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Abstract; Innovation capability is the major driving force for the technology and economic development of a
country. Establishment of a scientific evaluation method for innovation capability can be helpful to enhance
such a capability for those institutes in a country and can provide references for government to make policies in
science and technology development. In this paper, a new evaluation method is created based on the hawk-
dove game theory. Corresponding to basic factors of quantum game theory, the physical meanings in an inno-
vation system are introduced and a evaluation model of technology innovation capability is established based on
the hawk-dove game theory. Then, the relation between entanglement and benefits matrix is analyzed and a
method is established in which the entanglement from various participants in hawk-dove quantum game theory
is used to indicate innovation capability. Furthermore, the capacity of independent innovation of research insti-
tutes is explained with hawk-dove quantum game theory, an index system for independent innovation capability
is constructed and a combinational calculation method, namely, the calculation of quantum entanglement, is
also set up. Finally, institutes of Chinese Academy of Sciences are chosen as the evaluation examples and e-
valuation data from this method and the simple statistical method of China Academy of Engineering Physics are
compared. The result shows that this new method is rational and operable.
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1 Introduction

The global financial crisis was triggered by U. S.
subprime mortgage crisis since 2008. World's eco-
nomic development has suffered great turmoil. A
new model of economic development is in urgent
need to overcome the crisis. This new model of eco-
nomic growth must be based on technology develop-
ment and by means of innovation productivity. In
another word, technology innovation will be the stra-
tegic choice to conquer the economic crisis. Tech-
nology innovations from institutes have always been
in a dominant position in the development of this
country. There are many research institutes, and
their researches focus on variety of fields and catego-
ries. They are the major entities of technology inno-
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I Therefore, it is very important to estab-
lish a scientific analysis method and survey system to
evaluate the innovation capability of those institutes.
Correctly analysis and evaluation of the innovation
capability of institutes not only enhance those capa-
bilities and raise the innovation level, but also pro-
vide the strategic references for the government in
decisions of research emphasis, funding distribution
and policy making in a certain period of time. It will
enhance the macro-control and the guidance of the
technology development of the country. However,
technological innovation capability is a complicate
and systematic economic activity. Correspondingly,
the analysis and evaluation of such a system must be
a multi-task, combinatory and complicated system.
So far, the evaluation system in this country is still

in the development stage. Specially during the inno-

vation of those institutes, the differences in the un-
derstanding of those basic concepts, in the interpre-
tation of information, have limited the exploration of
new innovation and restricted the dynamic develop-
ment of evaluation mechanisms. The quantum game
theory studies entanglement of relevant factors, stra-
tegic optimization with new perspectives, new ideas
and new features from the results. With the concept
of the uncertainty analysis and the concept of quan-
tum entanglement, the application of quantum game
theory has obtained more accurate, comprehensive
results and have provides a broad space for the tech-
nology innovative development.

In this paper, by applying the hawk-dove quan-
tum theory, we have established an evaluation meth-
od for the innovation capability of institutes. The
basic theory of the method, concepts of the factors,
construction of the model and evaluation indices are
described. The evaluation of the innovation capabili-
ty of institutes of the Chinese Academy of Sciences is
investigated by using this method and the obtained

results are discussed.

2 Quantum game theory explanation

of independent innovation capabili-

ty

The essence of scientific and technological innova-
tion is technology innovation based on knowledge in-
novation. Scientific and technological independent
innovation has common characteristics of cooperation
and competition, and also has features of non-physi-

cal outputs, huge risk, and many unknown factors.
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Quantum game theory, as a theory widely used in e-
conomics, politics and military decision-making,
computer science, has opened up new horizons for
the study of social science phenomena, based on
great advantages in individual competition capturing
and collaboration pattern of behavior'®~"*’. Through
analyzing of coin model, prisoner’s dilemma and the
hawk-dove game model ™'’ | it could be made sure
that it is reasonable to use quantum game theory and
method to study and assess scientific and technologi-
cal independent innovation. And any cooperation
and mutual competition can be considered as a

quantum game process. Meanwhile, quantum analy-

sis could be done. Therefore, a proper quantum

game model should be established to relate itself and

practical scientific and technological independent in-
novation.

2.1 Quantum game basic factor and actual di-
rection of scientific and technological inde-
pendent innovation

Quantum game analysis of scientific and technologi-

cal independent innovation is the same as others, for

they all consist of six basic elements of participants,
strategy space, payment functions, information
structure, income matrix, and entanglement, as

shown in Fig. 1.

Quantum game basic factor and actual direction of
independent innovation

I
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Fig. 1 Basic element contents and actual points of quantum game for independent innovation capacity

The basic element of any game is its partici-
pants, who are the independent rational decision
makers, where participants in quantum game are re-
lated scientific research institutes. In order to a-
chieve independent innovation ability in scientific re-
search institutes of different disciplines, different
levels and different areas, the multiplayer mode has
been chosen. The independent innovation ability as-
sessment system focuses on influence among scientif-
ic research institutes, relationship of cooperation and
competition in decision-making process of income
matrix.

Participant’ s strategy is a plan of action
throughout the game. It provides participants in ad-
vance reasonable responses for each possible way.

However, strategy cannot be selected at random in

technological innovation of scientific research institu-
tes. It is always running in a specific stage or envi-
ronment that its operating strategy must be constrain-
ed by its environment. Therefore there is a need to
measure the strategy well or not through specific con-
ditions. Quantum game theory has made great con-
tribution to classical game theory, which is attribu-
ted to the ability of expanding the strategy space in
classical game theory, providing more strategy
choices for participants, and making choices not en-
tirely two possibilities of Yes/No. That greatly enri-
ches the connotation of game theory and further clo-
ses to the actual evaluation of scientific and techno-
logical innovation in scientific research institutes,
and enhances the coaching skills.

In the game theory, the payment function is
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level of effectiveness obtained from game by partici-
pants. It is a strategy or action function of partici-
pants, which is the something each participant really
cares about. For the research institutes, the benefits
of science and technology can not be limited to in-
come ratio of material wealth. Science area has fea-
tures of scientific, innovative and theory which are
different from other areas. Academic and technology
patents are scientific records of academic subjects in
experimental , theoretical or predictive research and
results of a new or innovative scientific ideas and
knowledge.

Information structure is also very important in
science and technology innovation. It not only se-
lects independent innovation of information technolo-
gy terms in research institutes, but also considers
the information schedule established in the long
process of information implement and communicate
as well as culture quality and experience accumula-
ted by scientific researchers for a long time.

Income matrix consists of each strategy and cor-
responding natural state. It is the ability of new sci-
entific discoveries, new theories, new methods and
technology inventions obtained by scientific research
institutes. It also includes the ability of integrated
innovation and the introduction of advanced technol-
ogy to further develop, explore and reveal the un-
known law.

From the point of quantum theory, quantum en-
tanglement always emphasizes entanglement among
quantum states of different particles. Meanwhile the
performance of quantum entanglement is the link a-
mong quantum states. In quantum entanglement,
entanglement is the amount of entanglement of the
study state where it is to measure the amount of mu-
tual entanglement between scientific and technologi-
cal innovation.

2.2 Hawk-dove quantum game model for inde-
pendent innovation capability
Hawk-dove game is not only the game between the

two animals of hawk and dove, but also the strategy

and balance problems of the same species, internal
competition and conflict. Hawk and dove refer to at-
tack and peaceful type. In the classic hawk-dove
game, the nash equilibrium is (hawks, doves) and
(hawks, doves). From the perspective of maximi-
zing benefit, there can be only one optimal result
rather than win-win result. And when the two sides
take quantum entanglement strategy beyond the clas-
sical strategy, the miracle occurs. The introduction
of quantum entanglement makes their game the origi-
nal selfish character act into cooperation, and thus
gains more benefits, and the nash equilibrium be-
comes win-win ( dove, hawk ) strategy'” .

Quantum entanglement is not discussed in vari-
ous link states of self-strategies in the independent
innovation capability. It is not a choice association
dove strategies or hawk strategies, but it is associa-
tion among each strategy of participants choose. In
the two participants systems, the relationship be-
tween strategies which one party choose hawk strate-
gy and the other choice dove strategy.

Quantum entanglement which is a special sepa-
rable judge is introduced in the hawk-dove quantum
game theory, because it is not only able to distin-
guish whether is the entangled quantum state, but
also can quantitatively describe entangled quantum
states. Entanglement describes the amount of entan-
gled quantum states. It is essentially indicated that
different quantum entanglement establish quantitative
comparatively relationship for the description of en-
tanglement. When the quantum entanglement y =0
and the high-risk set in game, income of the quan-
tum dove strategy space is zero, as shown in Fig. 2.
When the quantum entanglement is maximum value
vy =m/2, a new state appears in the quantum dove
strategy space, as shown in Fig. 3, appearing a
“win-win” situation.

Based on analysis of quantum entanglement, if
the target entanglement exceeds a certain degree of
the entanglement threshold in quantum hawk-dove

game, participants will reasonably pay attention to
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Fig.2 Payoff surface of player A (solid) and player B
(wired) as a function within a non-entangled
quantum game(y) using quantum dove strategy

subset and the high risk parameter setting.

Classical ESS: Quantum ESS:
Mixed strategy Observed pure

nash equilibrium strategy( dove, dove
(' oh LT, T

5555

Fig.3  Payoff surface of player A (solid) and player B
(wired) as a function within a maximally entan-
gled quantum game (y = m/2) using quantum
dove strategy subset and the high risk parameter

setting

the various factors of independent innovation and
take non-aggressive strategies after the analysis of
the situation. In contrast, if the entanglement is low-
er than this threshold, the participants will ignore
these factors and take the classic game.

In addition, The amount of entanglement shows
boundaries of local spatial and it demonstrates that

the real world has the operational process of local,

and space is limited, and praxis is an objective ex-
istence which is independent of man’s awareness and
exist in different space. It makes existence inter-
twine to show for the local behavior through operat-
ing some existence. The greater entanglement have
local more sparse, the more fuzzy of the boundary,
the more complex in expression. Conversely, the
smaller of the entanglement have the more compact
in local boundary, the nature of existence and course
of action is also relatively simple. Therefore, meas-
uring the size of entanglement mainly use the strate-
gy which various elements of the capabilities adopt-
ed, entangled relationships among the various strate-
gies in science and technology innovation. It meas-
ures the size of capacity through calculating entan-
glement of the various elements strategy. You can
calculate and evaluate the comprehensive system of
independent innovation and understand ability of the
technological innovation of scientific research institu-
tes by selecting of dove strategy and the calculation
of quantum entanglement.
2.3 Evaluation index system for independent
innovation capability of research institutes
According to hawk-dove quantum game theory, we
can get:

(1) Associated of which collaboration and inno-
vation between the research institutes can be quanti-
tatively described by entanglement.

(2)Because of the presence of association, the
hawk-dove quantum game theory is a new high-value
area appearing in the pigeon space compared with an
unrelated game situation ( corresponding to the situa-
tion in the classical game), this point also in line
with the reality of the real world .

(3) Hawk-dove game is the most basic simple
model of which individual enterprise and competition
each other, and it is also sufficient to characterize
the basic principles and basic conclusions.

Therefore , a set of strict description language of
hawk-dove quantum theory meet the need of descri-

bing the ability of science and technology independ-
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ent innovation. Quantum game skills ( science and
technology innovation capacity) have a relation with
the space structure of quantum strategies of partici-
pants and the choice capacity of quantum strategy.
The strength of strategy selection capability process
that participants can choose the size of the space,
room for maneuver amount, the size of the right to
speak in the whole game. Therefore, it is the size of
game ability of participants. In addition, the quan-
tum strategy structure and quantum strategy selection
of participants depend on the conditions of its infor-
mation. Meanwhile, the ability of quantum game
(independent innovation capacity ) are bound with
the quantum payoff function of participants. As a
participant, winning the maximize pay ability of bal-
ance interests is the basic pursuit.

From the above findings, we can naturally get
expression of quantum game of independent innova-
tion capability ;

SA = 8S ® SI & SP. (1)

Among them, SA is the independent innovation
ability ; SS is information of the independent innova-
tion ability; SI is independent innovation strategy a-
bility ; SP is independent innovation payoff.

We can see the independent innovation ex-
plained by hawk-dove quantum game which includes
a quantum payoff function, strategy and providing

information from the above capacity. The three inter-

action factors form an integrated capability. They are
not the relationship of adding, but getting to entan-
gle each other. For this reason, there is a zero a-
mong of three, and the total capacity of entangle-
ment will drop in quantum game even if the other
two re-strong.

If the capacity of independent innovation makes
up of the strategy of capacity, information capacity
and payment functions by the way of direct product,
then the ability of independent innovation index
should also be slightly composed by the ability of in-
dependent innovation index, the ability of informa-
tion index and payment functions index. The new
“ information-strategy-payment ” of the three ele-
ments will aim at the previous evaluation system to
re-integrate.

Index selection method used: (1) base on the
internal logic relations between independent innova-
tion ability evaluation of index system; (2)using the
previous related evaluation system of indicators and
methods as a reference. Select a total of 12 specific
evaluation indicators form the three categories.

Making the weight of all the indicators corre-
spond to the table and combining these different in-
dicators into a single comprehensive evaluation index
of independent innovation ability, we get a complete
evaluation system of independent innovation ability,

as seen in Tab. 1.

Tab.1 Evaluation index system based on quantum game for technology independent innovation capability

Basic elements of innovation capability Sub-elements Evaluation indicator Weight
Information capacity of Culture diathesis of Numbers of professional and |
independent innovation technology workers technical personnel

Information conditions of .
. . Collection books 0.5
technology innovation
. Domestic information system associate
Information system arrange . . ; . 0.5
with international information
Strategy capacity of Cultivate capacity of Number of graduate 0.5
independent innovation technology staff students ’
All personnel engaged in scientific ]
and technological work
Investment capacity of . )
pacty Per capita R&D expenditure 1

independent Innovation
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Table continued

Basic elements of innovation capability Sub-elements Evaluation indicator Weight
Scientific equipment original condition 0.5
Arrange capacity of technolo
. ge cap y, . & Sum of technology collection 1
independent innovation
Institute and local 0.5
government collaborate ’
Payment fuction of . .
. . Technology paper Per capita technology composing 0.6
independent Innovation
Quality factor of 1
technology composing
Technology patents Per capita registered of software and patents 1
science and technology ) ) . .
Unit of funding output for innovation 0.6

income ratio

3 Synthesis method of independent in-
novation capability of research insti-

tutes

Based on the hawk-dove quantum game theory, cal-
culation for weight of quantum entanglement is the
decision indicator which measures the ability of inde-
pendent innovation index. Quantum entanglement is
the amount of entanglement which the entanglement
of the research carried. Description of the entangle-
ment is essentially establishing quantitative and com-
parable relationship which aims to different entangle-
ments. Here is the description of the calculation of
entanglement in the processing of the actual prob-
lem.

3.1 Index data processing

First, the target system of the quantum pure states
which the object being evaluated is established. This
process determines the quantitative data of each in-
dex. Index system used w(w,,w,,w;, ", w,) de-
scribed by the established. Among them, making
the qualitative evaluation of peer experts and rele-
vant departments transformed into quantitative data,
and ultimately the performance evaluation of the e-
valuation of the object are given, as shown in Tab.
1, the weight data(or quantitative data).

Second, idealized samples are structured. This

process makes all evaluation index non-dimensional
in order to facilitate the synthesis and comparison of
indicators. The expression which a physical quantity
expressed by some basic quantities power multiply or
divide is said dimension.

After the units selected, the basic physical
quantities unit can express either physical quantity.
And all physical quantities which have dimension
can be dimensionless, and the dimensionless expres-
sion can be simplified after treatment. They used to
compare the relationship among various physical
quantities which have no relation to each other. The
usual dimensionless handled have normalized the ra-
tio of ranking methods.

Here, the process of dimensionless indicators is
calculating the standard value of each index, making
the best value of each evaluation object as the ideal-
ized symbol of the sample;

the standard value of indicators = the actual val-
ue of indicators/the best sample value of indicators
(2).

Best value can select from evaluated objects
which participate in evaluation, and it can also use
artificial setting by experience. Some indicators use
the maximum as well, some indicators use the mini-
mum as well and some indicators use the average as
well in terms of different factors. Based on the best

value, idealized sample of index value can be struc-
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tured. The maximum value of index looks as the
symbol of ideal sample.

There are m evaluation of objects, and each ob-
ject has n index evaluation. The evaluation sample
1S

X (k) = (X, (1),X,(2), X;(3),-,X,(n),
ie (1,m), ke (1,n), (3)
where m represents the Institute, n represents indi-
cators factors of each institute.

In order to make sample accurately reflecting
the overall environment, it need to have clear provi-
sions for the overall environment; general observa-
tion of all units must be homogeneous; we must a-
bide by the principle of randomization in the process
of sampling; sample observation unit should also
have sufficient quantity. Therefore, the ideal sample
selection should fully reflect the maximize of all fac-
tors and comprehensiveness of the various factors.
The maximum of indicators factors can better reflect
the two aspects, so selecting the maximum value of
each factor as ideal sample.

Idealized sample is;

Xo(k) = (Xo(1),X,(2),X,(3),-+,X,(n)
ie (l,m), ke (l,n). (4)
3.2 Calculation of quantum entanglement

First, calculating the least value, calculating
the ratio relationship between the evaluated samples
and the idealized samples, and calculating the maxi-
mum and minimum values

Aik=1[X,(k)/X,(k) =11;
Ay = max(max(4,)) 3
A, =min(min(A,));

Second, the entanglement coefficient of the in-
dex is calculated ;c,n,/./M,, of which;

nyg = ([A,, +{(A,,0 /14, +4(A,0 1)

{ is the resolution ratio, general chosen 0.5.

M, = D= > ([A,, +{(A,)]/
[4, +£(4,,01)° (5)

Finally, quantum entanglement is calculated.

min

In general, arbitrary quantum state ¢ can be ex-

panded as | > =c, lx; > +c,lx, > + -+, ¢, is the

complex and meet the normalization condition |¢, |*
+1le,1” ++-- =1, l¢, |7, is the probability of the
system in the state of x;,. So entanglement of quan-

tum pure states can be written as:

E() == > 1elPlgle 17 (6)
Quantum game expression is got from index of
independent innovation capability which makes up of
all indicators. That indicators are from information
elements of the independent innovation, strategy ele-
ments of independent innovation capacity and the
payment function of independent innovation'>' ;
NC = E(). (7)
At this point, the reasons why capability of
technology independent innovation of research insti-
tutes selects the quantum game theory as the method
of evaluation are given. The hawk-dove game is used
to model description of the ability of independent in-
novation. The monotonic relationship between entan-

14 s used to establish

glement and the payoff matrix
corresponding relationship which entanglement to-
gether with capacity of independent innovation of re-
search institutes in theory. From that, we can get
relationship of which ability of independent innova-
tion of each research institutes through calculating
entanglement of each research institutes strong or
feebleness.

The relationship of theory and function is given
by the method that makes discrete index to entangle-
ment. The entanglement can be studied by these dis-
crete index in order to achieve the purposes which e-
valuate independent innovation ability of research in-

stitutes.

4  FEvaluation and analysis of inde-

pendent innovation capability of
institutes in Chinese Academy of
Sciences based on quantum game

theory

The purpose of this paper is using the hawk-dove
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quantum game theory to establish a evaluation sys-
tem of technology independent innovation ability of
scientific research institutes. Based on above evalua-
tion system, the level of independent innovation
which makes the Chinese Academy of Sciences insti-
tute as the object is analyzed.

4.1 Evaluation of independent innovation ca-
pacity of institutes in Chinese Academy of
Sciences based on quantum game theory

The research institutes of Chinese Academy of

Sciences are the most representative scientific re-

search institutes. The institutes cover the broad

field, including many disciplines, scattering geo-
graphical distribution, and have large numbers and
excellent results. Especially in recent years, the re-

search institutes of Chinese Academy of Sciences

carried out the knowledge innovation project having
made such great progress in the scientific research
system, research direction and research production.
So parts of institutes of Chinese Academy of Sciences
are selected as an example for the capacity evalua-
tion of scientific and technological independent inno-
vation. All data from Yearbook 2005 of the Chinese
Academy of Sciences Institute.

The first step investigates to take the basic data
for evaluation based on the indicators in Tab. 1
through the process of quantitative indicators of da-
ta, and then using formula (3) - (7) to calculate
entanglement and entanglement coefficient ( see
Tab.2(1 - 14) in specific data tables) , finally get-
ting evaluation results of research institutions techno-

logical independent innovation, seen in below table.

Tab.2 Ranking of independent innovation capability for institutes

Sort Institute Entanglement
1 China Science & Technology University 1.095 1
2 Institute of Physics 1.039 1
3 Shanghai Institute of Life Science 0.8855
4 Dalian Institute of Chemical Physics 0.701 4
5 Shanghai Institute of Optics & Fine Mechanics 0.690 0
6 Shanghai Institute of Organic Chemistry 0.683 1
7 Institute of Theoretical Physics 0.678 7
8 Institute of Electronics 0.677 8
9 Changchun Institute of Optics, Fine Mechanics and Physics 0.675 8
10 Center for Space Science and Applied Research 0.633 7
11 Hefei Institute of Physical Sciences 0.628 8
12 Changchun Institute of Applied Chemistry 0.618 8
13 Institute of Computing Technology 0.614 8
14 Institute of High Energy Physics 0.606 8
15 Xi'an Institute of Optics and Precision Mechanics 0.597 8
16 Institute of Geographic Sciences and Natural Resources Research 0.592 6
17 National Observatory 0.591 4
18 Institute of Theoretical Physics 0.591 2
13 Academy of Opto-Electronics 0.614 8
19 Institute of Theoretical Physics 0.5879
20 Shanghai Institute of Applied Physics 0.5812
21 Lanzhou Institute of Chemical Physics 0.567 2
22 Shenyang Institute of Computing Technology 0.565 8
23 Guangzhou Institute of Energy 0.5503
24 Institute of Microelectronics 0.548 9
25 Institute of Psychology 0.546 1
26 Qinghai Institute of Salt Lakes 0.493 2
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4.2 Relevant methods of evaluation

To verify the proposed method which bases on hawk-
dove quantum game accuracy, advanced and practi-
cal, principal component analysis and simple statis-
tical methods of Chinese Academy of Engineering
Physics are used to evaluate and analysis of basic
data of 26 scientific research institutes under the
Chinese Academy of Sciences. It acts as comparative
analysis to the evaluation method based on quantum
game theory.

4.2.1

The basic principle of principal component analysis

Evaluation of principal component analysis

is to find the common factors which independent and
adequately reflect the raw data from a large number
of relevant statistical data. It can use principal com-
ponents that are less than the dimension of the origi-

nal variable and unrelated replace the original varia-

ble. lis weight is calculated by the variance contri-
bution. Principal component analysis can not only
reflect the amount of information of the original tar-
get, but also solve the problem of overlapping infor-
mation between indicators and weights selected, so
as to achieve reducing dimension and the computa-
tional cost. Its objectivity is better. Its calculation
process is divided into: (1) Centers standardization
of raw data; (2)Calculate the correlation coefficient
of [Z ij]

of principal components and calculate the principal

matrix R

pXp

2xp3 (3) Determine the number
components; (4 ) Calculate the evaluation value of
the principal component ( the correlation matrix ,
eigenvector, value and the contribution rate, five
principal components loading data, see Tab.2(15 -
20). The final total score and ranking are shown in

Tab. 3.

Tab.3 Ranking of independent innovation capability of institutes and their total

scores by principle component analysis

Sort Institute F, F, Fy F, F F, Score
China Science & Technology
L. -1.3543 -0.4051 -0.4438 0.0099 0.0322 -2.1612 26
University
2 Institute of Physics 0.116 5 -0.6519 -0.0555 -0.0896 -0.0061 -0.6865 25
3 Shanghai Life Science -0.2562 -0.3714 0.0986 -0.0039 -0.0098 -0.5428 24
Hefei Institutes of Physical
4 . -0.249 -0.2046 0.0157 -0.0115 -0.0007 -0.45 23
Science
Changchun Institute of Optics,
5 Fine Mechanics -0.2913 -0.1622 0.0216 0.0024 0.0382 -0.3912 22
and Physics
Shanghai Institute of
6 . . -0.0214 -0.3367 -0.0317 -0.0185 0.0233 -0.385 21
Organic Chemistry
Dalian Institute of Chemical
7 . -0.1107 -0.289 1 0.0383 -0.0578 0.0412 -0.3781 20
Physics
Institute of High Energy
8 . -0.1778 -0.1814 0.0231 0.015 -0.0079 -0.329 19
Physics
Shanghai Institute of Optics
. ) -0.0798 -0.2219 0.0015 -0.0932 0.0777 -0.3156 18
and Fine Mechanics
Institute of Theoretical
10 . 0.1311 -0.3538 -0.0809 0.0023 -0.0095 -0.3108 17
Physics
Changchun Institute of
1 gL AsHe 0 ~0.0688 -0.2263 0.0106 -0.0353 0.0283 -0.2916 16
Applied Chemistry
Lanzhou Institute of
12 -0.037 -0.1855 -0.0364 -0.0519 0.0265 -0.2842 15

Chemical Physics
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Table continued
Sort Institute F, F, F, F, F, Fy Score
Institute of Computing
13 -0.1262 -0.179 -0.0332 0.0114 0.0531 -0.2739 14
Technology
Institute of Geographic Sciences
-0.101 -0.1772 -0.0087 0.0174 0.0262 -0.2433 13
and Natural Resources
15 National Observatory -0.0975 -0.1848 -0.0049 0.0278 0.0169 -0.2425 12
16 Theory Research Institute -0.0011 -0.2149 -0.007 6 -0.076 0.0756 -0.2239 11
Optoelectronic Technology
17 . -0.1834 -0.1133 0.0245 0.0185 0.0311 -0.2227 10
Institute
Shanghai Institute of
18 . . -0.1263 -0.1174 0.0179 0.0253 0.0338 -0.1667 9
Applied Physics
Xi'an Institute of Optics
19 . . -0.1354 -0.1142 0.0326 0.0125 0.0437 -0.160 8 8
and Precision Mechanics
Guangzhou Institute
20 -0.0114 -0.123 -0.0179 -0.030 1 0.0487 -0.1336 7
of Energy
Shenyang Institute of
21 . -0.0696 -0.1039 0.0062 0.001 0.0504 -0.1157 6
Automation
22 Institute of Psychology -0.0416 -0.0952 -0.0248 0.0055 0.0418 -0.1143 5
Space Science and
23 . -0.0449 -0.1681 0.0176 0.04 0.0431 -0.1122 4
Applied Research
24 Institute of Microelectronics  -0.0443 -0.1143 0.0098 0.0137 0.0232 -0.1119 3
25 Institute of Electronics -0.0625 -0.1781 0.0211 0.0531 0.0558 -0.1105 2
Qinghai Institute of
26 -0.0449 -0.0551 -0.0177 0.006 1 0.0138 -0.097 8 1

Salt Lakes

4.2.2  Assessment method from China Academy of

novation at all levels pre-scientific organizations and

Engineering Physics
Chinese Academy of Engineering Physics has estab-
lished and perfected the scientific standardized eval-
uation system of research institutes, and it has eval-
uated from different types of activities, major re-

search projects, scientific research projects and in-

individual values orientation. The specific weight of
evaluation index system and evaluation method are
from experience. The list of evaluation scores of in-
dependent innovation capability calculated is shown

as in Tab. 4.

Tab.4 Ranking of independent innovation capability of institutes and their total scores by weight

evaluation method from China Academy of Engineering Physics

Sort Institute Entanglement
1 Institute of Physics 6.272 7

2 China Science & Technology University 6.103 2

3 Shanghai Institute of Life Science 5.5613

4 Dalian Institute of Chemical Physics 4.566 7

5 Shanghai Institute of Organic Chemistry 4.2051

6 Changchun Institute of Optics, Fine Mechanics and Physics 4.0759

7 Shanghai Institute of Optics & Fine Mechanics 3.814 8

8 Institute of Electronics 3.768 4

9 Hefei Institute of Physical Sciences 3.451 8
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Table continued

Sort Institute Entanglement
10 Theory Research Institute — - — — — 3.3239
11 Changchun Institute of Applied Chemistry 3.2607
12 Institute of Computing Technology 3.197

13 Xi'an Institute of Optics and Precision Mechanics 3.180 5
14 National Observatory 2.965 6
15 Space Science and Applied Research 2.9593
16 Institute of High Energy Physics 2.904 9
17 Institute of Theoretical Physics 2.904 8
18 Optoelectronic Technology Institute 2.8818
19 Institute of Geographic Sciences and Natural Resources 2.795 2
20 Shanghai Institute of Applied Physics 2.594 2
21 Lanzhou Institute of Chemical Physics 2.214 9
22 Shenyang Institute of Computing Technology 2.1952
23 Institute of Microelectronics 1.919 1
24 Institute of Psychology 1.5235
25 Guangzhou Institute of Energy 1.9225
26 Qinghai Institute of Salt Lakes 0.814 7

5 Discussion

In order to facilitate evaluate the results of the table,
the institutes which are analyzed by the quantum
game order in linear order. While the institutes
which used the other two methods obtained are listed
in the Fig. 4 corresponding first order value of the in-

stitute. Quantum game analysis use ' +’, principal

Sorting

0 5 10 15 20 25 30
Number of institutes

Fig.4 Comparison of independent innovation capability

evaluated by three methods

. ;o . .
component analysis use 'o’, weight evaluation of

!

China Academy of Engineering Physics use ' * ' to

indicate.

By analyzing the above tables and the evaluation
results on the map, you can see that the rank order
is basically the same or change in a small area in ad-
dition to relatively large changes in individual studies
although using three different methods. There are
large changes in the scope including Institute of The-
oretical Physics, Institute of Electronics, Space Sci-
ence and Applied Research, Institute of High Energy
Physics, Institute of Theoretical Physics and Lanzhou
Institute of Chemical Physics. Among them, six re-
search institutes have small difference in the quan-
tum game evaluation methods and Chinese Academy
of Engineering Physics the law of the weight, be-
cause both methods are more comprehensively and
completely analysis and evaluate the institute from
the basis of factors. Principal component analysis has
a different results than the other methods in these six
research. It is actually a dimension reduction meth-
od, which is usually chosen less than the original
number of variables, it can explain variation of sev-
eral new variables in most of the data, called princi-
pal components. It explains comprehensive index of

the information. It is the pursuit of the main ingredi-
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ents for this reason, and there is missing information
in certain aspects or evaluation process of research
institute.

Using weight evaluation of Chinese Academy of
Engineering Physics and quantum game analysis, the
six institutes’ order have not large difference, but
still have small fluctuations. Chinese Academy of
Engineering Physics has established perfect scientific
research and evaluation system through classifying
and evaluating the different nature of the research,
production activities, major research projects, re-
search projects, innovation at all levels of organiza-
tions and various personal technology values and so
on. Evaluation has comprehensive factors but also
contains redundant components, classification of fac-
tor category but not outstand importance. At the
same time, it contains human factors in the evalua-
tion. Evaluation methods of quantum game systemati-
cally analysis the relationship and influence from en-
tanglement among the various elements.

Above evaluation results show that

(1) First is University of Science and Technolo-
gy which is the largest scale and has the most people
in Chinese Academy of Sciences with the strongest
independent innovation ability (ability of independent
innovation quantum game). It not only ranks top of
“various research technology innovation” , but also
makes the other institutes far behind. Independent
innovation’s capacity index of University of Science
and Technology is 1. 095 1, while the second is In-
stitute of Physics, and it’s capacity of independent
innovation are the 1. 0391. The difference is up to
0. 054. The result obtained by exponential function,
so it a great difference.

(2)Ranked from 3 to 10 research institutes fol-
lowed by Shanghai Life Science, Shanghai Institute
of Optics and Fine Mechanics, Shanghai Institute of
Organic Chemistry, Theory Institute of Technology,
Dalian Institute of Chemical Physics, Changchun In-
stitute of Applied Chemistry, Hefei Institutes of

Physical Science, Institute of Theoretical Physics,

Changchun Institute of Optics and Precision Instru-
ments, National Astronomical Observatory, Institute
of High Energy Physics, Space Science and Applied
Research Centre, Institute of Psychology and so on.
Other institutes are ranked out of the top 10, mainly
because overall strength is weak. They may have a
single discipline, specializing in subject, or strong in
project and weak in theory, or the direction of re-
search is cold, or research units too small and fun-
ding and staff are relatively small. Thus they are less
capable in independent innovation of science and
technology.

(3) Analyzing and comparing from the method
of principal component analysis and weights evalua-
tion of Chinese Academy of Engineering Physics,
quantum game systematically analysis the relation-
ship and influence from entanglement among the va-
rious elements. Principal component analysis starts
from the perspective of principal components; grasps
the principal contradiction; reveals the characteris-
tics of the sample data itself; obtains independent
principal components by linear, and determines the
main components effective dimension and weight by
ensuring the premise of the original data reliability,
finally evaluates influence of principal components to
the results. Weight evaluation system of Chinese A-
cademy of Engineering Physics uses multiple indica-
tors to evaluate multiple institutes, and assigned the
weights to indicators of evaluation index system, at
last, tests and evaluates the weights. At the results
of evaluation, although using different methods, the
order of rank is basically the same in addition to
small changes in ranking. Compared with methods,
evaluation method of independent innovation ability
of technology research institutes based on quantum
game, not only meet the principal component analy-
sis, but also more comprehensively and completely
evaluate the scientific research institutes.

(4) It accumulates rich experience in the as-
sessment and evaluation of Chinese Academy of En-

gineering Physics. Compared to it, All 13 basic indi-
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cators of evaluation include scientific and operational
combined, representativeness and comparability
combined; it also has a qualitative and quantitative
combined ; realistic and operational combined in the
quantum game evaluation system of independent in-
novation ability. It should be said that the evaluation
index system are more scientific, systematic and
comprehensive.

(5) Overall, the evaluation results obtained
based on the quantum game evaluation system of in-
dependent innovation capacity of research institutes
are closer to our common sense and objective condi-
tions. They are more credibility. The results show
that the evaluation method of science and technology
independent innovation ability which based on the
hawk-dove quantum game is correct in theory; the

tools of quantum game theory is used advanced; the

conclusion is reliable; data analysis is persuasive.

SENW:

6 Conclusions

In this paper, we have created a method to evaluate
the innovation capability by using hawk-dove quan-
tum theory. By application of the theory to the inno-
vation capability evaluation, a hawk-dove quantum
model was established for the evaluation system, and
an index system is constructed. Innovation capabili-
ties of institutes are investigated by using this meth-
od. Result shows that the method is theoretically cor-
rect; the constructed model is rational; analysis of
data is operable and objective and the obtained re-
sults are reliable and convincing. The theory and the
method are not only applicable to the evaluation of
the innovation capability, but also are valuable refer-
ences to the establishment and optimization of other

evaluation.
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