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LOI CAM DOAN

Tbi xin cam doan day la cong trinh nghién ciru cua toi va duoc hudng dan
bai Thay PGS. TSKH Nguyén Xuan Huy. Nhimng két qua trong luan 4n c6 nghién
ctru chung véi cac dong tac gia déu dugc sy ddng ¥ cua cac tac gia trude khi duge
st dung trong luan an.

Nhiing két qua duoc trinh bay trong cong trinh déu trung thuc va khong
dugc sao chép tir cac cong trinh duoc cong bd khac. Néu xay ra viéc gian l4n trong
ludn 4n nay to61 s€ chiu hoan toan moi trach nhiém.

To1 xin cam doan moi giip do trong qua trinh thyc hién ludn an da dugc
NCS cam on, moi thong tin vé ngudn trich dan va chu thich rd rang trong luan an
déu va da duoc NCS néu rd ngudn gdc.

Ha noi, Ngay 26 thdang 9 nam 2023

Tac gia

Nguyén Thi Van



iii
LOI CAM ON

Trong tho1 gian thuc hién nghién ctru va hoan thién luén an, NCS nhan dugc
nhiéu su giup d, tao diéu kién tir cac Thay, C6, cac nha nghién ctru va dong
nghiép. NCS xin duoc bay t6 101 cam on tu ddy long dén nhimg ngudi di trg gitp
va chia sé kho khin trong sudt thoi gian qua.

Trude hét, NCS xin duoc bay to 1ong biét on nhat dén Thay PGS. TSKH
Nguyén Xuan Huy, nguoi luén dong hanh va tin tinh giup d& NCS trong sudt
chdang duong nghién ctru, dinh huéng cho NCS.

NCS xin tran trong cam on cac nha khoa hoc cic Thay va Co trong Vién
cong nghé Thong tin — Hoc vién Khoa hoc va Cong nghé da khuyén khich, tao
diéu kién thuan loi va c6 nhiéu ¥ kién dong gop quy bau trong ching dudng NCS
nghién ctru va thyc hién dé hoan thanh dugc luan an.

NCS xin tran trong cam on Lanh dao Vién Cong ngh¢ Thong tin, Hoc vién
Khoa hoc va Cong nghé di khuyén khich va tao nhitng diéu kién tot nhat dé NCS
c6 duge mdi trudng nghién ctru tot nhat. NCS xin chan thanh giri 161 cam on toi
cac Phong ban cua Hoc vién Khoa hoc va Cong ngh¢ da nhiét tinh giup do, tao
nhirng diéu kién tbt nhat cho NCS trong subt qué nghién ctru va thuc hién luan an.

NCS xin chan thanh cam on thay gido PGS.TS Pang Vin Pirc, PGS.TS
Nguyén Long Giang d tan tinh chi bao va 13 tim guong vé nghién ciru khoa hoc
cho NCS trén budc duong hoc tap. GS. TS Nguyén Thanh Thuy, PGS.TS Ngb
Quéc Tao, GS.TS Tu Minh Phuong, PGS.TS Trinh Dinh Théng, GS.TS Lé Hoai
Bic, PGS.TS Poan Vin Ban, TS Nguyén Duy Phuong. . .14 nhitng nguoi Thiy ma
NCS d3 hoc héi dugc rat nhiéu, va da co nhiéu y kién quy bau gitip NCS hoan
thién luan an ctia minh. NCS cling xin bay t6 161 cdm on dén anh chi, ban bé va
TS Truong Thi Thu Ha di dong hanh cing NCS trong qué trinh hoc tap.

Cubi cung, NCS biét on nhiing ngudi than yéu trong gia dinh di ludn bén
canh tng ho va danh nhitng 10i dong vién cho NCS trong subt qué trinh NCS hoan
thanh luan an.

Ha noi, Ngay 26 thdang 9 nam 2023
Tac gia

Nguyén Thi Van
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MO DAU
1. Tinh cép thiét ciia dé tai luin 4n

Vi su tién bod trong linh vuc khoa hoc va k¥ thuat, vai tro ctua cac phu
thudc dir lidu trong qua trinh thiét ké va sir dung dit liéu ngay cang trd nén quan
trong hon. Do do6, viéc phat trién céc dang phu thudc dit li¢u da dang dang la
mot cha dé nghién ctru dang thu hit sy quan tim 16n va c6 y nghia ddi véi thuc
té. Trong linh vuc dam bao tinh nhat quan va ngit nghia, ddy ciling dugc coi 13
mot trong nhirng muc ti€u quan trong khi thuc hién khai thac tri thirc tur cac
nguén dir liéu da dang.

Tinh hinh nghién citu trén thé giGi

Phu thuoc dir liéu da dugc nghién clru trong nhiéu cong trinh. Dién hinh
1a nam 1970, Codd [1] [2] gi6i thiéu khéi niém dau tién vé CSDL quan hé va
khai niém phu thudc ham (PTH) dé phan anh ngit nghia caa dit liéu ton tai trong
thé gidi1 thye. Cung voi su phat trién manh mé& cua 16p phu thudéc ham, mat )
phu thudc dir liéu bién thé tir phu thudc ham, ciing nhu hé tién dé cho 16p cac
phu thudc - tuc 1a dat nén mong cho co so 1y thuyét vé phu thuoc dit li€u, cling
da dugc gioi thiéu bao gém: phu thudc ddi ng?lu, phu thudc yéu, phu thudc
manh ctia nhdm nghién ctru J. Demetrovics va O. Gyepesi dé xuat nam 1983
[3]. Tir ndm 1977 dén nam 2003, R. Fagin va Zaniolo va mot sé nhém nghién
ctru khac dd dé xuét phu thudc da tri cing mot sé ing dung cua né [4] [5] [6],
phu thudc da tri mé rong tap tri khong chi nhan hai gia tr1 {0, 1} ma bao gém

n gia tri thyc nam trong trong khoang [1, 0].

Niam 1981 - 1985, Berman, Delobel va cong su [7] [8] d phat trién khai
niém phu thudc ham thanh khai niém phy thudc Boole duwong (PTBD), bao gém
nhimg rang budc dit liéu duoc biéu dién bing cic cong thirc Boole duong
(CTBD), nhung van giit nguyén phép sanh tri dang thirc. Sau d6, nhém nghién
ctru Nguyén Xuan Huy, Lé Thi Thanh [9] mé rong phu thudc Boole duong
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thanh phu thuoc Boole duong tong quat (PTBDTQ), phu thudc Boole duong
theo nhom bo va phu thudc Boole duong da tri bang viéc thay thé phép sanh tri
dang thirc thanh phép sanh tri tong quat « thoa ba tinh chat ddi xung, phan xa,
bd phan va chimg minh dinh 1y twong duong cho phép thay viéc kiém tra phép

suy dan theo dit liéu bang viéc kiém tra theo logic hinh thuc.

Nam 1995 Jyrki Kivinen va cac dong nghiép dé xuat khai niém phu thudc
ham xap xi [10]. Phu thudc ham x4p xi dugc phat trién tir khai niém phu thudc
ham dugc phat biéu nhu sau: ta noi rang X — Y diing trong quan hé » néu moi
cip bd u, v € R théa u.X = v.X thi u.Y = v.Y ciing thoa. Néu r khong thoa man
phu thudoc ham X— Y nhung sau khi x6a di n bd trong r ta thu dugc »’ thdéa man
phu thudéc ham X—Y thi quan h¢ » théa man phu thuéc ham X—Y véi do Xép
X1 % , trong do #r la téng s6 bo cla quan hé r luc dau. Tiép theo, cadc nhém
nghién ctru Hultala Y va cac dong nghiép [11], Ronald S. K. va Janes J. L. [12]

da phat trién thém mot s thuat toan cho loai phu thudc ham xép xi nay.

Gan dy, xuat phat tir cic phu thudc dit liéu truyén théng c6 nhiéu cong
bd nghién clru vé cac phu thudc dit 1i€éu mé rong cho cac loai dir li¢u khac nhau
duogc thyc hién bai nhidu tac gia. Cu thé, nam 2004, Ilyas [12] va ddng nghiép
da phat trién loai phu thudc ham méi duogc goi la phu thudc ham mém, day la
phu thuéc ham ma tri cua tap thudc tinh trén X xac dinh tri cua tap thudc tinh
trén Y voi d§ khong chic chén cho trudc. Phy thudc ham cé diéu kién duoc
Bohannon [13] [14] [15], ciing cac ddng nghiép dé xuat nam 2007 dé 1am sach
di liéu. Véi dit liéu mo, phu thudc ham dbi sanh [16] [17] [18] d4 14n luot dugc
nghién ctru. Phu thudc ham d6 do [19] duoc dé xuat nam 2009. Phu thudc tuan
t dugc Golab va dong nghiép gidi thiéu dé khai quat dit liéu theo thu tu va the
hién dugc cac mdi quan hé giita cac thudc tinh co thir ty [20] .

Pau nim 2011, nhém nghién ctru Song S. va Chen L. dé xuét phu thudc
sai khac (PTSK) dé giai quyét cac van dé nhu dam bao tinh toan ven, tdi wu

truy van [20] Ban chat ctia phu thudc sai khac 1a mo rong phép ddi sanh trén



cac thudc tinh trong phu thudc ham. Néu X—Y 1a mot phu thudc ham va yx, yr
1a hai ham sai khac trén X va Y tuong ing thi quan h¢  thoa phu thudc sai khac
yx — yr khi va chi khi vi hai dong bat ki u, v € r, u.X va v.X thoa ham sai khac
yx kéo theo u.Y va v.Y thoa ham sai khac yy. O day ta hiéu ham sai khac mo ta

murc do khac nhau cua nhiing gia tri nam trong mién tri ciia cac thudc tinh.

Hién nay, mot $6 hudng phat trién mai vé phu thudc dir li¢u dang duoc
cac nhom tap trung nghién ctru nhu phu thudc so sanh cua nhom nghién ctru
Song S., Chen L., Yu P.S - 2013) [21]; hay viéc phan tich c4c rang budc theo
cdu triic miu cua Baixeries J., Kaytoue M., Napoli A. - 2015 [22] mé rong phu
thudéc ham xép xi vo1 dit li¢u 16n phan tan cua L1 W., Chen Q., L1 Z., Yin Z. —
2016 [23] ciing duoc cac nhom dé xuét va ing dung vao thuc té. Gan day nhat,
[24] cac tac gid Vincenzo Deufemia, Loredana Caruccio, Giuseppe Polese
(2016) da téng két 35 loai phu thudéc mo rong cua cac nhom nghién ctru trén
thé gi61. Tuy nhién, ngoai cac phu thudc ma cac tac gid goi la nhom cac phu
thuoc ham noi long van con mot s6 phu thudc co ban chua duoc dé cap to1 nhu

cac phu thudc logic va phu thudc theo nhoém bd, phu thudc da tri.
Tinh hinh nghién cuu trong nuoc

Tai Viét Nam, song song v4i cac nhém nghién ctru trén thé gidi, mot sb
nhom nghién ctru trong nudc da mod rong cac loai phu thudc nham tao cac mdi
rang budc chat ché hon trong co sé¢ dir li¢u va tao diéu kién don gian hod hon
trong qua trinh truy van va tim kiém dir liéu. Vi du nhu cac tac gia Pam Gia
Manh [25] (25); Vii Ngoc Loan [26], Bui Pirc Minh [27], Nguyén Hoang Son
[28], Luong Nguyén Hoang Hoa [29] [30] Lé Xuan Vinh [31]; Truong Thi Thu
Ha [32]... da khdo sat phu thudc yéu cung v&i phu thudc sai khac va phu thude
d6i ngiu... va cac 16p Boole duong tong quat dudi nhiéu goc nhin khac nhau.

Trén co s& khdo sat va phan tich cac cong trinh vé phu thudc dir liéu,
nhing coéng trinh nghién ctru lién quan di dugc céac tac gia cong bd trong nudce

va ngoai nudc, tac gia nhan thay mot s6 dac di€ém nhu sau:
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(1) Cac phu thudc dir liéu dugc mé ta thong qua cac ménh dé logic phan
anh tuong quan gitra cac thudc tinh trong CSDL.

(2) Tét ca phu thudc dir li¢u trong co s¢ dit licu déu dya trén co s& nhan
thirc cua thé gidi thuc, d6 1a ¢d gang biéu dién ngit nghia cua cac loai dir liéu

trong thé gidi thuc.

(3) Phan 16n cac két qua tap trung vao cac khai niém co ban, nhitng tinh
chat dic trung, ing dung va ciing nhu cac thuat toan co s& quan trong cua 1y
thuyét co s¢ dir liéu. Tuy vay, bén canh d6, mot ) nghién ctru hién dai, sau
hon xuat hién kha nhiéu trong thoi gian qua ciia cac nha nghién ctru vé 1y thuyét
co s& dit liéu theo hudng to hop nhu tip dong ciing nhu khoa va phan khoa,
chuyén dich lugc dd quan hé¢, ho cac tap tdi tiéu cua thudc tinh, md rong phu
thudc ham hay tim cac mo ta tuong duong ctia phu thudéc ham cling duge gisi

thiéu.

Ngoai ra, mt s6 nghién clru tap trung vao cac bién thé dya trén phu thudc
ham. Céc bién thé nay duoc xdy dung va phat trién duwa trén co s thay phép
d6i sanh dang thuc (=) giira hai gia tri cia mot mién dir liéu bang phép xap xi
v6i ngudng cho trude. Néu ta thay phép sanh tri dang thirc bang mot tan tir du
dé bao quat cac phép xap xi thi ta s& thu duoc mét loai phu thudc mai co thé
coi 1a mot 16p bién thé cua phu thudc ham. Néu ta thay tiép cong thirc dang suy
dan X—>Y bﬁng mot cong thirc logic té)ng quat thi ta thu dugc mét phu thude

logic tong quat.

Nbi tiép mach nghién ctru cia cac nghién ciru trong nudc va nudc ngoai
vo1 myc dich cung cép cho bén khai thac va quan tri dir liéu mot cong cu biéu
dién dir liéu sat vé6i thé gid1 thuc theo mot cau trac nhat dinh, tao mot khung
nhin tong quat va théng nhét giita cac loai rang budc dugc sir dung trong viée
khai thac va to chtic co s& dit liéu, cap nhat va truy van céc lugng 16n vé dir
liéu dam bao tinh toan ven dit liéu nhung dé dang duy tri, cip nhat, an toan va

hi¢éu qua.



Ludn an tié}? tuc nghién ciru va mo rong phu thugc Boole duwong téng quat
dé thu dwoc cac [6p phu thudoc moi la phu thugc Boole duwong xcfp xi, phu thuoc
Boole dwong xdp xi tong qudt va phu thudc yéu xdp xi véi muc dich xdy dung
mot mo hinh tong quat nhat cho cac 16p phu thudc noi trén bang cach chimg
minh mdi twong quan gitra cac loai phu thudc va cd géng dé xuit mot 16p phu
thudc théng nhét bao gém cac 16p phu thudc dir li€u hién dang dugc cac nha

khoa hoc quan tam trong nghién ctru va trién khai.
Day ciing chinh l1a nd1 dung nghién ctru cua luan an.

Vi vay, dé c6 thé giai quyét dugc cac van nghién ctru duoc néu ¢ trén,
trong ludn an NCS mo rong ba van dé quan trong sau day:

Thir nhat: Tong quat cong thuc logic X—Y bang mot cong thirc Boole
duong thé hién cac rang budc dir liéu trén cac thudc tinh trong lugc dd quan hé.

Th hai: Phat trién cac phép sanh tri truyén théng (= #,>,>,<,<) thanh
phép sanh tri o tong quat [33] .

Thu ba: Xay dung ham lambda dinh lugng cho cac thudce tinh trong LDQH
dé lugng hoa tap cac thudc tinh sb6 va hdn hop.

Viéc mé rong phu thudc dir li¢u theo ba hudng trén cho phép mang lai cac
lg1 ich sau day:

Cung cap cho nguoi thiét ké, nguoi khai thac, ngudi quan tri co so dit lidu
mot cong cu biéu dién dir liéu sat véi thé gidi thuc.

Tao mot khung nhin théng nhét giita cac loai rang budc trong co so dir
li¢u.

T chue dit liéu cling nhu viéc truy van va cap nhat khoi lugng 16n dit liéu
an toan, thuan loi va hiéu qua hon. Bap ting dugc cac nhu cau can thiét vé quan

Iy dit lidu trong co quan, to chirc va xi nghiép.



2. Muc tiéu nghién ciru

Duya trén két qua phan tich cac vin d& con ton tai cta cac cong trinh c6
lién quan, muc tiéu nghién ciru chinh cvia ludn dn la:

Phat trién cac 16p phu thudc méi 13 phu thude Boole dwong xap xi, phu
thudc Boole duong xap xi tong quat va phu thudc yéu xap xi voi muc dich xay
dung mot mo hinh téng quat nhét cho cac 16p phu thudc vé cac loai phu thudc
mao1 va mé rong cac khai niém lién quan dén phu thudc trong linh vuc nghién
ctru twong Gmg. Cac két qua sé cung cip co so 1y thuyét va phuong phap méi
dé phan tich va xir 1y dix liéu trong co sé dit lidu.

Lu4n 4n tap trung vao cac muc tiéu cu thé sau day:

(1) Bé xuat mot s loai phy thudc méi, bao gdbm: phu thujc Boole duong
xép X1, tiép tuc mo rong bién thé cua phu thudc ham 1a phu thudc Boole duong
xap xi thanh phy thuéc Boole duwong xap xi tong quat va phu thudc yéu thanh
phu thudc yéu x4p xi tong quat. Su mé rong nay s& lam tién dé dé tim ra cac moi

tuong quan gifta cac loai phu thudc nay.

(2) Xay dung cac 16p phu thudce dit li¢u trong co s& dir liéu dua trén hai dac
trung 13 phép sanh tri va cong thirc suy dan. Phat hién cac dang khac nhau cia
phu thudc Boole duong tong quat. Chi ra cac dic ta chung cho phu thudc ndi
1ong tong quat va chimg minh rang phu thudc ndi 16ng va phy thudc ham néi

1ong 1a cac trudng hop riéng cia phu thudc Boole duong tong quat.

(3) Phat trién 16p phu thudc méi d6 1a phu thudc logic rong hon cac phu
thudc da biét. Vi 16p phu thudc logic nay, luin an buéce dau da gat hai dugc cac

két qua nhu sau:

e Dé xuat qui trinh giai bai toan suy dan theo ba tiép can hinh thirc 1a ching
minh truc tiép theo thuét giai Vuwong Hao, chimg minh truc tiép theo chuan hoi
va chimg minh phan chimg theo hop giai va cac két qua méi vé viéc van dung

cac phuong phap chimg minh hang ding (tautology) dé giai bai toan thanh vién



trong 16p cac phu thudc logic va thu gon cac luat suy dan trong co so tri thirc

o Dé xuit thuat toan tim bao déng cho 16p phu thudc logic. Bao déng dugc
van dung dé giai cac bai toan thanh vién va trong cac bai toan tim khoa.

e Xay dung thuat toan tim khoéa cho 16p phu thudc logic. Khoa trong mdt
quan hé duogc hiéu 13 mot tap du nho cac thudc tinh c6 thé xac dinh khong qua
mot bd trong co s& dir ligu. Tim khoa khoa dugc van dung chu yéu trong cac

thudt toan truy van co s¢ dir licu.

Tir két qua thu duge, ngudi khai thac va ngudi thiét ké co so dir liéu c6 thé
ung dung cac tinh chét, dinh 1y, ménh dé, hé qua, thuat toan,...hodc lua chon
mot loai phu thudc logic phit hop nhét cho timg truong hop rang budc dir lidu cu
thé (n61 16ng hay lam chat cac diéu kién rang budc). Xay dung 16p cac phu thudc
logic 1a tao ra nén tang trong viéc md rong cac loai phu thudc bac cao vé lau

dai va trudc mat, tao thuan loi cho cac nha thiét ké, van hanh co so dir liéu.
3. Doi twgng va pham vi nghién ciru
- Doi twong nghién cuu:

Nghién ctru cac khai ni€m, cac ddc tinh cua cac phu thudc logic nhu: Phu
thudc Boole duong, phu thuoc Boole duong xép xi, phu thudc Boole duong
téng quat, phu thudc yéu, phu thudc Boole duong xap xi tong quat. .. Mdi twong
quan giita cac phu thudc logic. Cac bai toan kinh dién trong 1y thuyét cac phu
thudc. Bai toan thanh vién, bai toan tim phu khong du, phuong phap hop giai,

phu tdi thiéu, bai toan tim bao dong, tim khoa trong 16p cac phu thudc logic.
- Pham vi nghién cuu:

Nghién ctru céac bién thé cua phu thudc ham, phu thudc Boole duong téng
quat, mdi quan hé giira cac phu thudc logic va phuong phép giai mot sb bai

toan kinh dién trong cac phu thudc logic.



4. Phwong phap nghién ciru

Phét biéu, chimg minh cac ménh, dinh 1y dé vé cac 16p phu thudc. Trén
co s¢ cac phu thudc logic co ban da dugc nghién ctru theo tuan ty: néu dinh
nghia, cac ddc trung, cac bai toan,...da dugc chirng minh va st dung; phan tich,
téng hop, chiing minh dé dua ra két qua du kién. Téng quat hoéa céc loai phu
thudc logic trong CSDL, duoc xay dung trén cac mbi quan hé giita ching va
mot hé suy din voi nhitng tinh chat co ban nhat vé cac loai dir liéu. Khai quat
dé khai thac va mo rong mot s6 loai phu thudc; phan tich, ddi sanh, lap luan
logic va hinh thirc hoa dé chirng minh tinh twong duong giita cac loai phu thudc
logic. M6 hinh hoa dé hinh thanh mot dinh nghia thong nhat; dong thoi tong
hop cac dic trung, bai toan chung nhat giita cac loai phu thudc, phuong phap
quy nap dé xay dung nén 16p cac phu thudce logic dua trén cac loai phu thude

da duoc nghién ctru dgc lap trude do.
5. Noi dung nghién ctru

Trén co s¢ khao sat va phan tich cac cong trinh v€ phu thude dir li€u, cac
ket qua cua cac nghién ctru lién quan da dugc cong bo trong nude, ngoai nudc,
tac gia nhan thay can va co thé phat trién mot s6 dac trung co ban va tap trung

nghién ctru vao mot so van dé sau day:

(1) Nghién ctru céc bién thé khac nhau cta phu thudc Boole nhim thu
duogc cac 10p phu thudc tong quat hon va mé rong trong viée khai thac va quan

tri cac co s¢ dir liéu.

(2) Nghién ctru cac phép sanh tri gitra cac b dir li¢u trong co s dit ligu.
Pé xuit ham Lambda dinh lugng cho céc thudc tinh va van dung khai niém do
do trong viéc so sanh cac bd cuia quan h¢, phuc vu nhu nén tang toan hoc dé
dam bao cho phu thudc Boole duong téng quat nham thu duoc mot sb dang phu
thudc méi 1a phu thude yéu xap xi, phu thuéc Boole duwong xap xi va Boole

duong xap xi tong quat.
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3) Dé xuét khai niém cua phu thudc Boole duong xép xi, phu thu¢c Boole
duong x4p xi tong quat trong mo hinh hé thdng dit liéu quan hé, phat biéu va
chirng minh cac tinh chét, cac dinh 1y cta Phy thudc Boole duong xép X1 va
phu thudc Boole duong xap xi tong quat, khang mdi twong quan gitta phu thudc
Bool duong xap xi va phu thudc Boole duong tong quat, gitta phu thudc Boole
duong xap xi tong quat va phu thuéc Boole duong tong quat. Luan an tiép tuc
dé xuat diéu kién can va du cia mot thé hién chit cua tap phu thuoc Boole

duong xap xi... Tir cac két qua ciia phu thudc Boole duong xap xi.

(4) Dé xuat cac khai niém vé phu thudc yéu xap xi, phat biéu va ching
minh céc tinh chét, cac dinh 1y ctia Phu thudc yéu Xép xi chi ra mdi tuong quan

gitta phu thudc yéu xap xi va phu thudc Boole duong tong quat.

(5) Phan tich céc thuat toan tim kho4d, thuat toan tim bao dong véi phu
thudc Boole duong tong quat.

6. Y nghia khoa hoc va thue tién

Ynghfa vé mdt khoa hoc

Vé mat khoa hoc ludn an dd mé rong va phat trién mot ) loai phu thudc,
xay dung 16p cac phu thudc logic véi mot sé tinh chit va dic trung chung cua
cac 16p phu thudc.

Y nghia thuc tién

Két qua cua luan an duoc dung dé thiét 1ap mot mo hinh c6 tinh tong quat
vé cac loai 16p phu thudc 4p dung trong viéc khai thac stir dung cac cong cu hoc
sdu va tri tué nhan tao theo khung nhin tong quan vé mdi tuong quan gitra cac
phu thudc logic trong CSDL. T két qua ndy, ngudi quan tri dit liéu co thé lua
chon 1y thuyét ctia cac phy thudc pht hop hon cho viée thiét ké va trién khai co
s& dit liéu cu thé dap ung dugc cac nhu cau bién dong timg ngay cua thuc tién,
c¢6 kha nang hd trg cho cac tng dung da phuong tién, dap tng dugc mot sd nhu
cau trong viéc thu thap, td chur, quan tri CSDL ctia mdi c4 nhan va td chure hay

trong cac xi nghiép.
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7. B6 cuc cua luan an

Dua vao mét sb ndi dung lién quan vé nghién clru da trinh bay ¢ trén, luan
an bao gébm bdn phan: phan md dau, ba chuong ndi dung, phan két luan va tai
li€u tham khao.

Phan m¢& dau NCS trinh bay mot s6 van dé vé tinh cap thiét cta dé tai, cac
nghién ctru lién quan dén cac phu thudc trong co sé& dit liéu, chi ra rﬁng linh
vuc nghién clru vé phu thudc Xép xi con nhiéu bai toan md va co y nghia vé
mat 1y thuyét va thuc tién, tir d6 dua ra van dé can di sau vé loai phu thudc nay.

Chuong 1 trinh bay co s& 1y thuyét vé cac phy thudc dit liéu trong mé hinh
quan hé.

Chuong 2 dé xuit va mé rong khai niém vé phu thudc xép Xi va cac bién
thé ctia phu thudc xap xi, cac két qua quan trong vé co s& toan hoc cua phu
thudc xép Xi.

Chuong 3 dé xuét ba thuat toan lién quan dén bai toan suy dan, bao dong
va khoa cua luge dd quan h¢ theo phu thuoc Boole duong téng quat.

Két luan Trinh bay cac két qua cua ludn an, dua ra nhiing van dé con ton

tai va chi ra mot s6 hudng nghién ctru ti€p theo ctia ludn an.



11

CHUONG 1. CAC LOP PHU THUQC DU LIEU
TRONG CO SO DU LIEU

1.1. Mé dau

Trong chwong 1, ludn an trinh bay cac khai niém co ban lién quan 1y thuyét
co sO dir li€u quan hé. Phan dau tién cla chuong 1a cac khai niém vé co so dir
li¢u, phu thudc co s& dir li€u, bg, quan h¢ , thudc tinh...va cac khai niém co so
vé phu thu¢c ham nhu 1a mot cong cu gitp cho viéc bi€u dién ngir nghia ctuia
dit lidu, dic biét dam bao su nhat quan va dg tin cay trong dit li¢u. Do nhu cau
phat trién, dé quan 1y cac dir liéu 16n va phuc tap (theo nghia c6 nhiéu rang
budc gifra cac loai thude tinh va cac bd), nguoi ta da phat trién nhiéu 16p cac
phu thudc khac nhau. Vi du nhu phu thuéc ham cé diéu kién, phu thudc d6 do,
phu thudc ddi séanh, phu thudc sai khac, phu thudc ham mém, phu thuoc ham
xép xi, phu thudc Boole duong, phu thudc sai khac, phu thudc sai khac téng
quat,...

Céc két qua cua chuong nay bao gom:

(1) Trinh bay cac van dé quan trong va tinh tiy nhat lién quan dén khai
niém vé phu thuoc Boole duong téng quat, phu thuoc ham, phu thuoc ham xép
xi, phu thudc ham néi 1ong. Cac ndi dung nay duoc trinh bay cu thé trong cac
muc 1.2, 1.3 va 1.4 cua chuong 1.

(2) Str dung hai dic trung phép sanh tri va cong thirc suy din dé xay dung
cac 16p phu thude dir liéu khac nhau trong CSDL. N1 dung chi tiét cia muc
nay duoc trinh bay cuy thé trong cac muc 1.4, 1.5 va 1.6 cua chuong 1.

(3) Khdo sat, ddc ta va phan tich cac bién thé ctia phu thudc Boole duong
téng quat nham phat hién ra mdt loai dac td méi cho phu thudc né1 16ng téng
quat, tir 6, ching minh rang phu thudc ndi 16ng, phu thudc ham ndi 16ng ciing
1a truong hop riéng cua phu thude Boole duong tong quat. Dya vao céc loai
phu thudc ham ndi 1ong chung ta c6 thé tong quat hoa cac loai phu thudc nay
thanh phy thudc Boole duong tong quéat va nguoc lai, tir co s¢ 1y thuyét ndy c6

thé hién thyc hoa vé cac dang cua phu thudc ham ndi long phu thudc vao cac
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yéu ciu cta Gmg dung trong thuc té. Két qua cua phan nay duoc trinh bay cu
thé trong cac muc 1.6 ctia chuong 1.

Céc két qua cta chuong 1 duoc cong bd trong CT5 — Danh muc cdc cong
trinh dd céng bé cia NCS.

1.2. Mt s6 khai niém va quy wéc

Phan nay s€ trinh bay cac khai niém va mot ) quy udc duge sir dung trong
luan an.

Trong luan an, khi n6i d&én phu thudc dir liéu chinh 1a dé cap dén su rang
budc gitra cac thudc tinh va cac b trong co s& dir liéu quan hé.

Dinh nghia thugc tinh, mién tri, bé va quan hé :

Cho tap hitu han U = {a1, ay, ..., a,} v6in > 1, U dugc goi la tdp cac thuoc
tinh. Véi mbi phan tir a € U 1a tp mién tri Va. Ky hidu D 13 hop cdec mién tri V,
cua cac thudc tinh trong U, D= U,y V.

Quy dinh mdi mién trj 7, co it nhét hai gia tri.

Quan hé r véi tap thude tinh U, ky hi€u » va ¢ 1a tap cac anh xa U— D sao cho
mdi thudc tinh @ € Utacd t.a € Va, trong do6 t.a 1a anh cua thudc tinh a qua anh
xa t. Mdi 4nh xa ¢ duoc goi 12 mot bg trong quan hé r [34]

Trong ludn an st dung mot sb ky hiéu va quy udc sau:

Phép gén tri e cho bién x

X =e

Ki hiéu x == (e) ? a : b, cho biét néu diéu kién e thoa thi x nhan gia tri a,
nguoc lai x nhan gia tri b.

Cac thudc tinh duoc dat tén b::ing cac chit cai ¢6 thé kém chi sd, vi du, 4,
B, a, b, ai, bj,... Ki hiéu V,1a mién trj cua mdi thudc tinh a. Tap cac thudc tinh
duoc biéu dién qua cac chir cai viét hoa nam & cudi cla bang chit, vi dy, X, Y,

Z,...
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Cac bg trong quan h¢ » dugce ky hi€u la ¢, u, v,...hoac kem chi $6 £, uj, V.
Tri ctia thuQc tinh a trong bo ¢ 1a t.a, tri cua tap con céac thudc tinh X trong bo ¢
latX, cuthélarX= {ta|ac X}.

Céc phan tir trong mot tap thuong khong cé cac ky hiéu biéu dién tap va
n6 duoc liét ké nhu mot chudi ky tu, Vi dy; viét X = cde dé thay cho cach viét
X={c d, e}.

Hop ciia X va Y dugc ki hi¢u la XUY; giao cua X va Y dugc ki hiéu la XNY;
X-Y la phép trur cuia hai tp thudc tinh X va Y.

Goi1 X va'Y la cac cong thuc login. Khi do, ki hiéu XY hoac X-Y hoac XAY
1a phép hoi va duoc goi 1a tich; ky hiéu XvY 1a phép tuyén hodc dugc viét X+Y
goi la téng logic, trong khi d6 phép phu dinh c¢6 duge ki hi¢u la d4u * hodc —.
Vi du, ta c¢6 biéu thic de + f + eg’ 1a mot biéu thie gidng vai cong thic logic
sauday:d ne v f ven(—g).

MB&i bién hoidc phu dinh cta bién xuat hién trong mot cong thire logic duoc
goi 1a mét ki bién, trong d6 bién kém dau phu dinh, «’, b’... duoc goi 1a ki bién
am; bién khong kem dau phu dinh, a, b,... duoc goi 1a ki bién duong.

Cho U la tap n bién logic. V&i mdi tip con cac bién V = {v1, ..., v} trong
U ta qui udc st dung cac ki hi¢u sau:

V = vi...v 12 hoi (tich) cac bién, V" = v + ...+ v 13 tuyén (tong) céac
bién, V" dugc goi 1a tuyén so cdp khi trong V* chtra du » ki bién khac nhau. Néu
k =0, tac V' 1a tap rong, ta qui wdc ¥ = 1 (true) va V* = 0 (false). Truong hop
a 1a mot bién thi a™= a.

Phan hoach cua tap M (thanh cac tap con rdi nhau) Xi, Xa,.. ., Xk dugce ky hi¢u
M=Xi|Xz|...| Xivéiynghia M =X U Xou..u Xk vaXin X, =0, 1 <i,j <k,
I #].

1.2. Phu thu¢c ham
Phu thudc ham 1a mot loai phu thude logic kinh dién dugc sinh ra sém

nhét va thuong dugc dung nhu mot cong cu dé thiét ké dix liéu va dé chuén hoa
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co s6 dit liéu . Cac khai niém, dic diém, tinh chit, cac chuan va thuét toan trong
co s¢ dit liéu duoc xay dung mdt cach rat chat chd thong qua phu thudc ham,
thuat toan tim bao dong, khoa, bai toan thanh vién, bai toan tim phu khong du,
bai toan tim phu t6i thiéu [37]

Trong phén nay, luan an trinh bay mat s6 khai niém vé phu thudéc ham
[34]:

Goi U= {ai, az, ..., an}, n > 1 la tap thudc tinh. Giastrtaco X, Y < Uta

dinh nghia mdt phu thu¢c ham trén U la biéu thirc c6 dang nhu sau: X— Y.

Cho quan hé r, v&i U 1a tap thudce tinh va phu thugc ham f'c6 dang X—
Y trén tap U. Khi d6 ta phat biéu rang quan hé r théa phu thuéc ham fva duge
ky hiéu 1a (f), Piéu niy c6 nghia 1a néu hai bo bat ky trong quan hé » giéng
nhau trén tap thudc tinh ctia X thi hai b d6 ciling phai giéng nhau trén tap thudc
tinh cua Y, cu thé 1a:

rX-Y) < (Yuy er): uX=vX) = w.Y=vY)

Néu cong thic £ X — ¥ 1a mot phu thudc ham trén U thi c¢6 nghia 1a tap
thudc tinh X & vé trai xac dinh duoc tap thudc tinh Y & vé phai cua phu thudc
ham f.

Cho quan hé r, tap phu thudc ham F trén tap U. Ta phat biéu réng r
théa tdp phu thudc ham F va duoc ky hiéu 1a #(F), néu r thoa moi phu thudc

ham trong F, cu thé 1a:

def
R(F) & Vf e F: R(f)

Vidul.l

Cho r(4, B, C, D) sau day:
rcd e f)
x 1 x 2
x 1 y 2
y 2 x 1
y 2yl

va cac phu thudéc ham
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fi: A>A, fr: A>B, fi: AC>C, fi: A>D, fi: DA, fs: A>C.

Ta thay cac phu thudc ham f; - f5 “diing” trong quan hé » va quan hé r
khong thoa phu thuoc ham fs.

Bang tri

Mbi cip bo u va v trong quan hé 7, ta xdy dung vector 0/1: t(u,v) =
(tq, ..., t,) nhu sau:

ti=1lkhivachikhiuxi=vx, 1< i<n

Vi mdi quan hé r ta xay dung bdng tri T, cua quan hé » nhu sau:

T,={t(uy) |u,ver}

Vidul.2
Gia sur ta c6 quan hé  c6 cac bd nhu sau:

Bang 1.1. Bang tri ciia quan h¢

r Tr
b6 A B C D cipbd A B C D Chu thich
1 a 1 x 2 (1,1) 1 1 1 1 (2,3) = (1,4)
2 aly 2 (1,2) 1 1 0 1 (3,4) = (1,2)
3 b2 x 1 (1,3) @ @ 1 © (2,4) = (1,3)
4 b2y 1 (1,4) @ 0 @ ©

Ta xét phu thudc ham £ X—Y nhu mét cong thire suy dan trong dai sd
Boole, trong d6 vé trai X va vé phai Y 1a nhitng hoi (tich) logic ctia cac bién
Boole trong U. Ky hi€u Tx-yla bang chan ly cua cong thire X — ¥, tlrc 1a nhiing
gia tri Boole ctia X va Y cho cong thirc nhan gia tri 1. Néu xét cac phép sanh
trj (=) trén cac mién tri ctia cac thudc tinh trong U thi ta thdy quan hé r thoa phu
thuoc ham X—Y khi va chi khi Tixy; < Tx-y trong d6 Tixy; 1a nhiing dong cua

bang 7, tmg vai cac cot XUY.

F:Ta>s fiTac > c fiTa s
A B f ACACTSFf ACTF
0 0 1 © 06 06 1 © 0 1
0 1 1 © 1 0o 1 0 1 1
111 1 06 06 1 1 1 1
111 1
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Lwoc do quan hé
Mot cap gom (U, F) goi 13 luwpe do quan hé (LPQH) trong d6 U 1a tap hiru
han cac thudc tinh, F'la tap cac rang budc. Khi chua dé cap dén cac rang budc
thi tap thudc tinh U dugce goi 1a LDQH.
Bao dong cua tap thudc tinh
Cho tap U, tap phu thudc ham F' trén U va mot tap con cac thudc tinh X
trong U, ky hiéu F"1a tp nho nhét cac phu thuoc ham trén U chira F'. Ky hi¢u
X" 1a bao dong cua tap thudc tinh X:
X'={deU|X—>AecF"
Mot s6 tinh chdt cia bao déng
Cho LDQH a=(UF).Khido ¥V X, Yc U ta co:
(1) Tinh phan xa: X< X *
(2) Tinh dong bién: Xc Y =X cY*
(3) Tinh lity dang: (X ) =X"*
Ngoai ra, str dung ba tinh chét (1), (2), (3) & trén ta ¢ thé chimg minh
duoc cac tinh chét (4)-(8) sau:
4 XY 2 XY™
(5) XY =XY")"=(XY)*
(6) (X=>Y khi va chi khi Y*'c X*

MNX->X'vaX>X
(8) X* = Y* khi va chi khi X—Y va Y—>X

Khoéa ciia lwge dd quan hé
Cho lugce d6 quan hé g = (U, F). Tap con T U duoc goi 1a khod cta a néu:
OHK**=U
(i) VA e K: (K-{4})'= U
Hai diéu kién trén tuong duong véi
(i) K->U
(i"YV4 e K: K-{4} + U
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Néu khoa T thoa cac diéu kién (i) (hodc (i') khi d6 T s& duoc goi 1a siéu
khoa cua LBQH.

Bai toan: Cho LDQH (U, F) va mt phu thuoc ham ftrén U, xac dinh réng
phu thudc ham fc6 duoc suy dan tir tip phu thudc ham F hay khong?

Co3 tiép can dé thuc hién bai toan suy dan trén nhu sau:

Tiép cdn 1: Suy dan theo quan hé

Cho F 1a tap phu thudc ham va mot phu thudc ham f'trén tap thudce tinh U.
KV hiéu SAT(F) 1a tap toan bd cac quan h¢ trén tap U thoad tap phu thudc ham
F. Ta no61 tap phu thuoc ham F suy dan theo quan hé phu thudc ham f va ki
hi¢u la F |— f, r thoa phu thugc ham f néu v6i moi quan hé trong r thoa phu

thudéc ham F'

F}f < SAT(F) c SAT(f)

Vi tap thudce tinh U va tap phu thudc ham F' trén U, ta ki hi€u F* 1a tap
cac phu thudc ham f trén U duwoc suy dan theo quan hé ti tap phu thudc ham

F.

F*={fX>Y|XYcU, F}f}

Tinh du va tinh chinh xéac trong h¢ tién dé Armstrong [3]
F =F*
Con cach goi khac 1a suy dan suy dan theo logic va suy dan theo quan hé dugc

goi la mdt, diéu nay co nghia la:

FEf & FLf
Tiép cdn 2: Suy dan theo quan hé c¢é khéng qud p bo
Cho tap thudc tinh U va tap phu thudoc ham F trén U, mot phu thudc ham
f trén U, ky hieu SAT p(U), p > 1 1a tap toan bg cac quan hé co s6 bo trén tap
U khong 16n hon p bd va thoa tap phu thugc ham F, tap cac quan h¢ trén tap U
ki hiéu 1a REL p(U). Khi @6 phy thudc ham f diroc suy dan theo quan hé cé
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khong qud p bo tir tap phu thudc ham F, n6 dugc ki hi¢u la F |—p £, rcling thoa
f néu véi moi quan h¢ trong r thudc REL p(U) thoa F [38].
Fl.f & SAT p(F) < SAT p(f)

Cho tap phu thuoc ham F trén U ( U la tap thudc tinh), dat F'1a tap cac
phu thudc ham f trén U dugc suy dan theo quan hé c6 khong qua hai bo tir tap
phu thudéc ham F

F'={fX->Y|X,YcU Fhf}

Dinh 1y tuong duong [38]

F*=F*=F'

Tiép cdn 3:Suy dan theo tién dé (hay suy dan logic)

Phuy thudc ham f dugc suy dan tir tap phu thudc ham F va dugc ky hiéu 1a F k
f.néu va chinéu F—f 1a mot cong thic logic hang dung. Ciing c6 thé phat biéu rang,
phu thudc ham f'dugc suy dan logic tir tap phu thudc ham F néu xuat phat tir F, thi

ta 4p dung cac tinh chét cua logic ménh dé sau hitu han 14n ta s& thu dugc phu thudc
ham f.

FEf < feF*

C6 thé noi réng phu thudc ham f dugc suy dan theo logic tur tap phu thudc
ham F néu bit dau tr F, chung ta 4p dung cac luat suy din cua tién dé
Armstrong A° sau hittu han lan ta s& c6 duogc phu thudc ham f.

Dinh ly 1.1: Dinh [y twong dwong cho phu thuoc ham [26]

Cho tap phu thuoc ham F va mot phu thu¢c ham f'trén tp thudc tinh U,
ba loai suy dan sau la twong duong:

e Suy dan logic: FEf

e Suy din theo quan hé: F |— f

e Suy dan theo quan h¢ c6 khong qua hai bo: F | f

Cho lugce d6 quan hé (U, F), trong d6 F 1a tap phu thudc ham trén U (trong
do U la tap thudc tinh).
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Ky hiéu F* 1 Bao déng ciia tdp phu thudc ham , bao gdm tap tit ca cac

phu thudc ham trén U dugc suy dan logic tir tip phu thudc ham F [36]
F'={f|Fkf}

Ky hiéu 1a F" 1a tap cac phu thudc ham ftrén U duogc suy dan theo quan hé
tur tap phu thudoc ham F.

Véi 1y do trén, trong chuong ndy va cac chuong tiép theo, khi néi vé bao
dong cua tap phu thuéc ham, luén luén dung mot ky hiéu F* thay cho ba ky
hiéu noi trén. Ngoai ra, dung thuat ngit "suy dan" thay cho ba loai suy dan twong
duong noi trén.

Tuy nhién, trong thuc tién viéc khai thac co so dit liéu cho the‘iy rﬁng phu
thudc ham 1a qué chit ché, boi trén thuc té, khong phai dit liéu nao ciing c6 thé
str dung gi6i han ctia viée so sanh hai bo theo dang thuc (=) (diéu ndy c6 nghia
1a timg cap gia tri twong ung cla hai bo trong quan hé dugc so sanhss dé dua
ra két luan ching c6 giéng nhau hay khong) va don thuan chi dung phép duy
dan vé trai sang vé phai nhu phu thudc ham.

Vidu 1.2, (tinh huéng tht nhét) Trong mot quan hé cé ) luong 16n cac
bo. Tuy nhién, trong s6 do ton tai vai bd vi pham rang budc do mot s6 dit liéu
bi 16i hodc c6 mot vai sai sot ngoai 1¢.

Tinh huéng tht hai khién cho viéc van dung phy thudc ham bi han ché 1a
phép sanh tri dang thire. Gia sir chiing ta qui dinh vé s6 do dé may dong phuc
hoc sinh véi chiéu cao (H) va can ning (W) quyét dinh ¢& quan 4o (S), thi phu
thudc H A W — S khong thé biéu dat chinh xac ngit nghia : "néu hai hoc sinh
chénh 1éch nhau vé chiéu cao dudi 3cm va can ning dudi 1kg thi hai hoc sinh
d6 mic cung c& déng phuc. Do do, nhu cAu mo rong phu thudc ham la tat yéu
va tu nhién.

Mot trong cac giai phap dé thuc hién viéc nay 1a mo rong khai niém so
sanh cic gia tri cua cac thudc tinh cua cac b, tim tap cac phu thudc dir li¢u thu

gon tuong duong voi tap phu thudc dit licu ban dau... Pay cling chinh 1a myc
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dich va y nghia cua viéc mé rong khai niém so sanh trong 16p cac phu thudc dir
liéu nhu phu thudéc manh, phu thudc yéu, phu thudc sai khac, phu thudc ddi
ngau, phu ham xap xi hay cac phu thudc Boole duong tong quat

1.3. Phu thu¢c ham néi l6ng

Sau khi Codd cong bd nam 1970 vé phu thudc ham trong co s¢ dir liu,
cac nhom nghién ctru da lién tuc phat trién va dé xuit nhiéu loai phu thudc dir
liéu, nham cai thién va m& rong kha ndng mo ta dir liéu trong thé gidi1 thye. Mot
trong nhitng hudng nghién ctru dugc chu trong nghién ctru 1a cac phu thudce
ham noi long X—Y, trong d6 X va Y 1a cac tap thudc tinh, ky hi¢u — biéu thi
mbi quan h¢ phu thudc gitra tdp thudc tinh Y vao tap thudc tinh X véi cac diéu
kién noi long khac nhau [5]

Nim 2016 nhom nghién ctru cia Giuseppe Polese tap hop cac cong trinh vé
PTH va bién thé cua PTH trong mot bao cao téng quan vé céc loai phu thudc
nay va dat tén 1a phu thuoc ham néi long (PTHNL).

Phuy thudc ham néi 1ong duoc thé hién dudi dang chung [24]:

XN - Yy, X, YU

Vé6i A vayla cac diéu kién néi 1ong nhu sau:

Ta noi quan hé r thoa phu thudc ham néi long X(A) — Y(y) néu véi moi
cap u, v1a bd hudc r va u.X thoa diéu kién néi long A thi v.Y thoa diéu kién ndi
long v

Ta xét mot vai diéu kién ndi long sau day:

Noi long phép so sanh: Quan hé r dugc goi la thoa phu thuoc ham noi
1ong néu khi va chi khi hai bd u, v bat ky trong quan hé » chénh 1éch nhau khong
vugt ngudng A trén tap thudc tinh X thi chung cling chénh l1éch nhau khong vuot
ngudng y trén tap thudc tinh Y. Nhu vay cac tan tir A va y 1a cac phép sanh tri.

Noi long theo luc lwong:

Quan h¢ r dugc goi 1a théa phu thudoc ham nédi long theo luc luong X(6)
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— Y khi cac bd ctia quan hé » nho hon ngudng § ddng thoi sb luong cac bo
con lai thi théa phu thudc ham truyén thong X — Y. Piéu nay c6 nghia la ta c¢6
thé loai khoi » mdgt vai bg véi voi ngudng § dé quan h¢ con lai thoa PTH X —
Y.

Phu thudc néi long tong quat (PTNLTO) [24]

Cho tap thudc tinh X va Y la tap thudc tinh trong U. Phu thudc ndi 1ong
tong quat duge biéu dién nhu sau:

[ X(y)-Y®),X,YcU

Nhu véy, phu thudc ndi 16ng tong quat fthoa trong phu thudc ham trong
r néu:
[ Xy)-YW),X,YcU
V&1 moi cap bd (u, v) voi u, v € r thoa diéu kién y trén X thi cdp bd nay
cling thod diéu kién 9 trén Y.
Viéc mé rong phu thudc ham néi long téng quat nham muc dich 1am cac
diéu kién kém theo cua phu thudc ham truyén théng duoc giam nhe. Sir dung

cac tantr 9 vay dé phat biéu céc didu kién gidm nhe trong phu thudc ndi long

tong quat.
Vidul.3
Bang 1.2. Quan hé tinh tién Grab

Ma . . N A

chuyén Piém dau Piém cudi KhO(aII;%)C ach Th?}p}; ten
MC)

Co1 54 Lé Trong Tan 19 Nguyén Chi Thanh 11 km 100.000
C02 52 Lé Trong Tan 19 Nguyén Chi Thanh 10.9 km 100.000
Co03 60 Lé Van Luong | 24 Thai Thinh 3.6 km 36.000
Co4 62 Lé Van Luong | 22 Thai Thinh 3.65 km 36.000

Quan h¢ trén c6 cac phu thudc ham chat sau day:
MC— TT
KC—TT
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Ta thay, hai khoang cach c6 d6 chénh 1énh ||u.KC- v.KC|| < 0.1 thi thanh
tién nhu nhau.
Chung ta c6 phu thudoc ham né1 long nhu sau :
KC— TT

Nhu vay, phu thugc ham n61 16ng lam cho viéc quan ly dit liéu min hon,
ndi 16ng thay phép so sanh dang thirc bang mot phép so sanh khac.

1.4. Phu thuéc Boole duwong

Néu ta mo rong cac rang budc dir liéu sang dang cac cong thirc Boole
duong va van giit nguyén cac phép so sanh dang thirc trén cac b cta quan hé
thi ta s€ nhan dugc phu thudc Boole duong [12].

1.4.1. Cong thurc Boole

Dinh nghia 1.1

Cho U = {ay,...,a»} 13 tap cac bién Boole, ki hiéu B 1a tap gia tri tri Boole
chtra 2 gia trj 0 va 1 va duoc viét 1a 8= {0,1}. Luc nay cac cong thitc Boole
(CTB) con dugc goi l1a cac cong thire logic (CTLG)

Dinh nghia 1.2

M&i vector hang s6 0/1 va v = (vi,...,v») trong B'= BxBx...xB dugc goi
1a mot phép gan tri.

Khi @6, vi mdi cong thic Boole feL(U) ta co Av) = fvy,...,va) 14 tri clia
cong thirc f v&1 phép gan tri v, va f{v) dugc tinh theo cach sau:

1) Thay toan bd tri ciia moi bién x; trong f'bang tri v; tuong tng, i=1,2,...,n

dé nhan dugc mot ménh de logic b.

2) Tri cua f{v) chinh la tri ctua b.

Véi mdi tap con X < U, ta quy udc viét hdi logic cia cac bién ndm trong
tap X 1a day ky hiéu ctia X. Nhu vay, ky hiéu X ciing 12 biéu dién cho cac ddi

tuong dudi day:
e mot tap thudc tinh trong U,
o mét tdp bién logic trong U,

e mot cong thire Boole duoc lap boi hoi logic cac bién trong X.
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Ngoai ra, néu X = {Bi,....Bn} — U ta ky hiéu:
o AX=BiAB2A...ABm, va goi 1a dang hoi.
e VX=BiVBav...vBn va goi 12 dang tuyén.
Luu ¥ rang, theo quy dinh trén ta ¢, AX va X biéu dién ciing mot hoi suy
dan ctia cac bién trong X.

Ta go1 cong thuc £ Z — Vla

e cong thire suy dan néu Z va V c6 dang hoi, tic 1a
finZ—> AV

e cong thirc suy dan manh néu Z c6 dang tuyén va 7 c6 dang hoi, tic 1a
fivZ—> AV

e cong thirc suy dan yéu néu Z c6 dang hoi va ¥ c6 dang tuyén, tic 1a
finZ >V

e cong thirc suy dan déi ngau néu Z va v déu c6 dang tuyén, tic 1a
fivZ—> VvV

Ta quan tam hai phép gan tri dac bi¢t la phép gan tri, e = (1,1,...,1) va
phép gan tri, z = (0,0,...,0).

Vi mdi tap cac cong thirc Boole, F = {fi, f3,....fn} trong L(U), ta goi F 1a
mot cong thie dang F = firfiA...Afm. Khi d6 véi mdi phép gan tri v, gid tri chan
1y cua cong thuc F s€ duge tinh la:

F@) =fi() Af2(0) Ao A fn(V)

1.4.2. Bang chan ly va bang tri

Khai niém bang chdn ly va bang tri dugc dinh nghia nhu sau:

Véi mbi cong thirc ftrén tap thudc tinh U, ta ky hiéu bang tri ciia f1a Vytrong
d6 chira n+1 cot, trong d6 n cot dau tién bao gém céc tri cua cac biénU, cot cubi

clng va cot thir #+1 thi bao gom tri ctia f twong tng v6i mbi phép géan tri cia mbi
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dong twong tmg. Ta thiy, bang tri chira n+1 cot va 27 dong, trong d6 n 1a luc luong
cua tap U. Ky hiéu Ty la bdng chén Iy, chinh 13 tip cac phép gan tri v dé cho f{v)
nhan gia tri true hay con goi la nhén gia tri 1,
Tr={ve a"| flv) =1}
Khi d6 giao ciia cac bang chan 1y ctia mdi cong thirc thanh vién trong F

chinh 13 bdng chdn 1y Tr clia tp cac cong thirc F trén U va duge viét nhu sau
Tr= n T

feF

Ta cd, v € Tr khi va chi khi Vf eF: f{v) =1.

Chui y i

V&1 moi cong thire Boole f, bang tri Vr cua fchura tri cua moi phép gan tri
cho f, trong khi bang chan 1y 7y chi 1a mét phan ciia bang tri Gng véi cac gia
tr1 1 cua f.

Vidu l.4

Cho cong thuc Boole = { f. A—>B, g: CAA4} trén U= ABC. Ta c6 bang
tr1 Vy, Veva cac bang chan 1y 7y, Te va Tr nhu sau:

Béang 1.3. Bang tri Vi, Vg va cac bang chan ly Tr, Tg va Tr

Iy 1, ViV,

A | B | c A | B | c a|Blc|f] g
0 0 0 1 0 1 ol ol ol 11 o
0 0 1 1 1 1 o |l ol 11 11 o
0 1 0 0 1 0 1 0
o | 1 | 1 TF o | 1|1]1] o0
1 1 0 A | B € 1| 0|0 o] o
1 1 1 1 1 1 1|0 1|01

1|10 1] o0

1|1 1|11

1.4.3. Cong thirc Boole duwong

Cong thirc & € L(U) duge goi 1a cong thitc Bool dwong néu A(e)=1, trong
d6 e gbm céc gié tri 1 13 phép gan ctia don vi, duge viétlae=(1,..., 1). Vi dy, néu
U = bcd thi bac, bv(cad), b—c 1a cac cong thirc Bool duong, con cong thirc

fle,dy=c—d' khong phai 1a Bool duong vi fle) = f(1,1) = 1—>1'= 10 = 0.
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Ta ky hiéu P(U) la tap cac cong thirc Boole duong trén U. Tac gia Post
E.L [39] d& ching minh trong nghién ciru ciia minh rang moi cong thirc Boole

duong déu co thé duoc tao ra tir cac phép toan logic gém: A, V, —> Va héng 1.

Mbi cong thire g trén U, n 1a luc lugng cua tap U, bdng tri cia g, ky hiéu
1a Vg, 1a mot bang hai chiéu gdm n + 1 cot va 2" dong, trong d6 n cot dau tién
chtra t6 hop cac trj 0/1 ctia cac bién trong tap U, trong d6 cot thir n + 1 gdm cac
gia tri cia g 1a mdi phép gan tri ctia dong do.

Mbi cong thitc g trén U, ta ki hiéu 1a T, 1a bang chdn Iy clia g, 1 tap cac

phép gan tri v dé g(v) nhan gia tri 1 (true):
T, ={ve®B|gv) =1}

Khi dé giao ctia cac bang chan Iy cia mdi cong thirc trong S 1a bang

chan ly Ts cua tap hitu han cac cong thirc S trén U.
TS = ng eSS Tg

Nhu vay, v € Tskhi Vg € S: g(v) = 1.

Ta c6 nhan xét sau:

Tich cac cong thirc Boole duong la mdt cong thirc Boole duong . That vy,
néu g va ¢ 1a hai cong thirc Boole duong va e 1a phép gan don vi thi g(e)=g(e)
=1, do d6 g(e)ag(e)= 1Al = 1.

Téng cac cong thirc Boole duong 1a mot cong thirc Boole duong . Vi
gleyvgle)=1v1=1.

Giad st g la mot cong thuc Boole duong va g khong phai 1a cong thuc
Boole duong thi (g — ¢q)’. VieeTyvae ¢ Ty nén Ty ¢ T4, va do do, theo dinh
nghia, (g—¢q)’.

1.5. Phu thudc Boole dwong tong quat

Phu thudc Boole duong d3 md rong rang budc dit lidu tir phép suy dan
X—Y thanh tap cac cong thirc Boole duwong. Pidu nay gitp cho ngudi st dung

linh hoat hon khi thiét ké cac rang budc dit liéu trén cac yéu cau thuc té cua bai
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toan. Tuy nhién phy thudc Boole duong van gi6i han boéi phép sanh tri trong
mién tri caa thudc tinh van 1 phép sanh dang thirc [15].

Do d6, phu thudc Boole duong tong quat (PTBDTQ) nhu trinh bay dudi
day s& 1a mot su mo rong cia phu thudc Boole duwong bang cach thay phép sanh
tri dang thirc bai phép sanh tri a thoa ba tinh chat phan xa, ddi xtmg va bo phan.

Phép sanh trj tong quat

Cho U = {x1,...,x,} 13 tip céc bién Boole, ki hiéu B 1a tap gia tri tri Boole
chtra 2 gia tri 0 va 1 va duoc viét 1a 8= {0,1}. Ta quy udc d 1a mién tri ctia x
c6 it nhat 2 phan tir. Xét anh xa ox: di> — B trén mdi mién tri dx thoa cac tién
dé sau day: [7] [40].

Va, beVx

A1) Tién @& phanxa ax(a, a) =1

A2) Tién dé d6i xtng axl(a, b) = ax(b, a)
A3) Tién dé b6 phan 3¢ € di: axl(a, ¢) = 0.

Céc 4nh xa ax 13 quan hé bo phan thoa méan tinh chat ddi xtng, phan xa trén
mién gia tri dv. Khi x4c dinh o c6 nghia 13 ta tao ra mot phép so sanh trén mién
tri dv cho thudc tinh x. Phép so sanh dang thirc trong phu thudc Boole duong 1a
truong hop riéng cua quan hé noi trén.

Phép gan tri

Gia sir cac anh xa a. di duoc xac dinh trén mdi mién trj dx cua céac thude
tinh a trong tap U ={ai, ao,..., as}, r la mot quan hé trén U. V61 hai bo u va v
tuy y trong quan h¢ r ta dinh nghia o(u,v) 1a mot phép gan tri va dugce tinh nhu

sau:

a(u,y) = (ai(u.ai, v.ar), e(u.az, v.az), ...., c(u.a, v.a,))

Ta théy, voi moi cap bd u, v € r, a(u, v) 1a mot véc to 0/1 trong B".

Véi mdi quan hé re REL(U) ta goi bang tri ciia quan hé r 13 tap
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I,={Au, v)|u,y € r}

Néu quan hé r c6 chira it nhat mot bd u nao d6 thi do a(u, u)=e nén
ecT.

Phu thudc Boole dwong tong qudat (PTBDTQ) 1a sy mo rong ctia phu thudce
Boole duong khi thay phép sanh tri dang thirc trong phu thudc Boole duong boi
phép sanh tri & thoa ba tinh chat phan xa, ddi xtng va bo phan [12]

Ta no61 quan h¢ r trén tap thudc tinh U théa phu thudc Boole duong téng
quat g va ky hiéu r(g), néu T, c T.

Cho S 1a tap cac phu thuéc Boole duong tong quét trén U va r 1a mot quan
hé trén U. Ta ndi quan hé R théa tdp phu thuéc Boole dwong tong qudt S va ky

hiéu #(S) néu  théa moi phu thuéc Boole dwong tong quat trong S:

d
r(S) (g‘v’g eSsrgeoT.cTs

Néu r(g) ta cling ndi phu thuéc Boole duong tong quat g ding trong quan hé r.

Ciac suy din trong phu thudc Boole dwong tong quat
Suy dan logic

Cho g va ¢ 1a hai cong thirc Boole. Ta n6i cong thirc g dan ra dugc cong
thirc g va ky hi€u g |= g, néu Ty  T,. Tandi g va ¢ 1a hai cong thirc twong duong
vaky hiéu g =g, néu T, =T}

Cho hai tap cac cong thirc Boole duong S va O trong L(U). Ta néi S dan
ra duoc Q va ky higu § |= 0, néu Ts < Tp. S va O 1a tuwong dwong va ky hiéu S
=0, néu Ts = To.
Suy dan theo quan hé

Cho tap phu thudoc Boole duong téng quat S va mdt phu thugc Boole

duong tong quat g. Ta néi S ddn ra dwege g theo quan hé, ky hiéu S |— g néu

VR e REL(U): R(S)= R(g)
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Suy dan theo quan hé c6 khéng qud hai bé

Cho tap phu thudc Boole duong tong quat S va mot phu thudc Boole
duong téng quat. Ta ndi S ddn ra dwoc g theo quan hé cé khéng qud hai bg,

ky hi¢u S |» g néu
VR € RELy(U): R(S) = R(g)

Pinh ly 1.2 (Pinh Iy tuong duong trong phu thudc Boole duong tong quat )
[41]

Cho tdp PTBDTQ F va mét PTBDTQ f Ba ménh dé sau ddy la twong dwong:

« FEf (suy dan logic)
« F |- f (suy din theo quan hé)
« F |-2 f(suy dan theo quan hé c6 khong qu4 hai bg).

Dinh ly tuong duong da dugc chiing minh trong tai li¢u [41]

Ngoai céc loai phu thudc logic duogc liét ké & trén, cdc nhoém nghién ctru
lan luot dé xuét nhitng loai phu thudc khac nhau trong co s¢ dir li¢u nhu: phu
thudc ham ddi sanh, phu thudc ham c6 diéu kién, phu thudc tudn tw, phu thudc
ham mém, phu thuoc ham do do ,...Cac loai phu thudc nay déu dugc phat trién
tor phu thudc ham theo huéng mé rong phép sanh tri va mdi mot loai phu thudc
dugc nghién ctru vo1 mot muc dich cu thé khac nhau:

Vidul.5

Vi du, cho U = ABC véi dy 1a tap cac sd nguyén duong, dp 1a tap cac sd
thuc va gia tri khong xac dinh ~, dc 1a tp cac tir hiru han trén bang chir cai
khong rong cho trude. Khi d6 cac quan hé o4, o va oc dudi day thoa ba tinh

chit A1, A2 va A3.
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a4(a,b) = 1 khi va chi khi hai s6 @ va b ciing tinh chin 1&.
as(a,b) = 1 khi va chi khi a va b d6ng thoi 13 hai sé thuc hodc hai gié tri
khong xéac dinh ~.

ac(a,b) = 1 khi va chi khi hai tir @ va b ¢ cing chiéu dai.

Cho tap phu thudc Boole duong tong quat F va mot phu thudc Boole
duong tong quét £ Ta noi
F dan ra dwoc ftheo quan hé, vaky hiéu F | f néu
Vre REL(U): r(F) = r(f)
F xac dinh dwoc ftheo quan hé co khong qua hai bo,
ky hiéu F | f néu ¥ € REL 2(U): r(F) = r())

1.6. Phan 16p cac loai phu thugc [CT5]

Trong muc nay NCS nghién ctru dé phan tich va mé ta cac dang cta phu
thudc Boole duong téng quat nham phat hién dugc cac dang khéac nhau cua phu
thudc nay. Tir d6, NCS chi ra cac dic ta chung cho phu thudc ndi 1ong tong quét
va chimg minh rang phu thudc ham néi 16ng va phy thudc ndi 1ong céc truong
hop riéng cta phu thudc Boole duong tong quat. Pay ciing 1a két qua caa NCS
da duoc cong bb trong (CT5).

1.6.1. Lop IE

Lép IE (Implication Fomula & Equal Comparison) 13 16p cac luge d6 phu
thudc ham truyén thdng, 16p phu thudc niy dwoc x4y dung dya trén hai dic trung
co ban 1 phép sanh tri ding thirc vaphép toan suy din.

Cho tap cac thudc tinh U= {xi, ..., x»}, v61 n>1. Gid st X, Y < U. M6t phu
thudc nam trong 16p IE 14 cac biéu thic dang £ X— Y.

Ta c6 thé phan loai dwoc cac dang phu thudc ham sau dua trén biéu thirc logic
XvaY.

IE-1: Biéu thuc logic c6 dang X — Y, dugc goi 1a phu thuéc ham tmyén
théng: Cho lugc db quan hé (U, F) va mot PTH £ X — Y trén tap U. Ta phat biéu
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rang quan hé » thoa PTH fva dugc viét 7(f), diéu nay c6 nghia 1a néu hai bo tuy ¥
trong r gidng nhau trén tip thudc tinh X thi cling gidng nhau trén tap thudc tinh Y.

IE-2: Biéu thuc logic c6 dang vX — Y duoc goi 1a phu thuéc ham manh
(PTHM): Cho quan hé r trén tip U, ta ni rang quan hé  théa PTHM v.X — Y trén
U néu hai bo bét ky trong r va bang nhau tai mot thudc tinh nao d6 trén X thi hai
b6 d6 ciing bang nhau trén Y.

IE-3: Biéu thirc logic c6 dang X — VY, goi 1a phu thuéc ham yéu (PTHY):
Cho quan hé r trén tip U, ta n6i rang quan hé » théa PTHY X—VvY trén U néu hai
b6 bat ky trong » v bang nhau trén X thi hai bd d6 cling bang nhau tai mot thudce
tinh nao d6 trén Y.

IE-4: Biéu thirc logic c6 dang v.X — VY, goi 1a phu thujc ham doi ngdu
(PTHDN): Cho quan hé r trén tap U, quan hé » théa PTHDN v.X — VY trén U néu
hai bo bat ky trong r va bang nhau tai mot thudc tinh ndo d6 trén X thi u va v ciing
bﬁng nhau tai mot thudc tinh nao do6 trén Y.

Béang dudi day tom lugce cac ddc ta cho cac 16p con IE1-4 cua 16p IE

Béang 1.4. Bang déc ta cac 16p con [E1-4

Dang phu thudc Tén goi Dic diém
XY phu thudc ham rang budc chat
vX >Y phu thuéc ham manh néi long vé tréi
X >vY phu thudc ham yéu néGi 1ong vé phai
vX > vY phu thuéc ham d6i ngau | ndi long
X(0)>Y phu thudc xap xi nd1 long

Nhu vay, cac dang phu thudc ham IE-1, [E-2, IE-3, IE-4 1a cac phu thudc
ham néi 16ng va chung 1a nhiing truong hop riéng cua phu thudc Boole duong
téng quat.

1.6.2. Lop LA

Duya theo diéu kién néi 10ng, ta chia 10p LA (Logic Fomula & Alpha
Comparison) thanh céac 16p con sau day:

LA-1: Lop LA-1 1a 16p cac phu thudc duge xay dung trén co s& phép toan

suy dan va phép sanh tri alpha.
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Cho tap cac thudc tinh U = {x1, x2, ..., xs}, n=1. Gid st X, Y < U. Mot phu
thudc thudc 16p LA-1 1a biéu thirc dang f# ax — ar v6i cac phép sach tri a.

Ta néi quan hé » 1a PTH thudc loai LA-1: ax — ayva dugce viét rX(a) —
Y(@)), néu véi hai bo bit ky trong , thoa cac rang budc thong qua ax trén tip X,

thi hai by do6 cling thoa cac rang budc dugc dac ta bédi ham sai khac ay trén tap Y:

rX(a) — Y()) Ug Yuver: a(ulX, v.X)
= aAu.Y,v.Y)

Trong 16p LA-1, ta ¢6 cac phu thudc dai dién sau:

Néu biéu thuc logic dang £ ax — ay, ta 6 phu thudc sai khac [42], v6i ax
va ay la cac ham sai khac duge dinh nghia :

Cho quan hé r trén tap thudc tinh U, trong d6 a € U véi d6 sai khac m.. HSK
Qa trén thudc tinh @ thé hién rang budc cua léch (con goi 1a d sai khac) khéac ma:
Véi hai trix, y € da, ta cd au(x, y) = 1 chi khi ma(x, y) thda diéu kién cho o, duéi
dang cac biéu thirc so sanh va cac phép sanh tri=, #,<, <, >, va 2.

Cho tap thuoc tinh X < U. Ham sai khac ¢y trén tdp thudc tinh X 1a hoi
logic ctia cac ham sai khéc trén moi thudc tinh a € X: dx = Agex ¢,

Phu thudc ham sai khac 1a truong hop riéng cua phu thuoc ham né1 1ong
[24]. Trong phan nay chi ra rang, phu thudc sai khac thudc 16p LA-1.

Néu biéu thirc logic c¢6 dang £ X (8)— Y, 0 < & < 1 ta co phu thudc noi
long theo lyc luong.

Vidu 1.6, khi khao sat cac khoa cua mdt truong dai hoc nguodi ta danh gia
téng thé moi truong dao tao cua khoa theo ¥ kién cua cac chuyén gia (thudc
tinh 4). C6 bdn muic cho 4 1an luot 13 a, b, ¢ va d, trong d6 a 13 murc t6t nhat.
Thudc tinh B cho biét muc d6 hai 1ong cia cac sinh vién vé truong d6. B gdbm
4muclal, 2,3 va4,trong d6 1 1a mirc cao nhét. Gia st két qua khao sat dugc
thé hién trong quan hé (4,B). Ngudi ta mudn biét giita moi trudng hoc tap (4)
va murc d§ hai long (B) c6 dat trén ngudng 0.6 hay khong, tirc 1a xac dinh f:

A(0.6)— B?
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S-S Q Q o Q|
O 0 — o —|by

Ta théy, sau khi x6a bd thur tu khoi quan hé » thi quan hé con con lai, ky
hiéu 1a # s& thoa phy thudc ham truyén théng 4 — B. Ty 1é thu duoc lac nay s&
la

#r'
#r

==0.8> 0.6
5

Phép sanh tri theo khoing

Mién tri d4 dugc phan hoach thanh k khoang khong giao nhau:

dy = LkJ[aiibi]

i=1
la;; bl N [aj; bj1=0,1 < i,j < k,i #j
V x,y € da: a4(x,y) = 1 khi va chi khi x va y thu¢c cung mét khoang.
Vidu 1.7

Diém t6ng két ctia hoc sinh duoc chia thanh 8 khoang

PiémF  : [0;3.9]

PiémD  :[4.0;4.7]
Pidm D+ :[4.8;5.4]
PiémC  :[5.5;6.2]
Piém C+ :[6.3;6.9]
PiémB  :[7.0;7.7]
Piém B+ :[7.8;8.4]
Piém A  :[8.5;10]
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Lép LA-2: La 16p cac phu thudc dugc xay dung dua trén co s& phép sanh
tri déng thirc va phép toan logic Bool. PTBD la mdt loai phu thudc dai dién cho
16p LA-2 [2], [21].

Lép LA-3: La 16p cac phu thugc duge xdy dung trén co s& phép sanh tri
alpha va phép toan logic Bool. PTBDTQ la mdt loai phu thudc dai dién cho 16p
LA-3, PTBDTQ ciing 14 16p phu thudc bao gom tit ca cac PTLG trong CSDL d3

va dang dugc quan tam bodi cac nha nghién clru trong nudce va ngoai nudec.
1.7. Két luan chwong 1

Trong chuong 1 ludn an da trinh bay cac khai niém co s& vé phu thudc div
lidu trong co s& dit liéu quan hé va phan tich dé thiy rang viéc so sanh cac bd
theo dang thuc 1a chua da dé co sé dit liéu phan anh tinh da dang ctia ngit nghia

cua dit li¢u trong thuc tién.

Chuong 1 ciing trinh bay cic nghién ctru lién quan dén cac dinh huéng
nghién clru cda luan an: nghién ciru phat trién, mé rong 16p phu thudc Boole
duong xap xi. Co thé tém lugc cac diém nhan quan trong ciia Chuong 1 nhu

sau:

(1) Vi phép so sanh ding thirc ta co thé phat trién cac loai phu thudc dir
liéu dang ham va mot sb bién thé cua dang nay nhu phu thuoc ham né1 16ng,

phu thudc ham xép x1.

(2) Pinh Iy trong duwong cho phu thudc ham kinh dién cho phép giai bai

toan thanh vién trén co s& ctia phép suy dan logic X — Y.

(3) Ky thuat xay dyng bang tri cia quan hé theo phép so sanh dang thirc.
K§ thuat kiém tra tinh thoa cua quan hé ddi voi phu thude ham theo phép so

sanh dang thuec.

(4) Khao sat va dic ta cac bién thé khac nhau cia phu thudc Bool duong tong
quat. Tim ra mot dic ta cho phu thudc néi 1ong tong quat va chi ra rang phu thudce
ndi 1ong ndi chung va phu thugc ham néi 16ng nédi ri€ng chi 1a nhitng truong hop

riéng cuia phu thudc Bool duong téng quat.
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CHUONG 2. CAC LOP PHU THUOQC XAP XI
TRONG CO SO DU LIEU

2.1. Mé diu

Hién nay, cac nha nghién ctru dit li¢u 16n dédc biét quan tam dén viéc phan
16p va dé xuat mot mé hinh chung cho cac loai phu thudc dir li¢u. Dé thyc hién
viéc nay, ta can xac dinh céc diéu kién dé nhan biét cac dic trung cua mot 16p
phu thudc, tir 6 phan loai va xay dung mdi trong quan giira cac 16p phu thudc.
Viéc tim ra mot mo hinh chung s€ gitp cho viéc phan loai va xur ly céac dir licu
tré' nén dé dang va hiéu qua hon.

Ngoai ra, trong thuc té, viéc so sanh hai ddi twong khong chi gidi han trong
khuon kho thudc tinh s6. Vi du, ¢ hai chiéc 6 t6, vay lam thé nao dé biét duoc
hai chiéc xe 1a xép xi nhau, muén danh gia duoc chiéc xe nao dep hon hoac tdt
hon thi phai thong qua mot ham bién d6i nao d6. Hodc trong viéc kiém soat
gian 1an trong giao dich rat tién ngan hang: Néu c6 hai giao dich ctia cing mot
thé nhung khoang cach giira hai vi tri giao dich la > 60 km, thi khoang tho1 gian
gira hai giao dich d6 phai trén 30 phat. Néu diéu kién nay bi vi pham c6 nghia
la mot trong hai giao dich trén co6 sy gian lan. Vi vay, nhu cau khéo sat cac loai
phu thudc logic voi nhiéu thudc tinh trong cdc CSDL nhu vay la rit can thiét

trong thuc té.

Trong chuong nay, luan an dé xuit céc dang phu thuéc moi la phu thuoc
Boole dwrong xdp xi, phu thuéc Boole dirong xdp xi tong qudt va phu thudc yéu
xdp xi . Noi dung chuwong s& bao gdm céc két qua cu thé sau:

(1) Bé xuit cach xay dung mot lugc dd Boole duong tong quat tir mot
luge do x4p xi dang mé rong cho trude.

(2) Pé xuat ham Lambda trén mién tri cta thudc tinh va ching minh céac
dinh 1y ddm bao todn hoc cho viéc van dung ham Lambda nham phat trién khai
niém phu thudéc Boole duong xép xi va phu thudéc Boole duong xép X1 téng

quat.
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(3) Dé xuat cac tinh chat va dinh 1y dé xay dung cach tiép can méi cho
phu thuc Boole duong xap xi va phu thudc Boole duong xap xi tong quat theo
gia tri chtr khong theo s6 bo. Cu thé 1a chirng minh dinh 1y vé diéu kién can va
du dé mot quan h¢ théa tap phu thudc Boole duong xép X1.

(4) Dé xuét khai niém téng quat vé phu thudc xap xi trén tap cac thudc
tinh s6 va phi s6, khong nhat thiét theo dang ham ma theo mot biéu thirc Boole
duong tiy ¥ voi cac phép sanh tri tong quat hon phép so sanh ding thuc.

Cac két qua trong chuong nay dugc cong b trong cac CT1, CT6, phan
“Danh muc cdc céng trinh dd céng bo” cua NCS.

2.2. Xay dung ham lambda va d¢ do

2.2.1. Ham lambda

Khi dinh nghia phy thuoc ham néi1 1dng trén céc tap con thudc tinh tuy y
ta da van dung do do (khoang cach) giira hai bd. Vi cac thudc tinh phi sd ta
chua thé van dung duogc do do Euclid ma chi co thé van dung d60 do Hamming.
Mudn van dung do do Euclid cho cac thudc tinh phi s6 nhu trang phuc, k¥ thuét
biéu dién, sy hai 10ng, ... ta can luong hoa cac thudc tinh phi sé thong qua mot
anh xa goi 1a 4nh xa A cho mdi mién tri cua tap thudc tinh nhu sau.

Dinh nghia 2.1

Cho U la tdp thudc tinh. Voi méi thudc tinh A trong U tamot anh xa A4 duoc
dinh nghia tir mién tri cia cdc thudc tinh sang khéng gian sé thuwc nhu sau:

A Vi—>R

o Tinhdontri: Va,beVy: a=b = As(a) = A4(D)

o Tinh khac biét: a, beVa: Au(a) # A4(D)

Ta goi A4 la ham dinh lwong cho thudc tinh A.

Vidu2.1

e Cho thudc tinh 4 thudc kiéu dit liéu string, ta dinh nghia Vs € V4 Aa(s)

= len(s). Ta c6, A4("Internet") = 8; A4("e-mail") = 6; A4("") = 0 (dinh luong cta
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string rdng bang 0).

e Cho thugc tinh B 1a bac luong ta dinh nghia

Va € Vp: Ag(a) = a. Khi do6

A8(2.3) =2.3; 18(8.0) = 8.0

e Cho thudc tinh C 1a muc do hai 1ong (ctia khach hang ddi véi hiang hang
khong chang han) véi cac gia tri:

Ve= {rét hai long, hai long, tam dugc, khong hai long}

ta dinh nghia

Ac(rt hai 10ng) = 4; Ac(hai 1ong) = 3;
Ac(tam dugc) = 2; Ac(khong hai long) = 1.
Dinh ly 2.1
Biét ha, khi @6 ham o4 dwoc dinh nghia qua hé thire (2.1) dudi day

Va, b Vi au(ab) & (@) =rad) 2.1)

théa ba tién dé Al, A2 va A3 trong dinh nghia dnh xa a.
Chung minh

Gid sit ae V4. Khi @6 A4(a) = Au(a) nén au(a,a) = 1.

Tinh chit phan xa 41 dem.

Gia st cho a, beVy.

Ta ¢6 cu(ba) = | b hu(a@) = ha(h) <> ouu(b,a) = 1. Tinh chit déi ximg
A2 dugc ching minh.

Theo tinh chat khac biét ctia ham Lambda, 3x, y € Vi da(x) # Aa(y).

Tw day suy ra aa(x, y)=0.

Tinh chit bo phan 43 dugc ching minh.

Dinh ly dugc chirng minh.

2.2.2. Dj do

D¢ do d trén tap V'1a mot anh xa d: VxV—R* v6i R 1a tap céac sb thuc 16n

hon hoic bang 0, thoa cac tién dé sau day:
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Ya,b,ceV

e Tién @ khong am: d(a,b) > 0, d(a,a) =0

e Tién @ d6i xtng: d(a,b) = d(b,a)

e Tién @ tam giac: d(a,b) + d(b,c) > d(a,c).

Vidu?2.2

Trén duong thang (khong gian mot chiéu), do do gitra hai diém x va y biéu
thi khoang cach giita hai diém, duoc tinh theo cong thtc, d(x,y) = ||x-y||. Trong
khong gian n chiéu d6 do giita hai diém x = (xq,%x3,..,%,) va y =

(Y1, Y2, -, ¥n) duoc dinh nghia qua khodng cdch Euclid nhu sau:

e(x,y) = (1 —y)2+ (6 —¥2)2 + -+ (Xn —yn)?  (2.2)
Cho LDQH p = (U, F) v4i cidc ham Lambda duoc dinh nghia cho mdi thudc
tinh.
Vi mdi bd u = (uq, Uy, ..., u,) €r, ta dinh nghia A(x) 1a vector
Aw) = (A1 (uq), A2(uz2), ..., An(Un))
Dinh ly 2.2
Cho quan hé r trén tap thuoc tinh U va cac ham Lambda trén moi thudc
tinh A trong U. Cho d la mét dé do tiy y trong khéng gian vector n chiéu. Khi
do ham d* duoi day la mot do do:
Yu, v € r: d*(u, v) = d(Mu), Mv))
Ta goi d*1a do do cam sinh tw do do d.
Chung minh
Ta chirng minh rﬁng ham d* thoa ba tinh chat trong dinh nghia d do. That
vay, do d thoa tinh khong 4m nén
d*(u,v) = d(Au), Av)) = 0.
Néu u = v thi A(u) = Av), do 6 d*(u, v) = d(Mu), Av)) =0.
Tinh chat ddi xtng ctia d* duoc suy truc tiép tir tinh chat ddi xtng cta do

do d.
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Ta chimg minh tinh chét tam gidc. Gia st u, v va w 1 ba bo trong r. Do d
la d0 do nén d thoa tinh chét tam giac, ta co,
d¥(w,v) + d*(v,w) = d(Mw), A))+d(Av), Aw)) 2 d(Mu),Aw)) = d*(u,w).
Dinh 1y dugc chirng minh.
Vi hai b trong quan hé » u = (uq, Uy, ..., u,) va v = (V4,V3, ..., Vp)
trén cung mot tap thudc tinh X, ta dinh nghia khoang céach gitta hai b u va v
trong quan hé r va goi 1a khodng cach Hamming nhu sau:
h(u,v) = #{u; # vpo1<i<n}
trong d6 #S 1a luong luong (s6 phan tir) trong tap S.
2.3. Pé xuit phu thudc ham xap xi tdng quat
Phan nay s€ m& rong khai niém phu thuoc ham xcfp xI trén céc tap thudc
tinh sd, sau do s& md rong khai niém phu thuoc ham xcfp xI trén cac tap thudc
tinh tiy y s6 hodc phi s6.
Khai niém phy thudc ham xap xi tong quat duoc dinh nghia nhu sau:
Cho hai tip con thudc tinh X va Y trong tap thudc tinh U va hai ngudng &,
& 1a hai s6 thuc khong 4m. Phu thudc ham xap xi tong quat cua tap thudc tinh
Y theo tap thudc tinh X 12 biéu thtrc dang
Xe—> Y
Ta néi quan hé  thoa phu thudc ham xap xi tong quat X &1— & Y néu véi
moi cap b u va v trong quan h¢ , hai by u va v ¢6 do do 1éch nhau khong qua
& trén tap thudc tinh X thi hai by nay ciing Iéch nhau khong qua & trén tap
thudc tinh Y trong d6 d 1a ham d6 do trén cac bd cua quan hé.
Vu,verduX vX)<a=duY,vY) <&
Vidu?2.3
Sau khi tong két cudc thi ddng dién cua cac doi trong trudng, ban giam hiéu
quyét dinh trao gidi cho cac doi véi ti€u chi hai doi1 c6 d§ do Euclid 1éch nhau

khong qué 1 s& duoc xép cung giai.
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Bang 2.1. Tiéu chi xép gidi cudc thi

Trang phuc Am nhac K¥ thuat Giai
doi 1 5 4 4 2
doi 2 5 5 5 1
doi 3 5 4 5 2

Nhu vay quan hé trén thoa phy thuéc ham xap xi tong quat
Xi—>0Y
trong do:
X = {Trang phyc, Am nhac, K§ thuat}
Y = {Giai}
e1=1vae=0.
Diéu d6 co nghia: hai doi co thanh tich tinh theo dé do Euclid léch nhau
khéng qua 1 sé dwoc xép cing hang gidi.
Pé y rang quan hé trén ciing thoa phu thuéc ham xap xi tong quét
X(1)—=>@O0)Y
néu ta danh gia theo d6 do Hamming.
2.4. XAy dung lwge dd quan hé xip xi thong qua d do
Lugc @6 quan hé xdp xi la mét cip p = (U, F, d) , trong dé U la tdp thujc
tinh, F la tap cac PTHXX theo do¢ do d.

Véi mbi d6 do d trén D ta lién két mot gia tri > 0 va goi 12 ngudng cta d
trén D. Néu trong D ton tai hai gia tri a va b thoa tinh chét d(a,b) > s thi & dugc
goi la nguong khong tam thuong; ngugc lai, néu véi moi captria, b € D, ta
déu co d(a,b) < ethi & dugc goi 13 ngudng tam thirong.

Trong thuc té, néu mot ngudng 1a tam thuong thi né mang gia tri 1on nhat
trong moi “khodng cdch” ciia moi cap phan tir, do d6 s& khong co truong hop

vuot ngudong va nhu vay s€ lam han ché irng dung.
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Vi du 2.4, néu hiéu d6 do d gitra hai vi tri dja 1i (diém dia 1i) 12 khoang
cach dia i va ngudng trong ngdy swong mu 1a € = 2 km thi ¢6 nhing cip diém
A, B dudi ngudng, d(4, B) < 2 km va nhiing cdp diém C, D trén ngudng d(C,
D) > 2 km la viéc chon ngudng hop li. V6i li do trén ta qui dinh trong ludn an,
moi ngudng déu 1a khong tim thuong.

2.5. Phu thudc yéu

Cho tap thudc tinh U. Mot cong thire suy dan yéu goi 1a mot phu thudce
yéu [7]. Nhu vay mdi phu thudc yéu cé dang:

ffX->Y

trong d6 X 1la mdt hoi, ¥ 1a mot tuyén cua cac thudc tinh trong U.

Ta no6i quan hé » thoa phu thudc yéu £ X— ¥ va viét #(X — Y) néu v6i moi
cap by u va v trong quan h¢ », hai bo u va v bﬁng nhau trén X sé& béng nhau trén
mot thudc tinh nao do cua Y.

rX->Y)e (VuveR): (uX=vX)=3IBeY: uB=v.B)

Cho tap phu thudc yéu F trén tip U. Ta néi quan hé  thoa tap phu thudc yéu

F, va dugc viét r(F), néu » thoa moi phu thude yéu trong F,

rF) < (VY feF):rf)

Néu quan hé r thoa phu thudc yéu f ta cling néi phu thudc yéu f dung
trong quan hé r.

Vi phu thudc yéu 13 trudng hop riéng ctia phu thudc Boole duong nén ta
cling co:

Quan hé 7 théa phu thudc yéu 1 khi va chi khi T, c T

Quan h¢ 7 thoa tap phu thudc yéu F khi va chi khi 7, < TFr.

Vidu 2.4

Xét quan hé r mo ta cac ca thé v6i cac thude tinh: huyét théng H, ADN b
B va ADN me M. Ta thiy: hai c4 thé cung huyét théng thi c6 ADN bd hoic
ADN me gidng nhau. Ta c6 H — B+M 1a mot phu thude yéu. Vi quan hé r(H,
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B, M) chira thong tin vé huyét thong ta c6 thé xay dung bang tri 7, nhu sau:

Béang 2.1. Quan hé » vi cac thudc tinh:Huyét théng H, ADN me: M, ADN bd: B

Bo| H| B | M
1 [ hl [ b0 | m2
2 [ h2 [ bl | ml
3 [ hl | b0 | m3
4 [ h3 b2 | m4
5 [ h2 | b3 [ ml

Bang 2.2. Bang tri ciia quan h¢

Cipbd |H B M
1&1 1
1&2 0 0 0
1&3 1 1 0
2&5 1 0 1

Bang 2.3. Bang tri cia ham H - B+M
H B M

S O O O = =
—t e OO = OO =
—_—0 = OO = =

Céc bang trén cho ta T, = Ti— p+ur. Diu d6 chig to quan hé r thoa phu
thudc yéu H — B+M.

Ménh d@é 2.1

M0i c¢éng thire Boole twong dwong véi mét tdp cdac cong thire suy dan
yéu.

Pé chuyén cong thirc Boole sang tip cac cong thirc suy dan yéu ta thuc

hién hai budc sau :
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Buée 1. Pua cong thirc g vé dang chuan hoi (CNF), ta thu dugc g =
wit....ux, trong d6 mdi w;, 1 < i < k 12 mot tuyén. Trong d6 CNF 1a cong thirc
dang chuan hoi duoc biéu dién dudi dang tich cua céc tuyén.

Buée 2. Chuyén mdi u; thanh dang suy din yéu twong duong: wi=X — 7Y,
1 <i<knhu sau [43]

X = A {x| pht dinh x’ xuét hién trong w;}
Y=v {y|y xuét hién trong w;}
Néu X 1a tap rong thi thay X bang 1, néu Y 1a tap rong thi thay Y bang

Ta thu duoc tap cac cong thire suy dan yéu W = {w1, wa, ..., wi}.
Vidu2.5
Cho g=(a > b)(b+ ¢). Tacd, CNF(g) =(a — b)(b + ¢) =(a’+b)(b+c).
Vay W={a —> b, 1 - b+c}.
Vi du (Tiép)
Chog=(a+b)—>(c—>d
Ta co
CNF(@) = (a+b’ +c’+d)(a+b+c’+d)(@ +b +c’ +d)
Vay W={bc >a+d,ac > b +d,abc > d}.
Do mdi tap CTB P ={g1, >, ..., g} chinh 1a mdt tich cac cong thirc
thanh phan P = pip»...pk, nén ta c6 ngay hé qua sau:
Hé qua 2.1
MGi CTB twong dwong véi mét tdp cong thire suy dan yéu.
Hé qua 2.2
MGoi tdp céng thirc Boole dwong twong dwong véi mét tdp cdc cong thirc
suy dan yéu.
2.6. Pé xuit phu thudc yéu xap xi
Cac khai niém vé phu thugc ham xép xi da dugc Jyrky Kivinen et al dé

xudt vao nam 1995 [16], trong d6 thuat ngit xdp xi duoc hiéu 1a néu bo di it
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nhat € bd khoi quan h¢ r thi phé‘m con lai s€ thoa phu thuoc ham. Trong luan an
dé xuat mot khai niém téng quat vé phu thudc xép xi trén tap cac thudc tinh sO
va phi s6, khong nhat thiét theo dang ham ma theo mdt biéu thirc Boole duong
tuy ¥ voi1 cac phép sanh tri téng quat hon phép so sanh drflng thuec.

Cho tap thudc tinh U va mét cong thic suy dan yéu trén U, £ X — Y. Cho
hai ngudng €1, €2 1a hai s6 thuc khong dm. Phu thudc yéu xcfp xi (PTYXX) cua tap
thudc tinh Y theo tap thudc tinh X 14 biéu thirc dang

Xea—> avYy

Ta néi quan hé r thoa phu thuoc yéu xd'p xi X &1— & Y néu v&i moi cap bo u
va v trong quan hé r, hai b u va v c6 40 do 1éch nhau khong qua & trén tap thudc
tinh X thi hai by nay cling 1€éch nhau khong qua & trén mot thudc tinh nao do cia
Y:

Vu,ver: du.X,v.X) <& = ABeY: d(u.B, v.B) < & trong 6, d 1a mdt 4o do.

Vidu 2.6

Trong ngay khuyén mai, mot siéu thi ban mat hang H c6 quy dinh giam
gia cho mdi khach hang 10 don vi tién té gia dinh 1a 7 vao thoi diém tir 1 gio
chiéu tro di. Thong tin tai quiy thu ngan duoc cho dudi dang quan hé r nhu
sau:

Béang 2.4. Quan h¢ don hang
Giao dich Gid S6lwong Pongia Thanh tién

1 10 5 10 50

2 11 8 10 80

3 12 4 10 40

4 13 5 10 40

5 14 8 10 70

6 15 4 10 30
Ta khéo sat cac phu thudc sau day:

e Phu thudc ham:

h: S6 lwong, Pon gid — Thanh tién
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e Phu thudc yéu:
w: S6 heong, Pon gid — Thanh tién
e Phu thudc yéu xép Xi:
1+ 86 heong, Pon gid (0) — (10) Thanh tién

Ta thiy do hai giao dich 1 va 4 cting mua mdt s6 luong nhung vao hai thoi
diém khac nhau nén muc thanh tién mang hai gia tri khac nhau, do d6 quan hé
r khong thoa phu thugc ham 4.

Tuong tu, quan hé  ciing khong thoéa phu thudc yéu w véi cing 1y do nhu
trén.

Tuy nhién quan hé r thoa phu thudc yéu xap xi véi ¥ nghia, hai khach hang
mua cung mot lwong thi tra tién chénh nhau t6i da 1a 10 7.

Ta goi bo sau p = (U, &1, &5, A, d, F) 1a mot luge d6 quan hé véi phu
thudc yéu xép xi, trong d6

e U la tap n thudc tinh, mdi thude tinh duoc trang bi mgt ham dinh luong
Lambda A tuong tng,

¢ d1a mgt d6 do tuy v,

e F'1a tap cac cong thire suy din yéu X — Y, X 1a mot hoi, ¥ 12 mot tuyén
khac rong cac thudc tinh trong U,

e g, >0,&, > 013 cac ngudng xap xi.

Cho quan hé 7 trén luge d6 quan hé véi phu thudce yéu xap xi, p =(U,
1,8, A, d, F). Véimdicipbd u = (ug, Uy, ..., Uyp), v = (V1,Vy, ., V)
trong quan hé r, ta dinh nghia:

t(w,v) = (1, tz, o) th)
t; = (d(A(u), 2(vy)) < €)?71:0;1<i<n
e =min (&,&)

T, ={t(u,y) |u, v er}

va goi T, 12 bang tri ciia quan hé r theo lugc db p.
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Dinh ly 2.3

Cho lwoc dé quan hé voi tap PTYXX F, p =(U, &, &,, A, d, F) va mgot PTYXX
f. Cho quan hé r trén U. Khi do,

(i) Quan hé r thoa PTYXX f khi va chi khi T, c Tk

(i) Quan hé r thoa tadp PTYXX F khi va chi khi T, c TF.

Chirng minh

(i) Gia str quan hé r thoa phu thudc yéu xap xi £, Ta can chufng minh 7,
Tr. Néu 13 quan hé réng thi do T, = @& < Tynén T, Ty Ngoai ra, ta biét ¢
> (. Theo tinh chat ctia cadc ham A, do do d va cach xay dung vector #(u,v), ta
co t(u,u) = e (e la vector don vi). Tur do6 suy ra t(u,u) = e € Tr. Vi moi cong
thirc yéu dang f X—Y, Y = @ déu la cong thirc Boole duong nén e € Ty. Gia su
t € T, theo dinh nghia cua T, trong quan h¢ r tdn tai hai bd u va v dé Hu,v) =

t. Do quan hé r thoa f nén ta c6 f{r), Piéu nay ching to ¢ € Tr.

Déo lai, gid st taco 7. < Ty

Ta can chirng minh quan h¢ » thoa phu thudc yéu Xép xi f. V61 moi cap
b0 u, v trong r, ta c6 {(u,v) € Tr. Do T- < Trnén t(u,v)e Ty, tuc la f(H(u,v)),
diéu niy c6 nghia 1a 7 théa phu thudc yéu xép xi f.

(if) Theo dinh nghia ctua T ta c6

Te={Ts:f €F}

Theo phan chirmg minh (/) quan hé » thoa tap phu thudc yéu xap xi F khi
va chi khi v61 moi f'trong F'ta c6 T, < Ty. Do Trla giao cua cac Trnén 7, < Tr.
Pao lai, néu 7, < Trthi T, — Tyv6i moi ftrong F. Theo phan chimg minh (i) thi
r thoa moi phu thudc yéu xép xi f. Tur d6 suy ra quan h¢ r théa tap phu thudc
yéu xap xi F. Pinh 1y duoc ching minh.

2.7. Pé xuit phu thudc Boole dwong xap xi

Viéc tiép tuc méd rong khai niém phu thudc Boole dwong sang phu thudc

Boole duwong xap xi c¢6 thé gitp ta quan li cac co sé dit liéu phuc tap hon. Pic
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biét 1a cho phép md rong kha niang tim kiém dir liéu. Nhu trong hinh sy va an
ninh can tim cac ddi twong toc hoi nhat, da ngam den, cao khoang 1m60. Trong
kinh doanh cin cung cdp cho khach hang céac loai xe hoi cong suit trén 3.0,
mau man chin,...

Céac hudng nghién ctru vé co so dit liéu md va thd ciing cho phép chung
ta tim kiém cac truy van thudc loai trén. Tuy nhién, vin dé van chua dugc giai
quyét hoan toan khi sy phu thudc gifra cac thudc tinh dugc biéu dién dudi dang
logic téng quat kém theo do do phan anh tinh xdp xi. Py van 1a mot van dé
m¢ dang dugc quan tdim va nghién cuu.

Cung v6i su phat trién ngay cang manh mé cta khoa hoc va k¥ thuét, cac
loai phy thudc nhu di néu trén da va dang xuét hién rong rai trong nhiéu linh
vuc nhu di truyén hoc, vat 1y hoc, sinh hoc phan tir, cong ngh¢ vat li¢u... Su
can thiét va hop 1y ctia mot cong cu toan hoc dé mo ta va biéu dién céac loai phu
thudc nay trong cac co s dir liéu 1a diéu hién nhién va tat yéu

Khai niém vé phu thuoc Boole duong xap xi duge dinh nghia nhu sau:

Cho tap U gém n thudc tinh, mot cong thie Bool £ duong trén U, va céac
ham A; trén mdi thudc tinh i trong U. Cho cac ngudng &; 1a cac s6 thuc khong
am trén moi thudc tinh i trong U. Ta goi f'1a mdt phu thudoc Boole duong xép
xi theo ngudng € = (&4, &5, ..., &y).

Ta ndi phu thudc Bool duong fthéa quan hé r theo ngudng & néu véi moi
capbo u, v e r: fit(u,v)) =1, trong d6 #(u,v) dugc xac dinh nhu sau:

t(u,v) = (ty,ty, ..., ty)
t;= (2 w) —A(w)|<e)?1: 0

Céc diéu kién trén c6 y nghia nhu sau:

Quan h¢ r thoa phu thu¢c Boole duong xép xi néu véi mdi cap bo ¢c6 do
do theo tung thudc tinh dat dudi ngudng quy dinh thoa cong thirc f.

Vidu?2.7

Cho phu thudc Boole duong AB — C+D thé hién cac thong tin thi biéu
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dién nghé thuat vong 1 cua hoc sinh, trong d6

e Thudc tinh 4 1a trang phuc gdm céc trj {rat dep, dep, binh thudng}

e Thuoc tinh B 1a k¥ thuat biéu dién gém céc tri {rat hay, hay, binh
thuong}

e Thudc tinh C 14 kha ning vao vong 2 gém cac tri {1, 0}

e Thudc tinh D 1a kha ning nhan phan thuéng sau vong 1 gém cac tri {1,
0}

Gia st nha truong quy dinh cac ham A mhu sau:

Bang 2.5. Bang quy dinh cac ham A4

As | rat dep | dep | binh thuong

10 8 5

Az | rat hay | hay | binh thudng

5 4 2
Ac(x) = x; Ap(X) = X

Véingudng € = (A:2,B:1,C:0,D:0), thi hai d6i 16p 3 c6 két qua
Doi 3A1: u = (trang phuc: rat dep, k¥ thuat: hay, vao vong 2: 1, thuong: 1)
Poi 3A2: v= (trang phuc: dep, k¥ thuét: rt hay, vao vong 2: 0, thuong: 1)
s& cho cac két qua trung gian nhu sau:
ta = 1,vi|A,(rdt dep) — A4(dep)| =10 -8 =2<¢g,
tg = 1,vi|Az(hay) — hg(rdt hay)| = |4 — 5| =1<¢gg
tc=0,vi|A. (1) —=2c(0)|=1-0=1>¢
tp =1Lvi|A, (1) —2p(D)]=1-1=0<¢p
s€¢cotu,v)=(1,1,0,1)vachotaInl>0vl,hay1 > 1=1.
Dinh nghia 2.2
Ta goi bd bdn p = (U, A, &, F) 1a mot luwgc @o quan hé véi phu thujc Bool
dwong xdp xi, trong dé
e U la tdp n thudc tinh,

e F'la tap cac cong thirc Bool duong trén U,
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o A= (A, Ay, ..., Ap) 12 cac ham dinh lugng cho céac thude tinh trong U,
o &= (&, ..,&,) 12 cic ngudng xép xi cho céc thudc tinh trong U,
e 1<i<n
Cho quan h¢ r trén lugc dd quan h¢ v&i phu thude Boole duong Xép xi, p
= (U, A, &, F). Taky hiéu,
T,={t(uyv)u v er}
va goi T, 1a bang chan 1y ctia quan hé r theo lugc d6 p.
Dinh ly 2.4
Cho lwoc do quan hé véi phu thuéc Bool dwong xdp xi p = (U, A, &, F) va mét
phu thuéc Bool dwong xdp xi f € F. Cho quan hé r trén U. Khi d6,
(i)  Quan hé » théa PTBD xép xi fkhi va chi khi va chi khi 7, c Ty:
r) oI, cT;
(i) Quan hé r théa tap PTBD xép xi F khi va chi khi va chi khi 7  Tr:
HF) < T,cTr
Chirng minh
(1)  Theo dinh nghia cua T+ ta co
Te ={Ts: f €F}
Gia sir quan hé r thoa phy thudc Boole duong f. Ta can chimg minh T, T
Néu 13 quan hé réng thido T, = @ < Tynén T, < T».
Ngoai ra, v6i moi thudc tinh i, 1 <i<n, ta biét &; > 0. Theo tinh chét cua
cac ham dinh lugng A ta co
2, () = 2G| =0< g
Tu do suy ra
Huu)=e e T,
trong do e la vector don vi.

Vi f1a cong thirc Boole duong nén e € 77.
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Gia st ¢ € T,.Theo dinh nghia cta T, , trong r ton tai hai bo u va v dé
#(u,v) = t. Do quan hé r thoa fnén ta co f{¢), Piéu nay ching to ¢ € Tr.

Déo lai, gid st taco T, =Ty

Ta can chting minh quan hé  thoa phu thuéc Boole dwong xap xi £, Vi
moi cap bd u, v trong r, ta c6 Hu,v) € T,. Do T, Ty nén Hu,v) € Ty, tic la
f(#(u,v)), diéu ndy c6 nghia 13 » théa phu thudc Boole duwong xép xi f.

(if) Theo dinh nghia ctia Trta c6

Te={Ts: f €F}

Theo phan chirng minh (/) quan hé  théa tap phu thuéc Boole duong xap
xi £ khi va chi khi v&é1 moi ftrong F'ta co 7, < Tr. Do Tk 1a giao cua cac Tynén
T,  Tr. Péo lai, néu 7, c Trthi T, < Ty véi moi f trong F. Theo phan ching
minh (i) thi » thoa moi phu thudc Boole duong xap xi f. Ttr d6 suy ra quan hé r
thoa tap phu thudc Boole duong xap xi F.

Dinh 1y dugc chirng minh.

Xay dung phu thujc Boole dwong xdp xi théng qua cdc phu thujc yéu
xd’p xi

Cho tap thudc tinh U va mot cong thure Boole duong trén U. Cho hai ngudng €1,
&2 12 hai s6 thue khong am. Phu thudc Boole duwong xap xi (PTBDXX) 1 tdp cdc phu
thudc yéu xdp xi twong dwong voi f theo ngudng €1, €.

Vidu2.8

Cho f= (a + b) > (¢ = d) 1a mdt phu thuéc Boole duong trén U =
{a,b,c,d} va hai ngudng &1, &. Ta cé cdc phu thudc xdp xi sau ddy

{bc ei>&a +d, ac ei>& b +d, abec si—>é&2d}.

2.8. Pé xuit thudc Boole dwong xap xi tong quat

2.8.1. Xay dung phép sanh tri alpha dwa trén ham lambda

Ham alpha 14 quan hé bd phan thoa maén tinh chat d6i xtng, phan xa duoc

xac dinh tr mién tri cua cac thudc tinh trén khong gian so6 thuc dya trén ham
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Lambda.

Ta c6 thé xdy dung ham Alpha dua trén ham Lambda nhu sau:

Gia str v6i moi thude tinh 4 trong U da c¢6 ham A4 . Ta dinh nghia

Va, b eds: as(a,b) = (Aa(a) = A4(b)) (2.3)

Dinh 1y sau ddy khang dinh ring oy théa cac tinh chit phan xa, di ximg va
bd phén.

Dinh ly 2.5

Ham a4 dwoc dinh nghia qua hé thure thoa ba tinh chat phan xa, doi xung
va bo phdn trong dinh nghia dnh xa «.

Chirng minh

Gia str aed;. Khi d6 Aa(a) = Aa(a) nén au(a,a) = 1. Tinh chit phan xa Al
dugc ching minh.

Gia str a, bed; va au(a,b) = 1. Khi @6 A4(a) = A4(b), do d6 au(b,a) =1,

Déo lai, néu au (a,b) = 0, thi Au(a) # A4(b), do d6 cu(b, a) = 0. Tinh chit
d6i xtig A2 dugc chimg minh. Tinh chat ddi xing 42 duoc ching minh.

Theo tinh chat khac biét cia ham lambda, 3x, y € di: Aa(x) = Aa(y). Tir day
suy ra au(x, y) = 0.

Tinh chit bo phan 43 dugc ching minh.

Dinh 1y dugc chirng minh.

2.8.2. Phu thugc Boole dwong xd’p xi t(fng quat

Dinh nghia 2.3

Cho tap thudce tinh U va mgt cong thitc Bool duong ftrén U. Cho hai ngudng
€1, €& 1a hai s6 thuc khong 4m. Phu thudc Bool duwong xdp xi tong qudt
(PTBDXXTQ) 1 tap cac phu thudc yéu xdp xi S twong duong véi f theo ngudng
€1, €2.
Ta no6i quan hé r thoa phu thudc Boole duong xap xi tong quat £ néu » thdéa moi
phu thudc yéu xap xi trong S.

Do ftuong duong véi Snén Ty = Ts= N{T; | g €S} nén ta c6 két qua sau

day nhu la mot hé qua cua dinh ly 2.4:
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H¢ qua 2.3

Cho luoc d6 quan hé p =(U, &y, €5, A, d, F) va mot Phu thudc Boole dirong
xdp xi tong quat (PTBDXXTQ) f. Cho quan hé r trén U. Khi dé,

(i) Quan hé r thoa PTBDXXTQ f'khi va chi khi T, c Ty

(it) Quan hé r thoa tap PTBDXXTQ F khi va chi khi T, < TF.

2.9. Két luan chwong 2

Trong Chuong 2, luan 4n trinh bay két qua xay dyng ham bién ddi lambda
méi, dwa vao ham lambda dugc xay dung va két hop giira phu thudc ham x4p xi
va phu thudc Bool duong téng quat, luén an dé xuit cac phu thudc dir liéu méi bao
gom: phu thudc Bool duwong x4p xi, phu thudc Bool duong xép xi tong quat va phu
thudc yéu xép xi va chirmg minh sy trong dwong gitta phu thuéc Bool duong va
chi ra va chirng minh mdi quan hé giira phu thudc Bool duong téng quat véi phu
thudc Bool duwong x4p xi va phu thuéc Bool duong tong quat xap xi.

Viéc phan loai va dé xuat mot mé hinh chung cho céc loai phu thudc dir
liu 1a mot trong nhirng van dé dang dugc gidi nghién ciru dit lidu 16n quan
tam. V&i mot do do tiy v, thong qua cic ham Lambda trén mién tri cla cac
thudc tinh, ta c6 thé danh gia do Xép xi cua cac b trong quan h¢ bao gém cac
thudc tinh s6 va phi s6 nhu trang phuc, k¥ ning biéu dién,... dé van dung vao
hoat dong danh gia va xép loai cac dbi twong ciing nhu tim kiém xap xi cac ddi

tuong trong co s¢ dir lidu.
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CHUONG 3. CAC THUAT TOAN XU LY
LUQC PO QUAN HE

3.1. Mé& dau

Viéc sir dung cong cu logic dé miéu ta cac rang budc di liéu trong co so dit
lidu va chi ra cac phép so sanh gitip ngudi quan tri dit liéu hiéu rd hon vé tinh da
dang cua dir li¢u trong thuc té. Trong céc phén dudi day, NCS s€ trinh bay cach
str dung cong cu logic dé giai quyét cac bai toan kinh dién trong co s dir licu.
Nhitng khai niém va thuat toan thu duogc tir d6 tré thanh cac cong cy hitu ich
trong viéc t6 chirc va tim kiém dir liéu trong co s& dir lidu. Vi vay, trong chuong
3 NCS tap trung trinh bay cic ndi dung sau:

(1) Tong hop qui trinh giai bai toan suy dan theo ba tiép can hinh thirc bao
gdm: chirng minh truc tiép theo thuat giai Vuwong Hao, chimg minh tryuc tiép theo
chuan hoi va chirg minh phan chig theo hop giai. Bén canh do, chiing t6i ciing
dua ra cac két qua méi vé viée ap dung cac phuong phap chig minh hang dung
dé giai quyét bai toan vé thanh vién trong 16p cac phu thudc logic va thu gon cac
luat suy dan trong co s& tri thitc. Cac phuwong phap ndy s& gitip ting tinh hiéu
qua va giam thiéu do phuc tap trong viéc xur 1y dir lidu.

(2) Xay dung thudt toan tim bao dong ctia mot tap thudc tinh cho 16p cac
phu thudc logic. Bao dong cua tap thudc tinh dugc van dung trong cac bai toan
tim khoa va bai toan thanh vién gidi han trén phu thugc ham.

(3) Xay dung thuat toan tim khoa cho 16p cac phu thude logic. Khoa dugce
van dung chu yéu trong cac thuat toan truy van co so dir lidu.

Céc két qua nay 13 mot trong nhitng dong goép co ban cia NCS, duoc trinh

bay trong CT2, CT3, CT4 - Danh muc cdc céng trinh céng bo cua NCS.

3.2. Tong hop cac phwong phap chuyén cong thirc logic vé dang chuin
hoi
Céng thirc logic dang chudn hoi (CNF) déng vai trd quan trong trong qué
trinh giai cac bai toan nhu bai toan chirng minh mét cong thirc Bool 14 hang dung,

giai bai toan thanh vién, phu va phu khong du, bai toan tim bao dong va khoa,...

Pé ¢ thé mé rong khai niém phu thudc Boole duong xap xi, cac phan 1ap
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luan dudi day lién quan dén viéc chuyén mot cong thie logic bat ky vé cong
thirc dang chudn hoi (CNF) [16] [18].

Dinh nghia 3.1

Cho tap cac bién Boole U = {ay, a>, ..., a,}. Cong thuc logic £ trén U ¢6
dang chuan hoi néu £ duge biéu dién dudi dang tich cua cac tuyén [16].

L=g192...8m
trong d6 mdi g;, 1 <i <m 1a mot tuyén ctia cac bién thanh phan trong U.

Vidu, Cho U= {x, y, z, w}. Cong thirc £ sau day thudc dang chuan hoi:

L=ty +xy+wkx'(y +x).

Dinh ly 3.1

Moi céng thire logic déu twong dwong véi mét cong thire CNF [15].
Theo tai liéu [14] [18] c6 hai phuong phap chuyén mot cong thirc logic
vé dang CNF nhu sau :

3.2.1. Phuwong phdp bién déi logic
Chuyén cong thtc logic £ vé dang CNF bang cach ap dung cac luat dudi
day trong logic m¢nh dé:

Cac ludt logic

Vi moi céng thirc X, ¥, Z trén tap bién Bool U. Ta co:

(R1) Luatgiaohoan: X+ Y=Y+ X; XY =YX

(R2) Luat két hop: X+(Y+2) = (X+V)+Z; X(YZ) = (XY)Z.
(R3) Luitliy ding: X+X =X, XX=X

(R4) Luattrung hoa: X+0 =X; X+1=1; X0=0; X1 =X.

(RS XX’'=0; X+X =1.

(R6) Phu dinh cua phu dinh: X’=X.

R7) X>Y=X+Y.

R8) X->Y)y=XxY"

(R9) Luatde Morgan: (XY)’'=X +7; (X+Y)'=X7Y.

(R10) Luat phan phdi: X + YZ = (X+Y)(X+2); (X+Y)Z=XZ + YZ;
(R11) Luét nudt: X + XY = X; X(X+Y)=X.



54

Lap lai viéc ap dung céc luat khir phép kéo theo, luit de Morgan, luat phan
phéi trong logic [43] [44] cho dén khi thu duoc cong thire logic c6 dang CNF.
Vidu 3.1
Chuyén dbi cong thitc L = (b + ¢) — (d — e) sang dang CNF?
TacoL=(b+c)—>(d—e)
=(b+c)+(d—e) // Ap dung luat R7
=(b+c)+(d +e) // Ap dung luat R7
=b’c’+(d’+e) // Ap dung luat R9
=(b+d+e’) (¢’ +d +e) // Ap dung luat R10
Vay, L= (b’ +d +e)(c’ +d +e)codang CNF.
3.2.2. Phwong phap ldp bang
Chuyén cong thtc logic £ trén tap thudc tinh U vé dang CNF theo phuong
phap 1ap bang v61 cac budce sau day:
1. Lap bang tri T, theo cac bién trong U va cong thirc logic £
2. T mbi dong ¢ = (vi,...,vs) théa L (f) = 0 trong bang tri T, tao ra mot

tuyén co s& g:= (z1+ ... + zn), VOi

1<i<n

{xi néuv; =0
z; = .
oxjnéuv; =1

3. Tra két qua M = g;...gk 14 tich cuia cac tuyén co so.
Két qua thu duoc sau bude 3 chinh 1a dang chuan hoi cta cong thirc L.
Vidu 3.2
Chuyén cong thirc £ = (a + b) — (¢ — d) vé dang CNF?
Ta c6 bang 3.1 thé hién cac budc chuyén cong thic logic £ vé dang CNF:
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Bang 3.1. Chuyén £ vé dang CNF

a b ¢ d a+b c¢c—>d (a@a+b)>(c>d M

M @ G @ 6 (© (7 (®)

O 0 O O O 1 1

0O 0 O 1 O 1 1

O 0 1 0 O 0 1

0 0 1 1 O 1 1

o 1 0 0 1 1 1

O 1 0 1 1 1 1

01 1 0 1 0 0 a+b +c +d
0 1 1 1 1 1 1

1 O 0 0 1 1 1

1 0O 0 1 1 1 1

1 0 1 0 1 0 0 @+b+c+d
1 0 1 1 1 1 1

1 1 0O 0 1 1 1

1 1 0 1 1 1 1

1 1 1 0 1 0 0 a+b+c+d
1 1 1 1 1 1 1

Vay, CNF L =M = (a+b’+c’+d)(a’+b+c’+d)(a’+b’+c’+d).

Trong bang 3.1, cac cot (1) — (4) chira céc tri 0/1 cho cac bién a, b, ¢ va
d ; cac cot (5) — (7) 1a cong thirc logic trong £, cot (8) 1a tuyén co s clia cac
dong tai d6 £ nhan gia tri 0.

Hai phuong phap c6 thé cho ra hai dang CNF khac nhau, mic du cac két
qua thu dugc 13 twong dwong. Ca hai phuong phap déu thudc 16p NPC va co
d6 phurc tap tinh toan 0(2™), trong d6 n 1a sé ky bién logic [CT4].

3.3. Xay dung phwong phap chirng minh cong thirc hz"ing dung

Hién nay, bai toan hang ding (tautology) duoc van dung voi tan suét cao
trong cac linh vyc dir li¢u 16n, khai thac tri thire va tri thé nhan tao noi chung.
Khi van dung, ngoai viéc ching minh cac dinh 1y toan hoc doi hoi cac luat
chinh xac, trong thuc tién, cac luat thu duoc chi cé6 mot do chinh xac nhat dinh,
do do6 viéc nghién clru cac bai toan tya-tautology, tirc 1a bai toan xac dinh cac
biéu thirc logic da tri mang tri true vo1 mot do chic chin nhat dinh c6 y nghia
thiét thyc hon. Tuy nhién, linh vuc nghién ctru méi nay ciing dugc xay dung

trén co s¢ 1y thuyét ciia bai toan tautology tryén thong.
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Dinh nghia 3.2
Cho tap ky bién Bool U. M6t cong thirc Bool ftrén duogc goi 13 hang diing
(tautology) néu fix) =1 vi moi phép gan tri x [18].
Nhu vay chirng minh f— g twong duong véi ching minh cong thic (f —g)
1a cong thire hang dang [5].
Vidu 3.3
Céac cong thirc sau diy 1a hing dung:
a—a
a+a
ab —>a
Cong thire fla,b) = ab+b' khong phai 1a hang dung vi 0,1)=0-1+1'=0
+0=0.
Lu4n 4n x4y dung cac phuong phap chirmg minh CTB 13 hiang dung thuc
hién theo mot trong ba phuong phap sau [CT4]:
3.3.1. Phwong phap chirng minh truc tiép theo CNF
Theo phuong phap nay dé ching minh cong thirc £1a hang dang ta thuc
hién theo hai pha sau day [CT4]:
Pha 1. Chuyén fvé dang CNF
f = wuy ...uy
Pha 2. Két luan: £1a hang dang khi va chikhiu; =1, 1 <i<k.
Vidu 3.4
Khao sat hang ding sau:
f=a—>b)b—>c)—>(a—>c)

Pha 1. CNF. Ta co
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f=Wa—>b)b—>c)—>(a—c)
= ((@'+b)(b'+c)) + (a'+c)
=(a@'+b)+(b'+c)+(a+c)
=a"b'+b'"c"+a +c
=ab'+bc'+a +c
=ab'+bc'+a +c
=ab'+(b+a')c'+a)+c
=ab'+(b+a'+c)c+a+c)
=(ab'+ b+a' + c¢)(ab'+c'+ a' + ¢)
=(a+b+a +c)b+b+a+c)atc'+a +c)b'+c'+ a +c)
Pha 2. Két luan
(atb+ta'+c)=1,vicoata =1
b +b+ta'+c)=1,vicob+b'=
(atc'+a' +c)=1,vicoc+c=1
(b'+c'ta +c)=1,vicoc'+c=1
Vay f1a cong thirc hang dung.
3.3.2. Phwong phap Vwong Hao
Phuong phap Vuong Hao dung dé chirng minh tautology 7 — P theo céc
budc sau [CT4]
Buodc 1 (CNF — DNF).
Pua vé trai T vé dang CNF.
Pua vé phai i vé dang DNF 1a cong thirc logic c6 dang chudn tuyén, cu
thé 1a P dugc biéu dién dudi dang tuyén cua cac hoi;
Pé dua cong thec T — P vé dang CNF — DNF ta co thé van dung céc
luat (R1) — (R11) dé bién d6i hai vé T va P thanh dang chuén sau:
ht...tyu—>prtpxt...+py

Trong d6 vé trai 1a mot CNF, vé phai 1a mot DNF.
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Buée 2 (Khir phit dinh). Chuyén vé cac bién c6 dau phu dinh. Néu x' xuat
hién tai vé trai thi chuyén x’ sang vé phai thanh x va nguoc lai.

Buée 3 (Tach). Néu dong hién hanh ¢6 mot trong hai dang sau:

eDang 1
ti.. (@+b)..t,—>p;+-+ p,
Thi thay bang 2 dong:
{tl oty > pr o+ py
ti..b..ty,—> pg+-+ py
eDang 2

ty ..ty >p1+ .+ ab+ ... +p,

Thi thay bang 2 dong:
{tl wwty—>p1t+ . t+a+ ...+ py,
t1 ...ty >p1+ ..+b+ .. +p,

Buoc 4 (Két luan). Mot dong dugc chiing minh khi va chi khi c6 mot bién
xuét hién & ca hai vé.
Bai toan dugc chimg minh néu moi dong dugc chimg minh.
Vidu 3.5
Khao sat tautology

f=({a—>b)b—>c)>(a—>c)

Ta co:
Véttrai T = (a — b)(b — ¢) = (a'+ b)(b' + ¢) // CNF
Vé phdi P =(a— c)=a'+c// DNF
(a'+b)b'+c)—>a' +c
(a'+ b)(b'+ c)a — ¢ // chuyén a qua trdi

{“b(é’ bf:gi{:‘i // tach cum (a'+b)
// Tach cum (b'+c)

aba—c

aca—c

bba—c

bca—c
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// chuyén cac x' sang vé phai

a—>c+a+b
ca—>c+a
ba—>c+b
bca—c

// Xét 2 vé c6 cung k¥ bién
a — ¢ + a + b (dwoc chitrng minh/dcm)
ca—>c+a (dem)
ba—c+b (dcm)
bca—>c (dem)
// chuyén cac x' sang vé phai

a—>c+a+b
ca—>c+a
ba—>c+b
bca—c

Xét 2 vé co cung ky bién
a — ¢ + a + b (dwgc chirng minh/dem)
ca—>c+a (dcm)

ba—»>c+b (dcm)
bca—>c (dcm)

Buée 4 (Két luan): Vi 4 dong déu dugc chimg minh nén bai toan duogc
chirng minh, c6 nghia la f'1a tautology.

3.3.3. Phwong phap hop gidi

Trong logic, phwong phap hop giai [18] duoc sir dung dé giai bai toan
suy din f— g. Dé ching minh f — g 13 tautology ta xét phu dinh O = (f — g)’
= f'g’. Néu ta chirng minh duoc Q 14 sai, thi f— g 1a hang dung. Do d6, hop
giai con dugc goi 1a phuong phéap ching minh bang phdn chirng [CT4].

Cho cong thuc logic O dang CNF. Phuong phap hop giai thuc hién qua
trinh wdc luoc O nhu sau: Thay mdi cip nhan tir (x + B), (x’+ C) trong O bang
nhan tir B + C, trong d6 x 12 mot bién logic, B va C 1a cac cong thirc logic. Qua
trinh duoc lap lai cho dén khi trong O khong con ton tai cip nhan tir nao co

dang trén hoac khong con udce luge duge nira. Néu 0 = J thi tandi la hop giai
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thanh cong, tic 1a Q — false, ngugc lai ta no1 hop giai khong thanh cong. Khi

hop giai thanh cong, do O — false nén ta két luan O 14 hang sai.

Thuét toan 3.1 (Thuat toan hop giai)

1 Algorithm Unif(H)

2 Input CNF(H)

3 Output unif(W)

4 Begin

5 W := H;

6 while there are terms (x + B) and
7 (x> + €©) in W do

8 delete (x + B) in W;
9 delete (x’ + C) in W;
10 (B +C) to W

11 endwhile

12 return W;

13 End Unif

Vidu 3.6
Chung minh f — g, trong do
f=(a—b)(b—>rc)
Va g=a—>c

Ta s€ dung ky thuat hop giai.
Xétfg' = (a—>b)(b—>c)a—c)

=(a > b)(b > c)ac'

= (a'+b)(b'+c)ac' (CNF)
Hop giai

(a'+b)(b'"+c)ac' — b(b'+c)c' — cc' = D.

Vay hop giai thanh cong, nghia 1a fg' — false. Vay f— g.
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Ménh d@é 3.1
Cdc bai todn chung minh tautology sau day thudc l6p NPC:
(i) Chung minh theo phuwong phdap Vwong Hao.
(i) Chung minh theo phwong phap hop gidi.
(iii) Chitng minh triee tiép theo phirong phdp CNF.
Phép gan tri dang thirc va bang chan Iy ciia quan hé
Dinh nghia 3.3
Cho quan hé r véi tap n thudc tinh. Ta quy wdc ring mdi mién tri d; cua
thudc tinh i, 1 <i < n, c6 chira it nhit hai phdn tir. Véi mbi cip bd
u = (uq, Uy, ..., Uy) vVa
v = (Vq1,V3, ., Vp)
trong r ta xay dung mot vector Boole #(u, v) nhu sau:
t(u,v) = (t1,ty, ., ty)
t,=(Q@; =v;)?1:0
Ta goi #(u, v) 13 phép gdn tri dang thirc trén cip bd u va v trong quan hé 7.
Véi moi quan hé r trén tap n thugc tinh u ta xac dinh tdp cac vector Bool
T, ={t(w,v):u,vr}
va goi T, la bang chdn Iy ctia quan hé . Theo dinh nghia ta thay:
e Néurla quan hé rong thi T, = @.
o Néu quan hé r c6 chira it nhat mot bd u ndo dé thi do ou,u) = e nén e
e T,
Vidu 3.7: Xét quan h¢ r dudi day. Ta c6 bang chan ly 7, nhu sau

Bang 3.2. Quan hé rva T

r Tr

B | A B c Capbd|A B C

U [14 7.5 HBi An t(uyu) [1 1 1

v 6 7.5 Ha Noi t(u,v) |@ 1 o

w 1 2.0 HOi An t(u,w) |©@ 0 1
t(v,w) |©@ © ©
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Dinh nghia 3.4 [12]

Cho U la tdp thudc tinh khéng rong. Méi cong thirc Bool dwong (PTBD) trén
U 1a mét phu thudc Boole duong

Cho quan hé  trén U. Ta n6i quan hé » thoa phu thuc Boole duong fva ky
hi€u r(f) néu véi moi cdp bd u, v trong :

r(f) < Vu, v er: f(tu,v) = 1.

Cho quan hé r trén U. Ta néi quan hé r théa tap phu thudc Boole dwong [F va

ky hiéu #(F) néu  théa moi phu thudc trong £ &
r(F) < Vf e F:rf)

Cho tép thugc tinh U va tap cac cong thirc Bool duong trén U. Ta goip =
(U, F) 1a luoc do quan hé voi tap phu thuéc Bool duong F.

Dinh ly 3.2

Cho lwoc dé quan hé p = (U, F) va mét phu thudc Boole dwong f € F. Cho
quan h¢ » trén U. Khi do,
(1) Quan h¢ r théa phu thudc Boole duong f khi va chi khi va chi khi 7, < 77

ri) <T,cTy

(i1) Quan h¢ r thoa tap phu thudc Boole duong F khi va chi khi va chi khi 7, Tr
rF) <T,.cTr

Chirng minh

(i) Néu r 1a quan hé rdng thido T, = @ < Ty nén T. c T).

Néu r 14 quan hé khong rdng, gia st u € r, thido t(u,u)=e € T, vado f 1a
mot cong thirc Boole duong nén e € 7y Gia st hai by u, v trong » cho ta phep
gan tri t(u,v) € T, . Theo dinh nghia cuia tinh thoa ctia phu thudc Boole duong,
ta co f{t(u,v)) = 1. Diéu nay ching to t(u,v) € Tr.

Pao lai, gia st quan hé » ¢6 T, < Ty. Ta can ching minh 7 théa phu thudc
Boole duong f. Gia st hai bd u, v trong r ¢6 H(u,v) € T. Vi T, < Tynén Hu,v) €

Tr. Biéu nay chung to #(u,v) thoa cong thuc Boole duong f.
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(1) Theo dinh nghia ctia Trta c6
Te={Tf:f €F}

Theo phan chirmg minh (i) quan hé r thoa tap phu thuéc Boole duong F
khi va chi khi vé1 moi f trong F ta ¢c6 7 < Tr. Do TF la giao cua cac Tynén T
c Tr. Pio lai, néu T, c Trthi T,  Tyv6i moi f'trong F. Theo phan ching minh
(?) thi r théa moi phu thudc Boole duong f. Ttr do suy ra quan hé » théa tap phu
thudc Boole duong F.

Dinh 1y dugc ching minh.

Dinh ly twong duong [12]

Cho tdp PTBD F va mot phu thuoc Boole duwong f. Ba tién dé sau la
tuong duong,

() F E f(suy ddn logic)

(i) F |- f (suy dén theo quan hé)

(i) F |-2 f (suy dén theo quan hé c6 khéng qua 2 bg)

D6i v6i phu thudc ham ta da dinh nghia quan hé » théa PTH £ X — Y, vaky
hiéu 13 r(f) néu

YuveruX=vX=uY=vY

Khi coi PTH nhu 13 mdt trudng hop riéng cia CTBD ta di chip nhan dinh
nghia quan hé » théa PTH £ X — Y néu T, c Ir.

e Quan h¢ r théa phu thuéc ham f: X—Y trén U khi va chi khi T, c Tr.

r) T, cT;
e Quan hé r thoa tap phu thuéc ham F trén U khi va chi khi T  TF:
rF)T,cTr
Cac phu thudc sau day thudc 16p phu thudc Boole duong véi cac cong

thirc Boole twrong ing nhu sau:
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Béang 3.3. Cac 16p phu thudc Boole duong

Phu thudéc Ky hiéu Céng thirc Boole dwong
Phu thuéc ham XY AX = AY
Phu thuéc manh X@)>Y vX > AY
Phy thudc yéu X(w)y>Y AX = VY
Phu thudc d6i ngau X(d)—Y vX = vY
Phu thudc da tri XY AX = (AY) v (NUX\Y))

3.4. XAy dung thuit toan suy din trong lugc do quan hé

Trong phan nay va cac phan tiép theo s& phat biéu va chirng minh diéu
kién can va du dé mot cong thic logic c6 thé biéu dién dudi dang hdi ciia cdc
cong thire suy dan. Y nghia cta két qua nay 1a nhu sau. Nhu ta da biét, logic c6
thé duoc st dung dé mo ta cac loai rang bugc dit li¢u da dang trong thuc tién.
Phu thudc ham va céac bién thé, chéng han, phu thu¢c ham né1 léng va cac phu
thudc manh, yéu va ddi ngau déu duoc biéu dién qua cac cong thic suy dan X
— Y v61 X va Y la cac tap con thuQc tinh va dugc gan ngtr nghia nhu dang hoi
logic. Van dé dat ra 1a: cac phu thuoc dang ham X — Y c6 du dé mé ta cac loai
rang budc trong thuc tién khong? Cau tra 10i 1a phu dinh. Ton tai nhimg loai
rang budc (logic) khong thé duge mé ta thong qua cac phu thudc dang ham.

3.4.1. Suy din trong lwoc do quan hé véi phu thujc ham

Mbi phu thuoc gitta cac tdp thudc tinh trong co so dir lieu quan hé dugce
mo td qua mot biéu thirc f. Céc biéu thirc mé ta sy phu thudc cé thé ¢6 dang
giai tich, vi du Thanh tién = 56 lwong x don gid

Céc biéu thirc ciing c6 thé 1a nhitng ménh dé, vi du

* Hai 1an rat tién cua cung mot thé ATM tai hai dia diém cach nhau trén
100 km khong thé 1éch nhau dudi 30 phut.

* Trong ky thi 4 mon chuyén 4, B, C, D cua cum truong, hai thi sinh cua

cung mot truong phai dang ki hai mon thi khac nhau.
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Cho tap thugc tinh U, phu thudc f'va quan h¢ r trén U. Ta ndéi quan hé » théa

phu thudc £, va viét r(f) néu
Yu,v € r: y(fu,v) = A(f,u,v)

trong d6 y va A 1a céc tan tir xac dinh trén f'va cap thudc tinh u, v.

Lwoc do quan hé (LDQH) 1a mét cép p = (U, 2), trong d6 U 1a tap thude tinh,
2 la tap céac phu thudc trén U.

Moi quan hé va phu thudc trong bai déu dugc hiéu 1a cac phu thudc xay dung
trén tap thudc tinh U cho trude.

Mbi quan hé r trén luge dd quan h¢ p dugc goi la mot thé hién cua lugc do
quan hé p. Moi thé hién r trén luge d6 quan hé p phai thoa cac phu thudc X, Ta
no1, quan hé r thoa tap phu thudc 2, va viét r2), néu r thoa moi phu thuQc trong

2,

def
r(2) & Ve 2:r(f)
Phy thudc ham truyén théng va cac bién thé cua phu thudc ham truyén
thdng dugc dic ta nhu sau

Bang 3.4. Pic ta cac loai phu thudc phu thudc ham truyén théng
phu thugc manh, y€u va doi ngau

Vu, veR: EquX, v.X) = Eq(u.Y,v.Y)
PTH (truyén théng) def

EquX,vX)e&eVAeX uAd=v.A

Vu, veR: Eql(uX, v.X) = Eq(u.Y,v.Y)
PT manh def

EqluX,vX)e=3J4d e X:ud=v.A
PT yéu Yu, veR: EquX, v.X) = Eql(u.Y,v.Y)
PT d6i ngau Vu, veR: Eql(u.X, v.X) = Eql(u.Y,v.Y)

3.4.2. Cac bai todn lién quan dén phu thuc dit liéu

Khai niém phy thudc dir liéu dugce nghién ciru nham giai quyét cac bai
toan sau ddy mot cach tot nhat.

Bdi todn cdp nhdt: Cho quan hé r trén lugc dd p = (U, 2) va hai bo ¢ va ¢’

trén U. Bai toan cap nhat lién quan dén ba thao tac thém, x6a va stra nhu sau:
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Gia thiét: r(2): quan hé r théa tap phu thuoc 2.

e Thao tac thém: »'=r U {¢}: thém mdt b0 t vao quan h¢ r.

e Thao tac x6a: ' =r - {¢}: loai bo bd t khdi quan hé .

e Thao tac stra: stra b0 ¢ trong r thanh bd ¢/, r'=r - {¢t} U {¢'}

Yéu cau: 7(2) : Sau khi cép nhat (thém, x6a hoic stra) quan hé két qua '
van thda tap phu thudc .

Cu thé 13, néu trude d6 r di thoa tip phu thudc 2 thi sau khi thue hién cac
thao tac thém, x0a, stra dé thu dugc quan hé rthi 7/ van phai théa ~. Ta ndi X
1a bdt bién doi véi cdc thao téc cdp nhat.

Ta thay, thao tic stra twong duong v6i diy tudn tu hai thao tic xda va
thém, do d6 chi can yéu cau X bat bién ddi voi hai thao tic xda va thém. Mit
khac, theo dinh nghia vé tinh thoa, néu r(2) thi v&é1 moi quan hé ' < r, ta co
#(2). Tur day suy ra chi can X 14 bat bién dbi voi thao tac thém.

Noi chung, tinh chit P ciia mot tap S co thé khong bat bién d6i voi thao
tac xéa. Vi du, S 12 mot tap hop s thoa tinh chat P: S c6 it nhat & sb chin (k 1a
hang sd). Ta thay P 1a bat bién ddi véi thao tac thém nhung khong bat bién ddi
vo1 thao tac xoa.

Pé thém bo ¢ vao quan hé r ta phai kiém tra diéu kién sau day.

Yuer,Vfe 2 yfut) > A(f,u,t)

Thu tuc nay doi hoi do phuec tap tinh toan 16n vi phu thudc vao kich thude
cuacactap 2 var.

Kho khin nay duoc giai quyét bude dau bang khai niém chudn héa.

Bai todn chudn héa: Thay quan hé cho trudc bang tip cac quan hé nho
hon, thuan tién nhét cho viéc cap nhat. Véi phu thudc ham truyén théng, nguoi
thiét ké CSDL tach mdi quan hé thanh cac quan hé thanh phan c6 dang chuan
"tot nhdt" cho phép chi kiém tra trén mot khoa K cia 7.

Néu Juer: uK = t.K thi khong nap ¢; ngugc lai: nap ¢ vao r.
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Bai todn tim kiém: Cho quan h¢ r trén lugc dd p=(U,2) va mot b ¢ trén
U. Cac yéu cau tim kiém c6 thé rat da dang, thi dy,

* Hay cho biét # xuat hién tai vi tri ndo trong r?

* Hay cho biét ¢ va nhitng b gin véi ¢ xuat hién tai nhitng vi tri ndo trong
r? Thudt ngir ”gcfn " 6 thé duwoc hiéu la xcfp X1 theo mot tiéu chi nao do.

Mubn tang tde do tim kiém ta phai van dung khai niém khda nhu mot tap
con du nho cac thudc tinh cho phép xac dinh duy nhat mot bd trong quan hé.
Khai niém khoa lai dugc xay dung trén co s& bai todan thanh vién dudi day.

Bdi todn thanh vién [34] : Cho lugc dd quan hé p = (U,2) va quan hé r
trén p, ta c6 #(2), nghia 1a » thoa moi phu thudc trong 2. Ngoai X, r ¢6 thé thoa
cac phu thudc khac ntra. Vidu, U= A4ABC, 2 = {A—B, B—C} thi moi quan h¢
thoa 2, » con thoa phu thudéec 4—C.

Tong quat, cho LDQH p = (U, X) va mot phu thudc g trén U. Ta n6i phu thudc
g dugc suy din theo quan hé tx tap phu thudc X va viét |— g néu VreREL(U):
rQ)=r(g). Ki hi€u, 2" = {g: X2 |—g } va goi la bao dong cia 2.

Bai toan thanh vién khi d6 dugc phat biéu nhu sau:

Gia thiét: Cho lugc dd quan hé p = (U, 2) va méot phu thudc g trén U. Két
ludn: g € 2?

Giai duoc bai toan thanh vién ta c6 thé giai duoc bai toan khoa [34] Ngoai
ra bai toan thanh vién giup ta thu gon tap phu thudc X, tirc 1a thay thé = bang
tap phu thudc twong duong vai kich thude nhé gon hon, do do s€ giam duge do
phc tap cua cac thut toan. Mudn giai bai toan thanh vién ta phai kiém tra moi
quan hé trén luogc dd quan hé p. B§ phtrc tap tinh toan khi do6 sé rat 16n, dac biét
khi gdp cac thudc tinh voi mién trj vo han, nhu kinh phi, hoac khoang cach gitra
cac thién thé. Tir d6 phat sinh nhu cau tat yéu sau dy: Trong truong hop nao
thi c6 thé giai bai toan thanh vién bang cong cu logic, cu thé 13, néu ta xem cac
biéu thirc mé ta cac phu thude nhu 14 cac biéu thic logic xay dung trén cac bién

1a cac thudc tinh trén U thi trong diéu kién nao X |— g trong duong véi X |= g?
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Pau tién, van dé nay dugc Armstrong giai quyét tron ven vo1 phu thudc
ham truyén thdng [26] nhu sau

Cho lugc d6 quan hé p = (U, X) va mot phu thudc g trén U. Ta noi phu
thudc g dugc suy dan theo quan hé co khong qué hai bg tur tap phu thude 2’ va
viét X |-2 g néu VreREL>(U): r(2)=Kg).

Dinh Iy twong duwong [34] [40]

Cho lugc d6 quan hé p = (U, X) va mot PT g trén U. Ba ménh dé sau 1a
tuong duong:

o Y[ g (suy dan logic)
o | g (suy dén theo quan h¢)
o X |-z g (suy din theo quan hé c6 khong qua hai bo).

Armstrong ciing d& xuét ba tién dé 1am co s& cho suy dan logic d6i véi
phu thudc ham truyén thng.

VX, Y,Zc U:
e Tién dé phan xa: Néu Y c X thi X—>Y
e Tién dé gia ting: Néu X—>Y thi XZ—>YZ
o Tién d¢ bdc cu: Néu X—Y va Y—>Z thi X>Z

Theo dinh 1y tuong dwong, mudn chimg minh % |—g thi van dung tién dé
Armstrong, mudn phu dinh X |— g ta chi can xay dung mdt quan hé » véi 2 bo
sao cho 7(2) nhung r khong thoa g.

Tiép theo, nhom nghién ciru Fagin et al. d& xuat phy thudc logic va ching
minh dinh 1y trong duong cho loai phu thudc nay [12] Sau d6 nhoém Blok phat
hién ra rang dinh 1i trong dwong khong dting cho cac phy thudc logic néi chung
ma chi dung cho céac cong thuc Boole duong.

Céc cong trinh lién quan dén phu thudc ham va cac loai phu thugc Boole
duong trudec nam 1992 chi quan tAm phép sanh tri ding thic Eq dugce dinh

nghia nhu sau.
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VXc U, Yu,ver:

def
EquX,vX)y &S VA e X uAd=v.A

Niam 1992 Nguyén Xuan Huy cung nhom nghién ciru cua minh di mo
rong khai niém sanh trj va cung cip moé hinh phy thudc Boole duong téng quat
bao toan dinh 1y twong duwong 1am co s& cho co ché suy dan va cac bai toan lién
quan nhu bai ton tim kiém, bai toan thanh vién, xac dinh khoéa... 1a nhiing van
dé khong thé thiéu trong quan 1y CSDL.

3.4.3. Thudt todn suy din

Khai niéem chung

Céc cong thirc suy dan (CTSD) c6 dang X — Y, trong 6 X va Y 1a cac hoi
logic cta hitu han bién dugc st dung kha rdng rai trong tin hoc. Ching dong vai
trd chi yéu trong cic motor suy din cuia cac hé chuyén gia, trong viéc thé hién cac
rang budc dir li€u cua cac co s¢ dir li€u cling nhu trong céac thuét toan trich chon
luat tir cac kho dir liéu thudc linh vuc khai thac tri thirc[45].

Trong 16p cac phu thudc Boole duong, cac cong thire suy dan chinh 1a I6p

cdc phu thuéc ham duge Codd hinh thire hoa 1an dau tién vao nam 1970 [1].
Ta dinh nghia Vv € B”, Set(v) = {4 € U|v.A =1}, khi d6 giita B" va 2V

ton tai mot song anh.

Néu coi X 12 mot hoi cac bién logic thi véi mdi phép gan tri v, ta c6 X(v)=1
khi va chi khi Set(v)2X.

Cho f: X—Y 1a mot cong thirc suy dan trén U, véi modi phép gan tri v, ta co
f(v)=1 khi va chi khi Set(v) o X = Set(v) 2Y.

Ky hiéu /(U) 1a tap cac cong thirc suy dan trén tap bién U.

Ta goi mot hdi suy dan 14 tap F cac cong thic suy dan, F = {fi,....fu}. VOi
mdi cong thirc suy dan £ X—7, ta biét fle) = X(e) — Y(e) = 1—>1 = 1, nén cac

cong thirc suy dan 1a cac cong thic Boole duong, tic 1a I(U) < P(U).
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Cho V'1a tap céac phép gan tri trén U. V&1 hai phép gan tri u,veV ta xét phép
toan &, u & v, nhu 1a phép nhén logic trén cac thinh phan tuong ng cla u va v.
Ta quy udc tich ctia mot tap réng cic phan tir trong ¥ chinh 13 phép géan tri don vi
e = (1,...1). Tap cac phép gan tri ¥ dwuoc goi 1a dong doi véi phép nhin & néu V
chira tich ctia moi cp phén tir trong V, tic 1a Yu,v € V: u&kv e V. D thiy,
Set(u&v) = Set(u)NSet(v), tirc 13 song anh giita B” va 2V trd thanh dang cdu voi

hai phép toan tuong ing la & va N.
Hoi suy dan

Ta ciing biét moi cong thirc logic déu c6 thé biéu dién duéi dang chuan
tuyén (hoi). Néi cach khac, mdi bang T < B" déu tmg voi mot cong thire logic
dang chuan tuyén (ho1). Van dé biéu dién mot cong thirc logic qua mdt tap céc
phép toan va hang logic cho trude chua co 10i giai tong quat [40]. Cac phan
trinh bay duéi day lién quan dén bai toan sau.

Bai todan

Xdc dinh diéu kién can va dii dé cé thé biéu dién mot cong thure logic dudi
dang héi suy dan [40].

B d@é 3.1

(B dé vé tinh dong cua phép & trong Ty [40]. ) Véi moi cong thire suy
dan f trén U, Ty chita cdc phép gan tri don vi e, gan tri khéng z va dong véi
phép &.

Chirng minh

Cho CTSD £ X — Y va e 1a phép gan tri don vi, z 1 phép gén tri 0. D& thy
fle)=Az)=1, do d6 e, zeTy. Gia sir u,ve Ty . Pit t = u&v, ta can chimg minh teTy
. Gia su Set(t) o X. Vi Set(t) = Set(u&kv) = Set(u)NSet(v) nén Set(u) o X va Set(v)
D X Vi f(u) = f{v) = 1 nén ta phai c6 Set(u) o Y va Set(v) o Y va do d6 Set(t) =
Set(u)NSet(v) 2 Y. Vay f(f) = 1, vado d6 teTy.

Vi moi hoi suy dan F trén U, vi bang chan 1y Tr ciia F 13 giao cla céc

bang chan 1y ctia cac cong thirc thanh vién nén ta c6 cac hé qua sau day.
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H¢ qua 3.1

V6i méi HSD F trong I(U), Tr chira cac phép gan tri don vi e, gan tri khong
zva dong voi phép &.

Hé qua 3.2

Bang T < B" la bang chén Iy ciia mét héi suy dan khi va chi khi T chiva
cdc phép gan tri don vi e, gan tri khong z va dong voi phép &.

Vidu 3.8

Cong thirc logic 4+B khong twong dwong véi bat ki cong thirc suy dan nio
vi bang chan li cua A+B khong chtra phép gan tri z = (0,0).

Viéc xac dinh gidi han cho cac khai niém vé phu thudc dir liéu cho phép
xay dung cic hé tién dé cho céc 16p phu thudc. Vé ban chit, mot hé tién dé cho
mot 16p phy thudce 14 tap cac quy tic thuc hién cac suy din trén cac phu thudc
dé nhan duoc cac phu thudéc maéi thude cung 16p. Céc diéu kién can va du dé
nhén biét cac dic trung cua mot 16p phu thudc la co s& dé phan loai va tao ra
moi lién hé gitta cac 16p phu thudc

3.5. Xay dung thuit toan tim bao déng véi phu thudc Booe dwong tong
quat

Goi U 1a tap cac thudc tinh va £ 1a tap phu thude logic trén U, X < U. Ta
dinh nghia bao dong X* cia X 1a tap cac thude tinh sau:

X'={ae U|Xl=a e L7}

Bao dong cua tap thudc tinh X'1a tap toan bg cac thudc tinh phu thugc vao X.
Thudt todn tim bao dong tdp thudc tinh trong phu thuéc Boole duwong
t6ng quat
Tu twong thudt toan:

Pé tim bao dong X* cua X, ta khoi tao X* = X, sau d6 van dung thuit toan
thanh vién dé xét cho timg thugc tinh a € U- X, néu X fa e L thi b sung a vao
X*. Véi L d3 dugc dua vé dang chuan khong du thi diéu kién X Fa € L* s& cho
CNF(L (X |= a)’) = LXa’, do 46 s& tuong duong v6i didu kién Unif(LXa’) = .
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Thuat toan 3.2 (Thuat todn tim bao dong trong 16p cac phu thudc logic)

1 Algorithm LClosure(X, ¥)

2 Input LNorm(¥); X c U

3 Output X+*={a e U | XFa e v}
4 Begin

5 Y := X; V:i=U-X;

6 for each attribute a in V do
7 if Unif(¥Xa’) = @ then
8 add a to Y;

9 endif;

10 endfor;

11 return Y;

12 End LClosure

(Thuat toan dugc dé xuat trong CT2 - Danh muc cong trinh cong b cla
NCS)
Vidu 3.9
Cho tap thudc tinh U =abcd, tap phu thudc logic ¥ = {b’+c, a’ +b}, X =ab,
tim bao dong X*?
Taco V= (b’ +c)(a’ + b) da & dang CNF.
bat Y=X=ab, V=U—- X=cd. Xét cac thudc tinh trong V-
Xétc € V. Ta co:
Unif(¥Xc’) = (b’ + ¢)(a’ + b)abc’ = (¢ + a’)abc’ = bec’ = O.
Vay Y=ab U {c} = abc.
Xétd e V. Ta co:
Unif(YXd’) = (b’ + ¢)(@’ + b)abd’ = (¢ + @’ )abd’ = cbd’ # D.
Cubi cung ta thu dugce X*= (ab)* = abc.
Ménh dé 3.1
Bai toan tim bao dong trong lop cac phu thudc logic thudc lop NPC.
Chirng minh
Trong thudt toan gidi bai toan tim bao dong trong 16p cac phu thudc logic
c6 str dung thudt toan hop giai Unif d¢ giai quyét bai ton thanh vién. Ma theo
ménh d& trén. thi bai toan thanh vién thudc 16p NPC. Do d6 bai toan tim bao

dong cling thudce 16p NPC, dpcm.
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3.6. Xdy dung thuit toin tim khéa véi phu thudc Booe dwong tong
quat
Khoa 1a tap con céac thude tinh du nho va xac dinh don tri mot bg trong
quan h¢.
Cho F 14 tap phu thudc logic trén U. Tap K U duogc goi 1a khéa néu thoa:
« K'=U,
e YVaeK: (K—-a)"#U.
Néu K chi thoa diéu kién tht nhat thi K dugc goi 1a siéu khéa.
Y nghia thyc té ciia khoa 1a dé nhan di¢én mot bd trong mot quan h¢,
gitp cho viéc tim kiém dit liéu nhanh va chinh xéac hon.
Thuat todn sau thuc hién cac budc tim mot khoa trén tap thudc tinh U
va tap phu thudc logic F' cho trudce:
Thuat toan tim khoa
Xuéat phat tir mot siéu khéa K tiy ¥, 1an lugt duyét timg thudc tinh a
trong K, néu (K —a)* = U thi loai a khoi K.
Do phai bao toan bat bien K*= U nén di€u kién (K—a)* = U tuong
duong véi diéu kién (K —a) F a. Diéu kién nay lai tvong duong véi diéu kién

Unif(F(K —a)a’) = J.
Thuat toan 3.3 (Tim khoa K trong 16p cac phu thudc logic)

1 Algorithm LKey(U, Lnorm(¥))

2 Input U, Lnorm(¥)

3 Output K < U:

4 K+ = U

5 Va e K: (K—-a)+ # U

6 Begin

8 for each attribute a in U
9 do

10 if Unif(¥(K - a)a’) = &
11 then

12 delete a from K;
13 endif

14 endfor

15 return K;

16 End LKey

Céac thuét toan duge ké thira thuat toan giai bai toan thanh vién, thuat toan tim

phu khong du, thuat toan tim bao dong va khoa trong phu thudc ham [46]; nhung cac
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thuat toan duoc phat trién dé viét cac thuat todn giai cac bai toan nay trong 16p céac
phu thudc logic va duoc cai tién nhu sau:
Tap phu thudc ham F duoc thay thé boi tap phu thude logic tong quat L.
Cong thirc suy dan duoc chuan hoa vé dang CNF trude khi giai bai toan.
Ap dung phuong phéap hop giai dé giai quyét bai toan.
Vidu3.10
Cho tap cac thudc tinh U={b, c, d, e}, tap PTBD F = {c'+d, b'+c}, hdy cho biét
mot khoa K trong quan hé r?
Trudc hét ta dua F vé dang CNF, F = (¢’+d)(b’+c).
Ap dung thuat toan tim khoa, dat K = U = bcde. Lan luot rat gon khoa K bﬁng
cach xét ting thudc tinh b, ¢, d, e trong K:
Xét b: K-b = cde. Ta c6 Unif(Fcdeb") = (c'+d)(b'+c)bceb' = (b'+d)cdeb' = D. Vay
K khong thay dbi, K = bede.
Xét c: K-c = bde. Ta c6 Unif(Fbdec’) = (c'+d)(b+c)bdec' = (c'td)cdec' = &. Vay
K = bde.
Xét d: K-d = be. Ta c6 Unif(Fbed") = (c'+d)(c'td)bed = (c'+d)ced’' = ded' = &.
Vay K = be.
Xét e: K-e = b. Ta c6 Unif(Fbe') = (c'td)(b'+c)be' = (c'+d)de' = de' 5 O. Vay K
khong thay ddi. Cudi cing ta thu dugc khoa k = be.
Ménh dé 3.2
Bai todn tim khoa trong lop cdc phu thudc logic thuoc [6p NPC.
Chirng minh
o Trong thudt todn giai bai toan tim khoda trong 16p cac phu thude logic co6 su
dung thuat toan hop giai Unif dé giai quyét bai toan thanh vién. Ma theo ménh dé trén
thi bai toan thanh vién thude 16p NPC. Do dé bai toan tim khoa cting thudc 16p NPC,
dpem.
Truong hop tap phu thudc logic déu 1 phu thudc ham, thi thuat toan tim mot
khoa c6 do phirc tap da thirc. Tuy nhién bai toan tim tat ca cac khéa ciia mot lugc do

quan hé trang bi PTH van thuoc 16p NPC [46].
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3.7. Két luan chwong 3

Trong chuong 3 cta luan an, NCS da tong két ba phwong phap tiép can
bai toan suy dan trong cac phu thudc logic, d6 1a phuong phap Wang Hao,
phuong phap gian tiép theo hop giai va phuong phép truc tiép. Tuy thuét toan
cuiia cac phuong phap nay van cé do phitc tap 1a ham mil, nhung day la nhiing
phuong phép tiép can suy luan logic hinh thtc thay vi suy ludn theo quan hé.
Do d6, thoi gian thuc hién thuat toan khong phu thude vao kich thude cua div
liéu dau vao (khong phu thudc vao sb lugng phan tir trong co sd dit lidu). Diéu
nay lam cho thoi gian thyc hién mat s6 bai toan duoc giam dang ké khi dit liéu

vao du 16n so véi céc thuat toan truyén thong.

Nghién ciru cac phu thudc logic theo tiép can cua logic hinh thirc cho phép ta
thiét ké va quan 1y cac co so dir liéu va tri thirc v&i nhitng phu thudc phirc tap va
da dang mot cach théng nhat. Cac két qua thu dugc trong chuwong nay nhu thuat
toan tim bao déng cua tap thudc tinh trong luge dd quan hé véi phu thudc ham,
thudt toan tim bao dong cua tép thudc tinh trong lugc dd quan h¢ véi phu thudc
Bool duong tong quat, thuit toan tim khéa véi phu thudc ham va thuat toan tim
khoa véi phu thude Bool duong téng quat duoc xay dung 13 huéng di méi gitp
ngudi ding c6 thé duoc van dung trong linh vuc khai théc tri thirc tir cc tép dit
lidu 16n bang cach dwa vao cac cong thirc logic c6 sin thay vi phu thudc vao kich

cO cua dir liéu.
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KET LUAN VA HUONG PHAT TRIEN

I. Céc két qua dat dwoe ciia ludn an

Viéc xay dung mo hinh téng quat vé cac 16p phu thudc khac nhau trong
khai thac dit liéu va tri thirc bang cac cong cu Al va hoc sau theo mot khung
nhin téng quan vé mdi quan hé giita cac phu thudc logic trong co s¢ dir lidu.
Tir d6, 6 thé Iya chon 1y thuyét ctia cac phu thudc phu hop hon cho viéc thiét
ké co so dit lidu cu thé dap tmg duogc cac nhu cau thudng xuyén bién dong cia
thuc tién, c6 kha ning hd tro cho cac ing dung da phuong tién, dap ung duoc
nhu cau vé thu thap, t chuc, quan ly co s& dit li¢u cua cac ca nhan, td chuec, xi
nghiép...

Luan an d3 phat trién va mé rong 16p cac phu thude logic vai cac tinh chat
va ddc trung chung nhét. Cu thé, mot sé dong gép mdi cua ludn 4n tap trung
vao ba nhom két qua:

(1) Xay dung ham bién ddi lambda, dua vao ham lambda duoc xay dung,
két hop gitra phu thuoc ham xép xi va phu thudc Boole duong téng quat, luan
an dé xuat cac phu thudc dir liéu méi bao gdm: phu thudc xdp xi tong qudt, phu
thuéc Boole dwong xdp xi, phu thuéc Boole dwong xdp xi tong qudt va phu
thuéc yéu xdp xi.

(2) Xay dung mbi quan hé giita cac loai phu thudc logic: Chting minh sy
turong dwong giita phu thudc Boole duwong tong quat va phu thuéc ham néi 1ong,
su turong duong gitta phu thudc Boole duong tong quat va phu thudc Boole
duong x4p xi, su twong dwong giira phu thudc Boole duong tong quat va phu
thudc Boole duong xap xi tong quat

(3) Xay dung mot s6 thudt toan giai cac bai toan dic trung sau:

e Su dung phuong phap Vuong Hao, phuong phép truc tiép va phuong
phap hop giai dé giai bai toan suy dan. Pay 1a cach tiép can hinh thirc trén cac

biéu thirc logic thay vi giai theo dif liéu.
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e Xay dung va danh gia d¢ phtrc tap tinh toan cho cac thuat toan tim bao
dong cia mot tap thudc tinh cho phu thudc ham va phu thudc Boole duong téng
quat.

e Xay dung va danh gia dg phtrc tap tinh toan cho cac thuat toan tim khoa
cho phu thudc ham va phu thudc Boole duong téng quat.

Két qua cua dé tai co thé cung cip cho ngudi thiét ké va quan tri co so dit
liéu mot khung nhin tong quan vé mdi quan hé giita cac phu thudc logic, qua
d6, ¢ thé Iira chon loai phu thudc logic pht hop véi nhu cau thyc tién.

I1. Nhirng dong gop mdi cia luidn an

(1) Bé xuit cac dang phu thudc méi 1a phu thudc xap xi téng quat, phu
thudc Boole duong xap xi, phu thudc Boole duong xap xi tong quat va phu
thudc yéu xép xi.

(2) Xay dung mdi quan hé giita cac loai phu thudc logic, gitta phu thudc
Boole duong tong quat va phu thuéc ham néi 16ng, phu thuéc Boole duong
téng quat va phu thudc Boole duong xap xi, phu thudc Boole duong téng quat
va phy thudc Boole dwong x4p xi tong quat

(3) Bé xuat qui trinh giai bai toan suy dan theo ba tiép can hinh thirc. Xay
dung va danh gia thuat toan tim bao dong, thuit toan tim khoa cia mdt tap thude

tinh cho 16p céac phu thudc logic.

I11. Hwéng phat trién tiép theo cho luin an:

Hién nay, c6 kha nhiéu loai phu thudc logic phuc vu cho viéc thiét ké co
sO dir lidu da duoc dé xuat. Dé xdy dung nén mot mé hinh téng quan cho céc
loai phu thudc logic, ta phai xac dinh dugc mbi quan h¢ gitra chung. V41 muyc
tieu do, luan an da chiing minh sy tuong duong gitra mat s6 loai phu thudc
logic nhu: phu thudc Boole duong tong quat, phu thudc sai khac tong quét, phu
thudc yéu tong quat, phy thudc xap xi va xdy dung nén 16p cac phu thudc logic.
Néu tiép tuc mo rong 16p cac phu thudc logic nay béng cach thu nap thém mot

56 loai phu thudc logic khac nita thi muc tong quat cta 16p cac phu thude logic
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cang c6 do tin cdy cao hon. Pay ciing 1a hudng phat trién tiép theo ciia NCS
khi dinh huéng tiép tuc theo dudi dé tai nay:

Tiép tuc tim hiéu mot sd loai phu thudéc mao1 duge nghién ctru nhu: phuy
thudc ham mém, phu thudc ddi sanh, phu thudc co diéu kién, phu thudc theo
mau, phu thudc tuan tu,...va mot sb phu thudc duoc dé xuét trong tuong lai.
Tim ra moi quan h¢ gitta cac loai phu thudc maéi nay véi cac phu thudc da néu
trong ludn an.

B6 sung cac phu thudc méi duoc cac nhom nghién ciru vao 16p cac phu
thudc logic ma luan an da xay dung.

Nghién ctru thém mot sb bai toan nhu bai toan kinh dién va xay dyng nén
céc chuan cho 16p cac phu thudc logic.

Xay dung phan mém tng dung, giai quyét bai toan thuc té cho 16p cac phu

thudc logic va giai quyét bai toan trong 16p nay theo phuong phap hop giai.



[CT1]

79

DANH MUC CONG TRINH PA CONG BO

Nguyén Xuan Huy, Nguyén Thi Van, Truong Thi Thu Ha (2016), “Twong quan
giita phu thuéc ham x4p xi va phu thuéc Bool duong téng quat trong co s& dir
liéu quan hé”, Ky yéu Hgi thdo quoc gia lan thir XIX: Mot sé van dé chon loc
ciia Cong nghé thong tin va Truyén théng, ISBN: 978-604-67-0781-3, Ha Noi,
tr.361-365.

[CT2] Truong Thi Thu Ha, Nguyén Thi Van, Nguyén Xuan Huy (2016), “Thuit toan

[CT3]

[CT4]

[CT5]

[CT6]

xé4c dinh bao déng va khoa theo tiép can hop giai trong 16p cac phu thudc
logic”, Tap chi Thong tin va TT, Chuyén san Cac cong trinh nghién cwu, phat
trién va g dung Cong nghé thong tin va truyén théng, ISSN 1859-3526, ky 3,
tap V-2, s6 16(36), tr.50-57

Nguyén Thi Van, Nguyén Xuan Huy, Truong Thi Thu Ha (2017), “Phu

thudc trong co sé dit liéu theo tiép can logic”, Ky yéu Hgi thio quéc gia lan
thir XX: Mot s6 vin dé chon loc ciia Cong nghé thong tin va Truyén thong,
Qui Nhon, 23-24/11/2017, ISBN: 978-604-67-1009-7, Ha Noi, tr.260-265.
Nguyén Xuan Huy, Nguyén Thi Van (2018), “Bai toan suy dan logic

va ing dung trong co so tri thiee”, Ky yéu Héi thdo quéc gia lan thir XIX:
Mot s6 van dé chon loc ciia Cong nghé thong tin va Truyén théng, ISBN:
978-604-67-1104-9, Thanh Hoa, tr.27-31.

Nguyén Xuan Huy, Nguyén Thi Van, Truong Thi Thu Ha (2020), “Quan hé

giita phu thudc ham néi 16ng va phu thudc Bool duong téng quat”, Tap chi
Chuyén san Cong nghé théng tin va truyén thong, ISSN 1859-3526, s6 1, thang
6-tap 2020, tr.44-58.

Nguyen Xuan Huy, Nguyen Thi Van (2022), “Lambda functions and

approximate generalized positive Boolean dependencies”, Journal on
Information Technologies & Communications, ISSN 1859-3526, Vol 2022,
No 2, page.112-118.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]
[9]

80

TAI LIEU THAM KHAO

Codd E. F., "A Relational Model of Data for Large Shared Data Banks", CACM 13:6,
pp. 377-387, 1970.

Codd E. F., "Further Normalization of the Database Relational Model", Database

Systems, Courant Comp. Sci., Symp., pp. 65-98, 1971.

Armstrong W.W., "Dependency Structure of Data-base Relationship", Information
Processing 74, North Holland, Amsterdam, pp. 580-583, 1974.

Fagin, R., "Multivalued dependencies and a new normal form for relational databases",
ACM Tans. Database Syst, p. 262 — 278, 1977.

D. C. 19. Armstrong W.W., "Decomposition and Functional Dependencies in

Relations", ACM Tods 5, 4, Dec., pp. 404-430, 1980.

Sagiv Y., Delobel C., Parker D.S., Fagin R., "An equivalence between Relational
Database Dependencies and a Fragment of Propositional Logic", J. ACM, vol. 28, p.
435 —453, 1981.

Demetrovics J., and Gyepesi O., "Some generalized type functional dependencies
formalized as equality set in matrices", Discrete App, p. 35 — 47, 1983.

Maier D., "The Theory of Relational Databases," Computer Science Press, 1983.

Beeric C., Dowd M., Fagin R., and Statman R., "On the Structure of Armstrong
Relations for Functional Dependencies", J ACM, Vols. 31, No.1, pp. 30-46, 1984.

[10] Dowling, William F., Gallier, Jean H., "Linear - time algorithms for testing the

satisfiability of propositional Horn formula," J. Logic Programing I, p. 267 — 284,
1984.

[11] Demetrovics J., Ho Thuan, Nguyen Xuan Huy, "Balanced Relation Schemes and Keys

of Relation Schemes (in Russian)", In book: Cybernetics and Computer Science,

Nauka, Moscow, pp. 296-316, 1987.

[12] Berman J., Blok W. J., "Positive Boolean dependencies", Inf. Processing Letters, vol.

27, p. 147 - 150, 1988.

[13]F. W.G.F.J. X.a. K. A. 27. Bohannon P., "Conditional functional dependecie for data

cleaning In ICDE", p. p. 745 — 756, 2007.



81

[14] Demetrovics J., Nguyen Xuan Huy, "Closed Sets and Translations of Relation
Schemes", Computers Math. Applic., vol. 21, pp. 13-23, 1991.

[15] Huy Nguyen Xuan, Thanh Le Thi, "Generalized Positive Boolan Dependencies", J.
Inf. Process. Cybern. EIK, vol. 28, p. 363 — 370, 1992.

[16] Jyrky Kivinen et al, "Approximate Inference of Funtional Dependencies from
Relations", Journal of Theoretical Computer Science, vol. 149, no. 1, pp. 129-149,
1995.

[17] Hultala Y. et al, "Tane: An efficient algorothm for discovering functional and

approximate dependencies", The Computer Journal, vol. 42, no. 2, pp. 100-111, 1999.

[18] Franz Baader, Wayne Snyder, "Handbooks of Automated Reasoning, Ed. Alan
Robinson and Andrei Voronkov", Elsevier Science Publishers B.V, 2001.

[19] Vincent, M. & Liu, J., "Multivalued dependencies in XML", in Proceedings of the 20th
British National Conference on Databases, number 2712 in Lecture Notes in Computer
Science, Springer, pp. 4-8, 2003.

[20] Ronald S. K and Janes J.L, "Discovery of Functional and Approximate Functional

Dependencies in Relational Databases", Journal of Applied Mathematics and Decision

Sciences, vol. 7, pp. 49-59, 2003.

[21]Song S. and Chen L., "Discovering matching  dependencies",
rXiv:0903.3317v2[cs.DB], 2013.

[22] Baixeries J., Kaytoue M., and Napoli A., "Computing similarity dependencies with
pattern structures", In CLA, pp. 33-44, 2013.

[23] Li W., Li Z., Chen Q., Yin Z., "Discovering Approximate Functional Dependencies
from Distributed Big Data", In Book: Web Technologies and Applications, DOI, p. 289
—301, 2016.

[24] Loredana Caruccio, Vincenzo Deufemia, Giuseppe Polese, "Relaxed Functional
Dependencies - A Survey of Approaches", IEEE Transactions on Knowledge & Data
Engineering, vol. 28, p. 147-165, 2016.

[25] Poan Vin Ban, Nguyén Xuan Huy, Dam Gia Manh, Nguyén Thé Diing, "Vé& méi lién
hé gifra suy dién phu thudc ham va suy dién logic", Tap chi Tin hoc va diéu khién hoc,
Vols. T.17, S.4, p. tr.11 — 16, 2001.

[26] Vii Ngoc Lodn, "Cac 16p phu thudc logic tong quét trong md hinh co s& dit liéu quan
hé", ludn dn tién si, LA95.0496.3 - Thi vién Quoc Gia, 1995.



82

[27] Buii Btrc Minh, "Nghién ciru hé sinh 4nh xa dong va tmg dung trong thé hién ngir nghia
dit liéu", Ludn dan tién s tai Vién Cong nghé thong tin, Vién Han lam Khoa hoc Viét
Nam, 2014.

[28] Nguyén Hoang Son, "Mdt sb van dé lién quan dén rang budc dit liéu trong co s& dit
liéu quan hé", ludn an tién si tai, Vols. Vién Cong nghé thong tin, Vién Han 1am Khoa
hoc Viét Nam, 2006.

[29] Lwong Nguyén Hoang Hoa , "Phét trién mot sé phu thudc logic trong co s& dit lidu",
Iudn an tién si, LA13.0454.3 - Thur vién Quéc Gia.

[30] Huy Nguyen Xuan, Minh Le Duc, Loan Vu Ngoc, "Some Result Concerning in the
Class of Multivalued Positive Boolean Dependencies, in Book: The Mathematial
Foundation of Informatics, Eds by Do Long van and M. Ito", Proceeding of the
Conference, World S, 2005.

[31] Lé Xuan Vinh, "V& mot co s& dai s6 va logic cho 1ap ludn x4p xi va tng dung", ludn
an tién st tai Vién Cong nghé thong tin, vién Han lam Khoa hoc Viét Nam, 2008.

[32] Truong Thi Thu Ha, "Twong quan gitta cac 16p phu thudc logic trong co s¢ dir li¢u",
Ludn én tién si, V-LA2/4042 — Hoc vién Ky thudt quan su, 2017.

[33] Nguyén Thi Kim Anh, "Céc phu thudc logic trong mo6 hinh dir li¢u quan hé", Ludn dn
tién si, LA93.0273.3 — Thu vién Quéc Gia, 1993.

[34] Nhitng ngudi dich: H5 Thuan, Nguyén Quang Vinh, Nguyén Xuan Huy, "Date C. J.,
Nhép mon Co s¢ dir ligu", NXB T héng ké, Ha Ngi, Vols. Tap I, Tap II, 1985.

[35] Fan, W, Geerts, F., Jia, X., and Kementsietsidi, "Conditional functional dependencies

for capturing data inconcistencies", ACM Trans Database Syst, vol. 33, no. 2, 2008.

[36] Fan, W., Geerts, F., Lakshmanan, L. V. S. and Xiong, M, "Discovering Conditional
functional dependencies", In ICDE, p. 1231 — 1234, 2009.

[37] Fan W, Li J., Jia X., Ma S., "Reasoning about record matching rules", PVLDB 2(1),
p. 407 — 418, 2009.

[38] Nguyén Xuan Huy, "Céc phu thudc logic trong co so dit liéu," NXB Thong Ké, 2006.
[39] Post E.L., "The two valued Interative Systems of Mathematical logic", Annals of Math.
Studies 5, Princeton University., 1991.

[40] Ho Thuan, "Contribution to The Theory of Relational Databases", Tanulmanyok,
Studies 1984/1986, 1986.



83

[41] Nguyen Xuan Huy, Le Thi Thanh, "Generalized Positive Boolean Dependencies", J.
Inf. Process. Cybern. EIK, Vols. 28, 6, 363-370, 1992.

[42] S. S. a. C. L., "Differential Dependencies: Reasoning and Discovery", ACM Trans.
Datab. Syst.,, Vols. vol.9 , no 4, Article 39., 2011.

[43] Hoa Luong Nguyen Hoang, "Some results concerning Generalized Positive Boolean
Dependencies in relational database", Internatinal Journal of Computer Electrical

Engineering (IJCEE), Vols. 3, No. 6, p. 779 — 783, 2011.

[44] Jalal Atoum, "Mining Approximate Functional Dependencies from Databases",
European Journal of Scientific Research, ISSN 1450-216X, vol. 33, no. 2, pp. 338-346,
2009.

[45] Song S. and Chen L., "Efficient discovery of similarity constraints for matching
dependencies", Data & Knowledge Engineering, 2013.

[46] M. V. M. T. K. 61. Maier D., "Challenges for Dataset Search, Database System for
Advanced Applications", Lecture Notes in Computer Science, , Vols. Vol. 8421, p.1 —
15.,2014.

[47] Huy Nguyen Xuan, Thanh Le Thi, "Generalized Positive Boolan Dependencies", J.
Inf. Process. Cybern. EIK, Vols. vol. 28, p. 363 — 370, 1992.

[48] Vii Ptic Thi, "Co s dit liéu: Kién thire va thuc hanh", NXB Thong ké, Ha Ngi, 1997.

[49] llyas, L.F., Markl, V., Haas, P.J., Brown, P., and Aboulnaga, A., "Cords: Automatic

discovery of correlations and soft functional dependencies," In Sigmod Conference, p.

647 — 658, 2004.

[50] Link, S., "On the Logical Implication of Multivalued Dependencies with Null Values.
In Proc. Twelfth Computing: The Australasian Theory Symposium Hobart", Australia.
CRPIT, 51. Gudmundsson, J. and Jay, B., Eds. ACS., p. 113 — 122, 2006.

[51] Bohannon P., Fan W., Geerts F., Jia, X. and K.ementsietsidis A., "Conditional
functional dependencies for data cleaning", In ICDE, p. 746 — 755, 2007.

[52] Koudas, N., Saha, A., Srivastava, D., and Venkatasubramanian, S., "Metric Functional
Dependencies", In ICDE, p. 1275 — 1278, 20009.

[53] Golab, L., Karloff, H., Korn, F., Saha, A., and Srivastava, D., "Sequential
dependencies," In PVLDB, 2(1), p. 574 — 585, 2009.



84

[54] David Maier, V. M Megler, Kristin Tufte, "Challenges for Dataset Search, Database
System for Advanced Applications", Lecture Notes in Computer Science, vol. 8421,

pp. 1-15, 2014

[55] Baixeries J., Kaytoue M., and Napoli A., "Characterizing functional dependencies in
formal concept analysis with pattern structures", Annals of Mathematics and Articial

Intelligence, pp. 1-21, 2015.

[56]Li J., Todorov V., Tauchen G., "Inference theory for volatility functional
dependencies", Journal of conometrics, vol. 193, pp. 17-34, 2016.

[57] Panagiotis Mandros, Mario Boley, and lJilles Vreeken, "Discovering Reliable
Approximate Functional Dependencies", In Proceedings of KDD 17, Halifax, NS,
Canada, August 13-17, 2017.

[58] Loredana Caruccio, Vincenzo Deufemia, Giuseppe Polese, "Mining relaxed functional
dependencies from data. Data Mining and Knowledge Discovery", Giovanni Paolo II
n.132, Fisciano, SA 84084, USA, Springer Science+Business Media, LLC, part of
Springer Na, 2019.

[59] Loredana Caruccio, Vincenzo Deufemia, Member, IEEE, Felix Naumann, and
Giuseppe Polese, Member, IEEE, "Discovering Relaxed Functional Dependencies
based on Multi-attribute Dominance", IEEE Transactions on Knowledge and Data
Engineering, vol. 33, no. 9, 2021.

[60] Bernardo Breve, Loredana Caruccio, Vincenzo Deufemia, Giuseppe Polese, "A
Missing Value Imputation Algorithm based on Relaxed Functional Dependencies",
International Conference on Extending Database Technology, 2022.

[61] Armstrong W.W., "Dependency Structure of Data-base Relationship", Information
Processing 74, North Holland, Amsterdam,, pp. p. 580-583, 1974..



