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Dynamic optimization structure design for neural networks:
review and perspective
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(College of Electronic and Control Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: The influence of the structure design to the capabilities of neural networks is discussed in this paper. The

development history of the dynamic structure neural networks, especially the growing and the pruning neural networks

are introduced. The substantial results on the computing capabilities, learning theories, stability of neural networks are

then analyzed. Finally, the research on the dynamic optimization structure design is summarized and several views are put

forward.
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Fig. 1 Non-hierarchically growing neural networks model
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Fig. 2 Hierarchically growing neural networks model

3 (Pruning neural network)
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Fig. 3 Pruning neural networks of second order

derivative model

3.2 (Sensitivity analysis model)
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Fig. 4 Pruning neural networks of sensitivity analysis model

, :

1) ,

2) ,

3) ,

, .

,

,

, ;

; ,

.

4 (Conclusions and expectation)
,

, .

,

.
[56∼59],

,

,

, , ,

, .

,

,

,

.

,

:

1)

; ,
[60,61],

;

2) ,

,
[62,63],

;

3)
[64].

(References):

[1] MCCULLOCH W S, PITTS W. A logical calculus of the ideas im-

manent in nervous activity[J]. Bulletin of Mathematical Biophysics,

1990, 52(1/2): 99 – 115.

[2] ROSENBLATT F. The perception: a probabilistic model for infor-

mation storage and organization in the brain[J]. Psychology Review,

1958, 65(6): 386 – 408.

[3] WIDROW B, HOFFM E. Adaptive Switching Circuits[M]. Cam-

bridge: The MIT Press, 1988.

[4] RUMELHART D E, HINTON G E, WILLAMS R J. Learning repre-

sentation by BP error[J]. Nature, 1986, 323: 533 – 536.



356 27

[5] ALBUS J S. A new approach to manipulator control: The cerebel-

lar model articulation controller(CMAC)[J]. Journal of Dynamic Sys-
tems, Measurement and Control, 1975, 97(1): 220 – 227.

[6] POWELL M J D. The theory of RBF approximation in 1990[C]

//LIGHT W A. Advances in Numerical Analysis II: Wavelets, Subdivi-
sion, and Radial Functions. Oxford: Oxford University Press, 1992:

105 – 210.

[7] KOHONEN T. Self-organizing formation of topologically correct

feature maps[J]. Biological Cybernetics, 1982, 43(1): 59 – 69.

[8] HOPFIELD J, TANK D W. Neural computation of decisions

in optimization problems[J]. Biological Cybernetics, 1985, 52(3):

141 – 152.

[9] YIN H, ALLINSON N M. Self-organizing mixture networks for

probability density estimation[J]. IEEE Transactions on Neural Net-
works, 2001, 12(2): 405 – 411.

[10] EVERIT B S. Cluster Analysis[M]. London: Edward Arnold Press,

1993.

[11] FRITZKE B. Growing grid-a self-organizing network with constant

neighborhood range and adaptation strength[J]. Neural Processing
Letters, 1995, 2(5): 9 – 13.

[12] FRITZKE B. Unsupervised clustering with growing cell struc-

tures[C] //Proceeding of the International Joint Conference of Neural
Networks (IJCNN). Seattle WA, USA: IEEE, 1991: 531 – 536.

[13] FRITZKE B. Kohonen feature map and growing cell structures-a per-

formance comparison[C] //Advances in neural information process-
ing systems. San Francisco, CA, USA: Morgan Kaufmann Publisher,

1993: 123 – 130.

[14] FRITZKE B. Growing cell structure-A self-organizing neural net-

work for unsupervised and supervised learning[J]. Neural Networks,

1994, 7(9): 1441 – 1460.

[15] STEPHEN M, JONATHAN S, ULRICH N. A self-organizing net-

work that grows when required[J]. Neural Networks, 2002, 15(8/9):

1041 – 1058.

[16] CHU K L, MANDAVA R, RAO M V C. Novel direct and self-

regulating approaches to determine optimum growing multi-experts

network structure[J]. IEEE Transactions on Neural Networks, 2004,

15(6): 1378 – 1395.

[17] FELIX F. Locally weighted interpolating growing neural gas[J]. IEEE
Transactions on Neural Networks, 2006, 17(6): 1382 – 1393.

[18] WU S T, TOMMY W S CHOW. Self-organizing and self-evolving

neurons: A new neural network for optimization[J]. IEEE Transac-
tions on Neural Networks, 2007, 18(2): 385 – 396.

[19] LACERDA E, CARVALHO A DE, TERESA LUDERMIR. Evolu-

tionary optimization of RBF networks[J]. International Journal of
Neural Systems, 2001, 11(3): 287 – 294.

[20] SHETA A F, JONG K D. Time-series forecasting using GA-tuned ra-

dial basis functions[J]. Information Science, 2001, 133(3/4): 221 –

228.

[21] , . [J].

( ), 2005, 44(1): 56 – 64.

(WU Yanhui, CHEN Xiong. Fast learning algorithm of small

multi2input fuzzy neural network structure[J]. Journal of Fudan Uni-
versity (Natural Science), 2005, 44(1): 56 – 64.)

[22] , . [J].

, 2008, 25(4): 703 – 707.

(QIAO Junfei, WANG Huidong. Structure self-organizing algorithm

for fuzzy neural networks and its applications[J]. Control Theory &
Applications, 2008, 25(4): 703 – 707.)

[23] LI S Y, CHEN Q, HUANG G B. Dynamic temperature modeling of

continuous annealing furnace using GGAP-RBF neural network[J].

Neurocomputing, 2006, 69(4/6): 523 – 536.

[24] WU L H, LIU L, LI J, et al. Modeling user multiple interests by an

improved GCS approach[J]. Expert Systems with Applications, 2005,

29(4): 757 – 767.

[25] HERVE F B. Following non-stationary distributions by controlling

the vector quantization accuracy of a growing neural gas network[J].

Neurocomputing, 2008, 71(7/9): 1191 – 1202.

[26] , , . [J].

, 2006, 35(6): 700 – 704.

(YANG Huizhong, WANG Weina, DING Feng. Two structure opti-

mization algorithms for neural networks[J]. Information and Control,
2006, 35(6): 700 – 704.)

[27] BURZEVSKI V, MOHAN C K. Hierarchical growing cell struc-

tures[C] //Proceedings of the IEEE International Conference on Neu-
ral Networks (ICNN’96). New York: Syracuse University Press,

1996, 3: 1658 – 1663.

[28] RAUBER A, MERKEL D, DITTENBACH M. The growing hierar-

chical self-organizing map: Exploratory analysis of high-dimensional

data[J]. IEEE Transactions on Neural Networks, 2002, 13(6): 1331 –

1341.

[29] ADAMS R G, BUTCHART K, DAVEY N. Hierarchical classifica-

tion with a competitive evolutionary neural tree[J]. Neural Networks,

1999, 12(3): 541 – 551.

[30] HERRERO J, VALENCIA A, DOPAZO J. A hierarchical unsuper-

vised growing neural network for clustering gene expression pat-

terns[J]. Bioinformatics, 2001, 17(2): 126 – 136.

[31] PAMPALK E, WIDMER G, CHAN A. A new approach to hierarchi-

cal clustering and structuring of data with self-organizing maps[J].

Intelligent Data Analysis, 2004, 8(2): 131 – 149.

[32] DOMINIK B, MARTIN B, WOLFGANG R. Automatic cluster de-

tection in Kohonen’s SOM[J]. IEEE Transactions on Neural Net-
works, 2008, 19(3): 442 – 459.

[33] ONTRUP J, RITTER H. Large-scale data exploration with the hi-

erarchically growing hyperbolic SOM[J]. Neural Networks, 2006,

19(6/7): 751 – 761.

[34] MENG J E, YI Z. A novel framework for automatic generation of

fuzzy neural networks[J]. Neurocomputing, 2008, 71(4/6): 584 – 591.

[35] LEE J S, LEE H, KIM J Y, et al. Self-organizing neural network by

construction and pruning[J]. IEICS Transactions on Information &
Systems, 2004, 87-D: 2489 – 2498.

[36] FENG L, KHAN L, BASTAN F, et al. A dynamically growing self-

organizing tree (DGSOT) for hierarchical clustering gene expression

profiles[J]. Bioinformatics, 2004, 20(16): 2605 – 2617.

[37] HSU A L, HALGAMUGE S K. Enhancement of topology preser-

vation and hierarchical dynamic self-organizing maps for data visu-

alization[J]. International Journal of Approximate Reasoning, 2003,

32(2/3): 259 – 279.

[38] BEDNAR J A, KELKAR A, MIIKKULAINEN R. Modeling large

cortical networks with growing self-organizing maps[J]. Neurocom-
puting, 2002, 44-46: 315 – 321.

[39] JASON W W, HUGH M C. Deterministic projection by grow-

ing cell structure networks for visualization of high-dimensionality

datasets[J]. Journal of Biomedical Informatics, 2005, 38(4): 322 –

330.

[40] LECUN Y, DENKER J, SOLLA S, et al. Optimal brain damage[C]

//TOURETZKY D S. Advances in Neural Information Processing
Systems. San Mateo, CA: Morgan Kauffman, 1990, 2: 598 – 605.

[41] HASSIBI B, STORK D G. Second order derivatives for network

pruning: optimal brain surgeon[C] // HANSON S J, COWAN J D,

GILES C L. Advances in Neural Information Processing Systems. San

Mateo, CA: Morgan Kauffman, 1993, 5: 164 – 171.



3 : 357

[42] , , . [J].

( ), 2005, 45(6): 831 – 834.

(LI Qian, WANG Yongxian, ZHU Youqin. Hybrid pruning algorithm

for artificial neural network training[J]. Journal of Tsinghua Univer-
sity(Natural Science), 2005, 45(6): 831 – 834.)

[43] QIAO J F, ZHANG Y, HAN H G. Fast unit pruning algorithm for

feedforward neural network[J]. Applied Mathematics and Computa-
tion, 2008, 205(2): 622 – 627.

[44] , . [J].

, 2008, 3(2): 206 – 210.

(QIAO Junfei, ZHANG Ying. Fast unit pruning algorithm for multi-

layer feedforward network design[J]. CAAI Transactions on Intelli-
gent Systems, 2008, 3(2): 206 – 210.)

[45] XU J H, DANIEL WC HO. A new training and pruning algorithm

based on node dependence and Jacobian rank deficiency[J]. Neuro-
computing, 2006, 70(1/3): 544 – 558.

[46] BRAIN M, CHAN KIN W. Pruning hidden Markov models with op-

timal brain surgeon[J]. IEEE Transactions on Speech and Audio Pro-
cessing, 2005, 13(5): 993 – 1003.

[47] SALTELLI A, TARANTOLA S, CHAN KS. A quantitative model in-

dependent method for global sensitivity analysis of model output[J].

Technometrics, 1999, 41(1): 39 – 56.

[48] ENGELBRETCH A P. A new pruning heuristic based on variance

analysis of sensitivity information[J]. IEEE Transactions on Neural
Networks, 2001, 12(6): 1386 – 1399.

[49] SALTELLI A, CHAN KS, SCOTT E M. Sensitivity Analysis[M].

New York: Wiley, 2000.

[50] CARIBONI J, GATELLI D, LISKA R, et al. The role of sensitiv-

ity analysis in ecological modeling[J]. Ecological Modeling, 2007,

203(1/2): 167 – 182.

[51] PHILIPPE L, ERIC F, THIERRY A M. A node pruning algorithm

based on a Fourier amplitude sensitivity test method[J]. IEEE Trans-
actions on Neural Networks, 2006, 17(2): 273 – 293.

[52] CAMPOLONGO F, CARIBONO J, SALTELLI A. An effective

screening design for sensitivity analysis of large models[J]. Environ-
mental Modeling & Software, 2007, 22(10): 1509 – 1518.

[53] WAN W S, MABU S, SHIMADA K, et al. Enhancing the general-

ization ability of neural networks through controlling the hidden lay-

ers[J]. Applied Soft Computing, 2009, 9(1): 404 – 414.

[54] MOZER M, SMOLENSKY P. Skeletonization: a technique for trim-

ming the fat from network via relevance assessment[C] //TOURET-

ZKY D. Advances in Neural Information Processing Systems. San

Mateo, CA: Morgan Kaufmann, 1991, 1: 107 – 115.

[55] SIETSMA J, DOW R. Creating artificial neural networks that gener-

alize[J]. Neural Networks, 1991, 4(1): 67 – 79.

[56] HUANG G B, SARATCHANDRAN P, SUNDARARAJAN N. An

efficient sequential learning algorithm for growing and pruning RBF

(GAP-RBF) networks[J]. IEEE Transactions on Systems, Man, and
Cybernetics-Part B: Cybernetics, 2004, 34(6): 2284 – 2292.

[57] HUANG G B, SARATCHANDRAN P, SUNDARARAJAN N. A

generalized growing and pruning RBF (GGAP-RBF) neural network

for function approximation[J]. IEEE Transactions on Neural Net-
works, 2005, 16(1): 57 – 67.

[58] LEE C C, CHIANG Y C, SHIH C Y, et al. Noisy time series predic-

tion using M-estimator based robust radial basis function neural net-

works with growing and pruning techniques[J]. Expert Systems with
Applications, 2009, 36(3): 4717 – 4724.

[59] HSU C F. Adaptive growing-and-pruning neural network control for

a linear piezoelectric ceramic motor[J]. Engineering Applications of
Artificial Intelligence, 2008, 21(8): 1153 – 1163.

[60] ZHANG Z, TROJE N F. View-independent person identification from

human gait[J]. Neurocomputing, 2005, 69(1/3): 250 – 256.

[61] MARTIN BOERLIN, TOBI DELBRUCK, KYUAN ENG. Getting

to know your neighbors: unsupervised learning of topography from

real-world, event-based input[J]. Neural Computation, 2009, 21(1):

216 – 238.

[62] XABIER B, ALVARO M. On the nature of neural information: A cri-

tique of the received view 50 years later[J]. Neurocomputing, 2008,

71(4/6): 681 – 692.

[63] NDREW K, FILIPPO A S. Computational intelligence in product de-

sign engineering: Review and trends[J]. IEEE Transactions on Sys-
tems, Man, and Cybernetics-Part C: Reviews, 2007, 37(5): 766 –

778.

[64] TANI J, RYUNOSUKE N, RAINER W P. Achieving organic com-

positionality through self-organization: Reviews on brain-inspired

robotics experiments[J]. Neural Networks, 2008, 21(4): 584 – 603.

:

(1968—), , , ,

;

(1983—), , ,

, E-mail: Rechard112@emails.bjut.edu.cn.


