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1
TOM TAT

Mic du ¢6 nhiéu phuong phap da dugc dé xuat dé nang cao hiéu qua khai thac
dir liéu nhung chi ¢6 it nghién ciu vé kha ning mé rong - d6 1a vin dé khai thac tap
phd bién khi kich thudc cua CSDL la rat 16n. Nghién ciu [14] dé xuat mot phuong
phap 1a phan ving thu bac dé khai thac tap phé bién trong CSDL I6n dwa trén mot cau
trdc dix lieu mai goi 14 Danh sach mau phd bién (FPL). M6t trong nhitng tinh ning
chinh ciia FPL 12 kha ning phan ving co s¢ dit liéu dé chuyén d6i CSDL thanh mot tap
cac CSDL con c6 kich thuéc c6 thé quan Iy dugc. Két qua 1a mot cach tiép can chia dé
tri c6 thé duoc phat trién dé thuc hién nhiém vu khai thac dit liéu mong mudn. Két qua
cho thay phan ving thir bac ¢ kha niang khai thac tap pho bién va tap pho bién dong
trong CSDL rat I6n.
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ABSTRACT

Although many methods have been proposed to enhance the efficiencies of data
mining, little research has been devoted to the issue of scalability — that is, the problem
of mining frequent itemsets when the size of the database is very large. This study
proposes a methodology, hierarchical partitioning, for mining frequent itemsets in large
databases, based on a novel data structure called the Frequent Pattern List (FPL). One of
the major features of the FPL is its ability to partition the database, and thus transform the
database into a set of sub-databases of manageable sizes. As a result, a divide-and-conquer
approach can be developed to perform the desired data-mining tasks. Experimental
results show that hierarchical partitioning is capable of mining frequent itemsets and

frequent closed itemsets in very large databases.
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MO PAU

1. Pit van dé

Trong thoi dai ngay nay, véi su phat trién vuot bac caa céng nghé thong tin va
su phé bién cua Internet. Luong dit liéu tai cac hé théng thong tin ndy ngay cang tro
nén phong pht, da dang va thuc sy khdng 15. Trong tinh hinh d6, viéc chat loc nhiing
thong tin quy gié tir nhitng dit liéu khong 16 nay cang c6 y nghia hon bao gid hét, n6
déng vai tro chia khda thanh céng cho su phét trién cua cac to chuc, ca nhan. Céc
thong tin tim duoc ¢ thé duoc van dung dé cai thién hiéu qua hoat dong caa hé thdng
thong tin ban dau, cai thién thoi gian tim kiém, hay dua ra nhiing dy doan gitip cai
thién nhirng quyét dinh trong twong lai... Cac k¥ thuat khai thac di liéu (data mining)
ngay cang duoc quan tam va ang dung rong réi trong nhiéu linh vyc cia cuc song nhu

kinh té, gi4o duc, y té, trong siéu thi, ...

2. Tinh cap thiét ciia dé tai.

Vi su “bung nd” cua thong tin nhu vay nén ta phai c6 phuong phap hiéu qua
nhat dé khai thac thong tin d6 va chiing ta phai can nhac nhitng yéu té gi, tiéu chi nao

dé lya chon khai thac théng tin mot cach hiéu qua nhat va nhanh nhat?.

Mot trong nhirng cng nghé hiéu qua nhat 1a khai thac dir liéu, d6 13 cong nghé

ding khai thac cac mau hitu ich hay nhitng kién thac cé ich tir co so dit liéu 16n [7].

Nhiém vu co ban va quan trong nhat caa khai thac di liéu 1a khai thac tap pho
bién, d6 1a tap cac mit hang duoc thudng xuyén mua clng Vi nhau trong mét giao
dich, nhitng cdng cu trong khai thac tap phd bién dién hinh nhu phén tich so sanh, phan

tich mau, phan loai, gom cym va luu trit dit lidu [7].



2

Dé nang cao hiéu qua trong khai thac tap pho bién, mot sé phuong phap méi va
cau trac dix liéu linh hoat da duoc phat trién, chang han nhu FP-tree, FP-Growth [6],
Danh sach mau phé bién va danh sach mau giao dich [9], [10], [11], hay Khai thac mau
khong 16 mot cach hiéu qua trong bo dit liéu 16n [8]. Tuy nhién, khi co s dir liéu (viét
tat 1a CSDL) ngay cang phinh to ra, tham chi ciu tric dit liéu linh hoat s& phat trién ra
khoi dung luong bo nhé thi kha nang mé rong cac phuong phap khai thac dir liéu la
mét van dé phai duoc giai quyét. Cac phuong phap thong thuong sir dung mot luoc dd
phan ving phang dé phan viing CSDL ban dau thanh mét tap cac CSDL con nho hon &
cling cap do va sau d6 tim cac tap phd bién cuc bo trong cac CSDL con nay. X ly
cudi cuing 1a quét lai CSDL ban dau dé kiém tra xem céc tap pho bién cuc bo cé phai la
phd bién toan cuc hay khong. Biéu nay, tat nhién phai mat thém thoi gian va tinh hinh
s& x4u di khi khai thac tap pho bién déng bai vi khdng chi tan sé caa tap pho bién duoc

tinh todn ma viéc kiém tra tap hop con ciing phai dugc thuc hién.

Dic biét nhitng dit liéu 16n vuot khoi tim kiém soat cua bd nhé may tinh, vay ta
phai sap xép, phan viing phan cap sao cho nhé hon hoic bang bd nhd may tinh yéu cau
va toc do may tinh cling s& nhanh gap nhiéu lan. Trong nghién ctu nay, tac gia luan
van s& tim hiéu phuong phap phan vung phan cip dé khai thac tap phd bién trong
nhitng CSDL lon

3. Muc tiéu cua deé tai

Muc tiéu caa dé tai tim hiéu viéc khai thac cac tap phé bién (frequent item sets)
trong co so dir liéu 16n, dua trén cau tric dix liéu méi hay goi 1a danh sach mau phé
bién FPL (Frequent Pattern List). Phuong phap nay phan ving khéng gian tim kiém va
chia co so dir liéu thanh mét tap cac co sd dit lidu con co kich thudc ¢ thé quan ly
duogc. Két qua thu duogc 13, tiép can phuong phap chia dé tri dé khai thac dir liéu mong
mubn ma khong can phai quét lai dir liéu ban dau. Phuong phap nay duoc goi la
“Phurong phap phan cap trong khai thac tap pho bién”, n cé thé cai thién téc do va

hiéu suat dang ké trong khai thac tap pho bién tir co so dir liéu 16n.



4. Bo cuc cia luan van

Luén van duoc chia lam 5 phan:
- Mo dau
- Chuong 1: Giéi thiéu vé khai thac dit liéu, co so dit liéu kich thudce 16n.
- Chuong 2: Khai pha tap phd bién.
- Chuong 3: Phuong phéap phan ving, phan cap trong khai phé tap pho bién

- Chuong 4: Két luan va huéng phat trién trong tuong lai



CHUONG 1 GIOI THIEU VE KHAI THAC DU LIEU,
CO SO DU LIEU KICH THUOC LON

1.1 Tong Quan vé khai thac dir liéu
1.1.1 Muc tiéu cia khai thac dir liéu

Véi sy phét trién caa phan mém va phan cang may tinh va sé lwong khong 16 va
tang toc cua dir liéu. Tir khéi dit lidu rat 16n nhu vay, can phai c6 nhitng cong cu tu

dong rat trich c&c thdng tin va tri thirc ¢o6 ich, do 1a khai thac di liéu (Data mining).

Khai thac dir liéu 1a qua trinh tim kiém cac mau méi, nhitng thdng tin tiém an
trong cac khéi dir liéu khong 16, khai thac co thé du doan nhitng xu hudéng trong tuong
lai, hay gidp cho cac cong ty kinh doanh ra céc quyét dinh kip thoi, hay dua trén nhing
su kién trong qué khu cua cac hé hd tro ra quyét dinh (decision support systems -
DSSs). Véi cac wu diém trén, khai thac dit liéu duoc ung dung rong réi trong cac linh

vue nhu thuong mai, tai chinh, y hoc, gido duc va cac linh vuc khéc.

Khai thac dir liéu duoc dinh nghia, hay cach goi khac cua mot thuat ngir rat thong
dung la khdm pha tri thirc trong co s& dir liéu (Knowledge Discovery in databases -
KDD): 14 viéc trich ra cac tri thirc chua duoc nhan ra, tiém an trong cac tap di liéu 16n

mot cach tu dong [1]

< Mot vi du tiéu biéu cho viéc khai thac tap pho bién [7] Ia phan tich gio hang.
Tién trinh nay phan tich thoi quen mua sam cua khach hang bang céach tim ra su
két hop gitra cac danh muc khac nhau tir trong gié hang cua ho. Viéc kham pha
ra nhitng su két hop nay gidp ich cho cac nha ban 1é ma rong phan phdi san
pham bai ho thiu hiéu duoc nhiing lgi nhuan c6 duoc tir nhitng danh muc duoc

khach hang mua thudng xuyén. Cho mét vi du thyuc tién hon, néu khéch hang
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mua sita, kha ning ho mua banh mi trén cting mét lan di siéu thi la nhu thé nao?
Nhitng théng tin nay sé€ gilp cho cac nha ban I¢ tang doanh thu va gitp ho
Lwa chon ké hoach tiép thi va trung bay san pham.
Két qua phan tich gio hang co thé gilp ban 18n ké hoach tiép thi, chién luoc
quang cdo, trung bay san pham hay 1ap danh muc ban hang giam gia ... Vi du,
két qua phan tich cho thdy néu khach hang mua mot may vi tinh thi ¢é thé mua
kém phan mém diét vi rat. Tir d6, ban s& ¢ ké hoach trung bay san pham hop ly
hon (Théng tin vé may tinh duoc hién thi kém theo phan mém diét vi rat dugc
khuyén khich mua).
Tir phan tich gié hang ban ciing ¢6 thé tim ra mot s6 quy tic hay luat két hop c6
ich. Vi dy, théng tin khach hang mua may vi tinh va ciing mua phan mém diét vi
rt da dua ra luat két hop nhu sau:

Computer = antivirus_software [support = 2%, confidence = 60%]
Do hd tro (support) va do tin cay (confidence) cua luat 13 hai do do dugc quan
tam nhat. Luat c6 support = 2%, nghia 1a s lan giao dich ma may vi tinh va
phan mém diét vi rat dugc mua cing nhau chiém 2% trong tong sé cac giao
dich; confidence=60%, nghia la c6 60% khach hang mua may vi tinh thi cling s¢€
mua phan mém diét vi rut.
Luat két hop duoc quan tdm néu né théa man ca hai ngudng d6 hd tro nho nhat
(minimum support threshold) va d6 tin cay nho nhat (minimum confidence
threshold).



6

1.1.2 Cac budc chinh cia qua trinh khai thac dir liéu [12]

Cleansing Pre- . ’
processmng _ I Knowledge

l Envalution of

Data Mining

Transformati

FPattern

1 '.'
Selection |
: 15 CDVEI}F
. Transfn:urmed
} } Data

‘ Cleansed
Target d

Drata

F‘rep:urn:uc:ESSEIr

Hinh 1.1: Qua trinh khai thac tri thic
- Gom dir li¢u (Gathering): Tap hop dir lidu 12 bude dau tién trong qua trinh khai phé
dir liéu. Pay 1a budc duoc khai thac trong mot co so dir liéu, mot kho dir liéu va tham

chi céc dir liéu tir cac ngudn tng dung Web.

- Trich chon dir liéu (data selection): O giai doan nay dit liéu duoc lya chon hoic
phan chia theo mot sé tidu chuan nao do, vi du chon tat ca nhimg nguoi ¢6 tudi doi tir
25 — 35 va c¢0 trinh d0 dai hoc.

- Tién xir ly dir liéu (data preprocessing): Giai doan thir ba nay 1 giai doan hay bi sao
lang, nhung thuc té n6 1a mot budc rat quan trong trong qué trinh khai pha dir lidu.
Mot s6 161 thudng mic phai trong khi gom dit liéu 1a tinh khong du chit chg, logic. Vi
vay, dit liéu thuong chira cac gia tri vo nghia va khong c6 kha niang két nbi dir licu.
Giai doan nay s& tién hanh xu 1y nhitng dang dit liéu khong chit ch& néi trén. Nhimng

dir liéu dang nay dugc xem nhu thong tin du thira, khong co6 gia tri. Bdi vy, day la mot
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qua trinh rat quan trong vi dit li¢u nay néu khong duogc “lam sach - tién xir 1y - chuan bi

treée” thi s& gay nén nhirng két qua sai 1éch nghiém trong

- Bién ddi dir liéu (data transformation): Tiép theo 1a giai doan chuyén dbi dir liu, di
licu dua ra co6 thé sir dung va diéu khién duoc bai viéc to chuc lai nd. Dir lidu da duoc

chuyén d6i pht hop véi muc dich khai thac

- Khai thac dir li¢u (data mining): Pay la budéc mang tinh tu duy trong khai pha dir
liu. O giai doan nay nhiéu thuat toan khac nhau da duoc st dung dé trich ra cac mau
tir dir liéu. Thuat toan thuong dung Ia nguyén tic phan loai, nguyén tic két hop hodc

cac md hinh dit liéu tuan tu, ...

- Panh gia va biéu dién tri thirc (knowledge representation & evaluation): Day la giai
doan cudi trong qué trinh khai pha di liéu. O giai doan nay, cac mau dir liéu duoc chiét
Xuat ra boi phan mém khai phé dir liéu. Khong phai bat cir mau dir liéu nao ciing déu
hitu ich, d6i khi né con bi sai léch. Vi vay, can phai uu tién nhitng tiéu chuan danh gia

dé chiét xuat ra cac tri thirc (Knowledge).

Trén day la 6 giai doan trong qud trinh khai pha di li¢u, trong d6 giai doan 5 la giai

doan dugc quan tdm nhiéu nhat, d6 1a khai phé dit liéu.
1.1.3 Cac dang dir liéu c6 thé khai thac dwoc [12]
- Co so dir liéu quan hé (relational databases)
- Co s6 dit liéu da chiéu (multidimention databases)
- Co so dir liéu giao tac (transactional databases)
- Co so dir liéu quan hé - hudng ddi tugng (object relation databases)
- Dit liéu khong gian va dit liéu chudi theo thoi gian (spatial and time-series data)

- Co so dir ligu da phuong tién (multimedia databases)
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1.1.4 Hwéng tiép cin va cac ky thuat trong khai thac dir
liéu [12]

- Phan 1ép va dw doan (Classification & prediction): 1a qué trinh xép mot ddi twong
vao mét trong nhitng l6p da biét trude. Vi du nhu: phan 16p cac bénh nhan theo dix liéu
hd so bénh an, phan 16p loai cudc hoic loai dich vu st dung duwa trén sé may bi goi cua
cudc goi, phan 16p gid cao diém, thip diém dua trén luu lugng giao thdng hang ngay,
phan 16p ving dia ly theo thoi tiét... DS v6i hudng tiép can nay thuong st dung mot
s6 k¥ thuat cia hoc may nhu cdy quyét dinh (decision tree), mang noron nhan tao
(neural network), hay con duoc goi 1a hoc c6 gidm sat — hoc c6 Thay (supervised

learning).

- Luat két hop (association rules): la dang luat biéu dién tri thicc ¢ dang twong d6i don
gian. Vi du: 85% sinh vién dang ky hoc mdn Ky thuat Iap trinh thi c6 téi 65% trong s6
ho dang ky hoc mén Co s¢ dir liéu, hay c6 60% khéach hang goi dién thoai lién tinh thi
85% ho goi noi tinh... Luat két hop dugc tng dung nhiéu trong linh vuc kinh doanh, y

hoc, tin sinh hoc, gido duc, vién thong, tai chinh,. ..

- Khai thac miu tuan tw/ chudi thei gian (sequential/temporal patterns): Ciing twong
tu nhu khai pha di liéu bang luat két hop nhung cé thém tinh thir ty va tinh thoi gian.
Mot luat mé ta mau tuan tu ¢ dang tiéu biéu X > Y, phan anh su xuét hién caa bién
cd X s& dan dén viéc xuat hién bién ¢6 Y. Hudng tiép can nay duoc ung dung nhiéu

trong linh vuc tai chinh va thi truong ching khodn baéi ching co tinh du béo cao.

- Phan cum (clustering/segmentation): Sap xép cac ddi tuong theo ting cum dir liéu ty
nhién, tic 1a sé lugng va tén cum chua dugc biét truéc. Cac ddi twong duge gom cum
sao cho muc do twong tu gitra cac d6i twong trong ciing mot cum 12 16n nhat, va muc
d6 twong tu gitra cac d6i twong nam trong cac cum khéc nhau 1a nho nhat. Lép bai toan

nay con duoc goi 1a hoc khong giam sét - hoc khdng thay (unsupervised learning)
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- M6 ta khai niém (concept description & summarization): Lép bai toan nay thién vé

mo ta, tong hop va tom tat khai niém (Vi du: tém tit vin ban).

- Phan ving phan cép (the hierarchical partitioning approach): 1a khai thac tap phd
bién trong nhitng co s dix liéu 16N, dya trén mot cau trdc dir liéu méi goi 1a danh sach
mau phd bién. Phuwong phap nay phan vung khdng gian tim kiém va khéng gian giai
phap va do d6 chia co s¢ dir liéu thanh moét tap cac co so dir liéu con ¢ kich thudc co
thé quan ly dugc.[14]

1.1.5 Phén loai cac hé thong khai thac dir liéu[3]
- Phan loai dya trén kiéu dix lidu duoc khai thac: CSDL quan hé, CSDL giao tac, CSDL

huéng dbi tuong, ...

- Phan loai dya trén dang tri thirc dugc kham phé: tom tat va mo ta, luat két hop, phan

I6p, phan cum,...

- Phén loai dua trén linh vuc dugc ap dung: thuong mai, tai chinh, y hoc...

- Phan loai dya trén ki thuat dugc ap dung: phan tich truc tuyén, may hoc
1.1.6 Ung dung ciia khai thac dir liéu[3]

- Tai chinh va thi truong chirng khodn.

- Phan tich dit liéu va hd tro ra quyét dinh
- biéu tri y hoc va cham soc y té

- San xuat va ché bién

- Text mining & Web mining

- Linh vuc khoa hoc

- Mang vién thong

- B4o hiém...
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1.2 Co S¢ Dir Liéu Kich Thudc Lén.

Véi su tién bo cia céng nghé thdng tin va su pho bién cua Internet thi dit liéu
duoc tao ra va thu thap lai da gia ting dang ké. Su bung né dix liéu da dan dén mot nhu
cau cap thiét cho cac cdng nghé va céac cdng cu c6 thé chuyén ddi di liéu thanh thong
tin va kién thtc bo ich. Mot trong nhirng céng nghé hiéu qua nhat 1 khai thac dir liéu,
d6 1a cong nghé dung dé lay ra cdc mau cé ich hay tri thirc tir s6 lwong 16n cac di
lisu[7]

Theo [5], Nam 2009 MOT VI-RUT CUM méi duoc phat hién. Két hop cac yéu
t6 cua cac vi_rat gy cim ga, chung loai méi nay, duoc goi 1a HIN1, da lay lan nhanh
chéng. Trong vai tuan, cac co sd y té khap thé gisi lo so mot dai dich khung kiép xay
ra. Hy vong duy nhat cta co quan y té 1a giam muc 1ay lan. Nhung dé lam diéu do, ho

can biét bénh lay lan téi dau.

Google c6 thé dat duoc diéu nay bang cach xem xét nhitng gi ngudi st dung
trén Internet. Boi Google nhan dugc hon 3 ty cau hoi tim kiém mdi ngay va luu giir tat
ca ching, nén nd ¢ vo s dir lieu dé phan tich. Phan mén cua ho tim thay su két hop
cua 45 diéu kién tim kiém ma khi sir dung cung véi md hinh toan hoc, c6 mot méi
tuong quan manh mé gitta phong doan cua ho va cac s liéu chinh thuc trén toan quoc.
Do vay, hé théng cua Google da chi bao ¢6 ich hon va nhanh hon, bang céch xay dung
trén “dit liéu 16n” kha niang cua xa hoi khai thac thong tin theo nhitng cach thac méi dé

dua ra nhiing kién thirc hitu ich hay nhitng san pham va dich vu c6 gia tri dang ké.

Mot vi du khéc 1a di 4n mang tén Farecast ctia Oren Etzioni. Bang cach du bao
gia cia mot vé may bay c6 thé ting hodc giam, va ting hodc giam bao nhiéu. Farecast
xtr ly gan 200ty ban ghi gia vé may bay dé dua ra cac du bao cua nd. Microsoft dd mua
lai va tich hop vao céng cu tim kiém Bing, nim 2012 hé thdng dd khuyén céo ding

75% va tiét kiém trung binh 50$ cho mdi vé.
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Véi thong tin, cling nhu véi vat Iy, kich thudc 12 quan trong. Do d6, Google c6 thé 1am
diéu nay bang cach két hop hang tram ty tir khda tim kiém va né cé thé dua ra cau tra
|61 gan nhu trong thoi gian thuc, nhanh hon nhiéu cac nguén chinh thirc. Twong tu nhu
vay, Farecast cua Oren Etzioni c6 thé du doan su bién dong gia cia mot chiéc vé may
bay va do d6 chuyén quyén luc kinh té dang ké vao tay ngudi tiéu dung. Nhung ca hai

déu 1am tét nhu vay bang cach phén tich hang tram ty diém di liéu.

Hai vi du trén cho thay tam quan trong vé khoa hoc va xa hoi cua di liéu 16n
cling nhu murc d6 ma dix liéu 16n c6 thé tré thanh moét ngudn gia tri kinh té. Ching
danh dau hai cach thiic ma thé gigi dir liéu da san sang dé cai to tat ca moi thu, tir cac
doanh nghiép va cac nganh khoa hoc téi cham séc stirc khoe, chinh phu, giao duc, kinh

té, nhan van, va moi khia canh khac caa xa hoi.

Pé danh gia muc d6 cudc cach mang thong tin da tién trién toi dau, ta hay xem xét cac
xu hudng xuyén sudt caa cac linh virc cua xa hoi. Nhu trong thién van hoc, Tram quan
sat bau troi bang ky thuat s6 Sloan- SDSS (Sloan Digital Sky Survey) ¢ New Mexico,
dén nam 2010 luu trit cua tram da bat ngan voi con s6 khong 16 140 tera (10 mil 12)
byte thong tin. Dy kién nam 2016 kinh thién vin Large Synoptic Survey- LSST & Chile
ctr mdi nim ngay sé thu thap duoc lwong dit liéu twong duwong nhu thé. Trong Y hoc,
khi céc nha khoa hoc lan dau gia ma gen ngudi vao nam 2003, ho da mat toi mot thap
ky lam viéc miét mai dé xac dinh trinh tu cho ba ty cip co s¢. Bay gio, sau mot thap Ky
mot thiét bi don 1¢ ciing ¢ thé xac dinh trinh ty cho s6 lugng DNA nhu vay chi trong
mét ngay. Trong nganh tai chinh, khoang 7 ty c6 phiéu dugc ban mdi ngay trén cac thi
truong chung khoan My, trong sé d6 hai phan ba duoc giao dich bang cac thuat toan
may tinh dua trén md hinh toan hoc xtr Iy hang ndi dit liéu dé du doan lgi nhuan trong
khi c6 gang giam thiéu rai ro. Con trong Internet dic biét bi tran ngap. Google xir ly
hon 24 peta (10 mii 15) byte dir liéu mdi ngay. Mot nghién ciru toan dién caa Martin
Hilbert (Truong truyén théng va Bao tri Annenberg thudc Bia hoc Nam Califonia) thi
c6 hon 300 exa (10 mii 18) byte dir lidu luu trit d3 ton tai vao ndm 2007 (mdt exa byte

la 1 ty giga byte). Facebook nhap hon 10 triéu anh méi dugc tai Ién mdi gio, cac thanh
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vién Facebook nhap nat “like” hodc gui loi binh gan ba ty 1an mdi ngay. Trong khi d6
800 triéu ngudi st dung dich vy Youtube cia Google tai 1én hon mét gio video moi
gidy. Thanh vién caa mang Twitter ting khoan 200% mdi nim va dén nam 2012 di co

hon 400 triéu tweet mdi ngay.

Tur khoa hoc téi y té, tir ngan hang téi Internet, cac linh vuc cd thé khac nhau,
nhung ciing nhau, chung déu c6 cling mot cau chuyén tuong tu: sé lwong dir liéu trong
thé giéi ting rat nhanh, vuot sitc khdng chi nhiing chiéc may tinh ma ca tri tuong

tuong cua ching ta.

Nhu vay dit liéu [6n danh ddu mot bude quan trong trong viéc tim kiém cua con
ngudi vé dinh luong va hiéu thé gisi; mot wu thé caa nhitng thi chua bao gior do luong,
luu trir, phén tich va chia sé truéc khi dir liéu hda. Viéc khai thac Iwong lon dir liéu
thay vi chi mot phan nho, va viéc dac quyén véi nhiéu di liéu vai nhiéu dit lidu co do
chinh xac thap hon, s& mé ra canh ctra téi nhitng cach hiéu biét mai. N6 dan x4 hoi toi
viéc tir b6 wu tién 1au doi cho nhan qua va trong nhiéu truong hop thu dugc céc loi ich

ctia mdi tuong lién.
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CHUONG 2 KHAI PHA TAP PHO BIEN

2.1 Phwong phap tim tip pho bién
1. Pinh nghia d$ phé bién:[2]

Cho CSDL giao dich D va tap dix liéu X < L Do phd bién cua X trong D, ki

hiéu o (X), dugc dinh nghia 14 sé giao dich ma X xuit hién trong D.
2. Pinh nghia tap pho bién:

Tap X < | duoc goi 1a pho bién néu o(X) > minSup (v&i minSup 1a gia tri do

nguoi dung chi dinh).
M@t s6 tinh chat:[2]

1. Moi tap con cua tap pho bién déu pho bién, nghia 1a VX < VY, néu o(Y) >
minSup thi (X) > minSup

2. Moi tap cha cua tap khéng pho bién déu khong phé bién, nghia 1a VY o X,
néu o(X) < minSup thi o(Y) < minSup
2.2 Thuat toan Apriori

Input:
D, tap hop cac giao dich

min_sup, do hé tro nhé nhat

Output: L, tap phd bién trong D
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MO ta:

Budc 1: Vi i =1, dém sb support cho mdi tap C; gém mot phan tir (i- item) va xem

chung nhu 1a mét Large Itemset, L;. Va minimum Support cua chdng chinh [a min_sup

Budgc 2: V6i tap Large Item, L, bd sung vao mét item va tao thanh mot tap phé bién co
i+1 phan tir ((i+1)-itemset), Ci1, tp ndy con goi 1a tap tng vién (Candidate Itemset)
va mdi phan tu i-itemset phai thuoc L;. Bém sé Support cho mdi phan tir cua tap Ciyg.
Tao ra tap Large Item Li.q, V6i mdi phan tir 1a mét ung vién thuoc tap Ciy, va thoa

min_sup.

Buéc 3: Lap lai Budc 2, dé tao ra cac tap Large Item mai. Thuat toan durng khi khéng

tao duoc tap Large Item nao nira.

Vidu: Giasuatap cacitem Il ={a, c, d, t,w} vaco so dit liéu giao dich: D = {<1, {a,
c, t,w}> <2{c,d, w}> <3 {act w} <4 {ac d wt} 5{acdt w}> <6, {c,
d, t}>}

Vi minsup = 0.5 (tic twong duong 3 giao dich). Khi thuc hién thuat todn Apriori trén

ta co:

Bang 2.1: Co sé dit liéu mau

Ma giao dich Noi dung giao dich
T1 ACTW
T2 C,.DW
T3 ACTW
T4 A,C,.D,W
TS5 ACD,TW
T6 CDT




15

Co'si ditligu D L1 Q2 12
o | Niidung danh | dg phé danh |dg phé danh |9 phé
giao dich muc | bién muc | bién muc | bién

Il | 4CTW 4| 4 AC | 4 AC | 4
2| CDW | qétesdD | C | 6 [kétnoill&Ll 4D | 2 AT | 3
3| ACTY |comms) D | 4 (w47 | 5 |quéitesdlD| 4T | 4
T4 | ACDW ubportzminst) T | 4 logibg | AW | 4 |we—— (D | 4
I3 |ACDTW W | 5 |subport<minsug CD | 4 T | 4
I6 | ¢DT (T | 4 a3

| 3 D | 3

(r| 2 I | 3

DW | 3

| 3

ketnoifl loaibo
L2&L2|f subport<minsub
14 C4 L3 3
danh | @9 pho danh | @ pho danh |9 pho danh |d9 pho
muc | biéen | quétesdD | muc | bién [KtnGil3&L3 muc | bien myc | bién
ACT
Pl _ACTW 3 — Ar| 3 AT 3
loai bo subport<minsup| ACW | 4 | quetcesdlD |ACW | 4
subport<ainsub ATy |y | e
| 3 ow| 3
Cw| 3 CIw| 3

Hinh 2.1: Minh hog thugt toan Apriori tim tép muc phé bién
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2.3 Phuong phap dua trén cay FP-Tree
2.3.1 Cau triic cAy FP-Tree [4], [6]

Céu trac FP-Tree (Frequent Pattern tree) duoc gidi thiéu dau tién boi cac tac gia
J.Han, J.Pei va Y.Yin trong bai bao [6] di khic phuc dugc diém cua thuit toan Apriori

13 phai phat sinh va kiém tra mot lvgng 10n cac tng vién.

Céu triic FP-tree dugc ding dé to chirc lai CSDL cho thuan loi hon trong qua trinh tim
tap phd bién, ddng thoi cac thong tin dwgc nén trong cdy FP-tree voi ti 18 twong ddi

cao. Nhitng thuén lg1 do6 la:

Nhitng danh muc khong da do phf) bién dugce loai ngay tu dau, vi vay viéc tim tap phé
bién chi thao tac trén mot sb lugng danh muc nhé hon nhiéu so vé&i toan bod cac danh

muc.

Nhiéu giao dich s& dugc nén trong cdy FP-tree va viéc nay giup giam bét kha nhiéu

thao tac trong qua trinh xac dinh d6 pho bién cua tap danh muc.

Céu trac FP-tree cho phép thuc hién tim kiém theo chiéu sau va ap dung mé hinh chia

de tri kha hiéu qua.
Cay FP-tree 1a cau truc cay voi mot so dac diém nhu sau:

C6 mot nut cha dugc danh nhan NULL, nhitng ntt con ndi v6i nat cha 1a nhitng thanh
phan chung ctia nhiéu giao dich duoc nén lai v6i nhau (item prefix subtree), bén canh

cling c6 mot mang cac danh muc don phd bién (frequent-item header table).

M&i nut trong item prefix subtree ¢ ba trudng dit liéu: md danh muc, sb tich liy va
con tro lién két. Ma danh myc twong ing danh myc ma nut nay dai dién, so tich liy 1a
s6 giao dich c6 chtra chung phan danh muyc nay, con tré lién két dung dé lién két 2 nit
dai dién chung mdt ma danh muc & hai item prefix subtree khac nhau. Gia tri con tro

lién két mang gia tri rong khi 1a nat cudi cung trong chudi lién két.
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M&i phan tir trong frequent-item header table gém 2 trudng: ma danh muc va con trd
lién két dén dau nat caa chudi lién két cac nut cung dai dién chung cho mot muc danh

muc.
2.3.2 Xay dung cay FP-tree
Thuat toan tao ciy FP-tree [4], [6]:

Duy¢ét toan b CSDL va xac dinh thtr ty cua cac danh muc gidm dan theo do phé
bién va duoc dua vio trong f-list. Dya vao ngudng phd bién ngudi ding dua vio sé& xac
dinh nhitng danh muc nao duoc tao trong FP-tree va sip xép cac danh myc trong ting
giao dich theo thr tir trong f-list. Sau d6 tao cdy FP-tree bang cach lan luot xét timg
giao dich trong CSDL d3 dugc sap xép va loai bé nhitng danh muc khong dat ngudng
pho bién.

Ham createFPtree()

INPUT: CSDL va ngudéng phé bién min_sup
OUTPUT: cdu tric dit liéu FP-tree ciia CSDL.
Cac budc thue hién:

Buwdc 1: Duyét toan bd CSDL va tinh d6 phé bién cua tirng danh muc. Sau d6 xac dinh
nhimg danh muyc c6 d6 phd bién hon ngudng phd bién minSup va sip xép giam dan

theo d6 pho bién trong f-list.
Buwdc 2: Tao cay FPtree chi c6 mot nut géc duogc gan nhan “null”, ky hiéu Root

Buée 3: Vi mdi giao dich trong CSDL thyc hién chon va sip xép nhitng danh muyc

pho bién theo thir ty trong f-list.
- Giao dich dang xét duoc ky hiéu 1a [p/rlist] gdm 2 phan:

p 14 phan danh muc dau tién
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rlist 1a phan danh muc con lai bén phai cia giao dich
(khéng ké nhitng danh muc khéng théa ngueong phé bién).
- Goi ham insert_tree([p / rlist], root)
Ham insert_tree(List:[p/rlist], Node)
Cac bwéc thyc hién:

Buwéc 1: - So sanh p véi cac nat con cua Node (child), néu nhan cua p tring véi nhan
cia ndt con (p.item-name = childe.item-name) thi ting chi s6 dém cua cac nat con
thém 1.

- Néu p khéc nhan cac nat con, hoic nit con rdng thi tao mot nit con méi, khoi

tao chi s6 dém 14 1, tao lién két vai nGt trong cay c6 cuing nhan.
Buwéc 2: Néu rlist chua rong thi goi ham insert_tree (rlist, child).
Vi du minh hoa xay dwung cay FP-tree:

Qua trinh xay dung cay FP-tree sé dugc thuc hién qua vi du xay dung cay tuong (rng

v6i CSDL mau & bang 2.1 dé tim tap pho bién théa ngudng minSup=2
Tim cac danh muc don phé bién

Quét CSDL tinh do pho bién cua tirng danh muc va sap xép giam dan trong mang céac
danh muc don phé bién f-list, xac dinh nhitng danh muc c6 do phé bién khéng nho hon

minSup s€ duoc tao trong FP-tree:
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Bang 2.2: Mang thtr ty danh myc don pho bién f-list

Ma danh . Con tro lién
STT Do pho bién .

muc ket
1 C 6 Null
2 W 5 Null
3 A 4 Null
4 D 4 Null
5 T 4 Null

Sdp xép thar tw cac danh muc trong tieng giao dich theo thaz tur trong f-list:

Quét CSDL lan 2, véi mdi giao dich chon va sap lai thir tu cac danh muc theo thu tu

trong bang 2.1 Ta c6 CSDL sau khi sap xép nhu sau:

Bang 2.3: CSDL sau khi sap xép theo thtr tu trong f-list

_ Noi dung giao Noi dung giao dich sau khi

Ma giao dich ., _
dich sap xep theo thir tw moi

T1 ACTW CWA,T

T2 C,D,w C,W,D

T3 ACTW CWAT

T4 A,C.D,W CW,AD

TS ACD,TW CWAD,T

T6 CD,T CD,T
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Cay FP-tree khi mgi khoi tao:

-l ol » =l o
A B DB O] O
o o o o o

Hinh 2.2: Cay FP-tree mgi khai tao

Cay FP-tree sau khi doc giao dich 1: CWAT

-l ol » =l o
N B~ D O] O

Hinh 2.3: Cay FP- tree sau khi doc giao dich CWAT
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Cay FP-tree sau khi doc giao dich 2: CWD

=l ol > =l o
B B~ D O] O

Hinh 2.4: Cay FP-tree sau khi doc giao dich CWD
Cay FP-tree sau khi doc giao dich 3: CWAT

-l o » =l o
BN B~ D O] O

Hinh 2.5: Cay FP-tree sau khi doc giao dich CWAT
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Cay FP-tree sau khi doc giao dich 4: CWAD

- ol » =l o
B~ B DB O] O

-l ol > =| o
N B~ D O] O

Hinh 2.7: Cay FP-tree sau khi doc giao dich CWADT
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Sau khi doc giao dich cusi cing CDT ta c6 cAy FP-tree ing véi minSup=2:

=l ol > =l o
BN B~ D O] O

Hinh 2.8: Cay FP-tree toan cuc
2.3.3 Phép chiéu trén ciy FP-tree

Sau khi xay dung cau tric FP-tree cho toan bo CSDL chi gdm nhitng danh muc don
thoa ngudng pho bién, ching ta phai duyét cay dé tim ra nhitng tap phd bién thoa
minSup. Hiéu qua cta qua trinh khai thac phu thugc vao nhiéu phuong phap duyét.

Phuong phap duyét phai théa nhitng yéu cau:
e Pam bao két qua tap pho bién 1a day du
e K&t qua cac tap pho bién khong bi tring lap
e Nhiing tap pho bién tao ra thoa ngudng minSup.

Dé duyét cay FP-tree, ta co thé sir dung mét trong 2 phép chiéu dudi day:



24

Phép chiéu tir duéi 1én:

Dua trén tha tu cua f-list, chon danh muc hat giéng bat dau tir danh muc c6 do phd

bién nhé nhat thoa minSup cho dén danh muc c6 d6 phd bién 16n nhat.

Trén cay FP-tree, duyét tir nhitng nGt chira danh muc hat giéng tién dan dén nat gbc dé

xay dung f-list cuc bo va FP-tree cuc bo caa danh muc hat giéng.
Néu duyét hét danh muc trong f-list thi quay lui mot budc va thuc hién tiép.
Phép chiéu tir trén xudng:

Dua trén tha tu cua f-list, chon danh muc hat giéng bat dau tir danh muc c6 d6 phd

bién 16n nhit cho dén danh muc c6 d6 phé bién nho nhat thoa minSup.

Trén cay FP-tree, duyét tir ndt chira danh muc hat giong tién dan xudng nut 14 cay va
xay dung f-list cuc bo cua danh muc hat giéng. Ghi nhan vi tri cua ndt con truc tiép cua

nhitng nit chira danh muc hat gidng trong f-list cuc bo.
Néu f-list cuc bo khdng con danh muc nao thi quay lui mot budce va thyc hién tiép.

2.3.4 Tim cac tip pho bién véi thuit toan FP-growth

Trong bai bao [6] cac tac gia di gisi thiéu thuat toan FP-growth dé duyét cay FP-tree
kha hiéu qua. Thuat toan Fp-growth duyét cdy bang phép chiéu tir dudi 1én theo

phuong phap duyét theo chiéu sau va dya trén mé hinh chia dé tri.

Thudt toan FP-qrowth:

Ham gen-Freqltemset()
INPUT: CSDL cac giao dich va ngudng phé bién minSup

OUTPUT: Tap céc tap pho bién Fi théa ngudng phd bién minSup
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Cac buoc thuc hién:

Buwoc 1: Treey= createFPtree ( CSDL, minSup)
Buwéc 2: FP-growth ( Treeg, null, minSup )

Ham FP-growth (Fp-tree, prefix, minSup)

Cac bwéc thgc hién:

Buwéc 1: Néu FP-tree chi c6 mot duong don P thi chi can tao ra nhitng tap phd bién két
hop gitra prefix va cac té hop cia nhitng danh muc trong P va do pho bién bang véi gia
trj tich liiy nho nhat cua nhirng nat tham gia vao t6 hop. Sau khi phét sinh xong thi két

thuc ham.

Buwéc 2: Nguoc lai, lan luot xét ting phan tir a trong f-list caa FP-tree va phat sinh tap

pho bién (prefix U a) co do phd bién bang sup(a).

Bwéc 2.1: Duyét cay FP-tree tir chudi cac nit dai dién cho danh muc a, bat dau bang
con tro lién két cua phan tir a trong f-list va hudng 1én nat goc. Sau khi duyét xong ta
c6 dugc CSDL cac giao dich chiéu trén tap danh muc (prefix U a) , ky hiéu la : CSDL

(prefix va,

Buoc 2.2: Tree {prerix u ay= CreateFPtree (CSDL yyrefixuap, MINSUP)
Buéc 2.3: NEu Tree grefix Ly = @ thi goi ham:

FP-growth ( Treegprerixuay, (Prefix L a), minSup)

Vi du minh hea thugt toan FP-growth:

Thuc hién thuat toan FP-growth dé tim cac tap pho bién trong CSDL mau & bang 2.1

v6i ngudng pho bién minSup=2. Sau khi tao duoc Treey, goi ham:

FP-growth (Treeg, null, minSup)
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4 o » g o
N B b~ Ol O

Hinh 2.9: Cay Tree,

Vi Treey khong phai dudng don, nén xét danh muc (T) trong F-list va phét sinh tap pho
bién (T: 4). Sau d6 chiéu trén Treey dé tao CSDL ¢y,

Chiéu trén tap danh muc (T:4)
Co so dir liéu cuc bo cua cac giao dich chia tap danh muc {T}

Bang 2.4: Noi dung CSDL{T}

Noi dung con lai caa cac | Gia tri tich
giao dich c6 chwa tap | lay

danh muc {T}
C,W,A 2
C,W,A D 1
CD 1
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Tao cay FP-tree cyc bo tuong (tng v6i CSDL 1y

———
p—
—
—_ —
—_—— —
p—
—_—
—
—_——

C |4 |@

W |3 |[@&9——____

A |3 |e

D |2 |e_ T~
\\ ~

Hinh 2.10: Tree{T} cuc b twong ving véi CSDL{T}
Vi Treegn = & nén goi d¢ quy chiéu sau ham FP-growth (Treegry, (T), minSup)

Vi Treem, khong phdi dwong don, nén xét danh muc (D) trong f-list va phat sinh tgp
phé bién (TD: 2)

Chiéu trén tap danh muc (TD: 2)

Co s¢ dir liéu cuc bo cua cac giao dich chia tap danh muc {T, D}

Bang 2.5: Noi dung CSDL{TD}

Noi dung con lai caa cac | Gid tri tich
tap giao dich c6é chira tap | liy

danh muc {T, D}

C 1

C,W,A 1
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Tao cay FP-tree cuc bo tuong ung véi CSDL grpy. @
G <>
T >

Hinh 2.11: Tree{TD} cuc bo twong ving voi CSDL{TD}

Vi Treegrpy # & nén goi dé quy ham FP-growth (Tree ¢rpy, (TD) , minSup)
Vi Treegrpy 1a duong don nén phat sinh tap phé bién (TDC : 2)

Quay tré lai véi Treeg, xét tiép danh muc (A) trong f-list ciia Tree{T} va phat
sinh tap pho bién (TA:3)

Chiéu tdp danh muc (TA: 3):

Co so dir liéu cuc b cua cac giao dich cé chaa tap danh muc {T,A}

Bang 2.6: Noi dung CSDL{TA}

Noi dung con lai cida cac | Gia tri tich

giao dich cé chwa tap | lay

danh muc {T, A}
C,W

3
Tao cay FP-Tree cuc bo twong tng Vi CSDL gray. @

Hinh 2.12: Tree{TA} cuc b¢ twong ing CSDL{TA}
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Goi ham d¢ quy FP-growth (Tree (15 , minSup va phat sink dwoc cac tdp pho bién
(TAC :3) ; (TAW : 3); (TACW :3)

Quay tré lai véi Treeg xét tiép danh muc (W) trong f-list cia Tree{T} va phat
sinh tap phé bién (TW :3)

Chiéu trén tap danh muc (TW:3):

Co so dir liéu cuc b cua cac giao dich cé chira tap danh muc {T, W}

Bang 2.7: Noi dung CSDL{TW}

Noi dung con lai caa cac | Gid tri tich

giao dich c6 chwa tap | liy

danh muc {T, W}
C 3

Tao cay FP-Tree cuc b twong ung véi CSDL .

Hinh 2.13: Tree{TW} cuc bé fuong iing véi CSDL{TW}
Goi ham d¢ quy FP-growth (Treegwy, (TW), minSup) va phat sinh dwoC Cac tap pho
bién (TWC : 3)

Quay tré lai véi Treer; xét tiép danh muc (C) trong f-list cia Treegr; va phat sinh
tap phé bién ( TC :4)

Chiéu trén tap danh muc (TC :4)
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CSDL{TC}: @ dan dén Tree{TC} =

Quay tré lai véi Treey xét tiép danh muc (D) trong f-list cia Tree, va phat sinh
tap phé bién (D: 4)

Chiéu trén tap danh muc (D :4):

Ta ¢6 co so dir liéu cuc bo cua cac giao dich co6 chaa tap danh muc {D}

Bang 2.8: Noi dung CSDL{D}

Noi dung con lai ciaa cac | Gia tri tich liy
giao dich c6 chwra tap danh
muc { D}
C,W, A 2
C,W 1
C 1
Tao cy FP-tree cuc bo twong tng véi CSDL ;. @
cC [4 [e-}———---—-"""""7"77 C:4

Hinh 2.14: Tree{D} cuc b¢ tuwong ving voi CSDL{D}
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Goi ham dé quy FP-growth ( Treey, (D) , minSup) va phat sinh dwec cac tap phé
bién : (DA :2) ; (DW :3) ; (DC :4) ; (DAW :2) ; (DAC :2) ; (DWC :3) ; (DAWC :2)

Quay tré lai véi Treey xét tiép danh muc (A) trong f-list ciia Tree0 va phat sinh

tap phé bién (A:4) :

Chiéu trén tap danh muc ( A:4):

Ta c6 co so dir liéu cuc bo cua cac giao dich co chira tap danh muc {A}

Bang 2.9: Noi dung CSDL{A}

Noi dung con lai caa
cac giao dich c6 chira
tap danh muc {A}

Gia tri tich liy

C,W

Tao cay FP-tree cuc bo twong tng v6i CSDLay Q
Root

@D

—~
-~
-~
-
-
-
-~
-~
-
-
-
=~ -
-~

Hinh 2.15: Tree{A} cuc bo tuong 1ung voi CSDL{A}

Goi ham d¢é quy FP-growth (Tree (a3, (A) , minSup) va phat sinh dwec cac tap pho

bién: (AW : 4) ; (AC :4) ; (AWC :4)
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Quay tré lai véi Treey xét tiép danh muc (W) trong f-list cia Tree0 va phat sinh
tap phé bién (W :5)

Chiéu trén tdp danh muc (W :5):

Ta c6 co so dir liéu cuc bo cua cac giao dich co chaa tap danh muc {W}

Bang 2.10: Noi dung CSDL{W}

Noi dung con lai cia cac | Gia tri tich

giao dich c6 chwa tap | liy

danh muc {W}
C 5

Tao cay FP-tree cuc b6 twong tng véi CSDL{W}: @
C 5 | @&_|

Hinh 2.16: Tree{W} cuc b¢ twong iing véi CSDL{W}
Goi dé ham quy FP-growth (Treegpy, (W), minSup) va phat sinh dwgc tap pho bién :
(W:5)

Quay tré lai voi Tree0 xét tiép danh muc (C) trong f-list ciia Tree, va phat sinh
tap phé bién ( C :6)

Chiéu trén tdp danh muc (C :6)

CSDL cuc bo cua cac giao dich c6 chura tap danh muc {C} : CSDL{C} =0
Cau trdc cay FP-tree cuc bo tuong tng véi CSDLcy : Treecy = @

Thuat toan két thuc.



33

CHUONG 3 PHUONG PHAP PHAN VUNG, PHAN CAP
TRONG KHAI PHA TAP PHO BIEN

3.1 Giéi thi¢u

Theo [14], véi su tién bo cia cong nghé thdng tin va su phd bién cua Internet thi
dit liéu duoc tao ra va thu thap lai di gia ting dang ké. Sy bung né dir liéu da dan dén
mét nhu cau cap thiét cho céc cdng nghé va cac cong cu co thé chuyén doi dir licu
thanh thong tin va kién thirc b ich. Mot trong nhitng cdng nghé hiéu qua nhat 1a khai
thac dir liéu, d6 1a cong nghé dung dé lay ra cac mau cé ich hay tri thic tir s6 luong 16n

cac dir liéu.

Nhiém vu co ban va quan trong nhat caa khai thac di liéu 1a khai thac tap pho
bién, d6 1a tap cac mat hang duoc thudng xuyén mua cing voi nhau trong mét giao
dich. Tap phé bién dai dién cho céc thudc tinh noi tai va quan trong cua CSDL giao tac
Va cung cap nén tang cho nhiéu tac vu khai thac dit liéu thiét yéu nhu sy két hop phan
tich twong quan, phan tich mau, phan loai, phan tich cum va luu trir dit liéu. Pé nang
cao hiéu qua trong khai thac tap phd bién, mot sé phuong phap méi va cau trac dix lidu
linh hoat da dwoc phat trién, chang han nhu FP-tree, danh séch mau pho bién va danh

sach mau giao dich

Tuy nhién, khi CSDL ngay cang phinh to ra, tham chi cau tric dit liéu linh hoat
s& phat trién ra khoi dung luong bo nhé thi kha nang md rong cac phuong phap khai
thac dir liéu 12 mot van dé phai duoc giai quyét. Cac phuong phap thong thudng sir
dung mot luoc d6 phan ving phang dé phan ving CSDL ban dau thanh mot tap cac
CSDL con nho hon ¢ cing cap do va sau d6 tim cac tap phd bién cuc bo trong céac
CSDL con nay. Xt ly cudi ciing 1a quét lai CSDL ban dau dé kiém tra xem cac tap phd
bién cuc b cb phai la phé bién toan cuc hay khéng. Piéu nay, tat nhién phai mat thém
thoi gian va tinh hinh s& xau di khi khai thac tap phé bién dong bai vi khdng chi tan s6

cua tap phd bién duoc tinh toan ma viéc kiém tra tap hop con ciing phai duoc thuc hién
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Trong nghién ciu nay, mot phuong phap thay thé 13 phuwong phap phin ving
thir bac duoc dé xuat dé khai thac tap pho bién trong nhitng co sé dix liéu 16n, dua trén
mét cau trdc dit lisu méi goi 1a danh sach mau phd bién FPL (Frequent Pattent List-
FPL). Phuong phap nay phan ving khong gian tim kiém va khdng gian giai phap va do
d6 chia co s& dit liéu thanh mot tap cac co sé dir lidu con co kich thuée cd thé quan ly
duoc. Két qua 1a mot céch tiép can chia dé tri ¢d thé dugc phét trién dé thyc hién nhiém
vu khai thac dix liéu mong mubn ma khdng can quét lai co s& dit liéu ban dau dé tim
giai phép cudi cing. Vi cac co so dit liéu con trong phan ving thir bac chi chua céc
mau phd bién nén viéc quét lai co so dir lieu dé kiém tra ngudng hd tro téi thiéu l1a
khong can thiét nhu trong phan ving phang. Do dé, phan ving thir bac c6 thé cai thién

téc do trong khai thac tap pho bién tir co so dit lidu lon.

Pinh nghia: (khai thac tap pho bién ) Cho I = {i1, i2, ..., in} 1a mét tap hop céc
muc. Mot tap cac muc X 1a mot tap con khéng rong cua 1. Mot CSDL giao tac DB la
mot tap cac giao dich. Méi giao dich Tx = <tid, X>, véi tid 1a mot dinh danh giao dich
duy nhat va X 1a mét tap cac muc. Mot giao dich Tx = <tid, X> chira mot tap cac muc
Y,néuY c X. Do hdtro (sb 1an xuat hién) caa mot tap cac muc Y, ky hiéu la sup (Y),
la s lwong cac giao dich c6 chtra Y. mot tap cac muc Y 1a phé bién néu do hé tro cua

n6 khong it hon d6 hd tro tbi thiéu t. Nghia 13, Y 1a pho bién néu sup(Y) >=t.

Cho mdt co s¢ dir liéu giao tac DB va mot do ho tro toi thiéu t, van dé cua viéc tim

kiém tap hoan chinh cila cic tap pho bién dugc goi 1a van dé khai thac tap pho bién.

3.2 Danh sach miu pho bién (FPL) dung dé khai thac tap pho
bién

Trong luan vin nay trinh bay ngan gon vé Danh sich mau pho bién (FPL) [9]
[11] dung dé khai thac tap phd bién. Cac FPL 1a mot danh sach tuyén tinh cac nat muc
(item node), mdi nat muc twong ing voi moét muc phd bién trong co so dit lidu. Cac
giao dich trong CSDL duoc chuyén dbi thanh chudi bit va duoc goi 13 ky hiéu giao

dich (transaction signatures), voi bit 1 dai dié€n cho sy c6 mat va bit 0 dai dién cho su
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vang mat cua cdc muc pho bién trong cac giao dich. Sau d6, cac ky hi¢u giao dich dugc

gian tdi cac nut muc tuy theo vi tri cua bit 1 cudi cung cta ching.

Mot vi du dé minh hoa cach xay dung FPL. D@ li¢u trong Bang 3.1 1a mot
CSDL ky hiéu giao dich (ky hiéu 1a DB), trong d6 c¢6 10 giao dich (tir T1 dén T10) va 6
muc riéng biét (muc f, ¢, a, b, m, p). P9 hd tro ti thiéu cho tap phé bién dugc thiét lap
la 3, c6 nghia 1a néu mot tap cac muc 1a mot tdp phd bién thi né phai xuit hién trong 3
giao dich hodc nhiéu hon trong DB. Dé thuan tién, chi c6 cic muc phé bién moi duoc
liét ké trong Bang 3.1 va ching ta thém vao chudi bit dai dién cho céc giao dich dé tao

thuan lgi cho viéc giai thich sau nay.

Bang 3.1: vi du CSDL giao tac DB

Transaction ID Frequent items Bit-string representation

f c a b m p
T1 f,c,am, p 1 1 1 0 1 1
T2 f,c,a,b,m 1 1 1 1 1 0
T3 f, b 1 0 0 1 0 0
T4 c,b,p 0 1 0 1 0 1
T5 f,c,a,m, p 1 1 1 0 1 1
T6 f,c,a,b,m, p 1 1 1 1 1 1
T7 f,c,a,b,m, p 1 1 1 1 1 1
T8 f 1 0 0 0 0 0
T9 C 0 1 0 0 0 0
T10 f,a 1 0 1 0 0 0
Item frequency 8 7 6 5 5 5

Sau d6, qua trinh xir Iy quét DB 1an thir hai. Pdi véi mdi giao dich Tx trong DB,
cac muc phd bién duoc lua chon va sip xép theo tan sb cua chung trong FPL, va mot
chudi bit, duoc goi 1a mot ky hi€u giao dich (transaction signature) dugc xay dung tur
MSB (Most Significant Bit - bit quan trong nhat) dén LSB (Least Lignificant Bit - bit it

quan trong nhat) nhu sau: duyét qua FPL theo th ty giam dan tin s cua cac muyc. Tai
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mdi nat muc, néu muc tuong Ung cia no6 chura trong Tx thi dat bit 1a 1, nguoc lai dat bit
1a 0. C6 nghia la céc bit trong ky hiéu giao dich cho thay su xuét hién hay khong xuét
hién ctia cac muc phd bién trong Tx. Ching ta giit lai cac bit tir MSB dén bit 1 cudi (bit
ngoai cung bén phai) va cat bo tat ca cac ky hiéu giao dich c6 bit cudi 1a bit 0. Sau do,
ky hi¢u giao dich Tx co bit cudi 1a 1 duoc luu trix trong nit myc cua FPL. Cac FPL

duoc xay dung tir CSDL DB dugc trinh bay trong hinh 3.1.

Item Node node 1l | node 2 | node 3 node 4 node 5 node 6
Item-name f Cc a b m P
Count 8 7 6 5 5 5

Transaction Set| T8 1 | T9 01 |T10 101|T3 1001JT2 11111} T1 111011

(transaction T4 010101
signatures) T5 111011
T6 111111
T7 111111

Hinh 3.1: Cac FPL dwoc xay dung tir DB trong Bang 3.1.

Cé4c FPL c6 mot sb tinh chét can thiét, mot tinh chat quan trong 1a tinh phan
ving co s& dir liéu. C6 nghia 1a mdi nat muc cua FPL ¢6 thé duoc coi nhu 1a mét
CSDL con cua toan bd CSDL ban dau. Bang cach nay, FPL c6 thé phan ving CSDL
thanh mot tap cac CSDL con. Vi duy, CSDL DB ban dau trong bang 3.1 duoc phan chia
bdi cac FPL trong hinh 3.1 thanh mot tap 6 CSDL con. CSDL con dau tién (nat muyc 1)
chtra giao dich T8, CSDL con thtr hai chta giao dich T9 va CSDL con cudi (nat muc
6) chtra cac giao dich T1, T4, T5, T6, T7. Ciing nhan théy rﬁng muc p chi duoc chtra
bdi cac giao dich trong nat muc 6. Vi vay, dé khai thac cac tap phd bién c6 chira muc p
thi chi can CSDL con cubi (nat muyc 6). Céc tinh chat ndy mé dudng cho viéc khai thac
tap pho bién voi FPL bang cach chia dé tri (phan ving cua phan ving), phuong phap
tiép can duya trén su lap di lap lai, d6 1 co s& dé phan ving thir bac (dwgc mé ta trong

phan sau)
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Ba hoat dong co ban - dém bit, cit tia ky hi€u va di chuyén ky hiéu - dugc thuc hi¢n
trén nat myc cudi cung cta FPL dé tim cac tdp phd bién. Viéc dém bit cho biét s6
lugng bit 1 trong cac ky hi€u giao dich dé tinh toan d6 hd trg cta cic muc. Viée cat tia
ky hiéu cit tia bit 1 cudi cung cua cac ky hiéu giao dich va sau dé cit tia cac bit 0 theo
sau. Cubi cung, viéc di doi ky hi¢u di chuyén cac ky hiéu duoc ct tia tir nat muc cudi

cung dén cac nut khac tuy theo vi tri cua bit 1 cudi cung trong ky hiéu do.

Vi céc tinh chat & trén va cac hoat dong co ban cua FPL, viéc khai thac cac tap
phd bién c6 thé dugc thuc hién lip di 1ap lai thao tic phin ving cta phan ving. Nghia
1a tir cac ky hiéu giao dich trong phan ving cudi cung (nut muyc cudi cing) ctua FPL,
ching t61 dém s6 bit 1 trén mdi vi tri bit dé tinh s6 1an xuét hién ctia muc tuong Ung.
Nhitng muc nay c6 s6 luong vuot qua ngudng hd tro tdi thicu, dugc két hop lai dé tao

ra cac tap pho bién cé chira muc cuoi cung cua FPL.

Sau d6, cac bit it quan trong nhat (LSBs) ctia cac ky hiéu giao dich nay duoc cit
tia bdi vi nhitng bit nay cho biét su c6 mat cua muc cudi cung, ma muc nay da duogc
bao gdm trong cac tip phd bién da duoc tim ra trudc d6. Cac bit 0 theo sau cia ky hiéu
da duoc cat tia cling dugc loai bo béi vi cac muc twong Gng khong co mit trong cac
giao dich nay dé tao ra cac tap phd bién. Sau d6, cac ky hiéu da duoc cit tia xong &
trén duoc chuyén qua cac phan ving khac (cac nat muyc) tiry theo vi tri ciia bit 1 it quan

trong nhat ctia chiing.

Vi tit ca cac tap phd bién co chira cac muc cudi cing da duoc tim ra nén nat
muc cudi cung co thé duoc loai bo, két qua dan dén méot FPL ngén hon. Tiép tuc trén
FPL ngin hon nay, chung t6i truy cap niit myc cudi cung (mdi) cua nd dé tim cac tap
phd bién c6 chira muc cudi cing (mdi). Qua trinh tiép tuc cho dén khi tit ca cac nut

muc ctiia FPL déu duoc truy cap.
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3.3 Phan ving thi bac véi danh sach miu pho bién

Khi CSDL cang ngay cang 16n hon, bat ky céu trac dir liéu linh hoat nio ciing
s& phat trién ra khoi dung luong bo nhd. Trong trudng hop nay, chung ta cd thé sir
dung tinh chit phan ving CSDL (nhu mé ta trong phan 3.2) ctia FPL dé phat trién céac
phuong phap tiép can phan ving tht bic nhdm khai thac cac tap pho bién trong CSDL
16n.

Céc nguyén tac dugce dua ra nhu sau: khi CSDL ban dau duoc dai dién bai FPL
toan cuc cua no, no duoc sép xép lai va phan chia thanh mot tap cac CSDL (cép dau
tién) c6 kich thudc nhoé hon. Pidu nay c6 nghia 13, c6 mot tinh ddi ngiu giira cac nut
muc trong FPL va cac CSDL con: mét nut cia mot FPL cé thé duoc coi nhu 1a mot
CSDL con thuong trii trong bo nhd, trong khi moét CSDL con c6 thé duoc coi nhu 1a
mot nut muc cua FPL thuong tra trén dia. Két qua 1a, ba hoat dong co ban — dém bit,
cit tia ky hi¢u, di chuyén ky hi¢u - dugc thyc hién trén FPL, cling co thé duoc thuc
hién twong tu trén cac CSDL con khi chung ta phan ving thir bac CSDL dé khai thac
tap pho bién.

Trong qué trinh khai thac, chi c6 CSDL con cudi cung 14 can thiét dé khai thac
tap phé bién. C6 nghia 13, mdi nit muc cua FPL toan cuc s& duoc coi nhu 1a mot CSDL
con (cAp dau tién), va chi cd6 CSDL con cubi cung (nat muc cudi cung) 14 phai dwoc dat
vao trong bd nhd dé khai thac cac tap phé bién, véi mot FPL cuc bod (cép dau tién)
dugc xay dung cho CSDL con cubi cing. Vi viy, chung ta khéng can phai dit toan bo

FPL vao bo nhé, mdi lan chung ta chi dat mot nat muc vao bd nhé.

Néu FPL cuc b (cap dau tién) cia CSDL con cudi cing (cip dau tién) van con
vuot qua bo nhd, ching ta lai coi nat muc cudi cung ctua FPL cuc bd (cip dau tién) nay
nhu 14 mot CSDL con (cp tht 2) va xay dung FPL cuc bd (cap thir 2) trong Gmg cla
n6. Mot 1an nira, chi ¢6 niit muc cudi cung ciia FPL cuc bd cap thir 2 nay 13 phai dugc

dua vao bo nhd. Qua trinh nay c6 thé dugc tiép tuc cho dén khi FPL cuc bd hién hanh
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c6 thé vira v6i bd nhé. Sau do, co thé dung bét ky thuat todn nao dya trén nang luc cua

b6 nhd, chang han nhu FP-growth hodc FPL-Mining, dé khai thac cac tap phd bién.

3.3.1 Mot vi du vé phan viing thir bac

Chung ta str dung CSDL toan cau mau trong Bang 3.1 dé minh hoa qua trinh
phan ving thir bac co s dit liéu. D6 hd tro cho tip phd bién duoc thiét 1ap 1a 2. Dung
lugng by nhd tdi da duoc gia dinh la 24 bit cho cac ky hi¢éu giao dich dugc luu trix

trong FPL. Dudi day 1a qua trinh phan vung thir bac co s¢ dir liu:

Buée 1: Kiém tra cac chudi bit dai dién cho cac giao dich trong Bang 3.1, chling ta
thiy rang tong s bit 1a 60, cao hon so voi dung luong bo nhd 14 24 bit. Vi vay, ching
ta phai phan ving CSDL toan cau trong bang 3.1 thanh mot tap cac CSDL con cip dau
tién, str dung FPL lién két ctia no trong hinh 3.1 nhu 1a mot luge d6 cho viéc phan
vung. Két qua duogc hién thi trong hinh 3.2. Dé duy tri cc céu trac file trong khi phan

vung thtr bac, ching ta luu gilt mot cau truc dir lidu goi la FileHeader nhu hinh 3.3.

Sub-database

SUb-DBf
f: 8

Sub-DB.
c.7

Sub-DB,
a: 6

SUb-DBb
b: 5

Sub-DB,
m: 5

Sub-DB,,
p: 5

Transactions

T8 1

T9 01

T10 101

T3 1001

T2 11111

T1 111011

T4
TS5
T6
T7

Hinh 3.2: Cac CSDL con cdp dau tién tir DB ciia Bang 3.1.

010101
111011
111111
111111

Partition Sub-database pointers _Parent
Level itemset
1 Sub-DB; | Sub-DB; | Sub-DB, | Sub-DBy | Sub-DB, | Sub-DB, | ® (null)

Hinh 3.3: FileHeader sau khi phan viing cdp dau tién tir DB cia Bang 3.1.
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Tir hinh 3.3, ching ta thiy FileHeader c6 ba truong: cap do cua phan ving
(partition level), con tré co so dir liéu con (sub-database pointers) va tdp cac muc cha
(parent itemset). Mdi khi viéc phan ving ciia CSDL duoc thuc hién ¢ mac do sau hon,
mot ban ghi (record) méi duge ndi thém vao FileHeader. Tuy nhién, luu ¥ 1 cac CSDL
con khong can phai dugc luu trit trong cac tap tin riéng biét. Thay vao do, mot sb
CSDL con c6 thé chia sé ciing mot tap tin néu kich thudc cua chung khoéng qua 16m. Do
d6, con tréo CSDL con cua FileHeader ¢ thé 1a con trd tap tin hodc la chi muc trong

mot tap tin.

Budée 2: Kiém tra Sub-DBp trong hinh 3.2, chung ta luu y rang mdi giao dich trong
Sub-DBp chtra muc p. Vi vy, trong cdt dai dién ctia minh, muc p c6 thé duge bo qua,

vo1 muc p la tap cac muc cha cua cac cap phan vung sau hon.

Piéu nay duoc thyc hién nhu sau: d6i mdi giao dich trong Sub-DBp, chiing ta loai bo
muc cudi cing (muc p) dé c6 duoc mot phién ban rat gon, ky hiéu 13 Sub-DB’p va

dugc trinh bay trong bang 3.2.

Bang 3.2: CSDL con céap dau tién da dugc rat gon Sub-DB’p

Transaction 1D Bit-string representation
c a b

T1

T4

T5

T6

T7

NN S = s
gikRriRriRk kR
N S =
Wik kR oL O
MRiRriRriolR| g

Item frequency

Bay gio' chiing ta s& quyét dinh c6 nén xay dung mot FPL truc tiép cho Sub-DB’p
hodc phan ving né6 mot 1an nita. Chung ta thay rang cé tong cong 25 bit trong Sub-

DB’p, van con cao hon so véi dung lugng bo nhé 1a 24 bit. Do d6, ching ta lai phai
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phan ving Sub-DB’p thanh mot tp cac CSDL con cép tht 2, dugc md ta trong budce

tiép theo.

Budée 3: Vi FPL ¢6 thé phan ving co s& dit liéu nén qua trinh phan ving CSDL con
Sub-DB’p ciing gidng nhu xdy dung FPL cho Sub-DB’p, ngoai trir cic nut muc dugc
coi nhu 14 cac CSDL con cip thir 2 va duoc luu trit trong dia chir khong phai 14 trong
bd nhé. Sau khi quét Sub-DB'p hai lan (boi qua trinh xay dung FPL) dé tim va sip xép
cac muc phd bién, ching ta thiy muc ¢ c6 tan sd cao nhat 1a 5, va muc b ¢6 tan sb thap

nhét 1a 3.

Do d6, chung ta phan ving cap thir hai cho Sub-DB'p thanh 5 CSDL con nhu hinh
3.4. Theo do, FileHeader phai duoc cap nhat nhu hinh 3.5.

Sub-database c:5 f: 4 a4 m: 4 b: 3
Empty Empty Empty T1 1111 | T4 10001
Transaction Set 751111 |76 11111
T7 11111

Hinh. 3.4: Phan viing cdp thi hai cho CSDL con Sub-DB'p trong Bang 2.

Partition . Parent
Level Sub-database pointers itemset
1 Sub-DBs | Sub-DB; | Sub-DB, | Sub-DBy, | Sub-DBy, | Sub-DB, (0]

Hinh 3.5: FileHeader sau khi phan viing cap thi# hai cho CSDL con Sub-DB'p
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Luu ¥ rang trong Hinh 3.5, tp cac muc cha cta phan ving cap thir hai dugc mé ta 1a
{p}: 5. Pidu nay 1a do: nhu duoc chi ra trong budc (2), tit ca cac CSDL con cap thir
hai c6 ngudn gdc tir CSDL con cap dau tién Sub-DBp va trong Sub-DB’p, tit ca nim
giao dich (T1, T4, T5, T6, T7) déu chira muc p.

Buéc 4: Bay gio, hiy truy cap CSDL con céap tht hai cudi cung Sub-DBpb trong hinh
3.4. Tuong tu nhu budc (2), ching ta loai bé muc cudi cing (muc b) dé c¢6 duge mot

CSDL con rat gon 1a Sub-DB'pb, dugc trinh bay trong Bang 3.3.

Bang 3.3: CSDL con Sub-DB’pb

Transaction ID Bit-string representation
C f a m
T4 1 0 0 0
T6 1 1 1 1
T7 1 1 1 1

Tir bang 3.3, ching ta quyét dinh xay dung mot FPL tryc tiép cho Sub-DB’pb hoic
phan ving ndé mot 1an nira. Chung ta thiy chi c6 12 bit trong Sub-DB’pb, di vira véi
dung luong bo nhé 1a 24 bit. Do d6, chiing ta khong can phai phan ving Sub-DB’pb
mét lan nita. Thay vao d6, mot FPL c6 thé dugc xay dung cho Sub-DB’pb va dugc luu

trlr trong b nhd nhu Hinh 3.6, véi FileHeader cap nhat nhu Hinh 3.7.

Item Node Node 1 Node 1 Node 1 Node 1
c:3 f:2 a2 m: 2
i T6 1111
Transaction Set T4 1 T 111

Hinh 3.6: FPL cua CSDL con Sub-DB'pb trong Bdang 3.3.
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Partition . Parent
Level Sub-database pointers itemset
Sub- Sub- Sub- Sub-
1 Sub-DBs DB, DB, DB, DB, Sub-DB,, ®
Sub- Sub- Sub- )
Null Pointer to the FPL for Sub-DB’y, {p, b}:3

Hinh 3.7: FileHeader sau khi FPL dwoc xay dung cho Sub-DB'pb

Luu ¥ ring trong ban ghi cudi cung cua FileHeader trong hinh 3.7, cip d6 phan ving
tr¢ thanh Null, bai vi CSDL con Sub-DBpb khéng dugc phan ving lan nira. Thay vao
do, FPL thuong trtl trong bd nhd dugce xay dung. Ngoai ra, tap cdc muc cha trong ban
ghi cudi cung cua FileHeader duoc mo ta 13 {p, b}: 3 boi vi FPL nay duoc xay dung
cho Sub-DB’pb, va trong Sub-DB’pb, tit ca ba giao dich déu chtra muc b, va Sub-
DB’pb di c6 mot tap cac muc cha 1a {p}: 5. Do d6, chung ta c6 cic nguyén tic sau:
trong phan vung thr bac & mtrc sau hon, tap cdc muc cha dugc hinh thanh béng cach

ghép cac muc cuoi cung doc theo tat ca cac cap phan vung.

Buwdc 5: Tu FPL trong hinh 3.6, ching ta cé thé sir dung cac thuat toan dua trén nang

Irc bd nhd nhu FPL-Mining dé tim cac tap pho bién.

Bwéc 6: Sau ndy, ching ta thuc hién viée cit tia va di chuyén ky hiéu trong CSDL
con Sub-DBpb trong hinh 3.4. Trudc tién, ching ta loai bo cac bit 1 cudi cing ciia cac
giao dich T4, T6, T7. Sau d6, di chuyén T4 dén Sub-DBpc, di chuyén T6 va T7 dén
Sub-DBpm. Cac CSDL con két qua (sau khi thuc hién di chuyén va loai bo) duoc trinh
bay trong hinh 3.8. Sau d6, File Header trong hinh 3.7 phai dugc cip nhat bang cach
loai bo ban ghi cudi cling va vo hiéu hoa con tro chi dén Sub-DBpb. FileHeader két

qué dugc trinh bay trong hinh 3.9.
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c:5 f: 4 a: 4 m: 4
T4 1 Empty Empty T1 1111
. T5 1111
Transaction Set T6 1111
T7 1111

Hinh 3.8: CSDL con cdp thi# 2 sau khi cat va di chuyén trén Sub-DBpb trong hinh.3.4

Partition . Parent
Level Sub-database pointers itemset
1 Sub-DBs | Sub-DB; | Sub-DB, | Sub-DBy glg) Sub-DB, D
m

Hinh 3.9: File Header sau khi cat va di chuyén trén Sub-DBpb trong hinh.3.4.

Sau d6, qua trinh tiép tuc véi CSDL con Sub-DBpm trong hinh 3.8 cho dén khi cac
CSDL con déu duoc truy cap dé khai thac cac tap phé bién.

3.3.2 Cac thuit toan dé phan vung thir bAc CSDL va khai thac
tap pho bién

Thuat toan dau tién 1a FPL_HPDB [14], thuit toan nay phan ving tht bac
CSDL giao tac cho dén khi cdac CSDL con cudi cing cho phép mét ciu trac dit lidu
thuong tra trong bd nhé (vi du: FPL) duoc x4y dung. Thuat toan thir hai la
FPL_HP_Mining [14], thuat todn nay khai thac cac tap phd bién tir cac CSDL duoc
phan ving tht bac. Luu ¥ rang mot khi mét cau trac dit liéu thudng tr trong bd nhd
(vi du: FPL) c6 thé dugc xay dung cho cac CSDL con thi bat ky thuét toan nao dua
trén bo nhé dé khai thac cac tap phé bién déu co thé dugc st dung. Trong mo ta thuat
toan, chung ta chon thuat toan FPL-Mining dua trén phuong phap FPL cho tac vu nay.
Hai thuat toan FPL_HPDB va FPL_HP-Mining, dugc mo ta twong ung trong hinh 3.10
va3.l1
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Algorithm FPL_HPDB (DB, t, FileHeader, PartitionLevel, parent_itemset)

/* Cac tham sd: (1) DB: CSDL giao dich; (2) t: ngudng hd tro tdi thiéu; (3)
FileHeader: cau truc dit liéu luu gitt cau truc file cta cac csdl con; (4) PartiLevel: cap
dd cua cac phan vung csdl, khoi tao 1a 1; (5) parent_set: itemset cha ciia DB. Trong 101

goi ban dau, n6 1a 1 tap rong (null). */

begin /* bét dau thuat toan */

1.

Quét csdl dé tim tat ca cac items pho bién va tan xuat ciia. Co n items phod
bién va dit cac items ndy vao 1 danh sach L-items, theo thir tu giam dan ciia
tan xudt.
Quét csdl 1an thir 2 dé tao 1 csdl duoc cit tia DB-trimmed bang cach giir lai
cac items pho bién va cit tia cac items khong pho bién, va sip xép cac items
phd bién theo thir tu ctia chung trong L-items cho mdi giao dich.
If (DB-trimmed c6 thé vira v6i bd nhé) then
xay dung 1 FPL cho DB, va luu gii con tré chi téi FPL vao trong
FileHeader, véi PartiLevel thiét 1ap 1a Null;
else do begin /* phan ving DB-trimmed thanh 1 tap cua n csdl con, n=1 */
(1). Tao n csdl con Sub-DB; dén Sub-DB, bang cach 1am theo cac budc
gidng nhu khi xay dung FPL, v6i cac nat dugce xem nhu 12 cac csdl con
va duoc luu trén.
(2). Luu cac con tro file chi téi n csdl con nay vao trong FileHeader va
luu PartiLevel va tap cac parent_ vao trong FileHeader.
(3). Tang PartiLevel Ién 1
end.
Dém s6 lirong cdc giao dich (m) trong Sub-DB,, , va loai bo item cubi cling
(item n) cho mdi giao dich trong Sub-DB, , d thu dugc csdl rt gon Sub-
DB, ’;
Goi thu tuc /* phan viing thir bac Sub-DB, */
FPL_HPDB (Sub-DB,’, t, FileHeader, partiLevel, parent _set U{ item n}:
m);

end /* két thuc thuat toan */.

Hinh 3.10: Thugt toan FPL_HPDB.




46

Algorithm FPL_HP-Mining (FileHeader, t)

/* Khai thac mau phd bién bang cach phan ving thit bac CSDL */

/* Cac tham sd: (1) FileHeader: ciu tric dit liéu luu giit ciu tric file cta cac csdl da
dugc phan ving; (2) t: ngudng hd trg tdi thiéu */

begin /* bit du thuat toan */
6. Lay FPL va itemset cha cta n6 (S) tir FileHeader, va goi FPL-Mining (FPL,
n, t, S) dé tim cac itemsets phd bién. /* n: d6 dai ctia FPL */
7. Tao mot itemset pho bién tir itemset cha ctia FPL (vi du, S), va sau d6 xo6a
ban ghi cudi (ban ghi cho FPL) tir FileHeader.
8. while (Fileheader khong rong) do begin
(1). Thuc hién viéc cit tia ky hi¢u va di chuyén trén csdl con cudi cung
trong cap do phan ving sau nhat;
(2). if (chi c6 mot csdl con (d6i véi item x) Sub-DB,) then
i. Pém sd luong cac giao dich cia nd (C) va tao mot itemset pho
bién bang cach ghép itemset cha cua Sub-DB, vdi item X, tong
s6 itemset pho bién nay gan vao c;
ii. Tao mot itemset pho bién tir itemset cha ctia Sub-DB,
Ili. Xo6a ban ghi cho Sub-DB, tir FileHeader;
else /* Phan ving thir bac va khai thac csdl con méi va cudi ciing */
i. Tr FileHeader, 13y ra csdl con cudi cing (Sub-DBy) trong cap
d6 phan ving sau nhat (level_x), va tim itemset cha ctia né
S ~
ii. Dém so luong cac giao dich (m) trong Sub-DB, , va véi moi
giao dich Tx trong Sub-DB,, loai bo item cudi cung (item n)
dé thu duge CSDL con rat gon Sub-DB,”;
Ii. Goi thu tuc
FPL_HPDB (Sub-DB,’, t, FileHeader, Level X +1,
S U{item n}: m);
Iv. Goithu tuc FPL_HP-Mining (FileHeader, t);
end /* két thuc while FileHeader khong rong */
end /* két thic thuat todn */.

Hinh 3.11: Thugt toan FPL_HP-Mining.
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3.4 Két qua thyc nghiém phan ving phan c?ip

Trong luan vin nghién ctru phuong phap phan ving phan cip nay nay, ching ta
tién hanh thuc nghiém khi CSDL d dugc méd hoa thanh chudi cac bit nhi phén, véi bit
1 1a dai dién cho su xuit hién cua cac mit hang, bit 0 14 mat hang chua xuat hién. Di
li¢u dugc ma hoa va luu vao file c6 dang .txt, trong Hinh 3.12 1a tap tin CSDL da dugc
ma hoa, trong d6 c6 10 giao dich (tur 1 dén 10) va c6 6 muc (item) riéng biét (f, c, a, b,

m, p). Nhu vdy chung ta thiy c6 tong sb bit 1a 60, dung luong bo nhé tdi da duge gia

dinh Ia 24 bit.

| Dulieu.txt - Notepad -—

o E

File Edit Format

Yiew Help

Ofcabmp;
111101 1;
211111 0;
3100100;
401010 1;
511101 1;
6111111;
7111111;
810000 0;
901000 0;

£

Trudce khi phan ving dit liéu dé 1ay ra cac giao dich pho bién, chung ta tao duong dan

Hinh 3.12: tdp tin CSDL da dwoc ma hda

nhu hinh 3.13 d¢ 13y tap tin can xir 1y.
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—
Théng tin

Budng dén tap tin gizo dich £\ lsers'\PC\ Desicop' Dulieu b [Pusngddn || >l | ustaptnoa

| Lsy diiigutitiptn ity |

Hinh 3.13: tao dwrong dan dé lay di lidu

Sau d6 chuong trinh s& xur Iy sip xép theo tan sd xudt hién trong FPL va duyét ching

theo thir tr giam dan tin s6 cua cac muyc. Nhu hinh. 3.14

Thing tin
Buidng déntp fin giao dich -\ Demo-a4\Duiew 6 | Buongddn | | oy | [ xustsptinte

L&y dii ligu ti tap tin | X by
Giao dich f c a b m p
2 1 1 1 1 1 0
3 1 0 0 1 0 0
4 0 1 0 1 0 1
5 1 1 1 0 1 1
6 1 1 1 1 1 1
7 1 1 1 1 1 1
8 1 0 0 0 0 0
9 0 1 0 0 0 0
10 1 0 1 0 0 0
Téng 8 7 3 5 5 5

Hinh 3.14: duyét va sap xép danh sach

Hinh 3.15 di duoc xt Iy va phan ving thanh tdp cac CSDL con cép dau tién,
trong d6 cac giao dich 2, 3, 10, 9, 8 (cac dong hién thi t6 mau) da duoc tdi wu va phé
bién trong FPL tuong trng vdi cac node 2, 3, 4, 5, 6 va cac giao dich 1, 4, 5, 6, 7 1a
CSDL con dau tién hay node 1 nhu hinh 3.16 va day ciing 1a CSDL con cap thi 2 can
phai xtr Iy phan ving tiép theo.
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-
Théng tin

Buing dén tap tin giao dich  F\Demo-a4\Dulieu b Puingddn | il | [ Xuftptne

| L&y dil liu 7 tap tin | X0

Giao dich
14

F
1
0
1
1
1

Hinh 3.15: phan viing thanh tdp cac CSDL con cdp dau tién (cac node)

=] Nodel_205231.txt - Notepad - O

File Edit Format WYiew Help
|l]crambp;ll11100;41l]l]010;5111100;6111110;7111110; \

& MNode?_205231.bd - Notepad = B

File Edit Format Wiew Help
0fcabmp2111110; |
& MNode3_205231.txt - Notepad = =
File Edit Format Wiew Help
0fcabmp;3100100; |

= Node4_205231.bd - Notepad - O RS
File Edit Format Wiew Help
|l]fcabmp;1l]1l]1[l[l[l; |
[ =

& Node5_205231.ixt - Notepad =
File Edit Format Wiew Help
0fcabmp;2010000;

File Edit Format Wiew Help

Ofcabmp;8100000;

Hinh 3.16: hién th; cac node sau khi phan viing CSDL
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Nhu vay, sau khi dd loai bo cac muc cudi cing cia node 1 (p) dé co duoc mot
danh sach ngin ngon hon. Chiing ta thiy rang co6 tong cong 25 bit, van con cao so voi

yéu cau dung luong ctia bd nhd. Hinh 3.17 (CSDL con cip dau tién da rat gon)

File Edit Format View Help

h]cfamh;
111110
410001;

$11110;
611111;
711111;

Hinh 3.17: CSDL con cdp dau tién

Chwong trinh tiép tuc xir Iy nhu budc ¢ trén, nhu hinh.3.18

Thiéing tin

Buiing dén tép tin gizo dch  F\Demo-24120150316\5ub-DE-Node T Bubngdén | | Xy | | Mudttgptintd

Léy dii lButitép tin | Xty

Gigo dich c
»

1
1
1
1
1
5

Hinh 3.18: duyét va sap xép danh sach CSDL cdp thiz nhat
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Phan viing dit 1iéu con cip tht 2, hinh 3.19

Théng tin

Buidng dintp tin gao dich - F\Demo-54120150316\5ub-DE-Node 1 o4 Buingdin | Ol | | Xstspmne

I L&y diiligu tiitap tin | AT

Giao dich c
3 1

[ 1
7 1

[ e
ey ey =y (S
— =155

Hinh 3.19: phan vuing thanh tdp cac CSDL con cdp thir 2 (C&c node)

Loai bo cac muc cudi cing ctia Sub-DB-nodel(b) dé c6 duoc mot danh sach ngin ngon

hon

Hinh 3.20: danh sach CSDL cdp thi 2
Chung ta thdy chi c6 12 bit trong Sub-DB1- nodel twong tmg v&i cac giao dich 4,
6, 7 nhu hinh 3.20, d3 vira dung luong bo nhé 1 24 bit. Do d6 ching ta khong can phai

phan ving thém mét 14n nita, va cling 13 tim tdp phd bién tai day.
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CHUONG 4 KET LUAN VA HUONG NGHIEN CUU
TRONG TUONG LAI

Nghién ctru ndy gidi thiéu mot phuong phap tiép can hiéu qua 1a phuong phap
phan ving thir bac dé khai thac tip pho bién trong CSDL 16n. Phuong phép nay dua
trén hai nguyén tic. Nguyén tic dau tién 14 tinh chat phan ving cta Danh sach miu
phd bién (FPL), danh sach nay phan ving khong gian tim kiém (co so dit liéu) va
khong gian giai phap (tap hoan chinh ciia cac tap phd bién hodc FCIs). Vi vy, mot
cach tiép can chia dé tri co thé duge ap dung mot cach cé thr bac cho cac CSDL dé
khai thac dit liéu. Nguyén tic thir hai 14 tinh d6i ngu gilta cac nit myc cua FPL va
CSDL con: mét nat ctia FPL ¢6 thé duoc coi 1a mot CSDL con thuong tra trong bo
nhd, va moét CSDL con ¢6 thé dugc coi nhu 14 mot nat muc cua FPL thuong tra trén
dia. Vi vay, cac thao tac va cac k¥ thuat t6i uu hoa cho FPL ciing twong tu va co thé

duoc ap dung cho CSDL con.

Mot khi CSDL con c6 thé dit vira trong bd nhd thi bat ky thuat toan nao dua
trén hiéu qua cua b nhd déu c¢6 thé duge sir dung dé khai thac cac mau phé bién. Do
d6, phan ving thir bac 1a mot cach tiép can chung c6 thé dugc sir dung voi bat ky thuat
todn dua trén nang lyc by nhd nao dé khai thac dit liéu trong CSDL 16n. Ngoai ra, cac
tap pho bién dugc tao ra tir phan vung thir bac ciing 13 tap phd bién toan cuc. Do do,
khong mat thém chi phi dé quét lai CSDL ban dau nham kiém tra tan s toan cuc. Két
qua thuc nghiém cho thay phan ving thir bac cai thién hiéu suat dang ké trong khai

thac tdp phd bién va tap phd bién dong trong CSDL 16n.

Trong thot dai cua thuong mai dién tr va kinh doanh, kich thudc cua CSDL
giao tac sé ting 1én mot cach dé dang va nhanh chéng. Két qua 13, kha ning mé rong
clia cac thuat toan khai thac dit liéu 1a mot van dé co tam quan trong ngay cang ting.
Céc thuat toan khai thac dua trén phan ving thtr bac ¢ thé duoc str dung dé khai thac

dir liéu nham hiéu duoc hanh vi ciia ngudi tiéu dung truc tuyén, bao gébm nguoi mua
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sim truc tuyén va cac game thi truc tuyén. Pong thoi, vi CSDL ludn duoc cdp nhat va
tich lily, noi dung ctia CSDL ludn thay déi va kich thuéc cta né ciing ludn ting.
Cho nén, cac nghién ciru trong tuwong lai c6 thé dugc danh cho sy phat trién ctia

céc thuat toan md rong nham ting kha ning khai thac tip pho bién trong CSDL 16n

Phan chia CSDL ra lam nhiéu may dé xi 1y, dung phuong phap xt 1y song song

dé giao nhan dir liéu khi xir 1y./.
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