Nghién ciru khoa hoc cong nghé

K¥ thuat diéu khién thich @ng gii thuit tién hoéa t6i wu da muc tiéu sir dung
hwéng vi phan dua trén ty 1€ bién doi d¢ do chat lwgng tap gidi phap
Tran Binh Minh'", Nguyén Long?, Nguyén Dirc Dinh*, Thai Trung Kién*

Vién Céong nghé thong tir}, Viép Khoa hoc va Cong nghé quén su, Cau Giéy, Ha Noéi, Viét Nam,;
2Hoc vién Quoc phong, Cau Giay, Ha Noi, Viét Nam.
*Email: minhchip79@gmail.com

Nhan bai: 25/11/2023; Hoan thién: 15/01/2024; Chap nhan dang: 06/02/2024; Xuat ban: 25/02/2024
DOI: https://doi.org/10.54939/1859-1043.j.mst.93.2024.121-127

TOM TAT
Khi ddnh gid gidi thudt tién héa t6i wu muc tiéu, nguoi ta khong chi quan tam dén chat lwong

clia tdp gidi phdp ma con chii y dén kha ning tham do va khai théc cia gidi thudt vi dé la yéu to
ddam bdo cho tdp gidi phdp c6 chdt lwong héi tu va da dang tot. Duy tri cdn bang giita khd ndng
tham do va khai thdc trong qud trinh tién héa cia gidi thudt la van dé khé nhwng dige quan tim
trong linh viee nghién ciru. Trong bai bdo ndy, chiing téi phan tich moi quan hé giiva chat lwong
cia tdp gidi phdp va hiéu qua tim kiém cia giai thudt dé danh gid xu thé tim kiém va dé xudt ky
thudt diéu khién dwa ty 1é bién doi dg do chat lwong tdp giai phdp nham duy tri sw cdn bang tot
hon giita kha néing tham do va khai thdc ciia gidi thudt trong qud trinh tién héa. Thir nghiém ky
thudt dé xudt trén gidi thudgt tién héa t6i wu da muc tiéu sir dung hwong vi phdn voi mot 56 bai todn
mau cho két qua cé tinh canh tranh cao, minh chirmg khd ndng cdi thién hiéu quda tim kiém ciia
gidi thudgt.
Tir khoa: Can bang tham do va khai thac; Xu thé tim kiém; Giai thuat tién hoa vi phan; NSGAII-DE.

1. MO PAU

Bai toan tdi uu da muyc tiéu (Multi-Objective Problem - MOP) la bai toan gdm cac muc tiéu cd
xung dot lan nhau va can dugc t6i vu ddng thoi. Trong MOP cuc tiéu, mot giai phép dugc goi 1a
t6i uu Pareto néu cai thién gia tri trén mdt muc tleu s& lam t6i di gia tri cua it nhat mot muc tiéu
khéc [1]. Tap cac giai phap thoa man diéu kién t6i wu Pareto trong khong gian bién quyét dinh
dugc goi 1a tap tdi uu Pareto (Pareto Optimal Set - PS) va anh xa ctia n6 sang khong gian muc tiéu
goi 12 16p ti wru Pareto (Pareto Optimal Front - PF). V& mit toan hoc, MOP cuc tiéu khong rang
budc voi M muc tiéu dugc dinh nghia nhu sau:

Trong do: ¥ 1a véc-to bién quyét dinh thudc viing kha thi Q trong khong gian bién quyét dinh
RD: f(a_c') la véc-to ham muc tiéu; fi: RP—> R véii e {1, 2,..., M} la ham muc tiéu thi i; Z = f(Q)
Ia viing kha thi trong khong gian muc tiéu, Z < RM véi RM la khdng gian muc tiéu.

Xap xi 10i gidi cia MOP sir dung giai thut tién hoa t6i uu da muc tiéu (Multi-Objective
Evolutionary Algorithm - MOEA) 1a ky thuat hi¢u qua vi MOEA cho phép tim kiém tap giai phap
thoa hiép gitra cac muc tiéu [2]. Khi danh gia MOEA, hai khia canh chinh dugc quan tim:

- Chét luong cua tap giai phap: Khi danh gia vé chit luong ciia tap giai phap, nguoi ta quan
tam dén chat luong hoi tu va da dang. Trong khong gian myc tiéu, chat luong hoi tu thé hién &
vi€e cdc gidi phap cang gan véi PF cang tot con chat luong da dang thé hién & viée cac giai phap
cang phan bd déu va rong theo PF cang t6t. Hai yéu to nay doc lap voi nhau va thyc té khong ton
tai mot bién phap hiéu qua duy nhét co t}le chi ra sy vuot troi gitra cac giai thuét ¢ dgng thoi hai
y€u to nén can co it nhat hai bién phépqdé cO thé dén,h gia toan dién chat lugng. Mdt s0 d6 do hiéU}
qua di€n hinh thuong duogc sir dung dé danh gia chat luong cua tap giai phap 1a khoang cach the
hé (GD) [3], khoang cach thé hé ngugc (IGD) [4] va chi s6 siéu thé tich (HV) [5];
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- Hiéu qua tim kiém cua giai thuat: Khi danh gia vé hiéu qua tim kiém cta giai thuat, nguoi ta
quan tim dong thoi dén kha ning tim kiém theo chiéu rong (kha nang tham do) va chiéu sau (kha
nang khai thac). Kha ning thim do nham dam bao tim kiém rong khap trong khong gian tim kiém
dé tranh bo sot giai phap tét, tranh biy t6i wu cuc b va thu duogce tap giai phap phan bd rong va
déu theo PF. Kha ning khai thdc nham dam béo cho qua trinh tim kiém hoi ty nhanh dé thu dugc
tap giai phap tiém can dén PF. Kha ning tham do va khai théc cua MOEA anh huéng 16n dén kha
nang tim kiém toan cuc cua giai thuat va can duogc can bang trong sudt qua trinh tim kiém dé nang
cao dong thoi duogce ca chét lugng hoi tu va da dang cua tap gidi phap.

Nhu vay, néu chi tap trung vao chét luong cta tap giai phap thi chua danh gid mot cach toan
dién, can phai danh gia dong thoi v6i kha nang tim kiém. Duy tri cAn bang giita kha ning tham do
va khai théc cia gidi thuat 1a mot van dé kho nhung dong thoi cling dugc nhiéu nha nghién ciru
quan tam voi mot so nghlen ctru dién hinh gan day nhu: H. Zhang [6] dua trén phan tich rang cac
giai phap khong bi trdi s& ton tai 1au hon giai phap khéc trong qua trinh tién hoa va dua trén d6 do
thoi gian ton tai trung binh dé xac dinh giai thuat dang tap trung tham do hay khai thac va sir dung
toan tir tai tao nham dam bao can bang; W. Zheng [7] tiép can dua trén phan cum bang cach chia
quﬁn thé thanh cac quén thé con, lya chon cha me tir cac quén thé con khéc nhau trong giai doan
tham do va tir mot quﬁn thé con trong giai doan khai thac, sinh ca thé dua trén sy khac biét vé do
do siéu thé tich cua cic quan thé con trong hai thé hé lién ké; M. Abdel-Basset [8] sir dung ty 18
thich tng giita s6 vong 1ap tién hoa tap trung vao tham do va s6 vong ldp tién hoa tap trung vao khai
thac, déng thoi sir dung chién luogc dot bién dya trén phan bd Gaussian dé tao ra cac gia tri bude
nhay véi gia tri nho dé tang cuong kha ning khai thac va gid tri 16n dé ting cuong kha ning tham
do; Q. Zhang [9] dé xuit mot ham niching dé duy tri su can bang, trong d6 gia tri niching dugc didu
khién bai mot ban kinh quét giam dan twong ting v6i viée tang cuong cai thién da dang trong giai
doan dau va tap trung vao hoi ty trong giai doan cubi. Hong H. [10] dé xuét giai phap can bang cho
cac bai toan t6i ru da muc tiéu co 6 chleu khong gian blen quyet dinh 16n bang co ché gan mot gia
tri trong so duy nhat cho mdi bién quyét dinh va giai quyét van dé can bang ngay trong khong gian
bién quyet dinh. Trong cac nghlen ctru ké trén, viéc sir dung thong tin d6 do chat luong tap giai
phap dé danh gia xu thé tim kiém va lam thong tin tham chiéu nham diéu khién can bang giira kha
nang tham do khai thac van chua duogc dé cap dén. Ngoai ra, cac nghién ciru trén ciing chua duge
ap dung dé cai thién cho giai thuét ti vu da muyc tiéu st dung hudng vi phan.

Bai bao phén tich mdi lién hé giira chat luong cua tap giai phap va kha nang tim kiém cua giai
thuat, dé xuat ky thuat diéu khién thich tng nham cin bang giira kha nang tham do va khai thac
trong qua trinh tim kiém va ap dung dé cai tién MOEA dua trén hudng vi phan. Trong phan tiép
theo cua bai bao, vin dé nghién ctru s& duoc trinh bay trong phan 2. Phan 3 trinh bay phuwong phap
diéu chinh thich tng kha ning tim kiém va phén tich 4p dung dé cai thién MOEA dya trén huéng
vi phan. Két qua thi nghiém, thao luan va két luan duoc dé cap trong phﬁn 4va phﬁn 5.

2. VAN BE NGHIEN CUU
2.1. Van @@ cin biing giita kha ning thim do va khai thic ciia giai thuat

Néu qua trinh tim kiém ma thién vé kha nang tham do, viéc tim kiém s& duoc thuc hién rong
khip trong cac khu vuc ctia khong gian tim kiém, dan dén dam bao tinh cht toan cuc ciia qua trinh
tim kiém (chat lugng da dang tot) nhung tdc d6 thu nhan duoc cac giai phap tiép can dén PF s&
cham (chit lugng hoi tu kém). Nguoc lai, khi giai thudt thién vé kha niang khai thac, cac giai phap
thu duoc sé tién nhanh dén PF (chit lwong hoi tu tot) nhung kha ning mé rong khong gian tim
kiém bi han ché, dan dén giai phap t6t & mot s6 khu vue khong dugc xét dén (chat luong da dang
kém). Nhu vy, duy tri can bang gitra kha nang tham do va khai thac ciaa MOEA trong qua trinh
tim kiém 13 van dé rit quan trong nham dam bao cho viéc c6 thé nhanh chéng tim kiém duoc tap
giai phap vira c6 chét luong hoi tu va chét luong da dang cao.
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Theo co ché chon loc cua qua trinh tién hoa, chat luong cua tép giai phap ¢ giai doan trudc s&
éph hudng truc tiep dén chat lugng 01:1a giai doan sau, nhat 1a vi céc gidi thuat st dung co ché bao
ton tinh ta (elitism) hién nay. Thuec té, khi phén tich kha nang tham do va khai thac theo giai doan
clia qua trinh tim kiém c6 thé nhan thay tai nhimg thé hé dau, tuy theo nguyén ly cua tung giai
thuét, kha nang tham do va khai thac thuong la mat can bang, diéu d6 anh huong rat 16n dén qua
trinh tim kiém & giai doan gilta va giai doan cubi. Do do, van dé dat ra 1a 1am sao dé ngay tir giau
cua qua trinh tim kiém, su can bang da dugc dam bao nham tranh bo sot nhing giai phap tot 6
nhiing khu vuc tim kiém dé bi bo qua khi giai thuat dang tap trung vao tim kiém theo chiéu sau dé
tim cac giai phap sat voi PF.

2.2. Mdi quan hé giira chit lwong tap giai phap va hiéu qua tim kiém cia giai thuat

Khi nghién ctru ban chat kha niang thim do, khai thac cua qua trinh tim kiém va gia tri cua cac
dd do danh gia chét lugng cua tap giai phap trén hai do do pho bién 12 GD va IGD, nhén thay: (i)
do do GD dai dién cho tinh chat héi tu ciia quan thé va thé hién kh@ nang k‘hai thac cua tién hc')'c}. Uu
tién v€ kha nang khai thac s€ gitip giai thuat tim dwugc giai phap t61 wu gan voi PF nhanh nhat. Vi
the, viéc thay doi gia tri o do GD theo hudng cai ‘Ehién trong mét phan doan thoi gian th§ hién su
tang cuong kha nang khai thac cta qua trinh tim kiém; (ii) ¢ khia canh khac, 46 do IGD thé hi¢n ca
kha nang da dang va hoi tu cua tép giai phap. Cu thé hon, d¢ do IGD th€ hién kha nang tham do cua
qua trinh tim ki€ém d€ tim cac giai phap duoc phan bo rong va déu theo PF. Do dd, vi€e thay doi gia
tri 6 do IGD theo hudng cai thién trong mot phén doan thoi gian thé hién sy tang cuong kha nang
tham do cta qua trinh tim kiém. Nhu vy, gié tri sy bién doi cac do do GD va IGD cua tap giai phap
trong mdt phan doan thoi gian tién hoa cho biét xu the tim kiém cia MOEA.

2.3. Van dé nghién ctru dit ra

Nhu da phan tich, thong tin vé bién ddi gia tri cac do do theo phén doan thoi gian 1a gia tri dinh
luong gitp danh gia xu thé tim kiém cua giai thuat. Day la thong tin tham chiéu dé co thé diéu
khién thich (mg giai thuat nham duy tri su can bang vé kha nang tham do va khai thac. Phuong an
diéu khién thich tmg phu thudc vao coqche str dung cac tham s6 diéu khién cta timg MOEA, car}
dugc khao sat va ¢ su danh gia cu thé. Do vdy, van dé nghién ctru dat ra 1a: (i) danh gia xu thﬁ
cua qua trinh tim kiém thong qua gia tri bién d6i do do chat lugng cua tap giai phap, tir d6 dé xuat
ky thuat diéu khién nham duy tri can bang giita kha nang tham do va khai thac; (ii) nghién ciru co
ché sir dung tham s0 diéu khién ciia MOEA va d& xuat sir dung thong tin tham chiéu dua trén gia
tri blen’ d01‘ do do chat‘luqng cua tap giai phap mot cach thich hop dé diéu chinh thich Gmg gia tri
tham s6 diéu khién nham duy tri twong doi sy can bang gitta kha nang tham do va khai thac trong
qué trinh tim kiém.

3. KY THUAT PIEU KHIEN THiCH UNG
3.1. B¢ xuit k¥ thuat diéu khién thich img

K thuat diéu khién thich ¢mg nhdm can bang giita kha ning tham do va khai thac cia MOEA
trong nghién ctru str dung xu the tim kiém cta giai thuét lam thong tin tham chi€u. Cu thé, xu thé
tim kiém cia MOEA duoc xac dinh dL{a trén ty 1€ bién doi gia tri do do chat lugng cua tap giai
phap. Cac budc co ban trong k¥ thuat d€ xuat nhu sau:

- Budce 1: Tinh gia tri d§ do GD, IGD theo cong thire trong cac tai liu [3, 4].

- Bude 2: Xac dinh ty 1¢ bién ddi do do chit lugng quéan thé (khi két thiic mot phan doan).

+ Budc 2.1. Tinh d6 bién doi gia tri 4 do GD, IGD theo cong thirc:

deltaGD = |GDccen - GDcaen_Gc|/maxGD @
deltalGD = |IGD gen — IGDcgen—g,|/maxIGD

Trong d6: cGen 1a thé hé hién tai; G 1a s6 thé hé trong phan doan thoi gian; maxGD va maxIGD
la cac gia tri cuc dai cia cac d6 do GD va IGD tinh dén thé hé hién tai.
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+ Budc 2.2. Tinh ty 18 bién doi gia tri do do GD, IGD theo cong thirc:
delta = deltaGD — deltalGD 3

+ Budc 2.3. Tinh toan lai gid trj tham s6 diéu khién cia MOEA dya trén ty 16 bién doi gié tri
d6 do (viéc xac dinh tham so diéu khién tuy thude vao tig gidi thuat).

- Bude 3. Tiép tuc tim kiém theo luoc dd cia MOEA (gia tri m&i ciia tham s6 s& diéu khién qua
trinh tim ki€m cta giai thuat theo huéng mong mudn).

3.2. Dé xuit ap dung cho giai thuit tién héa tdi da muc tiéu sir dung hwéng vi phan

Bai béo tAp trung 4p dung k¥ thudt d& xuat d¢ cai tién MOEA sir dung huéng vi phén. Giai
thuat dugc lya chon la NSGAII-DE [11], 1a giai thuat ti€u biéu cho MOEA st dung hudng vi phan
va dya trén quan hé troi. Toan tr vi phén trong NSGAII-DE st dung chién lugc dot bien
“DE/best/1” voi véc-to dot bien cho thé hé ti€p theo cua giai phap Xic tai thé hé thé hé th G duogc
tao nhu sau:

Vher = X 4 Pl — ) @

Trong do: rz, 13 1a c&c chi s6 ngau nhién khac nhau thuge [1, N] voi N 1a kich thudc quan thé;
A la tham sd khuéch dai giai phap t6t nhat tinh dén thé hé hién tai xZ5¢t v6i xZBeSt duoc chon
ngau nhién trong 30% sé gidi phdp tot cta tap giai phap thé hé hlen tai; F la tham so chiéu dai
budc nhay dé diéu khién mirc do khuéch dai cia bién thién vi phan x;2 — x.°.

Giai phap t6t 1a giai phap khong bj trdi va duoc lay lan luot theo thir hang tri uu tién tir cao
xuong thap. Khi nghién ctru co ché ciia NSGAII-DE, nhan thay ty 1€ phan tram chon ung vién cho
xEBest anh huéng dén chat lugng tap giai phap. Cu thé, voi tham sé A va F ¢ dinh thi:

- (i) Khi ty 1& phéan trim nho thi sé giai phap (mg vién cho xFBest it nén xéac suat xL2eSt 13 giai
phap khong bi trdi cao, do d6 giai phap sinh boi toan tir tién hoa vi phan s& c6 ty 1€ khong bi trdi
cao, dan dén tang tinh hoi tu cia tap giai phap;

- (ii) Ngugc lai, khi ty 1& phan trim 16n thi s6 giai phap tng vién cho x%2¢t 16n nén xac suat
dé xTB est nam rong trong cac khu vuc cua khong gian tim kiém cao, do dé giai phap sinh boi toan
tir tién hoa vi phan s& nam rong hon, dan dén ting tinh da dang cua tap giai phap.

Do do, bai bdo dé xu:élt lwa chon tham sb nay dé diéu khién can bang gilta kha nang tham do va
khai thac. Cu thé, de xuat phuorng an sur dung ty 1€ linh hoat khi chon ca thé tot nhat cho toan tir vi
phan véi ty 1& phan tram dé chon mg vién cho x58¢St dugc tinh theo cong thic sau:

bR = Normalize(delta) (5)

Trong do: bR ty 1& phan tram dé chon tng vién cho x5St delta la ty 18 bién ddi do do trong
phan doan thoi gian; ham Normallze() dé anh xa khoang gia tr1 cua ty Ié bién d6i do do delta vé
khoang [0,2; 0,8], tuong vdi ty 16 phan tram dé chon g vién cho x5PSt s& dao dong tir 20% dén
80% cac giai phap tot nhit cia thé hé hién tai tiy theo xu thé tim kiém cua giai thuat. Khoang gia
tri [0,2; 0,8] 1a gia tri thyc nghiém.

Khi delta > 0 (giai thuat dang tap trung khai thac), ty 1 phan traim bR dé chon ung vién cho
xFBeSt 16, dan dén hudng cho giai thudt ting cuong kha nang thdm do. Khi delta < 0 (giai thuét
dang tap trung tham do), ty 1¢ phan tram bR dé chon tng vién cho x52¢t nho, dan dén hudng cho
giai thuat tang cuong kha nang khai thac.

Giai thuat cai tién NSGAII-DE+ sir dung k¥ thuat diéu khién thich ung dé xuét dé cai tién giai
thuat gdc NSGAII-DE, cac budc cai tién duoc thé hién bang font chir in ddm, nghiéng.

Giai thuat NSGAII-DE+

Pau vao: MOP; diéu kién dung; N: kich thudc quén thé; Ge: sb thé hé
trong qud trinh diéu chinh; Gc: sbé thé hé trong mét phdn doan
thoi gian.
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Pau ra: quidn thé chia cdc gidi phdp cua bai todn.
l1: t = 0; khéi tao quan thé P:.

2: GDo(1)= GD(P:) ;IGD.(1) = IGD(P:); maxGD ¢ GD.(1); maxIGD <« IGD.(1) .

4: while (diéu kién dung chua thda man) do

5: Tinh todan gia tri cua deltaGD, deltaIGD, delta theo cac budc
trong muc 3.1.

6: DR « Normalize (delta).

7: Q¢ ¢« make-new-pop (P:, bR); /*Tao quin thé con cii v&i bR moi*/

8: Rt « P:r U Q.

9: F ¢« Fast-non-dominated-sort(R:). /*S&p xép trdi va phan 1lép*/
10: Pes1 < @51 « 1.

11: while (|P:t| + |Fi|l) <N do

12: Crowding-distance(F:i). /*G&n khoang cach déng dic cho Fi*/
13: Pt+1 ¢« Pt U Fi;

14: 1 « 1 + 1.

15: end while

16: Sort(Fi). /*S&p xép F: theo gidm din khodng cach dbéng dic*/.
17: Pt+1 ¢ Pt+1 U Fi[l:(N — |Pe+1])].

18: t « t + 1.

19: end while

20: return P:.

4. KET QUA VA PANH GIA

4.1. Kich ban thir nghiém

- Bai toan mau: Lya chon 16p bai toan ZDT [5] va UF [12] véi mf)i 16p chon 5 bai toan mau.
Ly do lya chon 1 cac 16p bai toan mau nay hién van duoc sir dung pho bién trong linh viee MOEA
V;‘l PF CI:Ja cac bai toan mau dugc lya chon c6 day du dac trung khac nhau ctia cac MOP trong thuc
té nhu 161, 10m, khong lién tuc, da mo hinh.

- Thong sO thir nghiém: S& muc tiéu cua bai toan M b:fmg,Z; kich thudc ciia quan ‘thé N bang
100; s6 the hé trong qua trinh di€u chinh Gebang 2.000; s6 the hé trong mot chu ky diéu chinh G.
bang 20; chi s6 phén bo lai ghép va dot bién bang 20; xdc suat lai ghép bang 0,4; xac suat dot bien
bang 0,01; so lan thuc hién ddc 1ap ting giai thuat 1a 30.

4.2. Két qua

Gia tri trung binh cua ty 1¢ bién dbi gia tri d6 do GD va IGD trong cac lan thuc hién doc lap
ting giai thuat dugc thé hién trong bang 1, trong do gia tri tot hon dugc in dam.

Tyle bién ddi gi4 tri d do trong qué trinh tié:n hoa cua mot s6 trudng hop tiéu biéu duoc biéu
dién trén hinh 1 va hinh 2, trong d6 dudng nét lien thé hién giai thuat NSGAII-DE, duong nét dut
thé hién giai thuat NSGAII-DE+, dwong nao gan véi 0 hon thi sé tot hon.

ZDT1 ZDT3

NSGANDE | mmmes NSGAII-DE+ NSGAII-DE

----- NSGAII-DE+
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040 |14
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-0.40

0,60
] 20 40 650 80 100 120 [ 20 a0 60 80 100 120

58 th&hé ti€n héa [x20) 845 th& hé tién hoa (x20)

Hinh 1. So sdnh gid tri delta khi cdi tién NSGAII-DE véi I6p ZDT.
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Hinh 2. So sdnh gid tri delta khi cdi tién NSGAII-DE véi I6p UF.
Bing 1. Két qua thir nghiém.

Bai toan

Giai thuat
NSGAII-DE |0,0671|0,0422|0,0852|0,0465|0,0282(0,1934|0,1506|0,1426|0,1368|0,0665
NSGAII-DE+|0,0388/0,0319|0,0976|0,0207(0,0087|0,1009|0,0197|0,1074|0,1066(0,0329| 9/1/0

4.3. Panh gia va thao luan

So sanh két qua gitra giai thuat goc va giai thuat cai tién thay rang giai thuat ci tién tot hon doi
v6i 9/10 bai toan mau thir nghiém. Cu thé, ty 1€ tuong quan d6 bien thién trong qua trinh tien hoa
cua NSGAII-DE+ tot hon o rét véi Cég: bai toan ZDT1,~ZDT4, UF1, UF3, UF4, UF5; tot hon voi
cac bai toan ZDT2, ZDT6 va UF2. Doi véi bai toan mau ZDT3 sy cai thi¢n la khong rd rang vi
déc tinh PF cua ZDT3 la khong lién tuc, gém mot sb phan roi rac, do do, diéu chinh tang cuong
kha nang tham do trong cac ving tréng ty nhién cua PF s& khong c6 nhiéu tac dung. Két qua thir
nghiém cho thay viéc ap dung ky thuat diéu khién thich ung dya trén ty I bién d6i do do chat
lugng tap giai phap da nang cao kha nang can bang glua tham do va khai thac cua glal thuat tién

hoa toi wu da muyc tiéu sir dung huéng vi phan, dan dén chat luong va hiéu qua tim kiém cua giai
thuat duogc cai thién.

ZDT1|ZDT2|ZDT3|ZDT4|zZDT6| UF1 | UF2 | UF3 | UF4 | UF5 | +/-/=

5. KET LUAN

MOEA 1a mét lya chon hiéu qua dé giai MOP nho co ché tién hoa, lam viée trén quén thé, chon
loc va ngau nhién. Tuy vay, chinh co ché két hop gitta cac toan tir chon loc, lai ghép, dot bién ¢o
thé 1am qu4 trinh tim kiém mét di tinh toan cuc khi bé qua/hodc wu tién thap dbi voi mot sé khu
vuc trong khong gian tim kiém. Tir mdi quan hé giira chat lugng quéan thé va xu thé tim kiém cua
giai thudt, can phai duy tri mot cach tuong d01 sy can bang gitta kha ning tham do va khai thac
trong subt qua trinh tim kiém. Bai bao d& xuat k¥ thuat diéu khién thich ung st dung thong tin
tham chiéu 1a xu thé tim kiém cua giai thuat va ap dung phu hop dé cai thién MOEA su dung
huéng vi phan. Ty 1é phan trim chon tmg vién cho giai phap t6t nhat cila toan tir tién hoa vi phén
trong giai thuat NSGAII-DE duoc xac dinh 1a tham s diéu khién duy tri su can bang va thay doi
thich img v&i xu thé tim kiém cuta giai thuat. Thir nghiém trén giai thuat cai tién NSGAII-DE+ cho
két qua co tinh canh tranh, gop phan ning cao chét luvong cia giai thuét. Trong cac nghién ctru tiép
theo, chung t6i sé sir dung xu thé tim kiém dé phat trién ky thuat diéu khién thich tmg cho cac
nhém MOEA khéac nhdm duy tri tot sy can bang giita kha nang tham do va khai thac trong qua
trinh tién hoa cua giai thut.
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ABSTRACT

Adaptive control technigue to enhance differential multi-objective evolutionary algorithm

based on variation rate of quality measures

When evaluating the multi-objective evolutionary algorithm, they not only focus on the
quality of the solution set but also pay attention to the algorithm's ability to explore and
exploit because that is the factor ensuring the convergence and diversity of the solution set.
Maintaining a balance between exploration and exploitation of the algorithm is a difficult
but interesting problem in the research field. In this article, we analyzed the relationship
between the quality of the solution set and the algorithm's search efficiency to evaluate
trends and propose an adaptive control technique based on the variation rate of quality
measures to maintain a better balance between the exploration and exploitation
capabilities. Experimental results on the multi-objective evolutionary algorithm using
differential direction with some typical benchmark sets are highly competitive,
demonstrating the ability to improve the algorithm's efficiency.

Keywords: Balancing exploration and exploitation; Search trend; Differential evolutionary algorithm; NSGAII-DE.
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