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TOM TAT

Bai bao nay trinh bay mot phuong phap t6i vu méi bang cach két hop hai thuat toan metaheuristics
manh mé&: Thuat toan Tim kiém Flamingo (FSA) va thuat toan Téi wu héa S6i xam (GWO). FSA lay
cam hung tir hanh vi di cu va tim kiém thirc an cua chim hdng hac, trong khi GWO mé phong co ché
san bat ctia s6i xam. Thuat toan két hop nay (duoc goi la FGWO), tan dung strc manh cua ca FSA va
GWO & cai thién téc do hoi tu va kha ning tim kiém toan cuc cta ching. FGWO su dung GWO dé
tim kiém cac giai phap toan cuc sau d6 ap dung FSA cai thién chét luong giai phap. Hiéu suét cta
FGWO dugc danh gia trén mot s6 ham thur nghiém va so sanh véi cac thuat toan tién tién khac. Két qua
thtr nghiém cho théy FGWO vuot troi hon cac thuét toan khac vé chit luong gidi phap, do 6n dinh va
hiéu qua. Thuat toan két hop moi nay gdp phan vao sy phat trién cta cac phuong phap t6i wu hoa,
cung cip mot goc nhin méi vé cach cac thudt toan metaheuristics khac nhau c6 thé két hop dé dat duoc
hiéu suét tét hon.

Keywords: Thuat toan t6i wu, thuat toan metaheuristic, tdi wu hoa soi xam, tdi wu hoa chim h(“)ng hac,
toi uu hoa ket hop.

1. MO PAU

bai toan t6i uu kho, trong do khong c6 m()t phu’ong phap chinh xé4c nao c6 thé giai duoc trong thdi gian
hop ly. Theo dinh nghia, thuét toan metaheuristic la mét thuét toan khong phu thude vao bai toan ma c6
thé tim ra cac 101 giai gan ding cho cac bai toan kho. Céc thuét toan metaheuristic thuong 14y cam himg
tir tw nhién va cb ging giai bai toan bang cach mé phong cac hién twong vat 1y, sinh hoc, v.v.[1]

Céc thuat toan tién hoa (EA) la nhitng thudt toan metaheuristic dua trén quan thé va co tinh
ngiu nhién. EA khac véi cac thuét toan thong thuong khac boi chiing thyuc hién tién hoa quan thé cac
10i giai dé tién dén mot giai phap t6i wu gan dung. Thong thudng, cac EA thuc hién tim kiém trong
khong gian bai toan bang cach phat sinh mot quan thé cac ca thé (10 gii) mot cach ngau nhién ban dau,
sau d6 danh gia d¢ thich nghi cta chiing dya trén ham thich nghi. Trong cac thé hé tiép theo, cic ca thé
tién hoa theo xu hudng cua ca thé t6t nhit va dugc hd tro boi ham thich nghi. Qua trinh nay dugc
tiép tuc cho dén khi dat dugc sb vong lap tbi da hodc tim dwoc giai phap gan dung nhu mong doi.

Dudi day 1a mot s6 thuét toan tién hoa phd bién:

e Thuat toan di truyén (Genetic Algorithm - GA): 1a mot trong nhimng thuat toan tién hoa
phd bién nhét, sir dung quy trinh giai ma cta di truyén hoc dé tim kiém va téi wu hoa cac
loi giai [2].

e Thuat toan tién hoa da nhiém (Multi-Objective Evolutionary Algorithm - MOEA): dugc
sir dung dé giai quyét cac bai toan t6i vu da myc tiéu, trong d6 c6 nhiéu hon mot ham
muc tiéu can t6i vu [3].

e  Thuat toan t6i uu hoa mang no-ron (Neuro-evolution): sir dung thudt toan tién hoa dé
t61 wu hoa cac mé hinh mang no-ron [4].

e  Thuat toan lap trinh di truyén (Genetic Programming - GP): st dung k¥ thuat di truyén
dé tao ra cac chuong trinh hodc ham tbi wu [5].
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e Thuit toan tién hoa phan bd (Differential Evolution - DE): sir dung cac phép toan s6 hoc
dé tao ra cac ban sao cua cac 10 giai hién tai va ap dung cac quy tac tién hoa dé tim kiém
101 giai tot hon. [6]

Trong bdi canh do, bai bao nay dé& xuit mot phwong phap két hop doc ddo giita thudt toan
Grey Wolf Optimizer (GWO) [7-8] va Flamingo Search Algorithm (FSA) [9], ma ching t6i goi 1a
Flamingo Grey-Wolf Optimizer (FGWO), nham t6i wu héa ham muyc tiéu. GWO dugc 1dy cam himg
tr cach hoat dong cua bay s6i xam trong ty nhién, trong khi FSA ldy cam hing tir cich chim
hdng hac tim kiém thirc dn. Hai thudt toan nay di dwoc chimg minh 14 hiéu qua trong nhidu bai toan
tbi wu hoa, va viéc két hop chiing c6 thé tao ra mot phuong phap manh mé va linh hoat dé giai quyét
cac bai toan phurec tap.

Phuong phap két hop GWO va FSA dugc dé xuét trong bai bao nay tan dung sy hoi tu nhanh cia
GWO va kha nang tim kiém cuc bd manh mé& cua FSA. Quy trinh tdi wu hoa duoc chia thanh hai
giai doan, trong 46 GWO dugc 4p dung trong giai doan dau dé kham pha va tim kiém toan cuc, trong
khi FSA dugc trién khai trong giai doan thir hai dé cai thién va diéu chinh két qua tim kiém, tap trung
vao tim kiém cuc bo va tdi wu hoa k§ thuat.

Véi su két hop nay, phuong phap FGWO mang lai nhiéu uu diém quan trong. N6 khong chi
tao ra mot qua trinh tim kiém manh m& va hiéu qua, ma con mang lai tinh linh hoat va da dang trong
qué trinh tim kiém. Pong thoi, né ciing c6 kha nang tdi wu hoa da muc tidu, mo ra canh cira cho t6i uu hoa
hi€u qua cua cac bai toan da muc tiéu phirc tap.

Bai bao nay dé xuét phuong phap FGWO va kiém ching hiéu qua thong qua thyc nghiém trén cac
ham thir nghiém phd bién. Két qua cho thay raing FGWO c6 kha ning tim ra gié tri t6i wu tot va hoi tu
nhanh chéng.

2. THUAT TOAN TOI UU HOA SOI XAM

2.1. Y twong thuat toan

Thuét toan séi xam lay cam hing tir hanh vi xa hoi cua loai s6i, hé théng phan cap xa hoi cla
dan s6i xam. Theo d6 trong bay s6i xam thong thudng duoc phan cip thanh bén nhom dugc goi tén
theo thr tu 1an Iuot tir cao dén thap Alpha (o), Beta (B), Delta (8) va Omega (o) nhu thé hién ¢ Hinh 1.
Mai vai trd trong bay soi xam dam bao mot nhiém vy khic nhau dam bao cho su phat trién va ton tai
clia biy so6i. Trong d6 Alpha (a) 13 con dau dan va 1a con s0i chlem vu thé nhit, Alpha (a) c6 thé 1a
con duc hodc con ci, chiing ¢6 nhiém vu dua ra nhitng quyét dinh vé chién luge san mdi, tim cho gva
phan chia thirc &n. Nhom thir hai 1a Beta (), chung c6 nhiém vu hd tro cho Alpha (o) dua ra quyét dinh.
Nhitng nhom Beta (B) nay c6 kha nédng tré thanh nhém Alpha () trong trurong hop cac con trong nhom
Alpha () ri di hodc chét di chung chiém wu thé cao hon so véi Delta (8). Nhiém vu ctia nhitng con s6i
nay 1a dao tao, linh canh gic va dam bao su an toan ciia bay dan. Nhom cudi cuing ¢ vi thé thap nhit
trong dan 1a Omega (), dong vai trd 1a con phai hy sinh, phai tuan theo nhing yéu cau va ménh lénh
cua nhirng con s6i (a, B, d) trong dan.

A
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AR
AR

Hinh 1. Phan cip cna by sdi trong tw nhién [7]

Bén canh thtr bac xa héi, s6i xam c6 cach san moi rat dac trung voi chién luge doc ddo. Chung
di san theo bay va hop tac thanh nhom dé tach con moi ra khdi dan, sau d6 mot hoac hai con soi sé
duoi theo va tan cong con moi trong khi nhitng con khac duoi theo bat ky ké nao di lac.
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Chién Iugc sin mdi cua bay séi bao gom:
e Tiép can, theo ddi va dudi theo con mdi.
e  Truy duoi, quay rdi va bao vay xung quanh con moéi cho dén khi n6 ngung di chuyén.
e Tan cong con moi khi no kiét suec.
2.2. M6 hinh toan hoc va thuit toan
Phan nay trinh bay mé hinh toan hoc va gidi thigu vé thuat toan GWO. Céc cong thirc lién quan
dén cac h¢ thong xa hoi, theo doi, bao vay va tan cong con moi s€ dugc trinh bay chi tiét.
2.2.1. Hé thong phdn cdp xd héi
Trong GWO, céc con soi alpha () tmg v6i cac giai phap phu hop nhét (161 giai tot nhét cua bai toan
tai thoi diém hién tai), hai gidi phap phu hop tiep theo dugce dat tén lan lugt 1a beta (B) va delta (3). Cac
giai phap umg vién con lai dugce gia dinh 1a omega (), cling duoc goi 1a cdc tac nhan tim kiém. Pay chinh

1a hé thong phén cap trong GWO. Do d6, viéc san mdi (t6i wu hoa) duoc dinh hudng boi o, B va 5. Nhiing
con s6i ® tuan thu theo ba con s6i nay.

2.2.2. Bao vdy con moi

Mo hinh toan hoc cac budc bao vay trong GWO duogc biéu thi boi cac phuong trinh sau day [7]:

D=[Cx X,) - X ¢
X(t+1)=X,(t)— 4 xD )

trong d6 t xac dinh thoi diém hién tai (budc lap), A va C 1a céc vector hé sb, X, la vector vi tri

A UL A . . r o A 7. , 7.
clia con moi, va X biéu thi vector vi tri clia mot con s6i xam. V6i

A=2xdx7H-4d 3)
T=2xT7 4)

trong d6 cac thanh phan cua a@ sé& duoc giam tuyén tinh tir 2 xudng 0 trong qua trinh 1ap lai va r,
72 1a cac vector ngau nhién trong [0, 1]. Do d6, mdt con s6i xam ¢ thé cap nhat vi tri ctia né theo toa
d6 (X, Y) trong khong gian xung quanh con mdi ¢ bét ky vi tri ngiu nhién nao bang cach sir dung cac
phuong trinh (1) va (4) thé hién nhu Hinh 2.
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Hinh 2. M6 phong vector vi tri 2D va 3D va cac vi tri tiép theo cua so6i xam

2.2.3. San méi

Soi xam c6 kha nang nhan biét vi tri ciia con mdi va tap trung bao vay chang trong qua trinh
san. Trong qué trinh t6i wu hoa, alpha (o) thuong duoc st dung dé dinh huéng cho cac giai phap
omega (®). Tuy nhién, khi khong c6 thong tin vé vi tri tdi uu (con moi) trong khong gian tim kiém,
beta (B) va delta (8) dong thoi duogc sir dung. Vi vdy, thudt toan GWO luu trit ba giai phap tot nhét
(bao gdm alpha (a), beta (B), delta (8)), va yéu cau cac omega (o) cip nhat vi tri theo vi tri ciia cac
giai phap tot nhat. Cong thirc duge dé xuat cho van dé nay nhu sau.
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Do=|Cix Xa— X|.Dp= |G x X5 — X|.Ds= |Gy x X5 — X (5)
X, =Xy — A x (Dg), X; = Xg — A; x (Dg), X3 = X5 — A; x (Ds) (6)
X(t+1) =220 (7)

3

Vi cac phuong trinh trén, cac tdc nhan tim kiém s& cap nhat vi tri theo vi tri cua alpha, beta va delta
trong khong gian tim kiém. Két qua cudi ciing s& dwoc dinh vi trong mét vong tron xung quanh alpha (o),
beta (B) va delta (3). Noi cach khac, alpha (), beta (B) va delta (8) s& xac dinh vi tri ciia con mdi va cac
tac nhan tim kiém s& cap nhat vi tri ciia minh xung quanh con moi theo cdch ngau nhién nhu Hinh 3.

Hinh 3. M0 phong qua trinh cap nhét vi tri ca s61 xam trong GWO

2.2.4. Tdn céng con moi (khai thdc)

S6i xam két thiic cudc sin bang cach tan cong con mdi khi con méi ngimg di chuyén. Dé 1ap mé hinh
toan hoc tiép can con mdi, thut toan giam gia tri ciia @ . Luu y ring bién d6 dao dong cua A cling giam
theo'@ . Néi cach khac, cac phén tir cia A s 1a mot gi4 tri ngau nhién trong khoang [-2a, 2a] trong do6 a
giém tir 2 xudng 0 mot cach tuyén tinh qua qua trinh Idp. Khi cac phin tir cua A nim trong [-1, 1], vi tri
tiép theo clia cac tac nhan tim kiém c6 thé ¢ bat ky vi tri nao gitra vi tri hién tai ciia n6 va vi tri cia
con moi. Hinh 4 cho thiy khi |A| < 1, dan soi tin cong vé phia con mdi.

2.2.5. Tim kiém con moi (tham do)

Trong thuat toan GWO, s6i xam chu yeu tim klem con mdi theo vi tri cua alpha (@), beta (B) va
delta (8). Chung tach ra khoi nhau dé tim kiém con mdi va hdi tu dé tén cong con moi, tuong ty nhu trong

ty nhién. Trong trudong hop phan ky (101 gidi khong hoi tu), cac gia tri cia A 16nhon 1 hoéc nho hon -1
dugc str dung dé bat budce cac tac nhan tim kiem phai chuyén hudng khoi con moi, tao ra sy da dang trong
qua trinh tim kiém va kham pha toan dién.

Hinh 4 cho thay khi |74>| >1 budc nhiing con s6i phai tach khoi con mdi dé hy vong tim kiém con mdi
khac t5t hon. Thanh phan khac cia GWO 13 C, chira cac gid tri ngdu nhién trong [0, 2], cung cip céc
trong sO ngau nhién cho con moi dé xac dinh khoang cach. Thanh phan nay ho trg qua trinh kham pha
va tranh toi wu hoa cuc bg, bang cach tao ra nhiéu hanh vi ngau nhién hon trong qua trinh toi uu hoa.
Céc chudng ngai vét trong tw nhién ciing ¢6 thé duoc xem nhu tac dong cia C déivéi viée tiép can con moi.

Qué trinh tim kiém bat dau bang viéc tao ra mot quan thé soi xam ngau nhién, sau d6 cac soi

alpha (a), beta (B) va delta (8) u6c tinh vi tri co the Xay ra ctia con moi va cap nhat khoang cach cua
moi giai phap tng cir vién voi con modi. Tham sé duoc giam dé ting hoat dong tham do va khai thac

tuong tmg. Cac giai phap ung ctr vién c6 xu hudng khac véi con mdi khi |A| > 1 va hoi tu vé phia
con mdi khi |A] < 1. Cubi cung, thuat toan GWO két thic khi thoa man mét tiéu chi cudi cung.
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ST

(a) (b)
Hinh 1. Mb phong qué trinh tin céng con mdi so véi tim kiém con mdi ciia so6i xam
3. THUAT TOAN TiM KIEM CHIM HONG HAC

3.1. Pic diém ciia thuit toan

Chim hdng hac 14 loai chim di cu séng theo by dan, thirc an chu yéu 1 tao, tom nho, nghéu,
giun nhé va au trung con trang. Chim hong hac ciing kiém an theo mot cach dic biét, bang cach cii
chiée ¢b dai xubng va quay dau lai, sau d6 di bo. Trong khi quét chiéc mé cong ctia chung quanh co thé
va cham vao day nudc dé kiém an [9]. Cac quan thé va c4 thé chim hdng hac trong tu nhién duoc
thé hién trong Hinh 5.

Hai ddc dlem tap tinh chinh cua chim hong hac 14 tap tinh kiém n va di cu. Quén thé chim hong hac

chu yeu sinh sdng ¢ nhitng khu vuc ¢6 nhiéu thirc an. Sau mot thoi gian kiém an rong rdi, quan thé
chim hdng hac di cu khi thirc an trong khu vire bi giam dén mirc khong thé dap tng quin thé.

Flamingo individuals

Flamingo population(2)

Hinh 5. Quan thé va c4 thé chim hdng hac trong ty nhién

Céc y twong toi wru hoa chinh ciia mo hinh FSA dugc trinh bay nhu sau: Chim hong hac hat cho
nhau nghe dé thong béo vi tri ctia ching va thirc in tai dia diém. Quan thé chim hong hac khong biét
noi nao c6 nhiéu thire an nhit trong khu vye tim kiém hién tai. Thay vao do, chung cap nhat qua tiéng hat
cuia dong loai xung quanh. Hanh vi nay cua hong hac phu hop véi ¥ tudng tdi wu hoa tri thong minh
bay dan. Va chiing ta khong biét khong gian tim kiém 1a bao nhiéu, tic nhan tim kiém 14 chim hong hac,
hdng hac kham pha ra khong gian tim k1em va trao ddi thong tin v6i nhau va ¢b dinh vi tri tim thay do.
Tt do rat ra duoc giai phap t6i wru. Quy tic thay dbi vi tri dya trén hanh vi cia chim hdng hac. Hanh vi
chinh ctia n6 chi yéu c6 hai loai: hanh vi kiém @n va hanh vi di cu. Hanh vi kiém an c6 thé dugc chia
thanh hai ddc diém hanh vi: Quét mé va di chuyén chan.

3.2. Y twéng va md hinh toin hoc ciia thuit toan

Tim hiéu hanh vi: Hanh vi giao tiép khi con hac phét hién chd c6 thirc an n6 s& goi nhitng con hac
khac dén vi tri d6. Cho tu tap nhiéu nhat 1a cho c¢6 nhicu thirc an nhat. Theo 1i thuyét nhitng con hac nay
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khong biét chd nao c6 nhiéu thirc dn. Nhung trong thuat toan ching ta ¢6 thé biét vi ta co thé thiét 1ap
dieu kién ket thuc chuong trinh.

FSA la mét thuét toan mo phong chim hong hac c¢b ging tim giai phap t01 uu trong khu vuc tim
kiém (ttc 12 vi tri c6 nhiéu thirc an nhat) dya trén ngudn thong tin han ché c¢6 san.

The direction of movement of the famingos' feet

The area within the Py
reach of a flamingo'js / )
g X %
beak X / X ’ X x
- / /
—————— Y. .
[ ==k
I /
— A & X X
The feet of a flamingo 5
&
The beak of a flamingo
g The outer side i the body model of the flamingo,
Scanning max. distance i 7
B and the mner rod star is the feet of the flamingo
The body of a flamingo ® === Scanning min. distance
Hinh 6. Hanh vi quét mo Hinh 7. Hanh vi di chuyén hai chan

Mo ciia chim hdng hac khi Gp ngugc trong nudce ¢ chirc ning twong ty nhu mot cai sang 16n,
gitip hut nude va loc thirc an nhanh chong nhd vao cac ranh sdu & mé dudi va cac ranh nong, co nap
6 mo trén. Khi chim héng hac dang kiém an, chung cui dau, 16n miéng nguoc va an thirc an vao
miéng, sau d6 thai ra nudc thira va can ba khong an dugce. Cach kiém an nay phu thudc vao su
ddi dao thirc an trong khu vuc. Khi mo cia chim hong hac quét qua mot khu vuc ¢6 nhiéu thirc an
hon, ching s€ quét khu vuc d6 mdt cach can than hon va ¢d cta chim s& dan dudi ra, 1am tang
ban kinh quét cuia mo. Xéc suit quét khu vuc dé tim thirc an ciing sé ting 1én. M6 hinh hanh vi quét
mo cia chim h6ng hac dugc mo ta trong Hinh 6.

Khi ¢6 nhiéu con chim h6ng hac trong quﬁn thé déng thoi hoi tu tai mot vi tri, kha ndng co nhiéu
thirc &n & khu vuc d6 cang cao. Hanh vi quét mo ciia chim hong hac duoc mé phong trong khong gian
da chidu cua quan thé dugc ky hiéu 13 x; j» va md hinh tinh dén sy thay dbi trong Iya chon cia timg
c4 thé chim hdng hac trong tu nhién ciing nhu tac dong cua su bién dong dot ngdt ciia méi truong dén
hanh vi kiém an cta ching. Hanh vi tim kiém thirc an cta timg con chim hong hac s& co sai s6 khi
truyén thong tin. D& mo phong sai sé nay, ta st dung mét phan phéi ngau nhién theo phén phéi chuén,
trong do6 viéc quét mo cua chim hong hac ¢6 xac sudt cao hudng vé vi tri c6 nhiéu thirc an nhat.
Tuy nhién, ciing c6 mot xac suat nho cho sai sét dua trén thong tin nay.

Khoang céch tdi da ma mé chim hdng hac quét qua trong qua trinh tim kiém thirc an dwoc biéu dién
bang cong thirc [9]: |G, X Xij + & X x| trong d6 &, 1a mot s6 ngiu nhién c6 gia tri -1 hodc 1.
Muc dich chinh cua khoang cach tdi da nay 13 mé rong pham vi tim kiém ctia mé chim hong hac trong
qua trinh tim thirc an. Trong d6, G, 1a mot s6 ngiu nhién tuan theo phan phdi chuén thong thuong N (0,1).
Pham vi quét mo ciia chim hong hac trong hanh vi tim kiém dugc goi 1a quét mé 1an hai, va dugc
biéu dién bang cong thirc [9]: G2 X | G1 X xb; + & X x;;|trong do G2 la mot s6 ngau nhién tuan
theo phan phdi chuin N(0,1).

MO hinh hanh vi di chuyen bang hai chan cua hong hac dugc thé hién trong Hinh 7. Khi hong hac
kiém thirc an, trong lac quét bing m6, mong vudt cua chung s& di chuyén vé phia noi c6 nhidu thire dn
nhat. Noi mot cach dé hiéu 1a chung vira di chuyén vira quét mo. Gia sir vi tri noi thirc an phong phii
nhét trong quan thé 1a xbj, khoang cach di di dugc do bang "g, xxbj, trong d6 "&; la mot s0 ngau nhién
-1 hodc 1, chu yéu la dé tang pham vi tim kiém cua héng hac va dinh luong su khac biét clia ca thé trong
viéc lya chon.

Téng két lai, budc di chuyén cta chim hong hac trong qua trinh tim kiém thirc dn & vong lip thir
t 1a tdng khoang quét mo chim héng hac cong véi khoang cach di chuyén cua hai chan, nhu dwoc
hién thi trong (8).

bi; = & X xbf + G, X |Gy X xb} + &, X x| (8
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Cong thirc cap nhat vi tri kiém an cua chim h{“)ng hac dugc thé hién nhu sau:

xfTt = (xf; + & X xbf + G, x |Gy x xbf + &, x xfj|)/K 9)
Trong (9), xitj“ dai dién vi tri ctia con hong hac thit i trong chiéu thir j ctia quan thé trong lan lap

thtr t+1. xl-tj dai dién vi tri cua con hong hac thi i trong chiéu th{r j trong 1an 13p thtr t cia quan thé
chim héng hac cu thé 14 vi trf ban chan chim h6ng hac beF: dai dién cho vi tri chidu thu j cua chim h@)ng hac
c6 d6 thich nghi tot nhat trong quan thé ¢ lan di cu. K = K (n): 1a hé so khuéch tan, la mdt so ngau nhién
tuan theo phan phdi chuan. N6 dugc sir dung dé ting quy mo pham vi kiém an cta chim hong hac va
dé md phong co hoi Iyra chon cé thé trong tu nhién, ting kha ning tim kiém toan cuc ciané G, = G, =
N(0,1) 1a mot s6 ngau nhién tuan theo phan phéi chudn. &; va &, 1a mot sb ngau nhién -1 hoac 1.

Khi thirc an it trong khu vyuc tim kiém hién tai, quén thé héng hac di cu dén khu vuc tiép theo co
thirc an phong phti hon. Gia sir vi tri ciia khu vuc giau thirc dn trong chiéu thi j 1a xbj, cong thirc cho
su di cu cua quan thé hong hac nhu sau:

xf = xf + w x (xbf —xf)) (10)
Trong (10), xit;rl dai dién vi tri cia con hong hac thr i trong chiéu thir j ctia quan thé trong 1an ldp

thur t+1. xitj dai dién vi tri cia con hong hac thir i trong chiéu thi j trong 14n lap thi t ciia quan thé chim
héng hac cu thé 1a vi trf ban chan chim h6ng hac xbjt: dai dién cho vi tri chiéu thir j ctia chim héng hac c6
d0 thich nghi tot nhat trong quan thé ¢ lan di cu. w = N(0,n): 1a mdt s6 ngau nhién Gaussian vdi n béc
tw do, duoc sir dung dé tang khong gian tim kiém trong qua trinh di cu cua chim hong hac va m6 phong
tinh ngau nhién cta cac hanh vi riéng 1& cua chim hong hac trong qua trinh di cu cu the.

4. THUAT TOAN KET HQP FLAMINGO GREY WOLF OPTIMIZATION (FGWO)

4.1.Y tuéng

Y tudng chinh ciia phwong phap két hop nay 1a tan dung su hdi tu nhanh ciia Grey Wolf Optimizer
(GWO) va kha nang tim kiém cyc bd manh mé cia Flamingo Search (FSA). Quy trinh ti vu hoa dwoc
chia thanh hai giai doan, trong 46 GWO duoc 4p dung trong giai doan dau dé kham pha va tim kiém
toan cuc, trong khi FSA dugc trién khai trong giai doan thi hai dé cai thién va diéu chinh két qua
tim kiém, tap trung vao tim kiém cuc b va tdi uu hoa k¥ thuat.

Thuét toan FGWO ¢6 thé dugc viét dudi dang luu dd sau

‘Thigt lap kich thirde quan thé (population size)
Khai tgo vi tri ban ddu cho cdc ca thé trong quan th
Dianh gid gia tr] him mue tign cho nmg cé thé

!

GWO

Tink lodn gid i Gness cho moi ca thé
Sap xep lai quan the theo fitness

Khii tg0

Chon ra 3 cd thé c6 gid tri fitness 1ot nht lin luge alpha, beta
vir delta.

[ Cip nlyit v tri clia céc c4 thé theo cong thire Eq.3, Eq.4. Eq.5 ] ;

[ Danh gia ham mue ti#u fitness cho ca the cap nht thea disn ] i Sai

kign thay thé vao va nguge lai

FSA

Kiém tra diéu kién
dimg (vidy: 56

biing cie 4p dung phirong thire kiém 4n cua chim héng hat Ieoug Iap t5i da)

Tim kiem cuc bé xung quanh 3 ca the alpha. beta. delta
Eq.7

Cap nhat vi tri cac o4 thé con lai theo cong e FSA Eq.7 |
Eos Bing
Prnh gid ham myc tiéu fimess cho ca thé cip nhit thoa didu : Chon gidi phap i i ong quin thé thu
Kién thay thé vao v nguae lal dge 1 gid trj him myc tiéu
Tra vé gidi phip 161 wu

Hinh 8. Luu db thuét toan FGWO
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4.2. T6i wu héa ham toan hgc st dung thuit toain FGWO

Bai toan toi wu hoa ham noi chung co thé dugc ap dung dé xac dinh gia tri cuc tiéu va cuc dai cua
cac ham s6 trong mot khong gian tim kiém gidi han. Trong boi canh do, bai bdo nay trinh bay sy
ap dung thuat toan FGWO dé toi uu hoa cac ham thir nghiém duge mo ta trong Bang 1.

Bdng 1. Cac ham thtr nghi¢ém dugc st dung

Tén ham Cong thirc toan hoc Pham vi

F1 Fi(x) = Zn xf
F2 Fz(x)zzi lel+l_[ |2x;

F3 F3(x) = Z:l:l <Z;=1 xj>2

F4 F4(x) = max{|x;|,1 <i <n}

[-2,2]

Céac ham F, trong bang 1 déu c¢6 cyc tiéu toan cuc F = 0 khi ¥ = 0. Bai béo sir dung cac ham
thir nghiém nay dé danh gia kha nang toi wu hoa cta cac thuat todn muc tiéu. Ap dung thuét toan
dé xuat FGWO lén cac ham nay va danh gia kha nang tim kiém diém tdi uu (diém cuc tiéu) cua
thuat toan thong qua mot s6 d6 do. Pham vi cta cac ham quy dinh gia tri ngau nhién ban dau duoc
thiét 1ap, dong thoi ciing quy dinh diéu kién bién cho khong gian tim kiém ctia bai toan.

Thuét toan FGWO dé t8i uvu hoa ham muc tiéu c6 thé duge trién khai theo céc bude cu thé sau:

Bude 1: Khoi tao quin thé ban du
v' Thiét 1ap sé lugng ca thé va cac tham s6 khac nhau cho GWO va FSA, nhu sé lugng
s6i xam trong GWO va s6 lugng chim hong hac trong FSA.
v' Khoi tao vi tri va téc d6 ban dau cua céa thé trong khong gian tim kiém.
e Budc 2: Ap dung GWO dé tim kiém toan cuc
v" Tinh toan gia tri ham muc tiéu cho timg c4 thé trong quan thé.
v' Xac dinh s6i alpha, beta va delta trong GWO, dai dién cho cac giai phap tiém nang t6t
nhét trong quan thé.
v' Sir dung cong thirc cap nhat GWO dé di chuyén cac ca thé trong quan thé theo su huéng dan
cua soi alpha, beta va delta.
v Tinh toan lai gia tri hAm muc tiéu sau khi di chuyén.
e Budc 3: Ap dung Flamingo Search (FSA) dé diéu chinh két qua
v' Tinh toan gia tri ham muc tiéu cho timg c4 thé trong quan thé sau giai doan GWO.
v' Ap dung cac phép bién ddi va tim kiém cuc bo trong FSA dé cai thién vi tri ciia céc ca thé
va gia tri ham muc tiéu.
v/ Cap nhat vi tri va téc do cta cic ca thé theo quy tic ctua FSA.
v Tinh toan lai gi4 tri hAm muc tiéu sau khi di chuyén.
e Buoc 4: Tiép tuc 1ap lai giai doan GWO va FSA
V' Lip lai giai doan GWO va FS theo s6 1an lap duoc xac dinh trude dén khi didu kién dimg
duoc dap ung (vi du: s6 lan lap t6i da, gia tri ham muyc tiéu dat mot ngudng xac dinh).
v' Trong mdi lan lap lai, 4p dung GWO dé kham phé toan cuc va FSA dé diéu chinh két qua.
e Budc 5: Panh gia va chon giai phap ti wu
v/ Tinh toan gi4 tri ham muc tiéu cho tat ca cac cé thé trong quan thé sau khi hoan thanh
tat ca cac lan lap.
v' So sanh va lya chon giai phap t6t nhat dya trén gia tri ham muyc tiéu.
e Budc 6: Két thuc qua trinh t6i vu hoa
v Traveé gidi phap ti wu duoc chon va gia tri ham muc tiéu tuong ung.
V' Két thiic qua trinh t6i wu hoa.
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5. KET QUA THUC NGHIEM

Trong bai béo nay, tit ca cac két qua kiém chimg dugc thyc hién trén may tinh ¢6 ciu hinh AMD
Ryzen 5 3550H, 16GB RAM va toc do xir Iy 2.10 GHz, str dung phién ban Python 3.11.2. Chiing t6i
tién hanh danh gia chat lugng cta phuong phap két hop FGWO bang cach so sanh véi cac thuat toan
PSO [10], GOA [11], MFO [12], MPA [13], GWO [7], HHO [14], SSA [15], WOA [16]. Qua trinh
hoi tu va gia tri tdi uu nhéat dugc tim thay cho cac ham thir nghiém dugc mo ta trong Bang 4.

Bang 2. Gia tri khoi tao ban d4u cho thuat toan

population_size 10
pham vi [-2,2]
dimension 3
MP_b (ti 1¢ di cu) 0.1

Bang 2 mo ta cac tham s6 diéu khién cua thudt toan GWO va FSA. Vi céc thuat toan trong
thyc nghiém déu 1a thuat toan tdi wu ngau nhién, thuat toan duoc lip lai nhiéu 14n dé thu thap théng ké
céc gia tri tim kiém ctia céc tri toi wu nhat va gia tri trung binh. Cac ham F, sir dung trong thuc nghiém
dugc ldy tir Bang 1. Dit lidu dau vao ctia cac c4 thé trong quan thé 1a cc gia tri ngiu nhién trong khoang
[-2, 2] theo quy u6c pham vi ctia cac ham s6 nay.

) Diéu nay giup dam bao tinh chinh x4c va dang tin cdy cua cac két qua thu duoc tir phuwong phap
két hop FGWO.

Bdng 3. Théng ké trung binh két qua thu dwoc ciia cac thuét toan

F1 F2 F3 F4
PSO 8,64E-22 9,46E-36 4,86E-11 6,50E-08
GOA 1,03E-06 4,37E-02 8,96E-01 4,41E-03
MFO 6,34E-16 8,92E-12 3,76E+01 8,51E-02
MPA 9,44E-41 2,32E-21 4,90E-24 1,42E-17
GWO 1,33E-41 7,10E-25 5,19E-18 4,13E-12
HHO 6,61E-86 7,79E-48 7,55E-28 8,89E-38
SSA 1,58E-05 9,22E-06 8,86E-06 5,05E-04
WOA 2,76E-48 9,54E-36 2,67E+01 5,80E-02

FGWO 4,81E-281 3,14E-142 7,84E-251 1,39E-142

Béng 4. Thong ké két qua t5t nhat thu dugc ctia céc thudt toan

F1 F2 F3 F4
PSO 3,86E-29 9,18E-38 4,42E-14 7,82E-09
GOA 3,99E-08 9,95E-03 7,29E-02 8,50E-04
MFO 4,85E-19 3,72E-15 2,70E+01 7,31E-02
MPA 1,27E-42 3,74E-23 2,37E-25 7,37E-18
GWO 2,94E-42 491E-27 5,30E-20 7,77E-13
HHO 7,93E-87 7,19E-49 6,85E-31 5,72E-39
SSA 4,39E-08 9,47E-07 6,55E-09 6,34E-06
WOA 8,76E-52 3,82E-38 5,83E+00 8,43E-03

FGWO 2,29E-291 1,98E-149 1,64E-260 3,64E-144
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F1 F2

10741

1060

-
a
=2
c

— FGWO

Fitness

10-156 - PSO 10779 PSO
— GOA — GOA
10-191 { — MFO 10794 — MFO
— MPA — MPA
10-22%6 { —— GWO 10717 4 — GWo
HHO HHO
107261 { — SSA 10713 { — SSA
WOA woA
1 50 100 200 300 400 500 1 50 100 200 300 400 500
Iteration Iteration
Hinh 9. Bi€u d6 thong ké két qua thu dugc cua Hinh 10. Biéu do6 thong ké ket qua thu & ham
cac thuat toan & ham muc tiéu F1 muc tiéu F2
F3 F4
10-8 %\ 102
10740 10-3
10772 107%
10-104 | . 10 59
@ 2
@ — FGWO 4
i£ 107136 4 PSO £ 10778
— GOA
107168 { — MFO 10774
— MPA
10720 4 — GWO 107116 4
HHO
1072324 — SSA 10723 o
WOA
1 50 100 200 300 400 500 1 50 100 200 300 a00 500
Iteration Iteration
Hinh 11. Biéu d6 thong ké két qua thu & ham muc Hinh 12: Bi€u d6 thong ké két qua thu ¢ ham muc
tiéu F3 tiéu F4

Qua viéc so sanh v&i cac thuat toan toi wu khac nhu PSO, GOA, MFO, MPA, GWO, HHO, SSA,
WOA ¢ Hinh 9, Hinh 10, Hinh 11 va Hinh 12 phuong phap FGWO d3a dat duoc qua trinh hoi tu tdt hon
va tim duoc gia tri t8i wu nhét cho cac ham tht nghiém. Dya trén cac dd thi, dbi véi cac 4 ham, bat dau
khoang vong 1ap thir 200 1a c6 sy hdi tu nhanh 13 rét hon cac ham khéc. Ngoai ra, cho dén vong lap thu
500 nhu trong cac thyc nghiém, FGWO cho Kkét qua vugt troi hon han cac ham khac, thuat toan nay da
tim duoc két qua tiém can nhat véi cuc tiéu toan cuc (~0) clia cac ham thir nghiém. Diéu nay cho thiy
kha nang cua FGWO trong tim kiém va khai thac khong gian tim kiém mot cch hiéu qua, dong thoi
cung cap két qua tdi wru cao hon so vé6i cac phuong phap khac. Thuc nghiém ciing da xac nhan rang viéc
két hop sy hoi tu nhanh cua thuat toan Grey Wolf Optimizer (GWO) va kha nang tim kiém cuc bo manh
mé ctia Flamingo Search (FSA) mang lai loi ich dang ké. Quy trinh t&i wu hoa hai giai doan cia
phuong phap FGWO gitp tan dung sy manh mé cua ca hai thuét toan, bu trir nhugc diém va tao ra
qué trinh tim kiém manh mg& va linh hoat.

Két qua t6t cua phuong phap FGWO ciing dugc chimg minh thong qua viéc thuc nghiém 1p lai

quy trinh nhiéu 1an. Céc gi4 tri tim kiém cua cac tri t6i uu nhat va gia tri trung binh di cung cép su
tin cdy va chinh xac cho phuong phap FGWO.

6. KET LUAN
Mic du phuong phép t6i uu héa FGWO da ching minh sirc manh cua minh trong viéc t6i uru hoa
khong gian tim kiém, nhung ciing can nhan manh rang né van con nhugc diém nhat dinh. Mgt trong

nhitng han ché d4ng luu ¥ 12 hiéu sudt cia FGWO chwa dugc chimg minh dbi véi cac ham tudn hoan,
noi ma su phuc tap cua bai toan thuong lam giam hi¢u suat cua thuat toan.
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Tuy nhién, diéu nay khong 1am giam di gié tri cua phuong phép nady. Sy két hop gitra su hoi tu
nhanh cia GWO va kha nang tim kiém cuc bd manh m& cia FSA van 1a mot diém manh dang ké.
Dic biét, trong cac bai toan khong gian tim kiém phtc tap, FGWO di chtng t6 kha ning t6i wu hoa
hiéu qua va dang ké.

Pé tan dung t6i da tiém ning cia FGWO, nghién ctru tiép theo c¢6 thé tp trung vao ap dung phuong
phép nay vao cac bai toan thyc té. Cu thé, viéc ap dung FGWO cho cac bai toan nhu 1ap lich, tim duong,
hodc cac bai toan ti uu hoa thyc té khac c6 thé mang lai nhiing tién by déang ké va img dung rong rii trong
thuc té. Béng cach nay, FGWO khong chi 1a mt cong cy manh mé trong nghién ctru khoa hoc ma con cé
tiém ning dé giai quyét cac van dé thyc tién dang ton tai trong cac linh vy khac nhau.
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ABSTRACT

HYBRID METAHEURISTIC OPTIMIZATION: COMBINING GREY WOLF
OPTIMIZATION WITH FLAMINGO SEARCH ALGORITHM

Dinh Nguyen Trong Nghia, Nguyen Thi Thu Tam*
Ho Chi Minh City University of Industry and Trade
*Email: tamntt@huit.edu.vn

This paper introduces a novel and innovative optimization method by combining two powerful
metaheuristic algorithms: the Flamingo Search Algorithm (FSA) and the Grey Wolf Optimization
(GWO) algorithm. FSA draws inspiration from the migration and foraging behavior of flamingos, while
GWO simulates the hunting mechanism of grey wolves. The proposed hybrid algorithm, named FGWO,
leverages the strengths of both FSA and GWO, capitalizing on their exploration and exploitation
capabilities, convergence speed, and global search abilities. FGWO utilizes GWO for global solution
search and subsequently employs FSA to enhance solution quality. The performance of FGWO is
evaluated on a set of benchmark functions and compared against other state-of-the-art algorithms. Our
experimental results demonstrate that FGWO outperforms other algorithms in terms of solution quality,
stability, and efficiency. This novel hybrid algorithm contributes to the advancement of optimization
methods, offering a fresh perspective on integrating diverse metaheuristic algorithms to achieve superior
performance.

Keywords: Optimization Algorithm, Metaheuristic algorithm, Grey Wolf Optimizer, Flamingo Search
Algorithm, Hybrid Optimization Algorithm.
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