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Tom tit: Khai thac tap hitu ich pho bién thude duong chan troi (Skyline frequent-

utility patterns (SFUPs)) la viéc kham pha cac tap mat hang (itemset) vuot troi hon cac

tap mat hang khac ve ca tan sé va do hiru ich trong co so dir liéu giao dich. Trong

nhirg nam gin day, nhiéu thuat toan di dwgc dé xuat nham khai thac tap hitu ich pho

bien thudc duong chan troi, trong do SkyFUP 1a thuét toan hi¢u qua nhat. Tuy nhién,

thuat toan SkyFUP van con nhiing han ché ca ve thoi gian thyc thi va khong gian luu

trir. Trong bai bao nay, nhom tac gia de xuat thuat toan SkyMiner dé khai thac tap

SFUPs hi¢u qua hon bang cach st dung cau tric luu trit utility-list ket hop véi cac

chien lugc cat tia nham lam giam dang ke so lugng cac ung vién can phai tim kiem

trong qua trinh khai thac. Ket qua thuc nghiém cho thay thuat toan SkyMiner c6 hi¢u

suat thuc thi tot hon thuat toan mai nhat la SkyFUP vé thoi gian thuc thi, bo nhé sir

dung va so lugng cac tmg vién duoc tao ra.
Tu khéa: SFUPs; tap hiru ich phé bién thuoc duong chan troi; EUCS; LA.
1. Giéi thidu

Trong bdi canh kinh té x4 hoi ngay cang phét trién nhu hién nay thi nhu cau mua
sam cua khach hang ngay cang da dang va phong phd. Su canh tranh giita cac doanh
nghiép trong viéc thu hat khach hang va téi da héa logi nhuan ngay cang khoc liét. Bé
gilp cé&c doanh nghiép khai thac thdng tin hitu ich tir thdi quen mua hang cua khach
hang, cac nghién ctru vé khai thac tap phd bién (Frequent Pattern Mining - FIM) [1-4] va
khai thac luat két hop (Association Rule Mining - ARM) [5-7] d4 dugc thyc hién dé tim
ra tap cac mat hang thuong duoc khach hang mua cung nhau trong co sé¢ dir liéu giao
dich. Tuy nhién, cac nghién ciru nay chi quan tdm dén cac tap mat hang dwa vao tan suat
Xuat hién cua cac tap mit hang d6 trong co so dit lidu giao dich ma khong xem xét dén
14i suat, lgi nhuan, trong lugng cling nhu nhitng rai ro cua chiing. Do do, cac nghién ctiu
vé khai thac tap hitu ich cao (Mining High Utility Itemsets - HUIM) ra doi nham khai
thac va tim kiém cac tap mat hang mang lai loi nhuan cao cho céc nha ban 1é bang cach
quan tam ca sé luong va lgi nhuan caa cac mat hang [8-12]. Bén canh d6, dé téi wu hoa
loi nhuan va dinh hudng céc chién lugc kinh doanh, ban dau cac nghién cau vé top-k dua
trén luat két hop (Top-k Association-Rule Mining) [13-15] duoc thuc hién dé gilp cac
nha quan Iy tim ra tap cac mat hang dugc khach hang mua nhiéu lan nhat. Sau do, cac
nghién ctu vé top-k trén tap hitu ich cao (Top-k High-Utility) [16-18] ciing duoc thuc
hién dé tim ra cac tap mit hang mang lai loi nhuan cao nhat cho doanh nghiép. Mac du
c4c nghién cau vé top-k rat hitu ich trong thuc té, nhung cac nghién ciru nay chi quan
tam dén mot trong hai khia canh 14 tin suat hoic d6 hiru ich ma chua c6 su két hop gitra
hai yéu t6 nay. Dé giai quyét van dé& nay, mot sb thuat toan gan day da duoc dé xuat
nham khai thac cac tap mat hang vuot troi hon tat ca cac tap mit hang khac ca vé tan suat
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va do hiru ich, goi 1a tap hitu ich phd bién thudc duong chan troi (SFUPs) nhu
SKYMINE [19], SFU-Miner [20], SKYFUP-D [21]. Tuy nhién, cac thu4t toan nay Van
ton kém vé ca thoi gian thuc hién va khong gian bg nhé. Trong bai bao nay, chung toi dé
xuat mot thuat toan mai co tén la SkyMlner dé tim ra tap SFUPs hi¢u qua hon cac thujt
toan trudc day bang cach ap dung céc chién luoc cit tia nham giam thoi gian thuc hién
va khong gian luu trir trong qua trinh thuc thi thuat toan.

Nhitng déng gép chinh va quan trong cta bai bao nay bao gém:

- Str dung cau trac utility-list de luu tri thong tin vé do hitu ich va tan suit xuat
hi¢n cua cac tap mat hang, lam co s& cit tia trong qua trinh khai thac.

- PBé xuét thut toan SkyMiner dé khai thac tap SFUPs mot céch hiéu qua. Ap
dung céc chién luoc cit tia U-Prune, LA-Prune va EUCS-Prune trong qua trinh khai thac
gilp giam thoi gian tim Kiém va khong gian luu trit.

- Két qua thir nghiém trén cac bo dit li¢u thua, day va bo dit li¢u ting truong theo
do 16n da chung to rang thuat toan SkyMiner ma chiing t6i dé xuit co hiéu suat thuc hign
t6t hon thuat toan méi nhat SKYFUP vé thoi gian thyc thi, bd nhé sir dung va sé lugng
ung Vién phat sinh.

Bai bao nay dugc cu trac nhu sau: Phan 2 trinh bay céc nghién cau lién quan
dén khai thac tap SFUPs. Phan 3 trinh bay cac dinh nghia quan trong trong khai thac tap
SFUPs. Phan 4 trinh bay thuat toan SkyMiner. Phan 5 trinh bay két qua thuc nghiém cua
thuat toan. Cudi cuing, két luan va hudng nghién ciru trong twong lai dugc trinh bay trong
phan 6.

2. Céc cong trinh lién quan

~_Trong phén nay, chling toi trinh bay cac cong trinh nghién ctru lién quan dén cac
van dé sé dugc dé xuat trong bai bao nay, bao gom: tap pho bién (Frequent Itemsets -
Fls), tap hiru ich cao (High Utility Itemsets - HUIs) va SFUPs.

2.1. Tdp pho bién

T nhitng ndm 90 cua thé ky XX, nhiéu nghién ctru da tap trung vao linh vuc khai
thac tap phd bién. Khai thac tap phd bién 1 tim ra nhiing tap hop chaa nhitng muc, tap
muc xuét hién thuong xuyén cung nhau. Nam 1994, Agrawal va cong sy da dé xuét thuat
toan Apriori [5] dé kham pha tat ca céc luat két hop quan trong gitra cac mat hang trong
mot co s¢ dit lieu giao dich Ion. Apriori la thuat toan pho bicn trong cac phuong phap
tlep can theo cap do (level-wise approach) véi cac (g vién duoc tao ra & nhiéu muc.
Nhiéu nghién ctu khac ve tap pho bicn ciing da duoc thuc hi¢n [1-4]. Tuy nhién, cac
nghlen chru ve tap pho bién trong FIM va ARM chi chd trong dén tan suat xuat hién cua
c4c tap mat hang ma it quan tam dén céc yéu té khac nhu: loi nhuan (unit profit), trong
luong (weight) hay d6 thu vi (interestingness) ctia cac mat hang.

2.2. Tap hiru ich cao

HUIM la mot huéng nghién ciu mé rong caa FIM khi xem xét ca sb luqng
(quanlity) va loi nhuan (profit) cua cac mét hang trong co s¢ dit li¢u dé khai thac cac tap
muc hitu ich cao. Khai thac HUIs la kham pha tap hop chira tat ca cac tap mit hang thoa
man mot ngudng d6 hiru ich téi thiéu cho trudc, ky hiéu 1a minUtil. Théng thuong,
ngudng d6 hitu ich téi thiéu nay do ngudi dung x4c dinh. Trong thoi gian qua, nhleu
nghlen clru da duoc thyc hi¢n trong linh vuc nay va da co nhiéu thuat toan dugc dé xuat
dé nang cao hiéu qua trong van dé khai thac HUIs.
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Trong giai doan dau, khai thac HUIs chu yéu duoc thuc hién trén hai pha, pha 1
thyc hién tim cac ung vién c6 TWU cao, pha 2 khai thdc HUIs tir danh sach c&c tng vién
tim dugc. C4c thuit toan 2 pha dién hinh nhu: Two-Phase [8], TWU-Mining [22], UP-
Growth [10], UP-Growth+ [23]. Viéc khai thac HUI bgi cAc thuat todn hai pha mat nhiéu
thoi gian va 1ang phi bo nha khi sé luong tmg vién dugc tim thdy c6 thé rat 16n nhung sb
lugng HUI nhan dugc nho. Dé giai quyét van dé nay, nam 2012, Liu va cong su da dé
xuat mot thuat toan dé khai thac HUI c6 tén 1a HUI-Miner (High Utility Itemset Miner)
[24]. Ngoai ra, mét cau trac luu trit 14 utility-list d3 duoc dé xuat dé luu trix ca thong tin
hitu fch cua mot mat hang va thdng tin heuristic nham cit tia khéng gian tim kiém. Mai
bo trong utility-list gdm 3 thanh phan: ma giao dich (tid) chira tip mat hang, d6 hitu ich
cua tap mat hang trong mot giao dich (iutil) va gia tri hiru ich con lai trong giao dich
(rutil). Nam 2017, Zida va cong sy dé xuat thuat toan EFIM [25] khai thac tap hitu ich
cao hiéu qua véi viéc dé xuat hai ki thuat nham giam thoi gian khai thac HUI 1a phép
chiéu giao dich (High-utility Database Projection - HDP) va phép tron giao dich (High-
utility Transaction Merging - HTM). Ngoai ra, nhom tac gia EFIM ciing dé xuét hai
ngudng gigi han trén (upper-bounds) nham thu gon khong gian tim kiém, do 1a: cdy con
d6 hiru ich (sub-tree utility) va d hitu ich cuc bo (local utility). Cling trong nam 2017,
thuat toan HMiner duoc dé xuét boi Krishnamoorthy [26], trong d6 noi bat la cau tric dir
liéu Compact Utility List (CUL) két hop véi nhiéu chién lugc cit tia khac nhau dé khai
thac HUI mét céch hiéu qua.

2.3. Tap hau ich phé bién thuge dwong chan troi

Cac thuat toan vé FIM va HUIM da duoc dé xuat déu cho thay hiéu qua khai thac
cao. Nhiéu nghién ctru ciing duoc thuc hién nham xem xét két hop ca tan suat xuat hién
va d6 httu ich cta cdc tap mat hang cung nhau trong khai thac di liéu [27, 28]. Tuy
nhién, c4c thuat toan nay chu yéu xac dinh tap cac muc hitu ich phé bién dya vao hai
ngudng 1a d6 hitu ich téi thiéu va ngudng hd tro téi thiéu. Viéc xac dinh cic ngudng
chinh xac trong bai toan khai thac dir liéu ludn 1a mot van dé khé khan va quan trong.
Mot hudng nghién cau méi duoc thuc hién nham khai thac cac - tap mat hang hitu ich theo
quan diém wu tién ngudi Sir - dung, theo do tich hop ¥ tusng Vé cac truy van duong chan
troi trong viec khai thac mau. Puong chan troi 1a mot tap hop cac diém ma mdi diém
khong bi théng tri (dominate) bai cac diém khéc dwa trén nhiéu chiéu. Nhiéu nghién ctu
da duoc thyc hién dé khai thac mau sir dung khai niém duong chan troi. Nam 2015,
Goyal va cong su dé xuat thuat toan SKYMINE dé tim cac tap hitu ich phd bién thudc
duong chan troi (SFUP) [19]. SFUP la nhiing tap mit hang khdng bi théng tri boi cac tap
mit hang khéc. Viéc tim ra SFUPs dugc thyc hién bang cach xem xét do hitu ich va tan
suat xuat hién cua céc tap mat hang. Thuat toan SKYMINE duya trén ciu tric cay UP-
Tree va 96m hai giai doan dugc goi la Filter va Refine. Nam 2017, Pan va cong su dé
Xuat thuat toan SFU-Miner khai thac SFUPs trén hai pha [20]. Pha dau tim tat ca cac tng
vién duy kién 1a SFUP, pha 2 duyét qua tat ca cac tmg vién dé xac dinh ung vién nao la
SFUP. Niam 2018, hai thuat toan SKYFUP-D va SKYFUP-B dugc dé xuat bsi Lin va
cong su [21] dé khai thac SFUPs. Ngoai ra, mot cau trdc utility-list hiéu qua ciing duoc
st dung dé khai thac SFUPs thay thé cau tric UP-tree duoc sir dung trong thuét toén
SKYMINE. Céc két qua thyc nghiém ciing cho thay thuat toan SkyFUP dé xuat hiéu qua
hon so véi thuat toan SKYMINE dugc dé xuét trude do.
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3. Cac dinh nghia va ky hiéu

Cho I = {x4,x5,..., X} 12 Mot tdp hop m mat hang (item) khac nhau trong co sé
dix ligu giao dich D = {T;,T,,...,T,} €O n giao dich (transaction), véi VT; € D, T; =
{x|l=1,2,..,N;,x; €I}, trong do N; l1a s6 lugng cac mat hang trong giao dich Tj. Moi
mit hang x; trong I c6 mot gia tri loi nhuan (profit value) 14 Prf (x;). Mi mit hang x;
trong giao dich T; c6 sb lugng mua 1a Pq(x;, T;). Mot vi du vé co s¢ dit ligu giao dich D
dugc cho trong Bang 1 va lgi nhuan cta cac mat hang dugc cho trong Bang 2.

Bang 1: Co so di ligu giao dich D

TID | Giao dich () |°° '“’(‘;”(f) MU bp hivu ich (V) gifa’g g;;ﬁ '(;f;])
T, |ab,cd 2,2,7,10 8,6,7, 20 41
T, |ab,e,f 1,1,2,2 4,3,6,2 15
T; |ae 3,6 12,18 30
T, |bcd 2,5,2 6,5, 4 15
Ts |a,b,e 53,1 20,9, 3 32
Te |a,b,c,d,ef 1,1,4,2,5,2 | 4,3,4,4,15,2 32
T, |c,d 4,5 4,10 14
Ty |b,cd,e 2,1,2,3 6,1,4,9 20

Bang 2: Loi nhudn cua cac mat hang
Mait hang al|lb|c|d|el|f
Loi nhuan 4131112 |3]|1

Tan s6 xuat hién caa mot tap mat hang X trong D, ky hiéu: SUP(X), 1a s6 luong
cac giao dich T; trong co s¢ dit ligu D c6 chira X. Vi du: Trong Bang 1, SUP(b) = 6 va
sup(b,c,d) = 4.

Do hitu ich cia mot mat hang x; trong mét giao dich T;, Ky hi¢u: U(x;, Tj). Vi du:
b6 htu ich cua mat hang {b} trong giao dich T; duoc tinh: u(b,T;) = Prf(b) *
Pq(b,T1) = 3 2 = 6. Do hitu ich cia mét tap mat hang X = {x,, x, ..., x; } trong giao
dich T;, ky hieu: U(X,T;) va duoc dinh nghia: U(X,T;) = Xyex U(x;, Tj). Vi du
U(d,T;) =Prf(d) »Pq(d,T;) =2+10 =20 va U(bcd,T;) = 33. B hiru ich cua
mot tap mat hang X trong co s¢ dir liéu giao dich D, ky hiéu: U(X) va dugc dinh nghia:
UX) = ZXQTJ.ATJ.ED UX,T;)). Vi du: U(a)=U(aT,) + U(aT,)+U(aTs)+
U(a, Ts) + U(a,Ts) = 48 va U(bcd) = 70. Do hitu ich cia mét giao dich T; trong co
so di ligu D, ky hiéu: TU(T;) va duoc dinh nghia: TU(T}) = Zxer; U(xi, Tj). Vi du:
TU(T,) =U(a,T,)+U(b,T,)+U(c,T,)+U(d,T,) =41vaTU(T,) = 15.

Do hitu ich trong sé giao dich caa mot tap mat hang X trong co sé dit liéu D duoc
ki hieu la TWU(X) va dugc dinh nghia: TWU(X) = Zxcrep TU(T;). Vi du
TWU(ac) = TU(Ty) + TU(T) = 73 vaTWU(cd) = 108.
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Mot thir ty toan phan < duoc xay dung dua trén viéc sip xép ting dan theo TWU
cua cac mat hang trong co so dir liéu D. Trong co so dir liéu da cho ¢ Bang 1, thir tu sap toan
phan cac mat hang la: f < ¢ <d < e < a < b. Bang 3 thé hién TWU cua cdc mat hang
sau khi sap tang dan va Bang 4 thé hién co so dir liéu D sau khi sap tang dan theo TWU.

Bang 3: TWU cua cac mat hang sau khi dwoc sdp tang dan

Items flc|d| e | a|b
twu 47 | 122 | 122 | 129 | 150 | 155

Bang 4: Co s¢ dit liéu sau khi sdp tang dan theo TWU

TID Gla(oT()hch So lu’((,;n(?) mua 6 hitu ich (U) Dgggﬁ |((T:‘r}g|ao
T, |cd,ab 7,10, 2,2 7,20,8,6 41
T, |f,e,ab 2,2,1,1 2,6,4,3 15
T; |ea 6, 3 18, 12 30
T, |cd,b 52,2 5,4,6 15
Ts |eab 1,5,3 3,20,9 32
Te |f,c,d,e,a,b| 2,4,2,51,1 | 2,4,4,15,4,3 32
T, |cd 4,5 4,10 14
Ts |cd,eb 1,2,3,2 1,4,9,6 20

Tap tat ca cac mat hang sau X trong T; dugc ky hiéu la T;|X. Vi du: Trong Béang
4, T,|{f,a} = {b} va T,|{d} = {a, b}. PO hiru ich sau tdp mat hang X trong mét giao
dich T;, ky higu: RU(X, T;), 1a tong d¢ hitu ich cua tat ca cac mat hang sau X trong Tj, va
dugc dinh nghia: RU(X,TJ-) = ine(TﬂX) U(x;, T;). Vi du: RU(,T;) = U(a,Ty) +
U(b, T, = 14.

Pé xem xét cung Iic ca hai yéu t6 tan suat va do hiru ich, cac dinh nghia vé khai
thac tap pho bién hitu ich cao duoc trinh bay bén dudi.

Pinh nghia 1. Mot tap mat hang X thdng tri/vuot trdi mot tap mat hang Y trong D
khi va chi khi SUP(X) = SUP(Y)va U(X) > U(Y) hoic SUP(X) > SUP(Y) va
U(X) = U(Y), ky hiéu: X & Y.

Vi du: Trong Bang 1, xét tap mat hang {b} va {a,c}. Ta c6 SUP(b) =6,
SUP(a,c) =2, U(b) =33, U(a,c) = 23. Do @6, {b} = {a,c} vi SUP(b) > SUP(ac)
va U(b) > U(ac). Tuong ty, tap mat hang {b, c} = {f, e, b} vi SUP(bc) > SUP(feb) va
U(bc) > U(feb).

DPinh nghia 2. Mt tap mat hang X trong mot co so di liéu D la mot tap hiru ich
pho bién thude duong chan troi (Skyline Frequent-Utility Pattern - SFUP) khi va chi khi
X khong bi thdng tri boi bat ky mot tap mat hang nao khéc trong co s& dit liéu vé ca tan
Suit va do hitu ich (nghia la khong ton tai bat ky mot tap mat hang Y # X nao thoa diéu
kien: SUP(Y) > SUP(X) va U(Y) > U(X).
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Vi du: Trong Bang 1, tan s6 va do hitu ich caa {b} duoc tinh lan luot 12 6 va 33;
tan s va do hitu ich caa {c, d} duoc tinh lan luot 12 5 va 63; tan sé va do hiru ich cua
{e, a} duogc tinh lan luot 12 4 va 82. Cac tap tap mat hang {b}, {c,d} va {e, a} duoc xem
la cac SFUP vi khong ton tai bat ky tap mat hang nao khéc thong tri ching vé ca tan sb
va d6 hitu ich (nghia 1a khong c6 tap mit hang ndo ¢ ca tan s va do hiru ich 16n hon
nhirng tap mat hang nay).

4. Thuat toan SkyMiner

Trong phan nay, chung t6i d& xuat mot thuat toan khai thac tap hitu ich cao phé
bién thudc duong chén troi. Thuat toan 1 (SkyMiner) 1a thuat toan chinh, c6 dit liéu dau
vao la co s¢ dir liéu giao dich D, di liéu ra la tap Skyline Frequent—UtiIity Patterns
(SFUPs). Khéi dau quét co s¢ dit ligu D dé tinh TWU (i) cho mdi muc i ¢6 trong tap
muc / trinh bay ¢ dong 1. Dong 2 Sap Xép cac mat hang trong tap I ting dan theo gia tri
cua TWU, dong thoi sap xép cac muc cua tat ca cac giao dich trong D theo thu tu cua tap
I. Tir dong 3 dén dong 8 khai tao danh sach utility-list [24] mot phan tir, khai tao cau triic
EUCS [12], khoi tao ciu tric Umax [21] va danh sach két qua SFUPs dé chira cac phan
tr 1A SFUP. Dong 9 goi thuc hién Thuat toan 2 (SearchSFUP). Dong 10 tra vé két qua l1a
tap SFUPs va két thic thuat toan.

Thuat toan 1: SkyMiner

Vao: Co s¢ dit liéu giao dich D.

Ra: Tap tat ca cac muc Skyline Frequent-Utility Parttens (SFUPSs).
1. Quét co so dir lieu D dé tinh TWU (i) cho méi muc i ¢6 trong I.
2. Sip xép tap I tang theo TWU, sap xép cac muyc cua tat ca cac giao dich trong D theo
tha tu cua tap 1.

3. Khai tao danh séach utility-list mot phan tir 12 ULs

4. Khéi tao cau tric EUCS

5. for each k (1 <k <|D]) do

6. Umax(k) = 0;

7. end for

8. SFUPs «;

9. SearchSFUP(null, ULs, Umax, SFUPs)

10. return SFUPs

Thuat toan 2 (SearchSFUP) ¢6 dit liéu dau vao gdm c6 P: utility-list véi vai tro 1a
tién to; ULs: Danh sach cac utility-list co tién t6 1a P; Umax: Danh sach cac d6 hitu ich
I6n nhét theo ting d6 hd tro tai thoi diém tha tuc nay duoc goi; SFUPs: cac tap miat hang
la SFUP du kién tai thoi diém dang xét. Dir liéu ra la tap SFUPs dugc cap nhat. Dong 1
duyét qua ting utility-list c6 trong danh séach utility-list mot phan tir ULs. Dong 2 xac
dinh gia tri Umax (k) véi k = SUP(X) va dit gié tri nay 1a maxUtil. Dong 3, 4, 5 kiém
tra diéu kién néu U(X) > maxUtil thi goi thu tuc UpdateSFUP dé cap nhat tap SFUPs.
Dong 6 &p dung chién luoc tia U-Prune [24] bang céch kiém tra diéu kién, néu U(X) +
RU(X) > maxUtil thi thyc hién cac budc tiép theo dé tao danh sach utility-list mo rong
tir utility-list X, nguoc lai nging ma rong voi X. Dong 9 &p dung chién luoc tia EUCS-
Prune, néu EUCS(X,Y)> maxUtil thi thuc hién thu tuc Construct(P, X, Y) dé tao uility-
list XY tur 2 utility-list X va Y va thém vao danh sach exULs, nguoc lai khong tao utility-
list XY. Dong 13 goi dé quy thu tuc SearchSFUP dé tiép tuc ma rong tap SFUPs.

73



N. T. T. Thuy, M. T. Ly, N. V. Lé, V. V. Vinh / Mét thugt toan hiéu qua d@é trich xudt tap Skyline

Thuat toan 2: SearchSFUP

Vao: P: utility-list véi vai tro 1a tién to;

ULs: Danh séach cac utility-list ¢ tién t5 1a utility-list P

Umax: Danh sach cac do hitu ich 16n nhét theo timg d6 h tro tai thoi diém khai thac.
SFUPs: Tap cac myc la SFUP duy kién tai thoi diém dang xét.

Ra: Tap SFUPs dugc cap nhat.

1. for each Xe ULs do

2. maxUtil = Umax(SUP(X));

3. if U(X) > maxUtil then

4. UpdateSFUP(X,SFUPs,Umax);,

5.end if

6. if U(X) + RU(X) > maxUtil //ap dung chién lugc tia U-Prune

7. exULs = & [/IKhai tao danh sach utility-list mo rong tir X

8. for each Y after X in ULs do

9.if EUCS(X,Y)> maxUtil then //Ap dung chién lugc tia EUCP

10. exULs < Construct(P, X,Y);

11.end if

12. end for

13. SearchSFUP(X, exULs, Umax, SFUPs); /lgoi dé quy thuat toan.
14. end if

15. end for

Thuat toan 3 (UpdateSFUP) vai dir liéu vao gom X: utility-list dang xem xét ¢
kha ning 12 mot SFUP; SFUPs: Tap cac muc skyline frequent utility parttens duy kién tai
thoi diém dang xét; Umax: Danh séch céc tién ich I6n nhat theo timg d6 hd tro. Dit liéu
ra la tap SFUPs va danh sach Umax duoc cap nhat. Dong 1, 2 tim tdp Y € SFUPs sao
cho SUP(Y) > SUP(X), néu khdng ton tai tap Y nao (Y = null) hoic c6 tap Y va
U(X) > U(Y) thi thyc hién cap nhat SFUPs & cac budc tiép theo. Tir dong 3 dén dong 7,
tim cac phan tir Z e SFUPs sao cho SUP(X) > SUP(Z) va U(X) > U(Z) thi x6a Z khoi
SFUPs. Dong 8 dén dong 12 cap nhat danh sach Umax tir vi tri 1 dén vi tri k =
SUP(X), néu Umax(k) < U(X) thi cap nhat Umax(k) = U(X). Dong 13 thém X vao
danh sach SFUPs.

Thuét toan 3: UpdateSFUP

Vao: X: utility-list;

SFUPs: Tap cac muc skyline frequent utility parttens can cap nhat.
Umax: Danh sach cac d6 hiru ich 16n nhit theo tirng d6 hd tro.
Ra: Tap SFUPs duoc cap nhat.

Danh sach Umax duoc cap nhat.

1. Timtap Y e SFUPs sao cho SUP(Y)>SUP(X)

2. ifY =null or U(X) > U(Y) then

3. for each Ze SFUPs do

4.if SUP(X) > SUP(Z) and U(X) > U(Z) then

5. X06a Z khoi SFUPs
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6. end if

7. end for

8. for k = SUP(X) downto 1 do

9.if Umax(k) < U(X) then

10. Umax(k) = U(X);

11.end if

12. end for

13. SFUPs « X: Il X duoc chuyén thanh SFUP, sau d6 dua X vao tap SFUPs
14.end if

Thuat todn 4 (Construct) thuc hién két hop 2 utility-list Px va Py thanh utility-list
Pxy. Dong 1 khoi tao gié tri ban dau cho ULA 1a U(P) + RU(P). Dong 2, 3 duyét qua
tirng phan tir ex e Px va tim phan tir ey € Py sao cho ex. tid = ey. tid. Néu tim thay thi
tao phan tir exy két hop tir ex va ey trong cac truong hop xem xét tai dong 4. Néu
utility-list tién t6 P = & (truong hop 1), nghia 1a utility-list Pxy dang tao twong ¢ng véi
tap mat hang cd tr 3 mat hang tro 1én, nguoc lai (truong hop 2) thi Pxy la utility-list
trong tNg Vi tap mat hang ¢6 2 mat hang. DONg 6 tao phan tir exy Gng véi truong hop
1, dong 8 tao phan tir exy ung véi trudng hop 2, dong 10 thém exy vao utility-list Pxy.
Dong 12 xét diéu kién néu khong ton tai ey € Py ma ex.tid = ey. tid thi 4p dung chién
lugc tia LA-Prune [29] tir dong 13 dén 17. Dong 20 tra vé két qua la utility-list Pxy.

Thuat toan 4: Construct

Vao: P: utility-list véi vai tro 12 tién to.

Px, Py: Hai utility-list can két hop.

maxUtil: Tién ich 16n nhat tai d6 hd trg tuong tng véi Px.
Ra: Pxy: utility-list sau khi két hop Px va Py.

1. Set ULA = U(P) + RU(P);

2. for each element ex € Px then

3.if 3 ey € Py nex.tid = ey. tid then

4. if P = then

5. Tim e € P sao cho e. tid = ex. tid;

6. exy =<ex.tid, ex.U +ey.U —e.U, ey.RU >,
7. else

8. exy =<ex.tid, ex.U +ey.U, ey.RU >;
9.end if

10. Pxy « exy,

12. else

13. ULA = ULA — ex.U — ex.RU;

14. if ULA < maxUtil then // 4p dung chién lugc tia LA-Prune
15. return null;

16. end if

17. Continue;

18. end if

19. end for

20. return Pxy,
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5. Thuc nghiém

Thuat todn SkyMiner duoc cai dat béng ngbn ngwr 1ap trinh Java, trén may tinh
Dell Precision Tower 3620, Intel Core i7-7800X CPU @3.5GHz, b6 nhd RAM 32GB
trén hé diéu hanh Windows 10. Cac co s& dit liéu thir nghiém gém Chess, Mushroom,
Accident, Foodmart, Retail, Chainstore duoc tai tir thu vién SPMF [30] va co so dir liéu
téng hop c6 tén 1a T1014N4KD500K [31]. Chi tiét cac co so dit liéu duogc trinh bay trong
Bang 5. Thuc nghiém cua thuat toan SkyMiner duoc so sanh véi thuat todn moi nhat
cuing khai thac tap SFUPs Ia SkyFUP [21]. Két qua thuc nghiém dugc danh gia dwa trén
thoi gian thyc thi, dung luong bo nhé st dung va sé luong tng vién tao ra trong qua trinh
thyc thi cta 2 thuat toan.

Bang 5: Pdc diém cdc co sé di ligu thiee nghiém

Co siv di licu S_f') lwong S6 lugng | Dy daitrung | D§ day

* giao dich | mat hang (1) binh (A) (A1) %
Chess 3,196 75 37 49.3333
Mushroom 8,124 119 23 19.3277
Accident 340,183 468 33.8 7.2222
Foodmart 4141 1559 4.4 0.2822
Retail 88,162 16,470 10.3 0.0625
Chainstore 1,112,949 46,086 7.3 0.0158
T1014N4KD500K 500,000 3547 10 0.0028

5.1. So sanh thei gian thc thi

Thoi gian thuc thi caa 2 thuat toan trén cac co so dit liéu thur nghiém duoc trinh bay
trong Bang 6. Két qua cho thay thoi gian thyc thi caa thuat toan SkyMiner nhanh hon thut
toan SkyFUP ¢ tat ca cac bo dir lidu thir nghiém. Voi cac co s dir liéu day nhu Chess,
Mushroom va Accident thi thoi gian thuc thi cua thuat todn SkyMiner nhanh hon thuét toan
SkyFUP nhung khong dang ké do 2 chién lugc tia EUCS-Prune va LA-Prune khong loai
bo duoc nhiéu ung vién. Tuy nhién, ddi voi cac co so dit liéu thua nhu Foodmart, Retail,
Chainstore va T1014N4KD500K thi thoi gian thuc thi caa thuat toan SkyMiner nhanh hon
nhiéu so véi thuit toan SkyFUP. Cu thé, véi co sé dit liéu Foodmart, thuat toan SkyMiner
c6 thoi gian thyc thi 13 0.03 gidy, nhanh hon 10 1an so véi thuat toan SkyMiner 12 0.31 giay.
bac biét, vai co so dit liéu Chainstore, thoi gian thuc thi caa thuat toan SkyMiner la 24.01
gidy, nhanh hon 88 1an so vai thuat toan SkyFUP.

Dé so sanh thai gian thuc hién theo d6 16n cua cling mot co sé dit liéu, ching
téi thuc nghiém trén co so dir liéu TI0I4N4KD[X|K c¢6 d6 lon [X]| ting trudng tir
100,000 giao dich dén 500,000 giao dich. Két qua trinh bay & Hinh 3a cho thay thoi
gian thuc hién cua thuat toan SkyMiner chi ting nhe & muc thap tir 1.37 gidy (IX| =
100,000) dén 4.72 giay (JX| = 500,000). Trong khi d6, thuat toan SkyFUP c6 thai gian
thuc hién ting tuyén tinh manh theo do 1on tir 49.6 giay (|X| = 100,000) dén 335.7 gidy
(IX| = 500,000). Két qua nay cho thay véi cling mot co s¢ dir liéu thi thuat toan
SkyFUP kém hiéu qua khi sb luong giao dich ting cao, trong khi hiéu suat thyc thi cua
thuat toan SkyMiner van 6n dinh.
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Bang 6: So sanh thoi gian thyc thi cua hai thugt toan SkyFUP va SkyMiner

Pon vi (giay) SkyFUP SkyMiner
Chess 33.37 31.82
Mushroom 1.58 141
Accident 985.61 969.98
Foodmart 0.31 0.03
Retail 78.47 2.69
Chainstore 2,128.55 24.01
T1014N4KD500K 334.71 4.72

5.2. So sanh bg nhe si dung

Bang 7 trinh bay b6 nhé st dung cua 2 thuét toan. Vi cac co s¢ dir liéu day nhu
Chess, Mushroom va Accident c6 sé luong mat hang tuong déi thap (Bang 8) nén viéc
khoi tao cau tric EUCS (chién luoc 3) khong anh huong nhiéu dén bo nhé sir dung cua
thuat toan SkyMiner. Do d6, dung lugng b nhd sir dung caa thuat toan SkyMiner thap
hon thuat thuat toan SkyFUP. Dat biét hon, cac co s¢ dir liéu c6 do day trung binh nhu
Mushroom va Accident thi dung luong b nhé st dung cua thuat toan SkyMiner thap hon
khoang 2 lan so voi thuat toan SKyFUP. Cac co s dit liéu thua nhu Foodmart, Retail,
Chainstore va T1014N4KD500K thi bo nhé sir dung cua SkyMiner hiéu qua hon thuéat
toan SkyFUP & cac co sé dit lidu c6 sé lugng mat hang thip nhu Foodmart (1559 mat
hang) va T1014N4KD500K (3547 mat hang), trong khi do, thuat toan SkyMiner kém hiéu
qua hon thuat toan SkyFUP trén cac co s& dit liéu cd sé lugng mat hang rat 16n nhu
Retail (16,470 mat hang) va Chainstore (46,086 mat hang), két qua nay cho thay viéc ap
dung chién lugc tia EUCS-Prune s& s dung nhiéu bo nhd hon déi véi cac co sé dit liéu
6 s6 luong mat hang 16n. Vi co so dit lieu T1014N4KD|X|K, thuat toan SkyMiner sir
dung bo nhé thap hon thuat toan SKyFUP & tat ca cac ngudng do 1on [X| tir 100,000 dén
500,000 (Hinh 3b). Két qua nay cho thiy voi co sé dit liéu thua co sé lwong mat hang
trung binh thi thuat toan SkyMiner luén str dung bo nh¢é it hon thuat toan SkyFUP, khéng
phu thudc vao d6 16n co so dir lidu.

Bang 7: So sanh bg nhé sur dung cua hai thugt toan

Pon vi (MB) SkyFUP SkyMiner
Chess 2,043 2,042
Mushroom 1,366 725
Accident 5,624 2,796
Foodmart 1,488 756
Retail 1,579 2,114
Chainstore 2,766 10,294
T1014N4KD500K 3,440 2,462
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5.3. So sanh sé lwgng ing vién
Bang 8: So sanh sé lirong #ng vién phéat sinh cia hai thugt toan

Pon vi (tng vién) SkyFUP SkyMiner
Chess 3,397,909 2,552,448
Mushroom 40,949 32,565
Accident 2,555,599 1,889,989
Foodmart 39,721 2,190
Retail 5,158,951 857,461
Chainstore 30,426,801 1,072,259
T1014N4KD500K 6,108,502 50,534

Bang 8 trinh bay sb luong tng vién tao ra trong qua trinh khai thac SFUP cua hai
thuat toan trén tap cac co sé dir liéu thuc nghiém. Két qua cho thay véi cac co s dir liéu
day nhu Chess, Mushroom va Accident thi thuat toan SkyMiner tia ang vién tét hon thuét
toan SkyFUP, tuy nhién, su chénh léch 1a khong dang ké. Vi cac co so dit liéu thua nhu
Foodmart, Retail, Chainstore va T1014N4KD500K, thuat toan SkyMiner cho thiy hiéu
qua cat tia tng vién vuot trdi so véi thuat toan SkyFUP. Sb luong (ng vién do thuat toan
SkyMiner sinh ra it hon tir 6 dén 120 lan so véi thuat todn SkyFUP. Véi co so dit liéu
T10I4N4KD|X|K, kich thudc co so dir liéu ting tir 100,000 dén 500,000 thi sé luong tng
vién sinh ra caa thuat toan SkyMiner it hon nhiéu so véi thuat toan SkyFUP (Hinh 3c).
Cu thé, thuat toan SkyMiner sinh ra tir 45,200 dén 50,534 @ng vién, trong khi sé lugng
g vién sinh ra cua thuat toan SkyFUP tir 2,497,428 dén 6,108,502. Két qua nay ching
t6 rang cac chién lugc tia duoc 4p dung trong thuat toan SkyMiner da lam giam s6 luong
g vién mot cach dang ké, tir d6 ting hiéu suat thyc thi cua thuat toan, dat biét véi hai
chién luoc tia LA-Prune va EUCS-Prune.

TL0I4N4KD | X| K T10IANAKD | X| K T1014N4KD | X|K
350 h 3500 1 ‘Lg?n" 7000
== 300 3000 | =, 6000 !
@ ) S
20 250 A = 2500 - ¢ s000
= o &0
S 200 2 2000 1 5 4000
2 2 @
2 150 7 1500 A £ 3000 -
& 2 3 i
B0 100 < 1000 @ 2000
-0 O
Z =
F 5o @ SDUE 1000 -|
0 v g 7 o T T T o ¥ ¥ Y
100 200 300 400 500 100 200 300 400 500 100 200 300 400 500
Kich c& dataset | X | (1000s) Kich c& dataset | X |{1000s) Kich c& dataset | X | {1000s)
a) Thei gian thye thi b) B{ nhé sit dung €) 50 lrgng 1ng vién

—8-SkyFUP —&—SkyMiner

Hinh 3: So sanh hiéu sudt thue thi trén co sé dir liéu T1I014NAKD|X|K

6. Két luan

Bai bao nay dé xuat thuat toan SkyMiner dé khai thac SFUPs trén co so dit liéu
giao dich dua trén d¢ hiru ich va tan suat xuat hién cua tap mat hang. Cau trac utility-list
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duoc st dung dé t6 chirc, luu trit dit liéu trong qué trinh khai théac. Ngoai chién luoc tia
U-Prune da dugc ap dung trong cac thuat toan khai thac tap SFUPs trudc day, chung toi
4p dung thém hai chién luoc tia 12 LA-Prune va EUCS-Prune dé ting hiéu suat thyc thi
cua thuat todn. Két qua thuc nghiém cho thay thuat toan SkyMiner cho két qua tét hon
thuat toan méi nhat 1a SkyFUP vé thoi gian thuc thi, bo nhé sir dung va sé luong tng
Vvién sinh ra trong qué trinh khai théac.

Huéng phat trién tiép theo 1a cai tién ciu tric dir liéu luu triv dé tang hiéu sut
thuc thi cua thuat toan trén cac co so dit liéu day, khai thac SFUPs trén cac dang co so dir
liéu khac nhu co s¢ dir liéu tang truong (increamental database), co s¢ dir liéu dong
(dynamic database).
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SUMMARY
AN EFFICIENT ALGORITHM TO EXTRACT SKYLINE ITEMSETS

Nguyen Thi Thanh Thuy, Manh Thien Ly,
Nguyen Van Le, Vu Van Vinh
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Mining skyline frequent-utility patterns (SFUPs) is the discovery of itemsets that
surpasses all other itemsets in both frequency and utility in transactional database. The
discovery of these itemsets is important for managers in finding items that customers
buy many times and bring high profits for businesses. In recent years, there have been
many algorithms proposed to exploit skyline frequent-utility patterns, of which
SKYFUP-D is the most efficient algorithm. However, this algorithm still has limitations
in both execution time and storage space. In this paper, we propose an effective method
to exploit SFUPs faster by applying pruning strategies to reduce the number of
candidates. Experimental results show that the execution time and storage space are
significantly improved.

Key words: SFUPs; skyline frequent-utility itemset; EUCS; LA.
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