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Tém tit: Trong [1] va [2], Angel Mora va cic cong sw da thiét ké mot phép bién
doi tien xir Iy sir dung todn tir thay thé cia logic thay thé SLgp dé logi bo dw thira
trong tdp phu thugc ham ban dau nham thu dwoc mét tdp phu thuoc ham tuong
dwong véi kich thuée nhé hon trong thoi gian da thire. Co s6 va tinh ding déin cia
phép bién doi tién xir Iy ndy duwoc chimg minh béi Dinh Iy 6 trong [1]. Trong badi
bdo nay, ching t6i sé chi ra mét 16i sai khéng chdp nhdn dwoc trong chitng minh
cua Dinh Iy 6 va dwa ra mot chitng minh dung va don gian hon cho dinh ly do. Mot
s6 nhdn xét vé phép bién doi tién xir Iy ciing dirgc duwa ra.

Tir khoa: Co sé dit liéu quan hé, Lugc db quan hé, Phy thudc ham, Phép bién déi tién xur 1y.
1. MO PAU

Trong [1] va [2], Angel Mora va cac cong sy da thiét ké mot phép bién doi tién xir 1y sir
dung toan tir thay thé ctia logic thay thé SLFD d¢é loai bo du thira trong tap phu thugc ham
ban dau nhim thu duge mot tap phu thuéc ham tuwong duong véi kich thude nho hon trong
thoi gian da thire. Co s& va tinh dung ddn cua phép bién ddi tién xir Iy nay duoc ching
minh boi dinh 1y 6 trong [1]. Trong bai bao nay, chung t6i s& chi ra mot 1i sai khéng chap
nhéan dugc trong chirmg minh cua DPinh 1y 6 va dua ra mdt chiing minh ding va don gian
hon cho dinh 1y 6. Mot s6 nhan xét vé& phép bién doi tién xir 1y ciing dugc dua ra.

Bai bao dugc t6 chirc nhu sau: phan thir hai nhic lai mot s6 khai niém va két qua quan
trong ctia md hinh quan hé, gidi thiéu vé logic Paredaens dwa vao cach trinh bay trong [2].
Trong phan nay ciing nhéc lai dinh nghia thé nao 1a mét tap F cac phu thudc ham c6 du thira,
phat biéu lai Dinh 1y 6 trong [1] va chi ra chd sai trong ching minh cua dinh 1y 6. Ching
minh dang cta Pinh 1y 1 duoc cho trong phan thr ba cing véi mot s6 nhan xét. Trong phan
thir ba cling gidi thiéu vé thi tuc removeRedundancy duge trinh bay trong [2] v6i mot vai cai
tién cing mot sé vi du img dung. Két luan dugc gidi thidu trong phan thir tu.

2. MO HINH QUAN HE VA LOGIC PAREDAENS

2.1. M6 hinh quan hé

Trong mo hinh quan hé cia E.F.Codd, dit li€u duoc luu trir dudi dang cac quan hé (cac
bang). Mbi quan hé dugc dinh nghia trén mot tdp hitu han cac thudc tinh
Q = {4, 4,,..., 4,}, trong d6 mdi thudc tinh A; 14y gid tri trong mot mién twong tng
Dom(4;). Nhu vay, mot quan hé R xac dinh trén Q 1a mét tap con cua tich Descartes
Dom(A;) x Dom(A4,) x ... x Dom(A4,). Noi cach khac, R 1a mét tap cac bo ¢ ¢6 dang ¢ = (ay,
ay,...,a,) trong d6 a; € Dom(A;)) véimoii=1,2,..,n

Cho X < Q, ¢ € R. Khi d6, hinh chiéu cua ¢ trén X, ky hiu #[.X] 1a bd sao cho #[X](a;) =
t(a;), a; € Dom(4;) v&éi moi 4; € X.
Dinh nghia 1 (Phu thuéc ham). Cho R 1a mot quan hé trén Q. Moi khing dinh c¢6 dang
XY, trong d6, X, ¥ = Q dugc goi 1a mot phu thudc ham trén R. Ta n6i R thoéa X—Y néu
véi m01 t, R co l‘][X] = fg[X] kéo theo l][Y] = l‘g[Y].

Ky hiéu FDy, 1a tap sau:

FDp = {X—Y| X, Y= Q, R théa X—Y}

Trong [3], W.W. Armstrong da chimg minh ngit nghia cta phu thuéc ham, dac trung
c4c tinh chit thoa mén tap FDy, dugc phat biéu dudi dang cac tién dé Armstrong dudi déy.
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Cho R 1a mét quan hé trén Q, khi do:

1.Néu Y c X c Q thi X—Y € FDy

2. Néu X—Y e FDy thi X>XY € FDy

3.Néu X—Y, Y— Z € FDy thi X— Z € FDy

4.Néu X—Y, X— Z € FDy thi X— YZ € FDy

5.Néu X—Y € FDg thi X—>Y-X € FDy

6. Néu X—>7Y e FDp, Xc Uc QvaVc XYthi UV € FDy

T.NeuX—Y, X'—>Z e FDp, X'c XY, XcUcAvaVc ZUthi UV € FDg
2.2. Logic Paredaens

Logic Paredaens dugc goi la Lp, cho phép ddc ta hinh thire va thao tac cac phu thude
ham.

Dinh nghia 2 (Ngén ngir Lp,y). Cho Q 12 tap vo han dém dugc cic nguyén tir (atoms) va
— 1a mot lién két nhi phan (binary connective), ta dinh nghia ngén ngir:
par = (XY | X, Y € 2% vaX = D)

Bay gio, hé tién dé Sp,, duoc dua vao nhu sau:
Dinh nghia 3. Lp,, 1a logic dugc cho bdi cap (Lpar, Spar) trong d6 Sp,, 1 mot luge dd tién

dé LAxparJ: |— s, X—Y néu Y c X va céc quy téc suy dién sau:
(K1 hiéu F l;Sp F’ nghia la tdp phu thuéc ham F’ duoc suy dién logic tir tap phu thuoc

ham F theo hé tién dé Sp,,)
| Trans ] X—Y, Y>Z | 5, X>Z (quy tic bic cau)

LAungX—)Y |— s, X—>XY (quy tic gia ting)

Trong Sp,, ta c6 cic quy tic suy dién sau:
| UnionJX—7Y, x> Z |- s, X=>YZ (quy tac hop)

LComplX—Y, W—Z |~ XW—YZ (quy tic hop thanh)

LInters] X—Y, X—Z |- s, X>YNZ trongdo YN Z # D (quy tic giao)

| Reduc| X->Y I—SP XY - Z trong 6 Y — Z # & (quy tic rit gon)

LF ragJ X->YZ |— S, X—Y (quy tac phan manh)

LgAugJ X->Y |— Sy U—V trong 46 X ¢ U va V < XY (quy tic gia ting suy

rong)

| gTrans ] X—Y, Z»U |-, V—W trongd6 Zc XY, X< Vva W< UV (quy tic
SPar

béc cau suy rong)
Nhin xét 1. C6 thé xem logic Paredaens 1a s mo ta chi tiét hon cua hé tién dé Armstrong,
véi viée bo sung cac quy tac hop thanh, quy tac giao va quy tac phan manh.
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Nhin xét 2. D& thiy rang logic Paredaens ciing nhu cac logic khac cho phy thugc ham
([3]- [4], [5], [6]) déu cob cung cau truc trong cu phap, ngli nghia va hé tién dé¢ va do do
chung tuong duong nhau.

Nhin xét 3. Dé don gian trong thao tic voi cac phu thudc ham ciing nhu suy dién ra cac
phu thuéc ham méi tr mot tap cac phu thudc ham cho trude, ta co thé su dung mot hé tién
dé twong duong voi hé tién dé Armstrong nhu di 1am trong [7] bao gom 3 tién dé sau voi
X, Y, Z1a céc tap con cua Q:

A;.Néu Y < X thi X—Y (quy tic phan xa)
A, Néu X—Y thi XZ—YZ (quy tic gia ting)
A;. Néu X—Y va Y— Z thi X—Z (quy tic bic cau)

v6i viée ngdm hiéu cac quy tic suy dién khac 1a nhitng quy tic suy dién d& dang duoc suy
tir hé tién d€ Armstrong véi ba tién dé A;, 4>, A;.

Trong phan dudi day, ta hinh thirc hoa khai niém du thira lién quan t6i mot tap F cac
phu thudc ham cho trude trén Q.

Dinh nghia 4. Cho F < Lp,,va f=X—>Y e F.
Tanéi f 14 du thira (khong can thiét) trong F néu F\{ f} |— s S
Tanoi f 1a /-du thira trong F' néu ton tai Z# &, Z G X'sao cho
FUHUX =21 b f
Tanéi f 1& r-du thira trong F néu ton tai U= &, U ¢ Y sao cho

FU DX -U) b f

Ta noi F c¢6 du thira néu né c6 chira mot ph?m tir hodc la du thira hodc 1a /-du thira hoac
la 7-du thua trong F.

Sau day, khong glam tong quat, ta ch1 xét cac tdp phu thudc ham F, trong do, cac phu
thuéc ham thudc F déu cd vé trai va vé phai roi nhau, c6 nghia véi moi phy thuéc ham
X>YeFtacoXnY=¢.

Mot tap cac phu thugc ham c6 tinh chit nhu vay dugc goi 1a mét tdp phu thudc ham
duogc thu gon (reduced functional dependencies set).

Trong [1] c6 phat biéu va chimg minh dinh 1y sau:
Pinh 1y 1 (Dinh ly 6 trong [1] va la Dinh ly I trong [2])
Cho X—Y, UV e L vOIXNY=O.
(a). Néu X c U'thi {X—Y, U->V} =, XY, (U-D->(V - D)} (1)
Do d6,néu UN Y= D hay V'Y= thi UV theo thir ty 14 /-du thira hay r-du thira
trong {X—Y, U->V}.
(b). NéquZ U vaXc UVthi {X=Y, UV} =s,. {X>Y, U>(V-Y)} 2)

Do d6, néu ¥V N Y# & thi U»V 1a r-du thira trong {X—Y, U—V?}.
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(Ki hiéu F =s, F’ nghia la tdp phu thudc ham F’ twong dwong voi tdp phu thuoc ham F
theo hé tién dé Sp,, tir F c6 thé suy ra F’ va nguwoc lai)

Chung minh cta Dinh 1y 1 (la Pinh Iy 6 trong [1]) dugc trinh bay lai diy di nhu sau:

Churng minh.
(a). =
1. XY (gia thiét)
2. (U-Y)»Y (1, gia tang suy rong)
3.(U-V)>U-Y) Axpp (tién dé phan xa)
4.(U-Y)-»UY (2, 3, quy tic hop)
5.(U-Y)-»U (4, gia tang suy rong)
6. UV (gia thiét)
7.(U-Y)>V (5, 6, bic cau suy rong)
8. (U-Y)>»(V-Y) (7, gia tang suy rong)
(a). <
.U X Axpp (tién dé phan xa)
2. XY (gia thiét)
3. U>7Y (1,2, bic cau suy rong)
4. (U-Y)>(V-7Y) (gia thiét)
5.U>VY (3, 4, quy tic hop)
6.U>V (2, 5, gia tang suy rong)
(b). =
.UV (gia thiét)
2.U-> V-7 (1, gia tang suy rong)
(b). <
.U—>X Axpp (tién d& phan xa)
2. XY (gia thiét)
3.3.U->Y (1, 2, bic cau suy rong)
4.U— (V-7Y) (gia thiét)
5.U-> VY (3, 4, quy tic hop)
6. UV (2, 5, gia tang suy rong)

Cai hay va méi ciia Dinh 1y 1 1a n6 cho phép dua vao hai quy tic thay thé quan trong
duoc ky hiéu theo thir ty 14 | Subst] va [ rSubst

| Subst X=Y, U=V =g (U=-Y)>F-NnéuXcU,XNY=0

| rSubst | XY, U=V | Us(V-NéuXE U XUV, XNY=0

RG rang 1a khong 6 hé tién dé nao cho phu thudc ham cé nhiing quy tic thay thé noi
trén, c6 kha nang phat hién va loai bé du thira trong mot tap phu thuéc ham mét cach higéu
qua nhu vay.

Du6i day 1a mot s6 nhan xét vé phan chimg minh ctia Pinh 1y 1 néu & trén.
Nhdn xét 4. Trong ching minh chiéu <, phan (a) cta Dinh Iy 1, cic dong 5. va 6. duoc
viét lai la

5. U> VY (3, 4, Quy tic hop)

6. UV (2, 5, Quy tac gia tdng suy rong)

RG rang dong 6. phai stra lai 1a
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6.U>V (5, Quy tic gia ting suy rong)
Nhdn xét 5. Trong chimg minh chidu <, phan (b) ciia Dinh 1y 1, ta hiy xem dong 1.
.U—>X Axgp (tién dé phan xa)

Khiang dinh nay rd rang 1a sai vi trong phét biéu phan (b) ctia Dinh 1y 1, ta c6 cac gia
thidt XZ U, Xc UV, XN Y=2.
Do d6, chiéu {X—Y, U=V - 1)} |- 5, X =Y, UV} véi cac gia thiét néu trén
chua dugc ching minh.
3.MQT CHUNG MINH MOI CHO PINH LY 1

Dé don gian cach chimg minh Pinh 1y 1, ta st dung hé ba tién dé tuong dwong véi hé
tién d&€ Armstrong v6i X, Y, Z < Q, trong d6, Q 1a vii try cac thude tinh.

ALNéuYc XthiX—> 7Y (Tién d& phan xa)
Ay NéuX— Y thi XZ— YZ (Tién dé gia ting)
AL NbuX > Y vayY— ZthiX—>Z (Tién dé& bic cau)

cung voi cac quy tic suy didn quen thudc, d& dang duogc suy ra tir hé ba tién dé A, A,, As
nhu:

NéuX—>YvaU—V thiXU— YV (Quy tac hop)
NéuX—> Y thiX—Z véimoi Zc Y (Quy tic tach hay phan manh)

Sau day la mét chiing minh méi cho Pinh 1y 1.

Trude hét, Pinh 1y 1 dwoc phat biéu lai nhu sau:
(a). NéuX < U, XN Y= thi hai tdp phu thudc ham

XoY, U1 ={X->Y,(U-Y)> -1}
trong do, = 1a tuong duong theo nghia sir dung hé quy tac suy dién Armstrong, hé phu
thugc ham tha nhat c6 the suy ra hé phu thuéc ham thir hai va nguoc lai.
(b). Néu X ¢ U, X c UV thi
XY, UV ={X> Y, U>(V-Y}

Chirng minh.
(a). =

Vig(g Unén X-YcU-Y.ViXNnY=F nénX-Y =XcU-7Y.Tudotacodday
suy dién sau:

1.(U-Y) X (A)
2. X>Y (Gia thiét)
3.(U-Y)>7Y (1,2, A3)
4.(U-Y)—> (U-Y) (A1) )
5.(U-Y)—>UY (3, 4, Quy tic hop)
6.(U-Y)> U (5, Quy tic tach)
7.U>V (Gia thiét)
8.(U-Y)>V (6,7, A3)
9.(U-Y)> (V-7 (8, Quy tic tach do (V - Y) c V)
(a). <
1. X>Y (Gia thiét)
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2.(U-Y)> (V-7 (Gia thiét)

3.U—>X (A, viXc U)

4.U>Y (3,1, A;)

5.U> VY (2, 4, Quy tic hop)

6. UV (5, Quy tic tach)
(b). =

1L.USV (Gia thiét)

2.U->(V-Y) (1, Quy tac tach)
(b). <

1. XY (Gia thiét)

2.U— (V-7 (Gia thiét)

3.U-> UV -Y) 2, A)

4.U(V-Y)—> (UV-Y) (A)

docoUUV-VNo(U-NuF-NvaU-Nu¥-N=UrV-Y

5.U—(UV-7Y) (3,4, A;)

6.(UV-Y)—>X (A))

docOXcUVvaXmnY=@nénX=X-Y)cUV-Y

T.(UV-Y)>7Y (6,1, A3)

8.U—Y (5,7, A3)

9.U— UVY (5,8, Ay)

10UV (9, Quy tac tach)

Nhén xét 6. Trong chimg minh méi ciia Dinh 1y 1, viéc chimg minh phan (a) vé co ban 1a
gidng voi chimg minh phan (a) trong [1]. Ci khac nhau 1a & chd cach thic giai thich cac
bude suy dién. Trong [1], cac tac gia ding cac tién dé va cac quy tic suy dién trong logic
Paredaens, con trong chimg minh méi, ching toi st dung hé tién dé& quen thudc cua
Armstrong, nén viéc giai thich cac budc suy dién la don gian, o rang hon.

Dé khic phuyc 13i sai trong chimg minh phan (b) cta Pinh 1y 1 trong [1], chimg minh
phan (b) cua chung t61 6 day la hoan toan moi. No khién cho Dinh 1y 1 trong [1], mot Pinh
Iy rat hay, 1a nén tang cho phép bién ddi tién xir 1y loai bo hiéu qua cac du thira trong mot
tap phu thudc ham cho trudce, ding viing va st dung duogc.

Nhdn xét 7. Trong thyc hanh, trong nhiéu truong hop, dé don gian hon, ta c6 thé ding quy
tac thay thé sau:

Cho hé hai phu thugc ham {X—Y, U—V}. Néu X U XcVvaXn Y=y thido
tuong duong, c6 thé thay thé {X—Y, U—V?} bang hé hai phu thudc ham {X—Y, U—(V —
Y)} néi chung don gian hon. No6i cach khac, néuX;(_ UXcVvaXnY=Jthi

XY, UsV={X>Y, UV -Y) (3)
Diéu nay hién nhién dang vi néu X ¢ U, X < V' va X N Y = @ thi duong nhién X ¢ U,

XcUVvaXn Y= vataroi vao truong hop (b) cua Pinh 1y 1.

Nhn xét 8. Trén co s¢ céc phép thay thé (1), (2), (3), ta c6 thé 1am don gian hon thii tuc
removeRedundancy trong [1] bang thu tuc Logi b6 dw thira cho cac tap phu thugc ham <
0 dang thu gon gom cac budc sau:

Procedure Loai bo dw thira
Input. F (M4t tap phu thudc ham ¢ dang thu gon)
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Output: F' (M0t tap phu thugc ham tuwong duong véi F véi du thira it hon)
Begin
Repeat
B1. Thyc hién cac phép hgp cho cac phu thugc ham co6 cung vé trai;
B2. Thyc hién céc phép thay thé (1), (2), (3);
Until (khong thuc hién cac thao tac B1 va B2 thém dugc nita);
B3. Kiém tra xem trong tdp phu thugc ham thu dugc, c6 phu thudc ham nao duogc
suy ra tir hai phu thudc ham khac tir viéc ap dung (As). Néu c6 thi loai bo no.
End,

Nhin xét 9. Trong [1] va [2], cac tac gia da cho chay thu tuc removeRedundancy trén
nhiéu tap phu thugc ham voi so luong va kich thude khac nhau va da thy rang ty 1¢ phan
tram s6 1an 4p dung céc quy tic thay thé 1a rt cao va ting dang ké véi do phirc tap clia cac
tap phu thudc ham.

Ngoai ra, cc tac gia ctia [1] va [2] d4 rat ra cac két luan tong quét sau:

- P6i véi 28,25% céc tap phu thudc ham, khong can thiét ap dung quy tic bac cau (A;)
va phép bién doi tién xir 1y loai bé du thira mot cach hidu qua.

- Kich thu’oc cua cac tap phu thude harn duogc rat gon tdi 52,89%

- Khl s6 cac thudc tinh tang 1én thi s6 trudng hop trong do khong can ap dung quy tic
béc cau (A;) ciing tang 1én. Piéu nay ching t6 quy tic thay thé dic biét thich hop dé lam
viée véi céc luge dd co s dir lidu 1on.

- S6 phan tram cac 4p dung cua quy tic thay thé khong phu thudc vao sb thudc tinh va
d6 dai cua phu thugc ham.

Nhdn xét 10. Dé thay dugc ¥ nghia va wu viét ctia cic quy tic thay thé (tirc phép bién ddi
tién xir 1y cac tap phu thudc ham), ta xét hai vi du sau, trong do, vi du 1 dugc léy lai tur vi
du 1 trong [2] véi viéc chinh stra lai mdt sai s6t nhé.

Vi du 1 ([2]). Cho F = {a—bc, ab—>ce, bd—ac, af—b, cd—ba}. Ta c6 thé ap dung cac
phép thay thé dé thu dugc mdt tdp phu thudc ham véi du thira it hon.
Nhu vay, sau khi thuc hién phép bién doi tién xu 1y, ta thu duoc tap F' twong dwong véi
F nhung chua it du thira hon.
F'= {a—>bce, bd—a, cd—b}.

Vi du 2. Ap dung cac phép thay thé ddi véi tap phu thudc ham F = {b—a, b—>gh, d—a,
bi—h, ab—de, ab—fg, abc—dj, abc—k}.

Quy tdc dp dung F
L Quy téc hop : b—agh, d—a, bi—h, ab—>de,
b—a, b—gh | =g b—agh ab—g, abc—dj, abc—k
L Quy tac hopl: b—sagh, d—>a, bi—>h, ab-—»defg,
ab—de, ab—fg I— Sy ab—defg abc—»dj, abc—k
L Quy tac hopl: b—sagh, d—sa, bi—sh, ab—defg,
abc—dj, abc—k |— s, abc—djkh abc—djk
| Subst: b—sagh, d—a, bi—>D, ab—defg,
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b—agh, bi=h | = bi>D abc—>djk

LA,

|_Sp bi—>D (s& duoc loai bo) b—agh, d—a, ab—defg, abc—djk

| Subst.: ‘
b—agh, ab—defg |_Sp b—sdef b—agh, d—a, b—def, abc —>djk

| Quy tic hop: |

b—agh, b—def |_Sp b—sadefgh b—adefgh, d—a, abc—djk

| Subst.: .

b—sadefgh, abe—djk |—g — bejk b—adefgh, d—a, bc—jk

| rSubst.:

b—defgh, d—a, bc—jk

d—a, b—adefgh |— 5, b—defeh

Nhu vy, cudi cing ta thu dugc tap F'= {b—>defgh, d—a, bc—yjk} twong duong v6i F
nhung chua it du thira hon.
4. KET LUAN

Phép bién doi tién xir 1y dé loai bo du thira trong céc tap phu thugc ham duogc trinh bay
trong [1] va [2] 12 méi va t6 ra rat hiéu qua. Co sd cta phép bién dbi tién xtr Iy nay 1a Dinh
Iy 1 (trong [1]) va cling 1a Pinh 1y 6 (trong [2]).

Pang tiéc 1 chimg minh phan (b) ctia Dinh 1y 1 12 sai va khong chap nhan duoc. Trong
bai bdo nay, chung t6i da dua ra mdt ching minh méi cho DPinh 1y 1, cling nhu dua ra mot
quy tic thay thé méi don gian va d& ap dung trong thuc hanh. Diéu nay khién cho Pinh Iy
1 ([1], [2]) dtng viing va ap dung dugc.

Xay dung thém cac quy tic thay thé méi cho viéc tién xtr 1y cac tap phu thudc ham
cling 1a mot hudng nghién ciru dang quan tam.
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ABSTRACT

ABOUT AN EFFICIENT PREPROCESSING TRANSFORMATION FOR
FUNCTIONAL DEPENDENCIES SETS

In [1] and [2], Angel Mora et al designed a preprocessing transformation using
the substitution paradigm of SLgp logic to eliminate data redundancy in a given set
of functional dependencies in order to obtain an equivalent set of functional
dependencies with a smaller size in polynomial time. The basis and correctness of
this preprocessing transformation have been proved by Theorem 6 in [1]. In this
paper, we show a serious error in the proof of Theorem 6 and give a simpler and
correct proof for that theorem. Some remarks about the preprocessing
transformation are also given.

Keywords: Relational database, Relation schema, Functional dependency, Preprocessing transformation.
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