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* Continuous Genetic Algorithms (CGA)
* Enhanced Simulated Annealing (ESA)
° Enhanced Continuous Tabu search (ECTS)
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Hooke-Jeeves Pattern Search Algorithm

1 Obtain initial base point X' . Determine set of step
lengths

2. | Move the base point along every one of the d
dimensional axes at a time and evaluate the resullt.
Adopt each new point if improvement on the previous
point. This takes at least d, at most 2d evaluations.

If any of the moves was successful, go to 3. If none was
successful, go to 4.

3. | Repeat the successful moves in a combined pattern
move. If the new point has a better fitness, assume it as
the new base point. Return to 2 whichever the outcome.

4. | Adjust step length to next smaller step. If there is a
smaller step, continue from 2. If not, terminate.
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8 Pattern search

° Hooke and Jeeves



Sz -0

plo am az s (GodS smne i e SIS e () 5o

YU oads &l o, o3 BliaST & ,08 o5l oo |y (50,8 (gom
4 ‘fl?m S FTm> A9, S5 p.‘i.l)ji” 8 u..ul)ﬂ 6‘)-.’ ol
B 03— 4_;:‘)‘ Cmd &“5-’ S99y |) r“-‘-‘)ﬁ—i” NJQB)J‘ L)T
w85l e Gl—l)lf ol Sy s w0 S |, CEC2005
ULM.J |) &_)9LQ.~0 LQL“L;)‘B L g L;L:o.laﬁ:m 5 6‘>L€r~*‘*’
iz glah e 0 o5 e, Sl aS ol lis mlis ks

b oo 1) iy 4Bl i3 > g (glald

P g podi -

Oliiss 350 Jb Coles b Slidios I (pl 5l Stewd

&=y

[1] M. Dorigo, V. Maniezzo, and A. Colorni, "Ant system:
Optimization by a colony of cooperating agents," |EEE
Transactionson Systems, pp. 29-41, 1996.

[2] L.M. G. Marco Dorigo "Ant Colonies for the Traveling Salesman
Problem," BioSystems, vol. 43, pp. 73-81, 1997.

[3] L. M. G. Marco Dorigo "Ant Colony System: A cooperative
learning approach to the traveling salesman problem," |IEEE
Transactions on Evolutionary Computation vol. 1, pp. 53-66,
1997.

[4] B. Bullnheimer, R. F. Hartl, and C. Strauss, "Applying the Ant
System to the Vehicle Routing Problem," in 2nd International
Conference on Metaheuristics, pp. 1-12, 1997.

[5] R.F.H. Bernd Bullnheimer , Christine Strauss "An Improved Ant
System Algorithm for the Vehicle Routing Problem " Annals of
Operations Research vol. 89, pp. 319-328, 1999.

[6] I. L. Silvia Mazzeo, "An Ant Colony Algorithm for the
Capacitated Vehicle Routing," in Electronic Notes in Discrete
Mathematics, pp. 181-186, 2004.

[71 J. Zhang, X. Hu, X. Tan, J. H. Zhong, and Q. Huang,
"Implementation of an Ant Colony Optimization Technique for
Job Shop Scheduling Problem," Transactions of the Institute of
Measurement and Control vol. 28, pp. 93-108, 2006.

[8] J. Dréo and P. Siarry, "Continuous interacting ant colony
algorithm based on dense heterarchy," Future Generation
Computer Systems, vol. 20, pp. 841-856, 2004.

[91 L. Jiao, L. Wang, X. Gao, J. Liu, F. Wu, M. Kong, and P. Tian,
"Application of ACO in Continuous Domain," in Advances in
Natural Computation. vol. 4222: Springer Berlin / Heidelberg, pp.
126-135, 2006.

[10] R. Hooke and T. A. Jeeves, "Direct Search Solution of Numerical
and Statistical Problems," J. ACM, vol. §, pp. 212--229, 1961.

[11] P. N. Suganthan, N. Hansen, J. J. Liang, K. Deb, Y.-P. Chen, A.
Auger, and S. Tiwari, "Problem definitions and evaluation criteria
for the CEC 2005 Special Session on Real Parameter
Optimization," Nanyang Technological University 2005.

[12] G. Bilchev and I. C. Parmee, "The ant colony metaphor for
searching continuous design spaces," in Proceedings of the AISB
Workshop on Evolutionary Computation. vol. 993 London, UK
Springer-Verlag, pp. 25-39, 1995.

[13] L. Yan-jun and W. Tie-jun, "An adaptive ant colony system
algorithm for continuous-space optimization problems," Journal of
Zhgjiang University - Science A, vol. 4, pp. 40-46, 2003.

) sl eI sl sl asgame cnl 5L IV s
‘.JH)S 9 Lb‘;).:ﬁ )| &)Ua‘ 6“).: [QJLA.)GA cQLa...MJ‘ 4JLQ.A )o AW
(V] a0 4 dcgazme il ;0 9290 s U YO oL,
f6-125 anly § s slads ST 15 mlg aples axxlye
wlasl i > 1625 4 f14 fB-F11 wly .l slalBocs
Gdg Jlns onS oo oolil Sliglesl ol FIFI6 ailys 5l Lo
5 Gl bl slassD 4 cewl s objs,l 1e5*D oy 65!

eslodds (g lwosly MATLAB 7.6.0 Lae o pis 55
s Bl g s basgie 5 Wil JL,S5 4 ¥e olayles]
FOM PRV IR RPN

Al e Glpg Ve plean Ve Gl baz e slass
L) < AO f‘f 5 us*’ﬁ;:-’w C)‘) el o0l w)f)b)o ¥
50 2l ) (doe sz o o Sle Sl o S (o0 L5
O e JUT SR NPRENC JSTTE
S oo A0V e Rl ] (e sorian sl B (2L

V Jgo o o - f*)t_,;l.:,{ odal Cawd 4y glas polie
‘ )L.\_E.A k).:).u.\....: ‘)l..\ii.n k).:).a..os Jj..\} w‘ L R PR WA oé)ji
s G315 1y ey sl L Ve il g eSSl
oale HLud ¥ JSh o ¥ USCh [0 e aly o) Ken logad
sl 00

55y 5 8 2,55 a0 e o5 2l o shalas
e bl o 95 4 aSl s o (F1-f5)glald SO il (6l
prlSe 1 08 o oy @l i3 > 5 lalBaiz &ly o,
6ol o sl |y o Laaly ool sl (gl 0als Sl
e G920 Bl S @l sl S e xS el

i, oS b avslio ;o 00,6l ST, ols olis lp
5 CMA-ES[18] (3850 claps,s Sl , S50 Ly 1ol , K0
Y Jgsz 50 awglin pl bl 0u0,S 4uslas adaptiveDE[19]
L_g PbCACOM)s_i” as MQGA ULM CJL.) ] 00 oéjs—‘

el L)L‘“J ‘) S8 C-’LU oS Cores Slass

Il wdie oS -

ol oy 40 acgeme ol g

Cewl (g yiws LB http://www.ntu.edu.sg/home/EPNSugan/

" rotated



[17] J. J. Liang, A. K. Qin, P. N. Suganthan, and S. Baskar,
"Comprehensive learning particle swarm optimizer for global
optimization of multimodal functions," Evolutionary Computation,
|EEE Transactions on, vol. 10, pp. 281-295, 2006.

A. Auger and N. Hansen, "A restart CMA evolution strategy with
increasing population size," in Evolutionary Computation, 2005.
The 2005 |EEE Congresson, Vol. 2, pp. 1769-1776, 2005.

A. K. Qin and P. N. Suganthan, "Self-adaptive differential
evolution algorithm for numerical optimization," in Evolutionary
Computation, 2005The 2005 |EEE Congress on, Vol. 2, pp. 1785-

[18]

[19]

[14] M. Kong, P. Tian, Y. Hao, J. Liu, Y. Wang, Y.-m. Cheung, H.
Yin, L. Jiao, J. Ma, and Y.-C. Jiao, "A Binary Ant Colony
Optimization for the Unconstrained Function Optimization
Problem Computational Intelligence and Security." vol. 3801:
Springer Berlin / Heidelberg, pp. 682-687, 2005.

K. Socha and M. Dorigo, "Ant colony optimization for continuous
domains," European Journal of Operational Research, vol. 185,
pp. 1155-1173, 2008.

S. Pourtakdoust, H. Nobahari, M. Dorigo, M. Birattari, C. Blum,
L. Gambardella, F. Mondada, and T. St"utzle, "An Extension of

[15]

[1e]

1791, 2005. Ant Colony System to Continuous Optimization Problems," in Ant
Colony Optimization and Svarm Intelligence. vol. 3172: Springer
Berlin / Heidelberg, pp. 158-173, 2004.
10e10 ‘
—F—fl
—e— 2
3
10e5 |- 5
6
N
) 1F —
<)
=) N
e
WT.\K\‘\
R
%\ﬁ;—‘}
—ste X
106_57 =i ‘\*;v@‘\t\%v@v’ﬁv@v@v@v@v@v‘vv@%v‘vv@%v‘v%%v‘v%% |
e o
* o o -~y
'7*"*C7r—.7,,. oo
10e-10 I I f I I |
0 500 1000 1500 2000 2500 3000 3500 4000 4500
FEs
16 mlgs o Koo jlogei ¥ IS
10e-4 1 E
—+— 18 ||
'y fg ]
10e-6 - 'Y\ f10 3
\\ —— f11|]
R R R R R R ERE 1
LN f13
10e2f - - - .
* e E
£ ]
< 10F | E
=3 \ E
o \ ]
10e-2+ 5 E
\ ;
10e-4 'Y 3
10e-6 1 1 L 1 1 L 1 L ]
0 500 1000 1500 2000 2500 3000 3500 4000 4500
FEs

8-f13 wlyy ol Ken loges ¥ o



F1-F16 9, PbCACO !, ;l 0wl vy o) Jau

D=30 D=10
oSbly oSk e eS| el oS e S
3.84E-01 2.51E-06 | 3.34E+00 1.52E-06 | 1.61E-05 3.13E-10  7.69E-05 0 Fl
4.18E+02 9.25E-01 | 1.93E+03  3.59E-01 | 2.31E-03  3.33E-08  8.19E-03  5.06E-09 | F2
1.86E+06 5.86E+06 | 9.69E+06 2.61E+06 | 5.87E+04 7.98E+01 2.43E+05 3.57E+01 | F3
2.56E+00 1.08E+01 | 1.74E+01 4.73E+00 | 1.13E-05 4.19E-05 6.15E-05 2.18E-05 | F4
2.85E+03 1.07E+04 | 1.82E+04 5.25E+03 | 2.48E+03  3.54E-05 1.04E+01  1.71E-5 | F5
1.32E+03  1.79E+00 | 6.47E+03  5.06E-01 | 2.81E+02 1.66E+00 9.88E+02 2.25E+00 | F6
1.10E-01  6.57E-01 | 8.84E-01  3.95E-01 | 1.15E+00 1.47E+00 4.90E+00 4.94E-02 | F7
5.34E-02  2.10E+01 | 2.11E+01 2.08E+01 | 1.20E-01 2.03E+01 2.06E+01 2.01E+01 | F8
2.10E+01  1.77E-01 | 2.10E+02  1.17E-01 | 3.33E-03 5.97E-03  1.46E-02  8.40E-04 | F9
3.88E+01 3.10E+00 | 3.87E+02 2.24E+00 | 1.86E+01 5.41E-02 1.19E+02 2.02E-02 | F10
1.12E+00 4.10E+00 | 4.23E+01 3.71E+00 | 1.10E+00 8.55E-01 1.09E+01 6.21E-01 | F11
5.31E+04 2.00E+04 | 3.32E+05 1.28E+03 | 1.19E+03 5.93E+02 6.06E+03 2.91E+00 | F12
7.22E+00 2.84E+00 | 5.50E+01 2.03E+00 | 7.34E-01  1.45E-01 3.60E+00 4.52E-01 | FI3
3.56E-01 1.33E+01 | 1.40E+01 1.26E+01 | 4.06E-01 3.98E+00 4.50E+00 2.84E+00 | F14
1.07E+02  6.36E+02 | 9.11E+02 4.86E+02 | 2.18E+02 3.11E+02 8.00E+02 1.41E-02 | F15
8.31E+01 4.12E+01 | 5.55E+02 2.98E+01 | 5.08E+01 2.31E+01 3.63E+02 1.45E+02 | F16
5530 b5 L PbCACO oy 53! dsli ¥ Jgor
d=30 d=10
restart CMA-ES PbCACO adaptiveDE  restart CMA-ES  PbCACO
5.42¢—9 2.51E-06 0.00E+00 5.20e—09 3.13E-10 F1
6.22¢—9 9.25E-01 5.70E-02 4.70e—-09 3.33E-08 F2
5.55e-9 5.86E+06 2.09E+05 5.60e—09 7.98E+01 F3
1.11E+04 1.08E+01 6.19E-01 5.02¢—09 4.19E-05 F4
8.62¢—9 1.07E+04 1.22E+02 6.58¢—09 3.54E-05 F5
5.90e—9 1.79E+00 3.54E+00 4.87¢—-09 1.66E+00 F6
5.31e-9 6.57E-01 1.58E+02 3.31e-09 1.47E+00 F7
2.01E+01 2.10E+01 2.04E+01 2.00E+01 2.03E+01 F8
9.38¢—1 1.77E-01 3.97E+00 2.39¢-01 5.97E-03 F9
1.65E+00 3.10E+00 1.37E+01 7.96e—02 5.41E-02 F10
5.48E+00 4.10E+00 2.20E+00 9.34e—01 8.55E-01 F11
4.43E+04 2.00E+04 2.62E+02 2.93E+01 5.93E+02 F12
2.49E+00 2.84E+00 5.98E-01 6.96e—01 1.45E-01 F13
1.29E+01 1.33E+01 3.21E+00 3.01E+00 3.98E+00 F14
2.08E+02 6.36E+02 1.84E+02 2.28E+02 3.11E+02 F15
3.50E+01 4.12E+01 1.22E+02 9.13E+01 2.31E+01 F16




