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PHAN LOAI TU PONG CAC KET QUA TRUY VAN
SU' DUNG CAC SO THICH CUA NGU'O1 DUNG

NGUYEN KIM ANH

Khoa Cong nghé thong tin, Pai hoc Bdach khoa Ha Noi

Abstract. Database queries are often exploratory and users often find their queries return too many
answers, which are most irrelevant. The existing work either classifies or ranks the results to help
users locate interesting results. However, most existing work assumes that all users have the same user
preferences, but in the real life different users often have different preferences. This paper proposes
an executable solution to automatical classification of the results of SQL queries via exploring user
preferences using a query log.

Tém tdt. Phan 1én cdc cau truy van déi véi mot co s& dir liéu thudng mang tinh tham do va
nhitng ngudi ding thuong nhan duoc qué nhiéu cau trd 1oi, trong dé nhiéu cau tra loi 13 khong
thich ddng véi cau héi cia ho. Céc cong trinh hién nay thuong tién hanh phan loai hosic xép hang
céc két qua dé gitip nhitng ngudi ding dinh vi durroc céc két qua thi vi. Tuy nhién, hau hét cdc cong
trinh nay déu gid thiét rdng tat cd nhirng nguoi dung déu ¢é ciing s& thich, mic di, trong doi song
thue, nhimg ngudi diing khéc nhau thuomg ¢é cac sd thich khac nhau. Bai bdo nay dé nghi mot gidi
phép kha thi cho phép phan loai tu dong cic két qué clia cic cau truy van SQL thong qua viéc khai

phé cic sé thich cia ngudi dimg st dung mot tap cdc cau truy van trong qué kht.

1. GIOT THIEU

Phan loai tu dong mot tap dir liéu la qua trinh sang loc, phan chia tap diur liéu dé mot
cach phit hop va tu dong thanh cdc nhém dit lieu nhé hon, moéi nhém dir lieu ham chita mot
lrong thong tin cu thé va twong doi phan biét. Phan loai dir liéu 14 hanh vi phd bién trong
xa hoi va phuc vu cho rat nhiéu déi twong, muc dich khic nhau. Mot hé théng dich vu thong
minh phai ¢6 kha nang thue hién qua trinh dé mot cach tu dong trén co s& hicu biét ve s&
thich, mong muén cia khach hang, gitip ho dwa ra dwoc nhitng quyét dinh ding dan. Véi dic
diém nhw vay, mot hé thong phan loai tur dong két qua vira 1a mét hé twong téc ngudi-may
linh hoat va mém déo, vira 13 mot heé tro gitip quyét dinh.

Trong nhirng ndm gan day, nghién cttu vé van dé phan loai tw dong da dat dwoc nhiéu
thanh twu rat ddng ké, véi su tro gitp dac lrc clia cic ky thuat khai pha di lieu (hoc tw
dong ¢6 gidm sdt/khong c¢6 gidm sdt, phan tich cum, xi& 1y phan 16p,...). Trong céc hé tim
kiém thong tin, phan loai tw dong cliing v&i xép hang két qua da trd thanh hai gidi phdp chu
lirc cho bai toan qué tai thong tin trén Internet. Bén canh cdc hé thong tim kiém sit dung gidi

phép xép hang két qua rat noi tiéng trén thé gié¢i nhuw Google, Yahoo!, MSN Live Search,...
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da bat dau xuat hién nhirng hé théng thir nghiém mo hinh phan loai tw dong két qua. Cé thé
ké ra day mot s6 vi du: Website Webclust.com cta dai hoc Pisa, Italy, hé thong Clusty.com
cia nhém nghién ctiu & Pittsburgh, (PA, USA) va tap doan Vivisimo,...

Trong khi dé, bai todn phan loai tw dong trén co s& dir lieu (CSDL) quan hé - v&i céc dic
thit vé cau tric va dir liéu con 1a mot hudng nghién ciru rat méi mé, va chi dwoc tap trung
nghién cttu trong mot hai nam tré lai day véi cac két qua khong dang ké. Thue t&, mo hinh
CSDL quan hé 1a mot mo hinh rdt manh trong quan 1y va xir Iy dir liéu va thong tin, hién
con duoc sir dung rat rong rai & Viet Nam cing nhu trén thé giéi. Bai bao khai thac mot s6
¥ twdng trong céc cong trinh cé lién quan [1,2] dé dé xuat mot gidi phdp doi véi van de phan
loai tur dong két qua truy van trén CSDL quan hé trén co s& cong tdc véi ngudi ding.

Noi dung cia bai bdo dugc trinh bay trong 5 muc. Muc 1 trinh bay veé nhu cau phan loai
két qué truy van SQL tu dong. Muc 2, cdc khéi niém co ban: gié tri wa thich, cum s& thich
va cay dieu huéng, 1a cdc khai niém 1y thuyét nén tdng cia bai bdo. Muc 3 la giai phap doi
véi bai toan phan cum dit liéu. Muc 4 1a giai thuét sinh cay dieu huéng dé phan loai két qua
tw dong va cudi cing, Muc 5, céc két luan va cidc huéng phét trién trong twong lai déi véi
van deé phan loai tu dong cdc két qua truy van doi véi mot CSDL quan hé c¢6 kich thuwée rat

16n.

2. CAC KHAI NIEM CO BAN

2.1. Cay diéu huéng

Cay dieu huéng (navigation tree) 13 mot cong cu bieu dién truc quan két qua cia qua
trinh phan loai tu dong két qua truy van theo cdc thudc tinh trong CSDL. Y tudng co ban
clia cay dieu huéng la: Pau tién, cidc két qua truy van duoc phan loai thanh cdc nhém con
theo mot thudc tinh A ndo dé, sau dé, moi nhém con lai ti€p tuc dwoc phan loai thanh céc
nhém con nhéd hon theo mét thuoc tinh B nao dé. Quaé trinh trén ¢é thé dwroe thuwe hién lip
lai nhiéu lan cho téi khi ngudi diing tim dwoc cde két qud thich ddng doi véi muc dich cia
nguoi dung.

Sau day 1a dinh nghia hinh thitc cho cay diéu hwéng. Dé don gidn, xét CSDL chi gom
mot quan hé R xdc dinh trén tap thuoc tinh A = {A;, A, ..., A,,}. Ky hiéu CSDL 1a D. Xét
céc cau truy van SQL Q trén D véi két qua tra vé 1a D thod man céc diéu kién sau:

e () 13 Mot cau truy van kieu SP (chon-chiéu).
e Dieu kién chon trén @ c6 dang A;di(B;) véi di(B;) 14 mot diéu kién don trén thuoc tinh
B, B; € A.
e C4c dieu kién don dg(B;) trén thudc tinh B; chi ¢6 mot trong cdc dang sau:
B; € K v6i K C Dom(B;) va B; 1a thuoc tinh dinh tinh.
B; € T v6i I = [by, ba); b1, b € Dom(B;) va B; 1a thuoc tinh dinh lwong.

Pinh nghia 1. [2] Mot cay diéu hwéng T’ cia mot két qua truy van Dg 1a mot bo ba

(V,E,L) v6i V 1a tap céc nit, E tap cdc canh va L tap cdc nhan néu véi moi mit v € V
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thda man céc dieu kién sau:
e Ton tai duy nhat mot nhan I(v) € L ting véi v.
e Ton tai mot diéu kién chon dom dk(A;) trén thudc tinh A; (ta goi dk(A;) 1a diéu kién chon
cla v).
e To6n tai mot tap con khdc rong N(v) C D gom céc bo théa man tat ca cdc dieu kién chon
cla cac nit tir goec dén v(N(v) dugce goi la tap dir lieu cia v).

Tat ca nit con v cia v (néu ¢b) déu ¢ cdc diéu kién chon trén ciing moét thude tinh (goi
la thuoc tinh chia cia v) va ¢ cac tap dir lieu N(v;) lap thanh mét phan hoach cia N(v).

T Dinh nghia 1 cho thay, mot két qua truy van cé thé cé nhitu cay diéu hwéng khéc
nhau. Ngoai ra, trong cay diéu hwéng, moi nit con khong phai 1 14 chi c¢6 duy nhat mot
thudc tinh chia. Khéi niém “l4 & day dwoc hiéu nhuw sau: Néu ngudi dung lwa chon dirng tai
mot nit nao dé, thi dé 1a 14. Trong trudmg hop ngudi diing tiép tuc md rong cay, nhirng nit
nao khong thé chon dwoc thude tinh chia va cac dieu kién chon cho céc nit con théa man
Dinh nghia 1 s& la cac mit 14 cia cay. ® Dé mo phong viee duyét cay dieu hwéng, ta don gidn
héa qué trinh nay nhu sau:
e Ngudi dung chi duyét cay theo mé hinh top-down.
e V&i moi niit trén cay, ngudi diing chi lira chon mét trong cac kha nang:

+ Duyét nhan: Chon xem tat cd cdc nhan clia cdc mit con (néu ¢6). PSi véi moi nit con,
nguoi ding ¢é thé chon duyét hoac bd qua.

+ Duyét bo: Chon xem tat ci céc bo trong tap dir liéu cia nit. DE don gidn ta khong
xem xét treong hop ngudi diing “xem trude” mot vai bo roi quay lai chon duyét nhan.

+ Bo qua.
e V4i nit 14, ngudi dung luén lva chon duyét bo.

Ngoai ra chiing ta gid dinh rang nguoi dung khong dirng duyét cay ngay tir dau, va luén

chon duyét nhan & goc.
2.2. Tap truy vin quéa khw

Qu4 trinh chia nhém trén cay diéu hwémg chi thue su hiéu qud khi lra chon dwoc thude
tinh chia phtt hop véi mong muén cia nguoi diing. Do vay, viée lwra chon thudce tinh nao dé
chia nhém doi hoéi phai cé hiéu biét nhat dinh vé mong muén hay sé thich cia ngwoi dung.
Pé khai ph4 dwoc s& thich cia nguoi ding, cé thé st dung tap céc truy van trong qua khi
(Query Log trong [1]) cia nhirng ngudi str dung da truy cap vao hé thong truée day. Thong
tin ve s& thich cia da s6 nguoi ding trwée day cé thé dwoc st dung dé€ dép tng tot hon cac
nhu cau truy van trong twong lai, dac biét c¢é thé tro giip cho nhitng ngudi st dung méi con
chwa c¢6 nhiéu hiéu biét vé CSDL cling nhw nhiing tri thitc tiém an trong hé théng. Chic
nang thu thap tap cic truy van qud khit da dwoc ho tro trong hau hét céc hé quan tri CSDL

hién tai.



PHAN LOAI TU DONG CAC KET QUA TRUY VAN 169

2.3. Tap cum s& thich

Khi ngudi diung dé trinh mét truy van doi véi mot CSDL cu thé, nhitng mong mudn va
s& thich cida nguoi diing dwoc phan dnh thong qua cdc dieu kién tra ciru va nhirng thong tin
can tra cttu. Do vay, viéc phan tich cdc diéu kién trong cau truy van cia ngudi ding va két
qua trd vé cla cau truy van cé thé phéat hién diroe nhitng mong muén va s& thich cia nguoi

dung. Sau day, sé dwa ra dinh nghia hinh thitc cho khéi niém cum s& thich ciia nguoi dung.

Pinh nghia 2. Cho mot quan hé R trén CSDL D va tap H gom tat ci céc cau truy van
SP da dugc thuce hién trén R. Mot cum sé thich trén R twong ttng véi H 1a mot tap con 1én
nhit cdc bo ciia R thudc cac két qua clia cling mot tap cau truy van trong H.

Mitc do quan tam cta ngudi dung téi mot cum s& thich C' c¢é thé dwoc tinh bang xic
sudt thire hién truy van trén cum C, goi tat 1a xéc sudt truy van C. Cum C'— chita cic bo
khong xudt hién trong bat ky truy van nao sé cé xdc suat truy van bang 0. Dé thdy cdc cum
s& thich 1a roi nhau. Do vay, tap cdc cum sé thich tao thanh mot phan hoach trén quan hé

R.

Pinh nghia 3. Cho mot CSDL D véi k cum sé thich Ch, Cs, ..., Ck. Xdc suat truy van cum
C; véi j = 1, k, ky hiéu p(Cj), 1a dai luvong duoc tinh bang tong xac sudt cla cac cau truy
van ¢ két qua chira Cj.

O day, xdc sudt dit ra mot truy van dwoc tinh bing tan sudt xuét hién truy vén trong

tap cac truy van qué khi.
2.4. Gia tri wa thich

Vé&i moi thuode tinh dinh lwong A, gid st Dom(A) = [vmin, Vmax)- X6t tap céc truy van Q
trong H c6 chira mot dieu kién don trén thudce tinh A. Gid st DK (A) = {[a11, @12), ---[@m1, am2) }
13 céc khoang xuat hién trong cic diéu kién don trén thudc tinh A cia céc truy van nay. Sap
XEp tap cdc gia tri ai1, a12, .., Gml, Gm2, Vmin, Vmax theo thir tu ting dan. Gid si tap cdc gia
tri sau sap xép la by, ba, .., b;. Ta goi [b;, biy1) v&i i = 1,1 — 1 1a mot khodng wa thich ddi véi
A twong ting véi H (goi tat 1a khodng wa thich déi véi A) néu [b;, b;11) duwoc chira trong
mot khodng nao dé cia DK. Ki hiéu p~ (A) 1a hop cia tap tat cd cdc khoang khong dwoc
wa thich. Ki hieu I(A) = {I;/I; 1a moét khodng wa thich déi véi A, i = 1,1}. Dé thay, moi
khodng wa thich 14 mot khoang con 1én nhat déi véi A dwoc chira trong cac diéu kién don
trén thuoc tinh A cia cing mot tap cau truy van trong H. Hon ntra, 1(A) Up (A) 14 mot
phan hoach déi véi Dom(A).

Véi moi thuoc tinh dinh tinh A, véi Dom(A) bao gom mot tap hitu han céc gia tri roi
rac. Xét tap cac truy van @ trong H c6 chira mot dieu kién don trén thuoc tinh A. Mot tap
gid tri wa thich K ddi véi A twong ing véi H (goi tat 1a tap gid tri wa thich d6i véi A) 13 mot
tap con 1én nhat cdc gia tri doi véi A dwoc chira trong cdc dieu kién don trén thuoc tinh A
cla cing mot tap cau truy van trong H. Ki hiéu p~(A) 1a tap tat cd cdc gid tri khong dwoc
wa thich doi véi A. Ki hieu K(A) = {K;/K; 1a mot tap gid tri wa thich déi véi A, i = 1,1}
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De thiy K(A)Up~ (A) 1a mot phan hoach déi véi Dom(A).

Vidu: H = {select * from R where B in {a,b,c} and A =4 and A < 8, select * from R
where A = 6 and A < 10 and B in {a, c}, select™ from R where B in {a, ¢, d, e} and A < 15} véi
Dom(A) = [1,20) va Dom(B) = {a,b,c,d,e, f}. Khidé I(A) = {[4,6),[6,8),[8,10),[10,15)}
va K(A) = {{b},{a,c},{d,e}}.

3. PHAN CUM DU LIEU

Trong thuc té, tai thoi diém phan cum, cdc két qua truy van cii sé dwoc tinh toan lai
trén dir lieu méi vi nguwdi ding luon muén cic thong tin dwoc cap nhat méi nhat. Do vay,
chi can Iwu ban than céc cau truy van dé chitr khong can lwu két qua cia cdc cau truy van
nay. Phan nay sé khai thdc cdc diéu kién cia céc truy van qua khit.

Thoéng thuong, s6 lwong cdc cau truy van trong H 1 cuc 16m, do dé, s6 lwong cac cum s&
thich ciing c¢6 thé rat 16n va hon nira, kich ¢& cia céc cum c6 thé rat nhé (tham chi mot s6
cum chi ¢6 mot bo). Piéu nay khién viéc phan cum tré nén vo nghia. Véi mong muén nang
cao hiéu nang hé théng va xdc dinh duoc cdc cum s thich thue sur ¢é nghia-phdn d4nh duwoc
cadc xu hwéng hay cdc chi dé quan tam cia da s6 ngudi diing-sit dung mot sé heuristic tién
Xt Iy tap céc truy van qua khit.

e Loai bo di céc truy van toi trong H thong qua mot thi tuc “tia tap truy van” (query
pruning). Céc truy van toi 1a cic truy van cé két qud bang rong, cic truy van qud chung
chung (khong cé dieu kién trong truy van hoic dieu kién qua tong quéat) hodc céc truy van
cb xac suat qua bé.

e Néi long mot s6 dieu kién qua chat hay qué cu thé, qud chi tiét trong cdc truy van thong
qua viéc khai thdc cdc phan cap khdi niém doi véi cde thuoc tinh [3]. Sau néi 16ng, mot so
truy van cé thé tring nhau. Do vay, s6 lwrong céc cau truy van trong H c6 thé gidm di mot
cach dang ke.

Sau day, 13 cac thuat todn can thiét dé xay dung tap céc cum s& thich.

Thuét toan 1. Tinh K(A) déi véi thuoe tinh dinh tinh
Vao: - Quan hé R, thudc tinh A cia R, Dom(A).

- Tap H céc truy van trén R. Véimoi Q € H, dk(Q)- ky hiéu dieu kién cia truy van Q.
Ra: K(A).

Cach tinh:

1. bat K = {K;/K; 1a mot tap gid tri xuat hién trong mot diéu kién don trén thudc tinh
A ciia mot truy van @ nao dé trong H, ¢ = 1, m}.

2. Tinh lwc lwong cia cac K;, i = 1, m.

3. Sap xép lai K theo thit tw tang dan déi véi luc lwong cia céc K;, ¢ = 1,m. Gid st
K = {Ky, ..., K,;} sau khi da sap xép.

4. Pt K = {K.}.

5. for each j = 2, m:
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i=1
while ¢ < j and K; # ¢ :
if K; C K then Xéa K; trong K;
if K;NK; $then G = K; N Kj; Thay K; trong K bdi G va K; — G,
Xéa G trong K;
end if
i=1i+1
end while

end for

6. bat K(A) = K.
Ménh dé 1. Thudt todn 1 xdc dinh ding tap K(A) a6t véi mét thude tinh dinh tinh A.
Chitng minh. Gid st K = {K1, ..., K;}. Dé thay céac tap K;, ¢ = 1,1 1a roi nhau. Hon ntra,
K; 13 mot tap con 1én nhat cdc gia tri doi véi A dwoc chita trong cdc diéu kién don trén thuoc
tinh A cda cing mot tap cau truy van trong H vi K; dwoc xdc dinh khi ¢6 cdc diéu kién don
trén thuoc tinh A cia mot tap cau truy van trong H chi chita chinh xdc tap cac gid tri trong
K; va khong thé tach nhé hon nita K; tmg véi mot tap H xdc dinh.

Dé thdy, do phitc tap ciia Thuét toan 1 1a O(ml) véi I 1a luc lwong cia K va m la e

lwgng cia Dom(A).
Thuét toan 2. Phan cum dwr liéu

Vao: Quan hé R.

- Tap H céc truy van trén R. V&i moi Q € H, dk(Q)- ky hiéu dieu kién cia truy van
@, p(Q) ky hiéu xdc sudt cia truy van Q.

Ra: - Tap céc cum s& thich C; va p(C;) twong tng véi j = 1, k.
Cach tinh:

1. bit A = {A;/A; 1a thuoc tinh cia R c¢6 xuat hién trong H, i = 1, m}.

2. V&i moi thuoce tinh dinh lwong A; trong A, xéc dinh I(A;).

3. V&i moi thuoce tinh dinh tinh A; trong A, xdc dinh K(A4;) sit dung Thuét toan 1.

4. Vé&i moi A; trong A, dat P(A4;) = I(A;) hoac P(A;) = K(A;) tuy thudc vao A; 1a
thuéc tinh dinh lwong hay dinh tinh. Gia st P(A;) = {H;;/7 = 1, hi}.

5. Xéc dinh tap tit cd cdc dieu kién cum véi mot dieu kién cum cé dang A;dk(A;) véi
dk(4A;) = (A; € Hyy), j €1, hyy A; € A. Gid sit ching ta x4c dinh dwoc tap céc diéu kién
cum @ = {q;/j = 1,1}.

6. Tinh C = {C;/C; gom cic bo clia R thod diéu kien cum ¢; va C; # ¢, j = 1,1}

Giad st C = {C;/j = 1,k}.

7. Tinh p(C;) = o:p(Q;) v6i cde Q; thod dk(Cj) C dk(Q;), & day dk(C;) ki hiéu diéu

kién cia cum Cj, j = 1,k.

Ménh dé 2. Thudt todn 2 xdc dinh ding tip cdc cum so thich cung véi xdc sudt cum twong

ng vor mot tap H cho trude.
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Chitng minh. Do H;; véii=1,m, j = 1, h; 1a mot khodng wa thich d6i véi thude tinh dinh
lrong, hodc 1a mot tap gid tri wa thich déi véi thude tinh dinh tinh, cé nghia 1a mot tap con
hay mot khodng con 16n nhat cic gid tri déi véi A duoc chira trong céc diéu kién don trén
thuoc tinh A cia cing mot tap cau truy van trong H nén mot cum C; véi dieu kien dk(C;)
duoc xac dinh theo Thuat toan 2 sé 14 mot tap con l1én nhat cac bo cia R thudc cic két qua
clia cling mot tap cau truy van trong H. Hon nira, doi véi mot thude tinh A; € A, do céac
H;j v6i j = 1, h; la roi nhau theo Thuat todn 1, tap cdc cum s& thich xdc dinh dwoc theo
Thuat todn 2 1 r&i nhau va tao thanh mot phan hoach déi véi quan hé R.

(6 thé thily, s6 cdc cum sd thich t8i da 1a 17, h;. Tuy nhién, do tip cum sd thich la mot
phan hoach déi véi R nén k = n véi n la s6 bo cia R.

Néu céc thuoc tinh cia R xuat hién trong H kh4 tap trung hay m khong 1é6m va s6 cdc
khodng wa thich hay céc tap gid tri wa thich d6i véi cdc thuoc tinh nay sau khi da cat tia va
tron céac truy van trong tap H cing khong 16m, s6 cdc cum s& thich 1a khong qud 16m hay c6é
thé chap nhan dwoc. Hon nita, giai thuat nay tién hanh tw dong off-line & phia hé théng nén
ciing khong can quan tam nhiéu dén do phitc tap cia giai thuat. Piéu dang néi la, thong qua
Thuat toan 2, da dwa ra duwroc cdc mo ta diéu kién cum cho cdc cum s& thich. Diéu nay la rat

c6 ¥ nghia trong viéc sinh cay diéu huéng.

4, SINH CAY PIEU HUONG

Viéc Iru trir cdc thong tin vé céc s& thich nay trong CSDL bang céch thém vio cdc nhan
cho céc bo, thong bdo bo dé thuoe cum sé thich nao.

Khi ¢ mot truy van méi, ta sit dung nhan cia cdc bo trong két qua truy van lam co s&
sinh cay diéu hudéng. Mot trong nhirng muc tiéu cia cay diéu hwéng 1a phan tach dwoc céc
két qua ddng quan tam véi cdc két qud khong déng quan tam, trong dé mitc do quan tam

ctia nguoi ding té1 moi nhan C; duoc biét 1a xdc suat truy van cum Cj.
4.1. Chon thudc tinh chia

Nhu da trinh bay trong Muc 2, mé hinh cay diéu huéng twong tu nhur mé hinh cay quyét
dinh. Qua4 trinh xay dung cay dieu huéng do dé cling doi héi tim ra thuoc tinh chia tét
nhat dé mé rong mot nit trén cay. St dung cdc mo ta diu kién cia cédc cum s& thich tir
Thuat toan 2, viéc chia nhanh tai mot nit con theo thudc tinh chia A; dwoc thwe hién véi
P(A;) = I(A;) hodc P(A;) = K(A;) thy thude vao A; 1a thuoc tinh dinh lwong hay dinh tinh.

C6 hai tiéu chi quan trong dé Iwa chon thudc tinh chia:

Tiéu chi 1. Cay diéu huwdng phdi phan chia t6t nhdt cdc két qud theo mitc d6 quan tam cia
ngu ot dung.

Trong khai phd dir liéu, Entropy dwoc sir dung vao bai toan hoc ciay quyét dinh nhw mot
do do vé tinh nhiéu loan thong tin cia mot tap dw lieu luyen bat ky [5]. O day, st dung ¥
twdng Entropy dé mé ta mitc do hon tap cia céc cum trong mot két qua truy van. Ta cé

dinh nghia sau.
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Pinh nghia 4. Cho A; 1a mot thudc tinh trén quan hé R, X 1a mot tap két qua trén R.
Ham Gain cia X theo A;, ki hieu Gain(X, A;), thé hiéen do gidm entropy trung binh khi

phéan chia X thanh cac tap con duwa trén A;, va duwgc tinh theo cong thirc sau:

Gain(X, A) = (E(X) = > (1 Xm,l/IXDEXn,),
H;;€P(A;)

trong dé F(X) ki hiéu Entropy cta tap X theo cdc cum sé& thich, P(A;) = {H;;/j = 1, hi} 1a
tap cac khoang wa thich hay tap cdc gia tri wa thich ciia A; trén tap X, Xp,, 1a tap con cia
X thoéd diéu kién A; € Hy;.

Theo Dinh nghia 4, Gain cang lém khi h; clia A; cang lém. Dé khic phuc dieu nay, theo
[5], thay thé Gain bdi IGainRatio(X, A;) = Gain(X, A;)/E(X, A;), trong d6 E(X, A;) 1a
mitc d6 nhieu loan thong tin cia X theo cdc H;j véi j = 1, h; cia A;.
Tiéu chi 2. Chi phi duyét cdy diéu hwong dé tim tat cd thong tin can quan tam phdi lo 67
thiéu.

Vé&i moi nidt v trén cay dieu hwéng, sé phai tinh chi phi duyét tap dir lieu (duyet bo) cia
v. Mot mit, ngudi dung phai duyét hét |N(v)| két qua trong v. Mat khéac, d€ duyét bo v,
truée dé ngudi dung phdi chon duyét nit v thay vi bd qua. Goi P(v) 1a xdc suat ngudi ding

chon duyét v, ta cé chi phi duyét bo nit v la

TCost(v) = P(v) X [N(v)| v6i P(v) = 0¢,nn(w)26P(C)-

Chi phi duyét tap Chil(v) (gom cic nit con cia v) dwoc tinh bang tong cic chi phi duyeét
b6 trén tirng ndt con. Gid tri nay cang nhé hon T'Cost(v) bao nhiéu thi phép phan chia v
thanh Chil(v) cang hiéu qua bay nhiéu. Ta c6 dinh nghia sau.

Pinh nghia 5. [2] Cho A 1a4 mot thudce tinh trén quan hé R, v la mot mit trén cay diéu
hwéng T ing véi mot két qua truy van trén R. Ty s6 gia gidm chi phi duyét v theo A,
ky hieu TGainRatio(v, A), 1a dai lwong dic trung cho do gidm chi phi duyét bo cay diéu
huéng tai nit v, khi phan chia v thanh cdc nit con dwa theo cdc gid tri cia thuoc tinh A.
TGainRatio(v, A) dwoc tinh béi cong thire sau

TGainRatio(v, A) = Z TCost(v;)/TCost(v),
v, €Chil(v,A)

trong d6 Chil(v, A) 1a tap cdc nit con cda v trén T khi phan chia N(v) theo A.

4.2. K&t hop cac do do

Van dé con lai la lam thé nao két hop hai ty s trén thanh mot do do Gain duy nhat.
Dé thay Gain ty 1é thuan véi IGainRatio va ty 1& nghich véi TGainRatio. Vi thé, dé don
gidn qud trinh tinh todn, ta st dung ty so gitta IGainRatio va TGainRatio 1am cong thirc
tinh d6 do Gain.
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Pinh nghia 6. Cho A 1a mot thudc tinh trén quan hé R, v 1a mot nit trén cay diéu huéng
T tng véi mot két qud truy van trén R. Ty s6 gia tdng cia v theo A, ky hieu Gain(v, A), 1a
dai lwrong dac trung cho do tot ciia A khi duwoc chon lam thuéce tinh chia cia v, va duoc tinh

bdi cong thirc sau
Gain(v, A) = IGainRatio(N(v), A)/TGainRatio(v, A).

4.3. Giai thuat sinh cay diéu huéng

Cudi cung 1a xay dung gidi thuat sinh cay diéu hudéng cho mot két qua truy van. Vi bai
toan tim cay quyét dinh t6i wu da dwoc chiing minh 14 bai toan NP -day dd, bai todn tim
cay dieu huéng t6i wu cing khong ¢ mot giai thuat dd tot trong moi truomg hop. Do vay,
ta sé tiép can loi giai theo huéng céc thuat toan xap xi.

Bét dau tir goc, dung dan cdc nit con va cdc nhanh cay con tai cdc nit.

Tai mot nit v, néu cdc bo trong N (v) déu thude cling mot cum, ta dirng lai va v trd thanh
mot nidt 14, Trong trudmg hop nguoc lai, ta chon thudc tinh A cho gid tri Gain(v, A) 1én
nhat lam thuoc tinh chia cia v. Néu A4; duwoc chon lam thudc tinh chia, tién hanh mé rong v
véi cde nidt con ¢6 diéu kién chon dang A; € Hyj, j =1, h; va A; € p~(4;).

Sau day la thuat todn hinh thirc cla gidi thuat sinh cay dieu hwéng. Thuat todn st dung

¥ tudng clia gidi thuat C4.5 cai tién [5].

Thuét toan 3. Sinh cay dieu huéng-SinhCayDH (r, A, Do, P(C), 0).
bau vao: - Tap Dg = {r1,72, ..., "} chita két qua truy van Q.
- Tap A luu céc thude tinh xuat hién trong céc truy van thuoc H.
P(A;) = {H;j/j =1, h;}, v6i A; € A.
- Tap P(C) luu xéc suat truy van cum.
- Nguong dung 6.
- Goe V véi N(r) = Dog.
bau ra : Cay dieu huéng T tng véi goc r.
Ghi chi: /] Diéu kién chon cia nit v ky hiéu la dk(v), dk(r) = dk(Q).
// Nhan cum ctia mét bo r; trong D¢ ki hiéu la C(r;).
if Vr; € Do, C(r;) bang nhau then return.
for each A; € A, tinh Gain(v, A;).
Chon A; véi Gain(v, A;)dat max
if Gain(v, A;) < 6 then return
A= A\{A4;}.
. Tao céc nit {v : dk(v) = (A; € Hy;), Hi; € P(A;) hodac dk(v) = (A; € p (4))} va
céc nhanh (r,v). Ki hieu V' 1a tip cdc nit da dwoc tao ¢é két qua khéc rong.
7. for each v; € V: SinhCayDH (v;, A, N(v;), P(C),0).
8. end.

A e

(=2



PHAN LOAI TU DONG CAC KET QUA TRUY VAN 175

Theo Thuét todn 2, véi moi cum Cj ¢ dk(C)) = Nidk(A;) voi dk(A;) = (A; € Hyj), j €
1, hi, A; € A, i = 1,m véi xéc sudt cum p(Cj). Gid st trong Dg ¢6 m; bo nhan C; véi
j = 1, k. Cé thé ma hod céc thong tin nay trong mot bang Temp véi k dong tng véi k cum s&
thich, m cot dau tién ting véi m diéu kién don cia cum trén m thuoc tinh cida A, cot m + 1
tng véi xde suat cum, c¢ot m + 2 dng véi s6 bo trong D duoc gan nhan cum twong ing,
khi dé Gain dugce tinh rat dé dang va do phirc tap cia budce 2 chi 14 O(mk). Do vay, trong
treomg hop toi nhat, nguoi ding duyét cay dén tan nit 14 cho téi lan chia nhém cudi cing

thi d6 phirc tap cta thuat toan ciing chi 1a O(m?2k).

Nhan xét. Trong [2], Z.Chen trinh bay thuat todn BuildTree sinh cay diéu huéng dua trén
ham Gain. Dai véi mot thuoc tinh dinh tinh dwoc chon lam thuodc tinh chia, BuildTree phai
tao mot nhanh déi véi moi gid tri ¢6 the trong mieén gid tri cia thuoc tinh nay. Trong truong
hop thuoc tinh nay ¢é qua nhiéu gid tri xuat hién trong CSDL, né sé sinh ra quéa nhiéu nhdanh
ma cich gidi quyét trong [2] 14 khong ro rang va doi hdi thém céc tri thike tir bén ngoai, chang
han cdc phan cap khai niém hay céc tri thitc phu thuéc mieén dwoc dwa vao bdi cdc chuyén
gia. DSi véi mot thude tinh dinh lwong A; dwoc chon lam thudc tinh chia, véi moi gid tri v
cia A; dwoc chon, BuildTree tao hai nhanh véi diéu kien A; = v va A; > v. Qua trinh chia
hai nhanh nay phai xem xét moi vi trf chia cé thé (gid tri s6 xudt hién trong CSDL) dé chon
mot vi tri sinh ra phan hoach t6t nhat cé thé. Z.Chen ciing dé cap dén kha nang chia nhieu
nhanh théng qua viéc xem xét moi ving chia ¢é thé cia céc gia tri s6 ¢6 thé déi véi thuoce
tinh s6, tuy nhién, diéu nay la khong kha thi vi s6 ving cé thé la rat lém va téc gid da st
dung chia hai nhdnh trong BuildTree. D6 phitc tap cia BuildTree trong [2] 1a O(mnklogn),
v6i m 14 s6 thuoc tinh, n 14 s6 bo (bdn ghi) va k 1a s6 cum s& thich. Thuat todn 3 da khai
thac ¥ twdng sinh cay diéu huéng BuildTree cia Z.Chen, tuy nhién, cich tinh Gain(X, A;) va
IGainRatio( X, A;) & day hiéu qua hon do st dung céc P(A;). Hon ntta, véi thude tinh chia
dugce chon 1a A;, Thuat todn 3 chi can tao hi nhénh twong tng véi P(A;) = {H;;/j = 1, hi}.
Theo danh gig, do phitc tap cia Thuat toan 3 la O(m?k) véi m la s6 thudce tinh va k 1a s6
cum sé& thich. Thue té, s6 cdc thudc tinh xudt hién trong céc cau truy van trong tap truy
van qua khit 1a kha nhé so véi s6 bo ciia mot quan hé hay mot khung nhin duoc tra ciru,
vi vay ma m << n. Hon ntra, theo Thuat todn 2, do tap cum s& thich la mot phan hoach
d6i v6i R nén k = n véin la s6 bo cia R. Ngoii ra, da sit dung mot s6 heuristic tién xir 1y
tap cac truy van qua khit da trinh bay trong muc 3 cia bai bdo dé gidm k va dé thu dwoc
cac cum s& thich ¢6 ¥ nghia. Véi ciac noi dung trén, bai bdo da dé xuat mot cach tiép can
khé don gidn, thuat todn dwoc cai dat khd hiéu qua cho phép sinh cay diéu huéng tro giip
cho nhirng nguoi ding méi truy cap va khai thac CSDL, nhanh chéng tim duoc cic két qua

mong muon.

5. KET LUAN

Giai thuat phan cum dir liéu dwoc thue hién dua trén viéc phan tich cdc cau hdi da dat

ra trong quéa khit cia tat ca ngudi dilng dé phat hién tri thite vé sé thich, vé mite do quan
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tam cia ngudi ding déi véi cde gid tri dir lieu trong hé thong. Tri thite nay dwoc tich hop
vao céc nhan trong moi dir lieu. Gidi thuat nay tién hanh tu dong off-line & phia hé thong
khong can qud trinh twong téc tir phia ngudi ding.

Gidi thuat sinh cay diéu huéng dwoc thuwe hién moi khi cé két qua trad vé véi s6 lwong
16n. Gidi thuat nay phan tich cdc nhan trong tirng dir liéu cia tap két qua, st dung cdc do
do dé tim ra thudc tinh chia nhé nhat. Giai thuat nay st dung ¥ twdng sinh cay quyét dinh
C4.5 cia Quinlan, véi cc cai tién dé viéc lira chon thudc tinh chia chinh xdc hon trong mé

hinh dic thi cia cay diéu huéng.

Y tudng “phan loai dit liew” da duwoc deé cap dén tir 1au trong nhieu nganh khac nhau
cia trf tué nhan tao. Trong linh vuc khai phd dir liéu va xi Iy tri thie (KDD), da ¢6 nhiéu
nghién ciru vé van dé phan 16p (classification), phan cum (clustering) trén cdc kho dir liéu
(data warehouse), phuc vu cong tdc phan tich, phat hién mau, di dodn xu huéng, ho tro ra
quyét dinh,.. Ngoai ra ciing c¢6 nhiéu nghién ctru vé phan loai vin ban (text categorization),
phan cum két qua tim kiém trén web (web search result clustering). Tuy nhién, bai todn phan
loai két qua truy van trén CSDL quan hé c6 nhirng dic thi va khé khin riéng so véi cac tiép
can trén.

Thit nhat, phan loai két qua truy van trén CSDL quan hé doi hdi kha ning xir 1y trén
nhiéu ki€u dir lieu khac nhau (bao gom céc dir lieu dinh tinh categorical data va céc dir
lieu dinh lwong numerical data), trong khi phan loai vin ban va két qua tim kiém trén web
thuong chi xit 1y trén déi twong 14 tir ving, hodc siéu dir liéu (metadata). Cé hai chi 1a cdc
dang khdc nhau cia dir liéu dinh tinh.

Thit hai, cdc giai thuat phan cum va phan 16p thuong duoc tién hanh off-line, trén khong
gian thuoc tinh da biét truée. Trong khi dé, nghién ciru nay deé cap dén viéc phan loai on-line
(tw dong moi khi c6 két qua trd vé véi s6 lwong 1ém) trén khong gian thuoc tinh chwa biét
trwée. Vi thé, bén canh tinh chinh xéc, viéc phan loai con doi héi cao & yéu t6 hiéu ning
(khd nang phan hoi cho ngudi diing trong thoi gian sém nhat).

Thit ba, muc tiéu cia cédc qud trinh 13 khac nhau. Muc tiéu cia phan cum la dé gidm
thieu do twong tu (similarity) gitra cdc cum va phat hién cdc mau bi che (hidden patterns),
phuc vu cho hoc may (machine learning). Muc tiéu cia phan loai két qua truy van la gidm
thoi gian va cong stte cia ngudi dung trong viéc loc bé céc thong tin thira ma ho khong quan
tam. Do dé, qué trinh phan loai phai mang tinh hwéng ngudoi dung cao.

Dai véi van de phan loai két qua truy van SQL, hién nay méi ¢6 hai cong trinh déang chu
v [1,2]. C4 hai cong trinh nay déu huéng dén gidi phdp phan cip két qua truy van SQL theo
cau tric cay, giip ngudi dung nhanh chéng dinh vi cac nhém két qua phi hop nhat véi mong
muoén cia minh. Trong moé hinh cay diéu hwéng, viec quyét dinh khi ndo dirng phan chia
két qua khong don gian. Chakrabarti [1] lra chon dirng phan chia khi s6 két qua di nhé. Z.
Chen [2] ¢6 gang xay dung cic 16p dit lieu cho két qua, dé mo phong lai cac dieu kién dirng
cay quyét dinh. Trong bai bdo nay, giadi phdp duwoc dwa ra la dé nguoi dung tu lwa chon khi

nao thi dirng duyét cay. Thuat toan sinh cay dieu hwéng thuc hién cdc tinh toan khd don
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gidn va khong can nhiéu bo nhé lwu triv céc két qua tinh todn véi do phite tap 1a chap nhan
dwoc. Giai phdp nay cé thé dwoc cai dat dé thue hién phan loai céc két qua truy van déi véi
cac CSDL ¢6 kich thuéce kha 16n.
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