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Trong linh vuc khai thac dit liéu, khai thac tap hiu ich cao (HUI) Ia mét bai toan thu hat nhiéu
quan tam tr nhiing nha khoa hoc cting véi nhiéu thuat toan va phuong phap khai thac (HUI)
hiéu qua. Tuy vy trong cac thuat toan trudc day ngoai viéc chu trong dén cac phuong phap cat
tia nham tim ra ki€m cac tap HUI nhanh nhat, chinh xac nhat, thudng it quan tam dén viéc s
dung bé nhé dém trong cac qua trinh dé.

Nét chinh clia thuat toan nay khac biét so véi cac thuat toan trudc day & ché la sirdung bo dém
trong qua trinh khai thac tim cac tap hitu ich cao. Viéc st dung bo nhé dém khong chi lam giam
b& nhé ma con gilp cho thai gian khai thac tim kiém hiéu qua hon. Ching téi dé xuat cai tién
thuat toan ULB-Miner dé€ khai thac cac tap HUI c6 st dung bd dém goi la ULBI. V&i két qua thu
dugc cho thdy thuat toan dé xuat co thoi gian va bo nhé hiéu qua hon véi thuat toan ULB-Miner

ABSTRACT

In the field of Data Mining, the task high utility set (HUI) mining has always been attract attention
from scientists along with many effective algorithms and mining methods (HUI). However, in the
previous algorithms, in addition to focusing on pruning methods to find the fastest and most
accurate HUI sets, they often paid little attention to the use of cache in those processes.

The main feature of this algorithm differs from previous algorithms in that it uses a buffer in the
mining process to find highly useful sets. The use of caching not only reduces memory but also
makes the search mining time more efficient. We propose an improved ULB-Miner algorithm to mine
HUI sets using a buffer called ULBI. The obtained results show that the proposed algorithm is more
efficient in time and memory than the ULB-Miner algorithm

Keywords: Khai thdc dir liéu, tap hiu ich cao, tap lién quan.
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Ly Quang Vinh va céng su

1. TONG QUAN

Khai thac mau hitu ich cao (HUI) giup t6 chiic va doanh
nghiép dua ra quyét dinh dua trén thong tin vé maéi quan
hé gilta cac san pham. Diéu nay hé trg ho xay dung ké
hoach va chién lugc kinh doanh phu hgp dé dap tng nhu
cau thi truong hiéu qua hon.

Trudc khi khai thac d liéu, viéc lya chon phuong phap
thich hop cho hé théng luu trila can thiét. Trong qua trinh
khaithac tirco sé dt liéu giao dich, cac tap di liéu htu ich
gilip doanh nghiép nam bat tén kho, s& thich mua sam ctia
khach hang va thay d6i gia san pham theo thai gian. Tim
ra cac tap diliéu nay nhanh chéng la uu tién quan trong.

Vao nam 2003, thuat todn HUIM (Chan et al., 2003) dugc
dé xuat bai nhom tac gia Chan, Yang va Shen, muc tiéu
tim ra cac HUI, mét phién ban cai tién cla thuat toan HUI-
Miner (Liu & Qu, 2012) véi cach st dung trong sé giao
dich(Transaction-Weighted Utility-TWU), nhG vao TWU
da giup cat tia sém ung vién. Fournier-Viger (2014) da dé
xuat thuat toan FHM (Fournier-Viger et al., 2014). Nam
2017, Zida va céng su phat trién thuat toan EFIM (Zida
et al,, 2017) dé khai thac HUI trong CSDL bédng nhiéu giai
phap trong d6 cé viéc cai thién khéng gian tim kiém clng
nhu ky thuat chiéu (Krishnamoorthy, 2017).Cing nam
2017 tac gia Krishnamoorthy da dua ra thuat toan HMiner
(Krishnamoorthy, 2017) dung cau trdc CUL (Compact
utility list data).

Thuyc trang nhu cau thiét thuc trong phan tich cling nhu
khai thac di liéu ngay cang nhiéu va da ching loai. Hién
nay bai toan vé khai thac dit liéu dé tim ra tap hitu ich cao
trén co s dirliéu giao dich rat can dugc cac doanh nghiép,
ngudi strdung dau tuva tap trung nghién ctu vi cacloiich
dat dugc ré rang la khéng nhé.

DPé lam gidm qua trinh thao tac va nang cao téc dé cling
nhu gidm thiéu st dung khéng gian tim kiém cua thuat
todn khai thac tap hiu ich cao, thuat toan ULB-Miner
(Duong et al., 2018) dugc dé xuat bsi Duong va dong su.
Thuat toan la mét budc phat trién vé mat st dung lai bo
nhé dém dua trén cdu trac UTL Buff va cau triic SUL.

Vao nam 2019 nhém tac gia Nguyen va cac dong su dua
ra thuat toan iMEFIM (Nguyen et al., 2019) nham cai thién
nhuoc diém cutia thuat toan EFIM (Zida et al., 2017) bang
cach st dung gidi phap chiéu ngugc P-set dé gidm s6
luong giao dich can xét va giam thai gian khai pha cac tap
hGu ich cao.
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Dua trén cac nghién ctu trén, bai bao nay dé xuat thuat
toan ULBI, v6i muc tiéu HUI dugc tim ra bang cach sttdung
b6 dém. Két qua thuc nghiém (KQ-TN) cho thay thuat toan
ULBI dé xuat da dat thai gian chay hiéu qua nhung van
dam bao d6 chinh xac viéc tim kiém tap HUI.

2. PHUONG PHAP

Trong thuat toan st dung bd dém, cac tac gia dé xuat mét
cau tric danh sach hiu ich dugc cai tién goi la bo dém
danh sach hiru ich, @€ giam tiéu thu bd nhé va tang téc
hoat dong. Cu tric nay dugc tich hgp vao mét thuat toan
m&i c6 tén ULB-Miner (Duong et al., 2018) (B6 dém danh
sach hitu ich cho ngugi khai thac tap phd bién hitu ich cao)
cling vdi viéc két hop st dung lai bd nhé <ULBReusing
Memory Construct> dua cac phan ti trong Primary da
két hgp va xac dinh thanh nhanh dé dé dang trong viéc
xac dinh cac tap cé gia tri h{tu ich cao. Viéc thuat todn su
dung bé dém UTLBuf, SULs da giam thao tac quét lai dr
liéu nhiéu lan, nhung bén canh dé van con mat han ché
néu dir liéu c6 nhiéu giao dich trung 1ap thi viéc thé hién
b6 dém d6 sé tiéu tén vé mat thai gian quét ciing nhu thoi
gian danh cho viéc cat tia tim tap hu ich cao

Thuat toan ULBi chiing t6i st dung phuong phap cattia ctia
thuat toan iMEFIM (Nguyen et al,, 2019) hiéu qua haon, bén
trong thuat toan doé c6 st dung phuong phap tinh (local
utility) va (sub-tree utility), P-set nhu vay thixuyén suét qua
trinh cattia déu strdung lai cac gia tri can thiét tir cac trudng
<item,prefix,remaining,offset> dua vao dé, chung t6i két
hap cai tién bd dém két hgp UTLBuf (Duong etal., 2018) vai
phuong phap cat tia iMEFIM (Nguyen et al., 2019).

2.1. Thudt todn ULBi
Input: Database D, set of items I, minimum utility
threshold minutil
Output: High utility itemsets

1. X=0;

2. Scan D to calculate lu(X,i) for all item i€l;

3. Secondary(X) ={i|i€l Alu(X,i) = minutil};

4. SortSecondary(X)inascendingorderoflu(X,i) values;

5. Scan D to remove each item i¢ Secondary(X) from all
transactions. Then remove empty transactions

6. Sort each transaction T in ascending order according
of lu(X,i) values when read backward;

7. Scan D again build the intal UTLBuf and calculate
su(X,i) and Pex-set (X, i) for I € Secondary(X);

8. Primary (X) ={i|i € Secondary(X) Asu(X,i) = minutil};

9. Seach (X, UTLBuf, Primary(X), Secondary(X), minutil,

Pex-set(X, 1));
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2.2. Thi tuc Search ctia ULBi Bang 3: Lgi nhuan theo giao dich.
Input: Itemset X, database cDx, primary items Primary(X), a b c e f g
secondary items Secondary(X), minimum utility 5 - 1 2 - - -
threshold, minutil, the extensions of the TIDs projection 10 - 6 - 6 - 5
Pex-set(X, i) 4 1 12 3 5 -
Output: High utility itemsets found by appending items . 8 3 3 . }
toX -4 2 - 3 - 2
1. Set Huilist=0; Bang 4: Lgi ich cac méat hang trong giao dich
2. Foreach itemi € Primary(X) do
3. B=XU{i}
4. ScanDxin Pex-set(X,i) to calculate u(f) and construct

Df; using transaction merging

If u(B) = minutil then Huilist= Huilist U 3;

6. ULBReusingMemory-contrust (UTLBuf, su(B, z),
lu(B, z), Pex-set(B, z)) for all z € Secondary(X) afteri;

7. Primary(f) ={z€ Secondary(X) | su(f3,z) = minutil};

8. Secondary(B) = {z € Secondary(X) | lu(f, z) = minutil};

9. Search (X, UTLBuf, Primary(X), Secondary(X), minutil,

hd

- 2 11
5 7
65 61 96 58 88 30 38

Pex-set (X,i));
10. End; Bang 5: B6 dém UTLBuf trong thao tac
11. Return Huilist; ULBReusingMemory-contrust
Minh hoa thuat toan: Ta c6 bang CSDL giao dich nhu'sau: UTLBuf
Tid lutil Rutil Item Prefix Remaining Offset
Bang 1: Dir liéu giao dich T, 2 6 d 0 8 0
T, 1 a 2 6 0
Ty a b ¢ d e f g T, 1 0 ¢ 7 1 0
T - T, 2 9 g o0 11 0
. 2 - 6 - 2 - 5 T 4 5 b 2 0
T, o2 o1t o6 15 - T. 3 2 e 6 0
T, -4 3 3 T T 2 0 ¢ 9 0
T, -2 2z - 1T -2 T, 6 14 d 0 20 0
Bang 2: Bang gia tri Igi nhudn phan ti T, 8 6 b 6 14 0
T, 3 3 e 14 6 0
I a b c d e f g T, 3 0 c 17 3 0
Utility 5 2 1 2 3 1 1 T, 12 13 d 0 25 0
T, 4 9 b 12 13 0
Sau khi tinh |Igi nhuan cla cdc mat hang trong giao dich T 5 4 a 16 0
va tinh lan lugt U(X) theo cong thic (Nguyen et al., T3 3 1 o 21 0
2019)1, TU(T,) theo cong thiic (Nguyen et al., 2019)2, T3 1 0 . i 0
TWU(Cambria Math) theo céng thuc (Nguyen et al., 3
2019)3 ta dugc cac bang sau: T, > 22 9 0 27 0
T, 10 12 a 22 0
T, 6 6 e 15 12 0
T, 6 0 ¢ 2 6 0
1 Cong thuc tinh U(X) “Lgi ich cila mét tap muc trong tap di lieu”: U(X)= ETJ_EDXQT].U(X,T].)
#Cong thuc tinh TU(T)) (Loiich giao dich): TU(T) = ZikgTiU(ik, T)

3 Cong thic tinh TWU(X) (Trong s6 lgi ich giao dich): TWU(X) = = TU(T)

XQTi/\TjE T]-
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Trén day latoan bo cac budc thuc hién cta thuat toan ULBI
dé mé ta lai cach khai thac tim ra tap hui, luan van véiy
tuéng ban dau dung bo dém UTLBuff ctia ulb-miner két
hap vai thuat toan iMEFIM, dé két hap dugc thi phai déng
b6 hoa cdu trdc bé dém UTLBuff chidia dit liéu giao dich
sao cho khithuctht tuc dé quy ctia IMEFIM phét huy dugc
chién lugc cat tia ma van gitt nguyén cau trac UTLBuff
bang viéc thém vao cac trudng <prefix, remaining, offset>
c6 sén trong thuat toan IMEFIM. két qua ta da thay déu tim
ra dung tap HUI

3. KET QUA THU'C NGHIEM

Thuat toan ULBi dugc cai dat bang ngdén ng(ilap trinh Java
va th nghiém trén mdy tinh “Intel core i7 — 7x 2.40GHz,
Ram 8GB’, Hé diéu hanh Windows 10 Pro. Cac CSDL thu
nghiém dugc tai ti thu vién SPMF la cac CSDL giao dich
gom Chainstore, Chess, Foodmart, Mushroom, Connect.
Thuc nghiém cla thuat todn ULBi dugc so sanh véi thuat
toan ULB-Miner (Liu & Qu, 2012) khai thac tap HUI.

KQ-TN dugc danh gia dua trén két qua cac tap hiru ich cao
¢6 st dung b6 dém thu dugc.

Bang 6: Dii liéu thuc nghiém

Cosddiliéu So Sé phanta bodai
giaodich trung binh
Chainstore 1,112,949 46,086 7.2
Chess 3,196 75 37
Mushroom 8,124 119 23
Connect 67,557 129 43

Trong bai bdo nay, di liéu thuc nghiém dugc chon tu thu
vién SPMF v&i cac dac trung khac nhau:

B Chainstore: 1.112.949 giao dich, 46.086 phan ti, do
dai trung binh 7.2, dai dién cho d{r liéu thuong mai
dién ta quy mo 16n.

Chess: 3.196 giao dich, 75 phan tt, d6 dai trung binh
37, thach thic & s6 lugng nhé nhung giao dich rat dai.
Mushroom: 8.124 giao dich, 119 phan tu, dé dai trung
binh 23, d{t liéu trung binh, dién hinh cho linh vuc
thuc pham.

Connect: 67.557 giao dich, 129 phan tut, d6 dai trung
binh 43, dai dién cho d{r liéu c6 d6 phtc tap cao.

Nhing bé dir liéu nay véi dac diém da dang giap kiém
chung tinh 8n dinh va hiéu qua ctia thuat toan ULBi trong
nhiéu tinh huéng.
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Hinh 1,2, 3,4, thé hién KQ-TN so sanh gilra thuat toan ULBi
dugc so sanh vai thuat todn ULB-Miner (Liu & Qu, 2012) vé
s6 lugng tap HUI tim dugc véi ngudng miniutil = 46000
dugc sirdung cho tat ca cac tap dirliéu.

KQ-TN cho thay thuat toan ULBi hiéu qua vé mat thai gian
chay hiéu qua hon thuat toan ULB-Miner (Liu & Qu, 2012)
tréntatca cdc CSDL: Chainstore, Chess, Mushroom, Connect.

3000 \\
\ —— ULBi
\\ s ULB-Miner
1
—_— \'\-
ok ar 4ok sk sok

Hinh 1: K&t qua trén bo d liéu Chess
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Hinh 2: Két qua trén bo dit liéu Mushroom
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Hinh 3: K&t qua trén bo dit liéu Connect
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Hinh 4: Két qua trén bo dir liéu Chainstore
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Tu bi€u dé két qua, ta thay déi vai ca bén co s& dit liéu
nhu Chainstore, Chess, Mushroom, Connect thi véi gia tri
minutil cang cao thi s6 tap HUI tim dugc cang it ma van
bang nhau & 2 thuat toén.

Vé dé léch thai gian cla thuat toan cai tién ULB va thuat
toan ULB-Miner (Liu & Qu, 2012) thi ta thdy két qua cang
tién lai gan nhau lai

4, KET LUAN

Trong bai bao nay, ching t6i da dé xuat mot thuat toan
md&i mang tén ULBi nham khai thac tap Igi ich cao c6 su
dung bd dém. Thuét toan st dung cau truc chiéu nguoc
P-set, danh sach tém tat SUL. Cung véi chién lugc cat tia
théng minh nhu ma tran EUCS, da dugc ap dung dé giam
thiéu khéng gian tim kiém va dam bao sé lugng tap hiu
ich cao.

KQ-TN trén cac bd dii liéu chuin ti thu vién SPMF da cho
thay thuat toan ULBi vugt troi hon so véi ULB-Miner (Liu
&Qu, 2012) vé cd hiéu suat va tinh hiéu qua. Cu thé, thuat
toan khéng chi gidam thai gian xi ly ma con loai bé dugc
cac tap du thlra khéng mang lai y nghia thuc tién

Huéng nghién citu ti€p theo

Dua trén nhiing két qua dat dugc, chung toi dé xudat cac
hudng nghién ctiu trong tuong lai nhu sau:

1. Cai tién viéc st dung bd nhd: téi uu hoa cau tric bod
dém dé thich nghi véi nhiéu loai CSDL

2. Nang cao muc nguéng: Kham pha cac mic nguéng &
cac loai CSDL c6 kich thudc 16n

3. Ung dung trén CSDL theo khung thoi gian: M&
rong thuat toan dé khai thac HUI trén CSDL theo
khung thai gian

Bai bao da cung cap mét cach ti€p can méi va hiéu qua
trong viéc xtr ly dir liéu giao dich c6 dung bo dém gép
phan ma&rdéng tiém nang ting dung clia thuat toan tim tap
htu ich cao trong moi trudng kinh doanh thuc té.
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