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Abstract 
One of the main problems of Arctic zone development in the Russian Federation 
(AZRF) is a limited labor resources. Poly-model complex for analysis and simulation of 
the AZRF labor market is presented in the article. The complex allows you to forecast 
the formation of the labor demand of socio-economic systems in AZRF and to explore 
the possibilities of regional professional education systems in terms of meeting the 
forecasted needs. Technologies of system-dynamic and agent-based modeling are shared 
within the framework of the complex. The advantage of the presented software tool is 
the ability to operatively vary not only the quantitative characteristics of the modeled 
system, but also the structure of interaction between the components of the system. This 
is a useful opportunity to analyze the possible impact on the regional labor market of 
investment projects that are planned for implementation in the region. Developed tool 
was used to support the personnel policy management in the Murmansk region. 
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Introduction     
   
      Effective performance of the approved 
strategy of The Russian Federation Arctic 
zone (AZRF) development [4] is not possi-
ble without adequate staffing. The existing 

problems of staffing in AZRF are largely 
due to the peculiarities of this territory (ad-
verse climatic conditions, specific socio-
economic factors and others). This fact de-
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termines the lack of attractiveness to live 
in AZRF and, as a consequence, causes 
predominance of emigration over immi-
gration of labor resources. Most of the 
young people, who leave AZRF to obtain 
higher education in other regions, do not 
come back. To solve the problems of per-
sonnel supply in AZRF, it is very impor-
tant task to develop and improve profes-

sional education systems in such regions. 
Considering limitation of human and edu-
cational resources in the AZRF, it is neces-
sary to focus special attention to the sys-
tem of professional education. This system 
has to provide target training of qualified 
personnel that is required in regional labor 
market (Fig. 1). 

 
 

 
 
Fig. 1. A simplified scheme of components interaction to solve the tasks of AZRF staffing. 
 
 
     The system of professional education is 
quite inertial. Therefore, perspective fore-
casting (up to 7-10 years) of labor market 
needs is very important. Analysis of pos-
sible variants to satisfy predicted labor mar-
ket needs with using educational resources 
available in the region is also an urgent 
task. Extrapolation of existing trends to 
form adequate forecast is not possible be-
cause conditions of AZRF development are 

changed. Forecasting tools must provide the 
possibility of conditions and parameters 
on-line variation. This is necessary to ana-
lyze different variants of social and eco-
nomic processes development and possibil-
ity to provide the staffing needs determined 
by these processes. The program complex 
which satisfies such requirements was de-
veloped in IIMM KSC RAS. 

 
 
Material and Methods 
 
     The program complex combines stand-
ard instruments, which process different 
types of data, and original software tools 
to form and to study computer models. The 
models simulate dynamics of processes that 

determine the supply and demand in the 
labor market. These models are the main 
tool to forecast development of regional 
systems and labor market dynamics in 
AZRF. 
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     To forecast there are used such basic 
data as: 
 
  • Data from the Regional Employment 
Center. It is used to determine amount of 
vacancies in the regional labor market, in-
dicators of dynamics of employment and 
release of workplaces in the context of po-
sitions/specialties/professions and economy 
branches. 
 
  • Results of questionnaire of employers. 
These results allow obtaining estimates of 
the number and structure of the required 
labor needs for the forecast period. 
 
  • Results of activity monitoring of pro-
fessional education institutions. It is the in-
formation that characterizes the current and 
future appearance of new skilled workers 
on the regional labor market. Also moni-
toring data allow estimating of the regional 
education resources potential. 
 
  • Data of state statistics authorities. These 
data allow to estimate changes of staffing 
in enterprises and organizations of the re-
gion. 
 
 
     Methods and tools of system dynamics 
and agent-based modeling were used to-
gether to create simulation models. 
     The system dynamics (SD) was suggest-
ed by Jay W. Forrester as an approach to 
understanding the nonlinear behavior of 
complex systems over time using limited 
set of model’s elements: stocks, flows, in-
ternal feedback loops, table functions and 
time delays. SD finds wide application as a 
simulation tool in various subject areas due 
to creation of convenient graphical user in-
terface at the 1990s [5]. The system dy-
namics as a tool to support the profes-
sional solution of organizational problems 
and to study complex processes in various 
fields is presented in detail in the book of 
John D. Sterman (Sterman 2000). 

     The current state and the latest world-
wide developments in the SD are presented 
on the System Dynamic Society web pages 
[2] and in the journal The System Dy-
namics Review [3] that is published by the 
Society. 
     The system dynamics has proven itself 
as a good tool for finding the answer to the 
question «what will be if ...?» in complex 
systems. Therefore SD was selected by the 
authors as the basis to create simulation 
tool for forecasting in staffing management 
problems of AZRF. 
     Agent-based modeling (ABM) was used 
because formation of supply and demand 
for labor is a result of the interaction of 
many stakeholders in the regional system. 
In ABM, a system is modeled as a collec-
tion of autonomous decision-making enti-
ties called agents. Each agent individually 
assesses its situation and makes decisions 
on the basis of a set of rules. Agents may 
execute various behaviors appropriate for 
the system they represent (Bonabeau 2002). 
     AnyLogic was selected as the develop-
ment environment that allows to construct 
and share both system-dynamic and agent-
based models. This software was developed 
by the Russian company The AnyLogic 
Company [1]. The tool has a modern graph-
ical interface and allows you to use the 
Java language for model development (Kar-
pov 2006). 
     The original technologies developed in 
IIMM KSC RAS were applied for creation 
of the simulation models synthesis block 
(Putilov et al. 2003, Bystrov et Kodema 
2006, Putilov et al. 2008, Oleynik et Leksi-
kov 2008, Gorokhov et Shelekh 2009, Go-
rokhov et al. 2013, Khaliullina 2016): 
 

     1. An information technology to form 
applied simulation models on the basis of 
a limited set of “mobile” patterns (Oleynik 
et Leksikov 2008). Its practical realization 
consists of the following steps: 
 

     a. Analysis of the subject area to iden-
tify a limited set of typical processes that 
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determine dynamics of the considered 
system development. 
 

     b. Creating SD pattern for each typical 
process. 
 

     c. Forming of “Mobile” patterns library 
for applied modeling environment to syn-
thesize on the basis of SD patterns. 
 

     d. Constructing simulation model for 
analysis of complex process by linking of 
library's patterns. Every pattern represents 
some subprocesses of the analyzed process. 

     e. Putting parameters and initial data 
into the model and carrying out series of 
simulation experiments  to study analyzed 
process development variants. 
 

     f. Make the decision on the basis of 
simulation results analysis. 
     Fig. 2 presents a simplified example 
where the model of 3-year educational pro-
gram is formed by consecutive connection 
of three same patterns. These patterns de-
scribe the structure of the 1-year learning 
process. 

 

 
 
Fig. 2. Example of model synthesis by using of basic pattern.  

 
     
     2. The technology of automated synthe-
sis of SD model structure based on the 
cognitive map (Khaliullina 2016). Synthe-
sis is provided by realization of the follow-
ing steps: 
 

     a. Forming the initial cognitive map 
(ICM). 
 

     b. Mapping ICM nodes to stocks of SD 
model.  
 

     c. “Breaking” of ICM relations by add-
ing new nodes and mapping arcs to on 
flows in SD model. 

     d. To refine ICM by adding new nodes 
and arcs and by mapping those to variables 
and constants in SD model.  
 

     e. Analysing of the SD model and trans-
formation of SD model stocks to variables 
if it is necessary. 
 
     The synthesis is performed in accord-
ance with the mapping rules (Table 1). Us-
ing computer-aided procedures, SD model 
is being built for work in the AnyLogic 
system. 
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     Cognitive map is defined formally as a tuple  FGKognM , (Gorelova et al. 
2005) where: 
 

1) ,,  EVG },...,2,1,|{ MiVvvV ii  , },...,2,1,|{ PiEeeE ii  , where  

G – directed graph, V – node set of the graph («concepts»), E – set of arcs, M  - 
number of nodes, P - number of arcs. 

 
2) ),,(),( ijji evvFEVFF  , where 

F – functionality of arcs transformation. F  puts in correspondence to each arc the 
sign ( "",""  ), indicating «positive» or «negative» impact of the concept iv  on a 
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In AnyLogic program, the elements of SD model are represented by the following 
collection of sets: 
 

},,,,,{ RCVarFlSSDM   where S  – set of stocks; Fl  – set of flows, that reflects 
the rate of stocks change, their filling and reduction; Var  – set of variables; C  –  set of 
constants; R  – set of information links. 
 

 
 

Table 1. Matching the mapping rules to their graphical representation. 
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     The technologies of SD models synthesis on the basis of “mobile” patterns and 
cognitive maps were used in developing of complex of simulation models to solve 
staffing needs tasks. The complex includes four main modeling blocks: 
 

     1. «Demography». This block simulates the demographic processes that take place in 
the region. It can be presented formally as a tuple: 
     D = <P, BR, DR, Im, Em>, where P – population; BR – birth rate; DR – death rate; 
Im – immigration; Em – emigration. 
 
     2. «Regional Labor Market». This block is designed to assess and search for the 
balance between supply and demand for labor. The block is described by a tuple: 
     LM = <Dem, Sup>, where Dem – demand; Sup – supply. 
 
     3. «Regional Economy». This block simulates the main processes taking place in 
basic sectors of the regional economy from the point of view of their staffing. Also it 
takes into account ongoing and planned investment projects. Regional economy is 
presented by a set, each its element characterizes some economy branch: 
 

RE = {EBj}, j=1,..,K, where 
EBj = <Entj, Vacj, WPj, Resj, IPj> - economy branch; 
Entj – enterprises of j-th economy branch; Vacj - vacancies of j-th economy branch;  
WPj – work places of j-th economy branch; Resj – resources of j-th economy branch. 
IPj = {IPji}, i=1,..Nj  - investment projects of the economy branch; 
IPji = <Rji, LCji,Perji> - specific investment project; 
Rji – resources of the investment project; LCji – life cycle of the investment project;   
Perji – deadline of the investment project. 

 

     4. «Professional Education System». This block includes all levels of professional 
education and is described by the following tuple: 
     Ed = <HE,SPE,OR,AE>, where НЕ – higher education; SPE – secondary 
professional education; OR – occupational retraining; AE – additional education. 

 
     Each component of the poly-model com-
plex is implemented as an agent model 
which can have a multilevel structure. At 
each level, a combination of both agent-
based (AB) and SD models can be used. 
     SD model that describes demographic 
processes uses specific parameters, varia-
bles and coefficients. Parameters and varia-
bles characterize the age and sex structure 
of the population, the working-age popula-
tion, rates of death, birth, migration. Coef-
ficients determine the degree of influence 
of different factors on main demographic 
parameters. This model allows you to ob-
tain forecasts of the number of econom-
ically active populations in terms of age 
groups and the number of people who can 

go to regional system of professional edu-
cation and retraining. 
     The model of professional education 
system has a complicated structure be-
cause it represents a set of AB models. 
Each of AB models simulates training of 
qualified personnel of appropriate level 
and type of education: bachelor's degree, 
master's program, specialty, vocational 
training of mid-level specialists (VTMLS), 
training of skilled workers and employees 
(TSWE). In this case, each AB model re-
sponsible for the specific type and level of 
education contains models of educational 
programs. Such program represents individ-
ual model agent that was built by the meth-
ods of system dynamics. Data sets about 
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prepared qualified personnel are formed at 
the output of the AB models. Data are di-
vided into sets by consolidated training 
groups and by individual educational pro-
grams. 
     Block «Regional Economy» simulates 
enterprises activities in basic economy 
branches of the region. To determine labor 
needs on enterprises and organizations of 
the region, dynamics of main economic in-
dicators of their activities are considered. 
Each economic object that is represented 
in this block is implemented in the form of 
AB model. In accordance with the context 
of the tasks these agents can create nested 
structures. For example, agents are the min-
ing industry as a whole, and specific enter-
prises of this industry. 
     Block «Regional Labor Market» gener-
ates indicators of supply and demand for 
labor resources on the basis of data that are 
results of other blocks work («Professional 

education system», «Regional Economy» 
and «Demography»). 
     Demand for personnel depends on the 
required number of workers with certain 
professions and positions. This fact is 
caused by the process of natural retirement 
of employees, the appearance of new work 
places due to implementation of invest-
ment projects, the modernization of organ-
izational structure and technology of pro-
duction. Supply of labor resources directly 
depends on the number of unemployed peo-
ple in the region. In the model, the main 
sources of unemployment people are con-
sidered: reduced or dismissed people, grad-
uates of schools and institutions of voca-
tional education, labor migrants who have 
newly arrived to the region. 
     Relations between the listed blocks can 
be represented in a conceptual schema of 
poly-model complex (Fig. 3). 

 

 
 

Fig. 3. A conceptual schema of the poly-model complex. 

 

     For example, the model «Stage of in-
vestment project implementation» is pres-
ented (Fig. 4). This agent represents a pat-

tern of SD model that consists of four 
stocks, nine flows, seven variables and five 
parameters. 
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Fig. 4. Pattern of stage of investment project implementation. 

 

     The development of any investment 
project goes through several stages from 
initialization to completion. Each stage can 
be described in terms of three main com-
ponents: financial, resource and time. Time 
component is a period of investment project 

life on specific stage of implementation. Fi-
nancial component reflects financial flows 
received and spent. Resources of invest-
ment project are material and technical base 
and staffing. 

      
     This pattern of SD models can be mathematically represented as a system of 
differential equations: 
 

 Investment project budget of a particular stage: 

)),(),(),((

)),(),(()),(),(()(

ttResExptOtExptWagExpSt

ttFintBStIncStNttIntInvtExtInvIncSt
dt

tdBSt




 

 
 Volume of production (services) in the implementation of the investment 

project stage: 

)()()( tProdtRes
dt

tdPrSt
  

 
 Number of vacancies of investment project stage: 

)()),(),(()( tBjttWPtReqWPVacN
dt

tdVac
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 Number of work places of investment project stage: 

)),(()),(()( ttReqWPRelWPttBjEmpWP
dt

tdWP
 . 

 
 

     This agent is one example of elemen-
tary block implementation. Total simulation 
model is gathered from such elementary 

blocks in accordance with parameters of a 
solved task. 

 
 
Results 
 
     Developed poly-model complex was 
used to solve a number of tasks related to 
the personnel policy management in the 
Murmansk region. One of such task was to 
forecast additional staffing needs (ASN) of 
organizations and enterprises of the region 
for the period up to 2025. The notion of 
additional staffing needs reflects the num-
ber of workers that are required in plan-
ning period in addition to the existing num-
ber of workers at the beginning of the peri-
od. ASN arise from leaving workers for 
various reasons, and from creation of new 
work places caused by launch of new pro-
duction facilities or expansion of existing 
enterprises, including as a result of imple-
mentation of investment projects. 
     To assess ASN of the Murmansk region 
for the period from 2016 to 2025, a series 
of computational experiments were con-

ducted. Input information for simulation 
models was retrospective data of the state 
statistics (macroeconomic indicators of the 
regional economy), results of monitoring of 
labor market from the Regional Employ-
ment Center and results of questionnaire of 
employers. 
     Computational experiments allowed us 
to obtain forecasts about the number of em-
ployees, additional staffing needs, and the 
number of graduates of professional edu-
cational institutions. Table 2 presents a com-
parison of graduates who are required in 
the region and those who can be graduated 
from regional education and retraining sys-
tem in the context of education level. 
     It was established that in the Murmansk 
region, the ASN for most types of economic 
activities reduced. This is typical for the 
«inertial» scenario of development. 

 
Number of graduates Level 2016 2020 2025 
Required  918 917 1028 
Can be train in the MR Bachelor 550 565 677 
Required 290 284 281 
Can be train in the MR Master's degree 111 108 111 
Required 1791 1797 1832 
Can be train in the MR Specialist/ engineer 152 132 132 
Required 2754 2523 2410 
Can be train in the MR VTMLS 1391 1208 1089 
Required 1880 1663 1519 
Can be train in the MR TSWE 1359 1203 1112 

 
Table 2. Supply and demand for graduates in the Murmansk region. 
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Discussion 
     
     The conducted researches have shown 
that the developed complex of predictive 
modeling reproduces the results obtained 
by using the current method of forecasting 
staffing needs. The advantage of the fore-
casting tool created by the authors is the 
ability to operatively vary not only the 
quantitative characteristics of the scenario, 
but also the structure of interaction between 
the components of the system, and the fac-
tors that influence the development of the 
situation. This allows us to analyze possible 
variants of development more completely, 
include consideration of new factors and 
exclude irrelevant impacts. As a result, the 
capabilities of decision makers to search 
for and justify the most effective solutions 
of emerging problems, expands signifi-
cantly. 
     For example, the task of searching and 
comparative analysis of solutions for prob-
lems of meeting the additional staffing 
needs in the Murmansk region can be 
considered. Table 2 shows the results of 
forecasting of ASN in the region for the 
period to 2025. These results are aggregated 
by educational levels for required qualified 
workers. Obtained data show that there is a 
growing of demand for workers with high-

er education. It should be noted that current 
professional educational system in the re-
gion cannot satisfy additional staffing needs 
at none of the levels of training. Taking into 
consideration strategic plans to intensify 
economic activity in the Russian Arctic, the 
situation with engineering personnel is the 
most difficult. 
     Taking into account the above features 
and constraints characteristic for AZRF, the 
solution should be based on the analysis of 
combinations of administrative and eco-
nomic measures. It is essential to deter-
mine the conditions of mutually beneficial 
cooperation between government agencies 
and business representatives to solve this 
problem. 
     The research showed that simulation 
modeling allows you to quickly assess the 
possible impact of investment projects on 
the regional labor market. However, there 
is a possibility to form a «package» of fore-
casts calculated for various variants of in-
vestment projects development. This fact 
allows decision makers to plan for staffing 
in accordance with situation, and make ad-
justments to plans that are being imple-
mented, in accordance with the predicted 
changes of conditions, if it is necessary. 
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