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The Secret of the Machines
(MODERN MACHINERY)

We were taken from the ore-bed and the mine,

We were melted in the furnace and the pit—

We were cast and wrought and hammered to design,
We were cut and filed and tooled and gauged to fit.
Some water, coal, and oil is all we ask,

And a thousandth of an inch to give us play:

And now, if you will set us to our task,

We will serve you four and twenty hours a day!

We can pull and haul and push and lift and drive,

We can print and plough and weave and heat and light,
We can run and race and swim and fly and dive,

We can see and hear and count and read and write!

Would you call a friend from half across the world?
If you'll let us have his name and town and state,
You shall see and hear your crackling question hurled
Across the arch of heaven while you wait.

Has he answered? Does he need you at his side?
You can start this very evening if you choose,

And take the Western Ocean in the stride

Of seventy thousand horses and some screws!

The boat-express is waiting your command!

You will find the Mauretania at the quay,

Till her captain turns the lever ‘neath his hand,
And the monstrous nine-decked city goes to sea.

by Rudyard Kipling
Do you wish to make the mountains bare their head
And lay their new-cut forests at your feet?
Do you want to turn a river in its bed,
Or plant a barren wilderness with wheat?
Shall we pipe aloft and bring you water down From the
never-failing cisterns of the snows,
To work the mills and tramways in your town, And irrigate
your orchards as it flows?

It is easy! Give us dynamite and drills!

Watch the iron-shouldered rocks lie down and quake
As the thirsty desert-level floods and fills,

And the valley we have dammed becomes a lake.

But remember, please, the Law by which we live,
We are not built to comprehend a lie,

We can neither love nor pity nor forgive.

If you make a slip in handling us you die!

We are greater than the Peoples or the Kings—
Be humble, as you crawl beneath our rods!-

Our touch can alter all created things,

We are everything on earth—except The Gods!

Though our smoke may hide the Heavens from your eyes,
It will vanish and the stars will shine again,

Because, for all our power and weight and size,

We are nothing more than children of your brain!

hdLdbdrdbdbdbdbdbdbhbhddbrdrdrdrdrdrdbddedrddt

A Choice of Kipling's Verse (1943) *

This 16™ volume no. 3 presents actual papers on two main topics of Journal specialization,

namely,

Operation Research and Modelling and Computer Simulations and

Innovative Technologies. Contributors of this issue represent scientific institutions of Latvia,

Israel, Kazakhstan and UK (Scotland).

Our journal policy is directed on the fundamental and applied sciences researches, which
are the basement of a full-scale modelling in practice.

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. We hope that Journal’s contributors will consider the collaboration with the Editorial

Board as useful and constructive.

EDITORS

l
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Yu. N. Shunin

I. V. Kabashkin

* Rudyard Kipling (1865-1936) was born in Bombay, India, at the end of the year 1865. Rudyard Kipling is one of the best-known
of the late Victorian poets and story-tellers; he was awarded the Nobel Prize for literature in 1907.
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FINANCIAL MODELS OF HUMAN BEHAVIOUR
IN DESIGN OFFICE
Part I1. Projects' Executors as Active Players

D. Greenbergl, D. Golenko-Ginzburg2

'Department of Economics and Business Administration, Faculty of Social Science
Ariel University Center (AUC) of Samaria
P.O. Box 3, Ariel, 40700, Israel
E-mail: dorongre@Ariel.ac.il

’Department of Industrial Engineering and Management
Ben-Gurion University of the Negev
Beer-Sheva, 84105, Israel, and

Department of Industrial Engineering and Management
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The developed models are a further extension of the model presented in [1]. The general idea centres on determining quasi-
optimal estimates of random activity durations from the executors in order to maximize both the project's utility and the executors'
personal profit. Here both the executors and the design office are active players.

Keywords: active systems; active players; PERT-COST projects; project activity of random duration; activity executor;
estimation of p.d.f. activity duration

1. Introduction

In [1,4] we have outlined several problems connected with human behaviour in project
management (PM). Now we will present another problem in that area referring to multilevel stochastic
project management. This paper is a research development of [1] and refers to the theory of active
systems [2, 4].

Assume that the project management system (design office) S comprising several simultaneously
realized stochastic network PERT-COST projects at the lower level and the company personnel at the

upper level, receives at the end of the planning period an award W g, depending on the portfolio’s utility
Uy . Usually a certain pregiven part of W ¢ remains at the company’s disposal, while the other part (call
henceforth those two parts W, and W, , correspondingly) is dispersed among the projects. If n
projects Gk(N,A), 1<k <n, with utilities U, participate in this division, each project Gk(N,A)
receives an award estimated as

——, 1<k <n.

Here the calculation is carried out for each project G, (N ,A) (see [2, 4]), with budget values C,,
due dates D, and reliability values R, being preplanned and predetermined.

Similarly to [1] we will assume that each activity (i, j) entering a PERT-COST project has a
random duration with p.d.f.

pylt)= Y 12(1 (’—az;)(bf/ _t)z' 2)

ij 7]
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Note that in accordance with the theory of active organization systems [2, 4], all executors at the
medium PM level, i.e., practically all executors responsible for operating project’s activities (i, j)k,
1<k <n, are playing their active game similar to that outlined in [1]. They deliberately overestimate
their activity durations by prolonging the right “tail” of the beta p.d.f. (2), i.e., parameter b . This results
in overestimating the due date D, and enables the project’s personnel both comfortable (non-intense)

working conditions accompanied by guaranteed awards. However if the project’s personnel would be
informed beforehand that in case of executing the project within a shorter preplanned time their award

share would be significantly higher, than for a longer preplanned D, (and this is one of the psychological

backbones of the theory of active systems!), the players might become interested in changing their game
strategy. Namely, we suggest that each activity executor be allowed to determine several (two-three)
estimates b :

e the basic one (b ) which practically guarantees a quiet life for the executor;
e the intermediate estimate b* <b which actually enables to operate the activity with p.d.f.
duration (2), b =b", but by means of a higher labour productivity, and

e the minimal value o™ <b" <b, which requires from the executor to work in the most
exhausting manner, i.e., with the utmost labour productivity.

Honouring the active systems theory applied to our case, we suggest to each activity executor to

proclaim beforehand the three estimates for the right bound of the corresponding p.d.f. (2) for that

activity. Such an action would result [4] in diminishing the due date D, for each project and, later on, in
increasing the corresponding utility function for that project as well, i.e., in changing the system’s utility
Ug to Ug and Uy, correspondingly. Since Uy >Ug > Uy holds, the corresponding awards W g
would increase as well, namely

. Us
We =Wy —=%,
US
U (€)
Wy =W -—5-
US

Thus, each project G, (N ,A) would be granted an essentially higher award, but only on condition
that the project executers decided to declare beforehand the appropriate improvement of the former due

date D, (to be changed to D; or DZ*) with subsequently implementing this amended due date as a plan

parameter.

According to the active systems theory [2], only the project’s personnel and nobody else can
undertake such an alternative decision: either working harder and earning more or just leaving things as
they stand now. It goes without saying that an individual project’s decision does not influence other

projects. Note that in the course of undertaking such a game the pregiven reliability values R, for each

project remain the same, independently of the due dates’ changes.

Let us formulate in appropriate terms the problem under consideration. Two cases will be
examined:

A. Case of a single project (a two-level on-line control model), and

B. Case of several projects (a three-level on-line control model).

2. Notation
Let us introduce the following terms (for simplicity we will omit index k ):

(i, j) c G(N, A) — activity entering the project;

t. —random duration of (i . J );

c(i,j)  —budget assigned to activity (i, /);

c(i, /),;. —the minimal budget with which activity (7, /) can be operated (pregiven);
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—the maximal budget to operate (i ,J ) (pregiven);

_the modified right bound of the beta-distribution (2) for each activity by means of
intensifying the labour productivity of operating (i, J ) as compared to the existing one

(received from executors of all activities (i, j) € G(N ,A) )
—practically the minimal right bound of (2) which can be achieved by executing (i, j)
with the utmost labour productivity (received from all executors as well).

T {G(N ,A) c(i, j),blj} — the project’s random completion time on condition that the

project budget value C is reallocated among activities (i, J ) and regular or “curtailed”

values b are used in calculating T.

3. Case of a Single Project

Note [3—4] that bl-j actually depends on budget values c(i, J ) assigned to activity (i, J ) which are

unknown beforehand. Therefore we suggest expressing b; and b;-* in relative terms, e.g., b; =095,

b;* =0.90bl-j. When interacting with project’s decision makers, one have to bear in mind that

consecutive diminishing the right “tail” b;/ will sooner or later lead to the equilibrium value b;** where

even working with the utmost intensity may result in failing to meet the project’s target on time. Each
executor must be aware of such a situation to refrain himself from getting too close to the regarded

equilibrium point by estimating bij . Note that the concept of equilibrium plays an essential role in the

theory of active systems.

The problem’s formulation is as follows: minimize the p°-th quantile of T {G(N ,A) c(i, i ), b[j}

min{Wp* {T{G(N, A)cli, j)b, }}} @)

subject to

b, > b,

J y

(6))

Zc(i,j)zc, (6)

i fin <0 )< €l ) e - @

Thus, {c(i, ])} have to be reallocated among all (i, ]) optimally, together with the optimal
combination of {by} for all activities (i, /)€ G(N, A4).

To solve problem (4—7), one has to check all combinations ;b b-} submitted by the executors,

ij 2T

with subsequently choosing the optimal set {b,]} delivering minimum to (4) by solving optimisation problem

min{Wp* {T{G, N, A} j)} (8)

subject to (6—7) with fixed {bi/' }
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After determining the optimal sequence {bi].} the latter has to be sent to the executors in order to

confirm the possibility of realizing the process of the project. The optimal value (4) has to be considered
as the new preplanned due date D (lower than the former value). If for some activities (i, J ) there are

objections from the corresponding executors, restriction (3) has to be corrected and optimisation problem
(4-7) resolved, until no contradictions take place any more.
We recommend solving problem (4-7) in two stages. At the first stage a cyclic coordinate search

algorithm CCSA [4-5] is implemented in the space of {bg./.}, (i, j)e G(N R A), while for a fixed set of
{bi].} the problem has to be solved at the second stage. In order to simplify the problem’s solution one has
to apply for all activities (i, j) € G(N ,A) one and the same relations connecting b; , b;* and b, e.g.,

b;. =0.95p, bj* =0.90b; . Thus, problem (1-8) has to be solved only for three combinations.

i

4. Case of Several Projects

Analysing such a case results in an essentially more complicated solution. We suggest for projects
G, (N ,A) participating in a game similar to that outlined above, as it was stated for the case of one single

project, to question all executors responsible for operating activities (i, J )k, 1<k <n, regarding their
psychological possibilities of shortening the corresponding right “tails” bijk . We suggest to obtain from

each executor several (two-three) relative estimates, i.e., bl-jk , O.95bijk , O.90bijk , which, on their opinion,

may be achieved by the appropriate intensifying effort. Thus, if the k -th project incorporates n,
activities and then at the first level a cyclic coordinate descent algorithm has to be implemented in the

n
N= an — dimensions space in order to obtain for each combination {bijk} one of those three values
k=1
under examination, namely:

o the existing estimate by ;

o theslightly curtailed 0.950;, = b;k ;

o the essentially curtailed 0.90b,, = b:,t , (i,j) € G'(N, A) ,1<k<n.

Each coordinate {bg/k} serves as the output value of the CCSA algorithm [4] and the input value

for the PERT-COST algorithm outlined in [1, 4]. Thus, the problem is to determine optimal values
{c(i i )k} and {bi/-k} in order to maximize the utility of the projects’ portfolio by using the model outlined

in [1]. After determining the routine feasible combination of estimates {bij } by applying CCSA, we solve

max{z pkUk} ©)
k=1

on the basis of intermediate models outlined in [1]. The optimal combination of {bi]-k} and {c(i, ])k} has

to be determined in order to solve problem (9) by obtaining a preliminary optimal solution:

To minimize for all n projects G, , | <k <n, values

D =W, {T{Gk (N, 4)/cli, )by }} (10)
subject to
bg/k > b;;;* (obtained from all executors), (11)

10



Operation Research and Modelling

i) =C
~ {g};f(’»])k > (12)
c(l'ﬁj)kmin Sc(i’j)k Sc(i’j)kmax : (13)

Note that after reallocating cost resources among the projects values Wp* are obtained and later on
k

minimized independently. Moreover, after determining {bi/'k} by means of CCSA we may further
improve them by solving problem (10-13). After solving that problem for the group of 7 projects

the optimal portfolio utility’s value [1] has to be maximized. Since values Zc(z’, J )k =C, and p,t are

i}

practically not changed essentially in the course of “curtailing” parameters bi]-k (this affects only the due

dates D, = Wp* {T {Gk (N ,A)/ c(i, j)k’bijk }} , 1<k <n), increasing the utility of the projects’ portfolio
k

LT3

can be undertaken only by shortening the activities’ “tails”.

5. Conclusions

The problem outlined in the paper is a complicated one since considering psychological
interactions and human behaviour changes on-line control problems essentially. However, solving that
problem results in improving the hierarchical project management system’s utility.

What is, in essence, the similarity and the difference between the theory presented in [1], and
the model outlined in the present paper? Both models refer to stochastic project management. In [1]
the Centre (company) is an active player, while in our case players are system’s active elements
(projects). Being different in nature, they are similar in results: the PM in both cases raises its utility
without any antagonistic losses among all reciprocating elements entering the PM.
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In this paper, we present an accurate procedure to obtain prediction limits for a number of failures that will be observed in
a future inspection of a sample of units, based only on the results of the first in-service inspection of the same sample. The failure-
time of such units is modelled with a two-parameter Weibull distribution indexed by scale and shape parameters £ and o,
respectively. It will be noted that in literature only the case is considered when the scale parameter § is unknown, but the shape
parameter & is known. As a rule, in practice the Weibull shape parameter § is not known. Instead it is estimated subjectively or
from relevant data. Thus its value is uncertain. This J uncertainty may contribute greater uncertainty to the construction of
prediction limits for a future number of failures. In this paper, we consider the case when both parameters £ and & are unknown.
In literature, for this situation, usually a Bayesian approach is used. Bayesian methods are not considered here. We note, however,
that although subjective Bayesian prediction has a clear personal probability interpretation, it is not generally clear how this should
be applied to non-personal prediction or decisions. Objective Bayesian methods, on the other hand, do not have clear probability
interpretations in finite samples. The technique proposed here for constructing prediction limits emphasizes pivotal quantities
relevant for obtaining ancillary statistics and represents a special case of the method of invariant embedding of sample statistics into
a performance index. Two versions of prediction limits for a future number of failures are given.

Keywords: Weibull distribution, parametric uncertainty, future number of failures, prediction limits

1. Introduction

This paper extends the results of Nelson [1]. Nelson's prediction limits were motivated by
the following application. Nuclear power plants contain large heat exchangers that transfer energy from
the reactor to steam turbines. Such exchangers typically have 10,000 to 20,000 stainless steel tubes that
conduct the flow of steam. Due to stress and corrosion, the tubes develop cracks over time. Cracks are
detected during planned inspections. The cracked tubes are subsequently plugged to remove them from
service. To develop efficient inspection and plugging strategies, plant management can use a prediction of
the added number of tubes that will need plugging by a specified future time.

Nelson presents simple prediction limits for the number of failures that will be observed in a future
inspection of a sample of units. The past data consist of the cumulative number of failures in a previous
inspection of the same sample of units. Life of such units is modelled with a Weibull distribution with
a given shape parameter value.

Prediction of an unobserved random variable is a fundamental problem in statistics. Hahn and
Nelson [2], Patel [3], and Hahn and Meeker [4] provided surveys of methods for statistical prediction for
a variety of situations on this topic. In the areas of reliability and life-testing, this problem translates to
obtaining prediction intervals for lifetime distributions. Nordman and Meeker [5] compared probability

12
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ratio, simplified probability ratio and likelihood ratio methods proposed by Nelson [1], assuming known
the Weibull shape parameter 6.

In this paper, we use a frequentist procedure, which is called ‘within-sample prediction of future
order statistics’, when the time-to-failure follows the two-parameter Weibull distribution indexed by scale
and shape parameters f and 6. We consider the case when both parameters f and ¢ are unknown.
The technique proposed here for constructing prediction limits emphasizes pivotal quantities relevant for
obtaining ancillary statistics and represent a special case of the method of invariant embedding of sample
statistics into a performance index applicable whenever the statistical problem is invariant under a group
of transformations, which acts transitively on the parameter space (Nechval et al. [6-7]).

Conceptually, it is useful to distinguish between “new-sample” prediction, “within-sample”
prediction, and “new-within-sample” prediction. Some mathematical preliminaries for the within-sample
prediction are given below.

2. Mathematical Preliminaries for Within-Sample Prediction

Theorem 1. Let X < ... < X be the first k ordered observations (order statistics) in a sample of size
m from a continuous distribution with some probability density function f;(x) and distribution function F(x),
where @is a parameter (in general, vector). Then the joint probability density function of X; < ... < X and
the /th order statistics X; (1 < k<7< m) is given by

o (X sXp> X)) = o (Xy, -, )€ (X, | X )s (D
where
go(-%) = _k),Hfo)l Fyx)"™, @

8o(x; | x;) = (m — k) {Fe(xl)_Fe(xk)}lkl {I_Fé)(xl)_Fg(xk)}ml Jo (X))

(I=k=D!(m-D! 1= Fy(x;) 1-Fy(x;) 1-Fy(x;)

m-k) BN1-k-1) =R [ )
> (/| —=s | el
j

T (k-1 & 1— Fy(x,) 1- Fy(x,)
m—k)! nlm—1 F,(x)—F,(x et X
_ ( ) Z ( 1)] 9( l) 9( k) fe( I) (3)
C(I—k=D)l(m~ Dl 1=Fy(x;) 1=Fy(x)

represents the conditional probability density function of X; given X, = x;.

Proof. The joint density of X; < ... < X} and X; is given by

ge(xl"":xk’xl) mnfg(x) FH(xl) Fg(xk)]l = lfg(xl)[l Fg(xl)]ml

= 8o (X1, X )0 (%) | X ). (4)
It follows from (4) that

o (X1, 0xy, %)

=go(x; | Xp), Q)
8o (xp,..0x;)

o (x| X, .0x,) =

13
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i.e., the conditional distribution of X, given X; = x; for all i = 1,..., k, is the same as the conditional
distribution of X}, given only X} = x;, which is given by (3). This ends the proof.

Corollary 1.1. The conditional probability distribution function of X; given X; = x; is

PB{XI <x; | Xy =xk}:1_ (m—k)! l—k—l([_k—lj (-1)] 'Vl_Fg(xl):|ml+l+j

U=k=Dm-D! S j  Jm—l+1+j[1-Fy(x;)
it . I=k+j
__ (m=k) 3 m=1) (=1)) | Fplx)—Fy(x;) ©)
(=k=Dm-DV= j )i-k+j 1-Fy(x;) '

Corollary 1.2. Let X; < ... < X, be the first k order statistics in a sample of size m from the two-
parameter Weibull distribution with the probability density function

5 o-1 o
f9<x>=5[ﬂ exp{—(%] } (x> 0), (7)

where € = (f,0), f > 0 and & > 0 are the scale and shape parameters, respectively. Then the conditional
probability distribution function of X, given X = x; is

. . LN\ m—lH+ )
o ek Rk @y (g |
Py{X; < x| Xy =xi f=1 T k—Dlm=1) 120[ ; Jm—l+1+jLeXp 3 - ®

Theorem 2. If in (8) the scale parameter £ is unknown, then the predictive probability distribution
function of X; based on (x;,0) is given by

{(LJH}_
X, x; (=k=D\(m=1)
-1

I=k=1(] _p _ ' k-l ’
le[l ) IJLH{[_IJ _IJ(M—I+1+j)+(m—k+1+S) - ©
AN

m—=1+1+ 7ol x,

Proof. We reduce (8) to

) (2550

(m—k)! ""‘1(1 —k- 1] (-1’

-~ _ 5_
(kDD = m—l+1+j[eXp( v’ -0)

m—I+1+j

Pg{Vg <V | W:w}, (10)

where V' = X,/ X is the ancillary statistic whose distribution does not depend on the parameter S. Since X,
does not depend on V, W =(X, / ﬁ)5 is the pivotal quantity, whose distribution is known and does not

depend on the parameters £ and 6, we eliminate the parameter £ from the problem as

14
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PE{XIle}:jPH{Xlle|Xk:xk}g€(xk)dxka (11)
0

where

2o(x,) = mw O = Fp )™ fo (), x; € (0,00), (12)

represents the probability density function of the k-th order statistic X;. Indeed, it follows from (12) that

ml . AV . 8(m—k) . 5 . 5
S0 = G | kan o H?kj }:Xp HEJ ME]

m!

= m[] — e*w]k—l o Wm—k) g g(w)dw. W)

It follows from (10) and (13) that

Pr0 <vy =jP§{V5 <V | W = whg(w)dw
0

| S 1-k=-1) <1y (s . B
:l_ﬁz[ _ JL(H[(V‘}—1)(m—1+1+])+(m—k+1+s)]]. (14)

= j m=I+1+j\

Now (9) follows from (14). This ends the proof.

Corollary 2.1. If the parameter 6 = 1, i.e. we deal with the exponential distribution, then the
predictive probability distribution function of X; based on x is given by

L
X, ) \x (= k=1 (m—1)!

-1
I=k-1(71_1 _ i k-1
XZ(Z k lji[nli[ﬁ—1](m—l+1+j)+(m—k+1+s)D . (15)

= Jo)m=l+1+j I\ x

Theorem 3. Let X; < ... < X, be the first k£ ordered observations from a sample of size m from the
two-parameter Weibull distribution (7). Then the joint probability density function of the pivotal
quantities

~\O
-2, WF(EJ, (16)

conditional on fixed z¥ = (ziy ..., z1), where Z; =(X;/ ,5)5, i =1,...,k, are ancillary statistics, any k-2 of

which form a functionally independent set, ﬁ and & are the estimators of pand o, based on the first &

ordered observations (X, < ... < X}) from a sample of size m from the two-parameter Weibull distribution (7),
such that W, and W; are the pivotal quantities (in particular, the maximum likelihood estimators of £ and 6,

15
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P . . 1/6
B:qzxﬂ(m—k)x,f}/k} (17)
i=1

and

-1
koo _ koo Nk
0= [fo Inx, +(m—k)x} lnxk][Zx{) +(m—k)x,f] —%Z}lnxi (18)

i=1 i=1

respectively, lead to the pivotal quantities W, and W3) is given by

i=1 i=l1

k k
fOwywy [ 29) = 8" @)y T [ 22w exp[— w2 {z 2% +(m—k)z)? D

k k
=9° (Z(k))W§—2HZZW2 W3W2(k71) exp[— W;Vz {z 22 +(m— k)Z,er DWZW;Q -1

i=1 i=l1

= f(wy |20 £ (wy | wy,20), wre(0, 20), wse(0, 00), (19)
where
® k k -k -
9" (20 = j T(kyws 2] ] 2" (zziwz +(m—k)z,:V2J dw, (20)
0 i=1 i=1

is the normalizing constant,

—k
k k
f(w, |z<k)>:9<z(k>>w§ZHZ,”[ZZ,»WZ +<m—k>z,?2j . wy €(0,0), @1
i=1 i=1
® k k —k -
Hz®) = j ws ] [ (Zziwz +(m—=k)z? | dw,| , (22)
0 i=l1 i=1

K k
|:z 2 +(m—k)z? }
S vy [y, 2ty =2 2y

W3

T(k)

k
x exp{— wy? I:Z:ziW2 +(m—k)z,? Dwzwyz_l , w; € (0,00). (23)

i=1

Proof. The joint density of X; < ... < X is given by

k 51 5 5
So(xpseexy) = (m"j!k)! 1;[%[%} exp{— (%J Jexp[— (m— k)[%‘] J (24)

Using /? and & (the maximum likelihood estimators of £ and ¢ obtained from solution of (17) and (18))
and the invariant embedding technique [8—14], we transform (24) as follows:
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'k—lkkxiﬁ kxig xkg”“
folx, . xk)d/?dé—(m_k)!l;lxi S ] [Ej exp{—g[zj —(m—k)(?j dpds

m! AAk -1 k-2 1
ISR S L HZWZWW”’ )exp[

i=1

z "+ (m—k)z? :Ud(w )dw,

i=1 i=1

k k
- — wy . wy (k-1 w Wy —
= (m k)' ﬂé‘kl Ix tw 2I Izi 2w, 2 )exp{—w {Zzi 2 +(m—k)z,? DW2W3 2dwydwy.  (25)

Normalizing (25), we obtain (19). This ends the proof.
It will be noted that more general case of distributions indexed by location and scale parameters
has been considered in [15].

Theorem 4. If in (8) both parameters £ and ¢ are unknown, then the predictive probability
distribution function of X; based on (x, ,&) and conditional on fixed z*' is given by

5 5
Pl ) o2l m
X, X (= k=D\(m—-1)!
VVZ

© k=17 _ ] _ j k-1 s
xj (l k IJiH {ﬁ} —Lm=1+1+ j)+m—k+1+5) || fOwy|2F)dw,.  (26)
0 J - s=0

Proof. We reduce (9) to
(5 Mé
P, [Xl][ )ﬁ[ﬁJﬁ[aj :1_$
Xy X (I-k-D(m-1D)

(s
I=k=1(7_p _ ' k1 °\5
(S () 6t primtetes

= Jj m—=I+1+j ool | Lxg

Ik (= -l
:1_(l—k—+):(m—l)!j§( . JL_H[(V;Z—1)(m—l+1+j)+(m—k+1+s)]]

J m—I+1+j 0
=PV <y, 27
2 2

where V, =(X,/X k),s is the ancillary statistic whose distribution does not depend on the parameters

and o. Since the pivotal quantity W,, whose distribution is given by (21), does not depend on V>, it
follows from (21) and (27) that
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P{ Vy <vy 2P }: TP{VZWZ <vy? } fOwy [ 25w, (28)
0

where the unknown parameters £ and ¢ are eliminated from the problem. Now (26) follows from (28).
This ends the proof.

3. Prediction Limits for a Future Number of Failures

Consider the situation in which m units start service at time 0 and are observed until a time ¢,
when the available Weibull failure data are to be analysed. Failure times are recorded for the & units that
fail in the interval [0, #.]. Then the data consist of the & smallest-order statistics X; < ... <X; < t.and the
information that the other m—k units will have failed after ¢.. With time (or Type I) censored data, ¢. is
prescribed and & is random. With failure (or Type II) censored data, & is prescribed and ¢. = X; is random.

The problem of interest is to use the information obtained up to . to construct the Weibull within-
sample prediction limits (lower and upper) for the number of units that will fail in the time interval [#, #,].
For example, this ¢, could be the end of a warranty period.

Consider the situation when 7. = X;. Under conditions of Theorem 4, the lower prediction limit for
the number of units that will fail in the time interval [z, ¢#,] is given by

Llower = lmax —k, (29)

where

Loy = lfnlax arg(P{X, >t | Z(k)} < a). (30)
<I<m

The upper prediction limit for the number of units that will fail in the time interval [, ¢, ] is given by

Lupper:lmi —k—1, (31)

where

i = minarg(PLX, > 1, |29} > 1-a). (32)
k<I<m

In the above case, where both parameters £ and 6 are unknown, the prediction limits (lower and upper)
for the number of units that will fail in the time interval [#., #,] are based on (xk,g ) and conditional on
fixed 2.

If [, whichsatisfies (30), does not exist then /= k and the lower prediction limit for the number
of units that will fail in the time interval [¢., ¢,] is given by
Ligwer =lax —k =0. (33)
If /, which satisfies (32), does not exist then /,,;,=m + 1 and upper prediction limit for the number
of units that will fail in the time interval [z, ¢,] is given by
L L

upper — ‘mi

L —k—l=m—k. (34)

4. Second Version of Prediction Limits for a Future Number of Failures

In this section, we wish to show how to obtain the second version of prediction limits for a future
number of failures. The methodology is based on the following results.

Theorem 5. Let X; < .. < X; be the first k ordered observations from a sample of size m from the two-
parameter Weibull distribution (7). Then the joint probability density function of the pivotal quantities

~\O
)
Wl=[§J L=t (35)
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® = (i .-, zt), Where Z; = (X; /,3)3, i =1,...,k, are ancillary statistics, any £&—2 of

conditional on fixed z
which form a functionally independent set, ﬁ and & are, for instance, the maximum likelihood estimators

for fand & based on the first k ordered observations (X; < ... < X;) from a sample of size m from the two-
parameter Weibull distribution (7), which can be found from solution of (17) and (18), is given by

k
F(w,wy | 20) =9 2Pk~ 21_[2W2w1 exp(— Wll:zziwz +(m—k)z,? D

i=1 i=1

= f(wy |29) f(wy [ wy,2™), wi€(0, 00), wre(0, 00), (36)
where
k —k -
9z = j NG 2]‘[ W{zziwz +(m—k)z,:V2J dw, (37)
i=1 i=1

is the normalizing constant, f{w, | z*) is given by (21),

‘ k
[z z? +(m—k)z? } .
F(wy | wy,z Py =L= T wi ! exp(— w1|:2 z? +(m—k)z}? D, w;€(0, ). (38)

i=1

Proof. The joint density of X; < ... £ X, is given by

m! 5[ x o X; 0 X 0
fg(xl,...,xk)=(m_k)!1i_llﬁ(jj exp _[fj exp —(m—k)[?j ' (39)

Using the invariant embedding technique [8—14], we transform (39) to

k 5 5 L
o) 445 = _k),H o "H{ ] ep[—Zl[;j —<m—k>(%‘j Jdﬂdﬁ

SREKON

Xexp_(g ﬁ[xff[gj+<m-k)[%f[’§j é[g]‘“dﬂ[ )

52

k
= T k)' ﬂ5knx71 a 2HZW2 exp( {Zziwz +(m—k)z,” deldwz. (40)
m —

i=1 i=1
Normalizing (40), we obtain (36). This ends the proof.

Corollary 5.1. If the parameter 6 is known then
i

~fwm) = r(k)wl "exp(— wik), wy (0, o0). (41)
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Theorem 6. If in (8) the scale parameter £ is unknown, then the predictive probability distribution
function of X; based on ( ﬁ ,0) and conditional on fixed x; is given by

Ps{X, <x | Xy = x4}

x5—x5 -
{1+(m—l+1+j) lk/}"’k} . (42)

_ (m=ky EN1-k-1) 1
(=k=D!m=D S Jm=l+1+

Proof. We reduce (8) to

i 5 5 s m=l+1+j
— k) E1-k-1 -1/ B -
PH{XISXI|Xk:xk}:I_& ( . ]L €Xp —{ﬁ} %
(=k-D(m-1) = j m—I+1+j p yis
(m_k)' I-k-1 l_k_l (_1)J x&_xé m—I+1+j
=l-— Z ) ————| exp —wl—l =5 b . (43)
(=k=DYm-1)! = j m—I+1+j B
J
Now, we eliminate the unknown parameter £ from the problem and find (42) as
Fo{X; < x| X, =xk}=IPH{Xl <xp | X = X1/ (w)dwy. (44)

0

This ends the proof.

Corollary 6.1. If the parameter 6 =1, i.e. we deal with the exponential distribution, then the

predictive probability distribution function of X; based on 3 and conditional on fixed x; is given by

PIX) <xp [ Xy =5

I=k—1 l—k—1 1\ _ —*
PR S > . GV 1+ (m—l+1+ Lk | (45)
B(l—k,m—1+1) 3 J m—I+1+j kB
where
k
kB = x; +(m—k)x;. (46)

i=l

Theorem 7. If in (8) both parameters f and o are unknown, then the predictive probability
distribution function of X, based on (/3,8) and conditional on fixed x; and z* is given by

gl
P{X;sz|Xk—xk’z }‘1 ( =k =D)\(m=1D)!
5w 5wy T
© k(] _f ] 1/ w w k . ,
x_[ Z( ; JL_H(m—HH]‘) (LJ _(X_EJ Zzz‘w2+(m—k)zl‘:2
0 J=0 Jo)m=l+1+] / / -
% £y |29 )y, 47)
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Proof. We reduce (8) to

P X, <x | Xy =x,

i . (s (s m—I+1+j
o mmky Rk oy | AT 1) (g 7
U=k=Dim=Dr G\ Jm=l+1+) £\ 5 B
B 5 5 m—I+1+j
o meky RA(Iken e | () ()
kD) jz_:o( j jm—l+1+j P M £B F; : (48)

Now, we eliminate the unknown parameters  and 6 from the problem and find (47) as

PLX, <10 = x2® = [[B{ X, <100 = ) 7 Onows |29 dwyai
00

= [[RAX) <1 X0 = b On Ly 2®) £ oy | 200wy (49)
00

This ends the proof.
Under conditions of Theorem 7, the lower prediction limit for the number of units that will fail in
the time interval [7, t,,] is given by

Llower = lmax —k, (50)
where
— — k)
Lo —maxarg(P{Xl>tW|Xk—xk,z }Sa), (51)
k<I<m

The upper prediction limit for the number of units that will fail in the time interval [, ¢,] is given by

Lupper =lpin —k—1, (52)

where

iy = min arg(P{X,>tW|Xk:xk;z(k)}zl—a). (53)
k<I<m

In the above case, when both parameters £ and 6 are unknown, the prediction limits (lower and upper) for
the number of units that will fail in the time interval [z, ¢,] are based on (/3,5) and conditional on fixed z.

If /, which satisfies (51), does not exist then /;,,x = k and the lower prediction limit for the number
of units that will fail in the time interval [z, t,] is given by Liowe= 0. If I, which satisfies (53), does not
exist then /i, = m + 1 and upper prediction limit for the number of units that will fail in the time interval
[%, t,] is given by Lypper=m — k.

5. Numerical Example

For the sake of simplicity, but without loss of generality, we consider (for illustration) the special
case of Theorem 2 where m = 40 items simultaneously tested have life times, which follow the Weibull
distribution with 6 = 1. In other words, we deal with the exponential distribution. Two items have failed
by the inspection at times, X; = 45 and X, = 100 hours. Let us assume that the situation takes place when
t. = X; = 100 hours, where k£ = 2. Suppose, say, ¢, = 450 hours. Taking into account (15), we find the
lower prediction limit for the number of units that will fail in the time interval [¢, ¢,,] as
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Llower:lmax _k:3_2:1’ (54)

where

Lo = maxarg(P{X, >1,} <a)=3, a=0.05, (55)
k<I<m

-1

ml E1-k-1) 1) [E(e, .
P{X1>tw}=m2( . ]—[HH——1](m—l+1+])+(m—k+1+s)D , (56)

= Jo)m=l+1+ 1\ X

the upper prediction limit for the number of units that will fail in the time interval [z, #,] is given by

Lypper =lin —k—1=17-2-1=14, (57)
where
Lin = min arg(P{X, >1,}>1-a)=17. (58)

k<I<m

It will be noted that when both parameters £ and ¢ are unknown, the lower and upper prediction
limits for the number of units that will fail in the time interval [z, ¢,] can be found either from (29) and

(31), which are based on (xk,g ), or from (50) and (52), which are based on (/;’,5 ).

6. Conclusion and Future Work

The methodology described here can be extended in several different directions to handle various
problems that arise in practice.

We have illustrated the prediction method for log-location-scale distributions (such as the Weibull
or exponential distributions). Application to other distributions could follow directly.
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KINETICS OF ONE-DIMENSIONAL
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Forest tree kinetics is investigated by the computer simulation in one-dimensional instantaneous model. A universal index which
characterizes tree cluster distribution is found. The index is independent from the model parameters in the wide range of its values.

Keywords: forest fire one-dimensional models, self-organized critical properties

1. Introduction

A number of forest fire one-dimensional models were investigated theoretically and by computer
simulation [1-5]. The main aim of these papers was the investigation of self-organized critical properties
of the model, where it is usually assumed that:

1) a burning tree becomes an empty site;

2) a tree becomes a burning tree, if at least one of its nearest neighbours is burning;
3) a tree becomes a burning tree with probability f << 1, if no neighbour is burning;
4) at an empty site a tree grows with probability p.

Here we will consider instantaneous forest-fire model, and investigate the tree kinetics under
the fire. Let us consider one-dimensional discreet forest fire model. In this model, the forest is depicted as
a line segment of length L, which has trees placed on it. In the discreet model, every tree has a separate
place of a concrete size. Thus all the considered forest territory would consist of line segments with trees
on them and of empty line segments (places where no tree has been planted or it has been burned).
The periodic boundary conditions on the ends of L are used.

At a separate time steps a new tree is planted on the line segment L randomly, unless another tree
has already been planted there. Lightening strokes occur with the probability f. Any separate tree or
overlapping tree clusters are burned instantaneously if the fire hit them. Initial clusters of trees are
allowed. But using another probability, from the forest territory a fire ignition is thrown onto this line
segment by drawing a random number. If there is a tree on this line segment, the fire burns it down.

After the trees on line segments are burnt down, the fire disappears. The same takes place if
the ignition has fallen on the line segment, which has no tree on it.

cluster

Figure 1. Tree cluster, r — tree crown radius, d — distance between trees
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In the next time step, instead of the burnt-down tree a new tree appears, with a set probability.
This process is continued — in each time step of the model, identifying the number of trees in the whole
forest that have survived the fire (have not been burnt down).

2. Model

The given parameters of the model are the following: length L of the forest region, » — radius of
the tree crown, (we assume that all growing trees have the same crown radius); d permitted minimal
distance between proximal growing trees; p — tree appearance probability (further it is chosen 1), f—
probability of the lightening stroke.

If the tree occupies only isolated cells of size 27 +1, tree number N accumulation kinetics is
simple:

dN

E% = p(N, —N) = fON . (1)
dt

where N is the number of allowed places for trees, b=2r+1 and N, = L.

In the stationary state N = N, where, we have from (1)

N

Y bp
Eq. (2) simply follows from the equilibrium considerations in the stationary state:
p(N,.. —N,)r=fbN,t, 3)

where the number of created trees during a time interval 7 in the stationary state is equal to the number
of burned trees during 7.
Kinetics of tree accumulation follows from (1) if N(z=0)=N,:

N(t) — Nmax (1 _ e—(./b‘*'p)f ) + N0€_<'/b+p)t , (4)

fo+p
(stationary concentration does not depend on initial conditions).
If the fire strokes are absent, instead of (1) we have

dN
- = (Nmax _N) (5)
a

This equation is only approximate even in the discrete case if the size crown is larger than one
discrete cell and it is not permitted the overlapping of them. In order to show this we presented on
Figure 2 tree cluster distribution function N(s) (number of clusters with the length s) in double

logarithmic scale for the case L = 1000, » = 5, for different time steps from 50 to 700.

The graphs on Figure 2 were obtained by the averaging of cluster distribution over 10000 samples
and length of one history # = 1000 steps. The cluster distribution function significantly changes as
the saturation is approached. Further we will compare the results on Figure 2 with the results obtained in
the model with fire ignition.

In general case instead of Eq. (1), when overlapping of trees is permitted, we can write

‘;—]f:p(zvm _N)— fa(N), (©)

where o depends on the covered by trees part of L and number of clusters and their density. Really, o
accumulates all the cluster distribution in an averaged manner and in order to calculate it many-tree
distribution function is needed. Tree accumulation kinetics is complicated.
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[are =

Figure 2. Cluster distribution function N(s), 1) z=100, 2) t=200, 3) t=300; 4) t=400, 5) t= 500, 6) =600, 7) t =700, r =5

A tree accumulation kinetics averaged over 2-10* histories for L =2000, f=0.005 and r=5
is shown on Figure 3.

JV({)
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00514

L L L L L
200 100 600 800 1000 1200 1400 1600

Figure 3. Tree accumulation kinetics: L = 1000, ro=5, N, = 10000, 7 = 1500

After a transition period a stationary state is reached. In comparison with the cellular automata
one-dimensional and two-dimensional models, only two or three distinguished peaks are usually
observed. If f <0.05 transition peak does not appear.

The corresponding distribution curves if the fire is taken into account (f'= 0.003) for four different
times are shown on Figure 4. The parameters were chosen L =2000, o= 5, p = 1.

26



Operation Research and Modelling

b -

31

=101

Figure 4. Cluster distribution in the model with f'=0.003: 1) t=100; 2) ¢t = 500; 3) ¢ = 1000; 4) ¢t = 3000

In the stationary state cluster distribution curve becomes a straight line for a sufficiently low f
values, which denotes that

N(s)ocs™ (6)

and ¥ is model characterizing index. Transition to the stationary straight line is also very complicated.
Our simulation shows that y for the described model is a universal index. It does not depend on the
parameters L, ry and f <f.; in a wide range of values, Figure 5. We have found that 7= <0.01.

In N(s)

e

41

a4

Figure 5. Cluster distribution for a various parameters:
1) L =2000, £=0.003; 2)L =100,f=0.001; 3)L =1000, f=10.003; 4) L =750, f'=0.003; 5)L =500,/ =0.003; 6)L =500,/=0.001
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Determined universal index is 1.85+0.05 and differs from the law y =2 [3].
In order to test the universality of  we simulate model where the growth of new trees was forbidden in
the just burned region for the certain time steps (100—500). The values of obtained index do not change.
We also simulated model with the different allowed distances between trees in the case ry = 5.
In this case the straight line in the stationary state is approached only in the case of close trees (beginning
from distance between trees 4 cells, straight line is deformed).

3. Conclusions

Simulation of the tree kinetics on the instantaneous forest-fire model shows that model has
a universal cluster distribution index, evaluated as 1.85+£0.05. It is shown that straight line cluster
distribution appears at low forest fire ignition frequencies.
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The Construction industry in any country is the major part of its economy. Construction materials production (hereinafter —
CMP) expenses in average exceed 50% [7] of the construction finished products net price. Forming a major material and technical
basis for construction it significantly impacts the other economy sectors growth and social status of the society in general.

The Construction industry is considered to be the most conservative and inactive with regards to new materials and technologies
introduction. This is caused by the fact that major criteria for construction materials and technologies assessment is the compliance with
the requirements of technical regulations, and other applicable regulatory instruments before the first ones are adopted. Incomplete
regulatory base in the Republic of Kazakhstan monitoring the construction, production and application of construction materials holds
the industry back from transitioning to a whole new level.

Exchange and interaction infrastructure is developing in modern economic processes. This intensifies the exchange processes
between enterprises, regions, states not only in a form of goods and finances movement, but also in a form of delivery of new technologies,
intellectual property objects, and integration of various knowledge and skills.

Keywords: construction, construction materials production (CMP), economy, regulatory documents, scientific and technological
space, innovations, innovative infrastructure

1. Introduction

Construction Industry and its Impact on Economy

This study is focused on methodological justification of necessity of common scientific and
technological space establishment in CMP industry, which would ensure systematic innovations
implementation within the industry enterprises supported by achievement of modern scientific and
technical progress and its resource potential. This will serve the basis for formation of the construction
innovative system, covering such elements as scientific research and development system integrated with
the higher education, malleable towards the demands of construction complex, engineering business,
innovative infrastructure, intellectual property market institutions, innovation incentive mechanisms and
others.

The construction industry in any country is the major part of its economy. Construction as the
economy industry creates the main funds for all the industries of the national economy. More than 70 [7]
industries of the national economy such as construction material industry, metallurgy, engineering,
chemical, transport, fuel-power industries and many others take direct or indirect part in creation of such
funds.

The construction industry is the most raw materials intensive one; it consumes the enormous
quantity of construction materials and items. Construction uses more than 50% of products of the
construction material industry, about 18% of rolled metal products, 40% of timbers, more than 10% of
products of the engineering industry. In the cost of manufacturing of final construction products,
expenditures for products of the construction material are in average more than 50% [7]. The construction
material industry, being the main material and technical base of construction, has the great impact on
growth dynamics in other industries of the economy and social situation of the society as a whole.

2. Innovation Development of CMP: Restrictions and Problems

The dynamical social and economic development of many world countries is based on innovations
of the strategic important nature. At present time, the level of the innovation development in Kazakhstan
is low. There are a number of serious restrictions and problems having the negative impact on
the innovation development of the country and industry of the CMP such as:
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the structural decline of the economy is continued toward the production industry, and namely
oil-gas and mining industries (Figure 1). For the period from 1991 to 2010 in question, the share of
the mining industry is increased by 6 times, and the share of the processing industry is decreased
by more than 2.5 times.

1551 1552 1553 1554 1555 1556 1557 1558 1555 2000 2001 2002 2003 2004 2005 2006 2007 Z00H 2005 2010

m mining industry m processingindustry otherindustries
Figure 1. Dynamics of change in industry structure of the Republic of Kazakhstan [2]

Kazakhstan has rich raw material stocks for manufacturing of construction materials; however,
today only a half of the existing fields are developed. For example, there are stocks of high-quality
raw materials for manufacturing of ceramic sanitary-technical items; quartz sand for manufacturing
of sheet glass, raw materials for manufacturing of heat-insulation and fireproof materials, but their
manufacturing is not adjusted.

Low-added value products are mainly manufactured. Manufacturing of modern construction
materials, items and structures, as well as engineering equipment systems providing the long
service life, architectural expression and high economical efficiency of operated buildings and
structures is not practical in relation to a lack of new enterprises in the industry. The existing
production capacities in the industry experience the impetuous moral and physical obsolescence
(for various sub-industries from 50% to 85%) [6].

Kazakhstan remains short of the industrially developed countries as per the level of the GDP
research intensity. In 2010, in Kazakhstan, this index is only 0.15% of GDP, while in the USA —
2.9%, in the EU countries — 2.06%, in Russia — 1.16%. [3] In such situation, the Kazakhstan
science is decided to retardation, in its turn, causing increase in technological dependence on the
developed countries. In addition, as shown by the world experience, if the index of the GDP
research intensity is less than 0.4%, the science may perform only the social and cultural function
in the country. Only with the index of higher than 0.9%, it is possible to reckon on any influence
of the science on the economical development of the country. In the European Union, the limit
value of the technological safety is deemed as the GDP research intensity at the rate of 2% [5].

At this date, in Kazakhstan, so-called process innovations dominate. The concept of such
innovations is that they consist of developments and introduction of new technologies for output of
“old” products. The structure and composition of the national economy will mainly require such
innovations. The results of such innovations are directly observed not in products, but are
represented only in qualitative indices (Figure 2) [1].

The Construction industry is considered to be the most conservative and inactive with regards to
new materials and technologies introduction. At this stage of the construction industry
development, the main criterion for estimation of construction materials or technologies becomes
their conformity with the requirements of the technical regulations and other current regulatory
documents such as SNiPs, GOSTs, standards, etc., which are to be developed in eighties of the last
century. Their use restricts the possibilities of innovation use both in construction and in
the construction material industry.

30



Operation Research and Modelling

100%%
12

a0%  +— 41
60% — =

. 88
40%%  +—
- ]

UD'D i T T T
2005 200a 2007 2008 2009 2010
M processinnovations product innovations
Figure 2. Structure of innovations in the Republic of Kazakhstan [4]
g) The Construction industry is considered to be the most conservative and inactive with regards to

new materials and technologies introduction. At this stage of the construction industry development,
the main criterion for estimation of construction materials or technologies becomes their conformity
with the requirements of the technical regulations and other current regulatory documents such
as SNiPs, GOSTs, standards, etc., which are to be developed in eighties of the last century. Their
use restricts the possibilities of innovation use both in construction and in the construction
material industry.

h) There are not regulatory documents on stimulation of developments and assimilation of manufacturing
of scientific-intensive high-quality products, increase in labour efficiency, resource and power
supply, rational use of local raw materials and wastes of the industry, in the industry of construction
material production.

Thus, the educational, scientific and manufacturing complex of the industry does not provide its
necessary innovation development. Lack of the notified authorities, imperfection of the existing accreditation
systems and regulatory base in the Republic of Kazakhstan for regulation of construction, manufacturing
and use of construction materials; lack of engineering-technical staff detains the development and
introduction of innovations having the strategic important nature, thus, not allowing the industry to be
transferred to the wholly new level.

Common Scientific and Technological Space

Exchange and interaction infrastructure is developing in modern economic processes. This
intensifies the exchange processes between enterprises, regions, states not only in a form of goods and
finances movement, but also in a form of delivery of new technologies, intellectual property objects, and
integration of various knowledge and skills. The information exchange assists in activation of innovation
developments. The important element of the industry development shall be formation of the common
scientific and technological space.

The common scientific and technological space supposes joining and development of scientific
and technical potentials of scientific and research, design, construction, commercial organizations, enterprises
of the construction industry and adjacent industries, and namely:

a) formation of the single information system in the scientific and technological sphere by creation
and support of the single base of scientific surveys and experimental and industrial testing of
perspective developments and manufacturing of research and testing equipment and instruments;

b) unification of the international scientific and innovation infrastructure components such as
standards, certification systems, mechanisms for protection of intellectual property rights;
c) coordination of scientific surveys and developments based on the agreed scientific and technical

and innovation policies of the state;
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d) determination of forms and mechanisms for cooperation in domain of commercialization of the
results of scientific and research and experimental development works and transfer of technologies;
e) creation of the relation system between the state, investment funds, venture companies and

enterprises of the construction industry for funding of scientific and technical and innovation
surveys and developments.

Creation of common scientific and technological space will provide the members of scientific and
research, design, construction and commercial organizations, construction and allied industries enterprises
with the opportunity to obtain the complete information on modern high-quality materials and products,
its production technologies, equipment, instruments and tools produced both in Kazakhstan and abroad,
and will contribute to arrangement of conditions in Kazakhstan, which set new grounds in the sphere of
development of XXI century construction materials, equipment and technologies based on the existing scientific
achievements. Cooperation of the construction science, industry, business and the state in domain of
creation and commercialization of innovation construction materials and technologies will assist in their
introduction in the commercial serial manufacturing and in ensuring of sales and demand at the market.
For that achievement, it is possible to use either economical mechanisms such as tax preferences, grants,
subsidies and others or market tools such as licenses, franchising, option, leasing, auction and others.

3. Conclusions

Modern conditions of the construction complex development impose the requirements for the
construction material industry and construction industry based on change in the structure of residential
construction, transfer to new architectural and construction systems, types of buildings and technologies
of their erection, necessity of decrease in resource intensity. As well as power and labour costs during
construction and operation of housing, decrease in duration of the investment cycle, solving of tasks for
increase in scopes of residential construction, satisfaction of demands of capital construction and operation
needs in high-quality products. The common scientific and technological space will allow meeting all
the requirements of the modern conditions of the construction complex development, as well as will be
the foundation not only for formation of the construction innovation systems, but including the national
innovation system.
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This paper aims to emphasize the effectiveness of an application of fuzzy sets and logic in the implementation of target
selection (TS). TS is an important data mining problem that aims to identify profiles of customers who are likely to respond to the
offer for a particular product or service. Very often TS of information have very blurred conditions. Fuzzy classification can be
extremely efficient there, because it is much closer to the way that humans express and use their knowledge. One of the advantages
of the proposed method is that it is consistent with relational databases. But the main advantage is — the query to the system is done
in a natural language, such as show the list of not very young married clients with average or more-or-less high income, which is
impossible using a standard query mechanism.

Keywords: target selection, fuzzy sets, fuzzy logic, fuzzy mathematics, natural query

1. Introduction

Nowadays, computers take control of more and more of the activities of human everyday life.
No doubt, they have brought a lot of ease to our life. But the striking difference between human and
computer system is that human performs wide range of mental tasks without any measurements and any
computations. This particular ability of humankind can be explained by the fact that we can manipulate
perceptions of size, taste, weight, speed, distance, etc. [8]. So, humans perceive, whereas computers
measure (compute). We need to highlight one fundamental distinction between perceptions and
measurements — the former are imprecise (fuzzy), whereas the latter are crisp.

Concerning target selection, it is a usual case when the experts can only give qualitative (e.g. not
young), but not quantitative characteristics (e.g. age > 30). This is where fuzzy queries can help us,
because they are natural and are much closer to the way human express their knowledge.

This paper is composed of five sections. Section 1 is this introduction. Section 2 introduces
the target selection problem and its critical importance in advertising. Furthermore, in Section 3 we
describe the querying model based on fuzzy sets and logic intended to make the process of target
selection more efficient. The next section provides descriptive examples of different types of queries and
their result sets produced by our application. Finally, the last section provides the concluding remarks of
this research.

2. Target Selection Problem

Target selection (TS) is an important data mining problem that aims to identify profiles of
customers who are likely to respond to the offer for a particular product or service. The target auditory is
selected from a database given different types of information, like profession, age, purchase history, etc. [1].

Almost all companies operating with a database of 100 or more clients use email-mailing in their
business for advertising. Careful selection of recipients is critical for them. Poor TS strategy introduces
problems for companies and their clients as well. Particularly, organizations try to avoid wasting money
on communicating with customers not interested in their products. However, they don’t want to lose
potential buyers. Clients, in turn, try to avoid spam, but want to be informed about the new products or
services that might be interesting for them. Therefore, email-mailing is a very delicate instrument, since
the line between a useful message and spam is very thin. So, TS need to be neither too liberal nor too
strict. Instead, it needs to be based on user’s perception — linguistic description, which is usually less
specific than a numerical one.

Many techniques have been applied to select the targets in commercial applications, such as
decision tree methods, statistical regression, neural computing and fuzzy clustering [3]. As it was already
mentioned, very often TS of information have very blurred conditions which can be easily expressed via

33


mailto:pakita883@gmail.com

Computer Simulations and Innovative Technologies

natural language. That is why fuzzy models are interesting in this respect, since they can be used to obtain
numerically consistent models, while providing a linguistic description as well.

3. Adding Fuzziness to Target Selection

It is well-known fact that most of the data processed in information systems has a precise nature.
Nevertheless, natural queries produces by people in their everyday life often have some degree of
fuzziness. For example, a person seeking a car might express the description of it like “low fuel
consumption car that is not very expensive, preferably Audi or BMW?”. Statements like “not very
expensive”, “low consumption” is vague, imprecise, despite of the fact that the price and consumption
can be completely determined. The reason for that is that in real life, we operate and argue using
imprecise categories [5], [6].

Fuzzy sets and logic play a major role in this research. Particularly, the job of the fuzzy set in the
model is to represent linguistic expressions, while fuzzy logic is used for reasoning. In a nutshell, if
something is fuzzy, (e.g. old, tall, and expensive) it can be partially true and partially false. Fuzzy
mathematics enables us to represent linguistic variables and use imprecision in a positive way.

3.1. Linguistic Variables and Modifiers

The main advantage of using linguistic variables rather than numbers is that a linguistic description is
usually less specific than a numerical one [5], [6]. Moreover, it is closer to human cognitive processes,
and that can be used successfully in decision making involving uncertain or ill-defined phenomena.

By a linguistic variable we mean a variable whose values are not numbers but words or sentences
in a natural or artificial language [6]. For example, price is a linguistic variable if its values are expressed
via words (low, average, high) rather than numerical (190 000 tg., 600 tg....). To clarify, high is
considered as a linguistic value of the variable price, it plays the same role as some certain numerical
values. However, it is less precise and conveys less information.

N middle-aged
0,8 4
0,6 1
2
aa very
. middle-aged
L] : T T T T T

O 10 20 30 40 50 =i
Figure 1. Visualizing the hedge very

Linguistic variables may also involve connectives such as and, or, not and hedges such as very,
quite extremely, more or less, completely, fairly, that can change the statement in various ways —
intensify, weaken, complement [8]. This is useful for constructing various semantic structures —composite
words — from atomic words (i.e. young) that reinforce or weaken the statements [7] such as very low
price, more-or-less old, etc.
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Figure 2. Visualizing the hedge more-or-less

For reinforcing the modifiers — very, to weaken, more-or-less, almost, approximately — exist.
For example, let’s suppose that the meaning of X (middle-aged) is defined by some membership function.
Then the meaning of very X (i.e. very middle-aged) could be obtained by squaring this function [8]:

HE gy (X) = (UF (X))*.

Weakening modifier more-or-less X (i.e. more-or-less middle-aged) would be given as a square
root of the initial function [8]:

HEyore-or-LEss (X)= v uF(x) .

Finally, not X (i.e. not young) which is a complement fuzzy set, can be expressed by subtracting
the membership function of X (middle-aged) from 1:

HE yor (X) =1— pF (X)) .

middle-aged

04 not middle-aged

Age

0 10 20 30 40 50 60 70 80

Figure 3. Visualizing the modifier not
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From the figures below we can see that very hedge steepens the curve, whereas more- The main
flexibility modifiers provide is that they can make a fuzzy natural query even more natural.

To sum up, in situations where information is not precise (which are very common in our real life),
linguistic variables can be a powerful tool that takes the human knowledge as model [2].

3.2. Fuzzification

In order to simplify the model we present just some of the possible criteria — clients’ features that
will play the role of explanatory variables in the model. They are gender, age, status, income.

Suppose we have a table “Clients”, consisting of 7 rows: id (primary key), name, gender
(‘Male’,’Female’), age, status (‘Married’, ‘Not married’), email, income. By the way, in practice,
a certain threshold of membership value is given in excess of which records are included in the result of
a fuzzy query. So, an expert can tune it to make the query more or less strict.

Fuzzy variables mentioned will be described by triangular membership functions, which are good
enough to catch the ambiguity of the linguistic assessments [2]. The parametric representation is achieved
by the 3-tuple (a; b; c) for each fuzzy variable, it is enough, since we apply a fuzzy partition.

Now let’s try to formalize the fuzzy concept of the client’s age. We define it for the domain
X = [0, 90], so, the universal set U = {0 ,1, 2, .....,89, 90}. The term set consists of 3 fuzzy sets —
{*“Young”, “Middle-aged”, “Old”}. We define the membership functions for the young, middle-aged, and
old fuzzy sets with the following parameters [a, b, c] = [18, 35, 65]. The fuzzy sets and corresponding
membership functions can be seen in figures provided below.

'a ' b 'c 1,%%3
1 “Young"= 1-(x-a)/(b-a),agx=h

0, otherwise

0.8

=06

1-(b-x)I(b-a)az=x=h
‘Middle-aged”= 1-(x-b)I(c-b) b=x=cC

0, otherwise
0.4
o2 0, x=h
' “Old= 1-(c=x)I({ec-b) b=x=cC
ol 0, otherwise
0 10 20 30 40 50 60 70 80
Figure 4. Fuzzy sets for young, middle-aged, and old Figure 5. Membership functions

Another fuzzy variable in the system is client’s income. It has 3 fuzzy sets — {“Low”, “Average”,
“High“}. The parameters for the membership functions are [a, b, ¢] =[40 000, 100 000, 200 000].

3.3. Fuzzy Model

Now it’s time to develop a methodology to process natural queries for TS.

In linguistic features of variables, words play the role of the values of variables and serve as fuzzy
constraints at the same time [7]. For example, the fuzzy set young plays the role of a fuzzy constraint
on the age of clients. Our aim is to make explicit the implicit fuzzy constraints, which are resident in
a query. In general, a query q in a natural language can be considered as a set of fuzzy constraints. Once
we have processed it we get a number of overall fuzzy constraints, which can be represented in the form
XisR, Yis S..., where X is a constrained criterion variable (e.g. age) which is not explicit in q, and R is
a constraint on that criterion (e.g. young).

For instance, let’s consider the simple query: not very young males with more-or-less high
income. Notice that some of the variables in a query are crisp, while some have fuzzy constraints as well.
Let’s assume that the user chose the threshold value specified as a sufficient level of precision. So, we
obtain:

YOUNG]Age; not, very; i1 .1 M HIGH[Income; more-or-less; Ll .1 (M MALE[Gender;; L . =1].

One cannot deny that not very young and very not young are different queries and thus must

produce different results. This means that the order is important. Another issue to note is that [l Total is
a membership value that indicates the degree of membership to not very young and more-or-less high, not
to young and high. However, in order to obtain the answer we need the membership value that
corresponds to young and high. Due to this fact the process is reversed: before we presented the formulas
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to shift to very young from young. But now, instead, we want to define young using very young. So, if we
squared the value for young to get the threshold for very young, now we apply the inverse operation —
square root. Going back to our example, we get:

YOUNG|Age; very; 1- fir .1 ) HIGH[Income; ; fir.°| (YMALE[Gender; ; fir .. = 1] =
YOUNG[Age; ; /1 — Hroer | TYHIGH[Income; 5 fir . *] /) MALE[Gender; ; fig ., =1].

As regards set operations, if 4 and B is fuzzy relations, then disjunction — or (union) and
conjunction — and, but (intersection) are defined, respectively, as max and min [7]:

HA(x) U B(x) = max[pd(x), uB(x)], pA(x) M B(x) = min[pd(x), 1B(x)].

Users can express the intersection in 3 ways distinguished by the connective type — and, but, or no
connective at all, while union is represented only by or connective.

It is of interest to note that the threshold used in the system serves as a-cut, which is a crisp set that
includes all the members of the given fuzzy subset f whose values are not less than a for 0 <a < 1:

fo ={x: ur(x) > a}.
We also know how to connect a-cuts and set operations (let 4 and B be fuzzy sets):

(AuB),=A4,VB,, (AnB),=A4,NB,.

£ g ot very young rrarried
clients with average or more-

or-less high salary

Idea about potential
clients

L e
=

Query in a natural
language system

Figure 6. The conceptual representation of the model

So, using the formulas provided above, to find the result of a query with a certain threshold — o,
containing or or and operations, we first find the a-cuts and then take the crisp or / and operation
The conceptual representation of the model is illustrated at the left, in figure 6. So, expert forms the idea
about potential clients, not a crisp query. The motivation for that is that usually we don’t wish to define
the clear bounds of acceptance or rejection for a condition, that is, we want to be allowed some
imprecision. That is what makes our query natural — imprecision.

4. Experiments

In the previous section we’ve described the fuzzy querying model aimed for target selection. This
method can handle various types of queries given in a natural language. So, the main advantage of our
system is that the query is done in a natural language. That is very convenient for users, who don’t wish
to define the clear bounds of acceptance or rejection for a condition, that is, they want to be allowed some
imprecision in the query [4]. Another advantage is that existing clients databases do not have to be
modified and developers do not have to learn a new query language. Basically, we just have a fuzzy
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interface that is used as a top layer, on an existing relational database, so, no modifications on its DBMS
were done. Now let’s look at the application itself.

B Main =]

Target Selection Add new client

Enter product information

‘We are very happy to inform you about the new unigie service we have started ta offer recently! How you can......
bla bla bla

Jdust antar the natural query here  (Fyxe all very nld marned males with mnre-nr-less high salary)

Or choose criteria for selection
O Name F 6ender M Age OStatus OE-mail ¥ Ravenue

id name gender  age status cmail revenus

4 4 lliyas T. Male 28 Nat_married ilivas@gmail.com 305000

Eandar Malc ” 5 ErnarM. Male 32 Married era@gmail.com 890009

& Karl L. Male 50 Married karl@hotmailru 200300
Aga Mot +| [Young v *
Revenue |More-oress ~ | |lligh ¥

Threshold |pg

i -

Figure 7. The application interface

So, our application enables users to express questions in a natural language, by just entering the
query body to the text area. The user then needs to press “select” button in order to see the result set. Our
user-interface is very friendly. In case of experiencing some problems while forming a natural query, user
can use another menu provided (at the left bottom part). In it the criteria are listed on the screen, and user
can just pick and choose which ones he wants. Furthermore, the parameters he chooses appear and he
needs to choose needed values (salary: “very high”, age: “not old”, etc.) on the respective pull-down menu.

This interface can be used in direct mail — the text of the message is to be inputted to the top text
box and then, and then, after pressing the “Send email” button, they will receive the advertising message.

Table 1. Sample table for the application

id| name |gender| age status anaill  revenus
1| Pakita 5 |Female| 22 Married |palataB83@. 105 000
2] Temm ML | Male | 23 Warried  [tom@gmail.. 120 500
3| Akbeta S |Femalel 25 Mot marnedlakbotai@om.. |70 000
4| TiyasT. | Male | 28 [Net marnedplivas@gma.. 305 000
9] ErnarM | Male | 32 Married |era@emal |R90 009
6| Kaminan 5| Female) 40 Married |kaminari@...| 55 000
7] FusE. | Male | 24 Mot marriedrus kamun . |200 000
8] Eall | Male| 50 Married  |karl@hotm.. |200 300
9] Aminal. |Female]l 74 | Married |amina@ya.. |120 000
10 AlanD. | Male | 183 Mot marnedalan@gmat...| 35 000
11 Madina D. |Female] 34 |Mot_marmed{madina @...| 30 000
1 Adam 3 | Male | 58 Married | adam@gm.. |42 000
19 Alfi & | Wale | &7 Married |alfi@gmedl...| 88 000
14 FaridaD. |Female] 53 |Mot marned| far@mal.c.. 164 000
14 Meird | Male | 23 Mot marned] meir@a .. 132 000
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Now it’s time to demonstrate how our application can process natural queries. The sample data
table for testing can be seen at the left. The threshold value for 1% and 3™ examples is 0.5, for the 2™ one — 0.7.
1) not old married males with very high income.

As it can be seen, there are two crisp criteria — status is married, gender is male. Besides, there are two
fuzzy criteria — age is not old and income is very high. So, we have:

OLDJ[Age; not; fi..=0.5] M HIGH[Income; very; i ., =0.5] M MALE[Gender; fi . =1] M
MARRIED([Status; £, =1] = OLD[Age;

Mo =051 N HIGH[Income; very; s, . =~ 0.7] "MALE[Gender; ; £y . =1] N
MARRIED(Status;; £t =1].

Next our system finds the constraining values with respect to the thresholds obtained. For the age,
it will be «= 50 », for the income - “ = 170 710 tg.”. There are 2 clients satisfying this query:

id name gender age status email income
5 Ernar M. Male 32 Married era@gmail.com 890 009
Karl L. Male 50 Married karl@hotmail.ru 200 300

2) not very young married clients with average or more-or-less high salary
YOUNGIAge; not, very; fip...,=0.71 M MARRIED[STATUS; ; fir.,, =11 M (AVERAGE([Income; ;
Mo =0.71 U HIGH[Income; more-or-less ; [ ..=0.7]) = YOUNGI[Age; ; L. =0.55] M
MARRIED[STATUS; ; ftip,,=11 M (AVERAGE[Income; ; i .,=0.7] U HIGH[Income; ;
Mo =0-491)

id name gender age status email income
5 Ernar M. Male 32 Married era@gmail.com 890 009
8 Karl L. Male 50 Married karl@hotmail.ru 200 300
9 Amina L. Female 74 Married amina@yahoo.com 120 000
13 Alfi A. Male 67 Married alfi@gmail.com 88 000

One more issue to note, the modifiers can be applied infinitely in any order. Let’s demonstrate this
by the following example:

3) very very very old or very very very young

id name gender age status email income
9 Amina L. Female 74 Married amina@yahoo.com 120 000
10 Alan D. Male 18 Not mar alan@gmail.com 35000
13 Alfi A. Male 67 Married alfi@gmail.com 88 000

No doubts, such type of human oriented interfaces can be very useful for all companies facing

the problem of poor target selection.

5. Conclusions

The main objective of this research was to show the effectiveness of fuzzy mathematics in natural
query processing. Our method allows forming queries in natural language, which is impossible using
a standard query mechanism.

In certain areas TS of information from databases has very vague and blurred conditions. Fuzzy
natural queries can be very efficient there. Similarly, fuzzy queries can be used in the variety of other
fields, namely, in selecting tourist services, real estates, etc. Take for example a person, who is searching
for “housing that is not very expensive and is close to downtown”.
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There are some plans regarding future improvements, like adding more modifiers, improving

a parser in order to handle more complex queries, taking into account the previous sells, etc.

To conclude, the use of natural language in decision problems is highly beneficial when the values

cannot be expressed by means of numerical values. Particularly, in situations where information for TS is
not precise (which are very common in our real life), fuzzy classification can be a powerful tool that takes
the human knowledge as model.
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IT-market is a very rapidly developing sector in most of the developing and developed countries and in Kazakhstan in
particular. According to the statistics, the number of active KazNet users has increased more than twice since 2010, forming
2,150,000 users. Users can more and more often come upon various internet-shops, which are now selling not only software
products, but also such products as fruit and vegetables and even more exotic things.
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1. Introduction

Let’s have a deeper look at the level of Internet commerce in Kazakhstan and decide what this
market is and how it is developing. According to the official data, the market of e-commerce in Kazakhstan
formed about $240 million in 2010. Moreover, this market is growing by at least 10% annually. The main
factors influencing Internet sales in Kazakhstan are as follows:

- Growth of the amount of active users — Internet is becoming faster and more affordable,
resulting in the increase of internet audience;

- Increase of the number and variety of internet-shops — Internet market seeks for new forms,
new products and new influence geography;

- Increase of the number of Charge Cards — in accordance with the National Bank of
Kazakhstan, the number of Charge Cards is 8.5 million owned by 7.8 million clients;

- Improvement of the legal system for Internet sales.

Despite the big, from the first sight, amount of $240 million, Kazakhstan Internet-market is only at
the beginning of its development, placed far from such countries as USA ($150 billion) and even Russia
($5 billion). Nowadays many businesses that are using local information systems would like to expand
their businesses to World Wide Web in order to increase the number of potential clients. The businesses
like shops do not meet any problems, as the number of Internet-customers is never comparable with
the number of physical clients, and the information about the products left in the stock can be updated
only once a day. The other businesses must have full synchronization between the procurements made via
Internet and the procurements made at a local shop. In order to implement such architecture, an event-driven
software system designed for developing scalable applications must be used, and in this paper the author
will describe such synchronization on the example of Node.js Software System used for interconnecting
a number of desktop applications and web-clients.

2. Problem Statement

Let’s take the businesses that sell tickets bound to particular places as an example of the ones,
which would benefit from the synchronization between their local information system and web clients.
The main obstacle for expanding such businesses to World Wide Web is in supplying full synchronization
between what is done by the cashbox working inside the institution and web-clients. Before such
businesses can provide the service of buying tickets online, they must at avoid many false scenarios, such
as buying multiple tickets for the same place in the same event, and others.
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From technical point of view, the solution to the problem described above is in using an event-
driven software system, which will serve as an intermediate layer between desktop clients (cashboxes
inside institutions) and web-clients. There are a number of alternatives for such software systems:
Twisted for Python, Perl Object Environment for Perl, libevent for C, EventMachine for Ruby and,
finally, Node.js written with Google’s V8 JavaScript engine. For the project the author decided to use
Node.js system.

Node.js is a software system for writing scalable internet applications, notably web servers. In order
to minimize overhead and maximize scalability, the system is written with Google’s V8 JavaScript engine,
using event-driven, asynchronous I/O. The system proves to be stable in more than one hundred Internet
projects, being able to broadcast data to 32000 connections in less than 10 seconds. It is not a web-server, but
rather a tool for writing web-servers.

3. Results and Discussion

An abstract architecture of the system that will solve the problem of synchronization of actions
between desktop clients and web clients is described like this:

1. The server located in the institution will be the heart of the system. It will have Node.js-based
server running on it. It will process requests from both desktop clients (physically located in
the institution) and web clients, and, if required, will broadcast messages to either all or
limited number of clients (no matter web or desktop).

2. Data integrity will be provided by limited access to the database: all the operations with
database are performed by Node.js. The clients (both desktop clients and web clients) can
only send requests with different content to Node.js, while Node.js will process the requests
and based on the processing of the request, will either do nothing, or retrieve data from database
or write data to database.

3.  The communication of desktop clients with the local server is provided by Transmission
Control Protocol (TCP).

4.  Web clients, in turn, will communicate with the server via WebSocket API.

5. The non-relational database — MongoDB — is used in this project.

Web-client

Nodejs ~ WEEEEEJ>  MongoDB

Desktop-
client

Figure 1. Architecture of the system for synchronizing desktop and web clients

WebSocket technology, used in this project for communication of web clients with Node.js, is
a relatively new technology that can provide bi-directional channels for communication over TCP socket.
It is now being standardized by the World Wide Web Consortium (W3C), and it has already been
standardized by a number of other organizations, such as Internet Engineering Task Force (IETF) and
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RFC 6455. The API is accessed via Socket.IO library, and it allows communicating with Node.js server
using JSON format.

When implementing the system for synchronization of desktop and web clients, choosing right
efficient database is a very important issue, and in this case the author has decided to use MongoDB,
which is a NoSQL database. The reasons for such an option are the following:

- MongoDB is written with C++, being thread safe and deployable to most of the platforms,
such as Window, Mac OS X and Linux;

- Considering the speed issue, key’d updates are comparable with SQL-like databases, while
inserting and updating on MongoDB are significantly faster. For ticket-selling systems, a single
client can perform up to 3—4 selection and deselection requests per second, and MongoDB
copes with this easily;

- It’s much easier to distribute the database between multiple servers, as the memory usage is
fraction of, for instance, MySQL;

- All the data is stored in BSON (“Binary JSON”) format, which is actually native for
JavaScript. Moreover, all the communications between Node.js and its clients are in JSON
format. So, if some data is requested by clients, the objects can be retrieved from the database
and sent to the client instantly, as there is no need to parse data into JSON format.

One of the drawbacks of TCP is that it is not possible to detect connectivity problems without
trying to send some data. In order to know exactly, whether the connection between Node.js and a desktop
client is alive, the desktop client and the server must send “connection verification” packets to each other.
On the other hand, desktop client must be able to send request data to the server and wait until the
response data comes. Combining both “connection verification” and request-response communication is
impossible for a single TCP connection, as there might be collision of response data from the server.
In order to solve this problem, there must be two TCP connections open. The first connection will be
responsible for request-response communication, while the second will be responsible for sharing
“connection verification” packets as well as for broadcasting messages to all clients — such messages
might come at any time and must be processed by the desktop application within a separate thread.

Let’s consider the most frequently used operation for a ticket-buying system: selecting a free
place, making it unavailable for other clients. This operation can be performed both by web clients and
by cashbox clients. When a client clicks on a free place, a request is sent to the server in JSON format.
The client does not mark the place as selected until it receives the success response. The server performs
required validation, and returns a response with a corresponding status and after this sends a broadcast
message to all connected clients, avoiding the client that is trying to select the place. The message is
broadcasted in order to informing that the place is now unavailable. In the case when multiple clients
click on the same seat simultaneously, the selection will be successful only for the client whose request is
received first, while the response for the request that was received later will be with unsuccessful status,
as it is not allowed to select unavailable seats.

The core principle for implementing a system that can synchronize desktop and web clients is to
provide common interfaces of communication between the server and the clients. Depending on the needs
of the system, there can be limitless types of requests processed by Node.js-based server.

4. Conclusions

In the process of implementation of the system, the author has tried to make it as scalable as
possible, thus it could be used for different businesses with ticket system. The combination of Node.js
with fast NoSQL MongoDB database can produce a very stable system, which will be able to process
a big number of requests quickly and reliably. The approach described in this paper can be used in
a number of businesses, and businesses that sell tickets bound to particular places, in particular. If, for
instance, buying tickets is available online, both clients and service providers will benefit from this:
businesses will expand their sales by means of the increased audience. Moreover, as all the actions are
centralized, it would be possible to provide additional tools based on stored data about all purchases, such
as analytics. Speaking of the ordinary users, they might be able to buy tickets for events without wasting
much time, as they don’t need to leave their homes or working places.

The only drawback of implementing such a system is that it cannot be integrated into existing
information system (it can, only if the developers of the system write the implementation of the interfaces
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responsible for communication with the local Node.js-based server). Nevertheless, most of the businesses
that could use synchronization between desktop and web clients do not have any information system at
all. Anyway, it is always possible to implement custom desktop applications for the cashboxes, which
will implement all the required interfaces.
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Nowadays effective project management leads to success of the project as a whole. Therefore it is very important to know
how to manage them in most effective and accurate way. Numerous guides and applications are considered to solve this problem.
However variety of software for managing documents electronically and based on specific guide is pure. The purpose of this article
is to introduce the developed web application based on PMBoK guide, which simplify project documentation management.
The article provides general information about PMBoK guide, methods used in web application development and shows its class
diagrams.
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1. Introduction

Today project management in information technologies sphere is the most rapidly developed
knowledge area. Therefore wide range of standards, books and guides are published. It is very difficult
for beginner project managers to get success in this sphere due to variety of termins and rules. As a rule,
it is followed by huge proportion of unfinished projects towards success ones. The solution of this
problem is development of conceptually new software for project management based on specific
methodology.

First, let me briefly determine termins of project management. According to the PMBoK, a widespread
guide among project managers, project is a temporary endeavour undertaken to create a unique product or
a service. The fundamental base of every project is the “triangle of the project”. The main purpose of
project managers is to do everything to hold the project inside this triangle. The sides of triangle are price,
structure of works and time. The project, which was inside of this triangle during the whole its lifecycle,
considered as successful project [1, 2].

Unfortunately, it is very difficult to watch after software projects. Therefore it is reasonable to
separate them into stages and to provide every step with documentation, because the documentation is
one of the most important indicators of the project.

However, project management have experienced project separation into the stages during its
history. Thus, these works have been done for us. Our aim is to choose the best one. After examining
different guides, the authors have decided that PMBoK guide is the most suitable on this case, because in
this guide processes are divided into knowledge areas and groups of processes, which can be successfully
applied as a base of web application.

2. Project Overview

The main purpose of the tool is development of unified web application which helps to manage
projects by simplifying the organization of documents in effective way. The programming language is
PHP. Also to provide the extension and integration with other projects the MVC pattern will be used. So
its' view and business logic will be separated.

As it was mentioned before, document management providing by application will be based on
knowledge areas and process groups in the PMBoK guide. That is, processes will be located in the cells
of these concepts intersection. User will allow uploading necessary document into this cell. If user do not
know what he should include into the document he will able to download a sample or, in special cases, fill
provided forms.
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Figure 1. The main page of web application

Generally, tool will provide the following functions:

e  Authentication;

e  Creation of new project;

e  Uploading/downloading documents;

e  Creation of some specific documents by filling forms;
e  Report generation from forms.

3. The MVC Pattern Implementation

As it was mentioned before the MVC pattern would be used to build the web application. Let us to
briefly introduce this concept.

The MVC (Model-View-Controller) architecture is a way of decomposing an application into three
parts: the model, the view and the controller. It was originally applied in the graphical user interaction
model of input, processing and output.

A model represents an application’s data and contains the logic for accessing and manipulating
that data. Any data that is part of the persistent state of the application should reside in the model objects.
The services that a model exposes must be generic enough to support a variety of clients. By glancing at
the model's public method list, it should be easy to understand how to control the model's behaviour.
A model groups related data and operations for providing a specific service; these group of operations
wrap and abstract the functionality of the business process being modelled. A model’s interface exposes
methods for accessing and updating the state of the model and for executing complex processes
encapsulated inside the model. Model services are accessed by the controller for either querying or
effecting a change in the model state. The model notifies the view when a state change occurs in
the model.

The view is responsible for rendering the state of the model. The presentation semantics are
encapsulated within the view; therefore model data can be adapted for several different kinds of clients.
The view modifies itself when a change in the model is communicated to the view. A view forwards user
input to the controller.

The controller is responsible for intercepting and translating user input into actions to be performed
by the model. The controller is responsible for selecting the next view based on user input and
the outcome of model operations.

The figure below shows the implementation of this concept in the main part of application.
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Figure 2. The MVC concept in the applications' class diagram

It can be clearly seen from the Figure 2, that the View part of the application only displays data,
neither operate with them. It is the part, which interacts with users. All data entered in the view will be
passed to Controller class. Controllers connect Model and View. Models are core of the system; its
domain logic.

For example, let’s see how the list of particular user projects is displayed in our application by
using this concept. Firstly, we should define in the model class the method, which gets projects titles of
users, by their id.

public function getByUserId($user_id)

$select = $this->select()->where('user_id=".$user_id)->order('id DESC');
$row = $this->fetchAll($select);
return $row;

Then we should implement this method in controller and push results into the view.
public function indexAction()

{
$projects = new Application Model DbTable Projects();

$auth = Zend _Auth::getInstance();
$user_id = $auth->getldentity()->id;
$this->view->projects = $projects->getByUserld($user_id);

}

And finally display results in view.

My projects

Sample?
Sample

Figure 3. The displayed view
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<?php $auth = Zend Auth::getInstance();
if ($auth->hasldentity()): 7>
<div id="sidebar">
<ul>
<li>
<h3 class = "toggle">My projects</h3>
<ul>
<?php if (count($this->projects) < 1) : 7>

<li>No projects</li>
<?php else : foreach ($this->projects as $project) : 7>
<li>
<a href="<?php echo S$this->url(array('controller’ =>
'index’, 'action' => 'project’, 'id' => $project->id)) ?7>">
<?php echo $this->escape($project->ptitle) 7></a>
</li>
<?php endforeach; endif; 7>

Benefits of the MVC concepts are the following:

1. Code reuse — Separation of concern principle will provide code reusability as the design will
have proper domain model and business logic in its logical unit.

2. Adaptable design — A good design is close for changes and open for additions. Isolated code
in presenter/controller, domain model, view and data access provide a freedom of choosing
a number of views and data sources.

3. Layering — MVC/MVP forces to separate data access login for the other layers and various
other patterns would be opted to implement data access layer.

4. Test driven approach — Isolated implementation allows testing each component separately.
Especially in MVP pattern that uses interface for a view, it is a true test driven approach.

4. Conclusions

The Republic of Kazakhstan is one of the most rapidly developed countries in information
technology. However, most of companies, government structures use software, which has been developed
in the foreign countries. This application will be one of the first domestic applications for project
management. Despite its simplicity, it covers all complex PMBoK concepts. The application helps to
manage projects documentation as well, so as helps to understand PMBoK.

In conclusion, software for project management is universal instrument of effective project management,
The MVC pattern, which is used to develop this application, provides possibility to extension of tool.
In future it can be upgraded by adding such functionalities as risk analysis, planning, cost estimation, etc.
The user of the application takes such benefits, as a hard disk memory economy and an accurate
document management.
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Development and improvement of distributed computer systems (DCS) is one of the general trends in nowadays’ computer
science and information processing. The core of such systems is a set of processor’s modules (PM), carrying out a parallel
processing of the information and cooperating by means of any subsystem of communication.
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1. Introduction

As a rule, modern information and operating systems concern distributed computer systems
(DCS).

Today they became the integral component of responsible technical complexes:

it’s impossible to operate without such a system, its subitaneous trapping leads to a full stop of
operated object at the best (frequently at the big material losses), and to failures with catastrophic
consequences at worst.

The requirement of extremely high reliability of distributed computer systems that is a part of such
technical complexes as technological installations, power supply systems, communication systems and
transport, aerospace systems, etc., is obvious but not easily achievable.

The chain of severe accidents proceeds, despite of continuous improvement of quality and
reliability of components of distributed computer systems (DCS), even at their careful selection for
applications.

It means that as a result of extremely rapid growth of complexity of DCS, an increase of reliability
of the integrated circuit can't solve completely a problem of their reliability if the structure of RVS is that
a unique element is detected all system does not operate.

So, it is supposed that attempts to “close” a reliability problem, based on a technological progress,
is not possible. It is obvious that to solve a problem of reliability of the real difficult systems without
mentioning their structure and the organization of operations is impossible.

The decision of this problem lies on a way of creation of failure-safe systems, i.e. the systems are
capable to carry out the functions, and it is possible with admissible loss of quality, at refusals of certain
number of elements.

In this direction (certainly, at the account of achievements of technology system of large information
systems), all basic researches and elaborating in the field of creation of highly reliable systems are
conducted.

It is important to notice that the leading foreign companies that create responsible operating and
information systems pay a paramount attention to a fault tolerance problem

Certainly, there are traditional methods of construction failure-safe (distributed or not distributed)
computing systems in practice.

These methods take an important and strong place both in practice and in the new advanced
projects which have emerged and developed for all time of existence of computer facilities and
programming.

Among traditional methods there are the following:

e  Various kinds of reservation.

e  N-modular redundancy with voting.

e  Duplication of processor modules with comparison of results, etc.

49


mailto:uskenbaevar@gmail.com
mailto:g.bektemisova@iitu.kz

Computer Simulations and Innovative Technologies

These methods are improved and developed at present. However, in the pure state they don't take
into account distribution of structure of the modern DCS that contain a “natural” hardware and a time
redundancy which can be used for fault tolerance maintenance.

In consequence of at high requirements to reliability of DCS an application of these methods leads
to excessive redundancy and the big additional expenses, and often doesn't allow to reach the
requirements of reliability at a set of cost, hardware, weight -dimensional, technological and other
restrictions.

This circumstance stimulates development of such approaches to construction failure-safe of DCS
which consider their structural and functional distribution and allow using the natural superfluous
resources which are a consequence of a distribution.

It is reached by flexible change of a structure of DCS at its processor modulus cut-off.
The purpose of this structure is to block of the refused processor modules and redistribution of objectives
between not refused processor modules.

An admissibility of functioning of DCS with the indicators of quality worsened in the prescribed
limits (“gradual degradation”) is taking into account.

Sufficiently large quantity of researches is executed and a number of practical workings out are
created in this direction.

However, the integral concept of failure-safe of DCS on the basis of these properties has started
only last years. Models and methods of rational (i.e. optimized) redistributions of problems at processor
modulus cut-off occupy an important place.

In the given work the followings are done:

e  The basic categories of the fault tolerance of DCS are systematized.

e Fundamentals of the concept of construction failure-safe of DCS on the basis of rational
redistribution of problems and reconfiguration of system structures at the account of an
admissibility of its gradual degradation are considered.

e A number of the methods developed within the limits of given concepts of construction
failure-safe of DCS.

e Possible variants of an estimation of reliability are resulted by a method of imitating modelling
and their comparison.

e  The choice of the most perspective variants for realization is stipulated.

2. Reliability Evaluation of Distributed Computer Systems Using Simulation Modelling

Simulation modelling is used intensively in DCS design stage for the following tasks:

e prediction the performance of the system followed by analysis of its structure;

e the development and debugging of distributed programs on a detailed model of the

equipment;

e verification of logical properties of parallel algorithms on the basis of the same description of

the system;

e  optimization of the DCS structure on a given criterion.

Since, as seen at the design stage model is created that takes into account the structure of
developed DCS, as well as hardware and software components of the system, then there is the idea of
using this simulation model to assess the reliability of the DCS.

The main stages of a simulation experiment:

e A description of the model;

e  Run the model (simulation);

e  Analysis and interpretation of experimental results;

e We estimate the necessary changes to the scheme of simulation experiments to assess

the reliability at each stage.

For further consideration we should distinguish between two possible options of initial data on
the reliability of the system components:

e  Absence of reliability characteristics of some components;

e  Full availability of DCS components’ reliability characteristics.

It should be noted that at the stage of designing the first situation occurs quite often. This happens
because the hardware components of DCS at the design stage may not yet exist.
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If at the second case we can develop the existing methods for assessing the reliability, at the first it
is necessary to use an entirely new methods. The possible approaches are shown at Figure 1 and described
below.

2.1. Fault Injection Methods

As one of the methods of solving the problem of reliability evaluation in case of absence of certain
components’ characteristics it is proposed to adapt a method of Fault Injection. The point of fault
injection methods is to conduct a special test of software and hardware part of the DCS. This testing is
performed by faults injection in the software or hardware parts of the system, followed by consideration
of the ability or inability of the system to detect and eliminate this failure. In fact, in this way we test
the effectiveness of fault tolerance mechanisms used in the system. This approach was used to study
the reliability of Ericsson’s telephone networks.

[ New methods of reliability analysis ]

— \

[ Fault Injection ] [ Development of existing methods
s e »
Run-Time Compile-Time
. (.
| ,
At the stage of the analysis At the stage of model runs
L results L

Figure 1. Suggested approaches for reliability analysis

Fault injection methods can be divided into the two groups of Run-time and Compile — time. In the
methods of compile-time failure is injected directly into the description of the system, and at the methods
of run-time in the system during its operation. These methods are actually used to assess the reliability of
full-scale software and hardware, let’s consider the possibility of using these methods for models of
software and hardware. Adapted methods of failure injection must meet the following requirements. First,
the initial model to assess the reliability must change minimally, and secondly, the reliability
characteristics obtained in the simulation, should give a smaller error compared to the actual values than
in existing methods.

In applying compile — time method for the problem of assessing DCS reliability there will be need
to inject changes to the model at the stage of model description. These changes depending on the type of
failure should be entered either into the description of the equipment in the simulation model, or in
a description of applied load. This method is labour intensive in terms of writing code and the subsequent
compilations and model runs. Also, while using this method when you change the structure of the model
you have to rewrite that part, which models the system reliability.

In applying run-time method for the problem of assessing DCS reliability there will be need to
inject changes either on the stage of model running or on the stage of simulation results analysis.

In applying changes on the stage of models running there will be need to significantly change of
that part of the simulation environment, which is responsible for the simulation of described models.
The main drawback of this method is that in case of necessity to test the stability of the system to a new
type of failures you will have to remake “heart” of simulation modelling environment. The apparent
advantage of this approach is that models that do not require evaluation of reliability, the availability of
certain features in a simulation environment related to the assessment of reliability will not be noticeable
and in the case of rewriting the model, in contrast to the method of compile-time, will not need to rewrite
the code associated with the assessment of reliability.
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DCS failures injection on the stage of the analysis of simulation results in the first place means
the implementation of changes to the route obtained after running the model. The method of analysis of
simulation results is the least labour-intensive than other approaches discussed, but in such approach there
is no feedback from the simulation, in the other words it is impossible to simulate the operation of the
system during working of fault-tolerant algorithms.

Comparing these methods it can be seen that the method of compile — time is more accurate than
the other two. This is due to the fact that in the method of introducing changes on the route analysis stage,
as shown above, possibility of fault-tolerant algorithms using is not supported, and at the method of
introducing changes at the models running stage known to the author the simulation environment does not
support dynamic reconfiguration of the system being modelled.

2.2. Development of the Existing Methods

In the case when at least one of the common characteristics of the reliability of all hardware
components is known, it is possible to evaluate not only the effectiveness of fault tolerance mechanisms,
but also quantitatively calculate the reliability of the DCS.

Let’s consider the possibility of using simulation in conjunction with the method calculating
the reliability by the structural graph of the system hardware. In this case, the simulation allows you
to collect data on the utilization of hardware components that are used to determine the weight with which
to consider this or any other hardware in the calculation of reliability, and failure injection method refines
the data load.

That is, initially allocated system resources, which are known for reliability characteristics. Then,
a run of the model is performed, where the route is gathered. From the route information about utilization
of resources is gathered. This information is used to calculate the reliability of a structural graph of
the system.

Such a hybrid method for estimating reliability is more accurate than existing methods for
estimating reliability. At the same time, a priori, it is rather difficult to compare it with proposed failure
injunction methods.

3. Comparison of the Proposed Methods with Existing

Reliability of DCS depends on the reliability of its individual components, as well as on those
taken in the design decisions.

These decisions include:

e the possible reservation of one or more devices;

e the ability to dynamically reconfigure the system;

e  diagnostic testing during system operation;

e  the use of fault-tolerant algorithms.

The last three types of design decisions require consideration of software’s dynamics.

Despite a number of advantages, none of the existing evaluating reliability methods does support
all possible design decisions for improving reliability. Thus it is supposed to use one of above methods
for reliability research instead of traditional methods. Also one of the advantages of the proposed methods
is to use a single mechanism for describing a computer system, as for the problem of reliability assessment,
so for the tasks of evaluation the performance and logical analysis.

4. Conclusions and Prospects

This paper presents the possible modern approaches to assessing the reliability of the DCS.
The possible options for adapting of these approaches to assess the reliability of the DCS in the case of
simulation of researched system are given. Advantages and disadvantages of proposed approaches are
shown. In the course of the research there are identified possible methods for implementation (the method
of compile-time, the methods of failures injection, and run-time and hybrid methods for assessing
the reliability).

The author has partially implemented a hybrid method, which develops a method for calculating
the reliability by system’s structural graph and possible applicability of a distributed computing system to
the problem of estimating the reliability is shown.
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The following areas can be pointed as immediate prospects of development:

e mathematical formalization and rigorous justification of the correctness of the selected
methods to assess reliability;

e software implementation of the selected methods within a framework of unified approach, at
that, at first it is necessary to implement a hybrid method and the method of faults injection
on the stage of results analysis, due to their lower laboriousness;

e comparison of results of evaluating the reliability regarding the proposed approaches with
the results of existing methods and the real got results.
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The problem of the symmetric deformation of an elastic composite circular plate, a radially variable thickness, which is
generally subjected to a transverse load, the radial forces experienced uneven heating.
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1. Introduction

The problem of the symmetric deformation of an elastic composite circular plate, a radially
variable thickness, which is generally subjected to a transverse load, the radial forces experienced uneven
heating. The system of resolving equations describing this problem, we make based on the theory of
symmetric-deformed shallow shells of revolution with respect to two unknown meridian efforts and
angular displacement. This choice of the unknown provides a relatively simple form of the resolving
equations.

2. Model

The differential equation is quasi-static form:
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We obtain the following solution by taking into account the conditions q, =Q;q, =0, =...=0.
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where Al, Bl and A2, B2 — integration constants determined from boundary conditions.

Expressions (2)—(3) represent the general solution of the problem in the sense that the Al, Bl
and A, are not yet defined, and that the deformation temperature heating loads defined in general
terms.

Here we consider the specific laws of change of external influences; secondly, bending of non-
uniform composite plates with variable thickness with a hole in a non-uniform temperature field.
Allowing the differential equation of the problem is (1).

The boundary condition we assume in the form:

M, (r)=M,(n )} 9 (0,17)= 0} ' @)

S (r)=8(r) M(r,)=0

Consider the solution of (2)—(4), a composite circular plate with a radially variable thickness
rigidly clamped inner loop, loaded evenly distributed over its surface, the intensity of the transverse
forces and uniformly distributed on its outer contour of the transverse force Q. The impact of
symmetrically distributed in the median plane of the shear force intensity is given by the
expression:
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For bending moments will be as follows:
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The results of specific calculations represent graphically bending moments under the action of
shear force and transverse force of intensity Q.
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Figure 1. Bending moments under the action of shear force and transverse force of intensity Q

3. Conclusions

Figure 1 shows the curves for the variation of the radial moments for composite plates during
loading and the intensity of the transverse forces are uniformly distributed over its outer contour of the
transverse force Q. On the curves clearly stand out kinks in the curves interface.
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1. Introduction

Recent concern over depleting petroleum reserves and anthropogenic climate change has increased
effort to develop new technologies and focus on the renewable energy sector. Assuming the rapidly rising
energy demand, which is expected to double by 2050, biofuels can play an important role in the global
energy market [1]. Biofuels are produced from photosynthetic material converted into solid (biochar),
liquid (bioethanol, vegetable oil and biodiesel) and gaseous (biogas, biosyngas and biohydrogen) fuels.

Currently, biofuel represents 14% of primary energy consumption in the world and is the largest
contributor amongst renewable energy sources [2]. The biofuels industry has significantly expanded over
the last decade and received high attention in both developed and developing countries (Fig. 1).
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Figure 1. Global biofuel production (IEA, 2010) g vegetable oil (triglyceride) and alcohol

Although biofuels have the potential to reduce reliance on fossil fuels and cut CO, emission, not
all biofuel types are equally efficient and secure [1]. For instance, first generation biofuels produced from
food crops and vegetable oils can provide carbon benefits, but their sustainability is questioned over
concerns relating to nitrous oxide emissions released upon combustion, the competition for land with the
agricultural sector and the biodiversity threats due to land use change [3]. Thus, first-generation biofuels
cannot be part of a cost-efficient emission abatement strategy and require novel, sustainable alternatives.
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The current energy research is focused on advanced, so-called next generation biofuels, mainly
produced from lignocellulosic non-food materials, e.g. cellulosic ethanol, Fischer-Tropsch fuels and
algae-based biofuels [3]. Their production appears to be more sustainable, as it does not interfere with
food supplies and can make use of abandoned lands to avoid land clearing. In addition, they may consume
agricultural residue feedstock and contribute to bio-waste reduction. Although, next generation biofuels
are not yet available on a commercial scale, pilot projects have proved their cost-efficiency and
comparability to high quality conventional fossil fuels, such as petrol and diesel [4].

This paper aims to examine benefits and threats of first-generation biofuels and discuss the
potential of advanced, more sustainable next generation biofuels to offer promising potential to address
energy security issues.

2. Benefits and Threats of First Generation Biofuels

First generation biofuels have been considered for a long time as prominent alternatives to
conventional fossil fuels which have the potential to provide energy security, carbon savings, reduced reliance
on crude oil imports and rural development opportunities [4].

The most important and competitive liquid transport biofuels are biodiesel with a potential to
replace petroleum diesel and bioethanol as a gasoline substitute. Biodiesel is produced through trans-
esterification of vegetable oils, e.g. rapeseed, jatropha and palm oil, animal fats or waste cooking oil, in
the presence of a catalyst (Fig. 2). The reaction also produces a valuable co-product glycerol which is
used in food industry and medicine [5].

Biodiesel can be used directly as a car fuel with some engine modifications, or blended with
petroleum diesel. To date, the cost of biodiesel production remains fairly high, but it can be reduced by
developing more advanced innovative technologies, using co-solvents to facilitate the processing of the
reaction and increasing feedstock yields [6]. The market for biodiesel can create numerous socioeconomic
benefits associated with income in the local and regional economy, increased employment, rural growth
and poverty reduction. Given that biodiesel is produced from common biomass material, many
developing countries such as Argentina, India and Malaysia could play a large role in biodiesel exports
and increase their international competitiveness [7].

However, alongside obvious benefits, biodiesel production may also cause certain problems.
For instance, biodiesel made from classic food crops requires high-quality agricultural land for growth
which inevitably imposes pressure on farming and food production. This may lead to socio-economic
conflicts and serious environmental issues, such as land clearing and biodiversity loss. For instance,
Brazil and the United States, being the world’s largest biodiesel producers, tend to increase yields by
converting rainforests, peatlands, savannas and grasslands into oil palm plantations and soybean fields,
causing indirect CO, emissions as a result of burning and microbial decomposition of organic carbon
stored in plant biomass and soils [8]. Land conversion may produce up to 420 times more CO, than the
amount of carbon savings achieved through displacement of fossil fuels by biofuels. These indirect
emissions create a so-called biofuel carbon debt which can be repaid only if the future biofuels production
and combustion is completely offset by carbon sequestration of the crops used as a feedstock. Otherwise,
biofuels can contribute to even higher greenhouse gas emissions than the fossil fuels which they intended
to displace (Fig. 3). The 2009 EU Renewable Energy Directive [9] has set stringent targets for biofuels to
deliver a 35% carbon saving compared to fossil fuels by 2013, increasing to 50% by 2017 (Fig. 3).
However, in the context of the carbon debt as a result of indirect emissions, it is questionable whether
the EU objectives will be met on time and to the specified conditions.

Another problem is associated with the release of nitrous oxide (NO,) upon combustion of
the biofuels made from the crops fed with nitrogen-based fertilizers. Nitrous oxide is a strong greenhouse
gas, which has a global warming potential 298 times higher than that of carbon dioxide [10]. In addition,
NOy is a short-lived tropospheric ozone precursor, which drives the chemistry of the OH radical and
influences the distribution of tropospheric ozone, one of the major radiatively-active trace gases [11].
Overall, N,O emissions derived from biofuels can contribute to climate change as much as conventional
fossil fuels [12].

Bioethanol is another type of liquid biofuels, which is usually made from sugar-containing or
starch-containing biomass via anaerobic fermentation conducted by microorganisms [3]. The production
cost of ethanol still remains high in relation to gasoline, with the exception for Brazil, where bioethanol
is manufactured from relatively cheap and abundant sugar cane feedstock [5]. Cost-efficiency can be
increased by producing ethanol through enzymatic hydrolysis of non-food lignocellulosic biomass
of herbaceous and woody plants, agricultural and forestry residues, and municipal solid waste. Although
the processing cost of cellulose will be higher compared to starch or sugar-based materials, the cost of
the feedstock itself would be substantially reduced [5].
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Figure 4. Relative oil yields of the next generation biofuel

Main environmental benefits of using bioethanol are associated with its ready availability,
renewability and biodegradability [13]. Bioethanol has also high evaporation heat, octane number and
flammability, so when it is added to unleaded gasoline it improves engine performance, increases
combustibility and reduces exhaust emissions [14]. Although, there is currently no global market for
ethanol, it is projected that the production of ethanol from sugar cane in developing countries could
provide a profound displacement of petroleum worldwide over the next 20 years [15, 16]. Although,
ethanol is much cleaner than biodiesel, compared to conventional energy sources, it saves only 50-60%
of carbon emissions and cannot be regarded as carbon-neutral [17].

Overall, biofuel projections in the developing world are uncertain due to small production rates in
recent years and high processing cost [4]. Therefore, the controversy surrounding biofuels has attracted
attention to advanced second and third generation biofuels which can be produced in a more sustainable
fashion with a zero or even negative net CO, impact.

3. Sustainability of Next Generation Biofuels

Next generation biofuels are regarded as sustainable and secure energy alternatives to first-
generation biofuels and can be produced from a variety of various feedstocks, such as lignocellulosic
biomass and microalgae. According to the IEA assessment, next generation biofuels will account for 90%
of all biofuels in 2050 [18].

The potential of lignocellulosic material to provide valuable feedstock for biofuels production has
not been fully realised [3]. However, such feedstock forms a readily available biomass source from
harvesting activities and does not require any additional land management activities [4]. Lignocellulosic
biomass primarily contains cellulose and polymeric hemicelluloses which are subjected to special
biochemical or thermochemical pre-treatment. Biochemical treatment involves breaking down cellulose
into simple sugars via enzymatic hydrolysis followed by fermentation and distillation into ethanol.
Thermochemical route implies gasification of the feedstock into a syngas (CO, + H,) which is then
transformed into Fischer-Tropsch fuels, e.g. BTL-diesel. Compared to their first generation alternatives,
lignocellulosic fuels offer energy of better quality and produce 15% less CO, emissions. However, to
achieve cost-efficient production on a large-scale, they require technological advances and infrastructure
development for biomass harvesting, transporting and refining [19].

Lignocellulosic ethanol and BTL-diesel (biodiesel-to-liquid) are referred to the so-called second
generation biofuels and mainly produced from woody crops (e.g. willow, eucalyptus, poplar and
bamboo), perennial grasses (e.g. miscanthus, rye and switchgrass) and agricultural and forestry residues.
They can be grown on marginal and degraded land and therefore do not compromise agricultural
production and access to food. Field trials in Australia showed that eucalyptus energy crops are ideal for
increasingly saline soils, as they not only exhibit environmental tolerance, but also create favourable
conditions for cereal crops in adjacent areas through the control of the water table and surface salt
depositions [20].

Although lignocellulosic biofuels have a positive environmental and economic impact in terms of
increasing energy efficiency, reducing net carbon emissions and creating job opportunities, deployment of
high-quality second-generation biofuels is not yet commercialised and not regarded as priority in many
developing countries (except Brazil) due to high associated costs and lack of technologies [4]. Thus, to
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achieve successful production, it is essential to invest into research and development activities on regional
markets to overcome technological constraints and ensure that land-use requirements comply with
minimum lifecycle greenhouse gas reductions and social standards.

Another type of next generation biofuels comprises microalgae which are sometimes referred
to the third generation biofuels. Microalgae cover unicellular and multicellular microorganisms
(e.g. cyanobacteria, green algae, red algae and diatoms) capable of all year round photosynthetic
production [21]. They also have a short harvesting cycle (1-10 days), which allows continuous harvests
with substantial energy yields. Oil content of algae accounts for 80% of their dry mass which reflects in
25-200 times higher oil yields compared to crop-based biofuels [22].

In addition to high energy efficiency, algae may also provide a positive environmental impact.
For instance, some heterotrophic microalgae (i.e. non-photosynthetic species feeding on exogenous
organic nutrients) can be grown in brackish water on marginal or non-arable land and therefore minimise
land use change and provide potential for bio-treatment of nutrient-rich water. Furthermore, algae do not
require heavy fertilizers to grow. In fact, they can produce proteins and other valuable co-products which
can themselves be used as livestock feed and fertilizers [21].

Commercial algae production can be based either on the use of natural resources required for their
growth, i.e. sunlight, water and nutrients, or artificially replicated conditions. Under artificial conditions,
algae are subjected to fluorescent lighting compatible with the absorption spectra of algal photosynthetic
pigments and constantly supplied with minerals and CO, fed into the algae media in the form of
carbonates or from external sources. Overall, algae are able to assimilate up to 150,000 ppmv CO, and
potentially make use of carbon emissions released by power plants [23].

The most cost-efficient large-scale production technology is to grow algae in open ponds and
bioreactors. Cultivation in ponds is less efficient due to diurnal and seasonal temperature and light
variations, evaporation losses, CO, diffusion into the atmosphere and slow mixing, whereas a closed
bioreactor permits manipulation of growth conditions with lower risk of contamination [21]. The newly
produced algae biomass is harvested and processed to recover oil, proteins and sugars which are then
converted into biofuels and other valuable co-products.

The main algae-based biofuels include biodiesel, bioethanol and biohydrogen. While the first two
can be produced by all algae species, the biohydrogen production is restricted to selected groups of
microalgae which can use sunlight to convert water to hydrogen (as protons and electrons) and oxygen.
The advantage of biohydrogen is that it is carbon-free and can be easily released into the gas phase and
used as a clean energy source. In addition, combustion of hydrogen and oxygen extracted by marine algae
from sea water can be used as desalination strategy. Given that there is a direct relationship between
water and hydrogen yields, a 1 million L of water medium containing algae culture can annually produce
610,000 L of fresh water [24]. Further technological development and investment into bioengineering will
optimise the algae production and improve efficiency of biomass-to-biofuels conversion.

4. Conclusions

The expanding biofuel industry has been recently critically questioned over important concerns
associated with food safety, efficiency of net lifecycle greenhouse gas emission reductions and high
processing costs. It is realised that most first-generation biofuels cannot be regarded as socially and
environmentally sustainable and therefore have a weak potential to displace petroleum-derived transport
fuel. Therefore, the current research is focused on the development of more advanced, next generation
biofuels which can provide high energy efficiency and substantial carbon reductions without
compromising the competition with food market. Second generation lignocellulosic fuels can make use of
abandoned land and help to enhance local economy through job creation and rural development, while
third generation algae-based biofuels offer the potential to completely displace conventional energy
sources due to unique biological properties translating to high biomass yields and production of clean,
carbon-free fuel. Proper energy analysis, investment into R & D activities and adoption of special
legislation will help to overcome technological constraints and increase competitiveness of next
generation biofuels in the global energy market.

References

1. World Energy Council. (2010). Biofuels: Policies, Standards and Technologies. London: WEC.

2. Balat, M., Balat, H. (2009). Recent trends in global production and utilization of bio-ethanol fuel.
Applied Ecology, 86, 2273-2282.

3. Naik, S.N., Goud, V. V., Rout, P. K. & Dalai, A. K. (2010). Production of first and second
generation biofuels: A comprehensive review. Renewable and Sustainable Energy Reviews, 14(2),
578-597.

61



10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.
24.

Computer Simulations and Innovative Technologies

IEA. (2010). Sustainable Production of second-generation biofuels: Potential and perspectives in
major economies and developing countries. Paris: IEA.

Demirbas, A. (2009). Political, economic and environmental impacts of biofuels: A review.
Applied Energy, 86, 108—117.

Demirbas, A. (2008). Economic and environmental impacts of the liquid biofuels. Energy,
Education, Science and Technology, 22, 37-58.

OECD/FAO. (2011). Biofuels. In OECD-FAO Agricultural Outlook 2011-2020. Retrieved
February 10, 2012, from http://www.agri-outlook.org/dataoecd/23/56/48178823.pdf

Fargione, J., Hill, J., Tilman, D., Polasky, S. & P. Hawthorne. (20080. Land Clearing and the
Biofuel Carbon Debt. Science, 319, 1235-1238.

Directive 2009/28/28/EC of the European Parliament and of the Council of 24 April 2009 on the
promotion of the use of energy from renewable sources and amending and subsequently repealing
Directives 2001/77/EC and 2003/30/EC. Official Journal of European Union, L 140.

IPCC. (2007). Changes in Atmospheric Constituents and in Radiative Forcing. In IPCC Fourth
Assessment Report: Climate Change 2007 — The Physical Science Basis. Cambridge: Cambridge
University Press.

Crutzen, P. J. (1974). Photochemical Reactions Initiated by and Influencing Ozone in the Unpolluted
Troposphere. Tellus, 26, 47-57.

Crutzen, P. J., A. R. Mosier, K. A. Smith & W. Winiwarter. (2007). N,O release from agro-biofuel
production negates global warming reduction by replacing fossil fuels. Atmospheric Chemistry and
Physics Discussions, 7, 11191-11205.

Demirbas, A. (2006). Theoretical heating values and impacts of pure compounds and fuels. Energy
Sources, 28, 459-467.

Najafi, G, B. Ghobadian, T. Tavakoli, D. R. Buttsworth, T. F. Yusaf, M. Faizollahnejad. (2009).
Performance and exhaust emissions of a gasoline engine with ethanol blended gasoline fuels using
artificial neural network. Applied Energy, 86, 630—639.

Grassi, G. (1999). Modern bioenergy in the European Union. Renewable Energy, 16, 985-990.
Antizar-Ladislao, B. & J. L. Juan, L. Turrion-Gomez. (2008). Review: Second-generation biofuels
and local bioenergy systems. Biofuels, Bioproducts and Biorefining, 2(5), 455-469.

Bothast, R. J. (2005). New fechnologies in biofuel production. United States Department for
Agriculture: Agricultural Outlook Forum.

Renssen, S. (2011). A biofuel conundrum. Nature Climate Change, 1, 389—390.

IEA. (2008). Energy Technology Perspectives 2008: Scenarios and Strategies to 2050. Paris:
OECD/IEA.

Wu, H., Q. Fu, R. Giles & J. Bartle. (2008). Production of Mallee Biomass in Western Australia:
Energy Balance Analysis. Energy and Fuels, 22(1), 190-198.

Brennan, L. & P. Owende. (2010). Biofuels from algae — A review of technologies for production,
processing, and extractions of biofuels and co-products. Renewable and Sustainable Energy
Reviews, 14, 557-5717.

Boeing. (2008). 2008 Environment Report. Relative energy yields from next generation biofuels
[Image]. Retrieved February, 10, 2012, from
http://www.boeing.com/aboutus/environment/environmental _report_08/boeing-2008-environment-
report.pdf

Chisti, Y. (2007). Biodiesel from microalgae. Biotechnology Advances, 25, 294-306.

Schenk, P. M., S. R. Thomas—Hall, E. Stephens, U. C. Marx, J. H. Mussgnug, C. Posten, O. Kruse &
B. Hankamer. (2008). Second Generation Biofuels: High—Efficiency Microalgae for Biodiesel
Production. Bioenergy Resources, 1,20-43.

Received on the 21°" of July 2012

62



Computer Simulations and Innovative Technologies

Computer Modelling and New Technologies, 2012, vol. 16, no. 3, 63—67
Transport and Telecommunication Institute, Lomonosov 1, LV-1019, Riga, Latvia

COGNITIVE RADIO NETWORKS IS THE NEXT STEP
IN COMMUNICATION TECHNOLOGY

A. Z. Aitmagambetov, Z. M. Jakipbayeva

International IT University, Department of Information Systems
Manasa 34, 050040, Almaty, Kazakhstan
E-mail: altayzfl@mail ru; zaure_md@mail.ru

Wireless computing and communications are growing rapidly. The expansion of wireless applications usage creates an
increasing demand for developing of an effective access to radio spectrum. The problem of spectrum usage could be solved with
deployment of cognitive radio (CR) which is a breakthrough in technological innovations.

CR makes it possible to use existed spectrum bands effectively and finds solution to the “congestion” problem in
information systems. Apart from having positive characteristics in terms of spectrum efficiency, its application performance is
configurable, upgradable and flexible. Therefore for the future several decades CR provides opportunity of scaling wireless systems.

However, creation of cognitive networks requires definition of many technical challenges from dynamic spectrum
allocation methods and sensing to network security. It the presented paper important details about high-level cognitive radio
opportunities and challenges will be shown.

Keywords: Cognitive Radio CR, Cognitive Radio Network CRN, Spectral Policy, Dynamic Spectrum Access DSA

1. Introduction. Overview of Cognitive Radio

Wireless communications is not a new paradigm in today’s technological world. Its purpose is to
convey information by air from one point to another, from transmitter to receiver. The evolutionary future
of the wireless communication will be based on usage of computer-based devices. Development in this
sphere brings further deployment of software-defined and cognitive radios. On the Figure 1 differences
between the traditional radio, software-defined radio (SDR) and cognitive radio (CR) are showed.
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Figure 1. Evolution of radio (Traditional Radio, Software-Defined radio, Cognitive Radio)
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It is illustrated that in SDR many signal processing functions such as modulation and coding are
done in software. From picture it is obvious that CR is an extension of the SDR. Cognitive radio adds
interfaces, applications, and other cognition functions such as behaviour and sense. There are several
definitions and concepts, which are involved in CR. CR is a radio that can change its transmission
parameters based on the interaction with the environment in which it operates [1]. This definition makes
emphasis on the environment which includes the interference levels in a frequency band and data traffic
of communication sets in the same time and geographic region. D. Cabric defines CR as “a network of
radios that co-exists with higher priority PU, by sensing their presence and modifying its own
transmission characteristics in such a way that they do not yield any harmful interference.” [2] In this
definition spectrum awareness is related to the physical and network layers.

2. White Space and Dynamic Spectrum Access

The Commission on Radio Frequency Spectrum, as well as similar representatives in other countries,
oversees spectrum management and allocation in Kazakhstan. The frequency spectrum is assigned to
the particular licensed primary users (PU). Therefore, in realization of CR, it faces the problem of using
a frequency spectrum without interfering with PU. For this reason white spaces or spectrum holes are used
by CR users. The description of that conception is shown on the Figure 2.

Frequency

Space (Power)

)- DSA

Time

White Space

- Spectrum in Use
# Whilc Spﬂc&‘
Figure 2. Spectrum Holes

White spaces are the frequencies assigned to the PU, but at a particular time and specific
geographic location the band is not used by them [3]. In this realization CR must finish transmission on
that band if the PU starts to utilize the frequency which it has been assigned. It is a requirement to the CR
in order not to create interference with the PU. To continue signal transmission the CR changing its
characteristics such as power level and modulation scheme. The concept of dynamic spectrum access (DSA)
is used to identify spectrum holes or white spaces and use them for communication.

3. Cognitive Radio Operations

The idea of CR extends the concepts of SDR from a simple, single function device to a radio
that senses and reacts to its operating environment [4]. The CR operation could be modelled through
a cognitive cycle (CC). It has several phases which are named as observe, orient, plan, learn, decide and
act [5]. From the Figure 3 it is clear that these phases do not have a particular order. The CR tailors
(orient) its operating conditions based on information about outside environment. To observe conditions
and establish its priorities an application does calculations of all previous transmission characteristics.
Then the CR plans its options based on the observations. To decide which frequency should be used the
CR uses plans and then transmit signal (acf). To complete the CC the operating environment is observed
again. Based on these stages CR radio learns for better signal transmissions. Therefore cognition is the
main characteristic of intelligent CR.
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To make the CC well-ordered we improved its representation. On the Figure 4 it is shown that
a modified CC consists of three tasks: Sensing analysis, Spectrum identification, and Dynamic spectrum
management.
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Figure 4. Modified Cognitive Cycle

The first task in the CC consists of two sub-tasks: estimation of interference temperature and
detection of spectrum holes. The first sub-task represents the temperature of a radio frequency power
available at an aerial (per unit bandwidth). The interference temperature is needed to estimate and manage
interference among different PU’s services in a radio environment. The maximum acceptable level of
interference temperature is the worst characteristic of the radio frequency environment in a particular
spectrum band, time and location. In this case the receiver could be not expected to operate satisfactory.
Spectrum holes are available frequencies for particular time and in particular geographical location. There
are three spaces: black, grey and white. They can be identified by exploring the power spectrum of an
incoming radio frequency signal. The frequency bands with high power currently occupied by PU and
they are called black spaces. They could become spectrum holes when the PU are switched off. Grey and
white spaces are low-power and free of interferences bands. Therefore they are candidates to be occupied
by secondary users (CR).
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The second task in the CC consists of two sub-tasks: identification of channel and its capacity
prediction. After finishing the first two tasks of the CC, the Dynamic spectrum management and the power
control is performed at the transmitter CR.

4. Cognitive Transmitter and Receiver

According to the modified CC presented above we can implement Cognitive Receiver and
Transmitter. Explanations of building concepts and flow charts are given below.

In the transmitter detection and transmission of CR is presented in parallel. A power detector first
senses several channels during the given period and then detects white spaces. The results about which
channels are used or opened are passed to the transmitter. Then it decides to transmit signal through one
of the free channels. Depending on the hardware, there is a time between the results of the detection and
the actual start of the transmission. If the transmitter is active, the detector discards samples. When the
transmitter stops signal transmission, the detector starts sensing again, then the cycle repeats. One antenna
is used to detect and transmit. The power detector provides information about the channels state (free or
in use) and the transmitter chooses where to transmit. Transmitter will continue send signal on the same
channel N if it is still free. If the previous channel is not open and the next one is available (N++),
transmitter uses it. Otherwise, if the next channel is occupied transmitter cycles through the channels until
it finds free. On the Figure 5 the flow chart identifies explained above information.
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Figure 5. Flow Chart for Cognitive Transmitter

The cognitive receiver works depending on the information send by transmitter, Figure 5.
Therefore, it knows the set of frequencies used by the transmitter. The receiver stops on each of the
channels to find the transmitter. Firstly, it stops on channel N for a particular period. If it has not received
any packet during that time, it switches to the next channel N++. If it received at least one packet from
the transmitter during that time, it stays on the channel for another cycle.
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Figure 6. Flow Chart for Cognitive Receiver
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5. Conclusions

Many conventional frequency bands are underutilized. On the other hand, that spectrum models
have many space-time holes, particularly in urban areas where buildings cause blind spots. These spaces
can be used for CR signal transmission that does not cause interference to the primary spectrum users [6].
CR is a technology which changes the way of radio spectrum access and management. As a result
implementation of CR networks could reduce spectrum overhead and improve integration within existing
telecommunication system. The CR integration is an issue which connects different fields of computing
and communications. In the paper information about basics of CR, modified CC and implementation
concepts of cognitive transmitters and receivers are presented. These data and models could serve as
a basis for the future deployment of CR network.
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Software architecture design plays the key role for logistics and transport software engineering. One of the design
approaches is to reuse the architectural patterns, which express a fundamental structural organization of software systems and its
behaviour. The usage of the proven and tested solutions allows us to increase the software quality and reduce potential risks.

To choose the optimal architectural patterns suite it is necessary to use a technique that contains a number of steps.
The technique proposed in this paper allows us to consistently evaluate the impact of specific patterns to overall software
development effort with a given functionality. In addition, it takes into account the interference between patterns. Effectiveness and
efficiency of the described method is confirmed by a case study.

Keywords: architecture, pattern, functional points, metrics, logistics and transport software, integer programming,
objective function, restriction, bounded, optimization, decision

1. Introduction

Architectural and detailed design of a modern logistics and transportation software have a huge
impact on a quality as well as a cost of development, so it is necessary to put reasonable attention when
making architectural and design decisions.

Architectural design provides an understanding of the system organization. Also it creates
a framework for the proper representation of a system. The creation of architecture is the first and
fundamental step in the software designing. It creates software system representation base that satisfies to
the full range of detailed requirements [1, 2, 3].

As long as there is no effective method for the architecture building we should rely on used
techniques as well as past experience in that area. One of the common approaches is to use architectural
patterns for creation of the software architecture.

Architectural patterns organize the essence of architecture which was used in various software
systems. Today the patterns are widely used during the software development process. They help to reuse
knowledge and the best practice [4, 5, 7].

Architectural patterns can be seen as a generalized description of best practice. The patterns were
tested and proven in a variety of systems and environments, as a result of that, the architectural pattern
describe the system organization which has been successful in previous systems.

It’s obvious what we need to have some technique that allows selecting the optimal suite of
patterns from a number of patterns, also such selection should take into account the specific requirements
for the logistics and transport system.

2. Selection of an Optimal Patterns Suite

Let’s assume that there is a set of patterns which can be separated into groups according to their
corresponded functionality. Also we know numerical values of system characteristics which depend on
used patterns for the given system. So we need to develop a model which helps us to determine the
optimal suite of patterns for logistic and transport system with a given functionality.

Suppose that there is a set of input pattern groups — {P, |i =1,..,g}.

Each group can have different number of patterns, so we can define it as follows:
Bli=lngij=l..m},

where P; — i-th pattern from group j, m; — number of pattern in group j which is a variable number.

Let’s assume that from some groups we aren’t obligated to select a pattern (this is due to the fact
that the selection of some patterns can exclude a whole group of patterns). On the other hand, we can
select several patterns from some of the groups.

Thus the input data for our model makes a complete set of patterns for each group, and such set
can be represented as a multiset.

68


mailto:sorlov@tsi.lv
mailto:andrei.vishnyakov@gmail.com

Computer Simulations and Innovative Technologies

For simplicity, we reduce the multiset to a uniform set of patterns {£,..., P} where we use special

restrictions for partitioning to the groups.

At the output, the model with the specified constrains should select the optimal combination of
patterns which should be used for software development.

The produced restrictions should exclude those combinations of patterns that are logically
inconsistent or interchangeable. In addition, some restriction should allow selection of multiple patterns
from specified group of patterns.

The objective function for finding the optimal suite of pattern defined as follows:

W=f(P)xx,+f(B)xx,+...+ f(B,)xx, —>min,

where f{P;) — function, which reflects numerical changes of the system characteristics depending on used
pattern P;;
x; — variable, which indicates the usage of the i-th pattern.

It’s obviously that the integrality constrain should be applied for a given variable x;:
x, =10, 1)i=1,2,...,n},

where n — number of patterns in the one dimensional set, which were transformed from the original
multiset of patterns.

To indicate the fact that we can select only one pattern from the group, let’s introduce the
following restriction:

i=end

z x =1,

i=start

where start, end — the start and end indices of patterns in a group.
To take in to account that the selection of the j-th pattern excludes patterns from a different group,
we use the following restrictions:

If we can select any number of patterns from the group we specify the following constrains:

i=end
Z x, < (end —start +1).

i=start

On the base of the mentioned definitions and assumptions, we obtain the classical integer
programming problem where we need to find the optimal solution.

We should pay special attention for choosing the function f{P;). Such selection should be based on
the requirements for a software system.

3. The Choice of Patterns

According to the statistics on architecture types used for transportation and logistics systems,
which are represented in the global ISBSG database, most of these systems are based on client-server
architecture model [6]. Nowadays the most used subtype of such architecture is N-tier architecture.
Therefore, for our case study we select a set of patterns used for transportation and logistics systems’
N-tier architectures.
There are patterns that can be divided into the following groups:
=  Domain Logic Patterns. Transaction Script, Domain Model, Table Module, Service Layer.
= Data Source Architectural Patterns. Table Data Gateway, Row Data Gateway, Active
Record, Data Mapper.

= Object-Relational Behavioural Patterns. Unit of Work, Identity Map, Lazy Load.

=  Web Presentation Patterns. Model View Controller, Page Controller, Front Controller,
Template View, Transform View, Two-Step View, Application Controller.

=  Distribution Patterns. Remote Facade, Data Transfer Object.

= Offline Concurrency Patterns. Optimistic Offline Lock, Pessimistic Offline Lock, Coarse
Grained Lock, Implicit Lock.
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Fowler in [7] indicates the steps how to select a pattern from multiple groups taking into account
the requirements for the software. The problem of his approach is that it isn’t formalized enough. Also he
indicates the relationship between groups of patterns, for example, it’s allowed to choice only one pattern
from multiple groups, etc. This selection technique can be represented as follows:

1. Initially we have to select the base pattern for Domain Layer implementation; such pattern

should be selected from Domain Logic Patterns group.

2. Next, we need to select a pattern for Data Source Layer implementation (it should be selected from
Data Source Architectural Patterns group). This choice also depends on the first step (for
example, when we select Domain Model on the first step we can choose only Data Mapper
on this step). Together with patterns from Data Source Layer we can use Object-Relational
Behavioural Patterns, Concurrency Patterns and some other groups of the patterns.

3. In the final step we do select a pattern from Presentation Layer (from Web Presentation

Patterns group)

4.  Furthermore, in addition to the selected patterns, we select other patterns from the remaining groups.
As a result of this technique ap plication, we have obtained the following list of patterns that we

use in our case study:

Group of patterns

Pattern

Pattern’s notation

Domain Logic Patterns Transaction Script Py,
Domain Model Py,
Table Module P
Service Layer Py
Data Source Architectural Patterns Table Data Gateway P,
Row Data Gateway Py
Active Record Py
Data Mapper Py
‘Web Presentation Patterns Model View Controller P35
Page Controller P3,
Template View Ps;
Application Controller P4
Distribution Patterns Remote Facade Py
Data Transfer Object Py
Offline Concurrency Patterns Optimistic Offline Lock Ps,
Pessimistic Offline Lock Ps,
Coarse Grained Lock Ps3
Implicit Lock Psy

4. Selecting a Function f{P))

Using the above listed patterns we need to build a model for selecting the optimal suite of patterns;
where the requirement for the software should be considered. For doing so we must determine the
patterns impact on specific system characteristics. This means that we need to define the function f(P)).

During the architecture design stage we can operate the system requirements as well as make
indirect measures of some system characteristics, so one of the most suitable metric for consideration
is functional point (FP) metric, which indirectly measures software and the effort of its development.

The value of this metric reflects the functional complexity of the product [1].

The selection of a pattern affects the overall system characteristics. Therefore, it is necessary that
the metric for such system also reflects this influence. In our case the metric should reflect a change of FP
metric when we use a specific pattern. Due to these considerations, we define our function which reflects

such behaviour as follows:

FP'

S(B)=—7"

where FP — the original value of functional points;
FP’p; — the value of functional points if pattern P; is used for software development.
This metric is a modification of the original FP and is calculated as follows:

14
FP'= UFPx[O, 65+0,01x > CF,

i=1
where

_{5, if ¢,xF, >5;

round(c,x F,), otherwise,

)
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CF; — adjusted degree of influence coefficient which corresponds to F; used in original FP;
¢; — pattern influence on i-th system's characteristic. The value of this coefficient can be equal to
the following scales:
= !5 —use of a pattern reduces the significance of a system characteristic,
= 1 — no influence,
= 2 —use of a pattern actualizes a system characteristic (i.e. we must pay more attention to this
characteristic when applying this pattern).

5. Obtaining Values of Pattern Influence Coefficients c;

The following table represents the patterns influence coefficients ¢; with the given requirements.
These figures are empirical and intended to demonstrate the proposed technique, so these values might be
not optimal. To obtain more precise values of the coefficients, the values should be calibrated on
a number of projects. These values also might be different for the software of the other domains, i.e. not
transportation or logistics. In addition, the values might vary for systems with other requirements.

Group of patterns | Pattern Pattern’s c1 C c3 Cs Co C1o Ci4
notation
Domain Logic Transaction Script | Py, 1 2 V2 V2 2 2 2
Patterns Domain Model Py, 1 Y 1 1 Y Vs Vs
Table Module P Vs 1 Vs Vs 1 1 1
Service Layer Py 1 Y 1 1 1 Vs Vs
Data Source Table Data Py 1 1 Va 1 1 2 1
Architectural Gateway
Patterns Row Data Py 1 1 1 1 1 2 1
Gateway
Active Record Py 1 1 1 1 1 Vs Vs
Data Mapper P4 23 1 1 1 1 Y23 Y23
‘Web Presentation Model View Py 1 1 1 1 1 Vs Vs
Patterns Controller
Page Controller P3; 1 1 1 1 1 1 2
Template View P33 1 1 1 1 1 2 1
Application Psy 1 1 1 1 1 2 2
Controller
Distribution Remote Facade Py 2 1 1 s 1 1 1
Patterns Data Transfer Py 2 Va 1 1 1 Vs Vs
Object
Offline Optimistic Offline | Ps; 1 Vo Vo 1 2 1 1
Concurrency Lock
Patterns Pessimistic Ps, 1 1 2 1 2 1 1
Offline Lock
Coarse Grained Ps3 1 1 1 1 1 1 1
Lock
Implicit Lock Psy Vs 1 2 1 1 1 1

The coefficients ¢; listed in the table have the following meanings:

= ¢ — pattern influence coefficient on system characteristic “Data Communications”;

= (¢, — pattern influence coefficient on system characteristic “Distributed Data Processing”;

= 3 — pattern influence coefficient on system characteristic “Performance”;

=  ¢s— pattern influence coefficient on system characteristic “Transaction Rate”;

=  ¢y— pattern influence coefficient on system characteristic “Complex Processing”;

= ¢jo— pattern influence coefficient on system characteristic “Reusability”;

= 14— pattern influence coefficient on system characteristic “Facilitate Change”.

We consider only these system characteristics, since the described patterns do not affect other

characteristics of the system, i.e. the pattern influence for them is 1.

6. The Patterns Usage Restrictions

When we build the model we should take into account the following corresponding constraints:

= restrictions which are applied on pattern groups;

= restrictions applied on patterns compatibility.

For the considered patterns we have the following limitations:

1. We can choose only one pattern from the first three groups as well as from Offline Concurrency

Patterns;
2. We can choose any patterns from the remaining groups (each pattern can be selected only one time);

71



Computer Simulations and Innovative Technologies

3. If Transaction Script is selected from the first group we can choose Table Data Gateway or
Row Data Gateway from the second group;

4. If Table Module is selected from the first group we are allowed to choose only Table Data
Gateway from the second one;

5. If Domain Model is selected from the first group we can choose Active Record or Data
Mapper from the second group.

7. Requirements for a Software System

For our case study we consider a system which provides information regarding safety cameras.
Later we use it as an input for our pattern suite optimization technique. Architecture of the software
should be based on N-tier architectural pattern.
The software system must provide the following requirements:
1. Loading an xml file as an input data.
2. Data modification (add, delete, edit).
3. Retrieving a list of result depending on the following search condition:
a. full list of data;
b. results depending on address;
c. results, which depends on location (Lat+Long).
4. For data editing and searching both, the graphical user interface (web interface) and service
API might be used.
5. For every safety camera we need to store the following information:
a. safety camera type;

b. location (Lat+Long);
c. address;
d. direction.

8. FP Calculation for the Considered System

Let's obtain the value of FP for the considered system. For doing that we need to evaluate the
complexity of the function types as Internal Logical Files, External Logical Files, External Inputs,
External Outputs and External Inquiry. The requirements for the system lead to the following
characteristics:

Function type Features Functional complexity
Internal Logical Files Table with safety cameras Low
External Logical Files XML input Low
Search result Low
External Inputs Xml file loading Average
Add Low
Delete Low
Update Low
Add API Low
Delete API Low
Update API Low
External Outputs - -
External Inquiry Search Average
Search API Low

Initial data for FP calculation are summarized in the following table:

Function type Low Average High Total
Internal Logical Files 7x1 0 0 7
External Logical Files 5x2 0 0 10
External Inputs 3x6 4x1 0 22
External Outputs 0 0 0 0
External Inquiry 3x1 4x1 0 7

Total: 46

To calculate FP we also need to determine a degree of influence for every system characteristics
of the considered software. The following table reflects the degree of influence of the characteristic for

our software system:
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Nr System characteristic Value
1 Data Communications 4
2 Distributed Data Processing 2
3 Performance 3
4 Heavily Used Configuration 1
5 Transaction Rate 5
6 Online Data Entry 1
7 End-User Efficiency 1
8 Online Update 1
9 Complex Processing 1
10 Reusability 1
11 Installation Ease 0
12 Operational Ease 3
13 Multiple Sites 1
14 Facilitate Change 2

Total: 26

After we got the total degree of influence for system characteristics as well as unadjusted
functional point count we can get the final value of FP:

FP =46x(0.65+0.26) = 41.86.

9. FP Value Changes Depending on Used Pattern

Once the values of pattern influence coefficient ¢; and original FP value for the considered system
are obtained, we can evaluate FP’p; values for each pattern. First, we need to get CF; values for every
determined pattern. Note that values c,, ¢4, 7, c3, €11, 12, €13 are equal to one, so for such case CF, = F;.

Next, we can calculate values of FP’p. The obtained values are presented in the following table.

14
Pattern Variable CF, CF, CF; CF;s CF, CFyy | CFy ZCE FP’p;
i=1
P, X1 4 4 2 2 2 2 4 28 4278
P, X2 4 1 3 5 0 0 1 22 40.02
P, X3 2 2 2 2 1 1 2 20 39.10
P X4 4 1 3 5 1 0 1 23 40.48
P, Xs 4 2 2 5 1 2 2 26 41.86
P,, X6 4 2 3 5 1 2 2 27 4232
P, X7 4 2 3 5 1 0 1 24 40.94
P, X3 2 2 3 5 1 0 1 22 40.02
P, Xo 4 2 3 5 1 0 1 24 40.94
Ps, X1o 4 2 3 5 1 1 4 28 4278
Py X1 4 2 3 5 1 2 2 27 4232
Ps, Xi2 4 2 3 5 1 2 4 29 43.24
P., X13 5 2 3 2 1 1 2 24 40.94
P42 X14 5 1 3 5 1 0 1 24 40.94
Ps, Xis 4 1 2 5 2 1 2 25 41.40
Ps, X16 4 2 5 5 2 1 2 29 43.24
Ps, X17 4 2 3 5 1 1 2 26 41.86
Ps, Xis 2 2 5 5 1 1 2 26 41.86

For a model building we need to enter the number of variables x; which is reflecting the application
of i-th pattern.

10. Mathematical Model Building
Applying the above results we obtain the following objective function:

1.022x, +0.956.x, +0.934 x, +0.967 x, + x, +1.01x, +0.978x, +0.956 x, + 0.978 x, +1.021x,, +
+1.01x, +1.033x, +0.978x,, +0.978 x, +0.989 x,, +1.033 x,, + x,, +x,, —> min

with the following restrictions which came from the patterns usage limitations:
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a) We can choose only one pattern from the first three groups:
X +x,+x+x,=1,
X+ X+, +x =1,
Xy + X0 +x,+X, =1,
X5+ X6+ X, x5 =1.
b) We can choose any patterns from the remaining groups (or not to choose a pattern at all):
X5 <1,
x, <1,
X5 +x, <2

¢) If Transaction Script is selected from the first group we can choose Table Data Gateway or
Row Data Gateway from the second group:

X +x,+x, <1.
d) If Table Module is selected from the first group we are allowed to choose only Table Data
Gateway from the second one:
X +x+x, +x <1.
e) If Domain Model is selected from the first group we can choose Active Record or Data Mapper
from the second group:
X, +x5+x, <1.

10.1. The Solution of Integer Programming Problem

Once the objective function is defined as well as all restrictions, we can find the optimal solution
for this integer programming problem. The optimal solution for the considered problem is formed by the
following values of the variables: x, = xg = x9 = x13 = x4 = x;5 = 1. Thus, the optimal pattern suite for our
system consists of the following patterns: Py, Pyy, P31, Psy, Pgo, Psy.

10.2. Optimal Pattern Suite's Influence on FP

When we determined the optimal pattern suite we can obtain the new value of /P which considers
such selection — FP'. For doing that we need to find the average values of CF;.

Pattern CF1 CFz CF3 CFS CFQ CF") CF14
Pi 4 1 3 5 0 0 1
Py 2 2 3 5 1 0 1
) 4 2 3 5 1 0 1
Py 5 2 3 2 1 1 2
Py 5 1 3 5 1 0 1
Ps, 4 1 2 5 2 1 2
Average 4 2 3 4 1 0 1

If take that CiFl' = F, we get the following degree of influence of the characteristic for our software

system:

Nr System characteristic Value
1 Data Communications 4
2 Distributed Data Processing 2
3 Performance 3
4 Heavily Used Configuration 1
5 Transaction Rate 4
6 Online Data Entry 1
7 End-User Efficiency 1
8 Online Update 1
9 Complex Processing 1
10 Reusability 0
11 Installation Ease 0
12 Operational Ease 3
13 Multiple Sites 1
14 Facilitate Change 1

Total: 23
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Taking into the consideration the obtained values, the resulting FP' will have the following
definition:

FP =46x(0.65+0.23)=40.48.

Therefore, the difference between the original and the modified value of FP defined as:

FP—FP =41.86—40.48 =1.38.

In a summary, if we apply the optimal pattern suite the value of FP is reduced by 1.38, i.e. the
overall development effort of the considered software system with the same functionality will be lower.

11. Conclusions

In this paper the technique that allows selecting the optimal suite of architectural patterns for
logistics and transportation software is proposed. This selection technique is reduced to the classical
problem of integer programming where the optimal solution should be found.

As long as the most of the modern logistics and transportation systems are based on N-tier
architecture, we’ve considered a set of patterns that are suitable for its creation. The proposed technique is
applied for this set of architectural patterns.

Functional point (FP) metric is used as a base metric that measures patterns’ numerical impact on
system characteristics. It indirectly measures the functional complexity of software, which is directly
proportional to the effort of its development.

The objective function is defined for the case study as well as constrains on the use of specific
architectural patterns. The resulting solution reflects the optimal suite of architectural patterns that are
suitable for the development of the system with the specified requirements. In addition, the quantitative
study is given to reduce the development effort by applying the selected suite of architectural patterns.

According to that, the results indicate that the proposed technique is applicable for solving
problems of optimal architectural pattern’s suite selection when we construct architecture for logistics and
transportation systems.
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The future of Internet is cloud computing. All researches, development activities, resources, usability and network
infrastructure are working by clouds. For example, Google, Gmail, Dropbox, Yahoo and etc. has clouds. We are using clouds for
sending and receiving messages, to get some information, downloading and uploading photos, videos, music and others. This paper
reports about an introduction to cloud computing. Firstly, describes the clouds and types of cloud, secondly continue to specific
characteristics / capabilities of clouds, where will be shown schemas and table of non-functional aspects, economic aspects,
technological aspects.

Keywords: Cloud computing, types of cloud, Non-functional aspects, Technological aspects, Economic aspects

1. Introduction

Cloud systems are not to be misunderstood as just another form of resource provisioning
infrastructure and in fact, as this report shows, multiple opportunities arise from the principles for cloud
infrastructures that will enable further types of applications, reduced development and provisioning time
of different services. Cloud computing has particular characteristics that distinguish it from classical
resource and service provisioning environments.

Open Research Issues. Cloud technologies and models have not yet reached their full potential
and many of the capabilities associated with clouds are not yet developed and researched to a degree that
allows their exploitation to the full degree, respectively meeting all requirements under all potential
circumstances of usage.

Clouds in the Future Internet. Cloud computing is becoming an integral part of computing life,
but experts are beginning to wonder whether the future of cloud computing technology beyond the
corporate computer services. Some experts believe that cloud solutions will be popular in the commercial,
financial and many other areas, and other analysts do not see any of these decisions outside the IT-sector.

Cloud computing — computing infrastructure, carried out in the final you have access through the
network. The infrastructure may consist of thousands, hundreds of thousands of computing nodes, storage
arrays. All this is connected in a network and operates as one large computer. All set up and is available
from the “box”.

Types of Clouds. Cloud providers typically centre on one type of cloud functionality provisioning:
Infrastructure, Platform or Software / Application, though there is potentially no restriction to offer
multiple types at the same time, which can often be observed in PaaS (Platform as a Service) providers
which offer specific applications too, such as Google App Engine in combination with Google Docs. Due
this combinatorial capability, these types are also often referred to as “components” deployment types
(cloud usage)

Private Clouds are typically owned by the respective enterprise and/or leased. Functionalities are
not directly exposed to the customer, though in some cases services with cloud enhanced features may be
offered — this is similar to (Cloud) Software as a Service from the customer point of view.

Example: eBay.
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Public Clouds. Enterprises may use cloud functionality from others, respectively offer their own
services to users outside of the company. Providing the user with the actual capability to exploit the cloud
features for his/her own purposes also allows other enterprises to outsource their services to such cloud
providers, thus reducing costs and effort to build up their own infrastructure.

Hybrid Clouds. Though public clouds allow enterprises to outsource parts of their infrastructure to
cloud providers, they at the same time would lose control over the resources and the distribution
/management of code and data. In some cases, this is not desired by the respective enterprise.

Paas
laas Saas
Elasticity TYPES Private
Reliability Public
Virtualisation FEATURES MODES Hybrid
Cost Reduction cl d Local
- BENEFITS % LOCALITY —
Systems Distributed
COMPARESTO STAKEHOLDERS
Service-oriented Users
Architecture
Adopters
Internet of 2
Services ! Resellers
Grid Providers

Figure 1. Non-exhaustive view on the main aspects forming a cloud system

2. Specific Characteristics of Clouds

Capabilities of clouds — includes this three elements are called: Non-functional, economic
considerations, technological challenges.

2.1. Non-Functional Aspects

Elasticity — is an essential core feature of cloud systems and circumscribes the capability of the
underlying infrastructure to adapt to changing, potentially non-functional requirements, for example
amount and size of data supported by an application, number of concurrent users.

Reliability — is essential for all cloud systems — in order to support today’s data centre-type
applications in a cloud, reliability is considered one of the main features to exploit cloud capabilities.

Quality of Service — support is a relevant capability that is essential in many use cases where
specific requirements have to be met by the outsourced services and / or resources.

Agility and adaptability — are essential features of cloud systems that strongly relate to the elastic
capabilities.
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1. NON-FUNCTIONAL ASPECTS OVERVIEW
General

(Saas) (Users)

Examples (1aas) (Paas)

Elasticity

Reliability 4 reliable data storage Xen Server ™ reliable data M reliable app ™ reliable data [ data replication
- no code execution Virtualisation, VMWare Storage execution storage
O no code O no code
execution execution
Quality of Service
Agility and [ see elasticity RightScale, FlexNet ™ adapt to M elasticity M elasticity [ has to adapt
adaptability [ little adaptability to use cases resource [ static APIs O depends fully code to system not
O little adaptability to technology (virtualisation) on service' vice versa
O only on image capabilities
level
Availability

TasLe 1: NON-FUNCTIONAL ASPECTS ADDRESSED BY CURRENT COMMERCIAL EFFORTS

(& supporTep; O pEFICIENCY)

Figure 2. Non-functional aspects

2.2. Economic Aspects

Cost reduction is one of the first concerns to build up a cloud system that can adapt to changing
consumer behaviour and reduce cost for infrastructure maintenance and acquisition.

Pay per use. The capability to build up cost according to the actual consumption of resources is a
relevant feature of cloud systems.

2. EconoMIC ASPECTS OVERVIEW

General (Users)

Examples (1aas) (Paas) (Saas)

Cost reduction
Pay per use [ static billing PayPal, HP PPU [ basic billing [ basic billing ic billi ) ic billing
4 dynamicity e.g. in DSL support support Olittle negotiation
[ use case specific [m} “:‘f resource o rlt:e service ; support
[ not related to resource L pport. P PP Dllittle QoS related
P O no relationship to support
availability QoS management
Improved time to
market
Return of [ outsourcing & work offloading U no general O no general O no general ¥ outsourcing & work
investment (ROI) [ difficult to assess i recor ions recomr i i
[ no general guidelines applics mastly to dloud uptakers [ general guidelines
Turning CAPEX into
OPEX
“Going Green” 4 addressed by data centres EfficientServers [ measurement MECcode of conduct B ECcode of conduct  Moutsourdng.
M EC code of conduct [21] mechanisms O needs to be O needsto be [ dynamic scalability
[ little support "in the cloud" [ EC code of conduet ~ implemented il O effectively
@ greener hardware  manually manually manually
(e Intel Atom)
O needs tobe
implemented
manually

TABLE 2: ECONOMICAL ASPECTS ADDRESSED BY CURRENT COMMERCIAL EFFORTS
(M4 supporTED; O DEFICIENCY)

Figure 3. Economical aspects

Improved time to market is essential in particular for small to medium enterprises that want to sell
their services quickly and easily with little delays caused by acquiring and setting up the infrastructure, in
particular in a scope compatible and competitive with larger industries.

Return of investment (ROI) is essential for all investors and cannot always be guaranteed — in fact
some cloud systems currently fail this aspect.
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Turning CAPEX into OPEX is an implicit, and much argued characteristic of cloud systems, as
the actual cost benefit (cf. ROI) is not always clear (see e.g. [9]).

“Going Green” is relevant not only to reduce additional costs of energy consumption, but also to
reduce the carbon footprint.

2.3. Technological Aspects

Virtualization is an essential technological characteristic of clouds which hides the technological
complexity from the user and enables enhanced flexibility (through aggregation, routing and translation).

Multi-tenancy is a highly essential issue in cloud systems, where the location of code and / or data
is principally unknown and the same resource may be assigned to multiple users (potentially at the same
time).

Security, Privacy and Compliance is obviously essential in all systems dealing with potentially
sensitive data and code.

Data Management is an essential aspect in particular for storage clouds, where data is flexibly
distributed across multiple resources.

APIs and/or Programming Enhancements are essential to exploit the cloud features: common
programming models require that the developer takes care of the scalability and autonomic capabilities
him- / herself, whilst a cloud environment provides the features in a fashion that allows the user to leave
such management to the system.

3. TECHNOLOGICAL ASPECTS OVERVIEW

General Examples (1aas) (Paas) (Saas) (Users)
Virtualisation M some virtualisation in all clouds Xen, Virtual PC, [ machine [ easier resource ] easier resource [ simple access
M numerous technologies VMWare, Virtual Box, virtualisation maintenance maintenance [ no interoperability
™ location independence MS HyperV Flrouting, security...  Flrouting & routing
Tefredim e [ leave images to O difficult touse [ difficult to use
O no interoperability Ejs‘:;‘:ﬁ:‘ages
Multi-tenancy 1 general data management MS sQL [27] Mimage separation [ general data 1 data mgmt. higher availability
support O VM support little management support M instantiation [ data consistency
[ little multi-purpose solutions cross resource multi- ] engine re-usage support manual (see data
tenancy issues [ mostly manual O manual management)
Security and [ encryption almost all [ encryption, [ encryption, [ encryption, [ easily available
Compliance M identification, authentication & authentication etc. authentication etc. authentication etc. B mostly catered for
S ETEE T 4 virtual machine Note: manual 0 manual by provider
[ data rights management separation configuration but configuration per [ legislative
B . O only valid for only per engine senvice regulations not
O legislative regulation —— available / not
[ constant changes observed
O compliance with specific security
requirements
Data Management [ many basic issues addressed Mesh, Amazon [ general data [ general data M general data data available
M distributed data management Dynamo, WebSphere management support  management support  management support  anywhere
™ versioning [ no specific data [ consistency [ consistency O consistency mostly
o conversion management across  management management manual
[ always new challenges \irtua.\ _machmes O concurrency O concurrency O little _
Ol litdle interoperability [ efficiency [ efficiency O efficiency mterozerab\\rty
[ consistency, scalability, growth peed st
APIsand / or [ use case specific "simple" APIs MS Azure, Google App  n/a [ use case specific & generic ] different
Programming M generic programming models Engine, Hadoop APIs (engines) P ing models  pr ing models
Enhancements 1 full application development for O complexity 00 complexity [ complexity mostly
s O control O control with the developer
O complexity O little in-depth
O control control

TABLE 3: TECHNOLOGICAL ASPECTS ADDRESSED BY CURRENT COMMERCIAL EFFORTS
(M supporTeD; O DEFICIENCY)

Figure 4. Technological aspects
3. Conclusions

Cloud computing is a way to access, dynamically scalable, to computing resources, i.e. service that
is provided by the internet. At the same time from someone who makes a request, does not require any
special knowledge about the structure of clouds or cloud the ability to control technology. Cloud
computing is a new approach that allows you to reduce the complexity of it systems, thanks to that used
a wide range of effective technologies, which are managed independently and are available on request
within a virtual infrastructure, as well as the services are consumed. In the transition to private cloud, the
customer gets a lot of advantages, namely, reducing the cost of it, business agility and improve the quality
of service. Cloud is a completely new business model for obtaining and providing information services.
In the near future, this model reduces capital and operational costs.
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COMPUTER MODELLING and NEW TECHNOLOGIES, volume 16, no. 3, 2012
(Abstracts)

D. Greenberg, D. Golenko-Ginzburg. Financial Models of Human Behaviour in Design
Office. Part II. Projects' Executors as Active Players, Computer Modelling and New Technologies,
vol. 16, no. 3,2012, pp. 7-11.

The developed models are a further extension of the model presented in [1]. The general idea
centres on determining quasi-optimal estimates of random activity durations from the executors
in order to maximize both the project's utility and the executors' personal profit. Here both
the executors and the design office are active players.

Keywords: active systems; active players; PERT-COST projects; project activity of random
duration; activity executor; estimation of p.d.f. activity duration

K. N. Nechval, N. A. Nechval, M. Purgailis, U. Rozevskis, V. F. Strelchonok, M. Moldovan.

Prediction Limits for a Number of Future Failures under Uncertainty, Computer Modelling and

New Technologies, vol. 16, no. 3, 2012, pp. 12-23.

In this paper, we present an accurate procedure to obtain prediction limits for a number of
failures that will be observed in a future inspection of a sample of units, based only on the results of
the first in-service inspection of the same sample. The failure-time of such units is modelled with a
two-parameter Weibull distribution indexed by scale and shape parameters £ and 9, respectively. It
will be noted that in literature only the case is considered when the scale parameter £ is unknown,
but the shape parameter 6 is known. As a rule, in practice the Weibull shape parameter J is not
known. Instead it is estimated subjectively or from relevant data. Thus its value is uncertain. This &
uncertainty may contribute greater uncertainty to the construction of prediction limits for a future
number of failures. In this paper, we consider the case when both parameters £ and 6 are unknown.
In literature, for this situation, usually a Bayesian approach is used. Bayesian methods are not
considered here. We note, however, that although subjective Bayesian prediction has a clear personal
probability interpretation, it is not generally clear how this should be applied to non-personal
prediction or decisions. Objective Bayesian methods, on the other hand, do not have clear probability
interpretations in finite samples. The technique proposed here for constructing prediction limits
emphasizes pivotal quantities relevant for obtaining ancillary statistics and represents a special case
of the method of invariant embedding of sample statistics into a performance index. Two versions of
prediction limits for a future number of failures are given.
Keywords: Weibull distribution, parametric uncertainty, future number of failures, prediction

limits

J.-R. Kalnins, I. Pakalnite. Kinetics of One-Dimensional Instantaneous Forest Fire Model,
Computer Modelling and New Technologies, vol. 16, no. 3, 2012, pp. 24-28.

Forest tree kinetics is investigated by the computer simulation in one-dimensional instantaneous
model. A universal index which characterizes tree cluster distribution is found. The index is
independent from the model parameters in the wide range of its values.

Keywords: forest fire one-dimensional models, self-organized critical properties

Y. Shishkina. Common Scientific and Technological Space as the Basis for Construction
Innovative System, Computer Modelling and New Technologies, vol. 16, no. 3, 2012, pp. 29-32.
The Construction industry in any country is the major part of its economy. Construction
materials production (hereinafter — CMP) expenses in average exceed 50% [7] of the construction
finished products net price. Forming a major material and technical basis for construction it
significantly impacts the other economy sectors growth and social status of the society in general.
The Construction industry is considered to be the most conservative and inactive with regards to
new materials and technologies introduction. This is caused by the fact that major criteria for
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construction materials and technologies assessment is the compliance with the requirements of
technical regulations, and other applicable regulatory instruments before the first ones are adopted.
Incomplete regulatory base in the Republic of Kazakhstan monitoring the construction, production
and application of construction materials holds the industry back from transitioning to a whole new
level.

Exchange and interaction infrastructure is developing in modern economic processes. This
intensifies the exchange processes between enterprises, regions, states not only in a form of goods
and finances movement, but also in a form of delivery of new technologies, intellectual property
objects, and integration of various knowledge and skills.

Keywords: construction, construction materials production (CMP), economy, regulatory documents,
scientific and technological space, innovations, innovative infrastructure

P. Shamoi. Smart Target Selection Implementation Based on Fuzzy Sets and Logic, Computer
Modelling and New Technologies, vol. 16, no. 3, 2012, pp. 33-40.

This paper aims to emphasize the effectiveness of an application of fuzzy sets and logic in the
implementation of target selection (TS). TS is an important data mining problem that aims to identify
profiles of customers who are likely to respond to the offer for a particular product or service. Very
often TS of information have very blurred conditions. Fuzzy classification can be extremely efficient
there, because it is much closer to the way that humans express and use their knowledge. One of the
advantages of the proposed method is that it is consistent with relational databases. But the main
advantage is — the query to the system is done in a natural language, such as show the list of not very
young married clients with average or more-or-less high income, which is impossible using a standard
query mechanism.

Keywords: target selection, fuzzy sets, fuzzy logic, fuzzy mathematics, natural query

S. Makagonov. Synchronization Between Desktop Application and Web Clients Provided by
Node.js Software System, Computer Modelling and New Technologies, vol. 16, no.3, 2012,
pp. 41-44.

IT-market is a very rapidly developing sector in most of the developing and developed countries
and in Kazakhstan in particular. According to the statistics, the number of active KazNet users has
increased more than twice since 2010, forming 2,150,000 users. Users can more and more often
come upon various internet-shops, which are now selling not only software products, but also such
products as fruit and vegetables and even more exotic things.

Keywords: IT-market, web clients, Node.js, web sockets, TCP, JavaScript, synchronization

Zh. Madimova, L. Atymtayeva. Development of Software for Project Management Based on
PMBoK, Computer Modelling and New Technologies, vol. 16, no. 3, 2012, pp. 45-48.

Nowadays effective project management leads to success of the project as a whole. Therefore it
is very important to know how to manage them in most effective and accurate way. Numerous
guides and applications are considered to solve this problem. However variety of software for
managing documents electronically and based on specific guide is pure. The purpose of this article is
to introduce the developed web application based on PMBoK guide, which simplify project documentation
management. The article provides general information about PMBoK guide, methods used in web
application development and shows its class diagrams.

Keywords: project management, PMBoK, MVC

R. Uskenbaeva, G. Bektemyssova. Research of Reliability of Distributed Computer System,
Computer Modelling and New Technologies, vol. 16, no. 3, 2012, pp. 49-53.

Development and improvement of distributed computer systems (DCS) is one of the general
trends in nowadays’ computer science and information processing. The core of such systems is a set
of processor’s modules (PM), carrying out a parallel processing of the information and cooperating
by means of any subsystem of communication.

Keywords: distributed computer systems (DCS), processor’s modules (PM)
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K. A. Kultasov, A. A. Rysbekova. Calculation of Composite Plates of Variable Thickness and
Fold in Action Radial Force, Computer Modelling and New Technologies, vol. 16, no. 3, 2012,
pp. 54-57.
The problem of the symmetric deformation of an elastic composite circular plate, a radially variable
thickness, which is generally subjected to a transverse load, the radial forces experienced uneven heating.
Keywords: bending, composite plate, boundary value problem, bending moment

G. Nurmukhanbetova, A. Suleimenova, Sustainable Energy Use: Prospects of Biofuel,
Computer Modelling and New Technologies, vol. 16, no. 3, 2012, pp. 58-62.

This paper aims to examine benefits and threats of first-generation biofuels and discuss the
potential of advanced, more sustainable next generation biofuels to offer promising potential to
address energy security issues.

Keywords: biofuel, first-generation ligno-cellulosic biofuels, second generation biofuels, third
generation algae-based biofuels

A. Z. Aitmagambetov, Z. M. Jakipbayeva. Cognitive Radio Networks is the Next Step in
Communication Technology, Computer Modelling and New Technologies, vol. 16, no. 3, 2012,
pp. 63-67.

Wireless computing and communications are growing rapidly. The expansion of wireless
applications usage creates an increasing demand for developing of an effective access to radio
spectrum. The problem of spectrum usage could be solved with deployment of cognitive radio (CR)
which is a breakthrough in technological innovations.

CR makes it possible to use existed spectrum bands effectively and finds solution to the
“congestion” problem in information systems. Apart from having positive characteristics in terms of
spectrum efficiency, its application performance is configurable, upgradable and flexible. Therefore
for the future several decades CR provides opportunity of scaling wireless systems.

However, creation of cognitive networks requires definition of many technical challenges from
dynamic spectrum allocation methods and sensing to network security. It the presented paper
important details about high-level cognitive radio opportunities and challenges will be shown.

Keywords: Cognitive Radio CR, Cognitive Radio Network CRN, Spectral Policy, Dynamic
Spectrum Access DSA

S. Orlov, A. Vishnyakov. Architectural Pattern Suite Optimization for Logistics and Transport
Systems, Computer Modelling and New Technologies, vol. 16, no. 3, 2012, pp. 68-75.
Software architecture design plays the key role for logistics and transport software engineering.
One of the design approaches is to reuse the architectural patterns, which express a fundamental
structural organization of software systems and its behaviour. The usage of the proven and tested
solutions allows us to increase the software quality and reduce potential risks.
To choose the optimal architectural patterns suite it is necessary to use a technique that contains
a number of steps. The technique proposed in this paper allows us to consistently evaluate the impact
of specific patterns to overall software development effort with a given functionality. In addition, it
takes into account the interference between patterns. Effectiveness and efficiency of the described
method is confirmed by a case study.
Keywords: architecture, pattern, functional points, metrics, logistics and transport software,
integer programming, objective function, restriction, bounded, optimization, decision

S. B. Mukhanov, B. Ye. Amirgaliyev. An Introduction to Cloud Computing, Computer Modelling
and New Technologies, vol. 16, no. 3, 2012, pp. 76-80.

The future of Internet is cloud computing. All researches, development activities, resources,
usability and network infrastructure are working by clouds. For example, Google, Gmail, Dropbox,
Yahoo and etc. has clouds. We are using clouds for sending and receiving messages, to get some
information, downloading and uploading photos, videos, music and others. This paper reports about
an introduction to cloud computing. Firstly, describes the clouds and types of cloud, secondly
continue to specific characteristics / capabilities of clouds, where will be shown schemas and table of
non-functional aspects, economic aspects, technological aspects.

Keywords: cloud computing, types of cloud, non-functional aspects, technological aspects,
economic aspects
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COMPUTER MODELLING and NEW TECHNOLOGIES, 16. séjums, Nr. 3, 2012
(Anotacijas)

D. Grinbergs, D. Golenko-Ginzburgs. Cilveka uzvedibas finansu modeli dizaina biroja. I dala.
Projektu izpilditaji ka aktivie speletaji, Computer Modelling and New Technologies, 16. sgj.,
Nr. 3,2012, 7.-11. Ipp.

Izstradatie modeli ir modela, kas paradits [1], turpmaka pagarinasana. Galvena ideja koncentr&jas
uz izpilditaju izlases darbibas ilguma noteiktam kvazi-optimalam aplésém, lai palielinatu gan
projekta lietderibu, gan izpilditaju personigo pelnu. Seit aktivi speletaji ir ka izpilditaji, ta ari dizaina
birojs.

Atsleégvardi: aktivas sist€mas, aktivi spélétaji, PERT-COST projekti; izlases laika projekta
aktivitate; aktivitates izpilditajs, p.d.f. darbibas ilguma noveértgjums

K. Necvals, N. Necvals, M. Purgailis, U. Rozevskis, V. Strelconoks, M. Moldovans. Prognozesanas
ierobezojumi attieciba uz vairakam turpmakam neveiksmém nenoteiktibas apstaklos, Computer
Modelling and New Technologies, 16. sgj., Nr. 3, 2012, 12.-23. Ipp.

Saja raksta més piedavajam precizu procediiru, lai iegiitu prognozésanas ierobezojumus attieciba
uz vairakam nepilnibam, kas jaievéro vienibu parauga turpmakaja parbaudg€, pamatojoties tikai uz ta
pasa parauga pirmajiem ekspluatacijas parbaudes rezultatiem. Sadu vienibu neveiksmes laiks ir
veidots ar Veibula sadalfjuma diviem parametriem, kas indeks&ts ar méroga un formas parametriem
f un o, attiecigi. Jaatzimé, ka literatiira tikai gadfjums tiek izskatits, ja méroga parametrs [ ir
nezinams, bet formas parametrs o ir zinams. Ka likums, praksé Veibula formas parametrs J nav
zinams. Ta vieta tiek aprékinats subjektivi vai no attiecigajiem datiem. Tadgjadi ta vertiba ir
neskaidra. ST & nenoteiktiba var veicinat lielaku nenoteiktibu prognozésanas limitu konstrugsana
turpmakam neveiksmju skaitam. Saja raksta autori izskata gadfjumu, kad abi parametri £ un & ir
nezinami. Literatira $aja situdcija parasti tiek izmantota Bayesian pieeja. Seit nav apliikotas
Bayesian metodes. M&s tomér atzim&jam, ka, lai gan subjektivam Bayesian prognozém ir skaidra
personiga varbitibas interpretacija, tas parasti nav skaidrs, ka tas biitu japieméro bezpersoniskam
prognozém vai l€émumiem. Objektivi Bayesian metodeém, no otras puses, nav skaidras varbiitibu
interpretacijas ierobezotos paraugos. Pan@miens, kas tiek ierosinats Seit, lai konstrugtu
prognozeSanas robezas, uzsver noteicoSos daudzumus bitiskus, lai sanemtu palig- statistiku, un
parstav izlases statistikas invariantu iestiprinaSanas metodes 1pasu gadijjumu darba kvalitates raditaja.
Raksta turpmakam neveiksmju skaitam ir dotas prognozesanas limitu divas versijas.

Atslegvardi: Veibula sadalfjums, parametriska varbiitiba, turpmakais neveiksmju skaits,
prognozeSanas ierobezojumi

J.-R. Kalnins, I. Pakalnite. Viendimensijas momentana meza ugunsgréka modela kingtika,
Computer Modelling and New Technologies, 16. sgj., Nr. 3, 2012, 24.-28. lpp.

Meza koku kingtiku peta ar datoru simulaciju viendimensijas momentana modeli. P&tijuma ir
atrasts universals indekss, kas raksturo koku kopas sadalfjumu. Indekss ir neatkarigs no modela
parametriem tas vertibu plasa loka.

Atslégvardi: meza ugunsgréku viendimensijas modelis, paSorganizétas kritiskas Tpasibas

J. Si¥kina. Kopigs zinatniskais un tehnologiskais kosmoss ka pamats novatoriskds sistémas
veidosanai, Computer Modelling and New Technologies, 16. sgj., Nr. 3, 2012, 29.-32. Ipp.

Biivniecibas industrija jebkura valsti ir galvena ekonomikas dala. Celtniecibas materialu
razoSanas izdevumi vid&ji parsniedz 50% [7] no biivniecibas gatavas produkcijas neto cenas.
Veidojot lielu materialo un tehnisko bazi biivniecibai, tas butiski ietekmé citu ekonomikas nozaru
izaugsmi un socialo statusu sabiedriba kopuma.

Misdienu ekonomiskajos procesos attistas apmainas un mijiedarbibas infrastruktiira. Tas
pastiprina apmainas procesus starp uznémumiem, regioniem, valstim, ne tikai pre¢u un finansu
kustibas veida, bet ar jaunu tehnologiju piegadasanas, intelektuala Ipasuma objektu un dazadu
zinaSanu un prasmju integracijas veida.

Atslégvardi: buvnieciba, biivmaterialu razoSana, ekonomika, normativie dokumenti, zinatnes un
tehnologiju telpas, inovacijas, inovativa infrastrukttira
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P. Samojs. Gudra mérka atlase un ta ieviesana, pamatojoties uz fazi-rindu un logiku, Computer
Modelling and New Technologies, 16. sgj., Nr. 3, 2012, 33.-40. Ipp.

S1 raksta merkis ir uzsvért fazi rindu un logikas pielietojuma efektivitati mérka atlases
IstenoSana. Merka atlase ir svarigs datu ieguves jautajums, kuras noliks ir noteikt klientu profilus,
kuri var atbildet uz piedavajumu par konkrétu produktu vai pakalpojumu. Loti biezi informacijas
meérka atlasei ir loti neskaidri apstakli. Fazi klasifikacija var bt loti efektiva, jo tas ir daudz tuvak
tam, ka cilvéki izsaka un izmanto savas zinasanas.

Viena no piedavatas metodes priekSrocibam ir ta, ka ta ir savienojama ar relaciju datu bazém.
Bet galvena prieksrociba ir ta, ka vaicajums sistémai tiek veikts dabiska valoda, pieméram, paradit
ne parak jaunu precétu klientu sarakstu, ar vidgjiem vai ar vairak vai mazak augstiem ienakumiem,
kas, savukart, nav iesp&jams, izmantojot standarta vaicajumu mehanismu.

Atslégvardi: mérka izvéle, fazi rindas,, fazi logika, fazi matematika, dabisks vaicajums

S. Makagonovs. Sinhronizacija starp galddatora lietojumprogrammu un interneta klientiem, ko
nodrosina Node.js programmatiiras sistema, Computer Modelling and New Technologies, 16. sgj.,
Nr. 3,2012, 41.-44. Ipp.

IT tirgus ir nozare, kas attistas loti strauji liclakaja dala jaunattistibas valstis, attistitajas valstis
un, jo 1pasi, Kazahstana. Saskana ar statistikas datiem, aktivo KazNet lietotaju skaits ir palielinajies
vairak neka divas reizes kops 2010.gada, veidojot 2.150.000 lietotaju. Lietotaji var arvien biezak
nakt uz dazadiem interneta veikaliem, kas tagad pardod ne tikai programmatiiras produktus, bet ar1
tadus produktus, ka auglus un darzenus, un vél jo eksotiskakas lietas.

Atslégvardi: IT-tirgus, interneta klienti, Node.js, TCP, JavaScript, sinhronizacija

7. Madimova, L. Atimtajeva. Programmatiiras izstrade projektu vadibai, pamatojoties uz
PMBoK, Computer Modelling and New Technologies, 16. sgj., Nr. 3, 2012, 45.-48. Ipp.
Miisdienas efektiva projektu vadiba ved pie panakumiem darba ar projektu kopuma. Tapéc ir loti
svarigi zinat, ka ar tiem tikt gala visefektivaka un pareiza veida. Daudzas rokasgramatas un pielikumi
tiek uzskatiti, ka var risinat So problemu. Tomér programmatiiras daudzveidiba, lai parvalditu
dokumentus elektroniski, pamatojoties uz konkrétu rokasgramatu, ir nevainojama. ST raksta mérkis ir
ieviest izstradato timekla pielietojumu, pamatojoties uz PMBoK rokasgramatu, kas vienkarSo
projektu dokumentacijas parvaldibu. Raksts sniedz visparigu informaciju par PMBoK rokasgramatu,
metodém, ko izmanto timek]a lietojumprogrammas attistiba, un parada tas klasu diagrammas.
Atslégvardi: projektu vadiba, PMBoK, MVC

R. Uskenbajeva, G. Bektemisova, Sadalitas datorsistémas droSuma izp&te, Computer Modelling
and New Technologies, 16. sgj., Nr. 3, 2012, 49.-53. lpp.

Sadalito datorsistému attistiba un pilnveido$ana ir viena no vispargjam tendencém misdienu
datorzinatnes un informacijas apstrade. Sadu sistému pamata ir procesoru modulu rinda, veicot
paral€lu informacijas apstradi un sadarbojoties ar jebkadu komunikacijas apakssistemu.

Atslégvardi: sadalitas datorsistémas, procesora moduli

K. Kultasovs, A. Rishekova. Mainiga biezuma kompozito plaksnu aprékins un nolociSana ar
radialu speku, Computer Modelling and New Technologies, 16. s§j., Nr. 3, 2012, 54.-57. Ipp.
Elastigas kompozitu apalas plaksnes simetriskdas deformacijas probléma, radiali mainigs
biezums, kas parasti paklauts Skersvirziena slodzei, radialie speki, kas piedzivo nevienmérigu
sasilSanu — tie ir jautajumi, kas tiek izskatiti dotaja raksta.
Atslégvardi: lociSana, kompozitu plate, robezgadijumu probléma, lociSanas moments

G. Nurmuhanbetova, A. Suleimenova. Ilgtsp&jigs energijas lietojums: biodegvielas perspektivas,
Computer Modelling and New Technologies, 16. sgj., Nr. 3, 2012, 58.-62. Ipp.

Sa pétijuma mérkis ir izvertet pirmas paaudzes biodegvielas ieguvumus un draudus un apspriest
uzlabotas, ilgtsp€jigakas nakamas paaudzes biodegvielas iesp&jas, lai piedavatu daudzsolosas
iesp€jas risinat energoapgades drosibas jautajumus.

Atslégvardi: biodegviela, pirmas paaudzes ligno-celulozes biodegvielas, otras paaudzes biodegvielas,
tre$as paaudzes algae-balstitas biodegvielas
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A. Aitmagambetovs, Z. Jakipbajeva. Kognitiva radio tikli ir nakamais solis komunikaciju
tehnologijas, Computer Modelling and New Technologies, 16. s§j., Nr. 3, 2012, 63.-67. Ipp.

Strauji pieaug bezvadu skaitlosanas un komunikacijas. Bezvadu lietojuma izmantoSanas paplasinasanas
rada pieaugosu pieprasijumu pec efektivas piekluves radiofrekvencu spektram. Spektra izmantosanas
problému var atrisinat ar kognitiva radio izvieto$anu, kas ir tehnologisko jaunindjumu sasniegums.

Kognitivais radio lauj efektivi izmantot pastavosas spektra joslas un atrod risinajumu ,,parslodzes”
problémai informacijas sist€émas. Neatkarigi no ta pozitivam IpaSibam attieciba uz radiofrekvencu
spektra efektivitati, tas pielietoSanas sniegums ir konfigur§jams, uzlabojams un elastigs. Tapéc nakotné
vairakus gadu desmitus kognitivais radio sniegs iesp&ju bezvadu sistému mérogosanai.

Tomeér izzinas tiklu izveide prasa definét daudzas dinamiskako spektra sadalfjuma metozu tehniskas
problémas, ka arT sensora izveidi tikla droSibai. Raksta ir paraditas svarigas novitates par augsta limena
kognitiva radio iespgjam un izaicinajumiem.

Atslegvardi: kognitivais radio, kognitiva radio tikls, spektrala politika, dinamiska spektrala piekluve

S. Orlovs, A. Vispakovs. Arhitektiiras Tipa Komplekta Optimizacija Logistikas un Transporta
Sistemam, Computer Modelling and New Technologies, 16. s§j., Nr. 3, 2012, 68.-75. Ipp.

Programmatiiras arhitektoiras dizainam ir galvena loma logistikas un transporta programmatiiras
inzenierija. Viena no dizaina pieejam ir atkartoti lietot arhitektiras modelus, kas izsaka butisku
programmatiiras sisttmu un tas uzvedibas strukturalo organizaciju. Pieraditu un parbauditu
risindgjumu izmantosSana lauj palielinat programmatiiras kvalitati un samazinat iesp&jamos riskus.

Lai izv€letos optimalos arhitektiiras modelu komplektus, ir nepiecieSams lietot tadu tehniku,
kura satur veselu rindu pasakumus. Panémiens, kas piedavats $aja raksta, lauj pastavigi novertét
Tpaso modelu ietekmi uz kopg€jiem programmatiiras izstrades centieniem ar konkréto funkcionalitati.
Turklat, tas nem véra trauc€jumus starp modeliem. Aprakstitas metodes lietderiba un efektivitate ir
apstiprinata dotaja izp&ete.

Atslégvardi: arhitektiira, modelis, funkcionalie punkti, metrika, logistikas un transporta
programmatiira, nedalita programmeSana, mérka funkcija, ierobezoSana, ierobezots, optimizacija,
lémums

S. Muhanovs, B. Amirgalijevs. Ievads makonu skaitlosana, Computer Modelling and New
Technologies, 16. sgj., Nr. 3, 2012, 76.-80. Ipp.

Interneta nakotne ir makonu skaitloSana. Visi p&tijumi, izstrades, resursi, lietojamiba un tikla
infrastruktiira strada ar makonu palidzibu. Pieméram, Google, Gmail, Dropbox, Yahoo u.c., tiem ir
makoni. M&s izmantojam makonus, lai nosttitu un sanemtu zinojumus, iegitu kadu informaciju,
lejupieladetu un augiupieladétu fotografijas, video, miziku un citus. Sis raksts izskata ievadu
makonu skaitloSana. Pirmkart, apraksta makonus un to veidus, otrkart, turpina par makonu
specifiskajam 1ipasibam/spéjam, kur tiks paraditas shémas un nefunkcionalu aspektu tabula,
ekonomiskie aspekti, tehnologiskie aspekti.

Atslegvardi: makonu skaitlo$ana, makonu veidi, nefunkcionalie aspekti, tehnologiskie aspekti,
ekonomiskie aspekti

94



Computer Modelling & New Technologies * Preparation of publication

COMPUTER MODELLING
&
NEW TECHNOLOGIES

ISSN 1407-5806 & ISSN 1407-5814 (on-line)

EDITORIAL BOARD:

Prof. Igor Kabashkin (Chairman of the Board), Transport & Telecommunication Institute, Latvia;

Prof. Yuri Shunin (Editor-in-Chief), Information Systems Management Institute, Latvia,

Prof. Adolfas Baublys, Vilnius Gediminas Technical University, Lithuania;

Dr. Brent Bowen, Dr. Brent D. Bowen, Purdue University, USA,

Prof. Olgierd Dumbrajs, University of Latvia, Solid State Physics Institute, Latvia;

Prof. Sergey Maksimenko, /nstitute for Nuclear Problem, Belarus State University, Belarus;

Prof. Litovchenko, V. Lashkaryov Institute of Semiconductor Physics of National Academy of Science of
Ukraine;

Prof. Pavel D’yachkov, Kurnakov Institute for General and Inorganic Chemistry, Russian Academy of
Sciences, Russia;

Prof. Stefano Bellucci, Frascati National Laboratories — National Institute of Nuclear Physics, Italy;,
Prof. Eugene Kopytov, Transport & Telecommunication Institute, Latvia;

Prof. Arnold Kiv, Ben-Gurion University of the Negev, Israel,

Prof. Juris Zakis, Higher School of Social Technologies; Latvia,

Prof. Edmundas Zavadskas, Vilnius Gediminas Technical University, Lithuania,

Prof. Michael Schenk, Fraunhofer Institute for Factory Operation and Automation IFF, Germany.

Host Organization:
Transport and Telecommunication Institute

Supporting Organizations:

Latvian Transport Development and Education Association
Latvian Academy of Sciences

Latvian Operations Research Society

THE JOURNAL IS DESIGNED FOR PUBLISHING PAPERS CONCERNING
THE FOLLOWING FIELDS OF RESEARCH:

mathematical and computer modelling

mathematical methods in natural and engineering sciences
physical and technical sciences

computer sciences and technologies

material science, solid state physics and chemistry
nanomaterials, nanodevices and nanotechnologies
aviation and aerospace technologies

electronics and telecommunication

transport and logistics

economics and management

innovative education

social sciences

In journal articles can be presented in English. All articles are reviewed.

EDITORIAL CORRESPONDENCE

Transporta un sakaru institiits (Transport and Telecommunication Institute)

Lomonosova iela 1, LV-1019, Riga, Latvia. Phone: (+371) 67100593. Fax: (+371) 67100535
E-mail: journal@tsi.lv, www.tsi.lv

95


mailto:journal@tsi.lv
http://www.tsi.lv/

Computer Modelling & New Technologies * Preparation of publication

COMPUTER MODELLING AND NEW TECHNOLOGIES, 2012, vol. 16, no. 3

ISSN 1407-5806, ISSN 1407-5814 (on-line: www.tsi.lv)

Scientific and research journal of Transport and Telecommunication Institute (Riga, Latvia)
The journal is being published since 1996.

The papers published in Journal “Computer Modelling and New Technologies” are included in
INSPEC (since 2010), VINITI (since 2011), CAS Database
www.theiet.org/resources/inspec/

http://www?2 .viniti.ru/

http://www.cas.org/

96


http://www2.viniti.ru/
http://www.cas.org/

Computer Modelling & New Technologies * Preparation of publication

vk we

10.
11.

12.

13.

14.
15.

16.

17.

PREPARATION OF CAMERA-READY TYPESCRIPT:
COMPUTER MODELLING AND NEW TECHNOLOGIES

In order to format your manuscript correctly, see the Page Layout Guideline for A4 (21 cmx 29,7 cm)
paper size. Page Layout should be as follows: Top — 3 cm, Bottom — 3 c¢cm, Left — 3 cm, Right — 3 cm.

Maximum length for the article is 10 pages.
Using of other Styles with the exception of Normal is not to be allowed!
Articles should be Times New Roman typeface, single-spaced.

The article should include:

— title;

— author’s name(s) and information (institution, city, country, the present address, phones, and
e-mail addresses);

— abstract (100-150 words);

— keywords (max. 6);

— introduction — clear explanation of the essence of the problem, previous work, purpose of the
research and contribution;

— description of the research;

— conclusion section (this is mandatory) — should clearly indicate the advantages, limitations
and possible applications;

— references.

Attention! First name, last name, the title of the article, abstract and keywords must be submitted
in the English and Latvian languages (in Latvian it is only for Latvian authors) as well as in
the language of the original (when an article is written in different language).

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.

The title of the article — 14 point, UPPERCASE, style Bold and centred.

Author’s names — centred, type size 12 point, Upper and lower case, style Bold Italic.

Author’s information — 10 point, Upper and lower case, style Italic, centred.

Abstract and keywords — 8 point size, style Normal, alignment Justify.

The first level Headings — 11 point, Upper and lower case, style Bold, alignment Left. Use one line
space before the first level Heading and one line space after the first level Heading.

The second level Headings — 10 point, Upper and lower case, style Bold, alignment Left. One line
space should be used before the second level Heading and 1/2 line space after the second level
Heading.

The third level Headings — 10 point, Upper and lower case, style Italic, alignment Left. One line
space should be used before the second level Heading and 1/2 line space after the third level Heading.

Text of the article — 10 point, single-spaced, alignment Justify.

The set of formulas on application of fonts, signs and a way of design should be uniform throughout the text.
The set of formulas is carried out with use of editors of formulas MS Equation 3.0 or MathType. The formula
with a number — the formula itself should be located on the left edge of the text, but a number — on the
right one. Font sizes for equations are the following: 11pt — full, 7pt — subscripts/superscripts, Spt — sub-
subscripts/superscripts, 16pt — symbols, 11pt — subsymbols.

All Figures —must be centred. Figure number and caption always appear below the Figure, type size 8 point.

Figure 1. This is figure caption

Diagrams, Figures and Photographs — must be of high quality, in format *.TIFF, *.JPG, *.BMP
with resolution not less than 300 dpi. Also formats *.CDR, *.PSD are possible. Combination of
Figures in format, for instance, *.TIFF with elements of the in-built Figure Editor in MS Word is
prohibited.

Table Number and Title — always appear above the Table. Alignment Left. Type size 8 point. Use one line
space before the Table Title, one line space after the Table Title and 1/2 line space after the Table.

97



Computer Modelling & New Technologies * Preparation of publication

Table 1. This is an example of a Table

Heading Heading Heading
Text Text Text
Text Text Text

18. References in the text should be indicated by a number in square brackets, e.g. [1].
References should be numbered in the order cited in the manuscript. The correct format for references is
the following:

Book: Author(s). (Year of publication). Book title (in Italics). Place of publication: Publisher.
Example: 1. Kayston, M. and Fried, W. R. (1969). Avionic Navigation Systems. New York: John
Wiley and Sons Inc.

Conference Proceedings: Author(s). (Year of publication). Title of an article. In Conference name, Date
(Page range). Place of publication: Publisher.
Example: 2. Canales, Romero J. (2003). A First Step to Consolidate the European Association of
Aecrospace Students in Latvia (Presented by the Munich Local Group). In ‘Research and
Technology — Step into the Future’: Programme and Abstracts. Research and Academic
Conference, Riga, Latvia, April 7-11, 2003 (pp. 20-29). Riga: Transport and
Telecommunication Institute.

Journal article: Author(s). (Year of publication). Article title. Journal Title, Volume (issue), range of
pages. DOL.

Example: 3. Nikora, V. (2006). Hydrodynamics of aquatic ecosystems. Acta Geophysica, 55(1),
3-10. DOI:10.2478/s11600-006-0043-6.

Report: Author(s). (Year of publication). Title. Place of publication: Publisher. (Report number).
Example: 4. Osgood, D. W., & Wilson, J. K. (1990). Covariation of adolescent health problems.
Lincoln: University of Nebraska. (NTIS No. PB 91-154 377/AS).

Government publication: Institution name. (Year of publication). Tit/e. Place of publication: Publisher.
Example: 5. Ministerial Council on Drug Strategy. (1997). The national drug strategy: Mapping the future.
Canberra: Australian Government Publishing Service.

19. 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.

20. 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 they are to be published.
Use simple pencil only.

21. Articles poorly produced or incorrectly formatted may not be included in the proceedings

98



	Cover

	Computer Modelling
and
New Technologies

	EDITORIAL BOARD

	CONTENTS

	Editors’ Remarks

	FINANCIAL MODELS OF HUMAN BEHAVIOURIN DESIGN OFFICE.Part II. Projects' Executors as Active Players. D. Greenberg, D. Golenko-Ginzburg

	PREDICTION LIMITS FOR A NUMBER
OF FUTURE FAILURES UNDER UNCERTAINTY.
K. N. Nechval, N. A. Nechval, M. Purgailis,
U. Rozevskis, V.F. Strelchonok, M. Moldovan

	KINETICS OF ONE-DIMENSIONAL
INSTANTANEOUS FOREST FIRE MODEL.
J.-R. Kalnins, I. Pakalnite

	COMMON SCIENTIFIC AND TECHNOLOGICAL SPACE
AS THE BASIS FOR CONSTRUCTION INNOVATIVE SYSTEM.
Y. Shishkina

	SMART TARGET SELECTION IMPLEMENTATION BASED
ON FUZZY SETS AND LOGIC.
P. Shamoi

	SYNCHRONIZATION BETWEEN DESKTOP APPLICATION
AND WEB CLIENTS PROVIDED
BY NODE.JS SOFTWARE SYSTEM.
S. Makagonov

	DEVELOPMENT OF SOFTWARE FOR PROJECT
MANAGEMENT. BASED ON PMBoK
Zh. Madimova, L. Atymtayeva

	RESEARCH OF RELIABILITY
OF DISTRIBUTED COMPUTER SYSTEM.
R. Uskenbaeva, G. Bektemyssova

	CALCULATION OF COMPOSITE PLATES
OF VARIABLE THICKNESS
AND FOLD IN ACTION RADIAL FORCE.
K. A. Kultasov, A. A. Rysbekova

	SUSTAINABLE ENERGY USE: PROSPECTS OF BIOFUEL.
G. Nurmukhanbetova, A. Suleimenova

	COGNITIVE RADIO NETWORKS IS THE NEXT STEP
IN COMMUNICATION TECHNOLOGY.
A. Z. Aitmagambetov, Z. M. Jakipbayeva

	ARCHITECTURAL PATTERN SUITE OPTIMIZATION
FOR LOGISTICS AND TRANSPORT SYSTEMS
S. Orlov, A. Vishnyakov

	AN INTRODUCTION TO CLOUD COMPUTING.
S. B. Mukhanov, B. Ye. Amirgaliyev

	Authors' index

	Personalia

	CUMULATIVE INDEX

	Preparation of publication




