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LOI GIOI THIEU
Cong nghé thong tin ndy cang trd nén quan trong trong doi sdng ching ta va la

mot phan khong thé thiéu trong cudc séng hién dai. Thong tin dién tir ngdy cang tre
nén phong phu va trai rong ra hau hét cac linh vuc tir khoa hoc cho dén thuong mai.
Do d6 dir liéu trod nén qua do so va viéc khai thac ngudn thong tin nay ding trude
tinh trang c6 nguy co kho khan hon. Tir do dat ra mot thach thirc cho cong ngh¢ co
sO dir licu, doi hoi mot hé co sé dir liéu manh mé va md hinh cong nghé mém déo
cho phu hop véi nhitng yéu cau cua nguoi ding. Ngudi ding ludn luén mong ude
c6 dugc nhitng thong tin can thiét, théa man nhitng wéc muén cua ho dua ra, diéu
nay doi hoi chiing ta phai c6 mot mo hinh dir liéu gan giii v6i nguoi dung, cu thé
hon, yéu cau c6 mot mo hinh dir lidu wa thich mém déo. Céc truy van wa thich phai
thod man su hop tac boi va thich nghién ctru nhu 1a rang budc khong bét budc, cb
gang c6 duoc sy phi hop tot nhat khi thyc hién yéu cau. Chiing ta dé xuat mot ngir
nghia thir ty bo phan nghiém ngit cho ua thich, né c6 sy phu hop gan gili véi truc
quan cua con nguodi. Sy da dang cta tu nhién va cta wa thich phuc tap dugc bao
trum trong mé hinh nay. Chung toi dua ra mot cu trac quy nap cho wa thich phuc
hop boi y nghia ciia cac cau trac ua thich khac nhau. M6 hinh nay 1a chia khoa cho
mot hudng nghién ciru mai goi 1a k§ nghé wa thich va dai sb ua thich. M6 hinh truy
van phi hop nhat da cho, chiing ta s& thay cac truy van phirc tap c¢6 thé duoc bién
d6i vé cac truy van don gian hon. Ching t6i tin rang mé hinh nay 1a thich hop véi
cong nghé co s& dir liéu mo rong theo huéng hd trg hidu qua hon cho ca nhian hoa
thong tin

Cac cong cu tim kiém hién tai c6 thé hau nhu khong phu hop voi so thich phirc
tap. Van dé 1on nhit ctia bd may tim kiém thyc hién véi SQL chuan 1a SQL khéng
c6 kha nang hiéu duoc khai niém cta sy uva thich. SQL wa thich md rong SQL
chuan bdi mé hinh ua thich dua trén rang budc khong bét budc, lac dod cac truy van
ua thich s€ xtr sy nhu 1a cac rang budc lya chon mém.

Loi ich cua cong nghé SQL ua thich bao gém tra 1i truy van va dua ra 1oi

khuyén théng minh cho khach hang, di dau 1a thoa méan yéu cau tir nguoi ding mua



ban tryc tuyét & mirc cao hon va thoi gian phat trién ngan ciia cac bo may tim kiém
huéng nguoi dung cho ngudi cung cip cac dich vu dién tu.

Tir nhitng nhan dinh trén, t6i mudn trinh bay mot cach 16 rang vé van dé truy van
wa thich. D& c6 thé thuc hién dugc diéu nay, toi da nghién ctru cac tai li¢u lién quan
va tong két lai nhitng hidu biét ctia toi vé truy van hudng nguoi dung va tap trung
vao truy van ua thich. Toan bg luan vin nay dugc trinh bay nhu sau:

Chuong I: Trinh bay tong quan vé hé co s dir liéu hudng ngudi ding, bao gom
gi6i thiéu vé co ban cua sy ua thich, biéu dién mé hinh ua thich nhu 1a chia khéa
ctia k§ nghé wa thich, phat trién dai sb wa thich va trinh bay mot sé thuat toan xir 1y
cho truy van ua thich.

Chuong II. Nghién ctru vé téi wu héa truy van ua thich trong co sé dit liéu quan hé,
bao gdm gidi thiéu dai sb quan hé ua thich va thiét ké kién trac cho tdi wu truy van
ua thich, chuong nay ciing trinh bay vé tdi wu dai sé cho truy van wa thich va cac
tmg dung thuc té..

Chuong III. Trinh bay vé SQL wa thich: Bao gdm vén dé thiét ké ngon ngir SQL wa
thich va moi truong thuc thi cia SQL wa thich.

Két qua, Pay 1a mot huong di méi cho cong nghé co so dir liéu hudng nguoi
dung, nghién ctru s& 1a mot phan tro gitp dac luc cho cac nha phat trién ing dung,
hd tro ho cho cac van dé ra quyét dinh, cdu hinh va ap dung cac tng dung co so dit
lidu vao thuce tién duoc tét hon, lam cho cac tng dung ngdy cang than thién hon véi

nguoi dung.



Chuong I. TONG QUAN VE HE THONG CO SO DU’ LIEU HUONG
NGUOI DUNG.

1.1. Giéi thi¢u.
Su wa thich dién ra moi noi trong cudc sdng hang ngay cia ching ta. Va gan

day, chung dugc cha y nhiéu dén trong k§ nghé phét trién phin mém, dién hinh l1a
duoc tng dung nhiéu trong cac tng dung dich vu dién tir huéng ngudi dung. Do do
no6 tré thanh mot sy thach thuc cho cong nghé¢ co so dir li¢u nham tuong xung voi
nhiéu dién mao phtic tap cua sy ua thich. C4 nhan hoa c6 nhiéu khia canh khac
nhau: C6 mot thé gi61 thuce, noi nguoi st dung mong muén ¢6 thé théa man hodc
khong véi tat ca. Trong trudng hop nay nguoi st dung lya chon bi han ché t&i mot
tap gidi han trudc cua cac lya chon phuc tap, vi du: céac cAu hinh phén mém tuy
thudc vao tiéu st nguoi dung. Co sé dit lidu truy van trong ngit canh nay 1a duoc ca
nhan hoa bdi sy rang budc chat ché, thuc hién chinh xac nhiing ddi tugng mo udc
néu chung 1a c6 va trong trudng hop khac sé tir chdi nhitng yéu cau ciia nguoi ding.
Nhung trong thé gidi thuc, noi ma sy ua thich cd nhan c¢6 sy khac nhau. Nhu 1a sy
wa thich duoc hiéu 1a sy udc mudn: wée duge tu do, nhung khong phai tat ca ching
c6 thé dugc thoa man. Trong trudng hop niy s& khong co sy thoan man day du sy
mong mudn cta con ngudi, nhung thudng xuyén chuan bi chip nhan su thay dbi toi
t¢ hon hodc vuot qua dugc su thoa hiép. Do dé su wa thich trong thé gidi thuc yéu
cdu mot sy thay ddi mé hinh tir yéu cau phai chinh xac va phu hop nhét, vi du: sy
ua thich dugc xem nhu 1a sy rang budc khong bat budc. Xa hon nita, sy wa thich
trong thé gidi thuc khong thé bi xem nhur 13 sy khong dang mong doi. Thay vi d6 co
nhiéu tinh huéng giai quyét cho cac sy mong doi khac nhau 1a sé phuc tap, vi du:
trong e-shopping, noi ma khach hang va nguoi ban hang c6 nhiing su s¢ hitu cua
riéng ho, co thé 1a sy wa thich s& bi xung dot. Vai tro téa khép cua ca nhan hoa duoc
xem xét dén trong ngdn ngir truy van co s dit liéu cua ca hai thé gidi. Nhung
nguoc lai dé co sy phi hop dugc nghién ctru trong co so dit liéu va ngit canh Web

1a mot van dé 16n, van dé di dau trong nghién ctru cong nghé (vi du: SQL, E/R-



modeling, XML), mé hinh trong xu thé wa thich lya chon trong thé gidi thyc 1a an
chura bén trong.

Chung ta khao sat mot trang thai khong thoda man ctia sy muu meo bdi nhin vao
cac bo may tim kiém co s¢ dua trén SQL cuia e-shop, chiing ta s& thiy khong thé co
sy twong thich v6i nhitng mong udc ciia nguoi dung nhu trong thé gidi thyc: Tat ca
thuong khong co sy tra 10i chinh dang tra lai tir cac tim kiém cho pht hop véi mong
mudn tot nhat cua nguoi dung. Pho bién, s& co su bat gip cac cau tra 10i trude khi
nghe nhimng cau giéng nhu “khdng c6 khach san, xe, chuyén bay, ..v..v. c6 thé tim
thdy cau tra 1oi phu hop hon; xin vui 1ong thir lai voi cac sy lua chon khac”. Trong
truong hop nhan duogc cac két qua tra 11 rdng s& gy nén su that vong cho ngudi
ding, va s& lam thiét hai nhiéu cho ngudi ban hang. Lénh cho ngudi dung roi bo
mot s6 diéu kién trong yéu cau khong mong doi thuong giy nén su thit vong: Mot
luong qua tai véi qua nhidu thong tin vao. S& c6 mot sy dén gan véi nhiéu sy thiéu
hut, dang chu y trong ngit canh ctia hé théng co sé dit liéu dang hoat dong. C6 mot
cong nghé cua truy vén linh dong da dugc nghién ctru nham giai quyét van dé tra
vé két qua rdng, D trai qua nhiéu thap ky sir dung su wa thich nham giai quyét van
dé 16n trong khoa hoc kinh té va xi hoi, dién hinh 14 tinh ra quyét dinh trong thao
tac tim kiém, hoc may va khai pha tri thirc 13 cac van dé tuong lai noi ma sy wa
thich s& duoc lya chon dé giai quyét. M&i mot su tiép can va sy nghién ctru da timg
kham pha ra mot s6 thach thirc dit ra boi su wa thich.

Tuy nhién, mot giai phap téng quat ma 1am nén tang din dudng cho mét sy 6n
thoa va tich hop hi¢u qua cua sy wa thich voi cong nghé co sé dir liéu ma da khong
timg duoc néu ra. Toi nghi 1a mé hinh sy wa thich ¢ thé lam dugc cho hé théng co
sO dir liéu nén dat dugc nhu cac mong muén dudi day:

(1) Ngit nghia tryc quan: Sy wa thich phai trd thanh sy quan tdm nhét trong xur

1y mo hinh. Diéu nay doi hoi mot cach truc quan va giai thich 16 rang cua su
ua thich. M6 hinh su ua thich nén bao gdm biéu dién phi sé nhu 12 phuong

phéap phan hang..



(2) Nén tang toan hoc ngan gon: Yéu cau nay dua ra 1a tat yéu, nhung nén tang
toan hoc phai dugc can déi véi ngit nghia truc quan.

(3) Xay dung va m& rong mé hinh ua thich: su ua thich ddy du nén dugc xay
dung quy nap tir cic van dé don gian sir dung thong tin mé rong cua cau tric
ua thich.

(4) Cac xung dot cua cac ua thich phai khong 1a nguyén nhan lam cho hé thong
bi 16i: két cau dong cua ua thich phtrc tap phai duoc hd tro ngay ca trong sy
c6 mdt cua su xung dot. Mo hinh wua thich thyc hién nén co thé ton tai cung
v6i su xung dot, khong ngan chin chiing hodc gay ra 16i néu chung xay ra.

(5) Xay dung ngdn ngit truy van wa thich: Sy phu hop trong thé gi6i thuc lam
cau ndi gilta nhitng mong mudn va sy tin cay. Su thé hién nay la can thiét
cho mot md hinh truy vin méi khac phu hgp v6i mé hinh ciia ngén ngir truy

van co so dir li¢u da co trude day.

1.2. Biéu dién sw wa thich trong hé thong co sé dir liéu
Su ua thich trong thé gidi thyc dugc thé hién trong nhiéu dang khac nhau nhu la

moi ngudi ¢ thong tin v& mot ddi twong nao d6. Chung ta lam mot cude kiém tra
vé nhitng biéu 16 tw nhién ciia con ngudi khi wéc mudn vé mot vin dé gi d6. Hay
thir kham pha cudc sdng hang ngdy véi su phong phu cia sy ua thich dén tir sy cam
nhén hodc anh huong khac. Trong thé gidi thuc nay, nd tra lai mot cach nhanh
chong nhitng mong mudn thudng xuyén xay ra, nhu 1a “tdi thich A hon B”. Loai ua
thich nay la phé bién va truc quan cho moi ngudi. Su that 1a, mdi dua tré hoc diéu
nay tir khi chung con rat nho. Nghi dén su wa thich c6 nghia 13 mong mudn “tbt
hon”, diéu ndy cling c6 chit lién quan dén toan hoc: Toan hoc c6 thé anh xa chung
vao thanh mot tht tu bo phan chit. Con ngudi 1 thuong xuyén dé cip dén van dé
su wa thich, thong thuong véi nd 1a khong dién ta trong pham vi con sd cu thé.
Nhung ciing ¢6 mot phan khac cia cudc séng thé gisi thue véi sy nguyén thiy co
dinh liu v&i tiét kiém chi phi hodc cong nghé dua ra, noi ma nhitng con sd 14 quan

trong. Mot cach d& hiéu hon 1a xép hang sé c6 thé duoc duoc xem nhu mot phan



cua ua thich. Do d6 mé6 hinh wa thich nhu 1a mét rang budc khong tron ven cé duoc
hon 13 101 htra, diéu nay da timg duoc chimg t6 trong nhiéu nganh khoa hoc khac
nhau, dac biét 1a trong khoa hoc may tinh va cac moén hoc .

Su ua thich 1a moét trinh bay rd rang cu thé dya trén mot tap cac thudc tinh dinh
danh v&i mot mién quan hé cua gia tri, theo cach néi an du 12 “thudc vé udc mudn”.
Khi két hop su ua thich P, va P,, ching ta n6i rﬁng P, va P, co thé chéng chéo Ién
nhirng thudc tinh cua chung, cho phép nhiéu su ua thich cung tdn tai dua trén cung
nhirng thudc tinh nhu nhau. Sy phé bién nay la nén dugc quan tdm dén khi thiét ké
hé thong, ngay ca khi x4y ra xung dot cua sy wa thich phai duoc cho phép trong thir
nghiém va khong phai duoc xem nhur 12 16i.

Cho mot tap khong rSng A =({Ay, Ay, ..., Ai}) cua cac tén thudc tinh A; c6 quan
hé véi cac mién cia gia trj dom(A;). Xem xét theo tht ty ciia cac thanh phan trong
tich D& cac nhu 1a khong quan trong, chung ta co:

Dom(A) = dom({A,, A,, ..., Ax}) :=dom(A;) x dom(A,) X ... x dom(Ay)

Chu y 1a dinh nghia nay bao gom diéu kién sau ddy:
NéuB = {A}, Ay} va C = {A,, A3},
thi dom(B v C)=dom({A,, A,} U {A,, A;})=dom(A,) x dom(A,) x dom(A,).
Dinh nghia 1. Sy wa thich P = (A, <P)

Cho mdt tap A cua céc tén thudc tinh, mét sy ua thich P 1a mot thtr ty bo phan
chat P = (A, <P) vdi <P [ ] dom(A) x dom(A).

Do d6 <P 1a phong pht va linh dong. Diéu quan trong 1a giai thich sy mong doi nay:
“x <P y” la dugc giai nghia nhu 1a “t61 thich y hon x”.

Xa hon ntra: range(<P) := {x € dom(A) | L1y € dom(A): (x, y) € <P hodc (y, x)
€ <P}.

Khi d6 sy ua thich mang lai mot dién mao quan trong cua thé gidi thuc va biéu
dién mot cach truc quan tdt hon.

Pinh nghia 2: D6 thi better-than, nhitng nét diic trung.



Trong nhiing mién hitu han cho mot ua thich P ¢6 thé duge v& nhu 1a mot d6 thi
khong chu trinh c¢6 hudng G, dugc goi 1a do thi “better-than” ctia P . Dung G thay
cho P chung ta dinh nghia mot s6 khai niém sau day gitra gia tri x, y trong G:

- x <Py, néuy cotd tién cia x trong G.

- Céc gia tri trong G ma khong 1a t6 tién 1a phan tir I6n nhat cua P (max(P)),
trg thanh cap do 1.

- X 1a cing cép j, néu dudng di dai nhét tir x t6i gid tri 16n nhat ¢6 j-1 dinh.

- Néu khong c6 duong di co6 huéng giita x va y trong G, thi x va y 1a khong
phéan hang duogc.

Pinh nghia 3 Cac truwong hgp dic biét cia sy wa thich.
a) P = (A, <P) la mot sy wa thich moc xich, néu cho tit ca x, y € dom(A), x #y:

x<Py V y<Px

b) SH = (S, [J) dugc goi 1a ua thich khong moc xich, cho bat ky tap gia tri S
nao.

. B 5 o,
¢) Ua thich doi ngau P = (A, <P ) nghich dao thir tu trong P: x <P y néu va chi
néu y <P x

1 O
d) Cho P = (A, <P), moi S [] dom(A) bao gom mdt tap con ua thich P = (S,

<PD) ,néu cho batky x,y € S: x <PD y néu va chi néu x <Py
Do d6 tat ca cac gia tri x cua mdt wa thich moéc xich P (cling dugc goi 1a thu tu
tong thé) 1a dugc xép hang cho tit ca cac gia tri y khac. Bét ky tap S, bao gom
dom(A), cé thé duoc bao gém trong mot khong moéce xich. Tép con dac bi¢t ua thich,

dugc goi 1a va thich co s¢ dir li€u, s€ tr¢ thanh quan trong sau nay.

1.3. Ky ngh¢ wa thich
Nhing uéc muén 1a phong pht va xdy ra hang ngdy trong cudc song ciia ching

ta. Do d6 c6 mot yéu cau cao ve€ sy hiéu bi€t va nén tang co s& cho viéc ho trg su
g6p nhat cac ua thich don vao trong mot tap hoan chinh. Chiing ta biéu dién mot

bién doi quy nap theo hudng gin dung voi cdu trac wa thich phuc tap. Mo hinh nay



s& tré thanh chia khoa then chdt cua ngit nghia ki nghé ua thich va cho dai s6 ua
thich.

1.3.1 Céu triic quy nap ciia wa thich.
Két qua 13 véi muc dich cung cdp mot cach truc quan va phuong hudng thuin

tién cho ciu tric quy nap cia ua thich P = (A, <P). Két thiic s& dua ra P phu hop véi
mién gia tri A va rang budc <P. Chuing ta phan van giita ua thich co ban (diéu kién
wa thich nguyén tir) va wa thich lai ghép. Khi d6 mdi diéu kién ua thich biéu dién
mat rang budc, chiing ta goi n6 1a ua thich P.
Dinh nghia 4: Thuit ngir wa thich.

Cho mot gidi han ua thich P1 va P2, P 1a mét gidi han va thich néu P 1 théa mén
mot trong cac diéu kién sau:

(1) Bat ky wa thich co so: P := basepref..
, O
(2) Bat ky ua thich tap con: P :=P1

(3) Bt ky wa thich d6i ngau: P = PIB.
(4) Bat ky wa thich phuc tap P nhan dugc tir str dung mot trong céc cdu tric wa thich
sau:
CAu trac ua thich tich liy:
- Tich ldy Pareto: P :=P1 [] P2
- Tich liy vu tién: P :=P1 & P2
- Tich liy sé: P := rank(P1, P2)

CAu trac ua thich két tap:
- Két tap giao nhau: P :=P1 & P2
- Két tap lién két roi rac: P :=P1 + P2
- Két tap téng tuyén tinh: P :==P1 © P2

C4 hai tap ua thich co sé va tap cAu trac wa thich phtrc tap co thé dugc mé rong

bat ky lic nao cho mién trng dung khi ma c6 yéu cau.



1.3.2 Cac ciu tric wa thich co sé.
Mot diéu quan trong trong ki nghé wa thich 1a chung ta c6 thé cung cap cu triic

wa thich co s, ma duge goi 1a cac ua thich mau. Kinh nghiém thuyc té cho théy cac
diéu khoan sau 1a dugc danh gia cao cho cdu tric bd may tim kiém hudng ngudi
dung.

Chinh thirc, mdt ciu trac wa thich co s& c6 mot hodc nhiéu ddi sb, tinh chét dau tién
ctia thudc tinh tén A va cic rang budc khac <P, tham chiéu téi A. Ching toi s& cung

cap ca hai dang va mot dinh nghia quy nap cing véi mot vi du cu thé used_car.

1.3.2.1 Ua thich co s& phi so.
a) Ua thich POS: POS(A, POS-set)

P 13 mot wa thich POS, néu: x <P y khi va chi khi x[J POS-set /\ y € POS-set
Gié tri mong muén nén & trong tap gidi han cua ua thich.POS-set [ 1 dom(A). Néu
didu nay khong thé lam dugc, tot hon khong 1ay bat ctr gia tri nao tir dom(A) 1a
chéap nhan.

Ung dung Used_car viét nhu sau:
POS(transmission, {automatic})
b) Ua thich NEG: NEG(A, NEG-set)
P 12 mét ua thich NEG, néu:
x <Py khi chi khi y [J NEG-set /\ x € NEG-set

Gia tri mong doi nén la mat tir tap gidi han cia gia tri c6. Cac truong hop khac no
khong nén 1a bat cir gia tri ndo tir tip hitu han cua cac gia tri khong mong mudn.
Néu diéu nay khong kha thi, tt hon khong nén Iy gia tri nao ca.
Ung dung cho Used_car nhu sau:
POS/NEG(color, {yellow},{gray})
d) Ua thich POS/POS : POS/POS(A, POS1-set; POS2-set)

P duoc goi 1a wa thich POS/POS, néu:

x <Py khi va chi khi (x € POS2-set A\ y € POSI-set) V
(x 0 POS1-set /\ x [1 POS2-set /\ y € POS2-set) V
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(x O POS1-set /\ x [1POS2-set /\ y € POS1-set)

Gia tri mong doi nén bao gdm mot tap hitu han POS1-set. Cac truong hop khéac
nén la tir cac tap hitu han roi rac cua tap POS2. Néu khong phai gia tri mong doi, t6t
hon nén khong chon lya gié tri nao ca.

Ap dung cho truong hop Used_car nhu sau:
POS/POS(category,{cabrio};{roadster})
¢) Ua thich EXPLICIT: EXP(A, E-graph)

Cho db thj E-graph = {(val,, val,), ... } biéu dién mot dd thi “better-than” khong
vong hitu han, V 1a mot tap cac dinh xuét hién trong dd thi E. Mot rang buoc E =
(V, <E) 12 bao gdm cac diéu kién sau

- (val, Valj) € E-graph dua dén val. <E Valj
- val, <E val, N\ val, <E val, dua dén val. <E val,

P 12 mot wa thich EXPLICIT, néu:

x <Py khi va chi khi x <E'y V (x [] range(<E) /\ y € range(<E))

Ap dung cho truong hop Used_car nhu sau:

EXP(color, {(green, yellow), (green, red), (vellow, white)})

Cho dom(Color) = {white, red, yellow, green, brown, black}, dd thi ‘better-than’

nhu sau:
white red level 1 (maximal values)
Y
vellow level 2
g‘reen level 3
v
brown black level 4 (other values)

1.3.2.2 Ut thich co s& kiéu sb.
Bay gio ching ta nghién ctru P = (A, <P), véi dom(A) 1a mdt loai dir 1iéu ngay

thang, vi du: s6 nhi phan hodc ngay thang, hd trg mot phép so sanh’<’ va mot toan
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tir trir *-’. Thay vi lam giam muc ciia chirc niang trén, ching t6i tiép tuc sir dung
phép toan ‘<’ va ‘-’.
a) Ua thich AROUND: AROUND(A, z)
Cho z € dom(A), va cho tit ca v € dom(A) chiing ta cé:
distance(v, z) := abs(v — z)
P duoc goi la va thich AROUND, néu:
x <Py khi chi khi distance(x, z) > distance(y, z)
Gia tri mong doi nén 1a z. Néu day 1a gia tri thich hop, nhiing gia tri voi voi
khoang cach ngin nhét tir x 13 c6 thé chap nhan.
Ap dung cho truong hop Used_car nhu sau: AROUND(price, 40000)
Chu ¥ 1a néu distance(x, z) = distance(y, z) va x # y, sau d6 x va y la khong mong
doi.
b) Ua thich BETWEEN: BETWEEN(A, [low, up])

Cho [low, up] € dom(A) x dom(A), chiing ta xac dinh cho tat ca v € dom(A):
distance(v, [low, up]) :=
néuv € [low, up] két qua 0 hoic
néu v < low két qua low — v hodc v — up
P dugc goi 1a BETWEEN ua thich, néu: x <P y khi va chi khi

distance(x, [low, up]) > distance(y, [low, up])

Gié tri mong doi nén 1a giita duong bién ctia mot khoang thoi gian. Néu gia tri
nay 1a kha thi, cac gia tri ¢6 khoang cach ngan nhit tir dudng bién bén trong véi gia
tri chép nhan duoc.

Ap dung cho truong hop Used_car:

BETWEEN(mileage, [20000, 30000])
c¢) Ua thich LOWEST, HIGHEST: LOWEST(A), HIGHEST(A)

P duogc goi 1a ua thich LOWEST , néu: x <P y néu va chi néux >y
P duoc goi 1a wa thich HIGHEST, néu: x <P y néu va chi néux <y
Gia tri mong doi nén 1a thap (cao) 1a c6 thé duoc.

Ap dung cho tng dung Used_car: HIGHEST(power)
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Chu y: Ua thich LOWEST va HIGHEST 1a cac chudi.
d) Ua thich SCORE: SCORE(A, f)

Cho mét ham f: dom(A) — R. Xem ‘<’ 1a twong ty nhu ‘less-than’ trong R.
P duogc goi 1a va thich SCORE néu cho x, y € dom(A):
x <Py khi va chi khi f(x) < f(y)

Nhin chung biéu dién khéng truc quan.

1.3.3 CAu triic wa thich phic tap.
Chung ta tién t6i nghién ctru mot mé hinh wa thich phirc tap hon.

1.3.3.1 Céu tric wa thich tich liiy.

CAu trac va thich tich lay (‘00°, “&’, ‘rank;’) két hop céc ua thich dén tr mot
hodc nhiéu phan khac nhau. Nguyén 1y Pareto t6i uu da timg dwoc nghién ciru cho
nhiéu bai toan ra quyét dinh trong khoa hoc xa hoi va kinh té. O day chung ta dinh
nghia n6 cho n=2 ua thich (tong quat héa cho n > 2 13 hién nhién).

DPinh nghia 5: Ua thich Pareto: P1C1P2

P1 va P2 la dugc xem nhu la wa thich quan trong ngang nhau. Cho x = (xi, X;) la

t6t hon y = (y,, y»), Diéu nay 1a khong vi pham x 1a x4u hon y trong bat ky x;
Cho P1 = (Al, <P1) va P2 = (A2, <P2), cho x, y € dom(Al) X dom(A2) chung ta
dinh nghfia:
x <P1[JP2 y néu va chi néu (x, <Pl y, A\ (x,<P2y,V x,=y,)) V
x,<P2y, \ (x,<Ply, V x,=y,)
P=(Al U A2, <P1[JP2) dugc goi 1a wa thich Pareto. Gia tri 1on nhat ctia P 14 tap

Pareto t0i uu.

Vi du 1 Ua thich Pareto (disjoint attrib. names)
Cho dom(A1) = dom(A2) = dom(A3) = integer va
P1:= AROUND(AL, 0),

P2 := LOWEST(A2), P3 := HIGHEST(A3)

P4 =({Al, A2, A3}, <P4) :=(P1 [1 P2) [ P3
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Hay xem xé&t tap con ua thich cua P4 cho tép:

R(Al, A2, A3) = {vall: (-5, 3, 4), val2: (-5, 4, 4),

val3: (5, 1, 8), val4: (5, 6, 6), val5: (-6, 0, 6),

val6: (-6, 0, 4), val7: (6,2, 7)}

Do thi “better than” ciia P4 cho tap con R co thé dat duoc bai thuc hién nhiéu lan

kiém tra “better-than”.

Level 1:  wall wal3 vals

vy v

Level 2:  wal2 wald wval? val6

Do d6 tap Pareto tdi wu 1a {vall, val3, val5}. Chii ¥ cho mdi P1, P2 va P3 c¢6 it
nhét mot gia tri 16n nhat xuit hién trong tap Pareto t6i wu: 5 va -5 cho P1, 0 cho P2

va & cho P3.

Dinh nghia 6: Ua thich wu tién: P1&P2

P1 duoc xem nhu 1a quan trong hon P2; P2 14 dugc cht ¥ duy nhat khi P1 khong

duoc chu y:
Cho P1 =(Al, <P1) va P2 = (A2, <P2),chox,y € dom(Al) x dom(A2) ching
ta dinh nghia:
x <P1&P2 y néu va chi néu x, <Ply, V (x,=y, A\ x,<P2y))
P=(A1UA2, <P1&P2) 1a mét uva thich uu tién
Pinh nghia 7: U thich kiéu s6: rank (P1, P2)

Cho P1 = SCORE(AL, f1), P2 = SCORE(A2, f2) va mot ham két hop F: R X R
— R, chox,y € dom(Al) x dom(A2) chiing ta dinh nghia: x <rank(P1, P2) y khi
va chi khi néu :

F(fl(x)), f2(x,)) < F(fl(y,), £2(y,))
P = (A1 UA2, <rank,(P1, P2)) la mot ua thich so.
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Chu y 1a rank, khong la mot cAu triic wa thich tryc giao gidng nhu [J hoic &.
N6 c6 thé duy nhat duoc sir dung cho wa thich SCORE. Nhung qua versa, ua tich s6

c6 thé dugc dung nhu 1a dir liéu dau vao cho tat ca cac cau tric ua thich khac.

1.3.3.2 Céu triic wa thich két tap.
CAu truc ua thich két hop (s, +, ©)

Tiép tuc mot sy khac biét, muc dich cong nghé. Diém giao ‘¢’ va khong giao “+’
lép ghép thanh mét ua thich P tir cac phén P, P,, ..., P, , tht ca hoat dong trén cung
mat tap cac thudc tinh. Qua versa, chung ta s& nhin thay sau trén wa thich phirc tap
c6 thé duge giai mi vao trong ‘6> va “+’.

Chung ta goi P1 = (A1, <P1) va P2 = (A2, <P2) ua thich khong giao nhau, néu
range(<P1) N range(<P2) = L.

DPinh nghia 8: Ua thich giao va wa thich hop roi
Gia su P1 =(A,<P1) va P2 = (A,P2)
a) P = (A, < P14P2) 1a mot wa thich giao nhau, néu:
x <P1#P2 y néu va chinéux <Pl1y A x<P2y
b) Cho wa thich roi nhau P1 va P2, P = (A, <P1+P2) duoc goi la wua thich hop nhét
khong két hop, néu:
X <P1+P2 y néu vachinéux <Ply V x <P2y

Pinh nghia 9: Ua thich tong tuyét tinh

Cho P1 = (A1, <P1), P2 = (A2, <P2) cho cac thudc tinh don Al # A2 va dom(Al)
N dom(A2) = [ 1. Sau d6 P1 va P2 la cac wua thich tach roi. Cho mot thudc tinh tén
moi A ma dom(A) :=dom(Al) U dom(A2).
Sau d6 P = (A, <P1 © P2) 1a mot ua thich tong tuyén tinh, néu:
X <P1®P2 y néu va chi néu x <Pl y V x <P2y V (x € dom(A2) A\ y €
dom(Al))
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Téng tuyén tinh “ ©’ ¢6 thé duoc xem nhu 1a mot thiét ké phu hop va phuong
thirc chimg minh cho cdu tric ua thich co ban. Vi khai niém thich hop cua “other-
values’ ching ta c6 trang thai sau:

Mot POS wa thich 1a mot tong tuyén tinh ctia nhiéu chudi trén tap POS-set véi da
chudi trén céc gia tri khac:
POS = POS-set & other-values

Tuong tu ching ta theo doi:

“—

POS/NEG = (POS—setH @ other—valuesH) © NEG-set

>

POS/POS = (POSl-setH D POS2-setH) © other-values

EXPLICIT =E @ other-values

Tai diém nay, ching ta c6 thé tinh tong tat ca cac két qua dugc phat biéu nhu sau,

tham chiéu trd lai dinh nghia 4.
Ménh d@é 1
MGi 56 hang wa thich dinh nghia mét wa thich thiv tw bg phin nghiém ngt.

Dinh 1y ndy cho chung ta thiy duoc sy két hgp mém déo cua cac sb hang wa thich
tiy thudc vao yéu cau dua ra trong cac tng dung cu thé.
1.3.4 Phin cép wa thich.

Cau trac wva thich C1 va C2 c6 thé dugc dugc sap xep trong so dO0 phan cap.
Chung ta goi C1 mét cAu trac phu ua thich cua C2 (C1 < C2), néu dinh nghia cua
C1 ¢6 thé thu dugc tur tap xac dinh cua C2 boi mot sO rang budc dac biét.

Phén cap khong réng. Cau trac ua thich co ban:
- POS/POS < EXPLICIT, néu E-graph = (POS1-set) & (POS2-set)
- POS < POS/POS, néu POS2-set = []
- POS < POS/NEG, néu NEG-set = []
- NEG < POS/NEG, néu POS-set = []

Phan cép cua cau trac uva thich co sé so: (‘N’ nghia Ia ‘numeric’)
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- BETWEEN < SCORE, néu A 13 ‘N’ va f(x) = — distance(x, [low, up])
- AROUND < BETWEEN, néu low = up

- HIGHEST < SCORE, if A 1a ‘N’ va f(x) = x

- LOWEST < SCORE, néu A 1a ‘N’ va f(x) = —x

PC?"_\I G EXPTICIT /SCTR_E\

NEG POSPOS BETWEEN LOWEST HIGHEST

o b

Phén cép cta ciu trac ua thich phuc tap:
- <ie’
- Khong phai moi cdu trac ua thich ¢ thé dugc trinh bay nhu mot cau trac
con cua ‘rank;’. [1]

Khi d6 ching ta ¢6 cac rang budc cu thé, cac phan cap ciu triic phu 1a duogc phan
loai. Bén canh d6, c6 mot thudn loi cho ki nghé phin mém huéng dbi twong 13 cb
ging tiét kiém chi phi: Ngit nghia cua sy rang budc phai dugc tham dinh duy nhit
cho céu tric ua thich mtc d6 cao nhat. Xa hon nita chung ta gia sir ngudn gdc cia
cdu triic cac tinh hudng phy, vi du: thay vi ciu trac dugc yéu cau ciing 1a mot cau
truc phu co thé duoc su dung. Vi dy, rankF(P1, P2) yéu cau 1a P1 va P2 1a uva thich
SCORE. Thay vao do, chung ta ciing st dung ua thich P1 va P2 dugc xay dung bdi
AROUND va HIGHEST, theo tht ty dinh sdn.

1.4 Pai s6 wa thich.
Rang budc chit 1a dugc trinh bay rd rang bdi cac cong thirc logic thur tu vu tién,

chung c6 thé duogc thuc hién bang dai sd logic. Vi ua thich khéc, s& dwoc biéu dién
béng diéu kién wa thich, 1a duoc dung dé dién ta rang budc don gian. Do d6 mong

doi phat trién mot dai sO va thich ma cé ludt bién do6i nam trong di€u ki¢n wa thich.
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Céc nghién ctru tiép theo s& néu cac van dé ngir nghia cua rang budc wa thich. Trude
tién ching ta s& can quan tdm dén tinh twong duong cua cac s6 hang wa thich.
DPinh nghia 10: Sy twong dwong cia cic thuit ngir wa thich.
P1 = (A, <P1) va P2 = (A, <P2) la twong dwong (P1=P2),néuchotitcixvay €
dom(A): x <P1 y néu va chi néu x <P2 y

Néu P1 = P2, sau d6 cac diéu kién wa thich P1 va P2 c¢6 thé 1a cu phap khac nhau,

nhung cac wa thich dugc biéu dién boi P1 va P2, .. 1a giéng nhau.

1.4.1 Tap cac luat dai so.
M¢nh d@é 2 Cic lugt két hop va giao hodn.

a)P1 L1 P2=P2 []PI

(P1 0 P2) O P3=P1 I (P2 I P3)
b) (P1 & P2) & P3 =P1 & (P2 & P3)
c) Ple P2=P2 ¢ Pl

(P14 P2)# P3 =Ple (P2 ¢ P3)

d) P1 +P2=P2 + Pl
(P1+P2)+P3=P1+(P2+P3)

¢) (Pl ® P2) ® P3=Pl @ (P2 ® P3)

M¢nh d@é 3 Cic ludt thay thé cho cdc so6 hang wa thich
2)(S) =S chobtky tap S, (P) =P
b) (P1® P2)5E p2 e p1’
¢) HIGHEST = LOWEST
d) POS = NEG,

0 ,
NEG = POS néu POS-set = NEG-set
c)PeP=P
d > -
) PeP =PeA =A néuP=(A, <P)
g) Néu P1 va P2 1a cac chudi, thi
Pl & P2 va P2 & P1 1a cac chudi.
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hP&P=P&P =P

)P&A =PnéuP=(A,<P)
DA &P=A néuP=(A,<P)
KPOP=P,A [IP=A &P

DPOOA =PP =A néuP=(A,<P)

Cac luét nay la phu hop vdi ngir nghia truc quan mong doi. Vi du., hdy xem P []
0 — 0
P =A :Khi PvaP Iaquan trong nhu nhau , trong truong hop xung dot cho cac
gia tri ciia x va y khong c6 gié tri nao vuot trdi, thay vi x va y con lai khong dugc
‘ 0 \ \ .
xep hang. Khi d6 P va P 1a bi xung dot, mién day du tr¢ thanh khong dugc x&p

hang, chudi ngugc lai AH.

1.4.2 Phan tich wa thich wu tién va wa thich Pareto
Giai nghia thyc té cta su tich lity vu tién.
M¢nh dé 4 Trién khai cho P1&P2
(a) P1&P2 = P1 néu P1 = (A, <P1) va P2 = (A, <P2)
(b) P1&P2=P1 + (A1 &P2) néu Al N A2 =[]
Ménh d@é 5 .Pinh Iy “Non-discrimination”
P1 L1 P2=(P1 & P2) ¢ (P2 & P1)

P1 va P2 1a dugc xem nhu quan trong trong nhu nhau boi ‘L°, khi d6 ca hai da
cho quan trong chu yéu boi ‘&’. Bat ctr xung dot nay sinh nao duogc giai quyét trong
cach bién d6i boi su giao nhau “‘#’. Két qua 1a chung ta c6 trang thai:

P1JP2 =P14P2 néu P1 = (A, <P1) va P2 = (A, <P2)

Do d6 “#¢ 1a mot cdu trac phu ua thich caa <[J°.
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1.5 Tong két chwong
Chtng ta da néu ra mot md hinh wa thich ma hoan toan thich hop cho cac hé

thdng co s¢ dir liéu. Nhidu yéu cau cua thé gidi thyuc 13 gap phai trong mé hinh ua
thich nhu 1a mot thr ty bo phan chat: N6 hop nhat ctia phan hang phi s va kiéu sb.
N6 ¢6 mot ngit nghia truc quan ma dugc hiéu boi moi nguoi va nd cod thé dugc anh
xa truc tiép vao co s toan. M6 hinh wa thich ndy mé ta nhidu nét ndi bat cua cac
cdu truc ua thich ma thuong xuyén duoc sir dung. Bao gdm céc cau trac ua thich
phirc tap va cac ludt dai sb wa thich, chiing s& 1a nén tang cho viéc xtr Iy va t6i truy

van ¢ chuong 2.
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Chuwong II. XU LY VA TOI UU TRUY VAN UA THICH QUAN HE

2.1. Gié6i thiéu
Sy ua thich 1a mot phan khong thé thiéu trong cudc sdng hang ngay va trong

thuong mai. Do do, su ua thich phai 1a mot yéu té then chdt trong thiét ké nhimg
tmg dung hudng ngudi dung va hé thong thong tin dua trén nén Internet. Su wa
thich ciia con nguoi 13 thuong dién ta mot diéu wdec mudn gi 6. Udc mudn 1a khong
bi rang budc, nhung khong c6 su gidi han ma chiing c6 thé thoa man moi lac. Trong
truong hop khong thoa mén wdc mudn ciia con nguoi, khi d6 s& phai chdp nhan mot
két qua twong dwong, chap nhan duogc. Do d6, su ua thich trong thé gidi thuc yéu
cau c6 mot sy bién hoa phu hop véi thuc té, c6 nghia 13 tim kha ning phu hop nhat
gilta wdc mudn va thuc té xay ra. Hay noi cach khac, su wa thich c6 tinh rang budc
mém déo. Nhu ta di biét, cic ngdn ngit truy van thong thudng nhu SQL khong dua
ra cach dién ta uu thich. Pay 13 mot thiéu sot 16n d6i véi hé co s dir liéu hd tro
trong nhiéu ung dung quan trong, dién hinh 1a trong bd may tim kiém cho e-
commerce hodc m-commerce. Day 1a nhitng vin dé then chét ma truy van wa thich
s& hd trg cho SQL hoic XML, nd s& 1am cho bd may tim kiém ngay cang trd nén tot
hon, tra lai két qua cho ngudi st dung than thién hon. Ua thich la dé tai co vai tro
16n trong nhiéu vién nghién ctru trong nhiéu thap ky, ngay ca trong nhitng nganh
khoa hoc kinh té va xa hoi.

Trong chuwong ndy, ching ta tdp trung vao van dé then chét ctia truy van ua thich.
Dién hinh, chiing ta nghién ctru nhitng van dé thach thtic ctia truy van ua thich t6i

uu trong co s¢ dir liéu quan hé.

2.2 Panh gia cho cic truy van wa thich.
Trong co s& dit liéu SQL giwong nhu ¢6 sy so sanh don gian. Cac truy van ddi

v6i quan hé R 13 duoc phat biéu nhu 1a rang budc ctng, dan dén cach tmg xtr hodc
la tit ca hoac 1a khong: Néu gia tri mong doi 1a trong R, ban cé thé c6 chinh xac

nhing cai gi ban mudn, trong cac trudng hop khac ban s& khong nhan duoc gia tri



21

nao. Sy thiéu hut sau ciing 1a cho két qua réng. M6 hinh truy van phu hop nhét c6
thé tré thanh gay kho chiu thuc sy trong nhiéu ing dung thuong mai dién tir. Cac
truong hop khac, néu co lo ngai vé két qua rdng, cau truy van la duoc xay dung boi
c4u truy van phy. Sau d6 s& thuong c6 nhiéu két qua twong dwong. Piéu nay la gay
anh huong xau.

Trong thé gidi thuc, nhitng diéu wdc mudn dién ta mot ua thich, hodc don gian la
tat ca hodc khong kiéu nao hodc s& chon duoc gia tri mong doi. Thay vi d6, ngir
nghia cau tra 101 1a phai co, du wva thich c6 dugc thoa man hay khong va tuy thudc
vao trang thai hién tai ctia thé gi6i thuc. Do d6 ching ta phai co su phu hop giira
diéu mong udc va thuc té. Dé thuc hién diéu nay, chung ta lya chon mo hinh duogc

goi la BMO(Best Matches Only).

2.2.1 Truy vén vu thich va mé hinh truy vin BMO.
Ua thich 1a dugc dinh nghia trong pham vi cta cac gia tri tr dom(A), mot biéu

dién pham vi cua cac diéu udc. Trong cac tmg dung co so dit liéu, chung ta gia sir 1a
thé gid1 thuc 1a duge anh xa vao thanh cac ph?m tr ma dugc goi la cac tap co s¢ dir
liu. Mot tap co so dir liéu R ¢o thé dugc xem 13 khung hodc mot quan hé co s
trong SQL hoac truong hgp DTD trong XML. Trong h¢ co sé dir li¢u chép nhan
duoc hodc trang thai cta thé gidi thyc. Do do ching la tap con cua mién gia tri, vi
thé ching 14 nhiing wa thich tap hop con.

Xem xét dén mot tap co so dit liéu R(By, By, ... , B). Cho A = {A}, A, ..., Ay},
vOi moi A; x4c dinh mot thudc tinh B; tir R, v6i R[A] := R[A|, A,, ..., A] x4c dinh

mot phép chiéu 7 cta R trén nhiing thudc tinh k nay.

Pinh nghia 11 Ua thich co sé dir liéu P®

GidsuP=(A,<P),v6i A={A, A, ..., A}.

a) Moi R[A] [ dom(A) x4c dinh mdt tap con ua thich, dugc goi 1a mot wa thich co
s& dur liéu va xac dinh boi:

R
P =(R[A], <P)
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b) Phan tir t € R 1a Iy tudng trong co sd dir liéu tap R, néu:
t[A] € max(P) /\ t{A] € R

So sanh max(P), nhitng d6i twgng mong mudn cia P, véi tap max(P®), nhimg ddi
tugng t6t nhat trong thé gidi thuc, co thé khong bao trim nhau. Nhung néu xay ra,
chung t6i c6 mot sy phit hop 1y tudng giita nhimg mong wéc va hién thyc. Néu t 1a

\ R
mot phan tir phu hop cho P trong R, sau do t{A] € max(P ). Nhung sy ddo ngugc
khéng duge duy tri trong tong quat. Cac truy van wa thich thuc hién mét sy hoa hop

gitra trang thai ua thich (mong udc) va co so dit liéu ua thich(sy tin cay).

Pinh nghia 12 Ngir nghia ciia truy vin wa thich 6[P](R), mé hinh truy vin
BMO.
Gia su P=(A, <P) va co s¢ dit li¢u ua thich Pg. Chung ta dinh nghia cho mot truy
van wua thich 6[P](R) dugc néu ra nhu sau:

o[PJ(R) = {t € R | {{A] ¢ max(P")}

Mot truy van ua thich 6[P](R) danh gia P dwa vao tap co so dit liéu R boi 14y lai
tat ca cac gia tri 10n nhat tir PX. Chu y 1a khong tat ca ching 1a can su phit hop hoan
toan cta P. Do d6 ngudn gdc ctia quan hé truy vén la an trong dinh nghia bén trén.
Xa hon nita, bat cr gia tri khong 16n nhét nao cta P 1a duoc ngdn chan tur két qua
truy véan, vi thé c6 thé duge xem xét nhur 1a virt bo trén fly. Trong truong hop nay tat
ca cac gia tri phu hop nhat va chi nhiing gia tri d6 1a duoc ldy lai boi truy van ua
thich. Do d6 ching ta dua ra thuat ngit mo hinh truy vin BMO (“Best Matches
Only”)

Vi du 8 M6 hinh truy vin BMO

Chung ta xem lai vi du 1 v6i ua thich P EXPLICIT va ap dung truy van o[P](R)
cho R(Color) = {yellow, red, green, black}. BMO két qua 1a : [P](R) = {yellow,
red}. Cha ¥ 1a red 1a gia tri phu hop nhat. Nhan xét tiép theo 1a khong phuc tap,
nhung 1a rat quan trong cho phat biéu.

Ménh d@é 6. Néu P1 = P2, thi vdi tit ci R: o[P1J(R) = : 6[P2](R)
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Bén canh truy van ua thich cua dang : 6[P](R) bién dbi s& can thudong xuyén, voi

khoi dau tir mot tac dong 1an nhau giita grouping va anti-chains. Cho muc dinh nay,
chung ta xem xét truy van ua thich G[AH&P](R), voi P = (B,<P):
Ching ta c6 x <A &Pynéuxl <Ayl v (xl=yl A x2<Py2)
néu false v (x1 =yl Ax2<Py2)néuxl =yl Ax2<P
y2
Khidot e of[A &P](R) néu t[A, B] e max((A &P)%)

Néu v v[A, B] eR[A, B]: —(t[A, B] <A &P V[A, B])
Néu V v[A, B] €R[A, B]: —~(t[A]=v[A] A t[B]=V[B])

Céac diéu kién mo ta mot nhoém cia R boi can béng A gié tri, dinh gia cho mdi
nhém G; ctia cic phan tir truy van wa thich G[AH&P](Gi). T d6 ta dua ra dinh
nghia tiép theo.

DPinh nghia 13 Ngir nghia cia ¢[P groupby A|(R)

Gia sit P = (B, <P) va co so dit liéu ua thich P, Chung ta ¢6 dinh nghia truy van
ua thich voi grouping o[P groupby A](R) nhu sau: o[P groupby A]J(R) :=
o[A—&P](R)

So sanh voi cac truy vén lua chon bit budc, truy vén lua chon wa thich tréch hudng
tir logic phia sau cac Iya chon bét budc:
Truy van wa thich ludn luén 1a khéng don diéu.
Vi du 9 Tinh khong don diéu cua cac két qua truy van ua thich.
Hay xem P = HIGHEST(Fuel Economy) [] HIGHEST(Insurance Rating). Chung
ta 1an luot danh gia o[P](Cars) cho Cars(Fuel Economy, Insurance Rating,
Nickname) nhu la:
Cars = {(100, 3, frog), (50, 3, cat)}: o[P](R) = {(100, 3, frog)}
Cars = {(100, 3, frog), (50, 3, cat) (50, 10, shark)}:
o[P](R) = {(100, 3, frog), (50, 10, shark)}
Cars = {(100, 3, frog), (50, 3, cat) (50, 10, shark), (100, 10, turtle)}:
o[P](R) = {(100, 10, turtle)}
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Khoéng don di€u la rd rang: méac dau di thém vao nhiéu gia tri cho Cars, cac Kkét
qua cua truy van wa thich khéng phé bay su cu xtr nhu nhau. Thay vi d6 ¢6 su thich
hop véi kich ¢& cua co s dit liéu Car, két qua truy van cua o[P](R) tuong thich véi
chat luong cta dit lidu trong Cars.

Dinh nghia 14. Ngir nghia cuaa o[P](R)
R
Gia st P = (A, <P) va mot co so dir li¢u wa thich P . Chung ta xac dinh moét truy
r R
van ua thich o[P](R) xem xét nhu 1a: 6[P](R) = {t € R |t[A] € max(P )}

6[P](R) dinh gia P ap dung vao mot co so dit liéu tap P boi lay lai tat ca nhiing
gia tri 16n nhét tir P* . Cha y 14 khong phai tt ca chung 1a nhiing gia tri phu hop
nhat cta P. Do d6 ngudn gdc cta truy van ua thich 13 an trong dinh nghia bén trén.
Xa hon nita, bat cr khong gia tri l1on nhét nao cia P® 12 nhan duoc tir két qua truy
van, do d6 c6 thé dugc xem xét nhu 14 bi loai bo. Vi nhitng gia tri pht hop nhat-
va chi duy nhat chiing 14 nhan dugc tir truy van wa thich. Do d6 chiing t6i dwa ra mo

hinh truy van BMO (“Best Matches Only”)

Vi dy 7 Mo hinh truy vin BMO.

Trong vi du nay chung t6i dua ra wa thich P va truy van o[P](R) cho R(color) =
{yellow, red, green, black}. BMO cho két qua la: 6[P4](R) = {yellow, red}. Chu y
1a “red’ 1a gid tri pht hop nhét.

Do 1a két qua mong mudn, nhung quan sat k§ hon chung ta thiy:

Néu P1 = P2, sau d6 cho tit ca R: o[P1](R) = 6[P2](R)

Bén canh céac truy van ua thich cua dang o[P](R) mdt su thay ddi s& can dugc
thuc hién thuong xuyén hon, véi nhitng khoi tao tr mot tic dong lan nhau gitra
nhém va nhiéu chudi.

Nghién ctru 6[A~ &P](R), v6i P = (B, <P).
Khi d6 x <A &P ynéuxl =yl /A x2 <P y2, chiing ta co:

t € 6[A &P](R) néu [J v[A, B] € R[A, B]: =( {{A] = v[A] A t[B] <P v[B])
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Trong diéu kién thudc nhom mo ta cta R bdi can bang nhimg gia tri A, dinh gia
cho m&i nhom G; cua nhing phén tir trong truy van ua thich o[A &P(G). Két qua
nay dua ta dén dinh nghia tiép theo.

Dinh nghia 15 o[P groupby A](R)
R ,
Cho P = (B, <P) va mét co s& dit li¢u wa thich P , mét truy van ua thich véi nhom

o[P groupby A](R) la dugc dinh nghia nhu sau: [P groupby A](R) = G[AH&P](R)
So sanh cac truy van lya chon bat budc, truy van wa thich duy nhét tir logic chira

sau ménh dé lya chon bat budc: Cac truy véan ua thich xem nhu non-monotonically.

Vi du 8: Khong don diéu cta truy van wa thich

Cho Cars(Fuel Economy, Insurance Rating, Nickname) voi:

P := HIGHEST(Fuel Economy) []

HIGHEST(Insurance Rating),

Chung ta dinh gia o[P](Cars) cho Cars nhu sau:

Cars = {(100, 3, frog), (50, 3, cat)}: o[P](Cars) = {(100, 3, frog)}
Cars = {(100, 3, frog), (50, 3, cat) (50, 10, shark)}:

o[P](Cars) = {(100, 3, frog), (50, 10, shark)}

Cars = {(100, 3, frog), (50, 3, cat) (50, 10, shark), (100, 10, turtle)}:
o[P](Cars) = {(100, 10, turtle)}

Mic dau chiing t6i da thém vao nhiéu phan tir, két qua cta cac truy van wa thich
khong bi dua ra gidng nhau. Phu hop véi kich ¢& cua Cars, , o[P](Cars) phu hop voi
chit lugng cua dir liéu. Giai thich mot cach truc quan nhu sau: ‘better than’ khong
phai 1a mot thudc tinh cta gia tri don, hon nira n6 c6 lién quan dén viéc so sanh
giita cip gia tri. Boi vay no 1a bi anh hudng toi chat lugng cta tap hop cac gia tri,
va khong tuyét ddi 1a chat lugng ctia nd. Do d6 “chat luong thay thé chat lugng” 1a

cai tén cua tro choi cho BMO.

2.2.2 Phén tich cac truy van hop roi va giao.
Nhiém vu then chdt cua dénh gia truy van ua thich 1a tim ra nhiing thuat toan

hiéu qua nhat cho xay dung uu thich phirc tap. Cho pham vi ciia luan 4n nay ching
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t6i khong néu ra cu thé vin dé hiéu qua ¢ day, thay vi d6 ching t6i cung cp mot
két qua phan tich nén tang ma c6 thé 1a dang co ban cho phan tich va dén gan véi
t6i wu truy van ua thich. Két qua 1a phan tich ua thich Pareto thanh ‘+> va ‘¢’, ma
s& ¢6 thé duoc thuc hién trong tuong lai.
M¢énh dé 7: [PI+P2](R) = 6[PI1](R) N 6[P2](R)

Chung ta s& phai 4p dung mot sd dinh nghia, cho P = (A, <P) va mét co sé dit liéu

R
ua thich P .

Pinh nghia 16 Nmax(PR), »Tv, YY(P1, P2)R
a) Tap cac gia tri khong 16n nhat Nmax(PR) la dugc dinh nghia nhu la:
Nmax(PR) =R[A] - max(PR)
b) Cho v € dom(A), ‘better than’ tap cua v trong P 1a dugc dinh nghia nhu: ,Tv
={w € dom(A): v <P w}
c) YY(PI, P2)R:= {tE R:t[A] € Nmax(PlR) N
Nmax(P2R) A THAT N, 1tA] = 0}
M¢nh d@é 8. khai trién ciia truy vin ‘6’

o[P1eP2](R)= 6[P1](R)U o[P2](R) U YY(P1, P2)

2.2.3 Phan tich tich liiy wu tién
Tiép theo ching ta nghién ciru vé o[P1&P2](R). V&i P1&P2 = P1 cho nhiing
thudc tinh chia sé (Pinh nghia 4a) chiing ta gia str raing A1 N A2 = [J. Panh gia cho

su chong chét vu tién c6 thé dugc thuc hién bang grouping.

M¢énh dé 9. 6[P1&P2J(R) = 6[P1](R) N 6[P2 groupby A1J(R), néu A1 N A2 =
D

Chtng minh: Cho P1 = (A1, <P1) va P2 = (A2, <P2). Tu dinh nghia 4 b, dinh nghia
8 va dinh nghia 16 ching ta co:
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o[P1&P2](R) = 6[P1+(A1 &P2)](R)=o[P1](R) N o[Al &P2)](R)
= 6[P1](R) N o[P2 groupby A1](R)

Vi du 10. Panh gia cho truy van chong chat wu tién.

Chung ta gid su P1 = MakeH , P2 = AROUND(Price, 40000) va tap co s¢ dir licu
Cars(Make, Price, Oid): Cars = {(Audi, 40000, 1), (BMW, 35000, 2), (VW, 20000,
3), (BMW, 50000, 4)} Thong tin yéu cau “ Mai lan thyc hién cho mot két qua véi
gia khoang 40000” cy thé ta c6 :
o[P1&P2](Cars) = o[P1](Cars) N o[P2 groupby Make](Cars)
= Cars N {(Audi, 40000, 1), (BMW, 35000, 2), (VW, 20000, 3)}
= {(Audi, 40000, 1), (BMW, 35000, 2), (VW, 20000, 3)}

M¢nh dé 11 6[P1&P2](R) = 6[P2](c[P1](R)) , néu PI la mét chuéi.

Chung minh: Néu P1 1a mot chudi, tat ca cac phan tir trong o[P1](R) c6 cing Al gia
tri. Khi d6 dinh 1y 10 tré thanh nhu da phat biéu.

Do d6 mot cascade cua truy van ua thich 1a mot truong hop dic biét ciia truy van wu

thich wu tién, néu P1 1a mot chudi.

2.2.4 Phan tich truy vén tich liiy Pareto.

Bay gio chiing ta phén tich dinh 1y cho viéc danh gia truy van wa thich Pareto.

Ménh dé 12 [P17P2J(R) = (6[P1](R) N a[P2 groupby AI)(R)) U
(6/P2J(R) N o[PI groupby A2](R)) U YY(P1&P2, P2&P1)¥

Chtrng minh: Ttr ménh dé 5, ménh dé 8 va ménh dé 9 chung ta co:

o[P1LJP2](R) = o[(P1&P2) ¢ (P2&P1)](R)
= 6[P1&P2](R) Uc[P2&P1](R) UYY(P1&P2, P2&P1)}
= (o[P1](R) N o[P2 groupby A1](R)) U

(o[P2](R) N o[P1 groupby A2](R)) UYY(P1&P2, P2&P 1)
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Ménh dé ndy cho mdt sy hiéu biét sau sic bén trong cu triic cia tap Pareto tdi uu
o[P1JP2](R), nhan manh lai su khang dinh rd rang ‘[]° cho biét P1 va P2 1a quan

trong nhu nhau.
S6 hang dau tién chua tat ca cac gia tri 16n nhat cta (P1&P2)% .
S6 hang thtr 2 chira tat ca cac gia tri 16n nhat ciia (P2&P1)}

S6 hang thtr 3 chira tit ca cac gié tri hodc 16n nhat khong nam trong (P1&P2)® hoic

khong trong (P2&P1) .

Chu ¥ 1a néu P1 hodc P2 1a mot chudi, thi dinh Iy 11 ¢ thé dugc dung cho danh gia
tde do.

Vidu 11. Panh gié tich liy Pareto.

Gia sir P1 = LOWEST(A), ua thich P2 = HIGHEST(A) va R(A) = {3, 6, 9}. Chiing
ta tinh toan o[P1JP2](R). Tir dinh 1y 6, dinh 1y 3d, g) chling ta nhanh chéng biét
duoc:

o[P1CIP2](R) = 6[P1#P2](R) = 6[P1#P18](R) = o[A ](R) =R

Nham ngan chin khi P1 va P2 14 chudi. Ménh dé 12 thyc hién nhu sau:
o[P1JP2](R) = 6[P2](c[P1](R)) Uo[P1](c[P2](R)) UYY(P1&P2, P2&P1)R

= {3} U{9} UYY(P1&P2, P2&P1)R

Chung ta c6: Nmax((P1&P2)R) N Nmax((P2&P1)R) = {6, 9} N {3, 6} = {6}

Khi d6 P1&P216 N P2&P116 = {3} N {9} = [,

chung ta c6 YY(P1&P2, P2&PI1)R = {6}

Do d6 chung ta c6 két qua cudi cung 1a: o[P1LIP2](R) = {3} U {9} U {6} =R

2.2.5 Hiéu qua phép loc ciia cac truy van Pareto
Céc truy van ua thich ding BMO tranh duogc két qua rdng va két qua qua nhiéu.

Trong trudng hop khac, bd may tim kiém véi mot mé hinh truy van phu hop ¢
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ging gat bo nhing phién todi boi dua ra nhitng miéng va gidng nhu gidi han tim
kiém, chung thyc hién ban ty dong, cd géng dat duoc truy vén tdi uu nhét.

Chung t6i mudn nghién ctru mot cach ddy du hon vé hiéu qua cia phép loc cua
truy van ua thich str dung mé hinh BMO. Cho P = (A, <P) 1a két qua cia truy van
o[P](R) dugc xac dinh nhu sau:

size(P, R) := card(m, (c[P](R)) = card(max(PR))

Pinh nghia 15 Thé manh ciia phép loc wa thich

Cho P1 = (A, <PI) va P2 = (A, <P2), P1 la phép loc ua thich manh hon P2 (P1—
P2), néu:

size(P1, R) < size(P2, R).

M¢énh dé 13 Sw wu viét trong phép loc ciia wa thich phirc tap

a) P1+P2 — P1, P1+P2 — P2

b) P1 — P1eP2, P2 — P1eP2

c) P1&P2 — P1

d) P1&P2 — P10IP2, P2&P1 — P1[]P2

Hay xem giai thich hiéu qua cua phép loc cua tich lity Pareto trong phép suy dién

qua phép toan Boolean ‘AND/OR’ thuc hi¢n trong mdt bd may tim kiém str dung
md hinh truy van phi hop nhét. Chiing ta co trang thai:
P1LIP2 « P1&P2 — P1, P1[IP2 « P2&P1 — P2

Tir d6 cho ta thdy sy hiéu qua ctia phép loc sir dung mé hinh BMO.

2.3 Téi wu truy van wa thich quan hé.
2.3.1 Pai s6 quan hé wa thich.

Trong pham vi cua chuong nay, chung ta quan tdm dén truong hop quan hé
khong dé quy, mic ddu mé hinh wa thich cua chung ta 1a dugc tng dung cho truong
hop tong quat cua co sd dit liéu suy dién dé quy.

Pai sb quan hé wa thich bao gdm 2 tap cac phép toan sau:

e Dai so quan h¢ chac chan:
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Phép chon ctng H(R) cho mét diéu kién Boolean H, phép chiéu p(R), phép hop
RUS, tich dé cac RxS.

e  (Céc phép toan ua thich:

Chon ua thich s[P](R)

Chon ua thich nhém s[P groupby B](R)

Cong bang véi cac dinh 1y dién ta co ¥ nghia manh cua dai sé quan hé wa thich 1a
cling nhu dai s6 quan hé c¢6 dién. Do d6 cac cdu truy van ua thich ding BMO c6 thé
duoc viét lai vao trong dai ) quan h¢ (n6 dugc thuc hién béi SQL wa thich). No
cling lam ¥ bao gdm van dé ti wu cho dai s6 quan hé ua thich 1a khong khé hon cho
dai sb quan hé ¢d dién, vi du. Trong wa thich no6i chung cé thé dugc tich hop vao

trong SQL v&i hiéu nang cao.

2.3.2 Ngir nghia toan tir cua truy vén wa thich.
Han ché vé ngit nghia ctia ngdn ngit truy van dua ra trong yéu cau chung mot ngit

nghia trén phuong dién 1y thuyét va mot quan diém cu thé dé thyc hién tdi wu hoa
truy van. Ddi v6i SQL ua thich nhiém vu nay c6 thé dugc dua vao nén tang 1on cia
Datalog-S, Cac md hinh sap xép s& ap dung va céc tdi wu sip xép.

Khi d6 chung ta tap trung vao toi uu dai s6 cia truy van ua thich quan hé, ching
ta co thé khai thac tinh twong duong cua dai $6 quan hé va dai ) quan hé ua thich
nham dua ra dinh nghia vé ngit nghia. Chiing ta xem xét dén cau truy van Q trong
cti phép SQL wa thich. Sau d6 ngit nghia toan tir cia Q 1a dugc dinh nghia nhu sau:
If <ménh dé nhém khong tdn tai>
then 7t (o[P](cu(R1x ... x Rn)))
else 7 (o [P groupby{B1, ..., Bm}] (c xg(R1 x ... x Rn)))

Diéu nay 1a hop véi quy tic mo rong ciia truong hop quan hé twong duong.
Nghién ctru k§ vi du 2 ctia chung ta, ngir nghia thyc thi ctia truy van ua thich 1a nhu
sau:

Vidu 2 : Ngit ngir todn tir
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Micheal 12 mot ngudi giau c6, anh 4y co6 thé b ra hon 35000Euro dé mua xe hoi.
Anh 4y mong mudn nhan hiéu xe hoi nén 1a BMW hoic Porsche, thoi gian sir dung
khoéang trong vong 3 nim va mau sic khong nén 1a mau do. Tat ca diéu kién la quan
trong ngang bang nhau ddi véi anh ay”

U y.price,c.brand,u.age,u.color
(o[POS(c.brand, {’ BMW’,’Porsche’}) ®
AROUND(u.age,3) ® NEG(color,{’red’})]

(G u.ref=c.ref A u.price<=35000

(used_cars u x category c)))

Su dién ta dai s6 quan hé ua thich ban dau sé& 1a chii dé cho phwong thic téi wu

dai s duoc phat trién tiép theo.

2.3.3 Vin dé thiét ké kién tric.
M6 rong mot SQL tdn tai boi cac cau truy vén ua thich yéu cau mot sb thiét ké

cbt yéu quyét dinh cho ti uu truy van wa thich.
e Kién triic tién xir Iy ghép ndi long:
Céc ciu truy van ua thich duoc xtr 1y boi viét lai ching thanh SQL chuan va ap
dung ching vao co sé& dir licu SQL. Phién ban hién tai cua SQL wa thich tiép theo
nhu 1& mot cap long 1éo, sir dung truy van wa thich trong nhiéu ¢mg dung thuong

mai.
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Hinh1. Tién xir 1y gan dtng cho céc truy van ua thich

o Kién triic ghép noi:

Sy tich hop t6i wu truy van wa thich va tdi wvu SQL chit hira hen ting hiéu ning
xur ly. Sy tré ngai c6 thé 1a nhiing thyc hién nay yéu cau thao tac thuc hién chinh
xac voi co s dir liéu SQL.

Duoi day la véan dé tdi wu cho céc truy vén ua thich c6 thé duoc anh xa vao dai sb
quan hé ua thich. Sy that 1a chiing ta ¢6 2 kiéu co dién cia tdi uu truy van co so dir
liéu. Cho mot truy vén ua thich Q.

1. Ngit nghia ctia Q x&c dinh mét cay thao tac khdi tao Ty , nhitng dinh cua
no6 l1a nhitng toan tur tir dai ) quan h¢ ua thich.

2. Ty 12 duoc tdi vu st dung mét ) tap luat chuyén ddi dai sd. Nhing luat
nay duoc sir dung, va thir ty, phai duoc diéu khién boi mot sé tinh toan khon
ngoan ma do thong minh dwoc giam bot véi khong gian tim kiém 16n bang
ham mii. Hay xem T4 xac dinh cay cudi cung.

3. Paisd quan h¢ va thich hoat dong trong T.,q phai dugc anh xa vao thuat toan
uoc luong hi¢u qua. Néu c6 nhiéu lua chon, tdi vu dua trén gia tri la duogc

Ivra chon.
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Hinh 2. Udc luong truy van ua thich ghép ndi chat

Tuprice, nage, v.color, ¢ brand

G[POS(c.brand in { ' BMW’ "Parsche™ )} &
AROUND{wage.3) @ NEG({uw.color.{ ‘red"}) ]

Oy ref = c.ref Auprice <= 35000

X

(used_cars u) ( category ¢ )

Hinh 3. Thao tac tao cay cho vi du 2.

2.4 Céc luat dai so quan h¢ wa thich.
Nham nang cdo vi thé cta to1 vu dé cap trudc day dén gan vai su hiu biét sdu sac

vé cac luat chuyén ddi dai s6 co s dua trén dai sb quan hé ua thich l1a dugc yéu cau.
Cho vi du, chién lugc kham phé thanh cong cta tdi wu truy van quan hé dai s6 1a
“day phép chon cimg” va “ddy phép chiéu”. ching ta dua ra ¥ kién ndy bdi nhiing
luat chuyén d6i phat trién cho dai sé quan hé wa thich ma cho phép chung ta thuc

hién “d4y wa thich ” trong nhing cay toan ti.

2.4.1 Cac luit chuyén doi.
Mot s 101 chi giai ctia cac thuyét sau day tham chiéu dén trai qua phai chuyén

ddi “push’. Chung t6i dung attr(R) nham dwa ra tat ca cac thudc tinh cta quan hé R.
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Chu y, trong luat nay ding v6i nhimg gidi han khong gian duy nhét dang véi cac
luat quan trong dua ra. Cho cai nhin déy du cua cac luat dai sb va tuy thudc vao
chimg minh dua ra cta KieBling va Hafenrichter. Ciing danh s6 cia cac thuyét sau
da ting dugc néu ra trong ludn van nay.
Pinh Iy L1: Pdy wa thich lén toan phép chiéu
Cho P=(A, <P)va A, X c attr(R).
a) 6[P](n«(R)) = n(6[P](R)) néu A =X
b) m(c[P](m, U A(R))) = mi(c[P](R)) cho cac truong hop khac
Chirng minh: a) Cho P = (A,<P), A [] X [] attr(R),
thi:ny(6[P](R))= m({w € R| ~[lv € R: w[A] <P v[A]}) // B6 @& 1
=m,({w € R|~[lv € R: w<Xv})
= {w € 1(R) | ~0v € nX(R) : w <X v} // B6 dé 1
= o[P](m«(R))
Pinh Iy L2: Pdy wa thich lén toan tich Pé cdc
Cho P=(A, <P) va A c attr(R).
o[PIR x $) = o[P](R) X S
Chung minh: R x S ¢6 thé duoc viét lai theo diéu kién ctia ham md rong:
R xS=Rextx S, x(r, s)
= truec[P](R * S)= o[P](R extx S) // B6 dé 2
=o[P](R) extx S=o[P](R) x S
Pinh Iy L3: Day wa thich 1én toan phép hop
Cho P = (A, <P) va A c attr(R) = attr(S).
S[PIR U S) = 6[P(c[PI(R) U o[P](S))
Chiing minh: Let T := o[P](R) U o[P](S).
o[P1(T)
={w € T|~Llv € T:w[A] <P v[A]} /I'T
={w € T |~((LJv € o[P](R) : w[A] <P Vv[A]) V
(Lv € o[P](S) : w[A] <P v[A]))}
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={w € T|~((Llv € R:w[A] <P v[A] A\ v € 6[P](R)) V
(v € S: w[A] <P v[A] /\ v € 6[P](S)))}

={w € T|~((Llv € R: w[A] <P Vv[A]) V
(Lv € S: w[A] <P v[A]) )}
={w €RUS|~([Ov € R U S:w[A]<PV[A]) A w € T}

={w € R U S|~([dv € R U S:w[A] <P v[A])}

=go[P]J(R U S)
Dinh ly L4 : Tdach vu tién trong grouping
Cho P, = (A, <P)), Py =(A,, <P,) va A, A; c attr(R).
[P, & P;](R) = o[P; groupby A,](c[P1](R))
Chirng minh:c[P2 groupby Al](c[P1](R))

= {w € o[P1](R) | ~Lv € o[P1](R):
w[A1]=v[Al] A w[A2] <P2V[A2]}

={w € R[=[lv € R: w[Al]
=v[Al] A\ w[A2] <P2 v[A2] A\ v € o[P1](R) A w € o[P1](R)}
/' w € o[P1](R), w[Al]=V[Al] d4ndénv € o[P1](R)

={w € R|-[lv € R: w[A1]=V[Al] /\ w[A2] <P2 v[A2] /A w € o[P1](R)}
={w € R [-[v € R: w[A1]
=v[Al] A\ w[A2] <P2 v[A2]} N o[P1](R)}

=o[P1](R) N o[P2 groupby A1](R) =[Pl & P2](R).
H¢ qua 1: Pon gian hoa wu tién
o[P; & P,](R) = o[P,](o[P;](R)) néu P, 1a mot chudi
Céc ua thich LOWEST va HIGHEST 1a cac chudi, i.e. thtr ty tong bac. Néu P, va P,
1a cac chudi, P; & P, 1a mot chudi.
Goi lai dinh nghia cta nglr nghia thyc hién cua truy van ua thich Q lam nguoi doc

c6 thé timg hoi chinh nguoi do, tai sao oy 13 duoc dung trudc o[P] va khong nguoc
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lai versa, va dugc hay khong diéu nay lam nén mat sy khac biét. N6 tra lai o[P] co
thé trao d6i v6i oy duy nhat & dudi mot tién diéu kién manh hon
Pinh Iy L5: Bdy wa thich lén phép chon cimg

o[P](ou(R)) = ou(c[PI(R)) néu

Vw e R: (H(w) A3 v e R: w[A] <P v[A] dua dén H(v))
Chimg minh: Chiing ta c6 mot bo dé phu tro sau:

ou(o[PI(R)) U o[P](ou(R))

Chung minh cho bd dé phu tro:w € ou(s[P](R))

néu —(CJ vE€ R: w[A]<Pv[A]) A H(Ww)

néu ~(LJv € R: w[A]<PVv[A] A H(w)) /] *1%*
Trong truong hop khac ching ta c6:w € o[P](ox(R))

néu w € oy(R) /A H(w)

néu ~(Ov € R: w[A]<PV[A] A H(v)) A Hw)

néu ~(OJv € R: w[A]<PVv[A] A H(v) A H(w)) //*2*
Chung ta c6 thé két luan:ou(c[P](R)) [ o[P](ou(R))

néu (1w € R: *1* dandén *2*

néu OOw € R:(0v ER: wA]<Pv[A] A H(v) A H(w)
dindén v € R: w[A] <P Vv[A] A H(w))

néu ding

Bao gdm ca tap nghich dao, ching ta ciing yéu cau cho dinh Iy L5, ¢6 duoc chi duy
nhat cho trang thai diéu kién khong quan trong. Chung ta bat dau qua nhiing dong
danh nhan *1* va *2* bén trén:w € oH(c[P](R))

néu —~(Jv € R: w[A] <P v[A] /A HWw))w € o[P](cH(R))

néu ~(Ov € R: w[A] <P v[A] A H(v) /\ H(w))

Chung ta co thé két luan:w € o[P](cH(R)) dan dén w € cH(c[P](R))
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nén [Jv € R: w[A]<Pv[A] A\ H(w) ddndén v € R: w[A]<PVv[A] A\
H(v) /\ H(w)

néu [Jv € R: w[A] <P v[A] A H(w) dan dén H(v)

nén H(w) A Ov € R: w[A] <P v[A] dan dén H(v)

Ménh dé 2: Truong hop dic biét cia dinh Iy L5

Cho P, := LOWEST(A), P, := HIGHEST(A).

a) 6[P1](0a<= (R)) = 6a<= (o[P1](R))

b) 6[P2](Ga>= (R)) = Ga-=c (6[P2](R))

Quan hé két ndi 1a mot lya chon bat bude qua tich Dé céc, 1dy o[P] qua phép két
ndi 14 kho khan hon.

Pinh Iy L6 Pdy wa thich lén phép két noi

Cho P = (A, <P), A c attr(R) va X ¢ attr(R) N attr( S).

a) o[P](R><k x-s.xS) = 6[P](R) >k x-5.xS,

Néu mdi phan tir trong R ¢6 it nhat mot ddi tac két ndi trong S

Cho R><R x—s xS xac dinh mdt thao tac semi-join

b) 6[P](R >k x-sxS) =

O[P](R D4R x-5.xS) PR x-5 xS

¢) o[P](R g x=5 xS)) =

o[P](c[P groupby X](R) P x-s xS)

Xa hon nira cho B ¢ attr(S).

d) o[P groupby BJ(R P x-5 xS) =

o[P groupby B](c[P groupby X](R) Mk x=s5 xS))

Chu y 14 trong truong hop luat riéng L6a 14 c6 thé ap dung dugc, néu

R.X 1a mot foreign key tham chiéu dén S.X. Néu né khong phai 1a siéu thong tin
chép nhan dugc, thi L6b 16 rang dugc tinh toan tat ca d6i tac tham gia. Thinh
thoang sy wa thich phai dugc tach trude khi mot phén ctia n6 co thé duoc dat vao
phép toan két ndi.

Pinh Iy L7: Chia tich wa thich Pareto va ddy lén phép két noi
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Let P, = (A4, <P)) v6i A; c attr(R), P, = (A,, <P,)

Vo1 A, c attr(S). Cho X < attr(R) N attr(S).

o[P; ® Py](R >R x-sxS) =

o[P; ® Py] (c[P; groupby X](R) Pk x-s xS)

Chtng minh: Cho T := R R.X=S.XS.

// B6 dé 4

o[P1 [J P2)(T) Lo[P1 groupby A2](T) // b6 dé 3

o[P1 [J P2](R D x-5 xS)

=o[P1 [ P2](c[P1 groupby A2](R><r x-sxS)) //DPinhly L6d
=o[P1 [] P2](c[P1 groupby A2] (c[P1 groupby R.X](R><R x-sxS))
// BO dé 3

=o[P1 [ P2](c[P1 groupby R.X](R) b x-sxS)

Pinh 1y L8: Chia tdch thir tw wu tién va day lén phép két noi
Cho P, = (A}, <P)) v6i A, c attr(R), P, = (A,, <P,)

vO1 A, c attr(R) U attr(S) va cho X < attr(R) N attr(S).

a) o[P; & PrJ(R g x=sx S) =

o[P, groupby A;](o[P1](R) D x=5 xS),

Néu mdi phan tir trong R ¢6 it nhat mot dbi tac tham gia trong S
b) o[P; & P>J(R D x=5 xS) =

o[P; groupby A;](6[P1]J(R Mg x=sx S) PR x=s.x S).

Chtng minh: a)

o[P1 & P2](R P4 x-sxS) // dinh ly L4

= o[P2 groupby A1](c[P1](R D4k x-5.xS)) // dinh ly L6a

= o[P2 groupby A1](c[P1](R MR x=s.xS).

Chtrng minh: b)
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o[P1 & P2](R M x-sxS) // dinh 1y L4
— 6[P2 groupby A1](o[P1](R > x-sxS)) // dinh I Léc
= o[P2 groupby A1](c[P1](R PXg x=5xS) PR x=5.xS)

Lién quan dén tién diéu kién dwa trén doi tic tham gia trong cung sw cht y nhu 1a
cling 4p dung cho L6.
Tiép theo chung ta c6 mot s6 luat thuong str dung cho cac lya chon ua thich phuc
tap.
Pinh ly L9: Pon gian hoa lva chon wa thich nhom
Let P = (A, <P), P, = (A4, <Py), P, = (A,, <P,) va A, B, By,
B, c attr(R).
a) o[ (P groupby B,) groupby B,](R) = o[P groupby (B, v By)]I(R)
b) o[(P, groupby B) & P>](R) = o[(P & P,) groupby B](R)
¢) o[P; ® (P, groupby B)](R) = o[(P; ® P,) groupby B](R)
d) of(P, groupby B;) ® (P, groupby B,)](R) = o[(P; ® P,) groupby (B; ® B,)](R)
e) o[P groupby B](R) = R néu B 1a khoa trong R
Tién diéu kién trong dinh 1y L5 1 thuong xuyén bi 16i. Tuy nhién, trong mot sd
truong hop ching ta c6 thé dung cac luat khac dé thay thé su ua thich va cac lua
chon bt budc.
Pinh ly L10: Sy thay thé cuia wa thich va lua chon bdt budc
a) ChoP=(A,<P)va A, B c attr(R):
6[P)(G-c (R)) = 05 ([P groupby B](R))
6[P](0a= (R)) = 0= (R)
b) Cho P := BETWEEN(A, [c, ¢;]):
6[P](64-=(R)) = 6| LOWEST(A)](64>— (R)), néu ¢ > ¢,
6[P](64(R)) = 6[HIGHEST(A)](64<= (R)), néu ¢ < ¢,
6[P](0a>=c1 A A<=2(R)) = Ops=c1 A A<=c2(R)
ChoH:=‘A=c; v ... v A=¢,’, H-set := {cy, ..., Cy}.
c¢) Cho P :=POS(A, Pos-set), Pos-set = {vy, ..., Vi, }:
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Néu H-set N Pos-set = @ hoac H-set — Pos-set
thi 6[P](on (R)) = ou(R)
d) Cho P := NEG(A, Neg-set), Neg-set = {vy, ..., Viu}:
néu H-set N Neg-set = @ hodc H-set = Neg-set
thi 6[P](on (R)) = ou(R)
e) Cho P = POS/NEG(A, POS-set; NEG-set),
POS-set={vy, ..., Vin}, NEG-set = {Viui1, e Vinin}:
Néu H-set = POS-set hodc H-set = NEG-set hodc
H-set N (POS-Set U NEG-Set) =0
thi 6[P](on (R)) = ou(R)
f) Néu P = POS/POS(A, POS1-set; POS2-set),
POSI-set={vy, ..., Vin}, POS2-set = {Viys1, -+» Vinin}:
Néu H-set < POSI-set hoac H-set < POS2-set hoac
H-set N (POS1-Set U POS2-Set) =0
thi 6[P](on (R)) = ou(R)
Khi d6 AROUND la mot xay dung phu ua thich cita BETWEEN
Chung ta c6 hé qua khac nhu sau.
Ménh dé 3: AROUND ké thira tir BETWEEN
Dinh 1y L10b ap dung cho P := AROUND(A, z).
Pinh Iy L11: Ludt giao hodn va két hop
a) o[P; ®P,]J(R) =[P, ® P{](R)
b) o[(P; ® P;) ® P;3](R) =o[P; ® (P, ® P3)](R)
¢) o[(Py & P) & P3](R) =o[P & (P, & P3)](R)
Luat L11 ciing dwa dén cac luat dya trén ua thich Paret] giéng nhu L7 1a lut giao
hoan.
Chu y 1a khi d6 ‘P groupby B’ 1a mot wa thich chinh no, trong mdi luét truée day,
su ua thich c6 thé dugc nhom vao hodc khong, trur khi bét bude duoc yéu cu giéng
nhu trong luat L9. Cho vi dy, cho mét wa thich grouping L1 giéng nhu sau:

([P groupby B](R)) =o[P groupby B](n, (R)) néu A, B ¢ X
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2.4.2 Tich hop véi téi wu héa truy van quan hé.
Béi vi dai sb quan h¢ ua thich la m¢ rong cua dai sb quan h¢, ching ta xay dung

mét sy toi uu hoa truy van ua thich nhu 1a mot mo rong cua tdi wu hoa truy van
quan hé truyén thong. Mot diéu rat quan trong, chung ta ké thira tat ca cac luét
thong thuong tir dai s6 quan hé. Do d6 chung ta s& str dung cac phuong phép mang
tinh kinh nghiém nham lam giam kich ¢& cta cac quan hé trung gian, vi dy. ‘day
phép chon cimg’ va ‘day phép chiéu’. Hay xem thuat toan leo ddi co ban sau, cho
mot bude phu hop cua nhitng chuyén d6i dai s6 quan hé: Thuat toan Pass-1

{ update T:

Step 1-1: <tach cac lya chon bét bude>;

Step 1-2: <thyc hién cac lya chon bét budc néu co thé>;

Step 1-3: <thyc hién cac phép chiéu néu c6>;

Step 1-4: <két hop céac liwa chon cimg va tich Decac vao trong phép join>;

return T}

Phan trién khai cho ta mot budc cua chuyén doi quan hé béi nhitng luat méi L1
thanh L11 cho ta thdy van dé tich hop chung vao trong céac thii tuc trén nhu thé nao.
Trong trudng hop ca biét, ching t6i mudén thém vao chién lugc st dung kinh
nghiém ctia ‘day wa thich’. Tron 1n cac bién d6i méi va trong chién luge toi uu dua
ra s& cho mot sy mém déo cao nhat. Nhung tir mot diém ki nghé phan mém ciia tim
nhin ¢6 thé c6 van dé. Mot kha ning kém mém déo hon, nhung cich dua ra 1a mo

rong ti wu truy van quan hé ton tai boi phuong phép thir 2 nhu minh hoa duéi day.

r-- -t T T T T T T T T T T T T T T T T T T T T T I e T TS ]

' Pass-1 Pass-2 !

; Rel. Bref E
@ T Query [T —» Lle T

' . aws H

! Optimizer !

] ]

Hinh 4. Nguyén Iy two-pass cho tbi wu dai s6
Cho mét truy van wa thich Q, cay khoi tao cia nd Ty, 1a dung cho Pass-1, ban
dau, cong vi¢c cua no tai cay con thude dinh ua thich. Cay dau ra Trel 1a dugc diéu

khién qua Pass-2 mdi cua ching ta, hoat dong nhu thuat toan dudi day:
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Thuat toan Pass-2:

{ repeat <traverse T in a depth-first way>

{ Step 2-1: // vu tién

Ap dung hé qua 1;

Step 2-2: // day wa thich lén phép chiéu,

Tich Dé cdc hodc két hop

Ap dung L1a; L1b; L2; L3;

Step 2-3: // day wa thich lén phép két néi

Ap dung L6a; L6b;

Step 2-4: I/ chia tach wa thich va day 1én phép két néi
Ap dung L7; L9e; L8a; L8b };

Step 2-5: // day phép chiéu néu c6 thé dugc

Ap dung Step 1-3 bao gébm L1a, L1b trong ché do ‘pull”;
return T}

Phan tich thuat toan, néu chuyén ddi ‘déy ua thich’ 1a duogc st dung va cap nhat
tuong Gmg voi T. Tim mot hang ‘good’ ciia luat chuyén ddi 1a thuong gap kho khin,
kinh nghiém 1a chinh. Bit ddu v6i hé qua 1 trong bude 2-1 nén ludn ludn dung.
Ciing nhu cac truong hop budc 2-3 nén dén trude budc 4 boi vi phép loc hidu qua

tét hon.

2.4.3 Cac van dé can nghién ciru
Chung ta hay xem lai vi du 2, thém vao mét ) quan hé khac:

seller(sid,name,street,zipcode,city)

Trong used cars chung ta gia st 1a ref va sid 1a khoa ngoai tir category va seller, va
Car# 1a khoa chinh.

Vi du 3: Truy van wu thich phirc tap Q1

SELECT s.name, u.price

FROM used cars u, category c, seller s

WHERE u.sid = s.sid AND u.ref = c.ref AND
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(u.color ='red’ OR u.color = 'gray’)
PREFERRING

(LOWEST u.age AND

u.price BETWEEN 5000, 6000)
PRIOR TO c.brand IN (‘'BMW')
PRIOR TO s.zipcode AROUND 86609;

Ty price.s.name

P = G[(LOWEST(u.age) ® BETWEEN(u.price,{5000,6000}))
& POS(c.brand,{'BMW’}) & AROUND(s.zipcode,86609)]

Dq u.sid = s.sid

/
N@

Ou.color="red’s u.color="gray’

Hinh 5. T, sau pass 1.
Cay T, dugc xem la déau ra cua Pass-1 nhu trong hinh 5
5. Cho T, Pass-2 thuc hién tudn tu céac chuyén ddi ua thich dé di dén két qua cay
Teng nhu trong hinh 6: L8a; L.8a; L1b; L1a; L1a
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Tlu.price.s.name
PC = G[AROUND(s.zipcode,86609)
groupby {u.price,u.age,c.brand}]

Ty price,u.age,s.name,s.zipcode,c.brand

|
Dd u.sid = s.sid
/ \

P, = G[POS(c.brand,{'BMW’}) Tts.zipcode.s.name.s.sid
groupby {u.price.u.age}]

|

Tly.sid,u.price,u.age.c.brand

N ref = c.ref

P, =G[LOWEST(u.age) ® TCc ref,c.brand
BETWEEN(u.price, {5000.,6000})] |
|

TCu.sid,u.price,u.age,u.ref

Gu.color="red’ss u.color="gray’

|

Hinh 6: T.,qsau pass 2.

Hay so sanh Te,g vO1 Tie:

- Chi phi phép két noi: Toan hang cua phép két ndi bén trai thip hon trong Te,q 12 bi
gidm bdt boi lya chon wa thich thye hién P, nhu trong hinh 6. Sy quy vong nay,
dugc tang Ién boi lya chon ua thich Py, lam giam kich thudc cua toan hang két ndi
bén trai cao hon trong Tepq.

- Chi phi wa thich: P, 1a don gian hon so vdi cay ban dau P trong T,e, nhung né van
la sy va thich uu tién hon. Tuy nhién, ca hai P, va P 1a don gian hon, nhém uwa
thich co ban.

Skyline queries da dugc nghién ctru trong ua thich Pareto. Day 12 mdt dang cu phap
SQL wa thich.

Vidu 4: Skyline query Q2

SELECT s.name, u.price

FROM used cars u, category c, seller s
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WHERE u.sid = s.sid AND u.ref = c.ref AND
c.brand ='BMW'

PREFERRING LOWEST u.age AND
LOWEST u.price AND HIGHEST c.horsepower;

Ly price,s.name

P = G[LOWEST(u.agc) ® LOWEST (u.pricc)
® HIGHEST(c.horsepower) |

/
Nu.ref=c.ref
/ \

Gc.brand="BMW"
|
(category ¢ )

Hinh 7

Cay T, daura boi Pass-1 1a dugc mo ta nhu trong hinh 7.
Cho Trel-2 thuc hién bién d6i wa thich dé di dén cay cudi cung T.,q nhu trong hinh
8:L6a; L7;L7;1L9¢e; Llb; Lla
So sanh gitra cac truong trong Tepg va Ty,
- Chi phi phép két néi: Cac d6i s6 gidng nhau nhu 13 st dung & trén.
Chi phi wa thich: Ban du skyline P da timg dwoc dung 1én va chia cit thanh hai
skylines P, va Pg = P.
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Lu.price,s.name

I
> u.sid = s.sid
/ \

Ty.sid.u.price Tt .name,s.sid

P G[LOWE 5 (ll,'dgc] ® ()W S (U.pI ‘[Lﬂ)

Tlu.sid,u.price,u.age,c.horsepower

P,= G[LOWEST(u.age) ® ¢ ref.c.horsepower

LOWEST(u.price) groupby {u.ref}] |

| G¢.brand="BMW’
Ty sid,u.price,u.age,u.ref

| category ¢
used cars u

Hinh 8. T.,4 sau budc 2.

2.4.4 T6i wu thir tw phép két ndi
Mot van d& chinh trong t6i wu bai toan leo ddi mé rong la thuc hién phép toan két

ndi duoc dinh trude boi dbi s6 khai tao cla cac quan hé co so. Thuc hién phép toan
két ndi c6 mot tac dong rat 16n trén ung dung cua cac lut wa thich gidng nhu L6.
Do d6, phép toan két ndi cho phép cac tmg dung trudc ddy cua toan hang o[P].
Trong vi du tiép theo, ching t61 s€ mé rong t6i wu co ban bai thuét toan bottom up,
ma duoc tinh toan nhu phép toan két nbi

Vi du 4: Truy van két noi phirc tap Q2

SELECT a.x, b.x

FROM a, b, c,d, e, f

WHERE a.x=b.x and b.y=c.y and b.x=d.x and

d.y=e.y and d.y=f.y

PREFERRING a.val lowset and c.val highest
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Vi khoi tao dau vao, thuat toan nhan duogc do thi truy van Q=(V.,E) nhiing dinh
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ctia n6 1a nhitng quan hé cia truy van va nhitng dinh 1 bao gdm bai cac diéu kién
join. Nhu budc dau tién khai tao bang tbi thiéu 1a duge tinh toan. Piéu nay bao gdm
tat ca cac quan h¢ ma nhiing thudc tinh cta né 1a bi lién quan boi Iya chon wa thich
o[P]. Tap cac bang tdi thiéu bao gébm d6 thi con QMTS cua Q v6i VMTS=MTS.
Néu db thi nay 1a c6 mdi lién hé v6i nhau chung ta s& di dén budc tiép theo. Céc
truong hop khac, chung t6i thém vao nhimng dinh méi tir Q vaio QMTS cho dén khi
dd thi két qua la co mbi lién hé véi nhau. Piéu nay la rat quan trong, voi nhitng dinh
khong két ndi s& cho két qua trong mot tich D& cac. Sau budc nay, do thi truy van Q
1a bi sup do, nho @6 do thi két qua 1a mot cay hodc khong. Trong truong hop dau
tién, Gi6i han thuat toan. Cac trudng hop khac ching ta phai khir vong xay ra trong
dd thi. Piéu nay duoc thuc hién bai nhimg nat lién ké sup do lap lai cua QP voi
QP.. Cho nhiing dinh lga chon 1a dugc xem xét, vdi duong di dya trén dudong vong
tron trong Q. PO thi truy van két qua 1a thé cho thir nghiém cho cac cdy thanh vién
ctia nd. Néu sy thu nghiém nay trd thanh thuc, gidi han thudt toan va cac truong

hop khac 1ap di 1ap lai thu dugc..

Tanbx
QF'\ T P
S py=y F ]
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Do thi truy van két qua 1a mot cay v6i gde QP. Tir dd thi truy van nay, truy van moi
1a duoc xay dung trong bdn bude. Budc thir nhait, mét truy van QP 1a duoc xiy
dung. Budc tht hai, mét full-semi-join thu nho cho Q 1a dugc uwdc tinh ma nhéan
duoc QI 1a dau vao. Full semi-join giam bét duoc dam bao, lam cho tat ca cac phan
tir két qua c6 it nhat mot dbi tac két ndi trong truy van két qua, né 1a phu hop cho
cac tmg dung cua o[P]. , toan tir 6[P] 1 dugc thém vao ciu truy van va budc cudi
cung duy tri cac dinh ctia Q 14 dugc tham gia vao theo cach thich hop véi truy van
hién tai (QR). Semi-joins gi6i thiéu ¢ budc thir 2, c¢6 thé tinh loc st dung ton tai hai

khoéa cua rang budc khoda ngoai.

2.5 Ung dung thue té.
Bay gio chiing ta nghién ctru mé hinh wa thich pht hop véi co sé dit lidu thuc té.

2.5.1 Tich hgp vao SQL va XML.
Nguon gbe ndi dung trong luan van nay duoc trich din tir [1]. Suy dién dén gan

v6i 1ap trinh v6i ua thich nhu 1a thir ty mot phan nghiém ngat. Ly thuyét néu trong
phan [1] ¢6 thé cung cdp dang co ban ton tai thyc té ciia mé hinh 1y thuyét va twong
mg cac 1y thuyét chinh voi gdp voa trong co so dir liéu suy dién. Sy gdp nay nhin
chung 13 rat hiiu ich cia mé hinh Herbrand cho thir ty mot phan ty tmg. Quay tré
lai, m6 hinh Herbrand, miéu ta chinh xac mé hinh truy van phu hop, 1 truong hop
dic biét cia md hinh gop. Nhu 13 hé qua su gip g nay diém quyét dinh tir sy gidi
thiéu cua chung toi clia udc nguyén. Chung ta ¢ thé mo rong ngdn ngit truy van co
s¢ dir lidu duéi mot mé hinh chinh xéc, bao gdm co s¢ dit liéu SQL dbi twong quan
hé va co s¢ dir liéu XML, boi su wa thich dung mo hinh truy van BMO.
e SQL wa thich.

SQL wa thich dugc gidi thiéu du tién vao nim 1999, va la truong hop dau tién
mo rong cua SQL, trong do xem su ua thich nhu 1a tha ty mdt phﬁn nghiém ngat.
N6 khong dugc gidi thi¢u rong rai va chi dung lai & mac nghién ctru. SQL wa thich

thue hién thém vao tng dung tich hop bai viét lai khéo 1éo cua truy van SQL wa
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thich vao trong ma SQL92, lam cho n6 c6 gia tri trén DB2, Oracle 8i va MS SQL
Server. SQL ua thich dugc dung trong thuwong mai nhu viéc tim kiém wa thich cho
cac ung dung thuong mai dién tir. M6 hinh ua thich thyc hién bao trum tat ca cu
trac wa thich co s& trudc dy, Tich lity Pareto (‘AND’) va ua thich lan truyén. Ua
thich c6 thé duoc dung cho ménh dé PREFERRING méi. Duéi day 1a 2 vi du giai
thich:

SELECT * FROM car WHERE make = ‘Opel’

PREFERRING (category = 'roadster' ELSE category <> 'passenger' AND

price AROUND 40000 AND HIGHEST (power))

CASCADE color = 'red' CASCADE LOWEST(mileage);

SELECT * FROM trips

PREFERRING start_date AROUND '2001/11/23' AND duration AROUND 14

BUT ONLY DISTANCE(start_date)<=2 AND DISTANCE (duration)<=2;

Ham dic trung LEVEL va DISTANCE c6 thé giam sat cac muc d6 dic trung yéu
cau (ménh dé BUT ONLY) va c6 thé duoc khai thac cho gidi thich truy van. Kinh
nghiém cho thiy cac cira hang 16n diung SQL ua thich, hiéu ning tir cac yéu ciu cua
khach hang ma dién hinh kich ¢& két qua ciia wa thich Pareto ding mé hinh truy van
BMO tir vai cho dén vai t4, n6 s& cho két qua chinh xac trong tinh hudng shopping.
e XPATH wa thich.

XPATH ua thich 1a mot ngdn ngir truy van dung cho xay dung tim kién théng tin
huéng ngudi dung trong moi trudng XML. N6 thyuc hién day di biéu dién mé hinh
ua thich. Ung dung dau tién chay trén hé thong co s¢ dir liéu XML 1a phan mém
AG. XPATH chuan duoc mo rong nhu sau: San xuat “LocationStep: axis nodetest
predicate*” 1la  dugc cap nhat nhu 1a  “LocationStep:  axis
nodetest(predicate|preference)*”. Pé phan dinh ranh gidi giita Iya chon bat budc
XPATH dung biéu trung ‘[” va ‘]’. Cho cic lya chon mém, XPATH dung biéu
trung “#[” va ‘J#. Duéi day 1a 2 vi dy, tich liiy Pareto 1a duoc viét nhu ‘AND’ va
tich Ity wu tién duoc viét 1a ‘PRIOR TO’:

Q1: /CARS/CAR #[(@fuel economy)highest and (@horsepower)highest]#
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Q2: /CARS/CAR #[(@color)in("black", "white")prior to(@price)around 10000]#
#[(@mileage)lowest]#

XPATH ua thich c6 thé duoc ap dung trong cac cong nghé then chdt XML khéc
giong nhu XSLT, Xpointer hodc Xquery.

2.5.2 M6 hinh truy van ranking.
Rang budc mém duoc thyc hién boi tich liy sé rank(F) 1a dugc dung rong rai

trong co s& dir li¢u va cac ing dung xu 1y thong tin.
e B mdy truy van da tich ndng.

Dic trung co ban dung trong b may truy van da tinh ning dé phan cap bac cac
dbi tuong tuy thudc vao cac tinh ning céng nghé phire tap, hd tro cho viée truy van
boi ndi dung 1a hinh anh dya trén mau sic, chit hodc hinh khéi. Khi d6 rank(F) xay
dung ua thich chudi trong hau hét cac truong hop. Ngit nghia BMO- truy van sé& tra
lai chinh xac ddi tuong phu hop nhét. RS rang, day la tap qua nho cho viéc lya chon
tur téng quat. Cho nhiéu lva chon hon, md hinh truy van ‘k-best’ 1a duoc s dung,
tra lai k dbi tuong voi mdt k xac dinh. Trong BMO , ) lugng nay léy ra mot s ddi
tuong khong 16n nhét. C6 d& xuat SQL/MM cho truy van da tinh ning trong SQL.
Céc thuat toan gidng nhu Quick-Combine c¢6 thé duoc ding cho viée ting toc do
tinh toan cua rank(F) dung phuong phéap ‘k-best’.

e B0 may tim kién van ban day du.

Mot linh vuc 4p dung khéc 13 tim kiém day du vin ban, tir khoa tim kiém c6 thé
duoc hiéu nhu 14 su wa thich dic biét, mdi gia tri diém s xac dinh sy thich hop cua
chung. Két hop chirc niang F cho rank(F) 1 dién hinh cho pham vi nhé san xudt
ding ham cosin. Néu mé hinh khong gian vector tir thong tin c6 duoc 1a dung SQL
da tung dugc mé rong boi hé quan tri co s¢ dir licu Orcale 81, DB2 hoac co s¢ di
liéu van ban (Informix), thyc thi mé hinh truy van k-best. Dang XXL 13 dugc biéu
dién cua cung cp ngit nghia k-best trong ngit canh XML.

Str dung mot s6 tir khoa dua ra cua khong sé va xép hang s hodc tim kiém co

ban. Tim kiém day du van ban” Néu thyc hién hiéu qua cia mé hinh wa thich day
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du 1a thyc thi, sau d6 ¢6 nhiéu lya chon hon cho md hinh wa thich trong ing dung,
pham vi tir khong s6 thuan tay t6i s6 thuan tiy va bat ch sy két hop giita chung.
Cho vi du, mot két hop ciia tim kiém thudc tinh va tim kiém ddy du van ban s& duoc
tong hop cua ua thich XPATH va XXL. Tuong ty nhu vay két hop SQL ua thich tbt
v6i SQL va vin ban xép hang. Vin ban xép hang chinh né ¢ thé 1a mét tinh ning
trong truy van da tinh niang. Ly thuyét cho thiy n6 c6 thé 14 truong hop ma tinh tong
xép hang sb tat ca cac wa thich khac. Tuy nhién, n6 1a sy ua thich duge hd tro phﬁn
16n cta ciu tric wa thich: Xac dinh nhu 1a nhiéu céu trac wa thich ¢ thé thudong
xuyén xay ra trong thé gidi thyc, c6 mot ngit nghia truc quan va cac thuat toan danh
gia hiéu qua.

2.6. Tong két chwong.

Chung ta da tim hiéu nén tang co ban cho xtr Iy va t6i wu truy van ua thich va
cling thiy n6é nhu 1a mot mo rong cua cong nghé tdi wu truy van cho co sé dir lidu
quan h¢. Céc truy van ua thich c6 thé dugc phan tich bdi dai ) quan h¢ ua thich,
chuong nay ciing cung cip nhiéu ludt bién ddi cho dai sé quan hé wa thich ma 1a van
dé then chdt cho ti wu dai s6. Tdi wu truy van wa thich ¢6 thé dugc xay dung nhu 14
mot mé rong cua toi wu SQL hién tai, thém vao mot s6 suy dién ngit nghia. Bang
cach nay ching ta ké thira dugc day du tir t6i wu truy van quan hé.

Tom lai, ching ta d néu ra dugc nhimg tinh chat ¢t yéu tro gitip cho van dé tdi
wu truy van ua thich. Chung ta ciing khang dinh rang cong nghé co s¢ dif liéu c6 thé

mot phan nao ho trg tot cho va thich va ca nhan hoa.



52

Chuwong ITI. SQL HUONG NGUOI DUNG.

Céac bo may tim kiém hién tai thuong gip phai nhiéu vin dé& kho khan khi thuc
hién cau truy van hudng ngudi ding. Vin d& khé khin 16n nhit cia bo may tim
kiém hién tai thuc hién véi SQL chuén 1a SQL khong hiéu duoc v muén 13 rang vé
su wa thich cia ngudi dung. SQL wa thich 1a mé rong ciia SQL chudn boi mé hinh
ua thich dua trén thir tuy mot phén nghiém ngdt, V41 nhiing cu truy van ua thich xir
ly gidng nhu nhitng rang budc lra chon mém. Su da dang cua cac loai truy van
hudéng nguoi ding co ban va tich lity Pareto xdy dung nén ua thich phuc tap, két
hop véi sy tham gia cua cadc ngdn nglt SQL hién c6, nd s€ gip cho ngdn ngir 1ap
trinh ngdy cang hiéu qua va than thién v6i ngudi dung. Téi wu SQL wa thich hién tai
thuc hién béng SQL chuén, bao gérn thyc hién & mic cao cua thao tac skyline cho
tap Pareto toi wu. Day 14 tién xir 1y tién lai gan kha ning tich hop tmg dung khong
c¢6 dau hiéu ndi thém, 1a cho SQL wa thich twong tich véi nén SQL bao gém IBM
DB2, Oracle, Microsoft SQL Server va Sybase. Loi ich cua ong ngh¢ SQL ua thich
bao gom truy van cé sy tuong tac voi ngudi ding cao, phi hop voi thuong mai dién

tur va thoi gian phat trién ngan cho cac ing dung e-service.

3.1. Thiét ké ngon ngir SQL hwéng nguoi dung.
Céc bd may tim kiém truc tiép thuc hién véi SQL chuén véi thuc té r::ing SQL d6

khong ngay 1ap tirc hiéu khai niém vé su wa thich, do d6 khong du kha niang dé hd
tro cho céc rang budc mém. Do do, bét clr truy van ua thich nao phai dugc dich ra
dang chuan trong ménh d& WHERE, thuc té, ngudi dung thuong khé khin khi nghi
giéng nhu co s& dit liéu SQL. Can c6 mot sy mé rong can thiét cia SQL chuin
thém vao wa thich nhu 13 cdu trac ngdn ngit co sé. Van dé nan giai dé ¢ ging 1a lya
chon mé hinh thich hop cta ua thich. Mot mo hinh phai théa min vé truc quan cho
nguoi dung va phai phu hgp voi dang ngilr nghia ma cho phép tich hop hi¢u qua vao
SQL chuén. Tir d6 chiing ta s& gidi thiéu co sé ctia md hinh ua thich dya trén thi ty

mot phan nghiém ngit.
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3.1.1 Mot mo hinh cho sy wa thich.
Ua thich c¢6 it nhat hai khia canh khac biét nhau, ca hai c6 thé biéu dién cac tinh

hudng trong thé gidi thuc:
1. Lua chon trong thé gidi chinh xac: T4t ca con ngudi déu mudn udc mudn cia
ho tré thanh hién thuc hoac thod man mot phﬁn nao d6. Thong thuong sy lya
chon cuia con nguoi 1a ¢d ging xac dinh rd sy myc tiéu mong mudn. Mot vi
du cy thé 1a cdu hinh phian mém tiy thudc vao thong tin ngudi s dung.
Trong gidi han vé cong nghé, cac truy van trong ngit canh nay 13 nhimng truy
van chinh xé4c véi nhitng lya chon bét budc. Thé hién chinh xac dbi tuong
mong mubn néu no 1a ton tai thyc va nhing truong hop khac s& tir chdi yéu
cau ciia ngudi dung.
2. Luya chon trong thé thé gidi thyc.
Cac lua chon c6 cach cu xir kha khac nhau. Chung dugc thyc hién boi va
thich c4 nhéan trong nhiing wdc muén: Nhitng wéc mudn 13 tu nhién, nhung
khong c6 sy rang budc ma ho co thé thda man moi thoi diém. Trong truong
hop 151 x4y ra cho ngudi dung 1a khong thuong xuyén, nhung thudng phai
chap nhan nhiing két qua xu hodc gian xép sy thoa hiép. Do @0, su wa thich
trong thé gidi thuc yéu cau thay ddi moé hinh tir sy phu hop chinh xac t6i phu
hop thuc tién, c6 nghia 13 tim vi tri phi hop nhat giita wdc mudn va thyc té.
Hay noi cach khac, sy wa thich & ddy s& chii y nhidu dén rang budc mém.
Do d6, thanh cong khi xay dung chuong trinh tim kiém hudng nguoi dung yéu cau
nhu sau:
1. Cac rang budc bit budc trong thé gidi thyc chinh xac: Pay 1a mot diém
manh ctia SQL chuan.
2. Ua thich chon lya trong thé gigi thuc: Cho nhing mé hinh khong phu
hop véi su chinh x4c trong thé gi6i thyc tai ngay nay.
Chung ta tap trung vao xtu 1y cac thiéu sot trong SQL chudn bang SQL wa thich.
D6 1a van dé co ban dé dwa ra mo hinh phul hop cua sy ua thich. Su wa thich trong

the gidi thyc 1a khac véi su hi€u biét cia moi nguodi vé nd. Tuy nhién, ki€m tra can
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than vé sy thé hién tu nhién khic nhau ma chung chia sé nén tang ngudn gbc phd
bién, Hay xem cudc song hang ngay cua chung ta voi sy phong phti cua sy wa thich
ma ¢6 thé dén tir sy cam nhan trong dau hodc sy tac dong cua truc quan khac. Trong
su twong tu cai dat nd ngoai sy kiém soat ma con ngudi biéu dién nhitng wéc mudn
thuong xuyén trong diéu kién cta “t6i thich A hon B”. Bang cich nay con ngudi
dién ta mot xép hang khong s giita A va B. Pay 1a mot loai mo hinh wa thich ma
duoc sir dung rong rai va truc quan dé hiéu dbi véi con nguoi. Thuc té, mdi dura tré
hoc hiéu biét vé thé gii xung quanh ngay khi chung con rat tré. Con nguoi qua truc
gidc thuong xuyén thé hién sy ua thich ciia minh, dién hinh véi né 1a khong dién ta
trong diéu kién cua diém sb va tinh toan. Nghi vé su wa thich trong diéu kién “tbt
hon” c¢6 mdt ban sao tu nhién trong toan hoc: Chiing ta c6 thé 4nh xa chung vao
cudc séng thuc mot cach trung thuc dya trén thu ty mot phﬁn nghiém ngdt. Toan

hoc biéu dién sy wa thich P=(A,<P) 1a khong thuc sy mém déo.

3.1.2 Tong quan vé ngén ngir SQL wa thich.
Con ngudi thudng xuyén mong mudn dién ta sy wéc mudn cua ho theo cach dién

ta ddy du. Ho don gian khong mudn gip ric rdi voi ki thuat chi tiét 1a dién ta woc
mudn cua ho nhu thé nao 13 ding. Pidu wéc mudn that sy cd duge thoa mén. SQL
ua thich mang lai sy thuén tién nay cho nguoi dung. Bay gio, ching ta gidi thi¢u
nhitng tinh ning then chét ciia ngdn ngit truy van SQL wa thich. SQL wa thich 1a
mot sy m& rong cua SQL chuén. N6 duoc gidi thi¢u nhu 1a cAu tric ngon nglt mai,
trong d6 xem sy wa thich nhu 14 van dé cdt 15i.
SOL wa thich = SOL chudn + Su wa thich

Su wa thich c6 thé duoc xay dung trén truy vén co sd, hodc ching c6 thé duoc dinh

nghia nhu 1a nhiing d6i twong sir dung ngdn ngir dinh nghia wa thich. Sy ua thich

la dién ta ca phap bén trong mot khéi truy van SQL, st dung tir khoa

PREFERRING.
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3.1.2.1 XAy dung cac loai wa thich.
C6 khé nhiéu tiéu chuén lya chon khac nhau ma dung cho sy ua thich trong tha tu

mot phﬁn nghiém ngdt. Muc dinh ctia SQL wa thich cung cép nhiéu loai wa thich co
ban, dién hinh dung cho xay dung cac bo may tim kiém.
e Phép tinh xap xi: AROUND, BETWEEN
Su uva thich ‘AROUND’ y muén noi gia tri dén gﬁn véi gid tri muc tiéu s6. Pugc str
dung khi nhdm vao gia tri myc ti€u khong phai 1a bat budc hoac vi tri khé khan.
Truy van sau ddy tra vé chuyén hanh trinh c6 thoi gian khoang 14 ngay. Hodc chinh
xac 14 ngay.
SELECT * FROM trips PREFERRING duration AROUND 14,
BETWEEN([low, up] 14 loai wa thich c¢6 cach thé hién tuong tw. Gia tri bén trong
[low, up] 1a thoan man, ngoai ra la bi loai bo.
e Nho nhat/Lén nhat: LOWEST, HIGHEST
Ua thich thudng xuyén xay ra 1a hoi vé gia tri cao nhat va thap nhat, néu 1a ding,
cac truong hop khac tra vé gia tri gan voi gia tri 16n nhat hodc nho nhit 1a duoc
chap nhan. Cu truy van wa thich sau cho gia tri can ho 10n nhét.
SELECT * FROM apartments PREFERRING HIGHEST (area);
Truy van nay c6 mot ban sao SQL chuin. Nhung chi ¥ 14 thay vi thudc tinh don
(giéng nhu area) lai c6 mot dién ta qua nhiéu thudc tinh hoic cac su kién thong
qua stored procedure.
e Ua thich, khéng thich: POS, NEG
U thich POS dién ta mot diéu kién mém ma gia tri mong mubn nén 1a mot thay vi
mot danh sach céc gia tri. Truy van sau day tim kiém mot nguoi lap trinh thanh thao
Java hodc C++. Néu khong 1am viéc v6i hai ngén ngit trén, ngudi 1ap trinh s& bo
qua va thay bang diéu kién khéc.
SELECT * FROM programmers PREFERRING exp IN (‘java’, ‘C++’);
“Khong nén ¢6” tiéu chuan dugc hd tro boi wa thich NEG. Truy vén sau day dién ta
su ua thich cho mot khach san ngoai thanh phd. Néu chi nhitng khach san trong

thanh ph c6 phong, dé nghi tim khach san c6 phong hon 13 khéng co gi.
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SELECT * FROM hotels PREFERRING location <> 'downtown’;

3.1.2.2 Tap hop cac wa thich phirc hgp.
Nhin chung, su quyét dinh khong dua trén sy ua thich don 1€, nhung dya trén su

két hop phirc hop c6 thé ciia wa thich. SQL ua thich dé nghi c6 nhiing wa thich phuc
hop.
¢ Quan trong ngang nhau: Tich liiy Pareto (AND)

Tich liiy Pareto cua ua thich P1, ... , Pn trong ua thich phup hop P 1a dugc dinh
nghia nhu:
v=(vl, ..., vn) 1a tbt hon w = (w1, ..., wn) néu

vi 1a t6t hon wi va v 13 can bang hodc t6t hon w trong bat ky gia tri thanh phan
khac

Ngit nghia truc quan cua tich lily Pareto 1a mot sy két hop khong phan biét d6i
XU cua va thich quan trong twong duong nhau P1, ..., Pn. Tich liiy Pareto tao thanh
mot thir tuy mot phﬁn nghiém ngat tr¢ lai, sau d6 1a mot sy ua thich trong sy cam
nhén. Gia tri 16n nhét cua P duge goi la tap Pareto tdi wu. Nguén géc cua Pareto tbi
vu da timg dugc str dung va nghién ctru it nhat cach day khoang 50 nim cho nhiing
van dé ra quyét dinh da thudc tinh trong xa hdi va khoa hoc kinh té. Ct phps ciia
SQL wa thich cho tich lliy Pareto 1a phép ‘AND’ cua ua thich co ban.
Hay tudng tuong, khi mua mot may tinh thi khach hang thudng quan tim dén kich
& bd nhd 16n nhat va tbe dd CPU 1a quan trong ngang nhau. Sy ua thich nay c6 thé
duoc dién ta nhu sau:
SELECT * FROM computers
PREFERRING HIGHEST(main_memory) AND HIGHEST(cpu_speed),

e Thit tw quan trong:Lan truyén cta sy va thich (CASCADE)
Cascading cua sy ua thich phan ra cdc mtc khac nhau cua sy quan trong cho wa
thich hop thanh, sir dung wa thich mot 1an sau cai khac. CG phap SQL ua thich cho
thir tu quan trong 1a ‘CASCADE".
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Gia sir 1a mot sb nguoi mudn mua mot may tinh, mau ctia n6 nén la mau den hoac
nau, thudc tinh ndy xem 1a it quan trong hon kich ¢& 16n nhat cta bo nhé chinh.
Diéu mong nay c6 thé duoc dién ta nhu sau:

SELECT * FROM computers

PREFERRING HIGHEST(main_memory) CASCADE color IN ('black’,'brown’);

e Két hop tich liiy Pareto va cascading.

Strc manh ctia SQL wa thich khi két hop nhitng cdu tric co ban ctia nd thanh udc
mudn phtc hop. Cho mot vi du cu thé dién dat nhitng uéc muén caa khach hang
bang ngdn ngit tu nhién:

“Loai xe ua thich ciia toi phai 1a loai Opel. N6 nén 1a mot xe khong mui 2 chd ngdi,
nhung néu khong c6, khong nén co 1a xe khach. Sy quan trong ngang nhau toi
mudn chi khoang 40000DM va xe nén cd dong co manh. Sy it quan trong hon toi
thich xe mau d6. Néu c6 thém nhiéu lya chon, chon xe it duoc di”.

Céc tinh niang truy vin SQL wa thich bao gdm diéu kién cimg va mém. Két hop ua
thich POS/NEG d¢ loc loai xe, ua thich AROUND dé chon gi4 c4, ua thich POS cho
mau xe va LOWEST cho s6 km di sir dung. Ta c6 ciu truy van sau:

SELECT * FROM car WHERE make = ‘Opel’

PREFERRING (category = 'roadster' ELSE category <> 'passenger' AND

price AROUND 40000 AND HIGHEST (power))

CASCADE color = 'red' CASCADE LOWEST (mileage),

3.1.2.3 Giai thich cau tra loi.
Khi mot phﬁn tr duoc lwa chon hodc tir chdi béi didu kien WHERE trong SQL

chun, 1y do 13 hién nhién ngay lap tirc tir nhitng thudc tinh cta phan tir: Néu chung
gip dicu kién né thudc vao két qua, cic truong hop khac s& khong. Biéu dién cia
phan tir trong tap két qua ciia truy vin SQL wa thich khong chi tily thudc vao chat
lugng cua chinh ban than no., nhung cling vi sy so sanh. Su tién trién nay can su

diéu chinh két qua cta truy van wa thich, gidng nhu trong thé gi6i thyc.
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Cho muc dich SQL wua thich hd tro vé cic ham chét lugng, bao cao voi tiéu chuan

mém 1a duoc cho két qua véi mo rong:

- TOP(A) la mét bao cao du doan Boolean voi gia tri thudc tinh A 1la mot gia tri
phu hop hodc khong.

- LEVEL(A) thong bao gia tri A tra vé tir truy van 1a mot phan tir gia tri A 16n
nhit .

- DISTANCE (A) thong bao cho biét gia tri s6 A cta két qua tra vé 1a mot phan
tir gia tri A 10n nhat .

Nghién ctru co so dir liéu Car va truy van SQL wa thich. Két hop Pareto mot wa

thich POS/POS v6i1 ua thich AROUND.

oldtimer(  ident, color, age)

Maggie white 19

Bart green 19

Homer yellow 35

Selma red 40

Smithers red 43

Skinner yellow 51
SELECT ident, color, age, LEVEL(color), DISTANCE(age)
FROM oldtimer

PREFERRING color = ‘white* else color = ‘yellow* AND age AROUND 40;

Tbi wu Pareto cho két qua la:
Selma red 40 3 0
Homer yellow 35 2 5
Maggi white 19 1 21

Do d6 ban c6 thé nhin thoang qua thay tiéu chuan la dugc thiy nhu két qua va co

bao nhiéu sy khac biét tir didu kién thuan loi nhat. Pay 1a mot diém quan trong cai
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tién qua hanh vi khong théa man cua nhiéu by may tim kiem ma két qua xép hang

boi diem so khong cho bat ctr thong tin nao ma co tinh diém.

3.1.2.4 Piéu khién dic trung.
Néu két qua tra veé tir truy van wua thich la khong dugc chép nhén, can phai thuc

hién xir Iy dé tim ra cau tra 1oi t6t nhat. Cac ham dic trung SQL wa thich 1a rat hitu
ich, néu ngudi ding mudn c6 hiéu luc chic chin tiéu chuin chit lwong nho nhét
mot két qua phai thoa man.Gia sir 1a mot khach hang trén mang dang tim kiém mot
chuyén du lich bat dau khoi hanh vao thang 7 ngay 3 va di khoang 2 tuan. Nhung
ho khong chap nhan sy thay doi trén 2 ngdy cho mdi tiéu chuan. Sy gidi han c6 thé
duoc dién ta dung ‘BUT ONLY’ ctia SQL wa thich:

SELECT * FROM trips

PREFERRING start_day AROUND '1999/7/3' AND duration AROUND 14

BUT ONLY DISTANCE(start day)<=2 AND DISTANCE (duration)<=2;

RO rang, két qua rong cé thé xay ra, nhung sy twong quan nay véi su rd rang cua

nguoi dung dugc tang cao.

3.1.2.5 Khéi truy van SQL wa thich.
Cu phap hoan chinh cua SQL wa thich phién ban 1.3 hién tai l1a dugc cho trong.

Nhin chung, truy vin SQL ua thich d& nghi nhitng lia chon sau, cho phép céc lya

chon cling va mém cung ton tai trong mot cau truy van don

SELECT <selection>

FROM <table references>
WHERE <where-conditions>
PREFERRING <soft-conditions>
GROUPING <attribute list>

BUT ONLY <but only condition>
ORDER BY <attribute list>
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Cac phén tor 1a mé rong cua SQL chuén 1a xuét hién trong m¢nh dé <selection> .
Giéng nhu SQL chudn, WHERE va ménh d&& ORDER BY la dugc lua chon. Néu
khong c6 ménh dé PREFERRING, n6 khong phai 1 truy van wa thich. Ménh dé
GROUPING va BUT ONLY la tiy chon. Sy ua thich chi ding cho nhiing phan tir
dap ung diéu kién WHERE. Diéu kién ctia menh d&¢ BUT ONLY 1a hop 1y duoc
kiém tra sau khi dung ua thich cia ménh ¢&¢ PREFERRING. Truy van SQL wa thich
¢ thé duoc ciu khan nhu 1a truy van phu cua trang thai INSERT. Nhu 14 han ché
hién tai truy vin phu trong ménh d¢ WHERE c6 thé khong chira ménh dé
PREFERRING. Ngir nghia tra 10i ctia SQL wa thich di theo mdt mé hinh truy van
BMO.

Tim tit ca cac gia tri pht hop, ua thich P trong ménh dé PREFERRING. Néu tap
gia tri 1a khong rong, chiing ta thyc hién dugc.

Céc trudng hop khac, xem xét dén tat ca cac gia tri khac ¢ trong ngudng chit lugng

BUT ONLY, nhung .

3.2. Méi truwong thue thi ciia SQL wa thich.
SQL wa thich da timg dugc thiét ké va thir nghiém bat dau tir naim 1997 va no

ding trong san pham thwong mai tir nam 1999.

3.2.1 Tich hgp vao cac (rng dung sin co.
SQL wa thich thyc hién nhu 1a mét 16p thuc thi gitra ing dung va co sé¢ dir li¢u.

N6 xir 1y cac truy van wa thich boi dich chiing thanh cac truy van SQL chuan va dua
chung vao co sé dir liéu. Cac truy van khong dung wa thich 13 duoc dua vao hé
thong co s& dir liéu ma khong can phai xir 1y. Cac tmg dung SQL ké thira chay ma

khong bi bat ctr sy han ché nao.
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E/M-Commerce Preference
application  — ® 0/JDBC driver ~.
Preference SQL
T Optimizer
Standard /
Standard SQL & o/JDBC driver
DB system

Trong thi hanh hién tai cia SQL wa thich 1.3 mot diéu khién Preference ODBC
hoac JDBC la duoc dat truc tiép d?lng trude ctia mod dun t6i vu SQL ua thich dé dich
Preference SQL thanh SQL chudn, t6i wu trude 1 chic ning twong dbi méi la. Tiéu
diéu khién ODBC hodc JDBC chuén thuc hién truyén chuong trinh SQL vao hé
théng co so dir liéu SQL, ¢ d6 n6 dugc thuc hién t6i wu 14n thtr 2 boi tdi vu SQL
chuén. Chuong trinh thyc hién la chay trd lai co sé dir liéu SQL ton tai. Bat ctr doan
ma thém vao, nhin chung cho truy van viét lai boi t6i vu SQL ua thich, ddy du dung
trong SQL92. Do d6 SQL wa thich ¢ thé chay két hop vai bat cir hé théng co so dir
liéu dung SQL 92.

3.2.2 T6i wu SQL wa thich.
SQL wa thich phirc tap c6 thé dwoc trinh bay rd rang néu ra trong truy van ua

thich don gian. No tro thanh van dé chinh cta t6i vu SQL wa thich dé tim ra cau tra
101 dting sir dung mé hinh truy van BMO.

Céc phuong thirc khiac nhau gan day da ting duoc dé nghi cho viéc thyc hién
thao tac skyline. Trong pham vi luan van nay ching ta chi néu ra sy hi¢u qua tinh
toan cua tdi wu pareto trong duoc viét lai cho phu hop, su tbi uu ciing phai tinh dén
hé théng SQL hién c6. Thuat toan triru twong duoc trinh bay nhu sau:

Lua chon thuat toan cho 14y lai tat ca cac phan tir tir quan hé R, thir ty mot phan
nghiém ngét P:

(1) Khéi dau cho tap phan tir 1én nhit Max 1a rong.

(2) Lua chon mét phén tr tl tr R.

(3) Chén t1 vao Max néu khong c6 phén tir t2 trong R ma 14 tot hon t1.
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(4) Lap lai cac budc (2) va (3) cho t6i khi tat ca phan tir t1 tir R da timg dugc lya
chon.

(5) Thuat toan két thiic. Max chira cac phan tir 1on nhat tir R. Thuét toan két thic.
Chung t6i dua ra truy van SQL wa thich ndy nguoc v6i quan hé Car tiép sau:

SELECT * FROM Cars PREFERRING Make = ‘Audi’ AND Diesel = ‘yes’;

Identifier Make Model | Price Mileage | AirBag | Diesel
1 Audi A6 40000 15000 | Yes No

2 BMW Series | 35000 30000 | Yes Yes

3 Volkswagen | Beetle | 20000 10000 | Yes no

Thuat toan c6 thé duge cai dit bai SQLI2, sau khi tao ra mot quan hé tam thoi
Max:

CREATE VIEW Aux AS

SELECT * CASE WHEN Make = '"Audi' THEN 1 ELSE 2 END AS Makelevel,
CASE WHEN Diesel = 'ves' THEN 1 ELSE 2 END AS Diesellevel

FROM Cars;

INSERT INTO Max

SELECT Identifier, Make, Model, Price, Mileage, Airbag, Diesel

FROM Aux Al

WHERE NOT EXISTS (SELECT 1 FROM Aux A2

WHERE A2 Makelevel <= Al.Makelevel AND

A2.Diesellevel <= Al.Diesellevel AND

(A2.Makelevel < Al.Makelevel OR

A2.Diesellevel < Al.Diesellevel));

Téi wu cau truy van hién tai c¢6 thé dugc thuc hién bang ngén ngit SQL nay véi cau

truy van phu trong duong NOT EXISTS.
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3.3 Tong két chuong.
Chung ta da nghién ctru mot cach tong quat vé SQL wa thich, va thdy no 1a mo

rong cua SQL chuin véi ua thich dua trén nglr nghia thr ty mot phﬁn chat. Cac
thudc tinh ctia SQL wa thich bao gdm cac toan tir ua thich va di dugc xay dung
san. Trong chuong nay ciing di dwa ra mot sb phwong phap téi wu hoa SQL ua
thich. Hy vong rang SQL wa thich s& mang lai nhiéu lgi ich cho cac nha phat trién
tmg dung va gop phan 1am cho cic phdn mém tng dung tré nén than thién véi

nguoi dung.
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KET LUAN VA PINH HUONG TUONG LALI.

Truy van ua thich 1a mét lua chon tdt cho nhiéu ung dung co s¢ dir licu. Voi
nhiéu tiét myc phong pht ctia cdu tric ua thich truc quan cé thé 1am cho thuén tién
v6i thiét ké cia cac ing dung huéng ngudi ding. Khi d6 cac wa thich sé 1a bi gisi
han béi tinh dién cam, cu trac cho ua thich pareto va uu tién la dugc yéu cau. Mot
trong nhitng tranh cai 1a mé hinh dua ra c6 thoi gian thuc hién thiéu kha thi khong.
Tuy nhién, nhitng déng gdp ciia mod hinh dua ra cho mot bang ching manh mé 1a
truy van wa thich quan hé ding mé hinh BMO 14 n6 khéng phai 1a thira.

Chung ta di timg sdp dit nén tang ctia bd khung cho téi vu truy van wa thich 1a
mot su md rong duge thiét 1ap cho céng nghé tdi wu truy van tir co s dir liéu quan
hé. Truy van ua thich c6 thé duoc danh gia bdi dai ) quan h¢ va thich, mé rong cua
dai s6 quan hé c¢o dién. Chiing ta da timg cung cap mot s cac luat bién doi cho dai
sO quan hé ua thich ma 1 nhiing nhén t6 then chdt cho t6i wu dai s6. T6i wu truy
vén ua thich c6 thé duge xay dung nhu 1a mot mo rdng cua ti uu SQL ton tai, thém
vao mot chit suy luan dua trén kinh nghiém gidng nhu “wa thich thuc day °. Trong
truong hop nay mot thap ky dau tu va nghién ciru voi tdi wu truy van wa thich ¢ thé
dugc ké thira day du. Ching ta biéu dién mot miu don gian vé téi vu truy van ua
thich va hi¢u nang cta n6. Thur nghiém cai dat trén SQL thuec tai thi hiéu nang dat
duoc la kha thi.

Nghién ctru mé ra cho nhiéu tmg dung tinh than thién cao véi ngudi str dung, va
ciing d& dang cai dat bang SQL wa thich hodc XPATH ua thich. Xay dung dua trén
nén tang sang sudt phat trién cho tdi wu truy van wa thich. Mot van dé quan trong
dua ra ctia toi wu gid tri co s¢ c¢6 thé duoc giai quyét trong thoi gian téi. Chung ta
cling s& m& rong nghién ctru t6i wu cho truy van ua thich dé quy, liy co s dya trén
két qua nghién ctru wa thich pushing. Tém lai chiing ta tin ring chung ta c6 déng
gop nhitng budc co ban dé cho nhiing nghién ciru vé tdi wu truy van ua thich ngay
cang tot hon. Cong ngh¢ co sé dir liéu co thé hd tro tdt cho wa thich va ca nhan hoa,

ca hai nhu 1a diéu kién khong bi rang budc cho mo hinh va hiéu qua cao.
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Trong pham vi luan van nay, chiing ta da nghién ctru SQL wua thich, né tuong
thich mé& rong cua SQL chuén vé6i ua thich dwa trén ngit nghia thtr ty mot phan chit.
Céc tinh ning quan trong bao gém su da dang cua cac toan tir wa thich dugc xiy
dung san. Cu truc tich lity Pareto dugc lip gép thanh ua thich phirc hop va ham
diéu khién chét luong Chung ta da dua ra mot so hiéu biét sau sic vé tdi wu hoa
SQL wa thich va ciing thir nghiém cho thay SQL wa thich cho hiéu ning cao. SQL
ua thich 1a mdt truong hgp cua nghién clru cia tim kiém toan dién nd luc trong su

phat trién.
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PHU LUC
Tit ca cac chimg minh dung dinh nghia cho wa thich P = (A, <P), wa thich chon loc

o[P](R) va ua thich chon loc nhom o[P groupby B](R) .
Bé @é 1: Cho P = (A, <P) va A [J X [J attr(R). Sau d6 P xac dinh nhu 13 thtr tr mot
phan nghiém ngit <X ontoR: v,w € R: v<Xw [ v[A] <P w[A]
B6 dé 2:Cho f(r, s) 1a téng trai ham Boolean, cho mdi r ¢6 ton tai it nhit mot giatris
thoa man f(r, s). M& rdng cua R boi S qua f'la duge dinh nghia nhu:
Rextf S= {(r,s) |[TER, s€ES, 1(1, s)}
Cho P = (A, <P) va A [ attr(R), khi do:
o [P](R extf S) = o[P](R) extf S
Chirng minh:o [P]( R extf S)
= {w€& Rextf S| ~[Iv € Rextf S: w[A] <P v[A]}
= {w€& Rextf S| ~[Iv € R: w[A] <P v[A]}
={w€& R|~[Jv € R: w[A] <P v[A]} extf S =o[P](R) extf S
Bé d@é 3:Cho P1 = (A, <P1), P2 = (A, <P2) va o[P1](R) O o[P2](R):
o[P1](R) = o[P1](c[P2](R))
Chung minh:c[P1](R)
=o[P1](R) N o[P2](R) = {w € R|~[lv € R: w[A] <P1 v[A]} N o[P2](R)
// cho o[P1](R) [J 6[P2](R) ching ta co:
// =00v € R: w[A] <P1 v[A] dan dén
/I =Uv € o[P2](R): w[A] <P1 v[A] = {w € R | ~[lv € o[P2](R): w[A] <P1
v[A]} N o[P2](R) = {w € o[P2](R) | ~Lv € o[P2](R): w[A] <Pl v[A] } =
o[P1](s[P2](R))
B6 dé 4:6[P1 L1 P2]J(R) [ o[P1 groupby A2](R)
Ching minh : Let P = (A, <P) := (Al U A2, <Pl [ P2).c[P1 L] P2](R)
={w € R|~[lv € R: w[A] <P Vv[A]}
// Def ‘[ ={w € R|~([Jv € R: (W[A1] <P1 v[A1] A (W[A2]
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=v[A2]V w[A2] <P2V[A2])) V (W[A2] <P2 v[A2] A\ (W[A1]

=v[A1] Vw[A1] <P1 v[Al]))} ={w € R|~(Llv € R: (W[A1] <P1 Vv[A1] A
w[A2]

=v[A2]) V (W[A1] <P1 Vv[A1] A\ w[A2] <P2V[A2]) V (W[A2] <P2 Vv[A2] A
w[Al] =v[Al]))}

={w € R|[~((JvER: (Ww[A1] <Pl v[Al] AW[A2]

=v[A2])) V(LIvER: (W[A1] <P1 v[Al] A\ w[A2] <P2v[A2])) V (LIvER:
(W[A2] <P2V[A2] Aw[A1]=V[Al])))}

={w € R| (—~LIveR: (Ww[A1] <P1 Vv[Al] /\ W[A2]

=v[A2])) /A (~OvER: (w[A1] <Pl v[Al] /\ w[A2] <P2 v[A2])) /\ ("LJvER:
(W[A2] <P2V[A2] A w[Al]=V[Al]))}

= o[P1 groupby A2](R) N o[P2 groupby A1](R) N {wER | LIvER: (W[Al] <Pl
v[A1] /A w[A2] <P2 v[A2])} [J o[P1 groupby A2](R)

B6 dé 5:Let P=(A,<P), attrib(P) [J R, X [J attribs (R) N attirb(S)

khi d6 ofP groupby X](RXrx-sx S) DR x-s.x S

= o[P groupby X](R) Prx-sx S

Chirng minh:T* = RiXrx-sx So[P groupby X](Rxrx-sxS)={w € T’ | ~[lv € T":
w<v A w[x]=v[x] }

={wER|-Ov ERwW<vAWX]=VIXIN\WET A vET}

// w[x]=v[X] , transitivity= { w € R |~[v:w<v A w[x]=Vv[x] A w € T’}
={weR|-Uv:w<vAwx]=v[x]}N T

= o[ P groupby X](R) N Rkx=-sxS

o[P groupby X](R><rx=-sx S x=s.x S

= (o[P groupby XJ(R) M R>R x-5 xS x=5.xS

= (o[P groupby XJ(R)> x=5.xS) N (R>Grx-sx SR x=s.x S)

= o[ P groupby XJ(R)PR x=s.xS M (R D x=5.xS)

= o[P groupby X]J(R) > x-s x S
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(A) DPinh ly cho P1&P2:

(a) PI&P2 = P1 néu P1=(A, <Pl)vaP2=(A,<P2)

(b) PI&P2 = Pl + (Al—&P2) néu Al N A2 =[]

Chirng minh: (a) Cho P1 = (A, <P1) va P2 = (A, <P2). thi P1&P2 = (A,
<P1&P2). cho x, y € dom(A) ching ta c6: x <P1&P2y néu x<Ply V (x=y
A x<P2y) néu x<Ply V false néu x<Ply

(b) Cho P1 = (A1, <P1) vaP2=(A2,<P2)vsi Al N A2 =T[1. chox=(x1,x2),y
=(yl, y2) € dom(Al) x dom(A2) cho x <P1* y néu x1 <P1 yl. Sau d6 P1 1a mot
thtr ty dugc nhung vao P1* = (A1 U A2, <P1*). Khido A1 N A2= L[], P1*vaP2
1a va thich khong giao nhau, do d6 P1* va A1+>&P2 1a cling khong giao nhau.

Do d6 P1* + (Al &P2) = (Al U A2, <P1*+(Al-&P2)) 1a ua thich két hop
khong giao nhau. Chiing ta c6: x <P1+(Al&P2)y néu x <PI*+H(Alo&P2)y
néu x1<PlylV (x <Al-&P2 y) néu x1<Plyl V (x1 =yl A x2<P2 y2)
néu x <P1&P2 y Q.e.d. (B)

Dinh Iy “Non-discrimination”: P1 [ P2 = (P1 & P2) ¢ (P2 & P1)

Ching minh: Cho P1 = (Al, <P1) va P2 = (A2, <P2).

Khi do: P1 L1 P2 =(A1 U A2, <P1[IP2) P1 & P2=(A1 U A2, <P1&P2),P2 &
Pl =(A2 U Al, <P2&P1) (P1 & P2) ¢ (P2 & P1)=(Al U A2,
<(P1&P2)#(P2&P1))

Cho x = (x1,x2) and y = (y1, y2) € dom(A1l) x dom(A2).

Rat gon: B:=‘x1 <Pl yl’,C:=x1=yl’, D =x2<P2y2’, E:=‘x2=y2’ Ifx =
y, sau d6 =B /\ —D duoc thyc hién. Cac trudong hop khac, néu x #y, sau d6 —C V
=D thyc hién. (*) (1) x<P1OP2y néu (B A (EV D)) V (D A (C V B))
néu (BA E)V(B A D)) V (DA C)V (D A B))

néu B/AE)V BAD)V DA C) (2) x<(P1&P2)#(P2&P1)y

néu BV (CAD)A DYV (E A B))

néu BA DV (E AB))V(CAD ADV(E AB))
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nftu BAD)VBAEAB)V(CADAD)V (C AE)ADA B)néu x
<P1lIP2y V ((C ANE) AD A B)

(**) HaychuyvaoH := C A E /A D /\ B trong (**) bén trén: Trong ca hai
truong hop x # y hodc x =y, dan dén (*) —H bi anh huong. Do d6, ngay 1ap tirc tir
dai s6 Boolean, chiing ta c6 thé tiép tuc (**): khi va chi khi x <P1[JP2y

(C) binh ly: o[P1+P2](R) = o[P1](R) N o[P2](R)
Chtng minh: Nghién ctru P1+P2 = (A, <P1+P2), va thich Pareto (P1+P2)" va w
€ R[A]: w € Nmax((P1+P2)") khivachikhi [Jv € R[A]: w<P1+P2v khi
vachikhi [1v € R[A]: w<Plv V w<P2v khido6PI vaP2 phai la ua thic
khong két hop, chung ta c6 thé két hop:

khiva chikhi ((Jv € R[A]: w<Plv) V (v € R[A]: w<P2vV)

khi va chikhi w € Nmax(P1%) V w € Nmax(P2®) Do d6: Nmax((P1+P2)*)
= Nmax(P1?) U Nmax(P2%) thi:

o[P14+P2](R) = {t € R: {[A] € max((P1+P2)})}

{t € R: t{[A] € R[A] — Nmax((P1+P2)")}
{t € R: t{A] € R[A] - Nmax(P1®) U Nmax(P2%))}

= {t € R: t[A] € (R[A] — Nmax(P1%)) N (R[A] - Nmax(P2"))}

= {t € R: t[A] € max(P1®*) N max(P2")} = o[P1](R) N o[P2](R)

(D) Pinh Iy: 6[P1#P2](R) = o[P1](R) U o[P2](R) U YY(P1, P2)}
Chung minh: Nghién ctru P14P2 = (A, <P14P2), ua thich co s¢ dit liéu (P14P2)}
vaw € R[A]: w € Nmax((P1eP2)")

Khivachikhi [Jv € R[A]: w<PleP2v
Khivachikhi [Jv € R[A]: w<Plv A w<P2v tai diém nay ching ta phai
quan tam khi thudc tinh xac dinh s6 lwong & trong su két hop:
néu [Jv,v’ € R[A]: w<Plv A w<P2v’ A
vEPItw A vVVEP2UwW A v=V)
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néu (v E€R[A]: w<Plv) A (v € R[A]: w<P2v’) A (v €
Nmax(P1"), O v’ € Nmax(P2®): v € PItw A v’ € P2tw A v=V’)

néu w € Nmax(P1%) A w € Nmax(P2®) A ([ v € Nmax(P1"), O v’ €
Nmax(P2¥): v € PItw A v’ € P2tw A v=v’) ddndén XX(P1,P2)" := {w
€ R[A]: [ v € Nmax(P1"), (J v’E€ Nmax(P2¥): v € Pltw A v’ € P2tw A
v =v’} ching ta co:

néu w € Nmax(P1%) A w € Nmax(P2%) A w € XX(P1, P2)" do do:
Nmax((P14P2)%) = Nmax(P1%) N Nmax(P2%) N XX(P1, P2)}

sau d6 chung ta c6: c[P1#P2](R) = {t € R: t[A] € max((P14P2)%)}

= {t € R: t{A] € R[A] — Nmax((P14P2)")}

= {t € R: t[A] € R[A] - Nmax(P1%) N Nmax(P2®) N XX(P1, P2)*)

= {t € R: t[A] € (R[A] — Nmax(P1%)) U (R[A]— Nmax(P2")) U (R[A] -
XX(P1, P2)%)}

= {t € R: t{A] € max(P1®%) U max(P2") U (R[A]—- XX(P1, P2)*)}
=o[P1](R) U o[P2](R) U {t € R: {[A] € R[A] - XX(P1, P2)}}

Chiing ta c¢6: t[A] € R[A] - XX(P1, P2)}

néu t[A] 0 XX(PL, P2)* néu t[A] € {w € R[A]: «(J v € Nmax(P1%), (]
v’ € Nmax(P2®): v E PItw A v’ E P2tw A v=V’)

néu —(0v € Nmax(P1®), [J v’ € Nmax(P2¥): v € PIT[A] A\ v’ € P21t[A]
N v=v)

néu —(t[A] € Nmax(P1%) N Nmax(P2%): PI{t[A] N P21t[A] # [])

néu (t{A] € Nmax(P1®) N Nmax(P2"): P11t[A] N P21t[A] = [J) dan dén
YY(PL, P2)® == {t € R: {[A] € Nmax(P1%) N Nmax(P2%) A PIft[A] N
P21t[A] = [}

két qua 1a: o[P1eP2](R) = o[P1](R) U o[P2](R) UYY(PI, P2)*.
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