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Tém tat: Trong nhiing nim gn déy, bai todn khai thic cic mau trong sb hitu ich phd bién (FWUP) dang dugc quan tam
nghién cifu. Pay 1a mot 1a mot bién thé clia bai toan khai thac miu. Mot s6 phuong phap giai quyét kha hiéu qué bai toan
nay da dugc dé xuat. Tuy nhién, trong thuc té, khi dif liéu c6 kich thuéc 16n va trong sb ciac muc thudng xuyén thay doi
din dén cdc thuat todn x& ly tén nhiéu thdi gian trong qué trinh khai thac miu. Néu tan dung kha niing tinh todn song
song clia cac hé thdng tinh todn, hodc clia cac bd vi xit ly da 16i (multi-core) thi ¢6 thé cai thién dudc thoi gian tinh toan
cua cdc thuét toan. Trong bai bao nay ching t6i gidi thiéu mot giai phap song song hoat dong trén bd xi ly da 161, dat
tén 1a pdFWUNL, d€ khai thic cdc mau trong sb hitu ich phd bién tit co s dif liéu dinh lugng dong c6 trong sd cic muc
thay ddi. Két qua thuc nghiém cho thiy thoi gian khai thac miu ctia thuat todn song song pdFWUNL cia ching t6i hiéu

qua hon phuong phép tuan tu t6t nhat hién cé.
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Abstract:

A Parallel Algorithm for Fast Mining Frequent Weighted Ultility Patterns from Dynamic Quantitative Databases
In recent years, the problem of mining frequent weighted utility patterns has been receiving research attention. This is

a variation of the pattern mining problem. Many effective methods have been proposed to solve this problem. However,
when the data is extensive and the weights of items change frequently, the algorithms take much time during the mining
process. If we take advantage of the parallel computing capabilities of computing systems or multi-core processors, we
can improve the mining time of algorithms. This paper presents a parallel solution operating on multi-core processors,
named pdFWUNL, to exploit frequent weighted utility patterns from dynamic quantitative databases with variable item
weight. The experimental results show that the mining time of our parallel algorithm, pdFWUNL, is more efficient

than the best available sequential method.
Keywords:
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I. GIOI THIEU

Cong nghé dang ngay cang phét trién va tic dong dén
tt ci cac linh vuc clia doi sdng xa hoi, mang lai nhiing
hiéu qua tich cuc. Cung véi do la lugng 16n dit liéu dang
lién tuc dudc tao ra trong mdi phut gidy. Nhiing dit liéu nay
c6 thé dudc tao ra bdi con ngudi hodic miy méc, va dudc
thu thap bang nhiéu phuong thifc, cong nghé khac nhau.
C6 thé ké dén nhu di liéu ban hang, mang xa hoi, nhat
ky hé théng, dif liéu do dac hién tugng thién nhién... Néu
khai thac dugc nhiing thong tin hiu ich tir du liéu nay sé
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mang lai rit nhiéu 1¢i thé, dic biét la trong kinh doanh,
ban hang, trong cic hé théng hd trg ra quyét dinh, cic hé
théng thong minh...

Trong linh vuc khai thac dif liéu, khai thic mau 1a mot
trong nhiing bai todn quan trong [1]. Nhiém vu cta khai
thac miu 1a khdm pha tit ca cdc miu phd bién xuét hién
trong co s& dit liéu (CSDL), vi du nhu tip sdn phdm dudc
mua nhiéu nhit béi khach hang. Khai thiac miu trong s6 hitu
ich phd bién (Frequent Weighted Utility Pattern - FWUP)
[2, 3] 12 mot bién thé cia khai thic miu véi muc tiéu tim



ra cdc mau vita xuit hién thudng xuyén, vita c6 1¢i ich va
va tim quan trong (trong sd) cao. Pa c6 nhiéu thuat todn
dugc dé xuét dé giai quyét hiéu qua bai toan nay nhu MBiS
[4], WUN-Miner [5], SWUNL-FWUP [6] trén CSDL dinh
lugng tinh va dFWUT [7], dFWUNL [7] trén CSDL dinh
lugng dong. CSDL dinh lugng dong (dQDB) la CSDL ma
trong s clia cac muc c6 thé thay ddi trong qué trinh giao
dich chii khong c¢b dinh. Tuy nhién, cic thuat toan khai
thac FWUP néu trén déu chi chay trén cic bo xi 1y don
16i. Piéu nay c6 thé 1am han ché hiéu suit, khong thé mé
rong trén bd xu ly da 16i, cling nhu gdp khé khan trong
viéc khai thac trén cac CSDL 16n, dit li€u dugc tich luy
nhanh chéng theo thdi gian.

CSDL dinh lugng dong xuét hién nhiéu trong thuc té,
trong s6 ctia mdi muc dit liu c6 thé 1a 10i nhuan, gia ci
hay Igi ich... clia mit hang, cic gia tri ndy c6 thé thay
ddi theo ting giao dich. Vi du gid clia mit hang c6 thé
thay ddi theo s6 luong mua (khi mua véi sd lugng nhiéu
c6 thé duge gia thip hon), c6 thé thay ddi theo thdi gian
(gia mia he c6 thé khéc gid mia déng v6i nhitng mit hang
dién lanh)... Diéu nay din dén bai todn c6 tinh thuc tién
cao 1a khai thic mau phd bién tit CSDL dinh lugng dong
véi trong s6 thay ddi.

Trong bai bdo nay, ching t6i thuc hién mot sé noi dung
sau: (1) Gidi thiéu bai toan khai thic FWUP tu CSDL dinh
lugng dong; (2) P& xuit mot phuong phap song song, dit
tén 12 pdFWUNL d¢€ khai thic FWUP tit CSDL dinh Iugng
dong, v6i kha ning chia tinh toan thanh nhiéu tic nhiém c6
thé thuc hién dong thdi, nham gidm chi phi xt ly; (3) Dé
xuit co ché can bing tii dong d€ phan phdi cong viéc giita
cdc tién trinh khi c6 bd xd 1y nhan rdi trong qua trinh tinh
toan; va (4) Tién hanh thuc nghiém, danh gia va so sinh
thuat toan dé xuat pdFWUNL véi thuat todan gbc dFWUNL.
Két qué thit nghiém cho thiy thuit toan pdFWUNL t6t hon
phién ban gbc vé thdi gian thuc hién dbi vé6i tt ca cic bd
di liéu thd nghiém.

No6i dung bai viét dudc t§ chic nhu sau: Phan II gi6i
thidu céc nghién ciu lién quan. Phan III trinh bay mot sb
khai niém va kién thdc co ban. Phan IV mo ta thudt todn
dFWUNL va trinh bay chi tiét vé thuat toan song song dugc
dé xuit. Phan V mo ta két qua thuc nghiém. Cubi clng,
Phan VI rit ra két luan va huéng nghién ciu tiép theo.

II. CAC NGHIEN CUU LIEN QUAN

Co s6 dit liéu dinh lugng thudng xuit hién trong di liéu
ban hang. Diém dic trung cla loai dif liéu ndy 12 mdi giao
dich luu gitt s6 lugng cdc sin phdm dugc mua va mdi san
phim c6 mot trong sb khic nhau. Trong sb niy c6 thé
la gia ca, 1oi nhuan, hoic tim quan trong ctia san phim
d6 trong CSDL. Pa c6 nhiéu huéng tiép can dé khai thac
thong tin cé gia tri tt CSDL dinh lugng. Huéng nghién
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cliiu dau tién d6 1a khai thac cdc miu Igi ich cao (High
Utility Pattern- HUP) do Yao va cic dong su dé xuat [8].
Khai thac HUP tap trung vao viéc tim kiém cac mau c6 gia
tri hitu ich khéng nhd hon mdt ngudng hitu ich cho trudc.
Sau d6, nhiéu thuat toan giai quyét bai todn nay da dugc
dé xuit nhu Two-Phase [9], UP-Growth+ [10], HUI-Miner
[11], EFIM [12], va cic bién thé cia HUP nhu khai thdc
HUP dong [13], top-k HUP [14], HUP trung binh [15],...

Khai thic HUP chi quan tim dén 1gi ich ctia cdc mau,
trong khi tin s6 xuit hién clia cic miu ciing déng vai tro
quan trong. Do d6, Khan va dong su da dé xuit mot huéng
nghién ctiu méi d6 1a khai thac luat két hop trong sd hitu
ich [2]. Tic gia da dua ra d6 do méi la trong s6 hitu ich
giao dich, két hop hai yéu t6 13 tan sb va tim quan trong
d€ trich xuit dugc cic FWUP, dong thoi phét trién mot
thuat toan duva trén phuong phap Apriori. Tiép d6, Vo va
cdc dong su [3] dé xuét cAu tric MWIT-tree véi chi mot
lan quét CSDL dé khai thic FWUP. Nguyen va cic dong
su [4] da d& xuit ciu tric MBiS d€ tbi uu viéc luu trit
tidset nham ting hiéu qua khai thac. Tiép theo, Bui va cic
dong su [5] d& xuét cAu tric WUN-set cuing v6i thuat todn
WUN-Miner, va sau d6, Nguyen va cic dong su [6] phat
trién thuat toan FWUP-SWUNL st dung ciu tric SWUN-
list va d& xuét cac dinh 1y ting tbc qua trinh khai thac. Két
qua thyc nghiém cho thdy FWUP-SWUNL la thuit todn
khai thac FWUP t6t nhit hién nay.

Céc nghién ciu khai thic FWUP & trén déu tap trung
vao CSDL dinh luong tinh, trong s& cdc muc 1a cb dinh.
Tuy nhién trén thuc té, tAm quan trong cia mdi san phim
chiu 4nh hudng ctia nhiéu yéu t6 khac nhau nhu chién lugc
gidm gid, thanh ly mit hang, thay d6i hanh vi ngudi dung,...
biéu nay din dén trong sb cla tiing san phim can dudc
didu chinh cho phu hop. D€ gidi quyét vin dé nay, Nguyen
va cac dong su [7] da phat biéu bai toan va dé xuit phuong
phép (thuat toan dFWUNL) khai thac FWUP tit CSDL dinh
luong dong, trong d6 trong sb clia cac muc c6 thé thay d6i
theo thdi gian. Thuat toan dFWUNL mic d giai quyét kha
hiéu qua bai toan nhung van con han ché trén cic CSDL
16n, dic biét vé mit thoi gian.

D€ gidi quyét thach thic vé thdi gian tinh todn khi dit
liéu 16n, y tudng song song hod cac thuit toan khai thac
dit liéu 12 mot hudng tiép can. Mot trong nhitng mo hinh
phd bién dé€ 4p dung tinh toin song song la st dung bd
Xt ly da 16i. Thiét ké da 16i, cong nghé kha phd bién hién
nay trong san xuét chip xir ly, cho phép thuc hién nhiéu tic
nhiém dong thoi d€ cai thién hiéu sult cta cic qua trinh
tinh toan. Tuy nhién can c6 thuit toin c6 kha niing phan ra
cdc tién trinh va diéu phdi phu hop. Pi v6i bai toan khai
thac miu, di c6 khd nhiéu nghién ctu st dung kién tric
da 16i va dat dudc hiéu quéa dang k€ [16-18].
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III. CAC KHAI NIEM CO BAN

Mot CSDL dinh Iugng dong 12 mot bo bao gébm ba thanh
phan (7,1, DW). Trong d6 T = {t1,t2,....t,,} 12 tip céc
giao dich dinh lugng v6i m 1a sb luong giao dich, I =
{i1,i2,...,in} 12 tAp muc v6i n 1a s6 lugng muc, va DW =
{dw1,dwy,...,dw,} 1a cdc tap trong sb v6i p 1a sb lugng
16 (batch). Mbi giao dich #; ¢ dang tx = {Xk1,Xk2, -.» Xkn }
k = 1..m, trong d6 xj; 1a sb luong ctia muc 7 trong giao
dich #; (c6 thé hiéu nhu s6 lugng mit hang thii i dudc mua
trong giao dich #;), va tuong ting v6i modt dw, € DW. Mbi
16 dwy = {wi,w2,...,wp}, x = 1..p, 1a mdt tap trong sb
clia cac muc trong /. Di€ém khéc biét ctia CSDL dinh lugng
dong do6 1a trong s6 ctia mot muc c6 thé thay d6i trong cic
giao dich khac nhau dya trén tim quan trong ctia muc dé
tai cdc thoi diém khdc nhau. Mdi 16 giao dich c6 thé c6
mot hodic nhiéu giao dich va tuong ting véi mot tip trong
s6.

Bang I mo td vé mot CSDL dinh lugng dong. CSDL
c6 5 giao dich T = {t1,1p,13,14,ts} va nam muc [ =
{A B,C,D,E} v6i 2 16 DW = {dwl,dw2}. Trong
sb clia cdc muc trong giao dich #, f, 3 la dw; =
{0.3,0.5,0.2,0.4,0.7}, va cac giao dich t4, t5 c6 trong sb
la dw, = {0.4,0.3,0.4,0.2,0.3}.

R Bang I
Vi DU VE CSDL PINH LUONG PONG (DQDBE)

[ Bang giao dich cua CSDL |

Giaodich | A | B | C | D | E | Trong so

1 110 2 3 1

15 0 2 1 0 2 dwq

2 2 0 1 0 1

14 1 0] 3 210

s 311 [ 12 [1 dwy

Bang trong so cia CSDL

Trong so | A B C D E
dw 03[ 05]02] 04|07
dw, 04 [ 03]04]02]03

Pinh nghia 1. [7] Gi4 tri trong sb hitu ich giao dich (rwu)
ctia mot giao dich 7 v6i tap trong s6 dw p € DW dudc xdc
dinh nhu sau:

Zijéfk Wpi; X

173]

Xki

twu (t) =

Trong do, wpi; € dw) 1a trong s6 clia muc i; trong giao
dich tg, xg;; la sO lugng ctia muc i; trong g, va [t| 1a o
lugng cac muc trong f.

Vi du 1. Giao dich #, trong dQDBg c6 gid tri twu dugc
tinh nhu sau:

twu(t)) = (0.5x2+0.4+0.7%x2)/3 ~0.87

Tuong tu, gid tri twu cta tit ci cic giao dich trong dQDBg
dudc tinh nhu trong Bang 1II.
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Bang II

GIA TRI twu CUA TAT CA GIAO DICH TRONG (DQDBE)
Giao dich | Trong so Cong thic tinh twu
13 (0.3x1+02%x2+0.5%x3+0.7)/4 0.65
2 dw, (0.5x2+0.4+0.7x2)/3 0.87
13 (0.3%x2+0.2+0.7)/3 0.50
14 dw (0.4+0.4x3+0.2x2)/3 0.67
ts 2 (04x3+03+404+0.2x2+0.3)/5 [ 0.52
Tong gia tri twu (sumtwu) 3.21

Pinh nghia 2. (7] Goi sumtwu = ¥, cr twu(ty) la tong
gid tri twu cla cdc giao dich trong dQDB. P6 hd trg trong
s6 hitu ich (wus) cia mot miu X dudc xdc dinh nhu sau:
wis (X) = Ztket(X) twu (tx)
sumtwu
Trong d6, t(X) la tdp cac giao dich trong CSDL c¢6 chia
mau X.

Vi du 2. Gid tri wus ctia miu AE dugc tinh nhu sau:

twu (t) + twu (t3) + twu (ts)
wus (AE) = sumtwu

0.65+0.5+0.52
=32 02

Cho CSDL dinh lugng dong va mot ngudng hd trg trong
s6 hitu ich tdi thiéu (ky hiéu 1a minwus), bai toan khai thac
FWUP la tim tit cd cic miu X c6 gia tri wus(X) 16n hon
hoic bing minwus.

Iv. THUAT TOAN PDFWUNL KHAI THAC MAU
PHO BIEN TREN CSDL PINH LUQGNG PONG

1. Thuat toan dFWUNL

Phan nay gi6i thiéu vé thuat toan dFWUNL [7] va cic
thanh phan cta né, day 1a co sé dé dé xuét thuit toan
song song héa ciia ching t6i trong phan sau. Thuit todn
dFWUNL khai thdc cic FWUP tit dQDB dude dé xuét boi
Nguyen va dong su sit dung céu tric WUNList, 12 mé rong
cia ciu tric N-list [19], dudc tao thanh tif cAu tric WUN-
tree. V& co ban, thuat toin dFWUNL gom 3 giai doan:

1) Giai doan dau tién quét dQDB dé xiy dung WUN-
tree, tim va sap xép giam dan cic 1-FWUP theo wus.
Cac 1-FWUP nay dugc luu trit trong ;. WUN-tree
la ciu tric cay, mdi nit luu trif nim gid tri name,
pre, post, weight, va children tuong tng véi tén
ctia muc dai dién cho nit, thit tu ctia ndt khi duyét
pre-order (tién thi tu) va post-order (hau thd tu), tong
twu cua cac giao dich di qua nit nay, va tdp cac nut
con cua nut do.

Giai doan thi hai tao WUNList cia cac 1-FWUP
trong I, bang cich trich xudt théng tin tt WUN-
tree. CAu tric dit lidu WUNLIist ctia mot muc X,
ky hiéu 1la wl(X) 1la mdt diay cac WUN-codes

2)



{(prey, posti,weighty), (pres, posty, weighty), ...,
(prey, post,,weight,)} ctia cac nat dai dién cho
muc X trén WUN-tree. WUNList dudc sip xép ting
dan theo gid tri pre (pre; < pre, <...< prey).
Dong thoi, tién hanh tinh wus ctia 2-pattern thong
qua WUN-tree va luu trif trong ma tran F2.

Giai doan cudi cung tién hanh tim kiém tit ci cic
FWUP. Thuit toan dFWUNL sit dung ciu triic set-
enumerations-tree [20] két hop véi cac dinh ly dé
ting toc qud trinh khai thic. Trong qua trinh tao set-
enumerations-tree, cac nhanh cuda cay sé cé cung tién
td. Do d6, chiing ta c¢6 thé xic dinh dugc k-FWUP
tu hai (k — 1)-FWUP va tinh nhanh wus thong qua
viéc giao cac WUNList (WUNList intersection). Két
thic thuét toan, ta thu dugc day di tit cd cac FWUP
thod man ngudng minwus.

3)

Vi du 3. Hinh 1 md td WUN-tree dudc tao thanh ttt dQDBg
v6i nguong minwus = 0.5. Muc B bi loai bd vi wus(B) =
0.43 < minwus. Nut dai dién cho muc C c6 WUN-codes
la (1,5,3.21). Tr WUN-tree, ta tao dugdc WUNList cia
cic 1-FWUP. Vi du, WUNList clia mau A 1a wi(A) =
{(3,1,1.64),(5,4,0.67)}. WUNList cta cac 1-FWUP dudc
st dung d€ khai thac cic FWUP tiép theo va cho hiéu qua
vugt troi.

Null
(0, 6)
v
C: 3.21
(1,5)

E: 2.54 A: 0.67
2,2) (5,4
A:1.64 D: 0.67
(3.1 (6,3)
D:1.17
(4,0)

Hinh 1. WUN:-tree dugc tao tt dQDBEg v6i minwus = 0.5

Thuét todn dFWUNL da trién khai dugc viéc khai thac
mau trén CSDL dinh lugng dong, tuy nhién van con thach
thiic vé thoi gian khai thac trén ciac CSDL 16n va chua c6
kh ning tin dung stic manh clia cic hé thdng tinh todn
song song.
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2. Pé xuét chién luge song song cho thuat toan
dFWUNL

Trong phan nay, chiing toi trinh bay thuit todn c6 tén la
pdFWUNL khai thac nhanh cac FWUP trén dQDB. Thuat
toan pdFWUNL la md rong cda thuit toan dFWUNL [7],
st dung kién tric bd xi ly da 16i d€ song song hod qua
trinh tim kiém cdc mau trong s6 hitu ich phd bién.

Giai doan 3 cua thudt toan dFWUNL tao thanh set-
enumerations-tree v6i cadc nhanh khac nhau. Cac nhanh nay
bét dau tit cac 1-FWUP, sau d6 dudc md rong dan. Qua trinh
khai thac trén cac nhanh la hoan toan doc lap, khong co su
phu thudc dit liéu, tinh todn 14n nhau. Do d6, ching ta c6
thé 4p dung chién ludc song song vao giai doan nay. Thuat
todn pdFWUNL 4p dung mo hinh task-parallelism trén hé
théng bd nhé ding chung. M6 hinh nay chia chuong trinh
thanh céc tac vu (task) riéng 1é va sau d6 tién hanh thuc
hién song song cdc tidc vu doc 1ap. Thuat toan coi mbi 1-
FWUP trong I; 1a mdt task riéng biét va phan phdi céac
task nly vao céc 16i clia b xii 1y d€ khai thac doc 1ap. Mbi
16i ctia bo xt 1y sau d6 sé tién hanh tao cac cdy con tuong
ting v6i nit ma né dude chi dinh, st dung tim kiém theo
chiéu sau (DFS).

Vi du 4. Hinh 2 md tad qué trinh phin chia khong gian
tim kiém thanh cidc cong viéc doc 1ap va tién hanh khai
thac trén CSDL dQDBg véi minwus = 0.5 cla thuit toan
pdFWUNL. C6 bbén 1-FWUP trong I; nén c6 bon task, va
céc task nay dugc cac 16i cia by xtt Iy khai thac song song.

{}

T

E
(2,2, 254)}
0.79

AN

EC
0.79

D A C
{(4,0,1.17),(6,3, 0.67)} {(3.1,1.67).(5.4.0.67)} {(1.5.3.21}}
0.57 0.73 L0

N

DA Do
057 0.57

AC
0.73

AE
[(2.2,1.67))
0.52

l

ACE
052

DAC
057

Task 1 Task 2 Task 3 Task 4

Hinh 2. Phan chia khong gian tim kiém ctia thuét toan pd FWUNL

Mot khia canh quan trong khi dp dung khai thic song
song d6 la dam bao cén bang tai. Lam sao phan bd cac
cong viéc vao cic bd hoic 16i xit 1y d€ thoi gian nhan rbi
(khong hoat dong) ctia cic bd hoic 16i xir 1y 1a it nhit c6
thé. Thuit toan pdFWUNL st dung co ché can bing tai
dong ap dung dbi v6i cac bod xii ly da 16i. Cu thé nhu sau:
1-FWUP chua dudc khai thac sé dugc dua vao 16i xt ly kha
dung (dang nhan r6i) d€ tién hanh khai thac; néu khong c6
16i xti 1y ndo, né sé doi cho dén khi c6 16i xit ly thod man
d€ chi dinh 1-FWUP chua xi ly tiép theo.
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M3 gia clia pdFWUNL dugc hién thi trong Thuét toan
1. Pau tién, thuit toan pdFWUNL tién hanh quét CSDL
d€ tao I;, WUN-tree, WUNList clia cdc muc trong I; va
tinh wus cda 2-pattern luu trit trong ma tran F, (dong 1-3).
Tiép theo, mdi 1-FWUP 1a mét task véi nhiém vu tim kiém
cac FWUP theo nhanh ctia muc d6 véi tha tuc Find_FWUP
(dong 4-6).

Qua trinh nay dudc thuyc thi song song va lién tuc dugc
phan phdi vao cic 16i dang nhan rdi. Thii tuc Find_FWUP
gdm céc tham s6 Prefix, L, S, x va level lan luct la tién
td chung, tip muc cudi ciing ctia cic mau ctia 16p hién tai,
tap hop céc muc c6 thé tinh nhanh wus, chi muc clia muc
dang xét va do dai ciia mau. Trong thi tuc Find FWUP,
v6i do dai tng vién 14 2 (level = 2), ta ¢ thé tinh nhanh
cac wus cua 2-pattern nay thong qua F2, nhé d6 nhanh
chéng loai bé cac mau khong thod man (dong 10-22). Véi
cac truong hgp khac (level > 2), ta tinh WUNList cta cac
ing vién d6 thong qua viéc giao cac WUNList d€ tim ra
FWUP (dong 23-43). Thuit ton két thic khi khong con
mau méi dugc tao thanh va ta thu dugc tit ca FWUP thoa
man.

V. THUC NGHIEM

Phan ndy trinh bay két qua thuc nghiém thuit toin
pdFWUNL va so sanh thoi gian thuc hién véi thuét toan
dFWUNL trén mot sd bd dif liéu dinh lugng dong khac
nhau. Pong thdi, d€ kiém tra kha ning md rong va tinh
hiéu qua cia phuong phap song song, ching t6i cling thuc
nghiém thuat toan pdFWUNL véi s lugng 16i xt 1y khéc
nhau, bao gom: 2, 4, 8 va 16 16i. Céc thuc nghiém déu
dugc tién hanh trén cting hé thong Dual CPU Intel Xeon
Silver 4114 2.2 GHz (20 156i), RAM 32GB, chay hé diéu
hanh Windows 10. Cic thut toan dudc phat trién bing
ngdn ngli C# trén nén tang .NET Framework 4.7, st dung
thu vién Task Parallel Library hd tr¢ 1ap trinh song song.

Bang III mo ta cic bo dit liéu thuc nghiém bao gdom:
Accident, BMS-POS, Retail, va Chainstore dudc ldy tir thu
vién mid ngudn mé SPMF [21]. D€ c¢6 dugc CSDL dinh
luong dong va khong mét tinh tong quat, ching toi da chia
mdi CSDL thit nghiém thanh nhiéu 16. Méi 16 ¢6 s luong
giao dich bing nhau, ngoai trit 16 cubi cuing chiia céc giao
dich con lai. Mbi 16 giao dich tuong tng véi mot bd trong
s6 dudc tao ngiu nhién trong khoang [1,10].

Hinh 3 hién thi thdi gian thuc hién cda thuit toan
dFWUNL va thuit toan pdFWUNL trén cac bd du liéu
thuc nghiém v6i cic ngudng minwus khac nhau. Két qua
cho thdy thuit toin pdFWUNL vuot trdi hoan toan so véi
thuat toan dFWUNL trén tit ca cdc thuc nghiém véi s6
lugng 16i khac nhau. Piéu nay 1a do thuit todn song song
c6 thé tan dung dudc sic manh cla kién tric bo xi ly da
16i. Khi ngudng minwus cang nhd, su chénh léch vé thoi
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Thuat toan 1: Thuit todn pdFWUNL

Input: CSDL dinh lugng dong dQDB va ngudng minwus
Output: FWUPs, tap tit ca cic mau trong sb hitu ich phd bién
Quét CSDL dé tao I; va WUN-Tree
FWUPs « I
Duyét WUN-tree dé tao WUNList clia cdc muc trong I, va tinh wus
cua 2-pattern luu trit trong ma trin F2
4 for x < |I;| — 1 downto 1 parallel do
Prefix2 — {ix}, L2 — 0, S2 — 0
Find_FWUP (Prefixy, Ly, Sa, x,2)

return FWUPs

W =

o o

<

8 Procedure Find_FWUP (Prefixy, Lk, Sk, x, level)

9 Prefixpext <« Prefixy

10 if level ==2 then

1 Prefixpexr < {ix}s Lnext < 0, Snext < 0

for y < 0to x — 1 do
wus (ixiy) « F2[ix] [iy]/sumtwu
if wus (ixiy) == wus(iyx) then
15 ‘ Snext < Snext Uly
else if wus (ixiy) > minwus then
wl(ixiy) ¢ WUN-
List_intersect (Wl(ix),wl(iy))
Lyext < Lpext Y iy
FWUPs < FWUPs Uiyiy

if |Spext| > O then
| Find _FWUP_sameWUS (PrefiXnext> Snext)

if |Lyext| > O then
L Find_FWUP (PrefiXpexts Lnexts Snext> X, level +1)

23 else
for i « |L;| — 1 downto 1 do
Prefixpext < Prefixpext U Lk [i]
Lpext < 0, Snext < Sk
for j —0i—-1do
C— L [j]
wl(C)  « WUN-
List_intersect (Wl(Lg[i], wl(Li[j])

25
26
27
28
29

30
31
32 \

3 else

34
35

36 if [Spext| > O then

37 ‘ Find_FWUP_sameWUS (PrefiXnpexts Snext)

38 if |Lyext| > O then

39 Find_FWUP (Prefix, . ;> Lnext> Snext> X, level+

if wi(C) # NULL then
if wus (C) == wus(Ly [i]) then
Snext < Snext U Lr [j]

Lpext < Lpext VC
FWUPs «— FWUPs U {Prefix, U
Ly [i]V L [j1}

1)
40 remove last item of Pre fiXxnext

41
42
43

Prefixpext < Prefixpexs U Ly [0]
if |[Sk| > O then
| Find_FWUP_sameWUS (Prefix, .y, Sk)

Procedure Find_FWUP_sameWUS (Prefix, S)
Sinh ra céc tap con cia S va luu trit vao Child
foreach ¢ € Child do

L FWUPs « FWUPs U {PrefixUc}

45
46
47

Bang IIT
CO sO DU LIEU THUC NGHIEM
2 S6 luon So lugng giao
CSbL $6 lugng muyc giao diclgl dich.mgf;iglﬁ
Retail 16,470 88,162 10000
Accidents 468 340,183 5000
BMS-POS 1657 515597 50000
Chainstore 46,086 1,112,949 80000

gian khai thac cang thé hién r6. Vi du, CSDL Accidents véi



Tdp 2023, S6 2, Thing 12

A RETAIL B ACCIDENTS
120 120
100 100
= 80 - 80
.E 60 .E 60
g g
€ 40 © 40
20 20 M
0 0
0.0045 0.004 0.0035 0.003 0.0025 10 9 8 7 6 5
minwus (%) minwus (%)
C BMS-POS D CHAINSTORE
120 120
100 100
= 80 = 80
E 6o E 60
2 40 2 40
” J 20 :/—/%
0 0 — >
0.05 0.04 0.03 0.02 0.01 0.006 0.005 0.004 0.003 0.002
minwus (%) minwus (%)
——dFWUNL pdFWUNL(2) —=—pdFWUNL(4) —><—pdFWUNL(8) —+—pdFWUNL(16)

Hinh 3. Thoi gian khai thac cua thudt toan dFWUNL va pdFWUNL

minwus = 6%, thoi gian khai thac cda thuit toan dFWUNL
1a 69s, con pdFWUNL(2) 1a 39.3s va pdFWUNL (8) 1a 23s.
Bén canh d6, thuat todan pdFWUNL ciing cho thiy su hiéu
qua ctia minh khi s6 lugng 16i xt 1y ting 1én. Vi du, CSDL
Chainstore v6i minwus = 0.002%, thudt toan pdFWUNL
chay trén hai 161 (pdFWUNL(2)) mét 50s, con chay trén 16
16i (pdFWUNL(16)) chi mét 8.6s. Tuy nhién, su gia ting
nay 13 khong tuyén tinh va khi ting 16i 1én mot mic do
nhét dinh, thoi gian khai thic khong gidm di, tham chi con
ting 1én. Piéu nay 1a cho thiy, thuat toan pdFWUNL con
phu thudc vao su phan bd dif liéu. Vi du, CSDL Retail v6i
minwus = 0.0025%, thuat todin pdFWUNL chay trén 16 16i
trong thdi gian 14 40.2s, trong khi chay trén 8 16i chi mét
38.6s.

VL. KET LUAN VA HUGNG PHAT TRIEN

Bai bao da gidi thiéu mdt phuong phap st dung bd xd
ly da 16i d€ song song hod thuit toan dFWUNL khai thic
FWUP tu CSDL dinh lugng dong. Thuat toan song song
dugc dé xuit c6 tén 1a pdFWUNL sit dung co ché Task-
parallel va cin bang tai dong d€ tan dung sic manh tinh
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toan ctia by xi ly. Cac két qua thuc nghiém cho thiy thuat
to4n song song vudt trdi hoan toan vé thdi gian khai thac
so v6i thuat toan tuan ty dFWUNL.

Trong thdi gian téi, chiing tdi sé tiép tuc nghién ciu cic
phuong phap d€ song song hod hai giai doan con lai cia
thuat toan pdFWUNL va t6i uu co ché can bing tii. Ciing
véi do6, nghién ciu cac phuong phap tinh todn phin tan
hodic song song hod trén cic hé thdng khic d€ 4p dung
khai thac FWUP trén nhitng CSDL rét 16n.
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