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LOI CAM ON

Loi dau tién em xin duoc bay to 1ong biét on sau sic t6i thay gido ThS.
P4 Vian Chiéu, di danh rat nhiéu thoi gian quy bau dé tan tinh gitp dd, chi bao
va hudng dan em hoan thanh tot d6 4n tot nghiép nay.

Em xin giri 16i cam on dén ban giam hiéu nha truong va céc thay, co gido
cta truong dan 14p Hai Phong dic biét 1a cac thiy, c6 khoa cong nghé thong tin
d3 giang day chung em trong sudt quing thoi gian qua, cung cip cho chung em
nhitng chuyén mén can thiét va quy bau gitip chung em hiéu rd hon céc linh vuc
d3 nghién ctru dé hoan thanh dé tai duoc giao.

Cudi cung em Xin cdm on sy quan tam, chdm soc cua gia dinh, sy dong
vién, giup d& cua ban bé da tao diéu kién gitip d& em hoan thanh t6t qué trinh

nghién ctru thuce tap va thuc hién dé tai nay.

Hdi Phong, ngay 18 thdang 10 nam 2010
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GIOI THIEU

Trong thoi dai ngay nay Cong nghé théng tin hdu nhu da thAm nhép vao
toan bo cac linh vuc doi séng xa hoi. Xa hdi cang phat trién thi nhu cau vé cong
nghé thong tin ngay cang cao, do vay dit liéu s6 hau nhu khong con xa la ddi véi
moi ngudi ching ta. Trong moi linh vuc cac tng dung cong nghé thong tin da
trg gitp con ngudi rat nhidu. Cong nghé thong tin duogc tmg dung mot cach
manh m€ moi noi, moi luc. Ta dudng nhu co thé théy may tinh xuat hién & moi
noi trong cac doanh nghiép, co quan, truong hoc...Moi cong viéc déu doi hoi
lién quan td1 Cong ngh¢ thong tin nhu: quéan 1y hoc sinh, sinh vién, quan Iy nhan
su va luong, thiét ké cb van kién truc xay dung cho dén cic nganh nghé doi hoi
chat luong va chuyén mon sau. Nganh nao nghé nao ciing c6 su gop mit cia
Cong nghé thong tin, tir gido duc, y té, giao thong, xay dung, vién thong. ...

Trong nganh Cong nghé thong tin, thong tin hinh anh déng vai tro rat
quan trong trong trao d6i thong tin, béi phan 10n cac thong tin ma con ngudi thu
nhan duogc déu thong qua thi giac. Mot loat cac bai toan dugc ddt ra va yéu cau
duogc giai quyét nhu: nhan dang cac t6i twong chuyén dong, xur 1y va chon mau
mau, nhan dang chir viét tay... Bai todn nhan dang tuy ra doi tir thap nién 60 cia
thé ky truéc nhung van ludn nhan duoc sy quan tim, nghién ciru ctia nhiéu nha
khoa hoc trén thé gigi.Dic biét 1a trong nhitng thap nién gan day, cung véi qua
trinh déy manh tin hoc hoa trong moi linh vyc doi séng xa hoi, nhan dang khong
chi con 1a linh vuc nghién ctru Iy thuyét nira ma da duoc tng dung rong rai trong
thuc té cudc song. Cac bai toan nhan dang duoc nghién ctru nhiéu nhat hién nay
bao gém nhan dang cac mau hinh hoc (van tay, mit nguoi, hinh khoi,. . .), nhan
dang tiéng noi va nhan dang chir viét. Chung duoc ap dung vao nhiéu linh vuc
nhu y hoc, du bao thoi tiét, du bao chay rung, diéu khién robot,... Trong cac bai
toan nhan dang ndy, nhan dang chir viét 1a bai toan dang duoc tng dung phd
bién nhat hién nay.

Nhan dang chix viét bao gém hai kiéu chinh 14 nhan dang chir in va nhan
dang chir viét tay. Cho dén nay bai toan nhan dang chit in d3 duoc giai quyét
kha tron ven véi su ra doi ctia nhiéu hé théng nhan dang dat t&1 d§ chinh xac gén
nhu tuyét d6i. Tiéu biéu c6 hé nhan dang chit in dya trén mo hinh mang noron
bbn 16p ciia J. Wang va J.S.N. Jean dat t&i ty 1& chinh xac 99.75%. O Viét Nam
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hién d3 c6 san pham VNDOCR ciia Vién Cong nghé thong tin nhan dang chit in
tiéng Viét vdi d6 chinh xac téi 99%.

Trong nhan dang chit viét tay thi nhan dang chit viét tay duoc chia thanh
hai 16p bai toan 16n 13 nhan dang chit viét tay truc tuyén (online) va nhan dang
chir viét tay ngoai tuyén (offline). Nhan dang chir viét tay truc tuyén 13 nhan
dang cac chit trén man hinh ngay khi n6 dugc viét. Trong hé nhan dang ndy may
tinh s€ Iuu lai cac thong tin vé nét chit nhu tha ty nét viét, huong va tde do cua
nét... Nguoc lai, trong nhan dang chir viét tay ngoai tuyén, dit liéu dau vao duoc
cho duéi dang cac anh dugc quét tir cac gidy to, vin ban.

Vén dé nhan dang chir viét tay da dugc dé cap va nghién ctru trong nudc
tir kha 1au va dat dugc két qua véi cac phuong phap nhu Support Vecto Machine
(SVM). Tuy nhién, viéc ung dung cac nhan (Kernel) vao viéc nhan dang chua
dugc nghién ctru nhidu. Chinh vi thé ma em da chon dé tai: Tim hiéu phwong
phdp nhin dién chii viét tay siv dung Kernel Discriminant Analysis.

Noi dung chinh cua khéa luan bao gom céac phan sau: phan mé dau, phan
két luan, ba chuong ndi dung, cu thé:

Chwong 1: Khai quat vé ngén ngit C#.

Chuwong 2: Gi6i thiéu vé phuong phap Kernel Discriminant Analysis.

Chuong 3: Chuong trinh thir nghiém.
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CHUONG I:
KHAI QUAT VE NGON NGU C#

C# 1a mot ngdn ngir 1ap trinh huéng ddi twong mdi. Cau trac va lap luan
ctia C# c6 day du cac dic tinh ctia mot ngdn ngit 1ap trinh hudng ddi twong trude
d6 ( C++, Java ). C# duoc thiét ké dung cho nén .NET framework, mot cong
nghé méi va ddy trién vong trong viéc phat trién cac tmg dung hé thong va mang
internet.

Bén canh do, C# con la mot ngon ngir 1ap trinh hoan toan ddc 1ap, diéu d6
c6 nghia 1a ma cuia C# duogc chay trén .NET nhung c6 nhiing dac tinh cua C# ma
NET khong ho tro ( qué tai toan tir ) hay 1a nhitng dic tinh cuia NET ma C#
khong hd tro.

1.1 Khai niém .NET

NET Framework 1a mot thu vién class ¢6 thé duoc st dung v6i mot ngén
ngit .NET dé thuc thi cac viéc tir thao tac chudi cho dén phat sinh ra cac trang
web dong (ASP.NET), phan tich XML va reflection. .NET Framework duogc td
chtrc thanh tap hop cdc namespace, nhom cac class ¢6 cung chirc nang lai véi
nhau, thi du nhu System.Drawing cho d6 hoa, System.Collections cho ciu triic

dir liéu va System.Windows.Forms cho hé théng Windows Forms.

NET la mdt méi trudng quan 1y, phat trién va thyc thi cdc md ngdn ngit
biét NET. .NET cung cip cac kha ning vé cap phat va thu hdi bd nhd, quan ly
cap quyén, cung cip va quan 1y cac ngudn tai nguyén. Trong tim ctua .NET bao
gom 2 thanh phan 1a CLR ( the comon language runtime ) va .NET framework
class libary — Cac thu vién co so.

1.2 Hoat dong cua .NET

Ma chuong trinh s€ dugc bién dich thanh MSIL (Microsoft Intermediate
Language).

Dich IL( Intermediate Language ) thanh nén cu thé cia NET bang
CLR(Common Language Runtime).

Co rat nhiéu ngdn ngir biét .NET, bao gém C++, VB.NET, Managed C++,
J+ and J#, Scripting languages, COM. Ma cua ching ciing s€ dugc bién dich

thanh IL. IL s dam bao sy tuong thich gilta cac ngén nglr khac nhau. 1 thanh
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phan cta ngdn ngit nay ¢ thé sir dung thanh phan va thudc tinh cta thanh phan
nam trong ngdn ngit khac. Py co thé noi 1a mot kha ning ki diéu cua C#. Dé
dat dugc nhiing diéu do, IL bao ham nhirng thudc tinh sau:

1. HS tro huéng dbi twong va giao dién ( interface ).

2. Phan biét giira kicu gi tri va kiéu tham chiéu.

3. Pinh kiéu manh.

4. Quan 15i thong qua cac ngoai 1é.

5. Str dung cac thudc tinh.

1.2.1 Hb tro hwéng ddi twong va sir dung giao dién.

IL tao nhiéu thuan loi v&i cac ngdn ngir 1ap trinh huéng dbi tuong, khong
phai vo tinh ma cac thu vién co s¢ cua .NET déu duoc viét = C# ( OOP ). IL
cling dua ra y tuong vé giao dién (interface). Windows ciing hd trg chuan giao
dién goi 1a COM.

COM 1a mot nhi phan chuan cho phép cac thanh phan c6 thé tuong tac voi
nhau ma khong can quan tim dén ngdn ngit ndo di tao 1ap ra chung. Diéu d6 c6
nghia 13 cac mé dich ra déu théng nhét va tuong thich véi COM. Tuy rang COM
khong hd trg tinh thira ké, chinh vi thé COM danh mat su thuén loi cua 1ap trinh
huéng ddi tuong.

Twong thich chéo

Vi kha ning hd tro dong thoi nhiéu loai ngdn ngit, sau khi dugc bién
dich thanh IL, ma cta cac ngdn ngit khac nhau c6 thé lam viéc cung véi nhau.
Cu thé 1a mot 10p dugc tao ra trong mdt ngdn ngir cd thé thira ké tir mot 16p
dugc viét trong mot ngdn ngit khac.

Mot 16p 6 thé chira thé hién ctia mot 16p khac khong quan tim dén ngon
ngir da tao ra hai 16p do.

Mot dbi tuong co thé goi truc tiép phuong thirc ciia mot ddi twong khac
dugc viét boi mot ngdn ngit khac.

Cac dbi tuong (hodc cac tham chiéu dén cac d6i twong) co thé duoc
truyén qua lai gitra cac ham

Ban c6 kha ning bay 13i ting budc chuong trinh ngudn giita cac ngdn
khac nhau
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1.2.2 Phan biét kiéu gia tri va kiéu tham chiéu.

IL c6 su phan bié¢t rd rang do61 voi ki€u gia tri va kiéu tham chiéu. Trén IL,
cac ki€u gia tri van dugc luu trong vung Stack, cac kiéu tham chiéu van duoc

luu trong vung Heap.

1.2.3 Pinh kiéu manh.

IL ¢6 su phan biét ré rang ddi véi timg kiéu dit lidu tra vé, cac kiéu dir
liu ludn duoc danh dau cu thé. Piéu nay 1a hoan toan phu hop véi dic tinh hd
trg nén cho nhiéu loai ngdn ngir cua .NET. Mot van dé nay sinh d6 1a c6 nhimg
kiéu dugc hd tro trong ngdn ngit ndy nhung lai khong duoc hd trg trong ngdn
ngir khac hodc 1a néu mot 16p xuét than hodc chira mot 16p khac thi né can phai

biét tit ca cac kiéu dung trong cac 16p do.

CTS: Bé dap tung duogc tac vu do, IL str dung tién trinh CTS — Common
Type System, day von 1a mot bo con trong NET, dam bao tat ca cac kiéu dir liéu
khac nhau cua cadc ngdn ngit khac nhau déu duoc bién dich thanh mot kiéu
chung trén nén .NET

CLS :CLS phéi hop voi CTS dé dam bao su twong thich giita cac ngdn
ngit. CLS 1a mot chuan ma tat ca cic ngdn ngit biét NET déu phai tuan theo.
CLS hoat dong theo 2 nguyén tic

CLS khdng hoan toan bo budc cac ngdn ngit lap trinh, diéu nay khién cho
cac ngdn ngit hoan toan c6 thé phat trién theo cac chiéu hudng riéng.

CLS gian mot chuan 1én cac ngdn ngit lap trinh biét NET, diéu nay dam

bao ma ciia cac ngdn ngir d6 ludn duge hd tro khi bién dich.

Garbare Collection

Garbage collector 13 mot thanh phan quan 1li bd nhd coa .NET.
Tdc dod hoat dong cua C# hoan toan phu thudc vao Garbare collection, GC la
mot ing dung c6 muc dich giai phong bd nhd trén nén NET. Nguyén tic lam
viéc cua GC nhu sau.

Cac ma sau khi duoc bién djch, két qua s€ dugc dua hoan toan vao Heap,
khi Heap dﬁy, GC s€ thuc thi so sanh v&i cac ma dang thuc hién, néu nhu cac

két qua khong dung dén, GC s@ thuc hién nhiém vu don dep va léy lai bo nho.
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1.2.4 Bit 16i xir dung cac ngoai 1¢

NET duoc thiét ké dé don gian hoa qua trinh biy 15i thong qua cac ngoai
1€, u tudng ¢ day 1a mot vung ma duoc thiét ké nhu 13 cac thu tuc quan ngoai 1€,
mdi doan mé cé thé giai quyét mot diéu kién 16i riéng (vi du, mét file khong
duoc tm théy, hoac khong dugc phép thuc thi mot sb 1énh). Nhiing diéu kién nay
c6 thé duoc dinh nghia ki hodc so qua tuy ban. Ciu tric ngoai 1 bao dam rang
khi mot diéu kién sinh 13i xay ra, ngay 1ap tic ludn thi hanh s& nhay dén thu tuc

quan ngoai I¢.

1.2.5 Sir dung cac thugc tinh

Céc thudc tinh trong IL cho phép ngudi ding co thé sir dung dé dang hodc
c6 thé tu thiét 1ap cac thudc tinh cua riéng ho.

Tién trinh bién dich thanh md .NET — Common language runtime
CLR c6 nhiém vu bién dich ma IL thanh mi nén NET. Pay la mét tién trinh
bién dich kiéu just in time ( JIT ), khac véi kiéu thong dich trong Java.
Thay vi phai dich toan bo Gng dung mét 1an, trinh bién dich JIT s& bién dich
ting phan ma khi n6 dugc goi Khi ma ngudn dugc bién dich, ma két qua cua né
s& dugc luu lai trong bd nhd cho t6i khi thoat khoi ing dung, va trong cac 1an xur
ly tiép theo, may tinh s& khong phai bién dich lai mot 1an nira, day la ly do céc
chuong trinh .NET luén chay nhanh hon trong nhiing lan sau.
Mot dic diém nita 13 NET ludn hd tro t6i wu tuy vao loai vi xu ly, d6i voi cac
tién trinh bién dich cac ngdn ngit cip cao xua kia s& khong tdi wu vao loai vi xir

I, nén NET hd tro tuy loai vi xtr | ma dua ra cach thirc phu hop.

1.2 Khai quat vé C#

C# 1a mot ngon ngit lap trinh huéng d6i tuong duoc phét trién boi
Microsoft, 1a phan khéi dau cho ké hoach .NET ctia ho. Tén ctia ngdn ngit bao
gom ky tu thing theo Microsoft nhung theo ECMA la C#, chi bao gom déu s6
thudng. Microsoft phat trién C# dya trén C++ va Java. C# dugc miéu ta 1a ngon
ngit c6 duogc sy can bang gitta C++, Visual Basic, Delphi va Java.

C# duoc thiét ké chu yéu boi Anders Hejlsberg kién trac su phan mém ndi
tiéng véi cac san pham Turbo Pascal, Delphi, J++, WFC.
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1.2.1 Pic diém ngon ngir

C#, theo mot huéng nao do, 13 ngdn ngir lap trinh phan anh truc tiép nhat

dén .NET Framework ma tit ca céc chuong trinh .NET chay, va n6 phu thudc

manh m€ vao Framework nay. Moi dit li¢u co s& déu la do1 tuong, dugc cap

phat va hity bo bai trinh don rac Garbage-Collector (GC), va nhiéu kiéu triru

tuong khac chéng han nhu class, delegate, interface, exception, v.v, phan anh 1o

rang nhiing dac trung cua .NET runtime.

So sanh véi C va C++, ngdn nglr C# bi gidi han va dugc nang cao & mot

vai dac diém nao do, nhung khong bao gom cac gidi han sau day:

Céc con tro chi ¢ thé duoc st dung trong ché do khong an toan. Hau hét
cac d6i tuong dugc tham chiéu an toan, va cac phép tinh déu dugc kiém
tra tran by dém. Cac con tro chi dugc st dung dé goi cac loai kiéu gia tri;
con nhimg d6i twong thudc bo thu rac (garbage-collector) thi chi dugc goi
bang cach tham chiéu.

Céc dbi tuong khong thé duoc giai phong tudng minh.

Chi c6 don ké thura, nhung co thé cai dat nhiéu interface triru tuong
(abstract interfaces). Chirc nang nay lam don gian hoa sy thuc thi cta thoi
gian thyec thi.

C# thi an-toan-kiéu (typesafe) hon C++.

Cu phap khai bao mang khac nhau("int[] a = new int[5]" thay vi "int
a[5]").

Kiéu thr tu duoc thay thé bang tén mién khong gian (namespace).

C# khong c6 ti€u ban.

C6 thém Properties, cac phuong phap co thé goi cac Properties dé truy
cap dir ligu.

Co reflection.

Trong C# 3.0, s€ c6 vai bo sung co ban sau:

Céc tir khoa "select, from, where" cho phép truy van tir mot tap, tir SQL,
v.v. (hay con dugc goi la LINQ - viét tat cia Language INtergrated
Query)
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« Khai tao dbi tugng: Customer ¢ = new Customer(); c.Name="James"; tr¢
thanh Customer ¢ = new Customer { Name="James" };

« Cac biéu thirc lambda: listOfFoo.Where(delegate(Foo x) { return
X.size>10;}) trd thanh listOfFoo.Where(x => x.size>10);

o var x = "hello"; c6 thé hoan doi véi string x = "hello";

« Cac phuong thirc mé rong

1.2.2 Cac kiéu nguyén (primitive)

C# sir dung hé théng kiéu/déi tuong trong NET ma ¢ d6, cac chuong
trinh C# c6 thé giao tiép voi nhiéu ngdn ngit khac trong NET ma khong gip ric
rdi nao vé kiéu. Vi dy, kiéu int 13 mot bi danh cta System.Int32 duogc ké thira
cudi cung tir System.Object. Diéu nay c6 nghia 1a cac kiéu primitive, hay kiéu
simple trong ham C# ciing giéng nhu bt ky cac ddi twong khac. Vi du, diéu nay
la dung khi goi phuong thuc toString hoic GetType trong bat ky mot kiéu
primitive nao.

Mic du cac kiéu simple trong C# 1a nhitng ddi tuong, tuy nhién chiung van
dugc truyén theo tham tri (pass-by-value) twong ty nhu trong Java. Py la
truong hop khac, boi vi ngoai viéc 13 nhitng dbi tuong, tat ca cac kiéu simple
trong C# déu 1a cac ddi twong — céu tric (struct) khi duogc truyén theo tham tri sé

duogc truyén theo tham bién mot 1an nita.

1.2.3 Khai béo (declarations)
Trong C# c6 2 cach dé biét mot bién hang:

Panh dau mot bién bang tir khoa const s& 1am cho gia tri dugce chuyén doi
trude khi bién dich. Véi dinh nghia sau:

const int two = 2;

phat biéu: 2 * two dugc chuyén thanh 2 * 2 xt Iy trude khi bién dich,diéu
nay 1am cho né chay nhanh hon khong phai tim nhiing gia tri hang trong subt

qué trinh chay.
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1.2.4. Cau truc diéu kién (Conditionals structure)

Trong C# ciing co cic cau trac “if-then-else”, “switch” nhung trong
switch khong cho phép dong diéu khién phai roi vao chinh xac trong cac trudng

hop khac nhau cta phét biéu switch

1.2.5. Cac vong lap (Loops)

Ngoai nhirng dong 1ap: while, do-while, for. C# con c6 foreach
Vi du:

foreach( int member in array )

Console.Writeln( member );

* Giao tiép Ienumerable cung cip kha ning nhan dugc mot sy thay thé
Ienumerator cho mot ddi twong. Bat ky cai gi bd sung cac giao tiép

[enumerable va Ienumerator déu co6 thé dugc tinh toan trén vong 1ap foreach.

1.2.6. Cac phat biéu nhay (Jumps)

Céc phat biéu nhay trong trong C#: continue, break, goto, return. Cac phat
biéu nay duogc trinh bay van tit nhu sau: thoat khoi cac vong lip hodc tra dong

diéu khién cho mdt khoi Iénh khac.

Trong C# déu 1a cac ngoai 18 run-time, trinh bién dich s& khong gitp d&
cac lap trinh vién giir lai trang thai ctia cac ngoai I¢€.

C6 san mot cach di tat néu doi tuong ngoai 1€ khong can thiét bé“mg viéc
st dung framework dudi day
Try
{
// nhitng lénh cé thé gdy ra ngoai 1¢
}
catch {
// xw Iy nhitng ngoai lé ma khong can nhéan mot bé xir ly cho doi twong ngoai l¢
}

Nhung néu ban can bat mot ngoai 1¢ cu thé (trong khi khong yéu cau dbi

tugng ngoai 18), ¢6 thé dung twong tu nhu sau:
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try {

}
catch (IOException) {

}

1.2.7. Cac phuwong thirc (methods)

public void methodCaller ( params int[] a );
Va phuong thtrc ¢6 thé duoc goi bat ky

methodCaller (1);
method Caller (1, 2, 3, 4);

Bén trong phuong thire, cac tham s c6 thé duoc truy cap thong qua diy
“a” da duoc dinh nghia. M4y tinh c6 thé hiéu, két qua duogc tim théy

1.2.8. Cac thugc tinh (properties)

Cac thudc tinh 1a cac khoi dung cua C# thuong duge dung vé1 mo hinh
(pattern) getter/setter trong nhiéu 16p cta Java.

private int property;
public int Property () {
get {

return this.property;

}

set {

// value la mét bién diwcoc tao ra bdi trinh bién dich dé thay thé cdc tham
50

this.property = value;
}

}

C6 thé dé dang st dung bén trong mot chuong trinh C#

int currentValue = Property;
Property = new Value;
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1.2.9. Twr chi dinh truy cip (Accessbility Modifiers)

Access modifier bao gém: Public, protected, internal, protected internal,

private.

Cac modifier trén co6 thé duoc ap dung cho cing cac cau triic ma Java cho
phép ban st dung chung. Ban c6 thé thay doi kha ning truy cap dén cac doi
tugng, cac phuong thirc va cac bién. Ching ta s& noi vé chung ngay dudi day, va

chung ta c6 thé néi vé cac ddi tugng va ké thira ¢ phan tiép theo.

1.2.10. Cac di twong, cac 16p va cdc ciu tric

T3]

Ké thira cac 16p ta dung
Viduy: class B: A {} nghiala 16p B ké thira tir 16p A

_Struct dugc truyén theo tham trj thay vi theo tham bién

_Struct khong thé ké thira, tuy nhién chiing c6 thé bo sung céc giao tiép

_ Struct khong thé duoc dinh nghia mot khoi dung (contructor) ma khong co
tham s

_Struct dinh nghia cac contructor voi cac tham sb phai dinh nghia chinh xac tat

ca cac field bdi vi n6 s€ tra vé di€u khién cho phuong thirc nao goi n6

1.2.11. Chuyén déi kiéu
C# cho phép kha ning dinh nghia chuyén d6i kiéu tu tao cho hai dbi

tugng bat ky. Hai kiéu chuyén d6i 13: chuyén d6i twong dbi va chuyén doi tuyét

do1

1.2.12. Tai chong toan tir (Operator overloading)

Tai chong toan tir trong C# rat don gian. Lop FlooredDouble c6 thé dugc
thira ké dé chira mot phuong thuc static

public static FloorDouble operator + ( FloorDouble fd1, FloorDouble fd2 ) {
return new FloorDouble( fd1.Value + fd2.Value );

}

Va cac phat biéu sau 13 ding
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FloorDouble fd1 = new FloorDouble( 3.5 );
FloorDouble fd2 = new FloorDouble( 4 );
FloorDouble sum = fd1 + fd2;

1.2.13. T6 chirc lai ma ngudn

C# khong dat bat ky yéu cdu nao trong viéc to chic file — mot 1ap trinh
vién c6 thé sip xép toan bo chuong trinh C# bén trong mot file .cs

1.2.14.Giao dién

*Gibng nhu class chi gdm toan cac ham triru tuong
*Khi mot class thiét dat(implement) mot giao dién thi phai thi cong tat ca cac

ham giao di¢n nay.

+Thiét dat mot giao di¢n.

+Truy xuat cac ham giao dién.
+Override mot thiét dat giao dién.
+Dung giao dién nhu thong so.
+Thiét dat ké thira giao dién.
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CHUONG II
NHAN DANG CHU VIET TAY SU DUNG HAT NHAN
PHAN TICH BIET THUC

2.1. Phan tich biét thirc tuyén tinh

Phén tich biét thirc tuyén tinh (Linear Discriminant Analysis (LDA)) la
mot phuong phap duge sir dung trong thdng ké va may hoc dé tim mot su két
hop tuyén tinh cua cac tinh ning dic trung nhat hodc chia tach hai hay nhiéu 16p
cua d6i tuong, su kién. Két qua cua sy két hop co thé dugc st dung nhu mdt bo
phan loai tuyén tinh (linear classifier), hoic thong thudng hon ddi véi giam da
chiéu (dimensionality reduction) trudc khi phan loai cubi.

Phan tich biét thirc tuyén tinh lién quan chat ché t6i phan tich thanh phan
cha yéu (Principal Component Analysis (PCA) ) trong truong hop ca hai tim
kiém su két hop tuyén tinh ctia cac bién dugc miéu ta dit liéu mot cach tbt nhat.
LDA d3 nd luc dé xay dung 1én su khac biét gitta cac 1p dit liéu, ting toi da

tinh dung dan cua cong thuc sau:

wl' Sgw
J MN= —
(u} "U'JT SH" T
Trong do:
¢ c
Sg =) (He = 7) (e —2)" Sw =3 (i — pe) (i — pe)”
=1 c=1 icc

Tuong ing la cac Ma tran tan xa 16p gitra (Between-Class Scatter Matrix)
va Ma tran phan tan 16p trong (Within-Class Scatter Matrix). Giai phap toi uu c6
thé dugc tim ra duoc boi may tinh 1a Gia tri riéng (Eigen values) ctia Sg™'Sw va

lay Vécto riéng tmg v6i gid riéng 16n nhat dé dinh ra co s& méi cho dir liu.
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2.2. Nhéan Phan tich biét thirc

KDA 1a mdt mé rong ciia LDA dé trd thanh phi tuyén tinh phan tan, ciing
gidng nhu KPCA 1a PCA. Muc tiéu cia KDA ciing 1a tim sy bién doi giita
phuong sai 16p gitra cuc dai va phuong sai 10p trong cuc tiéu. Diéu d6 cho thay
rang, v6i nhan, cong thirc gdc cudi cung duge biéu dién nhu sau:

ﬂ_T SB o

J ([]5) = —Q.T SH: o

Trong do:

Sg = (pe —7) (e — )" Sw = Z K(I-1,)K"

Voi K la ma tran nhan cho 1ép c;
U 1a cot biéu dién vecto K c
I 1a ma tran nhan dang;
| . 14 s6 mAu trong 16p C ;

1\ 1a ma tran (I ¢ Xl ¢ v6i tat ca phantir 1 /1. (nghiala 1-1/11a trung

ma tran cia kich thudc 1)

2.3. Chirc ning nhan trick va nhan chuan.

Nhan trick 1a mét cong cu rat tién ich va manh mé&. Manh mé boi vi nd
cung cip mdt cau ndi tir tuyén tinh dén phi tuyén tinh cho bat ky thuat toan ma
chi phu thudc vao giao diém (dot product ) giita hai vecto. N6 dén tir thyc té 13,
néu dau tién ching ta xdy dung ban d6 dit liéu dau vao vao mot khong gian
chiéu v6 han, mot thuat toan tuyén tinh s& hoat dong trong khong gian nay sé& xir

1y phi tuyén tinh trong khong gian ban dau.

Bay gid, cac nhan trick thuc sy hiru ich béi vi né lap ban d6 khong bao
gid can phai dugc tinh todn. Néu thuat toan ciia chung ta chi c6 thé dugc thé
hién véi diéu kién trong mién gitra hai vecto thi tat ca diéu chung ta can 1a thay
thé tich trong nay véi tich trong khac tir mot sé khong gian thich hop khéac. Do
13 noi chutra "trick": bat ¢ noi nao mot giao diém duoc sir dung thi n6 dugc thay
thé béng mot ham nhan. Ham nhan biéu thi mot tich trong vung ddc trung va

thuong duoc ky hiéu la:
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K(xy) = <o(x),0(y)> K (X, ) = <¢ (x), ¢ (v)>
Str dung ham nhan, thuat toan sau do c6 thé duoc ap dung vao mdt khong
gian nhiéu chiéu hon kich thudc ma khéng 1ap ban d6 mot cach rd rang cac diém
dau vao khéng gian nay. Mot sé ham nhan thong dung bao gdm cac nhan tuyén
tinh, nhan da thirc, nhan Gaussian. Dudi day la danh sach lugc cac nhén véi dac

diém tha vi nhat.

Nhan tuyén tinh & ham nhan don gian
nhat. N6 duogc dua ra boi céc tich trong
Nhan <x,y> cOng véi mot hiang sd ¢ tuy chon.
tuyén  Thuat toan nhan sir dung mot nhan tuyén k(z,y)=x"y+c
tinh tinh thuong twong duong véi cac nhan
phi tuyén, tirc 1a KPCA véi nhan tuyén
tinh twong duwong chuan PCA.
Nhan da thtrc 1a mgt nhan khong tinh.

Nhan da . Cx 2 ‘ - .
e No rat thich hop cho cdc van dé tatca dit = k(z,y) = (ax’y + ¢)*
liéu 1a binh thuong.
Nhén Gaussian 13 mot trong rat nhiéu
nhimg nhan linh hoat nhat. Pay 1a mot
Nhan ham nhan co sé dang tia va la nhan dugc k(z.y) = exp (_ |z —yl|” )
Gaussian ua thich khi chiing ta khong biét nhiéu . 20°

vé cau trac cua dit li¢u ching ta dang co

gang xay dyng mo hinh.

2.4. Mo hinh cac 16p duge st dung trong KDA

Cac mi ngudn co trong bai bao cdo tot nghiép nay chi chira cac tap con

ctia mang can thiét cho KDA. Cac 16p ciing duoc hién thi trong hinh dudi day.
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| DiscriminantAnalysisClass

>

Class
| LinearDiscriminantAnalysis 2 | = public
Class —
BT Count
= . % DiscriminantFunction
public s
= T Index
3 ClassCount ﬁ: Indeces
ﬁ} Classifications ﬁ} Mean
W Classify (+ 1 overload) B Classes P Number
' ClassMeans 5 prevalence
f‘l:' ClassScatter ﬁ: Scatter
5 ClassStandardDeviati p -
T ClassStandardDeviations 1 StandardDeviation
kf Compute B Subset
' CumulativePrepertions = |
:ernell}ns.cnmmantﬂnalysns EH DiscriminantMatrix Interna
ass o 0 -
= LinearDiscriminantAnahsis B Eigenvalues private
¥ GetMumberCfDimensions
= public 'f LinearDiscriminantinalysis
v Compute g; E‘Ieansrtl Discriminant A
S emel =T Proportions _—
% KernelDiscriminantAnalysis ﬁj Result
& Regularization flj ScatterBetw.eenﬂlass 3 bl
% Threshold BT ScatterMatrix public
@ Transform B ScatterWithinClass N ' CumulativeProportion
= p— M source ' Discriminants ®1 Eigenvalue
e . %' StandardDeviations 5T Eigenvector
@* discriminantFunction @ Transform [+ 3 overloads) T Index
= private * protected = Proportion
#? kernel  internal =l internal
#? kernelClasshMeans : =¥ Discriminant
#* regularization * private

#? thresheld

= private
@¥ analysis

" index

Céac 16p KDA ké thira tir Phan tich biét thirc tuyén tinh, md rong thuat

toan cot 101 cua n6 voi nhan. Nguon bao gom hon 20 nhan dé Iya chon, mac du

nhan Gaussian s& 13 thich hgp nhat trong hau hét cac tmg dung.

2.5. Nhén dang chir so

2.5.1. Dik liéu s6 ciia UCI
Cac kho dir liéu May Hoc UCI (UCI Machine Learning Repository) la tap

hop cac co sé dit lidu, 1y thuyét mién, va may xay dung dir liéu duoc st dung
bdi cac may hoc tap cong dong cho viéc phan tich thuc nghiém cua cac thuat

toan hoc may. Mot trong nhitng kho dir liéu c6 sn 1a Nhan dang chir s6 viét tay.

Trong dir li€u chir s6, chit s duge biéu dién 1a cic ma tran 32x32. Chung
cling ¢ sén trong mot hinh thirc tién xir 1y, trong d6 chir s da duoc chia thanh
cac khéi khong chong khdp nhau 4x4 va sb luong cac diém anh trén di duogc
tinh trong moi khdi, tao ra ma tran dau vao 8x8 ma mdi phﬁn tr 14 mot sb

nguyén trong khoang 0 .. 16.
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Pa chiéu giam 12 mot budc rt can thiét néu ching ta s& sir dung phan 16p
dugc tao boi Con tré ciia da chiéu (Curse of Dimensionality). Phuong phap nhan
néi chung khéng gip tro ngai trong viée xt 1y cac vin dé vé da chiéu 16n bsi vi
chldng khong bi gidi han.

000000000000 0 eSE000000000000000
000000000000 eekEEi0 000000000000

Rl RaRa el feful] 177 1T pfeRape]1 111111 T faflall
PR R il 1 1117111111711 1711117 afalall

0000000000 EeERnREREl] 00000000000
QoooooOpEEReRERBRERRRIO 000000000
ooooooopeeEe bl RBRRRIO 000000000
0000 00peeSRSRI0 000 0ppeein 000000000
000000 SRS RI0 000000 000000000
000000 eSS0 00000 000000000
000000 eSS0 000000 0800000000
000000 eSS0 000000 0800000000
000000 eS80 00000000k a0 000000
000000 eSa0 0000000 0080000000
000000 eeSaSE0 0000000 0080000000
00000000 000000000 88000000
00000000 000000000 88000000
00000000 000000000 88000000
00000000 000000000 88000000
0000000000000 00FsRs0 00000
000000 eSS0 00000000 eeesn 00000
000000 eeSi00 000000000 eS80 000000
000000 0psSE00000000000yssS8000000
000000 0psSEA0 000000000 eSS0 00000
00000000 00000000 a0 000000
000000 0peSEA0 0000000 eeREi0 0000000
0000000080 00000 seei000000000
00000000l 0 0FESREREin 000000000
goooooooeeeEERRRERRRRII 00000000
00000000 0peeRERnREREREI0 000000000
0000000 00peeRReRERERI0 0000000000
0000000000 peeReRERE0 000000000000

D000 00 e R B B B e e e e R M 11 11 01
PR R R il}1 1117111111713 1111117 afalalal
PR R i) 1117111111111111711 7 jafulall
PR R iffi 1117111111111 17171°17 rafulall
000000000 0l 0.0 OsRaR0 00000
000000000000 0000000 0peeRERin 00000
000000000000 0000000 =eekin 00000
000000000000 0000000 =eeREil000000
000000000000 00000 0FeaRin0000000
00000000000000000ieesaRin00000000
000000000000 00000 eesaRin00000000
0000000000000000 0 eesaRin00000000
0000000000000 Rl REi 0000000
PR R iRl 1 1711111111117 [safafulall
goooooooopeeRbREREbRRRBRRET 0000
ooooooooopeeREREREbRRRRRERIT 10000
ooooooooopeeRERERESBRRBRBIIOI0000
000000000ppERERD 0000000000000
000000000000 0y ek 0000000000000
000000000000 seEREi0 0000000000000
00000000000 0pseERin00000000000000
00000000000 seREi] 000000000000000
0000000000k seEREi]000000000000000
000000000 0xeeEREl] 000000000000000
0000000000l 000000000000000
000000000l 000000000000000
00000000peesaei000000000000000000
00000000 eeeREEin0000000000000000

0000000000 0peeeein000000000000000
0000000000000 00000000000000000

00000000peeeaEin00000000000000000
oo0o0o0o000oMpeeeein00000000000000000

Mau chir so dwoc lay ra tw kho so liéu chit so tho.

Phuong phap nhan dugc sir dung nhiéu vi ching c6 thé duoc ap dung truc
tiép cho cac van dé yéu cau suy nghi k¥ cang dya trén dir liéu tién xir 1y va kién
thurc rOng vé cAu trac cua dit liéu dang dugc mo hinh hoa. Tham chi néu ching
ta biét rat it vé cac dir liéu, mot tng dung cua phuong phap nhan mu thuong
thay két qua kha dung. Pat dugc toi wu hoa bang cach sir dung cac phuong phap
nhan c6 thé duoc, tuy nhién, rat kho vi chung ta ¢c6 mot su lua chon vo han cac

ham nhéan va v&i moi ham nhan c6 mot khong gian vo han dé tinh chinh thong

4
A

SO.

Céac ma ngudn sau cho ta thiy mot vi du cu thé vé KDA. Luu ¥ xur Iy thé
nao véi dau vao 1a cac véc to day di cho 1024 vi tri. Piéu nay sé& 1a khong thuc
té néu chung ta s& str dung Neural Networks, vi du:

// Giai nén dau vao va dau ra

int samples =500 ;

double [,] input = new double [samples, 1024 ];
int [] output = new int [samples];

/ / Tao céac lya chon nhan véi cac thong sd di cho
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IKernel kernel = new Gaussian(( double )numSigma.Value);

I | Tao cac nhan phan tich biét thirc bdng cdach swr dung cac nhdn dwoc lva chon

kda = new KernelDiscriminantAnalysis(input, output, kernel);

I | Thiét ldp cdc ngwdng ty 1é t6i thiéu dé gii cho cdc thanh phan trong phan tich
kda.Threshold = ( double )numThreshold.Value;

|| Thiét ldp cdc qui chudn so sanh dé tranh gidi phdp don 1é
kda.Regularization = ( double )numRegularization.Value;

/ | Tinh to&n phan tich.
kda.Compute();

/ / Hién thi thong tin vé cac dang phan tich

/ / (Hau hét cac thudc tinh c6 thé dugc databound truc dé didu khién truc quan)
dgvPrincipal Components.DataSource = kda.Discriminants;
dgvFeatureVectors.DataSource = new
ArrayDataView(kda.DiscriminantMatrix);
dgvClasses.DataSource = kda.Classes;

2.5.2 Phan 16p cac chir so s6 bang KDA.

Nhu da dé cap trude d6, Nhan Phan tich biét thirc khong bi 1am xau di sau
khi 4p dung da chiéu. Diéu nay c6 nghia n6 co thé duoc ap dung cho céc tap dir
liéu s6 nguyén 32x32 ma khong can bat ky loai tién xur 1y. Viéc xir 1y chi can

thiét s& 1a chuyén v1 cua ma tran 32x32 vao vector c6 do dai 1024.

Tuy nhién, KDA khéng phai 1a mot phuong phap rat hiéu qua, va né ciing
khong phai 12 phuong phap phi hop d6i véi mét tap dit liéu 16n. Cho du co sy
gia ting kich thudc song né van it 4nh hudng (tham chi 1a khong anh huodng) téi
thoi gian phan tich, do phirc tap KDA 1a O (n ®) v6i s6 luong mau. Bén canh do,
cic gidi phap ctia n6 khong it 6i nhur 1a truong hop véi hd trg Vector Machines
(SVMs). Piéu nay c6 nghia mot s6 luong déng ké khong gian b nhd s& duoc sir
dung dé chira cic Ma tran nhan day du trong qua trinh phan loai.

Viéc phan 16p sir dung KDA thuong dugc thuc hién bang cich xem xét
khoang cach tdi thiéu gitta mot dir ligu diém dy kién t6i khong gian dic trung
va cac 16p chi xét trong khong gian dic trung. Chung ta c6 thé nhin thdy muc

tiéu dang sau phuong phap nay trong vi du sau day.
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Vi du van dé phan 16p Yin Yang. Hinh anh bén trai cho thay hinh anh ban

dau trong khong gian dau vao, hinh anh bén trai cho thiy két qua mot nhan Phan

tich biét thirc biéu dién boi mot nhan Gaussian voi sigma thiét 1ap nhu 1a 1,0.

Céac ddu chdm mau d6 trong hinh anh bén phai danh dau phép chiéu cua

dau chdm mau do cua hinh anh trai. Chu y dau cham la gan véi 16p mau xanh

trong cd hai hinh anh. Tuy nhién trong phan tich khong gian dac trung, cac 16p

da duoc trai ra thanh nhiéu tuyén tinh. Trong trudong hop nay, khoang cach

Euclide (hodc twong duong la khoang cach Malahanobis) dén 16p gia tri trung

binh trong khong gian dac trung sé tré thanh mot khoang cach hop ly gitra cac

16p gan.

Céac dong ma sau day ching minh viéc phan 16p cua cac truong hop mai

st dung mot nhan da duogc tinh toan phan tich biét thurc.

Il Ldy cdc vector dau vao
double [] input = canvas.GetDigit();

[l Phédn loai cac vector dau vao

int num = kda.Classify(input);

Il Thiét ldp cdu tra 1oi phén loai thuc té
IbClassification. Text = num.ToString();
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CHUONG III
CHUONG TRINH THU NGHIEM

3.1. Kiém tra irng dung

3.1.1 Phan tich

Viéc chuong trinh thir nghiém di kém v6i md ngudn sé& thé hién rd viée
nhan dang cac chit sd viét tay bang cach st dung KDA. Pau tién, ching ta s&
chay ung dung, t6t nhat 12 chay chuong trinh khong théng qua Visual Studio
2008. Nhép chudt vao menu Tép va chon M¢. Thao tac nay sé tai mot s6 muc tir

kho dit liéu chir sd vao tmg dung.

Nhén dang chil viét tay sil dung Nhan Phan, tich biét thifc

Tép Tro giip
Mau déu vao | Mhén phén tich biét thitc | Lép | Phén lép

Hoe miu Kifm tra Cadat
Ky Hhin b Ko b Hhin Phin 1dp b

0] o 2N - o i

Xich ma: 6.2200 E
7 7 yRE :
? 4 3 3 © Nhén Polynomial
6 6 1 2 Cép di: 2 E
9- 2 3 3 Héng sét: 0.0000 3
5 5 2 2
§ 5 8 8
D 0 2 ) Nawdng: oooosoo -
g 3 3 3 Quy chudn 0.000100 e
7z 7 F 7 -
PHAN TICH
4 g8 3
9 o ¢ 4
5 5 1 1 PHAN LOP
- 4 F b
Dit litu d3 dwoc nap. Nhin mit PELAN TICH d2 bét dhu qué trinh phin tich.

Dt liéu chir s6 dugc tai vao ung dung

Bén phai: Chi tiét thong tin vé cac 10p riéng biét cua cac chir sb viét tay.
Pé thyc hién viéc phan tich, nhap vao nat PHAN TICH. Qué trinh phan
tich dugc thuc hi¢én, sau khi phan tich xong, cac tab khac trong viéc ung dung

mau s& dugc dua ra thong tin phan tich. Mtic d6 quan trong ctia mdi yéu té dugc
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dua ra trong phan tich bi¢t thuc duogc biéu dién trong mot dd thi hinh tron dé

kiém tra d& dang.

A Nhén deng chi viét tay s dung Nhdn Phdn tich biét thic

Phin tich thénh phan Ma trim véc to néng
 Thanh citm B oo 0.0669 a8
1 ¥ Tilé tinh !
phén néag 0.0002 0.0052 0.0017 (
| o [RERED 0.21361 0.21361 00347 0.0339 -0.0236 1
l 858,152.35413 | 016283 0.37643 0 1965 0.0778 01459 A
810,105.07311 0.15371 0.5201% 00511 0173 0.057% -l
|633,756.87832 | 0.12025 0.65040 0.0235 00258 -0.0292 (
4 556,20579978 |  0.10554 0 75593 0.0016 00045 00012 [
s 419,557.11443 0.07961 0.83554 -0.094% 0.0250 0.1700 -l
5 3407756720 | 0.07477 0.91031 ¢
4 th truc quan
145 b phie .
TRHRIN Tilé thanh phan
12
10 +
/"""
c 08 //
i et
é 0s + /
* 04l
032 /
00 4 ‘
o 2 3 - a -] o
Tanh phen
Qu trinh phn tich thish céng Nhkn PHAN LOP d& kif tra qué trinh phin tich

2 Nhiin dang chil viét tay sd dung Nhdn Phén tich biit thic

Qué trinh phin tich thiah cang Mhia PHAN LOP 88 kefm tra qué trinh phin tich

Tép Tropl
M3 dis véo | Nhan phin tich biét thie | LD | Phan Jop
Lop Tép mau con
s 1,;9 ﬂ;’ibe ndex 0 v 0 0 0
o IR 0
v 0106 | 53 1 0 0 © s} 0
ERICIERE
] 004 47 3
+ 012 | 60 4 o 0 ¢ ° 0
s 0096 | 48 5
s 0024 42 6 > 0 0 o 0
7 0106 | 83 7
s 009 | 48 8
s | 011 | 55 s 0 0 0 0 0
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Céc yéu t6 duoc tim thiy trong Phan tich biét thirc va mbi lién quan tim
quan trong cua chung. Tir khong gian dau vao kich thudc ban dau kich thuéc

1024, chi c6 9 1a quan trong dé duoc chon cho viéc phan 16p.

Sau khi phéan tich xong, chung ta c6 thé thir nghiém kha ning phan 16p
ctia nd trong viée kiém tra kho dit liéu. Cac hang cdy xanh d3 duoc xac dinh
chinh xac boi khoang cach biét thirc phan loai khéng gian Euclide. Ching ta cé
thé nhin théy n6 nhan dang chinh xdc 92% cac dir li¢u thir nghiém. Céc thu

nghiém nay va dir liéu dao tao dugc phan chia va ddc lap.

Nhén, dang chd viét tay sif dung Nhan Phan tich biét thiic

Tro gilp
IM4u 4 vao | Nhan phén tich bigt thie | Lép | Phén lép
Hoc miu Kifm tra Ca dit
K3 Mhin ~ Ky tir Nhin Phin lép ~
Im D .I. 2 2 (%) Mhan Gaussian
Xich ma: .2200 e
F 7 2 2 2 .
9 4 3 3 3 © Nhén Polynomial
6 6 2' 2 2 Cép d 2 E
2 2 3 3 3 Héng sit: 0.0000 E
5 5 2 2 2
§ 5 8 8 8
D 0 2 2 ) Nguing 0000500 -
Bar 0.000100 T
& 8 3 3 3 Chuy chudn: E:
7 7 9 o
i g PHAN TICH
1 8 8
q o & 4 4
PHAN LGP
5 1 1
? | & v
(Qia trinh phin 16p thanh céng. Dat: 458/500 (92%4)

Str dung cac gia tri mac dinh trong ing dung, chuong trinh dat dugc d6 chinh
xac 92%.

3.1.2 Két qua
Sau khi phan tich d3 duoc hoan thanh va x4c nhan, chung ta c6 thé sir
dung chuong trinh dé phan loai cac con s6 méi duogc viét truc tiép trong ng

dung. Cac biéu d6 cot trén bén phai thé hién két qua twong ddi cho timg cong
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thirc biét thie. Mdi 16p c6 mdt cong thirc biét thirc rang két qua dau ra mot

phuong phap gan nhét cho mdi diém dau vao. Viéc phan loai nay dya trén cong

thirc dé dau ra 1a tdi da.

Mhén dang chi viét tay s dung Mhan Phan tich biét thic

Iep  Trggidp
MEu d5u wao | Mhan Phén tich bigk thire | Lp | Phénlgp |
K&t qua nhan dang K&t qua dap g ham bigk thbic
- —
s [ —
7
=]
Bos [
n
Khu v g n
5 4 [ T
= [ T
z [ TN
1 T
o [l
t t } t t t t } t
— = 0% 0%  20% 20% 40% S0% G60%  FO% 20% Q0% 100%
Phén I5p ] [ koa ] Bap rng dwos cac 14p
Phan lop hoan thanh, Bat: 458500 (92%)

NAhdn dang 56 1

Mhén dang chif viét tay sif dung Nhan Phan, tich biét thiic

Tép  Trogidp
M&u 30U vao | Mhan Phan tich bigt thive || Lsp | Phanldp |
K&t qua nhan dang K&t qua dap ng ham bigk thc

a
a8
T
=]

n

o

n

Khu v wé n
o 4

u}

|

Phan lap ¥oa

Bap ing dwoc cac lop

' L L
+ + + + + t +
l ’ l 0% 0% 20% 30% 490% 50% G60%  7O0%  20%  90% 100%

Fhén ldp hodn thanh, Bat: 458/500 (92%)

Nhdn dang s6 7
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Nhén dang chil vi€t tay si dung Nhan Phan tich bigt thiic

S=1ES

Tép  Trggidp

M3au d5u vao | Nhan Phén tich Bigk thire | Lap
K&t qua nhan dang

Khu v wé

Phén Idp
KEt qua dap (rng ham biét thirc

Classes

L
1
a
: : : . : : : : :
— - 0% 0%  20% 30% 40% S50% G60% TO% 20% 90% 100%
Phén 1dp ] [ #oa Bap ng dwoc cac 1op
Phan lap hodn thanh, Bat: 453/500 (92%)
Nhdn dang so 8

Nhin dang chil vi6t tay sif dung Nhan Phén tich bigt thiic

Ifp  Teogidp
M3u d5u vao | Mhan Phén tich bigt thite | Lap

K&t qua nhan dang

Phén l5p
ket qua dap ung ham bigk b

o I
: T —
[ ——
G

g5

n

Khu i wE b

5 4 T
s [
z [

L
g
o [
: : i : : : : : :
— - 0% 10% 20% 30% 40% S0% G60% 70% S0% 90% 100%
Phéin Idp ] [ 03 ] Biap kng dwows cde 14p
Phan lop hodn thanh, Bat: 458/500 (92%:)

Nhdn dang so 9
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3.2 M4 Iénh trong chwong trinh viét cho mét s6 cac class

3.2.1 Class Linear Discrimnant Analysis

using System;

using System.Collections.ObjectModel;
using System.Ling;

using Accord.Math;

using Accord.Math.Decompositions;

namespace Accord.Statistics.Analysis

{

public class LinearDiscriminantAnalysis
{

private int dimension;

private int samples;

private int classes;

private double[] totalMeans;
private double[] totalStdDevs;

private int[] classCount;

private double[][] classMeans;

private double[][] classStdDevs;

private double[][,] classScatter;

private double[][] classMeansTransformed;

private double[,] eigenVectors;
private double[] eigenValues;
private double[] bias;

private double[,] result;
private double[,] source;
private int[] outputs;
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double[,] Sw, Sb, St; // Scatter matrices

private double[] discriminantProportions;
private double[] discriminantCumulative;

DiscriminantCollection discriminantCollection;
DiscriminantAnalysisClassCollection classCollection;

# Phan kién tao
public LinearDiscriminantAnalysis(double[,] inputs, int[] output)
{

// Lay so tur cac class

int startingClass = output.Min();

this.classes = output.Max() - startingClass + 1;

/I Luu trir cac dir liéu goc

this.source = inputs;

this.outputs = output;

this.samples = inputs.GetLength(0);
this.dimension = inputs.GetLength(1);

/I Tao céc cau truc don dé luu thong tin vé sau
this.classCount = new int[classes];
this.classMeans = new double[classes][];
this.classStdDevs = new double[classes][];
this.classScatter = new double[classes][,];

/I Tao céu trac hudng ddi teong dé gitr cac thong tin vé class
DiscriminantAnalysisClass[] collection = new
DiscriminantAnalysisClass[classes];

for (inti=0; i <classes; i++)

collection[i] = new DiscriminantAnalysisClass(this, i, startingClass + i);
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this.classCollection = new
DiscriminantAnalysisClassCollection(collection);

}
# két thuc phan

# Phan thudc tinh
/Il Quay lai ngudn dit lieu cung cip ban dau dé phan tich
public double[,] Source

{

get { return this.source; }

}

public double[,] Result

{
get { return this.result; }

}

public int[] Classifications

{
get { return this.outputs; }

}

/Il Lay gia trj trung binh cta dir liéu ngudn dé dwa phudng an
public double[] Means
{

get { return totalMeans; }

protected set { totalMeans = value; }

}

/Il Lay trung binh tiéu chuan cia cac dir liéu ban dau cho phuong phap
public double[] StandardDeviations
{

get { return totalStdDevs; }
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protected set { totalStdDevs = value; }

/Il st dung ma tran 16p trong cho dir liéu
public double[,] ScatterWithinClass
{

get { return Sw; }

protected set { Sw = value; }

/Il stt dung ma tran 16p gitra cho dir liéu
public double[,] ScatterBetweenClass
{

get { return Sb; }

protected set { Sb = value; }
¥
/1] Lay tong ma tran 16p cho dit liéu
public double[,] ScatterMatrix
{

get { return St; }

protected set { St = value; }

}

public double[,] DiscriminantMatrix

{

get { return eigenVectors; }
protected set { eigenVectors = value; }

}

public double[] Eigenvalues

{

get { return eigenValues; }
protected set { eigenValues = value; }
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/1l Str dung céc 16p trong mdi biét thirc
Il trong khong gian biét thirc
public double[] Proportions

{

get { return discriminantProportions; }

}

public double[] CumulativeProportions

{

get { return discriminantCumulative; }

}

public DiscriminantCollection Discriminants

{

get { return discriminantCollection; }

}

public DiscriminantAnalysisClassCollection Classes

{

get { return classCollection; }

}

public double[][,] ClassScatter
{

get { return classScatter; }

}

public double[][] ClassMeans
{

get { return classMeans; }

}

public double[][] ClassStandardDeviations
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{
get { return classStdDevs; }

}

public int[] ClassCount
{

get { return classCount; }

by
# Két thiic phan

# Phan khai bao phuong thirc
public virtual void Compute()
{
// Tinh toan toan bd dir liéu thiét 1ap cac bién phap
Means = Tools.Mean(source);
StandardDeviations = Tools.StandardDeviation(source, totalMeans);
double total = dimension;

// Khai tao cac ma tran tan xa
this.Sw = new double[dimension, dimension];
this.Sb = new double[dimension, dimension];

// Cho mdi 16p
for (int ¢ = 0; ¢ < Classes.Count; c++)
{
Il Lay cac 16p con...
double[,] subset = Classes[c].Subset;
int count = subset.GetLength(0);

// Lay 16p trung binh
double[] mean = Tools.Mean(subset);
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/I Tiép tuc xay dung Ma tran tan xa 16p trong

double[,] Swi = Tools.Scatter(subset, mean, (double)count);

/Il Sw = Sw + Swi
for (int i = 0; i < dimension; i++)
for (int j = 0; j < dimension; j++)
SwIi, j] += Swil[i, j;

Il Tiép tuc xay dung Ma tran tan xa 16p giira
double[] d = mean.Subtract(totalMeans);

double[,] Sbi = d.Multiply(d.Transpose()).Multiply(total);

// Sb = Sh + Shi
for (int i = 0; i < dimension; i++)
for (int j = 0; j < dimension; j++)
Sbi, j] += Sbi[i, j];

Il Luu céc thong tin dugc thém
this.classScatter[c] = Swi;
this.classCount[c] = count;
this.classMeans|[c] = mean;

this.classStdDevs|[c] = Tools.StandardDeviation(subset, mean);

/[ Tinh téan su phan ly ctia gia tri riéng
EigenvalueDecomposition evd = new

EigenvalueDecomposition(Matrix.Inverse(Sw).Multiply(Sb));

Il Lay cac gié tri riéng, tuong Gng véi cac vecto riéng
double[] evals = evd.RealEigenvalues;
double[,] eigs = evd.Eigenvectors;

Il Sap xép cac gia treiSort eigen values and vectors in ascending order
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eigs = Matrix.Sort(evals, eigs, new
GeneralComparer(ComparerDirection.Descending, true));

// Luu trir thong tin
this.Eigenvalues = evals;
this.DiscriminantMatrix = eigs;

/I Tao ham biét thirc d6 xién
bias = new double[classes];
for (int i = 0; i < classes; i++)

{
bias[i] = (-0.5).Multiply(classMeans[i]).Multiply(
eigs.Multiply(classMeans[i])) +
System.Math.Log(classCount[i] / total);
by
/] Tao céc phép chiéu

this.result = new double[dimension, dimension];
for (int i = 0; i < dimension; i++)
for (int j = 0; j < dimension; j++)
for (int k = 0; k < dimension; k++)
result[i, j] += source[i, k] * eigenVectors[k, j];
createDiscriminants();

¥
public double[,] Transform(double[,] data)

{

return Transform(data, discriminantCollection.Count);

}

public virtual double[,] Transform(double[,] data, int discriminants)

{
int rows = data.GetLength(0);

int cols = data.GetLength(1);

double[,] r = new double[rows, discriminants];
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Il Cong dit liéu ma tran bang cach chon cac vécto riéng
for (inti=0; i <rows; i++)
for (int j = 0; j < discriminants; j++)
for (int k = 0; k < cols; k++)
r[i, j] += data[i, K] * eigenVectors[k, j];

return r;

by
public double[] Transform(double[] data)

{
return Transform(data. ToMatrix()).GetRow(0);

}

public double[] Transform(double[] data, int discriminants)

{

return Transform(data. ToMatrix(),discriminants).GetRow(0);

¥
public int GetNumberOfDimensions(float threshold)

{
if (threshold < 0 || threshold > 1.0)

throw new ArgumentException("Threshold should be a value between

0 and 1", "threshold");

for (inti = 0; i < discriminantCumulative.Length; i++)

{

if (discriminantCumulative[i] >= threshold)
returni+1;

return discriminantCumulative.Length;

¥
public int Classify(double[] input)

{

double[] projection = Transform(input);
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I/l Chon 16p v&i ham biét thirc cao hon
int imax = 0;
double max = discriminantFunction(0, projection);
for (int i = 1; i < classCollection.Count; i++)
{
double fy = discriminantFunction(i, projection);
if (fy > max)
{
max = fy;
imax = i;

return classCollection[imax].Number;

¥
public int Classify(double[] input, out double[] responses)

{
double[] projection = Transform(input);
responses = new double[classCollection.Count];

int imax = 0;
double max = discriminantFunction(0, projection);
responses[0] = max;
for (inti = 1; i < classCollection.Count; i++)
{
double fy = discriminantFunction(i, projection);
responses[i] = fy;
if (fy > max)
{
max = fy;
imax = i;
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return classCollection[imax].Number;

¥
public int[] Classify(double[][] inputs)

{
int[] output = new int[inputs.Length];
for (int1=0; i <inputs.Length; i++)
output[i] = Classify(inputs]i]);
return output;

}

internal virtual double discriminantFunction(int ¢, double[] projection)

{

return classMeans[c].Multiply(projection) + bias|c];

}
# Két thiic phan

# Phan bao vé phuong thic

protected void createDiscriminants()

{
int numDiscriminants = eigenValues.Length;
discriminantProportions = new double[numDiscriminants];
discriminantCumulative = new double[numDiscriminants];

// Tinh toan tong ma tran phan tan
int size = Sw.GetLength(0);
St = new double[size, size];
for (inti=0; i <size; i++)
for (intj = 0; j <size; j++)
St[i, j] = Swli, j] + SbIi, J1;

/I Tinh toan ti 1€
double sum = 0.0;
for (inti = 0; i < numDiscriminants; i++)
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sum += System.Math.Abs(eigenValues[i]);
sum = (sum==0)?0:(1.0/sum);

for (inti = 0; i < numDiscriminants; i++)
discriminantProportions[i] = System.Math.Abs(eigenValues[i]) * sum;

// Tinh toan ti 1& don lai
this.discriminantCumulative[0] = this.discriminantProportions[0];
for (inti =1; i < this.discriminantCumulative.Length; i++)
this.discriminantCumulative[i] = this.discriminantCumulative[i - 1] +
this.discriminantProportions[i];

I/ Tao cau trac hudng ddi tugng dé gitr biét thic tuyén tinh
Discriminant[] discriminants = new Discriminant[numDiscriminants];
for (int i = 0; i < numDiscriminants; i++)
discriminants[i] = new Discriminant(this, i);
this.discriminantCollection = new

DiscriminantCollection(discriminants);

by

#Két thuc phan

¥

# Phan hd tro cac 16p

public class DiscriminantAnalysisClass

{
private LinearDiscriminantAnalysis analysis;
private int classNumber;
private int index;

internal DiscriminantAnalysisClass(LinearDiscriminantAnalysis analysis,
int index, int classNumber)
{
this.analysis = analysis;
this.index = index;
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this.classNumber = classNumber;

}

public int Index

{

get { return index; }

}

public int Number

{

get { return classNumber; }

}

public double Prevalence

{
get { return (double)Count / analysis.Source.GetLength(0); }

}

/// Lay 16p vecto trung binh
public double[] Mean

{

get { return analysis.ClassMeans[index]; }

}

/Il Lay 16p vec to do 1éch quan phuong
public double[] StandardDeviation
{

get { return analysis.ClassStandardDeviations[index]; }

}

/Il Lay ma tran phan tan cho 16p nay
public double[,] Scatter
{

get { return analysis.ClassScatter[index]; }

}

public int[] Indexes

{
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get { return Matrix.Find(analysis.Classifications, y =>y ==
classNumber); }

¥
public double[,] Subset

{
get
{
return analysis.Source.Submatrix(Indexes);
}
by

public int Count
{

get { return analysis.ClassCount[index]; }
}
I/l Ham biét thirc cho 16p
public double DiscriminantFunction(double[] projection)
{
/lreturn Mean.Multiply(projection) + Bias[index];
return analysis.discriminantFunction(index, projection);

}
}
public class Discriminant
{
private LinearDiscriminantAnalysis analysis;
private int index;
internal Discriminant(LinearDiscriminantAnalysis analysis, int index)
{
this.analysis = analysis;
this.index = index;
}

public int Index

{

get { return index; }
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by
public double[] Eigenvector
{
get { return analysis.DiscriminantMatrix.GetColumn(index); }
by
public double Eigenvalue
{
get { return analysis.Eigenvalues[index]; }
by
public double Proportion
{
get { return analysis.Proportions[index]; }
¥
public double CumulativeProportion
{
get { return analysis.CumulativeProportions[index]; }
¥
by
public class DiscriminantCollection : ReadOnlyCollection<Discriminant>
{
internal DiscriminantCollection(Discriminant[] components)
: base(components)
{
by
¥

public class DiscriminantAnalysisClassCollection :
ReadOnlyCollection<DiscriminantAnalysisClass>

{

internal DiscriminantAnalysisClassCollection(DiscriminantAnalysisClass[]

components)
: base(components)
{
¥
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by
# Két thuc phan

}

3.2.2 Kernel Discrimnant Analysis

using Accord.Math;

using Accord.Math.Decompositions;
using Accord.Statistics.Kernels;
using System.Collections.Generic;

namespace Accord.Statistics.Analysis

{

public class KernelDiscriminantAnalysis : LinearDiscriminantAnalysis
{

private IKernel kernel;

private double regularization = 0.0001;

private double threshold = 0.001;

private double[][] kernelClassMeans;

# Phan kién thiét tao
public KernelDiscriminantAnalysis(double[,] inputs, int[] output, IKernel
kernel)
: base(inputs, output)
{
this.kernel = kernel;
this.kernelClassMeans = new double[Classes.Count][];

by
# Két thuc phan

Sinh vien Pham Duwc Hai — Lop CTL201 — Truong DH DL Hai Phong Trang 43



Tim hiéu phwong phdp nhén dién chir viét tay sir dung Kernel Discriminant Analysis

# Phan khai bao thudc tinh
public IKernel Kernel

{

get { return kernel; }

}

public double Regularization

{
get { return regularization; }
set { regularization = value; }

}

public double Threshold

{
get { return threshold; }
set { threshold = value; }

by
# Két thiic phan

# Phan khai bao Phuong thirc
/Il Tinh toan thuat toan KDA nhiéu 16p
public override void Compute()
{
/] Lay mot s6 thong tin ban dau
int dimension = Source.GetLength(0);
double[,] source = Source;
double total = dimension;

I/ Tao ma tran Gram (Kernel)
double[,] K = new double[dimension, dimension];
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for (int i = 0; i < dimension; i++)

{
for (intj = 1; j < dimension; j++)
{
double s = kernel.Function(source.GetRow(i), source.GetRow(j));
KL, j1=s;
KL, i1=s;
¥
}

/I Tinh toan toan bd dit liéu
base.Means = Tools.Mean(K);
base.StandardDeviations = Tools.StandardDeviation(K, Means);

Il Gan gia tri ban dau cho ma tran phén tan twong ty nhin
doublel[,] Sb = new double[dimension, dimension];
double[,] Sw = new double[dimension, dimension];

// Cho mdi 16p

for (int ¢ = 0; ¢ < Classes.Count; c++)

{
// Lay 16p con ma tran nhan
double[,] Kc = K.Submatrix(Classes[c].Indexes);
int count = Kc.GetLength(0);

/] Lay trung binh 16p ma trdn Nhan
double[] mean = Tools.Mean(Kc);

// Bat ma tran twong duong clia ma tran phan tan 16p trong
double[,] Swi = Tools.Scatter(Kc, mean, (double)count);

Il Sw = Sw + Swi
for (int i = 0; i <dimension; i++)
for (int j = 0; j < dimension; j++)
Swl[i, j] += Swil[i, j];
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// Bat ma tran twrong dwong clia ma tran phan tan 16p gitra

double[] d = mean.Subtract(base.Means);

double[,] Sbi = d.Multiply(d.Transpose()).Multiply(total);

/I Sb = Sb + Shi
for (int1=0; i < dimension; i++)
for (int j = 0; j < dimension; j++)
Sbli, j] += Sbili, j];

/[ Luu trix dir liéu thém vao
base.ClassScatter[c] = Swi;
base.ClassCount[c] = count;
base.ClassMeans[c] = mean;

base.ClassStandardDeviations[c] = Tools.StandardDeviation(Kc,

mean);

/I Thém quy tic
for (inti=0; i <dimension; i++)
Sw[i, i] += regularization;

// Phan tich sy phan tan cia gia tri riéng
double[,] C = Matrix.Inverse(Sw).Multiply(Sb);

EigenvalueDecomposition evd = new EigenvalueDecomposition(C);

/] Lay gia tri riéng va twong tmg véi vecsto riéng
double[] evals = evd.RealEigenvalues;
double[,] eigs = evd.Eigenvectors;

Il Sap xép gia tri riéng va vecto riéng theo gia tri ting dan
eigs = Matrix.Sort(evals, eigs, new
GeneralComparer(ComparerDirection.Descending, true));
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if (threshold > 0)
{
/[ Calculate proportions earlier
double sum =0.0;
for (int 1= 0; i < dimension; i++)
sum += System.Math.Abs(evals[i]);

if (sum > 0)

{

sum=1.0/sum;

// Khong luu nhitng thong tin khong quan trong

int keep = 0; while (keep < dimension &&
System.Math.Abs(evals[keep]) * sum > threshold) keep++;
eigs = eigs.Submatrix(0, dimension - 1, 0, keep - 1);

evals = evals.Submatrix(0, keep - 1);

// Luu trit thong tin
base.Eigenvalues = evals;
base.DiscriminantMatrix = eigs;
base.ScatterBetweenClass = Sb;
base.ScatterWithinClass = Sw;

// Tinh toan khoang tréng cho viéc phan 16p cudi cung
for (int ¢ = 0; ¢ < Classes.Count; c++)
{

double[] mean = new double[eigs.GetLength(1)];

for (inti =0; i <eigs.GetLength(0); i++)

for (int j = 0; j < eigs.GetLength(1); j++)
mean[j] += ClassMeans[c][i] * eigs]i, j];
kernelClassMeans[c] = mean;
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¥

/l Tinh toan cac thong tin duoc thém vé viéc phan tich va tao

Il céu trac hudng ddi tugng dé giir cac biét thic tim thay
createDiscriminants();

}

public override double[,] Transform(double[,] data, int discriminants)

{
// Lay mot vai thdng tin
int rows = data.GetLength(0);
int cols = data.GetLength(1);
int N = Source.GetLength(0);

/l Tao ma tran nhan
double[,] K = new double[rows, NJ;
for (inti=0; i <rows; i++)

for (intj=0; j <N; j++)

K[i, j] = kernel.Function(Source.GetRow(j), data.GetRow(i));

/] Xem xét khoang trong biét thirc nhan
double[,] result = new double[rows, discriminants];
for (inti=0; i <rows; i++)
for (int j = 0; j < discriminants; j++)
for (intk = 0; k < N; k++)
result[i, j] += K{i, k] * DiscriminantMatrix[k, j];
return result;

}

internal override double discriminantFunction(int i, double[] projection)

{

return -Distance.SquareEuclidean(projection, kernelClassMeans[i]);

}
# Két thiic
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KET LUAN

D an tot nghiép da tim hiéu st dung KDA nhu thé nao dé giai quyét
trong bai toan nhin dang. Tuy nhién KDA gip mot sé han ché: khong hd trg
Vector Machines (SVMs), giai phap ctia né khong trai déu. Quy mé khong mo
rong v&i kich thuéc mau dau vao 1a O (n *) mic du da xir Iy duoc van dé dua

kich thudc 16n vao vecto.

Du vay, KDA c6 mot loi thé, d6 1a tong quat cho trudng hop da 16p. Su
lwa chon phu hop céc chirc ning nhan (va diéu chinh cac thong sé cua nd), chi
phi hoat dong it tdn kém, ca vé nang luong xu 1y va dir liéu dao tao san c6. Hiéu
qua boi bat ky giai phap nao tim ra ciing sé 13 giai phap tot nhat co thé cho cac
gia tri tham s duoc hoc (Vi du Neural Networks, trong d6 ngudi ta phai thir rat
nhiéu diém dau khac nhau va nhiéu trudng hop thir nghiém dé dam bao két qua
nhat quan)

Db an ciing dd xdy dung va cai dit thanh cong chuong trinh Nhan dang
chit viét tay st dung Nhan Phan tich biét thirc véi giao dién tiéng Viét. Xay
dung bd cai dit va chuong trinh riéng ddc lap.

Hudng phat trién ctia dé tai: Sau khi dd an duoc hoan thanh, chuong trinh
s& duoc bd xung thém cac chirc ning trong viéc nhan dang chir cai latinh, chir
céi tiéng Viét, pht hop hon so véi viéc chi nhan dang chir s nhu trong phan néu
trén.
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