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Editors’ Remarks
Of Many Worlds in this World

Just like as in a Mest of Boxes round,
Degrees of Sizes in each Box are found:

So, in this World, may many others be
Thinner and less, and less still by degree:
Although they are not subject to our sense,
A World may be no bigger than Two-pence.
NATURE is curious, and such Works may shape,
Which our dull senses easily escape:

For Creatures, small as Aftoms, may be there,
If every one a Creature’s Figure bear.

If Atoms Four, a World can make, then see
What several Worlds might in an £ar-ring be:
For, Millions of those Afoms may be in

The Head of one small, little, single Pin.

And if thus small, then Ladies may well wear
A World of Worlds, as Pendentsin each Ear.

Margaret Cavendish'

This 9™ volume continues our main activities in solid-state physics, applied statistics,
computer modelling, computer technologies and transport technologies. But new trends in
science demand a special attention. In this respect, we must mention nanotechnologies. This
field of science and technology will determine the society progress in all possible directions.

The main reason is the principal evolution of information processing to the level of nano-sized
objects. And we propose our authors to pay attention all possible aspects of nanotechnologies
in their works. But this does not mean that the edition strategy is transformed essentially.

This edition is the continuation of our publishing activities. We hope our journal will be
interesting for research community, and we are open for collaboration both in research and
publishing.

EDITORS

gﬁbfd P S Yu. N. Shunin
% L I.V. Kabashkin

! Margaret Cavendish (1623-1673 -Duchess of Newcastle) was an interesting character who had her first of many volumes of
poetry published in 1653. In many ways contradictory in her work, she struggled between a desire for fame and the belief in the
general benefit that education would give women. She is also known for her last published work, the life of her husband, William
Newcastle, 1667, whom she met in 1645 after having accompanied Queen Henrietta Maria to France following the outbreak of civil
war in England.
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AMPHOTERIC PROPERTIES OF Cr IN FeAl(B2) PHASE

A.STRUTZ, D. FUKS

Materials Engineering Department, Ben-Gurion University of the Negev,
P.O. Box 653, 84105 Beer Sheva, ISRAEL

The study of the influence of the vacancy on the Fe site and alloying by Cr on the band structure of the FeAl phase with the
vacancy is performed on the basis of the Full Potential Augmented Plane-Wave (APW) + Local Orbitals (LO) method with WIEN
2k package. The changes in the total and the partial Densities of States (DOS), as a result of vacancy formation and alloying by Cr,
are obtained and discussed. The formation of the "pocket" in the electron density in the vicinity of vacancy is revealed. We found
that formation of the vacancy on the iron site leads to significant increase of the main peak in total DOS just below the Fermi
energy together with the corresponding narrowing of the bands located below the Fermi level. The analysis shows that the
formation of the vacancy on the Fe site leads to the creation of the damping wave of electronic excitations. Comparison of the
partial DOS for d-electrons for different iron atoms in the extended cell clearly shows that this is the excitation of mainly d-states
that reveal the same tendency as the total on-site DOS. At the same time the partial DOS for p-states for Al atoms does not show
any noticeable change when the vacancy on the Fe site is formed. We found the changes in the site preference for Cr substituting
for Fe or Al when the vacancy in FeAl(B2) phase is formed. The bonding tendencies and the changes in DOS in this case are
discussed.

Keywords: Fe-Cr, FeAl alloys, WIEN 2k package, Augmented Plane-Wave + Local Orbitals (APW+LO), Densities of States

1. Introduction

Detailed information on the mass transfer in alloyed compounds demands the knowledge of vacancy
formation and migration energies together with a clear understanding of diffusion mechanisms in these
compounds. Nowadays a lot of investigations are focused on the study of these properties for
intermetallics, and on FeAl in particular [1,2]. This is caused mainly due to versatile applications of
these compounds in industry. The attention pointed on FeAl (B2) phase because of its low cost, low
density, and resistance to corrosion and oxidation due to high aluminium content in this phase. These
compounds have high concentration of point defects [3]. It is important to know how the ternary
additives influence the characteristics of point defects in these compounds and what is the underlying
physics that determines and controls the preferable site occupation for alloying elements in compounds
with point defects. Recently, the investigation of the site preference of ternary alloying addition in FeAl
(B2) phase by first principles calculations was performed [4] and a preference of Cr atom to occupy the
position on the Al sublattice in FeAl (B2) phase was obtained. At the same time the existence of
significant amount of vacancies may influence this preference because of the known amphoteric
properties of Cr in Fe-Al.

The development of the theoretical study of vacancy-type defects (VTD) induced properties is
limited by the necessity to consider solids with very low concentration of VTDs. The typical value of
the VTD atomic fraction in d-metals is about 10”-10 and in semiconductors this value is even less ~10°
.10, Thus the number of atoms that have to be taken into account in cluster or supercell calculations
for metals should be 10° - 10°. Nevertheless, the size of the supercell may be determined from the range
over which VTD can effectively interact with each other. This is not directly related to the concentration
of VTDs, which is a function of temperature and formation energy as they enter into Boltzmann balance
equations. There should be some VTD-VTD separation distance beyond which VTD interactions are
negligible and a relationship between vacancy formation energies and concentrations no longer exists. In
this case the effective interaction radius, py, is the physical parameter, which determines the ability to
receive VID formation energy in the non-empirical calculations that is in agreement with the
experimental data. The theoretical evidence of the existence of the physical parameter p, is proved by
the calculations for Al [5], which shows almost no variation in the formation energy for the change of
the supercell size from 8 to 32 atoms. These results indicate that this situation exists at quite high
concentrations of vacancies in Al. Actually the VTD concentrations in this case are high and very far
from reality but the obtained values are in a reasonable agreement with the measured data. For metals p,
may be small due to the effective screening of the charge variations by the almost free electron gas.
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The development of the density functional theory (DFT) [6,7] that is now included in numerous
band structure techniques makes possible to obtain reliable results in large supercell modelling of
different properties of alloys. Calculations of vacancy-dependent properties demand the accurate
handling of supercell sizes and it leads to the necessity to use of the full-potential method. The program
package WIEN2k [8] allows performing electronic structure calculations of solids using DFT. It is based
on the Full Potential Augmented Plane-Wave (APW) + Local Orbitals (LO) method, one of the most
accurate schemes for band structure calculations. In DFT the local (spin) density approximation (LSDA)
or the improved version of the generalized gradient approximation (GGA) can be used as suggested in
[9]. Both GGA and LSDA calculations are treated self — consistently and reproduce experimental value
for lattice constant in impressive accuracy. In GGA not only the local density, but also its gradient
determines exchange and correlation effects. However, it is shown in [10] that commonly used GGA
functional fails to predict the experimentally stable DO; structure as the one with the lower total energy.

The variety of ground state properties of intermetallic compound FeAl with (B2) structure are
investigated in  recent research activities by the first principles calculations [11, 12] including the
cohesive, electronic and magnetic properties [13]. Also a number of successful studies of vacancies in
metals with WIEN2k package (see, for example, [14]) were performed.

In the present work, we report the results of the influence of the VTD on the Fe site and alloying by
Cr on the band structure of the FeAl (B2) phase with the vacancy, using the self-consistent full-potential
LAPW method. The changes in the total and the partial Densities of States (DOS), as a result of vacancy
formation and alloying by Cr, are obtained and discussed.

2. Methodology

We have used the program package WIEN2k [8], which allows performing electronic structure
calculations of solids, using DFT with the exchange-correlation functional in the form of a generalized
gradient approximation (GGA). The GGA is the natural method of choice to describe a vacancy, since in
this approximation the electron distribution shows large spatial variations. The Augmented Plane Wave
with local orbital (APW+lo) method with spin polarization, as embodied in the WIEN2k code, was used
to solve the Kohn-Sham equations. In APW+lo the unit cell is divided into two regions, in which two
different types of basis sets are used: (1) inside atomic spheres, where electrons behave as they were in a
free atom, a linear combination of radial functions times spherical harmonics is used; (2) an interstitial
region between these atomic spheres, where the electrons are more or less 'free', a plane wave expansion
is used. On the sphere boundary the wave functions of both regions are matched by value but their first
derivative is discontinuous. The APW+lo basis set has proven to combine the LAPW ability of examine
a large energy range with the smaller basis set size of APW. Thus, this version converges faster with
respect to basis set and also reproduces all LAPW eigenvalues in an energy region around its
linearization energy. The convergence of this basis set is controlled by the product R, K.x between
smallest atomic sphere radius in the unit cell, R, and K., that defines the cut-off vector in reciprocal
space. In order to improve convergence of basic set, we have to increase this product. A reasonably large
R,y can significantly reduce the computational time. In our calculations we choose a muffin tin radius
Ry =2.2 a.u and a plane—wave cut-off of R ;K .x=9.

The calculation of density of
states (DOS) is employed by the

24250247 modified tetrahedron method of

s Blochl et al. [15]. We use the

2425028 ] \ /' extended 2x2x2 FeAl (B2)
é zz:zzz: . . supercell in spin-polarized
B usons ] \ / calculations. The accuracy of the total
% _24250:36_ . /0 energy calculations was 10 Ryd.
£ 2425038 \. o
2 .

Z:Zi: \'\._./o/ 3. Results and discussion

s 55 56 57 58 59 60 61 3.1. TOTAL ENERGY

Lattice parameter for extended cell (A) CALCULATIONS

The obtained value of the
equilibrium lattice parameter is 5.78
A for the extended cell (see Fig.1)

Figure 1. Dependence of the total energy on the lattice parameter
for the 2 x 2 x 2 extended cell in Fedl (B2) phase
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that is in excellent correlation with the experimental value 2.89 A for the primitive B2 cell in FeAl [16]
and with calculations of different groups [17,18].

In Table 1 we compare the results of our ab initio calculations for the primitive and the extended
supercell in FeAl (B2) phase. The calculated formation enthalpies are in a good agreement with the
experimental value.

TABLE 1. TOTAL ENERGIES FOR Fe, Al, FeAl (B2) PER CELL AND THE FORMATION ENTHALPY, 4H; FOR FeAl (B2)
PHASE PER ATOM. ALL VALUES ARE IN Ry

Supercell Ere Eal Efeat AHy, theor AHj exp[19]
1x1x1 -2545.61111 -485.6436 -3031.2843 0.0296 0.03829
2x2x2 -40725.7630 -7770.2976 -24250.4210 0.0428

We have calculated also different characteristics for FeAl supercells with VTD on Fe site. The
energy of vacancy formation, £, and the volume formation, € , , were defined as in [20]. For non-

alloyed B2 phase E,(FeAl)=0.787 eV that corresponds well to the experimental value E,""=0.883 eV
[21]. The calculated relative vacancy formation volume is 0.71.

To study the site preference of Cr in FeAl with and without the vacancy we performed a series of
calculations. We analysed the total energies and the mixing energies for these cases according to the
scheme suggested in [20]. The results are given in Table 2. It may be seen that the lowest mixing energy
in FeAl with Cr in the case without the vacancy on the Fe site corresponds to the case when Cr
substitutes for Al, although the difference in the mixing energies when this element substitutes for Fe or
for Al is very small. This result is in agreement with ab initio calculations [4] and with the experimental
data [22].

In the case, when the vacancy on the Fe site in FeAl is formed, the situation changes, and
comparison of the mixing energies in this case shows that Cr prefers to substitute for Fe, as also may be
seen from Table 2. The difference in the site preference occupation for Cr may be explained by
comparison of the electro-negativity that is contributed by its nearest neighbours. When Cr substitutes
for Al in the ideal FeAl phase his nearest neighbours are 8 Fe atoms and their electro-negativity
contribution is 14.64 Pauling’s. The vacancy formation on Fe site leads to the change in the site
preference of Cr from the nearest neighbouring to the vacancy Al site to the second nearest neighbouring
to the vacancy Fe site. In the case with VTD on Fe site, when Cr substitutes for Al, the number of his
nearest neighbours changes to 7 atoms of Fe and their contribution of electro-negativity decreases to
12.81 Pauling’s. This value is lower than the electro-negativity for the case when Cr substitutes for Fe
site, that is 12.88 Pauling’s, contributed by his nearest neighbours (8 Al atoms). At the same time, it
worth to mention that the values of electro-negativity are rather close for different cases of substitution,
that means that Cr does not have strong preference of Al or Fe sublattice. Nevertheless, comparing the
mixing energy deviation for FeAl with VTD on Fe site and Cr shows more pronounced preference for Cr
to occupy the Fe sublattice as compared with the case without VTD where Cr has only slight preference
to occupy Al sublattice.

TABLE 2. THE TOTAL ENERGIES AND THE MIXING ENERGIES FOR Fed/ B2 PHASE ALLOYED WITH Cr WITH AND
WITHOUT VACANCY ON Fe SITE FOR EXTENDED CELL 2x 2 X 2

E, . (Ry/atom) E (Ry/atom) E, Ry E Ry)
Cr on the Fe site -0.0205 -0.0146 -23806.5292 -21260.8245
Cr on the Al site -0.0214 -0.0127 -25866.5100 -23320.7603

We performed also the calculations of the energy of vacancy formation on Fe site when Cr occupies
Fe or Al position near the Fe vacancy. When Cr substitutes for Fe that is the second nearest neighbour of
the vacancy we found that the energy of the vacancy formation decreases in comparison with non-
alloyed compound and for this case E,z(FeAlCrg.)=0.643 eV. When Cr substitutes for Al that is the first
nearest neighbour of the vacancy the energy of the vacancy formation on the Fe site
E r(FeAlCra)=0.949 eV. The energy of VID formation on Fe site is much less when Cr occupies the
Fe sublattice.
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3.2. ANALYSIS OF THE DENSITY OF STATES

For the ideal FeAl (B2) phase the major contribution to DOS around Fermi energy, £y comes from
the narrow d-band of Fe 3d-electrons. These states also form pseudo gap between the bonding and anti-
bonding peaks. The contribution from s- and p-electrons of Al around E; is negligible; they form
relatively wide and flat bands.

0 T T T T T T 35

L)

Il
| |
I ‘l: (“Hlfﬂ” |

-z -13 -1 -5 1 15 8
-15 -18 -5 8 s 18 15

Density of states
Density of states

Energy (eV) Energy (eV)

Figure 2. Total DOS for FeAl B2 phase in extended 2 x 2 x 2 supercell (a) without the vacancy
and (b) with the vacancy on the Fe site.

We performed a detailed study of the influence of the VTD on the Fe site on the band structure of
the (B2) phase. Figs. 2-3 very briefly illustrate the results of these calculations (we present here only
spin-up DOS). Significant changes in the total density of states are found. Comparison of the DOS from
Figs. 2-3 shows that formation of the vacancy on the Fe site leads to significant increase of the main
peak that corresponds to #,, d-electrons in total DOS just below the Fermi energy together with the
corresponding narrowing of the bands located below the Fermi level. Our Fig. 3 demonstrates the
changes of the on-site densities of states for different iron atoms that surround the vacancy on the Fe site
(000) in the extended 2x2x 2 cell. The analysis shows that the main change occurs for the DOS for Fe
atoms that are the first neighbours of the vacancy. We found a significant growth of the main peak in on
site DOS for these atoms below the Fermi level. The DOS for the Fe atoms that are the second
neighbours of the vacancy remains almost unchanged, while the DOS for the third neighbouring Fe
atoms displays a slight growth of the main peak below the Fermi level as in the case for the first
neighbours of the vacancy. It means that the formation of the vacancy on the Fe site leads to the creation
of the damping wave of electronic excitations. Comparison of the partial DOS for d-electrons for
different iron atoms in the extended cell shows that this is the excitation of mainly d-states that reveal
the same tendency as the total on-site DOS. At the same time the partial DOS for p-states for Al atoms
does not show any noticeable change when the vacancy on the Fe site is formed.

Studying the DOS for Cr in two cases (Fig. 4), when Cr substitutes for Fe in FeAl with the vacancy
on the Fe site and when Cr substitutes for Al in ideal FeAl B2 phase we found a delicate interplay in the
behaviour of electrons with spin up and spin down. For spin-up electrons the significant shift of mostly
e,- and less 1,-states of Cr d-electrons to the low-energy region below the Fermi energy is observed.
When Cr substitutes for Al in ideal FeAl these states of Cr d-electrons contribute to the conductivity of
the material, while in the case when Cr substitutes for Fe in FeAl with the vacancy on the Fe site the
well-defined minimum in the Cr DOS is observed in the vicinity of E. For spin-down electrons we
observe the opposite but less pronounced behaviour. The total tendency is dictated thus by the spin-up
electrons. The decrease of the conductivity in Cr-alloyed system with vacancy may be explained also as

a consequence of the charge redistribution in this case and is linked to the higher localization of ¢ Py

and d 2 -electrons of Cr when this atom occupies the Fe site near the vacancy.

10
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Figure 3. On site DOS for Fe atoms in the 2x 2 x 2 cell in FeAl B2 phase with (b,d,f) and without (a,c,e) the vacancy on the Fe site
in (000) position. The sites of corresponding Fe atoms are given in the graphs. All DOS are shown foe equilibrium lattice parameter
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that is 5.78 A for the ideal cell and is 5.89 A for the cell with the vacancy (only spin-up DOS is shown).
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Figure 4. . On-site DOS for Cr: (a, ¢) spin up and (b, d) spin down for Fed/ B2 phase alloyed by Cr in extended 2 x 2x 2 super-
cell. Cases (a, b) present the results without the vacancy and with Cr on A/ site, (c, d) are the same with the vacancy
and with Cr on Fe site.

3.3 CHARGE DISTRIBUTION

In Fig. 5 we show some of the results of our study of the charge redistribution in the vicinity of the
vacancy formed on the Fe (000) site. It may be seen that the formation of the vacancy leads to creation
of the “pockets” in the electronic density in the vicinity of the vacancy as in [23]. This means that the
vacancy has some effective charge and may interact with each other.

i
{i
A
i o‘? .',l,' i

!
AR

i u“
i

Figure 5. (a) The cross-section of the electron density by the plane [100] in the extended cell of FeA! (B2) phase with the vacancy.
(b) and (c) are the microscope view of the part from (a) that illustrate the topology of the electronic density in the vicinity
of the vacancy.

To analyse the influence of Cr on the charge distribution in the vicinity of the vacancy we
compare the plots of the electron density maps for FeAl phase with the vacancy without Cr and the same
when Cr occupies the closest to the vacancy Fe site. As may be seen from Fig. 6, when Cr substitutes for
Fe near the vacancy this atom attracts more his own electrons and the density of the charge localized
between Cr and the vacancy increases as compared with the non-alloyed case. This result corresponds
the behaviour of Cr on-site DOS discussed above.

12
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Figure 6. Electron density map in (100) plane with the vacancy on the Fe site for (a) Fedl (B2) phase (b) FeAl (B2) phase with Cr
substituting fot Fe

4. Summary

Summing up, we show in this paper that Cr atoms alloying FeAl (B2) phase have amphoteric
properties and their behaviour in this phase is rather complicate. The site preference for Cr to occupy the
sites in this phase strongly depends on the existence of vacancies. We know these vacancies that are
formed on the Fe sites in the lattice. The results of our ab initio calculations demonstrate that in these
conditions Cr prefers to occupy the closest to the vacancy Fe site, although in the absence of the
vacancies these atoms have a slight preference to occupy Al positions. We found that the energy of
vacancy formation in FeAl phase is higher than the energy of vacancy formation in FeAl phase when Cr
substitutes for Fe, but lower than that in FeAl phase when Cr substitutes for Al. The comparative
analysis of the electronic properties in this system allows conclude that such behaviour of Cr atoms is
dictated by the peculiarities of the band structure and by the electron charge redistribution caused by the
vacancy formation. It is defined by the fine details in the interaction of the d-electrons of Fe and Cr
atoms in the vicinity of the vacancy.
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Presently in semiconductor technologies at the micrometer length scale is being used. However, these technologies have
achieved the physical limits. Now the downscaling of semiconductor devices to a new technology at the nanometer length scale is
expected. Successful production of nanometer scale devices requires a clear understanding of physical and electronic properties of
nanometer scale systems.

Nanoclusters have a wide range of applications that depend on their properties. Different kinds of materials are used in

different areas. For example metals that have magnetic properties (such as Fe, Cu) can be used for development of new high-density
storage devices. Si and Ge are used in semiconductor technologies to produce different nanometer scale electronic devices.
There is a considerable interest in the geometrical, electronic, and chemical properties of nanoscale clusters. Such clusters represent
an intermediate phase of matter, whose material properties are often quite different from either the single-atom or bulk properties of
the elements involved. With the current scientific focus on nanotechnology, the field of cluster research has received renewed
impetus, as clusters may well provide suitable building blocks for the construction of desirable nanostructures. It is in this context
that the quantum transport properties of nanoscale clusters may well prove to be important. The recent advent of molecular
electronic systems has opened up a frontier in which atoms, clusters, and/or molecules assume the role of electronic device
elements. A progress in this field has been rapid, and already prototypical molecular logic circuits have been constructed in
laboratories. However, there are many outstanding problems, which need to be understood. In particular, solid-state calculations for
nanoobjects are actually. The main attention in this work is paid to the electronic scattering calculation for atomic clusters, which
are the nanobjects.

Keywords: nanotechnology, nanocluster, Shrodinger equation, phase function, phase shift, potential, tight binding approximation
(TBA), nearly free electron approximation (NFEA)

1. Nanomaterials in Nanoelectronics
1.1. NANOCLUSTERS

Nanotechnologies are developed very fast now. They offer new possibilities in different sciences
such as physics, biology, chemistry and other. Different materials are used to form nanoclusters.

Metal nanoclusters containing fewer than ~400 atoms show quantum size effects which give them
unique properties and make them interesting candidates for the building blocks of nanostructured
materials and nanoelectronic digital circuits. Before such practical applications can be developed,
however, the cluster’s chemical, thermodynamic, electronic, and optical properties must be delineated.
This in turn requires a complete and unambiguous characterization of the cluster’s geometrical structure.
Recent experiments have been able to grow, and separate in mass, gold clusters down to sizes as small as
~1 nm in diameter (~38 atoms).

This recent improvement in experimental isolation capability to smaller sizes has allowed direct
comparison of experimental geometries with theoretical predictions based on unbiased and exhaustive
searches for the low-energy minima of clusters using model potentials and refined with first principles
calculations.

1.1.1. Au nanoclusters
One of the factors, contributing to this controversy, is the complexity of the potential energy surfaces

of Au clusters. The short range of the Au potential leads to a very large number of local minima, making
localization of the true global minimum extremely difficult. Since the number of local minima in the
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potential energy surface increases rapidly, probably exponentially, with size, this uncertainty becomes
even worse for larger clusters. Also, different potential models of the metal bond yield different energy
orderings for the lowest-energy isomers.

The disordered states of Au clusters of size 19, 38, 55, and 75 atoms have the largest attraction
basins, and, combining this with the fact that they are the most stable of all the configurations at finite
temperature, it is predicted that they would be the most probable result of cluster condensation from the
gas or liquid. Supporting this prediction, the results of density functional calculations and the fact that, at
least qualitatively, the experimental structure factors for Ausg and Auys appear most like those generated
from the disordered states found in [13] than those from the ordered states. This is in contrast to the
conclusions in the existing literature on gold nanoclusters. It is suggested, that previous conclusions,
drawn from comparing the experimental data with theoretical predictions were biased because of lack of a
complete set of low-energy disordered configurations. The disordered states were not previously isolated
because prior searches fixated on finding the global minimum and subtle differences in the form of the
potential led to slightly higher energies for the disordered structures. It is suggested that the
ordered/disordered controversy concerning the structure of metal nanoclusters resulted from the different
repulsive core—attractive range relations of the various potentials used. Further attention should thus be
paid to improving the potential model representations of the metal bond and the delineation of subtle
differences in these on the predictions of the geometries of the low-energy minima of metal nanoclusters.
Finally, it should be mentioned that many other Au clusters between 19 and 75 atoms are also expected to
be disordered. Work on verifying this, and determining the effect of the passivation layer on the cluster
structures of the experimental samples, although assumed to be small, is now under investigation [13].

1.1.2. Nanoclusters of transition and noble metals

Noble metals are widely used in nanoscience. Clusters of transition and noble metals are
interesting for their physical and chemical properties, and for technological applications. In this context,
platinum clusters are of great importance because of their role in many catalytic processes. The starting
point for understanding cluster properties is the determination of their structure, which is usually a
nontrivial task, since clusters can assume a wide variety of structures. The simplest ones are pieces of the
bulk crystal lattice, which is fcc for noble metals and Pt. Clusters can present also noncrystalline
structures, such as icosahedra (Ih) and decahedra (Dh), having fivefold symmetries. Interatomic distances
in Th and Dh differ with respect to the ideal bulk value, thus giving a volume contribution to the energy
that is absent in fcc clusters. This volume contribution may be compensated by a lower surface energy:
especially Th structures, which present a close-packed surface and a low surface/volume ratio, can be
more favourable than fcc structures at small sizes, where surface contributions to the energy are dominant.
All these structures can be of special energetic stability at the so-called structural magic numbers, which
are the numbers of atoms N needed to complete a perfect cluster of a given symmetry. For example, at N
= 13 and 55 perfect Ih, truncated Dh, and fcc cuboctahedra (Oh) are obtained. Several different
calculations indicate that nickel, copper, and silver clusters adopt preferentially the Ih structure at N = 55.
On the contrary, calculations on gold clusters show a preference for low-symmetry structures. The latter
are often called amorphous because their radial distribution functions resemble those of liquid clusters.
These findings have been rationalized in terms of the bond order—bond length correlation in metallic
systems. In Au, bonds have a much stronger tendency to contract with decreasing coordination than in
Ag, Cu, or Ni, and this favors the disordering of the cluster surface. From this point of view, Pt is
intermediate between Au and Ag, and its behavior with respect to amorphization is still an open problem.

The amorphization mechanism of icosahedral Pt nanoclusters is investigated by a combination of
molecular dynamics simulations and density functional calculations. A general mechanism for
amorphization, involving rosette-like structural transformations at fivefold vertices, is proposed. In the
rosette, a fivefold vertex is transformed into a hexagonal ring. For icosahedral Pt nanoclusters, this
transformation is associated with an energy gain, and their most favorable structures have a low
symmetry even at icosahedral magic numbers, and that the same mechanism underlies the formation of
amorphous structures in gold.

The calculations show that icosahedral Pt clusters have, indeed, a tendency towards amorphization.
The amorphization mechanism, which is effective also in gold clusters and generally in metallic systems
with sticky potential and strong bond order—bond length correlation, takes place through the generation of
eventually multiple) rosette motifs at the fivefold vertices. The rosette motif allows an efficient relaxation
of the internal atoms, which overcomes a surface energy penalty. In the case of platinum, the bond
directionality effects due to d-d interactions enhanced the driving force, favouring the rosette [6].
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1.1.3. Calcium and strontium nanoclusters

Calcium is one of the most abundant elements on earth and is widely used when combined with other
elements. Calcium and strontium are soft alkaline-earth metals that display important structural changes
under pressure, which are not characteristic of other metals. For small calcium clusters of up to 13 atoms,
the structure, energetic, and electronic structure were studied within the all-electron density functional
approach. A massive computational effort would be needed to investigate clusters of larger sizes at the
same level of calculation. It is therefore important to develop a simplified quantum-mechanical model
such as the tight-binding approach that would be well parameterised for clusters containing several tens to
hundreds of atoms that reach the nanometre-size regime.

Classical studies to model calcium cluster structures in this size range were carried out based on a
parameterisation on bulk calcium properties of the Murrell-Mottram two- and three-body potential. For
small clusters with fewer than 20 atoms, this potential overestimates the binding energies and does not
predict the quantum mechanically optimised structures for several cluster sizes. For larger cluster sizes
containing several hundreds of atoms, a growth following a pattern that fills atomic icosahedra shells was
predicted based on the relative abundance observed in the mass spectrum of hot calcium clusters.
However, the structural, electronic, and thermodynamic properties of calcium clusters containing tens of
atoms are not well characterized. More specifically, it would be interesting if the structure of nanoclusters
could be identified experimentally in this size range. Calcium is very reactive, and nanocluster surface
characterization is important.

The mass spectra of calcium and strontium nanoclusters display similar features, though not
identical. In both spectra, clusters with 34 and 61 atoms are very abundant and can be identified as magic
numbers. The strontium mass spectrum shows another magic number at Srg, not observed in the calcium
mass spectrum. Indeed, the calcium spectrum shows a not too strong abundance peak at Cagy—Cag;.
Additionally, the calcium mass spectrum shows large abundance at Caz;. Other not so pronounced
abundant clusters sizes are observed at Cay; and Cas,. However, in contemporary experiments of the same
group, the latter were not clearly detected. The lack of more recent experimental data under better-
controlled experimental conditions is unfortunate. Our recent studies of strontium clusters, based on the
second-moment-approximation (SMA) many-body potential, have predicted that at low but finite
temperatures, the symmetric structures Sryy Ds, and Srg; Td are magic numbers. Predictions for calcium
nanoclusters put forward in this study will be of interest to several experimental groups.

Contrary to the successful parameterisation of the SMA many-body potential for strontium clusters;
it was not possible to effectively carry over an equivalent process in the case of calcium. The SMA many-
body potential is a classical representation of the tight-binding approach, and recently cluster-based
parameterisations of SMA many-body potentials for sodium, potassium, caesium, and rubidium was also
produced. Our SMA many-body potentials have further been used in a variety of studies. For example,
Calvo and Spiegelmann used the sodium SMA many-body potential to study phase transitions in sodium
clusters containing several tens of atoms.

The calcium cluster electronic structure is different from strontium retaining peculiar quantum
characteristics at much larger sizes. Following a fitting strategy similar to Sr, and generalizing the tight-
binding (TB) parameterisation of bulk calcium, the objectives of this work are (i) to describe a
parameterisation strategy of the tight-binding model that contains information on the structure and energy
of small clusters, as well as on the energy and band structure of fcc and bce bulk calcium, and (ii) use the
so-fitted TB model to describe the structural and dynamical properties of calcium nanoclusters. This size
regime has not been explored for calcium clusters with a simplified quantum-mechanical description.
Indeed, considerable work has been done in the past ten years on the issue of the transferability of TB
models. TB models constructed from bulk properties were used to study surfaces, or models from selected
lattice symmetries were used to study lattices of different symmetries. The applicability of sets of TB
bulk-determined parameters to the study of atomic clusters has also been explored. More recently, Xie
and Blackman provided a TB model for rhodium within an orthogonal s-p-d basis set, which is
transferable from clusters to bulk solid. Calcium is very different from rhodium because of the relatively
long-range interatomic forces in the alkaline earths and the extended character of the valence band when
compared to transition metals. Our recent TB study of bulk calcium reproduced correctly the metal-
nonmetal and fcc-bee pressure-induced transitions, and thus the application of TB to Ca nanoclusters is
promising. For sodium, there has been a simplified TB model with parameters fitted on Na, and Na, but
not on bulk properties. This simplified TB model did not include d-orbital, and the authors find
discrepancies between structures calculated with the SMA model and with their TB model for sizes
containing more than 40 Na clusters [8].
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1.1.4. Silicon nanoclusters

Silicon is another material that is used in nanotechnologies despite it has some drawbacks. It is an
indirect band-gap semiconductor. Thus, silicon (Si) has a major drawback: its inability to emit light
efficiently, and, furthermore, its weak emission is in the near IR. There is presently a large research effort
aimed at exploring physical and chemical means to break silicon’s lattice symmetry and mix different
momentum (k) states in order to induce a useful level of luminescence and optical gain. The approaches
include (1) impurity-induced luminescence (e.g., S, B, Be, Er), (2) alloy-induced luminescence (e.g., Si-
Ge-C), (3) porous silicon, and (4) quantum wires and dots (or nanosize clusters). The first two of these
approaches are plagued by, among other things, relatively low luminescence intensity at low temperature
which becomes vanishing weak at room temperature, whereas the last two, which may be mechanistically
related via quantum confinement, have considerable potential but have remained largely uncontrolled and
poorly understood. Success in this endeavour is obviously a major challenge to materials science, one that
could have profound technological implications.

Because a visible photoluminescence (PL) has been observed from Si nanoclusters, these clusters and
their potential are a subject of current interest. Si nanoclusters have been produced by aerosol techniques,
plasma deposition, sputtering, spark ablations and grown as colloids, or in glass matrices by a variety of
approaches including ion implantation followed by high temperature annealing; however, all of these
techniques produce a large distribution of cluster sizes resulting in very broad optical absorption and PL
features which limit usefulness and make definitive interpretation in terms of quantum confinement and
other mechanisms difficult. To understand the origin of visible PL and other electronic properties of Si
nanoclusters, it is necessary to study size-selected nanoclusters and to assess the role of surface
recombination. Definitive experimental results will be the key to future scientific progress and practical
utilization of this material. From a physics perspective, such studies should lead to a better understanding
of quantum confinement of electrons and holes in indirect band-gap semiconductors. Quantum
confinement in direct gap semiconductors such as GaAs and CdSe is fairly well understood, but much
less is known about confinement in indirect gap materials. The bulk excitonic radius for Si is ~4 nm
which suggests that quantum confinement effects should be observed for nanocrystals smaller than this
size. A synthesis method based on using inverse micelles as reaction vessels to produce useful quantities
of size-selected clusters was developed and this method was used to synthesize a variety of metal and
compound semiconductor clusters. These clusters have been remarkable in their size monodispersity and
the sharpness and richness of their spectral features, which have demonstrated strong quantum
confinement effects [18].

1.1.5. Germanium nanoclusters

Ge is structurally similar to Si. The optical properties of bulk Si and Ge are rather mediocre because
the light-emission in the bulk Si and Ge is a phonon-assisted indirect process. Therefore, to improve on
the light-emission feature in Si-based materials is a challenge for both technological and fundamental
research. A luminescence is a result of a significant overlap in electron and hole wave functions since the
strength of the luminescence (i.e., the emission rate and quantum efficiency) depends on the extent of this
overlap and the transition probability. A possible means for increasing this overlap for the Si-based
materials may be accomplished through, for example, alloying to change the band structure, introducing
impurities to produce the intermediate state through which the electron can recombine with the hole, or
zone folding to yield the desired guasi-direct transition. However, the most important breakthrough in this
topic is the observation of visible photoluminescence (PL) from porous Si and Si quantum dots, which
opens possibilities for fabricating visible light-emitting devices from Si-based materials. The structural
analysis of porous Si is quite difficult. But several measurements have confirmed that the principal
feature of porous Si consists of extremely fine structures, which are small enough to exhibit quantum
confinement effects. Various theoretical works have been conducted on Si nanowires and Si clusters.
They clarified that the quantum confinement effects give rise to a change in the electronic structure and
the optical properties and they are the principle mechanism of the blue shift PL in porous Si and Si
quantum dots.

Experimental reports indicated that Ge quantum dots embedded in SiO, glassy matrices or in porous
Si show a strong room-temperature luminescence. Theoretical studies on the structure and stability of Ge
clusters, the polarization of small Ge clusters, and the quantum confinement effect on excitons in Ge
quantum dots have also been reported. Since Ge has smaller electron and hole effective masses and a
larger dielectric constant than the corresponding quantities for Si, the effective Bohr radius of the exciton
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in Ge is larger than that in Si, and the quantum confinement effect appears more pronounced in Ge than in
Si. These results suggest that Si,Ge, nanoclusters could be possible candidates for components of
nanoscale functional optical devices. In order to understand the physics of Si,Ge,, clusters, an ab initio
molecular dynamics simulation for Si,Ge,, clusters of an intermediate size was performed, and their
electronic and optical properties were systematically studied. There is no doubt that the mismatch effect
dominating the electronic and optical properties in Si;Ge, alloys may introduce interesting optical
features in Si,Ge,, clusters. But one has to keep in mind that the surface distortion associated with
stabilizing the Si,Ge,, clusters will also play an important role. Therefore the competition between the
lattice mismatch and the surface distortion is the basic issue in our investigation. For this purpose, Si,Ge,,
clusters of an intermediate size with and without the hydrogen passivation were studied. By comparing
the results between the two sets of Si,Ge,, clusters, the fact the surface distortion plays an important role
in the intermediate size of Si,Ge,, clusters but the mismatch effect dominates when Si,Ge,, clusters of the
intermediate size are passivated by hydrogen atoms to eliminate the dangling bonds so as to lessen the
effect of the surface distortion was found. The other fact that the latter shows an enhancement of radiative
transition and a blue shift in PL was also ascertained.

It should be noted that the simulations of the Si,Ge,, clusters without hydrogen passivation lead to
only one of the more stable configurations among a large number of structural isomers. Hence its
resulting structural and electronic properties may not exactly represent the corresponding properties of the
true ground-state configuration of the Si,Ge,, clusters. However this caveat does not affect the main
conclusions of the study, including the role played by the lattice mismatch and the surface relaxation in
Si,Ge,, clusters with and without hydrogen passivation, and the enhanced radiative transition in Si,Ge,,
clusters [14].

However, the attempts to overcome the drawbacks of Si are being made. The use of Si in optical
applications is limited by its small and indirect band gap. However, recent observations of visible
photoluminescence (PL) in porous Si and Si ultra fine particles suggest that Si nanoclusters may become
a promising material for optical applications, if their electronic and optical properties were well
understood. As of now, the mechanism of the observed visible PL is still under debate. Some researchers
attribute the PL to quantum confinement effects in the Si nanostructures, while others attribute it to
amorphous Si, siloxene, hydrides/polysilanes, and oxygen-related defect centres. Consensus is difficult to
reach, especially in the case of porous Si because of the coexistence of a large variety of surface
chemistries and structures in this system. In order to shed more light on this matter, it seems useful to first
examine more controllable systems, such as silicon nanocrystals (nc-Si), with well controlled surface
chemistry and sizes, and silicon oxide nanostructures (an-SiOy), whose luminescence properties have
some similarities to porous silicon. In this paper, it is shown how nc-Si will small size distribution and an-
Si-Oy can be synthesized in a well-controlled environment. The effects of surface aestivation of necks of
different sizes with hydrogen or oxygen at different temperatures on the observed PL are presented.
Photoluminescence excitation (PLE) spectra and PL decay times of necks and an-Sio,, are reported. A
comparison of the many different and common PL properties among the passivity necks and an-Sio,y is
included.

The necks, the size of which can be controlled was synthesized. When passivity by hydrogen or
oxygen, these necks showed strong infrared and/or visible PL. A model involving absorption in the
quantum confined Si cores can best explain the PL properties of these necks and emission due to
transition between defect states in the passivation layer. However, a simple band-to-band recombination
mechanism within the Si cores cannot be completely ruled out [20].

1.2. PROPERTIES OF NANOCLUSTERS

There are several ways to examine nanoclusters. In the fast evolving field of nanoscience, where size
is crucial for the properties of the objects, simple and sensitive methods for the detection and
characterization of single nanoclusters and nanocrystals (nano-objects) are needed. The most commonly
used optical techniques are based on luminescence. Single fluorescent molecules have been studied and
are now routinely applied in various research domains ranging from quantum optics to life science. Yet,
fluorescent molecules allow only for short observation times due to inherent photo bleaching. The
development of brighter and more stable luminescent objects, such as semiconductor nanocrystals, has
remedied some of this shortcoming, but this improvement has come at the price of a strong blinking
behaviour.

An interesting alternative to fluorescence methods relies solely on the absorptive properties of the
object. At liquid helium temperatures single molecules were initially detected by an absorption technique
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owing to the high quality factor of the zero-phonon line which gives a considerable absorption cross
section at resonance (few 107" cm?). Single ions or atoms isolated in the traps or high Q cavities have
been detected by absorption of a probe beam. In general, particles with large absorption cross-sections
and short time intervals between successive absorption events are likely candidates for detection with
absorption methods.

Metal nanoparticles fulfil both of these requirements: excited near their plasmatic resonance a
nanometer sized gold nanoparticle has a relatively large absorption cross section (~8:10"* ¢cm” for a 5 nm
diameter particle) and a fast electron-phonon relaxation time (in the picoseconds range). Since
luminescence from these particles is extremely weak, almost all the absorbed energy is converted into
heat. The temperature rise induced by the heating leads to a variation of the local index of refraction.
Previously, a polarization interference contrast technique has been developed to detect this photo thermal
effect. In that case, the signal is caused by the phase shift induced between the two spatially separated
beams of an interferometer, where only one of the beams propagates through the heated region, and
images of 5 nm diameter gold nanoparticles have been recorded with a signal-to-noise (SNR) ratio ~10.
Also, the sensitivity of this technique, although high, is ultimately limited by the quality of the overlap of
the two arms of the interferometer as well as by their relative phase fluctuations.

Recently the new, more sensitive, and much simpler method for detecting no fluorescent
nanoobjects were introduced. It uses a single probe beam, which produces a frequency-shifted scattered
field as it interacts with time modulated variations of the refraction index around an absorbing nano-
object. The scattered field is detected by its beat note with the probe field, which plays the role of a local
oscillator as in the heterodyne technique. Because this new method is not subject to the limitations
mentioned above, a 2 order of magnitude improvement of the sensitivity is achieved compared to the
previous photo thermal method. This allows for the unprecedented detection of small absorptive objects
such as individual metallic clusters composed of 67 atoms.

The advantages of photo thermal heterodyne detection for absorbing nanoobjects are demonstrated
[2]. As any far-field optical technique, it has a wavelength-limited resolution. An interesting challenge
would now be to combine the unprecedented sensitivity of the method presented here with the sub
wavelength resolution of near-field optical techniques. The study of the physical properties of very small
metallic aggregates or non-luminescent semiconductor nanocrystals is now possible at the individual
object level. This photo thermal method does not suffer from the drawbacks of blinking and photo
bleaching and is immune to the effects of fluorescing and scattering backgrounds. It could be applied to
many diffusion and co localization problems in physical chemistry and material science and to track
labelled bio molecules in cells [2].

1.3. METHODS OF NANOCLUSTER FORMATION

Several details about the nanocluster formation would be mentioned below. The development of
nanoelectronic devices requires controlled fabrication of nanostructures on surface. Two parallel routes
have been taken toward this goal: one is the top-down approach, such as nanopatterning, and the other is
the bottom-up approach, such as self-assembly. Here, a novel effect of Coulomb charging on coarsening
of metal nanoclusters on semiconductor surfaces, which provides a potentially useful method for
controlled fabrication of metal nanostructures is demonstrate. The Coulomb effect is ubiquitous in
physics, chemistry, and biology. One well-known manifestation of the Coulomb effect on stability of a
cluster is Coulomb explosion. It is defined classically by the Rayleigh instability limit, above which an
excessively charged cluster becomes unstable and explodes into smaller fragments. For a nanocluster, the
critical size for Coulomb explosion depends on the nature of chemical bonding. In this Letter, a novel
manifestation of the Coulomb effect on the stability of clusters, the “Coulomb sink” is demonstrated.
When a metal cluster is charged on a surface it may not explode, but instead grow its size by “sinking”
atoms from its neighbouring clusters to reduce its Coulomb energy. Both theory and experiment, on the
phenomena of Coulomb sink with metal nanomesas grown on semiconductor surfaces are elaborated.
Charging reduces the chemical potential of a charged mesa relative to its neighbouring neutral mesas.
Consequently, it grows at the expense of its neighbours via a coarsening process. Because one can
selectively charge any chosen mesa with a controllable amount of charge, Coulomb sink provides a
unique and effective method for manipulating growth of metal mesas with a size control up to millions of
atoms.

Coulomb sink, leading to cluster agglomeration, is effectively a reversed process of Coulomb
explosion, leading to cluster fragmentation. It provides a unique and effective method for manipulating
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growth of metal nanoclusters on semiconductor or insulator surfaces with a size control up to millions of
atoms [4].

There are the methods that can influence the growth of nanoclusters, for example one of them can
define the region where nanoclusters grow. In recent years, an ion implantation has been used to
introduce foreign ions into pure or thermally grown silica to form nanoclusters. An attractive feature of
ion implantation to form these nanoclusters is that the clusters grow in a well-defined region in the
sample, determined by the implantation depth. Most of the scientific effort is focused on the interesting
linear and non-linear optical properties of these layers, which can have applications in optical semi
conducting devices such as lasers based on Si-technology. The combination of ion implantation and
thermally grown SiO, is in this respect quite promising since both techniques are employed on a massive
scale in semiconductor industry. The physical properties of these nanocrystals differ largely from the
normal bulk ones. This can be attributed to both the discreteness of the electronic states for very small
clusters as well as to the large influence of the surface of the particle due to its large surface to volume
ratio.

Also the vibrational dynamics of the particle change drastically in going to very small cluster sizes.
This change will reflect in some of the physical properties of the precipitates such as the thermal heat
capacity, the super conducting transition temperature, the melting temperature, and the Mdssbauer f
fraction. Processes governed by electron-phonon interactions (such as superconductivity) are also
influenced by the change in the vibration spectrum.

Numerous attempts have been made to give a good theoretical description for the vibrations of free
and embedded nanoclusters, mostly in connection with the effect of the particle size on the specific heat
and the Debye-Waller factor. These descriptions are based on a wide variety of models such as the
Einstein model, the dynamical matrix model, molecular dynamics, and the elastic-body model. The last
model has been especially successful in describing the low-lying vibrational modes for embedded
nanoclusters as was shown by low-frequency Raman scattering data. This model is very powerful in
describing the complete physical behaviour of a micro crystal embedded in a matrix since it can calculate
all vibrational modes with only a few material parameters (the longitudinal and transversal velocity of
sound and the density for the cluster and matrix material) [7].

Ion implantation method can also be used to change the nanocluster properties. Ion implantation and
subsequent high-temperature annealing is an effective way to prepare metal nanoclusters dispersed in a
dielectric for useful optical and electrical properties. However, there is very little understanding of the
nucleation and growth process of these nanoclusters, their correlations with the sites of the implanted
ions, and the behaviour of defects (such as vacancies) generated during the ion-implantation process.

Materials composed of a high density of metallic precipitates exhibit a large nonlinearity in third-
order optical susceptibility at the surface plasma resonance frequency. Thus, the refractive index of a
composite can be modified and controlled as a function of light intensity. These materials have potential
applications in all-optical-memory and switching devices. Although ion implantation and subsequent high
temperature annealing are feasible methods for modifying materials, ion implantation induces a range of
defects, such as vacancies, interstitials, and anti-sites. These defects and their clusters critically influence
properties of the implanted system. For example, Xu et al. have proposed that transfer of the electrons
from the Au cluster surfaces to the quantum antidotes (a subnanometer-scale vacancy cluster) may
account for the observed red-shift in gold surface plasma resonance when Au nanoparticles are dispersed
in a single crystal MgO. However, little is known about the early stage of the evolution of metal
nanoclusters embedded in a dielectric matrix, including such processes as the lattice position of the
implanted ion or the nucleation process for forming nanoclusters. This has been because structural
features less than ~2 nm and with poor crystalline cannot be analysed by using conventional transmission
electron microscopy (TEM) or high-resolution TEM (HRTEM) phase contrast imaging. [9]

Interesting thing is the burrowing of Co nanoclusters on Cu substrate. Recent experiments show that
when a system consisting of Co nanoclusters, which land thermally on a Cu substrate, is heated up to 600
K the nanoclusters burrow into the substrate. Transmission electron microscopy measurements performed
on such samples showed that the fully burrowed nanoclusters are aligned with the substrate.

This phenomenon could prove to be crucial for the development of new high-density storage devices.
Supported magnetic nanoclusters on inert substrates, like noble metals, are considered to be good
candidates because they satisfy both the requirements put on novel magnetic materials: size integration
and highly localized magnetic moments.

Although the experiments establish the fact that this process exists and energy balance
considerations! indicate that it is energetically favourable for the cluster to burrow, it is not clear what the
mechanism of this process is.
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The most important question on this matter concerns the burrowing mechanisms, what kind of
mechanisms are involved and how they apply on different cluster configurations. The answer to this
question could play a significant role in the optimisation of the manufacturing process of nanostructured
films of this nature.

How and when the nanocluster aligns up with the substrates lattice is certainly also an interesting
question. For an alignment of crystals with different lattice constants to be possible, the lattice constants
should not differ more than ~3%. This is certainly the case for Cu and Co where the difference is ~2%.
Burrowing of Co nanoclusters on Cu has previously been examined by means of quasi— ab initio
molecular dynamics (MD) simulations. These works examine very small clusters, consisting of tens of Co
atoms, which are burrowed into the Cu substrate. The main conclusions of these works are that the
magnetic properties of the nanocluster would play a significant role in the burrowing process and that the
cluster completely loses its initial shape. As it is shown in this paper, nanoclusters larger than ~1 nm in
radius will show a different behaviour due to the higher structural integrity [11] .

One of the perspective ideas of nanoclusters development is alloying which can extend the variety of
nanoclusters properties. One of the questions is could the size of nanocluster being alloyed influence the
properties of alloyed cluster.

Isolated metal nanoclusters offering the prospect of being used as building blocks in the rapidly
developing field of nanotechnology recently have attracted much interest. Presently, however, size-
selected clusters are mostly elemental and restricted in diameter to below 2 nm if prepared with atomic
precision. Naturally, one would like to extend this class of materials to include compounds and alloys for
free as well as supported clusters. In the latter case, a prominent recent example is FePt nanoparticles,
which are candidates with a potential for ultrahigh density data storage applications due to their
ferromagnetic behaviour at room temperature as opposed to pure Fe clusters of the same size, which are
strongly fluctuating super paramagnets. Of similar importance are semiconductors quanta dots like CdSe
nanocrystals offering attractive optical properties or bimetallic core shell particles leading to
extraordinary catalytic behaviour different from that of the pure shell metal.

Although alloy clusters are very attractive objects due to the extended variety of their properties,
understanding the process of alloying for feature sizes approaching the molecular limit, central for the
development of multi component nanoscaled devices, still remains a challenging task. On one hand, alloy
formation has been predicted theoretically and found experimentally even for metals known to be
immiscible in the bulk phase after reducing their particle size (critical size: 2-3 nm). On the other hand,
surface-segregated, core-shell nanoparticles could be produced in systems like Pd-Ag, which are known
to be fully miscible in the bulk phase.

In the special case of Au nanoparticles (size >3 nm) rapid alloying was found experimentally and
explained theoretically as being due to surface melting even at room temperature in bimetallic systems
with a large negative heat of mixing like Cu or Sn after vapour deposition onto Au nanoparticles kept at
ambient temperature. In addition, alloying within a surface layer of 3—4 nm has been reported during the
deposition of In atoms on top of Au films even at cryogenic temperatures. Assuming a similar reaction
depth for Au nanoparticles as for Au films, one expects a complete intermixing and alloy formation for
particle sizes below 3 nm.

Such an expectation, however, neglects all changes in the electronic density of states induced by the
electron confinement. In the size range studied here (0.8-2.9 nm), quantum size effects lead to a transition
from a “‘bulk like’’ (metallic) to a ‘‘molecular’’ (insulating) behaviour [18] when starting with larger
clusters and progressing towards smaller ones. The diameter range where this transition is expected can
be experimentally narrowed down to particle sizes between 1.4 nm (clusters containing 55 atoms) and
about 1.2 nm (clusters containing 33 atoms), the former being electronically in a metallic state while the
latter were found in an insulating molecular state.

Thus, one concludes that the size dependent electronic properties of the Au nanoparticles are not
decisive of whether the alloy formation into Auln, does occur: Despite the 0.8 nm Au clusters behaving
molecularly prior to the indium deposition rather than metallically as the particles above 1.6 nm do, they
all react completely into Aulny; i.e., the quantum size effects in the electronic structure of the nanoclusters
obviously do not play an important role. For applications in nanoscience this is promising news, since it
opens the prospect of a posteriori manipulation and tailoring of metallic nanoobjects by their subsequent
alloying. On the other hand, the present results underline the striking stability of the ‘‘magic-number’’
Auss clusters against alloy formation despite the existence of a large negative heat of mixing in the Au-In
system acting as a strong driving force. Considering the above stated independence of the alloy formation
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to the detailed electronic properties of the reacting Au nanoparticles, this extraordinary stability must be
exclusively related to the structural closing of the packing shell of these nanoobjects. This, in turn, makes
Aus;s clusters attractive as chemically inert building blocks for new nanoscaled devices. Thus, the present
results concerning the alloy formation in metallic nanoparticles offer a new design tool for tailoring
properties of nanoobjects [1] .

Although alloy clusters have many perspectives for the development, there are also the problems
concerning the modelling of such clusters.

Studies of site-specific compositional variations in small alloy clusters are relevant to both basic
research and potential catalytic, magnetic, or other applications. For example, the high chemical reactivity
and selectivity anticipated for low coordinated sites, such as vertexes and edges, should be affected by
their elemental composition. In view of limitations of currently available experimental tools, theoretical
modelling of clusters has gained a central position in acquiring atomic-scale compositional and structural
information.

Two statistical-mechanical approaches, each with its advantages and drawbacks, were applied in
calculations of site specific compositions in binary alloy clusters (multi component alloy clusters have not
been hitherto studied to our best knowledge). The first approach applies computer simulations, while
innately taking into account many-particle correlations and facilitating use of rather realistic energetic
models based on pair or many-body potentials, derived empirically or from electronic structure of alloys.
However, computer simulations are time consuming and typically provide results only for quite limited
sets of temperatures and compositions of alloy clusters. This may impede systematic studies of site-
specific compositions in clusters and even overlook details of segregation and ordering trends. The
second approach, used in a few early works, is based on the analytical Bragg-Williams (BW)
approximation that entirely neglects interatomic correlations (short-range order) [12].

Another aspect in nanoscience that under development concerns ordered arrays of nanoclusters.

They are promising materials for next generation microelectronics, ultra-high-density recording and
nanocatalysis. A self-organization in heterogeneous strained thin-film growth and self-assembly in
chemical synthesis are two of the most commonly used methods to obtain such nanostructures
spontaneously. No method has succeeded in producing reproducibly identical nanoclusters/dots with
periodic spatial distribution, which is highly desirable for practical device applications and is an open
question in molecular and solid-state physics of these “artificial atoms”. A fabrication of uniform-size
cluster arrays at the ultrasmall 1-2 nm size regime is even more challenging because fluctuation at a level
of only a few atoms could substantially alter their electronic properties. On the other hand, ultrasmall
cluster arrays of such dimension have potential for quantum application because the Fermi wavelength for
most metals is around 1 nm. At such a length scale, one could also maximize quantum confinement
effects and test the fundamental limitations that such effects could impose on the electronic properties.
Self-assembly of nanoclusters on periodic solid surface has been shown to be a promising approach to the
problem, however, growth of ordered arrays of nanoclusters with identical size and tuneable composition
is still a daunting challenge.

Certain clusters with a specific (magic) number of atoms exhibit electronic and/or atomic closed-
shell structures and hence remarkable stability. For substrate-supported clusters, while the “closed-shell
structure” is still under debate, several recent studies suggested that supported clusters of specific or
“magic” sizes indeed exist with remarkable stability against others. As the substrate could interact with
the clusters, a substrate modification of the magic sizes may be unavoidable. On the other hand, such an
interaction could play a pivotal role by automatically selecting identically sized clusters that for gas phase
has to be done by mass spectrometry.

The method for fabricating “customized” highly uniform nanocluster arrays on Si(111) with atomic
precision is quite efficient. The physical origin of the stable or magic sizes that makes the method
possible is established and the atomic structures for the In clusters are determined by first-principles
calculations. The ability to assemble nanoclusters and the thermal stability up to 200 +C for the
nanocluster arrays on Si allow for integration with existing microelectronic architectures. Finally, the
ability to form magnetic and/or alloyed nanocluster arrays may lead to breakthroughs in other important
areas such as surface nanocatalysis and nanomagnetism [17].

Nanosystems in solids are a very perspective structures for modern electronics. But the large amount
of configuration demands considerable theoretical efforts to find optimal atomic configurations in
nanoclusters. Electronic properties of such systems play the main role for modern nanoelectronic devices.
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2. Electronic Structure Calculations in Solids in the Multiple Scattering Approach

Every electron in a crystal moves within in a complicated potential field, which is created by atoms
and by moving electrons. The Schrodinger equation is the basement for start analysis. To solve
Schrodinger equation for electron in the crystal and, thus, to find the system of electronic states for the
electron is very difficult and at the present time some various approaches and methods are used. But there
are only two basic conceptual approximations: Tight Binding Approximation (TBA), Nearly Free
Electron Approximation (NFEA).

In TBA it is taken into account that the energy of interaction of electron with its atom is much larger
than the interaction energy with the other atoms. In the other words the electrons are strongly connected
to their atom, on which the other atoms exert small influence with their electromagnetic fields only
splitting their energetic levels. In such a way atom levels are split under the impact of the outer magnetic
field. In this case the atoms interaction with each other only slightly changes the picture of electrons
energetic levels of isolated atom.

In the context of NFEA it is considered that the electron moves “almost freely” in the weak potential
of ion core, which is considered as light perturbation. In this case the kinetic energy of electron
considerably exceeds the interaction of this electron with ions. This approximation is the basement of
multiple scattering approaches for electronic structure calculation.

2.1. POTENTIAL CALCULATIONS

To calculate electronic charge density it is necessary to find an effective procedure to calculate a
potential. To carry out these calculations several methods could be used. The first one is Matheiss-Wood
method where nucleus and electron parts of the potential are parted. The same idea is used in Xa - Slater
method. The a parameter is an adjusting parameter and is chosen accordingly to consist the electron total
energies received as a result of Hartree-Fock procedure with energies that where calculated using the Xa -
Slater method. In this method main factors that define the level of the potential energy of the electron in
one-electron approximation should be taken into the consideration. The main calculations should be
aimed to calculate a nucleus part of the potential and an electronic charge density distribution near the

nucleus, which is used to calculate exchange contribution:
1

Vg = —605(i pj3 in Xo-method.
8

The next step is the MT-approximation of the potential. The MT-approximation allows to divide a
complicated superposition of the potentials into the system of isolated potential wells, which are
interlinked by the constant level of the interatomic energy (MT-zero).

2.2. ATOMIC POTENTIALS

The potential of neutral atom could be written as the sum of the potentials of nucleus and electron
parts:

Vcr (r) = Vcoul (l‘) + sz (l’) . (1)

It is convenient to use the analytical Gaspar potential for nuclei, as it is the universal approximation
of the electrostatic screened potential (Coulomb part). The main advantage of this potential is that it
approximates numerical calculations of the potential within Thomas-Fermi method in wide-range of
charge numbers Z very well and at the same time it is an analytical function:

yG 27 exp(—Ar/ p)

= s 2
coul r(l+Ar/,u) (2)
where 1=0,1837, p=0,8853Z"", A=1,05.
Then it is possible to find electronic charge density using Mattheiss-Wood idea:
V,(ry=2Z/r-v°(r), 3)
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p(r)=V.V,/8z, (4)

where V,(r) 1is the screened part of the potential, p(r) is the electronic charge density.
Then the exchange term in static approximation is:

1
V., = —60{i pj3 . (5)
8

The o parameter is an adjusting parameter and is chosen accordingly to consist the electron total
energies received as a result of Hatree-Fock procedure with energies that where calculated using the Xa —
Slater method. These calculations were made by Schwartz for the Z=1, 2...41, but should be noted that
for large Z, a ~ 0.7 and decreases slowly. This method is very simple, but it has one weak point, the o
parameter itself. Therefore German and Schwartz (Xaf-method) made the modification to this method.
The advantage of this method is the constant parameters o, § for any Z. a=0,66(6) and f=0,003,
where

VXaf/} = [a + ﬂG(p)]va >
1

3p )3
Vs = —6(8—j , (6)
T
and, where the gradient expansion of electronic charge density
2 2

4(V \%
G(p) =—[—pj ~2=—p ™

3\Up p

isused. Equations (1), (2), (5) give an analytical expression for the potential of the isolated atom and this
is very convenient for the numerical equations.

2.3. “CRYSTALLINE” POTENTIAL

The usage of isolated atoms potentials in MT-approximation at electronic structure of solids
calculations is incorrect as it is necessary to take into consideration the influence of short range ordering.
That is why it necessary to build so called “crystalline” potential. The term “crystalline” means that it is
used to describe potential energy of electron in the field of nuclei and other electrons. The basis to
formulate the “crystalline” potential is the isolated atom potential. In this case the Mattheiss-Wood idea
about the separate interpretation of nucleus and electron parts is used. The superposition of ion cores
potentials for single bond can be written as:

Vcr.coul(r) = Vcoul(r) + Vcoul (CZ - l") s (8)

where a is the interatomic distance.
The exchange part of the potential can be presented in the following way:

Vo (r) = —6aP3p,, (r) 187} | ©)
where electron charge crystalline density using (2-6) is:
P (r) = p(r)+ pla=r). (10)

If it is necessary V., and p.. could be defined more precisely with the help of known Lewdin a-
functions, i.e. to take into account the effect of several neighbours, however it should not be mentioned in

the first approximation. Then, the needed “crystalline” potential could be found from the following
equation:
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Vcr(r)choul(r)_Fsz(r)' (11)

So “crystalline” potential is an analytical function, which is easy to calculate.
2.4. POTENTIAL MT-APPROACH

As it was written above, potential MT-approximation allows replacing a complicated combination of
intersecting potentials by the system of isolated MT-potentials with spherically symmetric MT-potentials
in interatomic medium, which is characterised by the constant potential level (MT-zero). “Crystalline”
potential should be cut at the distance equal to the half of the distance to the nearest neighbour

1 .
Ryr = Ea . Then MT-potential could be produced from (11):

VMT(V)ZVcr(r)_VMTO’ (12)

which should be considered as a spherically symmetric function. Vg characterizes peculiar energetic
border between localized and non-localized states, but this margin is quite conventional. Non-trivial in the
usage of MT-approximation is the choice and the proof of MT-zero level. If in metals where there is good
screening it is considered that it is reasonable to use averaged level of potential energy in interatomic
space then to the semiconductors and dielectrics it is not satisfactory because of strongly changing level
of the potential outside the MT-spheres.

2.5. PHASE SHIFTS

An electronic structure calculation is considered here as a scattering problem, where centres of
scattering are atoms of clusters. The first step of modelling is the construction of potentials, both atomic
and crystalline. To obtain the electronic structure, the calculation of scattering properties is necessary.
Scattering properties of these potentials are calculated in form of phase shifts J; ,

The “crystalline” potential will be used for logarithmic derivatives calculation y; = R; ) / R (r)‘
RMT

by numerical integration of Shrddinger radial equation:

14
P2 dr

)
1"2

LU ~U(MIR, =0. (13)
dr

The numerical integration is made using the forth-order Runge-Kutt method. The peculiarity of this
calculation is that the integration interval 0-RMT is divided into two parts: the small values of r, where

we have to ensure the singularity of this potential and the solution of this equation is R; = r/go(r) and
where the equation (3.13) for the ¢(») function looks like:

w"(r)+§(l+1)¢’<r> HE—U(p(r) =0, (14)

and the large values of r, the potential weak-change region, where (14) was integrated. After this we will
receive the logarithmic derivatives and calculate the phase shifts for the single scatterer in vacuum:

S = iy (kRyy7) = 7171 (kR 1)

1 — ' . (l 5)
kny(kRyr) — ymy (kRy7)

2.6. PHASE FUNCTION METHOD

There are different models of electronic wave scattering in condensed matter. First of all we will
define main positions of our scattering model. We assume that plane electronic wave ¢*" interacting with
a single atom or medium transforms into studied wave that can be expanded in to wave train as follows:
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Wi :z R,Y" - Phase function methods allow solving the scattering problem directly, integrating the
I

special phase shifts equation:

dia,(r) = —%V(r)[cos 5,(r) j, (k') — sin 8, (kr)m, (k)] . (16)
r

Further procedure of electronic structure calculation in effective medium approximation (in this
consideration — Coherent Potential Approximation, CPA) looks as follows.

Let’s locate spherical “potential box™ that is in the vacuum in the environment the properties of
which are modulated with the “effective” complex energy-dependent potential. Physically, the presence
of such an environment should ensure damping of the outgoing wave. The damping of the wave is related

to complex wave number and outgoing wave in effective environment in infinity is h1(+) (kr) ~ ™ [ kr .
But as F;/=N,+A4J; , where F;is linear combination of functions:

J; =c08 9, j,(kr)—sino;n;(kr)and N; = —cos o;n; (kr) +sin J, j; (kr)

and 4, is complex coefficient) also connects outgoing wave it is necessary to search A; from condition of

logarithmic derivative hl(ﬂ and F/=N,+A4J; equality:

 NIGR) + AT, (kR) _ h* (KR)
where R is the boundary of a spherical “potential box”. However, the search of 4, is impossible, while the

dispersion law of effective environment £-K is unknown. The dispersion law E(K) could be received from
the following equation:

%ZI; (21 +1)exp(id, (k, E))sin 5, (k, E) =0,

E

where J,(k,E) is the complex phase shifts, which characterize the scattering and attenuation in effective
medium. After that it is possible using to obtain the expression for the “one-atom” cluster density of
electronic states (EDOS) in effective medium as:

272
p(E) = EZ(zz 1) doL_ R GR) Oy, (k,01)

Im4,,
T dE 2 Ok

where R is the cluster radius, J; is the combination of Bessel and Neumann functions, y; is the logarithmic
derivative of wave function on the cluster boundary, which is connected with the J,, 4, is a coefficient of
self-consistency of cluster volume with the external effective media.

The proposed method of atomic potential approximation gives a satisfactory concordance with self-
consistent calculations of Xo-Slater method for a wide range of atoms moreover at the same time the
economy of machine time is achieved. “Crystalline” potential in MTO-approximation based on the atomic
potential calculations could give the real phase shifts. The choice of interatomic energy as the MT-zero in
the point of contact of MT-spheres is principal as it explicitly determines the energetic scale shift and the
position of all peculiarities of electronic structure. The phase function method possesses a lot of
advantages. In particular, it is essential that the equations of this method be formulated directly for
observable values, i.e. for phases and amplitudes of scattering. The effective medium approach gives a
possibility to take into account various integral scattering cases for solids, namely both as crystalline as
amorphous.

3. Phase shifts calculations for nanoclusters

The results of the phase shift calculations on the basement of phase shift equation (16) have been
fulfilled for some model nanocluster and realistic potentials (Si, C, Fe). All calculations were made on the
basement of programming in Matlab mathematical package. The integration of the equation (16) is rather
rational. The phase shifts are calculated directly without a traditional integration of Shrédinger equation.
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This means smaller numerical integration errors.

3.1. INVESTIGATIONS OF PROPERTIES OF PHASE SHIFT EQUATION
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The mathematical properties of the equation (16) for evident simple potential fields have been made.
The model plain potential values are: 0 Ry, -5 Ry and +5 Ry. As it is seen from the Figure 1 the phase
function value for all values of radius is equal to zero. For negative values of the potential the phase
functions are positive and for positive potential they are negative.

For more complicated step-type potential (Figure 4) the calculation results looks as it is presented on
Figures 5,6,7,8. The Figure 9 demonstrates the typical dependence of the phase shift §,(k),. that is
necessary for electronic structure calculations.

3.2. PHASE SHIFTS CALCULATIONS FOR REALISTIC ATOMIC CLUSTERS

The calculations can be divided in some parts. The first part is the calculations of potentials
according above-described procedure: Coulomb potential, exchange potential in Xa-approximation for,
“crystalline” potential, MTO-potential and also the electronic charge density. Atomic potential was
calculated using the equation (1), for “crystalline potential” equation (11) was used and MTO-potential
was found using the equation (12). For all these equations the radius argument has been varied from zero
to covalent radius of an atom. The typical result of these calculations for Si, as an example, is presented
on the Figure 10. Figures 11,12 present calculation of phase shift functions via the radius.

To find the phase shifts functions 9;(k), it is necessary to make a cut of the phase function values at a
certain radius of integration. This cutting radius means an effective radius of a scatterer. In this case it
was at R=2 (see Figures 13,14,15). But, for more complicated potential field (nanocluster potential) this
radius should be estimated especially.
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Conclusions

This work presents the first step of the electronic properties of nanoclusters calculations in solids.
The main calculations have been devoted to the modelling of the potentials in the framework of MT-
potential approximation. The “crystalline” potential has been used to receive phase functions directly
from the phase shift equation. This is an essential advantage of the scattering theory.

Using these results it is possible in principle to continue the study of the electronic properties of
atoms and atomic clusters. The next step is the calculations of the electronic density of states, and then the
total energy of atoms and atomic clusters. These calculations are necessary for calculation of the
scattering properties of the single atoms or nanoclusters.

Applications of scattering theory concepts and technique allow describing the behaviour of electrons
in condensed matters in many aspects. These applications can be very fruitful, but the large experience of
calculations and analyses are necessary.

The general results can be formulated as follows.

. Nanosystems in solids is a very perspective structures for modern electronics. But the large
amount of configurations demands considerable theoretical efforts to find optimal atomic configurations
in nanoclusters. Electronic properties of such systems play the main role for modern nanoelectronic
devices.

. The proposed method of atomic potential approximation gives a satisfactory concordance with
self-consistent calculations of Xa-Slater method for a wide range of atoms moreover at the same time the
economy of machine time is achieved.

e “Crystalline” potential in MTO-approximation based on the atomic potential calculations could

give the realistic phase shifts.

e The choice of interatomic energy as the MT-zero in the point of contact of MT-spheres is
principal as it explicitly determines the energetic scale shift and the position of all peculiarities
of electronic structure.

e The phase function method possesses a lot of advantages; in particular, it is essential that the
equations of this method are formulated directly for observable values, i.e. for phases and
amplitudes of dispersion.

e The effective medium approach gives a possibility to take into account various integral
scattering cases for solids, namely both as crystalline as amorphous.

e Parametric model phase shift calculations demonstrate main tendencies of phase functions
behaviour. This simplifies the analysis of more complicated cases of scattering. Realistic
potentials phase shifts, which may be calculated in the framework of developed method of
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solution of phase shift equation, are the basement for electronic structure calculation of atoms
and nanoclusters.

The procedure of realistic calculation is rather convenient as it uses special realistic analytical
potential. This simplifies integration of phase shift equation and gives more precise results.
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The paper is devoted to study and evaluation of the erroneous packets flow on the physical layer of a wireless communication
network. A mathematical model of the erroneous packets passed to the communication channel has been structured and analysed.
The statistical estimation of the erroneous packets number is presented and discussed in the paper.
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1. Introduction

Most communication systems are sensitive to random errors and synchronization failures. The
Physical Layer analysis of any Computer Communication network is very important. This is because
many different problems concerning network execution and utilization are caused by errors and failures
on the Physical Layer. Wireless communication networks are not the exception. Moreover, the problem of
achieving high reliability and error tolerance is urgent in modern communication technologies such as
mobile Internet Protocol (IP) or General Packet Radio Service (GPRS) networks [1].

A number of problems arise in a wireless communication channel context. These problems are caused
by the following reasons. The first reason is related to non-reliability of the radio channel. As a matter of
fact, a sufficiently high Bit Error Rate (BER) and very high synchronization failure probability as
opposed to the qualitative wire and especially fiber optic channels characterize these channels. BER may
be rather within 10™' =107, The second reason is that BER in the radio channel is not a constant value.
As soon as the reliability of the wireless channel depends on several external reasons, BER is essentially a
time function. However, in recent years there has been an intensive interest in wireless channels. A
number of papers devoted to the impact of burst errors on the network reliability and on packet
synchronization have appeared [2, 3], among others.

2. General Principles for Determining the Probabilistic Model of the Wireless Channels

A various range of BER within a given Virtual Connection characterizes wireless communication
channels. Therefore, it is reasonable to create an appropriate probabilistic model of the wireless channel.
The purpose of this paper is to analyse the general number of erroneous packets during a specific time
interval. It should be mentioned that BER and Packet Error Rate (PER) do not change during a packet
transmission in the presented model. The PER change is expected after the ending of a given packet
transmission. Mention that PER is a BER function in a network model.

Let us assume that there is n* various channel states. Each channel state is defined by a specific PER
p. Actually, p is a discrete random variable. For each channel state i, p is equal to p;. Let’s assume

that the current channel state corresponding to the given packet transmission is 1. Then p = p,. For the
next packet transmission there exists a finite probability (1 - )/(()l)) of non- changing of the current channel
. * n* o
state 1. Let us denote the probabilities set 7§>,...,787,..p8" ),(Z 7 =1-y{M.
i=2
Each )/(()i) value specifies a probability that within a next packet transmission a channel state will be .

Actually, a simple Markov chain may describe the discrete process that determines the current channel
state [4]. The chain is defined by the probability transition matrix Z =(z;;) and by the initial probabilistic
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vector 7(0)=[10...0]. Evidently, dim(Z)=n*. The Markov chain is homogeneous. The homogeneity is

caused by the following reasons:
O The packet flow in the communication channel is stationary.
O The packet transmission time is assumed to be finite and constant. It should be remarked that
packet transmission time variance and in the packet processing time variance are omitted.
The concise evaluation of the erroneous packets number causes significant difficulties, which are related
to the variability of the probability p . Therefore, the proposed mathematical model is directed to the

probabilistic evaluation of the researched characteristics.
3. The Distribution of the Erroneous Packets Number in Case n*=

Assume that a single change of the p value is probable during a transmission of several packets
(Figure 1).

»
»

C ~

N

Figure 1. The channel state probability p as a function of a transmitted packet number c in the case n*=2.

The probability of the change of the channel state 1 is equal to }/él). It can be assumed that the

channel state 1 was changed after a transmission of (c-1) packets. Then the previous (c-1) packets are
characterized by the PER p, while the next (N-c+1) cells are characterized by the PER p,. The
2

following discrete random variables y}l) and y;” are introduced:
Py; =1}= Py

Ply; =0} =1-p,

j=L.,c-1

Ply; =l}=p

Plyj =0y=1-p,

j=c,...N.

c—1 N
The discrete random variables ¥\ =" »{" and ¥* =" (" are defined.

j=1 Jj=c
Since the random variables under consideration are discrete and integer, it is reasonable to determine the
Generating Functions (GF) [4, 5] of the s abstract variable:

c—=1
Threr(s) = 2P = x}os" =[1= By - (1= 2301 (5) =
x=1
N—c+l
ZP{YC(EI) = x} st = [1_]31 (1 —S)]N_CH,

x=1

Since the random variables Yc(l)l and Yc(z) are independent for a fixed value (c-7), then the Generating
Function of the random variable Y,_; = KE)I + Yc(z) is determined as

Ty per(s)= a0 (s) 7 (s)=[1=po-(1=5)]" - [1=py - (1=s5)] V. (1
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The random variable Y,_; determines the erroneous packets number under the condition that the channel
state was switched on after the (c-1) packet transmission. The GF 7zy,._,(s) characterizes conditional

distribution of the erroneous packets number under the following condition: c=N-/+1. Here / denotes the
number of packets, which have been transmitted in channel state 2. The GF corresponding to the
unconditional distribution Y is generated as

N N
my(8) =D Axy () PA)y =2 A1 =Py - (1=)1" " 1=y -(1=9)1 - P(I)} =
I1=1 =1

N 2
_ 1-p(1-s 1-p(1-s
-7y (-] ~{P<0>+#-Pa>+...+{#)} P(N)).
1= po(l—5) 1= po(l—5)
P(]) is the random variable / distribution [6]. Clearly, the sum from the equation (2) is essentially the GF
of the random variable / with the argument %, which substitutes the argument s. Consequently,
~ PSS
_ 1-p,-(I-s
7y (5) =0 By -(=s)1" -7, {#} 3)
1-py-(1-s)

The equation (3) contains information about }/él) by means of the items P(/). The first item of 7y (s)

[1-p,-( —)]" determines GF of the binomial (Bernoulli) distribution with the argument s. Let us take

up the limit transition that is investigated if N —oo. Such situation is relevant if the number of
transmitted packets is sufficiently large. For this purpose the following rates are introduced:

N Ty NI )

aO__laal_ D °
o

The random variable Y that is characterized by the binomial distribution with the GF
7y(s)=[1—po-(1- $)]", is also introduced. The purpose is to determine
e—;ao(l—s)'

lim 73() = lim [1-aory’ - 1-5)1" =
N—>w N—>w

Considering the PER switching mechanism let’s find the limit of the second item of the 7y (s). Clearly,
PO) = (1= gL P = (A= 7)Y g s PN = 1) = 1" P(N) = 0.
Hence,

ﬁ{m} (i {m}.(l_%n)m 0 {m} -

1-po(1-s) 1-po(1-s) 1-po(1-s)
-1
1_{ 1-p(d-s) } 4)
W mw-2 | 1=p(d-s) | 1-Bo(1=5)(1-75") _ L, (yN-1
7o (=70") {1—]70(1_5)} D) (=)

1= po(1-5)1-7§")

1-p,(1-
By carrying out all actions related to the determining of the lim 7, (%] , we conclude that
—PpoUl—S
- 5 e—Jv(l—s) _6—2
)= gim zy@=e O Ty , 5)
N— 1-v+vs

where v =a, —a,.

In summary, any order initial distribution moment of the random variable under consideration is
determined on the 7[3 (s) base. As a matter of fact, exact determination of the erroneous packets number
is possible if n=2 and the only single switch of the channel mode is probable.
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4. Analysis of the Erroneous Packets Number in Case n*>2

In a general case, if during a specific interval S, the number of channel modes switches is more than
one, as well as in the case n*=3, the distinct calculation of ﬂ(y)( s ) is rather complicated. The problem

discussion is presented for n*=3. It can be assumed that the channel switching procedure is depicted in
Figure 2.

P>

0;

P 0)

| -

>
~ c

0 9 C N

Figure 2. The channel state probability ﬁ as a function of a transmitted cell number ¢ in case n*=3.

The following assumptions are made:

1. The only two leaps of the probability p are possible during a specific time interval S.

2. On the first stage, p =0. It means that no error takes place during the transmission of (c-7)
packets.

3. The two channel state switches are possible with the probabilities p;, and p, after the

transmission of (c¢; —1) and (¢, —1) packets respectively.
As aresult the graph p(c) includes the tree areas: Q;,0, and Q;. The channel state switch probability in

the area Q,or O, is }/(1) or 7/02 consequently. In the area Q5 this probability is equal to 0. The random

variables y}l) and y}z) are defined as in the previous case. Then

my($)=m [1-p-(1-5)] -(A-y5)+

2 1=pa(l-9) o
— 5 (]=- 6
T ) LIy XU WP N R Y M 7))}

1-p,(1-5) +7/2_1

1-p-(1-s) "°

According to the assumption, no packet error is possible in the range [/, ...,c-1]. The arguments of the
GFs 7;{ f(s)} essentially are the functions of s. Therefore z;{f(s)} are formed from (4) by means of

the argument changing of % — f(s). Clearly, the dependence 7y (s) on }/(1) is reflected in
—piU=Ss

the argument change. Such dependence is absent in (6) in the obvious form. The considerable calculation

difficulties arise during a limit transition when N — co. The function 7[3 (s) as well as in the previous

case contains the item e “. Contrary to the previous model, 7[3 (s) is not represented as the

multiplication of the GFs number. However, this problem can be solved by means of numerical methods
based on the computer calculations.
The presented Table 1 demonstrates the mathematical expectation and variance of the erroneous

packets number Y considering the parameters p;, p,, 7/(1),73 ,N.
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TABLE 1. Mathematical expectation £} and variance Vy

of the non-synchronous cells number Y. N=10.
P 2 7 7e Ey Vy
107® 10 [ 1070 | 107" | 12-107 | 85.107"°

0.2 10! | 89.10° | 45.10°°

10° | 10|98 107! | 13-10° | 20107

5. Evaluation of the Erroneous Packets Number in Case of any n*and N — o

It should be stated that in a more general case it is not reasonable to study the erroneous packets
number by means of the discrete distributions. Therefore, the transition from the discrete random variable
to the continuous one is required. Hence, study of the discrete random variable Y distribution is replaced
by the evaluation of the continuous random variable U distribution moments. The researched
characteristic U takes all possible values in the range [0, N ] Moreover, the ¥ and U mathematical

expectations are equal: EY = EV. It should be assumed that the transition condition of the Central Limit

Theorem takes place, i.e. £ Vs sufficiently large.
According to the general principles of the research methods of continuous random variables, The

+0
Moment Generating Function (MGF) is introduced M ()= IeU” -p(U)dU, where ¢@(U)is the

probability density of the random variable U. Evidently, GFs and MGFs are connected by common
features. Analyzing the problem under consideration My, (r7) is formed from 7y (s) (or 7[3 (s)) by the

argument change s —e”. Consequently, based on the theorem of continuity and on the theorem of
uniqueness [1], the limit M =1im M, (77) defines the U limit distribution function (or probability density

T]—)oo
function) in the unique way if N — . The general theorem of continuity sets correspondence between
the limit distribution functions and the MGFs of a certain argument. As a matter of fact, in the continuous
distribution case, any initial or central U distribution moment of the j-t# order is not equal to the
corresponding moment of the Y discrete distribution if N — co. However, the following inequality is
correct:

My <pl,jz2. (7

Actually this inequality is caused by the following reasons: in the general case of the U continuous
distribution for the analysis of the p(c) function not a single realization with a given probability, but the

random variable w distribution must be taken into account. Actually, w takes w,, values that denote the
channel switch from the current state to the m state for the next packet transmission (Figure 3).

Obviously, the normalizing condition takes place: z Pw,)=1.
m=1
The proposed mathematical method is based on the change of all random process realizations that
correspond to the channel state » switch to the set of the other possible channel states, by the average
realization. This realization is specified by the channel state switch probability p, = >'g,, - p,,, where
m#b

g, is the average probability of the channel state m. This fact immediately explains the inequality (7).
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Figure 3. The channel state probability ﬁ as a function of a transmitted packet number c in the case of any n*

The case of n*=2 will be discussed further. The transition from 7:8 (s) (5) to the corresponding MGF is

executed by means of argument change s — e” :

~ e—gv(l—e”)—e";

M, ()y=e ="y |gd & |
v ) 1—v+vs ®)

Assuming that p,, is rather small, the first item tends to 1. Each j-# order initial distribution moment
is derived by means of the j-th order derivative in the point 77=0. Hence the generated distribution
function determines the low limit of any order initial (or central) distribution moment. In order to study
the more general dependence p(c) (Figure 3) the following limitations are introduced: d — %,a; — %
(conditions *). The first condition (3 — o) takes place in the case when the channel state switch (or

switches) occurs with a sufficiently high probability if the cells transmission time is rather large. The
second condition (a; — o) covers the case when the channel switches are rather rare. Then the random

variable U is transformed into the random variable B such as Mz (1) = lim M, (77). Based on the solution
g,al —>0

methods of the analogous problems in Probability Theory in relation to the continuous distributions [5],
the B random variable is represented as the linear combination of the independent random variables B;.

The B;number depends upon the p(c)jumps. In fact for the model represented by Figure 2 the following
L 1 . . .
equation is correct: B =B, —Eale. It is assumed that the packet error in the channel state 1 is

impossible. Here the B, random variable follows the normal distribution with the mathematical
expectation and the variance E(Bl):V(Bl):alc?. The B, random variable also follows the

% —distribution with two degrees of freedom, i. e., the B, probability density function is

1 _ . .
(0(32):Ee 12 In the same way in the case n*=3 from the previous paragraph

1 1 1 ~
B=5 _Easz _E(az —al)AlB3. Here A, :7_3 =P
0

,az 1
Yo
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B, is characterized by a normal distribution with the parameters E(B,)=V(B,)=a, d. Finally, B, and

B; follow the ¢ — distribution with two degrees of freedom. Analogously in the general case (Figure 3)
the Y random variable is transformed into the continuous random variable B under the limit transition:

1 1 1
B =B, _EauBZ _E(au 4 )AIBS - _E(au — Ay )AU—IBU+1' ©)
Here B, is characterized by the normal distribution with the parameters
~ P 1
E(B)=V(B)=a,d,a; =LA, = 7—‘;
70 70

Consequently, the MGF of the erroneous packets number, which is approximated by the random variable
B, is determined as the MGF items multiplication. Indeed the B items distributions are known. If all items
in (9) are of the close orders, then the B distribution tends to the normal distribution. This fact is
confirmed by the Lapunov theorem:

Assuming that the random variable z is presented as z=2z, +z, ...+ z,, where z=z,z,,...,z, are the

independent random variables and k growth is unlimited. The random variable z, distribution function is

Fi(z)= | f(z)dz.

iE(Zi _E(Zi))3
. i=1 _ sksk
R e "
. [ z-E(2)
then l}groloFk(z)—(D(—V(z) )
¢

Here @(¢) :L _[ ery is the Laplace function. Therefore, if the limit (**) takes place and the

Var 2,

number of £ items is sufficiently large, then the z random variable distribution is closed to the normal
distribution. Otherwise, if among the items (@, —a, JA , there are items greatly different from the others,

then the B random variable is approximated by the sum [6]: B = B, + hB,,h = const. Each initial B j-th

o . d’ . . ,
order distribution moment yf is calculated as ,uf = (d_M B (S)J . Finally, ,uf is substituted by the
s
s=0

yrU evaluation in the inequalities (7).

Conclusions

The following remarks complete the paper.
e [t is possible to create the similar mathematical model in the case when packet errors are not

neglected in the range [0, ¢, ]. The above mentioned range corresponds to the }/SU probability.

e The monotonous growth of the p and p values by the transmitted packets number increment is
assumed. Nevertheless, this assumption is not necessary. Moreover, there are no limitations on the
p(c) or p(c) functions jumps if the conditions (*) take place. Actually, based on equation (9) in the

non-monotonous p(c) case the p,, is equal to the maximal p , probability.
e It should be mentioned that p , value corresponds to a given channel state switch. Evidently, the items

order in the sum is meaningless.

e Finally, the limit transition N — oo is legitimate if the transmitted cells number is sufficiently large.
Several problems are considered for future work. Based on the real data, the modified decoding
algorithm that appropriates to the non-reliable noisy wireless environment should be chosen and
applied in the modern mobile IP or GPRS technologies. Thus, the PER in the wireless network should
be decreased. Consequently, the network reliability should be significantly improved in comparison
with the existing models.
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The paper presents a heuristic for resource constrained network project scheduling. A network project comprising both
alternative deterministic decision nodes and alternative branching nodes with probabilistic outcomes is considered. Several
renewable activities related resources, such as machines and manpower, are imbedded in the model. Each type of resources is in
limited supply with a resource limit that is fixed at the same level throughout the project duration. Each activity in the project
requires resources of various types with fixed capacities. The activity duration is a random variable with given density function. The
problem is to minimize the expected project duration by determining for each activity, which will be realized within the project’s
realization, its starting time (decision variable), i.e., the time of feeding-in resources. The resource delivery schedule is not
calculated in advance and is based on decision-making in the course of monitoring the project. The suggested heuristic algorithm is
performed in real time via simulation. Decision-making is carried out:

e at alternative deterministic decision nodes, to single out all the alternative subnetworks (joint variants) in order to choose the one
with the minimal average duration;

e at other essential moments when at least one activity is ready to be operated but the available amount of resources is limited. A
competition among those activities is carried out to determine the subset of activities which have to be operated first and can be
supplied by available resources. Such a competition is realized by a combination of a knapsack resource reallocation model and a
subsidiary simulation algorithm.

Keywords: Alternative decision nodes, probabilistic branching, joint variant, renewable resources, resource constrained GERT
project scheduling algorithm, stochastic project simulation

1. Introduction

While the literature on PERT and CPM network techniques is quite vast, the number of
publications on alternative networks remains very scanty. Various authors, e.g. Eisner [4], ElImaghraby
[6], Pristker [17], Whitehouse [19], etc., introduced the concept of a research and development (R&D)
project as a complex of actions and problems towards achieving a definite goal. Several adequate
network models for such projects have been considered. The first significant development in that area
was the pioneering work of Eisner [4] in which a "decision box" with both random and deterministic
alternative outcomes was introduced. Elmaghraby [5, 6] introduced additional logic and algebra in
network techniques, while Pritsker, Happ and Whitehouse [15, 16] developed the GERT techniques for
alternative network models with stochastic outcomes in key nodes. Xespos and Strassman [20]
introduced the concept of the stochastic decision tree, while Crowston and Thompson [1-3] and later on
Hastings and Mello [12] introduced the concept of multiple choices at such alternative nodes, when
decision-making is of a deterministic nature (Decision-CPM models). Lee, Moeller and Digman [13-14]
developed the VERT model that enables the analyst to simulate various decisions with alternative
technology choices within the stochastic decision tree network. Golenko-Ginzburg [7] has developed a
unified controlled alternative activity network (CAAN model) for projects with both random and
deterministic alternative outcomes in key nodes. At each routine decision-making node, the developed
algorithm singles out all the subnetworks (the so-called joint variants) that correspond to all possible
outcomes from that node. Decision-making results in determining the optimal joint variant and following
the optimal direction up to the next decision-making node. However, the techniques thus far developed
can only be applied to fully divisible networks that can be subdivided into non-intersecting fragments.
The CAAN model does not include non-fully-divisible networks. Thus, the model is not relevant to most
R&D projects, since the latter are usually structured from non-divisible subnetworks. Golenko-Ginzburg
and Blokh [8] have developed a more universal alternative network — the Generalized Alternative

40



Activity Network (GAAN model). All types of the previously developed alternative network models,
namely, Eisner's model, GERT, Decision-CPM, VERT and CAAN networks, are particular cases of the
GAAN model. In recent years a SATM alternative network model has been described [18]. However,

despite the GAAN model, the SATM model does not comprise algorithms to be optimised.

2. Model's description

A GAAN model is a finite, oriented, acyclic activity-on-arc network G(N,A) with the

following properties:

L
II.

II1.

Iv.

G(N, A) has one source node N, and no less than two sink nodes n'.

Each activity (i,]) € A refers to one of three different types as follows:

Type 1 activity (i, J) is a PERT activity (PA) with the logical "must follow" emitter at node 1 and the "and"
receiver at node j;

Type 2 activity (i,j) is an alternative stochastic activity (ASA) with the logical "exclusive or" emitter at node 1 .
Each (i, _]) € A of ASA type corresponds to probability 0 < pj <1, while node 1 comprises a set of not
less than two probabilities p; , Zpij =1;

]

Type 3 activity (i,j) is an alternative deterministic activity (ADA) with the logical "exclusive or" emitter at node

1.Node 1 is a decision-making node and the corresponding transfer probabilities sum to one.
Activities of all types may leave one and the same node. Thus, unlike the CAAN model, the GAAN model is not a fully
divisible network.
Activities of all types may enter one and the same node.

An example of the GAAN model is presented in Figure 1.

Figure 1. The GAAN type graph

We will call a joint variant of the GAAN model G(N,A) a subgraph (subnetwork) G *(N*, A*)

satisfying the following conditions:

1.
2.

G *(N*, A*) has one source node;
If G*(N*, A*) comprises a certain node 1, i.e., 1€ N* then G*(N*, A*) comprises all activities (i, j) of type PA

and ASA leaving node 1 ;
If G*(N*, A*) comprises a certain node 1 which in the GAAN model G(N, A) has alternative outcomes of ADA type

then G * (N*, A*) comprises only one activity of that type leaving that node;
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4. G* (N*, A*) is the maximal subgraph satisfying conditions 1-3.
Call a full variant of the joint variant G*(N* A*) a subnetwork of PERT type
G**¥(N** A**)c G*(N* A*), which can be extracted from the latter by simulating non-contradicting

outcomes of ASA type in interconnected nodes and excluding alternative non-simulated outcomes.
Call a probability of realizing a full variant G** a product of all values p; for all activities of

ASA type entering the full variant.
3. Decision-making in GAAN models

To control a project, such as any production process, it is necessary to introduce decision-
making in order to reach the goal while optimising a given objective (the optimal value OV) subject to
certain restrictions (the restrictive values RV). When the objective is the project's duration, the first
restriction is usually a resource restriction and vice-versa. For a project represented by a GAAN type
model decision-making means choosing the directions of the project's progress in controlled nodes
(decision-making nodes) with alternative outcomes of ADA type, since alternatives of ASA type are
uncontrollable. Thus, the optimisation problem consists of the following steps:

STEP 1. At each decision-making node which has been reached at moment t in the course of the project's realization:
to determine and to single out all the joint variants from the remaining project Gt at moment t ;

- to calculate the optimised value OV and all the restrictive values RV for each variant.
STEP 2. To determine the optimal joint variant and to follow the optimal direction up to the nearest decision-making node. The
problem must be repeatedly solved for the reduced network in every sequentially encountered decision-making node.

4. The optimal problem

The mathematical formulation of the problem is as follows: determine the optimal joint variant
G*P < G(N, A) that optimises the objective function:

E[F(G**™)]=Min(Max) Y [F(G**)-Pr{G**}], (D)
{G*} {G**1cG*

s.t.

E[Q,(G*™)]= > [Q,(G**)-Pr{G**}]<H,, I<v<V. (2)
{G**}cG*

Here F(G**) is the objective function of full variant G**, Pr{G**} is the probability of
realizing G**, Q, (G **) is the value of the v -th restricted criterion and H, is the pre-set restriction

level for that criterion. Note that for certain particular cases V may be zero, i.e., the optimal problem has
no restrictions, or the problem comprises only one restriction (2) without objective (1). Since problem (I-
2) is NP-complete [8] in order to obtain an optimal solution one has to develop a look-over algorithm to
single out all the joint variants.

The idea to enumerate the joint variants of the CAAN model [7] is based on introducing the
lexicographical order to the set of maximal paths in the CAAN graph. The corresponding look-over
algorithm is very simple in usage [7]. In the case of a GAAN network the order on the set of paths has to
be substituted for the order on the set of subgraphs [8]. To develop the enumeration algorithm, we use the
ideas to enumerate the so-called trajectories for assignment problems, or special matrices for travelling
salesman problems [8, 10]. Note that singling out the maximal trajectory for an assignment problem is
similar to determining the joint variant with the maximal objective value. Since a trajectory can be
regarded as a vector and the latter, in turn, can be mapped onto a set of integer numbers, the trajectories
can be enumerated. Similar ideas are used in developing a look-over algorithm to enumerate and single
out all the joint variants.

For the problem under consideration we will use renewable, i.e., non-consumable resources of
different types. In some cases resources can be gauged by a single measure, e.g., by the number of
standard identical building teams for construction projects [9-11]. Thus, usually objective (1) is the
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average joint variant's duration (to be minimized), while restrictions H,, are pre-given restrictions of the

v -th type renewal resource capacities which are at the disposal of the project's management.
Thus, the problem obtains a two-stage solution as follows:

STAGE 1. To single out the entire joint variant by means of lexicographical order according to the algorithms outlined in [8].

STAGE 2. For each joint variant determine the average value of the project's duration subject to the restricted renewable
resource capacities. Stage 2 can be realized via algorithms outlined below. Not that for the case of a fully divisible
PERT type joint variant the problem has been solved in [9, 10]. However, in our case the joint variant is a not fully
divisible GERT model with stochastic branching ASA and PERT activities PA. We suggest an extension of the
quasi-optimal heuristics outlined in [9, 10].

5. Determining the joint variant's average duration
In order to realize Stage 2 we have to implement terms as follows:

G*(N*,A¥) - stochastic network (joint variant) of GERT type;

(1,j)c A* - the network's activity;

t; - random duration of activity (i, j);

aj - lower bound of value t;; (pre-given);

by - upper bound of value t;; (pre-given);

Hij - average value of t;;;

Riik - capacity of the k-th type resource(s) allocated to activity (i,j), 1<k <n (fixed and
pre-given);

n - number of different resources;

R, - total available resources of type k at the project's management disposal (pre-given and
fixed throughout the planning horizon);

R, (t)<R, - free available resources at moment t>0;

Sii - the time that resources ry are fed in and activity (i,j) starts (a random value
conditional on our decision);

T(G*[s;) - random project's duration, on condition that feeding-in resources 1 is carried out at
moments S;;;

R, (t[S;) - maximal value of the k-th resource profile at moment t on condition that activities
(i,)) = G(N,A) start at moment S;;;

E; - the actual moment activity (i, j) is finished (=S;; +t; );

T(®) - earliest possible time of realization node 1 ;

p(i,J) - conditional probability of activity (i,j) to be on the critical path in the course of the

project's realization (dependent on the decisions already taken).

Note that practically all project's activities (i, j) are based on the assumption that each activity

duration follows a beta probability density function. We shall henceforth use a beta-distribution as
follows:

fij (x)= 12

W(X_aij)(bij -x)%. (3)

Besides beta distribution, the model developed may adopt other distributions. Three alternative
distributions have been considered in [9, 11]:

1. t; has abeta distribution with density function (3) in the interval [a;;, b;];

2. t; has a uniform distribution in the same interval;
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3. t; has a normal distribution with the mean p; =0.5(a;; +b;;) and the variance Vj; =[(b;; —a;) / 61" .

The initial data of the model for each activity (i, j) includes: i; j; a

b:.; =

ij> Oij> LjioweesTjjn -

It goes without saying that relations

Max <R, I1<k<n, (4)
i

hold, otherwise the project cannot be operated.

6. The simulation model with the Knapsack problem

On the basis of the outlined above notations, we suggest to realize Stage 2 of problem (1-2) via a

newly developed step-wise heuristic, as follows:

STEP 1.

STEP 2.

In all stochastic branching nodes simulate by means of Monte Carlo the outcome activities.
Thus, the GERT model after simulation undergoes modification to a PERT model. Call this

PERT model G(N,A);
For the PERT model obtained at Step 1 the following optimal problem is solved:
determine values S;; for all (i, j) (_}(N,K) to minimize the average duration of T((_} 1Si) 5

ie.,

Min E{T(G |S;)} (5)
ij

S.t

R (t[S{) <R, Vt>0, I1<k<n. (6)

Model (5)-(6) is a stochastic optimisation problem, which cannot be solved, in the general
case; the problem only allows a heuristic solution. The basic idea of the heuristic solution is as
follows. Decision-making, i.e., determining values S;;, is carried out at essential moments F;
and T(i) (decision points), either when one of the activities (i, j) is finished and additional

resources Ly, 1<k<n, become available, or when all activities (i,j) leaving node i are

ready to be processed. If one or more activities (i;,j;),...,(1y,Jm ), M=1, are ready to be
processed at moment t and all of them can be supplied by available resources, the needed
resources are fed in and activities (ig,j,), 1<q<m, begin to be operated at moment t, i.e.,
i, =t 1sqsm. If, at least for one type k of resources, relation Z::l Lk > Ry (1)
holds, i.e., there is a lack of available resources at moment t, a competition among the
activities has to be arranged to choose a subset of activities that will start to be operated at
moment t and can be supplied by resources. Note that problem (5)-(6) is an optimal decision-
making model to minimize the expected project duration. Thus, supplying the chosen
activities with available resources at each decision point centres on reducing the remaining
project's duration as much as possible. This means, in turn, that to carry out the competition
the project management has to choose and to operate first the subset of activities that provides
the maximal total contribution to the expected project's duration.
The stepwise subalgorithm to undertake such a competition enters the step 2. The
subalgorithm comprises the following substeps:

SUBSTEP 2.1.  Via simulation determine the probabilities p(i,j) of all activities
(i,j) = G(N,A) to be on the critical path [9];
SUBSTEP 2.2.  For each essential moment t determine values p(iy, j,), 1<q<m, forall

competitive activities at moment t
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STEP 3.

STEP 4.

STEP 5.

SUBSTEP 2.3 Solve the zero-one programming problem which can be formulated as
follows: determine integer values t; ; , 1<q<m, to maximize the
qJq

objective
m

I\{I?x{Z;,[tiq i, Plgsdg) w1} (7

lalq’ q=
s,t.
Z;(tiq,jq T i) SR (D), 1<k<n, (8)
9=

0 if activity (i, j,) will not obtain resources;
where t; ; = )
- 1 otherwise.

SUBSTEP 2.4. After feeding — in resources for the chosen activities, the next earliest
"essential" moment is determined and the project's realization proceeds
until the sink node cannot be reached. The corresponding heuristic
algorithm to schedule the project is outlined in [9], via simulation model

for project G(N,A).
SUBSTEP 2.5.  Calculate the project's duration TW((_}|Sij), where w is the current

number of the simulation run.

SUBSTEP 2.6.  Undertake substeps 2.1-2.5 M, times in order to obtain representative
statistics.

SUBSTEP 2.7.  Calculate the average project's G(N, A) duration

Ml
EAT(G.8,)} =1 . T (6.5} ©)
Ml w=]
Gotostep 1.
Undertake numerous realizations (M, times) of Step 2 in order to obtain representative
statistics.
Calculate the average time duration of the current joint variant G * (N*, A*)
1 MM _
E{T(G*[S;)} = 2 2 ATY(G S, (10)
Ml ’ MZ z=lw=1

where G is the z -th enumerated joint variant G** entering the GAAN model G(N,A).
After simulation at Step 1 network G** is reduced to the PERT network G”.

Compare all values (10) calculated for each joint variant G* obtained at Stage 1. The joint
variant G *', which corresponds to the minimal value, is taken as the optimal joint variant

G ot

Thus, steps 1-5 enable the algorithm to look over all the joint variants and, thus, to solve

problem (1-2).

Conclusions

The heuristic algorithm presented here has been successfully used for monitoring complicated
medium-size projects with alternative structure and topology, and with limited activity related
renewable resources.

The developed resource constrained project scheduling algorithm is based on multiple
realization of a standardized resource constrained algorithm for GERT models. Such a basic
algorithm is easy to implement on a PC. The algorithm can be used for any probability
distribution of activity durations.

The algorithm is performed in real time and adopts a wide range of revisions, alterations, etc.,
over time, in the course of the project's realization.
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AJITOPUTMBI PACIIPEJAEJIEHUSA
CTOUMOCTHBIX PECYPCOB
B IPOEKTHO-KOHCTPYKTOPCKOM BIOPO

A.M. KPABYEHKO', C.M. JIIOBKUH*, B.C. PE3EP*, A. BEH-SIUP**,
A.B. MAJIBILIEBA **

" Poccuiickas Accoyuayus Ynpasnenus Ipoexmamu / COBHET, Mocksa
**Vuusepcumem um. ben-I'ypuona, 2. beep-Illesa, Hzpauns

le/l CbOpMHpOBaHPIH CBOJHOI'0 TEMATHUYECKOI'oO INIaHa KOHCTPYKTOPCKOI'O 6}0[)0 Ha OHpeZ[eJTeHHLIﬁ IJIAHOBBIN nepuon
paccMaTpuBacTCd 3aa4a ONITUMAJIBHOTIO pacpeaAC/ICHUS BBIACJICHHOIO Ha 3TOT NEPUOL 6}02[)!(61‘8 MEXAY OTACIBHBIMU POCKTaAMHU.
B kauectBe KpUTEPHUA ONTUMAJIBHOCTU YYUTBIBACTCSA 0606H16HHLIﬁ IOKa3aTeib, BKJTIOYAIOIINN CTENEHb MIPUOPUTETA TI0 KAXKIAOMY
IPOEKTY, BEPOATHOCTDH BBINIOJIHEHUS ITPOCKTA K IIPOrHO3UPYEMOMY CPOKY, KOTOpBIﬁ ONPEACIIETCs B IIPOLECCE PENICHUA 3a1a4u, a
TAKXX€ BEJIUYMHY CMCIICHHUA I3TOr'0 CPOKa OTHOCHUTEIBHO NUPEKTUBHO 3aJaHHOTO. Peuienune 3agaun OCHOBAaHO Ha HMCIIOJIB30BAHUU
METOJAa ATMHAMHUYECKOI'0 IIPOrpaMMHUpPOBaHUA.

Knrouesvie cnosa: onmumanvnoe pacnpedenenue 6100sicema, KOHCMPYKmMopcKoe 610po, OUHAMUIecKoe npocpammupos8anie

1. BBenenne

PocT TexHHYeCKOro OCHAIllEHUs COBPEMEHHBIX CPEJCTB U CUCTEM MIPUBOAUT K Pa3BUTHIO SKOHOMHUKO-
MaTeMaTHYeCKHX MOJIeJIel M METOAOB IUIAHHUPOBaHHS W YIPABICHUS KOHCTPYKTOPCKUMH OHOpO JUIs
pa3nuuHbIX oTpaciieid. [Ipu 3ToM BO3HMKaeT HEOOXOIUMOCTh ITOCTAHOBKH M ITOCIEIYIOIIErO PEIIeHUs
psiJa ONTUMAIIBHBIX 3a/1a4, OCHOBAHHBIX HA PACIPEAEICHUU PECYPCOB MEXKAY HECKOJIIBKUMU IPOEKTAMHU.

[Ipn popmupoBaHMM CBOJHOTO TEMAaTHYECKOTO IIaHa KOHCTPYKTOPCKOTO OIOpPO Ha OINpelesIeHHBIN
IUIaHOBBIN mepuon 7' (Ton, KBapTal M T. A.) BO3HMKAeT 33ja4a ONTHMAJIBHOTO PacIpeelieHns Bble-
JICHHOTO Ha 3TOT IIepro] CyMMapHOro pecypca C, MEXAy OTIEIbHBIMHU pazpaboTkamu (mpoekramu). B

paccMaTpuBaeMol HIDKE MOCTAHOBKE 3a1ayM 0] CyMMapHBIM PECYpPCOM, MOJIEKAIMM PaCIpeIelIeHHUIO,
MOJIpa3yMeBaeTCs CyMMapHbIii 00beM BCEX PECYPCOB, BBIPOKEHHBIH B BHJE €IMHOIO SKBUBAJIEHTA — B
CTOUMOCTHBIX CAUHHUIIAX. YuyuteiBas To O6CTOHTCHI)CTBO, 4YTO JUPEKTUBHBIC CPOKU BLIITOJIHCHUA Ka)KZ[Oﬁ
n3 pa3paboTok Moryt (B oOmieMm ciyyae) MPEBOCXOIUTH KOHEIl IUIAHOBOT'O IE€pHoja, HEO0OXOIHMO
3aJI0)KUTh B KPUTEPUH ONTHUMHU3ALMU CTENEHb PEAIN3yeMOCTH IIPOSKTOB B 33jaHHBIE cpoku. Ilpm
pachpezienieHiy 3aTpaT HeoOX0UMO TaK)KE BBIACPIKUBATH Psifl O'PAHUYCHHUN HA TUHAMHUKY MOTPEOICHUS
3aTpaT He TOJBKO B TEUCHHE PACCMATPUBAEMOrO ILIAHOBOTO Meprojaa 7 , HO TAKKe U MOCIe MIAHOBOTO
Mepro/ia — 10 MOMEHTA OKOHYAHHUs BCeX Pa3paboToK.

W3 ckazaHHOrO cleayeT, 4To WcXoiHas uH(pOpMalMs Jisi MaTeMaTHYeCKOW MOCTaHOBKM 3a/laud
pacnpezeneHus 3aTpaT Mex 1y NPOSKTaMH COICPIKHT JIBa BAXKHEHIIINX JIEMEHTA!

a) DJIEMEHT TPOTHO3WPOBAHMSA XOAa pPa3pabOTOK MO HEKOTOPOH OOOOIIEHHON XapaKTepUCTHKE
(HanpuMep, OTHOCUTEJBHYIO TPYAOEMKOCTh) TIPH ONPE/IEICHUN BapuaHTa paclpeielieHUs 3aTpaT MEeXILy
MPOEKTaMU;

0) sneMeHT (POPMHUPOBaHUS KPUTEPHS KaK YUCIOBOM (YHKIMH, 3aBUCSIIEH OT NOKa3aTeleld porno3a
(Hanpumep, BEpOSTHOCTh BBITIOIIHEHNUS MM HEBBIITOJIHEHUS TUIaHA), 8 TAK)KEe OTpPaHUYEHHUH 3a/1a49u.

DJeMEeHT NPOTHO3MPOBAHMS JOJDKEH COAEp’KaTh MaKCHMajbHO BO3MOXHYIO MH(OPMAIMIO O XOJe
BBITIOJIHEHHS pa3pabOTOK MOCie paccMarpuBaeMoro nepuozaa 7 . BeimomHsemble pa3paO0oTKi B MOMEHT
[UIAHUPOBAHUSI MOTYT HAXOJHUTHCSI B PA3NUYHBIX COCTOSIHUSIX: HA CTAJMU aBAaHIPOEKTA, ICKHU3HOTO
MPOEKTa, OIMBITHOTO MPOU3BOJICTBA, HCIBITAHUMA, CEPUHHOrO MPOM3BOACTBA. 1103TOMY YpOBEHb HEOI-
PENEeNeHHOCTH TIPH HPOTHO3UPOBAHUU YISl KAXKIOW CTallM Pa3jiM4eH U, eCTECTBEHHO, YObIBAET NpHU
MOCJIE/IOBATENILHOM TI€PEeX0/ie Ha OuepefiHyl0 cTaauio. Mojenu, OTpakarollhue OTIENbHbIE OOBEKTHI
HOBOM TEXHHKH, MOTYT OBITh MpPEACTABICHbI CETEBBIMU IpaUKaMH JETEPMUHHUPOBAHHOTO M CTOXAC-
THYCCKOI'O TUIIOB, KAaK I10 TOIIOJIOI'MH, TaK U 110 OLICHKAaM BBIITOJIHCHUA Ka)KI[Oﬁ us3 pa60T.
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3aja4a ONTUMAJBHOIO PACIPEICIICHUsT 3aTpaT MEXIY NPOCKTaMHU, MPEICTABICHHBIMUA CETEBBIMH
rpadukamu, B 00ILIEM ciIy4ae sIBISICTCS] SKCTpeMalbHOU 3a/1aueii 00bIoli pazMepHocTH. ONbIT peleHus
MOMOOHBIX 3aJad I CETeBBIX MOJIEle pasnuyHoro odwvema (cMm., Hampumep, [1]) mokaszam, 4To WX
peain3anus CBA3aHa CO 3HAYUTCIIbHBIMU BBIYUCIUTCIIBHBIMUA TPYAHOCTAMH, €CJIM p€Yb UJACT O TOYHOM
peUICHUu, NI BO3MOKHO JIMIIb HpI/IGJ'll/I)KeHHOC peuicHue. VYuyuteiBas TO O6CTOHTCJ'I]:CTBO, YTO CCTEBbIC
MOJICTIH, OTPaXKAIOIIME XOJ BBHIIOJHEHHsS pa3paboTOK, B IIpoOLEcCce OINEPaTHBHOIO YIIPaBICHHS
MOJIBEPTAOTC M3MEHCHUSM, KaK 110 TOIOJOTHH, TaK U 10 MPOJIOJDKUTEIIEHOCTH OICHOK BBHITOIHCHHS
OTJENBFHBIX paboT, a TakkKe, NPUHUMAas BO BHUMAHUE CIIO)KHOCTh PEHICHUS MHOIOpPa3MEepPHBIX
JKCTPEMATBHBIX 33/1a4 HA CETSAX, MOXKHO CYUTATH PACCMOTPEHHYIO TIOCTAHOBKY H3ITUIIHE TPOMO3IKOM.

B 3aaue ONTHMANBHOTO PACIPEIENICHHs 3aTPaT MEX/Iy pa3paboTKaMu, pacCMaTpUBaEeMOil B JAHHOM
HCCJICJIOBAaHUH, CETEBBIE MOJICIIM UCIIOIb3YIOTCS JIMIIb HA JTAlle MPOTHO3UPOBAHHS CPOKOB BBIMOIHEHHS
pa3paboTOK MPH YCIOBHUH, €CIIM 33aJaHO pacIpeieieHUe 3aTpaT MEekay HUMHU. B atoMm ciyuae, eciu
OT/EJIbHBbIE CTAJMM BBIOJHEHHS pa3paOdO0TOK HEJOCTATOYHO AaJ[EKBATHO OIMCHIBAIOTCS CETEBBIMU
MOJeTsIMU  (HalpuMep, CTaausl aBaHIPOEKTa), JMHAMUKA XOJa BBIIOJHEHHS TaKUX pa3paboTok
OIMCHIBACTCSI CIyYaiHBIMU MPOLIECCAMH POCTEHILIEro THIA C 3aJaHHBIMU (QYHKIMSIMH MAaTeMaTHYECKUX
oxumanuil u mucnepcuid. CrocoObl MOCTPOSHUS XaPAKTEPUCTHK 3THUX IMPOIECCOB PACCMOTPEHBI HAMHU
HUXKE.

2. ITocTaHOBKAa MaTeMaTHYECKHX 33124

JUis MaTeMaTH4ecKOTO OINWCaHWs IIOCTABICHHON 3alauydl NpEABAPUTEIHHO BBEIEM CIICAYIOIIHE
0003HaYEHU:

N - KOIIMYECTBO PACCMATPHBAEMBIX Pa3pabOTOK;

=[7x,..,7y] - 3aJaHHBIE IPUOPUTETHI Pa3PabOTOK;

C=[C,,....Cy] - TONHBIE CTOMMOCTH Pa3paboToK;

to =[tsety] - BpeMs, UCTEKIlee C Hayasa BHIIOIHEHUS Pa3paboTokK;

Soup =[S1>--,8n] - JMPEeKTUBHBIE CPOKH OKOHYAHHS Pa3PabOTOK;

P=[R,...,Py] - 3aJaHHBIE BEPOSTHOCTH BBIIOJHEHHUS Pa3paboTOK;

D =[d,,....dy] - OrpaHHYeHHs HAa MAKCHMAbHYIO CKOPOCTh HOTPeOIeHH s pecypcea;
0=[qy,.qx] - OTHOCHTEJbHAs TPYAOEMKOCTh BBINOJHEHHs paboT MO  KaxkIoi

paspaboTke Ha Ha4YaJIo IIaHupyemoro rnepuoaa; 0<g <1, i=1,N;

T - BEIHMYHWHA MEPUOJIA TUIAHUPOBAHUS (TOM, MECSII);

Cr - pa3Mmep pecypca, NOIeKalIero pacnpeneieHulo;

ol - TUPEKTUBHOE paclpenesieHne CyMMapHOIO pecypca BO BpEMEHU;

X =[x, Xy ] - HMCKOMBIH BEKTOp, ONPEACIISIOIUI MPpUpaALIeHHe OTHOCUTENBHON TPYI0-
€MKOCTH Ha IUIAHOBEIN nepuof I 1o Kaskaol pa3paboTKe;

T=[1],00ny] - BpeMCHa OKOHYAHWS BHINIONHCHHUA KaXIOW pa3pabOTKH, KOTOpBIE
OTIPENICTISIFOTCS B PE3yNbTaTe PEIICHUS 3a0auH;

£0 - paccMaTpuBaeMblii MOMEHT TUTAHUPOBAHWS;

& (t) - 3aJaHHBIM CIy4ailHbIN mpolecc, ONPENeAIOIUN pacpeaeaeHue OTHO-

CUTENbHON TPYJOEMKOCTH BBINOJHEHHS K -if pa3spaGOTKM B MOMEHT

BpEMEHHU > O+T.
IIpeanonaraercs, 4yTo

& (0)=my(e)+&,(0), ()

rae  my (t) - 3aJaHHas JCTCPMUHUPOBAHHAS MOHOTOHHO HeyObIBaroias (yHKIIHS, & (t) -

HEKOPPEIMPOBAHHBIN CIIy4aiHbIM MpoLecc ¢ HyJIeBOH (QyHKIMEH MaTeMaTHYECKOro OXHIAHUS; O (Z) -

CPEIHEKBAIPATUYECKOE OTKIOHEHUE CIIyYalHON BEIMYUHBI &) (t) B MOMEHT BPEMEHHU 1 .
INpennonaraercs Tawke, 4to GyHKIMA O (t) SIBJISIETCSI HEYObIBAIOLICH.

B nmanHOl paboTe mpH OICHKE MapaMeTpPOB PacCMOTPEHHOro ciiydaitHoro mporecca (1) Oymem
OrpaHUYUBATHCA JIMIIb IIEPBBIMU €TI0 IByMsSI MOMCHTaMHU.
3amaBasg 1Mo KaxIod k -il pa3paboOTKe BENWYMHBI X; H 7;, MOXKHO BBIYUCIHTH BEPOSTHOCThH €€

BBITIOJTHEHHS 1O hopMyIIe:
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®opmyna (2) MO3BOJSIET BBIYUCIUTH BEPOATHOCTH TOTO, YTO CIYYalHBIA MPOLECC, UMEIONIMA B
KayecTBE HAYaJbHOTO COCTOSIHHS TOYKYy [ ¢ KOOpIUHATAMHU (to-i—T, q,+x,) (puc. 1), B MOMEHT

BPEMCHHU Tk BI)II7LHCT 13 I10JIOCHI eI[HHPI‘IHOfI HIUPHUHBL.

g Wesrorvcecsicss 4//51‘(‘)
r

v

£ P+ T T

Puc. 1. Ouenka napaMeTpoB CIy4aifHOTo Iporecca

Kputepuit onTUMaIbHOCTH pacupeieicHHs 3aTpaT MEX/y MPOCKTaMHU JO/DKEH YUUTHIBATh B MPAMOU
3aBUCUMOCTH IPUOPUTETHOCTh 77; KaXIOH pa3paldOTKH, BEPOSTHOCTh €€ BBHINOJHEHUS K MOMEHTY
OKOHYaHHUA T, M BEIMYMHY CMEIIEHHMS ITOrO CPOKA OTHOCHTENBHO JMPEKTHBHO 3aJaHHOro. B mamHOM
MOCTAHOBKE 33j[a4yu mpejjiaraetcs hopmyna s kpurepus W :

N
= = 2
w(E7)= Y m [l - F (oo e = S 3)
k=1
rae F, (xk ,T k) BEIUHUCIIsICTCS 110 hopmyie (2).
Ilepexoaum Teneps K MaTEMaTHUIECKOM MOCTAHOBKE MCXOIHOM 3aauu.

Ilycts obmacts ) Bcex MONMYCTHMBIX BEKTOPOB X H T, XapaKTepU3YIOMIHX BCEBO3MOKHBIE
BapHaHTHI PacpeeICHUs 3aTPaT MEX/Ty IPOEKTaMH, OIIPEAEIIAeTCS CICAYIONIMH HEPaBEHCTBAMHU:

Fi(x,,7,)-P, 20; (4)
ixkck -Cr<0; (%)
:lﬁmin(l—qk,dk); (6)
o(r)=P-P ﬁck~[qk+xk+§k(t)]sco(t°+T+t) <0, )

k=1
rue OStSrk—(t0+T).

B opmynax (4-7) mpeamonaraercs, 9To k = LN. Hepagencto (4) oTpaxaeT To TpeOoBaHHE, YTOOBI
BEPOSITHOCTD BBIITOJIHEHUS K0 pa3paboTKH MPEeBOCXOAMIA 3aJaHHbIN ypoBeHb P, . HepaBenctso (5)
TpeOyeT, 4TOOBI IIaHHPYEMbIE IPUPOCTHI OTHOCHUTENBHBIX TPYAOEMKOCTEH IO KaxIoi pa3paboTke
COOTBETCTBOBAJIM CyMMAapHBIM 3aTpaTaM, He IPEBOCXOAAIINM 3alaHHOTO 3HadeHust Cy .

Kpome Toro, mpHpoOCTBI OTHOCHTENBHBIX TPYAOEMKOCTEH IO KaXKIoW pa3padOTKe HE IODKHBI
IPEBOCXOMUTh 3aaHHOW CKOPOCTH o, WIIU e OCTaBILIEHCS OTHOCUTENILHON TPYIOE€MKOCTH. DTOT (aKT
oTpaxkeH B HepaBeHCTBe (6). OrpaHuueHHe NO JMHAMUKE NOTpPeOJIEeHUs pecypca B MOMEHT BpEMEHH
t>t° + T orpaxeno B Hepaenctse (7).

Tpebyercs Haiftu B obnacTu D HAMIyYIIyIO Tapy BEKTOPOB (fc*,f*)eD, KOTOpast obpamaer B
MHHEMYM GyHKIMI0 Buaa (3). JpyruMH clloBaMu, JOTKHO BHITOTHATHCS COOTHOIIEHHE!

wle .z )= min (%) ®)

[Ipexxae yeM nepexoauTh K ONICAHUIO AITOPUTMOB pelIeHus 3anadu (4-8), OCTAaHOBUMCS ITOAPOOHEe
Ha CBOMCTBax (QyHKIUH F (x,z') , BUJ KOTOpo# mipenctanieH B (2). [Ipu koHCTpyupoBaHUM aNTOPUTMOB
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Hac Oy/lyT MHTEpEeCcOBaTh YCIIOBHs, HaJlaraeMble Ha CIIy4YaiHbIN Mporecc cf(t), MIPY BBITTIOJIHEHUHM KOTOPBIX
¢yaxmus F (x,z') SBIISIETCSI IS II0OOro X HeyObiBarommelt GpyHknuen T .

pu mo6om T > 0 BeIpaxkenue ais F (x,‘[) UMEET BUJA:

L Tepl 2= EE)
Flx,r)=——— - |dz,
(x T) o-(r 27 .I[exp 20? (r)
rae E — CHUMBOJI MAaTEMATUYCCKOI'0 OXKUJIaHUA.
z—FE (r)

Hcrnone3ys npeobpaszoBanne ¢lz,7)= ———= , IepenuiiemM Beipakenne mist F(x,7) B cregyromem
ys Ipeoop ® 0'(‘[) p p y

BHJIE:

, 17 o’
Flz)=—— [ exp =2 |do.
(x T) ﬂw({r) b 2 y

@dopmyna sl BEIYHCICHUS] TPOU3BOIHON HMHTErpaia, 3aBUCAIIETO OT Mapamerpa T, NPUBOIUT K
BBIPKCHUIO IS
~E'c—(1-E)o’
o2
nporecca g(t), KOTOpOE MPHUBOAUT K MOHOTOHHOMY HEYOBIBaHHIO TO ¢ QyHKIUH [ (x,r), COCTOUT B

Tak kak (o;(l,r): , TO YCIIOBHE, HaK/IaJbpIBacMO€ Ha MapaMeTphl CIy4aifHOro

CIIEYIOIIEM:
E'(t)o(t)>[ E(x)-1]o'(x). ©)
OueBHIHO, YCIOBHIO (9) yIOBIETBOPSIIOT IIMPOKO UCIIOIB3YEMbIE Ha MIPAKTUKE CITydaifHbIe IPOIIECCHI
¢ nmuHeHHbIMU QyHKIMSIMH E (r) , O'(T).
[Ipu Bemonuennn ycnoBus (9) xaxgoe ciaraemoe QyHKIUN W(x,z') B hopmyne (3) mpu 3amaHHOM
X, JOCTHraeT MMHMMAJBHOIO (HyJEBOrO) 3HA4eHUs Ipu 7, =S; — (to +T ) Ecimm xe ma T,

HaKJIaJAbIBACTCA OrpaHUYCHHC (4), TO KaxXa0€ cjiaracmMoe W()?, ‘E) JAO0CTUTAa€T MUHUMAJIBHOI'O 3HAYCHUS
npu
7, =max[S, —t° - T, b], (10)

rac b YAOBJIETBOPAECT COOTHOLICHUIO:

an

1 v

rae d)(x) =

V2r

Pa3paboTaHHble ¥ OMHCAHHBIC HUKE AITOPUTMBI MO3BOJSIOT HAUTU PEUICHUE MOCTABICHHOW BBIIIIE
3amaun (4-8) B ABa sTama: a) stanm pemenus 3amaun Ne 1 (4-8) 6e3 yuera orpanmueHus (7) um 6) stam
nepexoaa K PereHnio UCXOTHON 3a/1a4H ¢ y4eToM orpanndeHus (7) — 3amada Ne 2.

x Y
J e 2dy - dpyuknus Jlamnaca.
0

3. YncieHHas peaju3anusi MOCTABJEHHbIX 3a1a4

Yucnennas peanusanus 3agmaun Ne 1 ocHoBaHa Ha 0a3e HCIOIB30BAaHHUSA METOJA AUHAMHYECKOIO
nporpamMMmupoBanus. UncieHHas peanuzanus 3agadd Ne 2 ¥ ONTUMAJIBHOTO pacHpesiesieHHs B LIEIOM
NPUBOJMTCS B KOMIIJIEKCHOM aJTOPUTME, KOTOPBIH ONKMCAaH B KOHIE JAHHOW padOTHl B ONEPaTOPHOM
Buzie. [IporHo3npoBaHue MUHAMHKHM W3MEHEHHMS OCTABIIEHCSI TPYHIOEMKOCTH OCYIIECTBIISIETCS Ha Oase
WCTIONB30BaHUs PETPECCHOHHON MOJENH Tpolecca pa3paboTKu (Kak IMpaBwio, TuHeWHo). [Ipu ompe-
JeJIeHUU XapaKTepPUCTUK CIIy4allHOro mpouecca & (t), OTPaXKAIOLIEr0 PACIpeAesICHue OTHOCUTENbHOH

TPYZOEMKOCTH BBINONHEHHsI K -ii pa3paGOTKM B MOMEHT BpeMeHH !> ¢’ +7T, GyieM CuHTaTh, 4YTO

TPYAOEMKOCTh Ha OTPE3KE [to +T,7,] HapacTaer MOCTOSHHO.
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Jpyrumu crioBamu, ypaBHeHHE Al QYHKIMH MaTEeMaTHYECKOTO OXXHUAAHHS CIydaifHOTO mporecca,
OTpPA’kKAIOIIEro X0/ BBINOMHEH!s pa3paboTku npu ¢ > t° + T, nMeeT BHL:
m,(t)= At+B. (12)
Koapunmentsr 4 u B BbiOMparoTcst Tak, 4TOObI MCKOMasi IpsiMasi IIPOXOJMIIA Yepe3 JIBE TOYKH,
OJIHa U3 KOTOPBIX UMEET KOOPAMHATHI (to +T,q; + xk), a pyras - (S Ok ) Koopaunata Q) momiexur

OTIpENIeIICHUI0, HCXOMAS U3 YCIOBHUS:
1 2
1 (x — %k )
o N2 20}
HepagenctBo (13) oTpakaeT TpeGOBaHUE BBHIOIHEHHS Pa3pabOTKH K AUPEKTHBHO 3aJaHHOMY CPOKY
S, ¢ HazekHoCTRIO P, . Ucxons u3 ckazanHoro, popmysa st pacueta A umeer Bun:

—(g; +x
.=\t +T
B ciyuae, ecnii Ha MHTEHCHUBHOCTBH (110 TPYAOEMKOCTH) BBIITOJHEHHs pa3pabOTKW HaKIaJ(bIBAETCs
orpaHudeHue (MeHbIE &' ), TO OCYIIECTBISIETCS TIPOBEPKA BBIMOIHEHHUS YCIOBHS
A-a'<0.
Eciu ycnosue He BHITONHAETCS, TO KOdQdUImenT A:=a'.
Takum 06pa3oM, OKoHuaTenbHas GopMyna as pacuera koddduruentos A u B umeer pun:
A=min(4',a'), B=q, +x; .
VYpaBHeHue st GYHKIMU JUCHEPCHU PacCMaTPUBAEMOI0O CIy4YaifHOro IMpolecca, UCXOJ/s U3 BBIIIE
YHOMSHYTBIX MPEIIOCHIIOK, UMEET BUII:

2
20\ Ok _S_r 15
oi(t) ST (t t ) (15)

rre a,? - 3HaUEHHE AMCIEPCHH, TIOJ[y4YEeHHOE B pe3yibTare 00paOOTKH MOydEHHOH CTaTHCTHKH Ha Oase

HICIIONIb30BAHHS PErPECCHOHHON MOJEIN METOOM ITACCHBHOTO OKCIIEPHUMEHTA.
T, =S;,ecmn A=A ;i

T, =7,,ecmn A=a';

. 1 1 x—m (r*) 3
T, —W_Lexp - ZGkkTZk dx=PF, . (16)

[IpuBOoaMM HEpedeHp UCIOIB3yEMOIl B aITOPUTME CHMBOJIUKU:

At - Macmrab BpeMEHU;

T - BEIMYMHA IUIAHOBOTO IEPHOA;

t0 - MOMEHT HadaJsa IJIaHOBOTO MIEPHO/Ia;

C O(t) - OTrpaHMYCHHME HAa JMHAMHKY 3aTpat JjI1 MOMCHTOB BPEMCHHU [ > 4T ;
P - ypOBEHb HaJISKHOCTH BBITIOIHEHNUS OrpaHuueHui (7);

Ay - BEIMYMHA HAYaJHHOTO IIara;

£ - TOYHOCTH pPELICHUS;

h - TapaMeTp HaCTPOHKH alrOpPHUTMA;

M - pa3Mep BBIOOPKH JUTS ONPEAEIEHHS CTATHCTHYECKOTO IPalieHTa;

M - MakCHMaJbHOE YHCIO “HEyJayHbIX~ INAaroB II0 CTAaTHCTHYECKOMY
rpajeHTy npu GUKCHPOBaHHOM mmiare Ay ;

3 - CYETYHK YAAYHBIX I1aTOB;

R cue a aros;

X =|x ,...,x;,J - ONTHMAJIbHBIN BEKTOP IIPUPALIEHUS OTHOCHTENLHON TPYI0EMKOCTH;

7= [rl,...,rN] - BpeMs OKOHYAHHs BBITIOJHEHHS TIPOEKTOB C 3aJaHHOM BEPOATHOCTHIO P

TIpH pacrpesieyieHud X ;

W(fc*,f *) - MMHUMAJIbHOE 3HAUE€HUE KpUTEPUsL.
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IIpouecc pemenust 3amaun Ne 1 MOXKHO HpenCTaBUTh KaK OJHOMEPHBIM JUHAMUYECKUH MPOLECC
pacmipenenenust pecypca C, mo N maraM, rne N - KOJIMYECTBO pa3pabOTOK. DTO CTaHOBUTCS
BO3MOJXKHBIM, €CIIM BOcHonb3oBatecst (opmynoit (10) amst pacdyera 7, . HalineHHoe 7, COOTBETCTBYyeT

MUHHMAaJIbHOMY 3HA4C€HUIO k -r0 claraeMoro s kputepus /W . Hadye roBOps, CYIIECTBYET
(yHKIMOHATIbHAS 3aBUCUMOCTD BH/IA:
Tk =Tk(xk)- 17
Hcnonb3yst 3aBucumocTs (17), MOxHO mnepenmcath (opmyiy aias kputepus W o cnenyromum
o0pazom:

W(?c,f)= ng(xk)z g”k[l_Fk(xksTk {xk})][to +T+Tk(xk)_Sk]2’ (18)

rae Gopmyna (18) mpeacrasnser co6oit anIUTUBHYIO (YHKIMIO KA I0i KOMIIOHEHTHI BEKTOpa X .
[epexomuM Teneps K ONMUCAHUIO ANTOPUTMA, IPEABAPUTEIILHO BBEIS CHCTEMY 0003HaUCHHI:

k - HOMEp Ilara pacnpejenenus (HoMep IpoeKTa);

7 = [ xl’m’xk] - BEKTOp,  ONpEleNAIlHMi  NpUpalleHMe  OTHOCHTEIHHOM
TPYAOEMKOCTH Ha IUIAHOBBIM mepwon 1 1m0 k-ro miara
BKJTIOUHTENLHO;

FF = f()?k)z[yp'--, V] - BEKTOp HAKOIUICHHBIX  3aTpar, OTPAKAIOMMNA  JIHHAMHKY

pacripenenenus x* .

Kaxasi KOMIOHEHTa BEKTOpa ' mojcunThIBaeTes 1o Gpopmyire:
k
Vi :ijxj . (19)
I

W[yl* yevs yZJ - BEJINYMHA IIeTI€BOH (DYHKIMH, COOTBETCTBYIOIIAs ONTUMAIBHOMY PACIIPECICHUIO 3aTpaT

X (k).

Hcnonp30Banne NPUHINIA ONTUMAIBHOCTH [2] IPUBOAUT K CIIEIYIOIIEMY COOTHOIICHHIO:

W[yf,...,y,tJ:{ min }{W[y;‘,...,y;;lj+Wk(xk)}, k=2,.,N, (20)

P
XX+ Y=V X €D

rae obnacte D ompeaensieTcs HepaBeHCTBaMU (4-6).
3.1. AJITOPUTM PELIEHUA 3AZJTAUYN Ne 1

B amroputme  ocymiecTBIeHa — BBIYHCIHUTENBbHAs  peaimu3alds  METoJa  JIWHAMHYECKOTO
MpOTrpaMMHUpPOBaHus [2] ¢ HEKOTOPBIM IIaroM AWUCKpeTHOcTH A . Ha kxaxxjaoM mare pacrupeneneHus k
BBIYMCIIAETCA Pa30OpOC BO3MOXKHBIX HAKOIUIEHHBIX 3aTpaT J, A, Hojexallux pacnpeneneHuto. s

KaXIOro 3HAYEHHs 3aTpar y,{ =j-A, tne j :I,_Jk , TIPOCMATPUBAETCAd MHOXECTBO BO3MOXHBIX
BApUAHTOB M 3aTIOMHMHACTCS HAMIYHYIINH. MHOXECTBO BO3MOKHBIX BAPMAHTOB pacrpesiesieHus mnocie K
II1aroB, TPeOYIOLINX 3aTpaT pa3MepoM y;{ , OIpEeNeNseTcss B pe3ysibTaTe NMPOJODKEHUsS] ONTHUMAaIbHBIX
BapUaHTOB paCIpEiENeHusl Mmocie (k—l)-ro mara. JTH BapHaHTBl XPAHATCS B HaMATH KOMIIBIOTEpa.
IIpocMOTp BapHaHTOB paclpeesIeHUs] OCYLIECTBISETCS IyTEM BBEICHUS COCTABHOIO LIUKJIA, COCTOSIIIETO

U3 TpeX BJIOKEHHBIX IPYT B JApyra MPOCTHIX IMKIOB: LUKIa MPOCMOTpa maroB k =1,N, muxia

IPOCMOTPA PA3IMIHBIX YPOBHEH 3aTpaT HAa KaXAOM mare j=1,J, M IUKIa IPOCMOTpa BCEX BAPHAHTOB,

TpeOylomux 3aTpar, paBHeIX Vi =j-A, s=1,J, . B pesynbraTe paGoTel anropuT™Ma Ha IeYaTh
BbIAACTCA MHOKCCTBO ONITUMAJIbHBIX BAPUAHTOB PACIIPCACICHUS ITOCIIC N -ro miara, Ka)K)ILIﬁ 13 KOTOPBIX

TpeOyeT pa3MUYHBIX pPa3MEpOB 3aTpaT C PAaBHBIM IIaroM AWCKPETHOCTH, a MMEHHO y{, =Jj-A, roe
T C
i=LJy.a JN{TT +1.

CumBon [x] OIIPEAEISAET LY YaCTh BEJIMYMHBI X , HE IPEBOCXOAIIYIO X .
[epexoauM K ONMCAHMIO MCIIOIB3YEMbIX B JITOPUTME ONIEPATOPOB!
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OCYIIIECTBJISICT MPUCBauBaHue k :=1, rme k - HOMep mmiara.
OCYILECTBISICT IpHcBanBanue y,:=0, rae ), - BEIMYHHA 3aTPaT Ha HYJICBOM

mare.
OCYIIECTBJIACT IIPUCBAMBAHUC WO I=0, rac WO - BCJIMWYMHA KpUTCpUA Ha

HYJIEBOM ILIare.
ocyllecTBisieT npucBauBanue Jj:=1, rae J;, - KOJIMYECTBO BO3MOMKHBIX

BapHaHTOB Ha HYJICBOM IHare.

TaxuMm o6pa3om, onepaTopsl L; — L, OCYIIECTBISIIOT MOATOTOBKY AAHHBIX JUIS paOOThI aJITOPUTMA.

Onepamop L

Onepamop A

Onepamop L,

Onepamop Ag

Onepamop B,

Onepamop B

Onepamop A,

Onepamop B,

Onepamop 3,5

Onepamop Ly,

Onepamop B5

Onepamop L4

OCYIIECTBIISIET MIPUCBaMBaHue j:=1, e j - MHJAEKC, ONPENeISIOINi YPOBEHb
3aTpaT Ha k -M IIare, a UMEHHO ) = j-A .
BBIYMCIISIET YPOBEHb HAKOIUIGHHBIX 3aTpaT Ha Kk -M Iare, COOTBETCTBYIOIIMH
WHACKCY j 1O dopmye:
j .
Yi=J-A.
npucBamBaer s:=1, rOe S - HHAEKC, COOTBETCTBYIOIIMII HOMEpY BapHaHTa
pacrpesesieHus 10 K -ro Iara BKIIOYHTEIBHO M MPUBOJIALIETO K YPOBHIO 3aTpar,
paBHOMY Y .
BBIUMCIISCT BENMYMHY [PUPAIICHHS OTHOCHTENBHON TPYAOEMKOCTH X ,
NPUBOAIICH K 33JaHHOMY YPOBHIO 1O (hopmye:
J K
s _ Ve T Vi1
xk - .
Cy
OCYLIECTBISICT TPOBEPKY BBINOJHEHUsT ycioBus xj; >0. Eciaum ycnoue He
BBITIOJIHSAETCS, TO IPOUCXOIUT Tiepeiaya yrpasJieHus onepaTopy L, .
OCYILIECTBIISAET POBEPKY BHIMIOIHEHHS YCIOBHS X; € D, tiae D - o6nacts,

ompenenseMast HepaBeHcTBamu (4-6). Eciu yciioBue He BBITOTHACTCS, TO
MPOMUCXOIUT Nepesiayua yIpaBIeHUs OnepaTopy Li, .

BBIUHCIIAET BEIUYUHY KPUTEPHS B, COOTBETCTBYIOLIETO §-My HAWIydIIeMy

BapHaHTy [0 (k—l)-ro mara ¢ BeJWYMHOW MpHpALIEeHUs X, Ha k -M miare.
BennunHa kputepust oCYUTHIBAETCS 110 hopmyoie:

B =wi+w(x). @1

B tdopmyne (21) W, - BenMdMHA KPHUTEPHs, COOTBETCTBYIOIIAS HAUIIYYIIEMY
BapHaHTy pacrlpeleieHus 10 (k —1)-ro mara ¢ ypoBHEM 3aTpaT, PaBHBIM ;| ;
ij (x,ﬁ) - caraemble CyMMEI B (hopmyie (3).

IIpOBepsieT BbINOIHEHHE ycinoBus By — W,/ > 0. Ecin ycioBue BBIIOIHAETCS, TO

S - BapHaHT HE SBJISICTCS HAWIYYIMM W IIPOUCXOAMT Iepenaya yIpaBJICHUS

oneparopy Li, .

pa60TaeT B YCJIIOBHUAX, KOTAA § -’ BapUaHT SABJIACTCA HAWITYUYIIUM U OCYHICCTBIIACT
J _ ps s

3anomuHanue W, = By u ypoBHA y; .

OCYIIECTBJIIET TMEepexo] K IPOCMOTPY OYEpEAHOTrO0 BapHaHTa IyTeM
MPUCBANBAHMS OYEPEIHOr0 HOMEpa CUeTUnKa §:=S5+1.
MPOBEPSIET BBLINOJIHEHUE YCIOBHUsL § > V,_;. Ecin ycloBUE HE BBINOIHAETCS, TO

3TO O3HAuaeT, YTO NIPOCMOTPEHBI HE Bce BapHaHThL. OCyIIecTBIAETCA epexo] K
MIPOCMOTPY OYEpPEIHOTO BAPHAHTA Ha ONepaTrop Ag.
OCYIIECTBIISIET TMEPEX0/ K MPOCMOTPY BapHaHTOB, IPUBOAAIINX K YPOBHIO 3aTpaT

y{™, 1.e. npucsausanue j:=j+1.
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Onepamop P, IpOBepsieT BBIIOJIHEHHE YCJIOBUS j > V.. Eciu ycrnoBue He BBINOJHACTCSH, TO
MPOUCXOIUT Teperavya YIpaBICHHs Ha HAdYaio IMPOCMOTpPA BapUAHTOB, T.C. K
omepaTopy Ay .

Onepamop Lg paboTaeT B YCIOBHSX, KOTJa Ha Kk -M IIare BCe OIEpAldd BEHIOJHEHBI H
OCYIIECTBIISIETCS. Hayajao paboThl Ha (k+1) -M Wiare, T.e. OCYILECTBIIAETCS

npucBauBaHue k =k +1.

Onepamop B NPOBEpPsIET BBINOJHEHHE ycioBus k > N . Ecnu ycioBue HE BBINOJHSETCS, TO
MIPOMUCXOUT Tepeada ypaBiIeHUs] Ha OKOHYAHHUE TPOLEAYPHI, T.€. K OIepaTopy
Aoy .

Onepamop Ay, BBIYMCIIAET MPAHHUIIBI M3MEHEHHS 3aTpaT Ha K -M 1are 1o popmysie:

C, -min 1—£, d;
Cy

Jy=J+
k=Y A
Onepamop (5, nepenaeT yrnpaBieHHe oneparopy Ls .
Onepamop 3, 3aIIOMHUHAET T1aphI (ij vl ), (Wks_({ ), y,:(_Jl)) IUISL JTEOOBIX .
Onepamop Ay, BBIYHCIIACT WJ{} =min Wl& .
J
Onepamop A, peanu3yeT OKOHYAHHE ATOPUTMA, TPOU3BOUT MeYaTh HEOOXOMMOMN BBIXOMHOM
HH(OPMALIUK IO ONTHMAbHOMY BAPUAHTY paclpeeICHHs:
—x * * - Yi= Vi . _ 1w
y = lyl ,...,yNJ,x = [xl,...,xN],W(x), roe x;, =——"=_i=1N, x,=0.

1
OnepaTopHasi cxemMa ajlropuT™Ma IpHy OMMUCAHHBIX BBIIIIE OMEPATOPaX UMEET BH/I:
L1L2L3L4L5A6L7A8P9¢14Ploi14’411P12T14313L14P15¢3L16P17¢6L18P19¢24A20Q21322 Ay3 oy
[lepexoguM K anropuTMy pemeHHS HCXOAHOH 3amaunm (3amaum Ne 2). Beumy Ttoro, urto mis
Tpebyemoro cymmapHoro pecypca Cj, COOTBETCTBYIOIIETo penieHuro 3agaun (4-6, 8) ycnosue (7) npu

HEKOTOPBIX ¢ MOXET He BBIIOJHATHCSA, TpeOyeTcss OCYHIEeCTBUTh ONTHMAalbHOE ‘‘CkKaThe” WIH
“pacTsbkeHHEe” BPEMEHH BBIMIOJHEHUS MPOEKTOB B 3aBHUCHUMOCTH OT TMPEBBIMICHUS WIM HEI0CTaTKa

Ham4HOro pecypca C O(t) Hax TpedyembM Cy .
BYI[CM roJjaratb, 4T0 M3MEHECHHEC BECIWYUHBI ITPUPAIICHUSA X OTHOCHUTEIBHON TPYAOEMKOCTH Ha
HGKOTOpy}O BeJ'll/I’-Il/IHy Axk BBI3bIBACT U3BMCHCHUC BpeMeHl/I BBIIIOJIHCHUA HaA HeKOTOpyIO Be.]'lI/l‘iI/lHy ATk N
Aty = ¢7(Axk )
3amada ONTHMAJIBHOTO “‘pacTSHKCHHS” BpPEMEHH BBIIOJHEHHUS KaXAOTO TIPOEKTa CBOAMUTCH K
OTBICKaHHIO TaKOIr0 BEKTOPa

AR =[Ax,,...,Axy ]

B J1F000# MOMEHT BpEMEHH [, IPH KOTOPOM BHITIOJTHACTCS OTPaHUICHHE

Ple, (i + a¥() < ()= P 22)
U KpUTEepUi
w(Ax(t)) = Z;zk(l—Pk)[t,? +T+1+A1, —Sk]z (23)
N(t)

JIOCTUTAET MUHUMAJIHHOTO 3HAUCHHS.
B dopmyne (23) N(t) MIPEACTaBIsAET COOOM MHOXECTBO Pa3pabOTOK, BBITIOJHEHHE KOTOPHIX HE

OKOHYEHO K pacCMaTpUBA€MOMY MOMEHTY BPEMEHHU [ .
[lepexoanmM K ommcaHUIO anropuT™Ma pemmeHus 3agadn Ne 2. [Ipumaraemelii HUKE aarOpUTM OCHOBAH
Ha METOJIe MOJIyYESHHUs] CTAaTUCTUYECKOrO TpajueHTa (pyHKIMOHAIa W(?c,? ) C NMPOEKTHPOBAHUEM €r0 Ha

TPaHMILY JOMYyCTUMOW 00JIACTH, OTIPEE/IIeMON orpaHudeHUsIMHE (4-7).
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3.2. AJITOPUTM PEIIEHUA 3AJIAYUMN Ne 2

AJITOPUTM pean3yeT MOUCK JIOKAIBHOTO SKCTPEMyMa X = |_x1* ,...,x;‘VJ, OTPaXKAIOIIEr0 ONTHMAIBEHOE
pacnpezeneHle pecypcoB Mexay paspadborkamu. K oCHOBHBIM OlloOKaM paccMaTpHBaeMOro ajropurMa
MOJKHO OTHECTH ClIejtyiomiee: (OpMUPOBAHHE HCXOMHOTO JOMYCTHMOrO BEKTOPA X, YIOBIETBOPSIONIETO

orpaHu4eHusIM (4-7); BBIYMCIICHUE CTOXaCTUUECKOIO IpajueHTa grad W(?ck) B paccMaTpHBaeMoOM TOUKe
Xk MIPOEKTHPOBAHUE BeKTOpa grad W()?k ) Ha TOBEPXHOCTh OrpaHu4eHuil (4-7); BBIYUCICHUE BEKTOpa

h()_(,:k ); BBIYUCJICHUC IIara NpoABUKCHUSA BOJIb BEKTOpa h ()?k ); peaim3and OKOHYaHHA NPOLCAYPHI.

3.3. OIIEPATOPHAS CXEMA

O - BBOJ HCXOJHOW WHPOPMALINH.
4, - BBIYHCIICHUE BEKTOpa ' B pe3ynbTare perieHus 3amgaun Ne 1.
4 - BBIYHCJICHUC MOMCHTOB OKOHYAHHUS Pa3paboToOK 7 = r(i 0) Ha ocHoge (10).
4y - BBIYHCIJICHUE JICBBIX YacTell HepaBeHCTBa (7). CD(t,)E 0) npu t = At, 2At,..., nAt .
P - IpOBEpKa yCIOBUS d)(t,xo) <0 npu Bcex ¢ . Ecnu na, To nepexon x g .
4 - BBIIENEHHE | : CD(t].* ,xo)z min CD(tj,...,xO).
oo 0D
A4, - BbIUMCIEHHUE grad <I)(t " ,xo,ro ): {—0,—0 .
J ox° Ot
4 - morancnenue f(x,) - npoexunn grad (D(tj* ,xo) Ha IJIOCKOCTH (5).
0 0 oo oD
A - ONpeleleHUe X =X —Q ———Q;——,T1e a;, 0y >0.
’ ox° 0
0 _0
A - BBIYMCJICHHUE d)(tj* X ,T )
R - IPOBEPKa yCIOBU CD(tjt ,x° )S 0. Ecim Her, To nepexon K Ay .
AIZ - k = O .
A3 - BBIYUCIICHHE W()?k Tk )
-k = ow ow
Ay - BBIUMCIIEHHE W(xk 7k ): {—_,—_ .
ox* ort
Ais - BBIYUCIICHHE h(fck Tk ) - IpoeKuuu grad W(fck ,T k) Ha TUIOCKOCTH, KacaTenbHyto K (7).
B - IIpoBepKa
|2
— < ¢ . Ecmm na, To mepexon k A q.
“ grad W\x",z ‘
A, - k=k+1.
Fig - Iepexong K A;.
A9 - OKOHYaHHWE PabOTHI AITOPUTMA.

OmnepaTopHas cxema ajJropuTMa UMEeT CICAYIOMINI BUI:

Q1A2A3A4PST19A()A7A8A9AIOP11‘L6A12A13A14A15P]6T19A17F18ﬂ19 .
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4. BLIBOADI

e PaccmMoTpeHa W pemieHa — ONTUManbHas — 3a4ada  PAclpeNeNeHUs  BBLACICHHOTO
KoHCTpyKTOpckoMmy Otopo (KB) Oromkera mexny paspaborkamu (npoektamu) Kb. B kauectse
KPHUTEpUsl ONTHMAJIBHOCTH YYHMThIBaeTCs OOOOIIEHHBIH MOKa3aTesb, BKIIOYAIOIIUA CTENeHb
MPUOPUTETA I10 KaXXAOMY IPOEKTY, BEPOATHOCTEL BBIIMOJHEHUS IIPOEKTA K IIPOTHO3UPYEMOMY
CPOKY, KOTOPBIH ONpenessieTcsl B IIPOLEecCe PEIICHHs 3a/1aud, a TAaKXKe BEIMYUHY CMEIICHUS
9TOr0 CPOKa OTHOCHUTENNBHO AUPEKTHBHO 33aHHOTO.

e Pemenne 3amaum OCyIecTBIsieTCS B JABa dTama. UWCIeHHas peaju3alysi IEepBOro dTara
OCHOBaHa Ha WMCIOJIb30BAaHUM METOa JTMHAMUYECKOro MporpamMMmupoBanus. Ha mociemyromem
JTaIe PeaTu3yeTcsi KOMIUIEKCHBIN alrOpuTM, KOTOPBIH HCIOJIB3YeT OrPaHUYCHUE 110 JTHHAMHUKE
notpeOieHuss pecypca. ONTHMH3AaIUS PACIPENCICHUS PECYypcoB MEXAy pa3padoTKaMu
OCYILIECTBIIIETCSI HA OCHOBE ITOMCKA JIOKAJIBHOTO 3KCTPEMyMa.

Jlutepatypa
[1] Tonenko /., JTupmui C., Keciep C. (1977) Cmamucmuueckoe mooeruposanue 8 mexHuxKo-
aKoHoMUueckux cucmemax (Ynpasnenue paspadomxamu). Jlennnrpan: Msn. JleHuHrpaackoro

YHusepcurera. 264 c.
[2] Taha H.A. (1997) Operations Research. An Introduction. New York: Collier Macmillan. 916 p.
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FOR CONSTRUCTION INNOVATION
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Many construction and facilities management Web sites can be found on the Internet. The interested parties on
construction and facilities management Web sites can find databases of best practices, analysers, software, expert and decision, etc.

Technological innovation mainly through changes in the availability of information and communication technology
inclusive databases of best practices, calculators, analysers, software, neural networks, decision support and expert systems that
have been provided by a variety of new services developed by the construction and facilities management sectors.

Most of all calculators, analysers, software, decision support and expert systems, neural networks and on-line systems
seek to find out how to make the most economic decisions and most of all these decisions are intended only for economic
objectives. Alternatives under evaluation have to be evaluated not only from the economic position, but take into consideration
qualitative, technical, technological and other characteristics as well. Based on the analysis of the existing calculators, analysers,
information, expert and decision support systems, neural networks and in order to determine most efficient versions of best practices
a Decision Support Web-Based System for Construction Innovation (/DSS) was developed by Vilnius Gediminas Technical
University.

Innovation activities involve a number of interested parties who pursue various goals and have different potentialities,
educational levels and experiences. This leads to various approaches of the above parties to decision-making in this field. In order to
do a full analysis of the available alternatives and to obtain an efficient compromise solution, it is often necessary to analyze
economic, technical, technological, management, organization, legal, social and other information. This information should be
provided in a user-oriented way.

Keywords: construction, innovation, decision support system, multiple criteria

1. WEB-Based innovation decision support system

Based on the analysis of the existing calculators, analyzers, information, expert and decision support
systems, neural networks and in order to determine most efficient versions of best practices a Web-Based
Innovation Decision Support System (/DSS) was developed by VGTU. IDSS consisting of a database of
best practices, database management system, model-base, model-base management system and user
interface.

1.1. DATABASE OF BEST PRACTICE

Innovation activities
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information should be provided in a user-oriented way. The presentation of information needed for
decision-making in the /DSS may be in a conceptual form (i.e. digital/numerical, textual, graphical,
diagrams, graphs and drawing, etc), photographic, sound, video and quantitative forms. The presentation
of information needed for decision-making in the IDSS may be in a textual form.

The presentation of quantitative information involves criteria systems and subsystems, units of
measurement, values and initial weights that fully define the provided variants. Conceptual information
means a conceptual description of the alternative solutions, the criteria and ways of determining their
values and the weights, etc.

In this way, the IDSS enables the decision-maker to receive various conceptual and quantitative
information’s on innovation alternatives from a database of best practice and to make a model-base
allowing him/her to analyze the above factors and to form an efficient solution.

The following parts form the /DSS’s database of best practice:

Innovation,

Construction,

Facilities Management,

Real Estate,

Refurbishment,

Sustainable Development,

Loans,

International Trade,

Ethics.
The following tables form the /DSS’s database:
e Initial data tables. These contain information about the innovations (i.e. real estate, construction,
finance, etc.).
e Tables assessing innovation alternatives. These contain quantitative and conceptual information about
alternative innovation solutions: finance, information and Internet technologies, facilities management,
real estate management, etc.

The user seeking for an efficient innovation solution should provide, in the tables assessing
innovation solutions, the exact information about alternatives under consideration as to the client’s
financial situation. It should be noted that various users making a multiple criteria analysis of the same
alternatives often get diverse results. This may be due to the diversity of the overall aims and financial
positions of the users. Therefore, the initial data provided by various users for calculating the innovation
project differ and consequently lead to various final results.

The character of the objective’s choice for the most efficient variant is largely dependent on all
available information. It should also be noted that the quantitative information is objective. The actual
innovation alternatives have real costs. The values of the qualitative criteria are usually rather subjective
though the application of an expert’s methods contributes to their objectivity.

The tables assessing innovation solutions are used as a basis for working out the matrices of decision-
making. These matrices, along with the use of a model-base and models, make it possible to perform a
multiple criteria analysis of alternative innovation projects, resulting in the selection of the most
beneficial variants.

1.2. MODEL-BASE

The efficiency of an innovation variant is often determined by taking into account the economic,
technical, technological, management, organization, legal, social and other factors. These factors include
an account of the economic, aesthetic, technical, technological, management, space, comfort, legal, social
and other factors. The model-base of a decision support system should include models that enable a
decision-maker to do a comprehensive analysis of the available variants and to make a proper choice. The
following models of a model-base aim at performing the functions of:
¢ A model for the establishment of the criteria weights,

e A model for multiple criteria analysis and for setting the priorities,
e A model for the determination of a project’s utility degree,
e A model for the determination of a project’s market value.

According to the user’s needs, various models may be provided by a model management system.
When a certain model (i.e. search for innovation alternatives) is used the results obtained become the
initial data for some other models (i.e. a model for multiple criteria analysis and setting the priorities).
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The results of the latter, in turn, may be taken as the initial data for some other models (i.e. determination
of utility degree of alternatives).

The management system of the model base allows a person to modify the available models, eliminate
those that are no longer needed and add some new models that are linked to the existing ones.

Since the analysis of innovations usually performed by taking into account the economic, technical,
technological, management, organisation, legal, social and other factors, a model-base should include
models which will enable a decision-maker to carry out a comprehensive analysis of the available variants
and make a proper choice. The following multiple criteria analysis methods and models as developed by
the authors (Kaklauskas, 2002, Zavadskas, 2002) are used by the /DSS in the analysis of the innovation
alternatives:

1. A new method and model of complex determination of the weight of the criteria taking into account
their quantitative and qualitative characteristics was developed. This method allows one to calculate and
co-ordinate the weights of the quantitative and qualitative criteria according to the above characteristics.
2. A new method and model of multiple criteria complex proportional evaluation of projects enabling the
user to obtain a reduced criterion determining the complex (overall) efficiency of the project was
suggested. This generalized criterion is directly proportional to the relative effect of the values and
weights of the considered criteria, on the efficiency of the project.

3. In order to find what price will make a valuated project competitive on the market a method and
model for determining the utility degree and market value of projects based on the complex analysis of all
their benefits and drawbacks was suggested. According to this method the project’s utility degree and the
market value of a project being estimated are directly proportional to the system of the criteria and
adequately describe them, the values and weights of these criteria.

4. A new method and model of multiple criteria multi-variant design of a project’s life cycle enabling the
user to make computer-aided design of up to 100,000 alternative project versions was developed. Any
project’s life cycle variant obtained in this way is based on quantitative and conceptual information.

Application of Multiple Criteria Decision Support Web-Based System for Innovation (/DSS) allows
one to determine the strengths and weaknesses of each phase and its constituent parts. Calculations were
made to find out by what degree one version is better than another and the reasons disclosed why it is
exactly so. Landmarks are set for an increase in the efficiency of innovation versions. All this was done
argumentatively, basing oneself on criteria under investigation and on their values and weights. This
saved users’ time considerably by allowing them to increase both the efficiency and quality of innovation
analysis.

1.3. TECHNOLOGICAL INNOVATIONS ON WEBSITES

Searching for information about the innovations in construction technologies in the Internet, you may
find sites with the data on various analyzers, hardware, and decision-making systems.

These sites provide data on various types of analyzers to be used in considering various situations as
well as on innovative construction technologies, including the following issues:

1) PATH. The development of residential housing based on public or private initiative to achieve
wider application of technologies aimed to improve dwelling quality, durability, energy efficiency and the
environment in the USA.

PATH means cooperation with the leading housing managers, product development, insurance and
financial activities including state investments in this housing programme. PATH partners ensure quality
both for new and existing dwellings, the construction technologies and support new ideas.

PATH also accelerates the implementation of new housing technologies: providing more recent
information about construction technologies and systems; resenting new projects to be beneficially used
by builders and dwelling owners; developing networks of the authorities, universities and industrial
enterprises; eliminating the barriers for transferring the innovations and using the effective methods of
product realization.

This is an information system providing the information about new materials, technologies, projects
and an opportunity to communicate with experts.

The network of manufacturers, industrial enterprises and builders is developed for discussing new
ideas and prospects and presenting them to users as the innovations in housing construction. New
advanced construction methods are also debated with governmental institutions and the funding is
obtained if necessary.

PATH regularly communicates with the partners, coordinating, planning and controlling its activities.

2) Australian centre for innovation in construction. This centre develops new technologies as well as
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providing new tools and management systems to improve the effectiveness of construction. It has more
than 150 researchers and partners supporting its activities associated with construction innovation.

The research center for innovation in construction is widely used and developed. Its main goal is to
create tools, technologies and
management systems to develop
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5) ERIK. ERIK is a network of innovative actions in the European region focused on the theme
“Regional Economics Based on Knowledge and Technological Innovation”.

ERIK’s main aim is to develop networking of regional organizations to provide information to
various regions trying to attract the attention of ERDF to the development and implementation of
innovative programs.

ERIK organizes workshops, study visits, conferences, debate on regional policy, etc. It also runs the
website and publishes newsletters. The information is constantly updated.

ERIK is co-funded by the European Commission’s DG Regional Policy. 13 partner regions originally
funded it. Toscana and Regione Emilia Romagna are coordinators of the network.

ERIK is an open network. Any European region may participate in its activities and the debate on
innovation and regional policies. You may contact ERIK with any questions regarding participation in its
activities. Programs providing information about the innovation in construction:

1) Egip A6. Software Egip A6 designed for construction area provides information on products,
design, and construction in other countries, traditions and different building materials.
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2) BIC. BIC is a tool to disseminate information about the innovations in business development. BIC
was founded in 1989. It provides data on innovative knowledge in business and the development of small
and medium sized companies.

Hardware Suppliers, E-business
vendors

G

. MOCA :
Design < E—— Trading
Project Consultancy Training - New technologies
management - Business development

- Marketing support

BIC’s aim is to help develop innovative SMS, restructure the existing companies and to plan the
development of industrial enterprises. BIC plays an important role in providing information and
professional advice to less developed regions as well as reducing business risks of the companies. BIC got
successful external evaluation and the European Commission’s Structural Funds Guidelines for 2000-06
recommended its more intensive use in the implementation of regional programmes.

1.4. DESCRIPTION OF THE EXPERIMENT

Innovations are perceived as natural infiltration of new ideas into the economy resulting in better
products, new jobs and manufacture of new items. These ideas and inventions make the necessary
condition for innovations to occur.

The government controls the environment where innovations prevail; for example, state employees, a
patent system, etc. are the participants of an innovative process, with only few exceptions.

An innovative process includes management organization and human resources. Management is very
important making the basis of technological innovations: training of managers and management
capabilities are key elements of any company.

Technological changes make an essential feature of modern society. Most people, personally or
collectively, contribute to various social changes in such areas as employment, quality of life and
economic stability. A continuous development (a mature industry) and economics are likely to rely on
investments and resources as well as on the use of technology. Technology is an integral part of
mechanization of manufacture. It is mainly centred on labour, products and services satisfying social
needs. Various technologies may become the key factor for achieving a higher standard of living.

The goal of the present experiment is both abstract and practical. First, the results obtained due to the
application of new technologies, which seem to be most suitable today should be demonstrated. These
data may be sufficient for politicians to make the appropriate decisions, implying that the provision of
information in due time is very important.

The experiment considered is analysed as an important problem because the importance of the
experiment depends on the significance of the problem. Then, the question arises how to determine the
problem importance reflecting the relevance of the experiment. Value, haste and sanctions for not
implementing the decisions made should be the key factors for the experiment. A comparative analysis of
three alternatives based on traditional construction, the use of information technologies in construction
and nanotechnology in construction is made.

Applying expert methods processes the data obtained. The values of the criteria are calculated.
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The weights of the criteria found by expert methods help to determine how much one particular
criterion is more important than another. In the process of criteria evaluation their values are normalized
and multiplied by their weights. Therefore, the criteria weights should be harmonized as far as their
quantitative and qualitative characteristics are concerned. The weights of all quantitative and qualitative
criteria are harmonized. The criteria weights are calculated based on the work [N.Kvederyté,
E.K.Zavadskas, A.Kaklauskas 2000].

Using the conceptual approach to the alternatives in question a decision-making matrix is generated.
An aggregate weight of the alternatives considered from various perspectives is determined. The weights
and priorities of the alternatives are usually determined in five steps: an estimated normalized decision-
making matrix D is constructed, the total values of the minimizing S_; and maximizing S, ; normalized

criteria describing the j-th alternative are calculated, the relative weight Q; of the alternatives is
determined and their utility N; is defined. A detailed description of these stages can be found in the

literature [E.K.Zavadskas 1987, E.K.Zavadskas, A.Kaklauskas, L.Simanauskas 1998; N.Kvederyté,
E.K.Zavadskas, A.Kaklauskas.2000,].
Problem solution diagram:

Statement of the experiment

v

Generation of a set of criteria pertaining
to the experiment

v

Description of alternatives considered in
the experiment

!

Finding the weight of indicators by a
complex method of criterion weight
determination, taking into account
their quantitative and qualitative
characteristics

v

Calculation of the efficiency of
alternatives by a complex
multicriteria method of
proportional projects evaluation

v

Conclusions

Figure 1. The process of selecting a rational alternative

A decision-making matrix (see Table 1) is generated to determine the efficiency of the considered
technological innovations. Then, multicriteria analysis of technological innovations is made. The analysis
is based on multicriteria method of proportional evaluation suggested by the authors. The data presented
in the tables show that each alternative has some advantages and disadvantages. All the criteria describing
the alternatives are scored in points. The higher the scoring, the better is the criterion. The higher the
weight of the criterion, the more significant it is for experts and users as well as having greater influence
on the final evaluation. Innovations may be considered with the aim to identify the best one capable of
winning the market, thereby it may be found which innovation the Government should support.

For this purpose, a decision-making matrix (see Table 1) is generated to consider three alternatives.
The criteria for their evaluation were elicited from experts. Then, multicriteria analysis of technological
innovations is made. The analysis is based on a multicriteria method of proportional evaluation suggested
by the authors [A.Kaklauskas, E.K.Zavadskas 2002].
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The data presented in the tables show that each alternative has some advantages and disadvantages.
All the criteria describing the alternatives are scored in points. The higher the scoring, the better is the
criterion. For example, the data presented in Table 1 show that the criteria values of alternative 2 are
higher than those of other options. The higher the weight of the criterion, the more significant it is for
experts and users as well as having greater influence on the final evaluation. Let us assume that
generating information and the cost of testing get 0.046 and 0.061 points respectively. Then, the latter
criterion is by 24.6 % more important than the first one.

TABLE 1. Multiple criteria analysis of government policies for technological innovation (initial calculation data)

Criteria Measn.lrmg Weights Information Nanotechnology Traditional
Nr. . units * o . technology . . .
under evaluation o . of criteria . ! in construction construction
of criteria in construction

1 Value of the Points + 0.046 76 9,45 3,333
information generated

2 |Leverageofthe Points + 0.053 7.6 9,33 6.6
solution

3 Importance of the Points + 0.052 7,45 9,23 6.6
target population

4 Political acceptability |5 .\ + 0.051 5,6 9,66 7
of the policy

5 Legal aspects of the 5 o + 0.044 533 46 9,33
policy

6 Target population Points + 0.054 6.6 9,33 8
support

7 Cost acceptability Points + 0.054 7 9,33 7,6

3 Policy effectiveness % n 0.046 6.3 3 6
and range

9 Policy equity Points + 0.045 5,6 7,6 6,6

jo  [Understandingofthe Jp 0 + 0.048 5,33 7 9
policy

1] |Administrative Points + 0.052 6,3 8 8.6
feasibility

g |Baseofpolicy Points + 0.041 5 73 5,66
monitoring
Organizational

13 structure for Points + 0.055 6,3 8 10
implementation

14  [Sound experimental 1y o + 0.054 7,85 9,33 6.6
hypothesis

15 |Corcful experimental 5 0 + 0.061 7.6 9.45 9.6
design

16 |Pxperimental Points + 0.055 7 7,6 9.6
feasibility

j7  |Time scale of the Months - 0.066 12 9,66 7.3
experiment

18 Experimental cost Points - 0.061 9,33 10 7,6

9 |Relative cost- Points ; 0.054 8 9,33 6.3
effectiveness

The results of calculations based on the application of multicriteria analysis are given in Table 2. The
best result is 100%. The data obtained from multicriteria analysis of the alternatives are presented in
Table 2.

As shown in the table, Information Technologies are rated by 18.52 % lower than Nanotechnology,
while Traditional Construction is rated lower than Nanotechnology by 2.75 %.

The degree of utility of the alternatives compared shows the level of their importance.

According to the data obtained, the Government should support the development of nanotechnology as
well as traditional construction because they differ only by 2.75 %. This means that traditional
construction is also a very important area. It is hardly possible to state that information technologies are
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not important. However, the aim of the present investigation was to identify the area to be supported by
the Government. The calculations show that the use of nanotechnology in construction is the most
rational option to be supported by the government. However, the economic state of the country is not
favourable for making huge investments into a new branch. It is not possible because the financial
resources are highly limited.

TABLE 2. Multiple criteria analysis of government policies (alternative experiments) for technological innovation (results)

Weighted normalized values of criteria of the comparable

Criteria Mea.surmg Weights of alternatives
. units of o . .
under evaluation I criteria Information . .
criteria Nanotechnology in Traditional
technology . .
. 3 construction construction
in construction

Value of the information ;. 0.046 0,0172 0,0213 0,0075

generated

Leverage of the solution | Points 0.053 0,0171 0,021 0,0149

Importance of the target | & o 0.052 0,0166 0,0206 0,0147

population

Political acceptability of p ;i 0.051 0,0128 0,0221 0,016

the policy

Legal aspects of the Points 0.044 0,0122 0,0105 0,0213

policy

Target population support | Points 0.054 0,0149 0,0211 0,0181

Cost acceptability Points 0.054 0,0158 0,0211 0,0172

Policy effectiveness and % 0.046 0.0143 0.0181 0.0136

range

Policy equity Points 0.045 0,0127 0,0173 0,015

Understanding of the Points 0.048 0,012 0,0158 0,0203

policy

Administrative feasibility |Points 0.052 0,0143 0,0182 0,0195

Ease of policy monitoring | Points 0.041 0,0114 0,0167 0,0129

Organizational structure | 0.055 0,0143 0,0181 0,0226

for implementation

Sound experimental Points 0.054 0,0178 0,0212 0,015

hypothesis

Careful experimental Points 0.061 0,0174 0,0216 0,022

design

Experimental feasibility | Points 0.055 0,0159 0,0173 0,0218

Time scale of the Months 0.066 0,0273 0,022 0,0166

experiment

Experimental cost Points 0.061 0,0211 0,0227 0,0172

Relative cost- Points 0.054 0,0183 0,0213 0,0144

effectiveness

TheT sums of weighted normalized maximizing indices of 002367 0.302 0.02724

variant S

Thc? sums of weighted normalized minimizing indices of 0,667 0.066 0,0482

variant S

Significance of variant Q; 0,29 0,3559 0,3461

Usefulness degree N; 81,48% 100% 97,25%

1.5. COMPARABLE VARIANT DESCRIPTION

There are three alternatives whose are compare one with other. Nanotechnology is concerned with
materials and systems whose structures and components exhibit novel and significantly improved
physical, chemical and biological properties, phenomena and processes because of their small nanoscale
size. In the construction industry, nanotechnology could potentially improve many construction materials,
including structural steel, polymers and concretes. Concrete, which contains the complicated, nanoscale

64




Computer technologies

structures of cement and its hydrates, is an excellent candidate for nanotechnology manipulation and
control. Traditional construction — it is a new building project and construction. Information technology —
it is technology that can process, reproduce, and communicate.

1.6. VALUE’S CRITERIA

The problem of selecting elements of the innovation process for experimentation, as well as the issue
of feasibility of experimentation, can be summed up in a series of proposed criteria that link the problem
in the innovation process being addressed to the suggested solution or federal policy that will overcome
the problem, and in turn to the experiment. The criteria to be used in selecting experiments should relate
to the importance of the problem or barrier to be overcome, to the implications of implementing the
policy or incentive by the federal government, and to the technical design and feasibility of conducting an
experiment. The experiment under consideration should be examined using criteria, which indicate that,
an important problem in the innovation process. The more important the problem, the higher should tend
to be the priority of the experiment. The question is how to determine relative importance in order to
determine the priority of the experiments. Value, urgency and penalty of failure to achieve a solution to a
problem would be evaluated in determining its relative importance.

There are criteria definable these three alternatives:

Value of the information generated. To be selected, any experiment needs to generate information
which is necessary for the formulation of government policies or programmes that solve the problem on a
larger scale.

Leverage of the solution. The proposed solution or intervention in the innovation process should have
a major effect on solving the problems to which it is addressed, and these solutions, in turn, would have a
significant effect in reaching toward the overall goals of the innovation programme.

Importance of the target population. The groups at which the proposed interventions are aimed
should possess high leverage in overcoming major economic or social problems (balance of payments,
quality of life, etc.). Federal policy should be directed to benefit a substantial proportion of the
population, directly or indirectly, rather than to favour a special group.

Political acceptability of the policy. Any policy that would overcome innovation obstacles should be
generally acceptable to the major parties involved (Congress, the President's Office of Management and
Budget, the administering agency, other federal agencies affected, cities and states where appropriate,
major public interest groups, etc.). If opposition can be anticipated, the policy should be so clearly in the
public interest that the opposition can likely be overcome.

Legal aspects of the policy. The envisaged programme should not be susceptible to legal challenge.
In the event that it is (and assuming objections are not constitutional in nature), what enabling legislation
would be required, and what specific statutory provision would minimize the susceptibility to litigation of
the envisaged policy or programme?

Target population support of the policy. There should be good reasons to believe that the proposed
policies will receive strong support in the target groups and provoke the desired response in these groups,
i.e., promote innovation.

Cost acceptability of the policy. Assuming successful experimental results, the subsequent policy
recommendation should fall within acceptable federal budget limitations.

Effectiveness and range of the policy. The envisaged policy or programme needs to be effective. An
effective policy or programme would be one which can reasonably be expected to induce decisively more
of the kind of innovation desired, and to apply to a broad range of situations.

Equity of the policy. The envisaged policy or programme should appear equitable to knowledgeable
observers. In the first and most important sense, equitable programmes should recognize that fair
treatment is central to success. For example, a programme to aid inventors would require uniform
selection standards applicable to all inventors. However, this may come into conflict with other objectives
(e.g., to give priority to a particular kind of inventor of technology).

Understanding of the policy. The envisaged programme needs to be communicable. Effective
administration of public policies and programmes requires that the provisions and requirement; involved
be readily communicable to all parties concerned - for example, to legislators, to federal officials,
members of regulatory commissions, innovators, and the public at large.

Administration of the policy. The envisaged policy or programme must be able to be carried out
without requiring excessive administrative inputs by the federal government. (Administrative inputs are a
special class of costs.)
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Monitoring of the policy. The agency that is to monitor the effects of the proposed policy should be
able to do so with readily available management information. In particular, how can programme
performance be monitored; what are the information requirements for evaluating progress; etc.?

Organizational structure to implement the policy. What sort of organizational structure is needed to
carry out the programme? Does it exist? Can it be brought into being? Where a programme is to be
carried out by an existing governmental agency is the quality of management up to the task?

Sound experimental hypothesis. The most carefully planned experiment will not compensate for the
lack of a sound hypothesis. The hypothesis being tested should have antecedents in an explicit or implicit
model of the innovation process. Without such conceptual ties, experimental hypotheses lack legitimacy
and bring experimental design into serious question. The experimental results should be fed back to the
model from which the hypothesis was derived, either to substantiate the model’s continued viability or to
require its modification.

Careful experimental design. The conceptual and technical design of the experiment must adhere to
recognized social science research standards. The dependent, independent and parametric variables must
be identified, specified and the relationships among them sorted out so as to present a logical and
internally consistent proposition, or set of propositions. The subject population should be identified in
terms of quantities and characteristics. A procedure should be developed dealing with the necessity of a
control group, the sample sizes needed, the method of sample selection, and the statistical operations to be
performed on the indicator measures so as to arrive at significant conclusions. The results of the
experiment should be unambiguous in interpretation, free from bias introduced by the experiment itself,
and determined with a desired degree of precision. Finally, the experimental design should be as efficient
as possible in terms of experimental effort expended.

Feasibility of the experiment. It must be possible to conduct an adequate experiment that requires the
availability of a data base, the development of adequate controls, sufficient sample size (where
appropriate) to assure necessary statistical reliability, and output measures that reflect the effects of the
treatment or intervention.

Time scale of the experiments. The duration of the experiments must be sufficiently short so that the
results can be utilized in setting policy, not merely evaluating policy decisions already taken.

Cost of the experiment. The cost of the experimental programme must be less than the perceived
value of the information expected to result from it. That value should be estimated at the probable excess
cost resulting from a policy decision made with inadequate information.

Cost-effectiveness of the experiments. The envisaged experiment should be the most cost-effective
way of obtaining the information needed for the design of a larger-scale government policy or
programme. A comparison with other possible means of obtaining the needed information (e.g., case
studies of past programmes, surveys, simulation) should underlie the cost-effectiveness decision not
compensate for the lack of a sound hypothesis. The hypothesis being tested should have antecedents in an
explicit or implicit model of the innovation process. Without such conceptual ties, experimental
hypotheses lack legitimacy and bring experimental design into serious question. The experimental results
should be fed back to the model from which the hypothesis was derived, either to substantiate the model’s
continued viability or to require its modification.

Conclusions

The analysis of calculators, analysers, information, expert and decision support systems, neural
networks that were developed by researchers from various countries assisted the authors to create of their
own Decision Support Web-Based System for Innovation (ZDSS). IDSS differ from others in the use of
new multiple criteria analysis methods as were developed by the authors. The database of a best practices
were developed providing a comprehensive assessment of alternative versions from the economic,
technical, technological, management, organizational, qualitative, legislative and other perspectives.
Based on the above complex databases, the developed System enables the user to analyse innovation
alternatives quantitatively (i.e. a system and subsystems of criteria, units of measure, values and weights)
and conceptually (i.e. the text, formula, schemes, graphs, diagrams and videotapes). A survey of
innovation technologies in construction has been made using recent developments in information
technology and the opportunities provided by the Internet (i.e. analysers, software applications, websites).
The information found mainly refers to the ways of increasing innovation transfer to provide information
about new products and processes to users. The influence of information is often assessed from social,
economic, technical and other perspectives.
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According to the data obtained, the Government should support the development of nanotechnology
as the most rational of all the alternatives considered under the initial conditions. The calculations show
that the use of nanotechnology in construction is the most rational option to be supported by the
government. However, the economic state of the country is not favourable for making huge investments
into a new branch. It is not possible because the financial resources are highly limited.
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IN THE VEHICLE SUSPENSION
AND IT’S TECHNICAL REALIZATION
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The problem of the optimal regulation of the vehicle suspense synthesis has been solved. The solution is based on the
optimal filtration theory of Kolmogorov-Viner.

We consider such regulation of the suspended object to be optimal which provides the required minimum of vibrations
under the minimal power consumption of the regulation system. The law found for the regulation of the back communication circuit
states that the closed system “object-regulation” is stable and optimal in the sense of the selected criteria of quality.

A simplified form of the optimal regulation law has been suggested; it permits technical realization, using widely known
means of automatics.

Keywords: Kolmogorov-Viner optimal filtration theory, vehicle

Consider that the motion of an object to be isolated is described by a linear differential equation
with constant coefficients

P(s)- =)= M(s)-ult)+ Ls)- 2, 1), ()

where
z(t) - the object coordinate; u(t) - the controller coordinate; Z, (¢) - the external disturbance (micro

profile of the road); P(s), M(s), L(s) - the operators of polynomials s = d/dt .
The controller coordinate u(t) is defined as its force factor, since at the known disturbance z, (t)

and ride characteristic specified by the accelerations function

x(t)=s-2(r) 2

any scheme of the suspension controllers of the vehicle would have an approximately same value of the
velocity factor. Under existing conditions, the force factor u(¢) of the regulator determines its power

efficiency.
Thus, we have to determine the law of control in the feedback loop (or, to obtain a differential
equation connecting u(t) and z(t)) so that the closed-loop control system “object + controller” (1) would

be stable and optimal in terms of the minimum quadratic function
T=r-m*(x*y+ Mu?), 3)

where (xz), (u2> - dispersions x(t) and u(t) ;r, A - the weighting constants; m - the dimensional
coefficient — in this particular case may be equal to the mass of the isolated object.
In other words, it is necessary to obtain the equation of the controller

ult) =W (s)-=(0). )

where ¥ (s) is the sought transfer function, such as for the function (3) to attain minimum in the class of
stable closed-loop systems “object + controller”.

68



Transport technologies

Let’s use the Fourier transformation (assuming that s = j@ ) and express function (3) as

lrm s +/1 W( ) W( S)J L(S)-L(—s 'Sg(s)
J WP s)- M) s © (5)

where S, (s)=S,(s)-S(=s) is the spectral density function of the road micro profile.

One of the possible methods of finding a solution in the class of functions, without upsetting the
stability of the closed-loop system (1), is the method [1] of choosing the variable function in the format

®y(s)= o (6)

In this case, function (5) becomes quadratic in respect to d)l(s).

-1 j{[rm S M(s)- M(= )= 2P(s)- P(- 5)}- @, (s)- ¥, (= 5) -

—j®

- /I[Sz(l)l(s)- P(s)- L(=s)+s*®,(~s)- P(=s)- L(s)—s*L(s)- L(- s)] }>< Sg—(s)ds , ()

1ioo
51=;j

—i ©

ﬂsl:( )L( )S4M(S)‘M(_S)}&Dl( ) ‘ ) (8)

+% J. {[rm2s4M(s)-M(—s)+/1P(S)~P(—s) Sg(s)ﬂ)l(—s -

{[rm254M(S)'M(_S)+}LP(S)~P(_S) Sg(s).q)l(s) )

—/lszP(s)-P(—s)Sg—(S)}&Dl(s)ds.

S4M(S)' M(— s)

In accordance with the solution procedure for the Wiener-Hopf equation [1] let’s implement the
following intermediate transformations in integral (8). The multiplier of the function CDl(s) can be

presented as a product of two functions.

4 Sg(s) _
[rm2s* b (s)- M(—s)+ﬂP(s)~P(—s)]-W—Dl(s)~D(—s) : ©)

where D, (s) has the zeroes and poles only on the left half-plane s (LHP).
Let’s also present

A2 .P(_S).L(S)-W'(j&(_s): Byo(s)+ By, (s)+ B,_(s) (10)

where Blo(s) is a polynomial from s; B, +(s) is a regular polynomial fraction with poles only in LHP;
Bl_(s) is a regular polynomial fraction with poles only in RHP.

Using assumed symbols, the expression for the first variation of the functional may be expressed
as follows
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ol =% ijioDl (_ S)[DI(S)QI(S)_BIO(S)_Bl+(s)_Bl—(S)]5q)l(_ S)ds +
e (11)

L DO )0, 5)- Bal-9)- B () B sl oK.

—i

Then the function <I>l(s) , setting to zero the first variation of function 6/ and having poles only
in LHP is defined by the expression

@@):ﬁw[&o(s)wlmsn . (12)

Having determined d)l(s) as (12), from (6) we find the expression of the sought transfer
function
2
w(s)= ®,(s)- Ps)-s L(S).
@ (s)-M(s)
In [1] it is proved that if the initial control object is stable, then the closed-loop control system

“object + controller” with the feedback loop described by (13) will also be stable.
For the elementary suspension system (Figure 1)

(13)

P(s):ms2 +bs+c;
M(s)=1; (14)
L(s)=bs+c;

where m -is the mass of suspended body; b is the coefficient of viscous damping; ¢ is the stiffness of a
spring.

i m Z (M
2 b
[ 4
9. Zd(t) Figure 1. The simplest single-supported scheme of transportation means for research

suspension: 1- sprung body or frame of vehicle; 2- spring of suspension; 3- wheel of
a vehicle; 4- shock absorber of suspension; Z(t) — the vertical coordinate of sprung
body; Z4(t) — the external disturbance (micro profile of the road)

Considering (14), expression (12) for the function being varied after simple transformations
becomes

4
d)l(s): K (bs+c) — . (15)

(ms2+bs+c)+%- ms

ms® —bs +c
The desired optimal control may be presented as

r m2s4

w(s)= (16)

A ms*—bs+c

The weighting constants » and A may have different values but their sum stay the same, in this
particular case, equal to unity. The ratio of the weighting constant in (10) has the meaning of the gain of
the control system and is designated as

.
k_I . 17)
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If we are satisfied with the ride quality ensured by the installed suspension, or we can’t allow an
additional energy consumption to improve ride quality, then »=0, A=1, k=0, that is, no control. In
this case we have a regular passive vibration isolation system.

If it is necessary to increase the ride quality regardless of energy consumption considerations,
then r > 1, A —>0 and k — . In real conditions A #0 always; therefore gain £ has a finite value,
determined by a stability margin and the power of the energy source for the controller.

The analysis of the expression (16) leads to the conclusion that the control hardware is very
complicated. Really, for the control law (16) the fourth derivative of the suspended mass displacement is
essential, as well as the first and second derivatives of the force factor of the controller. However, the
experience in control design [2] shows, that obtaining even the second derivative of the object coordinate
is very difficult, not to mention the derivatives of a higher order.

Therefore expression (16) for the function of optimal control, taking into account the difficulties
of realization, must be considerably simplified.

In expression (16) let’s separate the integral (whole) part,

w(s)= k{msz +bs + [ﬁ - cJ + R(s)} , (18)

m

2 2
[b—Zch«s—c(b—c]
m m
where R(s)= .

(ms2 —bs+ c)

The proper fraction R(s) in the vicinity of the origin can be expanded into the Taylor series, in
which only the first two terms will be retained:

R(s)=R(0)+ R(0)-s+... . (19)

2
Considering that R(O) = —[b— - c] ; R’(O) =—b and substituting (19) to (18), we will have

m
W(s)=~ w, (s)= —kms® | (20)
| Wa())] where W, (s) is reasonably close to the
optimal control function and is adopted
X for instrumental realization in hardware.
50 1 ; The amplitude-frequency
i “ characteristic (AFC) of accelerations of
Iy g system (14) is presented in Figure 2.
4,0 ,’ "/ Lines 1 and 2 correspond to k=0
I (suspension is passive); line 3
1\{' “ represents theoretically optimal control
5,0 H—t (16), and line 4 represent practically
b realizable control under the law
,‘ ‘\ 2 expressed in (20).
20 sy E——
Iila Y\\\M’—
M
\\-
40 1 : 7 d
8 '/ H 1/
41 I
/ll l 3 4
S | I s | Figure 2. Amplitude-frequency characteristic of
I’ { {5 2 o = ﬂ sprung body accelerations of some suspensions
Mo scheme in the dimensionless form
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It’s obvious that the optimal control (16) would allow the smoothest ride of the vehicle, but its
realization is limited by serious technical difficulties.
The simplified optimal control strategy presented in (20) is equivalent to a reduction in stiffness.

The resonance in AFC moves to the left and the natural frequency of system (14) decreases in vk +1
times. Thus, if we exclude from consideration the low frequency range (less than 0,3 Hz) of road
disturbances the control under (20) is competitive with the theoretically optimal (16) and can provide a
radical increase in ride smoothness interest (0,5 — 3,0 Hz).
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COMPUTER MODELLING and NEW TECHNOLOGIES, volume 9, No. 1, 2005
(Abstracts)

A. Strutz, D. Fuks. Amphoteric Properties of Cr in FeAl(B2) Phase, Computer Modelling and
New Technologies, vol. 9, No 1, 2005, pp. 7-14.

The study of the influence of the vacancy on the Fe site and alloying by Cr on the band
structure of the FeAl phase with the vacancy is performed on the basis of the Full Potential
Augmented Plane-Wave (APW) + Local Orbitals (LO) method with WIEN 2k package. The changes
in the total and the partial Densities of States (DOS), as a result of vacancy formation and alloying by
Cr, are obtained and discussed. The formation of the "pocket" in the electron density in the vicinity of
vacancy is revealed. We found that formation of the vacancy on the iron site leads to significant
increase of the main peak in total DOS just below the Fermi energy together with the corresponding
narrowing of the bands located below the Fermi level. The analysis shows that the formation of the
vacancy on the Fe site leads to the creation of the damping wave of electronic excitations.
Comparison of the partial DOS for d-electrons for different iron atoms in the extended cell clearly
shows that this is the excitation of mainly d-states that reveal the same tendency as the total on-site
DOS. At the same time the partial DOS for p-states for Al atoms does not show any noticeable change
when the vacancy on the Fe site is formed. We found the changes in the site preference for Cr
substituting for Fe or Al when the vacancy in FeAl(B2) phase is formed. The bonding tendencies and
the changes in DOS in this case are discussed.

Keywords: Fe-Cr, FeAl alloys, WIEN 2k package, Augmented Plane-Wave + Local Orbitals
(APW+LO), Densities of States

Yu.N. Shunin, A.V. Gopeyenko. Phase-shift Functions Method for Nanoclusters Electronic
Structure Calculations in Solids, Computer Modelling and New Technologies, vol. 9, No 1,
2005, pp. 15-31.

Presently in semiconductor technologies at the micrometer length scale is being used.
However, these technologies have achieved the physical limits. Now the downscaling of
semiconductor devices to a new technology at the nanometer length scale is expected. Successful
production of nanometer scale devices requires a clear understanding of physical and electronic
properties of nanometer scale systems.

Nanoclusters have a wide range of applications that depend on their properties. Different kinds
of materials are used in different areas. For example metals that have magnetic properties (such as Fe,
Cu) can be used for development of new high-density storage devices. Si and Ge are used in
semiconductor technologies to produce different nanometer scale electronic devices.

There is a considerable interest in the geometrical, electronic, and chemical properties of
nanoscale clusters. Such clusters represent an intermediate phase of matter, whose material properties
are often quite different from either the single-atom or bulk properties of the elements involved. With
the current scientific focus on nanotechnology, the field of cluster research has received renewed
impetus, as clusters may well provide suitable building blocks for the construction of desirable
nanostructures. It is in this context that the quantum transport properties of nanoscale clusters may
well prove to be important. The recent advent of molecular electronic systems has opened up a
frontier in which atoms, clusters, and/or molecules assume the role of electronic device elements. A
progress in this field has been rapid, and already prototypical molecular logic circuits have been
constructed in laboratories. However, there are many outstanding problems, which need to be
understood. In particular, solid-state calculations for nanoobjects are actually. The main attention in
this work is paid to the electronic scattering calculation for atomic clusters, which are the nanobjects.

Keywords: nanotechnology, nanocluster, Shrédinger equation, phase function, phase shift,
potential, tight binding approximation (TBA), nearly free electron approximation (NFEA)
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M. Kopeetsky. Mathematical Modelling of the Wireless Communication Network, Computer
Modelling and New Technologies, vol. 9, No 1, 2005, pp. 32-39.

The paper is devoted to study and evaluation of the erroneous packets flow on the physical
layer of a wireless communication network. A mathematical model of the erroneous packets passed to
the communication channel has been structured and analysed. The statistical estimation of the
erroneous packets number is presented and discussed in the paper.

Keywords: Wireless communication channel, erroneous packets, error bursts.

Z. Laslo, D. Golenko-Ginzburg, A. Gonik. Alternative Stochastic Network Projects with
Renewable Resources, Computer Modelling and New Technologies, vol. 9, No 1, 2005, pp. 40-46.

The paper presents a heuristic for resource constrained network project scheduling. A network
project comprising both alternative deterministic decision nodes and alternative branching nodes with
probabilistic outcomes is considered. Several renewable activities related resources, such as machines
and manpower, are imbedded in the model. Each type of resources is in limited supply with a resource
limit that is fixed at the same level throughout the project duration. Each activity in the project
requires resources of various types with fixed capacities. The activity duration is a random variable
with given density function. The problem is to minimize the expected project duration by determining
for each activity, which will be realized within the project’s realization, its starting time (decision
variable), i.e., the time of feeding-in resources. The resource delivery schedule is not calculated in
advance and is based on decision-making in the course of monitoring the project. The suggested
heuristic algorithm is performed in real time via simulation. Decision-making is carried out:

e at alternative deterministic decision nodes, to single out all the alternative subnetworks (joint
variants) in order to choose the one with the minimal average duration;

e at other essential moments when at least one activity is ready to be operated but the available
amount of resources is limited. A competition among those activities is carried out to determine
the subset of activities which have to be operated first and can be supplied by available resources.
Such a competition is realized by a combination of a knapsack resource reallocation model and a
subsidiary simulation algorithm.

Keywords: Alternative decision nodes, probabilistic branching, joint variant, renewable
resources, resource constrained GERT project scheduling algorithm, stochastic project simulation

A.L Kravchenko, S.M. Lyubkin, V.S. Rezer, A. Ben-Yair, A.V. Malisheva. Distribution
Algorithms of the Valueing Resources at Design Office, Computer Modelling and New
Technologies, vol. 9, No 1, 2005, pp. 47-56.

At formation of the summary thematic plan of design office for the certain scheduled period
the task of the budget optimum distribution, allocated for this period, between the separate projects is
considered. The generalized parameter including a degree of a priority on each project, probability of
performance of the project to prognosticated term, which is determined during the decision of a task,
is taken into account as optimality criterion. The displacement value of this term respectively given
one is also defined. The solution of a task is based on the dynamic programming method use.

Keywords: budget optimum distribution, design office, dynamic programming

E.K. Zavadskas, A. Kaklauskas, M. Viteikiene. Decision Support Web-based System for
Construction Innovation, Computer Modelling and New Technologies, vol. 9, No 1, 2005, pp.
57-67.

Many construction and facilities management Web sites can be found on the Internet. The
interested parties on construction and facilities management Web sites can find databases of best
practices, analysers, software, expert and decision, etc.

Technological innovation mainly through changes in the availability of information and
communication technology inclusive databases of best practices, calculators, analysers, software,
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neural networks, decision support and expert systems that have been provided by a variety of new
services developed by the construction and facilities management sectors.

Most of all calculators, analysers, software, decision support and expert systems, neural
networks and on-line systems seek to find out how to make the most economic decisions and most of
all these decisions are intended only for economic objectives. Alternatives under evaluation have to
be evaluated not only from the economic position, but take into consideration qualitative, technical,
technological and other characteristics as well. Based on the analysis of the existing calculators,
analysers, information, expert and decision support systems, neural networks and in order to
determine most efficient versions of best practices a Decision Support Web-Based System for
Construction Innovation (IDSS) was developed by Vilnius Gediminas Technical University.

Innovation activities involve a number of interested parties who pursue various goals and have
different potentialities, educational levels and experiences. This leads to various approaches of the
above parties to decision-making in this field. In order to do a full analysis of the available
alternatives and to obtain an efficient compromise solution, it is often necessary to analyze economic,
technical, technological, management, organization, legal, social and other information. This
information should be provided in a user-oriented way.

Keywords: construction, innovation, decision support system, multiple criteria

V. Sharapov. The Synthesis of Optimal Control In The Vehicle Suspension And It’s Technical
Realization, Computer Modelling and New Technologies, vol. 9, No 1, 2005, pp. 68-72.

The problem of the optimal regulation of the vehicle suspense synthesis has been solved. The
solution is based on the optimal filtration theory of Kolmogorov-Viner.

We consider such regulation of the suspended object to be optimal which provides the required
minimum of vibrations under the minimal power consumption of the regulation system. The law
found for the regulation of the back communication circuit states that the closed system “object-
regulation” is stable and optimal in the sense of the selected criteria of quality.

A simplified form of the optimal regulation law has been suggested; it permits technical
realization, using widely known means of automatics.

Keywords: Kolmogorov-Viner optimal filtration theory, vehicle
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COMPUTER MODELLING and NEW TECHNOLOGIES, 9.séjums, Nr.1, 2005
(Anotacijas)

A. Strutz, D. Fuks. Cr amfotériskas ipasibas FeAl(B2) fazé, Computer Modelling and New
Technologies, 9.s€j., Nr.1, 2005, 7.—14. lpp.

Petfjums par Fe izvietojuma vakances ietekmi un par Cr sakausgjumu uz FeAL fazes joslas
struktiiras ar vakanci ir veikts, pamatojoties uz Full Potential Augmented Plane-Wave (APW) + Local
Orbitals (LO) metodi ar WIEN 2k paketi. Darba ir iegiitas un diskutétas izmainas totala un parciala
stavokla blivuma - Densities of States (DOS), kas ir ka vakances veidoSanas un Cr sakaus€juma
rezultats. Ir paradita “kabatas” veidoSanas elektronu blivuma vakances apkartng.

Autori konstatgja, ka vakances veido$anas uz dzelzs rada nozimigu palielinajumu totalas DOS
galvenaja smailé tieSi zem Fermi energijas kopa ar atbilsto$o joslu saSaurindjumu, kas izvietotas zem
Fermi Iimena. Analize parada, ka vakances veidoSanas uz dzelzs noved pie elektronisko svarstibu
vilnu noslap&juma rasanas.

Savienojuma tendences un izmainas DOS raksta tiek iztirzatas.

Atslegvardi: Fe-Cr, FeAL sakauséejumi, WIEN 2k paketes, Augmented Plane-Wave + Local
Orbitals (APW+LO), stavokila blivums - Densities of States (DOS)

YU.N. Shunin, A.V. Gopeyenko. Fazes nobides funkciju metode nanoklasteru elektronisko
strukttiru aprékiniem cietvielas, Computer Modelling and New Technologies, 9.s€j., Nr.1, 2005,
15.-31. lpp.

Paslaik pusvaditaju tehnologijas tiek pielietotas mikrometru garuma mérogos. Tomeér §is
tehnologijas ir sasnieguSas fiziskas robezas. PaSlaik ir paredzéta pusvaditaju ieriCu izméru
samazina$anas saskana ar jaunam nanometru garuma méroga tehnologijam.

Nanoklasteriem ir plasa méroga pielietojums, kas ir atkarigs no to Ipasibam. Tiek lietoti dazadi
materiali dazadas vietas. Piemeéram, metali, kuriem ir magnétiskas 1pasibas (Fe, Cu), var tikt pielietoti,
lai izveidotu jaunas izteikta blivuma ierices. Si un Ge tiek lietots pusvaditaju tehnologijas, lai razotu
dazadas nanometru méroga elektroniskas ierices. Pastav ari véra nemama interese geometrisko,
elektronisko un kimisko 1pasibu izmanto$ana nanoméroga klasteros.

Saja sfera tiek sasniegts loti atrs progress, lidz ar to laboratorijas ir jau izveidotas prototipu
molekularas logiskas kédes. Saja darba ir veikti elektroniskas izkliedes aprékini atomu klasteriem,
kuri ir nanoobjekti.

Atslegvardi: nanotehnologijas, nanoklasteris, Srédingera vienddojums, fazes funkcija,
fazes nobide, potencials, ciesas saiknes aproksimdcija (tight binding approximation - TBA, gandriz
brivo elektronu aproksimacija (nearly free electron approximation -NFEA)

M. Kopeetsky. Bezvadu komunikaciju tikla matematiska modelésana, Computer Modelling and
New Technologies, 9.s€j., Nr.1, 2005, 32.-39. lpp.

Raksts ir veltits bezvadu komunikaciju tikla fiziska slana kliidaino pakesSu pliismas izpé&tei un
novertésanai. Ir izveidots un analizéts klidaino pakesu, kas tiek padotas komunikaciju kanalam,
matematiskais modelis. Bez tam raksta tiek paradits un diskutéts kltidaino pakeSu skaita statistiskais
izvert&jums.

Atsleégvardi: bezvadu komunikaciju kanals, klidainas paketes, klidu eksplozija

Z. Laslo, D. Golenko-ginzburg, A. Gonik. Alternativie stohastiskie tikla projekti ar atjaunojamiem
resursiem, Computer Modelling and New Technologies, 9.sgj., Nr.1, 2005, 40.—46. Ipp.

Raksta tiek prezentéta heiristika jeb jaunatklasme tikla resursu projekta sastadiSsana. Tiek
izskatits tikla projekts, kas ieklauj ka alternativo noteico$o lémumu kopumu, ta arf alternativos nozaru
mezglus ar varbiit§jiem iznakumiem. Modeli ir ieklautas dazas atjaunojamas aktivitates, kas ir
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saistitas ar resursiem, e.g. mehaniskais un cilvéka speks. Katrs resursu tips ir ierobezota daudzuma ar
resursu limitu, kas tiek fikséts taja pasa [imenT visa projekta garuma. Katra aktivitate projekta pieprasa
dazadus resursu tipus ar fiksétdm kapacitatém. Probléma pastav projekta ilguma minimizg$ana,
nosakot katrai aktivitatei, kas tiek Istenota visa projekta realizacijas gaita, ta sakuma laiku (Iémuma
mainigais), i.e., resursu papildinasanas laiku. Resursu piegades grafiks netiek aprékinats uz prieksu,
un tas pamatojas uz lémumu piepemsanu projekta monitoringa gaita. Piedavatais heiristiskais
algoritms tiek veikts reala laika via simulacija.

Atslegvardi: alternativais léemumu kopums, saistitais variants, atjaunojamie resursi,
stohastiska projekta simulacija

A.L Kravéenko, S.M. Lubkin, V.S. Rezer, A. Ben-Jair, A.V. MaliSeva, Vértibas resursu

sadales algoritmi konstruktoru biroja, Computer Modelling and New Technologies, 9.s§j., Nr.1,
2005, 47.-56. 1pp.

Saja raksta autori izskata optimalas sadales uzdevumu, kur tiek ievérotas budzeta iesp&jas starp
atseviskiem projektiem, veidojot konstruktoru biroja tematisko planu noteiktam periodam.
Visparinatais raditajs ka optimalitates kritérijs tick nemts veéra, ieklaujot katra projekta prioritates
pakapi, projekta izpildes varbiitibu katram prognozg€jamam terminam, kur§ savukart tiek noteikts
uzdevuma risinasanas gaita, ka arf §1 termina nobides laika lielumu atbilstosi planotajam. STuzdevuma
risinaSanas pamata tiek izmantota dinamiskas programmeé&Sanas metode.

Atslegvardi: budzeta optimuma sadale, konstruktoru birojs, dinamiska programmesana

E.K. Zavadskas, A. Kaklauskas, M. Viteikiene, Inovaciju veidoSanas Web pamatota lémumu
atbalsta sistema, Computer Modelling and New Technologies, 9.s€j., Nr.1, 2005, 57.—67. lpp.

Internet tikla var atrast loti daudz un dazada timekla vietnes vadibas iespgjas un uzbives.
Timekla vietnes vadibas iespgjas un uzblivé ieinteresétas puses var atrast labakas datu bazes,
analttikus, programmas, ekspertus etc.

Tehnologiskas inovacijas galvenokart informacijas pieejamiba un komunikaciju tehnologija,
ietverot labakas izmantojamas datu bazes, kalkulatorus, analitikus, programmas, lémumu atbalstitajus
un ekspertu sist€émas un neironu tiklus, tiek nodrosinati ar veselu virkni jauniem servisiem, kurus rada
konstrukciju un vadibas iesp&ju sektori.

Pamatojoties uz esoso analitiku, kalkulatoru, informacijas ekspertu un lémumu atbalsta
sistémam, ka arT neironu tikliem, lai noteiktu visefektivakas versijas vislabakajiem pielietojumiem,
Gedimina Vilpas Tehniskaja universitate tika izstradata - Decision Support Web-Based System for
Construction Innovation (IDSS).

Atsleégvardi: uzbiive, inovacija, lemumu atbalsta sistema, multiplie kriteriji

V. Sharapov. Optimalas kontroles sint€ze transporta lidzeklu spriegums un tas tehniska
realizacija, Computer Modelling and New Technologies, 9.sgj., Nr.1, 2005, 68.—72. Ipp.

Raksta tiek izskatita transporta lidzeklu sprieguma probléma un paradits tas risinajums.
Risindgjums tiek pamatots uz Kolmogorova-Vinera optimalas filtracijas teoriju. Sis risinajums
nodro$ina nepiecieSamo vibraciju minimumu.

Tiek piedavata optimalo noregulgjumu likumu vienkarSota forma, ta pielauj tehnisko
realizaciju, pielietojot plasi zinamos automatikas lidzek]us.

Atsleégvardi: Kolmogorova-Vinera optimalds filtracijas teorija, transporta lidzeklis
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PREPARATION OF CAMERA-READY TYPESCRIPT:
COMPUTER MODELLING AND NEW TECHNOLOGIES

A Guide for Authors

A.N. AUTHOR
Affiliation
Institute address

Abstract reviews the main results and peculiarities of a contribution. Abstract is presented always in English or in
English and the second (presentation) language both.
Keywords: main terms, concepts

1. Introduction

These instructions are intended to provide guidance to authors when preparing camera-ready
submissions to a volume in the CM&NT. Please read these general instructions carefully before
beginning the final preparation of your camera-ready typescript.

Two ways of preparing camera-ready copy are possible:

(a) preparation on a computer using a word processing package;
(b) printed copy fitted for scanning.

2. Printer Quality, Typing Area and Fonts

IMPORTANT:

If you produce your camera-ready copy using a laser printer, use a 15 x 23 cm typing area (in A4
format: 30 mm — left, 30 mm — right, 30 mm — top, 30 — bottom, line spacing — single), as in these instructions,
in combination with the 10 points Times font. The pages will then be reproduced one to one in printing.
Fonts

The names and sizes of fonts are often not the same on every computer system. In these
instructions the Times font in the sizes 10 points for the text and 8 points for tables and figure legends
are used. The references section should be in the 10 points font.

3. Format and Style

The text should be in clear, concise English (or other declared language). Please be consistent in
punctuation, abbreviations, spelling (British English), headings and the style of referencing.

Camera-ready copy will be printed exactly as it has been submitted, so please make sure that the
text is proofread with care.

In general, if you prepare your typescript on a computer using a word processing package, use
styles for the font(s), margin settings, headings, etc., rather than inserting these layout codes every time
they are needed. This way, you will obtain maximum consistency in layout. Changes in the layout can be
made by changing relevant style(s).

4. Layout of the Opening Page

A sample for the opening page of a contribution is shown in Figure 1 on page 3.
Requirements for the opening page of a contribution are (see also Figure 1): the titles should always be a
centered page and should consist of: the title in capital letters, bold font, flush center, on the fourth text
line; followed by the subtitle (if present) in italics, flush center, with one line of white above. The
author's name(s) in capitals and the affiliation in italics should be centered and should have two lines of
white space above and three below, followed by the opening text, the first heading or the abstract.
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5. Headings
Please distinguish the following four levels of headings:

1. First-order Heading

This heading is in bold, upper and lowercase letters, numbered in Arabic figures, and
has two lines of space above and one line below. The text begins full out at the left margin.
1.1. SECOND-ORDER HEADING IN CAPITALS
This heading is in roman capitals, numbered in Arabic figures and has one line of space above
and below. The text begins full out at the left margin.
1.1.1. Third-order Heading in Italics
This heading is in italics, upper and lower case letters, numbered in Arabic figures and has one
line of space above and no space below. The text begins full out at the left margin.
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for power station

9. References

The References should be typeset in a separate section as a numbered list at the end of your
contribution in the following style:

Journal articles should consist of as follows: author's name, initials, year, title of article, journal
title, volume number, inclusive page numbers, e.g.:

[1] Dumbrajs O. (1998) Nuclear Fusion. RAU Scientific Reports & Computer Modelling & New
Technologies 2, aa-zz

[2] Kiv A.E., Polozovskaya 1.A., Tavalika L.D. and Holmes S. (1998) Some problems of operator-
machine interaction. RAU Scientific Reports & Computer Modelling & New Technologies 2, aa-zz

[3] Shunin Yu.N. (1996) Elementary excitations and radiation defects in solids induced by swift heavy
ions. RAU Scientific Reports & Solid State Electronics & Technologies 1, 15-35

[4] Schwartz K. (1996) Excitons and radiation damage in alkali halides. RAU Scientific Reports & Solid
State & Electronics & Technologies 1, 3-14

Book references should consist of as follows: author's name, initials, year, title of book,
publisher, place of publication, e.g.:

[5] Schwartz K. (1993) The Physics of Optical Recording. Springer-Verlag, Berlin Heidelberg New
York

[6] Shunin Yu.N. and Schwartz K.K. (1997) Correlation between electronic structure and atomic
configurations in disordered solids. In: R.C. Tennyson and A.E. Kiv (eds.). Computer Modelling of
Electronic and Atomic Processes in Solids. Kluwer Academic Publishers, Dordrecht, pp. 241-257 .

87



Computer Modelling & New Technologies * Preparation of Publications

Unpublished papers should consist of as follows: author's name, initials, year (or: in press),
title of paper, report, thesis, etc., other relevant details, e.g.:

[7] Shunin Yu.N. (1995) Elementary Excitations in amorphous solids accompanying the swift heavy ions
passages. Private communication. GSI Seminar. Darmstadt

The references above should be cross-referenced by numbers within square brackets:
...ascited in [1], or Kiv et al. [2]... The use of author's initials for cross-references is not encouraged.

10. Authors Index

Editors form the author’s index of a whole Volume. Thus, all contributors are expected to
present personal colour photos with the short information on the education, scientific titles and activities.

11. Submission

Check your typescript very carefully before it is submitted. Submit two copies of the typescript
to the Editors of the Volume. Always retain a copy of all material submitted as backup.

11.1. DISK FORMATS AND WORD PROCESSING PACKAGES

If you want to present contributions electronically please before submitting accord with the
Editors the details on your computer system, your word processing package and version (MS Word 6
and above versions are preferable) and the way of transfer on the information (disk or Internet).
Acknowledgements

Acknowledgements (if present) mention some specialists, grants and foundations connected with
the presented paper. The first page of the contribution should start on page 1 (right-hand, upper, without

computer page numbering). Please paginate the contributions, in the order in which they are to be
published. Use simple pencil only.

88



NATURE AND
COMPUTER WORLD

Scientific popular journal

NMPUPOOAA N ¥
KOMIMNbIKOTEPHbIN MUP

HayuHo-nonynsipHslii xKypHal

DABA UN
DATORPASAULE

Zinatniski popularais zurnals

PUBLISHERS:

TRANSPORT AND TELECOMMUNICATION INSTITUTE
TRANSPORTA UN SAKARU INSTITUTS (TSI)

&

INFORMATION SYSTEMS INSTITUTE

INFORMACIJAS SISTEMU AUGSTSKOLA (ISMA)

EDITORIAL BOARD:

THE HEAD OF THE BOARD

PROFESSOR, DR.SC.HABIL. I.V. KABASHKIN (LATVIA)
EDITOR-IN-CHIEF
PROFESSOR, DR.SC.HABIL. YU.N. SHUNIN (LATVIA)

MEMBERS OF THE BOARD:
Associate professor, Dr.Sc.Soc. V.V. Volkov (Latvia)
Dozent, Dr.Sc.Eng. A.V. Grackovsky (Latvia)
Professor, Dr.Sc.Habil. O. Dumbrajs (Finland)
Professor, Dr.Sc.Habil. A.E. Kiv (Israel)

TECHNICAL EDITOR:
MSc Ch.N. Hamroon

NATURE AND COMPUTER WORLD,
PUBLISHED SINCE 2001

ISSN 1407-8422

ISSN 1407-8422 - on-line

Copyright Ctsi&isma

Editorial office:

Nature and Computer World,

Lomonosov 1, Build. 4, LV-1019, Riga, Latvia
shunin@tsi.lv, kiv@tsi.lv

N&CW is the new scientific popular journal addressed to senior school students.
It pays attention to some actual fields of undergraduate studies:

e Mathematics
e Physics
o Computers

e Programming and Computer Modelling

e Nature Phenomena

We are open for collaboration in these directions in the framework of N&CW and
ready to consider corresponding materials. All articles are reviewed.

&9




	Cover

	Computer Modelling and New Technologies
	EDITORIAL BOARD
	CONTENTS 
	Editors’ Remarks 
	AMPHOTERIC PROPERTIES OF CR IN FeAl(B2) PHASE
A. Strutz , D. Fuks
	PHASE-SHIFT FUNCTIONS METHOD FOR NANOCLUSTERS ELECTRONIC STRUCTURE CALCULATIONS IN SOLIDS.
Yu.n. Shunin, A.V. Gopeynko 
	MATHEMATICAL MODELING OF THE WIRELESS COMMUNICATION NETWORK.
M. Kopeetsky
	ALTERNATIVE STOCHASTIC NETWORK PROJECTS WITH RENEWABLE RESOURCES.
Z. Laslo,   D. Golenko-Ginzburg,  A. Gonik
	COST RESOURSE DISTRIBUTION ALGORITHMS IN PROJECT DESIGN BUREOU (in Russian).
A.I. Kravchenko, S.M. Lyubkin, V.S. Rezer, A. Ben-Yair, A.V. Malisheva
	DECISION SUPPORT WEB-BASED SYSTEM FOR CONSTRUCTION INNOVATION.
E.K. Zavadskas, A. Kaklauskas, M. Viteikiene
	THE SYNTHESIS OF OPTIMAL CONTROL IN THE VEHICLE SUSPENSION AND IT’S TECHNICAL REALIZATION.
V. Sharapov
	Authors' index
	Personalia
	CUMULATIVE INDEX 
	PREPARATION OF CAMERA-READY TYPESCRIPT: COMPUTER MODELLING AND NEW TECHNOLOGIES



