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Mot mo hinh hiéu qua khai pha tap muc loi ich cao
An Efficient Model for Mining High Utility Itemsets
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Abstract: Today, high utility itemsets mining is anloi ich trong giao &h va bi ich ngoai @a ptin tir
important research issue in data mining because db. Vi dy, loi ich trong ting giao dch nhr s luong
considers the profit and quantity of items in eachaa mit hang trong i lan mua hang;di ich ngoai
transaction. Most high utility itemsets algorithsisch nhu gié ti loi nhuan cia trng mat hangdd dem hi.
as UP-Growth [9], Udepth [5], Two-Phase [3], PBMo0t tap co bi ich cao khi gia frlgi ich aia nd khéng
(Projection-Based) [8], ect. use TWU modehho hon mit ngudng loi ich i thiéu cho tuéc.
(Transaction Weight Utility) for pruning candidates  nat van dé kho khin trong khai phaap loi ich cao
However, the number of candidate itemsets generatgdcac ap loi ich khong cé tinh ¢t dong [2]. Tinh
in these algorithms is enormous. In this paper, Wayt naydam bio mot tap 1a &p loi ich cao thi cacap
propose a new candidate weight utility model (CWUlon qia n6 ding 1a #ip loi ich cao. Do gy, s luong
and HP (High Projection) algorithm base on CWU tQacung ar vién dugc sinh ra t lon va chi phidn &
reduce the number of candidate itemsets. Th&yi gian duyt dit lieu nhiu 1an dé kiém tra caaing

experimental results show that the performance angan nhr trong nét sb thuat toan [3-5].D& tranh dugt
number candidate of our algorithm is better thanoTw gt lizu nhu lan thi nHt s5 thuat toan diing &u trac

Phase [3], PB [8].

cay dé tim tp loi ich cao nir [6,9,10]. Nhring cac

Keywords: Data Mining, Frequent ltemsets, Highthuit toan nay tiéudn nhiu thoi gian va khéng gian

Utility, Candidate Weight Utility, HP algorithm.

l. GIOI THI EU

Khai pha #p phd bién tir co sy dit li¢u giao dch 14
mot trong cac k thuat khai pha @ liéu va co it
nhiéu ang ding trong kinh doanh, yét gido dic,...
Muc tiéu @a khai phaap pho bién la tim ra cacap
phan tir c6 #in st xuat hién I6n hon Mot ngudng Ho
tro toi thiéu cho twrge. Tir tap phd bién sinh ra céac
luat dwa tréndd tin ciy tdi thiéu. Trong bai toan khai
pha& fip phd bién co ban thi mpi phin tr 14 twong
duong nhau va chquan tamdén tin suit xuat hién
cia pHin tr trong cac giao igh. Tuy nhién, trong
thuc #, cac pln tr trong @ & dit liéu giao dch
thuong cé cac théc tinhdinh lrong nhr: s lwong,
loi ich... Nim 2003, Chan [1{a dua ra khai ném lgi
ich aia tip phan tir & khic phuc nhing nhroc diém
cia #ip phin tr phd bién oo ban. Loi ich cia mt
phan tir trong mdt giao dch dugc tinh toan da trén

bo nho dé sinh ra cac cagiéu kién aia trng tién t.

Trong [7] Liuda trinh bay mé hinh TWU khai pha
tap loi ich caodé loai bt tap ¢ng vién. Gia trloi ich
cua tt ca cac plan tr trong giao ich duoc tong hyp
nhu 14 loi ich aia giao dch va By né lam @n trén bi
ich aia céac 4p phan tir trong giao ith dé. Khi d6, loi
ich giao dch c6 tong & (viét tait: TWU —
Transactions Weight Utility)t@ bt tap phin tir duoc
dinh nghia la Hng cac ¢i ich ma giao dch co clra
tap d6. Trong thdt toan [7], Liuda sr dung mo hinh
TWU dé loai di cac ip c6 TWU nt hon ngrang loi
ich ©i thiéu cho téc dé giam s lugng #@ip ung ar
vién, saul6 duyét lai co 3 dit lidu dé xacdinh loi ich
thuc t& cua cac 4p va tép tuc xacdinh khi ning cac
tap I6n hon aia nd c6 1adp loi ich cao hay khongé
sinh tép cactng ar vién.

Trong c&c thét toan & dung moé hinh TWU, thit
toan [5,8] thrc hién tim kiém tip ung vién theo ckiu
sau. Vi di, xét ip phin tr I={A, B, C, D, E}, tir phén
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tr A c6 thé sinh ra cacap ung vién {AB}, {ABC},

{ABCD}, {ABCDE},...; t ir phin tir B sinh ra cacap
rng vién {BC}, {BCD}, {BCDE},... Ta thy, cac &p
rng vién sinh ratt phan tr B khéng con xét hién
phan tir A, nheng khi Ay TWU 1am d@n trén thi \in c6
gia ti loi ich caa pHin tr A. Pidu nay lam ing $
lwong @p ang vién va chi phi Km tra cac 4p ung
vién.

Trong bai bao nay, ching tdié xuit md hinh
CWU (Candidate Weight Utility) va ttt toan khai
phé fip loi ich cao da trén mé hinh nay dm giam
lwgng @p tng vién.

No6i dung tép theo @a bai baadugc o chic nhr
sau: PAn Il van dé lién quandén khai phaap loi ich
cao. M6 hinh CWUiuogc d& xuit trong Plan 11l. Phin
IV dé xuét thuit toan khai phéap loi ich cao & dung
md hinh CWU. Pin V, trinh bay Kt qua dat duoc va
so sanh §i cac thut toan khac. Cdi cung la Kt luan.

Il. TONG QUAN VAN PE NGHIEN CUU

Cho nét co so dit liéu ghm cac giao th T 1a D =
{T1,T5Ts,...To}, cac giao dch dugc xacdinh duy nlat
bai Tid, 1={i 1,i2iz,...in} 1& cAc pn tr (item) xuht hién
trong cac giao i¢h, X O | 1& tip cac phn tr
(itemsets). Mt tap X duoc goi 1a tip k-phn tir khi
lwong phin tr caa X la k.

bé thuan loi trong gii thich cac khai dim, ching
t6i dua ra ndt co s dir lidu giao dch duoc biéu dign
duéi dang hing nhr Bang 1. Bing loi ich ngoai d¢a
céac phn tir dugc cho trong Bng 2.

Bang 1. Gr sg dir liéu giao dch minh lpa

Tid Giao dch
A B C D E F

1 1 0 2 1 1 1
2 0 1 25 0 0 0
3 0 0 0 0 2 1
4 0 1 12 0 0 0
5 2 0 8 0 2 0
6 0 0 4 1 0 1
7 0 0 2 1 0 0
8 3 2 0 0 2 3
9 2 0 0 1 0 0
10 0 0 4 0 2 0

4 V-1, $ 13 (33), thang 6/2015

Bdang 2. Bing loi ich aia cac plan tr
tem |[A[B|C|[D|[E] F
Lgiich 3|10 1| 6| 5| 2

Pinh nghia 1[8] - Loi ich trong (internal utility)
cia mbi phan tir 14 gia ti cua mbi phan tir trong fing
giao dch. Ky hiu: O(i, T;) — 1a bi ich trong @a pHin
tu iy trong giao dch T,

Vidy, O(AT) =1; O(C,T) = 2 trong Bng 1.

Pinh nghia 2 [8] - Loi ich ngoai (external utility)
ctia ndi phan tir 1a gia ti loi ich aia ndi phan tir trong
bang loi ich. Ky hiéu: S({i) 1a loi ich ngoai @a phin
tur iy.

Vi dy, S({A}) = 3; S({B}) = 10 trong Bang 2.

Pinh nghia 3 [8] - Loi ich dia nt phan tir trong
giao dch 1 tich @a ki ich trong vadi ich ngoai éa ptin
tir d6. Ky hiéu: U( ik, Tj)) = S{i}) * O(i« T;) la loi ich
caa phin tr i trong giao éch T,.

Vi du, UQALT ) = 3¢1 = 3; U({C}LT) = 12 =
2,...

Pinh nghia 4[8] - Loi ich aia mbt tip phin tir X
trong ot giao dch T, 1a tong gia ti loi ich tit ci phan
tr cua @ip X trong giao ¢th T. Ky hi¢u: U(X,T;)) =
ViceXA X T, U(ix, Tj) — 1a loi ich cia ip phan tir X
trong nét giao dch T;.

Viduy, U{AC}T ) =3*1+1*2=5.

Pinh nghia 5[8] - Loi ich aia not tap phan tir X
trong @ s dit liéu 1a Hng loi ich aaa @ip phan tir X
trong fit ca giao dch chra X. Ky hiéu: AU(X) =
ZT]ED/\XQ Tj U(X, T])

Vi du, xét Bp{AC}, ta thdy {AC}, xu it hién trong
cac giao ¢th: T, Ts nén ta c6: AU({AC}) =
U(AC),T 1) + UGAC)LT ) = (31 + 1%2) + (3*2 +
1*8) = 10,

Pinh nghia 6 [8] — Tap phan tir lgi ich cao: Bp X
duoc goi la tap phan tir loi ich cao (HU — High Utility)
néu AU(X) > a, ngroc lai goi X 1a tap phin tir loi ich
thap. Trongdé a 1a ngrang loi ich ©i thiéu cho tudc.
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Vi du, loi ich ti thiéu o = 12 thi {AC} la tip phan
tu loi ich cao.

Pinh nghia 7 [8] - Loi ich aia nt giao dch la
téng loi ich cia cac phn tr trong giao ich d6. Ky
higu: TU(T) = Zie, U(i Tj) — 1a bi ich aia giao
dich T,.

Vidy, TU(T) = 1*3 + 2*1 + 1*6 + 1*5 + 1*2 =
18, TU(T,) = 1*10 + 25*1 = 35.

Pinh nghia 8 [8] - Loi ich giao dch cé tong
ctia bt tap phan tir X 1a tong loi ich aia cac giao ith
c6 chra #p phin tr X. Ky higu: TWU(X) =
Yxctamiep TU(T)) 12 loi ich giao dch c6 tong
cua tip phin tr X.

Vi du: TWU(AC)) = TU(T 1) + TU(Ts) = 18 + 24
=42.

Hién nay,dd c6 nhtu thuat toan khai phaap loi

4 V-1, $ 13 (33), thang 6/2015

Nam 2013, Gou vadng sr dua ra thadt toan PB
[8] dwa trén céc #ng cH 5 dé ting e do thuc hién
va giam yéu éu bd nhé. Thuit toan nay & dung hing
chi s cia cac 4p dé sinh caarng vién, tim 4p loi ich
cao va 40 nhanh Bng ch s5 tir tap tién t caa no.

Hau hét cac thdt toan khai phéap loi ich cao, nir
trong [3,5,8],..d4¢u sr dung md hinh TWU lam € so
dé cit tia cac 4p ung vién. \6i mot phan tr a va not
tap phin @ {X}, ta c6 TwuU{aX}) =
Yaxctamiep TU(T) 12 cn trén @a AU{aX}).
Tuong tr, c6 TWU({X}) la can trén @a AU({X}). Ta
thdy {X} O{aX} nén s5 giao dch chira {X} s& lén hon
haic bing $ giao dch chra {aX}. Vay, TWU({X}) 1a
tong loi ich aia céc giao ith chra {X} s& lon hon haic
bang TWU({aX}) la tong loi ich aia cac giao @th chira
{aX}.

Trong céc thét todn khai phaap lgi ich cao

ich cao nr CTU-Mine [10], HUC-Prune [11], UP- ypepth [5], PB [8],... thidp loi ich caoduoc khai pha
Growth [9], UDepth [5], PB [8], Two — Phase [3].theo chiu sau. Gi sir, {ax} 1a tit ca cac ip co tén

Thuit toan Two — Phasersdung mé hinh TWUGdé
loai b6t tap tng vién, sawé duyét lai co s dit lisu dé
xacdinh loi ich thrc t caa cac 4p. Vi phuong phap
sinhung vién va kim tratung vién thi phi duyét di
liéu nhiu lan dé tim @p loi ich cao.

Pé tiét kiem chi phi trong Vic sinh cac4p ung ar
vién va gim £ 1an duyét co so dir lidu, mdt sd thuat
toan s dung diu tric cayda dugc d& xuit nhue: CTU-
Tree [10], HUC-Tree [11], UP-Growth [9] céac #tu
toan nay gm mot b budc chinh sau: xayuhg cay,
sinh cacting vién tr cay king thuit toan ting trong
mau, xacdinh céc ip loi ich cao tr cac @p ang vién.
Véi céach tép cin nay thi that todn \in ton nhéu b
nhd va thoi gian duyét cay.

Thuat toan UDepth [Sduoc Wei dua ra thec hién
khai pha o so dir lidu theo chdu doc. Thuit toan nay
gom céac oc: duyét dir lisu ¢& xac dinh TWU aia
tirng pHin tir; loai bo cac pln tr c6 TWU nf hon
ngudng ©i thiéu; sip xép lai cac pfn tr c6 TWU cao
theo thr ty giam dan; tr mdi phan tr i, c6 TWU cao,
tim tt ca cac &p ¢ phn tir i la tien 6 va duyt lai co
so dir liéu mot 1an niradé xacdinh céc 4p loi ich cao.

la phan tir a, {bX} | tit ci cAc p c6 tén t 1a pHin tir
b. Khi khai ph& cacip trong {bX} < khéng con cha
phan tr a. Nhrng khi tinh TWU({bX}) c6 th van
gom gia ti loi ich cia pHin tr a. Piéu nay lam
TWU({bX}) la can trén @ia AU({bX}) 1 6n hon mic
can thiét va khi dung TWU({bX}) d¢ tia cac 4p ung
vién € khbng héu qua.

. PE XUAT MO HINH CWU

T nhitng nHin xét trong Pin 11, ching t6idé xuét
mé hinh CWU (Candidate Weight UtilityJé khéic
phuc nhroc diém cia md hinh TWU.

Pinh nghia 9 - Tap tién t caa Mbt phan tr It, &
tap cac phn tir trong | madang tnroc phan tir It
ListitemPrefix(It) = {j € 1| j < Ity}.

Pinh nghia 10- Tién t6 caa mot tap VY la tip cac
phan tir trong | mading trée phan tr dau tién dia tip
Y: ListlitemPrefix(Y) ={j€ | | j < y4}, trong d6: y; la
phan tir diu tién trongap V.

Pinh nghia 11 - Loi ich ung vién c6 tong
(CWU — Candidate Weight Utility)i@ @p phan tir Y,
ky hiéu la CWU(Y)dugc xacdinh nhr sau:
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bat X = ListitemPrefix(Y), thi

CWU(Y) = Z TU(T;)

Yc T]'
- Z Z U(ix T})
YgT]‘ iKk EXAig e Tj
Néu ListitemPrefix(Y) = {0} thi

ZYgTjZik EX/\ikeTj U(lk’ T]) =0.
Pinh nghia 12 - Néu CWU(Y) > o véi o la
ngudng Hi thiéu loi ich tng vién cho wéc thi Y i

la tp ¢ng vién bi ich trong $ cao (HCWU- High

Candidate Weight Utility). Ngoc lai, Y duoc goi la

tap ung vién bi ich trong $ thip (LCWU — Low

Candidate Weight Utility).

Pinh Iy 1 - Cho 2 fip Y, — la &ip k-pHn tir, Y, —
(k-1)-phan tir va |a @p tién t6 coa 6ip Y. Néu Yy la
HCWU thi Y,.; cing la HCWU.

Chizng minh:

Ta co, {aY} la tap cac giao ith chra Y, {aY.1}
la tip cac giao th chra Y. Khi Y, 1a @ip tién 6
cia Yy thi {aYy} O {aYw}t Goi X
ListitemPrefix(Yc.1) = ListltemPrefix(Y,), theobinh
nghia 11 ta co:

CWU(Yy_q1) = z TU(T,)

Yk-1=Tq

U(ie, Tg)
Yi-1S Tq ite X nite Tq

> Z TU(T,) — z z U(iy, Tp)

Yk Tp Yre Tp ire X Aige Tp
= CWU(Y) = o

Nhu vay, néu Bp Y, la tip ang vién bi ich trong
so thap thi #it ca cac p co tén t 1a Y, ciing la #p
rng vién bi ich trong $ thip va khong th 1a @p loi
ich caoDiéu nay cho phép I cac fip ang vién.

Pinh ly 2 - Cho HCWUs — gm céc p Y’ co
CWU(Y’) = o, HUs — ¢om céc ip Y c6 AU(Y) = a
V6i o la cac ngdng loi ich i thiéu cho trdc. Néu a
=a’ thi HUs O HCWUSs.

Cheizng minh:
Goi X = ListltemPrefix(Y), Z =T,\XY. Khi do,

TT-TT 4 V-1, $ 13 (33), thang 6/2015

TU(T) =X, exnice Ty U(iy, Ty)
+ Zik EYAige Tj U(ik' T]) + U(Z],TJ)
o =a<AU(Y) = u(y, Tq)

> ru(ty) _

Yc Tq

U(iy, Ty)

Yc Tq it EXA ite Tq
U(iy, Tq) < Z TU(T,)

Yc Tq

YC Tq ik €Zqn ike Tq
- z U(iy, Ty) = CWU(Y)
YC Tq iy €Xnire Tq
Nhu vay, néu ding mé hinh CWdé loai bo cac ap
ung vién thi khdng dsét cacdp loi ich cao.
Dé minh ching md hinh CWU cddsing vién it fon
md hinh TWU, chiing tatva ra b 4 sau.
B6 d¢ 1 - Cho fp muc bit ky Y, ta lubn cé
CWU(Y)< TWU(Y).
Chezng minh:
Goi X = ListltemPrefix(Y). Khido,

CWU(Y) = Z TU(T,)

Yc Tq

Z Uiy, Ty) < Z TU(T,)

Yo Tqig €Xaige Tq Yc Tq
= TWU(Y)

B6 @& 2 - Cho HCWUs — §m cac dp Y ¢o
CWU(Y’) = a va HTWUs — §m céc p Y c6
TWU(Y) = a, Wi a la cac ngdng loi ich i thiéu cho
trudc, thi HCWUsO HTWUSs.

Chezng minh:

Néu X 1a ip muc bit ky thuwse HCWUs thi
CWU (X) = a.

Theo B dé 1, ta c6 TWU(X)> CWU(X) = a,
dodo X thuoec HTWUs.

Vay, HCWUsO HTWUs.

Theo B d 2, ta c6 md hinh CWU sinh ré &rong
tap ung vién it kvn so i md hinh TWU.
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IV. PE XUAT THUAT TOAN

Trong phin nay, chang téi trinh bay thutoan HP
duogc cii tién tir thuat toan PB [8] & dung két hop hai
mo hinh TWU va CWU.

Thuat todn PB da trén ling #p ang vién am
thoi (TC) dé luu trir va By nhanh cac gia tTWU va
AU trong qua trinh khai pha. Sau khi phéan tich
trién khai ching t6i thy thuit toan PB c6 it SO
bugc c6 thé cai tién nhr sau:

- Pé xay drng bing TC cho 4p gom 1 phin tr thi
thuat toanda phii tiéu tn hai hn duyét dir li¢u. Lan
thir nhit tinh TU cho céac giaoidh, Bn the hai tinh
TWU va AU cho trng pHin tr.

- Mit khéc, 8p tng vién X duoc sinh trc tiép trén
ting giao dch T; chira ip tién t X két hop v6i cac plan
tir i, XUAt hién phia sauap tién t X dya trén lang ch s
(M. Khi 6, AU(X'}) = Swer UK, T) =

2x gTjU(X ' Ti) + Xxcmynipe 1y Ulp Tj). Nhu vay,
thuat toan hi phai tinh lai gia tri U caa @p tién t6 X
trong cac giao ch.

- M6t ton tai nita trong that toan PB la sau khi tinh
duoc TWU aia tiing phin tir ¢ khéng lai bo cac pln
tr c6 TWU nhb hon ngrdng i thiéu cho tréc dra vao
tinh cHit d6ng dia TWU. Biéu nay lam ing thi gian
kiém tra kh nang Kt hop caa #ip tién t voi phan tir d6
dé sinh ra 4p ¢ng vién.

- Trong thidt todn PB cac pin tr duoc xir Iy theo
thir tu tir dién va sinh cacap ung vién ting cach kt
hop tap tién t v6i phan tir phia sau trongihg giao
dich. Nén khi cac pin tr c6 éin suit xuit hién cao
(thuong la cac phn tr c6 TWU hdic AU cao)dugc
xur ly sau thi kA ning tp tién t6 cin két hop voi cac
phan tir phia sau cang cabiéu nay laming $ lugng
ung vién.

Pé khic phic nhitng ©n tai trén aia thuit toan PB,
ching t6i cadua ra thdt toan HP & dung két hop
hai md hinh: TWU va CWUWé lam gim < luong tp
rng vién. Trong thit toan ¢ & dung Mt s cau tric
sau:

4 V-1, $ 13 (33), thang 6/2015

- Bang ting vién TG gom: cac #p k-pran tir, loi
ichung vién c6 tong $ - CWU va bi ich thrc € caa
tap ang vién - AU. Cac gia irCWU, AU trong lAng
TC, gdm cac p 1-phin tir dwoc tinh toan trong cling
1 lan duyét di liéu va hn dau CWU duoc tinh nhr
TWU. Sau nbi 1an tim #t ca cac ap loi ich cao i

JEot tién 0 X thi gid ti CWU(Y) = Yver TU(T}) —

e Ty Lig eX nig €T U(ix, T;) voi X =
ListitemPrefix(Y). T bang TG c6 tt¢ xacdinh ngay
tap lgi ich cao va lai bo cac fip khdng cé kh ning
sinh ra cacp c6 bi ich cao da vao tinh clit déng
cia CWU. Vi di, bangang vién 1 phn tir trong Bing
3.

Bang 3. Bing TG Vdi tap gom 1 phin t

ltemsets| A B C D E F
Ccwu 99 | 102| 133 50 118 87
AU 24 40 57 24| 45| 12

- Bang chi 5 ITx cua tip X gom: cac giao gth T
chira tip X, Vi tri p aia pHin tr cudi clng @a tp X
xuat hién trong giao ih T va U(X,T). Vi dy, bang
chi s5 1T, caa tip {A} trong Bang 4. W6i mot the tu
da duoc sip xép trong giao ¢th thi tr bang ITa c6 th
xac dinh nhanhap cacang vién 2-phn tir bing cach
két hop A voi tiing phin tir sau A trong ¥ng giao
dich. Vi di, voi giao dch 5 va sauivtri 1 sinhdugc
tap cacuang vién {AC}, {AE}. Trong giao dch 8, sau
vi tri 1 sinhduoc tip cacung vién {AB}, {AE},
{AF}. Tur Bang 4, c6 th tinh nhanh U({AB},Ty) =
U{ALT g) + U{B}, Tg) =9 + 10*2 = 29. Trondé gia
tri U(A,Tg) = 9da duogc tinh trong qua trinh xayudg
bang ITa.

Bdng 4. Bing ch' s6 T, cia tap {A}

Tid Vi tri cwi U({A}LT))
1 1 3
5 1 6
8 1 9
9 1 6

- Bang giao dch lgi ich - UT; chia gia ti loi ich
caa pHin tir i trong ting giao dch gom: giao dch T,
chaa i va U(i,T). Sau khi tim4t ca tap loi ich cao i
tién t la phin tr i thi dra vao lang UT; s tinh duoc
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CWU(Y) véi phan tir i = ListitemPrefix(Y). Vi d,

bang UT, cia phin tr A trong Bing 5 va A =
ListitemPrefix(B) thi CWU(B) = TU(}) + TU(T,)+

TU(Tg) — U(A,Tg) = 35 + 22 + 45 — (3*3) = 93. Ning

TWU(B) = TU(T,) + TU(Ta)+ TU(Tg) = 35 + 22 + 45
=102.

Bdng 5. Bing UTxcra phin tir A
Tid U(A,T))
1 3
5 6
8 9
9 6

IV.1. M6 td thugt toan HP

INPUT: o 5 dir ligu giao dch, ki ich mbi phén ti,
a - ngrdng loi ich i thiéu.
OUTPUT: Tat ca cac ap loi ich cao

1: For TOD{
1.1:Tinh TU(T);
1.2: Xay drng hing wng vién ndt phin tr
TC,(Itemsets, CWU, AU);
}
2: Forid TC{
2.1: If CWU(i) 2 a, dua i vao ip HCWU, theo thir
ty giam dan theo AU;
2.2: If AU(i) = a, dua i vao &p HUs;
}
3: For T, D {
3.1 If CWU(i) <a, {
3.1.1 LaiijOT;;
3.1.2. TU(T) = TU(T)) — U(i;, Ty);
}
3.2: Sip xép i; U T; giam dan theo AU;
3.3. Gip nhit lai CWU cho king TG;
}
4: For i HCWU, {
4.1: 1f CWU() = a,
4.1.1: Xay arng king UT;;
4.1.2: Xay arng king IT; ;
4.1.3:Pat k = 1; //k 1a 6 lugng pHin tr trong &ip phin
tir

4 V-1, $ 13 (33), thang 6/2015

4.1.4:Search-HU({i}, k, IT)); //Tim tt ca tap loi ich
cao theo cltiu su witien o i

}

5: For (j,U)0 UT; {

5.1: TU(T) = TU(T)) — U(1,T)) ;

}

6: For XO HUs {

6.1: Hén thi X;

}

Ham Search-HU(X,k,ITy)

INPUT: X — A tién t0; k — 5 phan tir trong p; ITx —
bang cH 6 caa tip X.

OUTPUT: danh sach caép c6 bi ich cao.

/1Xay dueng bing TG, V6i X 1a tién 6 dya trén kng
I

1: TGe={}

2: For (j,p)0 1T {

2.1: For p, O T {

/lp & phin tir cubi cling dia tp X

2.1.1: If by O HCWU then, X' = XO ipeg;

21.2: If X' € TCqq, dua ( X, TU(T), UX,T)) +
U(ip+1,Tj)) vao king TG, (Itemsets, CWU, AU);
2.1.3: If X’ O TCy4q then:

. CWU(X’) = CWU(X") + TU(T));

. AU(X") = AU(X)) + UX,T )) + U(ipe1, T));
2.1.4: Nu k =1, CWU(hs1) = CWU(ip+1) — U(ip, T));
}

}

3: For X' [0 TG {

3.1: If CWU(X') > a, dua X’ vao ip HCWU. ;
3.2: If AU(X") = a, dua X' vao ip HUs;

}

4: For X' 0 HCWU1 {

4.1: Xay dring Ty tr [Ty ;

42:k=k+1;

4.3: Search-HU ({X}, k, ITx); //dé tim tp loi ich
cao theo chéu séu i tien t la tap {X’}

5: Return HUs;
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IV.2. Vi de minh hea 4.1.2. Xay @ng lang ITc nhe Bang 10;
Trong phin nay ching t6i & minh a cac xéc 4.1.3.bat k =1;
cua thuit toan thong quaccss di liéu giao dch 4.1.4. Tim 4t ca tap loi ich cao theo cBil sau i

trong Bing 1 va @ng loi ich twong tng trong Bing  tién t C king cach gi hamSearch-HU({CHk,ITcy).
2 V&1 ngudng loi ich t6i thieu a=56.

Budc 1, duyét tung T; O D:
1.1. Tinh TU(T) ={18, 35, 12, 22, 24, 12, 8, 45, 12,

Bang 7. Bing lpi ich céc giao ¢ch

14} twongtng Wi TU cia cc giao th tr 1 dén 10. Tid ('2: El EE) Al Fl
1.2. Xay dmng king TG gdm: CWU, AU dia tmng 2 25 0 1 0 0
phin tir. Ta c6 ling TG c6 Kt qui nhr Bang 6. 3 0| 2] 0] 0] 1
4 12 0 1 0 0
Bdng 6. Bing TG Véi tdp gom 1 phin t 5 8 1 2] 0] 2] O
6 4 0 0 0 1
ltemsets] A B C D E F | 7 2 0 0 0 0
Sl ol is W ous g s
9 0 0 0 2 0
Buwoc 2,duyét cac plan tir i trong Bing 6. 10| 4] 2] 0] 0] ©
2.1. Nbu phin tr c6 CWU(i)> 56 thidua vao ép
HCWU,. Taduogc, tip HCWU, sau khi §p xép theo Bang 8. Bing TG sau khi ép nhit lai CWU
AU gom: {C, E, B, A, F}. ltemsets] A | B C|D|E]|F
2.2. Néu AU(i) > 56 thidua vao ip HUs. Tadugc CWU | 87 | 102] 115 50| 107] 75
AU 24 40 57| 24 | 45| 12

tap HUs ={C:57}.
Buoc 3, duyét lai teng T;:
3.1. Nbu CWU(i) <a thi:

Bdang 9. Bing UT; cia phin tir C

) Tid U(C,Tj)
3.1.1. Lai i khoi giao dch T, ta thhy c6 CWU(D) 1 1*2=2
= 50< 56 nén lai D khoi cac giao ¢th 1, 6, 7, 9. 2 1*25 =25
. . 4 1*12 =12
3.1.2. Gp nhit lai TU cia cac giaoth 1, 6, 7, 9 = "8 =8
vi D da h loai khoi cac giao ¢th trén. \ay ta dugc 6 14 =4
TU ={12, 35, 12, 22, 24, 6, 2, 45, 6, 14}oing (ng 7 1%2 =2
vé6i cac giao dth tr 1 dén 10. 10 14 = 4
3.2. Sau khi lai D khoi cac giao ith va dp xép
cac giao ith giam din theo AUduoc két qua nhu Bang 10. Bing ch 6 I T¢ cia phin i C
Bang 7. Tid | Vitri cli U(C,Tj)
: . o 1 1 1*2=2
3.3. Gip nhit lai CWU cho king TG sau khi lai
S , 2 1 1*25 =25
Budc 4, voi mdi phan tr i O HCWU;: 5 1 18=8
A ; X : . , 6 1 1*4 =4
4.1. Neu CWU(i) > a thi thyc hién: (gia st voi 7 1 1%2 = 2
phan tir C c6 CWU(C) = 115 =). 10 1 1*4 = 4

4.1.1. Xay ¢ng lang UTc nhe Bang 9;

-32 -



Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT

Buéc 5, duyét ting b (j,U) O UT.
5.1. Gip nhat TU(T) = TU(T)) — U(i,T)). Gid Sir voi

4 V-1, $ 13 (33), thang 6/2015

Tuwong t, 1ap lai Budc 2 véi cac I (5,1), (6,1),
(7,1), (10,1) talugc két qua bang TG véi tién t C kbt

UTc thi gia ti TU cia cac giaoath 1, 2, 4, 5, 6, 7, 10 qua nhu Bang 13.

S8 giam di tuongting 1a {2, 25, 12, 8, 4, 2, 4}. & qua
TU lan luot cia trng giao dch tr 1 dén 10 la {10, 10,
12, 10, 16, 2, 0, 45, 6, 10}.

Budc 6, hién thi danh sachap loi ich cao trong
HUs.

Ham Search-HU({C},k,IT¢)

/IXay dyng bing TG, voi C la tién t6 dya trén kng
ITc

Budc 1, TC={};

Budéc 2,V6i mdi bo (j,p) trong ITe thuc hién. Gia sir
vai b (1,1) — trong giaoidh 1 va witri 1.

2.1. V&i mdi phan ti iy, ditng sau v tri p trong
giao dch T; thuc hién. Gia sir véi phan tir E.

2.1.1. Ta c6, E1 HCWU, nén to tap {CE} = C [
E;

2.1.2. Ta c6, {CE}O TC, nén dua: {CE};
TU(T)=12; U{C},Ty) + U(E,T) = 2 + 5*1 =7 vao
TCy(Itemsets, CWU, AU).

Lap lai Budc 2.1, véi hai phin tir A, F sau vtri 1
trong giao dch 1 dwoc HCWU, = ({CE}, {CA},
{CF}) va Bang TG nha Bang 11.

Lap lai Buoc 2, véi b (2,1) — trong giao idh 2,
sau \ tri 1 c6 pln tr B 0 HCWU, nén to tip {CB}
={C} O B.

Ta thly, {CB} O TC, néndua: {CB}; TU(T,) = 35;
U{C}T,) + UB,T) = 25 + 10*1 = 35 vao
TCy(ltemsets, CWU, AU). Kt qua nhe Bang 12.

Lap lai Budc 2, voi bo (4,1) - trong giao ith 4, sau
vi tri 1 c6 plan tr B 0 HCWU, nén o tip {CB} =
{C} O B.
2.1.3. Vi {CB} O TC, nén ch cap nhit gia ti
CWU va AU aia {CB} trong Bang 12 nix sau:
= CWU({CB}) = CWU({CB}) + TU(T ,) =
35+ 22 =57,
= AU({CB}) = AU({CB}) + U({C},T ,) +
U(B,T,) =35+ 22 =57.

Bang 11. Bing TG véi tién t6 C

ltemsets CwWu AU
CE 12 7
CA 12 5
CF 12 4
Bang 12. Bing TG Vdi tien to C
ltemsets Cwu AU
CE 12 7
CA 12 5
CF 12 4
CB 35 35

Bang 13. Bing TG Vdi tien to C

Itemsets CWu AU
CE 50 39
CA 36 19
CF 18 10
CB 57 57

Bang 14. Bing TG sau khi gp nhit lgi CWU
ltemsets| A B C D E F

CWwu 77 65 115 50 | 93 | 69
AU | 24 | 40| 57| 24| 45| 12
Bang 15. Bing ch s I Ticg; ciia tdp {CB}
Tid Vitrichi | U{CB}Tj)
2 2 35
4 2 22

2.14. Nu k = 1 thi CWU(l)) = CWU(ips1) —
U(ip, T;). Vi dy, phia sau pin tr C trong giao &th 1 c6
cac plin tir E, A, F va CWU aa céc phn tr naydéu
giam di U({C}, T 1) = 2. Vay sau khi dugt bo (1,1) thi
gia ti CWU trong tng aia E, A, F la 105, 85, 73.
Twong tr, sau khi dugt cac 19: (2,1), (4,1), (5,1), (6,1),
(7,1), (10,1) thi gia trCWU trong lang TG cé Kt qua
nhu Bang 14.

Buoc 3,duyét teng tip X'O TC,.
3.1. Ch c6 CWU({CB}) = 57> 56 nén HCWW=
({CB}).
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3.2. CH c6 AU({CB}) = 57 > 56 nén HUs = {C:57,

CB:57).

Budc 4,v6i mdi X' O HCWU,

4.1. Xay ding king ITcg tir bang ITe duge két
gua nhe Bang 15.

42. k=k+1;/lk=1+1=2

4.3. Goi hamSearch-HU({CB}, k, ITcg)) dé tim
tat ca tap loi ich cao i tién t5 {CB}.

Khi goi hamSearch-HU({CB},k, I Ticgy) dé tim tip
loi ich cao @m 3 phin tir bang cach dugt 2 by (2,2)
va (4,2) trong bng ITcg dé sinhing vién gm 3
phan tir. Nhueng Vi tri 2 trong giao tth 2 va 4 1a tri
cudi nén khoéng c6dp ung vién gm 3 pHin tr nao
dugc sinh ra. My, sau khi tim Km tap lgi ich cao
véi tién t C duoc HUs = {C, CB}. Va Kt thic ham
Search-HU({C},1,IT).

Lap lai budc 4 trong clrong trinh chinhié tim tp
loi ich cao i tién t5 1a cac phn tir E, B, A, F trong
HCWU, bing céach gi ham Search-HU giéng nhr
phan tir C ¢ trén.

Bang 16. So sanh giaitCWuU va TWU

T{g” CWuU TWU
(C): 115, (C): 115,
(CB}: 57, (CB}: 57,

Cc |{CF}: 18, (CF}: 18,
{CA}: 36, {CA}: 36,
{CE}:50 {CE}: 50
(E}:93, (E}: 107,
(EB}:45, (EB}: 45,

E | {EF}): 67, (EF}: 69,
(EA}TL, (EA}: 81,
{EAF}: 55 {(EAF}: 57

{B}: 102,
B (BF}: 45,
{BA}: 45
A (A}: 87,
(AF}: 57
F {F}: 75

Két thac qué trinh khai ph&svngudng loi ich i
thiéu a = 56 ta thuduoc tp loi ich cao HUs= {C:57,

CB:57}.

4 V-1, $ 13 (33), thang 6/2015

Bang 16 cho ta thy st dung mé hinh CWU Hiu
qua hon mé hinh TWU trong ¥c cit tia cactng
vién. M6 hinh CWU sinh ra 1@ng vién con mé
hinh TWU sinh ra 1@ng vién.

V. KET QUA PANH GIA

Trong phin nay, ching t6i so sankétkqua thuc
hién thuat toAan HP da chdng téi @i thuat toan TP [3],
PB [8]. Pau tién ching t6i gii thiéu V& dit liéu dung
dé thar nghiém. Tiép theo la Kt qua thuc hién va $
lwong cac 4p ting vién.

V.1. MGi trwong va dir liéu

Thuat toandugc thuc hién trén may tinh IBM core
2 due 2.4GHz & 2 GB ) nhg, chay trén Windows 7.
Chuong trinh chang t6i ¥t bing Visual C++ 2010.
Dt liéu thi nghim gdm: Mushroom [13] va
T30I14D100K dugc sinh tr bo sinh dr liéu aia IBM
[12]. Pic diém aia by dit liéu duoc md & phia drdi:

Database T D N
T3014D100K 30 100.000 100

Mushroom 23 8.124 119
Trongdé: T — 1a § phan tir trung binh trong @t
giao dch; N — |a é phin tir khac nhau; D —&giao
dich.

Céc I dir lieu naydéu chra co gia trloi ich ngoai
cho g phin tir va trong cac giaoidh ch cho bét
phan tir xuat hién. Do \dy, chang t6i sinh iy nhién
sb lugng cho ndi phéan tir trong mdi giao dch wi gia
tri thuoc tir 1 dén 5 va bi ich ngoai éa mbi phan tr tir
0.1dén 10. Hinh 1a cho &i viéc phan b loi ich ngoai
cia cac phn tir trong T3014D100K. Hinh 1bcho
biét viéc phan b loi ich ngoai @a cac phn tir trong
Mushroom.

Lgi ich trong T3014D100K
H 20
:a is A
10 -

15 7 A = di—
L . . . . .

0 2 4 6 2 10

Gid tri lgi fch

Hinh 1a. Béu do phan I lgi ich ngoai ga cac plan
tir trong T3014D100K
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Lei ich trong Mushroom

' aN

84 céc phin tr
2

=

Gid tni loi ich

Hinh 1b. Béu do phan @ lgi ich ngoai ga cac plan

tw trong M

ushroom

V.2. Thoi gian thuc hién va $ &ng vién
Két qua thr nghiém, so sanh gia thuit toan HP

vai cac thdt toan TP, PB trénddir liéu T3014D100K
thé hién trong Hinh 2a, 2b, 2c.u@hé, Hinh 2a so sanh
s lugng ing vién trong tng Wi cac ngrdng loi ich
t6i thiéu khac nhau, Hinh 2b so sanhitlyian thrc
hién khai pha khi thaytdi ngudng loi ich i thiéu,
Hinh 2c so sanh th gian thrc hign khai pha khi &
dinh ngrang li ich i thiéu la 20% va thaytoi sb
lwong giao dch. Hinh 3a, 3b so sanb 6éng vién sinh
ra va thi gian thec hién khai pha dta cac thét toan
twong wng Wi cac ngrdng loi ich i thiéu khac nhau

trén I dir liéu Mushroom.

T30I4D100KN100K
140,000
g 120,000 / f
‘é 100,000 /
E 80,000 / //
§ 60,000 / l
& 40,000 / I
@ 20,000
’ 30.0% 25.0% 200% 15:0% 100%

& - Ngwimg loi ch t6i thifu

——TP

=—d—HFP

Hinh 2a. So sanhvduwonging viénduwoc sinh ra Vi

nguang loi ich khac nhau

T30I4D100KN100K
/

7200
Fez00 / /:
e 5200 / //
g 4200 / //
is,zm / //
E 2200 1

1200 —

200 ! -
30.0% 25.0% 20.0% 15.0% 10.0%
@ - Ngwing loi fch téi thifn

——TP
=B
—a—PH

Hinh 2b. So sanh éhgian thec hién voi nguong loi

ich khac nhau

dmV-1, $ 13 (33), thang 6/2015

T30I4N100K : D10K-D100K

o 4
§1,4m /
B0 /
g‘1cmc| /
5w ~~ -
;S. 600 ::
é 400

10K 208 30K 40K S0E 60K 70K BOK 90K 100K
D: 56 che giao dich

Hinh 2c. So sanh #hgian thec hién theo 8 lirong
giao dch khac nhaudi nguong a=20%

Mushroom
130,000
’ /[ »
160,000
£ 140,000 / /
N / /
@ 120,000 ]
E1m1,ntm / / /
'E 80,000 / / / —=TP
E 60,000 / // =
a‘. i =—id—HP
5 40000
3
20,000
" 30% W 2w 1w Im%
.- Ngwimg loi fch t5i thid

Hinh 3a. So sanhvduwonging viénduwoc sinh ra Vi
nguaong loi ich khac nhau

Mushroom
6,000
[
i I/
i [/ ..
I AL e
é 1,000 / //
° 30% 25% 20% 15% 10%
@ : Ngwimg 1oi fch ti thifn

Hinh 3b. So sanh #éhgian thec hién voi nguong loi
ich khac nhau

VI. KET LUAN

Trong bai bdo nay ching t&@a phan tichuu,
nhuoc diém cia mbt s thuat toan khai phaap loi ich
caodugc dé xuat trong nhiing rim gan day, phan tich
wu, nhroc diém cia mé hinh TWU nim loai b6t tap
rng vién. Trén ¢ s5 d6, ching tdida dé& xudt mé hinh
loi ich ung vién cé tong $ — CWU (Candidate
Weight Utility). Két qua thir nghiém cho tly md hinh
CWU sinh ra 8 lugngng vién it lon md hinh TWU.
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