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Tém tit

Nghién ciru ndy nham giéi thiéu va danh gia hiéu
qua tinh todn t6i wu bai todn khung gian thép
khéng gian ciia thudt todn mé phong néi tiéng la
thudt toan dom dom (Firefly Algorithm - FA),
thudt toan PSO (Particle Swarm Optimisation) va
thudt toan lai tao giita PSO va FA, dwoc ky hiéu
la HFPSO. Viéc lai tao gitka hai thudt todn nham
khai thac dwoc sircc manh wu thé cua ca hai thudt
todn va giam thiéu dwoe nhwoc diém ciia ching tir
do tao ra thudt toan maoi véi sicc manh tinh todn
viegt trgi hon. Cdc thudt toan dwoc gidi  thiéu
trong nghién ciru ndy sé truée hét dwoc trién khai
tinh toan voi mot $6 cac bai toan mau
(mathematical benchmark) néi tiéng nham muc
dich kiém chudn va déanh gia hiéu qua tinh todn
cua cdc thudt toan. Va sau cung cdc thudt toan sé
duge tng dung dé toi wu héa trong lwong ciia két
cau gian thép nham déanh gid va so sanh hiéu qua
cua cdc thudt toan.

Tir khéa: T6i wu héa, khung gian thép, thudt todn
lai, thudt toan dom dom, thuat toan PSO.
Abstract

The purpose of this research is to present and
compare the performance of well-known natural-
inspired algorithms for solving 3D steel truss
optimisations, including the Firefly Algorithm
(FA), the Particle Swarm Optimisation (PSO), and
the hybrid algorithm of PSO and FA, as HFPSO.
Developing a new algorithm by combining two

computational efficiency while avoiding their
drawbacks. To test and assess the computing
efficiency of the methods presented in this work,
they will first be applied to a large set of well-
known  mathematical benchmark problems.

Finally, the algorithms will be applied to optimise

the 3D steel truss structure’s weight to provide the

others aims to improve the original algorithms’

final evaluation and comparison of their
performance.

Keywords: Optimisation, 3D steel truss, hybrid
algorithm, firefly algorithm, PSO.

1. Mé dau

Trén 40 1a con sb thong ké cua Iztok Fister Jr. va
cong su vé sd luong cac thuat toan léy cam hing tir tu
nhién dugc phat trién va gidi thiéu cho dén nam 2013
[1]. Nhitng nam gan day su phat trién d6 con tro 1én
nhanh chong va manh mé hon véi hang tram cac thuat
toan m&i, cac phién ban cai tién va cac phién ban lai...,
v6i nhimg strc manh tinh toan ngay cang manh hon dé
phuc vu cho cac van dé k¥ thuat ngay cang phirc tap
va da dang hon. Muc tiéu cai tién va phat trién cac
phién ban méi cta cac thuat toan nham gia tang hiéu
qua tinh toan cta cac thuat toan tir d6 cho phép tim
kiém cac két qua cuia cac bai toan t6i wu trong thuc té
mot cach chinh xac va nhanh chéng hon.

Dbi v6i cac thuat toan ldy cam hing tir tu nhién,
co ban ¢6 thé phén chia 1am ba nhém dwa trén nguyén
tic sao chép cac hién twong tinh chat trong tw nhiém,
gom: (1) nhom cac thuét toan duya trén quy luat va tap
quan ctia cic nhom quéan thé sinh hoc goi tit 1a bay
dan, vi dy: thuat toan bay dan (PSO) [2], thuat toan
dan kién (Ant Colony Optimisaiton - ACO) [3], va
thut toan biy doi (Bat Algorithm - BA) [4]....; (2)
nhom céac thuat todn dya trén cac quy luit tién hoa,
nhu: thudt toan gen di truyén (Genetic Algorithm -
GA) [5], thuat toan chién lugc tién hoa (Evolution
Strategy - ES) [6] va thuét toan 1ap trinh gen di truyén
(Genetic Programming - GP) [7],...; va (3) nhém mo
phéng quy luat hién tugng vat Iy, nhu: thudt todn trong
lyc (Gravitational Search Algorithm - GSA) [8] va
thuét toan hd den (Black Hole - BH) [9]..... [10]. Bén
canh cac nhom thuat toan géc néu trén, hién nay cé xu
hudng nghién ctru nhdm lai tao cac thuét toan véi nhau
tan dyng cac diém manh va giam thiéu céc nhuoc
diém cua thuat toan gdc. Va két qua 1a gitip gia ting
hiéu qué vé thoi gian tinh toan va/hodc 1a chit lwong
ctia cac phién ban lai [11]. Cach thirc lai tao c6 thé
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thuc hién mot cach linh hoat bang cach két hop cac
thudt toan gilra cac nhom véi nhau hodc gitra cac thuét
toan trong cung mdt nhém.

Trong bai bao nay, hai thuat toan noi tiéng 1a thuat
toan FA va PSO s€ dugc nghién ctu cung voi mét
phién ban lai giita ching. Pbi v6i phién ban lai, ky
vong réng kha nang héi tu nhanh cua thuét toan PSO
[2] két hop v6i sirc manh tim kiém cia thuat toan dom
dom (FA) [12] s& duoc két hop [13]. Strc manh cua
céc thuat toan duoc dé xuat nghién ctru trong bai bao
nay sé& trude hét duoc kiém chuén théng qua cac bai
toan mau va sau d6 s& duoc ap dung dé thuc hién tinh
toan t6i wu hoa khéi lwong cho bai toan gian thép
khong gian.

Céu tric cua bai bao, gdm: Phan 2 gi¢i thiéu thuat
toan PSO. Phin 3 gi61i thi€u thuat toan dom dom. Phin
4 gi6i thidu phién ban thuat toan lai. Phan 5 va 6 cac bai
toan mau s dung dugc sir dung dé kiém chuén cac
thuat toan. Va phan 7 cung cép cac danh gi va phan
tich cho cac két qua ap dung cua thuét toan trong t6i uu
khéi lugng khung gian thép khong gian. Va cudi cing,
céc két luan va dé xuét dugc dua ra trong Phén 8.

2. CAu tric thuét toan PSO

PSO 1a mét ki thuét toi uu hoa dua trén tap tinh sinh
song va thoi quen san moi cia mot quan thé sinh hoc, nhu:
cac loai chim va ca. Thuat toan nay dugc d& xuét boi nha
tam 1y hoc xa hoi nguoi My James Kennedy va ky su
Russell C. Eberhart [2] vao nim 1995, xem Hinh 1. V&
mat toan hoc, vi tri X; va vén tde V; clatimg ca thé khi
thuc hién tim kiém sin mdi nhu sau:

Vit + 1) = wV;(t) + c1ry (Pbest(t) — X (1))
+ comy (Ghesty(t) — X (1))

(1)
Xit+ D) =X@®)+Vi(t+1) (2)

Trong d6, c;, ¢, la cac gia sb; r;,r, 1a cac sd
ngiu nhién trong khoang [0, 1]; w 14 trong s diéu
khién van tdc tim kiém cua cac ca thé - duge dé xuit
trong [14]; i 1a chi s6 cua ca thé thu i trong dan; ¢ 1a
vong lap tinh toan th t; Pbest la gia tri ham muc
tiéu tot nhat dat dwoc cua timg cac thé trong by &
vong tinh toan thirt; Ghest 14 gia tri tot nhat cia ham
dang cua ca dan ¢ vong tinh toan thu t.

Theo nhu (1) va (2), chiing ta thay rang PSO c6 co
ché dac biét trong viéc sy dung va trao déi thong tin
giita cac cé thé trong bay phuc vu cho qua trinh tim
kiém (dya trén thong tin vé Pbest va Gbest) diéu nay
gitip PSO c6 thé giai quyét cac van dé khac nhau véi
hiéu suét tot va chi phi tinh toan thap [15]. Dy chinh
12 mot wu thé, mot cach thirc tiép can gian hoa viéc xur
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1y todn hoc nhim ting cudong kha ning tinh toan t6i
wu. Didu nay giup PSO tré thanh mot trong s cac
thuat toan duoc ua thich nhit do can it chi phi tinh
toan va dé& thuc hién.

Bét ddu

Ehdi tao vi v X; va vén técV; eda cde ed thé
thie 1 trong by

Tinh toan gia tri ham muyc tiéu teong tmg voi
cdc ca thé khot tao

Cép nhét gid tri hém muc tiéu tot
nhit cia cd by (Gbest) va gid i tét
nhét ciia timg cé thé trong by No
(Phest)

Cép nhdt vén tée clia timg cd Ihér_ V; theo céng thie (1)
Va edp nhdt vi tri cia timg ca thé X theo cong thire (2)

t=Meax_iteration

Yes

Dimg
Hinh 1. So d6 gidi thudt PSO [2]

3. CAu tric thuit toin FA

Vao dau ndm 2008, thuat toan FA duoc lan dau
gidi thidu boi Xin-She Yang va cho dén nay da co
hang tram 4n pham lién quan dén thuat toan nay [15].
Day 1a mot thuét toan 14y cam hing tir thién nhién bat
ngudn tir tip quan cua loai dom dém trong tu nhién.
Thuét toan ndy mang mot sd wu diém so voi PSO [16],
la: (1) FA khong st dung don nhat gié tri t5i wu toan
cuc gitp ngin ngira viéc mic ket & cc vi tri tdi wu cuc
bo dan téi hoi tu sém va sai; (2) thém nita FA khong
sir dung dic tinh van tdc gitp cho cac van d¢ lién quan
dén bay gia tri cuc bo do sy nhanh va chdm cta van
tc co thé duoc ngan chan [17].

Pom dom sur dung qua trinh phat quang sinh hoc
nhim tao ra 4nh sang nhip nhay véi chic ning dé
canh béo, giao tiép va sin modi [16]. Su di chuyén ctia
ching bi dan dit boi cac ngudn sang xung quanh ctia
cac cé thé khac trong biy va dugc tinh toan nhu sau:

Xt +1) = X0+ Bo e (X0 - X)) +

a€ () ()

Trong d6, B, hé so mirc hap dan cua ngudn sang
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Khdi tao vi tvi Xifi=1,2, __n) va cdc théng sé
dau vde

Tinh todn gia tvi hdm muc tiéu twong img voi

cdc cd thé khéi tao

\

Xép hang céc cé thé dom dom theo gid trj ham
muyc tiéu duoc tinh todn

for i=I:n
for j=I1:n
if i) =X

Yes

Cép nhat vi i cdc ca thé dom dom X, theo
céng thite (3)
Tinh toan cac gid tri hdm muyc tiéu mdi va cdp
nhét gia tri hdm muyc tiéu t6t nhat

t<Max_iteration

No

Dimng

Hinh 2. So d6 gidi thudt FA [15]

tai khoang cach v6i ngudn sang r = 0; a 1a hé sb
ngiu nhién phan phéi trong khoang [0,1]; ¥ 1a hang
s6 hip thu 4nh sang va €;(t) 1a vecto ngdu nhién
dugc phan phéi boi phan phdi Gaussian. So dd giai
thuat cua FA dugc mo ta trong Hinh 2. Khoang cach
giita hai ca thé dom dom dugc tinh boi cong thirc
Euclidean (4):

=X+ Xl = (i -%)° “
4. Thuit toan lai HFPSO

Trong phan nay s& gidi thidu mot phién ban lai cia
hai thuét toan FA va PSO - dugc ky hiéu 1a HFPSO,
xem [13]. Cach thirc lai ndy nham cén bang giira hai
quy trinh thdm do va khai thac cua thuat toan. Vi
phién ban lai nay ky vong rang thuat toan lai s& tan
dung duoc wu diém cua PSO cho quy trinh thim do
do uu diém vé téc d6 hoi tu nhanh va vu diém FA trong
tim kiém muc tiéu cho quy trinh khai thac [13].

Giai thuét cia thuat toan HFPSO dugc trinh bay
trong Hinh 3. Trudc hét, cac tham s6 dau vao dugc st
dung boi ca hai thuat toan PSO va FA duogc khéi tao.
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Khdi tao cdc gid fri ddu véo, nhue:
(C002We Wk ains Koo Vosin Voson P D, Meizc_iter)

1
Khdi tao ngliu nhién 56 lidu vi tri v vén t6e
b ddu eila cdc hat trong trong by

Tink todn cde gid tri hdm muc tiEu va xde dinh
cde gied ] 168 it Proy Vit Gre

Dimh gich sie tién trién ciar gid tri héo
e tifu trong vong idp cudi theo céng
thire ()

] F4 ] PSO
Ap dung cdng thirc (7) (8 Ap dung cing thiee (1) (2]

I

‘ Kim ravi irivé vin e cia cde o thé ‘

t=Mere_iferation

Hinh 3. So d3 gidi thugt HFPSO [13]

Tiép theo, khoi tao gia tri van tdc va vi tri cta cac ca
thé mot cach ngiu nhién trong pham vi tim kiém tir d6
xac dinh cac gia tri ham muc tiéu tdt nhét toan cuc
Gpese VA gid tri ham muc tiéu tot nhat cta timg cac thé
trong bdy Py, Trong cac vong tinh toan ké tiép, néu
6 su cai thién vé gia tri ham muc tiéu theo thi vi tri
hién tai duoc luu trong mot bién tam thoi X itemp va

vi tri va van téc méi duoc tinh theo CT. (7) va (8).

wi—wg

W=Wl-—( )xiter %)

Maxiter
Y xH < GELl
es,f i/ = Ybest

~ (6)
NO: f(Xit) > Glgeslt

o=
X,(t + 1) = X,(£) + By e VXK OChes) 1 ge (7

Vit + 1) = Xt + 1) = X, (8)
Luc nay, néu ca thé c6 gia tri ham muc tiéu tot hon
hoic bang gia tri toan cuc tét nhét trude do thi gia dinh
ring qua trinh qua trinh khai thac bat dau thi cac ca
thé s& duoc tinh theo FA. Nguoc lai, cac ca thé s& duoc
xtr Iy boi PSO. Trong quy trinh tiép theo vé danh gia
gia tri ham muc ti€u va gidi han pham vi dugc thuc
hién d6i vai tat ca cac ca thé. Néu dat dén gidi han lap
t6i da, thuat toan s& dimg va Gpes s& duoc duaralam
két qua cua bai toan.
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Bing 1. Cic ham kiém chuén todn hoc

Ham kiém chuén tosn hoc S6 bién tinh Pham vi Gi tri t0i uu
Sphere fikx) =¥, x? 30 [-100,100]
Schwefel 222 fo(x) = X%, x| + [T %] 30 [-10,10]
Schwefel 1.2 fy(x) = (zﬁ ) 30 [~100,100] 0
Step f2(x) = X~ (Ix; + 0.5])? 30 [-100,100]
QuarticWN fs(x) =X, ix} + random[0,1] 30 [-1.28,1.28]
Rastrigin fe(x) = ?zl[xiz —10cos(2mx;) + 10] 30 [-5.12,5.12]
Griewangk  f;(x) = = Ty xF — [TiLy cos () +1 30 [-600, 600] 0
Six-Hump fo(x) = 4x? — 2.1xF + x5 + x5 —

3 2 [-5,5] -1.0316

Camel-Back

4x2 + 4x2

5. Ham toan hoc kiém chuin

Phén muc nay cta bai bao nham gi6i thidu cac bai
toan kiém chuén duogc lya chon tir tai liéu [18, 19].
Céc bai toan kiém chuén nay dugc sir dung nham danh
gia kha nang hoi ty, mirc d¢ chinh xéac va hi¢u suét
tinh toan cua céc thuét toan. Cac bai toan kiém chuén
dugc Iya chon va gidi thiéu trong nghién ciru nay, gdm
cac ham don tri, da tri [18]. Céc bai toan don tri chi s&
hitu mot nghiém toan cuc va khong c6 nghiém cuc bd
[18] nén thich hop trong viéc kiém tra téc do hoi tu
cua thuét toan. Trong khi d6, cac ham da tri ton tai
nhiéu cuc tri cuc bd thich hop dé danh gia kha nang
tranh va thoat khoi by 10i giai cuc bd (cac diém cuc
tri cuc bo) cia cac thuat toan [18].
6. Kiém chuin cac thuit toin

Trudc hét dé danh gia hidu qua tinh toan cua thuat toan
FA, PSO va phién ban lai HFPSO duogc gidi thi€u trong
bai bao nay, cac thuat toan dugc trién khai dé tim kiém cac
gia tri ti wu cho cac ham kiém chuan. Cac thong s6 dau
vao cua cac thuét toan dugc léy nhu sau, Bang 2:

Bing 2. Cic thong sé diu vio

Thuit toan Théng s6 Gia tri
Sé luong ca s
. = S0 bién tinh
thé
FA Bo 2
y 1
a [0,1]
S6 luong c4 Lo
. = S0 bién tinh
thé
PSO r,nr [0,1]
Cq1,Cp 2
w 0.9
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Két qua bude kiém chuan nay dugc thé hién trong
Hinh 4. Pay la Kkét qua c6 dugc cua ba thuat toan thyc
hién véi cac ham kiém chuén d& xuét trong Béang 1.
S6 luong c4 thé tinh duoc sir dung bang véi sé lugng
bién cua bai toan kiém chuan. Cin cur theo két qua
dugc thé hién trong biéu do cua Hinh 4, c6 thé thiy
réng thuét toan HFPSO da tan dung dugc uu diém
cling nhu khéc phuc dugc nhugce diém cua hai thuat
toan gbc 1a PSO va FA. Thuét toan lai HFPSO da c6
tdc d6 hoi tu nhanh cua PSO va c6 do chinh xac cla
thuat toan FA. Diéu nay duoc thay rd trong két qua
tinh toan dwoc mo ta trong Hinh 4a), von 1a két qua
tinh toan cho ham kiém chuin Sphere (bai toan ham
kiém chuan don tri thich hop dé danh gia hiéu suat vé
tbc d6 hoi tu ciing nhu do chinh x4c ctia phuwong phép
dé xudt). Cy thé, trong két qua nay thuat toan HFPSO
da tién nhanh vao ving hoi tu chi sau khoang 100 chu
trinh tinh gan nhu twong dwong véi PSO. Thém vao
do, két qua cua thuat toan HFPSO hoan toan vuogt qua
PSO va tién t6i két qua chinh x4c ciia ham kiém chuén
cling nhu két qua ciia thuat toan FA.

Dbi vai cac két qua con lai thé hién trong Hinh 4 b-
h), co thé thdy toc do hoi tu cua thuat toan lai HFPSO
khong hoan toan vuot trdi so voi thudt toan PSO.
Nguyén nhan cua viée ndy 1a do cc bai toan kiém
chuén tiép theo khong con 14 cac bai toan don tri ma la
da tri (ton tai cac diém cuec tri dia phuong/ cuc bd) khién
cho thuat toan c6 thé bi bay & cac diém 10i giai cuc bo
nay. Tuy nhién, ¢ thé khang dinh rang thuat toan lai
HFPSO c6 hiéu suit tinh toan 1 twong dwong véi thuat
toan gbc FA va ¢6 xu huéng vuot qua hoan toan PSO.
Minh chimg 5 rang khi quan sat két qua ctia Hinh 4f).
Nhu vay, méc du thuat toan PSO dugc nhén dinh 1a c6
téc d6 hoi tu nhanh nhung khi ap dung véi cac ham
kiém chuan da tri wu thé nay khong duogc 1 rang. Trong
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Hinh 4. So sdnh hi¢u sudt tinh todn ciia cdc thudt todn

khi d0, thuat toan gdc FA cho thdy kha ning hoat dong
rat higu qua ca vé toc do hoi tu va do chinh xéc di véi
céc ham kiém chuén da tri.

Nhu vdy théng qua két qua cua budc kiém chuan
thtr nhat c6 thé nhan dinh réng, thuat toan lai HFPSO
¢6 tan dung duoc uu diém cua hai thuat toan géc, tuy
nhién can luu y ring, didu nay khong c6 nghia thuét
toan lai hoan toan vuot trdi so v&i hai thuat toan FA
va PSO. Chinh vi vay, & budc kiém chuén ké tiép, cac
thuat toan s& dugc trién khai tinh toan v6i 30 1n tinh
ddc 1ap cho mdi bai toan kiém chudn. Va dé thuc hién
viée danh gia, cac chi s théng ké (CSTK) sau duoc
sir dung: (1) Gi4 tri t6t nhit (Best): Gia trj tot nhat ma
tap két qua co duoc; (2) Gia tri t& nhit (Worst): Gi4 tri
kém nhit ma bo két qua thu duogc; (3) Gia tri trung

binh (Mean): La gia tri trung binh cua tap két qua; (4)
D6 léch chudn (Standard deviation): Phan anh sy phan
tan trong mot tap dit liu, con dugce goi la gia tri ky
vong va (5) Gia trj xuit hién thudong xuyén nhat
(Mode): La thong sé cho biét s6 xuit hién phd bién
nhét trong tap dir két qua.

Pay 1a bude kiém chuin dwa trén phuong thirc
thdng ké nhim nghién ctru va danh gia hiéu suét tinh
toan cua cac thudt toan co thyc sy 6n dinh. Budc kiém
chuin nay dugc yéu cau thuc hién 1a boi cac thuat toan
ldy cam himg tir tu nhién lu6n c6 tinh ngiu nhién
trong quy trinh tinh dan dén két qua tinh sau mdi lan
tinh 1a ¢6 thé khac biét tham chi c6 sai 1éch 16n. Mot
thudt toan lay cam himng tir ty nhién duoc coi 1a manh
néu cac CSTK cho thdy sy dong nhat thong qua cac
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két qua cuia 30 1an tinh. Két qua cua budc kiém chuin

L . Bing 3. Két qud kiém chudn thugt tod
nay dugc thé hién trong Bang 3. s 2. Rt qua Mem chuan ugttoan

Can cu theo ket qua trong Bang 3, cho thay thuat )
toan lai HFPSO di mot lan nita minh chimg cho Ji OSTR e Pe0 i
nhitng nhan dinh di d& cap ¢ trén vé hiéu suit cua fi (1) 788910  000E+00"  0.000E+00
phién ban lai nay. Thuét toan c6 hiéu suit tot nhat la &) 1658E-08  3.95E-12  2206E-16
thuét toan FA. Dé tiép tuc phan tich va danh gia cac (3) 5.898E-09 1.32E-13 7.353E-18
thuét toan, bai kiém tra tiép theo ciia nghién ciru nay @) 4.385E-09 791E-13 4.027E-17

1a so sanh chi phi tinh todn vé thoi gian cua céac thuat ©) 7889E-10  000E+00  0.000E+00

toan. Két qua ciia budc danh gia nay duoc thé hién

trong Bang 4. £ @ 3.864E-05  1.952E-63  1.824E-263

Cin ctr theo két qua trong Bang 4, cho thay thoi @) 1752E-04  4336E-03  6.016E-09

gian tinh toan cta thuat toan FA gip rat nhiéu lan so ®) 8.271E-05  1446E-04  2005E-10
v6i hai thuat todn con lai. Ké dén 1a PSO ciing c6 thoi 4 3.339E-05  7.915E-04  1.098E-09
gian tinh toan twong doi 16n so voi thuat toan lai ) 3.864E-05  1.952E-63  1.824E-263
HEFPSO. £, (1)  6374E-01  1952E-63  0.000E+00
7. T6i wu khoi lwgng gian thép ()  1654E+01  4.336E-03  3328E-09

Gian thép dau tién duoc trién khai tinh toan trong (3) 6.951E+00  1.446E-04  1.109E-10
nghién cru nay 1a mot gian phang duoc cau thanh boi ) 4753E+00  7.915E-04  6.076E-10

10 thanh, xem Hinh 5, [19]. D€ tinh toan t6i wu cho 5) 6.374E-01  1952E.63  0.000E+00

khung gian thép, mot phwong trinh muc tiéu 1a ham sé
cua dién tich mat cét ngang cua cac thanh dugc thanh
1ap nhu sau:

fi (1)  0000E+00  0.000E+00  0.000E+00
(2)  0000E+00  5.613E-12  1.558E-16
f0) =X pAL;. 9) (3)  0000E+00  1.871E-13  5.193E-18

Céc thong sb rang budc cho bai toan t6i uu khbi “) 0000E+00 ~ 1025E-12  2.844E-17

luong khung gian phang dugc thiét 1ap nhu sau: (1) (5)  0000E+00  0.000E+00  0.000E+00
{ng sit cho phép ciia mdi thanh, 0,4, 1a £25ksi; (2) fs @) 4937E-03  6.305E-04  1.152E-04
chuyén vi cho phép ctia mdi nit gian, dqy, 12 +2.0in. @) 1935E-02  1901E-02  2813E-03

theo hai phuong x, y; (3) khéi luong riéng, p, va mod
dun dan hoi, E, lan luot 12 0,11b/in.3 va 107psi; (4) tai
trong tac dung tai hai ntt 2 va 4 1a 10kips.

()  1034E-02  2607E-03  6.083E-04
(4)  3875E-03  3661E-03  5.965E-04

Két qua duoc thé hién trong Bang 5, 1a két qua tdt ©) 4937E-03  1066E-03  1420E-04

nhit dugc lya chon sau 30 lan tinh toan doc 1ap cua fo () 2686E+01  2283E+01  3.980E+01
mdi thudt toan, véi s6 luong ca thé tinh 1a 30. Can cir (2)  1094E+02  2.288E+01  3.980E+01
theo két qua, co thé két luan rang gia tri t6i wu tinh (3) 5539E+01  2.288E+01  3.980E+01
toan duoc boi ca ba thuat toan 1a gan nhu khong co su @) 2317E+01  3239E-11  3.613E-14

sai khac mac du gia tri toi wu tot nhat thudc vé thuat ©) 2686E+01  2288E401  3.950E+01

toan FA (5060,91b). Va két qua nay 1a twong dong véi

che két qua ciia cac nghién ctru khac, nhu: 5061,651b fr (@) 3776E-10  3935E-02  0.000E+00

ctia PBA [19], 5060,92 cua HPSO [20], 5060,88 cta @ 7.617E-02  3935E-02  1.110E-16
ABC-AP [21],... Tuy nhién, néu xét trén thdi gian tinh (€)] 9.679E-03  3.935E-02  3.701E-18
toan, thuat toan HFPSO lai c6 thoi gian tinh toan tot () 1564E-02  7.826E-15  2.027E-17
nhét trong ba thuat toan véi chi 2,4s, xem Bang 5. Nhu ) 3.776E-10 3.9356:02  0.000E+00

véy, néu xét ddng thdi vé tinh chinh xac va hidu qua
tinh, thuat toan HFPSO trong trudong hop nay la thut
toan tot nhat.

fo (1)  -1.032E+00 -103E+00  -1.03E+00
()  -2155E-01 -103E+00  -1.03E+00

Va cubi cung, mot gian thép khong gian s& duoc ®) -8.684E-01  -103E+00  -LO3E+00

sir dung dé trién khai tinh toan t6i wu trong nghién ctru 4 3.320E-01  6.77E-16 6.77E-16
nay. Pay 1a mot céu trac gian khong gian gdm 25 (5) -1.032E+00  -1.03E+00  -1.03E+00

thanh, xem Hinh 6 [22]. Tuy nhién, thay vi st dung 25
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bién tinh toan dién tich doc 1ap cho cac thanh, cac
thanh gian duoc phan thanh 8 nhém bién tinh x;
(x4, x5, ..., xg), vOi dién tich cua cac thanh trong cung
nhom la gidng nhau, lan lugt la Aj(Ay, Ay, ..., Ag).
Ham muc ti€u phuc vu tinh toan toi uu cua bai toan 1a
ham cua tong khdi lugng khung gian thép 14 twong tu
nhur bai toan gian phang 10 thanh, nhu sau:

f(x) = X33, pAjL (10)

Toa d6 cua cac nut gian va cac trudng hop tai trong
duoc cho trong Bang 6 va Bang 7.

Bing 5. Két qua t8i wu tiét dién khung gian thép [19]

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

gian phang néu xét trén ca phuong dién chinh xac va
hiéu suét tinh thi phién ban lai HFPSO van la thuat
toan t6t nhat do thoi gian tinh 13 it nhat va két qua
khong ¢6 qua nhiéu sai khac. Tuy nhién, néu so sanh
két qua cua ca ba thuat toan trong nghién ctru nay véi
két qua ctia mot s6 nghién ctru khac nhu két qua cua
ACO 1a 545,531b [23], HPSO 1a 545,19 [20] va TLBO
1a 545,1751Ib [22],..., c6 thé thdy ring mirc d6 tbi wu
ctia ba thuat toan van can duoc cai thién hon nira
(chénh léch 2%). Nguyén nhan ctia két qua nay 1a do,
ba phién ban cua cac thuat toan dugc st dung trong
nghién ctru nay 1a cac phién ban co so chwa c6 nhiéu
su cai tién nhu cac phién ban sau nay.

x; (in?) HFPSO FA PSO Bing 7. Cic té hop tii trong [19]
1 3079 3055 2095 ) P, P, _
2 010 010 010 Taiwong NI i iy 2 WP
3 2290 2320 2371 1 1 1 -10 -10
4 1514 1519 1533 2 0 -10 -10
5 0.10 0.10 0.10 3 05 0 0
6 0.55 0.55 057 6 06 0 0
7 2111 2106 2092 2 1 20 5
8 750 746 7.38 2 -20 S5
9 0.10 010 010 . , . ) )
0 2150 152 2170 Bing 8. Ung suaf ch?‘phep trong cdc thanh
~ ciia gian [19]
Khéiluong (IbY) 50611 50609 50618 S _
Thoigiantish(s)  2.385 46643 4,644 Nhém  Phintr Ung@nén Ung sudthéo
Bdng 6. Toa dj nut gian [19] ) L
- Lt X4 1 35.092 35
Al d 4 z X 25 11590 35
! 375 0 200 %3 69 17305 5
2 375 0 200 X 1011 35092 5
3 375 375 100 %s 1213 35092 5
4 375 315 100 X 14-17 6.7590 35
5 375 375 100 Xy 18-21 6.9590 35
6 375 375 100 Xg 22-25 11.082 35
7 -100 100 0
8 100 100 0 Bdng 9. Ket qud toi wu tiét di¢n khung gian thép
9 100 -100 0 x; (in2) HFPSO FA PSO
10 -100 -100 0 1 159 160 158
Khung gian chiu hai truong hop tai trong (xem 2 214 208 220
Bang 7), cac gi6i han tmg suit cho phép ddi véi timg 3 29 298 291
nhém thanh gian néu trong Bang 8 va chuyén vi cho 4 001 001 001
phép cua cac nut 1a 0,35in. theo cac phuong x,y va S 001 001 001
z [22]. Pham vi lya chon tiét dién mat cit ngang cua 6 068 068 0.66
thanh 14 [0,01, 3,40] in.2. 7 158 160 155
Két qua t6i uu trong Bang 9 cho thiy, thuat toan 8 2.70 269 2.74
FA van cung cép két qua tdi wu t6t nhit 1a 557,001b Khéiluong ()~ 557.06 557.00 557.26
méc du su sai 1€ch gitra ba két qua 1a khong dang ké, Thoi gian tinh (s) 6.711 47046 12,008

xem Bang 9. Bén canh do, ciing nhu bai toan tdi wu
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Hinh 5. Gian thép phing [19]

8. Két luan va dé xuat

Nhu vay, nghién ctru nay da trinh bay mot cach chi
tiét cac bai toan phan tich va danh gia vé hiéu suat,
hiéu qua cua ba k¥ thuat tinh toan ti uru 1y cam himg
tor cac hién tugng ty nhién, cu thé 1a thuét toan FA,
PSO va phién ban lai gitra ching HFPSO. Can ctr theo
két qua danh gia c6 thé thay rang thuat toan lai HFPSO
da thyc sy tan dung duoc vu diém cua hai thuat toan
gbc 1a PSO va FA. Tinh chinh x4c cua thuét toan
HFPSO la dam bao tiém céan véi thudt toan FA nhung
tiét kiém duoc thoi gian tinh toan hon rat nhiéu so véi
thudt toan FA. Nghién ctru nay 1a co s¢ trong viéc lya
chon va 4p dung cac thuit toan ldy cam himg tir ty
nhién trong viéc toi uu hoa cac bai toan gian thép.
Lo&i cdm on

Nghién ctru nay duoc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT23-24.76.
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