
� ������� �
	��� ���������������������������! #"#"# 

$&%�')(+*�,&-/.0%�12-3'4(�'#501)6 7
8�9;:=<?>�@BA
C�DFEHGBI�JKGL<?M0NPOBNQNSRTDURBJWV/DFC?NQX
O/YZXQDFC[NQ\SE]A
OLJWNQC�M0<^E DFALR_AL`a<b\QAc>FALR/YTAL`
C?Nd<?>e<^R#EfJWgih3RjEfG/DFJkNdl�VLNQCmD�NQRB\dNQno<
>U<SOBALC?<SEUALC�Yp\QA/>UABR/YpAB`

Argentine ants
DFJ

@cD�M&NSRq<S\Q\QNQJ3JKEfAr<s`?A
ALXtJ3ALu�C[\QNvDURq<SR
<SC?NQ<w>�DFRLx�NQXZEfA_EfGLNK\QA/>UALRcY�y JzRBNQJ3E{OcYp<
OLCmDFXd@BN}|~DFEfGKE |zAKOLC?<^RL\dG
NdJ�AL`)XQDF`?`�NQC[NQRLE
>UNQRc@BEfG��fJ3NQN���D�@Bu�C[N����Wg
��GLNbO
C[<SRL\QGLNQJ�<SC?Nb<SC?C[<^Rc@BNQXKDFRZJ3u�\QGZ<
|z<�Y�EfGB<^E�<SRLEfJ�@BA/DFR/@=DUR�X/DF`�`�NQC[NSRBE
XdDUC[NQ\dE DFA
RLJa�U`�C[ALI�RLNQJWE}EfA4`FALALX�ALC�M�DF\QN
M0NQC?JW<?��I�u�J3Ev\QGLALABJ3NTALRLNTA
`KEHGBNTE |zA
O;C/<LR�\#G;NLJ�g��bG�N N#l&V�NBCWDdITNBR�E^</>
ALOLJWNQCmM0<QE DFALRZD�J�EfGB<SEHn�<S`�EfNQCb<4EUC?<SRBJ�DFNQRLE
VLGL<SJWNrEUGL<^E�\Q<SR�>U<SJWEs<r`�N?|�I�DFRLu�EfNQJWn
I�ABJWEZAL`�EfGLN�<^RLEfJru�JWN�EfGLN�JWGLALC�EfNQJWE
OLC?<SRL\QGLg���GLN�JWN[>FNQ\QE DFA
R4AL`�EHGBN�JWGLALC?EUNQJ3E
VL<^EUG�\Q<SR�OLN�JWNQNQR�<SJ�<SR�NQIvNQCm@BNQR#E
VLC?ABVLNQC[E YvAL`)EfGLN]JfY
J3EfNdIv�dDFE�DFJ~EfGBN]C?NQJWuS>FE
AL`�<~RLu�IvOLNdC�AL`�V
C[ABOL<^O/D�> DFJWE DF\�X
Nd\[DFJfDFA
RLJ
I�<SX
N!OcYKEfGLN!<SRLEfJ{OL<SJ3NQX�ALRz>FAL\Q<?>0DURB`FABC?Iv<SE DFALRLn�|~D�EHGLALu�E)<SR/Y
DURBXQD�M�DFX
u�<?>�<^RLE�GL<?M�D�R/@s<aVd>F<^Rs`?ALC;<S\QGdDFN[M�DFR/@�<a�cJWGLALC[EfNQJ3E�VL<^EUG
O
NQGB<?M�DFALC[�cg�h[RBX�NQNQX
n0DURLXdD�M�DFX
u�<�>a<SRLEfJ�<^C[NKRLALE{N[M&NSR�<�|z<SC?N�A
`
EfGBNT`�<S\QE�EfGL<SEzEfGBN?Y�<SC?NTJWN?>FNQ\QE DFR/@ EfGLNTJWGLALC[EfNQJ3EzVL<SEfGBg�¡�AB\Q<?>
DFRL`?A
C[I�<SE DUALRwDFJ}VLC?A/M�DFX
NQXvO/Y

pheromone
n
<{\QGBNQI�DF\Q<?>�JWu�OBJ3Ef<SRL\QN

X�NQVBALJfDUEfNQXKO/YbEfGLNw<̂ RBEfJ�|�G/D�>FNwEfGLN[Yw|z<?>Fx�gc8�RLEfJ~\Q<SR�<�>FJWAKJWIvN[>�>
V
GBNQC?ALIvA
RLNQn&<̂ R
X�EfGLN[DFC�VLC[A
OL<SO/D�> D�J3E DF\zX�NQ\[DFJfDFALRLJ�<SC[N�OdDF<SJWNQXzDFR
�̀<?M0ALC�AL̀¢VL<SEfGLJ£Iv<SC?x�NQX¤|�DFEHG¥GcD�@BGLNQC�<SIvALu�R
EUJ¦AB̀
VLGLNQC[ALI�A
RBNQg
��GLN�XdY�RL<SI�DF\QJaAL̀�EfGLN�NQl�VLNQC�DUIvNQRLE;<SC[N�EfGLN�̀�A/>�>FA/|~DFR/@#�&<SE;EfGLN
OLN[@�DURBRdDFR/@Bn&RLA�V
GLNdC?ALIvALRLN�DFJ;>U<�DFXsALR�EfGLNzOLC[<̂ RL\SGBNQJ]<̂ RLXsEUG
N
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E�\QG
ALABJ3NQJ�EHG#N
>FNQ̀?E�OBC?<̂ RL\QGK<SE�E DUIvNaEfndDFE
|�D >�>BDURL\QC?NQ<SJ3NwEfG#N
<SIvALu�RLE�AL̀�VLGLNQC?ALI�ALRBŃ ABR§EfGB<SEbVB<̂ EUGLn
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Ant Colony Optimization 

Á�ÂaÃ{Ä&Å#Æ[ÇBÈbÉ�ÊBË�Ì

Scientists have always been fascinated by the problem solving capabilities of Nature: the evolution of the species, the 
nest building activity of termites, the way crystal forms out of shapeless materials are only a few of the possible 
examples. For long, biologists, physicists, and chemists have studied and tried to understand these phenomena, building 
explicative models. More recently, also computer scientists have become interested in these phenomena: a wide set of 
nature inspired optimization algorithms have been developed: among others, we may mention genetic algorithms, neural 
networks and simulated annealing.  
A recent and important class of nature inspired algorithms is that of ant algorithms [1]. These are algorithms inspired 
by the observation of social insect behavior, and in particular by the behavior of ant colonies. In these algorithms, the 
traditional emphasis on control, preprogramming, and centralization is replaced by an emphasis on autonomy, 
emergence, and distributed functioning. A particularly successful research direction in ant algorithms, known as Ant 
Colony Optimization [3,5], is concerned with applications to discrete optimization problems. The aim of this short 
note is to introduce and briefly describe origins and basic principles of Ant Colony optimization (ACO). 
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A simple example: Ant System for the Traveling Salesman 
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Fig. 1. - Experimental setting: nest and food are connected by two paths of different length. 
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