
  

 

Executive DBA, Université Paris-Dauphine 

巴黎九大高级工商管理博士学位项目 

 

 

 

A Conceptual Model and Core Factors 
contributing to the Sustainable Development of 

China’s Enterprises 

（Dissertation submitted for the degree of Executive Doctorate in 

Business Administration） 

 

 

 

Cohort: 2012 

Candidate: HONG Huanzhong  

Supervisor: FAN Yushun 

 

 

 

 

 

 

 

25th March, 2016 

 

 



  

I 

 

CONFIDENTIALITY AND AUTHORISATION 

There is a need to protect the confidentiality of information provided by the interviewees 

and their organizations. For this reason, the data and other material included in the 

dissertation have been presented in such a way as to protect the interests of the participants. 

This dissertation has been accepted as confidential, and will be handled according to the 

Université Paris-Dauphine’ confidentiality policy. 

Furthermore, the writer fully understand the relevant policy of Université Paris-Dauphine, 

regarding to the reservation and usage of the dissertation, namely that the University has the 

right to retain copies of the dissertation, allow the dissertation to be accessed and borrowed; 

The university may publish all or part of the contents of the dissertation, and can save the 

dissertation by photocopying, microprinting or other means. 

 

 

Signature：           Signature of Supervisor：           Date：               

 



  

II 

ABSTRACT 

The problem of sustainable development of enterprise（SDE） has always been an 

important topic in economics and enterprise management. Many factors affect SDE, among 

which the core ones are playing crucial roles. The conceptual model of SDE is a 

comprehensive model which, with certain expressions, describes the development and 

evolution of an enterprise in order to explain the uncertainties of SDE. This dissertation 

discusses the core factors which affect the sustainable development of the enterprise. By 

reference to simulation technology and based on vortex models in fluid mechanics and vortex 

theories, an SDE conceptual model and its computerized model are built, and the latter is 

applied to enterprise case study.  

By reference to the 7S model of MGI, we designed a questionnaire; guided by Principle 

Component Analysis (PCA), we processed the data from the questionnaires and acquired five 

principle components whose cumulative variance contribution rate reached 87.8%. They are 

enterprise management, enterprise strategies, talents, innovation and enterprise culture. The 

result shows that among various factors affecting SDE, there are only five core factors, of 

which enterprise management. Thus, guided by the right strategy, management is the 

determinant factor of the success of an enterprise. 

According to the Enterprise Life Cycle, with a comparison between the core factors 

affecting the enterprise’s sustainable development (SDE5) as well as their respective 

weightings and the five factors released by World Health Organization which affect human’s 

longevity (WHO5) plus their respective proportions, we find that not only do components of 

SDE5 and WHO5 share similar weightings, their physical implications are also alike. In this 

research, enterprise management (weighting 63%) resembles individual lifestyles and habits 

(60%); enterprise strategies (19%) are like genetic factors (15%); talents (9%) corresponds to 

social factors (10%); innovation (5%) is equivalent to medical conditions (8%), while 

enterprise culture (4%) is like the climate conditions of the environment where people live 

(7%).This phenomenon essentially reflects the similarity of enterprises and humans from the 

perspective of life. 

Referring to system simulation, integrating various vortex models in vortex theories, 

including point source, the point convergence, the point vortex and the Rankine vortex, we 

built a “whirlwind” conceptual model of SDE and, aided by the “pumping dragon”, explained 

the operation and its characteristics of the conceptual model. The model is an open platform 
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evaluating an enterprise’s developmental states and trends. With accordance to different data, 

the enterprise can be evaluated from various perspectives. 

According to the similarities in physical implications, we matched the enterprise’s 

financial data with parameters of the computerized model, and set up a computerized model 

of the conceptual model. Through analysis of the model, we put forward concepts including 

Potential Energy of Enterprises (PEE), Sales Potential of Enterprises (SPE), Potential Energy 

of Markets (PEM), Sales Potential of Markets (SPM), Enlargement Index (EtI), Strengthening 

Index (SgI), and Stabilization Index (SnI). Based on analysis of the structure and sensitivity of 

the computerized model, we propose three assessment criteria, i.e. diagnostic assessment, 

value chain and stability in computerized model application. We then conducted a universality 

test of the computerized model with statistical analysis, and selected five enterprises, 

evaluating their developmental states and trends based on the assessment criteria of the 

computerized model and the grey forecasting model. The case analysis shows that it is 

feasible to evaluate an enterprise’s developmental status. 

Key words: core factor; conceptual model; assessment criteria; sustainable development; 

enterprise 
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Chapter I Introduction 

1.1 Background  

1.1.1 Chinese enterprises’ survival time once again becomes a matter of concern 

On July 30th, 2013, China SAIC Enterprise Bureau, the Information Center issued a "national 

domestic enterprises survival analysis report", it revealed that the cumulative survival rate of 

new enterprises set up since 2000 was 68.9%, and 31.1% of enterprises had been withdrawn 

from the market; in the ninth year, the cumulative survival rate was 49.6%, which means only 

about half of the enterprises could exist more than 8 years. The survival rate was further 

reduced with the time and in the thirteenth year, the number was 38.8%. Established after 3 to 

7 years was the high-incidence season for companies to stay out of the market, which was the 

“bottleneck” time. Overall, established after 3 to 7 years, the average mortality rate of 

enterprises is high and then becomes flat. All the above indicates that, in the third year after 

its establishment, the enterprise begins to enter into the death season, and once it has passed 

its “seven-year itch”, its death rate begins to decrease. Therefore, the 3 to 7 years period is the 

enterprises’ “bottleneck” period, and it is also the critical period which decides whether the 

enterprises could have further growth and development.  

With those authority and fresh data, the enterprises’ survival time once again becomes a focus 

of concern by the society. The reasons of why the survival time could be a focus may include: 

1. Enterprise is the carrier of employment, the business failure means some people have to 

re-find jobs, or some families may even mired in difficulties. It could be seen that the 

enterprises’ survival state is directly related to people’s lives, so that it is the focus of attention 

of the civilian population; meanwhile, the employment problem is the biggest livelihood 

issues, solving the employment problem is the priority for the government and the purpose of 

economic development, so the enterprises’ survival time is also the focus of government’s 

concern. 

2. Enterprise is the cell of national economy, its production and management determines the 

vigor and vitality of social economic activities. Enterprise is the direct bearer of social 

production and circulation, and the economic growth of enterprise is directly related to the 

growth of national economic strength, thus, the enterprise’s survival state becomes the focus 

of economic circles. 
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3. Enterprise is the main body of technological innovation and research and development, it is 

also the main medium of changing the scientific and technological achievements into 

productive forces, and hence, its survival state is the focus of attention of the scientific 

community. 

4. Enterprise is the main participant of market economic activities, so its living state becomes 

the focus of concern by the industrial and commercial circles. 

5. Enterprise has a life cycle, like the living organism, the enterprise will experience a 

periodic and cyclical life cycle from birth to growth, to maturity, aging and die. With the 

release of related official data published by the Chinese SAIC, the survival state of enterprise 

naturally becomes the attentive focus of enterprise theory circle.  

1.1.2 Enterprises’ awareness of pursuing sustainable development is getting stronger 

China’s government has carried out reform and opening up policy for 30 years, and during 

these years, Chinese enterprises have experienced drastic reform and development. There 

were a great number of reform-minded, positive and motivate entrepreneurs, and also a large 

number of enterprises which are growing steadily; however, during this process, more 

enterprises are short-lived or die in a startup. Therefore, the 30 years reform process is a 

process of entrepreneurs’ struggle, as well as a process of exploring the enterprises’ 

sustainable development. 

During the exploration process, especially since 1992, after the United Nations Conference on 

Environment and Development (UNCED) in Rio de Janerio took the sustainable development 

as a common strategy to development in 21st century, both the enterprises circle and the 

business-related theory circle are thinking a same old question when facing a tremendous 

difference of enterprises’ survival condition, and when facing those enterprises die as in the 

Changjiang River the waves behind drive on those ahead, the question is the enterprises must 

be made as the century-old shops. Since then, the concept of sustainable development 

gradually started to take root in those entrepreneurs’ minds, and enterprises have stronger 

consciousness of pursuing sustainable development.  

Enterprises’ sustainable development meets the needs of current generation, achieves the 

current development or fulfills the current benefits, without compromising the ability of 

future generations to meet their own needs, it also creates conditions for future development. 

Sustainable development does not concern the enterprise’s size or strength, it concerns more 

about the enterprise’s attitude and awareness.  
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1.2 Enterprises’ confusion about sustainable development  

Confusions that those enterprises have to face are from many aspects, include the confusions 

from different development stages, from the changed external environment condition, from 

the internal management and so on. While confusions of sustainable development mainly 

show up as “young pains”, “middle-income traps”, “cannot resist the temptation” and “fail to 

see the truth”. 

The confusion of “young pains” exists during the enterprises’ infancy and adolescence when 

the enterprises often have a small scale and can only control limited types of resources, as 

well as lack of management experience. But at that time, most enterprises are fearless, and 

have the spirit of struggling, as the saying goes, “newborn calves are not afraid of tigers”, 

another advantage for small enterprises is like the saying “small boat turns fast”. Thus, it 

means the young enterprises are staying in a contradictory situation; they grow fast under an 

environment full of stress and danger.  

The confusion of “middle income trap” mainly expresses as the enterprise has operated for 

quite some time, and has reached sort of size, but the enterprise has repeatedly tossing over 

for consolidation in a flattening situation. The enterprises have a hope that it could go to the 

next higher level but with multiple efforts there is no effect.  

The confusion of “cannot resist the temptation” mainly reflected in the enterprises do not have 

a clarity of thought and clear direction towards their strategy, main industry, culture or 

management. For them, all the target is the “money”, those enterprises do everything that 

could earn money, and always follow the trend of the popular industry. They believe “you 

cannot take it with you” so their short-term acts are tied to the hot trends and short run profit, 

therefore, those enterprises will never be able to form their own characteristics. 

The confusion of “fail to see the truth” is manifested in that the enterprises have been 

struggling in a fog, and they just do not understand their own strengths and weaknesses, and 

of course, they do not know other enterprises’ advantages or disadvantages in the same 

industry, let alone the industry’s trends and the future market. 

After doing a depth analysis towards the reasons that would cause those confusions, in the end 

it comes down to the theoretical confusions of sustainable development. Therefore, strengthen 

the research and popularize the theory of sustainable development is the common task of 

academic circle and business circle.  

However, it cannot be denied that theories and researches related to enterprises development 
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are continuing developing. Some theories such as Adizes’ (1989) corporate life cycle theory, 

Nelson and Winter’s (1982) enterprises’ scale adjustment theory, Charles Handy’s (1994) 

S-curve theory and Morrison’s (1994) Second Curve theory, have been gradually recognized 

by people. However, there may be still a long way to go until a common recognized and high 

operational theory can be got. 

1.3 Research Purposes 

Enterprises’ sustainable development is affected by many factors, include the external factors 

and internal factors, the essential factors and phenomenal factors, the periodic factors and 

long-term factors, the local factors and global factors and so on. Those various combined 

factors compose a complex enterprise performance and trouble those entrepreneurs and 

researchers. Thus, it is necessary to seek the most important and essential factors from all the 

factors that influence the enterprises’ sustainable development based on those relevant 

theories. 

Therefore, based on the corporate lifecycles theory, the study will take into account the 

relevant research results of the organism and related data, and will do multivariate statistical 

analysis, normative analysis and mathematical modeling, in order to seek the essential factors 

and build a conceptual model of sustainable development, also, the study is going to provide a 

reference for enterprises to set development strategies, build corporate culture, recruit and 

train corporate elites, strengthen and improve management, promote innovation and enhance 

the corporation’s core competitiveness. 

The problem of enterprises’ sustainable development directly led to lots of social problems, 

such as the employment problem, debt problem, etc., all those problems have aroused great 

concern of both the government and the business circles, and have became academic circles’ 

significant topics. The problem of enterprises’ sustainable development is not only a problem 

about the business management and development, but also a problem relate to social stability 

and national economic development. According to statistics, every year in America, there are 

fifty thousands to sixty thousands people start business, at least 30% collapse in the first year, 

and 80% of the remaining companies will close down in less than 5 years; then 70% of the 

remaining companies which have survived in the first five years will shut in the second five 

years. For example, 50 years ago the World’s Top 100, now only 17 companies stays on the 

list, 33 companies are still exist but have been moved out of the list, 6 companies have been 

collapsed and 44 companies have been acquired. Regard to the World’s Top 500 in 1970, 
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one-third had been eliminated in 1982. In china, there were more than 10 million enterprises 

of different types in 2005, but morethan 10 thousands companies finish up in failure per day, 

which means about 22 companies close per minute in average, and nearly 3.6 million 

companies disappear every year. The average age of private enterprises was only 2.5 years in 

china in 1993, and was 5.02 in 2002, the average age of Chinese group corporation is less 

than 10 years. The similar phenomenon exists in Europe, Japan and other countries and 

regions. Therefore, doing researches on sustainable development of enterprise has an 

important practical meaning of developing economy, increasing employment and promoting 

social harmony and stability. 

Many economists and managerialists did systematic studies about business management 

theory, enterprise innovation theory, strategic management theory and the like from different 

angles at different time, those studies laid the theoretical foundation of sustainable 

development of enterprises. Among those studies, the more influential theories include 

Drucker’s management theory, Michael Porter’s competitive strategy theory, Schumpeter’s 

innovation management theory, and Ichak Adizes’s corporate lifecycles theory, especially the 

lifecycle theory. It treated enterprises in a view of a biological “life cycle” perspective, and 

believed that the development of enterprises conforms to the biological growth curve. Based 

on corporate lifecycles theory, the relevant research results of the organism, statistics from the 

questionnaire survey and the related data, this study will do multivariate statistical analysis, 

normative analysis and mathematical modeling, in order to seek the essential factors of 

sustainable development, and build a conceptual model. This is the theoretical significance of 

this research. 

Enterprises’ Sustainable development, popular speaking, is the “century-old shop”. Building a 

century-old shop is every entrepreneur’s dream. However, due to a variety of reasons, this 

dream may become a curse to many entrepreneurs. A century-old shop is a manifestation 

affected by various factors, and could be seen as an inevitable result caused by internal nature 

factors and external environmental factors. There are indeed many factors restrict an 

enterprise from being a century-old shop, but the root of the matter can be traced back to a 

few core factors. Therefore, consulted the relevant organism’s research, this study is going to 

first collect data about the factors which make an effect on the enterprises’ sustainable 

development, then explore the core factors restricting the sustainable development through 

analyzing those data, discuss the relationship of these core factors, build a conceptual model 

of enterprises’ sustainable development, and seek the road to achieve the sustainable 

development that can be used for reference. Therefore, exploring the core factors of 
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sustainable development has an important practical significance in many respects, such as 

equationting the development strategy, building corporate culture, recruiting and training 

corporate elites, strengthening and improving management, promoting innovation and 

enhancing the corporation’s core competitiveness. 

Which should go first, to expand or to consolidate an enterprise? This is a question that has 

been controversial for long. Proponents of either side can provide evidence to support their 

position, and thus it has become a dual dilemma. In traditional microeconomics, economy of 

scale refers to the economy where increasing size for production leads to decreased cost for 

per unit of output. But the cost will not drop infinitely with the scale; there is a minimum 

efficient scale (MES) in an enterprise, which is the scale at the lowest point of U-shaped or 

L-shaped average cost curve. That is to say, to achieve the greatest cost efficiency, a factory or 

a firm has to reach this output. In practice, MES can act as a direct indicator of the extent of 

scale economy in various industries; the larger MES, the more significant the scale, and the 

greater cost advantage of big enterprises. As the scale increases, the enterprise is expanded; 

however, if the management, technology, assets turnover, operating profit ratio, gross profit 

rate, increase rate of main business revenue do not increase proportionally with the scale, the 

enterprise is not strengthened. It is easier to expand than to consolidate an enterprise; the 

former is the result of the latter. Therefore, a balance is required between the two of them. 

A model is an expression of the system, process, object or concept being studied. A 

conceptual model is essentially an abstract version from the reality to the InfoWorld. To build 

such a model, one has to start from data, observe the collection, transmission, processing, 

storing and exportation of information, analyze the information and then summarize what has 

been found. It is used to describe the various states of data within the system. The conceptual 

model is originally a representation of the shared knowledge in the discipline about the 

system to be illustrated. To abstract the specific objects in the real world and translate them 

into data models supported by information system, people need to abstract the real world into 

one made up of information, and then turn it into a machinery world. System simulation is a 

comprehensive experimental discipline which, based on theories including control theory, 

similarity theory, information processing technology and elementary computer theory and 

aided by computers, experiments on real or hypothetical systems with system models, 

analyzes and studies the results with assistance of experts’ experiential knowledge, statistics 

and information documents, and finally makes decisions. In this sense, the Mckinsey 7S 

Model, Michael Porter’s Five Forces Model, Charles Handy’s S-curve and Ian Morrison’s 

Second Curve all fall in the category of system simulation, which play an essential role in the 
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development of the enterprise. Thus, it is an important task of people in the economic or 

business circle to set up an enterprise’s development model. 

An SDE model is an expression of the process, characteristics or states of enterprise 

development, in forms of mathematical or physical formulas and graphs, based on data and 

guided by related theories. A correct SDE model can be used to evaluate the developmental 

states or trends of an enterprise, discover problems in production, operation and resources 

allocation, and guide enterprise management. 

1.4 Dissertation structure and Main content 

This dissertation has nine chapters. 

Chapter I is introduction, mainly introduce the topic background, research intention and 

meaning, and the main content. Discussing the enterprises’ survival problem based on their 

survival condition is a focus of concern by the government, public and all orders of society. 

On the premise that the enterprises have a stronger consciousness of pursuing a sustainable 

development when they are facing a variety of confusions, studying the core factors that 

influence the sustainable development and building a conceptual model have an important 

theoretical meaning and practical value. 

Chapter II is present situation and research trends; mainly present the history, trend and 

research achievement of the enterprises’ sustainable development studied by both the 

domestic and foreign academics from different aspects. It is mainly including the contents of 

life cycle theory, the core factors and the conceptual model of SDE and the enterprise growth 

"resource-based" view etc. 

Chapter III is about questionnaire designing and data collecting. For the collecting and 

researching of the core factors that affect the sustainable development of enterprises, a 

questionnaire is hence designed. When it was designed, “the sustainable development of 

enterprises”, regarded as an explained variable, is an extension of the implication of 

McKinsey’s 7S model, and serves as a primary indicator of an explaining variable; 38 factors 

that influence the sustainable development of enterprises serve as a secondary indicator of 

explaining variables. The path of questionnaire designing went through the initial designing, 

individual interview, small sample testing and confirming etc. The questionnaire were handed 

out by different means in order to achieve the aim of designing and the candidates of the 

survey are mainly the senior management of the enterprise, and the middle managers who are 

familiar with the whole enterprise and industry-related circumstances, or who have served as 
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directors in at least two or more departments for more than five years. 

Chapter IV is about a study of factors affecting the sustainable development of corporations, 

which is based on principal component analysis (PCA). The collected data from the 

questionnaire survey will be processed with the software MINITAB under the guidance of 

PCA. Through PCA, principal components will be determined according to the number of 

principal components whose variance contribution rate is more than 1 and the rule that 

accumulated variance contribution rate is more than 85%. Then, each of those principal 

components will be given a new name as a variable based on the absolute values and nature of 

their coefficients. Followed will be a discussion about the analysis outcomes of principal 

components in terms of business sustainable development. At last, the outcomes of PCA, i.e. 

the core factors influencing the sustainable development of corporations, will be compared 

with those affecting the longevity of humanity so as to study their similarities and essential 

relations.  

In Chapter V a conceptual model is built for the sustainable development of enterprises. By 

reference to the theories and methods of building simulation models using simulation 

technology, based on a comparative analysis of operating mechanisms of enterprises and the 

formation of whir lwind, as well as an analysis of the simulation conditions of the enterprise 

system, a “whirl wind” conceptual model for sustainable development of enterprises (SDE) is 

built, integrating basic concepts in fluid mechanics and vortex theories, with some typical 

vortex models including the point source, the point convergence, the point vortex and the 

Rankine vortex. The mathematical expressions are given. The operation process and 

characteristics of SDE are illustrated with the “Pumping dragon” phenomenon. 

In Chapter VI, the conceptual model is embodied in a computerized model. The computerized 

model, practical application of the conceptual model, was put forward based on the physical 

significance of the conceptual model’s parameters, as well as the current distribution of 

Chinese enterprise. After the nature, characteristics, and sensitivity of the computerized model 

were analyzed, three norms were specified in order to apply the computerized model to 

evaluate the enterprises’ development status. The norms are 1) “diagnostic appraisal” to 

evaluate an enterprise’s status and prospect to enlarge and Strengthen itself; 2) “value chain” 

to evaluate the flow of an enterprise’s resources; 3) “stability” to evaluate the flow of an 

enterprise’s resources. At last, a discussion will be followed to deal with some theoretical 

questions about the computerized model.  

Chapter VII deals with collecting data of the chosen enterprises, and the analysis of the 



  

9 

model’s universality. According to the scheme of data collection, basic financial data, and 

financial analysis indicators from 5 sub-industries, which include 33 enterprises. The model’s 

universality is examined in this way: consecutive six years of seven data, i.e. PEE, SPE, PEM, 

SPM, EtI, SgI, and SnI, which were obtained by calculating the data of the 33 enterprises 

based on the computerized model, were tested by Grubbs' test for outliers, after which the 

spotted outliers were removed, and then the descriptive analysis were performed to examine 

its universality.  

Chapter VIII does with case studies based on Torpedo computerized model. The case studies 

were carried out to analyze the practicality of the computerized model. When the cases were 

studied, some representative enterprises were chosen, and comprehensive evaluation advice 

was given to the enterprises on their sustainable development. The advice was given based on 

the evaluation from the three norms to apply the computerized model, and the Grey Prediction 

GM (1, 1) model. 

Chapter IX consists of conclusion and prospect. In this chapter, the viewpoints of the paper, 

the obtained outcomes as well as the shortcomings of this dissertation will be summarized. At 

last, advice will be given for those who will do similar research, and the prospect of further 

study on sustainable development of enterprises will also be specified.  

The dissertation has three appendices at the end. Appendix A is the collected financial 

analysis data of the 33 enterprises. Appendix B is the Enterprise Indexes which were obtained 

by processing the financial analysis indicators of the 33 chosen enterprises based on the 

computerized model. Appendix C is MATLAB code of the Grey Prediction Model.  
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Chapter II Present situation and trends of subject research  

The issue of enterprises’ sustainable development has been an important research subject 

concerned by entrepreneurs, economists and business management scholars. Since the issue’s 

content is quite broad and very complex, therefore, many scholars do research into the 

enterprises’ sustainable development from different angles.  

Some scholars explained these issues from external causes, such as the representatives of 

classical economics, neoclassical economics, and institutional economics and so on. Adam 

Smith[1], Marshall[2] and Coase[3] tried to explain the sustainable development of enterprises 

from the terms of economies of scale benefits, equilibrium price and market mechanisms 

separately. While represented by Michael Porter[4], some scholars tried to provide the 

competitive strategy theory to prove the industrial environment is the core restraining factor 

that can influence the enterprises’ sustainable development. Porter believed that competition 

is the core factors affect enterprises’ success or failure, and the competitive advantage is the 

leading force in promoting enterprises’ growth. He also proposed the Competitive Advantage 

of Nations theory, and pointed out that the enterprises’ sustainable growth is also exogenous 

of the national competitive advantage and the attractive industrial clusters or other industrial 

organizations. 

Some scholars explained these issues from the enterprise itself. For example, Chandler[5] 

started from the enterprises’ system, and believed an appropriate administrative coordinating 

mechanism within the enterprise is a mechanism that could lead the growth of enterprises; 

Edith Penrose[6] established an enterprise’s resource – enterprise’s capacity – enterprise 

growth “resource-based view” analytical framework, and she thought the enterprise’s 

sustainable development was relate to enterprise’s resource and capacity; both the enterprise’s 

core competence theory, which was represented by Prahalad and Hamel[7], and the enterprise’s 

knowledge theory that was represented by Densetz[8] further extended the enterprise’s 

resource-based view, and held that the enterprises’ sustainable development is relevant to its 

internal capacity (knowledge); Joseph Schumpeter[9] created the management innovation 

theory, which emphasized that the enterprises’ innovation is the creation of a new resources 

allocation mode, he believed that innovation is a powerful driving force for sustainable 

growth; Robert Higgins[10] analyzed the problem of enterprises’ sustainable growth from a 

financial management point of view; while Peter Senge had put forward a concept of 

“learning organization”, and held that “in the future, the most successful company will be a 
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learning organization, and in the long run the only sustainable competitive advantage is your 

organization’s ability to learn faster than the competition.”[11] 

Some scholars have found the similarity between the corporate life cycle and natural life cycle, 

and have done the relevant analogical research. They found that the growth of enterprises was 

like the biological and social systems, and it would experience a birth, growth, maturity and 

death process, thus, based on the development law of the natural life cycle, and in accordance 

with different measure and dimensions, those scholars divided the corporate life cycle into 

sevel stages, in order to study the trends and rules of the enterprise’s life cycle.  

2.1 Domestic and overseas research status on enterprise lifecycle theory  

Enterprise lifecycle is a dynamic track describes about the enterprise development and growth 

based on the life cycle theory, it includes several stages such as development, growth, 

maturity and decline. Mason Haire[12] (1959) first proposed that people could use a view of 

biological life cycle to treat the enterprise, and he thought enterprise development is in line 

with the biological growth curve. The formal mature of this enterprise lifecycle theory was 

when Ichak Adizes[13] (1989) published the book “Corporate Lifecycles”. According to the 

similarities between the enterprise life cycle and biological life cycle, many scholars have 

tried to find some specific core factors that could fit the enterprises’ characteristics at different 

lifecycle stages and could continue to promote their development, so that enterprise could find 

a relatively better model from internal management to maintain the development capacity, the 

model could make full use of advantages in each stage of enterprise’s life to extend the 

enterprise’s life cycle, and help the enterprises to achieve their sustainable development.  

2.1.1 Overseas research status of enterprise lifecycles 

Before 1960s, the discussion about enterprise lifecycle was quite rate, research on this topic 

was just started. at that stage, Mason Haire first proposed that the biological perspective of 

“lifecycle” can be used to look at enterprise, he believed enterprise development is in line 

with the biological growth curve. Based on this view, he further proposed that during the 

development process, the enterprise may face some phenomena including stagnation or death, 

and it was the lack of management that cause those phenomena, in the other words, an 

enterprise’s management limitation may become the barrier of its development[12]. 

Gardner (1965) indicated that similar to humans and other beings, the enterprise has a 

lifecycle, but compared with the biological lifecycle, the enterprise lifecycle had its own 

peculiarities, mainly manifested that firstly, the development of enterprise was 
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unpredictability. It may take an enterprise 20-30 years or even several centuries from young to 

old; secondly, during the enterprise’s development process, a lag phase neither rising 

obviously nor falling significantly may be appeared, and it was not available in biological 

lifecycle; thirdly, the enterprise’s death was not inevitable, the enterprise could achieve 

regeneration through revolution, and restart a new lifecycle[14].  

Chandler[5] (1962) pointed out that the enterprise would experience four steadily rising 

consecutive stages during its development. These four stages started from the enterprise’s 

initial expansion and resource accumulation period; then rationalized the resource allocation 

by centralized functional structure; in the third stage, the enterprise operated diversely, made 

full use of resources and constantly developed new products and explored new market; and 

finally, the multi-departmentalization structure was the apex of the revolution, it could ensure 

a variety of resources can be used more efficiently. In each stage, the discrepancy occurred 

between enterprise’s two key elements, the strategy and structure. Scott[15] (1973) later altered 

the four stages into three stages model, but the end was still diversification and divisionalized 

enterprise. Diversification here was the related diversification, in order to explain the 

unrelated diversification trend that appeared later. Mintzberg[16] (1979) then extended the 

three stages to four stages model, and the fourth stage was the unrelated diversification.  

Kimberly (1981) believed that, the organization’s life cycle can be seen as an analogy of 

biological lifecycle, and its connotation was that the growth of any living individual 

(including the evolution of organization), would follow a consistent and expected 

development form. Such as there was a significant cycle of an organization’s birth, growth, 

maturity, decline or even death. This lifecycle thinking was enlightening towards the 

theoretical research about organization’s growth and changes[18].  

Churchill and Lewis (1983) described the features of each stage of enterprise’s development 

from two dimensions, the enterprise scale dimension and management factors dimension, and 

proposed a five-stage growth model, that was the enterprise lifecycle included creation stage, 

survival stage, development stage, take-off stage and maturity stage. According to this model, 

enterprise’s overall development may generally show some typical features, such as 

“temporarily or permanently maintain the status quo”, “sustainable growth”, “strategic shift” 

and “sell or fail”[19]. Greiner (1985) believed the enterprise could alternate move forward 

through evolution and revolution, it was the enterprise’s history rather than the external forces 

to decide the future of the enterprise. Greiner took the sales revenue and employees number as 

the indexes, and on the basis of those indexes’ performance in two aspects, the organizational 

scale and age, to combined a five-stage growth model, including the creation stage, guidance 
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stage, separation stage, coordination stage and cooperation stage. This model highlighted the 

changing process of building the decision-making and management mechanism by founders 

or operators during the growth of enterprise, and noted that the enterprise’s each growth stage 

was constituted by early evolution and late revolution or crisis, and whether the revolution 

can be gone smoothly was directly related to whether the enterprise could keep a sustainable 

growth[20].  

Ichak Adizes (1989) was one of the most representatives of the enterprise lifecycle. In his 

book of “Corporate lifecycles”, he divided the enterprise’s growth process into 10 stages, 

including the “courtship”, “infancy”, “go-go”, “adolescence”, “prime”, “stability”, 

“aristocracy”, “recrimination”, “bureaucracy” and “death”. Adizes believed that each stage of 

enterprise growth can be reflected by two indicators, the flexibility and controllability, when 

the enterprise was first built and young, it was full of flexibility, and it was relatively easy to 

make changes, but the controllability was poor and its behavior was difficult to predict; while 

when the enterprise entered into aging time, it had a stronger controllability over its behavior, 

but it was lack of flexibility until eventually die[13].  

2.1.2 Domestic research status of enterprise lifecycles 

Chen Jiagui [21] (1998) re-divided the enterprise lifecycle into courtship stage, survival stage, 

rapid development stage, maturity stage, decline stage and metamorphosis stage. Unlike the 

past enterprise lifecycle research which was finished by decline stage, he added a 

metamorphosis stage, and this critical stage had a great significance towards enterprise’s 

sustainable development.  

Li Ye (2000) proposed an amendment model of enterprise lifecycle based on Chen Jiagui’s 

research result. Different from Chen Jiagui who took the enterprise’s scale as the variable of 

enterprise lifecycle, Li Ye provided the sales as the variable. The reason why he used the sales 

as ordinate was because the sales could reflect the value that the enterprise’s product and 

service could achieve in the market, and the increase of sales must be supported by the 

expanding the enterprise’s production and enhancing competitiveness, in a word, the sales 

could basically reflect the enterprise’s growing conditions. Li Ye also pointed out that the 

various stages of enterprise life should be defined by different states during its life process, so, 

he turned the enterprise lifecycle into courtship stage, new-born stage, development stage, 

maturity stage and decline stage[22]. 

It was undeniable that researches of enterprise lifecycle were constantly deepening and 

developing, some theories, such as the theory proposed by Adizes (1989) or Chen Jiagui 
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(1998) had been gradually recognized by people. However, how to accurate and scientific 

divide the enterprise lifecycle was still a theoretical problem that had not been properly solved. 

For example: 

First, empirical research needed to be strengthened when doing the applied research. The 

current studies are basically qualitative research, although this kind of research had provided 

various management ideas for enterprises, such as management innovation, core competence 

management, human resources management and so on, however, most of the ideas are lack of 

supported data so that the ideas were not that strong. Therefore, studies on these topics have 

yet to be gone deeply, the study range have yet to be expanded.  

Second, it was lack of recognized methods on theoretical research. Till now, enterprise 

lifecycle theory has not yet formed one or some reasonable and effective the division method, 

and also it is far from agreement on the stage numbers that the enterprise lifecycle should 

include, or the stage division index that the enterprise should choose, especially the features 

of each stage is still fuzzily. All the above have became the bottleneck which constraints the 

research on enterprise lifecycle, but also have became problems the future research needs to 

make efforts to solve.  

Third, the effect of taking the enterprise lifecycle as auxiliary variables needs an in-depth 

research. During the enterprise management, enterprise lifecycle would affect the 

management decisions and methods, so it could appear as independent variables, but it could 

also be used as moderator variable or intervening variable to make an effect on the relevant 

decision-making. During this period, the match of the enterprise development stage and 

management decision will have a great impact on enterprise decision. This conclusion is also 

the contingency theory’s view, while rigorous empirical research needs to be provided.  

2.2 Domestic and overseas research status on core factors affecting enterprise 

sustainable development  

Enterprise’s sustainable development is every entrepreneur’s dream, however, due to various 

reasons; this dream has also become a challenge that every enterprise has to face. Enterprise’s 

sustainable development is a concentrated expression of enterprise comprehensive level and 

quality in all respects, and this expression must be an inevitable result caused by the essence 

of internal factors, same as the healthy growth of living organisms. There are may be many 

factors that restrict the enterprise’s sustainable development, but all the factors could be traced 

back to a few most basic and key restraining factors. Thus, many scholars have made different 
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discussion to these factors from different angles and different measures. 

2.2.1 Overseas research status of core factors that affect enterprises’ sustainable 

development 

In 1931, Gibrat [23] (1931) did a groundbreaking research on the relationship between the 

enterprise scale, enterprise growth and the industrial structure in his magnum opus Les 

Inégalités économiques, his research result was called the “Gibrat’s law” by people, which 

proved that the enterprise’s growth process is a random process affected by complex factors, 

while the impact of enterprise’s scale on enterprise’s growth rate was not significant. 

In 1954, after doing an in-depth research on many well-known American enterprises 

including the GM, Peter Drucker believed that the enterprise’s longevity depended on the 

correctness of the enterprise’s behavior and strategic decision, rather than the maximization of 

profits. Profits was just a test of enterprise’s behavior and strategic decision-making. He first 

proposed the concept of management by objectives, and proposed three steps of management 

by objectives, which were setting the mission, setting up the goal and determining the plan. 

These steps were the prototype of the modern strategic management [24].  

In 1962, in his book Strategy and Structure, Chandler held that four steadily rising and 

consecutive stages would be occurred during the enterprise’s development, while in each 

stage, the two key elements, enterprise’s strategy and structure, could affected its sustainable 

development. Chandler’s work laid the strategic objectives management an important role in 

modern economics and management science [5].   

In 1963, Marris [25] (1963) analyzed determining factors of enterprise’s growth, and believed 

the enterprise’s goal was to seek maximum growth rate rather than profit maximization. 

Resource supply growth should be equal to the demand growth, and in a quite long time, the 

enterprise’s growth will keep a constant annual growth rate. Enterprise’s growth rate included 

the product demand growth rate and capital growth rate, and the enterprise’s goal was to 

maximize the two growth rate at the same time. It could be seen that in Marris’ eyes, the 

enterprise’s sales growth rate and the net assets growth rate were the financial indicators 

measured the enterprise growth.  

In 1982, Collis and Montgomery [26] provided that, if the enterprise held valuable resources, it 

could achieve its growth in a better way than its competition or with a lower cost.  

In 1986, Grossman and Hart [27] (1986) further clarified the meaning of enterprise vertical 

integration by emphasizing the importance of ownership of assets. They have defined the 



  

16 

enterprise’s ownership as residual rights of control, namely since the contract of the enterprise 

is incomplete, who has the decision-making power to the incomplete place of the enterprise is 

entitled to obtain the residual income. On this basis, they believed when the merger expenses 

related to integration is less than the market transaction costs saved by integration, the vertical 

integration has formed. The level of vertical integration is depended on the extent of control 

of specific assets by one party or the other party, while the material assets specificity and 

human asset specificity have different meanings for vertical integration.  

In 1989, Murray et al pointed out that if enterprise members were under the functional 

background of diversity, it would help the innovation of enterprise’s decision-making, also it 

could enhance the adaptability of strategic decision makers [28].  

In 1990, Demsetz [29] believed, under a condition of admitting the other factors work properly, 

generally speaking, how much money the enterprise had spent on maintaining its own 

knowledge, determined how much degree the enterprise diversification could expand. Before 

a separate enterprise further its products diversification, this enterprise should processed its 

product to several products that were easier to use under the direction of the instructions, and 

it was necessary to let the enterprise grow, that’s because to develop new production lines, a 

greater cost was needed to obtain and maintain relative information. If different producers 

used those further simplified production line separately, they did not need to pay the costs, but 

once the development of production line had reached this level, the product’s ownership 

would be transferred, and even the ownership had not been changed, the work of further 

processing the derived products would become the task of other enterprises. Defining the 

boundary of the degree of diversification was thus established.  

In 1994, after finishing a 6 years research of 38 first-class enterprises, Collins presented that 

the enterprises’ excellence and longevity was not coming from great ideas or outstanding 

leaders, but was from enterprises’ core values. Core values ensured the enterprises’ 

sustainable development [30].  

In 1995, American scholars Gouillart and Kelly raised the “enterprise transformation” theory, 

which combined the enterprise lifecycle with organism’s vital sign. This theory named the 

enterprise life cycle as the “enterprise transformation” process, and also treated the enterprise 

as “biological corporation”, they called on entrepreneurs to create enterprise’s unique genetics, 

and to ensure the enterprise could grow healthily through shaping 12 pairs of chromosomes. 

In Gouillart and Kelly’s theory of “enterprise transformation ”, the “biological corporation” 

was the logical starting point, the “twelve biological corporation system” as the analytical 
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framework, they advocated the secret of immortality was to promote the enterprise’s twelve 

systems to have synchronization metamorphosis, in order to coordinated pursue the same 

goal[31]. 

In 1996, Henriques and Sadorsky [32] analyzed effects that the customers’ pressure, 

shareholders’ pressure, communities’ pressure and governmental environment regulation were 

made on enterprises’ sustainable development.  

In 1997, John Kotter put forward a famous statement in his book Corporate Culture and 

Performance that the enterprise culture had played an important role in enterprise’s long-term 

operating performance, and in the next 10 years, enterprise culture was likely to be the key 

factor to determine the enterprise’s success or failure[33]. Teece [34] (1997) and some scholars 

proposed the concept of dynamic capability, and built the well-known dynamic capability 

framework in 1997. Dynamic capability meant a capability that by integrating, establishing 

and reconstructing the enterprise’s inside and outside ability, the enterprise could adapt the 

quickly changed environment.  

In 2000, Tihanyi et al noted that the functional background diversity meant the team had more 

diversified values, experience and belief; it would help to solve the broad and complex 

problems that the enterprise may face in its development [35]. Marten Coos studied the 

relationship between labor requirement, enterprise growth and industry evolution from the 

perspective of industrial organization, and concluded a basic conclusion that different 

enterprise scale, enterprise age and industrial type could increase or decrease the labor 

requirement[36].  

In 2004, Drucker [37] stated clearly in his thirty-sixth writings that, the outstanding enterprises 

which had survived more than a hundred years were based on “belief community” rather than 

the “community of interests”, enterprise culture had played a central role in enterprise’s 

sustainable development.  

In 2004, Whittington [38] pointed out that the enterprise strategy was a schedule of how to 

obtain and control scarce resources started from the goal that the enterprise would achieve and 

based on the enterprise’s vision and mission. Enterprise strategy management should first 

analyze and identify the enterprise’s external environment and internal resources, in order to 

find the opportunities and threats, confirm its own advantages and disadvantages, then 

develop strategy and implement strategy. From the system point of view, the standard of 

strategy guidance was more from the local social cultural rules, and the exact meaning of 

“strategy” may contained cultural particularity.  
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In 2005, according to the statistical data of fifty-four countries’ enterprise levels, Thorsten [39] 

analyzed whether the financing, law and corruption would have a substantial impact on 

enterprise’s growth rate. Empirical analysis showed that the impact of those factors on 

enterprise’s growth depended largely on the enterprises’ scale, small enterprises were more 

vulnerable to the effects; and in developing countries, enterprises’ growth were more likely to 

be affected by financing, legal system and high corruption rate than those in developed 

countries. Thorsten also noted that the legal system’s influence on enterprise’s growth was a 

kind of special operating mechanism, only under the circumstance that the legal elements, 

which were closely related to the enterprise’s survival and development, to be continued 

improved and strengthened, then the enterprise could really grow rapidly.  

2.2.2 Domestic research status of core factors that affect enterprises’ sustainable 

development 

In 1998, Zhang Duozhong et al [40]pointed out when they exploring the way of enterprise’s 

growth that, “the essence of enterprise’s growth is the improvement of enterprise’s quality, 

namely the enterprise’s market strain capacity, innovation capacity and economic strength 

should have been enhanced, rather than merely expand the enterprise’s scale. The financial 

result of enterprise growth is the stable growth of profit, or it indicates that the enterprise may 

has a greater prospect risk”. 

In 1999, Xu Yanmei [41] analyzed two elements which had impacted the enterprise’s growth 

from the perspective of enterprise’s scale expansion; the two elements were time and growth 

rate. She pointed out that the enterprise’s scale expansion made a limited effect on promoting 

enterprise growth. And she further noted that the main strategy of enterprise growth should be 

diversification, which was because enterprise’s lifecycle was related to its products’ lifecycle 

and its involved industry’s lifecycle, while the restriction of enterprise’s growth was mainly 

from the technical constraints. By analyzing 4 aspects problems of market leading, scientific 

and technological progress, management innovation and growth risk, Wu Yonglin [42] (1999) 

proposed that “the key point of enterprise’s growth is that the enterprise could own and 

improve its competitive advantage, while the competitive advantage comes from innovation, 

and innovation is the basic premise of enterprise’s growth, the meaning of innovation is to 

improve enterprise’s competitive advantage”. 

In 2000, Wei Jie (2000) held that when Chinese private enterprises transited from first startup 

to a second round, they should do well in the following three aspects: clarifying property 

rights, namely transforming from the family-owned single property relation to diversified 
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property relations; capital management, namely transiting from simple managing products to 

both managing products and doing capital operation at the same time; economies of scale, 

because to achieve economies of scale was the only way for private enterprises to promote 

competitiveness[43].  

In 2001, when studying the relation between the strategy and market, Xu Yuan proposed that, 

the strategy was the directional issue of enterprise’s development, and was an important mean 

for the enterprise when the enterprise faced the competition, adapted to environmental 

changes and participated in international competition. Strategy was the foundation of the 

market, without a good strategy, it was impossible to build a good market, or even if there was 

a good market, it may lose on bad strategy[44].  

In 2002, Zhao Shuming [45] pointed out when doing research on the human resources strategy 

that, there were several mutual restriction relations between the core talents in the enterprise 

and enterprise’s strategy. The first was the rational planning method. This method believed 

that the strategy was formed based on the formal and rational decision-making process, while 

the enterprise’s core talents were selected based on enterprise development strategy; the 

second was the step-by-step method, which held that the organizational strategy was formed 

in a situation that it was gradually influenced by external environment, so that it had no 

relationship with the core talents within the organization; the third was interaction method, 

and it considered that the core talents made the enterprise’s human resources strategy, and 

interacted with the organizational strategy. Han Furong [46](2002) et al did the enterprise 

bionic study, and thought that the growth was the enterprise’s ultimate goal, only if the 

enterprise kept growing, it could prolong its life. Enterprise growth was the manifestation of 

enterprise evolution in a finite time period, and it was the recessive form of enterprise 

evolution. Enterprise growth was a growth of the combination of quantitative changes and 

qualitative changes, and it was the combination of quantity increasing, qualitative changing 

and innovation.  

In 2003, when doing research on private enterprises’ sustainable development, Zhang 

Shaoming [47] pointed out that the private enterprises’ competitive advantages mainly came 

from the high degree cooperation between people and the sum of wisdom between human 

beings, core talents were the assurance of private enterprises’ sustainable development. Zhu 

Heping [48] thought the enterprise growth referred to the enterprise’s potential of keeping 

digging the internal and external resources, and the overall development and expansion in a 

certain period of time. The enterprise’s growth process meant the enterprise’s continuous 

revolution process, from small to large, and from weak to strong. Enterprise’s growth was 
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constituted by three aspects: development, sustainability and structure reform. Enterprise’s 

growth was an overall generalization of a quite long period of enterprise’s growth ability, 

included summarizing the past, identifying the current situation and forecasting the future. 

Thus it can be seen that growth not only referred to a certain point of time, but needed to be 

examined from a continuous whole status. 

In 2004, Quan Huaizhou built the system management theory of enterprise’s life cyclefrom 

the perspective of system management theory, he divided the enterprise’s lifecycle into three 

subsystems, the lifecycle’s recognition system, power system and the immune system 

separately. By comparing each system of the biological life, Huaizhou Quan analyzed the 

functions of three subsystems and their mutual relations, and put forward the basic strategy 

and analytical methods to accelerate the development of enterprises [49]. 

In 2004, Fan Ming, Tang Xuejun studied the enterprise’s sustainable growth, they believed, 

the industry power latitude, technology power latitude, institutional power latitude and market 

power latitude constituted the four-power-latitude structure of the enterprise’s sustainable 

growth. So that the Chinese enterprises must pay attention on the cultivation of their industry, 

technology, institution and market power, and the interaction between the four latitudes in 

order to achieve the enterprises’ sustainable growth [50].  

In 2004, on the basis of studying the necessity of enterprise’s growth, Jin Bei [51] (2004) 

proposed that the enterprise’s growth was a circulating accumulation process, and was a 

cumulative process of wealth, technology, convention and reputation. Chinese enterprises 

should focus on the reputation, but there was still a long way to go to obtain reputation and to 

achieve enterprise growth.  

In 2005, Wu Wensheng [52] pointed out that sometimes the enterprise growth relied on mergers 

and acquisitions, and reorganization, in order to achieve the object. But the M&A and 

reorganization was not merely the capital reorganization, merger and acquisitions, the deeper 

was the culture acquisition. Only if the culture acquisition had been completed, the enterprise 

had achieved the growth of the real sense – culture growth.  

In 2005, based on the enterprise’s lifecycle theory, Xu Zhongwei [53] examined many factors 

affected the enterprise’s sustainable growth in terms of the enterprise strategy, governance 

structure, organizational mechanism, enterprise culture and entrepreneurial characteristics. 

After conducted a systematic review of enterprise lifecycle theory and sustainable 

development theory, he divided the life of private enterprise into four stages: startup, growth, 

maturity and decline, and systematically described the growth characteristics of each stage. 
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Then, based on the statistical data obtained through questionnaire, with the help of SPSS and 

LISREL software, he analyzed the reliability and validity of the sustainable growth affecting 

factors at each stage of the private enterprise, and proposed a view that the role of those 

factors at different stages of the enterprise’s development had sensitivity. 

In 2005, Ma Lu, Hu Jiangxian [54] (2005) thought that the most fundamental expression of the 

enterprise’s growth was the enhancement of enterprise’s ability, included the enterprise 

management and integration ability, strategy equationtion and implementation ability, the 

enterprise learning ability, the enterprise financial management and capital operation ability, 

and enterprise human resource management ability, technology development and innovation 

ability. He Xiaogang and Li Xinchun [55] (2005) pointed out it was an important issue of how 

the entrepreneurs influence the growth of enterprises. They did empirical research on the 

relation between the entrepreneurs’ ability and enterprise’s growth. From analyzing the 

western scholars’ research result that the enterprise growth was based on two dimensions, the 

enterprise’s internal and industrial organization, Zhang Ming, Xu Xiaoming [56] (2005) studied 

the transition countries, especially Chinese enterprise growth theory from the perspective of 

economic transition, and introduced the new variables: the market dimension and the 

government dimension. Meanwhile, they had proposed the four dimensional variables that 

restricted enterprises’ development in the transitional economy, including: (1) the enterprise 

internal resources integration and operational efficiency; (2) competition and cooperation of 

industrial organization; (3) market demand and market capacity; (4) government regulation 

and industrial policies. Also they had discussed the four variables combining with Chinese 

condition. 

In 2006, Zhang Aiguo et al.[57] proposed a view that the enterprise culture shaped enterprise 

strategy, and the two items depended on each other for existence. He also put forward that 

people-oriented enterprise culture management was becoming the key strategic weapon for 

enterprise’s survival, development and strengthen, also it was the internal driving force for 

enterprise to enhance its core competitiveness and to realize the “everlasting”. In a certain 

extent, enterprise strategy was restricted by soft elements, like the enterprise culture, so the 

enterprise strategy had clear mark of enterprise culture. Core enterprise culture connotation 

influences strategy equationtion principle, and the type of enterprise culture may even 

determine the characteristics of enterprise strategy. Enterprise culture could lead strategy 

equationtion, and could support and serve the implementation of this strategy. As being the 

enterprise long-term survival and development goal and the comprehensive planning of the 

means and ways to achieve the goal, the enterprise strategy had mapped the enterprise’s core 
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value, vision and mission, and had a strong brand of its own enterprise culture. Thus, 

enterprise culture was the first competitiveness of enterprise, and was the enterprise lasting 

survival strategy. Liu Xuejun [58] (2006) believed enterprise growth could be understood as the 

sustainable growth, which referred to a structure-optimizing and constantly-changing process 

that in a relative long period, the enterprise changed from small to large, from weak to strong, 

from immature to mature, and also referred to a process that enterprise was coordinated with 

and adapted to the external environment  

In 2007, after studying the Chinese private enterprise human resource strategic innovation, Lu 

Jing [59] pointed out the reason why the private enterprise was difficult to keep developing 

sustainably was because the private enterprises was lack of planning in terms of enterprise 

strategy, lack of creativity in terms of technology and products, and lack of financing ability 

in terms of capital, and all these above indicated that the private enterprise was lack of core 

talented people who had the comprehensive quality. The shortage of core talent had restricted 

the sustainable development of the enterprise. 

In 2007, when researching on how the quality of private entrepreneurs influenced the 

enterprise’s lifecycle, Chen Fangfang[60] mentioned that, 60% of loss-making enterprises were 

due to wrong leaderships. 70% of the rise and fall of an enterprise should be borne by the 

enterprise’s managers and operators. The role of entrepreneurs to enterprise was mainly 

reflected by the qualities of entrepreneurs, only to improve the qualities of their entrepreneurs 

can the private enterprises fundamentally change their short-lived phenomenon.  

In 2011, when exploring the sustainable development of private enterprises, Zhang Xiaochun 

et al.[61] proposed that the private enterprises must pay attention to their own culture 

construction, and at the same time, they must constantly innovate their enterprise culture, to 

ensure a sustainable development. While constructing the enterprise culture, the enterprise 

must seize two point, one point was to cultivate entrepreneurial spirit, that was because the 

most important thing in the construction of enterprise culture was the cultivation of 

entrepreneurial spirit, the entrepreneur was the primary force to create the enterprise culture; 

the other point was to put a high value on department culture or the culture formed in 

informal organizations, coordinate the culture between different departments and integrate 

different cultures into a unified enterprise culture, because only the healthy enterprise culture 

could make the enterprise’s internal unity and promote the enterprise’s sustainable 

development.  

In 2012, based on enterprise lifecycle theory, Ding Ning [62] pointed out when doing research 
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of small and medium-sized enterprise management mode, that in each development stages of 

the enterprise, the core factors presented issues of validity. For example, in the stage of 

opening of the enterprise, the leadership and strategy was much more important, while during 

the enterprise’s growth stage, healthy organization structure and executive force had played a 

greater role.  

In 2013, Li Guodong et al.[63] proposed that, when the enterprise faced complex development 

issues, if the organization member had diversified skills, knowledge or opinions, it would be 

more helpful to solve the problems, and the existence of a variety of opinions would ensure 

the organization could take into account more issues and more potential solutions, so that 

eventually high quality decisions could be made.  

In conclusion, for the factors that affect the enterprises’ sustainable development, different 

scholars have done different research and demonstration. Some people have combined a few 

factors that affect the healthy growth of the living body and have discussed those factors 

together; some people have divided the enterprises’ development cycle, and have tried to find 

the most influential factors which influence the enterprises’ development at each development 

stage. Those findings have enriched and developed the enterprise sustainable development 

theory to variable extent, and also have affected the practice of enterprise’s sustainable 

development. However, the current study has the following deficiencies: 

First, regard to what are the core factors that could influence the enterprise’s sustainable 

development, it have not yet formed a consensus in industry and academia. 

Second, in the comparison research between organism’s lifecycle and enterprise’s lifecycle, 

the scholars mainly focused on that the organism’s life growth and development process has a 

phenomenon similarity with the enterprise development evolution process, but for the nature 

relevance and similarities between the two terms, it has not yet been paid enough attention or 

has not yet conducted abundant research. 

2.3 Domestic and overseas research status of enterprise’s sustainable 

development conceptual model  

Enterprises’ sustainable development conceptual model is using brief texts, figures or 

mathematical expressions to make qualitative description of enterprise’s development and 

evolution process, including the abstract of enterprises’ sustainable development and 

evolution, main stages of enterprises development processes, major factors that affect the 

enterprises’ sustainable development, key timing nodes of enterprises’ qualitative and 
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quantitative changes during the sustainable development process, or other connotations and 

denotations. Based on statistical data, and through comprehensive summary, the conceptual 

model is established for explaining the randomness of enterprises’ survival ages, the 

uncertainty of enterprises’ development prospects, the diversity of enterprises’ developing 

process, the fuzzy division of enterprises’ development stages. Therefore, conceptual model 

belongs to the category of descriptive statistics. In this sense, all the corporate life cycle 

theory, S-curve, and the second curve theory are enterprises’ sustainable development 

conceptual model.  

2.3.1 Overseas research status of enterprise’s sustainable development conceptual 

model 

Steinmetz[64] (1969) systematically studied enterprise growth process, and found the 

enterprise growth process was in an S curve, which can be generally divided into four stages: 

the direct control, command management, indirect control and organizational 

departmentalization.  

In 1992, Kaplan and Norton put forward the Balanced Scorecard theory when studying the 

enterprise performance, this theory constructed the evaluation index of enterprise sustainable 

development from four areas, including the finance, customers, internal business and 

procedure, and learning and growing. It had achieved the organic combination of financial 

indicators and non-financial indicators, and implemented the strategic-target-oriented through 

analyzing the relationship between indicators; the interests of all aspects had also been taken 

into consideration[65].  

In 1994, in his book, The Empty Raincoat, Charles Handy proposed three kinds of 

management thinking framework: first, the enterprise shall implement the new change 

S-curve at the same time of its continuous growth; second, like the “doughnut principle”, one 

must strike a balance between do and can do; third, made full use of the win-win art of 

“Chinese-style contract”[66]. 

In 1994, Y. Morrison[67], the president of the American Future Academy, summed up the 

growth and development laws of many world’s famous enterprises and put forward a “Second 

Curve” theory in his book The Second Curve. He thought the so called the first curve was the 

enterprise’s first lifecycle when its traditional business carried out in a familiar enterprise 

climate, while the second curve was a brand-new lifecycle happened when the enterprise had 

to face the future new technologies, new consumers and new market, at that time, the 

enterprise would experience a thorough and irreversible change, and based on that change, the 



  

25 

new lifecycle occurred. The characteristics of the second curve basically had the following 

five aspects: 

First, every industry must face a second curve, because that is caused by the external change, 

not controlled by an enterprise itself. And for the enterprise, the second curve comes from 

three major forces: new technologies, new customers and new markets to be developed.  

Second, two curves were always correspond in the development process of the things, the 

development process of individual or organization was the process of two curves constantly 

alternated and developed. “First curve” was always synonymous with tradition or current 

development state (or target, mode), “second curve” was often represented the organization or 

individual’s future development state (or target, mode). Only when a traditional enterprise 

could be strong and withstood the great changes, it would successfully enter into the second 

curve from the first curve. Then, after a period of time, the time and space had changed, the 

second curve had turned back into the first curve, and the enterprise needed to open up to a 

new second curve, one after another, the two curves alternated by turns. 

Third, there were always conflicts between the two curves, but as being the enterprise’s “key 

men” (decision makers), they could never stop seeking a better strategy.  

Fourth, in the second curve stage, for the enterprise which could achieve success, the most 

important reason was to “understand changes”. When implementing the “second curve” 

strategy, in fact, the enterprise was facing the future and the future was unknown, so that the 

“key men” should be full of hope and confidence, and actively look for opportunities, also 

they should be dare to face the management risk, otherwise, it may lead to business failure.  

Fifth, there was a large span between the two cures, so the cross of the enterprise’s 

development target was often mutational.  

2.3.2 Domestic research status of enterprise’s sustainable development conceptual 

model 

In 2002, Li Xiangyin[68] constructed a “strategy-culture-structure” model. In his model, 

enterprise strategy was at the top of the triangle, which meant the upward tension had 

generated. Enterprise culture and structure were located at the base of the triangle’s two 

vertices, which indicated the culture and structure had played a supporting role for the 

enterprise strategy, and generated motive force. This model considered it could always know 

an enterprise around from three aspects, the strategy, culture, and structure; which meant to 

use the three aspects mentioned above and the triangle model as the enterprise’s gene. This 
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model had broken the thinking of “strategy determinism”, but regard to the connection 

elements among the three aspects and their mechanism of action, this model had not yet done 

the further microcosmic research.  

In 2006, Guo Rui proposed a five dimensional model that could evaluate enterprise’s 

sustainable development capability when she was analyzing enterprise’s sustainable 

development capacity. She took social environment, industry, technology, institution and 

finance as five core variables of evaluating enterprise’s sustainable development capacity, and 

emphasized the system integration of five variables determined the enterprise’s sustainable 

development capacity. At the same time, she built the five core variables’ three-level index 

system and evaluation model, which helped enterprise to do self-diagnosis or to make 

comparative evaluations between enterprises about the sustainable development capacity[69].  

In 2008, when doing the basic research into the model of enterprise’s growth and sustainable 

development, Liu Zhen stated that the enterprise’s development process could be divided into 

three links, from zero to grow and then to sustainable development, while the zero point could 

also refer to the enterprise once again back to zero and started its secondary development. He 

believed enterprise’s sustainable development was a spiral and rising process; in this process 

and in the stage from zero to growth, the key element was the marketing and value chain, but 

the key element which could promote the enterprise’s sustainable development was 

innovation and enterprise culture[70].  

In 2009, Li Yuanxu et al. indicated that in the enterprise DNA structure, the two basic chains 

which were arranged on the outside are strategy chain and culture chain, while elements 

arranged in the inside of the structure formed the uniqueness of the enterprise through 

numerous combination methods. Just like in the DNA structure, the polynucleotide chain was 

connected by the base pairs (A、T、G、C), we could find some connecting elements in the 

double helix of “enterprise strategy – enterprise culture”. It could be seen that through 

enterprise management theory, the enterprise culture determined the equationtion of enterprise 

strategy, and the implementation of the enterprise strategy would promote and influence the 

development and innovation of enterprise culture; therefore, enterprise strategy and culture 

had a mutual restraint, mutual influence and mutual reinforcing relationship[71]. 

In 2009, based on the neoclassical growth theory and the related data from 2005 to 2007 of 

the China Statistical Yearbook, when Zhang Lihou was doing an empirical research for 

Chinese private enterprise’s sustainable development issues, she constructed panel data 

econometric model. Also, by examining the overall effect the macroeconomic factors, such as 
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capital, labor and foreign direct investment (FDI), stated-owned enterprises, had made on 

private enterprise sustainable development, and regional distribution features of the private 

enterprise, combined with the modern financial management theory, Lihou Zhang constructed 

a comprehensive evaluation index system based on the enterprise profitability, solvency, 

operating and growth ability[72].  

2.4 Domestic and overseas research status of enterprise growth theory  

Enterprise growth means the procedure that the systematical function of the enterprise 

changes from immature to mature, the structure of the enterprise optimizes from low level to 

high level, and the quality of the enterprise increases constantly. Studying the enterprise 

growth theory is one of the important research contents of foreign economic and management 

theory fields. The enterprise growth theory has a long history, includes the labor division 

theory of Adam Smith[1], the law of enterprise growth that explained by Marshall[2], the 

transaction costs theory of Coase[3], and the enterprise growth theory by Penrose[6]. Based on 

different research angles towards the question of enterprise growth, the enterprise growth 

theory can be divided into two categories, enterprise exogenous growth theory and enterprise 

endogenous growth theory. Enterprise exogenous growth theory includes the enterprise 

growth theory of new classical economics, the enterprise growth theory of new institutional 

economics and so on; while enterprise endogenous growth theory includes endogenous 

growth theory of Penrose, resource-based enterprise theory and learning organization theory 

and so on. In a word, enterprise growth theory has expressed an evolution process that from 

the external to internal, from homogeneity to heterogeneity, and from static analysis to 

dynamic analysis, and the research by Penrose to the internal impetus of enterprise growth 

represents as a turning point that the study of the enterprise growth changed from external 

study to internal study, which is help to find out the root of enterprise growth.  

2.4.1 Overseas research status of enterprise growth theory 

Classical economists Adam Smith[1], Marshall[2] are widely believed the interests of economy 

of scale created by work division is the principal cause of enterprise growth. In the process of 

enterprise production, the division of operation and specialization had improved the labor 

efficiency, and had also promoted the expansion of the enterprise production scale at the same 

time; meanwhile, the division and specialization had further developed. In this way, this cycle 

repeats and eventually achieves the growth of the enterprise through the enterprise economy 

of scale.  
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In 1937, Coase[3] analyzed the enterprise’s growth from the perspective of transaction cost. He 

believed that the enterprise was a substitution of price mechanism, when the market 

transaction cost was greater than the organization’s operating cost, and the enterprise could be 

occurred. The balance between the market transaction costs and the enterprises’ internal 

coordination management cost determined the boundaries of enterprises, while the 

enterprise’s growth motivation was to save the market transaction cost. When management 

cost was less than transaction cost, the enterprise’s scale needed to be increased, while 

management cost was more than transaction cost, the enterprise’s scale needed to be 

decreased, and when management cost was equal to transaction cost, the enterprise’s size had 

reached its limit, which meant it had reached the enterprise’s biggest moderate scale.  

In 1951, based on the enterprise’s functional division, and in accordance with enterprise’s 

lifecycle, Stigler[73](1951) analyzed the general rule of enterprise’s growth, and re-explained 

the reason that enterprise growth which was based on the interests of economies of scale and 

the stable competitive equilibrium conditions could be compatibly. According to his theory, at 

the beginning of the formation of an industry, the enterprise’s scale was small, so at this stage, 

the enterprise’s growth mainly achieved via the internal division of labor. Therefore, most 

enterprises were universal enterprises. With the expansion of the industry and market, 

enterprises could achieve the expansion of scale by improving the degree of specialization. 

Meanwhile, industrial expansion of social division of labor could also led to an increase of the 

number of enterprises. In short, enterprise growth theory which was based on scale economic 

effect believed the enterprise’s growth motivation is extraneous, and the enterprise cannot 

influence its own growth through action. 

The originator of enterprise growth theory is Edith Penrose[6] (1959), who firstly explained 

the growth of enterprise from the enterprise internal reasons. Penrose held that enterprise is 

the collection of all kinds of resources that set up within the administrative framework, and 

the function of the enterprise is to “obtain and organize human and non-human resources to 

provide products or services to the market with a purpose of profitability”, “the growth of 

enterprise is mainly depended on whether the existing resources can be effectively used”. 

In 1972, Alchian and Demsetz[74] created “team production” theory through analyzing 

enterprise growth. They believed that there is no difference between the sales contract and the 

labor contract, while the enterprise internal transaction and market transaction have no 

differences as well. The long-term contract between the employer and employee is not the 

nature of enterprise. They have clearly put forward the distinctions between the enterprise and 

the market is not because the authority of production, but because the enterprise’s supervision 
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structure to their team members. “Team production” is defined based on inseparability of 

technology, and enterprise is merely one kind of “team production”. They believed that if the 

total output of the team production is greater than the sum of output of team members each 

produced, and the increased part is enough to make up for the costs of organizing and 

controlling the team members, then the team production can be adopted, so that the enterprise 

has created. Thus, it can be seen that the scale of the enterprise is defined from the 

comparison between the increased part of the total output of the team production is greater 

than the sum of output of team members each produced, and the costs of organizing and 

managing the team. Further, since the inseparability of the team production, it is quite difficult 

to measure the labor input of team members or the cost of measurement if very high, so it 

may lead to the opportunism behaviors of team members to be lazy and the presence of the 

corresponding supervision fees. Therefore, we could hold that for team production theory, the 

supervision costs of opportunism behavior after signing the contract is the limits of the 

enterprise scale.  

In 1975, Williamson[75] took the transaction as the basic unit of analysis, by comparing the 

transaction costs of different economic organizational model, to evaluate their relative 

resource allocation efficiency. He believed the factors determined the enterprise’s boundary 

included the transaction frequency, asset specificity and enterprise’s contract environment. 

The three factors determined the transaction costs of different economic organizations, and by 

comparing the cost-effectiveness, a theoretical optimal size of the enterprise could be 

concluded, and what type of organization shall be chosen at what time. In Williamson’s study, 

“asset specificity” was the core concept, both the transaction cost, management cost, and 

economies of scale and economies of scope, was a function of asset specificity. Therefore, the 

enterprise’s optimal size was able to be represented by asset specificity, and just due to the 

existence of “asset specificity”, the enterprises could replace the market. The enterprise 

expansion could only exist within the scope of particular asset specificity, beyond this scope, 

the scale of the enterprise could not expand but even shrink. Williamson believed that 

enterprise was a vertically integrated entity in the process of continuous production, while in 

the process of continuous production, if different stages wanted to connect through market 

transactions, a series of contracts needed to be signed. Due to the incomplete and asymmetry 

of information, the contract cannot be a complete contract, this would provide conditions for 

opportunistic behavior of economic entities, which would lead to the problem of insufficient 

ex-ante investment in specialty assets. In order to solve this problem, enterprise would take 

some certain stages that were original belong to market transaction into itself through forward 
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or backward integration, in this case, the enterprise’s growth was reflected by the expansion 

of its vertical boundary.  

In 1982, Nelson and Winter[76](1982)proposed an enterprise growth theory of neo-classical 

economics, namely the enterprise scale adjustment theory. The motivation and reason of 

enterprise growth was to pursue the scale economics and scope economics. In neo-classical 

economics, the enterprise was a production function; enterprise growth was the process of 

achieving the optimal scale by adjusting the production levels, or the process from a 

non-optimal scale to an optimal scale. While this process was a passive choice in accordance 

with the optimal rules, under a situation that the profit maximization had been set, all the 

constraints was known, thus, the enterprise had no room for initiative.  

In the same year, Nelson and Winter[76] (1982) described the enterprise growth was a process 

that the enterprise’s productive knowledge and ability was continue to accumulate and 

develop, and through the practice, new knowledge was stored into the organization’s memory 

to improve the organization’s efficiency. Evolutionary economics thought was introduced into 

the enterprise growth theory system when it was in the traditional enterprise growth theory 

crisis. They believed that the motivation of enterprise growth was the pursuit of “satisfactory 

profit”, which reflected the limited rational thought, while the mechanism of enterprise 

growth was “search” and “innovation”, and it was an endogenous and active mechanism. 

Under the effect of environment selection mechanism, the existing practices and knowledge 

base determined the outcome of the competitive behavior chosen by the enterprise.  

In 1984, Wernerfelt[77] (1984) further developed Penrose’s theory, and proposed that the 

enterprise’s advantage or enterprise’s strategic advantage were be built on, or should be built 

on a series special resources that it owned and the way of how it use of resources. Enterprise’s 

sustainable growth needed to break the balance between using the existing resources and 

developing the new resources. Enterprise shall save, integrate and enhance productivity 

through innovation, transformation, strengthening management or other means, in order to 

achieve its sustainable growth.  

In 1990, Prahalad and Hamel[7] (1990) held that the enterprise should be seen as the 

aggregation of ability rather than the aggregation of resources, because the former had some 

characteristics such as difficult to imitate, path dependence and not occupancy, and it was the 

source of setting apart from competitors and achieving sustained growth. Enterprise core 

knowledge and ability had causality, and the causality’s fuzziness, path dependence and social 

complexity had formed an isolation mechanism, so that even the imitation by the other 
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enterprises was possible, they needed to face high costs. Enterprises’ growth was performed 

as continued imitation and innovation competition activities between enterprises, and the 

center of these activities was how to quickly and effectively accumulate core knowledge and 

ability which could adapt to the changes of the external environment. Therefore, enterprise’s 

growth was endogenous, that was the enterprise internal continuous knowledge accumulation 

process.  

In 1997, Arther Fish-man and Rafael Rob[78] built a balanced model about enterprise scale and 

industry evolution, and proved that each enterprise in the industry has no ability to increase 

the amount of customers.  

2.4.2 Domestic research status of enterprise growth theory 

In 1996, in the book Enterprise Growth Theory, Yang Du[79] had developed Penrose’s 

enterprise growth theory, and highlighted two concepts, the “management resources” and the 

“diversified economy”. Yang Du believed the overall abilities or factors, including people, 

money, material, information and so on, which were necessary for enterprises when operating 

business, were the enterprise’s production factors. Production factors should be used by 

operators to obtain economic benefits so that it could become the management resources. He 

also proposed that the enterprise was a collection of a variety of different characteristics of 

resources; enterprise’s growth was an ever-growing process motivated by two fundamental 

driving force, the competition and enterprise’s internal unused resources. Enterprise’s growth 

process was not only the process of accumulating and expanding the management resources, 

but also the process of restructuring and characteristics innovation.  

In 2002, based on the research achievement of Yang Du, Zhou Sanduo[80] summed up the 

process of enterprise growth as a process form single product to leading product and to 

diversification operation. He has also analyzed the relationship between the three aspects of 

enterprise scale, structure and competitiveness of the three-dimensional enterprise growth 

model and pointed out the growth of the enterprise shall follow the path of specialization, 

diversification and refocusing. 

2.5 Domestic and overseas research status of enterprise resource-based theory 

The core of the enterprise resource-based theory is to discuss the source of enterprise 

competitive advantages, which mainly search the causation between enterprise resources and 

competitive advantage. Resource-based theory believes the enterprise is the collection of 

different resources. Due to many reasons, different enterprises have different resources, which 
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have heterogeneity. This heterogeneity determines the difference of enterprise 

competitiveness. The concept of resource base was put forward in the early 20th century, and it 

has developed as one important genre in strategic management theory. In 1933, economists 

Chamberlin and Robinson studied the importance of the particular resources owned by the 

enterprise, and provided that special resources or the matching abilities are the key elements 

to guarantee the enterprise could get economic returns in the condition of incomplete 

monopoly competition, and those abilities include the coordination capability of the managers, 

technological capability and so on. [81] In 1980s, with the systematic study on the origin of the 

enterprise competitive advantage, framework from the resources perspective, and the analysis 

on the application of resource-based theory on the business level and enterprise level by 

Wernerfelt, Barney, Peteraf and other researchers, the formal sense of the enterprise resource 

theory has gradually formed.  

2.5.1 Overseas research status of enterprise resource-based theory 

In 1985, Hrebiniak et al[82] believed the effectiveness of organizational decision is the function 

of organizational structure, decision-making process and external environment, the enterprise 

should not only adapt to the changes of the external environment, more importantly, it should 

try hard to break through the restraint by external factors so that the enterprise could always in 

an advantages competitive position.  

In 1991, Grant[83] held that in led by information technology and globalization, the enterprise 

competition environment became more rapid and intense than that in the past. Therefore, it is 

more difficult for the enterprise to analyze and master the external dynamic competitive 

environment, by contrast, it is easier to manage and control the enterprise internal resources 

and abilities, so that the internal situation is more suitable to provide reference for the 

enterprise to formulate strategic direction. 

In 1991, Barney[84] noted that traditional economic theory and enterprise strategy management 

theory took the enterprise’s competitive advantage as the exogenous decisions, and the 

enterprise’s growth was also determined by external factors, but Barney believed the critical 

resources of implementing the competitive strategy was the result of the enterprise long-term 

internal development, which was difficult to get through the open market. This valuable 

resource had three features: value, scarcity and inimitability. Enterprise’s survival and growth 

was determined by long-term dynamic production cost advantage, which was formed in the 

process of the enterprise long-term internal knowledge and resources accumulation.  

In 1993, Peteraf[85], the representative of dynamic resource theory, provided that resource 
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heterogeneity reflects as the supply of resources is limited, or at least the supply cannot 

expand rapidly, so that the enterprise could obtain more rent which is greater than average 

profit because the enterprise own the monopoly on these resources.  

In 1994, Wright[86] et al firstly distinguished between the enterprise human resources and 

human resources practices, and analyzed if they could become strategic assets from the 

aspects of the value, scarcity, non-substitutability and hard to imitative. They believed the 

single human resource practice can be easily copied by competitors so that it cannot be the 

basis to maintain competitive advantage, only the human capital pool, which is the collection 

of high skilled and high willing human capital, can be the source of competitive advantage for 

a long time. Besides, the behaviors of employees have also constituted an independent 

component of human resources strategic management.  

In the same year, Lado & Wilson[87] put forward that human resource practice is the source to 

access to competitive advantage. They pointed out in the aspect of enhancing the enterprise 

competence; the human resource practice is unique, causal ambiguity and synergistic, so that 

it is difficult to be imitated by competitors. They have also indicated human resource practice 

is constituted by a whole set of mutual complementary and interdependent practices, and this 

kind of systematical human resource practice is impossible to be imitated.  

In 1994, Ikujiro Nonaka[88] (1994) considered the knowledge as the origin of enterprise 

competitive advantage, especially for some tacit knowledge, which is hard to be imitated by 

competitors. The knowledge structure formed by the current knowledge determines the 

method of finding the opportunities in the future and allocating resources. The difference of 

the effectiveness of different resources in the enterprise is determined by the existing 

knowledge, while the cognitive ability which is closely related to the knowledge determines 

the enterprise’s knowledge accumulation, so that determines the enterprise competitive 

advantage.  

In 1996, Rumelt et al[89], the representatives of resource-based theory School, pointed out the 

ignorance of the enterprise resources and ability is the shortcoming of Potter theory, when 

they were analyzing the differences of enterprise competitiveness.  

In 1997, Oliver[90] believed enterprise interior scarce production process, good will, patents, 

proprietary technology, and the institutional capital formed with customers, community or 

even the participants of institution, the government, are the embodiment of the resources. 

In 1999, based on 14 samples analysis, Rangone[91] discussed about the resources of how 

small and medium-sized enterprises can establish a sustainable competitive advantages, and 
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confirmed the importance of three basic abilities of innovation ability, production ability and 

market management ability.  

In 2000, Helfat and Raubitschek[92] further expanded the categories of the concept of 

resources. They have taken the knowledge management as the enterprise strategic resources, 

and held the fundamental source that will lead to the differences of competitive advantages is 

the core knowledge accumulated in the interactive process between the enterprise’s 

organization ability and enterprise specific assets. The endogenous knowledge and ability in 

the enterprise and the production development of the enterprise are in the common evolution.  

In the same year, Eisenhardt & Matin studied the dynamic capability and concluded that since 

the enterprise has the ability to constantly change, so that the competitive advantage can only 

exist in dynamic market. But since the environment evolutes too fast, so there is no sustained 

competitive advantage in this kind of market. In their articles, they have clearly pointed out 

under what situations can keep the competitive advantage: first is when the enterprise can 

more quickly and easily apply the dynamic capabilities during strategic choice, or it can more 

agile, more quickly adapt to the change in the rapidly changing market, in the other word, the 

enterprise can keep competitive advantage when it can adapt to the changing market 

environment more quickly than the other competitors; second is when the cost is quite high if 

the other competitors imitate the agility and ability to adapt to the rapid changes or to be 

awareness to the market changes. Only when the condition is satisfied with either of the 

above-mentioned situation then the dynamic capability can be the source of sustainable 

competitive advantage.  

In 2001, Fiol[94] studied the ability to restore an organization’s competitive advantage, and 

concluded that in certain situations there is no sustained competitive advantage.  

2.5.2 Domestic research status of enterprise resource-based theory 

In 2001, Wang Kaiming, Wan Junkang[95] pointed out that at least three factors stopped the 

enterprises from imitating each other: uncertain logical relationship, path dependence and 

imitation costs.  

In 2002, Li Weian, Yuan Qinghong[96] indicated that in order to obtain the ideal knowledge 

learning behavior, and to achieve the ideal knowledge management goal, three basic problems 

of organizational behavior level shall be solved: the first one is the extension of knowledge, 

namely the realization approach of the value of knowledge; the second one is the problem of 

human capital property right, namely the personal exclusive of the knowledge or share with 
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the organization; the third one is the problem of the implication of knowledge, namely the 

conversion disorder and barriers to competition.  

In 2005, Xu Xiaoming, Xu Zhen[97] proposed that the main contribution of the resource-based 

theory towards the enterprise growth theory is that it has provided an analysis tool to explain 

the excess profits produced by enterprise. From the origin and development of enterprise 

growth theory, the resource based theory has transferred it research focus and core from 

studying the impact made by the industry structure of the enterprise eternal environment on 

the enterprise competition behavior and the competitive strategy, to studying the impact of the 

resources and ability within the organization on building and maintaining competitive 

advantages of the enterprise.  

In summary, many scholars have done many researches from various aspects on evaluation 

standard and the laws of development of enterprise sustainable development, and most of 

them believed that the enterprise development approach can be summarized as a curve, but 

there is lack of a clear exposition of what kind of curve, at what time this kind of curve has 

occurred and formed. But so far, no one has put forward the concept of “the conceptual model 

of enterprise sustainable development”, or relevant documents or information. Therefore, with 

the concept of “conceptual model” of database theory, the author thinks it is necessary to 

propose and study the “conceptual model of enterprise sustainable development”. 
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Chapter III Questionnaire design and data collection  

A Synopsis of this Chapter 

The basis of Life Cycle Theory of Enterprise is the similarities between enterprises and 

human bodies. Since enterprises share some similarities with human bodies, the factors that 

influence the longevity of an enterprise are also expected to share some similarities with those 

of human bodies. This chapter is mainly about the design of questionnaires in order to collect 

research data on the core factors that affect the sustainable development of enterprises. By 

means of document retrieval and individual interviews, the questionnaire was designed to find 

out the factors that affect the sustainable development of enterprises. When it was designed, 

“the sustainable development of enterprises”, regarded as an explained variable, is an 

extension of the implication of McKinsey’s 7S model, and serves as a primary indicator of an 

explaining variable; 38 factors that influence the sustainable development of enterprises serve 

as a secondary indicator of explaining variables. 356 questionnaires were handed out by 

different means, of which 238 questionnaires were returned. Among the 238 returned 

questionnaires, there were 186 valid ones.  

3.1 Introduction 

In Chapter II, we commented in a systematic manner on the research trends of life cycle 

theory of enterprises both in China and other countries. A large quantity of literature reviews 

shows that the basis of Life Cycle Theory of Enterprise lies in the similarities between 

enterprises and human bodies. Mason Haire [13](1959) first put forward that the biological life 

cycle can be used to study an enterprise, and held that the development of enterprises is in line 

with the life growth curve in biology. Later, J. W. Gardner, [14](1965) pointed out that an 

enterprise also has a life cycle like humanity and other living beings. As for Steinmetz L.L [64] 

(1969), he held that the growth curve of an enterprise is an S-curve. And Churchill N. C and 

Lewis V. L [19]( 1983) put forward a five-stage model of business growth, including existence, 

survival, success, take-off, and resources maturity. Adizes[13](1989) divided the business 

growth into ten stages in his book Corporate Life Cycles, i.e.courtship, infancy, go-go, 

adolescence, prime, stability, aristocracy, recrimination, bureaucracy, and death. Later, Chen 

Jiagui[21] (1995) divided the life cycle of business growth into six stages, namely incubation, 

survival, take-off, maturity, declination, and metamorphosis. His views on the life cycle of 
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business growth differ from the previous studies that usually end the life cycle with 

declination. He thinks the life cycle concludes with metamorphosis, which is of great 

significance to the sustainable development. Li Ye[22] (2000) put forward a revised model of 

corporate life cycle based on the six-stage model, which has five stages, namely incubation, 

infancy, growth, maturity, and declination.  

Enterprises, artificial life, are similar to natural beings, whose life experiences five stages, i.e. 

birth, growth, maturity, declination, and decease. Large amounts of research shows that there 

are similarities between corporations and humankind. Life stages of corporations are not 

determined by the length of time, and their scales. In terms of longevity, many century-old 

corporations are still “vigorous”, while quite many newly-established companies are “lifeless”. 

Viewed in the perspective of scales, some world-leading giant companies are very “agile”, 

while a number of small enterprises are quite “unwieldy”. The striking differences must have 

a reason.  

The chief health expert of Ministry of Health of China Wan Chengkui[98] introduced that 

humans’ health and longevity are affected by five main factors, namely heredity, social factors, 

medical conditions, climate, and individual ways of living, which is demonstrated by World 

Health Organization (WHO)’s research.  

Since the WHO’s research reveals similarities between corporations and human bodies, the 

main factors that affect the longevity of corporations also have some similarities with those 

influencing the longevity of humans. Put it in another way, there are also five factors that 

affect the sustainable development of corporations. What is more, the meaning of those five 

factors demonstrates similarities with that of the humanity’s counterparts. We will study the 

relevance by way of questionnaire survey of entrepreneurs, principal component analysis of 

the collected data, and the implication analysis of the major factors.  

This chapter mainly deals with the design of questionnaire in a scientific manner, and the 

reliability and validity of the research outcomes resulting from the data collected from the 

questionnaires. The designing of the questionnaire went through the steps of style designing, 

content designing and variable designing etc. And it collects the researching data through the 

questionnaire survey. 
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3.2 Overall design of the questionnaire  

3.2.1 Content design of the questionnaire 

The design ideas, design logic and main content of the questionnaire are as follows: 

The first part is the basic personal information of respondents, including the respondents’ 

working years in the enterprise (and in the other enterprises), the working years in current 

enterprise, position, degree of familiarity with the overall situation of the enterprise, and 

degree of familiarity with the industry, and so on. The background information is used to 

examine whether the respondents meet the requirements of the designed object. Considering 

the content of the questionnaire is relatively more professional, it requires the respondents 

have longer work experience and higher management positions. Therefore, two main types of 

respondents are designed by the author: one type is the senior management of the enterprise, 

and another is the middle managers who are familiar with the whole enterprise and 

industry-related circumstances, or who have served as directors in at least two or more 

departments. Such requirement may lead to a lower response rate, but the credibility of the 

collected sample data might be higher.  

The second part is respondents’ subjective evaluation on the factors that affect the enterprises’ 

sustainable development, including 7 first class indicators, and 38 second class indicators.  

3.2.2 Style design of the questionnaire 

The style of the questionnaire is as follows: 

Questionnaire title: Give the respondents a general impression of the questions they are going 

to answer; 

Questionnaire description: A brief description of research significance, content and selection 

methods, in order to eliminate the worries of the respondents; 

Instruction: Respondents are told how to fill in the questionnaire; 

Subject matters of the research: According to the questionnaire design, gradually itemize 

research questions, Likert5 scale has been used; 

Respondents and access time 

Questionnaire items or terms definitions 
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3.2.3 Reliability design of the questionnaire  

Questionnaire’s data collection is mainly based on respondents’ individual’s self-report, so it 

may cause a bias towards the data results. Generally speaking, basically there are three 

reasons that may lead to inaccurate answers of the items answered by the respondents.  

(1) Respondents cannot understand the questions; 

(2) Respondents don’t know the more accurate grade of the questions; 

(3) Although the respondents know the answers to these questions, but they are reluctant to 

answer these questions.  

Thus, in order to minimize the errors caused by the reasons above, reduce the negative 

influence they may have made on research questions, during the designing process, we have 

taken the following measures: to prevent the first reason, the selected influence factors in this 

study adopt formal and commonly used terms, and the terms are clear and simple interpreted. 

Meanwhile, terms interpretations have been annexed at the end of the questionnaire, and the 

interpretations have been marked in obvious position in the questionnaire, so that the 

respondents could read it for reference when in doubt. In addition, a pre-test with small 

samples data has been done by using the questionnaire, and based on the feedback, the author 

has modified the questionnaire, try to rule out the items that are too difficult to understand, or 

have an unclear expression. To prevent the second reason, the research has designed mainly 

two types of respondents, one type is the senior management of the enterprise, and another is 

the middle managers who are familiar with the whole enterprise and industry-related 

circumstances, or who have served as directors in at least two or more departments for more 

than five years. To prevent the third reason, in the foreword of the questionnaire, the author 

clearly stated that the purpose of this research is purely academic research, the questionnaire 

is anonymous and the content does not involve enterprises’ business secrets, also the obtained 

information will not use for any commercial purpose. The author also promised that after this 

research, the research results will be sent to the respondents’ mailboxes, thereby to improve 

the respondents’ willingness to fill in the questionnaire.  

3.2.4 Scale design of the questionnaire  

In view of that a single item normally could only judge a narrow concept, so that the 

dissertation uses multiple items to measure the complex enterprise sustainable development 

issues. The questionnaire uses the Likert scale, and items of the representative factors which 

may affect enterprises sustainable development have been listed, so that according to their 
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working experience and the understanding of enterprise sustainable development, the 

respondents could grade each item, from the degree of “very unimportant” to “very 

important”, and with the number from one to five respectively: “1” means “very unimportant”, 

“2”means “relatively unimportant”, “3” means “so-so”, “4” means “relatively important”, and 

“5” means “very important”. 

3.3 Design process of the questionnaire  

The design process of the questionnaire mainly adopts the following ways: 

3.3.1 Literature reading  

After reading a lot of relevant literatures, and on the basis of the relevant theory of enterprises 

sustainable development, such as McKinsey 7S model, or enterprise lifecycle theory and so 

on, the author has analyzed and categorized the relevant factors that affect the enterprises 

sustainable development. And in order to avoid ambiguity of the influencing factors during 

the questionnaire survey, the author has made brief definitions for all the factors, then the first 

draft of the questionnaire has been formed.  

3.3.2 Individual interviews 

Field interviews have been conducted to senior management of some enterprises. The author 

has successively conducted in-depth interviews on 15 deputy general managers and above 

senior managers. The author interviews one manager each time, and each time the interview 

time is more than 60 minutes. The content of the interview focuses on two aspects, one aspect 

is to ask the interviewee to talk about the main factors that affect the enterprises sustainable 

development based on their own experience and understandings, the other aspect is to discuss 

the first draft of the designed questionnaire with the interviewee, and according to the 

interview results, modify the first draft design and form the questionnaire survey’s second 

draft.  

It must be noted that, when designing the first draft, the content of the questionnaire has been 

divided into 4 parts, despite the first and second part as remained in the questionnaire, the 

deleted content of the third and forth part was as follows: 

The third part was the basic state evaluation of nine trend indicators of the enterprise, 

including in the nearly three years, the enterprise’s product profitability, sales growth, net 

profit rate, research and development investment, market share, cohesive force, the fit degree 

of enterprise’s development objectives and goals, and in the next three years the enterprise’s 
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ability to explore new markets, as well as in the next three years, the realization degree of 

enterprise’s anticipated target. The purpose of designing those indicators was to examine the 

enterprises’ developing trends during the past three years, and the possibility of change of the 

trends in the next three years by analyzing the respondents’ evaluation. Among those 

indicators, the first one to four items were dominant financial data indicators and the five to 

nine items were recessive enterprise competitiveness index. These indicators, as well as the 

following environmental changing indicators, were the explained variables together in the 

statistical analysis. 

The fourth part was enterprise external environmental changing indicators, including factors 

indicators from six aspects, such as the influence of government policy changes on the 

enterprise management, alternatives’ impact on enterprise’s market share, the influence of 

new technology to the enterprise, the impact of industry cyclical fluctuation of the enterprise’s 

production and operation, the impact of social factors and market factors on the enterprise’s 

production and operation. The impact of those factors made on the enterprise was divided into 

positive impact and negative impact. Those factors indicators were designed as moderator 

variables, which was the degree of leverage of the indicators in the third part.  

But during the individual interviews, twelve of those fifteen enterprise leaders suggested the 

author to delete the two parts, and there were three reasons: 

Firstly, items of the third part were more sensitive, so most enterprises did not want to reflect 

these data, and even they filled the questionnaire with the data, it might be distorted. While 

items of the fourth part may be exaggerated, and became the scapegoat for the failure of the 

enterprises, so that the collected data would be deformed;  

Secondly, if the dissertation only studies the main factors affect the enterprise by using 

principal component analysis, the control variables and moderator variables were needless; 

Thirdly, if the author put the two parts in the questionnaire, it could greatly affect the response 

rate and effective rate of the questionnaire.  

Therefore, after thinking it over, the author has deleted the content of the two parts mentioned 

above, and did not put it into the process of questionnaire survey.  

3.3.3 Small sample test  

Do the small samples test. Before finalizing the questionnaire, the author first has taken the 

questionnaire survey to 25 people, and according to their feedback and suggestions, the author 

further modified some measure items, and formed the final questionnaire.  
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3.4 Design of explained variable  

We take the “enterprise sustainable development” as the explained variable.  

The “enterprise sustainable development” discussed in this dissertation means the enterprise 

should make effort through strategic planning, reasonable resources allocating, scientific 

management and constant innovation, to seek a sustainable development in the changing 

external environment. Popular speaking is to develop the enterprise as a century-old shop. 

The research of this dissertation is based on the following logic models: 

Firstly, while an enterprise is conducting its production and operation, it is implementing its 

strategies. Elites of the enterprise make strategies, advocate the corporate culture and organize 

its management team in order to successfully carry out the strategies and contribute to its 

sustainable development. Wrong strategies lead to failure of an enterprise, while right ones do 

not necessarily guarantee its success. It is important to make right strategies, but more 

important is to put them into practice; whether or not the strategies are successfully brought 

into force determines the rise or fall of an enterprise. However, many factors affect the 

implementation of strategies and the sustainable development of the enterprise (SDE), and 

fewer than 10% of cases of successful implementation have been reported [8]. Therefore, we 

are concerned about the most important factors contributing to the successful adoption of 

strategies and SDE. 

Secondly, many factors affect SDE, both externally (such as policies, market conditions, 

social environments and industrial cycles) and internally (such as management, executive 

force, rules and regulations and marketing strategies), both in terms of the essence (such as 

strategies, culture and product positioning) and the phenomenon (such as financial conditions 

and market shares), both temporarily and permanently, partially and overall. Among all of 

them, there must be some factors which exert vital effects; these are the so-called core factors. 

Thirdly, senior management personnel and mid-level management staff who have worked in 

the enterprise for long, have profound experiences about the core factors affecting SDE. 

Those factors can be found through processing and analysis of the data derived from surveys. 

Therefore the respondents of the questionnaire are senior management staff of enterprises or 

mid-level management staffs who have worked in their positions for at least five years. 

3.5 First class indicators design of explanatory variables 

Designing the first class indicators has two purposes, one is to ensure the most important and 
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most fundamental influence factors will not be left out, and the other one is to classify many 

influence factors that collected by various ways into those first class indicators, remove some 

similar influence factors which have different names, in order to avoid repetitive content and 

ensure the simplicity of the whole indicator design. In the literature review stage, through 

different keywords combinations, we have retrieved more than 70 factors that influence the 

enterprise sustainable development, while through the first class indicators classification, 

those factors have been compressed into 38.  

According to Mckinsey 7S Model, the successful development of enterprise must overall 

consider seven factors, the strategy, structure, system, style, staff, skill and shared values. This 

model has been widely accepted by business community and theoretical circle. We take the 

seven factors as the first class indicators, namely the explanatory variables. For the purpose to 

merge all the collected affecting factors into the seven factors, we have extended the 

connotation of McKinsey 7S Model, and treat “structure” as “organizational structure”, treat 

“system” as “management system”, treat “staff” as “talent”, treat “skill” as “enterprise 

capability”, and treat “shared values” as “enterprise culture”. Thus, the first class indicator 

variables have been formed, as shown in Table 3-1.  

Table 3-1 First Class indicators of enterprise sustainable development questionnaire 

Explained variable First class indicators of explanatory variable 

Enterprise sustainable 

development 

Enterprise strategy 

Organizational structure 

Management system 

Enterprise style 

Enterprise elite 

Enterprise capability 

Enterprise culture 

Interpretation of first class indicators: 

Enterprise strategy is the plan and counsel of enterprise sustainable development, which is 

made by the enterprise’s talents, after comprehensively analyzing the enterprise internal 

resource and ability, and based on their subjective judgment of enterprise external 

environment from the perspectives of national policies, market environment, technological 

level, industry trends, and development trends and so on. The talents have taken into full 

account of enterprise development ideas, development goals, core competitiveness, resource 

allocation, organizational structure, management mode, operation direction, and other 

fundamental, long-term, overall issues related to enterprise sustainable development, then 

equationte the measures and solutions to solve the issues, that’s the enterprise strategy.  
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Enterprise organizational structure is the sum of all the relationships within the enterprise, 

which determines the enterprise’s operational efficiency. The organizational structure includes 

enterprise governance framework, enterprise organizational framework and enterprise process 

framework. Enterprise strategy development has a quite high requirement against the 

enterprise organizational framework, because a quick and efficient process framework plays a 

decisive influence on the implementation of the strategy. While on the strategic 

implementation, it requires enterprises have clear governance framework. 

Enterprise management system is the general term that describes both the enterprise 

organization system and the enterprise management rules. A normative enterprise 

management system requires the enterprise management system to be stable and dynamic 

unified. The unchanged management rules might be the suitable rules, while the constantly 

changing rules may be not the good standards, too. The management rules shall realize the 

relatively stable and dynamic changes based on the needs of the development of enterprise. 

During the enterprise development process, the enterprise management system should have 

the corresponding stability period and dynamic period, and the stability period and dynamic 

period are affected by the nature of the industry, industrial characteristics, enterprise personnel 

quality, enterprise environment, entrepreneurs’ personal factors and other related factors. The 

enterprise should based on the change of the affecting factors, control and regulate the 

stability and dynamics of enterprise management system. 

Enterprise style is formed in the process of historical development; it has a particular 

enterprise connotation, and performs as an external form of the enterprise characteristics and 

its ideological features. It performs and achieves through the enterprise character or work 

style. Enterprise style has a unique personalized feature and distinctive historic characteristics 

of its own experience.  

Enterprise elite is a general term which refers to people in the enterprise who have a certain 

expertise or specialized skills, contribute to the enterprise through creative work.  

Enterprise capability is the sum of the enterprise’s power in production, technology, 

marketing, management and capital. Enterprise’s competitiveness is from the enterprise’s 

organizational capability, while the organizational capability can only from enterprise’s study 

from the market competition, which means the enterprise should accumulate the related 

knowledge and ability, embed it into the enterprise organization, and manifest it in the 

enterprise’s operational process. Enterprise organizational capability is mainly divided into 

three types: technical capability, functional capability (product development capability, 
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production capability, marketing capability), and management capability.  

Enterprise culture is gradually formed during the enterprise’s production and operation 

practice, which has been agreed and abided by all employees. It is the vision, mission, 

purpose, spirit, value and operation ideas with the characteristics of this organization. 

Enterprise culture is also the sum of these ideas reflected in production and management 

practices, management systems, employees’ behavior and enterprise external image.  

3.6 Second class indicators design of explanatory variables 

According to the connotation and denotation of the first class indicators, we have adopted the 

both sides connection way to determine the second class indicators. On the one hand, we have 

classified the influence factors which have been collected via literature review into first class 

indicators; and on the other hand, we have divided the first class indicators into several 

second class indicators, and based on the interview of the business circles, we have 

incorporated the influence factors with similar meaning, and removed some redundant factors.  

3.6.1 Second class indicators of enterprise strategy and their paraphrases 

Enterprise strategy includes seven second class indicators; they are strategic transparency, 

strategy enforceability, core competitiveness, strategic stability, enterprise positioning, profit 

model and product positioning, as shown in Table 3-2. 

Table 3-2 Second class indicators of enterprise strategy 

First class indicator symbol Second class indicators of explanatory variable 

Enterprise strategy 

X1 Strategic transparency 

X2 Strategy enforceability 

X3 Core competitiveness 

X4 Strategic stability 

X5 Enterprise positioning 

X6 Profit model 

X7 Product positioning 

Items interpretation: 

Strategic transparency is the scale measuring the enterprise knowledge to their own vision and 

the level of their strategic planning. Strategic transparency is a quality characteristic 

independent of the content of strategy positioning, and it mainly refers to the degree of clarity 

of the strategic content on its form or expression.  

Strategy enforceability means for the strategy formed several years ago, whether the strategy, 
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as well as the enterprise internal talents, technology, resources, product positioning, profit 

model and management or other related aspects, matched the enterprise external environment, 

and whether the enterprise develop properly along the direction equationted by enterprise 

strategic vision. Strategy enforceability is the scientific indicator, which could test if the 

enterprise strategy is predictable, reliable and scientific.  

Core competitiveness is the gather of ability of the enterprise, with the ability, the enterprise 

could cope with change and intense external competition, and win its competitor. It is the 

enterprise long-term competitive advantage. Enterprise core competitiveness is unique to the 

enterprise; it could withstand the test of time, and is malleable. In short, the core 

competitiveness is the technology, resources and capacity that is difficult for competitors to 

imitate.  

Strategic stability refers to during the implementation of enterprise strategy, when facing the 

complex, dynamic and uncertain enterprise external environment, and the situation of lack of 

internal resource; the enterprise’s strategy shall be adjusted partly and appropriately, while the 

overall strategy should not be changed fundamentally. Strategic stability reflects the 

enterprise’s strategic vision, confidence and determination.  

Enterprise positioning means through its products and brands, and based on the market 

requirement, the enterprise creates its unique personality, culture and good image in 

consumers’ memory and occupies a certain position.  

Profit model is doing the value recognition and carrying on the management of the enterprise 

management elements, and tries to find profitable opportunities from management elements, 

that is, the model is a system approach that explore the enterprise profit source, generation 

process and output mode. It is also an institutional mechanism and commercial architecture 

that is provided for achieving value creation, value capture and profit distribution, which is 

formed through the enterprise’s integration of its own and stakeholders’ resources. 

Product positioning is the process of selecting the target market and products; it is also a work 

to combine the market position with the enterprise and products. Market positioning is 

defined on the basis of where the existing competitor products locate in the market. According 

to the consumers or users’ degree of attention on the features, attributes and core interests of a 

certain kind of product, the market positioning could help to create the distinctive personality 

or image of the enterprise products, and through specific marketing mix methods, it transfers 

the products’ distinctive personality or image to the users, which could affect the users’ 

consumer feeling. 
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3.6.2 Second class indicators of enterprise structure and their paraphrases  

Enterprise structure includes six second class indicators: governance structure, organizational 

structure, talent structure, resource structure, product mix and market structure, as shown in 

Table 3-3. 

Table 3-3 Second class indicators of enterprise structure 

First class indicator symbol Second class indicators of explanatory variable 

Enterprise structure 

X8 Governance structure 

X9 Organizational structure 

X10 Talent structure 

X11 Resource structure 

X12 Product mix 

X13 Market structure 

Items interpretation: 

Enterprise governance structure is an institutional framework, which contact and regulate the 

allocation of rights and obligations among shareholders, board of directors, and senior 

management, and the related appointment and supervision issues. A good enterprise 

governance structure could solve the profit distribution problem of all the parties, and plays a 

decisive role on determining whether the enterprise can operate efficiently and be competitive 

or not.  

Organizational structure means in accordance with the relevant laws and regulations, 

resolution of shareholders’ meeting, and Articles of Association, with the consideration of the 

enterprise’s actual situation, the enterprise shall clear the board of directors, board of 

supervisors, managers and all the internal levels’ institutional establishment, duty and 

authority, staffing, working procedure and relevant required institutional arrangement. 

Organizational structure is under the influence of many factors, like the enterprise 

management requirements, control positioning, management mode, business features and so 

on, but it is the basic element of organizing resources, building the process, conducting 

business and implementing management within the enterprise.  

Talent structure refers to combination configuration mode between the various elements that 

constitute the whole talents, including the number of the elements, configuration and the 

statues in the entire organization, etc. in short, talent structure is reasonable matching degree 

between the professional compositions, age echelon, educational background structure, 

quantitative structure of all kinds of talents in the enterprise and the business management, 

research and development, production, sales and the like of the enterprise.  
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Enterprise resource is the sum of all the elements that the enterprise owned or controlled. 

Enterprise resource could be classified as external resources and internal resources. The 

internal resources can be divided into human resource, financial and material resource, 

information resource, technical resource, management resource, controlled market resource, 

and internal environment resource; while the external resources can be divided into industry 

resource, industrial resource, market resource and external environment resource. Enterprise 

resource structure refers to the degree of match between the various enterprise resources and 

the enterprise development. A good match would promote the development of the enterprise; 

otherwise a bad match would block the enterprise’s development.  

Product mix is the sum of the proportion of product compositions and the interrelation of each 

composition. Product mix could reflect the nature of the enterprise’s production and its 

development level, the utilization of resources, and the extent of how much the market 

requirement has been satisfied.  

Market structure reflects a comprehensive state of the industry’s internal number of buyers 

and sellers, and their size distribution, the degree of product differentiation, and the difficulty 

degree of new enterprise enter into the industry. It also can be said that the market structure is 

the inner link and features between various elements in a market, including the relationship 

between market suppliers (and alternatives), between demanders, between the suppliers and 

demanders, and between the existing suppliers, demanders on the market and the future 

suppliers and demanders who are entering into the market. Market can be separated into four 

types of markets, the perfectly competitive market, monopolistic competition market, 

oligopolistic market and perfectly monopolistic market.  

3.6.3 Second class indicators of enterprise management system and their paraphrases 

Management system includes six second class indicators: rules and regulations, 

comprehensive budget management, financial management, human resource management, 

material resource management and information management, as shown in Table 3-4. 

Table 3-4 Second class indicators of enterprise management system 

First class indicator symbol Second class indicators of explanatory variable 

Enterprise 

management system 

X14 Rules and regulations 

X15 Comprehensive budget management 

X16 Financial management 

X17 Human resource management 

X18 Material resource management 

X19 Information management 
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Items interpretation: 

Perfect rules and regulations of the enterprise are the important content of enterprise 

standardized, normal, and sophisticated management. Rules and regulations are the 

enterprise’s soft power.  

Comprehensive budge management means to use the budget to allocate, assess and control 

enterprise internal departments and units’ all kinds of financial and non-financial resources, in 

order to effectively organize and coordinate productive and operational activities of the 

enterprise, and complete the established business objectives. Enterprise could monitor the 

progress of the implementation of the strategic objectives via budget, it is advantage to 

control expenses and forecast the enterprise’s cash flow and profit. Comprehensive budget 

reflects the enterprise’s financial status and operating results in a specific period in the future, 

the budget is based on the purpose of achieving the enterprise objective profits and take the 

sales forecast as the starting point, then forecast the production, costs and cash deposit and 

withdrawal, and make the projected profit-and-loss statement, projected cash flow statement 

and projected balance sheet.  

Financial management is an economic management work for an enterprise to organize its 

financial activities and deal with financial relations. Financial management is under an overall 

goal, the management of assets purchasing (investment), capital financing (financing), 

operating cash flow (working capital) and profit distribution.  

Human resources management is a process which is based on the requirements of enterprise 

development strategy, using scientific methods to coordinate relationships between people and 

things, to deal with the contradiction between people, and to give full play of human potential. 

It hopes talents can be made full use; things could be done properly by talents, and each 

people could do the affordable jobs, in order to achieve the organizational goals. 

Material resources management is to plan, configure and integrate the resources controlled or 

owned by the enterprise, so as to create the best resource combination and achieve the best 

benefit.  

Information management is a generic terms that the enterprise manages its information 

resources and information activities, including the collection, processing, input, storage and 

output of the information, in order to provide references for enterprise’s activities.  

3.6.4 Second class indicators of enterprise style and their paraphrases 

Enterprise style includes five second class indicators, such as cost control, risk control, 
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innovation willing, decision-making style and mechanism of rewards and punishments, as 

shown in Table 3-5. 

Table 3-5 Second class indicators of enterprise style 

First class indicator symbol Second class indicators of explanatory variable 

Enterprise style 

X20 Cost control 

X21 Risk control 

X22 Innovation willing 

X23 Decision-making style 

X24 Mechanism of rewards and punishments 

Items interpretation: 

Cost control’s process is a process of using fundamentals of system engineering to calculate, 

regulate and supervise all kinds of cost during the enterprise production and operation 

procedure, and it is also a process of discovering the weak link, exploring the internal 

potential and seeking every possible way to reduce the costs. Scientifically organizing the 

implementation of cost control could facilitate the enterprise to improve operation and 

management, change management mechanism, and improve the quality of enterprise, in order 

to make the enterprise to survive, develop and grow under the competitive environment.  

Enterprise risk control is to identify, measure, analyze and evaluate all kinds of risks that may 

arise within the enterprise, and to take timely and effective approach to prevent and control 

the risks at a proper time. It is a scientific management method by providing the most 

economic and reasonable ways to deal with risks, aim to achieve the maximum security. Risk 

control refers to that the risk managers shall adopt all kinds of efficient methods and measures, 

to eliminate or reduce the possibilities of risk events, or reduce the loss caused by the risk 

events. Risks might associate with the whole process of project implementation; it will 

increase the cost of the project, slow down the progress of the project, and make a big effect 

on the quality of the project, then affect the expected returns of the investors.  

Innovation willing is the enterprise’s new view or ideas carried out during the 

conceptualization process of some features like new thinking, new inventions and new 

description. Therefore, based on the views and ideas, the enterprise’s subjective thinking has 

been produced. It further determines the enterprise’s behaviors in the process of the new 

thinking, new inventions and new description’s conceptualization. 

Decision-making style means during the long-term decision making process, individual has 

formed a relatively stable decision-making tendency. Decision-making style has a significant 

impact on decision-making effect; people with different decision-making styles have different 
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preferences on the ways and steps of decision making, and different attitude and approaches 

towards the risks. Venture decision can only notice the possibility of success of these action 

plans, but ignore the plans’ negative consequences, so the enterprise has to always experience 

many ups and downs; cautious decision constantly notice the trend of that the things can go 

bad, and choose the final decision that could avoid devastating outcomes, this kind of decision 

is safe, and keep the income stability, but it can rarely make rapid development; while 

defensive decision is neither willing to face the risk of huge losses, nor want to give up the 

potential incomes, so this kind of decision has a lower innovation will, and is suitable for 

those traditional industries.  

Mechanism of rewards and punishments means the enterprise rewards or punishes its 

employees, in order to enhance the personnel administrative system. Rewards and 

punishments have the dual function of incentive and control, they complement each other, and 

neither can exist effectively without the other.  

3.6.5 Second class indicators of enterprise elite and their paraphrases 

Enterprise elite has five second class indicators; they are enterprise elite, management team, 

research and development team, production team, and sales team, as shown in Table 3-6. 

Table 3-6 Second class indicators of enterprise elite 

First class indicator symbol Second class indicators of explanatory variable 

Enterprise elite 

X25 Enterprise elite 

X26 Management team 

X27 Research and development team 

X28 Production team 

X29 Sales team 

Items interpretation: 

Enterprise elite represents the enterprise’s interest group, who has the significant 

decision-making power, and has an extremely important influence and role on the 

development of enterprise. Modern business operation is in fact playing a continuous 

commercial war, to participate in this war; it needs the commander and all kinds of generals, 

as the old saying goes, “general can lead the troops but commander can lead generals”. In 

enterprise, the so-called commander can be one person or one team. We call the enterprise 

commander as enterprise elite.  

Management team is a team that is responsible for making decisions, planning, organizing, 

leading and controlling all the resources owned by the enterprise, in order to achieve the 
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established objectives. In short, management team is general term of the heads of all levels 

and all types in an enterprise. 

Research and development team refers to those professionals engaging in researching and 

developing new products, new technology and new procedures in the enterprise. 

Production team means people who engage in production process operation in the enterprise. 

Sales team refers to people who help the enterprise to sell its products to the customers 

through market circulation, and to convert the enterprise products to cash flow.  

3.6.6 Second class indicators of enterprise capability and their paraphrases 

Enterprise capability includes six second class indicators, they are execution force, quick 

response capability, marketing capability, innovation capability, learning capability and 

research and development capability, as shown in Table 3-7. 

Table 3-7 second class indicators of enterprise capability 

First class indicator symbol Second class indicators of explanatory variable 

Enterprise capability 

X30 Execution force 

X31 Quick response capability 

X32 Marketing capability 

X33 Innovation capability 

X34 Learning capability 

X35 Research and development capability 

Items interpretation: 

Executive force is the ability to effectively use resources and achieve the goal with good 

quality, and also means the operation ability of implementing the strategic intent, and 

completing the intended target. It is the key point of transforming the enterprise strategy and 

plan into benefit and achievement. Executive force contains the willing of completing the task, 

the ability to complete the task and the extent to complete the task. For individual, the 

executive force is working ability; for team, the executive force is fighting capacity; and for 

enterprise, the executive force is operation capacity.  

Quick response capability means when facing the emergencies or accidental conditions, the 

enterprise’s coping capacity or strain capacity. Enterprise’s quick response capability is its 

ability to win the “unprepared battle”, it is the enterprise’s basic skill when developing in the 

fierce competitive environment and facing the ever-changing market environment, meanwhile 

it is also the basic quality of enterprise sustainable development.  
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Marketing capability is the enterprise ability to discover or explore the demand of prospective 

consumers, then promote and sell the products from building the whole atmosphere or 

creating its own products form. It also means the enterprise is capable to deep explore the 

product’s connotation to meet the needs of the prospective consumers, so that the prospective 

consumers can make a deep understanding of the products then purchase them. Marketing 

capability is even means the enterprise’s ability to explore, develop and lead the market.  

Innovation capacity means the enterprise is able to systematically accomplish all kinds of 

activities associated with innovation. 

Learning capability is the dynamic source of innovation; there is a saying “one discovers his 

ignorance only through learning”, it means only with constantly learning, one could innovate 

continually. Enterprise’s learning capability includes the “software”, like the enterprise 

learning environment and learning system, it also includes the “hardware”, such as all kinds 

of experiences changes, technical seminars or training seminars and so on. A learning 

enterprise is an enterprise that could skillfully create, obtain and transfer knowledge; it is also 

good at modifying its own products, developing new products and providing competitiveness, 

in order to adapt the changes of external environment.  

Research and development capability is through studying and mastering the existing scientific 

and technical knowledge, the enterprise is capable of determining the future market demand, 

allocating manpower, financial resources and material resources, researching and developing 

products meet the future market demand. Research and development capability is an 

important approach to obtain the market competition initiative, and is the concrete 

manifestation of enterprise’s product innovation.  

3.6.7 Second class indicators of enterprise culture and their paraphrases 

Enterprise culture is composed of three second class indicators: enterprise philosophy, 

enterprise values and enterprise spirit, as shown in Table 3-8. 

Table 3-8 Second class indicators of enterprise culture 

First class indicator symbol Second class indicators of explanatory variable 

Enterprise culture 

X36 Enterprise philosophy 

X37 Enterprise value 

X38 Enterprise spirit 

Items interpretation: 

Enterprise philosophy is the team spirit and behavior norms, which could on behalf of 
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enterprise’s belief, stimulate enterprise’s vitality, and promote enterprise’s production and 

operation. It is formed during the process of the enterprise’s continuous operation and 

long-term development, after inheriting the enterprise’s fine traditions and adapting to the 

requirement of modern times. It is actively advocated by entrepreneurs, and all the staffs 

practice conscientiously.  

Enterprise value is the value orientation of the enterprise and its employees, which refers to 

the basic belief and target revered by an enterprise in the process of pursuing business success. 

Enterprise value is the enterprise’s decision-makers’ choice of the enterprise nature, goal and 

mode of business operation, which is the common concept accepted by all the employees. 

Enterprise spirit refers to the enterprise’s staffs’ common inside attitude, ideological level and 

ideal pursuit.  

The above-mentioned 38 second class indicators have been given corresponding codes from 

X1 to X38, then through the above design, the questionnaire of this research has been formed, 

as is shown in Table 3-9. 

Table 3-9 Designed Questionnaire  

Questionnaire                                                           No:                

Research Questionnaire of factors influencing the Enterprise Sustainable 

Development 

This questionnaire is a research by EDBA student, which is aim at investigating factors that affect the 

enterprise sustainable development. It will conduct anonymously and the contents will not involve 

commercial secrets. The results will only be used for the research. According to Statistic Law, we 

promise to keep all the information confidentiality. We also promise to send you the research result by 

Email the first time, as a reference for you and your company for management or theory research. 

(Your Email:_________). 

There is no right or wrong options in this questionnaire, please based on your own experience, add the 

ticks “√” in the most suitable option box as you think.  

Please take your little precious time to fill in the questionnaire, thank you very much for your support 

and cooperation! 

EDBA student  HONG 

Huanzhong 

 

I、Personal information of respondent 
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(Please add “√” in corresponding box “口”, please tick one item only) 

S01.Your length of service in enterprise (including other enterprises you have worked in): 

 口 5-10 years,口 11-15 years,口 16-20 years,口 more than 20 years; 

S02. Your length of service in current enterprise: 

 口 5-10 years,口 11-15 years,口 16-20 years,口 more than 20 years; 

S03. Your position, please indicate the department you are charging now and you have charged in 

the past: 

 口 senior 口 middle level, the department you are taking charge of now___________________, 

the department you have taken charge of before____________________; 

S04. For the whole situation of the enterprise, you are: 

 口 very familiar,口 familiar,口 basic familiar; 

S05.For the whole situation of the industry, you are: 

 口 very familiar,口 familiar,口 basic familiar; 

II、Please based on your experience, mark the following items that affect the enterprise sustainable 

development 

(According to the importance of the factors, from “very not important”, “relatively not important”, 

“in general”, “relatively important”, “very important” , the corresponding number are 1, 2, 3, 4, 5, 

Please add “√” in corresponding number, and please tick one item only. For any questions about the 

items, please check the following interpretations): 

A. Enterprise strategic factors  

X1.Strategic transparency                                1   2   3   4   5 

X2.Strategiv enforceability                               1   2   3   4   5 

X3.Core competitiveness                                 1   2   3   4   5 

X4.Strategiv stability                                    1   2   3   4   5 

X5.Enterprise positioning                                 1   2   3   4   5 

X6.Profit model                                         1   2   3   4   5 

X7.Product positioning                                   1   2   3   4   5 

B. Enterprise Structure factors 

X8.Governance structure                                  1   2   3   4   5 

X9.Organizational structure                               1   2   3   4   5 

X10.Talent structure                                     1   2   3   4   5 

X11.Resource structure                                   1   2   3   4   5 
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X12.Product mix                                      1   2   3   4   5 

X13.Market structure                                  1   2   3   4   5 

C. Enterprise management system 

X14.Rules and regulations                               1   2   3   4   5 

X15.Comprehensive budget management                  1   2   3   4   5 

X16.Financial management                              1   2   3   4   5 

X17.Human resource management                        1   2   3   4   5 

X18.Material resource management                       1   2   3   4   5 

X19.Information management                            1   2   3   4   5 

D. Enterprise style 

X20.Cost control                                      1   2   3   4   5 

X21.Risk control                                      1   2   3   4   5 

X22.Innovation willing                                 1   2   3   4   5 

X23.Decision-making style                              1   2   3   4   5 

X24.Mechanism of rewards and punishment               1   2   3   4   5 

E. Enterprise elite 

X25.Enterprise elite                                   1   2   3   4   5 

X26.Management team                                 1   2   3   4   5 

X27.Research and development team                    1   2   3   4   5 

X28.Production team                                  1   2   3   4   5 

X29.Sales team                                       1   2   3   4   5 

F. Enterprise capability 

X30.Execution force                                    1   2   3   4   5 

X31.Quick response capabili ty                          1   2   3   4   5 

X32.Marketing capabil i ty                              1   2   3   4   5 

X33.Innovation capabil i ty                             1   2    3    4   5 

X34.Learning capabil i ty                               1   2   3   4   5 

X35.Research and development capabili ty                 1   2   3   4   5 

G. Enterprise culture 

X36.Enterprise philosophy                              1   2   3   4   5 
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X37.Enterprise value                                   1   2   3   4   5 

X38.Ennterprise spirit                                  1   2   3   4   5 

You have finished the questionnaire now, please check if there is any missing item. 

Once again, thank you for taking time to fill in the questionnaire  

Best wishes! 

The following are the interpretations of the above-mentioned factors, please check if you have any 

question. 

3.7 Issuance and collection of the questionnaire 

Since the questions in this questionnaire have the characteristics of strong comprehensiveness, 

therefore, the survey objects are mainly the senior management of the enterprise, and the 

middle managers who are familiar with the whole enterprise and industry-related 

circumstances, or who have served as directors in at least two or more departments for more 

than five years. Objectively speaking, the questionnaire’s degree of difficulty is quite high, 

and it takes about 15 minutes to carefully fill out the questionnaire. Therefore, in the process 

of the survey, with the help of various relations, the author has tried to get the respondents’ 

attention to fill in this questionnaire before they start to fill out it, and always be ready to 

answer all the confusions they may face when filling out the questionnaire (through on-site 

answer or by phone).  

It takes about 40 days to issue the questionnaires, mainly through the following five ways: 

First, issue through private relatives and friends. The author has contacted 56 friends working 

in enterprises, and then contacted their friends and relatives via them, after communicating 

and explaining carefully about the questionnaire, the author entrusted them to issue 

questionnaires. In this way, 235 questionnaires were sent and 140 were returned. After 

eliminating the invalid questionnaires, the author has obtained 103 valid questionnaires.  

Second, issues by calling the board secretaries of the listed companies, whose phone number 

have been published by the companies. The author has contacted 50 listed companies board 

secretaries, after kindly explaining, 36 companies agreed to help. The author entrusted the 

secretaries who were willing to help to send questionnaires, 45 have been sent and 31 have 

been returned; 25 are the valid questionnaires with good quality.  

Third, issue by sending email to enterprises’ senior managers, whose email addresses were 

show on their business cards collected by the author in the past. In this way, 25 questionnaires 

have been issued and 15 have been returned, and 10 of the 15 questionnaires are valid ones. 



  

58 

Although the return rate was not high, but the returned questionnaires had relatively high 

efficiency. 

Fourth, by using the opportunity of individual interview, the author has issued 28 

questionnaires to senior managers from 15 enterprises in Fuzhou, Xiamen, Quanzhou and 

Putian in Fujian Province. Then the author has collected 28 questionnaires back and all of 

them are valid.  

Fifth, the author took advantage of the opportunities to join meeting, sent 23 questionnaires to 

senior managers or middle managers who participated into the meeting. 21 questionnaires 

have returned and 21 are valid.  

Therefore, this survey has totally issues 356 questionnaires, and has returned 238. After a 

careful effective interpretation, the author finally obtained 186 valid questionnaires. The 

overall response rate is 66.85%; while in the returned questionnaires, the effective response 

rate is 78.15%. Questionnaires are considered as invalid in the following circumstances: 

Respondents who work in enterprises less than 5 years; 

Non-enterprise senior managers or middle managers; 

Although the respondents are middle managers, but they have only in charge of one 

department; 

Although the respondents are familiar with the overall situation of enterprise, but they are not 

familiar with the situation of industry; 

Different respondents from the same enterprise graded totally different. 

Respondents have missed some questions in the questionnaire, or one item has been graded 

twice.  
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Chapter IV Research on influential factors of enterprise sustainable 

development based on principal component analysis 

A Synopsis of this Chapter 

Based on the principal component analysis, the questionnaire survey data have been 

processed. The conclusion shows that although there are many factors that affect the 

enterprise sustainable development, but there are only five core factors (SDE5), enterprise 

management, management strategy, enterprise elite, enterprise innovation and enterprise 

culture. When comparing the SDE5 and their weights with the five main factors announced by 

the WHO, which affect human health and longevity (WHO5) and their weights, it can be 

found that SDE5 and WHO5 not only have a quite close weight proportion, more importantly, 

their physical meanings are very similar. By analyzing the connotation of the influence factors, 

enterprise management (weight 63%) is equal to personal habit (weight 60%), enterprise 

strategy (19%) is equal to genetic factor (15%), enterprise elite (9%) is equal to social factor 

(10%), enterprise innovation is equal to medical condition (8%), and enterprise culture (4%) 

is equal to climate environment (7%). The author believes this is not a phenomenon of 

coincidence, but the essential embodiment of the intersection of “life entity” between the 

enterprise life and personal life. This chapter confirms that the enterprise organism and human 

life have the similarity, and the main factors influence the life of enterprise organism and the 

main factors influence the human health and longevity have the similarity as well. This 

finding has added a quite powerful evidence for the enterprise life cycle theory. 

4.1 Introduction  

Principal component analysis (PCA) is a statistical procedure that uses an orthogonal 

transformation to convert a set of observations of possibly correlated variables into a set of 

values of linearly uncorrelated variables, while during the transformation the variance is 

unchanged, only classified the original multiple variables into a few comprehensive indexes. 

PCA is mathematically defined as a dimension-reduced data treatment method. In practical, in 

order to comprehensively and systematically analyze the problems, we must take a number of 

effect factors into consideration. These factors are generally referred to as the indicators, and 

also named as variables in multivariate statistical analysis. Since each variable reflects some 

certain information of the research questions in different extent, and indicators have certain 
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correlation between each other, so the information reflected by the statistical data overlaps to 

a certain extent.  

The purpose of principal component analysis is to extract information, so there is no too strict 

requirement on the sample size. Except the sample size, since the “principal component” shall 

be extracted from many variables, a default precondition is provided that there must be a 

certain correlation between the variables, otherwise the variables cannot share information 

between each other and the principal component cannot be extracted, moreover, it cannot 

fulfill the purpose of reducing dimensions. Thus, it is the most strict precondition requirement 

of principal component analysis.  

This chapter focuses on by using some statistical methods to extract a few indicator variables 

from the 38 indicator variables which are summarized from questionnaires data, and these a 

few indicator variables are the “core factors” that affect the enterprise sustainable 

development. Therefore, in this chapter, the author carries out the statistical analysis by using 

principal component analysis and MINITAB software.  

4.2 Descriptive statistics of original data  

To facilitate the examination on indicator variable setting situation, variable symbol and item 

title, we have listed the questionnaire items, which are designed in chapter 4, in Table 4-1. 

Table 4-1 Designed questionnaire items summary sheet 

First class 

variable  
symbol 

Second class 

variable 

First class 

variable 
symbol 

Second class 

variable 

Enterprise 

strategy 

X1 
Strategic 

transparency 

Enterprise 

style 

X20 Cost control 

X2 
Strategic 

enforceability 
X21 Risk control 

X3 
Core 

competitiveness 
X22 Innovation willing 

X4 Strategic stability X23 
Decision-making 

style 

X5 
Enterprise 

positioning 
X24 

Mechanism of 

rewards and 

punishments 

X6 Profit model 

Enterprise 

elite 

X25 Enterprise elite 

X7 Product positioning X26 Management team 

Enterprise X8 Governance X27 Research and 
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structure structure development team 

X9 
Organizational 

structure 
X28 Production team 

X10 Talent structure X29 Sales team 

X11 Resource structure 

Enterprise 

capability 

X30 Execution force 

X12 Product mix X31 
Quick response 

capability 

X13 Market structure X32 Marketing capability 

Management 

system 

X14 
Rules and 

regulations 
X33 Innovation capability 

X15 
Comprehensive 

budget management 
X34 Learning capability 

X16 
Financial 

management 
X35 

Research and 

development 

capability 

X17 
Human resource 

management 

Enterprise 

culture 

X36 
Enterprise 

philosophy 

X18 
Material resource 

management 
X37 Enterprise value 

X19 
Information 

management 
X38 Enterprise spirit 

Table 4-2 is the descriptive statistical table of the sample data, it shows the sample number N, 

and the mean value and standard deviation of each sample that have been involved in the 

calculation. 

Table 4-2 Descriptive statistical table of sample data 

variable N 
Mean 

value 

Standard 

deviation  
variable N 

Mean 

value 

Standard 

deviation 

x1 186 4.1183 0.7760 
 

x20 186 4.0645 0.8613 

x2 186 3.3011 0.8419 
 

x21 186 3.5054 1.3038 

x3 186 4.1935 0.7817 
 

x22 186 4.1183 0.8428 

x4 186 3.7634 1.1043 
 

x23 186 3.8065 1.0731 

x5 186 3.9462 1.0012 
 

x24 186 3.5914 1.1507 

x6 186 3.7849 1.0690 
 

x25 186 3.5914 0.8790 

x7 186 3.3118 0.6815 
 

x26 186 3.6290 0.8681 

x8 186 3.8495 1.0287 
 

x27 186 3.5699 0.6641 

x9 186 3.2151 0.8034 
 

x28 186 3.4839 0.7727 

x10 186 4.0323 0.9236 
 

x29 186 3.4086 0.7532 
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x11 186 3.5914 1.2235 
 

x30 186 4.0323 0.9236 

x12 186 4.1075 0.9000 
 

x31 186 3.7957 1.1058 

x13 186 4.0968 1.3562 
 

x32 186 3.6129 1.1393 

x14 186 3.8817 1.1470 
 

x33 186 4.0000 0.9529 

x15 186 4.0430 0.8934 
 

x34 186 3.6237 1.1847 

x16 186 3.6022 1.1776 
 

x35 186 3.5376 0.6984 

x17 186 3.8172 1.2385 
 

x36 186 3.4624 0.9248 

x18 186 4.2043 1.1443 
 

x37 186 3.7204 0.6471 

x19 186 4.1720 1.2269 
 

x38 186 3.4194 1.0115 

4.3 Principal component analysis of data  

4.3.1 Data correlations 

Before doing the principal component analysis, a correlation analysis of the source data needs 

to be provided in order to estimate whether the sample data has a relatively high correlation 

between each other. If the independence of the sample data is stronger, and the correlation is 

poor, then the result of the principal component analysis wouldn’t be well, or it cannot even 

achieve the purpose of reducing dimensions. Only when the sample correlation is relatively 

high, the principal component analysis shall be adopted. It is generally considered that when 

the correlation coefficient between most of the source data variables is less than 0.3, then the 

effect of using principal component analysis is not obviously. 

Table 4-3 describes the correlation coefficient matrix between sample variables. It can be seen 

from the values in the table that correlation of the source data in this research is relatively 

high, so according to the precondition of the principal component analysis, the sample data is 

suitable for the use of principal component analysis.  

Table 4-3 Correlation coefficient matrix between each variable 

  x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 

x1 1 
         

x2 0.177 1 
        

x3 0.835 0.149 1 
       

x4 0.727 0.391 0.623 1 
      

x5 0.885 0.199 0.801 0.722 1 
     

x6 0.826 0.277 0.749 0.836 0.797 1 
    

x7 0.247 0.693 0.201 0.307 0.254 0.211 1 
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x8 -0.127 0.627 -0.078 0.140 -0.008 -0.020 0.599 1 
  

x9 0.167 0.831 0.166 0.533 0.270 0.394 0.696 0.798 1 
 

x10 0.447 0.794 0.418 0.622 0.516 0.576 0.723 0.733 0.894 1 

x11 0.097 0.781 0.134 0.400 0.203 0.263 0.724 0.827 0.904 0.901 

x12 0.384 0.642 0.339 0.586 0.438 0.474 0.641 0.683 0.798 0.867 

x13 0.657 0.666 0.589 0.817 0.633 0.783 0.453 0.336 0.636 0.826 

x14 0.332 0.731 0.321 0.626 0.456 0.579 0.532 0.58 0.861 0.871 

x15 0.421 0.809 0.406 0.597 0.498 0.559 0.688 0.701 0.876 0.981 

x16 0.075 0.841 0.113 0.343 0.183 0.275 0.654 0.807 0.868 0.867 

x17 0.461 0.654 0.439 0.656 0.445 0.640 0.625 0.589 0.800 0.912 

x18 0.606 0.497 0.602 0.808 0.727 0.805 0.389 0.329 0.658 0.792 

x19 0.626 0.630 0.551 0.876 0.615 0.778 0.427 0.432 0.719 0.835 

x20 0.409 0.793 0.383 0.59 0.462 0.555 0.675 0.700 0.863 0.969 

x21 0.24 0.786 0.238 0.406 0.286 0.365 0.728 0.766 0.825 0.92 

x22 0.706 -0.005 0.621 0.739 0.763 0.652 0.18 0.033 0.266 0.384 

x23 0.119 0.627 0.18 0.125 0.262 0.114 0.733 0.747 0.638 0.77 

x24 0.054 0.786 0.082 0.383 0.122 0.280 0.66 0.825 0.856 0.867 

x25 0.420 0.182 0.407 0.290 0.386 0.343 0.241 0.135 0.194 0.329 

x26 0.419 0.168 0.401 0.286 0.387 0.345 0.233 0.137 0.193 0.325 

x27 -0.111 0.330 -0.078 -0.169 0.03 -0.177 0.417 0.617 0.417 0.411 

x28 0.247 0.489 0.202 0.034 0.341 0.140 0.667 0.609 0.546 0.629 

x29 0.25 0.504 0.278 0.078 0.416 0.190 0.582 0.61 0.569 0.665 

x30 0.447 0.794 0.418 0.622 0.516 0.576 0.723 0.733 0.894 0.986 

x31 0.142 0.67 0.165 0.128 0.302 0.173 0.673 0.762 0.707 0.790 

x32 0.138 0.629 0.163 0.288 0.209 0.286 0.692 0.771 0.729 0.865 

x33 0.731 0.310 0.61 0.853 0.782 0.722 0.25 0.066 0.452 0.516 

x34 0.131 0.710 0.196 0.262 0.192 0.328 0.635 0.645 0.756 0.821 

x35 0.022 0.330 0.056 -0.016 0.181 -0.047 0.554 0.67 0.525 0.476 

x36 -0.182 0.626 -0.154 0.214 -0.031 -0.118 0.482 0.63 0.651 0.451 

x37 0.561 0.195 0.61 0.436 0.677 0.694 0.358 0.196 0.366 0.558 

x38 0.136 0.365 0.211 0.089 0.204 0.224 0.382 0.539 0.467 0.587 

Continued Table 4-3 Correlation coefficient matrix between each variable (connect to the 

right) 

 
x11 x12 x13 x14 x15 x16 x17 x18 x19 x20 

x11 1 
         

x12 0.796 1 
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x13 0.623 0.691 1 
       

x14 0.813 0.714 0.744 1 
      

x15 0.896 0.828 0.835 0.886 1 
     

x16 0.877 0.704 0.647 0.845 0.885 1 
    

x17 0.842 0.779 0.828 0.883 0.906 0.795 1 
   

x18 0.624 0.65 0.837 0.809 0.800 0.574 0.789 1 
  

x19 0.659 0.727 0.932 0.783 0.822 0.654 0.832 0.853 1 
 

x20 0.887 0.821 0.837 0.861 0.973 0.883 0.903 0.771 0.828 1 

x21 0.903 0.792 0.73 0.806 0.919 0.920 0.874 0.597 0.675 0.929 

x22 0.183 0.432 0.453 0.238 0.323 -0.018 0.332 0.603 0.555 0.317 

x23 0.771 0.643 0.429 0.579 0.776 0.777 0.616 0.446 0.362 0.745 

x24 0.887 0.742 0.642 0.790 0.859 0.956 0.797 0.556 0.678 0.878 

x25 0.191 0.281 0.319 0.22 0.312 0.187 0.298 0.298 0.331 0.292 

x26 0.182 0.28 0.311 0.222 0.306 0.188 0.299 0.294 0.329 0.285 

x27 0.528 0.385 -0.038 0.188 0.359 0.347 0.154 0.130 0.091 0.351 

x28 0.530 0.523 0.223 0.467 0.604 0.593 0.443 0.279 0.208 0.578 

x29 0.604 0.533 0.300 0.469 0.673 0.586 0.440 0.442 0.321 0.626 

x30 0.901 0.867 0.826 0.871 0.981 0.867 0.912 0.792 0.835 0.969 

x31 0.753 0.663 0.417 0.629 0.797 0.776 0.572 0.46 0.385 0.769 

x32 0.871 0.752 0.612 0.685 0.850 0.827 0.800 0.542 0.566 0.857 

x33 0.325 0.492 0.627 0.504 0.502 0.212 0.458 0.724 0.740 0.494 

x34 0.833 0.641 0.601 0.747 0.853 0.83 0.785 0.639 0.558 0.824 

x35 0.512 0.475 -0.01 0.323 0.422 0.446 0.264 0.186 0.106 0.409 
 

x36 0.598 0.433 0.214 0.500 0.440 0.626 0.329 0.217 0.301 0.451 

x37 0.374 0.460 0.462 0.465 0.516 0.293 0.543 0.647 0.429 0.498 

x38 0.537 0.502 0.360 0.420 0.590 0.527 0.497 0.379 0.325 0.558 

Continued Table 4-3 Correlation coefficient matrix between each variable (connect to the right) 

  x21 x22 x23 x24 x25 x26 x27 x28 x29 x30 

x21 1 
         

x22 0.103 1 
        

x23 0.812 0.037 1 
       

x24 0.917 0.039 0.759 1 
      

x25 0.252 0.263 0.248 0.187 1 
     

x26 0.243 0.267 0.242 0.183 0.976 1 
    

x27 0.34 0.130 0.550 0.391 0.123 0.116 1 
   

x28 0.614 0.127 0.792 0.528 0.261 0.269 0.576 1 
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x29 0.559 0.230 0.807 0.506 0.294 0.299 0.721 0.847 1 
 

x30 0.920 0.384 0.77 0.867 0.329 0.325 0.411 0.629 0.665 1 

x31 0.792 0.072 0.932 0.741 0.247 0.242 0.645 0.863 0.88 0.790 

x32 0.926 0.082 0.858 0.877 0.246 0.237 0.450 0.619 0.614 0.865 

x33 0.252 0.862 0.063 0.217 0.277 0.274 0.102 0.147 0.256 0.516 

x34 0.817 -0.009 0.81 0.799 0.225 0.221 0.398 0.554 0.694 0.821 

x35 0.460 0.185 0.673 0.463 0.192 0.188 0.758 0.737 0.710 0.476 

x36 0.522 0.04 0.407 0.615 -0.032 -0.041 0.343 0.321 0.208 0.451 

x37 0.412 0.576 0.435 0.296 0.273 0.276 0.247 0.467 0.480 0.558 

x38 0.572 0.094 0.638 0.520 0.218 0.221 0.415 0.555 0.625 0.587 

Continued Table 4-3 Correlation coefficient matrix between each variable (connect to the right) 

  x31 x32 x33 x34 x35 x36 x37 x38 

x31 1 
       

x32 0.812 1 
      

x33 0.164 0.119 1 
     

x34 0.783 0.845 0.124 1 
    

x35 0.745 0.467 0.146 0.403 1 
   

x36 0.421 0.325 0.258 0.248 0.517 1 
  

x37 0.449 0.41 0.456 0.384 0.382 0.037 1 
 

x38 0.662 0.653 0.045 0.642 0.406 0.052 0.403 1 

4.3.2 Eigenvectors, eigenvalue, and its contribution rate and cumulative contribution 

rate 

The eigenvector matrix of the sample data has been obtained by calculating via MINITAB, 

and in order to save space, only the top ten eigenvectors of principal component have been 

listed in Table 4-4. While Table 4-5 shows the eigenvalue, contribution rate and cumulative 

contribution rate of each principal component. Figure 4-1 is the variable-eigenvalue scree 

plot.  

Table 4-4 Top 10 eigenvectors 

Variables PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 

x1 0.097 0.31 -0.142 0.024 -0.036 0.24 -0.011 -0.23 -0.092 0.015 

x2 0.172 -0.085 0.163 -0.015 0.123 0.321 0.314 -0.111 0.054 -0.228 

x3 0.095 0.276 -0.161 0.071 -0.083 0.174 -0.038 -0.032 -0.105 0.138 

x4 0.132 0.273 0.16 -0.129 0.083 -0.04 -0.07 -0.064 -0.052 -0.047 

x5 0.116 0.277 -0.188 -0.088 -0.081 0.17 0.095 0.05 -0.135 0.191 
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x6 0.124 0.298 0.021 0.075 -0.126 -0.004 -0.031 0.171 0.043 -0.178 

x7 0.162 -0.09 -0.055 -0.06 0.081 0.364 -0.318 -0.321 0.392 -0.358 

x8 0.161 -0.209 0.013 -0.102 0.097 -0.222 -0.114 -0.048 -0.219 0.101 

x9 0.195 -0.066 0.124 -0.141 0.090 -0.061 0.061 0.086 0.052 -0.345 

x10 0.217 0.006 0.031 0.007 -0.017 -0.023 -0.009 -0.062 0.007 0.007 

x11 0.197 -0.111 0.099 -0.048 0.027 -0.151 -0.043 -0.033 0.225 0.011 

x12 0.189 0.007 0.023 -0.083 0.038 -0.155 -0.224 -0.25 -0.111 -0.04 

x13 0.175 0.169 0.178 0.124 -0.029 0.054 0.069 -0.168 -0.066 0.148 

x14 0.191 0.023 0.161 -0.004 -0.017 0.036 0.128 0.384 -0.003 -0.097 

x15 0.215 0.001 0.055 0.047 -0.039 0.015 0.103 -0.024 -0.005 0.04 

x16 0.192 -0.127 0.144 0.06 0.034 0.095 0.085 0.159 -0.149 0.072 

x17 0.197 0.052 0.133 0.120 -0.053 -0.056 -0.212 0.063 0.117 -0.064 

x18 0.174 0.177 0.058 -0.021 -0.109 -0.146 0.167 0.242 0.177 0.098 

x19 0.178 0.169 0.174 -0.013 0.065 -0.135 0.123 -0.122 -0.060 0.084 

x20 0.212 -0.001 0.077 0.040 -0.030 -0 0.045 -0.052 -0.019 0.105 

x21 0.201 -0.086 0.093 0.102 -0.008 0.085 -0.193 -0.036 -0.095 0.146 

x22 0.084 0.272 -0.148 -0.328 0.01 -0.263 -0.153 -0.165 0.023 -0.017 

x23 0.175 -0.162 -0.151 0.086 -0.089 0.145 -0.085 -0.026 -0.003 0.292 

x24 0.190 -0.126 0.157 0.038 0.055 -0.055 -0.088 0.054 -0.086 0.133 

x25 0.079 0.107 -0.235 0.315 0.553 -0.082 -0.002 0.089 0.04 -0.007 

x26 0.078 0.108 -0.238 0.317 0.549 -0.089 -0.003 0.104 0.022 -0.032 

x27 0.094 -0.188 -0.282 -0.250 0.034 -0.311 0.245 -0.155 0.294 0.118 

x28 0.145 -0.127 -0.301 -0.035 -0.064 0.315 -0.023 0.026 -0.196 -0.141 

x29 0.154 -0.099 -0.322 -0.028 -0.11 0.039 0.374 -0.049 0.072 0.017 

x30 0.217 0.006 0.031 0.007 -0.017 -0.023 -0.009 -0.062 0.007 0.007 

x31 0.179 -0.156 -0.182 0.011 -0.084 0.109 0.135 0.04 -0.111 0.132 

x32 0.188 -0.118 0.013 0.174 -0.094 -0.124 -0.241 -0.146 0.065 0.243 

x33 0.114 0.264 -0.005 -0.333 0.109 -0.047 0.22 -0.064 0.003 -0.058 

x34 0.182 -0.105 0.03 0.227 -0.148 -0.048 0.192 0.055 0.332 -0.062 

x35 0.116 -0.165 -0.306 -0.289 0.079 -0.006 -0.148 0.172 -0.068 0.021 

x36 0.104 -0.148 0.169 -0.405 0.294 0.181 -0.08 0.256 -0.219 0.030 

x37 0.127 0.140 -0.228 -0.037 -0.252 -0.035 -0.343 0.470 0.203 -0.088 

x38 0.132 -0.087 -0.161 0.223 -0.236 -0.332 0.054 -0.092 -0.492 -0.526 

Table 4-5 Eigenvalue, contribution rate and cumulative contribution rate of principal 

component 

Variable pc1 pc2 pc3 pc4 pc5 pc6 pc7 pc8 pc9 pc10 
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Eigenvalue 20.87 6.392 2.895 1.753 1.437 0.818 0.606 0.574 0.435 0.341 

Contribution 

rate 
0.549 0.168 0.076 0.046 0.038 0.022 0.016 0.015 0.011 0.009 

Accumulation   0.549 0.717 0.794 0.84 0.878 0.899 0.915 0.93 0.942 0.951 

Variable pc11 pc12 pc13 pc14 pc15 pc16 pc17 pc18 pc19 pc20 

Eigenvalue 0.322 0.274 0.242 0.198 0.179 0.159 0.11 0.096 0.088 0.064 

Contribution 

rate 
0.008 0.007 0.006 0.005 0.005 0.004 0.003 0.003 0.002 0.002 

Accumulation   0.959 0.966 0.973 0.978 0.983 0.987 0.99 0.992 0.995 0.996 

Variable pc21 pc22 pc23 pc24 pc25 pc26 pc27 pc28 pc29 pc30 

Eigenvalue 0.049 0.036 0.022 0.019 0.012 0.004 0 0 0 0 

Contribution 

rate 
0.001 0.001 0.001 0.001 0 0 0 0 0 0 

Accumulation   0.998 0.998 0.999 1 1 1 1 1 1 1 

Variable pc31 pc32 pc33 pc34 pc35 pc36 pc37 pc38 
  

Eigenvalue -0 -0 -0 -0 -0 0 -0 -0 
  

Contribution 

rate 
-0 -0 -0 -0 -0 0 -0 -0 

  

Accumulation   1 1 1 1 1 1 1 1 
  

 

Figure 4-1 Variable-eigenvalue scree plot 
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4.3.3 Confirm the number of principal components 

From the principle of principal component analysis, strictly speaking, each indicator variable 

is equal to a principal component; it is just use the variance and eigenvector to express the 

source data. 

There are generally three ways to select the principal component: first, select the components 

if their eigenvalues are more than or equal to 1; second, select the components which 

cumulative contribution rate is more than 85%; and third, confirm the components based on 

the turning points where the reduced speed of the eigenvalue is obviously slowing down in 

the variable-eigenvalue scree plot. Of course, the components can also selected by directly 

regulating the number of the principal components by the researchers. While in this 

dissertation, the so called principal components refer to a few anterior principal components, 

which eigenvalue’s cumulative contribution rate is more than 85%. 

It can be seen from Table 4-5 that accumulated to PC5, the total cumulative contribution rate 

is 87.8%, which has satisfied the general requirement of principal component analysis that “if 

the cumulative contribution rate is more than 85%, then the components can interpret most of 

the information of the source data”, meanwhile, the eigenvalue of PC6 is less than 1, only 

0.818. Also we could see from Figure 4-1, PC5 is the turning point where the eigenvalue 

starts to slow down. Therefore, from the three aspects above, we believe that it is appropriate 

if the number of principal component is 5.  

4.4 Principal component expression and the new indicator variables analysis 

After confirming the 5 principal components, we write the first principal component to the 

fifth principal component expressions of the indicator variables and the corresponding 

eigenvectors (Table 4-4) : 

PC1=0.097X1+0.172X2+0.095X3+0.132X4+0.116X5+0.124X6+0.162X7+0.161X8+0.195X9+0

.217X10+ 

0.197X11+0.189X12+0.175X13+0.191X14+0.215X15+0.192X16+0.197X17+0.174X18+0.1

78X19+ 

0.212X20+0.201X21+0.084X22+0.175X23+0.19X24+0.079X25+0.078X26+0.094X27+0.14

5X28+ 

0.154X29+0.217X30+0.179X31+0.188X32+0.114X33+0.182X34+0.116X35+0.104X36+0.1

27X37+ 0.132X38                                                                

Formula (5-1) 
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PC2=0.310X1-0.085X2+0.276X3+0.273X4+0.277X5+0.298X6-0.090X7-0.209X8-0.066X9+0.0

06X10- 

0.111X11+0.007X12+0.169X13+0.023X14+0.001X15-0.127X16+0.052X17+0.177X18+0.16

9X19-0.001X20-0.086X21+0.272X22-0.162X23-0.126X24+0.107X25+0.108X26-0.188X27-0

.127X28-0.099X29+0.006X30- 0.156X31-0.118X32+ 

0.264X33-0.105X34-0.165X35-0.148X36+0.14X37-0.087X38            Formula (5-2) 

PC3=-0.142X1+0.163X2-0.161X3+0.16X4-0.188X5+0.021X6-0.055X7+0.013X8+0.124X9+0.0

31X10+ 

0.099X11+0.023X12+0.178X13+0.161X14+0.055X15+0.144X16+0.133X17+0.058X18+0.

174X19+ 

0.077X20+0.093X21-0.148X22-0.151X23+0.157X24-0.235X25-0.238X26-0.282X27-0.301

X28-0.322X29+ 0.031X30-0.182X31+0.013X32- 

0.005X33+0.03X34-0.306X35+0.169X36-0.228X37-0.161X38  

F

ormula (5-3) 

PC4=0.024X1-0.015X2+0.071X3-0.129X4-0.088X5+0.075X6-0.06X7-0.102X8-0.141X9+0.007

X10-0.048X11- 

0.083X12+0.124X13-0.004X14+0.047X15+0.06X16+0.12X17-0.021X18-0.013X19+0.04X20

+0.102X21- 

0.328X22+0.086X23+0.038X24+0.315X25+0.317X26-0.25X27-0.035X28-0.028X29+0.007

X30+0.011X31+ 0.174X32-0.333X33+ 0.227X34-0.289X35-0.405X36-0.037X37+0.223X38               

Formula (5-4) 

PC5=-0.036X1+0.123X2-0.083X3+0.083X4-0.081X5-0.126X6+0.081X7+0.097X8+0.09X9-0.01

7X10+ 

0.027X11+0.038X12-0.029X13-0.017X14-0.039X15+0.034X16-0.053X17-0.109X18+0.065

X19-0.03X20- 

0.008X21+0.01X22-0.089X23+0.055X24+0.553X25+0.549X26+0.034X27-0.064X28-0.11

X29-0.017X30- 

0.084X31-0.094X32+0.109X33-0.148X34+0.079X35+0.294X36-0.252X37-0.236X38      

Formula (5-5) 

The contribution rate of the first principal component is 54.9%, the contribution rate of the 

second principal component is 16.8%, the contribution rate of the third principal component is 

7.6%, the contribution rate of the fourth principal component is 4.6%, and the contribution 
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rate of the fifth principal component is 3.8%; so cumulative contribution rate of the top 5 

principal components is 87.8%. 

In PC1 expression, the indicator variables with relatively larger coefficient absolute value are 

X9 (organizational structure), X10 (talent structure), X11 (resource structure), X14 (rules and 

regulations), X15 (comprehensive budget management), X16 (financial management), X17 

(human resource management), X20 (cost control), X21 (risk control), X24 (mechanism of 

rewards and punishments) and X30 (execution force), their weight coefficient are 0.195, 

0.217, 0.197, 0.191, 0.215, 0.192, 0.197, 0.212, 0.201, 0.19 and 0.217 respectively. Obviously, 

the indicators above are mainly closely related to enterprise management. Therefore, the first 

principal component is on behalf of enterprise management.  

In PC2 expression, the indicator variables with relatively larger coefficient absolute value 

include X1 (strategic transparency), X3 (core competitiveness), X4 (strategic stability), X5 

(enterprise positioning), X6 (profit model), X8 (governance structure), and X33 (innovation 

capability), and their weight efficient are 0.31, 0.276, 0.273, 0.277, 0.298, -0.209 and 0.264 

separately. So it is obvious that these indicators are mainly closely related to enterprise 

strategy, thus the second principal component represents for enterprise strategy.  

In PC3 expression, the indicator variables with relatively larger coefficient absolute value 

include X25 (enterprise elite), X26 (management team), X27 (research and development 

team), X28 (production team), X29 (sales team), X35 (research and development capability) 

and X37 (enterprise value), and their weight efficient are -0.235, -0.238, -0.282, -0.301, 

-0.322, -0.306 and -0.228. Apparently, these indicators are mainly closely related to all kinds 

of talents in the enterprise, so the third principal component is enterprise elite.  

In PC4 expression, the indicator variables with relatively larger coefficient absolute value are 

X22 (innovation willing), X25 (enterprise elite), X26 (management team), X27 (research and 

development team), X33 (innovation capacity), X34 (learning capability), X35 (research and 

development capability), X36 (enterprise philosophy) and X38 (enterprise spirit); and their 

weight efficient are -0.328, 0.315, 0.317, -0.25, -0.333, 0.227, -0.289, -0.405 and 0.223. 

Obviously, these indicators are mainly closely associated with enterprise innovation. 

Therefore, the fourth principal component means enterprise innovation.  

In PC5 expression, the indicator variables with relatively larger coefficient absolute value 

involve X25 (enterprise elite), X26 (management team), X36 (enterprise philosophy), X37 

(enterprise value) and X38 (enterprise spirit); while their weight efficient are 0.553, 0.549, 

0.294, -0.252 and -0.236 respectively. It is obvious that these indicators are mainly closely 
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associated with enterprise culture, so the fifth principal component is on behalf of enterprise 

culture.  

4.5 Discussion on the new indicator variables 

When designing the questionnaire in chapter III, we have firstly carried out and further 

explained the concept of McKinsey 7S model, then use the extended concept as the first-class 

indicator variables that affect the enterprise sustainable development, those variables are 

enterprise strategy, organizational structure, management system, enterprise style, enterprise 

elite, enterprise capability and enterprise culture separately. Later, we have categorized the 38 

second-class indicators that affect the enterprise sustainable development, which we have 

collected and catalogued through literature retrieval and interviews, into the seven first-class 

indicators, and finally formed the questionnaire. In the end, we have done the questionnaire 

survey and collected the source data.  

By the abovementioned principal component analysis, this dissertation holds that the most 

important factors that influence the enterprise sustainable development are enterprise 

management system, enterprise strategy, enterprise elite, enterprise innovation and enterprise 

culture, thus the five factors are the core factors of enterprise sustainable development; and to 

keep it simple in the dissertation, we denote those core factors that affect the enterprise 

sustainable development as SDE5.  

According to Professor Chengkui Wan[98], who is the top health expert from Chinese Ministry 

of Health, the World Health Organization have announced such a data: the health and 

longevity of human beings is mainly related to five factors, genetic factor, social factor, 

medical condition, climatic environment, and living way and habit of the person himself. 

While the effect weight of each factor is 15%, 10%, 8%, 7%, and 60%. It can be seen that 

healthy lifestyle and habit is the most important factor for human health and longevity. We 

denote the five main factors announced by the WHO, which affect human health and 

longevity as WHO5.  

If respectively divide the contribution rate of the five principal components above by their 

cumulative contribution rate, then the enterprise management is 63%, management strategy is 

19%, enterprise elite is 9%, enterprise innovation is 5% and enterprise culture is 4%. 

Table 4-6 Effect weight comparison between SDE5 and WHO5 

SDE5   WHO5 

Enterprise management 63% 
 

Personal habit 60% 
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Enterprise strategy 19% 
 

Genetic factor 15% 

Enterprise elite 9% 
 

Social factor 10% 

Enterprise innovation 5% 
 

Medical condition 8% 

Enterprise culture 4% 
 

Climate environment 7% 

Table 4-6 shows that as a human being of the natural biological system, and as an enterprise 

of the artificial system, the factors that impact their health and longevity have a high degree of 

similarity, so does the effect weight. We have to admire those pioneers who have put forward 

the theory of enterprise lifecycle for their wise and great ideas.  

It is worth discussing that, SDE5 and WHO5 are not only having a quite close weight 

proportion, more importantly, their physical meanings are very similar.  

First of all, the enterprise management style is a performance of the characteristics of 

enterprise executives or enterprise elites. In the process of managing the enterprise, all the 

enterprise actions and interests, including establishing the enterprise rules and regulations, 

building the enterprise culture, willing to innovation, risk preference, and decision-making 

style, have reflected the enterprise managers’ personality, temper, likes and dislikes. Those 

human characteristics have turned into the enterprise’s characteristics via enterprise 

management, and logically, these characteristics have become the enterprise habit.  

Secondly, enterprise strategy is an enterprise’s comprehensive plan, which is made on the 

basis of a comprehensive analyzing the enterprise internal resource and capability, as well as a 

subjective judgment of the enterprise external environment, including the national policies, 

market environments, technological level, industry dynamics, and development tendency. The 

enterprise strategy is also established after a wholly consideration of all the basic, long-term 

and overall issues relate to the enterprise sustainable development, such as the enterprise 

development ideas, development foals, core competitiveness, resource allocation, 

organizational structure, management model and management direction and so on. Therefore, 

the essence of the enterprise strategy of SDE5 is equivalent to the genetic factors of WHO5.  

Thirdly, social factors refer to the various components of the society; in terms of the factor 

that affects human health, it mainly means level of civilization, including political ecology, 

economy level, culture, social relations, production relations, health care, disease control and 

so on. The reason why more and more people start to realize the important role that the talent 

have made on enterprise development because the talent, especially the enterprise elites and 

enterprise senior executives have not only determined the enterprise behaviors, enterprise 

development strategy and culture atmosphere, but also directly or indirectly determine or 
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control the enterprise’s “political ecology”, “economy developing level”, “social relations”, 

“production relations”, “health security level”, “disease control” and other “social factors” 

through various ways, such as creating rules and regulations, conducting comprehensive 

budget management, financial management, and human resource management, setting up 

reward and punishment mechanism, achieving enterprise innovation and so on. Therefore, 

enterprise elite of SDE5 and social factors of WHO5 is correspondent.  

Fourthly, enterprise innovation means the action of enterprise that by using the existing 

knowledge and material, the enterprise put forward a mode which is different from the 

conventional thinking, so that to improve and create new things. Enterprise innovation 

includes management innovation, system innovation and strategy innovation and so on. 

Enterprise innovation could provide the motivation for enterprise development, it is the strong 

internal support of the enterprise, and especially the management innovation is the important 

guarantee for the sustainable development of enterprise. In order to achieve innovation, it 

firstly needs the enterprise executives and elites have the innovative ideas, as well as the 

determination to make the enterprise to be larger and stronger. At the same time, the 

enterprise’s employees should have innovative capabilities and innovative spirits, they shall 

be willing to continuously acquire new knowledge and constantly create new ideas by keep 

learning. In this way, the innovation has the similarity with the medical condition of WHO5, 

because both are the guarantee of each subject. During the development process, enterprise 

may face many obstacles from many aspects; while during the survival time, people are often 

invaded by many diseases, and at that time, innovation protects the development of enterprise, 

and helps the enterprise to break through the obstacles and start a new stage; while the 

medical treatment ensures people could overcome those disease and continue to be alive.  

Finally, enterprise culture, which main content involves enterprise philosophy, enterprise 

value and enterprise spirit, is gradually formed in the production and operation procedure of 

the enterprise, also the enterprise culture will slowly build the enterprise cultural atmosphere. 

Although the enterprise cultural atmosphere is invisible, yet it can be felt. The entire 

enterprise is filled with enterprise cultural atmosphere, which is reflecting the specific 

traditions and habits that the enterprise is respected, and the spirit of behavior style. The 

cultural atmosphere influences every aspects of the enterprise at all the time, for example, it 

influences the enterprise management structure, management model, rules and regulations, 

business philosophy, business objectives, business policy, values, operation, social 

responsibility, business image and other things. Therefore, the relation between the enterprise 

culture and enterprise is incredible similar with the relation between human and the climate 
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environment factor of WHO5. 

Based on the above analysis, and through the questionnaire survey data, it has confirmed that 

the enterprise organism and the human life have the similarity, and the main factors that 

influence the life of enterprise organism has some similarity with the main factors that 

influence human health and longevity. SDE5and WHO5 are not only have the similar weight 

of influence, but also have the completely same commutation. It is not a phenomenon of 

coincidence, but the essential embodiment of the intersection of “life entity” between the 

enterprise life and personal life. This finding has added a quite powerful evidence for the 

enterprise life cycle theory.  
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Chapter V A Conceptual Model for Sustainable Development of 

Enterprises (SDE) 

A Synopsis of this Chapter  

By reference to the method and procedure of building simulation models with simulation 

technology, based on a comparative analysis of operating mechanisms of enterprises and the 

formation of whirl wind, as well as an analysis of the simulation conditions of the enterprise 

system, a “whirl wind” conceptual model for sustainable development of enterprises (SDE) is 

built, integrating basic concepts in fluid mechanics and vortex theories, with some typical 

vortex models including the point source, the point convergence, the point vortex and the 

Rankine vortex. The mathematical expressions are as follows: 
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The “Pumping dragon” phenomenon vividly explains the operation process and 

characteristics of SDE. The conceptual model focuses on enterprises, with special attention to 

“inflow enterprises” and “outflow enterprises”. Mathematical expressions of the model show 

that resources flow in and out of businesses in a logarithmic spiral of “life curve”. For 

everything in the universe, no matter organic to inorganic, macroscopically or microscopically, 

the logarithmic spiral is the fundamental model of evolution. The conceptual model views an 

enterprise as a living organism and, with the application of Enterprise Life Cycle Theory, 

depicts the movement of enterprise resources. 

This model is an open platform for evaluating the conditions and capabilities of enterprises, 

through which one can, with various purposes and data, evaluate different dimensions of 

enterprises, such as the capabilities of selling, research and development, finance and resource 

utilization. It is a new attempt to construct such a model in that it takes a cross-disciplinary 

approach to the sustainable development of enterprises,. 

5.1 Overview 

A model is an expression of the system, process, object or concept being studied. A 
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conceptual model is a concept in disciplines like database, software engineering and 

information engineering. A conceptual model is essentially an abstract version from the reality 

to the InfoWorld. To build such a model, one has to start from data, observe the collection, 

transmission, processing, storing and exportation of information, analyze the information and 

then summarize what has been found. It is used to describe the various states of data within 

the system. The conceptual model is originally a representation of the shared knowledge in 

the discipline about the system to be illustrated. To abstract the specific objects in the real 

world and translate them into data models supported by information system, people need to 

abstract the real world into one made up of information, and then turn it into a machinery 

world. 

An SDE model is an expression of the process, characteristics or states of enterprise 

development, in forms of mathematical or physical equations and graphs, based on data and 

guided by related theories. A correct SDE model can be used to evaluate the developmental 

states or trends of an enterprise, discover problems in production, operation and resources 

allocation, and guide enterprise management. 

Theories adopted in this paper to build the SDE model include simulation technology, the 

Enterprise Life Cycle Theory, the Enterprise Growth Theory, the Life Curve Theory, fluid 

mechanics and vortex kinematics. This work is, for the author, a great challenge in terms of 

both knowledge and resources. Nevertheless, with a spirit of exploration, from a 

cross-disciplinary perspective, this paper proposes the conceptual model of SDE, in a hope to 

contribute to studies related to enterprise development. 

This chapter constructs a simulation model with the assistance of system simulation, adopting 

theories in fluid mechanics and vortex theories, based on the findings of Chapter Four, aims 

to build a SDE model conceptually. 

5.2 Operating Mechanisms of Enterprises and the Formation of Whirlwind 

5.2.1 Operating Mechanisms of Enterprises 

The operating mechanism of an enterprise involves enterprise theories, including the nature of 

the enterprise and its capability. In Chapter Two, we reviewed some enterprise theories 

including the natures, resources and capabilities of the firm. The nature of an enterprise is the 

starting point of the SDE problem. Different understandings lead to various perspectives in 

analyzing the SDE issue. Therefore it is necessary to briefly introduce the natures of firms and 

present the author’s understanding in this respect. Scholars hold different views on the nature 
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of enterprise and thus discuss the SDE problem from different perspectives. 

In 1937 R.H. Coase[3] published his article “The Nature of the Firm”, in which he creatively 

analyzed the relationship between an enterprise and the market, from the perspective of 

transaction costs, and explained the reason why firms exist. Coase pointed out that a firm is in 

essence a mechanism for resource allocation, and that firms and markets are two means of 

resource allocation which can replace each other. In 1959 Edith Penrose proposed the 

“resource-based view (RBV) of the firm”, shifting people’s attention from the study of a 

firm’s output to its input. People began to relate the competitive advantages of a firm to the 

internal factors, which was a significant step in opening the “black box” of enterprises. 

However, as Penrose indiscriminately attributes the capabilities of the firm to the optimized 

allocation and utilization of resources, the RBV of the firm tends to regard everything, both 

tangible and intangible, as “resources”, which confuses readers. As the research deepens, 

people have understood better the importance of knowledge as a part of the internal resources 

of a firm. The “knowledge-based theory of the firm” has gradually become the core of the 

RBV. 

Grossman, Hart and Moore (Grossman and Hart, 1986; Hart and Moore, 1990; Hart, 1995; 

abbreviated as GHM) regard a firm as a set of controllable physical assets. The idea of the 

GHM framework goes as this: as contracts are incomplete, apart from those specific rights, 

who are entitled to the residual rights, which are not clearly stipulated in the contracts, 

remains a question. Ownership of the latter rights is the “residual rights of control”;without 

clearly-stated arrangement of them there would be no agreeable specific investment. Legally, 

the assets owners are naturally entitled to the residual rights. They, with the ownership of the 

material assets, are also indirectly granted the right to control the human assets of the firm. If 

we assume that a worker possesses productive forces only when combined with certain assets, 

he is encouraged to act in accordance with the interest of the assets owners for a better 

position in negotiations with the employer. It is the non-human, material assets that have 

become the glue that ties workers and endowed employers the authority to order their 

employees. Therefore, an enterprise is a set of controllable material assets, whose borders are 

determined by property right structures which maximize the investment incentives of various 

parties[27, 99-100]. 

In 1983, Zhang Wuchang, in his “The Contractual Nature of the Firm”, made a systematic 

analysis of Coase’s “The Nature of the Firm”. While recognizing the latter’s contribution, 

Zhang put forward the idea that a firm is a contract. He believes that under private property 

rights, each owner of resources or input (factors) has three options: first, to produce and sell 
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products on his/her own; second, sell all the input and gain one-off income; third, to make a 

contract and delegate to the agent the right to use the input in exchange of certain income. 

When the owner of the resources chooses the third, there comes a firm[101]. 

Basic factors in enterprise operation include labor, supplies, capital, knowledge, technology 

and information. Labor includes all the personnel taking part in the operation, which is the 

main body of operation; supplies include the means and objects of labor, which are utilized or 

acted on in operation; capital includes all the money paid in advance, which is a necessary 

tool to link enterprise to the outside world in market economy. Knowledge is the 

understanding, judgment or skills acquired through learning, practice or exploration. 

Technology refers to methods that people apply to create new things from the existing ones, 

or to change the functions and performance of them. The knowledge and technology 

resources of a firm are those that are built on the basis of knowledge and technology and can 

be repeatedly used and bring the firm an increase of fortune. Generally speaking, those 

resources include intangible assets (market-related assets like corporate cultures, brands, 

reputation and channels; intellectual property rights such as patents, copyrights, technological 

know-hows and business secrets; organizational management assets including technological 

processes, management processes, managerial models and methods as well as information 

networks) and intelligence resources (the knowledge and the ability to creatively apply 

knowledge that exist within the firm’s human resources and that can be used). Information 

includes that of the firm’s internal management and of the external market, which links the 

internal and external environments of the firm, people and things in its operation, and deals 

with the relationship between people and things.  

An enterprise’s operating mechanism is the internal functions and operating models of its 

existence and development. These are the fundamental principles and corresponding rules 

guiding and restricting production and operation decisions of the enterprise as well as various 

activities involving people, property and materials, and the sum of internal and external 

factors as well as their interrelations which determine the enterprise’s operation behaviors. 

The operation of an enterprise emphasizes functions and models in its 

input-transformation-output processes. An enterprise is a complicated system equipped with 

adaptive ability, which inputs capital, technology, information and labor, outputs products or 

services, and radiates economic power. In the economic process where materials, information 

and energy are transformed, the sum of the techniques and methods of its operation and 

development is the operating mechanism of the enterprise. 
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It can therefore be seen that scholars define the nature of an enterprise from diverse 

perspectives, establishing various theories. Having understood the theories of resources, 

capability, growth and nature of the enterprise, and to put it simply, this paper holds that an 

enterprise is an economic organization which can absorb and transform resources, and gain 

profits through selling resources. Absorbing resources includes both absorbing external 

resources and stabilizing and activating internal resources including people, property, 

materials, technology, knowledge and information. Transforming resources means, through 

management, operation, production and innovation, turning the resources from one form to 

another (e.g. products and services) and meanwhile increasing their value. Selling resources 

includes providing products for the market or services for the society, while making profits so 

as to guarantee the sustainable development of the enterprise. 

Based on the above, an enterprise is operating as this: the enterprise is capable enough of 

integrating all needed resources in the society and, through management, production and 

operation, providing products for the market or services for the society so that the cash flow 

created in this process can return to the enterprise. In this way, there are four stages in the 

operation: integration of social resources to the enterprise (t1), enterprise management and 

operation (t2), products for the market or services for the society (t3) and the cash flow back to 

the enterprise (t4). Only the repetition of this process can guarantee the SDE. 

5.2.2  The Formation of Whirlwind 

A whirlwind is a natural phenomenon in which air flows in a spiral. When air moves along 

rough ground, or when the friction with the ground makes airstream swiftly shift its direction, 

a vortex emerges and thus there is a whirlwind. Whirlwinds with high intensity and high 

energy come in the forms of tornadoes, dust devils or “pumping dragons”. During the process 

where a whirlwind is developed, water on the ground becomes vapor after heated, which then 

ascends to the upper layer of the steam atmosphere; the low temperature condenses the vapor 

and makes it descend, during which higher temperature at the bottom heats the air, makes it 

rise again, chills and falls. In this repetition, the gas molecules shrink and gather at the bottom 

of the steam atmosphere, where a low temperature zone is formed. Vapor is concentrated in 

the zone and forms a cloud cluster. As the cluster expands, the difference in temperature 

within the cluster increases, convection of airflow intensifies, and the vapor molecules rise 

and fall more sharply. Molecules of rising vapor are condensed by the chill, the space 

supplemented by the surrounding air, and thus a whirlwind is formed. 
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Whirlwinds with high intensity and energy form tornadoes (Figure5-1) or dust devils (Figure 

5-2) on land, and “pumping dragons” (Figure 5-3) on waters. Tornadoes, dust devils and 

“pumping dragons” are all Rankine-like vortexes in fluid mechanical theories, whose rotation 

velocity and pressure are distributed with the characteristics of the Rankine vortex[102]. 

 

 

Figure 5-1 Hurricane in a spiral (from BaiduBaike) 

 

Figure 5-2 Dust devil (from BaiduBaike) 
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Figure 5-3 Pumping dragon (from BaiduBaike) 

To put it simply, during the formation of a whirlwind, the internal part of the vortex, with less 

pressure, absorbs the surrounding airflow, which ascends along the vortex tube. In this 

process energy diminishes and airstream expands outward; meanwhile, the chilled airstream 

becomes denser and falls. Thus there are four stages in the formation of a whirlwind: 

convergence of the surrounding airstream (t1), rising of airstream along the vortex tube (t2), 

expansion of airstream due to reduced pressure at the top (t3) and descending of the chilled 

airstream with less volume (t4). The four of them become a cycle. 

5.2.3 A Comparison between the Operating Mechanism of an Enterprise and the 

Formation of a Whirlwind 

The comparison between an enterprise’s operating mechanism and the way a whirlwind 

(tornado)is formed reveals great similarity in them. We compared each of the four stages in 

the two respective processes, iterated the four stages of enterprise operation in the “pumping 

dragon” in Figure 5-3, and found more visual similarity (Figure 5-4). According to research in 

fluid mechanics and vortex theories, a tornado and a “pumping dragon” are formed under the 

same mechanism, but visually, the “pumping dragon” seems more intuitive and vivid, so we 

choose the whirlwind model of the “pumping dragon” as the basemodel for comparison. 

The corresponding relationship between an enterprise’s operating mechanism and a 

whirlwind’s formation, as is shown in Figure 5-4, is described in simple words. The tornado 

absorbs seawater into the vortex tube, just as an enterprise integrates all necessary resources; 

airstream ascends in the tube in a spiral and forms a cloud layer at the top, vaporize water, 

increasing its potential energy, corresponding to the production stage in which the enterprise, 

through management and operation, translates raw materials into products, increasing the 
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value of resources; diffusion and cooling of the airstream cloud are like the offering of 

products and services to the market and society; that the steam becomes rain and falls into the 

ocean symbolizes the process that capital from selling of products and services flows back to 

the enterprise. 

 

Figure 5-4 A “pumping dragon” model illustrating enterprise operation 

The nature and operating process of an enterprise resemble much the forming mechanism, 

process and characteristics of a tornado. From the perspective of simulation technology, such 

similarity offers us ground for research on the SDE problem with the aid of theories in fluid 

mechanics and vortex. Therefore, following the theories and methods of building simulation 

models with simulation technology, applying the above-mentioned theories, we construct the 

SDE conceptual model. 

5.3 Simulation Technology and System Simulation Process 

System simulation is an emerging discipline which has been developing since the end of 

1940s with the evolution of computer technology. Simulation is an experiment study of the 

real system through models. It was originally applied to a limited number of fields, such as 

aviation, aerospace and atomic reactors, where it was hard to conduct experiments on real 

systems due to high costs, long cycles and great danger. Later it was introduced into some 

major industrial sectors including electric power, oil industry, chemical engineering, 

metallurgy and machinery, and then further expanded to non-engineering areas like social, 
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economic, transportation systems and ecosystem. It can be said that modern system 

simulation technology and comprehensive simulation systems have become important means 

of analysis, research, design, evaluation, decision-making and training, which are 

indispensable to any complicated system, especially hi-tech industries. Simulation technology 

has become a comprehensive technique applied to a wide range of natural and social sciences, 

including aviation, aerospace, communications, shipping, transportation, military affairs, 

chemical engineering, biology, medicine, social and economic systems; its importance has 

been widely recognized. Simulation technology is used to reveal the inherent characteristics 

of objects both known and unknown, relationships between subsystems and the operating 

rules, so as to study the known and predict the unknown[103,104]. 

System simulation is a comprehensive experimental discipline which, based on theories 

including control theory, similarity theory, information processing technology and elementary 

computer theory and aided by computers, experiments on real or hypothetical systems with 

system models, analyzes and studies the results with assistance of experts’ experiential 

knowledge, statistics and information documents, and finally makes decisions. In a broad 

sense, system simulation is applicable to any field, ranging from engineering systems (e.g. 

machinery, chemical engineering, electric power, electronics, etc.) to non-engineering systems 

(e.g. transportation, management, economics, politics, etc.). According to various models, 

system simulation can be classified into physical simulation, mathematical simulation and 

physical-mathematical simulation. 

To build a conceptual model of SDE with the simulation technology, some basic concepts in 

simulation technology and simulation models are briefly introduced. They constitute the 

process of simulation model building using simulation technology. 

Problem Entity: the problem entity is the object of research. It can be a system (real or virtual), 

a design, a concept, a situation, a decision or policy, or any other object or phenomenon to be 

studied. 

Conceptual Model: a conceptual model is a description of the problem entity, with a specific 

research goal, using mathematical, logical or natural language. These descriptions can be 

realized through simulation facilities or programs. 

Computerized Model: a computerized model is the realization of a conceptual model through 

the simulation equipment. The conceptual model is built in problem analysis and modeling, 

while the computerized model is constructed through program design and realization, based 
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on the conceptual model. Conclusions related to the problem entity (the object of study) are 

drawn through running the model in simulation experiments. 

Model Verification: to sum up, model verification means to check and ensure if the simulation 

computing model has accurately demonstrated the conceptual model, and analyze the nature, 

characteristics, sensitivity and reliability of the model. 

Model Validation: model validation means to check if the model, with the modeling purpose, 

accurately represents the real system. It has two implications: one is to check if the conceptual 

model has correctly described the real system; the other is to further examine if the simulation 

model output is close enough to the behavior of the real system. 

We will apply the above simulation technologies to construct simulation models, with theories 

of fluid mechanics and vortex, regard the enterprise system as the problem entity, build the 

SDE conceptual model and computerized model, verify and validate the models through 

enterprise cases and data. 

5.4 Theoretical Foundations in Fluid Mechanics for the SDE Conceptual Model 

Fluid mechanics: fluid mechanics studies the stillness or movement of fluid, under various 

forces, as well as the interaction between fluids and surrounding objects and the rule of flow. 

In this part some basic concepts and theorems that may be used in the next section will be 

introduced[105-107]. 

5.4.1 Basic Concepts in Fluid Movement  

The space occupied by the moving fluid is called flow field. Continuous and tiny particle 

groups in the fluid are called fluid lumps, or lumps. The motion of lumps is classified into 

rotational motion and  irrotational motion, as is shown in Figure5-5 (a), where, though 

moving in a circle, the lumps themselves do not rotate, so it is irrotational motion; while in (b), 

the lumps move in a line, but each of the them rotates around its own axis, therefore it is 

rotational motion. Whether a motion is rotational or irrotational only depends on whether the 

fluid lumps rotate, regardless of the path. 
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Figure 5-5 Rotational motion and irrotational motion of fluid lumps 

There are two methods to describe fluid movements—the Lagrangian specification and the 

Eulerian specification. 

The Lagrangian specification focuses on the fluid particles. Its main idea is to track the whole 

moving process of each fluid particle and record the physical quantities and their variations 

during the movement. The Lagrangian specification is a continuation of the method to 

describe discrete particle motion in fluid mechanics. As fluid particles are continuously 

distributed and cannot be differentiated by naked eyes, studying the motion of a specific fluid 

particle requires a method to represent this particle so as to distinguish it from others. Usually 

the coordinates of the particle ( , , )x y z  at the initial moment 0t t are chosen as the marks to 

differentiate different particles. Different values of ( , , )x y z  represent different fluid particles. 

The initial coordinates ( , , )x y z  and time variable t  are called Lagrange variables, so the 

displacement r , temperatureT , and pressure p are functions of Lagrange variables:  

  ( , , , ), ( , , , ), ( , , , )r r x y z t T T x y z t p p x y z t     

 Equation (5-1) 

The displacement function of fluid particles ( , , , )r r x y z t depicts the trail of the particles. 

Therefore, their velocity is the derivative of the displacement with respect to time: 

 ( , , )

( , , )
x y z

r
v v x y z

t

 
  

 
           Equation (5-2) 

The acceleration is:  

 ( , , )

( , , , )
x y z

v
a a x y z t

t

 
  

 
          Equation (5-3) 

As the Lagrangian coordinates ( , , )x y z are constants regardless of time, the above derivatives 

of displacement and velocity with respect to time are partial derivatives instead of total 

derivatives. In the three expressions different values of ( , , )x y z show the variation of physical 

quantities of different fluid particles over time. 
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The Eulerian specification focuses on spatial points, so it is also called the method of spatial 

points. Its main idea is to observe the physical quantities at each point and their variations. 

The coordinates of a spatial point 1 2 3( , , )q q q  and the time variable t  are called Euler 

variables. According to the Eulerian specification, any point in the space is a function of the 

Euler variables: 

1 2 3 1 2 3 1 2 3( , , , ), ( , , , ), ( , , , )v v q q q t q q q t p p q q q t        Equation (5-4) 

The Eulerian specification is a method of the field. The three expressions in Equation (5-4) 

represent the distributions of velocity, density and pressure in the flow field respectively, or 

the velocity field, density field and pressure field. Therefore the Eulerian specification can be 

applied to flow problems with assistance of field theory. 

The fluid particle and the spatial point are two concepts which are distinct but also linked. 

Fluid particles are fluid masses composed of a large number of molecules, while spatial points 

are geometric points without dimension. The physical quantities of a spatial point refer to 

those of a fluid particle which occupies the spatial point; the change rate of physical quantities 

on the spatial points with respect to time means the change rate of the fluid particle which 

occupies the spatial point relative to time. 

Basic concepts to describe fluid motion includes steady flow and unsteady flow, uniform flow 

and non-uniform flow, planar flow and axisymmetric flow, path and stream line, stream 

surface and stream tube, fluid line and fluid surface as well as their retentivity. 

When the fluid is in motion, if the physical quantities do not vary over time, it is called steady 

flow, otherwise it is unsteady flow. If the physical quantities are not affected by spatial 

location, it is uniform flow or uniform field, and otherwise non-uniform flow or non-uniform 

field. Fluids move in certain space, i.e. their motion is three-dimensional flow. Surface flow 

and axisymmetric flow are two special flows in a three-dimensional world. If a group of 

parallel planes can be drawn in the flow field so that each fluid particle moves in a 

corresponding surface and that points in all of the planes move in the same way, then, by 

knowing the flow on any plane we can know conditions in the whole flow field. This flow is 

called a planar flow or two-dimensional flow. With the axis z chosen as the axis of a 

meridian plane, if all the fluid particles only flow on the corresponding meridian planes, and 

if all the corresponding points on the plane flow in the same way, only by knowing how the 

fluid on any meridian plane flows can we know the situation of the whole filed. This is called 

an axisymmetric flow. The trail of fluid particles is called path. The stream line is a vector line 

of the velocity field. Both the path and the stream line are used to describe the characteristics 
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of the flow field; the most fundamental difference lies in that the path is the displacement 

curve of the same fluid particle at different moments, corresponding to the Lagrangian 

specification, while the stream line is the envelope line of velocity vectors of different 

particles at the same time, corresponding to the Eulerian specification. In steady flow the two 

concepts overlap. The curved surface composed of all the stream lines on any given curve c

(a non-stream line) flowing through the flow field at a certain time is called a stream surface. 

To put it simple, the stream surface is a spatial curved surface made up of stream lines. If the 

given curve is closed, the stream surface is a tube-like surface, which is called a stream tube. 

5.4.2  Analysis of Fluid Lumps Motion 

Motion of rigid bodies is classified into displacement and rotation, while that of fluid lumps is 

divided into displacement, rotation and deformation motion. 

The velocity component of the lump on ( , , )x y z is ( , , )u v w , its linear deformation rate is 
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  Equation (5-5) 

The angular deformation rate is: 
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  Equation (5-6) 

The angular motion rate is  
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  Equation (5-7) 
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  Equation (5-8) 

Thus it can be seen that among the velocity components of fluid lumps, the first is the 

component of translation velocity, the second is that of linear deformation, the third angular 

deformation and the fourth rotation. The linear velocity results from the above components. 

When fluids make vortex motion in the whole field, or when there are fluid lumps rotating 

around their own axes in part of the field, a vorticity field is formed, expressed with angular 

rate. Concepts in the vorticity field include vortex line, vortex tube, vortex filament and 

vortex flux. 

The doubled angular motion rate of fluid lumps is called vorticity. A flow field with vorticity 

is called a vorticity field. 
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         Equation (5-9) 

  VrotV  2  Equation (5-10) 

In the vorticity field, at any instant t , a curve can be drawn through any point P  so that the 

tangent lineto the curveat each point orients in the same direction as the vorticity  of the 

fluid lump at the point. Such curve is called a vortex line. Like the stream line, the vortex line 

cannot intersect or bend, while the shape of unsteady vortex line varies with time. If we draw 

a vortex line through all the points on any closed curve in the vortex field, we get a tube-like 

cylinder, called a vortex tube, as is shown in Figure 5-6. 

 zyx

dzdydx


               Equation (5-11) 
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Figure 5-6 A vortex line (left) and a vortex tube (right) 

The sum of vortex lines through all the points on the cross section of the vortex tube is called 

a vortex filament. Like rotating rigid bodies, all fluid lumps inside the vortex filament move 

in a circle at the same angular rate. Fluids in vortex filaments can also forma vortex field 

which as a whole does not move in a circle, while the fluid lumps rotate around their axes. 

The product of the normal vorticity on any surface and the area of the surface is vortex 

strength, or vortex flux. 

The velocity circulation   is the line integral of velocity on any closed curve in the flow 

field:  

 

cosS

C C C C

V dS V dS V dS udx vdy wdz          
   

Equation (5-12) 

The velocity circulation is a scalar, whose sign (positive or negative) is related not only to the 

direction of its velocity, but also to the revolving direction of the line integral. To be 

consistent, we specify that the orientation of the integral along the closed contour is the 

anticlockwise direction. The orientation of the normal line of the surrounded area and the 

positive direction of the line integral should form a right-hand spiral system. 

5.4.3  Basic Theories in Fluid Vortex Motion  

Stokes’ Theorem: if there is a vortex filament within the closed contour, the velocity 

circulation along the contour equals the sum of vortex fluxesof all vortex filaments within the 

contour. 
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     Equation (5-13) 

Stokes’ Theorem is an important theorem in studying rotational flow. It relates vortexstrength 

to velocity circulation, and provides the method to calculate vortex strength through velocity 

circulation. It can translate the study of vorticity to that of velocity circulation, and turn 

surface integral to line integral. Whether the velocity circulation is zero or not determines 

whether the flow is rotational or irrotational. 

According to Stokes’ Theorem, the vortex strength of the internal zone of the fluid line does 

not vary with time, i.e. those originally rotational fluids are always rotational, while those 

irrotational also maintain their state. This means that vortex within the flow field can be 

neither creatednor destroyed. As ideal fluids are non-viscous, there is no tangential stress, the 

rotation cannot be transmitted—motion of fluid lumps, whether rotational or not, cannot be 

altered. In addition, for barotropic fluids and flow fields with potential of the mass force, the 

isobaric surface and the isopycnal surface are parallel, which creates no convection. 

Thomson’sTheorm (or Kelvin Theorem): in the ideal fluid motion, if the mass force has 

potential, and if the fluid is barotropic, the velocity circulation for a closed stream line does 

not vary with time, i.e. the circulation on the stream line is a constant (Conservation of 

Circulation Theorem). 

Helmholtz’sFirst Theorem: when the ideal barotropic fluid receives a mass force with 

potential, the vortex tube always consists of the same fluid lumps. 

Helmholtz’s Second Theorem: at the same instant, vortex fluxes on each section of the vortex 

tube are equal. It can be inferred that fluid particles that make up a vortex line at a certain 

time would also do so at any given time before and after, i.e. a vortex line is composed of the 

same fluid particles, but the shape may vary at any time. 

Helmholtz’s Third Theorem: under a mass force with potential, the vortex strength of any 

vortex tube in the ideal barotropic fluid remains constant, regardless of time. It can be inferred 

that the shear stress of the viscous fluid will consume energy and gradually reduce the vortex 

strength. 

Bion-Savart’s Theorem: the line vortex part AB with a vortex strength Г has an induced 

velocity at any point P, with a vertical distance h 
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     Equation (5-14) 

The θ1 and θ2 are shown in Figure 5-7. 

 

Figure 5-7 θ1 and θ2 

Lagrange’s Theorem (or Conservation ofVortexTheorem): for an ideal incompressibleor 

barotropic fluid, under a mass force with potential, if some part of it is irrotationalat the initial 

moment, then it is always irrotational at any time before or after that. Otherwise, if it is 

rotational, it will remain rotational. 

Bernoulli's principle is the conservation of mechanical energy theorem. It says that the kinetic 

energy + gravitational potential energy + pressure potential energy = constant. The most 

famous corollary is that when fluids are flowing at the same height, high flow rates mean low 

pressure. This applies to idealincompressible fluids whose viscosities are negligible. 

Bernoulli's principle is expressed as p+1/2ρv2+ρgh=C, where p denotes the pressure at a 

certain point of the fluid, v is the flow rate, ρ refers to the density of the fluid, g is 

the gravitational acceleration, h is the height of the point, and C is a constant. 

Principle of potential flow superposition:both the velocity potential function and the stream 

function satisfy Laplace’s equation. Functions that satisfy Laplace’s equation are called 

harmonic functions in mathematical analysis, so both the velocity potential function and the 

stream function are harmonic. According to the property of harmonic functions, i.e. the linear 

combination of several harmonic functions is still harmonic, we can linearly integrate several 

velocity potential functions (or stream functions) into a velocity potential function which 

describes a certain potential flow. The superposed velocity potential function or stream 

function still satisfies Laplace’s equation. We can put together some simple potential flows 

and derive complicated ones, so the principle offers a powerful instrument to solve complex 

flow fields. 



  

92 

5.5 Potential Functions and Stream Functions of Point Sources, Point 

Convergence, Point Vortexes and Their Combined Vortexes 

5.5.1  The Potential Function of Fluid Lumps and Its Properties 

In irrotational flow the velocity of each lump should satisfy the following conditions: 
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                   Equation (5-15) 

According to mathematical analysis, the necessary and sufficient condition for the above is 

that there is a function  , whose relationships with the three components are 
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                        Equation (5-16) 

Then   is called the velocity potential function, or the potential function, with the following 

properties: 

(a) For no matter compressible or incompressible fluids, unsteady or unsteady flows, as long 

as the irrotational conditions are satisfied, there is velocity potential; 

(b) For irrotational flows, if the velocity potential function is introduced, the problem of 

solving three components of the velocity in the flow field can be transformed into that of 

solving one velocity potential function. 

(c) The relationship between the velocity potential function and circulation shows that if the 

flow filedis irrotational,the circulation equalszero; if a velocity potential function exists, the 

field is irrotational. 

(d) In incompressible potential flow, the velocity potential function satisfies Laplace’s 

equation, i.e. it is a harmonic function. 

(e) The velocity circulation on any curve equals the difference of velocity potential functions 

at each side of the curve, regardless of the shape. 

5.5.2 The Stream Function of Fluid Lumps and Its Properties 

For incompressible planar flow, we have the following continuous function: 
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                Equation (5-17) 
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According to mathematical analysis, the continuity condition for the surface flow of 

incompressible fluids is the sufficient and necessary condition that 0 vdxudy becomes a 

function’s total differential. This function is the stream function  . 
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     Equation (5-18) 

A stream function has the following properties: 

(a) For the two-dimensional flow of an incompressible fluid, whether rotational or irrotational, 

whether the fluid is viscous or non-viscous, there is a stream function. Generally there is no 

stream function in three-dimensional flows (except axisymmetric flows). 

(b) For the planar flow of incompressible fluids, the stream function always satisfies the 

continuity function. 

(c) On each stream line udy-vdx=0, the stream function dψ=0 has its respective constant; the 

isolines of stream functions are the streams. 

(d) For planar potential flows of incompressible fluids, if the stream functions satisfy 

Laplace’s equation, then they are harmonic functions. 

(e) In planar flows, the volume of any curve through two streams (per unit thickness) equals 

the difference of the functions of the two stream lines, regardless of their shapes. 

For the irrotational planar flow of incompressible fluids, there are concurrently the velocity 

potential function   and the stream function  , whose relationship is shown as follows: 
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     Equation (5-19) 

Equation (5-19) is the condition of orthogonality between the group of iso-potential lines and 

that of stream lines. On a plane they can form an orthogonal grid called a flow net. 

According to the principle of potential flow superposition, in irrotational planar flows, both 

the stream function and the velocity potential function satisfy Laplace’s equation (the elliptic 

equation). Theories of mathematical equations state that functions that satisfy Laplace’s 

equation are harmonic, from the property of harmonic functions we know that the linear 

combination of several harmonic functions is still harmonic, and act as a stream function or 
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velocity potential function which represents a potential flow. In this way, we can decompose a 

complicated potential flow into some simple ones and add their solutions, so as to solve the 

problem. 
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      Equation (5-20)

 

In the equation ∇ is called the Laplace operator. 

5.5.3 The Potential Function and Stream Function of Point Sources and Point 

Convergence 

If the fluid flows steadily outward from a point in straight lines, this point is called a point 

source (Figure 5-8 (a)). If the fluid from different sides moves steadily toward the same point, 

then the point is called point convergence (Figure 5-8 (b)). 

 

Figure 5-8 The point source and the point convergence 

According to equations from (5-15) to (5-20), if the point source is located at the origin of the 

coordinates, the velocity field can be conveniently expressed with polar coordinates, which is:  
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              Equation (5-21) 

This is a steady irrotational radial rectilinear flow. According to the continuity function, for 

the flow field with a unit thickness (z = 1) 
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r
   Equation (5-22) 

Here the flow Q is the strength of the source point. Q is the point source when it is positive. 

The above equation means that ur and r are located on hyperbolas. As r increases, u decreases 
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in inverse proportion. When r=0,ur=+∞ (positive for point sources, while negative for point 

convergence). In the rectangular coordinate system, 
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           Equation (5-23) 

Therefore the velocity potential function is  
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                   Equation (5-24) 

In the above equation if we set r=1, ψ=0, the integration constant can also be zero. Obviously, 

the iso-potential lines of the point source are a series of concentric circles whose center is the 

origin (r = c). 

As 0u
r




  


, we have 
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                   Equation (5-25) 

So the stream function of the point source is  
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                   Equation (5-26) 

In the above equation the integration constant is zero. Obviously, the stream lines are a series 

of radioactive rays through the origin (θ= C). It can be seen that stream lines and iso-potential 

lines are perpendicular to each other. 

Likewise, we can deduce the potential functions of point sources   and the stream function 

 ,which are 
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                    Equation (5-27) 

Compare the above equation with Equation (5-24) and Equation (5-26), we can see that 

potential functions and stream functions of point sources and point convergences are same 

form, with only difference in signs. 
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5.5.4 The Potential Function and Stream Function of Point Vortexes 

In nature, flows outside tornado vortex cores are typical examples of planar point vortex 

motion. In industry, centrifugal nozzles, dust removers and flows in whirlwind combustors are 

also related to planar point vortexes. Fluid particles move along the path of the concentric 

circles, flowing particles whose velocity is inversely proportionate to the radius are point 

vortexes or free vortexes. Planar point vortex motion is also called vortex current or pure 

circulation; it is a steady irrotational circular motion (Figure 5-9). 

 

 

Figure 5-9 Point vortex motion 

If the planar point vortex with vortex strength Γ is located at the origin, the velocity field in 

the polar coordinates         is expressed as 
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              Equation (5-28) 

uθ and the velocity circulation Γ have the same direction, with the anticlockwise direction as 

the positive. Obviously the vortex point (r =0) is an odd point. Actually only this point is 

rotational, while others in the flow field are all irrotational. 

In the rectangular coordinate system, 
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            Equation (5-29) 

The velocity circulation Г along a circle with any radius is also called strength of the point 

vortex. So Г and the velocity potential   are  
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           Equation (5-30) 

respectively. Obviously, the iso-potential lines are a series of rays through the origin (θ=C). 

So the stream function is 
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                      Equation (5-31) 

It means that stream lines are a series of concentric circles with the origin as their center, i.e. 

orthogonal to the iso-potential lines. 

The motion of fluid lumps can always be divided into overall translation, rotation, linear 

deformation and angular deformation; the corresponding rates are called translational velocity, 

angular motion rate, linear deformation rate and shear deformation rate respectively. 

5.5.5 The Potential Function and Stream Function of the Superposition of Point 

Sources and Point Convergence 

If fluids from a point flow outward tangentially to the circle, such a flow can be 

approximately viewed as the superposition of a point source and point convergence. 

According to the principle of potential flow superposition, if we geometrically add the 

potential functions and stream functions of the point source and the point convergence, the 

potential function and stream function of the composite flow are 
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          Equation (5-32) 

respectively. Let Φ= constant C1，Ψ=constant C2, then we have 
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                       Equation (5-33) 

It can be seen that the potential function r1is a series of logarithmic spirals, while the stream 

function r2 is a series of logarithmic spirals orthogonal to iso-potential lines, which can be 

expressed with the following figure (Figure 5-10). 
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Figure 5-10 The superposition of a point source and a point convergence 

5.5.6 The Potential Flow Function of the Superposition of Point Sources and Point 

Vortexes 

If fluids flow inward tangentially to the circle and then outward from the center, such flow 

can be approximately viewed as the superposition of a point source and a point vortex. Like 

the above, the simplified potential function and stream function of the superposition are 
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                       Equation (5-34) 

It can be seen that the potential function and the flow function generated from the 

superposition of the point source and the point vortex are two series of logarithmic spirals 

orthogonal to each other, except that in the former case the fluid lumps flow outward while in 

the latter case they flow inward from different sides (Figure 5-11). 
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Figure 5-11 The superposition of a point convergence and a point vortex 

5.5.7 The Rankine Vortex 

In meteorology, the Rankine vortex is a physical model often treated as a typhoon center. It is 

a cylinder vortex with a vertical direction of the free planar flow field. 

For vertical cylinder vortexes with infinite length but limited cross sections, if the radius of 

the cylinder is R, the angular velocity ω, the distance between the lump and the center of the 

cylinder axis r, the pressure of Rankine vortex is distributed as 
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        Equation (5-35) 

Here g is the mass of the lump, so its gravity has a certain impact on the distribution of the 

pressure of the Rankine vortex. Bernoulli's principle states that, regardless of gravity, the 

greater the velocity, the less the pressure. However, inside the Rankine vortex, the less 

velocity, the less pressure, which implies the greater attraction of the vortex; while for the 

outside part, the greater velocity, the less pressure. On the interface, r=R, Vθ=VR, as is shown 

in Figure 5-12 (a), so 
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            (a)                                      (b) 

Figure 5-12 Velocity distribution of the Rankine vortex 

The velocity distribution of the Rankine vortex: 

Inside the vortex, i.e. r<R, Vr=0, Vθ=rω, which means the velocity is linearly distributed; 

outside the vortex, i.e. r>R, Vr=0, ω=const, as is shown in Figure 5-8 (b), so 

 

sin sin

cos cos

x

y

V V r y

V V r y





   

   

      


    
           Equation (5-36) 

It can be easily verified  
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                   Equation (5-37) 

Integrate the vortex line equation (5-11), and we have x=C1and y=C2. Therefore the vortex 

line is a straight line vertical to the xoy plane. 

Academician Tong Binggang[107]33 thinks that the vorticity conservation theory reveals that 

the vortex tube, as a geometric description of the vorticity field, and the vortex ring which is 

always closed in the three-dimensional space, have made the sum integral of the vorticity in 

the space zero in all directions. When a solid surface is existent, we can regard the whole 

space as a coupling fluid-solid kinetic system. According to the uniform fluid-solid system, 

the vortex tube cannot terminate on a solid wall or free surface. When the wall rotates, the 

vorticity on the wall is constant, 2n n    , and the tube will form a closed vortex ring 

through the solid wall. When it is still, on the wall 0n   , the vortex tube continues to 

expand along the boundary surface, and the its section widens along the surface like a horn, 

and in the infinite distance, 0  , which means that the cross section of the vortex tube is 

enlarged endlessly. Figure 5-13 depicts the vortex tube during the formation of a whirlwind, 

vividly explaining the theories of its development. 
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Figure 5-13 Cross section of vortex tube during the formation of a whirlwind 

5.6 The Construction of an SDE conceptual Model Based on Fluid Mechanics 

and Vortex 

5.6.1 Analysis of the Simulation Conditions of Model Building 

According to the method applied by simulation technology to construct the conceptual model, 

we construct the SDE conceptual model based on fluid mechanics and vortex theories; it is 

necessary to analyze the simulation conditions of the conceptual model. 

We view the society where the enterprise is located as a flow field, while all the social 

elements, including the government, raw materials, talent resources, technologies, financial 

resources, information, public relations, social groups, markets and enterprises, are fluid 

lumps in the social flow field. This is actually a problem of multiphase flows. Though the 

theoretical research on multiphase flow has had a history of decades, as the phenomenon, 

mechanism and process are still unclear at present, many engineering designs can only rely on 

experiential equations based on a lot of observation and measurement. As for the potential 

function and stream function of multiphase flows, the boundary conditions and initial 

conditions are usually complicated and it is difficult to find mathematical expressions and 

solutions, therefore solutions to complicated potential flows are found through the 

superposition of several simple and basic potential flows. 

The fluid motion in the social flow field follows the description by a series of mechanic 

theories about ideal fluids, including those of Lagrange, Euler, Helmholtz, Stokes and 

Thomson-Kelvin. If fluids are ideal, isobaric and the mass forces are endowed with potential, 
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irrotational motion would always be irrotational and rotational motion rotational; vortex line, 

vortex surface, vortex tube and its intensity can remain the same. If any of Kelvin’s conditions 

is violated, new vortex would appear in the motion, turning irrotational into rotational and 

vice versa. 

In comparison to the initial state when the enterprise is established, in the social flow field it 

is laminar flow, where various lumps move in smooth straight lines or curves in the direction 

parallel to the axis of the field, and no turbulence is observed between elements. The 

operation of an enterprise is viewed as a point vortex in the social field when some element is 

triggered. 

As the operation of an enterprise needs various social resources, i.e. social resources are 

converging to attractive enterprises, when the enterprise lumps become source convergence. 

Enterprises develop their products and services through operation, management, production or 

processing of various resources, and finally sell them to the market or the society; at this time 

they become point resources. 

5.6.2 The SDE Conceptual Model Based on Fluid Mechanics and Vortex 

Through an analysis of the above conditions for simulation, there are four stages in enterprise 

production, operation and management, with regard to resources flow. At the first stage, the 

enterprise integrates various resources, corresponding to the superposed potential flow field of 

point resources and point vortexes; at the second stage, the enterprise conducts its production, 

processing and operation using the resources, just like the vortex tube model; after that it 

provides products for the market or services for the society, i.e. the potential field of point 

resources and point vortexes; finally, the fund and reputation gained in the market or society 

returns to the enterprise, securing its further development. 

We compare the four stages in enterprise development with the four regions of the “pumping 

dragon” model, and express them in Figure 5-14. Obviously, the mathematical expression for 

the conceptual model at the first stage (t1) is Equation (5-34), that of the second stage (t2) is 

Equation (5-35), and the third Equation (5-33). At the fourth stage (t4), for the “pumping 

dragon”, the process of raining is the motion of a free falling body; while for the operating 

mechanism of an enterprise, money earned through selling products in the market naturally 

flows back to the enterprise, thus completing the four-stage cycle, and ensuring the SDE. 
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Figure 5-14 Graphical expression of the conceptual model of a whirlwind 

In order that the conceptual model is concise and convenient for application while keeping the 

basic characteristics of fluid mechanics and vortex theories, according to simulation 

technology and based on the enterprise, we focus on the “inflow” and “outflow” stages of 

enterprise operation, i.e. the t1 and t3 stages. Thus, we combine equations (5-34) and (5-33) 

and obtain the mathematical expression of the SDE conceptual model: 
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Equation (5-38) 

Above, SDE stands for the sustainable development of the enterprise; t1 denotes the stage 

when the enterprise integrates external resources; t3 refers to the stage when the products or 

services offered by the enterprise enter the market or the society; the other symbols have been 

stated above. 

Combining the four stages in enterprise operation and the natural phenomenon of “pumping 

dragon”, we make a further explanation of the above conceptual model and Figure 5-14. 
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1. In Figure 5-14, t1, t2, t3 and t4 represent the four stages of enterprise operation and 

whirlwind formation respectively, among which the conceptual model focuses on t1 and t3, i.e. 

the integration of various resources (the inflow of resources) and the production of products 

and their entry to the market. In vortex theory, t1 is the potential flow field composed of point 

convergence and point vortexes, and t3 is the potential field of point sources and point 

vortexes. As long as the cycle t1-t2-t3-t4-t1 repeats, the enterprise can develop sustainably. As 

the “pumping dragon” is a form of whirlwind happens on the surface of water, the above SDE 

conceptual model is called a “whirlwind conceptual model”. 

2. To seek sustainable development, an enterprise must be attractive enough to make various 

resources outside the enterprise continuously flow in, including but not limited to 

governmental resources, raw materials, talent resources, financial resources, technologies, 

information and markets, corresponding to the potential flow model through the superposition 

of point convergence and point vortexes in fluid mechanics. 

3. The four expressions of the conceptual model are all logarithmic spirals, which means that 

both “inflow” and “outflow” of resources take place in logarithmic spirals. Whether in the 

organic or the inorganic world, whether macroscopically or microscopically, the logarithmic 

spiral is the basic form of species evolution, so it is regarded as the “life curve”. Therefore, 

the conceptual model views the enterprise as a living organism and, by applying the 

Enterprise Life Cycle Theory, clearly depicts the vague moving path of enterprise resources. 

4. Various resources gathered to the enterprise, only when fully utilized, can offer products for 

the market or provide services for the society. Therefore, the production, operation and 

management within the enterprise are seen as the vortex tube, in which various lumps must 

try to become ideal incompressible isobaric fluids, i.e. the viscosity between different lumps 

approaches zero. 

5. The relationship between the enterprise and the external environment is seen as the 

interface. The vorticity field between them must satisfy Helmholtz’s three theorems and the 

critical conditions of their generalization. According to Equation (5-8), the sum of all the 

velocity components of fluid lumps, i.e. translational velocity, linear deformation rate, angular 

motion rate and rotation motion rate, should suffice to maintain the linear velocity of fluid 

motion and ensure enough vortex intensity in the vorticity field. 

6. Products or services of an enterprise should be sold and compete on the market to get 

capital and reputation. This phenomenon resembles the potential flow model where point 

sources and point vortexes are overlaid, and the enterprise’s capacity is viewed as the vortex 
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flux. 

7. After products or services are sold or offered, the capital and reputation gained flow back to 

the enterprise, not only to provide motivational guarantee for the SDE, from the fluid 

mechanic perspective, they are also the lubricants between lumps, which can largely reduce 

the viscosity and friction between the enterprise and the external environment. 

8. The "wind", if not swirling, is “cool wind”; once it does, it becomes a “tornado” or 

“pumping dragon”. Viewed according to the current operation data, Microsoft, Apple and 

Alibaba are swirling winds. They may have encountered difficulties, but through various 

means, they have lifted themselves out of trouble and taken off. In contrast, those enterprises 

which are unknown to public and are struggling to survive are still winds; they might have 

once developed soundly, but later fallen from the top due to various causes. 

5.7  Analysis of the Simulation Operation of the Conceptual Model 

Equation (5-38) and Figure 5-14 present the conceptual model constructed with the methods 

of simulation technology to build simulation models, on the basis of theories of fluid 

mechanics and related disciplines. Now we, from the perspective of systemic simulation, 

analyze the conceptual model. 

Firstly, the model vividly illustrates the four stages of the production, operation and 

management in an enterprise. In regard to the flow direction of resources, in the first stage the 

enterprise integrates all kinds of resources, which is the potential flow field composed of 

point convergence and point vortexes; the second stage refers to the production, processing 

and management of the enterprise, i.e. the vortex tube model; in the third stage, the enterprise 

offers goods to the market or services to the society, corresponding to the potential field of 

point sources and point vortexes; in the fourth stage, the enterprise gains capital or reputation 

in the market or society, which then flows back and guarantees further development of the 

firm. These four stages almost correspond one by one to the four regions of a tornado and dust 

devil. 

Secondly, the vortex kinetics of the model shows that, the less the pressure at the vortex core, 

the greater the attraction of the vortex. To obtain and integrate various social resources, the 

enterprise itself must be attractive enough. From Equation (5-35) we can see this attraction is 

obtained through management and innovation of the enterprise, reduction the viscosity 

between fluid lumps and increase of their velocity. That is to say, through management and 

innovation, the enterprise rationally allocates resources, reduces management and production 
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costs, lengthens the time period that raw materials stay within the enterprise (inventory) and 

shortens the production period so as to improve its attraction. 

Thirdly, the superposition flow field of point sources and point vortexes shows that the goods 

or services offered by the enterprise should flow through the market or society with the 

velocity equal to that of the raw materials’ potential flow in the vortex tube, and let the capital 

or reputation return to the vortex tube (enterprise). In other words, the process “resource → 

enterprise → production and processing → products → marketing → capital → resource → 

enterprise” is a circulation at a constant speed. If any link is “blocked”, the whole system 

would break down. Therefore the enterprise should allocate resources in a scientific and 

rational manner, with special attention to its “short slabs”. 

Fourthly, from Equation (5-38), there is an interface between flows inside and outside the 

vortex tube. To keep the vortex system running, the resistance of the interface should be 

constant. In other words, the enterprise should maintain harmonious relationship with the 

outside environment, including the government, market, society and industry, without 

frequent change in attitudes or too much friction; otherwise it might be difficult to survive.  

Fifthly, as for the potential flow fields of point convergence and point vortexes, as well as of 

point sources and point vortexes, their stream lines run in logarithmic spirals in the vortex 

system, i.e. lumps in the whole system are distributed in logarithmic spirals, coinciding with 

the life curve theory. This has further demonstrated that in the universe, everything, ranging 

from star clusters, spiral clouds, tornadoes of the macro worldto DNA structures in the micro 

world, from the system of animals, plants to that of human beings, follows a logarithmic 

spiral structure. 

Sixthly, to keep the vortex system operating, it has to satisfy Lagrange’s theorem (vorticity 

conservation), Kelvin’s theorem (conservation of vortex strength), Helmholtz’s first theorem 

(conservation of vortex tube strength in space), second theorem (conservation of vortex tube) 

and third theorem (conservation of vortex tube strength over time). These theorems provide a 

comprehensive description of the rule of vorticity evolution when the ideal barotropic fluid 

moves in the potential field: if the fluid is ideal, barotropic, and if its mass force has potential, 

then the irrotational motion is always irrotational, and rotational always rotational; the vortex 

line, surface, tube and its intensity remain the same. If any of Kelvin’s conditions is violated, 

new vortex will emerge in the motion, irrotational becomes rotational; the above elements are 

not retentive. That is to say, to achieve sustainable development, the enterprise must satisfy 

all the above requirements. 
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With the simulation technology, the construction of the conceptual model only accomplishes 

systemic structure simulation. Parameter simulation and model verification are also needed. 

We will discuss the computerized model, model verification and case study of the conceptual 

model, and other application problems. 
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Chapter VI  Calculation Model of the “Cyclone” Conceptual Model 

and its application 

A Synopsis of this Chapter  

According to the similarity of the vortex theory and the enterprise’s financial indicators on the 

physical meaning, the enterprise’s financial analysis indicators and conceptual model 

parameters can be matched, and then the calculation model of the conceptual model’s 

enterprise’s financial analysis indicators can be established, and its expressions is: 
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Through analyzing the calculation model, the concepts of Potential Energy of Enterprises 

(PEE), Sales Potential of Enterprises (SPE), Potential Energy of Markets (PEM), Sales 

Potential of Markets (SPM) have been provided. PEE means the energy is stored inside the 

enterprise internal system, which could integrate different kinds of social resources and meet 

the needs of the enterprise operation and sustainable development. PEM means the energy of 

enterprise products and services during the market expansion and competitiveness. SPE 

means in a certain period of time, the amount of resources that flow into the enterprise and 

owned by the enterprise. SPM means the amount of cash flows back to the enterprise, which 

is converted by the products and services via the market. Based in the energy conservation 

law, the PEE and quantity energy can be transformed each other. After finishing the 

characterized analysis of calculation model, the author provided three concepts, the 

“Enlargement Index (EtI)” “Strengthening index (SgI)” and “Stabilization Index (SnI)”, and 

then defined that the “EtI = PEM/PEE”, “SgI = SPM / SPE”, “SnI = SgI/ EtI”. The four model 

indexes that have calculated via calculation model, and the defined three enterprise indexes 

can be collectively called as enterprise indicator. Finally, by analyzing the structure and 

characteristic of calculation model and its sensitivity factors, the author put forwards three 

valuation standards that can evaluate the enterprise’s content and do case studies by using the 

calculation model, and the standards are “diagnostic evaluation”, “value chain” and 

“stability”.  
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6.1 Introduction  

In chapter 5, we have taken an enterprise as a system, then referred to the modeling flow of 

emulation technique, and based on the relevant theories of fluid mechanics and vortex theory, 

we have put forward the conceptual model of enterprise sustainable development – ‘whirl 

wind’ conceptual model. This chapter will be based on the matched enterprise indexes and the 

conceptual model parameters, and put forward the calculation model of the conceptual model, 

and then discuss the nature, the characteristics and the practical applications of the calculation 

model. 

The Mathematical expression of the conceptual model is: 
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               Equation (6-1) 

In the equation above, SDE represents the enterprise sustainable development, t1and t3 

indicate the first stage and the third stage of the four stages of enterprise’s operation process 

respectively, namely the stage of integrating all the external resources or social resources and 

let it flow to the enterprise and the stage of letting the products or services produced or 

provided by the enterprise flow into the market or enter into the society. In the equation, 1r is 

the potential function of superimposed point convergence and convergence point vortex, 2r is 

the stream function of superimposed point convergence and convergence point vortex, 3r is 

the potential function of superimposed point source and source point vortex, 4r is the stream 

function of superimposed point source and source point vortex; 1C is the sum of point 

convergence potential function and convergence point vortex potential function, 2C is the 

sum of point convergence stream function and convergence point vortex stream function,
 3C

is the sum of point source potential function and source point vortex potential function, 4C is 

the sum of point source stream function and source point vortex stream function; 1 is the 

first convergence point vortex strength parameter, 2 is the second convergence point vortex 

strength parameter, 3 is the first source point vortex strength parameter, 4 is the second 

source point convergence strength parameter; 1Q is the first point convergence strength 

parameter, 2Q is the second point convergence strength parameter, 3Q is the first point source 

strength parameter, 4Q is the second point source strength parameter; 1 is the position angle 

of the first superimposition system of point convergence and point convergence in the 
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coordinate system, 2 is the position angle of the second superimposition system of point 

convergence and point convergence in the coordinate system, 3 is the position angle of the 

first superimposition system of point source and point convergence in the coordinate system, 

4 is the position angle of the second superimposition system of point source and point 

convergence in the coordinate system. 

In equation (6-1), the “-” in front of the index of e  means the fluid is flowing out of the 

system, so when doing the actual calculation, we could ignore the symbol of “-”. In order to 

distinguish the point convergence superimposed with the point convergence from the point 

convergence superimposed with the point source, we call the previous one convergence point 

convergence, and the latter one source point convergence.  

6.2 The physical meaning of the conceptual model parameters in enterprise 

operation  

Understanding the physical meaning of potential function and stream function is quite 

important to understanding the physical meaning of conceptual model. Potential function and 

stream function are the common terms used in natural sciences. Potential means a kind of 

latent capacity, this capacity can transfers from one energy into other energy, the function 

describes this latent capacity is the potential function, and the determined parameters of the 

potential function is the potential energy. Potential energy is an energy stored in a system, 

which could be released or converted into other forms of energy, and it is a quantity of state. 

Potential energy does not belong to a single object, instead, it shares by interacted objects. 

Potential function could be seen everywhere, places where involve energy description or 

conversion will involve the potential function. In the thermodynamics, potential is the driving 

force of energy transfer, and the size of its value directly determines the strength of the energy 

transfer. For example, when the system and the outside world transfer the volume change 

work, the potential is the pressure that promotes the transferring work. Common potential 

functions include voltage, temperature and the like. Stream function is a scalar function 

associated with continuity equation in fluid mechanics, which refers to the number of floating 

objects flow through in unit time, namely the flow rate. Common stream functions include 

electric current, heat flux and so on. Quantity energy is one of the most common terms in the 

stocks, securities, futures or other trading markets, and it is an index that shows the trading 

volume of stocks, securities and futures in a certain period of time. We have defined SPE as 

the resources that flow into the enterprise and then owned by the enterprise in a specific 

period of time. In fact, the amount of quantity is also a form of potential energy, as we often 
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say that the size of the national economic dimension is the size of the number of energy, and 

also means the number of the potential. Therefore, we will define the SPM as the amount of 

money which has converted from the enterprise’s products or services through the market that 

will flow back to the enterprise.  

In the precious section, we have made a description of the meaning of each parameter in fluid 

mechanics in equation (6-1), and in this section, we will discuss the physical meaning of each 

parameter on the enterprise.  

The four expressions 1r 、 2r 、 3r  
and 4r of the conceptual model equation (6-1) separately 

represent that during the test period, the potential energy of the resources that controlled by 

the enterprise, the quantity energy of the resources controlled by the enterprise, the potential 

energy of the enterprises to the market, and the quantity energy of the enterprises to the 

market. Therefore, we have defined  1r 、 2r 、 3r  
and 4r as the PEE, SPE, PEM and SPM. 

PEE means the energy is stored inside the enterprise internal system, which could integrate 

different kinds of social resources and meet the needs of the enterprise operation and 

sustainable development. In the same way, the PEM is defined as the energy of enterprise 

products and services during the market expansion and competitiveness. The quantity energy 

is a concept of the stock market, which is the index of the stock trading volume in a certain 

period of time. We have defined the SPE as in a certain period of time, the amount of 

resources that flow into the enterprise and owned by the enterprise, and the SPM means the 

amount of cash flows back to the enterprise, which is converted by the products and services 

via the market. 

In the physical meaning of the enterprise, 1C 、 2C 、 3C  and 4C
 
in the conceptual model 

equation (6-1) respectively mean the potential energy of the resource that flows into the 

enterprise, the quantity energy of the resource that flows into the enterprise, the potential 

energy of the products flow into the market, and the quantity energy of the products flow into 

the market.  

In the conceptual model equation (6-1),
 1 is the strength of convergence point convergence, 

namely the velocity circulation, 1Q
 
is the strength of point convergence. Both 1 and 1Q

 

are the units of scalar, so we could define the ratio of the strength of convergence point 

convergence and the strength of point convergence 1 / 1Q
 
as the rate of a resource flows 

into the enterprise; in the same way, 2 2/Q   can be defined as the rate of another resource 

flows into the enterprise, and define the 3 3/ Q  as the rate of a resource flows out of the 

enterprise, and define the 4 4/Q   as another resource flows out of the enterprise. 
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In the conceptual model equation (6-1), 1  
means the position of the point convergence and 

point convergence superimposition system in the coordinate system, which shows the position 

of the enterprise in the industry. In this way, we could provide a certain iconic indicator of the 

enterprise, such as the turnover rate, the gross profit rate etc., in order to define the position of 

the enterprise in the industry, and in the same way, based on the nature of the enterprise data, 

we could define the enterprise data indicators match the 2 、 3  and 4 .
 

According to the analysis above, equation (6-1) can be re-written into a more concise form: 

Let 1 1 1/ Q A  ， 2 2 2/Q A  ， 3 3 1/ Q B  ， 4 4 2/Q B  , and remove the “-” which 

represents the direction of flow in 3r and 4r , then: 
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                         Equation (6-2) 

It can be seen from equation (6-2), if we want to get a result of the conceptual model, we need 

a set of 12 enterprise parameters, which includes 4 coefficients of e , and 8 power exponents 

of e . In the following article, we will discuss the required conditions of the 12 enterprise 

parameters.  

6.3 The corresponding types of Enterprise data with the conceptual model 

parameters 

Enterprise is a platform formed by many elements including people, money, material, 

knowledge and information and so on. To evaluate the sustainable development status of an 

enterprise, it is necessary to do integrated assessment towards all kinds of enterprise 

information from different angles, so that we can get a more comprehensive and objective 

evaluation result. From the structure of the model, the conceptual model has an open interface, 

and it is not required to what type of information data itself. If we induce the human resource 

data into the conceptual model, we will get the relevant information about the enterprise 

human resources; if we induce the financial analysis data into the conceptual model, we will 

get the relevant information about the enterprise financial; if we induce the data of the 

enterprise’s intangible assets, we will get a conclusion about the intangible assets of the 

enterprise; and if we induce the research and development data into the conceptual model, we 

will get the relevant information about research and development for enterprise. Of course, in 
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order to make analogy results of 1r 、 2r 、 3r  and 4r , the selected data must be the same type. 

For example, if we provide the financial analysis data to calculate 1r , then relevant financial 

analysis data must be used when calculating 2r 、 3r and 4r . And before doing calculating, we 

shall firstly mach the enterprise data with the model parameters, so that we could make sure 

the calculating result not only has analogy, but also has an enterprise sense of logic. Otherwise, 

if we calculate 1r  with financial analysis index, but calculate 2r  
with human resource index, 

then there is no analogy between the result of 1r  and 2r , in this situation, if we compare 1r  

and 2r , obviously they have no relevance relationship whatsoever with each other, so it will 

lead to a logic error on business sense.  

In summary, the conceptual model has three requirements on enterprise data: firstly, the 

twelve enterprise data must be the related information of the same type, such as all the data 

are the financial analysis indicators; secondly, the information of the two reference points of 

“flowing into the enterprise” and “flowing out of the enterprise” should be the same type; 

thirdly, when matching the enterprise data and model parameters, whether the calculating 

result has the logicality of the business sense shall be taken into consideration.  

Currently, regard to the information published by Chinese enterprises, only the enterprise 

basic financial indicators and the financial analysis data are relatively systematically and 

comprehensively. According to Chinese Enterprise Financial Rules, financial analysis indexes 

typically include financial risk indexes, solvency indexes, and include asset-liability ratio, 

current ratio and liquidity ratio and so on; operation ability indexes include accounts 

receivable turnover, inventory turnover rate; profit ability indexes include capital profit 

margin, sales profit and duty rate and cost profit ratio, etc.; development ability indexes 

include revenue growth rate, total assets growth rate, operating profit growth rate, net profit 

growth rate and net assets growth rate and so on. Later, in order to let investors to intuitively 

understand the financial status of listed companies, many securities companies again list the 

profitable quality indexes, which include three indicators, the pre-payment/revenue, sales cash 

flow/revenue/ and operating cash flow/revenue respectively, while the other data have not be 

shown as a separate item. For example, the enterprise’s research and development investment 

is a very important aspect to evaluate the enterprise’s sustainable development status, but the 

enterprises have not separately listed this item in their published financial statements, some 

enterprises include the research fee into their management fees, and some enterprise have 

included it into operating costs, or the same enterprise even includes the research fee into the 

management fee in some years and includes the research fee into the operating costs in some 

other years. There is not only no unified accounting subject, but also no assessment or final 
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account towards the effects of the research and development costs. Also, for instance, the 

modern enterprise competition is the talent competition, and the enterprise elite is a very 

important aspect to evaluate the enterprise sustainable development state. However, in light of 

the author’s brief investigation, many enterprises only have the basic information of all kinds 

of talents, such as the number and their salary in their human resource department, or some 

basic statistical data involve talent flow, educational degree structure, title structure, age 

structure and so on; yet there is absolutely no assessment information such as the contribution 

of all kinds of talents to the enterprise, the created benefit, the costs of talent growth or the 

talent and the cycle of the new developed product. Moreover, there is essentially no complete 

system data of the information of some intangible assets, such as the intellectual property or 

technology.  

According to the above-mentioned actual situation of our country’s enterprises’ statistical 

information, although the conceptual model has open interfaces that accept various 

information evaluations, as well as a strong practical application scalability; however, in the 

current situation, except the financial analysis indicators, it is very difficult to completely and 

systematically collect other aspects of enterprise information, so the conceptual model cannot 

be used to evaluate the information of other aspects for the moment.  

It should be said that the financial analysis indexes are the results of enterprise management, 

and the financial analysis plays a vital role in the development of enterprise. However, there 

are some limitations of the financial analysis indexes, such as the limitations of financial 

statement itself, the limitations of financial analysis indexes, the limitations of financial 

analysis methods and the limitation of time lag of financial statements. Even though there are 

many limitations of the financial analysis indexes, but those indexes are much more 

comprehensive and systematic when comparing with the other enterprise information. 

Therefore, this dissertation will apply the enterprise financial analysis indexes to express the 

calculation model of the conceptual model. 

6.4 Calculation model of conceptual model 

In view of above-mentioned reasons, and according to the similarity of the physical sense 

between the vortex theory and the enterprise financial indicator, we take financial indicators 

to express the relative parameters in the model.  

In accordance with the three requirements that required by the model parameters to the type of 

enterprise information and by comparison, we have selected 6 pairs of indicators with similar 
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meanings from the basic financial indicators and financial analysis indexes, which could also 

represent two datum points during the process of enterprise operation: “resources flow into 

the enterprise (t1)” and “products access into the market (t2)”. The six pairs of indicators are: 

return on total asset (also known as ROA) and return on equity; total assets growth rate and 

net assets growth rate; total asset turnover and net assets turnover; rate of gross margin and 

net profit ratio;  revenue growth rate and net profit growth rate; operating profit ratio and 

cash realization rate. Wherein the net assets turn over and the cash realization rate are defined 

and calculated by using relevant indexes by ourselves because of the needs of the model case 

study. Financial significances of 12 financial analysis indicators are as follows: 

Return on total assets(ROA) is also known as the total return on assets, or the asset income 

rate, which means the ratio of the enterprise’s total earnings during a certain period of time 

and the average total assets. It indicates the overall profitability of the enterprise’s total assets, 

including the net assets and the liabilities. ROA is used to evaluate the overall profitability of 

the enterprise when the enterprise uses all its assets, and it is an important index to evaluate 

the enterprise assets operation efficiency. Total return on assets is a quite useful ratio when 

analyzing the enterprise’s profitability; and it is another indicator to measure enterprise 

earning ability. When doing an assessment of the implementation of enterprise profit target, 

investors tend to focus on the reward implementation effect associated with investment assets, 

and often judge the effects by combining with the earnings per share (EPS) and return on 

equity (ROE) and other indicators. In fact, the total return on assets (ROA) is a more effective 

indicator. The value of the return on total assets (ROA) directly reflects the enterprise’s 

competitive strength and development ability, and it is also an important basis to determine 

whether the enterprise should operate on liability. Main reasons that may lead to the decrease 

of total return on assets include: product price drops, the price of raw materials and fuel rises 

but the product price is failed to increase simultaneously, production efficiency declines, 

under production, management fees and financial costs rises and so on.  

Return on equity (Rate of Return on Common Stock holders’ Equity, ROE/Profit Margin on 

Net Assets), also known as rate of return on common stockholders’ equity/return on net worth/ 

return on equity/ profit ratio of total liability and net worth/ return on worth, which is an 

significant indicator to measure enterprise profitability. It refers to the ratio of the profits and 

average stockholders’ equity, the higher the ratio is, the higher the investment benefit it, while 

the lower the ROE is, the weaker the profitability of enterprise owner’s equity is. This 

indicator reflects the ability to gain the net income with the enterprise’s own capital. The 

lower limit of return on net assets cannot be lower than the bank interest rate at the same time. 
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China Securities Regulatory Commission was explicitly stipulated that when the listed 

companies take the private equity, the three-year weighted average return on net assets cannot 

be less than 6%. If the ROE of an enterprise maintains more than 15% in all the year round, 

then the enterprise should be a blue-chip one.  

Total Assets Growth Rate, also known as total assets expansion rate, is the ratio of the 

enterprise total assets growth this year with the total assets at the beginning of the year, which 

reflects the growth of the enterprise current assets. Assets are the resources that are used to 

obtain income by enterprise, and are the guarantee for the enterprise to repay the debt as well. 

Assets growth is an important aspect of the development of the enterprise, generally, the high 

developmental enterprise can maintain the stable growth of assets. A higher the total assets 

growth rate indicates that the enterprise’s assets management scale expansion speed is faster 

during a certain time. But in the analysis, the relationship between the quality and quantity of 

the assets scale expansion needs to pay more attention, as well as the subsequent development 

of the enterprise, in order to avoid blind expansion. The three years average asset growth rate 

index eliminates the influence of asset short-term fluctuations, and reflects the assets growth 

situation of the enterprise of a long term of time.  

Net assets growth rate is the ratio of the enterprise’s current increased net assets and the   

prior period total net assets. Net assets growth rate reflects the expansion speed of the 

enterprise capital scale, which is an important indicator to appraise the enterprise’s total scale 

changes and growth conditions. Also, the net assets growth rate is an indicator that represents 

the enterprise’s development capacity, which reflects the value maintenance and appreciation 

of enterprise assets. In the enterprise management, a higher rate of return on equity means a 

strong vitality. So in case that an enterprise has a higher return on equity and maintains a 

higher net assets growth rate at the same time, then it means the enterprise would have a more 

powerful future development.  

Total assets turnover: total assets turnover means the ratio of the enterprise’s operating net 

income and the average total assets. Total Assets Turnover is an important indicator to make a 

comprehensive evaluation of the management quality and efficiency of the enterprise’s total 

assets. The greater the turnover rate is, the faster the total assets turnover is, and the 

strengthening the selling capability is. Enterprise can accelerate its assets turnover by 

reducing profits, in order to gain the profits absolute value. Total assets turnover 

comprehensively reflect the enterprise’s overall assets operation ability. Generally speaking, 

more assets turnover times or less turnover days mean the faster turnover speed, and 

strengthening operation capacity. On this basis, further analysis should be made on various 
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components in order to find out the reasons that affect the rise and fall of the total assets 

turnover. Enterprise can accelerate its assets turnover by reducing profits, in order to gain the 

profits absolute value. The purpose of analyzing the inventory turnover ratio is to find out the 

problems in inventory management from different angles and links, so that while the 

inventory management guarantees the continuity of production and operation, it could occupy 

as little as business capital, improve the utilization efficiency of capitals, enhance the 

enterprise’s short-term debt paying ability, and promote the improvement of enterprise’s 

management level. Total assets are just a scale; the total assets turnover rate can be analyzed 

to see whether there are expected benefits, namely whether the rapid growth of the total assets 

has brought the rapid growth of the sales revenue, if not, we will wonder whether the total 

asset is a inflated figure, such as something like deferred assets, falling price reserves and so 

on.  

Net assets turnover has the similar meaning to the total assets turnover, the only difference is 

that the net assets turnover use the stockholder’s equity rather than the total assets to measure 

the management quality and utilization efficiency. The net assets turnover is not a commonly 

used indicator financially, but in this dissertation, the author has calculated this indicator in 

accordance with those relevant financial indicators so that it can be compared with the total 

assets turnover. 

Net assets turnover = net operating revenue / average total net assets 

  =[( net operating revenue/ average total assets)]/[average total net assets/average total 

assets] 

  = total assets turnover / [(average total assets – total indebtedness)/ average total assets] 

  = total assets /(1- debt asset ratio) 

The concept of “debt asset ratio” has been used in the above equation. Debt asset ratio is the 

percentage of the enterprise total debt from the enterprise total assets. This indicator reflects 

the size of the proportion of the assets provided by creditors in the enterprise’s total assets, 

reflects the risk procedures of the creditor providing funds to the enterprise, and also reflects 

the enterprise’s ability to operate on liability. Generally, the 40-60% debt asset ratio is 

considered as to be a reasonable range. If the ratio is less than 40%, it means the enterprise 

has a strengthening economic strength and less liability, and the enterprise has adequate 

financing sources. But the appropriate debt makes certain effect on enterprise’s scale 

expanding and development. Less liability also means the enterprise’s potential remains to be 

a better play. If the ratio is more than 60%, it is too high and over the creditor’s psychological 
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level, so that it is more difficult to raise money, and the financing risk will be higher, the 

interest burden will be increased and the solvency risk will be increased, too. If the ratio is 

more than 100%, it means the enterprise has already insolvent, and nearly closed.  

Operating rate of gross margin is the ratio of operating gross profit amount and net revenue, 

which is calculated as follows: operating rate of gross margin = operating gross profit amount/ 

prime operating revenue X 100%. Operating rate of gross margin is a reflection of how much 

gross profit of each dollar of the enterprise operating revenue contains. It is the basis of the 

net profit, without large enough gross margin, the enterprise’s profitability cannot be formed. 

Actually, the operating income cannot be the only standard to measure the size of the 

enterprise’s profitability, because the operating income includes the operating costs, only after 

deducting the operating costs, it can be used to compensate all kinds of operating spending of 

the enterprise. The higher the gross margin of the main business is, the higher the profit is 

after deducting all kinds of spending, and the strengthening the enterprise’s profitability is. 

Operating net margin is the ratio of net profit and operating income, which reflects the ability 

of the enterprise’s operating income to create the net profit. Operating net margin is the 

indicator to describe the ultimate profitability of enterprise’s sales. The higher ratio means the 

strengthening profitability. However, the operating net margin is greatly influenced by 

industry characteristics, and generally speaking, the high level capital intensive enterprises 

have higher operating net margin. On the contrary, enterprises with lower level of capital 

intensive have lower operating net margin. This ratio analysis should be combined with the 

specific circumstance of different industries. Operating net margin reflects the relationship 

between the enterprise net profit and operating income. There are two ways to improve the 

operating net margin, one is to expand the operating income, and the other one is to reduce the 

costs. This indicator reflects how much net profit can we get from each dollar operating 

income, and it also reflects the income level of the operating income. We can see from the 

index relationship of operating net margin, net income is proportional to operating net margin, 

while the net operating income is inversely proportional to operating net margin. When the 

enterprise is increasing its operating income, it must obtain equivalent more net profit, so that 

the operating net margin can remain the same or improved. Through analyzing the rise and 

fall of the operating net margin, we can promote the enterprise to expand the operating 

income, and at the same time, we can pay attention on improving operational management 

and the profit level.  

Revenue growth rate (increase rate of business revenue) means the ratio of the current year’s 

total operating revenue and the d-value of the previous year’s total operating revenue. 
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Increase rate of business revenue indicates the change of the main business income compared 

with the previous year; it is an important indicator to evaluate the enterprise’s growth status 

and development ability. Revenue growth rate is a significant symbol to measure the 

enterprise operating performance and market share ability, and to predict enterprise business 

development trend. Increasing revenue is the foundation of enterprise’s survival and the 

condition of enterprise’s development. If the indicator of revenue growth rate is greater than 

zero, it means the enterprise operating income has increased; the higher indicator means the 

faster growth speed and better market prospects. If the indicator is less than zero, then it 

means there are some problems such as the products and service are not marketable, or the 

products and service have inferior quality but high prices, and the enterprise’s market shares 

has shrank. Revenue growth rate can be used to measure the life cycle of the enterprise’s 

products, and judge the stage of enterprise development. Generally speaking, if the revenue 

growth rate is more than 10%, it means the enterprise’s products are in a growing up towards 

maturity period, and the enterprise will continue to maintain a good growth momentum, it has 

yet to face the risk of product updates, and it belongs to the growth oriented enterprise. If the 

revenue growth rate is between 5% and 10%, it indicates the enterprise’s products have 

entered into the stable period, and will enter into the recession period soon, so the enterprise 

needs to start to develop new products. If the rate is lower than 5%, it means the enterprise’s 

products have already entered into the recession period, it is hard for those products to 

maintain the market share, and the business profit has began to decline. At this time, if there is 

no developed new product, the enterprise will be on the decline. The comparative analysis of 

the revenue growth rate and accounts receivable growth rate can show the increasing range of 

the enterprise’s sales volume, so as to determine the development situation of the enterprise’s 

business events. It is generally recognized that if the revenue growth rate is less than -30%, it 

indicates the enterprise’s business declines sharply and the early warning signal has came into 

existence. In addition, when the revenue growth rate is less than the accounts receivable 

growth rate, or even is the negative, the enterprise is likely to manipulate profit, and the strict 

preventive measures should be taken. When making the judgment, the comprehensive 

analysis still needs to be done according to the proportion of the accounts receivable in 

operating income.  

Net profit growth rate refers to the growth range of the enterprise’s current net profit than the 

previous net profit, and the greater index value means the strengthening corporate profitability. 

Net profit is the balance of profit after the total profit reduce the income tax, it is the net 

income that can be distributed by the investors (shareholders) of the current year, and it is also 
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known as the after-tax profits. Net profit is the ultimate achievement of an enterprise; the 

higher net profit means the enterprise’s management efficiency is good; while the lower net 

profit means the enterprise’s management benefit is poor, so it is an important indicator to 

measure the management efficiency of the enterprise. The amount of the net profit is 

depended on two factors, one is the total profit, and the other one is income tax. The 

enterprise’s income tax is equal to the current period taxable income multiplied by the 

enterprise’s income tax rate. The current enterprise income tax rate in China is 25%, and for 

those enterprises in line with the requirements regulated by national policies can enjoy 

enterprise income tax preferential treatment, for example, the income tax rate of the high-tech 

enterprises is 15%. 

Operating profit ratio: operating profit ratio is the ratio of operating profit and the net 

operating revenue. Operating profit is the most important part of the enterprise total profit, as 

well as the main factor affects the enterprise’s overall operating results. Operating profit ratio 

indicates how much main operating profit that per unit enterprise’s prime operating revenue 

can bring, and reflects the profitability of the enterprise’s main business, so that it is the main 

indicator to evaluate the enterprise’s management efficiency. From the aspect of the 

profitability of the enterprise’s main business and profit level, the operating profit ratio is the 

further complement to capital net yield indicators, which reflects the contribution of the 

enterprise’s operating profit to the total profits, as well as the degree of influence to all 

earnings of the enterprise. The indicator of operating profit ratio reflects the most basic 

profitability of enterprise’s operating activities, without sufficient operating profit ratio, the 

enterprise’s finally profit is unable to be formed. Thus, after analyzing the enterprise’s 

operating revenue and enterprise costs, the shortcomings and achievements of the enterprise’s 

cost-control, expense management, product marketing, business strategy and other aspects 

can be reflected. The higher operating profit ratio illustrates that the price of the enterprise’s 

products or commodity is scientifically, the additional value of the product is high, the 

marketing strategy is properly, the market competitive of the main business is strong, the 

developmental potential is great, and the profit level is high.  

Cash realization ratio is also known as sales receivable ratio. In order to quickly capture the 

market, or to achieve the sales target, the enterprise often takes the operation mode of credit 

sale and consignment sale. This kind of sales mode is easily to form the bad debts, or bead 

loan; and finally resulted in the high accounts receivable, or even make the enterprise cash 

flow break, or face the dilemma of closing down. Another situation is that, in order to varnish 

the financial statements, during the business management, the enterprise will store its 
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products at the dealer rather than actually selling out, and then includes the sales revenue in 

the financial statement, but the actual sales rate of return is low. Therefore, cash realization 

ratio is an indicator to evaluate the enterprise’s ability to collect the payment, and it is also an 

indicator to show the enterprise management capacity and capital turnover ability.  

Cash realization ratio = (sell cash flow/operating income) – (advance payment/operating 

income). This indicator reflects the sell cash flow. To avoid this indicator should be of course 

the higher the better, and the highest is up to 100%, namely 100% cash sale, and this kind of 

situation is the most real sales revenue.  

According to the similarity between the physical meaning of the model parameters and the 

physical meaning of the enterprise financial indicator, as well as the understanding of the 

various parameters of the conceptual model, we have matched the financial indicators and the 

parameters of the conceptual model. So that we have defined: 

1C =return on total assets, 2C =operating profit ratio, 3C =net assets return ratio, 4C =cash 

realization rate;  

1A =total assets growth rate, 2A =revenue growth rate, 1B =net asset growth rate, 2B = net 

profit growth rate; 

1 =total assets turnover, 2 = gross profit rate、 3 = net asset turnover、 4 =net profit margin； 

In addition, as previously noted, since we have defined r1 as the PEE, r2 as the SPE, r3 as the 

PEM and r4 as SPM, and now we could use the enterprise’s financial analysis indicators to 

express the equation (6-2): 
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           Equation (6-3) 

In order to avoid two parameters of the power exponent of constant e become negative at the 

same time, and lead to the situation of “two negatives make a positive”, according to the 

algorithm rules of power exponent, the equation (6-3) shall be rewritten as: 
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      Equation (6-4) 

The above-mentioned equation is the calculation model of the “whirl wind” conceptual model 
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that is expressed by the enterprise financial analysis indicators.  

Of course, there are some ways that use the other enterprise financial analysis indicators to 

express the model, which is depended on the researchers’ understandings to the enterprise 

financial data. If we use the indicators of marketing and sales, such as the sales plan 

achievement rate, sales increase rate, sales receivable ratio, new customer’s growth rate, and 

customer retention rate and so on, we could get the whirl wind model about the enterprise 

marketing and sales, and specially investigate the sustainable development state of enterprise 

marketing and sales. But the related information of this aspect is incompletely, so that the 

there is no comparison of the calculated result, and the systematic evaluation system cannot 

be formed, and the value of the application model has greatly reduced.  

Further research needs to be done about this application of this aspect.  

6.5 Characteristics Analysis of the Calculation Model 

To better understand the meaning of the model, we will discuss the characteristic of the whirl 

wind model by talking about the definitions and their combination of the various financial 

indicators in equation (6-4). 

6.5.1 Financial characteristics and potential flow leverage factor of the expressions of  

1r 、 2r 、 3r and 4r  

We will take 1r and 3r as examples, and discuss their financial characteristics. In the model, the 

four financial analysis indicators that are used by the power exponents of e  of the expression 

of 1r  and 3r  are the growth rate and turnover rate of the total assets and net assets 

respectively. We will collectively refer the total assets and net assets as the assets here, their 

financial meanings are straightforward, and we have introduced their financial meaning and 

enterprise meaning in front. Now the question is, what does the “assets growth rate multiplied 

by the assets turnover” mean? It seems hard to explain its physical meaning by using the 

financial indicators. The reason of why it is hard to explain is that: assets growth rate = assets’ 

increasing amount / total assets at the beginning of year, which is the dimensionless number; 

while the assets turnover = net operating revenue / total average assets, which is the secondary 

dimension. If we introduce the unit of time on a yearly basis and the benchmark asset amount 

as 1, then the asset growth rate can be explained as the new assets of each $1 at the beginning 

of the year has gained in a year, in this way, the growth rate can be understood as the growth 

amount; while the assets turnover can be understand as the operating efficiency to $1 in this 

enterprise in a year, thus, the “assets growth rate multiplied by the assets turnover” can be 
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understood as the more effective assets amount that the enterprise has increased than the 

previous year. Take a concrete example, if the total assets growth rate of an enterprise is 20% 

in 2014, and the total assets turnover is 0.3 times, which means each $1 of this enterprise at 

the beginning of 2014 has gained $0.2, and 30% of these assets have been effectively used; 

the new total assets of each $1 asset at the beginning of 2014 that have been efficiently used 

are $0.2 * 0.3=$0.06, and the rest $0.14 are the idle assets. So assets growth rate shall be 

reasonable matched with the assets turnover; or it will cause idle assets, or reduce the rate of 

return of the total assets. We will continue to discuss this issue in the following discussion. 

Therefore, the main calculation of the power exponents of e  is relative to $1 asset at the 

beginning of the period, the actually effective resources flow into the enterprise ( 1r ) or flow 

into the market ( 3r ) during the reporting period.  

After clear the financial meaning of the power exponent of e , just like defining the total 

assets/ net assets as the degree of financial leverage, we will define the power e  as degree of 

potential leverage(for 1r  and 3r ), or degree of stream leverage(for 2r  and 4r ), which can 

be collectively referred to as degree of potential and steam leverage.  

In the model, the coefficients of e  of the expressions of 1r and 3r  adopt return on total 

assets (ROA) and return on equity (ROE) separately. These two indicators mainly examine 

the enterprise’s ability to use assets to get profits. For manufacturing sector, return on assets is 

the important indicator to evaluate enterprise’s assets operating efficiency, the level of return 

on assets directly reflects the enterprise’s competitive strength and development ability. We 

will take ROA as the coefficient of e  in enterprise operation stage 1t  to represent the 

enterprise’s efficiency of operation to the resources and assets flowing into the enterprise; and 

we take ROE as the coefficient of e  in enterprise operation stage 3t  to represent the 

enterprise’s efficiency of operation to the resources and assets flowing into the market. Same 

as the above-mentioned concept of unit time and unit assets, return on assets means how 

much profit the $1 asset can obtain.  

If we respectively multiply the return on total assets and return on equity with the 

corresponding degree of potential leverage, we could get the PEE and PEM, and they 

separately represent the potential energy of the profit that the enterprise can obtain after 

operating each $ 1 assets (total assets or net assets) during the reporting period. Thus, the 

financial characteristics of the PEE and PEM can be easily and intuitively understood.  

In a similar way, introducing the concepts of unit time, unit sales and amount of profit, and 

applying the degree of stream leverage, we could explain the financial characteristics of SPE 
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and SPM, and they separately represent that during the reporting period, the quantity energy 

of the profit that enterprise can obtain from per $1 operating income; as well as the quantity 

energy of the amount of cash that the enterprise can obtain from each $ 1 sales income.  

It is worth noting that the above-mentioned four model indicator are still the concepts of 

potential energy and quantity energy rather than specific financial values even though their 

financial characteristics have been explained. For example, the potential energy of the profit 

that the enterprise can obtain after operating $ 1 total assets doesn’t mean the quantity of the 

profit that the enterprise can obtain after operating $ 1 total assets. Thus, it should be 

particularly pointed out that from the concepts of the potential energy and quantity energy, 

and based on the law of energy conservation; the potential energy and quantity energy can be 

converted to each other, which is distinctively different from the concept of financial analysis 

indicators.  

6.5.2 Adopt the financial indicators with velocity meaning in Calculation model 

Financial indicators that have been involved in the model calculation mainly include some 

financial analysis indicators such as yield rate, growth rate and turnover rate, that’s because 

we have considered that the focus of the whirl wind model’s concern is the enterprise’s 

development, since the development has different speed, then analyzing the different speed of 

the development will use the indicators relate to the development speed. Development speed 

can be divided into year-on-year development speed, month-on-month development speed 

and development speed with fixed basis according to different base periods. Year-on-year 

development speed generally means the achieved relative development speed figured out by 

comparing the current development speed with the development speed in the same period of 

the last year. Month-on-month development speed generally refers to the ratio between the 

development level at the reporting period and the level at the previous period, which reflects 

the development speed time by time. Development speed with fixed basis, also called overall 

speed for short, generally refers to the ratio between the level of the reporting period and the 

level of a fixed period, which indicate the development speed of this phenomenon over a 

longer period. In brief, year-on-year comparison means the comparison between the data of 

the current reporting period and the data of the last year’s same period; month-on-month 

comparison is the comparison between the data of the next reporting period and the data of 

the previous reporting period in the same year. Take some data in May as an example; the 

year-on-year comparison is to compare with the data in May last year, while the 

month-on-month comparison is to compare with the data of the previous month, namely the 



  

125 

data in April. Therefore, all of the selected financial indicators participating in model 

calculation will be indicators with velocity means, which could more accurately reflect the 

development status of the enterprise. 

The twelve financial indicators chosen by the model have covered the growth ability indicator 

of the financial analysis indicators, which includes four indicators, total assets growth rate, net 

assets growth rate, revenue growth rate and net profit growth rate; the profitability indicators, 

which has involved 5 indicators, return on total assets, return on equity, gross profit, net profit 

and operating profit ratio; operating ability indicator, which has included two indicators of 

total assets turnover and net assets turnover; as well as profit quality indicators, the cash 

realization rate is calculated through sales income/ operating income. While the asset-liability 

ratio of the financial risk indicators has implied in the indicators related to total assets and net 

assets.  

6.5.3 Enterprise’s EtI and SgI 

About the issues of expanding the enterprise or consolidating it, we will special discuss this 

topic in the following article. Regard to four enterprise model indexes calculated by the 

calculation model, namely: PEE, SPE, PEM, and SPM. If we examine the physical meaning 

of the financial indexes involved in the calculation, we can find out that the PEE and PEM are 

mainly relate to some aspects including the enterprise’s total assets, net assets growth rate, 

turnover rate and rate of return and so on, which involve the growth rate of enterprise scale, 

enterprise resource utilization rate, and enterprise resources yield rate; while the growth rate 

of enterprise scale and the enterprise resource utilization rate are the degrees of potential 

energy leverage, which move the scale of enterprise’s resources yield rate. Thus, in this sense, 

the contents of “enterprise enlargement” should not only include the size of the enterprise’s 

resource scale, more importantly, we should examine the size of the enterprise’s profit scale. 

Therefore, we have defined the “PEM / PEE” as the enterprise’s “EtI”. In the similar way, 

SPM and SPE mainly relate to enterprise’s operating profit rate, cash realization ratio, gross 

profit rate, net profit margin, revenue growth rate and net profit growth rate and so on, which 

involve the enterprise’s benefit issues. The level of the enterprise benefit is an important 

content to measure whether the enterprise has been strengthening, thus we will defined the 

“SPM / SPE” as the enterprise’s “SgI”. 

The enterprise’s EtI and SgI are the two core model indexes of the calculation model, and the 

two indexes are used to evaluate the sustainable development of the enterprise, in the chapter 

of model verification we will apply those indexes to evaluate the enterprise’s sustainable 
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development status. 

6.5.4 Other financial indicators implied in Model Calculation Parameters 

Financial indicators that have been involved in model calculation do not refer to indicators 

reflect the enterprise’s operation and management efficiency or financial risks, such as 

operating costs, gross profit, inventory turnover days, asset-liability ratio, liquidity ratio, or 

quick ratio. Actually, many financial indicators are calculated by using same data from 

different aspects. For example, by using the two same indicators of total assets and net assets, 

we could calculate the asset-liability ratio ([total assets – net assets]/total assets), degree of 

financial leverage (total assets/net assets), equity ratio (net assets/total assets) and some other 

indicators. It can be seen that the three financial indicators, the asset-liability ratio, the degree 

of financial leverage and the equity ratio are calculated from two indicators of total assets and 

net assets, in the other words, any one indicator of the three financial indicators, the 

asset-liability ratio, the degree of financial leverage and the equity ratio, has implied the two 

indicators of total assets and net assets. Therefore, the twelve financial indicators involved in 

model calculation actually have implied many indicators reflect the enterprise’s management 

and operation efficiency and financial risks.  

6.5.5 Calculation model doesn’t involve enterprise scale 

In traditional microeconomics, economy of scale means the expanding of production scale 

would bring down unit output costs. However, the unit output cost cannot always decrease 

with the scale expanding, and there is a Minimum Efficient Scale (MES), and the 

corresponding scale is when the U-shaped or L-shaped average cost curve reaches the lowest 

point. In the other words, if a factory or enterprise want to get the maximize cost-efficiency; 

its output must be at lease reach the basic scale. In practice, the size of MES can be a direct 

indicator to measure the degree of economy of scale of different industries; the greater the 

MES is, the more obvious economy of scale of this industry is, so relatively speaking, big 

enterprises have more cost advantages.  

It can be seen from the financial indicators chosen by the model that those indicators reflect 

the scale of enterprise, such as the total assets, net assets, operating income, operating profit 

are not involved in this model, that’s because the scale of enterprise is not considered as the 

direct factor affect the enterprise’s sustainable development, and there is no closely causal 

relationship between the enterprise’s scale and its sustainable development. A large number of 

statistical data show that a small enterprise could grow into a large-scale one after ten years, 
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twenty years of development; while on the contrary, a large-scale enterprise may collapse in 

just a few years. Although we have mentioned in Chapter III that “with the expansion of the 

enterprise’s scale, in statistical sense, the enterprise’s survival year would be appropriately 

increased”, but the essence of the statistical rule is that the enterprise is implementing 

sustainable development strategy, that’s why the enterprise becomes not only “consolidated” 

but also “ expanded”. We believe that to consolidate an enterprise is much more important 

than to expand it, so that when we match the enterprise financial indicators with the model 

parameters, we mainly choose the financial indicators relevant with the “strengthening 

enterprise”. 

 

6.5.6 Using the cash realization ratio indicator to express the idea of “cash is king” 

The coefficient of e  of 2r  in the calculation model adopts the operating profit ratio, that’s 

mainly because it has considered that the nature of the enterprise is to make profit, and the 

operating profit ratio is the most basic profitability of the enterprise’s operating activities. 

Without sufficient operating profit ratio, the enterprise’s final profit cannot be formed. So it 

can be seen that the operating profit ratio is the basic indicator of enterprise profit, by taking it 

as the coefficient of enterprise’s quantity energy, it can not only examine the enterprise’s 

profitability, but also indirectly examine the enterprise’s many factors including products 

pricing ability, product addictive value, marketing tactics, market competitiveness, 

development potential and profitability level. The coefficient of e  of 4r  in the calculation 

model adopts the cash realization ratio. As the saying goes, “eight hundreds cash is better than 

one thousand credit”, “overnight gold is not as good as obtained copper”, both of them have 

reflect the idea of “cash is king”. Cash realization ratio mainly examine the enterprise’s sales 

ability and money returned ability, and its essence is a comprehensive index that can examine 

the enterprise’s maintainable operation ability, resource integration capability, capital turnover 

ability and debt-paying ability.  

6.6 Sensitivity analysis of calculation model 

Sensitivity analysis of calculation model is equivalent to model checking when building the 

simulation model by using simulation technique. 

Sensitivity analysis is an uncertainty analysis technique to study from the perspective of 

quantitative analysis about the degree of influence on a certain or a set of key indicators if a 

change has occurred on the relevant factors. Its essence is through changing the number of 



  

128 

relevant variables one by one, in order to analyze the impacts that the model’s sensitivity 

factor, the scope of the determined target value, and the uncertainty factors have made on the 

model, and to interpret the changing rule of model affected by the changes of these factors. 

The main parameters can generally be chosen as the sensitivity factors and be analyzed. If the 

minor change of a parameter can lead to major change of the outcome indicator, then this 

parameter is called sensitivity factor, otherwise is the non-sensitive factor.  

Sensitivity analysis of this dissertation is adopting a set of assumed financial analysis 

indicators, which has much larger range than the regular financial analysis indicators, or even 

has a few unreasonable numerical values. Those assumed indicators have been substituted 

into Equation (6-4), and the calculation results can be used to analyze the model’s main 

influence factors, to observe the changing rule, to test the model’s sensitivity and anti 

passivation ability.  

Since the structure of the four expressions of Equation (6-4) are exactly alike, and all of them 

are the product of one coefficient and power exponent of base e  . To keep it simple, we 

would like to write the equation (6-4) in the form of ( )x ya e , and a  represents the return on 

total assets, operating profit ratio, return on equity or cash realization rate; x represents total 

assets growth rate, operating income growth rate, net assets growth rate, net profit growth rate; 

y represents total assets turnover rate, gross profit, net assets turnover rate and net profit,  

Regard to the assumptions of the enterprise data, firstly, we will analyze the calculation 

equation of financial analysis indicators, and get the distribution range (Table 6-1) of these 

financial indicators theoretically. 

Distribution range of the theoretical value of 12 financial indicators involved in the 

conceptual model calculation  

Table 6-1 Distribution range of the theoretical value of 12 financial indicators involved in the 

conceptual model calculation 

Financial index Simple calculation equation 
Range of financial indicators’ 

theoretical values 

Return on total 

assets 
Total profit/average total assets The values are negative if the 

profits are negative, and there is 

no standard value Return on equity Net profit/net assets 

Total assets 

growth rate 

Total assets growth amount of the 

current year/Total assets at the 

beginning of the year The value can be positive or 

negative, and there is no 

standard value Net assets 

growth rate 

Net assets growth amount of the 

current year/ Net assets at the 

beginning of the year 
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Total assets 

turnover 

Net operating income/average 

total assets 
Generally the total assets and net 

assets are positive numbers, as 

long as the operating income is 

positive, the value is positive. 
Net assets 

turnover 

Net operating income/average net 

assets 

Gross margin 
(operating income-operating 

cost)/operating income 

When operating cost is greater 

than operating income, the value 

is negative; if the operating cost 

is zero, the value is 100%. 

Net profit margin Net profit/operating income 

The value can be positive or 

negative, and there is no 

standard value 

Revenue growth 

rate 

(operating income growth 

amount/total operating income of 

last year) 

Net profit growth 

rate 

Net profit growth amount/net 

profit of last year 

Operating profit 

ratio 
Operating profit/operating income 

Cash realization 

ratio/ or sales 

receivable ratio. 

Sales cash flow/operating income 

Unless all sales are on credit, or 

the value shall between 0 to 

100%. 

Secondly, we will choose 100 good or bad listed enterprises to count the maximum and 

minimum limits indexes of the above 12 financial indicators, to ensure the range of a , x and

y , and to make the range as the “example range”. After that, we will make appropriate 

expansion of this example range, and divided it into 11 or 12 levels according to certain 

intervals, respectively are 150% - 100% - 75% - 50% - 25%, 0,25%, 50%, 75%, 100% , 150%. 

It should be noted that it does not eliminate that due to asset reorganization, shareholders 

investment or other very special reasons, a few indicators in the enterprise’s financial 

statement may beyond the regular range we have determined, or even beyond the maximum 

and minimum limits. However, this situation is also a special and unusual situation in the 

process of enterprise operation, so it is another matter. Obviously, the levels we have assumed 

are merely hypodissertation, it mainly examine the changes of the model under extreme 

conditions, and their financial significances cannot be seriously care about. Take the total 

assets growth rate as an example, if the maximum limit and the minimum limit are -150% and 

+150% separately, then the -150% means the total assets have suddenly disappeared within 

the financial year or financial quarter, and also in debt of 50% of total assets at the end of last 

period, while this kind of situation is hard to imagine in reality. But +150% is very common 

when there is a substantial increase of debt or shareholders invest a lot. Take another example, 

-150%, namely -1.5 times total assets turnover, which is hard to explain. 

For the sake of unity, we will unify label the numerical values of the assumed level as 

percentage, for instance, total assets turnover and net assets turnover are 0.5 times, but we 
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will mark it as 50%. Specific situations are shown in Table 6-2.  

Table 6-2 Regular range and assumed levels of a、 x and y of expression ( )x ya e  

Value of a Example range Assumed level (%) 

Return on total assets -45%—+87% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Operating profit ratio -81%—+91% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Return on equity -32%—+65% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Cash realization ratio 21%—+100% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Value of x Example range Assumed level (%) 

Total assets growth rate -42%—+95% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Revenue growth rate -89%—+116% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Net assets growth rate -125%—+141% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Net profit growth rate -123%—+135% -150、-100、-75、-50、-25、0、25、50、75、100、150 

Value of y Example range Assumed level (%) 

Total assets turnover +0.05—+0.47 -150、-100、-75、-50、-25、0、25、50、75、100、150、200 

Gross margin +12%—+98% -150、-100、-75、-50、-25、0、25、50、75、100、150、200 

Net assets turnover +0.15—+1.26 -150、-100、-75、-50、-25、0、25、50、75、100、150、200 

Net profit margin -114%—+73% -150、-100、-75、-50、-25、0、25、50、75、100、150、200 

When doing the sensitivity analysis, we will first calculate the degree of potential flow 

leverage ( )x ye , and test the impacts made by power exponent x  and y . Calculation results 

are shown in Table 6-3.  

Table 6-3 Analysis statement of influences made by assumed indicator x and y on ( )x ye  

x y ( )x ye  x y ( )x ye  X y ( )x ye  

-150% -150% 9.488 -150% -25% 1.455 -150% 75% 0.325 

-100% -150% 4.482 -100% -25% 1.284 -100% 75% 0.472 

-75% -150% 3.080 -75% -25% 1.206 -75% 75% 0.570 

-50% -150% 2.117 -50% -25% 1.133 -50% 75% 0.687 

-25% -150% 1.455 -25% -25% 1.064 -25% 75% 0.829 

0% -150% 1.000 0% -25% 1.000 0% 75% 1.000 

25% -150% 0.687 25% -25% 0.939 25% 75% 1.206 

50% -150% 0.472 50% -25% 0.882 50% 75% 1.455 

75% -150% 0.325 75% -25% 0.829 75% 75% 1.755 

100% -150% 0.223 100% -25% 0.779 100% 75% 2.117 

150% -150% 0.105 150% -25% 0.687 150% 75% 3.080 

-150% -100% 4.482 -150% 0% 1.000 -150% 100% 0.223 

-100% -100% 2.718 -100% 0% 1.000 -100% 100% 0.368 

-75% -100% 2.117 -75% 0% 1.000 -75% 100% 0.472 



  

131 

-50% -100% 1.649 -50% 0% 1.000 -50% 100% 0.607 

-25% -100% 1.284 -25% 0% 1.000 -25% 100% 0.779 

0% -100% 1.000 0% 0% 1.000 0% 100% 1.000 

25% -100% 0.779 25% 0% 1.000 25% 100% 1.284 

50% -100% 0.607 50% 0% 1.000 50% 100% 1.649 

75% -100% 0.472 75% 0% 1.000 75% 100% 2.117 

100% -100% 0.368 100% 0% 1.000 100% 100% 2.718 

150% -100% 0.223 150% 0% 1.000 150% 100% 4.482 

-150% -75% 3.080 -150% 25% 0.687 -150% 150% 0.105 

-100% -75% 2.117 -100% 25% 0.779 -100% 150% 0.223 

-75% -75% 1.755 -75% 25% 0.829 -75% 150% 0.325 

-50% -75% 1.455 -50% 25% 0.882 -50% 150% 0.472 

-25% -75% 1.206 -25% 25% 0.939 -25% 150% 0.687 

0% -75% 1.000 0% 25% 1.000 0% 150% 1.000 

25% -75% 0.829 25% 25% 1.064 25% 150% 1.455 

50% -75% 0.687 50% 25% 1.133 50% 150% 2.117 

75% -75% 0.570 75% 25% 1.206 75% 150% 3.080 

100% -75% 0.472 100% 25% 1.284 100% 150% 4.482 

150% -75% 0.325 150% 25% 1.455 150% 150% 9.488 

-150% -50% 2.117 -150% 50% 0.472 -150% 200% 0.050 

-100% -50% 1.649 -100% 50% 0.607 -100% 200% 0.135 

-75% -50% 1.455 -75% 50% 0.687 -75% 200% 0.223 

-50% -50% 1.284 -50% 50% 0.779 -50% 200% 0.368 

-25% -50% 1.133 -25% 50% 0.882 -25% 200% 0.607 

0% -50% 1.000 0% 50% 1.000 0% 200% 1.000 

25% -50% 0.882 25% 50% 1.133 25% 200% 1.649 

50% -50% 0.779 50% 50% 1.284 50% 200% 2.718 

75% -50% 0.687 75% 50% 1.455 75% 200% 4.482 

100% -50% 0.607 100% 50% 1.649 100% 200% 7.389 

150% -50% 0.472 150% 50% 2.117 150% 200% 20.086 

It is shown in Table 6-3, there is only one maximum value 20.086 of the degree of potential 

flow leverage, of which the values of x and y are respectively 150% and 200%; there are two 

second largest values 9.488, and the values of x and y are respectively 150% and 150% and 

-150% and - 150%; there is only one the third largest value 7.389, of which the values of x

and y are100% and 200%; there are five fourth largest value 4.482, and the values of x and y

are respectively  -100% and -150%, - 150% and -100% , 150% and 100%, 100% and 150%, 

and 75% and 200%; and there are four fifth largest value 3.080, and the values of x and y are 

respectively -75% and -150%, - 150% and -75%, 150% and 75% and 75% and 150%. While 

there is only one minimum value 0.050, of which the values of x and y are -150% and 200%; 

there are two second smallest value 0.105, and the values of x and y are respectively 150% 

and -150% and -150% and 150%; there are only one third smallest value 0.135, of which the 
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values of x and y are -100% and 200%; there are five fourth smallest values of 0.223, and the 

values of x and y are respectively 100% and -150%, 150% and -100% - 150% and 100% - 

100 % and 150% and -75% and 200%; and there are four fifth smallest value 0.325, of which 

the values of x and y are respectively 75%and -150%, 150% and -75% - 150% and 75% and 

-75% and 150%. 

It should be noted that in Table 6-3, for different values of x  and y ,as long as the values of 

their product are the same, then the degrees of potential flow leverage are the same as well, 

which is actually a form of potential energy conversion. For example, when calculating the 

potential energy of the enterprise, it can be found that the total assets growth rate and total 

assets turnover rate can be converted to each other through the degree of potential flow 

leverage.  

As can be seen from Table 6-3, firstly, no matter the value of x  and y is positive or 

negative, the value of degree of potential flow leverage ( )x ye is always greater than zero; 

secondly, among the total 132 data, only 13 of them are greater than 3.080, and only 13 of 

them are less than 0.325, so the values of 106 data are between 0.325 and 3.080, and the 

distribution is relatively concentrated; thirdly, the above-mentioned five maximum values and 

five minimum values basically occur when the assumed indicator reaches the maximum level 

or minimum level, and this situation is hard to see in reality enterprise financial indicators, 

unless the enterprise is quite abnormal.  

Through the above analysis, we can see although the values of x  and y  change a lot, 

wherein x changes from -150% to + 150%, and y changes from -150% to + 200%, but the 

changes of ( )x ye  are within a relatively small range, and the specific value between the 

maximum value and the minimum value of this range is less than 10 times, so that x  and y  

are non sensitive factors.  

After analyzing the power exponent items, we will then analyze the sensitivity of coefficient 

term a . From Table 6-1 of the theoretical analysis table of financial indicators and Table 6-2 

of the enterprise example data table that have been actual counted, we can see that all values 

of the return on total assets, operating profit ratio and return on equity can be positive and 

negative, but the cash realization rates generally are positive numbers which are greater than 0 

and less than 1. The products of those financial indicators and degree of potential flow 

leverage directly determine the plus-minus and size of the PEE 1r , SPE 2r , PEM 3r and SPM

4r , therefore, the four indicators of a are sensitivity factors. If a is positive and relatively 

large, it means the enterprise is developing to be enlargement and strengthening; if a  is 
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negative, it means the enterprise’s scale of operating is narrowing down, and the profitability 

is developing in the direction of loss.  

Take an example to illustrate this problem. Enterprise A, which total assets growth rate is 10%, 

total assets turnover rate is 0.5; Enterprise B, which total assets growth rate is 100%, total 

assets turnover rate is 0.5. For the two enterprises, the difference of the total assets growth 

rates is up to 10 times, while the total assets turnover rates are the same. Then how much 

difference   between the two enterprises when the two indicators synergically make effect 

on them? Only considering the financial indicators, there might be a calculated way, but 

calculating from the degree of potential energy leverage is as follows： 

Enterprise A：( )x ye =
0.1 0.5( )e =1.051，Enterprise B: 

( )x ye =
1.0 0.5( )e =1.649，1.649/1.051=1.57;  

The conclusion indicates that the difference of the actual impacts that has been made by total 

assets changes on the two enterprises is just 1.57 times. That’s because even though the total 

assets has increased by 10 times, but the enterprise has actually used 50% of them effectively, 

and other new assets have became the idle assets that has obtained no benefit from 

enterprise’s assets operating; meanwhile with the increase of the total assets, the total assets 

base related indexes have declined.  

The calculation of this simple example indicates that the calculation model concerns two 

aspects; one is only the part of the indicators that can make actual effect on enterprise to 

obtain benefits rather than all indicators. As in the above example, even the total assets 

growth rate is 100%, namely the total assets has doubled, but since the total assets turnover 

rate is 0.5, so that not the whole doubled total assets have made contribution to enterprise to 

obtain benefit, just 50%; and the other one is that the model has reflected the synergistic effect 

of three indicators rather than a single indicator.  

Since the expression is in the form of ( )x ya e , when the value of the total assets growth rate 

x of the indicator is -1, or -100%, xe =0.3679; at this time, if y =0.5,then ( )x ye =0.6065; if 

x  is -2, or -200%, xe =0.1353；while at this moment if y =0.5,then ( )x ye =0.3679. On the 

contrary, if x is 1, or 100%, xe =2.7182；at this time if y =0.5,then ( )x ye =1.6487；if x  is 2, or 

200%, xe =7.3891；this time if y =0.5, then ( )x ye =2.7182. It illustrates that if y=0.5 is 

unchanged, if the growth rate x reduces 100%, it will lead the value of r reduces 64%; while 

if the growth rate x increases 100%, then the coefficient will increase 64%. 

Through the above analysis, it shows that the main sensitivity factors of the enterprise 

sustainable development model include return on total assets, operating profit ratio, return on 

equity and cash realization ratio. The model adopts multi-indexes synergy mechanism, which 
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has greatly improved the reliability of model application.  

6.7 Application calculation model’s evaluation content and evaluation criteria of 

the enterprise  

After calculating via calculation model, we have got the PEE , SPE , PEM  and SPM

. PEE means the energy is stored inside the enterprise internal system, which could integrate 

different kinds of social resources and meet the needs of the enterprise operation and 

sustainable development. PEM means the energy of enterprise products and services during 

the market expansion and competitiveness. SPE means in a certain period of time, the amount 

of resources that flow into the enterprise and owned by the enterprise. SPM means the amount 

of cash flows back to the enterprise, which is converted by the products and services via the 

market.  

In this section we will discuss the evaluation content and evaluation criteria of providing the 

four data to evaluate the enterprise’s sustainable development state. 

6.7.1 Evaluating enterprise’s “enlargement” and “strengthening” situation 

Regarding the connotation of the enterprise “enlargement” and “strengthening”, different 

people have different understandings. This dissertation is going to analyze the connotation by 

providing the enterprise’s related indicators of total assets or net assets, and those six 

indicators include total assets growth rate, total assets turnover, return on total assets, net 

assets growth rate, net assets turnover and return on net assets. On the one hand, those 

indicators indicate the enterprise’s ability to integrate all kinds of social resources; on the 

other hand, those indicators reflect this enterprise’s operation and management efficiency and 

resources utilization efficiency after those resources flowing into the enterprise. In form, lots 

of social resources flow into the enterprise, and the enterprise automatically becomes 

enlargement, and meanwhile, by effectively improving the enterprise’s resource utilization, 

the enterprise will become relatively enlargement. While the key question is that whether 

those resources that have flowed into the enterprise, have created benefits for the enterprise. If 

those resources have created benefits for the enterprise, then the enterprise is indeed 

becoming enlargement; otherwise if those resources fail to create benefit for the enterprise, 

and the enterprise’s potential energy has overall dropped because it needs cost when the 

resources flowing into the enterprise, so this time the enterprise does not become enlargement, 

instead, it becomes smaller.  

Same as the idea of “enlargement enterprise”, analyzing the model of “strengthening 

1r 2r 3r

4r
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enterprise” is mainly through analyzing the enterprise’s output capacity, market share ability, 

sales ability and research and development ability. However, due to the above-mentioned 

reason, this dissertation only adopts six indicators, including revenue growth rate, operating 

profit ratio, gross margin, net profit growth rate, net profit ratio and sales cash ratio. This 

dissertation is not afraid to say the essence of the enterprise is to make profit, and the 

enterprise’s profitability does not only reflect on earning money, more importantly, making 

profit is the result of the cooperative engagement of a series of elements, involving the 

enterprise’s management, technology, research and development, production and sales, and it 

is also the result of the combined effects of core factors that have affected the enterprise’s 

development and expansion, and the core factors include the enterprise elites, enterprise 

strategy, enterprise culture, enterprise management and enterprise innovation and so on. Only 

when an enterprise keeps making profit, earning cash and earning lots of money, it can 

continue to develop and expand. Of course, the enterprise needs to take some responsibilities 

such as the social responsibility, but it has little to do with the topic of this dissertation, so it 

will not to be discussed.  

From the perspective of the resources flowing into the enterprise, it can be divided into 

“apparently flow into” and “actually flow into”; and from the aspect of the resources flowing 

out of the enterprise, the same can be divided into two kinds, “apparent outflow” and “actual 

outflow”. It can be seen from equation (6-4), PEE belongs to the amount that the social 

resource “apparently flow into” the enterprise, while the PEM is the energy that the social 

resources “actually flow into” the enterprise; SPE is the quantity of “apparent outflow” and 

SPM is the energy of “actual outflow”. If we adopt the ratio of “PEM / PEE”, then it means 

the parameters of the amount of resources flow into the enterprise. From the expression of the 

model, it can be seen that the market potential quantity is the indicator about the utilization 

rate, growth rate and yield of enterprise’s net assets; while PEE is the indicator of the 

utilization rate, growth rate and yield of enterprise’s total assets, the different between the two 

is that the latter one contains debt rate, tax revenue and so forth. Generally speaking, the 

increase of debt will lead to the rise of return on equity, and by appropriately using the 

financial leverage, the enterprise can improve the utilization efficiency of financial funds, 

however, too much debt will increase the enterprise’s financial risk, and too little debt will 

reduce the utilization efficiency of financial funds, that depends on the assets turnover rate 

and return on assets and the cost of debt. The above analysis is discussed from the pure 

financial analysis angle, but this dissertation is going to discuss the relationship between the 

PEM and PEE from the other hydrodynamics aspect. That is, if the ratio of “PEM/PEE” is 
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greater than 1, it indicates the comprehensive result of utilization efficiency, yield and growth 

rate of the enterprise’s “actually flow into” resource is good, and it means that the scale of 

enterprise has increased, and the quality of the resource that has flowed into is also good. 

Therefore, we have defined the ratio of “PEM/PEE” as the enterprise’s “EtI”. In the same way, 

if the ratio of “SPM/SPE” is greater than 1, it means the enterprise’s output “actual benefit” 

has high quality and quantity, which can greatly enhance the strength of the enterprise.  

Should the enterprise firstly make itself enlargement then strengthening, or should it firstly 

becomes strengthening then becomes enlargement? This question is a long-time controversial 

issue. People supporting either side can find supporting evidence for their point of view, so 

that it has became the two-way paradox that each says he is right. Actually, in final analysis, 

this issue can be summed up as what order the enterprise should follow to grow. Can the 

enterprise be enlargement and strengthening at the same time? To make the enterprise be 

strengthening means to improve the enterprise’s core competence, and the strengthening 

enterprises are mainly reflected in terms of efficiency, such as the labor productivity, 

technology level, the ability to rapidly launch new products, sales profit rate and some other 

indicators, all of them have exceeded the industry average. While the enlargement enterprise 

will pay put more focus on its scale, such as the total output, sales amount, taxes, types of 

product lines, number of devices and number of employees and so on. The key point of 

researching the logical relationship between be strengthening and be enlargement is to make it 

clear whether the “strengthening” cab lead to “enlargement”, or whether the “enlargement” 

can lead to “strengthening”, or whether the enterprise can create another new way to be 

strengthening and be enlargement at the same time, which requires the enterprise could 

improve its efficiency and scale at the same time. There is a basic understanding in 

Economics that the conventional resources are always scarce. No matter to be enlargement or 

to be strengthening, both of them need to consume the enterprise’s resources such as people, 

money, material, time or space. How to reasonable allocate the resources so that both 

efficiency and scale can be taken into consideration, it needs to keep a good grasp of their 

dynamic change rule and matching coefficient at all times, and allocate them scientifically. 

This task is very close to the management model of planned economy era, and the result 

cannot escape the bad ending, because the proportion of the efficiency and scale has been 

artificially distorted, and the good motivation will lead to strange conclusion. If we just let the 

resources to be configured under the law of enterprise development in accordance with the 

enterprise’s requirement, then since the enterprise’s internal operation is not as effective as the 

market economy, so that the result is inevitable to be the a rotated situation, that is efficiency 
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takes the lead or the scale takes the lead, while the other aspect will temporarily be suppressed. 

To be enlargement and to be strengthening at the same time in the condition of scarce 

resources, it is difficult to reasonable and balanced allocate the scarce resource to two aspects 

of improving efficiency and increasing the scale, therefore, it is inevitable to leaf to the 

non-synchronized, and non-balanced development. Further, to be enlargement and 

strengthening at the same time is related to the attributed of resources. If the enterprise relies 

more on virtual economic resources, such as the knowledge and information, since these 

resources are sharable that cannot get loss due to constant usage,  in the other words, these 

resources are no longer scarce, and such enterprise are possible to be enlargement and 

strengthening simultaneously. Meanwhile, the spontaneous adjustment mechanism is needed 

so that the non-scarce resources can effectively flow in place when required. However, for a 

quite long time in the future, industries and enterprises of the field of traditional industries, 

which are in line with the above-mentioned conditions, should be quite rare, and it determines 

that there is no general and universal opportunity for enterprises to be enlargement and 

strengthening at the same time. Now the question is, the order of the “to be strengthening” 

and “to be enlargement” should be to be enlargement first or to be strengthening first. To 

answer this question, a few important factors need to be considered. Firstly, the market 

competition environment the enterprise is staying at is scale priority or efficiency priority. The 

most fundamental need of the enterprise is to survive and development through competition, 

different industries, different regions, different competitors or even different time periods 

have different requirement of the enterprise should be enlargement or strengthening. When 

emphasizing the scale priority, the enterprise have a greater probability of survival when it is 

big but not strong rather than when it is strong but bit big; while when emphasizing the 

efficiency priority, the result is just the opposite. Thus, the enterprise should grasp the order of 

being enlargement or strengthening based on the requirement of the environment. However, it 

should be seen that to be big but not strong can only be the short-term option, after resolving 

the survival problem; the enterprise must be strengthening to be able to keep developing. 

Secondly, the enterprise’s development strategy shall be taken into consideration, and 

long-term development plan is necessary at the same time of existence. The enterprise often 

needs to determine a priority order according to the situation of its competitors. Either to be 

strengthening first, like a sharp knife to quickly insert into the opponent’s weak link, then 

rapidly expands and occupies the offensive and advantage before the opponents aware of or 

prepare for the situation; either to be enlargement, occupies as much point-line-area as 

possible, rapidly enclosures and forms a sort of circle around the competitors, and squeezes 

their space for development. Strategic steps shall follow the principle of taking the opponents 
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by surprise, if the opponent is big, then we should be strong, while if they are strong, then we 

should be big. Of course, if the opponent has already occupied the monopoly position that has 

been big and strong, it is no need for the enterprise to consider directly competing with this 

kind of opponent, and the enterprise should choose to quit this kind of market. Thirdly, the 

enterprise’s own condition should be taken into account. No matter to be enlargement or to be 

strengthening, certain conditions are needed, and the enterprise should do right things at the 

appropriate time. Sometimes, the enterprise cannot decide the kind and quantity of the 

resources that it has obtained by itself, so it is a realistic choice to “use the current materials to 

cook food”. At some time, the enterprise may have the chance to improve efficiency, and at 

another time, the enterprise may have a good opportunity to develop its scale. The enterprise 

should respond and adapt the trend, and to develop its corresponding ability when the 

condition is satisfied, to make best use of advantages and bypass the disadvantages. In the 

long term, this effort will not in vain, and it will definitely lead to synergistic effect of 

efficiency and scale. Finally, we should inspect if the industry has the natural secondary 

relationship between efficiency and scale. The internal relations of scale and efficiency of 

different industries may not be the same. Such as for the labor intensive industry and capital 

intensive industry, generally the economies of scale brings high efficiency, but the efficiency 

presents an increase-decreasing effect of first quick then slow with the increase of the scale. 

In this way, the enterprise can achieve part of the aim of being strengthening when becoming 

enlargement, and then the enterprise should shift its attention on how to be strengthening. 

While only in the technology-intensive and knowledge-based industries, the more outstanding 

performance is that only when the enterprise becoming strengthening, it might be widely 

extended and promoted, while not strong enterprise cannot be big, and even the chance of 

survival is quite small. Therefore, if the enterprise is in this kind of industry, it must be 

strengthening first, and then be enlargement. In fact, the trend of industrial development 

shows that the position of technology and knowledge has occupies is more and more 

important, and the proportion is growing as well. The traditional resource intensive industries 

is constantly transforming to the technology and knowledge industries. The Chinese word 

“strong” (which means powerful and big in Chinese) is a scientific word combination and this 

is not just a language habit. “Strong”, namely powerful and big, means one can only get big 

when it is powerful enough, powerful is more basic, more priority. The strong one is 

definitely difficult to beat, even it is powerful but small, it still has a chance to survival and 

has future development space. For fear is not powerful, thus, no matter how big or small the 

enterprise scale is, as long as the enterprise is not strong, it will be at a competitive 

disadvantage at any time, and eventually it will be eliminated.  
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Through the calculation of the calculation model, we have got four model indicators: PEE , 

SPE , PEM
 

and SPM . If the four parameters are greater than zero at the same time, it 

means the return on total assets, return on equity, operating profit ratio and cash realization 

ratio are greater than zero, which indicate that the enterprise is in a “healthy” situation that 

“the enterprise can effectively use the enterprise’s resources”, “the business operation status 

of the enterprise is quite good”, “products have a certain competitiveness in the market” and 

“enterprise’s profitability is strengthening”; if the value of the four parameters are positive 

and negative, it means there are always some problems of the enterprise’s resources allocation, 

management, operation, production or sales. One indicator of the four indicators is less than 0 

means the enterprise is in the “sub-health” status; two indicators of the four indicators are less 

than 0 means the enterprise is in “sick” state; three indicators of the four indicators are less 

than 0 means the enterprise is in “dangerous” status, and four indicators of the four indicators 

are less than 0 means the enterprise is in a “high-risk” situation that “the enterprise’s 

resources have not be used effectively”, “the enterprise’s management benefit is not good”, 

“products have a poor competitiveness in the market” and “enterprise’s profitability is 

weaker”. Therefore, the sign symbol of the four model indicators is the “diagnostic evaluation” 

standard of evaluating the enterprise’s constitution by applying the “whirl wind” model.  

6.7.2 Evaluating the “value chain” of the enterprise’s resources flow 

Value chain analysis method is put forward by Professor Michael Porter of Harvard Business 

School, and it is a tool to seek to determine the enterprise competitive advantage, namely to 

examine the enterprise’s all kinds of activities and the relationship among them by using a 

systematic approach, in order to find out the competitive advantage resources. The idea of 

value chain believes the flow process of the enterprise’s resources is the process of increasing 

of resources value, according to the relatively independence of economy and technology, the 

value chain can be divided many value activities which are independent and correlated with 

each other, and those value activities would finally form a unique value chain. Value activities 

mean all kinds of material and technological activities that the enterprise is engaging in, the 

division and composition of value activities of different enterprises are different, so that the 

value chains are different as well.  

The meaning of the value chain can be summarized as follows: firstly, there are close links 

between all kinds of business activities, for example, the planning, timeliness and harmony of 

the raw material supplying has closely connection with the enterprise’s 

production-manufacturing; secondly, each activity could bring tangible or intangible values to 

1r

2r 3r 4r
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the enterprise, take the after-sales service activity as an example, if the enterprise pays close 

attention on the needs of the customers or does a better after-sales service, its reputation can 

be improved, so as to bring the intangible value. Thirdly, value chain does not only include 

different kinds of internal chain activities, more importantly, it contains enterprise’s external 

activities, such as the relationships with the suppliers and customers. Due to the limitations of 

the enterprise data collection, this dissertation will only discuss the value chain of enterprise 

resources flow. 

It can be seen from the connotation of equation (6-4), model expression judges the state of the 

enterprise by examining of the “value chain” of the enterprise system. In fact, for a growing 

enterprise, when the “resources that have flowed into the enterprise” change into “products 

that will flow out of the enterprise”, its value should be gradually increased, and it should be 

constantly circulating, like a rolling snowball to be enlargement and enlargement. In this way, 

the enterprise is capable to achieve sustainable development. Through calculating the product 

of degree of potential flow leverage and return on total assets, operating profit ratio, return on 

equity, cash realization ratio and other index factors, the expression examines the enterprise’s 

value at different stages or in different form. Obviously, only the PEM and the field quantity 

can be greater than the corresponding PEE and SPE, and form the situation that the market 

and sales force the enterprise to produce, namely the market sales puts the pressure on the 

enterprise’s management, operation, production and innovation and other aspects. Therefore, 

PEE must be greater than the PEE, and the SPM must be greater than SPE, then the virtuous 

enterprise resource cycle of “resource→enterprise→production and 

processing→production→marketing→money→enterprise” can be formed, of which cycle the 

value can be gradually increased during cyclic process, then it will be able to promote the 

enterprise’s sustainable development.  

If the ratio of “PEM/PEE” is greater than 0, it indicates that the comprehensive effect of the 

utilization efficiency, yield and growth rate of the resources that has “actually flowed into” the 

enterprise is becoming better, and the enterprise’s scale has increased, also those resources’ 

quality and utilization rate is not bad. Therefore, we have defined the ratio of “PEM/PEE” as 

the enterprise’s “EtI”. Similarity, if the ratio of “SPM/SPE” is greater than 0, it illustrates the 

“actual benefit” of the enterprise’s output has good quality and quantity, which can greatly 

enhance the enterprise’s strength. Therefore, the PEM is greater than the PEE; SPM is greater 

than SPE is the “value chain” standard of “whirl wind” calculation model.  
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6.7.3 Evaluating the “stability” status of enterprise resources flow and its stable index 

Our model is built on the basis of fluid mechanics and vortex theory, so when analyzing the 

problem, we shall focus on the concept and nature of the “flow”. Therefore, the stability of 

enterprise’s production and management, stability of enterprise’s resources flow, and stability 

of enterprise’s value chain have became an important part of the practical application of the 

calculation model.  

As that has been pointed out in Chapter VI, according to the vortex theory, all kinds of social 

resources flow into the enterprise, and after the enterprise’s managing, operating and 

producing, the resources have formed the products and services. The products and services 

have been sold in the market to make money or reputation, and then the money and reputation 

would flow back to the enterprise and maintain the enterprise’s normal development. In the 

other words, the raw material→enterprise→production and 

processing→production→marketing→money→enterprise is a circulation with constant speed 

and fluid motion. If one link has a “block”, then the whole system may have problem and the 

enterprise’s resources flow would be instability, and the system will be crashed of the block is 

seriously. Therefore, the proper enterprise operation and management shall allocation 

resources scientifically and rationally, and the enterprise shall be good at solving the problems 

of all kinds of “short plank”. 

In accordance with the Lagrange theorem (keep the vorticity), Kelvin theorem (keep the 

intensity of vortex), Helmholtz first theorem (vortex tube intensity space conservation), 

Helmholtz second theorem (vortex tube preservation theorem), Helmholtz third theorem (the 

intensity of vortex tube time conservation theorem), the enterprise is a “resources flow” 

system, thus, even though the resources have different forms and different values during 

different links of management, production and processing, or marketing, but their quantity 

energy and potential energy are relatively stable when changing from “resources flow into the 

enterprise” to “products flow out of the enterprise” and to “cash by selling products”. 

Theoretically, there should be a proper proportion between the “resources flow into the 

enterprise” and the “products flow out of the enterprise” for an enterprise which runs 

“unimpeded”, such as some ratios shall only fluctuate within a relatively small range. If the 

range is large, then there must be a “block” of a certain link. If the resources flow of an 

enterprise is “unimpeded”, then in fact, this enterprise has stable production and operation. 

Therefore, examining the enterprise’s resources “unimpeded” problem is examining whether 

the enterprise is “steady” producing and operating. Producing and operating steady is the 

footstone of enterprise’s healthy development. Just as its name implies, “stable” means firm 
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and quiet, and no waving or no ups and downs. There are two meanings of the enterprise’s 

stability, one the one hand is the stability of the enterprise’s operation and production, and the 

stability of the enterprise’s resources flow; on the other hand is the stability of enterprise’s 

resources balanced match.   

Resource leveling is often seen as a coordination of the enterprise’s capacity and resource 

allocation. The so-called resource matching means a kind of behavior process that under a 

certain situation, dominated by the market mechanism, optimizing the investment 

environment and reasonable allocating resources, so that the resources can be adjusted 

dynamically, complemented and inter-coordinated with each other in the process of market 

competition, and finally achieves the optimized configuration status, and produces bulk 

polymerization active effect. If the scale of the enterprise becomes enlargement, then the “EtI” 

will be enlargement. However, if the scale of the enterprise becomes enlargement but the 

corresponding management, technology, assets turnover rate, operating profit ratio, gross 

margin, operating income growth rate and other aspect have not caught up, then it will lead to 

a weak “make-it strengthening index”. “Be enlargement” is easier than “be strengthening”, 

“strong” is the cause and “big” is the consequence. Therefore, there shall be a more 

reasonable match between “to make the enterprise become enlargement” and “to make the 

enterprise become strengthening”. 

If the operating profit value is negative, then the value of the PEM of equation (6-4) is 

negative as well. Operating profit is related to many factors such as the operating income, 

operating cost, operating tax and surcharges, administrative expense, sales expense, financial 

expense, assets impairment loss and so on. If the value of operating profit is negative, then it 

means the above listed fees are surely to be higher, which indicates that there are some 

problems of the enterprise’s management, operation, production, sales or investment. If the 

enterprise’s value of the operating profit is negative because the costs are too high, even 

survival is a problem for the enterprise, let alone to develop steady and sustaining. If the value 

of cash realization is negative, then the value of market quantity in equation (6-4) is negative. 

Cash realization ratio is related to sales cash flow and operating income, and the cash 

realization is the fundamental of the enterprise competitiveness and team cohesion. In this 

way, even the sales volume is high and the book value looks good, but as long as money is in 

the pockets of others, anything can happen. If the enterprise cannot let the customers pay 

before delivery, it shows the enterprise has no core competitiveness. That’s because if the 

enterprise’s products have no obvious competitive advantages, customers will not pay in 

advance; otherwise, if the enterprise has brand value, popularity, advanced technology and 
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differentiated service system, it will naturally take a place in this industry, and once the 

customers know the enterprise’s strength, it is not hard to let them pay before delivery. If the 

customers have no debt against the enterprise, then the initiative will firmly hold by the 

enterprise, and the turnover of the funds will also be orderly. Of course, in the short term, in 

order to capture the market it is possible to delivery before getting payment. But since we 

adopt the three-year average cash realization ratio, then there must be some problem if the 

value is negative. Cash is the king, otherwise once the capital chain has ruptured; it means the 

enterprise will face collapse.  

Based on the above analysis, no matter the stability of the production and operation, or the 

stability of the enterprise’s resources flow, in terms of calculation model, they have been 

reflected by the stability of the enterprise’s value chain. Because we have used the EtI and SgI 

to examine the enterprise’s value chain, so we will use the ratio of “SgI / EtI” to examine the 

enterprise’s stability, therefore, we have defined that “stability index= SgI / EtI”. When 

analyzing from the parameter indexes of calculation model, if the value of EtI or the value of 

SgI is smaller than 0, then the stability index is smaller than 0, and the enterprise must be 

unstable; if the fluctuating ranges of the EtI and SgI are big, then the ratio of them will be 

fluctuated greatly, which means the stability index fluctuates greatly. It indicates that the 

enterprise’s production and operation or the enterprise’s resource flow is unstable; otherwise, 

the enterprise’s stable production and operation or stable resource flow manifests as the 

enterprise’s stability index fluctuates within a smaller range. Therefore, we are going to take 

the “stability index is greater than 0 and fluctuates within a relatively small range” as the 

“stability” criteria to judge the enterprise’s stable status. 

Fluctuating within a relatively small range is a relative concept, in practical, it mainly through 

statistical approach to calculate the average value, range, variance, standard deviation and 

other indicators of the EtI or SgI. For example, variance reflects the degree of separation of all 

the data and the data mean (or expected value), so if the value of the variance is greater, the 

discrepancy of all data and the average value of all the data is greater, namely the difference 

(fluctuation) between individual data is greater, so the it is more unstable; whereas, the 

smaller the variance is, the more stable the data is. Mathematical statistics shows that the area 

is regular under the standard normal curve, based on the regular pattern, people often use the 

mean value to add or subtract the standard deviation to calculate the theoretical distribution of 

the number of sample observation value, and hereby to identify the representation of the 

samples. Based on this principle, we adopt the “average value ± standard deviation” of recent 

years as internal, which is called the “stable internal” to examine the fluctuation size of 
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indexes of the current year. Take Kweichow Moutai as example, from 2009 to 2014, the 

average value of the stable index is 0.983, the standard deviation is 0.296, so we take the 

0.983-0.296 = 0.687 and 0.983 + 0.296 = 1.279 as the stable internal, namely [0.687,1.279], 

while in 2014, the stable index of Moutai is 1.056 (> 0) and is located within the stable 

internal, so we believe the enterprise’s system is stable. It the stable index is greater or smaller 

than this internal, then the system is believed to be unstable.  

In summary, when examining the stable status of enterprise resource flow and production and 

operation, if the “stable index” is greater than 0 and is located within the “stable internal”, 

then it considered that the enterprise’s production and operation, as well as the resource flow 

is stable, and the enterprise resource has been reasonably matched with production ability and 

marketing and other abilities. If the “stable index” is smaller than 0, then it illustrate that there 

is at least one of the values of make-it –enlargement index and SgI is smaller than 0 (we 

define that if both the two values are smaller than zero, then the ratio symbol is negative), and 

based on the analysis of the above “value chain” principle, the enterprise must be unstable; if 

the stable index is greater than 0 but smaller than the lower limit of “stable internal”, then it 

means the resource is excessive or the production capacity is inadequate; if the stable index is 

greater than the upper limit of “stable internal”, then it means the enterprise resources is 

insufficient or the production capacity is excessive. The latter two cases are due to the 

enterprise’s resource is instable when flowing; it will cause a “block” and finally lead to 

abnormal operation of the enterprise system.  

6.7.4 Evaluation criterion summary of calculation model indicators  

In order to be applied easily, we will list the three above-analyzed and defined evaluation 

content, evaluation standard and evaluation enterprise’s state in the following table, with 

regard to use the calculation model index to evaluate the principle of enterprise development 

status: 

Table 6-4 evaluation criteria, evaluation contents and standards, evaluation results status 

summary table 

 Evaluation contents Evaluationcriteria Enterprise status 

Diagnostic 

assessment 

Four enterprise model 

indicators: PEE 1r 、SPE

2r 、PEM 3r 和 SPM 4r  

All of the four indicators are 

greater than 0 
Healthy 

One of the four indicators is 

smaller than 0 
Sub-healthy 

Two of the four indicators 

are smaller than 0 
sick 

Three of the four indicators Dangerous 
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are smaller than 0 

All of the four indicators are 

smaller than 0 
Highly dangerous 

Value 

chain 

EtI = 3r / 1r ,SgI = 4r / 2r ，

Notice: when both the 

numerator and 

denominator are negative, 

the regulated ratio is 

negative, too 

EtI and SgI are greater than 0 

The amount of assets have 

increased, the value of the 

assets has increased 

EtI is smaller than 0, SgI is 

greater than 0. 

The amount of assets have 

decreased, the value of the 

assets has increased 

EtI is greater than 0, SgI is 

smaller than 0 

The amount of assets have 

increased, the value of the 

assets has reduced 

EtI and SgI are smaller than 

0 

The amount of assets have 

decreased, the value of the 

assets has reduced 

stability 

Stabilization Index (SnI) 

is greater than 0 and 

fluctuates within the 

internal of “average value 

± standard deviation”  

SnI>0 and it located within 

the stable internal 

Stable production and 

operation, reasonable resources 

matching 

SnI>0 but smaller than the 

lower limit of fluctuation 

range 

Inferior stable production and 

operation, excessive resources 

SnI>0 but out of the 

fluctuation range 

Inferior stable production and 

operation, insufficient 

resources 

SnI<0 

Unstable production and 

operation, unreasonable 

resources matching 

6.9 Embodiment of the understanding problem of enterprise resources in 

calculation model 

When discussing the conceptual model in Chapter V and the calculation model of this chapter, 

we have repeatedly referred to the problem of enterprise resources, and we have stresses the 

integration, flow, value and utilization rate of the resources of the enterprise. It can be seen 

from the matching of the calculation model and enterprise’s financial analysis indicators that 

we have our own understanding towards the enterprise’s resources.  

Firstly, we advocate that the enterprise resources should be separated from the enterprise’s 

capacity. In Chapter IV and Chapter V, we have broken the enterprise capability out of the 

core factors that affect the enterprise’s sustainable development. Even though with the 

development of “resource-based firm theory” has transferred people’s attention from the 

enterprise’s output research to enterprise’s investment research, and people start to hook 

together the enterprise’s competitive advantages with the enterprise’s internal factors, and in 

this way, the enterprise growth theory has moved an important big step. However, since 
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Penrose has attributed enterprise’s capability to the optimal resource allocation and use 

without any limit, therefore, the resource-based firm theory rends to take all the things, both 

tangible and intangible, as the “resource”, and the result is confused. Thus, with the deeper 

research, people have clearer understanding of the importance of the intangible knowledge of 

enterprise’s internal resources, and the “knowledge-based” enterprise capability gradually 

becomes the core of “resource-based” enterprise capability theory.  

Secondly, the problem of enterprise resources is neither the problem about the amount of the 

resources nor the problem about the external resources or internal resources; instead, it is the 

problem of number of effective resources. The so called effective resources are the part of 

resources that will bring benefit for the enterprise, while the resources that have not been 

effectively used are idle resources, and some are even sluggish resources. The existence of 

these resources has greatly reduced the enterprise’s return on assets, as well as the assets 

utilization, and has taken up a lot of money of the enterprise. Therefore, we emphasize the 

effective resources in calculation model.  

Thirdly, after the resources flowing into the enterprise, it is impossible to achieve the desired 

effect in short time, and there must be a process. We have adopted the data that one year lag in 

model to reflect this process. Actually the essence of this problem is a problem of unification 

of how to deal with enterprise’s production and reading function from an overall perspective. 

Enterprise capacity theory believes the process of building enterprise competence is always 

lengthy, and the production is equivalent to the phenomenon of the last few hundred steps of 

this Marathon process. 

Fourthly, intangible resources are very important enterprise resources, but due to the problem 

of data, it cannot be reflected in the model, and it is also a direction that shall try be solved in 

the future. Nevertheless, the author believes that different from the tangible resources, the 

knowledge and skills can not only used to earn “Richardian rents” and “Chamberlinian rents”, 

meanwhile, the carefully managed organization can constantly create “Schumpeterian rents”, 

namely the “innovation-based economic rents”. In the fact, people gradually realize that the 

physical elements that have be referred during the production process, such as the machinery, 

labor and raw materials, even if it is very scarce, unless it is consciously used by people who 

has knowledge to seek economic rent, otherwise it cannot create any productivity by itself. 

Only knowledge and skills are the fundamental source of enterprise sustainable 

competitiveness. “knowledge-based” enterprise competence theory believes, the differences 

of the enterprises’ performance are due to the asymmetry of knowledge and the resulting 

differences enterprise competences. In fact, the enterprise competence is knowledge 
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exclusiveness; the purpose of forming the enterprise competence is to obtain economic rents 

from knowledge rather than from the proprietary of tangible resources (Liebeskind, 1996). 

Penrose believed the scale of then enterprise depended on the knowledge and management 

ability owned by the enterprise managers. This is the famous “Penrose effect” of enterprise 

theories. Enterprise’s knowledge and the corresponding enterprise capabilities is a major 

determinant of enterprise’s business scope.  

6.10 Comparison of SDE calculation model and Du Pont Analysis method 

Du Pont Analysis takes the return on equity as the core financial indicator to systematically 

and comprehensively analyze enterprise profitability by studying the internal relations of 

financial indicators. This analysis has a distinct hierarchical structure, and it is a typical 

method by applying the relationship between the financial indexes to comprehensively 

analyze the enterprise finance. In the other words, Du Pont Analysis is through analyzing the 

relationships between several major financial ratios to synthetically analyze the financial state 

of the enterprise. This analysis method was firstly used by DuPont Company, so it is called 

the Du Pont Analysis. It is a classical method that has been used to evaluate the enterprise’s 

profitability and shareholders’ equity return level, and to evaluate enterprise’s performance 

from financial perspective. The basic idea of Du Pont Analysis is to divided the enterprise’s 

return on equity into a number of products of financial ratios step by step, which will help to 

do in-depth analysis and comparison of enterprise business performance. Figure -1 is Du Pont 

Analysis diagram that is commonly used in financial analysis.  



  

148 

 

Figure 6-1 Du Pont Analysis Diagram 

The most significant characteristics of Du Pont model is to organically combine several ratios 

that are used to evaluate enterprise management efficiency and financial state according to 

their intrinsic links so that to form a complete set of index system, and finally 

comprehensively reflect through return on equity. By using this method, it is enable the levels 

of the financial ratio analysis to become clearer and more prominent organized, so that to 

provide convenient for financial statements analysts to overall and carefully understand the 

enterprise operation and profitability.  

Du Pont Analysis method will help the enterprise management level to see the determinant 

factor of return on equity more clearly, as well as the relationship between the sales profit 

margin and return on total assets, and debt ratio. In this way, it has provided a clear roadmap, 

which examines the enterprise’s assets management efficiency and whether the returns of 

shareholder maximum.  

The basic ideas of Du Pont Analysis method are as follows: 

1. Return on equity is the most comprehensive financial analysis indicator, and it is the core of 

Du Pont analysis system.  

2. Assets net profit ratio is the most important indicator that impacts the return on equity, and 

it has strong comprehensive. Assets net profit ratio depends on difference in degree of net 

profit margin on sales and total assets turnover. Total assets turnover reflects the velocity of 
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total assets. To analyzing assets turnover rate, we need to analyze various factors that may 

affect the assets turnover, in order to find out where is the main issue. Net profit margin on 

sales reflects the income level of sales revenue. Expanding sales revenue and reducing costs is 

the fundamental way to increase the enterprise’s return on sales, while expanding sales is also 

the necessary condition and ways to improve the assets turnover rate.  

3. Equity multiplier indicates the debt level of the enterprise, which reflects the extent of 

using the financial leverage to do business activities by the enterprise. The higher the 

asset-liability ratio is, the greater the equity multiplier is, and it shows the enterprise debt 

level is high, the enterprise will have more benefit on leverage, but the risk is high; on the 

contrary, the lower the asset-liability ratio is, the smaller the equity multiplier is, and it means 

the enterprise debt level is low, so that the enterprise will have less benefit on leverage and 

face lower risk accordingly.  

With respect to the Du Pont analysis, SDE model has five distinguish features: 

1. SDE model concerns about the enterprise profitability indicators, such as return on equity 

and operating net profit margin, operation ability indexes, such as total assets turnover rate; 

solvency ability indicators, such as the asset-liability ratio and other financial indicators, 

besides, the SDE model also concerns the enterprise’s development capability, such as the 

return on total assets, return on equity, operating profit growth rate and so on.  

2. When concerning about the assets growth, at the same time, SDE model concerns about 

operation capability indicators, such as the assets turnover rate, and it has used the growth rate 

and turnover rate in the same expression.  

3. SDE model emphasize the matching relationship between the total assets growth rate and 

return on total assets, net assets growth rate and return on equity. If the total assets or net 

assets of an enterprise increase rapidly, but the return on total assets or return on equity does 

not increase simultaneously, then it will definitely cause the cost increase or the idle total 

assets and net assets. 

4. Financial analysis indicators adopted by the SDE model is the average value of three years 

or two years. Relatively speaking, it can avoid the impact caused by indexes fluctuation in the 

current year, while Du Pont Analysis method only adopts the financial indicators of the same 

year.  

5. SDE model can match many enterprise’s information with model parameters, and those 

information includes intangible assets, research and development investment, innovation 
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ability, enterprise culture, talents resources, and enterprise strategy and so on, after that, it can 

further evaluate the enterprise sustainable development ability. Although this dissertation does 

not use the information in this regard, that’s because there is no way to collect related 

information, but the model itself has this ability.  

Basically, SDE model has adopted the four common used financial analysis indicators. 

However, there is also the same problem with Du Pont analysis. From the perspective of 

enterprise performance evaluation, Du Pont analysis only includes financial information, so 

that it has great limitations. It needs to pay more attention in practical, and the analysis must 

be combined with other information of the enterprise. Those problems are mainly manifested 

in: 

1. Paying too much attention on short-term financial results, it may encourage the short-term 

behavior of enterprise management, and ignore the enterprise’s long-term value creation.  

2. Financial indicators reflect the operating performance in the past; it could meet the 

requirements to measure enterprises of the industrial age. But in the current information age, 

customers, suppliers, employees, technology innovation and other factors have a growing 

influence on enterprise operating performance, while Du Pont Analysis is powerlessness in 

these aspects.  

3. In the market environment, enterprise’s intangible knowledge assets is crucial important to 

enhance the enterprise’s long-term competitiveness, while Du Pont Analysis cannot solve the 

problem of intangible assets valuation.  

Of course, at the time when collecting other information and data of the enterprise, according 

to fluid mechanics and vortex and using the similarity of physical significance, the SDE 

model could match the model parameters with other related indicators, so that to expand the 

application field of SDE model. Therefore, the practical value of SDE model remains to be 

further dig. This dissertation is just a beginning.  

As described in this chapter, we have firstly obtained four parameters from the calculation 

model, the PEE, PEM, SPE, SPM. Then we have defined the EtI and SgI by applying the ratio 

of “PEM / PEE” and the ratio of “SPM / SPE”. Meanwhile, we have defined the ratio of “EtI/ 

SgI” as the stability index, and have discussed and analyzed the three principles, “diagnostic 

assessment”, “value chain” and “stability” respectively, which use the calculation model to 

evaluate the enterprise development state. In the following chapter, we will in accordance 

with the above three principles of “diagnostic assessment”, “value chain” and “stability” to 

collect information of case enterprises, and do case studies.
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Chapter VII Data Collection and Analysis of the Model’s University 

A Synopsis of Chapter 7  

A complete model contains two aspects—a structure and a parameter. A structure often 

represents common features of some kind of models, and the involvement of its parameters 

show its own unique characteristics. A model’s applicability and universality are examined by 

testing its structure. In this chapter, based on the scheme to collect the data of the chosen 

enterprises, the information of basic financial data and financial analysis indexes were 

gathered from 33 enterprises which come from five different fields. Seven indexes of the 33 

enterprises (6 consecutive years) were obtained by computing according to the computerized 

model, namely Potential Energy of Enterprises (PEE), Sales Potential of Enterprises (SPE), 

Potential Energy of Markets (PEM), Sales Potential of Markets (SPM), Enlargement Index 

(EtI), Strengthening Index (SgI), and Stabilization Index (SnI). By referring to verification 

and validation methods for simulation models, the obtained data were verified by Grubbs’ 

Test for Outliers. In this way, outliers were spotted and removed, after which, the remaining 

data were used for descriptive analysis, parameter estimation, and hypodissertation testing in 

order to examine the model’s universality. The universality analysis shows that computed 

results accord with the theoretical analysis, which means that the computerized model is 

applicable to appraise enterprises’ development status with the aforementioned three norms. 

7.1 An Overview 

In Chapter Six, analyzed were the physical significance of the conceptual model’s parameters, 

the corresponding enterprises’ data type of the conceptual models, and indicators of 

enterprises’ financial analysis in accord with the models’ parameters. Based on the analysis, 

12 indicators were chosen to expostulate the computerized model of conceptual models, and 

furthermore, the practical application of the computerized model was deeply discussed in 

terms of the model’s properties, sensitivity, as well as the assessed objects and assessment 

criteria when the computerized model was utilized to estimate enterprises.  

As far as the computerized model for enterprises is concerned, the verification is done in two 

aspects. One is that enterprise data are imported to the computerized model, and obtained are 

the results which are used to describe the features in statistical sense, and eventually are used 

to assess the sustainability of the enterprises with the three norms. The resultant outcomes 
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include statistical parameters, parameters’ confidence intervals, the parameters’ property and 

characteristics. The other is importing data of an individual enterprise to the model, for which 

the results are gathered to estimate the sustainability of the enterprise. The steps show that the 

verification include not only a thorough estimation and assessment that involve all enterprises 

but also an examination of individual ones.  

In this chapter, universality will be tested by way of a simulation model and model 

verification. Therefore, in this chapter, the data obtained from the chosen enterprises, which is 

to be gathered according to the data collection scheme, will be imported into the 

computerized model, the resulting data will be statistically analyzed. Here, universality is a 

property also applicable to its counterparts, and universality verification aims to examine the 

applicability of the model with the aid of statistical analysis based on limited data or 

experiments.  

7.2 Data Collected from the Enterprises Chosen for Case Studies  

According to how simulation models verify data, a scheme has to be designed to select 

enterprises for case studies before the needed data are gathered. When the data are collected, 

what needs taking into account is the field of the enterprises to be chosen, which enterprises 

to be chosen in the fields, and the type of data of the chosen enterprises.  

7.2.1 How to Choose the Fields for Case Studies 

The chosen fields should be of great significance in the construction of national economy, and 

be of plenty in number, and be of plenty in the trades that they involve. Consequently, 

manufacturing was chosen, for it is a field where manufacturing resources, including 

materials, energies, facilities, tools, capitals, technologies, information, and human resources, 

are transformed into large instruments, industrial goods, and daily consumption goods to 

satisfy the market’s needs. That is to say, manufacturing, accounting for a large proportion of 

a country’s national economy, directly reveals the country’s productivity. What is more, 

manufacturing enterprises, belonging to an asset-heavy field, have a relatively large 

proportion tangible assets, including workshops, equipment, and raw materials.  

In addition to manufacturing, the field of information services was chosen. It is a field where 

service providers help their customers resolve problems with unique strategies. In this field, 

the providers supply information products to society, and the information is made, collected, 

dealt with, processed, transmitted, retrieved, and utilized by the aid of modern technologies, 

like computers and communication network. The development of the industry concerns a 
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country’s national economy and its social advances. It has been a field that advances the most 

quickly, and its technologies develop the most rapidly as well as having the most added value. 

Compared with manufacturing, as a part of the asset-light field, it is a newly risig industry.   

Based on what was mentioned above, manufacturing of electric appliances, machinery, and 

equipment, and manufacturing of beverage were chosen in the manufacturing field, while in 

the field of information services, industries of software information services and 

communications services were chosen.  

7.2.2 How to Choose Enterprises for Case Studies  

When enterprises were being chosen, two factors were taken into account so that case studies 

would possess comparability. One factor is that the chosen enterprises should belong to the 

same trade, and they conduct similar business, basically dealing with the same types of 

products. The other is that the chosen enterprises of the same field consist of the ones with 

good, and bad performance, as well as the ones in-between.  

According to the categorization made by China Securities Regulatory Commission (CSRC), 

there are 165 listed companies in manufacturing of electrical appliances, machinery, and 

equipment, of which 27 enterprises fall into the category of household appliances, and of 

which 130 fall into the category of electrical appliances.  

There are 41 listed companies in the field of beverage manufacturing, of which 20 are the 

companies dealing with distilled spirits. And among 138 listed companies in the field of 

computer applied services, there are 115 which fall to the trade of software services. In 

addition, there are 13 listed companies in the field of communication services, 5 falling to the 

field of telecom operation.  

Seven enterprises have been chosen in the trade of distilled spirits, including Kweichow 

Moutai, Wuliangye, Yanghe River shares, Tuopai Shede, Swellfun, Jiugui Liquor, and 

Laobaigan. In the industry of household appliances, six enterprises that mainly deal with air 

conditioners were chosen as the ojects of the case studies, namely Gree, Chunlan, Hisense 

Kelon, Meiling, Haier, and Midea. As for the field of electrical appliances, 10 enterprises 

were chosen, namely TGOOD, Nanfeng Corporation, Tongda Power Technology, Guangdian 

Electric, Hongfa, Tiancheng Holding, Zhefu Holding, Xinlong Electrical, Xuji Group 

Corporation, and Northeast Electric (NEE). Five enterprises were chosen in the telecom 

operation, including Dr. Peng, China Unicom, Wangsu Science and Technology, 263, Guomai 

Technologies. In addition, five enterprises provding software services are chosen, i.e. East 
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Money, Great Wisdom Stocks, Tonghuashun, 2345, and Join-Cheer Software.  

According to the categorization made by the CSRC, data of five sub-fields, 33 enterprises 

inclusive, were collected from the websites of Shanghai Stock Exchange 

(http://www.sse.com.cn/), and Shenzhen Stock Exchange (http://www.szse.cn/), and from 

trading and financial software of East Money for stock markets (www.eastmoney.com).  

7.2.3 Choice of Data Types for Case Studies 

In China, available is the relative complete information of financial indexes and financial 

analysis indexes, while other related information is hard to obtain because Chinese enterprises 

make public limited information. Therefore, mainly collected were the data of the enterprises’ 

basic financial indexes, and financial analysis indexes of “five capabilities”, namely the 

indicators of “development capabilities”, “profitability”, “profit quality”, “operation 

capabilities”, and “financial risk”.  

What is worth mentioning is that we hoped to gather at least 10 years’ data of each enterprise, 

but we only managed to collect the eight years’ data (from 2007 to 2014) by obtaining them 

from the websites of the listed companies, Shanghai Stock Exchange, Shenzhen Stock 

Exchange, and softwares for stock markets, largely because many enterprises only reserve the 

data of the last three years. 

In order that the body text is presented concisely, the data gathered from 33 enterprises will be 

listed in the Appendix A (from Table A-1 to A-33).  

From an overview from Table A-1 to A-33 in Appendix A, it can be seen that from 2007 to 

2014, the 33 chosen listed firms have demonstrated the following characteristics, in the six 

aspects that reflect the scales and operation capabilities of the enterprise, including total assets, 

net assets, net assets per share, operating revenue, operating profit and earnings per share: 

Total assets: the average amount of total assets of the 33 enterprises was RMB 33.781 billion 

in 2014. Northeast Electric Development, Join-Cheer Software and Tongda Power 

Technology ranked lowest, with total assets of RMB 483 million, RMB 825 million and RMB 

1.14 billion respectively. The three enterprises with the greatest total assets were China 

Unicom(RMB 547.1 billion), Gree Electric Appliances(RMB 156.2 billion) and Midea 

Group(RMB 120.3 billion). The amount of the largest total assets was 1132 times that of the 

smallest, and 16 times of average level. From 2007 to 2014, the average growth of total assets 

was 680%, or 85% per year. However, the growth rate was distributed quite unevenly. 

Northeast Electric Development registered the lowest level of total increase, -54%, and an 
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annual growth rate of -6.75%,whileEastMoneyInformation enjoyed the greatest total increase 

of 3353% and annual growth rate of 419%. 

Net assets: in 2014 the average amount of net assets of the 33 sample enterprises was RMB 

15.896 billion. Northeast Electric Development(RMB 287 million),Laobaigan Liquor (RMB 

667 million) and Join-Cheer Software(RMB 759 million) ranked the bottom, while the top 

three went to China Unicom(RMB 230.3 billion),Gree Electric Appliances (RMB 55.3 billion) 

and Midea Group (RMB 45.7 billion). The greatest amount of net assets was 802 folds of the 

smallest, 14.9 folds of the average level. From 2007 to 2014, net assets of those enterprises 

registered an average growth of 599%, or 74.87% annually. The least increase took place in 

Chunlan Air Conditioner, with a total growth of -19% and an annual growth rate of -2.38%; 

and Hongfa enjoyed the fastest growth, with a total growth of 2808% and an annual growth 

rate of 351%. 

Net assets per share: the average amount of net assets per share for the 33 sample enterprises 

in 2014 was RMB 6.61. Northeast Electric Development (RMB 0.33), Guomai Technologies 

(RMB 1.51) and Great Wisdom (RMB 1.52) had the least net assets per share, while 

Kweichow Maotai (RMB 46.79), Yanghe Distillery (RMB 18.32) and Gree Electric 

Appliances (RMB 14.68) ranked highest. The largest amount of net assets per share was 

141.78 times of the smallest, and 7.08 times the average level. From 2007 to 2014, net assets 

per share of the enterprises increased by 126% on average, an annual growth rate of 15.75%. 

China Net Center had the least increase of -85%, or -10.63% annually, while Hongfa 

registered a growth of 684% and an annual growth rate of 85.5%, ranking highest. 

Operating revenue: the average operating revenue of the 33 sample enterprises in 2014 was 

RMB 24.19 billion. Northeast Electric Development (RMB 198 million), Tonghuashun (RMB 

266 million) and Join-Cheer Software (RMB 327 million) earned the least, while China 

Unicom (RMB 288.6 billion), Midea Group (RMB 141.7 billion) and Gree Electric 

Appliances (RMB 137.8 billion) had the greatest revenue. The amount of the highest 

operating revenue was 1457.58 times that of the lowest, and 11.93 times the average. From 

2007 to 2014, operating revenue of these enterprises grew by 201% on average, with an 

annual growth rate of 25.13%. The least growth rate took place in Chunlan Air Conditioner, 

with -160%, or -20% per year. China Net Center registered the greatest increase of 749% and 

an annual growth rate of 93.63%. 

Operating profit: the average operating profit of the 33 sample enterprises was RMB 2.861 

billion in 2014. The bottom three were Swellfun (RMB -307 million), Jiugui Liquor (RMB 
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-148 million) and Chunlan Air Conditioner (RMB -16 million), while the top three went to 

Kweichow Maotai (RMB 22.1 billion), Gree Electric Appliances (RMB 16.1 billion) and 

China Unicom (RMB 15.9 billion). From 2007 to 2014, the average increase of operating 

profit of the enterprises was 424%, or 53% per year. The lowest growth was -2000% in Jiugui 

Liquor, -250% annually, its profit dropping from RMB 12 million in 2007 to RMB -148 

million; and the highest growth occurred in Hongfa, with a total growth of 7100% and an 

annual rate of 887.5%, soaring from RMB 17 million in 2007 to RMB 656 million in 2014. 

Earnings per share: the average earnings per share for the 33 sample enterprises was RMB 

1.07 in 2014. Swellfun (RMB -0.86), Jiugui Liquor (RMB -0.30) and Tongda Power 

Technology (RMB -0.10)received the least earnings per share, while Maotai (RMB 13.44), 

Gree Electric Appliances (RMB 4.71) and Yanghe Distillery  (RMB 4.19) were listed at the 

top. 

The above statistic description indicates that the selected enterprises vary in aspects that 

reflect the scales and operation capabilities of the enterprise, including total assets, net assets, 

net assets per share, operating revenue, operating profit and earnings per share, represented by 

large gaps in magnitudes and different growth rates; some enterprises even demonstrated 

negative growth rates. This means the samples are diversified and representative. 

7.3 The Computation of Enterprise Indexes (EI) 

The related data of Table A-1 to A-33 substituted the unknown numbers of the equation (6-4) 

so that the corresponding PEE, SPE, PEM, and SPM were obtained. After that, EtI, SgI, and 

SnI were also computed by the equatione: EtI = PEM/PEE, SgI= SPM/SPE, and SnI= SnI/ EtI. 

In this way, seven new data were obtained, i.e. PEE, SPE, PEM, SPM, EtI, SgI, and SnI. 

Those seven data are called Enterprise Indexes (EI) to distinguish themselves from the 

gathered information about the financial indexes and financial analysis indexes (presented in 

Table A-1 to A-33).  

The aforesaid indexes are average values, for the means are more likely to offset the data 

fluctuation, and the influence brought by the time that is needed to turn capitals into products. 

Six indicators were obtained by calculating the average values of three years, namely total 

assets growth rate, total assets turnover, return on total assets (ROA), rate of return on 

common stockholders’ equity (ROE), and net assets turnover. However,  some are average 

values of two years’ data, for the data of 2007 are not available. These indicators include 

increase rate of main business revenue, gross profit rate, operating profit ratio, net profit ratio, 

net profit growth rate and cash realization rate. In this way, each of the 33 enterprises from 
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five different fields (data of 2009 to 2014) has its own seven enterprise indexes. The resulting 

data is shown in the Appendix B (Table B-1 to B-33).  

7.4 Statistical Analysis of Enterprise Indexes  

The universality of the computerized model was verified by means of statistical analysis. A 

model reveals studied objects’ similarities, which are of uncertainty. This uncertainty is 

closely related to the knowledge of the studied objects which those who design the model 

have, and the adopted methods and techniques. Different model designers may build models 

that possess different levels of similarity to their prototype, even if they study the same object, 

and with the same purpose that they design the model. That is why the designed model needs 

verifying in different aspects. Model verification often requires large amounts of statistical 

analysis, and involves complicated computation, especially when statistical results are being 

evaluated and confidence intervals are being estimated. What is more, the resulting data of 

systems do not show repeatability, which brings great trouble to the verification. Social 

systems, economical systems, ecological systems, and environmental systems, for instance, 

can not be tested in their own real systems, which mean that there are no “real” data to 

provide an objective standard to appraise the systems. Moreover, the system has limited data, 

which means that they are not sufficient to provide a thorough verification. The situation is 

revealed by the relationship between a population and its samples in statistics. The population 

consists of numerous, and even infinite samples, but in reality, it is not necessary or 

impossible to study every sample. Therefore, samples are randomly drawn from their 

population to serve studies, and based on the data that are obtained from the samples, the 

population’s overall situation can be deducted and estimated.  

A complete model contains two aspects. One is its structure, and the other is its parameters. 

The structure represents a type of model’s common features, and the involvement of the 

parameters makes the model possess its own characteristics. These two aspects are the 

determinants of whether a model can represent its study objet. This chapter is to test the 

universality of the model by means of statistical analysis of the collected data, and 

verification of the model’s structure. The next chapter is mainly to verify the model’s main 

parameters, and in fact, it examines the applicability and reliability of the computerized 

model.  
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7.4.1 Grubbs' Test for Outliers 

Outliers were spotted and removed before the EI data in Table 7-1 to Table 7-5 were used for 

statistical analysis. Only in this way could we get valid information about whether the 

enterprises ran smoothly and when we statistically analyze the EI distribution features.  

All the indexes of the enterprise model were regarded as a population with infinite units. The 

gathered data were a collection with n samples drawn from the population, normal values 

included. Generally, the collection is used to estimate the parameters of the population which 

usually follows a normal distribution. Outliers often appear in two cases. One case is that 

outliers do not belong to the population, and samples are drawn from another population, 

which may result in great difference in value between the outliers and the population mean. 

The other case is that outliers belong to the population, but the population shows an extreme 

situation, taking the data exceeding 3σ for example, which is a small probability event. The 

test for outliers usually finds them out before they are removed from the collection of 

samples.  

There are many test methods for outliers, such as Chauvenet's Criterion, Newman-kueuls 

Method, Dixon's Q-test, and Grubbs' Test for Outliers. Among them, Grubbs' Test for Outliers 

include the mean and standard deviation, two of the most important parameters of a normal 

distribution. This means that Grubbs' Test for Outliers shows a higher precision. As a 

consequence, it was used to spot the outliers before they were removed.  

The 198 sets of the aforementioned data in Table 7-1 to 7-5 were imported into Minitab 17. 

The data were imported into the window for testing outliers (Statistics > Basic Statistics > 

Test for Outliers), and Minitab 17 was set as follows: 

Null hypodissertation: all data come from the same population that has a normal distribution; 

Alternative hypodissertation: the minimum and maximum values are outliers,  

Level of significance:  = 0.05 

After the software was set, the window showed the outliers as follows:   

Null hypodissertation: all data come from the same population that has a normal distribution; 

Alternative hypodissertation: the minimum and maximum values are outliers,  

Level of significance:    = 0.05 

Grubb’s Test 

Variables N         mean   standard deviation  minimum   maximum     G       P 
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PEE    198         24.43         82.02      -28.63       762.49     9.00   0.000 

SPE    197   39969157665  5.11403E+11          -7  7.14446E+12   13.89    0.000 

PEM    198      -3311828     46093015  -648583005         110    14.00    0.000 

SPM    198       97.43        77.46     -257.69        684.62    7.58    0.000  

EtI      198      1339214     18518643        -18    260563140    14.00    0.000 

EgI     195        -1334         19120    -266882         6672    13.89    0.000 

Outliers    

Variable  Line        Ouliers     

PEE     108    7.62490E+02      

SPE     177    7.14446E+12 

PEM    161    -6.48583E+08 

SPM      1     6.84623E+02 

EtI     161      2.60563E+08 

EgI     132    -2.66882E+05 

Figure 7-1 The window during Grubbs’ Test 

According to the reminders, the outliers have been removed before the test is carried out again, 

and the test does not stop until the window reminds no outliers, as shown in the following 

figure:  

Null hypodissertation: all data come from the same population that has a normal distribution; 

Alternative hypodissertation: the minimum and maximum values are outliers,  

level of significance:    = 0.05 

Grubb’s Test 

Variables   N   mean    standard deviation  minimum  maximum     G        P 

PEE      110   11.112        7.047        1.938      33.481     3.17    0.129 

SPE      110   29.77         27.60         2.84      121.27     3.32    0.075 

PEM      110   18.11         13.81        0.59       62.20      3.19    0.121 

SPM      110   89.94       21.10        29.89      141.06     2.85    0.417 

EtI        110   1.776         1.063        0.123      5.386      3.39    0.055 

EgI       110   5.735         4.238        0.405     17.946     2.88     0.370 

SnI       110   3.538         2.355        0.539     11.199     3.25     0.096 

*Note* when the level of significance is 5%, there is no outlier 

Figure 7-2 the window where Grubbs’ Test reminds no outliers 

In this way, 110 valid data were selected with the help of the Grubbs’ Test, and the data will 

be used for descriptive analysis later.  

7.4.2 Descriptive Analysis of the Enterprise Indexes  

The removed outliers were generated because of the abnormal operation or accidental 
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situations, such as asset restructuring, and an capital increase by shareholders. That is to say, 

the remaining 110 data are good, and the results from the statistical analysis can basically 

represent the distribution interval of the enterprise model’s parameters for the companies that 

operate normally. The resulting outcome is also a test of applicability and reliability of the 

three norms that computerized model use to appraise the enterprises’ development status.  

Descriptive analysis is mainly carried out to get a knowledge of central tendency, discrete 

degree and general distribution. The data of the central tendency include the mean, median, 

mode, and percentile. The discrete degree is shown by variance, standard deviation (SD), 

standard error (SE) and range. General distribution of data is shown by skewness and kurtosis.  

The mean is the average value of a group of data, which reflects their average level. The 

quartile permutates all the numbers from the minimum to the maximum values and divides 

them into four groups with equal frequencies. The values of the three division points are 

quartiles, namely the first quartile, the median, and the third quartile. The quartile shows the 

changing tendency of the data. The median is the middle one when a set of values are 

arranged in order if the number of values is odd, and it is the average of the middle two values 

if the number of the values is even. As for variance, it is the square of the standard deviation, 

which can be used to describe the tendency of samples’ dispersion. The bigger the variance is, 

the higher chance there is that sample values deviate from the sample mean. The standard 

error equals to the standard deviation of the normal distribution divided by the square root. It 

functions similarly to the variance. The standard error of the mean reveals the average discrete 

degree between the sample mean and the population mean. The range is the value that equals 

to the minimum value subtracted from the maximum value, which is used to check the 

stability.  

Skewness is a measure of the asymmetry of the probability distribution of a real-valued 

random variable about its mean. The bigger the absolute values are, the higher the degree of 

skewness will be. Kurtosis is a measure of whether the data are peaked or flat relative to a 

normal distribution. That is, data sets with high kurtosis tend to have a distinct peak near the 

mean, decline rather rapidly, and have heavy tails. Data sets with low kurtosis tend to have a 

flat top near the mean rather than a sharp peak. If the skewness is close to 0, and the kurtosis 

is close to 3, then it can be estimated that the distribution of the population is close to the 

normal distribution.  

The remaining 110 sets of data were imported into Minitab 17, and the parameters were set as 

required in the window (statistics>basic statistics>descriptive statistics). The resulting 
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outcome given by the software was as shown in Table 7-1.  

Table 7-1 The Statistical Table for the Seven Enterprise Indexes of 110 data 

Variable  
Samples’ 

Number  

Invalid 

Samples 
The Mean 

SE of  

the Mean 

Standard 

Deviation 
Variance 

Minimum 

Value 

PEE 110 0 11.112 0.672 7.047 49.662 1.938 

SPE 110 0 29.770 2.630 27.600 761.830 2.840 

PEM 110 0 18.110 1.320 13.810 190.750 0.590 

SPM 110 0 89.940 2.010 21.100 445.210 29.890 

EtI 110 0 1.776 0.101 1.063 1.131 0.123 

SgI 110 0 5.735 0.404 4.238 17.961 0.405 

SnI 110 0 3.538 0.225 2.355 5.545 0.539 

Variable 
The third 

Quartile 

The 

Median 

The first 

Quartile 

Maximum 

Value 
Range  Skewness  Kurtosis 

PEE 5.926  8.520  14.384  33.481  31.544  1.230  1.070  

SPE 10.270  19.910  35.410  121.270  118.430  1.740  2.450  

PEM 8.380  13.730  23.350  62.200  61.610  1.410  1.390  

SPM 77.880  91.120  103.680  141.060  111.170  -0.240  0.130  

EtI 1.065  1.499  2.262  5.386  5.263  1.360  2.070  

SgI 2.308  4.837  8.416  17.946  17.540  0.980  0.330  

SnI 1.598  2.971  5.033  11.199  10.659  1.040  0.760  

The above table tells that the means of PEE, SPE, PEM, SPM, EtI, SgI, and SnI are 11.112, 

29.77, 18.11, 89.94, 1.776, 5.735, and 3.538, and the medians are 8.52, 19.91, 13.73, 91.12, 

1.499, 4.837, and 2.971, respectively. The standard errors of the mean are 0.672, 2.630, 1.320, 

2.010, 0.101, 0.404, and 0.225. As for variances, they are 49.662, 761.83, 190.75, 445.21, 

1.131, 17.961, and 5.545. Ranges are 31.544, 118.43, 61.61, 111.17, 5.263, 17.54, and 10.659. 

The data tell that the series are centralized with a low degree of dispersion. Skewness and 

Kurtosis do not have a complete normal distribution. Except that the skewness of SPM is less 

than 0, which means that it skews to the left, others all skew to the right. The values of PEE, 

SPE, PEM, and SPM kurtosis are all relatively low. The features are all clearly demonstrated 

in the following histograms (Figure 7-3, Figure 7-4, Figure 7-5, Figure 7-6, Figure 7-7, Figure 

7-8, and Figure 7-9).  
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Figure 7-3 The Histogram for PEE Data 

 

 Figure 7-4 The Histogram for SPE Data 
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Figure 7-5 The Histogram for PEM Data 

 

Figure 7-6 The Histogram for SPM Data 

 

Figure 7-7 The Histogram for EtI Data 
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Figure 7-8 The Histogram for SgI Data 

 

Figure 7-9 The Histogram for SnI Data 

Statistically, a sample mean is the average of a collection of random variables. It partially 

offsets the nonuniformity of the samples, and reduces the error brought by accidental errors. 

Therefore, a sample mean is closer to its population mean. The larger the number of the 

samples is, the smaller the error is between the sample mean and the population mean. When 

the number of the samples n equals to the number of the population N, the sample mean 

equals to the population mean. Evidently, in reality it is impossible that n equals to N, which 

makes it necessary to estimate the error between  the sample mean and the population mean. 

The estimation can tell whether the error falls in the acceptable range by confirming whether 

there is an obvious difference between the sample mean and the population mean at certain 

confidence level.  
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7.4.3 EI Parameter Estimation and Hyhodissertation Testing 

Parameter Estimation is a method to estimate unknowns in a population by the samples drawn 

from the population. We often need to analyze or deduce the nature reflected by the chosen 

data based on the samples. That is to say, we have to decide how to choose statistics based on 

the samples so as to estimate the overall features of a population. The parameter estimation 

falls into the category of inferential statistics, which aims to estimate reasonly the overall 

features of a population’s distribution, or the numerical characteristics of the distribution.  

Parameter Estimation contains two types, i.e. point estimation and interval estimation. The 

point estimation is a method used to estimate population parameters based on smaple 

counterparts. It is called so because a sample parameter is a point in its number axis, and the 

estimated value is also the value of a point of the axis. The interval estimation, based on point 

estimations and standard errors, gives an interval where the parameter to be estimated falls at 

a given probability value. The given probability value is called confidence level (CL), and the 

interval is named confidence interval (CI). The confidence level tells the probability that a 

population’s parameter values fall into a certain interval of samples’ statastics while a 

confidence interval, a type of interval estimate of a population parameter, shows the range of 

error between samples’ statistics and their population’s parameter values. The wider the 

confidence interval is, the higher the confidence level is. The two-sided confidence limits 

form a confidence interval, their one-sided counterparts are referred to as lower or upper 

confidence limits. 

A statistical hypodissertation test is a method of statistical inference based on certain 

pre-specified hypotheses. The test often goes this way: the first step is that statistical 

assumptions are stated for the studied population, i.e. H0; and then, decided is a test statistic 

which makes H0 valid, and its distribution is known; the third step is that the test statistic is 

computed from the observations, i.e. the value of the test statistic, and verified with the 

selected significance level (α), a probability threshold below which the null hypodissertation 

will be rejected, and then decide to either reject the null hypodissertation in favor of the 

alternative or not reject it. The commonly used hypodissertation testing methods include 

T-tests, U-tests, Chi-square tests, F-tests, and rank-sum tests.  

Among the aforementioned tests, T-tests was selected, for the unknown population mean was 

to be estimated based on the known sample mean, and the number of the samples is relatively 

large (n=110).  

Minitab 17 can run parameter estimation and hypodissertation testing at the same time. When 
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the Minitab 17 was started, and the 110 data of PEE were imported into the software. Then we 

ran the software like this: statistics>basic statistics>single sample t; single sample t of the 

mean>one or more samples, one every line>the line of PEE data> tick “run hypodissertation 

testing” > key in “11.11” (the mean of PEE) on “Assumed Mean”; click “Option” > key in 

95.0 into “Confidence Level” included in “Single sample t: option”. At last, the software was 

operated as follows: “Alternative assumption” > “the Mean≠assumed mean” > “confirm” > 

“confirm”. After the operation, the outcome is shown as follows: 

Single sample T: PEE 

Run tests when μ=11.11 and ≠11.11 

Variable  N  the Mean  SE   Mean’s SE    95% CI       T       P         

PEE    110  11.112   7.047   0.672     (9.780, 12.444)  0.00    0.998 

Figure 7-10 The Interface on Minitab of the Outcome after the T-test and Hypodissertation Test 

have been run for PEE 

The above outcomes show that T=0 (T is the value produced by the t-test for PEE), P>0.05 

(i.e. the significance level), and the null hypodissertation H0 is accepted. That is to say, there 

is no significant difference between the sample mean and the population mean, which 

indicates that the sample mean can represent the population mean. What is more, at a 95% 

level of confidence, the confidence interval of PEE is [9.780，12.444]. Similarly, parameter 

estimation and hypodissertation tests also were done for other six enterprise indexes, and the 

corresponding outcomes were listed in Table 7-2.  

Table 7-2 The Outcomes of T-tests and Hypodissertation Tests for Enterprise Indexes (EI) 

   EI  
The 

Mean 
  SE 

 

SE’s 

Mean 

 

        

  The CI (95% CL) 

   T P 
Lower 

limits 

Upper 

limits 

PEE 11.112 7.047 0.672 9.78 12.44 0.00 0.998 

SPE 29.770 27.600 2.630 24.55 34.98 0.03 0.980 

PEM 18.110 13.810 1.320 15.50 20.72 0.00 0.997 

SPM 89.940 21.100 2.010 85.96 93.93 0.00 0.999 

EtI 1.776 1.063 0.101 1.58 1.98 0.06 0.953 

EgI 5.735 4.238 0.404 04.93 6.54 0.09 0.931 

EnI 3.538 2.355 0.225 3.09 3.983 0.17 0.866 

The above table shows that the P-values are all more than the significance level 0.05, so the 

null hypodissertation H0 is accepted, which means that there is no significant difference 

between the sample mean and the population mean. Meanwhile, the alternative 
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hypodissertation H1 is rejected, i.e. the population mean≠the assumed mean. The outcomes of 

T-tests demonstrate that the sample mean can be used to represent the population mean.  

In addition to the T-tests, with Minitabl 17 Chi-square tests, Bonett tests, and the 

hypodissertation tests (at a 0.05 level of significance) were also carried out to test single 

variances of EI standard errors and variances. The procedure of the tests was similar to how 

t-tests were carried bout, so here only the outcomes of the tests for a single variance of PEE 

are presented. In the meantime, the outcomes of IE Chi-square tests are listed on Table 7-3 

while the counterparts of Bonnett tests are listed on Table 7-4. Chi-square tests are applicable 

when the distribution is normal, while Bonett tests are applicable to any continuous 

distribution.   

Testing a Single Variance and the Confidence Intervals for PEE 

Method: 

Null Hypodissertation: σ= 7 

Alternative Hypodissertation: σ≠7 

Chi-square tests are applicable when the distribution is normal 

Bonett tests are applicable to any continuous distribution 

Stastics  

Variable   N    SE   Variance 

 PEE     11   7.05    49.7 

95% Confidence Interval 

Varible   Method     SE’s CI     Variance’s CI 

PEE    Chi-square  (6.22, 8.12)    (38.7, 66.0) 

        Bonett     (5.96, 8.49)    (35.5, 72.1) 

Testing  

Variable   Method    tested stastic  degree of freedom(DF)   P-value 

PEE      Chi-square   110.47        109                 0.885 

          Bonett        ---          ---                 0.937 

Figure 7-11 The Interface on Minitab of the Outcome after the Single Variance test and 

Hypodissertation Test have been run for PEE 

Table 7-3 The Outcomes of Testing a Single Variance by Chi-square Tests, and the 

Counterparts of the Hypodissertation Tests for Enterprise Model’s Parameters 

EI SE 

 

Variance 

      

    Error of      

    SE’s CI 
Variance’s CI 

Test  

Statistics 
 P 

Lower  

Limit  

Upper  

Limit 

Lower  

Limit 

Upper  

Limit 

PEE 7.047 49.66 6.22 8.12 38.7 66.0 110.47 0.885 

SPE 27.600 761.83 24.4 31.8 594 1013 109.80 0.921 

PEM 13.810 190.75 12.2 15.9 149 254 109.18 0.954 
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SPM 21.100 445.21 18.6 24.3 347 592 110.04 0.908 

EtI 1.063 1.13 0.94 1.23 0.88 1.50 111.82 0.815 

EgI 4.238 17.96 3.74 4.89 14.0 23.9 110.98 0.858 

EnI 2.355 5.55 2.08 2.71 4.32 7.37 114.25 0.693 

Table 7-4 The Outcomes of Testing a Single Variance and Hypodissertation Tests for 

Enterprise Model’s Parameters 

EI SE 

 

Variance 

 

    Error of      

    SE’s CI 
Variance’s CI 

P 
Lower  

Limit  

Upper  

Limit 

Lower  

Limit 

Upper  

Limit 

PEE 7.047 49.66 5.96 8.49 35.5 72.1 0.937 

SPE 27.600 761.83 22.4 34.6 502 1197 0.972 

PEM 13.810 190.75 11.6 16.8 134 282 0.993 

SPM 21.100 445.21 18.5 24.5 343 598 0.942 

EtI 1.063 1.13 0.88 1.31 0.77 1.72 0.895 

EgI 4.238 17.96 3.67 4.99 13.5 24.9 0.901 

EnI 2.355 5.55 2.01 2.81 4.04 7.88 0.767 

Table 7-3 and Table 7-4 both show that P-values are all more than the significance level 0.05, 

whether they were tested by Chi-square tests or Bonett tests. That means the null 

hypodissertation H0 can be accepted while the alternative hypodissertation H1 should be 

rejected. Put it in another way, there is no significant difference between sample SE and 

population SE, and Overall SE ≠ Assumed SE.  

7.5 Universality Analysis of the Computerized Model 

The data gathered from the 33 enterprises (six fiscal years and 12 financial analysis indicators) 

were imported into the computerized model. As a result, 198 sets of EI data were collected, 

from which 110 sets were obtained after the outliers have been removed with the aid of 

Grubbs’ tests. Based on the descriptive analysis of the 110 sets of data, parameter estimation 

and hypodissertation tests were carried out for the sample mean, sample SE, and variances. 

The results from the estimation and tests demonstrate that there is no marked difference 

between the sample mean and the population mean at a 95% level of confidence. Therefore, 

the means and the confidence intervals of the 110 sets of EI data can be used to appraise the 

enterprise’s development status in accord with the three norms to evaluate their development 

status (Table 6-4).  

For an enterprise which operates smoothly and strives to be stronger, its PEE, PEM, SPE, and 
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SPM are all more than 0, which means that the norm of “diagnostic assessment” of the model 

is valid. EtI > 1 and EgI > 1 at the same time, which means that the norm of “Value” is valid. 

EnI > 0, and its mean’s SE = 0.23, SEs of EtI, and EgI are 0.10 and 0.43 respectively, which 

means that EnI fluctuates in a relative narrow interval. That tells that the norm of 

“stabilization” is also valid.  

The aforesaid statistics demonstrate that the theoretically analyzed values accord with the 

statistics of 110 sets of the gathered data, which proves the universality of the structure’s 

practical application.  

In the next chapter, certain enterprise’s EI data will be used for case studies in an attempt to 

verify the practicability and reliability of the “Tornado” computerized model.  
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Chapter VIII Case Studies Based on “Tornado” Computerized Model 

A Synopsis of this Chapter  

A complete model contains two elements—a structure and a parameter. The structure often 

represents common features of certain kind of models, while the parameter enables the model 

to possess its own uniqueness. In this chapter, case studies were used as a method to examine 

the parameters of the computerized model. The case studies were done to assess the 

development status from the three norms to apply the computerized model—diagnostic 

appraisal, value chain, and stability, and to predict the trends of EtI, SgI and SnI with Grey 

Prediction Theory. The case studies show that the computerized model is instrumental in 

assessing development processes, status, and growing trends. Also, the resulting outcomes of 

evaluation are also helpful in predicting and analyzing enterprises’ growing trends.  

8.1 An Overview  

Viewed in the perspective of the simulation theory, a model constitutes scientific  abstraction 

and a simplified description of a real-world system, which is designed based on the similitude 

principles. The model reflects the sublimation of its designer’s knowledge of real-world 

systems. Whether his knowledge is right or not needs testing. Therefore, the verification of 

models, in reality, is a process during which not only are his theoretical knowledge checked 

by putting the knowledge into practice, but also his  theoretical knowledge are enriched by 

his practice.   

According to how simulation models are constructed, the last step of modeling is verifying a 

model with the data of the chosen cases, which is the most important step to check the 

practical functioning of the model. In last chapter, the model’s structure has been verified 

when the data of 110 enterprises were statistically analyzed, from which the means, standard 

errors, the population mean  , and confidence intervals of the seven EIs were all obtained, 

whereas in this chapter, the parameters of the model will be verified, which, as a matter of fact, 

examines the feasibility of the computerized model.     

As is known, a complete model contains two elements—a structure and a parameter. The 

structure often represents common features of certain kind of model, while the parameter 

enables the model to possess its own uniqueness. Those two elements are the determinants of 

whether the model can represent its real system.  
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The case studies are to be done with two purposes. They are assessing the development status 

from the three norms to apply the computerized model—diagnostic appraisal, value chain, 

and stability, and predicting the trends of EtI, SgI and SnI with Grey Prediction Theory. 

Several “relatively good” and “relatively bad” enterprises will be chosen to appraise the 

development status and trends based on the three norms and the grey prediction model.  

8.2 Grey Theory Prediction Model 

Grey Theory Prediction Model will be introduced briefly before the model is used to appraise 

the development trends of EtI, SgI, and SnI.  

8.2.1 Basic Notions of the Grey Prediction Theory 

Grey System Theory was initiated by Chinese scholar Deng Julong[110-111] in 1982. The theory 

deals with systems that are without sufficient information or data. It is often used to study the 

characteristics, behaviors, and the potential mechanism hidden in the insufficient data to 

reveal the characteristics and laws of integration hidden in the chaotic original data.  

Grey Box System is a system between White Box and Black Box System. In a white box 

system, its inner features are known. Put it in another way, the system’s information is 

completely explicit and clear. As for a black box system, its inner information is completely 

unknown to the outside world, whose information can only be observed or studied by its 

relation with the outside world. For Grey Box System, part of its system’s information is 

known, whereas the other part is unknown, and the factors inside the system have certain 

relationships. The distinction of Grey and White Box System lies in whether or not the 

relations inside their own system are certain and explicit.  

GM (1, 1) model, the first order differential equation in one variable, is a model often used in 

grey prediction. The grey prediction, on the basis of GM (1, 1) model, builds a GM (1, 1) 

model with mapping data series which possess features of their system before the 

corresponding prediction equation is obtained. The model will be used for prediction after it 

has been attested applicable. The grey prediction consists of data sequence prediction, interval 

prediction, and calamity prediction, etc.  

Grey Theory holds that the information of a system’s behaviors is not sufficient, and its data 

can be complicated, but the data are sequential, which enables them to be of overall 

functioning. The generation of grey numbers is an attempt to reveal the characteristics and 

laws of integration hidden in chaotic original data. Meanwhile, based on Grey Theory, models 
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are constructed with generated data, not with source data. Thus, the grey prediction forecasts 

with the inverse data of the prediction data obtained from GM (1, 1) model.  

The grey prediction has three distinct features. It allows prediction with a small number of 

data. And it allows prediction about events with uncertain causes but certain effects, or the 

ones with certain causes but uncertain effects. Moreover, the grey prediction is testable, 

including the tests of source data smoothness, model precision, and residual errors of its 

prediction results. Consequently, the grey prediction model boasts its own advantages. The 

prediction does not need a large sample size; it is also viable if the chosen samples are not 

regularly distributed; it does not need large quantities of computations; results from 

quantitative analysis accords with those from qualitative analysis; it can be used for near-term, 

short-term, and mid-term and long-term prediction; its prediction is of a relatively high 

precision.  

8.2.2. Basic Modeling Procedures for Grey Models  

Generally speaking, a prediction model is built based on Grey Theory with the following 

steps:  

Step 1: Check Quasi-smoothness of Data Sequences 

Modeling computations can start directly if data sequences satisfy the conditions of 

smoothness. If not, the smooth degree of modeling data series has to be improved and the 

prediction values of the data sequences are obtained. After that, the original data with 

quasi-smoothess will be restored with the inverse operation of the prediction data.  

Let x  be the sequence: ( (1), (2), , ( )),       ( ), ( 1)x x x x n x k x k x     

Then ( ) ( ) ( 1)x k x k x k     denotes the discrepancy information of x at the point k , 

simplified as discrepancy or deviation. 

Let 
( 1)

( ) ,     ( ), ( 1)
( )

x

x k
k x k k x

x k



                    Equation (8-1) 

denotes the stepwise ratio of x 。If ( ) 1 ( )x xk k   , then ( )x k denotes stepwise ratio 

dispersion of the sequence x . In order to ensure the validity of GM (1, 1) model, stepwise 

ratio must satisfy
2 2

1 1( ) ( , )n n
x k e e



  which means that data sequences have certain degree of 

smoothness. Otherwise, the original data need pre-processing.  

Step 2: Accumulated Generating Operation 

Given 
(0) (0) (0) (0)( (1), (2), , ( ))X x x x n  is a data sequence that satisfies certain degree of 
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smoothness, then its one time accumulation generation sequence is 

(1) (1) (1) (1)( (1), (2), , ( ))X x x x n  

where (1) (0)

1

( ) ( )    1,2, ,
k

i

x k x i k n


   

Step 3: Adjacent Neighbor Generation  

Based on the sequence (1)X , its background values sequence 
(1) (1) (1) (1)( (1), (2), , ( ))Z z z z n  

is built,  

Where  
(1) (1) (1)( ) ( 1) (1 ) ( )      1, 2, ,Z k ax k a x k k n                   Equation (8-2) 

Generally speaking, 0.5a  . Therefore, (1)Z  is the sequence generated by adjacent neighbor 

means.  

Step 4: Establish a Prediction Model 

For the nonnegative quasi-smooth sequence (0)X , its sequence (1)X possesses the law of 

quasi-exponentiality, and the whitening equation (or image equation) of (1)X  is  

 

(1)
(1)dx

ax b
dt

                                          Equation(8-3) 

Where a  is referred to development coefficient, also development grey number, while b  is 

grey action quantity.  

Equation (8-3) is discretized, and differential is transformed into variance, so the grey 

differential equation of GM(1, 1) is obtained as following:  

 
(0) (1)( ) ( )       1, 2, ,x k az k b k n                            Equation (8-4) 

Equation(8-4) can be transformed into the matrix ny BP
,  

Where  

(1)

(1)

(0) (0) (0)

(1)

(2)  1

(3)  1
[ (2), (3), , ( )] ,   ,    

            

( )  1

T

n

z

az
y x x x n B P

b

z n

 
 
        

 
 
             

Equation (8-5) 

In (8-5), B is referred as data matrix, ny
 

is referred as data vector, and P is parameter vector.  

Step 5: Solution of the Parameters ,a b   

By using the least-square method, we can obtain the values of ,a b .  

Let ne y BP  , then under the least squares criterion 

 

( ) ( )

    =

T T

n n

T T T T T T

n n n n

E e e y BP y BP

y y P B y y BP P B BP

   

  
                         Equation (8-6) 



  

174 

The solution of the minimum variance should satisfy 

 
0T T

nT

E
B y B BP

P


   


                          Equation (8-7) 

Therefore, generalized inverse solution of P is 

 

1( )T T

n

a
P B B B y

b

 
  
 

                             Equation (8-8) 

Equation (8-8) is the identification equation of the matrix of ,a b , i.e. the two parameters of 

GM(1, 1), and 
1( )T TB B B

is the generalized inverse of B.  

Step 6: Establish a Prediction Equation 

The parameters’ identification equations are obtained respectively by expanding the solution 

of P’s generalized inverse:  

 

(1) (0) (1) (0)

2 2 2 2

2

(1) 2 (1)

2 2

( ) ( ) ( 1) ( ) ( )

( 1) ( ) ( )

n n n n

k k k k

n n

k k

z k x k n z k x k

a

n z k z k

   

 

 


 

   
 

   

 

              Equation (8-9) 

 

(1) (1) 2 (1) (1) (0)

2 2 2 2

2

(1) 2 (1)

2 2

( ) ( ) ( ) ( ) ( )

( 1) ( ) ( )

n n n n

k k k k

n n

k k

x k z k z k z k x k

b

n z k z k

   

 




 

   
 

   

 

             Equation (8-10) 

Therefore, the whitening response equation of GM (1, 1) model, i.e. the prediction equation of
(1)X is obtained as following:  

 

(1) (0)ˆ ( 1) (1) ,    1,2, ,akb b
x k x e k n

a a

 
     

 
            Equation (8-11) 

Step 7: Test Model Precision 

A method to check model precision is examining relative errors. Define the residual sequence  

 

(0)

(0) (0) (0) (0) (0) (0)

( (2), (3), , ( ))

ˆ ˆ ˆ      =( (2) (2), (3) (3), , ( ) ( ))

n

x x x x x n x n

   

  
     Equation (8-12) 

And relative error sequence is  

 
1(0) (0) (0)

(2) (3) ( )
, , , { }

(2) (3) ( )

n

k

n

x x x n

   
    

 
                 Equation (8-13) 

If k n , 
(0)

( )

( )
k

k

x k


  denotes relative error of the simulation at point k , while

1

1

1

n

k

kn 

  

 is mean relative error. Generally, if  <20％, the model passes the test of 
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relative error, which means the model can be used for prediction.  

Correlation Coefficient and Degree of Correlation  

Correlation analysis is a method to deal with the correlation degree of factors in a system. The 

correlation coefficient has to be calculated first before the correlation degree is computed.  

1) Correlation Coefficient  

Provided                                    0 0 0 0ˆ ˆ ˆ ˆ1 , 2 ,...,X X X X n  

                              

   

 
 

 
 

  
0 0 0 0

1 , 2 ,...,i i i iX X X X n  

Correlation coefficient is denoted as  

 

           

           

0 0(0) (0)

1 1

0 0(0) (0)

1

ˆ ˆmin min max max
( )

ˆ ˆmax max

i i
i j n i j n

i i
i j n

X j X j X j X j
k

X k X k X j X j






   

 

  


  
        

Equation (8-14) 

where        0 0
X̂ k X k  constitutes absolute error at kth point 

(0)

iX  , (0)X̂ .  

     0 (0)

1

ˆmin min i
i j n

X j X j
 

 is referred to minimal range； 

     0 (0)

1

ˆmax max i
i j n

X j X j
 

 is referred to maximal range； 

For resolution ratio ρ (0<ρ<1), the smaller ρ is, the greater the discrepancy between 

correlation coefficients is, and the greater the discrepany is, the more distinct the 

differentiation is. Usually, ρ=0.5. For those sequence with different units and initial values, 

the sequences should be initialized before the related correlation coefficients are calculated. 

Specifically, all the data of the sequence should be divided by the first data of the sequence.    

Correlation coefficients only represent the degree of correlation between the reference 

sequence and comparison sequence. In order to have an overall knowledge of the correlation, 

the degree of correlation should be computed. 

The degree of correlation is calculated by the equation   
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1 n
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r k
n




                                  Equation (8-15) 

Before modeling, the quasi-smoothness of the sequence
(0)X should be examined. On the 

condition that    (0) ( )1/ 1 ?( )t X t X t   , if t>3, and ρ(t) < 0.5 at the same time, the 

condition of quasi-smoothness is satisfied. After this step is done, the law of exponentiality of 

the sequence
(1)X should be checked.  

On the condition that    ( ) ( ) ( )1 1 1    ( )/ 1t X t X t   , for t, if  ( )1 [  1,1 ]t    (δ is pre-defined 

to be 0.5 usually) is valid, the law of exponentiality is satisfactory. This means that GM (1, 1) 
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model based on the sequence ( )1X  can be established. Otherwise, accumulation is still needed. 

The experience tells that if ρ=0.5, and the degree of correlation is greater than 0.6, it is 

satisfactory.  

8.2.3 Testing and Precision Evaluation of Grey Models 

The testing of grey models mainly examines the smoothness of source data before modeling, 

and the applicability of whitening response models after a prediction model is established as 

well as the residual of predicted model values.  

Any prediction model has its own applicability. GM (1, 1) model is no exception, whose 

applicability is closely related to development grey number a . If a <2, GM(1, 1) model is 

valid. Furthermore, simulation errors rapidly increase along with the increase of development 

coefficients.  

Related theory studies show that [112]： 

When 0.3a  , GM(1, 1) model can be used for mid-term and long-term predictions;  

When 0.3 0.5a   , GM(1, 1) model can be used to make short-term predictions, and cannot 

be easily used for mid-term and long-term predictions; 

When 0.5 0.8a   , GM(1, 1) One needs to be very cautious about mid–term predictions;  

When 0.8 1.0a   , the GM(1, 1) model revised by its residuals can be used for prediction. 

When 1.0a  , GM (1, 1) should not be applied to make predictions.  

8.2.4 Realization of Grey Prediction G(1, 1) Model by MATLAB  

A program was run in MATLAB to compute grey prediction model G (1, 1), which was 

designed based on grey prediction theory and prediction check procedure. The smoothness of 

source data was pre-processed before the check started, during which the source data were 

transformed by p evolution operation. The research by Peng Yong et al. [113] shows that the 

method can effectively improve the smoothness of modeling data sequences, which can 

improve prediction precision. The check of the prediction model adopted the classification of 

the value of  , and the appraisal of prediction values’ precision adopted mean residuals.  

By transformation of p evolution, Equation (8-16) can be acquired: 

 

1

(0)' (0)( ) ( ( ) 1) ,      0      px k x k p                    Equation (8-16) 

where 
(0)' ( )x k is the transformed data sequence whereas 

(0) ( )x k  is the source data sequence. 
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The transformed data sequence’s smoothness was checked, and the prediction model was 

established, after which the model was used for prediction. Then, the following equation was 

used  

 

(0) (1) (1)

(0) (0)

ˆ ˆ ˆ( 1) ( 1) ( )

ˆ ˆ( ) ( ( )) 1p

x k x k x k

y k x k 

    


  

                             Equation (8-17) 

for the operations of subtraction and evolution in order to restore the data sequence of 
(0) ( )x k . 

The following shows partly how the code was run in MATLAB:  

% the program is mainly used to compute prediction values based on the models established 

according to Grey Theory; 

% the math model GM(1, 1) is used;  

% when the data was pre-processd, the p evolution operation by Peng Yong et al was adopted, 

and after which, the smoothness of the sequence was checked. 

clc 

clear all 

%=====source data transported here===== 

n=length(y); 

ran1 = [exp(-2/(n+1)), exp(2/(n+1))]; % the tolerable range of stepwise ratio 

%=====the check of the smoothness 

py=zeros (1, n); 

for i=1:n 

    pk=-2;  % the value of pk can be adjusted 

    py(i)=(y(i)+1)^(1/pk);  

end 

    disp(['source data sequence:', num2str(y)]); 

    disp(['p transformation sequence:', num2str(py)]); 

lamda = py(1:n-1)./py(2:n);             % compute stepwise ratio 

    disp(['py data stepwise ratio sequence:', num2str(lamda)]); 
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………… 

The aforementioned codes were debugged and checked by the data of the literature [114-116], 

which confirms that there is no mistake in the codes. In the appendix C are listed all the 

codes.  

8.3 What and How the Cases are Studied Based on Tornado Model  

This is what the case studies deal with: the related enterprises’ indexes for financial analysis 

were substituted into Equation (6-4) of the computerized model, for which the seven 

enterprise indexes were obtained, namely PEE, SPE, PEM, SPM, EtI, SgI, and SnI. Those 

seven indexes were used to assess the development status and trends of the enterprises.  

During the study of the cases, the indexes were used to appraise the studied enterprises by 

means of the three norms of the computerized model, and grey prediction models. The three 

norms were mainly used to assess the recent years’ performance of the case enterprise, 

especially that of the latest year, whereas the grey prediction model was mainly used to assess 

the development trends of the studied enterprises. Final conclusions of the assessment were 

stated after those two steps were finished. 

8.4 Analysis of the Case Guizhou Moutai (600519.sh) 

Moutai, lauded as “State Wine” by Chinese, is one of the three most famous distilled spirits 

around the world, and enjoy much fame both home and abroad. The company, listed in 2001, 

increased its market value by more than 40 fold. It is a recognized good enterprise among the 

Chinese listed companies.  

Table A-1 demonstrates that from 2007 to 2014, the company have an average gross profit 

rate of around 90% during the eight consecutive years, an average net profit margin of about 

50%, an average return on equity of about 38%, an average operating profit margin ratio of 

more than 65%. Viewed from the perspective of the its financial indexes, Guizhou Moutai is a 

company with an excellent performance.  

8.4.1 Guizhou Moutai Studied as a Case Based on the Three Norms of the 

Computerized Model 

The Moutai EI, originally shown in Table B-1, are listed in Table 8-1. The EtI, SgI, SnI in the 

8-1 were statistically analyzed, and the resulting outcomes were shown in Table 8-2.  
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Table 8-1 The Parameters of the Computerized Model for Moutai 

Year 2014 2013 2012 2011 2010 2009 

PEE 36.02 39.13 35.85 31.45 32.32 42.59 

SPE 45.83 60.76 56.50 45.44 40.69 39.74 

PEM 85.54 100.08 96.60 85.31 73.98 80.48 

SPM 107.83 117.72 113.12 103.86 101.14 111.42 

EtI 2.37 2.56 2.69 2.71 2.29 1.89 

SgI 2.35 1.94 2.00 2.29 2.49 2.80 

SnI 0.99 0.76 0.74 0.85 1.09 1.48 

Table 8-2 Descriptive Analysis of EtI, SgI, and SnI of Moutai 

Variable Sample size The mean Mean’s SE SD Variance minimum maximum range 

EtI 6 2.418 0.126 0.309 0.095 1.89 2.71 0.82 

SgI 6 2.312 0.13 0.319 0.101 1.94 2.8 0.86 

SnI 6 0.985 0.113 0.277 0.077 0.740 1.480 0.740 

From Table 8-1 and Table 8-2, the following analysis is read based on the three norms (Table 

6-4) that assess the sustainability of enterprises:  

“Diagnostic appraisal”: the four indexes PEE, SPE, PEM, and SPM are greater than 0 at the 

same time, which means that the enterprise is “healthy” at present.  

“Value chain”：from 2009 to 2014, PEM > PEE, and SPM > SPE all the time, which means 

that its valid asset and asset value are both on the rise.  

“Stability”：from 2009 to 2014, the parameters of the company are SnI mean of 0.985, the 

mean’s standard error 0.113, standard deviation 0.277, variance 0.077, and range 0.740. Its 

SnI of the year 2014 is 0.99 (greater than 0), which falls in the interval of “the mean±standard 

deviation”, i.e. [0.708, 1.262]. That tells SnI fluctuated in a small range, indicating that its 

operating status is quite stable, and its resources and is production capacity, and sales 

capability are all well matched. At present, the enterprise is “healthy”.  

8.4.2 Moutai Studied Based on a Grey Prediction Model 

The data of Moutai’s EtI, or SgI were transported into the MATLAB program mentioned 

above. Then, the prediction results were obtained after the source data sequences were dealt 

by a series of computations, including transformation of p evaluation, the smoothness check, 

accumulated generating operation (AGO), computing development parameters and grey 

action quantity of the GM(1, 1) model, the computation of whitening response equation, 

inverse accumulated generating operation (IAGO), and restoration by p involution. The 
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results concern about the prediction of the year of 2015, 2016, and 2017 (applicable for later 

cases). To make the body text concise, only the resulting outcomes are listed.  

8.4.2.1 Grey Prediction for Moutai’s EtI 

(1) The source data sequence： ( (1), (2), , (6))X x x x  

 =｛1.73, 2.29, 2.92, 3.07, 2.39, 2.13｝ 

The sequence has no negative number, so there is no need for translation transformation； 

(2) Let p=-4, and p evolution of the source data sequence was carried out, from which the 

transformation sequence is obtained： 

' ' ' '( (1), (2), , (6))X x x x  

=｛0.77796, 0.74251, 0.71069, 0.70405, 0.73697, 0.75182｝； 

(3) Data stepwise ratio sequence： ( (2), (3), , (6))    =1.0478, 1.0448, 1.0094, 0.95533, 

0.98025；stepwise ratio extremum of the sequence (0.95533, 1.0478) falls into the tolerable 

range

2 2

1 1( ) ( , )n n
x k e e



 
=[0.75148, 1.3307], the obtained sequence, after the check of 

stepwise ratio, and the transformation of p evolution, can be used for GM(1, 1) modeling.  

(4) Accumulated Generating sequence:
       1

1

k
m m

i

x k x i




 =｛0.77796, 1.5205, 2.2312, 

2.9352, 3.6722, 4.424｝； 

(5) Development coefficient a=-0.0062718, grey action quantity b=0.71295, b/a=-113.6753； 

(6) Whitening response equation：
0.006( 27181 *) 114.4533ˆ ( * 113.6 53) 71 kx k e   , the computed 

values here need IAGO, and p involution in order to restore the values； 

(7) The values of the computerized model:｛2.719334, 2.627187, 2.537323, 2.449685, 

2.364218｝, k=2, 3, 4, 5, 6； 

(8) Model testing: Table 8-2 shows the computed results of actual values
(0) ( )x k , model values

(0)ˆ ( )x k , residuals
(0) (0)ˆ( ) ( ) ( )k x k x k   , relative residuals

(0) (0)

(0)

ˆ( ) ( )
( ) 100%

( )

x k x k
k

x k
 


 , 

average residuals 
2

1
( ) ( ) 100%

1

n

k

avg k
n

 




 , where n=6, mean average precision

0 10(1 ( ) 0) %p avg   .  

Table 8-3 The Relative Residual Test of EtI Grey Model GM (1, 1) for Moutai 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.7425  0.7201  0.0224  3.0199  

k=3 0.7107  0.7246  -0.0139  1.9598  

k=4 0.7040  0.7292  -0.0251  3.5690  

k=5 0.7370  0.7338  0.0032  0.4354  
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k=6 0.7518  0.7384  0.0134  1.7879  

The average residuals of the grey prediction model ( )avg =2.1544%, mean average 

precision is 97.8456%. Generally, if development coefficient - a is less than 0.3, the model 

can be used for mid-term and long-term prediction. If its average mean <20%, mean average 

precision > 80%, the precision of the prediction model falls into the level of “ordinary”; if 

average residuals <10%, mean average precision > 90%, the precision of the prediction model 

falls into the level of “good”; if average residuals < 5%, mean average precision > 95%, the 

precision of the prediction model falls into the level of “very good”. The indicators prove that 

the established grey prediction model can be used for prediction and the prediction results can 

reach a “very good” level of precision.  

(9) Predict EtI of the year of 2015, 2016, and 2017: That k=7, 8, 9 were substituted 

respectively into the whitening response equation, and with IAGO and operations of p 

evolution, the EtI of the year of 2015, 2016, and 2017 were acquired respectively, i.e. 2.2809, 

2.1996, and 2.1203. The predicted upper and lower limits were obtained by prediction values 

plus or minus average residual is the upper limits are 2.33, 2.247, 2.166 whereas the predicted 

lower limits are 2.2317, 2.1522, 2.0746. The fitting figure of actual values and prediction 

values is presented in Figure 8-1.  

 

 

Figure 8-1 EtI’s Actual Values (AV), Prediction Values (PV), Predicted upper limits, Predicted 

Lower Limits for Moutai 

As the model shows the information in Figure 8-1, Moutai would downsize its enterprise in 

the future 3 years,  

8.4.2.2 Grey Prediction for Moutai’s SgI 

The computation of SgI is shown as follows: 
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 (1) The source data sequence： ( (1), (2), , (6))X x x x  

 =｛2.64, 2.28, 2.44, 2.21, 1.83, 2.25｝ 

The sequence has no negative numbers, so there is no need for translation transformation;  

(2) We let p=-2, and transformed the original data sequence by way of p evolution, and the 

transformed sequence is obtained:  

 
' ' ' '( (1), (2), , (6))X x x x  

 =｛0.52414, 0.55216, 0.53916, 0.55815, 0.59444, 0.5547｝； 

(3) Data stepwise ratio sequence： ( (2), (3), , (6))    =｛0.94926, 1.0241, 0.96599, 

0.93895, 1.0716｝；stepwise ratio sequence extremum [0.93895, 1.0716] falls into the tolerable 

range
2 2

1 1( ) ( , )n n
x k e e



  =[0.75148, 1.3307]. By stepwise ratio check, the sequence can be 

used to establish GM(1, 1) model.  

(4) Accumulation generation sequence:
       1

1

k
m m

i

x k x i




 =｛0.52414, 1.0763, 1.6155, 

2.1736, 2.768, 3.3227｝； 

(5) Development coefficient a=-0.010713, grey action quantity b=0.53925, b/a=-50.3376； 

(6) GM(1, 1) whitening response equation which is used for grey prediction ：
0.010713*(1) 50.8617ˆ * 50.3 6( 1) 37kx k e   , where the computed values also need IAGO and p 

evolution； 

(7) The model values that will be calculated: ｛ 0.54779, 0.55369, 0.55965, 0.56568, 

0.57177｝, starting from k=2； 

(8) Model Test：the calculation results are listed in Table 8-2: actual values 
(0) ( )x k , model 

values
(0)ˆ ( )x k , residuals

(0) (0)ˆ( ) ( ) ( )k x k x k   , relative residuals

 (0) (0)

(0)

ˆ( ) ( )
( ) 100%

( )

x k x k
k

x k
 


 , average residuals 

2

1
( ) ( ) 100%

1

n

k

avg k
n

 




 , where n=6, 

mean average precision
0 (100 ( ))p avg  .   

Table 8-4 The Relative Residual Test of SgI Grey Model GM (1, 1) for Moutai 

 

Modeling 

sequence 

Model 

values 
Residuals  

Relative 

residuals 

k=2 0.5522 0.5478 0.0044 0.7912 

k=3 0.5392 0.5537 -0.0145 2.6940 

k=4 0.5581 0.5597 -0.0015 0.2700 

k=5 0.5944 0.5657 0.0288 4.8379 

k=6 0.5547 0.5718 -0.0171 3.0777 

The average residuals of the grey prediction model ( )avg =2.3341%, mean average 

precision is 97.6659%. Generally, if development coefficient - a is less than 0.3, the model 

can be used for mid-term and long-term prediction. If its average mean <20%, mean average 
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precision > 80%, the prediction model is of relative good precision. The indicators prove that 

the established grey prediction model can be used for prediction.  

(9) Predict SgI of the year of 2015, 2016, and 2017: That k=7, 8, 9 were substituted into the 

whitening response equation, and with IAGO and p evolution, the SgI of the year of 2015, 

2016, and 2017 was obtained respectively, i.e. 1.994, 1.9305 and 1.8684. The predicted upper 

and lower limits were obtained by prediction values plus or minus average residual is the 

upper limits are 2.0405, 1.9756, 1.912 whereas the predicted lower limits are 1.9474, 1.8855, 

1.8248. The fitting figure of actual values and prediction values is presented in Figure 8-2. 

 

Figure 8-2 The Fitting Figure of SgI’s Actual Values and Prediction Values for Moutai 

Figure 8-2 tells that Moutai may downsize its enterprise in the following three years.   

8.4.2.3 Grey Prediction for Moutai’s SnI  

The steps to establish and apply a grey model are the same as the aforementioned. Here the 

related data sequence will be presented in tables to make the body text  concise.  

The source data are all greater than 0, so there is no need for translation transformation. Let 

p=-7 and carry out the transformation by evolution. Stepwise ratio extremum (0.97585, 

1.0177) falls into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, 

sequences transformared by p evolution can be used to build a model GM (1, 1). The main 

modeling data sequences are presented in Table (8-5).  

Table 8-5 The Modeling Data Sequence for Moutai’s SnI Grey Model GM(1, 1) 

Number 
Source data 

sequence 

P evolution 

sequence 

stepwise 

ratio 

sequence 

accumulation 

sequence 

1 1.48 0.8783 1.0000 0.8783 

2 1.09 0.9001 0.9759 1.7784 
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3 0.85 0.9159 0.9827 2.6942 

4 0.74 0.9239 0.9913 3.6182 

5 0.76 0.9224 1.0016 4.5406 

6 0.99 0.9064 1.0177 5.4469 

For the grey model, development coefficient a=:-0.0020846, grey action quantity b=：0.90714, 

b/a=-435.1588, whitening response equation =436.0372*e0.0020846*k-435.1588. The data 

sequence used to test the model’s residuals are shown in Table 8-6. The grey model’s average 

residual is 0.92223% and mean average precision is 99.0778%.  

Table 8-6 The Relative Residual Test of SnI Grey Model GM (1, 1) for Moutai 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.9000 0.9099 -0.0099 1.0969 

k=3 0.9159 0.9118 0.0040 0.4421 

k=4 0.9239 0.9137 0.0102 1.1042 

k=5 0.9224 0.9156 0.0068 0.7359 

k=6 0.9064 0.9175 -0.0112 1.2319 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛0.9363339, 0.9082834, 0.8806393, 0.8533956, 0.8265467｝(k=2, 3, 4, 5, 

6). The prediction values for 2015, 2016, and 2017 are：｛0.8000866, 0.7740099, 0.7483109｝. 

The predicted upper and lower limits were obtained by prediction values plus or minus 

average residual is the upper limits are ｛0.80747, 0.78115, 0.75521｝whereas the predicted 

lower limits are｛0.79271, 0.76687, 0.74141｝. The fitting figure of actual values and 

prediction values is presented in Figure 8-3.  

 

Figure 8-3 The Fitting Figure of SnI Grey Model’s Actual Values and Prediction Values for 

Moutai 
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8.4.3 Comprehensive Assessment of Guizhou Moutai 

From what has been achieved above, Guizhou Moutai is at present developing healthily, for it 

operates stably, its valid asset and asset value are on the increase, and its resources are all 

well-matched. On the other hand, its EtI, SgI, SnI have shown their trends to decrease 

gradually, which is demonstrated by the prediction curve of GM (1, 1) model, and the 

prediction values for 2015, 2016, and 2017. Guizhou Moutai is expected to spot the cause of 

the trends, and take necessary measures to prevent the trends from worsening.  

The values are obtained based on Tornado computerized model, and the prediction of grey 

prediction model. Time will attest whether they are correct or not. The external causes for the 

predicted trends may have relations with Chinese anti-corruption efforts, and the downsizing 

market demands for high-end consumer goods.  

8.5 Analysis of the Case Swellfun (600779.sh) 

Both Swellfun and Moutai belong to the same sub-classified industry, the Liquor enterprises. 

Swellfun wine has been around for quite some time, but due to the continuous losses in 2013 

and 2014, it had been added the ST by Shanghai Stock Exchange. This case is a bad one. It 

can be seen from Table A-11, after reached its peak in 2012, the various financial indicators 

of this enterprise declined rapidly started in 2013. 

8.5.1 Swellfun Studied as a Case Based on the Three Norms of the Computerized 

Model 

The computerized model’s parameters of Swellfun, originally shown in Table B-7, are listed 

in Table 8-7. From 2009 to 2014, Swellfun’s parameters show wild fluctuations during the last 

six years. What is worth mentioning, plenty of financial indicators were negative numbers 

from 2013 onwards. The statistical information of Swellfun EtI, SgI, SnI are shown in Table 

8-8.  

Table 8-7 The Parameters of the Computerized Model for Swellfun 

Year  2014 2013 2012 2011 2010 2009 

PEE -5.12  6.80  12.06  11.87  11.52  12.40  

SPE -6.78  8.07  19.63  20.73  23.23  34.06  

PEM -41.61  -0.15  28.34  23.32  29.06  43.65  

SPM 290.79  89.75  94.05  75.62  59.83  64.67  

EtI -8.13  -0.02  2.35  1.96  2.52  3.52  

SgI -42.88  11.12  4.79  3.65  2.57  1.90  

SnI -5.27  -556.00  2.04  1.86  1.02  0.54  
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Notes: If PEM and PEE are negative at the same time when EtI is computed, the result is 

defined as negative. It is also applicable when SgI and SnI are computed (similarly 

hereinafter) .  

Table 8-8 Descriptive Analysis of Swellfun’s EtI, SgI, and SnI of Swellfun 

Variable  
Sample 

size 

The 

mean 

Mean’s 

SE  
SD Variance minimum maximum range 

EtI 6 0.37 1.76 4.32 18.68 -8.13 3.52 11.65 

SgI 6 -3.14 8.06 19.75 389.92 -42.88 11.12 54 

SnI 6 -92.6 92.7 227 51537.1 -556 2 558 

From Table 8-7 and Table 8-8, the following analysis is read based on the three norms:  

“Diagnostic appraisal”: from 2009 to 2012, the four indexes PEE, SPE, PEM, SPM are 

greater than 0 at the same time, which means that the enterprise was “healthy” . However, 

PEM was becoming negative in 2013, which means that it is “sub-healthy”, while in 2014 

there are 3 negative numbers, which warns that it is “dangerous”.  

“Value chain”：EtI started having negative numbers in 2013, and in 2014 EtI and SgI both had 

negative values, which means that its valid asset and asset value decreased.  

“Stability”：from 2009 to 2012, SnI are all greater than 0 and close to 1, which means that it 

had relatively stable production and operation activities. In 2013, SnI had negative values, 

which indicates that the enterprise has already been unstable, and there were certain 

mismatches among the resources, production capacity, and market sales capacity.  

According to the three norms, Swellfun was struggling for survival in 2013 and 2014. At 

present, its production and operation are unstable, and its valid asset and asset value are 

reduced to the level of “danger”. Compared with the counterpart of 2013, its SnI was raised 

from -556.00 to -5.27, which may be forecasting its future revival. We tried to have further 

analysis with its quarterly data, but we abandoned the attempt, for the latest available data are 

those of the second quarter of 2013.  

8.5.2 Swellfun Studied Based on a Grey Prediction Model 

The data of Swellfun’s EtI, SgI or SnI were transported into the MATLAB program 

mentioned above. Then, the prediction results were obtained after the source data sequences 

were dealt by a series of computationss, including the evolution and transformation, the 

smoothness check, Accumulated Generating Operation (AGO), development parameters and 

grey action quantity of the GM(1, 1) model, the computation of whitening response equation, 

Inverse Accumulated Generating Operation (IAGO), and the vaules restoration by way of p 
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evolution. The results concern about the prediction of the year of 2015, 2016, and 2017, and 

based on the results, fitting figures of actual values and prediction values will be presented to 

assess its development trends.  

8.5.2.1 Grey Prediction for Swellfun’s EtI 

The steps to establish and use a grey model are the same as the aforementioned. Here the 

related data sequence will be presented in tables to make the body text concise.  

The source data contain values that are less than 0, so translation transformation is necessary. 

The absolute value of the minimal negative number was dealt by the function Ceil (x) to get a 

new nonnegative integer, after which the integer was under translation transformation. Let 

p=-7 before the evolution operation was carried out, and stepwise ratio extremum (0.97585, 

1.0177) falls into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the 

sequence with p evolution can be used to build GM(1, 1) model. The main modeling data 

sequences are presented in Table (8-9).  

Table 8-9 The Modeling Data Sequence for Swellfun’s EtI Grey Model GM (1, 1) 

Num

ber 

Source data 

sequence 

Translation 

sequence 

P evolution 

sequence 

stepwise 

ratio 

sequence 

Accumulatio

n  sequence 

1 3.52 4.52 0.7835 1.0000 0.7835 

2 2.52 3.52 0.8061 0.9719 1.5896 

3 1.96 2.96 0.8215 0.9813 2.4111 

4 2.35 3.35 0.8106 1.0135 3.2217 

5 -0.02 0.98 0.9070 0.8937 4.1287 

6 8.13 9.13 0.7184 1.2626 4.8470 

For the grey model, development coefficient a=:0.01068, grey action quantity b=：0.84298, 

b/a=78.9325, whitening response equation = -78.1491*e-0.01068*k+78.9325. The data sequence 

used to test the model’s residuals are shown in Table 8-10. The grey model’s average residual 

is 5.0694%, and its mean average precision is 94.9306%.  

Table 8-10 The Relative Residual Test of EtI Grey Model GM (1, 1) for Swellfun 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.8061 0.8302 -0.0240 2.9813 

k=3 0.8215 0.8214 0.0002 0.0198 

k=4 0.8106 0.8126 -0.0021 0.2544 

k=5 0.9070 0.8040 0.1030 11.3590 

k=6 0.7184 0.7955 -0.0771 10.7320 
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The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution：｛1.679847, 1.96549, 2.273305, 2.605014, 2.962471｝(k=2, 3, 4, 5, 6). The 

prediction values for 2015, 2016, and 2017 are：｛3.347675, 3.76278, 4.210107｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are｛3.5174, 3.9535, 4.4235｝whereas the predicted lower limits are

｛3.178, 3.572, 3.9967｝. The fitting figure of actual values and prediction values is presented 

in Figure 8-4.  

 

Figure 8-4 The Fitting Figure of EtI Grey Model’s Actual Values (AV) and Prediction Values 

(PV) for Swellfun 

8.5.2.2 Grey Prediction for Swellfun’s SgI  

The source data contain values that are less than 0, so translation transformation is necessary. 

The absolute value of the minimal negative number was dealt by the function Ceil (x) to get a 

new nonnegative integer, after which the integer was under translation transformation. Let 

p=-20, and we did the evolution operation. Stepwise ratio extremum (0.82299, 1.0061) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build GM(1, 1) model. The main modeling data sequences 

are presented in Table (8-11).  

Table 8-11 The Modeling Data Sequence for Swellfun’s EtI Grey Model GM (1, 1) 

Num

ber 

Source data 

sequence 

Translation 

sequence  
P evolution 

sequence  

stepwise 

ratio 

sequence  

Accumulatio

n sequence  

1 1.90 44.90 0.8259 1.0000 0.8259 

2 2.57 45.57 0.8253 1.0007 1.6511 

3 3.65 46.65 0.8243 1.0011 2.4755 

4 4.79 47.79 0.8234 1.0012 3.2988 
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5 11.12 54.12 0.8183 1.0061 4.1171 

6 -42.88 0.12 0.9944 0.8230 5.1115 

For the grey model, development coefficient a=: -0.040372, grey action quantity b=：0.73996, 

b/a=-18.3285, whitening response equation =19.1544*e0.040372*k-18.3285. The data sequence 

used to test the model’s residuals are shown in Table 8-12. The grey model’s average residual 

is 4.837%, and mean average precision is 95.163%.  

Table 8-12 The Relative Residual Test of SgI Grey Model GM (1, 1) of Swellfun 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.82530  0.78910  0.03615  4.38000  

k=3 0.82430  0.82160  0.00269  0.32651  

k=4 0.82330  0.85550  -0.03213  3.90260  

k=5 0.81830  0.89070  -0.07238  8.84500  

k=6 0.99430  0.92740  0.06693  6.73100  

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛70.06045, 6.870884, -21.31162, -33.881, -39.48693｝(k=2, 3, 4, 5, 6). 

The prediction values for 2015, 2016, and 2017 are：｛-41.98717, -43.10228, -43.59962｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are｛-44.0181, -45.1872, -45.7085｝whereas the predicted lower 

limits are｛-39.9562, -41.0174, -41.4907｝. The fitting figure of actual values and prediction 

values is presented in Figure 8-5.  

 

 

Figure 8-5 The Fitting Figure of SgI Grey Model’s Actual Values and Prediction Values for 

Swellfun 
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8.5.2.3 Grey Prediction for Swellfun’s SnI  

The source data contain values that are less than 0, so translation transformation is necessary. 

The absolute value of the minimal negative number was dealt by the function Ceil (x) to get a 

new nonnegative integer, after which the integer was under translation transformation. Let 

p=-25, and we did the evolution operation. Stepwise ratio extremum (0.77643, 1.2873) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build a GM (1, 1) model. The main modeling data 

sequences are presented in Table (8-13).  

Table 8-13 The Modeling Data Sequence for Swellfun’s SnI Grey Model GM(1, 1) 

Num

ber  

Source data 

sequence  

Translation 

sequence  

P evolution 

sequence  

stepwise 

ratio 

sequence  

Accumulatio

n sequence  

1 0.54 556.54 0.77651 1.00000 0.77651 

2 1.02 557.02 0.77649 1.00000 1.55300 

3 1.86 557.86 0.77644 1.00010 2.32940 

4 2.04 558.04 0.77643 1.00000 3.10590 

5 -556.00 0.00 1.00000 0.77643 4.10590 

6 -5.27 550.73 0.77684 1.28730 4.88270 

For the grey model, development coefficient a=:-0.026549, grey action quantity b=：0.74731, 

b/a=-28.1483, whitening response equation =28.9248*e0.026549*k-28.1483. The data sequence 

used to test the model’s residuals are shown in Table 8-14. The grey model’s average residual 

is 7.1935%, and mean average precision is 92.8065%.  

Table 8-14 The Relative Residual Test of SnI Grey Model GM (1, 1) for Swellfun 

Number  
Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.7765  0.7782  -0.00172  0.22155  

k=3 0.7764  0.7991  -0.02270  2.92410  

k=4 0.7764  0.8206  -0.04421  5.69460  

k=5 1.0000  0.8427  0.15730  15.72800  

k=6 0.7768  0.8654  -0.08856  11.40000  

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛-29.01408, -285.1237, -417.0025, -484.911, -519.8791｝(k=2, 3, 4, 5, 6). 

The prediction values for 2015, 2016, and 2017 are：｛-537.8853, -547.1573, -551.9317｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 
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residual is the upper limits are｛-576.5783, -586.5173, -591.6351｝whereas the predicted lower 

limits are ｛-499.1923, -507.7973, -512.2282｝. The fitting figure of actual values and 

prediction values is presented in Figure 8-6. 

 

Figure 8-6 The Fitting Figure of SnI Grey Model’s Actual Values and Prediction Values for 

Swellfun 

8.5.3 Overall Assessment for Swllfun  

According to the three norms, it can be known that Swellfun struggled for survival in 2013 

and 2014. At present, the enterprise’s production and operation status is unstable, its valid 

asset or asset value are on the decrease. Compared with the counterpart of 2013, its SnI of 

2014 raised from -556.00 to -5.2, which may signal its revival of 2015. Its EtI is gradually 

increasing, but its SgI and SnI have shown their trends to decrease drastically, which is 

demonstrated by the prediction curve of GM (1, 1) model, and the prediction values for 2015, 

2016, and 2017. Therefore, the enterprise may turn for the better in 2015. It is expected to 

spot the cause of the trends, and take necessary measures to enhance the stable flows of the 

resources, and get its stock rid of the tag “special treament”.  

The values are obtained based on Tornado computerized model, and the prediction of the grey 

prediction model. Time will tell whether the prediction is correct. The six model parameters 

of Moutai and Swellfun can be used to appraise the enterprises’ strengthening and enlarging 

status, and furthermore, their sustainable development capacity. Moreover, quarterly data for 

financial analysis can be assessed so as to take measures in time to ensure their sustainable 

development.  
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8.6 Analysis of the Case Guizhou TGOOD (300001.sz) 

Qingdao TGOOD Electric was established on March 16, 2004. It is a shareholding enterprise 

formed by Sino-German joint investment and a state high-tech enterprise. It was successfully 

listed in October 2009, and became the first stock in GEM (stock code: 300001).  

The Company’s main business scope is design and manufacturing of power transformation 

and distribution equipment (up to 220kV) and provision of relevant technical services and 

leasing service. Based on its main products, prefabricated substation and switchgear, its 

developed our own research team and production line of HGIS, GIS, transformer, circuit 

breaker and other relative electric equipment indoor and outdoor. It has formed a relatively 

comprehensive production line of power distribution equipment and have comprehensively 

realized industrialization, process optimization and professionalization. By this 

comprehensive advantage, it is able to provide customers with systematical and overall 

turn-key projects and initiate the mode of electrical equipment leasing business. 

8.6.1 Qingdao TGOOD studied as a Case Based on the Three Norms of the 

Computerized Model 

The EI indexes of Moutai, originally shown in Table B-8, are listed in Table 8-15. The EtI, 

SgI, SnI in Table 8-15 were statistically analyzed, and the resulting outcomes are shown in 

Table 8-16. 

Table 8-15 The Parameters of the Computerized Model for TGOOD 

Year 2014 2013 2012 2011 2010 2009 

PEE 7.77 7.83 8.23 28.74 227.05 762.49 

SPE 10.54 9.26 9.34 83.27 5637.08 13299479.58 

PEM 12.51 13.78 16.36 23.46 27.82 33.50 

SPM 78.95 88.63 85.13 81.65 92.83 113.41 

EtI 1.61 1.76 1.99 0.82 0.12 0.04 

SgI 7.49 9.57 9.12 0.98 0.02 0.00 

SnI 4.652 5.438 4.583 1.195 0.167 0.000 

Table 8-16 Descriptive Analysis of EtI, SgI, and SnI of TGOOD 

Variable  
Sample 

size 

The 

mean 

Mean’s 

SE  
 SD Variance minimum maximum range 

EtI 6 1.057 0.348 0.853 0.728 0.04 1.057 0.348 

SgI 6 4.53 1.9 4.66 21.74 0 4.53 1.9 

SnI 6 2.67 1.01 2.48 6.16 0 2.67 1.01 

From Table 8-15 and Table 8-16, the following analysis is read based on the three norms 
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(Table 6-4) that assess the sustainability of enterprises:  

“Diagnostic appraisal”: the four indexes PEE, SPE, PEM, and SPM are greater than 0 at the 

same time, which means that the enterprise is “healthy” at present.  

“Value chain”：from 2009 to 2011, 0<EtI<1, and 0<SgI<1, which means that its valid asset 

and asset value decrease. The trend may cause by its asset reallocation. From 2012 to 2014, 

its PEM > PEE, and SPM > SPE all the time, which means that its valid asset and asset value 

are both on the rise. 

“Stability”：from 2007 to 2014, the parameters of TGOOD is shown as follows : the mean of 

SnI 2.67, the mean’s standard error 1.01, standard deviation 2.48, the variance 6.16, the range 

1.01, and its SnI of the year 2014 is 4.652 (greater than 0), which falls in the interval of“the 

mean±standard deviation”, i.e. [0.19, 5.15]. That tells SnI>0, and fluctuated in a small range, 

indicating that its operating status is quite stable, and its resources, and its production capacity 

and sales capability are all well matched.  

The evalutions reveal that TGOOD is an excellent listed company with potential to become 

larger and stronger, for its operating status is quite stable, and its resources, and its production 

capacity and sales capability were all well matched from 2012 to 2014, even though it 

performed not that well from 2009 to 2011 because of its capital reallocation.  

8.6.2 TGOOD Studied Based on a Grey Prediction Model 

The data of TGOOD’s EtI, SgI or SnI were transported into the MATLAB program 

mentioned above. Then, the prediction results were obtained after the source data sequences 

were dealt by a series of computations, including the p evolution, the smoothness check, AGO, 

development parameters and grey action quantity of the GM (1, 1) model, the computation of 

whitening response equation, IAGO, and the values restoration by way of p evolution. The 

results concern about the prediction of the year of 2015, 2016, and 2017. To make the body 

text concise, only the resulting outcomes are listed as following.  

8.6.2.1 Grey Prediction for TGOOD’s EtI  

The source data are all greater than 0, so there is no need for translation transformation. Let 

p=-5and we did the evolution operation. Stepwise ratio extremum (0.98412, 1.1044) falls into 

the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build GM(1, 1) model. The main modeling data sequences 

are presented in Table (8-17).  
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Table 8-17 The Modeling Data Sequence for TGOOD’s EtI Grey Model GM(1, 1) 

Number 
Source data 

sequence 

P evolution 

sequence 

stepwise 

ratio 

sequence 

accumulation 

sequence 

1 0.04 0.99219 1.00000 0.99219 

2 0.12 0.97759 1.01490 1.96980 

3 0.82 0.88713 1.10200 2.85690 

4 1.99 0.80328 1.10440 3.66020 

5 1.76 0.81624 0.98412 4.47640 

6 1.61 0.82541 0.98889 5.30180 

For the grey model, development coefficient a=: 0.045033, grey action quantity b=：1.007, 

b/a=22.3619, whitening response equation = -21.3697*e-0.045033*k+22.3619. The data sequence 

used to test the model’s residuals are shown in Table 8-18. The grey model’s average residual 

is 3.541%, and mean average precision is 96.459%.  

Table 8-18 The Relative Residual Test of EtI Grey Model GM (1, 1) for TGOOD 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.97760 0.94100 0.03659 3.74270 

k=3 0.88710 0.89960 -0.01244 1.40200 

k=4 0.80330 0.86000 -0.05668 7.05550 

k=5 0.81620 0.82210 -0.00585 0.71606 

k=6 0.82540 0.78590 0.03953 4.78900 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛0.3553438, 0.6976108, 1.126311, 1.663272, 2.335831｝(k=2, 3, 4, 5, 6). 

The prediction values for 2015, 2016, and 2017 are：｛3.178234, 4.233369, 5.55496｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are｛3.2908, 4.3833, 5.7517｝whereas the predicted lower limits are

｛3.0657, 4.0835, 5.3583｝. The fitting figure of actual values and prediction values is 

presented in Figure 8-7.  
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Figure 8-7 The Fitting Figure of SnI Grey Model’s Actual Values and Prediction Values for 

TGOOD 

8.6.2.2 Grey Prediction for TGOOD’s EtI 

 The source data are all greater than 0, so there is no need for translation transformation. 

Let p=-9and we did the evolution operation. Stepwise ratio extremum (0.97595, 1.1987) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build a GM (1, 1) model. the main modeling data 

sequences are presented in Table (8-19).  

Table 8-19 The Modeling Data Sequence for Moutai’s SgI Grey Model GM(1, 1) 

Number 
Source data 

sequence 

P evolution 

sequence 

stepwise 

ratio 

sequence 

accumulation 

sequence 

1 0.00 1.00000 1.00000 1.00000 

2 0.02 0.99780 1.00220 1.99780 

3 0.98 0.92691 1.07650 2.92470 

4 9.12 0.77324 1.19870 3.69790 

5 9.57 0.76951 1.00480 4.46750 

6 7.49 0.78848 0.97595 5.25590 

 

For the grey model, development coefficient a=:0.070218, grey action quantity b=：1.0789, 

b/a=15.3652, whitening response equation =-14.3652*e-0.070218*k+15.3652. The data sequence 

used to test the model’s residuals are shown in Table 8-20. The grey model’s average residual 

is 4.6269%, and mean average precision is 95.3731%.  
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Table 8-20 The Relative Residual Test of SgI Grey Model GM (1, 1) for TGOOD 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.9978  0.9741  0.0237  2.3756  

k=3 0.9269  0.9080  0.0189  2.0351  

k=4 0.7732  0.8465  -0.0732  9.4710  

k=5 0.7695  0.7891  -0.0196  2.5423  

k=6 0.7885  0.7356  0.0529  6.7103  

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛0.2664093, 1.382494, 3.482184, 7.432327, 14.86373｝(k=2, 3, 4, 5, 6). 

The prediction values for 2015, 2016, and 2017 are：｛28.84441, 55.14625, 104.6279｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are ｛30.179, 57.6978, 109.4689｝whereas the predicted lower 

limits are ｛27.5098, 52.5947, 99.7869｝. The fitting figure of actual values and prediction 

values is presented in Figure 8-8.  

 

Figure 8-8 The Fitting Figure of SgI Grey Model’s Actual Values and Prediction Values for 

TGOOD 

8.6.2.3 Grey Prediction for Moutai’s SnI  

The source data are all greater than 0, so there is no need for translation transformation. Let 

p=-5, and we did the evolution operation. Stepwise ratio extremum (0.97429, 1.2053) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build a GM (1, 1) model. The main modeling data 

sequences are presented in Table (8-21).  

2009 2010 2011 2012 2013 2014 2015 2016 2017 
0 

20 

40 

60 

80 

100 

120 

Year  
  

  

AV 
PV 



  

197 

Table 8-21 The Modeling Data Sequence for Moutai’s SgI Grey Model GM(1, 1) 

Number 
Source data 

sequence 

P evolution 

sequence 

stepwise 

ratio 

sequence 

accumulation 

sequence 

1 0.0000 1.0000 1.0000 1.0000 

2 0.1670 0.9696 1.0314 1.9696 

3 1.1950 0.8545 1.1347 2.8241 

4 4.5830 0.7090 1.2053 3.5331 

5 5.4380 0.6891 1.0289 4.2221 

6 4.6520 0.7072 0.9743 4.9293 

For the grey model, development coefficient a=:0.092056, grey action quantity b=：1.0715, 

b/a=11.6395, whitening response equation =-10.6395*e-0.092056*k+11.6395. The data sequence 

used to test the model’s residuals are shown in Table 8-22. The grey model’s average residual 

is 4.9772%, and mean average precision is 95.0228%.  

Table 8-22 The Relative Residual Test of SnI Grey Model GM (1, 1) for TGOOD 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.9696 0.9357 0.0339 3.4945 

k=3 0.8545 0.8534 0.0011 0.1276 

k=4 0.7090 0.7784 -0.0694 9.7875 

k=5 0.6890 0.7099 -0.0209 3.0268 

k=6 0.7072 0.6475 0.0598 8.4495 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛0.3941517, 1.209057, 2.500287, 4.546264, 7.788148｝(k=2, 3, 4, 5, 6). 

The prediction values for 2015, 2016, and 2017 are：｛12.92497, 21.06435, 33.96133｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are ｛13.5683, 22.1128, 35.6516｝whereas the predicted lower 

limits are｛12.2817, 20.0159, 32.271｝. The fitting figure of actual values and prediction values 

is presented in Figure 8-9.  
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Figure 8-9 The Fitting Figure of SnI Grey Model’s Actual Values and Prediction Values for 

TGOOD 

8.6.3 Comprehensive Assessment of Qingdao TGOOD 

From what has been achieved above, TGOOD is at present developing healthily, for it 

operates stably, its valid asset and asset value are on the increase, and its resources are all 

well-matched from 2012 to 2014. Moreover, its EtI, SgI, SnI have shown their trends to 

increase rapidly, which is demonstrated by the prediction curve of GM (1, 1) model, and the 

prediction values for 2015, 2016, and 2017. TGOOD is expected to spot the potential risk of 

rapid growth, and take necessary measures to ensure its sustainable and stable growth.  

The values were obtained based on Tornado computerized model and the prediction of grey 

prediction model. Time will tell whether the prediction is correct. 

8.7 Analysis of the Case TC Holdings (600112.sh) 

Guizhou Changzheng Tiancheng (TC) Holdings Limited was listed in Shang Exchange Stock 

in 1997. It is one of the five bases of electric applicance production. It is a state high-tech 

enterprise. Its main business is electrical equipment production, mainly large-scale power 

transformers and their anxiliary facilities.  

8.7.1 TC Holdings studied as a Case Based on the Three Norms of the Computerized 

Model 

The TC Holdings EI data, originally shown in Table 8-13, are listed in Table 8-23. The EtI, 

SgI, SnI in the 8-23 were statistically analyzed, and the resulting outcomes are shown in 

Table 8-24. 
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Table 8-23 The Parameters of the Computerized Model for TC Holdings 

Year  2014 2013 2012 2011 2010 2009 

PEE 1.35 2.57 5.23 8.18 9.72 11.12 

SPE 2.88 4.52 8.86 14.34 18 60.43 

PEM -1.91 -5.32 1.57 5.91 11.13 14.9 

SPM 111.84 88.26 88.73 105.41 114.22 123.05 

EtI -1.41 -2.07 0.3 0.72 1.14 1.34 

SgI 38.78 19.54 10.01 7.35 6.34 2.04 

SnI -27.50  -9.44  33.37  10.21  5.56  1.52  

Table 8-24 Descriptive Analysis of Swellfun’s EtI, SgI, and SnI of TC Holdings 

Variable 
Sample 

size 

The 

mean 

Man’s 

SE 
SD Variance minimum maximum range 

EtI 6 0.003 0.577 1.413 1.995 -2.07 1.34 3.41 

SgI 6 14.01 5.5 13.47 181.32 2.04 38.78 36.74 

SnI 6 2.29 8.3 20.32 413 -27.5 33.37 60.87 

From Table 8-23 and Table 8-24, the following analysis is read based on the three norms 

(Table 7-4) that assess the sustainability of enterprises:  

“Diagnostic appraisal”: one parameter of the four indexes PEE, SPE, PEM, and SPM is less 

than 0, which means that the enterprise is “sub-healthy” at present.  

“Value chain”：from 2009 to 2014, SgI > 1 all along, but EtI <1 from 2011 to 2014, ans what 

is worse, EtI was negative in 2013, which means that its valid asset was on the rise but its 

asset value were decreasing. From 2009 to 2014, EtI was quickly decreasing, while its SgI 

was increasing rapidly.  

“Stability”：from 2007 to 2014, the parameters of the company are shown as following : the 

mean of SnI 2.29, the mean’s standard error 8.3, standard deviation 20.32, the variance 413, 

the range 60.87. Its SnI of the year 2014 is -27.50 (less than 0), which indicates that its 

operating status is quite unstable, and its resources, and its production capacity and sales 

capability were not all well matched.  

From what has been achieved from the analysis, it is known that TC Holdings is in a troubled 

status, for its EtI was decreasing rapidly from 2009 to 2014 while its SgI was on the rise, 

which means its resources, and its production capacity and sales capability are not well 

matched.  
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8.7.2 TC Holdings Studied Based on a Grey Prediction Model 

The data of TC Holdings’s EtI, SgI or SnI were transported into the MATLAB program 

mentioned above. Then, the prediction results were obtained after the source data sequences 

were dealt by a series of computations, including the linear translation of the source data 

sequence, evolution transformation, the smoothness check, AGO, development parameters 

and grey action quantity of the GM(1, 1) model, the computation of whitening response 

equation, IAGO, and the restoration by way of p evolution. The results concern about the 

prediction of the year of 2015, 2016, and 2017, and the fitting figure of actual values and 

prediction values will be presented to assess its development trends.   

8.7.2.1 Grey Prediction for TC Holdings’s EtI  

The steps to establish and use a grey model are the same as the aforementioned. Here the 

related data sequence will be presented in tables to make the body text concise.  

The source data contain values that are less than 0, so translation transformation is necessary. 

The absolute value of the minimal negative number was dealt by the function Ceil (x) to get a 

new nonnegative integer, after which the integer was under translation transformation. Let 

p=-3, and the evolution operation was done. Stepwise ratio extremum (0.83627, 1.103) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build GM (1, 1) model. The main modeling data sequences 

are presented in Table (8-25). 

Table 8-25 The Modeling Data Sequence for TC Holdings’s EtI Grey Model GM(1, 1) 

Num

ber  

Source data 

sequence  

Translation 

sequence  

P evolution 

sequence 

stepwise 

ratio 

sequence  

Accumulatio

n sequence  

1 1.34 3.34 0.61306 1.00000 0.61306 

2 1.14 3.14 0.62278 0.98440 1.23580 

3 0.72 2.72 0.64539 0.96497 1.88120 

4 0.3 2.3 0.67168 0.96085 2.55290 

5 -1.07 0.93 0.80318 0.83627 3.35610 

6 -0.41 1.59 0.72817 1.10300 4.08430 

For the grey model, development coefficient a=:-0.052319, grey action quantity b=：0.57522, 

b/a=-10.9945, whitening response equation =11.6076*e0.052319*k-10.9945. The data sequence 

used to test the model’s residuals are shown in Table 8-10. The grey model’s average residual 

is 3.9392%, and mean average precision is 96.0608%.  
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Table 8-26 The Relative Residual Test of EtI Grey Model GM (1, 1) for TC Holdings 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.6228 0.62350 -0.00068 0.10936 

k=3 0.6454 0.65690 -0.01156 1.79130 

k=4 0.6717 0.69220 -0.02055 3.05980 

k=5 0.8032 0.72940 0.07377 9.18480 

k=6 0.7282 0.76860 -0.04042 5.55070 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛1.126448, 0.5270477, 0.01471536, -0.4231965, -0.7974982｝(k=2, 3, 4, 

5, 6). The prediction values for 2015, 2016, and 2017 are：｛-1.117429, -1.390888, -1.624625｝. 

The predicted upper and lower limits were obtained by prediction values plus or minus 

average residual is the upper limits are ｛-1.1614, -1.4457, -1.6886｝, whereas the predicted 

lower limits are ｛-1.0734, -1.3361, -1.5606｝. The fitting figure of actual values and 

prediction values is presented in Figure 8-10.  

 

Figure 8-10 The Fitting Figure of EtI Grey Model’s Actual Values and Prediction Values for 

TC Holdings 

8.7.2.2 Grey Prediction for Swellfun’s SgI  

The source data are all greater than 0, so there is no need for translation transformation. Let 

p=-4, and the evolution operation was done. Stepwise ratio extremum (1, 1.2465) falls into the 

tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p evolution 

operation can be used to build GM(1, 1) model. The main modeling data sequences are 

presented in Table (8-27).  
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Table 8-27 The Modeling Data Sequence for TC Holding’s EtI Grey Model GM (1, 1) 

Number 
Source data 

sequence 

P evolution 

seuquence  

stepwise 

ratio 

sequence 

Accumulation 

sequence 

1 2.04 0.75732 1.00000 0.75732 

2 6.34 0.60754 1.24650 1.36490 

3 7.35 0.58827 1.03280 1.95310 

4 10.01 0.54898 1.07160 2.50210 

5 19.54 0.46973 1.16870 2.97180 

6 38.78 0.39818 1.17970 3.37000 

For the grey model, development coefficient a=:0.099643, grey action quantity b=：0.73888, 

b/a=7.4153, whitening response equation=-6.6579*e-0.099643*k+7.4153. The data sequence used 

to test the model’s residuals are shown in Table 8-12. The grey model’s average residual is 

3.8593%, and mean average precision is 96.1407%.  

Table 8-28 The Relative Residual Test of SgI Grey Model GM (1, 1) for TC Holdings 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.60750 0.63140 -0.02389 3.93280 

k=3 0.58830 0.57160 0.01672 2.84260 

k=4 0.54900 0.51730 0.03163 5.76180 

k=5 0.46970 0.46830 0.00145 0.30902 

k=6 0.39820 0.42390 -0.02568 6.45050 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛5.2905, 8.370924, 12.95982, 19.79586, 29.97948｝(k=2, 3, 4, 5, 6). The 

prediction values for 2015, 2016, and 2017 are：｛45.14997, 67.74937, 101.4156｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are｛46.89246, 70.36405, 105.3295｝, whereas the predicted lower 

limits are｛43.4075, 65.1347, 97.5016｝. The fitting figure of actual values and prediction 

values is presented in Figure 8-11.  



  

203 

 

Figure 8-11 The Fitting Figure of SgI Grey Model’s Actual Values and Prediction Values for 

TC Holdings 

8.7.2.3 Grey Prediction for TC Holdings’s SnI  

The steps to establish and use the grey model are the same as the aforementioned. Here the 

related data sequence will be presented in tables to make the body text concise. 

The source data contain values that are less than 0, so translation transformation is necessary. 

The absolute value of the minimal negative number was dealt by the function Ceil (x) to get a 

new nonnegative integer, after which the integer was under translation transformation. Let 

p=-11, and the evolution operation was done. Stepwise ratio extremum (0.79179, 1.0431) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build GM(1, 1) model. The main modeling data sequences 

are presented in Table (8-29).  

Table 8-29 The Modeling Data Sequence for TC Holdings’s SnI Grey Model GM(1, 1) 

Num

ber  

Source data 

sequence  

Translation 

sequence  

P evolution 

sequence  

stepwise 

ratio 

sequence  

Accumulatio

n sequence  

1 1.52 29.52 0.73289 1.00000 0.73289 

2 5.56 33.56 0.72465 1.01140 1.45750 

3 10.21 38.21 0.71638 1.01150 2.17390 

4 33.37 61.37 0.68678 1.04310 2.86070 

5 -9.44 18.56 0.76314 0.89995 3.62380 

6 -27.50 0.50 0.96381 0.79179 4.58770 

For the grey model, development coefficient a=：-0.072858, grey action quantity b=：0.58478, 

b/a=-8.0264, whitening response equation =8.7592*e0.072858*k-8.0264. The data sequence used 
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to test the model’s residuals are shown in Table 8-14. The grey model’s average residual is 

7.3559%, and mean average precision is 92.6441%.  

Table 8-30 The Relative Residual Test of SnI Grey Model GM (1, 1) for TC Holdings 

Number  
Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.7247 0.66200 0.06265 8.64540 

k=3 0.7164 0.71200 0.00435 0.60697 

k=4 0.6868 0.76580 -0.07907 11.51200 

k=5 0.7631 0.82370 -0.06059 7.94000 

k=6 0.9638 0.88600 0.07782 8.07460 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛64.44175, 12.92581, -10.18857, -20.55961, -25.21293｝(k=2, 3, 4, 5, 6). 

The prediction values for 2015, 2016, and 2017 are：｛-27.3008, -28.2376, -28.65792｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are｛-25.2926, -26.1605, -26.5499｝whereas the predicted lower 

limits are｛-29.309, -30.3147, -30.766｝. The fitting figure of actual values and prediction 

values is presented in Figure 8-12. 

 

Figure 8-12 The Fitting Figure of SnI Grey Model’s Actual Values and Prediction Values for 

TC Holdings 

8.7.3 Overall Assessment for TC Holdings   

Based on what has been achieved from the analysis and the three norms of the model 

evaluation, TC Holdings’s production and operation status was unstable from 2009 to 2014, 

during which its SgI was on the rise, whereas its EtI and SnI decreased drastically. Moreover, 
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its production and operation status is unstable, and its resources were not well-matched. It is 

expected to spot the inner causes of the status, and take necessary measures to change the 

situation.  

The values are obtained based on Tornado computerized model, and the prediction of grey 

prediction model. Time will tell whether the prediction is correct. 

8.8 Analysis of the Case Gree Electric Appliances Inc. (000651.sz) 

Gree Electric Appliances Inc. of Zhuhai, founded in 1991, has become the world’s largest 

specialized air conditioner company integrating R&D, manufacture, sales and service. In 

China, it has been recognized as the first listed company whose market value exceeds 100 

billion CNY. In 2014, its annual sales revenue reached 140.005 billion CNY, i.e. a 

year-on-year increase of 16.63%, while the net profit stood at 14.155 billion CNY, a 

year-on-year increase of 30.22%. Furthermore, it keeps a steady and healthy pace of growth.   

8.8.1 Gree Studied as a Case Based on The three Norms of the Computerized Model 

The Gree EI, originally shown in Table B-18, are listed in Table 8-31. The EtI, SgI, SnI in the 

8-31 were statistically analyzed, and the resulting outcomes are shown in Table 8-32. 

Table 8-31 The Parameters of the Computerized Model for Gree 

Year 2009 2010 2011 2012 2013 2014 

PEE 10.23 11.4 11.19 9.9 10.52 11.12 

SPE 74.55 484.2 246.03 190.67 166.89 149.36 

PEM 6.36 6.07 5.42 7.21 9.77 11.72 

SPM 58.22 60.48 39.92 47.53 53.43 55.05 

EtI 0.62 0.53 0.48 0.73 0.93 1.05 

SgI 0.78 0.12 0.16 0.25 0.32 0.37 

SnI 1.26 0.23 0.33 0.34 0.34 0.35 

Table 8-32 Descriptive Analysis of EtI, SgI, and SnI of Gree 

Variable  
Sample 

size 

The 

mean 

Mean’s 

SE  
SD Variance minimum maximum range 

EtI 6 0.7233 0.0925 0.2266 0.0513 0.48 1.05 0.57 

SgI 6 0.3333 0.0972 0.2381 0.0567 0.12 0.78 0.66 

SnI 6 0.476 0.158 0.386 0.149 0.226 1.258 1.032 

From Table 8-15 and Table 8-16, the following analysis is read based on the three norms 

(Table 6-4) that assess the sustainabile development of enterprises:  
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“Diagnostic appraisal”: the four indexes PEE, SPE, PEM, SPM are greater than 0 at the same 

time, which means that the enterprise is “healthy” at present.  

“Value Chain”：from 2009 to 2014, both EtI and SgI are greater than 1, and the two indexes 

are quite stable, which means that its valid asset and asset value both changed in a very 

narrow range.  

“Stability”：from 2009 to 2014, the parameters of the company are shown as following : the 

mean of SnI 0.467, the mean’s standard error 0.158, standard deviation 0.386, the variance 

0.149, the range 1.032. Its SnI of the year 2014 is 0.35 (greater than 0), which falls in the 

interval of “the mean±standard deviation”, i.e. [0.09, 0.862]. That tells SnI fluctuated in a 

small range, indicating that its operating status is quite stable, and its resources, and its 

production capacity and sales capability are all well matched. At present, the enterprise is 

“healthy”. 

What has been obtained from the analysis, it can be said that Gree is an excellent listed 

company which shows potential to develop sustainably, for its operation, valid asset, and asset 

value are in a stable state, and its resources are well matched.  

8.8.2 Gree Studied Based on a GM (1, 1) Grey Prediction Model 

The data of Gree’s EtI, SgI or SnI were transported into the MATLAB program mentioned 

above. Then, the prediction results were obtained after the source data sequences were dealt 

by a series of computations, including the linear translation of the source data sequence, 

evolution transformation, the smoothness check, AGO, development parameters and grey 

action quantity of the GM(1, 1) model, the computation of whitening response equation, 

IAGO, and the restoration by way of p evolution.  

8.8.2.1 Grey Prediction for Gree’s EtI 

The source data are all greater than 0, so there is no need for translation transformation. Let 

p=-1 and the evolution operation was done. Stepwise ratio extremum (0.98412, 1.1044) falls 

into the tolerable range (0.94444, 1.1689). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build GM(1, 1) model. The major modeling data sequences 

are presented in Table (8-33). 

Table 8-33 The Modeling Data Sequence for Gree’s EtI Grey Model GM(1, 1) 

Number 

Source 

data 

sequence 

P 

evolution 

sequence 

stepwise 

ratio 

sequence 

accumulatio

n sequence 
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1 0.62 0.61728 1.00000 0.61728 

2 0.53 0.65359 0.94444 1.27090 

3 0.48 0.67568 0.96732 1.94660 

4 0.73 0.57803 1.16890 2.52460 

5 0.93 0.51813 1.11560 3.04270 

6 1.05 0.48780 1.06220 3.53050 

For the grey model, development coefficient a=:0.082709, grey action quantity b=：0.76227, 

b/a=9.2163, whitening response equation= -8.599*e-0.082709*k+9.2163. The data sequence used 

to test the model’s residuals are shown in Table 8-34. The grey model’s average residual is 

2.9655%, and mean average precision is 97.0345%.  

Table 8-34 The Relative Residual Test of EtI Grey Model GM (1, 1) for Gree 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.65360 0.68260 -0.02900 4.43760 

k=3 0.67570 0.62840 0.04726 6.99490 

k=4 0.57800 0.57850 -0.00049 0.08546 

k=5 0.51810 0.53260 -0.01447 2.79260 

k=6 0.48780 0.49030 -0.00252 0.51672 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛0.4649901, 0.5913104, 0.7285228, 0.8775665, 1.039462｝(k=2, 3, 4, 5, 

6). The prediction values for 2015, 2016, and 2017 are：｛1.215316, 1.406334, 1.613823｝. The 

predicted upper and lower limits were obtained by prediction values plus or minus average 

residual is the upper limits are ｛1.2514, 1.448, 1.6617｝whereas the predicted lower limits are 

｛1.1793, 1.3646, 1.566｝. The fitting figure of actual values and prediction values is 

presented in Figure 8-13.  
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Figure 8-13 The Fitting Figure of EtI Grey Model’s Actual Values and Prediction Values for 

Gree 

8.8.2.2 Grey Prediction for Gree’s SgI  

The source data are all greater than 0, so there is no need for translation transformation. Let 

p=-7 and the evolution operation was done. Stepwise ratio extremum (0.8569, 1.0252) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build GM (1, 1) model. The main modeling data sequences 

are presented in Table (8-35).  

Table 8-35 The Modeling Data Sequence for Moutai’s SgI Grey Model GM (1, 1) 

Number 
Source data 

sequence 

P evolution 

sequence 

stepwise 

ratio 

sequence 

accumulation 

sequence 

1 0.78 0.82514 1.00000 0.82514 

2 0.12 0.96293 0.85690 1.78810 

3 0.16 0.95173 1.01180 2.73980 

4 0.25 0.92832 1.02520 3.66810 

5 0.32 0.91161 1.01830 4.57970 

6 0.37 0.90038 1.01250 5.48010 

For the grey model, development coefficient a=:0.070218, grey action quantity b=：1.0789, 

b/a=15.3652, whitening response equation=-14.3652*e-0.070218*k+15.3652. The data sequence 

used to test the model’s residuals are shown in Table 8-36. The grey model’s average residual 

is 4.6269%, and mean average precision is 95.3731%.  

Table 8-36 The Relative Residual Test of SgI Grey Model GM (1, 1) of Gree 
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Sequence 

Model 

Values 
Residuals 
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Residuals 
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k=2 0.96290 0.96430 -0.00139 0.14468 

k=3 0.95170 0.94730 0.00438 0.46032 

k=4 0.92830 0.93070 -0.00236 0.25407 

k=5 0.91160 0.91430 -0.00269 0.29479 

k=6 0.90040 0.89820 0.00218 0.24171 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛0.1151529, 0.1761676, 0.2405207, 0.3083948, 0.3799826｝(k=2, 3, 4, 5, 

6). The prediction values for 2015, 2016, and 2017 are：｛0.4554873, 0.5351231, 0.6191161｝. 

The predicted upper and lower limits were obtained by prediction values plus or minus 

average residual is the upper limits are ｛0.45676, 0.53662, 0.62084｝, whereas the predicted 

lower limits are｛0.45422, 0.53363, 0.61739｝. The fitting figure of actual values and 

prediction values is presented in Figure 8-14.  

 

Figure 8-14 The fitting figure of SgI Grey Model’s Actual Values and Prediction Values for 

Gree 

8.8.2.3 Grey Prediction for Gree’s SnI 

The source data are all greater than 0, so there is no need for translation transformation. Let 

p=-3 and the evolution operation was done. Stepwise ratio extremum (0.81645, 1.0264) falls 

into the tolerable range (0.75148, 1.3307). With the quasi-smoothness, the sequence with p 

evolution operation can be used to build GM (1, 1) model. The main modeling data sequences 

are presented in Table (8-37).  

Table 8-37 The Modeling Data Sequence for Gree’s SnI Grey Model GM(1, 1) 

Number 
Source data 

sequence 

P evolution 

sequence 

stepwise 

ratio 

accumulation 

sequence 
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sequence 

1 1.26 0.76202 1.00000 0.76202 

2 0.23 0.93332 0.81645 1.69530 

3 0.33 0.90932 1.02640 2.60470 

4 0.34 0.90705 1.00250 3.51170 

5 0.34 0.90705 1.00000 4.41880 

6 0.35 0.90481 1.00250 5.32360 

For the grey model, development coefficient a=:0.0065327, grey action quantity b=：0.93226, 

b/a=142.7073, whitening response equation =-141.9453*e-0.0065327*k+142.7073. The data 

sequence used to test the model’s residuals are shown in Table 8-6. The grey model’s average 

residual is 0.61825%, and mean average precision is 99.3817%.  

Table 8-38 The Relative Residual Test of SnI Grey Model GM (1, 1) for Gree 

 

Modeling 

Sequence 

Model 

Values 
Residuals 

Relative 

Residuals 

k=2 0.9333 0.92430 0.00906 0.97047 

k=3 0.9093 0.91820 -0.00893 0.98180 

k=4 0.9071 0.91230 -0.00522 0.57508 

k=5 0.9071 0.90630 0.00072 0.07981 

k=6 0.9048 0.90040 0.00438 0.48410 

The values of development coefficient, average residuals, and mean average precision enable 

the model to be used for prediction. The prediction sequence was obtained after IAGO and p 

evolution operation：｛0.2665169, 0.2915831, 0.3171453, 0.3432135, 0.3697976｝(k=2, 3, 4, 5, 

6). The prediction values for 2015, 2016, and 2017 are：｛0.3969079, 0.4245547, 0.4527486｝. 

The predicted upper and lower limits were obtained by prediction values plus or minus 

average residual is the upper limits are ｛0.39936, 0.42718, 0.45555｝whereas the predicted 

lower limits are｛0.39445, 0.42193, 0.44995｝. The fitting figure of actual values and 

prediction values is presented in Figure 8-15.  
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Figure 8-15 The Fitting Figure of SnI Grey Model’s Actual Values and Prediction Values for 

Gree 

8.8.3 Comprehensive Assessment of Gree Based on the Computerized Model 

From what has been achieved above, Gree is at present developing healthily. The conclusion 

is drawn from the fact that it operates stably, its valid asset and asset value are on the increase, 

and its resources are all well-matched from 2009 to 2014. Moreover, EtI, SgI, SnI have shown 

their trends to increase rapidly, which is demonstrated by the prediction curve of GM (1, 1) 

model, and the prediction values for 2015, 2016, and 2017. Gree is expected to keep its way, 

ensuring its healthy, steady and sustainable development.  

The values are obtained based on Tornado computerized model, and the prediction of grey 

prediction model. Time will tell whether the prediction is correct. 

8.9 Summary of the Case Studies Based on the Computerized Model  

Five enterprises were chosen as the study cases, among which, some are good company, such 

as Moutai, Gree, and TGOOD, and some are not, like Swellfun with a special treatment stock, 

and some with a performance in between like TC Holdings. The development trends of 2015, 

2016, and 2017 are predicted based on EtI, SgI, and SnI which were obtained from GM (1, 1) 

model, as well as the appraisal based on the seven EIs with the three norms, namely 

diagnostic appraisal, evaluation chain, and stability. In general, it is feasible to assess the 

development status, and development trends on a basis of the computerized model. Even if it 

needs time to tell whether the assessments are correct or not, some assessments worth our 

attention.  

(1) Moutai and Gree are both excellent listed companies, but they show different  
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development trends from the assessments—Moutai shows a trend of downsizing, but Gree has 

a tendency to increase its scale and become stronger. Limited by the data collected, we have 

no access to exploring the difference. Moreover, the assessments need time to prove its 

correctness. However, attendtion should be paid to the computerized model’s capacity to 

predict development trends.  

(2) Swellfun, whose stock is tagged with ST (special treatment), may get out of the 

predicament, and turn for the better, for its EtI is gradually increasing, and its SgI and SnI 

show a slower pace of descending.  

(3) The assessments of TGOOD tell that it reallocated its resources in preparation for 

becoming larger and stronger. At present, its production and operation are steady, and it shows 

potential to grow rapidly in terms of becoming larger and stronger as well as developing 

steadily. It may be a “potential stock”. In this aspect, the application of the computerized 

model can help spot favorable investment targets.  

(4) We can draw some inspiration from Gree. What counts most for an enterprise is its 

stability. Gree’s EtI, and SgI always fall into the range (0, 1), which means a great stability of 

Gree’s growth. The assessment based on its EtI, SgI, SnI shows that Gree may reach a new 

level years later.  

(5) The computerized model mainly examine the valid resource flows and the changes of 

values that occur when enterprises’ resources flow. In this respect, the application of the 

model can help enterprises allocate resources in a balanced manner. Take TC Holdings for 

example. Its EtI curve descends rapidly while its SgI curve goes up quickly, which indicates 

that the enterprise’s resources are not well allocated: a grave shortage of valid resources, 

overcapacity, or limited productivity not able to satisfy the market demands. The problem 

causes a rapid decrease of SnI. Put it in another way, the enterprise has an unstable production 

and operation status.  

To conclude, the case studies show that it is feasible to evaluate the development process, the 

development status and trends with the computerized model. The evaluation shows instructive 

significance in analyzing enterprises’ development trends. As for the questions that may be 

brought by the application of the grey model on predicting enterprises’ development trends, it 

needs time to tell whether the assessments are correct or not, and prediction methods or 

techniques belong to a specialized subject, not the study objects of the dissertation. In addition 

to the grey model, there are other prediction methods dealing with limited data and 

insufficient information, like Cloud Model[117-118]. 
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Chapter IX Conclusion and Prospect 

9.1 Conclusion 

Since the beginning of my working in enterprises, I have witnessed or heard about lots of 

rises and falls of enterprises. Those have inspired me to look into the core factors affecting the 

sustainable development of an enterprise (SDE) and the development model of an enterprise. 

During my study in EDBA, the support of my supervisor, Prof. Fan Yushun strengthened my 

determination to study the survival and development of enterprises, with the Enterprise Life 

Cycle Theory and Enterprise Growth Theory. It has been two years since I started to search 

for, collect and review documents, literature and data related to the topic. During this time I 

have, based on my opening report, completed data collection, design of the questionnaire and 

survey, collection of the survey data, data processing, model design, testing, model case study 

and so on. Meanwhile, inspired by cross disciplines, by reference to the methods and 

processes of building simulation models using simulation technology, I construct a 

“whirlwind” conceptual model of SDE, with the assistance of fluid mechanics and vortex 

theories. According to the characteristics of the parameters in the conceptual model, I 

transform it into a computerized model. Data of 33 listed companies in their operation of eight 

years are collected to test the “whirlwind” computerized model and analyze its universality. 

Finally, some enterprises are selected, their development status and trends are evaluated based 

on the assessment criteria of the computerized model and grey forecasting model. The 

research has drawn the following conclusions: 

1. Through literature retrieval and individual interviews, with SDE the explanatory variable, I 

extendedthe implication of the 7S model built by MGI and made it the primary indicator of 

the explanatory variable. The 38 factors which affect enterprises’ sustainable development are 

regarded as the secondary indicators, and a questionnaire is designed about the factors 

affecting an enterprise’s sustainable development. Through various channels, 356 

questionnaires were handed out, 238 were collected, of which 186 were valid. Guided 

byPrinciple Component Analysis (PCA), the 186 valid questionnaires were processed by 

MINITAB. Five principal components were derived, whose variance contribution rates 

exceeded one and whose cumulative variance contribution rate exceeded 85%. After 

categorization and renaming, these factors and their variance contribution rates are enterprise 

management (63%), strategies (19%), talents (9%), innovation (5%) and enterprise culture 

(4%), respectively. The result shows that despite so many factors, only five are core, while the 
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most important is management. Therefore, guided by the right enterprise strategies, 

management is the determinant factor of reaching strategic goals and becoming successful. 

2. According to the Enterprise Life Cycle, with a comparison between the core factors 

affecting the enterprise’s sustainable development (SDE5) as well as their respective 

weightings and the five factors released by World Health Organization which affect human’s 

longevity (WHO5) plus their respective proportions, we find that not only do components of 

SDE5 and WHO5 share similar weightings, their physical implications are also alike. In this 

analysis, enterprise management (weighting 63%) resembles individual lifestyles and habits 

(60%); enterprise strategies (19%) are like genetic factors (15%); talents (9%) corresponds to 

social factors (10%); innovation (5%) is equivalent to medical conditions (8%), while 

enterprise culture (4%) is like the climate conditions of the environment where people live 

(7%). This research believes that this is not a coincidence, but rather a reflection that 

enterprises and humans are similar from the perspective of life. The discovery has added 

powerful evidence to the basis of Enterprise Life Cycle, which is unprecedented in research of 

this field. 

3. By reference to the method and procedure of building simulation models using simulation 

technology, based on a comparative analysis of operating mechanisms of enterprises and the 

formation of whirlwind,as well as an analysis of the simulation conditions of the enterprise 

system, a “whirlwind”conceptual model for sustainable development of enterprises (SDE) is 

built, integrating basic concepts in fluid mechanics and vortex theories, with some typical 

vortex models including thepoint source, the point convergence, the point vortex and the 

Rankine vortex. The mathematical expressionsare as follows: 
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The “Pumping dragon” phenomenon vividly explains the operation process and 

characteristics of SDE. The conceptual model focuses on enterprises, with special attention to 

“inflow enterprises” and “outflow enterprises”. Mathematical expressions of the model show 

that resources flow in and out of businesses in a logarithmic spiral of “life curve”. For 

everything in the universe, no matter organic to inorganic, macroscopically or microscopically, 

the logarithmic spiral is the fundamental model of evolution. The conceptual model views an 

enterprise as a living organism and, with the application of Enterprise Life Cycle Theory, 
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depicts the movement of enterprise resources. 

This model is an open platform for evaluating the conditions and capabilities of enterprises, 

through which one can, with various purposes and data, evaluate different dimensions of 

enterprises, such as the capabilities of selling, research and development, finance and resource 

utilization. It is an open platform for evaluating the development of enterprises, through 

which one can, based on data, build evaluation systems with regard to different aspects and 

contents. It is a new attempt to construct such a model in that it takes a cross-disciplinary 

approach to the sustainable development of enterprises. 

4. According to the physical similarities between vortex theories and enterprises’financial 

indicators, indicators of enterprises’ financial analysis are matched with the parameters of the 

conceptual model. A computerized model of the indicators of enterprises’ financial analysis is 

built in the conceptual model, which is expressed as: 
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Through analysis of the computerized model, concepts are proposed, including Potential 

Energy of Enterprises (PEE), Sales Potential of Enterprises (SPE), Potential Energy of 

Markets (PEM) and Sales Potential of Markets (SPM). Potential Energy of Enterprises (PEE) 

is the energy stored inside the enterprise system, which can integrate various social resources 

to meet the enterprise’s operating needs and sustainable development. Potential Energy of 

Markets (PEM) is the energy neededto increase the expansionary force and competitiveness 

of products and services in the market. Sales Potential of Enterprises (SPE) is the amount of 

resources flowing intoand owned by the enterprise in a given time period. Sales Potential of 

Markets (SPM) refers to the amount of cash that is obtained by selling products or services in 

the market and then flows back to the enterprise. According to the Energy Conservative Law, 

PEE and SPE can be converted to each other. Through analysis of the characteristics of the 

computerized model, the concepts of Enlargemnt Index (EtI), Strengthening Index (SgI), and 

Stablization Index (SnI) are put forward. It is defined that EtI= PEM/PEE, SgI = SPM/SPE, 

and SnI = SgI/EtI. The four model indicators derived from the computerized model and the 

three defined Enterprise Indexes (EI) are collectively called enterprise indicators. Through 

analysis of the structure, characteristics and sensitive factors of the computerized model, three 

assessment criteria are proposed in evaluating the contents of enterprises and conducting case 

analysis using the computerized model, including “diagnostic assessment”, “value chain” and 
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“stability”. 

5. By reference to the methods of verification and validation of simulation models, with data 

collected from 110 enterprises, a descriptive statistical analysis, parameter estimation and 

hypodissertation testing of the “whirlwind” conceptual model are conducted in order to test 

the universality of the computerized model. The universality analysis of the model shows that 

the results drawn from the computerized model are consistent with those from theoretical 

analysis, which means that it is feasible to assess the development status of enterprises with 

the three assessment criteria. Finally, five enterprises are chosen, whose processes, states, and 

trends of development are evaluated, based on the assessment criteria of the computerized 

model and the grey forecasting model respectively. 

9.2 Innovation 

The following are the six main innovation points of this paper: 

1. It proposes the most important factors affecting the sustainable development of an 

enterprise (SDE5); these factors and their relative variance contribution rates are enterprise 

management 63%, strategies 19%, talents 9%, innovation 5% and enterprise culture 4%, 

respectively. 

2. Through comparison, it is found that not only do components of SDE5 and WHO5 share 

similar weightings, their physical implications are also alike. This is not a coincidence, but 

rather a reflection that enterprises and humans are similar from the perspective of life. The 

discovery has added powerful evidence to the basis of Enterprise Life Cycle, which is 

unprecedented in research of this field. 

3. By reference to the method and procedure of building simulation models using simulation 

technology, through a comparative analysis of the enterprise’s operating mechanisms and the 

formation of a whirlwind, a conceptual model for sustainable development of enterprises 

(SDE) is built, integrating basic concepts in fluid mechanics and vortex theories, aided by 

some typical vortex models including the point source, the point convergence, the point 

vortex and the Rankine vortex, and combining logarithmic spirals and spiral structures. The 

figure of the “pumping dragon” is applied to illustrate the mechanism of the conceptual 

model. 

4. Mathematical expressions of the model show that resources flow in and out of businesses in 

a logarithmic spiral of “life curve”. For everything in the universe, no matter organic to 

inorganic, macroscopically or microscopically, the logarithmic spiral is the fundamental 
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model of evolution. The conceptual model views an enterprise as a living organism and, with 

the application of Enterprise Life Cycle Theory, depicts the movement of enterprise resources. 

5. According to the physical similarity between vortex theories and enterprises’ financial 

indicators, indicators of enterprises’ financial analysis are matched with parameters of the 

conceptual model. The computerized model of the indicators of enterprises’ financial analysis 

is built in the conceptual model, which expresses indicators of financial analysis with the 

computerized model. 

6. Concepts are proposed, including Potential Energy of Enterprises (PEE), Sales Potential of 

Enterprises (SPE), Potential Energy of Markets (PEM), Sales Potential of Markets (SPM), 

Enlargemnt Index (EtI), Strengthening Index (SgI), and Stablization Index (SnI). Three 

assessment criteria, which apply enterprise model indicators to evaluate the development 

status of enterprises, including “diagnostic assessment”, “value chain” and “stability”, are put 

forward. 

9.3 Deficiencies 

It is a challenging job to study the core factors that affect SDE and to build an SDE 

conceptual model. Firstly, this phenomenon has received high attention from both the 

academic circle and entrepreneurs; secondly, various research in this area are presenting 

diverging opinions; besides, all aspects of enterprises are involved, making it difficult to catch 

the whole figure. Despite some valuable conclusions after all the efforts and trials, problems 

remain in this paper due to limits in academic level, time, experience and external resources. 

They are: 

1. Limit in the number of samples. Although in this research, the author has utilized all 

interpersonal relationship resources, spent a large amount of time and energy on the survey, 

and although the number of valid questionnaires collected has met the requirement of data 

analysis, the volume of samples is still small, which may cause some biases to the results. 

2. The models built need further improving. Cross-disciplinary concepts and theories are 

applied in model construction, while each of the theories has its own boundary conditions and 

scope of application. It is a good attempt to introduce theories in other disciplines, but it takes 

time to test the effect of such application; this should be further improved in future research. 

3. Due to constraints of time, energy and resources, the case analysis of the “whirlwind” 

computerized model is restricted to matching of model parameters and indicators of 

enterprises’financial analysis. More information about enterprises, such as R&D capacity, 
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intangible assets, human resources are not matched with the parameters; thus the contents 

appear insufficient, and a comprehensive study and validation of the models is still lacking. 

9.4 Prospect 

Given the research status in the academic field and demands from enterprises, in combination 

with the deficiencies mentioned above, future research may be deepened in the following 

perspectives: 

1.Conduct Surveys and hand out questionnaires in different regions, different industries and 

enterprises in a greater scale so as to explore how ages of China’s enterprises are distributed.  

2. The logarithmic spiral, which is compared to a “life curve”, is a universal phenomenon in 

nature. Starting from the concepts and theories of similarity, more systematic and 

in-depthdiscussions about the conceptual model and its computerized model should be made 

from the perspectives of geometric similarity, kinematic similarity and dynamic similarity 

respectively. 

3. The “whirlwind” conceptual model proposed in this paper is a brand new model. If possible, 

more information about enterprises should be collected, analyzed in depth and verified, 

including indicators of financial analysis, R&D indicators, IPR indicators, so as to further 

explore the implications of the models and expand the scopes where they can be applied. It is 

predicted that if indicators like R&D, IPR and innovation capacity are included in the 

“whirlwind” model, it can better forecast the SDE states and provide warnings. This is greatly 

expected. 

Despite the accomplishment of this paper under my supervisor’s guidance, some problems 

remain unsolved due to academic limit. Research on SDE is a long and arduous journey. I 

would be flattered if this paper could provide inspiration or reference for future studies; it 

would be my great honor if conclusions in this paper could be considered of any theoretical or 

pragmatic significance.  
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Appendix A Data for financial analysis of the case businesses  

The program is selected according to the case businesses. The industries are those that play 

important roles in national economic construction, with a large number of enterprises in a 

wide range. So the first choice is “manufacturing”. Manufacturing industry is the industry 

where resources (materials, energy, equipment, tools, capital, technology, information, 

humans, etc.) are, through manufacturing processes, transformed into large instruments, 

industrial products or consumer goods that can be used according to requirements by the 

market. Manufacturing industry directly shows the productivity of a country and takes up a 

significant share in national economy. Manufacturing is an assets-heavy industry where 

physical assets such as workshops, equipment and raw materials account for a great 

proportion. The second industry is information service. Information service is a 

comprehensive industry where modern science and technology including computers and 

communications network are applied to produce, collect, process, store, transmit, search and 

utilize information. It is a social economic behaviorwhere service providers assist information 

users solve problems with unique strategies and tools. The evolution of information service 

industry affects the whole picture of national economic and social development. It has 

become an industry with the fastest growth, the most vigorous technologies and the greatest 

value-added benefits in the contemporary information industries. In comparison to 

manufacturing, information service is an emerging industry with relatively light assets. 

Therefore, for the traditional manufacturing industry, electrical, machinery and equipment 

manufacturing and beverage manufacturing are selected; while for the emerging information 

service, software information service and communication operation service are chosen. To 

guarantee that the case analyses are comparable, two factors are taken into account when 

deciding on the case businesses—firstly, the same subdivided sectors of the same industry are 

selected, and the main businesses and product types of the chosen enterprises are nearly the 

same; secondly, performance varies among firms of the same industry. 

According to the categorization made by the CSRC, there are 165 listed companies in 

manufacturing of electrical appliances, machinery, and equipment, of which 27 enterprises 

fall into the category of household appliances, and of which 130 fall into the category of 

electrical appliances.  

There are 41 listed companies in beverage manufacturing, in which 20 are Chinese spirits 
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manufacturers. In computer application service 138 companies are listed, where 115 fall in the 

category of software service. In communications service there are 13 listed companies, and 

five are telecommunication operators. 

Seven enterprises have been chosen in the trade of distilled spirits, including Kweichow 

Moutai, Wuliangye, Yanghe River shares, TuopaiShede, Swellfun, Jiugui Liquor, and 

Laobaigan. In the industry of household appliances, six enterprises that mainly deal with air 

conditioners were chosen as the ojects of the case studies, namely Gree, Chunlan, 

HisenseKelon, Meiling, Haier, and Midea. As for the field of electrical appliances, 10 

enterprises were chosen, namely TGOOD, Nanfeng Corporation, Tongda Power Technology, 

Guangdian Electric, Hongfa, Tiancheng Holding, Zhefu Holding, Xinlong Electrical, Xuji 

Group Corporation, and Northeast Electric (NEE). Five enterprises were chosen in the 

telecom operation, including Dr. Peng, China Unicom, Wangsu Science and Technology, 263, 

Guomai Technologies. In addition, five enterprises provding software services are chosen, i.e. 

East Money, Great Wisdom Stocks, Tonghuashun, 2345, and Join-Cheer Software. Thus we 

select 33 enterprises from five subdivided sectors of two industries. 

Mainly collected are the data of the enterprises’ basic financial indexes, and financial analysis 

indexes of “five capabilities”, namely the indicators of “development capabilities”, 

“profitability”, “profit quality”, “operation capabilities”, and “financial risk”.Data of five 

sub-fields, 33 enterprises inclusive, are gathered from the website of Shanghai Stock 

Exchange (http://www.sse.com.cn/), Shenzhen Stock Exchange (http://www.szse.cn/) and the 

software Eastmoney (www.eastmoney.com). 

Table A-1 to Table A-33 show the basic financial data of the 33 case enterprises and financial 

analysis. 
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Table A-1 Data for Financial Analysis of Kweichow Moutai (600519) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 13.44  14.58  12.82  8.44  5.35  4.57  4.03  3.00  

EPS after non-recurring profit and loss 
(yuan) 

13.59  14.88  12.91  8.44  5.35  4.56  4.03  3.00  

Diluted EPS (yuan) 13.44  14.58  12.82  8.44  5.35  4.57  4.03  3.00  

Net assets per share (yuan) 46.79  41.05  32.89  24.07  19.49  15.33  11.91  8.72  

Public accumulation fund per share 

(yuan) 
1.20  1.32  1.32  1.32  1.46  1.46  1.46  1.46  

Undistributed profit per share (yuan) 39.90  34.65  27.64  19.20  14.73  11.19  8.40  5.38  

Operating cash flow per share (yuan) 11.06  12.19  11.48  9.78  6.57  4.48  5.56  1.85  

Growth 

ability 

index 

Total assets (hundred million) 659.00  555.00  450.00  349.00  256.00  198.00  158.00  105.00  

Net assets (hundred million) 553.00  441.00  355.00  254.00  185.00  147.00  115.00  83.70  

Operating costs (hundred million) 23.40  21.90  20.40  15.50  10.50  9.51  8.00  8.72  

Operating profit (hundred million) 221.00  218.00  188.00  123.00  71.60  60.80  53.90  45.30  

Operating income (hundred million) 316.00  309.00  265.00  184.00  116.00  96.70  82.40  72.40  

Gross profit (hundred million) 264.00  259.00  218.00  144.00  90.00  77.80  67.60  57.60  

Attributable gross profit ((hundred 

million) 
153.00  151.00  133.00  87.60  50.50  43.10  38.00  28.30  

Revenue growth rate (%) 2.11  16.88  43.76  58.19  20.30  17.33  13.88  47.60  

Net profit growth rate (%) 1.41  13.74  51.86  73.49  17.13  13.50  34.22  83.25  

Total assets growth rate (%) 18.74  23.33  28.94  36.33  29.29  25.32  50.48  #DIV/0! 

Operating profit growth rate (%) 1.38  15.96  52.85  71.79  17.76  12.80  18.98  #DIV/0! 

Net assets growth rate (%) 1.32  13.53  51.83  73.47  17.17  13.42  34.28  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 31.96  39.43  45.00  40.39  30.91  33.55  39.01  39.30  

Return on total assets (%) 26.82  31.79  35.07  30.59  23.55  25.63  30.50  29.58  

Rate of margin (%) 92.59  92.90  92.27  91.57  90.95  90.17  90.30  87.96  

Net profit margin (%) 51.53  51.63  52.95  50.27  45.90  47.08  48.54  40.98  

Effective tax rate (%) 25.65  25.51  25.09  25.01  25.45  25.12  25.71  34.41  

Operating profit margin (%) 69.94  70.55  70.94  66.85  61.72  62.87  65.41  62.57  

Profit 

quality 

indexes 

Advances received / operating income 0.05  0.10  0.19  0.38  0.41  0.36  0.36  0.16  

Sales cash / operating income 1.06  1.07  1.09  1.29  1.28  1.22  1.37  1.03  

Operating cash / operating income 0.40  0.41  0.45  0.55  0.53  0.44  0.64  0.24  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.53  0.62  0.66  0.61  0.51  0.54  0.63  0.72  

Net assets turnover rate 0.63  0.78  0.84  0.84  0.70  0.73  0.86  0.90  

Accounts receivable turnover days 0.03  0.11  0.14  0.03  0.35  1.05  1.77  2.85  

Inventory turnover days  2064.29  1764.17  1483.88  1480.77  1669.57  1383.47  1219.80  885.03  

Financial 

risk 

indexes 

Asset-liability ratio (%) 16.03  20.42  21.21  27.21  27.51  25.89  26.98  20.16  

Current liabilities / total liabilities (%) 99.83  99.84  99.81  99.82  99.86  99.80  100.00  100.00  

Liquidity ratio 4.51  3.71  3.80  2.94  2.89  3.06  2.88  3.44  

Quick ratio 3.09  2.66  2.79  2.18  2.10  2.24  2.15  2.35  
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Table A-2 Data for Financial Analysis of Wuliangye(000858) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 1.54  2.10  2.62  1.62  1.16  0.86  0.48  0.39  

EPS after non-recurring profit and loss 
(yuan) 

1.54  2.15  2.62  1.63  1.17  0.85  0.48  0.38  

Diluted EPS (yuan) 1.54  2.10  2.62  1.62  1.16  0.86  0.48  0.39  

Net assets per share (yuan) 10.39  9.51  8.21  6.09  4.77  3.76  3.00  2.52  

Public accumulation fund per share 

(yuan) 
0.25  0.25  0.25  0.25  0.25  0.25  0.25  0.25  

Undistributed profit per share (yuan) 7.27  6.76  5.81  3.95  2.79  1.90  1.22  0.79  

Operating cash flow per share (yuan) 0.21  0.38  2.31  2.51  2.03  1.59  0.52  0.44  

Growth 

ability 

index 

Total assets (hundred million) 464.00  441.00  452.00  369.00  287.00  208.00  135.00  116.00  

Net assets (hundred million) 403.00  370.00  315.00  234.00  184.00  146.00  115.00  96.30  

Operating costs (hundred million) 57.70  66.10  80.20  69.00  48.60  38.60  36.20  33.80  

Operating profit (hundred million) 80.30  114.00  137.00  85.00  60.90  45.90  24.30  21.80  

Operating income (hundred million) 210.00  247.00  272.00  204.00  155.00  111.00  79.30  73.30  

Gross profit (hundred million) 137.00  163.00  172.00  119.00  92.90  64.70  37.50  33.70  

Attributable gross profit ((hundred 

million) 
58.30  79.70  99.30  61.60  44.00  32.40  18.10  14.70  

Revenue growth rate (%) -15.00  -9.13  33.66  30.95  39.64  40.29  8.25  -0.93  

Net profit growth rate (%) -26.81  -19.75  61.35  40.09  35.46  79.20  23.27  25.83  

Total assets growth rate (%) 5.22  -2.43  22.49  28.57  37.98  54.07  16.38  #DIV/0! 

Operating profit growth rate (%) -29.56  -16.79  61.18  39.57  32.68  88.89  11.47  #DIV/0! 

Net assets growth rate (%) -26.85  -19.74  61.20  40.00  35.80  79.01  23.13  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 15.42  23.71  36.82  30.01  26.68  24.95  17.29  16.52  

Return on total assets (%) 13.38  18.62  25.16  19.50  18.42  20.19  14.60  13.44  

Rate of margin (%) 72.53  73.26  70.53  66.12  68.71  65.31  54.39  53.91  

Net profit margin (%) 28.83  33.67  38.00  31.42  29.35  31.15  23.06  20.10  

Effective tax rate (%) 24.42  26.01  24.77  24.77  24.85  24.73  23.74  32.39  

Operating profit margin (%) 38.24  46.15  50.37  41.67  39.29  41.35  30.64  29.74  

Profit 

quality 

indexes 

Advances received / operating income 0.04  0.03  0.24  0.44  0.46  0.39  0.13  0.10  

Sales cash / operating income 0.96  1.01  1.21  1.35  1.35  1.36  1.20  1.24  

Operating cash / operating income 0.04  0.06  0.32  0.47  0.50  0.54  0.25  0.23  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.46  0.55  0.66  0.62  0.63  0.65  0.63  0.67  

Net assets turnover rate 0.53  0.66  0.95  0.98  0.98  0.93  0.74  0.81  

Accounts receivable turnover days 1.70  1.14  1.04  1.46  2.22  1.75  0.27  0.32  

Inventory turnover days  467.06  369.39  274.33  262.38  295.79  258.94  193.17  176.58  

Financial 

risk 

indexes 

Asset-liability ratio (%) 13.09  16.11  30.34  36.47  35.95  30.07  15.12  16.81  

Current liabilities / total liabilities (%) 97.52  99.05  99.57  99.63  99.82  99.92  100.00  99.87  

Liquidity ratio 6.50  5.25  2.77  2.22  2.08  2.12  4.28  3.34  

Quick ratio 5.13  4.27  2.29  1.80  1.64  1.57  3.27  2.41  
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Table A-3 Data for Financial Analysis of Yanghe River shares(002304) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 4.19  4.63  5.70  4.47  4.90  3.04  1.83  0.93  

EPS after non-recurring profit and loss 
(yuan) 

4.15  4.62  5.58  4.45  4.90  3.02  1.83  0.93  

Diluted EPS (yuan) 4.19  4.63  5.70  4.47  4.90  3.04  1.83  0.93  

Net assets per share (yuan) 18.32  16.10  13.61  10.99  15.38  11.28  3.41  5.34  

Public accumulation fund per share 

(yuan) 
1.09  1.23  1.23  1.67  5.68  5.68  0.00  0.16  

Undistributed profit per share (yuan) 15.73  13.51  10.88  7.87  8.20  4.17  2.18  3.75  

Operating cash flow per share (yuan) 2.52  2.94  5.09  6.17  8.53  3.17  1.64  3.53  

Growth 

ability 

index 

Total assets (hundred million) 288.00  282.00  237.00  189.00  115.00  64.90  21.80  14.70  

Net assets (hundred million) 197.00  174.00  147.00  99.10  73.90  50.80  13.80  7.21  

Operating costs (hundred million) 57.80  59.50  62.90  53.30  33.30  16.60  12.80  9.08  

Operating profit (hundred million) 60.10  67.10  81.90  55.20  30.80  16.70  9.98  5.90  

Operating income (hundred million) 147.00  150.00  173.00  127.00  76.20  40.00  26.80  17.60  

Gross profit (hundred million) 87.00  88.90  107.00  72.30  42.00  23.00  13.80  8.38  

Attributable gross profit ((hundred 

million) 
45.10  50.00  61.50  40.20  22.00  12.50  7.43  3.75  

Revenue growth rate (%) -2.34  -13.01  35.55  67.22  90.38  49.21  52.22  64.45  

Net profit growth rate (%) -9.89  -18.72  53.05  82.39  75.86  68.71  98.29  114.16  

Total assets growth rate (%) 2.13  18.99  25.40  64.35  77.20  197.71  48.30  #DIV/0! 

Operating profit growth rate (%) -10.43  -18.07  48.37  79.22  84.43  67.33  69.15  #DIV/0! 

Net assets growth rate (%) -9.80  -18.70  52.99  82.73  76.00  68.24  98.13  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 24.53  31.44  50.53  49.16  37.13  54.31  72.51  69.17  

Return on total assets (%) 15.82  19.28  28.92  27.25  25.58  28.91  40.69  29.92  

Rate of margin (%) 60.62  60.42  63.56  58.17  56.31  58.47  52.35  48.48  

Net profit margin (%) 30.73  33.30  35.62  32.47  30.17  31.32  27.70  21.27  

Effective tax rate (%) 25.25  25.18  25.12  25.21  25.28  25.08  25.16  35.32  

Operating profit margin (%) 40.88  44.73  47.34  43.46  40.42  41.75  37.24  33.52  

Profit 

quality 

indexes 

Advances received / operating income 0.06  0.06  0.05  0.28  0.13  0.04  0.01  0.02  

Sales cash / operating income 1.13  1.16  1.13  1.40  1.34  1.20  1.42  1.20  

Operating cash / operating income 0.18  0.21  0.32  0.44  0.50  0.36  0.25  0.27  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.52  0.58  0.81  0.84  0.85  0.92  1.47  1.41  

Net assets turnover rate 0.76  0.94  1.30  1.60  1.32  1.18  2.32  2.87  

Accounts receivable turnover days 0.38  0.92  0.96  0.96  1.38  1.38  0.56  1.00  

Inventory turnover days  588.11  445.10  277.87  191.30  150.59  163.41  147.18  151.62  

Financial 

risk 

indexes 

Asset-liability ratio (%) 31.40  38.35  37.82  47.53  35.65  21.75  36.65  50.94  

Current liabilities / total liabilities (%) 96.60  97.56  97.05  96.72  91.91  89.32  80.90  79.59  

Liquidity ratio 1.86  1.63  1.79  1.63  2.41  4.58  2.59  1.88  

Quick ratio 0.70  0.80  1.11  1.20  1.91  3.86  1.67  1.12  
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Table A-4 Data for Financial Analysis of TuopaiShede (600702) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.04  0.03  1.10  0.58  0.23  0.16  0.12  0.12  

EPS after non-recurring profit and loss 
(yuan) 

0.03  0.03  1.10  0.57  0.19  0.16  0.13  0.12  

Diluted EPS (yuan) 0.04  0.03  1.10  0.58  0.23  0.16  0.12  0.12  

Net assets per share (yuan) 6.66  6.64  6.93  6.02  5.50  5.33  5.24  5.11  

Public accumulation fund per share 

(yuan) 
2.37  2.37  2.37  2.37  2.37  2.37  2.37  2.37  

Undistributed profit per share (yuan) 2.56  2.54  2.92  2.03  1.54  1.39  1.31  1.20  

Operating cash flow per share (yuan) -0.44  0.31  1.19  -1.02  0.41  0.30  0.81  -0.66  

Growth 

ability 

index 

Total assets (hundred million) 36.80  34.10  34.60  32.70  31.90  28.50  27.50  27.60  

Net assets (hundred million) 22.50  22.40  23.40  20.30  18.50  18.00  17.70  17.30  

Operating costs (hundred million) 7.13  5.62  7.77  5.89  5.00  3.90  4.39  5.29  

Operating profit (hundred million) 0.32  0.48  4.96  2.64  1.07  0.61  0.78  0.67  

Operating income (hundred million) 14.40  14.20  19.60  12.70  8.95  7.23  8.71  9.00  

Gross profit (hundred million) 5.67  6.96  9.95  5.51  3.28  2.63  3.62  2.97  

Attributable gross profit ((hundred 

million) 
0.13  0.12  3.70  1.95  0.76  0.54  0.41  0.41  

Revenue growth rate (%) 1.86  -27.60  54.38  41.87  23.66  -16.94  -3.23  2.53  

Net profit growth rate (%) 13.72  -96.82  89.47  155.25  42.18  29.66  0.32  107.32  

Total assets growth rate (%) 7.92  -1.45  5.81  2.51  11.93  3.64  -0.36  #DIV/0! 

Operating profit growth rate (%) -33.10  -90.30  87.88  146.73  74.61  -21.78  16.80  #DIV/0! 

Net assets growth rate (%) 13.76  -96.82  89.74  154.97  42.18  29.68  0.31  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 0.60  0.51  16.94  10.05  4.19  3.00  2.38  2.40  

Return on total assets (%) 0.38  0.34  10.99  6.05  2.53  1.92  1.51  1.56  

Rate of margin (%) 50.66  60.41  60.33  53.61  44.10  46.04  49.63  41.27  

Net profit margin (%) 0.93  0.83  18.88  15.38  8.54  7.44  4.76  4.59  

Effective tax rate (%) 61.79  76.20  25.56  26.74  21.41  13.20  44.19  39.64  

Operating profit margin (%) 2.23  3.39  25.31  20.79  11.96  8.48  8.99  7.45  

Profit 

quality 

indexes 

Advances received / operating income 0.09  0.16  0.05  0.13  0.06  0.12  0.05  0.06  

Sales cash / operating income 0.96  1.38  1.15  1.14  1.23  1.40  1.38  1.18  

Operating cash / operating income -0.10  0.07  0.20  -0.27  0.15  0.14  0.31  -0.25  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.41  0.41  0.58  0.39  0.30  0.26  0.32  0.34  

Net assets turnover rate 0.67  0.62  0.86  0.63  0.52  0.41  0.50  0.54  

Accounts receivable turnover days 9.10  10.88  6.71  7.81  20.88  24.40  15.26  16.70  

Inventory turnover days  1032.12  1189.55  743.18  859.53  846.98  934.40  750.59  557.31  

Financial 

risk 

indexes 

Asset-liability ratio (%) 38.96  34.31  32.48  37.87  41.87  36.84  35.54  37.42  

Current liabilities / total liabilities (%) 99.77  99.78  99.98  99.99  92.13  89.96  99.95  99.93  

Liquidity ratio 1.75  1.94  2.05  1.73  1.65  1.61  1.41  1.30  

Quick ratio 0.31  0.20  0.55  0.50  0.60  0.48  0.43  0.46  
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Table A-5 Data for Financial Analysis of Swellfun(600779) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) -0.86  -0.31  0.69  0.66  0.48  0.66  0.64  0.41  

EPS after non-recurring profit and loss 
(yuan) 

-0.88  -0.51  0.67  0.52  0.40  0.64  0.62  0.40  

Diluted EPS (yuan) -0.86  -0.31  0.69  0.66  0.48  0.66  0.64  0.41  

Net assets per share (yuan) 2.47  3.33  3.87  3.41  2.99  3.06  2.93  2.67  

Public accumulation fund per share 

(yuan) 
0.82  0.82  0.82  0.82  0.82  0.83  0.84  0.83  

Undistributed profit per share (yuan) -0.08  0.78  1.34  0.99  0.57  0.68  0.62  0.42  

Operating cash flow per share (yuan) -0.22  -0.90  0.13  0.97  -0.08  1.26  0.05  1.22  

Growth 

ability 

index 

Total assets (hundred million) 16.20  20.60  26.50  25.30  21.40  27.90  25.10  22.60  

Net assets (hundred million) 12.10  16.30  19.00  16.70  14.60  15.00  14.40  13.10  

Operating costs (hundred million) 1.16  1.46  3.14  4.01  8.08  5.95  2.52  2.55  

Operating profit (hundred million) -3.07  -1.53  5.10  4.05  3.78  4.87  4.89  4.32  

Operating income (hundred million) 3.65  4.86  16.40  14.80  18.20  16.70  11.80  10.00  

Gross profit (hundred million) 1.97  2.62  11.70  9.44  8.16  8.85  8.21  6.48  

Attributable gross profit ((hundred 

million) 
-4.18  -1.54  3.38  3.20  2.35  3.21  3.14  2.01  

Revenue growth rate (%) -24.89  -70.31  10.41  -18.49  8.64  41.95  17.43  24.69  

Net profit growth rate (%) -171.42  -145.47  5.38  36.14  -26.57  2.19  55.87  97.89  

Total assets growth rate (%) -21.36  -22.26  4.74  18.22  -23.30  11.16  11.06  #DIV/0! 

Operating profit growth rate (%) 100.65  -130.00  25.93  7.14  -22.38  -0.41  13.19  #DIV/0! 

Net assets growth rate (%) 171.43  -145.56  5.62  36.17  -26.79  2.23  56.22  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) -29.57  -8.79  19.00  20.65  16.44  22.58  23.47  16.39  

Return on total assets (%) -22.72  -6.44  13.09  13.74  9.37  12.03  13.25  9.79  

Rate of margin (%) 68.09  69.93  80.82  72.96  55.54  64.43  78.64  74.59  

Net profit margin (%) -114.70  -31.25  20.73  21.66  12.72  19.07  26.84  20.31  

Effective tax rate (%) -- -- 37.09  33.43  42.13  36.11  35.13  52.78  

Operating profit margin (%) -84.11  -31.48  31.10  27.36  20.77  29.16  41.44  43.20  

Profit 

quality 

indexes 

Advances received / operating income 0.16  0.02  0.03  0.24  0.05  0.44  0.48  0.48  

Sales cash / operating income 1.16  0.85  0.93  1.14  0.65  1.06  1.07  1.50  

Operating cash / operating income -0.29  -0.91  0.04  0.32  -0.02  0.37  0.02  0.59  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.20  0.21  0.63  0.63  0.74  0.63  0.49  0.48  

Net assets turnover rate 0.27  0.27  0.88  0.95  1.08  1.17  0.85  0.83  

Accounts receivable turnover days 61.12  50.39  3.28  2.46  8.02  16.50  21.61  19.38  

Inventory turnover days  2382.97  2460.25  1304.57  965.26  447.88  559.60  1358.35  1285.91  

Financial 

risk 

indexes 

Asset-liability ratio (%) 25.66  20.83  28.50  33.99  31.73  46.16  42.51  42.03  

Current liabilities / total liabilities (%) 77.08  78.35  87.55  82.92  74.10  87.85  81.28  100.00  

Liquidity ratio 3.05  3.63  2.67  2.79  3.52  1.72  1.98  2.02  

Quick ratio 0.63  1.36  0.81  1.33  1.32  0.92  0.89  1.02  
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Table A-6 Data for Financial Analysis of Jiugui Liquor(000799) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) -0.30  -0.11  1.52  0.63  0.26  0.19  0.14  0.21  

EPS after non-recurring profit and loss 
(yuan) 

-0.35  0.02  1.41  0.56  0.08  0.05  0.02  0.01  

Diluted EPS (yuan) -0.30  -0.11  1.52  0.63  0.26  0.19  0.14  0.21  

Net assets per share (yuan) 5.13  5.43  5.75  4.22  2.49  2.23  2.04  1.90  

Public accumulation fund per share 

(yuan) 
3.57  3.57  3.57  3.57  2.51  2.51  2.51  2.51  

Undistributed profit per share (yuan) -0.04  0.26  0.57  -0.95  -1.66  -1.92  -2.11  -2.25  

Operating cash flow per share (yuan) -0.20  -1.44  0.67  1.87  0.33  0.00  0.07  0.57  

Growth 

ability 

index 

Total assets (hundred million) 21.10  21.80  25.70  21.50  12.90  12.20  11.60  13.20  

Net assets (hundred million) 16.80  17.90  18.90  13.70  7.56  6.78  6.18  5.77  

Operating costs (hundred million) 1.56  1.98  3.58  2.45  1.46  0.79  0.81  0.50  

Operating profit (hundred million) -1.48  0.08  6.43  1.88  0.75  0.13  0.08  0.12  

Operating income (hundred million) 3.88  6.85  16.50  9.62  5.60  3.65  3.27  2.11  

Gross profit (hundred million) 1.73  3.86  10.60  5.68  3.29  2.37  2.05  1.39  

Attributable gross profit ((hundred 

million) 
-0.97  -0.37  4.95  1.93  0.79  0.58  0.41  0.62  

Revenue growth rate (%) -43.26  -58.56  71.77  71.61  53.60  11.76  54.49  4.53  

Net profit growth rate (%) -165.75  -107.40  157.22  142.54  35.79  42.07  -34.09  126.92  

Total assets growth rate (%) -3.21  -15.18  19.53  66.67  5.74  5.17  -12.12  #DIV/0! 

Operating profit growth rate (%) -2060.26  -98.83  242.02  150.87  466.44  61.54  -30.18  #DIV/0! 

Net assets growth rate (%) 165.76  -107.41  156.48  143.01  35.81  42.05  -34.09  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) -5.68  -2.03  30.59  20.90  11.09  9.03  6.89  11.44  

Return on total assets (%) -4.84  -1.64  21.09  11.20  6.27  4.89  3.32  4.79  

Rate of margin (%) 59.87  71.11  78.36  74.53  73.91  78.22  75.34  76.32  

Net profit margin (%) -26.68  -5.67  29.94  20.03  14.05  15.97  12.60  29.57  

Effective tax rate (%) -- -- 24.25  5.13  8.69  -5.42  0.01  -- 

Operating profit margin (%) -38.14  1.10  38.97  19.54  13.38  3.62  2.50  5.56  

Profit 

quality 

indexes 

Advances received / operating income 0.49  0.17  0.21  0.47  0.23  0.39  0.22  0.35  

Sales cash / operating income 1.09  0.71  1.12  1.50  1.17  1.20  0.96  0.82  

Operating cash / operating income -0.17  -0.68  0.13  0.63  0.18  0.00  0.07  0.81  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.18  0.29  0.70  0.56  0.45  0.31  0.26  0.16  

Net assets turnover rate 0.23  0.35  0.94  0.88  0.77  0.56  0.49  0.37  

Accounts receivable turnover days 2.29  1.84  0.95  1.52  3.78  13.43  20.40  43.22  

Inventory turnover days  1753.67  1247.19  576.30  705.21  1258.96  2201.33  1761.74  2814.49  

Financial 

risk 

indexes 

Asset-liability ratio (%) 20.09  17.91  25.64  36.16  41.41  44.50  46.77  56.18  

Current liabilities / total liabilities (%) 97.49  97.73  99.10  100.00  100.00  97.48  97.11  96.21  

Liquidity ratio 3.07  3.69  2.97  2.09  1.47  1.41  1.28  0.93  

Quick ratio 1.18  1.76  1.99  1.44  0.64  0.33  0.53  0.38  
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Table A-7 Data for Financial Analysis of Laobaigan (600559) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.42  0.47  0.80  0.66  0.30  0.26  0.22  0.12  

EPS after non-recurring profit and loss 
(yuan) 

0.29  0.40  0.82  0.62  0.30  0.19  0.20  0.11  

Diluted EPS (yuan) 0.42  0.47  0.80  0.66  0.30  0.26  0.22  0.12  

Net assets per share (yuan) 4.77  4.46  4.45  3.62  3.06  2.86  2.61  2.48  

Public accumulation fund per share 

(yuan) 
1.19  1.19  1.19  1.19  1.19  1.19  1.19  1.19  

Undistributed profit per share (yuan) 2.06  1.79  1.91  1.19  0.68  0.51  0.28  0.17  

Operating cash flow per share (yuan) 0.06  -0.10  -0.30  0.77  0.98  0.72  -0.33  1.80  

Growth 

ability 

index 

Total assets (hundred million) 22.40  18.60  16.90  14.50  12.90  11.80  11.10  10.10  

Net assets (hundred million) 6.67  6.24  6.23  5.07  4.28  4.01  3.65  3.48  

Operating costs (hundred million) 8.82  8.88  7.68  7.76  6.86  5.91  3.58  2.61  

Operating profit (hundred million) 1.28  1.01  1.48  1.15  0.61  0.47  0.40  0.34  

Operating income (hundred million) 21.10  18.00  16.70  14.10  11.70  9.35  6.02  4.62  

Gross profit (hundred million) 9.54  6.72  6.87  4.56  3.26  2.20  1.35  1.14  

Attributable gross profit ((hundred 

million) 
0.59  0.66  1.12  0.92  0.42  0.36  0.31  0.17  

Revenue growth rate (%) 17.00  8.19  17.87  21.24  24.72  55.38  30.35  -4.38  

Net profit growth rate (%) -9.80  -41.59  21.83  121.22  16.59  14.68  79.08  450.96  

Total assets growth rate (%) 20.43  10.06  16.55  12.40  9.32  6.31  9.90  #DIV/0! 

Operating profit growth rate (%) 26.73  -31.76  28.70  89.61  29.32  17.66  18.60  #DIV/0! 

Net assets growth rate (%) -9.79  -41.46  21.57  121.20  16.60  14.67  79.13  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 9.16  10.46  19.93  19.42  9.88  9.33  8.77  4.99  

Return on total assets (%) 2.88  3.70  7.15  6.73  3.37  3.12  2.94  1.92  

Rate of margin (%) 58.17  50.72  53.92  45.08  41.19  36.74  40.49  43.55  

Net profit margin (%) 2.80  3.64  6.74  6.52  3.57  3.82  5.18  3.77  

Effective tax rate (%) 60.57  42.04  26.49  24.57  31.06  33.13  27.37  48.34  

Operating profit margin (%) 6.07  5.61  8.86  8.16  5.18  5.02  6.62  7.27  

Profit 

quality 

indexes 

Advances received / operating income 0.25  0.22  0.29  0.34  0.37  0.44  0.57  0.66  

Sales cash / operating income 1.07  1.07  1.09  1.13  1.15  1.11  1.24  1.86  

Operating cash / operating income 0.00  -0.01  -0.03  0.08  0.12  0.11  -0.08  0.55  

Operation 

ability 

indexes 

Total assets turnover rate (times) 1.03  1.02  1.06  1.03  0.94  0.82  0.57  0.51  

Net assets turnover rate 3.46  3.03  2.87  2.94  2.83  2.41  1.74  1.47  

Accounts receivable turnover days 5.05  0.46  0.46  0.15  0.22  0.90  6.03  25.92  

Inventory turnover days  513.23  418.57  405.38  327.84  317.05  333.84  422.15  351.26  

Financial 

risk 

indexes 

Asset-liability ratio (%) 70.25  66.38  63.12  65.01  66.79  66.01  67.24  65.40  

Current liabilities / total liabilities (%) 98.53  97.86  87.43  92.42  85.29  86.54  91.71  99.69  

Liquidity ratio 0.98  1.00  1.19  1.02  1.03  1.03  0.82  0.85  

Quick ratio 0.09  0.07  0.18  0.12  0.17  0.17  0.07  0.36  
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Table A-8 Data for Financial Analysis of TGOOD(300001) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.40  0.59  0.40  0.52  0.85  0.79  0.64  0.19  

EPS after non-recurring profit and loss 
(yuan) 

0.36  0.54  0.36  0.50  0.81  0.76  0.64  0.19  

Diluted EPS (yuan) 0.40  0.59  0.40  0.52  0.85  0.79  0.64  0.19  

Net assets per share (yuan) 3.53  6.41  5.91  5.71  8.08  7.44  1.10  0.48  

Public accumulation fund per share 

(yuan) 
1.27  3.54  3.54  3.54  5.81  5.81  0.04  0.04  

Undistributed profit per share (yuan) 1.09  1.62  1.18  1.02  1.12  0.56  2.71  0.63  

Operating cash flow per share (yuan) 0.28  0.32  0.08  -0.10  -0.18  0.10  0.38  0.71  

Growth 

ability 

index 

Total assets (hundred million) 30.30  23.20  14.70  13.70  12.40  10.80  1.65  0.95  

Net assets (hundred million) 15.70  14.20  11.80  11.40  10.80  9.93  1.04  0.45  

Operating costs (hundred million) 14.00  9.60  4.40  4.23  3.40  2.53  1.75  0.91  

Operating profit (hundred million) 1.91  1.41  0.85  1.19  1.27  0.95  0.70  0.19  

Operating income (hundred million) 19.30  13.50  6.64  6.42  5.30  3.91  2.71  1.23  

Gross profit (hundred million) 5.21  3.85  2.20  2.16  1.86  -- -- -- 

Attributable gross profit ((hundred 

million) 
1.59  1.18  0.80  1.05  1.13  0.83  0.61  0.18  

Revenue growth rate (%) 42.77  103.82  3.41  21.12  35.46  44.41  119.49  77.34  

Net profit growth rate (%) 34.40  47.27  -23.37  -7.14  35.55  36.17  232.12  32.45  

Total assets growth rate (%) 30.60  57.82  7.30  10.48  14.81  554.55  73.70  #DIV/0! 

Operating profit growth rate (%) 35.46  65.24  -28.29  -6.30  33.56  36.00  263.41  #DIV/0! 

Net assets growth rate (%) 10.56  20.34  3.51  5.56  8.76  854.81  129.58  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 11.77  9.59  6.69  9.46  10.94  23.53  81.79  49.89  

Return on total assets (%) 6.67  6.72  5.65  8.05  9.74  13.36  47.12  25.66  

Rate of margin (%) 27.55  29.05  33.74  34.10  35.79  35.33  35.52  26.38  

Net profit margin (%) 9.24  9.42  12.11  16.34  21.31  21.29  22.58  14.92  

Effective tax rate (%) 15.63  17.08  16.05  15.49  15.01  15.01  12.95  6.39  

Operating profit margin (%) 9.90  10.44  12.85  18.54  23.96  24.32  25.80  15.64  

Profit 

quality 

indexes 

Advances received / operating income 0.04  0.09  0.03  0.01  0.02  0.01  0.05  0.15  

Sales cash / operating income 0.81  0.84  1.03  0.75  0.87  0.88  0.87  1.08  

Operating cash / operating income 0.06  0.05  0.02  -0.03  -0.05  0.03  0.03  0.14  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.72  0.71  0.47  0.49  0.46  0.63  2.09  1.72  

Net assets turnover rate 1.39  1.16  0.58  0.59  0.53  0.69  3.30  3.61  

Accounts receivable turnover days 217.60  205.46  283.16  223.17  184.63  151.31  111.14  112.90  

Inventory turnover days  89.63  92.99  109.69  65.98  27.78  15.32  23.28  49.33  

Financial 

risk 

indexes 

Asset-liability ratio (%) 48.30  38.78  19.59  16.48  12.66  8.23  36.66  52.31  

Current liabilities / total liabilities (%) 99.90  99.67  98.20  99.84  100.00  97.44  100.00  100.00  

Liquidity ratio 1.48  1.92  3.83  4.48  6.78  11.75  2.62  1.82  

Quick ratio 1.24  1.54  3.29  3.97  6.53  11.59  2.48  1.53  
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Table A-9 Data for Financial Analysis of Nanfeng Corporation(300004) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.50  0.25  0.22  0.43  0.66  0.64  0.44  0.37  

EPS after non-recurring profit and loss 
(yuan) 

0.48  0.23  0.21  0.43  0.63  0.63  0.43  0.28  

Diluted EPS (yuan) 0.50  0.25  0.22  0.43  0.66  0.64  0.44  0.37  

Net assets per share (yuan) 11.77  4.65  4.50  4.38  7.90  7.34  1.65  1.58  

Public accumulation fund per share 

(yuan) 
9.42  2.33  2.33  2.33  5.57  5.57  0.31  0.13  

Undistributed profit per share (yuan) 1.22  1.15  1.02  0.93  1.18  0.68  0.30  0.41  

Operating cash flow per share (yuan) 0.73  0.30  0.24  -0.46  -0.17  0.26  0.33  0.25  

Growth 

ability 

index 

Total assets (hundred million) 37.70  11.90  10.90  10.90  9.73  8.57  2.34  2.07  

Net assets (hundred million) 30.20  8.96  8.50  8.29  7.42  6.90  1.16  0.86  

Operating costs (hundred million) 4.96  2.52  2.18  2.84  2.28  1.94  1.41  1.05  

Operating profit (hundred million) 1.20  0.51  0.47  0.96  0.69  0.56  0.36  0.23  

Operating income (hundred million) 8.18  4.07  3.47  4.49  3.39  2.86  2.02  1.45  

Gross profit (hundred million) 3.13  1.51  1.26  1.61  1.09  0.90  0.60  0.39  

Attributable gross profit ((hundred 

million) 
1.09  0.46  0.41  0.82  0.62  0.48  0.31  0.19  

Revenue growth rate (%) 100.84  17.32  -22.59  32.53  18.29  41.75  39.31  113.01  

Net profit growth rate (%) 134.55  14.03  -50.19  31.23  28.49  58.46  63.11  263.90  

Total assets growth rate (%) 216.81  9.17  0.00  12.02  13.54  266.24  13.04  #DIV/0! 

Operating profit growth rate (%) 135.85  8.65  -51.28  40.12  22.79  57.07  57.67  #DIV/0! 

Net assets growth rate (%) 237.05  5.41  2.53  11.73  7.54  494.83  35.62  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 6.04  5.39  4.86  10.49  8.68  17.85  30.38  28.30  

Return on total assets (%) 4.34  4.01  3.65  7.89  6.80  8.88  13.87  10.50  

Rate of margin (%) 39.40  38.13  37.34  36.72  32.68  32.16  30.30  27.81  

Net profit margin (%) 13.16  11.22  11.43  18.11  18.37  16.91  15.13  12.92  

Effective tax rate (%) 13.62  15.54  16.84  17.05  14.22  13.91  15.26  17.00  

Operating profit margin (%) 14.67  12.50  13.50  21.41  20.24  19.53  17.61  15.56  

Profit 

quality 

indexes 

Advances received / operating income 0.05  0.08  0.08  0.12  0.17  0.07  0.10  0.14  

Sales cash / operating income 0.97  1.09  0.96  0.63  1.02  0.99  1.03  0.89  

Operating cash / operating income 0.23  0.14  0.13  -0.19  -0.05  0.09  0.12  0.09  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.33  0.36  0.32  0.44  0.37  0.52  0.92  0.81  

Net assets turnover rate 0.41  0.48  0.41  0.58  0.48  0.65  1.86  1.96  

Accounts receivable turnover days 207.93  331.63  391.16  213.41  138.78  98.92  94.11  86.91  

Inventory turnover days  246.79  184.83  176.79  129.06  121.40  86.70  91.78  83.87  

Financial 

risk 

indexes 

Asset-liability ratio (%) 20.03  24.65  21.94  23.85  23.69  19.50  50.57  58.63  

Current liabilities / total liabilities (%) 85.36  92.98  69.87  74.93  99.77  96.41  80.43  61.73  

Liquidity ratio 2.29  2.90  4.75  4.40  3.36  4.86  1.73  1.88  

Quick ratio 1.47  2.35  4.09  3.86  2.92  4.53  1.32  1.45  
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Table A-10 Data for Financial Analysis of Tongda Power Technology(002576) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) -0.10  0.06  0.11  0.50  0.62  0.42  0.47  0.48  

EPS after non-recurring profit and loss 
(yuan) 

-0.12  0.04  0.03  0.48  0.61  0.36  0.44  0.49  

Diluted EPS (yuan) -0.10  0.06  0.11  0.50  0.62  0.42  0.47  0.48  

Net assets per share (yuan) 5.10  5.23  5.20  6.87  2.76  2.20  1.78  2.43  

Public accumulation fund per share 

(yuan) 
3.31  3.31  3.31  4.61  0.69  0.56  0.56  0.34  

Undistributed profit per share (yuan) 0.66  0.79  0.77  1.13  0.95  0.58  0.20  0.95  

Operating cash flow per share (yuan) -0.15  0.11  0.31  -0.88  0.28  0.28  0.48  1.01  

Growth 

ability 

index 

Total assets (hundred million) 11.40  11.70  10.30  10.50  4.93  3.82  3.57  2.07  

Net assets (hundred million) 8.54  8.76  8.68  8.73  2.62  1.98  1.60  0.92  

Operating costs (hundred million) 9.72  8.16  6.72  8.05  7.17  3.69  4.78  3.09  

Operating profit (hundred million) 0.20  0.08  0.03  0.63  0.66  0.38  0.48  0.39  

Operating income (hundred million) 10.50  9.18  7.51  9.48  8.50  4.54  5.77  3.77  

Gross profit (hundred million) 0.78  1.01  0.77  1.41  1.31  0.83  0.97  0.67  

Attributable gross profit ((hundred 

million) 
-0.17  0.10  0.18  0.59  0.58  0.38  0.40  0.33  

Revenue growth rate (%) 14.62  22.28  -20.81  11.53  87.29  -21.34  52.93  -- 

Net profit growth rate (%) -263.04  -44.34  -68.82  1.72  50.99  -4.83  20.16  -- 

Total assets growth rate (%) -2.56  13.59  -1.90  112.98  29.06  7.00  72.46  #DIV/0! 

Operating profit growth rate (%) 143.93  139.00  -94.63  -3.08  74.14  -22.26  24.81  #DIV/0! 

Net assets growth rate (%) -2.51  0.92  -0.57  233.21  32.32  23.75  73.16  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) -1.94  1.18  2.12  8.89  23.81  21.31  30.63  55.21  

Return on total assets (%) -1.44  0.98  1.71  7.61  13.18  10.34  14.23  32.26  

Rate of margin (%) 7.65  11.15  10.55  15.07  15.65  18.61  17.16  17.99  

Net profit margin (%) -1.57  1.17  2.37  6.19  6.78  8.41  6.95  8.85  

Effective tax rate (%) -- 9.49  14.05  12.25  13.32  15.18  18.02  13.33  

Operating profit margin (%) 1.89  0.89  0.45  6.70  7.71  8.29  8.39  10.28  

Profit 

quality 

indexes 

Advances received / operating income 0.01  0.05  0.02  0.01  0.01  0.01  0.01  0.01  

Sales cash / operating income 0.69  0.64  0.55  0.68  0.91  1.08  1.18  1.04  

Operating cash / operating income -0.02  0.02  0.07  -0.12  0.03  0.06  0.07  0.10  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.91  0.84  0.72  1.23  1.94  1.23  2.05  -- 

Net assets turnover rate 1.21  1.12  0.85  1.48  3.64  2.37  4.57  
#VALUE

! 

Accounts receivable turnover days 62.07  59.08  61.92  39.38  24.22  28.88  14.04  8.24  

Inventory turnover days  70.86  76.17  81.36  57.35  37.44  48.58  31.46  20.04  

Financial 

risk 

indexes 

Asset-liability ratio (%) 24.99  25.05  15.34  16.82  46.73  48.10  55.13  55.37  

Current liabilities / total liabilities (%) 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00  

Liquidity ratio 2.80  2.98  4.77  4.62  1.20  1.11  1.09  0.96  

Quick ratio 2.15  2.30  3.84  3.72  0.77  0.83  0.84  0.66  
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Table A-11 Data for Financial Analysis of Guangdian Electric (601616) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.04  0.06  0.04  0.41  0.49  0.52  0.28  0.21  

EPS after non-recurring profit and loss 
(yuan) 

0.03  0.04  0.02  0.35  0.40  0.46  0.22  0.16  

Diluted EPS (yuan) 0.04  0.06  0.04  0.41  0.49  0.52  0.28  0.21  

Net assets per share (yuan) 2.71  2.71  2.75  5.00  1.65  2.33  1.54  1.06  

Public accumulation fund per share 

(yuan) 
1.43  1.43  1.43  3.38  0.01  0.01  0.00  0.00  

Undistributed profit per share (yuan) 0.18  0.19  0.24  0.47  0.51  1.16  0.46  0.02  

Operating cash flow per share (yuan) 0.04  0.09  0.09  -0.14  -0.09  0.09  0.19  0.08  

Growth 

ability 

index 

Total assets (hundred million) 30.90  32.60  32.60  36.30  18.20  15.00  12.60  10.40  

Net assets (hundred million) 25.60  25.70  26.30  26.50  7.52  6.09  3.87  2.70  

Operating costs (hundred million) 6.82  8.82  6.83  8.92  8.11  8.97  9.25  7.85  

Operating profit (hundred million) 0.27  0.34  0.17  1.96  2.00  2.13  0.97  0.75  

Operating income (hundred million) 8.92  11.10  9.15  12.20  11.40  12.20  11.60  9.57  

Gross profit (hundred million) 2.08  2.23  2.29  3.28  3.23  3.14  2.31  1.69  

Attributable gross profit ((hundred 

million) 
0.39  0.55  3663.00  2.07  2.03  2.13  1.16  0.87  

Revenue growth rate (%) -19.39  21.02  -25.31  7.60  -6.52  5.12  21.25  -- 

Net profit growth rate (%) -28.98  49.03  -81.01  4.02  -4.57  84.96  33.26  -- 

Total assets growth rate (%) -5.21  0.00  -10.19  99.45  21.33  19.05  21.15  #DIV/0! 

Operating profit growth rate (%) -19.95  102.36  -91.34  -2.00  -6.10  120.57  29.52  #DIV/0! 

Net assets growth rate (%) -0.39  -2.28  -0.75  252.39  23.48  57.36  43.33  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 1.51  2.15  1.53  8.77  32.19  45.86  36.50  40.27  

Return on total assets (%) 1.31  1.70  1.41  7.63  12.57  15.76  10.18  16.82  

Rate of margin (%) 23.53  20.28  25.28  27.35  28.76  25.16  20.22  17.95  

Net profit margin (%) 4.66  5.01  5.32  17.04  18.22  17.72  10.13  9.18  

Effective tax rate (%) 3.72  6.17  5.41  12.37  12.29  10.34  4.95  8.06  

Operating profit margin (%) 3.08  3.09  1.85  16.07  17.54  17.46  8.33  7.79  

Profit 

quality 

indexes 

Advances received / operating income 0.03  0.02  0.05  0.03  0.04  0.07  0.09  0.09  

Sales cash / operating income 1.05  0.91  1.25  0.96  0.89  1.05  1.10  1.24  

Operating cash / operating income 0.04  0.08  0.10  -0.06  -0.03  0.02  0.04  0.02  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.28  0.34  0.27  0.45  0.69  0.89  1.01  -- 

Net assets turnover rate 0.34  0.43  0.33  0.62  1.67  2.18  3.29  
#VALUE

! 

Accounts receivable turnover days 327.89  276.47  348.25  244.63  198.34  142.65  117.68  61.37  

Inventory turnover days  87.28  69.87  92.89  69.18  82.47  89.18  93.64  54.53  

Financial 

risk 

indexes 

Asset-liability ratio (%) 16.88  21.31  19.17  27.16  58.75  59.19  69.34  74.17  

Current liabilities / total liabilities (%) 94.91  95.67  94.87  97.72  87.98  88.39  96.52  93.70  

Liquidity ratio 3.78  3.02  3.86  2.92  1.25  1.26  1.01  1.01  

Quick ratio 3.46  2.76  3.57  2.73  1.08  0.99  0.72  0.68  
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Table A-12 Data for Financial Analysis of Hongfa (600885) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.81  0.69  0.80  -0.89  0.03  -0.79  -0.36  0.02  

EPS after non-recurring profit and loss 
(yuan) 

0.75  0.60  0.74  -0.89  -0.21  -0.61  -0.18  -0.01  

Diluted EPS (yuan) 0.81  0.69  0.80  -0.89  0.03  -0.79  -0.36  0.02  

Net assets per share (yuan) 4.89  4.08  2.35  -0.99  0.04  -0.18  0.58  0.92  

Public accumulation fund per share 

(yuan) 
1.26  1.26  -- 0.33  0.48  0.28  0.25  0.23  

Undistributed profit per share (yuan) 2.36  1.64  1.21  -2.35  -1.48  -1.50  -0.71  -0.35  

Operating cash flow per share (yuan) 0.66  0.87  0.69  1.27  0.48  0.20  0.38  0.25  

Growth 

ability 

index 

Total assets (hundred million) 47.40  43.80  29.60  29.30  8.21  5.78  8.01  7.56  

Net assets (hundred million) 34.90  29.40  16.60  12.70  1.84  -0.07  1.20  1.64  

Operating costs (hundred million) 25.90  22.40  20.30  20.80  5.69  5.30  5.08  4.42  

Operating profit (hundred million) 6.56  5.36  4.32  3.78  -0.21  -0.82  -0.09  0.17  

Operating income (hundred million) 40.60  34.30  30.10  30.20  6.61  5.95  6.32  5.57  

Gross profit (hundred million) 14.30  11.60  9.59  9.29  0.89  0.61  1.20  1.12  

Attributable gross profit ((hundred 

million) 
4.30  3.28  2.79  2.27  0.10  -1.22  -0.55  0.03  

Revenue growth rate (%) 18.61  13.86  -0.38  -7.92  -13.16  -5.87  13.43  23.23  

Net profit growth rate (%) 30.98  17.58  22.73  -1468.70  -108.17  -122.75  -1967.61  -100.00  

Total assets growth rate (%) 8.22  47.97  1.02  256.88  42.04  -27.84  5.95  #DIV/0! 

Operating profit growth rate (%) 22.39  24.07  14.29  -1873.82  -74.12  795.00  -155.52  #DIV/0! 

Net assets growth rate (%) 18.71  77.11  30.71  590.22  -2805.88  -105.67  -26.83  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 18.02  25.60  28.06  -- 37.69  0.00  -48.56  2.03  

Return on total assets (%) 12.98  12.87  22.14  -22.47  1.32  -16.59  -6.04  1.25  

Rate of margin (%) 36.19  34.65  32.46  11.25  13.30  10.83  19.57  20.68  

Net profit margin (%) 14.56  13.79  13.24  -22.62  1.50  -19.23  -7.44  1.70  

Effective tax rate (%) 15.64  17.72  14.39  -- 26.72  -- -- 44.19  

Operating profit margin (%) 16.16  15.63  14.35  12.52  -3.22  -13.84  -1.46  2.97  

Profit 

quality 

indexes 

Advances received / operating income 0.00  0.00  0.00  0.01  0.10  0.04  0.07  0.09  

Sales cash / operating income 0.77  0.71  0.77  1.21  1.25  1.17  1.40  1.30  

Operating cash / operating income 0.09  0.13  0.11  0.32  0.14  0.05  0.09  0.07  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.89  0.93  1.67  0.99  0.88  0.86  0.81  0.73  

Net assets turnover rate 1.21  1.38  2.99  -4.93  16.21  -89.58  5.38  3.36  

Accounts receivable turnover days 82.81  89.97  53.18  30.82  26.00  24.74  36.85  48.46  

Inventory turnover days  92.26  88.83  54.85  68.81  83.46  91.87  98.00  101.01  

Financial 

risk 

indexes 

Asset-liability ratio (%) 26.33  32.79  44.08  120.08  94.57  100.96  84.95  78.27  

Current liabilities / total liabilities (%) 96.13  78.61  92.38  89.24  100.00  95.72  99.41  99.93  

Liquidity ratio 2.61  2.78  1.54  0.43  0.46  0.45  0.60  0.60  

Quick ratio 2.00  2.25  1.11  0.27  0.28  0.25  0.36  0.40  
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Table A-13 Data for Financial Analysis of Tiancheng Holding(600112) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.03  0.01  0.15  0.16  0.20  0.30  0.18  0.13  

EPS after non-recurring profit and loss 
(yuan) 

-0.10  -0.10  -0.04  0.02  0.07  0.19  0.17  0.11  

Diluted EPS (yuan) 0.03  0.01  0.15  0.16  0.20  0.30  0.18  0.13  

Net assets per share (yuan) 2.49  2.33  2.32  2.62  2.48  1.67  1.37  1.57  

Public accumulation fund per share 

(yuan) 
0.77  0.64  0.64  0.96  0.98  0.04  0.00  0.23  

Undistributed profit per share (yuan) 0.67  0.65  0.64  0.60  0.44  0.57  0.29  0.26  

Operating cash flow per share (yuan) -0.08  -0.03  -0.06  -0.06  -0.09  0.07  0.03  0.10  

Growth 

ability 

index 

Total assets (hundred million) 26.30  30.60  25.20  22.10  13.70  8.76  8.63  7.54  

Net assets (hundred million) 12.70  11.90  11.80  11.10  10.70  5.64  5.05  4.98  

Operating costs (hundred million) 2.85  4.39  5.82  2.83  2.42  2.35  2.89  2.85  

Operating profit (hundred million) 0.18  -0.51  -0.16  0.22  0.27  0.65  0.62  0.37  

Operating income (hundred million) 4.89  6.55  8.26  4.74  3.96  4.05  4.60  4.03  

Gross profit (hundred million) 1.99  2.11  2.40  1.86  1.51  1.65  1.67  1.15  

Attributable gross profit ((hundred 

million) 
0.16  0.07  0.75  0.66  0.81  0.97  0.59  0.30  

Revenue growth rate (%) -25.28  -20.75  74.23  19.85  -2.27  -11.91  13.89  29.68  

Net profit growth rate (%) 118.59  -90.28  13.39  -18.66  -16.30  64.52  94.12  325.39  

Total assets growth rate (%) -14.05  21.43  14.03  61.31  56.39  1.51  14.46  #DIV/0! 

Operating profit growth rate (%) -135.00  215.65  -173.91  -18.33  -58.79  4.55  67.45  #DIV/0! 

Net assets growth rate (%) 6.72  0.85  6.31  3.74  89.72  11.68  1.41  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 1.28  0.62  6.53  6.10  9.37  19.83  12.97  8.64  

Return on total assets (%) 0.56  0.26  3.16  3.62  6.86  10.80  8.40  5.67  

Rate of margin (%) 41.68  32.95  29.53  40.28  38.88  41.84  37.08  29.61  

Net profit margin (%) 3.25  1.11  9.06  13.66  19.43  23.20  14.41  9.16  

Effective tax rate (%) 35.87  -1.81  3.42  25.13  13.60  10.75  3.73  8.52  

Operating profit margin (%) 3.67  -7.82  -1.96  4.63  6.79  16.11  13.57  9.25  

Profit 

quality 

indexes 

Advances received / operating income 0.03  0.02  0.02  0.39  0.04  0.04  0.03  0.13  

Sales cash / operating income 1.20  1.08  0.76  1.43  1.17  1.08  1.11  1.15  

Operating cash / operating income -0.08  -0.02  -0.04  -0.05  -0.09  0.06  0.02  0.06  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.17  0.23  0.35  0.26  0.35  0.47  0.58  0.62  

Net assets turnover rate 0.35  0.59  0.75  0.52  0.45  0.73  0.99  0.94  

Accounts receivable turnover days 223.12  155.44  85.10  106.70  127.33  137.69  134.34  147.20  

Inventory turnover days  269.87  208.93  152.73  254.25  209.75  230.89  176.17  134.91  

Financial 

risk 

indexes 

Asset-liability ratio (%) 51.86  61.30  53.07  49.84  21.51  35.64  41.43  34.19  

Current liabilities / total liabilities (%) 95.81  62.41  46.43  56.54  96.89  92.20  86.13  96.06  

Liquidity ratio 0.96  1.53  2.18  2.35  3.41  1.83  1.80  2.01  

Quick ratio 0.84  1.30  1.78  1.96  2.87  1.39  1.24  1.55  
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Table A-14 Data for Financial Analysis of Zhefu Holding(002266) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.07  0.08  0.21  0.61  0.96  0.89  0.98  0.79  

EPS after non-recurring profit and loss 
(yuan) 

-0.01  0.06  0.18  0.49  0.90  0.81  0.84  0.71  

Diluted EPS (yuan) 0.07  0.08  0.21  0.61  0.96  0.89  0.98  0.79  

Net assets per share (yuan) 1.88  1.57  2.26  4.22  7.40  6.42  5.76  2.01  

Public accumulation fund per share 

(yuan) 
0.39  0.11  0.23  1.47  3.88  3.52  3.52  0.48  

Undistributed profit per share (yuan) 0.43  0.41  0.90  1.54  2.23  1.69  1.12  0.48  

Operating cash flow per share (yuan) -0.05  -0.07  0.14  0.23  -0.56  -1.57  0.01  0.26  

Growth 

ability 

index 

Total assets (hundred million) 50.50  42.40  25.00  21.50  20.80  16.40  13.80  7.50  

Net assets (hundred million) 30.50  25.50  15.50  13.40  11.30  9.29  8.25  2.25  

Operating costs (hundred million) 6.22  5.81  6.53  7.39  6.33  5.76  5.55  3.51  

Operating profit (hundred million) 1.17  0.86  1.22  2.04  1.53  1.31  1.10  0.79  

Operating income (hundred million) 6.86  7.96  9.25  10.60  9.24  8.32  7.54  4.82  

Gross profit (hundred million) 0.62  2.12  2.64  3.16  2.83  2.48  1.94  1.29  

Attributable gross profit ((hundred 

million) 
1.01  0.91  1.28  1.81  1.39  1.27  1.20  0.81  

Revenue growth rate (%) -13.83  -13.95  -12.68  14.68  11.04  10.35  56.35  73.80  

Net profit growth rate (%) 10.66  -28.38  -29.61  30.92  8.90  5.96  48.77  218.12  

Total assets growth rate (%) 19.10  69.60  16.28  3.37  26.83  18.84  84.00  #DIV/0! 

Operating profit growth rate (%) 35.64  -29.30  -40.20  33.33  16.79  19.09  39.08  #DIV/0! 

Net assets growth rate (%) 10.43  -28.55  -29.28  30.22  9.45  5.83  48.64  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 4.11  4.69  9.77  15.30  14.04  14.73  27.36  64.32  

Return on total assets (%) 2.26  2.66  5.69  8.68  7.40  8.42  11.28  13.95  

Rate of margin (%) 9.40  26.98  29.47  30.23  31.47  30.75  26.37  27.20  

Net profit margin (%) 15.28  11.26  14.28  17.31  14.91  15.29  15.93  16.71  

Effective tax rate (%) 15.19  11.52  10.12  15.28  14.51  10.91  8.31  11.30  

Operating profit margin (%) 17.06  10.84  13.19  19.25  16.56  15.75  14.59  16.41  

Profit 

quality 

indexes 

Advances received / operating income 0.05  0.04  0.03  0.03  0.15  0.13  0.39  0.82  

Sales cash / operating income 1.31  0.88  1.04  1.26  0.82  0.52  0.88  1.18  

Operating cash / operating income -0.12  -0.13  0.09  0.06  -0.09  -0.27  0.00  0.06  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.15  0.24  0.40  0.50  0.50  0.55  0.71  0.83  

Net assets turnover rate 0.25  0.40  0.65  0.80  0.92  0.97  1.19  2.76  

Accounts receivable turnover days 181.66  205.70  248.23  269.79  287.82  183.76  81.57  67.43  

Inventory turnover days  568.37  519.31  271.23  129.67  111.07  92.39  84.77  75.59  

Financial 

risk 

indexes 

Asset-liability ratio (%) 39.55  39.89  38.00  37.44  45.77  43.45  40.22  69.96  

Current liabilities / total liabilities (%) 74.45  93.71  100.00  99.99  89.50  100.00  100.00  100.00  

Liquidity ratio 1.22  1.40  1.66  1.82  1.83  1.68  1.90  1.02  

Quick ratio 0.57  0.77  0.94  1.44  1.56  1.46  1.65  0.78  
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Table A-15 Data for Financial Analysis of Xinlong Electrical(002298) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.04  0.21  0.26  0.44  0.26  0.43  0.34  0.29  

EPS after non-recurring profit and loss 
(yuan) 

0.01  0.12  0.25  0.42  0.24  0.41  0.33  0.28  

Diluted EPS (yuan) 0.04  0.21  0.26  0.44  0.26  0.43  0.34  0.29  

Net assets per share (yuan) 3.09  3.09  2.85  3.34  2.96  4.11  2.13  1.79  

Public accumulation fund per share 

(yuan) 
1.25  1.24  1.19  1.06  1.04  2.06  0.18  0.18  

Undistributed profit per share (yuan) 0.74  0.74  0.57  1.12  0.79  0.89  0.76  0.45  

Operating cash flow per share (yuan) 0.05  -0.20  0.11  0.06  -0.93  0.14  0.34  0.25  

Growth 

ability 

index 

Total assets (hundred million) 22.70  22.90  20.30  14.60  11.60  8.58  6.17  5.66  

Net assets (hundred million) 13.20  12.90  11.80  5.72  4.92  4.55  1.76  1.50  

Operating costs (hundred million) 4.90  5.34  5.62  5.48  4.05  3.43  2.78  2.43  

Operating profit (hundred million) 0.09  0.53  1.06  0.82  0.46  0.42  0.32  0.34  

Operating income (hundred million) 8.09  9.05  9.44  8.62  6.10  5.13  4.19  3.69  

Gross profit (hundred million) 3.14  3.66  3.74  3.08  2.02  1.68  1.39  1.25  

Attributable gross profit ((hundred 

million) 
0.15  0.87  0.95  0.73  0.43  0.38  0.28  0.24  

Revenue growth rate (%) -10.58  -4.12  9.50  41.44  18.85  22.44  13.43  44.42  

Net profit growth rate (%) -82.86  -8.24  31.14  70.12  12.50  36.72  15.99  77.56  

Total assets growth rate (%) -0.87  12.81  39.04  25.86  35.20  39.06  9.01  #DIV/0! 

Operating profit growth rate (%) -82.78  -49.71  29.77  79.44  8.20  30.33  -5.39  #DIV/0! 

Net assets growth rate (%) -82.86  -8.23  31.14  70.10  12.50  36.75  15.99  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 1.17  7.13  11.13  14.00  9.08  14.99  17.31  17.83  

Return on total assets (%) 0.73  4.05  5.40  5.64  4.27  5.24  4.70  4.46  

Rate of margin (%) 39.48  40.99  40.51  36.38  33.52  33.19  33.68  34.13  

Net profit margin (%) 2.06  9.67  10.00  8.56  7.07  7.54  6.64  6.54  

Effective tax rate (%) 18.16  12.21  14.85  14.75  14.03  12.21  14.94  30.91  

Operating profit margin (%) 1.13  5.89  11.23  9.48  7.46  8.20  7.70  9.25  

Profit 

quality 

indexes 

Advances received / operating income 0.06  0.04  0.05  0.06  0.20  0.15  0.17  0.19  

Sales cash / operating income 1.25  1.10  0.95  0.88  0.98  1.13  1.19  1.28  

Operating cash / operating income 0.03  -0.09  0.05  0.01  -0.25  0.03  0.07  0.05  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.35  0.42  0.54  0.66  0.60  0.70  0.71  0.68  

Net assets turnover rate 0.60  0.74  0.93  1.69  1.41  1.32  2.48  2.57  

Accounts receivable turnover days 305.03  262.51  198.12  144.55  122.71  80.80  84.76  104.91  

Inventory turnover days  402.24  317.01  284.42  307.08  352.90  315.23  327.73  299.61  

Financial 

risk 

indexes 

Asset-liability ratio (%) 41.84  43.59  41.74  60.86  57.54  46.94  71.41  73.56  

Current liabilities / total liabilities (%) 84.35  83.34  82.21  94.55  100.00  100.00  89.79  99.88  

Liquidity ratio 2.05  2.15  2.43  1.37  1.51  1.87  1.29  1.11  

Quick ratio 1.33  1.53  1.82  0.82  0.81  1.07  0.60  0.56  
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Table A-16 Data for Financial Analysis of Northeast Electric(00085) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.01  0.01  0.01  -0.04  -0.01  0.01  -0.08  -0.39  

EPS after non-recurring profit and loss 
(yuan) 

0.01  0.00  0.00  -0.05  -0.01  0.01  0.00  -0.10  

Diluted EPS (yuan) 0.01  0.01  0.01  -0.04  -0.01  0.01  -0.08  -0.39  

Net assets per share (yuan) 0.33  0.32  0.31  0.30  0.36  0.36  0.36  0.59  

Public accumulation fund per share 

(yuan) 
1.01  1.01  1.01  1.01  1.01  1.01  1.01  1.12  

Undistributed profit per share (yuan) -1.77  -1.77  -1.78  -1.80  -1.76  -1.75  -1.76  -1.68  

Operating cash flow per share (yuan) 0.03  0.04  0.00  -0.04  0.00  0.03  0.02  -0.03  

Growth 

ability 

index 

Total assets (hundred million) 4.83  4.63  4.98  5.57  8.44  8.37  8.47  10.4 

Net assets (hundred million) 2.87  2.80  2.73  2.62  3.07  3.21  3.14  4.89 

Operating costs (hundred million) 1.49  1.38  1.56  1.91  2.75  0.02  4.05  5.27 

Operating profit (hundred million) 0.09  0.07  0.07  -0.38  -0.05  -0.07  -0.70  -1.11 

Operating income (hundred million) 1.98  1.96  2.17  2.49  3.48  0.03  5.18  6.4 

Gross profit (hundred million) 0.47  0.56  0.59  0.55  0.73  -- 1.13  1.11 

Attributable gross profit ((hundred 

million) 
0.06  0.10  0.11  -0.32  -0.09  -0.07  -0.69  -3.41 

Revenue growth rate (%) 0.79  -9.78  -12.65  -28.63  12329.45  -18.15  -19.07  14.19 

Net profit growth rate (%) -37.60  -11.26  -134.60  276.17  21.25  -89.78  -79.73  -1,254.3 

Total assets growth rate (%) 4.32  -7.03  -10.59  -34.00  0.84  -1.18  -18.56  --- 

Operating profit growth rate (%) 32.47  6.55  -117.31  670.12  -30.11  -89.91  -37.15  --- 

Net assets growth rate (%) -37.61  -11.22  -134.60  276.17  21.25  -89.78  -79.73  --- 

Profit 

ability 

indexes 

Return on net assets(%) 2.18  3.60  4.10  -11.39  0.53  2.44  -17.38  -46.41  

Return on total assets (%) 1.28  2.01  2.09  -4.66  -1.10  0.86  -7.46  -29.90  

Rate of margin (%) 24.48  29.33  28.07  23.22  21.22  28.98  21.85  17.59  

Net profit margin (%) 3.07  4.93  5.08  -13.13  -2.64  1.71  -13.63  -54.39  

Effective tax rate (%) 34.82  24.19  14.42  -- -- -6.10  -- -- 

Operating profit margin (%) 4.68  3.57  3.02  -15.22  -1.41  -251.43  -13.47  -17.34  

Profit 

quality 

indexes 

Advances received / operating income 0.04  0.05  0.07  0.15  0.20  6.76  0.12  0.14  

Sales cash / operating income 1.11  1.21  1.10  1.40  1.15  0.86  1.12  1.09  

Operating cash / operating income 0.14  0.16  -0.02  -0.14  0.00  0.05  0.03  -0.04  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.42  0.41  0.41  0.35  0.41  0.50  0.55  0.55  

Net assets turnover rate 0.71  0.68  0.75  0.74  1.13  1.30  1.48  1.18  

Accounts receivable turnover days 223.14  251.74  267.18  286.23  249.63  183.13  123.42  116.82  

Inventory turnover days  79.73  94.77  104.24  138.27  108.85  81.65  71.32  55.08  

Financial 

risk 

indexes 

Asset-liability ratio (%) 40.61  39.44  45.20  52.97  63.70  61.63  62.93  53.25  

Current liabilities / total liabilities (%) 69.02  66.73  62.38  60.78  69.33  57.74  76.55  77.54  

Liquidity ratio 2.23  2.26  2.19  2.00  1.20  1.42  1.09  1.22  

Quick ratio 1.98  2.00  1.90  1.72  0.94  1.19  0.92  1.00  
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Table A-17 Data for Financial Analysis of Xuji Group Corporation (000400) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 1.06  1.06  0.88  0.41  0.39  0.34  0.10  0.31  

EPS after non-recurring profit and loss 
(yuan) 

1.08  1.06  0.85  0.40  0.35  0.35  0.10  0.30  

Diluted EPS (yuan) 1.06  1.06  0.88  0.41  0.39  0.34  0.10  0.31  

Net assets per share (yuan) 5.62  6.69  7.41  6.67  6.37  5.98  5.63  5.63  

Public accumulation fund per share 

(yuan) 
0.82  1.21  1.57  1.57  1.57  1.57  1.57  1.57  

Undistributed profit per share (yuan) 3.43  3.96  4.16  3.43  3.12  2.74  2.40  2.03  

Operating cash flow per share (yuan) -0.21  1.65  1.32  1.25  0.45  0.52  0.73  0.62  

Growth 

ability 

index 

Total assets (hundred million) 108.00  104.00  69.30  70.70  57.50  46.10  47.40  46.50  

Net assets (hundred million) 62.30  47.50  31.90  29.70  27.60  25.30  23.60  23.30  

Operating costs (hundred million) 54.90  61.60  48.40  29.40  27.50  20.50  18.10  17.00  

Operating profit (hundred million) 13.20  10.00  5.36  3.09  2.02  2.20  1.07  1.75  

Operating income (hundred million) 83.60  87.70  66.10  43.60  38.60  30.40  26.00  24.50  

Gross profit (hundred million) 28.20  25.40  17.00  13.90  10.80  9.60  7.77  7.40  

Attributable gross profit ((hundred 

million) 
10.60  7.29  3.32  1.57  1.47  1.30  0.38  1.16  

Revenue growth rate (%) -4.73  8.21  51.57  13.14  26.84  16.85  5.98  3.34  

Net profit growth rate (%) 45.74  57.50  112.15  6.70  12.65  240.77  -67.06  -10.61  

Total assets growth rate (%) 3.85  50.07  -1.98  22.96  24.73  -2.74  1.94  #DIV/0! 

Operating profit growth rate (%) 32.00  86.57  73.46  52.97  -8.18  105.61  -38.86  #DIV/0! 

Net assets growth rate (%) 45.40  119.58  111.46  6.80  13.08  240.23  -67.06  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 22.79  17.18  12.42  6.34  6.25  5.93  1.78  5.58  

Return on total assets (%) 13.51  10.12  8.14  4.74  4.77  4.93  2.19  3.50  

Rate of margin (%) 34.38  26.81  26.76  32.72  28.75  32.40  30.35  30.55  

Net profit margin (%) 15.42  10.76  8.61  6.97  6.41  7.58  3.95  6.69  

Effective tax rate (%) 7.61  13.12  15.29  16.38  14.92  15.76  29.34  23.90  

Operating profit margin (%) 15.79  11.40  8.11  7.09  5.23  7.24  4.12  7.14  

Profit 

quality 

indexes 

Advances received / operating income 0.05  0.06  0.07  0.16  0.05  0.07  0.05  0.02  

Sales cash / operating income 0.75  0.92  0.94  1.07  1.00  1.00  1.01  0.99  

Operating cash / operating income -0.02  0.11  0.08  0.11  0.04  0.06  0.11  0.10  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.88  0.94  0.94  0.68  0.74  0.65  0.55  0.52  

Net assets turnover rate 1.52  2.04  2.04  1.62  1.54  1.18  1.11  1.04  

Accounts receivable turnover days 214.23  177.37  164.05  200.32  183.63  187.88  187.30  184.06  

Inventory turnover days  119.81  112.39  107.49  151.60  135.85  192.69  212.89  191.46  

Financial 

risk 

indexes 

Asset-liability ratio (%) 42.23  53.96  53.98  58.05  52.08  44.96  50.23  49.97  

Current liabilities / total liabilities (%) 84.72  84.53  81.52  78.69  84.98  97.41  98.12  99.56  

Liquidity ratio 2.46  1.88  1.88  1.81  1.83  1.80  1.63  1.59  

Quick ratio 1.98  1.40  1.39  1.38  1.41  1.30  1.13  1.17  
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Table A-18 Data for Financial Analysis of Gree(000651) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 4.71  3.61  2.47  1.86  1.52  1.55  1.68  1.58  

EPS after non-recurring profit and loss 
(yuan) 

4.70  2.96  2.34  1.81  1.43  1.47  1.64  1.37  

Diluted EPS (yuan) 4.71  3.61  2.47  1.86  1.52  1.55  1.68  1.58  

Net assets per share (yuan) 14.68  11.50  8.89  6.25  4.72  5.31  5.97  6.74  

Public accumulation fund per share 

(yuan) 
1.06  1.06  1.06  0.04  0.07  0.10  0.62  1.42  

Undistributed profit per share (yuan) 11.58  8.44  5.84  4.31  2.85  3.14  2.89  2.38  

Operating cash flow per share (yuan) 6.30  4.31  6.12  1.19  0.22  5.03  0.29  3.34  

Growth 

ability 

index 

Total assets (hundred million) 1562.00  1337.00  1076.00  852.00  656.00  515.00  306.00  255.00  

Net assets (hundred million) 451.00  354.00  276.00  184.00  140.00  107.00  75.90  58.60  

Operating costs (hundred million) 880.00  804.00  732.00  681.00  474.00  320.00  337.00  311.00  

Operating profit (hundred million) 161.00  123.00  80.30  45.40  27.50  29.70  23.40  13.70  

Operating income (hundred million) 1378.00  1186.00  993.00  832.00  604.00  425.00  420.00  380.00  

Gross profit (hundred million) 484.00  373.00  255.00  145.00  125.00  101.00  79.40  65.80  

Attributable gross profit ((hundred 

million) 
142.00  109.00  73.80  52.40  42.80  29.10  19.70  12.70  

Revenue growth rate (%) 16.12  19.44  19.43  37.60  42.33  1.01  10.58  44.33  

Net profit growth rate (%) 30.22  47.31  40.92  22.48  46.76  48.15  54.87  83.56  

Total assets growth rate (%) 16.83  24.26  26.29  29.88  27.38  68.30  20.00  #DIV/0! 

Operating profit growth rate (%) 30.89  53.18  76.87  65.09  -7.41  26.92  70.80  #DIV/0! 

Net assets growth rate (%) 30.28  47.70  40.84  22.43  47.08  47.72  55.12  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 35.23  35.77  31.38  34.00  36.51  33.48  32.13  31.94  

Return on total assets (%) 9.83  9.07  7.72  7.02  7.35  7.14  7.10  6.10  

Rate of margin (%) 36.10  32.24  26.29  18.07  21.55  24.73  19.74  18.13  

Net profit margin (%) 10.35  9.22  7.50  6.37  7.12  6.90  4.74  3.39  

Effective tax rate (%) 14.92  15.17  15.03  16.29  14.89  13.27  17.22  9.75  

Operating profit margin (%) 11.68  10.37  8.09  5.46  4.55  6.99  5.57  3.61  

Profit 

quality 

indexes 

Advances received / operating income 0.05  0.10  0.17  0.24  0.20  0.21  0.14  0.12  

Sales cash / operating income 0.62  0.59  0.71  0.63  0.59  0.99  0.49  0.42  

Operating cash / operating income 0.14  0.11  0.19  0.04  0.01  0.22  0.01  0.07  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.97  1.00  1.04  1.11  1.04  1.04  1.50  1.80  

Net assets turnover rate 3.36  3.77  4.06  5.15  4.87  5.03  6.04  7.85  

Accounts receivable turnover days 5.89  5.04  4.90  5.25  6.30  6.27  6.25  7.52  

Inventory turnover days  44.42  67.98  85.42  76.78  66.00  59.78  64.12  73.81  

Financial 

risk 

indexes 

Asset-liability ratio (%) 71.11  73.47  74.36  78.43  78.64  79.33  75.16  77.06  

Current liabilities / total liabilities (%) 97.56  98.22  98.55  96.05  96.28  99.91  99.98  99.99  

Liquidity ratio 1.11  1.08  1.08  1.12  1.10  1.04  1.01  1.07  

Quick ratio 1.03  0.94  0.86  0.85  0.87  0.90  0.80  0.70  
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Table A-19 Data for Financial Analysis of Chunlan(600854) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.02  0.06  0.02  0.04  -0.63  0.03  0.02  -0.61  

EPS after non-recurring profit and loss 
(yuan) 

0.01  0.04  -0.01  0.03  -0.63  -0.38  -0.45  -0.59  

Diluted EPS (yuan) 0.02  0.06  0.02  0.04  -0.63  0.03  -- -0.61  

Net assets per share (yuan) 3.68  3.68  3.62  3.59  3.56  4.16  4.14  4.12  

Public accumulation fund per share 

(yuan) 
2.95  2.95  2.95  2.95  2.95  2.95  2.96  2.97  

Undistributed profit per share (yuan) -1.28  -1.28  -1.34  -1.36  -1.40  -0.79  -0.82  -0.83  

Operating cash flow per share (yuan) 0.08  0.16  -0.08  -0.02  -0.25  0.27  0.31  -0.17  

Growth 

ability 

index 

Total assets (hundred million) 25.70  26.20  27.80  27.50  24.10  26.60  28.70  39.20  

Net assets (hundred million) 18.90  19.10  18.90  18.80  18.70  22.50  23.40  24.00  

Operating costs (hundred million) 3.25  6.95  5.60  7.73  9.36  6.86  8.71  16.00  

Operating profit (hundred million) -0.16  0.17  -0.22  -0.03  -4.30  -1.48  -1.85  -4.39  

Operating income (hundred million) 4.75  9.67  7.48  9.56  10.40  8.33  9.41  19.80  

Gross profit (hundred million) 1.40  2.60  1.79  1.82  0.97  1.40  0.69  3.72  

Attributable gross profit ((hundred 

million) 
0.11  0.31  0.12  0.18  -3.29  0.29  0.12  -3.15  

Revenue growth rate (%) -50.94  29.33  -21.79  -8.28  25.20  -11.46  -52.39  -17.98  

Net profit growth rate (%) -64.01  156.99  -34.79  -105.58  -1218.70  14.10  -103.83  -- 

Total assets growth rate (%) -1.91  -5.76  1.09  14.11  -9.40  -7.32  -26.79  #DIV/0! 

Operating profit growth rate (%) -195.53  -176.99  638.46  -99.30  190.54  -20.00  -57.86  #DIV/0! 

Net assets growth rate (%) -64.01  157.01  -34.78  -105.58  -1219.81  143.62  -103.83  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 0.58  1.63  0.64  0.99  -16.34  0.64  0.56  -11.88  

Return on total assets (%) -0.31  1.02  0.08  0.43  -17.50  -0.63  -1.96  -10.19  

Rate of margin (%) 31.60  28.12  25.14  19.22  10.21  17.66  7.41  18.92  

Net profit margin (%) -1.68  2.83  0.29  1.16  -42.59  -2.09  -7.08  -21.02  

Effective tax rate (%) -- 34.10  69.27  33.74  -- -- -- -- 

Operating profit margin (%) -3.42  1.76  -2.95  -0.31  -41.35  -17.77  -19.66  -22.17  

Profit 

quality 

indexes 

Advances received / operating income 0.18  0.10  0.11  0.12  0.07  0.09  0.09  0.06  

Sales cash / operating income 1.24  1.15  1.16  1.36  1.04  1.45  1.39  0.93  

Operating cash / operating income 0.09  0.09  -0.05  -0.01  -0.13  0.17  0.17  -0.04  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.18  0.36  0.27  0.37  0.41  0.30  0.28  0.48  

Net assets turnover rate 0.25  0.49  0.40  0.54  0.53  0.36  0.34  0.78  

Accounts receivable turnover days 88.64  51.87  57.69  51.09  58.37  84.84  215.99  192.28  

Inventory turnover days  1109.56  566.32  712.33  419.81  301.09  525.79  552.55  315.24  

Financial 

risk 

indexes 

Asset-liability ratio (%) 26.58  26.93  32.08  31.37  22.26  15.50  18.45  38.81  

Current liabilities / total liabilities (%) 83.60  80.48  82.93  82.29  99.05  100.00  100.00  100.00  

Liquidity ratio 2.12  2.29  1.93  1.97  2.31  2.95  3.31  1.85  

Quick ratio 0.38  0.52  0.33  0.52  0.86  1.02  1.03  0.89  
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Table A-20 Data for Financial Analysis of HisenseKelon(000921) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.50  0.92  0.53  0.17  0.44  0.15  -0.23  0.25  

EPS after non-recurring profit and loss 
(yuan) 

0.43  0.80  0.44  0.15  0.15  0.11  -0.25  -0.09  

Diluted EPS (yuan) 0.50  0.92  0.53  0.17  0.44  0.15  -0.23  0.25  

Net assets per share (yuan) 2.55  2.03  1.12  0.59  0.40  -0.86  -1.00  -0.78  

Public accumulation fund per share 

(yuan) 
1.56  1.55  1.55  1.55  1.52  1.55  1.55  1.55  

Undistributed profit per share (yuan) -0.16  -0.64  -1.55  -2.08  -2.25  -3.55  -3.70  -3.48  

Operating cash flow per share (yuan) 0.71  0.16  0.81  0.27  0.47  0.72  -0.45  0.00  

Growth 

ability 

index 

Total assets (hundred million) 133.00  122.00  92.00  76.40  80.20  61.30  37.80  44.20  

Net assets (hundred million) 39.40  31.80  18.70  11.60  9.11  1.11  -8.42  -6.18  

Operating costs (hundred million) 208.00  190.00  150.00  152.00  148.00  101.00  73.10  73.70  

Operating profit (hundred million) 6.52  12.00  6.86  1.01  1.29  0.53  -3.09  -1.48  

Operating income (hundred million) 265.00  244.00  190.00  185.00  177.00  130.00  86.40  88.20  

Gross profit (hundred million) 56.50  52.20  38.20  32.20  28.70  28.50  13.20  14.50  

Attributable gross profit ((hundred 

million) 
6.72  12.20  7.18  2.27  5.85  1.56  -2.27  2.50  

Revenue growth rate (%) 8.93  28.49  2.54  4.51  36.38  8.41  -2.12  26.43  

Net profit growth rate (%) -44.68  72.62  216.17  -61.21  274.10  -168.72  -190.54  494.57  

Total assets growth rate (%) 9.02  32.61  20.42  -4.74  30.83  62.17  -14.48  #DIV/0! 

Operating profit growth rate (%) -45.67  74.93  579.21  -21.71  144.09  -117.10  108.78  #DIV/0! 

Net assets growth rate (%) -44.92  69.92  216.30  -61.20  275.00  -168.72  -190.80  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 21.65  58.16  61.95  33.72  293.26  0.00  0.00  0.00  

Return on total assets (%) 5.64  11.99  8.70  2.88  9.64  3.66  -5.67  4.79  

Rate of margin (%) 21.67  21.84  20.70  17.77  16.36  18.83  15.31  16.48  

Net profit margin (%) 2.68  5.21  3.86  1.22  3.37  1.59  -2.69  2.44  

Effective tax rate (%) 7.74  4.05  1.42  8.61  5.03  2.74  -- 4.80  

Operating profit margin (%) 2.46  4.92  3.61  0.55  0.73  0.41  -3.58  -1.68  

Profit 

quality 

indexes 

Advances received / operating income 0.03  0.04  0.04  0.04  0.05  0.04  0.04  0.05  

Sales cash / operating income 0.51  0.52  0.48  0.44  0.41  0.54  0.51  0.51  

Operating cash / operating income 0.04  0.01  0.06  0.02  0.04  0.08  -0.05  0.00  

Operation 

ability 

indexes 

Total assets turnover rate (times) 2.10  2.30  2.25  2.36  2.86  2.30  2.11  1.96  

Net assets turnover rate 7.07  8.64  11.05  15.53  25.18  -14.27  -9.47  -14.01  

Accounts receivable turnover days 24.62  22.91  25.16  24.81  23.58  31.39  26.84  20.27  

Inventory turnover days  46.87  40.04  39.34  40.85  31.20  27.65  35.59  45.44  

Financial 

risk 

indexes 

Asset-liability ratio (%) 70.30  73.39  79.64  84.80  88.64  116.12  122.28  113.99  

Current liabilities / total liabilities (%) 95.02  95.25  94.97  95.17  96.03  97.75  97.53  96.04  

Liquidity ratio 0.91  0.93  0.85  0.72  0.71  0.48  0.40  0.50  

Quick ratio 0.58  0.63  0.60  0.47  0.43  0.35  0.28  0.30  
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Table A-21 Data for Financial Analysis of Meiling(000521) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.39  0.36  0.25  0.17  0.79  0.73  0.06  0.04  

EPS after non-recurring profit and loss 
(yuan) 

0.32  0.33  0.22  0.12  0.45  0.17  0.05  -0.09  

Diluted EPS (yuan) 0.39  0.36  0.25  0.17  0.79  0.73  0.06  0.04  

Net assets per share (yuan) 4.48  4.17  3.87  4.39  6.57  3.20  2.56  2.21  

Public accumulation fund per share 

(yuan) 
1.92  1.94  1.94  2.53  3.04  1.60  1.70  1.40  

Undistributed profit per share (yuan) 1.09  0.80  0.51  0.39  0.56  -0.08  -0.82  -0.88  

Operating cash flow per share (yuan) 0.22  0.71  0.55  -0.65  0.71  -0.02  0.46  0.41  

Growth 

ability 

index 

Total assets (hundred million) 90.10  85.20  78.90  76.00  71.20  47.90  39.00  33.00  

Net assets (hundred million) 34.40  32.10  29.80  28.50  27.50  13.50  14.60  9.49  

Operating costs (hundred million) 82.30  79.90  70.90  70.90  62.70  45.80  38.00  34.40  

Operating profit (hundred million) 2.95  2.76  1.01  -0.27  1.36  3.03  0.24  0.15  

Operating income (hundred million) 108.00  105.00  93.10  90.00  82.30  63.20  48.10  40.50  

Gross profit (hundred million) 24.50  24.40  21.30  18.80  19.30  17.20  9.91  6.04  

Attributable gross profit ((hundred 

million) 
2.95  2.74  1.92  1.07  3.26  3.01  0.27  0.18  

Revenue growth rate (%) 2.14  13.24  3.36  9.44  30.09  31.38  7.00  34.51  

Net profit growth rate (%) 7.46  42.60  80.27  -67.28  8.18  1000.19  45.01  105.35  

Total assets growth rate (%) 5.75  7.98  3.82  6.74  48.64  22.82  18.18  #DIV/0! 

Operating profit growth rate (%) 6.88  173.27  -472.83  -119.92  -55.12  1174.18  55.83  #DIV/0! 

Net assets growth rate (%) 7.66  42.71  79.44  -67.18  8.31  999.34  54.60  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 8.88  8.91  6.67  3.85  23.08  18.46  2.67  1.88  

Return on total assets (%) 3.20  3.37  2.08  1.21  5.49  7.37  0.81  0.66  

Rate of margin (%) 23.51  24.14  23.78  21.29  23.79  27.64  22.54  14.20  

Net profit margin (%) 2.60  2.62  1.73  0.99  3.97  4.76  0.59  0.45  

Effective tax rate (%) 19.29  9.79  30.60  20.74  13.34  15.85  14.33  22.25  

Operating profit margin (%) 2.73  2.63  1.08  -0.30  1.65  4.79  0.49  0.38  

Profit 

quality 

indexes 

Advances received / operating income 0.03  0.03  0.05  0.08  0.11  0.11  0.07  0.05  

Sales cash / operating income 0.73  0.70  0.70  0.62  0.55  0.55  0.59  0.65  

Operating cash / operating income 0.02  0.05  0.05  -0.05  0.05  0.00  0.04  0.04  

Operation 

ability 

indexes 

Total assets turnover rate (times) 1.23  1.28  1.20  1.22  1.38  1.55  1.37  1.45  

Net assets turnover rate 3.22  3.40  3.17  3.25  3.58  5.50  4.31  4.58  

Accounts receivable turnover days 33.70  27.48  25.63  18.87  15.09  17.06  21.01  22.79  

Inventory turnover days  73.44  69.73  85.35  87.47  75.68  62.57  63.72  53.07  

Financial 

risk 

indexes 

Asset-liability ratio (%) 61.83  62.36  62.19  62.46  61.41  71.81  68.23  68.34  

Current liabilities / total liabilities (%) 90.34  91.10  88.07  91.49  93.64  94.54  98.15  98.07  

Liquidity ratio 1.38  1.35  1.34  1.30  1.32  0.97  0.67  0.82  

Quick ratio 1.03  1.02  0.99  0.87  0.93  0.64  0.43  0.49  
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Table A-22 Data for Financial Analysis of Haier(600690) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 1.74  1.53  1.22  1.00  1.52  0.86  0.57  0.48  

EPS after non-recurring profit and loss 
(yuan) 

1.51  1.38  1.18  0.91  1.37  0.80  0.59  0.48  

Diluted EPS (yuan) 1.74  1.53  1.22  1.00  1.51  0.86  0.57  0.48  

Net assets per share (yuan) 7.17  5.32  4.14  3.11  5.24  5.77  5.06  4.71  

Public accumulation fund per share 

(yuan) 
1.16  0.21  0.16  0.10  1.33  2.26  2.25  2.25  

Undistributed profit per share (yuan) 4.22  3.37  2.34  1.38  1.81  1.58  0.95  0.61  

Operating cash flow per share (yuan) 2.30  2.39  2.06  2.31  4.17  3.46  0.98  0.96  

Growth 

ability 

index 

Total assets (hundred million) 750.00  611.00  497.00  398.00  318.00  227.00  122.00  112.00  

Net assets (hundred million) 291.00  200.00  154.00  116.00  104.00  97.10  77.00  70.60  

Operating costs (hundred million) 643.00  647.00  597.00  564.00  501.00  323.00  234.00  239.00  

Operating profit (hundred million) 77.40  61.80  52.70  40.70  32.10  22.60  11.70  8.99  

Operating income (hundred million) 888.00  866.00  799.00  739.00  647.00  447.00  304.00  295.00  

Gross profit (hundred million) 240.00  215.00  197.00  171.00  144.00  122.00  69.40  55.30  

Attributable gross profit ((hundred 

million) 
49.90  41.70  32.70  26.90  22.40  13.80  7.68  6.44  

Revenue growth rate (%) 2.51  8.30  8.13  13.86  35.57  8.46  3.19  26.94  

Net profit growth rate (%) 19.59  27.49  21.54  20.09  47.07  49.64  19.35  15.74  

Total assets growth rate (%) 22.75  22.94  24.87  25.16  40.09  86.07  8.93  #DIV/0! 

Operating profit growth rate (%) 25.24  17.27  29.48  26.79  42.04  93.16  30.14  #DIV/0! 

Net assets growth rate (%) 19.66  27.52  21.56  20.09  62.32  79.69  19.25  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 27.58  32.84  33.78  31.33  24.28  15.83  11.72  10.29  

Return on total assets (%) 9.84  10.03  9.75  10.57  12.08  9.25  8.36  7.16  

Rate of margin (%) 27.52  25.32  25.24  23.62  23.38  26.43  23.13  19.01  

Net profit margin (%) 7.54  6.42  5.46  4.95  4.66  4.17  3.22  2.56  

Effective tax rate (%) 16.83  17.32  19.67  17.35  23.92  21.01  13.93  14.30  

Operating profit margin (%) 8.72  7.14  6.60  5.51  4.96  5.06  3.85  3.05  

Profit 

quality 

indexes 

Advances received / operating income 0.05  0.04  0.03  0.03  0.03  0.02  0.03  0.03  

Sales cash / operating income 1.03  0.92  0.81  0.81  0.93  0.72  0.56  1.06  

Operating cash / operating income 0.08  0.08  0.07  0.08  0.09  0.14  0.04  0.04  

Operation 

ability 

indexes 

Total assets turnover rate (times) 1.31  1.56  1.79  2.14  2.59  2.22  2.60  2.80  

Net assets turnover rate 3.37  4.76  5.76  7.37  7.99  4.44  4.13  4.44  

Accounts receivable turnover days 19.51  17.74  16.41  12.76  9.94  10.91  8.13  14.20  

Inventory turnover days  40.34  38.91  39.40  30.48  20.55  26.67  36.82  34.83  

Financial 

risk 

indexes 

Asset-liability ratio (%) 61.18  67.23  68.95  70.95  67.58  49.98  37.03  36.94  

Current liabilities / total liabilities (%) 90.72  92.65  91.47  92.01  94.41  99.46  98.12  97.83  

Liquidity ratio 1.43  1.30  1.27  1.21  1.26  1.48  1.77  1.93  

Quick ratio 1.25  1.12  1.04  0.98  1.07  1.28  1.35  1.20  
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Table A-23 Data for Financial Analysis of Midea(000333) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 2.49  4.33  3.26  -- -- -- -- -- 

EPS after non-recurring profit and loss 
(yuan) 

2.25  3.18  -- -- -- -- -- -- 

Diluted EPS (yuan) 2.49  4.33  3.26  -- -- -- -- -- 

Net assets per share (yuan) 9.36  19.48  14.31  12.49  11.03  7.75  5.18  4.05  

Public accumulation fund per share 

(yuan) 
3.09  9.26  3.04  2.47  2.17  1.80  0.26  0.61  

Undistributed profit per share (yuan) 5.17  9.08  10.49  9.00  7.68  4.89  3.91  2.41  

Operating cash flow per share (yuan) 5.88  5.96  8.09  4.11  4.73  3.52  4.42  2.15  

Growth 

ability 

index 

Total assets (hundred million) 1203.00  969.00  877.00  903.00  710.00  521.00  359.00  274.00  

Net assets (hundred million) 457.00  391.00  332.00  301.00  225.00  166.00  112.00  85.70  

Operating costs (hundred million) 1057.00  928.00  794.00  1084.00  852.00  531.00  519.00  386.00  

Operating profit (hundred million) 135.00  93.20  70.00  74.60  55.10  35.80  28.20  27.30  

Operating income (hundred million) 1417.00  1210.00  1026.00  1340.00  1038.00  685.00  640.00  479.00  

Gross profit (hundred million) 352.00  275.00  226.00  249.00  183.00  153.00  119.00  93.00  

Attributable gross profit ((hundred 

million) 
105.00  53.20  32.60  34.50  37.10  16.10  15.00  14.40  

Revenue growth rate (%) 17.11  17.91  -23.46  29.08  60.89  7.10  33.54  36.17  

Net profit growth rate (%) 97.50  63.15  -5.50  -6.93  129.98  7.65  4.05  -- 

Total assets growth rate (%) 24.15  10.49  -2.88  27.18  36.28  45.13  31.02  #DIV/0! 

Operating profit growth rate (%) 44.85  33.14  -6.17  35.39  53.91  26.95  3.30  #DIV/0! 

Net assets growth rate (%) 97.37  63.19  -5.51  -7.01  130.43  7.33  4.17  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 29.49  24.87  -- -- -- -- -- -- 

Return on total assets (%) 10.72  8.99  6.90  4.31  6.09  3.66  4.73  6.15  

Rate of margin (%) 25.41  23.28  22.56  19.12  18.16  22.58  18.88  19.55  

Net profit margin (%) 8.22  6.86  5.99  2.59  3.40  2.35  2.34  3.00  

Effective tax rate (%) 16.76  17.12  20.35  19.17  18.53  14.89  9.64  8.72  

Operating profit margin (%) 9.53  7.70  6.82  5.57  5.31  5.23  4.41  5.70  

Profit 

quality 

indexes 

Advances received / operating income 0.03  0.04  0.03  0.04  0.04  0.05  0.02  0.03  

Sales cash / operating income 0.74  0.64  0.70  0.43  0.56  0.69  0.72  0.81  

Operating cash / operating income 0.17  0.08  0.08  0.03  0.04  0.05  0.07  0.04  

Operation 

ability 

indexes 

Total assets turnover rate (times) 1.31  1.31  1.15  1.66  1.69  1.56  2.02  2.05  

Net assets turnover rate 3.45  3.25  3.04  4.97  5.32  4.90  6.50  6.56  

Accounts receivable turnover days 21.97  26.47  34.68  22.58  22.59  28.82  17.80  15.98  

Inventory turnover days  51.47  55.36  67.27  59.92  60.42  60.33  57.96  73.14  

Financial 

risk 

indexes 

Asset-liability ratio (%) 61.98  59.69  62.20  66.63  68.22  68.15  68.94  68.75  

Current liabilities / total liabilities (%) 98.10  97.89  93.11  86.83  87.39  92.09  96.46  97.76  

Liquidity ratio 1.18  1.15  1.09  1.15  1.16  1.08  0.90  0.99  

Quick ratio 0.98  0.88  0.83  0.84  0.70  0.76  0.59  0.48  
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Table A-24 Data for Financial Analysis of Dr. Peng(600804) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.39  0.30  0.15  0.12  0.11  0.18  0.27  0.32  

EPS after non-recurring profit and loss 
(yuan) 

0.37  0.31  0.11  0.09  0.10  0.16  0.25  0.31  

Diluted EPS (yuan) 0.38  0.29  0.15  0.12  0.11  0.18  0.27  0.32  

Net assets per share (yuan) 3.53  3.11  2.79  2.64  2.52  1.63  2.61  2.60  

Public accumulation fund per share 

(yuan) 
1.31  1.17  1.07  1.08  1.08  0.20  1.16  1.28  

Undistributed profit per share (yuan) 1.10  0.84  0.65  0.52  0.40  0.39  0.37  0.26  

Operating cash flow per share (yuan) 2.75  2.32  0.86  0.37  0.10  0.37  0.08  0.39  

Growth 

ability 

index 

Total assets (hundred million) 153.00  123.00  86.70  66.70  43.10  26.60  24.40  22.20  

Net assets (hundred million) 49.50  43.40  37.70  36.60  35.40  19.70  17.40  15.40  

Operating costs (hundred million) 28.30  26.20  17.20  15.40  12.00  10.90  12.00  10.10  

Operating profit (hundred million) 6.57  5.22  2.09  1.95  1.98  2.17  1.77  1.58  

Operating income (hundred million) 69.60  58.20  25.60  22.00  17.60  16.20  16.50  13.10  

Gross profit (hundred million) 40.00  30.00  7.56  6.02  5.15  4.84  4.05  2.83  

Attributable gross profit ((hundred 

million) 
5.34  4.03  2.07  1.57  1.51  2.09  1.74  1.68  

Revenue growth rate (%) 19.67  127.26  16.11  25.17  8.40  -1.45  25.81  116.41  

Net profit growth rate (%) 32.53  95.18  31.58  3.62  -27.70  20.61  3.20  2339.10  

Total assets growth rate (%) 24.39  41.87  29.99  54.76  62.03  9.02  9.91  #DIV/0! 

Operating profit growth rate (%) 25.86  149.76  7.18  -1.52  -8.76  22.60  12.03  #DIV/0! 

Net assets growth rate (%) 14.06  15.12  3.01  3.39  79.70  13.22  12.99  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 11.63  10.10  5.68  4.54  4.72  11.77  10.88  18.83  

Return on total assets (%) 3.86  3.89  2.71  3.22  5.37  8.91  7.86  11.63  

Rate of margin (%) 59.35  54.91  32.79  30.33  32.16  32.64  27.11  23.27  

Net profit margin (%) 7.67  7.01  8.12  8.02  10.63  13.99  11.12  12.50  

Effective tax rate (%) 20.48  22.88  14.71  20.55  11.33  5.46  0.22  0.12  

Operating profit margin (%) 9.44  8.97  8.16  8.86  11.25  13.40  10.73  12.06  

Profit 

quality 

indexes 

Advances received / operating income 0.77  0.76  0.48  0.25  0.09  0.04  0.03  0.02  

Sales cash / operating income 1.17  1.22  1.22  1.17  1.02  0.89  0.87  0.80  

Operating cash / operating income 0.55  0.55  0.45  0.22  0.08  0.26  0.03  0.18  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.50  0.55  0.33  0.40  0.51  0.64  0.71  0.93  

Net assets turnover rate 1.55  1.56  0.76  0.73  0.62  0.87  1.00  1.35  

Accounts receivable turnover days 19.11  28.45  63.38  71.39  85.30  70.96  37.45  19.51  

Inventory turnover days  8.46  11.38  27.05  32.78  25.29  17.68  25.14  32.66  

Financial 

risk 

indexes 

Asset-liability ratio (%) 67.73  64.73  56.44  45.10  17.98  26.11  28.73  30.97  

Current liabilities / total liabilities (%) 84.39  82.11  71.07  98.92  98.41  91.42  60.76  95.24  

Liquidity ratio 0.37  0.38  0.94  0.93  3.06  1.99  2.59  1.59  

Quick ratio 0.36  0.37  0.91  0.88  2.91  1.91  2.46  1.41  
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Table A-25 Data for Financial Analysis of China Unicom(600050) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.19  0.16  0.11  0.07  0.06  0.15  0.93  0.27  

EPS after non-recurring profit and loss 
(yuan) 

0.19  0.15  0.09  0.05  0.05  0.12  0.07  0.20  

Diluted EPS (yuan) 0.18  0.16  0.11  0.07  0.06  0.15  0.93  0.27  

Net assets per share (yuan) 3.65  3.53  3.41  3.35  3.34  3.35  3.32  2.57  

Public accumulation fund per share 

(yuan) 
1.31  1.26  1.26  1.28  1.31  1.32  1.15  0.95  

Undistributed profit per share (yuan) 1.36  1.23  1.11  1.04  1.00  1.00  1.15  0.60  

Operating cash flow per share (yuan) 4.36  3.93  3.53  3.28  3.22  2.80  2.83  1.54  

Growth 

ability 

index 

Total assets (hundred million) 5471.00  5314.00  5184.00  4585.00  4436.00  4192.00  3518.00  3357.00  

Net assets (hundred million) 2303.00  2216.00  2122.00  2086.00  2083.00  2088.00  2101.00  1808.00  

Operating costs (hundred million) 1999.00  2117.00  1791.00  1544.00  1238.00  1057.00  1021.00  940.00  

Operating profit (hundred million) 159.00  129.00  80.00  46.50  39.40  114.00  68.30  218.00  

Operating income (hundred million) 2886.00  3037.00  2563.00  2155.00  1762.00  1584.00  1641.00  1540.00  

Gross profit (hundred million) 839.00  834.00  698.00  548.00  476.00  482.00  574.00  558.00  

Attributable gross profit ((hundred 

million) 
39.80  34.40  23.70  14.10  12.30  31.40  202.00  94.30  

Revenue growth rate (%) -4.99  18.52  18.91  22.28  11.24  -3.48  -0.83  4.05  

Net profit growth rate (%) 15.65  45.38  67.68  14.40  -60.87  -84.50  109.43  166.42  

Total assets growth rate (%) 2.95  2.51  13.06  3.36  5.82  19.16  4.80  #DIV/0! 

Operating profit growth rate (%) 23.26  61.25  72.04  18.02  -65.44  66.91  -68.67  #DIV/0! 

Net assets growth rate (%) 3.93  4.43  1.73  0.14  -0.24  -0.62  16.21  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 5.20  4.68  3.31  1.99  1.70  4.50  21.20  11.40  

Return on total assets (%) 2.22  1.96  1.44  0.93  0.85  2.45  13.72  6.51  

Rate of margin (%) 30.71  30.31  30.11  28.35  29.76  33.29  37.03  38.81  

Net profit margin (%) 4.15  3.39  2.74  1.94  2.08  5.92  22.08  9.28  

Effective tax rate (%) 24.43  24.74  26.39  26.06  20.99  23.04  22.75  29.16  

Operating profit margin (%) 5.51  4.25  3.12  2.16  2.24  7.20  4.16  14.16  

Profit 

quality 

indexes 

Advances received / operating income 0.16  0.17  0.17  0.17  0.17  0.13  0.09  0.08  

Sales cash / operating income 0.98  0.97  0.95  0.95  0.97  0.93  0.90  0.93  

Operating cash / operating income 0.32  0.27  0.29  0.32  0.39  0.37  0.39  0.32  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.54  0.58  0.52  0.48  0.41  0.41  0.62  0.70  

Net assets turnover rate 1.28  1.39  1.27  1.05  0.87  0.82  1.03  1.09  

Accounts receivable turnover days 19.93  17.55  18.78  19.08  20.72  21.80  14.83  12.16  

Inventory turnover days  8.93  9.64  10.51  9.77  8.93  6.10  6.92  14.35  

Financial 

risk 

indexes 

Asset-liability ratio (%) 57.90  58.29  59.06  54.50  53.06  50.18  39.78  35.69  

Current liabilities / total liabilities (%) 91.91  95.14  98.59  85.43  84.11  94.88  90.58  95.82  

Liquidity ratio 0.19  0.18  0.16  0.18  0.21  0.15  0.29  0.34  

Quick ratio 0.18  0.16  0.14  0.16  0.19  0.14  0.28  0.29  
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Table A-26 Data for Financial Analysis of Wangsu Science and Technology(300017) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 1.54  1.53  0.67  0.35  0.25  0.55  0.61  0.00  

EPS after non-recurring profit and loss 
(yuan) 

1.43  1.45  0.61  0.29  0.20  0.46  0.57  0.00  

Diluted EPS (yuan) 1.49  1.48  0.67  0.35  0.25  0.55  0.61  0.00  

Net assets per share (yuan) 5.16  7.26  5.64  5.05  4.78  7.81  2.17  7.01  

Public accumulation fund per share 

(yuan) 
1.39  3.54  3.22  3.15  3.13  6.02  0.68  3.28  

Undistributed profit per share (yuan) 2.46  2.40  1.25  0.79  0.58  0.70  0.45  2.23  

Operating cash flow per share (yuan) 1.64  1.76  1.20  0.64  0.18  0.61  0.34  2.51  

Growth 

ability 

index 

Total assets (hundred million) 19.80  13.90  9.82  8.40  7.78  7.27  1.55  0.96  

Net assets (hundred million) 16.40  11.40  8.70  7.79  7.38  7.08  1.43  0.83  

Operating costs (hundred million) 10.80  6.95  5.39  3.86  2.50  1.90  1.54  0.68  

Operating profit (hundred million) 4.77  2.55  1.12  0.54  0.37  0.38  0.41  0.30  

Operating income (hundred million) 19.10  12.00  8.15  5.42  3.62  2.87  2.39  1.19  

Gross profit (hundred million) 8.03  4.71  2.49  1.39  1.01  0.88  0.77  0.47  

Attributable gross profit ((hundred 

million) 
4.84  2.37  1.04  0.55  0.38  0.39  0.37  0.25  

Revenue growth rate (%) 58.57  47.89  50.29  49.65  26.22  20.07  100.32  72.91  

Net profit growth rate (%) 104.00  128.55  89.59  42.97  -1.48  4.78  45.51  56.89  

Total assets growth rate (%) 42.45  41.55  16.90  7.97  7.02  369.03  61.09  #DIV/0! 

Operating profit growth rate (%) 87.06  127.68  108.96  44.01  -1.79  -6.93  36.97  #DIV/0! 

Net assets growth rate (%) 43.86  31.03  11.68  5.56  4.24  395.10  71.55  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 35.30  23.96  12.69  7.23  5.26  15.25  35.40  51.32  

Return on total assets (%) 28.71  19.98  11.39  6.77  5.09  8.81  29.53  39.04  

Rate of margin (%) 43.58  42.34  33.84  28.84  30.95  33.80  35.50  42.93  

Net profit margin (%) 25.31  19.68  12.73  10.09  10.56  13.54  15.51  21.62  

Effective tax rate (%) 3.53  10.98  15.52  15.36  15.55  14.09  15.68  15.42  

Operating profit margin (%) 24.97  21.25  13.74  9.89  10.28  13.21  17.04  24.98  

Profit 

quality 

indexes 

Advances received / operating income 0.03  0.05  0.04  0.03  0.01  0.02  0.01  0.01  

Sales cash / operating income 1.00  0.92  1.00  1.01  0.89  1.01  0.91  0.93  

Operating cash / operating income 0.27  0.23  0.23  0.18  0.08  0.19  0.09  0.25  

Operation 

ability 

indexes 

Total assets turnover rate (times) 1.13  1.02  0.89  0.67  0.48  0.65  1.90  1.81  

Net assets turnover rate 1.37  1.25  1.00  0.72  0.51  0.67  2.06  2.09  

Accounts receivable turnover days 46.96  43.28  35.35  46.33  48.70  38.69  31.54  20.16  

Inventory turnover days  9.21  12.87  6.88  9.74  12.29  10.53  12.00  14.60  

Financial 

risk 

indexes 

Asset-liability ratio (%) 17.28  18.19  11.39  7.23  5.14  2.54  7.85  13.37  

Current liabilities / total liabilities (%) 85.47  90.64  95.91  96.23  94.27  100.00  82.24  81.06  

Liquidity ratio 5.40  4.72  7.14  11.04  16.50  33.30  8.96  5.62  

Quick ratio 5.35  4.55  7.04  10.88  16.19  33.00  8.42  5.15  
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Table A-27 Data for Financial Analysis of 263(002467) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.31  0.57  1.11  0.59  0.69  0.70  0.69  0.76  

EPS after non-recurring profit and loss 
(yuan) 

0.27  0.51  0.24  0.52  0.66  0.70  0.69  0.76  

Diluted EPS (yuan) 0.31  0.57  1.11  0.59  0.69  0.70  0.69  0.76  

Net assets per share (yuan) 2.94  5.52  5.37  8.93  8.74  2.96  2.95  2.18  

Public accumulation fund per share 

(yuan) 
0.73  2.41  2.51  6.00  6.00  0.01  0.04  0.05  

Undistributed profit per share (yuan) 1.01  1.85  1.60  1.42  1.29  1.42  1.47  0.77  

Operating cash flow per share (yuan) 0.42  0.74  0.30  0.83  0.75  0.97  1.01  1.32  

Growth 

ability 

index 

Total assets (hundred million) 16.90  16.00  15.70  11.90  11.40  3.34  3.19  2.45  

Net assets (hundred million) 14.20  13.30  12.90  10.70  10.50  2.66  2.67  1.99  

Operating costs (hundred million) 2.16  2.55  1.73  1.24  1.34  1.47  1.50  1.64  

Operating profit (hundred million) 1.45  1.35  2.64  0.75  0.76  0.81  0.78  0.79  

Operating income (hundred million) 6.85  7.16  3.82  2.97  2.94  3.04  3.01  3.19  

Gross profit (hundred million) 4.53  4.49  2.00  1.65  1.53  1.49  1.45  1.48  

Attributable gross profit ((hundred 

million) 
1.48  1.38  2.66  0.71  0.69  0.70  0.70  0.69  

Revenue growth rate (%) -4.34  87.32  28.89  0.93  -3.22  0.92  -5.56  -1.88  

Net profit growth rate (%) 7.31  -48.12  272.75  2.89  -1.55  0.25  2.12  368.29  

Total assets growth rate (%) 5.62  1.91  31.93  4.39  241.32  4.70  30.20  #DIV/0! 

Operating profit growth rate (%) 7.41  -48.86  251.58  -1.33  -6.51  3.99  -1.19  #DIV/0! 

Net assets growth rate (%) 6.77  3.10  20.56  1.90  294.74  -0.37  34.17  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 10.84  10.64  22.58  6.74  13.23  28.25  30.40  42.61  

Return on total assets (%) 9.00  8.71  19.35  6.12  9.40  21.48  24.53  27.14  

Rate of margin (%) 68.52  64.43  54.85  58.33  54.45  51.49  50.24  48.46  

Net profit margin (%) 21.59  19.30  69.89  24.03  23.57  23.10  22.99  21.16  

Effective tax rate (%) 5.26  0.61  1.10  9.45  11.24  13.88  15.32  12.84  

Operating profit margin (%) 21.17  18.85  69.11  25.28  25.88  26.78  26.01  24.83  

Profit 

quality 

indexes 

Advances received / operating income 0.25  0.22  0.40  0.32  0.23  0.16  0.11  0.07  

Sales cash / operating income 1.03  1.08  1.05  1.11  1.05  1.02  1.03  1.03  

Operating cash / operating income 0.29  0.25  0.19  0.33  0.31  0.29  0.30  0.37  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.42  0.45  0.28  0.25  0.40  0.93  1.07  1.28  

Net assets turnover rate 0.50  0.54  0.34  0.28  0.43  1.17  1.28  1.58  

Accounts receivable turnover days 24.27  22.90  37.65  43.81  49.00  47.00  50.06  52.68  

Inventory turnover days  12.73  17.26  15.09  1.26  0.88  0.49  0.37  0.91  

Financial 

risk 

indexes 

Asset-liability ratio (%) 15.86  17.17  17.80  9.84  8.02  20.32  16.30  18.94  

Current liabilities / total liabilities (%) 97.13  99.95  93.54  98.95  98.05  100.00  100.00  100.00  

Liquidity ratio 2.51  2.19  2.48  9.07  11.27  3.25  3.99  3.90  

Quick ratio 2.49  2.15  2.42  9.07  11.26  3.24  3.98  3.90  
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Table A-28 Data for Financial Analysis of Guomai Technologies(002093) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.06  0.13  0.08  0.13  0.26  0.35  0.29  0.42  

EPS after non-recurring profit and loss 
(yuan) 

0.03  0.05  0.06  0.12  0.24  0.31  0.28  0.36  

Diluted EPS (yuan) 0.06  0.13  0.08  0.13  0.26  0.35  0.29  0.42  

Net assets per share (yuan) 1.51  1.46  1.33  1.25  2.23  1.92  1.57  2.68  

Public accumulation fund per share 

(yuan) 
0.01  0.03  0.02  0.02  1.04  0.02  0.02  0.53  

Undistributed profit per share (yuan) 0.44  0.39  0.29  0.21  0.18  0.76  0.47  1.00  

Operating cash flow per share (yuan) -0.10  -0.07  -0.12  0.10  0.06  0.16  0.35  0.08  

Growth 

ability 

index 

Total assets (hundred million) 24.10  22.80  21.00  18.60  14.80  8.60  7.76  5.95  

Net assets (hundred million) 13.10  12.80  12.70  11.10  9.92  5.80  4.84  4.12  

Operating costs (hundred million) 1.68  9615 万 3.98  4.89  4.41  3.53  2.59  1.51  

Operating profit (hundred million) 0.42  1.08  0.65  1.33  1.19  1.17  1.06  0.62  

Operating income (hundred million) 4.60  3.83  7.43  8.62  7.61  6.58  5.16  2.86  

Gross profit (hundred million) 2.88  2.78  3.30  3.52  3.05  2.92  2.45  1.29  

Attributable gross profit ((hundred 

million) 
0.55  1.08  0.71  1.15  1.03  0.93  0.77  0.57  

Revenue growth rate (%) 20.23  -48.47  -13.82  13.30  15.59  27.46  80.27  33.05  

Net profit growth rate (%) -49.64  52.48  -38.38  11.96  10.68  20.20  36.19  75.58  

Total assets growth rate (%) 5.70  8.57  12.90  25.68  72.09  10.82  30.42  #DIV/0! 

Operating profit growth rate (%) -61.06  65.98  -51.08  11.76  1.71  10.38  70.89  #DIV/0! 

Net assets growth rate (%) 2.34  0.79  14.41  11.90  71.03  19.83  17.48  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 4.26  9.02  6.36  11.28  21.19  19.99  19.28  16.76  

Return on total assets (%) 1.95  4.95  3.39  7.02  9.11  13.52  14.15  13.15  

Rate of margin (%) 63.55  74.89  46.49  43.23  42.10  46.33  49.93  45.97  

Net profit margin (%) 9.93  28.29  9.05  13.61  14.00  16.80  18.06  22.73  

Effective tax rate (%) 6.59  9.26  16.45  16.07  12.90  10.96  12.81  6.64  

Operating profit margin (%) 9.14  28.20  8.76  15.43  15.64  17.78  20.54  21.69  

Profit 

quality 

indexes 

Advances received / operating income 0.07  0.08  0.09  0.06  0.08  0.07  0.20  0.02  

Sales cash / operating income 0.91  0.91  1.00  1.05  1.02  0.85  1.22  0.99  

Operating cash / operating income -0.19  -0.17  -0.14  0.10  0.04  0.06  0.18  0.04  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.20  0.17  0.37  0.52  0.65  0.80  0.78  0.58  

Net assets turnover rate 0.37  0.30  0.61  0.87  0.97  1.19  1.25  0.80  

Accounts receivable turnover days 136.88  185.16  107.52  82.09  79.35  56.73  44.53  52.89  

Inventory turnover days  1192.14  1163.23  148.92  116.58  102.07  121.41  107.72  59.56  

Financial 

risk 

indexes 

Asset-liability ratio (%) 45.63  43.73  39.71  40.32  32.88  32.57  37.64  27.37  

Current liabilities / total liabilities (%) 34.25  35.85  39.69  34.46  71.52  99.22  95.48  99.79  

Liquidity ratio 3.03  2.67  4.41  5.82  3.27  1.94  1.67  1.98  

Quick ratio 1.33  1.35  3.95  5.13  2.87  1.54  1.21  1.79  
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Table A-29 Data for Financial Analysis of East Money(300059) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.14  0.01  0.11  0.51  0.51  0.70  0.56  0.38  

EPS after non-recurring profit and loss 
(yuan) 

0.13  0.00  0.09  0.46  0.54  0.66  0.49  0.32  

Diluted EPS (yuan) 0.14  0.01  0.11  0.51  0.51  0.70  0.56  0.38  

Net assets per share (yuan) 1.55  2.51  5.12  8.10  11.52  2.58  1.94  1.38  

Public accumulation fund per share 

(yuan) 
0.24  1.18  3.36  5.97  9.44  0.50  0.04  0.04  

Undistributed profit per share (yuan) 0.26  0.27  0.64  0.97  0.92  0.92  0.84  0.34  

Operating cash flow per share (yuan) 1.95  0.71  0.06  0.74  0.50  0.72  0.50  0.56  

Growth 

ability 

index 

Total assets (hundred million) 61.80  24.30  18.00  18.20  16.80  3.21  2.37  1.79  

Net assets (hundred million) 18.80  16.90  17.20  17.00  16.10  2.73  1.94  1.38  

Operating costs (hundred million) 1.49  0.90  0.65  0.60  0.32  0.22  0.25  0.14  

Operating profit (hundred million) 1.94  -0.03  0.35  1.10  0.70  0.77  0.52  0.35  

Operating income (hundred million) 6.12  2.48  2.23  2.80  1.85  1.65  1.18  0.67  

Gross profit (hundred million) 4.40  1.52  1.50  2.09  1.39  1.33  0.85  0.48  

Attributable gross profit ((hundred 

million) 
1.66  0.05  0.38  1.07  0.67  0.72  0.56  0.35  

Revenue growth rate (%) 146.31  11.57  -20.55  51.55  12.01  39.65  75.57  1535.66  

Net profit growth rate (%) 3213.59  -86.69  -64.72  59.62  -7.13  29.31  59.37  3063.07  

Total assets growth rate (%) 154.32  35.00  -1.10  8.33  423.36  35.44  32.40  #DIV/0! 

Operating profit growth rate (%) -5822.71  -109.60  -67.88  56.43  -9.07  49.06  49.86  #DIV/0! 

Net assets growth rate (%) 3220.00  -86.70  -64.88  60.32  -7.14  29.31  59.39  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 9.38  0.29  2.20  6.44  5.27  32.14  33.45  33.40  

Return on total assets (%) 3.85  0.24  2.07  6.08  6.67  25.86  26.72  37.96  

Rate of margin (%) 75.72  63.89  70.93  78.54  82.64  86.93  78.65  79.51  

Net profit margin (%) 27.07  2.01  16.88  38.01  36.10  43.69  46.99  51.78  

Effective tax rate (%) 16.01  -0.42  13.29  12.25  9.82  12.35  -- 0.01  

Operating profit margin (%) 31.70  -1.37  15.84  39.29  38.01  46.87  43.97  51.40  

Profit 

quality 

indexes 

Advances received / operating income 0.22  0.39  0.27  0.39  0.37  0.29  0.36  0.60  

Sales cash / operating income 1.08  0.94  0.77  1.12  1.19  0.98  0.96  1.39  

Operating cash / operating income 3.86  1.92  0.09  0.56  0.38  0.46  0.42  0.83  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.14  0.12  0.12  0.16  0.18  0.59  0.57  0.73  

Net assets turnover rate 0.46  0.17  0.13  0.17  0.19  0.69  0.70  0.94  

Accounts receivable turnover days 45.05  62.86  56.91  38.93  50.99  45.71  46.67  36.72  

Inventory turnover days  -- -- -- -- -- -- -- -- 

Financial 

risk 

indexes 

Asset-liability ratio (%) 69.60  30.57  4.54  6.76  4.09  15.06  18.11  22.67  

Current liabilities / total liabilities (%) 99.89  99.25  97.80  100.00  100.00  100.00  100.00  100.00  

Liquidity ratio 1.38  3.02  20.02  13.13  23.80  6.22  5.20  4.22  

Quick ratio 1.38  3.02  20.02  13.13  23.80  6.22  5.20  4.22  
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Table A-30 Data for Financial Analysis of Great Wisdom Stocks(601519) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.05  0.01  -0.19  0.16  0.28  0.32  0.13  0.07  

EPS after non-recurring profit and loss 
(yuan) 

-0.31  -0.02  -0.22  0.14  0.24  0.31  0.13  0.07  

Diluted EPS (yuan) 0.05  0.01  -0.19  0.16  0.28  0.32  0.13  0.07  

Net assets per share (yuan) 1.52  1.61  2.09  4.67  1.41  1.47  5.76  3.12  

Public accumulation fund per share 

(yuan) 
0.51  0.67  1.17  3.33  0.00  0.15  -- 0.29  

Undistributed profit per share (yuan) -0.01  -0.07  -0.10  0.29  0.37  0.32  4.73  1.81  

Operating cash flow per share (yuan) -0.27  -0.04  -0.18  0.06  0.31  0.65  2.22  3.17  

Growth 

ability 

index 

Total assets (hundred million) 32.60  34.30  30.80  34.10  10.00  8.05  1.78  1.28  

Net assets (hundred million) 30.40  29.70  29.10  32.50  8.22  6.62  1.27  0.69  

Operating costs (hundred million) 3.98  1.76  1.61  1.65  1.17  0.72  0.98  0.55  

Operating profit (hundred million) 1.45  0.04  -2.81  1.06  1.53  2.09  0.59  0.36  

Operating income (hundred million) 8.20  8.94  4.70  5.71  5.67  4.45  2.59  1.58  

Gross profit (hundred million) 4.04  6.91  3.00  3.90  4.30  3.49  1.48  0.95  

Attributable gross profit ((hundred 

million) 
1.07  0.12  -2.67  1.06  1.61  1.88  0.65  0.37  

Revenue growth rate (%) -8.25  90.21  -17.64  0.66  27.44  71.88  63.37  -- 

Net profit growth rate (%) 816.91  -104.37  -352.10  -34.04  -14.36  190.48  76.89  -- 

Total assets growth rate (%) -4.96  11.36  -9.68  241.00  24.22  352.25  39.06  #DIV/0! 

Operating profit growth rate (%) 3498.01  -101.43  -365.09  -30.72  -26.79  252.39  62.67  #DIV/0! 

Net assets growth rate (%) 817.67  -104.37  -351.89  -34.16  -14.36  191.02  76.89  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 3.60  0.40  -8.69  3.49  21.64  61.01  65.73  82.80  

Return on total assets (%) 4.14  0.74  -8.19  4.81  17.81  38.21  42.30  57.06  

Rate of margin (%) 51.53  80.35  65.74  71.02  79.46  83.71  62.27  65.05  

Net profit margin (%) 16.88  2.71  -56.52  18.57  28.34  42.17  24.95  23.01  

Effective tax rate (%) 23.11  43.63  -- 12.23  10.12  13.20  -5.59  0.34  

Operating profit margin (%) 17.68  0.45  -59.79  18.56  26.98  46.97  22.90  23.08  

Profit 

quality 

indexes 

Advances received / operating income 0.13  0.30  0.25  0.20  0.27  0.31  0.19  0.36  

Sales cash / operating income 1.04  1.04  1.02  0.91  1.02  1.21  0.97  1.22  

Operating cash / operating income -0.65  -0.09  -0.54  0.07  0.32  0.65  0.19  0.44  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.25  0.27  0.14  0.26  0.63  0.91  1.70  -- 

Net assets turnover rate 0.27  0.31  0.15  0.27  0.77  1.11  2.38  0.27  

Accounts receivable turnover days 32.18  20.34  25.48  17.31  8.82  9.26  20.45  15.87  

Inventory turnover days  0.37  0.98  0.47  -- -- 0.01  0.01  -- 

Financial 

risk 

indexes 

Asset-liability ratio (%) 6.68  13.54  5.50  4.73  17.81  17.66  28.65  46.24  

Current liabilities / total liabilities (%) 94.53  97.03  96.15  98.69  99.92  100.00  99.99  99.91  

Liquidity ratio 10.12  4.87  13.60  17.17  4.42  5.44  2.84  1.68  

Quick ratio 10.12  4.87  13.60  17.17  4.42  5.44  2.84  1.68  
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Table A-31 Data for Financial Analysis of Tonghuashun(300033) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.22  0.16  0.19  0.46  0.68  1.48  0.76  0.96  

EPS after non-recurring profit and loss 
(yuan) 

0.19  0.12  0.13  0.42  0.63  1.42  0.76  0.91  

Diluted EPS (yuan) 0.22  0.16  0.19  0.46  0.68  1.48  0.76  0.96  

Net assets per share (yuan) 4.43  8.48  8.37  8.32  8.07  15.08  1.91  1.37  

Public accumulation fund per share 

(yuan) 
2.33  5.65  5.65  5.65  5.65  12.31  0.03  0.05  

Undistributed profit per share (yuan) 1.01  1.67  1.58  1.56  1.32  1.67  0.79  1.09  

Operating cash flow per share (yuan) 0.76  0.61  0.06  0.21  1.20  1.80  0.94  1.98  

Growth 

ability 

index 

Total assets (hundred million) 18.60  15.80  14.30  13.30  13.20  13.20  12.60  12.40  

Net assets (hundred million) 12.60  11.90  11.50  11.40  11.40  11.40  11.30  11.30  

Operating costs (hundred million) 0.22  0.43  0.28  0.17  0.07  0.38  0.26  0.17  

Operating profit (hundred million) 0.76  0.49  0.16  0.11  0.04  0.12  0.10  0.09  

Operating income (hundred million) 2.66  1.84  1.72  2.15  2.14  1.91  1.17  0.86  

Gross profit (hundred million) 2.18  1.40  1.27  1.67  1.75  1.66  0.88  0.75  

Attributable gross profit ((hundred 

million) 
0.60  0.22  0.26  0.62  0.91  0.75  0.38  0.47  

Revenue growth rate (%) 44.44  6.89  -20.09  0.39  12.38  62.59  35.82  274.05  

Net profit growth rate (%) 175.78  -15.51  -57.97  -32.36  22.12  94.90  -17.56  438.95  

Total assets growth rate (%) 17.72  10.49  7.52  0.76  0.00  4.76  1.61  #DIV/0! 

Operating profit growth rate (%) 54.24  203.53  53.71  157.35  -66.64  28.06  6.70  #DIV/0! 

Net assets growth rate (%) 175.82  -15.53  -57.96  -32.37  22.12  94.89  -17.56  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 5.19  1.94  2.32  5.63  8.74  55.96  44.90  100.45  

Return on total assets (%) 4.17  1.71  2.08  4.93  7.76  12.17  34.82  80.63  

Rate of margin (%) 83.90  79.20  77.72  81.14  84.66  90.29  78.00  89.26  

Net profit margin (%) 22.76  11.92  15.08  28.68  42.56  39.17  32.67  53.83  

Effective tax rate (%) 3.75  5.04  4.24  6.54  11.02  10.30  10.45  16.26  

Operating profit margin (%) 28.41  26.63  9.38  4.88  1.91  6.40  8.16  10.36  

Profit 

quality 

indexes 

Advances received / operating income 1.06  0.72  0.54  0.56  0.70  0.25  0.17  0.15  

Sales cash / operating income 1.63  1.28  0.86  0.90  1.48  1.16  1.07  1.12  

Operating cash / operating income 0.77  0.45  0.05  0.13  0.75  0.63  0.40  0.69  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.18  0.14  0.14  0.17  0.18  0.31  1.07  1.50  

Net assets turnover rate 0.24  0.16  0.15  0.19  0.21  0.33  1.49  1.96  

Accounts receivable turnover days 8.22  13.59  19.68  17.27  13.07  8.97  12.01  7.52  

Inventory turnover days  -- -- -- -- -- -- -- -- 

Financial 

risk 

indexes 

Asset-liability ratio (%) 24.64  13.62  9.67  10.44  13.73  7.43  28.06  23.45  

Current liabilities / total liabilities (%) 97.32  94.33  94.39  96.48  97.20  98.89  97.58  97.38  

Liquidity ratio 3.35  6.20  9.02  8.86  7.22  13.18  2.73  3.83  

Quick ratio 3.35  6.20  9.02  8.86  7.22  13.18  2.73  3.83  
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Table A-32 Data for Financial Analysis of 2345(002195) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.69  0.26  0.58  0.58  0.61  0.27  0.39  0.62  

EPS after non-recurring profit and loss 
(yuan) 

0.66  0.21  0.50  0.53  0.50  0.19  0.32  0.54  

Diluted EPS (yuan) 0.69  0.26  0.58  0.58  0.61  0.27  0.39  0.62  

Net assets per share (yuan) 11.65  3.97  3.88  3.28  4.10  3.59  3.42  4.03  

Public accumulation fund per share 

(yuan) 
9.60  0.68  0.74  0.59  1.33  1.33  1.33  2.03  

Undistributed profit per share (yuan) 0.95  2.02  1.87  1.47  1.51  1.06  0.90  0.82  

Operating cash flow per share (yuan) 0.34  0.40  0.58  0.73  0.57  0.34  0.50  0.48  

Growth 

ability 

index 

Total assets (hundred million) 42.90  4.88  4.86  4.24  3.59  3.15  2.91  2.52  

Net assets (hundred million) 40.70  4.66  4.59  3.83  3.21  2.78  2.55  2.31  

Operating costs (hundred million) 3.18  2.57  2.45  2.17  1.76  1.25  1.04  0.90  

Operating profit (hundred million) 1.09  0.23  0.65  0.72  0.45  0.17  0.27  0.26  

Operating income (hundred million) 6.54  3.98  4.10  3.91  2.94  1.93  1.76  1.53  

Gross profit (hundred million) 3.35  1.42  1.65  1.73  1.18  0.68  0.71  0.63  

Attributable gross profit ((hundred 

million) 
1.18  0.29  0.66  0.65  0.45  0.20  0.29  0.26  

Revenue growth rate (%) 64.14  -2.88  5.02  32.78  52.49  9.66  14.96  26.33  

Net profit growth rate (%) 301.70  -55.57  2.09  43.73  122.96  -30.47  10.12  30.83  

Total assets growth rate (%) 779.10  0.41  14.62  18.11  13.97  8.25  15.48  #DIV/0! 

Operating profit growth rate (%) 375.57  -64.51  -10.59  61.21  168.97  -38.88  3.34  #DIV/0! 

Net assets growth rate (%) 300.41  -55.57  2.09  43.74  122.99  -30.49  10.12  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 8.59  6.62  16.22  19.46  15.81  7.78  12.00  30.04  

Return on total assets (%) 4.75  6.00  14.93  16.88  14.06  6.93  10.75  14.85  

Rate of margin (%) 51.35  35.63  40.37  42.06  40.27  35.21  40.77  41.32  

Net profit margin (%) 17.36  7.33  16.55  16.92  16.09  10.87  16.57  17.30  

Effective tax rate (%) 2.78  1.66  9.87  16.54  12.20  10.48  11.70  11.44  

Operating profit margin (%) 16.67  5.76  15.75  18.48  15.24  8.63  15.49  17.24  

Profit 

quality 

indexes 

Advances received / operating income 0.06  0.00  0.01  0.00  0.01  0.01  0.01  0.01  

Sales cash / operating income 1.05  1.00  1.04  1.03  1.01  0.95  1.03  1.01  

Operating cash / operating income 0.18  0.11  0.16  0.21  0.15  0.13  0.21  0.18  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.27  0.82  0.90  1.00  0.87  0.64  0.65  0.86  

Net assets turnover rate 0.28  0.86  0.95  1.11  0.97  0.73  0.74  0.94  

Accounts receivable turnover days 34.62  33.71  29.43  25.91  24.89  22.95  18.34  17.55  

Inventory turnover days  2.88  3.95  4.21  2.16  3.08  2.38  -- -- 

Financial 

risk 

indexes 

Asset-liability ratio (%) 5.05  4.46  5.53  9.61  10.51  11.76  12.32  8.23  

Current liabilities / total liabilities (%) 99.67  100.00  100.00  100.00  100.00  100.00  100.00  88.90  

Liquidity ratio 7.62  15.38  12.39  6.98  8.81  7.92  7.26  12.06  

Quick ratio 7.60  15.32  12.23  6.94  8.77  7.87  7.26  12.06  
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Table A-33 Data for Financial Analysis of Join-Cheer Software(002297) 

  Year 2014  2013  2012  2011  2010  2009  2008  2007  

Index per 

share 

Basic EPS (yuan) 0.41  0.34  0.11  0.56  0.42  0.82  1.06  0.91  

EPS after non-recurring profit and loss 
(yuan) 

0.29  0.30  0.06  0.53  0.39  0.73  1.00  0.81  

Diluted EPS (yuan) 0.41  0.34  0.11  0.56  0.42  0.82  1.06  0.91  

Net assets per share (yuan) 4.27  4.03  3.79  5.98  5.69  9.98  3.95  2.89  

Public accumulation fund per share 

(yuan) 
1.57  1.57  1.57  3.00  2.97  6.14  0.07  0.07  

Undistributed profit per share (yuan) 1.44  1.24  1.04  1.70  1.50  2.51  2.52  1.55  

Operating cash flow per share (yuan) 0.47  0.41  0.24  0.35  0.71  0.65  0.71  0.76  

Growth 

ability 

index 

Total assets (hundred million) 8.25  7.62  7.05  6.92  6.60  6.27  2.26  1.83  

Net assets (hundred million) 7.59  7.10  6.68  6.59  6.26  6.11  1.82  1.33  

Operating costs (hundred million) 0.16  0.08  0.09  0.08  0.11  0.09  0.10  0.48  

Operating profit (hundred million) 0.66  0.57  0.08  0.60  0.40  0.33  0.39  0.30  

Operating income (hundred million) 3.27  2.90  2.47  2.41  1.89  1.23  1.30  1.28  

Gross profit (hundred million) 3.08  2.80  2.35  2.27  1.72  1.11  1.17  0.78  

Attributable gross profit ((hundred 

million) 
0.73  0.59  0.20  0.61  0.46  0.41  0.49  0.42  

Revenue growth rate (%) 12.82  17.07  2.51  27.68  53.61  -5.52  1.94  64.76  

Net profit growth rate (%) 22.29  204.27  -68.18  32.70  11.65  -14.70  16.60  40.94  

Total assets growth rate (%) 8.27  8.09  1.88  4.85  5.26  177.43  23.50  #DIV/0! 

Operating profit growth rate (%) 14.66  620.03  -86.81  52.11  20.09  -16.26  33.16  #DIV/0! 

Net assets growth rate (%) 22.30  204.30  -68.19  32.71  11.63  -14.70  16.61  #DIV/0! 

Profit 

ability 

indexes 

Return on net assets(%) 10.04  8.66  2.98  9.65  7.53  12.54  31.04  37.41  

Return on total assets (%) 9.03  8.06  2.75  9.10  7.10  9.81  23.91  23.89  

Rate of margin (%) 94.99  97.29  96.31  96.81  94.33  92.47  92.20  62.17  

Net profit margin (%) 21.93  20.42  7.76  25.49  24.16  34.00  37.53  32.81  

Effective tax rate (%) 5.50  6.68  14.63  6.39  6.40  6.76  5.36  6.32  

Operating profit margin (%) 20.05  19.71  3.21  24.98  20.94  26.79  30.27  23.09  

Profit 

quality 

indexes 

Advances received / operating income 0.02  0.01  0.01  0.02  0.02  0.01  0.03  0.06  

Sales cash / operating income 1.06  1.02  1.02  0.88  1.12  1.03  0.93  1.12  

Operating cash / operating income 0.26  0.25  0.17  0.16  0.41  0.32  0.25  0.27  

Operation 

ability 

indexes 

Total assets turnover rate (times) 0.41  0.39  0.35  0.36  0.29  0.29  0.64  0.73  

Net assets turnover rate 0.45  0.42  0.37  0.38  0.31  0.30  0.80  1.00  

Accounts receivable turnover days 72.90  79.66  86.60  61.23  57.51  101.51  67.70  38.72  

Inventory turnover days  14.09  39.76  15.21  44.84  75.66  160.95  147.17  79.76  

Financial 

risk 

indexes 

Asset-liability ratio (%) 7.94  6.88  5.25  4.74  5.15  2.48  19.51  27.05  

Current liabilities / total liabilities (%) 98.03  96.94  95.22  100.00  100.00  100.00  100.00  100.00  

Liquidity ratio 6.70  7.91  10.68  12.29  13.16  29.92  2.28  1.28  

Quick ratio 6.70  7.89  10.67  12.29  13.11  29.74  2.15  1.22  
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Appendix B Table of Indexes of Case Enterprise 

The related data of Table A-1 to A-33 substituted the unknown numbers of the formula (6-4) 

so that the corresponding PEE, SPE, PEM, and SPM were obtained. After that, EtI, SgI, 

andSnI were also computed by the formulae: EtI = PEM/PEE, SgI= SPM/SPE, and SnI= SnI/ 

EtI. In this way, seven new data were obtained, i.e. PEE, SPE, PEM, SPM, EtI, SgI, and 

SnI.Those seven data are called Enterprise Indexes (EI) as they are drawn from the 

computerized model. 

The aforesaid indexes are average values, for the means are more likely to offset the data 

fluctuation, and the influence brought by the time that is needed to turn capitals into products. 

Six indicators were obtained by calculating the average values of three years, namely total 

assets growth rate, total assets turnover, return on total assets (ROA), rate of return on 

common stockholders’ equity (ROE), and net assets turnover. However, some are average 

values of two years’ data, for the data of 2007 are not available. These indicators include 

increase rate of main business revenue, gross profit rate, operating profit ratio, net profit ratio, 

net profit growth rate and cash realization rate.  

Table B-1 Table of Indexes of Kweichow Moutai 

Year 2014 2013 2012 2011 2010 2009 

PEE 36.02 39.13 35.85 31.45 32.32 42.59 

SPE 45.83 60.76 56.50 45.44 40.69 39.74 

PEM 76.71 93.67 110.07 91.97 73.87 73.84 

SPM 102.94 110.99 125.06 110.67 92.88 104.80 

EtI 2.13 2.39 3.07 2.92 2.29 1.73 

SgI 2.25 1.83 2.21 2.44 2.28 2.64 

SnI 1.05 0.76 0.72 0.83 1.00 1.52 

 

Table B-2 Table of Indexes of Wuliangye 

Year 2014 2013 2012 2011 2010 2009 

PEE 19.97 23.29 25.40 24.99 22.33 21.18 

SPE 26.21 38.12 48.52 44.73 34.51 21.43 

PEM 38.64 52.71 57.38 51.35 52.70 41.62 

SPM 88.33 105.05 112.09 100.95 110.61 117.20 

EtI 1.94 2.26 2.26 2.06 2.36 1.97 

SgI 3.37 2.76 2.31 2.26 3.21 5.47 

SnI 1.74 1.22 1.02 1.10 1.36 2.78 
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Table B-3 Table of Indexes of Yanghe River shares 

Year 2014 2013 2012 2011 2010 2009 

PEE 23.55 32.93 43.33 72.88 101.56 157.56 

SPE 38.52 72.05 123.20 131.71 199.97 476.24 

PEM 40.87 49.37 62.07 65.85 61.33 52.31 

SPM 103.64 115.64 138.52 149.26 147.99 164.41 

EtI 1.73 1.50 1.43 0.90 0.60 0.33 

SgI 2.69 1.60 1.12 1.13 0.74 0.35 

SnI 1.55 1.07 0.78 1.25 1.23 1.04 

 

Table B-4 Table of Indexes of TuopaiShede 

Year 2014 2013 2012 2011 2010 2009 

PEE 3.98 5.85 6.71 3.57 2.02 1.67 

SPE 6.11 12.97 19.68 8.50 3.58 3.24 

PEM 2.62 15.55 30.32 19.21 10.37 8.32 

SPM 104.12 115.58 130.10 122.66 126.07 131.70 

EtI 0.66 2.66 4.52 5.39 5.14 4.98 

SgI 17.03 8.91 6.61 14.42 35.25 40.70 

SnI 25.89 3.35 1.46 2.68 6.85 8.17 

 

Table B-5 Table of Indexes of Swellfun 

Year 2014 2013 2012 2011 2010 2009 

PEE -5.12 6.80 12.06 11.87 11.52 12.40 

SPE -6.78 8.07 19.63 20.73 23.23 34.06 

PEM -41.61 -0.15 28.34 23.32 29.06 43.65 

SPM 290.79 89.75 94.05 75.62 59.83 64.67 

EtI 8.13 -0.02 2.35 1.96 2.52 3.52 

SgI -42.88 11.12 4.79 3.65 2.57 1.90 

SnI -5.28 -493.81 2.04 1.86 1.02 0.54 

 

Table B-6 Table of Indexes of Jiugui Liquor 

Year 2014 2013 2012 2011 2010 2009 

PEE 4.88 11.55 15.31 8.35 4.82 4.30 

SPE 10.96 26.21 54.68 23.48 9.83 7.57 

PEM -13.27 21.05 50.61 26.20 10.90 3.95 

SPM 71.09 74.73 141.06 114.66 92.77 77.94 

EtI -2.72 1.82 3.31 3.14 2.26 0.92 

SgI 6.49 2.85 2.58 4.88 9.43 10.30 

SnI -2.38 1.56 0.78 1.56 4.17 11.20 

 

Table B-7 Table of Indexes of Laobaigan 

Year 2014 2013 2012 2011 2010 2009 

PEE 5.38 6.71 6.54 4.81 3.36 2.80 

SPE 9.68 44.97 75.89 51.54 21.96 230.98 



 

256 

PEM 6.25 7.75 9.37 7.36 5.96 6.87 

SPM 82.81 82.08 83.36 81.28 72.92 68.43 

EtI 1.16 1.16 1.43 1.53 1.78 2.45 

SgI 8.56 1.83 1.10 1.58 3.32 0.30 

SnI 7.37 1.58 0.77 1.03 1.87 0.12 

 

 

Table B-8 Table of Indexes of TGOOD 

Year 2014 2013 2012 2011 2010 2009 

PEE 7.77 7.83 8.23 28.74 227.05 762.49 

SPE 10.54 9.26 9.34 83.27 5637.08 ####### 

PEM 12.51 13.78 16.36 23.46 27.82 33.50 

SPM 78.95 88.63 85.13 81.65 92.83 113.41 

EtI 1.61 1.76 1.99 0.82 0.12 0.04 

SgI 7.49 9.57 9.12 0.98 0.02 0.00 

SnI 4.65 5.44 4.58 1.20 0.13 0.00 

Note：###### are abnormal invalid values. 

Table B-9 Table of Indexes of Nanfeng Corporation 

Year 2014 2013 2012 2011 2010 2009 

PEE 5.15 5.32 6.31 12.09 17.75 37.12 

SPE 7.74 7.14 8.30 32.75 113.45 2570.35 

PEM 17.08 12.87 17.78 22.74 21.92 21.08 

SPM 105.65 92.58 68.53 71.81 95.55 101.96 

EtI 3.31 2.42 2.82 1.88 1.23 0.57 

SgI 13.66 12.97 8.26 2.19 0.84 0.04 

SnI 4.12 5.36 2.93 1.17 0.68 0.07 

 

Table B-10 Table of Indexes of Tongda Power Technology 

Year 2014 2013 2012 2011 2010 2009 

PEE 0.43 5.05 13.74 21.50 23.61 36.35 

SPE 0.45 9.95 67.32 199.97 115.37 191.85 

PEM 1.41 0.67 3.55 7.77 8.46 8.58 

SPM 63.70 55.44 59.14 79.85 100.24 112.66 

EtI 3.31 0.13 0.26 0.36 0.36 0.24 

SgI 141.58 5.57 0.88 0.40 0.87 0.59 

SnI 42.75 41.94 3.40 1.11 2.42 2.49 

 

Table B-11 Table of Indexes of Guangdian Electric 

Year 2014 2013 2012 2011 2010 2009 

PEE 1.45 3.98 8.57 16.43 15.32 17.25 

SPE 1.72 6.09 31.59 151.53 102.37 162.21 

PEM 3.09 2.46 8.75 16.83 17.47 13.28 

SPM 95.96 103.64 102.01 88.96 98.35 108.04 

EtI 2.13 0.62 1.02 1.02 1.14 0.77 

SgI 55.70 17.02 3.23 0.59 0.96 0.67 
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SnI 26.13 27.49 3.16 0.57 0.84 0.87 

 

Table B-12 Table of Indexes of Hongfa 

Year 2014 2013 2012 2011 2010 2009 

PEE 19.97 14.16 1.07 -28.63 -7.52 -8.04 

SPE 52.34 13.99 ###### 0.00 0.00 0.00 

PEM 16.83 15.33 13.31 4.59 -8.43 -7.69 

SPM 76.59 76.04 138.26 270.16 126.29 495.68 

EtI 0.84 1.08 12.40 -0.16 1.12 0.96 

SgI 1.46 5.43 0.00 ###### ###### ###### 

SnI 1.74 5.02 0.00 ###### ###### ###### 

Note：###### are abnormal invalid values. 

Table B-13 Table of Indexes of Tiancheng Holding 

Year 2014 2013 2012 2011 2010 2009 

PEE 1.35 2.57 5.23 8.18 9.72 11.12 

SPE 2.88 4.52 8.86 14.34 18.00 60.43 

PEM -1.91 -5.32 1.57 5.91 11.13 14.90 

SPM 111.84 88.26 88.73 105.41 114.22 123.05 

EtI -1.41 -2.07 0.30 0.72 1.14 1.34 

SgI 38.78 19.54 10.01 7.35 6.34 2.04 

SnI -27.47 -9.43 33.32 10.17 5.54 1.52 

 

Table B-14 Table of Indexes of Zhefu Holding 

Year 2014 2013 2012 2011 2010 2009 

PEE 3.88 6.36 7.80 8.89 11.64 16.05 

SPE 5.78 9.37 13.40 16.83 23.29 157.54 

PEM 13.60 11.57 16.27 18.63 16.70 16.68 

SPM 103.77 89.14 112.12 98.10 53.60 45.92 

EtI 3.51 1.82 2.09 2.10 1.43 1.04 

SgI 17.95 9.51 8.37 5.83 2.30 0.29 

SnI 5.12 5.22 4.01 2.78 1.60 0.28 

 

 

Table B-15 Table of Indexes of Xinlong Electrical 

Year 2014 2013 2012 2011 2010 2009 

PEE 3.65 5.79 6.23 6.28 5.70 5.67 

SPE 5.57 15.21 18.97 22.80 20.13 42.05 

PEM 3.41 8.65 11.42 9.41 8.39 8.44 

SPM 109.53 99.11 90.14 82.62 89.60 101.89 

EtI 0.93 1.50 1.83 1.50 1.47 1.49 

SgI 19.68 6.51 4.75 3.62 4.45 2.42 

SnI 21.09 4.35 2.59 2.42 3.03 1.63 

 

Table B-16 Table of Indexes of Xuji Group Corporation 

Year 2014 2013 2012 2011 2010 2009 
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PEE 12.42 9.38 6.63 5.34 4.17 3.53 

SPE 97.76 54.11 17.83 21.68 10.28 8.07 

PEM 13.67 10.57 8.37 6.55 6.67 5.88 

SPM 83.45 93.91 93.22 93.60 102.71 99.35 

EtI 1.10 1.13 1.26 1.23 1.60 1.67 

SgI 0.85 1.74 5.23 4.32 9.99 12.31 

SnI 0.78 1.54 4.15 3.52 6.26 7.39 

 

Table B-17 Table of Indexes of Northeast Electric 

Year 2014 2013 2012 2011 2010 2009 

PEE 1.76 -0.17 -1.16 -1.56 -2.49 -11.73 

SPE 2.13 -1.68 -3.62 -5.84 -2.52 -0.04 

PEM 4.07 3.19 -5.78 ###### ####### -126.33 

SPM 110.42 105.58 110.80 97.83 -247.89 -257.69 

EtI 2.31 -18.28 -5.00 ####### ####### -10.77 

SgI 51.78 -62.69 -30.60 -16.75 -98.38 -6672.49 

SnI 22.39 -3.43 -6.12 0.00 0.00 -619.41 

Note：###### are abnormal invalid values. 

 

Table B-18 Table of Indexes of Gree 

Year 2014 2013 2012 2011 2010 2009 

PEE 11.12 10.52 9.90 11.19 11.40 10.23 

SPE 149.36 166.89 190.67 246.03 484.20 74.55 

PEM 11.72 9.77 7.21 5.42 6.07 6.36 

SPM 55.05 53.43 47.53 39.92 60.48 58.22 

EtI 1.05 0.93 0.73 0.48 0.53 0.62 

SgI 0.37 0.32 0.25 0.16 0.12 0.78 

SnI 0.35 0.34 0.34 0.34 0.23 1.26 

 

Table B-19 Table of Indexes of Chunlan 

Year 2014 2013 2012 2011 2010 2009 

PEE 0.26 0.52 -5.70 -5.88 -6.38 -4.41 

SPE 1.02 1.12 -0.54 -0.76 -1.01 -3.93 

PEM -0.80 -0.60 -1.58 -21.09 -29.84 -17.98 

SPM 105.78 106.01 113.92 435.56 447.39 135.76 

EtI -3.07 -1.17 0.28 3.59 4.67 4.08 

SgI 103.47 95.01 -212.34 -574.41 -442.24 -34.56 

SnI -33.68 -81.21 -766.88 -160.19 -94.61 -8.47 

 

Table B-20 Table of Indexes of HisenseKelon 

Year 2014 2013 2012 2011 2010 2009 

PEE 13.88 11.38 10.41 11.28 4.80 1.00 

SPE ####### ####### ####### 409.68 85.41 0.00 

PEM 3.84 4.41 2.09 0.66 0.59 -1.59 

SPM 48.27 49.11 42.83 38.94 43.57 48.98 

EtI 0.28 0.39 0.20 0.06 0.12 -1.59 
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SgI 0.00 0.00 0.00 0.10 0.51 #DIV/0! 

SnI 0.00 0.00 0.00 1.62 4.14 #DIV/0! 

Note：###### are abnormal invalid values, #DIV/0! is divided by 0. 

 

Table B-21 Table of Indexes of Meiling 

Year 2014 2013 2012 2011 2010 2009 

PEE 3.10 2.40 3.76 6.73 6.99 3.84 

SPE 33.50 11.80 14.08 ###### ###### ###### 

PEM 2.73 1.89 0.40 0.71 3.49 2.77 

SPM 68.95 66.89 59.55 48.64 54.83 55.20 

EtI 0.88 0.79 0.11 0.11 0.50 0.72 

SgI 2.06 5.67 4.23 0.00 0.00 0.00 

SnI 2.34 7.17 39.99 0.00 0.00 0.00 

Note：###### are abnormal invalid values. 

Table B-22 Table of Indexes of Haier 

Year 2014 2013 2012 2011 2010 2009 

PEE 14.23 15.79 20.75 34.21 30.10 11.91 

SPE 90.79 129.15 341.81 841.53 335.58 13.29 

PEM 8.04 7.01 6.22 5.55 5.29 4.52 

SPM 94.54 84.22 78.85 85.37 81.73 62.29 

EtI 0.57 0.44 0.30 0.16 0.18 0.38 

SgI 1.04 0.65 0.23 0.10 0.24 4.69 

SnI 1.84 1.47 0.77 0.63 1.39 12.36 

 

Table B-23 Table of Indexes of Media 

Year 2014 2013 2012 2011 2010 2009 

PEE 10.13 7.90 7.81 8.47 9.32 6.79 

SPE 121.27 30.36 66.73 114.42 175.29 18.62 

PEM 8.99 7.22 6.23 5.91 5.64 5.02 

SPM 69.59 64.69 52.86 46.35 59.16 67.09 

EtI 0.89 0.91 0.80 0.70 0.61 0.74 

SgI 0.57 2.13 0.79 0.41 0.34 3.60 

SnI 0.65 2.33 0.99 0.58 0.56 4.87 

 

Table B-24 Table of Indexes of Dr.Peng 

Year 2014 2013 2012 2011 2010 2009 

PEE 4.04 3.92 4.61 7.24 8.72 10.17 

SPE 10.49 7.28 6.09 8.89 12.22 15.91 

PEM 14.00 11.73 9.09 10.60 12.46 12.51 

SPM 45.06 62.95 84.19 91.47 88.61 85.77 

EtI 3.47 2.99 1.97 1.46 1.43 1.23 

SgI 4.30 8.64 13.82 10.29 7.25 5.39 

SnI 1.24 2.89 7.01 7.04 5.08 4.39 

 

Table B-25 Table of Indexes of China Unicom 
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Year 2014 2013 2012 2011 2010 2009 

PEE 1.94 1.49 1.11 1.47 5.95 8.10 

SPE 4.60 3.41 2.35 2.72 9.57 13.35 

PEM 4.98 3.90 2.80 2.31 4.77 5.64 

SPM 81.94 80.38 78.75 78.63 77.71 81.92 

EtI 2.57 2.61 2.52 1.57 0.80 0.70 

SgI 17.83 23.54 33.56 28.87 8.12 6.14 

SnI 6.94 9.01 13.30 18.38 10.12 8.82 

 

 Table B-26 Table of Indexes of Wangsu Science and Technology 

Year 2014 2013 2012 2011 2010 2009 

PEE 28.16 15.38 8.33 14.85 63.07 587.38 

SPE 33.96 17.16 8.85 21.69 101.25 1441.41 

PEM 29.05 21.09 13.82 11.30 12.66 18.63 

SPM 119.50 109.19 104.62 95.01 93.69 98.02 

EtI 1.03 1.37 1.66 0.76 0.20 0.03 

SgI 3.52 6.36 11.82 4.38 0.93 0.07 

SnI 3.41 4.64 7.12 5.76 4.61 2.14 

 

 

Table B-27 Table of Indexes of 263 

Year 2014 2013 2012 2011 2010 2009 

PEE 12.99 11.88 15.49 19.14 38.58 29.51 

SPE 15.39 13.77 20.56 29.84 68.57 42.34 

PEM 26.37 62.20 51.35 25.42 26.17 26.08 

SPM 78.65 124.59 137.53 80.63 83.87 89.24 

EtI 2.03 5.24 3.32 1.33 0.68 0.88 

SgI 5.11 9.05 6.69 2.70 1.22 2.11 

SnI 2.52 1.73 2.02 2.03 1.80 2.38 

 

Table B-28 Table of Indexes of Guomai Technologies 

Year 2014 2013 2012 2011 2010 2009 

PEE 3.51 5.41 7.86 12.54 16.23 15.78 

SPE 6.71 9.38 16.88 24.70 30.37 22.84 

PEM 16.93 15.30 12.08 16.52 18.38 24.83 

SPM 83.73 88.15 93.59 98.02 88.07 94.53 

EtI 4.83 2.83 1.54 1.32 1.13 1.57 

SgI 12.47 9.40 5.55 3.97 2.90 4.14 

SnI 2.58 3.33 3.61 3.01 2.56 2.63 

 

Table B-29 Table of Indexes of East Money 

Year 2014 2013 2012 2011 2010 2009 

PEE 2.22 2.85 6.16 20.86 41.04 37.37 

SPE 52.63 2.84 4.61 16.10 27.25 119410.50 

PEM 26.31 7.02 30.95 49.93 52.83 73.17 

SPM 684.62 48.88 61.07 85.42 78.92 78.86 
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EtI 11.84 2.46 5.03 2.39 1.29 1.96 

SgI 13.01 17.22 13.25 5.31 2.90 0.00 

SnI 1.10 6.99 2.64 2.22 2.25 0.00 

 

Table B-30 Table of Indexes of Great Wisdom Stocks 

Year 2014 2013 2012 2011 2010 2009 

PEE -1.10 -1.05 6.44 69.71 146.28 589.23 

SPE -2.09 -1.07 3.23 40.32 163.97 722.23 

PEM 11.88 -38.67 -19.45 25.31 55.45 57.23 

SPM 116.95 139.52 106.74 68.97 112.53 131.56 

EtI -10.79 36.68 -3.02 0.36 0.38 0.10 

SgI -55.84 -130.03 33.04 1.71 0.69 0.18 

SnI -5.17 -3.54 -10.95 4.71 1.81 1.88 

 

 

Table B-31 Table of Indexes of Tonghuashun 

Year 2014 2013 2012 2011 2010 2009 

PEE 2.70 2.93 4.95 8.32 18.45 43.86 

SPE 3.36 3.11 5.33 25.12 45.72 587.58 

PEM 33.92 17.10 6.60 3.58 5.77 11.02 

SPM 64.92 41.87 29.89 54.99 107.32 103.99 

EtI 12.55 5.83 1.33 0.43 0.31 0.25 

SgI 19.35 13.48 5.60 2.19 2.35 0.18 

SnI 1.54 2.31 4.20 5.09 7.51 0.70 

 

Table B-32 Table of Indexes of 2345 

Year 2014 2013 2012 2011 2010 2009 

PEE 49.55 13.93 17.65 14.13 11.58 11.81 

SPE 18.62 13.66 30.31 21.94 15.67 17.08 

PEM 12.81 10.80 18.50 20.09 13.42 12.64 

SPM 115.83 98.31 107.03 116.47 103.24 96.64 

EtI 0.26 0.78 1.05 1.42 1.16 1.07 

SgI 6.22 7.20 3.53 5.31 6.59 5.66 

SnI 24.07 9.28 3.37 3.73 5.69 5.29 

 

Table B-33 Table of Indexes of Join-Cheer Software 

Year 2014 2013 2012 2011 2010 2009 

PEE 6.77 6.76 6.40 10.55 17.99 33.48 

SPE 8.98 8.83 6.54 10.23 17.40 29.83 

PEM 22.95 12.60 16.31 33.85 29.87 28.06 

SPM 130.29 111.16 90.78 103.55 105.53 96.33 

EtI 3.39 1.87 2.55 3.21 1.66 0.84 

SgI 14.51 12.59 13.89 10.12 6.07 3.23 

SnI 4.28 6.75 5.45 3.15 3.65 3.85 
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Appendix C MATLAB Code of the Grey Prediction Modle 

% 本程序主要用来计算根据灰色理论建立的模型的预测值； 

% 应用的数学模型是 GM(1,1),检验包括建模前的光滑度检验、模型的精度检验和预测

结果的残差检验； 

% 对原始数据进行 p 开方变换,如果数据序列光滑性检验没有通过，则采用调整 p； 

% 参考文献：彭勇等，一种改进的灰度预测模型，计算机与数字工程，2012.No.1，V.40，

p40-42； 

clc 

clear all 

%=====输入原始数据===== 

%贵州茅台企业势能 

y0=[42.59 32.32 31.45 35.85 39.13 36.02]; 

%=====检查数据是否非负序列,如果有负数则进行平移变换 

if min(y0)>=0; 

    y=(y0); 

    disp('原始数据全部大于 0，不需要进行平移变换') 

    pybh=0;    %设置平移变换标志 

else 

    pyl=ceil(abs(min(y0))); 

    y=(y0+pyl);    %平移变换 

    disp('原始数据中有小于 0 的值，需要进行平移变换') 

    pybh=1;    %设置平移变换标志 

    disp(['原始数据加上“',num2str(pyl),'”进行平移变换']) 

end 

 

%=====计算级比可容范围 

n=length(y); 

ran1 = [exp(-2/(n+1)),exp(2/(n+1))];   %级比可容范围 

%=====计算 p 开方序列 

py=zeros(1,n); 

for i=1:n 

    pk=-3.0;  %可以调整 pk 值，直到通过光滑性检验 
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    py(i)=power((y(i)+1),(1/pk));   %Pk 

end 

%=====p 开方序列的光滑性检验 

lamda=zeros(1,n); 

lamda(1)=1; 

for i=2:n; 

    lamda(i)=py(i-1)/py(i); 

end 

 

range = minmax(lamda);                %级比序列的最小值和最大值 

    disp(['py 级比极值(',num2str(range),')','可容范围(',num2str(ran1),')']); 

if and(ran1(1)<range(1),range(2)<ran1(2)) 

    disp('0 级比检验通过'); 

else 

    disp('未通过 0 级比检验，请调整 pk 再试试'); 

end 

 

%=====计算 GM11 参数===== 

yy=ones(n,1); 

yy(1)=py(1); 

%累加生成 

for i=2:n 

    yy(i)=yy(i-1)+py(i); 

end 

    disp(['累加生成序列:',num2str(yy')]); 

zy=zeros(1,n); 

for i=2:n 

    alpha=0.5; 

    zy(i)=alpha*yy(i)+(1-alpha)*yy(i-1); 

end 

for i=2:n 

    zy(i)=alpha*yy(i)+(1-alpha)*yy(i-1); 

end 

 

%计算发展系数 a，灰数作用量 u 
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B=ones(n-1,2); 

for i=1:(n-1) 

    B(i,1)=-(yy(i)+yy(i+1))/2; 

    B(i,2)=1; 

end 

BT=B'; 

for j=1:n-1 

    YN(j)=py(j+1); 

end 

YN=YN'; 

A=inv(BT*B)*BT*YN; 

a=A(1); 

u=A(2); 

t=u/a; 

%=====输入预测个数 

t_test=3;  %需要预测个数,根据情况进行修改 

i=1:t_test+n; 

yys(i+1)=(py(1)-t).*exp(-a.*i)+t;   %白化响应式 

yys(1)=py(1); 

for j=n+t_test:-1:2 

    ys(j)=yys(j)-yys(j-1);  %累减生成 

end 

%反预处理变换,还原为原序列的模型值 

datam1=zeros(1,n+t_test); 

datam=zeros(1,n+t_test); 

     datam1=power(ys,pk)-1; 

     if pybh==0 

        datam=datam1;   

     else 

        datam=datam1-pyl;    %反平移变换 

    end 

    disp(['平移还原前模型值:',num2str(datam1)]); 

    disp(['平移还原后模型值:',num2str(datam)]); 

%=====计算残差 deltak 和相对残差 delk====== 

deltak=0; 
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epk=0; 

for i=2:n 

    deltak(i)=y0(i)-datam(i); 

    epk(i)=deltak(i)/y0(i)*100;   %相对残差 

end 

ept=0; 

for i=2:n 

    ept=ept+abs(epk(i)); 

end 

epavg=ept/(n-1);   %平均残差 

P0=100-epavg;      %平均精度 

%=====检验和判断模型的精度+++=用 py 和 ys 进行残差检验=== 

e0=zeros(1,n); 

for k=2:n 

    e0(k)=py(k)-ys(k);    %残差 

end  

epsilon=e0./py;      %相对残差 

epsilon=abs(epsilon); 

rel_err=sum(epsilon)/(n-1)*100;  %平均残差 

%关联度检验 

p=0.5; 

max_err=max(abs(e0)); 

r=0; 

for k=1:n 

   r=r+p*max_err/(abs(e0(k))+p*max_err); 

end 

r=r/n;  %r 关联度 

 

%=====显示计算结果 

disp('*****显示计算结果*****'); 

disp(['原始数据序列(',num2str(y0),')']); 

if pybh==0 

    disp('原始数据序列中没有负数，不需要进行平移变换');     

else 

    disp(['原始数据序列中有负数，平移量=', num2str(pyl)]);    
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    disp(['平移变换序列：(',num2str(y),')']); 

end 

disp(['通过逐步调试，p 开方变换的 p=',num2str(pk)]); 

disp(['p 开方变换序列为（',num2str(py),')']); 

disp(['py 数据级比序列(',num2str(lamda),')']); 

disp(['累加生成序列:',num2str(yy')]); 

disp(['发展系数 a=:',num2str(a),'灰数作用量 b=：',num2str(u),'b/a=',num2str(t)]); 

disp(['白化响应式=',num2str(py(1)-t),'*e',num2str(-a),'k',num2str(t)]); 

disp(['原始值：',num2str(y0)]); 

disp(['相对残差%:',num2str(epsilon*100),]); 

disp(['平均残差为:',num2str(rel_err),'%','  平均精度为:',num2str(100-rel_err),'%']); 

disp(['平均精度为:',num2str(100-rel_err),'%']); 

disp(['关联度为',num2str(r*100),'%']); 

disp(['预测值为： ',num2str(datam(n+1:n+t_test))]); 

up_datam=zeros(1,t_test); 

low_datam=zeros(1,t_test); 

for i=1:t_test 

    up_datam(i)=datam(n+i)*(1+rel_err/100); 

    low_datam(i)=datam(n+i)*(1-rel_err/100); 

end 

disp(['预测上限值为：',num2str(up_datam),'预测下限值为：',num2str(low_datam)]); 

 

%=====实际值与预测值拟合图 

x=1:n;     %原始数据的 x 坐标范围 

xs=2:n+t_test;    %预测值的 x 坐标范围 

yn=datam(2:n+t_test); 

%叠加模型值的上下限曲线 

plot(x,y0,'^k',xs,yn,'p-r'); 

set(gca,'XTickLabel',[2009:2009+n+t_test])   %更新 XTickLabel 

legend('原始数据','预测数据',4) 

grid on 

xlabel('年份') 

if pybh==0; 

    disp(['序号','  原始序列  ','p 开方序列 ','级比序列 ','  累加序列 ']); 

for i=1:n 
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disp([num2str(i),'  ',num2str(y0(i)),'  ',num2str(py(i)),'  ',num2str(lamda(i)),'  

',num2str(yy(i))]); 

end 

else 

for i=1:n 

disp([num2str(i),'  ',num2str(y0(i)),'  ',num2str(y(i)),'  ',num2str(py(i)),'  

',num2str(lamda(i)),'  ',num2str(yy(i))]); 

end  

end 

disp(['建模序列 ',' 模型值 ',' 残差 ',' 相对残差']); 

for i=2:n 

disp([num2str(py(i),4),'  ',num2str(ys(i),4),'  ',num2str(e0(i),4),'  

',num2str(epsilon(i)*100,5)]); 

end 
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