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Tém tit

Bai bdo nay nham gidi thiéu mét phién ban da
dwoc cdi tién manh hon ciia mét thudt todn mé
phong (metaheuristic) sao chép co ché san moi
bdy dan ciia lodi doi (bat). Pdy la mét phién ban
dwoc cdi tién nham phuc vu cho cdc van dé ky
thudt 16i wu héa va thiét ké t6i wu hdéa véi hiéu suat
cao hon so véi thudt todn bdy doi co s¢ (BA).
Ciing nhuw nhitng thudt toan mé phong khdac, BA
rdt dé trién khai dé gidi quyét nhiéu vin dé véi
tinh linh hoat cao. Tuy nhién, sw thay déi qud
nhanh giita hai qud trinh gom qud trinh khai théac
(explotation) va qua trinh tham do (exploration)
€ ddn dén xdc sudt thanh céng thap trong viéc tim
ra con moéi thuc sw cia bﬁy doi. Do do, ky thuat
cdi tién dwoc giGi thiéu trong nghién cieu nay la
mét cdch thirc tao tiéng vang (loudness) méi nham
diéu chinh mirc di chuyén ngau nhién (random
walk) ciia cdc cd thé trong bay doi mét cach hiéu
quda hon. Pé kiém chirng hiéu qua ciia dé xudt, cdc
bai todn mau (mathematical benchmark) sé dwoc
sur dung. Cudi ciing, BA véi kjf thudt cdi tién tiéng
vang dwoc dp dung dé thuc hién 16i wu héa khéi
leong ciia mot két cau khung gian.

Twr khéa: Thudt togin mé phong, t6i wu héa, khung
gian, thudt todan bay doi.

Abstract

This paper introduces an advanced variant of a
metaheuristic that replicates the bat-hunting
mechanism. The proposed algorithm is applied to
solve the optimisation engineering problems with
superior performance compared to the original
bat algorithm (BA). As with other metaheuristics,
BA is easy to implement in solving many problems
with great flexibility. However, changing too
quickly between the two processes, exploitation
and exploration, could cause low performance in
finding the real prey. Therefore, this study
provides a novel of the loudness function to

control the random walk of bats more efficiently.
The proposed BA is tested to mathematical
benchmarks and then applied to optimise the
weight of the truss structure.

Keywords: Metaheuristic, optimisation, truss
structure, bat algorithm.

1. Mé diu

Nhimng nim gan day da ching kién sy mo rong
mot cach nhanh chong vé sé lugng cac thuat toan lay
cam hung tr tu nhién nham phuc vu cac van dé t6i wu
hoéa. Iztok Fister Jr. va cOng su théng ké duoc hon 40
thudt toan duoc phat trién va gi6i thiéu [1]. Cac thuat
toan nay dua trén viéc sao chép cac hién tuong tu
nhién nhu cac quy ludt sinh hoc hodc vat ly. Chiing
dugc phan loai lam ba nhom chinh: (1) nhom mo
phong quy luat vat Iy, (2) nhom dua trén quy luat tién
hoéa va (3) nhém duya trén quy luat bdy dan [2]. Nhom
tht nhit dua trén cc quy luat vat ly, nhu: Thuat toan
trong luc (GSA) [3], thuat toan hé den (BH) [4] va
thuét toan khong gian cong (CSO) [5],... Nhom thu
hai, sir dung cam hung tir cic quy luét tién hoa tu
nhién, nhu: Cac thuat toan di truyén (GA) [6], thuat
toan tién hoa chién lugc (ES) [7] va thuat toan lap
trinh di truyén (GP) [8],... Nhom cubi cung duya trén
viéc sao chép cac hanh vi xa hoi cta cac hé théng sinh
hoc cua bﬁy dan dong vat, vi du: Thuat toan bﬁy dan
(PSO) [9], thuat toan dan kién (ACO) [10], va thuat
toan béy doi (BA) [11],... Trong d6, BA 1a mot thuét
toan dugc gidi thiéu 1an diu vao nim 2010 béi Xin-
SheYang [11]. N6 dya trén viéc sao chép hanh vi dinh
vi bang tiéng vang cua loai doi. Nhu danh gia cua
chung t6i cho thy, BA ¢6 nhimng loi ich ctia mot siéu
thuat toan (metaheuristic) dwa trén tri tu¢ bay dan.

Thém vao do, BA st dung kha nang phat xung (r)
va tiéng vang (A) nhim ty dong thu phong (auto
zooming) vao noi tim kiém [12]. Viéc thu phong nay
di kém v6i qué trinh chuyén ddi tir hoat dong tham do
sang khai thac cuc bo cuong do cao dé dat dugc két
qué toi wu hoa. N6 1a mot lgi ich bd sung ciia BA so
v6i cac thudt toan khac. Chung 13 chia khoa dé BA ¢6
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thé hoat dong hi€u qua véi sy hoi tu sém hon cac thuat
toan khac [19]. Tuy nhién, thuc t& 1a BA van c6 thé bi
ket lai & hoat dong thim do dan t&i sai sot trong viéc
tim kiém két qua t6i wu toan cuc. Nguyén nhan dan t6i
diéu nay 1a do viéc thuc hién chuyén doi giira hai qua
trinh tham do va khai thac dugc thuc hién qua sém.
Do d6, rat nhidu phuwong phép da dwoc dé xuat dé giai
quyét van dé nay, va hinh thanh mot sé bién thé BA
v6i hiéu sut duge cdi thién tot hon [11]. Vi du, thuat
toan cai tién boi Jamil va cong sy st dung k¥ thuat
Lévy (IBA) [13]. Huang va cong su da gidi thi¢u mot
phién ban cai tién cua thuat toan bay doi bang cach
két hop BA voi phuong phap Latinh truc giao (MBA).
Nakamura va cong su [14] va Mirjalili va cong su [15]
da gidi thiéu mot bién thé cua ky thuat roi rac dugce
goi la thuét toan bﬁy doi nhi phan (BBA). Ban doc ¢6
thé tham khao thém cac bién thé ciia BA cai tién tir rat
nhiéu ngudn tai lidu trén thé gisi.

BA di duoc tmg dung trong hau hét cac van dé tdi
uu héa, xtr Iy hinh anh, phén loai, khai thac dir li¢u,
lya chon tinh néang,... Nhu da khéng dinh, mac du thuc
té 1a BA hiéu qua, nhung van can c6 nhiing cai tién
nham tang hiéu suét cua cua thuét toan [11]. Do do,
nghién ctru nay dé xudt mot cai tién nham tac dong
vao qua trinh tham do va khai thac tir d6 cai thién hi¢u
toan cuc mot cach hiéu qua hon.

Bai bdo c6 ciu triic nhu sau: Phan 2 gidi thiéu
thuat toan BA co so. Phan 3 gi6i thiéu d& xuét trong
kiém soat tiéng vang A. Phan 4 va 5 tién hanh kiém
chuén thuat toan duwge dé xuit voi cac bai toan mau.
Va phan 6 cung cap nhitng két qua ap dung cua thuat

toan trong tim kiém ti uru khdi lwong khung gian thép.

Céc két luan duoc cung cip trong Phan 7.
2. CAu tric thuit toan BA

Doi la loai vat rat phé bién & hau hét moi noi trén
Trai dat va chiing 1a loai dong vét c6 va duy nhét co
thé bay duoc. Trong tu nhién, doi sit dung dinh vi
bang tiéng vang lam phuong tién chinh dé dinh hudng
ban than, mic du khong phai tit ca chung déu bi mu.

Co ché nay ciing hd tro trong viéc phat hién con
mdi va phan biét giita cac loai con trung khac nhau.
Day chinh 12 ngudn cam hing chinh trong viéc thiét
ké va phat trién thuat toan BA véi tinh don gian va
linh hoat cao cua Xin-She Yang vao nam 2010 [16].
Nhu di biét, BA c¢6 kha nang diéu chinh tan s va dinh
vi tiéng vang déap tmg vé6i cac tan sb khac nhau [11].
Chirc nang nay mang lai lgi thé cho BA so véi cac
thuat toan dya trén tri thong minh bﬁy dan khac, nhu
1a PSO, SA va HS [17]. Mot tién bo khac biét khac
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cua BA la kha nang tu dong thu phéng lam cho qua
trinh khai thac tré nén manh hon trong viéc tim kiém
cac o1 giai toan cuc [20]. Ngoai ra, thuat toan BA thuc
hién viéc diéu khién tham s6 dé diéu chinh tdc do phat
xung va tiéng vang cua cic budc lap thay vi sir dung
cac tham sd xac dinh trudc [12]. Day 1a chia khéa gitup
bay doi chuyén dbi tir tham do sang khai thac khi tiép

I3
.....

can g?m 1o giai toi wu. Mot cach téng quat, thuat toan
BA dugc mo ta nhu sau [18].

‘ Generate a bat swarm X;, V; and f; ‘

v

Create Pulse rates r; and the Loudness A;

&>

liYe
Select a solution among the best
solutions randomly and generate a
local solution '\i"
Generate a new solution by flying randomly
‘ Evaluate the fitness of all bats ‘
Rand<A, & Yes
Yes:
) <F(Xoes)
Accept the new solutions and update
riand A;
No
Lb{ Rank the bats and update Xpest ‘

Generate new solutions (updating X,V, and f)

t<Max_iteration

Return the Xpes

Hinh 1. So dé gidi thudt BA

Dau tién, hiy xem xét mot con doi nhén tao trong
BA ¢6 vecto vi tri va vecto van tdc duoc cap nhat
trong sau mdi lan 1ap lai, nhu:

Vit + 1) = (Xi(6) = Xpes)Fi + Vi(©) (1)

X+ =V,t+1+X(t) (2)

trong d6, Xpes 1a 10i giai t6i uu dat duge & lan lap

thir t va F; 1 tin s cua lan tha lap i, duoc diéu
chinh sau mdi chu ky tinh toan nhu sau:

F; = Fpin + (Bnax + Fnin B 3)

trong do, B 1a mot s6 c6 gia tri thay ddi trong pham

vi[0,1].
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Gidi thuit 1: Quy trinh mi giéi thuit ciia BA [15]
Pau vao: Khdi tao béy doi X;(i = 1,2,...,n) va
V;.

Xac dinh tan s6 xung F;

Khoi tao mirc xung 7; va tiéng vang A;

......

Pau ra: Loi giai toi wu X, Va gia tri toi vu
tuong Ung f’(X‘best)- ’

while (t < s6 lan lap t6i da)

Thiét lap 101 giai méi bang cach diéu chinh tan sd,
tbc d6 va vi tri cua cac ca thé doi [ct. (1)-(3)]

if (rand > r;)

Lua chon két qua tot nhét trong cac két qua toi uvu

mot cach ngau nhién

Thiét 1ap két qua cuc bd xung quanh cac két qua tbi
uu da chon

end if

Tao 10i giai méi bang k¥ thuat di chuyén ngiu
nhién

It (rand < A; & f(Xi) < f (Kpest))

Chap nhan 101 giai méi Xj g

Téng r; va giam A;

end if

Xép hang céc ca thé doi va tim gia tri t6i wu
f(Xbest)

end while

Bén canh d6, BA ap dung phuong phép di chuyén
ngiu nhién dé thuc hién quy trinh khai thac nhu sau:

Xnew = €4i(8) + Xoia 4)

Trong d6 & 1a mot s nglu nhién thay ddi trong

pham vi [-1,1], va khi A 16n bay doi sir dung d6 16n

ciia am thanh phat ra dé tham do thay vi khai thac.

Ngoai ra, do tap tinh sdn mdi cta doi, chiing s& ting

0.8
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tan s6 4m thanh siéu 4m va giam do On khi sin dudi
con mdi. Do dé, cac diéu chinh sau dugc thuc hién
cho hai yéu t6 nay:

At +1) = ad(t) (5)

ri(t+1) =[1-e]r;(0) (6)
trong d6 a va y la cac hang s6. Cudi cing, A; tién
t6i 0, trong khi 7; dat dén gia tri cudi cing cua né 1a
7(0). Luu y rang khi cac giai phap méi duoc dua ra,
ca tc do va am luong déu duoc stra ddi dé dam bao
rang nhiing bay doi dang tién dan toi diém tdi wu tot
nhit. Nhu vy, mac do phat xung (r) va tiéng vang
(A) chi phdi sy can bang cia phuong phap nay.

Quy trinh mé giai thuat va luu d6 giai thuat cua
thuat toan BA lan lugt duoc thé hién trong Giai thudt
1 va Hinh 1. Trong truong hop nay, rand 13 mot s6
ngau nhién phan phdi tir 0 dén 1. Ngoai ra, bang cach
didu chinh tdc do phat xung va tiéng vang, BA c6 thé
tu dong chuyén ddi tir cac dong thai tham do sang hoat
dong khai thac tim kiém cuc bd, tap trung vao cac vi
tri tdi wu tiém nang.

3. Di chuyén ngiu nhién

Di chuyén ngiu nhién (random walk) la dic trung
clia cac thuat toan tim kiém t6i wu hién nay. Trong
nghién ctu nay, cac tac gia gidi thi€u mot cach thac
thay thé dé diéu chinh budc di chuyén ngau nhién mot
cach hi¢u qua, nhu sau:

4i(0)
At +1) =45 (7)
Dic biét, phuong trinh (7) dwoc dé xuit cho phép

kiém soat quy trinh chuyén mach manh hon bang cich
tang pham vi A va r.

0.8 ]

] 50 100 150 200
I

(b)

Hinh 2. (a) Ham kiém sodt tiéng vang co bin; (b) Ham kiém sodt tiéng vang dé xuit
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(b) Rastrigin

(d) Schwefel

Hinh 3. Cic ham kiém chuén todn hoc

4. Cac bai toan kiém chuin

Trong phan nay bon ham kiém chuan toan hoc duoc
lyra chon s€ dugc gidi thiu. Cac ham nay duge trién khai
dé danh gia d6 hoi ty, ty 1€ chinh xac, 46 manh meé va hiéu
suét cia cac thuat toan BA dugc cai tién. Cac ham kiém
chuén nay dugc lya chon tir tai liéu Tham khdo [34, 35]:

- Rosenbrock: f;(x) = YA H100(x;, — x2)? +
(x; — 1)?]; pham vi [-100; 100]; cuc tri 0.
fo(x) = Xi, [x? — 10 cos(mx;) +
10]; pham vi [-5; 5]; cuc tri 0;

- Shekel-10:  f3(x) = -3 [(X —a)(X —
a)" +¢;]”"; kich thuée 4; cyc tri tai -10.5363;

-Schwefel: f,(x) = X, —x; sin(y/[x;]); pham vi
[-500, 500]; cuc tri -418.9828% n.

Cac ham toan hoc kiém chuén duoc chon bao g(‘Sm
cac ham don hoic da chidu [15, 19]. Trong d6 cac ham
don chiéu chi s¢ hitu mdt nghiém toan cyc va khéng co
nghiém cuc b [15]. Do d6, chiing thuong hitu ich trong
viée kiém tra tbe d6 hoi tu cia cac thudt toan. Trong khi
d6, cac ham da chiéu ton tai nhiéu nghiém cuyc bg thich
hop dé danh gia kha nang thoat nghiém cuc b cua cac
thudt toan [15].

- Rastrigin:

5. Két qua kiém chuin

Dé tién hanh kiém chuén, két qua giai bai toan s&
dugc thu thap thong qua 30 1an chay doc 1ap véi cac
thong s6 ban dau dugc thiét 1ap nhu sau: Tiéng vang
ban dau 4 =1, toc do xung r =1, tan sb Qf e
[0; 2], hiang s& y = 0.1, s6 ca thé doi trong cac lan
tinh 1a 30 con. Dong thoi, d& danh gia hiéu qua cua
thuat toan duoc dé xuét, nam chi sb théng ké quan
trong duoc st dung, gdbm: (1) Gia tri tot nhat (Best):
Gia tri t6t nhat cua tap Kkét qua; (2) Gia tri t¢ nhét
(Worst): Gia tri kém nhat cua tap két qua; (3) Gia tri
trung binh (Mean): La gia tri trung binh ciia mot tap
dit liéu cho thiy xu huéng huéng tdm cia tap dit liéu;
(4) D6 1éch chuin (Standard deviation): phan anh sy
phan tan trong mot tap dit liéu, con duoc goi la gia tri
ky vong. Do d9, céc thuat toan c6 do léch chuén cang
nho do tin cdy cang cao; va (5) Gia tri xuat hién
thudng xuyén nhat (Mode): La thong s6 cho biét két
qua xuét hién thudng xuyén nhét trong tap dit s lidu.
Noi cach khac, n6 1a gia tri xuit hién thuong xuyén
nhét trong cac két qua tinh cta thuét toan. Néu khong
¢6 s6 nao trong bd dir lidu dugc lap lai thi khong ton
tai chi sb nay.
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Biing 1. Két qué kiém chuzn thugt todn voi céc bai todn miu

Chi sb

fi thong BA dé xuit BA co s¢'
ké

i @ 7.1484E+00 5.7126E+01
2 4.2020E+05 3.1227E+03
©)) 1.6938E+04 6.9615E+02
4 7.6420E+04 8.3896E+02
(5) 7.1484E+00 5.7126E+01

JA ) 1.1939E+01 3.8628E+01
) 8.6561E+01 8.1456E+01
(3) 4.3612E+01 5.7846E+01
(4) 1.9856E+01 1.0319E+01
(5) 1.1939E+01 3.8628E+01

JA -1.0536E+01 -9.1443E+00
) -1.8595E+00 -1.5344E+00
3) -4.5938E+00 -3.9496E+00
(4) 3.3858E+00 2.3305E+00
(5) -1.0536E+01 -9.1443E+00

fi @ -2.2726E+03 -9.7337E+04
) -1.0487E+03 -1.4040E+03
(3) -1.6027E+03 -1.5308E+04
(4) 2.7554E+02 1.9485E+04
(5) -1.7593E+03 -9.7337E+04

Két qua cuia quy trinh kiém chuan thuat toan duoc
thé hién trong Bang 1. Pdng thoi két qua cua thuat
toan con duoc so sanh véi két qua cua thuat toan BA
co s&, xem Bang 1. Két qua cho thidy mic du khong
hoan toan vugt trdi so véi thuat toan co s¢ nhung véi
phuong thirc dé xuat méi da cung cép cac két qua tdi
wu t6t hon. Dya trén két qua kiém chuén nay, bai toan
t6i uu khung gian thép dugc tién hanh ¢ phan tiép theo
cua nghién cuu.

6. T6i wu khéi lwong khung gian thép

Khung gian thép duoc sir dung dé trién khai thuat
toan t6i wru trong nghién ctru nay 1a mot cau tric gian
khong gian gdbm 25 thanh, xem Hinh 4 [20]. Hé 25
thanh cua gian duoc phan thanh 8 nhém
x; (%1, X5, ..., Xg) vOi dién tich mat cit ngang gidng
nhau cho mdi nhém Aj (Ay, Ay, ..., Ag) . Nhu vay,
ham muc tiéu cua bai toan nay la ham cuta tong khoi
luong khung gian thép:

f(x) = X33, pAjL;. (3)

* 11p=0.454kg; 1in=2.54m; 1psi=11p/in>=6.8948kPa

KHOA HQC - CONG NGHE

Toa d6 cua cac nut phan tir cta gian dugc cho
trong Bang 2. Khdi luong riéng cua vét liéu cau tao
khung gian thép 1a p = 0,11b/in® va modun dan hoi
la E = 107psi”. Khung gian chiju hai truong hop tai
trong (xem Bang 3), cic gi6i han mg suat cho phép
dbi voi timg nhom thanh gian néu trong Bang 4 va
chuyén vi cho phép ctia cac nit 1a 0,35in theo cac
phuong x, y va z [20]. Noi luc va cac két qua
chuyén vi ciia khung gian trong nghién ctru nay
dugc tinh toan boi phuwong phéap phan tir hitu han va
cling dugc thyc hién ma hoa giai thuat bang ngén

Bdng 2. Toa dp nut khung gian

NGt x (in) y (in)  z (in)
1 -37.5 0 200
2 375 0 200
3 375 375 100
4 375 375 100
5 375 -37.5 100
6 -37.5 -37.5 100
7 -100 100 0
8 100 100 0
9 100 -100 0
10 -100 -100 0

Bdng 3. Cac tdi trong tdac dung lén gian

Tai . P, P, P,
trong (kip)”  (kip)  (kip)
1 1 1 -10 -10
2 0 -10 -10
3 05 0 0
6 0.6 0 0

2 1 0 20 -5
2 0 -20 -5

Hinh 4. Gian khéng gian 25 thanh [20]
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ngit 1ap trinh trén phdn mém MATLAB. Pham vi lya
chon tiét dién mat ct ngang cua thanh la [0,01,
3,40]in2,

Két qua tinh toan tdi wu bang thuat toan BA cua
nghién ctru nay cho thiy, khéi luong thiét ké téi wu
clia gian thép 1a 545211b, xem Bang 5. Két qua nay
hoan toan tuwong thich so véi két qua cia thuat toan
gen di truyén (GA) véi két qua ddi sanh 1a 545,81b.
Dong thoi cac két qua vé tiét dién t6i uu cua cac thanh
gian ciing twong Ung sat voi két qua ctia thuat GA.

Bing 5. Két qui t6i wu tiét dién khung gian thép

x; PBA (in)  GA (in? [21]
1 0,013 0,010
2 2,007 2,012
3 2,969 2,949
4 0,010 0,010
5 0,010 0,030
6 0,671 0,684
7 1,672 1,680
8 2,687 2,676
Khdi lugng 54521lb  5458Ib

7. Két luan va dé xuit

Nhu vay, bai bao nay da gidi thi¢u thanh cong mot
bién thé cua ky thuat ciia budc di chuyén ngiu nhién
dé tang cudng hiéu qua cua thuét toan BA trong viéc
t6i wu khdi lwong khung gian thép. Bén canh dé, dwa
theo két qua ciia nghién ctru nay chung ta c6 thé ap
dung thuat toan cho cac linh vyc t8i uu hoa khac nhau
cua cac bai toan k¥ thuat.
Lo&i cdm on

Nghién ctru nay duoc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT22-23.75.
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