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In order to solve the technical evaluation problem of key scientific
and technological research and development projects, this article
uses the technology evaluation method of entropy weight cloud
theory to evaluate the project. The index is selected according to
the ‘DISCOW’ construction principle, policy guidance method, and
shortest distance method. The information contribution degree is
used to verify the index system. The entropy weight-Analytic
Hierarchy Process is adopted to determine the weights of the
indicator layer and the criterion level indicators. The evaluation
method is verified with the key technology research and
development project (equipment manufacturing industry) of Dalian
Jin pu New Area (state-level new areas) in 2018. The results show
that the technology evaluation method of the entropy weight cloud
theory is simple and practical. It can effectively convert qualitative
and quantitative evaluations. The evaluation results are objective
and consistent with the final evaluation results of actual projects.
It demonstrates a good evaluation and forecasting ability. It can be
used as the theoretical basis and method to evaluate projects in
government science and technology departments, and in
enterprises previous compliance projects

OPSOMMING

Hierdie artikel maak gebruik van 'n entropiegewig wolkteorie
tegnologie evalueringsmetode om die tegniese evalueringsprobleem
van sleutel wetenskaplike en tegnologiese navorsing- en
ontwikkelingsprojekte op te los. Die indeks is gekies volgens die
‘DISCOW’ (dinamies, onafhanklik, wetenskaplik, volledig, objektief
en werkbaar) konstruksiebeginsel, die beleid-riglynmetode en die
kortste afstand metode. Die graad van informasie bydrae word
gebruik om die indekssisteem te verifieer. Die entropie geweegde
analitiese hiérargie proses is gebruik om die gewigte van die
aanwyser- en die maatstaf-vlakke te bepaal. Die evalueringsmetode
is geverifieer met die sleutel tegnologie navorsing- en
ontwikkelingsprojek van 'n toerustingvervaardigingsindustrie in
Sjina in 2018. Die resultate toon dat hierdie tegnologie
evalueringsmetode eenvoudig en prakties uitvoerbaar is. Dit kan
kwalitatiewe en kwantitatiewe evaluasies doeltreffend omskakel.
Die evaluasie resultate is objektief en konsekwent met die finale
evaluasie resultate van werklike projekte. Dit demonstreer 'n goeie
evaluasie- en voorspellingsvermoé en kan gebruik word as die
teoretiese  grondslag en metode om  projekte in
regeringsdepartemente van wetenskap en tegnologie te evalueer.
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1 INTRODUCTION

“Innovation is the soul of a nation’s progress and is an inexhaustible driving force for the prosperity
of a country.”[1] science, technology, and innovation (STI) is related to the future and destiny of
our country. It is an important guarantee for promoting the healthy development of the country’s
science and technology undertakings, promoting the optimal allocation of science and technology
resources, and improving the level of the science and technology management of enterprises. The
merits of STI projects are an important symbol of the level of scientific and technological output. It
is a measure of the industrial level of STI. To do a good job in evaluating STI projects is the most
important thing to improve the level of STI in the country.

According to the " Global Innovation Index 2018" report, released by New York City, China ranks 17th
in innovation among 126 economies. There is still a big gap between China and other innovative
countries in the world. It is the top priority of China's STI undertakings to catch up with innovative
countries in the world and to improve its overall national strength. From the point of view of the
driving force that STI plays in economic and social development, the problem is that STI has not
been closely combined with the needs of the market, and industrial development has not been well
addressed. STI projects originate mainly in research institutes, institutions of higher learning, and
other enterprises and institutions. “The Decision on Improving the Work of Scientific and
Technological Evaluation” and “The Measures for Scientific and Technological Evaluation” of the
Ministry of Science and Technology have made detailed classifications from STI projects at the
national level. This paper takes the enterprise as the research object, which is the main executive
department of the international R & D activities of Uls [2], the main creator of the national economy
[3], and the main body of R & D expenditure. The related literature [4] containing statistics of the
number of the legal entities in China in 2017 shows that there are about 22.01 million, of which
82.23 percent are corporate legal persons. The national R&D total expenditure in 2018 was 1760.6
billion Yuan, of which 76.48 percent was corporate R&D expenditure. Enterprises are both the main
body of both the market and STI. Raising the level of STI in enterprises will effectively promote
China's STI capabilities, and take the technical evaluation of STI projects of enterprises as the
research point. This study is comprehensive and complex, and relies on the evaluation of multiple
factors and multiple decision indicators. It is necessary to establish a scientific, complete, and
universal evaluation index system to carry out technical evaluation.

Domestic and foreign scholars have performed a lot of research on technology evaluation [5], but
they have not established an evaluation system for STI based on an enterprise science and technology
industrialisation project. The evaluation index of STI is redundant, and reflects much information
duplication. Qualitative evaluation is used more often by experts employing experience-based
evaluation; this method lacks a scientific and objective basis. Based on the problems above, this
paper uses qualitative indicators to quantify the number of evaluation indicators for STI, it is not
easy to obtain data indicators from similar methods to obtain quantitative indicators. The shortest
distance method is constructed to screen the evaluation indicators quantitatively. The index weights
of indicator layers are calculated according to the entropy weight method. The AHP method is used
to determine the weight of the indicator at the criterion level. The constructed cloud theory model
formula is used to calculate the total index weight of the target layer and to determine the technical
evaluation result of the project.

2  TECHNICAL EVALUATION FRAMEWORK OF TECHNOLOGY INDUSTRIALISATION PROJECT

Combined with the actual characteristics of the objective reality and the industrialisation project
of science and technology, the 'four-stage’ collaborative drive model from a complete selection,
preliminary screening, selection, and inspection was constructed to screen and evaluate the
indicators systematically. In the screening of qualitative indicators, based on the 'DISCOW
construction principle, the ‘policy guidance method' was proposed for preliminary screening. Using
this method, the following characteristics need to be investigated:
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1. Whether it is in line with the encouraged and permitted categories of the strategic emerging
industry guidance catalogue.

2. Fixed asset investment projects of STI must consider environmental impact assessments,
energy assessments, safety assessments, and fire protection.

3. Complete selections based on the government's large-scale data on scientific and technological
assessment indicators are more conducive to the approval rate of the filing or establishment
of STI projects.

Through the technological innovation activities of technological innovation enterprises, taking a
market demand project as the source, transforming the results, and realising the value of the project
is the end point. It is necessary to maximise the benefits of the project and minimise the risk of
decision-making in projects; it is necessary to realise the economic benefits of the project itself,
and realise the social value created by the project; and it is necessary to comprehend the market
demand drive and understand the government's policy orientation to carrying out scientific research.
To this end, qualitative and quantitative screening methods are used to determine the technical
evaluation indicators. The detailed technical evaluation process is as follows:
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Figure 1: Technical evaluation framework of a technology industrialisation project
3 CONSTRUCT EVALUATION INDEX SYSTEM

3.1 Set construction principle of evaluation indicator

The evaluation index directly determines the accuracy of the evaluation results, and the
construction principle of the evaluation index system is the basis for the evaluation of scientific and
technological projects. In order to ensure that the evaluation index for construction research
satisfies the objective reality, and has universal applicability, considering the needs of the
company's STI project filing and evaluation, this article proposes six rigid standard all-inclusive
principles with a clear and concise content. It not only meets the scientific requirements, but also
satisfies the principle of universality. It is thus more scientific and reasonable, and avoids
information redundancy. From the words dynamic, independent, scientific, complete, objective,
and workable, it is known as the "DISCOW" principle. A detailed explanation of the six construction
principles can be found in the relevant literature.

3.2 Determining the evaluation index system

The complete selection of technical evaluation indicators for science and technology
industrialisation projects is based mainly on the collection of domestic and foreign official
authorities, and on the scientific and technological academic literature. Forty-two primary
evaluation indicators are selected from the following: "Decisions on improving scientific and
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technological evaluation work"; "scientific and technical evaluation methods(trial)"; "China's
statistical yearbook"[3]; "China’'s science and technology statistical yearbook"[4]; OECD's major
scientific and technical indicators [6]; EU's innovation alliance scoreboard [7]; national scientific
and technological statistical indicators; evaluation methods of S&T SMEs; project decision analysis
and evaluation [8]; economic benefits evaluation indicators system of Ministry of Commerce;
evaluation index system of enterprise innovation capability; "high-tech enterprise certification
management work guidelines; "evaluation index system of enterprise technology centre; evaluation
index system of national engineering research centre; "evaluation theory and method of technical
project [9]; "modern comprehensive evaluation method and case selection [10]; national high-tech
enterprise main economic indicators; statistics annual report of national technical market [11].

Table 1: Complete selection and standardisation processing results of technical evaluation

indicators
Criteria Raw data Standardised data
L Indicator name
ayEr 2017 2016 2013 2017 2016 .. 2013
X11  Technical renovation
expenditure (100  million 3103.38 3016.61 4072.12 -0.6815  -0.8639 ..  1.3551
< Yuan)
5 X12 Number of invention ..., o 404208 . 207688  0.9683  0.8062 ..  -1.192
= patents (items)
% X13 Introduced technology
2 expenditure (100  million 118.54 109.25 150.58 -0.3789  -0.8515 .. 1.251
oy Yuan)
5 X14 ~ Technical — market .., ,, 11406.98 ..  7469.13 13974 05384 .. -1.1385
c turnover (100 million Yuan)
s X .
= X15 Ratio of R&D expenditure 1.10 0.9 0.8 1.633 0 . 0.8165
g to main business income (%)
£ X16 lInnovation awards of 236.00 237 259 1.0104  -0.9448 ..  0.4986
= provincial level (items)
g )
z X17 Purchase of domestic 200.87 208 21438 -1.1623  -0.498 0.0965
5 technology (100 million Yuan)
O RN
X115 Superior product rate of 57.10 64.8 75 1.4516 0.26 1.3185
product quality (%) :
X21 National high-tech output ;3504 o 212268.8 .. 1751064  1.4349 02222 .. -1.2026
_ value (100 million Yuan)
[
] X22 ~ New product sales 5 .00 oo 17460415 ..  128460.69  1.3413  0.6699 ..  -1.1563
o) revenue (100 million Yuan)
= i i
3 §  X23Various taxes (100 miltion . o 130360.73 .. 1105307  1.4585  0.3539 ..  -1.209
8% Yuan)
23 . .
g5  X24 ndustrial enterprise .0 o 106962.71 ..  97119.22  1.4511 03922 ..  -1.251
2% inventory (100 million Yuan)
B
£ ) .
X211High-level ~ operating .07, o 261093.9 ..  193837.4  1.5542  0.3798 ..  -0.9991
income (100 million Yuan)
c X31 Legal person capital (100 gg.g 43 815313 .. 610447  1.3322  0.6151 .. -1.1866
o million Yuan)
© X32 Industrial  enterprise
E: o 1121909.57  1085865.94 ..  870751.07  1.0926  0.7352 .. -1.3983
[ assets (100 million Yuan)
[
> X33 R&D personnel (10,000 413.40 349.5 266.1 15247 0.4707 .. -0.9049
= people)
Ha} . .
s X34 Industrial = enterprise o0 3 606641.53 .. 50569432  1.1278  0.6869 .. -1.3952
Sy liabilities (100 million Yuan)
E < X35 Accumulated
& depreciation (100 million  317708.62 286223.98 .. 208700.07 1.3292  0.5876 .. -1.2385
é Yuan)
X36 Total energy consumption
c 449000.00 435819 w 416913 1.4635 03619 ..  -1.2182
£ (10,000 tons of standard coal)
T,
] o
£ X316 Number of enterprisesin .5, o 100012 54683 14851  0.4928 .. -0.9762

high-tech enterprises

3.2.1 Screening evaluation indicators using the shortest distance method

The basic formulation for this method [12] is: We treat each evaluation index as a class, then
determine the similarity based on the distance between one class and another. The classes with the
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greatest similarity are then merged, and then the similarity between the new class and the
remaining classes is calculated. After this we continue to select the most similar classes, merge
them, and so on, until all the indicators are combined into one category. The use of the shortest
distance method [13] relies on the equivalence principle, that the shortest distance is comparable
to the greatest degree of similarity. The index is screened according to the preset critical distance.
The mathematical model of the shortest distance is constructed as follows:

2 2 2 2 2
D, =a,Dj, +a,Dj +7|D3 - Dj| (1)
In the formula, a, takes 1/2, aqtakes 1/2, ytakes 1/2.

There are n indicators; the distance between the i index and the jiw index is represented by dj;,
and the distance between the initial indicators G, and Gq is Dpq, Namely: p - min  d.
PI X,eGp XjeGy
Set the indicators G, and G4 to merge into a new category of G, then the distance between any
class of Gk and G is:
D, =_ min d;=min min d;, min d;r=min {ka, Dkq}
Xi€Gy, XjeG, XieGy, XjeG, XieGy, XjeGq (2)

The steps are as follows:

1.  The noriginal indicator data elements are standardised, and the evaluation indices of different
properties are solved to ensure the reliability of the evaluation results.

The Z-score standardisation method [12] is used here:

xi =(x, =X )/, #5 o, =0,4x, =0 3)
xmaxj:max{xlj,xzj,---,xij,---,xnj} (4)
xminj:min{xlj,xzj,-n,xij,~--,xnj} (5)

;jzégx“ (6)

o =\/%[(x1—§)2+(x2—§)2+mJ (7)

2. Calculate the distance between the two indicators, and construct the distance matrix D () .
The original index is a class, and Dj=dj;,

3. Find the non-diagonal minimum element of D () , set to dyq, merge G, and Gq into a new
class G, namely:

Gr= {Gp, Ggl The distance formula between the new class and other classes:Dx=min {Gyp, Giql -

4.  Combine the pt and q* rows and the p and q columns in D, into a new row and new column
by the above formula, corresponding to G, and the obtained matrix is denoted as Dy).

5. Repeat D (2) for D (1) above steps 2 and 3; and so on until all elements are combined into
one class.

Note: If there is more than one element with the smallest off-diagonal line in a step D (), the classes
corresponding to these shortest distances can be merged at the same time.

First, the 42 original data indicators from the primary selected are standardised according to
formulae (3) to (7). Because the values, units, and expressions of the original data are different,
there is no comparability, so the impact of the inter-indicator dimension must be eliminated. The
standardised data is shown in Table 1.
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Second, according to the five steps of formulae (1) and (2) and the shortest distance method, 42
quantitative indicators in the indicator layer are screened according to the three hierarchical
indicators set by the criterion layer, and a statistical analysis is performed using SPSS Statistics25
software. The Wald method [14] is used to calculate the shortest distance between the indicators,
and a minimum of two categories and a maximum of four categories of classification result indicators
are generated for the category. The calculation results are shown in Figure 2. The entire clustering
process and results can be observed visually. The vertical value in the figure is the relative distance
of the category combination. It is the maximum distance between the categories, as the relative
distance is 25, and the remaining distances are converted into the relative distances to compare
with them.

The leftmost column of Figure 2 is the evaluation index; the length of the line in the figure indicates
the relative distance between the categories; according to the principle of the shortest distance,
this represents the greatest similarity. For example, in the first picture in the upper left corner, the
distance of the evaluation indicators X11, X12, X13, X14 , X15, X16, X17, X18, X19, X110, X111, X113,
X114, and X115 is the shortest, and the degree of similarity is the largest, so this information is
redundant. Deleting X11, X13, X14, X15, X16, X17, X18, X19, X110, X111, X113, X114, and X115, we
therefore retain X12, delete X211, and retain X21. By analogy, the last remaining evaluation
indicators are: X12, X112, X21, X22, X25, X210, X31, X32, X34, and X35.

The distance map of technical innovation capability evaluation The distance map of industrialization level evaluation index
A % " » = s 0 s =
| ;
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I |
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Figure 2: Shortest distance map for screening technical evaluation indicators

Finally, considering that the quantitative screening indicators are based on the difference in the
indicator data, the indicators may be deleted accidentally because of the small difference in the
given data. At the same time, the objective quantitative screening method relies too much on the
indicator data, and it is easy to ignore the actual meaning of the indicators, which will also lead to
some representative indicators having been deleted by mistake.

This article aims to solve the STI evaluation of the 2018 key science and technology research and
development plan project of Dalian Jinpu New Area of China. According to the requirements of the
"Dalian key technology R&D plan management measures (trial)”, and "Considering the cooperation
projects between enterprises and universities and research institutes; the total R&D investment of
the project is more than 2 million Yuan". To this end, it is necessary to supplement the relevant
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evaluation indicators rationally, including: introduced technology expenditure (100 million Yuan)
X13, and the ratio of R&D expenditure to operating income (percent) X15.

3.2.2 The test of indicator screening result

Using the method of determining the information content [15] of the indicator system, we set the
covariance matrix of the S-indicator data, then obtain the trace of the trS-covariance matrix that
is, the sum of the data on the main diagonal of the covariance matrix, and the number of s-final
indicators. H is the number of original indicators, and the information contribution degree of the
final indicator to the original indicator is:

In=trSs/trSh (8)

That is, the information of h complete-selection indicators is reflected by the s-screened indicators,
and the larger value indicates that the indicator system is more reasonable.

Judging criteria [16]: If the indicator system can reflect about 90 percent of the original information
with about 30 percent of the indicators, the indicator system is constructed reasonably.

|
Target layer (first Iayer)| : t:riterialayer (second Iayer| : |Indicator|ayer (third Iayerj
| |

|
/( Number of invention patents (items) X12 )

! ( Introduced technology expenditure (100 million yuan) X13 )
Capability Evaluation X1
I pability ( Ratio of R&D expenditure to operating income (%) X15 )

_\CNew product development expenditure (ten thousand yuan) x112)

I/( National high output value (100 million yuan) xX21 )

_  — — ———— o
TRdustialization Tevel ( New product sales revenue (100 million yuan) X22 )
evaluation X2 - —
( Various taxes (100 million yuan) X25 )

'\(Total net profit of industrial enterprises (100 million yuan) X210)

science and
industrialization project X

/( Industrial enterprise legal person capital (100 million yuan) X31)

Tnnovation Management (Tutal assets of industrial enterprises (100 million yuan) X32)
: Capability Evaluation X3
| ( Industrial enterprise liabilities (100 million yuan) ><34>

i |\< Accumulated depreciation (100 million yuan) X35 )

Figure 3: The final result of the screening of technical evaluation indicators

We calculate the variance of 42 indicators of the original data in Table 1, and the variance of
trSh=3.757E-8, and the 12 indicators after screening and trSs=3.317E-8, and substitute into formula
(8) to obtain the post-selection index relative to the complete selection index. The information
contribution degree is: In=trSs/trSh=88.3 percent, that is, the selected 12 evaluation index systems
can reflect 88.3 percent of the 42 original index systems of the complete selection. Then, the
indicators of 12/42=28.6 percent can reflect 88.3 percent of the original index information and meet
the judgement criteria. Therefore, it is reasonable to use the shortest distance method to construct
a comprehensive evaluation index system for science and technology industrialisation projects.

4 ENTROPY WEIGHT-AHP TO DETERMINE THE WEIGHT COEFFICIENT OF EVALUATION INDEX

4.1 Basic principle of entropy weight method

Entropy [17] can be used to reflect the degree of variation of the indicator for technical evaluation.
There are m objects to be evaluated and n evaluation indicators to form the original index data
matrix X= (Xjj) mxn. For a certain index X;, the larger the difference of the index value Xj;, the larger
the amount of information provided by the index, the greater its role in the technical evaluation,
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the smaller the corresponding entropy value, and the greater the weight; otherwise, the weight of
the indicator is also smaller. If the indicator values are all equal, the indicator does not work in the
technical evaluation.

4.2 The calculation step of entropy weight

1.

Select n objects to be evaluated, m indicators, and then the value of the jt indicator of the
ith object is i (i=1, 2...,n;j=1,2,...,m)

Standardisation of indicators: homogeneity of heterogeneous indicators. Because the units of
measurement of each indicator are not uniform, they must be standardised before the
calculation, that is, the absolute value of the indicator is converted into a relative value,
thereby solving the homogenisation problem of different quality index values. Moreover, since
the positive indicator and the negative indicator value represent different meanings (That is
the better for the larger positive indicator values and the smaller of the negative indicator
values). Therefore, we use different algorithms for the standardisation of the positive and
negative indicators. The specific method is as follows:

Positive indicators:

v rip —min{rg, - T} 9
Yo max{ryy, oo, weg — min{ay, oo 2 h
Negative indicators:
v max{ry;, -, Ty} — Ty 10)
Y max{ryj, o 2t — minfag, oo 2}

Then the value of the ji, indicator of the i object is %4 (i=1, 2..., n; j=1, 2,..., m). The
standardised data is still recorded as " ij:

3.

4.

Calculate the proportion of the i, object in the index under the jt indicator:

Tij . ’ . :
Piji = t=1- nj=1---.m

>, Lij ()
i=1

Calculate the entropy of the jw indicator:

"

£ = —I\'Zp;-jfm:pij) (12)

i=1

Among them® = 1/In(n) > 0_ satisfye; = 0;

5.

6.

Calculate redundancy of information entropy:
di =1 — €5 (13)
Calculate the weight of each indicator:

(fj'
Wiy = — 14
> d; (14)

j=1

4.3 Weight calculation of index level indicator

According to the data provided in Table 1 and Table 2, and the final 12 evaluation indicators,
calculated according to formulas (9)-(14), the weights of the 12 index indicators have been
determined. Here, Matlab R2014a is used for programming calculations. The results are shown in
Table 3.
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Table 2: Technical evaluation index system of science and technology industrialisation project

. . Raw data
Criteria layer Indicator name 2017 2016 2015 2014 2013
c X11 Number of invention patents ., 5 404208 359316 233228 207688
_ ks} (items)
© = -
253 X1z Introduced technology 118.54 109.25 108.39 143.18 150.58
£5G expenditure (100 million Yuan)
o >3 . .
2o X13{ Ratu_) of B&D expenditure to 1.10 0.9 0.9 0.8 0.8
= == main business income (%)
G X14 New product development ..o;0:7 00 117662657.9  102708341.9 101231582  92467435.9
expenditure (ten thousand Yuan)
X21 National high-tech output 3504 o 212268.8 189757.5  211335.9  175106.4
c 5 value (100 million Yuan)
o5
B X22 New product sales revenue 000 o 174604.15 150856.55 14289529  128460.69
~Z25 (100 million Yuan)
X © >
e X23 New product export sales 50, o 32713.1 29132.68 26904.38  22853.47
20 revenue (100 million Yuan)
T L ; i
£- X24 Total assets of industrial ;.50 o 500852.8 469207.26 44574236 413490.92
enterprises (100 million Yuan)
c X31 Industrial enterprise legal = go0p, 5 81531.3 7332176 6710155 61044.7
c Lo person capital (100 million Yuan)
sct i ;
£ g3 X32 Industrial enterprise assets ;190057 10ssge5.04 102339812 956777.2  870751.07
ST (100 million Yuan)
= on [ . . . eps
g2 X33 Industrial enterprise liabilities (5,0 35 606641.53  579310.47  547031.43  505694.32
o g = (100 million Yuan)
X EZ -
© X34 Accumulated  depreciation /50 () 286223.98  257455.69  236308.74  208700.07
(100 million Yuan)
Table 3: Calculation results of 12 technical evaluation index weights
Indicator  X11 X12 X13 X14 x21 X22 X23 X24 X31 X32 X33 X34
Weight ~ 0.1896 0.2898 0.3181 0.2025 0.2584 0.2734 0.2241 0.2441 0.2800 0.2286 0.2289  0.2626

4.4 Determine the weight of the criterion layer index by the AHP method

The AHP method [18] is the most mature and widely used multi-target weight determination method.
It combines qualitative and quantitative methods, it has a certain reliability and scientific basis, and
the weight determination is more realistic and reasonable. Here, the weight of the criterion layer
index of the evaluation index system is determined by the AHP analysis method. The calculation
steps and results are as follows:

1.

2.

Create judgement matrix
The three evaluation indicators of the criteria layer B1, the technical innovation capability
evaluation; B2, the industrialisation level evaluation; and, B3, the innovation management
capability evaluation are determined. Then, the judgement matrix A-B is established relative
to the degree of importance of the technical evaluation index of the key science and technology
research and development project of the target layer A for Jinpu new area.

[EEN

3
1

g~ Wl

NI

5

Normalise the items of the judgement matrix, according to

B,

0.6522 0.6667 0.6250
B =|0.2174 0.2222 0.2500
0.1304 0.1111 0.1250

y 1, j=12,---, n

get
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3. Add the matrix g by row, to getW = [Wl, W,,- -,\/_Vn]T
Among them, =38, we get: W = [1.9438,0.6896,0.3665]

4.  The vector W is normalized to obtain the weight vector set of the three indicators in the
criterion layer. W = {0.6479,0.2299,0.1222}

5. Consistency test

Use Cl as an indicator to test the consistency of the judgement matrix:

P 13 ;b‘JWJ _1(1x0.6479+3x0.2299 +5x0.1222 $x0.6479+1x0.2299+2x0.1222 1x0.6479 +$x0.2299 +1x0.1222 —3.0037
max 75; w, 75( 0.6479 * 0.2299 ‘ 0.1222 )7 :
Cl = Zma=N 3003723 _ 55185
n-1 3-1
Cl  0.00185
When n=3, the correction coefficient RI=0.58,s0 = ~ R|] 058 0.0032<0.10

Pass judging the consistency test.
5  TECHNICAL EVALUATION OF KEY R&D PROJECTS BASED ON CLOUD THEORY [19]

The cloud model was originally designed to solve data mining problems, and was then applied widely
in knowledge expression, system evaluation, algorithm improvement, decision support, and
intelligent control [20]. In most of these areas the cloud model, performed well. Most of the
evaluation methods we are familiar with have inaccuracies and deviations from the will of
decisionmakers. They apply the technical evaluation advantages of cloud models, and have the
attributes of seamlessly transforming qualitative and quantitative indicators. They calculate the
formula for obtaining the technical evaluation cloud model of scientific and technological innovation
projects.

5.1 Cloud model composition

A cloud is a three-dimensional vector with a three-dimensional space. It is generally composed of at
least three digital features [21]: expected value (Ex), entropy (En), and super entropy (He).

1. Expected value Ex. This is the highest point of the graph on the cloud map, called the central
value, and the meaning is the concentrated reflection of the index value on the domain
coordinates. Ex's membership is 1, which represents the centre of gravity of the cloud.

2. Entropy En. Entropy measures uncertainty, and is the extent to which cloud droplets are
accepted in the indicator domain. Its acceptance range is directly proportional to the span of
the cloud. The larger the acceptance range, the wider the span of the cloud, and the more the
corresponding evaluation object can be recognised. Nevertheless, the larger the span, the
more obscure the evaluation object.

3. Super entropy He. Super entropy measures the uncertainty of entropy, indicating the degree
of dispersion of all cloud droplets. The super entropy is proportional to the thickness of the

cloud and inversely proportional to the degree of cohesion.

Note: The larger the value of He/En, the greater the dispersion of cloud droplets, and the greater
the thickness of the cloud.

80



5.2 Two cloud generators

The forward cloud generator and the reverse cloud generator [22] are used to generate cloud
droplets and to calculate digital features (Ex, En, He) of the cloud droplets, respectively.

Figure 4: Forward cloud generator and reverse cloud generator

The trigger mechanism for the forward cloud generator is as follows:

First, generate a normal random number Ex' with En as the expectation and He as the variance.
Second, generate a normal random number xi with Ex as the expectation and En as the variance;
again, calculate the membership degree:

[ (XiEX)z], then (x, u) is a cloud drop relative to the domain U. Select the commonly used 'bell’
u=exp|—

2En?

function

u :exp[—bka)2

] (a, b is a constant) as a membership function.
2b?

Finally, repeat the above steps until enough clouds are generated.

The reverse cloud generator is used to calculate the digital features of the cloud drop (Ex, En, He),
and the reverse generator without membership information. The trigger mechanism is as follows:
Assuming that the sample x has a capacity of n, calculate the sample mean X and S2;

NS b
S (0 S BN o= (15)

5.3 Determining the evaluation set cloud model

The project evaluation interval is set, and the evaluation level of the item under consideration is
defined, The setting of the evaluated item level must be consistent with the setting of the evaluation
set vector of the subsequent cloud computing theory. After generating a cloud map of each
indicator, it is necessary to compare the results with the evaluation set to reach a conclusion. This
paper uses the model-driven method based on the golden section rate [23] to generate an evaluation
set, which is the optimal segmentation model in nature, This enables decision makers to evaluate
the results better, especially for the division of the domain [0,1]. The smaller of the entropy and
super-entropy of adjacent clouds is 0.618 times larger. The evaluation set of indicators is divided
into five levels in the domain [0, 1]: excellent, good, general, reasonable, and poor; the
corresponding digital characteristics of the cloud model are shown in Table 4.

Table 4: Evaluation set cloud model of science and technology industrialisation project

poor reasonable general good excellent
Evaluation
cloud (0,0.1031,0.013)  (0.309,0.064,0.008) (0.5,0.039,0.005) (0.691,0.064,0.008) (1,0.1031,0.013)
model

After obtaining the weight matrix and the technical evaluation matrix, the two matrices can be
combined into the corresponding cloud computation to obtain the technical evaluation cloud model.
We compare the technical evaluation cloud with each evaluation cloud in the evaluation set cloud
model. The evaluation set cloud model closest to the technical evaluation cloud centre of gravity is
the final evaluation result. Finally, using MATLAB, the evaluation set cloud model and the project
technical evaluation cloud model are simulated separately. The evaluation set cloud model closest
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to the cloud centre of gravity has the greatest impact on the technical evaluation results; this
represents the final evaluation level of scientific and technological innovation projects.

5.4 Evaluation of key science and technology R&D projects in Jinpu New Area

Taking 10 key technology research and development projects in the equipment manufacturing field
declared by Dalian Jinpu New Area in 2018 as an example to conduct a technical evaluation,
determine the final evaluation level of each project and appraise it. In order to facilitate the scoring
of experts, the original data of the enterprise declaration project is calculated and adjusted. At the
same time, the raw data from the technical evaluation of the project is obtained by replacing the
evaluation indicators in Table 3, as shown in Table 5.

Table 5: Data sheet of original indicators of key technology projects in Jinpu New Area in 2018

X1 Technical innovation ability s . X3 Innovation management ability
. X2 Industrialisation level evaluation B
Key technology evaluation evaluation

NO. :
[KES X11 X2  x13 X14 x21 x22 X23 X24 X31 X32 X33 X34

Fast neutron breeder
JP1  reactor body 12.52 220 260 4.42 -3.83 -6.07 23 529 46600 130500 0.86 1"
development
Development of fully
enclosed high

JP2  horsepower DC 1.19 107 15 3.32 -6.78 -11.97 -5 -8 44240 187000 25.94 9
inverter scroll
compressor
Intelligent visual

JP3  inspection robot 4.69 1 0 8.45 7.61 31.46 264 23 3800 19630 36 175

development

Research on high

precision, long life
JP4  high speed cutting 4.65 10 0 5.56 20.80 23.57 116 289 320 198 68.68 51

technology for CNC

machine tools

Research and

development of fully
JP5  automated assembly 14.21 35 1 8.33 16.44 47.96 63 55 2000 2214 23 167
robot equipment for
automobile wheels
R&D of new energy
6m logistics vehicle
12 inch soft solder
JP7  automatic loading 19.07 49 0 34.43 35.81 66.63 -29 17 1175.56 4772 34.91 26

machine

High-end multi-axis
JP8  linkage precision 140.43 18 7 21.51 92.04 193.65 289 127 1000 672 22.47 47
testing equipment
High performance
circulating water
cooling tower
technology
Research and
development of solid
JP10  solution strengthened 5.21 15 13 4.30 27.58 17.68 95 24 3550 12288 64.75 24

ferritic matrix ductile

iron

JP6 2.61 16 0 3.27 -12.22 -14.08 -219 14 7142.86 133568 39.62 "

JP9 2.50 26 15 3.7 15.17 31.44 184 12 65200 21707 41.45 38

From the Dalian Administrative Service Centre we randomly invited 10 experts in the technical,
economic, financial, and marketing fields. The scores are based on the technical evaluation criteria
of the project, as shown in Table 6. The JP1 project was taken as an example for calculation. The
results are shown in Table 7.

Table 6: The original data sheet of experts' scores for JP1 project

Experts X11  X12 X13 X14 X21 X22 X23 X24 X31 X32 X33 X34

1 10.0 10.0 4.5 6.0 0 0 2.8 10.0 10.0 10.0 9.5 7.0
2 9.5 10.0 4.0 7.0 0 0 3.0 10.0 80 9.0 10.0 6.5
3 85 10.0 3.8 6.5 0 0 35 95 9.0 95 9.0 6.0
4 80 9.0 42 7.0 0 0 34 100 9.8 9.8 9.8 6.8
5 9.0 95 4.6 6.8 0 0 40 95 9.6 10.0 9.6 6.6
6 10.0 10.0 3.5 6.0 0 0 42 9.0 10.0 10.0 100 7.0
7 10.0 9.5 4.0 7.0 0 0 3. 10,0 9.0 95 100 7.0
8 9.0 10.0 4.2 5.6 0 0 3.0 10.0 9.5 10.0 9.5 6.5
9 9.5 95 43 63 0 0 28 98 9.6 90 100 7.0
10 10.0 10.0 44 6.4 0 0 3.3 10.0 10.0 10.0 10.0 6.8
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The Table 6 data is normalised to [0, 1], and the standardised mathematical expressions are as
follows:

Y=(X'Cmin)/(cmax'cmin) (16)

Among them, X and Y are the values before and after the conversion, and Cmax and Cmin are the
maximum and minimum values in the sample respectively.

Using the inverse cloud value algorithm formula (15), the expectation, entropy, and super entropy
of each index are obtained, and the evaluation cloud value of each indicator in the indicator layer
is obtained.

Table 7: Cloud digital feature calculation results of 12 technical evaluation indicators of JP1

project

Indicator Ex En He Indicator Ex En He
X11 0.675 0.3635 0.1378 X12 0.75 0.3760 0.1699
X13 0.5909 0.2962 0.0685 X14 0.6143 0.3581 0.1296
X21 0 0 0 X22 0 0 0
X23 0.4143 0.3581 0.1232 X24 0.78 0.3359 0.0850
X31 0.725 0.2945 0.0536 X32 0.68 0.4311 0.1852
X33 0.74 0.3409 0.1175 X34 0.72 0.3208 0.0857

5.5 Calculate for level 1 indicator evaluation cloud and target evaluation cloud

The final evaluation cloud relies on the three digital features of the primary indicator, and the
determination of the first-level indicator cloud characteristics depends on the cloud characteristics
of the secondary indicator. Therefore, to know the final evaluation results of 10 STI projects, the
key step is the determination of the characteristics of the first-level indicators.

5.5.1 Construction of technology evaluation cloud model

In multi-objective decision-making, the evaluation index system must be more than two layers; each
layer has its own weight distribution. For the hierarchical cloud with weight, the calculation formula
of the upper-level cloud is different. We set a certain index system to be divided into three layers;
each index contains n second-level indicators, and the weights of the second-level indicators are A1,
A2, ... An. Their cloud characteristic parameters are (Ex1, En1, He1), (Ex2, En2, He2) ..., (Exn, Enn,
Hen). The indicators of the upper level are calculated by the weights of the next level and cloud
parameters as follows:

ExIx A1+ Ex2x A2 +---+ Exnx An pis n?
Ex = PR Tt 12
AL+ A2+---+An : A+ 22440 M +A2° 44+ A0
2 2
§ P n en (17)

e= Hel+---+4
4228 40 4228 40t

Through the above calculation of the weights of the 12 secondary evaluation indicators and the
evaluation of the cloud model, according to the calculation result of formula (17), the numerical
characteristics of the first-level indicator evaluation cloud model are calculated as follows:

Table 8: First-level indicator evaluation cloud characteristics and weights

First-level indicator Ex En He Weights
B1 0.6577 0.3407 0.1201  0.6479
B2 0.2833 0.1512 0.0448 0.2299
B3 0.7168 0.3397 0.1030 0.1222
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Furthermore, the technical evaluation cloud characteristics of the key technology research and
development project JP1 in Jinpu New Area are (0.5788, 0.3201, 0.1114), and the simulation results
using MATLAB R2014a are shown in Figure 5.

Poor Reasonable General JP1 Good Excellent
"

+  Poor
+ Reasonalbe
*  General
+  Good

* Excellent

Figure 5: Evaluation cloud model of Jinpu new area key technology research and development
project JP1 (see online version for colour image)

In Figure 5, the blue simulation cloud results show an evaluation set cloud model, which is set to
five evaluation levels according to Table 4. The red simulation cloud image is the JP1 fast neutron
breeder reactor body development project cloud map, and the highest point represents the cloud's
centre of gravity located in the area (0.5, 0.691) of the evaluation set cloud model. Therefore, it is
determined that the evaluation level of the JP1 project is a good outcome. In a similar manner, the
evaluation results of other projects can be determined as shown in Table 9:

Table 9: Technical evaluation cloud model statistics table of Jinpu New Area key R&D projects

Projects Ex En He Projects Ex En He
JP1  0.57880.32010.1114 JP2 0.38840.32520.1128
JP3  0.39270.22580.0640 JP4 _— = -
JP5 0.45910.3283 0.11  JP6 0.33960.20820.0876
JP7  0.431 0.28060.1409 JP8 0.58390.33970.1440
JP9  0.54120.36870.1292 JP10 0.28760.32740.1333

The calculated results in Table 9 are sequentially simulated using MATLAB R2014a. As shown in Figure
6, according to the location of the cloud centre of gravity, the quality of each project can be
determined visually. The technical evaluation results of the final project are: three projects that
yield good performance are JP1, JP8, and JP9 projects; five projects that display general outcomes
are JP2, JP3, JP4, JP5, and JP6 projects; and one poorly performing project, which is JP10 project.
In addition, the total investment amount of JP4 project and the assets of the company are all less
than 2 million Yuan. Since this does not meet the rigid requirements of the "Dalian key technology
R&D plan management measures (trial)" document, it must be excluded.
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Figure 6: Simulation models of technical evaluation results of key R&D projects in Jinpu New
Area (see online version for colour image)

6  IN CONCLUSION

The entropy weight cloud theory technology evaluation method combines qualitative and
quantitative analyses to quantify the difference between various evaluation indicators from a
numerical perspective. The paper establishes a hierarchical evaluation cloud model of scientific and
technological research and development projects, which has good operability and reflects simplicity
in its approach. In the study cases, the weight of the evaluation index is determined, and the
evaluation process is easy to implement, by listing 10 typical case verification models of a Dalian
Jinpu New Area key technology research and development project (an equipment manufacturing
industry) in 2018. The results were consistent with the final recommendation of Dalian Jinpu New
Area. It shows that the entropy weight cloud model is feasible in the grading and evaluation of
science and technology research and development projects. The use of the reverse cloud generator
algorithm to reproduce the expert evaluation results can save evaluation costs and ensure the
fairness and objectivity of the evaluation results. Furthermore, the scientific and technological
innovation project results obtained here are more convincing. The entropy weight cloud theory is
only a preliminary attempt for at the technical evaluation of enterprise science and technology
research and development projects. It is suggested that researchers carry out more application
verification in the future scientific and technological innovation practice, thus providing a valuable
theoretical basis for the government's science and technology authorities and for enterprise STI
project evaluation. At the same time, in an uncertain assessment environment, the data evaluation
method using the entropy weight cloud model offers a comparative advantage, and the method can
be widely applied to technical evaluation problems in other fields.
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