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TOM TAT

Bai bao nay dé xuat mot chién lugc két hop gitra thut toan Tdi wu truong dién tir (Electromagnetic
Field Optimizer - EFO) va tdi wu Da vii try (Multi-Verse Optimizer - MVO) bang cach sir dung phuong
phap chay song song két hop vdi chia sé thong tin dinh ky, goi 1a EFO-MVO. Phuong phép két hop nay
khai thac uru diém cua timg thuat toan: EFO c6 kha ning khai thac cuc b tt, trong khi MVO ¢6 wu thé
trong kham pha toan cuc. Dé danh gia hiéu suat cia EFO-MVO, chung t6i di thuc nghiém trén 6 ham
kiém chimg phd bién: Sphere, Rastrigin, Rosenbrock, Ackley, Griewank, va Zakharov. Két qua cho
thiy rang EFO-MVO déu dat duoc két qua toi uru vuot troi so véi cac thuat toan riéng 1é EFO, MVO,
va Genetic Algorithm (GA). Phuong phap EFO-MVO ching minh duoc hiu qua trong viéc tranh cac
cuc tri cuc bo va hoi tu nhanh chong vé nghiém t6i wu, cho thay tiém nang tmg dung manh mé trong
c4c bai toan toi uu hoa phc tap.

Keywords: Thuat toan t6i uu hoa lai, Electromagnetic Field Optimizer (EFO), Multi-Verse Optimizer
(MVO), Ham kiém ching, Két hop metaheuristic.

1. MO PAU

Trong nhirng nam gan déy, cac thuat toan toi wu hoa metaheuristic da tr6 thanh cong cu quan trong
trong viéc giai quyet c4c bai toan phirc tap va phi tuyén [1]. Cac bai toan tbi wu hoa thyuce té thuong co
khong gian tim kiém 16n, da cuc tri va doi hoi kha nang hoi tu nhanh, do d6 viéc phat trién cac phuong
phap t6i wu hoa hiéu qua hon 1a mot nhu cau cap thiét [2]. Hai trong sé cac thuat toan metaheuristic m(’yi
dugc phat trlén Electromagnetic Field Optimizer (EFO) [3] va Multi-Verse Optimizer (MVO) [4], d
cho thiy tiém ning 16n nho vao kha ning khai thac cuc bd va kham pha toan cuc, mdi thuat toan ¢
nhiing uu diém va han ché riéng biét.

EFO duoc gidi thi¢u bdi Abedinpourshotorban va cong su vao nam 2016 [3], m6 phong céac luc
dién tir gilra cac hat trong truong dién tir. Cac hat trong EFO chiu tac dong bdi luc hut hodc déy tuy
thudc vao do phu hop cta chung, v6i cac giai phap tot hon thu hit cac hat xung quanh dé téi wu héa cuc
bo. Pidu nay giup EFO c6 kha ning khai thac manh mé & cac ving tiém nang, tuy nhién thudt toan co
thé gap kho khan khi can tim kiém trén toan bo khong gian 16n v6i nhidu cyc tri cuc bd.

MVO duge Mirjalili [4] va cong sy phat trién vao nam 2015, lay cam hing tir Iy thuyét da vii try,
noi cac vii try v6i cac mirc do phi hop khéc nhau gidn nd va trao doi vat chit. MVO c6 kha nang kham
phé khong gian tim kiém rong 16n, gitp tranh roi vao cac cyc tri cuc bd. Tuy nhién, MVO thuong hoi
tu chdm hon & cac ving cuc bd, didu nay co thé han ché kha ning khai thac giai phap chi tiét.

Mic di EFO va MVO di cho thiy hiéu qua khi dugc ap dung doc 1ap, su két hop gitra ching c6
thé mang lai nhiing cai tién vuot troi hon, khi EFO va MVO b trg nhau trong qua trinh t6i uu hoa.
Trong bai bao nay, chiing t6i d& xuat mot thuat toan lai moi, goi la EFO-MVO, két hop chay song song
giita EFO va MVO vdi co ché chia s¢ thong tin dinh ky. Chién lugc nay nham khai thac wu thé ctia mdi
thuat toan, vai MVO phu trach kham pha khong gian toan cuc va EFO tinh chinh giai phap tai cac khu
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vuc cuc bo. Pong thoi, thong tin vé cac giai phap tot nhat s& dugc chia sé giita hai thuat toan, gitp cai
thién kha nang hoi tu va tranh dugc cyc tri cuc bo.

Dé danh gia hidu qua cia EFO-MVO, chiing t6i thyc nghiém trén 6 ham kiém chiing ndi tiéng
trong t6i wu hoa, bao gdm: Sphere, Rastrigin, Rosenbrock, Ackley, Griewank, va Zakharov. Ching toi
ciing so sanh EFO-MVO véi cac thut toan thanh phan EFO va MVO, ciing nhu Genetic Algorithm
(GA) - mot thuat toan metaheuristic truyén théng, nhdm xac dinh tinh wu viét ciia phuong phéap két hop
nay.

Két qua thyc nghiém cho thdy EFO-MVO khong chi dat hiéu suat t5t hon so voi cac thuat toan
riéng 1¢ ma con hoi tu nhanh hon va hiéu qua hon trong cac bai toan c6 nhiéu cuc tri cuc bd. Két qua
nay khang dinh rang viéc két hop EFO va MVO trong mot mé hinh song song va chia sé¢ thong tin ¢
thé 1a mot chién lugce tdi uu hoa hira hen, ¢6 tiém ning ing dung trong cac bai toan thyc té nhur lap lich,
t6i wu hda mang, va goi y danh muc dau tu.

2. CAC CONG TRINH LIEN QUAN

Su két hop giita cac thuat toan metaheuristic da tro thanh mot huéng nghién ctru quan trong nham
tan dung cac wu diém cua timg thudt toan va khic phuc nhimg han ché cua ching [5]. Céac cong trinh
trude day da chimg minh rang cdc phuong phép lai hoa nay co thé mang lai hiéu suét vuot troi trong
viée giai quyét cac bai toan toi uu hoa phirc tap, dic biét 1 nhitng bai toan c6 nhiéu cuc tri cuc bd va
khong gian tim kiém 16n.

Mot trong nhitng phwong phap két hop ndi bat 1a sy lai hoa giita Genetic Algorithm (GA) va
Particle Swarm Optimization (PSO) [6]. Nghién ctru ciia Rahmat-Samii va cgng sy (2019) [6] da dé
xuit mot chién lugce lai hoa gitra hai thudt toan nay bang cach sir dung GA dé kham pha toan cuc va
PSO dé tinh chinh cuc bd. Trong phwong phéap nay, GA duoc st dung dé tim kiém céac ving tiém nang
trong khong gian, trong khi PSO dam nhiém vai tro t6i uru hoa giai phap trong cac ving do. Két qua cho
thiy rang su két hop nay gitip giam thiéu nguy co roi vao cic cuc tri cuc bd va cai thién toc do hoi tu.

Bén canh d6, sy két hop giita Differential Evolution (DE) va Ant Colony Optimization (ACO) [7]
cling da thu hut sy quan tim déng ké. Cong trinh ctia Zhang va cong sw (2018) [7] da dé xuat mot thuat
toan lai DE-ACO, trong d6 DE chiu trach nhiém khai thac cac giai phap tiém ning bang cach sir dung
phép bién d6i vi phan, con ACO dong vai tro diéu hudng cac 16i di tiém nang trong khong gian tim
kiém thong qua co ché pheromone. Két qua thyc nghiém trén cac bai toan tdi wu hoa lién tuc va roi rac
cho théy DE-ACO mang lai hi¢u suét cao hon dang ké so v&i céc thuat toan don 1é.

Mot vi du khac 1a su két hop gitra Simulated Annealing (SA) va Tabu Search (TS), dugc dé xuét
boi Katsigiannis (2012) [8]. Trong cong trinh nay, phuong phap lai nay sir dung dé giai bai toan tbi wu
kich thuéce cho cac hé théng dién nang ty tri nho (SAPS) sir dung nang luong tai tao tai vung Chania,
Hy Lap. Phuong phap lai nay tin dung uu diém cua SA trong kham pha khong gian tim kiém va TS
trong khai thac cuc bd, nham téi thiéu hoa chi phi ning luong ((sic)/kWh). Két qua thyc nghiém va phén
tich d6 nhay cho thay phuong phap SA-TS vuot troi vé chit luong giai phap va tdc do hoi tu so véi SA
hodc TS riéng 1¢é.

Ngoai ra, su két hop giita Harmony Search (HS) va Firefly Algorithm (FA) ciing duoc nghién ctru
boi Bongale va cong su (2019) [9]. Cong trinh nay dé xuat mot giao thirc lai cho bau chon diu cum
trong mang cam bién khong day (WSN) dua trén thuat toan Firefly va Harmony Search, nham tbi uu
hoéa tiéu thu nang luwong va tang hiéu qua truyén di liéu. Quy trinh bau chon du cum duoc chia thanh
hai cip do: cip dau str dung Harmony Search dé chon ban ddu cac nit dau cum ti wu, sau d6 Firefly
dugc sur dung dé tinh chinh dua trén mat d6 nat, dd nén cum va nang luong ti€u thu. Két qua thyc
nghiém trén trinh mo phong NS 2.34 cho thiy giao thic lai vuot trdi so véi cac giao thirxe LEACH,
LEACH-C, EOICHD va Firefly don thuan vé tiéu chi ning luong va tudi tho mang.

Zhou va cong sy (2017) [10] da @é xuét moét thudt toan lai da muc tiéu MOHABC (Multi-Objective
Hybrid Artificial Bee Colony) dé giai quyét bai toan dich vu va lya chon t6i wu (SCOS) trong san Xuét
dam may, v6i muc tiéu toi wru ca chat luong dich vu va tiéu thy nang lugng tir goc do kinh té va moi
truong. Thudt toan két hop Pareto dominance dé dinh hudng tim kiém, cuckoo search véi Levy flight
nham duy tri da dang quﬁn thé, va chién Iuoc hoc toan dién dé can bﬁng kha nang khai thac va kham
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pha. Két qua thuc nghiém cho thdy MOHABC vuot tri so voi cc thuat toan da muc tiéu khac trong
bai toan SCOS.

Nhitng cong trinh néu trén di khang dinh rang su két hop giita cac thuat toan metaheuristic 1a mot
hudng di trién vong, khong chi cai thién hidu suat ti uu hoéa ma con ting tinh linh hoat va kha ning ap
dung cua cc thudt todn vao cac bai toan thuc té phuc tap. Cac nghién ctru nay 1a tién dé quan trong dé
phat trién cac chién luoc lai héa manh mé va sang tao hon trong linh vyc t1 wu hoa hién dai.

3.MO TA THUAT TOAN PE XUAT

3.1. Electromagnetic Field Optimizer (EFO)

EFO la mot thuat toan metaheuristic dugc phat trién dua trén nguyén 1y hoat dong cia trudng dién
tir, trong do cac giai phap (ca thé) dugc mo phong nhu cac hat mang dién tich. Thuat toan st dung lyuc
hat va lyc day dé diéu chinh vi tri cia cac ca thé, v6i myc tiéu tim kiém cac nghiém t6i wu. Cac hat ¢
fitness tot hon dong vai tro nhu cac nguon luc htt manh, thu hut cac hat khac vé phia minh. Nguoc lai,
céc hat co fitness thap hon s& tao lyc déy, loai bo cac giai phap kém tiém ning ra khoi ving tim kiém.

3.1.1. Nguyén ly hoat dong
EFO hoat dong dua trén viéc phan chia cac c4 thé trong quan thé thanh hai nhom:

Hat phat sinh luc hat (Hat t6t): La cac giai phap c6 fitness tt hon trong quan thé. Cac hat nay ¢
xu hudng thu hit cac hat khac, giup tinh chinh giai phap trong vung lan can.

Hat phat sinh luc dy (Hat kém): La cac giai phap co fitness thip. Luc ddy tir cac hat nay giup loai
b6 céc giai phap kém va thuc day viée tim kiém cac ving khong gian khéc.

3.1.2. Qud trinh t6i wu héa
Khoi tao quan thé: Cac ca thé ban déu duoc khoi tao ngau nhién trong khong gian tim kiém.

Tinh lyc dién tir: Tung ca thé duoc danh gia fitness va chiu tic dong bai luc hut hodc luc déy dua
trén vi tri va fitness cua cac hat khac.

Céap nhat vi tri ca thé: Cac hat di chuyén vé phia hat tdt hon hodc bi déy ra xa, dua trén gia tri
fitness va luc dién tur.

Lap lai: Tiép tuc tinh toan lyc va cép nhat vi tri cho dén khi dat tiéu chi dung (sb vong lap tdi da
hodc dat nghiém t0i wu).

3.1.3. Kha nang khai thac cuc b 16t

Mot trong nhitng diém manh ctiia EFO 1a kha nang khai thac cuc bg. Lyc hit dugc thiét ké dé tap
trung cac hat quanh cac giai phap t6t, giup tinh chinh giai phap trong cdc vung tiém nang. Khi cac hat
di chuyen vé phia cac ngudn Iyc hiit manh, ching dan hoi ty ve cac vung cuc bd co fitness cao hon.
Diéu nay lam cho EFO dic biét hiéu qua trong viéc tdi uu hoa chi tiét cac ving khong gian 14n can cta
giai phap t6t nhét hién tai.

Tuy nhién, kha nang kham pha toan cuc cua EFO lai bi han ché, dic biét khi quﬁn thé hoi tu sém
quanh mdt cyc tri cuc bd. Pay 1a Iy do ma EFO thuong dugc Kkét hop véi cac thuat toan khac c6 kha
nang kham pha manh m& hon, nhu MVO, dé cai thién hiéu sut ti uu hoa trén khong gian tim kiém
rong 16n.

3.2. Multi-Verse Optimizer (MVO)

MVO la mét thuat toan metaheuristic dugc phat trién dya trén 1y thuyét da vii try, trong d6 cac
giai phap duoc mé phong nhu cac vi try ¢6 mirc do phu hop (fitness) khac nhau. Y tuéng chinh cta
MVO la khai thac moi quan hé gitra cac vii tru thong qua cac co ché nhu gidn né (inflation) va trao ddi
vét chit (material exchange). Céc vii tru c6 fitness tot hon s& gidn né manh hon, thu hut cac vii try kém
hon dé trao ddi thong tin va tim kiém céc giai phap tot hon.

3.2.1. Nguyén Iy hoat dong
MVO sir dung co ché gidn nd va trao dbi vt chit giita cac vil tru dé tdi uu hoa. Cac giai phap t6t
hon (vii try c6 fitness cao) dong vai tro nhu ngudn luc hit, didu hudng cac giai phap khac tién vé phia
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chiing, gitip kham phé cac ving khong gian rong 16n. Co ché nay mang lai cho MVO kha ning kham pha
toan cuc manh mé, dac biét trong cac bai toan c¢6 khong gian tim kiém rong 16n va nhicu cyc tri cuc bo.

3.2.2. Qud trinh t6i wu héa
Khoi tao quan thé: Cac giai phap ban dau (vii tru) dugc tao ngiu nhién trong khong gian tim kiém.

Tinh toan gian nd: Mdi vii tru duge gan mot gid tri gidn né ty 1¢ thuan voéi fitness cua né. Vil try
tot hon s€ gian no manh hon, lam tang kha nang thu hut cac vii tru khac.

Trao d6i vat chit: Cac vii tru kém hon ¢ xu hudng trao doi vat chit véi vil tru tdt hon, dan dén
su cai thi¢n céc giai phap.
Thay thé va cap nhat: Céc vii tru duoc thay thé néu giai phap mai tot hon, tir d6 cai thién quén thé.

Lap lai: Qua trinh gidn nd va trao doi vat chat dugc thuc hién lién tuc cho dén khi dat tiéu chi
dung (s0 vong 1dp toi da hoac dat nghiém toi uu).

3.2.3. Uu thé trong khdm phd toan cuc

MVO c¢6 kha nang kham phé toan cuc vuot trdi nho co ché gidn nd va trao doi vat chét, cho phép
n6 tim kiém céc ving khong gian méi thay vi bi gi6i han trong mét khu vue cu thé. Pic biét, cac vil try
kém lién tuc bi thu hut boi cac vii tru tot hon, gitp ma rong khong gian tim kiém va ting kha nang thoat
khoi céc cuc tri cuc bo. Kha nang kham pha toan cuc ciia MVO rat hitu ich trong cac bai toan t6i uu hda
phtc tap, trong d6 co nhiéu céc cuc tri cuc bd 1am cac thuat toan d& méc ket.

Mac du MVO c6 kha nang kham pha manh mé&, nhung né lai héi tu cham hon khi tiép can cac
nghiém t6i wu. Didu nay 1a do co ché trao d6i vat chat khong du hiéu qua dé tinh chinh chi tiét cac giai
phap trong ving l4n can ciia cuc tri toan cuc. Han ché nay khién MVO gip khé khin trong khai thac
cuc bo, dac biét ¢ giai doan sau cia qua trinh tdi wru hoa.

3.3. Y twéng két hop thuat toan EFO va MVO

EFO va MVO 14 hai thuat toan metaheuristic v&i cac dic diém bd sung 13n nhau, tao nén co s Iy
tuong cho sy két hop. EFO ndi bat véi kha nang khai thac cuc bo manh mé, khi st dung lyc hut va luc
déy dé tap trung vao tinh chinh cac giai phap xung quanh vung lan can cua cyc tri hién tai. Tuy nhién,
chinh diéu nay lai khién EFO d& mic ket tai cac cuc tri cuc bo, didc biét khi khong gian tim kiém rong
16n va phuc tap. Nguoc lai, MVO lai ¢6 uu thé vuot troi trong kham pha toan cuc, nho co ché gidn no
va trao ddi vat chét giita cac giai phap, gitp mo rong khong gian tim kiém va tranh roi vao cac cuc tri
cuc bo. Tuy nhién, MVO lai gap han ché & giai doan hoi tu cudi ciing do kha ning tinh chinh giai phéap
chi tiét kém hiéu qua.

Viéc két hop EFO va MVO gitp tén dung thé manh cua ca hai thuat toan, dong thoi khic phuc
nhitng han ché riéng 1é. MVO c6 thé dam nhan vai tro dan dat tim kiém toan cuc, dwa quan thé dén gan
cac vung khong glan ¢6 tiém nang cao, trong khi EFO s& tinh chinh céc giai phap trong viing nay dé dat
dugc cac nghiém t6i wu. Hon nita, chién lugc chia sé thong tin dinh ky gitra hai thuat toan dam bao ring
ca kha niang kham pha va khai thac déu duoc cin bang trong sudt qua trinh tdi wu héa. Didu nay khong
chi gitp cai thién toc d6 hoi tu ma con ting do chinh xé4c cua cc giai phap, dic biét trén cac bai toan c6
khong gian tim klem phirc tap va nhiéu cyc tri cuc bo. Su két hop nay khong chi hop ly ma con hira hen
mang lai hidu sudt vuot troi trong cc bai toan t6i uru hoa thyc té.

3.4. Thuit toan két hop dé xuit

Nghién ctru nay dé xuat mot phuong phap két hop giita EFO va MVO bang cach sir dung chién
lugc chay song song véi co ché chia sé thong tin dinh ky, goi 1a EFO-MVO. Muc tiéu chinh ciia phuong
phap két hop nay 14 tan dung sirc manh khai thac cyc bo cua EFO va kha niang kham pha toan cuc cia
MVO, tir d6 dat duoc sy can bang tét hon gitra khai thac va kham phé trong qua trinh t6i vu hoa.

Thuat todan EFO-MVO gom bdn bude chinh: (1) Khoi tao, (2) Tim kiém song song, (3) Chia sé
thong tin, va (4) Cap nhat va tiép tuc tim kiém. Dudi day 1a m6 ta chi tiét timg budc.

Budéce 1: Khoi tao

Thuat toan bat dau bang viéc khoi tao hai quan thé giai phap ngau nhién cho EFO va MVO, véi
cac gia tri trong moi ca thé dugc chon ngau nhién trong gidi han khong gian tim kiém. Moi ca theé dugc
danh gia dya trén gia tri ham fitness dé xac dinh muc d6 phu hop.
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Bude 1.1: Tao ngau nhién cac giai phap cho quéan thé cia EFO (Pgro) va quan thé cia MVO
(Puvo)-
. Budc 1.2: Tinh gia tri fitness cho timg c4 thé trong mdi quéan thé, tir 46 xac dinh cac giai phap ban
dau tot nhat cia EFO va MVO.

Buée 2: Tim kiém song song

Trong budc nay, ca EFO va MVO s¢ tién hanh tim kiém giai phap t6i wu mot cach song song. Mdi
thudt toan s€ ap dung cac quy tac riéng cuia minh dé dicu chinh vi tri clia cac ca thé.

bdi voi EFO: Mdi cé thé chiu tac dong cua lyc hut va déy duya trén gia tri fitness cua no6. Céc ca
thé c6 fitness tot hon s& tao ra luc hut manh hon, trong khi cac ca thé c6 fitness thap hon sé& bi day ra
xa. Piéu nay gitp cac ca thé EFO tap trung vao khai thac cuc bd.

Dbi véi MVO: Céc ca thé trong MVO s& thuc hién qua trinh gidn né va trao doi vét chat, trong d6
chc giai phap tot hon s& mo rong dé thu hat cac giai phap kém hon. Diéu nay giup MVO kham pha
khong gian rong hon va tranh roi vao cac cyec tri cuc bo.

Buoc 3: Chia sé thong tin dinh ky

Sau mot s6 vong 1ap nhét dinh (khoang chia sé dinh ky k), hai thudt toan s& trao ddi thong tin vé
cac giai phap tot nhat cia minh. Bang cach chia sé cac giai phap co fitness tot nhat gitra EFO va MVO,
moi thudt toan co thé cai thién qua trinh tim kiém ctia minh bang cach khai thac cac thong tin tir thuat
toan con lai.

Budc 3.1: Sau mdi k vong lap, cac giai phap tot nhit tir Pero va Pyyo s& duoc trao dbi gitra hai
thuat toan.

Bude 3.2: Mbi thuat toan s& cap nhat Bat dau
quan thé ctia minh bang cach thém vao cac giai
phap tot nhat tir thuét toan con lai, giup tang

cuong kha nang hoi tu va tranh cyc tri cuc bo. v v
. . Y \ X Khi tao quan thé Knhdi tao quan thé
Buoc 4: Cap nhat va tiep tuc tim kiem p'{EﬁO) PtM"T"O]

Sau khi thuc hién chia sé thong tin, c& hai
thudt toan s€ cap nhat quan thé va tiép tuc qua

h 4 h

trinh t8i wu h(’)q. EFO sé khai thac cac giai phap _,| Cép nndtyi tr theo Cép nhétvitritheo |
tr MVO va tiép tuc tinh chinh cuc bd, trong EFO Mvo
khi MVO s& mé rong khong gian tim kiém dya ' '
trén cac giai phap ma né nhan dugce tir EFO.
Déi véi EFO: Cac gidi phap thr MVO Mo au k von Mo
duoc dua vao quﬁn thé s& duoc tinh chinh theo lap
co ché luc dién tur dé tiép tuc tim kiém céc giai
phap tt hon trong pham vi cuc bd. e
Dbi v6i MVO: Cac gidi phap tr EFO o A et
dugc dua vao quan thé s& gitp MVO mé rong toan
khong gian tim kiém va tang kha nang kham
pha toan cyc.
Thuat toan EFO-MVO tin dung tot wu o BK dirng No
diém ciia timg thuét toan thanh phan: kha ning
khai thac manh mé cua EFO gitp tap trung vao
viée t6i wu hoa cuc b, trong khi kha ning i
kham pha toan cuc ciia MVO gitip tang cudng K;Lgmi :';ﬁg ;’6115-
tim ki€m trén khong gian rong 16n. Co ché chia nhét
s¢ thong tin dinh ky gitta hai thuat toan con
giup t6i rru hoa nhanh hon, giam thiéu nguy co
roi vao cuc tri cuc bo va cai thién do hoi tu cua
thudt toan. Hinh 1. So db thuat toan két hop EFO va MVO
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Thuit toan 1. M gia thuat toan két h¢p EFO-MVO

Khoi tao quan thé EFO P_EFO kich thuéc N trong khong gian D chiéu
Khoi tao quan thé MVO P_MVO kich thuée N trong khong gian D chiéu

Tinh fitness timg ca thé trong P EFO va P MVO
Set x_EFO_best = best solution in P_EFO
Set x MVO_best = best solution in P MVO

For iter = 1 to MaxlIter:
# --- Budc 1: Chay t6i uu EFO ---
For each individual in P_EFO:
Tinh lyc dién tr (Iyc hat, luc déy)
Céap nhat vi tri dya trén luc dién tir
Ap dung diéu kién bién
Tinh lai fitness
End For
Set x_EFO_best = best solution in P_EFO

# --- Budc 2: Chay t6i vu MVO ---
For each individual in P MVO:
Tinh hé s6 gidn nd
Trao doi chat giira cac vii tru
Cap nhat vi tri st dung quy tic MVO
Apply boundary constraints
Tinh lai fitness
End For
Set x MVO_best = best solution in P MVO

# --- Budc 3: Trao doi thong tin dinh ky ---
If iter % k == 0:
Chia sé cac ca thé t6t nhét giita P EFO va P_MVO:
Thay céc c4 thé t& nhét trong P_EFO bang cac ca thé tot nhat trong P MVO
Thay c4c c4 thé té nhit trong P. MVO bang cac c4 thé tét nhit trong P EFO
Tinh lai fitness ca 2 quan thé
End If

End For

# --- Chon loc gitra hai thuét toan ---

Set x_best = best solution in P MVO va P_EFO
Set f best = best fitness in P MVO va P_EFO
Return x_best, f best
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4. THU'C NGHIEM VA PANH GIA TREN CAC HAM THU NGHIEM

Céc thi nghiém dugc thuc hién trén may tinh str dung bd vi xtr ly Intel Core i5, RAM 16GB, h¢
diéu hanh Windows 11, va méi truong Python 3.12. Céc thuét toan duoc thir nghiém bao gdm EFO-
MVO, EFO, MVO, va Genetic Algorithm (GA), duoc ap dung trén sau ham kiém chtig phd bién trong
tdi uu hoa, bao gém Sphere, Rastrigin, Rosenbrock, Ackley, Griewank, va Zakharov. Cac thuat toan
dugc thyc thi trong 1000 vong lap, voi kich thude quan thé 20 ca thé va khong gian tim kiém c6 10
chiéu (dim = 10). Cong thirc va pham vi bién ctia cac ham duoc trinh bay chi tiét trong Bang 1.

Viéc lwa chon sau ham kiém chung nay nham muc dich danh gia hiéu suit cua thuét toan trén cc
khong gian tim kiém c6 dic diém da dang va mirc d¢ phirc tap khac nhau. Sphere 1 mot ham 16i don
gian, thuong dugc st dung dé danh gia kha nang khai thac cuc bd va tbe d0 hoi tu cua thuat toan.
Rastrigin va Ackley 14 nhitng ham khong 16i ¢6 nhiéu cyec trj cuc bo, gitp kiém tra kha nang kham pha
toan cuc va tranh roi vao by cuec tri cuc bo. Rosenbrock, véi ciu triic "hd sau", dat ra thach thirc dbi
vé6i cac thuat toan tdi uru hoa trong viée didu chinh giai phap trong khong gian phi tuyén phirc tap. Trong
khi d6, Griewank va Zakharov dugc st dung dé danh gia kha ning t6i wu hoa trén cac khong gian co
dic tinh phi tuyén va tinh da dang cao.

Céc ham nay khong chi phan anh céc dic diém quan trong ciia nhiéu bai toan tdi uu hoa thuc té
ma con dugce st dung rong rii trong nghién ctru vé cac thuét toan metaheuristic. Chiing giup danh gia
mot cach khach quan hiéu suat cta thuét toan, dong thdi cho phép so sanh véi cac phuong phép trude
day trong cung linh vuc. Ngoai ra, khong gian tim kiém cta cac ham nay duoc dinh nghia trén cac
khoang gia tri rong, chang han nhu [-5, 5] cho Rastrigin va [-600, 600] cho Griewank, gitip kiém tra
kha ning kham pha va khai thic ctia thuat toan trong cic moi truong téi uu hoa co do phirc tap khac
nhau.

Bdng 1. Cong thirc toan hoc va théng s6 cua cac ham thir nghiém dugc st dung trong thyc nghiém

Ham Cong thuc Pham vi Cuyc tri
Sphere 2 x? [—2,2] 0
Rastrigin 10n + Z[x,? — 10cos(2mx;)| [-5,5] 0
n-1 2
Rosenbrock z [100(xi+1 —-x) +1- xi)z] [-5.12,5.12] 0
i=1
20 0.2 ! 2 ! 2
Ackley —evep| —0 ;Z o) Texp (Zz cos """) [-32,32] 0
+ 20
Griewank 4L Z 2 n (xi> [~600,600] 0
riewan 20002, % cos 7 —600,
2 4
Zakharov Z x? + (Z 0.5ixi) + (Z 0.5ixi) [-5,10] 0

3.1. Két qua thyc nghi¢m
Béng 2 dudi dy tom tat gia tri fitness tot nhat dat dwoc clia cac thuat toan trén 6 ham kiém chimng.

Két qua thyc nghiém cho thiy raing EFO-MVO vuot trdi hon so véi cac thudt toan thanh phan
EFO, MVO, va thuat toan ¢ dién GA trén tat ca cdc ham kiém chimg, bao gdm ca cac ham don gian
nhu Sphere va cac ham phuec tap véi nhiéu cuc tri cuc b nhu Rastrigin va Ackley. biéu nay khfmg dinh
rang phuong phép lai héa gitp khai thac t6i wu thé manh cia ca hai thuat toan thanh phan, tir kha ning
khai thac cuc bo cua EFO dén kha nang kham pha toan cuc cua MVO, déng thoi tan dung co ché chia
sé thong tin dé cai thién hiéu qua tdi wu hoa.
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Bang 2. Gia tri fitness t6t nhét cua cac thuat toan trén cac ham kiém chung

Ham EFO MVO GA EFO-MVO
Sphere 2.78E-05 | 3.26E-05 | 1.60E-03 | 3.98E-06
Rastrigin 0.0976 0.9969 0.1095 0.0048
Rosenbrock | 0.1856 0.0227 0.5519 0.0016
Ackley 0.0386 0.0025 0.017 6.97E-06
Griewank 1.68E-06 | 3.10E-06 0.135 1.18E-09
Zakharov 0.0156 | 1.24E-05 | 0.0147 4.55E-07

Trén ham Sphere, véi dic diém 1a mot ham 16i don gian, EFO-MVO dat gia trj fitness t6t nhat
(3.98¢-06), vugt xa EFO (2.78¢-05), MVO (3.26¢-05), va GA (1.60e-03). Diéu nay cho thiy su két hop
gitra kham pha va khai thac gitp EFO-MVO hdi tu nhanh hon. Véi cac ham phuc tap nhu Rastrigin va
Ackley, noi chira nhiéu cuec tri cuc bd, EFO-MVO van duy tri sy vuot trdi voi gia tri lan luot 13 0.0048
va 6.97e-06, so voi EFO, MVO, va GA. Két qua nay chimg minh rang co ché chia sé thong tin dinh ky
trong EFO-MVO giup thuit toan tranh dugc cuc tri cuc bd va tién t6i cac giai phap toan cuc hiéu qua hon.

Trén cac ham nhu Rosenbrock, Griewank, va Zakharov, von doi hoi su can bang giira kha ning
tim kiém toan cuc va khai thac cuc bd, EFO-MVO tiép tuc dat gia tri fitness thép nhét. Vi Rosenbrock,
gia tri cia EFO-MVO 12 0.0016, vuot xa cac gia tri cua EFO (0.1856), MVO (0.0227), va GA (0.5519).
Tuong ty, trén ham Griewank, EFO-MVO dat 1.18¢-09, thap hon déng ké so v6i EFO (1.68¢-06), MVO
(3.10e-06), va GA (0.1350). Trén ham Zakharov, EFO-MVO dat gia tri 4.55¢-07, tiép tuc khang dinh
kha nang héi tu chinh xac va nhanh chong cuia phuong phap lai. Nhimg két qua nay cho thdy rang su
Kkét hop ctiia EFO va MVO khong chi cai thién tde dd hoi tu ma con tang cuong do chinh xac trong viéc
dat nghiém tdi uu.

3.2. Phéan tich biéu db

Ngoai cac két qua s liéu, cac biéu dd biéu dién fitness theo s6 vong lap (Hinh 2) di minh hoa 15
rang hiéu suét vuot troi cia EFO-MVO so v6i cac thuét toan EFO, MVO, va GA trén tirng ham kiém
chimg. Trén tit ca cac ham, duong biéu dién cia EFO-MVO cho thay tdc d¢ giam fitness nhanh hon
dang ké, dic biét trong cac vong lap dau tién, chimg minh rang sy két hop gitra kha nang khai thac cuc
bd cua EFO va kha nang kham pha toan cuc cia MVO da giup tang tdc do hoi tu mot cach hiéu qua.
biéu nay nhén manh wu thé cia EFO-MVO trong viéc dat dén nghiém tdi uu toan cuc nhanh hon so véi
cac thuat toan con lai.

Sphere Function Rastrigin Function Rosenbrock Function

1 e GA
— Mvo
--- EFO
—-- EFO-MVO

___________ - W

Fitness (log scale)
Fitness (log scale)
Fitness (log scale)

i 1071
10 10-1 4

s A
10 1072 \

- 1072 \
10 —-- EFO-MVO \ \

0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
lteration Iteration Iteration
Ackley Function Griewank Function Zakharov Function

Fitness (log scale)
Fitness (log scale)
-
(=]
IS

\ 1076
1044 — wmvo \
--- EFO ‘. 10-8 | . L
] ) N, —.- EFO- \ 10°° 4 —.- EFo- \
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T T T T T T T T T T T T T T T T T T
o 200 400 600 800 1000 o 200 400 600 800 1000 o 200 400 600 800 1000
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Hinh 2. Biéu d6 thé hién fitness cdc ham theo sd vong lip
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Hon nira, trén cac ham phtrc tap nhu Rastrigin va Ackley, noi ton tai nhiéu cuc tri cuc bo, cac
dudng biéu dién ciia EFO va MVO thuong bi chiing lai ¢ cac gi tri fitness cao, thé hién rang ching
gip kho khan trong viéc thoat khoi cac cuc tri cuc bd. Nguoc lai, EFO-MVO tiép tuc giam sau, cho thay
kha nang tranh céc cuc tri cuc bg va tién t&i cuc trj toan cuc hiéu qua hon. Pac biét, co ché chia sé thong
tin dinh ky gitra EFO va MVO di giup EFO-MVO tan dung dugc cac giai phap tot nhét trong timg giai
doan tim kiém, 1am ndi bat sy vuot trdi ctia thuat toan lai nay.

So voi GA, cac duong biéu dién cho thay toc do giam fitness cia GA chdm hon dang ké so voi
EFO-MVO trén tit ca cac ham kiém chung. Dleu ‘nay minh ching rang cac thuat toan metaheuristic
hién dai nhu EFO-MVO khong chi vuot trdi vé chat luong gidi phap ma con c6 kha nang hoi tu nhanh
hon so véi cac thuét toan c6 dién. Hinh 2 d4 ciing ¢6 thém két luan rang EFO-MVO 1a mot phuong phap
t6i wu hoa manh mé va higu qua, ddc biét trén cac bai toan co khong gian tim kiém phirc tap va nhiéu
cue tri cuc bd.

4. KET LUAN VA PHUONG HUONG PHAT TRIEN

Bai béo nay di dé xudt va thuc nghiém mot phuong phap lai hoa méi, EFO-MVO, két hop giita
Electromagnetic Field Optimizer (EFO) va Multi-Verse Optimizer (MVO) thong qua chién lugc chay
song song va chia s¢ théng tin dinh ky. Két qua thuc nghiém trén 6 ham kiém chimg phd bién, bao gdm
Sphere, Rastrigin, Rosenbrock, Ackley, Griewank, va Zakharov, dd chimg minh raing EFO-MVO vuot
troi so véi cac thudt toan don 1¢ EFO, MVO, va thudt toan ¢b dién GA ca vé tbe d6 hoi tu 1an chit lugng
giai phap. Thuat toan lai héa nay cho thay kha ning hoi tu nhanh, tranh dugc cac cyc tri cuc bo va dat
dugc nghiém tdi uu toan cyc ngay ca trén cac bai toan tbi uu hoa phure tap. Nhirng két qua nay khang
dinh tinh hi¢u qua va tiém nang cua EFO-MVO trong linh vuc tdi wu hoa hién dai.

Trong tuong lai, ching t6i dy kién mé rong ap dung EFO-MVO vao cic bai toan thuc t& nham
danh gia tinh hiéu qua cta thudt toan nay trong cac linh vuc Gmg dung khac nhau. Mot sb hudng nghién
clru tiém nang bao gdm: bai toan 1ap lich, nham t6i wu hoa viée phan b tai nguyén va thoi gian; ti vu
héa danh muc dau tu, noi yéu clu can béng gitta rdi ro va lgi nhuén trong tai chinh; va bai toan van tai,
nhu t6i wu hoa tuyén dudng hodc phan phdi hang hoa. Ngoai ra, viéc cai tién co ché lai hoa dé ting
cuong kha nang md rong thuit toan trén cac bai toan da muc tiéu cling la mdt huéng di quan trong.
Nhimg nghién ciru tiép theo s& tap trung vao viéc danh gia sau hon tinh hiéu qua cia EFO-MVO trén
céc bai toan thuc té phuec tap, tir d6 khéng dinh vai tro6 cua né nhu mot cong cu tdi vu hoa manh mé& va
linh hoat.
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ABSTRACT

COMBINING EFO AND MVO: A PARALLEL HYBRID AND INFORMATION
SHARING STRATEGY APPLIED TO OPTIMIZATION PROBLEMS

Dinh Nguyen Trong Nghia'*, Duong Thi Thuy Nga®
'Ho Chi Minh City University of Industry and Trade
’Ho Chi Minh City University of Natural Resources and Environment
*Email: nghiadnt@huit.edu.vn

This paper proposes a hybrid strategy combining the Electromagnetic Field Optimizer (EFO) and
the Multi-Verse Optimizer (MVO) using a parallel execution approach with periodic information
sharing, called EFO-MVO. This hybrid method leverages the advantages of each algorithm: EFQO's
strong local exploitation and MVO's effective global exploration. To evaluate the performance of EFO-
MVO, we conducted experiments on six well-known benchmark functions: Sphere, Rastrigin,
Rosenbrock, Ackley, Griewank, and Zakharov. The results demonstrate that EFO-MVO consistently
achieves superior optimization outcomes compared to standalone EFO, MVO, and Genetic Algorithm
(GA). The EFO-MVO method effectively avoids local optima and converges quickly to the global
optimum, indicating its robust potential for complex optimization problems.

Keywords: Hybrid Optimization Algorithm, Electromagnetic Field Optimizer (EFO), Multi-Verse
Optimizer (MVO), Benchmark Functions, Metaheuristic Combination.
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