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Tom tat — Bai toan t6i uu hda co sé dir liéu phan tan bao gbm cac
bai todn: phan manh va dinh vi dit liéu. C6 nhleu perdng phap tiép
can khac nhau va nhiéu thuat toan dugc dé xuat dé g|a| quyet cac
bai toan nay. Tuy nhién, do phic tap cla thuat toan van con la mét
thach thirc. Trong bai bao nay, ching téi sit dung ky thuat phan cum
hudng tri thirc cho ¢ hai bai todan phan manh ngang va phan manh
doc dit liéu. B do tuang ty s dung trong hai thuét toan 1a cac do
do dugc phat trién tir cac d6 do cd dién. Két qua thir nghiém trén
céc tap di liéu nhd hoan toan tring khdp véi két qua phan manh
dua vao céc thuat toan cd dién. Thai gian thuc hién phan manh di
liéu cling dugc gidm dang ké (mac du dé phurc tap thuat toan trong
trudng hop tdng quat van chua thay ddi).

Tu khda — cd sd dif liéu phan tan; phan manh; dinh vi; do do tuong
ty, phan cum; ky thuat phan cum hudng tri thic.

1. Dit van dé

Trong modi trudng phéan tan, moéi don vi di lidu (item)
dugc truy xuét tai cac tram (site) thudng khong phai 1a mot
quan hé ma chi 1a mot bd phan clia quan hé. Vi vay, dé tbi uu
héa qua trinh thuc hién cdc truy van, cic quan hé cia ludc
dd toan cuc (global scheme) dugc phan manh thanh cic don
vi dit liéu.

Cic loai phan ménh dit liéu bao gdm phan manh doc,
phan minh ngang, phin manh hén hop (mixed) va phan
manh suy din (derivate). Hai thuat toan c& dién gin lién véi
phan manh ngang va phan manh doc 1an lugt 1a thuat todn
PHORIZONTAL va thuit toan BEA [5]. Nhiéu tdc gid da dé
xuét cdc thuit toan cai bién hai thuat toan nay nhu Navathe
va dong su (1984), Cornell va Yu (1987), Chakravarthy va
dong su (1994), Bellatreche (2000), Schewe (2002),.. Tuy
nhién, do phtic tap cta cac thuat toan nay la kha 16n, phan
manh doc 1a O(n?) véin 12 s6 lugng thudc tinh, phan manh
ngang 12 O(2™) v6i m 1a s6 ban ghi [5][8].

Trong thdi gian gan diy, mot sb tac gid da két hop gidi
bai toan phan méanh va bai toan dinh vi bang céc thuit todn
toi uu [9][14] hay st dung céc thuit toan heuristic [1][9],
thoi gian thuc hién céc thuét todn nay gidm ding k€ so véi
céac thuat toan c6 dién mic du do phic tap cla giai thuat
trong trudng hop tong quét vin chua dudc céi thién. St
dung k¥ thuat luat két hop trong khai phd dif liéu dé phan
manh doc dif liéu da dugc dé cap [10], tuy vay cac k§ thuat
khai pha dit liéu khac cling chua dugc cac tic gia quan tim
ting dung.

Trong bai bdo nay, chiing t6i dé xuit st dung thuit toan
phan cum hudng tri thic cho 2 bai toan phan manh doc va
phan manh ngang. Céc d6 do tuong dong (similarity) dugc
phat trién dua trén cic do do da c6 trong cic thuit todn cd

Abstract — The optimization problem of data fragmentation
is requiring to several interrelated problems including: Data
fragmentation and Data allocation. Although we had many different
algorithms to approach solving problems, the complexity of
algorithm is always a big challenge to solve. In this paper,
we presented a knowledge-oriented clustering technique that is
applying both of vertical fragmentation and horizontal fragmentation
problems. Similarity measures are used in both of algorithms which
were built in the traditional measures. The experimental result of
small data files and the fragmentation result based-on traditional
algorithm are similar. The execution time of fragmented data is
significantly reduced. (Although, the complexity of algorithm in the
general case is still un-changed).

Key words - distributed database; fragmentation; allocation;
similarity measures; clustering; knowledge-oriented clustering
technique.

dién va khai ph4 dii liéu [2].

Noi dung chinh clia bai bdo dugc td chiic nhu sau: Cac
khai niém co sd dudc trinh bay trong Muc 2. Muc 3, trinh
bay thuit todn phan cum huéng tri thiic. Muc 4, 5 1an lugt
trinh bay thuat toan phan manh doc, phan manh ngang dé
xuét. Muc 6 14 phan két luan.

2. Mt s6 khai niém co sé
2.1. Phdn mdnh doc

Phan ménh doc 1a phan ra tap thudc tinh cta lugc dd
quan hé R thanh cédc ludgc dd con Ry, Ry, .., Ry, sao cho
cdc thudc tinh trong mdi lugc dd con la thuong dudc truy
van cung nhau. D€ thé hién mic do hay cung dudc truy
vén cling nhau, Hoffer va Severance dua ra khai niém 4i luc
thudc tinh (attribute affinity) [13].

Néu Q = qi,92,.,9m la tip céc ung dung,
R(A1,As, .., Ay) 1a mot luge dd quan hé. Mbi quan hé gitta
Ung dung q; va thudc tinh A; dudc xac dinh bdi gia tri st
dung [2]:

wo () = { g

1, A; c6 tham gia q;

0, A khong c6 tham gia q; M

Pit Q(A, B) = q € Qluse(q, A).use(q, B) = 1. Ai lyc
gilta 2 thudc tinh A;, A;:

> (i

qeQ(A}L,A)) \ VS

Aff(A, Ay) = ) * accy(q )) ()

Trong do, refi(q): sb lan cdp thudc tinh (A;, A;) duge
tham chiéu trong tng dung q tai tram SI; accl(q): tan s truy
xuét ing dung q dén cdc thudc tinh (A;, A;) tai tram S).
Thuét toan BEA thuc hién gdm 2 giai doan chinh:
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(1). Hoén vi hang, ¢4t ciia ma tran i lyc thudc tinh sinh
ra 1 ma trdn ai luc tu thudc tinh CA (Cluster Affintity matrix)
6 sb do ai luc chung AM (global affinity measure) 1a 16n
nhét [5].

(2). Tim diém phén hoach tap thudc tinh tif ma trin tu
thudc tinh CA bing phuong phép vét can, sao cho [8]:

Z = CTQ * CBQ — COQ? dat cyc dai, véi:

CTQ= ) ) refj(qs)acc;(a)

q€TQ VSj
CBQ= ) ) refj(qj)ace(q;)
q€BQ VSj
COQ= Y ) refi(q5)ace;(q)
q€0Q VSj
At | A2 | .. |Ai|Aia An
A1
TA
Ai
Ain
BA
An
Hinh 1: Ma trdn tu thuoc tinh CA
Trong do,

AQ(ai) = {Aj|use(q;, Aj) = 1};

TQ = {qai|lAQ(ai) € TA};

BQ = {ai|AQ(ai) € BA};

0Q = Q{TQUBQ}.

Do phtic tap cda thuit todn ti 1& véi n.
2.2. Phdn manh ngang

Phin manh ngang 1a phan chia tip cac ban ghi thanh cac
tap ban ghi nhd hon. Phin manh ngang dua vao céc diéu
kién truy vin dudc thé hién qua cic vi tir don gidn c6 dang:

P : Aj0<gid tri>

bit P, = {p1,p2, .., Pk} 1 tip cdc vi tit don gian dugc
trich ra tu tap cac ung dung. Mot hdi vi tu dude xay dung tir
Pr ¢6 dang:

P1 * Ap2 * A.. A pp* 3)

Trong d6 pi*la vi tif mang 1 trong gia tri la pi hay —p;

Thuit toan PHORIZONTAL st dung cac hdi vi tu
c6 thé xay dung tir P,, d& tim cidc diéu kién phan manh
ngang dif liéu [11]. Quan hé r(R) s€ dugc phan manh thanh
{r1(R),r2(R),..,1(R)}, v6i ri(R) = opi(1(R)), 1 <i < k;
Fi 1a mot vi tir hoi so clp (my;).
2.3. Hé théng thong tin va quan hé khong phdn biét

Hé théng thong tin 1a mot cip SI=(U, A), trong d6 U la
tap hitu han cc d6i tugng U={t,,to,..,t,}, A 12 tip hitu
han khdc réng céc thudc tinh.
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Mot quan hé tuong duong (quan hé 2 ng6i thda cac tinh
chét phan xa, dbi xting va bic cu) xac dinh trén U dudc goi
1a mdt quan hé khong phan biét trén U.

3. Thuét toan phan cum hudng tri thite

Thuat todn phan cum hudng tri thic KO-Knowledge-
Oriented Clustering dua vao ly thuyét tip tho dau tién
dugc dé& xuit bdi nhom tac gia Shoji Hirano and Shusaku
Tsumoto (2001) [12]. Pay la thuit toan phan cum ty dong
xdc dinh s6 cum dua vao bo dit liéu khao sét. Y tuéng chinh
ctia thuat toan phan cum nay gdm 2 giai doan [3]:

1. Xay dung 1 quan hé tuong duong ban dau trén tap cic

dbi tugng cAn phan cum.

2. Hiéu chinh cic quan hé tucng duong bang cich st

dung mot ngudng Tk dua trén do khong phan biét.
Qua trinh 1ip cap nhat lai Tk cho dén khi thu dugc
phan cum t6t nhit.

Thuidt toan nay dugc nhom tic gia C.L Bean,
C.Kambhampati hiéu chinh va thit nghiém (2008) [4] (bai
bdo ctia nhom tdc gid chi xdy dung lai quan hé tuong duong
ban ddau dya vao ¥ tudng duong “ddng trong” so véi cdch
xdy dung dua trén gradient cia nhom tdc gid Shoji Hiran,
Shusaku Tsumoto). Cac két qua thi nghiém ctia 2 nhém tic
gia trén nham minh hoa cho thuét toan, chua dua ra cic ung
dung trong thuc té.

St dung thuit todn nay dé phan manh dit liéu, chiing toi
da dé xuét quan hé tuong duong ban dau dua trén khoang
cach trung binh giita cic ddi tuong.

Thuit toan phan cum hudng tri thifc ching t6i s dung
cy thé nhu sau:

Input: U= Tip cc dbi tuong can phan cum

(Méi dobi tuwong phdi dwgc mé td cdc thong tin cdn thiét
dé' xdy dung do tuong tu).

Output: Cac phan cum (tuong iing vdi cdc phdn mdnh
dit liéu)

Method:

Budc 1: Xdy dung ma trdn dj twong tw S=S(t;, ;) giita
tdt cd cdc cdp doi tugng(t;, t;).

Budc 2: Chi dinh mot quan hé khong phdn biét ban dau
Ri cho titng déi tugng. Tong hop dé’ cé duoc mot phdn cum
ban ddu.

Budce 3: Xdy dung ma trdn bdt khd phdn biét T =
v(ti,t;) dé ddnh gid chdt lugng phdn cum.

Budc 4: Sita doi phdn cum theo mot quan hé bdt khd
phdn biét moi RimOd cho timg déi twong dé dat duoc mot
phdn cum sita doi.

Budc 5: Ldp lai budc 3 va 4 cho dén khi thu duoc mot
phdn cum én dinh.

Chi tiét ciia thuét toan c6 thé tham khao [4][12]. Piém
can luu y 1a chiing i dé xuét cach xay dyng quan hé khong
phan biét ban diu khac v6i 2 nhém tac gia Shoji Hirano,
Shusaku Tsumoto va C.L Bean, C.Kambhampati nhu sau:

Quan hé khong phan biét tng véi thude tinh thi i:

Ri = {(ti,t;) € U x U :d(t;, t;) < Th; véij = 1,2,

..,n}
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Trong d6 d(t;, t;) 1a khoéng cach gitta 2 dbi tugng tham
gia phan cum.
Ngudng Th; dugc xac dinh nhu sau:

n

Y (L—s(tity))| /(n-1)

j=Lj#i

Th; = “)

V6i s(t;, t;) 1a dO tuong tu ctia 2 ddi tugng t;, t;. [2].

4. Phan manh doc hé co s¢ dir liéu phin tin dua vao
thuat toan phan cum hudng tri thirc

DPé chuyén bai toan phan manh doc trong hé co s dif
liéu phan tdn, cic gia thiét bai toan dugc chuyén ddi sang
gia thiét bai todn phan cum dua vao cic khai niém sau:

4.1. Thuéc tinh va Vector ddc trung tham chiéu

Pinh nghia 1. Do do tham chiéu cta giao tic gi v6i thudc
tinh Aj ky hiéu M(qi, Aj) hay Mij 13 tin suét giao tic qi
tham chiéu dén thudc tinh A; dugc xdc dinh bdi gia tri
M(qi, AJ) = Mij = use(qi, Al) * fi
V6i: f; 1a tan suat thuc hién cla giao tac q; va use(q;, A;)
xac dinh béi cong thic (1).
Pinh nghia 2. Vector dic trung tham chiéu VAj ctia thudc
tinh Aj tng v6i tham chiéu cia cic giao tac (q1, g2, -, Q)
dugc xac dinh nhu sau:

qJ1 qJ2

. Qm
VAj= [ My; | My; | ..

| My |

4.2. Dé do twong dong ciia 2 thuje tinh

Pinh nghia 3. Do do tuong dong ctia 2 thudc tinh Ay, A,
6 2 vector dic trung tham chiéu tuong ting véi bd céc giao
tac (Q17 q2; -+ qm)

VA = (M, Moy, .., M)
VAI = (M117 M217 3 Mml)

dudc xac dinh bdi do do cosin:

m
Mi * Mj
VAk * VA] i; ik i

VA= VAL [ [
. lMik * 21 M
i= i=

4.3. Phdn mdnh doc dua vao thudt todn phdn cum hudng
tri thiic

s(Ax, A)) = )

D& minh hoa phan manh doc dua vao thuit toin phan
cum huéng tri thiic, st dung lai gi thiét vi du bai todn phan
manh doc dya vao thuit toan BEA dudc trinh bay trong [2]:

- Tép cac thudc tinh Att = {A1, Ao, As, Ay}

- Tap céc giao tac Q = {q1,q2,93,d4}
Ma tran st dung:

Ar A A As
g1 O 1 O
g0 1 1 0
g/ 0 1 0 1
g0 0 1 1

- Tap tan suit thuc hién dng vdi tp cdc giao tdc
{qla dJ2, 43, Q4}, vaF= {fla f27 f37 f4} = {45’ 5’ 75, 3}
Tur gia thiét ta c6 cdc vector dic trung tham chiéu:

qd1 92 g3 Q4

VAi=|451] 0 0 0
VAs=| 0 517510
VAs= [45] 510 |3
VA4,=1| 0 01|75 3
Ma tran do tuong tu Suyq = (S(Ai, A1) )k=1,411=1,4
A A As Ay
A 1 0 0.9918 O
Az 1 0.0073 0.9970
As 1 0.0026
A4 1

Két qua phan manh bang thuit todn phan cum hudng tri
thic thu dugc:

Cum | Tép thudc tinh
1 {A1,As}
{A27 A4}

Nhén xét:
Két qua phan méanh nay trung khép véi két qua phan
manh doc theo thuét toan BEA.

5. Phan manh ngang hé co sé dit li€u phan tan dua vao
thuit toan phan cum hudng tri thire
Tuong tu nhu phan méanh doc trong hé co sG di liéu
phan tan, viéc chuyén ddi gia thiét phan manh ngang [2] tir
thuat toan PHORIZONTAL dua trén cac khai niém co sG
sau:

5.1. Vector hoa cdc bdan ghi cua mot quan hé

Xét quan hé r(R)={T;,Ta,., T}, tip cdc vi tu
don gidn rat trich to cac dng dung trén r(R) la
Pr = {Pry, Pry, .., Pry, }. Vector héa nhi phén cédc ban ghi
theo qui tic:

Pr; | Pro Pr; Prp,
Ty | a;1 | aie aj; a1m
T | ain | a2 | ... | aj Aim
T | an | a2 | ... | ay Alm

e — 1, khi Ti[Pr;j] = true
M=) 0, khi Ti[Pr;] = false

5.2. Dé do twong dong ciia 2 vector nhi phéin

Xét 2 vector x; va xj, duge biéu dién bing cac bién nhi
phan. Gi4 st cdc bién nhi phan c6 cling trong s6. Ta c6 bang
su kién nhu Bang 1. Trong d6 q 1a s6 cac bién nhi phan bing
1 ddi v6i ca 2 vector x; va xj, s 12 s6 cdc bién nhi phan bing
0 dbi véi x; nhung bang 1 déi véi x;, 1 1a s6 cac bién nhi
phan bang 1 dbi véi x; nhung bing 0 dbi véi xj, t 12 s cdc
bién nhi phéan béng 0 dbi véi ca 2 vector x; va xj [2].
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Bdng 1: Bdng su kién cho bién nhi phdn

Poi twong j
1 | 0 | Tong
£ . 1 q r g+r
Doi tuong i 0 s I SH
Tong | g+s [ rt | p

Su khdc nhau ctia 2 vector x; va x; dua trén cac bién nhi
phan dbi xing (symmetric binary dissimilarity) 1a:
r+s

dlxi ) = ——
(x1, %) qtrtstt

(6)

Su khac nhau ctia 2 vector x; va x; dya trén cac bién nhi
phan bt dbi xdng (asymmetric binary dissimilarity)
r+s

d(x, %) = ———
() =

)

Do do tuong dong (similarity) gitta 2 vector x; va Xj,
dugc xic dinh béi hé sb Jaccard:

®)

sim(x;,x5) = 1 — d(x, %)
5.3. Phdn mdnh ngang dua vao thudt todn phdn cum
hudng tri thiic

St dung lai gia thiét vi du bai toan phan méanh ngang dua
vao thuit toin PHORIZONTAL dudc trinh bay trong [2]:
Gia st ¢c6 mot quan hé Emp

ENO | ENAME TITLE
T E; Jjoe Elect-Eng
T2 E» M.Smith | Syst-Analyst
Ts Es A.Lee Mech-Eng
Ty E4 J.Smith | Programmer
Ts Es B.Casey | Syst-Analyst
Ts Es L.Chu Elect-Eng
Tz E7 R.David Mech-Eng
Ts Es J.Jone Syst-Analyst

Xét 2 vi tit don gian:

- p1=(TITLE>*Programmer”) va ;

- p2=(TITLE<*Programmer”) v6i quy tac so sanh
chuoi theo thu tu a,b,c. ..

Vector hda céc ban ghi theo 2 vi tit p; va pa:

P1 p2
T, | 1 | O
T2 | 0 | 1
Ts | 1 | 0
T4 | 0 | O
Ts | 0 | 1
T | 1 | O
T, | 1 | 0
Ts | 0 | 1

5.4. Két qud phdn mdnh ngang quan hé Emp theo thit
todn phdan cum hwdng tri thiic

Cum | Tap cac ban ghi
1 T1, T3, Tg, Ty
2 To, Ts, Ts
3 Ty
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Nhan xét: Két qui phan manh nay trung khdp véi két
qué phan manh ngang theo thuit toan PHORIZONTAL.

6. Két luan

Trong bai bdo nay ching t6i trinh bay giai phap phan
manh doc va ngang cuia hé c¢o sé dit liéu phan tan dya vao
thudt toan phan cum hudng tri thic. V6i giai phap nay ching
toi da dé xuit dugc cach chuyén d6i gia thiét cac bai todn
phan manh c8 dién trd vé gia thuyét cho bai todn phin cum.

Trong thuat toan phan cum hudng tri thiic, ching t6i c6
dé xuét cach xay dung quan hé tuong duong ban dau dua
vao ngudng khoang cach, day 1a di€ém khdac biét vdi 2 thuat
toan cta 2 nhom tac gia Shoji Hirano, Shusaku Tsumoto va
C.L Bean, C.Kambhampati da dé xut truc do.

Két qua thif nghiém trén cac bo dif liéu trong [13] cho
thiy két qua trung 1ip v6i két qua cé dudc tir 2 thudt toan
phin manh c6 dién 1a PHORIZONTAL va thuét todn BEA.
Ngoai dif liéu thit nghiém nhu da trinh bay, chiing t6i con
thit nghiém trén mot sb bd dif liéu khac, két qui c6 dudc
ciing tuong ddng vdi 2 thuit toan cd dién néu trén.

Tuy cdc b ¢o s dit liéu phan tan thd nghiém con nho
nhung lai pht hgp véi cac thit nghiém trén [2] cho cac phan
manh cd dién, ddng thdi so sanh dudc vdi két qua trén thuat
toan phan cum huéng tri thiic da dé xuat. Thoi gian t6i,
ching t6i sé suu tap cac bo di liéu da dugc cong bd co
kich thuéc 16n hon dé c6 thit nghiém so sanh tinh kha dung
clia gidi phdp dé xuét véi viéc két hop cac ky thuat phan
cum khéc dua vao thuit todn di truyén, tién héa hay cac
thuat todn heuristic két hop véi cic cong cu toan hoc nhu ly
thuyét tap tho, tip mo [3][4] d€ danh gid va chi ra cdc gidi
phap phan manh di liéu véi hi€u nang cao.
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