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Abstract — Khai pha miu tuan tw (SPM)
dwgc wng dung rgng rai trong cac bai toan
thwong mai di¢n tir va ra quyét dinh. Cac
thuit toan SPM tiéu biéu da dwec &4p dung
trong nhiéu hé théng tw van, dw bdo ... nhw
GSP, SPAM, CMSPAM. Bai bao sé phéan tich
wu nhwoge diém cuaa cac thuat toan va dé xuit
mét cai tién cho thuat toAn CMSPAM. Thuat
toan cai tién dwge dit tén 1a CMSPAME cho
higu qua tot hon doi véi trwong hop dir liéu
thwa va van giir nguyén dwoc hiéu ning nhw
thuat toan CMSPAM trong cac truwong hop
khéc.

Keywords— Khai phd di ligu tuin tu, SPM,
cdi tién CMSPAM, thudt todn CMSPAME.

I. GIOITHIEU

Bai toan khai pha mau tuan ty (Sequential
Pattern Mining - SPM) duoc R. Agrawal va
R. Srikant gidi thi¢u vao nam 1995 [1] Cho
mot tap cac diy tuan tu, trong do m01 day
bao gom mot tap cac giao dich, va mdi giao
dich bao gom mot tap cac phan tur, cung mot
ngudng phd bién (minsup), khai pha méu
tun ty tim ra tat ca cac chudi (subsequence)
phd bién, 1a diy tuan ty xuét hién trong tap
dir liéu véi tan sb khong nho hon ngudng
phd bién. SPM ngay cang duoc sir dung rong
rai trong thuong mai dién tir (phan tich, du
bao xu huéng mua sim, quan 1y kho hang,
...) va ciling dugc ung dung hi¢u qua cho
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nhiéu linh vyc khac nhu phan tich DNA, tu
vén diéu tri bénh, du bao thién tai, phan tich
mau truy cap website ....

Phan 16n céc thuét toan ban diu cho bai
toan khai pha mau tuan tu déu duwa trén tinh
chat Apriori dugc st dung trong khai pha
luat két hop ([1] [2],[3]). Tinh chit nay cho
rang moi mau con (sub-pattern) cia mot
mau pho bién (frequent pattern) ciing chinh
12 mot mau pho bién. Dya trén tinh cht nay,
rat nhidu cac thuat toan duogc dé xuét nhu:
AprioriAll,  AprioriSome, DynamicSome
(Agrawal va Srikan 1995), GSP (Skrikant va
Agrawal 1996) voi phuong phap dinh dang
b6 nhd theo chiéu ngang (horizontal
database format) ([2],[3]). Tuy nhién khi cac
CSDL ngay cang 16n, thi phuong phap dinh
dang bo nhd theo chiéu ngang to ra thiéu
hi¢u qua [3]. Cac phuong phap dinh dang bd
nhé theo chibu doc (vertical database
format) ma tiéu biéu 1a thuit toan SPAM
(Sequential PAttern Mining using A Bitmap
Representation) [4] véi y tuong chinh 1a st
dung bitmap dé luu trir CSDL dong thoi hd
trg tinh toan gia tri hd tro ma khong phai
quét lai CSDL. Céac thir nghiém cho thay
SPAM tim duoc toan bd két qua tring khép
v6i thudt toan GSP nhung véi téc do nhanh
hon dang ké [4].

Céc thuat toan st dung bitmap sau nay nhu
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CMSPAM(2014) va CMSPADE(2014) déu
dua trén y tuong cua SPAM ([5],[6],[7]).

Co so di liéu bitmap theo chiéu doc
(Vertical Database Bitmap-VDB) c6 thé
duoc hiéu don gian 1a mot CSDL ma mdi
hang dai dién cho mdt item va dua ra danh
sach thtr ty xudt hién coa item do trong
CSDL

Thuét toan SPAM c¢6 3 diém déng cha y
[4]: 7

SPAM sw dung bitmap dé luu trit co so dir
liéu theo chiéu doc: dic diém nay gitp tinh
toan gia tri hd tro cho mdi item mot cach
nhanh chéng ma khong can duyét lai toan bd
co s¢ dir liu nhu cac thuat toan st dung co
so dit liéu theo chiéu ngang. Viéc st dung
bitmap dé Iuu trir dir liéu giup giam kich
thudc bo nho va tang kha nang tinh toan cho
cac phép cit tia chudi tudn ty cua thuat toan.

SPAM swr dung cac phép mo rong S-step,
I-Step va cdc phép cdt tia S-Step Pruning, 1-
Step Pruning dé tang toc dé xir Iy. Phuong
phap nay gilp cho thuét toan sinh ra it Gng
clr vién hon va van dam bao tinh chinh xac.
SPAM kiém tra cic tmg ctr thoa man gia tri
minsup mdt cach nhanh chong thong qua cac
phép toan trén day bit.

Tdp ung civ cia thudt todn SPAM vin
chwa t6i wu. Tuy giam thiéu duoc s6 luong
16n cac tmg vién sinh ra sau mdi budc nho
cac phép méd rong, tap tng cu cua thuat toan
SPAM van chira nhiéu gia tri khéng phd
bién, hodc khong xuét hién trong CSDL.

Nam 2014 cac nha khoa hoc P. Fournier-
Viger, A. Gomariz, M. Campos va Rincy
Thomas d3 d& xuit mot thuat toan méi ¢ tén
CMSPAM, khic phuc dugc nhiing nhugc
diém cua thuat toan SPAM [5]. Bai bao sé
tdp trung di sau phan tich va thu nghiém
thuat toan CMSPAM, sau d6 dé xuét mot cai
tién thuat toan nay cho két qua vé hiéu ning
t6t hon trong truong hop dit liéu thua.

Vi sao truong hop dir licu thwa ngay cang
dwge quan tam, nhat la trong cdc bai todn tw
van cho thwong mai dién tir? Trong cac hé
théng thuong mai dién tor nodi chung, sd
lwong ngudi ding ngiy cang 16n va con tiép
tuc tang nhanh trong thoi gian téi. Tuy
nhién, ti I¢ nguoi dung thyuc hi¢n nhiéu giao
dich khoéng 16n va cac giao dich cua mot
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ngudi ding c6 thé cach xa nhau vé& mit thoi
gian. Va nhu vay, néi chung cic hé théng
thwong mai dién tir s& déu gip phai truong
hop dir liéu thua, tic 13 s§ giao dich trung
binh trén mot nguoi diung va sd san pham
trung binh trong mot 1an giao dich khong
cao.

Thuét toan cai tién duoc chung toi dat tén
12 CMSPAME dua ra mot s6 thay ddi riéng
cho truong hop dir liéu thua. Cac tht nghiém
da dugc thuc hién trén bd dit liéu chuén cua
P. Fournier-Viger [8] va cho ra két qua tét
hon khé 1 rang vé mat hiéu niang (thoi gian
chay thuat toén).

1. THUAT TOAN KHAIPHA DU LIEU
CMSPAM

Thuat toan CMSPAM dugc dua ra véi
muc tiéu giam bét sé luong tng cir duoc
sinh ra trong mdi buéc ma van dam bao két
qua dung dan.

Thay vi phai sinh ra tp ung cir sau moi
buéc mé rong cua thudt toan SPAM,
CMSPAM s¢ sinh ra tap tmg ctr co thé cho
mdi item ngay sau khi quét CSDL ma van
dam bao khong bo sot bat clr g vién thich
hop nao. Nhu vdy CMSPAM sé lam giam
chi phi by nh¢ cling nhu giam thoi gian thuc
hién cua thuat toan.

Thudt toan CMSPAM

Input | M6t co s& di liéu tudn tu S va
gid tri ngudng phd bién

Output | Tap didy du céc midu tudn tu F

Pamameters:
S: Tap dit liéu
Minsup: Gia tri ngudng phd bién

Method: N6i dung ham SPAM (minsup, S)

// Budcl: Quét Co s& dix liéu SDB dé& tao
co s& dit 1liéu theo chiéu doc VDB

sid = tid = 0;

FOR(each i1tem se SDB){
IF(s is end of transation){
tid++

}ELSE 1F(s is end of sequence){
sid++
tid = 0

JELSE{
bitmapltem = VDB.get[s]

IF(bitmapltem =
NULL){
VDB .add (s, new
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bitmap())

}
bitmapltem.registerBit(sid,

tid);

}
}

// Budc 2: Quét Co s& dit liéu chiéu doc
VDB dé loai boé nhiing item khéng phd
bién, tap F chtta danh s&ch cac item phd
bién .
FOR(each item s € VDB){
IF(s is frequent) {
F=FuUs

JELSE
VDB remove s

}

// Bubéc 3 : Thuc hién kh&i tao CMAP
CREATECMAP(SDB, F, minsup)

// Buéc 4 : Thuc hién mdé réng va cidt tia
chudi phd bién

FOR(each item s €F)
DFS-Pruning(<s>,
CMAP4[s].s)

CMAP; [s].,

CMAPi hoac CMAPs.

Trong budc 4 cia thuat toan, thu tuc cét tia
DFS-Pruning duogc goi dén. Bang 3 trinh bay
thi tyc ndy. Ban chat thi tyc ndy 1a mot thao
tac duyét theo chiéu sau kiéu dé quy c6 phan
nhanh dua trén viéc xét phén ttr thudc vé mot
trong hai tap S va I da dugc xay dung tu thu
tuc CREATECMAP ¢ trén.

Ham CREATECMAP(SDB, F)

Input M6t co s& dir liéu tuidn tu
SDB va tadp cac item phd bién
F

Output Tdp ung cu CMAP; , CMAPs

Pamameters: Y nghia céc tham sb
1. SDB : tap co so da liéu tudn tu
2. F: tap cac item phd bién

Bang 1: Thudt toan CMSPAM

CMPSPAM b sung khéi niém co s¢ dir
liéu dong thoi CMAP: 1a mot cdu trac anh xa
mdi item k € I voi tap item dugc md rong
cua k [5]. Thuat toan dinh nghia hai CMAP
la CMAPi va CMAPs.

- CMAP; anh xa mdi item k véi tap
cmi(k) chira tAt ca cai item j € I, j 1a
item duoc mo rong bang phép mo rong
i-step va gia tri hd trg khong nhé hon
minsup.

- CMAP anh xa mdi item k voi tap
cms(k) chira tAt c4 cai item jeljla
item duoc mo rong bang phép mo rong
s-step va gia tri hd trg khong nho hon
minsup.

Thuat todan CMSPAM va y nghia ting
budc cua thudt toan da trinh bay trong Bang
1.

Trong budc 3 cua thuat toan CMSPAM,
ham CREATECMAP s& duoc goi dé tao
CSDL ddong thoi CMAP. Thu tuc nay duoc
trinh bay trong Bang 2. V&i mdi item trong
chudi giao dich, thuat toan s& sir dung phép
mé rong i-step hodc s-step dé bd sung vao
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CREATECMAPQ
CMAP;= CMAPs= 0
FOR transaction k € VDB{
equalSet = ¢
FOR item i € k {
IF 1 ¢ equalSet
equalSet add i
IF i¢ F
Continue;
FOR item j>i € k{
IF je F
Continue;
IF 1,J € sameitemset{
IF i#j
CMAP;[i] add j
support++
equalSet add j

3
ELSE{
CMAPs[i] add j
support++;

}

Bang 2: Ham CREATECMAP

Ham DFS-Pruning(<s>, S,, I.,k)

Input Chudi tién té s, tédp Ung cu

Sn, In

Pamameters: Y nghia céc tham sb
1. s: chudi tién té hién tai

2. S,. Tap ang cu theo phép m& réng

S-Step

3. I, . Tap ang cu theo phép m& réng
1-Step

4. k: la item cubdi cung trong chudi

<s>

DFS-Pruning
1. K)

((s1,s2 . Sk)»Sn,
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Stemp = @
Deenp - @
FOR (each i1 €S,)
IF ((s1, .., sk {i}) is frequent & i

€ CMAP;[k] & support(i) >= minsup)
Stemp = Stempu {i}
FOR (each i1 € Sienp)

DFS-Pruning((Si, --» Sk,{i}) . Stem -

Stemp )
FOR (each i €1,)
IF ((s1, ..., sk {i}) is frequent & &

i €CMAP;[k]& support(i) >= minsup)
leemp = leemp U {0}
FOR (each 1 € lenp )
DFS-Pruning((si, ..,
Leemp )

Sk,{i}) ’ Stemp ’

Data S6 S6san | S san | SO san

chudi | pham | pham | pham

TB TB

trong khac

chudi | nhau

trong

chudi

Bible 36369 | 13905 | 21.6| 17.84

KDDcup2000 | 77512 | 3340 | 4.62 6.07
MSNBC 31790 17 | 13.33| 5.33

Bang 3: Ham DFS-Pruning

DPé danh gia hiéu qua cuia CMSPAM,
chung t6i thir nghiém trén bo dir liéu SPMF
[8]. Cach thurc thir nghiém va danh gia tuong
tu nhu trong [6].

Tat ca céc tap dir liéu dung dé kiém thir
thuat toan déu tuan theo céu trlc sau:

<T> <end of transaction> ....... <T> <end
of transaction> <end of sequence>
Trong do :

<T>: La mot giao dich, cic item trong

cung mot giao dich phén cach nhau boi

dau céch.

<end of transaction> : La mot chir sd

dung dé phan biét cac giao dich véi nhau

(trong dit liéu chon s6 -1).

<end of sequence >: La mét chit s6 dung

dé ky hiéu két thic mot chudi tuan tu

(trong dit liéu chon s6 -2).

Viéc kiém tha cac thuat toan s& sir dung

3 CSDL duoc liét ké trong Bang 4. Céc thir
nghiém s€ thuc hién trén ting bo dir liéu va
théng ké thoi gian chay cua thuat toan khi
thay dbi ngudng minsup. Dya trén két qua,
ching t6i s& v& biéu d6 so sanh hiéu ning
thuat toan véi truc hoanh l1a ngudng minsup
(giam dan), tryc tung la thoi gian. Chdng toi
lya chon ba thuat toan dé so sénh gom GSP,
SPAM va CMSPAM.
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Bang 4: Thong ké tap dir liéu kiém thi

Thir nghiém 1 véi CSDL BIBLE (Bang
5 va Hinh 1) cho thiy ddi véi CSDL c6 dic
trung 13 c6 nhiéu san phdm ma mdi chudi
déu gdm nhiéu giao dich, nhiéu san pham thi
SPAM va CMSPAM nhanh hon rat nhiéu so
véi thuat toan GSP do khong phai xir ly mot
s6 lwong 16n cac mau sinh ra tai mai lan lap
ddng thoi khdng phai quét CSDL nhiéu lan.
Gia tri minsup cang nho thi thuat toan
CMSPAM cang to ra hiéu qua hon so vdi
thuat toan SPAM do han ché duoc sb tng cir
vién sinh ra sau mai lan lap.

Minsup 05 025 0.1 0.05 0.025

GSP 5421 7015 11114 57266 132568
SPAM 3615 4025 5316 = 12330 32756
CMSPAM | 3531 3858 4831 7666 15529

ResultSet 5 = 22 174 774 3285
Bdng 5: Thu nghiém CMSPAM v¢i BIBLE

Biéu do thoi gian thye thi voi
CSDL BIBLE

0.5 0.25 0.1 0.05

200000

0
0.025

=@=0GSP =@=SPAM CMSPAM

Hinh 1: Biéu do két qua kiém thar thugt toan
GSP, SPAM, CMSPAM véi bé dir lidu
BIBLE

Thir nghiém 2 trén KDDCUP 2000 vai
77512 khach hang, 3340 san pham, mdi
khach hang c6 trung binh 6.07 san pham
giao dich véi 4.62 san pham khac nhau. Két
qua cho trong Bang 6 va Hinh 2 ciing tuong
d6ng nhu thir nghiém véi BIBLE. CMSPAM
ludn cho két qua tét hon vé thoi gian.
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Minsup 05 025 0.1 0.05 @ 0.025

GSP 3268 4661 6875 12548 17230
SPAM 1025 | 1241 1446 1552 @ 1684
CMSPAM 958 971 987 @ 1037 1124

Result Set ) 0 0 0 0 10
Bang 6: Ket qua kiem thir CMSPAM vai tap
diz ligu KDDCUP 2000

Biéu d6 thoi gian thue thi véi CSDL
KDDCUP 2000

A———.//.

0.5 0.25 0.1 0.05

20000

0
0.025

=@==GSP ==@=SPAM CMSPAM

Hinh 2: Kiém the thudt todn GSP, SPAM,
CMSPAM véi bé dir liecu KDDCUP2000

Thir nghiém 3 trén MSNBC véi 31790
khach hang, 17 san pham, mdi khéach c6
trung binh 13.33 san pham giao dich Vi
5.33 san pham khac nhau. Két qua thu
nghiém trong Bang 7 va Hinh 3.

Minsup 0.5 0.25 0.1 0.05 0.025

GSP 2523 12053 26754 96054 293921
SPAM 1121 1666 = 4038 & 9701 &= 22800
CMSPAM = 748 1361 | 3465 | 8972 20047

Result Set 5 44 338 1478 6068
Bang 7. Kiéem thu vai tap dir lieu MNSBC

Biéu do thoi gian thue thi véi CSDL

MNSBC
400000
200000 J
0 ) -4
0.5 0.25 0.1 0.05 0.025
=@=GSP ==@==SPAM CMSPAM

Hinh 3. Kiém the thudt toan GSP, SPAM,
CMSPAM véi b dir lieu MNSBC

Cac thir nghiém cho thiy téc do cua
SPAM va CMSPAM van nhanh hon rat
nhiéu so véi thuat toan GSP trong ca hai
truong hop sé chudi tuan tu nhiéu hay it. Va
thuat toan CMSPAM ludn cho két qua hiéu
nang t6t hon SPAM.
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1. THUAT TOAN CMSPAME

Sau khi cai dat va thir nghiém thuat toan
CMSPAM, ching t6i nhan thiy trong budc 1
cua thuat todn: quét co so dir liéu SDB dé tao
co sé dir lidu theo chiéu doc VDB, thuat toan
s& quét toan bo CSDL dé tinh toan gia tri hd
tro cua tung item. Ngay sau d6 trong budc 2
thuat toan sé loai bo nhitng item c6 gia tri ho
tro nho hon minsup. Nhitng item con lai s€
la nhirng item phé bién. Nhu vay trong buéc
1 viéc quét va tinh toan gia tri hd trg cua cac
item khong phé bién 1a khong hiéu qua vi
ngay trong budc 2 nhitng item nay sé bi loai
bo va khong duoc sir dung trong phan con lai
cua thuét toan.

Chlng t6i nhan dinh viéc giam thiéu
nhitng phép duyét va tinh toan gia tri hd tro
ctia cac item nay s& cai thién duoc tée do xur
ly cuaa thuat toan. Bac biét la vai nhitng bo
dir liéu thua, tirc 12 CSDL chira mét sé luong
I6n céc item va chudi tuan ty nhung sb giao
dich trung binh véi mét khach hang 1a thap.

Cau hoi dat ra 1a 1am sao ching ta biét
nhitng item nao 1 item phé bién, nhitng item
nao la khdng phé bién trong khi chua tinh
toan dugc gia tri hd trg cua cac item nay.

Dé giai quyét cau hoi nay, ching toi dé
Xuat mét cai tién cho thuat toan CMSPAM
dua trén y tuong danh gia can trén va danh
dau dé loai bo viéc phai tinh toén lai véi cac
item khong thé cho gié tri tot hon ngudng
minsup. Cu thé:

- Trong mdi budc duyét item tir 1an quét
CSDL dau tién, ching ta s& tinh toan
gia tri hd tro 16n nhit co thé déi véi
item d6 (gia str item d6 xuat hién trong
tat ca cac chudi tuan tu con lai).

- Néu gia trj hd tro tét nhat nay khéng
thé vurgt qué gi4 tri minsup thi item do
chéc chan sé 1a item khéng phd bién va
viéc tinh toan gia tri hd tro thuc té cua
item trong cac chudi tuan tu con lai 1a
khong can thiét.

- Gan thém mot thudc tinh danh dau
(Flag) trong médi dbi tugng item.

- Flag c6 gi4 tri bang false c6 nghia
1a item d6 khong thé 1a mot item
pho bién va s& khong duoc tiép tuc
tinh toan gia tri hd tro.

- Flag c6 gia tri bang true nghia 1a
chua thé x4c dinh dugc tinh phd
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bién cua item d6 va tiép tuc tinh
toan gia tri ho tro.
Vi du minh hoa vi CSDL nhu trong Bang 8,
minsup = 50%

Customer Sequence Data
ID
1 <{30} {60}>
2 <{10, 20} {30} {40, 50, 60,
20}>
3 <{30, 50}>
4 <{90},{70},{80}>
5 <{90},{70},{80},{30},{20}>

Bdng 8: CSDL tuan tw minh hea

Xét chudi tuan tu s = <{90}, {70},{80}>.
Vi item i = {90} ta thdy du i xuat hién trong
chudi cudi cung thi gia tri hd tro téi da cua
item i = {90} ciing chi la 2 nho hon gia tri
minsup cua bai toan. Nhu vay viéc duyét va
tinh toan gia tri hd trg cua item i trong chudi
tuan tu cudi cung theo cach thong thuong la
khong can thiét. Twong tu 13 vai cac item
{70}, {80}.

Déi véi cac CSDL nho viéc giam thiéu
cac phép toan nay la khong dang ké nhung
vé6i nhitng CSDL ¢6 sb chudi tuan ty 18n téi
hang nghin, tram nghin thi ching ta c6 thé
giam thiéu mot s6 lwong 1on cac phép toén.

Gia str ta c6 CSDL ¢6 1.000.000 ban ghi
vé6i gia tri minsup = 40%, néu cd 1 item j chi
xuat hién & ban ghi thr 600.001 va xuét hién
trong toan bo cac ban ghi sau do (tir ban ghi
600.002 dén ban ghi 999.999). Vy gia tri hd
tro t6i da cua item j s& 12 399.999 < minsup.
Trong khi thuat todn CMSPAM van duyét
qua va tinh toan gia tri hd tro cho 399.998
lan xuat hién phia sau cua item j. Viéc nay
gay lang phi va Iam giam téc d6 xu ly cua
thuat toan. Vi thé nhom ching toi tin ring
thue hién cai tién nhu trén s& giup tang hiéu
nang cua CMSPAM.

Method: N6i dung ham CMSPAME (minsup , S)
// Budcl:Quét Co s& dit liéu SDB dé& tao
co s& dit 1iéu theo chiéu doc VDB
sid = tid = 0;
FOR(each i1tem se SDB){
IF(s is end of transation){
tid++

}ELSE 1F(s is end of sequence){
sid++
tid =

JELSE{
IF (s.flag = false) continue

bitmapltem = VDB.get[s]
IF(bitmapltem = NULL){

VDB.add(s,new bitmap())
}

IF(bitmapltem.getSupport +
(sequencesSize - sid ) < minsup){
s.flag = false

continue

}

bitmapltem.registerBit(sid, tid);
¥
}

// Bubc 2 :Quét Co s& dit 1liéu chiéu doc
VDB dé loai b6 nhiing item khéng phd
bién, tap F chtta danh sa&ch cac item phd
bién .
FOR(each item s € VDB){
IF(s is frequent) {

F=FuUs
JELSE
VDB remove s
T
// Budc 3 : thuc hién kh&i tao CMAP

CREATECMAP(SDB, F, minsup)

// Buéc 4
chudi

: Thuc hién mé réng va cit tia

FOR(each item s €F)
DFS-
Pruning(<s>,CMAP;[s].,CMAP<[s])

Thudt toan CMSPAME

Input M6t co s& dit 1liéu tudn tu S,
va gid tri ngudng minsup do
nguoil su dung dat ra

Output Tap dady du cic mdu tuédn tu F

Method Chuong trinh chinh:

Goi ham CMSPAME (minsup , S)

Pamameters: Y nghia céac tham sb
1. S:Tap du liéu
2. Minsup:Gia tri minsup
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Bang 9: Thudt toan CMSPAME

Thuat toan cai tién dugc ching toi dat
tén la CMSPAME. Bang 9 mo ta thuat toan,
mot s6 ham va chuong trinh con van giir
nguyén nhu trong CMSPAM da trinh bay
trong muc II.

Cai tién cua chung t6i khong thay doi cac
tinh toan chinh cia CMSPAM nén van dam
bao tinh chinh xac nhu CMSPAM. D6 phtc
tap tinh toén cua thuat toan ciing khong tot
hon vi trudng hop xau nhét thuat todn van
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phai quét hét cac item trong co s& dit liéu
SDB. Tuy nhién, véi truong hop dit liéu thua
nhu d3 phéan tich, budc danh diu va uéc
lugng can trén s¢ gitp giam khdng gian tinh
toan va tang hiéu nang cua thuat toan. Cac
thir nghiém trong phan IV s& minh chung
cho nhan dinh nay.

IV. THU NGHIEM VA DANH GIA
CMSPAME

Pé so sanh hai thuat toan CMSPAME va
CMSPAM, ching tdi tién hanh thir nghiém
véi 3 bo dir liéu twong tu nhu da thuc hién
trong phan 1.

Thir nghiém 1 véi KDDCUP 2000 gom
77512 khach hang, 3340 san pham, mdi
khach hang c6 trung binh 6.07 san pham
giao dich véi 4.62 san pham khac nhau, tong
cong c6 358278 luot doc item tir CSDL. Két
qua thtr nghiém 1 cho trong Bang 10 va Hinh
4.

Minsup 0.5 0.25 0.1 0.05 0.025

CMSPAM 958 971 987 1037 1124

CMSPAME 621 638 661 716 806

Két qua 0 0 0 0 10

S6 lwgt doc item 176319 86727 = 34241 15178 5554

bé qua

Ti 1€ lwgt doc 4921  24.27 9.55 4.23 1.55
item bé qua(%)

Thoi gian chénh 337 333 326 321 318

1éch

Ti 1€ thoi gian 35.17 3429 33.03 3095 28.29

giam thiéu(%)

Bang 10: Két qua kiém ther thudt toan
CMSPAM va CMSPAME véi bo dir lieu
KDDCUP 2000

Biéu do thoi gian thye thi véi CSDL
KDDCUP 2000

1500

1000 -——————®
.-—.—o-—-‘"‘"

500

0.5 0.25 0.1 0.05 0.025

=@=CMSPAM ==@=CMSPAME

Hinh 4: Biéu do két qua kiém thi thugt toan
CMSPAM va CMSPAME véi bg dir liéu
KDDCUP 2000

Két qua thur nghiém 1 cho thay vai bo dir

liéu c6 dac trung thua nhue KDDCUP2000,
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thoi gian chay cua thuat toAan CMSPAME
duoc cai thién rd rét so voi CMSPAM, tat ca
cac gia tri thoi gian chay cuia CMSPAME
déu nhé hon so véi CMSPAM.

Thir nghiém 2 véi BIBLE: gdm 36369
khach hang, 13905 san pham, mdi khach
hang cé trung binh 21.6 san pham giao dich
véi 17.84 san pham khac nhau, tong cong co
787066 luot doc item tir CSDL. Két qua thu
nghiém 2 cho trong Bang 11 va Hinh 5.

Dbi véi CSDL trén c6 dic trung 1a co
nhiéu san pham ma mdi chudi déu gom
nhiéu giao dich va nhiéu san pham. Téc do
xu ly caa thuat toAn CMSPAME cai thién
hon so vai thuat toan CMSPAM tuy nhién
chénh léch 1a khong nhiéu. Gia tri minsup
cang I6n thi thoi gian xir ly chénh léch gitra
2 thuat toan cang rd hon.

Minsup 0.5 0.25 0.1 0.05 0.025
CMSPAM 3531 3858 4831 7666 = 15529
CMSPAME 2476 2847 3894 6808 @ 14811
Két qua 5 22 174 774 3285
Sb lwgt item bo | 278112 = 112219 33823 12533 4216
qua

Ti 1€ lwgt doc  35.33 14.26 4.30 1.59 0.06
item bé qua(%)
Thoi gian chénh 1055 1011 937 858 718
1éch
Ti 1§ thoi gian = 29.87 2620 | 1939 11.19 462
giam thieu(%)
Bang 11: Két qua kiém the thugt todn
CMSPAM va CMSPAME véi bg dir liéu
BIBLE

Biéu dd thoi gian thye thi véi CSDL

BIBLE
20000
15000
10000
5000
0
0.5 0.25 0.1 0.05 0.025

=@=CMSPAM ==@=CMSPAME

Hinh 5: Biéu do két qua kiém thar thugt toan
CMSPAM va CMSPAME vdi bg di liéu
BIBLE

Thi nghigm 3 véi MSNBC gom 31790
khach hang, 17 san pham, mdi khach hang
c6 trung binh 13.33 san pham giao dich vai
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S lwot item bé qua

5.33 san pham khéac nhau, tdng coéng cd
423776 luot doc item tir CSDL.

Minsup 05 025 0.1 0.05 0.025
CMSPAM 748 1361 3465 8972 20847
CMSPAME 710 1291 @ 3454 8976 @ 20939
Két qua 5 44 = 338 1478 6068

52744 | 6430 @ 304 44 7

i 1€ lwot doc item bo 1244 151 0.07 0.01 0.0017
qua(%o)
Thoi gian chénh léch(ms) 38 70 11 -0.04 -92

Ti 1¢ thoi gian giam 508 514 0.39
thiéu(%)

Bang 12: Két qua kiém ther thudt toan
CMSPAM va CMSPAME voéi bo dir lieu
MNSBC

Biéu dd thoi gian thic thi véi CSDL MNSBC

25000

20847 20939

20000

15000

8972 8976
10000

5000 3465 3454

748 710 1361 1291 ..
0 I

0.5 0.25 0.05 0.025

mCMSPAM m CMSPAME

Hinh 6: Biéu do két qua kiém thi thugt toan
CMSPAM va CMSPAME véi bg dir liéu
MNSBC

Két qua trong Bang 12 va Hinh 6 cho thiy
Vv6i dic trung cua bo dit lieu nay 1a co rat it
san pham (chi ¢6 17 giao dich) khién cho
thuat toan CMSPAME khong cai thién nhiéu
tbc d6 xu ly so véi thuat toan CMSPAM.
bac biét vai 2 gia tri minsup 0.05 va 0.025
thoi gian thuc thi caa CMSPAME con I6n
hon so vai thuat toAn CMSPAM. Nguyén
nhan 1a sé luot doc item bo qua la qua nho
(44 va 7) khong dang ké so véi toan bo sb
lwot doc item cua toan bo CSDL.

V. KET LUAN
Bai béo dd tim hiéu vé khai pha dir dir
liéu tudn tur (SPM) va cac thudt toan lién
quan. Chung t6i da di sau tim hiéu thuat toan
khai phé dir liéu CMSPAM va tién hanh thu
nghiém dé ching t6 wu diém cia thuét toan
nay voi cac thuat toan trudce do.
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Dua trén vi¢c phan tich cua truong hop
CSDL 16n véi rat nhiéu nguoi diung nhung
sO giao dich va s6 san pham giao dich trong
mot 1an khong nhiéu (truong hop dir liGu
thua), chiing toi da dé xuét thut toan cai tién
CMSPAME. Céc thir nghiém d3 cho thiy
thudt toan cai tién co hiéu ning t6t hon so
voi CMSPAM trong cac bai toan co nhiéu
san pham sO lugng giao dich 16n dong thoi
yéu cau gia tri ngudng phd bién (minsup)
Cao.

Nhom tac gia s& tiép tuc phat trién thuat
toan dé hudng t6i viée ap dung trong cac hé
théng thuong mai dién tir c6 cung dic trung
dir li¢u thua nhu da phan tich.
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Nhém tac gia:

| ThS. Nguyén Manh Son: hién tai
la gidang vién khoa CNTT1 — Hoc
vién cong nghé Buu chinh Vién
théng.

Cdc hudng nghién ciru chinh: Khai
phd dir li€u tr mang xa hoi, hoc
may va tu van, tdi wu hoa thuat
toan.

-

ThS. Ping Ngoc Hung: hién tai la
giang vién khoa CNTTI1 - Hoc
vién Cong nghé Buu chinh Vién
théng.

Cdc hudng nghién ciru chinh: Khai
phé di liéu tr mang xa hoi, cac hé
thong thong tin.
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