KHOA HOC - KY THUAT

MOT KHAO SAT VE HAUIM

® PHAM TUAN KHIEM

TOM TAT:

Viéc trich xudt hiéu qui cdc miu c6 gid tri tir cac bd dit lieu quy md 16n ngay cang trd nén cin
thi€t trong c4c ing dung khai thac dit liéu kh4c nhau. Khai th4c tap hitu ich trung binh cao (HAUIM)
12 mot nhiém vu khai th4c dit liéu quan trong lién quan dén viéc x4c dinh cdc tap muc c6 gia tri hitu

ich cao. Trong bai bdo nay, tic gid khim phd toan dién tinh trang nghién ctu hién tai vé HAUIM,

bao gdm céc thudt todn va tinh ning cla né. Tac gia thdo ludn vé& nhitng ti€n bd ddng k&, nhitng
thach thirc va hudng di tiém ning tuong lai trong linh vuc nay, cung cip nhitng hiéu bi€t siu sic c6

gi4 tri vé& boi cdnh ngay cang ting clia hoat ddng khai thic tap hitu ich cao.
Tu khéa: khai tap hitu ich, khai thac dit li€u, do hitu ich, tap hitu ich trung binh cao.

1. Dt vandé

Khai thic tap ph5 bién (Fls) trong co s dif liéu
giao dich 12 bai todn phd bién va cé nhiéu tng dung
trong viéc khdm pha tri thdc trong c¢o sG di liéu [1,
2]. Nhiéu thuit todn da dugc dua ra dé gidi quyét
van dé nay. Trong d6, cach ti€p can thudng diing 12
mé rong tdp miu (Pattern-Growth) [3, 4]. FP-
growth (Frequent Pattern Growth) ban diu xay
dung ciu tric FP-tree bing cich st dung tip phd
bi€n 1 phin tit. Sau d6, trong qué trinh khai thac,
céc cay FP-trees dugc tao dé quy va mdi ciy chira
mot bang chi muc dudc thi€t k& dé khai thac cc tap
phd bi&n. Khai thic tip hdp phd bi€n truyén thong
chi xem xét tAn sudt xuit hién clia cdc tAp mit hang
trong co s§ dit liéu giao dich nhung lai bd qua cac
y&u t6 quan trong khdc nhu s lugng, 1¢i nhuan va
trong lugng clia cdc mit hang. Mot van dé khac 1a
FIs khong xem xét cic tip muc khong phd bién
nhung lai c6 thé déng gép mot lugng 16n 1¢i nhuan.
Do d6, n€u chi xem xét tin sut xuit hién 1a khong

dt d€ xac dinh cdc tap phd bi€n c6 1gi nhuan cao.
Chinh vi vay, khai thac tap hitu ich cao (HUIM -
high utility itemset mining) [5, 6, 7] da dugc nghién
cifu trong thdi gian gin ddy va cé nhitng két qud
nhit dinh. Viéc khai thdc tap hitu ich cao c6 thé
xuét hién nhiéu tp mit hang c6 s& phan ti 16n 1a
tap hitu ich cao, trong d6 chi c6 modt s6 mit hang c6
y nghia thyc t&€ vé do hitu ich cao, trong khi cic mit
hang khdc trong tap c¢6 dd hitu ich thAp nén khong
c6 y nghia trong thuc t€. Piéu nay c6 thé giy khé
khin trong viéc phan tich kinh doanh tir tap k&t qua.

Khai thac tap hitu ich trung binh cao (HAUIM)
da thu hit dugc sy chii ¥ dang ké trong nhitng nim
gin diy do vai trd quan trong ctia né trong viéc
khdm pha cdc miu c6 gid tri tién ich cao thudc co s§
dit lieu giao dich. Khong gidng nhu khai thic tap
muc truyén thong, HAUIM tip trung vao viéc trich
xudt cic tAp muc dva trén do hitu ich trung binh cia
chiing thay vi hd trg. Gid tri do hitu ich thudng gin
lién v6i tAm quan trong hodc 16i nhuin, do mdt tip
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muc tao ra. Bai bdo nay nhim muc dich cung cip
cdi nhin t6ng quan toan dién vé cic ky thuat va
thuat todn khdc nhau dudc phat trién cho HAUIM,
néu bat di€ém manh, diém y&u va dng dung tiém
nang ciia ching.

2. Phuong phap nghién citu tap hitu ich trung
binh cao

2.1. Cdc khdi ni¢m

Cho cd s6 dit lieu giao dich D = {T, T,, .., T},
véin 12 s6 lugng giao dich D trong tap I = {iy, iy, ...,
i} gom m myc phan biét trong D. V7, € D, T; = {x;
=12,.., NJ x; el},, v6i N] 14 s6 cdc muc trong
giao dich 7;. Béng 1 bi€u dién vi du vé co s§ dit liéu
giao dich D dung d€ khai thac tap hitu ich trung
binh cao, mdi muc (cot 2 clia Bang 1) trong giao
dich (cot 1 ctia Bang 1) c6 mdt s6 lugng (cot 3 cia
Bang 1). Bing 2 bi€u dién gi4 tri 1¢i nhuin cda

cdc muc.
Bdng 1. Co sé dii liéu giao dich
TID Cacmuc S6luong
1 a,c,de 4,2,2,1
2 a,b,cef 7,4,7,51
3 a,b,df 1,4,1,1
4 a,bef 4,7,1,1
5 b,ce 2,1,2
6 a,b,c 8,38
7 c,de 3,1,1
Nguon: Tdc gid thuc hié¢n
Bdng 2. Lgi nhuéin cédc muc
Cacmuc a b c d e f

Loi nhuéan 3 1 5 4 6 2

Nguédn: Tdc gid thic hién

Muc tiéu cda viéc khai thac tip hitu ich trung
binh cao la tim trong co s§ dit liéu giao dich tat ca
cac tdp c¢6 dd httu ich trung binh khong nhd hon
ngudng do hitu ich nhd nhat cho truéc. Céc dinh
nghia sau dugc s dung trong cdc nghién ctiu trudc
day vé khai thic tap hitu ich trung binh cao.
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Dinh nghia 1. B0 hitu ich cia muc i trong giao
dich T dugc dinh nghia 1a: u(i,T) = p(i) * q(i,T).
Trong d6 p(i) 1a 1¢i nhuan ctda muc i, g(i,T) 1a s&
lugng mua cia muc i trong giao dich 7.

Vidu: B hitu ich ctia muc b trong 75 1a:

u(b,Ty) = p(b) *q(b, Ty) =1%4=4

Dinh nghia 2. DB hitu ich trung binh (Average
Utility). Goi /(X) 1a s6 phan ti¥ clia tip muc X, do
hitu ich trung binh ctia X trong Tky hiéu 1a au(X,T),
dugc xac dinh:

ZieXgT u(LLT)
I(X)
Vi du: B hitu ich trung binh cta tdp muc {b, ¢}

au(X,T) = (D

trong 75 1a:
iu(b,T,) + iu(c,T5)
l(bc)
S TS g5
2
Do hitu ich trung binh ctia X trong D, ky hiéu la
au(X), dugc dinh nghia:

au(X) = ZXgTeD au(X,T) 2)

au(be, T,) =

Vi du: B hitu ich trung binh cta tap muc {b, ¢}
trong Bang 1 1a:
au(bc) = au(bc, T,) + au(bc, Tss) + au(bc, Tg)

1 *4A+5%T N 1*#2+5%1
2 2
1*3+5%*8
+—
2

=195 +35+21.5=445

Dinh nghia 3. Tap muc X dudc goi la tap hitu ich
trung binh cao (High Average Ultility Itemset -
HAUI) néu dd hitu ich trung binh cia X 16n hon
hodc bing gid tri ngudng dd hitu ich tdi thi€u
(minUtil). Vi minUtil dugc cho truGc bdi ngudi
dung, ta c6: HAUIs = {X | au(X) > minUtil} [8].

Vi du: V6i minUtil = 42. Tap {b, c} trong
Bang 1 1a tip hitu ich trung binh cao, vi au(bc) =
44.5>42.
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2.2. Cdc thudt todn

Phin nay tic gia trinh bay vé cdc thuit todn da
dugc nghién citu vé khai thac tip hitu ich tring binh
cao. Mdi thuit todn déu c6 mo ta phuong phap thuc
hién, phan tich cic wu di€m va nhugc diém ciia
titng thut todn, dé tir d6 c6 thé d& xuit hudng
nghién ctru mdi duya trén nhitng dic diém thu dudc
& mdi thuat todn, cling nhu dua trén viéc khic phuc
tif cdc nhudc diém ctia mdi thuit todn.

2.2.1. Hudng tiép can apriori

Phuong phap nay dua trén thuit toin Apriori dé
tim ki€m céc tap hdp muc c6 gia tri trung binh cao.
Cic budc ctia phuong phdp bao géom xdc dinh
ngudng gid tri trung binh, tao ra cic Ung vién thong
qua k&t hgp va cit tia va kiém tra cic Gng vién
dé xac dinh tAp hop muc cudi cling ¢ gia tri trung
binh cao.

Cic wu diém cta phuong phap: D& hiu va
trién khai, x{ 1y dit liéu 16n, phat hién tip hdp muc
quan trong.

Ciac nhudc diém cta phuong phap: Do phitc tap
tinh toan, vin dé ty 1& ting, khong x{r 1y t5t véi dir
liéu thua: Apriori khdng xt 1y 5t v6i dit liéu thua,
trong d6 hau hét cdc giao dich chi chita mot sd it
muc. Khi dif liéu trd nén thua, Apriori c6 thé tao ra
nhiéu tip hop muc con khong quan trong hoic
khong c6 gia tri.

Thuit todn tiéu biéu theo hudng ti€p cin nay Ia
TPAU [9]. Trong thudt todn nay, tic gid st dung
chi&n ludc tia dva trén do do auub va sd pha trong
thuat todn nay st dung 1a 2 pha. Thuat todn nay ton
nhiéu thdi gian chay vi phdi quét cd s§ dir liu
nhiéu lan.

2.2.2. Huéng tiép cdn duyét theo chiéu sau, cdu
triic chi muc mdi

Phuong phdp khai thac tdp hitu ich trung binh
cao theo hudng "Depth first, new indexing
structure" két hgp ca wu diém cia viéc duyét theo
chiéu sau (depth-first) va st dung mot ciu triic
chi muc mdi d€ ting hiéu sudt cda qud trinh
khai thic.

Duyét theo chiéu siu (Depth-first): Phuong
phép nay khai thac cac tap hgp muc c6 gia tri trung
binh cao biing cich duyét qua cic dudng di tir gdc
dén 14 trén ciu tric dit liéu. Piéu nay ddm bio cdc
tap hgp muc c6 gid tri cao nhat duge khdm pha sém
hon, gidp t6i vu héa qud trinh khai théc.

CAu tric chi muc méi (New indexing structure):
Phuong phép nay st dung mdt cau tric chi muc méi
dé Iuu trit thong tin vé tAp hop muc va gid tri trung
binh clia chling. CAu tric nay dugc thiét k& dé ting
toc do truy van va tim ki€m cdc tap hgp muc ¢6 gid
tri trung binh cao. N6 c6 thé bao gdm cic ciu tric
dit liéu nhu cAy B, cAy Trie hoic cic biéu d6 dugc
t61 uu héa cho viéc tim ki€m nhanh chéng.

Qua trinh khai thac: Qud trinh khai thac bit dau
tif niit goc ctia ciu tric chi muc. Mdi 1an duyét qua
mot niit, phuong phap s& ki€m tra gia tri trung binh
clia tAp hop muc tai niit d6. Né&u gid tri trung binh
vugt qua ngudng dugc xac dinh, tip hgp muc s€
dugc ghi lai hoic xit 1y theo yéu cAu clia ting dung
cu thé. Sau d6, phuong phép ti€p tuc duyét qua cic
nit con clia nit hién tai, theo chiéu sau. Qu4 trinh
nay dudc lap lai cho dén khi tit ca cdc tAp hgp muc
c6 gid tri trung binh cao da dugc khai thic hodc
khong con niit con nao dé duyét.

Phuong phdp "Duyét theo chiéu siu, ciu tric
chi muc mé6i" ¢6 nhiéu vu di€m nhu tim ki€m hiéu
qud, ti€t kiém tai nguyén, dé dang thao tdc truy van
va phu hgp cho dit liéu ¢ cdu tric phan cip. Tuy
nhién, né cling c6 nhugc di€m nhu khong phit hgp
cho truy xuit ngiu nhién, cian thuc hién lai phép
duyét va cap nhat ciu tric chi muc khi c6 thay d6i
dit lieu. Sy lya chon clia phuong phap bi€u dién di
liéu phu thudc vao yéu ciu cu thé clia tng dung va
tinh chat cia dir liu.

Thuat todn tiéu biéu theo hudng ti€p cin nay la
PBAU [10]. Trong thuit todn nay, tdc gid st dung
chi€n luge tia dwa trén do do auub va két hop
chi muc @€ tia cdc Gng vién, sd pha trong thuit
todn nay st dung l1a 2 pha. Thuét todn lam gidm
thdi gian xudng vi ¢6 st dung chi muc va co s§ dit
liéu khac nhau.
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2.2.3. Hudéng tiép can phép chiéu (projection)

Phuong phap khai thiac tip hgp muc c6 gid tri
trung binh cao theo hudng "Projection-based" st
dung ky thuat chi€u dir liéu d€ tim ki€m va khai
thac cac tdp hdp muc c6 gia tri trung binh cao. Chi
ti€t v& phuong phdp nay nhu sau:

Chiéu di liéu: Phuong phap nay bit dau bing
viéc xdc dinh cac thudc tinh quan trong va xay dung
céc chi€u dif liéu dya trén c4c thudc tinh ndy. Cac
chi€u dit liéu 12 mot phién ban gidm kich thudc cia
dit liu gdc, giff lai cdc thudc tinh quan trong va loai
bd cédc thudc tinh khong quan trong. Qua qué trinh
nay, phuong phap giam kich thude di liéu, 1am cho
viéc khai thac tdp hdp muc trd nén hiéu qua hon.

Tao cic ng vién: Sau khi c6 cic chi€u dif liéu,
phuong phédp s€ tao ra cac @tng vién thong qua cic
phép két hop va cit tfa dua trén cdc chi€u dit ligu
nay. C4c ing vién Ia cédc tAp hgp muc tiém ning c6
thé c6 gid tri trung binh cao va sé& dugc ki€m tra ti€p
dé xac dinh tap hop muc cudi cling c6 gid tri trung
binh cao.

Kiém tra tap hop muc: Cac tng vién dugc kiém
tra d€ x4c dinh tAip hdp muc c6 gid tri trung binh
cao. Qud trinh ndy bao gdm tinh todn gid tri trung
binh ciia tirng Gng vién trong dit liéu gdc va so sdnh
v6i ngudng gid tri trung binh da dugc xdc dinh
trude. Cac tdp hdp muc c6 gia tri trung binh cao s€
dugc ghi lai hodc x 1y theo yéu cau clia qué trinh
khai thac.

Phuong phdp "Projection-based" c6 mot s6 uu
diém so v6i cac phuong phap khac trong viéc khai
thic tAp hop muc: gidm chiéu dit liéu, tip trung vio
tdp hgp muc quan trong, hiéu qua trong viéc khai
thac tap hgp muc c6 gia tri trung binh cao, phtt hgp
cho di liéu 16n.

Phuong phédp khai thac tap hgp muc theo huéng
"Projection-based" c6 thé c6 mot s6 nhuge diém
sau: mat thong tin quan trong, do chinh x4c gidm,
dd phiic tap tinh todn, do phifc tap clia ciu tric dit
liéu, phu thudc vao viéc chon thudc tinh quan trong.

Thut todn tiéu biéu theo hudng ti€p cin nay la
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PAI [11]. Trong thuit todn nay, tic gid st dung
chién ludc tia dua trén do do auub cii ti€n d€ tia cic
tng vién, sO pha trong thuit todn nay st dung la 2
pha. Vi phéi chi€u co s& dif liéu, nén thuit todn nay
sit dung bo nhé nhiu.

2.2.4. Hudng tiép cdn cay (tree)

Phuong phdp "Tree-based" trong viéc khai thac
tap hdp muc 1a mot phuong phép dua trén cu tric
cAy dé tim ki€m va khai thic cdc tap hop muc c6
gid tri trung binh cao.

Xay dung cay: Phuong phdp "Tree-based" bit
diu biing viéc xay dung mot cAy dua trén tip dir
lieu ban diu. Cdy c6 thé 1a cidy quyét dinh
(decision tree), cdy quan hé (association tree),
hodc cdc loai cdy khac tuy thudc vao bai todn cu
thé€. Qua trinh xdy dung cAy nhim tim ra cdc quy
tic, mAu hodc mdi quan hé giita cdc thudc tinh va
tdp hgp muc.

Tim ki€m tap hgp muc: Sau khi x4y dung ciy,
phuong phap st dung ciy d€ tim ki€m cic tip hop
muc c6 gid tri trung binh cao. Qua trinh nay thudng
bao gobm viéc duyét cay tir goc dén 14 va 4p dung
céc quy tic hoic miu da hoc tir qué trinh xay dung
ciy d€ tim ki€m cac tap hdp muc phit hgp.

Kiém tra tdp hop muc: Céc tdp hop muc dugc
tim thiy thong qua cAy dudc kiém tra dé€ xac dinh
lié¢u ching c6 gid tri trung binh cao hay khong. Qué
trinh nay thudng bao gém tinh todn gid tri trung
binh ctia titng tip hgp muc trong dit liéu gbc va so
sdnh v&i ngudng gia tri trung binh da dugc xac dinh
trude. Cac tap hgp muc c6 gid tri trung binh cao sé
dugc ghi lai hodc xi 1y theo yéu cau clia qué trinh
khai théc.

Tiép tuc tdi wu héa cay: Sau khi tim thay céc tp
hdp muc c6 gid tri trung binh cao, phudng phéap
"Tree-based" c6 thé ti&p tuc t&i uu hda cAy dua trén
thong tin tir cic tap hgp muc nay. Qué trinh nay c6
thé bao gdm viéc cit tia cAy, chinh stta quy tic hodc
mau d€ cdi thién hiéu sudt khai thiac va don gidn
héa cay.

Phuong phdp "Tree-based" tin dung ciu tric
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cdy dé€ tim ki€m va khai thac cc tap hdp muc c6
gid tri trung binh cao. Biing cdch xay dung cay dua
trén dif liéu va tim ki€m thong qua cAy nay, phucng
phdp nay tap trung vao viéc tim ki€m céc tap hop
muc phit hdp va gidp gidm d6 phdc tap cta qua
trinh khai théc.

Phuong phip "Tree-based" c6 mdt s& nhudc
diém so v6i cac phuong phap khic, d6 1a: o phic
tap tinh todn, khd ning x@ ly dit liéu thi€u, qué
khép (overfitting), kha niang x 1y dit liéu khong
phén loai.

Céc thuat toan tiéu bi€u theo huéng ti€p can nay
la HAUI-Tree [12], IMHAUI [13], MPM [14],
IHAUPM [15]. Trong céc thuit todn nay, sO pha st
dung 13 2 pha, tic gid sit dung chién lugc tia dya
trén do do auub d€ tia cic ng vién, bd nhé ton kha
nhiéu vi phai thuc thi ciu tric dit liéu cay.

2.2.5. Hudng tiép can danh sdch (list)

Phuong phédp "List-based" trong viéc khai thac
tap hgp muc la mot phuong phédp dua trén viéc xi
1y danh sach ciac muc d€ tim ki€m va khai thac cdc
tAp hop muc c6 gia tri trung binh cao. Chi tiét vé
phuong phdp nay nhu sau:

Xay dyng danh sach: Phuong phdp "List-based"
bit dau biing viéc xay dung mdt danh sach cdc muc
tir tAp dif liéu ban diu. Danh sich nay cé thé bao
gdm tit ¢4 cdc muc trong dit liéu hoic chi bao gdm
mot phAn muc quan trong. Qud trinh xay dung danh
sach nhim tao ra mot tip cic muc d€ tim ki€m va
khai thac.

Tim ki€m tap hgp muc: Sau khi xay dung danh
sach, phuong phap "List-based", sit dung danh sach
nay d€ tim ki€m cdc tdp hdp muc cb gid tri trung
binh cao. Qu4 trinh nay thudng bao gbm duyét qua
danh séch va dp dung céc quy tic hodc thuat toin
dé tim ki€m cdc tap hop muc phit hop.

Kiém tra tdp hop muc: Céc tdp hop muc dugc
tim thy thong qua danh sich dudc kiém tra dé xdc
dinh li€u chiing c6 gia tri trung binh cao hay khong.
Qu4 trinh nay thudng bao gdm tinh todn gid tri
trung binh cta tirng tip hdp muc trong dit liéu goc

va so sanh v&i ngudng gid tri trung binh da dudc xac
dinh trudc. Cac tap hgp muc c6 gid tri trung binh
cao sé& dudgc ghi lai hoic xit 1y theo yéu ciu clia qui
trinh khai thac.

Cap nhat danh sdch: Sau khi tim thdy cdc tap
hop muc c6 gid tri trung binh cao, phuong phip
"List-based" c6 thé€ cap nhat danh sich bing cich
thém hoic loai bd muc dua trén két qua khai thic.
Qua trinh nay gitp cai thién hiéu suat khai thac va
tap trung vao viéc tim ki€m cédc tAp hgp muc tiém
nang.

Uu diém: Pon gian va d& hiéu, Tinh kh3 dung
cao, D& dang cap nhat danh séch, Hiéu qué cho dit
liéu nho va don gian.

Phuong phép "List-based" ciing c6 mdt s6 nhudc
diém sau: Do phic tap tinh toan, Hiéu sudt khai
thac, Gigi han tng dung, X&' 1y dit liéu 16n.

Céc thuat toan tiéu bi€u theo huéng ti€p can nay
1a HAUI-Miner [16] stt dung co ch& quét 1 pha, cit
tia dua trén auub, rit ton chi phi @€ két hgp danh
sach tng vién, EHAUPM [17] st dung co ché& quét
1 pha, cit tia dva trén auub, lub va rtub, cdi thién
chi&n lugc tia, FHAUM [18] sit dung co ché& quét 1
pha, cit tia dya trén auub, lubau va tubau, cdi thién
chién lugc tia. Cdc thuat toan MHAI [19], FUP-
HAUIMD [20], FUP-HAUIMI [21], MEMU+ [22]
déu st dung cd ché& quét 1 pha, cit tia dua trén
auub. Céc thuit toAin TUB-HAUPM [23], TKAU
[24], VMHAUI [25] st dung cd ch€ quét 1 pha, cit
tia dva trén auub k&t hdp véi cac do do khéc.

2.2.6. Hudng tiép can Level wise

Phuong phap "Level-wise" tdn dung viéc khai
thdc tap hgp muc theo titng cAp dd, gidp tim ki€m
va khai thic cac tdp hgp muc c6 gid tri trung binh
cao mdt cach c6 hé thdng. Bing cach chia qué trinh
khai thac thanh cdc level, phuong phdp nay gidp
gidm do phic tap va tip trung vao viéc tim ki€m
céc tap hgp muc tiém ning.

Phuong phap "Level-wise" ¢c6 mot s6 uu diém
so vGi cadc phuong phap khac: Tap trung vao cic tap
hgp muc c6 gia tri cao, gidm do phic tap tinh toén,
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dé dang md rong va tuy chinh, t6i uu héa viéc si
dung tai nguyén.

Phuong phip "Level-wise" ciing c6 mot sO
nhugc diém va han ch€ can luu y: Boi héi bd nhé
16n, do phic tap tinh todn, khd nang khai thac tip
hgp muc phic tap, phu thudc vao viéc xac dinh
caclevel.

Thuit todn tiéu biéu theo hudng ti€p cin nay la
HAUI-MMAU [26]. Trong thudt todn nay, tdc gid
st dung chién lugc tia dua trén dd do auub cii
ti€n d€ tia cdc ng vién, sO pha trong thuit toin
nay st dung 12 2 pha. Thuit to4n nay sinh ra s @ng
vién 16n.

2.2.7. Hudng tiép can co sé dit liéu doc

Phuong phdp "Vertical database representation
based" 12 mot phudng phap trong viéc bi€u dién co
s dir liéu theo dang dit liéu doc (vertical).

Bi€u dién co sd dit liu theo dang dr liéu doc:
Thay vi st dung biéu dién truyén théng biing hang
va cot (dif liéu ngang), phuong phap nay bi€u dién
cd sG dit liéu doc theo tirng thudc tinh (cOt) riéng
biét. Mdi cot chita cdc gid tri tuong @ng clia thudc
tinh trong toan bd c¢o sG dit liéu.

Phan tach dir li€u theo thudc tinh: D liéu trong
mdi thudc tinh dugc phan tdch va luu trit thanh cdc
ciu tric dit liéu twong ng. Vi du, mot ciu tric dir
liéu c6 thé dudc st dung dé luu trit céc gid tri duy
nhat cla thudc tinh, mot ciu tric dit liéu khic c6
thé dugc sit dung dé€ luu trif cic gid tri tAn sui't clia
thudc tinh,...

T6i wu viéc truy van dit liéu: Phuong phép nay
gitp t0i uu viéc truy van dit liéu bing cdch gidm
thi€u viéc truy cAp dén cdc cau tric dif liéu tuong
tng v6i thudc tinh can truy van. Thay vi phdi quét
qua toan bd cd s& dit liéu, chi can truy cap dén
cu tric dif liéu tuong &ng va thu thap thong tin
can thiét.

Gidm b6t du thiva dir liéu: Phuong phdp
"Vertical database representation based" gilp
gidm b6t du thira dit liéu bing cdch lvu trit cdc
gi4 tri duy nhit clia thudc tinh mot 1an va st dung
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lai cho cdc ban ghi khdc. Piéu nay gidp gidm
kich thuSc luu trit va t6i uu héa viéc st dung
tainguyén.

bon gidn héa viéc thém/x6a thudc tinh: Vi
phuong phédp nay, viéc thém/xd6a thudc tinh trong
cd sd dit liéu tr§ nén don gidn hon. Thay vi phai
diéu chinh cdu tric dit liéu ngang, chi cin
thém/x6a mot cau tric dit liéu méi cho thudc tinh
tuong ng.

Tdng quan, phuong phip "Vertical database
representation based" c¢6 thé mang lai 1¢i ich trong
viéc toi uu héa truy van va gidm du thira dit liéu,
nhung ciing c6 nhuge di€m lién quan d&n chi phi
luu trit va do phic tap cia mot 8 truy van. Viéc
lua chon phuong phap bi€u dién co s3 dif liéu phu
thudc vao yéu cau cu thé cia ng dung va cic y&u
t0 khac nhu kich thudc dit liéu, cong cu va quy
trinh x 1y dir liéu.

Thuit todn tiéu bi€u theo huéng ti€p cin nay
la DHAUIM [27]. Trong thult todn nay, tdc gia su
dung chién lugc tia dya trén do do aub, iaub, laub,
aubl cdi ti€n d€ tia cdc ng vién, s6 pha trong
thuat todn nay st dung 12 1 pha. Chié€n lugc cit tia
con chua tot.

2.2.8. Huéng tiép can bdn dé bam (hash map)

Phuong phdp "hash map based" 1a mdt phuong
phdp bi€u dién dit liéu dva trén ciu tric ban d6
bim (hash map). Pay 1a mot ciu tric dit liéu két
hop giita mot haim bim va mot bang bim dé luu
trit va truy xudt dit liu.

Uu diém cda phuong phdp "hash map based"
bao gém: Tim ki€m nhanh, d6 md rong linh
hoat, dé dang thém, x6a va cip nhat dir liéu, x
ly xung dot, phi hgp cho viéc truy xudt dit liéu
ngiu nhién.

Tuy nhién, phuong phdp "hash map based"
ciing c6 mot sd han ché, bao gdbm: Khong duy tri
tht tu, ton kém vé tai nguyén, hiéu suit gidm khi
bang bim qua day.

Thuit todn tiéu bi€u theo huéng ti€p cin nay
la PAI [28]. Trong thudt todn nay, tdc gia st dung
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chién lugc tia dua trén do do ubriu cai tién d€ tia
céc ng vién, sO pha trong thudt todn nay st dung
12 1 pha. Vi phdi chi€u co s& dit liéu nén thuat
todn nay st dung bd nhé nhiéu.

3. K&t luan va huéng dé xuat

Khai thic HAUI mAt nhiéu thdi gian va st
dung nhiéu CPU va bd nhS. Tim cdc miu cé 1gi
ich trung binh cao tor mot tap dit li€u 16n 12 mot
thach thic.Bai bdo da dua ra cdi nhin toan cdnh
vé cdc cdch ti€p can khic nhau trong viéc gidi
quyét bai todn khai thac tap hitu ich trung binh
cao. Mdi thuat todn dua ra déu cé6 mo td chi€n
lude, uu nhugc di€m, cung véi cac dac diém ndi
bat ctia thudt todn.

Mot s6 dé xuit sau diy trong cdc huéng phat
trién ti€p theo clia bai todn khai thc tap hitu ich
trung binh cao:

- Mang no-ron tdi ciu tric (Recurrent Neural
Networks - RNN): RNN la mt loai mang nd-ron
dic biét dugc thi€t k& @€ xir 1y dif liéu chudi hoic
dit liéu c6 mdi lién két thai gian.

- Mang nd-ron hdi quy dai (Long Short-Term
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Memory - LSTM): LSTM 1a mt bi€n thé clia
RNN, dugc thi€t k& @€ gidi quyé&t van dé cla viéc
mat thong tin lau dai khi st dung RNN. LSTM st
dung cdc "cong" d€ lya chon thdng tin quan trong
va loai bd thong tin khong can thiét, gilip mang
nd-ron ¢4 kha niang hoc va ghi nhd thong tin
daihan.

- M6 hinh sinh (Generative Models): Cé nhiéu
mo hinh sinh méi dugc phat trién nhu Generative
Adversarial Networks (GANs) va Variational
Autoencoders (VAEs). Cac m6 hinh sinh nay cho
phép tao ra dit liéu méi tir dit liéu hudn luyén, cé
ung dung trong viéc tao ra hinh dnh, 4&m thanh,
vin ban va nhiéu linh vuc khéc.

- Hoc ting cudng (Reinforcement Learning):
Hoc ting cudng la mdt linh vyc trong hoc mady, noi
mot hé thong tu dong hoc cdch dua ra quy€t dinh
va hanh dong dya trén tuong tic véi mot mdi
trudng. Cac thuat todn hoc ting cudng da dat dugc
thanh cong ding k& trong cdc linh vic nhu choi
game, dié¢u khié€n robot, quin 1y tai chinh va ciing
c6 thé 4p dung vao bai todn khai thac tip hitu ich
trung binh cao W
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ABSTRACT:

The efficient extraction of valuable patterns from large-scale datasets has become
increasingly essential in various data mining applications. High Average-Ultility Itemset Mining
(HAUIM) is a crucial data mining task that involves the identification of itemsets with high
utility values. This study comprehensively explored the current state of research in HAUIM,
including its algorithms and features. The study discussed the significant advancements,
challenges, and potential future directions in this field, providing valuable insights into the
growing landscape of high-utility itemset mining.
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