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TOM TAT: Bai bdo dé xudt mét phuwong phdp xdy dung hé mo 16i wu bang cdch két hop phirong phap one- -pass ciia Wang-Mendel
va thudt toan PSO. Phuong phdp one-pass duoc sir dung dé tao co s6 ludt, con thudt toan PSO dwoc diing dé 10i wu cdc tham s6 cho
cde tdp mo. Thir nghiém phiong phdp dé nghi cho bai todn dy bdo thoi gian song ciia bénh nhéan viém tity cho két qua tin cdy va on
dinh.

Tir khéa: Phirong phdp thiét ké hé me, Thugt todn tdi wu bdy dan, Hé logic me, Ung dung hé mo trong y té.

I. GIOI THIEU

Hé mo 1a mot trong nhitng céng cu phii hop dé md hinh héa céc bai toan ma dit liéu thu dwoc 14 mo, khéng chéc
chan [6, 8, 12]. Hiéu nang cia h¢ md thudng phu thudc vao cac thanh phan co ban trong hé thdng, trong d6, ham thude
cac tap mo va co so luat dong vai tro ¢t yéu. Bé cuc tiéu hoa sy phu thugc nay, cac nghlen ctru thuong ap dung cac
phuong phap hoc may nham tao ra mot m6 hinh “an khép” véi ung dung. ba co nhiéu tiép can duoc dé xuat, mot s6
thuc hién téi wu co so luat, mot s6 khac tdi vu ham thudc va mot sb thi két hop ca hai, tac 1a vira téi wu ca ham thudc
Ian co s luat [3, 6, 7, 9, 11, 12].

Dé xay dung va t6i wu ham thudc cua tap mo céac thuat toan phan cum va nhitng cai tién cua ching duoc sit
dung nhiéu [3, 6, 8, 12]. Co s luat cua hé mo thuong dugc xay dung hoic dua vao kinh nghiém chuyén gia hoic/va
dwa vao dit liéu vao — ra [1, 6, 7, 8, 12]. Phuong phap tao luat caa Wang — Mendel (WM) duoc dé xuat lan dau trong
[1] 1a su két hop ca hai ky thuat trén. Phuong phap nay duoc rat nhidu nghién ciru dé cap vi sy don gian cua thuat toan
va tranh duoc sy xung dot cua céc luat [6]. Nam 2003, Wang tiép tuc hoan thién phuong phap nham nang cao kha niang
rng dung vao thyc tién [8], tuy nhién, cac tap mo duoc xay dung la ngau nhién hoic dwa vao chuyén gia nén da anh
huéng nhidu dén sy 6n dinh va hiéu ning cia hé md. V& ban chét, phuong phap WM thuc hién chia ludi dit lidu dé tao
ra cac tip mo, sau d6 sinh luat mo ma khong ti wu ham thugc tap mo.

Gan day c6 nhiéu mo rong phuong phép nay bang céch sir dung cac thut toan phan cum di ligu nhu FCM, C-
mean dé tao ham thudc toi uu cho t4p Mo, theo d6 lam tang hiéu ndng cho hé mo [12]. Mot s6 khéc két hop phuong
phap WM véi céc thuat toan toi wu tuyen tinh va tdi wu phi tuyén [6, 10, 13].

Sy tién hoa sinh hoc hay cac phuong phap tim kiém ngau nhién cua loai vat dugc cac nha khoa hoc md phong
thanh cac thuat toan tdi ru, nhu thuat toan di truyén (GA), thuat toan téi vu dan kién (ACO), thuat toan t6i wu bay dan
(PSO)... Mot wu diém chung cua cac thuat toan dang nay 1a 16 giai c6 chit lwong tét. Trong sb nhitng ky thuat tdi uu
dua vao tim kiém trén quan thé, thuat toan PSO va GA dugc xem la céc thuat toan tot nhat [11]. Tuy nhién, GA thuong
¢o tinh toan phuc tap vi qua trinh lai ghép, dot bién, trong khi d6 PSO lai thich hop véi viéc gidi va ti wu cac bai toan
phi tuyén trong khong gian tim kiém roi rac va co it méi lién hé véi nhau [2, 4]. Hon nita, PSO c6 thoi gian hoi ty sém
hon so véi cac thuat toan tién héa, quan thé khac [12].

Bai bao nay dé xuat mot phuong phap xdy dung h¢ mo t6i uu bang cach két hop phuong phap WM véi thuét
todn PSO. Phuong phap WM duoc su dung dé tao co s6 luat con PSO dugc dung dé t6i uu cac tham s cho cac tap mo.
Sau d6 thir nghiém phuong phap dé xuat cho bai toan du béo thoi gian séng cua bénh nhan viém tiy.

Trong nghién ciru nay chi xét hé mo Mamdani véi cac luat mo 6 dang: IF x; is Aj; and ... and x, is Aj, THEN
y is B, trong d0, x4,..., X, 12 c&c bién vao, y la bién ra, Ay,..., Ai,, B 1a cac nhan ngdn ngir ciia cac bién vao, bién ra cua
luat thir i.

Bai bao duoc té chirc nhu sau, tiép theo phan mé diu 1a co sé ly thuyét vé phuong phép tao luat mé caa Wang-
Mendel va thuét toan PSO. Phuong phap dé xuat thiét ké hé mo ti wu duoc trinh bay trong Phan 111. Phan 1V 1a mot
thir nghiém cua phuong phap d& nghi cho bai toan dy béo thoi gian séng ciia bénh nhén vién tay ciing voi cac két qua
danh gia mé hinh va cudi cting la két luan bai bao.
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Il. KIEN THUC CHUAN BI
A. Xy dung co sé luat bing phwong phap Wang — Mendel

Phuong phap tao lujt mo cia Wang — Mendel dugc sir dung nhiéu bgi tinh don gian cua céch tiép can, co s¢
luat cho hé mo sé duoc tao ra chi sau hai lan duyét tap dix liéu [1, 8]. Bai bdo nay chi sur dung cach xdy dung co sd luat
tir d@t liéu theo cuia phwong phap WM

Gia str bo dir liéu cé n cac cap dir liéu vao — ra nhu ¢ cong thuc 1
(Xl(i)l XZ(i); y(l)) Vé" I = 11 2! - N (1)

Trong d6 Xy, X, 1a cac thugc tinh dau vao, y 1a thudc tinh déu ra. Khi d6, qué trinh tao co so luat cia WM duoc
thuc hién theo 4 budc sau:

Buwoéc 1 - Phén chia khong gian tham chiéu ciia cdc bién vao-ra:
e  Xac dinh khong gian tham chiéu ciia cac bién vao - ra, gia sir: x1: [x1-, X1+]; X2 : [x2-, x2+] vay: [y-, y+ 1]
e  Xac dinh cac nhan ngdn ngir c6 nglr nghia tr nho dén 16n cho mdi bién, s lugng cic nhan ngdn ngir 1a mot sb
1¢, thuong 1a 3, 5 hodc 7. Chang han x4, X, va 'y ¢6 tuong ung 1a |, u va v gid tri ngbn ngit: x;: {Ag, As, ..., A}
X2 1 {B1, By, ..., By} y 1 {Cy, Cy .o C\,}~ ) )
e  Phan chia khong gian tham chiCu cua moi bién theo s0 nhan ngén ngfr twong g, tirc 1a theo |, u va v. Viée
phén chia nay hodc la sir dung y ki€n chuyén gia hodc la chia ngau nhién (c6 thé chia déu hodc khong deu).
Theo d6, moi nhan ngdén nglr s€ duoc gan mot ham thude tuong Ung, tuy vao hinh dang ham thugc ma xac
dinh bd tham s6 di kém. Trong thtr nghiém & muc V st dung tdp mo hinh thang bi€u dién moi nhan ngén ngi.
Nhu vay, ban chit Buéc 1 cia phuong phap WM la gan ham thugc cho cac nhan ngdn ngit cua c4c bién vao-ra.
Buwéc 2 - Tao cdc ludt mé tiem ning:
Can cir vao ham thudc cua tirng bién ngon ngir ta tinh d6 thudc cho cac gia tri x,©, x,0, y®.

XD 1 {mar(1?), max(: ..., ma(x:™)} v6i ma 1a do thuoc cua gié tri x,”) vao gia tri ngon ngix thi A cho
thuoc tinh x;

%" 1 {ma1 ("), Mea(6"),..., meu(%™)} véi mg, 12 d6 thudc cua gid tri x,” vao gia tri ngdn ngi tha B, cho
thuoc tinh x,

vy Ime(y?), mea(y?),..., meo(Y)} véi mey 1a d6 thude cua gid tri y© vao gia tri ngdn ngi thae C, cho thude
tinhy

Chon ra gia tri ngon ngir ¢6 do thudc I6n nhit trong tng véi ting gia tri x,, x,, y®
.Vt max{mai (), mas(x,)...., mai(x:.")}
%2 - max{ma:(X."), Maa(x2®)...., mau(x.")} (2)
y® : max{mei(y?), meo(y®)...., meo(y")}
Tir cong thirc (2) ta suy ra duoc luat tha i ang vai cap gié tri vao — ra (.9, x,., y¥) c6 dang nhu sau:
IF x; is Ajand X, is B, THEN y is C, 3
V6i A, By, C, la cac gia tri ngdn ngir ma Xy, X, va y co do thudc I16n nhat, tuong tng.

_ Két thiic Buéc 2 mot tap luat dugc tao ra, s6 luat ding bang s6 ban ghi trong tap dit li¢u huan luyén. Cac luat
nay can duoc tinh chinh dé tao ra co s¢ luat. Budc 3 thuc hién tinh trong s6 moi luat dé 1lam can cir chon céc luét thich
hop.

Buwée 3 - Xdc dinh trong sé ciia méi lugt:
Tinh trong sé cua tirng luat trong bo dit liéu c6 n luat tng véi n cap gia tri (X, %", y©)

Cho luat thtr i c6 dang IF x; is A and x, is B THEN y is C thi cong thic tinh trong sé duge xac dinh nhu sau:
D(luati) = mA(Xl(i)) X mB(Xz(i)) X mc(y(i)) (4)

Budc 4 - Logi bé lugt khong phii hop:

Trong tap luat vira tim dwoc & Budc 2 véi cac luat gidng nhau phan IF nhung khac nhau phan THEN chi giir lai
luat c6 trong so D 1on nhat tinh theo cong thirc (4). Nhu vay, két thiic Budc 4 ta thu dugc mot co s¢ luat cho hé mo.
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B. Thuit toan tbi wu bay dan

Thuat toan PSO la mot phuong phap ti wu toan cuc heuristic, dwoc gigi thidu vao nam 1995 boi J. Kennedy va
R. Eberhart nhim mé phong qué trinh tim kiém thic in cua bay chim [2]. Ldc dau ca dan bay theo mot huéng ngau
nhién nao d6. Sau mét khoang thoi gian tim kiém, mot s6 ca thé sé tim ra nhimng noi €6 nguon thie an. Tin higu ve
lwong thirc an tim dwoc va vi tri hién tai s& dugc mdi cé thé thong bao dén toan bo quan thé. Dua vao théng tin nhan
duoc mdi cé thé s& didu chinh hudng bay va van toc vé vi tri ¢6 nhiéu thirc an nhat. Qua trinh trén cir tiép tuc va dén
mot lic nao d6 ca dan chim s& tim dwoc noi c6 nhiéu thire dn nhat trong khong gian tim kiém.

PSO dugc khoi tao ngau nhién mot nhdm cé thé va sau d6 tim nghiém téi wu bang cach cap nhat cac thé hé.
Trong mdi thé hé, mdi ca thé duoc cap nhat theo 2 vi tri tt nhat. Mot 1a vi tri tot nhat ma né ting dat duoc dén thoi
diém hién tai, goi la Pbest. Mot nghiém téi uu khac ma ca thé nay bam theo Ia nghiém téi uu toan cuc Gbest, d6 1a vi tri
t6t nhat trong tat ca qua trinh tim kiém ca quan thé tir trude thoi diém hién tai. N6i mot cach khéac, mdi cé thé trong
quan thé cap nhat vi tri cua né theo vi tri tbt nhat ciia n6 va cua ca quan thé tinh dén thoi diém hién tai (xem Hinh 1).

-kt
Xi

II
II
p/ Gbest ,' '

r » Gbest;

o A 0 ¥

I

- —-_.," Pbest ;

Hinh 1. So d minh hoa mét diém tim kiém bing PSO
Cac budéc thuc hién thuat toan PSO:
Budrc 1: Khei tao:

Xac dinh ham muc tiéu. Goi maxite 12 s6 lan cap nhat vi tri ciia bay dan. Khéi tao kich thuéc quan thé voi N 12
s0 ca thé cua quan thé. Khai tao cc ca thé vai vi tri ngau nhién va nam trong 1 mién gia tri xac dinh. Moi cé thé
Ia mot bo ¢6 m bién. Khai tao van téc ngau nhién cho tirng ca thé.

Budc 2: Tinh két qua cua ham muc tiéu ddi véi tirng ca thé.
Buwéc 3: Dya trén gié tri ham muc tiéu cua ting cé thé:
Xac dinh két qua cua Pbest. Pbest 12 vi tri cua ca thé cho két qua ham muc tiéu tét nhat trong k 1an cap nhat.

Xac dinh két qua cua Gbest. Gbest 1a vj tri cua ca thé cho két qua ham muc tiéu tét nhat caa quan thé trong lan
cap nhat vi tri tha k.

Budc 4: Néu két qua ham muc tiéu thoa yéu cau hoac sé lan cap nhat vi tri = maxite thi ding.
Budc 5: Cap nhat lai vi tri va van tc cua céc cé thé dua vao cong thic (5) va cong thirc (6). Quay lai Budc 2.

Cong thirc tinh vi tri va van téc cua tirng ca thé:

X%('H = X}< + Vik+1 (5)
Vik+1 = W*Vik + Cl*randl()*(pbesti — Xi() + Cz*randz()*(gbest _ Xi() (6)
w =09 — X5*an cap nhatvitrithik o

s6 1an cap nhat vi tri
Trong do:
XK Vi tri c& thé thi i tai thé hé tha k; VX 1 Van toc c& thé i tai thé hé tha k
XKL Vi tri cé thé thi i tai thé hé k +1; VK*! 2 Van toc ca thé i tai thé hé thu k + 1
Pbest i : Vi trf tét nhit cua ca thé thar |; Gbest i : Vi tri tét nhit cua c4 thé trong quan thé
w 12 trong s6 quan tinh. w thuong dugc tinh theo cong thic (7).
c1, ¢2 : c4c hé s gia toc. Thudng dugc sir dung véi gia tri 12 2.

rand1, rand2 l1a cac tham sé duoc ldy ngau nhién trong doan [0, 1].
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I1l. PHUONG PHAP PE NGHI

Phuong phép tao co so luat cia WM ¢6 thoi gian thuc hién nhanh, giai quyét duoc xung dét cua cac luat, tuy
nhién ham thudc tap mo dugc xay dung tly y nén hiéu nang cua hé mo khong cao. Pong co cua thuat toan dé xuat 1a
lam sao xac dinh cac tap md phi hop véi dic trung cua dir lidu, theo d6 chon ra hé ma tét nhat c¢é thé. Phuong phap
nay sir dung PSO d¢ tao ra ham thudc tap mo, sau do sir dung cach tao luat cia WM, tiép theo tién hanh suy dién mo,
tinh toan theo sai s6 dé tim hé me tdt nhat.

Gan day, mot s6 nghién cau trong [12, 13] c6 két hgp PSO véi phuong phép tao luat WM, tuy nhién, tai li¢u
[12] ding ky thuat phan cum dé tao ham thugc cho tap mo, con tai lieu [13] su dung PSO dé t6i uu trong. tam tap mo
dau ra ctia co so luat. Nhu vay, c6 thé thay rang, thuat toan dé xuat trong bai béo nay 1a khac biét véi céc tiép can do.

Thuit toan dé xuét:
Budc 1. Khéi tao cac tham sé

1.1. Khi tao cac tham sé cho hé mo:

- X4ac dinh hinh dang va sb luegng ham thugc cho cac bién vao, ra;

- Xéac dinh khéng gian tham chiéu cua cac bién (sir dung b dir liéu)

1.2. Khoi tao cac tham s6 cho PSO: Kich thuéc quan thé: N; S6 1an cap nhat vi tri ctia bay dan: maxite; Sai s6
chap nhan: eps

Budéc 2. Xay dung N hé mo day da

2.1. Gan ham thuéc cho cac tap mo

2.2. Tao cac luat mo tiém niang (4p dung Budc 2 cua phuong phap WM)

2.3. Xéc dinh trong s tirng luat theo cong thuc (4)

2.4. Loai cac luat khdng phu hop (ap dung budc 4 cia phuong phap WM)

Budc 3. Lwa chon hé mo tét nhat

3.1. Tinh sai s6 cua N h¢ mo cua quan thé ¢ 1an cap nhat thir k (tinh gia tri ham muc tiéu cia N hé mo theo cong
thire tinh sai s6, chang han dung LSE)

3.2. Xac dinh Pbest qua céc lan cap nhat - Tim hé mo cd sai s6 tot nhat cua mdi ca thé qua k 1an cap nhat

3.3. Xac dinh Gbest — Tim h¢ mo c6 sai $6 tot nhat cia quan the dugc tao tr cac hé mo c6 sai s6 tot nhit cia
moi ca thé qua k lan cap nhat

3.4. Néu c6 hé mo thoa diéu kién vé sai s6 hoac k > maxite thi chuyén xudng Buéc 5.

Budéc 4. Cap nhat gia tri cac ca thé

4.1. Cap nhat vi tri va van téc céc ca thé theo cong thic (5), (6)

4.2. k = k +1 va Quay 1én Budc 2

Buéc 5. Két thic

Hé mo tét nhit tim duoc vai tap tham sé & Gbest.

Thuat toan dé xuit c6 do phuc tap tinh toan 1a O(N*[[} M;)*O(k*m), trong do, N - s6 ban ghi dir liéu hudn
luyén; n - s6 bién vao; M - s6 tap md cua mdi bién; K - sb 1an cap nhat vi tri bay dan; m - sé c4 thé cia quén thé. Day 1a
mdt nhuge diém ctia thuat toan so voi phuong phap WM, tuy nhién day chi 1a d¢ phirc tap khi xay dung md hinh, con
qua trinh tinh toan dugc thuc hién nhu cac hé mo thong thuong.

Dé thyc hién thuat toan dé xuét can 1am ré bén khia canh sau: cach biéu dién ham thudc cho madi tap mo; céch
biéu di&n ca thé; céch lua chon cé thé tot nhat va 1am sao dé cap nhat gia tri cac ca thé.

Biéu dién ham thugc

M01 nhén ngdn ngir dugc biéu dién bang mot s mo hodc la tam giac, hinh thang hay dang Gauss, khi d6 s& co
np tham sé di kém v&i mdi tap mo. Bo tham s6 nay c6 y nghia rat quan trong dén hiéu ning ctia hé mo. Trong bai béo
nay stir dung tdp mo hinh thang, do do, mdi tap mo duoc biéu dién bang bo bdn (@i, @j+1, @j+2, Qjx3). Vi du, tip mo tuong
g v&i nhan Medium c6 thé duoc biéu dién nhu cong thire (8).

0,x<al
axz_a ,al <x < a2
uMedium(X) = 1,a2<x<a3 (8)
at=x ,a3 < x < a4
a4—
0,x2a4
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Biéu dién cd thé
MJdi ca thé duoc biéu dién bsi Y., np; thanh phan, trong d6 np 1a s6 cac tham sé cia mdi tap mo con m 1a so
bién vao, bién ra ctia hé mo. Hinh 2 minh hoa mét cé thé trong quan thé.

Trong Hinh 2, b tham s6 a;, ;... 1a cic nghiém cia mot c& thé. Mai nghiém cua ca thé duoc xac dinh thong
qua 2 gia tri:

e X lavj tri va la gia tri can tim cua nghiém.

e Vlavan tdc. V ding dé cap nhat vi tri méi cho nghiém cua ca thé.

=1 1p;
a do . d; dj+1 .
Y ( Y J ( Y J
B6 tham s cua bién B6 tham s cua bién B0 tham sb cua bién
ngdn ngir thir 1 ngon ngir thir 2 ngdn ngit thir m

Hinh 2. Biéu di&n mét c4 thé trong quin thé
Luwa chon cd thé tét nhit

Duyét qua tip gid tri cia ham muc tiéu f¥. O day f¥ 1a tap gia tr cua cic ham muc tiéu & 1an cap nhat vi tri thi
k da tim dugc ¢ Budce 3 cua thuat toan, gom c6 N gia tri tuong tng véi N cé the.

e  Xac dinh két qua ctia Pbest: Néu f* < f_Pbest; thi f_Pbest; = f/* va Pbest; = X}
- klalan cap nhat vi tri thi k, k € [1, maxite]
- ilacathéthui,i€[1,N]
- f_Pbest; 1a ham myc tiéu tot nhat cua ca thé thir i
- Pbest; la vj tri tot nhat cua cé thé thi i
- XFlavi tri cua ca thé th i tai 1an cap nhat tha k
e Xac dinh két qua cua Gbest: [f Gbest, index] = min(f Pbest) va Gbest = Pbest;;gex

- Vi index 1a thi tu ciia ca thé c6 ham muc tiéu nho nhat. Gia tri index dugc xac dinh qua viéc tim
gia tri nho nhat cia tap f Pbest.

- f Gbest 1a ham muc tiéu tot nhat
- Gbest 1a vi tri clia ca thé c6 ham muc tiéu tot nhat trong quan thé.
Cdp nhdt vi tri va vin téc cdc cd thé
Truong hop két qua hién tai x4u thi cac c4 thé trong quin thé s& tién hanh cip nhat vi tri va van téc dé mong

mudn tim duoc két qua tdt hon. Viéc cap nhét cua mdi ca thé s& thuc hién bé’mg cach cap nhat lai vi tri va van tde cho
ting nghiém cua tung ca thé theo cong thac (5) va (6).

IV. THU NGHIEM VA BAN LUAN

A. Bj dir liéu

Bo dir ligu vé bénh nhan viém tiy duoc tim thy trong tai ligu SAS/STAT 9.2 User’s Guide The PHREG
Procedure (2008) trang 3272 [14]. Trong s6 65 bénh nhén nay, c6 48 ngudi da chet va 17 nguoi con song sau qua trinh
nghién ctru. Mac du trong bai toan bénh nhan viém tay cé nhiéu thudc tinh lién quan dén viéc du doan thoi gian song
cua bénh nhan nhu: LOGBUN, HGB, PLATELET, AGE, LOGWBC,’FRA(;, LOGP]’BM,’PROTEIN, SCALC. Tuy
nhién, theo cac chuyén gia thugc tinh LOGBUN va HGB mang tinh chat quyét dinh dén két qua dy bao. Hon nita dé
thuan loi cho viéc thu nghiém va so sanh véri‘céc nghién ctru trude day, trong bai bdo nay chi s dung cac thuoc tinh
LogBun va HGB lam dau vao cho hé mo va dau ra la LogTime (gia tri logarithm thoi gian song caa bénh nhan).
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B. Thir nghiém va ban luin
1. Thiét Igp tham sé hé mo

Thudc tinh dau vao LogBun chon 3 gia tri ngdn ngir: Low, Medium, High. Thudc tinh dau vao HGB chon 3 gi&
tri: Low, Medium, High va thudc tinh du ra LogTime chon 3 gi4 tri: Short, Medium, Long. Str dung tap mo hinh thang
dé biéu dién mdi gia tri ngdbn ngir. Tir bo dit lidu ta cd thé gidi han dugc mién gid tri cia mdi thudc tinh, dé tranh roi vao cac
trudng hop bién ta cong (+), trir (-) mot gia tri «; nao d6 vao can dudi min va can trén max cua cac gia tri di lidu, chang han
a; = (max —min)/100. Trong thir nghiém ndy o; dugc chon 1a 0.0005 cho ca 3 thudc tinh, khi 6 mién tri cua LogBun,
HGB va LogTime tuwong ung la [ 0.7776, 2.2361], [ 4.8994, 14.6006], va [0.0963, 1.9644].

Chia mién tri mdi bién thanh 5 doan béng nhau, theo d6 xac dinh dugc ham thudc cua cac gia tri ngén ngi. Vi
du ham thudc tdp mo cia bién LogBun dugce tinh theo cac cong thire (9 - 11):

1,x<al
a2 —x
Hpow(X) = ,al <x < a2 )
a2 —al
0,x > a2
{ 0 x <al
X
1 2
{laz e ,al<x <a
X 1, a2<x<a3
uMedlum( ) a4 (10)
| ,a3 < x < a4
a4 —
t 0 X = a4
0,x <a3
x —a3
ah(X) ={——— a3 <x < a4 (11)
.qugh() 24 — a3
1,x = a4

Vi ay, ay, a3, a4 1a cac tham sb tuong (rng voi vi tri ctia cac dinh nhu Hinh 3.

# Low Medium High

0 >

MiNLoggun a a as ag MaXy ogBun X

Hinh 3. Tap tham s6 ctia cac ham thudc cho bién ngén ngit LogBun

Ham thudc cac tdp mo cua bién HGB duoc biéu dién tuong tu ham thude ctia LogBun, lan luot thay ay, a,, az va
a, boi as, a, a7 VA ag con ham thudc cac tip md ctua LogTime duoc biéu didn boi ag, a50, a11 VA ..
2. Hé mo cho bai todn dw bado siv dung phwong phip WM

Mién trj mdi bién dugc chia thanh 5 doan bang nhau, khi d6 cac tham sb cua tap md duge thiét ké theo phuong
phap WM duoc thé hién trong Bang 1.

Bing 1. Tham s cac tdp md hinh thang ciia cac bién vao - ra

a1 ay as ay as ds a7 dg dg aio a1 aip

1.0693 | 1.3610 | 1.6527 | 1.9444 | 6.8396 | 8.7799 | 10.7201 | 12.6604 | 0.4699 | 0.8435 | 1.2172 | 1.5908

Duya trén 45 ban ghi huin luyén, thyc hién cdc tinh toan ¢ Budc 2 va Bude 3 cia phuong phap WM ta tao duge
45 luat va trong sd clia chung. Trong mdi nhom luat c6 ciing phan tién dé ta chon luat co trong s6 16n nhét, néu trong s6
bang nhau thi cin c& vao tAn sudt xuét hién dé chon luét, tir d6 ta ¢ co s& ludt cho hé mo. _

Thuc hién suy dién va khir mé thé v&i t-norm min, t-conorm max va phép gidi mo trong tam véi b dir licu kiém
tra (20 ban ghi) ta thu dugc sai s6 LSE kiém tra la 2.59.
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3. Téi wu cdc tham sé ciia hé mé bang PSO

Viéc ng dung thuét toan t6i wu bay dan dé ti wu cac tham s6 cho ham thudc ctia hé mo doi hoi phai xac dinh
dugce ham muyc tiéu can tinh cho bai toan. Tiép theo 1a viéc xac dinh mién gia tri ciia timg bién cho mdi ca thé trong
quéan thé. Va cudi cing 1a viéc lua chon sb ca thé va sd 1an cap nhat vi tri trong quan thé, viéc lya chon nay tiy thudc
vao kinh nghiém chii quan ctia nguoi thuc hién nhung s& anh huong dén mic do chinh xac ciia bai toan va thoi gian
thue hién.

Ham muc tiéu:

Muc tiéu mong mudn 2 giam sai s6 ctia mo hinh dén mirc thip nhét c6 thé, do d6 sir dung cong thirc (12) tinh

LSE dé lam ham muc tiéu:

LSE = | N (Y- ) (12)

Trong cong thirc (12), Yy 1a dau ra rd ciia hé mo ing véi ban ghi thir p va Y, 1a ¢au ra mong mudn.
Biéu bién c4 thé:

Mdi ca thé X trong quan the 1a mdt tap hop bao gdbm m bién. Mdi bién tuong tng véi mot bo tham so cua ham
thudc trong hé mo. M01 tham s0 nam trong mot mién gia tri nhét dinh duoc x4c dinh thong qua bo dit liéu miu. Gia tri
m duoc x4c dinh bing tong sé lugng cac tham s cua tit ca cac ham thudc trong hé mo. Vi du:

1,x<al
a2—x
HLow(X) = a2—a1’al <x<a2 (13)
0,x > a2

Trong ham thudc oy cO 2 tham s a;, a, trong tng véi 2 bién trong tap cac bién cua ca thé X.

Tap gia tri tham s6 cia cac ham thudc tbi wu
Trién khai thuat toan d¢ xuat trén Matlab 2013a thu duoc b gié tri cho ca thé tot nhat gdm 12 tham sé Bang 2.

Bang 2. Tham sé t6i wu cac tip mo hinh thang

a1 a as a as as az ag Ay aio an ap

0.7781 | 2.2356 | 2.2357 | 2.2358 | 10.5108 | 10.6148 | 10.7899 | 12.4336 | 1.1051 | 1.1106 | 1.3382 | 1.5148

Tap luit trong trudomg hop toi wu.
Tir cac tham sb & Bang 2 tién hanh tinh chinh tap luét thu dugc co sé luat toi wu (Bang 3)

Bang 3. Co s6 ludt tdi vu

TT LogBun HGB LogTime
1 Low Low Medium
2 Low Medium Long
3 Medium Low Short
4 Medium Medium Long
5 Medium High Long
6 Low High Medium

bé thudn loi trong so sanh, bai bao st dung dit liéu tuong tur bai bao [3, 7], 45 ban ghi dung dé huén luyén va 20
béan ghi dung dé dy bao, sai so kieém tra LSE cua phuong phap dé xuat 1a 1.35 (dong cudi Bang 4)

Bing 4. Sai s6 kiém tra LSE cac hé mo

Phuong phap Céch sinh luat Piu ra hg¢ mo Ky thuat téiwa | LSE-Testing
ANFIS1 Grid partition Constant Hybrid 2.08
ANFIS2 Grid partition Constant Backpropagation 1.99
ANFIS3 Sub clustering Linear Hybrid 2.22
ANFIS4 Sub clustering Linear Backpropagation 2.43
Y.Qui, Y. Zhang [3] Chuyén gia Type 2 — Fuzzy sets | GA 1.78
Phong-Khang-Boéng [7] | FCM HA — T2FS GA 1.75
Phuong phap WM [1] WM Fuzzy sets Khong st dung 2.59
Phuwong phap dé nghi | WM Fuzzy sets PSO 1.35
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Thuét toan d& xuét cho sai s6 kiém tra LSE bang 1.35, day 1a mot két qua du béo tét hon so v6i cac nghién ctru
gin day, nhom Y. Qui, Y. Zhang c6 LSE 14 1.78 [3]; nhém Phong — Khang - Béong ¢6 LSE 1a 1.75 [7]. Ngoai ra, ching
toi ding bo dir liéu trén xay dung hé mo ANFIS bang Fuzzy ToolBox cua Matlab 2013a véi CaC phwong phap sinh
luat, k¥ thuat toi uu va dau ra khac nhau, sau do danh gia sai s0, mot 1an nita phuong phap dé xuét té ra c6 wu thé hon
nhiéu so véi ANFIS, cu thé 1a ANFIS2 c6 sai sé LSE nho nhat trong cac hé md ANFIS nhung ciing chi dat LSE 1a 1.99
(dong 2, Bang 4).

Dé kiém tra sy 6n dinh cua phuong phép, trong nghién ciru nay da thyc hién k¥ thuat kiém tra chéo kiéu 5-fold,
sai s0 LSE _testing 16n nhat 1a 1.39 va sai s6 LSE _testing nhé nhat 1a 0.86. Ngoai ra, bai bdo con x4o tron ngau nhién
tap di liéu thanh 100 b dit liéu khac nhau theo ty 1€ 45:20. Sir dung 45 ban ghi huén luyén va 20 ban ghi con lai danh
gia md hinh. Tién hanh xay dung 100 hé md tét nhat theo phwong phap d& xuat twong tmg véi 100 bo dit lidu nay véi 3
nhin ngoén ngit. Qua thyc nghiém cho thiy sai s6 kiém tra LSE ctia phuong phap d& xuat 6n dinh, véi trung binh
LSE_testing caa 100 hé mo 1a 1.262 va d6 1éch chuan 12 0.124.

Tuong ty nhu trén, bai bao tiép tuc thi nghiém phuong phap dé nghi voi 130 bo dit lidu duoc chia ngiu nhién
theo ty 1¢ 45:20, str dung 5 va 7 nhin ngdn ngir cho mdi bién vio, bién ra cua hé thong. Két qua twong img LSE testlng
trung binh cta 130 h¢ mo tdt nhat 1a 1.335 va 1.337, con do léch chuén & = 0.178 va 0.187. Hé mo cho két qua
LSE_testing 16n nhat v&i 5 nhan ngdn ngir 13 1.851 va véi 7 nhan ngdn ngit 1a 1.769 va qua LSE_testing nho nhét véi 5
nhan ngdn ngir 1a 0.923 va vdi 7 nhan ngdén ngir 14 0.882.

V. KET LUAN

Bai bao da d¢ xuat mot phuong phap xay dung hé mo tir tap dir liéu vao-ra. Phuong phép vira tan dung duoc
tinh don gian trong céach tao luat cia Wang-Mendel dong thoi khai thac duoc kha nang tim nghiém téi wu cua thuat
toan PSO, do vay, hé md thu duoc kha phu hop véi tng dung. Két qua thir nghiém trén bo dir liéu y té, bude dau cho
thdy su tin cay va 6n dinh cia phuwong phap dé nghi. Bo tham sé va co sé luat tim duoc trong thir nghiém dwoc kiém
tra lai trén cong cu suy dién mo FIS, ¢6 sin trong Fuzzy ToolBox cua Matlab 2013a cho két qua du béo tring khép voi
hé mo di xay dung. Ngoai ra, két qua dy bao trong thir nghiém con ndi tréi hon so véi hé md no-ron ANFIS ciing nhu
mot s6 nghién ciru gan day.

Niam 2016, J. Gou va cong su dé cho thiy phuong phap WM phu thudc nhidu vao dic trung cua tap dit lidu, néu
tap dir lieu huan luyén khong trai déu thi co so luat tao s& khong dy du [10]. Trong twong lai, ching tdi tap trung
nghién ciru sau theo hudng ndy, sau do thir nghiém phwong phéap trén nhitng ung dung tiéu biéu.

TAI LIEU THAM KHAO
[1] L. X. Wang and J. M. Mendel, “Generating fuzzy rules by learning from examples”. IEEE Trans. On Systems,
Man Cybernet, 22: 1414 — 1427, 1992.

[2] J. Kennedy, R. Eberhart, “Particle swarm optimization”, In proc. of IEEE International Conference on Neural
Networks, Vol. 4, pp. 1942-1948, 1995.

[3] Y. Qiuand Y. Qing Zhang, “Statistical Genetic Interval-Value Fuzzy Systems with Prediction in Clinical Trials”,
IEEE International Conference on Granular Computing, Pg: 129-132, 2007.

[4] N. Siddique and H. Adeli, Computational Intelligence, John Wiley & Sons, Ltd., Publication, UK, 2013.

[5] K. E.Parsopoulos, M. N. Vrahatis, Particle Swarm Optimization and Intelligence: Advances and Applications, 2010.

[6] J. M. Mendel, Uncertain Rule-Based Fuzzy Logic Systems: Introduction and New Directions. Prentice-Hall,
Upper-Saddle River, NJ, 2001.

[7] Phan Anh Phong, Dinh Khac Dong and Tran Dinh Khang, ‘“Predicting Survival Time of Myeloma Patients with
Hedge Algebra based Type-2 Fuzzy Logic System”, Proceedings of KSE 2009.

[8] L. X. Wang, “The WM method completed: a flexible fuzzy system approach to data mining”, IEEE Transactions
on Fuzzy Systems, 2003, 11(6): 768-782.

[9] Phan Anh Phong, Tran Dinh Khang and Dinh Khac Dong, “A fuzzy rule-based classification system using Hedge
Algebraic Type-2 Fuzzy Sets”. In proc. the 35" NAFIPS, 265-270, USA, 2016.

[10] J. Gou et al, “An improved Wang-Mendel method based on the FSFDP clustering algorithm and sample
correlation”, Journal of Intelligent and Fuzzy Systems 31(6):2839-2850, 2016.

[11] Ganesan et al, “Optimization of machining parameters in turning process using genetic algorithm and particle
swarm optimization with experimental verfification”, IJEST, 3: 1091-1102, 2011.

[12] N. Nedjah, S. O. Costa, L. M. Mourelle, L. S. Coelho, V. C. Mariani, “PSO in Building Fuzzy Systems”, Vol.
357 of the series Studies in Computational Intelligence pp 37-52, 2011.

[13] X. M. Yang et al, “An improved WM method based on PSO for electric load forecasting”, Expert Systems and
Applications 37 (12), 8036-8041, 2010.

[14] SAS/STAT 9.2 User’s Guide The PHREG Procedure, 2008.



906 THIET KE HE MO TOI UU BANG CACH KET HOP PHUONG PHAP TAO LUAT CUA WANG-MENDEL VOI PSO

A COMBINATION OF WANG-MENDEL'S METHOD AND PSO FOR DESIGNING
OPTIMAL FUZZY SYSTEMS

Phan Anh Phong, Vo Duy Thanh

ABSTRACT: In this paper, we proposed a new method for designing fuzzy systems by combining the one - pass Wang — Mendel’s
method with PSO. The one-pass method is used to create the rule base and PSO is used to optimize the parameters for the
membership functions. The proposed method was used for predicting survival time of myeloma patients. The experiment
demonstrates that the proposed method performs well for the dataset.



