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Tém tit

Nghién ctru dé xuat phuong phép t6i wu hoa lai song song giita thuat toan t6i vu da vi  Npan 25/01/2026
tru va toi wu bay dan, tich hop co ché trao doi thong tin dinh ky va tim kiem cuc b Puoc duyét 23/02/2026
Hi%l Clifnbing nham nang cao hqiéu qua téiru’u. Hai qthl,}élt toan duogc thuc thi trén cac Cong b 6 28/07/2026
quan thé doc 1ap, dinh ky trao doi nghiém tot nhat dé két hop kha nang kham pha toan
cuc va khai thac cuc bg, trong khi Hill Climbing tinh chinh nghiém nham cai thién do
chir{h xéac va tbe do hoi tu. Phuong phép‘ du’()rc' danh gié trén sau hém benchmark tiél‘l Tir khoa
chuan va so sanh voi hai thuét toan truyén thong. K&t qua cho thay, phuong phap dé
xuét dat chit luong nghiém tdt hon, dic biét dbi v6i cac bai toan co nhiéu cuc tri cuc  Tdi wu da vii try; t6i uu
bd, nhd kha ndng héi tu nhanh va gidam nguy co mic ket tai cuc tri cuc bo. Phuong béy dan; toi wu song
phap c6 tiém ning tmg dung trong cic bai toan t6i wu héa phic tap doi hoi sy can song; tim kiém cuc bo;
bang gitta kham pha toan cuc, khai thac cuc b va tinh chinh nghiém. Hill Climbing.
® 2026 Journal of Science and Technology - NTTU

1 Dit van dé trén vi tri t6t nhét cia chinh né va toan bd quan thé.
Thuat toan nay c6 uu diém 12 hoi tu nhanh va khai thac

T6i wru hoéa 1a mét linh vuc quan trong trong khoa hoc s x .. . . o
cuc bo tot, nhung de€ bi ket vao cuc tri cuc bd khi

tinh toan va tri tué nhan tao, duoc ung dung rong rai A R i’ A ] L
khong gian tim kiém c6 nhicu cuc tri. Trong khi do,

MVO, dugc dé xuat boi Mirjalili vao nim 2016, dia
trén mo6 hinh da vii tru trong vat Iy thién van, trong do6

trong nhiéu linh vye nhu t6i wu hoa tham s, diéu khién
hé théng, hoc may va thiét ké k¥ thuat [1]. Trong do, cac
thuat toan t6i vu hoa quan thé, lay cam hung tir tu nhién, o L X . )
. . n , A e L s cac vil try ¢c6 mat do nang lugng thap hon s€ thu hut
da ching minh hi€u qua trong viéc giai quyet cac bai o T s P
, n Iy L, . . . cac vii try khac thong qua co ché 16 sau. MVO thé hién
toan khong tuyén tinh va cé nhi€u cuc tri cuc bg. Hai
trong so cac thuat toan phd bién nhét 1a t6i wu bay dan
(Particle Swarm Optimization — PSO) [2] va t6i wu da vii
tru (Multi-Verse Optimizer — MVO) [3], mdi thuat toan
¢6 nhitng wu diém va han ché riéng.

PSO, dugc Kennedy va Eberhart gidi thi€u vao nam
1995, md phong hanh vi tim kiém thirc an cua bay

kha nang kham pha toan cuc tdt, giup tranh bi ket cuc
bd, nhung hiéu suét khai thac nghiém cuc b chua cao.

Nham tan dung thé manh cua ca hai thuat toan, nghién
ctru ndy dé xudt mot phuong phap két hop song song
gitta MVO va PSO, trong d6 ca hai thudt toan chay
dong thoi trén hai quin thé riéng biét va trao doi

. e X A . . 2 héng tin dinh ky 5i K vong lip dé ta ¢
chim, trong d6 moi phan tu (particle) di chuyén dya thong tin dinh ky sau moi K vong lp ¢ tang cuong
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kha ning t6i wu hoa [4]. Bén canh d6, Hill Climbing
(HC) — mdt thuat toan tim kiém cuc bo don gian
nhung hiéu qua — duoc tich hop dé tinh chinh nghiém
tdt nhat nham nang cao dg chinh xac va tbc do hoi tu
[5]. Su két hop nay gitip MVO cai thién khai thac cuc
b6, PSO tan dung thong tin tir MVO dé mé rong tim
kiém, va HC dam bao thuat toan khong bi ket tai cac
nghiém chua t6i uu.

Dé danh gia hiu suét ciia phuong phap dé xuét, nghién
ctru nay thyc hién thyc nghiém trén 6 ham benchmark
tiéu chuan gom Sphere, Rastrigin, Rosenbrock, Ackley,
Griewank va Zakharov. Két qua so sanh véi MVO, PSO
va MVO-PSO khéng co6 HC cho thiy phuong phap dé
xuét dat gi4 tri ham muc tiéu tot hon, hoi tu nhanh hon
va it bi ket & cuc tri cuc bd hon.

2 Téng quan nghién ciru

Xu huéng nghién ctru hién nay trong linh vyc tdi vu
hoa 14 két hop (hybridization) cac siéu thuat toan tim
kiém nham tan dung thé manh cua ting phwong phap
dé nang cao hi¢u suét tim kiém va kha nang hoi tu.
Trong d6, lai ghép PSO va MVO di thu hut nhiéu su
quan tim nho kha nang b trg 1an nhau: PSO c¢6 hiéu
qua trong khai thac cuc by (exploitation), trong khi
MVO c6 kha nang kham pha toan cuc (exploration)
manh mé&. Tuy nhién, phan 16n cic nghién ctru trudc
day méi chi tap trung vao viéc két hop PSO-MVO
theo cach truyén thong, chua toi wu hoéa qua trinh tim
kiém cuc bd dé tinh chinh nghiém mot cach hiéu qua.
2.1 Xu huéng nghién ctru vé két hop PSO — MVO
Mot nghién ciru tiéu biéu vé thuat toan lai PSO-MVO
da dé xuat két hop hai co ché tim kiém cia PSO va
MVO nhim ning cao hiéu qua giai cac bai toan tdi uu
hoa s6 va bai toan phan phdi cong suat phan khang tdi
vu trong hé thng dién [6]. Két qua thuc nghiém cho
thiy, phuong phap lai nay dat hiéu suét t6t hon so véi
khi 4p dung riéng 1é tung thuat toan. Tuy nhién,
nghién ciru chua xem xét co ché tinh chinh nghiém
sau khi thuat toan hoi tu.

Trong mdt hudng nghién ctru khac, mé hinh PSO-
MVO dugc 4p dung cho bai todn udc lugng cong stic
phan mém trong linh vuc chéat lugng phan mém [7].
Két qua thuc nghiém cho thiy phwong phap niy cai
thién kha nang tim nghiém ti uu so véi cac thuat toan

don 1é, dac biét trong cac bai toan c¢6 khong gian tim
kiém 16n. Tuy nhién, phuong phap van chua tich hop
co ché tim kiém cuc bd nham cai thién nghiém sau
giai doan hoi tu.

Nghién ctru gan day da dé xuat mo hinh két hop song
song gitta MVO va PSO nhim tan dung kha ning
kham pha toan cuc cia MVO va kha nang khai thac
cuc bo cua PSO [8]. Két qua thyc nghiém trén cac
ham benchmark nhu Sphere, Rastrigin va Rosenbrock
cho thiy phwong phap lai dat hiéu suat tot hon so véi
khi st dung riéng I tirng thuat toan.

Nhin chung, cic nghién ciru trén cho thiy viée két
hop PSO va MVO c¢6 thé cai thién dang ké hiéu qua
tim kiém nghiém t6i wu. Tuy nhién, phan 16n cac
phuong phap hién c¢6 chua chi trong dén co ché tim
kiém cuc bo sau hoi tu, diéu nay co thé khién thuét
toan dung lai tai cac nghiém chua thyc sy tdi wu.

2.2 Xu hudng nghién ctru vé thuat toan lai ghép

Ngoai su két hop PSO-MVO, nhiéu nghién ciru da dé
xuét lai ghép PSO hoic MVO véi cac thuat toan khac
nham cai thién hiéu qua t6i wu hoa. Mot huéng phd
bién 1a két hop PSO vdi thuat toan di truyén Genetic
Algorithm (GA) dé tan dung kha ning duy tri da dang
quan thé ciia GA trong giai doan dau va kha ning khai
thac cuc bd cia PSO ¢ giai doan sau [9]. Phuong phap
nay da dugc ap dung trong t6i wu hda tham sé cho cac
mod hinh hoc sdu va cho thy hiéu qua trong viéc cai
thién qua trinh huin luyén ciing nhu chit luong
nghiém ctia mang no-ron.

Bén canh d6, mot s6 nghién ctiru di lai ghép MVO voi
cac thuat toan khac nhu Ant Colony Optimization
(ACO), trong d6 MVO dam nhiém vai tro kham pha
khong gian tim kiém toan cuc, con ACO tap trung t6i wu
hoa cac 10i giai cuc bo trong qua trinh tim kiém [10].
Phwong phap nay da dugc ap dung trong cac bai toan t6i
wu héa tuyén dudng giao thong va thiét ké mang.

Gan day, cac nghién ctru ciing dé xuét két hop MVO-
PSO vé6i cac mod hinh hoc sdu nham tdi vu héa tham
s6 ctia md hinh [11]. Két qua cho thay sy két hop giita
kha nang kham pha toan cuc cuia MVO va kha nang
khai thac cuc bo ciia PSO c6 thé cai thién dang ké do
chinh xac ctia md hinh.

Nhin chung, cic nghién ctru trén cho thiy viée két
hop cac siéu thuat toan tim kiém c6 thé nang cao hiéu
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qua tim kiém nghiém t5i wu. Tuy nhién, phan 16n cac
phuong phap hién nay van chua chu trong dén co ché
tinh chinh nghiém sau khi hoi tu, dan dén nguy co
thuét toan dung lai & cac nghiém chua thuc su tdi wu.
2.3 Van d¢ dat ra va huéng phat trién cua nghién ciru
Mic di cac nghién ciru trude day da chimg minh ring
két hop PSO va MVO gitp cai thién hiéu suat t6i uu
hoa, nhung hau hét cic phuong phap van chua tbi uu
héa qua trinh tinh chinh nghiém sau khi thuat toan hoi
tu. Cac thut toan trudc day chu yéu tip trung vao
viéc can bang gitta khdam pha va khai thac ma chwa
xem xét dén cai thi€n do chinh xac nghiém sau khi
tim kiém. Do d6, nghién ctru niy md rong md hinh lai
ghép PSO-MVO bing cach tich hop thuét toan tim
kiém cuc bd HC nham tang cuong kha nang hoi tu va
cai thién chit lugng nghiém cudi cung. HC gitip tinh
chinh nghiém t&t nhat sau mdi K vong lap, cho phép
thuét toan dat do chinh xac cao hon. Piém khac biét
chinh cua phuong phép nay so véi cac nghién ctru
truge day gom:

- B sung giai doan tinh chinh nghiém sau hdi tu, gitp
thuat toan khong chi tim kiém tt ma con dam bao
nghiém dat chét luong cao nhat;

- Co ché trao dbi thong tin linh hoat gitta PSO va
MVO, gitp tan dung t6t hon kha niang khai thac va
kham pha;

- Ap dung HC dé tranh hoi tu som, giup thudt toan
thoat khoi cuc tri cuc b hiéu qua hon.

3 Thuét toan dé xuét

3.1 Giéi thiéu phuong phap

Nghién ciru d& xuat mot thuat toan lai ghép song song
gitta MVO va PSO duoc dé xuét, tich hop co ché trao
d6i thong tin dinh ky va tim kiém cuc bd HC dé nang
cao hiéu suét t6i ru hoa. Thuat toan két hop ba thanh
phan chinh:

Thtt nhdt, MVO chiu trach nhiém kham phé khong
gian tim kiém toan cuc, giup md rong vung tim kiém
va tranh hoi tu sém.

Thtr hai, PSO dam nhi€m vai tro khai thac cuc, giup
tang cuong do chinh xéac khi tién gan dén nghiém toi
uu.

Thtr ba, HC duoc ap dung 1én nghiém t6t nhat sau mdi
vong lap dé tinh chinh va ti uu héa chi tiét hon.

Phuong phéap nay gitp tan dung suc manh cua ca ba
thuét todn: MVO gitp thoat khoi cuc tri cuc bg, PSO
gitp hoi tu nhanh hon, va HC cai thién d chinh xac
nghiém cudi clng.
3.2 Thuat toan MVO
MVO la mot thuat toan téi uu hoa liy cam himg tir 1y
thuyét da vii try trong vat 1y thién van. Trong MVO,
moi nghiém dugc xem nhu mot vii try, va sy tuong
tac gitta cac vil try gitp tim kiém nghiém t6i wu [3].
Trong MVO, céc vii tru di chuyén dua trén co ché 16
sau (Wormhole) va ty 1¢ hap dan giira cac vil tru. Vi
trictavitru & vong lap duoc cép nhat nhu sau:
XV = X9+ TDR-(UB - LB)ry
Hoac
XD = X0+ WEP-(Xpess - X) 12
Trong do:
- Xy) la vi tri cta vii tru i tai vong 1ap t.
- Xposr 12 vl try t6t nhét hién tai.
- UB, LB 1a gi6i han trén va dudi cia khong gian tim
kiém.
- TDR (Travel Distance Rate) va WEP (Wormhole
Existence Probability) 1a cac tham sb didu chinh qua
trinh tim kiém.
- 1, 75 14 s6 ngau nhién trong khoang [0,1].
3.3 Thuat toan PSO
PSO 1a mét thuat toan tdi wu hoa mé phong hanh vi
bay dan. Trong d6, mdi c4 thé (hat) di chuyén duya trén
kinh nghiém cua chinh no va bay dan [2].
Van tdc va vi tri cia mdi hat duge cap nhat nhu sau:

t+1) _ 3 3] 3]
Ve = o+ (Pbest,i X )+6’2”2 (Gbest'Xf )
t+1) _ LD t+1)
KD =40 4
Trong do:
- Xl(.t) la vi tri cua vii tru i tai vong lap t.
- Vl(.t) 13 van téc ¢ tia vii tru i tai vong lap t.
- Ppeg, i 1a vi tri tt nhat ma hat i timg dat dugc.
- G 12 Vi tri tOt nhét ctia ca quan the.
- o 1a hé s6 quan tinh, giup diéu chinh mirc 46 anh
hudng cua van toc trude do.
- ¢1, ¢ 12 hé sb hoc tap, xac dinh mirc d6 anh hudng
ctiia nghiém ca nhan va nghi€m toan cuc.
- 1, 5 14 s6 ngau nhién trong khoang [0,1].
3.4 Co che¢ trao doi thong tin gitta MVO va PSO
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MVO va PSO duoc chay song song trén hai quan thé
riéng biét. Sau mdi  vong lap, hai thuat toan sé trao
d6i thong tin vé& nghiém tot nhat, giup ca hai cip nhat
hudng tim kiém hiéu qué hon.

Co ché trao ddi thong tin dién ra nhu sau:

-Saumdi vong lip, tim nghiém t&t nhat Xyp0 - pesr
tr MVO va XPSO - best tu PSO.

- Cap nhat lai quan thé bang cach thay thé mot phan
ca thé ciia PSO bang nghiém tot nhat tr MVO, va
nguoc lai.

- Tiép tuc vong lap tdi uu hda véi quan thé méi.

Diéu nay gitip MVO tan dung duoc kha ning khai
thac cua PSO, dong thoi PSO c6 thé mo rong khong
gian tim kiém nho thong tin tir MVO.

3.5 B6 sung tim kiém cuc bo bang HC

Sau khi PSO va MVO cap nhat vi tri, thudt toan HC
dugc ap dung dé tinh chinh nghiém tt nhét.

Léiy nghiém t6t nhat hién tai Xj,,.

Ma gia cua thuat toan MVO-PSO-HC dé xuat

Tao 1an can méi bang cach thém nhiéu nho:

X =Xy + €, 8 ~ U(-0,0)
vl 1a bude nhay nho.
Cap nhat Xp,,, = X' néu ca thé méi c6 fitness tot hon.
Lap lai qué trinh nay trong mot sb vong nhat dinh dé
tim nghiém t6t nhat c6 thé.
Viéc bd sung HC gitp thudt toan tinh chinh nghiém
chinh x4c hon, giam nguy co mic ket tai cuc tri cuc bd.
3.6 Thuat toan tong quat
Budc 1: khoi tao hai quan thé PSO va MVO.
Budc 2: chay cap nhat MVO va PSO song song.
Budc 3: sau mdi  thuc hién trao ddi thong tin giita
MVO va PSO.
Budc 4: ap dung HC dé tinh chinh nghiém t5t nhat.
Budc 5: kiém tra diéu kién ding. Néu chua dat, quay
lai Budc 2.

Input: Ham muc tiéu f(x), $0 lugng ca thé N, sb vong lap tdi da T, tham s6 PSO & MVO

Output: Nghiém t6i vu X_best

1. Khai tao quan thé PSO: positions_pso[i] € [LB, UB] véii=1,..,N

. Xac dinh ca thé tot nhat PSO_best va MVO_best
Laptirt=1dénT:
. Cap nhat quan thé PSO:

a. Tinh toan van tdc theo cong thirc PSO

b. Cap nhat vi tri cac hat theo cong thuc PSO

AN L AW

. Khoi tao quan thé MVO: positions mvo[i] € [LB, UB]véii=1, .., N
. Panh gia gia tri fitness ctia mdi c4 thé trong ca PSO va MVO

c. Cap nhat nghiém tét nhat PSO_best néu c6 ca thé tot hon

7. Cap nhat quan thé MVO:

a. Cap nhat vi tri cua tirng vii try theo cong thire MVO

b. Cap nhat nghiém tdt nhat MVO best néu c6 vii try tdt hon

8. Sau mdi K vong lap, thuc hién trao doi thong tin:

a. Chon mot phan ca thé PSO dé thay thé bang MVO_best
b. Chon mét phan c4 thé MVO dé thay thé bang PSO_best

. Tim kiém cuc bd bang HC trén PSO_best va MVO _best:

a. Tao lan can X_new bang cach thém nhiéu nho vao X_best
b. Néu f(X_new) < f(X_best), cdp nhat X_best = X _new
c. Lap lai bude nay trong mot s6 vong dé tinh chinh nghiém

10. Tra vé nghiém t6i uu X_best
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4 Két qua va thao luan

4.1 Thiét ké thi nghiém

Mbi truong thuc nghiém

Céc thi nghiém dugc thuc hién trén may tinh ca nhan
chay hé diéu hanh Windows 11, véi cau hinh phan
cing gébm b vi xtr 1y Intel Core i7, RAM 16GB.
Thuét toan dugce trién khai b::ing Python 3.12, stir dung
cac thu vién khoa hoc nhu NumPy, SciPy va
Matplotlib dé hd tro tinh toan va truc quan hoa Kkét

Cac bai toan thir nghiém

Pé danh gia hiéu suat ciia thut toan dé xuat, cac thir
nghiém duoc tién hanh trén 6 ham benchmark pho
bién trong linh vuc t6i wu héa, bao gdbm Sphere,
Rastrigin, Rosenbrock, Ackley, Griewank, va
Zakharov. Cac thuat toan duoc thyc thi trong 1 000
vong lap, vé6i kich thudc quan thé 20 ca thé va khong
gian tim kiém c6 10 chiéu (dim = 10). Cong thirc va
pham vi bién cta cac ham duoc trinh bay chi tiét
trong Bang 1.

qua.
Bang 1 Cong thic toan hoc va thong so ciia cac ham thir nghi€ém dugc st dung trong thyc nghiém
C
Ham Cong thirc Pham vi tl_r.c
ri
Sphere x? [-2,2] 0
Rastrigin 10n + [x,2 - lOcos(ani)] [-5,5] 0
n-1 D)
Rosenbrock [IOO(xiH -x,z) +(1 -xi)z] [-5,12;5,12]| O
i=1
1 1
Ackley -20exp | -0.2 - X2 |-exp (; cos2rcx,-> +20 [-32,32] 0
Griewank L — 2 (x") [-600,600] | 0
riewan 2000 Yo cos N -600,
2 4
Zakharov 2 +( 0.5ixl~) +( O.Six,-) [-5,10] 0

4.2.1 Phan tich két qua s6 lidu: dudi day 1a bang tong hop gia tri fitness t6t nhat dat dugc sau 1 000 vong lap cua
ba thudt toan (PSO, MVO, MVO-PSO-HC) trén 6 ham benchmark.
Bang 2 Gia tri fitness tdt nhit cta cac thuat toan trén cac ham kiém chung

Ben}:;::ark PSO | MVO | MVO-PSO-HC Tét nhit

Sphere 1.25E-05 | 3,12E-05 1.81E-06 MVO-PSO-HC
Rastrigin 7576 | 10,6159 5.9174 MVO-PSO-HC
Rosenbrock 13176 | 2.5261 0.9174 MVO-PSO-HC
Ackley 53017 | 8,0189 1,8028 MVO-PSO-HC
Griewank 239.7289 | 405,755 43031 MVO-PSO-HC
Zakharov 565.8801 | 1119.312 1092451 MVO-PSO-HC

Két qua thuc nghiém cho théy, thuat toan MVO-PSO-
HC luén dat gia tri fitness thap nhat trén ca 6 ham
benchmark, chimg minh hiéu qua cua su két hop giira
kham pha toan cuc cia MVO, khai thac cuc bd cua
PSO va tinh chinh nghiém HC. Trén ham Sphere,
MVO-PSO-HC hoi tu nhanh hon va dat gia tri chinh

xac hon so véi cac thudt toan riéng 1é, nho vao sy bod
trg giita cac phuong phap. Di v6i ham Rastrigin, mot
bai toan ¢ nhiéu cuc tri cuc bd, MVO to ra yéu hon
PSO do d& méc ket tai cuc tri, nhung khi Kkét hop ca
ba phuong phap, thuit toan lai c6 kha ning vuot qua
cac bﬁy cuc b tdt hon va dat fitness t6i vu nhat.
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Hinh 1 Xu huéng fitness cac ham theo sé vong lap

Trén ham Rosenbrock, von cé duong ti uu hep, PSO
thé hién kha niang khai thac t6t hon MVO, nhung
MVO-PSO-HC tiép tuc thé hién wu thé khi tdn dung
dugc hudng tim kiém ciia PSO, dong thoi cai thién
héi tu nho kha nang mé rong khong gian tim kiém cua
MVO va tinh chinh bang HC. Dbi véi ham Ackley,
bai toan 6 nhiéu cuc trj va vung phéng rong, MVO bi
mic ket trong ving tim kiém phang, PSO c6 hiéu suat
t6t hon, nhung thuat toan lai tiép tuc thé hién su vuot
troi khi giam dang ké gia tri fitness nho vao su két
hop ba co ché t6i uu hoa.

Ham Griewank, v6i cuc tri cuc bd xen k& vung phéng,
yéu cau thudt toan c6 su cin bang giita khai thac va
kham pha. O bai toan nay, PSO hi ty tét hon MVO
nhung vin con méc ket ¢ gia tri cao, trong khi MVO-
PSO-HC tan dung tdt ca hai phuong phap dé dan dén
hiéu suit téi wu cao nhit. Cudi cing, trén ham
Zakharov, bai toan c¢6 do doc thay ddi phuc tap, MVO
¢6 hiéu suit kém nhat do kho tinh chinh nghiém, PSO
hoat dong tdt hon nho kha nang khai thac cuc bo,
nhung MVO-PSO-HC tiép tuc dat fitness tdt nhét,
nhd vao sy hd trg gitta PSO va MVO trong diéu
hudng tim kiém va sy tinh chinh chinh xéac cua HC.
Tom lai, két qua cho thay MVO-PSO-HC khéng chi
gitp hoi tu nhanh hon ma con céi thién dang ké do

chinh x4c cua nghiém t6i wu, giup thuat toan tranh
bay cuc bo va hoat dong hiéu qua hon trén cac bai
toan ¢ cau triic phuc tap.

4.2.2 Phan tich d thi hi tu

Hinh 1 trinh bay sau do thi mé ta su thay doi cua gia
trj fitness theo sé vong lap cho timg ham benchmark,
gitip truc quan hoa hiéu suat cua ba thuat toan. Quan
sat d0 thi hoi tu cua cac thudt toan trén sau ham
benchmark cho thiy thuat toan MVO-PSO-HC duy tri
tbe do giam fitness on dinh hon va dat gia tri tdi wu
thip nhat trong hau hét cac truong hop.

Trén ham Sphere, MVO thé hién toc d6 hoi tu cham
hon PSO, trong khi thuit toan lai c6 do dbe giam
fitness 16n hon va dat gia tri tdi wu t6t nhat. Vi ham
Rastrigin, ca PSO va MVO déu chiing lai & mirc
fitness cao, trong khi MVO-PSO-HC tiép tuc giam
fitness rd rét sau moi giai doan trao ddi thong tin, nho
vao co ché tinh chinh 1an cén cua HC.

Dbi voi ham Rosenbrock, PSO ¢6 xu hudng hoi tu on
dinh, thuét toan MVO-PSO-HC duy tri kha nang giam
fitness trong thoi gian dai hon, cho thy su didu chinh
lan cén cua HC giup cai thién chét luong nghiém. O
ham Ackley, MVO mic ket tai gia tri fitness cao hon,
trong khi PSO hoi tu nhanh hon; tuy nhién, MVO-
PSO-HC thé hién uu thé 13 rét vai toe dd giam fitness
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dang ké sau khoang 500 vong lip, nhd vao sy phdi
hop gifta cac co ché t6i uu hoa.

V6i ham Griewank, ca PSO va MVO déu gip kho
khan trong viéc giam fitness do cAu trac cuc tri cuc bd
xen k& ving phing, trong khi thudt toan lai cho thay
su suy giam fitness dot ngdt va 6n dinh hon, chung té
kha nang tranh miéc ket tai cac cuc tri cuc bo. Cudi
cung, trén ham Zakharov, MVO ban dau thé hién két
qua tot hon PSO, nhung vé lau dai, nhung MVO-
PSO-HC vugt trdi hoan toan trong giai doan sau, nhd
kha ning duy tri xu hudng giam fitness dén cac vong
lap cudi cung. Nhin chung, dd thi hdi tu chimg minh
ring MVO-PSO-HC c6 kha ning tim kiém va khai
thac t6t hon so voi timg thuat toan riéng 1é, gitp toi
uu hoa nghiém mot cach hiéu qua hon.

4.2.3 Danh gia va so sanh vdi cac nghién curu trudc

So v6i mot nghién ciru trude ddy vé mé hinh lai ghép
PSO-MVO, phuong phap két hop chu yéu tip trung
vao viéc tan dung kha nang khdm pha cia MVO va
kha nang khai thac cia PSO nham cai thién hiéu qua
tim kiém toan cuc [8]. Tuy nhién, cic phwong phap
nay chua tich hop co ché tim kiém cuc bo dé tinh
chinh nghiém sau khi thuat toan da tién gan dén ving
t6i uru.

Trong nghién ctru nay, thuat toan HC dugc bd sung
nhu mot buée tim kiém cuc bo nhdm tinh chinh
nghiém t6t nhat trong qué trinh lip. Nho d6, thuat
toan c6 thé khai thac hiéu qua ving lan cén cua
nghiém hién tai, gop phan cai thién do chinh xac cua
nghiém cudi cung va giam kha ning mic ket tai cuc
tri cuc bo. Két qua thuc nghiém cho théy, phuong
phap MVO-PSO-HC dat gia tri ham muyc tiéu tot hon
s0 voi cac mo hinh khong st dung HC, cho thiy viéc
tich hop HC 1a mot hudng cai tién hiéu qua so véi cac
phuong phap lai ghép PSO-MVO trude day.

Tai liéu tham khéao

5 Két luan

Nghién ctru ndy dé xuat mot thudt toan lai ghép song
song gitta MVO va PSO, két hop voi HC dé nang cao
hiéu suét t6i wu hoa. Phuong phép dé xuét tan dung
kha ning kham pha toan cuc cua MVO, kha nang khai
thac cuc b cuia PSO, va tinh chinh nghiém bang HC.
Dong thoi, co ché trao doi thong tin dinh ky gitta PSO
va MVO gitp thuat toan tdn dung tot nhét thong tin tir
ca hai phuong phap, cai thién kha nang héi ty va giam
nguy co mic ket tai cuc tri cuc bo.

Két qua thuc nghiém trén 6 ham benchmark pho bién
(Sphere, Rastrigin, Rosenbrock, Ackley, Griewank,
Zakharov) cho thiy thuat toan dé xuét lubn dat gia tri
fitness tot nht, vuot troi so véi PSO va MVO chay
riéng 1. MVO-PSO-HC hoi tu nhanh hon trén cac bai
toan don gian nhu Sphere, dong thoi ¢6 kha ning
tranh cuc tri cuc bd tot hon trén cac bai toan phuec tap
nhu Rastrigin, Ackley, Griewank. Pac biét, HC dong
vai tro quan trong trong vi¢c tinh chinh nghiém, gitp
cai thién d0 chinh xac so voi cac thuit toan truyén
thong.

Két qua da chimg minh ring két hop ba cip do tdi wu
hoéa (kham pha, khai théc, tinh chinh) gitp cai thién dang
ké hiéu suét t6i vu hoa, mo ra huéng phat trién méi cho
cac thuat toan lai ghép trong tuong lai.

Trong twong lai c6 thé mo rong hudng nghién ctru vé
thuét toan bang cach tich hop co ché diéu chinh dong,
cho phép thuat toan tu dong thay ddi tan suat trao doi
thong tin gitta MVO va PSO. Ngoai ra, c6 thé két hop
thém cac phuong phap Deep Learning hodc t6i uu hoa
thich nghi dé mo rong kha ning tmg dung trong cic
bai toan thuc té nhu tdi wu tham sb mang no-ron, 1ap
lich thong minh va ti wu héa hé théng nang lugng.
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Abstract This study proposes a hybrid optimization method that combined the Multi-Verse Optimizer (MVO)
and Particle Swarm Optimization (PSO) in a parallel framework, incorporating periodic information exchange
and the Hill Climbing local search strategy to enhance optimization performance. The two algorithms were
executed on separate populations and periodically exchanged their best solutions, thereby integrating the global
exploration capability of MVO with the local exploitation strength of PSO, while Hill Climbing further refined
the best solution to improve accuracy and convergence speed. The proposed method was evaluated using six
standard benchmark functions and compared with the conventional MVO and PSO algorithms. Experimental
results demonstrated that the proposed approach achieved superior objective function values, particularly for
multimodal optimization problems, owing to its faster convergence and reduced risk of being trapped in local
optima. The proposed method showed strong potentials for solving complex optimization problems that require
an effective balance between global exploration, local exploitation, and solution refinement.

Keywords Multi-Verse Optimizer; Particle Swarm Optimization; Parallel optimization; Local search; Hill
Climbing.
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