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Ant Colony Optimization Algorithm with Finite Grade Pheromone
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Abstract In the paper, a new class of ant colony optimization algorithm is proposed, in
which pheromone is classified into finite grades, pheromone updating is realized by changing
the grades, and the updated quantity of pheromone is independent of the objective function
values. It is proved by means of finite Markov chains theory that the algorithm converges
to the global optimal solutions linearly. Compared with MMAS, ACS and some other ant
colony optimization algorithms for the Traveling Salesman Problem, the calculating results

demonstrate that the proposed algorithm is effective and robust.
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1) v(i,5) : 7(i, 3) < p7(i, )

2) 2R f(@) > fwe), @ @ = w

3) XT @, Y(i,5) € W, 7(i,j) — 7(i,§) + 1/L(D)

4) V(i, j) : 7(i, ) « max(Tmin, 7(2, 7))

5) V(i,7): 7(i,7) < min(Tmax, 7(4, 7))
Hrb @ 24 uT RN, v BARBERE BN, p REELET, Tna REKRFEEER, T
ZR/MEER, L(®) & © X H IR REE T TSP &, ERRBEKE). £ LibF
BREH R, G4 w7 st Bk B fE B R, H MMAS Sk 5 85 Ak
A I AN R IR L 7 R

St R H], MMAS il ACS BA M F LA L% A
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ul) V(i j): h(i,j) < h(i,j) =

u2) WR f(0) > f(w), & 0= w

u3d) Xt F w, V(i,j) € w, h(i,j) < h(i,j) + ra

ud) ¥(i,j): h(i,j) — max(1, h(i,j))

ub) V(i, j): h(i,j) < min(M, h(i, j))

ub) (i, j): 7(i,j) = g(h(i, 7))
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Table 1 Symbols used in section four
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Sn Sn = (Z(")vﬂ(")% E%ﬂf\'% n mﬁ{ﬁﬁﬁé@#{ﬁ
X X = {sn}nz1
r sn BTH T REBUEM A B 5
Z w(n) P& W] REBUEM R E
H:I'>Z H{ERESE I FRTRBEHE 2 1, H(z(n),w(n)) = w(n)

Gagy: T =R REIBE, G j(sn) =1(0)(03), (i,7) € H(sn), G, FLRERPGFI TR,
K wn) BRI G, 5) HRAHFEER

Pspsm RE s BB s BB
P REHEBHEL
™o HIIGRS RIBEE O A
i 5 o WU AR S A7
RS HEE S A7
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WEE n TR RMEE T 0, T 2, BIFIA BN RESWEREE n TRIG K EL T
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MR 1. 7E FGACO ik, s, 2 F R 5 IR EE.

WEEA. s, ARRARER); BAEBREERE R, s, &S5RG O

MR 2. 72 FGACO A, 4 sp,5m € X, KT sn B 5, WHEBMER P, B:

1) % f(H(sn)) < f(H(sm)), W Ps,s,, =0.

2) % H(sn) = H(sm), BFFERADIR (i,5) € H(sn), B3 Guyjy(sn) > Gjy(sm), M
P .. =0.
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2) XHFHEEEAS, NI R A 2 0T, SR LA R A, AT B
AL, I AR B LT 4. 0
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BImGEREE, 8= -5, {5 SR MW EBOY RARER —F. FILIEAT 10 I, &K 2500 1, 5

BUECH 25. L gl) = T2 (o — 1) + 1, BRI AL

5.1.1 BAEINH M

GERILAR 2, 7E M 55T 10000 B, P-HIEECR. KB M KR BI85 B R A
N, FRERBHE HEENLE. I, 78 M BORES, ro BRI X T3H eil51, M B
HEWALER, WER/D; XFHH ry48p, M BUEH 50, 100, 1000 B, fwZER/D. FFR
B, ARNIONRERIE AW BB AF B 4 R, FF AL RA RIFH B,

2 r2 =3, Tmax = 200, BRARBRHIBARIN, FHEIWEN T B (55 R mE)

Table 2 Comparison of average and percentage deviation for varying maximal grade, where ro = 3,
Tmax = 200 (percentage deviation is indicated in bracket)

M 10 50 100 1000 10000
ry48p 14571.5(1.0%) 14534.5(0.7%) 14545.3(0.8%) 14544.6(0.8%) 15758.9(9.2%)
eil51 429.2(0.8%) 429.8(0.9%) 428.1(0.5%) 428.6(0.6%) 460.5 (8%)

5.1.2 BAXEERE Tmax

TE LT WSUER T B, XM T mmax WIEBCE — PN EHEINR, RNEER/MUARER
K, EEEWAREREHN —PMEEMNE. R3IMWERUFATX —H. % N < Tax < 6N
B, BANEAIRZEE/DNT 1%.

3 ro=3, M =50 g REERARMN, FHEIMMENT T HHE (52 mE)

Table 3 Comparison of average and percentage deviation for varying maximal pheromone, where ro = 3,
M = 50 (percentage deviation is indicated in bracket)

Tmax 10 50 300 1000 3000
ry48p 14728.4(2.1%) 14491.0(0.5%) 14547.1(0.9%) 14646.9(1.6%) 14713.4(2.0%)
eil51 431(1.2%) 428.3(0.6%) 428.4(0.6%) 430.1(1.0%) 429.3(0.8%)
5.1.3 3% ro

TE R #)2Ar H ELHE M BCRES, ro WEECRIIRL, 2, M BN, ro BUEL
IR R A HELT ro AR ER SR, ro BUNHATOIGRELF. {H eil5] RY] ry
N, GERA — T

F 4 M =50, Tmax = 50, r2 AR, FHMEKARZERE o LB (555 A2

Table 4 Comparison of average and percentage deviation for varying ra, where M = 50, Tmax = 50
(percentage deviation is indicated in bracket)

ra 2 5 10
ry48p 14519.1(0.7%) 14584.5(1.1%) 14603.6(1.2%)
eil51 427.3(0.3%) 426.9(0.2%) 427.9(0.4%)

5.1.4 HRMSERE

Bl 1A 2 B ARfE B R Tmax = 50, B RPANEL M = 50, KFHE r2 = 3 BT A LR 2
o mEA, FEAWSCEE R, JFHRBMREERES, LHEER 2 H, L7
%, XEWRE TR AR 18 R B 3 AT (i
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Fig. 1 Evolution of the best results (ry48p) Fig. 2 Evolution of the best results (eil51)

5.2 SRESBEENLE

BRI (1] TR T R AT I B, 4 SEBIRIHE 10000kN KM, X T TSP,
k=1 XET ATSP, k=2, N SR i E . S r = 3, BRGNS M = 50, FHR
FGACO #:5 MMAS, ACS, AS fytEeE, F=2RBEmM S8R E S5 5ES 8 (3], s E

J— 2 -

Bk gfa) = T (0 1) 41, 72 1070 A keo2p FEBIHE, gla) = /T2l 1) 41,
ER—ABIEE. B TH, G170 A% R RS REEE, M THEHA, FGACO
Sk O E SR T G RAT. 45 RRIIFIE A, LSRR 5 T
5 TSP(ET=AY) Ml ATSPUE =AY R4 R LR, HEAFRRRINTFHER FES5 MR max)

Table 5 Comparison of computational results for TSP (upper three) and ATSP (lower three), the best
average results are indicated in bold face (Tmax is indicated in bracket)

451 A ERZK FGACO (Tmax) MMAS MMAS+pts ACS AS
eil51 426 426.8(50) 427.6 427.1 428.1 437.3
kroA100 21282 21286.0(400) 21320.3 21291.6 21420.0 22471.4
d198 15780 15950.8(800) 15972.5 15956.8 16054.0 16702.1
ry48p 14422 14498.2(50) 14553.2 14523.4 14565.4 15296.4
ft70 38673 38979.9(210) 39040.2 38922.7 39099.0 39596.3
krol24p 36230 36444.6(300) 36773.5 36573.6 36857.0 38733.1

.
6 %5

5 B R BB RIS R SO AR e 2 —. LU FIA M F B R B OB T H A7 iR
BEHARCT R, B0 EUE SR BURHEAIR A, A SCR H A PR B R BRERA
K — BT B R RS, 5 R KBRS, 15 5 R 5B b 0 5B ok L 2,
FHE B S B BUER R /NTE 5. X5 5 B8 SR A 4 T A

1) AR ASCIEN T HIE R . LR R Y], TRy @ R, FFH5 MMAS |
ACS FRILM I, A5 T

2) . SREMOW LR R, EERKEEE, 2B RERRR/D.
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