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LOI CAM ON

Sau thoi gian hoc tap, nghién ctu va thuc hién, dén nay toi da hoan
thanh cong trinh nghién ctru ciia minh. Trong qué trinh lam luan van nay, toi
nhan duoc su dong vién, giup d& cia c4c thay c6, ban bé va ngudi than.

Trudc tién, toi xin chan thanh cam on sau sac téi TS. Tran Manh Tuén
da nhiét tinh huéng dan, cung cép tai liéu, tao diéu kién thuan loi dé toi duge
hoan thanh tot nhat luan vin nay.

T6i xin guri 101 cam on t6i cac thay gido ciia Vién Cong nghé thong tin.
Ban Lanh dao, phong Dao tao, cac phong churc ndng cua Hoc vién Khoa hoc
va Cong nghé da giang day va tao ra moi trudng hoc tip, nghién ctru rat tot dé
t6i c6 thé hoan thanh dé tai cia minh.

Sau cling, toi xin giri 101 cam on dén gia dinh, ban bé, cac ban cung
16p cao hoc ITT20B, 1a nhitng nguoi ludn dong hanh, giup dd, chia sé véi toi
trong qua trinh thyc hién luan van nay.

Tran trong!

Hoc vién

Tran Ngoc Thai Son
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MO DAU

1. Ly do chon dé tai

Véi cac nghién ctru gan day cho thiy viéc st dung do thi tri thie mo 13
mot trong nhitng van d& mai. PO thi tri thirc (KG) 12 mot phuong phap manh
mé hd tro xir Iy cac van dé trong khai pha dit liéu. KG c6 thé két hop véi cac
k¥ thuat khac nhau dé giai quyét cac bai toan trong hoc may. Tuy nhién, KG
gip kho khin cho viéc xay dung d6 thi ciing nhu suy luan gan dung trén cac
tap dir liéu dau vao c6 thong tin chua day du, chua chinh xac. Khi d6, mo
hinh @6 thi tri thitc mo (FKG) da duoc thiét ké vao nim 2020 dé giai quyét
cac van dé cua KG két hop véi logic xdy dung 1én db thi tri thirc mo. Mot
biéu dd dugc hinh thanh véi cac nut duoc biéu dién bang cac nhin ngdn ngit
va céc canh duoc xac dinh boi su két ndi gifta cac nhan ngon ngtt va cac nhan
dau ra. D6 thi FKG thé hién 1y do theo quy luat tu nhién trong d6 tac dong
clia gié tri cta bién ngdn ngit dé dua ra két qua dau ra twong tng.

Do vay, viéc nghién ctru vé d thi tri thire mo 13 can thiét, nd c6 thé giai
quyét hiéu qua dugc mot sb bai toan phan 16p dit liéu.
2. Muc dich va nhiém vu nghién ctu
- Nghién ctru vé 1y thuyét mo, 1y thuyét d6 thi, do thi tri thirc mo.
- Xay dung demo va thir nghi€ém mo6 hinh vé1 bai toan phan 16p dit liéu.
3. P6i tuong va pham vi nghién ciu
- Logic mo, do thi, do thi tri thcc mo (FKG).
- Nghién ctru vé Logic mo, 1y thuyét do thi, do thi tri thirc mo
- Cai dat, mo hinh dya trén ngdn ngir 1ap trinh Matlab

- Xay dung thuc thi demo trén bd dir liéu thu thap tir UCI va dir liéu thu thap

thuc té.



4. Phuong phap nghién ctru va dong gop cua luan van

Phwong phap nghién ciru ly ludn: Hoc vién tap trung vao vi¢c doc
hiéu, phan tich bai toan, thu thap dit liéu cho bai toan théng qua cac ngudn tai

lidu tir sach, gido trinh, ... lién quan dén kién thirc sir dung trong luan van.

Phwong phdp nghién civu thuwe tién: Tién hanh cai dat mo hinh do thi
tri thirc mo, xay dung demo vai bd dir li€u thu thap. Cac budc thuc hién trong

qué trinh xay dung mo hinh:
- Thu thap dir liéu.
- Tién xu ly dit liéu
- Xay dung mé hinh phén 16p két qua .
- Danh gia mo hinh.
- Bao c4o luan van hoan chinh vé dd thi thirc mo va ing dung
- Demo md hinh dd thi tri thirc mo.
5. CAu trdc cta luan van
Mé dau: Trinh bay tong quan vé dé tai
Chwong 1: Co s¢ 1y thuyét: trinh bay cac 1y thuyét lién quan sir dung trong
d6 an
Chuwong 2: Do thi tri thirc mo: trinh bay vé mé hinh d6 thi tri thirc mo, cach
biéu dién d6 thj tri thirc mo, suy dién trén dd thi tri thic mo

Chuwong 3: Cai dat va tng dung: trong chuong nay em trinh bay vé cai dit
mo hinh tri thirc mo, thuc nghi€ém trén bd dir liéu UCI, danh gid m6 hinh dd

thi tr1 thirc mo.

Két ludn: danh gia nhitng cong viéc da thuc hién duoc va chua thyuc hién

dugc trong qua trinh 1am luan van, dé xuat hudng phat trién trong tuong lai.
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CHUONG 1. COSO LY THUYET
1.1. Ly thuyét do thi

Do thi duoc xay dung dua trén cac dinh (hay nit), cac cung (canh) 1a
duong ndi giira cac dinh cta do thi voi nhau. Khi 1ap trinh dé biéu dién trén
may tinh ngudi ta c6 thé str dung nhiéu cach khac nhau.

Trong céc linh vuc sur dung dd thi nhiéu nhu: Toén hoc, tin hoc, ... Khi
d6 do thi 1a mot phuong phap t6 ra hiéu qua vdi cac bai toan tng dung trong
thuc té. D6 thi giai quyét dugc cac bai toan thuc té nhu: giao thong, du lich,
gido duc,... N6 1a mot cong cu truc quan hoa dé biéu dién, dién ta cac bai toan.

Mot dd thi duoc xay dung co cAu tric roi rac, nO gém 2 thanh phﬁn: tap
cac dinh va tap céc canh.

Khi d6 do thi: G=(V,E)

Trong do dd thi duogc goi la G, tap cac dinh duogc goi la V, tap cac canh
dugc goi 1a E. Mdi canh d6 thi cap (u,v) véi dinh u dugc ndi véi dinh v, hai
dinh u, v thude vao tap V.

Nguoi ta chia db thi dya trén tinh chit ctia cac canh trong tap E:

- Do thi G ladon d6 thi néu nhu giita hai dinh (u,v) ctia V chi c6 khong
qua mot canh trong E dé ndi tir u t6i v.

- D6 thi G 1a d6 thi da canh néu giita dinh u va dinh v ctia V ¢6 thé co tir
hai canh trong E ndi tir dinh u téi dinh v.

- Db thi G duogc goi 1a d6 thi vo hudng (undirected graph) khi cac canh
nbi gitta dinh u va dinh v trong dd thi khong dinh huéng.

- Db thi c6 hudng G (directed graph) 1a d6 thi cac canh nbi gitta dinh v
voi1 dinh u c6 dinh hudéng, né xac dinh chiéu cua duong di cua céc canh trong
do thi.

Canh con dugc goi la cung trén dd thi co huong. Néu canh ndi dinh u
v6i dinh v trong d6 thi tuong tmg véi 2 cung 1: (U—V), (v—u). Khi d6 d6 thi

v6 hudng ciing co thé coi 1a dd thi c6 hudng.



10

1.2. Logic mo

Logic mo xdy dung dua trén 1y thuyét mo duoc st dung dé suy luan,
1ap luan dua trén viéc Xép xi thay vi 1ap luan chinh xac cta logic (nhu 13p luan

tién, lap luan lui).

Logic md dugce st dung nhu 13 mot mat tng dung cua Iy thuyét mo dé

xur 1y cac gia tri mo trong thé gidi thyc trong cac bai toan thuc té. [1,2,3,4]

Do chinh xac thuong hay nham 13n voi xac suat. Nhung, hai khai niém
nay la hoan toan khac nhau, do chinh xac trong logic mo khong phai kha nang
xay ra mot bién cb hay diéu kién nao d6 ma 1a viéc biéu dién d lién thudc voi
cac tap dugc dinh nghia khong 1o rang.

Logic mo duoc xay dung dua trén do thudc co mién gia tri trong doan
[0,1], né biéu dién cic cau khong chinh xac trong thé gidi thuc nhu: “hoi
nhanh”, “rdt nhanh”, “hoi chdm”, “rdt cham”, “cham mot chut”.... Khi do,
cac phép toan trong tap hop co thé khong xac dinh duoc day du cac quan hé
giita cac cAu nay véi nhau. Do vay, su quan hé giita 1y thuyét x4c suat va

logic mo ¢ lién quan t&i nhau.

Y tudng vé Logic mod duoc gido su Lotfi Zadeh cua Pai hoc California-
Berkeley x&y dung tir nhitng nam 1965. Tuy duoc tng dung thanh cong trong
nhiéu linh vuc, nhung né cling tdn tai nhiéu nhuoc diém khac nhau trén nén
tang toan hoc, dan dén mot sb nghién ctru khoa hoc vé logic mo khong chi rd
dugc luan cu viing chic ma chi thyc hién thong qua thuc nghiém cua thé gio1
thuc. N6 bi phtit nhan béi mot $6 k¥ su nganh diéu khién tu dong vi kha nang
tham dinh va mot sb 1y do khac. Trong todn hoc nguoi ta ludn mong mubn
xdy dung mot nén tang vimg chic trong moi nén tang, nhung thuc té c6 mot
sb hién tuong, su vat chi ding va sai trong tirng hoan canh, thoi diém khac
nhau khi 6 cac mé hinh toan hoc biéu dién khong day du va toan ve dugc. Vi
du trong linh vuc théng ké, cac nha théng ké ludn khang dinh rang chi cé xac
suat thé hién cho céc su khong chic chan cho su chit ché cia toan hoc trong

mot khong gian vo han, nhung thyc té thi moi thir déu ¢ gidi han, khi d6 xac
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suét théng ké khong chi ra duogc sy chdt ché do. Mot s6 nha khoa hoc con phé
phan vé viéc xac dinh gia tr1 cua ham thudc trong logic mo dugc xay dung
chua day du va thiéu sy chit ché vé nén tang toan hoc so vdi cac 1y thuyét
toan hoc.
Gidi thiéu tap mo (Fuzzy set)

Tap mo [5,6,7] duoc xay dung dua trén 1y thuyét mo. Khi d6, mdi tap
mo xay dung trén mat tap nén X, moi gia tri X cua tap nén X duoc xac dinh
bo1 mot gid tr1 ham thudc . Do vay, mot tap mo A dugc xac dinh dua trén

cap (x, ) nhu sau:
A= {x,u(x)| xe X, u (0]} (1.1)

Trong d6 : u (X) goi la ham thudc cta gia tri X cua tap mo A. Khi do,
duogc xac dinh thong qua mot ham dé anh xa gia tri cua tdp nén X véi cac gia
tri ctia ham thudc. Anh xa dugce xac dinh tur 1 phén tor x trong tap nén X t6i

gia tri ham thudc dugc xac dinh gia tri trong doan [0,1].

(@MF hinh tam giac (b) MF hinh thang
1 1
g 048 g 08}
2 2
S 06 S 06}
= =
j=1 j=1
S 04 S8 o4f
0.2 E 02t
D 1 1 D L 1 1 1
0 20 40 60 a0 100 0 20 40 &0 a0 100
(c) MF Gaussian (d) MF Generalz ed Bell
1 1
g 08 g 08
2 =
S 06 S 06
= =
j=1% j=1
S 04 &8 04}
0.2 \ 02t
0 - . - . 0 - . . -
0 20 40 60 a0 100 0 20 40 60 a0 100

Hinh 1. 1: Ham thudc co ban trong logic mo
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Khi d6, mot tdp md duge xay dung dya trén hai yéu t6 co ban 1a: khdng
gian nén va ham thudc. Mdi ham thudc dugc xay dung dua trén ¥ nghia cua
ting bai toan, vin dé trong thuc té cho phu hop. Ngudi ta, c6 thé lya chon
mot s& ham thudc co ban hodc ham thudc duge dinh nghia méi. Tuy nhién,

cac ham thudc phan anh y nghia thuc tién ctia bai toan deé ra.

Ham thudc khi xay dung dya trén tdp nén ctia bai toan, van dé ngir nghia
dé xac dinh viéc anh hudng dén phan phdi gia tri ciia bién ngit nghia. Mot s6
ham thudc co ban nhu sau : ham phan bé x4c suat, ham luong giac (ham sin,

ham cosin,...), ham phan phdi chuan, ..... (thé hién trong hinh 1.1).

Pé lya chon ham thudc phu hop, ngudi ta lua chon ham thudc phu hop
dura trén bai toan thuc té. Ngoai cac ham thudc co ban di cé, trong mot sb
ngdn ngit ciing hd trg mot s6 ham thudc cd san. Trong Matlab ciing xay dung
mot s6 ham thudc trong thu vién Fuzzy. Cac yéu td co ban khi Iira chon ham
thudc: phén tich théng ké dir liéu, hiéu y nghia dit liéu. Tuy nhién, ngudi ding
c¢6 thé xdy dung ham thudc phu hop véi bai toan, dam bao gia tri ciia ham
thudc ludén thude trong [0,1]. Vi du cod thé xay dung ham thudc nhu sau :

zxex ,uA(Xi) Néu X la tap hop cac doi twong roi rac
| (1.2)

A= _[#A(X)/X Néu X la khong gian lién tuc
X

Cac phép toan trén tap mo

Duya trén 1y thuyét md, cic phap toan co ban cua tdp md dugc xay dung
dura trén tap nén va ham thudc. Nhitng phép toan co ban cia tip md ciing 1a
cac phép toan co ban cua tap hop nhu: phép giao, phép hop, phép phu dinh.

Phép giao: giao gifta 2 tdp mo: A va B trén cing mét tip nén X, dugc
xac dinh dya trén mot anh xa cua 2 tap hop thong qua gia tri cua ham thudc

duoc xéc dinh bdi cong thuce (1.3)

Has (%) =T 1(4), 11, (X)] (1.3)

Khi d6, mot tiéu chuan T duoc xac dinh cho diém giao nhau ctia phép

toan mo, ti€u chuan T thoa man cac yéu cau vé mot toan hang chuan.
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Toan hang chuan T xac dinh 1a 4nh xa T(e) thod man cac di€u kién sau:

Diém bién: T(e,1)=T(1,e)=¢;T(0,0)=0 (1.4)
Pon diéu: T(e, ) <T(m,n)néue<mvaf<n (1.5)
Giao hoéan: T(e, ) =T(f, e) (1.6)
Két hop: T(e, T(f, m)) = T(T(e, f), m) (1.7)

MBJi diéu kién khac nhau din dén tac dong khac nhau cua tap mo. Khi do

y nghia cia cac di€u kién nhu sau :
- Dbiém bién tac dong vung danh gidi va gidi han cta tdp mo.
- Pon di¢u tac dong dén tinh lién thudc cua cac gia tri mo.

- Giao hoan chi ra cac gia tri mo khong anh huéng dén thir tu cua

chung khi xuét hién.
- Két hop chi ra su két hop giita cac phan tir theo ting cap.

Dua trén co s& do, mot s6 phép toan giao thoa min chuan T-norm

thuong duoc st dung nhu sau:

Min T(e,f)= min(e,f) (1.8)
Dang tich: T(e,f)=e*f (1.9)
Chuan max :  T(e,f)=max{e+f-1,0} (1.10)
I _(min(e,f) néue+f>1
Chuinmin  T(e, f) = { ] Mot e (1.11)
2 & _Jmin(x,y)  max(x,y)=1
T chuan yéu:  Z(x,y) = {O max(x.y) <1 (1.12)

Phép hop : Giéng nhu giao diém mo, phép hop dua trén sy két hop mo

vO1 anh xa nhi phan xac dinh trén S.

P (¥) =[5 (). 1 (x)] (1.13)
Nhitng gia tri cua phép hop mo thuong dugc xac dinh 1a nhiing phép
toan dua trén cac tiéu chuan cia phép giao, théa min céac tiéu chuin co ban

trong tiéu chuan S.
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Tiéu chuan S 13 nh xa ctia phép toan 2 ngdi S(e) thoa man:

Piémbién:  S(e,0)=S(0,e)=e; S(1,1)=1; (1.14)
Pon diéu: S(e, f)<S(m,n)néue<mvaf<n (1.15)
Giao hoan: S(e, f) = S(m, n) (1.16)
Két hop: S(e, S(f, m)) = S(S(e, ), m) (1.17)

Tir d6, Zadeh xay dung cac phép toan dua trén tiéu chuan S cho phép

toan giao, cu thé nhu sau:

Phép max S(e,f)= max(e,f) (1.18)

Phép tich: S(e,f)=e+f-e*f (1.19)

Chuan min T(e,f)=min{e+f,1} (1.20)
| ( ):{;nax(x,y) Xx+3;j1

Chuén max Y= (1.21)

max(x,y) min(x,y)=0

1 min(x, y) # 0 (1.22)

S chudn yéu:  Z(xy)= {

Phép pht dinh : 13 mot phép toan co ban cua logic. Puoc st dung dé suy

rong cac toan tir. Phép phu dinh thoa man diéu kién nhu sau:

Ham G: [0,1]—[0,1] dugc goi 1a ham phu dinh néu diéu kién sau day

duoc thod man:

Sau:

Piéu kién bién: G(0)=1 va G(1)=0
Pon diéu: G(A)>G(B)néu A <B
Néu G(G(A)) = A thi phép phu dinh nay goi 1a phi dinh chit.

Trén co s& d6, ngudi ta thuong sir dung mot sé phép toan phu dinh nhu

Zadeh: G(x)=1-x
Sugeno: Gp(X)=(1-x)/(x*p) (1.24)

Yager: Gq(X)G,(x) = (1 —x9)'/4 (1.25)
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1.3. Suy dién mo (Fuzzy Inference)

Suy dién mo [8] 12 mdt phuong phap dién gidi cic gia tri trong vecto
dau vao va dua trén mot sé bd quy tic, gan gia tri cho vecto dau ra. Trong
logic md, su that cia bat ky tuyén bd nao ciing tré thanh van dé ¢ mirc d6 nao
do.

Suy dién mo 13 qua trinh xy dung anh xa tir mot dau vao cho trude dén
mot dau ra bang cach sir dung logic md. Sau d6, viéc 1ap ban dd cung cip mot
co s6 dé tir 6 o thé dua ra cac quyét dinh hodic cac mo hinh sang suét. Qua
trinh suy dién mo lién quan dén tat ca cac phan dugc mo ta cho dén nay, tirc
1a cac ham lién thudc, toan tir logic md va cac quy tac IF-THEN. Hai kiéu hé
thdng suy ludn mo chinh c6 thé duge thyc hién: kiéu Mamdani (1977) va kiéu
Sugeno (1985).

Mot phuong phap suy luan dé xdy dung mot tip cac luat mo do dang IF-
THEN mo duogc coi nhu chan 1y thi dugc goi la phuong phap suy dién mo
(hay duoc goi 1a phuong phéap suy dién xép xi).

Luat dugc xay dung trén co s& phép kéo theo cua logic, khi dé suy luan
dugc xay dung dya trén luat suy dién trong logic. Trong logic ménh dé mdi
bién ménh dé biéu dién cho mot sy kién. Khi d6 dua vao phép suy dién
Modus Ponens cua logic. Tir 2 ménh dé A va B, ngudi ta xay dung mot luat
R: A—B.

Khi d6 luat Modus Ponens thé hién luat mo nhu sau:
Su kién gia thiét: x is A

Su kién hé qua la: y is B

Luat R duoc xay dung nhusau : IFXis ATHEN yis B

Dua theo cach suy dién thong thudng ctia con ngudi, luat modus ponens

str dung nhu dua trén cach tinh x4p xi, dugc minh hoa nhu sau:
Su kién gia thiét: X is A

Su kién hé qua la: y is B’
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Luat R’ dugc xay dung nhu sau : IF x is A’ THEN y is B’

Véi A’, A duge xdy dung trén cung 1 tap nén X va B, B' xdy dung trén
cung 1 tip nén Y. Do viy, cac gia tri md A, A', B, B” duoc x4c dinh trén cac
khéng gian nén twong tng. Phép toan suy dién dya trén gia tri cia ham thudc
suy dién B> dugc dua trén viéc léy max va min cua cac gia tri ham thudc A,
A’, B nhu cong thuce (1.26).

g (y) =max, min[ e, (X), 1z (X, )=V [ta () A 25 (X, )] (1.26)

Nguoi ta c6 thé biéu dién viéc suy dién dudi dang (1.27)

B=AocR=Ao(A—B) (1.27)

Dua vao cac luat suy dién co ban cua logic nguoi ta xay dung 1én céc

phép suy dién voi luat mo:

= Suy dién tir mot tién dé gia thiét véi mot luat

mijn

e LA

X K CzY

Hinh 1. 2: M& hinh suy lugn mo véi mét gid thiét va mét ludt

Viéc thé hién minh hoa trén hinh 1.2. Viéc xac dinh gia tri cia ham thude

duoc xéc dinh béi cong thire (1.28):
Hg (V) =V, (tta ) A 1, NN 1 (Y) =W A 5 (Y) (1.28)
W= max(st, (X) A 42, (X))

= Phuong phap suy luan véi nhiéu gia thiét va mot luat

Néu luat mo IF-THEN duoc xac dinh véi hai gia thiét dugce xac dinh nhu
sau : “IF x is A and y is B THEN z is C” cac thanh phan dugc xac dinh suy

dién nhu sau:



17
Su kién gia thiét: xis A'vayis B’
Luatmo : IFxisAandyisBTHEN zisC
Két luan suy dién :zis C’

Luat mo trong gia thiét 2 c6 thé dwa vé dang: AB—=>C tir d6 ta tinh
duoc:

C =(AxB)oR=Ao(AXB—>C)=[A o(A—C)]n[B o(B—C)] (1.29)

1 (@) = Tty (9 A sty DAL ) A 1 (9) A e (2)]
= Ml 00 A s OB A, Lt (9) 1 1 (DI} e (2) = (W A W) v A (2) (g 30

Vi W=Vl A1, (0T 3 W =V Lty () A 125 (X)]

n, min c c
B/\\B W1 I
A Wl W | ﬁ
H Y Z

Hinh 1. 3: M& hinh suy lugn me nhiéu gid thiét va mét lugt

p(2) =V, Ly () A g (VIALA () A 15 (Y) A e (2)]

(1.31)
= 'uA‘o(A—>C) (y) A ’uB‘o(B—>C) (y)

Ta lai co:

Tir cong thuc trén ta thay rang, két qua C c6 thé dugc xem nhu giao cua
hai biéu thue & =A <(A>C) vz G =B <(B>C) M3i mot bidu thac lien
quan dén phép suy dién mo trong truong hop mot luat mo va mot tién dé da
x€t ¢ trén.

* Suy luan nhi€u luat mo vaoi nhiéu tién dé
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Hinh 1. 4: M6 hinh suy lugn mo ¢ gid thiét véi hai lugt

Su dién dich cia luat mo phirc hop duoc tién hanh nhu hop ctia cac quan

hé m¢ tuong tng vai luat mo. Do vay ta co:
Su kién gia thiét: xis A'vayis B’
Luatmo1l : IFxisAiandyisB; THEN zis C,
Luatmo2 : IFxisAzandyisB, THEN zis C,
Két luan cta suy luan: z 14 C’
Chiing ta c6 thé str dung suy dién md nhu mot phuwong phap suy luan dé
tim dugc két qua cua tap mo daura C
Pé xac dinh thuat toan suy luan mo, goi Ry = AixB; — C; va R, = AxxB;
— C, Do phép hop thanh max-min cé tinh chat phan phdi véi phép U
nén:
C =(A'xB)o(R,UR,)=[AxB)oR U(AxB)oR,]=C,UC, (1.32)
Véi C'; va C'y 1a tap mo duge suy dién tir luat 1 va 2.
1.4. Do thi tri thirc me

D6 thi tri thirc mo [9] (FKG) duge nhém nghién ciru Lé Hoang Son dé
xut nam 2020 va md hinh duge xay dung dua trén luat mo, phat trién véi mo

phtec [10]. Khi d6 db thi tri thirc mo dwa trén nén tang cta Iy thuyét d6 thi.
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Céc dinh tuong ung voi cac gia tri ngdn ngit cua thudc tinh va gia tri
ctia nhan dau ra. Cac dinh ni véi nhau thanh cac cung tuong tng. Trong hinh
1.5 duéi day [10] minh hoa vé dd thi tri thirc mo xay dung dua trén mot co sd

luat mo (fuzzy rule base).

BI!
High [VeryHigh o[ 1]
- 3 High

a 5. B
...... 2% i
Z Medium I = I J - IZB :

> o 5
X = )L ...... p Xe Label

Fuzzy Knowledge Graph (FKG)

Hinh 1. 5: Pé th; tri thizc mo.

Trong [10], d thi tri thirc mo& st dung dé suy dién va du bao nhan dau
ra clia C4C miu mdi dua vao dé kiém tra. Khi xay dung do thi tri thitc mo
ngoai cac dinh la cac gia tri ngdn ngitr cuia thudc tinh thi cdc canh dugc xay
dung dya trén ma tran trong s6 cac canh A, B thong qua cac cong thic (1.33)
va (1.34).

X; = Xjtrong luat t
J

t — 1.33
AL = (1.33)
trongdot =1k, 1 <i<j<m,va
|X; — lable | trong luat t|
t _ t :
B = ( E At) + R (1.34)

trongd(')t=1,k,1$i<j$m,l=1,_C.

Dé xac dinh nhan cua phan 16p dua trén d6 thi tri thac mo dua vao viéc
tinh toan gié tri ngon ngwr cua di liéu xac dinh nhan bai cong thuc (1.35):
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Cil = Z Bitl
t (1.35)
Sau d6 sir dung cong thirc tinh D dé xac dinh kha ning cia timg nhin véi

mau dit liéu dang can xac dinh theo cong thirc (1.36).

D, = mini:fk(cil)"‘maxi:fk(cn) (1.36)

Cubi cung nhan dugc xac dinh badi cong thue (1.37) dua trén viéc st dung

cong thirc max.

Label = p if D, =max,_;(D,) (1.37)

Khi d6, @6 thi tri thirc md d3 tip trung vao viéc mo phong cac ludt mo
dua trén d6 thi tri thic mo, qué trinh suy dién trén do thi tri thirc mo dé xac
dinh cac nhan. Do vay, dd thj tri thirc mo tdp trung vao vi€c giai cac bai toan
phan 16p dir ligu.

1.5. Ngbn ngit MATLAB

Ngon ngit MATLAB duoc sir dung nhiéu trong cc bai toan hd trg tinh
toan, n6 hd trg nhiéu trong tinh toan va xir 1y dir liéu. Matlab 1a ngdén ngir
cung cip cac thu vién vé: logic mo, tinh toan so liéu trén ma tran, thiét ké
giao dién nguoi dung, v& db thi,.... Khi d6, viéc sir dung ngdn ngir Matlab
giup cho viéc tinh toan cua bai toan hoc may, dac biét cac bai toan trong logic
md dugc dé dang hon. Do vy, trong luan vin ndy em lya chon Matlab 1a

ngdn ngit 1ap trinh cho viéc mo6 phong demo cta chuong trinh.

MATLAB thuong dugc dung trong mé phong va tinh toan cia céac linh
vuc: thiét ké diéu khién tu dong, truyén thong, xu 1y tin hi€u va anh, do
luong kiém tra, tinh toan thudt toan, phan tich sb liéu. Piac biét, trong céc
nghién clru can hd trg tinh toan thi cac nha khoa hoc cling hay lga chon
Matlab dé mé phong. Véi 1y thuyét d6 thi thi viéc tinh toan thuong cé khoi

luong 16m can duoc xir 1y.

Céc kiéu dir liéu trong Matlab ciing rat phong phil, c6 hd tro nhiéu véi

cac loai dir li€u s6 nhu: s6 nguyén, so thuc, s6 phtc. Pong thoi voi cac loai
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dir liéu thiéu, khong xac dinh Matlab ciing hd trg dé xir 1y. Cac phép toan co
ban cua Matlab sir dung dé tinh toan 1a: +, -, *, / hodc \ va * (s6 mil).

Viéc xtr Iy ma tran matlab hd trg viéc khai bao, xir Iy va tinh toan. Viéc
xt 1y dir liéu thudc tinh dé thé hién thong qua mang 2 chidu: mdi cot 1a 1
thudc tinh va mdi dong 13 1 ban ghi. Pdng thoi, véi dd thi biéu dién vé dang
ma tran ké, cac dinh cua d6 thi tuong g la cac dong (cot) ciia ma tran, cac

canh cua do thj thé hién qua trong s6 clia ma tran.
Mot s6 ham co ban vé xir 1y anh trong MATLAB:

e Doc va ghi cac dir 1i€u anh:

— Ham doc anh imread(): doc tat ca cac loai dinh dang file anh co ban,
cac anh duoc sd hoa va biéu dién dudi dang ma tran. MJdi diém anh 1a 1
vecto biéu dién, tuy vao mdi loai anh ma sb lugng cac thudce tinh cua
vecto 1a bao nhiéu. Trong Matlab, c6 cac ham hd trg doc anh va chuyén
ddi vé& ma tran, cac ma tran duge luu dudi dang s6. Khi d6 viéc xtr Iy
anh dya trén viéc tinh toan xtr Iy trén ma tran biéu dién cua anh.

— Ham ghi anh imwrite cho phép chuyén doi ma tran s6 sang mot dinh
dang anh co ban dé luu.

e Céc ham hién thj dnh:

— Ham imshow() va imagesc() : D¢ hién thi hinh anh trong Matlab ta
dung 2 1énh imshow() va imagesc()

+ Ham imshow() dung dé hién thi anh voi 8- bit biéu dién, né cho
phép hién thi cac anh sb vé dang hinh anh co ban.

+ Ham imagesc() dung dé hién thi hinh anh kém céc truc cua do thi
dua trén cac gia tri mau cua hé mau RGB.

— Ham rgb2gray() cho phép chuyén dbi anh biéu dién dang RGB sang
anh den-tring bang cach chuyén cac gia tri mau sic sang céc gia tri den
tring, nhung van gilt nguyén do sang.

— Ham imadjust(): str dung dé diéu chinh cudong d6 cua anh. Hinh anh
dau ra duoc 1am ting do twong phan véi cau 1énh nay.

e Mot s6 ham doc file

— 1mportdata (‘tén file’);
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dlmread (‘tén file’) duoi .txt,.mat;
xlsread(‘file name’); doc file dang xIsx;

load ‘tén file’;

Mot s0 ham toan hoc :

sqrt(x) can bac hai.

log(x) logarit co sb 10.

sign(x) ddu cua x.

round(x) ham lam tron.

rand() ham lay gia tri ngau nhién.

cos(x), sin(x), tan(x).

Mot s6 ham co ban:

Ham clear ding dé x6a bién nay khoi khong gian lam viéc, khi
do cac gia tri cia bién s& bj loai bo.

Ham Save: Luu dit lidu cua bién vao file dudi danh dang *.mat
Ham load(): dung dé tai dir liéu tir file voi dinh dang *.mat Ién
khong gian lam viéc.

Length(): Chiéu dai cta vector

Size() : Kich thudc cia ma tran

Ham Rand(): tao ma tran ngau nhién v&i cac gia tri trong phan bd
chuan [0,1].

Biéu thtc r& nhanh:

+ CAu trGc r& 1 nhanh If...end:
if <biéu thuc diéu kién>
<Cau lénh1>

<Cau lénh 2>

end
+ CAu trc ré hai nhanh If...else...end:

if <biéu thuc diéu kien>

<Céc cau lénh véi biéu thirc diéu kién dung>
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else
<C4c cau lénh véi biéu thie diéu kién sai>
end
+ CAu trdc vong lap For
for <bién diéu khién> = <gia tri bat dau> : <gia tri két
thuc>

<Cac cau I¢nh trong vong lap>

end
— Xay dung ham m-file 1a 1 thu tuc con do nguoi dung xay dung. NO
dong vai tro 1a 1 ham, 1 tha tuc ma nguoi dung dinh nghia 1én. Khi st
dung thi truyén tham sé cho chling s& thuc thi va tra vé gia tri.
— Mot ham s& ¢6 dang tdng quat nhu sau:

function [<c4c bién dau ra>] = function_name(<cac tham sé dau
vao>)

Bién dau ra duogc dit trong dau []:

— Céc bién dau ra duoc liét ké theo thir tu khi nhan gid tri twong
tmg va duoc cach nhau boi dau «,”.
— Ham c6 thé khong c6 gia tri tra vé thi thuc thi 1 doan cau lénh

— Néu c6 1 bién dau ra duy nhat khong can déu [].

Tham sb dau vao dugc dat trong dau ():

€6 9
2

— Tham sb d4u vao ngin cach nhau béi ddu
— Ham c6 thé khéng c6 tham s6 dau vao.

e Mot s6 ham khac
— int2str(i) : chuyén kiéu sang dang sd.
— num2str(i) : chuyén tir dang s6 sang dang méang
— disp(x) : hién thi gi4 tri x.
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1.6. Tong két chuong 1

Trong chuong 1, em di trinh bay vé cé4c kién thirc 1y thuyét sit dung
trong qué trinh 1am luén vin. Cac kién thirc 1y thuyét co s gom: 1y thuyét
mo, ly thuyét dd thi, do thj tri thirc mo, ngdn ngilt s dung dé cai dat thuat

toan trong luan van.
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CHUONG 2. PO THI TRI THUC MO
2.1. M6 hinh d6 thi tri thirc mo trong phan Iop dit liéu

Trong chuong nay, em trinh bdy mo hinh suy dién mo trén d thi tri thirc mo

dé thyc hién viéc phan 16p dir liéu (thé hién Hinh 2.1).

Dit lidu Suy dién mo HE luat X.ay‘dl,n'lg d({
® thi tri thirc mo
Train
. 1A L A A s Dir liéu
Danh gia hi¢u Keét qua phan Do thi tri thire Test
nang 16p dir licu mo

Hinh 2. 1: M6 hinh do th tri thizc mo trong phan I6p diz liéu
e Budc 1. Xay dung luat mo tir phuong phéap suy dién mo (fuzzification),
biéu dién vé dang IF-THEN.
e Budc 2. Tu hé luat xay dung dd thi tri thirc mo
e Budrc 3. Suy dién trén d6 thi tri thirc mo.
e Budc 4. Danh giad hi¢u ndng mo6 hinh dya trén cac do do phan 16p dir licu.
Chi tiét cta timg phan s& dugc trinh bay trong cac muc tiép theo.
2.2. Xay dung luat mo

Dua trén 1y thuyét mo, xay dung luat mo tir dit liéu [11,12,13,14]. Mot
thudc tinh dugc mo hoa dua trén mot tap nén. Qua trinh mo hoa 1a anh xa tur
tap nén X vao [0,1] dua trén mot anh xa f. Khi d6 mot gia tri mo A dugc biéu

dién dudi dang dai s nhu sau :

A = Falx1) n 1a(xz) 4ot ta(xn) (2.1)

X1 X2 Xn

Khi d6 mot gia tri mo B dugc suy dién dua trén nguyén 1y suy rong thi B

la 4nh ctia A trén anh xa f dugc xac dinh boi (2.2).

B =f(a) = “A;xl) + “Ay(xZ) 4o @ v6i yi=f(x;), i=1...n (2.2)
1 2 n
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Khi @6, tap mo B duogc xac dinh dya trén cac gia tri cua anh xa f véi tap
nén X. Ung voi mdi gia tri X1, X2 €X, X1#X2 ma f(x1)=f(x2)=y" ,y €Y thi mirc
d6 phu thudc caa B 1a 16n nhat tai y=y" vao A tai cac diém Xx=X; V& X=Xy, khi
dé nguoi ta co thé xac dinh gia tr1 ham thudc cua giad tri mo B dua trén cong
thirc (2.3)

#a (¥) = max (u,(X) (2.3)

Pé tong quat ta xay dung mot ham f 1a mot anh xa tir khong gian n chiéu
XaX Xox.... Xn va Ay, Ay, ...An 1a n tdp mo trén tap nén X1, Xp... Xy, khi d6 nguyén

ly suy rong dugc xay dung thong qua anh xa f dé xac dinh tap mo B Ia:

max [min, 2, ()], if £7(y)# 0
125 (y) = | Oaer ) Gatan )= )

Quan h¢ trong tdp mo.

Quan h¢ hai ng61 trong tdp mod: mdt tdp mo duoc xay dung dua trén
khong gian XxY khi anh xa mdi phan tir ciia khong gian nay sé c6 mot gia tri
ham thudc trong [0,1] dugc xac dinh.

Khi d6 2 tap X va Y 1a 2 tip nén cta tip mo thi :

R={((%Y), e (X, V) | (X, y) € XXY } (2.5)

Pugc xac dinh 1a quan hé hai ngdi trong tap mo trén tip nén XxY.

Khi d6 quan h¢ hai ngdi trong tap mo thuong dugce xay dung nhu sau:

Luat mo : “IF x is A THEN y is B” dugc str dung thuong xuyén trong hé
suy dién mo. Quan hé trong tap mo trén cac khdng gian nén khac nhau duoc
két hop thong qua phép hop thanh (khi d6 goi 1a luat hop thanh). Phép hop
thanh c6 thé dung nhiéu cach khac nhau cho quan hé trong tdp md, phuong
phap thuong dung dugc Zadeh xay dung 1a ludt hop thanh max-min.

Goi Ry va R, 13 hai quan hé trong tdp mo trén tap nén XXY va YxZ, khi
d6 luat hop thanh Max-min cta R; va R, 1a mot tdp mo xay dung nhu sau:

RoR, = i(x, z),maxminf g, (X, Y), g, (¥, 2)]| x€ X,y €Y, 2 ezj
! (2.6)

Hoac tuong duong :
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Hg oR, (X,2) = max min[:uR1 (X, y)uUR2 (y,2)]= Vy[:UR1 (X y) A Hg, (v,2)
y (2.7)

Khi d6 v phép toan lay max va A phép toan 1y min. Khi Ry va R, duoc
xac dinh dang ma tran, phép tinh toan Ri°R; xac dinh l1a nhan ma tran cho
phép thay thé phép max va min, do viy ngudi ta goi d6 1a ludt hop thanh dua
trén cac phép toan max-min cua luat mo.

Suy dién mo 12 cach thirc lién két céc tri thirc trong co s& tri thirc vdi cac
su kién trong co s& su kién dé dua ra céc tri thirc méi.

Khong c¢6 mot phuong phap suy dién duy nhat cho moi loai tri thirc,
phuong phap suy dién khi x4y dung phu thudc vao cach thtc bidu dién tri
thic trong co s& tri thire. Khi x4y dyng cac hé chuyén gia, hé suy dién mo 1a
mot cach hay dugc sir dung dé suy dién.

Trong trudng hop thong tin khong day di hodc khong chinh xac thi hé

suy dién mo to ra hi€u qua.

Heé suy dién mo phan 16n dugc xay dung voi cau trac nhu hinh 2.2

Co' so tri thirc

Pau vao Co s& dif liéu Bd lugt Diura

Giao dién Giao dién
mo héa gidi mo

= Pon vi thure thi I

Hinh 2. 2: Sor d6 tong quan hé suy dién mo

- Phan giao di¢n mo hoa thuc hién viéc chuyén ddi cac gia tri dau vao
thanh cac gia tri ctia bién ngdn ngir.
- Phan 2 14 co s6 tri thirc bao gom:
e (Cdc tri thirc trong co so tri thirc dugc luu trit trong co s¢ dir
liéu xé&c dinh cac gia tri ham thudc cua gia tri mo.
e Hg¢ luat: 1a tap hop cac luat mo c6 dang: IF — THEN
- DBon vi thyc thi: ¢6 nhiém vu thyc hién qua trinh suy dién tir cac luat

mo trong hé luat.
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- Giao dién gidi mo: sau khi thu dugc két qua suy dien la cac gia tri
cta bién ngdn ngit, can chuyén doi cac gia tri nay thanh céc gid tri

r0 lam két qua dau ra cua hé suy dién mo.

Cac phuong phap suy dién co ban di duoc trinh bay trong chuong 1

voi cac hé suy dién co ban.
2.3. Biéu dién d6 thij tri thicc mo tir luat mo

Trén co s¢ cac ludt da dugc xdy dyng trong muc 2.2. Trong muc nay,

em trinh bay cach thirc xay dung db thi tir tap luat.

Cho tap luat dugc xac dinh bé1 muc 2.2 (cac luat thé hién trang bang
2.1). Xay dung D0 thi tri thite md (FKG) tir hé co so luat mo [15].

Bang 2. 1: Hé lugt mo

Rule X1 X2 cee Xm-i Xm Label
Ry High Medium High High 1
R, High Medium Low Medium 2
R Low High ... | Medium | Low 2
Rk Low Medium . Low Low 3
Gia tri High High High High 123
bién ngon | Medium |  Medium Medium | Medium C
notir Low Low Low Low
Mot db thi vé huéng G = <A,C>, trong 46 A={ ay, @y, . . . , a} la tap

cac dinh cua do thi G, C={ ¢y, Ca,. . ., Cm} 1 tip cac canh cua do thi G. Khi
biéu dién trén may tinh ta can xay dung mot ma tran ké cua d6 thi G. Goi ma
tran ké 1a E, khi d6 E dugc xéac dinh la:

E={eij: ,j=1..n }
Khi do, ej; xac dinh nhu sau:

. = {0 néu (i, j) khéng la canh thudc C
Y 1 néu (i,j) 1acanh thudc C

Do thi ¢ trong s6 dugc xac dinh 1a: G; = <A;, Cy>, trong d6 A={ a;,
a, ..., an} 1 tap cac dinh cua do thi G1, C={ ¢y, Cy,. . ., Cm} 14 gia tri trong s6
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canh trén do thi Gi.

Nhu vay khi xdy dung FKG véi timg luat mo R, dya vao cach bién dién
ctia d6 thi. Mdi gia tri ciia bién ngdn ngit cua timg thudc tinh va gia trj ngdn
ngir la mot dinh cua dd thi. Cac canh cua dd thi duge xay dung dua trén moi
quan hé gitta c4c gia trj ciia bién ngdn ngir cua cac thudc tinh, nhin trong ting
luat mo can biéu dién. Khi d6 mot d6 thi FKG duge xac dinh nhu sau: khit =
1,k, vai quan hé cua thudc tinh (Xi,Xj), <i<j<m trén luat R;, dugc xac dinh

nhu sau:
Value (Xi) — Value (X)) (2.8)

Khi d6 Value (Xi) 1a gia tri ciia bién ngdn ngit twong tng voi thude tinh X;.
Ung véi mdi cdp gia tri ngdn ngit va nhan 1a (X;, Label), 1< i< m, mdi canh

ctia d0 thi 13 quan hé duogc xac dinh: Value (X;) — Label..

Dbi v6i cac bai toan thuc té, s6 lugng cac bién ngdn ngit tiy thude vao
cac
bién dau vao thuc té va phan bd cua chung. Biéu dién db thi tri thire cac lut
mo dya trén cac gia tri ngén ngir cua thudc tinh duge xac dinh minh hoa theo
Hinh 2.3 nhu sau:

X [ Hign ] [Medium ]
1 N -
Ai A“J A »
Xa 1 N ¢
x: ay o P
............ Al
X [Mediom] | |[Tow ]
x [ F
1 1 2 BE
B B” B2 B” )
1

ij
Label *lv: ": I | 3~ bl I ‘; ' i I C ]

Hinh 2. 3: Biéu dién do thi tri thirc mo tir lugt me theo thugc tinh

Khi d6 AE]- 1a trong s6 cua canh duoc xac dinh 1a  Value(X) —

Value(Xj) trong luat t voi t =1, k, 1<i<j<m, thi Ati]- duogc tinh toan theo cong



30

thire (2.9):

|Xi quan hé véi Xj trong ludt thir t |

At =
Y IR|

(2.9)

Khi d6, B 1a trong so dé biéu dién moi quan hé ctia gid tri ngdn ngit

thudc tinh X; véi nhan |, t = 1,k, 1<i<j<m, | = 1,C thi B dugc x4c dinh

theo cong thirc (2.10):

t _ t |Xi quan hé véi nhan 1 trong lut thir t |
Bii = (X A}) * ] (2.10)

Biéu dién do thi cta cac luat mo theo cac thudc tinh duge xady dung
trong Hinh 2.2, sau d6 bién do6i theo cac gia tri bién ngdn ngit cua cac thude
tinh ra d6 thi FKG nhu Hinh 2.4, khi luu trit va xtr Iy dit liéu cta d6 thi tri

thirc mo thé hién trong mOt ma tran ké B.

fur

) 4 High High Y [C

Medium —
]
" S ' Low B}
Z 4 Medium Z

Medium 3

Low

Low Z B

X Label

Al
54

X X, X1
Hinh 2. 4: Biéu dién do thi tri thic mo
2.4. Suy dién trén db thi tri thic mo

Suy dién trén do thi tri thitc mo [16,17,18] dugc thé hién ¢ trong qua
trinh Testing. Bang viéc st dung D6 thi tri thirc md dé biéu dién luat, qua
trinh Testing gan cac nhan ddi v4i timg bo dit liéu dau vao Testing (Hinh 2.5).
Pbi vi mbi bo dir liéu Testing dau vao, s& duoc thuc hién mo hoa dé chuyén
cac bién dau vao gié tri rd thanh céc bién dau vao gia tri mo thong qua viée sir
dung ham thudéc mo. Sau do6 cac gia tri ngébn nglr s€ dugc xac dinh dua trén

ham thudc dau vao tuong Uimg doéi véi moi thudc tinh trong bo dir li€u dau
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vao. Cudi cung, thudt toan suy dién nhanh FISA (Fast Inference Search
Algorithm) duoc xdy dung dé thuc hién suy dién trén do thi tri thic mo

(FKG) dé tim nhéan cua cac mau dir liéu can kiém tra.

Budc 1 cac gia tri ngdn ngit cua thudc tinh twong tmg véi modi nhan
trong timg ludt md trén d6 thi tri thite md FKG dugce tinh toan theo cong thirc

Sau:
Ci=X¢Bj (2.11)

Véi gia tri B biéu dién mbi quan hé ctia gia tri ngdn ngit thudc tinh X;
v6i nhan |. Y tudng cta gan nhan (cong thirc (2.12)) dya trén suy ludn xap xi,
diéu d6 c6 nghia 1a cac gia tri ngdn ngit cla timg ban ghi mdi trong bo dir licu
Testing duoc tinh toan suy luan xap xi theo timg thudc tinh tuong mg trong
d6 thi FKG, v&i muc dich tim ra nhén twong tng phil hop nhat.

Vi moi ban ghi méi thi nhan twong tmg véi timg luat duoc tinh boi
toan tr MIN-MAX nhu sau:

D\ = min;_1% (Ci)) + max;—1x (Ci) (2.12)
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Heb | Y4 i) 24 X4 [T

1 S

Y T
" |

~ 3
| e
Low e
! z ’l’t Cl—
S
Label
X
| Fuzzy Knowledge Graph (FKG) | ' |
Approximate Eeazoning |
Beinforcement Learning

Hinh 2. 5: Qua trinh suy dién trén dd thi tri thirc mo
Nhan ctia miu moi duoc xac dinh duwa trén gia tri max cua trong s6 D
twong Ung voi timg mau duge xac dinh theo cong thic (2.13).
Label = p néu D, =max;-1¢ (D) (2.13)

Thuat toan FISA s& md ta cach thirc gan nhin dau ra cho ting ban ghi
trong b dir liu Testing.

Thudt todn FISA:

Input Tap dit liéu kiém tra, do thi tri thirc mo
Output nhan cia tap dir liéu kiém tra can xac
dinh

Begin

Budc 1: Tir dir liéu kiém tra thyc hién mo hoéa xac dinh gié tri bién ngon
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ngtr cho cac thudc tinh.
Budc 2: Lap voi timg mau kiém tra trong bo dir liéu kiém tra
Budc 3: Tinh ma tran C: Cy =) Bf]
Budc 4: Tinh ma tran D cho timg nhan: Dy = min;_1% (Ci) + max;_1%
(Ci)
Budc 5: Xac dinh nhan cho timg miu kiém tra: Label = p néu D,=
max;—-1¢ (D)
End
Thuat toan FISA giup gan nhan cho cac quy tic md dau vao sau khi
dau vao md. Do phire tap vé thoi gian, trong d6 s mau trong tap di liéu, 1a sb
thudc tinh cua mdi mau; 1a s6 nhan ciia mdi thudc tinh va 1a sb mau tdi da
trong mdi nhan ctia mdi thudc tinh. M6 hinh dé xuat dugc phan tich va thay
rang s& dugc thyc thi trong mot khoang thoi gian ngan.
2.5. Céac do do danh gia qua trinh phan 16p dit liéu
Gia tri Accuracy [5] dugc tinh mét cach don gian, véi viée tinh ti 1€ du
doan dung so voi tong s6 1an du doan. Cong thirc tinh Accuracy nhu sau.

a+d (2.14)
a+b+c+d

Accuracy =

Trong do:
e alakét qua dy doan true positive,
e b la két qua du doan false positive,
o clakét qua du doan false negative,
e dlakét qua du doan true negative,

Gia trj Accuracy cang cao thi két qua du doan cang chinh xac.

2.6. Vi du s vé viéc xdy dung va suy dién trén d6 thi tri thic mo

Trong muyc ndy, em Xin trinh bay vi du dé minh hoa rd cho viéc xay
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dung luat va suy dién trén d6 thi tri thic mo.

Vi du 1 voi bo dit liéu dau vao co6 10 ban ghi va 2 nhin dau ra nhu

Bang 2.2 sau:
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Bang 2. 2. Tdp dir liéu dau vao

STT| Nhadn |TT1|TT2| TT3 | TT4 | TTS5 |[TT6| TT7 | TT8| TT9
1 2 S) 2 2 2 2 2 3 1 1
2 2 3 1 1 1 2 2 3 1 1
3 1 8 10 | 10 8 7 10| 9 7 1
4 2 2 1 1 1 2 1 1 1 3)
S) 2 4 2 1 1 2 1 2 1 1
6 2 2 1 1 1 2 1 2 1 1
7 1 S) 3 3 3 2 3 4 4 1
8 1 8 7 ) 10 7 9 5 5 4
9 1 7 4 6 4 6 1 4 3 1
10 1 10 7 7 6 4 10 | 4 1 2

Budce 1: Sinh luat mo phe.
Dé sinh luat mo phtrc tir bo dit licu dau vao, ta thuc hién tuan tu:
Thuc hién sinh phﬁn thuc va phén 4o cho dir liu.

DPdi véi tung ban ghi, vaoi tirng thudc tinh, viéc sinh phﬁn thuc va ao
dugc thuc hi¢n theo suy tdc nhu sau: Phan thuc duoc léy chinh gia tri géc dau
vao cua thudc tinh; phan 4o dugc tinh bang cach tinh tong phuong sai theo cot
va theo hang (Var.R(ban ghi) + var.A(thudc tinh))

- Str dung thuat toan FCM dé thuc hién phan cum dir liéu theo

timg thudc tinh va tir d6 c6 thé sinh nhin ngdn ngi.

- Xay dung bo luat ban dau va thuc hién viéc giam luat tring, luat

yéu dé duoc bo luit co s&

Két qua cua qua trinh trén, ta thu dugc bo luat co s¢ nhu sau:
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Bang 2. 3: B diz lidu dau vao

STT (Nhan | TT1 | TT2 | TT3 | TT4 | TT5 | TT6 | TT7 | TT8 | TT9
1 2 M | VL | VL | VL | VL | VL L VL | VL
2 1 H VH | VH H H VH | VH H VL
3 2 VL | VL | VL | VL | VL | VL | VL | VL M
4 2 L VL | VL | VL | VL | VL | VL | VL | VL
5 2 VL | VL | VL | VL | VL | VL | VL | VL | VL
6 1 M L L L VL L M L VL
7 1 VH H H M L VH M | VL L

Budc 2. Mo hoéa dir liéu.

Gia stir ¢o bo dir liéu test sau: X1

Ta thyc hién mo hoa dir li¢u bang cach st dung ham mo Gausse nhu sau:

HAp,q (xp.q) =e—

2
(xp,q - Cq)

+i

(xp,q

=(5,1,1,1,2,1,3,1,1)

—¢q)

267

62

(xp q

o262

Cq)

Két qua thu duoc gia tri mo hoa tuong tng vi mdi thudc tinh ciia bo

X1

nhu sau: (1.000,0.1279) ; (1.000,0.0776); (1.000,0.0517);(1.000,0.0016);

(0.9998,0.1571): (1.000, 0.1448) : (0.9995, 0.0075); (1.000, 0.0768); (1.000,

0.1452)

Budc 3. Tinh todn trong sb cua luat

Ta thyc hién tinh 1an luot trong s6 ddi vai tung luat trong bd luat co so:

Vi du véi luat 1, ta co:
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Re (R1) = Min (1.0000,1.0000,1.0000,1.0000, 0.9998,1.0000,
0.9995,1.0000,1.0000)

= 0.9995

Im (R1) = Min (0.1279, 0.0776,0.0517,0.0016,0.1571,0.1448,0.0075,
0.0768,0.1452)
=0.0016
Viy, doi voi luat 1 ta tinh dugc trong s6 cua ban ghi test véi luat 1 nhu
sau: wl = 0.9995g00016
Tuong ty, ta tinh dugc trong sb cua ban ghi v6i 6 luat con lai.
Budc 4: Tong hop két qua ddu ra ¢ day ta chon cong thic tinh trung
binh trong sb dé tong hop két qua dau ra:

7
Yi=7 WiZj
N7 .
i=7 Wi

Yop=

Két qua: Yop = 2.0796 va nhan dau ra dugc gan cho ban ghi moi 1a 2
e Vi du 2 Cho bo luat gdm c6 6 luat md v6i 2 nhan k=1 va k=2 nhu sau:

Ri: If X1 is Mediuml and x; is Medium2 and x; is High3 then k is 1
R2: If xqis Low1 and X, is High2 and x3 is Medium3 then k is 1
Rs: If X1 is Lowl and x, is Medium2 and xs is High3 then k is 1

R4: If X1 is Mediuml and X, is Low?2 and X3 is Low3 then k is 2

Rs: If x; is Highl and x; is Low2 and X3 is Medium3 then k is

2

Re: If X3 is Highl and x; is Low2 and x5 is Low3 then k is 2

Budc 1. Xay dung Db thi tri thirc mo
Xem xét voi luat Ry ta ¢6 thé tinh duoc gia tri A}j br:ing cong thire (2.9)
duoc cac gia tri nhu sau:

L |[Medium1 —High2 |
A7, = R] =1/6

|[Medium1 —High3 |
IR|

1
A13_

=1/6
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, _ |Highz »>High3|
23 — |R| -

1/6

Sau do, tinh toan duogc gia tri doi véi nhan dau ra theo cong thic (2.10) nhu

Medi 1-—-1 1
S&U=(A%2 +A]i3 +A]23)*| ecum |=(E

1 1 1 1
+IH)us=2
IR| 6 6/ 6

12

Tuong tu ta tinh duoc gia tri B%l = %vé B%l = %

Két qua thu dugc ma tran ké chira cac gia tri tinh toan Ailj ,Bill tr 6 luat nhu

bang 2.4
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Bang 2. 4: Bang ma tran xdn dung do thi tir ludt

Rule A, A, Al Bi) B2 B3
1 1/6 1/6 1/6 1/12 1/6 1/6
2 1/3 1/6 1/3 5/18 5/12 5/18
3 1/6 1/6 1/6 1/6 1/12 1/6
4 1/6 1/6 1/6 1/6 1/6 1/12
5 1/3 1/6 1/6 2/9 1/3 1/9
6 1/6 1/6 1/3 1/9 1/3 2/9

D6 thi FKG cho 6 luat duoc mo ta trong Hinh 2.6 sau day:
1/6 1/6 - 7 ’ e s :E]
V 46 7‘ ? ~ ~ = ]"I:]‘l: l‘(
) =i e S
, =i [Tows Jorm 22
Vo Towa =~ L2
X1 X2 Xs Label

Hinh 2. 6: D6 thi FKG cho 6 lugt

Budc 2. Ap dung thuat toan FISA ddi v6i qué trinh Testing

Trong qua trinh Testing, muc dich can phai gan dugc nhin cho mdi ban
ghi bang sir dung thuat toan FISA trén d6 thi FKG da thu dugc. ¢ vi du nay
minh hoa viéc gan nhan ddi v6i bo ludt mo sinh ra sau khi mo hoa bd dix

liéu Testing dau vao.

1) Truong hop 1: Gia str gan nhan cho 6 luat dau vao ma c6 diéu kién
tuong tu nhu voi 6 luat mo ban dau. Piéu d6 co nghia cac luat méi déu phu
hop voi bo lut co sd md ban dau. Bo 6 luat dau vao dugc dit tén tuong tng
la Rulel, ..., Rule 6.
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Duya theo cong thirc (2.12) ta thu dugc Cj dbi v6i ting nhan dau ra | (1
or 2).

Xem xét luat Ry, voi nhan daura 1a | = 1 ta thu duoc:
Cu1 =X Bi; = Bj; = 1/12

Ca =Y BS; = By, (rule R1) + B,;(rule R4) = %4.

|

Ca1 =) B5; = B3, (rule R1) + B3, (rule R3) =

|

+

[N N

Véi nhan dau ra | = 2, tinh toan theo cach tuong tu ta thu dugc Cip =
1/9,
Ca =0, C3, = 0. Cubi cung ta thu dugc két qua cac gia trji cua Cjj twong tng
v6i mdi nhin dau ra nhu bang 2.5, 2.6

Véinhan 1:

Bang 2. 5: Bang tinh gia tri C vdi nhén 1

Rule Cu Ca Ca1
1 1/12 1/3 1/3
2 0 0 0
3 1/3 1/12 1/3
4 1/3 1/3 1/12
5 0 0 1/12
6 1/12 0 0

Bdng 2. 6: Bang tinh gia tri C vdi nhén 2

Rule Cr C Ca2
1 1/9 0 0
2 1/2 13/12 1/2
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3 0 0 0

4 0 0 1/9
1/2 13/12 1/9

6 1/9 13/12 1/2

Ap dung toan tir trong cong thirc 2.13 dé tinh toan gia tri Dy d6i véi
ting nhan dau ra (I = 1,1 = 2), cu thé nhu sau:

Véi luat 1:

D, = min (C1|, Co, C31) + max (C1|, Co, C31) =1/2+1/3=5/6

Di = min (Cy2, Ca2, C32) + max (Cuz, Coz, C32) = 1/9
Do D, > D, nén theo (4.5), nhin dau ra cta luat 1 1a 1.

Tuong tu, ta thu dugc nhan dau ra cua cac luat 2, luat 3, luat 4, luat 5,
luat 6 twong ung 1a 2, 1, 1, 2, 2. Theo nhu két qua cho théy thi nhan dau ra
cua
6 luat dau vao khi duoc thuc hién théng qua thuat toan FISA ¢ két qua tuong

tu nhu vo1 6 luat co sé ban dau.

2) Truong hop 2: Trong truong hop nay, thuat toan FISA dugc st dung
dé
gan cac nhan dau ra dbi v6i timg mau ban ghi dau vao véi cac ban ghi co thé
khong ¢ san trong bo 6 luat co sé ban dau. Cu thé nhu sau:

i) Gid st co luat 1 nhu sau:

If X1 is Mediuml and x; is High2 and x3 is Medium3 then Label =?

Dua vao d6 thj tri thitc cua céc luat chi rd trong hinh 2.3 c6 thé chi ra
rang
khéng c6 canh nao ndi tir nhin ngdn ngir Medium! t6i High2 va ndi tir nhan
High2 t6i Medium3. Tuy nhién ting canh riéng t6i nhin van c6 ton tai trong
d6 thi. Bang viéc st dung mé hinh suy dién trong Suy luan x4p xi trong thut

toan FISA thi ta c6 thé gan nhan cho ting luat theo cach sau.
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V&1 nhan 1: ta cod CMediuml,l =1/12 , CHigh2,1 =1/3: CMedium3,1 =1/12

D1 = min(Cwedium1.1, Chigh2,1, Cmediumz,1) + MaX(Cwedium1,1, Chigh2,1, Cmediums,1)

=1/12 + 1/3 =5/12
Voi nhan 2 ta co: CMediumI,Z = 1/9, CHigh2,2 =0, CMedium3,2 =1/9

D2= min(Cpwediumi 2, Criigh2.2, Cwmediuma.2) + MaX(Cwmediuml 2, Crigh2,2, CMediums,2)
=0+1/9=1/9
Do D; > D; nén suy ra nhan cua luat 1a 1.
i) Xét luat 2 nhu sau:

If x; is Highl and x; is Medium2 and X3 is Low3 then Label =?

Vi luat dang xét va trén dd thi tri thitc FKG dién ta cac luat co s thi
cling khéng ¢ canh tir nhan Medium?2 tdi Low3. Do d6, ta can st thuat toan
suy luan xap xi trong FISA dé gan nhan cho luat méi nay. Tinh toan tuong tu
nhu luat trén ta thu duge D1 = 1/12, D, = 19/18. Vi viy ma nhén dau ra cia

luat moi ndy duoc gan bang 2.

i) Xét truong hop luat cudi ciing véi trudng hop gia sir khong cé canh

nao trong do thi tri thie biéu dién luat do:
If x; is Medium1 and X, is Medium2 and X3 is Medium3 then Label =?

Trén db thi FKG, khong c6 canh nao di tir nhan Medium1 toi Medium?2
va ciing khong c¢6 canh nao ndi tir nhin Medium2 téi Medium3. Do d6
phuong
phap suy ludn x4p xi trong thuét toan FISA dugc dung dé gan nhin dau ra
d6i v6i truong hop nay. Tinh toan twong tu nhu trén thi thu duge D; = 1/6,
D, = 1/4. Do d6, nhin dau ra dugc gan la 2.

Véi vi du vé s cac truong hop co thé xay ra dbi véi dir liéu dau vao da
minh hoa 6 vé kha ning suy dién dau ra dua trén do thi tri thiac FKG va mo
hinh suy luan xap xi trong thuat toan FISA. N6 gitp cho chung ta c6 thé suy
luan mot cach linh dong, mém déo hon ddi véi nhiig truong hop thiéu tri
thirc
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hay nhitng hé théng ma cé qua it luat biéu dién.
2.7. Tong két chuong 2

Trong chuong ndy, em da trinh bay mé hinh suy dién md dya trén do
thi tri thirc mo. Tir dit liéu hudn luyén str dung suy dién mo x4y dung hé luat
mo, sau d6 xay dung dd thi tri thirc mo tir hé luat mo. Viée suy dién dé phan
16p dir liéu kiém thir dua trén d6 thi tri thire mo xay dung. Cubi cung danh gia
qua trinh thuc nghiém cua moé hinh xay dung dua trén cac do do danh gia cia

phan 16p dir licu.
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CHUONG 3. CAI PAT VA XAY DUNG UNG DUNG
3.1. Bai toan trng dung

Trong phan cai dit thuc nghiém cua luin van gdm 2 phan: phan thir

nghiém trén bo dir licu UCI, phﬁn thtr nghiém trén bo dir liéu Y hoc cd truyén.

Véi b dit 1i¢u trén UCI, tir tap dir liéu em chia thanh 2 phﬁn: 1 phﬁn dir
liéu dé huan luyén xay dung dd thi tri thirc mo, 1 phﬁn dit liéu dé kiém tra suy
dién trén d6 thi tri thirc mo xay dyng. Trong luan vin nay em st dung 4 bo dir
liéu trén UCI dé thuc hién viéc cai dat va thuc nghiém: Breast, Liver,
Diabetes, Iris.

Vé6i bd dir liéu Y hoc ¢6 truyén: Tir tip dit liéu vé cac chi sd xét nghiém
ctia bénh nhan trong qua trinh thim kham tai co sd Y té, cac bac sy tién hanh
kiém tra va dua ra cac két luan vé tinh trang bénh dya trén cac tri¢u ching.
Pay 1a cac dir lidu dé xdy dung @6 thi tri thirc mo. Dya trén do thi tri thirc
mo, khi 1 bénh nhan dén kham véi cac chi sd xét nghiém, hé thong trg giup

bac si chan doan xem bénh nhan bi bénh gi?
3.2. M6 ta dur liéu
Dir liéu thuc nghiém duogc lay tir kho dit liéu UCI va bo dir liéu thuec,

bao gom cac bd dir li¢u sau:

« Bo dir liéu ung thu vu Breast Wisconsin Dataset (WBCD): B¢ dir liéu
ung
thu vii dugc 14y tir Bénh vién dai hoc Wisconsin, Madison, My. Bo dir
li¢u
bao gdm két qua ctia 699 bénh nhan (trong d6 458 bénh nhan duoc chan

doan 13 u lanh tinh va 241 bénh nhan duoc chan doan 13 ung thu).
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Bang 3. 1: C&c thugc tinh di liéu dau vao trong tap diz liu bénh ung thir

Breast
S6 thir tu Thudc tinh M5 ta
1 Tudi (ndm) Tudi tinh dén ngay xét nghiém
2 BMI (kg / m2) Chi s6 BMI
3 Glucose (mg / dL) Chi s6 Glucose
4 Insulin (MU / mL) Chi s6 Insulin
5 HOMA Chi s6 HOMA
6 Leptin (ng / mL) Chi s6 Leptin
7 Adiponectin (ug / mL) Chi s6 Adiponectin
8 (ng/ mL) Chi sb Resistin
9 (pg / dL) Chi s6 MCP-1

- Bénh tiéu dudng Diebetes: Dir liéu bénh tiéu duong duoc 1ay tir kho dit
ligu
bénh cua Pai hoc Y Virginia. Dit liéu dugc thu thap tir 391 bénh nhan
nguoi My goc Phi ¢ mién trung Virginia dé tim hiéu dy bao vé bénh tiéu

duodng.

Bang 3. 2: Cac thugc tinh diz liéu dau vao trong tdp diz lidu bénh tiéu dwong

Diebetes
So thir tw|  Thudc tinh MO ta
1 Ngay MM-DD-YYYY
2 Gio XX YY
3 Ma Cac thong tin dugc ma hoa
4 Gia tr1 Gi4 tr1 tuong Ung

« Bo dit liéu cay Dién Vi Iris: Dit liéu dugc 13y tir bai bao kinh dién cua
RA.Fisher. Pay c6 1& 1a co s& dir liéu ndi tiéng nhat duoc tim thiy trong
tai liéu nhan dang mau. Tap dir li€u chtra 3 16p, mdi 16p 50 truong hop,
trong d6 mdi 16p dé cap dén mot loai cay dién vi. Mot 16p c6 thé phan
tach tuyén tinh véi 2 16p con lai; cai sau khong thé tach roi tuyén tinh

vG1 nhau.
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Bang 3. 3: C&c thugc tinh di# liéu dau vao trong tap diz liéu cdy Dién Vi Iris

S6 thir tw Thudc tinh Mo ta
1 Chiéu dai dai hoa Tinh bang cm
2 Chiéu rong dai hoa Tinh b.':?mg cm
3 Chiéu dai canh hoa Tinh bang cm
4 Chiéu rong canh hoa| Tinh bang cm

« B0 dit liéu bénh gan Liver: Day la nhitng két qua xét nghiém (sinh hoa
mau va cong thirc mau) va chan doan bénh dugc trich tir ho so bénh an
cua cac bénh nhan tai Bénh vién Gang Thép va Bénh vién Pa khoa Thai
Nguyén. Tap dir liéu Liver gom 4156 bénh nhan dén kham va diéu tri
bénh do roi loan
men gan. Trong s6 4156 ho so bénh nhan, ¢6 1202 hd so bénh nhan duoc
chuan

doan 12 mac bénh viém gan. Cu thé nhu trong bang sau:

Bang 3. 4: Cac thugc tinh diz liéu ddu vao trong tdp diz liéu bénh gan Liver

So thir tyr Thudc tinh 7 Mo ta
1 Tudi (Age) Tuoi tinh dén ngay xét nghiém
2 Giéi tinh (Gender) 0: nam; 1: n@r
3 3 AST Chi s6 men AST
4 ALT Chi s6 men ALT
5 GGT Chisé GGT
6 Albumin Chi so Albumin
7 B Chi so Total Bilirubin
8 DB Chi so Direct Bilirubin
9 DB/TB Ty s6 DB/TB

Trong thuc nghi¢m, mdi bo dit lidu s& duogc chia 1am 4 nhom bao gém
bo
dir liéu training, bo dir liéu Testing, bd dir liéu Validation va bo dir liéu New
data. B dit liéu New data 1a bo dir liéu bao gdm cac ban ghi méi duoc s
dung

v6i muc dich kiém tra mo hinh dé xuét trong trudng hop khong cé ban ghi
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nao
xuat hién trong phan Training (dung dé do d6 tuong thich va kha ning suy
luan

cua mo hinh dé xuat).

Bo dit liéu Y hoc ¢d truyén tai Bénh vién Pa khoa Hung Yén: dir liéu
thu thap dua trén cac bénh nhin mang thai v6i bénh tién san giat. Trong qué
trinh thu thap duoc 199 mau trong thdi ky thai nhi v6i 19 thudc tinh ¢ anh
huéng dén bénh tién san giat. Trong d6 co6 114 bénh nhan c6 thai phu binh
thuong, 57 bénh nhan c6 déu hiéu tién san giat va 28 bénh nhan c6 dau hiéu

tién san giat nang. Cac thong tin cu thé cta dit liéu duoc minh hoa & bang 3.5.
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Bang 3. 5: Dir liéu Y hoc cé truyén

o s0 HA CREAT | ACID PROTEIN Protein
e | | mt | Tt | L4 | | Y | TN o i | g | | B0 | | | i TOAY ML 28|
THAI 129) . 98.1) | 350) (64-83) 0.1-025
1 37 Céng nhin 24 3 2002 157 60 140 90 116 113 497 | 6145 367 160 4438 35.6 274 2742 3 |rseNANG
2 21 Néng din 344 1 0000 152 46 140 100 122 65 6.4 67.71 458 65.09 840 5115 2641 5776 99 T8
3 32 Ty do 31 2 1011 160 62 210 120 129 141 439 | 67.36 449 11.03 | 44.09 33.84 2924 28842 64 |TgoNANG
4 30 Duoc si 32 1 0000 155 55 160 100 144 229 5.54 72.96 463 442 4238 733 385 2559 025 |1sc
3 33 Ty do 33 1 0000 153 63 160 100 126 196 565 | 66.62 47 296 308 39.7 301 217 94 |1sG NANG
6 26 Nhin vién 33 1 0010 168 65 140 90 131 190 6.67 64.46 351 2965 | 28.07 5911 31.79 1552 12 |tse
s 26 Nhin vién 34 1 0000 158 61 160 100 121 190 314 30.6 300 11.7 1535 63.51 33.63 160.6 05 s
] 3 Tu do 30 2 1001 160 60 130 90 100 178 4.09 5731 355 10.7 20 63.9 214 171.1 09 |18
9 3 Nong din kyJ 2 1040 160 63 140 100 120 203 5.26 70.5 308 216 200 61.7 281 201 33 s
10 29 Néng din 33 2 1001 153 57 150 100 140 42 597 68.57 455 18.62 | 3831 61.42 26.88 3173 48 TSG ning
11 20 Céng nhin 12 2 10001 153 32 150 110 79 247 937 | 12751 | 477 13.87 | 35.713 64.74 30.36 33051 097 |80
12 33 Gido vién 21 2 1001 156 59 150 100 103 234 1126 | 132.0 529 144 18.6 54 46 2526 2763 03 |15
13 34 Céng nhin 33 3 2002 160 65 210 140 136 118 362 | 65.00 300 5891 | 52.71 63.73 27.94 22085 [ 015 |80

3.3. Cai dat va xay dung ung dung

Quaé trinh thyc nghiém sir dung ngén ngit MATLAB 2014, cai dat trén
may tinh co thong tin cau hinh: HP Intel(R) Core (TM) i5-7200U, CPU @
2.50GHz 2.70 GHz.

Mo hinh cho bai toan tng dung: Bai toan hd trg chan doan bénh nhan
dang mang thai trong y hoc cd truyén voi bénh tién san giat gdm cac budc
duogc chia thanh hai giai doan (hinh 3.1). O m6 hinh nay duoc chia lam 2 giai
doan: Giai doan chuan bi dit liéu va xay dung hé luat md; Giai doan biéu dién

va ho tro chan doan.

Bai toan hd tro chian doan bénh trong y hoc ¢b truyén thuc hién nhu

Sau.

Dua trén cac phac dd diéu tri ctia Y hoc ¢b truyén thuc hién qua trinh
tién xur 1y dir liéu va dua trén tap dit liéu thu thap tai bénh vién tir cac bac sy.
Xay dung hé luat mo, tor hé luat mo xay dung dd thi tri thic mo. Khi mot
bénh nhan dén kham duya trén 19 thong tin vé cac thudc tinh, dua trén do thi

tri thire mo hé thong tu dong hd tro cac béc si trong qua trinh chan doan bénh.
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® Dua ra két luin chan doan bénh

Hinh 3. 1: M6 hinh cho bai toan hé tro: chdn dodn bénh trong y hoc ¢é truyen

Giai doan chuan bi dir liéu gom 4 buéc:

- Budc 1: Tong hop tir phac do diéu tri trong Y hoc co truyén dé xay
dung cac thong tin thu thap dir liéu.

- Budc 2: Thu thap dir li€u tir cac co s6' y té: cu trii vao cac bénh nhan

dang mang thai tir 1-5 tuan.
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- Budc 3: Tién xtr 1y dir liéu: dir liéu thu thap loai bé nhiing thudc tinh
thong tin ctia bénh nhan va giit lai nhitng thudc tinh xét nghiém lién quan dén
bénh tién san giat.

- Buéc 4: Xay dung co s luat mo: st dung suy dién mo xay dung luat
mo tir dit liéu sau khi tién xu 1y.

Giai doan biéu dién va chin doin gom 4 bwde:

- Budc 5: Tinh toan céc trong so: thuc hién tinh toan céc trong so6 xay

dung db th.

- Buéc 6: Biéu dién d6 thj tri thirc mo: st dung ma tran B dé bi¢u dién

d6 thi tri thirc mo duoc trinh bay ¢ chuong 2.

- Budc 7: Ap dung qua trinh suy luan xap xi: str dung suy dién trén do

thi tri thirc mo dugc trinh bay ¢ chuong 2.

- Budc 8: Pua ra két qua hd tro chan doan: danh gia két qua thu duoc

dé dua ra két qua hd tro cac béac si khi chian doan bénh Tién san giat.
3.4. Két qua thuc nghiém
3.4.1. Két qua thuc nghiém trén bo dit liéu lay tir UCI

Céc két qua thuc nghiém dugc danh gia trén do chinh xac accuracy va
thoi gian thuc thi mé hinh. M6 hinh d6 thi tri thitc md (FKG) so sanh véi mo
hinh suy dién mo (FIS).

Qua trinh thuc nghiém chia ngu nhién dir liéu 70% ding dé training va
30% ding dé testing. Két qua ldy 1a trung binh cong ctia 20 1an thuc nghiém.
Két qua vé d6 chinh xac (accuracy) trén cac bo dit liéu thi mo hinh

FKG cho két qua t6t hon so voi mé hinh FIS.
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Bang 3. 6: Két qud thuc nghiém Accuracy trén bg di liéu UCI

Data FIS (%) FKG (%)
Breast 74.63 85.78
Liver 80.73 85.73
Diabetes 78.78 85.62
Iris 82.94 89.78

Két qua thyc nghiém vé thoi gian dugce xac dinh trong bang 3.7. Mo
hinh d6 thi tri thire cho thoi gian thyc thi cia mé hinh FKG giam di rat nhiéu

so vo1 mo hinh FIS.

Bang 3. 7: Két qud thirc nghiém thoi gian trén bé dir ligu UCI

Data FIS (giay) FKG (giay)
Breast 1.92 0.78
Liver 5.02 2.37
Diabetes 2.36 1.09
Iris 1.87 0.67

3.4.2. Két qua thuc nghi€ém trén bg dir liéu Y hoc cd truyén
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Hinh 3. 2: 6 th; tri thizc mo véi bénh &n Y hoc cé truyén

Tt cac bénh an thu thap cua 546 bénh nhan thu dugc db thi tri thirc mo
(biéu dién minh hoa hinh 3.2.

Do do vé d6 chinh xac (accuracy) va thoi gian tinh toan (computational
time) 1a céc tiéu chi dugc dung dé danh gia so sanh hiéu ning cua cac phuong
phap FKG véi md hinh suy dién md (FIS) véi cic cach chia dit liéu khac
nhau. Cu thé nhu sau:

Case 1: 70% dir li€u train va 30% dir liéu test

Case 2: 60% dir li€u train va 40% dir liéu test

Case 3: 50% dir liéu train va 50% dir liéu test

Két qua thuc nghiém vé accuracy dugc xac dinh trong bang 3.8. M0
hinh d6 thi tri thirc cho két qua t6t hon mé hinh suy dién mo trong ca 3 truong
hop phan chia dit liéu. Tuy nhién khi dit liéu thay doi két qua cua FKG 6n
dinh khong bi giam nhiéu so véi mé hinh FIS.
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Bang 3. 8: Két qud thirc nghiém Accuracy trén bg di lidu tién sdan gidt

Case FIS (%) FKG (%)
Case 1 79.53 84.72
Case 2 81.73 83.26
Case 3 74.37 83.08

Két qua thyc nghiém vé thoi gian dugce xac dinh trong bang 3.9. Mo

hinh d0 thi tri thirc cho thoi gian thyc thi cia mé hinh FKG giam di rat nhiéu

so vo1 mo hinh FIS.

Bang 3. 9: Két qud thuc nghiém thoi gian trén bé diz lidu tién san gidt

Case FIS (giay) FKG (giay)
Case 1l 4,763 1.273
Case 2 3.653 1.637
Case 3 4.273 1.928

Véi két qua thuc nghiém dua trén 2 thang do 1a do chinh xac va thoi

gian mo hinh db thi tri thire mo (FKG) cho két qua tét hon so v6i m hinh suy

dién mo (FIS) trén co s& bd dir liéu cuia UCI va bo dir ligu vé Y hoc ¢ truyén

voi bénh tién sén giat thu thap tai bénh vién da khoa Hung Yén.

3.5. Tong két chuwong 3.

Trong chuong nay, em da trinh bay vé bai toan em st dung trong luan

van. Cai dat va thuc nghi€ém moé hinh. Trong qué trinh thuc nghi¢ém em su
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dung 2 loai dit li€u: 1 loai dir li¢u léy tir UCI va 1 loai dir li€u thu ttr co s& Y
té. V6i dit liéu lay tir UCI, str dung trén 4 bo dir liéu: Breast, Liver, Diabetes,
Iris.
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KET LUAN

Luan van nghién ctru vé d thi tri thirc mo va ap dung vao cac bai toan
phan 16p dir liéu. Luan van di néu ra va giai quyét duge mot sé van dé nhu

Sau:

- Tim hiéu duogc nhimg kién thtc téng quan vé Logic md, 1y thuyét db
thi, cac hé suy dién mo... 1am nén tang dé phat trién co so 1y thuyét cho
nghién ctru.

- Nghién ctru céch thirc xay dung luat mo tur dir liéu.

- Nghién ctru cach xay dung va suy dién trén d6 thi tri thirc mo.

- Cai dat va thuc thi d0 thi tri thirc mo véi 2 loai dir liéu 1a: dir liéu
chuan va dit liéu thu thap.

Tuy nhién trong qua trinh nghién ctru luan van, em thay con c6 mot sb

van dé em chua thue hién duoc:
- Dit liéu tién san giat thu thap chua thuc su nhiéu.
- Chua phat trién Gmg dung dé dua vao str dung.
- Can cai tién hon nita dé nang cao hiéu xuat.

D6 thi tri thic mo trong qua trinh em nghién ctu trong luan vin, em

thay day 1a mot van dé hay va c6 mot sé hudng phat trién tiép theo nhu sau:
- Biéu dién d0 thi tri thirc mo v6i nhiéu thudc tinh két hop.
- Phat trién d0 thi tri thitc md duya trén cac tip md ning cao.

- Xay dung va thir nghiém vai1 cac img dung dit li¢u it va duogc bo sung

tang cudng khi trién khai.
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PHU LUC
Code suy dién mo:
function [centers centers_var tt_var] = MakeRules(train_data)
data_num attribute_num] = size(train_data);
cluster = zeros(1, attribute_num);
cluster(l) = 2;
for i=2:attribute_num
temp = length(unique(train_data(:,i)));
if temp ==
cluster(i) = 2;
elseif temp ==
cluster(i) = 3;
else
cluster(i) = 5;
end

end

m =2,

esp = 0.01;

maxTest = 200;

center_vector = cell (1, attribute_num);

centers = cell(attribute_num-1, 1);

for feature index=1:attribute_num
feature_data = train_data(;,feature_index);

V =0;
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V_var =0;
min_value = min(train_data(:,feature_index));
max_value = max(train_data(:,feature_index));
delta = max_value - min_value;
if cluster(feature_index) ==
V(1,1) = min_value - 0.5;
V(2,1) = max_value;
elseif cluster(feature_index) ==
V(1,1) = min_value;
V(2,1) = min_value + delta/2;
V(3,1) = max_value;
else
V(1,1) = min_value;
V(2,1) = min_value + delta/4;
V(3,1) = min_value + 2*delta/4;
V(4,1) = min_value + 3*delta/4;
V(5,1) = max_value;
end

[center,U] =
FCM_Function(feature_data,cluster(feature_index),V,m,esp,maxTest);

U=uy,
center_vector{feature_index}(:,1) = center(:,1);
for i=1:data_num

maximum = max(U(i,:));

for j=1:cluster(feature_index)



58

if (maximum == U(i,}))
rules(i,feature_index) = j;
end
end
end
if feature_index ~=1
center = center’,
centers{feature_index-1} = center(1,:);
end

end

[t,sigma_M] = RuleWeight(rules, train_data,cluster,center_vector);
sigma_M(1,)) =1I;
for i=1:(attribute_num-1)
sigma_M(i,2:5) = sigma_M(i,1);
end
sigma_M var(1,)) =[];
beta = zeros(data_num,attribute_num);
for i=1:data_num
beta(i,:) = [[1 train_data(i,2:attribute_num)]\train_data(i,1)]’;
end
label = train_data(:,1);
for i=1:data_num
rules(i,(attribute_num-+1)) = min(t(i,2:attribute_num));

end
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for i=1:data_num-1
for j=i+1:data_num
if(rules(i,2:attribute_num) == rules(j,2:attribute_num))
if(rules(i,(attribute_num+1)) > rules(j,(attribute_num+1)))
rules(j,:)=0;
else
rules(i,:)=0;
end
end
end
end
Rules with weight < 0.5 will be removed
for i=1:data_num
if(rules(i,(attribute_num+1)) <0.5)
rules(i,:) = 0;
end
end
rules(:,1) = [];
Filter rules
RuleCheck = zeros(1,attribute_num);
=1
for i=1:data_num
if (rules(i,:) ~= RuleCheck(1,:))
FilteredRules(j,:) = [rules(i,1:(attribute_num-1)) label(i)];
FilterT(j,:)=t(i,:);
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j=i+ 1
end
end
W_rule=min(FilterT");
ruleList = FilteredRules;
Code xay dung dd thj tri thirc:
fori=1rl
=1
for I=1:r2-2
for h=I+1:r2-1
dem=0;
for t=1:r1
if(ruleList1(t,l)==ruleList1(i,l))
&(ruleListl(t,h)==ruleList1(i,h))
dem=dem+1;
end
end
A(i,j)=dem/r1;
=it
end
end
end
[k1 k2]= size(A);
fori=1:2
for j=1:k2
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tong=0;
for I=1:k1
if ruleListl(l,r2)==i-1
tong=tong+A(l,));
end
end
T(i,J)=tong;
end
end
fori=1:rl
dem=1;
for j=1:r2-2
for k=j+1:r2-1
dem1=0;
dem2=0;
for I=1:r1
if (ruleList1(l,j)==ruleList1(i,j))&(ruleList1(l,r2)==ruleList1(i,r2))
deml=deml+1,
end
If (ruleList1(l,k)==ruleList1(i,k))&(ruleList1(l,r2)==ruleList1(i,r2))
dem2=dem2+1;

end

end

M1=dem1/r1;
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M2=dem2/r1;
for 11=1:2
if ruleListl(i,r2)==I1
B(i,dem)=T(l1,dem)*min(M1,M2);
end
end
dem=dem+1;
end
end
end
Code suy dién trén do thi tri thirc mo:
fori=1:al
dem=1;
for j=1:r2-2
for k=j+1:r2-1
dem1=0;
dem2=0;
for I=1:r1
if (te(i,j)==ruleList1(l,j))&(te(i,k)==ruleList1(l,k))
iIf (ruleList1(k,r2)==0)
deml=dem1+B(l,dem);
else
dem2=dem2+B(l,dem);
end

end
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end
C1(i,dem)=dem1;
C2(i,dem)=dem2;
dem=dem+1;
end
end
end
minC1=min(C1");
maxCl=max(C1");
D1=minCl+maxC1;
minC2=min(C2");
maxC2=max(C2");
D2=minC2+maxC2;
for k=1:al
if D1(k)>D2(k)
nhan(k)=0;
else
nhan(k)=1;
end
end
Do do vé do chinh x4c (accuracy) va thdi gian tinh toan (computational time)
Code mé hinh FIS dé so sanh

function [Time, Accuracy, Recall, Precision] = Run_Train_FIS(temp_data,
centers, centers_var,ruleList, ruleList_var)

eta=0.000001;
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term_num=5;
FIS_para_filename = strrep(‘Train',".txt',".mat");
FIS para_filename = strrep(FIS_para_filename, 'Database’, 'FIS');
addpath('..\output’);
load(['..\output\' FIS para_filename]);
train_output = temp_data(:,1);
temp_data(:,1) = [];
train_input = temp_data;
input_num=size(train_input,1);
attri_nums=size(train_input,2);
rule_num=size(ruleList,1);
rule_length=size(ruleList,2);
re_degree_M=ones(input_num,attri_num,term_num);
wtsum = zeros(input_num,1);
M_DataPerRule = zeros(input_num,rule_num);
start_time_train = cputime;
for i=1:input_num

for j=1:attri_num

for k=1:length(centers{j})

degree_M(i,},k) = gaussmf(train_input(i,j),[sigma_M(j,k)
centers{j}(K)]);

end
end
end

min_M=1;
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for i=1:input_num
for j=1:rule_num

min_M=1,

for k=1:attri_num
degree_M(i,k,ruleList(j,k));
if min_M>degree_ M(i,k,ruleList(j,k));

min_M=degree_M(i,k,ruleList(j,k));

end

end

M_DataPerRule(i,j)=re_min_M,;

end

end

result=zeros(input_num,1);
for i=1:input_num
result(i)=0; wtsum(i)=0;
for j=1:rule_num
wtsum(i)=wtsum(i)+M_DataPerRule(i,j)*cos(M_DataPerRule(i,j));

result(i)=result(i)+M_DataPerRule(i,j)*cos(M_DataPerRule(i,j))*ruleLis
t(j,rule_length);

end
result(i)=sqrt(result(i)*2 /wtsum(i)"2);
end

temp=result;
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data_num=size(result);
for i=1:data_num
If temp(i)>=0.41*(max(train_output)+min(train_output))
temp(i)=max(train_output);
else
temp(i)=min(train_output);
end
end
end_time_train = cputime;
Time = end_time_train - start_time_train;
TN=0;
TP=0;
FN=0;
FP=0;
for i=1:size(temp)
if (temp(i)==train_output(i))& (temp(i)==0)
TP=TP+1;
end
it (temp(i)==train_output(i))& (temp(i)==1)
TN=TN+1;
end
if (train_output(i)==0)& (temp(i)==1)
FN=FN+1,
end

If (train_output(i)==1)& (temp(i)==0)
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FP=FP+1,
end
end

Accuracy=(TN+TP)/(TN+TP+FN+FP);
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