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Khai thac tap Igi ich cao (High-utility itemset - HUI) la mét xu huéng nghién ciiu manh
trong khai thac d{ liéu. Trong cac nghién ctu gan day, nhiéu thuat toan da dé xuat
viéc khai thac cac tap HUIs. Tuy nhién, phan I6n cac thuat toan chi quan tam dén cac
b6 dit liéu cé gia tri loi nhuan duong (LND). Nhu ching ta biét, trong thuc té, tap cac
mat hang kinh doanh thudng bao gém ca gia tri LND (+) va am (-). D€ giai quyét van
dé nay, chung téi dé xuat moét thuat toan dé tim HUIs c6 ca cac mat hang mang lgi
nhuan am (LNA) trong co s& di liéu (CSDL).

Van dé dat ra la lam thé nao dé HUI lién quan c6 LNA mot cach ¢ hiéu qua? Tu CSDL
giao dich D va bang lgi nhuan clia cac sadn pham, lam sao dé tim dugc cac tap Igi ich
cao lién quan tét nhat trén CSDL c6 mat hang c6 LNA? TU nhiing van dé dugc dat ra,
bai bao da dé xuat mot thuat toan COHUIs_CoHUN dé “HUI lién quan c¢6 LNA” nham
dap uing yéu cau thuc té nay.

High-Utility Itemset (HUI) mining is a prominent research trend in data mining. In recent
studies, numerous algorithms have been proposed for mining HUIs. However, most of
these algorithms focus exclusively on datasets with positive profit values. As we know,
in real-world scenarios, business itemsets often include both positive (+) and negative (-)
profit values. To address this issue, we propose an algorithm for mining HUIs that include
items with negative profits in the database (DB).

The challenge lies in how to effectively mine high-utility itemsets associated with negative
profits. From a transactional database (D) and a profit table of products, how can we
identify the most relevant high-utility itemsets in a database containing items with
negative profits? To address these challenges, this paper proposes the COHUIs_CoHUN
algorithm to “mine high-utility itemsets associated with negative profits,” aiming to meet
these practical requirements.

Keywords: Khai thdc dir liéu, lgi nhudn am, tap loi ich cao, tdp lién quan
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1. TONG QUAN

Trong mai trudng kinh doanh hién nay, su canh tranh gay
gét gilra cac cdng ty da thac ddy su xuat hién cda nhiéu
chién lugc kinh doanh sang tao nham thu hat khach
hang. Mét trong s6 dé la viéc thuc hién cac chién dich
khuyén mai va uu dai hdp dan, nham kich cau tiéu
dung. Tuy nhién, cac san pham khuyén mai di kém vGi
san phdm chinh thudng khéng mang lai loi nhuén, hodc
tham chi chiu 16, dan dén su xuat hién cla cdc mat hang
6 gid tri LNA. Ngoai ra, cac cong ty doi khi phai gidm gia
bén thap hon gia von dé thu héi vén nhanh, tao ra cac
mat hang cé LNA.

Nhiéu thuat toan HUI dang phat trién trong nhiing nam
gan day, vao nam 2015, thuat toan HUP-Miner [1] dugc dé
xuat bdi tac gia S. Krishnamoorthy, day la mot phién ban
cdi tién cua thuat toan HUI-Miner [2] véi hai chién lugc
cittia mdi (PU-Prune and LA-Prune) d@é HUI. Lin va
cdng su (2016) da dé xuat thuat toan FHN [3]. Nam 2018,
Singh va cong su phat trién thuat toan EHIN dé khai thac
HUI trong CSDL c6 LNA [4].

Mac du céac thuat toan trén kha tét trong viéc khai thac
cac tap HUI, tuy nhién sé lugng HUIs tim dugc chia nhiéu
mat hang c6 tuong quan yéu va khéng mang lai y nghia
thuc té. Dé gidi quyét van dé nay, vao ndam 2018, W. Gan va
cdng sy dé xuat thuat toan CoHUIM [5] xem xét ca mai lién
quan va Igi nhuan gitta cac sdn pham trong giao dich. Va
dén nam 2020, thuat toan CoHUI-Miner [6] dugc dé xuéat
b&i Bay Vo va cac dong su, thuat toan st dung phép chiéu
CSDL dé gidm kich thuéc va dua ra mot khai niém mdi,
dugc goi la Igi ich tién t6 clia du kién giao dich, dé loai
bd cac tdp hop mau khong dap Ung ngudng t6i thiéu
trong qua trinh khai thac; thuat toan da dat hiéu suat
tét hon thuat toan CoHUIM [5] vé ca thdi gian chay va
st dung bo nhd. Thuat todn CoUPM, dugc gidi thiéu vao
nam 2019, clng tiép tuc cai thién hiéu suat khai thac
bang cach ap dung cau trac Utility-List [7].

Dua trén cac nghién ctu trén, bai bdo nay dé xuat
thuat todn CoHUIs_CoHUN, v&i muc tiéu HUI lién quan
c6 LNA mot cach hiéu qua. Két qua thuc nghiém (KQ-TN)
cho thay thuat toan dé xuat da loai bé dugc nhiéu tap
HUI du thira va ¢6 hiéu suat cao hon EHIN [4].
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2. PHUONG PHAP

Trong cac thuat toan tim kiém dugc goi tir EHIN [4], cac
tac gia lan luot tim cac tap lgi ich cao cho cdc mau c6 LND
va sau d6 la cdc mau c6 LNA. Biéu nay da dugc cac tac gia
chiing minh la giam khéng gian tim kiém do s dung 2
tap Primary va Secondary khac nhau cho cac méau dugc
coilachinhva phu.N6 dam bao rang mét mau khéng phai
di hoi véi moi mau khac dé tim ra céc tap loiich cao ma
chi can tim v&i cdc mau trong Primary va cac mau trong
Secondary dén khi c6 tap khéng thoa nguéng min_util
thi dimng (vi cac tap Primary va secondary da dugc sap
xép theo th tu utility). Do vay, viéc cai tién cac thu tuc
tim ki€ém nay la khéng can thiét, chiing toi dé xuat van s
dung cac thu tuc nay khi thuc hién CoHUN dé khai thac
cac mau c6 LNA khéng du thira.

Trong thuét toan dé xuat CoHUIs_CoHUN chung toi sé
st dung thém ngudng tuong quan minCor (do ngudi
dung dua vao). Viéc tra vé tap CoHUIs (Budc 13) sé chia
tat ca cac tap loi ich cao lién quan c6 LNA.

Viéc thém ngudng lién quan minCor trong thuat toan
EHIN [4] nham tdng tinh hiéu qua trong viéc HUI lién quan
mét cach hiéu qua trén tap CSDL giao dich c6 LNA khéng
du thura. V&i t8ng cac giao dich khéng d8i, két qua tap
Igi ich cao lién quan trén tap CSDL giao dich c6 LNA da
loai b dugc cac tap du thira. Nhu vdy, thudt toan dé xuat
CoHUIs_CoHUN sé c6 thdai gian tinh todn nhanh hon so
v6i thuat toan EHIN [4] va ching ta c6 moét thuat todn
c6 thé khai thac dugc cac tap lgi ich cao lién quan trén
CSDL c6 LNA.
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2.1. Thudttodn CoHUIs_CoHUN

Input:

D: tap cac giao dich

minUtil: nguéng Igi ich

minCor: ngudng gia tri lién quan.

Output:
CoHUIs: tap lgi ich cao khéng du thiia

Begin

Budc1:  khditao tap aréng

Busc2: tao tap p la tdp cac phan t& co gid tri
duong trong D

Budc 3: taotapnlatap cacphantlrcé giatriamtrong D

Budc4: DuyétD, tinh RLU(0,z) V z € pvatinhTU

Budc5:  Tim tap Secondary(a) = {z|z € p A RLU(0,2) >
min_util x TU}

Budc6: Sap xép cac phan tir cla tap Secondary(a) theo
thi tu tang dan dua vao gia tri RTWU(a)

Budc7: Duyét D, xéa céc item z¢Secondary(a) va x6a
cac giao dichTréng

Budc 8: Sap xép cac phan ti trong giao dich T e D theo
thi tu tap Secondary(a) va sau dé la cac phan
t gia tri am.

Budc 9:  Gan gia trij offset cho tiing giao dichTeD

Budc 10: Duyét D, tinh RSU(0,z)VzeSecondary(a) va
Sup(X)Vz € Secondary(a)

Budc 11: timtap Primary(a)={z|ze Secondary(a)>RSU(0,z)>
min_util x TU}

Budc 12: Search_P(n,a,D,Primary(a),Secondary(a),min_
util,min_cor)

Budc 13:  return CoHUIs

End

2.2. ThitucSearch_P

Input:

n: la tdp cac phan t co gia tri am trong D, a: la tap cac
phan tl, Tap a - D: tap dit liéu giao dich, Primary(a): 1a tap
Primary cla tap a, Tap Secondary(a): 1a tap Secondary cta
tap a, min_utilla nguéng lgi ich, min_cor: gia tri lién quan
gilta cac phan tu

Output:
Tap cac CoHUIs cla tap a va6i phan ti duong
Duyét moi phan tl z e Primary(a)

Budc 1: Taotap B =auiz}

Budc2: duyét a - D, tinh U(B), tinh Sup(B), tinh Kulc(B)
vataotap 3-D

Budc 3:  néu Kulc(B) = min_cor va U(B) = min_util x TU
thi output 3

Budc 4:  néuKulc(B) > min_corva U(B) > min_util x TU thi
Search_N(n,B,B - D,min_util,min_cor)

Budc 5:  Duyét - D, tinh RSU(B,z) va RLU(B,z) G phan tu
zeSecondary(a)

Budc 6:  Primary(a) = {z|z € Secondary(a)|RSU(B,z) = min_
util x TU}

BuGc 7:  Secondary(a) = {z | z € Secondary(a)||RLU(B,z) =
min_util x TU}

Buéc8: Search_P(n,B,8-D,Primary(fB),Secondary

(B),min_util,min_cor)
2.3. Thituc Search_N
Input:
n: la tdp cac phan tlr cé gia tri am trong D, a: la tap cac
phan tl, Tap a - D: tap di liéu giao dich, min_util la

ngudng lgi ich, min_cor: gia tri lién quan gilra cac phan tu

Output:
Tap cac CoHUIs clia tap a véi phan tir am

Duyét mbi phantlzen

Buéc1: B=aefz}

Budc2:  duyéta-D, tinh U(B)tinh Sup(B) tinh Kulc(B) va
taotap B-D

Budc3:  néu Kulc(B) = min_cor va U(B) = min_util x TU
thi output

Budc4: DuyétB-D,tinh RSU (B,z) phantl z en

Budc 5:  Primary(B) ={z|z € n |RSU(B,z) = min_util x TU}

Bu&c 6:  Search_N(Primary(B),5,8 - D,min_util,min_cor)

Minh hoa thuat toan: Ta c6 badng CSDL giao dich cé
LNA nhu sau:

Bang 1: D(i liéu giao dich

T, a b 4 d e
T, 2 2 - 1 3
T, - 1 5 - 1
T, - 2 1 3 2
T, - - 2 1 3
T, 2 - - - -
T, 2 1 4 2 1
T, - 3 2 - 2
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Bang 2: Bang gia tri Igi nhuan

I a b C d

EU(X) 2 3 1 4

Sau khi tinh Igi nhuan cla cac mat hang trong giao
dich va tinh lan lugt U(X) theo cong thic (71", TU(T)
theo cong thuc [71%, TWU(T/ theo cong thuc [7]° ta dugc

cac bang sau:

Bang 3: Lgi nhuan theo giao dich.

a b c d e
4 -6 - 4 3
- -3 5 - 1
- -6 1 12 2
- - 2 4 3
4 - i, - -
4 -3 4 8 1
- -9 2 - 2
5
3
9
9
s 4
. 14
; -5
U(X)
TWU(X) 151

2.4. Thuc hién thudt todn CoHUIs_CoHUN

Chon: min_util = 0,2; min _cor=0,2

Budc 1:
Budc 2:
Budc 3:
Budc 4:
Budc 5:

Budc 6:
Budc 7:

Budc 8:

Budc 9:
Budc 10:

Tapa =

Tap p =tap phantlco U >0

Tapn =tdp phanticé U< 0

Tinh RLU(X),TU

Tap Secondary = {a,c,d,e} (Secondary = RLU(X)
>min_util x TU)

Sap xép tap Secondary = a<c<d<e

Xba phan tirtrong T ma khéng thudc Secondary,
x6a T réng

GOp céc 7}U(X)=U(TX’)+U(TX2),

TU(T,,, )=TU(T )+ TU(T,)

Gan Offset cho T

Duyét D, tinh RSU(X), Sup(X)

Bang 5: Bang sau khi thuyc hién budc 4-10.

Tapn

a C d e b
T, 4 - 4 3 11 (6)
T, - 7 - 3 10 (12)
T, - 1 12 2 15 (6)
T, - 2 4 3 9 -
T, 4 - - - 4 -
T, 4 4 8 1 17 3)

Budc 11:
Budc 12:

Budc 13:

Tap Primary={a,c,d,e}

Search_P(n, «a, Primary, Secondary, min_
uti, min_cor)

Return CoHUIs

Sau Budc 12 thuc hién thu tuc Search_P ta c6 két qua tap
CoHUIs tra vé tai buéc 13 nhu sau:

Tap “CoHUIs = ({a,c,d}, {a,c,d,e}, {a,c,d,e, b}, {a,d}, {a,d,e},
{a,de b}, {c}, {cd}, {cdb} {cde} {cdeb} {ce} {d}
{d,e}, {d,e,b})"

1 Cong thc tinh U(X) “Lgi ich cda mét tdp hop muc trong tdp dirliéu”: U(X)=3.

2 Coéngthictinh TU(T) (Loiich giao dich): TU(T) =2 "U(X,T,)

3 Céng thuc tinh TWU(X) (Trong s6 lgi ich giao dich): TWU(X) = 2.

XcTjeD
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Thuat toan dé xuat da st dung thém ngudng lién quan minCor (do ngudi dung dat ra) cé hiéu qua hon trong viéc HUI
trén CSDL c6 trong s6 am khéng du thira. Vi du: Trong bai bdo ndam 2018 thuat toan EHIN [4] tim dugc 20 tap CoHUIs,
nhung khi dp dung dung thuat toan dé xuat thi sé lugng tap lgi ich cao la 15 tap (loai bo dugc 05 tap ¢é Igi ich cao
du thtra).

3. KET QUA THU'C NGHIEM

Thuat toan CoHUIs_CoHUN dugc cai dat bang ngén ng( 1ap trinh Java va thi nghiém trén may tinh “Dell Vostro 3500,
Intel Core i7-1165G7 @2.80GHz, bd nhé RAM 16GB’, hé diéu hanh Windows 10. Cac CSDL th nghiém dugc tai tu thu
vién SPMF la cac CSDL giao dich c6 LNA gém Chess, Mushroom, Accidents. Thuc nghiém cla thuat toan CoHUN dugc
so sanh vGi thuat toan méi nhat cing khai thac tap CoHUIs la EHIN [4].

KQ-TN dugc danh gia dua trén két qua céc tap loi ich cao lién quan cé LNA thu dugc.

Bang 6: D(i liéu thuc nghiém

CSDL S6 lugng giao dich S8 lugng item (1) D6 dai trung binh

Chess 3.196 75 37
Mushroom 8.124 119 23

Retail 88.162 16.47 10.3
Accidents 340.183 468 338

Trong bai bao nay, gia tri minCor = 0.2 dugc st dung cho tat ca cac tap dir liéu Chess, Mushroom, Retail, Accidents vi
day la gia tri tham chiéu tir bai bao goc, gitp dam bao tinh nhat quan khi so sanh vdi cac thuat toan trude day EHIN [4].

KQ-TN cho thay thuat todan CoHUN c6 két qua tap Igi ich cao HUIs thu dugc hiéu qua hon thuat toan EHIN [4] trén tat
cd cac CSDL: Chess, Mushroom, Retail, Accidents.

CHESS MUSHROOM

6.000.000 700.000

5.000.000 600.000

500.000

4.000.000

400.000

3.000.000

300.000

2.000.000 200.000

1.000.000

100.000

1 2 3 4 1 2 3 4 5
—e— CoHUIs_EHIN CoHUIs_HUN —e— CoHUIs_EHIN CoHUIs_HUN

Hinh 1: Két qua trén bo d liéu Chess Hinh 2: K&t qua trén bo di liéu Mushroom

RETAIL ACCIDENTS
250 120.000
/ 100.000 /
200 — /
50.000
150 /
,__/ 60.000
100 N /\/
40.000 /
50 20.000 /
1 2 3 4 5 6 1 2 3 4

—e— CoHUIs_EHIN CoHUIs_HUN —e— CoHUIs_EHIN CoHUIs_HUN

Hinh 3: Két qua trén b d liéu Retail Hinh 4: K&t qua trén bo d liéu Accidents

KQ-TN cho thay, cac chién lugc cat tia, méi tuang quan va cdu trac dit liéu sir dung trong thuat toan dé xuat CoHUIs_
CoHUN la phu hgp khi HUI CoHUIs lién quan trén CSDL cé LNA.
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4. KET LUAN

Trong bai bao nay, chung t6i da dé xuat moét thuat toan
m&i mang tén CoHUIs_CoHUN nham khai thac tap lgi ich
cao lién quan c6 LNA. Thuat toan sirdung cau tric di liéu
PNU-List, cho phép tach biét va x ly hiéu qua cac gia tri
LND va LNA. Bong thai, cac chién lugc cét tia thong minh
nhu U-Prune, Kulc-Prune, va LA-Prune da dugc ap dung
dé giam thiéu khéng gian tim kiém va loai bo céc tap loi
ich cao du thua.

KQ-TN trén cac b6 dir liéu chudn ti thu vién SPMF da cho
thay thuat toan CoHUIs_CoHUN vugt trdi han so vai EHIN
[4] vé ca hiéu sudt va tinh hiéu qua. Cu thé, thuat toan
khéng chi gidm thai gian xt ly ma con tiét kiém bd nhé
va loai bé dugc cac tap du thua khéng mang lai y nghia
thuc tién.

Huéng nghién ctu tiép theo

Dua trén nhiing két qua dat dugc, ching téi dé xudat cac
huéng nghién ctu trong tuong lai nhu sau:

. Caitién cau trac di liéu: Phat trién cac ciu trac dt liéu
mai nham t6i uu hoa viéc luu trir va truy xuat trén
cac CSDL I6n.

Nang cao ngudng tuong quan: Kham phd cac
chién lugc sit dung nguéng tucng quan déng dé
thich nghi véi nhiéu loai CSDL khéac nhau.

Ung dung trén CSDL déng: M& réng thuat toan dé
HUI trén CSDL déng hoac CSDL tang trudng theo
thai gian.

Bai bao da cung cdp mét cach ti€p cdn méi mé va hiéu
qua trong viéc xt ly d liéu giao dich c6 LNA, gop phan
m& rong tiém nang Ung dung clia HUI cao trong thuc té
kinh doanh.

49

TAI LIEU THAM KHAO
[11 S. Krishnamoorthy, “Pruning strategies for mining high
utility itemsets,” Expert Systems with Applications, vol. 42,
no. 5, pp. 2371-2381, 2015.

M. Liu and J. Qu, “Mining high utility itemsets without
candidate generation,” in Proceedings of the 21 ACM
international conference on Information and knowledge
management, 2012, pp. 55-64.

J.C.-W. Lin, P. Fournier-Viger, and W. Gan, “FHN: An efficient
algorithm for mining high-utility itemsets with negative
unit profits,” Knowledge-Based Systems, vol. 111, pp.
283-298, 2016.

K. Singh, H. K. Shakya, A. Singh, and B. Biswas, “Mining of
high-utility itemsets with negative utility,” Expert Systems,
vol. 35, no. 6, p. 12296, 2018.

W. Gan, J. C-W. Lin, P. Fournier-Viger, H.-C. Chao, and H.
Fujita, “Extracting non-redundant correlated purchase
behaviors by utility measure,” Knowledge-Based Systems,
vol. 143, pp. 30-41, 2018.

B. Vo et al,, “Mining correlated high utility itemsets in one
phase,” IEEE Access, vol. 8, pp. 90465-90477, 2020.

W. Gan, J. C.-W. Lin, H.-C. Chao, H. Fujita, and S. Y. Philip,
“Correlated utility-based pattern mining,”
Sciences, vol. 504, pp. 470-486, 2019.

P. Fournier-Viger, C.-W. Wu, S. Zida, and V. S. Tseng, “FHM:
Faster high-utility itemset mining using estimated utility

Information

co-occurrence pruning,” in Foundations of Intelligent
Systems: 21st International Symposium, ISMIS 2014, Roskilde,
Denmark, June 25-27, 2014. Proceedings 21, 2014: Springer,
pp. 83-92.

C.T. Anh, N. Q. Huy, and V. H. Khang, “Khai thac tap muc loi
ich cao c6 lgi nhuan am trong co s& di liéu phan tan doc,’
Dalat University Journal of Science, pp. 25-38, 2020.



