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Abstract

Under the background of complex system of enterprise innovation, based on the self-
organization theory and collaborative theory, it is thought that the enterprise technology
innovation system belongs to the grey system, for this reason, build the grey relational
analysis model of the enterprise technology innovation system capability evaluation, and
use weight coefficient method to optimize. Finally, use the optimization model to evaluate
the technological innovative ability of seven enterprises; the results show that the built
enterprise technology innovation system ability evaluation model is effective, and it can
offer the innovation ability value of different enterprises accurately, providing the useful
decision-making reference for the enterprise technology innovation system and the
optimization of technological innovation cooperative system.
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1. Introduction

Due to the era development, the competitive environment, new customer demand,
enterprise technology innovation theory, increasing practical difficulties and the complex
innovation process, the enterprise technology innovation system must adapt to the change
of the complex system, adapt to the systematic perspective, dynamic perspective and
cooperative perspective of market; under this background, how to evaluate the enterprise
technological innovation capability of the enterprise itself and the different enterprises
(that is, the technological innovation ability ranking) is worth studying.

According to the description of the self-organizing theory, enterprise technology
innovation system originates from the non-equilibrium (in the sense of innovation, the
equilibrium is relatively balanced, so there is dynamic condition), so it needs to inspire
the relatively stable structure to change, and realize the new non-equilibrium steady state.
But it is hard for the self-organization process analysis based on the internal non-
equilibrium process to guide the enterprise to build executable management architecture.
For non-equilibrium transformation process, therefore, the change factor must be found
from the external equilibrium (often expressed by external control variables), so that the
complexity and difficulty of implementing and the building the model can be lowered. At
the same time, the characteristics of self-organization are reflected in the collaborative
theory, which can be used to analyze and describe the nonlinear dynamic economic
system [1], in particular, it can be used to analyze and describe the complex system
consisting of the subsystems with entirely different characteristics [2]. A variety of highly
nonlinear phenomena are considered to assess the capabilities and the generalization
extent of the suggested approach [3]. So the "collaborative" can be defined as: different
subsystems, through cooperation and competition, form the space-time or function

ISSN: 1975-0080 IJMUE
Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.4 (2016)

architecture in the macroscopic level [4]. In other words, collaboration defines the self-
organizing rules of the subsystem from the overall level rather than exploring the specific
properties of subsystems. Peng Jisheng, on the basis of market competition structure
change, discusses the evolution rule of technological innovation, thinks that the
technology innovation has generated five generations of innovation process models, and
the change tendency is the technology collaborative innovation model [5].

To sum up, Michela Milano and Michele Lombardi address problems where decisions
to be taken affect and are affected by complex systems, which exhibit phenomena
emerging from a collection of interacting objects, capable to self-organize and to adapt
their behaviour according to their history and feedback [6]. the project team thinks that
the enterprise technology innovation complex system involves the cooperative game of
collaborative system [7-9], not only including the enterprise product development system
and production system, but also including the corporate strategic decision-making,
marketing and human resources such, the essence of which is an incomplete, imprecise
grey system; the grey relational analysis can be selected evaluating the technological
innovation capability of enterprise itself and different enterprises, that is, on the basis of
the evaluation index of system evaluation object, use the correlation analysis of grey
system theory to calculate the relevancy of the evaluation object, and rank the evaluation
objects according to the correlation [10]. Designing the way a complex system should
evolve to better match customers’ requirements provides an interesting class of
applications [11], the team optimizes the grey relational analysis model, uses weight
coefficient method to determine the weight of each evaluation index, in order to reduce
the human factor, improve the scientific nature and rationality of the evaluation model
[12].

2. Building the Grey Relational Analysis Model of Enterprise
Technology Innovation Capability Evaluation
Model assumption:

(1) Given that there are “™M ” enterprises to be evaluated, and there are “" ” evaluation
indexes, all indicators are expressed with vector, written

X )i =12, m,

(J =12, ’n)

aSXi = (Xil‘x

i2

(2) Given that Xoi is the optimal value of the” I indicator in the

enterprises to be evaluated; when the indicator is the “efficiency” indicator, %01 is the

maximum value; when the indicator is the “cost” indicator, °! is the minimum value. So

X = (Xg 1 Xgg 0002 Xg,)

can be seen as the optimal enterprise evaluation system as the
reference standard for evaluation.
The standard processing formula of original index value is:
X — min( x;)
i

Yo = max( xu,)— min( xu)’
i i (]_)
max( X, )= X,
T e X, ) min( x,)
i i (2)

After the standard indicator, the correlation coefficient %i can be obtained:

344 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.4 (2016)

min - min yo;'_yij‘ermaX max yoi_yij‘
e = — ' ! (=12, ,m,j=12,n)
Voi = Vy|+ o max max [y, -y, |
i i

©)
Thus the correlation i of various enterprises and the optimal enterprises:
W= Uey.
4
The formula explains that: formula (1) specification against the “efficiency” indicator;

formula (2) specification against the “cost” indicator; in formula (3), i js the « 1~
correlation coefficient of the “i” optimal enterprise, “# > is the resolution coefficient,

P €01 generally # is 0.5; in formula (4), i reflects the comprehensive correlation
of all the indicators, which is the correlation of each enterprise and the optimal enterprise,

Y1 is the weight of evaluation index. According to the formula (4), the size of Yi can
determine the enterprise technology innovation ability and sort it out.

3. Model Optimization by Weight Coefficient Method

O X ) (M 21) e e feature of the

p, 0<p, <1(i=12,---,m)

Given that the random variable * =

uncertain information system, the probability value is

m

2 pi=1
and satisfy - , the entropy of grey system is defined as [13-14]:
E=-> p;Inp,.
)
After the original index quantization, the standard index value Pi .
Py =1 1>
©)
For '/ , the information entropy o ;
E,=-k> p;Inp,,(0<E, <1)
| ™
The weight coefficient of “ ! » indicator is:
u,=(@L-E)/I> @Q-E)O<u, <> u, =1)
8
The formula (4) can be turned into:
w,o=> (1-E)/Y (1-E)s,.
(©)

The formula shows: the probability of each assumption in this paper is equal, namely

Py =1/m,(i=12,-.M). ot this point, entropy can obtain the maximum value:
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= r. . . i . - H . -
Epa =INM : i in formula (6) is the “! ” index value in the “i” enterprise; in the
1
K =
formula (7), Inm

4. Model Applications

The project team, according to the market research and related theory [15-17],
establishes the index system of enterprise technology innovation ability as shown in Table

1:

Table 1. Technological Innovation Ability Index System

Factor

Indicator

Indicator type

Decision-making capacity

Innovation frequency

Quantification

Innovation success rate

Quantification

Manufacturing capacity

Advanced level of production
equipment

Quantification

Proportion of new equipment

Quantification

Proportion of skilled worker

Quantification

Marketing ability

Proportion of marketing
personnel

Quantification

Proportion of channel

Quantification

Proportion of advertisement

Quantification

Factor Indicator Indicator type
R&D cycle of new products Quantification

Proportion of new product sales Quantification

R&D capacity Proportion of R&D expenditure Quantification

R&D success rate

Quantification

Proportion of R&D personnel

Quantification

Employee capacity

Employee's quality proportion

Quantification

Employee growth ability

Quantification

Informationization degree

Quantification

There are seven enterprises, a, b, c, d, e, f, g; their various index values are as

shown in Table 2:

Table 2. Quantitative Indicators of Seven Enterprises

i I N R
1 73 87 63 57 55 98 69
2 69.57 92 64.2 50 61 82 72
3 0.51 1.53 0.34 0.44 0.42 6 0.9
4 83 87 78 81 76 89 82
5 0.62 0.94 0.61 0.9 0.73 5.4 1.96
6 0.53 0.5 0.13 0.2 0.23 0.3 0.42
7 25.96 33.16 10.91 19.78 20.34 40 36
8 72.27 72.9 72.39 17.27 68.81 92.15 75.5
9 1.95 16.78 18.4 28.83 10.38 91 14
10 62.23 63.5 56.4 63.8 57.6 76 53
11 7.63 10.12 4.12 10.12 7.04 15.6 5.2
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12 49.16 124.33 309.52 83.25 77.5 426.24 377.36
13 242 2.13 2.1 4.99 3.76 12.2 2.6
14 0.51 0.5 0.38 0.49 0.46 2.72 1.05
15 0.054 0.042 0.031 0.039 0.038 0.086 0.07
16 0.022 0.033 0.015 0.019 0.024 0.078 0.045

Note: the quantitative index values shown in Table 2 can be got from the various
accounting data and statistical data of the enterprise.

K = —
. . E.
Here, In7 " use Excel to calculate the information entropy [18-19] ' and

weight i , as shown in Table 3;

Table 3. The Information Entropy and Weight Coefficient of Each Indicator

Indicator 1 2 3 4 5 6 7 8
E; 0.8319 | 0.8346 | 0.6022 | 0.8394 | 0.6694 | 0.7789 | 0.8044 | 0.8350
uj 0.0412 | 0.0406 | 0.0976 | 0.0394 | 0.0811 | 0.0542 | 0.0480 | 0.0405
Indicator 9 10 11 12 13 14 15 16
E; 0.6337 | 0.8379 | 0.8040 | 0.7037 | 0.7285 | 0.7001 | 0.6843 | 0.6343
uj 0.0898 | 0.0398 | 0.0481 | 0.0727 | 0.0666 | 0.0735 | 0.0774 | 0.0897

According to the grey relational analysis evaluation method, set Y, as the
evaluation criteria:

Y,=(1.0000,1.0000,1.000,1.0000,1.0000,1.0000,1.0000,1.0000,1.0000,1
.0000,1.0000,1.0000,1.0000,1.0000,1.0000,1.0000)

Then:
min min |y . - yij‘: 0. (10)
P
max  max yoj—yij‘:l. (11)
i i
Asp =0.5:
g, =0.5/(]y,, = y;|+0.5) (12)

According to the formula (3), the correlation coefficient &, of each enterprise can
be obtained (as shown in Table 4):

Table 4. Indicator Correlation Coefficient ¢,

Enterprise
indicgtor A B c D E F G
1 0.4624 0.6615 0.3805 0.3440 0.3333 1.0000 0.4257
2 0.4835 1.0000 0.4303 0.3333 0.4038 0.6774 0.5122
3 0.3401 0.3877 0.3333 0.3373 0.3365 1.0000 0.3569
4 0.5200 0.7647 0.3714 0.4483 0.3333 1.0000 0.4815
5 0.3338 0.3494 0.3333 0.3474 0.3390 1.0000 0.4105
6 0.3333 0.3509 1.0000 0.7407 0.6667 0.5405 0.4082
7 0.5088 0.6801 0.3333 0.4184 0.4252 1.0000 0.7843
8 0.3699 0.3774 0.3713 0.4395 0.3333 1.0000 0.4121
9 0.3333 0.3750 0.3801 0.4173 0.3558 1.0000 0.3664
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10 0.4551 0.4792 0.3698 0.4852 0.3846 1.0000 0.3333
11 0.4187 0.5116 0.3333 0.5111 0.4014 1.0000 0.3556
12 0.3333 0.3844 0.6176 0.3547 0.3509 1.0000 0.7941
13 0.3405 0.3340 0.3333 0.4119 0.3744 1.0000 0.3447
14 0.3462 0.3451 0.3333 0.3441 0.3411 1.0000 0.4120
15 0.4622 0.3846 0.3333 0.3691 0.3642 1.0000 0.6322
16 0.3600 0.4118 0.3333 0.3481 0.3684 1.0000 0.4884

Finally, according to the formula (9), calculate the weighting relevancy (see
Table 5) of each enterprise against the optimal reference, and the enterprise
technological innovation capability evaluation system ranking list (see Table 6).

Table 5. Enterprise Relevancy w.

B Cc D E F G
Wi 0.0191 0.0273 0.0157 0.0142 0.0137 0.0412 0.0175
Table 6. Enterprise Technological Innovation Capability Ranking List
Ranking 1 2 3 4 5 6 7
Enterprise F B A G C D E

The above ranking and the macroscopic evaluation result is consistent, showing
that the built evaluation model of enterprise technology innovation system
capability is effective, and it can offer the clear innovation ability data value of
different enterprises (the optimum reference value), providing the useful decision-
making reference for the enterprise technology innovation system, the optimization
technology cooperative system.

5. Conclusion

This paper, based on the self-organization theory and collaborative theory, puts
forward the focus issue faced by the enterprise technology innovation capability
evaluation system, points out that its essence is the evaluation of complex systems, uses
the grey relational analysis model and the weight coefficient method to optimize. Finally,
use the optimization model to comprehensively evaluate the technological innovation
ability of the seven enterprises, providing the beneficial exploration for enterprises to
promote technology innovation and improve the technological innovation effect.

Because of the limitation of subjective and objective conditions, some issues in this
paper remains to be studied further: there is no further discussion for the dynamic
evolution of the model, that is, the enterprise is in different development stages in life
cycle, the technology innovation evaluation system has different characteristics, how to
set the index coefficient[20], and the dynamic change of enterprise technology innovation
ability, etc., which remain to be explored further in the future.
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