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TOM TAT— Khai thac tap hitu ich cao dong vai tro quan trong trong khai thac dir liéu. Viéc khai thac nay gitp kham pha ra
cac tAp muc c6 nhiéu hiru ich, tic 12 c6 tim quan trong hodc 1a loi nhuin cao, trong co s& dir liéu giao tac. Diéu dé gidp cho
céc cong ty, siéu thi c6 thé dinh hwéng va dua ra chién lwoc kinh doanh cho phit hgp nhdm dem lai loi nhun cao nhat. Ty
thudc vao dang dir liéu day hodc thwa, nhitng thuét toan khai thac sé c6 chién lwoc khai thac phtt hop va c6 nhirng hiéu qua
nhat dinh. Noi dung bai bdo tip trung vao nghién ciru va dé xuit phwong phap khai thac déi véi tip dir liéu thwa thong qua
mot s6 cach thitc t6 chitc dit lidu va ki thuat cit tia. K&t qua danh gia thuc nghiém di ching té dwoc tinh kha thi cla giai
phép dwoc dé xuat.

Tir khéa— Dir liéu giao tac, Luat két hop, Khai thac dir liéu, Tap hitu ich cao.
I. GIO'I THIEU

Khai thac ludt két hop [1] 1a mot trong nhirng van dé dwoc nghién ciru va dé cip nhiéu nhit trong linh vyc khai
thac dit liéu. Thong thwong, qua trinh khai thac luat két hop dwgc chia lam hai giai doan: (1) Giai doan d4u tién
la khai thac tip phd bién; (2) sau d6 & giai doan thit hai 14 sinh luit tir cic tip phé bién. Tuy nhién, cac luit két
hop chi khdm pha céc tip phd bién ma khéng xét cac tip it phd bién. Trong khi d6, c6 sw ton tai cla tap it phd
bién nhung lai c6 d6 hiru ich cao. Chinh vi vay, khai thac tAp phé bién trong thuc t€ van con nhiéu han ché, khong
dap rng dwoc nhu ciu clia ngwdi sir dung vi chiing xem cic muc trong giao tic c6 sw quan trong ngang nhau va
khong quan tAm dén s6 lwgng (hitu ich ndi) va gia tri hiru ich (hitu ich ngoai) thu dwoc déi véi tieng muc. Khai
thac tap hitu ich cao nhim giai quyét van dé ndy, nghia 13 c6 xem xét ca hitu ich ndi va hitu ich ngoai cla tirng
muc, dé tim ra cac itemset mang lai hitu ich cao trong co s& dir liéu (CSDL) giao tac.

Khai thac tip hitu ich cao (High Utility Itemset - HUI) la sw m& rdng clia bai toan khai thac tap phd bién [2]. Khai
théc tap hitu ich cao cung cip nhiéu thoéng tin hitu ich hon khai thac tip phé bién do cdc muc trong CSDL déu c6
gia tri hiru ich. M6t trong nhitng thuit to4n hiéu qua trong khai thic tip hitu ich cao c6 thé ké dén nhw HMiner
[3], EFIM [4], FHM [5] va Direct Discovery of High Utility Patterns (D2HUP) [6].

II. PINH NGHIA BAI TOAN

CSDL giao tac D: Cho I ={i},i,, ..,iz} la moét tdp cidc muc (item) riéng biét. Mot giao tac
T, = {xl|l =12,..,N;,x € 1}, trong dé N; la s6 item trong giao tac T;. Mot CSDL giao tac D chira cac giao tac,
D ={T,T,, ..., T,}, trong d6 n 1a t6ng s6 cac giao tac trong CSDL. Vi dy, trong Bang 1 minh hga mot CSDL giao tac
mau va kém theo c4c gia tri hitu ich clia c4c item dwgc thé hién trong Bang 2.

Bang 1. Mét vi du vé CSDL giao tdc

TID Giao tac S6 lwong (IU) Hiru ich (U) Hiru ich giao tac (TU)
Tl |acd 1,1,1 51,2 8
T2 |aceg 2,6,2,5 10,6,6,5 27
T3 |ab,cdef |1,216,15 54,1,12,3,5 30
T4 | b,cde 4,3,3,1 8,3,63 20
T5 | b,ceg 2,2,1,2 4,2,3,2 11
T6 | acd 3,3,3 15,3,6 24
T7 |ab,cdf 1,1,1,2,3 521,43 15
T8 | ab,cef 1,2,2,1,1 54,231 15

Téng hiru ich giao tac 150

Bang 2. Gid tri hitu ich ctia cdc item
Item alb|c|d|e]|f

- Q

Hituichngoai (EU) | 5|2 |1 |2 |3 |1
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Chiéu dai itemset va item trwdc: Mot itemset X = {xq, x5, ..., x;.} € I, x; € I dwoc goi 1a mdt k-itemset c6 chiéu
dai k. Item trwdc cia mot item x da cho trong mot giao tac dwoc ky hiéu la Prev(x, T'), trong dé x € . Vi du
trong Bang 1, xét giao tac T; cé item a trwéc item ¢ nén Prev (¢, T;) = a va giao tac Ts khdng c6 item nao trudc
item b nén Prev (b, Ts) = —1.

Gia tri hitu ich: Méi item x; € I ¢6 1 gia tri hitu ich ngoai (vi du nhw lgi nhuan) dwoc ky hiéu 1a EU(x;) va mdi
item x; € T; c6 thong tin thé hién s lwong trong giao tac goi 1a gia tri hitu ich ndi ky hiéu la IU(xi, Tj) Vi du
trong Bang 2, EU(b) = 2valU(b,Ts) = 2.

Hitu ich cia item: Htu ich cda item x; € T; ky hi¢u la U(xl-,Tj) duoc tinh 1a tich cta hitu ich ngoai va hitu ich
noi cuia item trong giao tac T;, cong thirc xac dinh U(xi, T]) la U(xl-, T]) = EU(x;) * IU(xl-, T]) Vi du trong Bang 1,
U(b,T;) = EUD) *1U(b,T;) =2+ 2 = 4.

Hiru ich ciia itemset trong giao tac: Hitu ich cua itemset X trong giao tac 7}(X c Tj) dwoc ky hiéu la U(X, T').
Cong thirc xac dinh U(X, T;) 1a U(X, T;) = Yy,ex U(x;, T)). Vi du nhu trong Bang 1,U(ac, T;) =5+ 1 = 6.

Hiru ich cta itemset trong CSDL giao tac: Hitu ich cia itemset X trong CSDL D dwgc ky hiéu la U(X). Cong thirc
xac dinh UX) 1la UX) = ZXQTJ.ED UX,T;). Vi du, U(ac) =U(ac,T;) + U(ac,T,) + U(ac,T3) + Ulac, Tg) +
U(ac,T;) +U(ac,Tg) =6 + 16 + 6 + 18 + 6 + 7 = 59.

Hiru ich cua giao tac: Hitu ich cta giao tac dwoc ky hiéu la TU(T}-). Cong thirc xac dinh TU(Tj) la TU(T]-) =
ZXET]',XL'EX U(xi, T]) Vi du, TU(Ts) = U(b, Ts) + U(C, Ts) + U(e, TS) + U(g, TS) = 11 .

Trong s6 hiru ich giao tac cta itemset: Trong s6 hitu ich giao tac cia mdt itemset X 13 téng hiru ich cta cac
giao tac c6 chira itemset X, ky hiéu TWU (X) dwoc xac dinh bing cong thitc TWU (X) = ZXQTJ.ED TU(T;). Vi du
trong Bang 3 thé hién cac TWU cia CSDL dwgc cho trong Bang 1.

Ngudéng hiru ich tdi thi€u dwoc ngudi str dung chi dinh truedc va dwoc ky hiéu la §. Gia tri hiru ich t6i thiéu
(minutil) dwoc tinh theo cong thirc minutil = § * ZTJ.ED TU(T;). Gia str v&i CSDL trong Bang 1 va § = 28% thi
minutil = 0.28 * 150 = 42. P hd tro ciia mot itemset X trong CSDL D dwgc ky hiéu 1a Sup(X). D6 12 tin suit
xudt hién cta itemset X trong D dwoc tinh bing s6 1an xuit hién cla itemset X chia cho t6ng s6 giao tac n.

Bang 3. Trong s6 hitu ich giao tdc trong Bdng 1

Item g f b d e a c
TWU 38 60 91 97 103 119 120

Bang 4. Sdp xép lai cdc item trong Bdng 1 theo TWU

TID Giao tac Hiru ich (U) Hiru ich giao tac (TU)
T1 dac 2,51 8

T2 eac 6,10,6 22

T3 fbdeac 54,12,3,5,1 30

T4 b dec 8,6,33 20

T5 b, e c 4,3,2 9

T6 dac 6,15,3 24

T7 f£bdac 3,2,4,51 15

T8 fbeac 1,4,3,5,2 15

Hiru ich con lai caa itemset: Néu TWU (X) < minutil thi VX' 2 X, TWU(X") < TWU(X) < minutil [6]. Cho

T;/X laky hiéu tap tit ca cac item sau X trong T;. Vi du trong Bng 1 T;/ac = d,T,/ac = bdf.Kich thuéc tap tat

ca cac item sau X trong T; dwoc ky higu la S(Tj/X) la s6 cac item c6 trong tip hop. Vi du S(T,/ac) = |bdf| = 3.

Hitru ich con lai ciia mot itemset X trong giao tac TJ(X c TJ) dwoc ky hiéu la RU(X, T-) duogc xac dinh bang cong

thiec RU(X, T}) = Zx-e(ﬂ) U(x;,T;). Vi du trong Bang 1, RU(ac,T;) = 2,RU(ac,T;) = 4 + 2 + 3 = 9. Hiru ich con
S\ x

lai cta mot itemset X trong CSDL D dwgc ky hiéu 1aRU(X) dwoc xac dinh bdng cong thic
RU(X) = Xxcrjep RU(X,T;) Vidu trong Bang 1, RU(ac) =2+ 6+ 24+ 6+ 9 + 8 = 55.

Tién t6 hitu ich: Cho mot itemset X va mot item mé rong y € I, tién td hitu ich ctia mdt itemset Xy trong giao
tac T; dwoc xac dinh 1a PU(Xy, Tj) = U(X, T-). Néu X = ¢, thi PU(Xy, T]) = (. C4c item trong CSDL giao tac dwgc
sip x&p thr tw cac TWU theo thit tw ting dan. P8i véi CSDL mau dang xét (Bang 1), thir tw cua cac item
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lazg>f>b>d>e>a>c. D8i véi CSDL miu trong Bang 1, tip thi tw cla cac item dwoc cung cip trong
Bang 4, gia sit minutil = 42.

Cac phan mé& rong cia mot itemset X dwoc xac dinh nhw 1a tip cla tit ca cic item sau X trong tip thir tw clia cac
item. Vi du cdc phan mé rong ctia mdt itemset b 1a {d, e, a, c}. Kich thwéc clia phin mé rong hoan chinh ctia mot
itemset X dwgc ky hiéula C(X).Vidu, C(be) = |{a,c}| = 2,vaC(fb) = |{d,e,a,c}| =4

Hitu ich dong va hiru ich dong con lai: Hiru ich dong clia mot itemset X = {xq, x5, ..., X} trong giao tac T; ky
hiéu la CU(X, T}), dwoc xac dinh la:

CUKT) = {g(x, T),if1X| > 1,C(X — x) = S(T;/X — x3.)

Vi du CU(f,T;) =0 vi kich thwéc cua itemset la 1. Twong tw, CU(fb,T5) = U(fb,T3) =9 vi C(fb,T;) =
I{b,d,e,a,c}| =5 va S(T;/fb—b) =S({b,d,e,a,c}) =5. CU(fb,T,) =0 vi C(fb—b) <> S(T,/fb—b) va
CU(fe,Tg) =0 vi C(fe—e) = |{e,a,c}| <>S(Tg/fe—e)=STg/f)= |{b,e,a,c}|. Hru ich déng cla mot
itemset X c6 kich thwéc bang hai dwoc xac dinh 1a: CU(X) = ZXQT].ED CU(X,T;).Vidy, CU(fb) = CU(fb,T3) +
CU(fb,T;) + CU(fb,Tg) =U(fb,T3) +0 + 0 = 9. Hitu ich déng con lai ciia mot itemset X = {xq,x,,..., X}
trong giao tac T; ky hiéu la CRU (X, T;) dwoc xac dinh la:

CRU(X,T)) = {IS’U(X,T,-) JIFIX] > 1,C(X = x) = S(T;/X = x0)

Doi v6i vi du dang xét, CRU(f,T;) = 0 vi kich thuéc cha itemset 1a 1. Twong tw, CRU(fb,T;) = RU(fb,T3) =
21. Hitu ich déng con lai cia mot itemset X c6 kich thuéc bing 2 dwoc xac dinh la:
CRU(X) =ZXQTJ.ED CRU(X,T;). Vi du CRU(fb) = CRU(fb,T3) + CRU(fb,T;) + CRU(fb,Tg) = 21 + 0 +

0 = 21.

Tién t6 hitru ich déng: Tién t6 hitu ich déng clia mot itemset X = {xy,x,,...,x;} trong giao tac T ; ky hiéu la
CPU(X,T;) dwoc xac dinh la:

CPU(X,T;) = {gU(X,Tj),lfIXl >1,0(X —x) =S(T; /X — xi)

Tién t6 hiru ich dong clia mot itemset X c6 kich thwéc bang hai dwoc xac dinh 1a: CPU(X) = ZXQT].ED CPU(X,T)).
bé6i véi vi du dang xét, CPU(fb) = CPU(fb,T5) + CPU(fb,T,) + CPU(fb,Tg) =5 + 0 + 0 = 5. Hitu ich
khong déng ky hiéu 1a NU, hiru ich khong déng con lai ky hiéu la NRU va tién t6 hitu ich khong déng ky hiéu la
NPU cia mot itemset X dwgc xac dinh twong rng la: NU(X) = U(X) — CU(X); NRU(X) = RU(X) — CRU(X);
NPU(X) = PU(X) — CPU(X). Vi du trong Bang 1, NU(fb) = U(fb) — CU(fb) = 19 — 9 =10,
NRU(fb) = RU(fb) — CRU(fb) = 41 — 21 = 20vaNPU(fb) = PU(fb) — CPU(fb) = 9 — 5 =

Bai toan khai thac tip hiru ich cao bao gbm xac dinh tit ca cac itemsets trong D ma c6 cac gia tri hitu ich 1é6n hon
hodc bing v&i gia tri hitu ich t6i thiéu minutil do ngudi dung chi dinh. Do la: HUI = {X: UX) | X € LUX) =
minutil}. bai voi CSDL giao tac trong Bang 1 khi minutil = 42, thi
HUI = {f bdac:42,da: 54,dac: 60, a: 45, ac: 59}.

I1I. CAC NGHIEN CU'U LIEN QUAN

Thuit todn khai thac tip hitu ich cao Two-Phase [7] (dwoc dwa ra dwa trén Apriori [1]) dé xudt mot phwong
phap wéc lwong miu dung TWU. Tuy nhién, thuat todn nay cé han ché 13 tao ra quéa nhiéu rng vién. Do d6, thuat
toan IIDS [8] dwoc dé xudt nhdm gidi quyét van dé nay. Tiép theo, thuat todn IHUP [12] vdi cach tiép can phwong
phap FP-Growth [10] trén mo hinh TWU. Piém chung cla cac thuit toAn Two-Phase, [IDS, va [HUP déu tim tat ca
cac mau c6 trong s8 loi nhuan giao tac cao hon hay bang gia tri nguéng cho truwédc va sau d6 xac dinh cac mau cé
hitu ich cao thuc su.

Thuat toan UP-Growth [9] ¢ cai tién dang ké v&i bon chién lwgc khai thac bing cach dung ciu tric cdy UP-Tree
bao gém: loai bo nhitng item khong tiém ning toan cuc, gidm dé hiru ich cia cac nit toan cuc, loai bé nhirng item
khong tiém nang cuc bd (DLU) va gidm do hiru ich cac nit cuc bo (DLN). C4u trdc dir liéu nay quét CSDL hai lan
va phét sinh mAiu hitu ich cao tiém ning (PHUPs) tir cdy. Thém vao d6, thuat toAn MU-Growth [11] dé xu4t thém
hai ky thuét tia trén cu truc ciy MIQ-Tree. Ngoai ra, mot ciu tric dir liéu dang danh sich ciing dwoc trinh bay
trong [6]. GAn diy, mét trong nhitng thuit toan khai thac hiéu qua tip c6 dd hitu ich cao la thuit toan EFIM [4].
Thuét toan sir dung ky thuit tron cac giao tac trung l3p va chiéu trén CSDL. Thuit todn HMiner [3] dé xuit mot
cdu tric danh sich hiru ich dé lwu trir hiéu qua théng tin. Khai niém hitu ich déng va khéng déng cia mot
itemset trong giao tac dwoc trinh bay véi gia tri loi hitu ich ¢6 dong hon. HMiner dwa ra phwong phap xac dinh
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céc giao tac trung 13p va 4p dung mot s6 chién lwoc cit tia d€ khai thac hiéu qua tip hitu ich cao. Danh gia so
sanh véi EFIM, FHM va D2HUP da cho thdy HMiner cai thién dang ké vé bd nhé st dung va thoi gian thwe hién
trén hau hét cac dir liéu.

IV. THUAT TOAN HMINER VA PE XUAT CAI TIEN

Trong phin nay, bai bdo trinh bay ciu tric dit liéu dwoc st dung va thuit toan HMiner [3] cho viéc khai thac tip
hitu ich cao. Sau d6, bai bao trinh bay mét ciu tric cai tién trong viéc tia mau nhim gitp gidm bét thoi gian xi 1y
va xét tap ng vién trong qua trinh khai thac tap hitu ich cao.

A. CAU TRUC DANH SACH HU'U iCH

Mot c4u tric danh sich hitu ich (Compact Utility List - CUL) cia mot itemset X = {3, Xz. . . Xx} 1a mot cu tric lwu
trit thong tin veé itemset. CUL(X) lwu trit: (1) thong tin téng hop nhw NU(X), NRU(X), CU(X), CRU(X), CPU(X) va (2)
thong tin x4c dinh cac giao tac (tidlist). Mai tidlist 1a mot bo 5 thanh phan <tid, NU(X,Tj), NRU(X,Tj), NPU(X,Tj),
PPOS(X,Tj)> (Bang 5).

Bang 5. Cdu triic danh sdch hitu ich ctia 1 itemset X

Itemset X
NU(X) NRU(X) CU(X) / CRU(X) / CPU(X)
| T, | NU(X, T)) | NRUXT) |  NPUXT)  [PPOSKXT)

Trong d6, PPOS dé cap dén vi trf tidlist cla item trudc trong cing mot giao tac va dwoc dinh nghia nhu sau:

|CUL[Prev(x,,T;)]. tidlist| néu Prev(x,)! — 1

-1 ngwoc lai
Vi duy, xét dit liéu mau & Bang 1, danh sach hitu ich cho 1-itemset va k-itemset dwoc thé hién trong Hinh 1 va 2
twong &ng.

PPOS(X,T;) = {

f b d e a c
9 510/0/0 22 580/0/0 30 450/0/0 18 340/0/0 45 140/0/0 19 0 0/0/0
3/5(25|/0 -1 3/4(21|0 |0 1/8|24|/0|-1 2 6(16]/0 -1 12014 /0|0 1/4|0/0]|0
713(12/0]-1 418 (120 |-1 3129 ]0]0 3(3[6|0]1 2 |10(6 |0 |0 2|6[(0|0]1
811(14/0]-1 514[5]0]-1 46 |6 |01 4(13[3|]0]2 3|5[(1]0]1 3/1(0|0]|2
7121001 714|603 5/3|2]0]|2 7|15[1]0]3 4/3[0]|0]2
814(10/0 |2 8|37 |04 8|5[2|0|4 5|2|0[|0]|3
711({0|0]3
820|004
Hinh 1. Danh sdch hitu ich cho 1-itemset.
f
b d e a c
10 20 9/21/5 7 6 17/9/5 4 7 8/6/5 14 3 10/1/5 7 0 6/0/5
7510|341 [7]7]el3]o] [s]afz]1]1] 7181|310 7l4]0|3]0
8 |5[10/1 |1 8|6|2]|1]0 8 [3]0]1]1
d e a c
9 6 21/9/9 8 7 12/6/9 20 3 14/1/9 13 0 10/0/9
[7]o]e[s]a] [sls]z[s[a] 7l10]1|5]0 7/6|0|5]0
g |10]2|5]0 8|7]o0|5]1

Hinh 2. Danh sdch hitu ich cho k-itemset (k>1).

B. THUAT TOAN HMINER
Thuit todn HMiner gom ba buwéc: (1) tinh todn ban ddu cdc TWU va tao ra CUL 1-itemset, (2) duyét ciy tim kiém
va (3) xay dwng CUL k-itemset. M3 gia cia thuét todn HMiner dwoc thé hién trong Thuit toan 1.
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Thuit toan 1: HMiner

Input: CSDL giao tac (D) va ngwdéng minutil

Output: Tap hitu ich cao (HUI)

1: Scan D and Compute TWU for all 1-itemsets
2: Initialize 1-itemset CULs, and a hash table HT = {}
3:foreach T;e Ddo

4: newT = { x| TWU(x) >= minutil Vx € Tj} //TWU-Prune

5 Sort newT as per the ordering heuristic

6 ru = 0 //remaining utility

7: dupPos = HT.get(newT) //check if duplicate transaction exists

8 if dupPos == NULL then //new transaction

9 HT[newT] = |CULs[x].tidlist| //xk is the last item in newT
10: for each item x € reverseOrder(newT) do

11: add to CULs[x].tidlist , <Tj, U(x, Tj), ru, 0, PPOS(x, T})>
12: ru=ru+U(x T))

13: end for

14: else //duplicate transaction, update utilities

15: pos = dupPos //position of last item in CULs

16: for each item x € reverseOrder(newT) do

17: update CULs[x].tidlist at pos with <_, U(x, T}), ru, 0, _>
18: ru=ru+ U(x, Tj)

19: pos = CULs[x].tidlist[pos].PPOS //previous item position
20: end for

21: end if

22: if (EUCS_PRUNE) build EUCS

23: end for

24: HUI = Explore-Search-Tree(®, CULs, minutil)

Thuit toan 1B: Explore-Search-Tree

Input: Tién to itemset (R), CULs, minutil

Output: T4t cd HUIs véi tién t6 R

1: for each utility list position i in CULs do

2:

3
4
5
6:
7
8
9

X =CULsJi]
if U(X) = minutil then HUI = {HUI U X}
if U(X) + RU(X) = minutil then //U-Prune
exCULs = ConstructCUL(X, CULs, i + 1, minutil)
R ={R U X} //update prefix with extension
Explore-Search-Tree(R, exCULs, minutil)
end if

: end for
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Thuat toan 1C: ConstructCUL
Input: X, CULs, vi tri bit du mé& rong CULs clia itemset Xs, minutil

Output: exCULs list of extensions of X

1: sz = |CULs| - st, extSz = sz //if a transaction has all extensions}

2: for each position jin sz do

3 if (EUCS_PRUNE and EUCS[X, CULs[st +j]] < minutil) then

4 exCULs|[ j] = NULL , decrement extSz by 1

5: else

6 exCULs[j] = {}, ey[j] = 0 //track tid position in CULs

7 LAUJj] = CU(X) + CRU(X ) + NU(X) + NRU(X) //LA-Prune
8 CUTIL[j] = CU(X) + CRU(X) //C-Prune

9 end if

10: end for

11: initialize a hash table HT = {}
12: for each tidlist element ex in X do

13: newT = @

14: for eachjin sz do

15: if (exCULs[j] == NULL) go to step 14

16: eylist = CULs[st + j].tidlist

17: while (ey[j]<|eylist| and eylist[ey[j]].tid<ex.tid) do increment ey[j]
18: if ey[j] < |eylist| and eylist[ey[j]].tid = ex.tid then

19: newT = { newT U j}

20: else {//apply LA-Prune}

21: LAU = LAU - NU(X, ex.tid) - NRU(X, ex.tid)

22: if ( LAU < minutil) then exCULs[j] = NULL, decrement extSz by 1
23: end if

24: end for

25: if [newT| == extSz then

26: Update-Closed( X, CULs, st, exCULs, newT , ex.tid)

27: else

28: dupPos = HT.get(newT) //check if a duplicate transaction exists
29: if dupPos == NULL then //new transaction

30: HT[newT] = |CULs[xx].tidlist| //xx is the last item in newT
31: Insert new entries in exCULs for each newT

32: else //duplicate transaction, update utilities

33: Update-Element(X, CULSs, st, exCULs, newT , ex.tid, dupPos)
34: end if

35: end if

36: for each (j in sz) increment CUTIL[j] by NU(X, tid) + nru(X,tid)



Tran Minh Thai, Tran Anh Duy, Lé Thi Minh Nguyén, Nguy&n Thanh Trung 13

37: end for

38: filter exCULs where CUTIL[j] < minutil or exCULs[j] = NULL
39: return exCULs

Thuat toan 1D: Update-Closed

Input: X, CULs, st, exCULs, newT, tid

Output: exCULs updated

1: nru =0 //remaining utility

2: for each element j in reverseOrder(newT) do

3: ey = CULs[st +j]

4: increment exCULs[j].CU by NU(X,tid) + NU(ey,tid) - NPU(Xtid)
5: increment exCULs[j].CRU by nru, and exCULs[j].CPU by NU(X,tid)
6: nru = nru + NU(ey, tid) - NPU(X, tid)

7: end for

Thuat toan 1E: Update-Element

Input: X, CULs, st, exCULs, newT, tid, pos
Output: exCULs updated

1: nru =0 //remaining utility

2: for each element j € reverseOrder(newT) do

3: ey = CULs[st +j]

4: update exCULs[j].tidlist at pos with <_NU(X,tid) + NU(ey,tid) - NPU(X,tid), nru, NU(X,tid),_>
5: nru = nru + NU(ey, tid) - NPU(X, tid)

6: pos = ey.tidlist[pos].PPOS //previous item position

7: end for

C. PE XUAT CAI TIEN

HMiner stt dung cdu tric wéc lwgng gia tri hiru ich dong thoi (Estimated Utility Co-occurrence Structure - EUCS)
dé tia mot lwgng 16n cac k-itemset khéng thoa nguwdng (dong 22 trong Thuit todn 1). C4u tric nay dwoc st dung
trong FHM [5]. Pay la mot ma tran tam giac (Bang 6), trong d6 chira thong tin TWU cho mot cap item va dwoc
xac dinh 12: EUCS[i, j] = TWU(X = {i, j}).

Bang 6. Ma trdn EUCS véi minutil = 52

Item f b d e a
b 60
d 45 65
e 45 74 50
a 60 60 77 67
c 60 89 97 96 114

Tuy nhién, trong ma tran EUCS vAn con ton tai nhitng thong tin clia nhitng c3p khong théa nguéng minutil gay
ton kém khong gian Iwu triv va xt 1y. Do vay, bai bdo nay dé xuit thay thé théng qua ciu tric gobm 3 danh sach dé
lwru TWU clia céc cdp item nham gitip gidm khong gian va thoi gian tia mAu trong qua trinh tim tap hitu ich cao
(Bang 7).

Bang 7. Danh sdch két néi cdc item va gid tri hivu ich thay cho EUCS véi minutil = 52

Item1l | a a a a a b b b b c c c
Item2 | b c d | f e c d e e d e f
Utility | 60 | 114 | 77 | 60 | 67 | 89 | 65 | 74 | 74 | 97 | 96 | 60
Viéc diing c4u tric thay thé nay c6 mét s6 dic diém nhu: (i) Khong ton tai nhitng thao tac so sanh va lwu triv dw
thira do cdu tric danh sach khong ton tai nhitng cip item khdng thod nguéng TWU. Diéu nay sé giip giam chi
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phi so sanh va khong gian lwu trit so véi ma tran tam giac; (ii) Viéc dinh vi va xac dinh TWU ctda cap item nhanh
hon bing cach st dung chién lwgc tim kiém trén danh sach. Cu thé, dwa vao danh sach Item 1 d€ xac dinh vi tri
bit dau i, vi tri i s& duwgc ding dé tim item con lai trén danh sach Item 2 ma khong can phai xét tir dau nhw xtt ly
trén ma tran tam giac. Gia str cn xac dinh TWU ctia ciip item {b, d}. Dau tién, xac dinh vi tr{ bit dau cta item b
trén danh sach Item 1 (vi tri 6). Tiép theo, chiing ta bit dau tim item d trén danh sach Item 2 bt d4u tai vi tri 6
(Bang 8).

Bang 8. Gidi han khéng gian tim kiém cho cdp item {b, d} trén Bdng 7

Item1l | a a a a a b b b b c c c
Item2 | b c d f e c d e e d e f
Utility | 60 | 114 | 77 | 60 | 67 | 89 | 65 | 74 | 74 | 97 | 96 | 60

V. KET QUA THU’C NGHIEM

Thuwc nghiém dwoc tién hanh danh gia thuit toan HMiner v&i thuit todn dé xuit cai tién ciu tric dir liéu phuc vu
cho viéc tia mau véi tén HMiner-ext. Chwong trinh dwoc viét bing ngdn ngit Java chay trén may tinh Intel Core i5
3.3GHz, b6 nhé 8GB va hé diéu hanh Windows 11. Dit liéu thwe nghiém va cac thong s6 dwoc thé hién trong Bang
9. C4c gia tri hitu ich ngoai cho cac item dwgc phat sinh trong pham vi tlr tir 1.0 dé€n 10.0 va cac gia tri hiru ich noi
cho cic item dugc phat sinh trong pham vi tir 1 dén 10.

Bang 9. Di liéu dung cho thwc nghiém

Tap dir liéu S giao tac Sé item D6 dai trung binh| Loai dir liéu
foodmart 4,141 1,559 4.4 Thwa
BMS 59,601 497 4.8 Thwa
mushroom 8,124 119 23 Day
chess 3,196 75 37 RAt day

A. THO'I GIAN THU'C HIEN

HMiner-ext loai bo nhitng cap item khong théa nguwdng thong qua ciu tric danh sich TWU d3 gitdp chwong trinh
giam dang ké thoi gian xét va tia mAu. Hinh 3 cho th4y thoi gian thwc hién cta thuat toAn Hminer va HMiner-ext
trén cac tp dir liéu va cac nguwdng hitu ich khac nhau. Két qua thuc nghiém chirng t6 HMiner-ext thwc hién
nhanh hon so véi HMiner trén hau hét cac tip dir liéu, dic biét 1a ddi véi nhirng tip dit liéu thwa. Do dic diém
clia tap dit liéu thwa, CSDL c6 nhiéu item nhwng tan suit xu4t hién cla cac item nay trén méi giao dich rat thap.
Chinh vi viy, khi si* dung ma tran tam gidc sé c6 nhiéu cidp item khi két hop sé c6 gia tri TWU khong thoa
ngudng nhiéu. Diéu ndy, din dén khong gian lwu trit du thira 16m so véi viéc st dung ciu tric danh sach TWU.

2 50 Tép dit 1liéu foodmart 080 Tap dir 1iéu BMS
—_ —e—HMiner HMiner-ext — —g=—HMiner HMiner-ext
w 2,00 w - T——
2 20,60
—
& 1,50 &
L] o 0,40
% 1,00 o
. o
‘i’ 0,50 20,20
B Gl
0,00 0,00
1k 2k 3k 4k 2.050k 2,060k 2.070k 2.080k
Minimum utility Minimum utility
. Tédp dit 1liéu chess . Tédp dit liéu mushroom
40,00 = : 50,00 < :
- —e—HMiner HMiner-ext - —a—HMINER HMINER-ext
0,0
2 30,00 40,00
= & 30,00
& 20,00 5
o 20,00
e s
A ), 00 D .
2 10,0¢ 2 10,00
B B
0,00 0,00
300k 400k 500k 600k 30k 40k 60k 70k
Minimum utility Minimum utility

Hinh 3. So sdnh thoi gian thwc hién véi cdc thay déi gid tri minutil.
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B. BO NHO' SU’ DUNG

Twong tw nhw d6i véi thwe nghiém vé thoi gian thue thi, bd nhé st dung cia thuit toan cai tién HMiner-ext cling
cho két qua t6t hon d6i véi tip dir liéu thwa. Hinh 4 thé hién két qua so sdnh vé bd nhé sir dung ctia cac thuit
toan. Trong thwc nghiém nay, HMiner-ext cling sit dung bd nhé it hon so véi HMiner trong cac tap dir liéu va
nhAt 13 trén tip dir liéu thua.

Tédp ditx 1liéu foodmart Tap dir 1iéu BMS
9,50 13,50
£ 3,00 213,00 e
o .
12,50
£ 8,50 g
q g 12,00
B 8,00 81150
0 —e—HMiner HMiner-ext ! —e=HMiner HMiner-ext
£ 7,50 211,00
© 1k 2k 3k 4k = 2.050k 2.060k 2.070k 2.080k
©- A s
“ Minimum utility M Minimum utility
s 00 Tap dit liéu chess 25,00 Tédp dit 1liéu mushroom
gZUrUU ‘—\\ g24’00 \’."\‘
23,00
215,00 E\
5 5 22,00
© 10,00 v
k=4 & 21,00
w 00 e
(
A s o 20
2 —e—HMiner HMiner-ext g 20,00 HMiner EMiner—ext
S 0,00 £ 19,00 ) ) '
‘Ig' 300k 400k 500k 600k ‘I%' 30k 40k 60k 70k
Minimum utility Minimum utility

Hinh 4. So sdnh b6 nhé st dung véi cdc thay doi gid tri minutil.

Bai bao da khao sat va trinh bay van dé khai thac tip hitu ich cao trong CSDL giao tac. Trong d6, ndi dung bai bao
tap trung vao nghién ciru mot thuit todn khai thic tiéu biéu 1a thuat todn HMiner. Théng qua d6, bai bao ciing dé
xudt mot cach ti€p can nhim cai tién cdu triic EUCS gitip cho viéc tia miu nhanh chéng va it tdn kém bo nhé
trong qua trinh khai thac. Thuwc nghiém da ching té dwoc sw cai tién nay cho két qua thwc hién tét hon trén cac
tap dir liéu, dic biét 1a véi tap dit liéu thwa. Hwéng phat trién c6 thé danh gia hon nita trén tip dir liéu 1én va
phttc tap hon. Pong thoi nghién ctru, thue nghiém va két hop cac phwong phép tiép can véi nhau nhdm hiéu qua
hon trong khai thac tap hitu ich cao.
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AN IMPROVED OF HMINER FOR MINING HIGH UTILITY ITEMSETS ON
SPARSE TRANSACTION DATASETS
Tran Minh Thai, Tran Anh Duy, Le Thi Minh Nguyen, Nguyen Thanh Trung

ABSTRACT — High-utility itemset mining plays an important role in data mining. This mining helps to discover highly
useful itemsets, i.e., itemsets of high importance or profit, in transactional databases. That helps companies and
supermarkets to give appropriate business orientation and strategies to bring the highest profit. Depending on the form
of dense or sparse data, mining algorithms will have suitable mining strategies and achieve certain efficiency. This
paper focuses on researching and proposing mining methods on sparse datasets through data presentations and
pruning techniques. The experimental evaluation results have proved the feasibility of the proposed solution.
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