
T?-p chf Tin hoc va Di'eu khdn h9C, T, 17, S,2 (2001), 65-74

,... ,.r,< ',... I ......" '" ,..

MQT SO VAN DE PHU DI;\NG VANH VA CAC KHAI NI~M 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 THV,

TOIll tJit. Maier [2]' da dira ra kh ai niern phti dosiq uanh. tir nam 1983 va kh ai niern nay da du'o'c trng dung
trong Thuat toan SYNTHESIZE voi nhirng van de con dg mo', Trong bai bao nay chung Wi dira ra mot so
Ht qua mo'i ve phil dang varih v a cac khai niem lien quan. Nhirrig kgt qua nay la co' sa ciia Thu~t to an
THV,

Trong ly thuyet co' s6- du: li~u, kh ai niern phti dosiq vanh. (annular cover) diro'c Maier [2] neu ra
tu: nam 1983, tuy nhien khai niern nay con it dtro c quan tam sll: d ung vIla mot khii niern kh a plurc
t ap, it quen th uoc va vi~c irng dung bu'o'c dau chi diro'c trlnh bay trong Thuat toan SYNTHESIZE
vo i nh irng van'de con de' mo . Chung toi da chimg minh mot so ket qua ve phu dang vanh va cac
kh ai niern lien quan, nhiing ket qua nay la co' s6- cu a Thuat to an THV [3] do chung toi de xuat,

K{ hie u: Quan h~ R tr en t~p th udc tinh U diro'c ki hieu la R(U); hop cu a hai t~p thuoc tfnh X, Y
dU'C?'Cviet la xy, Cac th uat toan dtro'c viet du'o i dang ngon ng ir Pascal.

Muc nay chi neu mot so kh ai niern va ket qua lien quan, ban doc neu din quan tam chi tiet hon
thl xem [1,2,4],

D!nh nghia 1. Cho R (AI, A2, ' , , , An) la mot hro c do quan h~, cho X va Y la cac t~p con cua
{AI, A2, ' , , , An}, Chung ta noi X ---> Y [doc la X xac ilinh ham Y" hay "Y phv. thuqc ham vao X")
neu vo'i moi quan h~ r la th€ hien cii a R, thl trong r khong th~ co hai b9 tr img nhau tren c ac th anh
phfin cti a moi thudc tinh trong t~p X m a Iai khong tr img nhau tren mot hay nhieu hall cac th anh
ph an cua cac thudc tfnh cii a t~p y,

- Quan h~ r thoa phu thuoc ham (function dependency - FD) X ---> Y, neu voi moi c~p b9 u, v
trong r sao cho f.1[X] = v[X] thl f.1[Y] = v[Y] cling dung, Neu r khOng rhea X ---> Y, thl r vi ph.am.
phu thuoc do,

- Cho F la t~p phu thuoc ham cii a hroc do quan h~ R, v a cho X ---> Y la mot phu thuoc ham,
Chung ta noi F suy dien logic ra X ---> Y, viet la F F X ---> Y, neu voi moi quan h~ r cua R ma thoa
cac phu th uoc ham trong F thl cling thoa X ---> y,

D!nh nghia 2. Bao dong cti a t~p phu thuoc ham F, ky hieu la F+, la t~p cac phu thuoc ham dtro'c
suy di~n logic t ir F, nghia la: F+ = {X ---> Y IFF X ---> Y},

D!nh nghia 3. Cho hroc do quan h~ R vo i t~p ph u thudc ham F, cho X la mot t~p con cii a R,
a) Khi do X+, bao ilong cu a X (doi vo'i F) la t~p c ac thuoc tinh A, sao cho X ---> A co th€ diro'c

suy din t ir F boi h~ tien de Armstrong, tu'c la: X+ = {A IFF X ---> A},
b) T~p X duoc goi la kh.oa (key) cua hro'c do quan h~ R neu:

(1) X ---> R t= F+,
(2) Voi. VY c X thl Y =r+ R,

T~p X neu chi thoa dieu ki~n (1) dU'<?,Cgoi la mot sieu khoa [sup erkey]. Cac khoa (hay sieu
khoa] dtro'c li~t ke ro rang cling vo i hro c do quan h~ dtro c goi la cac khoa chi ilinh (designated key),
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Djnh nghia 4. Hai t~p ph u thuoc ham F va G tren hro'c do R la tu aru; duo ru; (equivalent), ky hieu
la F == G, neu: F+ = G+. Neu F == G thl F la mot ph.d (cover) ctia G.

Phu thuoc ham X -> Y E F la du: thu:a neu F - {X -> Y} F X -> Y.

D!nh nghia 5. T~p phu thuoc ham F la cu c tie'u (minimum) neu khong co t~p phu thuoc ham bat
ky tu-o ng duo'ng vo i F lai co it hon so hro'ng phu thuoc ham.

M9t t~p phu thudc ham F la C~'C tie'u thl cling Ii khorig duothira.

Thuoc tinh A diro'c goi la thuoc tinh duothira trong phu thuoc ham X -> Y thuoc t~p phu thuoc
ham F, neu A co th~ diro'c loai bo khoi ve tr ai hay ve ph ai cua X -> Y rna khOng lam thay d6i bao
dong cu a F ..
Ky hi~u: a la so luong thuoc tinh kh ac nhau trong F, p la so hro ng phu thucc ham trong F, thl
n = ap la aq dai csl a dii: li~u vao, t ii'c la so luorig ky hi~u can de' viet F.

Trong [1] da chirng minh su' dung dlin cu a thufit toan sau day:

Thu~t t.oan MINCOVER (ten cu a thu~t toan nay do t ac gic\.d~t).

v s». T~p phu thU9C ham F = {Xi -> 1'; Ii = 1,2, ... ,p}
RA: Phti. cuc tie'u G.

MINCOVER(F)

begin
G := {Xi -> Xi+ I i = 1, 2, ... , p};
return(NONREDUN(G));

end.

D9 phirc t ap tinh toan theo thai gian ciia thu%t toan MINCOVER chinh la d9 phirc t ap tfnh
toan theo thOi gian cu a Thu~t toan NONREDUN [2], la O(np).

Djnh nghia 6. Hai t~p thudc tinh X va Y la tuon q aU'o'ng v&i nhau tr en t%p phu thuoc ham F,
neu F F X -> Y va F F Y -> X (ky hieu la X t-+ Y).

Cho F la t%p phu thuoc ham tren hro'c do R va t%p thudc tinh X ~ R, ky hi~u EF (X) la t%p
ph u thuoc ham trong F co cac ve trtii tuo'ng du'o ng vo i X. Ky hieu IfF la t%p ho'p: {EF(X) I X ~ R
va EF(X) t=- 0}. Neu trong F khong ton tai phu thuoc ham co ve trai tu'o'ng dtro'ng vo i X thl EF(X)
r6ng. T~p EdX) la rndt phfin hoach (partition) cu a t~p F,

Djnh nghia 7. Ph1!-. th.uo c ham phsic hop (compound functional dependency - CFD) co dang
(Xl, X2, ... , Xd -> Y, trong do Xl, X2, ... , Xk va Y la cac t~p con khac nhau cu a hroc do R.
Quan h~ r(R) thoa phu thuoc ham phirc hop (Xl, X2, ... , Xk) -> Y neu no thoa cac phu thuoc ham
Xi -> XJ va Xi -> Y, voi 1:S: i,j:S: k. Trong phu thuoc ham ph ire ho-p nay, (Xl,X2, ... ,Xk) duo'c
goi la ve tr ai, Xl, X2, ... , Xk la cac t~p tr ai, Y la ve ph ai.

Phu t hudc ham phirc ho p la each viet rut gon ho'n t~p cac phu thuoc ham co cac ve tr ai
tuo'ng diro'ng , Trong truo'ng ho'p neu Y = 0, co dang d~c bi~t ciia phu thudc ham phirc hop la
(Xl, X2, ... , Xk).

D!nh nghia 8. Gia suo G la t~p cac phu thuoc ham phirc ho'p tren R va F la t~p cac phu thu9~
ham hay cac phu thuoc ham phirc ho-p tren R. T%p G tU'O'ng aU'O'ng vo'i t~p F, ky hi~u la G == F,
neu m6i quan h~ r(R) thoa G thl tho a F va ngu'o'c lai,

Djnh nghia 9. T%p F du'o'c goi la phJ. cua G neu F == G, trong do F va G bao gom ho~c la t%p cac
phu thuoc ham, t%p cac phu thuoc ham plnrc ho'p, ho~c la t%p ho'p chi gom m9t loai phu thuoc.

D!nh nghia 10. T%p phu thuoc ham F dtro'c goi la t~p a~c trun.q (characteristic set) doi vo'i phu
thuoc ham phirc ho p (Xl, X2, ... , Xk) -> Y, neu F == {(Xl, X2, ... , Xk) -> Y}. Neu m6i t~p hrrp tr ai
cu a phu thudc ham phirc ho'p dtro-c s11'dung voi nr each la ve trai cu a ph u thudc ham dung mot Ian
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(nghia la F co dang {Xl ---t YI, X2 ---t Y2, ... , Xk ---t Yd), thl F duo'c goi la t4p illf.c tru:ng tlf' nhien
(natural characteristic set) doi vo'i phu thuoc ham phtrc ho'p dil cho.

D!nh nghia 11. T~p phu thuoc ham phirc ho'p F dtroc goi la dq,ng uiuih. (annular), neu khong co
cac t~p tr ai X va Z trong cac ve tr ai kh ac nhau ma X t-+ Z tren F.

Drnh nghia 12. Cho G la t~p phu thuoc ham phirc hop chtia ph u thuoc Xl, X2, ... , Xk) ---t Y. Cho
Xi la mot trong cac t~p trai v a A la mot thuoc tinh trong Xi. Thuoc tinh A diro'c goi la co the'
chuye'n dich. (shiftable) neu A co th€ dtro'c chuye'n tv: Xi sang Y rna v5.n bao toan su tU"011gdtro'ng.
T%p tr ai Xi la co the' chuye'n dicli, neu moi thuoc tinh ciia Xi la co th€ chuye'n dich dong thai.

D'[rih nghia 13. Phu dang vanh G la khong duo thica, neu khong th€ 10,!-idiro c m<?t phu th uoc ham
ph ire ho p n ao khoi G ma khOng vi ph arn str ttro'ng diro'ng, ngoai r a, khorig co mot phu thuoc ham
phiic hop n ao trong G chua cac t%p trai co th€ chuye n dich. Trang truo-ng ho p ngu'<!c lai thl G la
duo thira.

B5 de 1. Cho G La t4p ph1f thuqc ham phv;c hop dan.q uanh. khong du. S1f' ho p nhat cdc t4p ilq,c
tru'ng t.u: nliii n. c d a tat cd c dc ph.u. thuqc ham phsic h.op trong G to.o tluinh. t4p ph.u. tliuoc ham khong
duo tu otu; ilu'o'ng vO'i G.

D!nh nghia 14. Cho G la t~p dang v anh khong du. Phu thuoc ham phtrc ho p (XI,X2, ... , Xk) ---t Y
trong G du'o'c g<;>ila rut gqn, neu cac t%p tr ai khong co thuoc tfn h co th€ chuye n dich, con cac ve
ph ai khOng co thuoc t inh duo thua. T~p G la rut gqn neu moi phu thuoc ham phirc hop trong G la
rut gen.

Djnh nghia 15. Cho G la t~p dang vanh khong dtr. T~p G la ce c tie'u neu khOng co t~p dang vanh
bat ky ttro ng diro'ng lai co it hon so hro'ng tap trai,

2. MOT s6 KET QUA

Thi du 1. Cho t~p phu thuoc ham F = {A ---t AB, B ---t ACD, AE ---t IJ}. T~p G = {(A, AB, B) ---t

CD, (AE) ---t I J} la ph u dang vanh doi vo i t~p F. T~p G' = {(A, B) ---t ABC D, (AE) ---t I J} cling
la phu d ang vanh doi voi t~p F.

Nhir vfiy, c6 the' co nhieu t~p d ang v anh tucrig du'o'ng d5i vo i 1 t~p phu thuoc ham cho trucc.

D!nh nghia 16. Cho F la t~p phu thuoc ham. Cho·G la t~p dang vanh tu'o ng dirong vo i F va cac
ve trai cua F tirong trng mct-rndt la cac t~p tr ai cu a G, thl G la phd dq,ng vanh aay ad (completely
annular cover) doi vo i t~p F.

Trong Thi du 1co t~p G' la phu d ang vanh day dti. d5i vo i F, con t~p G khong phai la phu dang
day dd doi vo i F.

Kh ai niern phu d ang vanh day dti. doi voi mot. t~p phu thuoc ham nh~m rnuc dich xac l~p du'o'c
mot lap phu d ang, vanh co Sl,!·dong nhfit nguyen v~n cac t~p tr ai vo'i cac ve tr ai cu a t~p phu thuoc
ham cho tru'o'c. Do do trucng ho-p ph u dang vanh day du d5i vo i phu khorig du, phu toi thie'u, phu
Cl,!·Ctie'u, phu rut gqn tr ai, hay phu dil g9P cac phu thuoc ham co ve tr ai giong nhau cii a t~p phu
thuoc ham cho tru'o'c ... , trong nhirng tru'ong ho p Cl,!the', se diro'c neu ro rang. Nh irng tru'o ng ho p
nay ph an bi~t voi cac truong hop: phu dang vanh day du va (co tinh chat) khong du, phu dang
vanh day du v a (c6 t inh chat) toi thie'u, ...

Thuat to an t ao phu d ang ~anh day du doi vo i t~p phu thucc ham cho tru'oc la su' thuc hi~n so
sanh cac bao dong cu a cac ve tr ai [ciia cac phu thudc ham) co d9 phirc t ap tinh toan thee thai gian
can cu: thee thuat tcan tinh bao dong cu a p t~p thuoc tinh ve tr ai n en la O(np) [viec tinh bao dong
suodung Th uat toan LINCLOSURE [2] co d<?ph ire t ap tinh toan theo thai gian la O(n).

Thuat toan COANCOVER

V Ao: T%p phl! thu<?c ham F = {Xi ---t Y; Ii = 1,2, ... , p}.
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RA: T~p G la phu dang vanh day dli doi v&i F.

COANCOVER(F)

begin
for m6i phu thuoc ham Xi ----> Y; E F do

EF(Xi) := {X) ----> ~'I Xi +-+ X), \IX) ----> Y) E F};
EF:= {EF(Xd Ii = 1,2, ... ,p};

I Iky hieu C Ft Ii phu thuoc ham plnrc ho'p thtr t.
IICFt co dang: - Ve tr ai gom cac t~p tr ai Ii cac X) thudc EF(Xi).

I I - Ve phai la hop cua cac ~. thucc EF(Xi).

G := {C Ft I t = 1, 2, ... , IE F I};
return(G);

end.

D~ dang kh1ng dinh diro'c hai ket qui [cac b6 de 2 va 3) sau day.

B6' de 2. Thiuit toan COANCOVER zric ilinh. aung phu doiiq uanh. aay au ilOi v6'i t4p ph,/!- thuqc
ham cho tru o:«,

B6' de 3. Th.uiit iotui COANCOVER c6 aq phuc to.p iinh. totin. theo tho'i gian to. O(np).

D!nh Iy 1. Cho G to. phu dq,ng vanh aay au ilOi v6-i t4p ph.u. thuqc ham F, thi G to. C1f'C tie'u neu va
chi neu F ta. C1!C tie'u.

Chung minh. a) (Dieu ki~n can). Theo Dinh nghia 16 thi so IU'C!,ngt~p tr ai cu a G bing so hro'ng
phu t huoc ham cu a F. Gii sti: F khong ph ai Ii C1].'Ctifu.

Ky hieu F' la t~p phu thuoc ham C~'Ctie'u tuo'ng ducng vo'i F, thi F' co so hro'ng phu thudc
ham it ho n F. G9i G' la t~p dang vanh day du dOi voi F', thi so hrong q.p trii cu a G' b~ng so
hrong phu thuoc ham cii a F' (theo Dinh nghia 16) nen it ho'n S(~lu'o'ng t~p tr ai cu a G. Day Ii dieu
m au thuin vi nhir the thi G khOng ph ai la t%p dang vanh C1rCtii{u.

b) (Dieu ki~n au). Gii sti: G khorig la phii dang vanh C~'Ctie'u, ky hieu G' la phu dang vanh Cl,I'Ctie'u
tu'o ng du'o ng vo i F. Ky hieu t%p ph u thuoc ham F' la ho'p nhat cac t%p d~c tru'ng tu: nhien cu a tat
ca cac phu thuoc ham phuc ho'p trong phu dang vanh Cl!-'Ctie'u G', theo B6 de 1 thi F' la khong duo
va tucng duo'ng vo'i G', theo Dinh nghia 10 thi so hro'ng phu thuoc ham cii a F' bhg so hro ng t%p
tr ai cti a G'. Nhung vi so hrcng ve tr ai cua F bhg so luorig t%p trai cda G theo each xay dung G
va G' co so hro ng t~p tr ai it ho n G, nen F' co so hrong phu thudc ham it ho·n. Day la dieu mau
thuin, vi the F khong phai Ii t%p ph u thuoc ham circ tigu. 0

Qui uo:«: De' ngiin gon, thu%t ngir "phu dang vanh day dli va C1].'Ctie'u doi voi t%p phu thuoc ham F
la de' chi "phii dang vanh day dli va (co tinh chat) CV'ctie'u doi voi phu Cl!-'Ctie'u cua t%p phu thuoc
ham F".

Can cu- v ao Dinh ly 1va Thuat toan MINCOVER hoan toan kh1ng dinh dtro'c S1].'dung dan cua
Thu%t toan MINCOANCOVER sau day de' tim phu dang vanh day dti, Cl!-'Ctie'u doi voi t%p phu
thuoc ham cho truo'c, Ii str phdi hop cii a Thu%t toan COANCOVER va Thu~t toan MINCOVER.

Thu~t toan MINCOANCOVER

vxo. T%p phu thu9C ham F = {Xi ----> Y; Ii= 1,2, ... ,p}.

RA: T~p G Ii phu dang vanh day du, Cl!-'Ctie'u doi voi F.

MINCOANCOVER(F)

begin
G := COANCOVER(MINCOVER(F);
return(G);

end.
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Be; de 4. Th.uiit to-in. MINCOANCOVER xdc ainh aung phJ dq,ng vdnh aay aJ, cuc tie'u aoi vO'i
t4p ph,/! thuqc ham cho tru o:c .

Be; de 5. Thu4t totiti MINCOANCOVER co aq phU'c io.p tinh iotui theo tho'i gian to, O(np).

ChU'ng minh. D<$plui'c tap tinh toan theo thai gian cua Thuat toan MINCOANCOVER la tcing d<$
phtrc tap tinh toan theo thai gian cu a Thuat, toan MINCOVER (la O(np)) va d<$plnrc t ap tinh to an
theo thai gian cu a Thu at toan COANCOVER (la O(np)), nen la O(np). 0

Van de xac dinh duo'c phu dang vanh rut gc,m,Cl!-"Cti~u doi v6i t%p phu thuoc ham cho trtro'c
khong c6 thu%t toan trong [2] va day la viec khong dan gian , nhtr thi du dinri day chirng t6: khorig
th~ bhg cach nh6m cac phu thuoc ham trong t~p cv·c ti~u va rut gc:>nd~ c6 thg nhan dtroc t~p dang
vanh cuc ti~u va rut gc:>ndiro c.

Thi du 2. Cho t~p phu thuoc ham: F = {B1B2 ---> A, DID2 ---> B1B2, Bl ---> Cl, B2 ---> C2, Dl --->

A, D2 ---> A, ABlC2 ---> D2, AB2C1 ---> Dd. T~p F la Cl)."Ctigu va rut g<;m. Cac t~p trai tuong
duo ng la BlB2 va D1D2. Nhorn cac phu thuoc ham th anh cac phu thuoc ham phirc ho'p, nh an
dtro'c G = {(B1B2, D1D2) ---> A, (Bd ---> Cl, (B2) ---> C2, (DI) ---> A, (D2) ---> A, (AB1C2) --->

D2, (AB2Cd ---> Dd. Ta thay phu thu<:Jcham phtic ho'p dau tien c6 thudc tinh A trong ve phai la
dir thira, tu'C la G khorig phai la t~p dang vanh CV'Cti~u va rut gen.

Tri.c giit Maier D. [2] neu thi du nay va kh!ng dinh day la van de phirc t ap nhfit cu a Thuat toan
SYNTHESIZE.

Djnh nghia 17. PhV th uoc ham phirc ho p trong phu dang vanh G dtro'c goi la du thua lleU c6 th~
loai bo khoi G m a khOng vi ph am su' ttro ng diro'ng , PhV thuoc ham phirc ho'p trong G dtro'c goi la
rut gqn.trai (rut gqn phdi), neu cac t~p tr ai khong c6 thuoc tinh co th~ dich chuye n [tiro-ng trng , neu
cac t~p ph ai khong co thuoc tinh duo thira]. Cho G la q.p dang vanh khong c6 phu thuoc ham phirc
hop duo thira, t~p G dtro'c goi la rut gqn trai (rut gqn phdi), neu moi phu thuoc ham plnrc hop trong
G la rut gc:>ntr'ai [t.tro'ng ting , la rut g9n ph ai].

Trong [2] khong c6 khai niern phu thuoc ham ph ire hop duo th ira, neu sll' dung khai niern trong
Dinh nghia 17 thl Dinh nghia 13 trong [2] diro'c ph at bi~u th anh: "Phu dang vanh G la kh.oru; du
~hua, neu G khong c6 phu thuoc ham phirc hop duo thira, ngoai ra, khOng c6 mot phu thuoc ham
phiic .hop nao trong G chua cac t~p tr ai c6 th~ chuye n dich, Trong tru crig ho p ngiro'c Iai thl G lit
duo thira" .

Cac khai niern trong Dinh nghia 17 deu dinh nghia tre'n CO' s6' G lit t~p dang vanh khong c6 phu
thuoc ham phirc ho'p duoth ira, nen hoan toan phan bi~t v6i "phu dang vanh day dll doi vo'i phu rut
g9n tr ai [ph ai] cu a t~p phu thudc ham" - hai loai phu nay co th~ lit duo thira. Kh ai niern phu dang
vanh khong dir thira [Dinh nghia 13 trong [2]) c6 th~ c6 t~p tr ai chira thuoc tinh co th~ dich chuye n
nen xac dinh lap dang vanh r<$nghan so vo'i khai niern phu dang vanh rut g9n tr ai [Diuh nghia 17),
viec xfiy dung kh ai niern nay phjirn ph an bi~t vo i khai niern phii dang vanh rut g9n ph ai va kh ai
niern phu thuoc ham phirc ho p thu hep phai [Dinh nghia 19). Kh ai niern phu dang vanh rut gon
(D~nh nghia 14 trong [2]) d))ng nhfit voi khai niern phu dang vanh vira la rut g9n tr ai vira lit rut gc,m
ph ai [Dinh nghia 17).

Hoan toan khong don gih khi can tlm phu dang vanh day dll cv·c ti~u, rut g9n ph ai doi vo i qp
phu thuoc ham cho tnr&c.

Thi du 3. Cho t%p phu thuoc ham F = {A ---> B, B ---> ACD, AE ---> IJ} HI. Cl)."Cti~u va rut g9n
ph ai. T~p G = {(A,B) ---> ABCD, (AE) ---> IJ} la phu dang vanh day du, cue tie'u doi v&i t~p F,
nhung du thlra ve phiti. T~p G' = {(A, B) ---> CD, (AE) ---> I J} phli d;;tng vanh day dll, cv·c ti~u,
rut g9n ph3.i doi v&i t~p F:
D!nh Iy 2. Cho G to, t4p dq,ng vdnh c'/!·c tie'u. S'/!·h(TP nhat cac t4p a~c trung t'/!' nhien cJa tat cd
cac ph'/fthuqc ham phuc hcrp trong G tq,o thanh t4p ph'/f thuqc ham c'/!·c tie'u tuO'ng iluo'ng vo-i G.



70 PHAM QUANG TRUNG

Chu'ng minh, K1' hi~u t~p phu thuoc ham F la ho p nhat cac t~p d~c trtrng tv' nhien cu a tat d. c ac

phu thuoc ham phii'c hQ'P trong t~p dang vanh CV'Ctiifu G, theo B5 de 1 thl F Ia khOng dtr va tu'o'ng
dirong vo i G, theo Dinh nghia 10 thl so hrong phu thuoc ham cu a F bbg so hro'ng t~p tr ai ciia G,
Neu F khong la Cl!-'Ctiifu, thl k1' h ieu F' la t~p Cl!-'Ctie'u ttro ng dtro ng voi F, T'ao phu dang vanh G'
trrang dtro ng va day dll doi voi F', Theo di'eu kien du ciia Dinh 11' 1 thl G' la phu dang vanh Cl!-'C
tie'u, co so hro ng t~p tr ai bhg so ve tr ai cii a F' la it han F, tire la it hon so hro ng t~p tr ai cii a G,
nghia ta tap G khOng la CV'Ctie'u, Day la dieu m au thuan, 0

Cho G la phu dang vanh day dll doi vo'i t~p phu thuoc ham F, thl co the' noi: F la t~p phu
thucc ham d~c trtrng tv' nhien cua G, Nen Dinh 11' 2 la su' mo r9ng ket qua. dieu kien can cii a Dinh
11' 1 cho kh ai niern ph u dang vanh noi chung.

Co nhie u each de' the' hien q.p phu t huoc ham d~c trirng t tr nhien doi voi phu thudc ham phirc
hQ'P cho tru'oc, sau day la dinh nghia m9t each thif hien d~c bi~t,

Djnh nghia 18. T~p phu thuoc ham F diro'c goi la tqp ph.u. thuQc ham aq.c trum.q t1{-'nhien aay atl
(completely natural characteristic set) doi vo i phu thuoc ham phirc h9'P (Xl, X2, .. " Xk) --+ Y, neu
F la t~p phu thuoc ham phu thuoc ham d~c trung tv' nhien doi vo'i phu thuoc ham phtrc ho'p diL cho
va F co dang:

F = {Xi --+ (U~=l;);ti XJ)Y Ii = 1,2, .." k},

Voi kh ai niern nay, mot t~p phu thuoc ham d~c trung tV"nhien day dll. doi vo i m9t t~p dang
vanh se the' hien diro c SV'tuo'ng duong cua cac ve tr ai trong t~p phu thuoc ham nay m9t each tru'c
tiep (do co sir tu'o'ng diro ng cua cac t~p tr ai thuoc cling mdt phu thuoc ham ph ire hQ'P thudc t~p
dang v anh diL cho) ma khong phai dua VaG su' suy din (hay VaG bao dong cti a t~p phu thuoc ham
do) mo i thay du'oc.

Thi d u 4. Xet t~p dang vanh trong Thi du 2:
G = {(BIB2, DIP2) --+ A, (Bd --+ Cl, (B2) --+ C2, (Dd --+ A,

(D2) --+ A, (ABI C2) --+ D2, (AB2Cl) --+ Dd
- Tap FIla tap phu thucc ham d~c trtrng tl!-'nhien day dll doi vo i G:

F, = {BIB2 --+ DID2A, DID2 --+ BIB2A, B, --+ Cl, B2 --+ C2,
DI --+ A, D2 --+ A, ABI C2 --+ D2, AB2Cl --+ Dd

- T~p F2 la t~p phu thuoc ham d~c trirng tl!-' nhien doi vo i G:
F2 = {BlB2 --+ A, DID2 --+ BIB21 B, --+ Cl, B2 --+ C2,

I), --+ A, D2 --+ A, ABlC2 --+ D2, AB2Cl --+ Dd
D~ dang thfiy ra trong F2 thi sir tu'ong diro'ng cti a cac ve tr ai B I B2 +-t D 1D2 khOng the' hien

tru:c tiep nhir trong Fl,

Thuat toari CONACHASET

vAo: Ph u thuoc ham phirc hQ'P CF = (Xl,X2, .. "Xk) --+ y,
RA: T~p ph u thuoc ham d~c trung tv' nhien day dll. F,

CONACHASET(CF)

begin
F := {Xi --+ (U~=l;#i X))Y Ii = 1,2, .." k};
return(F};

end,

Hai ket qua [c ac b6 de 6 va 7) sau day la khhg dinh truc tiep du'o'c t ir Dinh nghia 18,

Bc5 de 6. Thsuit totiti CONACHASET ztic ilinh. aung uip ph1{-thuQc ham aq.c trung tu: nhier: aay atl
aoi vO'i ph.u. thuQc ham phuc hc!,p cho truo:c .
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B8 de 7. Th.uiit to an CONACHASET co flq phiic tap iinh. totin. theo tho'i gian La O(k), trong flo k
La so lic oru; tiip trdi cil a ph.u. th.uoc ham phsic hop cho tru o:c.

Dinh nghia 19. Ph1;1thuoc ham ph ire hop co dang CF = (Xl, X2, ••• , Xk) --> Y - (U:'=l X]) diro'c
goi la ph.u. th.uo c ham phu:c hop thu hep phdi (right restricted compound functional dependency).

Djnh nghia 20. Cho F la t~p phu thuoc ham. Cho G la phu dang v anh day dll. doi vo i F va neu
G gom c ac phu thuoc ham plurc ho-p thu hep ph ai thl. G la phv, dasiq uanh. flay ilv, va thu h.ep phdi
(right restricted complexity annular cover) doi voi F.

Thi du 5. T~p G" = {(A, B) --> CD, (AE) --> JJ} la phu dang vanh day dll. va thu hep phai doi
vo'i t~p F trong Thi d1;11.

So sanh Dinh nghia 17 va Dinh nghia 20 d~ dang nh~n t hfiy: phu dang v anh rut g9n phai doi
vo'i t~p phu thuoc ham F khong dong thai. la phu dang vanh day dll. thu hep phai doi voi F, va
ngucc lai. M<$t ph an thf d1;1minh hoa la phu dang vanh G trong Thf d1;12 la phu d ang v anh day dll.
v a thu hep ph ai doi vo i t~p F nhung khong la phu dang vanh rut g9n ph ai doi vo'i t~p F. Trong
uhfing tru'ong hop d~c bi~t thl. phu d ang vanh day dll. thu hep ph ai dong thai cling la phu dang vanh
rut g9n ph ai.

T'hu St toan t ao ph u d ang v an h day dll. va thu hep ph ai doi vo'i t~p phu ham cho tru'o'c cling nhir
T'huat t oan COANCOVER la th1;1'Chien so sanh c ac bao dong cu a cac ve tr ai [cua cac phu thuoc
ham) co d<$phtrc t ap tfnh toan theo thoi gian can elf theo thuat toan tinh bao d6ng cu a p t~p thuoc
tfnh ve trrii nen la O(np) (vi~c t inh bao dong su: dung Th uat toan LINCLOSURE).

Thuat toan RRCOANCOVER
vxo. T~p phu th uoc ham F = {Xi --> Vi Ii = 1,2, ... ,p}.
RA: T~p G la phu d ang vanh day dti v a thu he p ph ai doi vo i F.

RRCOANCOPVER

begin
for moi phu thuoc ham Xi --> Vi E F do

EdXi) := {X] --> Y] I Xi <-> Xl' 'IX] --> Y] E F};
EF:= {EP(Xi) Ii = 1,2, ... ,p};

/ /ky hi~u RRCFt la phu thuoc ham ph ire h9'P thu hep ph ai t.htr t.
/ /RRCFt co dang: - Ve trai gom cac t~p tr ai la cac X] thuoc EF(X;),
/ / - Ve ph ai la ho'p cua cac Y] tr ir h9'P cu a cac XJ [thuoc EF(X;)),

G:= {RRCFt It = 1,2, ... , IEFI};
return(G);

end.

D~ dang kh ang dinh duo c hai Ht qua [cac b6 de 8 va 9) sau day.

B8 de 8. Thnuit to an RRCOANCOVER z dc dinh. ilung phv, dosiq viinh. flay flv, flOi v6-i t4p ph1f thuqc
ham cho tru o:c,

B8 de 9. Thu4t iodn RRCOANCOVER co flq phU-c top tinh totiti theo tho'i gian La O(np).

Djnh ly 3. Khong Lam mat tinh. to'ng quat, gid sd: co Vl La t4p doaiq vanh C,!!C tie'u va rut gqn trtii.
Cho Fl La ho p nhat ctic t4p il~c tru nq tu: nhien flay flv, ciio. tat cd cdc ph.u. thuqc ham ph.u:« h.op trong
Vl. Cho F2 La phv, rut gqn phdi cslo. Fl. Cho V2 La phv, dq,ng vanh flay flv, va thu hep phdi flOi vO'i
F2, thi V2 La phv, dosiq uanh. flay flv" C1f.·Ctitu va rut gqn floi vO'i F2.

Chu'ng minh. VI Vl la t~p dang vanh C1;1"Cti€u nen theo Dinh ly 2 thl Fl la phu thudc ham ctrc tie'u
ttro'ng duong voi Vl. Vi Vlla rut gon trai va Fl la phu thuoc ham d~c trtrng tl!-°nhien day dll. doi
Vl n en Fl la day du , Cl!-'Ctie'u, rut g9n tr ai doi v6i. Vl' Tiep tuc VI F2 la t~p phu th uoc ham Cl!-'Ctie'u
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nen theo Dinh ly 1 thl V2 la phu dang vanh cu'c tie'u doi vo'i F2, Iai VI F2 la rut gon tr ai neri V2 la
phu ctrc tie'u v a rut gon tr ai doi F2,

Ky hieu phu thudc ham phirc ho p thtr i trong t%p dang vanh cuc tie'u Vl la:

CFt = (XL X~, .." xi) -t Y1 E Vl,

Ky hieu phu thuoc ham thir i d~c trtrng tl,l' nhien day dti. doi voi C FIla:
. . t ..

FDi = {Xi, -t (UJ=l;J;thX;)Yi Ih= 1,2, ... ,t} <;;; Fl,
Gii sti.' ton tai thuoc tinh A la duo thira trong mot phu thuoc ham nao do thuoc F Di, VI FIla

rut gqn tr ai, nen thuoc tinh A chi co the' la thuoc tinh dir thira thuoc ve ph ai trong m9t phu thuoc
ham nao do thuoc F D~. Ky hieu Z~ tU'011g U11gla t%p thuoc tinh duo th ira ve ph ai cua phu thuoc
ham chi so h thudc F Di. T%p F2 la phu nit gsm phai sii a F, nen tu'ong trng vo i ky hieu t%p F Di
ta co ky hieu t%p F D~ <;;; F2:

. . t ...
F D"2= {X~ -t (UJ=l;J,th X;Yi) - Z~ I h = 1,2, ... , t} <;;; F2.

Ttrc la t%p F D& la t%p phu thucc ham nit gon.

Tiro'ng irng vo'i phu thuoc ham ph ire ho'p rut gqn tr ai CFl E VI ta co phu thuoc ham ph ire hop
d.... d' a t h h h" d'" ,. t~ FDi 1'· RRCF.i - (Xi Xi Xi) Ut ((Ut Xiyi)ay uva u ep pn ai OIV01.~p 2a. 2- l' 2'"'' t-t h=l J=l;],th Jl-
Zi) (ut Xi) v: (b" , 'Xi Xi Xi)h - j=l ] E 2 0'1 VI co 1 <-4 2 <-4 ... <-4 t·

Gii sti.' V2 khong la rut gon va co thudc tfnh dir thira B 6, phu thudc ham phirc ho'p RRC F4
vo'i chi so i nao do, VI V2 Ii rut gqn tr ai nen B chi co the' lit thuoc tinh du th ira d ve phai:
B E U~=l ((U~=l;#h X;Y1) - Z~) - (U~=l X;), ro rang la B rf- (U~'=l X;) v a chi co the' lit B E

(U~=l;J;th X;Y{) - Z~ voi chi so h n ao do, t irc B la thuoc tinh duo thira ve phai cti a phu thuoc ham
chi so h th uoc t%p F D"2 <;;; F2, lit rnau thuh VI F2 lit phu rut gqn cu a t%p F1, m a t%p Fl la d~c tru ng
tl).' nhien day du , rut gon doi vo i Vl. 0

Nhir vay, den day da co giii ph ap de' nhan duo'c phu dang vanh , rut gqn cho truong ho-p Thi
du 2.

Thi du 6, Xet t%p dang vanh trong Thi du 2:
VI = G = {(BIB2,DID2) -t A, (Bd -t Cl, (B2) -t C2, (Dd -t A,

(D2) -t A, (ABI C2) -t D2, (AB2Cd -t Dd.
T%p Vl la cu'c tie'u va rut gqn tr ai, co thudc tfnh A la du thjra 6, ve ph ai. Tao phu Fl la t~p phu
thuoc ham d~c trung tu nhien day dti. doi voi Vl:

F, = {BIB2 -t DID2A, DID2 -t BIB2A, B, -t Cl, B2 -t C2,
D', -t A, D2 -t A, ABIC2 -t D2, AB2Cl -t Dd.

FIla cuc tie'u v a rut gqn tr ai, co th uoc tInh A la dir thira 6· ve ph ai. Rut gqn ve phai cu a Fl ducc
t%p F2:

F2 = {BIB2 -t DID2, DID2 -t BIB2, B, -t Cl, B2 -t C2,
D', -t A, D2 -t A, ABIC2 -t D2, AB2C1 -t Dd.

T%p phu thuoc ham F2 la cuc tie'u va rut gen. Tiep tuc ta co phu dang vanh V2 day dti. thu hep ph ai
doi vo i F2 la:

V2 = {(BIB2' DID2), (Bd -t Cl, (B2) -t C2, (Dd -t A,
(D2) -t A, (ABl C2) -t D2, (AB2Cd -t Dd.

Phu dang vanh V2 lit Cl).'Ctie'u v a rut gqn.

Nhiin. zet: 1) Neu FIla phu thuoc ham d~c tr u'ng tu n hien [khong ph ai la phu thuoc ham d~c trtrng
tl).' n hien day du] doi voi VI thl co the' FIla:

E, = {BIB2 -t A, DID2 -t BIB2, B, -t Cl, B2 -t C2,
Dl -t A, D2 -t A, ABI C2 -t D2, AB2Cl -t Dd.
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Fl la cu'c ti€u va rut gon , nen t%p F2 chinh la Fl. Tiep tuc neu:
1.1) V2 la phu dang vanh day du , thu hep ph ai doi vo'i F2 thi co th€ la:

V2 = {(BIB2,DlD2) ----> A, (Bd ----> C~, (B2) ----> C2,
(Dd ----> A, (D2) ----> A, (ABlC2) ----> D2, (AB2CI) ----> Dd.

Ta thay c6 th uoc tinh A duo thira ve phai trong ph u thuoc ham plnrc ho'p dau tien (giong nhir trong
Thi du 2).

1.2) V2 la phu dang vanh [m a khong la phu dang vanh day du , thu hep ph ai] doi voi F2 thi co
th€ la:

V2 = {(BlB2,DID2) ----> ABlB2DID2, (Bd ----> BlCI, (B2) ----> C2,
(Dd ----> A, (D2) ----> A, (ABIC2) ----> D2, (AB2CI) ----> Dd.

Ta thay c6 nh irng thuoc tinh duo thira ve ph ai trong ph u thudc ham phtrc hop th ir nhat va thu: hai.

2) Neu Fl v a F2 la nhrr trong Thi du 6, va V2 la phu dang vanh (kh6ng la phu dang v anh day du
thu hep ph ai] doi vo'i F2 thi c6 th€ V2 lai la nlnr trucng ho p 1.2).

Nlnr vay, qua Thi du 6, t a thay ro hon y nghia cua nh irng kh ai niern du'o c neu trong ph an nay.

Can ctr vao Dinh ly 1 va Dinh ly 3 khhg dirih dtro'c su' dung dKn cti a thuat toan sau day.

'I'huat toan REDMINCOANCOVER

vxo T~p phu thuoc ham F = {Xi ----> Y,;Ii = 1,2, ... ,p}.
RA: T%p G la phu dang vanh day du, cuc ti€u, rut g~m doi vo'i F.

RED MINCO ANCOVER( F)
begin

VI := MINCOANCOVER(LEFTRED(F));
FI := {CONACHASET(CFi) I CFi E Vl; Vi};

/ /CFi la ky hieu phu thuoc ham phirc hop thii' i thuoc VI.
F2 := RIGHTRED(Fd;
G := RRCOANCOVER(F2);

return(G);
end.

Luu y: Cac thuat toan trong 12]: LEFTRED - rut g9n ve tr ai cu a t%p ph u thuoc ham, RIGHTRED-
rut g9n ve phai cua t%p phu thuoc ham d'eu co d<,?phirc t ap tinh to an theo thai. gian la O(n2).

B5 de 10. Th.uiit totin. REDMINCOANCOVER zdc ainh aung ph1i darcq uanh. aay a1i, c u c tie'u, rut
99n aoi vO'i tq,p phI!- thuiic ham cho truo:c.

B5 de 11. Th.uiit totiti REDMINCOANCOVER co clq phUc io.p tinh. totin. theo thai gian to, O(n2).

Chu'ng minh. D<,?plnrc tap t inh toan theo" thai gian cii a Thuat toan REDMIMCOANCOVER la t5ng
d<$plnrc tap tinh toan theo thai. gian cua cac thuat to an: Thu%t roan LEFTRED (la O(n2)), Thuat
t oan MINCOANCOVER (la O(np)), Thu~t toan CONACHASET (la O(p)), Thu%t toan RIGHTRED
(la O(n2)) v a Thuat toan RRCOANCOVER (la O(np)), trrc la: O(n2)+O(np)+O(p)+O(n2)+O(np),
nen lit O(n2). 0

Viec su-a d5i ho'p ly Thu%t toan REDMINCOANCOVER se nh an dtro'c thufit toan tlrn phu dang
vanh day du, c~·c ti€u, rut g9n ph ai doi vo'i t%p phu thuoc ham cho tru'oc.

Thu~t t.oari RMINCOANCOVER

vxo T%p phu thuocham F = {Xi ----> Y,; Ii = 1,2, ... ,p}.
RA: T%p G la phu dang vanh day du, ctrc ti€u, rut g9n phai doi vci F.
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RMINCOANCOVER(F)
begin

VI := MINCOANCOVER(F);
r, := {CONACHASET(CFi) I CFi E VI, Vi};

/ /CFi la ky hieu phu thuoc ham plurc ho'p thii' i thuoc VI.
F2 := RIGHTRED(Fd;
G := RRCOANCOVER(F2);
return(G);

end.

D~ dang nhfin thay viec tim phu dang vanh day du, C1,l'Cti~u, rut g<;mph ai GIla phtrc t ap ho n
nhieu so vo'i viec tim ph u dang vanh day du, cu'c ti€u, rut g<;mtr ai G2 doi v&i t~p phu thuoc ham F
cho trtro'c, vi trtrong ho'p rut g<;mtr ai chi can tlurc hien G2 := MINCOANCOVER(LEFTRED)(F)).

Chung minh tiro'ng t1,l'nlur Dinh ly 3, vo i gii thiet xufit ph at tir t~p dang vanh day du , cue ti~u
se khiing dinh diro'c tfnh dung d~n cu a Thu%t toan RMINCOANCOVER.

Bci de 12. Thsuit to an RMINGOANGOVER ztic ilinh ilung phd dosiq uanh. ilay ild, c trc tie'u, rut gqn
phdi iloi vO'i t4p pliu. th.uoc ham cho truo:c,

Bci de 13. Thu4t to dsi RMINGOANGOVER co i1r'? phU-c tap iinh. totin. theo tho'i gian la O(n2).

Ghu'ng minh. Di? plurc t ap t.inh toan theo thai. gian cua cii a Thuat toan RMINCOANCOVER la
t6ng di? phirc tap tinh toan theo thai gian cu a bon thuat tcan: Thu~t toan MINCOANCOVER (la
O(np)), Thu~t toan CONACHASET (la O(p)), Thu~t toan RIGHTRED (la O(n2)) va Thu~t toan
RRCOANCOVER (la O(np)), tire la: O(np) + O(p) + O(n2) + O(np), n en la O(n2). 0

TAI LIEU THAM KHA a
[1] Atzeni P., De Antonellis V., Relational Database Theory, The Benjamin/Cummings Publishing

Company, 1983.
[2] Maier D., The Theory of Relational Databases, Computer Science Press, 1983.
[3] Ph am Quang Trung, Thuat toan t6ng ho'p THV va so sanh vo'i Thuat toan SYNTHESIZE,

To.p chi Buu. chinh Vien thong: Cdc cong trinh nghien cU'u va tne'n khai Gong ngh~ thong tin
va Vien thong, T6ng C1,lCBiru di~n, Ha noi, so 5, thing 3 (2001).

[4] Ullman J. D., Principles of Database Systems, 2"U edition, Computer Science Press, 1983.

Nh4n bdi ngay 23 thang 10 niim. 2000

Phoru; Gong ngh~ thong tin
Vi~n Kie'm sat nluin dun toi cao.


