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Abstract: High-tech start-ups play an increasingly 
important role in the growth of national economy and are the 
source of modern economic growth. On the basis of risk 
identification and analysis of high-tech start-ups, this paper 
establishes a risk assessment index system for high-tech start-
ups, then this paper proposes a risk assessment model of high-
tech start-ups based on AHP-Fuzzy, which provides theoretical 
guidance for high-tech enterprises to conduct risk assessment 
scientifically. At the end of this paper, the application of this 
model in practice is illustrated by empirical analysis. 
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I.  INTRODUCTION  
With the rapid growth of the national economy, 

technology has been one of the main drivers of economic 
development, and high-tech start-ups have played an 
important role in promoting technological advancements in 
the industry, adding jobs and so on. However, high-product 
added-value, high technology content and short life-cycle 
features of high-tech start-ups make it a typical high-risk 
enterprise. Therefore, how to reduce the risk of enterprises 
effectively and extend the life cycle of enterprises has 
become an inevitable practical problem. 

Scholars at home and abroad have conducted a lot of 
detailed studies on entrepreneurial risks [1-5], the research 
content mainly focuses on the identification of 
entrepreneurial risk factors, risk assessment and risk 
assessment and so on. Different scholars give different 
opinions on the risks faced by high-tech start-ups [6-10]. But 
in terms of existing research, although many scholars have 
made detailed analysis on the risks of technology, market 
and human resources of high-tech enterprises, the risk factor 
analysis at the enterprise level is still insufficient, and there is 
no in-depth exploration on the risk assessment of high-tech 
start-ups. 

 On the basis of risk analysis of high-tech start-ups this 
paper uses field investigation method and Delphi method to 
identify key indicators. Then this paper constructs a risk 
assessment system for high-tech start-ups, and combines 
AHP with Fuzzy technology to construct a comprehensive 
risk assessment model for high-tech start-ups. The case study 
shows that the model is not only scientific and reliable, but 
also simple and practical. 

II. THE ESTABLISHMENT OF RISK ASSESSMENT INDEX 
SYSTEM FOR HIGH-TECH START-UPS 

In order to make the constructed index system meet the 
requirements of science, system optimization, practicability 
and objectivity we adopt the method of combination of 
literature analysis and expert investigation. First of all, 
according to domestic and foreign relevant literature, the 
preliminary formulation of high-tech start-up companies risk 
assessment index system, ask experts in related fields to 
correct the index system, and then modify the indicator 
system according to the opinions of experts, and invite 
experts to correct, get a scientific and reasonable index 
system, as shown in TABLE I. 

TABLE I.  THE RISK ASSESSMENT INDEX SYSTEM OF HIGH-TECH 
START-UP ENTERPRISES  

Grade I Indexes  Grade II Indexes 

Environmental Risk X1 
Political and legal environment X11 
Macroeconomic environment X12 

Sociocultural environment X13 

Technical Risk X2 

Technical maturity X21 
Technical applicability X22 
Technology life cycle X23 
Loss of vulnerability X24 

Production Risk X3 

The composition of production technicians X31 
Production equipment and technology level 

X32 
Supply of raw materials X33 

Market Risk X4 

Product competitiveness X41 
Marketing ability X42 
Market prospect X43 

Industry competition situation X44 

Financial Risk X5 
Financing ability X51 

Debt paying ability X52 
Earning capacity X53 

Management Risk X6 
The quality and ability of entrepreneurs X61 
The management system is reasonable X62 

Identification of decision-making X63 

Human Resource Risk X7 
Liquidity risk X71 

Human resources moral hazard X72 
Entrepreneurial team cooperation status X73 

III. THE CONSTRUCTION OF AHP-FUZZY MODEL FOR RISK 
ASSESSMENT OF HIGH-TECH START-UP ENTERPRISES 
Analytic hierarchy process (AHP) is an analytical method 

of hierarchical weight decision proposed by American 
operational research scientist Thomas L. Saaty in the early 
1970s. It is a hierarchical weight decision analysis method 
combining qualitative and quantitative analysis. AHP 
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analyzes complex problems by constructing hierarchical 
structures. AHP digitizes the thought of evaluation and has 
wide application basis. Fuzzy sets were proposed by 
American operational research experts L.A.Zadeh in 1965 to 
represent fuzzy problems mathematically. It is a method of 
comprehensive evaluation of various indicators of things by 
means of the concept of fuzzy mathematics. In the following, 
we combine the AHP [11-12] and the fuzzy evaluation 
method [13] to process the data to evaluate the risk of high-
tech startups. 

A. The Determination of Index Weight Coefficient 
There are many factors in the risk evaluation index 

system of high-tech startups and the factors are related to 
each other. Therefore, we choose the analytic hierarchy 
process (AHP) to determine the weight of indicators. The 
basic steps include: First of all, establish a judgment matrix, 
use the two-by-two comparison method, and ask the experts 
to measure the relative importance of each index element 
according to the principle of 9 scale and form a judgment 
matrix; Then, use the normative column average method to 
calculate the eigenvalues of each indicator and perform 
consistency checking; Finally, after obtaining the weight 
vector of each factor on the upper level indicator, the overall 
importance of each index element on the overall level can be 
calculated from top to bottom. At this point, you can get the 
weight of all indicators. 

B. The Risk Classification of High-tech Start-ups 
According to the characteristics of the high-tech start-up 

industry, we divide the degree of risk into five levels. The 
assessment set consists of high to low comments: 

V={Low risk，Lower risk，Moderate risk，Higher risk，
High risk}={Ⅰ,Ⅱ,Ⅲ,Ⅳ,Ⅵ }={V1,V2,V3,V4,V5} 

Graded by Experts Mark, with a score of 10, the higher 
the score, the stronger the ability of the relevant parties and 
the smaller the risk. The classification inserts 4 equidistant 
points a1、a2、a3、a4 between the best and worst critical 
values. The risk index rating table of high-tech start-ups is 
obtained, as shown in TABLE Ⅱ. 

TABLE II.  THE RISK INDEX CLASSIFICATION OF HIGH-TECH START-
UPS 

Index level Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ 

Score [8,10] [6,8) [4,6) [2,4) [0,2) 

C. The Calculation of Membership Function Value 
All the experts (n experts) involved in the evaluation are 

asked to rate the evaluation indicators according to the 
assessment methods presented in table 3-1 and take the 
average score sij of a certain index as the index score. 
According to the method judged above, all indicators are 
effective indicators, that is, the bigger and better. At this 
point, the membership degree of the indicator xij belonging 
to the rank at is: 
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Among them, t=2, 3, 4；d=(a5-a0)/5; Xij is the actual 
value of the index xij. Xij

t represents the membership of the 
indicator xij to the rank at. 

In this way, we can obtain an evaluation matrix R 
compose of that indicator layer's subordinate function value 
Xij

t. 

D. The Comprehensive Risk Assessment for High-tech 
Start-ups 
The single index evaluation was conducted for each 

index of factor layer Xi, and the evaluation matrix Ri= 
(xijt) n*p n*p was obtained. The fuzzy judgment set S was 
obtained through the fuzzy transformation of weight 
coefficient matrix W and evaluation matrix R. 
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After evaluating m elements of X, the total evaluation 
matrix is obtained: 

               A=（S1,…,Sm）
T                                            (5) 

The comprehensive evaluation value is 

  S=WΟA                                     (6) 
Finally, according to the principle of maximum 

membership, a comprehensive evaluation conclusion can be 
made on the risk of high-tech start-ups. Thus, the risk level 
of high-tech start-ups can be obtained, and the risk level of 
various elements can be obtained, so as to facilitate the 
identification of key risks. 

IV. THE EMPIRICAL ANALYSIS 
In May 2015, a graduate of Stanford University, has 

served in the well-known technology companies of the 
world's top 500  

of the returnees entrepreneurial teams in Shenzhen founded 
RY technology company. Risk assessment of RY 
Technology Company is conducted as follows: 

1) Establish the risk assessment index system of RY 
company, as shown in TABLE I. 

2) The general process of determining the weight 
coefficient of evaluation indicators is as follows:  

First of all, the relevant experts were asked to compare 
the relative importance of elements according to the 1-9 scale 
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method to obtain the judgment matrix. Then, the sum method 
was used to calculate the characteristic values and conduct 
the consistency test, requiring the consistency ratio 
CR=CI/RI<0.1. According to the expert opinion, the 
corresponding normalized weight vector can be obtained.  

At this point, we can obtain the relative weight 
direction scale of the indicator layer, as shown in TABLE Ⅲ. 

TABLE III.  RELATIVE WEIGHT DIRECTION SCALE 

（X1, X2, X3, X4，X5, 
X6, X7） 

（0.024, 0.413, 0.091, 0.246, 0.034, 0.063, 
0.129） 

（X11, X12, X13） （0.648, 0.230, 0.122） 
（X21, X22, X23, 

X ） 
（0.272, 0.482, 0.088, 0.158） 

（X31, X32, X33） （0.633, 0.260, 0.106） 
（X41, X42, X43, 

X ） 
（0.494, 0.148, 0.291, 0.067） 

（X51, X52, X53） （0.539, 0.164, 0.297） 

（X61, X62, X63） （0.283, 0.643, 0.074） 

（X71, X72, X73） （0.581, 0.110, 0.309） 

3) Calculate the membership function value.  
Experts were asked to grade according to the actual 

situation, take the average score, and calculate the 
membership function value according to the formula (3.1-
3.3).We can get the evaluation matrix R composed of the 
value of each indicator membership function xijt in the 
indicator layer. Xijt represents the membership function 
value of the jth index under the ith element under the rank at. 
For example, the fuzzy evaluation matrix R1 of 
environmental risk indicator layer is: 
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4) According to the formula (3.4-3.6), the 
comprehensive evaluation vector of the target layer and the 
criterion layer can be obtained. Taking the environmental 
risk index as an example, according to the formula, the fuzzy 
evaluation vector of environmental risk is: 
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According to the principle of maximum membership, the 
comprehensive evaluation grade of various elements of RY 
enterprise can be obtained, as shown in TABLE Ⅳ. 

TABLE IV.  COMPREHENSIVE RISK ASSESSMENT RESULTS OF RY 
START-UP ENTERPRISES 

The evaluation 
object 

Comprehensive assessment 
results Grade 

Environmental Risk （0, 0.875, 0.125, 0, 0） Ⅱ 

Technical Risk （0.204, 0.524, 0.245, 0.027, 0） Ⅱ 

Production Risk （0, 0.027, 0.396, 0.447, 0.13） Ⅳ 

Market Risk （0.034, 0.404, 0.415, 0.074, 0.074） Ⅲ 

Financial Risk （0, 0.662, 0.041, 0.297, 0） Ⅱ 

Management Risk （0, 0.396, 0.605, 0, 0） Ⅲ 

Human Resource 
Risk （0, 0.581, 0.11, 0.309, 0） Ⅱ 

RY Comprehensive 
Risk  （0.093, 0.462, 0.296, 0.120, 0.03） Ⅱ 

From the comprehensive evaluation result table 4-2, it 
can be seen that the risk of the enterprise comprehensive 
evaluation for "Ⅱ", in a state of low risk. However, the 
company’s production capacity is poor, the overall 
evaluation is only grade IV, and it is in a relatively high-risk 
state. Therefore, it is necessary to take immediate pre-control 
measures, otherwise it is very likely to have a great impact 
on the company. There are also poor market and 
management capabilities, and they are in Class III. They are 
in a general state of risk and should improve their 
capabilities. 

V. CONCLUSION 
With the advent of knowledge-based economy, high-tech 

entrepreneurial activity has gradually become the main 
reason to drive China's economic growth. Whether there is a 
scientific and reasonable assessment of risk, is directly 
related to the success of high-tech start-ups. By constructing 
AHP-Fuzzy risk evaluation model of high-tech start-ups, this 
paper makes a quantitative analysis of the risks faced by 
high-tech start-ups. It makes up for the lack of systematisms, 
comprehensiveness and practicability of the previous 
evaluation methods, and provides a reference for high-tech 
start-ups to solve relevant risk problems. 

ACKNOWLEDGMENT  
This research is supported by the national social science 

foundation of China, No.16BGL024. The corresponding 
author of the paper is Qisheng Chen. 

 

REFERENCES 
[1] Du dong, Pang qinghua and Wu yan, “Modern comprehensive 

evaluation methods and case selection ,” Beijing: Tsinghua University 
Press , 2008. 

[2] Tipu S. “Entrepreneurial risk taking: themes from the literature and 
pointers for future research,” International Journal of Organizational 
Analysis, 1994, 25(3), pp.102-113. 

[3] Hoffmann M, “The Consumption–Income Ratio, Entrepreneurial Risk, 
and the U.S. Stock Market,” Journal of Money Credit & Banking, 
2014, 46(6), pp.1259–1292. 

[4] Wang Y R, Xu Q L, “Research on Appraisal of High-Tech 
Entrepreneurial Risk Based on Osculating Value Method,” Modeling 
Risk Management in Sustainable Construction, Springer Berlin 
Heidelberg, 2011, pp.283-291. 

[5] Caggese A, “Entrepreneurial risk, investment, and innovation,” 
Meeting Papers,Society for Economic Dynamics, 2006, pp.287-307. 

[6] Fourati H, Affes H, “Risk as a Threat, Risk as a Missing Opportunity, 
the Owner Finance and Entrepreneurship,” Entrepreneurship 
Research Journal, 2014, 4(4), pp.141-146. 

[7] Massimo G. Colombo, Evila Piva, Francesco Rentocchini, “The 
effects of incubation on academic and non-academic high-tech start-
ups: evidence from Italy,” Economics of Innovation & New 
Technology, 2012, 21(5-6), pp.505-527. 

[8] Sun Chengbo, “Research on Risk Assessment of High-tech Start-
ups,” Science and Technology and Management, 2016, 18(2), pp.71-
76. 

[9] Li Hongyan, “Research on Risk Management of High-tech Start-ups,” 
Wuhan University of Technology, 2007. 

[10] Xu Zhichun, “Risk Identification, Evaluation and Control of High-
tech Enterprises ,” Nanjing University of Finance and Economics, 
2008. 

2019 Scientific Conference on Network, Power Systems and Computing (NPSC 2019)

-125-



[11] Jjiang Qiyuan, “Mathematical Model,” Beijing: Education Press, 
1987. 

[12] Xu Shubai, “Principle of Analytic Hierarchy Process,” Tianjin: 
Tianjin University Press, 1987. 

[13] Liu Youcai, Liu Zengliang, “Principle and Design of Fuzzy Expert 
System,” Beijing: Beijing Aerospace Press, 1996. 

[14] Zehong Li, Yahui Song, “Application of fuzzy comprehensive 
evaluation method in real estate project risk investment decision,” 
Science and Technology, 2016,  (12), pp.40-48. 

[15] Chengbo Sun, “Research on risk evaluation of high-tech start-ups,” 
Science and Technology, 2016, (2), pp. 2-4.  

[16] Haiyan Huang, Xia Liu, “Risk analysis of new enterprise venture 
based on ISM model,” Accounting Monthly (Theory), 2015,(11), 
pp.92-93.   

 

2019 Scientific Conference on Network, Power Systems and Computing (NPSC 2019)

-126-


	I.  Introduction
	II. The Establishment of Risk Assessment Index system for High-tech Start-ups
	III. The Construction of AHP-Fuzzy Model for Risk Assessment of High-tech Start-up Enterprises
	A. The Determination of Index Weight Coefficient
	B. The Risk Classification of High-tech Start-ups
	C. The Calculation of Membership Function Value
	D. The Comprehensive Risk Assessment for High-tech Start-ups

	IV. The Empirical Analysis
	1) Establish the risk assessment index system of RY company, as shown in TABLE I.
	2) The general process of determining the weight coefficient of evaluation indicators is as follows:
	3) Calculate the membership function value.
	4) According to the formula (3.4-3.6), the comprehensive evaluation vector of the target layer and the criterion layer can be obtained. Taking the environmental risk index as an example, according to the formula, the fuzzy evaluation vector of environ...

	V. Conclusion
	Acknowledgment
	References




