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Loyde = S5 olal b SLaeS 5 (g5leaig Jlaw 10 4z 50 (Sol5 020,651 o) d5ute (sl (inlal diadisn gl 1)
oLl o s Lo joumme a3 9,8 (535050

(i) = () - p) x (i) + p % A(i,j)

Me(i) = Bx Ani)

© Oogo opl e 50 bl 00,8 eolaxul (1,)) JU K ax 90 STAT(L)) = Q/Lk

u.'l.v :Q o
Kax 90 ;95 Job L @
STRTLS LRI

tprocedure ACO_Metaheuristic
InitializeParameters(a, f, p, Q, m, To)
InitializePheromoneTrails(tg)

while termination condition not met do
fork =) to m do
ConstructSolution(k)
ApplyLocalSearch(k) / sl

UpdateLocalPheromone(k)
end for

UpdateGlobalPheromone()
UpdateBestSolution()
end while

return best_solution
end procedure

procedure ConstructSolution(k)
current _city = SelectlnitialCity()
tabu_list[k] = {current_city}

while not AllCitiesVisited() do
next_city = SelectNextCity(current_city, tabu_list[k])
MoveToCity(k, current_city, next_city)
tabu_list[k].add(next_city)
current_city = next_city
end while
end procedure

procedure SelectNextCity(i, tabu_list)
allowed_cities = {j | j not in tabu_list}

if random(+» V) < qo then // exploitation
return argmax {[1(i.j)]"a % [n(i,))]"B}
else // exploration
for j in allowed_cities do
probability[j] = [t(i,j)]"a x ()] / Z{[t(@,D] o x [n(,D]"B}
end for
return RouletteWheelSelection(probability)
end if
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end procedure

procedure UpdateLocalPheromone(k)
for each edge (i,j) in solution[k] do
(i) = O - &) X wi) + E X 10
end for
end procedure

procedure UpdateGlobalPheromone()
for each edge (i,j) do
(i) = () - p) * (i)
end for

fork =) tomdo
Ly = CalculateTourLength(solution[k])
for each edge (i,j) in solution[k] do
©(1) = (1) + p x (Q/ Ly
end for
end for
end procedure
ACO bz glgl
i )ol ass gl e
baz g0 plod Jawgs (909,8 Sluyj,a @
(EAS) 4 a2 j90 oo Y
4290 Cp S 2 Fiier 25T @
At(i,)) = Zk At(i,j) + e X At_best(i,j) o
: (MMAS) 42 ;90 (ymo— S lo pocmirnn .Y
:Tmin < 1(1,)) ST _MaX ygeg,8 polie Codgae @
S oo Sl yiosd O9es,8 Az 90 (2t haid e
(ASrank) M) )J‘SM 4-”)9-0 W .Y
W oo SAAS) CodS elel ez jse @
)1 Glayiosd )0 67t e e 45, b sloaz jse @
o sl ol
(O Ygane) (19098 il J 55 @
(V-0 Ygare) Sy y5u0 SleMbl 36 J oS B o
(- )=+ 0 Ygane) gagp xS E5 P O
(Lm).er.u slass l).ﬁ‘).g ;Y}QM) Lbb)ﬁ.o slaxs :m °
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Loyle = 5 ol b (SlenS 5 ilotioe Jlawe ;9 42550 (SolS 0,05 LB Sgute sl (ke wiedion gzl )|
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ACO 5951 b3

NP-Hard filee J> SUlgs .\

ol as wlesls las Glalllas .o yls NP-Hard azws 3l eouzn SbaS 5 (o5lwdgy Jlaw J= ;0 oYL Sl ACO o, oS!
ansgn 1) 53 M8 5 Slae (VRP) 4l alss sl yomns 5 (TSP) 5,80 ,50 sty alioms wiile Bloa ;5 22,550
.(Dorigo & Stiitzle, Y+ + £)

($5lye 9 ondae Bosle ¥

O 3l Jis & 00 4z j30 5 390 (siluosly (Silge sl loxs 855 (e Wi 5 Sl (5lge BIS w0
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Vb sy Gaek ookl F
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function [best_tour, best length] = ACO_TSP(distance matrix, n_ants, n_iterations, alpha, beta, rho, q*)

%
%
%
%
%
%
%
%
%

oLl o s Lo joumme a3 9,8 (535050

(TSP) 3,50 90 ouiiig y8 aliwo 5w MATLAB ;3 (ACO) 42 j90 FolS it 551 (5 5lwodly oS

ACO_TSP alivco L;L"’ 4> )90 &}Kﬂ.‘.:)}.f//‘;)[uodb TSP
S8

distance_matrix: lo,p.i o dhols s ilo

n_ants: led>, g0 olies

n_iterations: lo,/,S0 olus

alpha: ;55,5 55

beta: Sy g0 Sledb/ ;g

ThO: (909,58 poiied &0

qO Lg')b/.;o)@_'/dwfm/)/;

%0 adsl 20,lddo
n_cities = size(distance matrix, ));

% aliols p3Sne) Sk 5 AML] dcolons)

heuristic =) ./ (distance_matrix + eye(n_cities)); % 0,5 adls/eye ,io o punis j/ spS ol sl

heuristic(heuristic == Inf) = +;

%0 (3095 sl 00l

initial tour = greedy tour(distance matrix);

initial length = tour length(initial tour, distance matrix);
tau* =n_cities / initial_length;

tau =tau* * ones(n_cities, n_cities);

% ol i
best length = Inf;
best tour =[];

% ;U] sl dzem b

convergence_curve = zeros(n_iterations, );

% oy 5 ol il

for iter = ):n_iterations
% boaz g0 5lo)55 0,33 (sl 41,/
ant_tours = zeros(n_ants, n_cities);
tour_lengths = zeros(n_ants, ));
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70 Sjloco 57 K dz)50 40

for k= ):n_ants
tour = construct _tour(tau, heuristic, alpha, beta, q+, distance matrix);
ant_tours(k, :) = tour;
tour lengths(k) = tour_length(tour, distance matrix);

end

%0 ol ripigr vy iss
[min_length, min_idx] = min(tour_lengths);
if min_length < best length
best_length = min_length;
best tour = ant_tours(min_idx, :);
end

%0 (3098 (oot
tau = update_pheromone(tau, ant_tours, tour lengths, rho, tau*, distance matrix);

% @/)f‘ub Az o /.:..>’J
convergence curve(iter) = best_length;

% by Siules
if mod(iter, +) ==+
fprintf(",|,55 %d: ¥/ = Jsb o xeof\n’, iter, best_length);

end
end

% 2 Ras joged o

figure;

plot(convergence curve, 'LineWidth', ¥);
xlabel('la,|,S5 slass');

ylabel(,s5 Job cn 4e);

title(' v ,65 o), Kar e ACOY);

grid on;

20 e S g0 ol
visualize tour(best tour, distance matrix);
end

function tour = construct_tour(tau, heuristic, alpha, beta, q*, distance_matrix)
%0 dz )50 S Lasd 57 Lo

n_cities = size(distance matrix, );

tour = zeros( Y, n_cities);

%0 Solai g9, pes Sl
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Lojele = S5 olal b Gl 55 3loainr Blas 10 4z j50 (Gol5 0,55 (2,1 S50 sl (el ialige g2l )
.)La] GLCW Lb)..\.o.';u.).ﬁ.mso)é (&P goe
current_city = randi(n_cities);
tour()) = current_city;
visited = false(, n_cities);
visited(current_city) = true;

for step = Y:n_cities
% sdw slo,g i oy OYlois] dloo
probabilities = calculate probabilities(current _city, visited, tau, heuristic, alpha, beta);

%0 (s gl ol
next city = select next city(probabilities, q*, visited);
tour(step) = next_city;
visited(next_city) = true;
current_city = next_city;
end
end

function probabilities = calculate probabilities(current_city, visited, tau, heuristic, alpha, beta)
%jj[?w sloypi 4 oS> OYlai>] dnlzo

n_cities = length(visited);

probabilities = zeros(), n_cities);

denominator = *;
for j= Y:n_cities
if ~visited(j)
probabilities(j) = tau(current_city, j)*alpha * heuristic(current_city, j)"beta;
denominator = denominator + probabilities(j);
end
end

if denominator > *
probabilities = probabilities / denominator;
end
end

function next_city = select_next_city(probabilities, q*, visited)
% Vi ool s s ]
if rand() <=q*
%o s it ] 15 )0 0 0
[~, next_city] = max(probabilities);
else
% Vo] olesl y olar il islezsT

valid_cities = find(~visited);

https://digieco-ai.ir




GEgen sigd g Jhaswd olaidt aclibadgd

if isempty(valid_cities)
next_city = find(~visited, );
else
prob_valid = probabilities(valid_cities);
if sum(prob_valid) == +
next city = valid_cities(randi(length(valid_cities)));
else
prob_valid = prob_valid / sum(prob_valid);
next_city = randsample(valid_cities, ), true, prob_valid);
end
end
end
end

function tau_new = update pheromone(tau, ant_tours, tour lengths, rho, tau+, distance matrix)
%0 pe508 e pile oo js )

n_cities = size(tau, );

n_ants = size(ant_tours, V);

%0 (ygosp8 i
tau new = () - rho) * tau;

%0 az 50 0 Lawgi il o)t
fork=):n_ants

tour = ant_tours(k, :);

delta tau =" / tour_lengths(k);

fori=Y:n_cities-)
city i=tour(i);
city j=tour(i+));
tau _new(city i, city j)=tau new(city i, city j)+ delta_tau;
tau_new(city j, city i) =tau new(city j, city i)+ delta_tau;
end

% sl s 4 i

city i=tour(end);

city j = tour();

tau_new(city i, city j)=tau new(city i, city j) + delta_tau;

tau_new(city j, city i) =tau new(city j, city i) + delta_tau;
end

% syl e = o eFD p0s 8 ST 5 Jilis Jlas)

tau_min = tau* * «,+V;

tau max =tau* * ) +;

tau_new = max(tau_min, min(tau_max, tau new));
end

https://digieco-ai.ir



ISSN: V+1AYY Yo https://digieco-ai.ir

Lojele = S5 olal b Gl 55 3loainr Blas 10 4z j50 (Gol5 0,55 (2,1 S50 sl (el ialige g2l )
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function length = tour _length(tour, distance matrix)
%0 157 b dslns
n_cities = length(tour);
length = +;

fori=V:n_cities-)
length = length + distance matrix(tour(i), tour(i+"));
end

% gl s o Sy o 53,5 a8l
length = length + distance matrix(tour(end), tour(}));
end

function tour = greedy_tour(distance matrix)
% il > i 65N b adyl 57 L

n_cities = size(distance matrix, ));

tour = zeros( ", n_cities);

visited = false(, n_cities);

%0 Jol s il 908
current_city =;

tour()) = current_city;
visited(current_city) = true;

fori= Y:n_cities
Y0 s o 5SSO 5 50,5 I VISIE ol
min_dist = Inf;
next city = +;

for j= Y:n_cities
if ~visited(j) && distance matrix(current_city, j) <min_dist
min_dist = distance matrix(current_city, j);
next city = j;
end
end

tour(i) = next_city;
visited(next city) = true;
current_city = next_city;
end
end

function visualize tour(tour, distance matrix)
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%0 455 pa Sl
n_cities = length(tour);

% 28l Slaize 0925 pde &yg0 ,0) b,gis sl Solar Slaise udy)
angles = linspace(*, Y*pi, n_cities+");

x = cos(angles():n_cities));

y = sin(angles():n_cities));

figure;
plot(x, y, '0o', 'MarkerSize', ) +, 'MarkerFaceColor', 'red");
hold on;

%0 _ysco sy
tour_closed = [tour, tour())]; % 4 4él> yino
plot(x(tour_closed), y(tour_closed), 'b-', 'LineWidth', Y);

% [;bje,w ‘;)/ubﬁo)[a.;}
fori= Y:n_cities

text(x(i), y(i), sprintf(" %d', i), 'FontSize', V),
end

title(sprintf('t./. = Jsb) ool Cdly yuo o eof)', tour_length(tour, distance_matrix)));
xlabel('X");
ylabel("Y");
axis equal;
grid on;
end

% Jeo slzl sl Aol &b
function run_ ACO_example()
% Holar Clao b 0l Ve - diged (sloools udyr

mg(£Y); % @ ls o) [0 sl
n_cities = Y+;

% Lo s ol Sl iy
cities = rand(n_cities, Y) * Y+ +;

distance_matrix = zeros(n_cities);
fori= Y:n_cities
for j=):n_cities
ifi~=]
dx = cities(i, V) - cities(j,");
dy = cities(i,Y) - cities(j,Y);
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Lojede = S5 ol b SlaS 5 iloainty Plos ;3 4z j50 (S5l5 w2 o8l 2L 35t ln (el wiaisn szl )
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distance matrix(i,j) = sqrt(dx"Y + dy"Y);
end

end
end

%0 o 55 slo el
n_ants = Yo
n_iterations = Y+ +;

alpha =, +5 % 505,85
beta=2,'; % Ko g0 S/ 50
tho = >V; 6 (peg8 s &0

A =Yy % el o pgufslizsT oyl

fprintf(’ v 555! sl 2! £5,5 ACO alss 51, TSP L, %d ,e2\n', n_cities);
fprintf('leax g0 o yal )b = %d, o, S5 =%d, V./. = WIf, V. = f, Y. = ,f\n, ...
n_ants, n_iterations, alpha, beta, rho);

% w5 sy

tic;

[best tour, best length] = ACO_TSP(distance matrix, n_ants, n_iterations, alpha, beta, rho, q*);
execution_time = toc;

% guls jiles

fprintf("\n--- sl s ---\n);

fprintf('y./. 1,>! -lo;f asb\n', execution_time);
fprintf("f /. ;55 Jsb o xef\n', best_length);
fprintf(’ jwe oy yiget ');

fprintf("%d ', best_tour);
fprintf("\n');

% ailay > oy )55 b g lic

greedy tour result = greedy tour(distance matrix);
greedy length = tour length(greedy tour result, distance matrix);

fprintf('f./. :ilas ,> ,o5 Jobof\n', greedy length);
fprintf('Y./. :ailay ;> 4 Cans 0940f%%\n', (greedy_length - best_length) / greedy length * Y« +);

end
‘MATLAB ) ;5! &l ygiws

% JL.c L§L">/ (5/)-’
run_ACO_example();
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% oboss sloools b pdivio ol>l 50 b:
% distance_matrix = [...]; % w5 iy i ], 055 alols s ilo
% [best tour, best length] = ACO_TSP(distance _matrix, 30, 300, 1, 5, 0.1, 0.7);
S slazg s
o, ,S5 Jobo 5o 598 Jobo dgute Jloges 1 ol Kew (omio )
Al
Y

D955 (55, 00d S8 e (e S par SRaled
Al s 9558 Job (e 500 @l
ailay 2 o 301 & S g 20 Shae anlie L
Pl BB sla el
(RN ’Yw) dax> g0 olaxs n_ants e

@+ +-V++) b, S5 olass n_iterations

(Y=+0) ;909,8 &3 alpha e

() +-Y) Sitis jgup Sledlb| 59 :beta o

(+¥=+20) x5 Ftho e

(+8-2.0) ylo o gl BLacST sal)lqr @
Gk glaadly co by Sl 5 ilwanae Pl o )0 ol oo )5 5 az 550 (G5l 0,55 ol (oo 2 42 Gl
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9 W Gl (oS dieigd (6 Ll Cg2 e 1 g ledlin i 59N

W“)?ﬂ‘ doddo

Jsl g 5ol g (Attention Mechanism) ax g5 ¢ 301586 b Gaas cnac a5l oS 5 (5 lore G e (g0lginion o, 65!
GRS & SNt § (20> L e Seolud (gilwacd 4 0B gl ol .ol (Transfer Learning)

p...:)jin 61.@‘ LS‘}-'."
S Sley sla S gll (25 )

el o0 LS55 (Attention) axs cloay¥ b ol yen (D-CNNY) (sotmy S sloils’ oas aSids S 51 sy o]

python

b Szl Pl jisw oS an #

Input: | Sloj 3L ;0 b gt slaoslot-n, t]

LV aelsls JloslD s slasSl 2l 5el ol
LY: aYAttentionsge slo S5e 4 (23059 &y
LY: aYPoolingslsl _zals sl

Output: 05,28 slo g o,

python

Uit oS as HLSTM

Input: o ,28 slo S5y o

LY: «YLSTMuslg \YA L

LY: alasl> &y e sl g0l 3 051550
LY alasl> slo,js,a sl 99,9 0590
L g5 oy Gln 295 o5lsyo
Output: sl o S5e Jls

python
Lisu oS 4 #Transfer Learning

Input: o (53, 00 (50l JawA

LY: 4l slaasY sl

LY: e sloosls b oYU slaas¥ (555015LB
LY o ol )y 5250 olais

Output: givew sly a2l selas JooB

isley sy ledae 25w =Y
D oo o3l Saeaik abisl> e bl LLSTM asis ;|

JLQA‘ 6)-.25‘>l-.’. gz =Y

S o m2ly8 1) aline lapinw b Jow Godas ISl 25 (]

el JolS o Sl
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Silodse Slp 4z g prille 5 Groe (onae SlaaSid 6 Fo 0 b (oS 5 Miedigr iludnd Loz )lr G drng g (2L
LT e Lo jaezme a5 9,8 (505000 Lo e = pdar 0,5 lopias Ssls

python

Shol p,ssl oS as #

def Hybrid Intelligent Refrigeration Simulator():

ools (s3lwoskel 1) al> o #

()QS.).?L';_‘;LMQI.)_LS)IK)L = ools
(Woslo) S le_ e (g3l Sl i = 0als Jlo i slaools
X_train, X_test, y_train, y_test = (cosJlo,i_ slrosls)osls_ g
Jow cslo Y a> o #
model = Sequential([
Input(shape=(,((,L 55 q_slass , Jlgi_ Job

Seh# o CNN S5y gl sl
ConvD(filters=1¢£, kernel_size=Y, activation="relu'),
AttentionLayer(units=YY),
MaxPooling ) D(pool_size=Y),

Sl # LSTM Sloj g5l Jowe !y
LSTM(units=) YA, return_sequences=True),
Dropout(+>Y),

LSTM(units="1¢, return_sequences=False),
Dropout(+>Y),

Jaita SLalS” slaasy #
Dense(units=YY, activation="relu"),
Dense(units=) 1, activation='relu'),
Dense(units= ,la 5 ,>_slassactivation="linear")

Jd.a 6)510; Y 4.J.>).o#
model.compile(
optimizer=Adam(learning_rate=+,++"),
loss="mse",
metrics=['mae’, 'mape’']

= ax3u b model.fit(

X train, y_train,
epochs=2"++,
batch_size=YY,
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validation_split=+>Y,

callbacks=[
EarlyStopping(patience=°+),
ReduceLROnPlateau(factor=",°, patience=Y +)

= swle;_zls  model.evaluate(X_test, y_test)
= b 2w e  model.predict(X_test)

(D02 piae_go0ls ,&»&‘_JM)&;QQ_JL&‘ = L Jue

return ool azse )b ooso_ i5gel Jo

JUs! s a5ob o #
defi(waz_sleools ,al_ Jow) s 5ol Jlal
oL sl slexs #
for layer in.«,L_ Jo layers[:-¥]:
layer.trainable = False

YU sloay gj5el5L #
wb_Joe = wax Jae
Sa>_ Joe  compile(

optimizer=Adam(learning_rate=+,+++ "),
loss="mse’

D Jae = azso b fit(
Jud_ slaools

epochs=) "+,
batch size=\1

returna, os_ Jowe

‘_JLo.».:‘ 6)-:5‘*’. i 4.1>).o#

s sbaisg)s

(20 ylid Led) oy guis (sbools

(faezee slos o 51> L) Slkes slayial)ly
(50 £55 )b e Slasui
(o, sla > g >
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(%55 byl COP) s o Shoe (Sin

o Sealind (6 3ludds

Slogl Laseis

sleiia o980l sbilje

b 2 St Giluand oYL s

iz lagan Sy 4 prand LB

35l 3l o YU sl e s

alie sl b a5 ol

S s ilwange Slaal gl 5 005 (iluancd 1) (232 %505 el Soalins )18, (YL <85 b ol 106 02,5501 ()
2,8 )18 eolatwl 50

S wedgr (g 5lwdnd v oSl slacedgume g calro bl

95! (sl

i e optanw giloJoe o YL cds )

Sloriansns 39 95750 090y (s e Ly, (552550 15 2V Uy LSTM 5 ONN (sloceb oo 5 b s0leiig o550
blai 5 g0l slo 559 59y 2 a5 o o |y el opl Jaw 4 (Attention Mechanism) az g 05008 o)y ode o,
(Wangetal, Yo Y7) 00l o o i S35 050 4 yomie el () 45 WS 35 163 el Sy

650l JE] 5 (g s pmand sl Y

s S5 (9 y2 04335590l Jowe aS Sjlus o w2l )3 |, IS6l ol (Transfer Learning) JWsl s .50k wsxjl> g5lwosly
Granse 4z B jsbar (Shy (nl 09d 0ol Geral ;00 alive Glapias sy (SOl Dlaslors g 0ls Bl L ol>
(Zhangetal., Y+ YY) aas o j2al5 |) sz gt lp Jow drwgs

b al o o Y glym sy ¥

3l eslaswl YU ey ol ams &l 880 o gis i 4l 5 6 o cnl ol Sl S (el anl B eSS 5l
Lietal, Yo YT) s5lu so iyl aige J 08 slapims aile S50 sl )5 jo 1) Jow

1280 sloools g 3398wl j0 Caeglio ¥

Sy sosls ply o Jae Cusglie yiol38l el Sl (5,lexe 4o Tegularization slap ;0lSe s Dropout sleasV jl solarul
&S o (55 sl overfitting 5l 5 0als g g

oy e SlacKaalis (63ludarts culls D

ol s asbice o 1) Sley g slrosls jo Saeaily slo Sisly (g5l Jon oUlgs i 651, a8 (IS4 LSTM i
(Chenetal, Y+ VYY) cuul (5,950 % 15 Lo (Seolus ,L8) giluad oy S

ol olee

koSl sloesls I parlis w4 5L )
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6)5—|éo.? .AJ)‘J )L..» Yl; v....a..f L: st)}oT le@o\)‘b )’l LSQL.'.) > ug}U@a R O @LH.....».) LS‘)-.' Guos LS)':f‘)li le.:bp.';.l)ji”
Kimetal, Y+ YY) ceul poyley g anso, YW $28ls & 15 gl 0 ool oyl

oigel Al ye 30 Slaslre (Sauzn ¥

ol ol aS s ls 5L ez B b 5 (GPU asile) aies ;03 Slewle aulio s CNN-LSTM S 5 sla Jaw (bjsel ol
P98 Dgmze glo (Jaio lad )5 (S p sln Wl o

«(Interpretability) .,y jouds i ¥

9 QLM;A.;.QA LS‘)-.' JAA &“b gSL“LS)-:fw-:-‘H"S d.'a.\.a J)o 9 .»5..»‘5;» as-ls "oLs.,...» 4.,_:_?" Q\ﬁ.;.cd.g Goos LS)':f‘)li LSLDJJA
(Yangetal, Y+ YV) 00l oo ;0 00,6500 00,0 i pdy 5l wile Gilgs o alias ol el o gune )l SOTIEPE

e ol )b ol oudals 4 Cowlus F
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ol oaile (Bl Gl S ozl 51 JelST (S5l a5l g e (Slsyieses

el 6,38 slacdls gilwacs ;o Cudgaze O

55 SSL 5 s 5,3 ol (il Wl woyls s o Shee Jloji slacSoslins 53l 5 piaysSl 4z 5]
SXge

92295 (s SLoudgazme 5 o llar by 15 lapts dialipn (g3luannd aipe) )3 Saxie sblye 9929 b soleiiiny o555
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LT (e (G Lo joezma s 998 (s0g0ome Lol — (e 05 slopian Slis
oy guis pl slrosls 1) Sl

Sgdise (Bran ol 5 20 lad dos Joli ool an T8 £9,8 Soby (ol it
Tosls (3l e ¥ Ssk iy (2>

¥ oo,

ools yo3ls iy ¥ Sl

S e oolol 5 3l 1, a5 glaosls by ol reniss

soieaZ (cloosls e = g3 i — (lus Jley 1Sl J3s Sliles
"D-CNNV L (S35 gl sl ¥ S5l iy (29>

(diadgr yo3lo n aiue) ¥ oy,

D-CNN + Attention) L S5 zl,50l ¥ Sl

Pgboe glyFl Sy slaosls I (e 5 ouuzmy SlagSl al> o (nl )0 sy
LSTM" L b o Jlss (55l Jae :F Sob" iy 59,5

LSTM L b sla Jlgi cojbo Joke F S5l

3,8 oo ob 1y Wosls jo Saeaily slacSiwliys g by Sisly (isw ol sy
"(Fully Connected) Juato SLlS slaay¥ :0 Sob" 1y 9,5

¥ o,

(Fully Connected) _fate SlS slaasY 0 sl

Wgd oo S 5 2l i W slr eadgl Rl S S imess

"ol sl £ S (s>

(o o>9,2) O o,

WS sy > 7 S

3o Ghaled |y (giluand mls Sob (nl oy

Sl arts = 98 Cod )b (S taCOP - (s Skl oy >
05 a8ls| (Feedback Loop) o5 5L adl>

DS oy M0yl 5 L) Y Sl 4t ol slaz s £ S 5l S
3975k 5 iyl v Sk

5o sduzmis MAPE s MAE wiile oo las b b s sions 85 aloyo ol )0 eaisss
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855413k 5 5ol sl it A 55

ase Gigel 0yl g peis ol slo el bl (I Joe b ST
(G5l 4l sl & 2l ) D-CNN" \ L (S5 il ¥ Sl ity g5
Ml a5l

S Jo il A Sl

ol ool (g3lusaings b 58 gl o ooliiwl (gl sasobj90] Joo imndgs
SN CLIPNCRINORTER PR NG

(ailo] colls ) s Sl

(Transfer Learning) Jlsl g .Sob coblB )+ Sl

Dgd 00ls kel Bae i SO (595 ¢ o0S lrosls b iled o oled Jow a5 v oo lid Sely pl imsg

1S AL 5 S o SIS

Aapd )18 ezl lacas ) (o phiie O sods 5 dan SO o 1) LS el ales

DS oolatul osle Lol s ols lis gl y paiine sla id5 )

2l ploto b oS puy ez bt g0ty il oo |, (V 40 7 Sl 5l) 0,955 (2l

S Golone b oo 3 55 )5 05 S L () a4l Sy o algioe | (05 F ) Tataden (hiloyy aie” slaSsl

matlab
(SO AT = A Yy e Sadig (6 jludinls o2 ,6SUI T
RN &) LSQLQ*-“‘-*-‘ 9y Lg)‘Lwo.bLﬁ: Slp oSl diges S oS Q.g" /.

classdef IntelligentRefrigerationSimulator
properties
Joe oyl
CNN_ Layers
LSTM_Layers
Attention_Weights
Model Parameters
Training_History
end

methods
function obj = IntelligentRefrigerationSimulator()
JM Lg)Lo.:.a uu}.u - UAW o.)..'»)’L..v 1.
fprintf('Initializing Intelligent Refrigeration Simulator...\n');

E P e N
obj.Model Parameters.sequence_length = 1+;
obj.Model Parameters.num_features = A;
obj.Model Parameters.num_outputs = ¥;
obj.Model Parameters.learning rate = +,++);
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Sl oo slp axgi 050 § Gaos (cmae Al (S0 b (oS S diedisn (iluand Gzl SG anwgi g ()b

ab]é&wb)mwjéﬁdéwa&—@»wﬂLngWaS.wL.m
end

function [normalized_data, params] = preprocessData(obj, raw_data)

) gt g0 310 53 i 7
fprintf('Preprocessing sensor data...\n');

Sy glrosls i
cleaned_data = filloutliers(raw_data, 'linear");

Sl s3tn Jloyi
params.min_val = min(cleaned_data);
params.max_val = max(cleaned data);
normalized data = (cleaned_data - params.min_val) ./ (params.max_val - params.min_val);

oy sl Jlgs ol .
] X sequences, y_sequences] = obj.createTimeSeriesSequences(normalized data);

end

function [X_sequences, y_sequences] = createTimeSeriesSequences(obj, data)
Soisel slp Sy sla Jlgs sl 7. LSTM
sequence_length = obj.Model Parameters.sequence length;
num_sequences = size(data, 1) - sequence_length;

X _sequences = zeros(num_sequences, sequence_length, size(data, Y));
y_sequences = zeros(num_sequences, obj.Model Parameters.num_outputs);

for i=):num_sequences
X _sequences(i, :, :) = data(i:i+sequence_length-), :);

e COP Jlogil [anseiss g 0 55 Cusdybs ¢
y_sequences(i, :) = data(i+sequence length, Y:0bj.Model Parameters.num_outputs);
end
end

function model = buildHybridModel(obj)
=S 5 e ol 1 CNN-LSTM
fprintf('Building Hybrid CNN-LSTM Model...\n');

layers = [
$°9,9 AJY /
sequencelnputLayer([obj.Model Parameters.sequence_length, obj.Model Parameters.num_features])

Sl 7. CNN 559 !5l gl
convolutiondLayer(¥, £, 'Padding, 'same")
reluLayer
batchNormalizationLayer
maxPooling)dLayer(Y, 'Stride', Y)
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) dxg5 Y . Attention) - oadeslu (gjlwesly

IstmLayer( YA, 'OutputMode’, 'sequence’')
attentionLayer

Seb 7. LSTM b 3l Joe sl 0
IstmLayer(" ¢, 'OutputMode’, 'last')
dropoutLayer(*,Y)

Jate Sals loayy 7.
fullyConnectedLayer(YY)
reluLayer
fullyConnectedLayer() 1)
reluLayer
fullyConnectedLayer(obj.Model Parameters.num_outputs)
regressionLayer

i

Ohigel slean, 35 iy .
options = trainingOptions(‘adam, ...
' MaxEpochs', Y+ +, ...
InitialLearnRate', obj.Model Parameters.learning_rate, ...
' MiniBatchSize', Y'Y, ...
ValidationFrequency', ) +, ...
Plots', 'training-progress', ...
Verbose', true);

model = struct('Layers', layers, 'Options', options);
end
function [trained _model, train_info] = trainModel(obj, X train, y_train, X val, y_val)
Joe byeel 1.
fprintf('Training the hybrid model...\n");
model_struct = obj.buildHybridModel();

Sl el 0% trainNetworkoss solaz!

17 trained_model, train_info] = trainNetwork(X train, y_train, model struct.Layers, model_struct.Options);

Sl (2,5 wiged .
trained_model = struct('"Weights', rand() * +, ), 'Biases’, rand() +, V));
train_info = struct('TrainingLoss', rand(Y * +, )), 'ValidationLoss', rand(Y * +, V));

fprintf('Model training completed!\n");
end

function predictions = simulateRefrigerationSystem(obj, model, test_data)
S s (§ 5l 1
fprintf('Running refrigeration system simulation...\n");

https://digieco-ai.ir
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Silodoe Gl az g p5ilSe 5 Baos (omae RaSLL Gl (6T oy b (oS 5 dialign (giluand Doz jla S arugi g ()b
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o3 bisel Jow b (st 7
/. predictions = predict(model, test _data);

T 9> Hged .

num_test points = size(test_data, V);

predictions = struct(...
' COP_prediction', rand(num_test_points, V) * Y + ¥, ... % COPO b ¥ -y
cooling_capacity', rand(num_test_points, V) * ¢+ 4+ Ve v % SlgelSVO BV o cud b
anomaly_score', rand(num_test points, ) ...
H¢

end

function evaluation_results = evaluateModel(obj, predictions, actual data)
Jowe o ,Sles 2,1 77

fprintf('"Evaluating model performance...\n");

syl sbsles sl
mse_cop = mean((predictions.COP_prediction - actual data.COP).Y);
mae_cop = mean(abs(predictions.COP_prediction - actual data.COP));

mse_capacity = mean((predictions.cooling_capacity - actual_data.Capacity).”Y);
mae_capacity = mean(abs(predictions.cooling_capacity - actual_data.Capacity));

evaluation_results = struct(...
' MSE_COP', mse_cop, ...
' MAE_COP', mae_cop, ...
MSE _Capacity', mse_capacity, ...
MAE _Capacity', mae_capacity, ...
' RMSE_COP', sqrt(mse_cop) ...
i

end

function transfer model = transferLearning(obj, base_model, new_data)
alive bt sl JWI 5,500 7
fprintf('Applying transfer learning for new system...\n');

YL sy 535003k 5 Al sleay slaxl .
transfer_model = struct(...
' BaseWeights', base_model. Weights, ...
' FineTunedLayers', rand(Y +, V), ...
' TransferLearningRate', +,+++) ...
M
end
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end
end

S &b 7/ Attention Layer ((eolw (g5lwosly
function output = attentionLayer(input)
a>of Y S ool Lg)’L..aobL,g: /.

attention_weights = softmax(mean(input, V));
output = input .* attention_weights;
end

aobp sl Lol iz 77,
function main()

fprintf('=== Intelligent Refrigeration Simulation System ===\n");
Slodd 5l diges ool /.

simulator = IntelligentRefrigerationSimulator();

(05 osliinl (o8ly slaosls 5l sl Jae 19) aiges (slaosls g ) 7

fprintf('Generating sample data...\n");
time = (*:+,V:) 4 0)]
num_points = length(time);

00 (65l oo jguiw slrosls 7.

raw_data = [
sin(time) + *,)*randn(num_points, V), ... % ,gl,l5l sleo

cos(time*+,®) + +, Y *randn(num_points, V), ... % ,suslacS sles

rand(num_points, Y )*Y««, . Y0 ygm oS jLid
rand(num_points,Y)*e+, .. % 50 (20
rand(num_points,)*V+, ... % S mSI lgs
rand(num_points, ) )*¥+ + YVY, % laowe sles
rand(num_points,))*Y+, ... %o oo Cushs
rand(num_points,))*e + ¥ % COP 3l

;[

ools o3l 0 ten ¥ 7
| normalized data, norm_params] = simulator.preprocessData(raw_data);

0331 5 Soigel s ools qends Y.
split_ratio = *,A;
split_point = floor(size(normalized data, V) * split_ratio);

train_data = normalized data():split_point, :);
test_data = normalized data(split_point+):end, :);
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Silodoe sl az g 03l 5 Gres (v AL 655000 b (oS 5 diedign Siludncd Coz)ly S anugs 5 ()b
ab]égwb)mw5é)§§éw%ﬂl€—&&? ».\.a).u GL“’W aS.HoL.n)
| X train_seq, y train_seq] = simulator.create TimeSeriesSequences(train_data);

] X test seq,y test seq] = simulator.createTimeSeriesSequences(test data);
| trained model, training_history] = simulator.trainModel(X_train_seq, y train_seq, X test seq, y test seq);

b))y slans O
predictions = simulator.simulateRefrigerationSystem(trained_model, X_test_seq);

(053 50 oolawl Wosls 51 cisn 5l e el j0) b3, sl (23l slaosls V.
actual_data.COP =y test seq(:,));
actual data.Capacity =y _test _seq(:,Y);

evaluation = simulator.evaluateModel(predictions, actual data);

fprintf("\n=== Simulation Results ===\n");

fprintf('MSE for COP prediction: %. ¢f\n', evaluation.MSE _COP);
fprintf('MAE for COP prediction: %. ¢f\n’, evaluation. MAE COP);
fprintf('RMSE for COP prediction: %. ¢f\n', evaluation.RMSE COP);
fprintf('MSE for Cooling Capacity: %. ¢f\n', evaluation.MSE_Capacity);

JEsl 5ok Y 7
new_system_data =rand() *++, A) ¥ +,0 4 ¥ % 505wl sloosls

transfer_model = simulator.transferLearning(trained_model, new_system_data);

fprintf("\nTransfer learning completed successfully!\n');
end

shol iy 6121
main();
i ol a5 a2 o dSL) S (g LSl oS

bz sladie b jluad (Lol (D

Shey s Jlgs sl g osls 3ls iy

CNN-LSTM o5 5 Jow cblos

38%kes 23 5 Joe ijse]

D5 e (55l

Sz Gloptus sl Jl s 50k
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