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Abstract 

In this paper the authors are trying to answer how to structure the cluster of knowledge, innovation and technology when the 

object of analysis is the country’s universally sustainable development problems. The authors synthesize the existing ideas about 

the possibilities and give an opinion on the possibility to reveal the interaction between knowledge, innovation and technologies 

in the context of value creation. The paper presents also the possibility of stochastically informative expertizes optimizing the 

structure of the mentioned cluster.  
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1. Introduction. Rational knowledge, innovation and  structure of technology integral cluster riddle 

Integral Knowledge, Innovation and Technology (KNIT) cluster comes to the proscenium of development 

solutions and as a significant source of development factors and as option of complex adaptive systems technology. 

In fact, the understanding of technologies increasingly is coming to define the profile of its unique character: the 

nuclear technologies, nanotechnologies, internet technologies. On the other hand, more and more express the whole 

of the actions and processes, principles, methods, criteria, expressing the whole of the original sources e.g. the 

transformation of knowledge and innovations to the value product such as management system, monitoring and 
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development strategy (Antonelli, 2009; Boehm. & Fredericks, 2010; Camic, Gross & Lamont, 2012; De Noronha 

Vaz & Nijkamp, 2009).  

This apparently is a natural changes of the thinking logic, since even a not particularly sophisticated 

manufacturing and supply of product is formed the net of organization of manufacturing, supply, formation of the 

market, marketing, finance etc. which  perception becomes the problem. Therefore, it is necessary to think that 

sometimes there is no better to choose the complex networks or the ideology of system organization and 

management, without hesitation that it was formally named the object of a complex system and the instrumentation 

of research, remained the adequate to emerging systems in the reality as well as their interaction of subsystems or 

components.  

Apparently, it is appropriate to use an already professionally prepared model of complex system that has the 

ability to cover and reveal the whole of broadly complex system class characterized by the functions and look up the 

system of concrete case in the variety of functions of the model. There is no doubt that we will always be in case 

that the choice of a particular system has its own characteristics and it triggers the need to develop a general model. 

However, always it is need to remember that an adequate model of the wide class of complex systems – is long and 

costly job. 

It is formed the view that the technologies, innovation or technological discoveries can come from the managerial 

side of the effort. This sends a positive signal from multiple service providers, since, by the stencil way of thinking, 

they just stayed near the technology (Luke, Verreynne & Kearins, 2010; Naštase, 2013; Noor Al-Jedaiah, 2010). 

Now, among the titles of the technologies, more frequently appear those that appeal to the organizational side or 

to the properties of used solutions. Near the information technology are attempting to win their place in complex 

system, the technologies, which is focused on the object, their mutual relations, the processes of changes and the 

criteria and especially the complexity. 

Looking at the large number of countries, especially without abundant national resources, development projects, 

quite unambiguously reveals the idea that the major and inexhaustible resource for their development becomes an 

integral knowledge, innovation and technology cluster. Individual attention at the last sentence requires the concept 

of an inexhaustible. Since this factor is naturally evolving and purposefully educated, so about its abundance maybe 

even having to speak. But, on the other hand, recognizing that the future problems are becoming more sophisticated 

the while the negative processes in many areas of human existence becomes catastrophic speeds, we must 

understand that the minimum resources can survive his everlasting but for many subjects etc. individual countries 

may become unreachable. There is no doubt, that the integral KNIT performance evaluation problem should be 

referred to the country and the world of science and object of exceptional attention. Unfortunately, for the latest 

problem decision making is only a few works. What should be an integral KNIT structure of the recognition that 

categories of knowledge, innovation and technology mean different functions and different paths, formed need for 

financial resources.  

2. Knowledge, innovation and technology cluster as a complex adaptive system 

In order to explain that this is a complex adaptive system, there can take advantage of that detract from the 

content of the text, it is taken from the Internet the drawing, voiced complex adaptive systems model (see Figure 1).  

Designing the self-organizing system which could be the sustainable development of the country in general, it is 

important to adequately grasp the knowledge, innovation and technologies cluster value. Naturally, during the 

formation of the cluster, it is important to distinguish the value of each component and the basic functions that could 

be based on expert evaluation of financial resources. In turn, it is necessary to focused on the performing role of 

each of the components to achieve the country‘s objectives of the sustainable development (see Figure 1) (Alam & 

Kabir, 2013). 
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Fig. 1. Complex adaptive system model (Source. The Wild Peak, 2013) 

Fig. 2. The strategic objectives of country’s universal sustainable development (Source. Created by the authors (Alam & Kabir, 2013)) 

Apparently, it has not be made absolute understanding of technology, that this is the knowledge and skills how to 

use mechanical tools and  the results of applied science (Ertmer & Ottenbreit-Leftwich, 2010; Pacharapha & 

Ractham, 2012), or that the technology – is the whole of industrial processes and ways (Bekhami & Daim, 2012; 

Bjornson & Dingsoyr, 2008; Varghese, 2013; Veugelers, Bury & Viaene, 2010). 

On the one hand, the perception of the manufacturing process is not identified with the use of mechanical tools 

and the second, in literature (Bestalich, 2010; Bekhami & Daim 2012; Goel, Dwived & Sherry, 2012; Vargas-
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Hernandez & Garcia-Santillan, 2011) is abound observation that technology is a complex adaptive system. So 

integral KNIT cluster without additional arguments can be understood as a technology adaptively responsive to the 

cluster object properties and change targets.  

3. Pragmatic integral knowledge, innovation and technology cluster structure characterization 

Often for the original understanding of KNIT cluster structure invoked simplified partial model of interacting 

units, the military unit in the face of pre unfamiliar opponent. Then an observation unit in the role of recovering the 

knowledge subsystem which through all the options developed an adequate picture of the opponent while 

formulating vision, which should include: operating unit of military action – the investment subsystem and strategic 

action unit- the technology subsystem. 

 In other words, the knowledge subsystem – is the substance, which highlights what we should know and what 

you need to know, innovation –is the substance mobilizing the strategic objectives through both the knowledge and 

innovation. There is no doubt that the development process of becoming an integral part of the development code, 

which is the most important information about what happens if the subsystem is not exercise their functions and 

development process initiated stagnate. Visual development and the source of knowledge, innovation and 

technologies interacting between subsystems shown in Figure 2 (Santos Silva, Kovaleski, Gaia, Garcia & Junior, 

2013; Shiu-Li & Chia-Wei, 2009; Suh, Furst, Mihalyov, & de Weck, 2010; Sullivan & Marvel, 2011; Todtling, 

Lehner & Kaufmann, 2009).  

 

 

Fig. 3. The use of innovative development code information (Source. Created by the authors) 
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4. The illustration of experimental situation, optimizing the allocation of resources  

If it is assumed that the sustainability of the country development can be examined through a model of complex 

system advance we have to admit that in the actual reality of the existing elements as a rule is characterized by the 

following features: 

• a very complex structure; 

• high sensitivity to even small dependencies between changes of components; 

• it is characterized by interactions between the abundance of different components; 

• It may reveal new features, or even state through time. 

It is no doubt that all of these characteristics are common to the country's sustainable development phenomena. 

However, if it still required to be so open to self-regulating system, whose function required resources,  that towards 

becoming the input elements can lead not only the changes in the internal dependencies, but also in  the individual 

subsystem, and the whole system created effect. Then it is needed to agree that the systems, whose content is made 

of above mentioned features, require the cognition of adequate system and creation of management opportunities.  

Figure 3 presented the study conception of interaction between the subsystems, formulation of solutions and the 

set of instruments for solution search: the systems of information knowledge, management solutions, uncertainty 

assessment and the models of stochastic quantitative solutions and expert evaluation. But at exceptional moment 

here we have to recognize the assessment of separate problems, when on the basis of collected and generated 

information is searched interoperability between different aspects of the development. And the fact that here 

invoked so-called stochastic informative examination methods for expert evaluation. Annexes, which added in the 

Figure 3, demonstrate that the system focused on opportunities formation of quantitative interviews, when it is 

analysed or designed development system of the country. 

 

 

 

 

Fig. 4. The idea of round table: the formation of components for sustainability development and, and preparation of measures for knowledge and 

expert evaluation, fostering the development of sustainable management capabilities (Source: Rutkauskas, 2012). 
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A separate challenge is examination of sustainable development problems in the context of complex systems 

methodology, where raises the question for alignment of separate subsystems and overall system performance 

measurement dimensions. First of all, let us remember that sustainability measurement we associate with two-

dimensional dimension – the efficiency and reliability. Reliability has without dimensional measurement method; 

however, the measurement of efficiency won’t be without indicators, representing subsystems or all the contents of 
the existence of the system – developed product, the crop and so on.  

It is true that in complex systems are the possibilities that one subsystem state may be another subsystem factor 

that the last indicator of all system can be difficult separate subsystems indicator’s function. However, the most 

difficult problem arises when you need to deal with the basic economic problem – how to rationally allocate scarce 

resources with the purpose – to orient system moving in an optimal state or trajectory.  

Further, assume that each of subsystem state, we can measure without dimensional indicator and using an 
informative expert valuation we can determine the marginal efficiency of the unit, if it is used in the i-subsystem 

functionality developing. Then we can form a task – how to find the optimal resource allocation among subsystems 

in conditions of uncertainty.  

Let's suppose that the expert evaluation shows that the marginal investment unit utilization, observing certain 

investment proportions between isolated subsystems and subsystems formed inside, opportunities to change state of 
each subsystems index (which will take equal to one unit) can increase (decrease) the following stochastic 

multipliers: 

D1(a1, S1), D2(a2, S2), D3(a3, S3), D4(a4, S4),  (1) 

where: 

ai, Si– are mean and standard deviations of respective random variables. 
Let's try to determine under what proportion we can divide marginal investment between the abstracted 

subsystems, if the system status indicator – I formed as a product of subsystems indicators: I = I1×I2×I3×I4. 

Let us consider two cases: 
1. When we accepted that mention multipliers are normal random variables; 

2. When the situation is complicated and mentioned multipliers takes on specific – typical forms for these 

subsystems.   

D1 – becomes lognormal, D2 – becomes Gumbel distribution, D3 – becomes Laplace distribution and D4 – 

becomes normal.  

In both cases the distributions are governed by the following averages and standard deviations:  
a1 = 0,94, S1 = 0,03; a2 = 1,22, S2 = 0,06; a3 = 0,99, S3 = 0,05; a4 = 0,90, S4 = 0,02.  

Results are presented in Figure 5 and Table 1. They are obtained by means of adequate investment portfolio 

logic and technique (Rutkauskas 2006). 

Table 1. Notes of detailed decisions. 

1 active 

PIV 

2 active 

SEE 

3 active 

EKR 

4 active 

FII 

The normal probability distribution 

0.38 0.08 0.28 0.26 

Parameters 

e = 1.023116 

p = 0.57 

r = 0.01370 
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Fig. 5. Optimal allocation of resources among four subsystems of universal sustainability development. (a) The general view of three-

dimensional efficient surface and respective utility functions; (b) The common search for the solution scheme, on the left – possible solutions 

surfaces, on the right – the particular decision finding. 

5. Allocation of financial resources in order to attain effective integration of knowledge, innovation and 

technology   

Moving from the possibility analysis of financial resource allocation, when focusing on the necessity of the 
country's sustainable development to actual allocation of financial resources, pursuing an effective integration of 

knowledge, innovation and technology, we will discuss the most important functions of main development factor 

components. 

• Knowledge – a resource that is naturally emerging, human created, continuously updated and necessary for: 

1) developing a full understanding of what is happening in the surrounding environment;  

2) clusterizing techniques as measures of performance to ensure human survival and continuity; 

3) fostering innovation that can guarantee sustainable development. 

• The process of generating knowledge, as a means of complete understanding, seems to be a process that is 

easiest understood and least influenced by subjective interest. However, adequate knowledge generation remains a 

major integrated KNIT cluster efficiency prerequisite, considering that inadequate knowledge can generate 

insightful technologies. 

• Knowledge clusterization into activity technologies includes abundant material and financial resource 

integration. In turn clusters of technological knowledge combine knowledge of different nature and direction. 
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Besides, different interest groups participate subjectively in the use of technology. Therefore, the unwary formation 

of technology can create considerable loss not only to an individual entity, but also to the whole activity, country or 

region. 

• Innovation system is defined as a network of private and public institutions whose activities and 

interactions initiate, import, modify and insert technologies. 
As mentioned in the introduction to the article, here we describe experiments in finding the optimal allocation of 

resources, forming an integrated knowledge, innovation and technology cluster in order to universally sustainable 

development in Lithuania. 

Trying to directly identify and generate the knowledge, implemented technologies and cherished innovations for 

longer perspective would require the analysis of quite debatable problems since most already set universal 
component of sustainable development is social – economic. Here, the identification of technologies and 

innovations and assessment of their need of cost implementation provoked a lot of discussion problems.  

Therefore, as a rather simplified scheme for solution of mentioned problem, we will use the model structure of 

innovative functions of the system submitted by (Rutkauskas, Račinskaja & Kvietkauskienė 2013; Rutkauskas, 

2006; Hekkert & Negro, 2009; Hekkert, Suurs, Negro, Kuhlmann & Smits 2007) and here reformatted for 

opportunities analysis of universally sustainable development through in the previous paragraph used stochastically 

informative expertise principles for the optimal allocation of financial resources among four integrated components 

of  universal sustainable development. Very early results of the assessment are provided in the Table 2. 

Table 2.The optimal allocation of financial resources between KNIT cluster components:  

knowledge, innovation and technology.  

KNIT components 

Knowledge Innovation Technology 

The marginal cost per unit of component 

0.19 0.30 0.51 

Parameters 

e = 1.1007 

p = 0.56 

r = 0.331 

Source: created by authors 

6. Conclusions 

Universally sustainable development dominates as the primary way to sustainable future for economy in the UN 

and the EU special documents. For Lithuania universal sustainable development way is the only real possibility to 

save the autonomy and well-being of the country.  

The advancement of science and technology for Lithuania, as well as for many small, not disposing abundant 

natural resources countries, remains the main factor and resource of development sustainability.  

The optimality of KNIT cluster structure is very important, as well intelligent development of cluster that it will be 

ready to fulfil all needs of sustainable development creation in perspective.  

It is essential that this factor, called inexhaustible, does not become inaccessible. Particular importance that in the 

study programs would be created modules guaranteeing the highest level of necessary knowledge for graduates and 

the ideology of business projects would ensure progressive necessity for development and adaptation of innovation 

and technology.  

A real opportunity to continuously improve the knowledge, innovation and technology cluster is the status of a 

complex adaptive system technology attribution.  
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