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LOI CAM DOAN

T6i xin cam doan day 1a cong trinh nghién ctru cua riéng toi. Cac so lidu, két
qua néu trong Luan vin 13 trung thyc va chua timg duoc ai cong b trong bat ky

cong trinh nao khac.

T6i xin cam doan rang moi su gitp d& cho viéc thuc hién Luan vin nay
da dwoc cam on va cac thong tin trich din trong Luan van da dugc chi rd ngudn

géc.

Hoc vién thuc hién Luén van

(Ky va ghi rd ho tén)
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LOI CAM ON

Trude tién, t6i xin dwoc quri 161 cam on dén tdt ca quy thay cd, gia dinh, ban bé
va dong nghiép. Béi vi, trong suot qua trinh hoc tdp va thuec hién ludn vin nay t6i
dd nhdn dwoc sw huéng dan, gitip d& quy bdu cia quy thdy ¢é , gia dinh, ban bé va
dong nghiép. Véi long kinh trong va biét on siu sdc t6i xin dwo ¢ bay t6 161 cam on

chan thanh toi:

Thay huéng dan Phé gido sw - Tién si Khoa h oc Nguyén Xuan Huy, thay da
truyén dat nhiing kién thizc rdt bé ich cho toi trong qué trinh hoc tdp. Pong thoi,
thay da danh nhiéu thoi gian dé hwéng dan cho toi hét sirc tan tinh trong thoi gian

tbi thuc hién lugn van.

Khoa Cong Ngh¢ Thong Tin, Phong quan ly khoa hoc - Dao tao sau dai hoc
trwong Pai Hoc Cong Nghé Thanh Phé Hé Chi Minh da tao moi diéu kién thudn loi
cho téi hoan thanh chuwong trinh hoC tdp dung thoi gian quy dinh va giup do t6i co
dwge dinh hudng diing ddn trong qua trinh toi thuc hién ludn van nay.

Toan thé quy thdy c¢é da nhiét tinh giang day va truyén dat nhiing kién thizc bo

ich cho tdi trong sust khéa hoc vira qua.

Cudi cing xin cdam on dén tat cd nhiing nguwoi thin trong gia dinh, ban bé va
dong nghiép da givip dé va dong vién toi trong susi qua trinh hoc tdp va thuc hién
ludn van nay.
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TOM TAT

Noi dung chinh cua luan van 1a trinh bay qué trinh phat trién caa phu thudc
ham. Tir d6 chi ra sy can thiét phai mo rong phu thudc ham sang phu thugc Boole
duong trong co s¢ dit liéu quan hé. Cac lop phu thudc Logic ndi chung va phu
thugc Boole duong néi riéng la khai niém dung dé mo ta chi tiét ngit nghia cua dir
liéu trong co sé dit liu. Phan dau cua luan vian md ta va thiét 1ap su tuong quan
gitta phu thudc ham va phu thudc Boole duong. Phan tha hai phat biéu mot sé bai
toan lién quan dén 16p phu thudc Boole duong. Phan cudi van dung két qua caa bai
toan thanh vién dé xay dung mét vai tng dung nhu tinh bao déng cua tap thudc tinh

va tim kho4 cuaa lugce d6 quan hé véi phu Boole duong.



ABSTRACT

The main content of the thesis is to present the development of the dependent
function. Subsequently, the thesis will point out the need to expand the dependent
function into positive dependent Boole in a relevant database. The general Logic
layer and positive dependent Logic Boole in particular, are concepts detailing the
semantics of the data in the database. The first part of the thesis describes and
establishes a correlation between dependent function and positive dependent Boole.
The second part shows some exercises related to positive dependent Boole. The
final part applies exercises’ results to build applications such as the closure of
attributes set and finding key attributes of relational schema with positive dependent

Boole.
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MO PAU

Co so dir liéu 1a mot yéu td quan trong trong viéc phan tich, thiét ké cac hé
théng néi chung. Cung véi sy phat trién khong ngimg cua Internet, viée trao ddi
thong tin va truyén dit liéu trén mang 13 mot nhu cau tit yéu dit ra. Ngay nay, viéc
phat trién cac ung dung v6i co s¢ dit liéu phan tan dang trd nén pho bién. Dic diém
ctia cac ung dung nay la: luong thoéng tin trao d6i qua mang 16n, dir lidu luwu trix
phan tan & nhiéu noi, cac yéu cdu truy xuat thong tin c6 thé xay ra ¢ nhiéu diém
khéc nhau, viéc dam bao tinh nhat quan, tranh du thtra dir li€u khi thém, x6a thong
tin cling nhu cac yéu cau lién quan dén t6 chue, xir 1y, phuc hoi dit liéu, ... lubn l1a

van dé dugc quan tam.

Dé luu trit, quan 1y va khai thac dit liéu nguoi ta c6 thé dung nhiéu mé hinh
t6 chirc dit liéu khac nhau tir nhitng mé hinh truyén théng nhu mé hinh mang, mo
hinh phan cdp, mé hinh quan hé,... dén cic md hinh hién dai dang dugc dung phd
bién hién nay d6 1a: mo hinh co sé dir liéu phan tan, mo hinh co s¢ dit liéu hudng
d6i twong,... Trong cac mo hinh dir liéu, viéc nghién ctru 1y thuyét va ing dung ciia
cac rang bugc dir li€u hay con goi 1a cac phu thudc dit li€u 1a mot yéu cau cép thiét

dat ra.

Lép cac phu thudc ham va hau hét céc phu thudc bac cao phat trién sau do6
nhu phu thudc doi ngau, phu thudc manh, phy thudc yéu, phu thudc sai khac ... déu
dua trén quan hé déng thirc khi so sanh cac trj cta cac thudc tinh xuit hién trong cac
bd. Trong thuc té, ngoai so sanh theo d:flng thirc con ton tai nhitng loai hinh so sanh

khac. Ta xét mot s6 thi du sau:

1. Trong CSDL quan ly kham chira bénh, bénh nhan mudn biét lich kham
bénh ctia minh thi phai cung cép dugc sb tht tu luot khdm bénh va sd bién lai vién
phi. Néu s thtr tu luot kham nho hon hodc bang 100 thi lich kham bénh sé& tién

hanh trong ngay. Nguoc lai lich khdm bénh cuia bénh nhan s& dugc tién hanh vao



cac ngay ké tiép. Nhu vay, ta thdy phu thudc [sott(<100) A sobl(m)] — [thoi

gian(<24)] c6 nglr nghia rong hon PTH sott — thoi gian.

2. Trong CSDL quan 1y sinh vién, mi sb sinh vién (MSSV) gdbm 04 ky tu,
trong d6 02 ky ty dau s& cho biét sinh vién hoc chuyén nginh nio. Ham
Left(MSSV) dung dé cét hai ky tu ddu MSSV va cho biét sinh vién d6 hoc ¢ chuyén
nganh nao. Thi du Left(AV015,2)=AV cho ta biét sinh vién nay hoc chuyén nganh
Anh ngit. Nhu vay, phu thugc Left(MSSV) — Ma nganh c6 nglt nghia rong hon
PTH MSSV—Ma nganh.

MSSV | Méanganh | Tén nganh

AV015 | AV Anh ngir
AV033 | AV Anh ngir
THO76 | TH Tin hoc

3. Trong CSDL quan 1y bién s6 xe mo to, bién s6 xe (BSX) gom 08 ky tu,
trong d6 02 ky tu ddu cho biét ma tinh thanh. Ham Left(BSX) dung dé cit 02 ky tu
dau bién s6 xe va cho biét bién sd xe dugc ding ky ¢ tinh ndo. Thi du
Left(52V58850,2)=52 cho biét bién s6 xe nay dugc ding ky ¢ thanh phd HO Chi
Minh. Ta thay phu thudc Left(BSX) —M4 tinh c6 nghia rong hon PTH—MA tinh.

BSX Ma tinh | Tinh thanh

52V58850 | 52 Ho6 Chi Minh

52X31033 | 52 Ho6 Chi Minh

95H34632 | 95 Hau Giang




Trong thyc té cac co s& dit liéu c6 quy md 16n va bién dong duoc phan tan &
nhiéu noi, trén dia ban rong, phuc vy nhiéu ngudi dung véi nhidu img dung khac
nhau thi cac yéu cau nhu dong bo dir liéu (theo khoa va theo trong s6 thong tin ), xir
1y cac yéu cau tra ctru thong tin véi cac diéu kién khac nhau mot cach nhanh chong,
dam bao dit liéu khéng bi mat mat trén dudng truyén, ... Van dé to chuc, thiét ké,
quan ly dix liéu sao cho viéc Iuu trir ton it bo nhd nhat, khai thac hiéu qua va thoi gian
truyén dir liéu duoc giam tdi da ... cling ludn 13 yéu ciu can thiét dat ra. Mot trong
cac giai phap dé thuc hién viéc nay la mo rong khai ni€ém ddi sanh cac tri cua céc
thudc tinh xuit hién trong cac bg, tim tap cac phu thudc dir li€u thu gon tuong

duong véi tap phu thudc dir liéu ban dau.

Dbay cling chinh 1a muc dich va ¥ nghia cta viéc m¢d rdng khai niém so sanh
trong 16p cac phu thude dir li€éu nhu phu thudéc Boole duong hay cac phu thude co
ban chat 1a phu thudc Boole dwong nhu phy thudc sai khac, phu thudc ddi sanh

dugc nghién ctru sau nay.

Muc tiéu cta ludn van 1a tim hiéu vé 1y thuyét phu thudc dit liéu va ung dung
1y thuyét nay trong mot sb tng dung. Pay 1a vin dé nghién ctru di va dang dugc
nhiéu nha khoa hoc quan tam.

Muc dich nghién ciru
- Nghién ciru va tim hiéu cac 16p phu thudc Boole duong trong d6 tap
trung chu yéu viéc vao tim hiéu mot s khai niém, tinh chét cua 16p phu
thudc Boole duong va mét sd khia canh tng dung cua 16p phu thudc nay.
Phuwong phap nghién ciru
- Tim hiéu cac tai liéu va két qua nghién ctru c6 lién quan dén dé tai. Van
dung chu yéu cic phwong phap va ciu tric cia toan hoc roi rac két hop
v6i viée phat trién 16p cac phu thudc logic nham dam bao ngit nghia cua

dw liéu trong co s¢ dir ligu.



Tong quan vé linh vue nghién ctru

Mot sd cong trinh nghién ctru khoa hoc vé céc dang phu thudc dir li€u bac
cao trong co so dir liéu duoc cong bd trong nude gan day nhu:

- Positive boolean dependency in the database model of block form cua cac
tac gid Tran Minh Tuyén (Bé mén Tin hoc, dai hoc Céng doan) , Nguyén Xuan Huy
(Vien Cbng nghé thdng tin, Vién Han lam khoa hoc va Cong nghé Viét Nam) , Trinh
Pinh Thang ( Trung tam Tin hoc, dai hoc Sir pham Ha Ngi) cong bé trong Hgi ngh;
khoa hoc quac gia lan thiz VII: Nghién cizu co ban va iing dung céng nghé thong tin
tai Thai Nguyén tur ngay 19-20/6/2014.

- Twong dwong giira phy thude Boole dwong va phu thugc yéu trong co s di
liéu quan hé cua cac tac gia Nguyen Xuan Huy (Vién Coéng nghé thdng tin, Vién
Han 1am Khoa hoc va Céng nghé Viét Nam), Truong Thi Thu Ha (Truong Dai hoc
Kinh doanh va Cong nghé Ha Ngi) cong bo trong Hgi thao quoc gia lan thiz XVII:
Mgt sé vén dé chon loc ciia Cong nghé thdng tin va truyeén thong tai Pac Lak ti
ngay 30-31/10/2014.

B6 cuc ciia ludn vin
V& céu trac, luan van duoc trinh bay trong 3 chuong, phan mé dau, phan két
luan, phan muc luc, tai liéu tham khao. Céac noi dung cua luan van trinh bay theo

Cau trac nhu sau:
Chwong 1. Tong quan vé Iy thuyét co sé div liéu quan hé

Trinh bay mét s6 khai niém chung vé mé hinh quan hé va 16p phu thudc dau

tién cua phu thudc logic 1a phu thudc ham.

Chuwong 2. Mgt sé khdi niém co sé trong phu thuéc Bool dwong

Trinh bay mot s6 khai niém vé phu thudc Bool duong va cac van dé lién
quan dén bai toan thanh vién déi voi 16p phu thude Boole duong. Dong thoi, trong
chuong nay ciing dé cip dén quy trinh chuan héa mét cong thire vé dang chuan hoi
(CNF), phuong phap chimg minh mét cong thirc bang phép hop giai va thuat toan
xay dung tap PTBD thoa man quan hé R cho trudec.



Chuwrong 3. Mt sé teng dung ciia bai todn thanh vién

Dé cap dén mot sd ing dung ciia bai toan thanh vién nhu tim pha khong du
cua moét tdp PTBD, tinh bao dong cua mot tdp PTBD cho trude va tim khoa cia
lugc @6 quan hé véi phu thudc Boole duong. Ngoai ra, trong chuong nay ciing trinh

bay mdt s6 thi du minh hoa cho cac thuat toan.

Nhitng két qua trong luan vian 13 budc dau tim hiéu vé 1y thuyét cac phu
thudc Boole duong trong co s¢ dir licu. Déng thoi, két hop voi mot s6 thuét toan co
thé xay dung cac ung dung phuc vu trong mot s6 linh vuc chéng han nhu co sé dir
liéu. Do diéu kién vé thoi gian va trinh d§ con han ché, nhirng van dé trinh bay
trong luan van khong tranh khoi nhiing thiéu sot. Tac gia rit mong dugc su thong
cam va gop y cua cac nha khoa hoc, d@)ng nghiép va ban bé dé luan van duge hoan

thién t6t hon.



Chuong 1 TONG QUAN VE LY THUYET

CO SO DU LIEU QUAN HE

Ly thuyét vé cac phu thudc dit liéu dong vai tro quan trong trong viéc mo ta
thé gi6i thuc, no phan anh ngit nghia cia co sd dir liéu. Trong quan 1y co s& dit liéu
(CSDL), phu thuoc dir liéu dugc hiéu 1a nhitng ménh dé dung dé mé ta cac rang
budc ma dit liéu phai dap ung trong thyc té. Nho ¢6 nhirng mo ta phu thudc nay ma
hé quan tri co s¢ dir li€u co thé quan ly dir liéu mot cach chat ché. Phu thudc dir liéu
dugce Codd[13], tac gia ciia md hinh dit liéu quan hé dit nén mong tir nhitng ndm 70
v6i khai niém phuy thudc ham. Sau d6 cac nha nghién ciru vé phu thudc dir liéu tiép
tuc dé xuét cac dang phu thudc bac cao. Déng thoi, ho cling xay dung céc hé tién dé
cho cac 16p phu thudc nay. Tuc la ho da dat co so ly thuyét vé phu thudc dir ligu.
Thuc té cho thay 13 ngay tir nhitng ngdy dau phét trién 1y thuyét co s¢ dir liéu thi
Logic da dugc chon nhu mot ngoén ngir hiru hi¢u dé dac ta phu thudc dir 1iéu. Do do,
trong s6 cac loai hinh phu thudc dir liéu duogc dé xuit va phat trién sau nay, cac lop

phu thudc Logic lubn dugc cac nhém nghién ciru dac biét quan tam.

Trong chuong nay s& trinh bay téng quan qua trinh phat trién cua 16p phu
thudc Logic dau tién do6 1a phu thudc ham. Céc ndi dung chinh duge trinh bay do 1a:
khai niém co ban caa 1y thuyét co s& dit liéu quan hé, khai niém vé phu thudc ham,
céc tinh chit cua phu thudc ham, tién dé Logic m¢nh dé va lugce dd quan h¢.

1.1 Mot s6 khai niém

Cac khai niém co ban vé co so dir liéu quan hé dugce trinh bay lan dau tién
trong cong trinh ctia Codd [13]. Cac khai niém lién quan dén cic co so dir liéu va tri
thirc da duoc trinh bay day di trong tai liu [2].

Céac khai niém vé quan h¢, thudc tinh, bo dugc dinh nghia nhu sau:



Pinh nghia 1.1
Mbi quan hé R(U) c6 hinh anh 1a mot bang, mdi ¢t g véi mot thude tinh,
moi dong 1a mot bo.
Ta ky hiéu t(U) 1a mot bo trén tap thudc tinh U.
Mot quan hé rgng, ky hi¢u &, 1a quan h¢ khong chira bd nao.

Vi mdi quan hé 1a mot tap cac bo nén trong quan hé khong cé hai bé tring Idp.

Thi du 1.1 Cho quan hé ban hang
Bang 1.1 M6 ta quan hé ban hang

Bé | Mahang | Ténhang | Pongia | S6lweng | Thanh tién
tl 01 bat 10 02 20
t2 02 VO 02 05 10
t3 01 bat 10 03 30
t4 03 kep giay 10 02 20
t5 02 VO 02 04 8

Quan hé trén c6 05 thudc tinh, cu thé 1a

- Ma hang

- Tén hang

- Bon gia

- S6 luong

- Thanh tién

Pong thoi, quan hé trén hién c6 05 by, cu thé 1a t1, 12, t3, t4, 5.
1.2 Phu thug¢c ham

Phu thudc ham 1a 16p phu thudc dau tién cta phu thudc Logic, day cling 1a 16p
phu thudc kinh dién duoc Codd [13] dé xuit sém nhat va déng vai trd quan trong

trong viéc thiét ké CSDL. Phan nay s& trinh bay khai niém vé phu thudc ham, mot



sd tinh chat cua phy thudc ham, khai niém vé luge dd quan hé ciing duoc dé cap
trong chuong nay.
1.2.1 Khai niém phu thugc ham
Pinh nghia 1.2.1
Cho tap thudc tinh U. Mot phu thude ham (PTH) trén U 1a biéu thirc dang
f: XY XYcU

Néu f: X—Y 1a mot phu thudc ham trén U thi ta n6i tap thude tinh Y phu thuoc
vao tap thudc tinh X, hodc tap thudc tinh X xdc dinh ham tap thudc tinh Y. X la vé
trai va Y 1a vé phdi ctia PTH f.

Cho quan h¢é R(U) va mét PTH f: X—Y trén U. Ta ndi quan hé R thoa PTH f
va viét R(f), néu hai bo tuy y trong R giéng nhau trén X thi ching ciing giéng nhau
trén Y.

R(X—=Y) < (Yuyv € R): (u.X=Vv.X) > (u.Y =V.Y)

Ta dung ky hi¢u X - Y véi y nghia tap thudc tinh Y khdong phu thuéc ham vao
tap thudce tinh X.

Thi du 1.2.1: Cho quan hé ban hang

Bang 1.2 Minh hea mét phan cia quan hé ban hang

M4 hang | Tén hang | Pon gia | S6 lweng | Thanh tién
01 bat 10 02 20
02 VO 02 05 10
01 bat 10 03 30

Ta c6 thé liét ké cac phu thuoc ham
M4 hang — tén hang
M4 hang — don gia

M4 hang — tén hang, don gia



S6 luwong, don gia — Thanh tién

S6 luong, thanh tién — don gia

Ngoai ra trong quan hé ban hang bén trén con c6 cac phu thuoc ham tam
thuong do 1a

M4 hang — M& hang

S6 luong, don gia — don gia

Pon gia — don gia, ...

1.2.2 Mt s6 tinh chét ciia phu thudc ham
Cho tap thuoc tinh U va céc tap phu thuoc ham F, G trén U, tap cac quan hé

R trén U, cac quan hé R va S trén U. Khi do:
1. Néu F < G thi SAT(F) o SAT(G)
2. SAT(FG) = SAT(F) N SAT(G)
3. FD(RUS) c FD(R) N FD(S)
4.RcS — FD(R) o FD(S)
5. F c FD(SAT(F))
6. R < SAT(FD(R))
7. SAT(FD(SAT(F))) = SAT(F)
8. FD(SAT(FD(R))) = FD(R)
- Trong do6:
+ Toan tir SAT(F) cho ta tap toan thé cac quan hé trén U thoa tap PTH F.

+ Toan tir FD(R) chtra toan thé cac phu thuéc ham dung trong quan hé R.
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1.2.3 Quan h¢ théa phu thugc ham

Pinh nghia 1.2.3
Cho tap PTH F trén tap thudc tinh U. Ta no6i quan hé R(U) thod tdp PTH F, va

viét R(F), néu R thoa moi PTH trong F,
R(F) < (V feF):R(®)
Néu quan hé R thoa PTH f ta ciing néi PTH f diing trong quan hé R.
Thidul
Cho lugc d6 quan hé: Q(A, B, C, D, E) va tap PTH F={ B - D, DE - A, AB - C}
Bang 1.3 Minh hea lwge dé quan hé

R(ABCDE) Nhan xét
A B C D | E f1 2 3
1 2 3 4 5 B—->D [DE>A |AB—>C
1 |4 |3 (4 |5 R thoa thoa ko thoa
112 |4 |4 |1 Ly do capbo 1va3

Thi du 2 Ta c6 quan h¢ sau: Day(Giao vién, mon hoc, tai li¢u)

Bang 1.4 Minh hoa quan hé théa phu thuoc ham

Day Giaovién Monhoc Taili¢u
AA Moénhoc 1 XX
AA Moén hoc 2 YY
BB Mboén hoc 3 ZZ
CC Mbo6n hoc 4 TT
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Nhan xét

f1

2

Mon hoc — Tai liu

Giao vién — M6bn hoc

R thoa

khong thoa

Ly do

capbo lva?2

1.2.4 H¢ tién dé Armstrong
Pinh nghia 1.2.4

Cho tap PTH F trén tap thudc tinh U. Bao déng cua F, ky hiéu F* 1a tap nho
nhat cac PTH trén U chtra F va thoa cac tinh chat F1-F3 cua hé tién dé Armstrong

A° sau day:
vX, Y, ZcU:

F1. Tinh phan xa: Neu Xo Y thi X—>Y e F*

Thi du
Taco ABC o BC thi ABC—BC

F2. Tinh gia ting: Néu X—Y € F "thi XZ—>YZ e F ™

Thi du
Ta c6 C—D thi ABC—>ABD

F3. Tinh bdc cau: Néu X—>Y e F*vaY—>Z e F*thi X»>ZeF*

Thi du

Ta co AB—>CD va CD—EF thi AB—EF

Nhan xét:

Céc PTH c6 vé trai chtra vé phai nhu mé ta trong F1 duoc goi 1a tam thuong.

Cac PTH tam thudong dung trong moi quan hé. Ngoai ra, cac quan hé trén tap thudc

tinh U c¢6 khong qua mét bo théoa moi PTH trén U.
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1.2.5 Phu thudc ham va Logic ménh dé
Xét quan h¢ ban hang

Bang 1.5 Minh hoa PTH dwoc phit biéu theo Logic ménh dé

Ma& hang | Tén hang | Pon gia | So lweng | Thanh tién
01 bat 10 02 20
02 |vo 02 05 10
01 bat 10 03 30
03 kep giy 10 02 20
02 |vo 02 04 8

V61 quan h¢ trén ta c6 cac phu thuoc ham
- Ma hang — tén hang
- Pon gia, s6 luong — thanh tién
Nhan xét: Cac phu thudc ham trén co thé phat biéu lai dudi dang Logic ménh dé.
- Néu hai mit hang c6 cing mi hang thi tén hang giéng nhau.
- Néu hai mit hang c6 cung don gia va sb lugng thi c6 gia tién gidng nhau.

Nhu vay, phu thudc ham 1a mot biéu thuc logic nén phu thudc ham co thé xem 1a

mot logic ménh dé.
Cho tap bién U = {x1, Xy, ..., Xn}
Bién cua Logic m¢nh dé chi nhan gia tri 0 hoac 1
Cac phép toan phd bién trong Logic ménh dé
- Phép tuyén, ky hiéu 1a (V)

- Phép hoi, ky hidu 1a (A)
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- Phép phu dinh, ky hiéu (~)

- Phép kéo theo, ky hiéu (—)

- Phép tuong duong, ky hiéu (<)
Qui wéc
Khi viét

X1, X» ta hiéu 1a X1 A X,

A — B ta hiéu 1a A’+B hay A’vB

X=Xq, Xo, ... Xk
} EU
Y: yli YZ, ym

X—Y tuong duong voi

Xi AXo Ao AXKk > Y1IAY2A oo AV
Cho tap thudc tinh A(u, v)
Tacod u.A=v.A nghia 1a tai d6 tri logic bang 1

u.A#v.A nghia I3 tai d6 tri logic bang 0
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Thi du 1.2.5 Cho quan hé ban hang R, ta c6 bang tri Vg

Bang 1.6 Minh hoa bang tri cia quan hé ban hang

Mahang | Ténhang | Pongia | Solweng | Thanh tién
t1&t2 0 0 0 0 0
t1&t3 1 1 1 0 0
t1&t4 0 0 0 0 0
t1&t5 0 0 0 0 0
t2&t3 0 0 0 0 0
t2&t4 0 0 0 0 0
t2&t5 1 1 1 0 0
t3&t4 0 0 1 0 0
t3&t5 0 0 0 0 0
t4&t5 0 0 0 0 0

1.3 Lwgc dd quan hé
Dinh nghia

Lugc d6 quan hé (LPQH) 1a mét cap a = (U, F), trong d6 U la tap hitu han céc
thuoc tinh, F 14 tap cac phu thuoc ham trén cac mién tri (dit liéu) cua cac thudc tinh
trong U.

Thidul
Cho luge d6 quan hé a = (T, F), trong d6 T(ABCDEGH) va tap phu thuoc ham

Fr ={f1:.B—A, f2.DA—CE; f3.D—H; f4.GH—-C; f5:AC—»D}
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Thi du 2

Cho luge do quan hé a = (Q, F), trong d6 Q(MaSV, Ten, NS, DC, TenLop,
KhoaHoc, MaMH, TenMH, Diem) va tap PTH F={fl:MaSV—Ten, NS, DC,
TenLop; f2:TenLop—KhoaHoc; f3: MaMH—TenMH; f4: TenMH—>MaMH; f5:
MaSV, MaMH—Diem}.

Thidu 3

Cho lwoc d6 quan hé a = (SINH VIEN, F), trong d6 quan hé
SINHVIEN(MaSV, Ho tén, Qué quan, Nam sinh) va tap phu thudéc ham
F={fl:MaSV—Hoten; f2: MaSV, Ho tén —»Qué quan; f3: MaSV, Ho tén—Niam
sinh}.
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1.4 Két chwong

Chuong nay da trinh bay mét s6 khai niém co ban lién quan dén céac 16p phu
thudc ham, céac tinh chét cua phy thudc ham, tién dé, lvge d6 quan hé va cac thi du

minh hoa.
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Chwong 2
MOT SO KHAI NIEM CO SO TRONG

PHU THUOC BOOLE DUONG

Trong chuong 1 d3 néu tong quan vé 16p phu thudc logic dau tién 1a 16p phu
thudc ham, cling vdi cac tinh chat cia né. Trong chuong 2 s& tiép tuc trinh bay mot
s6 khai niém co ban vé 16p phu thude dugc mé rong tir phu thudoc ham theo trinh ty

thoi gian, d6 1a 16p phu thudc Boole duong.

Noi dung chuong nay s& trinh bay mot s khai niém vé phu thudc Bool
duong va cac van dé lién quan dén bai toan thanh vién d6i vai 16p phu thudc Boole
duong. Ngoai ra, trong chuong nay ciing dé cap dén quy trinh chuin héa mot cong
thirc vé dang chuan hoi (CNF), phuong phap chimg minh mot cong thirc bang phép
hop giai va thuat toan xay dung tap PTBD théa man quan h¢ R cho trudec.

2.1 Biéu thac Boole
Bang 2.1 M ta mdi lién hé giira PTH va Biéu thirc Boole

Phu thudc ham | Biéu thirc Boole

X->Y AXAY

Thda trong R Tr < Txoy
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Thi du 2.1 Cho biéu thirc Boole f: a—bc

Bang 2.2 Minh hoa bang tri va bang chin Iy ciia biéu thirc Boole

a|b|c|bc |fia—sbc | Bangtri V¢ Bang chan 1y T
0(0|0|0 |1 a |b |[c |Dbc a |b |c [bc
0({0|1|0 |1 0 |0 |0 ]O 0|0 |0 ]O
0j|1/0]0 |1 0|0 1|0 00 |1 |0
o111 |1 01 0|0 0 (1 |0 (O
1{0(0|0 |O 0|1 |01 01 |1 |1
17010 |0 110 |0 |0 11 |1 |1
17100 |0 1 (0 |10
171111 |1 1 /1010

1 (1 |1 |1

Nhan xét:
- Bang tri V¢ ciia biéu thirc Boole chtra tri ctia moi phép gan tri cho f.

- Bang chan 1i ctia biéu thtrc Boole chi chtra gia tri 1 cuia f.
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Thi du 2.2 Cho biéu thirc Boole f: avb—bc

Bang 2.2 Minh hoa bang tri va bang chin Iy ciia biéu thirc Boole

a|b|c|bc |fia—sbc | Bangtri V¢ Bang chan 1y T
0(0|0|0 |1 a |b |[c |Dbc a |b |c [bc
0({0|1|0 |1 0 |0 |0 ]O 0|0 |0 ]O
0j|1/0]0 |1 0|0 1|0 00 |1 |0
o111 |1 01 0|0 0 (1 |0 (O
1{0(0|0 |O 0|1 |01 01 |1 |1
17010 |0 110 |0 |0 11 |1 |1
17100 |0 1 (0 |10
171111 |1 1 /1010

1 (1 |1 |1

2.2 Phu thugc Boole duwong

Tiép theo mot sd phu thudc logic nhu phu thudc ham, phu thudc ddi ngiu,
phu thudc manh, phu thude yéu, phu thudc sai khéc, ... viéc dé xuit mé rong khai
niém phuy thudc ham sang phu thudc Boole duong cua cdc nhém nghién ciru doc 1ap
v6i nhau (J Berman va W.J.Blok va Sagiv, Delobel et al) di gop phan quan trong
trong vi¢c phat trién céc 16p phu thudc trong co s¢ dir 1iéu. Phu thugc Boole duong
la mot dang ctia cac 16p phu thudce Logic bao gdm cac rang budc dit liéu duge mb ta
thong qua cac cong thirc Boole dwong 14 nhiing cong thirc nhan gia tri (1) khi tat ca
cac bién déu co trila 1.

Trong mo ta phu thudc ham va phu thudc Boole duong phép sanh tri cua
thudc tinh van 1a phép sanh dang thic (=). Pbi véi phu thudc Boole duong dinh Iy

twong dirong [2] van bao toan hiéu lyc.
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2.2.1 Cong thirc Boole duwong
Pinh nghia 2.1

Cong thire f e L(U) duoc goi 14 cdng thire Boole dwong (CTBD) néu f(e) =1,
trong d6 e la phép gan tri don vi, e = (1,1,...,1).

Ky hiéu P(U) 1a tip toan b cdc cong thirc dwong trén U. Ta c6 thé xem P(U)
bao gdm céc cong thirc dugce xay dung tir cac phép toan A, v, — va hang 1.

Cac cong thirc sau day la cac CTBD

— AABAC
— (AAB)Vv(CAB)

— (AAB)V((CAB)—B)vCv1

- Céc cong thirc suy dan, suy dan manh, yéu va déi ngiu déu 1a cac CTBD.

- Cong thirc suy dan

PAQ—->PAQ

- Cong thirc suy dan manh

PvQ—->PAQ

- Cong thie suy dan yéu

PAQ—>PVQ

- Cong thire suy dan doi ngiu

PvQ—>PvQ

3. Cong thirc A A (—B) khong phai la CTBD, vikhiA=B=1tac6 1 A0=0.

2.2.3 Mt s tinh chit ciia cong thirc Boole duong
Ménh dé 2.3

Tich cac cong thirc Boole duong (CTBD) 1a moét CTBD. Tong cac CTBD 1a
mot CTBD.
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Ching minh

Goi f va g 1a hai CTBD va e 1a phép gan tri don vi thi f(e) = g(e) = 1, do do
f(e)g(e) =1.1=1vaf(e) +g(e) =1+1=1.

Dinh nghia 2.4

M&i tip CTBD F = {fl,...,fk} duoc hiéu 1a mét CTBD duy nhit c6 dang tich
nhu sau: F = f1A...Afk.

Dinh nghia 2.5
Tap CTBD F suy din ra duoc tdp CTBD G néu F => g voi moi g trong G.

Tap CTBD F va G tuong duong, F & Gnéu F=>GvaG=>F.NéuG & F
thi G 1a phu cua F.

Ménh dé 2.6

Tap CTBD duoc chuin hdéa CNF néu moi cong thirc thanh phan cua nd déu

c6 dang CNF.
Thi du
F = {(at+b)(c+a), (a’+b)c}.
Ménh dé 2.7
Moi tap CTBD déu c6 thé dugc chuin hoa CNF.

Thi du 1
Cho g = (a+b)(c’+a) la mot CTB CNF. Hiy dwa g’ vé dang CNE?
Taco g’ =[(ath)(c’+a)]’ = (ath)’ + (c’+a)’ =a’b’ +ca’ =
(@’+c)(a’+a’)(b’+c)(b’+a’) = (a’+c)(b’+c)(b’+a’)a’.

Thi du 2
Cho g = (a’+b)(a+c’+d)e 1a mot CTB CNF. Hay dua g’ vé dang CNF?

g’ = (ata’+e’)(at+ct+e’)(at+d’+e’)(b’+a’+e’)(b’+c+e’)(b’+d’+e’).
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Dinh nghia 2.8

- Tap CTBD F dugc goi 1a khong du néu v6i moi f thude vé tap F ta co F\{f}

khong twong duong voi F.

- Tap CTBD G duogc goi 1a mét phu khéng du cia tap CTBD néu G 1a mot
phu cua F va G 1a tap khong du.

2.2.4 Pinh ly twong duwong
Péi véi phy thude ham ba loai suy dan sau day 1a twong duong
(i) Suy dan logic: F |=f,
(ii) Suy ddn theo quan hé: F |-f,
(iii) Suy ddn theo quan hé c6 khéng qua hai bg: F |, f.
Vén d& nay da duoc chirng minh trong tai lidu [2].
Dinh Iy twong duwong dbi véi phy thude Boole duong cho ba loai suy dan
- Suy dan logic F F fnéu f— g khi T, Te.
- Suy dan theo quan hé F | fnéu théa F thi thoa f.
- Suy dan theo quan hé khong qua 2 bo F |—2 f néu thoéa F thi ciing théa f.
Chirng minh:
Cho tap thudc tinh U={a,b}; f: a>bvag: a’—>a
Giasu F |=f nén f — g, ta di chimg minh T; c T

Talap cac bang triciafvag
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Béang 2.3 Minh hoa bang tri, bang chan ly ciia cong thirc Boole

V; V, T, T,
a |B |f a |a |f a |b a |a
0 (0 |1 0 |1 |0 0 (0 110
0 (1 |1 110 |1 0 |1
110 |0 1|1
1 |1 |1

Nhanxét Ty ¢ Tgnénf + g
- P6i v6i quan hé khong qua 02 bd
Véi quan hé rong, tacd Tr= nénf — g
Vi quan h¢ c6 01 bd
R

Nhan xét: Tg chira phép gan tri don vi e(1, 1)

Vi quan hé c6 02 bd
R a b e
u 0 0
% 0 1
1 0

Nhan xét: TR T
Tom lai, d6i véi phu thudc Boole duong thi 03 loai suy dan sau day 1a twong duong
- Suy dan logic F |=f.
- Suy dan theo quan hé F |— f.
- Suy dan theo quan hé khong qua 2 bo F |—2 f.
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Nhu vay, dé giai quyét bai toan f |= g hay khdng? Ta c6 thé tién hanh theo hai cach.
- Céch 1: Lap bang tri dé biét Ty T, hay khong?

- Cach 2: Ta dung phép hop giai (do Robinson dé& xuéng vao giira thap nién
60, n6 hoat dong dua trén phuong phap chimg minh phan chung ).

Tuy nhién, ddi véi cac quan hé voi sb luong khoang 1000 bd trd 1€n thi viée
gidi quyét bai toan suy dan theo cach 1 gip rat nhiéu khé khan. Do dé, nguoi ta

thuong ap dung phép hop giai.

2.2.5 Quy trinh ap dung phép hep giai
Xét thidu: f Fg?

Yéucauf—g?
Dé giai quyét van dé ta, tién hanh theo cac budc sau,
- Budc 1: Bath =f — g va xét fg’

- Budc 2: Pua h vé dang chuan hoi CNF (Conjunctive Normal Form). Dang

chuan hoi tich cac tong V.

- Buéc 3: Thay cac biéu thirc trong V ¢6 dang (A+P)(A’+Q) bang (P+Q), sau

khi thue hién cac budc thay thé rat gon,
+ Néu nhan duoc két qua 0 thi két luan f — g.
+ Néu nhan dugc két qua khac 0 thi két luan f + g.
Cic bwéc tién hanh chuin héa dang chuin hdi (CNF)
- Bué6c 1: Pua cac dau phu dinh ~ 1én trudc.
- Budc 2: Thay xor (®), —, <> bang t6 hop cac phép toan ~, &, +.

- Buéc 3: Thay luat phan phdi bing 2 tich: ab + ¢ = ¢ + ab = (a+c)(b+c).
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Mot s6 luat thwong sir dung

Bang 2.4 Mot s6 luit logic thwong trong phép bién doi twong dwong

a =a
a—b=a+b
(a—>b)’ =ab’

a(b+c) = ab+ac

a+(bc) = (a+b)(a+c)

(ab)’ =a’+b’

(at+b)’ =a’b’

(a<sb) = (a—b)(b—a)

a® b= (atb)(a’+b’)

* Qui tic doi ngiu
- Gi4 tri ciia mot biéu thuc s& khong ddi khi ta thay phép cong (+) hay phép tuyén
(v) bang phép nhan (*) hay phép hoi (1) va gia tri 1 bang gia tri 0.
Xét thi du
(a—>b) A(at+l)
= (a’+b) A(atl)
= (a’Ab) v(an0)
2.2.6 Bai toan thanh vién
Bai toan thanh vién trong lugc d6 quan hé véi phu thudc Boole duong 1a bai
toan suy dan logic duoc phat biéu nhu sau,
Cho f va g la hai cong thic Boole duong tir tap phu thudc Boole duong cho

trude, yéu cau cua bai toan la kiém tra xem f |= g?
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Nhdn xét

Khi quan tri CSDL, nguoi ta thuong cho trudc mdt tdp cac phu thudc Boole
duong F, sau d6 véi mdi cong thirc Boole duong f, ta phai xac dinh F |= f?

Néu bién d6i trudc F vé dang tién loi C nao day thi mdi lan giai bai toan trén
chi viéc goi thu tuc hop giai véi tham tri 1a C va f, trong d6 C da duogc thu gon.

Tur dinh ly tuong duong cho 16p cac PTBD, ta c6 nhéan xét:

FEf= Fof =—F VT,
DétEE_lF\/f, taCé—|E5—|(—|F\/f)EF/\—|f

Theo gia thiét F 1a tap cac PTBD do d6 trudc hét can dua F vé dang chuan hoi

va thuc hién céc budc hop gidi dén muc toi da.

Do d6, ta van dung két qua cua phép hop giai va thuat toan Reduction (thu gon
PTBD) dé giai quyét bai toan thanh vién.

Thuéat toan Member
Algorithm Member_PTBD
Function: Gidi bai toan thanh vién F  f
Input: - Tgp PTBDTQ F
-PTBDTQ f
Output: -True néu F F f;
-False néu F |/=f ;
Method
1. C:=Reduce(F) 4 cnf(-f)
2. return Resolution(C);
End Member.
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Goi thii tuc thu gon tap phu thudc Boole dwong tong quat
Algorithm Reduction
Function: Thu gon tgp PTBDTQ
Input: Tgp PTBDTQ F
Output: Cong thuc thu gon C cua F
Method
1. Pua F vé dang chuan hai:
C:=2
for each member f in F do
C := C acnf(f);
endfor;
2. return (Unification(C));
End Reduction.
Phép hop giai
Algorithm Unification
Function: Hop nhdt cac nhan ti trong CTBD dang chudn héi C dén téi da.
Input: Cong thize dwong C dang chudn héi
C=CinCrn...nCy
Output: cdng thic sau khi hop nhat.
Method
while (con xu Iy dwoc) do
Tim hai nhan tu trong C c6 dang
Ci=(pvxvaCj=(q v —x);
if (tim duoc)
Thay C; va C; trong C hang (p v q)
else break;
end if;
end while;
return C;
End Unification.



28

Thi du 2.6
Cho tap thudc tinh U=(a b ¢), F va g la hai cong thitc Boole duong, trong do
F={a—b, a—c}; g: a—>bc
Yéucau: F fg =F —g?
bath=F —»g=h=Fg’
h=(a—b)(a—c)(a—bc)’
= (a’+b)(a’+c)(bc)’a
= (a’+b)(a’+c)(b’+c’)a */dang CNF
Hop giai
= (a’+b)(a’+c)(b’+c’)a
= (a’+b)(a’+b’)a
=a'a=0
Két luan: F — g
2.2.7 Uu diém ciia Thuit toan Member so véi cac thuét toan khac
Ngoai thuat toan Member 4p dung phép hop giai cia Robinson duoc dung dé
giai quyét bai toan thanh vién trong tai liéu ndy con c6 mot sd thuat toan khac ciing
giai quyét van dé twong ty nhu thuit todan Member. Ching han nhu thuét toan dung
ciy suy dién ctia Vuong Hao [7].
Thuit toan Vwong Hao bao gom cac buwéc sau
- Budc 1: Phat biéu lai gia thiét va két luan cta van dé theo dang chuan

GT1, GT2, ... GTn— KL1, KL2, ... KLm

Trong d6 cac gia thiét GTi va cac két luan Kli 1a cac biéu thirc dang chuan (chi chira

03 phép toan co ban v, A, ~).
- Budc 2:
+ Néu GTi c6 chira phép v thi tich thanh hai dong con.

+ Néu KL c6 chira phép A thi tach thanh hai dong con.
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Thi du
pA(~pvQ) — g thi tach thanh
pA~p—>qvapag—q
- Bu6c 3: Mot dong duoc ching minh néu thoa mot trong hai diéu kién
+ Ton tai chung mot ménh dé & ca hai phia.
Thi du
PAQ—oQVT

+ Ton tai hai ménh dé phu dinh I1an nhau (p va ~p).
Thi du

PA~pP—(Q
- Buoc 4:

+ Néu mot dong khong con phép tuyén (v) hodc phép hoi (A) & ca hai vé va
& hai vé khong c6 chung mot bién ménh dé thi dong d6 khong dugc chirng minh.

+ Mot vin dé duoc chitng minh néu tat ca dong dan xuét tir dang chuan ban
dau déu duoc chirng minh.
Thi du

Cho tap céc biéu thirc logic F ={p=>q, g=>r, = p=>(r — 1)}
Giai
Ap dung thuit toan Vwong Hao
- Bué6c 1 (dwa vé dang chuan)
= pvq, 7 Qvr, pvr — 1
- Budc 2 (chuyén vé cic ménh dé c6 dang phu dinh)
= pvq, 7 Qvr, pvr — 1

- Bué6c 3 (Thay phép toan v & GT va phép toan A & KL bang diu «,”)
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- pvq, - vl pvr —r
- Budc 4: Xét vé trai, ta chia ra 1am 2 trudng hop:

+ THL1: g, (- qvr), (pvr) >t

+ TH2: = p, (- qvr), (pvr) > 1
- Xét:

+TH1l:r —r1,p, q

bung
+TH2:p —1,p,q
bulng
Viy gia thuyét — két luan ding, do tit ca cac din xudt déu dugc chimg minh.
Nhan xét: Thuat todn Member c6 uwu diém so véi cac thuat toan khéc 1a nho tinh
don gian va khong doi hoi ching ta phai nhé nhidu quy tic mot cach chi tiét khi ap
dung thuat toan, ching ta chi can nam rd mot s luat bién doi twong dwong trong
logic.
2.2.8 Xay dwng tap PTBD tir quan hé R cho trwéc
Cho quan h¢ R trén tap thudc tinh U. Xay dung tap PTBD thoa man R.
Dé giai quyét bai toan trén, ta co thé sir dung mot thuat toan don gian 12 liét

ké toan bo cac PTBD c6 trong P(U), roi kiém tra PTBD nao thoa trong quan hé R
thi dwa vao két qua. Vi U 1a tap hitu han nén thuat toan s& két thic sau hiru han
buac.

Thuat toan BD(R) tim tap PTBDTQ F thoa man quan hé R cho trudc nhu
duoi day.
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Algorithm BD
Input: - Quan hé R trén U
Output: - Tgp PTBDTQ BD(R).
Method
1. Xay dung bang Tg;
2. Lam dong Tg thu dwoc bang T-=Closed&_GPBD(TR);

3. G :=DF(T);
4. F := Nonredundant_GPBD(G);
return F;

End BD.

2.2.9 Xac dinh céng thirc Boole dwong tir mdt biéu thirc Boole cho truéc
Véi mot biéu thic Boole bat ky ta co thé xac dinh xem biéu thic Boole da

cho c6 phai 1a mét biéu thirc Boole duong hay khong?
C6 hai cach dé giai quyét van dé,

- Cach 1: Thay céc bién trong biéu thtc f véi phép gan tri don vi e(1,1), néu
f(e)=1 thi két luan f la cong thirc Boole duong.

- Céch 2: Xay dung thuat toan dé xac dinh mot biéu thic Boole bat ky c6
phai la mét céng thirc Boole duong hay khong?
Thuat toan xac dinh céng thitc Boole duong tir mot biéu thic Boole bat ky.
Algorithm_pos

Input: - F biéu thtrc Boole bat ky

Output: -True néu f(e)=1

- False néu f(e)=0

Method

1. Gén céc bién cua Boole véi gia tri

2. Kiém tra xem f(e)=?1/0

3. Tra vé két qua

End pos.
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Thidul
Cho biéu thirc Boole f: (anb v c) — a
Yéu cau f(e)=1?
(anb vc) > a
=(anb vc) va
=(a’vb’ACc’) va
Gén tri don vi e(1,1) cho cac bién trong biéu thirc Boole f
Két qua: f(e)=1
Két luan: f 1a mot cong thire Boole duong.
Thi du 2
Cho biéu thirc Boole f: A A (—=B)
Yéu cau f(e)=1?
Gén tri don vi e(1,1) cho céc bién trong biéu thirc Boole f
Két qua: f(e)=0
Két luan: f khdng 12 mot cong thie Boole duong.

Nhan xét: Qua hai thi du trén thi viéc xac dinh mét biéu thizc Boole c6 phai 1a mot
cong thirc Boole khong dugc thyc hién kha dé dang. Tuy nhién, d6i voi cac biéu
thirc Boole chara nhiéu bién, nhiéu toan tir phuc tap thi ta nén giai quyét van dé bang
cach ap dung thuat toan Algorithm_pos.

2.2.10 Sw can thiét cia phu thudc Boole dwong

XetU={A}, PTF A g A

Ta khong c6: —=A — A (logic), Li do Ta ko nam trong T
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A A f: A g A
0 1 *
1 0 *

Mat khac: Vi moi quan hé R(A) ta co e = (1) e TR (chira vector don vi e).
Taco: Ta={e}; T_a=0vector0
—A =Ra, vd —=A = 2A véi[nghia néu R théa —A thi R thoa A.
Hay néu Trc T_athi Tg < Ta diéu nay ludn dang vi Tr!CT_a.
2.10 Két chwong
Chuong ndy d3 trinh bay mot s6 khai niém co ban lién quan dén céc 16p phu

thudc Boole duong, dong thoi cling trinh bay thuat toan giai bai toan thanh vién cho
I6p PTBD.
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Chuong 3
MOT SO UNG DUNG CUA BAI TOAN THANH VIEN

Van dung két qua cua bai toan thanh vién ching ta cé thé ang dung dé giai
quyét mot sé van dé nhu tim phi khong du, tinh bao dong va tim khoa cua luoc dd
quan hé.
3.1 Ung dung bai toan thanh vién dé tim phi khong dw
b inh nghia 3.1
Cho hai tap PTBD F va G trén tap thudc tinh U. G goi 1 phu khong du cta F néu:
1) G la mot phu cua F, va
2) G c6 dang khong du: VgeG: G \{g} £ G
Thuét toan tim phi khong dw caa tap PTBD
Algorithm Nonredundant
Format: Nonredundant(F)
Input: - Tdp PTBD F
Output: - Mot phu khong du G cua F
G=F
g €G: G\{g} G
Method
G:=F;
foreach FD g in F do
if IsMember(g,G\{g})then
G:=G\g};
endif;
endfor;
return G;

end Nonredundant.
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Quy trinh tim phi khong dw

1. CNF: Chuyén cac cong thirc f trong F sang dang CNF. Néu f 1a cong thuc
hang dung thi loai.

Trung 1dp thi lugc bot.

2. Véi mdi CNF f trong F xay dung mot CNF cho f°.

3. Duyét

Véi mdi f trong F:
Néu Ff =0 thi F=F\ {f} ; return F;

Thi du 3.1.1

Tim phu khong du cua F = {a’vb, a+b, b—c}

Béang 3.1 Minh hoa cac buéc phi khong du cia thi du 3.1.1

F CNF F | CNF f* | Xét | Loai?
lla’vb |a’+h |ab’ 1

2|atb |atb a’b’ 2 Loai
3| b—c|b’+c bc’ 3
Két qua: G= {a’+b, b’+c }

Thi du 3.1.2
Tim phu khong du cua F = {a—b, ¢’vb, ac—b}
Béang 3.1 Minh hoa cac buéc phi khong du cia thi du 3.1.2
F CNFF | CNFf" | Xét | Loai?
1|a—b |a’+b ab’ 1
2|c’vb | C’+b cb’ 2

3| ac—b | a’+c’+b | acb’ 3 Loai
Két qua: G = { a’+b, ¢’+b}

Thi du 3.1.3
Tim phu khong du cia F = {a—b, b—c, a—d, ab—d, b’+c, acd—d}.
Chuan hda CNF: F = {a’+b, b’+c, a’+d,a’+b’+d,b’+c,a’+c’+d’+d}

Loai a’+b’+d va a’+c’+d’+d vi day 1a cac hang dung (tautology)
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Khi @6 F = {a’+b, b’+c, a’+d}
Pua céc phi dinh ctia F vé CNF: F* = {ab’, bc’, ad’}
Béang 3.3 Minh hoa cic buéc phu khong du cia thi du 3.1.3

F CNF f* | Xét | Loai?
1|a’+b |ab’ 1
2 | b’+c | bc’ 2
3|a’+d |ad’ 3

Két qua: G = {a’+b, b’+c, a’+d}

3.2 Ung dung bai toan thanh vién dé tinh bao déng
Dinh nghia 3.2.1
Cho LBQH a= (U, F), trong d6 F 1a tap cac PTBD va moét tap con X < U.
Bao dong cua tap thudc tinh X trong LDQH a 1a tap thudc tinh X* duge xac
dinh nhu sau:
X+={AeU|X—>A}

Thuét toan tim bao dong
Algorithm Closure
Format: Closure(X, F)
Input: - Tdp PTBD F trén U
- Tdp con thuoc tinh X cua U
Output: -Y=X+={AeU|X— 4}
Method
Y:=X;
for each element A in U\X do
if member_GPBD(F, X—A) then
Add AtoY;
endif;
endfor;
return'Y;

End Closure.
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Thi du 1
Cho F={a—bc, bad, avc}. Tinh b™?
Vi tap F da cho thi U=abcd. Ta tim bao dong cua X=b nhu sau:
Y:={b};
Lan luot xét cac phan tir A € U\X. Kiém tra xem néu F |= (X —A) thi bd
sung A vao G. Sau day la cac budc thuc hién véi X=b:
+ Truong hop A=a: Ta c¢6 G={b—a}. Kiém tra F |= G:
- Pua vé CNF: Pat H=FG’. Ta co:
H=(a’+bc)(bd)(a+c)ba’ // Do G= b—a nén G’=ba’
H=(a’+b)(a’+c)(bd)(a+c)ba’
H=(a’+b)(a’+c)(a+c)a’bd // c6 dang CNF
- Hop giai:
H=(a’+b)(c+c)a’bd=(a’+b)a’bcd = 0
+ Truong hop A=c: Ta c6 G={b—c}. Kiém tra F |= G:
- Pua vé CNF: Pat H=FG’. Ta co:
H=(a’+bc)(bd)(a+c)bc’ // Do G= b—c nén G’=bc’
H=(a’+b)(a’+c)(bd)(a+c)bc’
H=(a’+b)(a’+c)(a+c)bc’d // c6 dang CNF
- Hop giai:
H=(a’+b)(a’+c)(a+c)bc’d=(a’+b)(c+c)bc’d=(a’+b)cc’bd = 0
G:=Guc={b, c}
+ Truong hop A=d: Ta ¢c6 G={b—d}. Kiém tra F |= G:
- Pua vé CNF: Pat H=FG’. Ta co:
H=(a’+bc)(a+c)bd’// Do G= b—d nén G’=bhd’
H=(a’+b)(a’+c)(a+c)bdd’cé dang CNF
- Hop giai:
H=(a’+b)(a’+c)(a+c)bdd’= (a’+b)(a’+c)(a+c)(dd’)b=0
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G:=Gud={b, c,d}.
Két luan
Vay bao déng ctia X=b la X =bcd.
Thi du 2
Cho F={a—bvc, bad, avc}. Tinh b™?
Giai
Vi tap F da cho thi U=abcd. Ta tim bao dong cua X=b nhu sau:
Y:={b};
Lan luot xét cac phan tir A € U\X. Kiém tra xem néu F |= (X —A) thi bd
sung A vao G. Sau day la cac budc thuc hién voi X=b:
+ Truong hop A=a: Ta c6 G={b—a}. Kiém tra F |= G:
- Pua vé CNF: Pat H=FG’. Ta co:
H=(a’+bvc)(bAd)(a+c)ba’ // Do G= b—a nén G’=ba’
H=(a’+b+c)(bd)(a+c)ba’=
H=(a’+b+c)(a+c)a’bd // c6 dang CNF
- Hop giai:
H=(a’+b+c)(a+c)a’bd =(a’+b+c)(c+bd)=(a’+b+c)(b+c)(c+d) = 0
H=(a’+b+c)(b+c)(c+d)=(a’+b+c)(c+d)= 0
+ Truong hop A=c: Ta c6 G={b—c}. Kiém tra F |= G:
- Pua vé CNF: Pat H=FG’. Ta co:
H=(a’+b+c)(bd)(a+c)bc’ // Do G= b—c nén G’=bc’
H=(a’+b+c)(bd)(a+c)bc’=(a’+b+c)(a+c)c’hd
H=(a’+b+c)(a+c)c’bd // c6 dang CNF
- Hop giai:
H(a’+b+c)(a+c)c’bd =(b+c)c’bd=bd = 0
+ Truong hop A=d: Ta ¢6 G={b—d}. Kiém traF FG:
- Pua vé CNF: Bit H=FG’. Ta c6:
H=(a’+b+c)bd(a+c)bd’// Do G= b—d nén G’=bd’
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H=(a’+b+c)bd(a+c)bd’c6 dang CNF
- Hop giai:
H=(a’+b+c)bd(a+c)bd’= (a’+b+c)(a’+c)bdd’=0
G:=Gud={b, d}.
Két luin
Vay bao dong ctia X=b 1a X =bd.
3.3 Ung dung bai toin thanh vién dé tim khéa ciia lwgc do quan hé
Dinh nghia 3.3
Cho luoc db quan hé a = (U ,F), trong dé U la tdp cdc thudc tinh, F la tdp
cac PTBD.
Khoéa cta luge do quan hé 1a tap da nho cac thudc tinh cod thé xac dinh
khong qua mdt bo trong quan hé, ky hiéu 1a K.
KcU
(1) K di manh: K—-U
(i1) K du nho: VAeK:K-{A} +~ U
Hai tinh chét trén twrong duong,
(i F F(K-V)
(i) VAeK:F|l=(K-{A} > U)
Thuét toan tim khéa
Algorithm Key
Input: -FIlaPTBD trénU
- U la tap thuoc tinh
Output: KU
(i) member(F, K— U)
(ii) YA €K: Imember(F(K-A) — U)
Method
K=U;
for each A in K do
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if member(F,(K —{A})-U)
then
K:=K - {A};
endif;
endfor;
return K;
End Key.

Thi du 3.3.1
Cho lugce d6 quan hé a = (U, F), trong d6 U = abc va F={a—bc, c+a}
TimK=?
Theo gia thuyét U=abc nén ta cd thé khai tri K = U = abc
Lan luot loai bot cac thudc tinh A e K sao cho K-{A}— U. Kiém tra xem

néu F — (K-A) thi loai A ra khoi K.

+ Truong hop A=a: Ta c¢6 K= bc, dit g = bc, tinh K =?

Kiém tra F |=g hay F —>g?

- Pua vé CNF: Pat H=FG’. Ta co:

H=(a—bc)(c+a)(bc)’

H=(a’+bc)(a+c)(b’+c’) */c6 dang CNF

- Hop giai:

H(a’+bc)(a+c)(b’+c’)= (a’+b)(a’+c)(a+c)(b’+c’)

H= (a’+b)(c+c)(b’+c’)=(a’+b)(b’+c’)c=(a’+b)b’~0

Nén K=a

+ Truong hop A=b: Ta c6 K=ac, dit g = ac, tinh K =?

Kiém tra F |=g hay F —>g?

- Pua vé CNF: Pat H=FG’. Ta co:

H=(a—bc)(c+a)(ac)’

H=(a’+bc)(a’+c’)(a+c) */dang CNF
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- Hop giai:

H=(a’+b)(a’+c)(a’+c’)(a+c)=(a’+b)(a’+c)(aa’+cc’)=0

Nén K=K-{b}

+ Truong hop A=c: Ta ¢ K=ab, dat g = ab, tinh K" =?

- Pua vé CNF: Pat H=FG’. Ta co:

H=(a—bc)(c+a)(ab)’

H=(a’+bc)(cta)(a’+b’) */dang CNF

- Hop giai:
H=(a’+b)(a’+c)(a+c)(a’+b’)=(a’a’+bb’)(a’+c)(a+c)=a’(c+c)=a’c+0
Nén K:=Kuc={ac}.

Vay khod cua lugc dd quan hé la K=ac.

Thi du 3.3.2
Cho lugce d6 quan hé a = (U, F), trong d6 U = abed va F={ab—-c, d, c—d}
Theo gia thuyét U=abc nén ta cd thé khai tri K = U = abcd
Lan luot loai bot cac thudc tinh A e K sao cho K-{A}— U. Kiém tra xem
néu F — (K-A) thi loai A ra khoi K.
+ Truong hop A=a: Ta c¢6 K= bcd, dit g = bed, tinh K™ =?
Kiém tra F |=g hay F —>g?
- Pua vé CNF: Pat H=FG’. Ta co:
H=d( ab—>c)(c—d)(bcd)’
H=((ab)’+c)(c’+d)(b™+c™+d")d
H=(a’+b’+c)(c’+d)(b’+c’) */c6 dang CNF
- Hop giai:
H=(a’+b"+c)(b’+c’+d)=(a’+b’+d) 0
Nén K=a
+ Trudng hop A=b: Ta ¢d K=acd, dit g = acd, tinh K* =?
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Kiém tra FFghay F — g ?

- Pua vé CNF: Bit H=FG’. Ta c6:

H=d( ab—c)(c—d)(acd)’
H=d((ab)’+c)(c’+d)(acd)’
H=d(a’+b’+c)(c’+d)(a’+c’+d’) */dang CNF

- Hop giai:
H=d(a’+b’+c)(c’+d)(a’+c’+d")=(a’+b’+d")(c’+d)d
H=(a’+b’+d’)(c’+d)=(a’+bh’) #0

Nén K=Kub

+ Trudng hop A=c: Ta c6 K=abd, dit g = abd, tinh K* =?
- Pua vé CNF: Pat H=FG’. Ta co:

H=d( ab—c)(c—d)(abd)’

H=d(( ab)’+ c)(c’+d)(a’+b’+d")

H=d(a’+b’+ c)(c’+d)(a’+b’+d’) */dang CNF

- Hop giai:

H=d(a’+b’+ c)(c’+d)(a’+b’+d")
H=(a’+b’+d)dd’=0

K:=K-{c}

+ Trudng hop A=d: Ta ¢d K=abc, dit g = abc, tinh K* =?
- Pua vé CNF: Pat H=FG’. Ta co:

H=d( ab—c)(c—d)(abc)’

H=d(( ab)’+ c)(c’+d)(a’+b’+c’)

H=d(a’+b’+ c)(c’+d)(a’+b’+c’) */dang CNF

- Hop giai:

H=d(a’+b’+ c)(c’+d)(a’+b’+cC’)
H=(a’+b’+d)cc’=0

K:=K-{d}

Vay khod cua lugc dd quan h¢ 1a K=ab.
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3.4 Xay dung chwong trinh
3.4.1 Cai dat chwong trinh

Chuong trinh duoc xdy dung bang ngén ngit Prolog, 13 ngdn ngit l4p trinh
logic dugc s dung phd bién trong linh vyc tri tué nhan tao. Nguyén ly 1ap trinh
logic dua trén cac ménh d& Horn (Horn logic). Noi dung ctia chuong trinh nham
giai bai toan thanh vién vai dir liéu 1a cac biéu thirc Boole.

3.4.2 Két qua thuc nghiém
Khi thyc hién cac 1énh goi cac thu tuc chuong trinh s€ giai mét cach nhanh

chong bai toan thanh vién véi cac phu thude boole duong f va g va cho ra két qua.

Ngoai ra, chuong trinh con duoc tng dung dé tim phu khong du cta tip phu
thudc Boole duong va thuc hién viéc tinh bao dong, tim khoa trén luoc dd quan hé

v6i cac tap phu thudoc Boole duong cho trude.
3.5 Két chwong

Chuong ndy da trinh bay mot s6 tng dung ctia bai toan thanh vién cho cac 16p
phu thudc Boole duong nhu tim phu khong du cua tap phu thugc Boole duong cho
trudc, ing dung bai toan thanh vién trong viéc tinh bao dong va tim khoa trong lugc
dd quan hé vdi phu thude Boole duong. Déng thot trinh bay cach thyc hi¢n, viéc

dua dir liéu va két qua ctia chuong trinh tmg dung viét trén ngdn ngir Prolog.



44

KET LUAN VA KIEN NGHI HUONG PHAT TRIEN

Két luan

Ly thuyét phu thudc dit liéu ludn 1a vin dé duoc nhidu ngudi quan tam vi nd
dong vai tro hét sic quan trong trong viéc thiét ké va cai dat co so dir lieu. Hién
nay, cac nha nghién ciru van tiép tuc dé xuat nhiéu loai phu thudc di liéu khac nhau
dé dap ang yéu cau cua cac tng dung trong thuc té.

Do d6, viéc mé rong cac 1op phu thudc c6 sin dang 14 hudng di duoc nhiéu
nha nghién ctu lya chon. Thuc té cho thay I6p phu thudc dir liéu dau tién 1a phu
thuoc ham da dugc E. F. Codd [13] gidi thiéu nam 1970. Ngay nay, cung véi Su
phat trién caa 16p phu thudc ham, nhiéu 16p phu thudc khac da va dang dugc nghién
ctru, phat trién nhu phu thudc ddi ngau, phu thuoc manh, phu thudc yéu, phu thuoc
d6i sanh, phu thudc tuan ty, phu thudc sai khac...va mot s6 16p phu thuéc Boole

duong.

Véi mong mudn déng gop vao su phat trién caa ly thuyét phu thuoc dix liéu, luan
van da c¢6 gang tim hiéu va trinh bay mot s6 khai niém co ban vé 16p phu thudc
Boole duwong dé xay dung tng dung giai quyét mot sé van dé cua lop phu thuoc nay

nhu tinh bao déng, tim khoa, tim phti khdng du va bai toan thanh vién.

Kién nghi hwéng phat trién tiép theo

- Xay dung céc ¢ng dung, giai quyét bai toan thyuc té dwa vao 16p cac phu thudc
Boole duong.

- Tiép tuc tim hiéu va tong quét héa mot sé 16p phu thudc dir lidu co ban chét 1a
phu thudc Boole duong duoc nghién ctiru gan day nhu phu thudc ham mém, phu

thudc ham co diéu kién, phu thudc sai khac ...
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PHU LUC

(Mot s6 két qua ciia chwong trinh wng dung)

- Goi thure hién 1énh “tv1.” dé giai bai to4n thanh vién.

- Kich dup chudt 1én file chuong trinh 1a thanhvien.pl

- Man hinh hién thi nhu sau:

Welcome to SWI-Prolog (Multi-threaded, 32 bits, Version 6.4.1)

Copyright (c) 1990-2013 University of Amsterdam, VU Amsterdam

SWI-Prolog comes with ABSOLUTELY NO WARRANTY. This is free software,
and you are welcome to redistribute it under certain conditions.

Please visit http://www.swi-prolog.org for details.

For help, use?- help(Topic). or?- apropos(Word).

17-

- Tai dau nhac ta danh vao Iénh “tv.”

1?-tv.

(a=>b)& (b=>c) => a=>c?

Given: (a=>b)& (b=>c)=> (a=>¢)
Y = ~ ((a=>b)& (b=>c)=> (a=>C))
CNF: (~a+b)& (~b+¢)& (a& ~c)
ToList: [~a+b,~b+c,a,~c]

List: [[~a,b].[~b,c].[a].[~c]]

[

true !

Hinh 3.1 Goi thii tuc “tv.” dé giai bai toan thanh vién.



- Goi thit tuc “go.” Dé giai bai toan thanh vién tiép theo

2 ?- go.
(a=>b+c)& (a&d=>e)& (c+e=>b) => b&e=>a+d?

Given: (a=>b+¢)& (a&d=>e)& (c+e=>b)=> (b&e=>a+d)

Y =~ ((a=>b+c)& (a&d=>e)& (c+e=>b)=> (b&e=>a+d))

CNF: (~a+ (b+c))& (~a+ ~d+e)& ((~c+b)& (~e+b))& (h&e& (~a& ~d))
TolList: [~a+ (b+c),~a+ ~d+e,~c+b,~e+b,b,e,~a,~d]

List: [[~a,b,c],[~a,~d,e],[~c,b],[~e,b].[b].[e].[~a].[~d]]
[[b].[el.[~a].[~d].[~a,b].[~a,~d,b]]

By val [0,1,0,0,1] false !

true

- Goi thue hién 1énh “tk1.” tim khéa cho lwgc dd quan hé

4 ?- tkl.
U =[a,b,c,d,e,g,h],
F=[a=>b&c,e=>d, g=>h, h=>(]
KEY TESTING
Given: U =Ja,b,c,d,e,g,h]
F = [a=>b&c,e,e&d]
key = [a,0,h]

true

Hinh 3.2 Goi thii tuc “tk1.” dé tim khéa ciia LDQH



- Goi thii tuc kiém tra biéu thirc logic cé phai 1a biéu thirc Boole duong

1 ?- pos(a&b + ¢ => a&(~c)).
Given: a&b+c=>a& ~c
Val=0

false.

2 ?- pos(a&b + ¢ => a&(c)).
Given: a&b+c=>a&c
Val=1

true.

Hinh 3.3 Goi thii tuc kiém tra biéu thirc logic

- Goi thu tuc tim phi khong du cia tap PTBD

12 ?- nonred([a=>b,b=>c,a=>c],G).

G = [a=>b, b=>c, a=>c] .

13 ?- nonred([a=>b,b=>c,a=>c,(~a)+b],G).

G = [b=>c, a=>c, ~atb] .

14 ?- nonred([a=>b,b=>c,a=>d,a&b=>d,(~b)+c,a&c&d=>d],G).
G = [a=>b, a=>d, a=>d]

Hinh 3.4 Goi thu tuc tim pha khong dw caa tap PTBD



- Goi thu tuc tinh bao dong cuaa tap thugc tinh

For help, use ?- help(Topic). or ?- apropos(Word).

1 ?- closure([a,b,c,d,e], [a&b=>c,c&d=>€], [a,b], R).

R=[a, b, c].

4 ?- closure([a,b,c,d,e,f,g,h], [a&b=>c,c&d=>e,a+b,e+f], [a,b,e], R).

R=[a, b,c,e].

For help, use ?- help(Topic). or ?- apropos(Word).

5 ?- closure([a,b,c,d], [a&b=>c,d,c=>d], [a,b], R).
R=1]a, b, c,d].

6?- closure([a,b,c,d,e], [a+b=>c,c&db=>¢], [a,b], R).

R=[a, b, c].

Hinh 3.5 Goi thu tuc tinh bao déng cua tip thudc tinh



CO SO DU LIEU THUC NGHIEM

Viéc ung dung cac I6p phu thudc Boole trong co sé dir liéu caa cac ing dung
thuc té 1a rat can thiét vi phu thuoc Boole 1a mét dang phu thudc bac cao. No dap

g duoc c4c yéu cau rang budc trong co sé dit liéu.
Trong co sé dir liéu cia mot tng dung cung cap lich kham bénh truc tuyén

cho bénh nhan. Dit liéu duoc md ta bao gom céc quan hé sau:

Thong tin diang nhap

Ho tén

So tai
khoan

Yéu ciu

Nguyén A | 7000215365

Kham téng quét

Thong tin bénh nhan
STT |Ho tén Giéi | Nam | S tai khoan | Dia chi Gio
tinh | sinh kham
01 Nguyén A Nam | 1989 | 7000215365 25 Lé Thanh Tén | 07 AM
Bién lai vién phi
So tien ,
So tai khoan

Ma BL
VND

STT Bénh nhan

MO1 100.000

01

7000215365




Thong tin ngwoi kham bénh

MA VC | Ho tén Giéi | Nam | Chuyén | Gi kham

tinh | sinh mon

BO1 Nguyén Vin B | Nit 1980 | Dalidu |07 AM

Yéu cau:
Bénh nhan sau khi dang nhap vao tng dung néu bénh nhan cung cip duoc sb
thir tu lwgt kham bénh va sé bién lai vién phi thi ho s& biét duoc lich kham bénh.
Tuy nhién, sé luong bénh nhan cé thé dén ding ky kham bénh rit dong. Do
d6, néu bénh nhan nhan sé tht tu luot khdam nho hon hoic bang 100 thi lich kham
bénh s& tién hanh trong ngay. Nguoc lai lich kham bénh cua bénh nhan s& duoc tién
hanh vao cac ngay ké tiép.
Nhu vay, trong truong hop nay vai rang budc dir liéu 1a phu thugc han thi
khéng mo ta hét yéu cau cia co o dir ligu:
STT, S6 BL — Gi& kham
Khi d6 ta can md ta rang budc dit liéu trong trudng hop nay véi phu thudc
Boole:

[stt(n<100)Asobl(m)]— [thoi gian(t1+t2)]
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