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Abstract: Bounding strength and intensity of networking provides the integrity of the national innovation system (NIS). The integrity allows the system to perform its fundamental functions of production, storage, diffusion and economic use of new knowledge. The primary factors of system dysfunctions caused by systemic failures include the following: a shortage of actors’ incentives for activities in NIS, lack of absorptive and innovative capacity and shortage of competency of actors, insufficient resources and a lack of partners providing the performance of NIS processes, disruption of interaction coherence and bounding strength, a complexity and failures of the framework conditions. The second-row factors, i.e. ones influencing the factors listened above, could be defined as the system imperfections. The system dysfunction resulting from the action of the factors induces public policy makers to intervene into formation and development of the NIS. To select and specify the NIS components that public policy should address, policy tools are bound to the NIS horizontal and vertical decompositions. During the horizontal decomposition, the NIS is presented in the form of three interrelated macroblocs. They are business environment and markets, environment producing new knowledge, knowledge transfer and diffusion mechanisms. During the vertical decomposition, a macrobloc should be divided into NIS subprocesses. Besides, the investment-driven and innovation-driven stages are taken into account. The public policy on the former stage has to facilitate a switch to competition driven by low costs and improvements of consumer properties of products on the base catching-up processes. Special measures shape the technology push policy of this stage. The essential feature of the latter stage is a radicalization of innovations. On this stage, the government continues to develop technology push policy, but it places a significant emphasis on the market-pull policy focused on the end of an innovation cycle and establishment of non-linear network interactions.
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1. Dysfunctions and failures of the innovation system 
According to traditional economic reasoning, public policy should intervene in the economy if a competitive market fails to allocate resources efficiently (Arrow 1962), i.e. the market failures take place. The market failures can also be attributed to innovation activity. Under neoclassical assumptions, the innovation stems from the new codified information that is obtained during research and development (R&D). Therefore, following the logic of the linear model of innovation, which largely had prevailed until the NIS conception appeared, the main task of public innovation policy that the market failures determine is a financial support for R&D. The appeared conception of NIS has expanded a basis for public policy and given a new rationale for government intervention in activities of actors of the system (Mylteka and Smith 2002, Sharif 2006).
Like any other system, the NIS may have dysfunctions. The analysis of emerging systemic dysfunctions allows us to identify systemic factors requiring public policy intervention to mitigate or eliminate their actions (Smith, 2000). Many publications of various authors deal with them. Among the authors are Carlsson and Jacobsson (1997), Edquist et al. (1998), Johnson and Gregersen (1994), Smith (1997). These authors often assign many impediments and imperfections to system failures, but they are more likely to be associated with the factors of these failures (see also Klein Woolthuis et al., 2005). Below, the failure of the NIS is thought of as an inability of the system to fulfill entirely the main functions (creation, storage, diffusion and economic use of knowledge) through interaction of actors.
The primary factors of these dysfunctions include the following:
· insufficient incentives for activities in NIS;

· lack of absorptive and innovative capacity and shortage of competence of actors,

· a shortage of resources and partners providing the performance of NIS processes;

· disruption of interaction coherence and low linkage strength;

· complexity and failure of framework conditions.
The following group of imperfections encountered in scientific literature could be taken as second-row factors, i.e. ones influencing the factors listed above.
1. Insufficient force and incompleteness of motivation basis. The former leads to low levels of compensation of innovation activity risks. It noticeably reduces actors’ activities. The latter results in risk aversion and induces many participants of innovation processes to avoid significant activity. The absence or lack of motivation forces is often a consequence of institutional failures.
2. Low mobility of highly qualified personnel. It often does not allow organizations to satisfy current demand for human resources.
3. Failures of institutions (rules of game). The failures mean imperfections of existing formal institutions, i.e. failures of regulation and general legal system (Smith 1999) or ones of informal (soft) institutions such as political culture and social values (Smith 1999, Carlsson and Jacobsson 1997). The imperfection or shortage of institutions can lead to poor compatibility of different NIS components, particularly to mutual inconsistency of incentives for joint actions of market and non-market institutions, e.g. institutions of business and public research and development (OECD 2010). Some institutions performing fundamental NIS functions may be missed.
4. Institutional rigidity, communication gaps and underdevelopment of networks. Institutional rigidity (OECD 1999) may result in prohibition of certain types of linkages. Thereby, actors often are not able to have outside interactions, track new trends in an external environment and include new participants in networks. The excessive rigidity of linkages and network failures of weak interactions (Carlsson and Jacobsson 1997) decrease an opportunity for actors to use interactive learning and participate in complementary processes of innovation. It is also worth noting that infrastructure inadequacies are also an important factor of underdevelopment in networking and communications (Smith 1999, Edquist et al. 1998).

The blocking of transition to new technologies for both firms (Smith 1999) and socioeconomic systems (Perez 1983) is often a consequence of the effects listened above.
2. Public policy and its decomposition
The systematic methods of horizontal and vertical decompositions must be used to select and specify the factors contributing to NIS dysfunctions. During the horizontal decomposition, the NIS breaks in three interrelated macroblocs (Golichenko 2011). They are business environment and markets, environment producing new knowledge, knowledge transfer and diffusion mechanisms. Under the vertical decomposition, each macrobloc may be divided into NIS subprocesses. The division includes the following groups: enterprises of manufacturing activities at different levels of technological intensity; size classes of organizations (i.e. ones united in classes in accordance with the number of employed people); property classes of organizations (i.e. ones clustered according to property types); economic operators united in groups according to their belonging to certain regions. The key policy tools tailored to liquidate and mitigate market failure and NIS dysfunctions are bound to the vertical and horizontal decompositions. Besides, the stages of development called by Porter (1990) as resource-based, investment-driven stages and innovation-driven one should be taken into account.

It is worth noting that during the investment (catching-up) stage institutions and resource base for transition to the next stage should be brought into being. According to Fagerberg and Godinho (2006: 522), “policies and institutions that worked well during the catch-up phase may not be equally well suited when this phase is completed and the former catch-up country has to compete with other developed countries on an equal footing”. Besides, the country’s long orientation only towards problems of technology catching up can result in essential deterioration of creative facilities of the nation, particularly it concerns human resources in science and technology (HRST). In other words, there is a need for a mixed policy implementing in some proportions the institutions and institutional instruments corresponding to both the current stage driven by investments and the future stage based on innovations. Finally, the areas of this mixed policy must be grouped according to the following tasks (Golichenko 2010b):
· providing conditions for increasing business innovation activity; 

· extending processes of knowledge diffusion and cooperation; 

· supporting science and its orientation to solve problems of innovation development.
3. Entrepreneurial environment and market
The goal of the policy in this area is to create a competitive business environment whose subjects have strategic thinking, learning ability, knowledge and management capacity to acquire and use new knowledge.
3.1. Investment-driven stage, catching-up model
Framework conditions. On the stage, framework conditions are of vital importance. The problems of creation of favorable macroeconomic environment and conditions for business doing, particularly tax and investment climate, come to the fore. The framework conditions must liquidate corruption roots, separate business and authorities at all levels of governance (see table 1, row 4, columns 1 and 2) and assist to create an effective owner having incentives to innovate. The development of effective regulatory environment facilitates the solution of these problems. Particularly for companies, which are active in absorption and adaptation of catch-up technologies, modern empirical studies (Johansson et al. 2008) show that there is a negative effect of many corporate tax rates determined by law. The reduction of regulatory and administrative barriers restricting new firm's creation (OECD 2006a) and the effective system of firms’ access to finance are of considerable importance. There is a need for reforms which could reduce institutional rigidities. To contribute significantly to achieving and maintaining reasonable competitive pressure, it is necessary (Jaumotte and Pain 2005) to optimize antitrust laws, lower the barriers to market entry and exit (OECD 2008). The foreign direct investment (FDI) may be an important element of economic development on the stage (Guellec and van Pottelsberghe 2001).
To make a significant contribution to improving the absorption capabilities of NIS actors, it is important to provide public and business investing in the highly skilled labour force and technologies. The development of secondary, higher and vocational education is one of the basic factors for passing the stage. Besides, the availability of the highly skilled workforce and the quality of knowledge institutions in the country has a considerable impact on foreign direct investment (Erken et al. 2005).
Special conditions. During the stage, there must be a switch to competition driven by low costs and improvements of consumer properties of products. These improvements are a result of catching-up processes in innovation including incremental improvements of imported technologies and products.
The essential factor of the stage is demand and supply of HRST. The demand-side policy aims to enhance employment and development of highly qualified staff through regulation of labor markets, tax incentives to invest in R&D and encouragement of exacting consumer demand. In turn, the supply-side policy requires government support for education and training and conditions for transformation of "brain drain” into “brain circulation”.
The increasing dependence between innovation processes and R&D intensity give evidence for growth of investments in high and medium-high technology industries. If a country has rather significant HRST, the introduction of incentives to manufacture technologically complex products could leverage innovation activity (see table 1, row 3, column 1 and 2). These incentives may include tax reliefs, privilege credit conditions for equipment and licenses import, stimuli for international cooperation in R&D.

General measures to stimulate innovative demand, supply processes are in need of development. The supply (push) stimulation policy, above all, aims to shape a sufficiently complete and consistent government system of indirect and direct financial incentives, e.g. target grants and tax incentives for R&D. Innovative activities are usually distributed unevenly among various size classes of enterprises. Therefore, public policy should aim at both overcoming the innovative passivity of large companies and increasing the weight of innovative-active small and medium enterprises. At the beginning of this stage, the demand-pull policy is rather simple due to a certain degree of the rigidity and scarcity of production and market systems. Its content is largely technology-oriented government procurement, which makes demands on qualitative products in the framework of government contracts. 
3.2. The national innovation-driven stage of development
On the stage, following the success already achieved during the previous stage (see table 1, row 4, column 4) the monitoring and evaluation of barriers to competition and entrepreneurship are taking place. Efforts are being made to overcome identified barriers. Calls for decentralization of decision-making processes in the economy become urgent.
Meeting new challenges, the access to capital for fast growing companies including new technology based firms is expanded. The flexible market of qualified and mobile labour becomes available for enterprises. Growth of incomes, educational level and consumer's qualification can provide a basis for advancing facilities of high and medium-high technology industries, implantation of innovative-active firms in kinds of economic activities.
The special conditions for innovation growth include encouraging the private and public investment aimed at the HRST development and facilitating the creation and promotion of disembodied and dual-use technologies (OECD 2006b). On this stage, the government continues to develop a technology push policy, but it places a significant emphasis on the market-pull policy focused on the end of innovation activity phases. Demand becomes a driving force, which manages resources and innovative capacity to meet emerging societal or market needs (Schmookler 1966, Rosenberg 1969). The essential feature of this stage is radicalization of innovations. While there does not usually exist a problem of the diffusion of incremental but radical innovations (Bower and Christensen, 1995). In order for the radical innovations could be adopted quickly by consumers, the market demand often needs to be enhanced by public policy, for example through lead-market initiatives including tax credit, rebates for consumers of new technologies, regulations and standards (OECD 2011a). The firm’s innovation activity can move to a new more profitable value-added chain. The types of activities may be encouraged by competition processes and fragmentation of value chains (Pavitt 2006, Golichenko 2011). The necessary conditions of giving rise to the activities are vertical cooperation and partnership, greater coherence of innovative resources and high mobility of highly qualified personnel.
4. Mechanism of knowledge transfer and diffusion
The mechanism creates the opportunity for knowledge transfer and diffusion through open information channel, channel of transforming open knowledge in pre-competitive and competitive one and channel of commercial knowledge transfer (Golichenko 2008).

4.1. Investment-driven stage, catching-up mode
On this stage, catching-up countries achieve increases of productivity and improvements in welfare not from R&D performance and commercialization of their results but mainly due to absorption of already-known-to-the world technological knowledge (OECD 2009). In order for the absorption takes place, actions are necessary to involve and support all eligible channels of knowledge diffusion, to focus efforts on the fast growth of absorption capacities of enterprises (see table 1, row 2.2., column 1 and 2). Aside from the strong improvement of the quality and scales of technical education in higher school, the organization of professional and special intra-firm training takes place. For development of this form of vocational training, it is useful to leverage FDI. As the experience of China shows, the strong government bargaining power may assist to involve foreign investors in processes of intra-firm training of domestic enterprises (OECD 2009).
Development of the traditionally understood diffusion of disembodied and embodied technologies requires a well-run commercial knowledge transfer channel (see table 1, row 2.1., column 1 and 2). If this is the case of commercial knowledge of foreign origin, the substantial factors of this process are international trade, FDI and intellectual property rights. The acquisition of foreign technology companies by enterprises plays a certain role. Diaspora, if it is rather widespread, can also be involved in these processes. The domestic markets of countries with relatively low income per capita do not usually contain drivers of economic development. The countries need to strengthen competition through strong export orientation of domestic firms and open the domestic market to foreign competitors.
Nevertheless, it must be borne in mind that excessive strong competition might cause irreversible far-reaching negative consequences for national industry. Aghion et al. (2005, 2009) proposed and empirically proved the hypothesis that, in industries with a large gap between foreign technology leaders and domestic laggards, domestic innovative firms are forced to leave market due strong foreign competition. The intensive competition may discourage the emergence of new industries and make a negative impact on the national economy as a whole (Dixit and Stiglitz 1977, Romer 1990, Grossman and Helpman 1991). At the same time, the classic protectionism maintaining high barriers to entry for foreign companies preserves backward technological structure and thus provides serious obstacles for economic development. In other words, there is a need to achieve a careful balance between processes of foreign competition and public support of domestic enterprises.
4.2. National innovation-driven stage of development
On the stage, there is a switch from supporting individual firms and organizations to setting up system-integration and network models of continuous innovation, i.e. development of clusters of interconnected firms and research organizations. Faced with increasing global competition and rising R&D costs, companies can no longer survive on their own R&D facilities, and they look for opener new modes of innovation. The government encourages cooperative interaction between universities, public research organizations and industry. The bridges to pass Death Valley by new technology base firms are constructed and supported. The human capital mobility, systems of disembodied technology transfer (see table 1, row 2.1 and column 3) and fertile “breeding and growth grounds” for technology-oriented spin-offs are desirable for transition to the innovation-driven stage.
The cooperative processes take two dimensions. The first reflects a move away from traditional supply-push policies towards a model based on joint development including public-private partnerships and networks of firms and actors outside national borders. The second dimension is associated with the market-pull or contractual relationship between public research and demand from the business sector (OECD 2011b).
On the stage, the lack of business motivation to search new knowledge sources can be a major obstacle to the linking of business performance and R&D. The special programs to accelerate technology diffusion in areas of nascent demand assist in solving problems of increasing technological and organizational firm capabilities. There is also a need to remove obstacles and create incentives for horizontal and vertical interaction and development of networking between enterprises and organizations of different ownership forms. Technology platforms can play a significant role in shaping this stage.
5. Environment producing knowledge
The policy goal is to maintain and develop research environment, ensure knowledge production, to orient researchers towards meeting manufacturers’ needs for innovation and encourage for cooperation with business communities. 
5.1. Investment-driven stage, catching-up mode
On the investment-driven stage, the innovation activity mainly has a catching up character. Moreover, the applied research and engineering are of greater value than basic sciences. However, in order to achieve the strategic goals of the next stage driven by innovation, the arrangements for encouraging R&D should already occur on the stage (see table 1, row 1, column 1 and 2). The most important of these arrangements are the following developments:

· creating an attractive environment for carrying out R&D, in particular enhancing the prestige of scientific activity and increasing the effective researcher’s income above the average industry-level wage;

· setting up the modern engineering base for carrying out R&D including not only well-qualified people, but also high-quality scientific facilities.

· in order to find new fields of research and focus in the areas of global R&D, the equilibrium between portfolio of R&D related to the national priorities and complementary fields of research should be reached.
5.2. The national innovation-driven stage of development
In order to facilitate the transition to this stage, the country needs to stimulate a transfer of the final and intermediate R&D results from public organizations to industry (see table 1, row 1, column 3), pursue a monitoring and eliminate obstacles constraining a legal transfer capacity of public research organizations. Public policy should boost knowledge production and supply to accelerate knowledge spillovers and externalities (Jones and Williams 1998).
Considerable public and private efforts build conditions and incentives for joint orientation of government R&D sector and industry and their cooperative relations. The appropriate stimuli enabling domestic entrepreneurs to advance high technology manufacturing and enterprise’s research base are necessary (see table 1, row 1, column 4). In areas of traditional responsibility of public authorities (defense, medicine, ecology and so on), reforms of programming processes are needed to achieve greater openness of procedures of program formation and their results estimation. 
6. Conclusions
Thus, in addition to market failures, the rationales for government innovation policy are dysfunctions of the national innovation system. The vertical and horizontal decompositions of the NIS are needed to differentiate policy measures and to identify areas of their influence. To make policy effective, the policy measures must be articulated with the economic stage of country development. 
On the investment-driven stage, the public policy facilitates a shift from the mobilization of primary factors to technology leapfrogging driven by the sharp increase of utilization and up-grade of imported technologies and incremental improvements of products. An important part of this policy is the introduction of economic incentives to leverage technological absorptive capacities by integrating in the global economy and diffusing global knowledge. The high quality of secondary and higher education and vocational training must underpin necessary processes of technology absorption. Special measures shape the technology push policy of this stage. It is worth noting that there is a danger that a country copes largely with phases of investment stage but then fails to transit to innovation-driven one. Therefore, there is a need to make preconditions for transition to innovation-driven stage. 
On the innovation-driven stage, the principal policy purpose is to promote the formation of post-catching up NIS capable of generating radically new products and processes (see table 1, row 3 and column 3). Among the potential problems, support of public and private investment in HRST and development of flexible markets of highly qualified labour is of great importance. The government continues the technology-push policy to generate disembodied and dual-use technologies. At the same time, it should increase emphasis on the market-pull policy involving incentive schemes focused on the end of innovation cycles. Besides, significant efforts must be directed at providing conditions and stimuli for reinforcement the cooperative relationship of government R&D sector and industry and establishment of non-linear network interactions including public-private partnerships.
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Table 1: The comparison of innovation tax incentives
	
	Investment-driven stage
	Transition to the national innovation-driven stage
	National innovation-driven stage 

	
	1
	2
	3
	4

	
	China
	Russia
	South Korea
	UK

	1. Environment producing new knowledge
	
	
	
	

	R&D tax credit rate based on 

Expenditures volume 
	-
	-
	25% / 6%1
	130% / 225%2

	Incremental expenditures
	-
	-
	50% / 40%
	-

	R&D allowance
	150% of expenditures
	150% of expenditures
	Expenses equal to 3% of taxpayer revenue3
	-

	Additional R&D incentives
	-
	Investment tax credit
	Investment tax credit for R&D equipment
	Cash credits for SMEs

	2. Mechanism of knowledge transfer and diffusion
2.1 Knowledge transfer
	Business tax exemption for the transfer of qualified technology

Income from technology transfers below RMB 5M is exempt from income tax. Income in excess of RMB 5M is taxed at a 50% reduced rate4 

Exemption on import duty, VAT and consumption tax on import of equipment4 
	VAT exemption for revenue from sales of IP or license rights 

VAT exemption for Non-Profit Educational Organizations 

Tax deduction of expenditure on the  patenting and the acquisition of exclusive IP rights5
	Tax credit in the amount of 7% of the IP purchase price (for SMEs)
	Lower rate of Corporation Tax to profits earned from its patented inventions and certain other innovations. It must be equal to 10%.

	2.2. Providing connections between the elements of Innovation System
	The corporate tax rate to Technology Advanced Service Enterprises was reduced to 15%. These enterprises must be located in designated cities with over 50% revenue derived from providing qualified technology advanced services outsourced by foreign entities
	Tax incentives for Skolkovo and residents of Technology Development Areas (e.g., property tax exemption, reduced to 14% rate social security contributions)
	n/a
	n/a

	3. Entrepreneurial environment and market
	Reduced to 15% corporate tax rate and a tax holiday for companies granted High and New Technology Enterprise status

Tax incentives for Technology/Soft-ware Companies (e.g., exemption from enterprise income tax)
	0% corporate tax for sale of high technology sector shares
	Tax credit on current R&D expenses for the New Growth Engine Industry or Original Source Technology programs 
	n/a

	4. Framework conditions
	
	
	
	

	The standard rate of corporate tax
	25 %
	20 %
	from 11% to 24.2%
	from 20% to 26%

	Corruption Perceptions Index, Rank (2012)
	80
	133
	45
	17


Notes. 1 Small firm/ large firm. 2 Currently the R&D tax credit scheme in the UK is structured as an enhanced deduction. 3 For first year. Taxpayer is required to add the R&D reserve deduction back into income in three years. 4 For Technology and Soft-ware Companies. 5 The incentive is applying under simplified tax system.
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