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REPRODUCING KERNEL HILBERT
SPACE METHODS FOR CAD TOOLS

CHUMACHENKO S.V., KHAWAR PARVEZ,
GOWHER MALIK

Kharkov National University of Radio Electronics,
Ukraine, 61166, Kharkov, Lenin ave, 14, tel. 70-21-
326, e-mail: ri@kture kharkov.ua

Abstract. The review of known RKHS-methods for
analysis of current state in science investigations is
represented. The place of Series Summation Method
in Reproducing Kernel Hilbert Space (RKHS) is
determined. The new results obtained by this method
are discussed.

Keywords: Reproducing Kernel Hilbert Space
(RKHS), RKHS-methods, Series Summation Method.

1. Introduction (Review)

Reproducing Kernel Hilbert Space (RKHS)
methods are interesting both pure theoretically
and applied. RKHS theory has been a well
studied topic, stemming from the original works
of [1] to more recent studies on their application
by [2, 3, 8-11]. Mathematical models based on
RKHS and causal operators are presented in
[3]. They are used at Pattern Recognition [4],
Digital Data Processing [5], Image Compression
[6], Computer Graphics [7]. Mentioned
directions are described by mathematical tool —
theory of wavelets [4].

RKHS methods are base tool in exact
incremental learning [8], in statistical learning
theory [2, 9]. The general theory of reproducing
kernels which is combined with linear mappings
in the framework of Hilbert spaces is considered
in [2]. A framework for discussing the
generalization ability of a trained network in the
original function space using tools of functional
analysis based on RKHS is introduced in [8].
Special kind of kernel based approximation
scheme is also closely linked to regularization
theory [10] and Support Vector Machines
based approximation schemes [11] (Fig.).

2. Application Series Summation Method
in RKHS

In the mentioned data domains RKHS theory
isn’t used as a mathematical tool for series
summation. However based on separate positions
of theory RKHS [12] the new approach to
definition of sum series is proposed which called
Series Summation Method in RKHS [13, 22]. It
allows analytically to obtain alternative
representations for some kind series in the finite
form. The new formulas for calculating the sum
of alternating series have been obtained by the
proof of several theorems [13, 22]. The review
of known methods for comparative analysis [16-
21] of the results obtained is represented in [13].
Also with usage this new method some integral
identities have been proved [14], summatory and
integral equations have been solved [15] (See
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fig.). Base kinds of kernels used in proposed
investigations are represented in Table 1.

Functions Ker; (s, t) form thereproducing kernels

for the according Hilbert spaces. Table 2 shows
how these reproducing kernels look graphically.
The s and t axis represent the variables of the bi-
variate reproducing kernel function and z axis
shows the value taken these functions.

3. Results

Thus carried theoretical investigations allow to
obtain the following results having scientific
and practice means:

1) thesolution of summatory equations relatively
unknown coefficients which define
electromagnetic field in diffraction problems has
been found [15];

2) the solution of integral equations which are
interesting for some important electrodynamics
problems has been found [15];

3) new integral identities have been proofed
[14];

4) Practice significance of obtained results is
defined by its usage in mathematical apparatus at
solving mentioned above problems namely:
application proposed method at synthesis and
analysis of radio electronics and computers
equipments; saving of time and cost of calculations
as a result of velocity increasing calculations of
some types series; possibility of apparatuses
realization of methods that allows to increase
calculation processing speed.

1. The obtained results can be included into the
reference mathematical library and also
implemented into Mathematics, MathCAD, Math
Lab means. It can be useful for scientists,
engineers, mathematics at solving the different
problems of mathematical physics.

2. Developing the new technology in
microelectronic and schematic design connected
with mathematical calculations and increasing

Table 1.
Kinds of Kernels, determining RKHS

Kernel RKHS Functions f (elements of RKHS) Series on selective velues
sin w(t —s H Fourier-transformation o i —k
Ken (.= =) H a f)= 3 £ REE
m™t=s) F(@)= lim [f(t)e ®dt ko Ts-K)
A—o 5 —0<§<©
is finite on the interval (—m,m).
1/2 H Hankel-transformations of order 1/2
t 2 2(st J
Ker, (s, t)—”( 2 . v21/2 f(s)= z ey )2S) ~ Iv(m)
s? -t A Wyt () (87 —s 2y’
x[tI, (sm)J, (tm) — F(w)= lim [(wt)’“J, (et)f(t)dt, 0<s<o
— ST, (tm)T, (sm)] A0
v v 0<t<oo, are finite on the interval
(0, 7). Fourier-Bessel retransforma-
Te 12
tion f(t)=[(wt)" “J, (o)Fw)dw .
0
1 H Sine - transformation 2k sinm(s—k
Ker(s,) =~ x ; V24 9= 109 S
. o F(o)= lim (fj [f(t)sinotdt, =18 (s
N smn(t—s)_s1n7c(t+s)] A—o0\ T 0 0<s<oo
t—s t+s 0<t<oo, is finite on the interval
(0, 1) . Inverse sine - transformation:
\/2r
f(t)= (—j | F(w)sin otdo.
)0
1 H, | Cosine - transformation @ gxs sinm(s —k)
Kery(s,0)=—x 124 f(s)= % f(k)ﬁﬁ’
. . F(w)= lim (*) [f(t)cosotdt, k=0 s (s —k)
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0,7).
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Table 2

Reproducing Kernels for functional spaces H

RKHS Graph
H;
g
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\““‘*‘“.WW e
o
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computer speed up. CPU as universal
processing unit can solve broad spectrum
of various tasks from all areas of human
activity. Nevertheless there are exist
bottlenecks where CPU can’t satisfy
required performance. Usually it
happens during implementation of
mathematical tasks that require big
number of iterations and hence big time
expenses to obtain desired result with
desired accuracy.

3. To increase efficiency of solving of
computational tasks there are used
mathematical co-processors. There
implemented most efficient ways of
computing equations, integrals,
differential coefficients. It is obvious
that after discovering of new methods
of increasing computation accuracy and
decreasing computation time it is
necessary to re-implement mathematical
CO-pProcessors or use new generation of
IP-cores in PLD, Gate Array, ASIC
designs.

4. It is presented, easy to implement as
IP-core, method of reduction of
computation of certain types of series to
exact function, that is widely used during
calculation of parameters of high radio
frequency devices. Presented method
decrease computation time of such tasks
in tens and hundred times and its
inaccuracy is equals to zero.

References: 1. Aronzajn A. Theory of
reproducing kernels // Trans. American Math.
Soc., 68:337-404, 1950. 2. Saitoh S. Integral
Transforms, Reproducing Kernels and Their
Applications, Pitman Res. Notes in Math.
Series, 369 (1997), Addison Wesley Longman,
UK. 3. Laslo Mate. Hilbert Space Methods in
Science and Engineering, 1990, 200 p. 4.
Daubeshies I. Tenlectures on wavelets. CBMS-
NSF. Regional conference series in applied
mathematics. SIAM, Philadelphia, 1992. 5. Ko-
ponosckuii A., Xpamos A. HeripepbIBHBIH BelB-
JIETHBIM aHanu3 U ero npuioxenus. M.: dus-
MaTiuT, 2003. 176 ¢. 6. Yaarcmuo C. dpaxrans
Y BEUBJIETHI AJIsI CKATHS N300paKeHU B AeH-
crBuu / [lep. ¢ aurn. M.: Tpuymd, 2003. 320 c.
7. Cmonuy 3., Jepoys T., Canesun /]. BeiiBne-
THI B KOMIIBIOTEPHOM Tpaduke. Teopus u mpu-
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RKHS based Functional Analysis for Exact
Incremental Learning/ Neurocomputing: Special
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ELECTRICAL TESTISNOT ENOUGH
FORQUALITY

BENGT MAGNHAGEN

JONKOPINGUNIVERSITY, SWEDEN
bengt.magnhagen@ing.hj.se

Electrical test means Functional Test (FT), In Circuit
Test (ICT) or Boundary Scan Test (BST) or even a
combination of these technologies. However, with
modern technology, like SMD (Surface Mounted
Devices) technology, BGA (Ball Grid Array)
components and extremely small component
dimensions, electrical test alone does not meet the
qualityrequierments.

Electrical test can not identify bad soldering and bad
alignment of components, as examples. Missing
decoupling capacitors and so on can not be detected
because of it is hard to get physical access for
testprobes. Donot forget that digital designs contains
a lot of analogue devices!

The tutorial will discuss today test technology with
equipment for ICT and BST as well as its pros and
cons. And as the addition of this, Inspection.
Inspection has traditonally been performed manually
but this is not realistic today with board crowded by
components. Today Inspection is performed by
machine vision. Optical techniquenamed Automated
Optical Inspection (AOI) and more advanced X-ray
inspection (AXI). AOIand AXIis not the future, itis
here today.

EMC/EMlI s also a growing challenge and somenew
ideas will be discussed how to test for these
phenomenas.

[Minnucano no apy*y 9.09.1004. @opmat 60*84'/,.
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