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MO DAU

1. Tinh cip thiét cia luan an va déng luc nghién ciru

Nghién ctru gan véi ang dung thyc tin 1 hoat dong can nhiéu thoi gian va
cbng suc khéng nho cua cac nha khoa hoc. Hon nita, trong thoi dai céng nghé 4.0,
cac tng dung khong chi hd tro cac tinh nang kinh doanh co ban ma con gidp con
ngudi dua ra nhitng dy doan twong dbi chinh xac & thoi diém hién tai va twong
lai. Su phat trién manh mé cua céc hé théng théng minh nay 1am ting nhu cau ng
dung thuc té dan dén viéc tao ra mot lugng 16n dix liéu hang ngay. Cac cong cu va
phuong phap thong ké truyén théng dua trén nhu cau tng dung, nhung chung
khong co6 kha nang xtr 1y luong dit lieu khong 16 ¢6 nguon gbc tir cac tng dung
nay. Viéc phan tich nhitng dit liéu nhu vay 1a nhiém vu wu tién hang dau néu
khdng n6 s& chuyén sang mot hé théng rat phirc tap va bat loi. Bé khic phuc van
dé nay, khai pha dix liéu [1]-[3] 1a mét trong nhitng céch tiép can cd lgi bang cach
hd tro phan tich dit liéu va tom tat dix liéu thanh théng tin hitu ich. Khai niém khai
pha dir liéu la tao ra thong tin chua dugc xac dinh trude do6 vai mue do lién quan
16n tir co so dit lidu dé ra quyét dinh. Phu thudc vao su da dang cua kién thirc, céc
phuong phap khai pha dit liéu c6 thé duoc chia thanh cac loai: luat két hop [4]-
[8], phan loai [7], [9]-[11], phan cum [12]-[14] va cac mAu tuan ty [15], [16].
Dic biét, khai phé luat két hop rat quan trong ddi véi nghién ciu khai phé di lidu
[17]-[19]. Trong céc giao dich kinh doanh pho bién, luat két hop c6 dang A — B
v6i muc dich tim kiém méi quan hé caa cac muc trong co sé dit liéu. Didu nay
gitip doanh nghiép dua ra quyét dinh trong viéc hoach dinh chién lugc kinh doanh,
tiép thi. Trong giai doan thir nhat cua quy trinh khai phé luat két hop, céc tap phd
bién duoc 1ay tir mot tap hop dir liéu nhat dinh. Tur céc tap muc phd bién dugc
trich xuat, cac luat két hop duoc xay dung trong giai doan thi hai. Giai doan chinh
cua khai phé luat két hop 1a khai pha tap muc phd bién vi can rat nhiéu nd luc dé
dinh vi cac tap phd bién trong mot tap dix liéu. Hau hét cac nghién ctru trong linh
vue nay déu tap trung vao viéc nang cao hiéu qua khai pha theo nhém muc phd
bién vé mit thoi gian va bo nhé.

Cac thuat toan khai pha tap muc phé bién hoic luat két hop truyén thng

[20], [21] hau hét chi biéu dién di liéu giao dich ¢ dang gia tri nhi phan, nghia la
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n6 lién quan dén sy xuat hién cua cac muc; tuy nhién, véi céch tiép can rd, dé khai
phéa céc tap muc phd bién cho céc luat két hop trong co s& dir liéu ¢ chira dir liéu
dinh luong la kho. Do tinh dé sir dung va tuong tu véi suy luan cua con nguoi, ly
thuyét tap mo [22], [23] dang duoc sir dung trong cac hé thong théng minh thudng
xuyén hon [24]-[27]. Biéu dién ngdn ngit 1am cho tri thic don gian hon dé con
ngudi dé hiéu, do d6 né dugc sir dung rong réi. Vi vay, dé khai pha céac luat két
hop mo tir co so di lidu dinh lwgng, cac mién cua thudc tinh dinh lwong s& dugc
chuyén ddi thanh mét tap mo duoc thé hién trong cac bién ngdn ngir bang cach
st dung ham lién thudc [28], cach tiép can nay co thé 1am giam céc tinh toan. Mot
s6 thuat toan khai pha mo da duoc nghién ciru va phat trién rong rai. Srikant va
Agrawal [29] da phat trién mot cach tiép can dé tim luat két hop, tach co so dir
liéu dinh luong thanh co sé dit liéu nhi phan. Au va Chan di phat trién F-APACS
[30] dé khai thac céac luat két hop mo bang cach sir dung cac thuat ngit ngon ngir
dé biéu dién cac luat. Kuok va cong su [31] da thuc hién mot phuong phap khai
pha md dé xir ly cac thuoc tinh c6 gia tri dinh luong. Hong va cong su di trinh
bay mot thuat toan khai phé sir dung Iy thuyét tap mo dé chuyén doi gia tri dinh
lugng caa muc thanh cac thuat ngir ngdn ngir dua trén co ché gidng nhu Apriori
thong thuong [32].

Thuat toan cho khai pha luat két hop mo vai hiéu suat nhanh va hiéu qua
trén céc tap di lidu lon dugc dé xuat bai Mangalampalli va Pudi [33]. Trong bai
bao nay, tac gia da sir dung phuong phap tidlist dé tinh tan suat cua vi tri dat, véi
cac tinh nang nhu cau trdc dit liéu st dung byte-vector biéu dién tidlist, cac thay
d6i @i voi cau tric dir liéu tidlist duoc tao dé phu hop vai céc gia tri thanh vién
mo va giao dich (TID), danh sach nén di sir dung gop phan tang hiéu suat. Truéc
day, Janikow da két hop cac cdy quyét dinh twong trung trén cac hé thong dua
trén luat dé diéu khién mo [34] bang céch st dung biéu dién mo. Watanabe va
Fujioka [35], [36] da dinh nghia su du thira twong dwong ctia cac phan tir mo va
cac dinh ly lién quan cho viéc khai pha luat két hop mo. Thuat toan duoc thiét ké
d4 ap dung co ché gidng nhu Apriori dé sir dung do du twong duong ctia cac phan
tar m& dya trén cac khai niém do du dé kham pha cac luat két hop mo. Téc gia da
dinh nghia tinh du thira ciia cac luat két hop mo 1a mot khai niém méi trong khai

pha dit liéu va d& xuat mot thuat todn dya trén viéc st dung cac luat du thira. Thuat
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toan da danh gid cac luat trude khi tinh toan d6 chinh xac tdi thiéu. Muc tiéu cua
thuat toan 1 tinh chinh thoi gian danh cho viéc khai pha luat va dong thoi cat bo
cac luat thira trong cac ung dung khai pha dit liéu. Tuy nhién, hau hét cac phuong
phap khai phé luat két hop mo &p dung Apriori [37] dé tao ra cac (ng ctr vién va
kiém tra sy hd trg cua chung, do d6 yéu cau quét lai co s& dit liéu nhiéu lan, vi
vay no gay ra qua trinh cham va khéng hiéu qua trong co sé dir liéu 1én. Hon nita,
véi cach biéu didn mo trong céc thuat toan trén, tap hop mo cua cac thuoc tinh
dinh lwong va ham thanh vién cua ching phu thudc vao y kién chu quan cua
chuyén gia hoac tinh sin c6. Van dé nay gay ra ranh giGi “sic nét” gitra cac khoang
mo, Vi vay kho co thé xac dinh mie d6 caa ham lién thudc cho cac phan tir gan
ranh giGi cua khoang. Pay 13 khoang tréng thtr nhat duoc xac dinh trong van dé
nghién ctru cua luan an.

Thay vi st dung céch tiép can thong thuong theo Apriori, Lin et al. da trién
khai phwong phap cay pho bién mo (FFP)-tree [38], [39] dé khai pha tap muc phd
bién mo dya trén co ché phat trién mau. Tiép can nay da ap dung ca ly thuyét tap
Mo VA cau tric cdy FP (Frequent pattern) dé xay dung cdy FFP (Fuzzy Frequent
Pattern) c6 thé duoc sir dung cho qué trinh khai pha. Cac bién ngdn ngir duoc
chuyén d6i ciing véi mirc do thudc cua ching duoc sip xép theo thir ty ting dan
cia mdi giao dich, do d6 giit duogc tinh chat dong (downward closure property)
dé xay dung dé quy cay diéu kién va khai pha cac muc phd bién mo can thiét.
Cach tiép can nay c6 thé yéu cau rat nhiéu thoi gian tinh toan khi quy mé giao
dich rat Ién. Thuat toan nén cay pho bién mo (CFFP — Compact Fuzzy Frequent
Pattern)-tree [40] sau d6 duoc thiét ké dé giam kich thuéc cua cay FEP. Do do,
mot mang duoc gan véi mdi ndt bang cach bao toan céc gia tri mo cho bién ngén
ngit duoc xir ly hién tai véi bat ky tap muc tién té ndo cua no trong dudng di. Mic
di s6 lugng nat cay cua cdy CFFP giam dang ké so véi thuat toan cay FFP, nhung
can phai gitr thém mot mang caa mdi nit dé Iuu trit cac gia tri thanh vién cua nat
dugc xur ly hién tai véi bat ky bién ngdn ngir ndo cua no trong dudng di. Do do,
né yéu cau dung luong bo nhd dé luu gilr nhimg thong tin d6, diéu nay khong hiéu
qua trong mot co s dit liéu thwa. Dé giai quyét han ché nay, thuat toan cay mau
pho bién mo gigi han trén (UBFFPT - upper-bound fuzzy frequent pattern) [41]

sau d6 duoc thiét ké dé giir khdng chi cau tric cay day dic ma con co thé khai pha
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cac tap muc phd bién ma tir gidi han bd nhd so véi cdy FFP va thuat todn cay
CFFP. Thuat toan cdy UBFFPT c6 thé khai pha cac muc phé bién mo hiéu qua
ma gilr nguyén kich thudc cua cac nut cay nhu thuat toan cdy CFFP, viéc sir dung
bo nhé va tinh toan co thé giam dang ké. Cac thuat toan trén chi st dung mot thuat
ngit ngdn ngir duy nhat dé biéu dién muc duoc xtr 1y trong co s& dit lidu, do d6
thong tin duoc phét hién cd thé khong day du. Nhiéu thudt toan lién quan dén khai
pha tap pho bién mo kép [42]-[44] duoc d& xuat nham gidp tri thirc dugc khai pha
day du hon so véi cac phuong phap truyén thong. Hong va cong su [42] sau d6
d3 phat trién cau tric dya trén cdy Vvéi ¥ tuong tuong tu vé cy FP va FFPT [38]
nhung duy tri nhiéu tap muc pho bién mo 1-item véi cdy MFFP. Do d6, khong
chi bién ngdn ngir don 1é duoc gitr dé biéu dién cho moét muc ma tat ca cac muc
c6 gié tri mo cua ching khdng nho hon ngudng hd tro téi thiéu. Vi vay, thdng tin
day di hon duogc luu giir dé ra quyét dinh hiéu qua. Hon nita, y tudng twong tu
sau d6 duogc ap dung cho cdy CMFFP [43] va cdy UBMFFP [44]. V&i théng tin
day du hon vé nhiéu mau pho bién mo dan xuat, cac chién lugc hiéu qua do d6 c6
thé dat duoc dé ra quyét dinh. Tuy nhién, trong cac thuat toan nay, viéc khai pha
cac tap pho bién mo duogc thuc hién mot cach dé quy tir cau tric cdy, do d6 nod
y&u cau mot bo nhé 16n dé luu trit cac cay tam thoi. Day 1a khoang trong thi hai
luan an s& giai quyét.

Khai pha tap pho bién tir nhiéu tap dir liéu mo duge dé cap trong bai béo
[45]. Trong bai bao, tac gia két hop nhiéu bang bang cach sir dung lugce d6 sao
tim cac luat két hop da cdp mo trong mé hinh co s¢ dit liéu quan hé, c6 kha ning
xtr Iy nhiéu bang. Thuat ton str dung phép ndi va thuc thé dé nhan ra cac tap muc
pho bién. Tuy nhién, két qua cua bai bao van con nhiéu han ché trong viéc tinh
toan hd tro cua cac tap muc lién quan dén céc két ndi khac c6 chira thudc tinh ma.
Phuong phap khac nhu [46] sir dung thuat toan tién hoa vi phan (DE) dé khai pha
cac luat két hop mo c¢6 y nghia thong ké duoc ti uu hoa cé sé lugng 16n va cac
gid tri do ludng c6 nghia vdi su kiém soat chat ché dbi vai rai ro cua cac luat suy
doan. DE dugc dé xuat ciing c6 thé 1am ting dang ké s6 luong cac luat duoc tao
ra va tinh ph hop cua céc gié tri do luong cua cac luat hon 1a thuat toan di truyén.
Ngoai ra, thuat toan duwa trén mau dugc dé xuat trong [47] nham muc dich tim céac

luat két hop mo tir cac tap dit liéu dinh luong 16n. Thuat toan duoc thiét ké dé
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chuyén déi cac luat két hop mo thanh céc ban sao nhi phan. Sau d6, phuong phap
sir dung ly thuyét gigi han trung tam dé ldy mau thay thé tap dix liéu Ién ban dau
va giam kich thudc dir liéu. Su dong gop nay da giup giam chi phi thoi gian. Hon
nira, thuat toan co thé han ché do l1éch cua do hd tro tap phd bién mo trong mot
pham vi rat nho véi xéac suat cao. Nhiéu nghién ctru khac nhau da duoc thuc hién
khong chi dé cai thién hiéu suat ma con cai thién téc do tim kiém cac luat két hop
mo& Voi bang bam, luoc db hodc cau tric di lidu cay [40], [41], [43], [44]. Thuat
toan khai pha tip muc m& phé bién FFI-Miner [48] duoc phéat trién dé khai pha
tap day du cac FFl ma khong can tao ¢ng vién. N6 st dung cau tric danh sach mo
dé giir théng tin can thiét cho qué trinh khai pha sau nay. Thuat toan st dung chién
lugc cit tia hiéu qua cling duoc phét trién dé giam khdng gian tim kiém, do d6
day nhanh qua trinh khai pha dé phat hién tryc tiép cac tap muc mo pho bién. Cac
mau pho bién la cac tap muc dugc tim thay trong mot s6 lugng dang ké cac giao
dich. Cung véi sy gia ting kich thudc dit liéu, cac loai dit liéu khong ddng nhat
va bién thé dix liéu cuc ky dong. Do d6, viéc mo rong cac thuat toan khai pha mo
hiéu qua cho ky nguyén dix liéu I6n 1a mot van dé quan trong viéc khai pha bang
cach &p dung cac ky thuat xir Iy song song da tro thanh mot cach kha thi dé khic
phuc van dé thoi gian xur 1y. Day 1a khoang tréng thi ba duoc xac dinh trong luan
an.

Tai Viét Nam, khai pha luat két hop da duoc cac nhém nghién cau tai Vién
Cong nghé Thong tin thuoc Vién Khoa hoc va Cong nghé Viét Nam nhu luan an
tién si cua Nguyén Huy Duc [49] gidi thiéu thuat toan FSM 14 thuat toan nhanh
khai pha tat ca cac tap muc cd phan cao trong co s& dit liéu giao tac va dé xuat
thuat toan AFSM (Advanced FSM) dua trén cac budc cua thuat toan FSM vaéi
phuong phap méi tia hiéu qua hon cac tap muyc ¢ng vién. Luan &n tién si cua
Nguyén Long Giang [50] trinh bay vé phuong phap khai pha dit liéu st dung Iy
thuyét tap tho. Bai bao cua tac gia Nguyén Cong Hao [51] trinh bay mot phuong
phép xur Iy luat két hop mo dua trén dai sé gia tir. Nhém nghién cau caa PGS. TS.
Vo6 Dinh Bay va GS. TS. Lé Hoai Bac dua ra phuong phéap khai pha tap muc phé
bién trong co s& dit liéu rd nhu [52]-[55], ddy c6 thé dugc xem 1a nén tang cho

nhitng nghién ctru trong luan an.
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Luén an nay nham giai quyét ba khoang trong duoc xac dinh ¢ trén. Viéc
nghién ciu giai quyét nhitng van dé do 1a thuc sy can thiét khong chi ¢ phuong
dién phat trién ly thuyét ma ca ¢ phuong dién ¢ng dung thyc té. D6 1a dong luc
dé tac gia luan an thuc hién nghién ciru dé tai “Khai pha tap muc phé bién me
dwa trén cAu trac cay va k¥ thuat xir Iy song song” dé dwa ra cac phuong phap
méi hiéu qua vé khai phéa tap muc phé bién va khai pha cac luat két mo dua trén
ly thuyét tap mo.

2. Muc tiéu, ddi twong va pham vi nghién céu caa luan an

a. Muc tiéu nghién cau

Muc tiéu caa luan &n nham dé xuét cac giai phép khai phé tap muc pho
bién mo trong co s& dir liéu dinh lwong, khac phuc van dé “sac nét” khi phan ving
dir liéu mo cho cac thudc tinh ¢ gia tri dinh luong.

Cu thé, luan an tap trung dé xuat cac giai phap nham:

- Xac dinh céc tap mo cho mdi thude tinh dinh lugng trong co sé dit liu

thdng qua k¥ thuat phan cum.

- Giam bo nhé luu trit trong qué trinh khai pha tap muc pho bién mo

- Giam thoi gian xu ly trong viéc khai pha tap muc phé bién mo trong

cac co so dir liéu lon.

b. Péi twong nghién ciru

- Céc thuat toan khai phé tap muc pho bién trong co so dir liéu giao dich

- Céc thuat toan khai phé tap muc pho bién mo, khai phé luat két hop mo

trong co s¢ dir liéu dinh luong.

c. Pham vi nghién ciu

- Luan &n nghién ctru céc luat két hop ma, tap muc pho bién mo trong co

so dir liéu dinh luong.

- Tong hop cac cong bd khoa hoc lién quan dén cac phuong phap khai
pha tap muc phé bién mo.
- So sanh thuc nghiém vai cac thuat toan da co

3. Phwong phap nghién ciu

Luan an da st dung cac phuong phap nghién ctru sau:
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Téng hop va danh gia cac két qua da duoc cong bd vé cac phuong phap
khai phé& tap muc phd bién mo tir nhiéu ngudn thong tin thu thap duoc.
Trén co s d6 dé xuat cac két qua méi, danh gia két qua méi bang viée
cai dat thor nghiém mot s6 thuat toan. Ap dung két qua dé giai quyét

mot bai toan trong thuc tién.

Phuong phap so sanh: duge str dung dé so sanh céac ki thuat, thuat toan
da duoc dé xuét dé giai quyét nhitg van dé nghién ctru lién quan, tir d6
hinh thanh ¥ tuéng cho thuat todn méi cho van d& nghién ciru.

Phuong phap thuc nghiém: Céc thuat toan dugc dé xuét déu duoc thuc
nghiém trén cac tap dir li¢u thuc dé danh gia sy ding ddn va tinh kha

thi cua thuat toan.

4. Cac dong gop chinh cia luan an

Nhiing dong gop chinh cua luan an 13 dé xuat va giai quyét cac van dé

sSau.

Pé xuit phuong phap xac dinh cac tap mo cho mdi thudce tinh dinh
luong trong co so dir liéu théng qua ky thuat phan cum. Cu thé hon,
luan an trinh bay ky thuat phan cum EMC. Muc tiéu cua cac thuat toan
nay la chia dir liéu thanh c&c cum c6 ¥ nghia. Sau do, cac cum nay duoc
st dung dé phan loai mdi thudc tinh dinh lwong nhu mot tap mo va xac
dinh cac ham thugc cua chung. Cac bude nay dugc két hop thanh mot
thuat toan t6i wu dé tim céc tap mo duya trén Iy thuyét théng ké. [CT2],
[CT4].

Dé xuat phuong phap khai pha luat két hop mo trong co so dit lidu dinh
luong sir dung cau tric dir liéu Node-list. Voi dé xuét nay, thuat toan
chi truy cap co sé dit liéu hai 1an: 1an thir nhat dé chuyén céc gia tri dinh
luong sang cac tap mo duogc thuc hién ty dong théng qua thuat toan
phan cum mo, lan thir hai tinh toan d6 hd tro md trong co sé dir liu
mo va xay dung cdy. Quy trinh khai pha tap muc mo phé bién dya trén
PP_code hoiac POS_code gilip han ché muc tiéu thu bo nhé duoc yéu
cau. [CT1], [CT2], [CT5].
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Dé xuat mot phuong phéap xt 1y song song dé khai pha cac tap phd bién
mo sir dung phuong phéap tiép can automata di dong hoc(Cellular
learning automata). Theo CLA, khong gian duoc biéu didn nhu mét
mang, voi mdi phan tir 12 mot 6. Tung dong mot, dit liéu giao dich s&
dugc doc va dong thoi duoc chuyén dén cac 8, ching xur ly song song
v6i nhau. Phuong phap nay khong st dung quy tic ving 1an can, mot
loai tu dong dit liéu dugc goi 1 tu dong hoc di dong bat quy tac (ICLA)
duoc st dung dé tao danh sach ving 1an can cho mai 6. Théng qua viéc
st dung cac 6 dix liéu ty tri ndy, viéc khai phé céc tap muc mo pho bién
duoc thyc hién. Qué trinh nay rdt ngan thoi gian thyc thi cia thuat toan.
[CT3].

5. Bo cuc luan an

Luan an gom phan M& dau, 03 chuong va phan két luan.

Phan M& dau: Trinh bay su can thiét va dong luc nghién ciru cua dé tai;
muc tiéu, ddi twong, pham vi nghién ciu; phuong phap nghién ciu;
nhitng dong gop chinh va cau trdc caa luan an.

Chuong 1: Co s ly thuyét

Chuong nay trinh bay cac khai niém, tong quan vé luat két hop; logic
mo; tap muc phd bién mo, luat két hop mo, cac thuat toan khai pha tap
muc pho bién mo. Tir d6 xac dinh cac ton tai va xac dinh c4c van dé cu
thé trong luan an.

Chuong 2: Cac phuong phép khai pha tap muc pho bién mo dya trén
CAu trac cay.

NCS trinh bay cac phwong phap dé xuat vé khai pha tap muc pho bién
ma; ¢6 stir dung phan vung dit liéu mo cho céc thudce tinh c6 gié tri dinh
lugng.

Chuong 3: Khai pha tap muc pho bién mo sir dung phurong phap xir ly
song song.

NCS trinh bay céc Iy thuyét lién quan dén automata di dong hoc va dé
Xuit thuat toan xu ly song song trong khai pha luat két hop mo.

Két luan va huéng phat trién
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Chuong 1 COSO LY THUYET

Trong chuong nay, NCS trinh bay c4c khai niém co ban vé luat két hop, luat
két hop dinh luong, logic mo, luat két hop mo va cac nghién ctru lién quan dén luat

két hop mo. Tir d6, xac dinh cac van dé con ton tai can giai quyét trong chuong 2.
1.1 Luat két hop

1.1.1 Céc khdi ni¢m co bén vé lugt két hop [56]

DPinh nghia 1.1 Co s¢ dir li¢u giao tac:

Gia st I = {iy, i, ...,10,,} la tap cac muc. D = {T}, T,, ..., T,} la mot tap cac
giao tac, duoc goi 1a co s& dit lidu giao tac, trong d6 mdi giao tac t trong D c6 dang
(tid, X) trong d6, mdi giao tac t c6 dinh danh tid va tap muc t-itemset, t =
(tid, t — itemset); X duoc goi 1a tip muc itemset néu X < 1.

Vi du: CSDL giao tac D dugc mo ta nhu bang sau

Bang 1.1: Co so dir liéu giao tac

Tid Items

T1 Banh mi, Stra

T2 Banh mi, T4, Bia, Tring

T3 Stra, T4, Bia, Nudc ngot

T4 Banh mi, Sira, T3, Bia

T5 Banh mi, Stta, Ta, Nudc ngot

Bang 1.1 biéu dién co so dir lieu giao tac, trong do6 tap I =
{Bdnh mi, S®a, Td, Bia, Tritng, Nwéc ngot} la tap muc tén cac mat hang (hay goi
la muc) va 5 giao tac. Mdi giao tac biéu dién danh sach cac mat hang da mua. Vi du,
giao tac T1 c6 chira cac muc {Banh mi, Sira}.

Pinh nghia 1.2: D6 hd tro ctia tap muyc

Do ho tro cia mot tap muc X trong co s dir liéu giao tac D ky hiéu la sup (X)

1a s6 giao dich chira tap muc X, dugc tinh bai cong thic sau:

sup(X) = |t]| X ct,t € D| (1.1)
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Trong d6 ky hiéu |.| 1a s giao téc.
Vi du: trong CSDL ¢ bang 1.1, @6 ho tro cua tap muc {Bia, Td, Sita} 1a 2 vi cd hai
giao tac chira 3 muc trén.

Pinh nghia 1.3: Tap muc phd bién

M6t tap muc X c6 trong co sé dit lidu giao tac D duoc goi la pho bién néu do
hd tro cua nd (sup(X)) 16n hon hoic bang ngudng d6 hd tro téi thiéu (minsup) cho
truée do ngudi dung dinh nghia. Vi vdy, do hd trg dugc xem 12 tan suat xuat hién
ddng thoi cua cac muc.

Pinh nghia 1.4: Luat két hop

Mot luat két hop 1a mot ménh dé kéo theo ¢ dang X —Y, trong d6 X va Y 1a
c4c tap muc thoa man diéu kién: X € I, Y S IvaXN'Y = @. Dbi vai luat két hop X
— Y, X duoc goi la tién dé, Y duogc goi la két qua cua luat.

Pinh nghia 1.5 : P$ hd tro ciia mot luat

Cho luat két hop r = X = Y, d6 hd tro caa luat r ky hiéu 1a sup(r) 1a ti s6 giira
s6 luong cac giao tac T < D ¢6 chira ca tap muc X va tap muc Y Vi tong so giao tac
trong D dugc xac dinh nhu sau:

{T € DIT > X U Y}
D]

sup(r) = (1.2)

Pinh nghia 1.6 D¢ tin cay cia mot luat

Cho luat két hop r = X — Y, d6 tin cay caa luat r ky hiéu la conf(r) 1a ti s6
gitta s6 lwong cac giao tic T € D ¢6 chia ca tap muc X va tap muc Y véi tong sb
giao tac trong D chira tap muc X, dugc xac dinh nhu sau:

HT eDIToXUY} sup(XUY)
{T e DIT > X}| sup(X)

conf(r) = (1.3)

Vi du: Xem xét mot luat {Diapers, Milk} — {Beer}. Vi do hd tro cua tap muc
{Beer, Diapers, Milk} 1a 2 va tong sb giao tac 1a 5, do d6 do hd tro cua luat Ia g =

0.4. D6 tin cay cua luat thu duoc bai ti sé gitta d6 hd tro cua {Beer, Diapers, Milk}
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va do ho tro cua {Diapers, Milk}. Vi c6 3 giao tac chua {Diapers, Milk} nén do hd
tro cia luat s& 1a < = 0.67.
Pinh nghia 1.7: Luat két hgp manh

Cho luat két hop r = X — Y, néu luat r thoa man ca hai ngudng 1a d6 hd trg
t6i thiéu (minsup) va do tin cay tdi thiéu (minconf) dugc goi 1a luat két hop manh,
tuc la:

sup(r=X-Y)=P(XUY) = minsup

sup(XUY)
sup(X)

Vi du: Xem xét CSDL trong bang 1.1, luat két hop {Diapers, Milk} —

conf(r=X-Y)=PXUY)= > minconf

{Beer} c6 nghia 1a trong ciing mot giao dich, néu mat hang Diapers va Milk duoc

mua thi mat hang Beer cling duoc mua.
Phat biéu bai toan: Bai toan luat két hop dugc phat biéu nhu sau [49]:

Cho mét co s dit lidu giao tac D, d6 hd tro toi thiéu minsup, do tin cay toi
thiéu minconf. Hay tim tat ca cac luat két hop c6 dang X — Y thoa man do hd trg

sup(XUY) >

sup(X UY) = minsup vado tincay conf(X - Y) = o minconf

Hau hét cac thuat toan khai pha luat két hop déu theo huéng chia bai toan thanh
hai pha cy thé:

— Pha 1: Tim tat ca c4c tap muc pho bién tir co so dit liéu, tirc 1a tim tat ca tap
muc c6 do hd tro 16n hon hoidc bang do hd trg téi thiéu (sup(X) = minsup).
— Pha 2: Sinh tit ca cac luat c6 do tin cay tir tap muc pho bién di tim thay & pha
thir 1. Néu X 1a tap muc pho bién, thi luat sinh ra tir X c6 dang A — B trong
d6 B c X,va A = X — B néu d6 tin cay cua luat A — B c6 d6 tin cay 16n hon

do tin cay tdi thiéu cho trudc mincontf.

1.1.2 Ludt két hop trong co sé dir ligu nhi phin
Luat két hop nhi phan dé cap dén cac luat co dién trong bai toan phan tich gio
hang. O day cac san pham c6 thé co trong giao dich hoic khdng, chi tao ra cac gia tri

kiéu boolean (duoc biéu dién bang 1 va 0). Do d6, moi muyc trong giao dich c6 thé
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dugc xac dinh 12 mot thudc tinh nhi phan véi mién [0,1]. M6 hinh duoc dinh nghia

trong [56] nhu sau:

ChoI = {iy, iy, ..., i, } lamot tap cac thudc tinh nhi phan, goi la cdc muc. Cho
T 1a co sé dit liéu giao dich. Mai giao dich t dwoc biéu dién nhu 14 vecto nhj phan voi
t[k] = 1 néu giao dich t c6 chira muc i, va t[k] = 0 néu nguoc lai. Cho X 1a mot tap
muc chua trong |, ta n6i mot giao dich t thoa mdn X néu moi muc trong X, i, €

X, tlk] = 1.

Bang 1.2: Vi du Vé co s¢ dit liéu nhj phan

Tid A B C D E
1 1 0 1 1 1
2 1 1 1 0 0
3 0 1 1 0 0
4 1 1 1 0 1
5 1 0 1 1 0
6 0 1 1 1 0

Bang 1.2 mo ta co s dit liéu nhi phan, CSDL bao gém sau giao tac va nim
muc duogc Ky hiéu la A - E. Trong vi du nay, giao dich TID =1 c6 cac muc A, C, D,
E nén c&c muc nay nhan gié tri 1, con cdc muc B khdng c6 trong CSDL nén B nhan
giatri 0.

Bai toan khai phé luat két hop nhi phan tap trung chii yéu ¢ giai doan khai pha
tap muc phd bién, vi day 1a giai doan phuc tap, doi hoi nhiéu chi phi vé thoi gian va
tinh toan. Hai thuat toan dién hinh trong khai pha tap muc pho bién la thuat toan
Apriori [5] va FP-growth [57]. Thuat toan Apriori tiéu biéu cho phuong phép sinh ra
CAC tap muc &ng Vvién réi duyét co so dit liéu kiém tra 6 hd trg cia ching, thuat toan
FP-Growth dai dién cho phuong phap khong sinh ra cac tap muc ing vién ma nén co

so dir liéu theo ciu tric cay.

1.1.3 Luat két hop trong co sé dir ligu dinh lwong
Theo dang luat két hop nhi phan nay thi cac muc chi duoc quan tdm 1a c6 hay
khong xuat hién trong co s& dit liéu giao tac chir khdng quan tam vé muc do hay tan

Xuat xuat hién. Trong thuc té, co s dit liéu khdng chi chira céc thudc tinh nhi phan
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ma con chtra cac thudc tinh dinh lwgng va phan loai ma khdng thé khai pha bang ky
thuat co dién. Viéc khai phé céc luat trong loai dit liéu nhu vay c6 thé dugc goi 12 bai
toan luat két hop dinh luong [29]. Chién lugc khai pha luat két hop dinh luong duoc
thuc hién bang cach chuyén doi céc thudc tinh cé gié tri dinh lwong sang gia tri nhi
phan. Trong phuong phap nay, modi gia tri dinh luong/phan loai cé dang
(attribute, value) dugc &nh Xxa sang gié tri nhi phan. Sau d6, cac ky thuat khai pha
luat két hop nhi phan dugc thuc hién dé tim luat. Tuy nhién, khi mién gia tri cia thuoc
tinh 1a qua 16n hoac lién tuc thi phuong phap nay khong hiéu qua [58]. Roi rac hoa
cac thugc tinh lién tuc thanh cac khoang thoi gian khac nhau 12 mot cach pho bién dé
giai quyét van dé nay. Sau khi roi rac hoa, cac thude tinh dugc coi 1a thudc tinh phan
loai [59]. Chang han, mét thudc tinh x cd gia tri tir 20 dén 100 c6 thé dugc chia thanh
cac khoang (20-30, 30-40,..., 90-100). Néu mét gia tri 1a 62, thi khoang (60—70) tr&
thanh 1 va khoang con lai cac khoang van 1a 0. Vi du, Tudi € [20,50] va Luong €
[10,20] — Sb xe € [1,2] 1a mot dang cua luat két hop dinh lugng [60]. Van dé chinh
cuia su roi rac hda cac gia tri 1a mat thong tin va két qua kém [61]. Ngoai ra, hiéu qua
phu thudc vao cac khoang xac dinh, trong khi viéc xac dinh cac khoang thich hop la
kho [62]. Trong khai pha luat két hop dinh lugng, cac thugc tinh c6 thé 1a dinh luong

va phan loai.
1.2 Tong quan vé Logic mo

1.2.1 Tap mo

Ly thuyét tap mo dugc Zadeh dua ra vao nim 1965 [22] va rat phi hop dé xur
ly c4c gia tri dinh luong va biéu dién y nghia ngdn ngir. Biéu dién ngdn ngit 1a pho
bién va dé hiéu hon ddi véi con nguoi. Mot bién ngdn ngit 1a mot bién cé gia tri cua
né la tap cac thuat ngir mo dugc biéu dién bang ngdn ngit tu nhién va duoc xac dinh

boi cac ham thanh vién [63].

Cho mét tap vii tru U véi cac phan tir ky hiéu boi u, U = {x}. Mot tap mo A
trén U 14 tap duoc dic trung bai mot ham i, (w) ma no lién két mdi phan tr u €

U véi mot s6 thuc trong doan [0,1].

A={(wp)|u €U} (1.4)
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Trong d6 p,(w) 1a mot anh xa tir U vao [0,1] va duoc goi la ham thanh vién

cua tap mo A.
1.2.2 Ham thanh vién

Ham thanh vién p,(u) dinh nghia cho tap A trén tap vii tru U trong khai niém
tap hop kinh dién chi c6 hai gia tri 1a 1 néu u € A hoic 0 néu u & A. Tuy nhién trong
khai niém tap mo thi gia tri ham thanh vién chi mie d6 thudc vé (membership degree)
cua phan tir u vao tap mo A. Khoang xéac dinh cua ham p, (w) 13 doan [0, 1], trong d6

gia tri 0 chi mirc d6 khong thudc vé, con gia tri 1 chi mire do thudc vé hoan toan.
u(d) : U - [0,1] (1.5)

Kiéu cua tap mo phu thudc vao céac kiéu ham thanh vién khac nhau. C6 nhiéu
kiéu ham thanh vién khac nhau dugc dé xuat. Mot s6 kiéu ham thanh vién st dung

phd bién trong logic md nhu sau (xem Hinh 1.1) [64], [65]:

v
A J
v

a b c ab C d c
(a) (b) (c)

Hinh 1.1: D6 thi caa 3 ham thanh vién pho bién: (a) tam giéc, (b) hinh thang, (c)

Gauss.

Dang tam giac (Triangles): Ham thanh vién nay duoc xac dinh bai 3 tham sb
la can dudi a, can trén c va gia tri b (tng vaéi dinh tam giac), vai a < b < c. Ham thanh
vién nay duogc goi 1a ddi xtirng néu néu gia tri b — a bang gia tri c — b, hay b = (a +

b)/2. Cong thic xac dinh ham thanh vién tam giac nhu sau:

0 x<a
: _ J&x-a)/(c-a) a<x<c 1.6)
triangle(x; a,b,c) = (b—2x)/(b - ) c<x<b

0 x>b
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Dang hinh thang (Trapezoids): Ham thanh vién nay dugc xac dinh bai b6 4

gidtria, b, c,d, véi a < b < c<d, theo cong thirc sau:

( 0 x<a
(x—a)/(b—a) a<x<b
trapezoid(x; a,b,c,d) = 1 b<x<c (1.7)
L(d—x)/(d—c) c<x<d
0 x=>d

Dang Gauss: Ham thanh vién nay duoc xac dinh bai 2 tham sb, gém: gia tri
c la gia tri trung binh (&tng véi gia tri cuc dai cia ham thanh vién) va o 1a do léch
chuan (d6 rong cua ham). Ching ta cé thé diéu chinh d thi ham thanh vién bang cach

thay doi gia tri tham sé o. Cong thirc x4c dinh ham thanh vién Gauss nhu sau:

32
gauss(x;c,0) = exp (—%) (1.8)

1.2.3 Bién ngon ngi

Bién ngdn ngit [66] 1a bo nam (X, T (X), U, R, M), trong d6 X la tén bién, T(X)
|l tap gid tri ngdn ngir caa bién X, U 1a khéng gian tham chiéu cua bién co s& u, mi
gi tri ngbn ngir dwoc xem la mot bién ma trén U két hop véi bién co so u, R 1a mot
quy tic ca phap sinh cac gia tri ngén ngit cua T(X), M la quy tic ngir nghia gan moi
gia tri ngdn ngir trong T (X) vai mot tap mo trén U.

Vi du: Cho X Ia bién ngdn ngit c6 tén TUOI, bién co sé u lay theo sé tudi cua
con ngudi ¢ midn xac dinh la U = [0,100]. Tap c4c gi trj ngon ngit T(TUOI) =

{rét tre,tre,trung nién, gia, rétgid}.

1.2.4 Cac phép toan logic mo

Ba phép toan logic mo co ban: phép bu, phép hop va phép giao thuong dugc
sir dung trong ly thuyét tap mo, dugc mé ta dudi day [22].
Phép bu: Phép todn bu cua tap mo A duoc ky hiéu l1a —A. Ham thanh vién cua —A

c6 thé duoc dinh nghia 1a:

bea() =1—pu(x), Vx€X (1.9)
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Phép hop: Phép hop cua hai tap mo A va B duoc ky hiéu la A U B. Ham thugc cua
A U B dbi voi phép toan chuin cé thé dugc dinh nghia nhu sau:
taup () = max{u, (x), up(x)},  Vx€X (1.10)
Phép giao: phép toan giao cua hai tap mo A va B duoc ky hiéula A n B . Ham
thanh vién caa A N B dbi vai phép toan chuan cé thé duoc dinh nghia nhu sau:
tang(x) = min{u,(x), up(x)}, Vx€eX (1.11)

1.3 Luit két hop mo

Mot van dé cua khai phé luat két hop co dién la khéng phai moi loai di liéu
déu c6 thé duoc sir dung dé khai pha. Céc luat chi ¢ thé duoc lay tir dit lidu chira dir
liéu nhi phan, trong d6 quan tAm mdt myc 6 ton tai hay khong ton tai trong giao tac.
Khi 1am viéc véi mot co so dit liéu dinh lwgng, khong cé luat két hop nao cé thé dugc
phat hién. Dé xir Iy co so dit liéu c6 chira ca thudc tinh phan loai va thudc tinh dinh
luong, phwong phéap khai pha luat két hop dinh luong duoc dé xuét boi Srikant and
Agrawal [29]. Pau tién la xac dinh s6 lwong phan viing trén cac thugc tinh dinh lugng,
va sau d6 chuyén cé4c gia tri dinh lwong sang cac gia tri nhi phan dé sir dung cac thuat
toan da co. Cac phuwong phéap khai pha luat két hop ¢6 dién dya trén logic Boolean dé
chuyén dbi cac thugc tinh sb sang thugc tinh boolean bang cach phan ving di liéu
ctng. Vi vay, s6 luat sinh ra 1a thip. Biéu nay khong hiéu qua trong trudng hop khai
pha dit lieu ¢ 16m. Bé giai quyét van dé do, 1y thuyét tap mo duoc sir dung trong khai
pha luat két hop trong thoi gian gan day [31], [67], [68].

1.3.1 Co so dir liéu giao dich mo

Cho I ={I,I,, ..., I,,} la tap n cac thuoc tinh, i,, 1a thudc tinh thir u trong 1.
Dy = {Ty, Ty, ..., Ty} 12 mot tap cac giao tac véi moi T, € D, la mot tap con cua [
chtra cdc muc c6 gid tri dinh luong va c6 mot dinh danh duy nhat TID. Mét giao tac
T duoc goi la cha X néu X € T, trong d6, X la mot tap chaa vai muc c6 trong /.
MJi thudc tinh I, c6 thé két hop véi tap gid tri mo dugc biéu dién Fj, =
{fa, f2, .., f1} véi fl1a gié tri mo tha j trong Fy,. Vi dy, thudc tinh Luong c6 thé

dugc biéu dién nhu sau: Fiyong = {Cao, Trung binh, Thap}. Su dung ham thanh
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vién lién quan dé xac dinh tap md cho cac mdi thude tinh, co so dit lidu dinh luong

D, dugc chuyén thanh co s¢ dit liéu chira gid tri mo Dy
Vi du vé CSDL m& duoc thé hién trong bang 1.3

Bang 1.3: CSDL mo mdu

TID Céac muc
' (riow * e (Gt )( )( e + i)
A.Low A Middle C. Mlddle C.High D.Low D Middle E.Middle E.High
? (e * wingn) G *+ amiaas) (G Zmiaar)
A.Middle A High B. Low B.Middle C. Low C.Middle
’ (5iow * aviazie)» (c3raae * Tiign)
B.Low B Middle C. Mlddle C.High
* (e * wgn) (Gaviaae + i) i * 5viaa)
A.Middle A ngh C. Mlddle C. Htgh D. Low D.Middle
5 ( 0.2 ) ( 0.8 0.2 ) ( 0.2 0.8 )
A.Low A Middle B.Low = B.Middle/' \C.Low = C.Middle
6 ( ) ( 0.2 0.8 ) ( 0.8 0.2 ) ( 0.8 0.2 )
A.Low A Middle C.Middle = C.High)' \D.Low = D.Middle/’ \E.Low = E.Middle

1.3.2 Dé hé tro ciia tip muc mo
Mot tap thudc tinh mo trong lut két hop mo 1a mot cip (X, A) véi A 1a tap céc

tap mo twong g vaoi cac thugc tinh trong Xva X < 1.

Do hé tro cua tap muc (X, A) ky hidu la fsup((X, A) ) duoc xac dinh bai cong

thuc sau:

Fup(X,4) = D () ® o (DB - @ iy (O (1.12)

teT

Trong do, u,, (t) la gia tri mo cua thuge tinh x,, trong giao tac t.

® la toan tir T-norm (T-chuan). Trong ly thuyét logic mo, né c6 vai trd gidng
nhu phép toan AND trong logic ¢ dién. C6 nhiéu cach lya chon phép toan T-norm

nhu:
Phép lay min: a ® b = min(a, b)
Tich daisé: a @ b = ab

Tichbichin:a @ b = max(0,a+b —1)
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améub=1)
Tich Drastic:a @ b =< b (néua=1)
0 (néua,b<1)

Phép giao:a ® b =1 —min [1,((1 — @) + (1 — b)) véi (w > 0)

Phép iy min va phép tinh dai s6 12 hai phép toan phu hop nhét vi n6 thuan
tién cho viéc tinh toan va thé hién dugc méi lién hé chit ché gitra cac thudc tinh trong
cac tap pho bién.

Vi du: Do hd tro mo cua tap muc mo {A.Low} theo cong thic (1.12) 12 0.2 +
02+0.6=1.0

Khi chon phép lay min cho toan tir T-norm, céng thirc tinh d6 hd tro cua tap
muc (X, A) tré thanh:

Fsup((X,A) = ) minfit, (O, Ha (), ., iy (O} (113)

teT

Khi chon phép lay tich dai s6 cho toan tir T-norm, cong thirc tinh d hd tro cia
tap muc (X, A) tro thanh:

Fsup@x, a0 = Y | [{(®) (1.14)

tET xpEX

Vi dy: Do hd trg mo cua tap muc mo {A.Low} va {C.High} xuat hién trong

cung mot giao dich sé 1a 0.2 + 0.6 = 0.8.
1.3.3 Tdp muc phé bién mo
Pinh nghia 1.8: (Tap muc phé bién mo): [42]

Mot tap muc (X, A) duoc goi 1a phd bién néu do hd trg cia nd 16n hon hoic
bang d6 hd tro tdi thiéu (fminsup) do nguoi dung dinh nghia fsup({(X,A)) >

fminsup.
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Khai pha tap muc m phd bién 13 bai toan trich xuat tat ca cac tap muc mo phd

bién c6 dang:
FFIL, = {X | fsup(X) = § x |Df|} (1.15)

Gia str d6 hd tro téi thiéu trong vi du ¢ bang 1.3 1a 30% thi cAc muc mo phé

bién thu duoc nhu trong bang 1.4

Bang 1.4: CAc tdp md phé bién duroc khai pha tir bang 1.3

Tap muc mé 1-item Pj hoé tro
{A. Middle} 34
{C.High} 2.8
{C.Middle} 2.4
{B.Low} 2.2
{D.Low} 2.2
Tap muc mo 2-items

{A.Middle, C.High} 1.8
{A.Middle, C.Middle} 2.0
{A.Middle, D.Low} 1.8
{C.High, D.Low} 2.2
Tap muc mo 3-item

{A.Middle, C.High, D.Low} 1.8

1.3.4 Ludt két hop mo

Sau khi ¢6 duoc cic khoang mo va cac ham thanh vién tuong tng ctia chung
cho mdi tap ma cua thudc tinh dinh luong dwgc, mot co sd dix liéu Dy duoc bién doi
(bang cach mo héa) dugc tao ra tir co sé dir lieu goc. Cho co sé dir liu mo Dy =
{T\, T, ..., T,} voi cac thugc tinh i; € I va cac tap mo F;; twong ing véi cac thuoc

tinh trong 1. Mot luat két hop mo c6 dang nhu sau:

If X = {xl,x2 ...,xp} isA= {al,az ...,ap} thenY = {yl,y2 ...,yq} isB =
{by, by ..., by}

Trong d6: a; € F(x;),i =1,..,pVvab; € F(yj),j =1,..,q. XvaYlacac
tap muc con cé trat tu caa | va phéan biét, khdng c6 chung thudc tinh nao. Khi do, X

is A duogc goi 1a tién dé cua luat va Y is B duoc goi la hé qua cua luat.
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Mot vi du vé luat két hop cd dang: Néu Tudi is Tré THEN Thu nhdp is Thap
Pinh nghia 1.9: (P$ hd tro cia mot luat két hop mo)
Do ho trg ciamot luast mo X is A = Y is B duoc x4c dinh theo cong thuc sau:
fsup({XisA = Y isB)) = fsup((XUY,AUB)) (1.16)
Pinh nghia 1.10: (P§ tin cay caa mot luat két hep mo)

Do tin cay cua mot luat mo X is A = Y is B dugc xac dinh theo céng thirc

Sau:

fsup({XisA = Y is B))
fsup({X, A))

Pinh nghia 1.11: (Luat mo pho bién).

feconf({(XisA = Y isB)) = (1.17)

Mot luat duoc goi 1a phd bién néu @6 hd tro cua né 1on hon hodc bang fminsup,

conghiala fsup((Xis A = Y is B)) = fminsup.

Pinh nghia 1.12. (Luat mo tin ciy). Mot luat dugc xem la tin cay néu do tin
cdy cua nd Ién hon hoic bang d6 tin cay tdi thiéu fminconf (fuzzy minimum
confidence) dugc dinh nghia béi nguoi dung, nghiala fconf((X is A = Y is B)) =

fminconf.
1.4 C4c nghién cwu lién quan

1.4.1 Cdc nghién ciru tiép cén dwa trén Apriori

Chan va Au lan déu tién trinh bay thuat toan F-APACS [69] dé khai pha céc
luat két hop mo. Cac gia tri cua cac thudce tinh dinh lwong dau tién duoc chuyén doi
thanh biéu dién caa cac thuat ngir ngén ngit Vi cac gid tri lién thudc cua ching theo
cac ham lién thudc dugce xac dinh trude. Trong thuat todn F-APACS, cac ngudng do
ngudi dung chi dinh 12 khéng bit budc dya trén phan tich thdng ké duoc thiét ké.
Ngoai ra, ca luat két hop mo duong va am déu c6 thé duoc phat hién théng qua thuat
toan F-APACS.

Kuok va cong su [31] sau d6 dé xuat mot cach tiép can dé xu 1y cac thudce tinh
dinh luong dé khai pha céc luat két hop mo. Mot hé sé quan trong duoc thiét ké dé

khai phé tat ca céc tap phd bién (16n) tir co so dit lidu dinh luong. N6 phan anh khdng
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chi tan suat xuat hién cua cac muc trong co sd dit liéu ma con ca mic d6 hd tro cua
cac tap muc. Mot hé sé chac chin ciing duoc thiét ké dé tao ra cac luat co thé co tir
cac tap pho bién.

Pang thoi, Hong va cong sy thdng qua ly thuyét tap mo da trinh bay mot thuat
toan FTDA [32] dé xir 1y céac co sé dit liéu dinh lwgng. Thuat toan nay dya trén thuat
toan Apriori dé khai pha tap phé bién mo theo mirc d6 mot cach thong minh dé tao
ra cac luat két hop mo. Thuat todn FTDA duoc dé xuat dau tién chuyén doi cac gia
tri dinh luong cua cac muc thanh biéu dién thuat ngit ngdn ngit dua trén cac ham
thudc duogc xac dinh trude. Cac luc luong cua cac thuat ngit ngdn ngit duoc chuyén
d6i sau d6 dugc tinh toan. Chi mot thuat ngir ngdn ngit véi luc luong toi da ctia moi
thudc tinh duoc sir dung cho qué trinh khai pha sau nay. Qua trinh nay cé thé gii
nguyén s luong cac muc nhu sb luong cua cac thudce tinh ban dau, do d6 giam chi
phi tinh toan cua cac t6 hop 1on. Sau d6, cac tap muc phé bién mo con lai c6 thé dugc

sir dung d¢é tao ra cac luat két hop mo. Thuat toan FTDA duoc md ta nhu sau:

Thuat toan 1.1: FTDA

Input: Dy: Co s¢ dir ligu dinh Iwgng; minsup; minsup: ngudng hd tro tdi thiéu;
minconf: ngudng do tin cay téi thiéu; MFs: ham thanh vién

Output: Cac luat két hgp mo

Begin

1: for each transaction t; in D, do

2: for each item (attribute) A; do

3 Chuyeén thugc tinh dinh lugng g;; sang tap md bang cong thic
(fiji/Aj-Ry + fija/Aj- Ry + - fijn/ A Ry)

4- End for

5: End for

6: Tinh count(Aj.Rk) = sum{fijk}

7 MAXcount(Aj.Rk) = max{count(Aj.Rk)}

8: L, « {A;.Ry|MAXcount(A;.Ry) = minsup X |Dy|}

9: r=2;

10:  While L,_; # null do

11: C.<f{aub|ab € L._;,a &b}

12: for each transaction t; in D, do
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13: Ci<1{z|z € C, Nz Ct;}

14 Foreachz € C;; do

15: Tinh count(t;.z) = {min(fl-jx,fijy)|x,y €z,x ¢y}
16: End for

17: End for

18: Tinh count(z) = sum{count(t;.z)};

19: L, « {Z | count(z) = minsup X |DQ|}

20: r=r+1;

21: End while
22: CFAR.S‘(_ {Ll/\ Lz/\/\Lr_>Lq|q=1t0r}

23:  Foreach w € Cpyps dO

24: Tinh conf (w)

25: FARs « {W | conf (w) = minconf X |DQ|}
26:  End for

27: Return FARS

End.

1.4.2 Cac nghién ciru mo rong tir Apriori

Mot s thuat ton bién thé da duoc trinh bay dé khai thac céc luat két hop mo.
Gyenesei da dé xuat mot quy trinh chuan hda mo bo sung dé khai pha luat két hop
mo tir co so dir liéu dinh lwong [70]. Trong céch tiép can cua tac gia, bén canh do tin
cdy va do hd tro mo, mot hé sb twong quan mo méi duoc dinh nghia nhu mot thude
do méi dé khai pha cac luat két hop mo. Hong [71] sau dé tang cudng thuat toan
FTDA dé thiét ké mot cach tiép can AprioriTid mai dé khai phé hiéu qua cac luat két
hop md. Yue mé rong céch tiép can FTDA dé khai pha luat két hop mo véi rang buoc
trong sb [72]. Theo cach tiép can caa ho, mdi muc duoc gan mot gié tri trong sb trong
pham vi [0, 1] dé thé hién tam quan trong cta n6. Phuong phap anh xa tu to chic
Kohonen ciing dugc &p dung dé lay cac tap mo cho cac thuoc tinh s6. Chen va Wei
d3 phat trién mot khung tong quat dé khai phéa cac luat két hop mo dya trén cau tric
phan loai mo [73]. Hong sau d6 thiét ké mot quy trinh khai phé dé trich xuat cac luat
két hop mo dua trén d6 hd tro ngdn ngir tdi thiéu va ngudng tin cay tbi thiéu [74].

Sau d6 tac gia cling da phat trién mot thuat toan khai pha mo nhiéu mie dé khai pha
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cac luat két hop mo bang céch tich hop céac khéi niém tap ma va phan loai nhiéu mic
[28].

1.4.3 Cdc phwong phap nghién cvu dwa trén cdy

Dé khai pha luat két hop mo, thuat toan FTDA dugc dé cap & trén &p dung mot
co ché giéng nhu Apriori dé khai phéa céc tap muc pho bién mo dé tao ra céc luat két
hop mo. Céch tiép can nay yéu cau quét co sé dit liéu nhiéu lan dé khai pha céc tap
phd bién mo véi viéc tinh toan toén nhiéu thoi gian. Pé giai quyét van dé nay,
Papadimitriou d& xuat thuat todn cdy mau thudng xuyén mo (FFPT- Frequent Fuzzy
Pattern Tree) [75]. Lin sau d6 trinh bay mot framework dé khai pha mo khac dé tim
ra cac muc pho bién mo dya trén cau tric cay. Do qua trinh xir Iy thuong phic tap
boi cac toan tir md, nén mot sb thong tin bo sung dugce luu trit trong cac nit cua cay
dé thuc hién chinh xé4c tac vu. Ba thuat toan 1a cay pho bién mo FP (FFP)-tree [38],
cay pho bién mo nén (CFFP)-tree [40] va cdy mau phd bién mo giéi han trén
(UBFFP)-tree [41] di duoc phat trién dé khai phé céc tap muc phé bién mo tir co s&

dit liéu dinh lugng. Ching khéac nhau cha yéu ¢ cau tao cay.

1.4.3.1 Thuat toan FP-Tree mo

Déi vai thuat toan cay FFP [38], n6 sir dung cach tiép can tuong tu voi thuat
toan FTDA dé chuyén doi thudc tinh sé luong trong co s dit liéu gbc thanh biéu dién
cua thuat ngit ngbn ngir va thu dugc tap muc phod bién mo 1-item. Sau do, tap muc
phd bién mo 1-item duoc sir dung dé xay dung chi muc Header_Table, chi muc nay
c6 chirc nang twong tu nhu Header Table ctia cau tric cay FP. Cac giao dich duoc
chuyén doi trong co so dit liéu sau d6 duoc tinh chinh lai dé chi gitr lai cac tap muc
phd bién ma. Chién lugc sap xép cuc bd duoc 4p dung dé sap xép cac muc phd bién
mo con lai theo cac gid tri thanh vién duoc chuyén doi caa ching trong mdi giao dich.
Sau d¢, giao dich duoc xir ly ting dong mot dé xay dung cay FFP va mdi nit trong
cay gitr gia tri thanh vién caa cac muyc pho bién mo 1-item duoc xu ly trong mdi giao
dich. M6t céch tiép can twong tu nhu ting trudng FP duoc st dung dé thu duoc cac
tap phé bién mo tir cau tric cay FFP dugc xay dung.

Thuat toan FFP-tree duwgc mo ta nhu trong thuat toan 1.2.
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Thuat todn 1.2 : FFP-Tree

Input: D: Co s¢ dir lieu mo; minsup: ngudng hd tro téi thiéu

Output: Cau tric cay FFP-tree

Begin

1: Tim L, tir CSDL chuyén doi

2: Htable « L,

3: Tao root < null

4- root.next « ptr

5: For each converted ¢; in Dy do

6: Foreachze Ly AzC t; do

7: Sap xép z theo thi tu giam dan f£;(2)
8: End for

9: Foreachz, Ct; A1 <k < |t;| do

10: If ptr == null vV ptr.name # z;
11: Tao node n

12: (n.name, n. count) « (zk,fl-(zk))
13: n.next < ptr

14 n « Htable. hyper

15: n. hyper « Iptr

16: Else

17: n.count < n.count + f;(z;)
18: n.next < ptr

19: Tim Iptr tr Htable

20: n « Ilptr

21: n. hyper « Iptr

22: End if

23: End for

24:  End for

End.

Sau khi cay FFP-tree duoc xay dung, cic muc md phd bién s& dugc khai pha

bang céch tiép can gidng nhu FP-Growth. Thuat toan duoc thé hién duéi day [38].
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Thuat toan 1.3: FFP-Growth
Input: FFP-tree; minsup: ngudng hd tro ti thiéu;

Output: Tap muc md phd bién
Method: Call FFP-Growth (FFP-tree, null) nhu sau:

Procedure FFP — Growth (FFP — tree, )

1: If p Ia duong di duy nhét, p € FFP — tree then
2: For each t hop g of nodes in p do

3: z€(qUa)

4: z.count « min{n.count |n € q}

5: End for

6: Else

7: For each i; in Head_Table do

8: q < (jva)

9: q.count < ij.count

10: Xay dung FFP-tree c6 diéu kién cua q 1a Tree,,
11: If Tree, # null then

12: Call FFP — Growth (Treeg, q)

13: End if

14 End for

15:  Endif

End.

Mic du thuat toan cay FFP cd thé duoc st dung dé khai pha hiéu qua cac tap
phd bién mo tir cay FFP d3 x4y dung, nhung can c6 nhiéu nat hon do thir ty dwoc sap
xép dé xay dung cay FFP dua trén gia tri thanh vién caa cac myc trong mdi giao dich.
Do d6, hai giao dich c6 ciing thuat ngir ngén ngit c6 thé c6 thi ty khac nhau, do dé
tao ra cac duong din khac nhau trong cau tric cay FFP. Qué trinh nay c6 thé tao ra

nhiéu nat bé sung.

1.4.3.2 Thudt toan CFFP-tree va UBFFP-tree

Dé giai quyét van dé trén cua thuat toan FFP-tree, Lin sau d6 trinh bay thuat
toan nén cay FFP (CFFP — Compact Fuzzy Frequent Pattern) [76] dé giam sé nut cay.
Chién luoc sap xép cua thuat toan cdy CFFP khac véi thuat toan cay FFP. N6 ap dung

chién lugc sip xép toan cuc dé sap xép céc tap muc mo phd bién 1-item con lai theo
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th tu giam dan vé tan suat xuat hién cua ching trong tat ca cac giao dich. Mot mang
bd sung duoc gan vao mdi nat va duoc cap nhat trong cau tric cay CFEP dé giit cac
gia tri thanh vién caa nat hién dang duoc xir Iy vai bat ky nit tién t6 nao cua né bang
thao tac giao nhau. Dya trén mang dinh kém ctia moi nut, thuat toan CFFP dugc thuc
hién dé khai pha cac tap muc phé bién mo hoan chinh théng qua mot phép toan giao
don gian.

Mic dU thuat todn cay CFFP sir dung mot mang duoc dinh kém trong moi nit
dé giam sb luong nut cy, nhung né ton kém bd nhé dé duy tri mang. Vi mang dinh
kém trong mdi n{t gitr c&c gid tri thanh vién caa nat hién dugc xir Iy véi bat ky muc
tién t6 ndo cua né trong duong dan, nén do phic tap vé khong gian caa mdi nat s&
cao néu kich thudc cua cac giao dich dugc xu ly Ion. Lin sau d6 dé xuét thuat toan
cay pho bién mo gigi han trén (UBFFP — Upper Bound Fuzzy Frequent Pattern) dé
danh gia qua cao céc gia tri thanh vién gisi han trén ciia cac tap muc pho bién mo dé
giai bai toan vuogt qué cau tric cdy CFFP. Thuat toan xay dung cdy UBFFP sir dung
chién lugc sap xép toan cuc gidng nhu thuat toan cdy CFFP dé xay dung cay. Sau do,
mdi muc trong céc giao dich duoc 1am mo bang cach chi giir lai thuat ngit ngén ngit
€O gia tri thanh vién cao trong cac quy trinh sau nay, day la quy trinh twong tu nhu
cay FFP. Cac giao dich duoc truyén sau d6 duogc xt Iy theo ting bo tir giao dich dau
tién dén giao dich cudi ciing dé xay dung cdy UFFP. Mdi nit trong cay giit mot tap
pho bién mo 1-item véi s6 lwong mo tich iy cua nd, gidng nhu cau tric cay FFP
nhung khéc véi cau tric cdy CFFP. Sau khi cdy UBFFP duoc xay dung, mot thuat
toan ting truong UBFFP dugc st dung dé tim dé quy céc tap pho bién mo tir cau tric
cay UBFFP. Sau qua trinh x@y dung, thuat toan tang truéng UBFFP sau d6 duoc thuc

thi dé khai thac cac tap pho bién mo.

1.4.3.3 Thudt toan MFFP (Multiple Fuzzy Frequent Pattern)

Thuat toan xay dung cay MFFP (Multiple Fuzzy Frequent Pattern) [42] dé giix
nhiéu viing phd bién mo cia mot thuat ngir (muc). Dau tién, thuat toan chuyén doi
cac gia tri dinh Iugng trong cac giao dich thanh cac thuat ngit ngdn ngir dua trén cac
ham thanh vién dugc xac dinh truge. Cac viing mo duoc chuyén doi véi luyc luong
tuong ng cua chung sau d6 dugc kiém tra theo do hd tro téi thiéu duoc xac dinh
truéc cho qué trinh khai phé tiép theo. Mdi thuat ngix ¢6 thé ¢ nhiéu hon mét ving

mo, diéu ndy 1am cho qué trinh khai pha tré nén phuc tap hon nhung lai day du dé
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tao ra cac luat két hop mo. Céc tap phé bién mo, duogc biéu dién bang céc thuat ngi

ngdn ngit, sau d6 dugc dan xuat tir cdy MFFP.
Thuat toan 1.4: MFFP-tree

Input: Dy: Co s¢ dir li¢u dinh lugng; minsup: ngudng hd tro ti thiéu

Output: Ciu tric cdy MFFP-tree

Begin

1:
2:

w

© 00 N o o1 b

11:

12:
13:

14

15:

16:
17:
18:
19:
20:
21:
22:

23:

for each giao dich t; in D, do
for each muc (attribute) A4; do
Chuyén doi gia tri dinh luong q;; by MFs as (f;j1/A;. Ry + fij2/A;- Ry +
= fijn/ Aj- Rn)
End for
End for
Tinh count(Rﬂ) = Sum{fiﬂ}
L, « {Rﬂ| count(Rﬂ) > minsup X |DQ|}
Tao Header_Table véi L, duoc sap xép giam dan theo count
F'or eacﬁ- giao djch 'tl--.in-Df do |
Loai bo cac muc mo khong co trong L,

Sap xép cac ving phd bién ma con lai theo thir tw giam dan cua cac gia tri
thanh vién.

End for
Tao root « null

For each giao dich t; trong CSDL duoc chuyén ddi do
Thém t; vao cdy MFFP tree

If R;; in t; & nhanh twong tng cua cdy MFFP tree trong giao dich then
Thiét 1ap node. count « node. count + fiji (Rﬂ)
else
Chen thém a node cta R;; vao bén cudi nhanh twong ¢ng cua cdy MFFP
Thiét lap (node.name, node. count) « (fiﬂ (Rﬂ))
Chen a link tir the node cua R;; trong nhanh cudi vao node hién tai

If khdng c6 nhanh nao véi node cua R;; then

Chén mot link tir node vao ctia R;; trong the Header_Table dén node
da thém.
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24: End if
25: End if
26: End for
End.

Cac muc phd bién mo (ving mo) trong Header Table dugc xu Iy 1an luot tir
duéi 1én trén dé tao thanh tap pho bién mo. Cac nit chira ving mo hién dang dugc
xir Iy dwgc tim thiy dau tién tir cy MFFP. Cac tap muc phd bién mo ¢ thé duoc suy
ra mot cach hiéu qua tir cac ndt bang cach sir dung phép toén giao nhau trong céc tap
mo, day la phép toan min. Thuat toan khai pha dugc mé ta nhu trong thuat toan 1.5.
Thuat toan 1.5: MFFP-Growth

Input: MFFP-tree; minsup: ngudng hd tro téi thiéu; Header-table

Output: The fuzzy frequent itemsets

Xt ly cac muc pho bién mo trong Header_Table lan luot tir dudi 1én trén bang
cic budc sau. Dit ving mo hién dang dugc xur ly 1a Rj

2:  Foreach i; in Head_Table do
3: Tim tat ca cac ndt ¢6 ving mo Rj, trong cdy MFFP thong qua cac link.

Trich xuat cac muc cha trong duong dan ciia R;; dé tao thanh cac mau
mo c6 diéu kién.

5: Thuc hién to hop dé 1ay ra cac muc mo c6 lién quan dén R,

Tinh tong cac gia tri md cua cac tap muc mo dan xuét gidng nhau.
6:  End for

7:  Ifténg cac gi4 tri mo cua cac tap muc mo dan xuat 16n hon minsup
8: Thém céc tap muc mo dan xuit vao tap muc mo pho bién

9: End if

End.

1.5 Xac dinh van dé nghién ciru

Trong cac phuong phap khai pha dir liéu mo dua trén Apriori, cac gia tri dinh

lugng dugc chuyén doi thanh céc tap mo theo cac ham thanh vién dugc xac dinh
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trude. Sau do, tap phd bién mo va luat két hop mo c6 thé duoc tao ra dua trén qué
trinh thyc hién Apriori. Do thoi gian thuc hién ctua cac phuong phap dya trén Apriori
t6n nhiéu thoi gian nén cac phuong phap khai thac dir liéu mo dwa trén cay duoc md
ta dé tang toc qua trinh khai thac. Vé co ban, cac phuong phap nay duogc sira doi tir
cay FP dé xur ly c4c tap muc mo. viéc khai pha cac tap muc mo phé bién duoc thuc
hién hoan toan trén cay, diéu nay chiém nhiéu khdng gian bd nhd. Luan an da dé xuat
thuat toan khai pha tap muc pho bién mo dua trén cau trac Nodelist nham giai quyét
van dé vé khong gian bo nhé trong cong trinh [CT1], [CT2], [CT5].

Hon nita, cAc ham thanh vién c6 thé duoc dua ra boi cac chuyén gia. Tuy
nhién, cac y kién chuyén gia co thé khdng phai luc nio ciing c¢6 san. Dé giai quyét
van dé nay, luan an da dé xuat phwong phap xac dinh cac tap mo cho mdi thudc tinh
dinh lugng trong co s dit liéu bang ky thuat phan cum EMC trong cong trinh [CT2],
[CT4].

Cung vai sy gia tang kich thudc cua dir liéu, khai pha dir liéu trong co s dix
liéu 16n da tro thanh mot van dé quan trong. Bén canh viéc &p dung dién toan dam
may hoic céc kién trdc song song va phan phdi khac dé tang téc qué trinh khai pha
mo cling dang dé nghién ciru. Luan an dé xuat phuong phap xt ly song song qua trinh

khai pha tap muc pho bién st dung hudng tiép can automata di dong hoc [CT3].

1.6 Két luan chwong 1

Trong chuong 1, luan an trinh bay tom tit tong quan c4c van dé lién quan dén
luat két hop, logic mo va luat két hop mo, cac phuong phap khai pha dix liéu mo khéc
nhau, bao gém khai phé dix liéu mo dya trén Apriori, khai pha dit liéu mo dua trén

cay roi tir d6 xac dinh cac van dé nghién ctru caa luan an.

Hinh I so dd thé hién cac noi dung lién quan dén cac nghién ctu caa luan an.
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MOQT SO PHUONG PHAP KHAI PHA TAP MUC PHO BIEN MO

|

COSOLY THUYET
| : j!
Phén ving dir liéu mo Khai pha tip muc phd bién mo
I }
. 1 * [ 1
Phan Xac Chuyén d6i CSDL Khai phé ta L
cum dir dinh dinh lugng sang muc mp(-). ph'(x)p :]llrl;yksl?;gphé
IICU f:; tf?lp CSDL mo biél'l dl;l'a trén tép muc phﬁ
- } - chu tric ciy bién mo
Peé xuat l ¥
Thuat D& xudt Thuat Dé xuat Thuat
toan toén NFFP, toén CLA-
EMC NPSFF Fuzzy
CONG TRINH CONG BO (2, 4) CONG TRINH CONG BO (1, 2,3, 5)

Hinh 1.2: Cac véan dé lién quan dén nghién cau cua luan an
Luan &n nay tap trung trinh bay viéc giai quyét cac bai toan thuoc cac nghién
ctru [CT1], [CT2], [CT[3], [CT4], CT5]. Cu thé, luan &n s& tap trung nghién cau dé
XUat va giai phap giai quyét triét dé 3 van dé sau day:
— Pé xuat phuong phap xac dinh cac tap mo cho mdi thudc tinh dinh lwong trong
co so dir liéu thong qua ky thuat phan cum.
— Pé xuit phuong phap khai pha tap muc phd bién mo trong co sé dir liéu dinh
lwong str dung cau tric di liéu Node-list.
— Pé xuat mot phuong phap xir Iy song song dé khai pha céc tap pho bién mo st
dung phuong phap tiép can automata di d6ng hoc (Cellular learning automata).
Noi dung hai chuong con lai trong luan an s€ trinh bay giai phap tuong ung

cho ba van dé nghién cuu trén.
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Chuong 2 KHAI PHA TAP MUC PHO BIEN MO DUA TREN CAU
TRUC CAY

O chuong nay, luan &n trinh bay van dé md héa gia tri dinh luong ctia cac muc
nham giai quyét van dé “sic nét” giira cac khoang mo bang phuong phap phan cum
EMC va xéc dinh cac khoang mo, két qua cua hai thuat toan nay duogc sir dung cho
budc tién xt Iy dit lidu sau d6 ap dung cac ham thanh vién dé chuyén doi gia tri dinh
lwong sang gia tri mo. Thi hai, luan an trinh bay hai phwong phap dé xuat khai phéa
tap muc mo phd bién nham giai quyét van dé khong gian bo nhé bing cach st dung
cau tric Nodelist dya trén cay tién té hau té6 (FPPC — Fuzzy Pre-order, Post-order
Code) va cdy FPOSC (Fuzzy Pre-order Size Code). Két qua cua budc khai pha tap

muc m& phd bién 1a co so chinh duoc st dung dé thuc hién tim cac luat két hop mo.

2.1 Phat biéu bai toan khai pha luat két hop mo

Cho mot co so dir liéu dinh lwong Dy = {Ty, Ty, ..., T} Va tap cac muc I =
{I, I, ..., I,,}. Cho mot tap mo 4; = {Aj1, 4j5, ..., Ajp,} trong d6 Aj; dugc xéc dinh la
phan tu tha k" trong tap mo Aj ctia muc [; va f](,? la gia tri mo (duoc xac dinh boi
ham thanh vién) cua A, trong giao tac T;.

Khai pha luat két hop mo 1a van dé tim ra tat ca cac luat c6 dang A — B thoa
man fsp(A - B) = minsup va fcf(A - B) = minconf, vGi minsup va minconf
lan luot 14 d6 hd tro va do tin cay téi thiéu do ngudi dung dinh nghia. Thuat toan khai
phé luat két hop mo duoc thuc hién qua 3 pha chinh.

— Pha 1: chuyén d6i co s¢ dir liéu dinh lugng sang co sé dit liéu mo

— Pha 2: Khai pha cac tap muc pho bién mo ¢é d6 hd trg mo 16n hon ngudng

hd tro téi thiéu FFI, = {A| fsup (A) = &}.

— Pha 3: Khai pha tat ca luat két hop mo c6 do tin cay 16n hon ngudng tin

cay toi thiéu tir cac muc mo phd bién dugc tim thay trong pha 2.
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Co so dir ligu

dinh hrong
. Phal
Phan ving do lidu mé
Pé hé tro me do ngwoi
P dung dinh nghia
- ¥ — Pha 2
Tim tdp muc phd bién
mé cod db dai 1
L
r— P -
Tim tdp muc phd bién
mé cd 46 da k=2
L.
oo D6 tin cdy mé do ngwdi
Sinh cdc ludt kéthop | © g dumhnghia
me Pha3

Hinh 2.1: Quy trinh khai pha luat két hop mo
Céc thuat toan dé xuat tap trung vao pha 2, tim cac tap muc pho bién mo.

2.2 Thuat toan phan cum dir liéu va xac dinh cac khoang mo

2.2.1 Cac khdi ni¢m co ban

2.2.1.1 Phan cum dw liéu

Trong khai pha dit liéu phuong phap tdi da hoéa ki vong Expectation
Maximization (EM) [77]-[79] 1a thuat toan gom nhém dir li¢u dugc dung trong tac
vu kham pha tri thire. Trong théng ké, thuét toan EM lip va tdi vu hoa kha ning nhin
thy dit liéu quan sat thong qua viéc wéc luong tham s cho mé hinh thdng ké cho céc
bién khong quan sat dugc. Tuy nhién, Thuat todan EM c6 nhitng diém han ché nhu
sau: Thir nhat, EM chay nhanh & cac vong lip ban dau nhung chdm hon & cac vong
lap sau. Thir hai, EM khong phai liic ndo ciing tim duge tham s6 t6i wu cho toan cuc,

thay vao d6 1a ti uu cuc bd.

Tt cac nhuogc diém cua thuat toan EM, luan an dé xuat thuat todn gom cym

cai tién Expectation Maximization Coefficient (EMC) [CT.4]. Muc tiéu cua thuat
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toan nay la chia dir liéu thanh cac cum c6 y nghia. Vé co ban phan nhém mat tap di
liu khong duoc gan nhan X = {x(1), ..., x(m)} 1a sy phan chia X thanh cac nhém
con € {1 < € < m} sao cho mdi nhom biéu thi mdt cau trac con ty nhién trong X.
Thuét toan EMC, tdi wu héa phan cum linh hoat b'fmg thuat toan cai tién cuc dai hoa
ky vong dwa vao hé s bién thién Expectation Maximization Coefficient (EMC).
Thuat toan EMC duoc cai tién dya trén thudt toan Expectation Maximization (EM)
[77]-[79] bang cach gia ting kha ning gom cum mém trong qua trinh tinh toan
khoang cach dya vao hé s bién thién Coefficient (C), dong thoi giam t6i wu hoa cuc
bd va tang t6i wu hoa toan cuc. Trong bude (C) ndy, st dung hé sb bién thién dé ting
d6 mém trong qua trinh phan cum. Cy thé hon, dé phan ving cic cum ciing nhu tinh
toan mat do phan bd giita cc phan tir trong mdi cum dua trén (hé sb bién thién va ty
1¢ khoang cach gitta cac phan tir trong mot cum). Ngoai ra, thuat toan EMC giam tdi
uu hoa cuc bd va tang tdi wu hoa toan cuc. Dé danh gia tinh hi€u qua cua thuat toan
phan cum EMC luén an st dung dai luong (Likelihood) u6c luong hoa tham sé d6 1a

mean va variance tr mau di liéu cho trudc.
Pinh nghia 2.1: Hé sb bién thién C, dugc dinh nghia 1a ti s6 cua do léch

chuan o so vdi ky vong x ctia cum i chira cac phan tir Xi{xil, Xiys e xin} tuc la:

C,(X;) = =% 100 (2.1)

Rl Q

Pinh nghia 2.2: Phan b Gaussian don bién [77]-[79]

_(x-x%)?

e 207 (2.2)

NX|x,0) =
2102

Pinh nghia 2.3: Phan b6 Gaussian da bién [77]-[79]

] 1 1 N -

Phuong phap udc luong hoa tham s (Maximum Likelihood). Tinh log cho
phan phédi Gaussian. [77]-[79]
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-1
Inp(X|%, 5) = —%ln(Zn) - %lnIZI _ % X - JZ)TZ(X 5 (24

Lay dao ham va gin biang 0
N
Sinp(X|x,X) ~ 1
I e
n=1
5 Inp(X|%,2) 1w
np(X|x,
52 = 0, EML = _Z Xn
n=1

Trong d6 N s6 luong cac mau. Phan phdi hdn hop tuyén tinh cia Gaussian

K

p() = ) me N (X[ 5) 2.5)

k=1
Trong d6 K la so6 Gaussian va m;, hé so pha tron, véi trong s6 cho moi don vi

Gaussian 0 < m, < 1,X2X_. m, = 1. Xét log likelihood

np(X|x,2,m) = z Inp (X,) = 2 In {Z nn(anfk,Zk)} (2.6)

n=1
2.2.1.2 Xac dinh cac khoang mo

Khi thao tac dir liéu trong co sé dit liéu mo, van dé quan trong nhét 1a 1am thé
nao tim ra mot phwong phap xu Iy cac gia tri mo dé tir d6 xay dung cac quan hé ddi
sanh giita chung. Cac gia tri trong co s& dit liéu mo rat phuc tap, bao gdm céc gia tri
ngodn ngir, gia tri s6, gia tri khoang, ... Co nhiéu cach tiép can khac nhau dé xu 1y cac
gia tri mo dugc cac tac gia trong va ngoai nudc quan tdm nghién ctru trong nhirng
nim gan ddy, chang han nhu: Iy thuyét thuyét tap mo [22], 1y thuyét kha nang [80],
[81], quan hé twong ty [82]. M&i mét cach tiép can cd nhitng wu va nhuge diém riéng
va cting chung mot muc dich d6 1 1am thé nao xi 1y that tot va that chinh x4c nhimng
gia tri mo, xem gia tri rd 13 truong hop riéng cla gia tri md. Cac gia tri khoang hau
nhu chuyén vé dang cic cic s6 mo theo cac dang nhu tam giac, hinh thang, hinh

chudng dé xur 1y.
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2.2.2 Bai todn dat ra

Cho truée co sé dir liéu chira cac gia tri dinh luong Dy, .

Bai toan dat ra: Xac dinh tap cac tap mo caa cac thudc tinh dinh lwong trong
DQ cung cac ham thanh vién twong ung. Chuyén dbi co s& dit liéu dinh lwong sang

co s6 dir liéu mo.
2.2.3 Thudt toan phan cum da ligu EMC

2.2.3.1 Y twong thudt todn

Thuat toan EMC 1a mdt k¥ thuat tdi uu hoa lap lai dugc van hanh linh hoat
(Thuat toan duogc cai thién dé ting tinh linh hoat cho phan cum dong thoi giam t6i wu
hoa cuc bd va tang t6i wu hoa toan cuc).

1) Buéce E: dua trén cac tham s cia mo hinh, tinh todn cic xac suat gan nhin
cac diém dit liéu vio mot nhom.

2) Bwéc M: cap nhat cac tham s6 ctia mé hinh dya trén cac nhom gom dugc tu
buoc E.

3) Buwdrce C: Cap nhat cac tham s6 ctia mé hinh duya trén céc bién tiém an tinh theo
phuong phap kha nang udc luong cuc dai va ty 1é tuong tu giita cac d6i tuong
trong mdt cum va danh gia hé sd bién thién cta cac phan tir trong cum.

Thuat toan EMC bat dau bang cac tham sé cho mé hinh du doan. Sau d6 thuc

hién vong lap 5 tién trinh duoc thé hién trong Thuat toan 2.1.

2.2.3.2 Thugt toan EMC
Thuat toan EMC dugc m0 ta nhu trong Thuat toan 2.1

Thuét toan 2.1: EMC (Expectation Maximization Coefficient)

Pau vao: Khdi tao gid tri cua hé so bién thién vaalue

Pau ra: S6 cum téi vu

1: Khéi tao cac tham s6 ky vong %;, hiép phuong sai Zj, hé s6 pha tron m; trong d6

J_ym; = 1vam = 0V). Hé sb bién thién C,, | = 15 % day la gia trj khoi tao
tir ngudi ding dé tinh toan ti 18 bién thién gitta cac phan tir trong mot cum va cac

cum.
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Buwéc E: Dya trén cac tham sé caa md hinh, tinh toén cac xac suat gan nhan céc
diém dit liéu vao mot nhom

MmNV (XX, Zi)
L mv (X%, %))

Y,(X) = @7)

Budéc M: Cap nhat cac tham s cia mo hinh dua trén cac nhém gom duoc tir

budc E
= Zam v Kn)Xp
X =N o (2.8)
n=1 Y] (Xl’l)
5 N1 ¥ X)) (X — %) Xn — %7 2.9)
: §=1 Y;j (Xn)
i N
n=1
Pénh gia log likelihood.
N N K
InpX|x,Z, M) = Z In = z In {Z e (X, Xk Ek)} (2.11)
n-1 k=1

Bwéc C: Cap nhat théng tin vé hé sé bién thién cua cac cum va danh gia kha
nang bién dong cac phan tir cho tirng cum, cu thé ta danh gia hé s6 bién thién cua

cum thir i véi Cy, 6 thao man gia tri bién thién C,_ _ da cho hay khéng.
N
—1Y;i( X)X
Cv- — n—1Y]( n) n (2.12)
i 1 n
szzl Xk

Cy, <C

(2.13)

Vvalue
Néu khdng hoi tu va thao man gia tri bién thién Cvyarne 48 cho, quay tr lai busc

2. Néu likelihood khéng ¢ nhiéu thay doi thuat toan két thic.

Vi du: Cho mét co s& dix liéu dinh luong véi thudc tinh dinh lwong {S6 luong}

duoc biéu dién trong bang 2.1 nhu sau:

Bang 2.1: Bang dit liéu vé mdt hang va s6 lwong

TID | Tén hang Sélwong |TID |Ténhang |S6 luwong
1 | Banh 55 31| Sita 90
2 | Keo 74 32 | Keo 54
3 | Banh 25 33| Sita 82
4 | Banh 78 34 | Banh 44
5 | Banh 23 35 | Banh 84
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6 | Keo 64 36 | Banh 88

7 | Banh 24 37 | Banh 53

8 | Banh 89 38 | Banh 72

9 | Banh 25 39 | Banh 48
10 | Banh 82 40 | Banh 44
11 | Banh 55 41 | Banh 83
12 | Banh 53 42 | Banh 77
13 | Keo 88 43 | Banh 33
14 | Stra 54 44 | Banh 83
15 | Banh 73 45 | Keo 82
16 | Banh 99 46 | Banh 83
17 | Banh 54 47 | Banh 95
18 | Banh 32 48 | Banh 75
19 | Banh 45 49 | Stra 31
20 | Stra 35 50 | Banh 79
21 | Banh 46 51 | Banh 33
22 | Banh 64 52 | Banh 90
23 | Banh 34 53 | Keo 23
24 | Stra 67 54 | Banh 30
25 | Banh 53 55 | Banh 47
26 | Stra 97 56 | Banh 84
27 | Banh 97 57 | Stra 22
28 | Banh 77 58 | Banh 96
29 | Banh 44 59 | Banh 94
30 | Stra 72 60 | Stra 98

thuét toan EMC véi dit liéu dau vao bang, s6 cum 3 va gid tri C,,,

két qua cia phan cum nhu sau:

Gia str s6 lwong cac mat hang déu nam trong khoang tir 21 dén 99. Sir dung

alue

= 15%. ta co
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Bang 2.2: Két qud phédn cum cia thudt todn EMC

CUM 1 CUM 2 CUM 3
TID mf;:lg TID m?;;g TID mz‘:lg
57 22 12 53 50 79
30 23 25 53 10 82
53 23 37 53 33 82
7 24 14 54 45 82
3 25 17 54 1 83
9 25 32 54 24 83
54 30 1 55 26 83
29 31 11 55 35 84
18 32 22 64 56 84
23 33 6 64 13 88
51 33 36 88
23 34 8 89
20 35 31 90
29 44 52 90
34 44 59 94
20 44 47 95
19 45 58 9%
21 16 26 97
55 47 27 97
39 48 60 98
16 99
30 72
38 72
15 73
2 74
28 75
28 77
22 77
2 78
24 67
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2.2.3.3 Danh gia thudt toan EMC dya trén Log Likehood

-2800

o 5 10 60

-2850 |— —

-2900

-2950

-3000

Total Log Likelihood

-3050

-3100

-3150

-3200

Number of EMC iterations

Hinh 2.2: Tinh tong Log Likelihood d6i véi s6 1an lap lai cua thuat toan EMC

Thong qua két qua thyc nghiém trong Hinh 2.2, trong vung gia tri (Total Log
Likelihood (TLL)> -3150) ciia TLL, ta c6 thé tim thay két qua tot nhat tir tham sb cho
mo hinh GMM. Céac gia tri tinh todn cua Cy khac nhau tuong rng vai tirng cum anh
huong dén sé 1an 1ap EMC rat nhiéu. Gia tri caa mot Cy c6 thé thay déi linh hoat, diéu
nay phu thudc vao sé luong cum ciing nhu kich thuéc cia mdi cum. Két qua thu duoc
tir thuat todn s& cho ra cac cum téi wu va st dung chung dé phan loai tirng thudc tinh

dinh lugng thanh mot tap mo bang viéc xac dinh cac ham thanh vién.

2.2.4 Thudt todan xdc dinh cac khodang mo

2.2.4.1 Xac dinh tam

Trong co s& dir lidu mo, mién gié trji caa cac thudc tinh dinh lwong ctia muc
m& ma trong d6 (cac thudc tinh ¢ thé chira gié tri rd hoic mo) duoc chia thanh hai
hodc nhiéu khoang mo. Trong cac khoang mo, mot phan tir ¢6 thé thugc nhiéu hon
mét khoang véi cac mic do khac nhau. Trong phan muc nay, gia st mdi thudc tinh
dinh lwong dugc chia thanh ba khoang mé bang phwong phap tiép can thong ké trong
d6 st dung ky vong % (mean) va do léch chuan (Sd) dugc minh hoa nhu trong hinh
2.3.
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" m}er'ai 3= intagvdl

mean mean+sd max

Membemnhip Degree

Hinh 2.3: Cac khoang mo
Mtic d6 chong 1ap gitta cac ddi tuong dit liéu mo thudce vé hai hoic nhiéu
cum dugc dinh nghia nhu sau:

D[]

%100 (2.14)
U7 G

Overlap =

Trong d6 C; la cum thtr j, véi j=1, 2,..., n

2.2.4.2 Xac dinh cac khoang mo

Khoang thir nhat (1% interval) Bién dudi (d ) ctia khoang thir nhat 1a gia tri nho
nhat trong mién cta thudc tinh dinh luong. Bién trén (d*) dugc tinh bang ky vong ¥
va do l1éch chuan (Sd) cua cac gia tri cua thudc tinh dinh luong. Biéu thirc toan hoc
cta (d~ ) va (d*) duogc trinh bay nhu sau:

d_ = MIN(X1CjJX2Cj’ 'IXNCj)

sd (2.15)
d* =f—7+f X overlap

Trong d6 Xy 1a gid tri cia cum C; V6i N = 1,2,..,nvaj = 1,2,..n.
Trong khoang thi nhat (15¢ interval) ham thanh vién Z-membership duoc sir dung

dé tinh muc thanh vién, d6 la:

g = =+ (x_d_)n 2.16
fxz—2 5 COS\ - (2.16)
Khoang thit hai (25¢ interval) Bién duéi (d~ ) va bién trén (d*) cua khoang thir

hai dugc tinh nhu sau:
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Sd
d- =f—7—f*overlap
(2.17)

d* =f+7+f*overlap

Khoang nay st dung ca ham thanh vién S-membership va Z-membership, duoc biéu

dién nhu sau:

1 1 X—x . _
f)s==+= cos(_ _)l’[,vm d-<x<x
2 2 x—d 518
1 1 X —x o . (2.18)
f(x)z=§+§ cos<d+_f)l'[,vo'1 x<x<d

Khoaing thir ba (3%¢ interval) Bién dudi (d~ ) va bién trén (d*) cua khoang thir ba

duoc tinh nhu sau:

__ . Sd
d =x—7—x*overlap (2.19)
d* = MAX(Xicj, Xacjs e Xncj)
Khoang nay st dung ham thanh vién S-Membership c6 dang nhu sau.
1 1 dt —x
f(x)s =§+§ cos <m>ﬂ (2.20)

Vi du: Dua trén két qua phan cum cua thuat toan EMC, NCS st dung cac cum
nay dé phan loai cac gia tri cua thuoc tinh dinh luong thanh cac tap mo trong bang

2.3, trong d6 gia tri khoang dugc xac dinh tir 21 dén 99.

Bang 2.3: Tap mo cua thuoc tinh dinh lvong "Sé luwong"

Tap mo Khoing

S6 luong. Thap 1- 48.85

S6 lugng.Trung binh | 45.58 - 75.50
S6 lugng.Cao 72.35- 100

2.2.4.3 Chuyén d@éi CSDL dinh heong sang CSDL mo

Sau khi xac dinh cac khoang md, co so dit liéu dinh lwong ban dau duoc
chuyén d6i thanh co s dir liéu mo, chuan bi cho qué trinh khai pha luat két hop mo.
D4i véi mdi tap mo ma chiang ta dd xac dinh trude d6, c6 mot hang trong co so dit

liéu méi chira mrc d6 thanh vién caa cac phan tir don 1é d6i vai tap cu thé.
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Vi du, trong bang mé ta CSDL bao gém sau giao tac va nim muc dugc ky hiéu
la A - E. Ngudng hd tro tdi thiéu la 30%.

Bang 2.4: Co so dir liéu dinh lwong

TID | ltems
1 (A:5) (C:10) (D:2) (E:9) . Middie Hich
A B S ,'\

3 | (B:3)(C9) j; N |

4 | (AB)(B3) (C:10) (E:3) I8 B |

5 [ (A7) (C9) (D:3) ol : / T Amount

6 (B:2) (C:8) (D:3)

Hinh 2.4: Ham thanh vién trong vi du

Gia str rang cac ham thanh vién mo giéng nhau cho tat ca cac muc duoc hién
thi trong Hinh 2.4. Trong vi du nay, sb luong duoc biéu thi bang ba ving mo: Low,
Middle va High.

Bang 2.5: Co s di ligu mo sau khi chuyén doi gid tri dinh lrong thanh gia trj mo.

TID Items
1 ( )(02 08)(08 02)(04 os)
A.Low AMlddle C.Middle = C.High)' \D.Low ' D.Middle)' \E.Middle = E.High
2 ( ) ( 0.8 0.2 ) ( 0.6 0.4 )
A.Middle Angh B.Low = B.Middle)' \C.Low = C.Middle
3 ( 0.6 ) ( 0.4 0.6 )
B.Low B Middle C.Middle C.High
4 (z )(06 04)(02 os)(oe 04)
ALow = AMiddle/'\B.Low = B.Middle/’ \C.Middle = C.High)’ \E.Low = E.Middle
5 ( ) ( 0.4 0.6 ) ( 0.6 0.4 )
AMiddle Angh C.Middle = C.High/)' \D.Low = D.Middle
6 ( ) ( 0.6 0.4 ) ( 0.6 0.4 )
B.Low BMlddle C.Middle ' C.High/)' \D.Low = D.Middle
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2.3 Khai pha tap muc phé bién me

2.3.1 Bai todn dat ra
Cho co s dit liéu chira c4c gié tri mo Dy va do hd tro toi thieu &
Bai toan dat ra: Tim cac tap muc pho bién mo c6 dang:

FFl = {X| sup(X) > & x |Dy|}

2.3.2 Khai phd td@p muc phé bién mé si dung cau tric cdy FPPC-tree
2.3.2.1 Y turong thugt todn

Tur CSDL chura gia tri mo Dy, tinh d6 hd tro cua mdi muc mo A trong giao
tac T,. Kiém tra néu d hd trg cua muc mo A4;; 16n hon d hd tro toi thiéu 6 thi thém
A;; vao Fy. Sap xép cac muc pho bién mo trong F; theo d6 hd tro giam dan. Cac muc

m& khong phai la muc pho bién mo thi loai khoi Dy. Xay dung cay FPPC.

Sau khi xay dung cay FPPC, bing cach duyét qua cay FPPC theo thir tu pre-
order, ta thu dugc Nodelist cia mdi muc phd bién mo (1-item). Vi mdi nat N;, ta
chén (N;.pre, N;. post, N;. support ) vao Nodelist caa mdi muc duoc dai dién boi N.

Cay FPPC duoc xo6a di sau khi thu duoc Nodelist nham giam khéng gian bo nhé.

Sau khi c6 dugc Nodelist caa mdi muc phd bién 1-item, ta thuc hién giao
Nodelist cua cac muc pho bién 1-item dé tim Nodelist cua tap muc (k-itemset). véi
bat ky ¢ng cir vién (K + 1) P ndo, ta co duoc do hd trg cia Pe bing cach tinh tong gia
tri do hd tro cua tat ca cac FPP_Code trong Nodelist ciia nd. Dya vao do hd trg cua
Pc, ching ta cd thé danh gia liéu Pc c6 pho bién hay khéng. Bang cach lap lai quy

trinh trén, ta tim dwoc tat ca cac mau mo pho bién.

2.3.2.2 Thugt todn xay dung cay FPPC
Pinh nghia 2.4: Cay FPPC_tree |a cau tric cay bao gom:
(1) Mét nit gdc duoc danh nhan “null” va tap cac cay con tién té nhu 1a ciy con
cua nat géc.
(2) M&i nat trong cdy con tién té gom 5 thanh phan: f_fuzzy term, f_support,
children_list, fore_code va fpost_code lan luot Ia gia tri md cua cac thuoc tinh
dinh luong, d6 hd trg mo, danh sach cac nat con, pre_code va post_code cua

mdi nut.
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Theo dinh nghia 2.6, cady FPPC tuong tu nhu cdy FFP tree [38] hoac
MFFP_tree [42]. Tuy nhién, cdy FPPC_tree c6 nhiing diém khac biét quan trong so

Vi cac cay FFP_tree va MFFP_tree nhu sau:

(1) PBau tién, FFP-tree c6 truong node-link trong méi nat va ciu tric bang header
dé duy tri két ndi cua cac nit, trong d6 FPPC-tree khdng cd cau trac nhu vay.
Vi vay, cay FPPC Ia cay tién t6 don gian hon.

(2) Tha hai, mdi nat trong cay FPPC c¢6 cac truong pre-order va post-order trong
khi cac nat trong cay FFP hoac cdy MFFP khong c6. Pre-order cia mot nat
duoc xac dinh boi cach duyét cay theo tha tu trude. Trong cach duyét tha tu
trudc, mot nat N duoc tham trude khi tat ca cac con cia né dugc duyét theo
cach dé quy tur trai sang phai. Theo cung mét cach, post-order cia mot nit
duoc xac dinh bang cach duyét thir tu sau. Trong mét giao dich theo thu tu
sau, mot nat N duoc truy cap va dugc xép hang tht tu sau khi tat ca cac con
ctia n6 dugc truyén theo cach dé quy tir trai sang phai.

(3) Thit ba, sau khi ciy FFP duoc xay dung, nd s& dugc sir dung dé khai phé céc
muc pho bién mo trong toan bo qué trinh thuat toan cay FFP, day 1a mot qué
trinh dé quy va phuc tap. Tuy nhién, cdy FPPC chi duoc sir dung dé tao ma
Pre-Post ciia moi nut. Sau khi hoan thanh toan bo tac vy cua minh, cdy FPPC

c6 thé bi x6a.

(16,17

AMiddle: 0.8

BLow: 22

1
! (8,14)
1

iddle: igh iddle: CHigh: 0.6
@5 ©8) ‘ AMiddle: 06 ‘(11,10)‘ CHigh: 06 ‘ (1313 | CMddIe:05 | (17 16)
! . , | |
- CMiddle: 04 ke, -
(3,1)‘ DLow: 0.8 ‘ | BLow0s ‘ : (107 (129y| CMiddie:04 | (1413 | DLow:06 | g\ [ CMiddle04
| '
(470)‘ CMiddle: 0.2 ‘ (6,3)‘ D.Low:06 ‘ (15.11) CHigh 04

Hinh 2.5: Cay FPPC-tree dugc tao ra tr CSDL véi 6=30%
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Thuat toan xay dung cay FPPC duoc mo ta nhu trong Thuat toan 2.2
Thuat toan 2.2: Xay dung cay FPPC_tree
Input: CSDL chta gié tri md Dy, @6 hd tro mo tdi thiéu fminsup §.
Output: FPPC-tree (FTr), tip muc mo phd bién 1-itemset (F;).
(1) Duyét qua CSDL méi Dy chira gid tri mo dé tinh @6 hd trg ciia méi muc mo 4;
trong giao tac T theo cong thic:
sup(Ay ) = Z fu
Ay STyATGEDf
(2) Néu sup(A4;;) = minsup &, thém A;; vao F;. Tacd F; = {A; | sup(4;) =
nx o6}
(3) Séap xép cac muc ma phd bién trong F; theo do hd trg giam dan.
(4) Néu A; not in Fy, x6a Ay khoi tat ca cac T, (q = 1..n).
(5) Tao nut root cua cay FPPC va danh nhan “null”
(6) for each T in Dy{
(7)  Sap xép cac muc phd bién con lai theo d6 hd tro giam dan.
(8) Chén cac muc mo vao cay FFPC tree (quy trinh twong tu voi MFFP_tree
[42])
© 1}
(10) Duyét cay FPPC dé sinh PP_Code cho mdi nit trén cay.

2.3.2.3 Thudt todn xay dieng Nodelist ciia cac muc phé bién mo duea trén cay FFPC
Zhihong Deng and Zhonghui Wang [20] d3 dua ra mot s6 dinh nghia vé
Nodelist va c4c tinh chat lién quan. Luan an nay tong quat va ap dung vao céc gia tri

mo nhu sau:

Pinh nghia 2.5: PP_Code

PP code caa mdi nat trong cdy FPPC la (=
(N;. fpre_code, N;. fpost_code, N;. f _support).

Tinh chat 2.1: Node dwoc goi la nat té tién cua nat khi va chi khi

N,. fpre_code < N,. fpre_code va N,. fpost_code > N,. fpost_code.
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Pinh nghia 2.6: Quan hé nat té tién — con chau

Cho C, 1a (pry, poy, s1) VA C, 1a {pry, po,, s,), C; duoc goi la td tién caa C, khi
va chi khi pr; < pr, va po; > po,.

Pinh nghia 2.7: Nodelist cia mot muc mo 1a mot chudi PP_code cua cac nit
dai dién cho cac muc mo. PP_codes duogc sap xép theo thir tu fpre code ting dan.
Moi PP code trong Nodelist duoc biéu dién boi
(N;. fpre_code, N;. fpost_code, N;. f _support).

Vi du: The Node list cia Al.Middle gom 3 nat: (2,5,1.6), (9,8,0.6),
(16,17,0.8). Hinh 2.6 thé hién Nodelist cia mdi muc phd bién mo (1-item).

AMiddle —» <2.5.1.6> — <9.8.06> - <1617 0.8>

CHigh — » <16.16> - <1110,0.6> ---- <I1511.04> ---- <17.16.0.6>

C.Middle —» <4,0,02> — <7.2,02> - <10,7.04> - <129.04> -—- <13.13,0.6> ---- <18.15.0.4>
BLow —» <54.06> -~ <81422>

D.Low —» <3.1.0.8> ~—~— <6.3.06> - <14,12,0.6>

Hinh 2.6: Nodelist cua cac muc mo phé bién
Tinh chat 2.2

Cho N, #N, va N,.f_item=N,.f_item, néu N,.fpre_code <
N,. fpre_code thi N,. fpost_code < N,. fpost_code.

Chwng minh:

Néu N;,. fpre_code < N,. fpre_code, theo cach duyét cay theo pre-order thi
nGt N, s& duoc duyét truéc nit N,. Nhung N; khdng phai la ndt to tién cua nat N, bai
Vi ching c6 cling f_item, vi vay N; nam bén nhanh trai caa N, trén cay. Theo cach
duyét nguoc lai post-order, ta cling duyét tur trai sang phai, vi vay N;. fpos_code <

N, fpos_code.



58
Tinh chat 2.3

Néu Nodelist cua muc mo A; la NL(4) =
{{pry, P01, 1), (P12, P02, S2), .., (PTy, DO, S,) } thi d hO tro cua muc mo A; 1a s, +
Sy + ot Spy.

Vi du Nodelist of A.Middle gébm (2, 5,1.6), (9,8,0.6), (16,17,0.8) va do hd trg
cua A.Middle Ia 3.0. Tat ca ca&c muc mo con lai déu dung véi tinh chat nay.

DPinh nghia 2.8: (Quan hé <)
Cho 2 muc mo phd bién fi, va fi, (fiy,fi, € F). fi; < fi, khi va chi khi
fi; ding trudc fi, trong F;.

Thuat toan xay dung Nodelist cia mdi muc pho bién mo (1-item) duwoc md ta

trong thuat toan 2.3
Thuat toan 2.3: Nodelist_Construction
Input: FPPC-tree (R) and L1 (Tap cac muc mo phd bién 1-item)

Output: NL, (Tap cac Node list cua L)

1: Tao NL,, NL,[k] la Nodelist cua L, [k]

2: for each node N; in R duyét theo tién thi ty do

3: if N;. f_item = L,[k]. f_item then

4: insert <N.pre, N.post, N. support> into NL[K]
5: end if

6: end for

\l

:return NL, = U, NL,[k];
» Giao cua Nodelist

Trong tai liéu [20] tAc gia dé xuat phuong phap Code_intersection dé xac dinh
Nodelist cua k-itemsets chi phu hop véi treong hop giatri rd, & d6 cay PPC _tree duoc
xay dung theo cac tap muc duoc sap xép theo thir tu d6 hd tro giam dan. Néu i; ding
trudc i, trong L, thi tat ca cac nat caa i, lubn 12 t6 tién cua cac nit cua i,, Vi vy tac

gia chi can kiém tra xem Nodelist cua ndt i, ¢ phai la to tién cua Nodelist cua i,
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khong. Ddi véi trudng hop gia tri mo, thi muc mo i; ¢6 thé 1a to tién cua i, trong
nhanh nay ciia cdy nhung cé thé 1a nit con chau trong nhanh khac caa cay. Luan an
dé xuat phuong phép cai tién Nodelist_intersection cua cac tap muc mo phd bién k-
itemsets dé thu duoc Nodelist cua tap pho bién mo (k+1) itemsets.

Pinh nghia 2.9: (Nodelist ciia 2 tap pho bién mo (1-item)).

Gia sir ¢6 2 myc mo phé bién fiy, fi, trong d6 fi, ding trudc fi, trong F; va
Nodelist lan Iuot la NF(fi;)va NL(fi,). Cho mdi PP_code C;, =<
DTip, D01y, S1p > € NL(fiy) Va Cyy =< praq, P02, S2q > € NL(fi3). Néu CipVa
C,4CO quan h¢ ancestor desscendant (quan hé phan cap) cua PP_code thi chén
PP_Code con (chau) vao Nodelist ctua fi fi,.

Vi du: Nodelist caa 2 muc mo A.Middle va D.Low duoc thé hién trong hinh

dudi
AMiddle —» <1,5,2.4> ---- <8,7, 0.6 - <14,12, 0.4>
No -~ N’Q_,,._-—-""""
Yes (1=3, 5>1) _ g i JPTNETL
e T No
DLow ——» =3,1,1.4> ---- <13.13.0.8%,
(A.Middle, D.Low) —p <3,1,1.4> — <14,12,0.4>=

Hinh 2.7: Nodelist cua A.Middle va D.Low trong vi du
Dua vao dinh nghia trén, NCS tong quét khai niém Nodelist cua tap muc mo

k-itemsets (k > 3) nhu sau:

Pinh nghia 2.10: (Nodelist cia 2 tap pho bién mé cé dd dai k >=3)

Cho P =iyiy..ik-p)iyiy 12 tdp phd bién mo, Node list cua P =
Il o L=zl 12 ((pri1, PO11, S11)s (PT12,D012,512) s PT1m, DO1my S1m)),  the
Node list of P, =ijiy..ik_2)i, be ((Pr21,0021,521) (PT22,P022,522), -
(DPTon, DO2m» Son)). VGi bat ky PP_code Cip =< DT1p, P01y, S1p > € NL(P;) va
Coq =< PTaq,POaq S2q > € NL(Py). Néu Cy,va C,, c6 quan hé ancestor
desscendant (quan hé phan cap) cua PP_code thi chén PP_Code con (chau) vao

Nodelist cua ii; ... 1 x—z)lyly-
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Vi du, ta dd c6 Nodelist cia (A.Middle, C.Middle) va (A.Middle, D.Low) Iin
luot la <4,0,0.6><6,3,0.8>, <9,6,0.4>, <15,11,0.2> va <3,1,1.4>, <14,12,0.4>. Vay
Nodelist cua tap muc mo (A.Middle, C.Middle, D.Low) duoc thé hién trong hinh

duoi:
(A.Middle, C.Middle) ———p»  <4,0,0.6> - <6,3,0.8>---- <0,6,0.4> ---- <15,11,0.2=
. No . J,,—"",:’ S -
Yes St bl £
N ’_‘h‘_‘ v ' ___,,J-
".?’ _,-':‘r:‘~,_—-""|‘d /a’ No Yes
Aag-" TAyk
(A.Middle,D.Low) ——»  <3.1,14> -—- <14,12,0.4>

N

(A.Middle, C.Middle, D.Low) > <10.0.6> ——— <15.11.0.2>

Hinh 2.8: Nodelist cua tap muc mo (A.Middle, C.Middle, D.Low)
Tinh chat 2.4

Véi bat cir Nodelist cua tap mo co6 do dai k P = iy, ...i;, duoc biéu dién
{(prl,pol,sl), (pr2,002,53) , .., {PT%, PO, sk)} thi @0 hd tro cia P 1a s; + s, + -+ +

S

Chirng minh:

- Véi k=1, theo tinh chat 2.3, két luan 1a dung.

- Véi k > 2, thuat toan dugc dé xuat da sap xép cac muc mo theo thix tu giam
dan cia d6 hd trg trong mdi giao tac dé xay dung cau tric cdy FPPC, va s
dung 7-norm trong tap muc la a t b (min(a, b)) nhu toan tir giao, vi vay ta
thu duoc gid tri nho nhét cua cac muc ma tir d6 hd tro cua cac nit con. Vi
bit ky tdp muc mo d6 dai k P = iji,..i, c6 Nodelist 1a NL(P) =
{(prl, P01 S1),{PT2, 002 52) , ... , {PT%, pok'sk)}, theo dinh nghia 2.9, 2.10 thi
VC; € NL(P) la cac nat con. Vi vdy do hd trg cua P theo tinh chat 2.3 1a
S+ S, + -+ S,

Theo tinh chat 2.4 thi d6 hd tro cua tap muc mo (A.Middle, C.Middle, D.Low)
la 0.8.



61

Thuat toan thuc hién giao Nodelist cua 2 tap phé bién mo c6 d6 dai k dugc mod

ta trong thuat toan 2.4.
Thuat toan 2.4: Thuat todn FNodelist_Intersection

Input: NL, va NL, trong d6 NL, , NL, la cac Nodelist caa 2 tap phd bién mo co d6 dai
K.

Output: NL3 Ia Nodelist ciia tap phé bién mo c6 do dai (k+1) .

(1) for(i=0;i <NL,.Size();i++) do

2 for (j = 0;i < NL,.Size();j+ +) do

3) if (NL,[i]. fprre_code < NL,[j]. fpre_code) then

(4) if (NL,[i]. fros_code > NL,[j]. fpos_code) then
(5) Thém NL,[j] vao NLs3;

(6) End if

@) else

(8) if (NL.[i].fpos_code < NL,[j]. fpos_code) then
9) Thém NL,[i] vao NLs;

(10) End if

(12) End if

(12) End for

(13) return NL3
(14) End for

2.3.2.4 Thuat toan NFFP

Thuat toan NFFP dugc trinh bay hai dong gop chinh: (1) cai thién thuat toan
tim Nodelist ciia c&c muc mo pho bién (k-itemsets) tir [20], (2) dé xuat cach tiép can
méi bang cach st dung ciu trac Nodelist dé tim cac muc mo phé bién, cach tiép can
nay gilp giam bét cac yéu cau st dung bo nhd, vi luu trir cdy FPPC trong qué trinh

khai pha cac muc mo phé bién 12 khong can thiét.

NCS ap dung phuong phap twong tu Apriori dé khai pha cac mau phé bién.
Dau tién, ta tao ra Nodelist cua cac ¢ng cir vién (k + 1) bang céch thuc hién giao céc
Nodelist ciia cAc mau co do dai k pho bién. Thir hai, doi véi bat ky ang ctr vién (k +
1) Pc nao, ta co duoc do hd trg cua Pe bang cach tinh tong gia tri d6 hd tro cua tat ca

cac FPP_Code trong Nodelist ciia nd. Dwa vao do hd trg cua Pe, ching ta c6 thé danh
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gia liéu P c6 phd bién hay khdng. Bang cach lap lai quy trinh trén, ta tim duoc tat ca
c4c mau mo pho bién.
Thuat toan NFFP dugc md ta nhu trong Thuat toan 2.5

Thuit toan 2.5: Thuat toan khai pha tap muc mé phd bién NFFP

Input: d6 hd tro ma téi thiéu fminsup (9), tap phd bién mo (1-item) (L,), Nodelist caa L1

(NL1);

Output: Tap muc mo phd bién (FFIs)

(1) For (k = 2;Lx_1 # 0; k + +) do begin

2 Foreach p = iyi; ...ix_2ix € Lx_q and q = iyiy ...1x_3iy € Li_4,dO
3) If i, > i, then

(4) =iyl e ig—plyly

(5) If each k-1 subsets | in L;_, then begin

(6) I.Node-list = NL_Intersection (p.Node-list, g.Node-list);
@) Tinh L. support; /1 Sir dung tinh chit 2.4

(8) If (I.support =n x &) then begin

(9) Ly = L U {l};

(10) NL, = NL, U {l. Nodelist};

(11) end if

(12) end if

(13) end if

(14) end for

(15) Xéa NLy_q;

(16) end for
(17) FFls = UkLk
Bang 2.6 cho thay két qua cudi cling caa cac muc mo pho bién trong vi du

minh hoa.
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Bdng 2.6 CAc tdp muc mo phé bién trong vi du

Fuzzy frequent 1-itemsets Support

{A. Middle} 34
{C.High} 2.8
{C.Middle} 2.4
{B.Low} 2.2
{D.Low} 2.2
Fuzzy frequent 2-itemsets Support

{A.Middle, C.High} 1.8
{A.Middle, C.Middle} 2.0
{A.Middle, D.Low} 1.8
{C.High, D.Low} 2.2
Fuzzy frequent 3-itemsets Support

{A.Middle, C.High, D.Low} 1.8

2.3.3 Khai phd tdap muc phé bién sir dung cdu triic cdy FPOSC-tree
2.3.3.1 Y fwong thugt todn

Tur CSDL chira gia tri mo Dy, tinh d6 hd tro cua mdi muc mo A trong giao
tac T,. Kiém tra néu d hd trg cua muc mo A4;; 16n hon d hd tro toi thiéu & thi thém
A;; vao F,. Sap xép cac muc pho bién mo trong F; theo d6 hd tro giam dan. Cac muc

m& khong phai la muc phd bién mo thi loai khoi Dy. Xay dung cay FPOSC.

Trong khi xay dung cay FPOSC c6 thé thém mét sé ndt con ma khéng can
phai duyét lai cdy va pre-order dugc tinh toan cung luc vai viéc xay dung Node-list
ctia cac muc mo phd bién. Vi mdi nit N;, ta chén (N;. pre, N;. size, N;. f_sup) Vao
Nodelist cia méi muc dugc dai dién bai N. Cay FPOSC dugc xo6a di sau khi thu dugc

Nodelist nham giam khéng gian bo nhé.

Sau khi c6 duogc Nodelist cia mdi muc phd bién 1-item, ta thuc hién giao
Nodelist cua cac muc pho bién 1-item dé tim Nodelist cua tap muc (k-itemset). véi
bat ky tng cir vién (K + 1) P ndo, ta co duoc do hd trg ciia Pe bing cach tinh tong gia

tri do hd tro cua tat ca cac FPP_Code trong Nodelist cua n6. Dya vao d6 hd tro cua
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Pc, ching ta cd thé danh gia liéu Pc c6 phd bién hay khong. Bang cach lap lai quy

trinh trén, ta tim dwgc tit ca cac mau mo pho bién.

2.3.3.2 Thugt todn xay dung cay FPOSC (Fuzzy Pre-order Size Coding)
Pinh nghia 2.11

Cay FPOSC thuc chat 1a mét cai tién caa cdy FPPC [CT1], su khéc biét quan
trong giira cdy FPPC va FPOSC Ia c4u trdc dit liéu duoc thay thé tir (pre-order, post-
order) thanh (pre-order, size). CAu tric cua cdy FPOSC chtra: n(t gbe c6 nhén “null”
va tap hop cay con. Mdi nit trén cay bao gom: tén nat (f_item), d6 hd tro mo caa nut
(f_sup), danh séach céc nat con (sub_nodes), pre-order va size dugc xac dinh baéi cac

nat con).

— Tén nat dai dién cho muc mo tham chiéu téi mot nut.

— Danh sach cac nat con chira cac nat con bén trong ching.

— f sup dai dién cho tong d6 hd tro md ctia muc trong giao dich c6 cing tén
véi nit co cung duong dan.

— pre-order vé co ban la mot thir tu dwoc st dung dé gan moi nit théng qua
viéc chuyén cay theo thu tu trudc.

— size la kich thuéc cia node duoc tinh tong s6 nit con cong 1.

Trong [CT1], pre-order va post-order dugc thuc hién sau khi cay dugc xay
dung hoan chinh. Vi cdy FPOSC, trong qué trinh xay dung, c6 thé thém mot sé nt
con ma khong can phai duyét lai cay va pre-order duoc tinh toan ciing lic véi viéc
xay dung Node-list ciia cac muc mo phé bién (length = 1). Do dé, n6 gitip giam thoi
gian xay dung cdy. Thuat toan xay dung cidy FPOSC duoc xac dinh bang cach diéu
chinh cau trdc cua cdy FPPC [CT1], duoc trinh bay trong thuat toan 2.6.

Thuat toan 2.6: FPOSC-Tree_Construction
Input: Fuzzy Database Dy, fminsup &

Output: FT, (FPOSC-tree), F; (frequent fuzzy itemsets (length=1)
Begin

1: Duyét D tinh d6 hd trg cua mdi muc mo A4, trong giao dich T;
2: If fsup(A]-k) > ¢ then
3: Thém Aj, vao Fi;
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End if
If Aj, notin F; then
Xéa Ajy rakhoitatca T, (i = 1..n)
End if
Tao FT, NodeRoot=null
Pat Flist 14 danh sach chira cac muc mo con lai trong méi T;
10: For each T; in Dy

© 00 N O o1 »~

11 Sip xép FList theo thi ty fsup giam dan

12: e = FList[0] ; e la phan ti dau tién trong Flist
13: List, = List[size — 1]

14 Insert_tree ([e| List, ], FT, )

15: End for

/* Thu tuc Insert_Tree duoc sir dung dé goi dé quy viéc xay dung cay POSC. Trong
do, e 1a phan tir dau tién cua Flist va Flist Ia danh sach con lai */

Procedure Insert_tree ([e| List,], FT,)

1: Goi N la mét nat twong tng vai mot nhanh trong FT,

2 If e. fitem == N. fitem then

3: Cong gia tri mo f](,? cua e vao fsup caa N

4 Else

5: Tao nat mai N ¢6 fsup la f](,? va thém N vao cudi nhanh tuong Gng.
6: N.size =1

& If List, is nonempty then

8- Gol Insert_Tree (List,,N) recursively

9: End if

10: End if

11: N.size = N.countChild + 1

End procedure
Dé minh hoa, trong vi du nay, NCS st dung co so dit lidu dinh luong (Dq)

duoc trinh bay trong Bang 2.7 véi sau giao dich va nam muc dugc chi dinh tur 11 dén
s va minsup & duoc thiét 1ap 1a 30%. Gia sir thudc tinh sb lwong cua mdi mit hang

dugc biéu dién mot trong cac thuat ngir mo sau: Low, Medium va High. Sau khi
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chuyén dbi tir gié tri rd sang gia tri mo, chung ta co co s& dit liéu cap nhat (Df) nhu

trong Bang 2.8.

Bdng 2.7: Co so dir liéu dinh lwong trong vi du

TID | Items

1 (11:3) (13:9) (14:3) (15:9)
2 (1:8) (12:3) (1s:3)

3 (12:3) (13:10)

4 (1:7) (12:2) (1s:9) (15:3)
5 (11:9) (13:7) (14:3)

6 (12:3) (13:8) (14:2)

Bang 2.8: Co s6 dir liéu mo duroc chuyén doi tir bang 2.7

TID | Items
b e * e (mname * miion) (i + toiaae) (v + i)
I,.Low 11 Middle I3. Mlddle I3. ngh I4.Low 14 Middle Is.Middle  Is.High
2| G )( i) (o * ravame)
.Middle 11 ngh Ip. Low I,.Middle I3. Low I3.Middle
3 (“ iate) (e * ian)
I,.Low I,.Middle I3. Mlddle I3. ngh
Y| Gt * i) (o  viaae) - Grtiaae + i) (i * viaa)
I,.Middle 11 ngh I,.Low 12 Middle I3. Mlddle I3.High Is.Low  Is.Middle
5 ( ) ( 0.8 0.2 ) ( 0.6 0.4 )
I;.Middle 11 ngh Is.Middle = I3.High)' \ls.Low ' I,Middle
° I GE

) ( 0.6 0.4 ) ( 0.8 0.2 )
.Low 12 Middle Is.Middle = I3.High)' \ls.Low = I,.Middle

Bang 2.9 biéu dién d6 hd tro cua cac tap hop muc mo phé bién (46 dai = 1)

sau khi loai bo tat ca cac muc khong thoa man 3.

Bang 2.9: DBé hé tro cua tdp phé bién mo 1-item

Frequent fuzzy 1-itemset Fuzzy Support

I;.Middle 2.8
I,.Low 2.6
I;.High 2.6
I,.Middle 2.2

I,.Low

2.0
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Sau khi tim duoc tap muc phd bién mo (véi d6 dai 1), thuat toan sé loai bo céc

muc khong thoa méan do hd tro tdi thiéu ra khoi tat ca cac giao tac va cac giao tac

dugc cap nhat duoc hién thi trong bang 2.10.

Bang 2.10: Giao dich sau khi duwoc cdp nhdt cé chiza cac tap hop muc mo

TID Items

1 ( 0.6 ) ( 0.6 ) ( 0.4 ) ( 0.4 )
Is.High/)' \l4.Low/' \I3.Middle/ ' \I;.Middle

2 e (o) (o)
I,.Low/' \I;.Middle I3.Middle

3 (en) - Goion) (vrae)
I3.High I.Low I3.Middle

Yo Gi) (o) Gan) (o)
I,.Low/' \I;.Middle Is.High I3.Middle

S o) Grew) (o) o)
I3.Middle I4.Low I;.Middle I3.High

© o) Goraae) Giow) (i)
I4.Low I3.Middle I,.Low/) '\I3.High

Pé tao FPOSC-tree, trong tng v&i mdi giao dich 1a mot nhanh cua cay, ta lan

luot chén cac muc mo trong cac giao dich vao nhanh. Néu phan tir dau tién cua giao

dich triing tén véi ndt cia mot nhanh hién co, thi chiing ta cong thém doé hd trg mo

ctia phan tir d6 vao hd trg mo caa nat hién co.

(0,20) Root
(1,6) Is.High: 1.4 (7,5 l.low: 1.4 (12,4) | 1. Middle: 0.8 | (16:4)] ls.Low: 0.8
(2,3) ls.Low: 0.6 (52)| 1,.Low:0.6 (8,4) | I..Middle: 1.4 (13,3) | le.low: 0.6 (17,3)| 1>.Middle: 0.6
(3,2) | 1s.Middle: 0.4 (6,1) | Is.Middle: 0.2 (9,1) | 1s.Middle: 0.4 | (10,2) | Is.High: 0.6 (14,2) | 1. Middle: 0.4 |  (18,2)) lL.Low: 0.6
(4,1) | L.Middle: 0.4 (11,1) | 1s.Middle: 0.4 (15,1)| Is.High: 0.2 (19,1) | Is.High: 0.4

Hinh 2.9: Cay FPOSC
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2.3.3.3 Thudt todn xay dung Nodelist ciza cdc muc phé bién me dira trén cay FPOSC

Pinh nghia 2.12: POS-code
Déi véi moi nut trong cady FPOSC, POS-code c6 dang 12 (pre, size, f _sup).

Vi du: node N1 trong Hinh 2.9 c6 POS-code la POSC,=<1,6,1.4>

Tinh chat 2.5

Gia sir ¢o hai nat phan biét N, va N,, N, duoc goi la nat cha/td tién cua nat
N, khi va chi khi N;.pre < N,.pre < (N;.pre + N,.size).

Thudc tinh nay da dugc chirng minh trong [83].

Pinh nghia 2.13: NGt cha/té tién

Cho POSC, la (pre,,size;, f_sup,) va POSC, la (pre,, size,, f_sup,).
POSC, la cha/to tién cua POSC, khi va chi khi pre; < pre, < pre, + size,.

Pinh nghia 2.14: Nodelist theo POS-code

Cho cay POSC_tree, Node-list cuia tap muc mo la mot chudi cac POS-codes
dai dién cho muc mo trong cac nhanh khac nhau cia cdy POSC. Cac POS-codes duoc
sap xép theo thw tu pre-order. Mdi POS-code ¢6 dang: (N;. pre, N;. size, N;. f _sup).

Thuat toan xay dung Node-list cua tap muc phé bién mo (length=1) F, duoc

trinh bay trong Thuat toan 2.7.

Thuat todn 2.7: FNode_L.ist_Gen

Input: POSC-tree (FT,.), tap mo pho bién length=1 (F,)
Output: Node-list cua F; (NL,)

1 for each N; in FT, (dugc duyét theo thur tu trude trong FT,)
2 Goi NL1[K] Ia Node-list cua muc k' trong Fi.

3: If N;. firor, == F4[K]. f_item then

4 Thém (N;. pre, N;. size, N;. fsup) vao NL1[k];
5 Return NL; = Ui NL, [K]

Vi du: Node-list cua I;.High gébm cé 4 nodes: (1,6,1.4), (10,2,0.6),
(15,1,0.2) va (19,1,0.4). Hinh 2.10 thé hién Node-list cua tat ca cac muc mod phod

bién (F,) trong vi dy minh hoa.



I3Middle —> <3204> +=+:- <6,1,02> rree <9,1,04> +reree <A1,1,045 00 <124,08> -+ <17,3,0.6>
lplow  —>»<5206> «----- <7514> e <18,2,0.6>

l3High  —><1614> -+ <10,20.6> *+ v <151,02> -+ <19,1,04>

ly.Middle —» <4 104> -+ <84,14> v <14,2,04>

lglow  —><2306> ++oee <13,306> -0 <16,4,0.8>

Hinh 2.10: The Node-list caa cac muc mo phé bién 1-item

Tinh chat 2.6

Cho Node-list cua muc mo A; la NL(A;) =
{(prey, sizey, fsup,), (pre,, size,, fsup,), ..., {pre,, size,, fsup,) } thi d6 hd tro
cua A4; la fsup, + fsup, + -+ + fsup,.

Vi du Node-list cua I5. High gdom cé 4 nodes: (1,6,1.4), (10,2,0.6), (15,1,0.2)
va (19,1,0.4) va d6 hd tro cua I;. High 13 2.6. Biéu nay dang véi tit ca cac muc mo
phd bién trong Bang 2.9.

Quy trinh thyuc hién giao Node-list dugc thuc hién nhu trong [CT2] chi tiét
nhu sau:

(1) Gia str Node-list cua hai myuc mo pho bién khac nhau fi; va fi, lan luot la:
NL(fi;) va NL(fiy). Mdi POS-code C,, = (prey,, size;,, fsup;,) C
NL(fiy) va Cpq = (preyg, Sizeyy, fSup,q) © NL(fiy). Néu Cip Va Cyq CO
quan h¢ ADRs (theo dinh nghia 3) nghia la pre,, < pre,, < pre;, + sizey,
hodc pre,, < pre;, < prey, + size,, thi dat POS-code con vao Node-list
cua fiy fi,.

(2) Gia SU P = igiy ... i)_piyi, 12 tAp Mo pho bién véi (k = 3), Node-list cua
P, = ijiy .ipy_piy, la ({preiq,size,,, fsup,y), (preis, Size ,, fsup,y), ...,
(preqm, Sizey,, fsupiy)),  Node-list  cia P, = ijiy .ifp_pi, la
({preyy, sizeyy, fsupar), (pregs, sizey,, fsupa,), -

(preyy,, sizey,, fSupyy,)). Voi moi POS-code Cp =

(presy, Sizey,, fsupyy) © NL(Py)  va  Cyq = (preyg, Sizeyg, fsupyg) ©
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NL(P,), néu C1p Va Cy4 c6 quan hé ADRs thi dat POS-code con vao Node-list

Cﬁa P == iliz e ik—Ziuiv-

llow ——» <5,2,0.6> <T514> <18,2,06>

FEs.l

e Ty
s e TR0
I.Middle ——— <4,1,0.4> <B414> e ,2,0.
LLow, | Middle ———— <84,14>

Hinh 2.11: Giao Nodelist cua I>.Low va I1.Middle
Theo Hinh 2.11, Node-list cuia muc md pho bién I,.Low la

{(5,2,0.6),(7,5,1.4), 18,2,0.6} va Node-list cia muc md phd bién I,.Middle la
{(4,1,0.4),(8,4,1.4), 14,2,0.4}. Dé xay dung Node-list cua (I,.Low, I,. Middle)
NCS kiém tra ADRs POS-code trong Node-list cua I,. Low va POS-code trong Node-
list cua I,. Middle. Trong vi du, ADRSs giita (7,5,1.4) va (8,4,1.4) thoa véi tinh chat
1. Vi vay, NCS thém (8,4,1.4) vao Node-list ciia (I,. Low, I,. Middle).

Tinh chat 2.7

Véi moi P =iji,..i, la tap md phd bién k-itemset va
{(pre,, size,, fsup,), {pre,, size,, fsup,), ..., (prey, sizey, fsupy )} la Node-list cua
P, thi @6 hd trg cua P l1a fsup; + fsup, + -+ + fsupy.

Tinh chat nay da duoc chitng minh trong [CT1]. Phuong thirc xay dung giao

cua hai Node-list dugc thuc hién trong thuat toan POS Node-list Intersect.
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Thuét todn 2.8: POS_Node-list_Intersect

Input: NLyq, NLj, trong 36 NLy,, NL,, la Node-list cua 2 tdp muc mo k-itemsets
Output: NL, ., — Node-list cua tap muc mo (k+1) itemsets

Begin

1 fori =0;i < NLy,.length;i+ + do

2 Forj = 0;j < NLy,.length;j + + do

3 If NLy,[i]. pre < NLi,[j].pre then

4 If NLi,[j].pre < NLi,[i]l.pre + NL;,[i]. size then
5: Thém NL,[j] vao NLy41;

6 End if

7 else

8 If NL,[i].pre < NLy,[jl.pre + NL,,[j]. size then
9 Thém NL;,[i] vao NLj41;

10: End if

11: End if

12: End for

13:  End for

End.
2.3.3.4 Thugt toan NPSFF

Nhu dé cap & trén, cau trac dir liéu PP-code trong thuat toan NFFP dugc cai
tién trong thuat toan dwoc dé xuat NPSFF sir dung cu trac FPOSC. Thuat toan
NPSFF duoc sir dung dé khai pha tat ca cac muc mo pho bién sir dung Node-list va
POS-code. Gidng nhu thuat toan NFFP, NPSFF ciing duoc thuc hién qua bbn pha:
(1) xay dyng cay POSC-tree va tim ra cac muc md phd bién véi length=1 (F,); (2)
sinh Node-list cia F; ; (3) xay dung Node-list cua tap muc mo k-itemsets; (4) tim tat
ca cac tap muc phd bién mo véi NPSFF. Thuit toan NPSFF duoc thuc hién tuong tu

véi thuat toan NFFP dugc mo ta nhu trong thuat toan 2.9.
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Thuat toan 2.9: Thuat toan khai pha tdp muc mo phé bién NPSFF
Input: d6 hd tro ma téi thiéu fminsup (9), tap phd bién mo (1-item) (L,), Nodelist caa L1
(NL1);
Output: Tap muc mo pho bién (FFIs)

(1) For (k =2;Li_4 # ©; k + +) do begin

2 Foreach p = ijiy ...ix_ix € Ly_q and q = iyiy ...ig_5iy € Lg_4,d0
3) If i, >1i, then

(4) L= iyly o igaiyly

(5) If each k-1 subsets | in L;_, then begin

(6) I.Node-list = POS_Node-list_Intersect (p.Node-list, g.Node-list);
(7 Tinh L. support; /I Str dung tinh chét 2.4

(8) If (l.support =mn x &) then begin

(9) Ly = L U {l};

(10) NL, = NL, U {l. Nodelist};

(11) end if

(12) end if

(13) end if

(14) end for

(15) Delete NLj_q;

(16) end for
(17) FFls = UkLk

2.4 Thuat toan khai pha luat két hep me

Trong qué trinh tao luat két hop tir cac mau ma pho bién, bat ky muc nao trong
c4c mau phod bién duoc hinh thanh 1a tién dé va két qua caa luat két hop mo. Néu gia
tri do tin cay mo 16n hon d6 tin cay téi thiéu da cho, thi luat két hop mo dugc thiét

lap, nguoc lai thi khéng.

Tir két quéa cta cac bude thuc hién trén, NCS tong hop quy trinh khai pha luat
két hop mo bang thuat toan MFAR thé hién & Thuat toan 2.10.
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Thuat todn 2.10: MFAR

Input: CSDL dinh lugng (D, ), ngudng d6 hd tro téi thiéu &, do tin cay toi thiéu
minfc
Output: Tat ca cac luat két hop mo FRs

Begin

1:  Chuyén ddi D, sang Dy

2: FPOSC _Tree_ Construction (Df, d) ; // dé sinh cdy FPOSC (FTr), F;

3: FNode-list Gen (FTr, F,);

4: NPSFF (8, L,, NL,); // d tim ra tit ca muc mé phd bién
5: FRs = @;

6: For each X € FFIs do

7: ForeachY c X && Y # ¢ do
8: fr=X\Y =Y;

9: fe(fr) = 2250

10: If fc(fr) = mincf then
11: FRs = FRs U{fr};
12: End if

13: End for

14: End for

15: Return FRs

Bang 2.11 Céc ludt két hop mo trong vi du théa man dé tin cay toi thiéu 80%

Luat két hop Po tin cay
D.Low > A.Middle 82%
D.Low - C.High 100%
D.Low = A.Middle, C.High 81.82%
A.Middle, C.High - D.Low 100%
C.High, D.Low - A.Middle 81.82%
A.Middle, D.Low = C.High 100%
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2.5 Thuc nghiém

Trong thir nghiém, NCS sir dung tap dir liéu thu dugc tir tap dir liu dé khai
phé tap muc phé bién duoc goi 1a Foodmart, Chess va Chain [84]. M&i giao dich trong
tap dit liéu nay bao gém tat ca cAc mat hang ma khach hang c6 dugc trong mot lan.
M6 ta vé tap dir liéu duoc trinh bay trong bang 2.12. Bé xir Iy co so dit lidu dinh
lwong, NCS d3 chi dinh s6 ngau nhién cho tat ca cac muc trong tap dit liéu nay voi
phan phdi trong pham vi gia trj tir 1 dén 100.

Thuat toan dugce dé xuat va cac thuat toan duoc so sanh trong luan an nay da
dugc chay va thir nghiém trong moéi truong lap trinh tich hop IDE (integrated
development environment), JDK8 (Java Development Kit) va ngén ngir lap trinh
huéng ddi tugng JAVA trén may tinh chay Windows 10 x64 duoc trang bi bo vi xir
ly Intel(R) Core(TM) i7-7500U CPU @ 2.70GHz 2.90 GHz Intel 2,8 GHz va RAM
16 GB. P hd trg mo tdi thiéu duoc thiét 1ap 1a 30%.

Bang 2.12: M0 ta tdp dir liéu cho thuc nghiém

Tap dix liéu | S6 giao dich S6 muc S6 lwong muc trung
binh trén médi giao dich
Foodmart 4,141 1,559 4.42
Chess 3,196 75 37
ChainStore 111,294 46,086 7.23

S6 do chi ra cac luat mo duoc sinh ra boi cac thuat toan FFP Growth, MFFP
va NPSFF. Két qua duoc thé hién trong Bang 2.13 va trong Hinh 2.12, bang 2.13 dai
dién cho sé luong cé4c luat cho cac tap di liéu khac nhau. Bé danh gia s luong luat,
FFP Growth tim ra it luat hon trong b dir liéu Foodmart, Chess va ChainStore so vai
MFFP va NPSFF. (xem trong Hinh 2.12).

Bang 2.13: Sé ludt két hop trong cdc thudt todn

Number of rules in algorithms
Dataset
FFP_Growth MFFP NPSFF
Foodmart 13,021 14,321 14,989
Chess 50,846 57,901 59,023
Chain store 56,612 59,111 60,867




GO00D 4

50000 4

Number of rules

10000 1

Thaoi gian thuc hién NPSFF trong Food it hon so véi FPP_Growth and MFFP.
Thai gian thyc thi caa bo dit liéu Foodmart, Chess va ChainStore cho NPSFF lan luot
14 3503, 14012 va 14712 (xem trong Bang 2.14). So voi FPP_Growth va MFFP cho
Foodmart, Chess va ChainStore lan luot 1a 2045; 2024, 6135: 6072 va 6544: 6555

40000 1

30000 4

20000 4

75

B FFP_Growth
m VFFP
HEm NPSFF

Foodmart

Chess
Dataset

Chain5tore

Hinh 2.12: S4 luat sinh ra tir 3 thuat toan

(xem trong Hinh 2.13).

Bang 2.14: Thoi gian thuc thi cac thugt toan

Execution time in algorithms (ms)
Dataset
FFP_Growth MFFP NPSFF
Foodmart 4045 4001 3503
Chess 16810 16004 14012
Chain store 17393 17204 14712
17500 | wmm FFP_Growth
m FFP
15000 | mmm NPSFF
W 12500
E
E 10000
g 7500 1
. 5000

2500 1

Foodmart

Chess
Dataset

ChainStore

Hinh 2.13: Thoi gian thuc thi cua cac thuat toan
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Theo Bang 2.15, muc su dung b nhé cia FFP_Growth va MFFP cao hon so
véi NPSFF. Viéc sir dung bd nhé caa NPSFF cho Foodmart, Chess va Chain store
lan luot 1a 896, 2688 va 2867 (xem Hinh 2.14). Hiéu suét cua thuat toan NPSFF cao
so v&i FFP_Growth va MFFP vé s6 luong luat, thoi gian thuc thi va sir dung bo nha.
Ly do chinh 14 thuat toan dugc dé xuat chi duyét qua co so dir liéu hai lan. Hon nira,
cay FPOSC duoc st dung dé tao ma POS. Quy trinh khai pha cac tap phé bién mo
dua trén ma POS gilp han ché muc tiéu thu bé nhé dugc yéu cau.

Bdng 2.15: Bo nhé sur dung trong cdc thugt todan

Memory usage in algorithms (MB)
Dataset
FFP_Growth MFFP NPSFF
Foodmart 2045 2024 896
Chess 6135 6072 2688
Chain store 6544 6555 2867
B FFP_Growth
G000 1 = MFFP
I MPSFF
= 5000
=
L4000
; 3000
£
= 2000
1000
D 4

Chain5tore

Foodmart Chess
Dataset

Hinh 2.14: Banh gia bo nhd st dung cua cac thuat toan trong cac tap dir liéu khac
nhau
Hiéu qua cua thuat toan NPSFF duoc ching minh 1a hiéu qua vé ca thoi gian
xtr Iy va mirc tidu thu bo nhé dya trén ba dé xuat néu trén. 1) Ap dung cau tric Node-
list dé tang tinh linh hoat cho viéc duyét dix lidu trong cay va cho phép biéu dién cac
gia tri mo trén do6. 2) D& xuit thuat toan xay dung dang ciy FPOSC dé tao ma POS
duoc sir dung trong viéc tim kiém cac tap hop muc mo phé bién. Cay FPOSC s& bi

x0a sau khi hoan thanh nhiém vu cta no6. Do do, thoi gian xir ly va bé nhé luu triv
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giam dang ké. 3) Tién hanh thir nghiém thuat todn NPSFF trén nhiéu tap dit liéu thuc
va téng hop. Vé co ban, thuat toan NPSFF dugc dé xuat tét hon thuat toan FFP
Growth vé thai gian thuc hién. Trong céc nghién ciru sap téi, NCS s& thuc hién thuét
toan phan cum AP di dé xuat ¢ trén dé phan chia khdng gian mo cho dir lidu dong
theo thai gian va thuc hién khai pha cac luat két hop mo trong co s& dit liéu khong

day du.
2.6 Két luan chwong 2

Trong chuong nay, NCS dua ra giai phép giai quyét cac van dé lién quan dén
ranh gigi “sic nét” gitta cac khoang mo bang cach dé xuat thuat toan phan cum dix
licu EMC. Két qua cua thuat toan nay [CT4] duoc st dung trong giai doan tién xir ly
dit liéu, phan ving di lidu dé chuyén doi co so dir liéu dinh lugng sang co sé dit lidu
mo. Thir hai, luan an giai quyét van dé khong gian bo nhé bang cach dua ra 2 phuong
phap khai pha tap muc pho bién mo dwa trén cau trdc dit liéu Nodelist A NFFP [CT1]
va NPSFF [CT2]. NCS d& xuét hai thuat todn NFFP, NPSFF st dung cay FPPC _tree,
cay POSC-tree dé luu trir co so dit liéu dinh lwong véi cac gia tri thanh vién theo thi
tu giam dan. Dya trén cay duoc xay dung, Nodelist ciia tirng muc mo pho bién duoc
tao ra. Sau do, thuat todan NFFP, NPSFF thu dugc Nodelist ciia cac muc mo phé bién
(k + 1) bang céch giao vai Nodelist cua cac muc k mo phé bién va sau d6 trich xuat
céc tap tin mo (k + 1) phd bién. Uu diém cua thuat toan nay la cdy FPPC_Tree ciing
nhu cay POSC-tree duoc st dung dé tao ma FPP_Code hoiac POS-code cho mdi nut
dé lay Nodelist ctia ttrng muc md phd bién va sau d6 no s& bi x6a dé c6 thé giam yéu

cau str dung bd nha.

Véi sy gia tang kich thudc dit liéu, cac loai dit liéu 1a khong dong nhat va dix
liéu dong. Viéc mao rong céc thuat toan khai phd ma hiéu qua cho ky nguyén di liéu
I6n 12 mot van dé quan trong viéc khai pha bang cach &p dung cac ki thuat xir Iy song
song da tré thanh mot cach kha thi dé khac phuc van dé thoi gian xir ly. Van dé nay

duoc trinh bay & chuong 3.
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Chuong 3 KHAI PHA TAP MUC PHO BIEN MO SU DUNG KY
THUAT XU LY SONG SONG

Trong chuong nay, NCS trinh bay ky thuat xtr 1y song song dé khai phé céac
tap muc mod phd bién nham giai quyét van dé thoi gian tinh toan bang céch su dung
phuong phap tiép can ty dong hoc di dong (Cellular Learning Automata). Theo CLA,
khong gian duoc biéu dién nhu mot mang, véi mdi phan ti 1a mot 6, tirng dong mat,
dit liéu giao dich s& dugc doc va dong thoi duoc chuyén dén céc 6, chiing s& cong tac
véi nhau song song. Véi viéc khéng si dung quy tic ving l1an can, mot loai tu dong
dir liéu duoc goi 1a te dong hoc di dong bat thudng (ICLA) duoc sir dung dé tao danh
sach ving 1an can cho mdi 6. Théng qua viéc sir dung cac automata dit liéu di dong
nay, viéc khai thac tap pho bién mo duoc thuc hién. Qué trinh nay rdt ngan thoi gian

thuc thi cua thuat toan.

3.1 Giéi thigu

Trong nhitng nim gan day, nhiéu thuat toan di duoc phat trién dé nghién cau
cac van dé vé khai pha song song cho cac luat két hop, phan loai, phan cum va cac
tac vu khéac. Agrawal va cong su. da dé xuat thuat toan khai pha song song dau tién
luat két hop [85]-[88], trong khi Wang d& nghién ctru cac thuat toan khai phé luat két
hop song song khac [89]-[91]. Trong sé cac kién trlic song song, kién tric chu-té
(master-slave) thudng duoc sir dung. Huéng tiép can ndy mang lai nhitng loi ich dang
ké vé hiéu suat [92]. Bo xu ly chinh phan b cac nhiém vu cho cac bo xir Iy phu va
thu thap két qua tir ching. Trong nghién ctu [93] viéc danh gia do chinh xac trong
khai phé dit liéu mo di truyén thudng rat tén thoi gian. Trong bai bao [94] bang cach
sir dung kién tric song song master-slave dé diéu chinh dong cac ham thanh vién va
st dung chung dé xu ly céc giao dich dinh lugng trong khai thac dir liéu mo. Viéc
thiét ké mot thuat toan khai pha mo GA song song dua trén kién tric chu-té 1a rat ty
nhién va phu hgp. B xtr ly chinh sir dung mét tap hop don 1é nhu moét thuat toan di
truyén don gian, va phan phdi cac nhiém vy danh gia tinh phii hop cua cac chirc ning
thanh vién va tap phé bién 16n ddi véi bo xtr ly phu. Céc qué trinh tién hda, chang

han nhu trao d6i chéo, dot bién va san xuit duoc thuc hién bai bo xir Iy chinh. Ngoai
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ra, nghién ctu [95] trinh bay mat thuat toan song song c6 thé mé rong dé khai thac
cac luat két hop mo phu hop véi cac tap di lidu day dac.

Trong nghién ctru [96], t6i wu hoa dam hat song song c6 diéu khién mo (FCP-
PSO) duoc sir dung dé giai cac bai toan diéu phéi kinh té khdng 16i 16n. Jin va cong
su. da giai quyét vin dé phu song trong céc trd choi truy dudi bang cach sir dung
PPSO dua trén giao dién truyén théng bao (MPI) [97]. Andrew va cong su. dé& xuat
mot PSO song song dua trén thu nho ban d6 dé danh gia khéi lwong thdng tin [98].
Trong linh vyc trich xuét luat két hop va PSO, cac nha nghién cau da dé xuat nhiéu
thuat to4n tinh toan song song. Ddi vai mot luong 16n dix liéu thir nghiém, maot thuat
toan PSO song song duoc &p dung dé trich xuat luat két hop 1a mot giai phap kha thi.

Ngoai ra, thuat toan iIMFFP [99] dé xuét tich hop cac cdy MFFP [42] khéc
nhau tir cac co s dir liéu nhanh va duoc tich hop vao cdy iMFFP theo trinh tu. Sau
d6, Header table duoc tao ra va qua trinh khai pha tap muc pho bién dugc thuc hién.
V¢i phuong phép nay, viéc tinh toan do hd tro mo ciia cac muc ma sé khong chinh
xac, khong day du thong tin do co so dit liéu bi phan ra. Hon nita, viéc xay dung tiing
nhanh cdy MFFP va tich hop dan vao cay iMFFP hoan chinh s& gay tén khong gian
bo nhé.

Trong chuong nay, NCS trinh by mot phuwong phép xir Iy song song dé khai
pha cac tap muc mo pho bién, mot giai doan quan trong trong khai pha luat két hop
mo bang cach st dung phuong phép tiép can tu dong hoc di dong (Cellular Learning
Automata). Trong chién luoc ndy, co so dir liéu dinh lwong ban dau dugc chuyén
thanh co so dir liéu mo trong budc tién xir ly. Sau khi trich xuat tap pho bién mo 1-
item tir tap dit liéu, cac muc mo khong pho bién s& bi loai bo. Méi trudng CA s& bit
dau hoat dong sau giai doan tién xir Iy va tao cac 6 CA khép véi ting muc mo pho
bién 1-item. Mdi dong dit liéu trong co sé dit liéu nén duoc doc va giri dén cac 6 dong
thoi, sau d6 chiing hoat dong song song. Trong phuong phap nay, ché d6 LRI (Linear
Reward Inaction) dugc st dung. V&i mo hinh nay sé khéng co6 hinh phat va khéng co
quy tic cho viing lan can giira cac 6. ICLA dé cap dén cum 6 duoc tao bai cac giao
dich tap dix liéu. Danh sé&ch 1an can cho céc lang giéng duoc duy tri bai cac 6 va duoc
cap nhat mdi khi nhan dugc giao dich tir méi truong. G bude cudi ciing, mdi & kiém
tra danh s&ch cé&c ving lan can caa nd va loai bo cac ving 1an can c6 mic hd tro thap

hon ngudng t6i thiéu cua ngudi dung. Sau d6, mdi 6 thu thap cdc muc md thudng
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xuyén duoc sap xép theo danh sach 1an can, gui chiing vao moéi truong, v.v. Véi viéc
st dung danh sach vung lan can trong CLA gilp han ché muc tiéu thu bo nhé duge

y&u cau.

3.2 Mdt sb khai niém lién quan vé automata di déng hoc (Cellular learning

automata)

3.2.1 Automata hgc LA (Learning Automata)

Khai niém vé automat hoc dugc Tsetlin dé xuat lan dau tién vao nam 1973
[100]. Cac nghién ciru khac duoc dua ra lién quan dén céc van dé nay la nham tim ra
mot hanh dong téi wu giita cac hanh dong dugc phép trong tu dong ngau nhién. Cac
tng dung ctia LA duoc sir dung trong nhan dang miu, phan ving d6 thi va lap ké
hoach dudng di [101]. Automat hoc ¢d thé duoc hinh dung nhu mot ddi twong véi
cac nhém hanh dong han ché. LA chon ngau nhién mot trong cac hanh dong trong sb
céc hanh dong cia n6 va giri né dén moi truong. Cac LA co thé cap nhat hanh dong
X4c suat ciia no dya trén cac phan hdi ciia méi trudng va quy trinh duoc 1ap lai [102].
Mot LA bao gém hai phan:

1. Mot automata ngau nhién véi sé lwong hanh dong han ché va mot moi
trrdng ngau nhién.

2. Thuat toan hoc: thuat todn ma automata s& hoc hanh dong ti vu bang cach
st dung hanh dong do.

Mbi hanh dong duogc chon bai méi trudng tiém ning sé duge danh gia va cau
tra 101 dugc dua ra cho mot dir liéu tu dong hoc. LA s€ sur dung cau tra loi nay va
chon hanh d6ng cua né cho giai doan tiép theo. Hinh 3.1 cho thidy méi quan hé giira

dix liéu tu dong hoc va moi truong [101].

Set of Response Set of inputs

> Enviroment

Set of actions {&} Learning Automata |, Setof output {8

Hinh 3.1: Moi truong, LA va méi quan hé giita chiing
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3.2.1.1 Moi truong
Cong thac cia moi truong (Environment) dugc dua ra tir cong thac: E =
a, B, ctrong d6 a@ = @y, a,, ..., @, 12 tap cac gia tri dau vao, B = By, o, ..., B 12 1ap
cac gia tridau rava ¢ = cy, ¢y, ..., ¢y 12 tAp C4C X4c suiat phat. [15]
Ngoai ra, cong thuc ciia méi trudng con co thé chia thanh ba mé hinh:
- Khi B c6 hai gia tri, méi truong duoc goi 1a P-model. B = 1 khi bi phat, va
. B = 0 khi duoc thudng.
- Khi méi trudng 12 Q-model, B(n) 1a tap gié tri dau ra hiru han véi hon hai
gia tri thuoc [0,1].
- Khi méi truong 1a S-model, 8(n) 1a cac bién ngau nhién lién tuc trong [0,1].
c; la x&c suat cua mot cau tra 1oi khong mong muén. Trong mdi truong tinh,
C4cC gia tri c; khong thay doi; trong khi trong méi truong khong tinh, cac gia tri nay
thay doi theo thoi gian. Automata hoc dugc phan loai thanh hai nhém véi céc cau tric

thay d6i hoic ciu tric dugc sap xép.

3.2.1.2 Automata hoc ngdu nhién

Automata hoc ngau nhién duoc hién thi véi bo {a,B,F, G, ¢ } trong d6 a =
ay, Ay, ...,y 14 tap cac hanh dong cua automata, B = By, By, -.., B 12 tap cac dau
vao Automata , F 1a ham san xuat va trang thai méi cia Automata. G 1a mot ham dau
ra anh xa trang thai hién tai va nhap vao dau ra hién tai. ¢ 1a tap hop céc trang thai
bén trong cua automata. Tap hop o chira hanh dong Automata va Automata chon mot
hanh dong giita hanh dong ciia n6 va giri né dén méi truong. P xac dinh tap hop céc
dau vao Automata. F va G &nh xa trang thai hién tai cua diu vao Automata vao dau
ra tiép theo. Automata hoc ngau nhién dugc chia thanh hai nhém, Automata c6 cau
trdc ¢ dinh va Automata c6 cau truc bién d6i. Trong cau tric cé dinh, automata 1a
XAC Suat x4c dinh ctia hanh dong Automata; nhung trong cau trdc bién doi, Automata
la xac suat cap nhat cua hanh dong Automata va mdi lan Iap lai dya trén phan ¢ng
ctia moi tredng ma khong ¢ do tré cap nhat duoc thuc hién bang thuat toan Learning.
3.2.1.3 Automata hoc ngdu nhién cé cau tric thay déi

Tu dong hoc c6 cau trdc bién doi dugc hién thi vai bo bon @, B, P, T trong d6

a = ay, Ay, ..., &, la mot tap cac hanh dong tu dong héa, B = B, Lo, ..., B 12 MOt
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tap hop dau vao ty dong dit liéu, p = p4, Py, ..., Pm 12 chudi xac suat dé lya chon ting
hanh dong va thuat todn hoc c6 thé duoc hién thi nhu sau:

P(n+1) =T[a(n),B(n),p(n)] (3.1

3.2.1.4 Mé hinh hoc P-model

Trong hoat dong dau tién, automata (r 12 s6 lugng hanh dong tu dong), tt ca
X4C Suat cua cac hanh dong trong bat ky dang ty dong s& bang nhau. Di véi mot tu
d6ng hoa hanh dong r, xac suit cia hanh dong duoc cho boi p;(n) = 1/r ma trong
mdi lan 13p lai s& thay doi va cap nhat gia tri cua xac suat nay (dua trén phan thuéng
hozc hinh phat). Trong loai Automata nay, néu hanh dong a; duoc chon giita cac hanh
dong khac trong giai doan nay thi P;(a;) nhan dugc cau tra 1di mong mudn va xac
Suit ctia no sé tang 1én va xac suat nguoc lai s& giam. Tuy nhién, ddi véi cac cau tra
loi khdng mong mudn, khi xac suat caa Pi (n) giam thi cac xac suat con lai s& tang
Ién. Tuy nhién, cac thay doi dugc thuc hién sao cho tong p;(n) = 1. Gia dinh nay da
dugc chi ra bén dudi cho ca cau tra 1oi mong mudn va cong thirc cau tra 10i khong
mong mudn cua thuét toan hoc trong dix liéu tu dong hoc bién trong P-Model [19].

Véi cau tra 1oi mong mudn

P(n+1)= P(n) + al[l - P;(n)]
P(n+1) =1 -a)Pn) Vjj+#i (3:2)
Véi cau tra loi khdng mong muén

Pn+1) = (b/r — D+(1—b)P(n) Vjj # i

Trong d6, a 1 bién thudng, b 12 bién phat va r 14 s6 cac hanh dong.
Ba trang thai dugc xem xét theo gia tri caaa va b la:

— Lgp (Linear Reward Penalty): khia = b

— Lggp (Linear Reward Epsilon Penalty): khi b nhé hon a (a > b)

— Lg; (Linear Reward Inaction) when b = 0

3.2.2 Automata di dpng (CA — Cellular Automata)
Automata tu dong CA 1a mot md hinh toan hoc cho hé théng trong dé s6 lwong
c4c thanh phan don gian hop tac dé tao ra cac mau phuc tap. Thuc té, mot CA 1a mot

hé théng dong luc hoc roi rac va thdng tin lién lac giita cac 6 ciia n6 bi han ché dua
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trén su twong tac cuc bd. CA bao gdm mang tinh thé caa cac 6 va tap hop cac luat
[35]. M&i 6 vudng duoc goi 1a 6 vai mdi 6 ¢b hai trang thai 1a mau den va mau trang.

CAc quy tic cua automata di dong xac dinh cach céc trang thai thay doi.

T
il

(a) (b)

Hinh 3.2: M@ hinh lang giéng theo Moore va Von Neumann

Déi vai mdi 6, c6 mot tap hop cac 6 xung quanh 6 dang hoat dong dugc goi 1a
lang giéng. Trong Hinh 3.2 (a) “lang giéng” cia mot 6 13 tam 6 vudng dugc tuong tac
va trong Hinh 3.2 (b), né dugc khai bao 1a lang giéng = (trén, dudi, trai, phai).
Automata di dong dya trén hanh vi cia lang giéng va cac hanh dong trong qua khu.
Lang giéng duoc dinh nghia 13 mot tap hop cac 6 xung quanh 6 dang hoat dong Véi
khoang céch 1 hai hozic nho hon hai. CA dya trén mot sé quy tac cuc bo va céc quy
tac ctia Automata thudng c6 thé duoc thiét ké boi nguoi ding. Céc 6 riéng 1é duoc
tao ra bai cac quy tic cua lang giéng cuc bd cua nd. Trang thai méi dugc tao ra theo
c4c quy tac dia phuong nay va céc tiéu bang lang giéng cia nd. Mot Automaton dugc
cap nhat dya trén cac quy tic cuc bo. Gia trj cua lang giéng sé& tac dong dén viéc xac
dinh trang thai mai caa mdi 6 [38]. V& mat hinh thirc, mot CA c¢d thé dugc dinh nghia

nhu sau:
Mot automata di dong d-chiéu 1a mot cdu truc A = (Z¢, ®, N, F) trong do:

- Z%1a mot mang ludi d-tuples cac s nguy@n ma cac mang nay co thé 1a vo
han, htru han hoac ban hiru han.

- @ ={1,..,m}la mot tap hiru han cac dinh

- N = {x,x,, ..., X,y } 1atap con hitu han Z¢ goi 1a vector lang giéng (x;e Z%).

- F laquy tic cuc bd cua automata di dong. Quy tic ndy cd thé dugc xac dinh
boi ngudi ding. Quy tic cac automata di dong xac dinh céc trang thai thay
d6i va céach tap hop cac 6 1am lang giéng ciia nhau.

% Automata di dong 1a phuong phap hoc ting cudng co cac dic diém sau:
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- Céc automata di dong la cac khéng gian roi rac,

- Thoi gian thyc hién roi rac

- M&i 6 bao gdbm moét sb trang thai gisi han

- Tatca cac 6 déu o cung vi tri

- Tét ca cac 6 duoc cap nhat cing mét ltc

- Quy tic cua mdi 6 phu thudc vao gia tri cua cac bén xung quanh nd

- Quy tac cho gié tri m&i cua mdi bén chi phu thudc vao gia tri caa sé lugng

gidi han cua cac trang thai trudce do.

Hinh 3.3: Quy tic tao c4c 6
3.2.3 Automata di djpng hoc — Cellular learning automata

Automata di dong hoc 12 sy két hop cuia hai mé hinh LA va CA. Y tudng chinh
cua CLA 1a mot 16p con caa CA ngau nhién sir dung LA dé diéu chinh xac suét
chuyén d6i trang thai cia CA ngau nhién. CLA 1a mot CA trong d6 LA 1a mot hoac
nhiéu hon mot dwgc chi dinh cho moi 8. Céc quy tic va cac hanh dong duoc lra chon
boi LA cua lang giéng xéac dinh tin hiéu ting cuong dén LA nam trong mdi 6. Theo
C4C quy tic d6 va cac trang thai trude d6 ciia cac 6 lang giéng, giao dich maéi cua tap
dir liéu s& mang lai diém thudong hoic hinh phat. Viéc dua ra hinh phat hoic diém

thuong sé cap nhat cau tric CLA. CLA chinh thirc dugc dinh nghia nhu sau.
Mot CLA da chiéu c6 cau tric: A = (Z4,®,4,N, F)

- Z%1a mot mang ludi d-tuples cac s nguy@n ma cac mang nay co thé 1a vo
han, hitu han hoac ban hiru han.

- @ ={1,..,m}lamét tap hiru han cac dinh

- Alatap hop cac ty dong hoc (LA), mdi 6 trong s6 d6 duoc gan cho mot 6

cia CLA. Mdi 6 c6 thé c6 mot hoic nhiéu hon mot LA.
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- N ={xy,x,, ..., X, } la tap con hitu han Z¢ goi la vector lang giéng (x;e Z%).
F 12 quy tic cuc bo cua automata di dong.

Mdi LA trong CLA chon mét hanh dong gitra cac hanh dong caa nd. Viéc lua
chon hanh dong c6 thé dugc lya chon dya trén quan sat ngau nhién hoic tinh co. Hanh
dong dugc chon gay ra chuyén dong cua LA tir 6 ndy sang 6 khac. Quy tic cia CA
xac dinh tin hiéu ting cudng cho mdi LA nidm trong 6 d6 nhu trong Hinh 3.4. Céc
hanh dong caa LA trong mdi 6 hoat dong s& nhan dugc phan thuéng hoic hinh phat
dwa trén LA hién tai ciia cac hanh dong trong LA va cac quy tic lang giéng. Cac diém
thuong hodc phat cap nhat cau tric noi bo cia LA. Diém thuang hoic hinh phat tiép
tuc cho dén khi hé théng chuyén sang trang thai duy tri. Cudi cing, mdi automata di
dong hoc cap nhat hanh dong cua véc to xac suit dua trén tin hiéu ting cudng duoc
cung cap va hanh dong duoc chon. Qué trinh nay tiép tuc cho dén khi thu duoc két

qua mong mudn.

Hinh 3.4: Automata di dong hoc
3.2.3.1 Automata di déng hoc cé quy tdc
Mot Automata di dong hoc duoc goi 1a chinh quy néu tat ca cac 6 (6 dang hoat
d6ng va cac 6 1an can cta nod) c6 thir ty theo quy tic. Quy tic thong thudng co nghia
1, thtr tw mot chiéu hoic hai chiéu dugc sir dung boi Von Neumann va Moore. Cho

dén nay, CLA c6 quy tic da st dung cac (ng dung khac nhau.

3.2.3.2 Automata di déng hoc bdt quy tdc

Mot Automata di dong hoc bat quy tic ICLA (Irregular learning automata)
khong c6 gigi han vé 6 mang. ICLA 1a mot db thi vo hudng, trong d6 mdi dinh hién
thi mot 6 duoc chaa véi dit liéu tu dong hoc. LA xac dinh hanh dong ctia no dua trén

hanh dong caa véc to xac suat. Gidng nhu CLA, c6 mot quy tic ma ICLA hoat dong
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theo quy tic d6. Quy tic va hanh déng duoc chon bang cach hoc Automata cua céc
lang giéng. LA s& guri mot tin hiéu ting cudng cho mot LA nam trong mot 6 dang

hoat @ong. ICLA chinh thirc dugc dinh nghia dudi day:

Mot automata di dong hoc CLA da chiéu 1a mét ciu tric A =
(G,E.(V)4,0,A,F)

- G 1a d6 thi v6 hudng trong d6 V 1a tap cac dinh va E 1a tap cac canh
- @ latap hiru han cac trang thai
- Alatap hop céc LA niam trong mdi 6 CLA

- Flatap cac quy tic cuc bo cua ICLA trong mdi dinh
3.3 Thuit toan khai pha tap muc phé bién mé sir dung CLA

3.3.1Y twong thudt todn

Trong thuat toan CLA-FuzzyMining [CT3], co s dit lidu dinh luong ban dau
dugc chuyén thanh co s¢ dit liéu mo trong budce tién xir ly. Sau khi trich xuét cac tap
pho bién mo 1-item tir tap dir liéu, cac muc md khong phéd bién sé bi loai bo. Moi
truong automata di dong CA sé& bat dau hoat dong sau giai doan tién xu Iy va tao ra
cac CA phi hop véi tirng muc mo pho bién 1-item. Ting dong dir liéu trong CSDL
nén duogc doc va phan phdi dong thoi dén cac 6, sau d6 ching s& hoat dong song song
V6i nhau. Trong phuong phap nay, ché do LRI duoc sir dung. Vi mo hinh nay s&
khong str dung hinh phat va khong c6 quy dinh ddi véi viing 1an can gitra cac 6. ICLA
dé cap dén cum 6 duoc tao ra boi cac giao dich tap dit liéu. Danh sach 1an can cho
cac lang giéng duogc duy tri bai cac 6 va dugc cap nhat mdi khi nhan duoc giao dich
tir méi trudng. Budc cudi cuing, mdi 6 kiém tra danh sach viing 1an can cua né va cat
bo cac ving 1an can c6 mic hd tro dudi ngudng téi thiéu cia nguoi dung. Sau do,
mdi 6 thu thap cac muc mo phd bién dya trén khao sat dugc sap xép theo danh sach

lan can, giri chting vao méi truong.
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CSDL m@ loai Danh s&ch viin
: - . A A g
CSDL dinh -~ bo céc muc md Tap di lan can clia céc té
lwong khdng phd bién liéu nén bio
VR l Khai pha tap myc mo N . l .| Tao danh sach lang L Cat tia danh sach
Tién xur Iy dir liéu [T »  Nén va tia di liéu 3 A s AR
pho bién 1-item giéng cho cac té bao ving lan can
Tép r)nuc,mc‘r
pho bién

Hinh 3.5: Quy trinh thuc hién thuat toan CLA-Fuzzy Mining
Thuat todn CLA-FuzzyMining dwec thuc hién qua cac bwéc:

Buwoc 1: Tien xa ly: Chuyén co sé dit liéu dinh lwong sang co sé dir ligu mo.
1.1: Thyc thi thuat toan pham cum cai tién EMC
1.2: Thuec thi thuat toan phan vung mo
Buwéc 2: Khai phd td@p muc phé bién 1-item
Buwoc 3: Khai phd tap muc phé bién k-itemset
3.1: Nén va tia dix liéu
3.2: Duyét co so dir ligu nén moi truong sé doc tirng bang ghi caa dir lidu giao
dich.

3.3: Mbi trudng tao ra cac & cua CLA theo ting muc md phd bién va thyc
hién xt 1y dong thoi cho cac 6 d6 (chi thuc hién ddi véi bang ghi 1). O budc nay
nham khai tao cho tat ca cac item c6 trong giao dich va cac muc nay s& duoc tao
tuong tNng Vi mdi 6, cac gia tri 6 nay co thé 1a null néu muc nay khéng ton tai trong

giao dich dau tién.

3.4: Tao danh sach lang giéng cho cac 6. Poc dit liéu dong thir 2 trong co sd
dir liéu nén. Duyét tat ca cac 6 da duoc xir Iy tir budc 3.3 va cap nhat lai do hd trg mo

cac giao dich.
3.5: Cat tia danh sach vung 1an can c6 d6 hd trg nho hon d6 hd tro tdi thiéu

3.6: Thuat toan két thic véi két qua qua 1a tap phé bién duogc luu trix tai céc
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3.3.2 Tién xir Iy div liéu
Trong budc nay, CSDL duoc chuyén doi tir CSDL dinh luong sang CSDL mo.

Gia st c6 mot CSDL dinh lugng c6 tdm giao dich va chira cac muc A, B, C, D, E nhu
trong bang , d6 hd tro tdi thiéu duoc thiét 1ap 13 30%.

Bang 3.1: Bang CSDL dinh liwong mau

Tid Items

(A: 3) (C:9) (D:3) (E:6)
(A:7) (B:2) (C: 8)

(B: 2) (C:9)

(A: 8) (C:10) (D:2)
(A:5) (B:2) (C: 7)

(A:5) (C:10) (D:3) (E:2)
(A:3) (B:3)(C:9) (E: 6)
(C:9) (D:3)

O N0 AW -

Gia st réng ham thanh vién 13 nhu nhau cho tit ca cic muc thé hién nhu trong
hinh 3.5. Gia str trong vi du nay cac muc ¢6 sb luong duoc thé hién bsi 3 ving mo:
{Low}, {Middle} va {High}. C4c gia tri thanh vién dugc tinh cho mdi item dugc xéac

dinh dya trén ham thanh vién trong hinh 3.6.

Low Middle High

Membership value -

3

Il Amount

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
l
6

0 L

Hinh 3.6: Ham thanh vién duoc sir dung trong vi du
Co sé dit liéu duoc chuyén doi tir CSDL dinh lwong sang CSDL m& duoc thé
hién trong bang 3.2.
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Bang 3.2: Co sé dir liéu mo dwoc chuyén doi tir bang 3.1

Tid Tap muc mo
1 ( ) ( 0.4 0.6 ) ( 0.6 0.4 ) ( 0.2 0.8 )
A.Low’ AMiddle c.Middle’ c.High/ \D.Low’ D.Middle/ \E.Low’ E.Middle
2 ( 0.2 ) ( 0.8 0.2 ) ( 0.6 0.4 )
A.Middle’ A.High B.Low’ B.Middle/ \C.Middle’ C.High
3 ( 0.8 ) ( 0.4 0.6 )
B.Low ' B.Middle/ \C.Middle’ C.High
Y| Gonme o) Gotiaar ziion) Giow saviaar)
AMiddle’ A. High C.Middle’ C. High D.Low’ D.Middle
° G5 )( iae) (G “)
ALow’ AMiddle B.Low’ B.Middle C.Middle’ C.High
6 ( 0.2 ) ( ) ( 0.6 ) ( 0.8 0.2 )
ALow’ A.Middle C.Middle’ C. High D.Low’ D.Middle E.Low’ E.Middle
7 (0 )( )( 06)( 0.8 0.2)
ALow’ AMiddle B.Low’ B.Middle C.Middle’ C.High E.Middle’ E.High
| G mn) G smiaar)
C.Middle’ C. High D.Low’ D.Middle

3.3.3 Khai phd tip muc phé bién me 1-item

Viéc khai pha tap muc phé bién mo 1-item duoc thuc h

& chuong 2. P9 hd trg mod cia mdi myc trong giao dich duoc tinh theo cong thirc va

duoc kiém tra voi do hd tro tdi thiéu. Do hd tro cua tap mo duoc thé hién trong bang

3.3. Nhitng muc mo khéng théa man do hd tro téi thiéu 30%

liéu. Nhitng muc mo con lai théa man do hd tro tdi thiéu 30% dugc thé hién trong

bang 3.4.

ién nhu cac thuat toan

sé bi loai khoi tap dir
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Bang 3.3: B¢ hé tro cac muc mo

Céac muc mo Do ho tro

A.Low 1,6
A.Middle 3,8
A High 0,6
B.Low 3
B.Middle 1
B.High 0
C.Low 0
C.Middle 3,4
C.High 4.6
D.Low 2,6
D.Middle 1,4
D.High 0
E.Low 1
E.Middle 1,8
E.High 0,2

Bang 3.4: C4c muc mo con lgi va dé hé tror cia ching

Céac muc mo D6 hd tro

C.High 4,6
A.Middle 3,8
C.Middle 3,4
B.Low 3
D.Low 2,6

Trong vi du nay, NCS d sir dung 15 muc mo va do hd tro tbi thiéu duoc thiét
lap 1a 30%. Vi vay, chi nhitng muc mo nao cé do hd tro [on hon 2.4 s& duoc giir lai
va loai bo cac muc mo co do hd trg nho hon 2.4. Két qua thé hién trong bang 3.4, céc

muc md con lai trong mdi giao tac dugc sap xép theo thi ty & bang 3.5.
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Bdng 3.5: CSDL mo sau khi logi bé cac muc mo khéng théa man minsup =30%

Tid | Tap muc mo D6 13 tro
o) ) e ) o
) ) ) () [
) ) )
) o) G Gy |
) o) ) )|
SN 8 N
T ) o) ()
) o) )

3.3.4 Khai phd tdp muc phé bién n-itemset
» Thuc hién nén dir liéu

Khi cac muc mo 1-item pho bién duoc trich xuét, dé ting toc do hoat dong,
tap dit lidu can duoc nén va theo d6 cac muc du thira can duoc cit bo. Muc dich cua
viéc cat tia 1a dé tranh cong viéc vd ich khéng anh huong dén két qua dau ra va chi
lam tang thoi gian xa ly. NCS thuc hién nhdm cac giao dich cé lién quan lai véi nhau
dé giam nhu cau vé cac tha tuc lap di 1ap lai. Trude tién, doc hang hién tai va trich
Xuat cac muc mo pho bién 1-item va loai bé cac muc mo khong thuong xuyén khoi

tap dix liéu, tap dir liéu nén trude tién duoc dat thanh Null.

Khi cac muc giao dich da dwogc cat bt va van con nhiéu hon 0 muc. Khi do,
d6 hd trg ciia cac muc con lai trong mdi giao dich 1a mac hd tro tdi thiéu cua cac muc;
su hién dién cua nd trong tap dir liéu duoc xem xét; néu da co, dd hd tro nho nhat
trong cac muc s& dugc thém vao, néu khong, nd duoc tao nhu mét giao dich méi Véi
gia tri ban dau 1a do hd tro téi thiéu trong tap dix liéu nén. Két qua nén tap di liéu

dugc hién thi trong bang 3.6.
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Bang 3.6: Tdp dir liéu nén

Tid | Muc mo Pj hoé tro
1 | (C.High) (A.Middle) (C.Middle) (D.Low) 0.8
2 | (C.High) (A.Middle) (C.Middle) (B.Low) 1.0
3 | (C.High) (C.Middle) (B.Low) 0.4
4 | (C.High) (C.Middle) (D.Low) 0.4

Thuat toan nén dit liéu duoc thé hién trong Thuat toan 3.1

Thuat toan 3.1: Data_Compression()

Input: minsup: do h§ trg t6i thiéu
F,: tap muc pho bien 1-item q
Dy: CSDL m¢ sau khi loai bo cac tap muc khong pho bién

Output: CDS: CSDL nén

Begin

1: fori =1 toDsdo

2: Forj =1 to items do

3: If items(i,j) == items(i + 1,j) then

4: Remove (rows (i+1));

5: Update support (rows(i)+ rows(i+1));
6: End if

7: End for

8: End for

9: Return CDS

End.
> Xac dinh danh sach lang giéng

Cac 6 cua automata di dong duoc tao tir tip muc md phd bién 1-item. Do do,
& day c¢6 5 6, mdi 6 hién thi mot muc mo phd bién nhu trong Hinh 3.7. Vi khong c6
quy tac cu thé trong viing lan can cua o, cau tric ving lan can thong thudng nhu Von
Neumann hoic Moore khong thé duoc ap dung. Pay duoc goi 1 automata di dong
hoc bat quy tic (ICLA). Mbi truong CA doc lan luot tat ca cac hang cua tap dir liu
va sau d6 chuyén chiing dén céc 6 trong mdi budc. Sau khi nhan duoc mét hang tap

dit liéu nén, cac 6 s& bat dau hoat dong cua ching dong thoi véi cac 6 khac. Céc 6
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nay s€ cap nhat danh sach vung 1an can caa chdng tuy thugc vao cdc muc mo trong

giao dich da nhan.

Environment

Thread 1 Cell Thread_1

C.High

Thread_2 Cell Thread_2
A.Middle

Thread 3 Cell Thread_3

C.Middle =

Cell [Thread 4

Thread_4

B.Low

Thread_5| Cell [Thread 5
D.Low

Hinh 3.7: Cac automata di dong hoc theo tap muc mo phé bién 1-item

Vi dy, méi truong doc hang dau tién chaa {C.High, A.Middle, C.Middle,
D.Low} va chuyén chung dén tat ca cac 6, ching xt ly trén tap phd bién mo nay.
C.High s& lan luot nhan ra A.Middle, C.Middle va D.Low la lang giéng caa nd. N6
duoc tao véi gia tri hd tro mo 1a 0,8. Tuong tu voi cac myuc A.Middle, C.Middle,
D.Low. Boi vi B.Low khong ton tai trong giao dich dau tién, vi vay n6 khong c¢d hanh

dong. Danh sach lang giéng va viing 1an can caa mdi 6 duoc hién thi trong hinh 3.8.
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Cell C.High
A.Middle(0.8) » C.Middle (0.8) > D.Low (0.8)
C.Middle (0.8) > D.Low (0.8)
D.Low (0.8)
Cell A.Middle
C.High(0.8) » C.Middle (0.8) > D.Low (0.8)
C.Middle (0.8) » D.Low (0.8)
D.Low (0.8)
Cell C.Middle
C.High(0.8) » A.Middle(0.8) > D.Low (0.8)
A.Middle(0.8) D.Low (0.8)
D.Low (0.8)
Cell B.Low
Null
Cell D.Low
C.High(0.8) » A.Middle(0.8) > C.Middle (0.8)
A.Middle(0.8) Il»C.MiddIe (0.8)
C.Middle (0.8)

Hinh 3.8: Cac 6 trong danh sach lang giéng va vung 1an can caa hang dau tién
Cac 6 duoc doc véi gia tri hd tro 12 1,0 va ban ghi thir hai cua tap dir liéu nén,
chua céc gia tri {C.High, A.Middle, C.Middle, D.Low, B.Low} dugc gui dén ching.
Dbi v6i 6 {B.Low}, cac danh gia cua lang giéng vé {A.Middle, C.Middle, B.Low}

duoc tinh dén. Myc {B.Low} duoc tao véi gia tri 1,0 vi nd chua c6 mat & cac ving
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1an can. Cac muc hién c6 ting gia tri bang cach duoc thém vao, ting gia tri d6 hd tro
cua chdng néu chdng con ton tai. Trong truong hop nay, {A.Middle, C.Middle} da
t6n tai trong vung lan can cua {C.High}, gia tri caa {A.Middle} va {C.Middle} la
1,8. Ngoai ra, muc {D.Low} di c6 san trong vung lan can {C.High} nhung khong co
trong hang thir 2 cua tap dit liéu, nd van nam trong vung 1an can {C.High} vdi cung
gia tri 12 0,8. Cac 6 khac thuc hién cac hanh dong nay ddng thoi. Sau khi xt Iy ban
ghi thir hai cua tap dir liéu, cac vung lan can da tao va danh sach cac 6 lan can duoc
hién thi trong Hinh 3.9.

Cell C.High

Y

C.Middle (1.8)__,( D.Low (0.8) ]_, B.Low (1)

D.Low (0.8) -—'F* B.Low (1) ‘

A.Middle(1.8)

Y

c.Middle (1.8)

D.Low (0.8) - B.Low (1)

B.Low (1.0)

Cell A.Middle

C.High (1.8) » C.Middle (1.8)__,| D.Low (0.8) ]_> B.Low (1)
C.Middle (1.8) > D.Low (0.8) -—Pf B.Low (1) l

D.Low (0.8) > B.Low (1)

B.Low (1.0)

Cell c.Mmiddle

C.High (1.8)

Y

A.Middle(l.s)__,l D.Low (0.8) ]_, B.Low (1)

D.Low (0.8) '—Pk B.Low (1) l

D.Low (0.8) :{ B.Low (1)

A.Middle (1.8)

Y

B.Low (1.0)

Cell B.Low

Y

C.High (1.0) A.Middle (1.0)__,| c.Middle (1.0)

c.Middle (1.0)

A.Middle (1.0)

Y

c.Middle (1.0)

Cell D.Low

I C.High(0.8) }——-f A.Middle(0.8) |—>l c.Middle (0.8)
| A.Middle(0.8) ]——-,»c.nvnddle (0.8) ]

| c.Middle (0.8) |

Hinh 3.9: Cac 6 trong danh sach lang giéng va viing lan can cua hang thi 2
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Tuong tu, hinh 3.9, 3.10 hién thi c4c viing 1an can di tao va danh sach cac 6

lan can sau khi chay hang thir ba va hang thir tu cua tap dir liéu.

Cell C.High
A.Middle(1.8) » C.Middle (2.2) > D.Low (0.8) > B.Low (1.4)
C.Middle (2.2) > D.Low (0.8) > B.Low (1.4)

D.Low (0.8) > B.Low (1.4)

B.Low (1.4)

Cell A.Middle

C.High (1.8) » C.Middle (1.8) » D.low(0.8) |—— B.Low(1)
C.Middle (1.8) > D.Low (0.8) > B.Low (1)

D.Low (0.8) » B.Low (1)

B.Low (1.0)

Cell C.Middle

C.High (2.2) > A.Middle (1.8) » D.Low(0.8) |—— B.Low(1.4)
A.Middle (1.8) > D.Low (0.8) » B.Low (1.4)

D.Low (0.8) > B.Low (1.4)

B.Low (1.4)

Cell B.Low

C.High (1.4) > A.Middle (1.0) » C.Middle (1.4)
A.Middle (1.0) > C.Middle (1.4)
C.Middle (1.4)

Cell D.Low

C.High(0.8) > A.Middle(0.8) > C.Middle (0.8)

A.Middle(0.8) +C.Midd|e (0.8)

C.Middle (0.8)

Hinh 3.10: Céc 6 trong danh sach lang giéng va ving lan can cua hang tha 3
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Cell C.High

A.Middle(1.8)

Y

c.Middle (2.6)-

D.Low (1.2) ]_,. B.Low (1.4)

C.Middle (26) > D.Low (1_2) =

i

B.Low (1.4) l

D.Low (1.2)

Y

B.Low (1.4)

B.Low (1.4)

Cell A.Mmiddle

C.High (1.8) D.Low (0.8) |_>. B.Low (1)

c.Middle (1.8)-

Y

Cc.Middle (1.8)

Y

D.Low (0.8) -

Iy

B.Low (1) ]

D.Low (0.8)

B.Low (1)

Y

B.Low (1.0)

Cell C.Middle

C.High (2.6) A.Middle (1.8)- D.Low (1.2) |_> B.Low (1.4)

A.Middle (1.8) > D.Low (1.2) -—P{ B.Low (1.4) |

D.Low (1.2)

Y

Y

B.Low (1.4) ]

B.Low (1.4)

Cell B.Low

A.Middle (1.0)__,| c.Middle (1.4)

c.Middle (1.4)

C.High (1.4)

Y

A.Middle (1.0)

Y

c.Middle (1.4)

Cell D.Low

I C.High(1.2) }——>+ A.Middle(0.8) H C.Middle (1.2)
[ A.Middle(0.8) }——+C.Middle (1.2) I

lC.MiddIe {@.2) |

Hinh 3.11: Céc 6 trong danh sach lang giéng va viing lan can caa hang thi 4

> Cat tia danh sach ving lan cén

Khi tat ca cac giao dich dugc mai truong giri dén cac 6, mdi 6 s& xda céc lang
giéng va vung lan can c6 do hd trg nhd hon ngudng ti thiéu da duoc ngudi dung xac
dinh khoi danh sach vung 1an can caa né. Trong vi du nay, cac muc mo cé do ho trg
I6n hon hodc bang 2.4 s& duoc gitr lai, cAc muc ma khac bi tia khoi ving 1an can. Két
qua ct tia duoc thé hién trong hinh 3.10. Danh sach vung 1an cén lai duoc st dung

dé quét va cudi cung thu duoc tap pho bién mo k-Itemset.
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Cell C.High Cell A.Middle ‘ Cell C.Middle Cell B.Low Cell D.Low

C.Middle (2.6) NULL “ C.High(2.6) ‘ NULL NULL

Hinh 3.12: VVung lan can sau khi duoc tia vai minsup =30%

Khi méi trudng giri tat ca cc muc ¢6 san trong tap di liéu nén vao cac 6 quan
Iy dé hoan thanh céc tac vu lién quan, méi trudng c6 xu hudng thu thap va trich xuat
cac muc md phé bién. Pau tién {C.High, A.Middle, C.Middle, B.Low, D.Low} Ia
cac muc mo phé bién 1-item, va duge dat trong danh sach muc mé phd bién. Sau do,
mdi 6 s& hoat dong cuing ltc. O {C.High} dat cac lang giéng cua n6{C.Middle} trong
danh sach muc md phé bién, véi to hop caa chinh né 1a {C.High, C.Middle} 1a tap

muc m& phd bién 2-itemset.

Nhu da trinh bay o trén, mdi 6 nhan duoc mot tap pho bién. Bang cach thu
thap cac két qua cua mdi 6, tat ca cac muc mo phd bién co thé nhan dugc. Tuy nhién,
mdi 6 ¢ thé tao ra cac muc giéng nhau, thuat toan can kiém tra su hién dién cua céc
muc md trude khi chiing dugc giri dén danh sach téng hop cac muc mo pho bién. Néu
ca4c myc nay di c6 trong danh sach nay, ching sé& bi loai bo; néu khdng, cac muc nay

s& duoc dua vao trong danh sach cac muc mo pho bién.

3.3.5 Thudgt toan CLA-FuzzyMining

Thuat toan CLA-FuzzyMining dugc mé ta nhu trong Thuat toan 3.2

Thuat toan 3.2: CLA Fuzzy Mining

Input: minsup: do hd tro tdi thiéu
F,: tap muc pho bién 1-item
D;: CSDL m¢ sau khi loai b cac tap muc khong pho bién
CDS: CSDL nén
Output: FFIL: Danh sach cac tap muc mo pho bién
Begin
1: fori =1 to CDS do
3 CLA Thread();
4. End for
5 Khoi tao FFIL;
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6 for i=1 to automata cells do

7 Thuc hién PruneNeighbors() for cell[i];

8: Thuc hién DFS() function for cells[i];

9 for each anltemset on cell[i].Frequentltemset do

10: if anltemset does not exist in FFIL then
11: FFIL.add (anltemset);

12: else

13: Nothing;

14: End if

15: End for

16: End for

17: Return FFIL;

End.

Ham CLA_Thread() dugc mo ta trong Thuat toan 3.3.

Thuat todn 3.3: CLA_Thread()
Input: Recodset (ban ghi dir liéu nén), NodeParent[Cell] (dai dién cua cac cell)
Output: automata cells

Begin

1: Thread theard=new Thread();

2: thread.Start();

3: Initialize nodeChil=new Node();

4: fori =1 to Recodset do

5: nodeChil.data= Recodset[value];

6: If(nodeChil in (Recodset)) then

7: nodeChil.data= Recodset[value]+ nodeChil.data;
8: else

9: NodeParent[Cell].next= nodeChil;
10: End if

11: End for

12: Return AutomataCells;

End
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3.4 Thuc nghiém

Trong phan thuc nghiém NCS sir dung bo dit liéu cira hang Foodmart, Chess
va ChainStore tir bo dit liéu khai pha tap phd bién [84] cho thir nghiém nay. M6 ta
cua tap dir liéu duoc hién thi trong bang 3.7. Thuc nghiém nay gidi thiéu cac két qua
thir nghiém tir cac thuat toan va so sanh ching véi két qua cua thuat toan NPSFF
[CT2] va thuat toan iIMFFP [99]. Thuat toAn CLA- Fuzzy Mining c0 hiéu qua hon hai
thuat toan trudc vé thoi gian xa 1y va bo nhé luu trir tam thoi, theo két qua thar nghiém
dwa trén tap di liéu dwoc trinh bay trong bang 3.7. Thut toan dugc dé xuit va tat ca
cac thuat toan dugc so sanh trong nghién ctru nay da dugc chay va thir nghiém trong
moi truong 1ap trinh tich hop IDE (integrated development environment), JDK8 (Java
Development Kit) va ngén ngit 1ap trinh huéng d6i twong JAVA trén may tinh chay
Windows 10 x64 dugc trang bi bd vi xit 1y Intel(R) Core(TM) i7-7500U CPU @
2.70GHz 2.90 GHz Intel 2,8 GHz va RAM 16 GB.

Bang 3.7: Bang di liéu thuc nghiém

Dataset name Transaction# Items# Size (MB)
Chess 3,196 175 0.78 MB
Foodmart 4,141 1,559 12.4 MB
ChainStore 111,294 46,086 28.17 MB

Hinh 3.13 — 3.15 hién thi két qua cua viéc chay hai thuat toan NPSFF, iMFFP

va thuat todn méi duoc dé xuat trén bo dir liéu tiéu chuan thuc.

Execution time in Chess dataset

—e— NPSFF
—e— iMFFP

35 —o— CLA-Fuzzy

30 A1
25 A

20 A

Excution time (s)

15 4

10 A1

20 21 22 23 24 25 26 27 28
minimum support threshold (%)
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Hinh 3.13: Thoi gian thuc thi cac thuat toan trén tap dir liéu Chess Dataset

Execution time in Foodmart dataset

35 1 —e— NPSFF
—o— iMFFP

50 -
—&— CLA-Fuzzy

45

40 -

30 -

25 1

20 A
20 21 22 23 4 25 26 27 28

Excution time (s)
[¥7)
o

15 ~

minimum support threshold (%)

Hinh 3.14:Thoi gian thyc thi cac thuat toan trén tap dir liéu Chess Dataset

Execution time in Chain Store dataset

85 1 —o— NPSFF
—e— iMFFP
80 —— CLA-Fuzzy
¥ o5
w
E
=
5§ 707
=
=
(W]
il
E{] 4
55 A

2IU 2Il 2I2 2I3 214 2I5 2I6 2I? 2I8
minimum support threshald (%)
Hinh 3.15: Thoi gian thuc thi cac thuat toan trén tap dir liéu Chess Dataset

Hinh 3.13, 3.14, 3.15 cho thay hiéu suat cua thuat toan duoc dé xuat CLA-
Fuzzy Mining so véi hai thuat toan iMFFP va NPSFF duoc thuc hién trén tat ca cac
tap dir liéu déu giam. Viéc tng dung phuong phap loai bo cac giao dich du thira dé
nén tap dir liéu va két hop véi phuong phap xir Iy song song dbi véi cac 6 chira tap
muc md phé bién. So véi cac phuong phap xir Iy song song khac, ki thuat CLA hoat
dong tét hon dang ké nho vao viéc tu dong cap nhat thong tin ciia moi trudng cho cac
0 xung quanh.



102

N NPSFF
. MFFP
14000 WM CLA-Fuzzy

16000 A

12000 A
10000
8000 -
6000 1
4000 A

2000 1

Chess Food Mart ChainStore

Hinh 3.16: Panh gia bd nhd stir dung cua cac thuat toan trén cac tap dir liéu
Theo hinh 3.16, muc sir dung bo nhé caa iIMFFP va NPSFF cao hon so véi
CLA-Fuzzy. Quy trinh khai phé cac tap pho bién mo dya trén danh sach lang giéng

gitp han ché viéc str dung bo nhd duoc yéu cau.
3.5 Két luan chwong 3

Nhim ting tinh hiéu qua tinh toan trong cac md hinh di liéu I6n, chuong 3
luan 4n dé xuat phuong phap khai pha tap muc pho bién mo theo ki thuat xu Iy song
song CLA [CT3]. Theo CLA, khéng gian dugc biéu dién nhu mot mang, véi moi
phan tir 12 mot 6, tirng dong mét, dix liéu giao dich s& duoc doc va dong thoi duoc
chuyén dén cac 6, chiing s& cong tac véi nhau song song. Véi viéc khdng sir dung
quy tac vung lan can, mot loai ty dong dit liéu duoc goi 1a ty dong hoc di dong bat
thuong (ICLA) duoc sir dung dé tao danh sach ving 1an can cho méi 6. Thdng qua
viéc st dung cac 6 dit liéu tu dong nay, viéc khai phé tap phd bién mo duoc thyc hién.

Qua trinh nay rdt ngan thoi gian thuc thi cua thuat toan.
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KET LUAN VA HUONG PHAT TRIEN

Muc dich chinh cua luin &n 12 nghién ctu mét sé phuong phap khai phé luat
két hop mo. Luan &n nghién ctru cac phuong phéap khai pha luat két hop trén co s
dir liéu mo dua trén sy két hop cua toan hoc ma va co sé dit liéu dinh luong di dugc
dé xuat. Tuy nhién, cac phuong phap nay dang trong qua trinh phat trién, viéc dé xuat
cac giai phap ma&i nhiam hoan thién cho cac 1a rat can thiét. Vi vay, luan an dé xuét
huéng tiép can hiéu qua cho van dé khai pha céc luat két hop mo.

Cac két qua chinh cua luan an dat dugc nhu sau:

(1) Pé xuat phuong phap xac dinh cac tap mo cho mdi thude tinh dinh lugng
trong co s¢ dir liéu théng qua ky thuat phan cum EMC. Sau d6, cac cum nay
duoc st dung dé phan loai mdi thudc tinh dinh luong nhu mot tap mo va xac
dinh cac ham thudc caa ching. Két qua cua budc nay dé chuyén dbi co so di
li¢u dinh luong sang co sé dir ligu mo. [CT2], [CT4].

(2) Dé xuat phuong phap khai pha tap muc mo pho bién dya trén cau trdc Nodelist,
budc quan trong trong khai pha luat két hop mo. Quy trinh khai phé tap muc
mo pho bién dya trén PP_code hodc POS_code gilip han ché mic tiéu thu bo
nhé duoc yéu cau. [CT1], [CT2], [CT5].

(3) Bé xuat phuong phéap xir Iy song song cho qué trinh khai pha tap muc mo pho
bién bang cach sir dung ly thuyét tu dong hoc di dong CLA. Véi dé xuat nay

nham giai quyét giam thoi gian xi Iy cho céc co s dit liéu lon. [CT3].

Nhitng van dé dit ra tir két qua nghién ciu caa luan an:

- Céac danh gia hiéu suat cho két qua nghién ciu nay dua trén di liu tinh,
nhung dé ddi pho véi cac van dé trong thé gidi thuc, di liéu c6 thé duoc phét
trién theo thoi gian véi dir liéu dong. Trong nhitng nghién ctu tiép theo,
NCS tap trung nghién ciru cac phuong phap khai pha tap muc phé bién mo
trén co so dir liéu ludng (data stream), dix liéu chudi (sequence).

- Nghién ctu céc thuat toan xur ly khai pha di liéu cho co s¢ dir liéu mo cé

trong sé hoic chaa yéu té thoi gian.
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