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Balance between Intensification and Diversification in
Ant Colony Optimization
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Abstract

One of the important fields for heuristic algorithm is how to balance between Intensification
and Diversification. In this paper, we deal with the performance improvement techniques
through balance the intensification and diversification in Ant Colony System(ACS) which is one
of Ant Colony Optimization(ACO). In this paper, we propose the hybrid searching method
between intensification strategy and diversification strategy. First, the length of the global
optimal path does not improved within the limited iterations, we evaluates this state that fall
into the local optimum and selects the next node using changed parameters in the state
transition rule. And then we consider the overlapping edge of the global best path of the
previous and the current, and, to enhance the pheromone for the overlapping edges increases
the probability that the optimal path is configured. Finally, the performance of Best and
Average-Best of proposed algorithm outperforms ACS-3-opt, ACS-Subpath, ACS-Iter and
ACS-Global-Ovelap algorithms.
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(a=1,4=2)
If i <n—1 Then
Jk-(Sk-) = JA(”) — S
If i=n—1 Then
Jp(sy) := J(ry) —
Tour, (i) := (ry, s,)

sty

End-for
Else
For k:=1 to m do
/% all the agents go back to the initial node 7%/
§i1=1T
Tourk(i) = (rk, S‘k)
End-for
End-for

/% X974 &7 In this phase local updating is computed and 7
~values are updated using Eq(3) */

For k:=1 to mdo

T(rk,sk) = (1 — p)T(Tk,Sk) + pT

). := s, /*New node for agent & */

End-for

3. /% 297441 T, In this Phase delayed reinforcement is computed
and 7T-values are updateds/
For k=1 to m do
Compute Ly /% Ly is the length of the tour
done by agent k& */
End-for

/% Lgiona pest 1S the length of global best path by agent &
Eovertpping are overlapping edge(r,s) in a global best path of a
previous and the current */

Compute Lgiobe-test
Compute Eovertapping

/% Update edges belong t0 Lgtoms-test using Eq.4 */
/% Update edges belong t0 Eyveriapping Using Eg.5 */

For each global best edge(r;s)
t(r,s) =(=a) 7(r,s) + ALy i)
End-for

If(EoveﬂEmﬁng)
For each overlapping edge(r,s)

(1, 8) =((-a) 7(r,s,) + alL
/* Egzis the overlapping parameter */
End-for
End-if

1

)*E,

‘best—iter

4. If(End_condition =True)
then Print shortest of Z;
else goto Phase 2
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ImprovedRate,,, =100 — w %100
Best — Known_Best
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I 1. AR

A5 ACS—3-opt ¥ad]&[1], ACS—Subpath &g]&[6]7¢] Bl

Improved Rate(%) | Improved Rate(%
ACS-3-opt[1] (A) ACS-Subpathl6] (B) Proposed (C) . . % & . %
Known (A:C B:0
TSPLIB
Best Average Average Average Average Average
Best Best Best Best Best
-Best —Best -Best —Best -Best
eil51 426 426 426.0 426 426.0 426 426.0 0.0 0.0 0.0 0.0
198 15780 15780|  15780.0 15780  15780.0 15780  15780.0 0.0 0.0 0.0 0.0
2280 2579 2579 2579.0 2579 2579.0 2579 2579.0 0.0 0.0 0.0 0.0
peh442 50778 50778|  50876.0 50778  50845.0 50778  50805.5 00| 7194 00| 5896
att532 27686 27686| 277014 27686  27699.3 27686| 276955 00| 3831 00| 2857
rat783 8806 8806 8826.6 8806 8817.7 8806 8812.8 00| 6699 00| 4188
pr1002 250045 259045 250487.2| 250045 259580.5|  250045| 259347.2 00| 3166 00| 4357
11060 224094  224257| 224496.3| 224238 224558.1|  224181| 224318.7| 46.63) 44.15| 3958 5158
vm1084 239297|  239207| 239417.7| 239349 239484.4|  239297| 239419.9 00| -1.82] 100.00|  34.42
pcb1173 56892 56893|  56998.1 56901|  56991.1 56892|  56980.0| 100.00] 17.06| 100.00]  11.20
1291 50801 50801| 508435 50801|  50856.5 50801|  50840.9 00| 612 00| 2811
111304 252048|  252048| 253413.9]  252048| 253206.0|  252048| 253296.1 00| 25.28 0.0/ —0.03
111323 270109  270547| 270935.3| 270755 270882.9|  270291| 270708.6| 73.56| 30.79|  83.45|  25.49
nrwl379 56638 56697|  56791.9 56695  56754.6 56651  56730.9] 77.97| 39.64|  77.19]  20.33
ul432 152070|  153284| 153464.1| 153265 153509.2| 153201| 153415.8| 26.43|  9.78]  21.69]  29.15
11577 22249 20054 223222 20954 223134 22253|  22318.0| 20.00| 574 2000 —7.14
1655 62128 62149| 622735 62128  62231.0 62128  62263.0| 100.00]  7.22 0.0| —31.07
vml748 336556 336834 337164.7| 336925 337232.2|  336651| 337127.8| 65.83]  6.06] 7425 1544
ul817 57201 57260  57509.5 57280 574419 57234|  57385.1| 5147 40.32| 5823 2358
ACS-Subpath &85 A3 23E AHEH A O FHE-H A woha Frlear, Adejrde] 7o
o ate]Fol A AR FAel = B el Aol sEhEl(a=1,A=2)8 W73(a=06F=11)
e HolF, Fit A4 A2 FAelAE 3 glo] TS wE2 Agsit) 1 9] A8 AAusE B
Mol H3Hr1304, flI577, d1655)l A s 424 2kel7h I 2estgnt A3 AR Awu, Aoty o
A9 §lE ARR o Wold B, el HelA g)Zo] R AR Ao A= 1719 AaHr1323)0 4
o] e HolEth 53] rlldM el e A Aol 27 Holx| 1, Hit H 3 A FAo| = 27)
= S 5 =) S [ =1 s
s Apol7F §1& Aotk ofmf Aol AHgH FA= o] A3Hvml0R4, ulsl7)ell A A% 2] 2ko] 7} 7ol
AT w=3, oA AT A FAAFH g gea ofzh Wod W irie) AgelA Aol
sttt $5EE nolET
[3 215 Al vhgsbderat ahxere] 484 ) ACS-Global-Overlap &e]&e] 28 A7e A4
A ACS daels, A9 H4 =7 A g W, Aotd Sye]Zo] HA Az e = 1719
8- uk B kS ars) e el gt o) ve) AFHU060) A Aso] tha WolA 1, B 2 7
= SR _ o} = (SR - =
& WHSH=ACS-Tter datg] &7, ol d9 24 2 gAlo A 6709 BaHatt532, vml0sd, nrwl3To,
= > - o - - -
AR AA A HA AR ZE 7hHe HRES fl1577, d1655, viml748)ellA A5 4| zto]7k 79| ¢l
743tA1 A BA5H= ACS-Global-Overlap 18] 5{13] S Arz of7 Wold W R 13t Ao
) A& -
7o} il A Aol 022519 WolZT), o]u ACS-Global-Overlap 212
J— ol1gl=o. Z=olzx] HEE Alo]l=E 34
ACSTter kel Foll wbS APlR AT gy ggw 22 04 2t AeelEE £ =090
3 3 o) A HA ATo] Zo SEALE] 2] ok
(lteratlon) o d"l “’] = OE"] a ]7}- o OE] ] = 2 @@ﬂ?}lﬂr.



F 2. Alekd dulgy ACS—Iter €a1E]5[7], ACS—Global—Overlap €a12]55[13]7ke] v
ACS-Global-Overlap[13 Improved Rate(%)(A :{Improved Rate(%)(B :
ACS-Iter(7] (A) ol Proposed (C) . el £ el
Known ] (B o) C)
TSPLIB
Best Average Average Average Average Average
Best Best Best Best Best
-Best -Best -Best -Best —Best
cil51 426 426 426.0 426 426.0 426 426.0 0.0 0.0 0.0 0.0
d198 15780  15780|  15780.0| 15780  15780.0| 15780  15780.0 0.0 0.0 0.0 0.0
2280 2579 2579 2579.0 2579 2579.0 2579 2579.0 0.0 0.0 0.0 0.0
pcbd42 50778  50778|  50860.1| 50778|  50806.5| 50778  50805.5 0.0 66.50 0.0 3.51
att532 27686  27686| 277025  27686|  27691.5| 27686  27695.5 0.0 42.42 00| -7273
rat783 8806 8806 8813.2 8806 8813.5 8806 8812.8 0.0 5.56 0.0 9.33
pr1002 259045| 259045| 259563.0| 259045 259459.9| 259045| 259347.2 0.0 41.66 0.0 27.16
ul060 224094| 224241 224629.5| 224154| 224468.0| 224181| 224318.7|  40.82 58.04| —45.00 39.92
vm1084 239297| 239297| 239399.4| 239297 239419.5| 239297| 239419.9 0.0  —20.02 0.0 -0.33
pcb1173 56892  56893|  56987.3|  56892|  56995.0| 56892  56980.0| 100.00 7.66 0.0 14.56
d1291 50801 50801|  50841.8| 50801|  50844.1| 50801  50840.9 0.0 2.21 0.0 7.42
111304 252048| 252048| 253406.5| 252048| 253314.6| 252048| 253296.1 0.0 24.08 0.0 5.05
111323 270199 270254| 270758.8| 270450| 270751.2| 270201| 270708.6| —67.27 8.97| 63.35 7.71
nrwl379 56638  56688|  56751.4| 56685  56726.2| 56651  56730.9|  74.00 18.08| 72.34 -5.33
ul432 152970 153260| 153457.7| 153236| 153428.8| 153201| 153415.8| 20.34 859| 13.16 2.83
11577 22249|  22255|  22326.3| 22254  22279.8| 22253  22318.0| 33.33 10.74|  20.00] —124.03
d1655 62128|  62220|  62398.6| 62128)  62240.9| 62128  62263.0| 100.00 50.11 00| -19.57
vm1748 336556| 336834| 337192.9| 336735 336967.5| 336651| 337127.8| 65.83 10.22|  46.93| —38.96
ul817 57201| 57251  57379.1| 57263  57442.0|  57234|  57385.1|  34.00 -3.37| 46.77 23.61
V. Ag 2 o7t el td Be A77h Aot 59
7 darg)Fe AR Al wek A7 AldE o]
= EwolAE tgshd e dekdee B3 A 2ol %] ¢kl 9lolA] B4 Wi MAd ek AT}
A ACS &are]Fs AlRtskalrh. thesh A=t A 3 e 3)c),
o 2% Hze] Pol7k Fojzl W Ae]F 5 Fh
o ol B4 Ea #RAAd WA B7he)
3 gEf o] A A by AAE B the == .
T al o ?\’j
S gaela, oleldt theks A Bl W A9
A o A 5 o A L
HA AR ol A HA Aok dA Ao HA [1] L. M. Gambardella and M. Dorigo, “Ant Colony
o] =B 7hx e 713 = 71El% . . .
B0 TE e gaf Ames Fsrve sk System: A Cooperative Learning approach to
ZFO. =3 5ld o HIH O y|1= 32— o) .

25 skt Ake LS V1% ACS-3-opt &L the Traveling Salesman Problem” IEEE
= _ o) = J_ o) = . . .
2l%, ACS-Subpath €i1e]5, ACS-Tter €12, Transactions on Evolutionary Computation,

_ _ o= S A R
ACS-Global-Ovelap €1g]&ol Hls] 2 H= g4 Vol.1, No.1, pp.53-66, 1997.
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