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TOM TAT

Ludgt két hop chi ra mai quan hé, su két hop hay méi fuwong quan giita cdc doi twong trong
co s¢ dit lidu. Khai phd ludt két hop la bai todn di va dang dwoc quan tdm nghién cizu trong
linh viee khai phd dix liéu. Céc thudt todn thwong dwoc sir dung trong khai phd lugt két hop la
Apriori, FP-Growth. Muc dich cua bai bao la danh gia hiéu Qua Cua cdc thudt toan Apriori,
FP-Growth va Aprzorl cdi tién trong méi tru’oﬂg xu [y song song. Viéc so sanh cdc thudt toan
dia vao hai yéu té thoi gian thuc thi va higu sudt cua thudt todn sir dung. Két qua thuc

nghiém trén cac bg dir ligu thuc cho thdy rang trong méi truong xir Iy song song, thudt todn
PF-Growth thuc th: hiéu qua nhat.

Tir khéa: Khai phd diz liéu; Khai phd ludt két hop; Apriori; FP-Growth; Apriory cdi tién.
ABSTRACT

An association rule indicates the relationship, association, or correlation between objects
in the database. Association Rule Mining is a problem which has received an increasing
amount of attention lately in data mining. Appriori and FP-Growth have commonly used
algorithms in association rule mining. The aim of the paper is to evaluate the effectiveness of
the Apriori, FP_Growth and Improved Apriori in a parallel processing environment. The
comparison is based on execution time and the performance. The experimental results showed
that in the parallel processing environment the FP-growth algorithm is the most efficient one.

Keywords: Data Mining; Association Rule Mining; Apriori; FP-Growth; Improved Apriory.

1 G161 THIEU céc lugt két hop trong khai pha dir liéu 1a rat
' ; . canthiet.
Khai pha dir liéu 13 mot qua trinh ddy

hira hen va phat trién trong phan tich dit liéu Hai huong tiep can chinh trong thict ke

va n6 duoc tng dung trong nhiéu linh vuc.
Khai pha dir liéu 1a c6t 18i ciia qué trinh
“Phat hién tri thuc tor co so dir liéu”
(Knowledge Discovery in Database-KDD), 1a
qua trinh khai pha, trich xudt, khai thac va sir
dung nhitng dit liéu co gia tri tiém an tir bén
trong luong lon dir li¢u duogc luu trir trong
cac co so dir liéu (CSDL), kho dir liéu, trung
tam dir liéu 1on.

Céc thuat toan khai pha luat két hop tuan
tu khi s dung vai dit liéu Ion s& mat nhiéu
thoi gian. Vi vy, yéu cau can c6 nhitng thuat
toan song song hiéu qua cho viéc phat hién

thuat toan khai pha luat két hop song song 13
mo hinh song song dir liu, m6 hinh song
song thao tac.

Bai bao nay nham muyc dich danh gia
hiéu qua gitra cac thuat toan Apriori, Apriori
cai tién, Apriori cai tién va FP-Growth trong
moi truong Xu ly song song.

Phan con lai ciia bai bao bao gdm: Phan
2 trinh bay cac khai niém co ban va cac cong
trinh lién quan. Phan 3 gidi thiéu vé cac giai
thuat khai pha luat két hop. Céch tiép can
khai pha luat két hop st dung giai thuat song
song duoc trinh bay trong phan 4. Phan 5 1a
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két qua thyc nghiém. Phan 6 1a két luan va

hudng phat trién cua dé tai.

2. CAC KHAI NIEM CO BAN VA CAC
CONG TRINH LIEN QUAN

2.1. Céc khai niém co ban
Cho D = {t1,~t2, cee, tm} la co so ‘dﬁ‘ |IéU
cac giao dich. Moi giao dich t; bao gom mot
tap n thudc tinh I,: {iy, iz, ..., In} va c6 mot
dinh danh duy nhat TID.
e Mot luat dinh nghia sy kéo theo c6 dang X
=Y trongdo X,Y S Iva X N'Y=0. Trong
do, X goi la phér; ménh deé diéu kién va Y
goi1 la ménh dé két qua cua luat tuong Ung.

= Do phd bién

1
Supp(X) = [X|/ D) @
TeD:XuYcT) (@
Supp(X =VY) =
D]
=  Pj tin cay
Supp(X=Y)
Conf(X=Y) = ——M—— 3

2.2. Céc cong trinh lién quan

Mot trong nhiing thuat toan dau tién khai
pha luat két hop, thuat toan Apriory, do
RaKesh Agrawal va cac cong su dé suét nam
1993 [1]. Thuat toan sau d6 tré thanh nén
tang cho su phat trién cac thuat toan sau nay.

Nam 2000, Jiawei Hai va cac cong su dé
xuat thuat toan FP-Growth. Thuat toan nay
sir dung FP-tree dé tim cac tap muc phd bién,
nham giam s6 1an quét qua co so dix liéu [2].

Trong [3], Z. H. Deng va céac cong su dé
Xuat mot kiéu di licu méi theo chiéu doc goi
1a N-list, bit ngudn tir FP-tree-like goi 1a
PPC-Tree. Dua trén ciu trac dir liéu N-list,
phat trién mot thuat toan khai thac hiéu qua
1a PrePost, dé khai thac tap muc pho bién.
Cac qua thuc nghiém cho thiy thuat toan
PrePost hiéu qua nhanh nhét trong tat ca cac
truong hop. Mic du thuét toan s& ton nhiéu
bo nha khi cac bd dir liéu nho.

Trong [4], Aiman Moyaid Said va cac
cong su da cai dat va so sanh thuat toan cai
tién cua Fpgrowth, AFOPT, Nonordfp,

Fpgrowth voi  dir  licu  T1014D100Kk,
T40110D100K, Mushroom, Connect4. Vi
thuat toan Fpgrowth chay trén dir ligu
T1014D100k, T40110D100K, Mushroom,
Connect 4. Két luan hiéu suét caa thuat toan
APFOPT la 6n dinh nhat trén hau hét cac loai
dur liéu.

Trong [5], Zhi-Hong Deng va cong su
trinh bay mot thuat toan hiéu qua dugc goi la
FIN dé khai thac cac tdp muc thudong xuyén.
Pé danh gia hiéu suat caa FIN, ho da tién
hanh cac thuc nghiém dé so sanh né véi
PrePost va FP-growth trén nhiéu bo dir liéu
thyc va tong hop. Két qua thu nghiém cho
thiy rang FIN c6 hiéu suat cao trén ca thoi
gian chay va mtrc su dung bo nho.

Trong [6], Dawen Xia, Yanhui Zhou,
Zhuobo Rong, va Zili Zhang d& xuit mot
thuat toan FP-Growth str dung giai thuat song
song cai tién (IPFP), sir dung MapReduce dé
thuc hién thuat toan FP-Growth sir dung giai
thuat song song. Do d6 cai thién hiéu suat
tong thé va hiéu qua khai pha cac tap muc
phd bién.

Mot sb giai thuat khai phé luat két hop sir
dung trong mai truong xur 1y song song cling
da duoc dé xuat nham ting téc do xir Iy cua
thuat toan. Chang han, trong [7] Yanbin Ye
and Chia-Chu Chiang gidi thiéu giai thuat
song song dé khai pha cac tdp muc phd bién
st dung thuat toan Apriory; trong [8], Yi
Wang va cac cong su su dung gidi thuat
FP-Growth trong moéi truong song song dé
khai pha cac tap muc phd bién. Cach tlep can
chung ciia cac giai thuat khai pha luat két hop
thuong dugc thuc hién qua hai giai doan:

(1) Tim tat ca cac tap muc dir liéu c6 do
ho trg thoa ngudng toi thi€u cho trude, goi 1a
cac tap muc dir liéu pho bién.

(2) Tim ra nhiing luat két hop tir nhiing
tap muc dir licu phé bién thoa dd tin cay cho
trudce.

Cac cong trinh nghién cru vé bai toan
khai phé luat két hop thuong tap trung dé xuat
méi hoic cai tién thuat toan thuc hién trong
giai doan 1 tim tat ca cac tap muc phé bién.
Con giai doan 2 thuong 1a xtr Iy nhu nhau.
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3. MOQT SO GIAI THUAT KHAI PHA
LUAT KET HQP

3.1. Giai thuat Apriori

Thuat toan sinh tdp muc Gng vién tu
nhitng tap muc phd bién & budc trudc, su
dung k§y thuat “tia” dé bo di tap muc tng vién
khong théa man ngudng hd tro cho trudc.

Thuit toan gom céac buéc sau:

- Tim tit ca cac tdp muc phd bién 1- phan
tur (Cy).

- Tao céc tip ng vién c6 k — phan tir (K -
candidate itemset) tir cac tap phd bién co
(k-1) — phan tir. Vi du, tao tap ung vién C,
tir tdp pho bién Ci.

- Kiém tra do pho bién cua cac ung vién
trén CSDL va loai cac tng vién khong
phd bién ta duoc cac tdp muc pho bién L;,
voimoi 1 <i<Kk.

- Dung khi khong tao duoc tap muc phd
bién hay tap Gng vién, i.e., Ly = {} hay Cy
={

Ma gia thuat toan Apriori

Dit ligu vao: Tap cac giao dich D,
ngudng ho trg minsup

Dit ligu ra: Tap tra 101 bao gdm céc tap
muc phd bién trén D
Giai thuat:
L, = {large 1-itemset};
for (k= 2; L1 # ¢; k++) do begin
Ck = apriori_gen(Ly.1); // sinh tap muc
ung vién madi Cy;
For all giao dich t € D do begin
C = subset(Cy, t); // cac tap muc
ung vién chura trong t;
For all tap muc tng vién c; € C;do
ci.count ++ ;
end;
Lk = {ci € Ck| ci.count > minsup}
end;

Return tat ca céc tap muc phé bién Ly
U'u diém thuit toin Apriori

- La thuét toan don gian, d& hiéu va d& cai
dat.

- Thuat toan Apriori tim tdp muc phd bién
thuc hién tot boi rat gon kich thudc cac
tap ung vién nho ky thuat “tia”.

Nhuoc diém thuit toan Apriori

- Phai duyét CSDL nhiéu lan.

- S6 lwong 16n tap tng vién duoc tao ra lam
gia tang sy phuc tap khong gian.

- Pé xac dinh do support clia cic tap tng
vién, thudt todn ludn phai quyét lai toan
bo CSDL.

3.2. Thuit toan Apriori cai tién

Pé nang cao hiéu qua khai pha céc
itemset phd bién, Girja Shankar va Latita
Bargadiya [9] d4 thao luan vé hai van dé cia
thuat toan Apriori.

Pau tién, thuat toan can phai quét co so
dit liéu nhiéu 1an va & 1an thi hai, n6 s& tao ra
itemset ing vién 16n va lam tang thoi gian XU
ly, ciing nhu do phurc tap vé khong gian. bé
khic phuc nhirng khuyét diém trén, cac tac gia
dé xuat cii tién nhu sau: dau tién tim
frequent one_itemset cia co s& dit li¢u sau do
tao ra tap power cua frequent one itemset va
khoi tao itemset count = 0. Goi power set nay
la Global power set. Khi thuat toan quét qua
co s& dit liéu dé dém itemset, thi x0a cac item
tor giao dich khong c6 médt trong danh sach
frequent_one_itemset. Sau khi qua trinh x06a
thuat toan tao ra Local Power set tir cac item
con lai cua giao dich va so sanh véi cac
Global power set. Khi phu hop thi ting sd
luong itemset 1én mot. Budc nay s€ lam gidm
s6 1an quét qua co so dir liéu.

Noi dung thudt toan:
Input:

1) Co so dir liéu D véi dinh dang (TID,
itemset), trong d6 TID la mét dinh danh cta
giao dich va itemset 1a mot tap muc twong ing

2) Ngudng hd tro tdi thiéu: min-sup.
Output: cac tap muc phd bién trong D.
Cac budc xtr ly:
1) Tim tap muc pho bién 1 phan tir
L1 = frequent_one_itemset (D)

2) Tao power set cua L1 va khoi tao itemset
count = 0, va goi n6 la Global power set;
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3) Quét co s dit liéu D dén hét.

a) Poc itemset tur giao dich va xba céc
item khong ¢ trong L1 va sau do tao ra
local power set tir cac item con lai cua
giao dich.

b) So sanh local power set v&i Global
power set timg cai mot va néu itemset phu
hop thi ting s6 lwong itemset 1én 1 trong
Global power set.

Tia cac ung cu itemset.

4) Quét Global power set va dém s6 tng vién
itemset;

Néu do hd tro cua ung vién itemset nho
hon minsup thi x6a item set do tur Global
power set.

5) Céac itemset con lai cua Global power set s&
la itemset pho bién dugc yéu cau.

3.3. Thuit toan FP-Growth

Thuit toan FP-Growth dugc dé xuét
nham khac phuc dugc cic nhugc di€m cua
thuat todn Apriori.

Noi dung thudt toan:
Buoc I: Xay dung FP-Tree:

- Duyét CSDL lan mdt, xac dinh céc tap
muc pho bién L va sap xép chung theo do
ho tro.

- Duyét qua CSDL lan hai, véi mdi giao
dich T Sép Xép cac tap muc theo thu tu tdp
L. Gia str cac tap muc phd bién trong T ¢6
dang [p|P] véi p 1a tip muyc can dua vao
FP-Tree va P la danh sach cac tap muc
con lai, N la nut can chén. Néu nat con
ctia N gidng p, ting bién count nat con d6
lén 1. Nguoc lai, tao nit con médi cho N
c6 tén muc 1a p va count = 1. Tiép tuc
chén P vao nut con vira xét.
Buéce 2: Xay dung co so miu diéu kién
(Conditional Patern Bases) cho mdi tap
muc pho bién.

Buwoc 3. Xay dung FP-Tree diéu kién
(Conditional FP-Tree) cho mdi tAp muc
phé bién trong co so mau diéu kién.

Budc 4: B¢ quy xay dyng FP-Tree didu kién
dén khi FP-Tree diéu kién con mot nhanh

duy nhat (single path), sau d6 tién hanh
sinh tat ca t6 hop muc phd bién.

4. KHAI PHA LUAT KET ) HQP
TRONG MOI TRUONG XU LY
SONG SONG

Khai pha luit két hop sit dung giai
thuat song song

4.1.

Khai phé luat két hop sir dung giai thuat
song song dya trén y tudng cua khai pha luat
két hop, thuc hién song song héa nham dap
ung su tang 1én nhanh chong cua dir liu va
giam thoi gian thuc hién.

Cac giai thuat xur Iy song song duoc ap
dung trong giai doan tim cdc tap muc phd
bién nham giam thoi gian thyc thi caa giai
doan nay. Trong céc thuat todn dung trong
khai pha luat két hop, thuat toan FP-Growth
thuong dugc sir dung trong cac giai thuat xu
1y song song vi tinh hi¢u qua cia no.

Khai pha luat két hop trong méi trudng
Xt 1y song song dugc thuc hién qua cac budc
sau: (1) Co s¢ dit liéu ban déu dugc phan
hoach cho cac by xir ly; (2) Mdi bo xtr 1y
thuc hién thuat toan FP-Growth dé phét sinh
tap muc phd bién cuc bo; (3) Bo xtur Iy chu
téng hop cac tap muc phd bién cuc bo tir cac
bo xir 1y khac dé phat sinh cac tap muc phd
bién toan cuc; (4) Cac luat két hop duogc phat
sinh tir tap muc phé bién toan cuc.

Hinh 1 minh hoa cac budc thuc hién cua
thuat toan khai pha luat két hop FP-Growth
trong moi truong X 1y song song.

Boxuely Boxr Boxr Boxk

cha wP0O WPl Iy B2
CSDL 43
CSDL phan hoach [__j [ __j [ __j
I )

Whan 1-item i .. N
. — Deém céc item cuc bd
il

hoD | Tipcacl-
item

‘ Xay dung FP-Tree cuc bo ‘
I [ 1 [ 1

- a— ‘ Tao mau didu kién co s&
Tong I |

hop —_— ‘ Sinh FP-Tree dleu kién ‘

[ 1
— ‘ Sinh tdp muc pho blm

Tc;mg
hop

lTép cdc muc
phd bién

Hinh 1. M6 hinh giai thudt song song dung
thudt toan FP-Growth
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4.2. Thuat toan song song sir dung Apriori
cai tién
Dua vao thudt toan Apriori céi tién, thuét
todn nay st dung mo hinh “Chu-T¢”.
Noi dung thudt toan:
Input:

1) Co s¢ dir liéu D voi dinh dang (TID,
itemset), trong d6 TID 1a mot dinh danh cua
giao dich va itemset 1a mot tdp muc tuong ting
v61 cong viée kinh doanh. Dy, Do,..., Dy: cac
phan hoach CSDL, p 14 s6 bo xir 1y.

2) Ngudng hd tro t6i thiéu: min-sup.
Output: Céc tap muc phd bién trong D
Cdc budc xu ly:
1) V&i moi bo xur 1y i,
L1(i) = tim frequent_one_itemset (Di);

2) Nhan L1(i) ter bo xtr 1y |

Tao power set cua L1 va khéi tao itemset

count = 0, va goi n6 1a Global power set;
3) Bo xtr 1y chu quét co s dit lidu D dén hét.

Poc itemset tir giao dich va xb6a cac item

khong & trong L1 va sau d6 tao ra local
power set tir cac item con lai cua giao dich.

Guri local power set va Global power set (i)
toi cac bo xu 1y t6.

4) Bo xtr ly t& i so sanh local power set vdi
Global power set (i). Néu itemset phu hop
thi ting s luong itemset 1én 1 trong Global
power set (i).

5) Bo xtr Iy cht nhan Global power set (i) tir
bo xur Iy t6. Quét Global power set va dém
sO Ung vién cua ting itemset;

Néu sb tmg vién cua itemset it hon minsup
thi x6a itemset d6 khdi Global power set.

6) Cac itemset con lai cua Global power set s€
la itemset phd bién dugc yéu cau.

4.3. Thuat toan song song sir dung

FP-Growth

Thuat toan xay dung mot ) Fp-tree cuc
bd trong moéi truong b nhé phan tan dya trén
mo hinh “Chu - T6™.

Thuét toan khai pha luat két hop nay gdm
hai nhiém vu chinh:

- Xay dung song song FP-Tree
- Khai pha song song va sinh tap muc pho
bién.
(1) Xay dung song song FP-Tree
e Chia CSDL giao dich D cho P bg xur 1y.

e Mbi bo xu ly tinh toan do hd trg
(flocal(i)) cia mdi muc i bang cach quét
phan hoach CSDL cuc bd. Sau do, tat ca
cac bo xtr Iy gui flocal(i) cuc bo dén bod
xur ly chu.

e Bo xtr 1y chu két hop cac flocal(i) lai dé
sinh d6 hd tro toan cuc (fglocal (i)).

e Tép cac l-itemset phd bién thu duoc s&
dugc truyén cho tat ca cac bo xu ly trong
nhom.

e Xay dung cac FP-Tree cuc b, Mdi bo xur
1y quét CSDL cyc b cua n6 va chen cac
muc pho bién vao trong cay FP-Tree

(2) Khai phd song song va sinh tdp muc phé
bién
e Dau tién, thuét toan duyét toan bo FP-Tree
va tao ra cac mau diéu kién co so.

° Tiép theo, thudt todn tap hop céc mau
didu kién co so tir cac bo xur 1y dé xay
dung FP-Tree diéu kién co so (CFPT)
cho mdi muc phd bién.

e Cubi cung 1a thyc thi viéc khai pha bang
cach x4y dung dé qui cac mau diéu kién
co sO va cac CFPTs cho dén khi no sinh
tat ca cac tdp muc pho bién.

5. KET QUA THUC NGHIEM
5.1. Méi trwong thuc nghiém

Hé thng thuc nghiém duoc cai dit bang
C# trén nén Microsoft Windows 10
Enterprise 64bit, .Net Framework 4.5, thuc
hién trén CPU Intel® Core™ i5-3210M CPU
@ 2.50GHz 2.50GHz, RAM 12.0GB, SSD
240GB. Hé théng phan mém duoc st dung:
Visual Studio 2017 Enterprise, Microsoft’s
Message Passing Interface (MS-MPI) [10].
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5.2. Cac tap dir liéu thuc nghiém

Go6m 3 tap dit liéu: Dir liéu mushroom.dat
duoc lay tir b dit liu caa UCL c6 8124 giao
dich; dit liéu T1014D100K duoc tao ra bang
cach st dung trinh tao tor nhdm nghién cau
cua IBM Almaden Quest, c6 100000 giao
dich; dir lieu BMS_WebView 1 chaa 59.602
giao dich dix liéu nhap chudt tir mot trang web
thuong mai di¢n tu.

5.3. Két qua thuc nghiém

Chuing t6i cai dat cac thuat todn Apriori,
Apriori cai tién, Apriori cai tién sir dung giai
thuat song song, FP-Growth va FP-Growth
su dung giai thuat song song, so sanh cac
thuat toan dua vao thoi gian thuc thi va sb
luong tai nguyén ma thuat toan su dung.

5.3.1. Thoi gian thue thi
Hinh 2, 3, 4 Mo ta két qua thuc nghiém vé
thoi gian thyc thi ctia cac thuat toan duoc tinh
bang gidy.
80
70
60
50
40
30
20
10 \

0

——— Apriori

ay)

gia

—— Apriori cai tién

Thoi gian (

50 60 70 80

Do ho tro

Hinh 2. Thoi gian thyc thi cua cdc thudt toan
voi bo dir liéu mushroom.

Thoi gian (giay)
)
V

Do hd tro
——— Apriori
—— Apriori céi tién
FPGrowth
—— FPGrowth song song

Hinh 3. Thoi gian thuc thi cua cdc thudt toan
voi bo dir lieu T1014D100K.

= 120
« 100
2 g0
E 60
‘w40
5 20 ~
= 0
2.5 3 3.5 4 4.5
~ DPdhbtrg
—— Apriori
—— Apriori cai tién
FPGrowth

—— FPGrowth song song

Hinh 4. Thoi gian thyc thi cua cdc thudt todn
voi bo dir lieu BMS_WebView 1.

Két qua thyc nghiém cho thay thoi gian
thuc thi cia thuat todn FP-Growth st dung
giai thuat song song la nhanh nhat, thoi gian
thuc thi ctia thuat toan Apriori cai tién va
Apriori cai tién su dung gidi thuat song song
thoi tang dot bién khi do ho trg nho.

5.3.2. Tai nguyén thuat toan sir dung

Bang 1, 2, 3 trinh bay két qua thuc
nghiém ve hi€u suat (s0 lugng tai nguyén su
dung) cua cac thuat toan.

Bing 1. Két qua vé s6 lwong tai nguyén (ma
thudt todan can sw dung) voi do ho tro duwoc
chon la 60% voi bo dit lieu mushrom.

Do ho tro (%) 60

Tai nguyén CPU RAM

(%) | (MB)

Apriori 2494 | 68.15
Apriori cai tién 24.86 | 67.41
FPGrowth 2497 | 7154
FPGrowth song song 4421 | 132.75
Apriori cai tién song song 51.72 | 148.08

Bing 2. Két qua vé $6 lwong tdi nguyén (ma
thuat toan can sw dung) voi do ho tro duwoc
chon la 7% vdi bo dir lieu T1014D100K

Do ho trg (%) 7

Tai nguyén CPU RAM

(%) | (MB)

Apriori 2496 | 87.42
Apriori cai tién 24.93 | 86.09
FPGrowth 2497 | 89.65
FPGrowth song song 50.32 | 283.68
Apriori cai tién song song 51.40 | 286.83
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Bing 3. Két qua vé s6 luong tdi nguyén (ma
thuat toan can sw dung) voi do ho tro dwoc
chon la 3.5% voi bo dir lieu BMS WebView 1

Két qua thyc nghiém cho thiy sb luong
tai nguyén st dung cua cac thuat toan trong
moi truong xir 1y song song gan gip hai lan
thudt toan tuan tu ca vé bd nhé RAM (Mb) va
phan traim % CPU.

5.3.3.D9 chinh xac cia thuit toan.

Vi khong biét trudc trong cac tap dit lidu
thuc nghiém c6 chinh xac bao nhiéu tdp muc
phd bién, nén dé danh gia vé do chinh xéc ciia
cac thuat toan chung t6i1 liét ké danh sach cac
tap muc phé bién duoc tra vé tir cac thudt toan
ddi v&i mdi tap dir liu va so sanh ching voi
nhau. Néu chiing giéng nhau thi d¢ chinh xéac
la nhu nhau. Nguorc lai 1a khong chinh xéc. Do
giéi han s trang cua bai béo, trong Bang 4
ching toi chi trinh bay két qua cac tap muc
phé bién tim dugc cua cac thuat toan trén bod

dir liéu mushroom véi d6 hd trg 80%. Két qua
cho thay céac thuat toan déu sinh 23 tap muc
pho bién giong nhau. Thuc nghiém trén cac bo

Do hd trg (%) 35 dtr liéu con lai cling cho két qua twong tu. Nhu
N |l cpu | RAM vay c6 the ket luan do chinh xéc cia cac thuat
Tai nguyén (%) | (MB) toan 1a nhu nhau.

Apriori 24.90 | 7961 5.4. Nhin xét két qua thwe nghiém
Apriori cai tién 24.95 | 80.09 Két qua thuc nghiém cho thiy thoi gian
FPGrowth 24.97 | 8142 thuc thi cuia thuat toan FP-Growth,
FPGrowth song song 42.79 | 199.75 FP-Growth song song nho hon thuat toan
Apriori céi tién song song | 46.73 | 196.61 | Apriori tuan tu, thudt toan Apriori cai tién,

Apriori céi tién song song trén cac b dir ligu.
Ta thdy FP-Growth song song thoi gian thuc
hién nhanh hon FP-Growth va on dinh trén
cac bo dir liéu.

Thuét toan Apriori cai tién thoi gian thuc
thi nhanh hon thuét toan Apriori tuan ty véi
d6 hd trg 16m, nhung véi do ho tro nho sé& phat
sinh s6 lugng tap cac l-item 16n, nén thuat
toan Apriori sinh ra rat nhiéu tip muc Gng
vién, do d6 thoi gian thuc thi ctia Apriori céi
tién 16n hon rat nhiéu so véi Apriori tuan tu.

Tuy nhién vé mit tai nguyén, cic thuat
to4n song song can su dung s6 luong tai
nguyén 16n hon khoang 2 1an so véi s6 luong
tai nguyén ma thuat toan tuan tu can dung. So
sanh cac giai thuat song song thi FP-Growth
song song sur dung it hon thuat todn Apriori
cai tién song song.

Bdng 4. Két qud cdc tdp muc phé bién thu diroc khi chay cdc thudt todn trén bé dir ligu mushroom

Supp Apriori Apriori céi tién | FPGrowth | erowthsong | Apriori cai tién

(%) song song song
{85} (s:100%)  |{85} (5:100%) |{85} (5:100%) |{85} (5:100%) |{85} (5:100%)
{86} (5:97.54%) |{86} (5:97.54%) ({86} (5:97.54%) |{86} (5:97.54%) |{86} (5:97.54%)
{85, 86} {85, 86} {85, 86} {85, 86} {85, 86}
(5:97.54%) (5:97.54%) (5:97.54%) (5:97.54%) (5:97.54%)
{34} (5:97.42%) |{34} (5:97.42%) |{34} (5:97.42%) |{34} (5:97.42%) |{34} (5:97.42%)
{85, 34} {85, 34} {85, 34} {34, 85} {85, 34}

80 (5:97.42%) (5:97.42%) (5:97.42%) (5:97.42%) (5:97.42%)

{86, 34} {86, 34} {86, 34} {34, 86} {86, 34}
(5:97.32%) (5:97.32%) (5:97.32%) (5:97.32%) (5:97.32%)
{86, 85, 34} {86, 85, 34} {86, 85, 34} {34, 85, 86} {86, 85, 34}
(5:97.32%) (5:97.32%) (5:97.32%) (5:97.32%) (5:97.32%)
{90} (5:92.17%) ({90} (5:92.17%) ({90} (5:92.17%) |{90} (5:92.17%) |{90} (5:92.17%)
{85, 90} {85, 90} {85, 90} {85, 90} {85, 90}
(5:92.17%) (5:92.17%) (5:92.17%) (5:92.17%) (5:92.17%)
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Supp Apriori Apriori céi tién | FPGrowth | Trerowthsong | Aprioricai ticn
(%) song song song

{86, 90} {86, 90} {86, 90} {86, 90} {86, 90}

(5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%)

{86, 85, 90} {86, 85, 90} {86, 85, 90} {85, 86, 90} {86, 85, 90}

(5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%)

{34, 90} {34, 90} {34, 90} {34, 90} {34, 90}

(5:89.81%) (5:89.81%) (5:89.81%) (5:89.81%) (5:89.81%)

{34, 85, 90} {34, 85, 90} {34, 85, 90} {34, 85, 90} {34, 85, 90}

(5:89.81%) (5:89.81%) (5:89.81%) (5:89.81%) (5:89.81%)

{34, 86, 90} {34, 86, 90} {34, 86, 90} {34, 86, 90} {34, 86, 90}

(5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%)

{34, 86, 85,90} |{34, 86, 85,90} |{34, 86, 85,90} [{34, 85, 86,90} |{34, 86, 85, 90}

(5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%) (5:89.71%)

{36} (5:83.85%) |{36} (5:83.85%) |{36} (5:83.85%) |{36} (5:83.85%) |{36} (5:83.85%)

{85, 36} {85, 36} {85, 36} {36, 85} {85, 36}

(5:83.85%) (5:83.85%) (5:83.85%) (5:83.85%) (5:83.85%)

{86, 36} {86, 36} {86, 36} {36, 86} {86, 36}

(5:81.49%) (5:81.49%) (5:81.49%) (5:81.49%) (5:81.49%)

{86, 85, 36} {86, 85, 36} {86, 85, 36} {36, 85, 86} {86, 85, 36}

(5:81.49%) (5:81.49%) (5:81.49%) (5:81.49%) (5:81.49%)

{34, 36} {34, 36} {34, 36} {34, 36} {34, 36}

(5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%)

{34, 85, 36} {34, 85, 36} {34, 85, 36} {34, 36, 85} {34, 85, 36}

(5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%)

{34, 86, 36} {34, 86, 36} {34, 86, 36} {34, 36, 86} {34, 86, 36}

(5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%)

{34, 86, 85, 36} |{34, 86, 85,36} |{34, 86, 85, 36} |{34, 36, 85,86} |{34, 86, 85, 36}

(5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%) (5:81.27%)

6. KET LUAN VA HUONG PHAT
TRIEN

_ Bai bao da trinh bay va so sanh hi¢u qua

vé mot so thuat toan khai phé luat ket hop va

thuat toan khai pha luat két hop sur dung giai

thuat

dung giai thuat song song da giai quyét duoc

[1]
[2]
[3]
[4]

van dé khai pha dit liu trén dir liéu 16n vé
téc do xir 1y.

Trong tuong lai ching toi s& tiép tuc
nghién ctru sau hon vé cac thuét toan khai pha
luat két hop st dung giai thuat song song, tim
cach cai tién va khic phuc nhuoc diém cua
cac gial thuat song song hién co6, xay dung cac
thudt toan méi nham dat hiéu qua tét hon.

song song, qua dé ta thdy thuat toan sir
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