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LOI CAM DOAN

To1 xin cam doan day la cong trinh nghién clru cua riéng t61. Cac so liéu, két qua
néu trong Ludn van 1a trung thuc va chua tirng dugc ai cong bo trong bat ky cong trinh

nao khac.

To61 xin cam doan rang moi su giip d6 cho viéc thuc hién Ludn van nay

da dugc cam on va cac thong tin trich dan trong Luan van da dugc chi rd nguon goc.

Hoc vién thuc hién Luin van



LOI CAM ON

Trude hét, cho t6i duoc gui 101 cam on dén sy huéng dan va giup d tan tinh cua
Thay PGS.TS. Lé Hoai Bic trong sudt thoi gian nghién ctru va thue hién Luan van.

Téi cling xin cam on quy Thay C6 d3 nhiét tinh giang day, truyén dat cho ching
t61 nhitng kién thirc bo ich qua cac mén hoc trong chuong trinh cao hoc.

T6i ciing xin goi 10i cam on dén gia dinh, ban bé va nhiing nguoi than da luon
quan tim va giup d& toi trong sudt thoi gian hoc tip va nghién ciru hoan thanh Luan
van nay.

Luan vian khong thé tranh khoi nhiing sai sot, t0i rat mong nhan duoc ¥ kién dong
g6p cta quy Thay C6 va moi ngudi cho Luén van dugc hoan thién hon.

To1 xin chan thanh cam on.

TP. H Chi Minh, ndm 2016



TOM TAT

Khai thac dit liéu d6 thi dang nhan dugc sy quan tdm rat lém vao nhirng nam gén
day boi vi tinh pho bién cta dir liéu d6 thi dang phat trién rat manh va dugc st dung rong

rai trong cac nghanh khoa hoc cong nghé.

Boi vi miu do thi phd bién cuc dai c6 ¥ nghia rat quan trong trong cac van dé
nghién ctru khoa hoc nén hién nay c6 rat nhiéu thuat toan khai thic MPBCD. Tuy nhién
két hop viéc st dung phuong phap so sanh gan dung trong khai thac MPB dang con rat
han ché. Luan Vin nay s¢ dé xuét thuat toan ImaxAFG cai tién dé khai thic MPBCD trong

d6 thi don sir dung phurong phap so sanh gan ding.

Pé trinh bay kha ning va tinh hi¢u qua ctia ImaxAFG, Ludn Van s€ st dung b dir
liéu chuan SIS (La mot dang dit liéu hinh khung ¢ cau tric). Két qua thuc nghiém cho
thdy ImaxAFG tt hon vé hiéu qua, gitip nguoi sir dung t6i wu hoa hon vé viée xac dinh

MPBCBP ciing nhu phén 16p cho mt dit liéu hinh thé.



ABSTRACT

Graph Data Mining is receiving very great attention in recent years because of
the popularity of graph data is developing strongly and widely and using in the science
and technology sectors.

Because maximal frequent patterns are very important in matters of scientific
research, so nowaday there are many maximal frequent pattern-mining algorithms.
However, combining the use of inexact matching comparative method in mining
maximal frequent patterns model is still very limited. This thesis will propose an
improved algorithm ImaxAFG to minning maximal frequent patterns in a single graph
using inexact matching.

To demonstrate the ability and effectiveness of ImaxAFG algorithm, this thesis
will use the SIS standard data (structural images skeletons database). The experimental
results will show, the ImaxAFG will be better than maxAFG in efficiency, easier for
the users to optimize more about identifying maximal frequent patterns and layering

extremes for a data form.



DANH MUC CAC TU VIET TAT

Ky hi¢u Dién giai

MPB Mau phd bién (Frequent pattern)

MPBCD Mau phé bién cuc dai (Maximal Frequent Pattern)
NTD Ngudng tuong déng A (dissimilarity threshold)
NTS Ngudng tan sé o (Frequency threshold)

KTDL Khai thac dir liéu (Data Mining)

CSDL Co s¢ dir liéu (Database)
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Chuong 1: TONG QUAN
1.1. Giéi thiéu

1.1.1. Giéi thiéu khai quéat vé su phat trién ciaa khai thac dir liéu do thi

KTDL d6 thi di va dang nhan dugc su quan tim rat 16n tir nhimg nim gan day,
c¢6 18 boi vi tinh phd bién cua dit liéu d6 thi dang phat trién rat nhanh. Dit liéu dd thi
duogc sir dung trong rat nhiéu pham trit khac nhau nhu: héa hoc, giai quyét van dé, phan
tich tai li€u, phan tich mang xa hdi va nhiéu linh vuc khéc ....

Mau d6 thi phé bién 1a mot d6 thi con duoc tim théy trong mat tap cac dd thi
hodc mot d6 thi, va xuit hién nhiéu hon NTS ma nguoi dung dinh nghia. Nhitng miu
nay sé& ching minh tinh hitu dung trong cong viéc khai thac do thi va qua trinh khai
thac, da tré thanh mot bai toan quan trong trong linh vuc KTDL.

Trong hau hét cac trudng hop, qua trinh khai thac dién ra trong mot tap cac do
thi va muc tiéu cia chung 13 tim tat ca cac tap con phd bién véi s6 1an xuat hién dap
ung NTS. Mdt dd thi con duoc coi 1a mot sy biéu dién cua mdt mau do thi nhit dinh
hay khong dugc quyét dinh bang cach giai quyét cac bai todn vé do thi dang cau, tat ca
cic biéu dién do déng nhat v&i moét mau ma ching dai dién. Mot s6 thuat toan tim
MPB trong hoan canh chuin nay dd dugc phat trién va rat thanh cong nhu:
GraphSig[1], Gaston[2], gSpan[3] and gRed[4]. Tuy nhién c6 mét sb bai toan méi can
duge mo phong thong qua d6 thi, mot tinh hudng méi xdy ra trong viéc khai thac mau
do thi.

Chi tiét vin dé nghién ctru 1a khai thac tat ca cac mau phé bién cuc dai
(MPBCD) trong mdt d6 thi don, sir dung phuong phap so sanh gan dung. Khai thac
MPB tir mot dd thi don thi don gian hon so voi trudng hop khai thac MPB tir mét tap

cac dd thi. Hon thé nita, tip trung vao viéc tim kiém cdc mau cyc dai va viéc sir dung



phuong phap so sanh gan dung 13 hai thach thirc can duoc giai quyét, xuét hién trong
viéc khai thac do thi hién nay.

Diu tién phai ké dén su bung nd sé lwong mau do thi con ton tai bén trong bai toan,
thuong thi két qua cua viée khai thac 13 mot lugng 16n cac miu, 1am cho qua trinh
nghién ctru va st dung chiing trd nén kho khin. Béi vi vay nén trong nhitng nim gan
day, mot su bién d6i dang ké trong cac thuit toan khai thac da tré nén dang chu y. Su
thay doi dé tap trung tir viéc tim kiém t6i da mau dd thi phd bién dén viéc tim cac tap
con ctia ching, s& dé dang hon cho viéc phan tich mét tap nho hon.

Mot phuong phép thong thudng dé loc cac mau du thira 13 tim cic mau do thi
phé bién cuc dai, c6 nghia 1a cac MPB khong phai 1a do thi con cta cac MPB khac.
Nhu duoc dé cap trong [6] va [7], tap cac mau cuc dai co thé 1a quan trong hon tap
hoan chinh cua cac mau. Hon thé nita, mau khong cuc dai co thé duoc xay dung tur cac
mau cuc dai. Nhu vy thi, mic du thong tin xac dinh mau khong cuc dai s& khong duoc
luwu trit, nhung tit ca cac d6 thi con phd bién van duoc tém lugt trong nhitng miu cuc
dai ma khong that lac thong tin. Mac du mot vai thuat toan da duoc dé xuat dé tim cac
mAu tiéu biéu [8], mAu phan biét [9], mAu 16n nhét [10], trong d6 miu cuc dai dai dién
mot trong s6 nhitng phuong phap hiéu qua dé lam giam bét sé luong tap MPB.

Hudng nghién ctru thir hai s& huéng dén viéc khao sat mot cach ti mi va nd co
thé duoc phat hién ra trong tinh trang hién tai ctia khai thac db thi, dung cho tinh mém
déo trong cic mau dugc tim thay trong dir liéu. Thira nhan phuong phéap so sanh gan
dang co thé 1a mot su lua chon ding trong mot ngilr canh dac biét. Jia at al [11] da dua
ra mdt truong hop yéu cau khai thac cac mau hiru dung tor mot dir liéu dd thi tap nhiéu.
Trong truong hop nay, quan trong la phai thtra nhan sy khéc nhau gitra cdc nhan cua
dinh hoac canh, va chép nhan mot xac xuit nao d6 cho viéc gén sai nhan. Tuong tu
Chen at el [12] ciing quan tim dén kho dir liéu protein, trong d6 MPB gan dung 1a mot
diéu dang quan tdm trong sinh hoc. Khong giéng nhu nhiing thuat toan trén, quan tim

viéc st dung phuong phap so sanh gan ding dé thira nhan sy khac cau tric trong céc



dinh, theo cach d6 thi hai do thi c6 mot s6 dinh khéac nhau c6 thé duge xem xét 1a phu

hop. Mot vi du & hinh H.01 bén dudi:

©O-® 2%
O O

@) G (b) P1 (c) P2

Hinh 1: Sw biéu dién ciia do thi sir dung phwong phdp so sanh gan ding
P1 la mét biéu dién cia G néu sy khdc nhan dwoc chd'p nhan (Nhan F thay thé
nhin B); d6 la mét phirong phdp so sinh gan ding dwoc dp dung cho thudt todn
APGM[11].
P2 1& mét biéu dién ciia G néu sw khdc cdu tric dwoc chdp nhan (nhitng canh duwoc
@dn nhan véi B thi bi khuyét); dé la mét phieong phdp so sanh gan ding dwoc dp dung

cho viéc nghién cvru thudt toan thudt toan(bén canh khdac nhan ciing dwoc s dung).

Nhu vay, chu y dén viéc giam s6 luong mau di khai thac va nguoc lai tao thém
nhirg mau khong phi hop hoan toan véi cac biéu dién cua dd thi, nhung quan trong
hon trong mot hoan canh nhét dinh véi mot sd thong tin hiru dung c6 thé bi bo sot néu
str dung phuong phap so sanh chinh xac.

Véi nhitng phuong phap va han ché néu trén, luan vin sé tip trung tim hiéu va

danh gia mot thuat toan da dugc dé xuat dé khai thac tit ca cac MPBCD trong dd thi



don str dung phuong phap so sanh gan dang. Tir d6 dé xuit phuong phap cai tién hiéu

qua thuat toan, qua d6 gop phan dang ké trong viéc khai thac cac MPBCP.

1.1.2. Muc tiéu ciia dé tai
Tap trung tim hiéu, danh gia va dé& xuét cai tién hiéu qua thuat toan khai thac

MPBCP trong d6 thi don st dung phuwong phap so sanh gan ding.

1.1.3. Noi dung nghién ciru

Tim hiéu cac phuong phap khai thac d6 thi bao gom khai thac do thi don va tap
hop cac do thi.

Tim hiéu cac thuat toan vé khai thac MPBCP trong d6 thi don va tap cac do thi.

Tim hiéu phuong phap so sanh gan dang giita hai do thi va cac thuat toan lién
quan.

Dinh huéng cai tién va kiém chimg thuat toan vé khai thic MPBCPD trong d6 thi

don sir dung phwong phép so sanh gan dung.

1.2. Tong quan vé miu pho bién cuc dai

Vao nam 2004 Huan et al. [6] chu ¥ dén van dé khai thac cac d6 thi con cuc dai
nhu mot cach dé lam hiéu qua hon qua trinh khai thac toan bo dir liu, 1am giam sd
luong bd nhé can va sb luong mau da khai thac. Thuét toan SPIN khai thac ciy phd
bién trong mot tap cac dd thi, sau d6 mé& rong cay phé bién thanh d6 thi tudn hoan phé
bién, cudi cung s€ xay dung nén dd thi con phé bién cuc dai, su dung mdt vai ky thuat
cit tia dé khai thac do thi con cuc dai hiéu qua hon.

Sau d6 vao nam 2006 Thomas et al. [14] dé xuat thuat toan Margin dé khai thac
mau cuc dai trong tap dd thi. Cho mdi mot do thi trong tap dit liéu nhap, thuat toan st
dung mot ludi do thi dé miéu ta khong gian tim kiém va dinh nghia cic Gmg vién 1a d6
thi phd bién cuc dai, chung 1a cac dd thi con phd bién ma khéng ton tai bat ky do thi

con phd bién ndo. Dé tim mau cuc dai, dau tién tic gia tim mot do thi con lién thong



phé) bién va mo rong no cho dén cuc dai, biéu dién d6 thi cuc dai b::ing mot diém trén
ludi. Sau do ho nghién ctru ludi dé nhan dang céac ung vién cuc dai khac. Cudi cung la
budc hau xir 1y, tac gia sé két hop cac tng vién va chon cac MPBCD.

Vao ndm 2012, Chen at el [15] dé xuat mot phuong phéap tim mau cuc dai trong
tap cac d6 thi bang phuong phap khai thac tir trén xudng dudi. Pau tién, tac gia gan lai
nhan cho cac dinh cua dd thi, sau d6 nhimg canh dbi xtmg voi ching thi dinh nghia
bang nhan cta chung. Budc tiép theo ho s& xay dung ra mot cau tric dang ciy (ciy co
ciu trac) cho nhitng do thi 16n trong tp hop; mdi cip trong cdy ciu tric bao gdm
nhirng dd thi con tim duoc béng viéc x6a nhiing canh khong phé bién tir mdi d6 thi
trong cap trudc. Dua vao tinh chat chong don diéu va str dung tinh ddi xtng trong nhan
ctia mdi canh, thudt toan x6a bo cac canh cho toi khi tim thiy do thi phd bién, 1a cuc
dai néu cac d6 thi cha cta nd khong phé bién. Sau d6 thuit toan s& tiép tuc bﬁng viéc
thém nhiing do thi con lai trong tdp hop vao cdy ciu tric, sip xép giam dan thir ty theo
kich thuédc, tim cdp d6 twong tng cho mdi d6 thi trong cay cau trac va sir dung phuong

phap dong hinh dé so sanh cac d6 thi con cting mdt cip d6 trong ciy cu trac.

1.3. Khai thac dd thij trong do thi don

Vao niam 2004, Kuramochi va Karypis [19] [20] dua ra mot sd thuét toan
Hsigram, Vsigram va GREW dé khai thac MPB trong mot dd thi don, ¥ tuong cua ba
thuat toan ndy twong tuy nhau, nhung Hsigram st dung phuong phap tim kiém theo
chiéu rong trudce, nguoc lai voi Hsigram, Vsigram thi sir dung phuong phap tim kiém
theo chiéu sau trudc, con véi GREW 13 mot sy cai tién déang ké cua Vsigram: thuat
toan cai thién hiéu xuét ciia Vsigram bing viéc tip trung vao nhiing dd thi dic trung.
Dé tinh toan do hd tro ctia mot mau do thi, thudt toan xay dung dd thi bao phu cho tat
ca cac biéu dién ctia mau dd thi (mot dd thi voi mot dinh cho mdi sy biéu dién va mot
canh két hop cho mdi cip biéu dién, nhu vay 14 cé sy bao phu 1én nhau) va dinh nghia

dd hod tro cia mau l1a sb luong phén tor trong mot tap doc 1ap cuc dai (MIS) cua dd thi



bao phu. Nhung viéc tim mot tdp MIS cua dd thi bao phu 1a mot van dé hét suc kho
khin, vi thé nén thuat toan s& phai dbi phé véi mot thu tuc rdm ra mdi lan nd tinh toan
dd hd trg cia mau.

Vao nam 2008, Bringmann va Nijssen[17] dé xuit ra mot cach tinh do hd trg ¢
it su tinh toan hon. Gia thuyét ¢ mot dd thi G va mdt mau dd thi P, thuét toan dinh
nghia cach tinh d6 ho tro nhu sau:

o(P,Q) = min|{@(v) veV : ¢ 1a mdt phép anh xa giira P va mot trong nhitng biéu dién
cua no6 trong G}
Nghia 1a: Véi mdi dinh v cia miu P s& c6 mot sd luong dinh trong G ma v 13 anh xa

ctia no, do hd tro cua P duoc xac dinh dya trén so lugng dinh 4nh xa toi thiéu.

1.4. Khai thac dd thi sir dung phwong phap so sanh gan ding

C6 rat it sy nghién ctru vé tim kiém MPB str dung phuwong phap so sanh gan
ding, mdc du khong cé su nghién ctru nao thira nhan sy khac nhau vé ciu tric trong
cac dinh giita MPB va cac biéu dién ctia nd. Vao nam 2011, Jia et al [11] dua ra mot
thuat toan APGM dé khai thac cac MPB tir mot tap cac dd thi trong mot hoan canh
nhét dinh, voi mot luong dir liéu khéng 16 va doi khi ton tai nhiing sai s6t nhan cda cac
dinh va canh. Dé giai quyét truong hop nay, tic gia da dua ra cach sitr dung ma trn
thay thé, mdi dau vao ij ctia ma tran s& cho biét xac xuat nhan i duoc gan nhan sai boi j.
Sau d6 thuat toan s€ dinh nghia ra 2 dd thi duoc goi la dfmg cAu néu nhu do tuong déng
ctia chiing thap hon ngudng cho phép. Mic du tac gia cho biét ring thuit toan cua ho
c¢6 thé 1am viéc véi su thay d6i nhin cho ca dinh 1dn canh nhung chiing chi giai quyét
truong hop thay d6i dinh. Sau d6 vao nim 2012, Acosta at al. d3 dua ra mot thudt toan
VEAM la mt cai tién cua thuat toan APGM, dé giai quyét cho cé hai truong hop thay
d6i dinh va canh. Ca hai thuat toan APGM va VEAM déu c6 yéu cau nhitng db thi két

hop véi nhau phai cling cau trac lién két.



Vao nam 2007, Chen at al [12] gidi thiéu thudt toan gApprox tim cac MPB ma
c6 thé khong gidng véi cac biéu dién ctia nd vé nhan hodc cau trac canh. Nhitng miu
duoc khai thac tir mot do thi don st dung do hd tro duoc dé xuét & [16] va tinh toan su
gidng nhau cua cac dd thi bang viéc phdi hop voi khoang cach didu chinh[13]. Van dé

nay tvong déng voi hudng nghién ctru nhung tac gia khong khai thac MPBCD.

1.5. Kién truc, ha tang ciia mgt h¢ théng khai thac dir ligu do thi

Dit liéu d6 thi st dung dé kiém chirng thuat toan la mdt dang dir li€u hinh anh
bd xuong c6 cau tric, gom 36 dd thi biéu dién bo khung cta nhitng hinh bong thuc té.
Dt liéu nay dugc chia thanh 9 16p: con voi, céi nia, qua tim, con ngua, ngdi sao 16n,
ngdi sao, con ria va con ca voi; mdi 1op c6 4 do thi. Trong dit lidu d6 thi nay, mdi dinh
ctia d6 thi duoc gén nhan 1a mét by phan cua than thé, trong khi d6 nhan ctia mdi canh
d6 thi 1a khoang cach giira 2 dinh ma chung lién két.

Ttr dit liéu @6 thi mau trén, mot tap cac MPBCD sé& dugc khai thac bang cach sir
dung thuat toan khai thac MPBCP trong d thi don sir dung phuong phéap so sanh gan
dung. Tim ra MPBCPD ctia mot dd thi méi tir tip MPBCD trén bing cach so sanh db thi
v6i tig mau trong tip mau da tim duoc va chon ra mau tuwong thich nhat. Tur d6 dé
dang phan 16p duoc mot d6 thi méi, 16p du doan cua do thi méi 1a 16p cia MPB tuong
thich nhat.



Thuat toan

So sanh db thj don
véi trng mau

Db thi don -

au cuc
dai twong
trng

Phan I6p db thi don dwa vao mau cuc
dai trong trng da tim duoc

Hinh 2: Téng quan vé hé théng khai thac mau phé bién cyc dai



Chuong 2: KHAI THAC MAU PHO BIEN CUC PAI TRONG PO THI PON
BANG PHUONG PHAP SO SANH GAN PUNG.

2.1. Téng quan

Chuong nay s& gidi thiéu mot thuat toan dung dé khai thac MPBCD trong do thi
don st dung phuong phap so sanh gan dung. Pau tién chuong ndy s& gi6i thiéu mot vai
khai niém co ban vé db thi s& duogc st dung trong céc phén sau. Sau do s€ miéu ta mot
ham f(sim) gan ding dé so sanh cac do thi co cau tric khac nhau. Tiép theo s& mo ta
chién lugc tim kiém ma thuat toan str dung dé tim kiém nhitng d6 thi biéu dién khac
nhau cta mau, c6 thé khac nhin hodc khéac ciu trac. Tir d6 s& phat hoa thuat toan, va
giai thich cach sir dung ham gan dung va chién luoc tim kiém. Cudi cing luan vin s&

tim hiéu k¥ thuat toan béng mot vi du nho.

2.2. Khai niém co ban va cac ky hiéu

Trong phén nay thuat toan s€ su dung mdt vai khai niém co ban vé d6 thi. Tur
lau cac nghién ctru vé d6 thi cling d3 lam quen véi d6 thi ¢6 gan nhén, d6 1a mot dd thi
g6m 4 thanh phan co ban G=(V,E, £, ¥) trong do:

V: 12 tap hop cac dinh cta dd thi

E: 1a tap hop cac canh cua do thi E C { (u,v) | u,veV , u#v }

£ : 1a mdt tap hiru han cac nhan gan cho dinh va canh cia dd thi

¥: 1a mot chirc ning dé gan cac nhan trong £ cho cach dinh va canh cta d6 thi

Ky hiéu V(G), E(G), va W dé tham chiéu dén mot tap cac dinh, mot tap cac
canh va mdt ham gan nhan cho dd thi G.
Mot d6 thi H duoc goi 1a @6 thi con cua d6 thi G, duoc biéu dién bing H C G, néu
V(H) CTV(G),E(H) CTE(G),vaVvv € V(H) suy ra Wu(v) = Ps(v).

Gia st V' C V(G) la mot tap con cac dinh ctua dd thi G; d6 thi con ctia G duoc
sinh ra tir V’ néu V(G’) = V’ va cho tit ca cac dinh u, v € V’ thi c6 thé két luan rang
(u,v) € E(G’) khi va chi khi (u,v) € E(G).
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Cuoi cung thuat toan st dung ky hiéu <> dé€ bi€u dién sy két ndi vao nhau giira
mot do thi con va mdt dinh mdi. Vi du: Gia st ¢c6 mot do thi con cua G 1la H va mot

dinh v € V(G), biéu dién H<>v 1a d¢ thi con ctia G dugc tao ra boi V(H) U {v}.
2.3. Thuat toan ImaxAFG (cai tién tir thuat toan MaxAFG)

2.3.1. Bai toan so sanh dj twong dong

Thuat toan doi hoi mot ham so sanh d6 thi dung dé thira nhan su ddng danh giita
mot sb dd thi khac cau trac, hay khac dinh hodc canh.
Theo nhu Xiao [21], don vi do luong khoang cach giita cac d6 thi da duoc dé xuét
trong mot s6 tai lidu co thé duge phan loai dua trén mot s6 dat tinh nhu: gia thanh, cau
tric, chitc nang. Pon vi do luong duge phan loai gan day dua trén d6 thi twong trung
théng qua cac Vector, va khong phu hop véi nghién ctru nay. Tur hai sy phéan loai khac,
su do luong dua trén gia thanh 1a mot sy két hop t6t véi thuat toan dang nghién cuu.
Bén canh d6, mot vai su do luong dua trén cau tric cling trong duong véi dua trén gia
thanh.

Trong hudng nghién cltru nay, thuat toans€ dua ra ham khodng cach chinh stra
ctia d6 thi nhu mot chirc ning tinh toan sy twong do gitta cac do thi: fyy,.
Gia str d0 thi G1 va G2 1a 2 d6 thi ma nguoi dung mudn so sanh; néu khong yéu cau
quan hé twong dong mot — mot giita cac dinh ctia dd thi V(Gi1) va V(G2) thi s& c6 mot
tap hop, Rvi, 13 cac dinh cia V(G1) ma khong twong xting voi bat ky dinh nao cua
V(G2), va twong tu nhu vay sé cé mot tap hop, Rve, 1a cac dinh caa V(G2) ma khéng
tuong xung véi bat ky dinh nao cua V(G1). Gia st rang c6 mot sy thiét 1ap quan hé nhi
phan mét — mot m € V(G,) X V(G,) nghia la c6 mot su twong xirng gitta cac tap
con cta V(G1) va cac tap con cua V(Gz), dinh nghia d gidng nhau giita hai tip dinh
ctia hai d6 thi G1 va Gz nhu sau:
Vedit = 2weV(6,)\Rys dv(v,m(v)) + |Ry1l + [Ry.l

Trong d6 d, twong trung cho chi phi thay thé We1(v) bai Wea(m(v))
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Cung chung mot phuong phap phan tich nhu vdy, d6 gidng nhau giira cac canh cia dd
thi dugc dinh nghia nhu sau:
Cedit = Di(wv)EE(Gy)\Rgy de((u: v), (m(u),m(v))) + |Rg1l + |Rg|
Trong d6 Rz, VA Ry, 13 tip hop cac canh khong twong ximg gitta hai d6 thi.

Cubi cung, d6 trong dong gitra hai do thi dugc tinh toan nhu sau:
fsim(G1, G2) = kvVeqie + (1 — k)eeaie
Trong d6: k 1a mdt don vi do trong luong gitra cac canh va dinh ma hé thong c6 thé yéu
cau.

Chu ¥ rang ham twong dong nay rat 1a quan trong, bdi vi n6 c¢6 thé duoc st dung
dé tinh toan trong suét qua trinh KTDL d thi, 1am ting thém cac mau dd thi ma khong

tang thém do phuc tap cua thuat toan.

2.3.2. Phwong phap so sanh gin diing

Mot trong nhimng dit thu chinh cta thuat toan 13 s& dé xuat ra kha niang tim kiém
cac mau ma khong tuong thich hoan toan véi cac biéu dién ctia nd. Nhu vay thuat toan
s& str dung NTD A va ham so sanh fy;,,, nhu da dién ta trong phan trudc dé xac dinh khi
nao mot do thi con 1a du giéng voi mau dd thi dang phan tich.

Khong gian tim kiém dugc tham do dwa trén mot phuong phap tiép can mo hinh
tang truong. Néu c6 mau P va cac sy biéu dién cia nd, thém vao mot dinh méi dé tao
thanh mot mau P’ méi, P’ = P <> v va cac su biéu dién cta dd thi P’ s& duge tim ra
bang cach phan tich va phat trién cac sy biéu dién ctia P. Chién luoc nay s& st dung dé
thira nhan su khac nhau ctia méi loai sé dién ta sau day.

a) Su khac nhén trong d6 thi.

Cung cip mot bang ding dé dinh nghia rd cac mdi twong dong giita cac nhan.
Phuong phap nay s& chap nhan mot s biéu dién dé ting cac mau thong qua mot dinh

méi ma nhin ciia mau cé thé sé khong nhu ching dinh nghia, sy thay thé nhin duoc
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chép nhan thong qua thong tin twong dong do. Va co thé s& tim ra cac dd thi biéu dién
ma nhan ctia n6 c6 thé s& khong chinh xac tuyét doi.

b) Su khac ciu tric giita cac dinh trong do thi.

Chép nhén sy khac nhau vé ciu trac & dinh gitra cac dd thi, c6 nghia 1a mdt dd
thi biéu dién ctia m3u c6 thé c¢ it dinh hon hodc nhiéu hon dinh hon so véi mu cua né.
Trong truong hop dau tién, néu mot sy biéu dién cua P khong thé phat trién dé tro
thanh mét sy biéu dién cua P’, luu ching lai trong mdt tap hop céc su biéu dién cta P’
va danh dau chiung nhu mét ing vién cho d6 thi ¢6 dinh khuyét. Trong trudong hop thir
hai, nhitng su biéu dién c6 thé c6 nhicu dinh hon so véi miu ciia chiing duoc tim thay
bang cach thay thé yéu ciu cia mot canh giita cac mau ciia P va mot dinh di xtmg v

c) Su khac cAu tric gifra cac canh trong dd thi.

Cudi cung, dé tim ra cac d6 thi biéu dién voi cac cau tric khac nhau vé canh,
chap nhan thém mot dinh mdi ma no lién két véi su biéu dién ciia dd thi P bang mot
cach nao d6, né giébng nhu cai cach ma thuat toan gApprox lam.

Trong cac truong hop dinh nghia trude, du ¢6 sy khiac nhau vé céu trac hodc
nhén,nhung phai luon ludn ghi nhé va theo ddi sy khac nhau d6 gitta cdc mau va giira
cac sy biéu dién ciia né. Trong trudng hop ndy, c6 thé dé dang sir dung mot ham fg;,p,
khong ton tai chi phi thém vao dé dinh nghia ra cac su biéu dién phu hop véi NTD A

va tinh toan do hd trg ciia mau db thi.

2.3.3. Thuat toan ImaxAFG

Pé tim ra cdc MPBCD trong dd thi, thuét toan dé xuit ImaxAFG la su két hop
giita sach lugt tim kién da giGi thiéu ¢ cac phan trude, ham so sanh tinh ddng nhét fg,
va so dd tim kiém theo chiéu sau. Khi tim ra mot mau P, khai thac tir mau P mot danh
sach cac sy biéu dién ctia mau; sau do khi phat trién mau P thanh P’, cac su biéu dién

ctia miu P’ s& dugc khai thac biang cach phan tich cac biéu dién ctia mau P. Mdi lan
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mo rong mot su biéu dién, cac mau va biéu dién s& duoc luu trit va theo doi gia tri chi
phi chinh stra lién quan. Bang cach mo rong d6 thuat toan s& dé dang phan tich do
tuong dong giita P’ va bat ky cac su biéu dién théng qua ham f;,. Cubi cing, dé nhan
biét duoc cadc mau cuc dai, thuat toan chi can luu lai nhitng mau dd thi ma khong thé
mo rong dén mot mau méi ma phu hop véi dd twong dong.

Mot su thay thé nhin twong dong dugc dinh nghia thong qua mot tir dién D va
hd trg viéc tinh toan cho mdi mau thong qua mdt ham dugc cong bd boi Bringmann va
Nijssen [22]. ImaxAFG duoc phat hoa sau day, thuat toan dwa vao viéc goi nhiéu lan
cac ham nhu: Explore, Traverse, Expand, ExpandOccurrence ....

Main function:

Input:

G: Db thi duogc phan tich

o: Ngudng tan sd pho bién

A: Ngudng twong dong

D: Tir dién turong dong gitta cac nhin
Output:

P: tap hop cac MPBCD cuia do thi G
forv e Gdo

explore(v) = False;
P=0;
forv e Gdo

P, = Expore(G,o,A, D, v);

P = mergeMaximals(P U PB,);

Function Expore(G, . A, v, D):

Input:
G: Do thi dugc phan tich
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o: Ngudng tan sé phd bién
A: Ngudng tuong dong
v: Mot dinh trong Vg dung dé phat trién MPB
D: Tir dién dung dé dinh nghia cic nhin twong dong
Output:
Py: tap hop cac MPB xuét phat tir dinh v
foru € G do
marked(u) = False;
P, = 0;
M,, 1a mo6t danh séch cac dinh c¢6 nhin gidong hodc twong déng
(dwoc tham khao tir bo tir dién nhin da cung cdp)vdi nhan cua dinh v;
C, 1a mot danh sach céc edit cost gitra moi dinh trong M, va mau db thi;
if IM,| = o then
Prraverse = Traverse(G,{v}, M, C,,a,A,D);
if Prraverse # @ then
P, = B, U Prraverses
else
P,= P, U {v}

expored( v) = true;

Function Traverse(G, P, Mp, Cp, 6, A, D):

Input:

G: D6 thi duoc phan tich

P: MPB tmng tuyén (str dung dé duyét tim mau)

Me: Danh sach cac biéu dién ctia P

Cp: Danh sach cac edit cost giita P va cac biéu dién ctia P

o: Ngudng tan so pho bién
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A: Ngudng twong dong

D: Tir dién dung dé dinh nghia cac nhan twong dong
Output:

Pexp: tip hop cac MPB dat dugc tir viée duyét P (phat trién mau P)
Vexp tap hop cac dinh lién két dén P ma chwa khao sat (explored)va danh dau(marked);
if Vexp # @ then

foru € Vo do

marked(u) = True;
Vixp = Expand (G, P, Mp, Cp, Vorp, 0,4, D);
foru € Vo do

marked(u) = False;

Function Expand(G, P, Mp, Cp, Vexp, 6, A, D):
Input:
G: D6 thi duoc phan tich

P: MPB tmng tuyén (str dung dé duyét tim mau)
Me: Danh sach cac biéu dién ctia P
Cp: Danh sach cac edit cost giita P va cac biéu dién cta P
Vexp: Danh sach cac dinh chua khao sat ma lién két dén miu P
o: Ngudng tan s6 phd bién
A: Ngudng twong dong
D: Tir dién dung dé dinh nghia cac nhan twong dong
Output:
Pp: tap hop cac MPB dat dugc tur viéc mé rong P
Pp, Py, Pr = @;

fOr Voyp, € Voyp do
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P'= P <> Vgyp;
M'p,C'p = ExpandOccurrence(G, P,Mp, Cp, Vexp, A, D);
suppr = do ho tro cua P';
if suppr = o then

Viexp = Vexp \{Vexp};

Py = Expand(G,P',M'p,C'p,V' 42, 5,4,D);

P; = Traverse(G,P',M',,C',, g,A, D);

if Pp U Pr = Qthen

P,= P, UP';
else

PP= PPUPEUPT'

Function ExpandOccurrence(G, P, Mp, Cp, newVertex, A, D):

Input:
G: Db thi duogc phan tich
P: MPB tng tuyén (str dung dé duyét tim mau)
Mp: Danh sach cac biéu dién cta P
Cp: Danh sach cac edit cost giita P va cac biéu dién cta P
newVertex: Dinh lién két voi mau P
A: Ngudng tuong dong
D: T dién dung dé dinh nghia cac nhan twong dong
Output:
M’p: Danh sach cac db thi biéu dién cia P’ = P U {newVertex}
C’p: Edit cost lién quan dén mdi db thi biéu dién trong M’p
Mp=0;C'p= 0
for O (cac do thi biéu dién) € M, do
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/[** Phan tich cac dinh twong rng voi dinh newVertex

va lién k&t véi do thi biéu dién O bang mot hay nhiéu canh

Uneign: danh sach cac dinh ctia do thi G ngoai trir cac dinh ctia do thi O
va lién két véi do thi O bang mot hay nhiéu canh;
for vertexV € vyeign do
if label(vertexV) == or == label(newVertex) then
Thém d6 thi newOccurence(0 U
{vertexV}) vao danh sach M'p
Tinh toan edit cost gitra newOccurence va P’
Thém do thi biéu dién newOccurence vao C'p
else
Thém O vao danh sach M',
Danh diu ving mit cua dinh newVertex nhu '—'
Tinh toan edit cost gitta d6 thi biéu dién O va P’
Thém do thi biéu dién 0 vao C'p

/I** Phan tich cac dinh lién két véi O bang duwomng di ngiu nhién.

l: Danh gia chiéu dai dwong di cuc dai c6 thé ton tai gitra do thi biéu dién O
vanewVertex ma khong vwot qua ngudng twong dong A
fori=2:ldo

vertPath =
binh thudc do thi G ngoai trlx cac dinh trong 0 va vyegp
va lién két véi 0 bang mot dwong di ¢6 chieu dai = i
for vertexC € vertPath do

if label(vertexC) == or ~= label(newVertex) then
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Thém d6 thi newOccurence(0 U {vertexV})
vao danh sach M',

Tinh toan edit cost gitra newOccurence va P’

Thém do thi biéu dién newOccurence vao C'p

Duyét tit ca cac dinh cta do thi G, thuat toan cai tién ImaxAFG chi thuc hién
cho mot dinh v duy nhat va khao sat mé rong MPB tir dinh v thong qua viéc goi ham
Explore. Sau khi dinh v khao sat thanh cong, n6 s& dugc danh dau 1a da khao sat va két
hop cac mau tim dugc v6i cac miu d3 khao sat trude d6 (duoc phat trién tir khac dinh
khac trude d6), cha y chi giir lai duy nhat cac mau cuc dai.

Viéc khao sat cac mau cuc dai dugc hoan thanh béi viée phat trién dinh v thong
qua viéc goi dé quy dén ham Traverse va Expand. Trong mdi tinh hudng, ham Expand
gan nhan unexplored (chwa khao sat) cho dinh vexp lién két dén mau da chi dinh. Va
bﬁng viéc goi ham Expand, thuc hién mot cong viéc tim kiém theo chiéu sau dé tim cac
mau bat ngudn tir P<> vexp. Ham Expand chi luu trit nhitng MPB khi chiung khong thé
phat trién thém duoc nita.

Mot bude quan trong trong ham Expand 1a khi mot tap hop cac dd thi bicu dién
cia mot mau méi P’ dugc hinh thanh théng qua viée goi ham ExpandOccurence. Trong
ham nay m&i mot do thi biéu dién cua P dugc phéan tich dé nhan ra rang do thi biéu
dién d6 c6 thé mo rong ra nita du khac nhan, hodc canh, hodc dinh bi thiéu, hodc cac
dinh du thira. Néu mét biéu dién co thé duge mo rong, edit cost vé dinh va canh cta
mau d6 s& duoc tinh toan va giir lai ciing v6i do thi biéu dién d6. Theo phuong phap

nay, c6 thé biét khi nao thi mot d thi biéu dién vuot qua duge NTD di cho trude.

2.3.4. Do phiwrc tap caa thuat toan ImaxAFG
Mot vai chu y nho lién quan dén do phuc tap cua thuat toan. R4t kho khan khi

dua ra cac thdo luan lién quan dén tinh hi€u qua cua thuat toan, tir trudc dén nay chua
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¢6 tai liéu bao cdo vé su khac céu trac dinh cta dd thi, vi vay kho co thé dua ra mot su
s0 sanh can bang.

Néu chi xem xét mot vai truong hop kho cu thé, mot do6 thi v6i n dinh, lién két
hoan toan, nhitng nhan dugc dinh nghia, co6 thé tim ra duoc do phurc tap cua thuat toan
la O(n?n).

G161 han trén c6 duogc bdi su tinh toan nhu bén dudi:

Thuat toan ImaxAFG thuc hién thong qua tip dinh ctia dd thi V(G), phén tich
trong mdi trudng hop thong qua ham Explore, cac MPB ¢6 thé tang 1én tir dinh cia d6
thi. V4i dinh dau tién vi ham Explore s€ goi ham Traverse, sau khi tim ra tAt ca cac
dinh lién két v&i v1 (Trong truong hop nay 1a G \ {vi1}) thi goi lai ham Expand. Sau
cung ham Expand s& d¢ quy lai chinh né trong mot vong lap for, ting 1én dén n-1 cip
d¢ quy (d6 dai cua tap Vexp = G \ {v1}). Trong trudng hop nay, nhitng ham goi sau ham
Traverse 1a v nghia vi tat ca cac dinh trong d6 thi G da dugc danh dau. Nhu vay sé& c6
“n-1” lan goi dé quy vo1 ham Expand va mdi mot 1an thuit toan goi mOt ham
ExpandOccurrence. Trong trudng hop phan tich ndy, doi véi mot mau P va mot tap
biéu dién Mp, ham ExpandOccurrence s& thuc hién |Me|.(n-[V(P)|) 1an so sanh. Vi thé,
xem xét dén nhing 1an so sanh d6 va sé 1an ham Expand goi lai chinh no, cubi ciing
ctia viéc khao sat mau d6 thi tir dinh V1 (n-1)2.(n-1)! lan so sanh. Ciing giébng nhu vay
d6i v6i dinh v2 ngoai trir 1an ddu Vexp=G \ {v1, V2} va két qua 1a (n-2). (n-1).(n-1)! lan
so sanh. Dua vao su 1y luén trén, téng s6 1an so sanh ddi voi thuat toan nhu sau:
T=(n—-1)(n—-1Dn-D)'+ n-2)n—-1Dn-D'+ .. +(n—1D(n-1)!

=n—-1Dn-D!'[n-1) +(n—-2)+ .. +1]
(= Dn —21)n - %(n — 1)2n!

Vay két luan: T = ~(n — 1)?n!

=(n-1Dmn-1)
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2.4. Bai toan tim mau phd bién cwe dai trong d6 thi don sir dung phwong phap
so sanh gin ding
D) thi dung dé phan tich thuat toan:
Ky hiéu “x/y”’: x la dinh, y l1a nhan cua dinh x.
Cac dinh: 0, 1,2, 3,4, 5,6
Céc canh cua db thi: [(0,1),(0,2),(2,3),(3,4),(2,5),(5,6)]

Hinh 3: Dé thi don c¢é gan nhén
Duyét ting dinh ciia d6 thi dé tim MPBCP véi ngudng pho bién §=3 va A =2
l. Khao sat tir dinh: [0] ¢6 nhan la A

Tat ca cac dinh c6 cung nhin véi dinh [0]: Mp = {[2]}
S6 lugng phan tir ciia tap Mp: len(Mp) = 1
Vi len(Mp) < 8-1 => Dung vi¢c khao sat.

1. Khao sat tir dinh: [1] co nhan 1a C

Tat ca cac dinh c6 cung nhin véi dinh [1]: Mp = {[4], [6]}
S6 lugng phan tir ciia Mp: len(Mp) =2
Vi len(Mp) = 8-1 => M rong d0 thi tir dinh [1] dé tim mau cuc dai.
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Budc

Mau

cuc dai

S
c

3
Q\:

Cac
dinh
ndi véi

mau P

Biéu dién cua mau P. Cac miu
biéu dién c6 d6 khac biét khong
qua

A=2

Tam lvu mau P

la mau cuc dai.

@

Tim cac dinh noi
voli mau P ma

chua duyét qua.

{[1], [4], [6]1}
Support =3 > 5-1

Mé rong mau P
tr nhimng dinh
nbi dé tim tat ca
cac mau co do

support > 9.

(2, -1, 11, 111, {14, -1, 2], [1, 3]1,
[[4, -1, [1, 111, [[6, -1, 2], [1, 3]1,
[[6, -1, [1, 1111
Support =3 =96

Tam luu cac mau
mo rdng & budce

2 la mau cuc dai.

(1, -1, 11, 111, [[4. -1, 2], [1, 3]1,
(14, -1, [1, 111, [[6. -1, 2], [1, 3]],
[[6. -1, [1, 1111
Support=3 =96

Tim cac dinh noi
voi mau P ma

chua duy¢t qua.

5060 660 06 *

[, -1, 11, 111, {14, -1, 2], [1, 3]1,
[14, -1, [1, 111, [[6, -1, 2], [1, 3]I.
[(6, -1, [1, 1111
Support =3 =9
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Mé rong mau P
ter nhitng dinh
nbi dé tim tat ca
cac mau c6 do

support >= 0.

(1, o, -1, [1, 11, [[1. -, O], [1,
31l [, - -1 12, 210, 114, - -1,
[2, 2]]. [[6, -, -T. [2, 2]]]

Support = 2 < & => Dung md

rong mau

Vi d¢ Support <
d nén dung viéc
khao sat. Két hop
cac mau cuc dai

da tim duoc.

Bdng 1: M6 réng dinh 1/C tim mau phé bién

Géan nhan da duy¢t cho dinh [1].

I1. Khao sat tir dinh: [2] c6 nhan 1a A

Tat ca cac dinh c6 cung nhin véi dinh [0]: Mp = {[0]}

S6 luong phan tir cia tap Mp: len(Mp) = 1
Vi len(Mp) < 8-1 => Dung vi¢c khao sat.

IV.  Khao sat tir dinh: [3] c6 nhan 1a B

Tat ca cac dinh c6 cung nhin véi dinh [3]: Mp = {[5]}

S6 lugng phan tir ciia tap Mp: len(Mp) = 1
Vi len(Mp) < 8-1 => Dung viéc khao sat.
Khao sat tir dinh: [4] c6 nhan 1la C

Tat ca cac dinh c6 cung nhin véi dinh [4]: Mp = {[1], [6]}
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S6 lugng phan tir cia tap Mp: len(Mp) =2
Vi len(Mp) = 8-1 => Mé rong do thi tir dinh [4] dé tim mau cuc dai.

Budc Mau Mau Cac Biéu dién ctia mau P
cuc dai | mo dinh
rong P | nbi véi
mau P
ma
chua
duoc

duyét

Tam luu mau P la
mau cuc dai.

Tim cac dinh noi véi {[11, [4], [6]}
mau P ma chua duyét Support=3 =06

qua.

M¢ rong mau P tir (4, -1 [, 111, 2, -1, 13, 11
[[6. 51, [0, O]], [[6, -1 [1, 111]

Support =3 =0

nhirng dinh noi dé tim
tat ca cac mau co do

support > 9.

Tam luu cac mau mé @

rong ¢ budc trén la

mau cuc dai. @

5060 06
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Tim cac dinh nodi véi
mau P ma chua duyét

qua.

M6 rong mau P tu
nhirng dinh n6i dé tim
tat ca cac mau c6 do

support >= 0.

~~

® 66

4/C

(@)
N

2/IA

(4. 3, -1 [1, 111, [t4. -, -1, [2,
211, 111, -, 01, 1, 311, [, - -1,
[2, 211, [[6. 5, 2], [0, 0]], [[6., 5, -
1,01 [1, 311, [I6, 5, -1, [1, 111,
[, -, -1, [2, 2111

Support=3 =95

Tam luu cac mau mo
rong ¢ budc trén 1a

mau cuc dai.

&)

4/C

2/IA

N

Tim cac dinh ndi véi
mau P ma chua duyét

qua.

®)
Olo

4/C

©

2/A
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M6 rong mau P tu
nhirng dinh n6i dé tim
tat ca cac mau co do

support >= 0.

4/C

(@)
N

0/A

0RO

(4. 3, 2, -1, [1, 111, [[4. 3, -,
2], [1, 311, [14, 3, -, -1, [2, 211,
[[6. 5. 2, 01, [0, 011, [[6. 5, 2, -1,
[1, 111, [[6, 5, -, 2], [1, 3], [I6,
5,112 2]1]

Support = 2 < 6 : Dung viéc m&

rong mau

4/C

(@)
N

I

5/B

[[4. 3,2, -1, [1, 111, [[4. 3, -, -
1 [2, 211, [[6, 5, 2, 3], [0, O],
[(6. 5, 2,1 [1, 111, [[6, 5, - -1,
[2, 2]1]

Support = 2 < 6 : Dung viéc m&

rong mau

Vi do support cua tat
cd cac mau mé rong
déu nhé hon & nén
dung viéc md rong.
Hop cic mau cuc dai

tim duoc.

Bdng 2: M6 réng dinh 4/C tim mau phé bién
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Gén nhan da duy¢t cho dinh [4].
VI.  Khao sat tir dinh: [5] c6 nhan 1a B

Tat ca cac dinh c6 cung nhin véi dinh [5]: Mp = {[3]}
Sb lugng phan tir cia tap Mp: len(Mp) = 1
Vi len(Mp) < 8-1 => Durng viéc khao sat.

VIl. Khao sat tir dinh: [6] co nhan 1a C

Tt ca cac dinh c6 cung nhan véi dinh [6]: Mp = {[1], [4]}
S6 luong phan tir cia tap Mp: len(Mp) = 2
Vi len(Mp) = 8-1 => Mé rong do thi tir dinh [6] dé tim mau cuc dai.

Budc Mau Mau Céc Biéu dién ciia mau P

cuc dai o dinh

3

rong P | ndi véi
mau P
ma
chua
duoc

duyét

Tam luvu mau P 1a
mau cuc dai.

Tim cac dinh ndi voi {[11, [4], [6]}
mau P ma chua duyét Support =3 =8

qua.

M¢ rong mau P tir (e, -1 [3, 111, 11, -1, 13, 111,
[[4. 3], [0, O1], [[4, -1, [1, 111]

Support =3 =9

nhimg dinh ndi dé tim

tat ca cac mau c6 do

support > 9.
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Tam luu cac mau mo
rong ¢ budc trén la

mau cuc dai.

Tim cac dinh n61 véi
mau P ma chua duy¢t

qua.

&6 66

M¢ rong mau P tur
nhitng dinh n61 dé tim
tat ca cac mau co do

support >= 0.

6/C

(@)
N

2/IA

[te. 5, -1, 11, 111, 6, -, -1, [2,
211, 111, -, 01, 1, 311, [, - ™1,
[2, 2]], [[4. 3, 2], [0, O]], [[4, 3, -
1,01 1, 311, [4, 3, -1, 1, 111,
[[4. -, "1 [2, 2]1]

Support=3 =06

Tam luu cac mau mé
rong ¢ budc trén la

mau cuc dai.

6/C

(@)
N

2/IA
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Tim cac dinh nodi véi
mau P ma chua duyét

qua.

6/

@)

OR0

2/IA

M6 rong mau P tur
nhirng dinh n61 dé tim
tat ca cac mau co do

support >= 0.

6/C

(2} (&)
VRN

~
>

[, 5, 2, -1, [1, 111, 6, 5, -,
2], [1, 311, 16, 5, -, -1, [2, 2]],
[[4. 3, 2, 0], [0, 011, [[4. 3, 2, -1,
[1, 111, [[4, 3, -, 2], [1, 311, [[4,
3,112 2]1]

Support = 2 < 6 : Dung viéc mé

rong mau

S
@)

(@)
N

2/IA

[te. 5, 2, -1, [1, 111, [[6, 5, -, -
1 12, 211, 1[4, 3, 2, 5], [0, 0O]],
[[4.3,2, -1 [1, 111, [[4. 3, -1,
[2, 2]1]

Support = 2 < 6 : Dung viéc mé

rong mau




29

Vi do support cua tat

cd cac mau mo rong

déu nhé hon & nén
dung viéc mod rong.

Hop cac mau cuc dai

tim duoc. 2/A

Bang 3: M6 réng dinh 6/C tim mau phé bién
Géan nhan da duyét cho dinh [4].
Tom tit két qua khao sat 6 dinh cta do thi:

DPinh | D6 thi pho bién cyc | MPBCD
dai

[0] Khong tim thay

[1] [, -1, 11, 111, 4, -1, 2], [1,
@ o 3l [14, -1, [1, 111, 16, -1, 2],
[1’ 3]]’ [[6! I'I]1 [1’ 1]]]
@ ° Support =3 =0

Mau #1

[2] Khong tim thay

[3] Khong tim thay
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[4] [[[4’ 3’ '_I]’ [l’ 1]]’ [[4’ I_I’ I_I]a
‘B C
Q [2’ 2]]’ [[1’ "I’ O]’ [1! 3]]! [[1’ -
I’ I_I]’ [2’ 2]]’ [[6’ 57 2]! [0’ 0]]’
@ <B> [[6’ 5! '1’ O]! [1! 3]]’ [[61 5’ I'I]’
[1’ 1]]’ [[6’ I_I! I_I]’ [27 2]]]
Mau sb #2
[5] Khong tim thay
[6] @ C [[[6’ 5’ "I]’ [1’ 1]]’ [[6’ I'I’ I'l]a
Q [2’ 2]]’ [[11 "Il O]’ [1! 3]]! [[1’ -
I’ I'I]’ [2’ 2]]’ [[4’ 31 2]! [0’ 0]]’
<B> [[4’ 3’ '1’ O]’ [1’ 3]]’ [[41 31 I'l]a
[1’ l]]’ [[4! I_Il '_I]l [21 2]]]

Mau so #3

Bang 4: Tém tdt qud trinh mé réng tim mdu phé bién

Cubi cung duyét qua tit ca cac MPBCBD, chi chon nhitng mau tbi wu va luu vao tap P:

P=1

Mau #1: Chon miu #1 vao tip P vi mau nay khong phai 1a dd thi con cua bit ky miu

nao trong P
P=[Mau #1]

Mau #2: Chon miu #2 vao tip P vi mau nay khong phai 1a dd thi con cua bit ky miu

nao trong P
P=[Mau #1, Mau #2]
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Mau #3: Khong chon miu #3 vao tip P vi mau nay 1a do thi con ctia miu #2 trong P
P=[Mau #1, Mau #2]
Két luan:

C6 2 MPBCD khi khao sat dd thi trén la:

Hinh 4: Mdu phé bién cuc dai ciia do thi vi du
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Chuong 3: KET QUA THUC NGHIEM VA HUONG PHAT TRIEN.

3.1. Gioi thigu

Dit liéu dd thi dau tién str dung dé kiém tra tinh dang cua thuét toan 1a SIS (La
mot dang dir liéu hinh khung cé cAu truc). Dt li¢u SIS bao gém 36 dd thi, mdi dd thi 1a
mot hinh khung tugng trung cho mot cai bong cia mot hinh anh thyc. Bo khung cua
mdi hinh dugc tinh toan & hai trang thai: trang thai dau tién 1a trang thai ban tu dong,
trang thai thi hai 1a trang thai diéu chinh bang tay. CSDL duoc chia thanh 9 16p: con
voi, cai nia, trai tim, con ngua, con nguoi, ngdi sao 16n, ngdi sao trung binh, con rua va
c4 voi; mdi 16p c6 4 do thi. Trong CSDL d6 thi nay, cac dinh duoc gan nhan 1a bo phan
clia vat thé, trong khi dé canh duoc gén nhan 1a khoang cach gifta cac dinh ma chung
lién két véi nhau. Tap hop ndy bao gdm 13 nhan khac nhau dugc gan cho dinh va 211

nhén gan cho canh.

3.2. Két qua thuc nghiém thuat toan ImaxAFG dwa vao ky thuat kiém tra k-
fold cross validation”

Luan vin nay st dung phuong phap “4-fold cross validation” (4-fold cross) dé
tao ra tap hoc va tap kiém tra boi vi dit liéu dang stir dung duoc chia ra g@)m 4 16p khac
nhau.

Phuong phép “4-fold cross validation” 1a mot k¥ thuat thong thudong dé danh gia
hiéu qua cua viéc phan 16p.

Trong mdi trudng hop tim kiém MPB cua tap hoc, st dung NTS 6 =2 va NTD
A = 6; gia tri ciia ngudng tang s6 o 1a mot NTS nho nhat ma ngudi dung cé thé st dung
dé tim nhimg miu khac nhau tir d6 thi dua vao, trong khi d6 NTD A thira nhan sy khéc
nhau vé cau trac dinh 1én dén 3 dinh, mot nita s6 lugng dinh trung binh trong mot d6
thi cua tap dir li¢u trén.

1. Sip xép thir tw ngiu nhién cho tip dir li¢u hoc:
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Ky hiéu chi tiét cua db thi:

“t#n c” — t: viét tit cua “tree” 13 ky hiéu bat ddu 1 do thi, n: 13 s6 thtr ti bat dau tir 0,
c: 1a 16p cua db thi.

“vij¥-—v: viét tit cua “vertex” 1a dinh cta do thi, i: tén cua dinh, J: la nhan cua dinh.
“e x y d” — e: viét tit cua “edge” 13 canh cua db thi, x,y: 14 hai dinh cta canh, d: 1a

nhan cua canh va cling 1a khoang céach gitra hai dinh.

Po Po Po

Lép | Thi | Chi tiét Lép | Thi | Chi tiét Lép | Thi | Chi tiét

#0 |1 t#00 #3 |13 t#123 #6 25 t#246
v0O v01l X v07
vil v110 v1i7
v22 v24 v27
v33 v34 v37
vd4 vd4 va’7
v54 v54 V56
V65 V63 e 05146
V76 v73 e15195
e0664 v85 e25144
el647 v93 e 35196
e2717 v106 e45178
e3787 v116 #6 26 t#256
ed 7122 e0810 vO07
e56116 el1828 v17
e6741 e2 10197 v27

#0 |2 t#10 310176 v37
v02 e4 11154 v4aT
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v13 e511167 v56
v24 e 6996 e 05156
v34 e791 e15142
v4o0 e 810115 e25171
v51 e91170 e 35150
V66 e 1011120 e45198
v75 #3 |14 t#133 #6 | 27 t#266
e0613 v01l v07
el662 v110 v17
2673 v24 v27
e37110 v34 v37
ed774 vad4 v47
e5742 v54 v56
e6739 v63 e 05158
#0 t#20 v73 e15181
vO03 v85 e 25157
vlid vIo6 35141
v24 v103 e 45160
v30 v116 #6 | 28 t#276
vl e084 vOo7
vh52 e1826 v17
V66 e29128 v27
v75 e39118 v37
e0645 e4 1186 v4aT7
el1684 e51186 v56
e27136 e 61048 e 05153
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e 37166 e7102 el5164
ed771 e 8958 e2593
e5636 e911101 e35184
e 6766 e 1011 37 e45179

#0 t#30 #3 |15 t#143 #7129 t#287
v02 v02 v05
v13 v13 v113
v24 v23 v213
v34 v34 v33
v40 vid4 v413
v51l v54 v513
V65 v64 V66
V76 v710 e06 188
e07163 v81l 16192
el7204 v93 e26103
e27136 v106 e3669
e 36210 v116 e 46102
e46162 v125 e 56165
e5636 e 01032 #7130 t#297
e6766 el95 v03

#1 t#41 e 29107 v113
vOo7 e311173 v213
v17 e411186 v35
v28 e 510 189 v413
v38 e 610174 v513
v438 e71267 V66
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v58 e8123 e0669
V67 e 91153 e16102
V76 e 10 11 190 26165
v86 e1012121 e 36188
e07121 #3 116 t#153 46192
el17106 v03 e 56103
e2818 v13 #7131 t#307
3843 v24 v05
e4814 v34 v113
e5835 vad4 v213
e67112 v54 v33
e78175 v 610 v413
#1 t#51 v71 v513
vO038 v85 V66
v17 v93 e 06188
v27 v 106 16192
v37 v116 e26103
v4s8 e090 e3669
v58 el19091 e 46102
V638 e 211183 e56131
V76 311182 #1 | 32 t#317
v86 e 410 202 v05
e077 e 510 207 v113
e1882 e 6848 v213
e28108 e7816 v33
e3875 e 810 125 v413
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e478 e 91156 v513
e579 e 1011 159 V66
e676 #4 | 17 t#164 e06191
e 78135 v05 e 16143
#1 t#61 v11l e 26105
vOo7 v212 e 3665
v1i7 v312 e4697
v28 v41l e56130
v38 v56 #8 |33 t#328
v48 V66 v013
v58 e0529 v13
V67 e1580 v23
V76 e2679 v33
v86 e3681 v413
e 07149 e4576 vb5
e17100 5629 V66
e2831 #4 |18 t# 174 v73
3815 v05 e 06205
e4822 v11l el778
5820 v212 e2777
e67126 v312 e 37104
e 78180 v41l e4 6185
#1 t#71 v56 e 56 200
vOo7 V66 e6733
v17 e0530 # |34 t#338
v27 15123 v 013
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v38 e26109 v13
v438 e36115 v23
v58 e4588 v33
v68 e5623 v413
v76 # |19 t#184 vb5
v86 vO011 V63
e07114 vl v76
el7124 v211 e 07140
e27129 v312 el1638
e3834 v412 e2624
e4812 v56 e 3647
e5827 V66 e4 7199
e6825 e0599 e57194
e 78155 el1560 e6772

# 19 t#82 e2585 #8 |35 t#348
v09 3695 v013
v1i9 e46113 v15
v29 e5663 v213
v36 #4120 t#194 v33
e03134 v012 v43
el1359 v11l v53
e23152 v25 V66

#2 110 t#92 v31l v73
v09 v412 e06177
v1i9 v56 e16169
v29 V66 e 26187
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v36 e05111 e3768
e 0355 e1683 ed749
e13161 e2621 e5757
23193 e36119 e 6758
# |11 t#102 e45117 #8 | 36 t#358
v09 e5619 v05
v1i9 #5 |21 t#205 v113
v29 vOo7 v23
v36 v1i7 v33
e0352 v27 v43
el3147 v37 v513
e23127 va7 V66
#2 |12 t#112 v56 v73

v09 e05211 e06138
v1i9 e1592 e16148
v29 e2598 e2754
v36 e 35137 e3750
e 03133 e4594 e4751
e1340 #5 |22 t#215 e 56203
e2389 vOo7 e6711

v1i7

v27

v37

v47

v56

e 05170
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e15132

e 25208

e 35168

e 45206

#5

23

t#225

vOo7

v1l7

v27

v37

va4T7

v56

e 05201

e15145

25209

e 35139

ed45172

#5

24

t#235

vO07

vi1i7

v27

v37

v47

vb56

e0561

e1590

e25151




41

e3544

e4546

Bdng 5: Co s¢ dix liéu do thi SIS

2. Chia tap dir liéu hoc ra thanh 4 nhém khéc nhau:

Nhom 1:

Nhom 2:

Nhém |Lép | Do Thi | Chi tiét
1 # |1 t#00
1 #1 |5 t#41
1 # |9 t#82
1 #3 |13 t#123
1 #4 |17 t#16 4
1 # |21 t#205
1 #6 |25 t#246
1 #7 |29 t#287
1 #8 |33 t#328
Nhém |Lép | Do Thi | Chi tiét
2 # |2 t#10
2 #1 |6 t#51
2 # |10 t#92
2 #3 |14 t#133
2 #4 |18 t#17 4
2 #o |22 t#215




Nhom 3:

Nhom 4:
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2 #6 | 26 t#256
2 #7 |30 t#297
2 #3 |34 t#338
Nhém |Lép | P6 Thi | Chi tiét
3 # |3 t#20

3 #l |7 t#61

3 # |11 t#102
3 #3 |15 t#143
3 #4 |19 t#18 4
3 # |23 t#225
3 #6 |27 t#266
3 #7 |31 t#307
3 # |35 t#348
Nhom |Lép | Po Thi | Chi tiét
4 # |4 t#30

4 #1 |8 t#71

4 # |12 t#112
4 #3 |16 t#153
4 #4 |20 t#19 4
4 # | 24 t#235
4 #6 |28 t#276
4 #7 |32 t#317
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4 #8 36 t#358

Badng 6: Co s¢ dir liéu do thi SIS da phdn nhém ngau nhién

3. Duyét tirng nhom dé tinh d¢ hiéu qua.

a. Duyét nhom 1:
- Tap dir ligu huin luyén gém tat ca cac dd thi trong nhom 2, 3, 4
- Tap dir liéu kiém tra gdm tat ca cac do thi trong nhom 1.

- Huén luyén su phan 16p sir dung tat ca do thi trong tap dit liéu huan luyén.

Str dung thuat toan dé tim tat ca cac MPBCD cua cac dd thi trong tap dir liéu huin

luyén:

Do Thi | Po thi phd bién cuwe dai

Pattern: ['3', '7', '5', '4','6', '1', '0', '2]/4-5-1-0-6-3-2-4

Pattern: ['1', '6', '0", '5', '7", 3", '2', '4']/4-6-3-2-5-0-4-1

Pattern: ['3', '6', '5', '4','7", '1', '0', '2']/4-5-1-0-6-3-2-4

Pattern: ['1', '8','3', '2', '7",'0", '6', 'S', '4']/7-6-7-7-6-8-8-8-8

Pattern: ['1, '7','0', '6', '8, '3, '2', '5', '4')/7-6-7-7-6-8-8-8-8

O N O B WD

Pattern: ['1', '7','0", '2','8', 3", '5', '4", '6']/7-6-7-7-6-8-8-8-8

10 Pattern: ['1', '3, '0", '2']/9-6-9-9

11 Pattern: ['1', '3','0", '2']/9-6-9-9

12 Pattern: ['1', '3, '0", '2']/9-6-9-9

Pattern: ['11', '9', '10', '5', '4', '8', '3', '2', '7", '6', '1', '0']/6-6-3-4-4-5-4-4-3-3-
14 10-1

Pattern: ['11', '9', '10', ‘3", '4', '1', '2', '0", '12', '5', '6", '8, '7']/6-3-6-4-4-3-3-2-
15 5-4-4-1-10

16 Pattern: ['11', '9', '10', '3', '2', '1', 0", '8', '5', '4", 'T", '6]/6-3-6-4-4-3-3-5-4-4-
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1-10
18 Pattern: [1','5', ‘0, ‘4", '6', '3, 2]/11-6-5-11-6-12-12
19 Pattern: [0, '5', ‘T, 2", 6", ‘3", '‘4]/11-6-5-11-6-12-12
20 Pattern: [1, 6", '3, 2, '5', '0', '4]/11-6-11-5-6-12-12
22 Pattern: [1,'5', ‘0", '3, ‘2", ‘4/7-6-7-7-1-7

23 Pattern: [1, 5", '0', '3, ‘2", ‘&/7-6-7-7-7-7

24 Pattern: [1, 5", ‘0", ‘3", ‘2", ‘4/7-6-7-7-1-7

26 Pattern: [1, 5", '0', '3, ‘2", ‘&/7-6-7-7-7-7

27 Pattern: [1,'5', 0", ‘3", ‘2", ‘4/7-6-7-7-1-7

28 Pattern: [1,'5','0', '3, ‘2", ‘&/7-6-7-7-7-7

30 Pattern: [1, '6', 0", '3, '2', '5', '#]/13-6-3-5-13-13-13
31 Pattern: [1, '6', 0", '3, ‘2", '5', ‘4]/13-6-5-3-13-13-13
32 Pattern: [1, '6', 0", '3, '2','5', '4]/13-6-5-3-13-13-13
34 Pattern: [1, '6', '3, 2\, ‘7', '0’, '5', '4]/3-3-3-3-6-13-5-13
35 Pattern: [0, '6', ‘T, 2\, '7", '3, '5', '4']/13-6-5-13-3-3-3-3
36 Pattern: [1, '6', 0", 5, ‘7", '3, 2, '4']/13-6-5-13-3-3-3-3

Bang 7: Mau phé bién ciia tdp hudn luyén nhém 2, 3, 4

Loai trir cic MPBCD ma xuét hién trong nhiéu hon 1 16p:

Nhém |Lép | Do Thi | Mau Pho Bién cue dai Loai
2 #H o |2 4-5-1-0-6-3-2-4

3 # |3 4-6-3-2-5-0-4-1

4 # |4 4-5-1-0-6-3-2-4

2 #1 |6 7-6-7-7-6-8-8-8-8

3 #1 |7 7-6-7-7-6-8-8-8-8
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4 #1 8 7-6-7-7-6-8-8-8-8

2 #2 10 9-6-9-9

3 #2 11 9-6-9-9

4 #2 12 9-6-9-9

2 #3 14 6-6-3-4-4-5-4-4-3-3-10-1
3 #3 15 6-3-6-4-4-3-3-2-5-4-4-1-10
4 #3 16 6-3-6-4-4-3-3-5-4-4-1-10
2 #4 18 11-6-5-11-6-12-12

3 #4 19 11-6-5-11-6-12-12

4 #4 20 11-6-11-5-6-12-12

2 #5 22 7-6-7-7-7-7

3 #5 23 7-6-7-7-7-7

4 #5 24 7-6-7-7-7-7

2 #6 26 7-6-7-7-7-7

3 #6 27 7-6-7-7-7-7

4 #6 28 7-6-7-7-7-7

2 # 30 13-6-3-5-13-13-13

3 #7 31 13-6-5-3-13-13-13

4 #7 32 13-6-5-3-13-13-13

2 #8 34 3-3-3-3-6-13-5-13

3 #8 35 13-6-5-13-3-3-3-3

4 #8 36 13-6-5-13-3-3-3-3

Bang 8: Logi trir cac mau xuat hién nhiéu hon mét lan trong nhom 2, 3, 4

Rut gon, sép Xép MPBCD tim duge dé tao ra mot tap tdi wu cac MPBCD:
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Mau | D6 thi | D6 thi pho bién cuc dai Maiu pho bién cuc dai
1 2 [3,'7,'5,'4,'6,'1",'0", 2] 4-5-1-0-6-3-2-4
2 6 [1,'8,'3,'2,'7,'0, 6,5, '4] 7-6-7-7-6-8-8-8-8
3 10 [1,'3,'0,'21] 9-6-9-9
4 [11,'9, '10, 5", '4', '8, '3, 2, 7", '6', '1,
14 0] 6-6-3-4-4-5-4-4-3-3-10-1
5 [11,'9,'10, '3, '4, "1, 2,0, 12", '5', '6', | 6-3-6-4-4-3-3-2-5-4-4-1-
15 8", 71 10
6 18 [1,'5,'0,'4",'6, '3, 2] 11-6-5-11-6-12-12
7 30 [1,'6,'0,'3, 2,5, '4] 13-6-5-3-13-13-13
8 34 [1,'6,'3,'2','7,'0", 'S, '4] 13-6-5-13-3-3-3-3

Bang 9: Mau phé bién cuc dai 161 wu cvia nhoém 2, 3, 4

Tinh toan do khac nhau cua timg d6 thi trong dir lidu kiém tra (nhém 1) véi ting
MPBCDP tim dugc trong tip huan luyén. Sau d6 dy doan MPBCD tuong tng cho ting
d6 thi trong dir liéu kiém tra bang cach so sanh d6 khac nhau véi NTD (A = 6) (d6 khac
nhau phai nhé hon hoic bang NTD A).

Nhom | Mau |Mau |Mau |Mau |Mau |Mau |Mau |Mau | Mau du Lop
1 1 2 3 4 5 6 7 8 doan Z:én
1 0 15 |10 |9 8 11 |9 10 |1 #0
5 15 0 11 |17 |18 |12 |14 |15 |2 #1
9 10 11 |0 14 |15 |9 9 10 |3 #2
13 9 17 |14 |0 1 13 |13 |10 |4 #3
17 11 12 |9 13 |14 |0 10 |11 |6 #4
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21 12 7 8 16 17 11 11 12 NA NA
25 12 7 8 16 17 11 11 12 NA NA
29 9 14 9 13 14 10 0 5 7 #7
33 10 15 10 10 11 11 5 0 8 #8

Bdng 10: Dé twong dong cdc do thi nhém 1 va cde mau ciia nhém 2, 3, 4

Tinh todn d6 sai 1éch ni, 1 sb luong dd thi trong nhém 1 bi phan loai Sai.

P6 Thi Nhom 1 | Lép | Lop Dy Poan | Két Qua
1 #0 #0 Dung

5 #1  |#1 Pung

9 #2 #2 Dung
13 #3 #3 Dung
17 #4 | #4 Pung
21 # | NA Sai

25 # | NA Sai

29 #1 | #7 Pung
33 #8 #8 Dung

Badng 11: Két qua phdn 16p cdc do thi nhém 1

Két luan: Vay d¢ sai 1éch trong nhom 1 1a n1=2

b. Duyét nhém 2:

Tap dir licu huin luyén gém tat tit ca cac do thi trong nhém 1, 3, 4

Tap dir liéu kiém tra gém tat ca cac do thi trong nhém 2.

Huan luyén su phan 16p str dung tat ca do thi trong tap dir liéu huan luyén.
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S€ sur dung thuat toan dé tim tat ca cac MPBCD cua cac do thi trong tap dir liéu huén

luyén:

Do Thi | Po thi phd bién cwe dai

Pattern: ['5', '6', '1', 0", '7', '3", '2, '4']/4-5-1-0-6-3-2-4

Pattern: ['1', '6', '0', '5', '7", '3", 2", '4']/4-6-3-2-5-0-4-1

Pattern: ['3', '6', '5', '4', '7', '1','0", '2"]/4-5-1-0-6-3-2-4

Pattern: ['1','7",'0", '6','8', 3", 2", '5', '4']/7-6-7-7-6-8-8-8-8

Pattern: [1', ‘7, ‘0, 6, '8', '3, 2", '5', '‘4/7-6-7-7-6-8-8-8-8

Pattern: ['1', '7",'0", '2','8', 3", '5', '4', '6']/7-6-7-7-6-8-8-8-8

©O©| O | o B~ W B

Pattern: ['1, 3", '0', 27/9-6-9-9

11 Pattern: ['1', '3', 0", '21/9-6-9-9

12 Pattern: ['1', '3', '0", '2']/9-6-9-9

Pattern: ['11', '9', '10', 'S', '4', '7', '6', '8, '3, '2', '1', '0']/6-3-6-4-4-3-3-5-4-4-
13 10-1

Pattern: ['11', '9', '10', '3', '4', '1', '2', '0", '12', '5', '6', '8', '7"]/6-3-6-4-4-3-3-2-5-
15 4-4-1-10

Pattern: ['11', '9', '10', '3', '2', '1', 0", '8', '5', '4", '7", '6']/6-3-6-4-4-3-3-5-4-4-1-
16 10

17 Pattern: ['1', '5', '0', '4', '6', 3", '2']/11-6-5-11-6-12-12
19 Pattern: ['0, '5', '1', '2', 6", 3", '4"]/11-6-5-11-6-12-12
20 Pattern: ['1', '6', 3", '2','5', 0", '4']/11-6-11-5-6-12-12
21 Pattern: ['1', '5','0", ‘3", '2', '4')/7-6-7-7-7-7
23 Pattern: ['1','5', '0", ‘3", '2', '4')/7-6-7-7-7-7
24 Pattern: ['1','5','0", ‘3", '2', '4')/7-6-7-7-7-7
25 Pattern: ['1','5', '0", ‘3", '2', '4')/7-6-7-7-7-7

27 Pattern: ['1','5','0", 3", '2', '4')/7-6-7-7-7-7




49

28 Pattern: [1,'5', ‘0", '3, ‘2", ‘4/7-6-7-7-1-7

29 Pattern: [1, '6', 0, '3, '2','5', '4]/13-6-5-3-13-13-13
31 Pattern: [1, '6', 0", '3, ‘2", '5', ‘4]/13-6-5-3-13-13-13
32 Pattern: [1, '6', 0", '3, '2','5', '#]/13-6-5-3-13-13-13
33 Pattern: [1, 7', '3, 2', 6", '0', '5', '4]/3-3-3-3-6-13-5-13
35 Pattern: [0, '6', T, 2\, '7", '3, '5', '4]/13-6-5-13-3-3-3-3
36 Pattern: [1, '6', 0", 5", ‘7", '3, 2, '4]/13-6-5-13-3-3-3-3

Bang 12: Mdu phé bién cua tdp hudn luyén nhém 1, 3, 4

Loai trir cic MPBCD ma xuat hién trong nhiéu hon 1 16p:

Nhom |Lép |Po Thi | Mau Pho Bién cuc dai Loai
1 # |1 4-5-1-0-6-3-2-4

3 # |3 4-6-3-2-5-0-4-1

4 # |4 4-5-1-0-6-3-2-4

1 #1 |5 7-6-7-7-6-8-8-8-8

3 #1 |7 7-6-7-7-6-8-8-8-8

4 #1 |8 7-6-7-7-6-8-8-8-8

1 # |9 9-6-9-9

3 # |11 9-6-9-9

4 # |12 9-6-9-9

1 #3 |13 6-3-6-4-4-3-3-5-4-4-10-1

3 #3 |15 6-3-6-4-4-3-3-2-5-4-4-1-10
4 #3 |16 6-3-6-4-4-3-3-5-4-4-1-10

1 #4 |17 11-6-5-11-6-12-12

3 #4 19 11-6-5-11-6-12-12
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4 #4 20 11-6-11-5-6-12-12
1 #5 21 7-6-7-7-7-7
3 #5 23 7-6-7-7-1-7
4 #5 24 7-6-7-7-7-7
1 #6 25 7-6-7-7-1-7
3 #6 27 7-6-7-7-7-7
4 #6 28 7-6-7-7-7-7
1 #7 29 13-6-5-3-13-13-13
3 #7 31 13-6-5-3-13-13-13
4 #7 32 13-6-5-3-13-13-13
1 #8 33 3-3-3-3-6-13-5-13
3 #8 35 13-6-5-13-3-3-3-3
4 #8 36 13-6-5-13-3-3-3-3

Bang 13: Loai trir cac mau xudt hién nhiéu hon mot lan trong nhom 1, 3, 4

Rt gon, sép xép MPBCD tim dugc dé tao ra mot tap t6i vu cac MPBCD:

Mau E: P6 Thi Pho Bién Cuc Dai MAu Phé Bién Cuyec Pai

1 1 [[5,'6,'1,'0,'7,'3,'2,'4] 4-5-1-0-6-3-2-4

2 5 [[1,'7,'0,'6,'8,'3,'2,'5, '4] 7-6-7-7-6-8-8-8-8

3 9 [[1,'3,'0,'2] 9-6-9-9

4 13 |[11,'9,'10,'5, '4,'7,'6,'8",'3,'2','1",'0] | 6-3-6-4-4-3-3-5-4-4-10-1

: [11','9', 10, '3, '4', '1', '2','0', '12', '5', '6', '8', | 6-3-6-4-4-3-3-2-5-4-4-1-
15 |'71] 10

6 17 [[1,'5,'0, '4,'6', '3, '21] 11-6-5-11-6-12-12

7 29 [[1,'6,'0,'3,'2",'5','4] 13-6-5-3-13-13-13

8 33 [[1,'7,'3,'2,'6",'0, 5, '4] 3-3-3-3-6-13-5-13
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Bang 14: Mau phé bién cuc dai t6i vu ciia nhém 1, 3, 4

Tinh toan do khac nhau cua timg dd thi trong dir liéu kiém tra (nhém 2) véi timg
MPBCP tim dugc trong tap huin luyén. Sau d6 dy doan MPBCP twong ting cho timg
d6 thi trong dir liéu kiém tra bang cach so sanh d6 khac nhau véi NTD (A = 6) (d6 khac
nhau phai nho hon hodc bang NTD A).

Nhém | Mau |Mau |Mau |Mau |Mau | Mau |Mau | Mau | Mau du Lop
2 1 2 3 4 5 6 7 8 doan ((illjén
2 0 15 10 9 8 11 9 10 1 #0

6 15 0 11 17 18 12 14 15 2 #1
10 10 11 0 14 15 9 9 10 3 #2
14 9 17 14 0 1 13 13 0 4 #3
18 11 12 9 13 14 0 10 11 6 #4
22 12 7 8 16 17 11 11 12 NA NA
26 12 7 8 16 17 11 11 12 NA NA
30 9 14 9 13 14 10 0 5 7 #7
34 10 15 10 10 11 11 5 0 8 #8

Bdng 15: Dé tuwong dong cdc dé thi nhém 2 va cdc mau ciia nhém 1, 3, 4

- Tinh todn d¢ sai 1éch n2, 1a s6 lwong d6 thi trong nhom 1 bi phan loai Sai.

D6 Thi Nhom 2 | Lép | Lop Dy Poan | Két Qua
2 #0 #0 Dung
6 #1 | #1 Pung
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10 #2 #2 Pung
14 #3 #3 Dung
18 #4 #4 Pung
22 #5 NA Sai

26 #6 NA Sai

30 #7 #7 Dung
34 #8 #8 Dung

Badng 16: Két qud phdn I6p cdc do thi nhém 2

Két ludn: Vay do sai léch trong nhom 2 1a np=2
C. Duyét nhém 3:
- Tap dir li¢u huin luyén g@)m tat tat ca cac do thi trong nhom 1, 2, 4
- Tap dir liéu kiém tra gdm tat ca cac do thi trong nhém 3.

- Huén luyén su phan 16p sir dung tat ca do thi trong tap dit liéu huan luyén.

S€ su dung thuat toan dé tim tat ca cac MPBCD cua cac dd thi trong tap dit liéu huin

luyén:

Po Thi | Do thi pho bién cuc dai

Pattern: ['5', '6', '1','0", '7", '3', '2', '4']/4-5-1-0-6-3-2-4

Pattern: ['3', '7", '5', '4','6', '1', '0", '2']/4-5-1-0-6-3-2-4

Pattern: ['3', '6', '5', '4','7", '1', '0', '2']/4-5-1-0-6-3-2-4

Pattern: ['1', '7",'0", '6', '8', '3', '2', '5', '4']/7-6-7-7-6-8-8-8-8

Pattern: ['1, '8, '3, 2','7,'0', '6', '5', '4)/7-6-7-7-6-8-8-8-8

Pattern: ['1', '7",'0", '2','8','3", '5', '4', '6']/7-6-7-7-6-8-8-8-8
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Pattern: ['1', '3','0", '2']/9-6-9-9

10 Pattern: ['1', '3, '0", '2']/9-6-9-9
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12 Pattern: ['1, '3, '0', '2/9-6-9-9
Pattern: [11', '9', '10', '5', ‘4", ‘7, '6', '8', '3, ‘2, '1', '07]/6-3-6-4-4-3-3-5-4-4-
13 10-1
Pattern: [11', '9', '10', '5', ‘4", '8', '3, ‘2, ‘7", '6', '1', '0']/6-6-3-4-4-5-4-4-3-3-
14 10-1
Pattern: ['11','9’, '10', '3, '2, '1','0', '8, '5', ‘&', ‘7", '6']/6-3-6-4-4-3-3-5-4-4-1-
16 10
17 Pattern: [1, 5, '0', '4','6', '3, '27/11-6-5-11-6-12-12
18 Pattern: ['1, 'S, '0', '4','6', '3, '27/11-6-5-11-6-12-12
20 Pattern: [, '6', '3, 2','5', ‘0, '47/11-6-11-5-6-12-12
21 Pattern: ['1, 'S, '0', '3, '2', '4]/7-6-7-7-7-7
22 Pattern: ['1, 'S, '0', '3, "2, ‘41/7-6-7-1-7-7
24 Pattern: ['1, 'S, '0', '3, '2', '4]/7-6-7-7-7-7
25 Pattern: ['1, 'S, '0', '3, '2', '41/7-6-7-1-7-7
26 Pattern: ['1, 'S, '0', '3, '2', '4]/7-6-7-7-7-7
28 Pattern: ['1, 'S, '0', '3, '2', ‘41/7-6-7-1-1-7
29 Pattern: ['1, '6','0', '3, '2', '5', '4/13-6-5-3-13-13-13
30 Pattern: ['1','6', ‘0, '3, '2', '5', '4]/13-6-3-5-13-13-13
32 Pattern: ['1, '6','0', '3, '2', '5', '4/13-6-5-3-13-13-13
33 Pattern: [1','7, '3, 2','6','0', '5', '4/3-3-3-3-6-13-5-13
34 Pattern: ['1, '6', '3, 2','7, ‘0, '5', '4]/3-3-3-3-6-13-5-13
36 Pattern: [1','6','0', 5, '7', '3, '2', '4/13-6-5-13-3-3-3-3

Bang 17: Mdu phé bién cia tdp hudn luyén nhém 1, 2, 4

Loai trir cic MPBCD ma xuét hién trong nhiéu hon 1 16p:
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Nhém |Lép | Do Thi | Miu Pho Bién cuc dai | Loai
1 # |1 4-5-1-0-6-3-2-4

2 # |2 4-5-1-0-6-3-2-4

4 # |4 4-5-1-0-6-3-2-4

1 #1 |5 7-6-7-7-6-8-8-8-8

2 #1 |6 7-6-7-7-6-8-8-8-8

4 #1 |8 7-6-7-7-6-8-8-8-8

1 #2 |9 9-6-9-9

2 # |10 9-6-9-9

4 # |12 9-6-9-9

1 #3 |13 6-3-6-4-4-3-3-5-4-4-10-1
2 #3 |14 6-6-3-4-4-5-4-4-3-3-10-1
4 #3 |16 6-3-6-4-4-3-3-5-4-4-1-10
1 #4117 11-6-5-11-6-12-12

2 #4 |18 11-6-5-11-6-12-12

4 #4120 11-6-11-5-6-12-12

1 # |21 7-6-7-7-7-7

2 #o |22 7-6-7-7-7-7

4 #o | 24 7-6-7-7-7-7

1 #6 |25 7-6-7-7-7-7

2 #6 |26 7-6-7-7-7-7

4 #6 |28 7-6-7-7-7-7

1 #7|29 13-6-5-3-13-13-13

2 #7130 13-6-3-5-13-13-13

4 #7132 13-6-5-3-13-13-13

1 #3 |33 3-3-3-3-6-13-5-13
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#8

34

3-3-3-3-6-13-5-13

#8

36

13-6-5-13-3-3-3-3

Bang 18: Loai trir cac mau xudt hién nhiéu hon mét lan trong nhom 1, 2, 4

Rut gon, sép xép MPBCP tim dugc dé tao ra mot tap tdi wu cac MPBCD:

MAu Phé Bién cuc
MAu | Do Thi | Do thi pho bién cwe dai dai
1 1 ['5,'6','1','0,'7",'3", 2", '4] 4-5-1-0-6-3-2-4
2 5 [1,'7,'0,'6,'8,'3, 2", '5", '4] 7-6-7-7-6-8-8-8-8
3 9 ['1,'3,'0, 2] 9-6-9-9
6-3-6-4-4-3-3-5-4-
4 13 [11','9,'10", '5', '4','7",'6', 8", '3, '2','1, '0] | 4-10-1
5 17 ['1,'5,'0,'4",'6','3", '21] 11-6-5-11-6-12-12
6 29 ['1,'6','0",'3,'2, 5", '4] 13-6-5-3-13-13-13
7 33 [1,'7,'3,'2,'6,'0, 5, '4] 3-3-3-3-6-13-5-13

Bdng 19: Mdu phé bién cuye dai t6i wu ciia nhém 1, 2, 4

Tinh toan do khac nhau cua timg d6 thi trong dir lidu kiém tra (nhém 3) véi ting

MPBCD tim dugc trong tap huin luyén. Sau d6 du doan MPBCD tuong tng cho tung
d6 thi trong dir liéu kiém tra bang cach so sanh d6 khac nhau véi NTD (A = 6) (d0 khac
nhau phai nho hon hoidc bang NTD A).

3

Nhom

Mau
1

Mau
2

Mau
3

Mau
4

N Lo
Mau du P
du
doan
doan
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3 0 15 10 9 11 9 10 1 #0
7 15 0 11 17 12 14 15 2 #1
11 10 11 0 14 9 9 10 3 #2
15 8 18 15 1 14 14 11 4 #3
19 11 12 9 13 0 10 11 5 #4
23 12 7 8 16 11 11 12 NA NA
27 12 7 8 16 11 11 12 NA NA
31 9 14 9 13 10 0 S) 6 #7
35 10 15 10 10 11 5 0 7 #8

Bdng 20: Dé tuwong dong cdc dé thi nhém 2 va cdc mau ciia nhém 1, 2, 4

Tinh toan db sai 1éch ns, 12 s6 lwong db thi trong nhom 1 bi phan loai Sai.

D6 Thi Nném 3 | Lép | Lop Dy Poan | Két Qua
3 #0 #0 Dung

7 #1|#1 Pung
11 #2 | #2 Dung
15 #3 #3 Dung
19 #4 | #4 Dung
23 # | NA Sai

27 #6 | NA Sai

31 #1 | #7 Pung
35 #8 | #8 Dung

Bdng 21: Két qud phdn I6p cdc do thi nhém 3
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Két luan: Vay d¢ sai léch trong nhém 3 13 nz=2

d. Duyét nhom 4:

Tap dit liéu hun luyén gdm tat tit ca cac do thi trong nhom 1, 2, 3
Tap dir liéu kiém tra gdm tat ca cac do thi trong nhom 4.

Huén luyén su phan 16p stir dung tat ca do thi trong tap dir li¢u huén luyén.

S€ sur dung thuat toan dé tim tat ca cac MPBCD cua cac do thi trong tap dir liéu huén

luyén:

P6 Thi | Do thi pho bién cuc dai

1 Pattern: ['5, '6', '1','0", '7", '3', '2', '4']/4-5-1-0-6-3-2-4
2 Pattern: ['3', '7", '5', '4','6', '1', '0', '2']/4-5-1-0-6-3-2-4
3 Pattern: ['1', '6', '0', '5', '7", '3", '2', '4']/4-6-3-2-5-0-4-1
5 Pattern: ['1', '7','0", '6', '8, '3', '2', '5', '4']/7-6-7-7-6-8-8-8-8
6 Pattern: ['1', '8','3', 2, '7",'0", '6', '5', '4']/7-6-7-7-6-8-8-8-8
7 Pattern: ['1', '7','0", '6', '8, '3', '2', 5", '4']/7-6-7-7-6-8-8-8-8
9 Pattern: ['1', 3", '0", '2']/9-6-9-9
10 Pattern: ['1', '3, '0", '2']/9-6-9-9
11 Pattern: ['1', 3", '0", '2']/9-6-9-9
Pattern: ['11', '9', '10', '5', '4', '7', '6', '8', '3, '2', '1', '0']/6-3-6-4-4-3-3-5-4-4-
13 10-1
Pattern: ['11', '9', '10', '5', '4', '8, '3', 2", '7", '6', '1', '0"]/6-6-3-4-4-5-4-4-3-3-
14 10-1
Pattern: ['11', '9', '10', '3, '4', '1', '2', '0", '12', '5', '6', '8', '7"]/6-3-6-4-4-3-3-2-5-
15 4-4-1-10
17 Pattern: ['1', '5', '0", '4', '6', '3', '2]/11-6-5-11-6-12-12
18 Pattern: ['1','5', '0", '4', '6', '3', '2"]/11-6-5-11-6-12-12
19 Pattern: ['0, '5', '1', '2', 6", '3', '4"]/11-6-5-11-6-12-12
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21 Pattern: [1,'5', '0', '3', '2', '41/7-6-7-7-7-T

22 Pattern: ['1', 5, 0, '3", '2', '47/7-6-7-1-7-7

23 Pattern: [1,'5', '0', '3', '2', '41/7-6-7-7-7-7

25 Pattern: ['1', 5, 0, '3", '2', '‘47/7-6-7-7-7-7

26 Pattern: [1,'5', '0', '3', '2', '41/7-6-7-7-7-T

27 Pattern: ['1', 5, 0, '3", '2', '‘4)/7-6-7-7-7-7

29 Pattern: [1, '6', '0', '3', '2', '5, '4/13-6-5-3-13-13-13
30 Pattern: [1, '6', '0', '3', '2', '5, '4]/13-6-3-5-13-13-13
31 Pattern: [1, '6','0', '3', '2', '5, '4/13-6-5-3-13-13-13
33 Pattern: [1, 7', '3, 2, '6', ‘0", '5', '4']/3-3-3-3-6-13-5-13
34 Pattern: [1,'6', '3, '2','7", 0", '5', '4']/3-3-3-3-6-13-5-13
35 Pattern: [0','6', 1, '2','7", 3", 5, '4]/13-6-5-13-3-3-3-3

Bdng 22: Mau phé bién ciia tdp hudn luyén nhém 1, 2, 3

Loai trir cic MPBCD ma xuét hién trong nhiéu hon 1 16p:

Nhém |Lép | Do Thi | Mau Pho Bién cue dai Loai
1 # |1 4-5-1-0-6-3-2-4

2 #H |2 4-5-1-0-6-3-2-4

3 # |3 4-6-3-2-5-0-4-1

1 #1 |5 7-6-7-7-6-8-8-8-8

2 #1 |6 7-6-7-7-6-8-8-8-8

3 # |7 7-6-7-7-6-8-8-8-8

1 # |9 9-6-9-9

2 # |10 9-6-9-9

3 # |11 9-6-9-9
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1 #3 13 6-3-6-4-4-3-3-5-4-4-10-1
2 #3 14 6-6-3-4-4-5-4-4-3-3-10-1
3 #3 15 6-3-6-4-4-3-3-2-5-4-4-1-10
1 #4 17 11-6-5-11-6-12-12

2 #4 18 11-6-5-11-6-12-12

3 #4 19 11-6-5-11-6-12-12

1 #5 21 7-6-7-7-7-7

2 #5 22 7-6-7-7-7-7

3 #5 23 7-6-7-7-7-7

1 #6 25 7-6-7-7-7-7

2 #6 26 7-6-7-7-7-7

3 #6 27 7-6-7-7-7-7

1 #7 29 13-6-5-3-13-13-13

2 #7 30 13-6-3-5-13-13-13

3 # 31 13-6-5-3-13-13-13

1 #8 33 3-3-3-3-6-13-5-13

2 #8 34 3-3-3-3-6-13-5-13

3 #8 35 13-6-5-13-3-3-3-3

Bang 23: Loai trir cac mau xudt hién nhiéu hon mét lan trong nhom 1, 2, 3

Rut gon, sép Xép MPBCD tim dugc dé tao ra mot tap tdi wu cac MPBCD:

MAu Phé Bién

MAiu | D6 Thi | Po thi pho bién cuc dai cuc dai
1 1 ['5,'6','1','0,'7", '3, 2", '4] 4-5-1-0-6-3-2-4
2 5 ['1,'7,'0,'6,'8,'3, 2", 5, '4] 7-6-7-7-6-8-8-8-8
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3 9 [1,'3,°0, 2] 9-6-9-9
6-3-6-4-4-3-3-5-4-
4 13 [11,'9",'10, 5, '4",'7",'6','8', '3, '2', 1", '0] 4-10-1
[11,'9, '10, '3, '4', ', '2, 0, 12", '5', '6', '8', | 6-3-6-4-4-3-3-2-5-
5 15 7] 4-4-1-10
6 17 [1,'5,'0,'4,'6, '3, 2] 11-6-5-11-6-12-12
7 29 [1,°6,'0,'3, 2,5, 4] 13-6-5-3-13-13-13
8 33 [1,7,'3,'2,'6, 0,5, ‘4] 3-3-3-3-6-13-5-13

Bdng 24: Madu phé bién cye dai t6i wu ciia nhém 1, 2, 3

Tinh toan d6 khac nhau cua timg dd thi trong dir lidu kiém tra (nhém 4) véi timg
MPBCP tim dugc trong tap huin luyén. Sau d6 du doan MPBCP tuwong tng cho timg
d6 thi trong dir liéu kiém tra bang cach so sanh d6 khac nhau véi NTD (A = 6) (d0 khac
nhau phai nho hon hoidc bang NTD A).

Nhém | Mau |Mau | Mau |Mau |Mau |[Mau | Mau | Mau | Mau du Lop
4 1 2 3 4 5 6 7 8 doan Z:én
4 0 15 10 9 8 11 9 10 1 #0

8 15 0 11 17 18 12 14 15 2 #1
12 10 11 0 14 15 9 9 10 3 #2
16 9 17 14 0 1 13 13 0 4 #3
20 11 12 9 13 14 0 10 11 6 #4
24 12 7 8 16 17 11 11 12 NA NA
28 12 7 8 16 17 11 11 12 NA NA
32 9 14 9 13 14 10 0 5 7 #7
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36 10 15 10 10 11 11 5 0 8

Badng 25: D¢ twong dong cdc do thi nhém 2 va cde mau ciia nhém 1, 2, 3

- Tinh toan d9 sai 1éch na, 13 s6 luong dd thi trong nhom 4 bi phén loai Sai.

D6 Thi Nhéom 3 | Lép | Lép Dy Poan | Két Qua
4 #0 #0 Dung

8 #1 #1 Dung
12 #2 #2 Dung
16 #3 #3 Dung
20 #4 #4 Dung
24 #5 NA Sai

28 #6 NA Sai

32 # # Dung
36 #8 #8 bung

Badng 26: Két qua phdn 16p cdc do thi nhém 4

Két luan: Vay do sai léch trong nhom 4 13 ng=2

4. Panh gia tinh hiéu qua cia thuit toan:

Xéc xuat sai 1éch (E) cta sy phan 16p trén la:

4

E= %m Trong d6: m — S6 luong d6 thi sir dung m=36

nl+n2+n3+n4 24+2+2+2 8
E= = =—=0.2222

36 36 36

E =22,22%

Vay tinh hi€u qua cua thuit toan sé la:
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P=1-E=0.7778
P=77,78%

3.3. S0 sanh két qua ImaxAFG va MaxAFG

Dua vao quy trinh “k-ford cross validation” nhu d3 kiém chimg & trén (voi k =
4 twong duong véi dit liéu dd thi SIS; 1a mot dang dit liéu hinh khung c6 céu trac, chia
ra lam 4 16p, sit dung NTS 6 =2 va NTD A = 6), d0 chinh xac phan loai trung binh cta
db thi 1én dén 77,78% khi str dung thuat toan ImaxAFG.

Cung v6i quy trinh kiém chtng ” k-ford cross validation” véi bo dir liéu SIS va
cc chi s6 k =4; NTS 6 =2; NTD A = 6, chi dat dugc do chinh xac phan loai trung
binh cta do thi 1a 69,44% khi st dung thuat toan MaxAFG [18], va 66,6% khi str dung
thuat toan khong sir dung phuong phap so sanh gan dung gAppox.

Nhu vay ddi véi hai thuat toan co sir dung phuong phap so sanh gan ding va
khong st dung phuong phap so sanh gan ding, thi do chinh xac phan 16p cta thuat

toan dang nghién ctru ImaxAFG ciing tot hon.

3.4. Két luan va hwéng phat trién

Trong bai Luan Van nay trinh bay thuét toan ImaxAFG, mot thuat toan khai
thac MPBCD trong do thi don sir dung phuong phép so sanh gan dung. Bang viéc thira
nhan sy khac nhau vé ciu triic nhu cac dinh cling nhu cac canh cua dd thi, gifra mau dd
thi phd bién va cac sy biéu dién ciia nd, co thé tim ra dugc cac MPB con sot boi cac
thuat toan khong sir dung phuong phap so sanh gan ding. Trong mot khia canh khéc,
tap trung vao viéc khai thac mau d6 thi cuc dai gitip giam s lwong mau dang ké, d6 1a
mot van dé rat quan trong boi vi viée st dung phuong phap so sanh gan dung thi sd
luong MPB tim duoc c6 thé ting 1én gip 100 1an so véi thuit toan khong st dung
phuong phap so sanh gan dung.

Két qua thi nghiém cho thiy rang, nhimg MPBCD duoc tim thdy boi thuat toan

ImaxAFG rat hitu dung trong nhiéu cong viéc nhu thyuc hién viéc phan 1op dd thi; bai
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vay nén c6 thé két luan rang mau do thi phd bién cuc dai duoc khai thac bang phuong
phap so sanh gan dung c6 kha nang 1a nhing thong tin hiru dung ma c6 thé bi bo sét
khi sir dung phuong phap so sanh chinh xac tuyét doi.

Mot su han ché cua thuat toan 1a sb lugng thoi gian ma thuat toan yéu cau,
nhung quan trong hon 1a viéc goi dé quy lai cac ham lam tang d6 phtrc tap ctua thuat
toan. Trong tong quan ctia van dé, d6 1a mot trong nhirng thach thirc chung cua khai
thac d6 thi va hién tai n6 cling 1a mot huéng nghién ciru quan trong trong twong lai doi
voi cong viée khai thac dd thi. Nghién ctu vé van dé cai thién hiéu qua cua viéc khai
thac cac MPB véi cac dit liéu dau vao 16n hon, s& 13 mot budc quan trong trong huéng
nghién ctru phat trién tri thirc hiru dung théng qua MPB gan diing.

Mot pham vi nghién ctru khic co thé phat trién trong twong lai 13 tim ra mot
cach dé 1am giam bét s6 luogng mau d6 thi tim dugc trong khi van giit lai dugce nhing
thong tin dat duoc bang viée sir dung phuwong phép so sanh gan dung; sir dung cac ham
khac nhau dé tinh toan do tuong déng cta dd thi; ap dung mot thuat toan da cong bd

cho mét vai truong hop cu thé gidng nhu do thi dong.
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