Tap chf Tin hoc va Piéu khién hoc, T. 16, S. 2 (2000), 41-50

THUAT TOAN TONG HOP
LUQC PO €O SO DU LIEU QUAN HE DANG CHUAN BA

PHAM QUANG TRUNG; NGUYEN XUAN HUY

Abstract. Designing databases requires translating a relational scheme into a normal form. In this
paper we shall present a new algorithm, which synthesizes a relation scheme into third normal form
(3NF) with a lossless join and preservation of dependencies. The algorithm is constructed on a notation
of compound functional dependencies. In comparison with the well-known algorithms, the algorithm
presented here is more simply in implementation.

1. MO DAU

Chuin héa 1d qud trinh phén tich mot lugc d6 quan hé thanh mét tip cic lwge d6 quan hé phi
hop 48 c6 thé tranh dwoc nhitng van dé thudng ndy sinh khi thiét k& co sé& dir liéu [3,4]: 1) Dw
thira dir liéu; 2) Khéng nhit quén; 3) Di thudng khi thém bd 4) Di thudng khi x6a bg; 5) Di thuomg
khi sira bd.

C6 cac dang chuin la: Dang chudn th& nhdt (first normal form - 1NF), dang chu&n thé hai
(second normal form - 2NF), dang chu&n thé ba (third normal form - 3NF),...

Trong bai bdo niy, ching ti trinh bay mdt thuit toin tdng hop lwgc dd co s& dir liéu thanh
dang chudn ba (3NF), thuin tién trong viéc cai dit va dat dwoc cic yéu ciu sau diy:

- Bdo toan tip phu thudc ham. ‘

- Céc lwoc d5 con 13 & dang chuin 3NF.

- K&t ndi khong mat théng tin.

- Khéng ton tai cdc lwge d6 ndo khic ¢é s8 lugng lwge d6 it hon ma lai ¢6 ba tinh ch&t néu trén.

- Ngoai ra, thuit todn dwoc thiét ké c6 si dung khéi niém vé phu thudc hiam phiéc hop, phd
dang hinh khuyén (hay phd dang vanhk), nhitng thudt todn co' s& (xdc dinh bao déng, loai bd thude
tinh du thira, loai bé phu thudc ham dw thira,...) dwoc xiy dung trén khéi niém phu thudc ham.

2. MOT SO KHAI NIEM CO’ BAN

Cic k¢ hiéu

Theo truyén théng trinh bay cda ly thuyét co sé& dir liéu quan hé, trong bai bdo cé st dung cic
ky hiéu sau:

- Quan hé R trén tip thudc tinh U dwoc ky hiéu 13 R(U).

- Hop cda hai tdp thuéc tinh X, Y duwoc viét 13 XY

- V&i quan hé R trén tip thubc tinh U, £ 13 mét bd cda R, X 1a tap con cda U thi gid tri cda t
trén X dwoc viét 13 t(X).

- Phép két ndi tw nhién dwoc ky hiéu bing diu *.

Muc nay chi néu mét s8 khéi niém va két qué lién quan, ban doc quan tim chi ti€t hon d€ nghi
xem [5,6].

Pinh nghia 1. Cho R(A1, As,...,A,) 13 mét luoc dd quan hé, cho X va Y 14 céc tip el
{A;, As,...,A,}. Chiing tandi X — Y (doc 1a “X xac dinh ham Y” hay “Y phu thuéc ham vao X”)

néu véi moi quan hé r 13 thé hién cda R, thi trong r khong thé c6 hai b trung nhau trén cic thanh
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phin cia moi thudc tinh trong tip X ma lai khéng tring nhau trén mét hay nhidu hon céc thinh
phian cda céc thudc tinh cda tip hop Y.

- Chiing ta néiring: mét quan hé r thda phu thuéc ham X — Y, néu cho moi c{ifi bd u, v trong
r sao cho u[X| = v[X] thi p[Y] = v[Y] cling dting. Néu r khéng thda X — Y, thi r vi pham phu
thudc dé.

- Cho F la tap phu thuéc ham cda luwge d6 quan hé R, va cho X — Y 13 mét phu thudc ham.
Chiing ta néi F' suy dién logicra X — Y, viét 1a F |= X — Y, néu véi moi quan hé r cda R ma thda
cdc phu thudc ham trong F' thi ciing thda X — Y.

Dinh nghia 2. Bao déng cda tdp phu thudc ham F, ky hiéu 1a F*, 13 tip cdc phu thuéc ham dwoc
suy dién logic tir F [1,2], nghia la:

Ft={X->Y|FEX—-Y}

DPinh nghia 3. Hai tdp phu thuéc ham F vi G trén lwoc d5 R 14 twong dvong, ky hidu 1a F = G,
néu: F* = G*. Néu F = G thi F 13 mét phd cia G.

Dinh nghia 4. Tip phu thudc ham F 1i khéng dv tha néu khong cé mét tip con thuc su F' cda
F ma F' = F. Néu t6n tai mét tip con F' nhu vay thi F 13 dv thtra. F dwoc goi 1a phd khéng duw
cla G néu F 13 mét phi cda G va F khéng du thira.

Dinh nghia 5. Hai tap thudc tinh X va Y 13 twong dwong véi nhau trén tdp phu thuéc ham F,
nfu FEX—-YvaFEY - X (ky hituld X - Y).

Gid st F 1a tdp phu thudc ham trén lwoc dd R va tap thudc tinh X C R, gid st EFr(X) 13 tip
phu thudéc him trong F' cé céc vé trai twong dwong véi X. Ky hiéu Er 13 tip hop:

{Er(X)| X C R va Ep(X)#0}.

Néu trong F khéng ton tai phu thuéc ham cé vé trai twong dwong véi X thi Ep(X) rong. Tap
Er(X) 1a mét phan hoach cda tip F [5].

Dinh nghia 6. Gid st F 13 tap phu thudc ham trén lwoc d5 R vd X — Y 13 phu thudc ham trong
F. Phu thuéc ham X — Y dworc goi 1a rit gon trdi néu X khéng cé thudc tinh du thira. Phu thudc
ham X — Y dwoc 13 rit gon phdi néu Y khong chiva thuéc tinh dw thra. Phu thuéc hAm X — Y
dwgc goi 1 rit gon néu né dugce rit gon trai va rit gon phdi va Y # 4.

Dinh nghia 7. Tap phu thudc haim F dwoc goi 14 rit gon trdy (rit gon phdi, rit gon) néu méi phu
thuéc ham trong F 13 rdt gon trai (twong tng 13 rit gon phdi, rit gon).

Dinh nghia 8. Phu thuéc ham phitc hop cé dang (X1, X>,...,Xix) — Y, trong dé X, Xs,..., Xk
va Y 14 cidc tip con khéc nhau cda lwgc d6 R. Quan hé r(R) thda phu thudc ham phic hop
(X1,X2,...,Xx) — Y néu né thda cac phu thuéc ham X; — X; va X; =Y, 1<14,5 < k. Trong phu
thuéc ham phirc nay, (X1, Xz, ..., Xx) dwoc goi 13 v& trai, X1, Xo, ..., Xk 12 céc tip trai, Y 1a v€ phéi.

Phu thudc ham phtrc hop 13 céch viét rit gon hon tip cdc phu thudéc him cé cic v€ trai twong
dwong. Trong trwong hop néu Y = @, ching ta c6 dang dic biét cda phu thudc ham phidc hop la
(X1, X2, -5 X5)-

Pinh nghia 9. Gid st G 12 tip cic phu thudéc ham phirc hop trén R va F la tdp cdc phu thudc
ham hay cic phu thudéc him phirc hop trén R. Tap G twong dwong véi F, ky hiéu 1a G = F, néu
mdi quan hé r(R) thda G thi thda F vi nguoc lai.

Pinh nghia 10. Tép F duoc goi 13 phi cia G néu F = G, trong d6 F va G bao gdm hoic 13 tip
phu thudc ham, tip cic phu thudc him phirc hop, hodc 1a tap hop chi gdm mét loai phu thudc.
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Dinh nghia 11. Tép phu thudc ham F dwoc goi la tép ddc trung d8i véi phu thude ham phirc hop
(X1, Xz2,..,Xk) — Y néu F = {(X;, X3,..., X)) — Y}. Néu méi tip hop trdi cda phu thuéc him
phitc dwgc st dung véi tw cich 1a vE trai cda phu thuéc ham ding mét lin (nghia 1 F cé dang
{X1 = Y1, X, =Y, ..., X — Yi}), thl F duoc goi la tdp phu thudc ham ddc trung tw nhién d8i véi
phu thudc ham phic hop da cho.

Dinh nghia 12. Tap phu thudc ham phic hop F dwoc goi 1a dang hinh khuyén (hay dang vanh),
néu khéng cé cic tip trdi X va Z trong céc vé trai khic nhau, ma X « Z trén F.
B3 deé 1. [5] Gid st G ld tdp phu thudc ham phitc hop dang vinh khéng du thia. Sw ho'p nhdt cde

tap ddc trung tw nhién cda tdt cd cdc phu thudc ham phitc hop trong G tao thanh tip phu thuéc ham
khong du twong dwong vé1 G.

Chu&n héa bing phép téach (6
— Phép tdch mdt lwvoc d6 quan hé 13 viéc thay thé mét lwoc d6 R bing tip cic lwoe d6 con
p={Ri, Ry, ...,Rr} (cdc R; khong nhit thi€t phdi roi nhau) sao cho:
"R, CR i=12 ..k
-R=RiUR,U...URy.
— Cho lugc d6 R dwgc tich thanh tip cdc luwge d6 con: p = {Ry, Ra, ..., Rx}. Phép tich p Ia
phép tdch cé két ndi khong mdt thong tin néu véi moi quan hé r trén R ta cé:
r =g, (r) * I, (r) * ... x IIg, ()
tic 13 moi quan hé r 13 két ndi tu nhién cida cic hinh chi€u cda né trén cic R;.
~ Cho lwgc d5 R va tip phu thuéc ham F. Phép tich p = {Ry, Ro, ..., Ri} goi la phép tdch bdo
todn F, néu: G = FLUF,U...UF, suy dinra F (trong d6: F; ={X - Y € F* | X,Y C R;}).
Pinh 1y 1. [6] Néu p = (Ry, R2) ld mdt phép tdch cia R va F ld tdp cdc phu thuéc ham thi p la
phép tdch cd két nér khéng mdt théng tin @61 vér F khi va ch? khi: (Ry N Ry) — (R — Rz) hodc
(RyNRy) — (Ry — Ry). Chi § rdng cdc phu thudc ham néu trén khong nhdt thi€t phds thudce tdp F,
nhung phdi thuéc Ft.
Dinh ly 2. [6] Cho p ld phép tdch lugec 36 R thinh SNF bdo todn cdc phy thudc hdm, vd cho X ld
mét khda déy véi R. Thé thit = pU {X} ld phép tdch R thanh cdc lugc d6 & SNF, phép tdch nay
bdo toan cdc phu thudc ham vd cd tinh chdt két né%i khéng mdt théng tin.

Chuin héa bing phép téng hop [5]

Cho truéc lwge d6 quan hé R va tip phu thudéc ham F trén R. Yéu ciu li cin nhin dugc céc
luoc dd co s& dir lieu R = {Ry, Rz, ..., Rc} trén R thda man bdn tinh chit sau day:

1) Tap F duoc dic trung day did bdi R, nghia la:

F = {K — R;|R; € R 1a khéa dwoc chi dinh cda R;}.

2) M3i lwgc d5 quan hé R; trong R 1a & 3NF v&i su tham chi€u téi F.

3) Khéng tbn tai cic luge dd co s& dir liéu ndo khic ¢6 s8 lugng lwge d6 it hon R, ma lai ¢6
tinh chat 1 va 2. '

4) D&i v4i bt ky quan hé r(R) thda F déu c¢b

r= HRl(r) *HRZ(T) * .. % HRk(r).

Luoc d6 co s& dit liéu R thda m&n ba tinh chit diu duge goi 1a lwge dd co s& dir liéu ddy dd
(complete) d&i véi F.

Tinh chit 1 ddm bio bit budc F trong R, dieu niy cé thé ki€m ching dwoc ma khong cin tinh
F*. Tinh chit 1 con ddm bdo ring cidc phu thudc haim dwoc suy din tir cdc khéa duwoc chi dinh.
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Yéu ciu cda tinh chat 2 13 da rd. Tinh chit 3 dé€ tranh sw duw thira. Tinh chit 4 cho phép biéu dién
mot quan hé trén lugc d6 R trung thanh véi cdc hinh chi€u cda né trén céc lwoc dd trong R.

Céc thuit toan tdng hop c6 mét sd tinh chit sau diy.

B_f)’ dé 2. Néu R 1d lugc d6 co s di liéu bic'u dién tdp phu thudc ham G, thi trong R cd it nhdt
|Eg| lwge d6 quan hé. C6 nghia ld s6 lwgc d6 it nhdt cd trong R blng s6 lwgng 16p twong dwong
trong Eq.

Hé qud 1. Gid s F phy thuéc haim. Mét lugc d6 co sd dic lvéu R bdt ky ddc trung iiay dié F, cin
phdz cd it nhdt |Ep| lugc 35, trong d6 F' la phd khéng dw d6i vé1 F.

3. THUAT TOAN TONG HOP LUO'C PO CO S& DU LIEU

Thuit todn téng hop lhroc do co s& dir liéu thanh dang SNF: TH-3NF

Vao: Tap U, tip phu thuéc ham F trén U.

Ra: Tép lugc d5 quan hé & dang chuin ba, bdo toin F, két ndi khéng mit théng tin, c6 s8
lwong lwgc d6 13 it nhit.

Phwong phdp:

B3 sung phu thudéc ham U — @ vao tip phu thudc ham F (trong d6 @ 13 tén “thudc tinh gid”
mi @ ¢ U).

Rt gon vé trai cda cidc phu thuéc ham.

Loai bd c4c phu thudéc ham du thira. K& qud cda bwéc nay nhin dwgc tip F'.

Tao tip phi dang vanh. Két qud cda buéc ndy nhan dwoc tip G.

Tao tip phu thudéc ham dic trung tw nhién twong dwong véi tip phu thudc ham phic hop da
xay dung, nhan dwoc tdp G;. Rit gon vé& phdi cda cic phu thudéc hdm trong G;. K&t qud cda
buéc nay nhan dwoc tip Ga.

Tao tip phi dang vanh Gs.

Twong tng véi tirng phu thuéc ham phirc hop da xiy dung trong Gs, xiy dung cic luwgc do
quan hé c6 tip thudc tinh 13 tdt ci cic thudc tinh xuit hién trong mdi phu thudc him phic hop,
tap cac khéa dugc chi dinh cida lwgc d6 13 cac tap trai cda phu thuéc him phic hop. Thudc
tinh gid @ dwogc loai khéi lrge d5 ma né tham gia.

Thi du 1. Cho lugc d5 quan hé gdm tap cic thudc tinh U = {4, By, B, C1, C2, Dy, Dy}, tép céc
phu thudéc ham F':

{B1B; — A

D, D, —+ AB; B,
B, — C,
By — Cy
D, — A
D, — A
AB; Cy; — D,
B, D; - AC,
AB;Cy — Dy}

Sau khi b8 sung phu thuéc hAim AB; B,C,C, D, D, — @ vio, thuc hién rit gon vé trai va loai

bd phu thuéc ham duw thira, ching ta cé tip F':
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{Bl B, — A
DlDz —"ABIBQ

Tao tidp phu thudéc ham ddc trung tu nhién twong dwong véi G:

G, ={B;B; - AD, D@
Dy D; - AB1B;@
B, — C,

By — C;
D, — A
D, — A
AB;Cy — Dy
AB;Cy — D}

Loai bd céac thuéc tinh du thira vé€ phdi trong G; ching ta nhan dwoc tip Ga:

( Ga={Bi1B; —D;D,Q
D, D, — B, B, @
B, — C;
By — Cy
D, — A
Dy, — A
AB; C; — Dy
AByCi — Dy}

Tiép theo, tao tap phi dang vanh Gs:
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{(D

Két qud ching ta c6 tidp lwgc d6 quan hé R = {Ry, Ry, Rs, Ry, Rs, R, R7} sau khi loai thudc
tinh gid @ khdi lugc dd Ry:

-R,: B, B, D, D, Ky = {B1 B2, D, D,}
-Ry: By Gy Kz = {B:1}

-R3: 32 Cz K3={B2}

- B,z AD; Ks = {D:}

=Rs: ADs Ks = {Dz}

-Rs: AB,C,; D, Ke = {A B, C2}
-R7: AB2C1D1 K7={ABZCI}

Dinh 1y 3. Tdp luvgc d6 quan hé R = {Ry, Ra, ..., R} dwoc téng hop qua thudt todin TH-SNF ti
tdp cdc phu thuéc ham F thda man cdc tinh chdt sau ddy:
1) Bdo todn tdp cdc phu thudc ham.
2) Cdc lwge @6 con ld & dang chudn ba.
3) C6 két nd1 khéng mdt théng tin.
4) Ngodi ra, khéng ton tai tdp lwoc @6 quan hé ndo khdc cd sé luong it hon thda man cdc tinh chat
néu trén.

Ching minh.

1) Qua céc buéc thuc hién cda thuit todn ching ta cé6: F = F' = G; = G2, ching ta lai ¢
G; ={K — R; | R; € R, K la khéa duoc chi dinh cda R;}, nhu vdy F dwoc dic trung hoan toan
bdi R (B& dé 1).

2) Gid st ton tai mét lroc d con R; c6 sw phu thudc bic cau cia thudc tinh khéng khéa A € R;
vio khéa Ki € K; = {K},K%,..., K} dwoc chi dinh cda R; qua tip Z C R; : K} — Z, Z-/— K},
Z — Ava A¢ Z (1) (khong mat tinh t8ng qudt vi luén cé K} — K, véi K 13 mot khéa nao dé cda
R;). Cin chira ring A 1a thudc tinh du thira trong vé phai cda mét phu thuéc ham thudc Go.

Xét lwrgc dd R; t8ng hop dwgc tir phu thude him phirc hop thir 2, ky hiu 1a FF; : (K%, K3, ..., K})
— Y* € G, thudc tinh khéng khéa cia lugec d6 R; chi c6 thé thudc vé phdi cda phu thudc ham
phitc hop FF;, do dé A € Y*. Vi céc tap trai (K}, K3, ..., K}) cda FF; twong dwong véi nhau, nén
chi cin xét trudomg hop A thudc vé phdi Y} cda phy thuéc ham K! — Y} € EGZ(Xi) C Gy (véi

Gy = {Eq,(X)| X* C R;,i =1,2,...,q}; Eg,(X') = {K"- — Y-"IK': - K}; Y: = U Y?;j',h =

2,...,t}). Theo thudt todn thi G, chi khdc G; 1 cic phu thudc ham thuéc G, da d1r0'c loal bd cac
thudc tinh dw thira & vé phai, con s8 lwong phu thuéc him ciing nhu cic vé trai cda cic phu thudc
ham vin git nguyén, vi thé phu thuéc ham Ki — Y] € G khong cé thudc tinh du thira v& phai.
Nhung A 1a thudc tinh duw thira trong vé phdi cda Ki — Y7 (vitacd A € Y] va theo (1) thi K} — A
nén {Gz \ {Ki — Y{}) U{Ki — (Y \ A)}} E Ki — Y}), ditu nay chimg t8 G2 c6 phu thudc ham
du thira vé phdi. Mau thuin vi G; 13 G; da dwoc rit gon vé phdi (theo thudt todn) (Luwu y: ching
ta nhin duoc tip G chinh 13 tip G da dwoc rit gon vé phai; tip phu thuéc ham dic trung tu nhién
mét khi dwoc tao lai tir G5 thi khdng thé xuit hién mét phu thuéc him nio c6 thudc tinh du thira
& vé phdi nira).
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3) Viéc bd sung phu thuéc ham U — @ vio tap phu thuéc ham F (trong dé @ 13 tén “thudc
tinh gid” ma @ ¢ U), r8i qua cdc buéc bién ddi cda thust todn: rit gon v& trai, thuc chit 13 loai
bét cac thudce tinh khdi siéu khéa U d€ nhan dwgc khéa bén vé trai cda phu thudc hAm b8 sung nay,
trong thudt todn cé thuc hién loai bd céc phu thudc ham dw thira nhung ching ta d& thiy ring duy
nhit chi c6 phu thudc ham néi trén cé thudc tinh gid @ & vé phdi nén né khéng phdi 1a phu thude
ham du thira, do dé, viéc bS sung ndy thwc chdt 13 vidc b8 sung thém mét khéa K cda lugc d6 R
vio phép t8ng hop (lwu ¥ réng thuge tinh gid @ s& dwgc loai ra khéi lwge db két qua).

Xét viéc bd sung khéa K nhu trén vao phép tich bdo toan cic phu thudc ham theo gid thiét
cda Dinh ly 2 thi c6 hai trudng hop c6 thé xdy ra, hojc 13 khéa K 13 mét trong sd luoc d6 R;; hodc
13, né€u c6 mét lwge d6 R; nao dé c6 tap khéa dwoc chi dinh twong dwong véi K, thim chi 13 c6 thé
c6 mét khéa dwoc chi dinh tring véi K (trong cic trudmg hop nhu vay dé thiy ngay 13 tip khéa
nay ciing déng thoi 13- céc khéa cia lwge d6 R), thi K sé dwoc dwa vdo trong lwge d6 R; (cu thé
K € K;). (Xem thi du 1: ching ta nhin dwoc tdp B; B; 13 khéa cia lwge d6 R sau khi loai bd cac
thuéc tinh du thira vé trai cda phu thuéc ham cé thuéc tinh gid: A; B, B,C,CyD1 Dy — @, va khéa
B; B; nhén duwoc nay trung véi khéa duoc chi dinh B; By cda R; nén duwoc bd sung vio lwge @6
R,). Nhu viy, hoan toan c6 thé 4p dung dwoc Dinh Iy 2 d€ khing dinh tinh chit két ndi khéng mét
cda tap lwgc do két qua.

4) Cén ct theo B8 dé 2 va Hé qud 1. O

Chiing ta xét thi du 2 d€ thdy ré hon cic buéc cin thwe hién néu trong thuit toan TH-3NF
nhim dam bdo cho tinh chit 2 trong Dinh 1y 3.

Thi du 2. S& dung lugc db néu trong Thi du 1, xét cic buéc bién ddi theo thuit todn TH-3NF.
Phu thuéc ham B; B, — A dworc gilt lai trong t4p F' vi né khong phdi 1a phu thudc ham dw thira
vd A khéng phdi 13 thudc tinh dw thira trong v& phdi, né déng vai tro khong thé thiéu trong vidc
hinh thanh phu thuéc ham phéc hop diu tién trong G, cu thé 13 né cin thiét dé€ suy din ra sw
twong dwong gitta By By va D; D;. Tuy nhién, néu thuéc tinh A vin tham gia trong luwoe.dd R,
thi d& dang thdy ring R; sé khéng & dang chuin ba, vi c6 sw phu thudc bic ciu cda thudc tinh A
qua X = {D;} vio khéa K = {B; By}. Nhung thudc tinh A trong phu thuéc ham néu trén hoan
thanh vai trd cin thiét sau khi ching ta nhin dwoc tip G, trong vé trai cia phu thudc him phirc
hop (Dy D2, By B;) — AQ € G céc tép trai la twong dwong véi nhau tic 1a By By «++ Dy Dy, thude
tinh A khong con cin gii lai trong vé phdi cia phu thuéc ham phirc hop nay dé suy din ra didu.
d6 nita, hon nira tir phu thuéc ham D; — A (hay D; — A) ludn c6 thé suy din ra phu thuéc him
B1 Bz — A.

Thuc hién theo buéc bién ddi cia thuit todn thi tir G tao dwoc tip phu thudc him dic trung
tuw nhién Gy:

{B,B, » AD, D, @
Dy D; — AB; B, @
B, - Cy
By; — C3
D, — A
D, — A
AB; Cy; — D,
AB;C, — D1}

Trong G, dé& thdy A 13 thudc tinh du thira & vé phéi cda hai phu thudéc ham diu tién. Do dé

viéc thwe hién loai bé thudc tinh dw thira & vé& phdi cda G; d€ nhin dwoc tip G2 13 cin thiét, vi
tap Gs chinh 13 tip G d3 loai bd thudc tinh cé thé bd dwoc trong vé phii.
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Nhu vay, viéc thuc hién loai béd thuéc tinh dw thira & vé phdi cda G; nhim ddm bdo tinh chit:
céc lwge d8 con dwoc tao tir G sé 13 cc lwge d6 & dang chudn ba.

Thi du 3. Xét thi du nay d€ thdy rd hon viéc thuc hién b8 sung phu thuéc him dang U — @ néu
trong thudt todn TH-3NF nhdm dédm bdo cho tinh chit 3 trong Dinh ly 3.

. Gid st F = {A — C, B — C}. Néu thuit todn TH-3NF khéng cé buéc bd sung phu thudc him
dang U — @, cu thé ddi véi luge d6 & day 13 khéng bd sung phu thudc ham ABC — @ vio tip F
thi sé cho céc luoc do con

- Ry : AC; Ky = {A};
- Ry : BC; K2 = {B};
Twong tng véi cic phu thudéc ham: (R, N Rz) — (Ry — R2), (R1 N R2) — (R2 — Ry) 13 céc phu
thuéc ham C — A, C — B. Dé thdy ngay 1a cic phu thuéc ham niy déu khéng thudc F+ ‘Nhu vy
két ndi cia R; vad Ry 13 m&t thong tin (theo Dinh ly 1).

Con néu thuc hién diy dd céc buéc da néu trong thuit todn TH-3NF(F) tic 1d c6 thuc hign
buéc b8 sung phu thuéc ham ABC — @ vio tip F thi sé cho cic lwge db con:

- Ry : AC; K1 = {A};
-R; : BC; Kz = {B};

D& nhén thiy két ndi cda cic lwgc dd con néu trén 13 khéng mit thong tin (theo Dinh Iy 1).

B3 deé 3. Thudt todn TH-SNF cd @6 phitc tap tinh todn theo thoi gian ld O(n?), trong d6 n ld d6.
dar cda d€ liéu vdo (véin = ap ld @ dav dw lidu vdo, a ld sé lwong cdc ky hiéu thudc tinh khdc
nhau trong F, p ld sé lwong phu thudéc ham trong F). .
Chi#ng minh. D6 phitc tap tinh todn theo th&i gian cida thuit toin TH-3NF phu thudc chd yéu vao
tong thoi gian thuc hién thuit toan loai bé thudc tinh dw thira, thoi gian thuc hién thuit todn loai
bd phu thudc ham du thira va thoi gian thuc hién thuit todn tao tdp phu thudéc ham phic hop.
Trong d6 (st dung cdc thudt todn dwoe néu trong [5]), thuit todn loai bd céc phu thuéc ham du thira
NONREDUNT c¢é d5 phirc tap thoi gian O(np); thuit todn loai béd céc thudc tinh duthira REDUCE
c6 d6 phirc tap thoi gian O(n?); thuit todn tao tip phu thudc him phirc hop 13 su thuc hién so sdnh
céc bao déng clda cdc vé trai (cda cdc phu thudc him) cé6 db phic tap thoi gian cin ¢ theo thudt
todn tinh bao déng cda tdp thudc tinh véi dd phic tap thoi gian 14 O(n) (véi gid thi€t ching ta
st dung thudt todn LINCLOSURE; Néu tinh bao déng dung thuit todin CLOSURE, thi CLOSURE
c6 db phirc tap thoi gian 1a O(np)). Nhuw vdy dé phirc tap thoi gian cda thudt todn TH-3NF sé la
O(n?). : . O
Mot vai di€m hru y vé thuit toin TH-3NF
1) Chiing ta nhan thiy ring, khi tao tip phu thuéc ham phirc hgp G, néu tip G chi bao gom
c6 mét phu thudc ham phirc hop (twong ¥ng sé chi c6 mét lwgc dd quan hé két qud), thi khdng cin
thue hién cic buéc bién ddi ti€p theo nira, tip G lic niy déng vai trd cda tip Gs, va truc ti€p thuc
hién viéc tao lwgc do két qud tir G.
Thi du 4. Cho tip cic thudc tinh U = {A;, Az, A3, A4, As, As}, tip céc phu thuéc ham F'
{A; — A3 A3 Ag

Az — A3 Ay

As — Ay As

As — A1 As}

Sau khi b8 sung phu thudc ham A; A; A3 A4 As Ag — @ vio, thwe hién rit gon vé trai va vi
khéng c¢6 phu thudc ham du thira, ching ta cé tip F':
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{A1 — A3 A3 A
Ay — Az Ay
Az — Ay As
As — A Ay
AL Ay Ag — Q}

Do dé, ching ta cé tip phd dang vanh G:
{ (Ala A2) AS; AS) =¥ A4 Ae @}

Chiing ta thuc hién dwoc ngay viéc tao cic lwge do két qud tir G, vi tip G bao gdm chi cé6 mét
phu thuéc ham phic hop (twong tng sé chi c6 mét luge dd quan hé két qua), thi khéng cin thuc
hién cdc buéc bién ddi ti€p theo nira, tip G lic ndy déng vai trd cda tip Gs, va truc tiép thwe hién
viéc tao lwge dd két qud tir G. Do d6 tip luwoc d6 két qud chi gobm mét lwoc db con:

Ry: Ay Ap A3 Ay As Ag; K1={A1,A2, As, As }
Xem lai lwoc d5 ban d3u thi ro rang lwoc do R da cho da & 3NF.

2) Néu thyc hién thém viéc rdt gon vé phdi trwéc khi loai bd cic phu thuéc ham duw thira cda
tip F thitdp F' sé la tp phu thudc ham rit gon va khéng duw thira. Liéu thuc hién viéc rit gon nay
roi thi cé bd duogc viée rit gon vé phdi cda Gy khong? Cling st dung thi du 1, ching ta thiy ring
viéc rit gon vé& phai cda G; 12 khéng thé bd dwoc. Vi tuy thém viéc rit gon vé phdi cia F nhung hai
phu thuéc ham dau tién trong F' sé 1la: BB, — A, D1 D, — B; B, va két hop véi phu thuéc ham
cudi cing 13 B; B, — @ dwoc nhém lai tao thanh phu thuéc ham phirc hop (D, D,, B, B;) — AQ,
nhu nhan xét trong Thi du 3, ching ta thdy ring lwoc d6 R; tao tir phu thudéc ham phirc hop nay
khéng 1a & 3NF.

Tuy nhién, néu sau khi thue hién viéc rit gon vé& phai truéc khi loai b céc phu thudéc ham dw
thira cda tip F dé nhin dwoc tip F', ching ta vin thuc hién viéc rit gon vé phdi cia Gy, thi rd
rang 12 sé nhin duoc céc lwge db tdng hop déu 13 & 3NF.

Trong mdt s6 trwomg hop dic biét, viéc rit gon vé phdi hai Iin sé thiy khéng phdi 1a viéc 1ip
lai khéng c6 ich ma sé nh d6 ¢6 thé bd qua mdt s6 bwéc v sau, dé 1 trong trudng hop ching ta
nhin dwoc tip G bao gom cic phu thudéc ham phirc hop déu khéng cé thudc tinh nio thude U cé
trong vé& phai, va thuc hién dwoc ngay viée tao cic lwge do két qud tir G (ttrc 13 c6 thé bd qua cac
buéc trong thuit todn TH-3NF la: - Tao tip phu thudc ham dic trung tu nhién twong dwong véi
tap phu thudc ham phtc hop di xiy dung, nhin duoc tdp G;. Rit gon vé phdi cda cdc phu thude
ham trong G;. K&t qud cda buéc nay nhin duoc tip Ga; - Tao tip phi dang vanh Gs).

Thi du 5. Cho cac tap thudc tinh U = {A, B, B;, Cy, Cz, D}, tap cac phu thuéc ham F:

{AB; — B, (4
B, - AB
C; — By
Cy, — D
D—Cy}

Sau khi b8 sung phu thuéc him AB; B,C,;C> D — @ viao, thuc hién rit gon vé trai, vé phdi va
vi khéng cé phu thuéc ham du thira, chiing ta cé tip F': '
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{AB;, = B;C;
B; — AB;
-Cy — B,
Cy— D

D — C;y
C;D—@}

Do d6 chiing ta cé tip phd dang vanh G:

{(A By, Bz, C1)
(021 D)
(C: D) —» @}

Chiing ta thuc hién dwoc ngay viéc tao cic lwgc dd két qud tir G, vi tdp G bao gom cac phu
thu6éc ham phirc hop déu khong cé thudc tinh ndo thudéc U cé trong vé€ phdi, ma chi phu thudéc ham
phitc hop thir ba c6 thudc tinh gid @ & bén vé phdi, do d6 t3p lwgc d6 két qud 1a: R = {Ri, Ry, Rs}

7

VOl1: 4
-R,: AB, B, C,; K1 ={ABy, B;, C1}

-Ry: C2 D K2={C21D}
-RsICID K3:{CID}
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