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LOT MO DAU

Ngay nay, cudc cach mang cua ki thuat s cho phép sb hoa thong tin d& dang va
chi phi luu trit thap.Véi su phat trién ctia phan mém, phan ctng va trang bi nhanh
hé théng may tinh trong kinh doanh. S6 luong dit liéu khong 16 duoc tip trung va
lwu trit trong co sé dir lidu trén cac thiét bi dién tir nhu: dia cing, bing tir, dia
quang,... Toc do ting dit liéu qua 16n . Tir d6 dan dén két qua 1a sy pha trén cua k§
thuat thong ké vao cic coéng cu quan tri dir liéu khong thé phan tich day du dit liéu
rong 16n dugc nira.

Dt liéu sau khi phuc vu cho mot muc dich nao d6 duoc luu lai trong kho dir li¢u
va theo ngay thang khéi lwong dir liéu duoc luu trit ngay cang lén. Trong khdi
lugng dir liéu to 16n nay co6 rat nhiéu thong tin c6 ich mang tinh tong quat, thong tin
c6 tinh quy luat van con dang tiém an ma chung ta chua biét. Tt khéi luong dit lidu
rat 16n can c6 nhiing cong cu tu dong rut cac thong tin va kién thic co ich. Mot
hudng tiép can c6 kha ning giup cac cong ty khai thac cac thong tin co nhiéu y
nghia tr cac tdp dir li€u 16n do 1a khai pha dir li¢u (Data Mining).

Vi su bung n6 va phat trién ctia cong nghé thong tin da mang lai nhiéu hiéu qua
ddi vé6i khoa hoc cling nhu cac hoat dong thuc té, trong d6 khai pha dir li¢u 1a mot
trong nhitng linh vuc mang lai hiéu qua thiét thuc cho con ngudi. KPDL da gitp
nguoi st dung thu dugce nhiing tri thirc hitu ich tir nhitng c¢¢ sé¢ dir liéu hoac cac kho
dir liéu khong 16 khac. Dé tai dé cap dén cac khai niém va van dé co ban trong
KPTT va KPDL, ngoai ra Dé tai con dé cap dén mot s6 phuong phap khai pha dix
liéu dang dong duogc 4p dung trong nhiéu linh vuc thuc tién.

Céu tric dd an:

Chuwong 1 gi6i thiéu téng quan vé KPTT va KPDL.

Chwong 2 Tim hiéu phuong phép khai pha tap pho bién.

Chwong 3 Tim hiéu phuong phap khai pha tap pho bién déng trong khong gian.

Chuwong 4 Cai dat chuong trinh thur nghiém.

KET LUAN.

TAI LIEU THAM KHAO.



CHUONG 1: TONG QUAN VE KPTT VA KPDL.
1.1 Giéi thi¢u chung vé khai pha tri thirc va khai pha dir liéu.

- Néu cho rang, dién ttr va truyén thdng chinh la ban chét cua khoa hoc dién tir, thi
dir liéu, théng tin, va tri thire hién dang 1a tiéu diém cua mot linh virc méi dé nghién
ctru va ung dung, d6 1a khai pha tri thurc va khai pha dir liéu.

- Théng thuong, ching ta coi dit liéu nhu 13 mét chudi cac bits, hoic céc s6 va cac
ky hiéu hay 1a cac “dbi twong” véi mot ¥ nghia nao d6 khi duoc guri cho mot
chuong trinh dudi mot dang nhit dinh. Cac bits thudng dugc sir dung dé do thong
tin, vd xem nd nhu 13 dit liéu d3 duoc loai b phan tir thira, 13p lai, va rat gon toi
muc tdi thiéu dé dic trung mot cach co ban cho dit liéu. Tri thirc dugc xem nhu 14
cac thdng tin tich hop, bao gom céc sy kién va moi quan hé giita ching, da duoc
nhan thirc, kham ph4, hoac nghién ctru. Néi cach khéc, tri thirc co thé duoc coi la dit
liu & mirc do cao cua Sy triru twong va tong quat.

- Khéi pha tri thac hay phat hién tri thirc trong CSDL la mét quy trinh nhan biét
cac mau hoac cac mo hinh trong dit liéu véi cac tinh nang: Phan tich, tong hop, hop
thuc, kha ich va cd thé hiéu duoc.

- Khai pha dir liéu 1a mot buéc trong qua trinh kham pha tri thirc, gom cac thuat
toan khai thac dit liéu chuyén dung dudi mot s6 qui dinh vé hiéu qua tinh toan chap
nhan dugc dé tim ra cac mau hoic cac mé hinh trong dir liéu. N6i cach khac, muc
tiéu cta Khai pha dir liéu 1a tim kiém cac mau hoic mé hinh tén tai trong CSDL
nhung an trong khéi lugng 16n dit ligu.

1.2 Qua trinh khai pha tri thirc.

Bao gom céc budc sau:

- Lam sach dir ligu (Data Cleaning): Loai bo dit lieu nhiéu va dit liéu khong
nhat quan.

- Tich hop dir liéu (Data Intergation): Dir liéu ciia nhiéu ngudn c6 thé duoc to
hop lai.

- Lwa chon dir li¢u (Data Selection): Lya chon nhirng dir liéu phu hop véi nhiém
vu phan tich trich rat tur co so dir liéu.

- Chuyén déi dir ligu (Data Transformation): Dit liéu dugc chuyén do6i hay
duoc hop nhat vé dang thich hop cho viéc khai pha.

- Khai phéa dir ligu (Data Mining): Pay 1a mot tién trinh ¢t yéu trong d6 cac
phuong phap thong minh dugc 4p dung nham trich rat ra mau di liéu.

- Panh gia miu (Pattern Evaluation): Dya trén mot do do nao d6 xac dinh loi
ich thuc sy, d6 quan trong caa cac mau biéu dién tri thic.

- Biéu dién tri thiec (Knowledge Presentation): O giai doan ndy cac ki thuat
biéu dién va hién thi dugc st dung dé dua tri thic lay ra cho ngudi ding.



QUA TRINH KHAM PHA TRI THUC Tri thie

Diak gm;ll /’

Kho dir lieu

b
uc‘o so dit lieu

Hinh 1.1: Qua trinh KPTT.

1.3 Qua trinh khai thac dir liéu.

- KPDL la mét giai doan quan trong trong qua trinh KPTT. Vé ban chit, nd 1a
giai doan duy nhit tim ra dugc théng tin méi, thdng tin tiém an co trong CSDL cha
yéu phuc vu cho md ta va du doan.

- M0 ta dir liéu 1a tong két hoiac dién ta nhitng diac diém chung cua nhitng
thudc tinh dir liéu trong kho dit liéu ma con ngudi ¢é thé hiéu dugc.

- Duw doan la dua trén nhing dit liéu hién thoi dé du doan nhirng quy luat dugc
phat hién tir cac mai lién hé giira cac thudc tinh cua dir lidu trén co s¢ do chiét xuat
ra cac mau, du doan duoc nhiing gia tri chua biét hodc nhitng gia tri twong lai cia
cac bién quan tam.

Qua trinh KPDL bao gém cac buéc chinh duoc thé hién nhu Hinh 1.2 sau:

| Théng ké tom tétl

Xac Xac Thu Thuat
di'nAh - din‘h. - tl_l;«;‘lp v.éx toan |
nhiém DL lién tién xur KPD
vu quan ly DL L

DL truc tiép

Hinh 1.2: Qué trinh KPDL.

e Xac dinh nhiém vu: Xac dinh chinh xac cac van dé can giai quyét.

e Xac dinh céc dit liéu lién quan: Dung dé xay dyng giai phap.

e Thu thap va tién xir ly dix liéu: Thu thap cac dir liéu lién quan va tién xua Iy
ching sao cho thuat toan KPDL c6 thé hiéu dugc. Pay 1a mot qua trinh rat kho



khin, c6 thé gap phai rat nhidu cac vudng mac nhu: dir liéu phai dugc sao ra nhiéu
ban (néu duoc chiét xuat vao céac tép), quan ly tap cac di liéu, phai lap di lap lai
nhiéu 1an toan bd quéa trinh (néu mo hinh dix liéu thay doi), wv...

e Thuat toan khai pha dir liéu: Lua chon thuat toan KPDL va thuc hién viéc
PKDL dé tim duoc c4c miu c6 y nghia, cic mau nay dugc biéu dién duéi dang luat
két hop, cay quyét dinh... twong ng Vai y nghia cua no.

1.4 Cac phwong phap khai pha dir li¢u.

Véi hai muc dich khai pha di liéu 1a M6 ta va Du doan, nguoi ta thuong su
dung cac phuong phép sau cho khai pha di liéu:

Luat két hop (association rules)

Phan 16p (Classfication)

Hoi qui (Regression)

Truc quan héa (Visualiztion)

Phan cum (Clustering)

Tong hop (Summarization)

M®& hinh rang bugc (Dependency modeling)
Biéu dién md hinh (Model Evaluation)

Phan tich su phat trién va do léch (Evolution and deviation analyst)
Phuong phép tim kiém (Search Method)

Tap phd bién dong(Frequent Closed Patterns)

C6 nhiéu phwong phap khai phé dir liéu duoc nghién ciu ¢ trén, trong d6 co6 ba
phuong phap dugc cac nha nghién ciu st dung nhiéu nhat do 1a: Luat két hop, Phan
I6p dix liéu va Phén cum dir liéu.

1.5 Cac linh vuire tng dung thwe tién ciia khai pha dir ligu.

G tng dung——— ——Hinh dni o

Hinh 1.3: Céc linh vuc trng dung KPDL.

1.6 Cac huéng tiép cin trong khai pha dir li¢u.

Céc hudng tiép can cua KPDL c6 thé duoc phan chia theo chitc nang hay 16p
cac bai toan khac nhau. Sau ddy 1a mot s6 hudng tiép can chinh.

e Phan I6p va du doan (classification & prediction): xép mot d6i twong vao

mét trong nhitng 16p da biét truge. Vi du: phan 16p ving dia ly theo dit liéu thoi

tiét. Hudng tiép can nay thuong st dung mot sé ky thuat cua machine learning



nhu cay quyét dinh (decision tree), mang no ron nhan tao (neural network), .v.v.
Phan 16p con dugc goi 1a hoc ¢ giam sat (hoc co thay supervised learning).

e Luit két hop (association rules): 1a dang luat biéu dién tri tha ¢ dang kha
don gian. Vi du: “60 % nam gidi vao siéu thi néu mua bia thi c6 ti 80% trong
s6 ho s& mua thém thit bo kho™. Luat két hop duoc ung dung nhiéu trong linh
vuc kinh doanh, y hoc, tin-sinh, tai chinh & thi truong chirng khoan, .v.v.

e Khai pha chudi theo théi gian (sequential/temporal patterns): tuong tu
nhu khai phé luat két hop nhung c6 thém tinh thir tu va tinh thoi gian. Huéng
tiép can nay duoc ung dung nhiéu trong linh vuc tai chinh va thi truong chung
khoan vi né c6 tinh du bao cao.

e Phan cum (clustering/segmentation): xép cac dbi twong theo ting cum (s6
luong ciing nhu tén cua cum chua duogc biét trudgc. Phan cum con duoc goi 1a
hoc khéng giam sat (hoc khdng c6 thay — unsupervised learning).

e M0 ta khai niém (concept description & summarization): thién vé mo ta,
tong hop va tom tat khai niem. Vi du: tom tat vin ban.

e Khai pha tap phé bién (mining frequent pattern): thién vé md ta, tong
hop va tom tat khai niém. Vi du: tom tit van ban.

1.7 Phan loai cac h¢ khai pha dir li€éu.

- KPDL la mét cdng nghé tri thiic lién quan dén nhiéu linh vuc nghién ctu khac
nhau nhu CSDL, ky thuat may hoc (machine learning), giai thuat, truc quan hda
(visualization), .v.v. Chlng ta c6 thé phan loai c4c hé théng KPDL duya trén cac tiéu
chi khac nhau.

- Phan loai dya trén kiéu dir liéu duoc khai pha: CSDL quan hé (relational
database), kho dir liéu (data warehouse), CSDL giao dich (transactional database),
CSDL huédng d6i twong, CSDL khong gian (spatial database), CSDL da phuong
tien (multimedia database), CSDL Text va WWW, .v.v.

- Phan loai dya trén dang tri thdc dugc khdm phéa: tom tit va mo ta
(summarization & description), luat két hop (association rules), phan 16p
(classification), phan cum (clustering), khai pha chudi (sequential mining), .v.v.

- Phén loai dua trén ky thuat duoc &p dung: huéng CSDL (database-oriented),
phan tich truc tuyén (OnLine Analytical Processing — OLAP), machine learning
(cay quyét dinh, mang no ron nhan tao, k-min, giai thuat di truyén, may vecto hd tro
- SVM, tap tho, tap mo, .v.v.), truc quan hoa (visualization), .v.v.

- Phan loai dwa trén linh vuc duoc ap dung: kinh doanh ban 1& (retail), truyén
thdng (telecommunication), tin-sinh (bio-informatics), y hoc (medical treatment),
tai chinh & thi trueong chang khoan (finance & stock market), Web mining, .v.v.

1.8 Cac thach thirc - khé khan trong KPTT va KPDL.
KPTT va KPDL lién quan dén nhiéu nganh, nhiéu linh vuc trong thuc té, vi vay

cac thach thie va kho khin ngay cang nhiéu, cang 16n hon. Sau day 1a mot sé cac
thach thae va kho khan can dugc quan tam:
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- Céc co so dir liéu 16n, cac tap dix liéu can xu ly cé kich thude cuc 16n, Trong
thuc té, kich thudc caa cac tap dit liéu thuong & muc tera-byte (hang ngan giga-
byte).

- Muc dd nhiéu cao hoic dit liéu bi thiéu.

- Sé chiéu Ion.

- Thay doi dit liéu va tri thirc c6 thé 1am cho cac mau da phat hién khéng con
phu hop.

- Quan hé gitra cac truong phuc tap.
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CHUONG 2: PHUONG PHAP KHAI PHA TAP PHO BIEN.
2.1 Gi6i thiéu.

- Hién nay, cac co so dit liéu, cc tap dit liu can xur Iy c6 kich thudc cuc lon.
Trong thuc té, kich thuéc cua céc tap dit liéu thuong ¢ muc tera-byte (hang ngan
gigabyte). CAc tap dit liéu c6 mirc d6 nhidu cao hoic dit liéu bi thiéu, sb chiéu 16n,
quan hé gitra cac trudng phuc tap dan dén viéc cac hudng tiép can phd bién khong
con hiéu qua va chinh xac. Chinh vi vay phuong phap khai pha tap phé bién da
duoc ra doi nham dap (ng c&c nhu cau trén.

- Tap phé bién 1a tap cac tap muc, chudi con, hodc cac cu tric nhd ma xuit
hién phd bién trong bo dit liéu.

- Khai pha tap pho bién da dugc nghién cau va st dung rong réi trong viéc
khai pha dit liéu, véi nhiéu thuat toan di duoc dé xuat va thuc hién nhu: Apiorio,
clospan, PrefixSpan...

- Chung ta s& di vao tim hiéu mot s6 thuat toan co ban trong khai pha tap pho
bién.

2.2 Gi6i thiéu mot s6 thuat toan khai pha tiap pho bién.
2.2.1 Thuat toan Apriori.

Apriori 1a mot thuat toan tot dé khai pha tap phd bién cho luat két hop kiéu
Boolean.

Apriori st dung mot phuong phap tim kiém thdng minh, véi  k-itemsets (mot
tap ¢ chira cac muc k) duoc str dung dé khai phéa (k +1)-itemsets.

- Dau tién, tap muc phd bién 1-itemsets duoc tim thy, ky hiéu Ia L;. L, duoc sir
dung dé tim L, (tap phd bién 2-itemsets). Tiép tuc nhu vay, dé tim Ls, va tiép tuc
nhu vay, cho dén khi khdng con tap phé bién k-itemsets c6 thé dugc tim thay.

- Tim tat ca cac tap phd bién: Cac tap muc s& phd bién khi d6 hd tro S it nhat bang
v6i min_sup duoc xac dinh trudc. Tiép do tao ra cac luat két hop manh tir cac tap
pho bién. Nhitng luat ndy phai phai thoéa man ca 2 ngudng min_sup va min_conf
(luat két hop manh).

% CO thé tom lwogc thuat toan Apriori nhu sau:

e Buwéc 1: Quét tap dir lidu dé c6 duoc d6 hd tro S cua cac tap phd bién, so
sanh S voi min_sup, va lay duoc tap pho bién 1-itemsets L.

e Budc 2: Nhom cé4c Ly lai dé tao ra tap cac tng vién k-itemsets. Va st dung
cac tinh chat cua Apriori dé lugc bét nhiing tap k-itemsets khdng phai phé bién tir
tap ung vién.

e Budc 3: Tiép tuc quét tap dir liéu dé co duoc do hd trg cua mdi tap tng vién
k-itemsets, so sanh S v&i min_sup, va lay ra cac tap phd bién k-itemsets Ly thoa
man.

e Budc 4: lap lai budce 2 va 3 cho dén khi tap tng vién la rng.

e Buwéc 5: Vi mdi tap pho bién | tao ra tat ca cac tap con khdng rdng cua l.
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e Budc 6: Vi mdi tap con khéng rdng cua |, tao ra cac luat “s = (I-s)” néu do
tin cay C cua luat “s = (I-s)” bang voi do hd trg S cua | trén do hd tro S cua s (ki
hiéu min_conf).
< Tinh chat Priori[2]: rat gon khdng gian tim kiém nham tranh treong hop méi Iy
phai quét toan bo di liéu 1 lan.

e Néu tap muc | khong théa man ngudng téi thidu min_sup thi | khdng phai la
phé bién, P(1) < min_sup.

e Néu I khong la tap muc phé bién thi mét muc A duoc thém vao tap muc I,
khi d6 két qua tap muc | U A ciing khong 14 tap phd bién, P(1 U A) < min_sup.

- Vidu: (Hinh 2.1) Minh hoa cho thuat toan Apriori.
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S\
Q’\'A\“\Q‘ Problem data

An example with a transactional data D contents a list of 5
transactions in a supermarket.

List of items (item_IDs)

IBeer(ll) Diaper(12), Baby Pov.der(lB) Bread(l4) Umbrella(lS)
] Dlaper(.IZ), Bat;;’;; der(l3) -
| Beer(11), Diaper(12), Milk{16)

Diaper(12), Beer(l1), Detergent(17)

Beer(11), Milk(16), Coca Cola (I18)

Solution Procedure

Step 1 min_sup = 40% (2/5)

Cl1 [:> I.1

m__m mm

" Beer 1 Beer

12 Dianer 12 Diaper 4I5
I3 Babvpowder I3 Babv 2/5
6 Milk 2/5

Milk
Detercarnt
Cocacola

GEARERGS

2 _ruples _ocomalming _both A _and _B

wopart (A= B) =

[ —
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Solution Procedure
Step 2 (e Hem | Support)

{11, 12} Beer. Diaver 3/5
#1413} BeerBabvpowder 5
C2 {I1,16} Beer. Milk 2/5

{12, 13} Diaper. Babv nowder 2/5
ﬂ #3146} Rabvnowder Milk e

SR e ——
{11, 12} Beer. Dianer
| {1,168} Beer. Milk 2/5
— {12, 13} Dianer. Babv nowder 2/5

i et e Tt ta—
Solution Procedure

Step 4: L2 is not Null, so repeat Step2
tem D] gy |

{11, 12, 13} Beer, Diaper, Baby powder
{11, 12, 16} Beer, Diaper, Milk

(11, 13, 16} Beer, Baby powder, Milk
(12, 13, 16} Diaper, Baby powder, Milk

C3 =Null

[ —
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Solution Procedure

Step 5
min_sup=40% min_conf=70%

lim___

Mik Beer
Babv nowder Daner

£ _tupies _coriginiag _doh A4 _aond _B confidencA => B)= ®_tuples_containing both_A_and_8
tetal _# _of _tupler ' ®_fuples_containing A

Dlaper(IZ) Beer(ll) Detergem(l?)

Beer(11), Milk(16), Coca Cola (I8)

m_m_—m
BeesMille 40% 80% 50%
Diper Baby-pewder 40% 80%  50%
Dmper Beer 60% 80%
Mik Beer 40%
Babv nowder Dmper 40%

L—
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Solution Procedure

Step 6
min_sup = 40% min_conf="70%

1=>12 Beer=> Diaper 60% 75%
2=> 11 Diaper=> Beer 60% 75%
B6=>1 Mik=> Beer 40% 100%
13=>12 Babv powder=> Dianer 40% 100%

Hinh 2.1: Vi du Apriori.
2.2.2 Thuat toan Freespan.

Thuat toan Apriori van ton tai mot sé van dé khi bo dir liéu 1a 16n hodc chudi
mau khai pha dugc dai hoic 16n. Freespan la thuat todn dwoc cai tién nham giai
quyét cac Van dé trén vi vay né c6 tinh hiéu qua cao hon so vai Apriori

Thuat toan Freespan sir dung cac muc phd bién dé dé quy chudi dir liéu thanh
cac chudi dit liéu nho hon.

Khai phé tap pho bién str dung cac chudi dir liéu nham gidi han viéc tim kiém
va sy gia tang cac chudi con.

- Thuat toan Freespan[3].

Tu tuéng thuat toan Freespan 14 cho tap cac chudi tim tat ca cac chudi pho bién
con. Bang cach dé quy cac chudi dit liéu thanh cac chudi dit liéu nhé hon dya trén
cac tap mau pho bién. Khai pha cac chudi dir liéu dé tim ra cac tip mau ciia nd.

e Quét dir lidu, tim cac muc phd bién tir tap dit liéu danh sach muc thuong
xuyén v&i do hd trg giam dan goi 14 f_list(danh sach muc thwong xuyén). Tt ca
cac chudi mau déu c6 thé chia nho thanh mot vai chudi con khong tring lap.

e (1)Xay dyng mot ma trdn muc phd bién mdi 1an quét dir liu. Mot ma tran
muc ph6 bién 1a mot ma tran hinh tam giac F[j,k] trong d6 1<=j<=m va 1<=k<=j, m
1a s6 muc pho bién. F[j,j] chi c6 mot bo dém ghi lai s6 1an xuat hién cia chudi <jj>.
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F[j.k] c6 3 bo dém(A,B,C): A ghi lai mau <jk>, B ghi lai miu <k,j>, C ghi lai mau
<(jk)> (Hinh 2.2) Cho ngudng min_support = 2, f_list: <b:5, c:4, a:3, d:3, e:3, f:2>

Sequence_id Sequence Item pattern
10 <(bd) cd (ac)> {a,b,c,d}
20 <(bf) (ce) b (fg)> {b,ce,f,g}
30 <(ah) (bf) abf> {a,b,f,h}
40 <(be) (ce) d> {b,c,d,e}
50 <a (bd) bcb (ade)> {a,b,c,d,e}

lc) (4>§ o 1 Mia tré_in muc phd bién:
a (3.2.0) (2.1.1) 2
d 222y (220 (121 1
e bS.0.15 «(1.1.2) (.01 . 1.1y 1
f |¢2.2.2) (1.1.0) (1.1.0) (0.0.0) (1.1.0) 2
| © d = 3

Hinh 2.2: Ma tran muc pho bién.

e (2)Tao ra chudi cac mau co d6 dai bang 2. V&i mdi bo dém , néu gia tri trong
bd dém 16n hon hodic biang min_sup thi thu duoc chudi mau twong tmg (Hinh 2.3).

b

HO QLN O

4
(4,3,0) 1

(3.2.0) (2.1.1)
(2.2,2) (2.,2,0)
(3.1.1) (1.1.2)
(2.2.2) (1.,1,0)

Ma tran muc phd bién

2
1,2,1) 1

(1.0,1) (1.1.1) 1
(1,1,0) (0,0,0) (1,1,0) 2

Item

TN

) /f

=<bf=, <fb>=, < (bi)::=, =<ff=
Chudi mau d6 dai bang 2

<bf=:2, <tb=:2, <(bi)=:2, <it=:2

<be=:3, <(ce)=:2

<bd=:2, <db=:2, <(bd)=:2, <cd=:2.<dc=:2, <da=:2

<ba=:3, <ab>=:2, 6 <ca=:2, <aa=:2

<bc=:4, <cb=:3

T oo & o

min_sup

<bb>=:4

Hinh 2.3: Chudi mau d6 dai bang 2.
e (3)chd thich trén céc tap item-repeating.
- Cho dong j: néu f[j,j] >= min_sup thi tao ra <jj+>.
- Cho mdt cot i khac j, néu f[i,i] >= min_sup thi tao ra i+ Néu 1,51 >=

thi tao ra j+.

- Néu chi mot trong 3 bo dém cua f[i,j] 1a pho bién, chudi dugc sir dung nhu
ghi chia va nguoc lai thiét 1ap ban dau duoc st dung (Hinh 2.4).
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@, 3 "o 1 MMa tran muc phd bién

G.2.0) (2.1.1) >

222220 .21
(3.1.1) (1,1.2) (1.0,1)
(2,2,2) ¢1.1,0) (1,1,0)

1

(1.1, D

0. 005 (1 1.0) @
d

B “C A e
- T N e ST ]
{b+ &} 05 5 aa¥ e
Item Repeating items
t {b*f+}
e ~<bte>
d {b*d}. <da*>
a <aa‘'>, {a*b*}, <ca'>=
C {b*c}
b <=<bb*=

Hinh 2.4: Item-repeating.

e (4)project database. Cho rong j: V&i mdi i<j, néu f[i,j], f[j.k] va f[i,k](k<i)
o thé hinh thanh 3 mau, k phai dugc thém vao tap cot i-projected. Néu c6 su lua
chon giita chudi va tap thi chudi duoc wu tién (Hinh 2.5).

b = Ma tran muc phd bién
[e (4.3.0) 1
a |(3.2,0) (2.1.1) 2
d |(2.2.2) (2.2,0) (1.2.1) 1
e |(G3.1.1) (1.1.2) (1.0.1) (1.1.1) 1
f 1¢2.2.2) (1.,1,0) (1.,1.0) (0,0,0) (1,1,0) 2
b [ a d e f

< =be=,<{ce)=c—<bc>=

<(ce)>: {b}

Item

=ba=,<ab=>=,

. =ca=c—p><b.c>=
a: § —ca=: {b}

Projected DBs

[%]

=(ce)= :{b}

<da=:{b.c}. <(cd)=:{b}

<ca=>:{b}

{5

Tloo| |-

o

Hinh 2.5: Project database.

e (5)Quét dir lidu dé tao ra cac item-repeating va project database (Hinh

2.6).
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' annotation | <(ce)=:{b} ;r;ﬁ;_{b}}_ ______________________ _E
| projected [ <b(ce)b>,<b(ce)> | <(bd)cb(ac)>, <(bd)bcba> |
| I_)1_3 ______________________ L |
! sequentlal <b(ce)>:2 :r<(bd)a>:2, <dca>:2, <dba=>:2, <(bd)ca>:2,1:
{pattems | <(bd)ba>:2, <dcba>:2, <(bd)cba=>:2 I

'__::'_:::::::::::::::J_":::-:::::::::::::::::::::::]————

'<bcd> 2, <(bd)c>:2, <dcb>:2, bcal> 2, <cba>:2, <bcba>:2
'<(bd)cd> 2, <(bd)bc>:2

Hinh 2.6: C&c chudi mau.
2.3 Tém tit.

Chung ta dd vira tim hiéu chung vé khai phé tap phd bién. Hai thuat toan duogc
gid1 thi€u & trén co6 thé hoat dong rat hiéu qua véi bo dir liéu nhé. Nhung do1 véi
nhiing bo dir liéu 16n thi con gap nhicu han ché. Vi du nhu thudt toan Apriori:

- N6 tao ra mot tap Gmg vién 16n: v&i 1000 chudi pho bién do dai bang 1 tao ra
1000 = 999
1000 = 1000 + f = 1 499 500

g vién d6 dai bang 2.
- Piéu d6 dan dén qua nhiéu lan quét tap dir licu trong qua trinh khai pha
Gap phai khé khan khi khai pha chudi mau phd blen dai t1nh theo cap s6 nhan

ctia s6 lwong tng vién. Mot chudi phd bién do dai 100 can 10* chudi ung vién.
100

Z (lfrlﬂ) — 5100 _ 4 A 1p30
i=1 b
Vi tit ca nhitng han ché & cac thuit toan trén. Chung s€ tim hiéu mot s6 thuat
toan khai pha tap pho bién méi ¢ chuwong tiép theo.
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CHUONG 3: TIM HIEU PHUONG PHAP KHAI PHA TAP PHO BIEN

~ DPONG TRONG KHONG GIAN.

Khai pha tap pho bién dong da dugc dé xuat dé xac dinh tat ca cac tap muc, tap
thudc tinh ma thuong xuyén xuat hién trong cac ban ghi cua bo dir liéu. Sb lugng
cac FCPs nho hon rat nhiéu so voi sé lugng tap thuong xuyén dugc khai pha &
chuong 2 do vy cac thuat toan khai phé tap phé bién dong thuong nhanh va hiéu
qua cao hon céac thuat toan khai pha tap phd bién. Mot vai thuat toan khai pha FCP
hiéu qua da duoc dé xuat nhu: A-Close sir dung phuong phap tim kiém breadth-first
dé tim cac FCPs, Closet va Closet++ str dung cay tap mau pho bién dé nén céc lat
dix liéu, ngodi ra con c6 rat nhiéu cac thuat toan khac nhu MAFIA, CHARM, D-
Miner...

Duéi day ching ta s& di vao tim hiéu cac phuong phéap khai pha tap phd bién
dong trong khong gian 2 chiéu, 3 chiéu.

3.1 Phuong phap khai pha tip pho bién déng trong khong gian 2 chiéu.
3.1.1 Tong quan.

Dau tién, t6i xin trinh bay Khung cho phép ching ta khai pha FCPS tir bo dit
lidu day ddc mot cach hiéu qua va cai tién. Khung nay bao gdm hai phan.

Phan dau tién, khong gian khai thac duoc phan chia thanh mot s6 khong gian
con nhd, nhu vdy (a) mdi khong gian con c6 thé dugc khai thac doc lap, va (b) tap
hop cac FCPS tir tit ca cac khong gian con 1a mot tap hop cac FCPS thu dugc tir
khéng gian ban dau.

Phan th hai, tung khong gian con duogc khai thac doc lap dé tra lai FCPS.
Nhiém vu quan trong trong giai doan nay 1a dé tia di cac FCPS du thira (nhiing Céi
ma ¢ thé duoc tao ra trong khong gian con khac) va giam sai sot (nhitng céi la
FCPS trong khdng gian con, nhung khong phai FCPS trong khong gian ban dau).

Mot khung nhu vay cé hai loi thé quan trong. Dau tién, la cac khdng gian con c6
thé duoc khai pha doc 1ap, chung co thé tra dap an cho ngudi str dung ma khong can
doi tat ca cac khong gian con xur Iy hoan tat. Diéu nay c6 nghia ngudi ding c6 thé
thu dugc dap an trong thoi gian ngan, va khdng con bi tran ngap boi tit ca cac dap
&n cing mot ldc. Thi hai, chuong trinh dé dang lam viéc song song ma khéng can
qua trinh dong bo hoa - cac khong gian con c6 thé dugc khai phéa doc lap, dong thoi
song song cung mot luc.

Dua vao Khung nay, ching ta dé xuit hai thuat toan, C-Miner va B-Miner. Hai
thuat toan nay co hai sy khac biét. Trude tién, phuong phap phan vung khong gian
khéc nhau : C-Miner phan vung khéng gian khai pha dya trén viéc liét ké cac dong
rit gon trong khi B-Miner phan ving khong gian dya trén phép chiéu cac dong co
ban. Thir hai, béi vi cac phuong phap phan ving khac nhau, cho nén chién luogc rut
gon dugc sir dung trong hai thuat toan ciing khac nhau.
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3.1.2 Sw chuén bi.

Dau tién ching ta phai xac dinh mot sé khai niém ma ching ta sé st dung trong
sudt chuong nay, va sau d6 cung cap mot sé mo ta van dé.

Cho R = {ry,r,....r,} Ky hiéu tap cac hang, va C = {c4,C,,...cn} ky hiéu tap cac
cot. Trong bo dit lieu, mdi dong r; chira mot tap cac cot, va mdi cot ¢; chira mot tap
cac dong. Trong chuong nay, ching ta lay mot bo dit liéu nhi phan O = m * n, trong
d6 cac 6 O;; twong ing véi cac moi quan h¢ gitra dong i va cot j; a 1a mot gia tri
dung (gia tri bang “1”) néu i va j c6 mdi quan hé, va nguoc lai a 1a mot gia tri
sai(gia tri bang “0”).

Trong Bang 3.1, r3 chira ¢, va cg, ky hiéu la C (r3) ={c,; Cg}; va ¢; duoc chaa rs
va rg, ky hiéu la R (c7) ={rs; re}.

Bang 3.1: Vi du tap dir liéu (ma tran O).

RIClei|ex|es|es|es|eg]|er
T ES I IE 0
r's 1 11010710 (0
rs (0| 1(0]0][0 0
4 1 1 1 1 1 ()
rs 110 L1 | &) <2
r's TE L [ [ 3

v' Pinh nghia 3.1: Pd hd tre cit R(C): Cho mét tap hop cac cot C e C, tap
dong 16n nhét ma chira C duoge dinh nghia 1a do ho trg cot R (C’) £ R.

Bang 3.1, cho C={cy, C4}, khi 46 R(C) = {rs, Is, s} , {ra, Is, s} c6 chira cl
va ¢4, va khéng c6 dong nao khac chira ca hai cot.
v" Pinh nghia 3.2: P hd tro dong C(R): Cho mdt tdp hop cac hang R ¢ R,
tap cot 16n nhit ma chta R duoc dinh nghia 1a do hd trg dong C (R’) e C.

Bang 3.1, cho R = {ry, .}, khi d6 C(R) = {c4, e}, {C1, Ce} O chira ry va rg,
va khong cé cot nao khac chaa ca hai dong.
v Pinh nghia 3.3: P hd tro |R(C)|: Cho tap cot C', sé dong trong bo dir liéu
ma chira C’ dwoc dinh nghia 1a d6 hd trg cia C', ky hiéu 13 |R (C) |.
v' Pinh nghia 3.4: Tép déng (CP): Mot tap cot Ce C duoc goi la tap dong
néu khong ton tai C sao cho C e C va |R(C )| = |R(C)).
v' DPinh nghia 3.5: Tap phé bién déng (FCP): Mot tap cot C e C duoc goi la
tap phé bién dong néu (1) |R(C)|, dd hd tro cua C, cao hon mot ngudng hd tro
t6i thiéu; va (2) C 1a mot tap dong.

Vi du, cho minsup = 1, tap cot {c1; Cs,Ce} S& 12 mot tap phd bién déng trong
Bang 3.1 vi nd xay ra hai lan nhiéu hon so véi ngudng minsup. Tuy nhién, {c;;
c3} khong phai tap phd bién déng & chd né cd mét tap {ci; ¢,; cs} va |R({cy; ¢z

Cs}) =IR({Cz Cs}) |-
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v" Dinh nghia 3.6: Mt d¢ dir liéu: Mat do dir liéu (ky hiéu 1a mat do) duoc

dinh nghia 12 ty 18 phan trim cta cac 6 c6 chira gia tri 1 trong cac bd dir liéu nhi

phan.

v" Pinh nghia 3.7: P$ dai miu: Cho mot tap phd bién dong, sé lwong cac cot

chtra trong tap pho bién dong duoc goi 1a ¢6 dai mau, ky hiéu 1a Len.

Vi du, Vi tp phd bién dong {ci; Cs; Ce}, chiéu dai mau Len = 3.

v/ Miéu ta van dé (khai pha FCP): Cho mét tap dir liéu O, van dé caa chung

ta 12 khai pha tat ca FCPS ddi v6i do hd tro ngudi sir dung goi 1a minsup va

chiéu dai mau ngudi sir dung goi 12 minlen.

Trude khi két thiic phan nay, ching t6i mudn chi ra rang ching ta s& can dé y
dén @6 hd tro cot cua mot FCP. Nhu vay, dé thuan tién, ching t61 cling s€ dé cap
dén c4c ma tran con R(FCP) x FCP nhu FCP.

3.1.3 Tién b ciia phwong phap khai pha tiap pho bién déng.

Dau tién, chang ta trinh bay khung co ban cho khai pha tap phd bién dong. Sau
d6 trinh bay hai thuat toan C-Miner va B-Miner, dua trén khung nay. Cudi cung,
ching ta sé& trinh bay 1am thé nao khung nay c6 thé d& dang thich nghi vai viéc khai
pha tap phd bién déng song song.

3.1.4 Khung cai tién cho khai pha tap pho bién déng.

Cho O 1a bo dix liéu gbc (ma tran) dugc khai pha. Ching ta s& dé cap dén O nhu
la mot khdng gian, trong trudng hop ndy O chinh 12 khong gian khai thac ban dau.
Cho MineFCP(M) ky hiéu cac tap phd bién dong khai phé tir khdng gian M.

Y tuong co ban cua khung nay, nhu minh hoa trong hinh 3.1, bao gém hai giai
doan: giai doan hinh thanh cac khdng gian con, va giai doan khai pha cac khong
gian con.

Trong giai doan dau, giai doan hinh thanh cac khéng gian con, khéng gian O
duogc dé quy chia thanh cac khéng gian con S1,S2....St, trong d6 t =1 , nhu vay:

MineFCP(0) € U MineFCP(S;)
i=1

Noi cach khac, khong gian ban dau dugc phan chia thanh nhiéu khong gian con,
nhu vy tdp hop tit ca cac tap pho bién dong duoc khai pha tir tat ca khong gian con
c6 thé 1a cau tra 10 thyc té trong khong gian ban dau. Tinh chét nay cho phép ching
ta khai phéa céc khong gian con khac nhau doc 1ap va dong thoi.

Biang cach nay, nhitng dap an thu duogc tir khong gian con co thé duogc tra lai
ngay cho nguoi st dung. Hon nita, vi khong gian con 1a nho hon so véi khong gian
ban dau nén nod co thé dugc khai pha hiéu qua hon. Nhu da dé cap, kha niang khai
pha khdng gian con la doc 1ap do vay qua trinh khai pha song song dugc thuc hién
dé dang hon.
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Qriginal -N\

space

" T

Phase 1
DE quy
/ 1N N\ ¥ '\ sinh cAc
khong gian
con
/Y ™\ N\ \ ¥\
I!I I!! i3 [:] e . ; Iil
=% J
V S
FCP(SI)| | FCP(S2) FCP(St) Ehose2
V V V Rhibng gian
Filter Filter Filter con dwoc khat
pha va lwoc
bét mot cg’xch
; ; doc lap dé tra
FCPS nhan dwye tirkhing gian con bat ky o the dwoe ted lai cho ngui st dung ngay 1ap the lai céc chu tra
L1 dan dén

Hinh 3.1: Khung khai pha.

Trong giai doan 2, Giai doan khai pha cac khong gian con, méi khong gian con
dugc khai pha ta duge cac FCPs doc 1ap. Tuy nhién, cac FCPs dugc khai pha tu
khong gian con ¢ thé khong phai 1a dap an. C6 2 truong hop say ra:(a)FCPs khai
pha tir mot khong gian con c6 thé 13 sai. Mot tap 1a FCP cua khong gian con nhung
khong phai FCP toan cuc. (b)FCPs khai pha tir khong gian con 1a du thura, vi dy:
mot FCP ¢6 thé khai phé tir nhiéu khong gian con Khéc.

MineFCP(Si) n MineFCP(Sj) = 0.

Nhu vay, co ché cat tia sau phai duoc trién khai dé loai bo cac FCPS khong
dong toan cuc hoac du thira dé chi c6 cac két qua dung duoc tra lai. Hinh 3.1, ngay
sau khi két qua duoc tao ra tir cac khéng gian con, ching c6 thé duoc tra lai ngay
cho nguoi st dung.

Trong hai phan ké tiép ching ta sé& trinh bay hai thuat toan, C-Miner va B-
Miner, dyua trén khung nay. Hai phuong an khac nhau trong cach phan vung khéng
gian ban dau, va cac chién lugc cit tia.

3.1.5 Thuat toan C-Miner.

Thuat toan C-Miner[1] dugc chia lam 2 giai doan:
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» Giai doan phan vung khéng gian khai pha
Giai doan phan ving khong gian khai pha cia C-Miner bao gom 4 buéc:

£ Buwéc 1: Cac dong tuong ddng nhau trong dit liéu géc O dugc nhom lai bang
mot phuong phap phan cum. Bat ky thuat toan phan cum nao ciing c¢6 thé dugc sir
dung ¢ day. Trong dé tai nay ching ta sir dung phuong phap phan cum CLUTO.
Trong thuat toan CLUTO s6 lugng céc cum k 1a tham sé do ngudi dung chi dinh.
Giai phap phan cum thanh k cum mong muédn bang cach thuc hién tuan tu viéc phan
chia lap di 1ap lai cua k — 1.

Trong phuong phap ndy, ma tran lan dau tién dugc phan chia thanh 2 nhom, sau
d6 mot trong nhirng nhém nay dugc chon va chia tiép. Qué trinh nay lién tuc cho
dén khi sé cum mong muén duoc xay dung. Sau mdi budc, cum dugc chia cho két
qua 1a 2 cum. Dan dén giai phap phan cum t6i wu hoa dugc phan cum theo tiéu chi

ham:
mnxmuzes Z Z .S‘LmI:L H
—1

Trong do, R; la tap hop cac dong duoc gan vao cum tht i. u, v dai dién cho 2
dong va sim(u,v) 1a khoang gitta 2 dong. Viéc phan cum sé tiép tuc va dugc kiém
soat bai cac quy tic, cac quy tic phan chia s& toi wu hoa cac gia tri phan cum téng
hop cac tiéu chi chirc nang.

+ Budc 2: Cac dong trong cling cum duoc két hop tao thanh dong rit gon moi
goi la cum dong. Cho G = {ry,r,....,ry} tdp cac dong cua cum D. Sau d6 cum nay co
thé duoc biéu dién nhu ma trdn D = g * m. Cum dong caa D, ky hiéu L = {Iy, I,,...,
I}, duoc tao thanh theo quy tac: .

- 3" Ve
i=1

Trong d6 j = 1,2,...,m. D6 1a gia tri cac 6 trong cum dong, gia tri bang 0 chi khi
tat ca cac gia tri tao 1én 1a 0, nguoc lai 6 s€ co6 gia tri béng 1. Béng cach trén O da
duoc chuyén thanh ma tran nhé gon O’ =1* m, trong do 1 1a s6 cum val £ n. Cho
ma tran O Hinh 3.1 Gi4 st cac dong {r1,r2,r3} {r5,r6} duwoc nhom thanh 2 cum L,
va L. Khi d6 ta ¢c6 ma tran O (Bang 3.2).

Bang 3.2: Ma tran rat gon O’.

Cy |C2|C3 |Cy|C5[Cs|CT

L(ri,ra,rg) [T [2]JOJO[1T]1]0
I>(rs) AENEIAENE 0
l3(rs,76) | 1|1 0lo]1

+ Budc 3: C-Miner 4p dung chién luoc liét ké céc dong rat gon trén ma tran
rat gon O’ dé€ phan chia khong gian O thanh cac khong gian con. Trong cac budc
trude, cac dong(hodc cot) de liét ké co khoi lugng xir 1y bang nhau. Trong C-Miner,
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khéi lwong ctia mdi cum dong 12 s dong ma né tao ra. (vi du: S6 dong ciia cac cum
twong ung). Vi vay, trong qua trinh liét ké cac cum dong, do hd tro cua 1 khong
gian con duoc tinh bai tong d6 16n ciia cac cum dong twong tng. Ching ta dang dé
cap dén cac khong gian con O’ nhu 14 c4c khong gian rit gon. Trong bat ctr thuat
toan liét ké dong nao duoc sir dung thi ching phai dép tng duoc nhu cau xir 1y liét
ké 16n. Tir khi qua trinh liét ké dong bang vdi qué trinh loai bo dé quy tir cac dong
hodc tit ca cac 6 ciia ma tran cd gia tri “0”, ching ta st dung chién luoc cay phan
chia theo do sau(twong tu nhu D-Miner) dé liet ké dong thu gon, dé hoat dong hi¢u
qua cho dy li¢u day dac.

Chién luoc cdy phan chia hoat dong nhu sau: Chung ta nhom tat ca cac 6 co gia
tri “0” & mdi cum dong véi nhau, va x4c dinh tirng nhom nhu mot lat cit C(X)Y)
trong 46 X € L va 'Y € C. Nhu vay sb luong cac 1at cit bang vai s dong c6 chira it
nhét 1 phan tir “0”. Liic d9, 1at cat C(X,Y) phai théa man: ¥I; € X, ¥¢; € Y, 0% =
0 va ¥e¢,, € (C\Y), O’jx = 1. Bang 3.3 cho thay 3 lat cit dwoc sinh ra tir vi du ma
tran O’ trong Bang 3.2.

Bang 3.3: Lat cat.

C(X.Y)
C(l, cacscy)
C(la, e7)
C l[ 3, C5Cg)

Cay phan chia ldy ma tran rat gon 1am gdc va phan chia né bang cach dé quy sir
dung cac lat cit cho dén khi tit ca cac lat cit duoc str dung va tuong Gng tit ca cac
6 trong mdi khong gian thu gon duoc co gia tri 1a “1”. Mot 1at cit C(X,Y) duoc st
dung dé cat mot nut (L°,C")néu X NL =@ vaynC = 0. Theo quy tic, Ching ta
dinh nghia cay con trai cta nut la (L*\X,C’) va cay con phai la (L°,C°\Y). Két qua
cac khong glan rat gon thé hién mot sy liét ké day da cua cum dong, khong gian
nay thoa man rang budc do hd tro va do dai mau. Chi nhitng nat khong dap ung
duoc rang budc do hd trg va do dai mau thi bi luge bo di. Vi vy, cac thong tin du
thira cho khai pha tap pho bién dong dugc loai bo trong qua trinh phéan chia khong
gian con. P9 hd tro ctia mot nut duoc tinh béng téng d6 16n cum dong cua nit.

Cho minsup = 3 va minlen = 2. Hinh 3.2 cho thay cay phan chia ap dung cho vi
du ctia chiing ta va cac khong gian rit gon dugc thé hién ¢ Bang 3.4.
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(111213, clc2c3cdc5cbeT)

R{111213, clc2c5ch)

L(13, clc2c3edelchic?)  R(1213, clc2c3cdcsch)

L{12; cle2e3cdcich)  R(1213, clc2cicd)

L1112, clc2c5ch) R(I11213, clc2)

Hinh 3.2: Cay phan chia sir dung lat cit.

Bang 3.4: Két qua cac khong gian rit gon va khong gian con.

Cluster-Row Set | Original Row Set | Original Column Set | Support | Pattern Length
l. 1y I1, P9, T3, Ty C1. . Cs. Cg 4 4
]1.12.]; I'.T9. T3, T4, 75, T8 ) 6 2
12.]-; P4, 15.T¢ C1. 0y, C3,Cy 3 4

Chung ta luu y rang tht ty sap xép cac lat cit dugce ap dung anh huong dén hiéu
qua. Nhu mot heuristic, lat cat v6i do wu tién 16n nhat thi dugc str dung dau tién nhu
vy n6 sé& cho két qua ciy ngin hon( do d6 hiéu qua xir 1y cao hon).

4 Cudi cung, trong budc 4, mdi khong gian rut gon, cac cum dong dugc giai
nén dé tao lai cac dong ban dau. Qua trinh giai nén nay mo ra cac 6 mdi, nhirng 6
ma c6 chura gia tri 0 trong bo dit li€u tuong tng.

Bay gio, mdi bo dir liéu 1am thanh mot khong gian con tir d6 chiing ta co thé
khai pha cac tap pho bién dong c6 thuc (cua bd dir lidu ban dau). Xem xét cac
khong gian rat gon trong Bang 3.4, chung ta c6, sau khi giai nén, két qua cac khong
gian con hién thi trong Bang 3.4.

% B dé 1: Cho O la khong gian khai ph4 ban dau. Cho khong gian con sinh ra
boi giai doan 1 cua C-Miner tir khong gian O dugc S;,S,,...,St, T > 1. Luc do,

MineFCP(0) € U MineFCP( 5i).
i=1

> Giai doan khai pha khong gian con dé tao ra cac tip phd bién dong.

Dé tao ra cac FCPs thyc sy, thi mdi khong gian con phai dugc khai pha doc lap.
Chung ta s€ str dung D-Miner[1] trong giai doan nay.

Tir bd dé 1, Chung ta chu ¥ rang, diéu nay c6 thé say ra: cho mot FCP f rat ra tir
mot khong gian con S; (vi du, f € MineFCP(S)) nd c6 thé 1a sai (vi dy, f &
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MineFCP(0)) hoic f ciling c6 thé rat ra tir mot khong gian con khac Sj(vidu: fe
MineFCP(S)); i = j) . C6 3 trudng hop sai va du thira c6 thé xuat hién (Hinh 3.3).

A G a a’ B A 3 B A 3 B
E| > G E|.> G

Si a h c a b

£ P Sj P Sj

C b b | D a’ b' |c' a’ b’
Sj F H F H
E c ¢ ‘E O c D 0 c D 0

(1) Dong thiét 1dp hé. (2) Cétthiét 1ap hé (3) Duwthiza.

Hinh 3.3: Sai s6t va du thura.

e Truwong hop 1: Do hd trg tip hop dong cta f € MineFCP (S;)) khong dong
toan cyc. Trudng hop nay xuat hién khi ton tai 1 dong r, € R, dong ndy nam bén
ngoai khéng gian con S; nhung lai chira Cs (cot tap hop cua f). Sau do, phai tdn
tai f* € MineFCP(S;)) sao cho f = . Vi du: f = aa’bb’ dugc khai pha tir khong
gian con  S; = ABCD khong phai 1a tap hop dong dong toan cuc trong do f* =
aa’cc’ tu khong gian con S; = BEFG la tap cha cua f°. Do do, ching ta c¢6 the két
luan rang, cho f= (R X Cf) € MineFCP(S;), néu ton tai mdt dong ry € Rvary, &
Ri (dong tap hop cua S;) nhu vay ¥C, € Cy, Oyy= 1, khi d6 f phai duoc luge bo.
e Trwong hop 2: Cot tap hop cua f = (Rf X Cy) € MineFCP(S;)) khong phai
dong toan cuc. Cho S; = (lig,lip,....,liy) X C; trong d6 C; 1a c6t tap hop va lix 1a cum
dong dong gop vao S, Cho liy,lip,....lj, 1a tap hop dong twong ung(trong dir liéu
ban dau) tir mdi cum dong dugc sinh ra. Gia st 3y € (lig,lip,.. .. 1iy) nhu vay Is N
Lix = @, 46 1a mot sé6 cum dong khong dong gop vao f. Sau d6 phai ton tai mot
khong gian con khac khong dong gép vao cum dong Sj= ({liz,liz,....Liu }\ lix) X j
trong d6 ¢; © ¢j. Dicu nay dan dén 3f' = (R"f X C’f) € MineFCP(5;) Nhu
vay Rf = R’;va C; € C’; . Chung ta chua dé cap dén truong hop Cs = C’s d6 1a
truong hop 3 phia dudi. Néu C;c C%, f phai dugc loai bo, n6 khong phai tap
dong toan cuc trong tap hop cot. Vi du: f = aa’bb’ tr S; = ABCD khdng phai tap
hop cot dong toan cuc néu cd ton tai f = aa’cc’ tir khong gian con S; = EFGH.

e Trwong hop 3: f € MineFCP(S))) 1a du thua trong do f € MineFCP(S)).

Tiép theo, diéu kién & trudong hop 2 & trén, néu C; = C’y, sau d6 £= . Vi vay, f

1a du thira va c6 thé loai bo tir Si. Vi du: f = aa’bb’ c6 thé khai pha trong ca 2

khong gian S; = ABCD va S; = EFGH.

Dua trén nhitng quan sat trén, ching ta c6 thé dam bao rang két qua cudi cling
ctia ching ta chira tat ca va chi co nhitng cau tra loi dung. Trudc khi ching ta ching
minh két qua nay, chiing ta cung cap cac dinh nghia cua tap dong rut gon dau tién.

v" Dinh nghia 3.8 Tap dong riut gon:

Cho 1 khdng gian con rat gon S; = {li1,lip,....Ii,} X Ci trong do C; la tap cot va |y
la cum dong cau thanh I1én S;, chung ta dinh nghia liy,lip,. .., li, nhu tap dong rat gon
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tuong ung(trong bo dy liéu ban dau) tr mdi cum dong duoc sinh ra.Véi cac cum
dong I, trong bang 3.2 1am vi du. Tap dong rat gon twong tng la L1 = {ry,r,,r3}.

Bay gio, cho mdi FCP sinh ra tir khdng gian con S;, chiing ta luoc bé di nhitng
FCP du thtra hoic nhitng 16i co ban dya trén nhitng nguyén tic cét tia dugc dwara &
bo dé 2: (i) diéu kién (a) nghia 1a mot sé tap dong thu gon cua S; khdng gop phan
vao f. Luoc bo boi diéu kién (a) loai bo di bat cir f ma khong phai la tap cot dong
toan cuc hoic du thira; (ii) diéu kién (b) ngia 1a mot vai dong khac bén ngoai S;
chua tap cot cua f. Viéc loai bo bai didu kién (b) luoc di bat ky f ma khong phai tap
hang dong toan cuc.

< B @@ 2: Cho O 14 khong gian ban dau. Cho S.....S; 1a cac khong gian con
dugc sinh ra trong giai doan 1 cua C-Miner. Cho S; = R; X C; vacho f = (Rsx Cy) €
MineFCP(S;). Sau dé, f c6 thé bi luge bd néu (a) 3L, = R; vi vay Rs N Lix = @; hodc
(b) HRy c (R\R,) nhu vay vC, € C;, Oi,z =1.

< B dé 3: Cho O la khdng gian ban dau. Cho S,,...,S; 1a khong gian con dugc
sinh ra trong giai doan 1 cua C-Miner. Cho Pq,...,P;1a tdp cac FCPs ma duoc lugc
bo tir khong gian con tuwong Gng trong giai doan 2. Khi do,

MineFCP(Si) - Pi € MineFCP(O)
£ Pinh 1y 1. Cho O 13 khong gian ban dau. Cho S,.....S; Ia cac khong gian con

tao ra trong giai doan 1 ciia C-Miner. Cho Pq,...,P; 1a tap c&c FCPS duogc luoc bo tir
cac khdng gian con twong tng trong giai doan 2. Do vay,

MineFCP (O) = U{1(MineFCP(S,) — P;).

Trong vi du (Bang 3.1), sau giai doan 2, cac FCPs thu dugc duoc biéu dién &
Bang 3.5.
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Bang 3.5: FCP(minsup = 3; minlen = 2).

support set | FCP | support | pattern length
ry.7T2,74 C1.Cg 3 2
r'o. 73,74 Co, Cg o 2
I'o.T4. 75 C1.Co 3 2
ry.Ts.T6 C1.C4 3 2

3.1.6 Thuéat toan B-Miner.

B-Miner dya trén co s ddi twong cac dong co ban. Thuat todn B-Miner ciing bao
gom 2 giai doan[1].
» Giai doan phan vung khong gian khai pha.

B-Miner phan vung khong gian O = R x C trong hai budc: phan vung tap dong
va phan vung tap cot.

Trong budc dau tién, tap dong R dugc phan chia thanh mot vai nhdm dong khac
nhau, dugc dinh nghia 1a c4c nhém dong co s¢ (BRGS). S6 lwong dong trong mdi
BRG la giéng nhau, s6 luong nay do ngudi ding truyén vao bang tham sd, s6 luong
dong duoc dinh nghia 1a @6 dai nhém (GL). V&i GL =k, tap dong R = {ry,r,,...,rn}
duoc chia thanh g ?RGS: {ruro,.ond Lt lkezse - ooT2k oo g * ke 1ol g * ke 2o+ - 0T g * ks
trong do q= ;l + 1. V6i 1 BRG, = {r(|_1) *k+ 1 [01) * K+ 250005 T(-1) * «} duoc dinh

nghia 1a tap dong trudc (FRS)) cua cua BRGy; va {r = + 1,....In} duoc dinh nghia la
tap dong (LRS)) sau cua BRG,.

Trong budc thir hai, bang cach chiéu trén mdi BRGs, tap cot C = {Cy,Cy,....Cm}
phéan chia thanh g nhdém c¢ot, dinh nghia 1a nhom c6t co ban (BCGs). cho nhém
dong co ban thi | BRG = {rq.1) » k + 1.F(-1) * k + 2,-- -»11 * k}» NhOGM €6t co ban BCG, =
{c’1,¢"2,....C'm} trong d6 c’1,¢°p....’'m & C va VC; € {c’1,¢°2....¢'m},

I =

Z:’:-:_'z—1juxk+1VD:’.J” =L

Mbi khong gian con duoc tao thanh tir ba yeu té: BRG, LRS, va BCG. Do do,
cac khong gian con thiri Si = (BRG; U LRS;) x BCGi, diéu nay clng twong duong
véi  Si = LRS;.; x BCG;. Cho ma tran O trong Bang 3.1 Vi du, vdi GL = 2, ¢6 ba
khong gian con tao ra: S; = {ry,r,r3,r45,re} X {C1,C2,C5,Ce}, So = {rs,fa,I5,l6} X
{C1,€2,C5,C4,C5,Ce}, S3 = {rs,6} X {C1,C2,C3,C4,C7}-

FCPS sé khong dugc tao ra trong cac khéng gian con ma cd sé dong it hon
minsup. Do dd, sé lwong khong gian con q = :

SR 4 1 thay i E+ 1. NO an

toan bé qua nhitng khong gian con ma khdng cé da sé dong. Tap cot vai da sy hd
trg dong duoc bao phua bai cac khdng gian con truge. i véi cac vi du trén, néu
chidng ta dat minsup = 3, chi c6 hai khéng gian con dau tién (S; va S) sé duoc khai
pha. Khéng gian con cudi cling S; véi chi 2 dong s& duoc lugc bo an toan.
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< Bo6 dé 4: Cho O la khong gian khai thac ban dau. Cho cac khdng gian con tao ra
bai giai doan 1 cua B-Miner tir O dugc cac khéng gian con Sy,S,,...,.St, T = 1. Khi
d6 MineFCP(0) Ule MineFCP (5;).

> Giai doan khai pha khong gian con dé tao ra FCPS.

Gidng nhu C-Miner, bat ky thuat todn khai pha FCP nao ciing c6 thé duoc ap
dung trén céc khdng gian con. O day ching ta tiép tuc sir dung D-Miner dé khai pha
cac FCP tur cac khong gian con. Tuy nhién, do cach phan chia khéng gian, mot sé
FCPS h¢ trén toan cuc hoac du thura .

BRGI| @ g Hoa? .
FRSk C
3 3 b B
BRGj
c ¢ ¢ ¢ BRGK| ° -
d d d d d d
Si §i Sk

Hinh 3.4: Vi du V& sai sot va du thira.

Hinh 3.4 cho thay mot s6 vi du. Hay xem xét ba khong gian con lién tiép S;, S;,
va Sy. R6 rang la mot mau khai pha tir cac khong gian con trude d6 o thé xuat hién
lai trong cac khdng gian con sau. Vi du, mau bb’dd’ tir S; ciing ¢6 thé xuat hién ¢ S;,
va cc’dd’ tir S; ciing ¢6 thé xuat hién & ca S; va Sy. Nhu vay Ia truong hop du thira.
Hon nita, mau tr cac khéng gian con sau c6 thé bi hé néu tap cot cua nd chua trong
FRS caa n6é. Cho bb’dd’ tir S lam vi dy, Khi tap cot ciua né ciing ton tai trong FRS;,
no la hg trong d6 mau aa’dd’ tir cac khong gian con trudc S; la tap cha va dong toan
cuc.

Dé loai bo triét dé cac FCPs ho trén toan cuc hoic du thira, chlng toi phét trién
hai chién luoc cat tia (xem Bo dé 5). Piéu kién dau tién co nghia la cac FCP khong
chtra bat ky dong nao caa BRG cac khdng gian con. Cac diéu kién luoc bo do d6
dam bao khdng c6 du thira, nghia 13, FCPs tir mot khong gian con nhat dinh s&
khong xuat hién lai trong cac khong gian con sau d6. Vi dy, trong 3,4 hinh, FCPs tir
S; ma khong co6 do hd trg dong trong BRG; nhu bb’dd’, cc’dd’ s& bi lugc bét di,
trong khi FCPs nhu aa’dd’, aa’cc’ s& duoc gifr lai. Diéu kién tha hai co nghia 1a c6
mot dong trong FRS cac khéng gian con cia nd ma c6 chia toan bo tap cot cua
FCP. Piéu kién cit tia do d6 dam bao khéng c6 FCPS toan cuc bi hg, nghia I3,
FCPs tir mot khong gian con nhét dinh s& khéng c6 bat ky tap cha nao trong céac
khong gian con truéc cta nd. Vi dy, trong hinh 3.4, FCPs tir S nhung véi d hod tro
dong trong FRS; nhu la bb’dd” s& bi luoc bét di vi n6 c6 mot tap cha aa’dd’ trong
khong gian con trudc S;.
< Bo6 dé 5: Cho O la khdng gian ban dau. Cho S,,...,S; 1a cac khéng gian con dugc
tao ra trong giai doan 1 caa B-Miner. Cho FCP; = {ri1,....r;\.} X {Cis,....civ} la cac
mau khai pha duoc tir cac cac khong gian con S;. Sau d6 cac FCP; c6 thé bi lugc bo
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néu (a) {ri,....ti} N BRG; = 0 hogc (b) 3r, € FRS;, nhu vay 12 vcy, € {Cis,....Civ}
Ox,iy =1. B X

Chung ta lwu y 1a méi khéng gian con Si c6 thé dwgc khai pha dgc 1ap ma
khong can bat ky két qua ciia cac khong gian con khac. Nhw vay, tat ca cac nat
c6 thé 1am viéc song song khi khai pha céc khong gian con dwgc giao.
< B6 dé 6: Cho O 1a khong gian ban dau. Cho Ss,...,S; 1a cac khong gian con dugc
tao ra trong giai doan 1 cua B-Miner. Cho P,...,P; 1a tap hop cac FCPS bi lugc bot
tur cac khong gian con tuwong ung trong giai doan 2. Khi do, MineFCP (S;) - P;
MineFCP(O).
+ Dinh nghia 2: Cho O 1a khong gian ban dau. Cho S,...,S; la cac khong gian con
duogc tao ra trong giai doan 1 cua B-Miner. Cho Py,...,P; 1a tap hop cac FCPS bi
lugce bat tir cdc khong gian con tuong ting trong giai doan 2. Khi do,

MineFCP(0) = Ui_;(MineFCP(S,) — Pi).

3.1.7 Khai pha tap pho bién dong song song.

Nhu da dé cap trong cac phan phy trude d6, khung khai pha FCP tién bo c6 thé
dé dang thich nghi dé xur ly song song. Trong phan nay, ching t6i s& trinh bay
khung khai pha FCP song song.

Khung khai pha FCP tién bo dé dang thich nghi dé xu ly song song theo 3 giai
doan.

- Giai doan biéu dién tac vu: Giai doan biéu dién tac vu twong Gng Vai giai
doan sinh ra cac khdng gian con cua khung tién bo. Vi vay, khéng gian ban dau
duoc phan chia thanh cac khdng gian con nhu vay khai pha tat ca cac khong gian
con s& dan den mot tap Ion cac cau tra 1oi. Giai doan nay c6 the dugc thyc hién tai
nit goc (trong truong hop nay, ndt gbc tao ra tat ca cac khdng gian con) Ngoai ra,
chung ta cd thé 1am song song giai doan nay bang cach khai pha nhiéu nat hon nira
dé thyc hién phan viing: (a) nit nguon sé tao ra t1 khong gian con; (b) nhitng khong
gian con sau d6 dugc phan bo thanh t1 nat (bao gom ca ndt nguon); mdi nat tl sé
tiép tuc phan b vao t2 nhitng khdng gian con nhé hon, sau d6 cac khong gian con
lai duoc tiép tuc phan phdi cho céac nit t2; () qua trinh trén dugc lap lai cho dén khi
du sb tac vu / khong gian con duoc tao ra. Bé don gian, trong viéc tim hiéu thuc
nghiém caia chlng ta, tic vu nay duoc thyuc hién boi cac nlt ngudn (nghia 1a chiing
ta khong lam song song giai doan nay).

- Giai doan phén phéi tac vu: Trong giai doan hai, nut ngubn (nit ma co vai
trd nhu mot diéu phdi vién) s& chi dinh mot khong gian con tai mdi nut dé khai pha.

- Giai doan thyc hién tac vu: Cudi cung trong giai doan tha ba, twong ty nhu
giai doan khai pha cac khong gian con, mdi nat khai pha doc lap trong cac khong
gian con phan bo.

Ching ta Iuu y rang cac giai doan thir hai va thir ba hoat dong lap ch lap lai: bat
ctr khi ndo mot nat xir Iy hoan tat khong gian con cua no nd s& yéu cau nit nguon
thay thé khdng gian con khéc. Theo cach nay, hé thong can tai lai.
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Bay gio, ca C-Miner va B-Miner déu c6 thé duogc thi hanh song song theo
khung. Tuy nhién, c6 mot van dé can giai quyét: dé cho mot nit cé thé duoc khai
pha mot khdng gian con S; doc 1ap, su lugc bo céac sai sot hoac du thira cac FCPs
phai duoc thuc hién ma khong chiu bat ky chi phi dong bo giita cac nat. Bé dam
bao diéu ndy, chlng ta can truyén dit liéu ban dau O cho tat ca cac nat tham gia.
May man thay, Chi phi nay 1a khong tén kém (vé mat thoi gian dap tng) vi n6 co
thé duoc thuc hién dong thoi trong khi cac khong gian dit liéu dang duoc phan
viing. Hon nira, chi c6 mot ban sao cho mdi mét nat 14 can thiét ngay ca khi nhiéu
khdng gian con duoc phan bo cho mot nit. Thém vao do, cac bo dir liéu thuc sy cua
ching ta khéng phai la lon.

3.1.8 B§ phirc tap thoi gian.

Vén dé cua khai pha tap phd bién tbi da 1a mot tap hop cac van dé con cua khai
pha tap phd bién déng, da duoc chitng minh bai NP-hard [57]. Déi véi bo dir lidu 2
chiégu O =R x C, trong d6 |R| = N, |C| = M, va n la s khdng gian con phan ving
trong qua trinh khai pha, do phuc tap thoi gian cua C-Miner va B-Miner la

0(27 x M), khi khong 4p dung bat ky chién lugc bo nao. Bing cach ap dung
minsup, minlen va lién két chat ch&, hiéu qua cia C-Miner va B-Miner duogc cai
thién rat nhiéu.

3.2 Phwong phap khai pha tip pho bién déng trong khong gian 3 chiéu.
3.2.1 Tong quan.

Mic di mot sb thuat toan khai pha FCP hiéu qua da duogc tim hiéu trong chuong
truéc, nhung nhitng thuat toan nay déu giéi han & viéc phan tich tap di liéu 2 chiéu,
Vi du nhu tap gen-thaoi gian trong viéc phan tich gen, bo dir liéu cc giao dich-mon
hang trong phan tich thi truong. Véi nhitng tién bo moi day trong céng nghé
microarray, tap hop gen, tap hop cac mau co thé duoc biéu dién trong suét mot day
cac diém thoi gian. Piéu nay mang lai két qua la dit liéu 3D microarray mau-gen-
thoi gian. M6 hinh méi cung cdp mdi quan hé chic chan giita mau-gen-thoi gian c6
gia tri hon trong van dé nghién ctru gen. Ngay ca trong phan tich thi truong truyén
thdng, diéu nay thuong dé lay mot s6 thong tin cua ngudi tiéu ding vé mot sé khia
canh, vi du: dir liéu khu vuc-thoi gian-mon hang ma cac cira hang ban hang tai cac
dia diém nhat dinh trong mot thoi gian nhat dinh. Xu hudng nay thiic day ching ta
mé rong phan tich tap phd bién dong 2 chiéu hién co thanh phan tich tap phd bién
dong trong 3D ngit canh. Chlng ta tham khao cac tap phd bién déng trong béi canh
nhu khéi lap phuong pho bién dong 3 chiéu (FCC). Thiét ké thuat toan hiéu qua dé
phét hién cac FCCs la chu dé caa chuong nay.

Phan tich su két hop dua trén cac FCCs c6 thé cung cap nhiéu thong tin tha vi
trong béi canh 3D. Chlng ta cho mét vi du trong phan tich thi truong gio hang.
Trong khi phan tich tap phd bién 2D cho mot nhém cac mat hang c6 kha ning duoc
mua cung nhau trong mét tap hop cac giao dich, mot FCC 3D dua trén mét tap dir
liéu ban hang (khu vuec,thoi gian,mon hang) s€ dai dién cho mot nhom cac muc co
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kha nang duoc mua cing nhau tai mot s dia diém trong mét tap hop cac khoang
thoi gian. Nhirng thong tin ndy s& cho phép cac nha cung cap trién khai san pham
cua ho dén céac chudi diém dit hang tai nhiéu noi khac nhau trong thoi gian nhat
dinh ma nguoi tiéu dung sé c6 cac hanh vi mua ban tuong tu.

Trong chuong nay, chung ta glal quyét van dé cua khai pha cac FCCs tir bo dit
liu 3D. Cac FCCs cung cap cac mdi quan hé ba chiéu dong. Nghla 1a, chlng ta xac
dinh c4c mau tdi da trong mot bdi canh 3D. Cac mau 3D la tdi da trong do6 su gia
tang kich thudc bat ky caa 1 chiéu s& 1am giam truc tiép it nhat mot trong hai kich
thudc khac, nghia 13, khdng c6 sy mo rong ndo hon nira trong khdng gian bat ky c6
thé duoc thuc hién trén mau.

Trudc tién, ching ta gidi thiéu cac khai niém cua FCC va dinh nghia nd.

Tht hai, ching ta tim hiéu hai thuat toan dé khai pha cac FCCs. Thuat toan dau
tién la mot khung ba giai doan, thuat toan Khai pha lat dai dién (RSM:
“Representative Slice Mining”). Thuat toAn RSM sir dung cac thuat todn khai pha
FCP 2D dé khai pha cac FCCs. Y tudng co ban la chuyén ddi mot bo dix liéu 3D
thanh mot tap hop cac bo dit liu 2D, khai pha bo dir liéu 2D bang cach sir dung
mot thuat toan khai pha FCP 2D da c6, va sau d6 loai bo bat ky khéi pho bién ma
khong phai dong. Thuat toan thi hai duoc goi 1a CubeMiner, nd hoat dong truc tiép
trén céc dix liéu 3D dé khai phéa cac FCCs.

Thir ba, chling ta ciing cho thay lam cach nao ma CubeMiner va RSM c6 thé dé
dang mao rong dé khai pha song song.

3.2.2 Su chuin bi.

Ching ta dau tién phai xac dinh mot s khéi niém ma ching ta s& sir dung trong
suét chuwong nay, va sau d6 cung cap cho cac miéu ta van dé.

Cho R = {ry,rs,...,tn} biéu thi mét tap cac hang, C = {c4,Cy,...,cn} biéu thi mot
tap hop cac cot, va H = {hy,h,,...,h,} biéu thi mot tap d6 cao. Sau do, mot bo dir licu
ba chiéu c6 thé duoc biéu dién bang ma tran nhi phanIxnxm,O0=HXRXC =
{Ox;ij}. Voik € [1]1],1 € [1,n], k € [1,m]. M6i 6 tuong Ung la mdi quan hé giita 46
cao hy, dong ri, cét ;. Gia tri dung la “1” biéu hién cho méi quan hé ma trong 3
chiéu c6 it nhat hai chiéu bat ky déng thoi chira gia tri 1 (S-contained).

Bang 3.5: cho thay mot vi du bo dir liéu ba chiéu kiéu Boolean. Trong Bang
3.5, h; va ry S-contained trong c3 va cs, ky hiéu la C(hy x rg) = {c3,C5}; hy va c5 S-
contained trong ry va r4, Ky hiéu 1a R(h, x ¢s) = {ry,Is}, r, va ¢, S-contained trong h;
va h3, ky hléU la H(rz,Cl) = {hl,hg}.
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Bang 3.6: Vi du bo dit liéu ba chiéu nhi phan.

H = }21
R/C |leci|eca|e3|es|cs
1 1 1 1 0 1
2 1 1 1 0 0
s | 4| L | L | L3
4 0 0 1 0 1
H =il 19
R/C |ci1|c2|ca|eca|eces
B ENENES RS E
) 0 1 1 1 0
r3 1 1 1 1 0
B EEENES AR
H = hj
R/C |c1|cal|les|ca|eos
() 1 1 1 0 0
ra | 1| 1|1 ]|1]O0
T4 1 1 0 1 1

< Dinh nghia 4.1 P hd tro chiéu cao va dd hé tro-H: Cho mot tap hop cac
hang R’ € R va mot bo cot C’ < C, tap d6 cao 16n nhat ma déng thoi chaa R’ va C’
duoc dinh nghia 13 d6 hd tro chiéu cao H(R’ x C’) € H. Chiéu cao H(R’ x C’) dugc
dinh nghia 1a hd tro-H caa (R” x C?), ky hiéu 1a [H(R’ x C’)|.

Vi du Bang 3.6, cho R’ = {ry,r,} va C’ = {c¢,C,,C3}, va H(R’ x C’) = {hy,hs} nhu
vay ca hil va h3 dong thoi chira {ry,r;} va {c1,¢»,c3}, va khdng cé chiéu cao khéc
dong thoi chtra ching.
< Dinh nghia 4.2 Do hd treg dong va hd trg-R: Cho mot tap hop cac cot C’ < C
va mot tap cac chidu cao H’ € H, Tap dong 1én nhit ma ddng thoi chira C’ va H’
duoc dinh nghia 13 tap hd trg dong R(C’ x H’) € R. S6 dong trong R(C” x H”) duoc
dinh nghia 1a ho tro-R cua (C* x H”), ky hiéu 1a [R(C’ x H’)|.

Vi dl.l Bflng 3.6,cho C’ = {Cl,Cz,Cg} vaH’ = {hl,hg}, va R(C’ X H,) = {rl,rz,rg}
nhu vy Iy, I, Va r; dong thoi chira {c4,¢,,¢5} va {hy,hs}, va khdng c6 dong nao khac
d6ng thoi chira chung.
< Dinh nghia 4.3 P hé trg ¢t va hd trg-C: Cho mét tap hop cac dong R’ = R
va mot tap cac chiéu cao H’ C H, tap cot 1on nhat ma d@)ng thoi chira R’ va H” duoc
dinh nghfa 13 tap hd tro cot C(R’ X H’)  C. Sé cot trong R(C” x H’) duoc dinh
nghia 1a ho tro-C ctia (R” x H”), ky hiéu 1a [C(R’ x H)|.

Vi du Bang 3.6, cho R’= {r3r,} va H> = {hy,hs}, va C(R’ x H’) = {c,C,} nhu
vay Cy, C, va dong thoi chira {rsr,} va {h,,hs}, va khong co cot nao khac dong thoi
chura chuing.
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< Dinh nghia 4.4 Khéi lap phwong déng: Cho tap dong R’ C R, tap cot C’c C,
va tap chiéu cao H’S H, mot khdi lap phuong A = (H’ x R’ x C’) € O duoc dinh
nghia 1a mot Khéi 1ap phuong dong néu (1) R = R(C’ x H?), (2) C’ = C(R’ x H*) va
(3) H> = H(R’ x CO0). Nghia la, A = (H’ x R> x C’) c6 thé viét 1a A = (H’,R’,C).
Hon nita, cac diéu kién (1), (2) va (3) duoc goi lan luot 1 tap dong déng, tap chiéu
cao déng va tap cot dong twong (ng. Bang truc giac, mot khéi lap phuong dong
hoan chinh(tit ca gié tri bén trong bang 1) va Ia 16n nhat (khdng cé khdi hoan chinh
nao lén hon chia no).

< Pinh nghia 4.5 Khdi lap phwong phé bién déng (FCC): Mot khdi A =
(H*;R’,C’) € O dugc goi 1a mot khdi 1ap phuong phd bién dong néu (1) hd tro-H
I[H(R’ x C)|, hd tro-R |[R(H’ x C*)|, v hd tro-C |C(R’ x H’)| cao hon ngudng hd tro-
H tdi thiéu (minh), ngudng hd tro-c tbi thiéu (minr), va ngudng hd tro-C téi thiéu
(minc) twong Gmg; va (2) A 1a mot khoi 1ap phuong dong.

Vi du, cho minh = minr = Minc = 2.

Khéi lap phuong A = {hy,hs} X {ry,r2,r5} X {€1,C2,¢3} s& 1a mot khéi lap phuong
pho bién dong trong Bang 3.6. Tuy nhién, A’ = {hyhs} bang {r.r;} x
{c1,C,c3}khong phai 1a mot khéi lap phuong pho bién dong trong do {rars} #
R({hl,hg} X {Cl,Cz,Cg}) = {rl,rz,rg}. Dé ro ré.ng, khél Iép phlIOl’lg A = {hl,hg} X
{rz,rg} X {Cl,Cg,Cg} duoc Vlét la A’ = (hlhg,rgrg,C]_Cng).
< Pinh nghia Vain dé: Cho mot b dit liéu ba chiéu O, van dé cua ching ta la dé
khai pha tat ca cac khoi phd bién dong dbi véi cac ngudng hd tro ngudi ding dat ra
minh, minr, va minc.

3.2.3 Thuat toan khai pha lat dai dién(RSM).

Trong phan nay, ching ta & xuit mot Khung, duoc goi 1a khai phé 1at dai dién
(RSM)[1], dé khai phéa cac FCCs. Trong Khung nay, bat ky thuat toan khai pha FCP
2D déu c6 thé duoc ap dung dé 1am viéc trén cac bo dit liéu 3D. Khung nay dwa trén
¥ twong 14 cac tap dit liéu 3D O = H x R x C duoc biéu dién nhu 1a O = H x slicey.
Do d6, bat ky chiéu nao H ndo déu co thé dugc liét ké dau tién. Sau do, trén moi két
hop cua cac lat, thuat toan FCP 2D c6 thé duoc 4p dung trén hai yéu t6 khac nhu R
va C. Cubi cuing, mét chién luoc xt Iy duoc ap dung vao két qua dé loai bo cac khéi
lap phuong ho tur liét k& khia canh H. Dya trén y tuéng nay, ching ta chia khung
RSM thanh ba giai doan nhu hinh trong thuét toan 1.



36

Algorithm 1 RSM Framework

1: Global variables: H the set of heights. R the set of rows, C the set of columns,
monotonic constraints minH, minR, and minC on H. R, C respectively. a the
set of height subsets, 3 the set of representative slices, 4 the set of 2D FCPs. Let
MineFCP(3) denote the algorithm to mine the set of 2D FCPs for a slice 3.
Input: 3D Matrix O with [ heights, n rows and m columus.

Output: & the set of FCCs.

: Phase 1: Representative Slice Generation

:a— 0

: while |EnumerateSubset(H)| >= minH do

a «— o U EnumerateSubset(H):

: end while

: 3 « SliceCombine(a):

): Phase 2: 2D FCP Generation

: v — MineFCP(3):

: Phase 3: Post-Pruning

3: £ «— PostPruning(v):

O 0 =1 D U s W N

P e ek
W N - D

Trong giai doan 1, cac lat dai dién duoc tao ra dua trén mot bang liét ké cac
chiéu va tong hop céac lat. Trong giai doan 2, bat ky thuat toan khai pha tap pho bién
dong 2D c6 thé dugc &p dung cho khai pha FCPS 2D trén mdi lat biéu dién. Trong
giai doan 3, mot chién lugc loai bo dugc &p dung dé loai bo cac FCCs hé trong
bang liét ké chiéu. Chlng ta s& biéu dién chi tiét ba giai doan duéi day.

3.2.3.1 Sy hinh thanh cac lat dai dién.

Trong giai doan 1, dau tién ching ta dwa ra do cao H nhu 1a chiéu co s& cia
ching ta, va liét ké tap H = {hy,h,,... .0} dé co duoc tat ca cac tap con cia H (ky
hiéu 1a H’) nhu vay |[H’| = minH. Cho tap dir liéu trong Bang 3.6 lam vi du, cho
minH = 2 chung ta s€ c¢6 duoc nhitng tdp hop con {hy,h,}, {hi,hs}, {hyhs},
{huhz.ha}. , 9

Thr hai, nhirng lat trong cung mot tap con dugc két hop dé tao thanh lat dai dién
(RS) mgi. Cho mot bo dir liéu 3D O = H x R x C = {O;} voi k € [1;1],i € [1, n]
va j € [1; m], va cho HO = {h,,...,h,} 1a cac tap con dugc két hop. Sau do, RS cua
H’> c6 thé dwoc biéu dién nhu mot ma tran n x m nhu vay vO’; ; € RS; O =

x=1N Oy;jtrong 6 i € [1, n] va j € [1; m]. Nghia la, gia tri 0 cua lat biéu dién la 1
chi khi tat ca cac 6 tao ra n6 cd gia tri 1a 1, nguoc lai, gia tri 6 12 0. Cot thur 2 cua
Bang 3.7 cho thay céc lat dai dién caa cac vi du Bang 3.6.

Bang 3.7: Vi du RSM(minH = minR = minC = 2).
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Height Set | Representative Slices 2D FCPs 3D FCCs
hs. hs 11100 T3 :CCC3.2: 3
01100 rirary:C1Cz.3: 2 hoha i rirarg 1 €162.2: 3 : 2
11110 T1TeT3 . C2C3.3 g
11001
hy. ha 11100 T1ToT3 : €1C2C3.3: 3 | hiha i mirora i €16263.2:3: 3
11100
11110
00001
hi. ha 11101 TiTq:CaC5.2:2 hiho :ryTq i C3c5.2:2: 2
(01100 i3 : CiC2C3. P
11110 TiToT3 @ CoC3.3: 2
00101
hi,ho. hg 11100 TiT3:C1CC3.2:3 | hyhohg:imiry:cCa63.3:2:3
01100 F\Tol i CoC3. 312 | hyhohg : TyTory 1 €563.3:3:2
11110
00001

3.2.3.2 Sy hinh thanh cic FCP 2D.

Trong giai doan 2, bat ky thuat toan khai pha FCP hién c6 déu co thé duoc ap
dung trén mdi 14t dai dién dé khai pha FCPs 2D dya trén chiéu R va C. Trong d6 an
nay cua chang ta, ching ta ap dung D-Miner. Sau khi khai pha, ching ta sé co mot
bo FCPs 2D cho chiéu R va C. Vi du Bang 3.6, cac FCPS duoc hién thi trong cot
thed 3cia Bang 3.7

3.2.3.3 Su hinh thanh cac FCC 3D.

Trong giai doan 3, tap pho bién 3D duoc tao ra bang cach két hop tirng FCP 2D
véi chiéu cao gop phan hinh thanh 14t dai dién. Tuy nhién, khéng phai tat ca nhiing
mau pho bién 3D la cac FCCs. Mot sb trong sb ching khong dong trong céc tap
chiéu cao va can duoc luge b6t di. Vi du, trong Bang 3.7, sau khi két hop FCP 2D
dau tién “rirs : C1C,Cs, 2: 37 "Véi chiéu cao gop phan « hy, hs", mot mau pho bién 3D
“hyhg: rrs: €1CCq ; 2: 2: 3” duoc sinh ra. Mau phé bién 3D nay khong phai 12 mot
FCC & chd n6 bi ho trong tap chiéu cao va c6 mot tap cha “h;hyhg @ rirs 1 €155 ; 2:
2: 3” (FCC thu 4 ¢ cot thir 4 cua Bang 3.7). Do vay, FCP 2D khong chi chira trong
lat h, va hs, ma con chira trong lat h;.

Pé loai bo tat ca cac md hinh pho bién dong 3D bi ha, ching ta phat trién mot
chién luoc cét tia sau dua trén Bo dé 7. Néu mot FCP 2D duoc chia trong 1t chiéu
cao khac ngoai lat chiéu cao dong gop cia no, no la ha va do d6 co thé duoc luge
bo, néu khong, n6 dugc gitr lai.
< Bo6 dé 7 Chién lwoc cit tia sau: cho O’ =H’ x C’ x R’ 1a mot tap pho bién 3D
va H 1a chiéu cao day di. Néu 3H> € (H \ H”) nhu vay ¥hy € H”, ¥r; € R’, ¥¢; €
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C’,0kij = 1, O’ 1a ho trong tap chiéu cao va co thé dugce luge bét di, néu khong, O’
duoc gitr lai.
Trong qué trinh cat tia sau, khdng phai tat ca cac 6 lién khéng gop phan cau
thanh lat duoc kiém tra. Nhu duoc trinh bay trong thuat toan 2.
Algorithm 2 RSAf Post Pruning
: Input: 3D Pattern Set ~.
2: Output: 3D FCC Set &.

1

2

3: for a = 1 upto |+ do
4 (H',R'.C") + ~la]:

6: for ¥ = 1 upto |H| do
 (H\ H') then

fl B
=] for i = 1 upto |R do
10: if r; € R then
11: for j = 1 upto |C| do
12: if ¢; € C' and O ;; = 0 then
13: flags — O
14: break:
15: end if
16: end for
17: end if
18: if flag, = () then
19: break:
20: end if
21: end for
22: if flag: = 1 then
23: Fflag, «— O:
24: break:
25: end if
26: end if
27: end for
28: if flag, = 0 then
29: v — v\ vlal:
30: end if
31: end for
32: return -y:

Trong mdi qué trinh kiém tra lat, qué trinh kiém tra cot duoc lap (tir dong 12-17)
bi chdm dut bat cir khi ndo mot 6 ¢6 gié tri “0” bi phat hién, diéu dé truc tiép dan
dén viec cham dat vong lap kiém tra dong (tir dong 10 dén 22). Co nghia 14, bat ky
mot 6 ¢6  gia tri “0” thi qué trinh kiém tra lat s& bi dirng. Va néu ching ta phat hién
rang lat nao vuot qua vong kiém tra cot va dong (tat ca gié tri cac 6 lién quan bang
“1") ma khéng cham dit sém, todn bo céc vong kiém tra lat (tir dong 7-28) c6 thé
duoc cham dut luc d6 miu duoc khang dinh 12 ho. Chién lugc caa thuat toan 2 dam
bao rang ching ta hoan tat viéc kiém tra chat ch& cang sém cang tét. Doi véi vi du
trong Bang 3.7, sau qué trinh cit tia sau, cdc FCCs két qua duoc hién thi trong cot
th 4.

3.2.3.4 Tinh diing din.

Dinh ly 3 cho thay RSM c6 thé sinh ra tat ca va chi c6 tit ca cac FCCs mot cach
chinh xac.
< Pinh Iy 3. Cho tap céac khdi phd bién déng FCCs caa mot bo dit lidu 3D. & ky
hiéu cho két qua thu duoc cac khéi phd bién dong khi chay RSM trén tap dir liéu.
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Khi dé cac FCCs = &. Nai cach khac, RSM chinh x4c tao ra tat ca va chi co tat ca
cac FCCs.

3.2.4 Thuat toan CubeMiner.

Trong khi RSM c¢6 loi thé 1a né ¢ thé tai sir dung cac thuat toan khai pha FCP
hién tai, s6 1at 2D c6 thé 1a rat 16n. Trong phan ndy, ching ta trinh bay mot phuong
phap madi ma khai phé FCCs tryc tiép tir bo dir liéu 3D. Pau tién chling ta phai trinh
bay cac nguyen tac dang sau dé an CubeMiner[1]. Sau d6, chung ta s& xem xét thuat
toan, va cudi cing ching ta s& trinh bay tinh dung dén cua CubeMiner.

3.2.4.1 Nguyén ly CubeMiner.

CubeMiner 12 mot thuat toan mdi dé khai pha FCC (HO; RO, CO) dua trén cac
rang budc. N6 xay dung cac tap H’, R’, va C’ va sir dung cic rang budc ngudng hd
trg don diéu dong thoi trén H, R, va C dé rat gon khong gian tim kiém. Mot FCC
cho thiy ring tit ca cac do cao, cac dong va cac cot ctia nd cing chira mdi quan hé.
Tir d6, ching ta phai x4c dinh khéi toi da voi tat ca cac 6 clia nd ¢6 gia tri “1”. Néu
chung ta c6 thé loai bo ra gia tri 0 tir cac khdi dir liéu ban dau toan bd ma khong
thay doi hinh dang ciia c4c khoi con lai, ching ta s& thu hep khong gian tim kiém rat
nhiéu.

T |
= & T
* | - |
| | | C

0 ) Sl - | q |
< |0~ |
| |

ol - B> e

- -~
L

Hinh 3.5: CubeMiner.

Hinh 3.5 minh hoa c4c nguyén ly caa CubeMiner. Cho khdi lap phuong O dai
dién cho toan bo dir liéu va ¢ goc bén trai 1a O’ nam trong O dai dién cho khu vuc
du thira (khu vuc chira gid tri “0”) dé duoc luoc bo. Tir bé mat caa khoi lap phuong
O’, ba mat phang «, 8, y. Ba mat phang cd thé chia khéi lap phuong O lam ba phan:
khéi phia trén A, khdi phia sau B va khéi bén phai C. Va phuong trinh AUB U C =
O\ O’ théa man. Trong bat ky phan A, B, C, c6 thé van con ton tai khu vic chta
gia tri “0”. Céc nguyén ly chia tch tuong tu cd thé duoc ap dung cho dén khi tit ca
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cac khu vuc chua gia tri “0” duoc luge bo. Ching ta ¢ gang loai bo cang nhiéu gia
tri “0” cang tot trong mdi qua trinh chia nho. Trong quéa trinh quét dix lidu, cac gia
tri “0” duoc téng hop véi nhau trén chiéu 16n nhat dé dat hiéu qua cao.

Chung ta st dung Z dé ky hiéu tap hop cac nhém 6 ma duoc phan ving céc gia
tri sai (tuc 12 “0”) cua ma tran Boolean. (W: X; Y) € Z duogc goi la mot “lat cat”
néu vh € W, wr; € X; We; € Y, O, j = 0 Va chiing ta goi 1a W, X;. Y phan tir tréi ,
phan tir giita, va phan tar phai caa lat cat (W, X, Y) twong tng. Chlng ta gop cac 6
c6 gia tri “0” lién tiép, do d06, Z chira nhiéu lat cit nhu cac dong trong tat ca céc lat
chiéu cao cua ma tran dir liéu 3D. Mdi lat cit gom cac 6 c6 gia tri bang 0 trong
dong. Bang 3.8 cho thay 10 lat cat cua ma tran trong Bang 3.6. Cac lat cat duoc sap
xép theo thir t tang dan theo phan tir dau tién bén trai va phan tir thi hai ¢ gita.

Bang 3.8: Z (tap lat cat).

W.X.Y
}21 5 -35C4
hi, 72, cycs5
hi.74.C1CoC4
}ZQ. I'n. C1C35
}22. r's. Cs
Fio. ra. Ca
hiy.ri.cscs

}23. 'o. C4C5
hs,rs. cs
hi.rs.c3

CubeMiner bt dau véi bo dir lieu O(H, R, C) sau d6 chia né dé quy bang céch
st dung céc lat cat caa Z cho dén khi tat ca cac lat cit trong Z duoc st dung do d6
tat ca cac 6 trong mdi khdi 1ap phuong thu duoc c6 gid tri “1”. Mot lat cit (W, X,
Y) trong Z dugc sir dung dé luot bét mot khéi (H, R>, C)néuW n H> = 8, X N
R’ = 0, Y n C” = @. Trong trudng hop nay, ching ta ndi rang lat cat da dugc "ap
dung" cho khéi. Thong thudng, ching ta xac dinh con trai cua (H’, R’, C’) bang
(H>\' W, R, C*), con giita bang (H’; R’ \ X; C’) va con phai bang (H’, R’, C’\'Y).
Dé quy chia nho dan dén tat ca cac FCCs, nhung ciing c6 mét s6 khéi hd, khong téi
da. Chién luoc cit tia can phai dugc 4p dung dé dam bao rang ching ta c6 duoc tat
ca cac FCCs va chi ¢ FCCs. Ching ta s& xem xét lam thé nao dé phat trién cac
chién luoc cat tia nhu vay. Hinh 3.5 cho thy cay duoc tao ra tir ma tran 3D trong
Bang 3.6.
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(h1h2h3, rir2r3r4, clc2c3ce4es)

Level
0
I R(hlh2h3, rl r|2r3r4, cle2e3es)
X ' L(h2h3, M(h1h2h3, Rih1h2h3,
A L h2 *
2 L(H2H3, M(hil2h3, R(hMpZh3, o7, rir3nd, rlr2r3rd,
120344, i, 120244, le2e3ces cle2edes) cle2e3)
cle2¢3cdes) cle2g3edes) cle2el) cl¢2¢3c5) =
(al) @n (@2)!
hlrdcle2ed lh' Aal C2c4l |h lrdcl c2c4|
Y R(h1h2h3, M(h1h2h3, ris3, R(h1h2h3, Meuth2he,
r3rd, c3c5) cle2edces) rir3rd, c3cs) Tlr2r3, cle2ed)
~~~~~~~~~~~~~~ (d4)
@ T
h2,r2, clcs e
M{h2h3, R(h2h3, L{hlh3, M(h1h2h3 R(hlh2h3,
4 rir3rd, rlr2e3rd, rlr2r3, . M3, rlr2r3,
cle2e3e4es) c2c3¢4) clc2e3) cle2e3) ©2c3)
(CI9) :
h2. 13, 5 [ h2.3,e5 | | B2,03,e5 | !
L{h1h3, :
5 M(h2h3,rir4, R(h2h3, rlr3rs, L(hih3, R(hlh2h3, L(hih3, :
, . Ird M(h1h2h3, ;
cle2e3cdces) cle2eed) 4 rie3, ris3, rle3rs, rird, c3eS) H
c3c5) clc2e3cs) cle2ed)  eles) ot i
[hz, g5 c4| [12. 04, c4]  [h2,r4,c4] i
¢ R(h2h3, M(h2h3, R(h2h3, M(h2h3, R(h2h3, S H
rird, rir3, rir3rd, rir2r3, rir2r3rd ’,x" : _‘
cle2e3eS)ele2e3ed) cle2ed) e2¢3e4) . ¢2¢3) > ol :
h3,r1,)  |h3,rl, | S h3, rl, hi, <l H h3.rll |h3.cll H
cde5 cdes | 7 cdes cdes cdes i cdes c4cs J
7 R{h2h3, Rin2b3, M(h2h3,R(h2K3, ,;;‘f'cﬁi’s) s M(hlh3  L(h1h2,
rir4] rig3, 2r3,  rlf2r3, 2 elg2c3) 5 1314, rird, /
cle2e3)  ele2ed) c2c3cd) c2c3) .d5) (c3) “C3¢5) c3c5)
| A}
(d2) fe) H s
/ h3. 2, cdes| i
R { R(h2R3, _
£213, c2¢c3) H
% ) Null

10 M(h2h3, £173, cle2e3) R(h2h3, rir3rd, cle2) M(h2h3; Elrzr;, <2¢3)
(b3) (b4)
Hinh 3.6: Cay khai pha FCC.
liu

T Hinh 3.6, ching ta thay rang 10 l4t cat trong Bang3.8 phan chia tap di
ban dau sau 10 budc (cap). Chang ta xac dinh budc tir goc dén mot nat la duong
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dan cua nat. MAi nat dugc chia thanh ba nit mai trong budce tiép theo néu lat cat
duoc &p dung. Ching ta chi giit va hién thi cac nat dap (ng cac ngudng hd tro (cho
minH = minR = Minc = 2) d han ché khong gian. Tuy nhién, trong mdi budc,
khdng phai tat ca cac nat duoc tao ra I hitu ich cho viéc chia nho hon nita Cé bdn
loai nat vo ich:

a. Con tréi tir nhanh giira / phai dwoc cét boi lat cit vi phan tir trai da duoc cat ¢
duong dan cia ndt truéc. Vi dy, phan tir trai hy cua lat cat (hy, 1y, €4C5) da cat duong
dan cua con trai L(hyhs rarars, €1C2CaC4Cs) (a1 & Mic 2) va L(hyhs, rararar, €1C5C5Cs) (a2
tai mac 2. a; tir nhanh gitra la ho trong tap dong va a, tir nhanh phai la hé trong tap
cot. Chang dugc lugc bat di vi 1a cac tap con cta nat L(hyhg rarorary, €1CoC3C4Cs)
(natl trong muc 1).

b. Con giita tir nhanh phai dwoc cat boi 14t cat ma phan ti gitra da dwoc cit ¢
duong dan cua nut trude. Vi du, phan tir giira r, caa lat cét (hy, ry, ¢1C5) da cit duong
dan caa con giita M(h;hzhs, rirs, €1C,C3) (b & mirc 4). Con giita nay bi ho trong tap
cot va can duogc luot bét di vi 1a tap con caa ndt M(hihyhg, rirs, €1C,C5Cs) (NUt 2 &
muc 3). Con giira b,, bs va b, 12 tat ca cac trudng hop twong tu: ching 13 ban sao
hoac tap hop con cua cac nat khac.

c¢. Céac nit ma ho trong tap chiéu cao. Vi duy, ndt R(hshs rirs, €1C,C3) (C; trong
muc 7) 1a hé trong tap chiéu cao bai vi ton tai ndt cha caa nd R(hihyhs, rars, €1C5C3)
(5 nGt & muc 5). Cac ndt nhu vay can phai lugc bét di ¢é dam bao tinh déng trong
tap chiéu cao. CAc n(t ¢y, Cs, C4 12 Nhitng vi du nhu vay.

d. Céc nat ma h¢ trong tap dong. Vi du, nut R(hihyhs, rorars, €1C,C3) (di & muc
2) la ho trong tap dong vi ¢6 nat cha caa nd R(h1h2h3, riraorars, ¢1C,C3) (nUt 6 trong
muc 2). Cac nit nhu vay can lugc bot di dé dam bao tinh dong trong tap dong. Nt
R(h,hga, r1r4, €1CoC3) (d, tai muc 7) cting la mot trong nhu:ng Vi du bi lugc bét di vi n6
khong dong trong dong r3. Luu y rang c6 thé tén tai mot s6 ndt dong trong tap dong
mac du ching c6 thé da ¢ mot nat cha tam thoi trong qua trinh xir ly. Vi du, nit
R(h1hshs, rars, €5Cs) (dz & muc 3) cd mot nat cha tam thoi R(hihshs, rirary, cch) (d4 &
muc 3). Mac di ndt ds xuat hién tam thoi hé do dong ry, chung ta phét hién rang sau
khi ap dung lat cat sau (hs, 1, C4Cs) & mirc d 7, nGt d4 bi mat di tap cha caa nd, va
nGt con caa d3 L(hyhs, rars, c5Cs) (ds trong mic 7) chi phuc vu nhu 13 mét ly do dé
loai bo céc con gitta M(h1hs, rars, csCs) (b, con dé cua d;) mét cach an toan. Do do,
chang han tap dong ma Ia tam cac nGt thoi hé trong khi xir Iy duoc giit lai trong d6
ching la nhirng tap dong dong trong toan bo qua trinh.,

£ Dé loai bo cac nat vo ich loai (a) va (b), ching ta giir hai tap TL = {W,, W5,

W} T™M = {X4, Xo,..., Xg} tai mbi niit dé theo ddi phan tir bén tréi va giira cua lat
cit da st dung dé cit duorng dan cta nat dé. Va dua trén hai tap, chung ta phat trién
Left Track Checking trong Bé dé 8 va Middle Track Checking trong bé dé 9. Trang
thai khai tao TL = TM = rdng. Chi khi con trai tir mot nhanh gitta / phai can duoc
kiém tra, tap TL chi dugc cap nhat trén con gitta / phai méi duoc tao ra. Tuong tu
nhu vay, chi khi con giira tir mot nhanh bén phai can dugc kiém tra, thiét lap TM
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chi duoc cap nhat trén con phai mai dugc tao ra. Ching ta sé ky hiéu tap TL (va
TM) caanut O la TLo (va TMo).

< Bo dé 8 Left Track Checking: Cho L=(H’\W,R’,C’) 1a con trai cua nut
O’(H’,R’,C”) boi lat cat z = (W,X,Y). Néu W n TL, # 0, L 6 thé dugc luoc bo.
Vi du: Trong Hinh 3.6, Con trai L(h,hs, rorars, €1€C3C4Cs) (@1 & mic 2) ¢o cha la
P(hihzhs, rarara, €1CoC5CaCs) (Nt thir 2 & muc 1) bai 1at cat (hy, 1y, €4Cs) bi wgce bo vi
Wn TLp = {h1} = O.

< Bo dé 9 Middle Track Checking: Cho M = (H’,R’\X,C’) la con giira caa nut
O’(H’,R’,C”) boi lat cat z = (W,X,Y). Néu X n TMo: = @, M ¢6 thé duoc lugc bo.

Vi du: Trong Hinh 3.6, Con gitra M(hhyh3, rirs, ¢1C,C3) (b1 & muc 4) c6 cha la
P(hihshs, rarars, €1C,C3) (NGt thir 4 & mie 3) bai 14t cat (hy, 1y, €4C5) bi lwoc bo vi X n
T™; = {2} = 0.

+ D¢ loai bo cac nat vo ich loai (c) va (d), chlng ta phat trién Close Height Set
Checking trong Bé dé 10 va Close Row Set Checking trong bé dé 11.

< Bo dé 10 Close Height Set Checking: Cho O’ = (H’’,R’*,C”) la con giita /
phai ciia nut O’ va Z 1a toan bo tap lat cat. Néu 3H,, € (H\H*)(H la tap chiéu cao
day du cua O) nhu vay v({hu}, {r}, Cy) € Ztrongdor, € R, C” n Cy = 0, khi
d6 0’ 1a hg trong tap chiéu cao va co thé dugc luot bo di. Tir d6 con trai khong bao
gio thoa man diéu kién, chi con giita va phai can kiém tra nay.

Vi du: Trong Hinh 3.6, nat R(hyhs, rirors, c,c3) (€2 trong mac 7) khong déng
trong tap chiéu cao vi ¢6 hy € (H\ {h,hs}), nhu vay lat cat (hy, ry, €4) Va (hy,r2,C4Cs),
{c,,c5} 1 {ca} = 0 va {c,c5} N {caCs} = ©. Va ching ta tim thay tap cha cua c2
trong nut R(h;hyhs, rirors, coc3)(nat thie 5 6 mac 4).
< Bo6 dé 11 Close Row Set Checking: Cho O’’ = (H’’,R’’,C*") 1a con trai / phai
ciia nat O’ va Z 1a toan bo tap lat cat. Néu 3Ir, € (R\R”’)(R la tap dong day du cua
O) nhu vay ¥({h.}, {r}, Cy) € Z trong d6 h, € H’>, C> n Cy = 0, khi d6 O’ la ho
trong tap dong va co thé dugc lugt bo di. Tir d6 con phai khdng bao gio thoa man
diéu kién, chi con trai va phai can kiém tra nay.

Vi du: Trong Hinh 3.6, nat R(hyhs, rirs, ¢1CoC3) (d2 trong mic 7) khong dong
trong tap dong vi c6 rz € (R\ {rirs}), nhu vay lat cat (h,, rs, cs) va (hs,rs,cs), {c1,
C2,Cs} N {cs} = ©. Va ching ta tim thay tap cha cua d2 trong nat R(hyhs, rarsra,
C1C,C3)(nAt thtr 3 & muc 6).

3.2.4.2 Thuat toan CubeMiner.

CubeMiner sir dung phuong thic depth-first dé khai pha FCCs. Algorithm 3
chtra code-pseudo cua CubeMiner. Dau tién, kiém tra TL, TM da duoc khoi tao
bang rdng hay chua va tap lat cat Z da duoc tinh toan, sau d6 st dung dé quy ham
cut() trong Algorithm 6 duoc goi.



44

Algorithm 3 CubeMiner

1: CubeMiner()

2: Global variables: H the set of heights, R the set of rows, C the set of columns,
monotonic constraints minH, minR, and minC on H, R. C respectively.

Input: 3D Matrix O with [ heights, n rows and m columns.

Output: & the set of FCCs.

TL — empty(). TM — empty():

: Z and |Z| are computed {rom O:

¢ — cut((H.R.C). Z.0,|Z|, TL, TM):

e o

Algorithm 6 Cutting

1: cut((H'.R.C"). Z.0.|Z|.TL.TMA)
2: Input: Node (H', R'.C"). cutters list Z. iteration number i, | Z| the size of Z. lelt
and right atoms tracks T L and T M.

3: Output: £ the set of FCCs.

4: (W, X.Y) — Z[i];

5 if i < |Z| — 1 then

6: iFMWNMH =0oao XMmMR=0aorYNC" =0 then

7: E— EUcut((H'.R'.C". Z,i+1,|Z.TL, TA):

8: else

9: if minH(H"\ W) satisfied and W NI L =0 then
10: 3 «— Rcheck((H'\W.R'.C"). Z):

11: if 3 =1 then

12: E—EUUeud((H'\W.R'.C, Z, i+ 1,|Z|.TL, TA):
13: end if

14: end if

15: if minR(R" "\ X) satisfied and X M T M =0 then
16: & «— Heheck((H'.R'\ X, C"), Z);

17: if o =1 then

18: E—EUcut((H'.R\X.C').Z.i+1.|Z|. TL UW,TM):
19: end if

200z end if

21: if minC(C"Y Y) satislied then

22: & +— Heheck((H'.R'.C'"\Y ). Z);

23: if &« =1 then

24: 3 «— Rcheck((H'.R'.C'\ Y ). Z);:

25: if 3 =1 then

26- E— EUcut((H'.R.C'\Y),Z.i +1.|Z|.TL UW,.TM U X):
27: end if

28: end if

20: end if

30: end if

31: else

32: E— (H' . R.C"):

33: end if

34: return &:

Ham cut() cat nat O’ = (H’, R, C*) v&i lat cit dau tién Z[i] = (W, X, Y) diéu do
thoa man nhiing rang budc sau day. Pau tién, (H’, R’, C) phai giao véi Z[i] khéc
réng, néu khong thoa man truong hop nay, ham cut() s& duoc goi vai lat cét tiép
theo.

Dé xay dung con trai L = (H’ \ W, R’, C*) (dong 9-14), doi hoi 3 kiém tra: kiém
tra minH(H*\W), Left Track Check, va Close Row Set Check (ham Rcheck() trong
Algorithm 4). Néu L khong bi lugc bo bai ba kiém tra, ham cut() duoc goi dé xu ly
L, va khong cap nhat tap TL va TM cho L.
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Algorithm 4 Close Row Set Check
Rcheck((H'.R'.C"). Z)

Input: node (H'. R'. C") and cutters list Z.
Output: flag 3.

if 3r; € (R\ R') such that V({hy},{r:}.Cy) € Z where h, € H', C'NCy =0
then

5 B0

6: else

7. B«1;

& end if

9: return 3

Pé xay dung con giita M = (H’, R’\X, C’)(dong 15-20) doi hoi 3 kiém tra: kiém
tra minR(R’\X), Middle Track Check, va Close Height Set Check (ham Hcheck()
trong Algorithm 5). Néu M khong bi lugc bo boi ba kiém tra, ham cut() duoc goi
dé xir Iy M, va tap TL cho L duoc cap nhat TL U W.

Algorithm 5 Close Height Set Check
Hcheck((H'.R'.C"). Z)
Input: node (H'. R'.C') and cutters list Z.
Output: flag o.
if 3h, € (H \ H') such that V({hy,},{r:}.C,) € Z wherer, € R, C'NCy =10
then

a «— 0:
else

a «— 1:
end if
: return o:

= WD e

gt v

© o oD o

Pé xay dung con phai R = (H’, R*, C’\Y)(dong 21-29) doi hoi 3 kiém tra: kiém
tra minC(C’\Y), Close Row Set Check, va Close Height Set Check. Néu R khong bi
lugc bo bai ba kiém tra, ham cut() duoc goi dé xtr Iy R, va tap TL, TM cho L duoc
capnhat TL U W, TM U X.

Khi d6 kich thudc cia Z va thir tu sap xép cac lat cat trong Z quan trong téi hiéu
suat, thuat toan c6 thé duoc toi wu hoa bang tién xu Iy céc tap dir liéu 3D. Chlng ta
&p dung hai heuristics. Pau tién, ching ta chuyén vi dir liéu ma tran 3D dé lam cho
|H| < |C| va |R| < |C|, diéu nay gilp giam thiéu kich thudc cua |Z|. Th hai, chlng ta
sap xép nhitng lat chiéu cao c6 chaa nhiédu gia tri 0 ludn ludn dung trudc nhing lat
chiéu cao co it gla tri 0, diéu nay glup day nhanh qua trinh khai pha bai lugc bét
khong gian tim kiém cang sém cang tét.

3.2.4.3 Tinh diing din.
CubeMiner xay dung goc (H, R, C) va sau d6 giam dong thoi H, R, C dé thu

duoc tap céac 14 c6 nguon géc tir (H, R, C). Pinh ly 4 cho thay rang CubeMiner c6
thé chinh X&c tao ra tit ca va chi c6 tat ca cac FCCs.
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Pinh Iy 4: Cho FCCs la tap khéi thuong xuyén dong caa bo dir liéu 3D. Cho LV
la tap cac nat 1a c6 ngudn géc tir &p dung CubeMiner trén tap di liéu. Khi d6, FCCs
= LV. N6i cach khac, CubeMiner cé thé chinh xac tao ra tit ca va chi cé tit ca
FCCs.

3.2.3 Khai pha FCC song song.

Cho rang khai pha FCC tinh toan mat nhiéu thoi gian, mot giai phap dé giam
thoi gian dap ung 1a khai thac song song. Trong phan nay, ching ta s€ cho thay lam
thé nao RSM va CubeMiner c6 thé dugc dé dang khai pha song song.

N6i chung, mot thuat toan song song thudng bao gém ba giai doan: (a) giai doan
tao ra Cac tac vu con br:ing cach tach tac vu ban dau thanh céc tdc vu nhé hon, (b)
giai doan phan bd tac vu d6 1a chi dinh cac tic vu con cho cac bd xtr 1y; (c) giai
doan thi hanh cac tac vu trong do mdi bd xur 1y c6 tac dong trén tac vu con dugc chi
dinh. Mot yéu t6 quan trong trong viéc khai phéa song song 1a dé giam thiéu sy tré
ngai trong giai doan thi hanh, dé tat ca cac bo vi xir 1y c6 thé hoat dong doc lap,
ddng thoi ma khong can phai giao tiép véi nhau.

Diéu d6 chi ra rang ca hai thuat toan RSM va CubeMiner phi hop mot cach

tuyét voi véi khung & trén: cac tac vu c6 thé dugc tao ra va giao cho céac bo xu ly dé
thuc hién doc lap.
- Khai pha song song RSM: Trong RSM, khai pha ctia mdi lat dai dién twong
g voi mot tac vy, noi cach khac, sé luong t6i da cac tac vu 1a sb ban liét ké cia
cac chiéu co s& (nhing liét ké ma khong dap ung ngudng yéu cau tdi thiéu duoc
loai bo). M3i tac vu c6 thé duoc giao cho cac bg xur 1y, va c6 thé duoc xir 1y doc 1ap.
- Khai pha song song CubeMiner: Trong CubeMiner, mdi nhanh ctia qua trinh
tach cay co thé duoc xir 1y doc 1ap, va do do, mdi nhanh tuong ung voi mot tac vu.
N6i cach khac, chung ta c6 thé phan b mot nhanh ctia qua trinh tach cay téi mot bo
xur ly.

Déi véi ca hai RSM va CubeMiner, dé dam bao rang céc tac vu c6 thé duogc xir
ly doc lap, mdi bo xir Iy doi hoi phai c6 mot ban sao day du cua bo dir lidu. Diéu
nay la can thiét dé cac giai doan cét tia sau c6 thé duoc thuc hién doc lap. May man
thay, viéc ddng bo trén (dé truyén tai cac bo dir lieu cho tit ca cac bo vi xu 1y)
khéng quan trong: (a) bo dir liéu c6 thé duoc truyén di trong khi tac vy dang duoc
tao ra, vi vay thoi gian dap ung la khéng bi anh huang nhiéu; (b) chi phi déng bo
turong ddi nho so véi chi phi khai pha.

3.2.4 Do phirc tap thoi gian.

Do phirc tap thoi gian cua khai pha FCCs tinh theo ham sé mii s6 lugng céc
mau. Cho bo dit lieu 3D O =H x R x C, trong d6 [H| =L, |R| = N, |C| = M, do phuc
tap thoi gian cua RSM va CubeMiner lan luot 1a O™ + N* + M) va O(2"" x
M)(khéng &p dung bat ky chién lugc cit tia sau nao). Bang cach &p dung minH,
minR, minC, cac rang budc chit ch& va cac chién luoc cét tia sau, hiéu qua cua
RSM va CubeMiner c6 thé dugc cai thién dang ké.
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3.3 Tém tit.

Trong chuong ndy, ching ta da dé xuat mot Khung méi cho khai pha FCPg trén
bo dir lieu day dic. Y tuong khung nay 1a phan ving tap dit liéu ban dau thanh
nhitng khéng gian con nhu vay viéc khai phd nhitng khdng gian con sé tao ra nhirng
dap an gidng nhu khai pha tir khdng gian ban dau. Can cir vao Khung nay, ching ta
dé xuat hai thuat toan C-Miner, B-Miner khai pha cho bo di liéu 2D va hai thuat
toan RSM, CubeMiner cho bo dix liéu 3D.

Hai thuat toan C-Miner va B-Miner bao gom 2 giai doan: phan ving khéng gian
khai pha va khai pha FCP tur cac khéng gian con. Hai thuat toan ap dung cac céach
phan viing va chién lugc luge bo khac nhau.

Thuat toan RSM dua trén ¥ tuéng co ban 1a chuyén d6i bo dir lidu 3D thanh tap
cac bo dir liéu 2D, sau d6 ap dung mot thuat toan khai pha FCP bat ky dé khai pha
cac bo dir liéu 2D, cudi cung tong hop cac FCP 2D dé thu duoc cac FCC 3D.

Thuat toan CubeMiner khai pha FCC truc tiép trén bo dit lidu 3D. Y tudng co
ban 1a st dung cac lat cit va cdy phén chia dé thu duoc cac FCC.

Ngoai ra ching ta ciing cho thay duoc 1am thé nao khung c6 thé khai pha song
song cac FCP,FCC mot cach don gian va hiéu qua
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CHUONG 4: CAI PAT THUAT TOAN THU NGHIEM.

Vi thoi gian tim hiéu khong nhiéu, dé minh hoa cho cac thuit toan di duoc néu
O trén. Em xin gioi thi¢u chuong trinh khai phé tap pho bién dong trong khong gian
2 chiéu ap dung thuat toan C-Miner.

4.1 Giéi thiéu vé chwong trinh.
- Chuong trinh duoc xay dung bang ngon ngit VB.NET.

- Pau vao 1a mot bo dix liéu 2 chiéu do nguoi dung thiét 1ap.
- DPaura s€ la cac tap pho bién dong trong khong gian 2 chiéu da cho.

4.2 Giao dién chwong trinh.
Chuong trinh bao gdm mét form chinh: ding dé nhap dit liéu , xtr 1y va hién thi

két qua.

I ] S
g idditem |

ltem | Addltem | Delitem |

Item [ Add Transaction |
Edit Transaction |
Delete |

Clear All | Ma trén

Id [ item |

— Transactions
Trans .Id | Item I

Tap cét

Set Trans l Set ltem I

min. Support I 1
min. Len I 1

Open | View | Solve | Reset

FCP

4.3 Cac thanh phan va chirc ning trong chwong trinh.

- Group Items.
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+ O textbox dé nhap tén muyc.

+ Nt Add Item dé thém mot muc cho bo dir liéu.

+ Nut Del Item dé x6a mot muc trong bo dit liéu.

+ Mot ListView dé biéu dién cac tap muc trong bo dir licu.

+ Lan luot cic nht add transaction, edit transaction, delete, clear all c6 churc
nang thém , stra, x0a va clear cac dong trong bo dir liu.

Group Tréanctions gom 1 ListView dé biéu dién cac dong trong bo dit licu.

2 textbox dé nhap gia tri min_support va min_len.

NGt Open dé& mé dit ¢6 sin tir file txt.

Nut View c6 chuc nang hién thi Ma trén cta bo dit lidu.

Nt Solve C6 chirc ning thyc hién tinh toan dé tim kiém cac FCP.

Nut Reset ¢6 chtrc ndng khoi tao lai b dit li¢u moi.

3 ListView bén phai lan luot biéu dién cho Ma tran dit liéu, Tap cat va Tap

FCP khai pha dugc.
4.4 Két qua thuc nghiém.

Sau khi chay mot s6 vi du trén cac bd dir liéu khac nhau véi cac nguong
min_sup va min_len khac nhau. Ta thay thuat toan C-Miner da khai pha duoc chinh
x4c tat ca cac FCP va tit ca déu 1a FCP. Vi bo dit liéu dang 16n thi hiéu qua cua C-
Miner duge cai thién rat nhiéu.
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KET LUAN.

Hién nay, con ngudi dang chim ngdp trong tri thirc nhung lai rt thiéu thdn
théng tin, véi luong dit liéu 16n va phirc tap nhu hién nay thi nhu cau khai pha tri
thirc tré nén rat thiét yéu véi con nguoi.

Db an di gi6i thiéu dugc tong quat vé KPTT va KPDL, cac hudng tiép cin
chinh trong KPTT, cac linh vuc tng dung KPTT trong thuc té. Ngoai ra dd 4n con
dé cap dén mot sb phwong phap khai pha dir liéu dang dong dugc Gmg dung trong
nhiéu linh vuc thyc té hién nay (phan tich thi truong, phén tinh sinh hoc,...). Cu thé
|l c4c thuét toan C-Miner va B-Miner trong khai ph4 b dit liéu 2 chiéu, va RSM va
CubeMiner trong khai pha bo dir liéu 3 chiéu.

Han ché: Vi thoi gian tim hiéu chua duoc nhiéu nén em méi chi xay dung dugc
mot chuong trinh khai pha dir liéu dua trén thuat toan C-Miner véi dau vao 1a bo dir
liéu dang text.

Huéng di tiép theo:

Xay dyng chuong trinh thuc nghiém ddi v6i cac thuat toan B-Miner, RSM va
CubeMiner ddi véi dit liéu 1a cc co so dit lidu thuc té.
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