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Abstract: In this paper, aiming at the problems of backward overall technology, weak competitiveness, poor operation ef-

ficiency and low production and economic efficiency in Liaoning equipment manufacturing industry, we based on the 

theory of constrains and used the DEA model to research its technology upgrading input and output efficiency to find its 

bottleneck, and then analysis its cause, finally put forward the corresponding countermeasures and Suggestions. 
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1. INTRODUCTION 

Currently, the development of Liaoning equipment 
manufacturing industry has entered a historic and critical 
stage, on one hand, with the deepening of the degree of mar-
ket opening in the province, Foreign companies continue to 
enter the equipment manufacturing industry, triggering tech-
nology spillovers and technology transfer, and this phe-
nomenon prompted the production capacity of equipment 
manufacturing industry continuously. On the other hand, a 
phenomenon manifests as the overall backward technology, 
lack of core competitiveness, Poor economic benefit and 
Low-tech products, so the markets continue to be eroded by 
foreign equipment companies. The fact of backward overall 
technology and weak competitiveness of Liaoning equip-
ment manufacturing industry shows that Liaoning equipment 
manufacturing industry technology upgrading is restricted by 
some factors. Constraints is ubiquitous, and the bottlenecks 
are the key constraints, so how to identify and break through 
its bottlenecks is the current problem that Liaoning Province 
must recognize and solve [1].  

2. THE ESTABLISHMENT OF EVALUATION INDEX 
SYSTEM  

Bottleneck refers to a single or a few key factors which 

will make the enterprises and industries lack of development 

potential in the process of the development and is the weak-

est link in the whole system. Obviously, The Identification 

of Bottlenecks is not only the basis and key to Bottleneck 

Management, but also determines the effective output of the 

system and overall effectiveness of enterprises. 

2.1. The Choice of Identification Method 

Bottleneck is the key limiting factor in the overall and the 
process of bottleneck identification should first find out the  
 

 
 

 

overall effectiveness, and then find a single or a few key 

factors that limit the overall effectiveness [2]. Topsis (Tech-

nique for order preference by similarity to ideal solution) is a 

common method of multi-objective decision analysis of lim-

ited program. Its basic idea is that based on the original data 

matrix normalized, identify the optimal solution and the 

worst scenario in the limited program, then calculate the dis-

tance between the optimal solution and the worst scenario of 

each evaluation object, access to the relative proximity of 

each evaluation object and the optimal solution as a basis for 

evaluating the pros and cons. Sensitivity analysis refers to 

uncertainty analysis techniques to study the impact of the 

change of certain actors on one or a set of key indicators 

from the perspective of quantitative analysis, and its essence 

is to explain the law of the impact on key indicators by the 

change of these factors each by the method of changing the 

values of the related variables one by one. Therefore, the 

article first selects Topsis to calculate the overall efficiency 

ranking and which grades overall effectiveness of ranking 

and rating of Liaoning Province, and then calculate the Sen-

sitivity strength of each indicator by using sensitivity analy-

sis, and compare with the higher rating, and finally identify 

the bottlenecks of Liaoning Equipment manufacturing indus-

try technological upgrading [3]. 

2.2. The Selection of Evaluation Indexes  

The selection of indexes directly affects the establish-

ment of performance indicators system and evaluation result, 

so it is required to follow the principles of authenticity and 

streamline, hierarchy and logicality, scientificity and oper-

ability [4]. Through a qualitative and quantitative analysis of 

Equipment Manufacturing Industry Technology Upgrading 

by a large number of experts, the result shows that the indi-

cators which have impact on equipment manufacturing tech-

nology upgrades include R & D, fixed assets, new products, 

patents, etc. Thus, the evaluation index system as shown in 

Table 1 is built according to such indicators Table 1.  
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Table 1. The evaluation index system of Liaoning equipment 

manufacturing technology upgrading. 

Indicator Variables Indicator Name 

X1 (person) R&D Personnel 

X2 (10000 yuan) Expenditure on R&D 

X3 (10000 yuan) Equipment 

X4 (unit) Institutions 

X5 (10000 yuan) Sales Revenue of New Products 

X6 (pierce) Inventions In Force 

X7 (item) New Products 

X8 (10000 yuan) Exports of New Products 

3. THE COLLECTION OF ORIGINAL DATA AND 

THE SOLVING BY TOPSIS 

In order to effectively evaluate the overall effectiveness 
of the Liaoning equipment manufacturing industry technol-
ogy upgrading, the paper selected some regions whose one 
or more indicators among scale of strength, innovation and 
competitiveness of equipment manufacturing in 2012 can be 
ranked in the top ten of the country as research subjects, and 
the regions respectively are Jiangsu, Shandong, Guangdong, 

Zhejiang, Henan, Liaoning, Shanghai, Sichuan, Hubei, An-
hui, Hebei, Heilongjiang, Shaanxi, Beijing, Yunnan, Shanxi, 
Tianjin. Other basic data come from China Statistical Year-
book of Science and Technology -2013and the data shows in 
Table 2. 

The solving process of Topsis includes the following 
steps: (1) the original data is normalized, (2) the optimal 
solution Z

+
 and the worst solution Z

-
 are calculated, (3) the 

distance D
+

i and D
-
i are respectively calculated between each 

evaluation object and Z
+
 and Z

-
,(4) the proximity Ci is calcu-

lated between each evaluation object and the optimal solu-
tion, (5) Ci sorted by size and the evaluation results is given 
[5]. Through the above steps, the results are shown in Table 
3. It can be seen from Table 3, the proximity C is only 
0.0961between Liaoning and the optimal solutions, and is 
ranked twelfth among the 17 provinces. If the 17provinces 
are ranked by the proximity C, the first grade can be set as 
C> 0.4, second grade can be set as 0.1 <C 0.4, third grade 
can be set as 0.05 <C 0.1and fourth grade can be set as 
C 0.05, then Liaoning equipment manufacturing industry is 
in the third grade and need to upgrade to the second or even 
the first grade. 

4. SENSITIVE ANALYSIS  

It is necessary for sensitivity analysis to first determine 
the changing range and distance of each indicator to conduct 
sensitivity analysis. In this case, the indicators selected are 

Table 2. The original data of equipment manufacturing technology upgrading of 17 provinces in 2012. (unit, person, pierce, item, 

10 000 Yuan). 

Region X1 X2 X3 X4 X5 X6 X7 X8 

Beijing 75543 2191384 514032 747 33176311 14051 11024 5572510 

Tianjin 80972 2690406 977747 765 44601011 7341 12219 9317561 

Hebei 85498 2078549 904397 825 24576633 3358 7541 2926320 

Shanxi 44116 1662466 365134 177 9283912 2345 2726 1527286 

Liaoning 84369 2993886 878583 620 31936021 5054 8641 2257009 

Heilongjiang 48392 1008740 366270 278 5655068 2055 3384 541409 

Shanghai 108347 4100319 2509928 914 73999056 16805 17042 10544016 

Jiangsu 447951 11171433 7930442 16417 178454188 45120 53973 52727755 

Zhejiang 297465 6183654 3757439 7498 112839734 20553 41874 26744960 

Anhui 110739 2280702 1420360 2387 37318538 9215 15137 3137902 

Shandong 303862 9560978 4352300 3325 129131803 15104 28171 18640354 

Henan 140786 2609377 1033553 1414 25762027 5133 9106 2113763 

Hubei 112554 2719566 1386753 917 36984125 7025 9629 2368469 

Guangdong 519212 11255551 3066278 3455 154028478 83280 43314 59795805 

Sichuan 78406 1523738 1504854 879 20959773 6591 11656 1504602 

Yunnan 19116 422814 250335 287 4468160 1644 1512 262095 

Shaanxi 55794 1288451 646923 453 8715851 4752 6052 396375 
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normalized data, changing range is select to be -30% to 30% 
and the spacing is 5%. The sensitivity analysis chart about 
Index rate of change and Proximity numerical is drawn as 
Fig. (1) by calculating. In Fig. (1), the slope of each line re-
flects the degree of sensitivity of corresponding to the index, 
the larger the slope is, and the stronger the sensitivity is. As 
the results shows by the illustration, among the eight indica-
tors conducted sensitivity analysis, the sorting by the sensi-
tivity from strong to weak in proper order is expenditure on 
R&D, Sales Revenue of New Products, New Products, 
Equipment, Inventions In Force, institutions, exports of new 
product and R & D personnel. 

The stronger the sensitivity is, the greater the influence 
on the proximity C is. But to determine the real impact on 
the overall effectiveness of an index, it is necessary to to find 
a reference with which to compare. In this paper, the refer-
ence is chosen to be the higher grade, namely the second 
grade. Through data processing, the average growth rates of 
the proximity C of each indicator of Liaoning Province and 
five provinces in the second grade are obtained and the re-
sults are shown in Table 4. As can be seen from Table 4, 
only on the two indicators of R&D expenditures and new 
product sales revenue, the average growth rate of the prox-
imity C of Liaoning is bigger than the second grade's. The 
average growth rate represents the impact of indicators on 
the proximity C, the greater the average growth rate is, and 

the greater the impact is. No matter compared with internal 
indicators or external same indicators, the impacts of R&D 
expenditures and new product sales revenue of Liaoning 
Equipment Manufacturing on the proximity C are the great-
est. Therefore, the conclusions can be drawn as following: 
the bottlenecks of Liaoning equipment manufacturing tech-
nology upgrading are R & D expenditures and new product 
sales revenue. 

5. CAUSE AND COUNTERMEASURE FOR THE 
BREAKTHROUGH FOR BOTTLENECKS FORMA-

TION 

5.1. Analysis of the Cause for Bottleneck Formation 

Through quantitative analysis, this paper reach conclu-
sion that the bottlenecks of Liaoning equipment manufactur-
ing technology upgrading are R&D expenditures and new 
product sales revenue. When Investigate the cause, as can be 
seen from Table 2, compared with the developed provinces, 
the R&D expenditure of Liaoning is significantly lower, but 
the impact of R&D expenditures of Liaoning on overall effi-
ciency is the largest, so Inadequate R&D expenditure results 
in lower ranking as a whole. In addition, it is understood that 
some companies of Liaoning Province set focus on the intro-
duction of foreign complete set of products and services to 
access to higher economic efficiency in the short term, while 

Table 3. The results solved by topsis of equipment manufacturing technology upgrading of 17 provinces in 2012. 

Region X1 X2 X3 X4 X5 X6 X7 X8 Di
+
 Di

-
 Ci 

Beijing 0.518 0.526 0.717 0.864 0.567 0.442 0.581 0.601 0.391 1.622 0.806 

Tianjin 0.600 0.530 0.277 0.182 0.489 0.815 0.466 0.682 0.823 1.372 0.625 

Hebei 0.344 0.291 0.340 0.394 0.358 0.201 0.451 0.305 1.032 0.869 0.457 

Shanxi 0.351 0.450 0.393 0.175 0.410 0.148 0.303 0.213 1.189 0.807 0.404 

Liaoning 0.125 0.193 0.227 0.048 0.235 0.165 0.184 0.120 1.500 0.431 0.223 

Heilongjiang 0.128 0.107 0.128 0.126 0.119 0.090 0.163 0.036 1.616 0.267 0.142 

Shanghai 0.094 0.127 0.088 0.040 0.142 0.072 0.132 0.106 1.661 0.245 0.129 

Jiangsu 0.130 0.128 0.125 0.048 0.117 0.069 0.104 0.027 1.677 0.213 0.113 

Zhejiang 0.087 0.103 0.046 0.039 0.105 0.138 0.119 0.064 1.686 0.214 0.113 

Anhui 0.091 0.072 0.136 0.046 0.067 0.065 0.126 0.017 1.714 0.185 0.097 

Shandong 0.163 0.123 0.093 0.074 0.082 0.050 0.098 0.024 1.690 0.181 0.097 

Henan 0.098 0.141 0.079 0.037 0.101 0.050 0.093 0.026 1.724 0.183 0.096 

Hubei 0.099 0.098 0.082 0.043 0.078 0.039 0.081 0.033 1.742 0.142 0.076 

Guangdong 0.065 0.061 0.059 0.024 0.028 0.047 0.065 0.005 1.803 0.0816 0.043 

Sichuan 0.051 0.078 0.033 0.009 0.030 0.023 0.029 0.017 1.835 0.065 0.034 

Yunnan 0.056 0.048 0.033 0.015 0.018 0.020 0.036 0.006 1.845 0.037 0.020 

Shaanxi 0.022 0.020 0.0226 0.015 0.014 0.016 0.016 0.003 1.876 0.006 0.003 

Z+ 0.600 0.530 0.717 0.864 0.567 0.815 0.581 0.682    

Z- 0.022 0.020 0.0226 0.009 0.014 0.016 0.016 0.003    
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the introduction of technology digestion, absorption and re-
innovation investment is less, and does not take shape of 
technological innovation system conducive to technology 
upgrading and new product development. It affects the abil-
ity to enhance business innovation, this will lead to lower 
technology content and added value and use value of new 
product, then this can’t meet customer demand for sophisti-
cated technology products, thereby this will affect new prod-
uct sales. 

5.2. The Countermeasure for Breaking Through the Bot-
tlenecks 

By the analysis of the cause for bottleneck formation, the 
crux of the bottleneck of technology upgrading is found out 
and that is the lack of technological innovation. Therefore, 
on one hand, the provincial government should increase ef-
forts to support the equipment manufacturing enterprises, 
and provide a good environment and excellent platform to 
improve the innovation ability of equipment manufacturing 
enterprise through policy support and tax support measures, 
at the same time, encourage collaborative innovation to pro-

mote enterprise transform from mastering assembly technol-
ogy to mastering the core manufacturing technology. On the 
other hand, the equipment manufacturing enterprises should 
increase the investment in R&D, increase digestion and ab-
sorption of foreign technology through establishing Enter-
prise Innovation Platform, and on the basis of independent 
research and development, conduct collaborative innovation 
with external innovation agency, and ultimately create high-
quality products and services to meet the need of times.  

CONCLUSION 

After the above analysis, we draw the following conclu-
sions:  

Liaoning equipment manufacturing industry is only in the 
national middle level in technology upgrading and there is a 
large gap between developed regions. In addition, its bottle-
necks are R&D expenditures and new product sales revenue, 
the cause for bottleneck formation is less R&D expenditure 
and lower technological content of weak sense of innovation 
and urgently need to take measures to improve it. This paper 

 

Fig. (1). Each index sensitivity analysis chart of Liaoning equipment manufacturing technology upgrading. 

Table 4. The data table of average growth rate of Liaoning and other five provinces in the second grade. 

The Average Growth Rates of the Proximity C 
Indicators 

Liaoning Shanghai Anhui Tianjin Hubei Beijing The 2
nd

 Grade 

  0.07% 0.10% 0.10% 0.07% 0.09% 0.07% 0.09% 

X2 2.40% 0.87% 0.71% 1.15% 1.52% 1.00% 1.05% 

X3 0.78% 1.22% 1.03% 0.58% 1.47% 0.19% 0.90% 

X4 0.16% 0.11% 1.10% 0.16% 0.28% 0.19% 0.37% 

X5 1.36% 1.26% 0.91% 1.48% 1.35% 1.10% 1.22% 

X6 0.32% 0.75% 0.57% 0.42% 0.49% 1.84% 0.81% 

X7 1.13% 0.82% 1.61% 1.28% 1.05% 1.36% 1.22% 

X8 0.12% 0.44% 0.12% 0.96% 0.10% 0.48% 0.42% 
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uses a single factor sensitivity analysis to study the impact of 
the evaluation on the results, but in reality many factors may 
also play a role, which may cause the results of this paper 
with some limitations. 
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