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Abstract: With more severe resource scarcity and environmental problemsyadhe#on of circular economy in microcosmic level
has become the focus of the academic world. Based on the conceptudiceconomy, this paper not only structures the evaluation
index system of circular economy for iron and steel enterprises, biilevaluation model of circular economy for iron and steel
enterprises based on Support Vector Machine (SVM) with Radial Basgistlen (RBF) kernel, but achieves the optimization of
kernel function parameters, penalty factors and insensitive paresrigsed on a heuristic algorithm for tuning hyper-parameters.
Furthermore, the evaluation model is tested for circular economy di@iuia the major iron and steel enterprises in China. The
research demonstrates that the evaluation results of heuristic algorithSMidhare more accurate, and this model is more suitable
for iron and steel enterprises to evaluate circular economy, compatiethe evaluation method of BP neural network.

Keywords: Heuristic algorithm for tuning hyperparameters, support vector mashinon and steel enterprise, circular economy,
evaluation model

1 Introduction categories: the macro-level (international/ countryelgias
etc.), the regional-level (province/ county-based, etc.)
and the micro-level (enterprise-based, etc.), which ver
regions, industries and some specific industry is. Several
ethods are applied to perform such evaluations, mainly
ncluding those using the following procedure?-g]:

As an innovative economy model in the 21st century,
circular economy has developed rapidly in recent years
Development based on circular economy will be essential

for China to reach an overall well-off society by hincinal component analysis, improved GA neural
sustaining fast-paced economic growth, to mitigateeryork fuzzy comprehensive evaluation analysis, gray
negative ecological impact, and to creat more job,qiering analysis, data envelopment analysis, SVM, etc.
opportunities. The term "circular economy” as mentionedg,qeq on the research achievements, we have developed
in this paper is a generic term for the reducing, reusinggayeral methods and models for analyéisLB]: life cycle

and recycling activities conducted in the process Ofgnavqis  energy analysis, the ecological footprint,
production, circulation and consumption. The basiCyaterial flow analysis, input-output analysis, ranking
principal is 3R, i.e. reducing, reusing and recyclij [n model, capital accumulation model, etc. In spite of many
less than a decade, the concept of circular eéconomy Nag,gearch achievements in the evaluation of the circular
been introduced into China and has started to ﬂou”Sheconomy development, there are also limitations in the
Since more and more government officials and en.terpri.suigast research achie\,/ements: (1) The microscopic
estate managers talk frequently about the subject, ity 1 ation is much less developed than the macroscopic
analysis and appraisal have become key topics in C'rcmaévaluation' (2) Indicators primarily rely on physical
economy research. Internationally there have been man}ﬁformatioﬁ and do not include value information; (3)
research achievements in the development of the analysigy, reIatidn between indicator system and cir'cular

and evaluation of circular economy. According to the gconomy is fuzzy. Therefore, we must make the optimal
objective of evaluation, they can be divided into three
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Fig. 1: Principle of Material Flow and Value Flow of Resource
in Flow Manufacturing Enterprises under Circular Economy. attaches importance to eco-efficiency (pollutant
discharge/ value added) and to the comprehensive
choice to improve the efficiency and the accuracy of theutilization of waste. The waste utilization is directly
comprehensive evaluation of circular economy in the Ironconnected to the pollutants that are converted into new
and Steel Industry. resources. And the recycling principles are embodied in
the waste utilization.
The principles of evaluation indicator systems include
2 The Construction of Evaluation | ndicator scientific, availability, independent, integrity, hiechical,

System of Circular Economy in Iron and simplicity, dynamics, and general principles. Among
Steel Enterprises them, there are four important basic principles:

(2) Scientific Principle.

It should be scientific and rational not only in the
arrangement of structures of evaluation index system
of circular economy in iron and steel enterprises, but
also in the selection of indicators, the data sources of
indicators and the evaluation method.

In flow manufacturing enterprises, the materials generally
include different elements (e.g. Fe-Iron in iron and steel
plant), and the value of these elements changes along with
the movement of raw materials in the specific enterprise
(Figure 1).
Generally, after initial resources are acquired by an ) o
enterprise (Figure 1), they flow along the production (2) Representation Principle
processes until eventually, they are turned into new Typical anq representative .|nc'iexes should be selepted
resources, namely finished products and wastes (partial Pecause circular economy in iron and steel enterprises
refluxes, re-use and other partial disposals). Part of a IS involved in a wide range of fields and its evaluation
resource may circulate in the interior processes of the indexcan not cover all the content.
enterprise or return to its original state. The resource(3) Operational Principles
value flows in the enterprise along with the associated First, index and related materials should be easily
physical forms. obtained; Second, the data source related to the
Therefore, based on the mechanism of material flow evaluation index should be comparable and easily
and value flow of resources in flow manufacturing proceeded.
enterprises, this paper identifies raw material inputs,$4) Completeness Principle

resource consumption in production process, and product - As the circular economy in Iron and Steel enterprises
outputs of an enterprise. Then, the paper determines the g 5 complex system, index design should embody the
corresponding value of resource flow for the resource jndqustry characteristics of Iron and Steel enterprises

‘entrance”, “circulation” and “export”. It further to reflect the circular economy of the iron and steel
constructs comprehensive indicator systems for an  enterprises systematically and objectively.

enterprise subject to circular economy. The “entrance”

indicator mainly focuses on resource productivity (output ~ This paper constructs a comprehensive indicator
value/ resource inputs) and resource consumption of unisystem based on the principles of a circular economy by
product. It reflects the economic nature of resources an@dopting a hierarchical structure model (Figure 2).

the public wealth produced by unit resource consumption.  Based on the basic principles of technical process and
It also identifies the relative degree of reduction of environmental cost accounting, this paper calculates the
resource inputs as a function of the scale with which anresource loss cost and external environmental damage
enterprise adopts the reduction principles of circularcost, which are advantageous in establishing the indicator
economy. The “circulation” indicator emphasizes the system. After the determination of indicator forms, the
yield ratio of the added value (value added/output value)selection of the primary indicators and any amendments
and the ratio of internal recycling or re-use. It also to the indicator system, it determines its hierarchical
establishes the re-use principle that can be quantified bgtructure. Through the collection of data and information
calculating the relative proportions of the added value tofrom its iron and steel production, it determines the 60
the output value as well as from the ratios of resourceprimary indicators using mathematical statistics (e.qg.
re-use in an enterprise. The “export” indicator mainly frequency statistics, theory analysis, expert consoltati
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Table 1: The Evaluation Indicator System of Circular economy (3) C7-quantity of internal energy utilization per

in Iron and Steel Enterprises

first- second-level third-level indicator

level indicator

indicator

° resource ratio of resource comprehensive
n input and yield C1

g consumption main resource consumption of
i index B1 unit product (iron ore) C2

o energy consumption of unit value
c output C3

> comprehensive cost of unit
S

S product C4

c .

3 resource added value of unit value output
° flow and C5

<_§ recycling ratio of industrial waste recycling
e index B2 C6

O ratio of interior energy utilization
o (coal gas, waste heat, etc) C7

OE) comprehensive cost loss of unit
2 value output C8

n comprehensive ratio of rolled
= resource . .

e steel into production C9

IS output and . w oo ;
O management three-wastes” discharge of unit
S dexps | productClo

9o disposal cost of unite waste C11
25 external environmental damage
(% o cost of unite value output C12
AT certification of environmental

management system (qualitative)
C13

* C9 is qualitative indicator.

etc.). It then rejects 24 of the indicators which are neither
It also eliminates further 23
component analysis and
independent analysis, and finally leaves 13 indicators

feasible nor accurate.
indicators after principal

The evaluation indicator system is shown in Table 1.
18— resource input and consumption index:

(1) C1-total yield [market price*(finished products
semi-finished products- other products)] resulting

from all resource inputs and consumption (e.g. Auto
steel, electric steel, stainless steel, special sted| ste

tube, etc.) in the production system.
(2) C2-unit consumption of main resource (iron ore).

(3) C3-total energy input per year/total value output perlearning

year.

year/quantity of total energy utilization and energy
loss per year (coal gas, waste heat, etc).

(4) C8-comperhensive cost loss per year (i.e. negative
product cost)/total value output per year (covers
resource cost loss and resource effective cost).

3" _ resource output and management index:

(1) C9-comprehensive ratio of rolling steel into
production: steel content in the input of iron ore/steel
content in the output of qualified steel products.

(2) C10-the discharge of wastewater, gas emission and
solid waste per year/steel production per year.

(3) C11-this indicator reflects the pure profit loss, which
explains the financial influence of the enterprise
resulting from waste disposal.

(4) C12-external environment damage cost which
occupies the proportion of the total product value
output of Iron and steel enterprises. The numerator of
the indicator (external environment damage cost) is
the economic impact assessment value of
environmental pollution (air pollution, water
pollution, light pollution, noise, solid waste etc.)
which is produced in production and operation
activities (material supply, production, goods sale,
resource recycling, waste discharge, etc.)of Iron and
steel enterprises. It also includes the ecological
damage originating from over-consumption of natural
resources.

(5) C13-the  establishment and
environmental management system.

certification  of

3 The Construction of Circular Economy

Evaluation Model for Iron and Steel
Enterprises Based on Support Vector
Machineswith Heuristic Algorithm

3.1 Support Vector Machine

Support Vector Machine (hereafter referred to as SVM) is
a new machine learning method proposed by Vapnik et al.
in 1995 based on the VC dimension theory of statistical
theory and structural risk minimization
principle [14, 15]. With minimum structural risk instead

(4) C4-comprehensive cost of unit product including total ©f the traditional experience risk, in finite sample

material cost, energy cost and system cost, etc.

2"d _ resource flow and recycling index:

situation, SVM can get the global optimum by solving
quadratic optimization problems, thus greatly reducing

the arbitrariness of algorithm design. Compared with the

neural network method, SVM effectively solves the

(1) C5-total value added per year/total value output pefmodel selection and learning problem, nonlinear problem,

year.

the curse of dimensionality and local minimum problems.

(2) C6-recycling industrial waste consumption of Iron Besides, SVM has peculiar advantage in resolving the
and steel enterprises per year/total industrial wastesmall samples, nonlinear and high dimensional pattern

consumption of Iron and steel enterprises per year.

recognition problem. Currently, SVM algorithm has been
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widely applied in pattern recognition, regression Calculation ofE(Cj, £1, 0j41);

estimation, probability density estimation, dimensidiyal EO <+ E(Ci,&1,0i11), j «+ j+1, iteration;

reduction, etc.16-18]. If j =1: recording the combinatiorC(, gj): k < k+
The evaluation of circular economy for iron and steel  1,B <+ (G, gj), to switch 5;

enterprise is a typical non-linear, high-dimensional  Otherwise: turn 4;

pattern classification problem, as well as a multi-link, (4) fixede;, aj, search for the be§;:

multi-level system. It is difficult for the whole system to Calculation ofE (Gi 11, &1, 0);

unify description because there are some complex |f E(Gi11,€1,0) < Eg, andi < m:

relationships between inputs and outputs of each Eqg. E(Cii1,€1,0)), i i+1;

subsystem, and the correlation is strong. The evaluation cglculation ofE(Ci11, 0, 0j), iteration;

method of circular economy for iron and steel enterprises  |f j < m: k « k+ 1, B « Ci,0));

based on SVM with heuristic algorithm for tuning EO0« E(GCi11,€1,0),

hyper-parameters proposed in this paper has verified the j . j +1,j« j+1,tun3;

feasibility and rationality of the method by empirically Otherwisek « k+ 1, R « (G, 0j), turn 5;

analyzing and comparing the evaluation results based 0?5) the value of fixed paramete@sanda atP1, search for
the BP neural network model. the besk0: '

Calculation ofE(Py, &1), EO < E(Py , £1);
H from 1 ton loop:

3.2 The Parameters Determination of Support If E(PL, &) < Eo: Eo < E(PL, &n);
Vector Machine with Heuristic Algorithm for (6) Parametere value to &, to find the optimal
Tuning Hyper parameters combination in the groug; o):

Calculation ofE(Py, &), EO +— E(Py, &);
The heuristic algorithm for tuning hyper-parameters is an K cycle from 1 top (p is a number of combinatiorC(
optimization algorithm by Jingxu LIU, et al. in 20079 0)):
This paper determines the parameters of support vector If E(R, &) < Eg: Eg < E(F; £);
machine based on a heuristic algorithm for tuning (7) Search for the exact combination with optimal
hyper-parameters. The paper also optimizes the parameters.
parameters of kernel function, the penalty factor and  Partial search algorithm fdrS:
insensitive parameters of evaluation model based on SVM | S« (Co, &0, 00);
with the kernel function of the RBF (Radial Basis). The RunLSalgorithm;
main idea of optimization to the parameters of SVM Back to the optimal parameter values.
based on heuristic algorithm for tuning hyper-parameters

is as follows: First, for a fixece, find a better set of Compared with the other algorithms, the algorithm

mentioned above can find the approximate optimal

combinations €,0) in evaluation model by using 3 .
stepwise search methods; Second, identify the beat solution by. ladder seaychmg method, and then_ use the
local algorithm to strike more accurate solutions to

evaluation model in the obtained better combinations. . LT
(C,0); Then, find the best group in these groups of theMProve the efficiency of parameter optimization.

better combination G,0) with the besteg; Finally, ;I'h?_ chomg |01I parametgrst 0‘; u;cular econogn;
determine the optimal values of precise parameters with §V"t" uation mo el tor |rc}n ana s (;,\e en erSp\Sll\sAesAne_et ‘o
local search algorithm near the best points based on thge ermine the range of parameters in - AS LIS

evaluation model of support vector machine based on gelected as a three-dimensiqnal input data for erculqr
heuristic algorithm for tuning hyper-parameters economy evaluation model of iron and steel enterprises in

Specific steps of the algorithm are as follows: this paper, according to the empiricallformuM)][of o ir]
the range 0f0.1 v/d,v/d] and thed being the dimension

(1) Set the ranges and interval values for parameé@ges  Of input data, the paper selectedn the range of [0.1,3].

ando: Insensitive factoe can also be obtained by the empirical
formula € = 3on+/INN/N. N is the sample size of the
[C1,Co,...,Cn] X [€1,€2,...,&n] X [O1,02,...,0]. training set, oy is the standard deviation of noise,
0.2
ON = W7 - mYM.(W—Y)? and the range ofk

Assume that the values of parameters in accordanc%enerally belongs to2] 7], from which the & can be

W'th.th? serial number in ascending order; calculated in the range ¢0.005 2]. As penalty facto€ is
(2) the initial C, € and 0: € «— &1, C«-Cy, 0 <= 01, Sét  set toC € [d-10-15,d - 10?5 based on experience, the

I=]= 1; k=0. range of penalty factor in the evaluation model of circular
Calculation the CV errorE(Cy, 1,01), EO <~ E(C1,  economy is set t60.05, 280 in this paper. Finally, we can
€1, 01); obtain the parameter€(= 15,0 = 0.015¢ = 0.22) for

(3) fixedC;, &1, search for the best;: evaluation model of circular economy based on the SVM
If E(Ci,€1,0j41) < Eg, andj < I: with RBF function.
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At the same time, the parameters coming from searctuniqueness by solving the secondary function
algorithm are substituted into the evaluation model ofoptimization problems under inequality constraints. The
circular economy, and the testing set is applied in testingoptimal classification function can be obtained:
the accuracy of evaluation model. In this paper, two error
indicators are used to measure evaluation effect: the mean
square error (MSE) and mean absolute percentage error T (X) =sgnwx-+b) =sgn{y a'yi(xx)+b"} (4)

(MAPE) with the expression as follows: Nonlinear problems can be transformed to linear

M problems in a high-dimensional space through the
MSE = Z(nyi)z/M (1) nonlinear transformation. and then the space is
= transformed to find the optimal classification surface.

According to the functional theory, if some kernel
‘ (2 functions K(x,xj) are used to satisfy the Mercer
condition, linear classification can be achieved after a
non-linear transformation, without knowing the form of
model, coefficientsy; is the true value andM is the transformation nor increasing the complexity — of
number of test data. With 40 selected in the paper, thé:alculatlo.n. The formula of objective function (3) is
final calculation results is the MSE 0.0589 and MAPE changed into:
= 0.0415. From the analysis results of MSE and the n 1N
MAPE, we know that the evaluation accuracy and the Q(a) = Za. —5 Z aa;yiyiK(xix;) (5)
stability of the model are ideal. Therefore, it can achieve i= =1
the goal of adaptive optimization of kernel function
parameters, penalty factor and insensitive parameters b
heuristic algorithm for tuning hyper-parameters, thus _ _ K (XX *
obtaining a very good result for the evaluation model of F0) = sgriax+b) = sgn{ 5 ayiK(xxj) +b7}  (6)
circular economy in iron and steel enterprises. Currently, the most commonly used kernel functions
of SVM are mainly four types:

Linear Function:

M | _ v
MAPE = = Zl‘y' Y
Mi: Yi

The coefficientss is the predicted value of evaluation

9Iassification function is changed into:

3.3 The Evaluation Model of Circular Economy

Based on Support Vector Machine K(xi, %) = xx )
The basic idea of SVM is to transform the input space Polynomial Function:
into a high-dimensional space through a non-linear K(xi,x):(>qx+1)d ®)
transformation of the inner product function definition, in

search of the non-linear relationship of the input and  Radial Basis Function:

output variables in this high-dimensional space. SVM has 5 )

a two-tier structure: the first layer is used to select the K(%i,x) = exp(— [x—xi|* /207) ©)
kernel function to determine the number of support
vectors; the second layer is used to build optimal
classification surface layer in the corresponding feature ) :

space. And it initially researches fitting and regression K, x) = tanh(kqx+6) (10)
problems for linear function of linear sample points in Based on grade standards for circular economy
SVM, and then gradually extends to non-linear andevaluation of iron and steel enterprises, it can be
multi-classification problem. This paper only take the simulated to generate a sufficient number of evaluation
regression vector machine as an example with the detailthdex sequence by using random technology. Set the
for the other related models and principles in relatedlower limits a']-‘ and upper Iimitsb'j‘ of evaluation index

doclumenL32{1—25]]; di he dual oroblem f . Ivalue in the evaluation RarkandyX is the corresponding
tcan be transformed into the dual problem for optimal o5 ation level, stochastic simulation formula for

classification surface of the second layer by utilizing the 5,41 ation index is as follows:

Lagrange optimization method, which means to solve the

maximum value of following function with the constraints Xikj — rand(nk)(a'f _ b‘f) + b|j< (11)
Si,yia =0anda >0(i=12,...,n):

Sigmoid Function:

. . i means index sequence capacity generated by an
o 1 e T, evaluation level;k means evaluation rank numbey;
Q@) = i;a. 2. Z aayyiy; (%) 3) means evaluation index number.
It generateny group(x}‘j,y}() for the evaluation rank
In the formula, & is the Lagrange multiplier by formula (11), then rearrange the subscript, and get the
corresponding to each sample. It can obtain thenew sequencex;,y;) which are taken as training samples.

i,]=1
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In order to evaluate classification more accurately, we Table 2: The Grades and Standards of Evaluation
can assume that there axg evaluation index in system  Grade X1 X2 X3 X4 X5 X6
evaluation and the evaluation grade y'ﬁ of which i I >180 <125 <120 <3000 =045 >009
means the capacity of indicators sequencesl,2,...,N I >165 <1.30 <1.25 <3400 >040 >07
and j means the numbers of evaluation index, >150 <1.35 <1.30 <3800 >030 >05

j=12,....M with x; represents the input SYM model v <150 >135 >130 >3800 <0.30 <0.5

andy; represents the output in SVM model.
The Matlab7.0 Software is applied in programming Continue Table 2

calculation in this paper. The software is featured by Gaqe  x7 X8 X9 X10 Xx11 X12 X13

relatively simple adjustments for parameters and fast

: . . . . >300 <0.10>1.05 <2.00 <150 < 0.01 >0.95
E::gglatlon, and therefore is widely applied in research " 2 250 < 0.20 > 1.00 < 2.50 < 180 < 0.03 = 0.75

1l > 200 <0.30>0.90 <3.00<200<0.05 >05
\ < 20.0>0.30 <0.90 >3.00 >200 >0.05 <0.5

4 Empirical Analysis Table 3: The Data Table of Testing Sample
No. X1 X2 X3 X4 X5 X6

1.686 1.223 1.254 3454 0.343 0.653

he indi il be i ble d h . 1674 1443 1336 4289 0.233 0.445
The indicators wi e Incomparable due to the various 1.974 1.092 1109 2847 0536 0.975

1
2
- . e 3
types of indicators in evaluation index system. Therefore, 4 2265 1.281 1.045 2944 0465 0943
differences generated from different dimensions through 5 1.532 1.193 1.283 3532 0.385 0.843

6

7

8

9

4.1 Sandardization Processing of Data

the standardization of each indicator should be 1.754 1.584 1.423 3953 0.194 0.354
eliminated. Assume that there are m items of evaluation 1.679 1.232 1.231 3185 0.404 0.843
factors in evaluation system of circular economy for iron 1.765 1.247 1.243 3253 0.349 0.835
and steel enterprises, as the index value of evaluation 15789 1.383 1.284 4195 0.238 0.443
criteria and the index value of the monitoring samples, 10 1624 1283 1.332 3685 0.345 0.353

will be normalized as follows 11 2.153 1.143 1.129 2549 0.509 0.944
12 1.574 1.284 1.294 3495 0.354 0.743
X; Bmaxx; (a) 13 1.695 1.287 1.285 3365 0.315 0.543
X§ =9 o (12) 14 2287 1123 1.084 2653 0.494 0.945
minxBx;  (b)
15 1.467 1.213 1.223 3576 0.843 0.795

. . 16 1.932 1492 1439 4369 0.215 0.396
x§ means the standardized processing value of 1. 1547 1305 1184 3454 0410 0693

evaluation factors. It process the indicatprs with smaller 4 2071 1.319 1.253 3365 0.375 0.724
value and more excellent quality according to formula (a);
it processes the indicators with greater value and more
excellent quality according to formula (b). In order to
generate more learning samples, linear interpolation i4.3 Result Analysis
needed for standardized data evaluation in the adjacent
intervals, and then learning samples between the variouEmpirical analysis is exercised in this paper for domestic
known levels would be generated randomly, out of whichmajor iron and steel enterprises in China, and statistical
some are selected as training samples, and other parts agata comes from the China Statistical Yearbook and the
as testing samples. related documents of iron and steel industry. The paper
selects 50 iron and steel enterprises as samples, out of
which 32 are randomly selected as learning samples, and
4.2 The Determination of Evaluation Sandards 18 as testing samples. The data table of testing samples is
listed in Table 3.
In accordance with the advanced standard of foreign and, L€&ming process adopts the method of voting
domestic steel companies as well as the relevant standar@§cisions. If the current learning training results shoat th
of domestic steel industry, the standards of indicators andn€ t€sting samplec belongs to evaluation scaie the
evaluation levels are listed as follows: scores of evaluation scaielus 1, otherwise, the number
The grade standards of qualitative indicators are®f votes of classj plus 1, and finally the class with
determined by questionnaire and expert advice, and"@ximum score is taken as the levebof o
standardized assignments are between [0,1]. For example, Compared with other parameters, the numerical limit
the maximum value for certification of environmental ©f the radial basis function is relatively less, and its mode
management system is assigned 1, and the minimur/® More practical, and the sample can be nonlinearly

value for certification of environmental managementMapped to a higher dimensional space to solve the
system is assigned O. non-linear relationship between the classes and attsbute
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Continue Table 3

No. X7 X8 X9  X10 X11 X12 X13 evaluation in some major iron and steel enterprises in
2359 0183 0939 2543 184 0.023 0.694 China. Compared with the evaluation method of BP
18.84 0325 0833 3.398 227 0.058 0.384 heural network, this model is more accurate, intuitive, and
3274 0.084 1.143 1585 133 0005 0.853 Mmore suitable for iron and steel enterprises to evaluate
35.34 0.090 1.082 1.778 103 0.008 0934 circular economy. Thus, it provides a scientific tool to
2223 0.122 1.054 2.786 175 0.021 0.734 evaluate the status of the circular economy in iron and
17.43 0.323 0.824 3.782 232 0.065 0.345 steel enterprises. And, the model can be widely used in
27.85 0.158 0.984 2.259 163 0.028 0.545 iron and steel industry. In addition, it provides a good
21.93 0.115 0.943 2.785 185 0.054 0.834 reference for other businesses and industries. It is etviden
17.75 0.374 0.714 3.463 248 0.048 0.432 that with the in-depth research of circular economy
10 2463 0.136 1.074 2.634 234 0.035 0.434 evaluation in the iron and steel enterprises, the evalnatio

11 3354 0.095 1076 1.589 113 0.010 0.965 il gradually be more accurate and complete.
12 26.64 0.268 1.028 2.834 193 0.021 0.589

13 2558 0.158 1.003 2.344 235 0.039 0.534
14 31.83 0.094 1.095 1.421 120 0.011 0.865
15 2875 0.163 1.034 2214 185 0.013 0.743 Acknowledgement
16 15.66 0.328 0.779 3.829 239 0.063 0.385

17 29.05 0165 1.043 2348 176 0.024 0.628 | ygy|d like to thank Ph.D W. Wang, Ph.D F. Xiong and
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Table 4: The Results of Comparative Analysis appreciate the two anonymous referees who gave much
No. BP SVM  No. BP SVM sound advice on this paper. | would like to extend my
1 0.743744 I 10 0.803232 I the_lrjks to my wife for the work on grammar checking and
2 0.593404 v 11 0.840493 | editing of this paper. All remaining errors are my own.
3 0.847389 | 12 0.719832 1l This research work is supported by The National
4 0.874932 I 13 0.784304 Il Natural Sciences Foundation of China (No. 70921001),
5 0.653543 n 14  0.864398 I The Philosophy and Social Sciences Key Projects of the
6 0.553244 v 15  0.649349 11 Ministry of Education (No. 10JZD0020), The National
7 0.694832 m 16 0.600132 v Social Science Fund - Major Project (No. 11&ZD166),
8 0.764923 I 17 0.684394 n The Humanities and Social Sciences Program of the
9 0.574924 v 18  0.753949 I Ministry of Education (No. 11YJC790312), The National

Postgraduate Research Project (No. 2012M 511424), The
Therefore, with the radial basis function as nucleus,key projects of the Social Science Foundation of Hunan
arithmetic program is compiled with Matlab7.0 and the Province (No. 12ZDB60), The Free Exploration Plan for
results are calculated with the BP neural network model.Young Teachers of CSU (No. 2011QNZT238), The
The results of the comparison are shown in Table 4: Postgraduate Research Project of Hunan Province, and

From the table above, the evaluation results by theThe Postgraduate Research Project of CSU.

two methods are basically identical. Compared with the
evaluation results of the model of BP network, the
evaluation results of support vector machine are MOreR efer ences
realistic, and more suitable for enterprise to evaluate

circular economy.
y [1] http://www.chinaenvironmentallaw.com/wp-

content/uploads/2008/09/circular-economy-law-cn-en-
final.pdf, (2009)

[2] A. I. Aggour, F. E. Attounsi, Fuzzy Topological Properties
on Fuzzy Function Spaces, Applied Mathematics &
Information Sciences Letter$, 1-5 (2013).

] Doniec A, Reiche J, Bufiska M. Assessment of the

5 Conclusion

As a new development pattern, circular economy is an
important strategic path for an enterprise to develop 3
sustalnably. It is necessary to b_u'ld a reasonable potential of cleaner production implementation in Polish
evaluation system that maches the circular economy and  enterprises. Journal of cleaner productioh, 299-304
sustainable development strategy of an enterprise. Based (2002).

on SVM with Radial Basis Function (RBF) kernel and (4] Hosseini HM, Kaneko S. Dynamic sustainability assessment
combined with the characteristics of iron and steel of countries at the macro level: A principa| component
enterprises, this paper structures an evaluation index analysis. Ecological Indicators, 811-823 (2011).

system of circular economy and an evaluation analysis [5]T. M. Shahwan, A Comparison of Bayesian Methods
model by a heuristic algorithm for tuning and Artificial Neural Networks for Forecasting Chaotic
hyper-parameters in iron and steel enterprises. The Financial Time Series, Journal of Statistics Applications &
evaluation model is tested for circular economy Probability,1, 89-100 (2012).

© 2013 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

2222 NS ) Z. Zhou et al: On Evaluation Model of Circular Economy for...

[6] LIU YM, Lu KF, Fang C. A New Comprehensive Evaluation [24] Chang C C, Lin C J. LIBSVM-a library for support vector
Method on Sustainable Development of Large-middle-scale machines(2012).http://www.csie.ntu.edutwjlin/libsvm-

Irrigated Area. Journal of Anhui Agricultural scienc#y, t00ls.2012.10.5.
13246-13248 (2009). [25]Cao L J, Tay F E H. Support vector machine with
[7] Lv Jun Jie, et al. Identification of 5’UTR Splicing Site Using adaptive parameters in financial time series forecasting.

Sequence and Structural Specifities Based on Combination  IEEE Transactions on Neural Networks, 1506-1518

Statistical Method with SVM. Applied Mathematics &
Information Scienceg, 91-97 (2013).

[8]J. S. Zhang, A. X. Chen, Review on quantum discord of
bipartite and multipartite systems, Quantum Physics Letters,
1, 69-77 (2012).

[9]1 N. Taghizadeh, M. Mirzazadeh, A. S, Paghaleh, Exact
solutions for the nonlinear Schrodinger equation with power
law nonlinearity, Mathematical Sciences Lettets,7-16
(2012).

[10] Strazza C,Borghi AD,Borghi MD. Resource productivity
enhancement as means for promoting cleaner production:
analysis of co-incineration in cement plants through a life
cycle approach. Journal of cleaner productid, 1615—
1621 (2011).

[11] A. Tripathi, Space Optimized Multicast in Delay Tolerant
Networks, International Journal of Computing and Network
Technology/, 141-151 (2013).

[12] Tsai WT. Energy sustainability from analysis of sustainable

Zhifang Zhouis
a lecturer at Business School
of Central South University,
and the tutor of Master
and MPAcc in management.
His current research interests
include Circular economy,
Low carbon economy,
Environmental  accounting,
Two-oriented society, etc. He

development indicators: A case study in Taiwan. Renewablehas presided six ministerial and provincial projects, such
and Sustainable Energy Revievid, 2131-2138 (2010). as The Humanities and Social Sciences Project of the
[13] Hubacek K, Giljum S. Applying physical input-output Ministry of Education, The Humanities and Social
analysis to estimate land appropriation (ecological Sciences Key Project of Hunan Province, and The
footprints) of international trade activities. Ecological National Postgraduate Research Project. He has taken
Economics], 137-151 (2003). part in about ten projects as a main researcher, such as the
[14] Duan K, Keerthi S S, Poo A N. Evaluation of Simple National Natural Sciences Foundation of China, The
Performance _Measures for Tuning SVM Hyperparameters.Phi|030phy and Social Sciences Key Projects of the
Neurocomputing (S0925-2312), 41-59 (2003). Ministry of Education, and The National Social Science

[15]Wu K P, Wang S D. Choosing the kemel parameters for o, “raior Project. In recent years, he has published
support vector machines by the inter-cluster distance in the

feature space. Pattern Recognitibn710—717 (2009). a_bout_ thlrt_y acad(_amlc papers re_lated . to his research
[16] Chalimourda A, Scholkopf B, Smola A J. Experimentally directions in prestigious journals in China and abroad,
Optimal in Support Vector Regression for Different Noise SOMe of which are retrieved by SCI, El, CSCD or CSSCI.
Models and Parameter Settings. Neural Networks (S0893—
6080),1, 127-141 (2004).
[17] Minggi Chang, Junping Liu, Wei Ma. the safety assessment
of water resources based on support vector machine. Natural
Disastersp, 167-171 (2011).
[18] Ping Fang, et al. Least squares support vector machine used
in Xi'an tyrants estuarine water quality forecast. Systems
engineeringp, 113-117 (2011).
[19] Jingxu Liu, Huaiping Cai, Yuejin Tan. A heuristic algorithm
for adjusting parameters in support vector regression.
System Simulation?, 1540-1543, 1547 (2007).
[20] Cherkassky V, Ma Y. Practical selection of SVM parameters
and noise estimation for SVM regression. Neural Network,
1,113-126 (2004).
[21]Y SHI R C EBERHART.A modified particle swarm
optimize. Proceedings of the International Joint Conference
on Evolutionary Computation, 69-73 (1998).
[22] Peng Wang, Xiaoyan Zhu. The selection of SVM model
with RBF kernel and its application. Computer Engineering
and Applications24, 72—73 (2003).
[23] Pai Ping-Feng, Hong Wei-Chiang. Forecasting Regional
Electricity Load Based on Recurrent Support Vector
Machines with Genetic Algorithms. Electric Power System
Research (S0378-779@),417-425 (2005).

© 2013 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.7, No. 6, 2215-2223 (2013)www.naturalspublishing.com/Journals.asp

N S =y 2223

Xiaohong Chenis
an instructor of Business
School, and the tutor
of Doctor, Master, MPAcc,
MBA and EMBA at
Central South University.
She has been engaged
in the teaching of core
curriculums such as decision
support system, SMEs
financing and Low carbon economy. Her current research
interests include decision support system, Two-oriented
society resource-saving and environment-friendly,
operations management, small and medium-size
enterprise financing, entrepreneurship management, etc.
She has presided over thirty national, ministerial and
provincial projects, including five projects supported by
National Natural Science Foundation of China. She has
published twenty books and over three hundreds research
papers in authoritative journals of high quality both at
home and abroad, and hundreds of which are retrieved by
SCl and El.

Xu Xiaois an instructor
of Business School, and
the tutor of Doctor, Master,
MPAcc, MBA and EMBA
at Central South University.
He has been engaged in the
teaching of core curriculums
such as  Environmental
accounting Low  carbon
economy, Circular economy,
etc. He has presided over ten
national, ministerial and provincial projects, including
one grand projects supported by National Social Science
Foundation of China. He has published five books and
over one hundreds research papers in authoritative
journals of high quality both at home and abroad, and
hundreds of which are retrieved by SCI , El, CSCD or
CSSCl.

© 2013 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

	Introduction
	The Construction of Evaluation Indicator System of Circular Economy in Iron and Steel Enterprises
	The Construction of Circular Economy Evaluation Model for Iron and Steel Enterprises Based on Support Vector Machines with Heuristic Algorithm
	Empirical Analysis
	Conclusion

