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Preface

We are honored and happy to be able to make available this Springer Handbook of
Computational Intelligence, a large and comprehensive account of both the state-of-
the-art of the research discipline, complemented with some historical remarks, main
challenges, and perspectives of the future. To follow a predominant tradition, we have
divided this Springer Handbook into parts that correspond to main fields that are meant
to constitute the area of computational intelligence, that is, fuzzy sets theory and fuzzy
logic, rough sets, evolutionary computation, neural networks, hybrid approaches and
systems, all of them complemented with a thorough coverage of some foundational
issues, methodologies, tools, and techniques.

We hope that the handbook will serve as an indispensable and useful source of
information for all readers interested in both the theory and various applications of
computational intelligence. The formula of the Springer Handbook as a convenient
single-volume publication project should help the potential readers find a proper tool
or technique for solving their problems just by simply browsing through a clearly
composed and well-indexed contents. The authors of the particular chapters, who are
the best known specialists in their respective fields worldwide, are the best assurance
for the handbook to serve as an excellent and timely reference.

On behalf of the entire computational intelligence community, we wish to express
sincere thanks, first of all, to the Part Editors responsible for the scope, authors, and
composition of the particular parts for their great job to arrange the most appropriate
topics, their coverage, and identify expert authors. Second, we wish to thank all the
authors for their great contributions in the sense of clarity, comprehensiveness, novelty,
vision, and – above all – understanding of the real needs of readers of diverse interests.

All that efforts would not end up with the success without a total and multifaceted
publisher’s dedication and support. We wish to thank very much Dr. Werner Skolaut,
Ms. Constanze Ober, and their collaborators from Springer, Heidelberg, and le-tex
publishingGmbH, Leipzig, respectively, for their extremely effective and efficient han-
dling of this huge and difficult project.

September 2014
Janusz Kacprzyk Warsaw
Witold Pedrycz Edmonton
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Roman Słowiński is Professor and Founding Chair of the Laboratory of Intelligent
Decision Support Systems at Poznań University of Technology. He is Academician
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RGN random generation number
RHT randomized Hough transform
RII randomized iterative improvement
RISC reduced intstruction set computer
RKHS reproducing kernel Hilbert space
RL reinforcement learning
RLP randomized linear programming
RLS randomized local search
RLS recursive least square
RM-MEDA regularity model based multiobjective

EDA
RMI remote method invocation
RMSE root-mean-square error
RMSEP root-mean-square error of prediction
RMTL regularized multi-task learning
RN regularization network
RNA ribonucleic acid
RNN recurrent neural network
ROC receiver operating characteristic
ROI region of interest
ROM read only memory
ROM reduced-order model
ROS robot operating system
RP readiness potential
RPC remote procedure call
RPCL rival penalized competitive learning
RS rough set
rst reset
RT reaction time
RT real-time
RTL register transfer logic
RTRL real-time recurrent learning

RUL remaining useful life
RWS roulette wheel selection

S

S-ACO simple ant colony optimization
S-bit section-bit
S3VM semi-supervised support vector

machine
SA simple F-transform-based fusion

algorithm
SA simulated annealing
SAE sparse auto-encoder
SAMP one single algorithm and multiple

problems
SARSA state-action-reward-state-action
SASP one single algorithm and one single

problem
SAT satisfiability
SBF subspace-based function
SBO surrogate-based optimization
SBR similarity based reasoning
SBS sequential backward selection
SBSO surrogate based shape optimization
SBX simulated binary crossover
SC soft computing
SC surprise criterion
SCH school
SCNG sparse coding neural gas
SD structured data
SDE stochastic differential equation
SDPE standard deviation percentage error
SEAL simulated evolution and learning
SEMO simple evolutionary multi-objective

optimizer
SF scaling factor
SFS sequential forward selection
SG-GP stochastic grammar-based genetic

programming
SHCLVND stochastic hill climbing with learning by

vectors of normal distribution
SI swarm intelligence
SIM simple-inversion mutation operator
SISO single input single output
SLAM simultaneous localization and mapping
SLF superior longitudinal fasciculus
SLS stochastic local search
SM scramble mutation operator
SM surrogate model
SMA supplementary motor area
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SMO sequential minimum optimization
SMP symmetric multiprocessor
SMR sensorimotor rhythm
sMRI structural magnetic resonance imaging
SMS-EMOA S-metric selection evolutionary

multiobjective algorithm
SNARC spatial–numerical association of response

code
SNE stochastic neighborhood embedding
SNP single nucleotide polymorphism
SNR signal-noise-ratio
SOC self-organized criticality
SOFM self-organized feature maps
SOFNN self-organizing fuzzy neural network
SOGA single-objective genetic algorithm
SOM self-organizing map
SPAM set preference algorithm for

multiobjective optimization
SPAN spike pattern association neuron
SPD strictly positive definite
SPEA strength Pareto evolutionary algorithm
SPOT sequential parameter optimization

toolbox
SPR static partial reconfiguration
SQL structured query language
SR stochastic resonance
SR symbolic regression
SRD standard reference dataset
SRF strength raw fitness
SRM spike response model
SRM structural risk minimization
SRN simple recurrent network
SRT serial reaction time
SSM state–space model
SSOCF subset size-oriented common features
SSSP single-source shortest path problem
StdGP standard GP
STDP spike-timing dependent plasticity
STDP spike-timing dependent learning
STGP strongly typed GP
SU single unit
SURE-REACH sensorimotor, unsupervised,

redundancy-resolving control
architecture

SUS stochastic universal sampling
SVaR simplified value at risk
SVC support vector classification
SVD singular value decomposition
SVM support vector machine
SW software
SW-KRLS sliding window KRLS

T

T1 type-1
T1FC type-1 fuzzy controller
T1FS type-1 fuzzy set
T2 type-2
T2FC type-2 fuzzy controller
T2FS type-2 fuzzy set
T2IC type-2 intelligent controller
T2MF type-2 membership function
TAG3P tree adjoining grammar-guided genetic

programming
TD temporal difference
TDNN time delay neural network
TET total experiment time
TFA temporal factor analysis
TGBF truncated generalized Bell function
TN thalamus
TOGA target objective genetic algorithm
TR type reducer
TRC tuple relational calculus
TS tabu search
TS time saving
TSK Takagi–Sugeno–Kang
TSP traveling salesman problem
TTGA trainable threshold gate array
TWNFI transductive weighted neuro-fuzzy

inference system

U

UART universal asynchronous
receiver/transmitter

UAV unmanned aerial vehicle
UCF user constraint file
UCS supervised classifier system
UCX uniform cycle crossover
UMDA univariate marginal distribution algorithm
UML universal modeling language
UPMOPSO user-preference multiobjective PSO
US EPA United States Environmental Protection

Agency
UW underwriter

V

VB variational Bayes
VC Vapnik–Chervonenkis
VC variable consistency
VCR variance ratio criterion
VEGA vector-evaluated GA
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VHDL VHSIC hardware description language
VHS virtual heading system
VHSIC very high speed integrated circuit
VLNS very large neighborhood search
VLPFC ventrolateral prefrontal cortex
VLSI very large scale integration
VND variable neighborhood descent
VNS variable neighborhood search
VPRSM variable precision rough set model
VQ vector quantization
VQRS vaguely quantified rough set

W

W2T wisdom web of things
WAN wide area network
WC Wilson–Cowan
WEP weight error power
WFG walking fish group
WisTech Wisdom Technology
WM white matter

WM working memory
WSN wireless sensor network
WT Wu–Tan
WTA winner-take-all
WWKNN weighted-weighted nearest neighbor

X

XACS x-anticipatory classifier system
XB Xie-Beni cluster validity index
XCS X classifier system
XCSF XCS for function approximation
xNES exponential natural evolution strategy
XPS Xilinx platform studio
XSG Xilinx system generator

Z

ZCS zeroth level classifier system
ZDT Zitzler–Deb–Thiele
ZEN Zonal Euler–Navier–Stokes
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