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Abstract: This article introduces the use of Matlab to teach optimization algorithms based on swarm
search (Particle Swarm Optimization - PSO). The content of the article presents the PSO algorithm as
well as the algorithm flowchart and pseudocode. The article also presents the use of the Matlab program
to teach the PSO algorithm, introduces the PSO optimization functions in Mtalab as well as the steps to

program the PSO algorithm.
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1. Pit vin dé

Matlab la mot ph?m mém manh mé@ thuong duogc
sir dung trong nhiéu linh vyc, bao gdm ca giang day
va nghién ciru thudt toan. Viéc st dung phan mém
nay da trd nén rat phd bién voi gidi khoa hoc trong
va ngoai nudc, cac Kkét qua dugc tinh toan va tao ra
bé’lng Matlab c¢6 d6 chinh xac cao va duogc biéu dién
rat tryc quan sinh dong. Str dung thanh thao Matlab
trong giang day va hoc tp mang lai rat nhiéu loi ich
cho gido vién, hoc vién va cac nha nghién ctru khoa
hoc. Giai thuat PSO (Particle Swarm Optimization)
12 mot thuat toan tdi uu hoa kha phtc tap, viéc giang
day giai thuat nay s& tré' nén dé dang va hiéu qua hon
rat nhidu khi sir dung cong cu Matlab. Bai bao trinh
bay vé viéc tmg dung Optimization Toolbox trong
phan mém Matlab vao viéc giang day giai thuat tdi
uu hoa PSO véi cac ndi dung chinh nhu sau:

+ Gi6i thiu vé thuat toan tdi wu hoa PSO.

+ Luu db thuat toan va gia ma cia thuat toan PSO

+ Lap trinh thudt toan PSO trong Matlab
2. N§i dung nghién ctru
2.1. Thudt toan PSO

PSO 1a mot giai thuét t&i wu hoa ngdu nhién co
mirc d6 phd bién cao chi sau giai thuat di truyén trong
viéc giai cac bai toan tim kiém ngdu nhién c6 do phirc
tap 16n theo di li€u cua Scopus nhu trong hinh vé 1.
Thuat toan dugc tac gia Eberhart va Dr.Kennedy [1],
mo phong theo hanh vi ctia cac bay chim hay cac dan
c4 trong qua trinh di chuyén tim thic an.

Thuat toan PSO to ra ¢6 hi¢u qua cao trong nhiéu
bai toan t6i wu hoa da chidu phirc tap. Thuit toan nay
duogc ap dung rong rai dé giai cac bai toan tdi wu hoa
ngudng va quy luat hop nhit trong mang cam bién
phan tan, tim dudng di cho r6 bdt nhidu chiéu trong
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Hinh 2.1. Dir liéu ciia Scopus vé sé tdi liéu nghién ciru
giai thudt thong minh nam 2019

moi truong tinh hoac dong, quy hoach xay dung hay
ap dung vao hé théng goi y...vv. Pén nay di co rat
nhiéu cac bién thé cia thuat toan PSO bang viéc két
hop véi cac giai thuat dua trén tri tu¢ nhan tao khac.
Tuy nhién trong gidi thuat PSO nguyén thity, mdi
c4 thé trong bay dan s& thay doi vi tri bang cach di
chuyén dén nhiéu vi tri khac nhau trong khong gian
tim kiém cho dén khi tim duoc vi tri tot nhat. Dé 1o
hon hiy xem xét mot vi du: gia sir c6 mot bay chim
dang tim kiém thirc an trong mot ving nao d6 va tat
ca cac con chim déu khong biét thirc an ¢ dau. Tuy
nhién, chiing biét 1 thirc an cach xa bao nhiéu sau
mdi lan bay di bay lai va trao doi thong tin (ddy 1a
qua trinh 1ap). Vay cach t6t nhat dé tim duogc thic dn
la gi? cau tra 101 don gian d6 1a: bay theo sau nhiing
con chim & gan chd thire dn nhit. PSO phong theo
kich ban nay va sir dung né dé giai cac bai toan tdi
wu. Trong PSO, mdi mot ca thé (particle) c6 mot gia
tri thich nghi (fitness value), duoc danh gia bang ham
do do thich nghi (fitness function) va mot van tdc

Journal homepage: www.tapchithietbigiaoduc.vn




(velocity) dé dinh hudng viéc bay dé tim kiém thirc
an ctia nd. Cac ca thé nay s& duyét khong gian 10i giai
ctia bai toan bai toan bang cach theo sau cac ca thé
khac c6 diéu kién tt nhat hién thoi.

Thuat toan PSO dau tién s& khéi tao mot nhom
béng viéc cap nhat cac ca thé (1an lp). Trong mdi thé
hé, mdi ca thé duge cap nhat boi hai gia tri: gia tri thu
nhat, goi 1a P, - 1a nghiém t6t nht dat dugc cho toi
thoi diém hién tai - hay 1a gia tri phu hop cuia ca thé
t6t nhat trong lan tim kiém hién thoi. Gi tri thi hai,
gQﬂi la G, , - 1a nghiém tot nhét omé c4 thé 1an can ca
thé nay dat duoc cho téi thoi diém hién tai hay chinh
1a gi4 tri pht hop nhit cua cé thé t6t nhat trong tit ca
cac ca thé tir trude dén nay. Noi cach khac, mdi ca
thé trong quén thé cap nhat vi tri cia n6 theo vi tri tdt
nhét ciia n6 va cia ca thé trong quan thé tinh toi thoi
diém hién tai. Qua trinh cap nhat cac ca thé dua trén

Journal of educational equipment: Education management, Volume 1, Issue 304 (January 2023)

ISSN 1859 - 0810

hai cong thirc sau:

vED = wy® + ¢ * rand () * (P,
k+1 k k+1
() = X0 gy (eD

i,m

x4 *rand()* (G, =)

O day: n 1a s6 ca thé trong bay dan

d: kich thudc quan thé

k: s6 lan lap lai
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w: hé s6 trong luong quan tinh

c,vac,: hé s6 gia} toc
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st
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2.2. Luu db thudt todn va gia ma cho giai thudt
PSO

Bat dau

Khéi tao:
- Kich thudc quan thé n
- Trong s6 quan tinh w
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Khdi tao cac ca thé vdi vi triva
van téc ngau nhién

v

Tim ham thich nghi
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Cap nhat van téc, vi tri, Pbest va
Gbest ctia cac phan tir
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Hinh 2.2. Luu do thudt toan PSO

Gia ma cho thuat toan PSO duoc cho nhu sau:

For each Phan_tur .
Khoi tao Phan_tu
End for
Do
For each Phan_tir
Tinh Fitness Value
If Fitness Value <P, Then
P = Fitness Value
End If
End For
If Pbest <G

best

EndIf
For each Phan_tr
Tinh Van_toc theo cong thirc (1)
Cap nhat vi tri theo cong thuc (2)
End For
While (chua dat dén s6 lan 1ap xéac dinh)

Then

best
best

Ham muc tiéu

0 -0 5

Qua trinh tim kiém

Hinh 2.3.Thudt toan PSO s dung Matlab
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2.3. Lap trinh thudt toan PSO voi Matlab

Viée 1ap trinh cho giai thuat PSO trong cac ngoén
ngit 1ap trinh may tinh nhu C hay Python mat rat
nhiéu thoi gian va kha phirc tap dan dén khé ap
dung giai thuat nay mot cach nhanh chong cho cac
tmg dung khoa hoc khac. DPé khic phuc diéu nay
Matlab cung cip mét sb ham cho thuat toan PSO
trong Optimization Toolbox nhu: particleswarm, hay
InitialSwarmMatrix,...vv dé giai quyét nhanh chong
cac bai toan ma khong can phai viét chwong trinh dai
dong ngoai viéc thiét 1ap cac rang budc va xay dung
ham myc tiéu [3] Chung ta con c6 thé sir dung mot
s6 ham tich hop sdn nhu rand(), plot(), hodc scatter()
dé hién thi va theo ddi sy di chuyén cua cac ca thé
trong khong gian tim kiém. Kha ning vé d6 thi phong
phu cua Matlab cling gitp chiing ta theo doi va hlen
thi truc quan sinh dong sy phat trlen ctia qua trinh t6i
wu. Trong viée giang day, néu mudn mé rong, co thé
thr nghiém PSO trén cac ham muc tiéu phuc tap hon,
diéu chinh cac tham sb PSO, va so sanh hiéu suét véi
cac thudt toan t6i uu hoa khac. Ciing c6 thé thém cac
chu giai va giai thich vao code dé giup nguoi hoc
hiéu 3 thuat toan va cach no hoat dong.

Sau day la cac budc lap trinh dung ham
particleswarm su dung thuat toan PSO trong Matlab:

- function [best position, best value] =
PSO(num_particles, num_dimensions, max_
iterations)

- % Khdi tao cdc particle ngau nhién

particles = rand(num_particles, num_
dimensions);

- % Khéi tao van téc nngu nhién

velocities =  rand(num_particles, num_
dimensions);

- % Khoi tao vi tri va gia tri (6t nhdt
best position = rand(1, num_dimensions);
best_value = inf;
- % Thuc hién PSO
for iteration = 1:max_iterations
% Cdp nhat vi tri va van toc
% ... (su dung cac cong thuc PSO)
- % Danh gid gid tri tot nhat
% ... (su dung ham muc tiéu)
- % Hién thi qud trinh t6i vu
scatter3(particles(:,1),
particles(:,3), “filled’);
hold on;
plot3(best position(1), best position(2), best
position(3), ‘rx’, ‘MarkerSize’, 10);
hold off;

particles(:,2),
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drawnow;

end
end

Sau day la mot vi du vé cach sir dung ham tdi wu
hoa particleswarm trong Matlab khi t6i uu hoa mot
ham s6 De Jong’s bac 5. Pay 1a mot ham sb thuong
duoc su dung trong viéc thir nghiém cac thuat toan
td1 wu hoa. Ham s6 De Jong’s bac 5 ¢o dang nhu sau:

=25 (3)

Ham s6 De Jong thuong duoc st dung dé kiém
tra hiéu sudt cta cac thuat toan tdi uu héa va thuat
toan tim kiém trong khong gian da chiéu, vi n6 don
gian va co thé tao ra cac dinh va canh t6t dé kiém tra
tinh toan ven va kha nang
kham pha cua thuat toan.
Trong d6 x=(x1 ,x2,....xn
) 1a vector dau vao c6n =
chiéu. Pay 1a mot ham
s6 don gian, chi tinh tong
binh phuong céc thanh
phan cia vector dau vao.
Chuong trinh dugc cho
don gian nhu sau:

fun = @dejong5fen;

nvars = 5;

rng default

Ib =[-50;-50];

ub = -Ib;
options = optimoptions(‘particleswarm','SwarmSize',100);
[x,fval,exitflag]=particleswarm(fun,nvars,lb,ub,options)
3. Két luin

Bai bao da trinh bay vé thuat toan t6i vu hoa PSO
duoc sur dung rong rai trong nhiéu linh vuc va viéc
sir dung phan mém Matlab dé giang day va mo ta
thuat toan. Viéc giang day PSO bang Matlab mang
lai nhiéu lgi ich, khong chi 1a v& viéc gi6i thiéu cong
thirc va ma 1énh ctia chuong trinh ma con 1a viéc gitp
sinh vién hiéu rd nguyén 1y hoat dong va cach ap
dung thuat toan trong cac bai toan thuc té.
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