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PHUONG PHAP TOI UU PARETO HE LUAT MO
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LYVién Cong nghé thong tin, Vién Khoa hoc va Cong nghé Viét Nam
2Khoa Cong nghé Tin hoc, Vién Dai hoc Md Ha Noi

Abstract. In this paper, we present a method for finding the optimal hedge-algerbas-based fuzzy
rules-set based on Pareto optimization algorithm (NSGA-II) proposed by Deb in [5]. The changllenge
in methods for constructing classification rules based on fuzzy sets is difficult to represent the rules in
linguist, therefore the hedge algebras based methods will overcome this problem. Further, fuzzy rules
are extracting directly from the patterns based on the partition of the systems of similarity intervals
of terms in AX? [15], in which each hyperbox of the partition determins an uniquely fuzzy rule. This
may result high performance on computation time and accuracy of classification.

Tém tat. Bai bdo giéi thitu mot phwong phap chon hé lust me phan 16p dua trén dai s6 gia ti
bang phwong phap tim kiém t6i wu dya trén thuit toan NSGA-II cia Deb [5], mot phirong phép
t6i wu Pareto dwge nhiéu téc gid sit dung. Mot trong nhirng théch thitc ciia phwong phép xdy dung
luat mo dira trén tap mo 14 khé dién t4 bang ngon ngir, phirong phap tiép cin dai s6 gia tir sé khic
phuc diéu ndy. Phwong phép sinh hé ludt md trire tiép tir cdc mAu dir lidu, hon nira stt dung hé
phan hoach cdc khodng tinh m& twong tir trong DPSGT2 [15] sé xac dinh duy nhat mo6i phan hoach
chita mot mau dir liéu. Dieu ndy dem lai hidu qud 16n vé mit thoi gian cling nhw ty 1& phan 1ép
ding cia hé luat.

1. GIOT THIEU

Bai todn phan 16p 1 mot trong nhirng bai todn dién hinh trong khai phé di liéu va nhan
dang mau, cdc mo hinh tiép can gidi dira trén cay quyét dinh, mang noron hay phwong phép
thong ké da dwgc dé xuat [2, 16]. Trong dd, mo hinh dya trén hé luat mo dwoce nhicu tdc
gid ap dung [1, 4, 6, 9-11] va ddc biét hé luat md dura trén DSGT dem lai két qua kha quan
[14]. Bai todn phan lép dwoc phat biéu nhw sau: cho mot tap cdc mau di liu D = {(P; O)},
trong 46 P = {p; = (d; 1, ...,din)|i = 1,..., N} 1a tap du liéu, C = (4, ..., Cy, 1a tap céc nhan
cla cac 16p, p; € U la dir lieu thit ¢ v6i U = Uyz...xU, 1a tich Dé-cdc cla cdc mién cia n
thuoc tinh X1, ..., X,, tirong trng, m 1a s6 16p va N 1a s6 mau dir liéu, dé y rang P C U. Mo6i
dw liéu p; € P dwoc gdn nhan phan 16p ¢; € C twong ting tao thanh ting cap (ps, ¢;) € D.
Thong thirdng mién cia céc thudce tinh 14 mién thuwe, tire 13 U C R™.

Theo tiép can hé luat mo [9-11], gidi bai toan tirc 14 ching ta xay dung mot hé luat mo
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tir tap mau trén dé dat hiéu qua phan 16p cao dong thoi hé luat don gidn va dé hiéu dsi véi
nguwoi ding. Thong thuwong lirge do xay dung hé luat mo phan 16p cho tap dit lieu mau D
gom hai giai doan chinh sau:

(B1) Phéan hoach mo (fuzzy partition) trén mién cia cdc thudce tinh dwa trén tap cdc gid
tri ngon ngtr cla cdc bién ngon ngir - Dom(X;), moi gid tri ngon ngir dwoe gan mot ham
thuodc twong tng.

(B2) X4c dinh mot hé cdc luat mo tir cadc phan hoach & trén, moi luat mo cé dang sau:

If X1is Ap and...and X, is Ay, then Class Cy with CFy, (0.1)

trong d6 A, ; 1a gid tri ngdn ngr cua cdc bién ngdn ngr twrong ing véi cde thude tinh, Cy
14 nhan phéan 16p va CF, 1a trong s6 cua luat, ¢ = 1,..., M v6i M la s6 luat, j =1,...,nvéin

1 6 bién vao. Thong thudmg, trong s6 cua luat 1a s6 thue trong khoang don vi, CF, € [0,1].

Buéc phan hoach mo thwong 4p dung 2 phwong phép gom grid-partition va scatter-
partition (hinh vé 1.2). Trong AX? (14 dai s6 gia tit han ché gom 2 gia tir [15]), hé khodng
tinh mo twong tw cia mot tap cdc hang tir 6 do dai tir 1 dén gi6i han k;, X (kj), dwge xay
dung dua trén hé khodng tinh mo mtkc kj 2. Moi hang tir € X 1) s¢ xay dung mot khoang
tinh m& twong tw gom hai khodng tinh mo ké nhau mibc kjy2, Skji2(2), Skjv2(2') € lrto
chita v(x) lam diém trong (hinh vé 1.1). Ching ta 4p dung phan hoach m& trén mién cia
moi thuoc tinh dwa trén hé cdc khodng tinh mo twong tw nay va né 1a mot phan hoach ro

nén viéc xay dung hé luat trong giai doan tiép theo sé dé dang va nhanh.
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Hinh 1.1. Hé khoang tinh m¢ twong tr mirc 2

Giai doan xéc dinh hé luat mo thwong rat khé khan dé ddm bao tinh hiéu qua ciing nhw
tinh don gian, dé hiéu cia hé luat. Mot s6 tac gia 4p dung céc phirong phép toi wu dé xac
dinh céc luat [10, 14, 15], cdc tdc gid trong [14, 4, 6] thiét ké cdc thuat todn tim kiém tdi
wu tham s6 mo dé phan hoach véi muc tiéu dat hiéu qua cao. Tuy nhién céc phwong phép
tim kiém t6i wu tham s6 mo thuomg lam mat tinh ngir nghia cia cdc tap mo, céc tdc gia da
phai dwa ra nhimg rang buoc nhat dinh. Véi nhimg tinh chdt cia DSGT [7, 8, 13, 20] sé
khic phuc dwoc nhwoc diém nay va dic biét khong gian cac tham s6 mo trong DSGT2 [15]
sé gidm di rdt nhiéu so v4i khong gian cdc tap mo, dieu nay lam tang toc do tim kiém t6i wu

cia phwong phép.
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N6i chung hai giai doan trén twong ng 1a hai bai todn toi wu va ching khong téch roi
nhau vi mo6i két qud phan hoach sé sinh ra mot hé luat t6i wu khdc nhau, hay buée xdc dinh

hé luat mo phu thude vao bwde phan hoach mo.
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Hinh 1.2. Phan hoach m¢ dang grid va dang scatter

DE gidi bai todn t6i ru nhiéu téc gia 4p dung phirong phap thich nghi dwra trén gidi thuat
di truyén (GA) [3, 4, 10]. Hon ntra, bai todn tim kiém tham s6 m& hay tim kiém hé luat mo
déu 13 bai todn toi wu da muc tiéu. Bay gio ching ta xét bai todn t6i wu k muc tiéu phat

oA
biéu nhw sau:

F(x) = (fi(x), fo(x), ..., fu(z)) — maz,Vx € X, (0.2)

trong d6 F(x) 1a vée-to muc tiéu, f;(z) 1a muc tiéu thir i can cue dai, x 1 vée-to 101 gidi,
va X 1a khong gian 1o gidi ciia bai todn.

Trong [15], chiing t6i da tiép can PSGT2 dé thiét ké mot thuat todn tim kiém hé luat
toi wu trwe tiép trén lwdi phan hoach mo. Do dé khong gian tim kiém kha 16m véi cd so
lwong céc luat va cdc thudce tinh tham gia vao diéu kién luat. Hon ntra, cong thite (1.2) dwoc
chuyén vé dang mot muc tiéu bang phép két nhap cdc muc tiéu theo trong s6 dé dp dung gidi
thuat di truyén da lam thu hep kha nang tim kiém 1oi gidi t6i wu, dan dén gidm hiéu qud cé
thé khong cao. Trong bai nay ching t6i sé thiét ké mot thuat todn tim kiém t6i wu Pareto
nham khic phuc nhwoe diém trén.

Theo phwong phdp t6i wu Pareto dwa trén gidi thuat di truyén NSGA-II [5, 18], mot 1o
gidi € X dwoc goi troi hon (dominate) 11 gidi y € X (tire 1a z t6t hon y), ky hiéu z = v,

~
neu:

Vi fi(y) < fi(z), 37 : f(y) < fi(x). (0.3)

Trong mot tap 1o gidi, néu khong cé bat ky mot 1o gidi y troi hon z thi ta goi x 14 mot
161 gidl t61 wu Pareto. Tap tit cd cdc 161 gidi nhw vay goi 1a tap t6i wu Pareto, ky hiéu S,.
Tap anh cua 161 gidi t6i wu Pareto trén khong gian muc tiéu dwoc goi 14 méat Pareto (frontier).
Mot 1o gidi t6i wu Pareto o khong thé néi tét hon mot 1oi gidi Pareto y [18], do dé ching

ta cang tim ra nhiéu 1o giai t6i wu Pareto cho bai todn cang tot. Cac phwong phap toi wu
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¢ dién thire hién chuyén bai todn da muc tiéu vé mot muc tiéu bang viéc tap trung vao mot
muc tiéu tai mot thoi diém va phai thire hién nhiéu Ian phirong phép nay dé tim tap céc loi
gidi. Tuy da cé nhiéu thuat todn tién hda gidi bai todn toi wu da muc tiéu duge gidi thiéu
[18], nhung thuat todn NSGA-II duwge dé xuat bdi Deb va cong su trong [5] 1&4 mot trong
nhirng thuat todn ndi tiéng va dwoc cic tac gid sit dung [10]. NSGA-II c6 hai dic trung noi
bat lam tang hiéu qud thuce hién cho bai toan t6i wu da muc tiéu. Thit nhat, ddnh gid do phu
hop ctia moi 1o gidi clia bai todn (titc 1a cd thé trong quan thé) dwa trén xép hang Pareto

va do do ddm dong, thit hai mot thi tuc cap nhat thé hé cdc ca thé tién tién dwoc 4p dung.

Trong bai nay chiing toi 4p dung thuat toan NSGA-II dé thiét ké phwong phap tim kiém
toi wu tham s6 mo gia tir va tim kiém t6i wu hé luat mo phan 16p dua trén DPSGT2. Phan 2
trinh bay mot phwong phép sinh hé luat mo khéi dau cho bai todn phan 16p dira trén DSGT2,
phan 3 va 4 sé thiét ké phwong phdp t6i wu tham s6 mo gia tir va t6i wu hé luat mo dua trén
thuat todin NSGA-II. Phan 5 4p dung mo hinh vio gidi bai todn phan 16p ddi véi tap dir liéu

mau Yeast tai [19] va so sdnh véi két qua cia cdc phwong phép trong [11, 16].
2. PHUONG PHAP SINH HE LUAT MO KHOT PAU DUA TREN DSGT2

Theo tiép can DSGT va dp dung phwong phdp ludi phan hoach m¢ [14, 17], mién cua
moi thude tinh sé dwoce phan hoach md dwa trén tap cdc gid tri ngon ngir trong DPSGT2. Ta
ky hiéu DSGT2 cho moi thudc tinh X; 1a AX;. Hé khodng tinh mo twong tu S(kj) 1a mot
phéan hoach ciia [0, 1], bang céch chon mitc phan hoach thich hop déi véi moi thuoce tinh khi
d6 mién cia moi thuoc tinh dwrge phan hoach béi S(rj) va twong timg la tap gia tri ngon ngur
X (1j)- Mét khdc mién ctia céc thude tinh la mién thwe, U; = [aj, bj] € R, ching ta chuan héa

N AN . v ’ N ~
vé mién don vi [0, 1] bang cdc ham chuyén nhw sau:

fi(v) = v—4a

==l (0.4)
i 4
Trong DSGT2, sap thit tir ngit nghia tap Xy = AT5,05 T, 15 oo Tjim 15 Ty Tjit 1, -5 $j71+2kj+1}7

ching ta gén ham dinh lwgng ngir nghia cho moi gid tri ngon ngr z;; € X (1) véi mong mudn

cang gan tam thi ham dinh lwong cang 16m va dat dinh tai tdm v(z;;), ham nay sé bang 0

néu vuot ra ngoai tam cua hai gid tri ngon ngtr ldng giéng cua z;,; trong tap X(kj)- P& don

gidn va twdong minh khi tng dung xay dung hé luat, ching ta thiét ké ham dwdi dang tam

gidc nhw sau (hinh vé 2.1):

v—v(ji-1) ma v(Tji41) — v
v(wj:) —v(T5i-1) /0, (U(:EM-H) — v(z;) ,0)), (0.5)

pa; (V) = min(max(

trong dé v(x) la gid tri dinh lwgng cia hang tir ngon ngtt x.
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Hinh 2.1. Ham dinh lrong dang tam gidc cia cdc hang tir trong DSGT2

Phwong phap phan hoach mo dwéi dang lwdi sé tao nén mot khong gian phén hoach trén
mién cia cdc thude tinh gom cdc siéu hop, Hg = {(T9(z1, h), .., T9(@n, b)) |T9(zj, hj) €
Sjysd =1,..,n,hy; € {0,1,..., 1+ 2k+111 Theo tinh phan hoach cia hé khoang tinh me
twong twr, moi mau dir liéu p; € P xdc dinh duy nhat mot siéu hop B; € Hg. Chiing ta chi
xem x¢ét sinh céc luat tir nhirng siéu hop ¢6 chira mau dir liéu, do dé s6 luat t6i da dwge sinh
14 N trong tridomg hop cuwe doan, tirc 14 bat ky hai mau dir liéu déu khong cing thuoc mot
siéu hop trong Hg. Trong DSGT2, moi siéu hop trong Hg xdc dinh mot tap cdc gid tri ngon
ngtr trong X(z;) va luat m¢ twong tmg dwgce sinh ra voi diéu kién vé trai 1a cdc gid tri ngdn
ngt nay, ¢ = (Ag1, ..y Agny Aqj € X(kj),7 = 1,...,n. Phan két ludn vé phéi cia luat la nhan

phéan 16p C, xdc dinh dya trén do tin cay cia luat nhu sau:

Cy = argmazc, {c(A; = Cy)|s(Ay = Cy) >0,h=1,...,m} (0.6)

trong d6 ¢ va s 1a do tin cay va do ho trg cia luat dwoc tinh theo luat két hop nhu sau:

hI ; hI ;
(A = Cy) = TneClusCo Ay Pi) () oy e ol ®) o)
Ei:pqu (ps)
va mite do ddp img dau vao (Aot chdy) cia luat doi véi dir lieu 1a
pa,(pi) = pag, (din)-pa,,(di2)..pia,., (din), (0.8)

v6i pia, ; (d; ;) dwoge tinh theo cong thire (2.2).

Déi véi céc bai todn cb s6 cac thudc tinh 16m, d€ dam bao tinh don gidn va dé hiéu doi
vGi hé luat mo sinh ra va hon ntra thire té cac thuoc tinh c¢é nhimg vai tro khac nhau quyét
dinh dén viéc phan lép, do dé chiing ta mong mudn céc luat phan 16p sinh ra chi chita diéu
kién ciia mot s6 it cdc thuoc tinh c¢6 vai tro 1ém hon. Theo tiép can cia H. Ishibuchi va cdc
cong su [Ish04], ching ta st dung thém mot gid tri ngdon ngt "Don’t Care (DC)” trong phéan
hoach dé sinh luat, ham thudc cia gid tri ngén ngit nay dong nhit bang 1 trén mién cia
thudc tinh (upc(v) =1, Vo).

Lurgc d6 sinh luat dwa trén DSGT2 nay giam thidu sir tinh todn va xem xét dén céc kha

ning sinh luat tir khong gian cdc phan hoach Hg vi theo tinh phan hoach moi dir liéu chi
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xem xét duy nhat mot Ian dé sinh luat, nhd hon nhiéu so véi phirong phép cia Ishibuchi ¢6
s6 kha nang sinh céc luat 1a |Hg|. Tuy nhién véi sir bo sung gié tri ngon ngit DC' thi s6 kha
ning sinh luat 1a khé lén. Trong bai nay chiing t6i stt dung tiéu chuan dé chon luat 1a c.s
cting nhu han ché do dai luat (s6 diéu kién tham gia & vé trdi) L = 3 va trong s6 luat dugc

xac dinh la:

CF(Ay = Cy) = cq — ¢q.2nds (0.9)

trong d6 cgong 1& do tin cay 16m nhét cua cdc luat ¢é cing diéu kién A, nhung két luan

khac Cy:

Cqond = max{c(Ay = Cy)|lh =1,...,m,Cp, # Cy}. (0.10)

Thuat todn IFRG(D, PAR, NO, L) [17]: sinh h¢ luat khéi dau tir tap dir lieu mau dya
trén DSGT2

Vao:

+ Tap mau D = {(pi;¢;) : ¢ = 1,....N},p; = (di1,...,dip) 1& mau d liéu, ¢; €
{C1, ..., Cpy} 1a nhan cia mau dur liéu twong timg, m 1a s6 16p va n 1a s6 thude tinh,

+ Céc tham s6 mo gia tir va mirc khodng tinh m& twong tw cho moi thuoc tinh: PAR =
{fmj(C_), fmj(C+), m](L)v m](V)v kj : J = 17 ceey ’I’L}7

+ Do dai t6i da (s6 diéu kién tham gia trong vé trai luat) 1a L,

+ SO luat can sinh Ny,

(d€ ¥ tiéu chuan sang luat 1a c.s, trong s6 luat xac dinh bdi cong thite (2.6))

Ra: Tép cac luat mo Sp.

Cic bugc:

Stepl) Tinh hé cdc khoang tinh m¢ twong tw S(kj) dé phan hoach m& trén mién cia moi
thudc tinh, xdc dinh tap cdc gid tri ngon ngtr tir do dai 1 dén k; cho X(kj)s

Step2) Lap trén moi mau dir lieu (p;; ¢;) € D va thye hién:

Step2.a) V&1 moi gid tri cia thuoc tinh dau vao d; j € p;, xdc dinh khodng tinh mo twong
tw trong Sy chtra d; j,d;j € Skj(Trjix) va gid tri ngdn ngk twong ting A;j = Tgjix, vOi
j=1,2,...n,

Step2.b) Tao mot tuyén dieu kién vé trai cia luat gdom céc gid tri ngdn ngi vira xac dinh

& trén
Ai = (Ains Aigs oy Aig), (0.11)

Step2.c) Sinh cdc luat ¢6 diéu kién vé trai A, 18y tir A; véi do dai 1 dén L dwa, xdc dinh
phan két luan vé phai theo cong thire (2.3) va thém vao tap luat khdi dau néu chwra ¢

Sop = Sp U {Aq = Cq}, (0.12)
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trong d6 A, C A; va |Ay] <3 va

Cy = argmazc, {c(A; = Ch)|s(4; = Cp) > 0,h=1,...,m}. (0.13)

Step3) Sap tap luat Sy theo thit tw gidm cia tiéu chuan sang (c.s) theo nhém cac luat c6
nhan phan 16p giéng nhau va chon | Ng/m] luat dau tién trong moi nhém (|e| 14 phép 14y

phan nguyén cta e).

Ménh dé 2.1. [17] Do phitc tap cia thudt todn IFRG la da thitc @67 véi kich thwdce va so
chiéu cia tap dw lieu mau D.

Chatng minh. Dé dang nhan thiy thoi gian tinh todn phan hoach mtc kj cho cac thude
tinh & bude 1 1a O(n.| X gy ), trong d6 kx = max{k; : j = 1,...,n}. Thong thuwong ching ta
6 | X oo < |D] (.

Trong buéc 2, thoi gian tinh todn dé sinh tuyén cac dieu kién vé tréi la O(n.|D]). Trwong
hop cuc doan kich thurée cla tap tuyén cac dieu kién vé trdi 1a | D], titc mo6i mau dir liéu xéc
dinh mot tuyén vé trdi. Moi tuyén vé trai diroe chon d€ sinh luat véi do dai tir 1 dén L, mdi
luat dwoc tinh todn do tin cdy va do ho tro theo Ian lwot moi két luan 14 mot nhan phan 16p
trong tap dir lisu. Do dé thoi gian tinh toén 1a O(|D|2.3,_, ; C2) = O(nL.|D[?) (**).

Buée 3 sap cac luat theo thit tir gidm cia tiéu chuan, truwomg hop cue doan tit ca cac

luat cing thuoc mot nhém nén thoi gian bi gidi han bdi:

O(|P|. ZlgASL 02-5092(|P|- ZlSASL Cf/})) =
O(|P|.loga| P|. ZlSASL Cv/}) +O(|P]. ZlgASL 02'5092(Z1§A§L Cv/}) ().

T (%), (**) va (***) ta c6 0 phitc tap cia thuat todén IFRG(D, PAR, Ny, L) la:

O(n*.|P|?) + O(n*.logon.| P|) = dpcm.

3. THIET KE THUAT TOAN TOI UU PARETO TAP LUAT MO PHAN LOP

V6i bo tham s6 mo gia tir PAR dwogc cho hodc da dwoc t6i wu doi véi mot bai todn phan
16p, st dung thuat todan I FRG sinh tap luat Sp kich thwée di 16n. Tuy nhién tap So c6 thé
chita nhiéu luat duw thira va ton tai cdc luat mau thuan nhau vi tiéu chuan sang dwoc chon
chira thé dam bao yéu t6 nay. Mot phirong phép nhiéu tédc gid st dung la tim kiém hé luat
t61 wu dwa trén tap Sp [10, 11, 14], st dung thuat toan di truyén. Trong bai nay ching toi
ap dung thuat todn toi wu Pareto dya trén gidi thuat di truyén (GA) - NSGA-II cia Deb [5].
Thuat toan dwoce thiét ké dé chon mot tap luat S SO sao cho dat dwrgce nhitng muc tiéu hiéu
qud phan 16p cao, s6 luat it va luat cang don gidn cang tot. Ro rang day 1a bai toan toi wu
¢6 3 muc tieu (MOP3), c6 thé phat biu nhuw sau:

p(S) = maz, f,(S), fa(S) — min, (0.14)



110 NGUYEN CAT HO, DUONG THANG LONG, TRAN THAI SON, TRAN DUY HUNG

vGi rang bude S € Sp, |S| < Nopt.

Trong d6 f,(S) 1a ty 1é phan 16p ding cua hé S trén tap mau luyén (training patterns),
fn(S) 1a 86 luat va f,(S) 1a do dai luat trung binh cia hé S. Nopt 1a s6 luat chon téi da va
dwoc cho trude.

Muc tiéu cure dai hiéu qua phan 16p 14 yéu cau tu nhién déi véi bat ky hé luat mo nao
dwoc xay dung. Hai muc tiéu cue tidu s6 luat va do dai cdc luat nham muc dich lam don
gidn hé luat dirge xay dung, tao tinh dé hidu ddi véi nguoi dung. Ro rang khi f,,(S) gidm thi
nguy co hiéu qua phan 16p f,(S) cing gidm, do dai luat f,(S) gidm tite s6 diéu kién quyét
dinh dén phan 16p gidm dan dén mién quyét dinh tao bdi phan hoach md& cia cdc diéu kién
d6 dwoc m& rong (xem hinh 1.2) va ¢é nguy co phéan 16p sai ddi véi cde mau dir licu khong
thuoc 1ép. Hon nira, phirong phap sinh luat theo cach 14y t6 hop s6 cac diéu kién vé tréi
(thuét todn IFRG) thi s6 diéu kién gidm c6 nghia s6 luat tang theo s6 t6 hop dwoc 1dy. Nhr
vay, viéc dat dwoc ba muc tiéu trén mot cich dong thoi 1a khong thé, chiing ta sé phai thoa
hiép trong cdc phwong phdp toi wu.

Hai muc tiéu sau d6i véi f,,(S) va f,(S) ctia bai toan dwoc chuyén vé dang cire dai bang
phép 14y nghich ddo, diéu nay luon dam bao vi f,,(S) > 0 va f,(S) > 0. Do d6 muc tiéu cia

bai todn trd vé dang sau:

F(S) = (f5(8), ful8)7!, fa(8)™") — maa. (0.15)

Str dung phwong phdp ma hda s6 thire, moi 1oi gidi ttng véi mot tap luat S dwoc chon tir
Sp duge bieu dién béi mot chudi gen duge goi 1a mot cé thé s; = (g1, ..., gn,,.), 95 € [0, 1].
Gié tri gen g; xdc dinh luat c6 chi s6 1a g;.|So| trong tap So(0 < g;.1S0| < |So]), néu chi s6
nay bang 0, titc g; = 0 thi luat twong tmg khong chon, diéu nay dan dén |S| < Ny (hinh vé
3.1).

S ={Ri € Soli = |g;.|5l],i > 0} (0.16)
So| Ri | R2 | Rs R; Ris0
gen | gy | & gfo SNt | = 8

khdng chon ludt

Hinh 8.1. So dd ma héa c4 thé Iwa chon tap luat S tir Sy

Trong NSGA-II, méi quan thé gém mot tap céc 1oi gidl P = {S; :i =1, ..., Npop}, Npop 12
kich thwéc quan thé, sé dwoc sap Pareto vao cdc tap frontier Fj, dwa trén quan hé chi phdi
giita cac ca thé (= , xem cong thitc (1.3)). Tap Fj gdom cac ci thé bi chi phéi bdi k — 1 cé
the khéc trong P. Ky hi¢u D, 1a tap cdc cd thé bi chi phdi bdi cd thé p, M, 1a s6 lwrgng céc



PHUONG PHAP TOI UU PARETO HE LUAT MO ... 111
cé thé chi phéi ca thé p trong quan thé. Thi tuc tinh todn va sap Pareto dwoc trinh bay
duwéi dang ngon ngir gia lap trinh nhu sau:

Thii tuc NDS(P) [5]: sap Pareto tap céc ca thé trong pop vao cic tap frontier Fj.
D,=0,M,=0forallpe P
for each p € P

for each g € P
if (p > q ) then

D, = D,U{q}
else if ( ¢ > p ) then
M, =M, +1
end if
end if
end for
if ( M, =0 ) then
= FuU{p}
end if
end for
k=1
while (Fy # 0)
H=0

for each p € F},
for each ¢ € D,

My=M,—-1
if (T, = 0) then
H = HU{q}
end if
end for
end for
k=k+1
F.=F.UH

end while.

Trong moi tap Fj, chiing ta tinh todn gid tri wée lwrong do trit mat cia céc thé dura trén
khodng céch cia gid tri méi muc tiéu gitra cac ca thé dé. Ky hiéu Fi[4] 1a ca thé thit ¢ trong
tap Fy, Fy[i].m 1a gid tri ham muc tiéu thit m trong cdc muc tiéu cua F(S) tai (3.2), Fy[i].dist
14 gid tri wée lwrgng do tri mat can tinh.

Thii tuc DE(F},) [5]: tinh todn gid tri wée lrgng do trit mat cdc cd thé trong moi frontier.

| = |Fyl
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Fyli].dist = 0, for all i
for each objective m in F(S)
sort( Fy,m )
Fy[1].dist = Fyl].dist = oo
fori=2tol -1
Fyli].dist = Fyli].dist + (Fy[i + 1].m — Fg[i — 1].m)
end for

end for.

Ham sort(Fy, m) dé sip tap cac ca thé trong Fj theo gid tri ham muc tiéu thit m.
Trong mot quan thé chiing ta dinh nghia quan hé thit tr bo phan ( >4 ) clia cic ci thé
dua trén chi s6 tap frontier clia ca thé, véi moi p € Fy, ta ky hiéu p.rank = k, va gid tri wée

lirong do trit mat 1a p.dist. Khi @6 véi hai cd thé p va ¢ thi
p>aqif (prank < q.rank) or ((p.rank = q.rank) and (p.dist > q.dist)). (0.17)

Thudt todn FROPT(Sy, Nopt): tim kiém hé luat t6i wu Pareto dwa trén gidi thuat di
truyén (GA)

Vao:

+ Hé luat khéi dau Sy sinh bdi thuat toan IFRG,

+ S6 luat t61 da can chon t61 wu Ny,

+ Céc tham s6 cho GA: xéc sudt lai ghép 3., xac suat dot bién 3,,, tham s lai ghép a.,
tham 6 dot bién a,,, kich thude quan the moi thé he Ny, va s6 thé hé can tién héa Giaq-

Ra: Tap t61 wu cdc luat mor Sypr.

Céc budée:

Step 1) Khéi tao mot quan thé ngdu nhien Py = {p;|i = 1, ..., Npop}, Npop 12 d0 1ém ctia
quan thé & maoi thé hé, dat chi s6 thé hé g =0,

Step 2) Xdc dinh he luat S; twrong ing véi moi cé the p; € P,.

Step 3) Tinh céc gid tri cla cdc muc tiéu trong (3.2), £,(S:), fu(Si), fa(S:) cho cic ca thé
pi € P,.

Step 4) Sap Pareto cdc cd thé trong P, vao céc tap Fy (st dung thi tuc NDS(P,)),

Step 5) Sinh quan thé con @, tir P, bing cdc phép toan di truyen [14], st dung gid tri
ham dénh gid do phit hop theo chi s6 tap Fy, fitness = rank~', dé 4p dung phép chon loc,
lai ghép va dot bién.

Step 6) Tinh hop hai quan thé Q, va P, & thé hé hién tai, R = Q, U P,.

Step 7) S&p Pareto céc c4 thé trong R vao cic tap Fi (st dung thi tuc NDS(R)),

Step 8) Lap tir k = 1 trén céc tap Fj cho dén khi [Pyy1| > Npop, thuc hién:

(i) Tinh todn do trlt mat ctia céc cé thé trong F theo thi tuc DE(F}),
(ii) Tinh hop Py41 = Py U Fy.



PHUONG PHAP TOI UU PARETO HE LUAT MO ... 113

Step 9) Sap gidm dan thit tu cdc cd thé trong quan thé P,iq theo quan h¢ ed.

Step 10) Chon Npop c4 thé dau trong quan thé Pyi1, Pyr1 = Pyi1[0, ...y Npop-

Step 11) Dat g = g + 1 va lap lai Step 2) cho dén khi dat thé hé Gaq-

Step 12) Tra vé két qua 1a hé luat S xdc dinh bdi cd thé cé f,(S) 16m nhét, néu cling
fp(S) thi f,,(S) nho nhét, néu cing f,(S) va f,,(S) thi f,(S) nhd nhat.

Tiép theo chiing ta 4p dung phwong phap xay dung hé luat mo phan 1ép trén dé giai bai

todn phan 16p céc loai men sinh hoc (Yeast).
4. AP DUNG THU NGHIEM VAO BAI TOAN PHAN LOP

Tap dir licu mau cho bai todn phan 16p cdc loai men (Yeast) do gido sw K. Nakai thu thap
tai Vién phan tir va té bao sinh hoc, Pai hoc Osaka, Nhat Ban, va dwgc cong bo trong [19).
Nhiéu tdc gid nghién ciru da st dung tap dit liéu nay dé thir nghiém cdc mo hinh cho bai
toan phan 16p [16, 12, 11]. Tap dir liéu gom 1484 mau chia thanh 10 1ép va cé 8 thude tinh
la MCG, GVH, ALM, MIT, ERL, POX, VAC, NUC. bé¢ don gian ta ky hic¢u X 1a céc thuoc
tinh, j = 1,...,8. Bang 4.1 thé hién phan bd s6 lirong cdc mau di liéu theo tirng 16p, hinh 4.1
thé hién sy phan bd dir liéu cia céc 16p theo tirng cap thudc tinh: (4.1-a) cho cap thudc tinh
MCG va GVH, (4.1-b) cho cap thuoc tinh ALM va MIT, (4.1-¢) cho cap thudc tinh VAC va
NUC. Béi véi cap thuoe tinh ERL va POX c¢6 hau hét cdc mau dir liéu bang 0 hoac 1. Do
thi phan bd dit liéu cho thay bai todn rat phirc tap, cdc mau dir lieu & céc lép chong chéo lén
nhau, hau nhir khong c¢é thudce tinh nao thé hién tinh tréi hon han dé phan lép. Hon nira, s6
lirong mau trong tap dit lieu kha 16n cliing véi sir phan bé cdc mau dir litu khong can bang
nhau, ty s6 chénh léch phan b nay 1én dén 463/5. Nhung thdch thite khong nhd ddi véi bat
ky mo6 hinh phan 1ép nao.

Bdng 4.1. Phan b6 s6 lirong cac mau dit liéu trong moi 16p

Lép Mo ta S6 mau dw liéu
CYT Cytosolic or cytoskeletal 463
NUC Nuclear 429
MIT  Mitochondrial 244
ME3 Membrane protein, no N-terminal signal 163
ME2 Membrane protein, uncleaved signal 51
ME1 Membrane protein, cleaved signal 44
EXC Extracellular 37
VAC Vacuolar 30
POX Peroxisomal 20

ERL Endoplasmic reticulum lumen 5
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Hinh 4.1. Biéu do6 phan bd dir liéu cia céc thude tinh theo 1ép

« EXC
= ME1
« ME2
= ME3
MIT
NUC
POX
« VAC

Ap dung céu tric PSGT2 cho mién cdc gid tri ngon ngit cla cac thude tinh X j, ky hiéu

la AX;,j=1,...,8. B tham s6 gia tit cing v6i mite phan hoach k; hé cdc khoang tinh mo

twong tu trong AX; dwgce thiét 1ap trong bang sau (dé ¥ ring fm(c™) = 1— fm(c™), m(V)

1—m(L)):

Bdng 4.2. Céc tham s gia tir v mitc phan hoach hé cdc khodng tinh mo twong tw

Thuoc tinh MCG GVH ALM MIT ERL POX VAC NUC

(X1) (X2) (X3) (X4) (X5) (X5) (X7) (Xs)

fmj(c_) 0.64 0.73 0.52 0.39 0.51 0.32 047 048

Nj(L) 0.21 0.68 0.46 0.68 0.55 0.28 0.51 0.55
k‘j 1 1 2 1 2 1 2 1

Chiing t6i thir nghiém mo hinh cho bai todn theo so @6 10-folds, chia ngau nhién tap di

litu mau thanh 10 phan bang nhau, 14y ra mot phan dé kiém tra con lai 9 phan dung dé xay
dung hé luat bang cach dp dung lién tiép thuat toan IFRG dé€ sinh hé luat khéi dau, thuat
toan FROPT d¢€ tim hé luat t6i wu. Lap lai qud trinh chia tap mau va xay dung hé luat nay
20 Ian. Thoi gian trung binh sinh hé luat khdi dau cia thuat todn IFRG nhé hon nhiéu so
véi [11], gidm 86.67%, titc thuat todn nay chi mét 2 gidy trong khi cia [11] mét 15 gidy.
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Bdng 4.3. Két qua thir nghiém mo hinh trong truwong hop 10-folds

Mo hinh PN PL PA PT
Ishibuchi [11] 37.85 2.83 63.77 56.93
Pavlidis [16] - - - 58.26

Our method 34.70 245 6225 59.12

Két qud cudi ciing cia cac lan thir nghiém sau khi tim kiém hé luat t6i wu dwge tinh trung
binh ddi véi s6 luat sinh ra (PN), do dai trung binh hé luat (PL), ty 1é phan 16p ding trong
tap mau hoc (PA) va tap kiém tra (PT), thé hién trong bang 4.3 (ky hiéu -’ 1a khong c6 két
qua thir nghiém). So sanh véi phwong phap cia [11], két qua cia chiing t6i ¢6 s6 luat gidm
8.32%, do dai trung binh cua luat gidm 13.57%, ty 1é phan 16p diing trén tap huan luyén gidm
2.38% trong khi ty 1é phan 16p diing trén tap kiém tra tang 3.85%. So vé&i [16] thi ty 16 phan
16p ding trén tap kiém tra cia ching toi tang 1.52%.

5. KET LUAN

Trong bai ndy ching toi da xdy dung mot phwong phap tim kiém hé luat mo toi wu siv
dung thuét toan NSGA-II, mot phirong phép t6i wu Pareto da muc tiéu bang gidi thuat di
truyen. Tap luat khdi dau dwoc sinh tir dir liu mau bang cach 4p dung thuat toan IFRG dua
trén hé phan hoach cdc khoang tinh md twong tur cia tap cac gid tri ngon ngtr trong DPSGT?2,
cac gid tri ngon ngir ndy tao nén phan hoach md trén mién cua céc thudc tinh. Thuat toin
IFRG ap dung d€ sinh hé hé luat khdi ddu véi s6 lrong di 16n nham tranh sy mat mat thong
tin ddi v&i bai toan. Hon ntra, cédc luat md dwoc sinh trire tiép tir cdc mau dir liéu nén khong
gian céc luat can xem xét trong qud trinh tinh todn gidm. Trong khi d6 phwong phép trong
[11] s& xem xét hét moi kha nang sinh luat cé thé, sau dé str dung tiéu chuan gigi han do tin
cay va do ho tro dé loai bét. Dieu nay doi hoi khéi lrong thoi gian tinh todn rat 16m.

Thuat todn tim kiém t3i wu Pareto dira trén gidi thuat di truyén (FROPT) dwoc thiét ké
véi muc tiéu tim hé luat sao cho cang don gidn, dé hidu va hiéu qua phan 1ép cao. Chiing toi
stt dung thuat toén khé néi tiéng cia Deb [5] 1 NSGA-IL. Ung dung vao bai toén phan 16p
céc loai men sinh hoc, mot bai todn rat khé ddi véi cdc mo hinh phan 16p, dat két qua kha
quan khi so sdnh v&i mot s6 phwong phép khdc (bang 4.3), minh hoa cho tinh hiéu qua cia
phirong phap nay. Ngoai ra, chiing ta c6 thé thiét ké thuat todn tim kiém bo tham sé t6i wu
trwde khi thire hién xay dung va tim kiém hé luat dé tang két qua ciia mo hinh (xem [14]).
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