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Gradient-based Ant Colony Optimization for Continuous Spaces

M. Eftekhari, B. Daei, and S. D. Katebi

Department of Computer Science and Engineering, School of Engineering, Shiraz University

Abstract: 4 novel version of Ant Colony Optimization (ACO) algorithms for solving continuous space problems is presented
in this paper. The basic structure and concepts of the originally reported ACO are preserved and adaptation of the algorithm to
the case of continuous space is implemented within the general framework. The stigmergic communication is simulated through
considering certain direction vectors which are memorized. These vectors are normalized gradient vectors that are calculated
using the values of the evaluation function and the corresponding values of object variables.

The proposed Gradient-based Continuous Ant Colony Optimization (GCACO) method is applied to several benchmark problems
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A= [a i (t)] a;i(t)=

and the results are compared and contrasted with other population-based algorithms such as Evolutionary Strategies (ES),
Evolutionary Programming (EP), and Genetic Algorithms (GA). The results obtained from GCACO compare satisfactorily with
those of other algorithms and in some cases are superior in terms of accuracy and computational demand.

Keywords: Ant Colony, Evolutionary, Algorithms, Meta-heuristic, Stochastic, Constraint.
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1 Procedure GCACO_Meta_heuristic()

2 Initialize the parameters of GCACO ();

3 While (t < Ty.y)

[Best Eval Function, Best solution] = ants_generation_and_activity ();
5 if No_change_in_ Eval_Function

6  Evaporate Pheromone();
7

8

N

endif
select global solution among the Best ones();
9 Reduce the Radius of colony Movement();
10 Set the best solution of this colony as the Nest of Next colony;
11 t=t+1;
12 endwhile
13 endprocedure

14 Procedure ants_generation_and_activity()

15 Initialize_the Radius_of colony by Rc;

16 While Ant_count < Total_Ants

17 [best fitness, best location, routing_table, memory, t]=new_active ant();
18 select global location among the best ones;

19 set returned 7 memory routing- table for the next ant movement();

20 Ant count= Ant count+l;

21 endwhile

22 endProcedure

23 procedure new_active_ant();
24 Initialize Ra = Rc, Nest = Nest_of colony, 7, =2, ¢ =0.05;
25 While (Active_ant)

26 do

27 q= Uniform rand(0,1);

28 ifg <q,

29 x,,=x,+R xU(-LI)
30 else

31 best_index = compute best direction();
2 x,, =x,+R, xmemory (best _index)

33  endif-else
34 while( not_feasible )
35 if (memory_is_used )

new _ _ old
36 Tbe‘\‘t _index - (1 ¢) X Tbest _index + ¢ X T()
37 if ( 77best _index < ncmmnl and fcun’cnt <f previous )

38 nbestiindex - current _f previous

39 endif
40 else

41 n('u)wnt :‘f current _f previous
42 if(vz 77,‘ < ncurrem and f <fpreviaus )

current

43 NGV =calculate the gradient and normalize it;
44  Bad index = compute worst direction();
45 Memory(Bad_index) = NGV;

new _ _ old .
46 TBad_index - (1 w) X TBad_indax + ¢ X TO ’
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47 ﬂBad Cindex Y current _f previous ‘ ’

48 endif
49 endelseif
50 Update ant routing Table();

st f o =f
/. previous current

52 Zocationpr . =location

53 if(Ra<0)

54  Active ant = false;

55 endif

56 Ra=Ra * DF;

57 endwhile

58 if (online_delayed_pheromone_update)

current

59 Bh=Find direction_with best heuristic value;
new __ old

60 7" =(-@)x7, +@x4,

61 Update ant-routing Table();

62 end if
63 endProcedure

s gy (Slh (513 O 90 plair! (s5lmtingy 0,81 S 43 - IS5 GCACO

LS‘ﬂm&l_;ﬁ-)Lu’ 4.l.:..~j Lile L;J.o-fg- ul;;b\l_lcbl.‘md;-

25 gl el J;\}SL;«C,.@;-‘J{JZ@ ul;;;‘."

p
a =i Vi € {Directions} where B=0.4
1 Directions 8 .
XM
j=1
QY
aj
1~ Directions v)
Q.

J

=1
By e Jde (A) adslae bao 5 ababl> slie 5 oS >
aS 010G S e Jlo 5 slagls o alabl= 55 54 50 slgzgr
-u‘é.)\_.:l L;'L.’.))‘ cu L J}—.@-' C,&L V.Z'.;)}Q‘ L;Lé L}P-‘JA L
4S ol aail> glgie 5l S o e bl Best_index
o L dlan > P, SO s e Jl L xS L

Xnew = Xolq +Ra.memory (best _index) \)

U105 5 S ok OIS 4550 a S > 5 g
O_.A)fm)jbda@;a_lﬁ:j_sﬁj\&‘é‘fd&a

Pyt

\Y’/\O )ﬁ;@,\: c\ ;)La.:: ‘YO dl.w cdm‘

450 o S Sl Unew active ant() v:w}fll 33

G S e 055 SG bl ) S ol e
G Jyeme w0 pleix| (SSloang o2 SN L &S sl
WalS gt (sliah 53 Laa 30 S i s s dalsl (S
sl s el o 3 0Ll S slajls bl o L dslas
o=l S sss o A [+ O] ol sae SO Tl Lol
Sy Ao OLSG e s S5 S qL Sl ade
alaly ol .Jujda Cwd & m:ﬁ+Ra.U(—l,l)
A S e lans | am e ol DS oS -
S slacl 45 s Ra Cb,;pb 345 CS o dm e 4S LS S
hlas w5 Sl eslinad L 0T jobe oS sl s
U TN U X L ‘.x;;jd« Cewd s [2) O] e 2SS
S adable ool a bbb alul s a0 OS o Soys ol
o Sosmo 52 5 Sl sl LSS g (9350 0I5
Cgr p a odd e Jlail bl o S o e
S 2l bl e Gde S 5 5 e Sl
sy g olie el 5 (V) alas 51 pl i g Jlazs

r/.:..l_{o Lg—i Jujg;o Cewd @ c(-\) I3l ‘g;-’li}i"“" J)J&- B

YA


https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.1.3.3

[ DOR: 20.1001.1.2251600.1385.25.1.3.3 ]

et 03 3des e L;"Ll)‘)}‘f’ CUrb bl
Sl s
2 [ 2. 2
0 [100,100] | 2%+ min £ (x,) =05+ S W74y 7)~09) Schaffer F6 | T
(1+0.001x(x 2+ 2)?)
. De Jong'
0 [-2.084,2.084] 2 min £ (x,y)=100(x 2 =y )2 +(1—x)? o | T2
. 5 2 5
0 (88] s | min/()=20+e-20exp(-02 0.2iZ=:1xi )—exp(0.2iélcos(2izxi M Ackey FI T3
. 10 2 Rastrigin F1
0 [-8,3] 10 min f (x) =100+ 3. (x ~~10cos(27x ; )) B T4
i=l
0 [-5,10] 510 | minR, (X)="3 [100(x? -x,,)> +(x, -1’ ] | Rosenbrock | T

5 O e pabde el s pe b s Jsir
Lgd o Slenias 4 sladdle il

Moy ol Ok e &S a0 OS> plad &S S50 )3

L il g 5b ES  Sl ez e il 2SS A Sl S

Lo bt o Slvssss am LS Ll o om0 oMol &

Dynsp e &S ok opl 43,8 o plal T Dges b Sl

ao bse () laasle julil Hlaae S, g 4 by o

B3 il B (5 i e 4 el gy S O

Sil 4 il Y
gr’LJ'-’).‘ J_JL?- @bbdbw V'Ji)j{nﬂ J‘ob- 61:;
il c.,\_'.‘g_.)b_q- Stz g s S [WV] dl.ol.(} 61.@,@:.:)}{”
ol vl LSS s sasl 5 S (5l (..:.ujf.ﬂ
jaunbw\&wdjﬁncu@j\wu&w\)b.w‘
C_-"); L)_:‘ kL»-w‘ I8 WA OJ‘)_}T(\)J_}M‘)J L@-’T QL:.«&)..Q;-
osliul eSS slgar, S LS Sibesl (6l Y gane Sona
oSS e, S CiB 5 slme poean [VASIV] L5 e
S 58 b s K 51 B ke O S S e S3

QTrL&J\Ul—:}AQ—i‘Q.’LﬁJL’l)‘Q)M)J)ov\.»i&.é.i)ﬁJ,:}

¥4

g Opes b e (LBl el esliad sl 5l S
shwoiay 4 Q) ddsles Wbl 1y a bl ;3 ol eslixa
S50 53) S O 4 by SLES) bl e 358 e
ol ;e o LS es STy s b)) G.LJ)UJ.A S
Sad e Sleyisy 4 (V) dslee ulad (Uil

r?ew = (1 - (p) .t?ld +¢.1

1 e direction vector indices
ni =

1 € direction vector indices )
4S Sosmo 53 olS O (b el sl abisl> 51 S

feurrent — fprevious

el GLES| ola eyl aos 51 lad GLEST byl I
o ) Al S ol s L 3 e
B 5k en 5 (il a3l Lol mU5s 6 e
oS Ol (g3lwainS Jilos 53) 3L 03 S 1y 2alS L5l
N3y sk ) 358 g Jlo ok aloes 0L Sl
ik sl aile s el Jbe Sl pl e (055 0
AL 5 s b e sy b pen 3 S o I3 O e
ol o, s a3 48 Sl (6ls s a by slaiila

J.ibuﬁw-ﬁ‘)_:“st_@b\)é 5)—5“;‘ JL«.N))})M(&L-«Q‘

\Y’/\O )}:',JG‘:’ c\ ;)La.:: cYO dl.w cdm‘


https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.1.3.3

[ DOR: 20.1001.1.2251600.1385.25.1.3.3 ]

Aises (slgans 5 5 (511 b ey palhe —Y g

GA ES (u+2) S s 2l GCACO ISP

YO 25 YO Yo |21 sy

™ 150 Vo Tl gloa L L™ o sl

T5:%+
1 TI-T3 : gt =0+, A=\ ++ TI-T3 :p = 0O+ 31w L e 8511
T4, TS5 =Yer, A=Yee T4, TS :pu =Y > (LA L Laa 50

‘N ~ - - TS5 s

ol ! - - "o £

Sl 0 03l s 5 4 T1,T2,T3 clj g ,lAae 5 it ang polde -Y J gl

¥NVAAE], £/47E-8)

(b oldie ] e Sl ) SBPN
T3 T2 T1
([-0/+44E-0, -\/VO\E-{, -V/AYYE-0, - Y/0+ 0E-¢,
([+/4Y4,+/AY], 0E-Y) ([-+/A04, -Y/2 V], + /) KB

([ /XY, 00 v A, /oA, /0N 8 oo /e e 8]0/ Y) ([V/++ N, Y/ 2 Y], VYE-0)

([-V/£7, =Y/VAL,A/VYE-Y)

S o 5 el

([V/YOB-\, £/6+AE-Y, /+ £ E-4, -Y/A14E-V,

(Vo ] ) (¥4, - /FEYTANY EY) | Ll 35l 2l
—Y/AAVE-Y], \/4\E-1)
([VFAE-1, 0/AME-V, §/+)E-1, -\/AAE-, (VP VE-Y X [-+/YV4Y, -
([V/**\,)/+ Y], 4/VOAE-V) GCACO
\/Y$VE-0], Y/AYYE-0) VYT, V/YAE-A)
T4 &b sl 2w )10 5 s pie gy polie —F o
Sl e &b Ll RPN
[+/+ Y, MOOE-0, -+/+ +\Y, \/+YOE-¢, -Y/¢AQE-£, -Y/0+YE-¢, -Y/4+VE-§, -
/4 YE-§ B
V/ALLE-E, -\/AAYVE-¢E, Y/YYLE-0]
[+/2VYV, =N/ 008, o/ VAT, «/Q0VA, -+/4TY4, -+ /47IVE, VAV E, o /AYA,
/OYY4, /v A0A]
[+/8407, /¢ 2 VY, Y/ONNYE-¢£, -+ /4AQ1Y, +/440V,1/44Y , «/+ « Y, + /v v 0T], -
V140V Sl o3l
+/44410,1/441]
VAR NEVAR A TV VYL VN SR VA & SRYLT VNN VIS JRVERRY JRVAS 3% Y/O0AY GCACO

sl 00 03,551 (F 5¥) ldsd 53 T4 L5 Tl S

R Rosenbrock @‘}: sl leslasl CL” RRC Vs

sl onT (9 E) ()) 6@).)9— BERTE T

@ =y Rosenbrock w5 sl letalesl s oomes

\Y’/\O )ﬁ;@,\: c\ ;)La.:: ‘YO dl.w cdm‘

dw‘;bwrijLwaMﬁ'Jﬁ)‘)‘ﬁb\M

= el Tl el ol sl (V) dsdr 55 salgi


https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.1.3.3

[ DOR: 20.1001.1.2251600.1385.25.1.3.3 ]

5000

12 - ) o e e
4000 - ;] e e g e Sy o8
3000 - % 08 //_\ b e
= 3 06- _
%2000 - g
00 02 ™\ |
- 0
-10 10 10 30 50
Z.L\;?l 3ldas
T1 ) Kea (&)
600 - 20 -
500
B 400 |
4 300 %
200 {\'
100 -
10 10 30 50 5
(s e ) gl sliss
T4 o) K () T3 il Ker ()

T1,T2,T3,T4 pls slp d ol 2 o5 plazzt 00 3lams b 121 Y0 53 GCACO (3, 8 o) Koo -V S5

Rosenbrock st Vs &b ol Far

2.50E+06 -
2.00E+06 1 e
% 1.50E+06 -} T ki g et e S
A"-Q — 2 E e o cmSle

% 1.00E+06 - \_\-

5 00E+05 . \\
OOOE+OO \I‘\-\-I-I-I.IT-I-\-\-I-I-IT\.-I_II\H\||||\\||||\\IIIIIHIIIIHIIIIIHIIII
1 6 11 16 21 26 31 36 41 46 51 56

gl ! sl

Lot o 5o gplazrl £+ slawi 121 YO 53 GCACO (3, 81 ol Ko ¥ S5

x gy Rosenbrock b sl agy jlade 5 b pie gy palie — 0 Jyur

Sl e (070) &b Ll RPN
N ZRVZE SRV AR VIR RV2RY JAATN S5
AVARA VIR R VIR I VARR IR VIR RS & Y/AQE-¢ SelSS s s sl
[V oo e N, Ve, N 0 ey ] Y/¢VoE-1 alSS sl
[+/24V+, /848, +/AAA+, +/AVAT,+/400Y] 4/VasE-¢ GCACO
£ \YAO )ﬁ}é“:’ A ;)LQ-\: JO dlﬂ: cdm\


https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.1.3.3

[ DOR: 20.1001.1.2251600.1385.25.1.3.3 ]

&= o> Rosenbrock @b Sl o Sae 5 b piis wigy polis 7 Jad>

g op g (N5)0) bl Y
[+/4444, +/444Y, /4449, +/4444, +/4444,+/4444 /4449, /4444, +/4444 /4444 ] 1/04AE-1 S
[+7a90Y, +/44Y4, +/AA0A, +/AVIA, +/AEEY, «/AQYY, +/VAQY, +/N44Y, +/VEs /0008 | ATV Aol o 20l
AVAREWAVIRS SR VERS SR VARC W VERS SR VAR AR VR L W VAR VL W VI amgt PRCERPICe
[+/a40+, +/44Y4, +/44A4, +/4840, +/38AF, +/A4VV, +/AAVY, +/AAAA, +/44AT,+/4AT0 | VAL YAY GCACO

(opdon | Ko oy o bn el

s 0Ll S eds Jbo 5 Sls p cdle JiE gl Q}oj):
)\Jjéb-bé&kLﬂ‘MCM.N‘OJ‘.&JN)JJQTJ)}&[?-
ol > ol Of e Lol 45 (g5l LIS st Jle S
Dgh G S w0

oS s S s e OLis (V) 5 (0) sl s lin
Ll e OLsl S Sl s s gl a4 0bsl S Sls » cdle

s s b Sl p 2 0

6;4’.'-:3 -t
3bwaieg 6l = GCACO jlaztl ol b s i, S
glor! (5lma g p—’ﬂ)}—@ ol g A8 3 w5
dl_<?:)}4 CL_A:?-‘ &‘jﬁjﬂq}f‘ &;vw‘ ol ﬁ‘)‘ QK?:))A
s S 5 lwiing 5 4S5l 3 (Sileaing ¢l
P L;)j@; Lol el 03 S Ty Olsl 3 (glas S b iy
S (53l 02,80 S, Ll il 5 (Gl o g
Wl iy sl ge 4t i S Gleen, S
Slwloe i3I GCACO oy 5 Sl aS dims o DL ol
LSS (3l e kS o (slgats, S S1 LIS Sl
55 dzilen GCACO s Sl icmud LSS s sl 5
Lol 3l Lon el iy ay i) Ll S5 (glgaty, S
S ilay Satilic Sowe files (sl ol s & il
Rle banslie 5o (gl a0 Oy U sllae e

\Y’/\O )ﬁ;@—i’ c\ ;)La.\i' ‘YO JL..«: cdm‘

33 GA & 5 5 ot 015 o ol odal L3 55 (sdas es
=l 03 Gl e Sl 8L VL sl L il
et S plw a8 Jls 0 S o Joos o 2550
VU sl bl 55 (512 GCACO oz, 831 55 e 5 JlSS
Cle bl S o Jes KU 4 alie =10 Jte pl 3)
=l sz e s elenrl a8 3lua) eSSl oo
(Lea, S plor a5 Lghod 3l b anglis s p%)j—ij‘
Silmiig il Pl 53 GCACO 4,801 055 5118
2l 5l a8 (b Olen ol 5 sk SlS w5l
3 Olsr oiS BLsd 5l GCACO o, S bl ol s
rdl e s sl S Jee EP S ES Sl g o)lse 2l
no free lunch Ol e Cod ol LI 5 o9 im0 428 Ll
Flame e ol o ol s el r\.xs &= theorem

DWW s,8 55,
Lo 30 BLI ol 25 el plondl Slalllan ol
35 T4 &6 Sheslanad b oolgly Sl 3 Jase Lo
L= 4. =\ bl Sllie LGCACO S1.c3 S S35 )
Lo bl A8 5 25 o0 oD Joliad &S > Ladh 2
Gl e Bl (D3 5 abBl) resr s (536
S ile galgitng oy SN il 5 005 RS B
(O) b S o o ol (2558 45 G amier o5 S
5 Osasp 5 aliils 3 S L s L1, GCACO il Kea
534S osb Olea s o OLES 55 cpl (8 8 5 55 G
23 o s A Sl il B 0y e ol IS

ol 3 L s s S 55 e ST iy 2T el

£y


https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.1.3.3

300 -

400 -
250 - 350
500 | 300
5 5 250
L b E)
3 190 14 3 200
% 100 4 - 5 150
50 - 100
A 50
‘ = I ‘ ‘ T 0 T T 1
-10 10 30 50
s -10 10{@ 30 50
T4 L5, gl ol op i SKSle (@ T4 b5 gl Rolie Kl 5:Ske (I
600 -
500 -
» 400 A
g
Jj 300 4
200 -
100 -
T 0 T T 1
-10 10 50

gl Sl

T4 b5 @b polie o5 5Kl (2

(T 05y 5 Jaes b L3l sl bl 3525 b) 1) 2 55 plaznl 00 31an5 b 121 YO 53 GCACO 2, 81 gl Ko -0 IS5

200 - 400 -

: 350 4.

150 300 4
S ,, 250
3 100 < 200
] % 150
50 100
50
5 ‘ ‘ : 0

0 20 40 60

gl sl

T4 2l @b polis o g il (o

600 -

gl sldas

T4 b5l @b pslie :80ke Kl (I

20

gleart slaw

[ DOR: 20.1001.1.2251600.1385.25.1.3.3 ]

T4 bl b polie cp i oSSk (2

O 9 e b Bl gla falyly 5509 L) 1l 2 )3 plazxl 00 sluni L1 21 YO 45 GCACO ‘.;win o) S —F IS5
Wl 0k 03l3 DL L3I s 3 g5 (sl 4 OIS ls p cusdle 38 5 i b s S ol Re 0 g LSS ol ) (gl

i\"’ \Y’/\O )ﬁj@“; c\ ;)LQ-\:-' cYO JLA cdm\


https://dor.isc.ac/dor/20.1001.1.2251600.1385.25.1.3.3

[ DOR: 20.1001.1.2251600.1385.25.1.3.3 ]

)‘ g_)j_uzé wbi.o.h CJ_' 9 L;?L«—wbuﬂ &bl_? ud)L_weJL_:._g
Slas 5 LU s 81 cl sslg 02,80 s bl
aS ol ol XLy ) no free lunch theorem b 5 xe 428
Lal ool 355 SLLS s plowil SliglaT 51 (i LS
PICIS @ DL, JB‘J\J- cd)% V.Z'.;)}Q‘ ét.wl?r.ﬁ &bls

W‘WC}*&)MBML;AJJJ

05 Gl o g 5 BLEST s Cale Dol S (sl 8
Sl b bl e (a5 5 b 1S Cn gt gLaS
ao s g s Sl kil pl 53 gl e Jol s o
PTEREPERIEY Slagbesl s Bl Ao L5 o S
V.:.“.)j_Q\);L@JM_}:\,\_xJ)wU'\,UHSM:do olis
aS el e Ol cpl il a8 e, S e 4
2 e ol SULS Gl 5 51 0,5 S

4l e}‘ 9
1. ant colony optimization 16. Dorigo 30. Bilchev
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