc tinh c¢é thé coi 1a ham s6 cia céc ddi s6 va
la cac bo gid tri cia quan hé va tap cdc thudce tinh.
Mot s6 tinh chdt cia ham khodng cdch p(t1(X),t2(X))

Dé dang chitng minh dinh nghia khodng cach p(t1(X),t2(X)) théa man céc tinh chat cia
ham khodng cdch Vti,ts,t3 € r, VX,Y C R, ta co:

al)  p(t2(X), 2(X)) 2 0

a2)  p(ti(X),t2(X)) = 0 ¢ t1(X) = t2(X)

a3)  p(ti(X), t2(X)) < p(t2(X), 3(X)) + p(t3(X), t2(X))

Va ngoai ra cling dé chitng minh céc tinh chat sau:

ad)  Néu X CY thi p(t1(X), t2(X)) < p(t1(Y), t2(Y))

ab)  p(ti(XY),12(XY)) = max(p(t1(X), t2(X)), p(t1(Y), 22(Y)))

Pinh nghia 1.2. (phu thudc ham x&p xi loai 2 - Type 2 Approcimate Functional Depen-
dency). Gid stt X, Y C R va v&i mot s6 § cho trude, 0 < 6 < 1, ta néi ring X xdc dinh ham
Y mitc § (hodc gitta X,Y c6 phu thudc ham xap xi loai 2 mitc §), ky hiéu 1a X ~>5 Y néu
v6i moi cap bo t1,t2 € r, ma p(t1(X),t2(X)) < d thi ta ciing c6 p(t1(Y),£2(Y)) < 0.

a; € X,

Vi du 1. Xét bang quan hé sau:

A | B C D|E
25 [ 18] 160 |25 12
251 |18 | 160.5 | 15 | 13
3.6 20| 320 [ 30| 16
3.65 |20 | 323 | 45| 28
425125 | 641 | 60 | 19
426 | 25| 643 | 70 | 57
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Ta thdy giita cdc cot A, B c¢6 méi tiwong quan véi cot C. Véi 6 = 0.05 ta kiém tra dieu
kién phu thudc ham xap xi loai 2: AB —q,05 C.

Vi cap hang 1, 2, ta cé
p(t1(AB),t2(AB))

= max([t1(A) — t2(A)|/ max([t1(A)], [t2(A)]), [t1(B) — t2(B)|/ max([t1(B)], [t2(B)|)
= 0.00394 < 0.05.
Ta cung tinh dwoc: p(t1(C),t2(C)) = 0.00311 < 0.05.
Tuwong tu ta ciing sé kiém tra dé dang véi cdp hang 3, 4 va cip hang 5, 6 cling nhir cac
cap hang khac.
Vay ta c6: AB a3 95 C' (AB x4c dinh ham C mic 0.05).

2. MOT SO TINH CHAT CUA PHU THUOC HAM XAP Xi LOAI 2

Tinh chat 1. Cho r la mét quan hé trén tdap thuoc tinh R. Mot phu thudc ham ding trén r
cung la phu thuoc ham xdp xi loai 2 véi mize § tiy ¥ (0 < 6 < 1) ding trén r.
Tinh chit niy dé dang suy theo Pinh nghia 1.2.

Tinh chat 2. Chor la mét quan hé trén R; X,Y C R; 81, 62 la hai s6 sao cho 0 < 81 < Jo < 1.
Ki hiéu X =>5, Y va X =>4, Y la hai phu thuoc ham zdp xi logi 2 mitc §; va mitc §y gitta
X vaY trénr, khi @6 néu X =>4, Y ding trén r thi X =>5, Y cung ding trén r.

Hay viét mot cdch hinh thite: X ~>5 ¥V = X =>4, V.

That véy, dit e = 6y — d,.

Gid st X ~>;5, Y dung trén r, titc 1a véi moi cdp t1,t2 € r néu p(t1(X),t2(X)) < 1 thi
ta cing c6 p(t1(Y),t2(Y)) < d1.

Do vay vG1i moi edp bo 1, ta € v, néu p(t1(X), t2(X)) < d1+e thl p(t1(Y),t2(Y)) < d1+e.
Tite 1a néu p(t1(Y), t2(Y)) < 62 thi p(t1(Y), t2(Y)) < do.

Suy ra X ~>s, Y dung trén r.
Tinh chat 3. (tinh phén xa) NéuY C X khi @6 X ~>5 Y la phu thudc ham zdp i loai 2
vdi mate 6 tuy ¥ (0 <5 < 1).

That vay, néu Y C X thi X — Y 1a phu thuoc ham ding trén r thi theo Tinh chat 1 né
cing 1a phu thudc ham x&p xi loai 2 v&i mitc § tuy ¥ (0 < § < 1).
Tinh chat 4. (tinh bic cau) Néu X ~>5Y va Y ~>5 Z thi X ~=>5 Z.

That vay:

Néu X /25 Y thi véi moi bo t1,te € . Néu p(t1(X), t2(X)) < 6, tacéd p(t1(Y),t2(Y)) < 4.

Cing do Y ~>5 Z nén tir p(t1(Y),t2(Y)) < d suy ra p(t1(Z),t2(Z)) < 6, ¢6 nghia la
X ~>s Z. Biéu phai chitng minh.
Tinh chdt 5. (tinh gia tdng) Véi moi X,Y,Z C R va mitc § nao @6, néu X =>5 Y thi
XZ 5V 2.

That vay, véi moi cap bo t1,te € r ma ta cé p(t1(X Z),t2(X Z)) < 6 thi do

p(t1(X), t2(X)) < p(t1(XZ),t2(X Z))

nén ta co

p(t1(X), t2(X)) < 0.



PHU THUOC HAM XAP Xi VA PHAN TU NGOAI LAI 83

Q

Mt khéc, do X a5 Y nén ta c¢6 p(t1(Y), t2(Y)) < 9, vé
p(t1(2),t2(Z)) < p(t1(X Z),12(X Z)) <6,
tr do6
p(t1(Y 2),t2(Y Z)) = max(p(t1(Z), t2(2)), p(t1(Y), t2(Y))) < 6.
Suy ra diéu phai chitng minh. [ ]

3. PHAN TU NGOAI LAI POI VOT PHU THUOC HAM

Trong mdt quan hé, phu thuéc ham mo td su phu thudc dir liéu ma trong dé gia tri cia
mot tap thudc tinh nay xdc dinh gid tri cia tap thudc tinh kia. Vi du thu nhap cia cong chire
trong mot don vi don thuan chi phu thudc vao mitc lrong va phu cap. Trong bang ké vé thu
nhap, ta ¢6 phu thudoc ham phan 4nh nhém thuoc tinh hé sé lwong, hé s6 phu cap xac dinh
thu nhap cia tirng nguoi. Vi viy néu cé nhirng ban ghi ¢ gid tri hé s6 lwong, hé s6 phu
cap nhw nhau nhung gid tri thu nhap khac nhau thi 14 mot hién twong bat thuwong, lam cho
phu thuéc ham nay khong ding. Day 1a hién twong ngoai lai ddi v&i phu thuoc ham. Nhimng
hién tuong nady thuong x3dy ra trong thuc té khi cap nhat hodc sao chép nhitng tap dir liéu.
Nguyén nhan cé thé do sai sét hogc gian lan. Viéc phat hién nhirng hién twong néi trén can
thiét trong viéc kiém tra va lam sach dit liéu. Noi dung dwéi day ching toi trinh bay khai
niém va phuong phap phat hién truong hop ngoai lai nay.

Pinh nghia 3.1. (Phéan ti ngoai lai ddi v&i phu thuoec ham) Gid st X — Y la mot phu
thuoc ham dugce gid thiét ding trén quan hé r. Khi dé c8p phan tir (¢1,t2) vdi t,te € 7 12
c&p phan tt ngoai lai d6i v6i phu thuoe ham X — Y néu t1(X) = t2(X) va t1(Y) # t2(Y).

Trong no6i dung duéi day ching t6i st dung khéi niém ve hé bang nhau dwoc trinh bay
trong [4].

Gid st 7 = {t1, 2, ..., tm} 13 bing dit libu duoc gid thiét 1a mot quan hé. Ki hisu E, 1a he
bang nhau cia r duwoc xac dinh nhu sau:

E, = {E@j 1< <iEm va Ei,j = {a € R; ti(a) = tj(a)}}.

Pinh ly 3.1. (Nhan biét cip ngoai lai d6i v6i phu thuoc ham) Cho r la mot bing du liéu
duoc gid thiét la mot quan hé trén tap thudc tinh R, E, la hé bang nhau ciar, X — Y la
mét phu thugc ham dugc gid thiét dung trén r. Cap phan te (t;,t5) vdit;, t; € r la ngogi lai
do1 véi phu thuc ham X —'Y khi va chi khi E; ; € E, ma X C E; ; nhungY ¢ E; ;.
Chitng minh. That vay, gid st (¢;,t;) 1& c8p ngoai lai déi véi phu thuoe ham X — Y, ¢6
nghia la ta c6 t;(X) = ¢;(X) nhung t;(Y) # t;(Y). Tir dinh nghia E;; ta c6 X C E;; va
Y ¢ Eij.

Nguoc lai, néu ¢6 E; ; € E,(E; ; xac dinh theo ¢;,t;) ma X C E; ; va'Y ¢ E; ; thl cing
theo cach xac dinh E; ; ta c6 ti(a) = tj(a) véia € E; ;. Do X C E;; nén t;(X) = t;(X).
Cing do Y ¢ E; j nén ton tai b € Y ma ¢;(b) # t;(b) hay 1a t;(Y) # t;(Y). Theo Dinh nghia
2.1 thi (¢;,t;) 1& c8p ngoai lai. Piéu phdi chiing minh. [ ]

Tir dinh 1y trén ta c6 thuat todn xéc dinh cdc ciip ngoai lai déi véi phu thuoc ham nhuw
sau.

Thuat toan 1. (X4c dinh cdc cdp ngoai lai d6i véi tap cdc phu thudc ham)
Input: Téap thudc tinh R = {aq,as, ..., ay), bang dt lieu r = {t1,t2, ..., t;n} trén R
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Tap cac phu thuéc ham F = {X; —» Y1; Xo = Y5, .., X, — Y}
Output: OUTLI - tap céc cap ngoai lai d6i v&i phu thudc ham
Bit dau
Buéc 1: Tinh hé bang nhau cia r:
E,={E;jl1<i<j<m, E;j={ac R;ti(a) =tj(a)}}.

Buéc 2: Véi moi phu thuoc ham X; — Y; € F va moi Ey; € Ep, kiém tra dieu kién
X; C Eyj and Y; C Ey ;. Néu ding, luu cip (t,t;) vao tap OUTLL Néu khong, kiém tra
ti€p cdc phu thudc ham khéc.

Két thic

Tap OUTLI la tap cdc cdp ngoai lai d6i véi phu thude ham cia 7.

Tinh ding din ctia Thuat todn 1 dwoc suy ra tir Dinh 1y 3.1.

4. PHAN TU NGOAI LAI POI VOT KHOA

Trong mot quan hé, khéa 1a tap thudc tinh xdc dinh tinh duy nhét cia méi bdn ghi (phan

tt) cia quan hé. Do vay trong quan hé khong thé cé 2 ban ghi c6 gid tri tring nhau trén
khéa. Tuy nhién trong thuc té, trong mot tap dir liéu, viéc ¢6 nhimg cap ban ghi ¢ gid tri
tring nhau trén khéa 1a c6 thé xdy ra (do cap nhat dir liéu sai, hoéic c6 sy gian 1an ¢d tinh
nhap nhiéu lan cing mot ban ghi vao mot bang dir liéu). Cép ban ghi nay goi 1a ngoai lai doi
véi khéa va can phéat hién dé xir Iy. Noi dung dwéi day sé trinh bay khéi niém va phuwong
phép phat hién ngoai lai ddi véi truedmg hop nay.
Pinh nghia 4.1. (Phéan tr ngoai lai d6i v4i khéa) Cho bang dir liéu r dugce gid thiét 1a mot
quan hé trén tap thuoc tinh R, B dwoc gid thiét 1 1 tap cdc khéa t6i tieu cia r. Cap phan
t (ti,¢5) voi ti,t; € r (i # j) 1 mot cdp ngoai lai d6i véi khéa néu nhe véi mot khéa nao
dé K € B ma ta c6 t;(K) = t;(K).

Theo qui dinh, thi trong mot quan hé khong cé su trung nhau vé gid tri cia cdc ban ghi
trén khéa. Do vay su trung nhau vé gié tri trén khda 1a hién twong ngoai lai can dugc xir 1y.

Truong hop néu t;(K) = t;(K) va t;(R\K) = tj(R\K) tic ching tring nhau hoan toan
veé gid tri trén cdc thudc tinh, c6 nghia la ta c6 t;(R) = ¢;(R) thi cdp (¢;,¢;) dwge goi la cip
ngoai lai tAm thuomg (theo qui wéc thi trong mot quan hé khong dwoc ¢6 2 bo trung nhau
hoan toan). Con néu t;(K) = ¢;(K) nhung ¢;(R\K) # t;(R\K) thi ta c6 cip ngoai lai theo
phu thuéc ham K — R.

Ménh dé sau lam co s& cho viéc phat hién cdc cip ngoai lai déi véi khda ciia quan hé.

Ménh dé 2.1. (Nhan biét cdp ngoai lai theo khéa) Cho bdng dit liéu r @uoc gid thiét la mot
quan hé trén tdap thudc tinh R, B la tdp cdc khéa t6i tiéu cia v, E, la hé bang nhau cia r.
Khi @6 néu ta ¢ E; j € E, chta mot khéa K nao @6 (tic la K C E; ;) thi cdp phan ti (t;,t;)
vditi,t; € (twong ing vdi E; ;) la mdt cdp ngoai lai a6 vdi khda.
Chatng minh. Theo dinh nghia khéa ciia mot quan hé, néu K 14 mot khéa thi ta c6 K — R.
Gid stt K C E; j, theo cach x4c dinh hé bang nhau, ta ¢6 t;(K) = t;(K). Mit khic do
K — R nén ta phai ¢6 t;(R) = t;j(R). Vi vay:
- Néu ¢;(R) = t;(R) ta c6 mot cap ngoai lai tm thuong (hai ban ghi tring nhau hoan
toan, vi pham diéu kién r 14 mot quan hé) .
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- Néu t;(K) = tj(K) va t;(R\K) # t;(R\K) ta sé ¢c6 mdt cap ngoai lai déi véi phu thude
ham K — R (theo dinh nghia cda khéa). Ménh dé dugce chimg minh.
Ta c6 thuat toan sau dé xdc dinh cic cip ngoai lai theo khéa ciia mot quan he.

Thuat todn 2. (X&c dinh phan tir ngoai lai doi véi khéa cia quan heé)

Input: Béng dir liéu r = {¢1,t2, ..., ty} trén tap thudc tinh R = (a1, ag, ..., ay).

B tap céc khéa cua r.

Output: tap cac cap ngoai lai theo khéa OUTLI2

Bit dau

Buéc 1: Tinh hé bang nhau E, = {E; ;|1 <i < j <mva E;; = {a € R;t;(a) = tj(a)}}.

Buéc 2: V6i moi khéa K € B va véi moi tap E;; € E,, ta kiém tra dieu kien K C E;;.
Néu ding luu cip (¢, ;) vao OUTLI2.

Két thic

Tap OUTLI2 la tap cdc phan tir ngoai lai theo khoa.

Trén day 1a mot s6 két qud nghién ciru vé phu thudc ham x4p xi loai 2, phan titr ngoai
lai d6i v&i phu thude ham. Pay 14 nhing van dé méi dang duge ching t6i nghién ciru. Céc
két quad nghién ctru khic vé nhimmg van dé nady cé ¥ nghia trong viéc gidi quyét mot s6 bai
toan thure t& (vi du trong linh virc kiém toén) sé dwgc chiing t6i gigi thiéu trong cac noi dung
khéc.
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