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MOT sO VAN BE PHU DANG VANH VA CAC KHAI NIEM LIEN QUAN

PHAM QUANG TRUNG

Abstract. Maier [2] gave concept about annular cover in 1983, and applied it in algorithm SYNTHESIZE,
which only was an orientation. In this paper we present new results on annular cover and related concepts.
These results are applied in algorithm THYV.

Tém tit. Maier {2] d3i dwa ra khai niém phd dang vdnh tir nim 1983 vi khai niém nay di dwoc tng dung
trong Thuit todn SYNTHESIZE véi nhitng van dé con dé€ mé. Trong bai bdo nay ching t6i dwa ra mot s3
két qud méi vé phd dang vanh vi cdc khai niém lién quan. Nhing két qud nay 1a co' s& cda Thudt toan
THV.

1. MO DAU

Trong ly thuyé&t co s& dir liéu, khdi niém phd deng vanh (annular cover) duwoc Maler [2] néu ra
tir ndm 1983, tuy nhién khai niém ndy con it dwgc quan tim st dung vi 14 mdt khdi niém kha phtc
tap, it quen thudc va viéc dng dung buéc diu chi dwoc trinh bay trong Thuidt todn SYNTHESIZE
v6i nhitng van dé con dé€ mé. Ching téi da ching minh mét s8 k& qua vé phi dang vanh va cic
khdi niém lién quan, nhitng két qud nay 13 co s& cda Thuidt todn THV [3] do ching td1 d& xuit.

K7 hiéu: Quan hé R trén tip thudc tinh U dwoc ki hiéu 13 R(U); hop cia hai tip thudc tinh X, ¥
duwoc viét 13 XY. Céc thuit toan duwoc viét duéi dang ngdn ngit Pascal.

Muc nay chi néu mét s8 khai niém vi két qua lién quan, ban doc néu cin quan tim chi ti€t hon
thi xem [1,2, 4].

Dinh nghia 1. Cho R(A, A2,...,4,) 13 mdt lwoc d6 quan hé, cho X va Y la céc tdp con cda
{A1,As,...,A.}. Ching tanéi X — Y (doc 1a X zdc dinh ham Y” hay “Y phu thudc ham vdo X”)
néu véi moi quan hé r 13 thé hién cda R, thi trong r khéng thé c¢é hai bd tring nhau trén cic thanh
phin cda moi thudc tinh trong tip X ma lai khong tring nhau trén mét hay nhigu hon céc thanh
phan cda cac thudc tinh cda tip Y.

- Quan hé r thda phu thudc ham (function dependency - FD) X — Y, néu véi moi cip bd u, v
trong r sao cho u[X] = v[X] thi u[Y] = v[Y] cling ddng. Néu r khéng thda X — Y, thi r vi pham
phu thudc dé. ’

- Cho F la tap phu thudc hdm cida lugc dd quan hé R, vd cho X — Y 13 mét phu thudc ham.
Chiing ta néi F suy dién logicta X — Y, viét 1A F = X — Y, néu véi moi quan hé r cda R ma théa
cic phu thuéc ham trong F thi ciing thda X — Y.

Pinh nghia 2. Bao déng cda tip phu thudc ham F, ky hiéu 1a F* 13 tip cdc phu thudéc ham duoc
suy dién logic tir F, nghiala: Ft ={X > Y |FEX - Y}.

Dinh nghia 3. Cho lugc dd quan hé R véi tip phu thudéc ham F, cho X 13 mdt tip con cda R.
a) Khi d6 X, bao ddng cda X (d8i véi F) 1a tap céc thude tinh A, sao cho X — A ¢ thé dugc
suy din ti F bdi hé tién dé Armstrong, tic la: X* = {A|F | X — A}.
b) Tap X duwoc goi 1a khda (key) cda lwoc dd quan hé R néu:
() X —-ReF*.
(2) V6iVY c X thiY —— R.
Tap X néu chi thda didu kién (1) dwoc goi 1a mdt siéu khda (superkey). Cac khda (hay siéu
khéa) dwgc ligt k& rd rang cling véi lwge do quan hé dwoc goi 13 céc khda ch? dinh (designated key).
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Dinh nghia 4. Hai tip phu thuéc hAm F va G trén lugc dd R 1a twong dwong (equivalent), ky hidu
la F =G, néu: F* = G*. Néu F = G thi F 1a mdt phd (cover) cda G.

Phu thuéc ham X - Y € Fladu thianéu F-{X - Y} X Y.

Dinh nghia 5. Tap phu thuéc ham F 1 cyc t2¢'u (minimum) néu khéng c6 tip phu thudc ham bit
ky twong duwong véi F lai ¢é it hon s8 lugng phu thuéc ham.

Mot tap phu thuéc ham F 13 cuc ti€u thi ciing 13 khéng du thira.

Thudc tinh A dwoc goi la thude tinh dw thira trong phu thuéc ham X — Y thudc tip phu thudc
ham F, néu A c¢6 thé duoc loai bd khdi vé trai hay vé phadi cda X — Y ma khong lam thay d&i bao
déng cia F.

Ky hié&: a 1a s8 luong thudc tinh khdc nhau trong F, p 1a s8 lwong phu thuéc him trong F, thi
n = apla @6 dai cda d& liéu vao, tic 12 s8 lwong ky hidu cin dé viét F.
Trong [1] d3 chirng minh sy ding din cda thuit todn sau diy:
Thuit todan MINCOVER (tén cia thuit todn ndy do tdc gid dit).
VAO: Tap phu thuéc ham F = {X; - Y; |1 =1,2,...,p}
RA: Phi cuc tiéu G.
MINCOVER(F)
begin
G:={X;:— X' |i=12,..,p}
return(NONREDUN(G));
end.

D& phirc tap tinh todn theo thoi gian cda thuit toin MINCOVER chinh 1a d6 phic tap tinh
todn theo thoi gian cda Thuit todn NONREDUN (2], 13 O(np).

Dinh nghia 6. Hai tip thudc tinh X va Y 13 twong dwong véi nhau trén tip phu thuéc ham F,
nfu F=EX—->YvaFEY — X (ky hituld X & Y).

Cho F' la tap phu thudc ham trén luwoc d6 R va tip thuéc tinh X C R, ky hidu Er(X) 13 tip
phu thudc ham trong F c¢6 cdc vé trdi twong dwong véi X. Ky hiéu Er 12 tip hop: {Er(X)| X C R
va Ep(X) # 0}. Néu trong F khong ton tai phu thudc him cé vé trai twong dwong véi X thi Ep(X)
réng. Tip Ep(X) 1a mét phin hoach (partition) cda tap F.

Dinh nghia 7. Phu thudc ham phiéc hop (compound functional dependency - CFD) cé dang
(X1,X2,...,Xx) — Y, trong dé X, Xo, ..., Xx va Y 1a cac tap con khic nhau cda luwoc do R.
Quan hé r(R) théa phu thudc ham phtc hop (X1, X2, ..., Xk) — Y néu né thda cic phu thudc ham
X, — X;vaX;, =Y, véi1<1,5 <k. Trong phu thuéc ham phic hop nay, (X, X, ..., Xi) duwoc
goi ka vé trai, X, Xo, ..., Xk la céc tip trdi, Y la vé phdi.

Phu thudc ham phtc hop 13 cich viét rit gon hon tip céc phu thudc hdm cé cac vé trai
twong duwong. Trong trudmg hop néu Y = §, c6 dang dic biét cia phu thuéc ham phirc hop la
(Xis Xg; -5 Kk):

Dinh nghia 8. Gid sd G 1A tip cac phu thudc ham phirc hop trén R va F la tip cidc phu thudc
ham hay cdc phu thudc ham phirc hop trén R. Tip G twong dwong véi tip F, ky hiéu 1a G = F,
néu méi quan hé r(R) thda G thi thda F va nguoc lai.

Dinh nghia 9. Tip F dwoc goi la pht cda G néu F = G, trong d6 F va G bao gom hodc 14 tap cac
phu thudc ham, tip cdc phu thuéc him phic hop, hodc 1 tip hop chi gdbm mot loai phu thudc.

Dinh nghia 10. Tip phu thuéc ham F dwoc goi 1a tdp ddc trung (characteristic set) d8i véi phu
thuéc ham phtc hop (X1, X2, ..., Xk) = Y, néu F = {(X;, X2,..., Xx) — Y}. Néu mdi tap hop trai
cda phu thudc ham phic hop dugc st dung véi tu cach 1d v€ trdi cda phu thuéc ham ding mat lin



. MOT s6 VAN PE PHU DANG VANH 67

(nghia 1a F ¢6 dang {X; — Y1, X5 — Yo, ..., Xk — Yi}), thi F dwoc goi 1A tdp ddc trung tw nhién
(natural characteristic set) ddi véi phu thuéc ham phitc hop da cho.

Dinh nghia 11. Tdp phu thuéc ham phtc hop F duwoc goi la dang vank (annular), néu khéng cé
cdc tdp trdl X va Z trong céc v& trai khdc nhau ma X «» Z trén F.

Dinh nghia 12. Cho G la tip phu thuéc ham phtc hop chira phu thudc X, X5, ..., Xi) — Y. Cho
X; la mét trong cac tdp trdi va A 12 mot thudc tinh trong X;. Thudc tinh A dwoc goi 1a ¢d thé
chuyén dich (shiftable) néu A c6 thé dwgc chuyén tir X; sang Y ma vin bdo toan su twong dwong.
Tap trai X; 1a ¢d thé chuyén dich, néu moi thudc tinh cda X; 1a ¢ thé chuyén dich ddng thoi.

Dinh nghia 13. Phi dang vanh G 13 khéng dv thia, néu khong thé loai dwoc mdt phu thudc ham
phic hop nao khdi G ma khéng vi pham suw twong dwong, ngoai ra, khéng ¢6 mét phu thudc him
phic hop ndo trong G chira cac tap trdi c6 thé chuyén dich. Trong truwdng hop ngwoc lai thi G 1a
du thura.

B& dé 1. Cho G ld tip phu thuéc ham phicc hop dang vinh khéng dw. Sw hop nhdt cde tip ddc
trung tw nhién cda tdt cd cdc phu thudc ham phitc hop trong G tao thanh tip phu thudc ham khéng
du twong duong vi1 G.

Dinh nghia 14. Cho G 13 tip dang vanh khong dw. Phu thuéc ham phic hop (X, X»,..., Xx) = YV
trong G duwoc gol 1a rdt gon, néu cic tap trai khong ¢é thudc tinh c¢é thé chuyén dich, con cic vé
phdi khong c6 thudce tinh duw thira. Tip G 13 rit gon néu moi phu thuéc ham phirc hop trong G 1a
ruat gon.

Dinh nghia 15. Cho G la tip dang vanh khéng dw. Tap G 1a cwc ti€u néu khong cé tip dang vanh
bit k¥ twong dwong lai c¢é it hon s8 lwong tip tréi.

2. MOT SO KET QUA

Thi du 1. Cho tap phu thuéc hAm F = {A — AB, B — ACD, AE — 1J}. Tip G = {(A,AB,B) —
CD, (AE) — IJ} la phd dang vanh d8i véi tap F. Tap G' = {(A4, B) — ABCD, (AE) — IJ} cing
la phd dang vanh déi véi tap F.

Nhu viy, cé thé c6 nhiéu tip dang vanh twong dwong d&i véi 1 tip phu thudc ham cho truée.

Dinh nghia 16. Cho F la tap phu thuéc ham. Cho'G la tap dang vanh twong dwong véi F va cac
vé& trai cia F twong 'ng mdt-mét 1 cdc tip trdi cia G, thi G 1a phd dang vanh ddy dd (completely
annular cover) d&i véi tap F.

Trong Thi du 1 ¢é tip G’ 1a phi dang vanh diy dd ddi véi F, con tap G khong phdi 1a phd dang
day dd déi véi F.

Khai niém pht dang vanh diy dd d&i véi moét tip phu thuéec ham nhim muc dich xdc lip duoc
mdt 16p phd dang vanh c6 suw déng nhat nguyén ven cdc tip trai véi cdc vé trai cda tip phu thudc
ham cho truwéc. Do dé trudng hop phd dang vanh diy did ddi véi phi khéng dw, phid t8i thi€u, phi
cuc ti€u, phd rdt gon trai, hay phi di gop cic phu thudc ham cé vé trai giéng nhau cda tip phu
thuéc ham cho truéec..., trong nhitng trudmng hop cu thé, sé duoc néu rd rang. Nhitng truwdng hop
nay phéin biét véi cdc truong hop: phd dang vanh diy dd va (cé tinh chit) khéng dw, phd dang
vanh diy dd va (c6 tinh chit) t8i thi€u,...

Thuit todn tao phd dang vanh diy dd d8i véi tip phu thudc haim cho truéc 1 su thuc hién so
sanh cdc bao déng cda cdc vé trai (cda cidc phu thuéc him) cé dd phirc tap tinh todn theo thoi gian
cin ¢ theo thuit toan tinh bao déng cia p tip thudc tinh v& trii nén 13 O(np) (viéc tinh bao déng
st dung Thuit todan LINCLOSURE [2] ¢ d6 phic tap tinh todn theo thdi gian la O(n).

Thuit todin COANCOVER
VAO: Tip phu thuéc ham F = {X; — Y; |+ =1,2,...,p}.
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RA: Téip G la phi dang vanh diy dd déi véi F.
COANCOVER(F)
begin
for m&i phu thuéc ham X; — Y; € F do
 ER(X) = (X — Y| X o X, VX Y; € F;
EF = {Ep(Xl) |7. = 1, 2, ...,p};
//k¢ higu OF* 13 phu thudc ham phite hop thet .
//CF* cé dang: - V& trai gom cédc tap trai la cic X, thudc Er(X;).

// - V& phii la hop cia céc Y; thuéc Er(X;).
G:={CF!'|t=1,2,...,|EFr|};
return(G);

end.
Dé dang khdng dinh dwoc hai két qua (cac bs dé 2 va 3) sau day.

BG dé 2. Thudt todn COANCOVER zdc dinh ding phi dang vanh @iy dd 6% véi tép phu thudc
ham cho trudec.

B& dé 3. Thudt todin COANCOVER cé @6 phic tap tinh todn theo thoi gian la O(np).

Dinh ly 1. Cho G ld phd dang vinh ddy dd d6% vér tdp phu thudc ham F, thi G ld cuc tiéu néu vd
chi néu F ld cuc tiéu.

Chirng minh. a) (Diéu kién cdn). Theo Dinh nghia 16 thi s§ lwong tip trai cda G bing s3 luong
phu thudc ham cida F. Gid st F khéng phdi 1a cuc tiéu.

Ky hiéu F’ 1a tip phu thudéc ham cuc ti€u twong dwong véi F, thi F' c6 s8 lwong phu thudc
ham it hon F. Goi G' 1A tip dang vanh diy dd d3i véi F’, thd s8 luwong tip trii cia G’ bing s3
luong phu thuéc ham cda F’ (theo Dinh nghia 16) nén it hon s¢ lwong tap trii cda G. Diy 1a diéu
mau thuin vi nhu thé thi G khong phai 1 tip dang vanh cuc tidu.

b) (D1éu kién dd). Gid st G khong la phd dang vanh cuc ti€u, ky hiéu G’ 1a phi dang vanh cuc ti€u
twong dwong véi F. Ky higu tip phu thuéc ham F’ 1a hop nhit cic tip dic trung tw nhién cda tat
cd cac phu thuéc ham phirc hop trong phi dang vanh cuc ti€u G’, theo BS dé 1 thi F' 1a khong dw
va twong dwong véi G', theo Dinh nghia 10 thi s8 lwong phu thudc ham cdia F’ bing s8 lugng tip
trai cia G'. Nhung vi s8 lwong vé trai cia F' bang s8 lwong tip trai cia G theo cach xiy dung G
va G' c6 s8 lwong tip trai it hon G, nén F' c¢é s8 lwong phu thuéc ham it hon. DPiy la diéu miu
thuin, vi thé F khong phdi 1a tdp phu thudc ham cuc ti€u. O

Qui wdc: D& ngin gon, thuit ngit “phd dang vinh diy dd va cuc ti€u d8i véi tip phu thude ham F
la d€ chi “phd dang vanh diy dd va (c6 tinh chit) cuc ti€u d8i véi phi cuc ti€u cda tip phu thudc
ham F”.

Cin ctt vao Dinh Iy 1 va Thuit todn MINCOVER hoan toan khing dinh dwoc sy ding din cia
Thuit toin MINCOANCOVER sau diy d€ tim pht dang vanh diy dd, cuc ti€u d8i vé1 tip phu
thudc ham cho truéc, 13 su phdi hop cia Thuit toin COANCOVER va Thuit toan MINCOVER.

Thuit toan MINCOANCOVER
VAO: Tap phu thuéc ham F = {X; — Yi|: = 1,2, ..., p}.
RA: Tip G la pht dang vanh diy dd, cuc ti€u d8i véi F.

MINCOANCOVER(F)
begin ‘
G := COANCOVER(MINCOVER(F);
return(G);
end.
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B& dé 4. Thudt todin MINCOANCOVER zdc dinh ding phd dang vinh diy dd, cwe tiéw dév vér
tdp phu thudc ham cho trudec.

Bé6 dé 5. Thudt todin MINCOANCOVER c6 dé phitc tap tinh todn theo thot gian ld O(np).

Chirng manh. DS phirc tap tinh todn theo thoi gian cia Thudt todn MINCOANCOVER la téng do
phirc tap tinh todn theo thoi gian cda Thuit todn MINCOVER (1a O(np)) va d6 phic tap tinh todn
theo thoi gian cda Thuit todn COANCOVER (la O(np)), nén 1a O(np). 0O

Vin dé xdc dinh dwoc phi dang vanh rit gon, cuc ti€u d8i véi tip phu thudc haim cho truéc
khéng cé thuit todn trong [2] va diy 13 viéc khéng don gidn, nhu thi du dwéi diy ching t4: khéng
thé bing cach nhém céc phu thudc ham trong tip cuc ti€u va rit gon dé c6 thé nhin dwoc tip dang
vanh cwc ti€u va rit gon duoc.

Thi du 2. Cho tap phu thudc ham: F = {B;B; — A, D, Dy — B B,, B — Cy, B, — C3, D; —
A, D, — A, AB,C; — Dy, AB,C; — D;}. Téap F 1a cuc ti€u va rit gon. Céc tip trii twong
dwong 13 By By va D;Ds;. Nhém cic phu thudc ham thanh cac phu thuéc ham phdc hop, nhin
du‘q’c G = {(Ble,Dng) =¥ A, (Bl) =+ Cl, (B2) —* Cg, (Dl) =k A, (Dg) =+ A, (AB]_Cz) s
Dy, (AB2C;) — D;}. Ta thdy phu thuéc ham phic hop dau tién cé thudc tinh A trong v€ phdi la
du thira, tic 1 G khéng phai 13 tip dang vanh cuc ti€u vi rit gon.

Téc gid Maier D. [2] néu thf du ndy va khing dinh day 13 vdn d& phic tap nhit cda Thuit todn
SYNTHESIZE.

Pinh nghia 17. Phu thudéc ham phic hop trong phi dang vanh G duwoc goi 13 dw thira néu ¢ thé
loai bd khéi G ma khéng vi pham su twong dwong. Phu thudc ham phic hop trong G dwoc goi la
rit gon trdi (rit gon phdi), néu cac tap trai khéng cé thudc tinh cé thé dich chuyén (twong tng, néu
céc tip phai khéng c6 thudc tinh du thira). Cho G 1a tip dang vanh khdng ¢6 phu thudc ham phic
hop du thira, tip G dwoc goi 1a ridt gon trdi (rét gon phdi), néu moi phu thudc ham phtc hop trong
G 1a rit gon trai (twong Ung, 1a rit gon phai).

Trong (2] khéng cé khai niém phu thuéc ham phic hop du thira, néu st dung khdi niém trong
Dinh nghia 17 thi Dinh nghia 13 trong [2] dwoc phédt bi€u thanh: “Phd dang vanh G 1a khéng dw
thira, néu G khong cé phu thudc him phdc hop du thira, ngoai ra, khong ¢6 mét phu thudéc ham
phic hop ndo trong G chira cic tip trdi c6 thé chuyén dich. Trong trudng hop nguwoc lai thi G la
du thira”.

Céc khai niém trong Dinh nghia 17 d8u dinh nghia trén co sé G 1a tip dang vanh khéng c6 phu
thudéc ham phirc hop du thira, nén hodn todn phin biét véi “phd dang vanh diy dd déi véi phu rit
gon trai (phdi) cda tip phu thudc ham” - hai loai phi nay 6 thé 1a du thira. Khai niém pht dang
vanh khéng du thira (Dinh nghia 13 trong [2]) ¢c6 thé c6 tap trai chia thudc tinh c6 thé dich chuyén
nén xéc dinh 16p dang vanh rdng hon so véi khai niém phd dang vanh rdt gon trai (Dinh nghia 17),
viéc xay dung khai niém nay phim phan biét v4i khai niém phid dang vanh rat gon phai va khai
niém phu thuéc him phic hop thu hep phai (Pinh nghia 19). Khai niém phd dang vanh rdt gon
(Dinh nghia 14 trong [2]) dong nh&t véi khai niém phd dang vanh vira 13 rit gon trai vira l1a rit gon
phdi (Dinh nghia 17).

Hoan toan khéng don gidn khi cin tim phd dang vanh diy dd cuc ti€u, rit gon phai ddi véi tip
phu thuéc ham cho truégec.

Thi du 3. Cho tip phu thudc ham F = {A — B, B — ACD, AE — 1J} la cuc ti€u va rit gon
phdi. Tap G = {(A,B) — ABCD, (AE) — IJ} 1a phd dang vanh diy dd, cuc tiéu ddi véi tap F,
nhung du thira vé phdi. Tip G' = {(4,B) — CD, (AE) — IJ} phd dang vanh diy dd, cuc tiéy,
rit gon phdi ddi véi tip F.

Dinh 1y 2. Cho G la tdp dang vinh cuc ti€u. Sy hop nhdt cdc tdp ddc trung tw nhién cda tdt cd
cdc phu thudc ham phitc hop trong G tao thinh tip phu thudc ham cwe tiéu twong dwong véi G.
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Chirng manh. Ky hiéu tip phu thudc ham F 1a hop nhit cac tip dic trung tw nhién cida tit cd céc
phu thuéc ham phic hop trong tip dang vanh cuc ti€u G, theo B8 dé 1 thi F 1a khong dw va twong
duong vé1 G, theo Dinh nghia 10 thi s& lwgng phu thuéc ham cia F bang s8 luong tip trai cda G.
Néu F khéng la cuc ti€u, thi ky hiéu F’ 1 tip cuc tifu twong dwong v6i F. Tao phd dang vinh G’
twong duong va diy dd déi véi F'. Theo digu kién di cda Dinh ly 1 thi G’ 13 phi dang vanh cuc
ti€u, c6 s8 luong tip trai bing s8 vé trai cda F' 13 it hon F, tic 1a it hon s8 lwong tip trai cda G,
nghia ta tip G khoéng 1a cuc tiéu. Diy 13 diéu miu thuln. O

Cho G la pht dang vanh diy dd dé&i véi tip phu thudc him F, thi c¢é thé néi: F 1a tip phu
thuéc ham didc trung tu nhién cda G. Nén Dinh 1y 2 13 s mé& rong két qud diéu kién cin cda Dinh
Iy 1 cho khéi niém phi dang vanh néi chung.

C6 nhieu cach dé€ thé hién tip phu thudc him dic trung tw nhién d&i véi phu thudc ham phic
hop cho truéce, sau diy la dinh nghia mét cich thé hién dic biét.

Dinh nghia 18. Tap phu thudéc ham F dwgc goi 1A tdp phu thudc ham ddc trung tu nhién ddy dd
(completely natural characteristic set) d&i véi phu thuéc ham phic hop (X, Xo, ..., Xx) — Y, néu
F 13 tip phu thuéc ham phu thuéc hdm dic trung tu nhién d6i véi phu thudc ham phirc hop da cho
va F' c¢6 dang:
k :
F={X;— (Uj:l:].# XY |3=1;2} 5.k}

Vé1 khéi niém ndy, mét tip phu thudc ham dic trung tuw nhién diy dd d&i véi mot tip dang
vanh sé thé hién duwoc su twong dwong cda cdc vé trai trong tip phu thudéc ham nay mét cich truc
tiép (do cé su twong dwong cia cac tip trai thudc cing mét phu thuéc him phic hop thudc tip
dang vanh di cho) ma khong phdi dua vao su suy din (hay vio bao déng cia tip phu thudéc ham
dé) méi thiy duoc.

Thi du 4. Xét tip dang vanh trong Thi du 2:
G = {(BLBQ;DLQZ) — A, (B1) — Cy, (B2) — C3, (D) — 4,
(Dg) — A, (ABlCQ) — Dg, (ABQCI) —* Dl}
- Tap F) 1a tap phu thudc ham dic trung tw nhién diy dd déi véi G:
F, ={B,B; — D\D;A, DDy — B B2 A, By — Cy, B, — Cj,
Dl =P A, D2 =% A, ABICQ = Dg, ABQCI =¥ Dl}
- Tap F5 la tip phu thuéc ham dic trung tu nhién déi véi G:
Fy ={B1By — A, DDy — B, B3, By — Cy, By — Cs,
D1 - A, D2 — A, A316’2 — D2, ABQCl —* Dl}

Dé dang thiy 1a trong Fy thi su twong dwong cda cic vé trai By By + DDy khong thé hién

truc ti€p nhw trong F,.
Thuit toan CONACHASET
VAO: Phu thuéc ham phtrc hop CF = (X, X5, ..., Xx) — Y.
RA: Taip phu thudc ham dic trung tw nhién diy dud F.
CONACHASET(CF)
begin
k :
F .= {X7' = (U]’:l;]’;ﬁi X])Y |'L - 1a2: vk})
return(F);
end.

Hai két qud (cac bd dé 6 va 7) sau diy 1a khidng dinh truc ti€p duwoc tir Pinh nghia 18.

Bo dé 6. Thudt toin CONACHASET zdc dinh ding tip phu thuéc ham ddc trung tu nhién diy dd
d61 vé1 phu thuéc ham phitc hop cho trude.
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B8 dé 7. Thudt todn CONACHASET c6 d6 phitc tap tinh todn theo thot gian ld O(k), trong d6 k
la 6 lwong tdp trde cia phu thudc ham phiéc hop cho trude.

Dinh nghia 19. Phu thudc ham phtc hop ¢ dang CF = (X, X0, ..., X)) > YV — (U;C.:1 X;) dwoc
goi la phu thudc hdam phidic hop thu hep phdr (right restricted compound functional dependency).

Dinh nghia 20. Cho F' 13 tip phu thudc ham. Cho G la phi dang vanh diy dd d&i véi F va néu
G gom céc phu thudc ham phic hop thu hep phdi thi G 1a phd dang vanh ddy dd va thu hep phds
(right restricted complexity annular cover) d&i véi F.

Thi du 5. Tip G" = {(4,B) — CD, (AE) — IJ} 13 phd dang vanh d3y dd vi thu hep phai ddi
v6i tip F trong Thi du 1.

So sanh Dinh nghia 17 vi Dinh nghia 20 d& dang nhéin thiy: phi dang vanh rdt gon phai ddi
v61 tap phu thuéc ham F khdéng dong thoi 1a phd dang vanh diy did thu hep phdi dé&i véi F, va
nguoc lai. Mot phdn thi du minh hoa 14 phi dang vanh G trong Thi du 2 14 phd dang vanh diy dd
va thu hep phdi d8i véi tip F nhung khéng 13 phd dang vanh rit gon phdi d&i véi tip F. Trong
nhiing truwdng hop dic biét thi phi dang vanh diy dd thu hep phdi déng thoi cling 13 phid dang vanh
rit gon phdi.

Thuit todn tao phd dang vanh diy dd va thu hep phdi d8i véi tip phu ham cho truéc ciing nhw
Thuit todn COANCOVER 14 thuc hién so sdnh cidc bao déng cda cdc vé trai (cia cdc phu thudc
ham) cé dd phic tap tinh todn theo thoi gian cin ¢ theo thudt todn tinh bao déng cda p tip thudc
tinh vé trai nén 1a O(np) (viéc tinh bao déng s dung Thuidt toin LINCLOSURE).

Thuit toan RRCOANCOVER
VAO: Tip phu thuéc ham F = {X; — Y;|i = 1,2,...,p}.
RA: Tip G la phi dang vanh diy dd va thu hep phdi d8i véi F.
RRCOANCOPVER
begin
for mdi phu thuéc ham X; — Y; € F do
Er(X;) := Xy~ ¥ | X & X VX — V5 € F;
Ty = {Ep(Xi) |i=1,2 w50k
//ky hidu RRCF? 1 phu thudc ham phirc hop thu hep phai thi t.
//RRCF? cé dang: - V& trai gom cdc tip trdila cic X; thudc Ep(X;).

// - Viphz’xi 13 hop cia cac Y, trir hop cda cdc X; (thudc Er(X;)).
G := {RRCF! |t = 1,2, ..., |Er|};
return(G);

end.

D& dang khing dinh duwoc hai két qud (cic b dé 8 va 9) sau day.
B6 dé 8. Thudt todn RRCOANCOVER zdc dinh ding phd dang vanh ddiy dd d6% vér tdp phu thudc
ham cho trudec.

B3 dé 9. Thudt toin RRCOANCOVER c¢6 d6 phic tap tinh todn theo thot gian la O(np).

Dinh 1y 3. Khing ldm mdt tinh téng qudt, gid si ¢V, ld tdp dang vdnh cuc tiéuw vd rit gon trdi.
Cho Fy lda hop nhdt cdc tdp ddc trung tu nhién ddy di cda tdt cd cdc phu thudc ham phitc hop trong
Vi. Cho Fy ld phid rit gon phdi cda Fy. Cho Vy ld phd dang vanh ddy dd va thu hep phdi d61 v
Fy, thi Vy ld phid dang vanh ddy dd, cwe ti€w vd rit gon d61 véi Fy.

Ching minh. Vi V) la tip dang vanh cuc ti€u nén theo Pinh ly 2 thi Fy 1a phu thudc ham cuc ti€u
twong dwong véi Vi. Vi Vi la rit gon trdi vd Fy 13 phu thudc him dic trung tu nhién diy dd d6i
V, nén F; 1a d%y dd, cuc ti€u, rat gon trai d6i véi Vy. Tiép tuc vi F, 1a tip phu thudc ham cuc tidu
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nén theo Dinh Iy 1 thi V3 la phd dang vanh cuec ti€u ddi véi Fe, lai vi Fy 13 rat gon trai nén Vs, 1a
phi cuc ti€u va rit gon trai d8i Fs.

Ky hiéu phu thuéc ham phic hop thi ¢ trong tip dang vanh cuc tiéu V; 1a:

CFi = (X{,Xi,...,X{) = Yj € Vy.
Ky hiéu phu thuéc ham thd < dic trung tuw nhién diy dd déi véi CF} la:
i i t iy
FD} = {Xi — (U= yyn X)YE |h=1,2,...,t} C Fy.

Gid st ton tai thuéc tinh A 1a dw thira trong mét phu thudc ham nao dé thuée FDI. Vi Fy 1a
rit gon trdi, nén thude tinh A chi c6 thé 13 thudc tinh du thira thudc vé phdi trong mot phu thude
ham nao dé thuéc FDj. Ky hiéu Z; twong dng 1a tap thudc tinh du thira v& phdi cda phu thudc
ham chi s A thudc FD‘1 Tép F, 1a pht rit gon phdi sda F; nén twong wng véi ky hiéu tip F D}
ta c¢6 ky hiéu tip F D}, C Fy:

i i t iy i
FDj = {X} — (U'_ 0 XY5) — 23 |h=1,2,...,t} C P,
Tic la tip F D5 la tip phu thudc ham rit gon.
Twong dng véi phu thudc ham phic hop rit gon trai CF} € V) ta c6 phu thudc ham phic hop
w ) i o INT s oA PR B n 1 1 1 t t i1
da_y du VZ: thu h(;p phdi ddi véi tap .FD2 lz.x: RRCF} =-(X1, X5y s X2) = Uy ((Ujo . jen X3Y7) =
Zi) — (Ui X1) €V (b3 vicd Xi o X o - o X3).

Gid st V, khéng 13 rit gon va cé thudc tinh dw thira B & phu thuéc ham phtc hop RRCF}
véi chi s6 7 nao dé, vi Vo 1 rit gon trdi nén B chi ¢6 thé 1a thudc tinh duw thira & vé phadi:
t t i1 1 t 1 ~ s N t 1 N ) s BN
B e Uh:l((Ujlzl;j;éh.Xle) = Z;) — (Uj=, X3), 6 rang 1a B ¢ (U;—, X;) va chico thé 1A B €
(ngm}#h X:Y}) — Z}, v6i chis8 h nao d6, titc B 1a thudc tinh du thira vé phdi cia phu thuéc ham
chi s8 h thudc tip F D% C Fo, 13 mau thudn vi Fy 13 phd rit gon cda tip Fi, ma tip F) 1a dic trung
tu nhién diy di, rdt gon déi véi V. O

Nhu viy, dén diy da cé gidi phap dé nhin dwoc phd dang vanh, rit gon cho trudng hop Thi
du 2.

Thi du 6. Xét tap dang vanh trong Thi du 2:
Vi =G = {(B1Bz,D,D;) — A, (By) — Cy, (Bz) — C3, (D1) — A,
(Dz) —¥ A, (ABlcz) =¥ Dz, (ABQCl) b Dl}
Tap V; 1a cuc ti€u va rat gon trai, cé6 thudc tinh A 13 duw thira & vé phdi. Tao phi F) 1a tap phu
thudéc ham dic trung tw nhién diy dd déi véi Vi:
Fy ={B,B; — D, D;A, D, D; — B, B;A, By — Cy, By — Cy,
D1 —H A, D2 = A, A31C2 — Dz, ABZCl — Dl}
F, 1a cuc ti€u va rit gon trai, c6 thudc tinh A 1a dw thira & vé phai. Rit gon vé phdi cda F; duoc
tap Fu:
Fy ={B,Bz — D, D3, Dy Dy — By Ba, By — Cy, Bz — Cy,
Dl = A, D2 = A, AB1C2 =% DQ, ABQCl =¥ Dl}
Téap phu thuéc ham F, 14 cuc ti€u va rit gon. Tiép tuc ta cé phi dang vanh V, diy dd thu hep phdi
ddi véi Fy la:
V2 = {(BlBQ’D1D2)7 (Bl) =t Cl) (BQ) — C2) (Dl) e A)
(Dg) = A, (ABlCz) ==k Dz, (ABQCl) —% Dl}
Phi dang vanh V 13 cuc ti€u va rit gon.
Nhin zét: 1) Néu F; 13 phu thuéc ham dic trung tu nhién (khéng phai 13 phu thudc ham dic trung
tu nhién diy dd) ddi véi Vy thi cé thé Fy la:
Fy ={B1B; — A, D;D; — BBy, By — Cy, By — Cj,
Dl —F A, D2 == A, ABICZ — Dg, ABgcl — Dl}



MOT s6 VAN PE PHU DANG VANH 73

Fy 1A cyc ti€u va rit gon, nén tip Fy chinh 1a Fy. Tiép tuc néu:
1.1) V 1 pht dang vanh diy dd, thu hep phai d8i véi Fy thi ¢é thé la:
Vo = {(B1B2,D1Dz) — A, (B) — Cy, (Bz) — Cy,
(Dl) == A, (Dz) =¥ A, (ABng) = Dg, (ABQCl) T Dl}
Ta thiy c6 thudc tinh A du thira vé phai trong phu thudc ham phic hop diu tién (giéng nhu trong
Thi dg 2).
‘ 1.2) V3 1a phi dang vanh (ma khéng 13 phd dang vanh diy dd, thu hep phdi) d&i véi F, thi ¢é
thé la:
V2 = {(B1B2,D1D3) — AB, B, D D3, (B;) — B,Cy, (Bz) — Cs,
(Dl) = A, (Dz) = A, (ABlCz) = D2, (ABQCl) =% Dl}
Ta thiy c6 nhirng thudc tinh dw thira v& phdi trong phu thudéc ham phitc hop thd nhit va thi hai.
2) Néu Fy va F; 1a nhu trong Thi du 6, va V5 1a phi dang vanh (khéng 1a phd dang vanh diy dd
thu hep phai) d6i véi Fy thi ¢é thé V; lai 1a nhu trudmg hop 1.2).
Nhu vay, qua Thi du 6, ta thidy r6 hon y nghia cda nhitng khai niém dwoc néu trong phin nay.
Cin ct vao Dinh 1y 1 va Dinh 1y 3 khing dinh duoc sy ding din cda thuit todn sau day.
Thuit toan REDMINCOANCOVER
VAO: Tép phu thugc hAm F = {X; — Vi |1 = 1,2, ..., p}.
RA: Tip G la pht dang vanh diy dd, cuc ti€u, rat gon d&i véi F.
REDMINCOANCOVER(F)
begin
V, := MINCOANCOVER(LEFTRED(F));
F, := {CONACHASET(CF*) | CF' € V,; Vi);
//CF* 1a ky hiéu phu thudc ham phic hop thi 4 thude V.
F, := RIGHTRED(F});
@ := RRCOANCOVER(F);
return(G);
end.

Luu yf: Céc thuit todn trong [2]: LEFTRED - rit gon vé trdi cda tip phu thuéc ham, RIGHTRED -
rit gon vé phdi cia tdp phu thudc ham déu cé dd phirc tap tinh todn theo thoi gian 1a O(n?).

BS d& 10. Thudt toén REDMINCOANCOVER zdc dinh ding phd dang vink ddy a4, cwe tidu, rit
gon dév vé1 tdp phu thudc ham cho trudec.

B6 de 11. Thudt todn REDMINCOANCOVER ¢6 d6 phiic tap tinh todn theo thow gian ld O(n?).

Chirng minh. DO phitc tap tinh todn thed thoi gian cia Thuit todin REDMIMCOANCOVER I3 t8ng
d6 phic tap tinh todn theo thoi gian cua cdc thuit todn: Thuit todn LEFTRED (la O(n?)), Thuit
todn MINCOANCOVER (la O(np)), Thuit todn CONACHASET (14 O(p)), Thuit toan RIGHTRED
(13 O(n?)) va Thuit toin RRCOANCOVER (la O(np)), ttc 1a: O(n?)+0(np)+0(p)+0(n?)+O(np),
nén la O(n?). 0

Viéc stra d8i hop ly Thudt toAn REDMINCOANCOVER sé nhin dwoc thuit todn tim phd dang
vanh diy dd, cuc ti€u, rit gon phadi d8i véi tip phu thuée ham cho trude.
Thuat toan RMINCOANCOVER
VAO: Tép phu thudc hAm F = {X; — Y; |i = 1,2,...,p}.
RA: Tip G la pht dang vanh diy dd, cuc ti€u, rit gon phdi d&i véi F.
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RMINCOANCOVER(F)
begin
Vi := MINCOANCOVER(F);
F, := {CONACHASET(CF') | CF' € V,, Vi};
//CF* 1a ky hiéu phu thuéc ham phirc hop thi 7 thude V.
F; := RIGHTRED(F});
G := RRCOANCOVER(F);
return(G);
end.

D& dang nhan thdy viéc tim phid dang vanh diy dd, cwc ti€u, rit gon phdi G, 1a phirc tap hon
nhiéu so véi viéc tim phi dang vanh diy dd, cuc ti€u, rit gon trdi Gp d8i véi tip phu thuéc haim F
cho truée, vi trudng hop rit gon trai chi cin thuc hién G, := MINCOANCOVER(LEFTRED)(F)).

Chirng minh twong tw nhu Dinh 1y 3, véi gid thiét xuit phat tir tip dang vanh diy dd, cuc tidu
5& khdng dinh dwoe tiuh dfing @%n cda Thitgt toin RMINGOANCOVER,

B& dé 12. Thudt todin RMINCOANCOVER zdc dinh ding phd dang vanh diy dd, cwe tié'u, rit gon
phdi d67 v61 tdp phu thuéc ham cho trudec.

B6 dé 13. Thudt todn RMINCOANCOVER ¢é d6 phicc tap tink todn theo tho gian la O(n?).

Chitng minh. D6 phtc tap tinh todn theo thoi gian cida cia Thuit toan RMINCOANCOVER la
tdng do phic tap tinh todn theo thdi gian cda bén thudt todn: Thuit tosn MINCOANCOVER (la
O(np)), Thuit toin CONACHASET (la O(p)), Thuédt todn RIGHTRED (13 O(n?)) va Thuit toin
RRCOANCOVER (la O(np)), tic la: O(np) + O(p) + O(n?) + O(np), nén 1a O(n?). 0O
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