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TOM TAT— Khai thac cic tip muc hitu ich cao (HUIs) 12 mdt chit d néng héi hién nay vé khai théc dit lidu. C4c thuat todn
tién héa trong tw nhién dang ngay cang thu hit chi y, vi ching c6 lgi thé tranh bung né t6 hgp khong gian tim kiém. Trong sé
cac thuit toan tién héa trong tw nhién dwoc st dung dé khai thac HUISs, thuit toan tdi wu bay dan (PSO) 1a phd bién nhit. PSO
khai thac HUI dwa trén sy chuyén ddi vi tri khong ngirng theo ham sigmoid cho van t6c. Trong bai bdo nay, ching t6i dé xuit
mot thuit toan HUIM dwa trén bd PSO (S-PSO) dwoc goi 1a HUIM-SPSO, trong dé chd yéu xem xét cac phan tl & cac vi tri c6
van tdc 1én. Ching t6i thuc hién mé hinh héa HUIM béng S-PSO va giai thich HUIM-SPSO mét cach chi tiét. D& phan 4nh dwoc
sy da dang cla cac két qua khai thac, ching t6i dé xuit thwéc do bit d€ chinh stra khoang cach. Két qua thwe nghiém cho thiy
thuat todn HUIM-SPSO hiéu qua va cé thé khdm pha nhiéu HUI hon v&i mie d6 da dang cao.

Tir khéa— Khai pha di liéu, tip muc hiru ich cao, t8i wu dwa trén bay dan, khodng cach chinh stra bit.
I. GIOI THIEU

Khai thac tAp phd bién hitu ich cao (HUIM) [9, 12] 1a mot phén cha khai thac tAp phd bién dwoc sir dung d€ kham
pha cac tap muc c6 loi nhudn cao bing cach xem xét ca s lwgng va gia tri ciia mot hang muc. Hau hét cac thuat
todn HUIM hién c6, dugc thiét k€ @€ kham pha tit ca cac tdp muc hitu ich cao (HUIs). Vi sw bung no t6 hop cac
hang muc trong khéng gian tim kiém cta tat ca cac HUI, nén hiéu suit clia cac thuét toan chinh xac c6 xu hwéng
nhanh chéng suy gidm theo kich thwéc cha co s¢ dir liéu (CSDL) va tré nén khong thé chdp nhin dwoc trong
CSDL 1én. Hon nita, d6i véi cac ing dung nhu hé théng khuyén nghi, khong cin st dung tit ca cac HUI [14].

Mot s6 thuat toan ti€p can HUIM da dwoc dé xudt sir dung cac thuat toan tién héa (EA), ching han nhw thuat toan
di truyén (GA) [3], t8i wu héa bay dan (PSO) [5, 6], va dan ong nhan tao (ABC) [10]. Mic du cac thuit toan nay c6
thé kham pha cac tip phé bién hop 1y trong thoi gian c6 thé chip nhan dwoc, viéc xac dinh 1am thé nao d€ nhan
dién nhiéu hon HUI trong mdt so 14n ldp gidi han 1a mot thach thirc 1ém.

Thuét toan PSO la mét trong nhitng thuat toan EA dwoc st dung rong rai trong cac nghién ctru trudc day [5, 6],
vi vy chiing t6i cling xem xét bai toan HUIM theo hwéng PSO. Khac véi ma hoa nhi phan so do PSO [4] st dung
cho HUIM, dwoc dua trén b PSO (S-PSO) do Chen va dong sw dé xuit [1] dwoc tin dung trong thuét todn cia
ching toi. P6i v&i S-PSO, vi tri dwoc cp nhat theo ciu tric ctia bd cit, dé duy tri cac vi tri c¢6 t6c do cao.

S dung S-PSO, chung tdi dé xuit mot thuit todn HUIM hiéu qua dwoc goi 1a HUIM-SPSO. Trwéec tién, ching toi
xac dinh lai cic hoat déng S-PSO cho vin dé HUIM. Sau dd, chiing t6i mo ta thuit toan dwoc dé xuit mot cach chi
tiét. D€ thé hién tinh wu viét cia S-PSO ddi véi van dé HUIM, ching toi xac dinh khoang cich chinh stra bit d€ do
tinh da dang ctia cac két qua khai thac. Cac két qua thir nghiém cho thiy HUIM-SPSO khéng chi hiéu qua ma con
c6 thé kham pha nhiéu HUI hon véi miée d6 da dang cao.

Céac phin tiép theo duwgc b6 cuc nhuw sau. Phan 2 danh gia cac cong trinh lién quan. Phin 3 mot sd khai niém vé
HUIM va SPSO. Phan 4 trinh bay vé thuit todn HUIM-SPSO. Phén 5 trinh bay cic thwc nghiém. Cudi ciing, phan 6
rut ra cac két luan.

II. CAC CONG TRINH LIEN QUAN

Cac thuit toan trwdc diy theo quy trinh hai giai doan. Giai doan d4u xac dinh cac ng vién HUI dung m6 hinh
TWU. Sau dé, giai doan hai loc cac HUI thic sw bing cach quét CSDL géc [9, 12]. Cac thuat todn hai giai doan
thwong tao ra nhiéu (rng vién, din dén khong gian tim ki€ém khdng 16 va chi phi tinh toan cao. Vi thé, nhitng thuat
toan 1 giai doan khong c6 (rng vién dwgc gidi thiéu. V&i moi thuat todn mot pha, ciu tric dir liéu, chdng han nhw
danh sach hitu ich [8] va chudi danh sach hitu ich chinh x4c [7], dwoc st dung khadm pha rat hiéu qua cac HUI.

Gan day, cac thuit toan tién héa dwoc str dung dé duyét qua khong gian tip muc &rng vién rong 1én véi thoi gian
chip nhin dwoc @€ khai thiac cdc HUI. Hai thuit todn HUIM, HUPEUMU-GARM va HUPEWUMU-GARM, dwa vao
thuit giai di truyén, dwgc dé xuit trong [3]. Khdc nhau giita ching 14 thuit toan thit hai khong yéu ciu mot
ngudng hitu ich tdi thiéu. VAn dé chinh cta hai thuat toan nay 1a dé dang c6 xu hwéng roi vao t6i wu cuc bo.

S dung t0i wu dan kién, Wu va déng sw dé xuit mot thuit toan HUIM khéi tao mét d6 thi dinh tuyén truéc khi
tdt ca con kién bit d4u hanh trinh clia ching [13]. Mot con kién c6 thé phat sinh vai tdp muc &ng vién trong sudt
hanh trinh ctia né. Vi thé, mbi nit trong dd thi dinh tuyén biéu dién mot tAp muc cu thé cé thé dwgc lwgng gia dé
xac dinh xem c6 phai la HUI khong.
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Song va Huang nghién ciru vidn dé HUIM tir quan diém cuta thuat todn ABC [10]. Thu4t toan HUIM-ABC dwoc dé
xuat dé kham pha cac HUI bing cach 1ap m6 hinh cac tdp muc dwéi dang ngudn mat hoa. Vé&i mbi ngudn mat hoa,
ba loai ong dwoc st dung dé 13p di lap lai viéc t8i wu hoda tuan tu.

M@i day nhat, Fournier va déng sw dé xuit hai thuit todn HUIM dwa theo thuit toan leo doi va luyén kim [15].
Thuat toan HUIM-HC kham pha cac HUI bing cach 1ap mé hinh quan thé dé tim gidi phap t6i wu. Thuat todn
HUIM-SA kham pha cac HUI bang cach 1ap mé hinh quén thé dé tim giai phap t8i wu, tuy nhién tranh dwoc t8i wu
cuc bd ctia leo doi. Song va dong sw dé xuit thuit toan HUIM-FA dwa trén dan ca [16] mé phdong hanh vi bay dan
cla ching d€ kham pha cac HUIL

Trong sO cac thuit toan tién hoéa khac nhau, thuit toan PSO 1a thuit todn dwgc st dung réng rii trong HUIM.
HUIM-BPSOsig [5] va HUIM-BPSO [6] 14 hai thuit todn dwa trén PSO dé khai thac cic HUI. HUIM-BPSO hoat déng
tot hon HUIM-BPSOsig nho stt dung ciu tric cdy OR/NOR.

Ngoai véc to van téc va vi tri trwdc d6 dwoc dung béi lwoe d6 ma nhi phan PSO trong cac thuét todn hién cd, thi
tap cit cling dwoc dung trong S-PSO dé& cap nhat vi tri. Vi thé, mdi phan tir twong (rng dén cac véc to van téc cao
c6 xu hwdng c6 nhiéu co hoi dwoc gitr lai trong lan 13p tiép theo, nhw thé cé thé tao nhirng két qua véi da dang
cao. Theo su hiéu biét tot nhit ctia ching tdi thi S-PSO chwa dwoc st dung trong HUIM.

I1I. MOT SO KHAI NIEM CO’ BAN

A. KHAI NIEM VE HUIM
Cho I = {iy, iy, ..., i} 1a mot tip hop hiru han cdc hang muc. X < I dwoc goi la tip muc. Cho D = {T}, Ty, ..., T}
14 CSDL giao dich. Mdi giao dich T; € D, v&i dinh danh duy nhét tid, 1a mot tAp con cua I.

D6 hitu ich néi q(i,, T,) biéu dién cho s6 lwong hang muc ip trong giao dich T;. D6 hiru ich ngoai p(i,) 1a gia tri
lgi nhuén cta hang muc i,. D6 hitu ich cua hang muc i, trong giao dich T; dwgc dinh nghia nhw sau u(ip, Td) =
p(ip) X q(iy,Tq). PO hitu ich cia tdp muc X trong giao dich T; dwgc dinh nghia nhu sau
ulX,T;) = Zipex,\xgdu(ip, Ty). P6 hitu ich cia tdp muc X trong D dwgc dinh nghia nhw sau u(X) =
2 xcry Argep U(X, Tg). PO hitu ich giao dich ctia giao dich T, dwoc dinh nghia nhw sau TU(T,) = u(Ty, Ty). D€
khai thac HUIs, ngwdng hitu ich t6i thiéu §, dwoc xac dinh béi ngwdi dung, dwoc dinh nghia nhw 1a phin trdm cia
tdng gid tri TU cha CSDL, trong d6 gid tri hiru ich tdi thiu dwgc dinh nghia nhw sau min_util = § X
Yr4ep TU(T4). Mot tap muc X duoc goi 1a mét HUI néu u(X) = min_util. Cho mdt CSDL giao dich D, nhiém vu
ctia HUIM 14 x4c dinh tit ca cac tAp muc ma cé do hiru ich khong nhé hon min_util.

Do hiru ich giao dich c6 trong s6 (TWU) cta tdp muc X 1a téng ctia d6 hiru ich giao dich tit ca cac giao dich cé
chira X, dwgc dinh nghia nhw sau TWU(X) = ¥ xcr, argep TU(Tq) [9]. X 1a mdt tdp muc TWU (HTWUI) néu
TWU(X) = min_util. M6t HTWUI v&i k hang muc dwoc goi 1a k-HTWUI. Diéu d6 dwgc chirng minh trong [9] rdng
HTWUIs thoéa min thudc tinh déng chian dwéi cla giao dich trong s6, va tit cd HUIs déu la HTWUIs.

Xem xét CSDL giao dich trong bang 1 va loi nhuén trong bang 2. D€ thuin tién, chiing t6i viét tip muc {C, E} 1a
CE. Trong CSDL vi du, d¢ htru ich ciia hang muc E trong giao dich T, lau(E,T,) = 3 x 1 = 3, d¢ hitu ich cua tip
muc CE trong giao dich T, 1a u(CE, T,) = u(C,T,) + u(E,T,) = 6 + 3 =9, va d6 hitu ich cia tip muc CE trong
CSDL giao dich la u(CE) = u(CE, T,) + u(CE,T,) = 24. Cho min_util = 35, v&i u(CE) < min_util, vy CE khéng
la mét HUL TU cua T, la TU(T,) = u(ABCDE,T,) = 18, va nhitng d6 hitu ich cia nhirng giao dich khac dwoc
trinh bay trong cdt thit ba clia bang 1. TWU cta tdp muc CE 1a TWU(CE) = TU(T,) + TU(T,) = 48, vay CE la
mot HTWUL

Bang 1. CSDL vidu

TID Giao dich TU
T, | (B,1),(C3),(D,5 35
T, | (44),B,1D,C1D,D1,(ED 18
T; | (4,4),(C2),(D,5 31
T. |(C2),(D5),(E1D 30
Ts | (A,5),(B,2),(D,5),(E,3) 33
T, | (4,3),(B,1),(C,1),(D,1) 14
T, | (D,1),(E,1),(F,2) 8

Bang 2. Bdng lgi nhudn

Hang muc A B C D E F
Lgi nhuin 1 2 6 3 3 1
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B. KHAI NIEM VE S-PSO
PSO 1a thuit todn tién héa (EA) mé phong hanh vi xa hoi clia dan chim va dan ca [4]. Trong thuit todn ban dau,
mot vai ca thé dwoc khéi tao ngiu nhién. Mdi ca thé di chuyén vé phia gi4 tri t6i wu theo hai phwong trinh sau:

Vec,(t+1) =w X Vec;(t) + ¢, X 1, X (PBestl- — Posi(t)) +c, X1 X (GBest — Posi(t)), (1)

Pos;(t + 1) = Pos;(t) + Vec;(t + 1), (2)

Trong d6 Vec;(t) va Vec;(t + 1) 1a nhirng véc to van toc clia cd thé thi i tai lan 13p thi t va t+1 twong Gng;
Pos;(t) va Pos;(t + 1) 1a nhitng vi tri cia ca thé thiy i tai lan 13p thi t va t+1 twong ng; PBest; 1a vi tri tot nhat
trwdc d6 chia ca thé thir i; GBest 12 vi tri tdt nhat hién tai cta tat ca cac c4 thé; 3 hdng w, ¢; va ¢, 1a cac hé sb trong
s6; va ry, 1, 1a nhitng s6 phat sinh ngiu nhién trong pham vi (0, 1).

T4t ca nhirng ca thé cip nhat véc to van téc va vi tri lién tuc cho dén khi giai phap t6t nhat dworc tim thiy hoidc da
dat dén s6 1an 13p t6i da cho trwéc.

Viéc cap nhat véc to van téc clia S-PSO: trong S-PSO, mdt véc to van tdc 1a mot tap cac xac sudt kha niang clia mbi
phin tir dang dwgc diung trong viéc cap nhat vi tri [1]. Cho E 1a mét tip cha nhitng gidi phap c6 thé. Vec dugc
dinh nghia dwa trén E nhw sau:

Vec ={p(e)le € E}, 3)
S dung dinh nghia véc to van tdc trong cong thirc 3, viéc cip nhit cha véc to van tdc trong cong thirc 1 dwoc
thwc hién b&i bon loai tinh toan sau day [1]:

Hé s8 X véc to van tdc: Cong thirc 1 gobm 3 phin. Phin d4u tién thudc vé loai nay va co6 thé dwoc dinh nghia nhw
sau:

c xVec={p=(e)le €E}, (4)
Trong do:
_(Llifcxple)>1
px(e)= {c x p(e), otherwise ()

(1) Vi tri - vi tri: Trong cong thirc 1, phan th hai va phin thit ba bao gbm tinh todn sw khac biét gitra vi tri
tdt nhat cuc bé va vi tri hién tai, gitra vi tri tot nhit toan cuc va vi tri hién tai. Cho Pos, va Posg 12 2 vi tri.
Viéc tinh toan sw khac biét gitra 2 vi tri dwgc dinh nghia sau:

Pos, — Posg ={e|e € Pos, ANe & Posg}, (6)

(2) Hé sd x (vi tri - vi tri): Sau khi trir di vi tr hién tai tir ca hai vi tri t6t nhit cuc bd va toan cuc, viéc tinh
todn ctia 2 phén cudi cung dwgc phin vao loai nay. Twong tw, c6 thé dinh nghia sau:

cE'={p'(e)| e € E}, (7)
Trong do:
l,ife eE'andc > 1
p'(e)= {cife EE'and0 <c <1 (8)
0,if e ¢ E'

(3) TOng cha tap cic xac suit: Tinh toan cudi cliing la téng cua 3 véc to van téc. Dt Vec, = {p,(e)|e € E},
Vec, = {p,(e)|e € E}vaVec; = {ps(e)|e € E}1a 3 tip xic suit dwgc xac dinh trong E, trong d6 tong cia
Vecy, Vec, va Vecy dugc dinh nghia sau:

Vec, + Vec, + Vec; = {max(p,(e),p.(e), ps(e))l e € E}, ()
Cap nhat vi tri cia S-PSO. Sau khi cip nhat véc to van tdc, mot s6 phat sinh ngiu nhién a = (0,1) dwoc khéi tao
cho mdi c4 thé. V&i mbi phan tir thit j clia Vec;, néu xac suit twong &ng clia né p(e) khong nhé hon «, thi p(e)
dwoc gitr lai, nghia la:

; j = J >

cut, (Vec)) = {p(e), if ple) = Vec) Ap(e) = a (10)
0, otherwise

Tap clia véc to van téc Vec;, véi mbi phan tir dwoc tinh toan béi cong thirc 10, dugc goi 12 tip cit. Vi tp cit va

vi tri trwére do, vi tri cap nhat trong S-PSO ciling dwoc tinh trong cong thic 2.

C. MO HINH HUIM DUNG S-PSO
Trong bai bao nay, mdi ca thé dwoc biéu dién béi hai loai véc to dé biéu dién van tdc va vi tri.
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Dinh nghia 1. Cho SN 1a kich thuéc quan thé, N, 12 s6 lwgng ctia cac 1-HTWUI, va tit ca cac 1-HTWUI dwoc sdp
xép theo mot thi tw tong thé (vi du nhw thi tw tir veng) trong suét toan bd viéc xit Iy khai thac dir liéu. Mot véc
tovan t6c V;(1 < i < SN) 1a mot véc to véi N, phan ti, va véi mbi phan ti Vij la mdt xac suit, twong ng véi van
tdc clia phan ti 1-HTWUI thit j, dwoc dung trong viéc cip nhat vi tri; va mot véc to vi tri P;(1 < i < SN) 1a mot
véc to nhi phan véi N, phan tit, va mdi thanh phan Pij hodc 1a 0 hodc1a 1, cho biét phan tir 1-HTWUI thi j nao la
ving mit hay c6 mit trong P; twong tng.

Vi hai véc to ndy, mot véc to van tdc thay ddi theo vi tri trwedc dd, va mot véc to vi tri thi thay ddi theo véc to
van tdc va dai dién mot tip muc &ng vién méi. Cu thé, néu vi tri thir j cia mot véc to vi tri chiva 1, hang muc & vi
tri th j, dwa theo tong thi tw, thi sé c6 trong HUI tiém ning; ngwoc lai, hang muc nay khong dwoc bao gom va
khong phai 12 mét HUI tiém ndng. D6i véi mot véc to vi tri P;, bit thi j cia ndé dwgce khoi tao hodc 1a 1 hodc 0
dung banh xe roulette dé lwa chon v&i xac suit.

p(P) =

Trong d6 N, 1a s6 lwgng cia cac 1-HTWULL

TWU (item;)
Yre, TWU (itemy,)’

(11

Trong mdi Ian 13p ctia S-PSO, ham thich nghi dwoc tinh todn dé mé ta dic trung van dé téi wu héa. Goi X 12 mot
tap muc dugc bidu dién béi mot véc to vi tri P D6 hitu ich clia X dugc st dung nhuw ham thich nghi sau:

fitness(P;) = u(X), (11)
Chung t6i cling can dinh nghia lai viéc tinh todn cda loai tinh toan th hai (vi tri - vi tri). Goi P, va P, 1a hai véc to
vi tri v&i N, phan ti. Ching tbi dinh nghia sau:

dP = P,— P, ={dP,J]1<i <N}, (12)
Trong dé
£ pi i _
dp, = {1, if P} = '1 and P, =0 (13)
0, otherwise

IV. THUAT TOAN HUIM-SPSO

A. BIEU DIEN THONG TIN HANG MUC BANG BITMAP

Trong HUIM-SPSO chung t6i dung bitmap, 1a mot biéu dién hiéu qua thong tin ctia hang muc trong thuat toan
HUIM [11]. Cu thé, cic tAp muc dugc biéu dién béi 1 bitmap téng bao. Trong 1 bitmap tdng bao, c6 mot bit cho
mdi giao dich trong CSDL. Néu hang muc i xuit hién trong giao dich T} thi bit j ctia bitmap tng bao ddi v6i hang
muc i dwoc bit 1én 1; ngwoc lai 1a 0. Piéu nay ap dung cho tit ca tip muc. Cho X 1a mét tp muc. Bit(X) twong
(rng v&i bitmap téng bao dé biéu dién tap giao dich d6i véi tAp muc X. Goi X va Y 12 hai tAp muc. Bit(X U Y) duoc
tinh toan nhw la Bit(X) n Bit(Y), d6 la phép toan bitwise-AND cia Bit(X) va Bit(Y). Do dd, cac gia tri hitu ich
clia cac tAp muc dich c6 thé dwoc tinh todn mot cach hiéu qua bang viéc st dung toan ti bitwise.

B. THUAT TOAN HUIM-SPSO

Theo trinh bay & trén, thuit toan HUIM-SPSO dwa trén S-PSO (HUIM-SPSO) dwoc trinh bay trong thudt toan 1
dwdéi day.

Algorithm1  HUIM-SPSO

Input Kich thwéc quan thé SN, gid tri hiru ich t6i thi€u min_util, s6 1an ldp tdi da max_iter.
Output Cac hang muc c6 do¢ hitru ich cao HUI
1. Goiham Init()

2. iter=1

3. whileiter < max_iter do

4. for i=0to SN do

5. Tao ngiu nhiénry var,

6. Tinh V; dung c6ng thirc 1.

7. Tao ngiu nhién «

8. for j=1to N. do

9. if V) <« then

10. V=0

11. end if

12. end for

13. Goi ham Position_update(P;)

14. X =1IS(P)
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15. ifu(X) = min_utiland X ¢ SHUI then
16. X - SHUI

17. end if

18. X, = IS(Pbest;)

19. if u(X) > u(X;) then

20. Pbestl’ = Pi

21. end if

22. end for

23. Tim GBest trong s6 SN cé thé

24. tang iter 1én 1

25. end while
26. Tra vé tit ca cac HUI trong SHUI

Trong thuit toan 1, thi tuc khi tao (dwgc md ta trong thuét toan 2) dwoc goi trong bwdc 1. Sau do, sé budc lap
duoc gan bang 1 (buéc 2). Vong 1ap chinh (tir buéc 3 dén bwdce 25) Lip lai viéc cAp nhat cac véc to van téc va vi
tri cho dén khi dat dwoc s6 1an 13p t6i da. Vong lap tir buwdc 4 dén budc 22 xi Iy tirng ca thé riéng 18. D6i véi mbi
cé thé P;, budc 5 tao ra hai s6 ngiu nhién trong pham vi (0,1). Lwu y chiing toi thiét 14p gia tri ciia w,c; va ¢,
trong céng thirc 1 1a 1 trong thuit todn nay. Véc to vin téc dwoc tinh toan trong bwéc 6. Budc 7 phat sinh 1 s6
ngiu nhién « dé hiéu chinh véc to van tdc. Khi d6, véc to van tdc V; cla tirng ca thé duoc liét ké dwoc cap nhat
trong vong 13p tir buérc 8 dén budc 12. Vi tri thi dwoc cap nhat bang cach goi thi tuc dwgc md ta trong thuat toan
3. Bwéc 14 xac dinh tip muc twong ¢ng véi ca thé dang liét ké. Ham IS() tra vé tAp muc X bang cach hgp nhit
nhitng hang muc trong P; néu gia tri ctia né la 1. TAp muc dwgc xac dinh méi dwoc lwu trong SHUI néuné la 1
HUI va chua dwoc phat hién trwéc ddy. SHUI 1a tap cia cdc HUI dwoc khdm pha. Buwéc 18 dén buwdc 21 cap nhat
gia tri cuc bo t6t nhit clia cac ca thé dang liét ké. GBest dwgc cip nhat ca thé twong &ng v&i cdc HUI dwgec kham
phé véi gia tri do hitu ich cao trong bwédc 23. Budc 24 ting s6 1an ldp 1én 1. Cudi cung, budc 26 tra vé cac HUI
dwoc kham pha.

Algorithm 2 Th tuc Init()

Input CSDL giao dich D, kich thwéc quan thé SN, gia tri hiru ich tdi thiéu min_util
Output Nhitng ca thé ctia quin thé du tién

1. Quét CSDL D Ian mot

2. Xoanhirng hang muc khong la 1-HTWUI

3. Biéu dién tai ciu tric lai CSDL nhw mét bitmap

4. fori=0to SN do

5. for j=0to N, do

6. Khéitao P/ véi 0 hay 1 dung cong thic 11
7. If P/ # 0 then

8. v} =rand()

9. end if

10. end for

11. PBEStL' = Pi
12. X =IS(P)
13. if u(X) = min_util then

14. X — SHUI
15. end if
16. end for

17. Tim duwgc GBest trong SN cé thé.

Trong thut toan 2, CSDL giao dich dwgc quét 1an thir nhit dé xac dinh cac 1-HTWUI (buéc 1-2). Trong buéce 3,
biéu dién bitmap ctia CSDL di lwoc bét dugc xay dung. Vong 13p chinh (buéc 4-16) phét sinh cac ca thé riéng 18
ban dAu. Vong lap tlr bwdc 5 dén bwdc 10 khi tao tieng phin tl véc to vi tri va van téc clia cac ca thé dang liét
ké. Ham rand () trd vé mot s6 ngau nhién trong khoang (0,1). Lwu y chiing tdi chi khé&i tao nhitng phan tir ma gia
tri ctia ching 1a 1 trong véc to vi tri véi 1 van tdc ngiu nhién. P; cling duwgc khéi tao nhw PBest; trong buéc 11.
Budc 12 xac dinh tip muc twong rng véi ca thé dang liét ké. Néu ca thé hién tai ¢ thé thoa diéu kién 1a mét HUI
X (buéc 13), bwdce 14 ghi nhin tip muc nay. Cudi cung, GBest dwgc khdi tao trong buée 17.

Algorithm 3  Position_update(P)
Input véctovitri P
Output véc tovitri P dwoc cap nhat méi
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1. Khéi tao new_P véi tit ca phan tir bing 0

2. Phat sinh ngu nhién 1 s6 dwong k khéng 16n hon N,

3. if |V| = k then

4. Phat sinh new_P bang viéc thiét 1ap k s6 1 véi nhirng vi tri twong ng v&i nhirng véc to van
tdc khong la 0.

5. else

6. Phat sinh new_P bang viéc thiét 1ap |V| s6 1 trong nhitng vi tri twong (tng véi véc to van tdc
khongla 0

7. Thay d6i gia tri ctia (k — |V|)-bit ciia new_P tir 0 sang 1

8. end if

9. P =new_P

Trong thuit toan 3, vi tri da dwoc x& ly dwoc khéi tao dwdi dang N, bit 0 trong buwéc 1. Sau do, vi tri méi dwoc
x4y dwng theo cach thirc xdy dwng sau. Bwdc 2 xac dinh con sé nhirng bit dwec gan 1a 1. Vi tri méi dAu tién hoc tir
nhitng phin t& trong véc to van toc twong ing (bwdc 3-4). |V;| 1a s6 phin tir c6 gia tri khong 0 trong V;. Néu qua
trinh xy dung new_P chwa hoan thanh bang cach chi xem xét phan tt bit 1 trong véc to van tdc cla no, cac 1-
HTWUI khic dwoc st dung d€ xay dung mdt véc to vi tri méi (bwée 5-8). Vi tri méi dwoc cip nhat dwoc xac dinh
trong buéc 9 cudi cung.

C. VI DU MINH HOA
Chung t6i dung CSDL giao dich & bang 1 va bang lgi nhuin & bang 2 d€ giai thich. Sau IAn quét CSDL dAu tién,
TWU ctia mbi hang muc dwgc biéu dién trong bang 3 dwéi day.

Béng 3. TWU ctia méi hang muc

Hang muc A B C D E F

TWU 96 100 128 169 89 8
Cho min_util = 35, khi TWU(F) < min_util, hang muc F bi xo4 khoi giao dich T,, va d6 hiru ich cta F bi loai khéi
TUs cta T,. CSDL dworc tai td chirc lai roi biéu dién lai b&i 1 bitmap, nhw trong bang 4 dwdi day.

Bang 4. Bitmap biéu dién CSDL tdi td chitc lai

A B C D E
T', 0 1 1 1 0
T, 1 1 1 1 1
T, 1 0 1 1 0
T, 0 0 1 1 1
T'. 1 1 0 1 1
T, 1 1 1 1 0
T, 0 0 0 1 1

Gia st kich thudc quan thé SN 1a 3. Vi s6 lwgng cta cac 1-HTWUI 14 5, ¢6 5 phin t trong ca hai véc to van toc va
véc to vi tri. Theo cong thirc 11, c6 3 véc to vi tri dwgc phét sinh ngdu nhién: P, = < 10111 >, P, =< 11001 >
va P; = < 11010 >. Tiép theo, 3 véc to van tdc cling dwoc phat sinh ngiu nhién: V; = {0.52,0,0.87,0.01,0.15},
V, = {0.15,0.58,0,0,0.62} va V; = {0.76,0.03,0,0.28,0}. D6i v&i quin thé dau tién, PBest; gidng v&i P;. Vi thé,
PBest; = < 10111 >, PBest, = < 11001 > va PBest; = < 11010 >. V&i CSDL vi du, ta c¢6 thé thiy rang 3 ca thé
biéu dién ACDE, ABE va ABD twong tng. Ta c6 u(ACDE) = 16, u(ABE) = 27 va u(ACDE) = 41. Trong s6 3 tap
muc nay, chi c6 ABD 1a mot HUI, vay SHUI = {ABD: 41}, trong d6 con sd sau d4u hai chdm chi d6 hitru ich. Theo
gia tri hitu ich nay, GBest 1a <11010>.

Tiép theo ching tdi 14y ca thé P; lam vi du. Theo cong thirc 13, PBest; — P, = < 00000 > va GBest — P, =<
01000 >. Gid s& r; = 0.15 va r, = 0.66, theo cong thirc 7, r(PBest; — P;) = {0,0,0,0,0} va r(GBest — P;) =
{0,0.66,0,0,0}. Tiép theo, dung céng thirc 9, ta c6 véc to van téc méi: V; = {0.52,0,0.87,0.01,0.15} + {0,0,0,0,0} +
{0,0.66,0,0,0} = {0.52,0.66,0.87,0.01,0.15}. Cho s6 phat sinh ngiu nhién o 1a 0.04. V&i V; hién tai, chi phan ti
th& tw nhé hon «, vi vy V; dwgc thay déila {0.52, 0.66, 0.87, 0, 0.15}. Tiép theo k dwoc khoi tao ngﬁu nhiénla 1,
diéu nay chi ra rang chi c6 1 bit v&i gia tri 1 trong véc to vi tri méi. Vi phin ti thi nhat, nhi, ba va cudi cia V; thi
khong 0, chi 1 trong 4 bit ndy dwoc gan thanh 1 trong véc to vi tri méi. Gia st bit dau tién dwoc chon ngiu nhién,
véc to vi tri méila P, = < 10000 >, biéu dién tAp muc A. Vi u(4) = 16 < min_util, A khong 1a HUL Hon nita, vi
u(A) = u(ACDE) vau(A) < u(ABD), nén PBest; va GBest khong thay doi.

Trong cung lan 13p, nhitng ca thé thi hai va ba ciing dwoc xir 1y twong tw. Sau d6 1an 13p tiép theo bat dau xir ly
1an lwot cac ca thé d€ kham pha cac HUI cho dén khi dat dwgc sé 1an 13p da cho truedec.
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V. PANH GIA THU'C NGHIEM

A. MOI TRU'ONG THU’ NGHIEM VA TAP DU LIEU

Cac thir nghiém dwoc thwe hién trén may tinh CPU 2.90 GHz, 4 nhan va 32 GB b nhé chay trén hé diéu hanh
Microsoft Windows 10 64-bit. Chwong trinh dwoc viét véi ngdn ngir 1ap trinh Java, méi trwong cai dat Apache
NetBeans IDE 12.5. B6n b dit liéu thwc té€ chiing toi dung d€ danh gia thwc nghiém thuit toan. Cac dic trung cla
cac bo dit liéu dwgc biéu dién trong bang 5 duéi day.

Bang 5. M6 td cdc CSDL dwoc st dung

B6 dir liéu Do dai trung binh cta | S6 lwong cic hang S6 lwong giao
giao dich muc dich
Chess 37 76 3.196
Mushroom 23 119 8.124
Accidents_10% 34 469 34.018
Connect 43 130 67.557

Hai thuit todn HUIM-BPSOsig [5] va HUIM-BPSO [6] dwoc sir dung dé so sanh véi thuat todn cai tién HUIM-SPSO
ma ching tdi dé xuit, sir dung tir thuw vién SPMF [2] dwoc xay dung sdn. Ching toi cé hai danh gia sé dugc thuc
hién trén CSDL bang 5, gbm c6 danh gia thoi gian thyc thi chwong trinh va s6 lwong HUI dwoc kham pha. Véi
kich thwéc quan thé1a 20 va s Ian 1ap 1a 10000.

B. THO'I GIAN THU'C NGHIEM

CHESS
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Hinh 1. Biéu dién thoi gian thuwc thi trén Chess dataset.

Hinh 1 biéu dién thoi gian thuc thi ca ba thuat toan: HUIM-BPSOsig (hinh thoi mau xanh), HUIM-BPSO (hinh
vudng mau vang) va HUIM-SPSO (hinh tam gidc mau xam) trén Chess dataset. Chess dataset la loai dit liéu day
mét do 49%, v&i nguwdng minimun utility tir 30.5% dén 27%, HUIM-SPSO c6 thoi gian chay nhanh gip 3 I4n so
véi HUIM-BPSOsig va HUIM-BPSO.

MUSHROOM
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Hinh 2. Biéu dién thoi gian thwc thi trén Mushroom dataset.
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Hinh 2 biéu dién thoi gian thuwc thi cda ba thuat toan: HUIM-BPSOsig (hinh thoi mau xanh), HUIM-BPSO (hinh
vudng mau vang) va HUIM-SPSO (hinh tam gidc mau xam) trén Mushroom dataset. Mushroom dataset la loai di¥
liéu day mét dé 19%, véi ngwdng minimun utility tir 15.5% dén 12%, HUIM-SPSO c6 thoi gian chay nhanh gip 5
1an so véi HUIM-BPSOsig va HUIM-BPSO.

ACCIDENTS_10%

3500

® — TN & < ¢ O
3000 ¢ v v v
22500 o——0—n—T—{—1
w
= 2000
S
E 1500
5 1000
a4
500
0
13.4 13.2 13.0 12.8 12.6 12.4 12.2 12.0
MINIMUM UTILITY THRESHOLD (%)
—e—HUIM-BPSOsig ~ —#—HUIM-BPSO HUIM-SPSO

Hinh 3. Biéu dién thoi gian thuec thi trén Accidents_10% dataset.

Hinh 3 biéu dién thoi gian thuc thi cda ba thuat todn: HUIM-BPSOsig (hinh thoi mau xanh), HUIM-BPSO (hinh
vudéng mau vang) va HUIM-SPSO (hinh tam gidc mau xam) trén Accidents_10% dataset. Do Accidents_10%
dataset 1a loai di¥ liéu day mat do 7%, v&i ngwdng minimun utility tir 13.4% dén 12%, HUIM-SPSO c6 thoi gian
chay nhanh gép 5 lan so véi HUIM-BPSOsig va HUIM-BPSO.

CONNECT

7000
6000 P"='=’="—4*’><‘
5000
4000
3000
2000
1000

RUNTIME (SEC)

32.8 32.6 32.4 32.2 32.0 31.8 31.6 31.4
MINIMUM UTILITY THRESHOLD (%)

—o— HUIM-BPSOsig  —#—HUIM-BPSO HUIM-SPSO

Hinh 4. Biéu dién thoi gian thuwec thi trén Connect dataset.

Hinh 4 biéu dién thoi gian thuwc thi cda ba thuat toan: HUIM-BPSOsig (hinh thoi mau xanh), HUIM-BPSO (hinh
vudng mau vang) va HUIM-SPSO (hinh tam gidc mau xam) trén Connect dataset. Connect dataset la loai dit liéu
day mat do 33%, nén ngwdng minimun utility tir 32.8% dén 31.4%, HUIM-SPSO c6 thoi gian chay nhanh gép 3
1an so véi HUIM-BPSOsig va HUIM-BPSO.

Thuwc nghiém cho thiy thuit todn dé xuit clia ching tdi thwc thi nhanh hon hai thuat toan HUIM-BPSOsig [5] va

HUIM-BPSO [6]. Vé&i loai dir liéu c6 mat dd thadp hon thi thut toan HUIM-SPSO vwot trdi hon vé thoi gian thuc
thi chwong trinh. Véi viéc str dung bitmap, thoi gian thuc hién té ra kha vuot troi.

C. SO LUONG HUI PUO'C PHAT HIEN

Hinh 5 biéu dién s6 lwgng HUI dwoc phat hién clia ba thuat toan: HUIM-BPSOsig (mau xanh), HUIM-BPSO (mau
vang) va HUIM-SPSO (mau xam) trén Chess dataset. Chess dataset véi mat do 49%, khi ngwéng min_util gidm tw
30.5% xudng 27% thi s6 lwong HUI dwgc phat hién cia HUIM-SPSO vwot troi hon thuét toAn HUIM-BPSOsig.
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Hinh 5. Biéu dién s6 lwgng HUIs dwgc khdm phd trén Chess dataset.

Mushroom
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Hinh 6. Biéu dién sé lwong HUIs dwoc khdm phd trén Mushroom dataset.

Hinh 6 biéu dién s6 lwgng HUI dwoc phat hién ctia ba thuat todn: HUIM-BPSOsig (mau xanh), HUIM-BPSO (mau
vang) va HUIM-SPSO (mau xam) trén Mushroom dataset. Mushroom dataset véi mat dé6 19%, khi ngudng
min_util gidm tlr 15.5% xudng 12% thi sé lwgng HUI dwoc phat hién cia HUIM-SPSO vwot trdéi hon hai thuét
toan HUIM-BPSOsig, HUIM-BPSO.

Accidents_10%
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Hinh 7. Biéu dién s6 lwong HUIs dwoc khdm phd trén Accidents_10% dataset.



12 KHAI THAC CAC TAP MUC H{rU ICH CAO DU'A TREN PHI'ONG PHAP TOI U'U BAY DAN DUNG BITMAP

Hinh 7 biéu dién s6 lwgng HUI dwoc phat hién ctia ba thuat toan: HUIM-BPSOsig (mau xanh), HUIM-BPSO (mau
vang) va HUIM-SPSO (mau xam) trén Accidents_10% dataset. Accidents_10% dataset véi mat do 7%, khi
nguwdng min_util gidm tir 13.4% xudng 12% thi s6 lwgng HUI dwoc phat hién cia HUIM-SPSO vwot trdi hon thuit
toan HUIM-BPSOsig.
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Hinh 8. Biéu dién s6 lwgng HUIs dwgc khdm phd trén Connect dataset

Hinh 8 biéu dién s6 lwgng HUI dwoc phat hién ctia ba thuat toan: HUIM-BPSOsig (mau xanh), HUIM-BPSO (mau
vang) va HUIM-SPSO (mau xam) trén Connect dataset. Connect dataset véi mat d6 33%, khi ngwdng min_util
giam tir 32.8% xudng 31.4% thi s6 lwong HUI dwoc phat hién cia HUIM-SPSO vwot trdi hon thuit todn HUIM-
BPSOsig.

Thuwc nghiém cho thiy thuit todn dé xuit cla chung toi c6 s6 lwgng HUI dwgc kham pha nhiéu hon hai thuit
todn HUIM-BPSOsig [5] va HUIM-BPSO [6]. D6i v6i loai dir liéu nhu: Chess va Connect dataset (mét d6 cao hon)
thi s6 lwong HUI khai thac dwoc khong vwot trdi nhiéu hon so véi loai dir liéu la: Mushroom va Accidents_10%
dataset (mit d6 thap hon). Ngwéng minimum utility cang nho6 (min_util cang nho) thi s6 lwong HUI dwoc kham
phéa cang nhiéu.

VI. KET LUAN

Trong bai bao nay, mot thuit toan HUIM méi dwoc goi la HUIM-SPSO dwoc dé xudt dwa trén SPSO. Trai ngwoc
vGi PSO dién hinh, S-PSO ¢6 xu hwéng thay ddi thanh phin ctia véc to vi tri véi vAn tc hon chir khong phai chi
don gian la dung dén phép bién d6i ham sigmoid. M6 hinh x Iy cia HUIM dung S-PSO d3 dwoc mo ta. D€ do
lwong sw da dang cta két qua dwoc phat hién, khodng cach chinh stra bit da dwgc dé xuit. Véi viée sir dung
bitmap va thwc nghiém trén 4 dataset day néu & phan 5, két qua thir nghiém da ching minh riang thuit todn
dwoc dé xuit c6 thoi gian thwce thi nhanh va viéc khdm pha s6 lwgng HUI hiéu qua hon hai thuét todn HUIM-
BPSOsig [5] va HUIM-BPSO [6].

Han ché ctia dé tai la x 1y dit liéu 1én la téc @6 con chdm do phai duyét CSDL hai lan. Do d6, hwéng téi sé viét
trén moi trwong song song nhu: Hadoop (map, reduce cia Python), Spark (ngdén ngit Scala), multithread,
multiprocess. Ching t6i s& cai tién dé c6 thé duyét qua CSDL mot I4n véi mat cAu tric dit liéu khac. Ching toi sé
thwc nghiém trén loai dit liéu thwa va 16n d€ c6 danh gia ding dan hon veé viéc stt dung bitmap nhw trong dé xuit
cta ching toi.
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HIGH UTILITY ITEMSETS MINING BASED ON PARTICLE SWARM
OPTIMIZATION USING BITMAP
Pham Duc Thanh

ABSTRACT— Mining high utility itemsets (HUIs) is a hot research topic nowadays in data mining. Algorithms that evolve in
nature are attracting more and more attention because they have the advantage of avoiding combinatorial explosion of the
search space. Among the natural evolution algorithms used to mine HUIs, the swarm optimization (PSO) algorithm is the
most popular. PSO exploits HUI based on sigmoid non-stop position transformation for velocity. In this paper, we propose a
HUIM algorithm based on the PSO set (S-PSO) called HUIM_SPSO, which mainly considers the elements at high-velocity
positions. We perform HUIM modeling using S-PSO and explain HUIM-SPSO in detail. To reflect the diversity of mining
results, we recommend a bit measure to correct the distance. The experimental results show that the HUIM-SPSO algorithm
is efficient and can discover more HUIs with high diversity.
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