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Tém tat: Céc itemset 10i nhuan phé bién Skyline (SFUI) c6 thé cung cp nhiéu thong tin hitu ich hon cho viéc ra quyét
dinh véi viéc xem xét ca hai yéu t6 13 tan suit xuét hién va 10i nhuin clia ching. K€ tir khi bai to4n khai thic itemset
loi nhuan phd bién Skyline dugc Goyal V. va cdc cong su dé& xuit vao nim 2015, dén nay da c6 nhiéu thut todn tudn tu
dugc d& xuét nhdm cai thién hiéu sut khai thac, tuy nhién hau hét cic thuat toan déu cé hiéu suit kém khi khai thic cac
tap dif liéu 16n phd bién hién nay. Trong bai bdo ndy, ching t6i d& xut mot thuit toan song song cé tén 1a ParaSFUI-UF
dua trén thuat todn tuan ty SFUI-UF 1a mot thuét toan khai thac itemset 16i nhuan phd bién Skyline hiéu qua nhét hién
nay. Cac két qua thuc nghiém cho thiy thuat toan ParaSFUI-UF vugt troi so v6i thuat toan SFUI-UF.

Tir Khoa: Data mining, frequent itemset, high utility itemset, Skyline Frequent-Utility Itemset, multi-core, parallel processing
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Abstract:

Parallel Algorithm Exploits Skyline Common Interest Element Set
Skyline common-utility element sets (SFUIs) can provide more useful information for decision-making by considering

both their frequency and their benefits. Since the Skyline utility-common element set mining problem was proposed
by Goyal V. and colleagues in 2015, up to now, many sequential algorithms have been proposed to improve mining
performance. However, most algorithms have poor performance when exploiting today’s popular large data sets. In this
paper, we propose a parallel algorithm called ParaSFUI-UF based on the sequential algorithm SFUI-UF, which is the
most effective algorithm for exploiting the Skyline common-benefit element set today. Experimental results show that
the ParaSFUI-UF algorithm outperforms the SFUI-UF algorithm.
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I. GIOI THIEU

Khai thic tap 1di nhuan phd bién Skyline (SFUIM) nhim
khic phuc han ché ciia khai thac tap phd bién va khai thac
tap 1oi nhuan cao. Cu thé, khac véi khai thac tip phd bién
va khai thac tip 10i nhuan cao, dé khai thac tap 10i nhuin
phd bién Skyline ngudi st dung khong can phéi thiét lap
cdc tham s6 dau vao 1a ngudng do hd trg t6i thi€u minSup
hay 1a ngudng 1¢i nhuan t6i thi€u minUtil. Tir khi bai todn
khai thac tap 16i nhuan phd bién Skyline dugc Goyal V. va
cdc cong su dé xuit [1] vio nim 2015, dén nay da cé mot
s6 thuat toan dudc cong bd nham nang cao hiéu suét khai
thac. Tuy nhién, do khong gian cédc itemset ting vién cla
bai todn c6 do phuc tap ham mi cho nén bai toan khai thac
tap 1oi nhuan phd bién Skyline vin 12 mot thich thic, dic
biét khi xit ly dif liéu 16n. C4c thuat todn tuan tu [2-5] hoat
dong tot trén cac tip dif liéu nho, tuy nhién hau hét ching
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khong thé hoan thanh nhiém vu khai thic trén cic bo dit
liéu quy mo 16n trong thdi gian chip nhan dugc do gidi
han vé kha niing tinh toan.

Mt khéc, tinh toan song song [6,7], dudc phat trién dé
Xt ly cdc tap dit liéu 16n, cung cip mot giai phap tiém
ning cho bai todn nay. Dbi v6i cic bai todn khai thac tap
phd bién va bai toan khai thic tip 10i nhuan cao thi da c6
kh4 nhiéu thuit todn song song dudc cong bd [11-14]. Tuy
nhién, tinh dén hién nay d€ giai bai toan SFUIM chi c6 cac
thuat todn tuin tu dugc cong bd, trong d6 thuit todn tuin
tu SFUI-UF dudc cho 1a hiéu qua nhit.

Trong bai bdo nay chiing toi d& xuét thuit todn song song
ParaSFUI-UF st dung uu diém cda tinh todn song song dé&
ning cao hiéu suét khai thac. Noi dung tiép theo ctia bai
bdo dudc t& chifc nhu sau: muc 2 trinh bay cic nghién ciu
lién quan, muc 3 thuét toan song song ParaSFUI-UF va thit



nghiém danh gid thuat toan, muc 4 két luan.

II. CAC NGHIEN CUU LIEN QUAN
1. Khai théc itemset lgi nhuén - phé bién Skyline

Cho 7 1a mét tap hitu han céac item [ =iy, iz,...,0, va
X C I 1a mdt itemset, néu X chifa k item thi X dudc goi
la k-itemset. MOt co s dit liéu giao dich (CSDL) D chita
n giao dich: D =T, T»,...,T,. Mbi giao dich T; € D(1 <
i < n) chia mot tp con cic item thudc tip I. Tan suét
xuét hién ctia tip X, ky hiéu 1a f(X), 1a sb luong giao
dich trong D c6 chia tap X.

Loi nhuin trong ctia mét item i, trong giao dich T;,
ky hiéu 1a ¢(ip,T;), 1a s6 lugng cta item i, xudt hién
trong giao dich 7;. L¢i nhuan ngoai cua item i,, ki hiéu
la prof(ip), 1a don vi 1¢i nhuan cta item i, (la gid ban
hodc 1¢i nhuédn khi ban dudc mot item ip,). Loi nhudn cta
item ip trong giao dich T, ki hiéu 1a u(i,, T;) = q(ip, T;) *
prof(iy).

Lgi nhuan cia itemset X trong giao dich 7; chda tap
X, ky hiéu la u(X,T;) = Zi,,ex u(ip,T;) . Loi nhuén cta
itemset X trong CSDL D, ky hiéula u(X) = Yxcr, u(X,T;)
. Lgi nhuén giao dich cta giao dich T;, ky hiéu 1a TU(T;) =
u(Ti, Tp).

Vi lgi nhuan ctia itemset khong c6 tinh chét déng, nén
Liu va cong su [8] da dé xuat mot khdi niém goi 12 16i nhuén
giao dich c6 trong s6, ky hiéu 1a TWU (X) = Yxcr, TU(TY).
TWU dugc sit dung dé cit tia khong gian cdc itemset ing
vién trong cac thuat toan khai thac itemset 1gi nhuédn cao.
Vi du CSDL D trong Bang I va 1gi nhuén ngoai cia ting
item trong Bang II.

Bang I
CSDL GIAO DICH

TID | Transaction TU
Tl (A2, 2), (A4, 1) 9
T2 (A1, 2), (A2, 1), (A3, 2), (A4, 1), (A5, 1) | 25
T3 (A2, 2), (A4, 2),(A5, 1) 18
T4 (A4, 2), (A5, 1) 14
T5 (A1, 4), (A2, 2), (A4, 1), (A5,2) 41
T6 (A2, 4), (A5, 2) 16
T7 (A3,5) 5

Bang II

BANG LOI NHUAN CUA CAC ITEM
item AT T A2 A3 ] A4 ] A5

Loi nhuén | 6 2 1 5 4

Xem xét mot itemset dua trén 2 yéu t 12 tAn sult xuét
hién va 1gi nhuan: Mot tap X 1a trdi hon tap ¥ néu f(X) >
F(Y) va u(X) = u(Y), HOAC f(X) > f(Y) va u(X) >
u(Y), ky hiéu la: X > Y.
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Mot itemset X trong CSDL D 1a itemset loi nhudn phd
bién Skyline (SFUI) néu X khong bi trdi hon béi bit ky
mot itemset nao khac.

Bai todn khai thdc itemset 10i nhuan phd bién Skyline
(SFUIM): Cho mdt CSDL D véi bang 1gi nhudn ngoai
tuong tng cla tiing item, khai thac itemset 1gi nhuin phd
bién Skyline(SFUIM) chinh 1a viéc di tim tit ci céc tap
SFUIs trong CSDL D.

Piém khac biét cla bai toan khai thdc itemset 1di nhuan
phS bién Skyline so v6i cic bai toan khai thac itemset
phd bién va bai toan khai thac itemset lgi nhuin cao dé
la khi thuc hién khai thic cic itemset 1gi nhuin phd bién
Skyline, ngudi st dung khong cin phdi xdc dinh cdc gia
tri ngudng vé do ho trg tdi thiéu (minSup) va Igi nhuin t6i
thi€u (minUtil).

Nhu da gi6i thiéu & trén, Goyal V. va cic cong su da dé
xuét bai toan SFUIM va thuit todan SKYMINE [1] st dung
cAu tric UP-Tree va k§ thuat ting truéng mau dé€ khai thac
cac tap SFUIs.

Sau d& xuit ctia Goyal V., dd c6 mot s6 thuat toan dudc
cong bd nhim nang cao hiéu ning khai thac SFUIs: Trong
[2, 10] cdc tdc gid da dé xuit ciu tric ming umax va
st dung ciu tric danh sach 1¢i nhuan UL [9] dé xay dung
thuat toan SFU-Miner khai thac cac tdp SFUIs. So véi thuét
toan SKYMINE, thuit toan SFU-Miner wu diém hon nhd
st dung céu triic umax d€ cit tia khong gian cic itemset
ting vién va ciu tric UL c6 thé xic dinh truc tiép SFUIs
ma khong can tao céc tap dng vién.

Lin va cong su [3] di dé xuit cAu tric utility-max va
st dung cAu tric danh sach 1¢i nhuan UL d€ xay dung 02
thuat toan duyét theo chiéu sau SKYFUP-D va thuat todn
duyét theo chiéu rong SKYFUP-B khai thic cic tap SFUISs.
SKYFUP hiéu qua hon SKYMINE va SFU-Miner.

Nguyen va cong su [4] da dé xuat cAu tric danh sich
1gi nhudn mé rong EUL, so sanh véi UL, EUL b3 sung
thém 02 truong: 1¢i nhudn cia itemset va 1gi nhudn cua
item cudi cung trong itemset. Trén cd sé ciu tric EUL,
Nguyen va cong su dé xuét thuit toan FSKYMINE khai
thac SFUIs. Thuét toan FSKYMINE hiéu qua hon so véi
thuat toan dudc dé xuét trong [2, 10].

Wei Song va cong su [5] da dé xuit mot sd clu tric va
chién Iugc d€ nang cao hiéu qué khai thic cac tap SFUISs:

- Thit nhit, d& xuit cAu triic mang Igi nhuan t6i da, ky
hiéu 1a MUA va sit dung danh sich 1gi nhuan UL két hop
véi MUA d€ cit tia cdc itemset va cic md rong khong tiém
nang.

- Thit 2, st dung TWU dé€ loc cic item khong phai 1a
SFUIs. Thit 3, dé xuét khai niém 1oi nhuéan tbi thiéu cta
tdp md rong, ky hiéu 1a MUE, d€ cit tia khong gian cic
itemset Ung vién. Trén co s& cdc ky thuat dugc dé xuét &
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trén, Wei Song va cong su da dé xuit thuat todan SFUI-UF.
SFUI-UF la thuit toan khai thac cac tdp SFUIs hiéu qua
nhét hién nay.

2. Mot s6 khai niém co sé

Pinh nghia 2.1 (Itemset 1gi nhuén phé bién tiém ning
Skyline): [2]. Mot itemset X 1a itemset 1gi nhuan phd bién
tiém ning (PSFUI) néu khong ton tai tp ¥ bat ky sao cho
F¥) = f(X) vau(Y) = u(X).

Trong [2], Pan va cdc cong su da chiing minh tit ca cic
SFUIs déu 1a PSFUISs, vi vdy nhiéu thuit todn khai thac
céc tap SFUISs c6 thé€ thuc hién theo phuong phdp 2 buéc:
bude 1, tim ra tit ca cac tap PSFUISs, va sau d6 tién hanh
loc PSFUIs d€ tim ra céc tp SFUIS.

Dinh nghia 2.2 (mang MUA): [5]. Goi fmax la tan suit
tdi da clia tit ca cdc itemset trong CSDL D va MUA la
mot mang cé kich thudc bang fmax. Gia tri cda item thi
f(1 £ f < fmax) trong mang MUA dudc dinh nghia nhu
sau: MUA(f) = max{u(X)|f(X) = f}

Trong d6 X la itemset bat ky trong CSDL D. Méang
MUA tuong tu nhu mang utilmax[3] nhung khac nhau vé
kich thudc. Cu thé, theo [3], utilmax c6 kich thudc bﬁng
s6 lugng giao dich ctia CSDL D, trong khi d6 MUA c6
kich thudc bang fmax. Trong [5] Wei Song va cong su
da ching minh |MUA| < |utilmax|, trong d6 |MUA| va
|ultimax| tuong tng la kich thude cia mang MUA va mang
utilmax.

Pinh Iy 2.1: Goi X 12 mot itemset. Néu tdng clia tit ca
cac gia tri iutil va rutil trong X. UL nhé hon MUA(f (X)),
thi X va tit ca ciac phan md rong ciia X khong phai l1a
SFUIs [5].

Pinh nghia 2.3 (Loi nhuan t6i thiéu ctia SFUIs):

[5]. Xét CSDL D, 1¢i nhuan t6i thi€u ctia SFUIS, ky hiéu
1a MUS, trong D 1a 16i nhuén t6i da clia cic item don 18 c6
tan suit cao nhit trong D. Cu thé MUS dudc dinh nghia
nhu sau: MUS = max{u(i,)|f(ip) = fmax},

Trong d6 i,, 1a mdt item trong D va fmax la tan sult 16n
nhét clia tit ca cdc tip chia mot item trong D.

Pinh ly 2.2: Goi i, la tap mot item. Néu TWU (i),) <
MUS thi i), va tat ca céc itemset c¢6 chia i, khong phai 1a
SFUIs. Nhu vy, khi itemset chifa mot item c6 TWU thép
hon MUS thi itemset niy va tit ci cdc tip chia né c6 thé
dugc cét tia mot cach an toan. Trong thuat todn SFUI-UF,
MUS dugc dit 1a céc gia tri ban diu ctia mbi item trong
MUA [5].

Pinh nghia 2.4 (L¢i nhuin téi thifu cha phan mé
rong): Cho X 1a mot itemset, 7, 1a mot item, va tdp X Ui,
la mot tdp mdS rong cua itemset X theo item i,. Khi do,
1¢i nhuan t6i thi€u cia thp md rong X U ip, ky hiéu 1a
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Hinh 1. Khéng gian tim kiém ctia thuat todn SFUI-UF.

MUE(X U i,), dugc dinh nghia bang u(X), cy thé nhu
sau: MUE(X Uip) = u(X).

Vi du, xét CSDL trong Bang I va Bang II, ta co:
MUE(A1A4) =u(Al) =36; MUE(A2A4) = u(A2) =22

DPinh ly 2.3: Cho X 1a mot itemset va itemset Y 1a mot
md rong ctia X. Néu u(Y) < MUE(Y), Y khong phai 1a
SFUI [5].

Thuét toan SFUI-UF[5] dua trén cac dinh 1y 1, 2, 3 dé
cit tia khong gian cdc itemset ting vién. Noi dung tiép theo,
bai bdo dé& xuit thuit todn song song khai thiac SFUIs.

III. THUAT TOAN SONG SONG KHAI THAC
ITEMSET LGOI NHUAN - PHO BIEN SKYLINE

Ngay nay ngay ca cdc may tinh cd nhin cling da c6 bd
xt ly da nhan (multi-core) va viéc st dung 14p trinh song
song nham phat huy tdi da stic manh ctia b xit ly da nhan
ciing khd phd bién trong cac ting dung. Lap trinh song song
mang lai nhiéu 1¢i ich nhu: ning cao hiéu ning xir ly va
gitip gidi quyét dudc cac bai toan cé kich thuée 16n. Tuy
nhién, viéc phdt trién cdc thuit toin song song hoic cai
tién céc thut toan tuan tu hién c6 dé c6 thé thuc hién song
song sé gip phai mot s6 thach thic nhu: vin dé vé dong
bd, van dé vé truyén thong va van dé vé cin bang tai.

Nham phat huy tot nhit cic wu diém clia cic bo xit ly
da nhan trén cac mdy tinh ngay nay, trong bai bdo nay
chiing toi dé xuAt mot thuit todn song song khai tic tap
loi nhuan phd bién Skyline c6 tén 1a ParaSFUI-UF. Thuat
toan ParaSFUI-UF 1a md rong cua thuit toan SFUI-UF theo
huéng c6 thé thuc hién song song viéc khdm phd khong
gian cdc itemset Ung vién.

Thuat toan SFUI-UF kham phd cic tap SFUIs theo
phuong phdp tim kiém theo chiéu siu trén ciy liét ké céc
itemset bat dau tif nit gbc rdng. Hinh 1 minh hoa mot cay
liét k& véi 04 item A, B, C, D.

Phuong phap ParaSFUI-UF thyc hién song song codng
viéc kham pha khong gian cac itemset Ung vién theo
phucong phdp chia d€ tri: chia khong gian cdc itemset ting
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Hinh 2. Phan hoach khong gian cic itemset Gng vién trong
ParaSFUI-UF.
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vién thanh cc khong gian con, mdi khong gian con sé gom
MP item & mic Levell trén cay liét ké, MP la tham )
dugc tinh toan theo sé lugng nhan cta bd xir ly da nhan;
Viéc khdm pha trén mdi khong gian con dugc goi 1a mot
tac vu (task); Cac tac vu s€ dudc x@ ly song song trén cac
nhin cda bd xt ly da nhan (multi-core). Hinh 2 minh hoa
viéc chia khong gian céc itemset ting vién thanh cac khong
gian con, mdi khong gian con gdm 1 item & Levell va cic
md rong clia né & mic tiép theo.

Phuong phap ParaSFUI-UF gdém 2 giai doan:

Giai doan 1, tit dong 1 dén dong 13 trong Thuét toan 1
nham x4c dinh danh sich 1¢i nhuan UL ctia céc tip 1 item,
mang MUA.

Giai doan 2, tit dong 14 dén dong 19 trong Thuit toan 1.
Chi tiét giai doan 2 dugc thuc hién trong Thuit todn 2 va
Thuét toan 3. Ham tail(X) trong tham s6 dau vao ctia Thuat
toan 2 dudc dinh nghia Ia tit ca cdc item ding sau tat ci
céc item trong tdp X theo mdt thd tu A nao d6. Diém thay
ddi chinh ctia thuat todn ParaSFUI-UF so véi thuit toan
SFUI-UF nim & vong lap for tit dong 1 dén dong 13 cia
Thuat toan 2 va vong ldp for tif dong 1 dén dong 9 cla
Thuit todn 3. Cu thé, trong Thuit todn 2, mbéi MP item
trong tail(X) sé dugc kham pha song song theo phuong
phap tim kiém theo chiéu siu trong mot tic vu trén mot
nhan ctia bd xi ly. Hinh 2 cho thiy cic khong gian con
la doc 1ap v6i nhau va hop ciia ching sé biang khong gian
téng thé clia bai toan. Mbi tdc vu sé giif riéng cho minh X,
tail(X) va mang MUA.

Trong thuat toan 3, thuc hién song song héa viéc tim ra
cédc tap khong phai 1a itemset 1gi nhuin phd bién Skyline
tlf cdc tap tiém ning S-PSFUIs. Cu thé, mbi MP item trong
S-PSFUIs sé dugc xu ly song song trong cac tac vu.

1. VAn dé dong bd két qua khai thac

Trong thuidt toan 2, cac tac vu dudc thuc thi song song
trén cdc nhin cda bd xi ly va ching phii dong bo héa
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Algorithm 1 ParaSFUI-UF

Input CSDL D cung véi bang 1¢i nhuin ngoai cua ting
item

Output Tit ca cic tap SFUIs

1: #Giai doan 1

2: Scan D once to calculate fmax and MUS;

3: Delete item with TWU values lower than MUS;
4: Calculate the TWU values of the remaining items;
5. for all T; € D do

6:  Sort items in 7y using TWU - ascending oder;
7. forallieT; €D do

8: Update i.UL;

9:  end for

10: end for

—_
—_

: for j =1 to fmax do
MUA(j) = MUS;

: end for

: #Giai doan 2

: Shared S-PSFUI=0;

: Shared S-SFUI=0;

: ParaP-Miner(0,tail(0),MUA);
: ParaS-Miner(S-PSFUI);

: return all SFUIs;

e e e i
O 00 3 N W kA W

Algorithm 2 ParaP-Miner

Input X, rail(X), MUA

Output Tit cid cic tip PSFUIs 12 md rong cla tap
X

1: for all Parallel MP item i € tail(X) do

2 X' =XUi;

3 if u(X’) > MUE(X’) then

4: if u(X’) > MUA(f(X’)) then

5: Update MUA according to f(X’) and u(X’);

6 Synchronize: S — PSFUI =S — PSFUI U X’;

7 Synchronize: Remove Y from S — PSFUI if
(f(¥) ==

8: end if

9: if > d € X.tids(iutil(X',Ty) + rutil(X’,Ty)) >

MUA(f(X’)) then

F(X);

10: P — Mine(X’, tail(X"), MUA);
11: end if

122 end if

13: end for

thao tac ghi két qua mdi khi tim ra dugc mot tap tiém ning
PSFUI Cu thé trong dong Iénh 6 va dong 1énh 7, khi phat
hién ra tap X’ 1a itemset 10i nhuin phS bién tiém ning
Skyline, thao tic ghi tip X’ ra tap két qua va thao tic x6a
cdc tap Y khong phéi 1a tap tiém ning ra khoi tap két qua
phéi dugc dong bo gilta cac tic vu.
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Algorithm 3 ParaS-Miner
Input S-PSFUIs
Output Tt ca cic tap SFUIs

1: for all Parallel MP itemset X in S-PSFUI do

2. for all itemset Y in S-PSFUI do

3: if f/(X) > f(Y)andu(X) > u(Y)or f(X) = f(Y)
and u(X) > u(Y) then

4 Synchronize: Remove Y from S — PSFUI,

5 end if

6: end for

7

8

9

: end for
: §S—-SFUI=8-PSFUI,
. return S — SFUI,

2. Vén dé can bang tai

Trong céac thuit todn song song, viéc x{ 1y tot vAn dé can
bing tai s& cai thién dugc hidu ning tdng thé ctia chuong
trinh. Viéc can bang tai bao gdbm hai yéu td: thd nhét, giam
thiu dit liéu phai truyén thong giita cic tac vu; thi 2, t6i
thi€u tdng thoi gian nhan rdi clia cidc bd xi 1y (cdc nhin
trong bd xit Iy da nhan). B6 xi ly da nhan dudc thiét ké
theo md hinh xt ly song song st dung bd nhd chia sé do d6
ngudi lap trinh sé khong phéi quan tim dén van d truyén
thong di liéu gitta cdc tac vu. Hon nita, cac nhan ctia mot
bd xt ly da nhan thuong c6 kha nang tinh toan nhu nhau, vi
vy dé can bang tai, thudt todn phai giao khdi lugng cong
viéc nhu nhau cho mdi nhan xi ly nhim dam bao cic nhin
Iuén & trong trang thai x@ ly cong viéc trude khi thuét toan
két thiic. Céc tdc vu trong cac thuat toan song song sé dudgc
quan ly trong mdt task-pool. Sau dd, cac tac vy nay sé dugc
xti ly song song theo chién ludc tic vu dén trudc sé dudc
XU ly tru6e trong cac nhin cta bd xi ly. Nhu vy, trén b
xti ly da nhan, néu thoi gian xi ly dong bo gilta céc tic
vu nhd, dé thuc hién can bing tai ching ta nén chia tic vu
c6 khéi lugng tinh todn nhé. Tuy nhién, mdi tic vu trong
task-pool sé dudc cAp phat bd nhd dé luu trit cac bién riéng
ctia ching, do d6 néu kich thudc clia task-pool qué 16n sé
gdy ra hién tuong tran bo nhé. DE tdi thiéu héa kich thude
clia task-pool, chiing ta c6 thé chon s tic vu bang ding
s6 nhan cta bd xd ly. Tuy nhién, diéu nay lai c6 thé 4nh
hudng dén vin d& can bing tii. Cu thé, trén Hinh 2 cho
thiy céc tac vu & phia bén trai (ing véi cic item & dau cla
tail(X)) sé c6 khong gian cédc itemset ing vién 16n hon céac
tdc vu phia bén phdi, do d6 nhiing nhan xt ly cac tac vu
& phia bén trdi sé c6 thé hoan thanh cong viéc chim hon
so vGi nhitng nhan thuc hién cic tdc vu & phia bén phai.

3. Thi nghiém

Céc tac gia trong [5], khi thuc nghiém thuét toan SFUI-
UF, da sap xép cdc item theo thd tu giam dan cda gia tri
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TWU va duyét cac item trén cdy liét ké theo thu ty tu
trdi sang phai d€ dinh gid thuat todn SFUI-UF. Tuy nhién,
trong thuit toan song song, thi tu tim kiém cda cédc item
s& bi thay d6i va khong nhét quan giita cac 1an chay khic
nhau. Vi vdy, d€ danh gia 4nh huéng ctia thi ty tim kiém
dén kich thudc ctia khong gian cic itemset ting vién va toc
dd thuc hién cda thudt todn, trong phan thuc nghiém nay
chung t6i s€ thuc hién 02 ndi dung: N6i dung 1, cac item
& Level 1 clia cay liét ké dudc t6 chiic thanh mot hang doi
xoay vong theo thif tu giam dan cla gia tri TWU, danh gia
thuat toan SFUI-UF bang cach thay ddi vi tri xuét phat:
TH1: Xuét phat tif diu hang doi (tif item bén trdi cung trén
cay liét ké&); TH2: Xuit phat tir vi tri cich dau hang doi
mot khoang bing 1/3 chiéu dai hang doi; TH3: Xuit phat
tir gitta hang doi; TH4: Xuét phat tif vi tri cdch diu hang
doi mot khoang bang 2/3 chiéu dai hang dgi; THS: Xuét
phét tit cudi hang doi. Noi dung 2, so sianh phuong phap
ParaSFUI-UF véi thuat todan SFUI-UF & 2 trudng hop dién
hinh 1a TH1 va THS, cac trudng hgp khac hoan toan tugng
ty.

Ma ngudn thuit toan SFUI-UF dugc 14y tir cong bd cia
nhém tic gia [5] trong bd thu vién ngudn mé SPMF[15].

Phuong phap ParaSFUI-UF dugc cai dat va danh gia trén
mdi trudng Java 17 st dung fork-join framework dé chia
khong gian céc itemset dng vién thanh cic khong gian con
theo phuong phap dé quy. S6 ludng tiac vu con dudc thuc
hién song song dudc tinh todn ty dong theo s6 nhan cla
bd xt 1y trén mdy tinh. Trong qué trinh tién hanh thuc
nghiém, chiing ti thiy ring dé€ can bing ti, va khong bi
tran bd nhd do kich thudc hang doi 16n thi s6 lugng tac vu
dugc dinh nghia bing 2 1an sd nhan ctia bd xit ly. Cac thuc
nghiém ching t6i da thuc hién trén mdy tinh c6 ciu hinh
8-core 3.00GHz, 8GB RAM chay hé diéu hanh Windows
10 phién ban 64 bit.

Céc co s dif litu st dung géom: mushroom_utility
(viét tat 1a M_Util), chess_utility (viét tit 1a C_Util) va
connect_utility (viét tit 13 Con_Util) dugc lay tir [15].

Két qua thuc nghiém noi dung 1 dudc trinh bay trong
Bang III va Bang IV:

Thoi gian chay 05 trudng hop trong Bang IV 1a két qua
trung binh ctia 20 1an chay. Tir két qua thuc nghiém thuat
toan SFUI-UF trén 03 CSDL & Bang III va Bang IV, chiing
ta thiy kich thudc clia khong gian cic itemset ting vién va
thai gian thuc hién cla thuit toan ¢6 xu hudng giam kha
nhanh khi vi tri bat dau duyét dan vé cudi hang doi. Két
qua thyc nghiém ndi dung 2 dugc trinh bay trong 02 bang:
Bang V va Bang VI nhu sau:

Cic két qua danh gia thoi gian thuc hién va khong gian
cac itemset tng vién cda thuit toan ParaSFUI-UF trong cac
Bang V va Bang VI 1a cdc gia tri trung binh cda 20 lan
chay chuong trinh. Két qua thuc nghiém trong Bang V va
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Bang III
SO SANH KHONG GIAN CAC ITEMSET UNG VIEN CUA SFUI-UF
Dataset #SFUIs | THI TH2 TH3 TH4 THS
M_Util 17 22,710 12,820 9,236 4,506 4,743
C_Util 35 915,101 269,561 117,050 86,364 81,301
Con_Util | 46 4,349,427 | 4,952,510 1,968,260 | 685,520 | 654,885
) Bang IV
SO SANH KET QUA THOI GIAN THUC HIEN CUA SFUI-UF (MS)
Dataset THI1 TH2 TH3 TH4 THS5
M_Util 1,588 1,500 1,322 998 1,012
C_Util 28,273 17,732 12,708 12,524 11,925
Con_Util | 4,141,415 | 4,267,812 | 2,821,565 1,810,984 1,762,345
Bang V
SO SANH KHONG GIAN CAC ITEMSET UNG VIEN
Dataset SFUI-UF (TH1) | SFUI-UF (TH5) ParaSFUI-UF
#PSFUIs #PSFUIs #SFUIs | #PSFUIs
M_Util 22,710 4,743 17 11,650
C_Util 915,101 81,301 35 17,981
Con_Util | 4,349,427 654,885 46 54,081
Bang VI [2] Pan Jeng-Shyanga, Lin Jerry Chun-Weib, Yang Lub, Fournier-

SO SANH THOI GIAN THUC HIEN(MS)

Dataset SFUI-UF (TH1) | SFUI-UF (THS5) | ParaSFUI-UF
M_Util 1,588 1,012 637

C_Utl 28,273 11,925 788

Con_Util | 4,141,415 1,762,345 43,439

Viger Philippec, Hong Tzung-Peid, "Efficiently mining of
skyline frequent-utility patterns", Intelligent Data Analysis,
vol. 21, no. 6 (2017), 1407-1423.

Jerry Chun-Wei Lin, Lu Yang, Philippe Fournier-Viger,
Tzung-Pei Hong, "Mining of skyline patterns by considering
both frequent and utility constraints", Engineering Applica-

(3]

Bang VI cho thiy thuat todn ParaSFUI-UF vuot trdi so véi
thuat toan SFUI-UF nguyén ban [5] va thuat toan SFUI-UF
thuc hién theo THS.

IV. KET LUAN

Trong bai bdo nay, chiing t6i di dé& xuit thuat todn song
song ParaSFUI-UF trén cd sd md rong thudt toan hiéu qua
nhét hién nay SFUI-UF. Thuit todn ParaSFUI-UF da thuc
hién chia khéng gian cac itemset ting vién SFUIs thanh céac
khong gian con va thyc hién kham pha cac khong gian con
mot cach song song trén cac nhan cta by xu ly da nhan.
Phan thyc nghiém da tién hanh 2 ndi dung danh gia: Thi
nhét 13 danh gid su anh hudng cia thi tu tim kiém dén kich
thudc ciia khong gian cic itemset ting vién va toc do thuc
hién cta thuat toan SFUI-UF; Thi hai 1a danh gia, so sanh
phuong phap ParaSFUI-UF so véi thuét todan SFUI-UF: két
qua cho thiy, phuong phap ParaSFUI-UF c6 hiéu qua vudt
tri so véi SFUI-UF.
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