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Model Study on the Impact of Foreign Trade on Economic Resilience Based on Improved
Self-Regulating Annealing Particle Swarm Optimization (China Yangtze River Delta as an
Example)

Hui HU*, Gennian TANG

Abstract: In order to improve the global search ability of PSO and avoid falling into local extreme value, an improved self-regulating tabu annealing PSO was proposed to
study the impact of foreign trade on economic resilience model (China Yangtze River Delta as an example). Firstly, improving the inertial adaptive weights and introducing
adjustment factors to constrain the learning particles can make the algorithm have stronger searching ability. The improved algorithm can realize the self-adjustment of
inertia weights. Secondly, the improved simulated annealing particle swarm optimization algorithm is verified and compared with the former algorithm through two different
functions, and the results show that the convergence speed and accuracy are improved. According to the sensitivity calculation, the compensation node is determined for
reactive power compensation. The final results show that the resilience of tourism economy in the Yangtze River Delta urban agglomerations presents a changing trend of
"rising first and then decreasing", and the resilience level of all cities is on the rise. The cities with high resilience are mainly distributed in the central and eastern regions,
and the resilience level of tourism economy in each city has a certain spatial agglomeration characteristic. The resilience of tourism economy is comprehensively affected
by economic development level, economic development structure, infrastructure and government intervention, among which the speed of tourism development has a

significant negative impact on the resilience of tourism economy, and other factors have a significant promoting effect.
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1 INTRODUCTION

Research on resilience has been growing in recent
years, analyzing how cities or regions recover after shocks
or build resilience to future shocks. Based on the
"ecological resilience" proposed by engineering resilience,
evolutionary resilience was gradually deduced and
concepts such as urban resilience and social resilience were
proposed to focus on the impact of the Great Economic
Depression [1]. Some scholars engaged in disaster-related
research have cited the regional resilience mentioned in the
topic "Creating Resilient Regions" and combined with the
proposed theories and methods related to resilience, put
forward the regional economic resilience theory to analyze
how to solve the problems of regional economic recovery
and sustainable development in the post-crisis era [2, 3].
Subsequently, some scholars tried to apply the resilience
theory to relevant studies on urban agglomerations,
replacing employment scale with per capita GDP or GDP
to describe economic output and measure regional
economic resilience [4]. Some scholars use the entropy
weight method to measure regional economic resilience or
ecological resilience, combined with social network
analysis methods, spatial Durbin fixed effect model,
gravity model, etc., and take some domestic urban
agglomerations as research objects to analyze the
correlation network and influencing factors of the
economic resilience of urban agglomerations [5].

Among these relevant studies, the research on the
Yangtze River Delta urban agglomeration is more oriented
to the original 26 cities, and whether the relevant
conclusions are applicable to the expanded scope needs
further analysis. The planning scope of the Yangtze River
Delta city cluster has been continuously adjusted to cover
all regions of the four provinces and cities. At the same
time, the period of closest data involved in existing studies
failed to reflect whether COVID-19 had a significant
impact on the original economic resilience pattern, and
these studies did not include the impact of zoning

adjustment in the research system. Therefore, this paper
describes and calculates the economic resilience of the
Yangtze River Delta urban agglomeration, analyzes the
spatial evolution and influencing factors of the economic
resilience of the urban agglomeration by combining the
gravity model and the spatial Dubin model, and analyzes
whether the zoning adjustment in 2011 has reached the
expected goal of adjustment. We will explore ways to
enhance the economic resilience of urban agglomerations,
promote integrated urban and regional development, and
strengthen the effect of growth poles. The development of
the concept of "resilience" has roughly experienced three
stages: engineering resilience, ecological resilience and
evolutionary resilience [6]. At present, the academic
community's understanding of resilience is changing from
engineering resilience and ecological resilience in
equilibrium theory to evolutionary resilience in evolution
theory, and the focus is shifting from improving the ability
to cope with crises to achieving sustainable development
goals [7]. In the early stage, some foreign scholars explored
the application of resilience theory in the field of tourism.
For example, with the help of resilience, they explained
how the Italian tourism industry could resist the pressure
brought by national economic recession through self-
mitigation and adjustment [8]. This paper studies the
vulnerability and resilience of tourist destinations. The
outbreak of COVID-19 (Corona Virus Disease) is one of
the most influential events in the 21st century [9]. Under
the epidemic, the flow of population between regions has
been curbed, the flow of tourists in scenic spots, restaurants,
accommodation, entertainment and other places has
decreased, and tourism enterprises are facing a major
survival crisis. Therefore, the academic community has
paid extensive attention to the resilience of tourism
economy [10]. The reality of current tourism development
shows that although the tourism industry always faces the
impact of various risks, it can recover from the crisis and
produce certain adaptability [11].

When describing the economic resilience of urban
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agglomerations, the scale of employment is the most
intuitive manifestation of resilience. The diversification of
industrial structure can reduce the destructive power of
external shocks on regional economy, and is conducive to
the rapid recovery of regional economy, and its impact on
the economic resilience of urban agglomerations cannot be
ignored. The conclusion that innovation ability has a
positive impact on the sustainable self-repair ability of
regional economy has also been verified by some
literatures at home and abroad, and ecological resilience
has been included in the regional economic resilience
system for many times to better support the sustainable
development needs of regional economy. Based on this,
from the perspective of toughness, this paper constructs the
tourism economy toughness index evaluation system
according to the simulated annealing particle swarm
optimization algorithm model, introduces the basic process
of simulated annealing particle swarm optimization
algorithm, and puts forward an improved scheme of
simulated annealing particle swarm optimization algorithm.
The two parameters of inertia weight and adjustment factor
are modified and the optimized process of simulated
annealing particle swarm optimization algorithm is refined.
Four different functions are used to verify the feasibility
and advantages of the improved simulated annealing
particle swarm optimization algorithm compared with the
previous algorithm for one or more approximate optimal
solutions. This paper measures the resilience of the tourism
economy in the Yangtze River Delta city cluster and
analyzes its influencing factors to provide a certain basis
for further improving the resilience of the urban tourism
economy.

2 RELATED WORK

The economic system is based on the comprehensive
development and utilization of tourism resources and the
tourism public service, social and economic support
system and tourism ecosystem of tourist destinations. It
develops under the coordinated operation of tourism
related industries and is highly comprehensive and
complex [12]. Based on the perspective of evolutionary
resilience and combined with the characteristics of tourism
industry itself, the resilience of tourism economy refers to
the ability of tourism economic system to maintain its own
stability, restore the original state and move to a new
equilibrium state after suffering external shocks [13].
Current research topics on tourism economic resilience
mainly involve measurement evaluation, analysis of
influencing factors, spatio-temporal evolution, tourism
economic resilience and high-quality tourism development
[14], and domestic research scales involve provinces, cities,
major economic belts, etc. [15]. The factors affecting the
resilience of tourism economy can be divided into two
categories: first, external factors, namely regional social
and economic factors, including regional economic level
[16], regional industrial structure [17], traffic conditions
[18], government intervention [19], etc. Second, the
internal factors, namely the development status of tourism
industry, can be specifically divided into tourism economic
level [20], tourism service capability, etc. Diversity is an
important factor affecting regional economic resilience. In
the event of shock disturbance, the diversified structure

acts as a "shock absorber", which can quickly allocate the
negative impact caused by shock disturbance to other
industries [21]. The higher the diversity of the economic
structure, the less the impact of the shock disturbance, so
the higher the other resilience, the more likely to return to
the original state. In addition to the characteristics of
diversification, inter-industry correlation also affects
economic resilience. If the inter-industry correlation is
higher, the impact disturbance of individual industries is
more likely to spread rapidly to all industries in the
economic system [22]. Excessive diversification may
result in the failure to form industrial clusters due to weak
linkages and less communication. The external
characteristics generated by industrial agglomeration will
be weakened, which is not conducive to the generation and
spillover of innovation, resulting in the difficult survival of
enterprises [23].

The higher the specialization of the regional economic
system, the higher the degree of economic correlation, the
easier it is to enter the locked state, the innovation ability
declines, and it is difficult to evolve a new path. Once hit,
the economic structure cannot disperse the impact, and the
possibility of regional resistance and recovery decreases,
which may eventually lead to a long-term decline and
development path [24]. Adaptability is an important factor
in the economic system's resistance to shocks, and it can
also promote the formation of industrial specialization in
the economic system. Although the specialized economic
structure can optimize and update the economic structure
by strengthening the contacts and exchanges between
industries, and achieve high economic efficiency, it will
greatly weaken the adaptability of the system, which is an
important factor in determining the innovation ability of
the system. At the same time, it is also conducive to the
improvement of the degree of diversification. Once it is
weakened, it means that it is difficult for the system to
change the original path and create a new development
path, so the economic system needs to balance
specialization and diversity reasonably. In this regard, the
theory of related variety emerged [25]. This theory pays
attention to the correlation between various parts of the
economic system, and believes that the spatial
agglomeration generated by different industries that are
only connected at the technical level is a very important
factor. The correlation diversity can realize the technical
connection between different industries in the region, and
also realize the integration and utilization of technologies
between industries in different fields. In this way, it can
actively promote the full technical connection and
knowledge spillover between industries. In the face of
impact fluctuations, it can actively optimize and adjust,
explore and discover new breakthrough paths, and finally
form a new development path.

To solve this problem, a simplified particle swarm
optimization algorithm with escape strategy is designed
[26], and an escape mechanism is introduced to jump out
of the local optimal solution. This method solves the local
extreme value problem, but the result is not good. A kind
of inertia coefficient decision [27] based on hyperbolic
tangent function model is proposed, and nonlinear adaptive
transformation is carried out to improve the solution level.
A strategy for adjusting inertia weights and learning factors
is proposed [28], which attempts to establish the change
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function of learning factors and weight coefficients to
improve the optimization accuracy of the algorithm. In
addition to the improvement of parameter adaptation, the
performance of PSO can be improved by improving the
updating formula. Add the leading search term [29] for
particle individuals towards global optimization, so that
particle swarm can obtain more perturbations and avoid
local extreme values. There is also a black hole particle
swarm [30] introduced into black hole theory. The fusion
of multiple intelligent optimization algorithms is also
favored by scholars, which combines the simulated
annealing idea with particle swarm to improve the
processing ability of discrete optimization problems [31],
while avoiding falling into local optimality. By integrating
differential evolution algorithm and particle swarm [32],
the fast convergence of the former is maintained while the
search diversity of the latter is maintained. According to
the current state of the particle, the weight coefficient and
learning factor are modified to further improve the
precocious defects [33] and enhance its local search ability.

3 IMPROVED ADAPTIVE TABOO ANNEALING PARTICLE
SWARM OPTIMIZATION

The variables are shown in Tab. 1.

Table 1 Variables

Variable Meaning
Xi D-dimensional vector
V; velocity vector
pb; i-th particle individual
W nax maximum of the given inertia coefficient
¢ and ¢, learning factors
T() temperature adaptation value of particle

Inspired by the behavior of birds, PSO is a random
search algorithm with fast convergence speed and global
search ability. Suppose that in the D-dimensional search
space, N particles form a population, and each particle is a
D-dimensional vector x;; its velocity vector is Vj; the
optimal position of the i-th particle individual pb;; particle
swarm optimal location gbh; each particle vector is a
potential solution to the optimization problem, and in PSO
particle updates:

VI = wvl 4 i (pb!) + cyry (gb' — 1) (1)

1

xl«Hl = xf + vf“ 2)

3.1 Improved Parameter Adaptive Strategy

In the standard particle swarm optimization algorithm,
parameters w, ¢; and ¢; are important parameters to control
the direction of particle motion. In most algorithms, their
values are mostly based on experience, but the given values
are difficult to meet the requirements of different iteration
periods. The inertia coefficient w represents the degree of
inheriting the speed of the previous generation, which
directly affects the search ability of the algorithm. When w
is large, it is greatly affected by the velocity of the previous
generation particle, the flight speed is fast, and the global
search ability is strong, but it is difficult to achieve local
convergence. When w is small, it is less affected by the

previous generation of particles, and it is easy to fall into
the local extreme value when conducting detailed search
for the local area, and the solution effect is poor. Aiming at
this characteristic, a new method based on inverse tangent
function is proposed. Control strategy of coefficient:

t M
) arctan[———]
W = —max min ><( n 2n ) (3)

arctan —
2n

Winin and Wy are the minimum and maximum of the
given inertia coefficient respectively. ¢, M are the current
algebra and the given maximum algebra respectively; # is
the attenuation coefficient. The larger # is, the faster the
intermediate decay rate is, and the opposite is true. Enable
in the early phase of the algorithm. Keep large value,
increase global search ability, avoid falling into local
extreme value. In the medium term, maintain a certain rate
of gradual reduction. To gradually enhance its local search
capability, in the later stage, the value of w is small, and
the small value can carry out fine search for the region near
the extreme value, so that the particle converges towards
the global optimal position. The control between global
search ability and local search ability can be realized by
adaptive strategy.

For the learning factors ¢ and ¢, if ¢ is larger, more
particles move toward the individual optimal position, and
the global search ability of particle swarm is improved, but
it is difficult to find the optimal value and difficult to
converge. If ¢; is large, its convergence speed is fast, and it
is easy to fall into local extreme values. Therefore, the
nonlinear learning factor strategy of cosine function is
adopted:

¢ =15+13cos(nxt/ M) @

¢, =2.1-1.3cos(nxt/ M) )

At the initial stage of the algorithm, ¢; = 2.5 and ¢, =
0.8. As the number of iterations ¢ increases, c1 gradually
decreases to 0.1, while ¢, gradually increases to 3.2. This
setting can ensure the global search ability in the early
stage, and the change speed is slow, and the global search
is more comprehensive. In the middle and late stages, ci
decreases rapidly and c; increases rapidly, which makes the
local search ability to improve rapidly and the convergence
speed to accelerate.

3.2 Improved Taboo Annealing Perturbation Strategy

In the process of particle swarm evolution, the
algorithm has a certain global search ability through
parameter adaptation, but its global search ability is limited.
In the process of particle iteration, it is difficult to avoid the
phenomenon of a large number of particles gathering,
resulting in a lack of particle diversity. The "premature"
phenomenon of a large number of particles gathering
occurs before and in the middle of the iteration, and it is
easy to fall into the local area through location update. It is
difficult to jump out of the local extreme value, and
introduce the annealing selection mechanism of taboo
excitation to select the alternative solution Xbr to replace

476

Technical Gazette 32, 2(2025), 474-484



Hui HU, Gennian TANG: Model Study on the Impact of Foreign Trade on Economic Resilience Based on Improved Self-Regulating Annealing Particle Swarm Optimization

gb in the global optimal position, and use its jump
probability to avoid the occurrence of "premature"
situation to a certain extent.

The simulated annealing algorithm is a global
optimization algorithm that learns from the physical
annealing process, utilizes the Metropolis criterion and
timely controls the temperature drop to solve the global
optimization problem [14]. Combined with the Metropolis
criterion, the temperature adaptation value of particle 7 is
defined as 71(7), and the process of obtaining it is as follows:

_ pbest(i)—gbest(i)
T@i)=e fe , pbest(i) # gbest (6)
where: 7(i) is the temperature adaptation value
corresponding to the i-th particle; pbest(i) is the individual
optimal value of the i-th particle, and the corresponding
optimal position of the individual particle is pb; gbest is the
global optimal value, and the corresponding global optimal
position of the particle is gb; 7. is the annealing
temperature corresponding to the current algebra, and its
initial value and updating method are as follows:

T.() = KxT,(t-1).1 1 %)

In the formula, K is the cooling coefficient of
annealing, and the general value is the value close to 1
between [0, 1], and the value is 0.9.

Combined with the tabu search idea, the algorithm
should avoid excessive repetition of local search before and
in the middle of iteration, resulting in particle waste, record
the global optimal position reached by the previous
generation, and reduce the search for this position in the
next generation search, so that the earlier particle update
more functions in the global scope search, and improve the
global search ability.

According to the Euclidean distance between particles,
"excitation" is given to particles far from the global optimal
position:

D
D(i) =, /Z(x,ik - gbt)? (8)
k=1

Mg (i) = NDL) ©)

> D(i)
i=1

In order to avoid excessive disturbance in the later
iteration period and ensure the convergence ability of the
algorithm, only the first 3 particles with D(i) values in
descending order are considered in this paper, and other
particles Mfit are not considered as having no excitation
degree.

Linear combination of 7fit and Mfit was performed and
the overall fitness value was obtained by normalization:

Ty M )
Fit(i) = — M (10)
D (T, 1)+ 22X M, ()

i=1

The probability of selecting gb for Xbr is shown in Fig.

Probability

25 50 75 100
Iteration count

Figure 1 Probability of Xbr selecting gb after taboo excitation

As can be seen from Fig. 1, in the early stage of
iteration, the influence of taboo excitation degree is greater.
The disturbed particle Xbr has a greater probability to
choose the individual optimal solution pb corresponding to
the excitation particle far from the optimal location gb of
the previous generation to replace gb to guide the particle
to conduct global search, avoiding the "prematurity"
phenomenon to a certain extent. In the middle and late
iterations, with the widening of the temperature adaptation
value gap and the gradual decay of the excitation
coefficient (M — t/M), the taboo excitation effect decreases,
and the probability of Xbr selecting gb 'particle gradually
increases, and finally approaches 1, so as to ensure the
convergence ability of the algorithm.

3.3 Improved Self-Regulating Annealing Particle Swarm
Optimization Algorithmand Flow

The improved strategy in this paper will introduce
adaptive inertia weights and adjustment factors to the
simulated annealing particle swarm algorithm, because the
simulated annealing particle swarm algorithm is improved,
it has Metroplis criterion for a single particle swarm to skip
the local optimal solution. In order to increase the tolerance
level, it is continued to be included in the range when the
particles are approximately up to standard. On this basis,
adjusting the inertia weight and adjusting factor parameters
will make the improved simulated annealing algorithm
more accurate in local search and approximate optimal
solution location. In the region of the approximate optimal
solution, the speed of searching for the optimal solution is
faster and the degree of convergence is higher. When there
may be multiple optimal solution values for specific
problems, the situation that only one approximate optimal
solution is searched can be completely avoided. The more
complex the actual situation, the better the degree of
convergence and accuracy will be. This improved
simulated annealing particle swarm optimization algorithm
is feasible in terms of improving strategy and selecting
influencing factors. The flow chart of the improved
simulated annealing particle swarm optimization algorithm
is shown in Fig. 2:

The main body of this improved algorithm is the
particle swarm algorithm with rapid calculation process. It
refers to the Metroplis criterion in simulated annealing
algorithm, jumps out of the local optimal solution of
particle swarm. In simulated annealing particle swarm
algorithm, it introduces improved inertia weight
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parameters and adjustment factors to constrain the learning
particles. The improved algorithm has the advantages of
stronger global search efficiency and more accurate
approximation ability to deal with multiple approximate
optimal solutions, and more accurate selection of the wide
range of optimal solutions in the early search area and more
accurate positioning of the region approaching the
approximate optimal solution in the later stage during the
return calculation, speeding up the calculation speed and
improving the calculation efficiency. Make the final
optimal solution value more accurate and reliable. It also
eliminates the repeated inaccurate calculation in the local
optimal solution region, jumps out of the scope frame, and
searches for a more reliable accurate optimal solution.

Start ‘

N J

Enter raw data, set parameters
and times

Y

Initialize the speed and position of the
particle swarm

Y

The adaptive value is calculated and the
optimal solution is obtained

Y

‘ Sample the initial values of
simulated annealing

Y
I I

ﬂUpdate speed and location

\

H Self-adjusting weight ‘

[ |

e

* N
&8
)

N Output the optimal
solution

The optimal solution is used as the initial value
for the next sample

N2

{ Randomly select a particle and update the l

optimal solution

Y

” Output the optimal solution H

Figure 2 Flowchart based on improved simulated annealing particle swarm
optimization algorithm

4 ECONOMIC RESILIENCE IMPACT ALGORITHM OF
FOREIGN TRADE IN YANGTZE RIVER DELTA REGION
BASED ON SELF-REGULATING ANNEALING
PARTICLE SWARM IMPROVEMENT ALGORITHM

4.1 Index Construction of Economic Resilience of Foreign
Trade

Principles of indicator selection:

a. Scientific: Scientifically learn from previous
research results, comb through the layers of indicators in
the literature, try to ensure that the level of indicators is
clear, the number is appropriate, reduce the multi-angle

selection of indicators, and clarify the relationship between
indicator repetition.

b. Comparability: indicators should be unified caliber
and scale, clear positive and negative direction, measured
economic resilience indicators, can be compared
horizontally and vertically.

c. Availability: The construction of the index system
requires a large amount of data. In this paper, indicators
with more complete data are given priority on the basis of
considering scientificity and comparability, and missing
data of individual indicators are supplemented by scientific
methods. At the same time, the integrity and authenticity
of indicator data are guaranteed as much as possible to
avoid missing large amounts of data.

Based on the above three principles, this paper divides
the evaluation indicators of economic resilience into three
dimensions: shock coping ability, organizational
adjustment ability and self-renewal ability, including 10
underlying indicators, as shown in Tab. 2.

Table 2 Economic resilience evaluation index system

Pri Indicat S
omary Secqndary , -ndicator Directivity
indicator indicator interpretation
Per capita GDP P051Flve
tropism
Urban registered Positive
unemployment rate tropism
Shock copin Total i .
- coping otal imports and Negative
ability exports as a tromism
proportion of GDP P
Th rtion of .
¢ proportion o Negative
tertiary industry in tromism
GDP P
Growth rate of fixed Positive
Indicators asset investment tropism
of L Fiscal Positive
. Organizational . .
economic . expenditure/revenue tropism
- adjustment
resilience e Number of students
ability . .
enrolled in regular Negative
institutions of higher tropism
learning
Number of patents Positive
granted tropism
Th i ..
e‘propomon of ) Positive
Self-renewal | financial employees in .
. tropism
ability total employment
Actual amount of ..
. . Positive
foreign direct .
. tropism
investment used

Due to the large differences in dimensions, positives
and negatives and orders of magnitude of each indicator, it
is necessary to conduct standardization processing. JXj is
the formula for selecting positive indicators:

X, = Tmin_ (11)

' Xmax ij
X, =—"= UV (12)

Calculate the proportion of the index value of the year
i (region) of the J index:
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Y, =—1 (13)

The specific gravity matrix Y= {¥j;}m-n is established,
where m is the number of years or regions, and n is the
index number.

The weighted summation method is used to calculate
the comprehensive evaluation score of each year (region),
the each year weight is V-

F=3W;X; (14

i=l1

Based on the comprehensive evaluation framework of
toughness, the self-adjusting annealing particle swarm
improvement algorithm is used to calculate the toughness
value of the foreign trade area. Here, only the values of 4
years and the total value and ranking are selected for
comparison and analysis, as shown in Tab. 3.

Table 3 Values of regional economic resilience

District Total | 2005 | 2010 | 2015 2020
Shanghai 115 57 | 0532 | 0449 | 0508 | 0446
Municipality
Jiangsu 11.169 | 0.405 | 0.360 | 0.496 0.468
Province
Guangdong |1 16| a1 | 0553 | 0468 0.420
Province
Zhejiang 8920 | 0332 | 0.324 | 0419 0.353
Province

According to Tab. 2, it can be found that the difference
between provinces and cities is obvious. From the
perspective of total value, the total value of Beijing, which
ranks the first, is as high as 13.510, while that of
Chongqing, which ranks the lowest, is only 7.47, and the
total value of Beijing is twice that of Chongqing. By year,
in 2005, the top five were Guangdong, Shanghai, Beijing,
Jiangsu and Tianjin, with an average of about 0.481. The
coastal provinces of Guangdong and Jiangsu are relatively
open to the outside world, attracting a large number of
foreign investment, high-tech industries and tertiary
industries are developed, and the innovation level is among
the best in the country, which is a good foundation for
improving economic resilience.

4.2 Economic Resilience Model of Foreign Trade in
Yangtze River Delta Region Based on Self-Regulating
Annealing Particles Warm Optimization Algorithm

The influence of urban registered unemployment rate
Xi, number of practicing (assistant) doctors X, number of
hospital beds X3 and other factors will be analyzed. At the
same time, the innovation platform promoted by the
integration of education and science and technology has
promoted the transformation and development of the
economy, and there are more paths to choose in the impact,
so it is also necessary to consider the proportion of
education expenditure Xs, the proportion of science and
technology expenditure X5 and other factors. Material
circulation has a significant impact on the economic
activity of urban agglomerations and inter-city economic
ties. From the perspective of ensuring the spatial flow of
resources, factors such as the proportion of logistics GDP
Xs and highway density X7 are considered.

The analysis with a single city background ignores the
possible influence of the interaction pattern between cities.
In this paper, the spatial correlation of dependent variables
and independent variables is analyzed comprehensively by
using the spatial Durbin model SPDM. The model
constructed in this paper is as follows:

LnRe; = pZWinei +bln X, +ZWij InX; +y, +u+r(15)
J=1 J=1

where: Re is the economic resilience of the region; X; is an
influential factor for economic resilience; W is the spatial
weight matrix reflecting the spatial proximity relationship
of regions; p is the spatial regression coefficient; b and e
are parameters to be estimated; a is the spatial fixed effect;
:1s a time-fixed effect. u is the random error term; 7 is the
coefficient of spatial error.

The spatial Durbin model test is conducted on the data,
and p is all greater than 0 and passes the 1% test, indicating
that there is a significant positive spillover effect on the
economic resilience of the Yangtze River Delta urban
agglomeration. The direct, indirect and total effects of the
economic resilience of the Yangtze River Delta urban
agglomeration are analyzed, as shown in Tab. 4.

Table 4 Estimates of direct effect, indirect effect and total effect of self-regulating annealing particle swarm improvement algorithm

Period 2011-2023 year
Fixed effect Space fixed Time Fixed Space time fixed
Inﬂf;:trz)crmg Direct Indirect Total effect Direct Indirect Total effect Direct Indirect Total effect
X —5.926 32.534 26.63
X, 97.829 210.145 307.965 222.36 58.56
X; —42.818 -84.321 —127.23 -84.81 -26.93
X, —0.05 —0.054
X 0.08 0.087
Xs —0.039 —0.02 —0.043
X; -0.035 —0.244 —0.283 —0.145 —-0.163

In Tab. 3, there are relatively more influencing factors
that have passed the test in the results of time fixed effects,
which is more conducive to analyzing the development of
economic resilience of urban agglomerations combined
with spatial differences. The direct effect and the total

effect of the two time cycles have the same direction and
similar values. X, and Xs are conducive to improving
economic resilience, and X has a much greater impact than
X, and the influence of X, is more obvious during 2011-
2023, which is inseparable from the huge impact of the
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novel coronavirus epidemic on the demand for medical
conditions in the later period. Xi, X3 and X; are all factors
hindering the improvement of the city's economic
resilience, among which X3's hindering effect is similar to
X>'s, and the hindering effect is more obvious in the period
from 2011 to 2023, indicating that the number of beds in
medical conditions has not yet met the needs of the city in
responding to emergencies.

X, of the neighboring cities has a driving effect on the
economic resilience of the city, while X4 is an obstacle to
the economic resilience of the city, indicating that the
employment security means of the neighboring cities of the
Triangle city cluster will also have a significant stabilizing
effect on the economic resilience of the related cities,
providing a basis for the construction of a security system.
However, the investment in education attracts the students
from related cities and the related employment talents,
which weakens the educational attraction of the city. In the
total effect, Xi has an obvious pulling effect on the
economic resilience of the Yangtze River Delta urban
agglomeration, and X5 can also promote the improvement
of the economic resilience of the urban agglomeration, but
its promoting effect needs further development. On the
contrary, X4 in the urban agglomeration system is an
obstacle to the improvement of economic resilience.
Education is not only an incubation platform for talents, but
also a transportation mechanism for innovative talents in
the field of science and technology. The output efficiency
of education investment will have a resonance impact on
the entire economic resilience system, but it is far from
playing its role at this stage. At present, its hindering effect
is relatively weak, and relevant policies should be analyzed
to change its effect into a positive one, and provide talents
to achieve adaptation, recovery and improvement.

5 SIMULATION VERIFICATION

The panel quantile regression model was used to
analyze the main driving factors of tourism economic
resilience in the Yangtze River Delta urban agglomeration
from 2011 to 2023. In the model, a total of 5 sub-sites were
selected: 10%,25%,50%,75% and 90%. In order to avoid
pseudo-regression, unit root test is carried out on panel data
to investigate its stationarity. The test results are shown in
Tab. 5. The original data of TER,EDS and GI3 variables
are not stable, but the results after first-order difference are
stable, indicating that the panel data has stationality in time
series. At the same time, multicollinearity test was carried
out for each variable, and the results showed that the
maximum variance expansion factor between the
explained variable and the explanatory variable was 1.42,
indicating that there was basically no multicollinearity
problem between the variables.

Table 5 Unit root test of panel data

Variable p(LLC) p(ADF) Result

TER 0.0000 0. 8026 Unsteady
OTER 0.0000 0.0055 Smooth and steady
EDL 0.0000 0.0000 Smooth and steady

EDS 0.0000 0.2006 Unsteady
REDS 0.0000 0.0000 Smooth and steady
TDS 0.0000 0.0001 Smooth and steady
TC 0.0963 0.0175 Smooth and steady
EL 0.0000 0.0538 Smooth and steady
IL 0.0000 0.0182 Smooth and steady

GI 0.9934 0.9998 Unsteady
RGI 0.0000 0.0091 Smooth and steady

The influence coefficient of economic development
level (EDL) is significant at each sub-point, which has a
strong promotion effect on the resilience of tourism
economy. The influence coefficient at each sub-site
showed an inverted N-type trend, and the influence
coefficient at the high-score loci was higher than that at the
low-score loci, and had different positive and negative
correlation with TC and EL, indicating that improving the
economic development level is the main way to improve
the economic resilience level of cities with high resilience.
When the economic resilience of cities reaches a higher
level, the influence of economic development level on
resilience decreases. But it is still an important influencing
factor. Cities with high economic resilience usually have
the characteristics of a better tourism environment and
relatively sound infrastructure. On this basis, further
improving the level of economic development is conducive
to consolidating the sustainable development of urban
tourism industry, as shown in Fig. 3.

Intercept

EDL

TC

Weight

EL

. # E | flw%

200 400 2000 4000 50 100 150 200

20 40 10
Intercept EDL TC Weight EL

Figure 3 Visualized quantile regression results of economic development level

As shown in Fig. 3, the influence coefficient of tourism
development speed (TDS) is at each sub-point, which has
a certain inhibitory effect on the resilience of tourism
economy. The negative effect is relatively large at 50% and
75% points, indicating that this variable is an obstacle
factor for the resilient development of tourism economy in
cities with high resilience. In the process of tourism
development, there may be imbalance between tourism and
regional economic development. The tourism industry in
cities with medium and high resilience has experienced
rapid development of tourism, so it is more likely to
produce such imbalance in the short term, resulting in
reduced resilience. However, with the further follow-up of
technology and resources, this imbalance will gradually
become more balanced. Therefore, the negative impact of
tourism development speed on the resilience of tourism
economy is gradually reduced.

As shown in Fig. 4, the influence coefficients of
economic development structure (EDS) are all
significantly positive, and the influence coefficient of EDS
on the resilience of tourism economy is the lowest at 50%
sub-points, and the influence coefficient at 75% and 90%
sub-points is significantly higher than other sub-points,
indicating that the balance of economic development
structure is an important factor for cities with high
resilience to continue to improve their tourism economic

480

Technical Gazette 32, 2(2025), 474-484



Hui HU, Gennian TANG: Model Study on the Impact of Foreign Trade on Economic Resilience Based on Improved Self-Regulating Annealing Particle Swarm Optimization

resilience. For medium and low resilience cities, the
economic development structure plays a relatively small
role in improving resilience. Education level (EL) also has
a significant positive impact on the resilience of tourism
economy, and the influence coefficient at the low score
point is significantly higher than that at the high score point,
indicating that improving education level is an important
way for cities with low resilience to improve their tourism
economic resilience. The gradual weakening of the positive
effect is mainly due to the strong awareness of rational
planning, green travel and rational shopping among
residents of cities with high education level. Infrastructure
(IL) has a significant promoting effect on the improvement
of tourism economic resilience, and the influence
coefficient at each sub-point shows an overall upward trend,
and the influence coefficient is the smallest at 10% sub-
point, while the difference is not significant at the other
points, indicating that infrastructure has a greater
promoting effect on the tourism development of cities with
certain resilience. Tourism infrastructure provides a stable
foundation for the resilience of tourism economy. When
urban tourism develops to a certain stage, it is urgent to
strengthen the construction of infrastructure and promote
the high-quality development of tourism. Government
intervention (GI) has a certain positive impact on the
resilience of tourism economy, with the lowest impact
coefficient at the 10% sub-point, and the impact coefficient
at the high-score site is greater than that at the low-score
site, indicating that the moderately resilient cities need to
rely on external policy tools to improve the resilience of
tourism economy.
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Figure 4 Quantile regression visualization results

It is necessary to avoid the particularity and
contingency of the improved simulated annealing particle
swarm optimization algorithm, so two different functions
are used for comparison and verification. The algorithms
before and after improvement are used for comparison and
verification of test functions, as shown in Fig. 5 and Fig. 6.

Comparison of SAPSO and Self-regulating SAPSO
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Figure 5 Compares the diagram using Sphere functions
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Figure 6 Compares the Rastrigin function

As shown in Fig. 5, when there is a single optimal
solution problem, the improved algorithm can better
display convergence advantages in terms of accuracy and
speed, reach the ideal state, and meet the improvement
requirements. As shown in Fig. 6, for problems with
multiple approximate optimal solutions, the improved
simulated annealing particle swarm optimization algorithm
will not be entangled in the range of several approximate
optimal solutions, but jump out of the local optimal search
region instead of repeatedly seeking within the range, and
the results converge faster and better to the approximate
global optimal solution, with visible improvements in
efficiency and accuracy. It shows that the improved
simulated annealing particle swarm optimization algorithm
is superior and meets the expectation.

In order to test whether the threshold estimate is true,
this paper adopts the likelihood ratio test (LR) for further
verification, as shown in Fig. 7. It can be seen that the
corresponding value when LR = 0 is the threshold value,
and the interval when LR < 4.75 (below the dotted line) is
the 95% confidence interval of the threshold value.
Therefore, the threshold value in this paper is placed in the
confidence interval, verifying the authenticity of the
threshold estimate.

For actual lines, annealing particle swarm optimization
algorithm and improved self-regulating annealing particle
swarm optimization algorithm were used for reactive
power optimization operations and the results were
compared. The changes in the influence of foreign trade on
economic toughness were shown in Fig. 8.
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Figure 8 Comparison of the impact of foreign trade on economic resilience
before and after the improved algorithm

First of all, the self-regulated annealing particle swarm
optimization verifies that foreign trade has a significant
impact on economic resilience, so the government should
pay more attention to how to make good use of foreign
capital. Especially nowadays, with the deepening of
globalization and the increasingly close economic links
between countries, how to rationally utilize foreign capital
has become a more unavoidable issue for all countries and
regions. Foreign trade has a certain negative effect on
economic resilience, but this does not mean that a region
should reject foreign investment. On the contrary, the
policy focus should be on coordinating the relationship
between foreign investors and domestic enterprises, taking
into account the healthy development of the independent
innovation ability of Chinese enterprises, while making
full use of the spillover effect of foreign investment into
knowledge and technology. Foreign investment should be
organically combined with the development of
independent innovation ability of Chinese enterprises.
When formulating relevant policies to encourage foreign
investment, certain measures should be taken to protect
local smes in the same industry, so as to avoid the
innovation and development of local enterprises being
suppressed after transnational corporations obtain
monopoly status by relying on advantages such as
technology and preferential policies. This will promote the
long-term development of Chinese enterprises and the
rapid progress of Chinese social economy, build a good
cooperative partnership between Chinese and foreign
enterprises, and achieve a win-win situation.

1
1 Raw data [+’
L ! x<4.75
14 1 x>=4.75
1
12 !
1
o 1
810 1
& 1
o l
g 8 Threshold value = 4.24
e
c 1
2 1
g 6r LIy
[a} !
t.
I
1
1
1
1
0 I | L L I
0 2 4 6 8 10
Threshold variable
Figure 7 Threshold effect test
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6 CONCLUSION

In the composition of the economic resilience of the
Yangtze River Delta urban agglomerations, the level of
opening up is the main driving force, and the innovation
ability also plays a significant role in promoting the
economic resilience. The following suggestions are put
forward to improve the economic resilience of the Yangtze
River Delta urban agglomerations: narrow the
development gap and strengthen contacts and cooperation.
At present, cities with low resilience and low resilience still
account for the majority in the region, while cities are
closely connected and complex, and the "backwardness" of
a certain system will also have an impact on other systems.
Therefore, establishing the idea of "chess game",
strengthening exchanges and cooperation, and narrowing
the development gap between cities can provide stable
support for the development of urban tourism economy.
Cities can form a very resilient "network" between them
and tide over difficulties together in mutual influence. We
will rationally allocate investment in production factors
and steadily promote economic development. For cities
with low levels of resilience, attention should be paid to
high-quality resource development, talent introduction,
infrastructure construction, etc., to enhance exposure and
attract more tourists to achieve leapfrog development. For
cities with high resilience, too fast economic growth is easy
to lead to unbalanced development, but not conducive to
the improvement of economic resilience, so we should pay
attention to improving the quality and grade of reception,
curb excessive commercialization, and strengthen
connotative construction. The next step will be to study the
impact of economic development level, economic
development structure and infrastructure on higher
resilient cities, the impact of tourist carrying capacity and
government intervention on medium resilient cities, and
the level of economic development, economic
development structure, education level, tourist carrying
capacity, infrastructure, government intervention, and
tourism development speed.

7 REFERENCES

[1] Li, R., Xu, M., & Zhou, H. (2023). Impact of high-speed rail
operation on urban economic resilience: Evidence from local
and spillover perspectives in China. Cities, 141(Oct.), 1.1-
1.23. hitps://doi.org/10.1016/j.chieco.2023.08.007

[2] Xu, Y. & Zhu, S. (2023). Transport Infrastructure, Intra-
Regional Inequality and Urban-Rural Divide: Evidence
From China's High-Speed Rail Construction. International
Regional Science Review, 30(52), 112710-112724.
https://doi.org/10.1177/01600176231177672

[3] Tian, Y. & Guo, L. (2023). Digital development and the
improvement of urban economic resilience: Evidence from
China. Heliyon, 9(10), 21087-21098.
https://doi.org/10.1016/j.heliyon.2023.621087

[4] Wang, F., Shan, J., & Liu, J. (2022). How does high-speed
rail construction affect air pollutant emissions? Evidence
from the Yangtze River Delta Urban Agglomeration in
China. Journal of Cleaner Production, 350, 131471-131497.
https://doi.org/10.1016/j.jclepro.2022.131471

[5] Tan, Z. (2024). The Effect of Smart City Policies on City
Innovation - A Quasi-Natural Experiment from the Smart
City Pilot Cities in China. Sustainability, 16, 88007-88036.
https://doi.org/10.3390/su16188007

[6] Manullang, O. R., Wahyuddin, Y., & Sitorus, P. A. (2024).
The Footprint of Digital Mobility Platforms on Urban
Practices: Defining the Impact of Platformization on Urban
Life in the Digital Era. JOP Publishing Ltd, 12028-12054.
https://doi.org/10.1088/1755-1315/1394/1/012028

[7] Liu,L.,Meng, Y., & Wu, D. (2023). Impact of haze pollution
and human capital on economic resilience: evidence from
prefecture-level cities in China. Environment, development
and sustainability, 25(11), 13429-13449.
https://doi.org/10.1007/s10668-022-02625-8

[8] Shaojun, G., Zunqi, L., & Wei, L. (2023). Does urban
agglomeration aggravate regional haze pollution? Empirical
evidence from urban agglomerations in the middle reaches
of the Yangtze River in China. Environmental Science and
Pollution Research, 2,26140-26164.
https://doi.org/10.1007/s11356-023-26140-z

[9] Gan, T., Yang, H., & Liang, W. (2021). Do economic
development and population agglomeration inevitably
aggravate haze pollution in China? New evidence from
spatial econometric analysis. Environmental Science and
Pollution Research, 28(5), 10847-10851.
https://doi.org/10.1007/s11356-020-10847-4

[10] Zhang, F., Li, Y., & Li, Y. (2022). Nexus among air
pollution, enterprise development and regional industrial
structure upgrading: A China's country panel analysis based
on satellite retrieved data. Journal of Cleaner Production,
335, 130328-130354.
https://doi.org/10.1016/j.jclepro.2021.130328

[11] Wang, L. & Chen, L. (2022). Exploring the association
between resource dependence and haze pollution in China:
the mediating effect of green technology innovation.
Environmental science and pollution research international,
29(58), 87456-87477.
https://doi.org/10.1007/s11356-022-21836-0

[12] Xu, S., Zhong, M., & Wang, Y. (2024). Can innovative
industrial clusters enhance urban economic resilience? A
quasi-natural experiment based on an innovative pilot policy.
Energy Economics, 134(C), 107544-107568.
https://doi.org/10.1016/j.eneco.2024.107544

[13]Li, X., Zhou, S., & Wan, Z. G. (2024). A CRITIC-TOPSIS
and optimized nonlinear grey prediction model: A
comparative convergence analysis of marine economic
resilience. Expert Systems with Application, 236(Feb.),
121356.1-121356.22. https://doi.org/10.2478/amns-2024-2012

[14] Deng, Y. (024). Impact of National Key Ecological Function
Areas (NKEFAs) Construction on China's Economic
Resilience under the Background of Sustainable
Development. Forests, 15, 91531-91554.
https://doi.org/10.3390/f15091531

[15] Lu, R., Yang, Z., & Phillips, A. (2024). Analysis on the
structure and economic resilience capacity of China's
regional economic network. Applied Economics, 56(32),
3920-3938. https://doi.org/10.1080/00036846.2023.2208852

[16] Wang, X., Xu, S., & Wang, D. (2023). Analysis of regional
resilience network from the perspective of relational and
dynamic equilibrium. Journal of cleaner production,
425(Nov.1), 138859.1-138859.15.
https://doi.org/10.13140/RG.2.2.10193.12649

[17] Zhang, Z., Cui, P., & Hao, J. (2021). Analysis of the impact
of dynamic economic resilience on post-disaster recovery
"secondary shock" and sustainable improvement of system
performance. Safety Science, 144, 105443-105464.
https://doi.org/10.1016/j.ssci.2021.105443

[18] Maraseni, T. (2024). The Interplay of Dietary Habits,
Economic Factors, and Globalization: Assessing the Role of
Institutional Quality. Nutrients, 16, 83116-83135.
https://doi.org/10.3390/nu16183116

[19] Nuvvula, R. S. S., Devaraj, E., & Teegala, S. K. (2021). A
hybrid multiobjective optimization technique for optimal
sizing of BESS-WtE supported multi-MW HRES to

Tehnicki viesnik 32, 2(2025), 474-484

483



Hui HU, Gennian TANG: Model Study on the Impact of Foreign Trade on Economic Resilience Based on Improved Self-Regulating Annealing Particle Swarm Optimization

overcome ramp rate limitations on thermal stations.
International Transactions on Electrical Energy Systems,
31(12), 13241-13156. https://doi.org/10.1002/2050-7038.13241

[20] Oberascher, M., Dastgir, A., & Li, J. (2021). Revealing the
Challenges of Smart Rainwater Harvesting for Integrated
and Digital Resilience of Urban Water Infrastructure. Water,
13(14), 1902-1924:1902. https://doi.org/10.3390/w13141902

[21] Wang, W., Wang, J., & Wulaer, S.(2021).The Effect of
Innovative Entrepreneurial Vitality on Economic Resilience
Based on a Spatial Perspective: Economic Policy
Uncertainty as a Moderating Variable. Sustainability, 13,
10677-10695. https://doi.org/10.3390/su131910677

[22]Li, Y., Hao, S., & Han, Q.(2024).Study on urban economic
resilience of Beijing, Tianjin and Hebei based on night light
remote sensing data during COVID-19. Science of Remote
Sensing, 9, 100126-100143.
https://doi.org/10.1016/j.sr5.2024.100126

[23] Zhang, L., Lin, G., & Lyu, X. (2024). Suppression or
promotion: research on the impact of industrial structure
upgrading on urban economic resilience. Humanities and
Social Sciences Communications, 11(1), 1-14.
https://doi.org/10.1057/s41599-024-03329-2

[24] Kotera, Y. (2024). The Role of the Media and Self-
Compassion in Enhancing Mental Health and Preventing
Suicide among Nigerian Youth: A Literature Review.
Psychology International, 6(2), 618-635.
https://doi.org/10.3390/psycholint6020037

[25] Chernenko, 1. M., Kelchevskaya, N. R., & Pelymskaya, I. S.
(2022). Regional determinants of low carbon transition in
Russian companies: the impact of human capital and
digitalization on corporate carbon management practices. R-
Economy, 8(1), 77-89.
https://doi.org/10.15826/recon.2022.8.1.007

[26] Sampene, A. K., Nsiah, T. K., & Wiredu, J. (2024). The
Impact of Renewable Energy, Green Finance, and Carbon
Emission on Economic Growth: Perspective from Newly
Industrialized Economies. Anthropocene Science, 3(1-2),
95-112. https://doi.org/10.1007/s44177-024-00079-3

[27] Zeren, F., Hizarci, A. E., & Carayannis, E. G. (2024).
Hydropower Energy Consumption, Financial Development,
Foreign Direct Investment, and Economic Growth: Further
Evidence from Newly Industrialized Countries. Journal of
the Knowledge Economy, 15(1), 1535-1555.
https://doi.org/10.1007/s13132-023-01135-w

[28]Hu, X. (2024). Driving Analysis and Multi Scenario
Simulation of Ecosystem Carbon Storage Changes Based on
the InVEST-PLUS Coupling Model: A Case Study of Jianli
City in the Jianghan Plain of China. Sustainability, 16(16),
1-33. https://doi.org/10.3390/su16166736

[29] Du, J., Wang, W., & Wang, S. (2024). Seismic resilience
comparison of CFST frame and HSS frame structures: An
assessment based on economic and carbon emission
indicators. Journal of Constructional Steel Research, 221,
108902-108917. https://doi.org/10.1016/j.jcsr.2024.108902

[30] Belamkar, P., Biswas, S., & Bera, M. U. K. (2023). Multi-
objective optimization of agro-food supply chain networking
problem integrating economic viability and environmental
sustainability through type-2 fuzzy-based decision making.
Journal of cleaner production, 421(Oct.1), 1-19.
https://doi.org/10.1016/j.rser.2023.138294

[31] Zhang, Y., Gan, Z., & Liu, Y. (2024). A two-stage
collaborative optimization method for emergency repair
station planning and recovery strategy of cyber-physical-
transportation networks. Electric Power Systems Research,
233, 114093-114107.
https://doi.org/10.1016/j.epsr.2024.110493

[32] Huang, L., Zhao, X., & Zhang, Q. (2024). A Multi-satellite
Scheduling Method for Emergency Observation Mission
Based on Hierarchical Planning Strategy. IOP Publishing
Ltd, 2762(2024), 1-6.

https://doi.org/10.1088/1742-6596/2762/1/012066

[33] Liu, D., Fan, Z., & Fu, Q. (2020). Random forest regression
evaluation model of regional flood disaster resilience based
on the whale optimization algorithm. Journal of Cleaner
Production, 250(Mar.20), 119468.1-119468.15.
https://doi.org/10.1016/j.jclepro.2019.119468

Contact information:

Hui HU

(Corresponding author)

School of Management, Zhejiang University of Technology,
Hangzhou City, Zhejiang Province, 310023, China

E-mail: hhui_smzjut@163.com

Gennian TANG

School of Management, Zhejiang University of Technology,
Hangzhou City, Zhejiang Province, 310023, China

Zhijiang College, Zhejiang University of Technology, Shaoxing City,
Zhejiang Province, 312030, China

484

Technical Gazette 32, 2(2025), 474-484




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


