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ABSTRACT:

Trong bai bdo ndy, nhém tic gia dé xuit mot phuong phap két hop song song giita thuit todn
T&i wu Pa vil tru (Multi-Verse Optimizer - MVO) va Tdi uu Bdy dan (Particle Swarm Optimization
- PSO) dé gidi quyét cic bai todn tdi wu héa phitc tap. MVO c6 kha ning kham pha toan bd khong

gian tim ki€m, trong khi PSO thé hién hiéu qué cao trong viéc khai thac chi tiét cac khu vuc 1an can.
Phuong phip song song nay cho phép hai thuit todn hoat ddng ddng thdi, bén canh d6 trao ddi
thong tin vi tri tot nhat sau mot s vong lip nhat dinh, nhim céi thién cd kha niing tim ki€m toan cuc

1an khai thdc cuc bd. Nhém tic gid ti€n hanh thuc nghiém trén ba ham Benchmark ndi ti€ng
(Sphere, Rastrigin, Rosenbrock) va so sanh hiéu suat cia MVO, PSO va MVO-PSO song song. K&t
qua cho thiy MVO-PSO song song dat dudc gi4 tri fitness tot hon so vdi khi chay riéng 18 MVO va
PSO, dic biét trong cdc bai todn c6 nhiéu cyc tri cuc bo.

Tit khéa: thuit todn T6i vu Pa vii tru (MVO), thuit toin T6i wvu Bay dan (PSO), tdi uu song

song, thuat todn lai, ham chuidn Benchmark.

1. Dit van dé

Trong linh vuc t6i wu héa, viéc lua chon thuat
todn phil hgp déng vai trd quan trong ddi v6i kha
ning tim ra gidi phdp t8i uu cho cdc bai todn phitc
tap. Hai trong s6 cdc thuit todn t&i wu héa phd
bi€n hién nay 1a Particle Swarm Optimization
(PSO) [1] va Multi-Verse Optimizer (MVO) [5].
Mbi thuat toin déu cé nhitng wu diém riéng
trong viéc gidi quyét cdc bai todn tdi wu, tuy
nhién, ching cling c¢6 nhitng han ch& cin dugc
khic phuc.

Particle Swarm Optimization (PSO) la mot
phuong phdp dya trén md phdng hanh vi clia céc
dan chim hodc c4d dé€ tim ra gidi phap tot nhat. Tuy
nhién, PSO dé bi hoi tu sém vao céc cuc tri cuc bo,
ddc biétIa trong c4c bai todn cé nhiéu cuc tri cuc bo
va khong gian tim ki€m phiic tap.

Ngudc lai, Multi-Verse Optimizer (MVO) mo
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phdng khdi niém vii tru da chiéu va céc 18 sau dé
t61 wu héa ham muc tiéu. MVO c6 khé ning manh
mé trong viéc kham phé khong gian tim ki€m toan
cAu, nhd vao co ché "16 sau" cho phép cic vil tru di
chuyén ngiu nhién giita cic viing khong gian khic
nhau. Tuy nhién, MVO thi€u hiéu qué trong viéc
khai thac chi ti€t viing 1an cin clia cdc diém cuc tri,
diéu ma PSO c6 thé thuc hién tot hon.

Pé khic phuc cic han ché cia tiing phuong
phdp va tin dung t6i da stc manh cda ca hai,
phuong phap két hgp chay song song MVO va PSO
dugc dé xuat. Phuong phap nay cho phép hai thuat
toan hoat dong ddng thdi va trao ddi thong tin vé
céc gidi phdp t6i vu trong sudt qué trinh tim ki€m.
Trong phuong phdp nay, PSO s& dam nhin viéc
khai thdc cdc khu vuc tim ki€m cuc bo, trong khi
MVO tap trung vao kham phd khong gian tim ki€m
toan cAu. Bai bio ndy sé& tip trung vao viéc nghién
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ctfu va tri€n khai phuong phap két hgp song song
PSO va MVO, nhim cai thién hiéu suit clia cic bai
todn t6i uu hda phiic tap.

2. Co'sé 1y thuyét

Particle Swarm Optimization (PSO), dugc gidi
thiéu 1an diu bdi Kennedy va Eberhart vao nim
1995 [1], 12 mdt trong nhitng thuat todn tdi wu héa
quan thé dya trén hanh vi clia cdc loai chim va c4.
PSO dugc phét trién nhu mot phuong phdp truc
quan va dé trién khai, c6 kha ning t6i uu hda
manh mé cho cdc bai todn khdng tuyén tinh va
lién tuc [2].

D& gidi quy&t van dé hdi tu sém ctia PSO, nhiéu
bi€n thé clia thuit todn nay da dugc dé xuat. Mot vi
du dién hinh 12 sy két hgp ctia PSO véi thuét todn di
truyén (Genetic Algorithm - GA), nhim tin dung
kha nang kham phd toan cuc cia GA va kha niang
khai thac cuc bd ctia PSO [3]. Ngoai ra, PSO céi
ti€n (Improved PSO - IPSO), vdi co ché dong trong
viéc diéu chinh trong s& qudn tinh va cdc tham so
ting tdc, da dudc 4p dung thanh cong trong cic bai
todn da muc tiéu va t6i uu héa da chiéu [4].

Multi-Verse Optimizer (MVO), dudgc Mirjalili
dé xué't vao nim 2016 [5], 12 mot thuit todn t&i uu
héa hién dai, dua trén ly thuyét da vii tru trong vat
ly. Nghién cttu ban diu cho thdy, MVO c6 kha
ning vugt troi trong viéc tim ki€m cdc gidi phap 01
uu toan cuc, didc biét trong cac bai todn khong
tuy€n tinh, da chiéu va c6 nhiéu cuc tri cuc bo [6].

Su ké&t hgp clia MVO véi cdc thuat todn khic
ciing da dugc dé xuit nhim ting cudng hiéu suat
tong thé. Vi du, mot s6 nghién citu da k&t hgp MVO
v6i simulated annealing (SA) dé thuc hién tdi vu
héa chiic ndng [7].

3. Thuét toan dé xuat

Pé tan dung wu diém céia cd Multi-Verse
Optimizer (MVO) va Particle Swarm Optimization
(PSO), thuat todn dé xuit thyc hién viéc chay song
song hai thuat todn nay. Mdi thuat todn s& hoat
dong trén mot quan thé riéng biét, ddng thdi trao
dGi thong tin vé& cdc vi tri tot nhat sau mot sd vong
13p nhat dinh. Muc tiéu cda viéc két hop nay la cdi
thién hiéu suat t6i vu héa bing cich tan dung kha
nang kham phé toan cuc cia MVO va kha niang
khai thdc cuc bd cua PSO.

Thuat todin MVO-PSO song song dugc thuc hién
nhu trong Thuattodn 1.

Thudgt todn 1: K&t hgp MVO-PSO biing
cach chay song song 2 thuit toan

1. Khéi tao: Khéi tao hai quan thé doc lap
cho PSO va MVO.

2. Van hanh song song:

e Cap nhat vi tri va d0 pht hgp cla cédc hat
trong PSO.

e Cip nhat vi tri va d6 phu hdp cta cic vi
tru trong MVO.

3. Trao ddi thdng tin sau mdi K vong lip:
Trao ddi vi tri tot nhat gitta PSO va MVO.

4. Piéu kién dirng: K&t thic khi dat diéu
kién dirng (s6 vong lip toi da hodc khong cdi
thién vé do phit hgp).

5. Tra vé két qua: K&t qua 1a vi tri t8t nhat
tim dudc tir ca hai quan thé.

4. K&t qua va thdo luan

Céc thyc nghiém dudc tién hanh trén may tinh
¢6 ciu hinh nhu sau: CPU: AMD Ryzen 7 3700X (8
Cores, 16 Threads, 3.6 GHz), RAM: 16GB DDR4,
GPU: Nvidia GeForce GTX 1650 (2GB GDDRS),
Hé diéu hanh: Windows 10 64-bit.

CAu hinh ndy ddm bdo tat ca cdc thuat todn dudc
trién khai c6 thé chay hiéu qua va khong bi gidi han
bdi phan ciing, ddng thdi tin dung dudc kha ning
tinh todn cia CPU da nhan va GPU.

P& danh gid hiéu sudt clia c4c thuit todn tdi vu
héa, ba ham Benchmark ndi ti€ng dugc chon lam
ham muc tiéu d€ ki€m tra hiéu qua cia MVO, PSO
va MVO-PSO song song. C4c haim nay bao gdbm:

- Ham Sphere (lién tuc, 18i, khong c6 cuc tri

cuc bd): n
ic bo) F)= Z; .

- Ham Rastrigin (lilén tuc, khong 10i, nhiéu cuc
tri cuc bd): .

f(x)=10m + ) _ (x% = 10cos(2mx;))

- Ham Rosenbrock (lién tuc, khong 181, ¢6 cuc tri
toan cuc & viing hep):

f)=2 11000, =)+ (=17

Ba thuat todn dugc cai dit v4i cdc tham sd giong
nhau d€ ddm bdo tinh cong bing khi so sinh:
S& chiéu: 30, Gi6i han tim ki€m: [-5,5], S6 vong
1dp: 1000.
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Thuc nghiém so sdnh 3 thult todn dua trén gid
tri fitness tot nhat dat dugce sau mdi 1000 vong lip.
K&t qué clia c4c thuat todn trén 3 ham Benchmark
dugc thé hién trong Bang 1 va Hinh 1.

BAng 1. So s@nh gid tri fitness sau 1000 vong Idp
frén 3 ham Benchmark

Thuét ton Ham Ham Ham
Sphere Rastrigin | Rosenbrock
PSO 1.25E-05 7.57 1.31
MVO 3.12E-05 10.6 2.52
MVO-PSO
song song 9.81E-06 5.9 0.91

Nguon: Nhém tdc gid thuc hién

phuong phap nay trong cc bai todn tdi wu héa c6
khong gian tim ki€m phtc tap va da cuc tri.

5.Kétluan

Trong bai bdo nay, nhém tdc gia da dé xuit mot
phuong phdp két hgp song song Multi-Verse
Optimizer (MVO) va Particle Swarm Optimization
(PSO) nhiim tin dung vu diém ctia c4 2 thuit todn.
MVO c¢6 kha ning manh mé trong viéc kham pha
khong gian tim ki€m toan cuc, trong khi PSO thé
hién hiéu qud cao trong viéc khai thac chi ti€t cc
vung lan can. Phuong phiap MVO-PSO song song
cho phép 2 thuit todan hoat dong doc 1ap, ddng thdi
trao ddi thong tin vi tri tot nhat d€ cai thién kha
ning tim ki€m gidi phép tdi uu.

Thuc nghiém trén 3 ham Benchmark ndi ti€ng

Hinh 1: B4 thi gia tij fitness theo s6 vong Idp trén 3 ham Benchmark
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Thyc nghiém trén 3 ham Benchmark phd bién
cho thdy phuong phdp MVO-PSO song song mang
lai hiéu suit t8i uu tot hon so vdi cic thuit toin MVO
va PSO chay riéng 1. V&i khé ning trao d6i thong
tin gitta PSO va MVO, thuat todn két hgp nay khong
chi khai thac hiéu qué céc viing cuc bd ma con kham
phé toan bo khong gian tim ki€m, gitp tranh dugc
hién tugng hdi tu sém vao cic cuc tri cuc bd.

Viéc thir nghiém trén cdc bai todn thuc tién
ciing c¢6 thé chitng minh thém tinh hiéu qué cda

TAILIEU TRICH DAN VA THAM KHAO:

Nguén: Nhém tdc gid thie hién

(Sphere, Rastrigin, Rosenbrock) cho thiy phuong
phdp két hgp nay vudt trdi hon so véi MVO va PSO
chay riéng 1&. Sau 1000 vong lip, MVO-PSO song
song dat dugc gid tri fitness tot hon & tat ca cdc bai
todn, dic biét trong cdc bai todn c6 nhiéu cuc tri cuc
bd va khong gian tim ki€m phic tap. Diéu nay
chitng td viéc két hgp kha ning khai thic cia PSO
va kha nang kham phd cia MVO gitp thuit todn
t61 uu héa dat hiéu sudt cao hon va gidm nguy cd bi
ket & cdc cuc tricucbd B
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ABSTRACT:

This study presents a novel optimization approach that combines the Multi-Verse Optimizer
(MVO) and Particle Swarm Optimization (PSO) algorithms in a parallel framework. MVO's strength
lies in its ability to explore a wide search space, while PSO excels at exploiting local optima. By
running these algorithms concurrently and exchanging information periodically, the study aim to
enhance both global exploration and local exploitation capabilities. To evaluate the performance of
this hybrid approach, experiments on three benchmark functions (Sphere, Rastrigin, and
Rosenbrock) were conducted. The results demonstrate that the parallel MVO-PSO consistently
outperforms both MVO and PSO when used independently, particularly in problems with multiple
local minima. This suggests that the proposed hybrid approach is a promising solution for tackling
complex optimization challenges.

Keywords: Multi-Verse Optimizer (MVO), Particle Swarm Optimization (PSO), parallel
optimization, hybrid algorithms, benchmark functions.
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