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Abstract : A scatter search algorithm is presented. The solution construction mechanism of ant colony optimization

(ACO) is introduced into scatter search (SS). Both solution quality and diversification are consdered. A new

mechanism of the subset combination method is applied smultaneity, which hybridizes the mechanism of the

pheromone trail updating with the combination mechanism of scatter search to generate new solutions. The dynamic
updating strategy and the criterion of threshold are adopted to accelerate the convergence. The experimental results
show that the method is more efficient and competitive compared with the existing methods in terms of solution

quality.

Key words: Traveling salesman problem; Ant colony optimization; Scatter search

1
(TSP)
[1] [2]

TSP
(ACO) (S9)
ACO &SS. ACO &SS

1 2007-08-01;
(2006AA047174) .

(19679,

: 2007-10-23.
(60674084) ;

,ACO &SS
(3] ,
2
2.1
(ACO)
_ (41
(70425003) ;

Dorigo

863

(1966 5 ,



7 TSP ACO &SS 763
a1
IEGYE ey
(2 ’ OO
' Q00O
A
’ |Egstgrn]| [Sumy
! RefSet v
' - 1@Q®| 00
saas | OQ®| [O00
| | HE=HE _T
' ' ) R
2.2 !
(SS) 3 ' .
Gover 1977 o
. Glover!® - NUMma () Ref Set ,
. SS : , X
NUMmx(s) = max {NUM(s ,s )},
S Ref Set
: , s norRef Set.
, : NUMmax (si)
SS GA GA 4 S ,
(100 ), S (™)
- SS f (s*) s G :
(20 ) O =80 (f (™) - F())/ (™),
,SS , & =00 (1- N/CNmum).
Do O¢ , N CNuum
2.3 ACO&SS 5 <d°
SS
5 2-opt  3-opt
1SS , ,
.ACO &SS 5"
ACO SS . SS , ,
, ACO d°
1 Ref Set ,
Ref Sety Ref Set. . Ref Set ACO &SS
b RefSetz b ,
ACO &SS
2 s () Ref Set 2.3.1
.S (i) non- Ref Set
. NUM(s,s") . (ER)™ (PR
.NUM (s ,s") , ,

,NUM (s ,s")




764 23
S , b = true; NUMmx (s) <
Ref Set: ; irrF}efr;\geg{Z{NUMmax(s)} , S
Ref Setu Ref Set. Ref Set» s b= true. b = true,
S s A Step6; ACO | ,
AY = {(0,)),i,] s ns}. Stepa.
' Step6:
NUM(s.,s) =€ (1) Leurent , b = false,count = count +1, Lecurent < Liest
£ Lbet = Lcurrent,  Step7.
Tij = (1-p)tyj +PLo, i,j A" (2) Step7: Step3  Step?, count > Now
(2 Lop Steps.
’ Step8: k= k+1, k< NG, Step3
’ ' Step8; . Stepo.
: N num Stepo:
’ 3
232 C++ , 512RAM IBM
(8 TSPL IB
' ACO &5SS
.S ,S Ref Set , TS.P !
f(s) < max{f(s)}, s ; il . -
Ref Set . 2’ B =4 B:,l
NUMnma (s) , Ref Set»
NUMnax (s) , Ref Set, o |
’ , . 500
B , B
2.3.3 ACO&SS 650 —r
Stepl: , ®»BP, b\ ACO&SS
| RefSet| To,Nmx,CNma, k, cOunt . m ﬁ
n ; M 3& 450
ACO , , &
P. 3501
Step2: RefSet. P by 25 125 ‘2'25‘ 325 425
RefSet: b RefSet: l(f)ﬁﬂ’f]ﬁ
| RefSet | = by + bo. 650 ——
Steps: A b ACO&SS
(1) . ) WELL)
ACO , S . §450
Step4: f(s),f() 9 d° S
, 0 <6 2-opt 350
Jopt L = () ; ., Steps. 25 125 225 325 425
Step5: NUMmx (s) , f(s) < EARH
i rgegétl{ f(s)} . s Ref Sety ) 51 (b) p=4 5



7 TSP ACO &SS 765
{3,4,5,6} 1 ACO &SS
Qo (o3 20 ACO ACO &SS
, O /s /s I %
. , (o 6il51 435 1.1 426 2.9 2.11
[0.65,0.90] , ACO &SS st70 691 2.3 675 3.8 2.37
o [0.65,0.90]. €il76 555 2.8 538 4.3 3.16
[0.04,0.06], o =0.90B =6p = rd100 8104 3.5 7930 7.6 2.19
0.04. , , €il101 646 3.7 631 7.9 2.38
, linl05 14756 4.1 14541 8.2 1.48
' prio7 45391 4.5 44810 8.5 1.30
, priz4 59992 5.6 59050  10.6  1.60
Ref Set ) bierl27 122038 5.8 119850  13.1 1.82
; pri36 99296 8.4 96800  14.4  2.57
' ; pri52 75532 9.6 73780  14.8  2.37
, ' ; rat195 2379 15.4 2330 26.7  2.10
, : kroa200 30525 17.5 29398  38.7  3.83
o ke : lin318 43460 30.6 42473  67.3  2.32
| RefSet| =10, h = b =5,
To = 0.01, CNmax = 2 000. 2 kroaloo
1 ACO &SS ACO Is
ACO &SS (Depl\fljjt ;Zal,jj)os) A'\:Ix?hlggr? F':ACHZ C+ 50
, 2.26 %. ) Neura net Sun c 55
, (Modares et al ,1999) Sparcstation 10
: (VoudouriiAet d ,1999) DEgoggpha NIA 37
2 kroal00 TA DEC Alpha N/ A -
1 'ACO &SS (Voudouris et a ,1999) 3000
1.66s, ACO &SS IBM 512 RAM C++ 1.66
3
I %
KniesG KniesL SA Budinich ESom ACO ACO &SS
el51 51 426 2.86 2.86 2.33 3.1 2.1 2.11 0
st70 70 675 2.33 1.51 2.14 1.7 2.09 2.37 0
€l76 76 538 5.48 4.98 5.54 5.32 3.89 3.15 0
rd100 100 7910 2.62 2.09 3.26 3.16 1.96 2.45 0.25
el101 101 629 5.63 4.66 5.74 5.24 3.43 2.70 0.32
lin105 105 14383 1.29 1.98 1.87 1.71 0.25 2.59 1.09
prio7 107 44303 0.42 0.73 1.54 1.32 1.48 2.45 1.14
priz4 124 59030 0.49 0.08 1.26 1.62 0.67 1.62 0.04
bier127 127 118282 3.08 2.76 3.52 3.61 1.70 3.17 1.32
pri36 136 96772 5.15 4.53 4.90 5.20 4.31 2.61 0.03
pri52 152 73682 1.29 0.97 2.64 2.04 0.89 2.51 0.13
rat195 195 2323 11.92 12.24 13.29 11.48 7.13 2.41 0.30
kroa200 200 29368 6.57 5.72 5.61 6.13 2.91 3.93 0.10
lin318 318 42029 NC NC 7.56 8.19 4.11 3.40 1.05
/s NC NC 3715 353 369 147 265




766

23

3 ACO &SS
3 KniesG, Knied , SA,
Budinich ESom [107],
ACO ACO&SS ,NC

[11]

0 . ,ACO &SS

, 0.41 %.
, . ACO
ACO &SS , ACO
ACO &SS

1) ACO&SS
,ACO &SS TSP

0.41 %.
2)

3) , ,

TSP ,

ACO &SS

TSP ,

( References)

[1] Liu G, He Y, Fang Y, et a. A novel adaptive search
strategy of intensfication and diversfication in tabu
search [ C]. Proc of Neura Networks and Sgna
Processng. Nanjing, 2003: 428-431.

[2] Budinich M. A sef-organizing neural network for the

—_—

traveling salesman problem that is competitive with
smulated annealing[J]. Neural Comput, 1996, 8(2) :
416-424.
[3] Dorigp M, Maniezzo V, Colorni A. The ant system:
Optimization by a colony of cooperating agents [J].
IEEE Trans on Systems, Man and Cybernetics — Part
B, 1996, 26(1) : 1-13.
Dorigp M, Gambardella L M. Ant colonies for the
traveling salesman problem[J]. BioSystems, 1997, 43
(2) : 73-81.

[5] over F. A template for scatter search and path

[4

—_

relinking [J]. Artificia Evolution, Lecture Notes in
Computer Science, 1998, 1363(1) :13-54.
[6] Liu Y H. A hybrid scatter search for the probabilistic
traveling salesman problem [J]. Computers &
Operations Research, 2007 , 34(10) : 2949-2963.
[7] Ho S C, Gendreau M. Path relinking for the vehicle
routing problem[J]. J of Heuristics, 2006, 12 (1/2) :
5572.
[8] Cotta C. Scatter search with path reinking for
phylogenetic inference[J]. European J of Operationa
Research , 2006 , 169: 520-532.
[9] DePuy G W, Moraga R J, Whitehouse G E. Meta
RaPS: A smple and efective approach for solving the
traveling salesman problem [ J].
Research Part E, 2005, 41(2) : 115130.
[10] Squeira P H, Steiner M T A, Sheer S. A new
approach to solve the traveling salesman problem[J].
Neurocomputing , 2007 , 70(4-6) : 1013-1021.

[11] Leunga K S, Jinb H D, Xu Z B. An expanding self-
organizing neura network for the traveling salesman
problem[J]. Neurocomputing, 2004, 62: 267-292.

Transportation



