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Abstract

The problem of modeling the impact of the statetiprojects implementation on
introduction of the newest technologies is congiden this paper. To solve this problem
the simulation model of scientific and technolofdevelopment of economic activity
types of Ukraine is developed. This model is pregdsr optimization of development
plans of a particular branch of industry. It is gresed to perform optimization with the
help of the developed mathematical model in whiehstimulation model is used for
estimating the values of some parameters of theenatical model included in the
objective functions and constraints. Techniquesfowlating the impact of the
introduction of the newest technologies in the tgdirection “Energy and Energy
Efficiency” on the state of Ukrainian industry is\eeloped.

Key words:simulation model, branch of industry, optimizatrandel, simulation
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1. INTRODUCTION

The course for the innovative development of thenty’'s economy chosen by the
government of Ukraine makes it necessary to idgptibrity areas for scientific and
technological development of various types of eoaioactivity. In each priority area of
scientific and technological development a cersgnof new technologies can be
identified. The actual problem is to simulate aoe€ast the impact of the
implementation of state-level projects, concerrthrgintroduction of new technologies.
To solve this problem the following two approaches now widely used: Technology
Foresight (Miles, 2009) and the traditional UNID&2nique for evaluation of the
economic efficiency of investments (UNIDO, 1986gdpite their widespread use to
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predict the effect of the introduction of innovaindustrial projects, these approaches
have several drawbacks. For example, Foresighbapprallows receiving an expert
(heuristic) evaluation of the project impact, amgheinds largely on the experts’ viewpoint
in this field. This approach gives good qualityiresttes, but not quantitative. Different
methods for evaluation of the innovative projedfgiency based on the UNIDO
technique devoid this disadvantage. However, tloegat incorporate the impact of

project implementation in education sphere, re¢eand development sphere, the
influence of one branch of industry on another iantie end represent the impact as a set
of different financial and economic indicators.

Solving the problem of adequate simulation anddaséng of the impact of the critical
technologies introduction on the state of industdycation, R&D, and other requires a
gualitatively different approach which is deprivafthe above drawbacks. In this regard,
the purpose of this work is to develop the compéshnique of modeling and forecasting
the impact of the critical technologies introduntiasing a simulation model. Simulation
model usage is explained by the complex structlitkeoprocesses relationship occurring
in the real economy and will consider various atgpetthe critical technologies impact
on the sphere of production, employment, educatesearch and development, etc.

2. MATHEMATICAL MODELSFOR FORECASTING AND OPTIMIZATION
OF INDUSTRY DEVELOPMENT PLANS

2.1. Simulation model of scientific and technological development of economic
activity types of Ukraine

To solve this problem the simulation model of stifenand technological development
of economic activity types of Ukraine (Kononenk0p8) which was created within the
State program of forecasting scientific and tecbgichl development of Ukraine is
proposed to use. The model allows simulating 1&4yqf economic activity of Ukraine,
united in the following branches of industry: Powetustry; Mechanical engineering;
Metallurgy; Food industry.

This simulation model contains over 2000 varialled parameters and provides a
medium-term change forecast of the following paramsefor any of the simulated
economic activity: the volume of completed reseaneineering; the volume of
completed development activities; the amount addimssets; the amount of working
capital; the amount of intangible assets; the nurobstaff involved in production; the
level of the staff shortage in production; net gr@nd many others.

The whole model is built in accordance with thEarrester’s system dynamics
methodology. The structure of the simulation maslal set of blocks connected by a
number of closed information flows. These flowsteim data about finances, quality and
quantity of staff, the structure of fixed assetd aorking capital, the level of applied
techniques, products, and intangible assets fomthia blocks of the model.



The main blocks of the simulation model includep@&y of economic activity; Sphere of
research engineering; Sphere of development aesiyiEducation sphere; Trade sphere.

The providing blocks of the simulation model inadudlock of the investments
distribution; Block of the economic condition defion of country’s economic activity
type; Block that describes the demographic sitmatiahe country; Block that simulates
the budgets of all levels of the country.

Let us consider the model structure in more detBésed on the information that comes
from the block of the economic condition definitiohcountry’s economic activity type,
the investment policy is formed. Its essence ctmgisrevealing the volume of
investments into the country's economic activipyety, sphere of development activities
and sphere of research engineering, as well asterrdining the share of investments in
production of innovative products. It is the invashts that ensure the existence and
development of the mentioned institutions. Investraare directed for providing the
given spheres with additional fixed assets, intalegassets and working capital. Sphere
of research engineering at financing at the expehsgternal customers, as well as
budget funds on an exit transfers scientific prasitc the sphere of development
activities. In the sphere of development activittes scientific products with sufficient
financing turn into techniques and projects whiagfiva in the form of intangible assets at
the block which models the main economic actiwtyets of the country. The information
on functioning of economic activity type arrivesta¢ block of the economic condition
definition of country’s economic activity type inhich a number of financial and
economic indicators are calculated. These indisadoe used further for definition of an
investment policy.

The chain described above is the main in simulatiodel of scientific and technological
development of the country’s main economic actityyes. Briefly it can be described as
follows: investments— research— technology— industrial products~ financial
indicators— investment policy formatios> investments.

Another chain provides a simulation of the educetigrocess. From the block, which
describes, in particular, the age structure opthygulation, information about the number
of people who fill up the education system is reedi As a result of the education system
operation, the prepared professionals are emplmyedonomic activity types, as well as
in spheres of R&D. Their work provides normal fuaoing of the spheres that finally
affects the increase of budget funds, which areived for education system support.

Country’s economic activity types are the main consrs of new techniques, projects
and investments. Financial results from the opamadf economic activity types are
distributed according to the established prioritiet determine the investment policy and
expectations. Input parameters for each econontivitggdype are investments (private,
state, local governments, internal and externateigin), including those in the form of
working capital, as well as staff, which comes frihva education sphere, and intangible
assets which result from the operation of R&D sphAs a result of each economic



activity type operation the industrial products,iethcome to the open markets of the
country and abroad, are manufactured. After the slilnanufactured goods money are
returned to investors. As a result of economicvigtiypes functioning the budgets of all
levels are replenished.

Let us consider the content of a standard econanticity type in the model. All types of
economic activity are built on the same princigleey differ only by the configuration
data. Figure 1 shows the model structure of a st@hcbuntry’s economic activity type.

Figure-1: Structure of a standard economic actiyipe in the simulation model
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The most important variables that characterizestfmmomic activity type are the
"Production capabilities" and "Demand for producEonomic activity type products
are divided into two groups:

I

* Innovative products which meet the requirementhefworld market in the next
3-5 years;

* “Ordinary” products on which during the considepsttiod of time the demand
within the country is high enough but which willvgiway to the market of
innovative products in the next 3-5 years.

The volume of demand for economic activity typedarcts is the initial data, for which it
is necessary to make the forecast for all foreggsiiterval before modeling beginning.
For forecasting of demand for economic activityetygsoducts it is suggested to use the
method developed by I.V. Kononenko and B.l. Denasfeenko (Kononenko, 1999).

Production capabilities of economic activity typepdnd on four major factors: people
who work in the given economic activity type, tloéal amount of fixed assets, the



availability of working capital and intangible asseProduction capabilities represent
function from these arguments. As such functias dtffered to use the multiplicative
Cobb-Douglas production function. Production calités are calculated for each
product type with its own production function.

The simulation model is configured based on thiziaffstatistics and experts’ data for
2000-2005. Adequacy test and verification of tlreudation model is performed on the
data for 2006-2007. As a criterion for estimating accuracy of the forecast the MAPE
(mean absolute percentage error) indicator was. U$exlaverage value of this indicator
calculated for all the major variables in the moéegualed to 5.77%, which is a
sufficiently high rate of forecast accuracy.

On the basis of experiments with the simulation ehdorecasting and analytical research
were carried out and proposals concerning the dpusdnt of scientific, technological

and staff support of 11 economic activity typedJ&faine were formulated. Different
development scenarios of these economic activiigsywere designed and simulated and
key indicators forecasts of their functioning weteained (Kononenko, 2010).

2.2. Mathematical modedl for development plans optimization of a branch of industry

This simulation model is proposed to use for optation of development plans of a
particular branch of industry. It is proposed tofgen optimization with the help of the
developed mathematical model (Kononenko, 2010)Hitkvthe simulation model is used
for estimating the values of some parameters ofitathematical model included in the
objective functions and constraints.

For industry developmem® measures can be used, which in a combination dnoertod
create development variants, realization of eadherh can be carried out in ydaof the
planning period. In totd¥l development variants are analyzed.

As the measures directed to the development ditliech of industry, it is suggested to
consider the state projects on introduction ofrteeest technologies. Thus for each

measure the following parameters should beet: lump-sum costs in yeafrom the

beginning ofmeasure implementation (= 1,0); Cri — change of current costs in year
from the beginning of measurémplementation;K | — residual value of fixed assets,
which are eliminated in connection with the measumgplementation in year.

The developed mathematical model has the follovidng:

1) Objective function (criterion — branch of indysprofit maximization)
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Objective function (criterion - minimization of tlggeneral costs of an industry on
production of ordinary and innovative products)
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Objective function (criterion - maximization of iovative products output by the branch
of industry)
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whereT — duration of the planning period of the branclnolustry functioning, yearsj
— number of country’s economic activity types, thalong to the considered branch of
industry; a, = @+ En)te“, E, — standard of reduction of costs and results miffein

time, t.— estimated yea/ (", V" — real output estimates of ordinary and innovative

products by the economic activity type of indudtriy yeart, based on demand. These
values are defined algorithmically in the followifggm
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where 4{", 4" — production capacity of economic activity typerafustryh for the
production of ordinary and innovative productspexgively, in yeat of the planning
period, monetary unitst € 1T, h=1H); D{™, D{" — demand on ordinary and
accordingly innovative products of economic acjivitpe of industryh in yeart of the
planning period, monetary units.

Estimates of real output by the economic activyetof industryh of ordinaryv" and
innovativeV, " products in yearare defined with the help of the previously deseni

simulation model. Use of the simulation model ias&d by the algorithmic dependence
of real output volume of branch of industry on tlkerent system structure and the



parameter values of its structural elements. Tleevaf the current estimate of the real
output volume of products is a function of the we value of this estimate and the
variants of development acceptedgn {) past years and in year

Vn(h) =0, (h) ij)’ VZ(Ih) =0 (V(h) ij), (j=1M, p=t+1-gt),

1t-17 2,t-1?

whereg - the maximum number of years during which theetlgyment variant can be
carried out.

t, — start time of the last development variant eedion,t,<T; g/, g', B —

coefficients that take into account the changegart, versus year 0 of lump-sum costs,

residual cost of fixed assets and current cosspedively, due to the changes in prices;

| =1-t+mint+g-1T) — the last year during which the development vayjiaan be

carried outiw, = Za)r — costs for realization of the development varjantyearr from
i0Q;

the beginning of its realization, whe@g— set of measures’ numbers that form the

development variant C, = >'C! —change of current costs in connection with

iDQJ
realization of the development varigrih yearr from the beginning of its realization;
=>'K! —residual value of fixed assets which are eliminatetbnnection with

i0Q;
realization of the development varignih yearr from the beginning of its realization;

®prev - lUMP-sum costs which must be incurred in th@mpilag period in connection with
the development variants accepted during the ywersding the yedr1
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2) Conditions of the state order execution for wady and innovative products of
economic activity typé in all years of the planning period
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where B{", B{" — the state order for ordinary and accordinglyirative products of

economic activity typé in yeart of the planning period.

3) Restrictions on sequence of development varigatization

x, cardL, —E‘;qmso, j=11 , oto{23...t } ®)
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wherelL,; — set of development variants which should bezedlbefore the
implementation of the development varign; — set of development variants after
which the development variancannot be implemented.

4) Restriction on number of the realized varianteach year of the planning period
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Thus, the resulted mathematical model of developmkams optimization of branch of
industry of Ukraine is described by the dynamic-werkov model (1} (7) with
algorithmic (1), (3) and analytical (2) objectiventtions, with algorithmic (4) and
analytical (7) constraints, with Boolean variables

x, 0{og, j=1M, t=1t,, (8)

wherex; =1 means that in yeathe realization of the development variphtis begun;
X:=0 means the opposite action.

Non-Markov character is expressed in the facttt@tdecision about the implementation
of any development variant in yeamwill have an impact on the state of the system in
yearst, t+1,t+2, ..., t+g-1.

2.3. Smulation technique of the newest technologiesintroduction impact

For an estimation of numerical values of parameaiémne or another measure, i.e. the
state project on introduction of the newest techgyl it is suggested to use the
simulation technique developed by authors. Thikrigpie allows simulating the impact
of the introduction of the newest technologieshia thematic direction “Energy and
Energy Efficiency” on the state of Ukrainian indystit makes it possible to predict the
following impact indicators of the introduction wéw technologies in the power industry



and other affected industries: real output of iratwe products; amount of production
costs reduction due to the introduction of the regvi@chnology; amount of the net profit
increase for economic activity types affected lyithplementation of the newest
technology; economic efficiency of the implemerdatof the state project, and others.
This technique is implemented as a separate utfieisimulation model. The enlarged
structural diagram of the integration of simulattenhnique for the state projects
concerning the implementation of the new techn@sagyith the previously described
simulation and mathematical model is presentedgarE 2. The arrows indicate the
main streams of input and output information traitiewh between the diagram elements.

Figure-2: The interaction diagram of the projeatsutation unit with simulation
and mathematical model
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It should be noticed that in this paper, the immatation of one or another state project
on introduction of the newest technology in therhtc direction “Energy and Energy
Efficiency” is considered as the manufacturing psscof the new technological
equipment by branch-manufacturer (in this case it@échanical engineering) for branch-
customer (power industry), with the subsequent @mgntation of this equipment as the
basic production assets by the branch-customer.

Implementation of any project is proposed to besm®red as a sequence of following
stages:t, ti] — stage of fundamental and applied scientifieagesh with the duration of
11=t;-1p years; {i, t;] — stage of the prototype development and theni@olgy of its serial
production with the duration af=t,-t; years; {;, t;] — stage of technological preparation
of the industrial production of innovative produetish the duration ofs=ts-t, years;

[t5, T] — stage of the industrial production of the neweeducts with the duration of
1,=T-t3 years; {3+At, T] — stage of the introduction of the produced néwesducts into
the branch of industry.

Let us consider the developed projects simulatchrique for a case of a single project.
It consists of the following main steps:



Step 1. Assignment of the numerical values to #rameters of the project considered:
initial year of the project realizationty: duration of the planning periodF years;
duration of the research engineering stagg years; duration of the development
activities stage +,, years; duration of the pre-production stage, years; amount of
expenses on research engineering;-monetary units; amount of expenses on
development activities W,, monetary units; lump-sum costs on productiontorea-

Ws, monetary units; volume of demand for the givewes products by yearsD;,
monetary units; per-unit cost of the newest proglbgtyear -Z;, monetary units; amount
of the total costs to produce one unit of the néwesducts in year— C;, monetary units;
planned investments into production capacitiesrahth-manufacturer by yeardnv,
monetary units; number of innovative human res@ineeessary to produce a unit of the
newest products Ly, people; productivity of the new assetsR; product conv. units per
year; the extent of the new assets workload in yedt; the amount of the per-unit

production variable costs in ygawith the use of the new asseig =" f , monetary units;
labour intensity of per-unit production with theeusf the new production assetg,—
people.

Step 2. Calculation of the branch-manufacturer pedn capacities using the equation

A=A+ SN iaiv2T), ©)

k=tz+1 I K

whered, — nominal capacity of the created industry proiguncin branch-manufacturer
by means of costds; Invi — volume of investments (monetary units) in thenloh-
manufacturer production capacities in yegk =t, + 1, T —1); Mx— amount of money

needed to increase production capacity by oneimgiark.
Step 3. Calculation of the innovative products autgsing the following expression

Qi:{A,if A <D,

. : J10
D, if A >D,

Step 4. Determination of the required number df si@eded for the output of the newest
products by means of the equation

L =LQ (=t +1T) (11)

Step 5. Determination of the output rate of the estvproducts, taking into account the
availability of staff, using the expression

10



"Lt <0 and L >-0,

. 12]
Q = o, if L =0, '

{A, it A<D,

. , [, <0 and L <-L
D, if A >D,

where |:i - staff shortage in the field of the innovativeguction of the branch-
manufacturer in yedr defined by means of the simulation model.

Step 6. Determination of the number of borrowed ste™" , needed for the production
of @, units of the newest products in yéaregardless of the availability of staff

L =LQ, if L=0
Lo =3 +L, if [[<0 and L >-L,- (13)
0 if L<0 and L <-L

Step 7. Calculation of the potentially unproducetline of products by the branch-
manufacturer in yedr

o Liborrow
Qi - N ’

(14)

whereN; — labour intensity of per unit production of iMadive products in the branch-
manufacturer’s innovative production sphere in ye@his parameter can either acquire a
constant value, i.é\N;=const or change in time, i.e. be considered as timction

N;=N(t;), which values are calculated by means of follgnéxpression

Ni :\ﬁ , (15)
where LiF’F — the total number of staff involved in the bramohnufacturer’s innovative

production sphere in yearV,” —the potential rate of the production output in naitu
expression in the branch-manufacturer’s innovatiaguction sphere in yearThese
two values are defined using the simulation model.

Step 8. Calculation of the economic benefits ferlhanch-manufacturer from the
introduction of the newest technology

EFFECT= ¥ 2Q -(3QC +ivvj + Emvk)—izjq‘ ’ (16)

=tz +1 i=tz+1 =ty +l i=tz+1
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whereZ'’ — the price for the branch-manufacturer innovagiseducts in yeair
(monetary units). This parameter value is transtefrom the simulation model.

Step 9. Definition of the cumulative productivitftbe new assets provided their full load
QU =FPm,,  (j=t+At+1T), (17)

whereAt — time required to the implementation of the acegliin yeai asset€);, number
of years, At0[0,T -t, -1], AtOZ,-

Step 10. Calculation of the eliminated assets @btte branch-customer in connection
with the introduction of the new ones. Here the ttases are possible: 1) Introduction of
the new assets results in outflow of equivalertumulative productivity volume of
assets used. In this case, the cost of the fixgetasliminated in yegqmwill be equal to

—_hew

Kj ==, 18
= (18)

where FP; — productivity of the used production assets etihanch-customer in yejr

i.e. the number of products conv. units that acelpced by per unit cost of production
assets. This value is defined by means of theatig expression

—PF
FP, = Vi (29)

K

]

Where\7f’F — the potential production output rate in natesgiression in the branch-
customer’s innovative production sphere in yjedihis value is defined with use of the
simulation model on the basis of three-factor pobidin function;f?F —value of the
production assets in monetary terms, used in thiedbrcustomer’s innovative production

sphere in yegr. This value does not consider the volume of the assets that are being
introduced and is also defined with use of the &atmn model.

2) Available in branch-customer production assegsat eliminated in connection with
the introduction of the new assets. In this cdSe=0;

3) Introduction of the new production assets resualbutflow of smaller in cumulative
productivity volume of assets used. Some variarggterefore possible:

3a) each yeay of the planning period the volume of assets, catiwe productivity of
which is proportional to the total productivity thfe assets introduced is eliminated. Then

—_hew

K= k=L | (20)
FP;

12



wherek — proportionality factork = constJj =t, + At + 1T, kJ(0).
3b) each yegrthe volume of assets with fixed (constant) cunivgaproductivity is
eliminated. In this case

— fixed

Kj==__ 21
= Tp (21)

where éj_ﬁxed — cumulative productivity of assets which are efiated in yeay,

— fixe

Q, * = const andéjfixed <Q D=t +At+1T,

3c) each yegrthe volume of production assets with various cativé productivity is
eliminated. In this case the cost of eliminateddpidion assets is also calculated by

means of expression (21), only provided tQat” = const, Q" 0(0;Q™)-

Step 11. Definition of the branch-customer produrctiosts reduction by means of the
following expression

ACOSTS: Y (C; -C™)Q, 22)

j=ty+At+L

whereéf, C”ewf — variable per-unit production costs in ygarth the use of the
available “old” production assets and already idticed newest assets respectiv@y;—

number of branch-customer products produced injyeéh the use of already
introduced newest assets. This value is defined as

- i —new
Q;’ = ZﬂrQr ’ (23)
r=ty+At+1

whereg, — supposed production capability of the newestipction assets being used in
yearr, g O[0A] Or =t, +At+1,j, j=t,+At+1T

Step 12. Definition of the branch-customer ratéhefproduction output increase by
means of the following expression

AQ, =Q -Q;. (24)
whereaj — estimate of the real output volume of productsatural expression in the

branch-customer’s innovative production spheresiarywhich is defined by means of
the simulation modeIQjN — estimate of the real output volume of produetsatural

expression in the branch-customer’s innovative petidn sphere in yegmwhich
considers the volume of the new assets that haate inroduced. It is defined as

13



—, hew —

@: ij y If Vj SSJ,, (25)
" | D, if Vi >D,

where 51. — demand on innovative products of branch-custamgearj. This parameter

value is transferred from the simulation modgf;" — the potential rate of the production

output in natural expression in the branch-cust&rienovative production sphere in
yearj which considers the volume of the new assetdstiat been introduced. This value
is defined as

\7rj1ew — 6; + 6;, ,
where@; — number of branch-customer products produceearjywith the use of the
available “old” production assets. This value ikgkated with the use of

6;: AI]E;DF _ zj:Da)al I]RjPF _ zj:Ke)az [“J_PF)%, (26)

r=ty+At+1 r=ty+At+1

whereL]" I" — the total number of staff and the amount of igtale assets

respectively that are used in the branch-custonmen@vative production sphere in ygar
This parameter values as\v well as coefficient valljes, a,, az are transferred from the

simulation model.l; =77 [Q" — number of staff manufacturing products in thenbta
customer’s innovative production sphere in yeaith the use of the new assets.

Step 13. Calculation of the economic benefitgtierbranch-customer from the
introduction of the advanced technology with thiplu#

W

EFFECT=AINCOME+ACOSTS K  -K"™ (27)

- T
where AINCOME= ) Z AQ, — additional income of the branch-customer in the

j=ty+At+L

planning period due to changes in output rate, wlz(jér— the price for the branch-
customer innovative products in yggmonetary units). This parametg{ye is

- e T - e
transferred from the simulation mod&{; = ZK,» — value of the fixed production

j=ta+At+HL
assets of the branch-customer, which are eliminatéte planning period in connection
—new T .
with the introduction of new asset§; = > ZQ - the cost of new production assets
i=tz+l

acquired for the implementation in the planningqubr
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Step 14. Determination of the effect and efficien€yhe newest technology introduction
by calculation of the following indicators

EFFECT> =EFFECT+ EFFECT (28)
)

EFFICIENCY= = =CT— (29)
COSTSHK

T 3 T-1
whereCOSTS } QC, +X W + }'Iny, —cumulative expenses of the branch-

i=tg+1 j=1 k=tz+1

manufacturer in the planning period;

3. CONCLUSION

The considered models developed by the authorgrapmsed for use in the decision
making process at the State level. Joint use aktheodels and the simulation technique
will allow forecasting the results of the Statedegrojects implementation concerning
the introduction of the newest technologies ancetiging the optimal plan for the
growth of Ukraine’s industry in medium-term persipee
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