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(2) dEEMRNE . O#E T F& % (gradient descent method) ; @ £ 1l 3% (Newton’s
method),

3) MY B . O IRE-12 4% & % (Bellman-Ford algorithm); @ zh 75 # % 3=
(dynamic programming table),

4 Jm R RAE Y. O W% Chill climbing method); @ # ] 1B A (simulated
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(5) BERRea k. ORI F B 1K (particle swarm optimization) 8 ¥ ; @0 2% {1 44 (ant
colony optimization) J.%; @ A L& B & ik (artificial bee colony algorithm)

(6) AR B . OFEA B 5 20:% (Lagrange multiplier method) ; @ %E i 07 #§ i%
(penalty function method),

(1 BB, OEfEE % (genetic algorithm) 3 @& E 3% (greedy algorithm) .,

(8) 3 FWE AT L. AL E T M E & (stochastic gradient descent
algorithm) ,

(9) ZHEE % (momentum algorithm),
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5.2.4 RIEFRENRA

DIF S s Bk R R f(2) =32 —6x+2,2 €[ —5.5] Fe/IME 1B AR R
S
R 1. KR R A SO N PRER
import random
def objective function(x):

return3 ¥ x ¥ ¥ 2 — 6 ¥ x + 2

def fitness function(x):

return — objective function(x) # R SR & /ME, BT DA B AR & b R
LR 2. WEBEEILESE

POPULATION SIZE = 50 E L S AN
GENE_LENGTH = 8 = BERKE, HT 45 x ME
CROSSOVER_RATE = 0.8 £ 28 XA
MUTATION RATE = 0.05 £ AR B R
NUM_GENERATIONS = 100 £ EARREL

IR 3. PIARAL R RE

def initialize population():
population = [ ]
for  in range(POPULATION SIZE) :
individual = [random.randint(0, 1) for _ in range(GENE LENGTH) ]
population. append(individual)
return population
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—BBENLAE L T — 2 POPULATION _SIZE ANk i # B, 55 4Nk B GENE
LENGTH 4~ 0 5 1 4.,
WA RASAREEA

def decode individual(individual) :

decimal value = 0

for bit in individual:

decimal value = (decimal value << 1) | bit

min value = -5 # PREE X TR

max_value = 5 # pRECE LI KR

scaled value = min value + decimal value * (max value — min value) / (2 * % GENE_
LENGTH — 1)

return scaled value

P A Y S TR s B 2 A5 DAy X 7 T SIS B
RS, EEERE.
def selection(population) :

fitness values = [fitness function(decode individual (individual)) for individual in
population]

total fitness = sum(fitness values)

probabilities = [fitness / total fitness for fitness in fitness values]

selected indices = random.choices(range(POPULATION SIZE), weights = probabilities, k =
POPULATION_ SIZE)

selected population = [population[i] for i in selected indices]

return selected population

AR AN A A9 35 7 TR e PR R SR T o B L B2 % A BRI B iR o 3 B i A R
AR R .
IR 6. A2 UERAE . LL—E AL 1 8 AU MR A 52 SUHERAEE L AR LT AR IR

def crossover(parentl, parent2):

if random. random() < CROSSOVER RATE:
crossover point = random.randint(l, GENE LENGTH — 1)
childl = parentl[ :crossover point] + parent2[crossover point: ]
child2 = parent2[ :crossover point] + parentl[crossover point: ]
return childl, child2

else:
return parentl, parent2

R T B R A U BRE AR A R S R AT AR S

def mutation(individual) :
for i in range(GENE LENGTH) :
if random. random() < MUTATION RATE:
individual[i] = 1 — individual[i]

return individual

ARS8 miTt Rk,

def genetic algorithm():
population = initialize population()
for generation in range(NUM GENERATIONS) :
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selected population = selection(population)

new_population = [ ]

for i in range(0, POPULATION SIZE, 2):
parentl = selected population[i]
parent2 = selected population[i + 1]
childl, child2 = crossover(parentl, parent2)
childl = mutation(childl)
child2 = mutation(child2)
new_population. append(childl)
new_population. append(child2)

population = new_population

best individual = max(population, key = lambda x: fitness function(decode individual(x)))

best value = decode individual (best individual)
O S IR
print("Best solution: x =", best _value, "Function value:", objective function(best value))
genetic_algorithm()
TERRUCGEA T AR HEAT E 6 38 SORVE S 80 AR OB AR E . 20 2R, & 4R
) 38 10 B 5z e CRPBR B 55 /D) B AR - s L X8 1oz 19 x 7% ek R o 4501
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(4) 5523, AR SRR e st (08 P 45 2 [ R0 1% B A A, U 3 7 (L R A3 i B 25 3
R BRAEARG 7 5L 5 T R S

(5) EIERME . AT LU IS N B2 oK A 3 0 R R 1) R R 3 N RE R S A
A ERI LSS 5 AL B A 5] 553005 1) LAY Ak 2R 1L

2. BEREHNBRE

TR SR A fifp DR D A I AU L 2 — 2B I #he , {EL ] It A7 £ — 28 R BR 1

(D) ZEEFEEEE . BAL T T By S8 S50, Q52 SUBE R 748 S5 R R R R R /)
X BT B PR BEAT BSR4 S 0 2 0 E S 1 B 2R T RE S B
HE A AN 52

(2) i UL, A SE PR AP 05 B A S ) A R B B ) AL BB 9k i R M
TE — ik 19 Jag 0 48 38 P T DI 9 R R B T Y 4 SR
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(3) BB T E S 2L FE AN BT A B AR . 7 Ah B K UM B 2k I O AL 1R SR L B A K 1
3 IO FE 58 50 A 2o P S 20 20 10 1 W B ) A

() MR EMIE RS, WX T 8L ] 1 SR 8 R s AL B 1 R 4 K e
SIS 55 L T R B SR A HIARE ) 50 10 31 S B0 2R AR R A

(5) i% 7 VA B AR s o 3 IO U BRI B X TR O AR O T L
PPAG A B R AA 2 T RS B AR ] R

3. BEEENKE

S T A 2 1 ke ) B 7 S D AR LA e R i £
AR 0 8 e S 25 2 B P RS 1k — AL TR A BT AR 2 Ot i A

1) BEMEEEE

AR T i B R — o 1 305 L P 0 7 9 e R T A 08 0 3 A v o I i B
(F28 SUHER p . ISR p o SRS BI AL MERE ., SR A B E R
B S [ I 5 R 3 10 A 9 368 3 5 P R B SR . B p o, T

{510, — Tl L T A AR A (1 5 K I B CF ) 5 - 4 3 B
(F OWIXRIE p Fp.

Fmax _F/

pC:k1F7m3X7Favg (5-5)
F . .—F

P =k, Fiﬂm —F.. (5-6)

Horp BR3P R A AGE B s F RS RIS N BEE: £y Mk, BFR
B aEE/NT 1.0,

3 7 38 1 3 T LA T G e ST A 4 SR AR R R AR L B B TR T BE IR sk
OB, B R B T A 0 AT REE L (HT A B T N R RR RIOR R S s L I ELA TR 1 )
AT fE T BN [  FHE  y 5K

2) WA B EEE %

TEFEARAG L Gt 25 T ARG L Bl (0 R Ml R 2 B AR K28 1k, o T 4T 1
TCFPRE PN RSP, T DA ST 22 A FRRE [ Ak S8 4 AN Bl 22 ) P 55 SR I 3R L A R
TR R B2 R B R I R RE L OBURN B 8 % B OB R A S A TR A
A TFREAREA B O R W e Z 2375 B A .

PIAS TR0 SR FAS ) 14 3E Ak 5w 5 2 850, A B DR A E (0 22 B e 4 300 5 e ol
S, BN E— A>T FPRE b AT DL A 1 58 SOME SR AR S R DA i 4 R 48 2R AR L T
FE T3 — AT Rl RE b (o AR 109 28 SUABE 3 R A8 S AR 0 o J) 8 480 2R ARl

XU R 388 A2 B 3 A A 3R A 2% 1) RIS R B A €6, k)92 18 1 4% b A A 1) A o s 50
b A PR R R AR R 4

3) MIEEEHEEE %

XA AR 338 A2 B 0 v ) B S S A ELA T A g (A, BDRURS R 6 . ZE B b Ak e 8
PRERAL & T R B L E AR 08 Mg L Ve it A o g 0 =X, ol o — e ik b
AR Yo MR RIS — A R T RERAS B e G R P T RE R T
E RSN 3R (ER e S AU N -F 0 L OE SIS KR N T E - i UE SIS A=
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XUAP AR 188 22 B30 00 A7 A S 22 TR 1 9 5k DR 2 BB T 4 M 7 o B 05 748 A RTIR 75 410, IR T
S 3 R B A ) B e O A 14 T RE L R A A e O S A AT O A

5.3 HEREZX

F#E B8 (swarm intelligence, SD 52 — S U5 T X 1 48 5 b 4 Wy e AR RR AT v 1) WL 2%
AR I e Uk o A% O SRR ) A A =2 1) 1% ] B A 828 L AR L (R T AT B v 4
iR JR A I B0 T R T B B 0 DU RN AT A 7 A A 2 B R RE AR AR AR, | DATE fige 5 (] v 4%
B Fe P B A R e e . R BB SR B AT oA s R | B A SURIE PR SR A L W R
RESEE EEA LT LR,

(1) R FEEACAL (particle swarm optimization, PSO) B ¥k . #0580 & 09 BEAKAT Ny,
B AR T AR — A 0 ek BRI A A S5 D T 4 ey e DA A0 Ok T i

(2) W BEMEAL Cant colony optimization, ACO) 8 i . #5105 w7 -4k & % i 72 b Bk
5 R IR G B R R B FE PR AR AT A 2 T A D 21 5 O A 1) 80, R A 78 [ 230 2
P AR R 0] 45

(3) N T8 R¥ (artificial bee colony. ABC)Hi% . #5018 6 19 R AT Oy o L1 5] U | R

oA [ e AT 8 1) TP L SE B AL R BE R

(4 N T A (artificial fish swarm algorithm, AFSA) . # 3 SIAaEHN T E R
HE B R RS AT O 0 L AR AR AR

(5) 40 B % (bacterial foraging algorithm, BFA) . #4UL 41 B 75 37 85 p 10 30 & 47
g g — i Fa Ak | SRR = R AT Sy 52 SO0 AR B IR RE DDA S

(6) kFISRE ¥ (flamingo search algorithm, FSA) : I Ak FI S FAKSERE M

VRS G 0

& 05 &
WOR PR

TR BE B VA A SR A A i = (8] 52 2% 1) 0 Ak Tl AT JE A 6 1) D0 38 9832 I T e
BT i 22 0 268 11 2 | B AR ML L O A R S e, B IR P B0 BT SR ML R R D Y
W U TC 3 B 4 5 R DG A B TR A A G A o 22 19 258 11 2 b 1 I 2% 2 50

5.4 RFHBMHLEE

32 N TAE DTS5 R 1R K » Kennedy #1 Eberhart 1 T 1995 45 76 B0 5 7 02 £ 4
Rt P T BE MRS AT O ISR M T — Pl TR R 0 A SR AR B R B AL A (PSO)
Bk SRR R T REOC ATk R I BE LA 1 L sl kAR S R A HE
P 388 22 B30 32 1 R DU 77 B, A it A SR 0 A e P L 58 SOV S 4R AR L T 2 10 o i 2 AT R
I AU T e R,

5.4.1 NFHMEBENERBR

KT BEOE AL AR Y S A AR T SR B A o AL, R — . RS
Y AL A AT — P AT AR 2 B B BT AT 5 A AN R IR e A 7 8 (2 B T RE A
24 FiT R B AR T AT 223, TR 4 4R F R e 1 114 fi 10 5 s gl S 48 3+ 1 7 1 8 A8 ke T o 3 19 1%
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PEPTAEOLE . BT OL A 30k T2 I 55 30 BB R A7 i A 2R s I8 I — AP AL T vk
LR DG A 32 8 A TR A 119 A 288 O 15 3% 2 [ o ) — B RO kLT R R AT
A AL R R A3 R TR R A — A TR A R ) e D i A X IO 5 A B 4R A4 IR
BRET . BRI RE — W0 A 0L BRI AR E b R RO BT AR A B Y E R
{E (fitness value) , AJ DLKEH AR S R 2 IR A B B . B R0 AR B B 9 Py sl s f A &

AEEASRL T3 19 42 J5y foe D007 B A W 9 2 ) © g T 8 R Ao

B TR 05 U T R 7 R TR P kL T
A2 0 o AT B 99 2R 35 2 ) 1) B 1 35 03 101 At
A, U I TR R T3 TR 25 0 R 1 L iy
HRE R . D 500 B S B B RSB Py ,
B2 75 2 B 2 AR o T i B A B DA 5 O/ T B RERTEE
5 4 R B4R 3 B AR AR Gy 5 BB T B 2 +
i AR o A B A T R

5.4.2 RIFBILE RN 1

e IR AT e A

BT BEE AL 5 R AR 5-6 7 +

O BT YA S R L RSP Y ¢ s S A ———
w N HEEH v, ERE w T ey ey, !

S 2. R AR TR R A3 B R4 S e T N
FE {5 FL 28 1 BB B B P, AR HL, SR e P, A - i i
A4 FLAE S OB T 0 R AP (8 P Ty

YR 3. MR AR T 0T S AR B P, BB K Sl 242 R A
i s R G 1

AR A HUE R ARLT B IRA R AE 0 Y
ST 24 H A E

AT S FIW S R LR SR, R T
Dy s e A s A U [T 2 B 2

5.4.3 NFHMAEBENIIULE

FREADL 5% A B 12 9 4 DA L 1 R DI A 5k LG T 95t i A 288 ) 52

kY I S
1. RFEEAISRUL

.:- | :'.‘Iu':+||| 'L:.

5-6 RFREMALEEZRE

B s figk B S 2k 9 A AR )

T A LA TR R4 382 () ) 4 52 L9 B L ROk 1B (N L I BEBILA B Ak AR 1 B9 7
A BE o A7 B 2 7 A 10 r] RE IR , R s 1L AR 4 R =S (] PR B B8 3l 5 ) 2P

RO (N DA 5 T 8 A% 5005 B R R ILBE & R R0k (9 1 < B MO s 1 . — i
BISUNE TARE 6 O EANCRE VLR il AP O R (287 S W N D VAR L= N 22T vl o S A 1

B 20~40, %} &2 Z2 ol 4 2 ) B8] IR 100~200,

AR E (o) $52 DRE X0 50 BT 2 9 4k 7R B2 B2 L 15 4 1 e 9 15T 1k A AL DML Y LA
L0, 100 H2R <o s/, D sz Sl RS0 24 Fir iz s #2 ma B/ kL1 1 B2 RE A AR PRl ds . 2R
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w BB, AR w7 48 2R 2 [a] (1 38 [l L B 8 32 30 J5 10 R By 80738, e DA [l 8840 o7 8 i
B, WHLRUL BRI w AR T2RER, BN w AHTRBER,

T (e A o) 43 38 3R 1) A R L A2 R 2 S b K. 2 B AR
SRR H AR XM o W 2 S EOR 7l BRI, WA RRE, — M, o, A
cy BIMUE N 2.0 B 59 BAT B0 R BHOR

B KB (o0 DRE Y AT B 5 S DA B 22 18] DX S i oRG B2, 38 o 1 5 O R 1Y 3
BBl 98 B . A AL R WK AT e i B L7 B s A I Bl 2 5 B A Ry i et . B Al
die R E AT LUAT R 1k 75

I RIERRE(G 0 — T BEAR A ELAR 0y AR [n] BT e e

2. BN EIT

A 1) 20 14 H s R B0 8 AL 1 3 07 B (. 3 B S e 1 ORE - I AR R Y ik 1 A0
FHREEE,

3. BN AR R R AR

A EALAE X T AR Y IS N RS E B R 3 0 (A #E AT A,
SR E I 3 0 SO o USSR A A e 00 it A > T A

A )Ry AU TP AR 8 AR SR DI 07 5 v 4 3 7 (5 U (0 67 A D 4 Sy B AL A

4. BN EHNEEMLE

HRAJE LAR 23 288 A SR T A

vi’-jl =wv'y +cr (plty —xty) +c2r2(j)l,d — %) (5-7)
/ﬁ\:EF"vijl TRT i FER d HEAESS e WHER B 5 w EBERE; ¢ e, 22T H T
r A, SETE L0, 1] WIMBENLEG ply SRRl ¥ 0 15 d I DNREBRALALE ;s pl, REREA
PLE s aly AT TR d AEAE5E ¢ WARARBY AL . [6) I, 30 B0 55T J5 i) 2 3 R A7 B )
B A v, .
SRR T AL
wiy =ty ol (5-8)

5. ZIEFHHE

A FRL TR, BRI R IR A RS, 20k SR AT DL IR 3 e R 2R AR A
(BRI — R B, O A 3 2 T Uk AR v i 17 2 (AN P AT B A il 4

5.4.4 HRIFEMILEERBINBLH

DA S — A o R F B O AR SR M PR L f (o) =2® — 52+ 6,20 €[ — 10,10 d/MH
F89 L A R T S 401
(D EXEREH,

5

import random
def objective function(x): returnx % % 2 — 5 % x + 6

(2) BEHEBRXSHFNBLRTE.

num_particles = 50 £ ki F AR
max_iterations = 100 £ Rk

w=20.5 # AR



HEHE  EEELEEEE || 103

cl = 1.5 # SR T 1

2 = 1.5 2 %R 2

AR AR 1) L B B

particles position = [random.uniform( —10, 10) for _ in range(num particles) ]
particles velocity = [random.uniform( -1, 1) for _in range(num particles) ]
£ WA R B AL E AR AL B AR B TS R

personal best position = particles position.copy()

global best position = particles_position[O0]

global best fitness = objective function(global best position)

(3) BFHERK,

for iteration in range(max iterations):
for i in range(num_particles):

FOHHORL T A

rl = random. random()
r2 = random. random( )
particles velocity[i] = (w * particles velocity[i] + cl * rl * (personal best

position[i] - particles position[i]) +c2 * r2 * (global best position — particles
position[i]))
& HHRL T A
particles position[i] += particles velocity[i]
# AN TR 9 3 N B
current fitness = objective function(particles position[i])
£ R AR R AR A
if current fitness < objective function(personal best position[i]):
personal best position[i] = particles position[i]
E NS B ) AL
if current fitness < global best fitness:
global best fitness = current_fitness
global best position = particles position[i]

4 wmHEREMNLE,

print("& R HEMAE: ", global best position)
print(" &R EPE N EE: ", global best fitness)

5.4.5 RIFEIARABVNH

LR DG A R 1 WAL S5 2 A b, (LA RS B2 A i X T Mg R B R G R A ) AT e G ik
B N RSS2 . RIS B305 R B0 A9 2 B MO e | 7 2808 i i 1 SE 0 E 5 1 1Y
SRUE P T AR A ek . O T B R RO IR O PR RE L [ N AR R EA
VAR JLAS T T A 5 RO A T vk 8 T — s gtk

1. BRENENEHEEE
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FUH S, (50 2 1 D A R 5 sy

W =W . — 5-9

Hobsw FRBHERE s w,,, RARBERKIE; w,;, RRTER/MUE; & 2R 207
PRUH; KRR e R AR . sk M7 i b B ASCE M i KA 2 M el /N B i /M EL
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2. FIAFHEENIAE
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BEI AL ¢y SRR . e, LRMEIE Y, M B R 1] 42 R Fe O B WS BORE )
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i+k(c2f1; Coi)
Horp b R GETIEAEG K R R RBREG ooy 308 ¢ e BIRITIRIE cipaoy
IR ¢ e, FIEREAE.
3. SINEREIE
XL A B B R AT R BIL A S B i AR Y 2 R ol 0 Ak o B SR R R
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4. ZTEERRE
B3 B 20 S 2 A T8 B TR IR AL, 73 2 8] AT RLE WSS AR B AT B TR
KA R =],
5. SEMEZES
BN, 55 REAPGER Kk 5 A AR A s MR SRR — R Rk A BT, R AR A A

(5-10)

(5-1D

Cy =0y
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%26 % ,
g 6. 4RI Hh 5 H 0 B3

WU RE T 2Z E) A5 B A Y 5 30T L 20 5l 28 8] IR /N R TR 5 8 40 Bl 4 41 45
45,

5.5 WEHEE

M. Dorigo % 75 VLS00 0 5, £ (1 52 72 v & B 7 A AL, B CRE AT DL AE — 5 i 1) 9 3% 5 1
FIR YR ) B AR . 52 B AR A WO B AT R IS A&, T 1992 AR R T B EE AR 4L
(ACO) B7E (RIFR WU A ) I B vk i B9 N TR M iR 17 7 1 L (TSP

5.5.1 WESZENEARTR

IRCHRE B0 0 ) AR JELAER R T AR S T £ A0 sl A . AR TR R T AR I, B LI O
Hag R e s sht A 28 SLICE AHAE — € I 8] o ISCHE Hh i7% 00 0 2 3R 4 A o5 J S A
b B A G 5 TR £ I A BRI S ) i T B3 A A U A A R s ad i v R

TR A B 2 W — (5 B R . WWITTXE B R HABARE J1 2 — HARSL B9 05 R HL A2
2y I BEAS I 1) HE At 1] £ B B A9 15 S 2R ORI 3 I AR B B RN ORI A B i B R

MG 7z AR B AR SRR . 5 R R IR /N AR SR AR I R B U SRR A
[EEA STV SN N ECAR S 7/ T i < D 11 {2 8 e O3 S ST BTN Y EP S 7 S
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57 WHERITATEHE
JH 0 WA A5 A B A 3 75 AR 0 AL I AT ) A e o R A 0 SRR AR 114 T A B A A AR I A TR
R fife 25 T . R TR B AT O 5 WU S IE A R IR I G R R 5-3 Fim.
K53 WHEAATHEUBEEIZEZZNLEXR

WHER W H &
IIBHE B £ 117 58 B 42 AT 171
WL B £ g Y o B A A i
WL B B W 1Y BT A AR fife 2 [7)
sz EWE R RIRE 5 B R A
S PSR P L b AR AR5 UL 46 i A ok
5.5.2 WERANRIESIULRE I
BB 1) — MR AR 58 . 32 R BT ik [
Sf i P14 1] ) — i A TR F ke
L SWE AR T S !
(1) B R Gn) 5 AENES. ||
(2) BEEEBEERERR ) !
(3) W (s B E B o B & EEEEE B AT
(4) BESEBOR B AR UAL 1
5) MR G B R M. WEITA ARG EREWREN _"';;sn- T - N
PIVEL 38 5 — /A 10 T 0 T 7 A7 8 A 4 T iy
L VA 1T
(6) B I . 5 AT 005 M 2 T R S R =
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YR B A A D 18] 5 R ] A 05 R 2R MR B R AR R e BV BO I 25 i, kR
T A R
PG —>j) Ty (5-12)
Y EjkEN(U(Tﬁd;f)
Hrbor, BT R B0 A WEERIREE: 4, &9 B8 IR o B 2 IHRAE
BEMBEAGFEZMONSEG NORWA T WBEES.
WELAE IR . ORI OAS 23 8 52 U5 0] (] — 45 6, BB Y SRR R U Il — K
S YR T T S Y B AR T B R B R A ) M S R R
HPR 3. WHEER.
(D FRRZELR: MARKE FLNEERITBIEL R o T2 (B AAREER
HERER .,
(2) R R FRVIRL X F 4 g bsoby 1) B 42 Z B 42 Lo B RS, W, 8oy &
55 B% AR B 0 3R O RV B A2 B 3G (5 B R 2,
t;, 0+ D =U0—p)r,; (1) + Az (5-13)

AT,']' = CZl’ o €x
0, Hopts
Hbo, GHD R e +1 WZRERREE: «, (OR  MAREERKRE: o WERRELR

FEG Ay AARRME PG R R C, AHARKE,ERY PHIA MK EEZ F,

AR A BT A IR 2k AR R 2 BUE /Y 3% AR a0 2 A 28 1E A5 1R T i Y B
AR D AR AT 2 W NGR EP IR 2,

ABE S AR, TE R R R Pl SO B BT I O ) Y O B AR L B 4 R B A
fift o B 2 K 1 4R B A i 0 AR B HE X I A B AR CInE R B

A [6) FR BSCRE B 1 S I TT RE 2 A — BB b A 22 S LMD TR 2 B0 T AR AR PR
T BT IR AL

5.5.3 WEFABINFISEAI

BB AN 3k T 2 (R A B RS AR 5-4 TR, 0 R R SR vk SR AR 5 A 38T B R A T R IR) A
BN — 3l Tl & o SR A U Ta) A ok vl 5 ] 380 P o e A
R54 AANHHZEMES

(5-14)

‘ B &
1

A B C D E
A 0 10 15 20 14
B 10 0 8 12 15
C 15 8 0 10 12
D 20 12 10 0 8
E 14 15 12 8 0
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import numpy as np
import random
num_cities = 5
num_ants = 10
alpha = 1

beta =2

rho = 0.5

iter num = 100

T R
2 A
# RRREERAE
#ORRGREERE
#RERERAK
# B

TREMALTE (|p 107

distance matrix = np.array([[0, 10, 15, 20, 14], [10, O, 8, 12, 15], [15, 8, O, 10, 12], [20,

12,10, 0, 8], [14, 15, 12, 8, 0]])
# mn iR B R A

AR T R B AR

pheromone matrix = np.ones((num cities, num cities))

# A B AR 1Y R HE B

def cal path distance(path) :
distance = 0

for i in range(len(path) — 1):

distance += distance matrix[path[i]][path[i + 1]]
distance += distance matrix[path[ —1]][path[0]]

return distance
for iter in range(iter num):
paths = [ ]

YR 2. B IR HE R AR

for ant in range(num_ants) :
visited = [False] * num cities

current city = random.randint(0, num cities — 1)

visited[current city] = True
path = [current city]
while False in visited:

unvisited = [1i for i in range(num cities) if not visited[i]]

probabilities = [ ]
£ TR

for next_city in unvisited:

pheromone = pheromone matrix[current city][next city]

heuristic = 1 / distance matrix[current city][next city]

probability = (pheromone * * alpha) % (heuristic * * beta)

probabilities. append(probability)

sum_probabilities = sum(probabilities)

probabilities = [p / sum probabilities for p in probabilities]

& ARAEMLAR LT — Al

next city index = np.random.choice(len(unvisited), p = probabilities)

next city = unvisited[next city index]

visited[next city] = True
path. append(next city)
current city = next city
paths. append(path)

AR 3 BHERR.

delta pheromone matrix = np.zeros((num cities, num cities))

for path in paths:
distance = cal path distance(path)
for i in range(len(path) — 1):
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delta pheromone matrix[path[i]][path[i + 1]] += 1 / distance
delta pheromone matrix[path[i + 1]][path[i]] += 1 / distance
pheromone matrix = (1 — rho) * pheromone matrix + delta pheromone matrix

AR A B TR

best path = None
best distance = float(&apos; inf&apos;)
for path in paths:
distance = cal path distance(path)
if distance < best distance:
best _path = path
best_distance = distance
print ("SR KL ", best path)
print("H LS EEES ", best_distance)
HEAT Z2 R A, BB R A5 R A0, W Re S Bl i IR 6 72 A—>B—~>C—>D—>E—A, &

BN 50,
5.5.4 WEBEBH
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