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o AE B ANV SR A% TSP, I E AT L W sec-
tion 3.

o A FHBAL ST SR AR TSP, IF3HT 7 5L, W, section 4.

o IR L =FP U7k, UL section 5.

o FETHYTACH R B A RIFHEATH AL, RN ARt o] AL
FhFEAA R o

1 ARAT R 1] 7
1.1 fFARHRITEo)RE

WEATRIA) A (Traveling Salesman Problem, fiif#% TSP!)
SEIZEF R EARRE P i 8, ol fig. 1 TR,
XA ) [ 22 IR Dy s e R AR AR e AT ) )
B (AR ), BRI — R AFEA R T &, 5 i B
A4k Hs 2 [0l 3 H R SR TH 1 B B AT (iR ME SRR D

Fig. 1 He{ T 0] K R L5 SRE R

RSk
o BN AT H AR, W] DU 5538 s A R
SEOR B0 7 YA BRIV IR U] P SR A Bl DT B =2
SR A S FE R T

AN o TS EARRIRT “HRAT B, AT LU HIE
A PO TERCE BV B R B DRI R 7 5
o LR TIT IO RE B SR (AR A iy
A IR L) o MBI HAT 1 R ST AL 2 A
. VR RAATT, FHRHIAFIELE . R R
© AU LU KRB B (W TRfE TSP RUIEHERE
), M RIRITIR S (SRS T, 12 WRITRaIS B AN 4> 2
+ BROLBHERHY BB Y/ AL 5 « 24 TSP: CTSP JAE— MBI 56 2 B b3k — AV
iE) 2. {E 45/ M1 Hamilton [l . #5758 TSP, KA 1Y)

W AR % . IILER, W98 Bg 5T Her s
R, s SR AR B AE 2L 8
ANTR] ) J A8 R T AR A

o XK TSP: 57 CTSP AL rh, PRANTH A1 A j B
PEE d AN—EAHEE, WIFRN ATSP. ATSP 11§ i /)

o AT W) P AE W& — AN NP-JR#E (NP-hard) [, H.
TR EAAE S NP-524> (NP-complete) P 5t f#)—A>
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PR AR RRAE, B LASR AR T N, (H T IR S AR
o 2 B R 3 s RS O AR TSP, I AKX 255
B AC 8 9 2% IR M B 2k it , L LG CTSP T BAT Sy
N M
* BCIXWCHE TSP: TSPPD & (1 CTSP i SV 477 it A 128 455
() S B i SR P 2R ) o 3XA ) K ) P S o G
—RRBCIE TR, TEORE TR AR Lo B T R AT
Ty RRBEETR SR, ESRE R TE R st ALk
Lo A IR AN B 75 SR 3 e — 0 A IS 0
K BRE R RN ERR TR, B AT 2 A
REM B — 25 AT FE 4 1 1Y) Hamilton [9] 8 .
o 2 NIRATT )R B2 ANBRAT R I 2 N, 7R
SRR — AN RAT R S — IR AT T, K
P AR T B R AR . RO MTSP X g vl “ZE50 M
Rl re a7 S BAEEE L. F LMK
MTSP AL Z A~ TSP, FAEH K A#E TSP (W& %EAT
SKff. Hong Qu 55 N &84 1 2B (winner—take—all)
56 LRI T T — AN LT 36 4 B 40 ) 285 55 20 Sk 3K
fift MTSP, H5F ST WIAT AT T 23 BT R EE o
o Z HFRFRAT R A CRISP W12 L A —AMAUE (B
FE), 1 MoTSP WFFL & 42 A 2 MUE K TSP,
BSR4t o A T e 25 [T B U [, A
B B b )& AN AE RS T RE N BT 7E 2 HARIE L
T, PRSI IEAATAE, TS MoTSP 19 H (1221
Pareto I fif, X2—MELE, AL —NR—fF. I
B B S R R 3 — A SRAR B B b ) A% R R S,
RIGEET IR R 2 B AR d A0 I 5k
1.3 HRITECIERA S WK A
ETREDE.  EhASK) (Held-Karp B3%) 1) I 24k
21 O(n® - 2™), IXRE/ER T E BN OL AL 1T
LR SRR . DX ER (Branch and Bound) /4388144, nf LLiE
T BRI R B, RIS UL N AR R E R

BEAREE (Heuristics) U1, XEHFVEFFARIUE—E fEFS
SRR, AP BRI R AR B —A “In Bl ifg .
WA ATE: BIEABE A (Nearest Neighbor) ') MWAT R
W R, RROGERE RV ) HBE S B E . Bl
H% (Greedy Insertion) , AW I AR U ) A48 77 48 N 21 24 /i
B s P B A G AL B o 2-opty 3-opt FARIIE Z, KL T B
FIM, I LA B R IR IR (AP B A,
AT SO A -

TTRARNEE (Metaheuristics) . WL WIHIIE K (Sim-
ulated Annealing)!''? . % £ 5772 (Genetic Algorithm)['=1, I
BESE (Ant Colony Optimization) "1, ki FEELAL (Particle
Swarm Optimization)!'" 45, X677 VL 4E KA TSP 524
KL R AT SR AR BTN AT @k

2 Hopfield W % U5k 8 7 AT 1 15 72
2.1 Hopfield o]k fi# R 32
MI&LER.  7E Hopfield MM, &ML 5 HAl
P TOMH HEE, AMSAEA RN E, @ik AE
B JORAS SR B/ MUZRER R, WS 25 2 06 B (1 5
st .

XFF TSP RIS, RS N AN, WA o — A
N x N B aERE v, M.

o AT MS G=1,2,...,N

o BIRB] G IRYHBT (G=1,2,...,N).
ESfli e

o Vi TRYRTT 0 455 jOPRIRE BT M. BUAE LR,

Vij=1 % 0.
o AT HAWTHE B “17 (BT A G
VT — 0

o B—H R AWAE BAE—A “17 (FRTEV R 75,
— AN AL R — AN ) .
REBERB.  AIRBIM4IEIT TSP AR, 5B fe R
PO R ZR A AE T 0 AT 200K, BRAREAS ST Bk U i) —
W, WA eq. (1) FioR,

AN (X 2
E1:22<2wj—1> )

i=1 \j=1

SN AEVT BT, RN B BRI ANk T,
eq. (2) AR

PR N 2
Jj=1 =1
FEE, EEA CREAVTRIBND HILZ T80 F — AT,
R &K
PR AR B RN AT, W eq. (3) FTVR.
pIXN
F3 = 5 szi,k‘/i,jvk,j+1 3)
i=1 j=1

KW dy e YR 0 IR R Z MM, §+ 1 RN
ViR (Rl AU BInl ). D O R A3 R 5.
IRARERPAECN eq. (4) PIrs

E=F1+FE:+ E3 =

N 2 @)
()
=1



WASEFHHTE. Hopfield M 4 Il ik 8 7 2% )5 FE kAR HE B
ZItfmAN Gdoh UD, it Gdoh V) i Eus kg, ik
eq. (5) Fizm.
1 + tanh (%107 )
——
Hoph Uy &AM 48824, T2 tanh BEIFEE

W 28 R AR T GORE E T B 5120 B HEATIRAR, 193
Xf Usy (3 TE3, W eq. (6) FTne

Vij = )

av;;  OE

dt Vi ©)
FEACRSSEIL A, AT LI T, W1 eq. (7) i
OFE
Uijt+1) =U;(t) + At - | — 7
ern=vswrac(-52)

Hr At Pk

2.2 MATLAB REE{HE

EAET, LR MATLAB (i EHEEMNRBIS. 1L,
BEMLAE e N (AR SETRH R 30) AN T 1 AR AR, S LE [0, 1)
W, RJE R dist B V59T 0T 2 TR) P P R R I
distance (K7 30 x 30).

o W dif fu(V,distance) W5 92, 35054 U (A
dU (T dU = —E/dV ),
s FHU: U+ U+ step x dU

) o 1+1anh(lifg)
o BEHV EEeERE: Vi« ———2
o WWHEUTTRER (L e = energy (V, distance) I {R{FZI
B E
OGN, BT LZR 45 3R Cn RATAE AR R 42, D n]
AN B
is_valid EREERR

citys = rand (30, 2);
distance = dist(citys, citys');

RIEHIURAL TSP 5 2% %00 S 5L

function [flag, V1] = is valid(V, N)
V ARLYH A Z TLEE (NxN), FEAFILAE:
- BEHE ) (HERTESILS TR, RA—A

oo oo

Wb R

s - AHE—4T (FREHE 1 ART), LAKHF AW
th A1

[rows,cols] = size (V);

V1l = zeros(rows,cols); ¢ A£MiE AR FEAKL 0
4B 1%

[~,V_ind] = max(V); s sE—F KRB R KA (B
KT AL F A AP & LT AR)

for j = 1l:cols
V1(V_ind(3),3) = 1; & FH vi M EEERMAEAN 1

(E=R a2
end
C=sum(Vl,1); ¢ H#—28 KA, ABRAFTH NI

R =sum(Vl,2); % #— 4T KA, HWLTLEHAH NI

flag = isequal(C,ones(1,N)) & isequal(R',ones(1l,
N));

s EH—I., F-HHA 1,

end

ISR I @ 3

N = size(citys, 1); $ N = 30

A = 200; S TR A R MET R

D = 100; S BRPAIEH Y R MET A K
U0 = 0.1; S BE R M 4 AR A R
step = 0.0001; s ¥ K (Delta t)

o, A FI D Zp BT VLR B4R L) RS fE B e 0 (1
B

R, BENLIIE A M S AR U, IFEE WU 2
V E, JEEIAE (0,1) e JE8ia AWEACE R .

HOE, Jor B AR R KA PTERIAT R 5| Vind, R4S AL
BEWEN 1T 3R VDo R)5, a8 ST
A B —AIGEN 1, Weq. (8) Fns

=

N
i Vi = ®)
Zj:l Vij =1

FEHSESTI flag =1, K 0.
diff u(v, d) BB

delta = 2xrand(N, N) - 1; ¢ & (-1,1) Z ¢
45 1
U = U0 % log(N-1) + delta;$s #missb2nim N E U

(1 + tansig(U/U0))/2; ¢

% M EAMERE V
R DRGNP
for k = 1l:iter num
du = diff u(v, distance); ¢ it H du, Bp
Hopfield M4 WK A 2 # &
U = U + dUxstep; s R AN LT
KRE U
V = (1 + tansig(U/U0))/2; o i@ it W E by K
HZHmbEALRE vV
e = energy(V,distance); s HH Y AT M %W
it = o R AL
E(k) = e; $ I EAKREKE
it = o R AL
end

FERZOEI R, B R o AT LU T iR 20 3%

function du=diff u(v,d)
global A D;
SV KA NxN,
n=size (V,1);
$ 1) sum(v,2) - 1 AT H —ITZHEH
AT AR
sum x AWK EX AR E L H B nxn #EF
um_ x=repmat (sum(V,2)-1,1,n);
2) sum(v,1) - 1 R TH —F 2 F2 38 5
w4 R )
sum i EAF XN E L4 B nxn % E
um_i=repmat (sum(V,1)-1,n,1);
3) AERBEEHHR: b EE v EH I FK
b &
V_temp=V(:,2:n);
V_temp=[V temp V(:,1)];
2 4) K d 4V temp, BT HBEHLERESE T — 75T
R L& A8 Gy e AR Ae
sum_d=d%V_temp;
$ 5) dU BP Hopfield #v% W %4 49k & £ 3 7 4
du=-Axsum_x—Axsum_i-Dxsum d;
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1 Wk E (V
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oo W oo




8 EEZXENRATRAABETHR &, TR ESH
#% E, dU = -0E/8V

end

Uihe: MAEREERECN V KT, NIMABREPRST B & dU

o IXH sumy sum; 43 A N T TSR EIAT . SR FI
7 1M sumg VEEL T BRI B 29 SRR S I 22, S5 )5 AT
&

energy (V, d) ER¥EiERE

function E=energy(V,d)

global A D

n=size (V,1);

§ 1) sum(v,2) - 1 AT HTZHAE 1 9k £, A
sumsqr () i H iR EF G A

sum_x=sumsqr (sum(V,2)-1);

$2) sum(v,1) - 1 AT=HINZHAE 1 ik £

sum_i=sumsqr (sum(V,1)-1);

3 3) AEHKBEIEHHR: B L,
EZS

V_temp=V(:,2:n);

V_temp=[V_temp V(:,1)];

sum_d=d«V_temp; ¢ d # ¥ & 4 [

¢ XA E P RS

sum_d=sum (sum (V. xsum_d)) ;
Fr

$4) BEREHHMA 0.5(A  sum x + A % sum i + D
* sum_d)
AP FH 0.5 ARA E =
% E Lt

E=0.5% (Axsum_x+Axsum_i+Dxsum d);

end

K ovEH 1 IR

$ V.x(d # V_temp) H K

1/2 % Y (...), “T#

Dife: THECUET S VO NI RRERAE, AT, B R
B=E 2Nk (i E 0.5 224 TRk S E R R
0.
2.3 Aft4 Hopfield M4ZEEBB AT IAE

Hopfield P 452 it L& 88— AN e k4, v LU
CHBREETRE” R “ it R AT IXPIAN SRR DR A «
BEE R H. /& Hopfield WM&, AT EIALM B AR
A (I TSP AT Bl BEESAIHD #6721 — A aeat kAl
E B, XABEmREEL “3Aae”, MRS BRE 1T H.
PLrIfE, HRe R AR, M TTATHES FERER L FS
Fa#h & T P&, Hopfield P& RPRZSTEFAt 2 “¥i A e f ik
BB A, Wt — SRR . FaiE
4 eq. (9) iR

UeU-nl2 V=) ©)

Horp U ZM& g cimAN, Ve, 22K,
BB A, RERAS ETF, AR R F

WS BIRREDS. AWHANG, Rl TRAM/ME, St
B2 PR AT A, Wt BIE T “RUE R, BN
RERL IR TRAREE N EE, WIS AR A T XA
SE AN R W% RAT IR N ATAT R (FE TSP _ERIEFF &
AT HIE— PRI F R R AR B B o

24 {HELR

AURTEY, FEER 30 ANPLTT AL L, 534N T 54,
10 4>, 20 ANFT 40 NPT EER, W fig. 2 BT

3 FAHX] KA AT B 5] AL

ZHA A He ld-Karp U1 130002 —Flok it TSP (1148t
KR, IR R R0 Z B U5 i) I3 AR A DL 2 i
Py, A SCHLLL Ao 55 28 A R R . SR, 5T
MPEE O(NZ2N) , M N &K (20 BhbD B, BT
AR AR e w e K. Rk, ZEARF S, AT AT
30 ANk i PR SR AR V155, X2 XA W 4% A7 PR AT MATLAB
IR, fig. 3 Fros.

$iR1EMA ones
R 1073741824x30 (240.06B) HAETMIRMBAREEA]\(16.068), EFIESSH MATLAB T,

HeE dptsp dp (5 61 17)
dp = INF * ones(nStates, N, ‘double’);

Hi%8 dp>DP_TSP_main (38 19 17)
[bestPath, bestCost] = tsp_dp(distance);

HE dp (B 9 17)
DP_TSP_main();

Fig. 3 N = 30 B, B T3R5 1T
3.1 Held-Karp 7SI B EIRIE

HSHRIERE X1 TSP R, WIRA N AR, w5ERE
SE— IR AU (Ot 1D, FFZR S I3 A
FIASRIZ A TAAE “ QU5 RLEg T 7 F1 <2407
FrAEdTT BT S s s . IR R gk E R
25 IS .

B RWRENIE X, XN dplmask, i,

o mask f&—/ HEFIFERY (bitmask), 1 £RHE
Wi, 0 LoRRYVT . #5 mask 5 5 04 1, W
W3 5 Ui

o 0 N YT ATAL IR 4N S

o dplmask, i] Fsr: 7EV7 S mask THIETT. 24
RT3 4 I, AT3E 0 M e B AR

NG SEREFERE, 37 EM (mask, 1) ¥ F2] (mask/, 5), 1L
' mask/ = mask U {5}, WIFFEHH, 40 eq. (10) Fim.

dp[mask U {7}, j] =

(10)
min(dp[mask U{j},4], dp[mask,i] + d(i,j)),
Horb d(i, 7) 2 53 5 IR,
PRSI, T EWCE L A, WIIRIL AR Rsinid
W1, HAESETE 1, dp[l << (1 —1), 1] = 0, &L A4
P MPTERTT AU, B mask = (1 << N) —1, &%
MHRTET @ IR 1, R EI5E R .
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Fig. 4 SR TTEERSEIM MATLAB (FE%ZR

SE D Held-Karp 5% 1 i i) 15 4% 1) 5 2% )3 #5 J2
O(N?2V) o W T N =10 8 N = 15 %G /N UL 5 vy
11 —H N =20 SCEK, AAERIN g2 3R, 73 m L
2 FAELLTERE, W0 fig. 3 PR,
3.2 MATLAB REB{HE
AERET, LB MATLAB HEFEENRBIS. 175,
T IRALL R 53 A AN I o 5O T SE T
o DP_TSP_main () : P4, A BT R tsp_dp O
SR H 3 AT AL T B A BE VI, IR e & A
plot_result 2K,
+ tsp_dp(distance): IZahASEISEI, IR [Pl
1% bestPath LI K5 M I F i 25 bestCost.
« plot_result(N, citys, V1): JHFr[HALVILEEENLEE
125 DP BB 42X L .

tsp_dp BRI MCEUTR s

function [bestPath, bestCost] = tsp dp(distance)
§ ——— M -
N = size(distance, 1);
INF = 1el0;

nStates = 2°N;
dp = INF % ones(nStates, N, 'double');

parent = -1 % ones(nStates, N, 'int32'");

dp(1, 1) = 0; s RIBKE: RiFR THTI
, HE AT AT 1

g ———— AERAKEHAR ————

for mask = 1 : nStates

for lastCity =1 : N
if ~bitand(mask, bitshift (1,
lastCity-1))
continue; ¢ lastCity’~ #maskZ
end
currCost = dp(mask, lastCity);
if currCost >= INF

end
for

end
end
end

continue;

nextCity = 1 : N
if bitand(mask, bitshift (1,
nextCity-1))
continue; $ nextCity& fE
mask ¥
end
nextMask = bitor (mask, bitshift
(1, nextCity-1));
newCost = currCost + distance(
lastCity, nextCity);
if newCost < dp(nextMask,
nextCity)
dp (nextMask, nextCity) =
newCost;
parent (nextMask, nextCity) =
lastCity;
end

§ —mmmm- BB F, REMKMA

fullMask = Db
bestCost = I
bestLastCity
for i = 2
tempCost
1);
if tempC
best
best

end

end

itshift(l, N) - 1;
NF;
= -1;

: N

= dp(fullMask, i) + distance (i,

ost < bestCost
Cost = tempCost;
LastCity = 1i;

§ —————— 2R E

bestPath = z
bestPath (N)
mask = fullM
curCity = be
for pos = N-
bestPath
prevCity

eros(l, N, "int32'");

= 1;

ask;

stLastCity;

1 :-1:1

(pos) = curCity;

= parent (mask, curCity);




mask = bitxor (mask, bitshift(l, curCity
-1));
curCity = prevCity;
end
end

G dp #4l: dp(mask, i), b mask B IEHZ
02Ny, R HERIR R R R T s R S TR AR
YT dp (mask, i) fEAEV5 IR T mask %M RGIETT . H 4 ETE
i BT ) B AR B

WG T R . dp (1,1) = 0, Fox Kyl T3 1
(mask=1, “HEHIBARA N 1Dy HYHTTT N 1B, BREy
0. HRdo(..) BRIABH— MK INF.

WG IR F R, HME mask TEIR I ) A Cv7 3 i 42
A, W2 lastCity PRl FIAT AR “ ATk 7. 4 lastCity
75 mask 91, JEIEM2E nextCity SRS IE A V) ul i 1)
YT 7 nextCity A Vjnl, N Hr dp (nextMask, nextCity),
REEH AL eq. (11) Fior.

dp[nextMask, nextCity]

min (dp[nextMask, nextCity], dp[mask, lastCity]-+ (11)

d(lastCity, nextCity))

A FH parent ot ABSAN I T 46 A% ik ke, 10 g ¢ [
A%

e, AR # s I, mask = (1KKN) - 15 f%
SN LA i 3R BT 1Bk A B A e K Rl s,
eq. (12) Fromo

bmmmnﬂgﬂ@mMM%hq+a@n) (12)

AR ICAR VR 7Y, W AN TE R R

33 HE4%ZR

un fig. 4 Fiow, shAMRI AT ARG I 58 X AT %% o fESE
b, N HUEA 10 #1115,
4 IR E KR RAT B B A
4.1 BEEXRRE

WAL PP T A ARE PR AL HI M A 8 R TT
% ) N TR E 2RI R W AR ST
T HRA PR R, 8 AWEA AR A
A, DL SRR AR SR RO AR A R ST EEE
%, FEAFRIER. X (WHRAEL AR =N EAR
o XEEAEAER— R REHAT, BRI A A
TGN, I ) A

FIEaRREE. oL, BRMERNAT EAR D HIA R, Bl
REZMAME (WP GO R, BEAS MRS ) LT

—/NELER . AT B b SR A IS M 1
Yt 77 IR o
B, RREANTE —AMEAE, HAETTLLHEKE A n

B Ed AR LR, WA LAR RN eq. (13) .
Population = {C1,C5, ..

+ Cm} (13)

b, m EREERIRAN, G 5§ DAME.

TG ERAIRETREE

l

WM RS T AN

e -~

(

HEE RIEER B

l

R HFTERERE £
AR TME

{ FwE

TR HFARITERGE, 3
MBHEM

l

EiEE: AN TRs
IB#hEE

Fig. 5 BIEEEPITRIE

ERMERE. ENAEREL (Fitness Function) H T1FALREA
AMERIIRDS o 3TN R B i) ) HLAA TR ke X, Tl H
Wt KB MU AN PN bR . IE R RRECH f(Cy)
o W F(Cy) = TEINSEAR, 3G N AR 7, 37 12 A A [ i Ak
It

EEARIE. PRI ARG N R £ N — R AR
W R A AR R R AR . SERRE PERIHE A I P45

AR R WL T5E, AP S AR )&
I EERRIE L o FAARZ 3 eq. (14) PR

})(Ch):: f((h)

S (G (9



K, P(Ci) MK C; HOET .

RMBRIE SRR AN AR B R, ARk
BRGSO EE R TR X £ A8 ORI
XA Bl W RN

o ARG AR FRIHLIERE— A8 A

o WA XSGR B, A AN BT A
B, BRWRHEA ARG Cr = 11001010 Fl Co =

10110100 & 28 X A AE S 4 Ar )5, WZAE B 3 A 4k .

Offspring; = 1100 + 0100 =
1011 4+ 1010 = 10111010

11000100 #11 Offspring, =

TRARE. AT HARBEHL RS 10 L R AT SOME 2
CAAERFRIAE A 2 FEE, B b PSS R e A A2
WAL EAT, BIIEE LG AR RN pr, o XS

T B (K e A, AR S A T L B AN (K

W C; =0 WA A 1, RZIFK.

LIEEM.  BUERIRIEE AW R ALK, W
T B AR E . HR 30 R D P AR sl o A P03 B FEE AN
BTG,
AL PATIRAE W fig. 5 BTR.
42 MATLAB RES{HE
FERE. BUEHEIL T EPATRED PR,
Lo AR Bk i B8R, 2w Il B R AR K citys =
rand (N, 2), HHP N 3T K E0E .
WITA B HE IS5
YILR LTI
VH ST U PR 1038 Y BE
FFURIEAR
PR
USRI e (S
Yot AR AR R4
[fipiibiis
ST & L 4 A

4

FIBAT RPN .

e AU o

_
=

function GA TSP main()

ga function

Q do oo oo

itys = rand (50, 2); ¢ #% 4
N = size(citys, 1);

distance = pdist2(citys,
MR TR 3B B 4R E

o)

citys, 'euclidean'); %

LTS
populationSize = 50; g
generations = 5000; 3
break generations = 100; %

break generationsfbestCost& K &,

UERZS

G NN

iE KRR &

B KA, W RES
) iR

crossoverRate = 0.8; g XXM FE

mutationRate = 0.5; s T HFME

g W As A B

population = init population (populationSize, N);

s it H L AR E Y R

fitness = eval fitness(populationSize,
population, distance);

§ R A HFREE LR

[bestFitness, bestIdx] = min(fitness);

bestPath = population (bestIdx, :);
bestCost = bestFitness;
costList = [];
g IF 45 i K 2t
for gen = l:generations
s ¥ ATHAMLEE
selected = selection (population, fitness,

populationSize);

assert (is population valid(selected,
populationSize), 'the population is
invalid');

g note: BXZLE, AHBEZH—TAHAZTLHALE

RX: ABFHRATIX

offspring = crossover (selected,
crossoverRate, N);

assert (is population valid(offspring,
populationSize), 'the population is
invalid');

s T

offspring =
, N);

assert (is_population valid(offspring,
populationSize), 'the population is
invalid');

s it H Y AT B E Y K

offspringFitness = eval fitness(
populationSize, offspring, distance);

oo

mutation (offspring, mutationRate

S EKY: K R elitecount /4K

S L AT A # Ao B KA B A E B e SR AT B3R

combinedFitness = [fitness; offspringFitness
17

combinedPopulation =
17

[population; offspring

S T AE R EEFHF, ZFRKY
populationSize A~k
[sortedFitness, sortedIdx] =

combinedFitness) ;
population = combinedPopulation (sortedIdx(1l:
populationSize), :); % & #F fitness® I #y
5043 %
fitness = sortedFitness (l:populationSize);

sort (

S AR AR E

if fitness(l) < bestCost
bestCost = fitness(1);
bestPath = population(l, :);

end

costList = [costList, bestCost];

g T: FR#E

if mod(gen, 1) ==
fprintf ('Generation %d/%d: Best Cost =
%.4f\n', gen, generations, bestCost)
end
end
% disp (bestPath); %
V1l = zeros (N, N);
for stepIdx = 1:N

R 12 5% &




cityIdx = bestPath (stepldx);

V1 (cityIdx, stepIldx) = 1;
end
plot result (N, citys, V1, costlList);
end

ISR TRBERRAE (init_population). HIARMFHEERE /- ACAEE
a5, AT randperm J7VET LA —AN KN N, B R
1 — N HEFIEALEITT o PRSP WA 78448

T EIENE R (eval _fitness).

i) calculate_route distance J5VEitH PPt &F—
ANRE T HEZ B A2 0 BE 2 R AR AT, PRI AT WA 744 ) o
EFEHRIE (selection). ¢ £ 1 i ik & 28 W 1) 77 U AT i
. Hk BAH Hﬁjﬁﬁ‘hﬁ*ﬁ%éﬁ%”ﬁ%%ﬂ TN R T
PR o DRI APl T 0 T ST 7 P 46 Jhy OB AT ) RO TE X, 7
HATIE R /\1Zkﬁﬁﬂ,rﬁﬂ~|:)5ﬁi<c

B AR K 3, R % parentl = [1 3 4 5 2], parent2 =
[4521 3] (N =5). 7¢ pmx 5, & SEBEHLA 5 A $ 4l
TR, KT EEHEAT A XA G, 58 AN T bR A6
SIS o

g FALEF R LA
pt = sort (randperm(N,
ptl = pt(1);

pt2 = pt(2);

g w4k T K
childl = parentl;
child2 = parent2;
s A A R XK
childl (ptl:pt2) =
child2 (ptl:pt2) =

2));

parent2 (ptl:pt2);
parentl (ptl:pt2);

function selected = selection (population,
fitness, populationSize)

¢ input:
population % AT #t 8 ; fitness¥% A #t B 4y & m K&
; populationSize% AT Ak 2 69 X

% return:

selected #k it # il B o9 A #

oo oo

FEg REHERALER
A, W EE )

JEAE AR K AR (b & R AR

maxFit = max(fitness);

adjustedFitness = maxFit - fitness + le-6; % %
Ao

totalFit = sum(adjustedFitness);

prob = adjustedFitness / totalFit;

s it R &

cumProb cumsum (prob) ;

s

selected = zeros(size (population));

for i = l:populationSize
r = rand();
selectedIdx = find(cumProb >= r, 1, 'first')
selected (i, :) = population(selectedIdx, :);

end

end

i pt (1)=3, pt(2)=5, 1}, childl = [_ _ 2 1 3],child2
=[__452], AN R RE H IS JR parentl, parent2 H
HIEE, DI IX R 25 3 UM G2 (AR M 5T) . BRIIE R
TN PR IX Rl R O, AR W R BoR, RS E R child
5 ohi 1d2 ISR ARALTE S, SREE TN BB AT U

R X IR1E (crossover). 28 XEAE Bl LU R Y, £E AR SLI
MR, SR PMXG A8 X)) J5 123347 5280, 7 crossover H1iff
i pmx BB S8 B AN AR A SR

function offspring =
crossoverRate, N)
populationSize = size(selected,
offspring = selected;
for i = 1:2:populationSize-1
if rand() < crossoverRate
parentl = selected (i, :);
parent2 = selected(i+l, :);
[childl, child2] = pmx(parentl,
parent2, N);
offspring (i, :) =
offspring (i+l, :) =

crossover (selected,

1);

childl;
child2;
end
end
end

benchmark =
% parent
parentl 1
parent2: 4
fix duplica
childl: 1 3
5

1:N;

oo oo

oo oo oo

child2: 4

chlldl left
) .

child2 left =

)

i ff (benchmark, childl (ptl:pt2)

setdiff (benchmark, child2 (ptl:pt2)

s A childl P4y F A
nl = length(childl left);

n2 = length(child2 left);
assert(nl == n2);

randomIdxl = randperm(nl);
randomIdx2 = randperm(n2);

childl left random = childl left (randomIdxl);
child2 left random = child2 left (randomIdx2);

insert idx = 1;
for i=1:N
if 1 < ptl || 1 > pt2
childl (i) = childl left random(
insert idx);
child2 (i) = child2 left random(

insert idx);
insert idx = insert idx + 1;
end
end
assert (length (unique (childl)) == length(childl))
assert (length (unique (child2)) == length(child2))

’

MR FARE (mutation). MRS S ERAE S L ff o, KA
B T A R AR ) B AR B R, BRIk IE AN LRk
AT A ¥R RIT], SE AR TT WL AR ek

FIBFFNEL A A M (is_population_valid). by T W uEFI#ELERE
ATIREE . A XA F ARG, 0 LA G 3EAME, ik H
is_population_val id KUEATHRAIE. [, XA 7%t AT BAR]
FRIRUEIEHE . 28 XM 45 VR R R R 1A T )
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43 {HELR

TEBHEEEM S, BT EEE N 54N, 20 4N, 50 4
HI100 MEITESE B, 0 fig. 6 Fion. BIETT DA, BT
RN LB R AR, 25 ) % B VDN, ] DUE G s [ ) iy 4
T, AT 2 3 EE T TSP M E L.

5 =MFEBHE

A4 R T Hopfield #1445, A% (Held-Karp
SV RUEAL S8 =T KSR AR RAT BT ) & (TSPY. LAF
AT R A A B AN S AR AR B = AN R = Ry
DT I

50 WHEERE

BRI (Held-Karp B3%) | %72 (R R RN 28 0] 52 A4 B 1)
K O(N?-2N), Mo N gyl g . R RS R4
16T WL, (EBEE T BOR IR N, AR 2T SRR K,
B A T A RS ) R 1 S

Hopfield 842 W £%. Hopfield P45 (1) 11 57 52 4% % = BT
P 25 PR AR IR BN R AT B R R B T B 3R A e
HO(T - N?), Hrp Tl AR H. MILkshZ& %], Hopfield
PO 28 77 /N RS [ b B SR (W SRR, (R R ]
AT AL 2 T R

IBREE. BRI R T N O(G- P-N), Hh
G RS, P AR, N AR, Ik
BRI AREE, R SLAE AR EE KRR TSP () i 2 IR 5
TRy R

52 MRHVERE

ENZSAK. REUSHE] TSP il M HORE A foc LA ORAIE T FEO 5
o AR, XA TR B IE ], O6 TR
EFISREINAER

Hopfield #H£2 M %%. 1 ¥ REWS Tk 2T U AR, Ak ) 5T A
T W 2% S B B AR S o A7 AE BNl i dee DL T X
K, FEURI TR ARE .

IREEE. W R 2 R AR AT, BEBAE RO
N REBE R TR . BRI RE A R, (AAESE PR
ISP, AR BRI S AR R R AE S E S .

53 SSWMEZRE

EHZSHLRI. SCBUADRT BB, (R 7 K AR A At o DR
JUHAE A BTG R ) R o EAh, RSB I SLIERC A&
T, HEMBIOGFEAAL .

Hopfield £ M. 5 J b 28 9 2% ) 15 V11 B 1k b 500 32
T SEIRR AN, SHORT GniE T RSN R E)
OB, T SR AREE

SRAEEE, S R, VAR BRI AA ML T D
fili MEPE. A NS SRR . RS 5 SV Vi I p

11

Hom Ao sk, (HIBE SRR VAT A S L R BN A, 1L
VERE IE

6 R%&
AAR RIS T S HRARIRATR 8 (TSP) 19 7:: Hop-

field #Z8 MI 2% . B MK (Held-Karp 553 FgtfL5iik, @
XS EE R, BRI REE 70 /RS In) P 3R (RS A, (2
FL V5552 2% B W A i B 1 It BT, BRI T 3L
JulH . Hopfield #4148 P 48 70 /N RS ) i SR I R 4, Refig
R B, AL ER T EAE S, HABAR
e AR LI I AR ) R R E N, & T
KIS 22 1) TSP ol {1, Befi 14 B 0] N AR ft i =
B RME . 28 ERTIR,  JEREIE 2 1) U7 YR A L A ) )
AR SRR A SR A mT P B R R

B2 R
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(FReTAEF L 2021 RFRAFEHK)

A Hopfield K & K2

do

hopfield.m
write by Yufc: https://github.com/ffengc, 2024-12-24

oo do oo

clear all; clc;
global A D;

tic; & JFAE A

distance = dist(citys,citys'); % X 2A4E F dist H#, T H citys 5 LA FWO KR KIEHIESF

N = size(citys, 1); S W H M E

A = 200; s RREHHMFHOETAHK, AFHRIT. 218 L RA
D = 100; SREIMFHETNAN, ATHEAKRZESGA
U0 = 0.1; $ tan-sigmoid & # 49 HAL K &

step = 0.0001; s HRERZHG I K

delta = 2 % rand(N,N) - 1; ¢ £ (-1,1) Z I 8L 4s1k

MIBEMAWMBZTRE U

mimbE M2 TRE Vv, BHEB (0,1) Z N
ly’fk.//\—g

ATRExHFRERGEZMA

U = U0 % log(N-1) + delta;
V = (1 + tansig(U/U0))/2;
iter num = 10000;

E = zeros(l,iter num);

do oo

oo

for k = l:iter num
dU = diff u(V, distance);
U = U + dUxstep;
V = (1 + tansig(U/U0))/2;
e = energy(V,distance);
E(k) = e;

it A du, B Hopfield M4 # KA £ ¥ &
FHMANE LRSS U
ﬁﬁuﬁhi%ﬂiﬁi&?%ﬂﬁ&i ZARE V
Tt HE YA R %S S HMA

itk KR & &é’aééiiﬁuﬁ

oo do oo oo

e

[valid flag, V1] = is valid (v, N);

if valid flag ==

disp('Get a optimal path');

plot result (N, citys, V1, iter num, E);

else
disp('The optimal path is invalid');
end
elapsedTime = toc; § Z kit B, F Rz frafa (F A4z H )

fprintf ('Opt Time: $.4f', elapsedTlme),

o

%% functions
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1: is valid(V, N)
FIWF 36 2 Bk, BPAEHL “HFAWT RFE— K7 T ED %
function [flag, V1] = is valid(V, N)
VARLO B BEAZRATIESE (NV), ZEFILL:
- EH—7 (HERRTFTEFILSZR) , RAH—AMmE A1
- EE—F (TEE DART), ERA - Ad Al
rows,cols] = size (V);
1 = zeros(rows,cols);
~,V_ind] = max(V);
or j = l:cols
V1(v_ind(3),3) = 1;
end
C = sum(Vl,1);

o oo

oo oo
B
ﬁ‘f
L}v "
S

oo

M iE—ANR ALK 0 EH
A —FRE R KA (AP RT AL T 42T TF4R)

oo oo

H — < — oo do oo

oo

Fov: gz ERAAA 1, HEH B

oo o

R = sum(V1,2); g KA, FIBF 2 EHAI
flag = isequal (C,ones (1,N) & isequal (R',ones(1,N));
s FHE—I HEAHAL I, NWLARAA KM

end

HF I R A, FIBT ARG AR NI
H—1
) .

oo

i # 3 4 2: plot result(N, citys, V1, iter num, E)
2 A0 dE AL FE 2 VS. Hopfield #rih ¥ 2, JF 4 %56 & o #dk sk by &

oo oe

oo

function plot result (N, citys, V1, iter num, E)

sort_rand = randperm(N) ; [ A 4T L 3 TR B
citys _rand = citys(sort rand,:); 73 2| K b8y BT 37 FIR A
Length init = dist(citys rand(l,:),citys rand(end,:)');
s T H AL ZEKE
for i = 2:size(citys rand,1)
Length init = Length init+dist(citys rand(i-1,:),citys rand(i,:)");

do oo

figure('Position', [100, 100, 1000, 3001]);

hold on;

subplot (1, 3, 1);

plot([citys_rand(:,1);citys rand(1l,1)], [citys rand(:,2);citys rand(1,2)],'o-",'LineWidth',1, 'Color
', "#FFA500');

(

for i = l:length(citys)

text (citys (i, 1),citys(i,2),[" ' num2str(i)])
end
text (citys rand(1l,1),citys rand(1,2), [’ Start Point' 1)
text (citys rand(end,1l),citys rand(end,2), [' End Point' ])
title(['Orginal Solution(Length: ' num2str(Length init) ')'])
axis ([0 1 0 1])
grid on;

xlabel ('X axis');
ylabel ('Y axis');

$ 2.3 & B Hopfield #i % &) % 2

[~,V1l_ind] = max(V1); S HP R KEW R3], F3 ARG EIRA
citys end = citys (V1 ind,:); s IR B R A B Y IR T i R R T

s HHZRIEBZKE
Length end = dist(citys_end(1l,:),citys end(end,:)"');
for i = 2:size(citys end, 1)
Length _end = Length _end+dist(citys _end(i-1,:),citys end(i,:)");

end

disp ('Hopfield Solution Matrix'); S EHERETFRT
S 4 H R % 2

$ figure (2)

subplot (1, 3, 2);
plot([citys end(:,1);citys end(1,1)],...
[citys _end(:,2);citys _end(1,2)],'o-"', 'LineWidth',1, 'Color', '#FFA500'");
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for i = 1:length(citys)

text (citys(i,1),citys(i,2),[" ' num2str(i)])
end
text(citys end(1,1),citys end(1,2),["' Start Point' ]
text (citys end(end,1),citys end(end,2), [' End Point' ])
title(['Hopfield Solution(Length: ' num2str(Length end) ')']
axis ([0 1 0 17])
grid on;

xlabel ('X axis');
ylabel ('Y axis');

subplot (1, 3, 3);

plot(l:iter num,E,'LineWidth',2);

ylim ([0 20007])

title(['Energy function(Optimal Energy: ' num2str(E(end)) ')'1l);
xlabel ('Epoch') ;

ylabel ('Energy function');

grid on;

legend ('Energy function');

sgtitle (sprintf ('Number of cities: %d', N));
hold off;
end

& # 3 3: diff u(v, d)

it H Hopfield MZ ¥ KA U 89 ¥4 du

function du=diff u(v,d)

global A D;

sV KA NxN, d AEBERF

n=size (V,1);

$ 1) sum(v,2) - 1 A FH—ITLABEH 1 9k E (VHRITAR)
% sum x AWK XA ®E L F B nxn FEF

sum_x=repmat (sum(V,2)-1,1,n);
S

oo oo oo

oo

2) sum(v,1) - 1 ATH —FZAEH 1 it (v HEINHR)
sum i AKEA G E L4 B nxn 4 HE

um_i=repmat (sum(V,1)-1,n,1);

3) REBEEHAHR: FMBEE v &4 1 7 #IkEK
V_temp=V(:,2:n);
V_temp=[V_temp V(:,1)];
$4) K d +V temp, B EBEHELHEEE T —F 4% L3R TE M EH R
sum_d=dxV_temp;
$ 5) dU BP Hopfield #F %4 W 2 69 R & 2 # 7 £
du=-Axsum_x-Axsum_i-Dxsum_d;
g ERRAENATRARAABRETHRZ, S TRELHK E, dU = -9E/9V
end

oo

: energy (V, d)
HHE LAl v ARl B

oo oo
g
2
LN

oo

function E=energy(V,d)

global A D

n=size (V,1);

% 1) sum(V,2) - 1 AFHFZ AL 1 9th £, B sumsqr() tHiEEZF 7 A
sum_x=sumsqr (sum(V,2)-1) ;

$2) sum(v,1) - 1 AT=&IzHkE 1 89k E

sum_i=sumsqr (sum(V,1)-1);

$3) AEBBEEHAR: BL, ¥ vEL 1 7HBAR
V_temp=V(:,2:n);

V_temp=[V_temp V(:,1)];

sum_d=d«V_temp; ¢ d A ¥ & 4B [

$ X fe® P %R

sum_d=sum(sum(V.xsum d)); ¢ V.x(d * V_temp) J Ko

4) BRRZHHAN 0.5(A x sum x + A x sum i + D % sum d)
AP AK 0.5 RAA E=1/2 x5(...), THELZTZAH

oo

oo
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E=0.5% (Axsum_x+Axsum_ i+Dxsum d);

B 3 A ALK K AR A

write by Yufc: https://github.com/ffengc, 2024-12-24

oo oo oo oo

clear;clc;
close all;

DP TSP _main();

function DP_TSP main ()

§ =========== ], ARMKTAIZE ¢ BEBIEG ===========

citys = rand(5, 2); S nAS BTG FE AL A AR

N = size(citys, 1); % N=30

distance = dist(citys, citys'); s it HoyR ] 9B B 4E F

§ =========== 2, AN KF ISP ===========

S X ¥ A E R AR 2 bestPath, VAR L B 6 4838 % bestCost

[bestPath, bestCost] = tsp dp(distance);

§ =========== 3. W bestpPath#s ¥ A Hplot resulttl Bl # N VI [ ———=—======

$  VIA—A NxN RO0-14F, H 7 FIAFE F FirFE R
2 E% 7 5P 49 & bestPath(j), W VI( bestPath(j), 7 ) =1
1 = zeros (N, N);
for stepIdx = 1:N
cityIdx = bestPath (stepldx) ;
V1 (cityIdx, stepIdx) = 1;
end

<

=========== 4., LK% Bttt
g HERAMZ A plot resultdh ¥, R T WA Z vs DPHRF 69 R K % 2
plot result (N, citys, V1);

oo

o

g =H Sl

disp(['DP best route: ', mat2str (bestPath)]);
disp(['DP shortest distance: ', num2str (bestCost)]);
end

function [bestPath, bestCost] = tsp dp(distance)

TSP _DP 1 M| Held-Karp # & A % f ik K M Tsp
distance: NxN 3B & 4B %
bestPath: mH A& (KE N 8®mE) , KR TI1H X2 WF1
bestCost: * B # & £ % K

oo oo oe oo

T (L % m—

oo

N = size(distance, 1);
INF = 1el0; $ R#

A R ARIRT 1T 4, JF R4 2] 3R T 2
KA ZN: dp[mask, i] AT 4& “CipFWRTELS” H mask, B “REFFMRT” H i WO KRNDBZED
mask A = # & A RIAFILA IR T iy E T

oo oo oo

nStates = 2”N;

dp = INF % ones(nStates, N, 'double');

s BT =%z

parent = -1 % ones(nStates, N, 'int32');

s MIERE: RBFTWMTIL, REMFEMRTI

dp(l, 1) = 0;
S CET RPN N T RTD O e——

for mask = 1 : nStates
s 3t ey R ey TR A mask
s K & S mask P & A IR T
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g ik Pl 4z 2 F ok A Bp
for lastCity = 1 : N
¢ % lastCity I~ fEmask¥, W kT
if ~bitand(mask, bitshift(l, lastCity-1))
continue;
end
$ % Al dp[mask, lastCity]
currCost = dp(mask, lastCity);
if currCost >= INF
continue;
end
g ME T —A£97 P8I T nextCity
for nextCity = 1 : N
$ Jdm R nextCity & /& % S maskF, W 3kid
if bitand(mask, bitshift(l, nextCity-1))
continue;
end
s T &
nextMask = bitor (mask, bitshift(l, nextCity-1));
¢ % #dp
newCost = currCost + distance(lastCity, nextCity);
if newCost < dp(nextMask, nextCity)
dp (nextMask, nextCity) = newCost;
parent (nextMask, nextCity) = lastCity;
end
end
end
end

§ - KRG, THEEHRT L -
$ mask = (I1<<N)-1 %k = Fr H ¥ #F & 37 9
fullMask = bitshift(l, N) - 1;
bestCost = INF;

bestLastCity = -1;

for i =2 : N
tempCost = dp(fullMask, i) + distance(i, 1);
if tempCost < bestCost
bestCost = tempCost;
bestLastCity = i;

end
end
§ —————- = F B RSB
bestPath = zeros(l, N, 'int32'");
bestPath (N) = 1; PR o

mask = fullMask;
curCity = bestLastCity;

for pos = N-1 : -1 : 1
bestPath (pos) = curCity;
prevCity = parent (mask, curCity);
mask = bitxor (mask, bitshift (1, curCity-1));
curCity = prevCity;
end

W Bt bestPath [1,x2,x3,...,xN(=1)],

18 %A 2 strictly "MW TIH R "HERBERE],

HEAMT Ao R K — A1k, B Aplot result@ A F & iy FR &
T FERGE R, KB ZRNANWRTIRAS M EHATT

(plot result@ & A 7 & = & R T )

oo de

do do oo

(1]
=}
[o}

function plot result (N, citys, V1)
§ =====1) HHALHWBLEMNREZE ===
sort rand = randperm(N) ;
citys_rand = citys(sort_rand, :);
Length init = dist(citys rand(l,:), citys rand(end,:)');
for i = 2:N
Length init = Length init + dist(citys rand(i-1,:), citys rand(i,:)");
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end

figure('Position', [100, 100, 1000, 3001);

hold on;

subplot (1, 2, 1);

plot([citys rand(:,1); citys rand(1,1)],
[citys rand(:,2); citys rand(1,2)], 'o-',
'LineWidth',1, "Color', "#FFA500"') ;

title (['Random Path (Length = ' num2str(Length init) ')']);
axis ([0 1 0 1]); grid on; xlabel ('X axis'); ylabel ('Y axis');
§ =====2) 0 VI RKRRAREBEFLH =====

[~, V1_ind] = max(Vl); g A& & KA % 3

citys end = citys (V1 ind, :);
Length end = dist(citys_end(l,:), citys end(end,:)");
for i = 2:N
Length end = Length _end + dist(citys end(i-1,:), citys end(i,:)");
end

subplot(l, 2, 2);

plot([citys end(:,1); citys end(1,1)],
[citys end(:,2); citys end(1,2)], 'o-',
'LineWidth',1, 'Color"', '#FFA500") ;

title(['DP Solution (Length = ' num2str(Length end) ')']);
axis ([0 1 0 1]); grid on; xlabel ('X axis'); ylabel ('Y axis');
sgtitle (sprintf ('Number of cities: %d', N));

hold off;

end

C A& H KA

Jo

ga.m
Written by Yufc: https://github.com/ffengc, 2024-12-24

do oo

oo

clear;clc;
close all;

GA TSP main();

function GA TSP main()

©

ga function

oo oo ok

citys = rand (100, 2); ¢ #*% 4
N = size(citys, 1);
distance = pdist2(citys, citys, 'euclidean'); ¢ i+t H 3k W 18] 3E & 4B 4

s WAF S A

populationSize = 50; s A2 K
generations = 5000; B AL 4
break generations = 200; % & & F 4, v R & 4break generationsRbestCosti& A L L, W & & 7 37%
crossoverRate = 0.8; s WX MEF
¢ RRME

mutationRate = 0.5;
$ eliteCount = 2; HREREHE
S A1 45 A A #
population = init population (populationSize, N);
g it H ook b AP BE A i 8 K
fitness = eval fitness(populationSize, population, distance);
S WEMIBMBERMELER B
[bestFitness, bestIdx] = min(fitness);
bestPath = population (bestIdx, :);
bestCost = bestFitness;
costList = [];
g JF 4k KL
for gen = l:generations
s B ATFTHARAH

selected = selection (population, fitness, populationSize);
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end

assert (is_population valid(selected, populationSize), 'the population is invalid');
g note: BRZE, AHEZH T AHAETAHTE
g RN AMEHRITIX

offspring = crossover (selected, crossoverRate, N);

assert (is population valid(offspring, populationSize), 'the population is invalid');
s B

offspring = mutation(offspring, mutationRate, N);

assert (is_population valid(offspring, populationSize), 'the population is invalid');
s G AT A B Ay A

offspringFitness = eval fitness(populationSize, offspring, distance);

S HEKE: KY RIFW eliteCount A/AMHR

g K L AT A #F Ao B R AP B A E B E o AN R AT B2
combinedFitness = [fitness; offspringFitness];
combinedPopulation = [population; offspring];

s T AEN ERTHAE, &£FRMLIY populationSize MAK
[sortedFitness, sortedIdx] = sort(combinedFitness);

population = combinedPopulation (sortedIdx(l:populationSize), :); % & 4F fitness® 850/ 3 %

fitness = sortedFitness (l:populationSize);

S R R A% B
if fitness(l) < bestCost

bestCost = fitness (1) ;
bestPath = population(l, :);
end
costList = [costList, bestCost];

g Tik: F#AE
if mod(gen, 1) ==
fprintf ('Generation %d/%d: Best Cost = %.4f\n', gen, generations, bestCost);
end
¢ break?
if length(costList) > break generations
last n_elements = costlList (end - break generations + 1 : end);
if length(unique(last n_elements)) ==
disp('Best Cost remains stable, break');
break; ¢ KB ] %X A L1k
end
end

$ disp(bestPath); % W 1E¥% &

V1
for

end

zeros (N, N);

stepIdx = 1:N

cityIdx = bestPath (stepldx);
V1 (cityIdx, stepldx) = 1;

plot result (N, citys, V1, costList);

end

%% functions
function population = init population (populationSize, N)

Jdo oo oo do do oo o

for

end
end

input:

populationSize ‘& % #1451 &9 A 2 K
N R H K E

return:

s B, BE — A m, NP, populationSizedT

i = l:populationSize
population(i, :) = randperm(N) ;

function fitness = eval fitness(populationSize, population, distance)

de do oo oo oo oo

input:

populationSize # # K v,; population#t # ; distance®E & 4E [%

return:

fitness K A populationSize # %4l , 2 TiE N K
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fitness = zeros (populationSize, 1);

for i = l:populationSize
route = population(i, :);
fitness (i) = calculate route distance(route, distance);
end
end
function routeDistance = calculate route distance(route, distance)
%
% input:
$ route % 42 ; distancelE H 4E % ;
% return:

route distanceit X A~ 12 69 5B &

do oo

=

= length(route);
routeDistance = 0;
for j = 1:N-1

routeDistance = routeDistance + distance(route(j), route(j+1));
end
g B F A2 K
routeDistance = routeDistance + distance (route(N), route(l));
end

function selected = selection(population, fitness, populationSize)

input:

population ¥ AT At 2 ; fitness% AT A # 69 i & & ; populationSize % AT A% # &9 X
return:

selected #% it 3% it B &9 A #%

qo

de de oo oo op

W g gishEy FAAKRET (LARDRE A, £4E 8 K)
maxFit = max(fitness);

adjustedFitness maxFit — fitness + le-6; ¢ [k H0
totalFit = sum(adjustedFitness) ;

prob = adjustedFitness / totalFit;

RS S
cumProb = cumsum(prob) ;

s i #F
selected = zeros (size (population));
for i = l:populationSize
r = rand() ;
selectedIdx = find(cumProb >= r, 1, 'first');
selected (i, :) = population(selectedIdx, :);
end
end

function offspring = crossover (selected, crossoverRate, N)

X

oo oo op

populationSize = size(selected, 1);
offspring = selected;
for i = 1:2:populationSize-1

if rand() < crossoverRate

parentl = selected(i, :);
parent2 = selected(i+l, :);
[childl, child2] = pmx(parentl, parent2, N);
offspring (i, :) = childl;
offspring(i+l, :) = child2;
end
end
end

g PMXR X SR I

function [childl, child2] = pmx(parentl, parent2, N)
S BALE F L LA

pt = sort(randperm(N, 2));

ptl = pt(1l);
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pt2 = pt(2);

s 4T K
childl = parentl;
child2 = parent2;

childl (ptl:pt2 parent2 (ptl:pt2);
child2 (ptl:pt2) = parentl (ptl:pt2);
benchmark = 1:N;

$ parent
parentl: 1 3 4
parent2: 4 5 2
fix duplicat
childl: 1 3

% child2: 4 5
childl left = setdiff (benchmark, childl (ptl:pt2));
child2 left = setdiff (benchmark, child2(ptl:pt2));

o oo oo do op o

g kA childl ¥ &R A
nl = length(childl left);
n2 = length(child2 left);

assert(nl == n2);
randomIdxl = randperm(nl);
randomIdx2 = randperm(n2);

childl left random = childl left (randomIdxl);
child2 left random = child2 left (randomIdx2);

insert idx = 1;
for i=1:N
if 1 < ptl || 1 > pt2
childl (i) = childl left random(insert idx);
child2 (i) = child2 left random(insert idx);
insert_idx = insert idx + 1;
end
end
assert (length (unique (childl)) == length(childl));
assert (length (unique (child2)) == length(child2));
end
function offspring = mutation(offspring, mutationRate, N)
¢ TR
% input:
s offspringlé KX # # ; mutationRate® # F ; NI W A4 ;
populationSize = size(offspring, 1);
for i = l:populationSize
if rand() < mutationRate
s Mibuiz FRAAL B E 37 H
swapIdx = randperm(N, 2);
$ R
temp = offspring (i, swapIdx(l)):;
offspring (i, swapIdx(l)) = offspring(i, swapIdx(2)):;
offspring (i, swapldx(2)) = temp;
end
end
end

function flag = is population valid(population, populationSize)

for i = l:populationSize
cur_route = population(i,:);
cur route unique = unique (cur_ route);
if length(cur_route unique) ~= length(cur_ route)
flag = false;
return;
end
flag = true;
end
end
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function plot result (N, citys, V1, costList)

g ===== 1) HHF%H I HEAK B =====

sort rand = randperm(N) ;

citys rand = citys(sort rand, :);

Length init = dist(citys rand(l,:), citys rand(end,:)"');
for i = 2:N

Length init = Length init + dist(citys rand(i-1,:), citys rand(i,:)");
end
figure('Position', [100, 100, 1000, 300]);
hold on;

subplot(1l, 3, 1);
plot([citys rand(:,1); citys rand(1,1)],

[citys rand(:,2); citys rand(1,2)], 'o-',
'LineWidth', 1, 'Color', '#FFA500") ;
title(['Origin Path (Length = ' num2str(Length init) ')']);
axis ([0 1 0 1]); grid on; xlabel ('X axis'); ylabel ('Y axis');
g =====2) B VI RRRLHKZHF L4 =====

[~, V1_ind] = max(V1); S F 7 & KL & 5
citys end = citys(Vl ind, :);
Length end = dist(citys end(l,:), citys end(end,:)");
for i = 2:N
Length end = Length end + dist(citys end(i-1,:), citys end(i,:)");
end

subplot(1l, 3, 2);

plot([citys end(:,1); citys end(1,1)],
[citys end(:,2); citys end(1,2)], 'o-',
'LineWidth',1, 'Color', '#FFA500") ;

title(['GA Solution (Length = ' num2str(Length end) ')']);

axis ([0 1 0 1]); grid on; xlabel ('X axis'); ylabel ('Y axis');

subplot (1, 3, 3);

plot(l:length(costlList), costList, "LineWidth", 2);

grid on;

legend ("Best Cost");

xlabel ("Epoch") ;

ylabel ("Best Cost");

title ("Best Cost in Epochs");

sgtitle (sprintf ('Number of cities: %d', N));

hold off;

end
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