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LOI CAM ON

Truéc hét, tdi xin giri 161 cam on sau sic dén thay huéng dan khoa hoc
GS.TS Vit Buc Thi vé nhitng chi din khoa hoc, dinh huéng nghién ciu va tan
tinh hudng dan toi trong suét qué trinh 1am luan vin.

T6i cling xin cam on cac Thay trong vién Cong Nghé Thong Tin, cac Thay
Co trong trudng Pai hoc Cong Nghé Thong Tin va Truyén Théng - Pai hoc
Thai Nguyén da quan tdm chi bao va tryc tiép giang day, giup d& trong sudt
qua trinh hoc tap va nghién ctu.

Cudi cling, toi xin cam on gia dinh va ban bé, nhitng nguoi di ludén tng ho
va dong vién toi dé toi yén tdm nghién ctu luan van nay.

Hoc vién
Nguyén Thi Thu Hang
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LOT CAM DOAN
Tbi xin cam doan day la cong trinh cia riéng t6i, dudi sy huéng dan
cia GS.TS Vii Btc Thi. Céc s6 liéu va két qua nghién ctu trong luan vin nay
la trung thuec.
Moi tham khao trong luan vin déu duoc trich dan rd rang tén tac gia,
tén cong trinh, thoi gian, dia diém cong bé.
Moi sao chép khong hop 18, vi pham quy ché dao tao hay gian tra toi

Xin hoan toan chiu trach nhiém.

Hoc vién
Nguyén Thi Thu Hang
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MO PAU

Trong nhitng nim gin ddy chimg kién sy phat trién manh m& va so6i
dong cua cong nghé thong tin trong linh vuc khai phé dit liéu va phat trién tri
thtrc trong co so dit liéu. Nhiéu nhém nha khoa hoc trén thé gi6i quan tAm
nghién ctru va phat trién ly thuyét tap tho vao céc linh vuc khoa hoc ndi bat

Ly thuyét tap thé - do Zdzislaw Pawlak [11] dé xuat vao nhiing nam dau
thap nién tdm muoi cua thé ky hai muoi - dugc xem 12 ¢ong cu hitu hiéu dé
giai quyét cac bai toan phan 16p, phat hién luat...chta dit liéu khong day du,
khong chac chan. Tir khi xuat hién, Iy thuyét tap thé da dugc sir dung hiéu
qua trong cac budc cua qué trinh khai pha dir liéu va khdm pha tri thuc, bao
gom tién xt Iy sé lidu, khai pha di liéu va danh gia két qua thu dugc. RUt gon
thuoc tinh va trich loc luat quyét dinh (luat phan 16p) 1a hai tng dung chinh
cua ly thuyét tap thd trong khai pha dit liéu.

RUt gon thudc tinh thude giai doan tién xa ly di lidu con trich loc luat
thugc giai doan khai pha dir li¢u. Rut gon thudc tinh 1a img dung quan trong
nhat trong ly thuyét tap thé. Muc ti€u cua rat gon thudc tinh 1a loai bd cac
thudc tinh du thira dé tim ra cac thudc tinh cbt yéu va can thiét trong co sé dit
liéu. Véi bang quyét dinh tap gia tri, rat gon thudc tinh la tim tap con nho
nhét cua tap thudc tinh véi didu kién bao toan théng tin phan 16p cua bang
quyét dinh. Dbi véi mot bang quyét dinh tap gid tri ¢ thé cé nhiéu tap rat gon
khéc nhau. Tuy nhién, trong thuc t& thuong khong doi hoi tim tt ca cac tap
rut gon ma chi can tim dugc mot tap rut gon tot nhat theo mot tiéu chuan danh
gid nao do la du.

Vi vy, mdi phuong phap rat gon thude tinh déu dé xuat mot thuat toan
Heuristic tim tap rat gon. Cac thuat toan nay giam thiéu dang ké khdi lugng

tinh toén, nén c6 thé ap dung vai bai toan cé khéi luong dit lidu lon.
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Trong cac bai toan thuc té, cac bang quyét dinh thuong thiéu gié tri trén
mién gia tri thudc tinh, goi 1a cac bang quyét dinh khong day du. Trén bang
quyét dinh khong day du, Kryszkiewicz [10] dd mo rong quan hé tuong
duong trong 1y thuyét tap thd truyén thdng thanh quan hé dung sai va dé xuat
mo hinh tap thd dung sai nham trich loc luat truc tiép khdng qua budc xu ly
gia tri thiéu.Trén xu thé do, co rat nhiéu tai liéu nghién ctiru cac phuong phap
rat gon thudc tinh trong hé thong tin don tri. Tuy nhién d6 mai la hé don tri,
luan van nay toi di vao “NGHIEN CUU MOT SO THUAT TOAN RUT
GON THUOC TiNH TRONG BANG QUYET DINH TAP GIA TRI”.

Muc tiéu ciaa luan vin trinh bay c6 chon loc vé cac khai niém co ban
nhit trong ly thuyét tap tho trong pham vi xem xét bai toan rit gon thugc tinh.
Khao sat mot sb thuat toan lién quan dén bang quyét dinh tap gia tri, thuat
toan giai quyét bai toan rdt gon thudc tinh trong tap thd truyén théng va tap
thd dung sai trong hé thong tin tap gia tri. Phan tiép theo cta luan van 1a khai
thac thuat toan tim tap rdt gon thudc tinh trong bang quyét dinh tap gia tri.

Poi twong nghién ciru 1a bai toan rat gon thudc tinh trong bang quyét
dinh tap gia tri nhu da trinh bay & phan myc tiéu luan van.

Pham vi nghién ctru Gidi han & bai toan rit gon thudc tinh trong budce
tién xur ly s6 liéu va mot phén budc trich loc tri thire tir bang dir liéu tap gia tri
ctia khai pha dir liéu. Ung dung thuat toan rat gon thudc tinh trong bang quyét
dinh tap gié tri vao bai toan chan doan bénh viém gan B.

Phwong phap nghién ciru 1a nghién cau ly thuyét cé sa dung phuong
phap nghién ctru thuc nghiém.

* CAu trdc cua luan van gdm 3 chuong nhu sau:
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- Chwong 1: khai quat vé hé thong tin tap gia tri va bai toan rat gon
thudc tinh: chuong nay trinh bay c6 chon loc vé cac khai niém co ban nhat
vé tap tho truyén thdng, tap thd dung sai.

- Chwong 2: RGt gon thudc tinh trong bang quyét dinh tap gia tri:
chuong nay khai thac cac thuat todn trong hé thong tin tap gia tri: thuat toan tim
tap rGt gon thudc tinh trong bang quyét dinh tap gia tri va thuat toan tim xap xi
trén- xap xi dudi str dung ham phan biét trong bang quyét dinh tap gia tri.

- Chwong 3: Phan mém thir nghiém thuat toan rut gon thugc tinh
trong bang quyét dinh tap gia tri va wng dung trong bai toan chan doan
bénh Viém gan B: trén co so ly thuyét da nghién ctu, toan bo chuong nay di
vao xay dung phan mém thuc nghiém, phan tich thiét ké chuong trinh va dua
ra két qua ctia chuong trinh.

- Két luan.
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CHUONG 1: KHAI QUAT VE HE THONG TIN TAP GIA TRI VA
BAI TOAN RUT GON THUQC TINH

1.1. H¢ thong tin va mé hinh tip thd truyén thong [1]
1.1.1. Hg théong tin

Hé thong tin 1a mot bang dix liéu gom p cot ang véi p thude tinh va n
hang tng vai n dbi twong. Mot cach hinh thic, hé thong tin dugc dinh nghia
nhu sau:

Pinh nghia 1.1. H¢ thong tin la mot bo tor 1S= U, AV, f trong d6 U la
tap hiru han, khac réng cac dbi tuong; A 1a tap hitu han, khéc réng cac thuoc

tinh; v = Jv, veoi Vv, la tap gia tri cia thuoc tinh ae A; f:UxA—V, la ham

ach
thong tin, VacAueU f ua eV,.

Véi moi ueU, acA, ta ky hiéu gia tri thudc tinh a tai dbi twong u la
au thayvi f u,a .Néu B= b,b,,...b, = A |a mot tap con céc thudc tinh thi
ta ky hiéu bo cac giatri b u boi B u . Nhu vay, néu u va v 1a hai d6i tuong,
thitaviét B u =B v néu b u=b v véimoli=1..k.

Vidu 1.1. Cho h¢ thdng tin trong Bang 1.1 khi do ta c6:

Tap cac doi twong U ={u,,....., u,}

Tap cé4c thugc tinh A= {D6 tudi, S6 budi, Thi dau}

Tap gié tri cua thudc tinh d6 tudi, s budi va thi dau Ia:

Vi wii = {16 - 30, 31 - 45, 46 - 60, 16 - 30}

Vi ous = {0, 50, 1 - 25, 26 - 49}

Vini aau = {€O, khbng}

f (u,, @6 tudi) = (16 - 30), f(u,,so budi) = 0... tuong tng la c4c gia tri cua

cac dbi tuong u,,u, trén céc thudc tinh dé tudi, sé budi.
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Bang 1. 1: Vi du vé hé thdng tin

U Do tuoi S6 budi Thi dau
U, 16 - 30 50 Co
U 16 - 30 0 Khéng
Us 31-45 1-25 Khéng
Us 31-45 1-25 Co
Us 46 - 60 26 - 49 Khéng
Ug 16 - 30 26 - 49 Co
uy 46 - 60 26 - 49 Khéng

Xét hé théng tin 1S= U,AV,f , mdi tap con cac thudc tinh P A xac

dinh mot quan hé hai ngdi trén U, ky hiéu la IND P , xac dinh bai
IND P = uv eUxU|vaeP, au =av

IND P la quan hé P- khéng phan biér duoc. DE thay rang IND P 1a mot
quan hé twong duong trén U. Néu u,v <IND P thi hai dé6i tuong u va v khéng
phén biét dugc boi cac thugc tinh trong P. Quan hé twong duong IND P xac dinh
mot phan hoach trén U, ky hiéula U /IND P hay U /P. Ky hiéu l6p tuong duong
trong phan hoach U/Pchia d6i twong u & u_, khi d6

u = vEu\ uyv €IND P

i
Vi du 1.2. Xét hé thong tin don tri véi cac thudce tinh: Do tudi, SO budi, Thi
dau duoc cho trong Bang 1.1 ta co:

U/{PJotusi} = u,u,u, , U, , Ug,U,
U/{S6busi}= u ,u, u,u, , Ug,u,u,

U/{Thl ddu}: u11u4’u6 ’ uz,u3,U5,U7
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Gia str chon P = {B6 tudi, S budi, Thi dau} ta d& dang thu duoc mot phan
hoach cua U duoc sinh bai P la:

U/P= u ,u , ur{y, , u,u , u}

Nhu vay, cac ddi tuong u,,u, khdng phan biét duoc vé d6 tudi, nhung
phan biét duoc vé s6 budi va thi ddu. Tuong tu u;,u, khong phan biét duoc vé
d6 tudi va sé budi, nhung phan biét duoc vé thi dau, ...

1.1.2. Béng quyét dinh

Mot 16p dac biét cua cac hé thong tin ¢ vai trd quan trong trong nhiéu
tng dung 1a bang quyét dinh day du, goi tat 1 bang quyér dinh- decision
table. Bang quyét dinh 1a mot hé thdng tin DS vai tap thuoc tinh A dugc chia
thanh hai tap khac réng roi nhau C va D, lan lugt dugc goi la tap thuoc tinh
diéu kién va tap thudc tinh quyét dinh. Téc 1a DS= U,CuUD\V,f Véi
CnD=g.

Bang quyét dinh DS duoc goi 1a nhat quan- consistent néu D phu thudc
ham vao C, tuc la véi moi u,veU,C u =C v kéotheo D u =D v . Nguoc lai
thi goi 1a khéng nhat quan- inconsestent hay mau thuan. Theo dinh nghia mién
duong, bang quyét dinh la nhat quéan khi va chi khi POS. D =U . Trong truong
hop bang khong nhat quéan thi PoSs. D chinh la tap con cuc dai cua U sao cho
phu thuéc ham C — D dang.

Vi du 1.3. Cho bang quyét dinh vé bénh ciim (Bang 1.2) trong d6 tap
thudc tinh diéu kién C = {Mét méi, Pau dau, Pau co, Thin nhiét} va tap

thuoc tinh quyét dinh D = {Cam ciim}.
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Bang 1. 2. Bang quyét dinh vé bénh cim

U | Métméi | Paudau | Pauco | Than nhiét | Camcim
Uy Co Co Co Binh thuong Khéng
U, Co Co Co Cao Co

Us Co Co Co Rat cao Co

Ug Co Khéng Co Binh thuong Khéng
Us Co Khdng Khdng Cao Khong
Ug Co Khong Co Rt cao Co

TacoU/C={C,C,C,C,,C,,C} vai

C,={u}, C,={u,},C,={u,},C,={u,}, C, ={u.}, C, ={u,}.
U/D={D,D,}vé6i D,={u,,u,,u.},D,={u,, u,, u};
Trong truong hop nay, Bang 1.2 1a mot bang quyét dinh nhat quan.

1.1.3. Tap rut gon va tap loi

Trong bang quyét dinh, cac thudc tinh diéu kién dugc phan thanh ba
nhém: thugc tinh 16i (core attribute), thugc tinh rat gon (reductive attribute)
va thugce tinh dw thira (redundant attribute). Thugc tinh 18i la thudc tinh
khdng thé thiéu trong viéc phan 16p chinh xac tap di liéu. Thudc tinh 18i xuat
hién trong tat ca cac tap rat gon caa bang quyét dinh. Thudc tinh du thira 12
nhitng thudc tinh ma viéc loai bo ching khéng anh hudng dén viéc phan 16p
tap dir liéu, thudc tinh du thira khdng xuat hién trong bat ky tap rut gon nao
cua bang quyét dinh. Thugc tinh rat gon 1a thudc tinh xuat hién trong mot tap

rit gon nao do6 cua bang quyét dinh.
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Véi bang quyét dinh DS = U,cuD,V,f . Thudc tinh ceC duoc goi la
khong can thiét (dispensable) trong DS néu POS. D =POS, ., D ; Nguoc
lai, ¢ dugc goi 1a can thiét (indispensable). Tap tt ca cac thudc tinh can thiét
trong DS duoc goi la tap 161 va dugc ky hiéu la PCORE C . Khi d6, thudc tinh
can thiét chinh 1a thudc tinh 15i. Nhu vay, thudc tinh khdng can thiét 1a thugc
tinh du thira hoac thugc tinh rat gon.

Néu tap thudc tinh R = C thoa man:

1) POS, (D) = POS, (D)

2) VreR,POS, . (D)= POS.(D)

thi R 1a mot tap rat gon cua C. R duoc goi 1a tap rat gon dya trén mién
duong con dugc goi la tap rat gon Pawlak.

Tur 1y thuyét néu trén, R 1a tdp rat gon néu nd 1a tap tbi thiéu thoa man
POS, D =POS, D . R rang la co thé co nhiéu tip rat gon cua C. Ta ky hiéu

RED(C) 1a tap tat ca cac rat gon cta C. Khi d6 CORE C = N R

RERED C
Vi du 1.4, Xét bang quyét dinh don tri vé bénh ciim cho ¢ Bang 1.2.
Bang nay co hai tap rat gon la R; = {Pau co, Than nhiét} (xem bang

1.3) va R, = {Pau diu, Than nhiét}(xem bang 1.4). Nhu vay tap 16i Ia

CORE(C) = {Than nhiét} va Than nhiét 1a thudc tinh can thiét duy nhat. Cac

thudc tinh Pau dau, Pau co déu khdng can thiét theo nghia 14, tir bang dir liéu

c6 thé loai bo mot trong hai thuoc tinh ndy ma van chan doan dung bénh. Tuc
1a: POS puu co, Than nicy({Cam cim}) = POSc({Cam cum})
POS,pau aau, Than nhieg({Cam cim}) = POSc({Cam cum}).
Bang 1. 3. Bang rit gon thir nhat ciaa hé thong bénh cim R,

U Pau co | Théan nhiét Cam cum
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Uy Ug Co Binh thuong Khéng
u, Co Cao Co

Uz Ug Co RAt cao Co
Us Khdng Cao Khdng

Bang 1. 4. Bang rut gon thir hai ciia hé thong bénh cim R,

U | Paudau | Thannhiét | Cam cim
Us Co Binh thuong Khéng
U, Céo Cao Céo

Us Co Rat cao Co

Uy Khong | Binh thuong Khong
Us Khdng Cao Khong
Ug Khong Rat cao Co

1.1.4. M6 hinh tip thé truyén thong

a. Dinh nghia xdp Xxi trén- xdp xi dwdi

Cho hé théng tin 1S= U, AV, f , tap thuoc tinh Bc A va tap ddi tuong
X U . Trong ly thuyét tap tho truyén thong cia Pawlak [10], dé biéu dién tap
X thdng qua cac 16p tuong duong caa U /B (con goi la biéu dién X bang tri
thic ¢6 san B), nguoi ta xap xi X boi hop cia mot sé hitu han cac 16p tuong
duong cua U /B. C6 hai cach xap xi tap ddi twong X théng qua tap thudc tinh

B, duoc goi 1a B-xdp X7 duwdi va B-xdp xi trén cua X, ky hiéu 1a luot 14 BX va

BX , dugc xac dinh nhu sau:

BX=ueU|u,cX ,BX=uelU|u nX=d.
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Tap BX bao gom tat ca cac phan tir ciia U chic chin thudc vao X, con
tap BX bao gom cac phan tir ciia U c6 thé thudc vao X dua trén tap thugc tinh
B. Tir hai tap Xap Xi néu trén, ta dinh nghia cac tap BN, X =BX-BX: B-mién
bién ciia X, U —BX : B-mién ngoai cua X.

B-mién bién cua X 1a tap chua cac dbi twgng co thé thuge hoic khong
thugc X, con B-mién ngodi cua X chia cac ddi twgng chdc chan khéng thuge
X. Str dung cac I6p cua phan hoach U/B, cac xap xi dudi va trén caa X co thé
viét lai:

BX=UYeU/BYcX ,BX=UYeU/BYnX=zD.

Trong truong hop BN, X =@ thi X duoc goi la tgp chinh xac (exact
set), nguoc lai X dugc goi la tap thd (rough set).

Véi B,D c A, ta goi B-mién duong ctia D 14 tip duoc xac dinh nhu sau

POS,(D)= |J BX

XeU/D

R& rang POS, (D) 14 tap tat ca cac d6i twong u sao cho véi moi veU ma
uB =vB tadéucdu D =v D . NGi cach khac POS, (D)= uelU|lu cu .

Vi du 1.5. Xét hé thong tin biéu dién cé4c triéu chang cim caa bénh nhan

Bang 1. 5. Thong tin vé bénh cim

U Pau dau Than nhiét Cam cum
Ug Co Binh thuong Khéng
Uy Co Cao Co

Us Co Rat cao Co

Uy Khéng Binh thuong Khéng
Us Khdng Cao Khong
Ug Khong Rat cao Co
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u; Khéng Cao Co

Ug Khong Rat cao Khong

Taco: U/{Paudiu}= u,u,u, , U, U UgU,,U,
U /{Thannhiét} = u,u, , u,,us;,U, , U, Ug,U;
U/{Camcim} = u,u,,u,U, , U,,U,,U,U,
U/ {Pau dau, Cam cim} = u, , u,,u, , U, Us,U, , Ug,U;
Nhu vay, cac bénh nhan u,u, khong phan biét dugc vé dau dau (a;) va
cam clim (as), nhung phan biét dugc vé than nhiét (ay).
Cac 16p khong phan biét duoc bai B = {Pau dau, Than nhiét} 1
u , U, , Uy , U, , Ug,U, , Ug,Ug .
bat X ={u|u(Cam cim) = C0} = u,,u,,us,u, . Khi do:
BX = u,u; Va BX = u,u,U,uU,,U,u, . Nhu vay, B-mién bién cua X la
tap hop BN, X = u,ug,u,,u, . Néu dat D = {Cam cum} thi
U/D= X,= u,u,uUgUg ; X, = U,UsUU, , BX = u,u, ; BX,= u,u, ,

POS,(D)= |J BX = u,u,u;u, .

XU/D

Tur dinh nghia trén ta dua ra cac tinh chét caa tap Xap xi:
b. Tinh chdt cia tdp xdp xi

Cho X cU va Bc A .Khi dé:

1) B(X) cXx c B(X).

2) B@=BWO=0 BW)=BU)=U

3) B(XuY)=EB(X)UB(Y)

4) B(XUY)=B(X)UB(Y)
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5) XCVY=x=B(X)CB(Y)vaB(X)C B(Y)

6) BXUY)2EB(X)UB(Y)

7)  B(XnY)C B(X)NnB(Y)

8) BW-X)=U-EB(X)

99 BU-X)=U-B(X)

10) B(BW)=EB(BW)=Bx)

11) B(Bw)=8(BW)=Bm

Véi cac khai niém cua tap xap xi d6i voi phan hoach U/ B, cac tap thd

duoc chia thanh 4 16p co ban nhu sau:

a) Tap X 13 B - xdc dinh thd néu BX #@ va BX =U

b) Tap X 14 B - khéng xdc dinh trong néu BX =@ va BX =U .

c) Tap X 1a B - khdng xdc dinh ngoai néu BX =@ va BX =U .

d) Tap X 14 B - khong xdc dinh hoan toan néu BX =& va BX =U .

Sau day la y nghia truc quan cta vi¢c phan 16p nay:

1) X 1a co thé xac dinh tho theo B nghia 13 véi tap B ta c6 thé quyét dinh
phan tir ndo cta U thudc X, va phan tir nao thudc U — X.

2) X 1a khong thé xac dinh phia trong theo B nghia 1a véi tap B ta c6 thé
quyét dinh phan tir ndo ciia U thudc vé U — X, nhung khong thé quyét
dinh phan tir nao d6 1a thudc X hay khong.

3) X 1a khong thé xac dinh phia ngoai theo B nghia 14 véi tap B ta c6 thé
quyét dinh phan tir nao cua U thudc vé X, nhung khong thé quyét dinh
phan tir ndo d6 caa U 1a thudc U- X hay khong.
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4) X hoan toan khong thé xac dinh theo B nghia 1a voi tip B ta c6 thé
quyét dinh phan tir ndo d6 cua U thudc vé X hodc thudc vé U- X hay
khéng.

c. P§ chinh xdc ciia xdp xi
Tap tho con c6 thé dic trung hoa dudi hinh thirc hinh thirc s6 bang hé sb
phan anh d6 chinh x4c cua xap xi:

_ Card|B(X)|
Card\E(X)\

a5 (X)
Trong d6 |X| biéu dién s6 phan tir cia tap X = @
RO rangta co 0<a,(X)<1
Néu a,(X)=1 . X 1a rd theo B (X & chinh xac theo B), nguoc lai, néu
a,(X)< 1, X lathd theo B (X 12 gan ding theo B).
1.1.5. Ma trdn phadn biét dwoc va ham phdn biét dwoc

Xét bang quyét dinh DS= U,CuUD,\V,f V&i U= u,u,..u . Ma tran
phan biét cua DS, ky hiéu M =(m,,),.., 1a mot ma tran doi xang ma mdi phan
tur ctia no la mot tap hop cac thude tinh duoc xac dinh nhu sau:

{ %) if u,(D)=u,(D)
"] ceClulc)=u,(c) if u(D)=u,(D)

Nhu vay, m;; 1a tap hop gom tat ca cac thuge tinh didu kién co thé xép
d6i tuong u; va u; vao cac 16p tuong duong khac nhau ddi véi quan hé khong
biét duoc trén mdi thuoc tinh cua tap thuoc tinh nay. Hay noi cach khac hai
ddi twong u; va u; ma ui(D)# u(D) c6 thé phan biét véi nhau bsi mot thuoc
tinh bat ky trong tap m;;. Néu m, =2 thi u; va u; bang nhau trén tap thudc tinh

D hoic trong trudng hop bang quyét dinh da cho 1a khong nhat quan, hai d6i
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twong U; Va u; co cling gid trj trén tap thudc tinh diéu kién nhung khac nhau
trén tap thuoc tinh quyét dinh.

Vi du 1.6. Xét bang quyét dinh nhu trong Bang 1.2 ta c6,

C1, Ca, C3, C4 : twong ng cho tap cac thudc tinh diéu kién {Mét moi, Pau
dau, Pau co, Than nhiét}.

d: ky hiéu cho thudc tinh quyét dinh {Cdm cliim}.

Ta c6 ma tran phan biét duogc twong tng cho trong Bang 1.6. Pay la ma

tran d6i xing nén chlng ta chi trinh bay ma tran tam giac dudi.

Bang 1. 6. Ma tran phan biét dwgc xay dwng tir Bang 1.2

U Ug U, Us Uy Us Ue
Uy %,

U, Cs4 %]

Us Cs %) %)

Ug %] C2, Cq4 Cy, C4 %,

Us %) C»Cs | CyC3 Cy %) %)

Us Cy, C4 %) %) Cs4 C3, C4 %,

Do bang quyét dinh trong vi du nay khong nhat quan nén m,, =&

Trong Bang 1.3 cho thiy hai déi twong Us VA U, c6 cung gia tri quyét
dinh (uz(d) = uy(@) = “c6”) hay noi cach khac uz va u, cung thuoc mét 16p
tuong duong cia phan hoach IND(D). Trong khi d6 ms, = {C,, .} diéu nay
no6i 1én rang hai d6i twong U, Va U, ¢6 gia tri quyét dinh khac nhau va chung
c6 thé phan biét dugc voi nhau boi cac thude tinh ¢, va ¢, nhung khéng phan

biét dugc boi cac thudc tinh ¢; va Ca.
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Dé tim tap rat gon dua vao ma tran phan biét duoc, nguoi ta dua vao

khai niégm ham phan biét duoc f; x4c dinh nhu sau: f (u;)= A(vm,) VOi moi

A
u; €U, trong d6 mdi thudc tinh cho twong tng mdt bién logic cling tén va:

1)  vm;labiéu thuc tuyén cua tat ca cac bién cemy, néu m =&

2)  vm;=true, néu m =¢ va u(D) = uyi(D).

3)  vm; =false, néu m; = gva uiD) =u;(D).

Nhu vay f(u;) chira nhitng bo thudc tinh cé thé phan biét u; véi cac dbi
twong khac trong DS. Do d6 Af,(u) s& xac dinh tat ca cac rut gon trong bang
quyét dinh.

1.2. H¢ thong tin tap gia tri va mo hinh tap tho dung sai [1]
1.2.1. Hé thong tin tap gia tri

Ly thuyét tap thd truyén théng do Pawlak [12] d& xuat 1a cong cu hiéu
qua dé giai quyét cac bai toan rat gon thudc tinh va trich loc luat trén céc hé
thong tin don tri. Vi céc hé thong tin trong thuc té, gia tri mot ddi tuong tai
mét thudc tinh c6 thé 12 mot tap gié tri. Ta hiéu nhu sau: vi du xét hé théng tin
c6 ddi twong “ Nguyén Van A” tai thudc tinh “Ngoai ngir” 1a “Anh, Phap,
Nga”, nghia 1a Nguyén Vin A biét ngoai ngit tiéng Anh, hoac tiéng Phap,
hoic tiéng Nga. Hé thong tin nhu vay duoc goi 1a hé théng tin tap gia tri.

Dudi day 1a cach tiép can cua hé thong tin tap gia tri:

Logi thiz nhdt: Vi xe X, ac A, a(x) dung theo nghia “va”. Gia st, a 1a
thudc tinh lam quen véi cac ngbn ngir 1ap trinh thi gia tri thudc tinh a(u) =
{C++, Java, Pascal} duoc hiéu theo cach: u biét dugc ca 3 ngdn ngir 1ap trinh
C++, Java, Pascal.

Logi thi hai: V6i xeU, ae A, a(x) dung theo nghia “hodc”. Gia su, a la

thudc tinh lam quen véi cadc ngbn ngir 1ap trinh thi gia tri thudc tinh a(u) =
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{C++, Java, Pascal} dugc hiéu theo cach: u biét duoc mét trong 3 ngdn ngir
hogc C++, Java, Pascal véi gia tri thuoc kiéu sb. Vi du thudc tinh “fudi” c6
b(x) = [20, 25] duoc hiéu 1a: d6i tuong u trong d6 tudi 20 va 25. Hé thong tin
khong day du vai mot sé gia tri thuoc tinh bi thiéu déu thudc hé thong tin tap
gia tri.

Logi thiz ba: Két hop ctra hai md hinh trén, mot sé thuoc tinh trong hé

thong tin duoc hiéu theo nghia “va” nhu vi du thudc tinh “lam quen ngén ngir

2
A9

lap trinh” va mot sb thudc tinh hiéu theo nghia “hodc” nhu thudc tinh “tudi”.
Qua 3 cach tiép can caa hé thong tin tap gia tri trén, luan van xay dung theo
huéng tiép can thi hai. Vi xeU , ae A, a(x) dung theo nghia “hodc”.
Pinh nghia 1.2.[9].
Hé thdng tin tap gid tri lamot bo tr IS = (U, A, V, f) trong do:
U: 1a tap hiru han khéc rdng, duoc goi la tap vii tru cac ddi twong
A: 1a tap hitu han khéc rong cac thuoc tinh

V=[]V, véiV, latap giatri cia thugc tinh ae A

acA
f: 12 ham théng tin, /> UxA4—2" 1a &nh xa tap gia tri

Vi du 1.7. Bang 1.7 minh hoa mot hé thong tin tap gia tri gom:
Déi tuong U = {uy, Uy, Us, Us, Us, Ug, Uz, Ug, Ug, Uzo}

Cac tap thuoc tinh A = {Nghe, Ngon ng néi, Poc, Viét}

V ={E, F, G}
Bang 1. 7. H¢ thong tin tap gié tri
U Nghe (A) | Ngén ngir ndi (S) | Poc (R) | Viét (W)
Uy {E} {E} {F.G} |{FG}
U, {E,F,G} |{E,F,G} {F, G} {E, F, G}
Us {E, G} {E, F} {F, G} {F, G}

Sé hoa bsi Trung tam Hoc liéu - BHTN http://www.Irc-tnu.edu.vn/




17

U {EF} T{E G} {F.6r T{F}

Us {F.G} [{F G} {F.6y [{R

Us {F} {F} {E, F} {E, F}

us {E.F, G} [{E F. G} {E.G}y [{EF G}
Us {EF  [{F ¢} {E.F, G} [{E G}
Ug {F. G} {G} {F. G} {F. G}
Uso {(EF} |{E G} {F.G} [{EF}

1.2.2. Quan hé dung sai

Xét hé thong tin IS = (U, A, V, f), véi mdi tap con thugc tinh B< A, mot
quan hé nhi phan trén U dugc dinh nghia nhu sau:

T,= u,v eUxU |VbeB,b(u)nb(v) =

D& thay rang Tg khong phai 12 quan hé twong duong vi c6 tinh phan Xa,
d6i xting nhung khong c6 tinh bac cau. T diroc goi 1a quan hé dung sai va ro
rang. Bat T,(u)= veU|(u,v)eT, ,T,(u)duoc goi la mot 16p dung sai.

Ky hiéu: U/T, = T,(u)jueU biéu dién tap tat ca cac I6p dung sai sinh
bai quan hé Tg, khi d6 U /T, hinh thanh mot “phu” cia U vi c&c 16p dung sai

trong U /T, c6 thé giao nhau va | J,,T,(u)=U. D& thay rang néu c c B thi

ueU
Tz (U) =T, (u) véi moi ueU .

Pinh nghia 1.3[14]. Cho IS = (U, A, V, f) la h¢ thdng tin tap gia tri. Vai
thuoc tinh b e A ta co ky hiéu: [x};, = veU:(u,v)eT, la I6p dung sai cua
xeU . Chlng ta ky hiéu: U/T, = [x], :xeU 1a ho ciia tat ca cac I6p dung sai
cua Tg.
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Bang quyét dinh tap gia tri ps=u,cu d v, f) trong do:

U: 1a tap d6i twong khac rong

C: la tap thudc tinh diéu kién khéc rong

d: 1a thudc tinh quyét dinh véi CA d =@V =V, LV, , V¢ la tap gié tri

ctia cac thuoc tinh diéu kién va Vq 12 tap gia tri cua thuoc tinh quyét dinh.

f: UxC — 2% la anh xa tap gia tri, con f :Uxd -V, la anh xa don tri.

Vi du 1.8. Biéu dién bang quyét dinh tap gié tri. Co6 10 dbi twong va 4

thudc tinh diéu kién. Cac dbi tuong trong bang thuoc vao 1 trong 2 16p

quyét dinh:
Bing 1. 8. Bang quyét dinh tap gia tri
U |Nghe(A) |Ngdn ngit néi |Poc (R) | Viét (W) |Quyét
(S) dinh(D)
x1 | {E} {E} {F, G} {F, G} No
x, |{E,F,G} |{E F, G} {F, G} {E,F, G} |No
xs | {E, G} {E, F} {F, G} {F, G} No
Xs |{E,F} {E, G} {F, G} {F} No
xs | {F, G} {F, G} {F, G} {F} No
Xs |{F} {F} {E, F} {E, F} Yes
x; |{E,F,G} |{E F, G} {E, G} {E,F, G} |Yes
xs | {E, F} {F, G} {E,F, G} |{E G} Yes
x; |{F.G} |{G} {F.6Y  |{F 6Y | Ves
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X0 | {E, F} {E, G} {F, G} {E, F} Yes

bat B = {Nghe, Ngbn ngir n6i}
Ta tim duogc cac 1op dung sai cua x, o DT, X1y, nhur sau:

X, T, = X X51 Xg5 Xy5 X7, X

[xz]TB = X, X, Xgs Xy Xg, Xgo X7y Xgy X9, Xpp =U

[XS]TB = X, Xy, Xgy Xy Xs, X715 Xy X
1.2.4. Tap thé dwa trén quan hé dung sai

Trong ly thuyét tap tho, xap xi trén va xap xi duéi cua ddi tugng duoc
dinh nghia dua trén 16p quan hé bat kha phan biét. Con trong hé tin tap gia tri
thi hai khai niém nay dugc dinh nghia dya trén quan h¢ dung sai.

Pinh nghia 1.4. Xap xi trén va xap xi dudi [14]

Cho hé thong tin tap gid tri IS=(U,AV, f). bat Tg la quan hé dung sai
Vi B A. XAp xi trén va xap xi dudi cua tap bat ky X cU duogc dinh nghia
nhu sau:

E(X): xeU:[x}, =X ;

To(X)= xeU:[xl, "X =&

Tap T,(X)gom tat ca cac phan tir ciia U chac chan thudc vao X, con tap
T,(X) bao gom céc phan tir cia U c6 kha nang dugc phan loai vao X dya vao
tap thugc tinh B.

Vi cac xap xi trén, ta goi BND, (X)mien bién cua X la tap
BND, (X) =T,(X)-T,(X), mién ngoai ciia X 1a tap NEG, (X)=U\T,(X)va mién
duong (mién khang dinh) ciia X 1a POS, (X)dugc dinh nghia béi xap xi dudi,
mién bién BND, (X)la viing khac nhau giita xap xi trén va xap xi dudi, mién
ngoai NEG; (X)la phan bl ctia xap xi trén.

Vi du 1.9. Xét Bang 1.8 gia st X ={X,X,, X;,X,, X, X, X;, X.}, B = {Nghe,
Ng6n ngir néi, Poc, Viét} ta tim cac xap xi cia X nhu sau:

Trudc tién ta tim cac phan 16p dung sai cua timg ddi tuong
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DT =000 X X0 X X0 X b DT = DT =000 Ko X Xy X Xe Koo Yoo Yoo X}
DX =X X0 Xy Xas Xg X %0 X X0 by [Xe Jr =0 X0 X X0 X X0, X, X0}
[x5]TB ={X,, X5, X5, Xg, X, Xgs X0 }» [x6]TB ={X,, X5, Xg, X;, Xg }

DXl =% Xes Xg0 X0 Xgs Xo X0 Js DX T =000 X0 X6, X5 X X9 X0}

Diodr, =X Xa0 Xes X X0 X5, Xg X X0 }-

Chdng ta co:

[Xe]TB c X, [Xl]TB(Z X, [Xz]TBZ X, [Xs]TBZ X, [X4]TBZ X, [XS]TBg X, [X7]TBZ X,
Ty, & X, D1y, & X VA [y 2 X

Nén T,(X) ={x,}, vavi vie{1,2,345,6,7,89,10}, [x]. "X =@ do do
Ta (X)) =000 X5 Xy X X X X0 X Koo}

Vung duong cua X ta tinh dugc POS; (X) ={x}.

Mién bién BND; (X) ={Xy, X;, X3, X4y X5, X5, Xg, Xg, Xy}

Mién ngoai NEG, (X) =@.
1.2.5. Ma trdgn dung sai

Pinh nghia 1.5. Ma tran dung sai

Cho IS = (U, A, V, f) la h¢ thong tin tap gia tri. Ma tran M =[m,]’,_, cta
IS la ma tran nxn véi m = aeA:(i, j)eT, Vacap doi tuong (u,u;) eU?.

Theo tiép can mé hinh tap thd dung sai trén hé thong tin tap gia tri, khai
thac duoc khai niém rdt gon dua trén ma tran dung sai. Ma tran dung sai cua hé
quyét dinh tap gid tri DS 12 M =[m,],..,, c4c phan tir m;; duoc xac dinh nhu sau:

n ={ alaeAT,(u,u)eT, d(u)=d(u,)
%) otherwise
Pinh nghia 1.6. Cho bang quyét dinh tap gidtri DS= U,CU d vama
tran dung sai. Mg, =[m;],., - Néu R C théa man:
1) Ram, =& véi moi m;#J
2) Véi moi reR,R- r khong thoa man (1) thi R duogc goi la mgt
tap rat gon cua DS dwa trén ma trdn phan biét.
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Chung ta biéu dién ma tran phan biét tir Bang 1.6 nhu sau

Bang 1. 9. Ma tran phan biét theo huéng quyét dinh

Trong bang trén phan mau xam biéu dién cac doi twong co 1op quyét
dinh giéng nhau.
1.2.6. Rt gon thudc tinh trong bing quyét dinh tip gid tri

Str dung khéi niém mién duong mé rong trong quan hé quyét dinh tap
gia tri, luan an dua ra khai niém tap rat gon dua trén mién duong.

Dinh nghia 1.7. Cho bang quyét dinh tap gid tri DS= U,Cu d . Néu
Rc C thoa man:

1) POS, d =POS. d

2) VR'cR,POS, d =#POS. d

thi R duoc goi 1a mot tap rat gon cia DS dira trén mién dirong.
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Pinh nghia 1.8. Cho hé quyét dinh gia tri tdip DS=U,Cu d  VGi
ueU, d.(u)= d v veT(u) dugc goi 1a ham quyét dinh suy réng cia déi
tuong u trén tap thuoc tinh C.

Néu |8, (u)|=1 v&i moi ueU thi DS Ia nhdt quan, trai lai DS 1a khéng

nhdt quan. Tir T, = (T, , theo dinh nghia ham quyét dinh suy rong ta dé dang

aeC

suy ra o, u =18 u Vi moi ueU. Néu BcC thitr T. u <T, u ta dé

aeC

dangsuyra o. u cd, u Vdi moi ueU.
Vi du 1.7. Xét bang quyét dinh diy do DS= U,Cu d cho & Bang

1.10 véi thudc tinh quyét dinh d (Gia tac), véi U = {uy, U, Us, Us, Us, Ug}

Va céc tap thudc tinh C={Pon gid, KM da di, Kich thuéc, Toc dé, Gia toc}
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Bang 1. 10. Bang quyét dinh vé cac xe hoi

Otd | Pongia | Kmda Kich Toc dd Gia toc
di thuoc
u, |Cao Cao Pay du Thap Tot
u, | Thap Cao Pay du Thap Tot
Us Cao Cao Gon nhe Cao XAau
Uy Cao Cao Pay du Cao Tot
us | Thap Cao Pay du Cao Tuyét hao
Uus | Thap Cao Pay du Cao Tot

Ta co UH{d}={ X1, X5, X3} vai X1 ={uy, Uy, Us, Ug}, X2 ={us}, X3 {us}.
Céc tap xap xi dudi di v6i C 12 CX;={uy, U}, CXo={us},CXs={D}, .
Do d6, POSc({d})={ uy, uy, us}

Ham quyét dinh suy rong cta cac doi twong trén tap thudc tinh A 1a:
0 (u)={Tot}
0 (U)={Tot}
0 (Us)={Xau}
Oc (ug)={T6t, Tuyét hdo}
Oc (us)={T6t, Tuyét hdo}
¢ (Us)={Tot, Tuyét hao).
Do d6, DT 14 bang quyét dinh khong nhat quan.
Pinh nghia 1.9. Cho bang quyét dinh gia tri tap DS= U,Cu d . Néu
R < C théa man:
(1) 05 u =0, u v&imoi ueU
(2) Véi moi VR <R, ton tai ueU saocho & u #4d. u

thi R duoc goi 1a mot tdp rat gen cia DS dua trén ham quyét dinh suy réng.
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Vi du 1.11. Xét bang quyét dinh tap gia tri DS = U,Cu d

cho ¢ Bang

1.11véi U = u,u,,u,,u,,u,u, Va C= a,a,,a,a, vacotthuoc tinhd.

Bang 1. 11. Bang quyét dinh tap gia tri

U a a, a, a, d
u, {0} {0} {1, 2} {1, 2} 0
u, {0,1,2} |{0,1,2}| {1,2} |{0,1,2} 1
u, {1, 2} {0, 1} {1, 2} {1, 2} 0
u, {0, 1} {0, 2} {1, 2} {1} 1
Ug {1, 2} {1, 2} {1, 2} {1} 0
Ug {1} {1, 2} {0, 1} {0, 1} 1
u, {0} {0} {1, 2} {1, 2} 0
Ug {1} {1, 2} {0, 1} {0, 1} 1
Véi ddi twong u, eU taco
T, U = U,U3 Uy, U T, W = U,U,, Uy, Ug, Ug
T, u =U T, U = U,U,Uq

Dodo T, u =T, uy NT,_u AT, u AT, u =u .

Tuong ty, ta tim cac quan hé dung sai véi ddi tuong u, eU nhu sau:

Tal U, = U,,U,,Ug,Ug Ta3 u, = uj,u,,u,,Ug,Ug
Taz u, =U Ta4 u, = U,U,,Us
Do do6 T, u, =T, U, NT, U, NT_ U, AT, U, = Uy,U; .
Céc quan hé dung sai voi ddi tuong u, eU
Tal u, =U Ta3 U, = U,
Taz u, =U Ta4 U, = Ug,U,,Ug,Ug
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To Uy =T, u; NT, Uy AT, Uy AT, Uy = Uy
Céc quan hé dung sai véi ddi tuong u, eU
Ta4 U, = U;,Us, U, Us Ta3 U, = U, Uy, Ug,Us,Ug
T612 u, =U Ta4 U, = Ug,U,,Ug,Ug
Teu, =T, u, NT, u, NT, u, NT, U, = U, U
Céc quan hé dung sai véi ddi tuong u, eU
T, u; =U T, Us = U;,U,,U,,Ug,Ug
T, u, =U T,, Us = Uz U, Ug,Ug
T ug =Tal U, mTa2 U mTa3 U, mTaA U, = U,,Ug,Ug
Céc quan hé dung sai véi déi tuong u, U
T, Ug ={u,,u;,Us, Ug} T,, Us = Uy, U,,U,,Ug, Ug
T, U =U T, U =U
T ug =T, ug AT, Ug NT, Ug NT, Us = U,,Ug,Ug
Vay ta co:
Tou =u ,Tc U = Ul , T Uy = Uy,
To Uy = UpUs o Us = UyUg,Ug , To Ug = Uy, Ug, Ug

Hon ntra, 0. (u)=0.(u,)=1, d:(u;)= 0, 9.(u,)=0.(us) =0.(us) = 1,2

d6, DS khong nhat quan.

. Do
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CHUONG 2: RUT GON THUQC TiNH TRONG BANG QUYET PINH
TAP GIA TRI
2.1. Pit van dé

R0t gon thudc tinh trong hé quyét dinh 1a qué trinh lya chon tap con nho
nhit caa tap thudc tinh diéu kién ma bao toan théng tin phan 16p caa hé quyét
dinh. Trong cac hé quyét dinh don tri ¢ rat nhiéu phuong phéap rat gon thudc
tinh dya trén mo hinh tap thd truyén théng dugc dé xuat. Trong hé thdng tin
tap gi4 tri, mo rong quan hé tuong duong trong 1y thuyét tap thd truyén thong
thanh quan hé dung sai va xay dung md hinh tap thd dung sai bang cach mo
rong cac dinh nghia xap xi trén, xap xi dudi, mién duong...dya trén quan hé
dung sai.

Trong chuong nay, luan van di khai thac mot sb thuat toan lién quan dén
bang quyét dinh tap gia tri. Dau tién, khai thac thuat toan tim xap xi trén- xap
xi dudi cuia mot tap di liéu trong bang quyét dinh tap gia tri cua hé thong tin
tap gia tri. Phan tiép theo tdi khai thac thuat toan tim tap rat gon thugc tinh
trong bang quyét dinh tap gia tri dua trén co sé cua cac ham phan biét va bang
ngau nhién.
2.2. Co sé 1y thuyét

Phan nay tap trung khai thac toi mot dang dic biét cua bang quyét dinh,

trong d6 tap thudc tinh quyét dinh chi bao géom maét thudc tinh quyét dinh d,
vi vay bang quyét dinh duoc biéu dién dudi dang DS=U,Cu d ). Trong
truong hop bang quyét dinh tap gia tri, gia tri tai thudc tinh quyét dinh d 1
don tri.
2.2.1. Ham phén biét ngdu nhién

Xay dyng ham phan biét ngau nhién 1a cong cu dé giai quyét bai toan rat

gon thugc tinh dugc dinh nghia dua trén hai dai Iuong d6 la ving duong va
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vung bién. Pay 1a cach tiép can dé danh gia thudc tinh (hoic tap thudc tinh)
dwa trén s6 luong cac cap d6i twong co nhan khac nhau, ching duoc phan biét
bai mot thudc tinh (tap thudc tinh) va dugc goi 1a ham phan biét ngau nhién.
Pinh nghia 2.1. Ham phan biét ngau nhién
Cho DS = U,cu d labang quyét dinh tap gia tri v4i quan hé dung sai T,
trén 2°. Ham phan biét ngau nhién cua bang quyét dinh tap gia tri discern:
2°— Z* duoc dinh nghia nhu sau:
VB c C:discern(B)=| (x,y)eU xU |(d(X)=d(y)) AT (X, Y)eT, |
Dudi day 1a mot s6 tinh chat co ban ciia ham phan biét ngau nhién :
1). Trong bang quyét dinh tap gid tri DS= U,Cu d VA aeC, gia tri cua
ham phan biét ngau nhién discern(a) chinh la sé 1an xuét hién cua thuodc
tinh a trong ma tran phéan bi¢t Mps: discern(a)=| ajae My |.
2). Ham phan biét ngau nhién co tinh don diéu ting theo nghia sau day:
VB,,B, = C néu B, c B, thi discern(B,) < discern(B,).
3).Cho Ds= U,cu d labang quyét dinh tap gia tri, vB,,B, =C, B, < B,.
Khi d6 discern(B,) <discern(B,) néu V(x,y) eU?:(x, Y)eTg = (X y) €Ty .
2.2.2. Bing ngdu nhién CT va bing ngdu nhién dwa trén quan hé dung sai
TCT
Cho DS=(U,Cu d ) labang quyét dinh tap gia tri. Bat [U| = nva
U = {ul,....us}. Ta cO thé thay vai thudc tinh a e A, sb 1an xuét hién cua a
trong ma tran Mpr duoc tinh bang DTIME(n?) khi quét tit ca cac 6 trong ma
tran. Thoi gian ndy co thé duoc cai thién khi nguoi ta sir dung ham phan biét
da dé xuat va bang ciu trac diéu kién goi 12 bang ngau nhién. Khai niém bang

ngau nhién dugc dinh nghia dya trén bang quyét dinh hé thong tin don tri. RS
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rang bang ngau nhién 1a mot cau trdc, nd biéu didn cac thdng tin vé phan 16p
lien quan dén thuoc tinh quyét dinh dua trén quan hé khong phan biét duoc.
Viéc str dung ciu tric nay giup ching ra xac dinh mot cach nhanh chéng tan
suat xuat hién cua céc thudc tinh trong ma tran ma khong can kiém tra su xuat
hién caa cac thugc tinh trong céc 6. Phan nay luan van s& gidi thiéu lan luot
cac khai niém lién quan dén bang ngau nhién.
2.2.2.1. Bang CTg dwoc xay dung dua trén quan hé twong dwong IND(B)
Cho Ds= U,cu d la bang quyét dinh tap gia tri, V, 1a gia tri caa tap
quyét dinh (hay con goi la nhdn) cua bang quyét dinh DS,
U/IND(B)= X _, X, .+ % 5 1@ pha@n hoach cia U dugc xac dinh theo
guan hé khong phéan biét duoc IND(B) vdi B< A Khi d6, bang phéan biét
ngqu nhién (contingency table) lién quan téi B (CTg) la mét bang

CT,=[CT,[i, jIls? véi cac giatri phan tir duoc dinh nghia nhu sau:

CT.[i, j1=KyeU 1y e[x]; Ad(y)=j}|
Trong ngit canh cb dinh B, goi ngan gon bang phan biét ngdu nhién
lién quan téi B 1a bang phan biét ngdu nhién.
Vi cac diéu kién trén, d6 phan biét cuc bd lién quan téi 16p khong

phan biét duoc x _, dugc ky hiéu la 8; x . ,dugc xdc dinh nhu sau:

ig !
8 X 5 =|(V,2)e x ;x U\ x _:dec(y =dec(z)
= Y CTij CTKkj

h# 2 %2 X g

Y CT i,j,. D, |-CT i, j,

h#

trong do6 | D;| la Ky hiéu dé chi luc luong cua tap hop cac ddi twong thudc
l6p quyét dinh D; V6i j=1..)V,| D= ueU|du)=v, .Vivay do phan biét

co so (basic discernibility measure, hay ham phan biét ngau nhién) cua tap
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thuoc tinh B, ky hiéu 1a discern(B), dugc dinh nghia 1a sb cip cac ddi twong
phan biét:

Ng

discern(8) = .35 ([xJs) =Y. ¥ CTIi, 411D, |-CTIL 12D (2.1)

i=1 ji# J;

Vi du 2.1. Tao bang phan biét ngau nhién CT va tinh ham discern cua
cac thudc tinh {Nghe(A), Ngon ngi néi (S), Poc (R), Viét (W)} tir Bang 1.8 da
dugc cho trong Vidu 1.8

Tinh ham discern lan luot véi cac thuoc tinh {A, S, R, W}

* Xét thugc tinh A (Nghe), tinh phéan hoach U / A, tir Bang 1.8, co:

X = X% (Value la {E})
X, \ = X o= XX (Value la{E, F, G})
Xy = X (Value l1a {E, G})

Xo o= Xg o= Xig o = %42 Xg1 X0 (Value la {E, F})
Xs = Xo = Xs1% (Value la {F, G})

Xe = X (Value la {F})
Nhu vay phan hoach U/ A ¢6 6 16p twrong duong.
Chung ta tinh ham discern(A) theo cong thac (2.1):

X CTij.|D,[-CTij, wva

h*1

discern(A) = 35,1 1) =2 > 3 CTIi, i1(Dyo|~CTEi, i.]

=1 j1=]j2
vGi n, =6
1. Tatinh &, v, :Tacd u, 13 I6p nhat quan, j,=NO, j,=YES va

CT LNo =1, [Dy|=5, CT LYES =0.D0d6 &, u, , =1.5-0 =5

2. Tinh 0, x
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- Xét j=NO, j,=YES, CT 2,No =1, |Dy|=5, CT 2,YES =1. Do d¢

NO

S, % . =1.5-1=4,
- X6t j,=YES, j,=NO, CT 2,YES =1, |Dy|=5, CT 2,NO =1. Do d6
Sy % o0 =1.5-1 =4

Vay 6, x, , =5, % 0 +3, %, .° =4+4=8.

A 2 2 A
1) Lam tuong tu Voi x, , (MOt 16p nhat quan), nhan duoc:

S, %, =1(5-0)=5
2) Lam tuong tu V6i x, , (Mot 16p khdng nhat quan), nhan duoc:

Su X . =0, X o0 40, X, =3+8=11.

4 A 4 A
3) Lam tuong tu Véi x, , (Mot 16p khdng nhat quan), nhan dugc:

Sy X . =0, X 0 40, X o =4+4=8,

5 A 5 A

4) Lam tuong tu V6i x, , (MOt 16p nhat quan), nhan dugc:
Op X5 , =1.(5-0)=5.

Ap dung cdng thirc tinh ham discern(A), ching ta co:

discern(A) = Y 5,([x1,) = %i S CT[i, jJCThi, },]) = - (5+8+5+11+8+5) =21,

e L 2
i=1l ji#]j;
e Xét thugc tinh S (Ngdn nger n6i), tinh phan hoach U /S, tir Bang 1.8
ta co:

X = % (Value la{E})

X, o= X o= Xpu X (Value la{E, F, G})
Xy o= X (Value la {E, F})

Xg o= Xio s = X4 Xpg (Value la {E, G})
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Xs o= X5 = Xou X (Value la {F, G})
Xs o= X (Value la {F})
Xy o= Xg (Value 1a {G})

Nhu vay phéan hoach U /s c6 7 16p twong duong.
Vi cach lam tuong tu, chung ta tinh dugc gia tri ham discern(S) theo
cong thire (2.1) nhu duéi day :

1)  Véilépnhatquan x _:nhandugc: & x  =1.(5-0)=5.
2)  Véilép khong nhat quan x, | nhan duoc :

NO YES
Oy X o =05 X o +05 %, =4+4=8

3)  x  (Motlép nhatquan) & x, . =1.(5-0)=5
4)  x, . (16p khong nhat quan) co :
Os X, 4 =05 X, SO +0, X, ZES =4+4=8,

5)  x, . (16p khdng nhat quan) co:

NO YES
Og X5 =05 X5 o +05 %, =4+4=8,

6) % .(I6p nhatquan) co & x, , =1.(5-0)=5
7) % .(I6p nhatquan) co &, X . =1.(5-0)=5.
Ap dung cong thirc tinh ham discern(S), nhan duoc:

7
discern(S) == 3" CT[i, . | D, |-CTIi, j,] :%(5+8+5+8+8+5+5) =22

i=l j#],
e Xét thugc tinh R (Doc), tinh phan hoach U /R, tir Bang 1.8 ta co:
X o= X o= Xg o= Xy o= Xg o= Xg o= Xy _ (Value la {F, G})

= Xl,XZ,XS,X41X5!X9’X10
- (Value la {E, F})
- (Value 12 {E, G})
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(Value I3 {E, F, G})

Nhu vay phén hoach U /R ¢ 4 16p twong duong.

Tinh twong tu , ching ta co:

4
discern(R) =2 3" 3" CTIi, . 1D, |-CTli ;] =2 (5+5+5+5) =15

i=1 j#j,

Xét thuge tinh W (Viét), tinh phan hogch U /w, tir Bang 1.8 ta c6:

Xw=Xuw= X w= XXX

Xo = Xy = X X
Xy = X5W= X4y X5
X w= %0 w= X%
X w= %

tu, nhan duoc

(Value la {F, G})
(value la{E, F, G})
(Value la {F})
(Value la {E, F})
(Value la {E, G})

Nhu vay phan hoach U/w ¢6 5 l6p twong duong. Bang cach tinh tuong

discern(\N):%ZS: > CTi, 1. ID, [-CT[i, j,] =

i=1 ji#],

%(11+8+1O +10+5) =22.

Dudi day 1a Bang 2.1 biéu dién gia tri cia ham phan biét mé rong

trong bang CT v&i céc két qua duoc tinh trong Vi du 2.1 lién quan dén tap

thudc tinh don gia tri cua tap dit liéu cho trong Bang 1.8 :

Bang 2. 1. Bang phan biét ngiu nhién biéu dién gia tri tap thudc tinh

va ham phan biét

Nghe (A) Ngon ngir noi (S) |Poc (R) Viét (W)

Value [No |Yes [Values |No |Yes [Values [No [Yes |Value [INo (Yes

S S

E 1 0 E 1 0 EF 0 1 F 2 |0
0 1 0 1 F.G 0 |1 EEF |0 |2

EF |1 2 G 0 1 E,G 5 |2 EG |0 |1
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F.G |1 1 E.F E.ZF,G 0 |1 F.G 2 |1

E.F.GIL |1

1
EG |1 0 E.G 1
E,F,.G|1 1 F.G 1

R B P O

EEFG |1

discern (A) =21 |discern (S) = 22 discern (R) =15 |discern (W) = 22
Nhdn xét 1: Cho DS= U,Ccu d |a bang quyét dinh gié tri tap. bat

IND(B) la quan hé khong phan biét duoc véi B = C. Gia sir n, 1a ky hiéu so 16p
khong phéan biét duoc dugc dinh nghia dya trén IND(B). V&i bang phéan biét
ngau nhién CT,, gia tri caa ham phan biét (B) c6 thé xac dinh do phic tap
theo thoi gian 1a O(dn,); va dudng bién duoc tinh bango(dn), trong d6 n =
card(U) hay n = |U| ( s6 ddi twong) va d 1a sé 16p quyét dinh.
2.2.2.2. Bang TCTg dwoc xay dung dua trén quan hé dung sai T

Cho DS= U,cu d labang quyét dinh tap gia tri.

Cho U/IND(B)= x ,, X B"“’[Xna]g la phan hoach cua U duoc dinh

nghia dua trén quan hé bat kha phan biét IND(B), T tuong ung la quan hé
khdng phan biét duoc va quan hé dung sai lién quan téi tap thuoc tinh
diéu kién B < C.Khi do,bang ngdu nhién dung sai lién quan téi B 1a mot
bang hai chiéu TCT, =[TCT i, j ]‘ff' v6i cac gia tri phan tar duoc dinh

nghia nhu sau:

TCT, i, =‘ ye x . Adec(y)=j

.

Bang ngau nhién dung sai la bang biéu dién sy phan biét caa cac 16p dung
sai lién quan toi thuoc tinh quyét dinh. Kho c6 thé phan hoach dugc vi cac 16p
dung sai trong U/ TB ¢6 thé giao nhau. Vi vay, luan van xin trinh bay ra khai
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niém do phan biét ngau nhién dung sai (46 ngau nhién dung sai) va do phan biét
téng quat caa mot tap thudc tinh.
Do ngau nhién dung sai (hay ham phan biét mé rong dua trén quan hé dung
sai) duoc tinh toan theo céng thuc sau:
S (%1, ) =l{(y. 2) elx ], x (U \[x]; ) : dec(y) # dec(z)}|

= > CTli, LIxCTlk, ]

h# 2 X 2lXi Jrg
= 2, CTe[i, ) D, [-TCT,[i, j,])
h# )2
Do phan biét tong (hay ham ngdu nhién dung sai) cua tap thudc tinh
B, ky hiéu la discern(B), dugc dinh nghia nhu sau:
1 . .
discern (B) = 253 (Ix]r,) :EZ Z CTgli, Jl](‘Djz ‘ —TCTgll, j,1) (2.2)
i =1l =],

Ching ta ky hiéu CT(B)®TCT(B) la phép toan tinh theo cbng thuc 2.2.
Puoc tinh bing tdng cac phan hoach rdi nhau dua trén quan hé dung sai voi
b dy €L | Vyl} by #J, RO rang la ham phéan biét discern(B) phu thudc vao 2
bang ngau nhién d6 1a bang CT, va bang ngau nhién tong quat hda TCT, .

Nhdn xét 2: Cho DS= U,Cu d la bang quyét dinh tap gia tri, va hai
bang CT, vabang TCT,, véi Bc A Dat x ,, x, Bf---’[XnJB la céc 16p khong

phan biét duoc duoc dinh nghia dua trén quan hé IND(B) . C4c phan tir cua bang

phan biét ngau nhién TCT, =[TCT,i, jT;5' ¢6 the tinh thong qua bang CT,

lay trén cac ddi tuong thudc cac 16p dung sai:
TCT; 1, ) = Y CT k,j

ke 1,....ng %€ X; T

Vi du 2.2. Tao bang phan biét ngau nhién dya trén quan hé dung sai dé
tinh ham discern tir Bang dir liéu 1.8 .
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e Xét thugc tinh A (Nghe), tinh phu U /T,, tir Bang 1.8 ta co:
% T Xy Xa s Xgy Xgy X74 Xgy %40

X

ZTA:X

4T, X7TA: XeTA: XiOTA:U
X3 T, X Xy X3y Xgs X53 X75 Xg5 Xg X

X5 T, Xq T Xa1 X3y Xg1 X5y Xgy X74 Xgy X9, X4
Xe

T Xo1 X1 %55 Xg3 X75 Xgs Xg, X9

Tinh ham discern A bai cong thirc (2.2):

8,([%},) = Y. CT,0i, j,1(D, [-TCTIi, 1) va

h#
: 1 & - -
Discern(A) = 78, (D4}, ) =5 2 - CTali, 11(D, [~ TCTLL k21) vsi n, =5,
i i=1 i

1. Tinh &, x . :Theo tinh todn & trén, x ,la I6p nhat quén,
jy=NO, j,=YESva CT 1,No =1, |Dy|=5, TCT LYES =3.

Dodo6 8, x, =1(5-3)=2

2. Doi véi x, , (Mot 16p khdng nhat quan):

-Xét j,=NO, j,=YES, CT 2,No =1, |D,|=5, TCT 2,YES =5. Do do

S, % 0 =1.(5-5)=0.

ZTA

- Xét j,=YES, j,=NO, CT 2,YES =1, |Dyc|=5, TCT 2,NO =5. Do d6
YES

Sy %, =1(6-5)=0.

Vay 6, x,. =06, X% :O +0, X, :ES =0+0=0.

A

3. Tuwong tu véi x, , (I6p nhat quan) nhan dugc 5, x, . =1.(5-4)=1

TA
4.V6i x; , la(16p khong nhat quan) nhan duoc
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NO YES
=0, X . +0, X o =0+1=1

O, X

5T,
5.Vé6i x, 12 (I6p nhat quan), nhan duoc 5, x, L =1(6-3)=2.
Ap dung cong thirc tinh ham discern A , c6:

discern A =125:ZCTA i,j, . [D,|-TCT, i}, =% 2+40+1+1+2 =3

i=1 ji#Jp
o Tuwong tu voi thuge tinh S (Ngon nge ndi):
7
discern s =EZZCTS i,j, . [D,|-TCT, 0. ], :% 2+0+1+1+1+2+1 =4
i=1 ji#J,
o Tuong ty voi thugc tinh R (Poc):
2
discern R ZEZZCTR i,j, . |D,,|-TCT, i j, =% 0+0 =0
i=1 1=,
o Tuwong tw Véi thuge tinh W (Viét):
3
discern w =EZZCTW i,j, . |D,|-TCT,, i, =% 242 =2
i=1 ji#]J
Bang 2.2. Biéu dién gi4 tri cua ham phan biét mé rong trong bang
phan biét ngau nhién CT, dua trén quan hé dung sai vé&i cac két qua duogc
tinh tr Vi du 2.2.
Bang 2. 2. Minh hoa gi4 tri ciia ham phan biét

a, = Audition

Set CT, TCT,

values | No l Yes ' No 1Yes 9,

E 1 /o [4 |3 1.(5-3) + 0.(5-4) = 2
F 0 1 [3 |5 0.(5-5) + 1.(5-3) = 2
EF [1 [2 |5 |5 1.(5-5) + 2.(5-5) = 0
FFG |1 |1 4 |5 1.(5-5) +1.(5-4) = 1
EEG 1 0 (4 |4 1.(5-4) +0.(5-4) =1
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1 1 5 |5 1.(5-5) + 1.(5-5) =0

discern(a,) = % (2+2+0+1+1+0)

Nhdn xét 3: Cho tap thudc tinh B< C bang CT, c6 thé nhan duoc néu sir
dung cau lénh sQL theo mau SELECT COUNT ..GROUP BY B.

Nhdn xét 4: Bang phan biét ngau nhién dua trén quan hé dung sai co thé
tinh dugc do phuc tap theo thoi gian trong trudng hop Xau nhat 13 O(nd) Véi n,
s6 cac ban ghi dua trén bang CT,, d6 chinh 1a mién bién dugc tinh bang luc
luong 16n nhat cua cac gia tri thudc tinh va d 1a s 16p quyét dinh.

Déi vai bang dir liéu ma sé luong gia tri cua céc thudc tinh quan trong nho
hon s cac dbi twong thi thuat toan tinh TCT, rat hiéu qua. Trong truong hop khi
s6 cac ban ghi trong bang phan biét ngau nhién CT 16n thi viéc tao bang TCT tir
bang CT c6 thé ton nhiéu thoi gian. Vi vay trong phan tiép theo luan an dua ra
mot k¥ thuat ting toc d6 thuat toan khi tinh TCT. Muc dich ctia ki thuat méi la
biéu dién thdng tin lién quan giita gia tri cua cac tap thudc tinh do 1a gia tri cua
thudc tinh thé hién dang ludi.

2.2.3. Gid tri thudc tinh biéu dién qua mé hinh lwdi

Ludi trong todn hoc dugc biéu didn bai mot tap ddi tuong co thar tu
trong d6 c6 hai yéu t6 1a can trén va can dudi. Ludi c6 thé biéu dién bang do
thi c6 huéng G = (V, E), vdi V la tap cac dinh va E la tap cac canh. Cac dinh
biéu dién cac phan tir cta tap ¢ thir tw. Huéng cia canh (v, v;) e E néu cac
phan tir caa vi nho nhat thi v; va khoang cach v; va v; tao thanh mét canh. Cau
tric nay duoc ap dung dé luu trir c4c gid tri cua thudc tinh co gia tri dac biét

Pinh nghia 2.3. Ludi cua gia tri thudc tinh

Cho DS= U,cu d la bang quyét dinh tap gié tri. Vi V. 1a mién gia
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tri cua thudc tinh a e C. Ludi caa thudc tinh a 1a mot @6 thi c6 hudéng dugc
dinh nghia nhu 13 tap d6i twong co thir ty Latt(a) = (2",r), V&i rc 2 x2% 1A
mét phan co thtr ty dugc dinh nghia boi r= (X,Y)e 2% x2%: X Y

Ludi lién quan téi thudc tinh a duoc ky hiéu la Latt(a).

Tap cua tat ca cac ludi lién quan téi tat ca cac thudc tinh ky hiéu Latt(C).

Nhdn xét 5: Cho DS= U,cu d la bang quyét dinh tap gié tri c6 thé
chuyén sang thanh cau tric bang quyét dinh SDTS = (U, Latt(C)ud).

Biéu dién gi4 tri cua thudc tinh qua mé hinh luéi dugc minh hoa boi
hinh 2.1 (& dudi) ta ¢ thé thay rang 16p dung sai cua tat ca cac nit ca Latt(a)
c6 thé xac dinh qua hai huéng cia ludi quét: d6 1a tir dudi 1én va tir trén
xudng. Nhu vay mot 16p dung sai cia mot nt & mac thap nhat chia it nhat 1a
mot phan ter. Xét mé hinh ludi tir dudi 18n, tai méi nut biéu dién tap hop danh
sach cua 1op dung sai la nhitng nut con. Xét mo hinh ludi tir trén xuong
nhirng nat cha sé chia thanh cac nhanh chwra tap hop danh sach cac 16p dung

sai con.
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Audition Spoken language
((E.F.c}) ({E.F.,G})
“ TN / T
(Ee) (B8 FH (ARG (& G} {E'F}‘- -‘"{F C}'_;
. A PSSt .
@ @) O, {E} ®7 {0},.
== '
=2IIIIIIIIIL
Ig \“-‘_‘ Tl ::: ------------------ -
Tt ee __ | feading Tl . Writing
Iy i — ™ - .
s ({E.F, C} ({E,F.G})
Ty ) / \ / / \
— (&.6)) (E.FY) ({6  (E6)) ({E.FY) (IF.6Y)
© © O © @& O

Hinh 2. 1. Céu truc cia bang quyét dinh tap gia tri

Nhdn xét 6: Cho thugc tinh aeC, do phirc tap cua thuat toan tinh 16p dung
sai cua cac nt trong Latt(a) duoc tinh dya vao duong bién va bang s, *n,, véi
s, 1a s lan xuat hién gia tri cua thudc tinh a va n, 1a sb cac nlt caa ludi
((n, ={U/IND(a) ).

Khi co Latt(a), voi acC ta co thé tinh duoc bang TCT,.

Nhdn xét 7: Cho Latt(C) Ia tip dan dinh nghia boi tap thudc tinh diéu kién
C. Gia sir mdi mot 1op dung sai Latt(a) thi moi ndt ¢ thé tinh toan dugc nhu
sau. Cho tap thugc tinh B<C, do phtc tap thoi gian caa thuat toan tinh bang
ngau nhién dung sai TCT, tir bang CT, dua vao Latt(C) la O(n,), véi n, la s6
ban ghi trong bang ngau nhién co ban CT,.
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2.3. Thuét toan tim tap rut gon thugc tinh
2.3.1. Thudgt todn 2.1 - Tim tdp rit gon thudc tinh trong bing quyét dinh tip
gia tri
Pau vao: Bang quyét dinh tap gia tri DS = U,Cu d
PAiu ra: Tap rdt gon R.
Phwong phap:
1. Sinh tap cac dan Latt(C);
2.R=0;
3. discern (R) « 0;
4. while (discern(R) < max_disc(C)) do
5.  max_discern « 0;
6. for (a € C) do

1. B«—Rug

8. Tao bang CTg;

9. Tao bang TCTg sir dung CTg va Latt(C);

10. Xac dinh discern(B) = CTg ® TCTg; theo cong thirc 2.2
11. if (discern(B) > max_discern) then

12. max_discern < discern(B);

13. best_attribute < a;;

14, end if

15. end for

16. C « C\{best _attribute};
17. R <« R wu {best_attribute};
18. end while
* Két luan: Gia s k 1a s6 thudc tinh diéu kién va n 1a sé dbi tugng. Do
phtic tap dé tinh ham phan biét qua bang CT 12 O(kn?).
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Xét vong lap While, trudc tién xét do phuc tap dé tinh ham phan biét qua
hai bang CT va TCT 1a O(kn®). Nhu vay d6 phuc tap caa vong For 1a O(k’n?).
Do phiic tap thoi gian dé chon thudc tinh rat gon tét nhat caa lénh if 12 O(K).
Do d6 do phirc tap caa vong lap While 1a O(k®n®). Vi véy, do phic tap cua thuat
toan 2.1 1a O(k*n®)
2.3.2. Vi du minh hoa thudt todn 2.1

Vi du 2.3. Xét bang quyét dinh tap gia tri DS =(U,Cu d )cho ¢ Bang 2.3

Véi U = u,u,,u,,u,,u,Uu, VaC= a,a,,a,a, .

Bang 2. 3. Bang quyét dinh tap gia tri bao gém 4 cét thugc tinh
(a1, az, as, a4)

U 2 %, % a,

Uy {1} {1} {1} {0}

u, {0} {0,1} |{1} {0}

Us {0,1} |{0,1} |{O} {1}

U, {1} {0,1} | {1} {1}

Us {0,1} |{0,1} |{1} {1}

Us {0} {1} {1} {0, 1}

Minh hea cac bwéc thuc hién ciaa thuat toan rut gon thugc tinh

e S A = S = = o

trong bang quyét dinh tap gia tri
m Chuan bi

Pit B =C, tir bang quyét dinh tap gia trj ta co:

U Te U
Uy = Uyl
Us - = U
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Uy o = Uyl

u Uy, Us, Ug

5'|'B_

U . = Up,Us,Ug

U/To= u , U, , uh{u, , uh{u,

» M0 ta chi tiét cach tinh discern B =discern C
Nhu vay can tinh ham discern B cho 6 I6p tuong duong theo cdng thic

8 U, =>CTyij.|D|-TCTy i,j, va

h#l,

discern B =35, u, :1iZCTB i,j, . [D,|-TCT, i,j, V6in,=6.

e 2G5
1) Tinh &, u, . : Theo tinh toan trén nhan dugc u, _ 13 16p nhat quan.
- Xetj=1J,=0 va CT 11 =2, |D,|=1, TCT 1,0 =1.

Dodé J, u, . =1.1-0 =1,

B
- Xeét j;=1j,=2vaCT 11 =2, |D,|=1, TCT 1,2 =0.
Do d6 0, u, . =1.1-0 =1,

B

Vay: 0, u, . =1+1=2.

B

2) Tuong tu, V6i u, . (I6p nhéat quan) nhan dugc &, u, , =2 , Voi

U, , 12 (16p nhat quan) nhan dugc &, u, , =4+1=5,véi u, _(I6p nhat quan)

nhan dugc o, Uy, , =1+1=2, v&i u; (lop nhit quan) nhan duoc

8 Uy, =2+0=2,V6i u, _(16p nhat quan) nhan dugc &, U, , =2+0=2.

Tong hop céac két qua tinh toan trén, ta co: Discern(B) = Discern(C) =7 .
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Tinh twong tw tinh cac gia tri discern a_,discern a, ,discern a, ,discern a, ,
nhan duoc:

Discern B =Discern a, =0

Discern B = Discern a, =0

Discern B =Discern a, =5

Discern B =Discern a, =4

Minh hga thugdt toan trén qua Vi du 2.3.
1) Tao Latt(C)
2) Gan gié tri ban dau:
R=0,
discern R =0
Max _disc =discern(C) =7
3) Thuc hién vong lgp WHILE lan the 1
max _ discern=0
best _attribute=0
Thuc hién vong lip FOR chon thudc tinh tét nhat:
= Xét thuoc tinh & taco 5= & | discern B =0
= Xét thugc tinh a, tacé B= a, , discern B =0
= Xét thudc tinh a, ta ¢c6 B= a, , discern B =5, do d6 max_discern=5,
best _attribute =a,
= Xét thugc tinh a, tacO B= a, , discern B =4
Do d6, két thic vong lap FOR, C=C\ a, = a,a,,a, , R=RU a, = a, .
Kiém tra diéu kién discern(R) =5 = discern(C) =7.

4) Thuc hién vong lgp WHILE lan thr 2.
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Kiém tra discern(R) =5 = discern(C) = 7
max _discern=0
best _attribute =0
= Xét thuoc tinh a ta cOB=Ru a = a,a, ,discern B =5 do do
max _discern =5, best _attribute =a,
= Xét thugc tinh a, tacO B=RuU a, = a,,a, , discern B =5
= Xét thuoc tinh a, ta ¢c0 B=Ru a, = a,,a, , discermn B =7 do d6
max _ discern=7, best _attribute =a, .
Két thic vong 13p FOR, C=C\ a, = a,a, , R=RU a, = a,.a, .
Kiém tra diéu kién discem(R)=7=discernC)=7, két thlc vong lap
WHILE.
5) Thuat toan dung, tap rat gon tot nhat cua bang quyét dinh tap gia tri
tim dugc theo thuat toan 2.1 1a R= a,,a, .
2.4.Thuit toan tim x4p xi trong hé thong tin tap gia tri
2.4.1. Thudt todn 2.2- Thudt todn tim xdap xi trén, xap xi dwéi siz dung ham
phan biét
Pau vao: Hé théng tin gia tri tap 1S=(U,A) véi X cU, BC A
Quan hé dung sai T;, U/IND(B)={L, 2,..,n.}.
Pau ra: Xap xi trén cua X, xap xi dudi cua X.
Phwong phap:
1.Tao bang quyét dinh DS=(U,C u{d, })
2.Tao bang CTg;
3.Tao bang TCTg tur bang CTg;
4, forie{l,2,....,ng} do
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5. Tinhham v, =TCT[IETE]T[L i

6 if (vi= 1) then

7 LowerAppr « {i}

8. else

9 if (v; >0) then

10. Upper Appr «{i}
11. end if

12. end if

13. end for

* Két luan: Gia st n 1a sb d6i tuong. Do phuc tap dé tao bang DS va bang
TCT 1a O(kn?).

Xét vong lip for @6 phuc tap dé tinh ham v 1a O(kn®). Bo phuc tap thoi
gian dé xap xi trén va xap xi duéi cua tung vong lap if 1a O(kn) (b6 qua d
phan 16p quyét dinh). Vi vay, do phic tap caa Thuat toan 2.2 13 O(kn®)

2.4.2. Vi du minh hoa thudt todan 2.2

Vi du 2.4. Xét hé thong tin tap gia tri 1IS=(U,A)cho ¢ Bang 1.5 (bo di
thuoc tinh quyét dinh d).

Gidsu B= A, X = u,u,u,u, ,

U/IND B = u, , U,U, , Uy, U,,Ug,Uy, , Us,Uy , Ug

Tinh xap xi trén va xap xi dudi cua X theo Thugt toan 2.2

1) Tao bang quyét dinh nhu sau:
Bang 2. 4. Bang quyét dinh tap gia tri bao gom 4 cot thudc tinh dieu kién

va cot dy

U | Audition(A) | Spoken Reading(R) | Writing(W) | d,
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Language(S)
U, {E} {E} {F.G} {F.G} 0
u, {E,F,G} {E,F,G} {F.G} {EF,G} |0
U {E,G} {E,F} {F.G} {F.G} 1
u, {E.F} {E.G} {F.G} {F} 1
Us {F.G} {F.G} {F.G} {F} 1
Us {F} {F} {E.F} {E.F} 1
u, {E,F,G} {E,F,G} {E.G} {EF,G} |0
Ug {E,F} {F.G} {E,F.,G} {E.G} 0
Uy {F.G} {G} {F.G} {F.G} 0
Uy, {E.F} {E.G} {F.G} {E.F} 0
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2) Tao TCT, =[TCT, i, | ]’1‘” Ta co
Tinh phu U /T;, tir bang trén ta co:
U = Uy, Up,Ug, Uy, Up, Ug, Uy
Uy o = Uy = Uy = U = ulOTB:U

U, T, U, Uy, Us, Uy, Ug, Uy, Ug, Ug, Uy

u = Ug = U,,U;,U,,Ug, Ug, Uy, Ug, Ug, Uy

5 TB TB

u = U,,U,,Us,Ug, Uz, Ug, Ug, Uy,

6T
TCT 1,0 =5, TCT 11 =2
TCT 2,0 =6 , TCT 2,1 =4
TCT 3,0 =6, TCT 31 =3

TCT 4,0 =5, TCT 4,1 =4
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TCT 50 =5, TCT 51 =3
3) Thuc hién vong lap For véi ie 1,2,...,5

.. TCT 1,1 2
Vol =1, v

- = ~0.28, do d6 UpperAppr= 1 ;
' TCT 11 +TCT 1,0 245 ’ PPEFARP

B TCT 2.1 4
2 TCT 21 +TCT 20 4+6

Véii=2,v =0.4, do d6 UpperAppr= 1,2 ;

.. TCT 31
Voii=3, v 3

= = ~0.33, do d6 UpperAppr = 1,2,3 ;
° TCT 31 +TCT 3,0 3+6 PPETAPR

. TCT 4,1
Vé6ii=4, v 4

L= = ~0.44, do d6 UpperAppr = 1,2,3,4 ;
TCT 4,1 +TCT 4,0 4+5

TCT 51 3

Vi i=5, v, = -
TCT 51 +TCT 50 3+5

UpperAppr = 1,2,3,4,5 ;

4) Két lugn:
¢ Xap xi trén cua tap X da cho 1a U.

¢ Xap xi dudi cua tap X da cho 1a rdng.
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CHUONG 3: PHAN MEM THU NGHIEM THUAT TOAN TiM TAP
RUT GON TRONG BANG QUYET PINH TAP GIA TRI VA UNG
DUNG TRONG BAI TOAN CHAN POAN BENH VIEM GAN B

3.1. Phat biéu bai toan

Viém gan siéu vi B 1a mot loai virut tan cong la gan, gay ra bénh viém
gan. To chuc Y té Thé gi6i thong ké c6 khoang 350 triéu ngudi nhidm virut
viém gan B va tai Viét Nam c6 khoang 20% dan sé nhidm virut viém gan B.
Nhitng nguoi nhidm virut viém gan B néu khong duoc Kiém soat va diéu tri
tt & gay ra viém gan, xo gan va ung thu gan.

Nhu da biét, tir mot bang quyét dinh c6 nhiéu ddi tugng, tap luat quyét
dinh rat trich dwoc 12 rat lon. Dé thu gon tap luat quyét dinh ma khdng 1am
mét di tinh dic trung cua bang quyét dinh ta di thu gon tap thudc tinh.

Dua trén co sd V& “Thudt todn 2.1 - Tim tdp rut gon thugce tinh trong
bang quyét dinh tdp gia tri ” luan vian xay dung phan mém thir nghiém thuat
toan can ctr vao cac triéu chung caa bénh Viém gan B.

3.2. Mo ta va xir ly dir liéu
3.2.1. M0 td dii liéu

Chuong trinh tim luat r(t gon cho cac thudc tinh diéu kién tir d6 dua ra
luat quyét dinh dé ding vao co sé tri thic cua cac hé chuyén gia nham muc
dich chan doan bénh. S6 thudc tinh rit gon phai nho hon sé thudc tinh ban
dau va cd gia tri nhu nhau trong viéc dua ra luat quyét dinh. Luat méi tao ra
c6 sb thudc tinh nho hon va khong anh hudng dén viéc dua ra quyét dinh.

S6 lieu thuc nghiém dugc Iy tir kho dit liéu UCI véi bo dit liéu viém gan
Hepatitis.data[15] dé sinh luat quyét dinh phuc vu cho cac bac si chuyén

nganh chan doan bénh viém gan cho bénh nhan.
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* Thdng tin vé cac thugc tinh

Attribute information:

1.
. AGE: 10, 20, 30, 40, 58, 60, 70, 80

00 =] O WA s Ll pa

16.
17.
18.
19.
20.

Class: DIE, LIVE

SEX: male, female
STEROID: no, yes

. ANTIVIRALS: no, yes

FATIGUE: no, yes

. MALAISE: no, yes
. ANOREXIA: no, yes

9.
18.
11.
12.
13.
14.
15.

LIVER BIG: no, yes

LIVER FIRM: no, yes

SPLEEN PALPABLE: no, yes

SPIDERS: no, yes

ASCITES: no, yes

VARICES: no, yes

BILIRUBIN: ©.39, ©.80, 1.20, 2.88, 3.00, 4.00
-- see the note below

ALK PHOSPHATE: 33, 8@, 128, 168, 288, 258
SGOT: 13, 1ee, 20, 3ee, 400, 5ea,

ALBUMIN: 2.1, 3.0, 3.8, 4.5, 5.9, 6.8
PROTIME: 1@, 2@, 3@, 48, 50, &8, 70, 80, 98
HISTOLOGY: no, yes

Class Distribution:
DIE: 32
LIVE: 123

* Bang dir liéu dau vao theo kho UCI

Sé hoa bsi Trung tam Hoc liéu - BHTN

2,30,2,1,2,2,2,2,1,2,2,2,2,2,1.00,85,18,4.0,7,1
2,50,1,1,2,1,2,2,1,2,2,2,2,2,0.90,135,42,3.5,7,1
2,78,1,2,2,1,2,2,2,2,2,2,2,2,0.70,96,32,4.0,7,1
2,31,1,7,1,2,2,2,2,2,2,2,2,2,0.70,46,52,4.0,80,1
2,34,1,2,2,2,2,2,2,2,2,2,2,2,1.00,7,200,4.0,7,1
2,34,1,2,2,2,2,2,2,2,2,2,2,2,0.90,95,28,4.0,75,1
1,51,1,1,2,1,2,1,2,2,1,1,2,2,7,7,7,7,7,1
2,23,1,2,2,2,2,2,2,2,2,2,2,2,1.00,7,7,7,7,1
2,3%9,1,2,2,1,2,2,2,1,2,2,2,2,0.70,7,48,4.4,7,1
2,30,1,2,2,2,2,2,2,2,2,2,2,2,1.00,7,120,3.9,7,1

Hinh 3. 1. Bang dir liéu dau vao

http://www.lrc-tnu.edu.vn/




50

3.2.2. Xir Iy div liéu

Chuong trinh tién hanh khai pha di liéu trong co so dit liéu bénh nhan bi
viém gan. Dit liéu dau vao 1a mot file text ¢6 cau trac nhu sau:
- C4c thuoc tinh diéu Kién twong Gng vai 19 triéu chang thu thap duoc tur
bénh nhan c6 biéu hién viém gan, duoc ki hiéu: {a,, ay, as, ...a1}.
- MAdi dong la théng tin vé mot bénh nhan, trén mi dong bénh nhan 1a thé
hién céc thudc tinh, giira hai thudc tinh 13 “dau cach”. Vai cac thudc tinh co
gia tri tap duoc cach nhau boi dau «,”.
- Véi mbi bo sb liéu thiéu gia tri duwoc chon, ching t6i tién hanh chuyén doi
sang bo sd liéu tap gia tri bang cach thay thé cac gia tri thiéu (ky hiéu boi «?”)
thanh mot tap gia tri ngau nhién. Cac gia tri trong tap gia tri ngau nhién do
nam trong mién gia tri cua thudc tinh d6 c6 céc gia tri {0, 1, 23.
- Thudc tinh cudi cing la thudc tinh quyét dinh mang gia tri {1}- C6 bénh,
{0}- Khéng cé bénh.

* CAac thudc tinh tiwong ting Véi mét sé dai lwong diing dé xac dinh tinh
trang bénh cua bénh nhan:
- a;: Age- s6 tudi cua bénh nhan 10 dén 80

Laop 0: [10-23], Lop 1: [23- 46], Lop 2: [46-80]

- a,: Sex- Gidgi tinh: 1 = Male, 2 = Female
- ag: Steroid- Thudc khang sinh: 1 = No, 2 = Yes
- a,: Antiviral- Thudc khang viruts: 1 = No, 2 = Yes
- as: Fatigue- Mét moi: 1 = No, 2 = Yes
- ag: Malaise- Khé chiu: 1 = No, 2 = Yes

- a7: Anorexia- Chan an: 1 = No, 2 = Yes
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- ag: Liver big- Gan sung to: 1 = No, 2 = Yes
- ag: Liver firm- Viém gan: 1 = No, 2 = Yes
- a50: Spleen palpable- Viém la lach: 1 = No, 2 = Yes
- a;1: Spiders- Mach mau hinh nhén trén da: 1 = No, 2 = Yes
- a;,; Ascites- Hach ¢ 6 bung: 1 = No, 2 = Yes
- a13. Varices- Gian tinh mach: 1 = No, 2 = Yes
- a,4: Bilirubin- Sic t6 da ( vang da):
Lép 0: [0.39-1.20], L6p 1: [1.20- 2.40], Lép 2:[2.40- 4.00]
- a15. Alk phosphate- Huyét tuong:
Lép 0: [33-72.3], Lép 1: [72.3- 144.6], L6p 2: [144.6- 250]
- a15: SGOT- Enzym ¢ men gan:
Lép 0: [13- 162.3], L6p 1: [162.3- 324.6], L6p 2: [324.6- 500]
- a;7: Albumin- Néong do albumin:
Lép 0: [2.1- 3.0], Lép 1: [3.8- 4.5], Lép 2: [5.0- 6.0]
- a1 Protime- Tinh trang dong mau cta ngudi bénh: tir 10 dén 90
Lép 0: [10-26.7], Lép 1: [26.7- 53.4], Lop 2: [53.4- 90]
- a10: Histology- Tiéu sir mac bénh: 0= No, 1 = Yes
- d: Class- Lop quyét dinh: 0 = Live, 1 = Die
Sau khi tién hanh xt ly di liéu, ta thu dwoc bang dwa vao Dir liéu dau

vao ¢ hinh 3.1 nhu sau:

al a2 a3 ad a5 a6 a7 af a0 al0 all al? al3 al4 al5 al6 al7 ald al9 d
pz21z222212222200010,1,211
111212212222201000,1,211
212212222222200010,1,211
111,212222222220001211
112222222222200,1,2010,1,211
11222222222220001211
11121212211220,1,20,1,20,1,20,1,20,1,210
0l1z22222222222001,20,1,20,1,20,1,211
112212221222200,1,2010,1,211
0122222222222 001,2010,1,211
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Hinh 3. 2. Tép dir liéu sau khi xik ly

3.3. Thir nghiém chwong trinh

<% Cong nghé va cdng cu phat trién tng dung

Ung dung duogc xay dung trén bo cong cu Microsoft Visual Studio 2012,
trén nén tang .Net Framework 4.0. Sir dung hé quan tri CSDL Microsoft SQL
Server 2008.

¢ Chtrc nang nhap dir liu

Ngudi sir dung sé tién hanh nhap dit liéu théng qua nat | bwéties .| cua
tab “Chon tép dir liéu”. Luc nay nguoi sir dung s€ chon tép van ban duoc xay

dung sin trén may tinh theo dinh dang tép text.

mn tim tdp rit gon thudc tinh trong bang quyét dinh tap gia tri [=EnE
Chon tép dir ligu: Duyét tép ...
r I 1 il
"» Open
@ <[l « Hang » data » DataDemo » v[ & ][ sesrch DataDemo 2]
Organize New folder B== 0 @

% Pictures ~ Name - Date modified Type
B videos

File folde
25PM  Text Doc

Shortcut

| | ReductAttrSetValue
m DataCancer

=
83 Homegroup
= Documents

tt2.2 Text Docy
|Q Computer % e T
iDu ! 6:52 PN oct
& VietForum (C) o
GIATTRI (D) m ViDul 19. 015 10:25 PM  Text Doct
HI . ; [ ViemGanB 10.0620151:25PM  Text Doct
canhac
|| Downloads
|| HANG

| it'sme

. L 4 =
File name: | ViemGanB h
Open Cancel

Hinh 3. 3. Giao dién nhap dir liéu

Sau khi chon tép dit liéu, chuong trinh s& xu ly va hién thi théng tin vé sb

cot thudc tinh, s6 ban ghi dir liéu va toan bo dit liéu trong tép dix liéu nguon.
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Chon tép dif liew:  D:\HANG\Hang'data"DataDemo\ViemGanB bt
Théng tin dii liEu Cac butdc thutchién thuittodn
S& thudctinh digu kign: 19 ﬁ Tap rit gon:

. i Thuc hién
S6 ban ghi: 155
High thi dit ligu
id al a2 a3 at a5 a6 a7 £
3 0 2 1 2 2 2 2
2 1 1 1 2 1 2 2
3 2 1 2 2 1 2 2
4 1 1 1,2 1 2 2 2
5 1 1 2 2 2 2 2
6 1 1 2 2 2 2 2
7 1 1 1 2 1 2 1
8 0 1 2 2 2 2 2
9 1 1 2 2 1 2 2
10 0 1 2 2 2 2 2
11 1 1 1 1 2 2 2
12 1 1 2 1 1 2 2
13 1 1 2 1 1 2 2 v
< > Luu gulieu

Hinh 3. 4. Man hinh hién thi théng tin cac thugc tinh
% Churc nang thuc hién thuat toan

Sau khi nhap dir liéu, ngudi sir dung chon nat

Thuic hign ‘ dé
chuong trinh thyc hién thuat todn. Chuong trinh s& dua ra hai két qua: tap rat

gon thu dugc va cac budc xur ly cua thuat toan.

et vangbing vk anh o g
Chon tép dif ligu: D \HANG\Hang\data\DataDemo'\ViemGanB bt Duyét tép ...

Théng tin dit ligu Cachudc thuc hign thugttodn
54 thudc tinh didu kign: 19 Tap rat gon: |a6alfallal
. Thuc hién
56 ban ghi: 155 L 4 s CAC BUOC THUC HIEN THUAT TOAN S ~
—— Khditao ——
Hiéh thi dii ligu - R =réng
- Max_Disc(C) = 3757.5
id al a2 a3 a4 as a6 a7 & —— Budc 1
» o 5 1 B 2 5 2 :Xeteﬂ: B =al == d m:: =2021
2 1 1 1 2 1 2 2 - Xétad: n
3 2 1 2 2 1 2 2
4 1 1 1.2 1 2 2 2
5 1 1 2 2 2 2 2
6 1 1 2 2 2 2 2
7 1 1 1 2 1 2 1
3 0 1 2 2 2 2 2
9 1 1 2 2 1 2 2
10 0 1 2 2 2 2 2
11 1 1 1 1 2 2 2
12 1 1 2 1 1 2 2
w
13 1 1 2 1 1 2 2 v
< > Luru dir liéu

Hinh 3. 5. Két qua thuc hién véi bé dir liéu thir nghiém

Sau khi c6 két qua rat gon, nguoi st dung st dung nit |1 d8lieu | 38 1y
lai két qua trén theo dinh dang file text.
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Dir liéu thuc hién thuat toan gém 155 ban ghi. Cac gia tri trong tap gia
tri ngau nhién d6 nam trong mién gia tri cua thudc tinh d6. Viéc chuyén doi
duoc thuc hién bing cdng cu chuyén dbi do tac gia xay dung. Céch tiép can
rat gon theo thuat toan da trinh bay la theo hudéng top-down, c¢6 nghia 1a viéc
xay dung tap rat gon s& bat dau tir tap rong, sau d6 bo sung lan luot cac thudce
tinh c6 do quan trong I6n nhat tinh theo gia tri ham phan biét. Qua trinh b
sung cac thudc tinh két thuc khi gia tri ham phan biét caa tap thudc tinh thu
duoc bang véi gid tri cia toan bo cac thudc tinh quyét dinh.

3.4. Panh gia két qua

Thuat toan khoi tao tap rat gon la réng va tinh gia tri ham phan biét véi
toan bo thudc tinh quyét dinh. Tiép do, tinh 1an luot gia tri ham phan biét véi
ting thudc tinh va lua chon thugc tinh nao co gia tri 1on nhat (thudc tinh ag)
dé bd sung vao tap rat gon. Tiép tuc quéa trinh, thudc tinh nay s& duoc ghép
cap vai cac thuoc tinh con lai va s€ dugc tinh gia tri ham phan biét. Cap nao
c6 gid tri 16n nhat thi thuoc tinh thudc cap do sé bd sung vao tap rat gon (cap
as-a19 NEN thudc tinh tiép theo duoc bd sung vao tap rat gon 1a ag). Cu tiép
tuc ghép tap rat gon voi cac thudc tinh con lai, thao tc nay dung cho dén khi
gia tri ham phan biét bing véi gié tri ham phan biét caa toan bo thudc tinh.

Sau khi két thuc chuong trinh dya vao thuat toan “Tim tap rdt gon thugc
tinh trong bang quyér dinh tdp gia tri”, chuong trinh thu dugc két qua nhu
sau: Tur c4c tap thudc tinh diéu kién chuong trinh thu duoc tap rat gon cé sb
thudc tinh diéu kién nho hon sb thudc tinh diéu kién ban dau. Nhu vay, thay
vi phai dya vao 19 thudc tinh ban dau thi ta c6 thé chi dya vao 4 thudc tinh
(as: Steroid- Thudc khang viém, ag: Malaise- Kho @, ai1: Spiders- Mach méu
hinh nhén trén da, a;e: Histology- Tién st mac bénh) da rat gon trong bang

quyét dinh dé dua ra két luan bénh nhan c6 méc bénh hay khéng.
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Hinh 3. 6. Tép dir liéu sau khi rat gon

o>
=t

e Két qud rat gon

Dong 1: - Néu bénh nhan khéng sir dung thude khéang sinh - cam thay
kho chiu trong ngudi- xuat hién mach mau hinh nhén dudi da- tiéu sir mac
bénh 14 khdng Thi mac bénh.

Dong 3: - Néu bénh nhan c6 sir dung thudc khang sinh - cam thay kho
chiu trong ngudi- xuat hién mach mau hinh nhén dudi da- tiéu s mac bénh 1a
khong Thi mac bénh.

Dong 4:- Néu bénh nhan c6 thé ding hay khong ding thuéc khang sinh-
cam thay kho chiu trong ngudi- xuat hién mach mau hinh nhén dudi da- tiéu
st mac bénh 1a khong Thi méc bénh.

Dong 7: Néu bénh nhan khong sir dung thuéc khang sinh- cam thay kho
chiu trong nguoi- khdng xuat hién mach mau hinh nhén dudi da- tiéu s mac
bénh 1a khéng Thi khéng méc bénh.

Trén co sé nghién cau ly thuyét, da xay dung mot chuong trinh rat gon
thuoc tinh, tao ra mot tap luat ho tro trong viéc phét hién bénh viém gan B.
3.5. Két luan chwong

Chuong nay, tac gia cai dat thanh cong thuat toan rat gon thudc tinh
thugc tinh cho bang quyét dinh cac triéu ching viém gan B. Noi dung cha yéu
trinh bay vé budc tién xir Iy dix liéu va ap dung thuat toan rat gon trén bo di
liéu sau khi da xir 1y dé thu duoc tap rat gon.
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KET LUAN VA HUONG PHAT TRIEN

I.  Nhitng két qua chinh cia luan vin

1. Luan van trinh bay nhiing khai niém co ban vé hé thong tin cling céc
khai niém c6 lién quan.Trinh bay nhitng noi dung vé hé thong tin tap gia tri
cuing cac khai niém 1am nén tang cho bai toan rdt gon thuéc tinh.

2. Trinh bay cac khai niém vé tap rat gon trén hé thong tin va hé thong tin
tap gia tri.

3. Khai thac hai thuat toan ddi véi bang quyét dinh tap gia tri, thuat toan
rat gon thudc tinh trong bang quyét dinh tap gié tri va thuat toan tinh xap xi
trén- xap xi dudi ctia mot tap trong hé thong tin tap gia tri.
Il.  Huwéng phét trién tiép theo cia luin vin

1. Trén bang quyét dinh tap gia tri, tiép tuc di su vao nghién ctu rdt gon
thudc tinh trong truong hop khi bo sung tap déi tuong.

2. Tiép tuc nghién ctu cac ham phan biét khéc trén hé thdng tin gia tri
tap. Trén co s& d6, khai thac va tim hiéu cac phwong phap méi hiéu qua hon

cac phuong phap da co.
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