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PHAT HIEN CAC PHU THUOC HAM XAP Xi
THEO CACH TIEP CAN TAP THO

TRAN DUY ANH

Truong Cao Ding Sw PhamThira Thién Hué

Abstract. Functional dependencies (FDs) play very an important role in the design of relational
databases. Recently, researchers [1, 4, 5] presented a generalization of functional dependencies based
on rough set theory, called approximate functional dependencies (AFDs).

In this article, firstly, We research on approximate functional dependency based on rough set
theory. After that base on FD-Mine [9] which is an algorithm for finding functional dependencies,
We construct an algorithm for mining approximate functional dependencies from databases, called
AFD-Mine.

Tém tat. Cac phu thuéc hAm déng mot vai trd rdt quan trong trong thiét ké cdc hé co s& dir liéu
quan hé. Gan day, cdc nha nghién ctru [1,4, 5] dd dua ra mot sy mé rong cta nhitng phu thude ham
dua trén 1y thuyét tap thé, dugce goi 1a cdc phu thude ham x4p xi.

Trong bai bdo ndy, ddu tién, ching t6i nghién cru phu thuéc ham x4p xI trén co s& 1y thuyét
tap tho. Sau dé, xAy dung thuit todn phdt hién cic phu thudc ham xap xi trong co s& dir lidu, goi
la AFD-Mine, thut todn nay dua trén FD-Mine [9], mét thudt todn phét hién cdc phu thudc ham.

1. MO PAU

Khéi niém phu thudc ham dwgce dwa ra bdi Codd, né da déng mot vai tro rat quan trong
trong ly thuyét co s& dir lieu (CSDL) quan hé. Céc phu thude ham rat hiru ich trong viée
phan tich va thiét ké co s& dir liéu quan hé nhw xdc dinh khéa, xéc dinh cdc dang chuan, cc
van dé vé nhat quan di liéu... Tuy nhién, trong thwe t€, do ¢ mot s6 gid tri dir lieu khong
chinh x4c hodc mot sé ngoai 1é nao dé lam cho céc phu thudc ham khong thda. Sy phu thuoc
tuyet doi nay dudmng nhu qud nghiém ngit khi ta hinh dung téi mot quan hé cé hang nghin
bo, trong khi d6, chi ¢6 khodng vai bo vi pham phu thuoc ham. Dicu nay lam mat tinh chat
phu thudc vén cé gitra cdc thuoc tinh. Vi vay, cdc nha nghién atu da mé rong khai niém
phu thuoc ham thanh phu thuoc ham xap xi (Approximate Functional Dependency), cdc phu
thuoce nay cho phép ¢6 mot s6 lwong 16i nhat dinh cia cdc bo dit lieu d6i véi phu thuode ham.

Céc phu thuoée ham xap xi khéng nhing gitip ching ta thay diroc méi quan hé tiém an
gitra cac thuoc tinh ma con gitp ta thuan tién hon trong viéc phan tich dr liéu va danh gia
thong tin.

Gan day, viéc phat hién cic phu thuoc ham xap xi trong co s& dir lieu la mot van de
nghién atu thi vi, ¢é ¥ nghia va cing 14 mot trong nhirng muc tiéu cia phat hién tri thite
(Knowledge Discovery).

Trong bai bdo nay, dau tién, ching toi dwa ra mot mai lién hé gitra do phu thude va do
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do 16i ciia phu thuéc ham va xem xét do do 16i trén cdc phan hoach thu gon. Sau dé, dé xuat
moét s8 tinh chéat va luat cit tla méi d€ xay dung thuat todn phét hién cdc phu thudc ham
xap xi trong co s dir lieu, goi la AFD-Mine, thuat todn nay dua trén FD-Mine [9], mot thuat
todn phét hién céc phu thuoe ham. Cudi cing, mai lién hé gitta Tane (mot thuat todn hicéu
qud d€ phét hién cdc phu thuéc ham va phu thuoe ham xap xi) va AFD-Mine ciing nhu mot
s6 nhan xét c6 y nghia vé do do 16i, cdc tinh chat va cac luat cat tia ciing dwoc dwra ra.

Mot s6 khéi niém co ban ctia CSDL quan hé, ¢ thé tham khao trong [2, 3,8, 9).

2. MOT SO KHAI NIEM CO BAN CUA LY THUYET TAP THO
Pinh nghia 1. [2,8] (Quan hé khong phan biét duoc) Cho r(R), khi dé, véi bat ky X C R,

ton tai mot quan hé khong phan biét dwoc I(X) trén » dwoc dinh nghia nhu sau:
Vt,uer, (tu) e I(X) < t[X] =u[X].

Pinh nghia 2. [2,9] (Lép twong dwong va phan hoach) Quan hé¢ I(X) sé phan hoach r
thanh cdc 16p twong dwong. Lép twong duong cia bo ¢ € r tng véi tap X C R, ky hiéu
[t]x, dwgce dinh nghia nhur sau:

[t]x = {u € r|t[A] = u[4], VA € X}, [t|x # 0.

Khi dé, mx = {[t]x|t € r} 14 mot phan hoach cia r tng véi X. Luc luong cia wx, ky hiéu
|7x], 1a 86 16p twong dwong cia my.

Cho U € my, khi d6, ta quan niém rang, U thdéa phu thuéc ham X — Y, ky hiéu 1
Uk X —Y néuvéimoit,ue U sao cho t{X] = u[X], thi ¢t[Y] = u[Y].
Pinh nghia 3. [4] (Phan hoach thu gon) Phan hoach thu gon cia wx, ky hiéu 7x, néu
x ={U € nx||U| > 1}.

D& gidm do phitc tap tinh todn khi lam viéc véi cdc phan hoach, ta diing cdc phan hoach
thu gon thay cho cac phan hoach.

Pinh nghia 4. [1,6] (Khong gian dwong) Khong gian dwong cia tap thuoce tinh X tmg véi
tap thuoc tinh Y dwoc dinh nghia nhw sau:
POS(X,Y)=|J{TUenx|[UCV va Venry}=| fUemnx[UEX -V}

Pinh nghia 5. [4] (Lam min phan hoach) Cho hai tap thudc tinh X,Y C R, phan hoach
7x min hon 7y néu véi bat ky 1ép twong dwong U € wx, thi ton tai mot 1ép twong duwong
V € my sao cho U C V.

Bo dé 1. [4] X — A ding khi va chi khi |ty | = [T xULA-

3. PHU THUOC HAM XAP XI TREN CO SO LY THUYET TAP THO

Pinh nghia 6. [1] (P phu thuoc) Tap thuoc tinh Y phu thuoc vao tap thude tinh X véi
mitc d6 k € [0,1], k¥ hiéu 1a X —* ¥, trong dé k duoc xac dinh nhir sau:
. |POS(X,Y)|
] '
Do phu thuoc k rat thuan tién trong viec xem xét hé tién dé Armstrong va mot s6 phép
toan dai s6 quan hé ddi véi phu thuoc ham xap xi trong [1,6]. Tuy nhién dé€ xay dung thuat
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toan phat hién céc phu thude ham xap xi, Kivinen va Mannila [5] da dwa ra mot do do dé
tinh todn 16i ciia mot phu thudc ham, goi 1a do do gs.

Pinh nghia 7. [5] (D6 do 16i) Cho quan hé r(R), khi d6, do do 10i g3 cia mot phu thuoe
ham X — A duwoc xéc dinh nhu sau.

max{[s||s C 7, s £ X — A}

7]

g3(X — Ar)y=1—

Tir d6, X — A ding trén r ing véi mot nguomg 16i £ € [0, 1] khi va chi khi g3(X —
Ar) <e.

Tt Pinh nghia 7 va Bé dé 1, Huhtala et al [4] da xay dung mot cong thite dé tinh do do 16i
dira trén céc phan hoach nhw sau: Béat ky U thuoe wx 1a hop cia mot hodc nhieu 16p twong
dwong Vi, Vs, ... cia Txu{A}, nghla la, v&i moi U € nx va Vi, Vo,...,V; € Txu{a} sao cho
Vi, Va, .., V;C U thita cé U = |JV;. Khi d6, d€ X — A 1a mot phu thuoe ham ding, thi véi

K2

moi U € my, ta phdi loai bd nhirng bo 1ing véi cée 16p tirong dwong Vi, Va, ..., Vi € Txugay
sao cho V1, Va, ..., V; C U, ngoal trir cédc bo tng véi 16p twong dwong V = max(Vy, V3, ..., Vi),
T

nghia 13, ta loai bd nhirng bo tng véi cée 16p twong dwong {V1, Vo, ..., V;}\ V. Khi d6, do do
16i cia X — A 1a ([4])
|r| — UZ max{|V||V € Txu{ay V CU}

Si9'¢

g3(X — A) =
I

San day 1 mot tinh chat méi diege dé xudt, thé hién méi lién hé gitta do phu thuoe va
do do 16i cia mot phu thuoc ham.

POS(X, A
Tinh chat 1. (Lién hé gitta g3 va k) Cho d6 phu thudc k = POS(X, 4)
r
93(X — A) cia phu thuéc ham X — A. Khi @6, ta cd:
> max{\V||V € mxugay, V CU}

UEﬂ'X

va d6 do 1oi

Chitng minh. Ta ¢

vl = > max{|V||V € mxupay, V CU}

g(X = 4) = —— ,
,
P = > max{|V||V enxygay, VCU}— 3 VIV € nxugay, V=U}
_ Uernx Uerx
||
|r| — UZ max{|VHV € Txugay, VCU} - ’U{U S 7TX‘U =X — A}’

- ETx

||
|r| — UEZ max{|V||V € mxyay, V C U} —|POS(X, A)|

||

> max{|VI]|V € nxuia, VCU}
| [POS(X,A)| v | vt

7] 7]
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Tinh chat 1 giip ta thuan tién trong viéc phan tich, xay dung thuat todn phat hién céc
phu thude ham xap xi sau nay.
Nhdn zét 1. Coéng thitc tinh do do 16i g3(X — A) cia phu thuoc ham X — A tir cdc phan
hoach khong con ding déi véi cac phan hoach thu gon.

That vay, cho r(R), R = {A, B,C} nhu sau:
Bdng 1. Mot quan hé r trén tap thude tinh {A, B, C}

Bo|A[B|C
1]0[1]2
2 (0|13
31014
41023
51215
6 | 1|42
71256

Ta 6, w4 = {{1,2,3,4}, {5,6}, {T}} = 74 = {{1,2,3,4}, {5, 6}}.
TAB = {{17 2, 3}7 {4}’ {5}7 {6}7 {7}} = TAB = {{17 2, 3}}

Khi dé
Irl— > max{|V||V € map, V CU} 9
. Uera — _
g3(A— B) = B T
Tuy nhién Ir|— > max{|V||V € ®ap, VCU}
Uena — é £ g
r T

Tir dé, ta xay dung mot cong thire méi d€ tinh do do 161 cia phu thuée ham X — A tir
céc phan hoach thu gon nhw sau. Véi moi U thude #x néu:

o WV, Vo,..,V; 1 V) = 1,..,0,V; € fixupap, V; C U thi ta loai (U] — max{|V||V €
ﬂ-XU{A}7 V C U}) b6

o AV, :V; C U thi ta loai (U] — 1) bo.

Vay, do do 16i g3(X — A) tir cdc phan hoach thu gon dwoc tinh nhiwr sau:
g3(X — A)

> (U= max{|[V|[V € xuay, VCUD+ 3 {(Ul| AV € Aixupay, V C U) — 1}

_ Uerx Uerx

7]

4. PHAT HIEN CAC PHU THUOC HAM XAP XI TREN CO SO TAP THO

4.1. Phat biéu bai todn

Cho quan hé r(R),R = {A4,..., A,}. Véan dé dat ra la tim cdc phu thuoc ham va phu
thudc ham xap xi day du, khong tam thudmg trong quan hé r tng véi mot nguwdng 16i
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£ nao dé, nghia 13, véi mot ngudng 1oi € € [0,1] cho trude, ta tim cdc phu thuoe dang
X—>A XCR, Ac R, A¢ X sao cho g3(X — A) < e.
4.2. Thuét toan Tane

Pé tim ki€m cdc phu thuée ham va phu thuée ham xép xi day dd, khéng tam thuong,
thuat todn bat dau tim kiém tir tap mot thuoc tinh thong qua mot dan tim ki€m nhwr Hinh
1. Khi thuat todn xit Iy tap X, thuat todn kiém tra cdc phu thuoc dang X\{A} — A, véi

b

A € X. U dan tim ki€ém, mot cung gitra tap X va X U {A} bicu dién mot phu thuoe ham
khong tam thudmng dang X — A.

ABCD
ABC ABD ACD BCD
AR A AD BC ED cD
1]

Hinh 1. Mot dan tim kiém véi 4 thuoe tinh {A, B, C, D}

Thuat todn bat dau tir tap L1 = {{A}|A € R} va tinh Ly tir Ly, L3 tir Lo, ..., trong do,
Ly 1a tap tat cd cdc tap thudc tinh cb kich thuwée bang €. Véi moi tap thuoe tinh X € Ly,
thuat todn xay dung mot tap duw tuyén vé phai téi wu C1(X). Tap CT(X) c¢6 thé dwoc
tinh todn nhw 1a giao cia cdc tap CT(X\{A}) véi tat cd A € X. Khi d6, phu thuoc ham
X\{A} - A, Ac X day dinéu A € C"(X). Tir d6, d€ tim céc phu thudc ham va phu thude
ham xap xi, thuat todn kiém tra cic phu thuoc dang X\{A} — A, trong d6 A € X NCT(X).
Néu g3(X\{A} — A) < ¢ thi thuat todn két xudt phu thuoe X\{A} — A va loai bd A khoi
CT(X). Con néu g3(X\{A} — A) = 0 thi thuat toan loai R\X khdi C(X). Viéc loai bd
nay nham dam béo tinh day dd cho cdc phu thuoc ham & mitce tiép theo. Khi tat ca céc tap
thuoc tinh & mirc ¢ da dwoc xit 1y, thi thuat todn sinh ra cic tap thuoc tinh & mite €41 dé
tiép tuc phdt hién cdc phu thuéc ham va phu thudc ham xap xi.

D6 phtic tap ciia thuat todn Tane 1a O((|r|.|R| + |R|>5).27).

Chiing ta c6 thé tham khao chi tiét thuat toin Tane trong [4].

4.3. Thuéat toan AFD-Mine

Bay gi¢r, ching téi xay dung thuat todn AFD-Mine dé phét hién cdc phu thude ham xép
xi. Thuat todn nay dwa trén co s& thuat toan FD-Mine (phdt hién cdc phu thuoc ham) trong
[9] va mot 86 tinh chdt va luat cat tla méi ma ching toi sé dé xudt dwdi day.
4.8.1. Chién lwgc tim kiém

Thuat toén tim kiém theo tirng mitc ciia mot dan tim kiém (Hinh 1) va nhirng két qua tir
mirc ¢ diroc stk dung nhw 13 mot tri thike dé phét hién cAc phu thude ham va phu thuoc ham
xap xi & mire £+ 1. Khi thuat todn xit Iy tap X thi nhimg phu thuoc ham va phu thuoc ham
xap xi dang X — A, A€ Rva A ¢ X duwgc phat hién. Trong qué trinh tim kiém, thuat todn
ding mét s6 luat cit tia dé thu hep dwroc khong gian tim kiém va ddm bdo céc phu thude
tim thay la day @i va khong tam thwong.
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4.83.2. Mét s6 dinh nghia, tinh chdt, bé dé si dung trong thudt todn

Trong [4,7] d3 dira ra mot bo dé dé tinh tich cia hai phan hoach. Trén co s& dé, ta c6
mot tinh chdt d¢ tinh tich cia hai phan hoach thu gon nhi sau.

Tinh chat 2. (Tich phan hoach thu gon) Véi bdt ky X,Y C R, ta ¢é ixy = tx.7y, trong
do
ixsy = | CW), véic@) = | J{UNWIUNV£0, [UNV| > 1}.

UE’er Uefry

Chitng minh:

- Véi bat ky Q € #x.zy sé AU € 7x, V € 7y sao cho U NV = Q. Khi dé, véi moi
ti,to € Q suy ra t1,to € U va t1,ta € V. Do 46, $1[X] = [ X] va t1[Y] = t2[Y], suy ra
1 [XY] =t[XY]. T t1[XY]| = to[XY] suy ra 35 € xy sao cho t1,t € S. Do d6, Q C S.

Ta ¢b, VQ € x. 7y, 35 € mxy sao cho Q@ C S. Suy ra #tx.7y min hon #xy. (1)

- Mat khac, véi moi Q € 7ixy, t1,t2 € Q thi ¢1[XY] = 6| XY] suy ra 1 [X] = t[X] va
tl[Y} = tQ[Y]. Do dsé dU e iy, Veqy i t1,to €U, t1,t9 € Vsuyraty,toc UNV.

Ta cé, véibat ky t1,ts € Q suyrat;,to cUNV, nén Q CUNV € #yy.

Tir d6, suy ra #xy min hon 7x.7y. (2)

Tw (1), (2) suy ra #x.7y = Fxy [ |
Tinh chit 3. (Hé qua 2 trong [1]) Néu X — Y va Y —* Z thi X =K Z, vsi K/
Tinh ch&t 4. (Hé qua 3 trong [1]) Néu X =K Y wa Y — Z thi X =% Z, véi K/
Dinh nghia 8. [9] (Du tuyén twong dwong) Cho r(R) va X,Y C R. Khi d6, néu X — Y

ding va 'Y — X diing, thi X va Y 1a hai dir tuyén twong dwong, ky hiéu, X < Y.
Tir cde du tuyén twong dwong, ta ¢6 hai tinh chét sau.

Tinh ch&t 5. Cho r(R) va X,Y,Z C R, X « Y. Khi @6, néu XW —F Z ding, thi
YW —* Z diing, véi k € (0,1].
Chitng mmh Ta ¢6 Y — X ding nén YW — XW diing. Ma XW —* Z diing, suy ra

>k
>k

YW =K Z dung véi kK = kva kK € (0, } (theo Tinh chat 3). (3)
Nguwoc lai, néu X — Y diing va YW —Fk ' Z ding, thi chitng minh twong tuw nhuw trén, ta
dwge XW —F Z diing, véi k > K vak, K € (0,1]. (4)
Tir (3) va (4) suy ra Tinh chat 5 dwge chitng minh. |

Tinh ch&t 6. Cho r(R) va X,Y,Z C R, X « Y. Khi d6, néu WZ —* X ding, thi

WZ —*Y ding, véi k € (0,1].

Chitng minh. Ta ¢6 WZ —* X ding. Ma X — Y ding, suy ra WZ —* Y ding, véi k' > k

va k, k" € (0,1] (theo Tinh chat 4). (
Nguwoc lai, véi WZ —* ¥ ding va Y — X ding, thi WZ —* X ding, véi k> K m(6)
Tir (5) va (6) suy ra Tinh chat 6 dwge chitng minh. |
Tir d6, néu X « Y, thi ta ¢6 thé loai bé Y khdi tap cdc du tuyén ma khong dnh huwdng

dén viéc phét hién cdc phu thude ham va phu thuoc ham xép xi.

Nhdn xét 2. Trong triwong hop k = 1, thi Tinh chdt 5 chinh 14 BS dé 3.1 va Tinh Chét 6 1a

B6 deé 3.2 trong [9).

B6 deé 2. 9 X,Y,ZCR, Z=XnNY. Khi @6, néu XN\XDY\Z va YT\Y D X\Z, thi
X Y.
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Nhdn zét 3. D& xay dung luat cit tla, trong thuat toan FD-Mine [9] phét biéu Tinh chét 3.2
nhw saw: “Cho X,Y C R. Khi d6: (X\X)U (YT\Y) C (XY)"\XY".

Chiing t6i cho rang tinh chat nay khong ding va dwa ra phadn vi du nhir sau:
Phén vidu 1. Cho »(A,B,C,D,E)va F = {A— BD,C — AE,DE — B}.

Liy X = {A},Y = {C}. Khi dé: X' = {4, B, D} = X"\ X = {B, D},

Yt ={C,E,A,B D}=Y"\Y ={A,E, B, D

Suy ra (X\X)U(Y"\Y)={A E, B,D}.

Mit khic (XY)' = {A4,C, B,D,E} = (XY)"\XY = {B, D, E}.

Ta thay rang (X T\ X)U (Y T\Y) ¢ (XY)T\XY.
Nhan zét 4. Cho X,Y C R. Khi d6: XN\ XY UY T\ XY C (XY)H\XY.
Tinh ch&t 7. [3] (Siéu khod) Cho X C R. Khi @6, néu X' = R, thi X la mét siéu khod.
4.3.3. Thu hep khong gian tim kiém

Ly thuyét phu thuoc ham cho ching ta suy dién mot phu thude ham tir cde phu thuoc
ham khéc. Vi vay, ta c6 thé tia cdc du tuyén thda mot s6 diéu kién nao dé nham tranh nhirng
xit 1§ khong can thiét, gidm duwoc thoi gian va khong gian tim kiém. Ta c¢é cdc luat cit tia
sau:
Ludt cdt tia 1. [9] Néu X «» Y, thi Y c¢é thé duoge cat tla khdi dan tim kiém.
Ludt cdt tia 2. [9] Néu X la khéa, thi X c6 thé duoc tia khéi dan tim ki€m.
Ludt cdt tia 3. Céc phu thuéc ham XY — {X "\ XY UY "\ XY} khong cin kiém tra (theo
Nhan xét 4).
Nhdn zét 5. Luat cat tia 3 chi 4p dung dwoc véi phu thuoe ham truyén théng. Béi véi phu
thude ham xap x1, ta xay dung mot tap D(X):

D(X)={Ae€eR|0< g3(X > A)<e, A¢ X, £€(0,1], £ 1A nguong xdp xi},

hay D(X) c6 thé dwoc dinh nghia theo d6 phu thuoc k nhuw sau:
D(X)={AcRIX -*F Ading, e <k <1, £€[0,1), £ 1a ngudng phu thuoc}
vGi
> max{|V||V € mxugay, VCU}

UEﬂ'X

E=1—¢ (theo Tinh chat 1).

|

Véi cdch xay dung D(X) nhu trén, ta ¢6 tinh chat sau.
Tinh ch&t 8. VX,Y C R, D(X)UD(Y) C D(XY).
Chitng minh. YA € D(X)UD(Y) = A € D(X) hay A € D(Y).

-Néu A e D(X) thi X —* A ding, k > ¢ Ma XY — X ding nén XY —* A ding, véi
K > k > ¢ (theo Tinh chét 3) suy ra A € D(XY).

-NéuA e DY) th Y —F A ding, ¥ > & Ma XY — Y ding nén XY —*" A ding,
v6i K" 2 K > & suyra A € D(XY).

Ta ¢6, VA € D(X)UD(Y) = A € D(XY). Vay, D(X)U D(Y) C D(XY). n

Tir d6, dé thu hep khéng gian tim kiém déi véi cdc phu thude ham xép xi, ta ¢6 mot luat
cat tla nhw sau.
Ludt cdt tia 4. Nhitng phu thuoe XY —* {D(X)UD(Y)}, ¥ > ¢, € € (0,1) (hay XY —
{D(X)UD(Y)} ting véi ngudng 16i €) khong can ki€m tra.
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Ludt cdt tia 5. [9] Cho r(Aq, ..., A,). Khi dé, néu ton tai mot tap con By Bs...By 1 chita trong
A1 As...Apsao cho B1By...By_1 — By dling, (Bz € {Al7 . A(} va A; 75 Aj, B; 75 Bj,Vi 75 j),
thi ta khong can ki€m tra cc phu thuoc ham Ay As...A; — A;,Vj =€+ 1,...,n.
4.3.4. Thuat todn
Thong qua dan tim ki€ém, tai mitc L1 = {{A}|A € R}, tat ci cdc phu thuoc ham va phu
thudc ham xap xi dang X — A, | X|=1, A € R, A & X dwoc phat hién va lwu trir trong tap
Fy. Tiép theo, Fy va Ly duoc st dung dé sinh tiép mitc Ly. Tai mitc Lo, cdc phu thuée dang
X — A |X|=2, Ae R, A¢ X dwoc phdt hién. Cit tiép tuc qud trinh nhw thé cho dén khi
tat ca nhing du tuyén & mie Lig—y dwoc ki€m tra hodc Ly = {X[|X|=6 =0, 6<n—1.
Mot s6 dinh nghia st dung trong thuat todn:
Closure’(X): Bao déng khong tam thwong cia tap X.
FDset: Tap nhirng phu thuoc ham.
EQset: Téap céc du tuyén tuong duong dang X < Y.
KEYset: Tap nhirng khoa.
L¢: Tap nhirng du tuyén tai mitc €.
AFDset: Tap nhtrng phu thuoc ham xap xi.
COM-PARTset(¢): Tap cdc phan hoach thu gon ¢6 dwoc tai mite €.
- Thudt todn chinh
bau vao: r(R), R = {A1, Ay, ..., A}
bau ra: Céac FD va AFD day dd, khong tam thwong trén 7.
Li =R
(:=1
While Ly # f) do
For each X; € Ly do
COMPUTE-NONTRIVIAL-CLOSURE(X;)
OBTAIN-FDANDKEY (X))
OBTAIN-EQSET (L)
PRUNE-CANDIDATES (L)
GENERATE-NEXT-LEVEL (Ly)
Display (FDset, AF Dset, EQset, KEY Set)
- Sinh mitc
Tir céc ludt cat tia trén, ta c¢6 thd tuc sinh mite nhw sau:
bau vao: L.
bau ra:
- Leya.
- Céc tap Closure'[X;;] va D[X;;] ¢6 duge tiv Closure'[X;], Closure'[X;], D[X;] va
D[Xj] véi X, X]' € Ly.
- Tap Keyset cé dugc tir mire 1 dén mite ¢.
Procedure GENERATE-NEXT-LEVEL(Ly)
For each X, € Ly do
For each (X € L) and (i < j) do
If (X;[1] = X;[1], ..., X5[¢ — 1] = X;[¢ — 1]) and (X;[€] < X,[€]) then

S Ot W N~

Xij = XU Xj
If 34 € X;; : (Xi;\{A} — A) € FDset then xéa X;;
Else
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Closure' [ X,j] := (Closure' [ X;])\{X;} U (Closure’ [ X;])\{X,;}
D[X;j] := D[Xi] U D[Xj]

If (R = X,; UClosure/[X,;]) then KEY set := KEY set U X,
10 Else

11 Loy := Loy U Xy

Thi tuc sinh mitc GENERATE-NEXT-LEVEL diing Luat cat tia 5 & dong 5, Luat cat
tia 3 & dong 7 va Luat cat tia 4 & dong 8.

O 0

- Tinh bao ddng khéng tim thwong, dw tuyén vé phdi cia AFD va sinh cdc phdn hoach

Bay gi¢r, ching toi xay dung thi tuc d€ sinh cdc phan hoach, tinh bao déng khong tim
thuomg va céc dir tuyén vé phai cia phu thudce ham x4dp xi nhw sau:

Pau vao: Tap thuoc tinh Xi thuoc Ly

Pau ra: - Cc phan hoach ¢6 dwge & mire €+ 1

- Céc tap Closure’ [ X;], D[ X].
Procedure COMPUTE-NONTRIVIAL-CLOSURE(Xj;)

1 For each A € R — X; — Closure'[X}]

2 If x4 & COM — PARTset(€ + 1) then

3 7ATXZ.A = 7ATXZ..7ATA // 7ATXi ECOM—PARTS@t(@)

4 COM — PARTset(( +1) := COM — PARTset({ + 1) U {7 x,4}

5 If A¢ D[X;] then

6 If (93(X; — A) < ¢) and (g3(X; — A) > 0) then D[X;] := D[X;] U {A}

7 If (g3(X; — A) = 0) then Closure'[X;] := Closure' [ X;) U {A}

8 Huy COM — PART set(¢)

Thuat todn tinh cdc phan hoach thu gon 714, A € R truc tiép tir CSDL. Céc phan hoach
thu gon 7y, |X| > 2 dwge tinh nhw 1a tich cia hai phan hoach da ¢6 & cde mite tride (theo
Tinh chat 2). Trong thd tuc nay, ta diing cic phan hoach thu gon thay cho cdc phan hoach,
diéu nay lam gidm dwoc do phite tap tinh todn.

O thuat toan FD-Mine trong [9], cdc phan hoach dugce tinh sau khi mét tap thudc tinh
mirc méi dwoce sinh ra. Tuy nhién, viée tinh todn nay chira hiéu qua vi khi ta kiém tra céc
phu thuoc ham & mte ¢, thi doi hdi ching ta phai ¢ cdc phan hoach cia cdc tap thudc tinh
& mirc € va €+ 1. Do dé, chiing toi tinh todn cdc phan hoach cia cdc tap thuoc tinh & mtc
¢ + 1 ngay trong thu tuc COMPUTE-NONTRIVIAL-CLOSURE cua AFD-Mine, truéc khi
xem xét cdc phu thuoc ham & mie €. Va, viéc tinh todn cédc phan hoach nhw vay la ding
dén. PE lam séng td diéu nay, ching téi dé xudt moét tinh chat sau.

Tinh chdt 9. Néu cdc tap thudc tinh mitc (€ + 1) dwoc sinh ra ¢ thi tuc sinh mitc
GENERATE-NEXT-LEVEL trong AFD-Mine, thi cdc phdn hoach cila ching da dwoc tinh
todn trong thi tuc COMPUTE-NONTRIVIAL-CLOSURE ¢ miic (.

Chitng minh. Gid st 3X;; € Lgy1, Xy dwoc sinh ra tiv X;, X; v6i X;, X; € Ly sao cho
7tx,; khong dwge tinh toan trong thi tuc COMPUTE-NONTRIVIAL-CLOSURE & mifc ¢
ciia AFD - Mine, nghia la #rx,, ¢ COM — PARTset(¢ + 1).

T 7tx,; € COM — PARTset(¢ + 1), suy ra 3A € Closure'[X;] sao cho X;; = X; U {A},
nén X; — A ding hay 34 € X;; : X;;\{A} — A ding. Do d6 X;; & L¢y1. Diéu nay mau
thudn véi gid thi€t X;; € Leyq. Vay, Tinh chat 9 dwge chning minh. [ |
- Tinh cdc phu thuéc ham, phu thudc ham xdp i va khéa

bau vao: tap thuoc tinh X; thudc L,.
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Dau ra: Tap cdc FDset, AFDset, Keyset ¢6 duoc tir mite 1 dén mire £.
Procedure OBTAIN-FDANDKEY (X;)
FDset := FDset U {X; — Closure'[X;]}
AFDset := AFDset U{X; — D[X;]}
If (R = X, UClosure'[X;]) then KEY set := KEYset U{X;}
- Tinh cdc dw tuyén twong dwong [9]
Dau vao: Ly.
DPau ra: Tap céc du tuyén twong dwong EQset c6 duoc tir mite 1 dén mirc €.
Procedure OBTAIN-EQSET(Ly)
For each X; € Ly do
For each ((X — Closure’[X]) € FDset) and (X # X;) do
Z=XNX;
If (Closure' [ X] D X; — Z) and (Closure’[X;] 2 X — Z) then
EQset := EQset U{X < X}
- Odt tia cdc du tuyén [9]
bau vao: L.
bau ra: Ly.
Procedure PRUNE-CANDIDATES(Ly)
For each X; € Ly do
If 3X < X; € EQset then xod X; khoi Ly //Luat cét tia 1
If 3X; € KEY set then xéa X; khdi Ly
Néu X la khéa , thi thuat todn tia X khdi dan tim ki€ém nham ddm bdo tinh day di cho
cdc phu thuoe ham va phu thude ham xap xi & mte tiép theo.
4.3.5. Dé phitc tap thudt todn AFD-Mine
Bo phite tap cia thuat todn AFD-Mine phu thuoc vao s6 thuoce tinh |R|, kich thude cia
cdc mite va s6 bo |r|. Trwong hop xau nhat xdy ra khi khong ¢6 phu thuée ham nao dwoc
tim thay va tét cd nhing két hop cia cde thuoe tinh déu dwoc kiém tra. Khi dé, ta c6 2/Fl
tap thuoc tinh dwoc sinh ra va viéc tinh todn mot phan hoach cho mot tap thuoc tinh mat
thoi gian O(|r|). Do d6, do phite tap cia thuat toin AFD-Mine trong trwong hop xau nhét
13 O(|r|.217).
4.4. Mdi lién hé gitra Tane va AFD-Mine

Qua hai thuat todn Tane va AFD-Mine, ta thay rang gitta ching cé mdi lién hé véi nhau
nhu sau:

Tinh ch&t 10. Ludt cdt tia 3 ciia AFD-Mine twong dwong véi viéc loai b6 A khéi CT(X)
khi phu thudéc ham X\{A} — A ding trong Tane.
Chitng minh:

- Gia str, cdc phu thuoe ham XY — (X N\ X)\Y U(Y T\Y)\X (Luat cat tia 3) khong cin
kiém tra & AFD-Mine, ta chitng minh chiing ciing khéng can kiém tra & Tane.

Thét vay, VA € (X \X)\Y U (Y T\Y)\X:

+ Véibat ky A € (XT\X)\Y suy ra X — A ding = (X U {A})\{4} — A ding. Do
dé, theo thuat toan Tane, ta cé thé loai A khdi CT(X U {A}), suyra A ¢ CTH(X U{A}). Ma
CT(XYU{A}) CCH(XU{A}) (do X U{A} C XY U{A}),suyra A ¢ CH(XYU{A}). Do
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dé, ta khong can kiém tra céc phu thuoc ham (XY U{A})\{A4} — A (theo thuat todn Tane),
suy ra céc phu thuoc ham dang XY — (X "\X)\Y khéng cin kiém tra & thuat todn Tane.

+ Véi bat ky A € (YT\Y)\X, twong tu nhw trén ta ciing khong can ki€m tra cdc phu
thuoc ham XY — (YT\Y)\X & thuat todn Tane.

Do dé, cdc phu thuoe ham XY — (X T\ X)\Y U (Y "\Y)\ X khong kiém tra & thuat todn
Tane. (7)

- Gid st loai A khéi CT(X) khi X\{A} — A ding, A € X, A € CT(X). Khi do,
A& CH(Y), VY D X va cdc phu thuoc ham Y\{4} — A, Y O X khong can kiém tra &
thuét toan Tane. Ta chimg minh cdc phu thudc ham nay ciing khong can kiém tra & AFD-
Mine.

That vay, tir X\{A} - Adingva A € X,suyra A € (X\{4A})". Dods, A € (Y\{4A}H"
VY'\{A} D X\{A4}. Diéu nay c¢6 nghia la cdc phu thudc ham Y\{A} — A luon ding
AFD-Mine va ta khong can kiém tra ching. (8

Tt (7) va (8) suy ra Tinh chat 10 dwoc chitng minh. |
Tinh chat 11. Vé&i bdt ky hai mizc (€ — 1) va € nao @6, Ludt cdt tia 5 cia thudt todn AFD-
Mine twong dwong véi viéc loai bé R\X khdi CT(X) khi mot phu thuéc ham X\{A} — A
ding ¢ Tane.

3
&
)

Chitng minh:

- Gia st HBlBQ...Bg_l C A1A2...A[ sao cho B1By...By_1 — By dling. Khi dé, & AFD-
Mine, cdc phu thuéc ham A;A4s...Ag — Aj, j = €+ 1,...,n khong can ki€ém tra. Ta chitng
minh, cdc phu thuoc ham nay ciing khong can kiém tra & thuat todn Tane.

That vay, néu 3By Bs...By—1 C Ay As...Aysao cho By Bsy...By—1 — By ding (By € {Ay, Ao, ..., A¢})
suy ra (BlBQ...Bg_lBg)\{Bg} — Bg dling.

Pit X = B1By...B_ 1By, A = By suy ra X\{A} — A ding, nén ta cé thé loai R\X
khoi CT(X) & thuat todn Tane. Do dé6 R\X = {Ap1,...., A} & CT(X), suy ra Ay ¢
CHXU{Ap1}), ey An & CT(X U{A,Y}). Tir dé, ta khong can ki€m tra cdc phu thudc ham
X =A14... Ay — Aj, j=1(+1,...,nd thuat todn Tane. (9)

- Ngwoc lai, gid sit X = Ay Ag... Ay va ta loai R\{X} khdi C"(X) khi X\{A} — A, A€
X ding, nghia la loai cdc Aj, 7 = €+ 1,...,n khéi CT(X). Khi dé, Agy1 ¢ CH(X U
{Ai1}), o An € CT(XU{A,}), suy ra A1 Ay... Ay — A, j = (+1,...,nkhong can ki€m tra
& Tane. Ta chitng minh, cdc phu thudc ham nay ciing khéng can kiém tra trong AFD-Mine.

That vay, tr X\{A} — A, A € X ding suy ra ton tai By = A, By € AjAs...A¢ sao
cho (AlAQAg)\{Bg} — Bg dling, nghTa 1a HBlBQ...Bg_l C AlAQ...A[ . BlBQ...Bg_1 — Bg
ding. Do dé, theo Luat cit tia 5, cic phu thuoc ham Aj As... Ay — Aj, g=1{0+1,...,nkhong

can ki€ém tra & thuat toin AFD-Mine. (10)
Tir (9) va (10) suy ra Tinh chéat 11 dwge chimg minh. |

Ngoai nhitng luat cit tia gidng véi thuat todn Tane, thuat toin AFD-Mine con sir dung
thém mot luat cit tia nita, goi la cit tia cdc dir tuyén twong dwong (Luat cit tia 1). DPieu
nay gidp thuat todn AFD-Mine gidm duwoc s6 lan kiém tra cdc phu thuée ham va phu thude
ham xédp xi trong CSDL hon thuat todn Tane.

5. KET LUAN

Viéec nghién citu va phdt hién cdc phu thuéc ham xap xi trong CSDL 1& mot trong nhtrng
van dé dang dwoc cidc nha khoa hoc quan tam. Trong bai bdo nay, ching toi da nghién ciu
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va xay dung mot thuat todn dé phéat hién cdc phu thude ham x&p xi trong CSDL theo cich
tiép can ly thuyét tap tho va da dat dwoc mot sé két qua sau:

1. Pé xudt Tinh chdt 1 dé thé hién mdi quan hé gitra do phu thude k va do do 16i g3 cia
phu thuoéc ham. Tinh chét nay gitip ta hi€u sau sic hon vée phu thudc ham xdp xi va thuan
tién trong qud trinh phan tich, xay dung thuat todn phét hién cac phu thuoc ham xap xi.

2. Sau khi ki€m chitng d6 do 16i g3, ching toi thay ring né khong con ding trén phan
hoach thu gon. Tir d6, chiing t6i xay durng mét cong thire méi d€ tinh d6 do 161 g3 trén cac
phan hoach thu gon.

3. DPwa ra Phan vi du 1 dé€ minh ching sai sét cia Tinh chit 3.2 trong thuat todn
“FD-Mine [9]”. Sau d6, ta cé6 Tinh chat 8, Luat cat tia 3 va Luat cit tia 4.

4. Tinh chdt 5 va Tinh chit 6 chitng to viée cit tia du tuyén tiwong dirong khong dnh
huwdng dén cdc phu thuée ham xap xi.

5. Xay dung Thi tuc COMPUTE-NONTRIVIAL-CLOSURE (sinh c¢dc phan hoach, tinh
bao déng khong tam thuong va céc dur tuyén vé phéi cia AFD). Sau d6, dé xudt Tinh chit
9 dé chitng t6 rang viée xay dung thi tuc nay 13 ding dan.

6. Tim mai lién hé gitra hai thuat todn Tane va AFD-Mine.

L&i cdm on. Téi xin tran trong cdm on PGS. TS H6 Thuan va cdc phan bién da cé nhitng gép ¥

xac dang, giup téi hoan thién bai bao nay.
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