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ABSTRACT 

In this paper, a dynamical multiple criteria model of 
integrated adaptive planning and scheduling for 
complex technical – organizational system (CTOS) is 
presented. Various types of CTOS are used nowadays, 
for example: virtual enterprises, supply chains, 
telecommunication systems, etc. Hereafter, we mostly 
interpret CTOS as the systems of the above-mentioned 
types. The above-mentioned CTOS peculiarities do not 
let produce an adequate description of control processes 
in existing and designed CTOS on a basis of single-
class models. That is why the concept of integrated 
modeling and simulation that was proposed by the 
authors can be useful here. Possible directions of its 
realization were considered in their papers and books 
(Okhtilev et al.,2006, Ivanov et al., 2010). 
Here we consider two general actual problems of the 
CTOS structure-dynamics investigation: the problem of 
selection of optimal CTOS structure-dynamics control 
programs at different states of the environment; the 
problem of structural adaptation of models describing 
CTOS structure-dynamics control programs.  

INTRODUCTION 

In practice the processes of CTOS operation are non-
stationary and nonlinear. The perturbation impacts 
initiate the CTOS structure-dynamics and predetermine 
a sequence of control inputs compensating the 
perturbation. In other words we always come across the 
CTOS structure dynamics in practice. There are many 
possible variants of CTOS structure dynamics control 
(Ohtilev et al., 2006). 
In this paper we propose new approach to the problem 
of structure adaptation of models describing CTOS 
structure-dynamics program control. Existence of 
various alternative descriptions for CTOS elements and 
control subsystems gives an opportunity of adaptive 
models selection (synthesis) for program control under 
changing environment.  
Mathematical research of control processes in CTOS 
can be divided into three primary approaches: 

optimization, simulation, and heuristics. Optimization is 
an analysis method that determines the best possible 
method of designing a particular complex system.  
Earlier literature presents several optimization-based 
approaches to CTOS operation planning and scheduling. 
For instance, (Ivanov et al., 2010) have applied integer 
programming in supporting partner selection. (Ip et al., 
2004) presented a branch and bound algorithm for 
subcontractor selection in agile manufacturing 
environment. 
Simulation is imitating the behaviour of one system 
with another. By making changes to the simulated 
adaptive supply chains (ASC), one expects to gain 
understanding of the ASC dynamics. Simulation is an 
ideal tool for further analyzing the performance of a 
proposed design derived from an optimization model. 
Regarding the ASC complex adaptive systems (CAS) 
and multi agent systems (MAS) are one of the most 
popular simulation techniques (Swaminanthan et al. 
1998; Rabelo et al., 2002). The past research on 
utilization of the MAS to the ASC have been mostly 
dealing with agent based frameworks and software 
architectures. It is mostly underestimated that these 
paradigms offer a valuable theoretical perspective on 
decentralized network management. (Nillson and 
Darley, 2006) proposed to combine CAS and MAS and 
to use the CAS as theoretical approach and MAS the 
implementation method. (Kuehnle, 2007) considers 
agents as a part of the complex of interrelated models 
for ASC planning. 
Heuristics are intelligent rules that often lead to good, 
but not necessarily the best solutions. Heuristic 
approaches typically are easier to implement and require 
less data. However, the quality of the solution is usually 
unknown. Unless there is a reason that optimization 
cannot be used, heuristics are an inferior approach. In 
the ASC settings the nature based heuristics such as 
genetic algorithms (Huang et al., 2005) and Ant Colony 
Optimization (ACO) (Teich, 2003) are usually used. For 
instance, (Fischer et al., 2004) elaborated an approach 
for optimizing the selection of partners in production 
networks based on an ACO-algorithm. 
In this paper we present a new integrated approach to 
planning control process in CTOS. It accumulates three 
above-mentioned approaches. 
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Our investigations are based on results of the CTOS 
adaptive control theory which is being developed now 
by Professor Skurihin V.I in Ukraine (Skurihin et al., 
1989). The analysis of known investigations on the 
subject (Skurihin et al., 1989, Rastrigin, 1981, Bellman, 
1972, Fleming, 1975, Nillson and Darley, 2006), 
confirms that the traditional tasks of CTOS control 
should be supplemented with procedures of structural 
and parametric adaptation of special control software 
(SCS). Here the adaptive control should include the 
following main phases: 
− parametric and structural adaptation of structure-
dynamics control (SDC) models and algorithms to 
previous and current states of objects-in-service (SO), of 
control subsystems (CS), and of the environment; 
− integrated planning and scheduling of CTOS 
operation (construction of SDC programs);  
− simulation of CTOS operation, according to the 
schedules, for different variants of control decisions in 
real situations and analysis of planning and scheduling 
simulation; 
− structural and parametric adaptation of the schedule, 
control inputs, models, algorithms, and SDC programs 
to possible (predicted by simulation) states of SO, CS, 
and of the environment, 
− realization of CTOS structure-dynamics control 
processes. 
To implement the proposed concept of adaptive control 
let us consider two groups of parameters (Skurihin et 
al., 1989, Rastrigin, 1980, 1981) for CTOS SDC models 
and algorithms: parameters that can be evaluated on the 
basis of real data available in CTOS; parameters that 
can be evaluated via simulation models for different 
scenarios of future events. 
The adaptation procedures can be organized in two 
blocks (models) (Ohtilev, 2006, Skurihin et al., 1989, 
Ivanov et al., 2010, 2012): external adapter of planning 
and scheduling models; internal adapter of planning and 
scheduling models. 
When the parametric adaptation of SCS does not 
provide simulation adequacy then the structural 
transformations can be needed. Two main approaches to 
structural model adaptation are usually distinguished 
(Bellman, 1972, Rastrigin, 1980, 1981). The first 
approach lies in the selection of a model from a given 
set. The model must be the most adequate to SO and 
CS. The second approach stands for CTOS SDC model 
construction of elementary models (modules) in 
compliance with given requirements. The second 
approach provides more flexible adjustment of SO and 
CS for particular functioning conditions. However, the 
first one is faster and can be effective if the application 
knowledge base is sufficiently large. 
Both approaches need active participation of system 
analysts and decision-makers who interact with special 
control software of simulation system (SIS) and 
consider hard-formalizing factors and dependences 
within the general procedure of CTOS SDC program 
selection. 

Let us consider formal statement of structural and 
parametric adaptation problems for CTOS SDC models 
and after that we are going to investigate the problem of 
parametric adaptation for models describing CTOS 
structure-dynamics control. Adaptation of algorithms 
and control software does not belong to the scope of this 
paper. 
We have implemented the conceptual model and 
technology of parametric and structural adaptation of 
models describing CTOS SDC processes via original 
simulation system (SIS). This simulation system 
consists of the following elements (Moiseev, 1974, 
Sowa, 2002): a) simulation models (the hierarchy of 
models); b) analytical models (the hierarchy of models) 
for a simplified (aggregated) description of objects 
being studied; c) informational subsystem that is a 
system of data bases (knowledge bases); d) control-and-
coordination system for interrelation and joint use of the 
previous elements and interaction with the user 
(decision-maker).  
In this paper we want to describe and to investigate 
concrete algorithm of structure models adaptation via 
integrated modeling and simulation procedures that are 
realized in the SIS. 
 

PROBLEM STATEMENT 

We assume that there are several variants of CTOS SDC 
models inscribed in the set  
M = M1,M2,…,MW{ }= MΘ,Θ∈ I{ }, I = 1,…W{ } , 

moreover the vector 

β  of CTOS parameters includes 

the subvector 

β0  of fixed CTOS characteristics and 

besides of it the subvector w = w 1( )Τ, w 2( )Τ, w 3( )Τ Τ

 of 

parameters being adjusted through SS external/internal 
adapter or defined within structural adaptation. 
According to (Skurihin et al., 1989), these parameters 
can be divided into the following groups: w 1( )  is a 
vector of parameters being adjusted through the internal 
adapter; w 2( )  is a vector of parameters being adjusted 
through the external adapter; w 3( )  is a vector of 
parameters being adjusted within structural adaptation 
of CTOS SDC models. 
Now we can present the modified multiple-model multi-
criteria description of CTOS SDC problems: 
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The formulas define a dynamic system describing 
CTOS structure-dynamics control processes. Here x t( )  

is a general state vector of the system, y t( )  is a general 

vector of output characteristics. Then, u t( )  and 

ν
x t( ), t( )  are control vectors. Here u t( )  represents 

CTOS control programs (plans of CTOS functioning), 

ν
x t( ), t( )  is a vector of control inputs compensating 

perturbation impacts 

ξ t( ) ). The vector 


βΘ  is a general 

vector of CTOS parameters. The vector of CTOS 
effectiveness measures is described as (6). 

JΘ
x t( ),

u t( ),

β,

ξ t( ), t( ) =


J g( )Τ,


J o( )Τ,


J k( )Τ,


J p( )Τ,


J n( )Τ,


J e( )Τ,


J c( )Τ,


J ν( )Τ

 (6) 

Its components state control effectiveness for motion, 
interaction operations, channels, resources, flows, 
operation parameters, structures, and auxiliary 
operations (Okhtilev et al., 2010, Ivanov et al., 2010, 
2012). The indices «g», «o», «k», «p», «n», «e», «c», 
«n» correspond to the following models: models of 
order progress control (M<g,Q>); models of operations 
control (M<o,Q>); models of technological chains control 
(M<k,Q>); models of resources control (M<p,Q>); models 
of flows control (M<n,Q>); models of operations 
parameters control (M<e,Q>); models of structures control 
(M<c,Q>); models of auxiliary operations control (M<n,Q>). 
In (5) the transition function 

φΘ T0,

x T0( ),
x t( ),

u t( ),

ξ t( ),


βΘ, t( )  and the output 

function 

ψΘ

x t( ),
u t( ),


ξ t( ),


βΘ, t( )  can be defined in 

analytical or algorithmic form within the proposed 
simulation system; QΘ

x t( ), t( ) , VΘ
x t( ), t( ) , ΞΘ

x t( ), t( )  
are correspondingly allowable areas for program 
control, real-time regulation control inputs, perturbation 
inputs; B is a area of allowable parameters; X


ξ t( ), t( )  

is an area of allowable states of CTOS structure-
dynamics. Expression (4) determines end conditions for 
the CTOS state vector x(t)  at time t = T0 and t = Tf (T0 
is the initial time of a time interval the CTOS is being 
investigated at, and Tf is the final time of the interval). 
General formal statements for structure adaptation of 
CTOS SDC modules can be written as problems of two 
subclasses (Skurihin et al., 1989). 
 
 
 
 
 

Problem C1 
 AD M l( )

Θ,Pcs( )→min , (7) 

  
 tst

w 3( ),M l( )
Θ( ) ≤ tst , (8) 

 MΘ
l( ) ∈M, w 3( ) ∈W 3( ) , 

 MΘ
l( ) =Φ MΘ

l−1( ), w 3( ),Pcs( ), l =1,2,…,  (9) 

where AD M l( )
Θ,Pcs( )  is a functional characterizing the 

adequacy of the model M l( )
Θ  for CTOS. The latter is 

described, in its turn, with a set 
Pcs t( ) = Pg

cs( ),g =1,…,G{ }  of characteristics; tst  is a 

total time of CTOS SDC models structure adaptation; 
tst  is a maximal allowable time of structural adaptation; 

Θ  is an operator of iterative construction (selection) of 
the model MΘ

l( ) , l is the current iteration number; W(3) is 
a set of allowable values for the vectors of structure-
adaptation parameters. 
 
Problem C2 
 tst

w 3( ),MΘ
l( )( )→min , (10) 

 AD M l( )
Θ,Pcs( ) ≤ ε2 , (11) 

 MΘ
l( ) ∈M, w 3( ) ∈W 3( ) ,  (12) 

 MΘ
l( ) =Φ MΘ

l−1( ), w 3( ),Pcs( ) , 

where ε2  is a given constant establishing an allowable 

level of the CTOS SDC model MΘ
l( )  adequacy, M  is a 

set of CTOS SDC models. 
The analysis of expressions (7)-(9) shows that the 
structural adaptation starts and stops according to a 
criterion characterizing the similarity of a real object 
and an object described via models (a condition of 
models adequacy is applied) (Sokolov et al., 2012). The 
adequacy of CTOS models does not mean description of 
all “details”. It means that simulation results meet the 
changes and relations observed in reality. 
The main purpose of quantitative estimation of the 
model MΘ  adequacy at time t is to raise decision-
maker’s confidence in conclusions made on real 
situation. Therefore, the utility and correctness of CTOS 
SDC simulation results can be measured via adequacy 
degree of models and objects. 
The adequacy functional should meet the following 
requirements (Sokolov, 2012). 
AD M l( )

Θ,Pcs( ) > 0,∀M l( )
Θ ∈M,Pcs ∈ Pcs , where M  is a set 

of CTOS models; Pcs  is a set of possible values of 
CTOS characteristics. 



 

 

AD M l( )
Θ,P

1( )
cs( ) > AD M l( )

Θ,P
2( )
cs( ) , where the model M l( )

Θ  is 

more adequate to CTOS with the characteristics set P 2( )
cs  

than to CTOS with the characteristics set P 1( )
cs . 

AD M l( )
Θ1
,P 1( )

cs( ) > AD M l( )
Θ2
,P 1( )

cs( ) , where the model M l( )
Θ2

 

is more adequate than the model M l( )
Θ1

 to CTOS with the 

characteristics set P 1( )
cs . 

It is assumed that parameters of the models are adjusted 
for particular CTOS. 
It is important that the changes of CTOS characteristics 
should be observed and forecasted so that corrections of 
models structure and of parameters can be done in time. 
The time of corrections can be determined as a 
compromise between an aspiration for receiving proper 
values of Pcs  and necessity of a new model 
construction, adjustment, and preparation for use 
(Ivanov et al., 2010). 
 
ALGORITHM OF STRUCTURE ADAPTATION 
OF MODELS DESCRIBING SCHEDULING 
PROCESSES IN CTOS 

The proposed algorithms for structural adaptation of 
CTOS SDC models are based on the evolutionary 
(genetic) approach. As before in PROBLEM 
STATEMENT, let us exemplify these algorithms in the 
structural adaptation of a model describing structure 
dynamics of one CTOS output characteristic [of one 
element of the vector 

y t k( ) ]. 

The residual of its estimation via the model Mθ , as 
compared with the observed value of the characteristic, 
can be expressed like this: 
Q θ

k = ψ θ ,k
x t k −1( ), u t k( ),


ξ t k( ),


βθ , t k( )− y t k( )"

#$
%
&'  (13) 

To simplify formulas, we assume that the perturbation 
impacts 


ξ t( )  are described via stochastic models. Thus, 

the following quality measure can be introduced for the 
model MΘ : 

 
Q θ

K = g K−k( )Q k
θ

k=1

K

∑ , (14) 

where 0 ≤ g ≤ 1 is a “forgetting” coefficient that 
“depreciate” the information received at the previous 
steps (control cycles) (Ivanov et al., 2010). If g = 0 then 
Q θ

K =Q θ
K , i.e., the weighted residual is equal to one 

received at the last step, as the prehistory have been 
“forgotten”. An extension of formula (13) was proposed 
in (Sokolov et al., 2012). The coefficient g(K–k) was 
substituted for the function f(K):  

 
Q θ

K = f K − k( )Q θ
K

k=1

K

∑ ,θ =1,…,Θ  (15) 

Here f ⋅( )  is a monotone decreasing function of 
“forgetting”. It has the following properties: 

 
f α( ) > 0, f 0( ) =1, lim

α→?
f α( ) = 0,

f α( ) ≥ f α +1( ),α = 0,1,….
 (16) 

Now the structural-adaptation algorithm is reduced to a 
search for the structure MΘ , such that 
 Q !θ

K = min
θ=1,…Θ

Q K
θ  (17) 

Thus, it is necessary to calculate the quality measures 
(13) for all competitive structures MΘ , q =1,…,Q  of 
CTOS SDC models at each control cycle k =1,…,K . All 
quality measures should be compared, and the structure 
MΘ  with the best measure (minimal residual) should be 
chosen.  
Another way to choose model M l( )

Θ  is probabilistic 
approach. In this case the following formula is used 

 p1 MΘ
l( ) =

Ji Mi
ρ,L( )

ρ=k−d

k−1

∑

Ji MΘ
ρ,L( )

ρ=k−d

k−1

∑
Θ=1

Θ k−1

∑
 (18) 

where Ji Mi
ρ,L( )  – generalized quality measure value of 

model Mi
ρ,L

 functioning on previous time intervals, 
d  – is a “forgetting” coefficient. It should be 
emphasized that the calculation of the quality measure is 
expected to carry out each time on the basis of a 
solution of the problem of multi-type selection. Thus, 
despite the random choice of the next model (multiple-
model complex) greater opportunity to be chosen gets 
the model, which had the best value of the generalized 
quality measure in the previous cycle control. 
The parametric adaptation of the model MΘ  (Ivanov et 
al., 2010, 2012) should follow the structural one. 
It is important to determine a proper “forgetting” 
function under the perturbation impacts 


ξ t( ) . The 

higher is the noise level in CTOS, the slower decrease 
of the function should be implemented. However, if 
CTOS highly changes its structure then the function f(α) 
should be rapidly decreasing in order to “forget” the 
results of the previous steps (Ivanov et al., 2012). It can 
be show that the structural-adaptation algorithms based 
on model construction (synthesis) of atomic models 
(modules) are rather similar to the algorithms of the 
CTOS structure-functional synthesis (Okhtilev et al., 
2006). These algorithms only differ in the interpretation 
of results.  
 
EXAMPLE 

Example demonstrates a structural adaptation of CTOS 
containing the plurality of realization and 
multifunctional character. 
CTOS is presented as an original software for the 
remote sensing (RS) data treatment for the forest cuts 
identification. CTOS consists of three main blocks: 
input RS data (block 1), automatic RS data processing 
(block 2) and results (block 3). The perturbation 
influences are presented by the control model 
parameters, w 3( ) , that can be evaluated on the real data 



 

 

available in CTOS (block 1) and parameters that can be 
evaluated via simulation models for different scenarios 
of future events (block 2).  
The problem consists of the structure adaptation of 
CTOS models to perturbation influences. According to 
mentioned in the paper algorithm it is necessary to 
choose the model for sceduling of CTOS functioning 
under perturbation influences. 
 Evaluated model parameters from block 1 include: 
− type of the satellite system, above all spectral and 
spatial resolutions; 
− square of the processing area of the space image. 
Evaluated model parameters from block 2 include: 
− threshold of the Normalized Differentiated Vegetation 
Index; 
− method of the classification, furthermore number of 
classes, distance function; 
− method of the reclassification; 
− threshold of the entropy; 
− minimum forest cut dimension; 
− spectral radiance value from Database. 
Evaluated model parameter from block 3 includes forest 
cuts outlines. 
The following global optimization problem is 
considered: AD w1

3( ),w2
3( ),…wn

3( )( )→min , (see formula (7)) 

where the arguments w1
3( ),w2

3( ),…wn
3( )  are model 

parameters from blocks 1-3 to be varied in order to 
receive the minimal (the best) value of function AD. It is 
possible to recognize clearly forest cuts due to the 
vector of program control based on the evaluated model 
parameters. 
The general algorithm is suggested: 
Step 1: Input RS data. The spectral and spatial 
resolutions are marked. The part of the space image area 
for processing is indicates.  
Step 2: Processing RS data. The first phase. The feature 
space of the image splits up two classes by means NDVI 
(Normalized Vegetation Differencial Index) values – the 
vegetation and the rest. NDVI values can vary between 
0,2 to 0,9. 
Step 3: Processing RS data. The second phase. The 
feature space of the vegetation class splits up k-classes 
by means of the m-method of classification (m=1..δ) for 
the forest cuts extraction. Simultaneously the 
reclassification and texture are computed. The polygons 
agglomeration is carried out according to minimum 
desired value of the forest cut. In current program 
implementation δ=5. 
Step 4: Processing RS data. The third phase.The feature 
space of each polygon on the image is created per NDVI 
and NIR/RE values. The classification of the polygons 
to identify the range of the forest cuts resumption is 
accomplished. These result is automatically transmitted 
to geoinformation system.   
Step 5: Processing RS data. The fourth phase. The 
model forest cuts outlines are compared with the 
reference outlines of the digital map. Function AD 
should be taken the best value, otherwise decision about 
new control model parameters, w 3( )  is make. 

Consequently, the probability of the model parameters 
choice based on the task solution is determined 
(expression (18), where J is the forest cut square). 
Examples of the various results of the forest cuts 
identification conditionally of the subvector of model 
parameters are being illustrated on the website of the 
ESTLATRUS projects 1.2./ELRI-121/2011/13. 

ACKNOWLEDGMENTS 

The research described in this paper is supported by the 
Russian Foundation for Basic Research (grants 13-07-
00279, 13-08-00702, 13-08-01250, 12-07-13119-ofi-i-
RGD, 11-08-01016, 11-08-00767, 12-06-00276, 12-07-
00302), Department of nanotechnologies and 
information technologies of the RAS (project 2.11), by 
ESTLATRUS projects 1.2./ELRI-121/2011/13 «Baltic 
ICT Platform» and 2.1/ELRI-184/2011/14 «Integrated 
Intelligent Platform for Monitoring the Cross-Border 
Natural-Technological Systems» as a part of  the 
Estonia-Latvia-Russia cross border cooperation 
Program within European Neighborhood and 
Partnership instrument 2007-2013. 
 
REFERENCES 
Ohtilev, M.Yu., Sokolov, B.V., Yusupov, R.M. 2006. Intellectual 

Technologies for Monitoring and Control of Structure-Dynamics 
of Complex Technical Objects. Moscow, Nauka, 410 p. (in 
Russian) 

Ivanov, D., Sokolov, B. (2010), Adaptive Supply Chain Management, 
Springer, London et al. 

Ivanov, D., Sokolov, B., Kaeschel, J. (2010). A multi-structural 
framework for adaptive supply chain planning and operations 
with structure dynamics considerations. European Journal of 
Operational Research, 200(2), P. 409-420. 

Ivanov D., Sokolov B. (2012) Dynamic supply chain scheduling / 
Journal of Scheduling, 15(2). London: Elsevier. 

Ivanov D., Sokolov B. (2012): Control and system-theoretic 
identification of the supply chain dynamics domain for planning, 
analysis and adaptation of performance under uncertainty. 
European Journal of Operational Research. Volum 224, Issue 2. 
London: Elsevier. P.313-323. 

Sokolov B, Zelentsov V., Yusupov R., Merkuryev Y. Information 
Fusion Multiple-Models Quality Definition And Estimation. // 
Proceedings of the Int. Conf. on Harbor Maritime and Multimodal 
Logistics M&S, Vienna, Austria, September, 19-2l, 2012. - P. 
102-111. 

Skurihin V.I., Zabrodsky V.A., Kopeychenko Yu.V. Adaptive control 
systems in machine-building industry. – M.: Mashinostroenie, 
1989 (in Russian). 

Rastrigin L.A. Modern principles of control for complicated objects. – 
M.: Sovetscoe Radio, 1980 (in Russian). 

Bellmann R., 1972. Adaptive Control Processes: A Guided Tour. 
Princeton Univ. Press, Princeton, New Jersey. 

Rastrigin L.A. Adaptation of complex systems. – Riga: Zinatne, 1981 
(in Russian). 

Fleming, W.H., Richel R.W., 1975. Deterministic and stochastic 
optimal control. Springer-verlag, Berlin, New York. 

Moiseev, N.N. Element of the Optimal Systems Theory. – M.: Nauka, 
1974 (in Russian). 

Sowa, J. Architecture for intelligent system. IBM System 
Journal,.Vol.41. N 3, 2002. 

Zypkin Ya. Z. Adaptation and teachning in automatic systems. – M.: 
Nauka, 1969 (in Russian). 

Bryson, A.E., and Yo-Chi Ho., 1969. Applied optimal control: 
Optimization, Estimation and Control. Waltham Massachusetts, 
Toronto, London. 

Chernousko, F.L., Zak, V.L. On Differential Games of Evasion from 
Many Pursuers J. Optimiz. Theory and Appl. 1985. Vol.46, N 4, 
pp.461-470. 



 

 

Singh, M., and A. Titli, 1978. Systems: Decomposition, Optimization 
and Control, Pergamon Press, Oxford. 

Petrosjan, L.A., and N.A. Zenkevich, 1996. Game Theory. World 
Scientific Publ., Singapure, London. 

Roy, B., 1996. Multi-criteria Methodology for Decision Aiding. 
Kluwer Academic Pulisher, Dordreeht.  

Fischer M, Jaehn H, Teich T. Optimizing the selection of partners in 
production networks. Robotics and Computer-Integrated 
Manufacturing 2004; Vol. 20, pp. 593–601. 

Huang G, Zhang Y, Liang L. Towards integrated optimal 
configuration of platform products, manufacturing processes, and 
supply chains. Journal of Operations Management 2005, Vol. 23, 
pp. 267-290. 

Kuehnle H. A system of models contribution to production network 
(PN) theory. Journal of Intelligent Manufacturing 2007, pp. 157-
162. 

Nilsson F, Darley V. On complex adaptive systems and agent-based 
modeling for improving decision-making in manufacturing and 
logistics settings. Int. Journal of Operations and Production 
Management, 2006, Vol.  26(12), pp. 1351-1373. 

Rabelo RJ, Klen AAP, Klen ER 2002. Multi-agent system for smart 
coordination of dynamic supply chains. In: Proceedings of the 3rd 
International Conference on Virtual Enterprises, PRO-VE’2002. 
pp. 379–387. 

Teich T. Extended Value Chain Management (EVCM). GUC-Verlag: 
Chemnitz; 2003. 

Wu N, Mao N, Qian Y. An approach to partner selection in agile 
manufacturing. Journal of Intelligent Manufacturing 1999, Vol. 
10(6), pp. 519–529. 

Wu N, Su P. Selection of partners in virtual enterprise paradigm. 
Robotics and Computer-Integrated Manufacturing, 2005, Vol. 21, 
pp. 119–31. 

 
AUTHOR BIOGRAPHIES 
DMITRY IVANOV is a professor at Department of 
Business and Economics at the Berlin School of 
Economics and Law and Chair of the German-Russian 
Coordination Office for Logistic. He studied production 
management and engineering (2000). In 2002, he 
graduated in Saint Petersburg as a Ph.D. in Economics 
on the topic of operative supply chain planning and 
control in virtual enterprises. In 2006, he received the 
Dr.rer.pol. degree at the Chemnitz University of 
Technology. He is an author of six scientific books and 
more than 70 papers published in international and 
national journals, books and conference proceedings. 
Since 2001, he has been involved in research and 
industry projects on supply chain management and 
virtual enterprises. Dr. Ivanov received a German 
Chancellor Scholarship Award in 2005. His e-mail 
address is: idm@hrz.tu-chemnitz.de. 
BORIS V. SOKOLOV obtained his main degrees in 
Mozhaisky Space Engineering Academy, Leningrad. 
MS in Automation Control Systems of Space Vehicles 
in 1974. Candidate of Technical Sciences subject the 
area of planning automation and decision making in 
1982. Doctor of Technical Sciences subject the area of 
military cybernetics, mathematical modeling and 

methods in military research. Professional Interests: 
Basic and applied research in mathematical modeling 
and mathematical methods in scientific research, 
optimal control theory, mathematical models and 
methods of support and decision making in complex 
organization-technical systems under uncertainties and 
multi- criteria. At present he is a deputy director of 
SPIIRAS. His e-mail address is: sokol@iias.spb.su and 
his Web-page can be found at http://litsam.ru 
 
VIACHESLAV A. ZELENTSOV was born in Gorky 
in  1955. He obtained his main degrees in Mozhaisky 
Space Engineering Academy, Leningrad (1977). Ph.D 
Eng, Dr. Sc. Eng. and Prof., Leading researcher, 
Laboratory for Information Technologies in Systems 
Analysis and Modeling, Head of Research Consulting 
Center for Spaсе Information Technologies and Systems 
at SPIIRAS, professor and Director of Research and 
Education Center “AeroSpaceInfo” in St Petersburg 
State University of Aerospace Instrumentation. Author 
of more than 180 scientific paper, more over 50 research 
and engineering projects, 5 teaching books. 
 
SEMYON A. POTRYASAEV is PhD research fellow 
at the Russian Academy of Science, Saint Petersburg 
Institute of Informatics and Automation. He graduated 
from the Baltic State Technical University 
“VOENMEH” with a degree of control systems 
engineer and Moscow Institute of International 
Economic Relations as an economist in finance and 
credit. Research interests: applied research in 
mathematical modeling, optimal control theory, 
mathematical models and methods of support and 
decision making in complex organization-technical 
systems under uncertainties and multicriteria. 
 
OLGA V. BROVKINA is PhD at the Herzen State 
Pedagogical University of Russia, St. Petersburg. She 
graduated from the St.Petersburg State University of 
Aerospase Instrumentation with a degree of control 
systems engineer and Institution of Russian Academy 
of Sciences Saint-Petersburg Scientific-Research 
Centre for Ecological Safety RAS (SRCES RAS) in the 
speciality of Aerospace research of the Earth and 
Photogrammetry. Professional Interests: treatment of 
the RS data, ecological monitoring and state value of 
the ecosystem, applying the results of the RS data 
processing to the Forestry. 
 
 

 
 
 




