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Importance: the paper explores the biopharmaceutical industry in
China and a number of foreign countries that are key in its trade in
biopharmaceutical products (USA, Germany, Belgium, Switzerland, Ireland,
UK). Based on data from the past decade on the import and export of
biopharmaceutical trade partner countries, the authors calculate the
performance of each country in the international trade network based on
the Social Network Analysis Method, in order to develop and increase the
trade status of the biopharmaceutical industry in China. Purpose: using
the Social Network Analysis Method, data from the International Trade in
goods of the biopharmaceutical industry from 2010 to 2019, including such
indicators as global trade network density, overall trade network density
of the biopharmaceutical industry and industrial structure, are analyzed.
The calculation of the International Biopharmaceutical Industry Trade
Agglomeration Coefficient reveals the expansion and deepening of the
cross-country trade exchange of goods of the biopharmaceutical industry.
Research Design: using bilateral trade data from the United Nations
Commodity Trade Statistics Database to explain trade relations between
countries, the authors apply a method of maximizing each weight matrix to
level differences in statistical levels between different countries and regions.
This article summarizes the experience of core powers in the traditional
biopharmaceutical industry and proposes effective suggestions to promote
the accelerated development of trade in China’s biopharmaceutical
industry. Results: based on the results of the study with in the context
of the development of the global biopharmaceutical industry, the authors
propose measures to increase the trading status of the biopharmaceutical
industry in China and strengthen its potential in the field of technological
innovation.
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Introduction

In recent years, when the COVID-19 has ravaged the world, most entities
in China have temporarily stopped production, which has had a great impact on
the economies of various countries. The international trade network structure
has been impacted to a certain extent, which has also made countries pay more
attention to research and development investment and technological innovation
in the biopharmaceutical industry. The point strength of each country in the world
trade network is the strength of trade between that country and other countries.
With the continuous acceleration of economic globalization, global economic and
trade relations have shown a complex trend of networked development, and the
behavior of countries in the international trade network is increasingly related to
other countries in the network.

Based on the analysis of the core, semi marginal, and marginal countries
(regions) in international biopharmaceutical industry trade, the authors identify
the growth of core countries in this area. This demonstrates the steady progress
and expansion of international trade in the biopharmaceutical sector. At the same
time, the number of semi marginal countries (regions) is gradually increasing,
while the number of marginal countries (regions) shows a downward trend.

Taking into account the current international situation and international
trade structure, in-depth analysis of countries in different positions and empirical
testing of the impact of trade network status on a country’s biopharmaceutical
industry undoubtedly have important theoretical and practical significance. The
current world economic environment, especially under the influence of the
COVID-19, has created new opportunities for China’s foreign trade development.
Therefore, this article selects the import and export trade data of major global
biopharmaceuticalindustry trading countriesfrom2010t0 2019, constructsrelevant
trade networks, analyzes its structural characteristics and evolution process, and
deeply understands the situation and forms of biopharmaceutical industry trade.
Based on the research results, the authors proposed recommendations for China
aimed to enhance its technological innovation capability and trade position in the
biopharmaceutical industry.

In addition, this article summarizes the experience of core powers in
the traditional biopharmaceutical industry and proposes effective suggestions
to promote the accelerated development of trade in China’s biopharmaceutical
industry.

Literature review

Snijders [19] explains that the basic idea of social network evolution is that
the actors in the network evaluate the network structure and obtain a pleasant
configuration of relations. By studying international trade networks, most existing
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literature has analyzed the impact of various factors on the structural characteristics
of international trade networks [20]. Cai [5] and other scholars [1; 2; 3] used
complex network analysis methods to confirm that international trade networks
have the characteristics of scale-free distribution, small world attributes, and
high cohesion coefficients. Fagiolo et al. [8; 9; 11; 22] discovered the difference
between global weighted and unweighted trade networks. Chinese scholars tend
to use social network analysis methods to study the evolution and influencing
factors of specific industries. Li and Liu [15] established and analyzed the global
value-added trade network based on the global input-output table from 1995 to
2018, and conducted empirical tests on the impact of manufacturing services
on the global value-added trade network. Some scholars [7; 12; 16; 18; 24]
have conducted in-depth research on the characteristics of global trade networks
such as high-end manufacturing, service, and energy industries, but there is not
much research on the biopharmaceutical industry. However, the pharmaceutical
industry, its competitiveness in the national and world markets is one of the most
important areas of technological sovereignty in many countries, including China
[13]. This article examines the dynamic changes in the world biopharmaceutical
industry trade network from 2010 to 2019, and analyzes and explores the
following issues: what role have major biopharmaceutical industry import and
export trading countries played in the trade network this year, whether the status
of each country in the biopharmaceutical industry trade network has changed
over time, and what is China’s current position in the global biopharmaceutical
industry trade network, How to improve its position in the trade network.

Research Methods and Data Explanation

The social network analysis method analyzes the network structure
and attribute characteristics by analyzing the relationships between different
individuals in the network. Social network analysis constructs the structure of
a network composed of nodes that are linked to each other by specific types of
connections. Recognizing countries as nodes in the network and the ties. These
relationships not only include the individual attributes of the network, but also
the overall attributes of the network. Social network is a social organization based
on a “network”, where nodes are connected to each other rather than a “group”
with clear boundaries and order. It refers to a relatively stable relationship system

formed by the interaction between individual members of society.
In this article, vector V; represents the exporting country and vector V;
represents the importing country:
V,=[vli=12,..,n),

Vi =[v]G=12..,n).

Establish adjacency matrix representing the trade relationship between the
two countries. If there is trade between the two countries, a;; = 1, otherwise
a;j=0,and Qjj = Qji.

Establish a weight matrix to represent the trade volume between the two
countries, and W;; = Wj; . The trade volume between countries is calculated by
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calculating the average value of their import and export trade. These matrices
together constitute the international trade network of the biopharmaceutical
industry.

This article selects bilateral trade data from the United Nations Commaodity
Trade Statistics Database to explain trade relations between countries. According
to the standard definition of the OECD, 68 countries and regions were selected
for the 2010-2019 biopharmaceutical industry, namely products with HS codes 29
and 30. In addition, the trade transaction data with import and export amounts
exceeding 100 million US dollars was taken for analysis. These data were arranged
into adjacency matrices and weight matrices, without affecting the network of
world trade analysis results, Divide all values of the weight matrix by the maximum
value of the matrix. In addition, due to differences in statistical levels among
different countries and regions (US, Germany, Belgium, Switzerland, Ireland,
China, UK et al.), this article symmetrically processed each weight matrix using
the maximum method. The International Biopharmaceutical Industry Trading
Network analysis considered its density, primary and secondary centrality, and
core marginal structure. Since the unweighted average agglomeration coefficient
in the international trading network of the biopharmaceutical sector significantly
exceeds the weighted average coefficient, this indicates the importance of the
country’s total trade volume and its distribution have a significant impact on the
connectivity and tightness of the network.

Analysis of International Biopharmaceutical Industry Trade
Network

1. Density

Density is used to describe the degree of interconnectivity among nodes in
a network. The higher the density, the closer the relationship between individual
network members, and the greater the impact of the network on individual
members. A network with N nodes and M actual connections, with a network
density is:

2M
- . (1)
NN —1)
The results are shown in Tab. 1.
Table 1
International Biopharmaceutical Industry Trade Network Density, 2010-2019
Year Density Year Density
2010 0.9438 2015 0.9319
2011 0.9403 2016 0.9425
2012 0.9390 2017 0.9438
2013 0.9419 2018 0.9456
2014 0.9467 2019 0.9479

Source: complete by authors.
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From Tab. 1, it can be seen that the density of the international
biopharmaceutical industry trade network fluctuated between the two values of
0.9300-0.9500 from 2010 to 2019, indicating a tight global biopharmaceutical
industry trade network. From 2010 to 2012, network density showed a decreasing
trend and increased in 2012 to 2014, indicating that the trade network of the
biopharmaceutical industry among countries is gradually becoming closer.
The value decreased again in 2015 and rebounded in 2016, possibly due to
frequent fluctuations in the international market prices of biopharmaceutical
products and the negative impact of frequent economic and political competition
among countries on international trade in the biopharmaceutical industry. Since
then, the density has been steadily increasing, indicating that the international
biopharmaceutical industry has a high ability to restore trade relations.

2. Centrality
Primary centrality

Point degree, also known as correlation degree, represents the number of
edges associated with a node. In the world trade network, the number of points
per country is the number of countries that have trade relations with it. The
higher the degree of a node, the greater its position and influence in the network.
The calculation formula for absolute point degrees is:

¢ = Z a; . @

J
In networks of different scales, the absolute degree of points cannot be
compared. Therefore, this article chooses the relative degree of points, which is
the ratio of the absolute degree of points to the maximum possible degree (N —1)
in the network. The results are shown in Tab. 2.

Table 2
Degree of International Biopharmaceutical Industry Trade Points, 2010-2019
Year Absolute point degree average Relative point degree average
2010 2.352 1.196
2011 2.474 1.191
2012 2.454 1.278
2013 2.606 1.276
2014 2.678 1.301
2015 2.274 1.268
2016 2.302 1.367
2017 2.426 1.374
2018 2.667 1.382
2019 2.683 1.386

Source: complete by authors.

From Tab. 2, it can be seen that the relative degree of trade in the
biopharmaceutical industry has not changed much, indicating that the exporting
countries of the biopharmaceutical industry are relatively concentrated, mainly
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related to the technological level of the biopharmaceutical industry in various
countries. Developed countries such as the United States and Germany have the
vast majority of production patent technologies, and their exports are among
the top in the world. However, emerging developing countries such as China
and India have a large population and a wide market, and in recent years,
their technological innovation capabilities have gradually improved, becoming
important export countries for the biopharmaceutical industry [21; 23]. In 2015,
due to the impact of the unstable economic situation in the world, the relative
point degree was the smallest. In 2019, due to the continuous growth of patent
numbers and the steady improvement of technological innovation ability, the
relative point degree was the largest.

Point strength refers to the weight of nodes. The point strength of each
country in the world trade network is the strength of trade between that country
and other countries. The higher the point strength, the higher the weight that the
node is connected to other nodes. The calculation formula is:

w; = Z Q- (3)
j

The results are shown in Tab. 3.

Table 3

International Biopharmaceutical Industry Trade Point Strength, 2010-2019
Year Average point strength Year Average point strength

2010 1.176 2015 1.245

2011 1.178 2016 1.288

2012 1.212 2017 1.375

2013 1.273 2018 1.382

2014 1.278 2019 1.387

Source: complete by authors.

From Tab. 3, it can be seen that the average point intensity of trade in the
biopharmaceutical industry has shown an upward trend since 2010, with a more
significant increase from 2015 to 2019. This indicates that the biopharmaceutical
industry is increasingly valued by countries and has become a very important
strategic resource. The total amount of trade is gradually increasing, and the
scale of trade is gradually expanding.

Secondary centrality

The agglomeration coefficient is used to describe the clustering of nodes in
a network, that is, the degree of correlation between nodes and adjacent nodes.
The overall agglomeration coefficient can measure the aggregation degree of
the entire network, while the local agglomeration coefficient can measure the
embedding degree of a single node. In the trade network of the biopharmaceutical
industry, nodes have a strong clustering trend, characterized by relatively close
connections.
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The unweighted average agglomeration coefficient of the international
biopharmaceutical industry trade network is much greater than the weighted
average agglomeration coefficient, indicating that a country’s total trade volume
and its distribution have a significant impact on the connectivity and tightness
of the network. As shown in Figure 1, overall, the average agglomeration
coefficient is increasing, indicating that as trade exchanges between countries
become closer and wider, the biopharmaceutical industry is also constantly
developing and receiving attention from various countries. The unweighted
average agglomeration coefficients are all between 0.85 and 1, indicating that the
international biopharmaceutical industry trade network maintains good relations.

——weighting Unweighted

2
©
I

2010 2011 2012 2013 2014 2015 2016 2017 2018 2018

Fig. 1. International Biopharmaceutical Industry Trade Agglomeration
Coefficient, 2010-2019.

Source: complete by authors

3. Core — Marginal Structure Analysis

The core — marginal structure is an indicator for determining the status of
nodes in a social network. This study estimates the core competitiveness of each
country each year and provides a quantitative assessment and understanding of
the trade status of countries around the world in the biopharmaceutical industry
network. Countries with a core degree more than 0.3 are classified as core
regions, countries with a core degree between 0.1 and 0.3 are classified as semi
marginal regions, and countries with a core degree less than 0.1 are classified as
marginal regions. The results are shown in Tab. 4.
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Table 4

Core, semi marginal, and marginal countries (regions) in international
biopharmaceutical industry trade from 2010 to 2019

Number Number of Number of
: : of core semi marginal marginal
Year Core countries (regions) countries countries countries
(regions) (regions) (regions)
2010 US, Germany 2 11 55
2011 US, Germany 2 10 56
2012 US, Germany 2 10 56
2013 US, Germany, Belgium 3 10 55
2014 US, Germany, Belgium 3 10 55
US, Germany, Belgium,
2015 Switzerland 4 13 >1
US, Germany, Switzerland,
2016 Ireland 4 13 51
US, Germany, Belgium,
2017 Switzerland, Ireland, China > 15 48
US, Germany, Belgium,
2018 Switzerland, Ireland, China > 16 47
US, Germany, Belgium,
2019 | Switzerland, Ireland, China, 6 18 44
UK

Source: complete by authors.

From Tab. 4, it can be seen that the overall number of core countries
in the international biopharmaceutical industry's trade is increasing. The United
States and Germany have been core countries in the biopharmaceutical industry
for 10 years. Belgium became the core country in 2013, Switzerland became the
core country in 2015, Ireland became the core country in 2016, China became
the core country in 2017, and the United Kingdom became the core country in
2019; In 2019, the number of core countries has increased from 2 in 2010 to
7, indicating the continuous development and expansion of international trade
in the biopharmaceutical industry, and the number of semi marginal countries
(regions) is gradually increasing, while the number of marginal countries (regions)
is gradually decreasing.

The core values of major trading countries in the biopharmaceutical
industry (US, Germany, Belgium, Switzerland, Ireland, China, and the United
Kingdom) with core values greater than 0.25 from 2010 to 2019 are shown in Fig.
2. These countries are showing an upward trend in their core competencies and
are relatively stable. The United States and Germany have consistently ranked
in the top two, indicating that they lead international trade cooperation in the
biopharmaceutical industry. It is worth noting that until 2019, China became
the third largest core country, indicating significant development in international
trade cooperation in the biopharmaceutical industry, and its position in the trade
network continues to rise.
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2019 p—
2018 m——
2017 ——
2016 m—
2015 p—
2014 p—
2013 p—
2012 p—
2011 —
2010 p—
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
2010 | 2011 | 2012 | 2013 2014 2015 @ 2016 & 2017 | 2018 @ 2019
mUK 0,28 | 0,25 0,248 0,253 0,26 0,263 0,265 0,29 @ 0,28 | 0,33
m China 0,255 0,25 @ 0,27 0,275 0,28 0,285 0,293 0,29 0,32 0,34

Ireland 0,261 | 0,258 0,275 | 0,25 0,26 | 0,27 @ 0,29 0,325 0,324 0,329
WSwitzerland| 0,257 | 0,26 | 0,257 0,275 | 0,27 0,3 | 0,33 @ 0,34 0,345 0,3
u Belgium 0,26 0325 0,25 0,31 0,325 0,33 0,28 0,325 0325 0,33

Germany | 0,42 | 0,39 0,42 044 045 0,455 | 0,46 0,453 @ 0,46 0,45
mUS 054 | 055 0575 0,51 0,53 0,535 0,53 054 0,55 | 0,5

mUK mChina mIreland mSwitzerland mBelgium mGermany mUS

Fig. 2. Core Degree of Major Biopharmaceutical Industry Trading Countries,
2010 - 2019

Source: complete by authors.

Conclusions

The social network analysis method was used to analyze the international
biopharmaceutical industry trade data from 2010 to 2019, and the following
conclusions were drawn.

From the perspective of the global trade network density of the
biopharmaceutical industry, the overall trade network density of the
biopharmaceutical industry was relatively tight from 2010 to 2019. From 2010 to
2012, the density of the international biopharmaceutical industry trade relationship
network showed a decreasing trend. After 2012, the density increased, decreased
in 2015, and rebounded in 2016. Since then, it has been increasing, indicating
a high recovery ability of the international biopharmaceutical industry trade
relationship.
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From the centrality of the global biopharmaceutical industry trade network,
old capitalist powers such as the United States and Germany still play an important
role, indicating that developed countries have always played an important role
in the global biopharmaceutical industry trade network. However, the number of
emerging developing countries such as China and India is increasing and playing
an increasingly important role in the network.

From the perspective of the core — marginal structure of the global
biopharmaceutical industry trade network, in the past decade, the United States
and Germany have always maintained a core position, while the core positions
of countries such as Belgium, Switzerland, Ireland, and China have all increased,
with China being particularly prominent. This indicates that more countries have
the opportunity to participate in global trade in the biopharmaceutical industry.

Based on the above research results, the following suggestions are
proposed for China to enhance its technological innovation capability and trade
status in the biopharmaceutical industry.

To continue to maintain China's key position in the international
biopharmaceutical industry trade network, we can actively explore and expand
trade channels in the biopharmaceutical industry, carry out trade cooperation
with more countries in the biopharmaceutical industry, achieve mutual benefit
and win-win results, meet China's demand for the biopharmaceutical industry,
consolidate China's position in the global market, and actively guide and promote
Chinese biopharmaceutical enterprises to go abroad and carry out foreign trade,
Improve the trading system. This not only enables China to play an important
role in the international biopharmaceutical industry trade network, but also
enables China to develop biopharmaceutical industry trade, promote economic
development, and promote employment, achieving a win-win situation.

Based on the actual situation in China, we should learn from the
experience of traditional biopharmaceutical industry trade powers. Traditional
biopharmaceutical industry trade giants such as the United States and Germany
have rich experience in biopharmaceutical industry trade, which is worth learning
from and learning from.

Efforts should be made to diversify the biopharmaceutical industry, improve
the industrial system, optimize the industrial structure, develop core technologies
in the biopharmaceutical industry, improve research and development levels,
and apply for more patented products to provide more security for China's
biopharmaceutical industry.

China needs to actively develop key core technologies in the
biopharmaceutical industry. At present, although China plays an important role in
the international trade network of the biopharmaceutical industry, its technological
level and innovation ability are still insufficient, and its core technology still relies
on foreign imports. Once technology exporting countries refuse to export these
technologies to China, it will have a huge negative impact on China and be
detrimental to the development of China's biopharmaceutical industry.
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JBONIOLHA CTPYKTYPbI MEXXIYHAPOJ]-
HOH TOPI'OBOH CETH B BHOGAPMAIIEB-
THYECKOH NPOMBIINUIEHHOCTH KHTAA

BaH KacuHb!, acn.
ConoBbeBa FOnnaHa BnaaguMmMpoBHa?, KaHA. 3KOH. HayK, AOL.

L2 PoCCUICKWA yHUBEpPCUTET ApYyx6bl HapoaoB WM. Matpuca Jlymym6bl (PYAH), yn.
Mwuknyxo-Maknas, 6, Mocksa, Poccusi, 117198; e-mail: solovyeva-yuv@rudn.ru

lpeamer: B cTaTbe nccneayetcs buodapmaueBTMyeckas NpOMBbILLIEHHOCTb
Kutasi n psiaa 3apybexHbIX CTPaH, SIBASIOWMXCS K/TOUYEBbIMU B €e TOProB-
ne ToBapamu 6uodapmaLeBTUUeckoi npombiluieHHocTu (CLLUA, MepmaHms,
Benbrus, LLseluapuvs, Mpnanauvs, BenvkobpuTanus). Ha ocHOBE AaHHbIX
3a nocnegHee pgecatunetne ob MMnopTe M 3KCNopTe CTPaH-MapTHEPOB Mo
TOprossie ToBapamu 6vodapMaLEBTUUYECKON MPOMbILLIIEHHOCT aBTOPbI
PaCcCUMTBLIBAIOT MOKa3aTeNM KaXXAaou CTpaHbl B MEXAYHAPOAHOM TOProBoM
CETU Ha OCHOBE METOAA aHanM3a CouMasibHbIX CETEN, C LENbI0 pa3BUTUS
1 MOBbILLEHMSI TOProBOro ctatyca 6modapMaLeBTUUECKON NPOMbILLIIEHHO-
CcTn KnTasi. Ljesb: NpUMeHsisi METOA aHanmsa coumarnbHbIX CETel, aHanu-
3UPYIOTCS AaHHbIE MEXAYHAaPOAHON TOProeM ToBapamm buodapmaleBTu-
yeckoi npomsiwneHHocTy ¢ 2010 no 2019 roa (ao naHaemun COVID-19),
B TOM UMCie Takue ee nokasatenu, Kak rnobanbHas v oblias naoTHOCTb
TOproBow ceTh 6ModapMaLEBTUUECKO NPOMBILIEHHOCTM U MPOMBbILLIEH-
Has CTpykTypa. MNpu pacyeTe KoadduMuMeHTa arfnomepaumm MexayHapoa-
HOW TOproBnn 6uocdapMaLeBTMYECKON MPOMBbILIEHHOCTLIO BbISIBNISIETCS
paclwmpeHne n yrnybneHne MexcrpaHoOBOrO TOproBoro obmeHa ToBapa-
MU 6uocapMaLiEBTUYECKON MNPOMbILLNEHHOCTU. Ju3akiH MCCHEA0BaHUS:
UCMoNb3yst AaHHble O ABYCTOPOHHEW Toproene basbl AaHHbIx OpraHusa-
umm Ob6beaMHEHHbIX Haumii Mo CcTaTUCTUKE TOProBfiM CbiPbEBLIMM TOBaA-
paMn ANs pasbsiCHEHUSI TOProBbIX OTHOLLEHWUIA MEXAY CTpaHamu, aBTopbl
NMPUMEHSIOT MeToA MaKCMMM3aLMM KaXaoW BECOBOW MaTpuvubl ANs HUBE-
NNPOBaHNSA PasfiMuMin B CTAaTUCTUUECKMX YPOBHAX MeXAy PpasnvyHbIMU
CTpaHaMun 1 permoHamn. B ctatbe 0606L1aeTcs onbiT OCHOBHBIX Aep)KaB B
TpaAMLMOHHOW BrodapMaLeBTMYECKON NPOMBILIEHHOCTM U NpeasiaratoT-
cs1 9DeKTUBHbIE NPEASIOKEHUS MO COAENCTBUIO YCKOPEHHOMY Pa3BUTUIO
TOoproBnu B 6ModapMaLeBTUYECKON NPOMbILLIIEHHOCTU KuTasi. PesysibTa-
Thl: Ha OCHOBE MOJTYYeHHbIX Pe3y/IbTaTOB UCCNeA0BaHNS B KOHTEKCTE pas-
BUTUS1 rnobasnbHoi 6rodapMaleBTUYECKOM MPOMBILLIEHHOCTM aBTOpaMm
npeanaratTcsa Mepbl MO MOBLILWEHWIO TOProBoro cratyca 6uodapmMales-
TUYECKON MPOMBILLIEHHOCTN KWUTasi U YKPENeHUo ero noTeHuuana B 06-
NacTy TEXHOMNOMMYECKMX MHHOBALIMM.

KntroueBble cnoBa: MeXxayHapoaHasi Toprosasi ceTb, METOA aHanusa co-
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UnanbHbIX CeTeﬁ, 6M0d)apMaLl,eBTMLIeCKaFI NPOMBbILWWNEHHOCTb, TEXHOJIOIU-

yecKkme MHHOBAaLMK.
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