Tap chi Khoa hoc & Céng nghé S6 1

Khai thac luat két hop tir cac tdp muc hitu ich cao

Nguyén Thi Thuy Loan®, Mai Hoang Thing?

Pai hoc Nguyén Tat Thanh
2Cong Ty TNHH Harvey Nash Viét Nam
nthithuyloan@gmail.com; mhthang.it@gmail.com

Tom tit

Trong kinh doanh, céc doanh nghiép déu ¢ chung mot mong mudn 1a 1am thé nao dé ting doanh
thu hay loi nhuan. Vi du, cac siéu thi thuong phan tich hoat dong kinh doanh cia minh dé xem
xét san pham nao mang lai lgi nhuan cao cho siéu thi. Bé thuc hién duoc viéc nay, can khai thac

tap hitu ich cao. Gan day c6 nhiéu cong trinh quan tim dén linh vyc nay, nhung cic cong trinh

trén tén r]hiéq thoi gian va b nhé sir dung trong qua trinh khai thac. Trong cong trinh nay, nhom
t&c gia dé xuat mot thuat toan giup tiét kiém duoc thoi gian va bo nhé trong qué trinh khai thac.
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1. Gidi thigu
Khai thac dir liéu (KTDL) la mét qua trinh quan trong trong
kh&m pha tri thuc, nd 1a qué trinh mé ta va du doan dua trén
cac thong tin, tri thire, dit liéu da duoc luu trir, va phén tich
cac dir liéu dé tim ra cac dang thuc hoic két hop c6 tinh lap
di 1ap lai va tao thanh qui luat, cac qui luat nay hd tro trong
viéc ra quyét dinh trong cac linh vyc nhu: khoa hoc, gido
duc, kinh doanh, v.v... KTDL con la qué trinh phéat hién cac
md hinh, cac tong két khac nhau va cac gié tri duoc lay tir
tap di liéu cho trudce [1].
Phuong phap KTDL thuong duogc chia thanh hai nhém chinh
nhu sau:
(i) Ky thuat KTDL mé ta: c6 nhiém vy mo ta vé cac tinh chét
hoac cac dac tinh chung cua dir liéu string hién c6. Cac ky
thuat nady bao gom: Phan cum (Clustering), tom tat
(Summerization), truc quan héa (Visualization), phan tich su
phét trién va do léch (Evolution and Deviation analyst), khai
phé luat két hop (Association rules), ...
(if) Ky thuat KTDL dy doan: C6 nhiém vu dua ra cac du
doan dya vao cac suy dién trén dir liéu hién thoi. Céc ky thuat
nay gdm c6: Phan 16p (Classifacation), hdi quy (regession),
... Tuy nhién, chi c6 mét s6 phuong phap thong dung nhat
1a: Phan cum dit liéu, phan 16p dit liéu, phuong phap hoi quy,
va khai pha luat két hop.
Khai thac tap muc hitu ich cao la bai todn mé rong va téng
quét cua khai thac tap pho bién. Trong khai thac tap muc hitu
ich cao, gia tri cua item trong giao dich dugc quan tm nhiéu
nhét (nhu sb lwong di ban cua mat hang), ngoai ra con cé
bang loi ich cho biét lgi
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Khai thac dir liéu, tap hiru
ich cao, luat két hop.

ich mang lai khi bdn mét don vi hang d6. Loi ich cia mot
itemset 1a s6 do lgi nhuan cua itemset d6 dong gop trong
CSDL, n6 c6 thé 1a tong lgi nhuan hay téng chi phi cua
itemset. Khai thac tap muc hitu ich cao 12 kham pha ra tat ca
céc tap muc co loi ich khéng nho hon ngudng phd bién tbi
thiéu do ngudi dung qui dinh. Muc dich chinh cua cac bai
toan khai thac tap muc hitu ich cao 1a 1am giam thiéu kich
thudc cua tap ung vién va lam don gian hoa qua trinh tinh
toan d6 hiru ich cac tap muc tir d6 giam sé lwong (ng vién
cho tap muc hitu ich cao, giam thoi gian khai thac.

Céch tiép can don gian nhit cho bai toan khai thac tap muc
hitu ich cao 1a liét ké tit ca cac tap muc tir CSDL giao dich
theo nguyén ly vét can, cach tiép can nay s& gap phai vin dé
vé thoi gian, khdng gian khi tim kiém qué 16n va nhat 1a khi
CSDL chira nhiéu giao dich hoac ngudng min-util dat ra qua
thap. Do d6, 1am thé nao dé tia bot khong gian tim kiém va
tim du tit ca tap muc hiru ich cao mét cach hiéu qua 1a mot
thach thac Ion trong khai théc tinh hitu ich.

Phan con lai cta bai bao duoc td chitc nhu sau: Phan 2 trinh
bay c4c nghién ciru lién quan dén bai toan khai thac tap muc
hitu ich cao, va khai thac luat két hop. Phan 3 trinh bay thuat
toan dong gop bao gom cac dinh nghia lién quan va thuat
toan dé xuat. Két qua thuc nghiém dugc trinh bay trong phan
4. Két luan va huéng phat trién duoc trinh bay trong phan 5.

2. Céc cong trinh lién quan

Khai thac luat két hop truyén théng [2] chu yéu dwa vao md
hinh d6 tin cdy — do hd trg. Theo do, tit ca item trong co s&
dir liéu (CSDL) dugc xem xét nhu nhau. Tuy nhién, trong
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CSDL thyc té, mdi item c6 trong s riéng cua né. Do d6, co
nhiéu nghién ciru lién quan dén mdi quan hé giira trong s6
cua ting item véi sé lwong cua nd. Khai thac tap muc hiru
ich cao 1a mot trong nhitng chii dé lién quan dén van dé nay.
Bai toan khai thac tap muc hitu ich cao gidp giai quyét van
dé ma bai toan khai thac tap pho bién khong giai quyét duoc.

Trong khai thac tap hiru ich cao (HUIM) cac item c6 thé xuit
hién nhiéu lan trong mét giao dich, mdi item c¢6 mot trong sé
(loi nhuan, do hiru ich...). Két qua cua khai thac tap muc hitu
ich cao duoc tng dung dé tim ra itemsets trong co s dir ligu
mang lai lgi nhuan cao.

C6 rat nhiéu thuat toan lién quan da duoc d& xuit. Bién hinh,
Liu va cac dong su (2005) d& xuat thuat toan Two-Phase véi
cac khai niém vé do hitu ich cua giao dich — Transaction
Utility (TU) va trong sé hiru ich cua giao dich — Transaction
Weighted Utility (TWU) dé cai tién khong gian tim kiém
khai thac tap hitu ich cao [3]. Boi vi TWU cua tap muc hitu
ich thoa mén tinh bao dong giam, do d6 hoan toan c6 thé dua
vao TWU va sira dbi cac thuat toan khai thac tap phé bién dé
khai thac tap hitu ich cao. Vi vay, tac gia da sta doi thuat
toan Apriori dé khai thac tap hiru ich cao. Thuat toan Two-
Phase bao gom hai giai doan chinh nhu sau.

Giai doan 1: Tim tat ca tap item ¢ gid tri loi ich 16n hon gia
tri ngudng do ngudi ding dinh nghia dya trén trong sb hiru
ich cua giao dich. Trong giai doan 1 chi c6 nhiing két hop
cua nhitng tap muc ¢ trong sé giao dich c6 do hitu ich cao
méi dugc thém vao tap ¢ng vién trong sudt qua trinh tim
kiém théng minh trén mai muc. Tuy céc tap item ¢ do loi
ich thip c6 thé dugc danh gia cao nhung thuat toan lai khéng
danh gia thip bat ky tap item nao.

Giai doan 2: Duyét co s& dir lidu dé loc ra cac tap itemset c6
loi fch cao tir tap loi ich cao dugc tim thiy trong giai doan 1.
So véi cac thuat todn khai thac tap hitu ich cao hién nay, thuat
toan Two-Phase gap van dé 1a mot s6 luong rat 16n céc tap
(g vién duoc tao ra nhung hau hét cac tmg vién duoc sinh
ra la ¢6 d6 htru ich khéng cao sau khi c&c gid tri hitu ich nay
dugc tinh chinh xac ¢ giai doan 2 cua thuét todn. Ngoai ra,
thuat toan thyuc hién duyét co s dir liéu nhiéu lan s& gap van
dé vé tdc do xir ly néu co so dit lidu c6 luong giao dich lon.

Dé giai quyét cac van dé lién quan dén viéc ¢ nhiéu tap tng
vién duoc sinh ra 1am giam nang sudt thuc hién cua thuat
toan Two-Phase. Tseng va cac ddng su di dé xuat thuat toan
UP-Growth vao nam 2010 [4]. Thuat toan UP-Growth gom
hai budc chinh. Buéc 1, xay dung ciu tric cay Up-Tree.
Budc 2, xac dinh cac tdp muc hitu ich cao tir cac tap muc hiu
ich cao tiém nang (PHUISs). Trong giai doan dau, thuat toan
duyét co so dit liéu dé tinh toan TWU cho ting item. Sau do,
& giai doan hai, thuat todn duyét co so dir liéu va loai bo
nhirng item c6 gia tri TWU nho hon ngudng d6 hitu ich téi
thiéu min-util ra khoi giao dich tuong tng. Mac du huéng
tiép can nay cua thuat toan UP-Growth sinh ra it ¢mg vién
hon trong giai doan 1. Viéc duyét CSDL gbc van rat ton thoi

gian do CSDL gbc qua I6n va van con chira nhiéu muc khdng
trién vong

Mot cai tién cua thuat todn Up-Growth [4] duoc Tseng va
cac dong sy d& xuat vao nam 2013 ciing nham muc dich khai
thac cac tap hiru ich cao, va dugc goi tén la Up-Growth+ [5].
Thuat toan &p dung cac ky thuat cat tia dé rdt gon cac tap cac
tng vién. Sau khi ti wu trén ciy Up-Tree chlng ta s& c6
duoc tap céc hitu ich cao tiém niang (PHUIS) it hon so véi
Up-Growth. Thuat toan nay dugc danh gia 1a dé cai dat va co
thoi gian thyc thi tét hon thuat toan Up-Growth vi chi thuc
hién duyét co so dit lidu hai lan.

Liu va Qu da d& xuat thuat toan HUI-Miner (High Utility
Itemset Miner) [6] dé khai thac thac tap hiru ich cao sir dung
mot cdu tric moi, duoc goi Ia danh séach loi ich, dé luu trix
tat ca cac thdng tin hitu ich vé mot tap va tim ra thong tin dé
cit tia khong gian tim kiém. Thuat toan HUI-Miner [6] duoc
xem la thuat toan tét nhat dé khai thac tap hiru ich cao cho
dén khi c6 su xuat hién cua thuat toan FHM [7], mét thuat
toan khai thac tap hitu ich cao duoc dé xuat bai Phillipe va
cac dong su vao nim 2014.

Khai thac lugt két hop tir mdu hizu ich cao

Bai toan khai thac luat két hop tir cac mau hitu ich cao con
kh& méi. Sahoo va cac dong sy da khoi dau nghién ciu va
dé xuit thuat toan khai thac luat két hop hiru ich cao [8] vao
nam 2015. Thuat toan bao gom ba giai doan chinh, cy thé
nhu sau:

Giai doan 1: Khai thac c4c tap hiru ich cao dong va cac tap
sinh.

Giai doan 2: Thuyc thi thuat toan HGB dé tim ra tap luat can
ban (high utility generic basic — HGB). Tap HGB dugc dinh
nghia nhu sau: HGB ={R:g > h\g|h € HUCI A g #+
®,g € h,conf(R) = min —uconf AN 4g' cg A
conf(g' - h\ g') = min — uconf. Trong giai doan 2 nay,
Giai doan 3: Thuc thi thuat toan HAR dé tim ra tap két qua
tat ca céac luat két hop hitu ich cao

Tén cua thuat toan chung cho toan bé qua trinh la HGB-
HAR. Thuat todn HGB-HAR c6 khuyét diém vé& mit tinh
toan va tim ra luat hop 1&. Ngoai ra, luat sinh ra c6 thé bj
trang véi luat dang co trong tap két qua, do d6 lang phi thoi
gian tinh toan. Vi vay, thuat toan HGB-HAR chua tbi wu vé
thoi gian thuc hién.

3. Thuat toan dé xuat

3.1 Bai toan khai thac luat két hop hitu ich cao

Cho mét co sé dir liéu giao dich D, ngudng do hitu ich ti
thiéu min-util va ngudng do tin cay hitu ich t6i thiéu min-
uconf, bai toan khai thac luat két hop hiru ich cao tir co s dir
liéu D 14 tim tt ca cac luat c6 do hiru ich 16n hon hoic biang
do hixu ich t6i thiéu min-util va cé do tin cay hiru ich 16n hon
hoic bang d6 tin cay hitu ich ti thiéu.

3.2 Mot sb dinh nghia
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Dinh nghia 1. Cho mét tap muc htu han chra cadc muc | ={is,
iz, ..., im /, MOI item iy (1 < p < m) dwgc gan véi mot lgi nhuan
¢b dinh, dugc ky hiéu p(ip). Mot tap muc X gom k muyc phan
biét {i1, io, ..., ik}, trong d6 ij € 1, 1 <j<k, k s6 phan tir trong
tap muc X. Mot co sé dir liéu giao dich D = {Ty, Ta,...,Tn}
gdm tap céc giao dich T4 c6 mot dinh danh id, dwoc goi la
Tig. Mdi item i, trong mdi giao dich Ty duoc gan két véi mot
trong s6 dugc goi 1a sé lwong va dugc ky hiéu 12 q(ip, Ta),
tuong ung vai item i, dugc mua.

Dinh nghia 2. D3 hitu ich cia mét item i trong mét giao dich
Ta duoc ky hiéu 1a u(i, Tq) va duogc dinh nghia bang cong
thire p(i) < q(i, Td).

Dinh nghia 3. D6 hitu ich cua mot tap muc X trong giao dich
Tq duoc ky hiéu la u(X,Tq) va dugc xéac dinh boi céng thuc:
u(X,Tg) = Xxyex v (0, Tg).

Dinh nghia 4. D6 hitu ich cia mot tip myc X trong co sé di
liéu D duoc tinh bang tong tat ca cac do hiru ich cua X trong
tat ca cac giao dich c6 chira X.

u(X) = XYxcry argent (X, Ta).

Dinh nghia 5. Mot tap muc X dugc xem la tap muc hitu ich
cao (HUI) néu X c6 d6 hiru ich bang hoac Ién hon gié tri hitu
ich téi thiéu ma nguoi dung dinh nghia (min-util). Néu tap
muc X ¢6 do hitu ich thip hon do hiru ich téi thiéu thi X khong
phai la tip muc hitu ich cao, hay con goi la tap muc hiru ich
thép.

Dinh nghia 6. Mot tap muc Y dugc goi la tap bao dong cua
tap muc X néu khéng c6 tap cha nao cua X chua Y va c6
supp(X) = supp(Y), ky hiéu la y(X). X dugc goi la tap hiru
ich dong néu X = y(X) va u(X) > min-util.

Dinh nghia 7. Mot tap muc X duoc goi la tap sinh hitu ich
cao (HUI Generator) néu X la tap muc hitu ich cao va khong
¢6 tap con Z nao cua X sao cho supp(X) = supp(2).

Dinh nghia 8. P6 htu ich cuc bo caa mot item x; trong tap
muc X, ky hiéu luv (x;, X) va duogc tinh bang téng do hitu
ich cua x; trong tat ca giao dich c6 chira X, duoc xac dinh
bang cong thirc sau:

v (x;, X) = Xxceg ntgep Ui ta).

Pinh nghia 9. Véi X = {X1, Xz,..., xn} & mot tap muc n phan
tir, mang don vi do hiru ich cta X duoc ky hiéu U(X) = {uy,
Uy, ..., tn}, trong @6 u; = luv (x;, X),i € {1,2,...,n}.

Dinh nghia 10. D6 hitu ich cuc bo cua tdp muc X trong tap
muc Y (X €Y), ky hiéu Ia luv (X,Y) va dugc dinh nghia
bing tng cac do hitu ich cuc bo cua tit ca item x; € X trong
Y. Cdng thirc tinh do hitu ich cuc bd cua tap muc X trong tap
muc Y dugc biéu didn nhu sau:

v (X,Y) = Ty excyluv(x,Y).

Dinh nghia 11. Luat két hop hitu ich R 1a mot ham biéu dién
méi quan hé gitra hai tap hiru ich cao X, Y <1, duoc biéu dién

dudi dang X — Y. D9 tin cay hitu ich cua luat R, ky hiéu la
luv (X, XY)

uconf(R), dugc xac dinh bang cong thuc (R) = "
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R: X — Y duoc goi la luat két hop hitu ich cao néu gi4 tri cua
uconf(R) I6n hon hodc bang d¢ tin cay hitu ich tbi thiéu (min-
uconf) do ngudi dung dinh nghia. Nguoc lai, R dugc goi la
luat két hop hitu ich thap.

Tinh chdt 1. Cho R1: X - Y, R2: X — Z (Y < Z) la hai luat
két hop trong mdé hinh d6 tin cay — hiru ich (utility-
confidence framework), néu R1 khdng phai 1a luat két hop
hitu ich cao, thi R2 ciing khong phai la luat két hop hitu ich
cao.

Dinh nghia 12. Cho R1: X1 - Y1 va R2: X2 — Y2 |a hai
luat két hop hitu ich cao trong mé hinh db tin cay — hitu ich.
R2 dwoc xac dinh 1a du thira so véi R1 néu X2 UY2 <
X1 UY1,R1.utility = R2.Utility ,support (R1) =
support (R2) va X1 <€ X2,Y2 c Y1, trong d6 Ri.utility
1a do hitu ich cua luatRi,i= 1,2, va do hd trg cua luat
R: X - Y lasupp(X UY).

3.3 Thuat toan

Thut toan HUIL

Piu vao: Tap HUIs dugc sip xép theo tht ty phan tir ting
dan (TableHUI)

Pau ra: dan HUIL véi nat goc rootNode

BuildLattice()
Set rootNode = Lattice Node of Empty Itemset;

1.
2 For j = I to TableHUI Levels.Count do
3. For each X in TableHUI Levels|j] do
4. Set roorNode. IsTraversed = False;
5. For each childNode in rootNode. Children do
[ If childNode. [temset < X then
7. Set childNode IsTraversed = False;
8. ResetLattice (childNode);
9. End
10. End
11 InsertLattice (HUI, rootNode),
12. End
13. End

ResetLattice (LatticeNode)

14. Set LatticeNode. IsTraversed = False;

15. For each child in LatticeNade. Children do
16. ResetLattice (child);

17. End

InsertLattice (X, reotNode)

18. If rootNode. IsTraversed then

19. return;

20, End

21. Set Flag = True, rootNode. Is Traversed = True,
22, For each childNode in rootNode. Children do
23 If chilNode c X then

24, Set Flag = False;

25, InsertLattice (X, childNode);
26. End

27, End

28, If Flag = True then

29, rooiNode. Children. Add (X);

30, End

Hinh 1: Thuat toan HUIL

Thuat todn xay dung dan tir cac HUIs duoc thuc hién nhu
sau:

Pau tién, thuat toan HUIL s& goi ham BuildLattice dé xay
dung nat gbc cho dan. Nat goc 1a mot nit rong khong cé chia
HUI, khéng c6 gia tri hitu ich va do hd tro.



Tap chi Khoa hoc & Céng nghé S6 2

Tiép theo, thuat toan duyét qua tat ca cac HUIs theo thir tu
sap xép s6 phan tir tang dan. Khi xét m&i HUI, thuat toan s&
khai tao lai gié tri cua co IsTraversed cho nit gbc va cac nut
con.

Sau d6, thuat toan goi ham InsertLattice dé thuc hién thém
HUI vao dan. Trong ham InsertLattice, cd dugc st dung dé
xac dinh xem HUI dang xét {X} c6 thé dugc thém tryuc tiép
vao niit dang xét hay khong. Néu nut dang xét rootNode c6
cac nit con childNode sao cho childNode < X (dong 23),
ham InsertLattice s& duoc goi d¢ quy (dong 25) dé thém nat
{X} vao dan. Néu khéng c6 ndt con childNode nao sao cho
childNode € rootNode. Children va ChildNode c X, X
s& la nut con tryuc tiép cia nut dang xét rootNode (dong 29).

4. Thuc nghiém

4.1 Mo6i truong thuc nghiém
Cac thuat toan dé xuit duoc cai dit va thuc nghiém trén moi
truong ¢6 cdu hinh nhu sau: Intel Core 17-7500U 2.5 GHz,
Ram 16 GB, hé diéu hanh Windows 10, phién ban 64 bit.
Cong cu ding dé phat trién thuat toan: Visual Studio 2015
Community, .Net framework 4.5, ngdn ngtt C#.
4.2 Co s¢ dir liéu thuc nghiém
Céc co so dir liéu dung cho thuc nghiém 1a cac co so dir liéu
chudn duoc tai tir website ma ngudn mo SPMF phat trién boi
Philippe  (http://www.philippe-fournier-viger.com/ spmf/
index.php?link=datasets.php). Céc thudc tinh cua co s¢ dir
liéu dugc mo ta trong Bang 1.

Bang 1. Thudc tinh cua cac co so dit liéu.

Tén S6 giao Sc‘_) lwong |Kich thudc
dich items (MB)
Chess 3,196 75 0.63
Foodmart 4,141 1,559 0.17
Retail 88,162 16,470 6.42
Chainstore | 1,112,949 | 46,086 79.2

4.3 Két qua thuc nghiém

Thuat toan FHIM duogc dé xuét boi Sahoo va cac ddng su [8]
dugc dung dé khai théc cac tap muc hitu ich cao tir cac co s&
dir liu duoc dé cap & trén. Sau do thuat toan dugc dé xuit s&
duoc thyc thi vai cac théng sé dau vao bao gdbm cac tap hiru
ich cao, d6 hitu ich tdi thiéu min-util, do tin cay hiru ich ti
thiéu min-uconf.

Bang 2. Két qua s luat két hop hitu ich cao trén cac CSDL
thuc nghiém.

min- #HARs #HARSs #HARSs

CSDL util | #HUIs | (min-uconf | (min-uconf | (min-uconf
(%) = 60%) = 70%) = 80%)

Foodmart 0.03 54,928 | 3,099,516 | 3,098,322 | 3,098,176
0.04 {20,766 | 810,707 810,488 810,42

0.05 | 2,266 | 105,805 105,785 105,740
0.06 | 1,483 4,891 4,891 4,891
275 | 791 30,726 30,144 22,211
Chess 28.0 | 493 14,287 14,197 11,512
28.5 | 305 6,677 6,668 5,844
29.0 | 176 2,893 2,893 2,701
0.005 | 12,347 718 439 342
Chainstore 0.01 | 3,884 113 77 65
0.02 | 1,165 15 12 11
0.03 | 593 7 6 6
0.01 |22,479| 22,120 13,642 6,016
Retail 0.02 | 7,375 6,725 3,827 1,472
0.03 | 3,765 3,160 1,755 673
0.04 | 2,272 1,873 1,033 397

Két qua luat két hop hitu ich cao véi do tin cay hitu ich toi
thiéu 60% - 80% va cac do hitu ich téi thiéu twong tng clia
ting co so dir liéu duoc liét ké trong Bang 2.

4.4 So sanh vé thoi gian

Thuat toan d& xudt LARM c6 thoi gian thyc thi toi wu nho
Va0 cai tién khdng gian tim kiém thong qua viéc ap dung tinh
chat 1 da dé cap & trén. Két qua l1a sb cap itemset can xét dé
hinh thanh luat giam.

Trong phan tiép theo cua thyc nghiém, cac d6 thi so sanh vé
thoi gian thuc thi sir dung gitra hai thuat todn LARM va
HGB-HAR s& dugc trinh bay duéi dang do thi sir dung ti Ié
thang logarit cua 10. M6t s6 ky hiéu cho cac dudng biéu dién
trén d thi cu thé nhu sau.

LARM: biéu di&n cho thi gian thuce thi dé khai thac luat két
hop hitu ich cao, bao gom thoi gian xay dung dan va thoi
gian rut trich luat.

HGB-HAR: biéu dién cho thoi gian thuc thi cua thuat toan
HGB-HAR

Foodmart
10,000
D
1,000
£
%- 100
x 10 4 —=— LARM
e——t— HGB-HAR
1

0.05 0.045 004 0035 0.03
Minimum Utility (%)

Hinh 2. Thoi gian thyc thi trén CSDL Foodmart
véi min-uconf = 70%.
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Chess

10,000,000 -
1,000,000 -
(72}
£ 100,000 -
aE) 10,000 -
= 1,000 -
5 100 -
X 10 - —8&— LARM

1 et HGB-HAR

29.5 29 28.5 28 275

Minimum Utility (%0)
Hinh 3. Thoi gian thuc thi trén CSDL Chess véi min-
uconf=70%

Chainstore

1,000,000 -
100,000
10,000
1,000
100
10

1+

—&— LARM

003 002 00l 0005 0.004
Minimum Utility (%0)
Hinh 4. Thoi gian thuc thi trén CSDL Chainstore
véi min-uconf = 70%.

Runtime (ms)

Retail

1,000,000 -
100,000
"©'10,000 |
£
OE) 1,000
E 100 —&— LARM
> 4 =t HGB-HAR
T 10

1 . _ _ _ J

005 004 003 002 001

Minimum Utility (%)

Hinh 5. Thoi gian thuc thi trén CSDL Retail
véi min-uconf = 70%.
Két qua tir Hinh 2 dén Hinh 5 c6 thé danh gi4 dugc rang thuat
toan LARM Ia thuat toan c6 thoi gian thuc thi tdi vu. Bén
canh d6, néu khong xét dén thoi gian xay dung dan, thuat
toan LARM s& sir dung rét it thoi gian dé tim két qua luat két
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hop hitu ich cao. Cac két qua thyc nghiém trén cac CSDL da
chimg minh wu thé ciia viéc str dung dan trong khai théc luat
két hop, dic biét Ia luat két hop hitu ich cao.

5. Két luan va huéng phat trién

5.1 Két luan

Trong nghién ciru ndy, tac gia st dung mo hinh d¢ tin cay
hitu ich va ly thuyét dan dé khai thac luat két hop hitu ich cao
nham khai thac mdi quan hé gitra cac tap muc hitu ich cao.
Nghién ctru nay la nghién ctru dau tién ap dung ly thuyét vé
dan trong khai thac luat két hop hitu ich cao. Téc gia da dé
Xuit thuat toan HUIL dé xay dung dan gém cac tap muc hiru
ich cao. Két qua thuc nghiém trén mot sb co so dit liéu chuan
cho thy thuat toan da dé xuat, LARM, c6 hiéu qua cao ca vé
thoi gian thuc thi va bé nhé stir dung. Tinh hiéu qua caa thuéat
toan s& dong gop rét 16n trong cac hé théng du béo va ra
quyét dinh.

Nghién ctru nay c6 thé dugc tng dung hiéu qua trong san
xuat kinh doanh, 1ap ké hoach kinh doanh ciing nhu cudc
séng dira vao dic diém va tinh chat tng dung luat ang véi
mdi luat trong tap luat. Két qua tir cac luat két hop hiru ich
cao s& mang lai két qua hiru ich cho lanh dao trong khi hoach
dinh ké hoach san xuét, kinh doanh trong thoi gian sip téi,
dién hinh nhu xem xét cac tap mat hang két hop véi nhau
mang lai loi nhuan cao trong hoat dong kinh doanh ban ¢,
hodc dé xuat cac chuong trinh khuyén mai nham mang lai
hiéu qua kinh doanh cao nhat.

5.2 Hudng phét trién

Bang cach str dung thuét toan HUIL dé xay dung kién tric
dan cac tap hitu ich cao, nghién ctru ndy c6 thé mé rong phat
trién cac thuat toan khai thac luat két hop hitu ich cao khéng
du thira, ngoai ra, cd thé phat trién thuat toan khai thac cac
tap dong hiru ich cao (closed high utility itemsets) va tap sinh
httu ich cao (high utility generators). Bén canh do, cac 6 do
tha vi [9], [10] c6 thé duoc nghién ciru &p dung vao cac thuat
toan da dé xuat nham ting thém tinh hiéu qua va khai thac
thém cac thdng tin hiru ich tur cac co sé dir liéu giao dich.

Lot cdm on

Nghién ciru nay duoc tai trg boi Quy Phat trién khoa hoc va
cdng nghé NTTU trong dé tai ma s 2017.01.75
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Mining association rules from high utility itemsets

Nguyen Thi Thuy Loan?, Mai Hoang Thang?
Nguyen Tat Thanh University
2NashTech Global

Abstract Most companies focus on their profit growth within the business environment. For example, supermarkets often
analyze sales activities to investigate which products bring the most revenue. In order to solve the problem, we need to mine
high utility item sets. Recently, there have been many researches focus on this problem. However, these methods consume
more time and memory usage. In this paper, we propose an algorithm for saving the mining time and memory usage during
mining process.

Key words Data mining, high utility itemsets, association rules.
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