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ABSTRACT

In this thesis, I use patents filed at the United States Patent and Trademark
Oftfice as a proxy for company’s technology innovation ability. I apply graph the-
ory, economic network analysis to look at the historic development of the Chinese
high-tech industry over time. My research finds that before 1997, under the sup-
port of the Chinese government, the state-owned energy company Sinopec was
the only company that filed patents in America. In the early 2000s, the computer
manufacturing company Lenovo filed the most patents in America. Since 2006,
the telecommunications industry has overtaken the computer manufacturing in-
dustry as the most innovative industry in China. Although 14 out of Huawei’s top
20 competitors are American firms, when it comes to 5G technology, Huawei has
no US rivals. Recently, the rise of patents filed by the Chinese e-commerce giants

indicates China starts to have an edge in e-commerce technology innovation.
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CHAPTER 1
INTRODUCTION

As the economic facing-off, the tugging of trade dispute between the United States
and China escalates, the two biggest countries have been trading blame now and
often for technology issues. Chinese tech giants like ZTE, Huawei, Tencent and

Alibaba, especially, are most frequently involved in the trade spat.

In March 2017, after a five-year probe since 2012, ZTE pleaded guilty to have
violated U.S. sanctions on Iran and to have obstructed justice, and was fined $892
million. In April 2018, the U.S. Commerce Department banned American firms
from selling software and components to ZTE for its violating the terms of the 2017
deal. The ban would have decimated ZTE if it was not reversed three months later
by the Trump administration. ZTE has been a political football in the broadening

trade war between China and America during this period (Strumpf (2018)).

It did not take long before Huawei to replace ZTE as the central figure in the
trade fight between two economic superpowers. Meng Wanzhou, Huawei’s CFO,
who is also the daughter of the company’s founder, was arrested in Canada in
December 2018 at the request of the United States for Huawei’s allegedly evad-
ing U.S. sanctions on Iran and Meng Wanzhou's role in the violation. In response,
very soon China took a reciprocal action to detain two Canadians in China. Amer-
ica has long accused Huawei of theft of intellectual property, of its aid in devel-

oping surveillance technology and new weapon systems. Besides, the Trump



administration warned its allies that Huawei gears could be used by the Chi-
nese government to spy globally. In may 2020, the Trump administration banned
non-U.S. semiconductor manufacturing firms from shipping products made us-
ing U.S. software and technology to Huawei without first securing a permit from
the U.S. government (Davis and Ferek (2020)). In August 2020, the U.S. govern-
ment doubled down, issuing new rules to prohibit foreign firms from selling any
chips made using U.S. technology to Huawei without a special license. This time
the new rules covered even widely available, off-the-shelf chips made by foreign
firms, placing severe new limits on Huawei’s ability to source components and
parts. The news rules negated Huawei's efforts to find workarounds to the U.S.

restrictions placed in May (Strumpf and Ferek (2020)).

On January 5, 2021, then outgoing U.S. president Trump signed an executive
order banning transactions with eight Chinese software applications, including
Alibaba’s Alipay, Tencent’s QQ Wallet and Wechat Pay, etc. It is not my intention
to document the nuts and bolts of all the technology-related issues that witness

the unwavering dispute between the United States and China.

As these examples illustrate, technology sector has become the hottest battle
ground for China and the US. Although United States has long been and is ar-
guably the world technology leader, China has been catching up. To examine
the Chinese technology clout, it is of great importance to investigate the Chi-
nese technology industry. In this thesis, I use patents filed at the United States

Patent and Trademark Office (the “USPTO”) as a proxy for company’s technol-



ogy innovation ability. I apply graph theory, economic network analysis to look
at the historic development of the Chinese high-tech industry over time. My re-
search finds that before 1997, under the support of the Chinese government, the
state-owned energy company Sinopec was the only company that filed patents in
America. In the early 2000s, the computer manufacturing company Lenovo filed
the most patents in America. Since 2006, the telecommunications industry has
overtaken the computer manufacturing industry as the most innovative industry
in China. Although 14 out of Huawei’s top 20 competitors are American firms,
when it comes to 5G technology, Huawei has no US rivals. Recently, the rise of
patents filed by the Chinese e-commerce giants indicates China starts to have an

edge in e-commerce technology innovation.



CHAPTER 2
DESCRIPTIVE STATISTICS

2.1 Patent Definition

The USPTO'’s definition for patent is ”A patent for an invention is the grant of a
property right to the inventor, issued by the United States Patent and Trademark
Office”. Under to 35 U.S.C. § 101, Whoever invents or discovers any new and use-
ful process, machine, manufacture, or composition of matter, or any new and use-
ful improvement thereof, may obtain a patent therefor, subject to the conditions
and requirements of this title. Besides, “"Novelty” and “Non-obviousness” are two
conditions for obtaining a patent. "Novelty” means the patent must be new as de-
fined in 35 U.S.C. § 102. To violate the "Novelty” requirement, the subject matter
to be patented must be exactly identical to the prior arts (Quinn (2017)). “"Non-
obviousness” refers to the requirement that the invention to be patented must be
sufficiently different from the prior arts that it is considered to be non-obvious to a
person having ordinary skill in the area of the technology related to subject matter

to be patented(USPTO (2015)).



2.2 Databases

For my purposes, I use Google Patent Database, and the Global Corporate Patent
Dataset ("UVA data”) that was put together in mid-2017 by the University of Vir-
ginia. The UVA data contains 3,090,554 granular patents filed by public companies
at the USPTO that were later approved by the USPTO from 1901 to mid-2017, as

well as 83,253,916 backward citation pairs, and 83,774,547 forward citation pairs.

The difference between backward citations and forward citations lies in which
patent is being cited. Backward citations are citations that a specific patent cites
when filing, or citations that are added to a specific patent by the patent exam-
iners. Patents that are cited are called ”prior arts”. Patent examiners are of great
significance in patents” backward citations. Alcacer and Gittelman (2006) estimate
that two-thirds of backward citations an average patent cites are inserted by the
examiners; besides, 40% of patents” backward citations are all assigned by the ex-
aminers. Thompson (2006) finds inventor citations only account of 41% of the
time, while examiner citations account for 54% of the time. Forward citations are
the citations that a specific patent receives after it is filed, from other patents. For-
ward citations are generally interpreted as a measure of social spillovers, in the

sense that social value minus private value Kline et al. (2019).

The UVA granular data only includes patents that are approved by the USPTO
and granted to public companies. Each patent is linked to a public company by

Standard & Poor’s Compustat database identifier “gvkey”. Figure 2.1 shows the



total number of patents from 1901 to 2017 in the UVA granular data. The number
of patents filed at the USPTO have been growing significantly since mid-1970s.
For the backward citation pairs and forward citation pairs data, the data not only
include patents that are granted to public firms, but also include private firms’

patents.

For all patent datasets, we face the truncation problem. It is not an exception
to the UVA data. This explains why the number of patents in the UVA granular
data decreases significantly starting from 2012. According to the USPTO, the tra-
ditional total pendency is 22.9 month in December 2020. The traditional total de-
pendency is the average number of months from the patent application filing date
to the date the application has reached final disposition (e.g., issued as a patent
or abandoned), which is called a “disposal”. This pendency includes the time pe-
riods awaiting action by the USPTO, as well as any time awaiting reply from an
applicant (USPTO (2021)). However, this number can be significantly underes-
timated and deceptively low. It is not uncommon for companies to “revise and
resubmit”, divide, or “continue in part” their patent filings, which all entail re-
designation of a patent filing date. Although the USPTO documents the history of
the patent filing process, the filing date in most databases uses the last filing date.
Therefore, the total pendency is shorter than it really is. If the first patent filing
date was used, the total pendency wwell be much longer than the one disclosed
by the USPTO (Lerner and Seru (2017) ). To fix the truncation problem, I restrict
my analysis to applications filed on or before 31 December 2013 to limit the impact

of censoring. I drop the UVA granular data starting from 1 January 2014, which



includes 148,479 observation (4.8 % of the total observation). Although I drop the
granular data starting from January 1, 2014, I keep all the forward /backward cita-
tion pairs in the data. This implies that for a patent filing before 2013, if it receives
forward citation in 2014 to 2017, I can stwell track and use this forward citation

pair in my analysis.

As the UVA granular data only covers public firms, to account for the patents
filed by Chinese private firms, I also use Google Patents, which covers the whole
collection of granted and published patent applications from the USPTO that date
back to as early as 1790 and those from the European Patent office since 1978

(Cornell University Library 2021).

2.3 Sample Selection

I define Chinese firms as those firms whose headquarters are based in Mainland
China. First, I start with the Compustat Global database to get Chinese public
firms. For the Compustat Global data downloaded on October 15, 2020, there
are 49,504 unique companies, of which 4,668 list a Chinese headquarters (LOC=
“CHN"). To filter those companies that are most likely to have filed patents in
the United States, I rank the firms with a Chinese headquarters by overall sales
in each year from 1987 (the first available year in Compustat Glaobal) to 2013 (I
choose 2013 to be the last year in the sample to deal with the aforementioned

truncation problem). To make sure that the sample includes top companies from



each year, and to make sure that I am not introducing bias in the selection process,
I pick top 50 companies for each year. Most of the companies tend to remain top
companies from year to year, but there are some new entrants and exits. When I
stack top 50 companies from each year and remove duplicates, I get 215 Chinese
public companies. Out of 2015 Chinese companies, 9 of them filed for the patents
in the US system - USPTO. In total, the sample includes 4,366 patents filed by these
9 companies at the USPTO from 1989 to 2013. Table 2.1 lists the 9 companies.

Table 2.1: Nine Chinese Public Companies Identified from Compustat

gvkey | Company Name No.

133870 | Petrochina Co Ltd 1

140756 | China Petroleum & Chemical Corp Sinopec

20530 | Alibaba Group Holding Ltd

242058 | Boe Technology Group Co Ltd

243858 | Zte Corp

270615 | Tencent Holdings LTD

253759 | Byd Company Ltd

146352 | Aluminum Corp of China Ltd

O | 0 ([N | O |G | =] W (DN

260654 | Weichai Power Co Ltd

The number of patents filed by these 9 Chinese public firms at the USPTO (tig-
ure 2.2) has been growing significantly since 2000 (Figure 2.2). It is worth noting

that the total number of patents filed in 2011 and 2012 is not necessarily smaller



than the number of patents filed in 2010 or 2013. Since the USPTO only publishes
patents that are granted, it could be that a larger part of the patents filed by these
Chinese public firms in 2011 and 2012 has not been approved by the USPTO or
that the USPTO has approved less patents filed in 2011 and 2012 than patents
filed in 2013 as of mid-2017.

Next, I supplement the list of publicly traded companies with companies that
are not. It is worth mentioning that the public companies that I get from the Com-
pustat Global database by setting LOC = “CHN" do not include all the Chinese
public firms whose headquarters are in Mainland China, as some public firms
might choose to list their headquarters in the city that their stock is issued or
in the tax havens. For example, Lenovo Group Limited (SEHK: 992) is a Chi-
nese Public firm listed at The Stock Exchange of Hong Kong. Its legal domicile
is in Hong Kong, while its actual headquarters is in Beijing. By using the afore-
mentioned algorithm, I cannot get Lenovo since its LOC value in the Compustat
Global database is “HKG”, rather than “CHN". However, although ZTE is also
listed in Hong Kong, its LOC value in the Compustat is “CHN". Therefore, I am
extremely careful not to conclude that the Chinese public companies filtered in

this way are complete.

To address the issue of left-out public firms, together with the intention of get-
ting private firms that have filed patents in the United States, I use the “China
Top 500 Private Enterprises Lists” that are issued by the All-China Federation of

Industry and Commerce (henceforth “the ACFIC”, a governmental agency) from



2015 to 2020 (All-China Federation of Industry and Commerce (2018a), All-China
Federation of Industry and Commerce (2018b), All-China Federation of Industry
and Commerce (2018c), All-China Federation of Industry and Commerce (2018d),
All-China Federation of Industry and Commerce (2019), All-China Federation of
Industry and Commerce (2020)). Each year, the ACFIC issues a “China Top 500
Private Enterprises list”. It is not clear how the companies are chosen and by what
criteria they are ranked in the list. For the list of 2020, the threshold for the top 500
private enterprises stood at $2.96 billion in revenue; their total revenue reached
$4.42 trillion in 2019; their total assets stood at $5.42 trillion; and their net profits
after tax reached $200 billion. We should pay special attention to the meaning of
“Private Enterprises” in the lists. In the context of the socialist market economy
that was introduced by then Chinese President Zemin Jiang in 1992, the socialist
market economy is composed of the public sector and the private sector, both of
which are important parts of the socialist market economy (The Communist Party
of China Central Committee (2019)). “Private” and “public” in this context are not
about whether the company is publicly listed or not, but about whether the com-
pany is wholly or partly owned by the government or not. Therefore, I can find
Huawei (a non-publicly listed firm), as well as Levono and ZTE (both are compa-
nies listed in Hong Kong) in the lists. I also keep the top 50 companies in each year,
stack them to get a company list and check whether these companies filed patents
before or on 31 December 2013 at the USPTO, by checking their patent data from
Google Patent. Although only three companies, i.e., Huawei, Lenovo, and Baidu,

are identified by this method, these three companies turn out to be important fo-

10



cal firms as can be shown in the rest of this paper. Since Lenovo and Baidu are
publicly listed firms, I can find their patents from the UVA patent database. At
the same time, I find 9,576 Huawei patents that Ire filed before or on December
31, 2013 and published before mid-2017 in Google Patents. I am extremely care-
ful not to include Huawei patents filed before January 1, 2014 but were approved
published after July 1, 2017 so that the Huawei patents from Google Patents are

consistent with the UVA database.

Finally, I append the 9,576 patents to the original UVA granular data to get all
the Chinese patents filed at the USPTO. To compare the number of U.S. patents
with the number of non-U.S. patents, I retrieve the non-U.S. patents from Google
Patents Database. From Table 2.2, we can see that the Chinese telecommuni-
cations giant Huawei filed the most patents at the USPTO, about five times as
much as those filed by the ZTE Corp, the company filed the second most patents
at the USPTO. Huawei is also the companies that files the most patents outside
of USA. Among the 12 focal companies, PetroChina, BYD, Weichai Power, Alu-
minum Corp of China, and Baidu file markedly less patents in America; while
Huawei, Zte, Boe, and Lenovo, especially Huawei, account for the majority of

Chinese patents in the United States.

11



Table 2.2: U.S. and Non-U.S Patents of Focal Chinese Companies before

2013

N | Company U.S. Patents | Non-U.S.Patents
1 | Huawei Technologies Co., Ltd. 9576 121077
2 | Zte Corp 2196 84161
3 | Boe Technology Group Co Ltd 1253 14781
4 | Lenovo Group Ltd 1008 14005
5 | China Petroleum & Chemical Corp Sinopec 308 45659
6 | Tencent Holdings LTD 293 14784
7 | Alibaba Group Holding Ltd 246 5901
8 | Petrochina Co Ltd 41 19718
9 | Byd Company Ltd 24 15055
10 | Weichai Power Co Ltd 3 2110
11 | Aluminum Corp of China Ltd 2 2554
12 | Baidu Inc 1 3449

12




Figure 2.1: The USPTO Total Patents of Public Firms (1901-2017)
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Figure 2.2: The USPTO Chinese Public Firm Patents (1989-2013)

'The Chinese public firms in this graph are identified by LOC="CHN" in
Compustat Global database. As analyzed in this chapter, the numbers in this

graph are underestimated
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CHAPTER 3
LITERATURE REVIEW

Given the availability of the granular citation data, it is natural to come to the idea
of using network analysis to both present and analyze the relationship between
different companies. I propose to draw network graph based on the patent data
that have been described in the previous section. Specifically, I mainly focus on
patent citation in this paper, because patent citation provides us the link between
patents (firms) as well as the technological relation between a patent and its “an-

tecedents” and “descendants” (Trajtenberg et al. 1997).

Krugman (1991) once argued: "Knowledge flows... are invisible; they leave
no paper trail by which they may be measured and tracked, and there is nothing
to prevent the theorist from assuming anything about them that she likes.” How-
ever, I argue that part of the flows can be observed and I aim to document them

in my network analysis.

Ever since the late 1990s, there are numerous research papers that use network
concepts and theory to understand how the innovation system and knowledge is
formed and how it spreads. Chen and Hicks (2004) use a method that combines
network theory, network graphs, and patent citation analysis to trace knowledge
diffusion between science and technology. They use nearly 3 million US patents
that are made available by National Bureau of Economic Research (NBER) and

find that patent citation networks are scale free, which is indicated by the fact

15



that the citation degree distribution follows a power law distribution, with an
exponent of 2.89. This further implies that citation networks are characterized by
hubs (a node with large number of links that significantly exceed the average is

called a hub in network science.) through which knowledge flows.

Li et al. (2007) use the citation networks of nanoscale science and
engineering (NSE) patents, submitting institution, technology fields, and
countries to understand the knowledge transfer process between the two
patents/institutions/technology fields/countries. They find wide interactions be-
tween the entities, which indicates a largest giant component that includes most
of the nodes and edges. They also find that knowledge transfer in the submit-
ting institution citation networks is more efficient than in a random network; the
efficiency of knowledge transfer in the country citation networks is close to that
in a random network; the citation network at the patent level and the submitting
institution level have lower efficiency in knowledge transfer and diffusion. Ex-
cept the citation network at the technology fields level, the citation network at all
the other three level demonstrate a trend to form local clusters, indicating inten-
sive cooperation and knowledge transfer between them. The degree distribution
of the citation network at the patent level indicates that only a small number of
patents have more citations and play a disproportionately important role in the

knowledge diffusion process.

Hung and Wang (2010) use RFID patent data from the USPTO database and

characterize the patent citations network as a small world, which indicates a few

16



important patents might affect the other patents quickly and dominate the devel-
opment of the technology. They also find the power law distribution of the patent
citations network, which indicates relatively few patents have more citations than
other patents and these few patents play a critical role in the process of knowl-
edge exchange and diffusion. They also identify patents with high betweenness

centrality, i.e., patents play a significant role in the process of knowledge transfer.

Small (1973) first introduced co-citation analysis in bibliometrics. Co-citation
in bibliometrics is defined to be the frequency of two documents being cited by
other documents. It makes use of the citation relationship among 3 or more doc-
uments. Co-citation between two documents happens if at least one document
cites them both. Co-citation analysis in bibliometrics assumes that documents
that are co-cited are related in one way or another. The more the document pairs
are co-cited, the more similar they are. By linking two co-cited documents with
other documents with which they are co-cited, researchers can form clusters of
documents. Through analysis of such clusters, researcher can identify research
frontiers. Bibliographic coupling is another similarity measure besides co-citation.
Bibliographic coupling happens when two works cite the same third work in their
bibliographies. It is a method introduced by Kessler (1963) and is one of the earli-
est citation analysis methods for documenting similarity. Bibliographic coupling

indicates that there is possibility that two documents treat a related subject matter.

It is not difficult to apply both methods in patent analysis. Mogee and Kolar

(1999) identify the major technology fronts of Eli Lilly & Co., by using co-citation
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analysis method. They cover 2808 USPTO patents assigned to Eli Lilly from 1975
to 1998. 750 out of 2808 patents clustered and fell into 132 clusters, 74 of which
have 3 or more patents. The cluster with the most patent lies in the field that
has been or is pursued fiercely by the company. They then examine the Eli Lilly
patents relevant to raloxifene and related compounds. They conclude that a com-
pany and its competitors can use this method to identify its or its rival’s core
technology areas and make according decisions as to whether to delve into, (not)

follow up on, or abandon a specific filed, etc.

Huang et al. (2003) use USPTO patents of 58 Taiwanese firms, as well as the
citations made by these patents to map Taiwan’s electronic industry. They use
the strength of bibliographic coupling to identify the strength of relation between
company pairs. They then use cluster analysis method to identify major sectors of

the Taiwan’s electronic industry.

Based on 3108 USPTO patents assigned to the Taiwan Semiconductor Manu-
facturing Company, Wu and Chen (2007) use the co-citation structure in patents
to identify core technology capabilities for the Company. They take the age of
patents into account when evaluating the citation frequencies to downplay the
significance of older patents and to place more weight on younger patents. This
method can efficiently and effectively focus on current and potential core technol-
ogy capabilities, at the same time successfully deal with the truncation problem
that is inherent in patent data and patent analysis. They identify 4 core technol-

ogy capabilities of the company and conclude that the company’s core technology
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capabilities lie not only in the process of semiconductor manufacturing, but also

in the process of production control.

Using the patent data from the Derwent Innovations Index, based on the co-
citation data, Wang et al. (2011) calculate the Jaccard similarity coefficient matrix
of patent assignees. By ranking the Jaccard coefficient from largest to smallest for
217 Fortune 500 company, they identify the competitor-pairs for these 217 focal
companies, vie which they draw co-citation networks and hence identify several
main technology groups in the Fortune 500 companies and vividly reveal the re-

lationship among the companies and technology groups.

Verspagen (2007) uses a citation network that considers both co-citation and
coupling to map the technology trajectories in fuel cells. Verspagen admits that
the usefulness of patent citation network in mapping technology trajectories is
promising. However, a network of too sparse nodes misses other important in-
formation, while a network of too many nodes by no means is clear and easy to
interpret. He emphasizes that without qualitive information about the engineer-
ing history of the field in question, it will be difficult to make use (sense) of the
paths in the network graphs. He recommends the combination of historical ap-
proach and citation network methods to understand the technology trajectories in

patent knowledge space.
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CHAPTER 4
METHODOLOGY

My methodology is mainly composed of three parts. First, I propose to use net-
work graphs to show both the backward and forward citations of Chinese firms.
Second, I use patent citation bibliographic coupling Jaccard index to identify clos-
est competitors of the Chinese companies; finally, I visualize the competitor-pairs
by network graphs. Third, I compare the technological impact of the competitor-
pairs. I aim to present a big picture of the technology landscape concerning the
Chinese companies and give a broad but accurate sense of growth of the Chinese

companies and the change of the Chinese tech industry over time.

To document and identify the patent citation relationships for the focal Chinese
firms and other firms, I aggregate the patent counts and patent citation behavior
at the company level, i.e., the nodes in network graphs in this step stand for dif-
ferent firms, rather than patents. This way, patent citation network graphs at the
company level not only show both the backward and forward citations of Chinese
firms, but they also shed light on the technology flow concerning Chinese firms.

Below I explain the core network concepts that are relevant in analysis.

4.1 Patent Citation Network

First, I map the citation relationships into graph theory notation. For the citation

network graphs, I use the entity-to-entity directed relationship tables where the
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typical (i, j) entry indicates the patent of firm j cites patents of firm i. Thus this
relationship indicates the knowledge flow from firm i to firm j. Let N =1, 2,
..., n denote the nodes/vertices/players/entities/firms/companies (I use these
words interchangeably throughout the paper) in the network. g is real-valued
n x n adjacency matrix, where g;; =1 represents the directed relation from firm i
to firm j. g;; indicates a link, tie, or edge between i and j. The thickness of the
edges are proportional to the frequencies of the citation relation. The adjacency
matrix that indicates which nodes are linked (adjacent) can represent a graph. A
patent citation graph/network (N, g) consists a set of nodes N =1,2,...,nand a
real-valued n x n adjacency matrix g. Next, I look at the global patterns and local

patterns in the networks.

Degree is arguably the most fundamental characteristic of a network. The de-
gree of an entity is the total number of edges that involve that entity. It is the
cardinality of an entity’s neighborhood. Therefore, entity i’s degree in a directed
network g is denoted as di(g) , where di(g) = #{j : g;; # 0} = #Ni(g). To normalize
degree centrality, I divide by the maximal number of other nodes in the network,
i.e.,, n— 1. In this way, I get a normalized degree between 0 and 1. Similarly, (nor-
malized) weighted degree is defined as the total number of weighted links that

involve an entity.

I use degree centrality to measure how important a node (node i) is in the
network. Degree centrality is defined as the total number of links that involve

node i. This definition indicates degree centrality is just its degree. The network
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graphs in this step are directed graphs, theoretically I can use weighted indegree
and weighted outdegree, i.e., the number of weighted links that point to a specific
node i and the number of weighted links that emanate from node i, respectively.
To give a broad sense of the importance of the nodes, I believe degree centrality
can capture the big picture at this first step. It is straightforward that the average
weighted degree measures the overall degree of the whole network. It is used
to measure the weighted number of links compared to the number of nodes. I

quantify it as:

Figure 4.1 shows the average weighted degree for the citation networks each
year. The average weighted degree has increased steadily since mid-1990, espe-
cially since 2000. Visually, as can be seen in the network graphs in the appendix,
the citation networks become denser over time. This implies that China’s technol-
ogy industry has become more outward facing and more embroiled in the world

industry.

Besides using degree to measure the global patterns, we can use clustering to
measure the local pattern, which is the extent to which one node’s connections
are connections of each other. In this paper, I am interested in the fraction of the
companies that are linked to a specific company are linked with each other. I use
average clustering coefficient to check how tightly clustered the patent citation

networks are. The individual clustering for an entities i is calculated by:

{jeglk#j, jeN(g,keN(g} _ 2 jrijikej 8ij8ik8 jik
#{jk | k # j, j € Ni(g)),k € Ni(g)} 2 jrikije; 8ii8ik

#
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The average clustering coefficient gives an overall indication of clustering in the

network. It is the mean value of individual coefficients and is calculated by:

2 Cli(g)

Cllg) ===

The average clustering coefficient calculated in this way places more weight on
the low degree nodes. Figure 4.2 shows the citation network average clustering
coefficient each year. Before 2001, the average clustering coefficient is zero. Since
2001, it turned positive and began to trend upward overtime (although some of
the years it Int up and down). Overall, both the global pattern and the local pat-

tern indicate that China’s technology linkages with the world has deepened.

Patent citation has been an old warhorse of research in innovation for
the following reasons. First, citations, together with content analysis and re-
classification, have been used to search for technology families and compare the
knowledge base of companies based on their technology portfolios (Pilkington
et al. (2002)). Second, the distribution of citations is an important indicator of the
“originality” and “generality” of the patent. Patents whose backward citations
from a more technologically dispersed array of patents are deemed to have more
“originality”, while patents whose forward citations from a broader array of tech-
nology class are considered to have more “generality” (Lerner and Seru (2017)).
Patents with more “originality” and “generality” are interpreted as having more

value in terms of the research being patented. Third, and most important to us,
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citations of patents are interpreted as “paper trails” left by patents. These “paper
trails” form the knowledge relation between the cited patent and the citing patent
(Breschi and Lissoni (2004)), which can be further analyzed using advanced graph
theory and network graph. To the best of my knowledge, this paper is the first
one use patent citation data to analyze the relationship between Chinese firms
and non-Chinese, especially American firms. This analysis serves as a big motion
picture of the structure and trend of Chinese patents. However, one disadvan-
tage of my analysis is that: as the UVA granular data only contains patents filed
by public companies, even if I can get the patent information for a specific Chi-
nese private company from Google Patent, I cannot get all the information for
other non-Chinese firms. Therefore, my analysis only focuses on the relationship
between Chinese firms (both public and private) and other public (mainly non-

Chinese) firms.

4.2 Patent Bibliographic Coupling Network

As my goal is to identify competitors of Chinese companies based on the citation
(including both backward and forward citation) network I do in the previous step,
given the availability and ease of dealing with the data, I propose to use patent
bibliographic coupling to identify possible competitors, as bibliographic coupling
indicates the two coupled companies might treat a related subject matter. Build-

ing on the work Wang et al. (2011) has done, I propose a Jaccard coefficient index
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(also known as the Jaccard similarity coefficient) that is the patent bibliographic
coupling version of theirs. As we know, Jaccard index is defined as the intersec-
tion divided by the union. In my approach, I define the intersection as the times
two companies cite another company (other companies). Accordingly, I use back-

ward citations of when calculating the intersection and hence the Jaccard index.

coupling(i, j)
citation(i) + citation(j) — coupling(i, j)

Jpc(i, ) =

where Jgc(i, j) is the Jaccard coefficient of the patents of company i and company
J. coupling(i, j) denotes the times that company i and company j cite another
company (other companies), citation(i) and citation() indicates the backward ci-

tations of company i and company j, respectively.

4.3 Forward Citation as a Proxy for Technological Impact

As I have discussed, the analysis of patent citation is largely built upon the previ-
ous research in bibliometrics. The use of forward citation as a proxy to examine
the technological impact of patents is not an exception. Garfield (1955) first pro-
posed a citation index that “can eliminate the uncritical citations of fraudulent,
incomplete, or obsolete data by making it possible for the conscientious scholar to
be aware of the criticism of early papers”. Trajtenberg et al. (1997) first used for-
ward citation and backward citation in devising multiple indexes (“F-measures”
and “B-measures” in their paper, respectively) to quantify “basicness” and “ap-

propriability” of patents and examine the linkages between these two characteris-
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tics of patents. Examining their assumption that universities conduct more basic
research than companies, they conclude that the F-measures of “importance” and
“generality” reflect the features of the “basicness” of patents. Besides, they use
the self-citation data to construct measures of the “appropriability” and find that
these measures are much lower for universities than corporations, indicating that
these measures could serve as an indicator of the extent to which innovators suc-

ceed in reaping the harvest of their own innovation.

Albert et al. (1991) conduct a validation study of forward citations, using 77
silver halide technology patents, ranging from those highly cited, infrequently
cited, receiving 0 ciation, or receiving 10 or more citations, granted to Eastman
Kodak by the USPTO. Twenty researchers/research managers who are experts
in the field of silver halide technology are asked to rank the technology impact
of these 77 patents. They find a significant association between the highly cited
patents and experts” opinion as to the technological importance of patents. This
finding first lays the ground for using forward citation as a proxy for technology

impact.

Narin (1995) demonstrates that prominent patents like those appearing in
patent office publications as “Hall of Fame” patents, as well as those that have
attained the pioneering patents legal status, are highly cited. This further lends
credibility to the believe that forward citations serve as a good indicator for tech-

nology impact.
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Czarnitzki et al. (2011) relate “wacky patents” ( “wacky patents” are those se-
lected by an employee of the World Intellectual Property for not involving a high
inventive step or only marginally satisfying the “nonobviousness” criterion.) to
two control groups of patents to test the usefulness of commonly used patent-
based measures to identify “wacky patents”. They find that “wacky patents” have
higher originality, generality, and citation lags, however, forward citations serve
as a good indicator of technology importance. This finding indicates we should

interpret patent-based measures with great care.

In this paper, I attempt to use forward citation as an indicator of technological
impact to compare Chinese firms and their competitors, and to decide if the Chi-
nese firms has caught up with the west in terms of innovation and has come to

the point that they pose a serious threat to other companies.
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Figure 4.1: Citation Network Average weighted Degree
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Figure 4.2: Citation Network Average Clustering Coefficient
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CHAPTER 5
RESULTS

In this section, I divide my analysis into three periods: 1989-1997, 1998-2006, and
2007-2013. This division is purely based on the evolution of the citation network
graphs each year. This division has nothing to do with Beijing’s policy, world
economics trend or the like. As is shown by the below analysis, this division
captures the gist of development and evolution of the Chinese firms as well as its
industry. Using the data and method I described in section 4, I draw the patent

citation networks as well as the bibliographic coupling networks.

The citation network graphs are directed network graphs with one-headed ar-
rows as the links.The node size is proportional to its weighted degree centrality.
The firm with the higher degree weighted centrality has a larger node size. I use
two color-blind friendly colors (green and burgundy) in the graphs. The green-
color nodes indicate the Chinese companies, while the burgundy-color nodes
stand for the non-Chinese firms.The arrow heads connect the citing patents, while
the arrow tails connect the cited patents. The arrow heads point to the direction of
the knowledge flows in the patents. The color of the link is the same as the color
of the cited patents. That is to say, the color of the links indicates the source of the
knowledge flow in the citation pairs. To make the graphs readable, I use the top
50% of the backward citation pairs as well as the top 50% of the forward citation

pairs in the citation network graphs.
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The definitions of nodes and links in the bibliographic network graphs are
similar to the ones in the citation network graphs. Nevertheless, the bibliographic
network is undirected network. The links has no arrows. Any two nodes at the
two ends of a link in the bibliographic networks stands for the two companies that
cite patents (a patent) from a third or more common firms. Therefore, I use gray-
color links in the bibliographic networks. To filter the competitors that are most
related to the Chinese firms, as well as to make the bibliographic network graphs
readable, I only use the top 2% pairs (identified by the Jaccard index) for each
Chinese firm. The 2% threshold is from my trial-and-error process of drawing
the graphs. Like the top 50% cut-off in the citation networks, the 2% threshold is
just a number that gives us the most optimal trade-off between “readability” and
“being informative”. Even so, this top 2% competitors can still give us significant

insight into the industry as my analysis unfolds.

5.1 1989-1997 Period

Figure 5.1 is the patent citation network graph for the period from 1989 to 1997.
During this period, only one Chinese company-The China National Petrochem:i-
cal Corporation (the “Sinopec”) filed patent at the USPTO, so I group the data in
this 9-year period to draw the network graph. Among all the Sinopec’s forward
citations, Shell cites most patents from Sinopec. Among all the Sinopec’s back-

ward citations, Sinopec cites most patents from Mobil. The weighted in-degree
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of Sinopec is 27, while the weighted out-degree of Sinopec is 49 in this peirod.
For the company pairs, some of the pairs only have one relation, ie. only one
company cites the other. For example, Sinopec cites Standard Oil once, but not
the other way round. P & G cites Sinopec 6 times, not the other way round, ei-
ther. Actually, if I use all the citation pairs, I find that some of the pairs have two
relations, i.e., one company cites the other company and vice versa. For exam-
ple, in the Shell-Sinopec citation pair, there exist two opposite one-headed arrows
connecting them, indicating one company serves as both the backward citation
and forward citation of the other. In this period, Shell cites Sinopec 14 times,
while Sinopec cites Shell once. In this paper, I use the Global Industry Classi-
fication Standard (GICS) developed in 1999 by Standard & Poor’s and Morgan
Stanley Capital International when discussing and evaluating the industry sec-
tors, to which each Chinese company belongs. The sector for Chinese public firms
can be found in the Compustat data, while the sector for private firms is given by

us based on the its primary business activity.

Sinopec, which was established in 1983, is one the three largest state-owned
oil companies that has been dominating China’s Energy industry.The other two
companies are the China National Offshore Oil Corporation (founded in 1982,
henceforth “CNOOC”), and the the China National Petroleum Corporation (es-
tablished in 1988, henceforth "CNPC”), respectively. CNOOC, the first oil com-
pany in China, was set up partly as a response to western firms’ request of a
single Chinese interlocutor with the legal authority to sign and execute contracts

(Meidan (2016)). The establishment of Sinopec signifies the beginning of the cor-
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poratization of China’s oil industry downstream. Compared to CNPC, Sinopec is

a more downstream oil company, which is also indicated by their names.

In China’s ninth Five-Year Plans for 1996 to 2000, China set up a goal of mak-
ing its petrochemical industry competitive with world-leading oil companies with
regard to technology, management, efficiency, and product quality. Beijing set
this goal with the objective of establishing the petrochemical industry as one of
China’s “pillar” industries that will be on par with international standards by
year 2000. According to the Plans, this is achieved by introducing advanced tech-
nology, improved products, and better management. Sinopec was tasked with
policy-making in terms of China’s refining and petrochemical industry (Meidan
(2016)). Figure 5.1 shows only Sinopec filed patents at the USPTO from 1989 to
1997. By the aforementioned analysis, it is not a surprise that Sinopec was the
only oil company in this period filed patents at the USPTO. As can be seen from
the appendix, it was not until 2000 did CNPC filed patents at the USPTO. More-
over, Sinopec is the leading company in the energy sector filing patents at USPTO,

while CNPC filed significantly less patents than those filed by Sinopec.

In this period, only one the top 2% competitors (Standard Oil) was cited by
Sinopec. The other Sinopec’s top 2% (12 in total) competitors did not cite Sinopec
or were not cited by Sinopec. Figure 5.2 is the bibliographic coupling network for
Sinopec and its top 2% competitors filtered by the Jaccard index. We can conclude
that during this period, China’s energy industry (Sinopec) was not significantly

integrated with the its competitors through patent citation behaviors.
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Figure 5.1: Patent Citation Network (1989-1997)
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5.2 1998-2006 Period

From 1995 to 2006, China’s high-tech industry' grew significantly. This increasing
significance of China’s high-tech industry is manifested by the following statistics.
While the share of high-tech goods as a proportion of the total value of imports has
increased from 16.5 % ($21.8 billion) in 1995 to 31.2 % ($247.3 billion) in 2006, the
share of high-tech goods as a proportion of the total value of exports has increased
from 6.8 % ($10.1 billion) in 1995 to 29 % ($281.5 billion) in 2006. In terms of
the trade balance in high-tech products, China had transitioned from a high-tech
deficit country to high-tech surplus country (National Bureau of Statistics of China

(2007)).

Since 1998, Lenovo (founded in 1984) began filing patents in America. Lenovo
is a multinational technology company based in Beijing. Lenovo designs, devel-
ops, manufactures, and sells personal computers, tablet computers, smartphones,
workstations, servers, supercomputers, electronic storage devices, IT manage-
ment software, and smart televisions. Lenovo was famous in China for its ac-
qusition of IBM’s personal computer division in 2005. Then Chinese media and
academia dubbed it as “the snake swallowing the elephant”. As of the third quar-
ter of 2020, Lenovo is the biggest personal computer vendor by unit sales, ac-

counting for 25.7 % market share (Gartner (2020)).

IThe high-tech definition used here is set by the State Development and Reform Commission.
Ferrantino et al. (2008) High-tech products include: 1. Information chemical products; 2. Medical
and pharmaceutical products; 3. Aircraft and spacecraft; 4. Electronic and telecommunications
equipment; 5. Computer and office equipment; 6. Medical equipment and meters; 7. Public
software service; 8. Other(includes nuclear fuel processing).
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As can be seen from the graphs in the appendix, from 1998 to 2000, Lenovo and
Sinopec formed two major hubs in the network graphs. However, the number of
companies that connects Lenovo increase faster than the the number of compa-
nies connecting Sinopec. Figure 5.3 is the patent citation network in 2001. In 2001,
Lenovo’s weighted degree is 110, with 59 weighted in-degree and 51 weighted
out-degree, while Sinopec’s weighted degree is 24, with 17 weighted in-degree
and 7 weighted out-degree. Lenovo has overtaken Sinopec as the largest node in
the network graph. This clearly shows that the information technology (hence-
forth “IT”) industry has become the most innovative industry in China. This phe-
nomenon of the growing number of patents filed by Lenovo aligns with the fol-
lowing statistics. The micro-computer output in China has tripled from 2,914,000
units in 1998 to 8,776,500 units in 2001 (National Bureau of Statistics of China
(2002)). Contemporarily, world personal computer sales rose 37% from 93,310,000
units in 1998 to 128,060,000 units in 2001 (Gartner (2000), Gartner (2002)). China’s
personal computer sales growth outstripped the world’s sales growth by a large
margin during this period. Based on the statistics, we might come to the conclu-
sion that the huge demand of PC computers might in term push the innovation
of the Lenovo, which serves as one explanation for the fact that China’s patent
filing in the United States had started to move from the energy industry to the
IT industry. Actually, this trend continues since then, with other companies like
Huawei filing more and more patents each year. Huawei and ZTE (founded in
1987 and 1985, respectively), China’s two largest telecomunication giants, also

the two linchpins of trade relations between United States and China, made their
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patent debuts at the USPTO in 2000 and 2001, respectively. It did not take long for

Huawei to become the company that filed the most patents in America.

By 2001, we can see from the bibliographic coupling network graph (figure
5.4), Huawei and ZTE, as well as their competitors form the telecommunications
giant component. The computer manufacturing giant component is made up of
Lenovo and its competitors. The firms in both the telecommunications giant com-
ponent and the computer manufacturing giant component all belong to the IT in-
dustry sector (gsector==45 according to the GICS). Sinopec and its competitors be-
long to the petrochemical giant component; while CNPC and its competitors form
the petroleum giant component. Both the petrochemical and petroleum firms are
categorized into the energy industry(gsector==10 according to the GICS). That is
to say, up until 2001, Chinese companies tended to focus on a supposedly narrow
field such that the high-tech industry as whole is still fragmented. For example,
the petrochemical giant component does not connect with the petroleum giant
component. It is also worth mentioning that the telecommunications firms are
still not related with the computer manufacturing industry in terms of patent ci-
tation. As to the telecommunications industry per se, ZTE and Huawei shared 4
common competitors in their top 10 competitors. This indicates that their technol-

ogy pursuit in this period is very close.

In 2001, among all the top 2% competitors of Huawei, ZTE, and CNPC iden-
tified by the Jaccard index in figure 5.4 , only NETGEAR Inc (ranked as ZTE's

No.14 forward citation) is linked with the focal Chinese firm (ZTE) in the citation
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network. This indicates that these three companies did not learn from their com-
petitors a lot. Neither did their competitors learn from them much. Interestingly,
Huawei is ranked as ZTE’s No.2 competitor, vice versa. What is more, of Huawei'’s
top 10 competitors, four of which are also ZTE’s top 10 competitors. This obser-
vation indicates that the business scope of Huawei overlapped significantly with

that of ZTE.

Nevertheless, 7 out of Lenovo’s top 28 competitors are linked with Lenovo in
the citation network; while 6 out of Sinopec’s top 20 competitors are connected
with Sinopec in the citation network graph. This indicates that these two firms
from China’s computer manufacturing industry and petrochemical industry, re-
spectively, have been integrated with their competitors through patent citation

behavior.

Figure 5.5 is the citation network in 2006, except the small “island” formed by
three nodes including Tencent, the nodes in the energy industry and the IT in-
dustry form a giant component. It is clear that Huawei, with a weighted degree
of 101, is the most prominent node in terms of degree centrality, while the node
size of Sinopec has shrinked significantly comparative to those Chinese IT firms.
Clearly, the IT sector has overtaken the energy sector as the leading innovative
sector in China. During this period, Beijing has focused on helping the Chinese
companies move up the industrial value chain. The technological development of
the Chinese firms comes not only from their desire to expand the market share,

but also from the government’s support for the sector. As Beijing made it clear in
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its tenth Five-Year Plans for 2000 to 2005: improve the national economy and so-
cial IT levels; raise research and development funding to more than 1.5% of GDP,
and strengthen sci-tech innovation capabilities, thereby speeding up technological

progress.

More importantly, in 1996, Beijing started to support Chinese telecommuni-
cations companies and ended special import policies for telecoms equipments to
prevent foreign dominance in China’s equipment industry. Both the military and
the government began to tout Huawei as a national champion. It is unclear why
Beijing picked Huawei over ZTE (Gilley (2001)). Nevertheless, this does not im-
ply that the government gave up on ZTE. In 2001, $1.5 billion contract of China
United Network Communications Group(”China Unicom”, one of China’s three
largest state-owned telecommunications carriers) for building a national CDMA
network was shared by five foreign companies (Motorola, Lucent, Ericsson, Nor-
tel, and Samsung) as well as ZTE. In order for ZTE to get a share of the contract,
China Unicom turned from CDMA20001X to CDMAIS95, a less advanced stan-
dard that ZTE already had manufacturing capacity (Iritani (2001)). It is due to this
government arrangement, ZTE successfully transformed from a traditional fixed-
line equipment vendor to a data, wireless, and optical communication equipment

vendor (Hong et al. (2012)).

Since 1996, Huawei pushed its first internationalization in other developing
markets like Russia, Thailand, Brazil, South Africa, and etc. Since 2001, Huawei

began its second internationalization push to the advanced markets (Ahrens
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(2013)). Specifically, Huawei enters the U.S. market in February 2001. My results
indicate that Huawei’s growing patents are in tandem with its second interna-
tionalization push. It is not difficult to understand this, as competing in advanced

countries incurs urgent need of intellectual property protection.

Huawei’s innovation clout does not come only as windfall of government sup-
port, without which its rapid rise could not have happened, though. Huawei first
succeeded by reverse-engineering imported network equipment and switching
devices. It built its strong cadre of researchers from the start. In the 1990s, it was
not uncommon for Chinese companies to establish international joint-venture to
import and absorb foreign technology (as well as management skills). Neverthe-
less, Huawei decided to develop its own technology in house, as it believed that
those tranferred foreign technolgy is unlikely to be their cutting-edge technolgy
and Huawei would be better off building its R&D capacity (Ahrens (2013)).

Besides the incentives from the inside, the incentives coming from the outside
also contributes to the observed change from the energy sector to the IT sector in
the citation networks in this period. An important event worth noticing is that
China joined the WTO in December 2001. In order to join the WTO, China had
to (1) lower its tariffs for imports, (2) permit foreign firms to sell their products
directly in the Chinese markets, and (3) open the finance and telecommunica-
tions sector to foreign firms. Facing increased competition from the the foreign
firms, Chinese telecommunications firms have to upgrade their products, as well

as their technology to survive. The lower tariffs and the increased competition
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brought about upon China becoming a member of WTO also changed the relative
importance of different sectors and of the state versus non-state industrial sec-
tors. As tariffs became lower and foreign companies entered the Chinese market,
the Chinese firms (especially those in the telecommunications and finance sector)
would expectedly become more efficient, which in turn resulted in the relative

ascendancy of the non-state (IT) sector relative to the state (energy) sector (Chow

(2003)).

There are three giant components in the bibliographic coupling network in
2006 (figure 5.6): the IT giant component, the petrochemical giant component
and the petroleum giant component.The IT giant component includes three hubs:
Huawei, Lenovo, and Zte. The Petrochemical giant is composed of Sinopec and
firms that linked to it. The petroleum giant component includes CNPC, which
is linked through Sun Microsystems Inc. to Byd, which is another high tech
companies with its main business in industries related to electronics, automo-

biles(especially battery-powered automobiles), new energy and rail transit.

The graph clearly shows that the telecommunications industry and the com-
puter manufacturing industry had connected with each other. This merging in the
bibliographic coupling networks first happened in 2002. The trend of the two in-
dustries merging continued well into 2013. Another salient trend we can observe
in the graphs is that while the number of competitors for the IT companies (in-
cluding both the telecommunications firms and computer manufacturing firms)

continued to grow, the number for the energy companies kept dwindling-both
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are reflective of the phenomenon in the patent citation networks.

5.3 2007-2013 Period

The trend of industry upgrade from the energy industry to the information tech-
nolgoy continues into the 2010s. In this period, Tencent and Alibaba, two e-
commerce companies have been filing more and more patents at the USPTO each
year. Figure 5.7 shows the patent citation network graph for 2013. All the nodes
in the graphs form a giant component. As is shown in the graph, the links con-
necting energy firms have decreased to only 3. By comparison, the edges linking
the IT firms have grew exponentially insofar as the graph is very not very legible.
Besides, most of the Chinese tech firms are bibliographically coupled as they share
a great number of citing patents. The coupling strengths are extremely high if we
use all the citation data to do the graphs. From all the citation network graphs,
We can conclude that patents filed by Chinese companies cite significantly more

patents filed by companies outside of China than vice versa.

Over the years in this period, BOE Technology, Alibaba Group, Tencent are
three companies that gained much momentum besides Huawei, which continued
to grow its patents and keep its dominant and predominant position in the patent
network graphs. BOE is an internet of things (IoT) company (founded in 1993)
specializing in interface devices, smart IoT systems and smart medicine & Engi-

neering Integration. Its products are more downstream as compared with other
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Chinese firms in the IT industry. By 2020, more than a quarter of global display
panels have been made by BOE (BOE (2021)). It is a company that gives R&D a
high priority. Even though BOE has not been implicated in the US-China trade
war, it is vulnerable if the trade war escalates due to the facts that: (1) among the
top ten shareholders, 9 of which are state-owned entities, (2) the firm relies on
US firms such as 3M, Corning and Applied Materials to supply the most critical
equipment and materials to make display panels (Hu (2019)). As to Alibaba and
Tencent, China’s two most valuable publicly listed companies (Lim et al. (2021)),
which are already involved in the US-China trade war, together with Baidu Inc
(founded in 2000, China’s answer to Google), they form the so-called "BAT” (a

three-letter acronym of the three names) triumvirate.

Alibaba, one of the tech trio, founded in 1999, first linked buyer and sellers
of goods. It introduced more business functions as its technology advanced, in-
cluding but not limited to advertising, finance, marketing, logistics, and emerging
ones such as product recommenders, affiliate marketing, and social media influ-
encers (Zeng (2018)). Alibaba launched Taobao (its C2C business model) and Ali-
pay (its third-part mobile and online payment platform) in 2003 and 2004, respec-
tively. By then, Alibaba has set up its giant e-commerce business and technolgy
base. Since 2007, it has been filing more and more patent in the United States,
which is in tandem with its business growth. Its annual revenue has grown more
than five times from 6.67 billion Chinese yuan to 34.517 billion Chinese yuan from
2010 to 2013. For fiscal year 2020, its annual revenue has reached 509.711 billion

Chinese yuan (Statista (2021)). Although it is difficult, if not impossible to say that
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its technology development induces its exponential growth in business, or vice
versa, based on only its patents in the United States, we can safely conclude that

its business and technology grew simultaneously.

Tencent, another one of tech trio, founded in 1998, a multinational technology
conglomerate holding company specializing in social network, web portals, mo-
bile games, multiplayer online games, music, internet services, payment systems,
and smartphones, first filed its patents in America in 2005. It starts as an social
network company famous for its QQ, an instant messaging software service and
web portal. It was not until 2007 did it it began to enter the online game market se-
riously (Einhorn and Stone (2011)). As of 2019, gaming has been its biggest source
of revenues (Li (2019)). Tencent is the patent company of Riot Games Inc, which
created the popular videogame “League of Legends”. Tencent also has stakes
in Activision Blizzard Inc. and Epic Games Inc., which are creators of world-
famous games “World of Warcraft” and “Fortnite”, respectively (Restuccia and
Yang (2020)). Ever since its foundation, Tencent has gained ascendancy in China’s
IT industry due to its supremacy as the largest communication and social plat-
forms in China. As of mid-2020, WeChat, a super-app that provides encrypted
messaging, payments and other services, has more than 1.2 billion monthly ac-
tive user account (Tencent Holdings Limited (2020b)). Due to this absolute ad-
vantage, Tencent had long been technologically inert. As a result, it is often as-
saulted by other Chinese tech firms and observers as an copycat. However, from
the network graphs, we can see that it has gradually increased its patent counts in

America, though it still lags behind other tech companies like Alibaba and BOE.

45



Actually, its adoption of simultaneous product development and rapid ”launch-
test-improve” circle in its R&D process has produces fruitful results in leading in
business model innovation. Two cases in point are: WeChat added mobile pay-
ments service (WeChat Pay) in 2013, while Facebook announced online payment
in 2015. WeChat allowed users to set up online stores (micro-shop) in 2014, while
Facebook allowed retails to sell from Facebook pages in 2015 (Hermione (2015)).
I am confident that it is a matter of time for this tech Goliath to make its name

outside of China.

Since 2014, China has witnessed a revolutionizing change in its retail payment
system, characterized by Tencent’s Wechat Pay and Alibaba’s Alipay leapfrogging
the card-based system. Alipay and Wechat Pay are built upon digital wallets, QR
codes (two-dimensional bar codes) and run through their own Alibaba and Ten-
cent systems, respectively. The number of Alipay’s annual active users served by
Ant Group (a subsidiary of Alibaba) and its nine local e-wallet partners hit about
1.3 billion during the 12 months ended March 31, 2020 (Alibaba Group (2020)).
As of the fourth quarter of 2019, Tencent had over 1 billion average daily trans-
actions using Wechat Pay, which covered over 800 million monthly active users,
among which were over 50 million monthly active merchants (Tencent Holdings
Limited (2020a)). The prevalence of these two mobile payment systems is best
illustrated by the phenomenon that beggars has replaced tin cups with QR codes
to receive money. The trendy development of use of mobile payment has disin-
termediated the banks in China. As the prevalence of Alipay and Wechat Pay go

beyond the Chinese border, this financial payments infrastructure built upon mo-
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bile payment systems can be part of the wider vision of China’s Belt and Road
Initiative, strengthening China’s economic connections across the world (Klein

(2020)).

Baidu Inc. only has one patent approved by the USPTO in 2007. It is
not sure why Baidu does not have an incentive to filed patents in the Unites
States. A judicious guess would be that Baidu is the Chinese search engine
monopoly(Alphabet’s Google and other search engines are banned in China), the
lack of competition gives rise to the lack of innovation. It is worth mentioning that
all the three Chinese tech giants Ire just infants when the do.com bubble collapsed

in 2020, so they avoided most of the pain.

Figure 5.8 is the bibliographic coupling network for 2013. Still, in the graph I
have two giant components: the IT giant component and the energy giant com-
ponent. Comparing with figure 5.6, the communication sector further integrates

with the computer manufacturing sector.

In 2013, the top 2 competitors of Huawei identified by the Jaccard index are
Nokia and Ericcson. That is to say, Huawei cited previously filed patents that were
also heavily cited by parent companies of Nokia and Ericsson, both of which are
identified by business analysts as the closest rivals to Huawei (Stacey (2019), Jeans
(2020)). Using the Jaccard index to identify competitors looks very great. How-
ever, there is one caveat: the rank of the competitors identified by such method
might not necessarily the same as the true rank of the company’s competitors by

whatever criteria. This is understandable as those conglomerates tend to special-
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ize in multiple fields, and the fact the patent filings in each year might not reflect a
company’s business scope well. However, I still believe that the competitors iden-
tified by such a method are legitimate. Figure 5.9 shows Huawei and its top 12
competitors” backward citations in 2013. The green nodes indicates Huawei and
its 12 competitors, while the burgundy nodes stands for their backward citations.
The size of the nodes are proportional to their weighted in degrees. The graph
shows that Huawei and its top 12 competitors” backward citations overlapps sig-

nificantly.

It is also important to note that although American firms accounts for 70%
of Huawei’s top 20 competitors in 2013 (see appendix for more detail), there are
no US rival to Huawei when it comes to supplying equipment for 5G mobile net-
works. United States were dominant in the days of landline telecoms. The passage
of The Telecommunications Act in 1996 has promoted and created more compe-
tition in the US telecommunications industry by allowing companies to develop
and use their own network technologies. Meanwhile, European firms all agreed
to use GSM, which later become the worldwhile standard for mobile communica-
tions. Due to the fierce competition at home, US firms looked to boost their rev-
enue growth by selling into the burgeoning and booming Chinese market, which
entailed the US products to be manufactured locally in China and technology be
shared with the Chinese partners (Stacey (2019)).

As discussed above, forward citation can serve as the simplest yet still infor-

mative proxy for technological impact. By comparing the mean forward citation

48



of Huawei and its top 12 competitors that are identified by the Jaccard Index in
2013 (figure 5.10 and figure 5.11), I find that the technological impact of Huawei’s
patents has increased significantly comparing with its competitors during the past
decade, as the gap between the two lines are closing over time. Still, a caveat needs
noticing here is that the mean forward citation in the latest years might not be as

informative as it should be due to the truncation problem inherent in the patent
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2From left to right, from top to bottom are the graph between Huawei and its top 6 competitors
identified in 2013: Telefonaktiebolaget LM Ericsson, Nokia Corporation, InterDigital Inc., Nec
Corporation, Cisco Systems Inc., Fujitsu Ltd., in that order.

50



data. As time goes by, the forward citation a patent receives will (very much)
likely to increase. This implies that the forward citation in the recent years is un-
derestimated to some extent. Even so, we can still conclude that Huawei patents’
technological impact has enhanced over time, given that I use forward citation
data as late as mid-2017 when calculating the mean forward citation. Conversely,
I can check the forward citations of Sinopec and its top 12 competitors (also identi-
tied by the Jaccard index in 2013). As to the energy industry, I found that while the
mean forward citation of Sinopec’s patents filed in 1989, 1992, and 1998 is higher
than that of almost all its top 12 competitors, Sinopec’s mean forward citation
since 1999 has been slightly lower than, if not remarkably lagging behind, that
of its competitors since 1999. This indicates that Sinopec’s technological impact
has been lower than its competitors since 1999. The findings from the forward
citation are consistent with my previous findings from the citation network graph
that China’s most technology intensive industry has transformed from the energy
sector to the IT sector, especially the telecommunications sector. I am careful not
to over-generalize here. Still, the mean forward citation for each company can
shed light on the technological impact of the its patents. The appendix provides
the comparison between the other top 6 Chinese firms (that files most patents at

the USPTO) and its competitors identified by the Jaccard index in 2013.

3From left to right, from top to bottom are the graph between Huawei and its top 7-top 12 com-
petitors identified in 2013: Broadcom Corp., Lenovo Group Ltd., Juniper Networks Inc., Brocade
Communications Systems Inc., CenturyLink Inc., Nuance Communications Inc., in that order.
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Figure 5.4: Bibliographic Coupling Network (2001)
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Figure 5.5: Patent Citation Network (2006)
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Figure 5.6: Bibliographic Coupling Network (2006)
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Figure 5.7: Patent Citation Network (2013)
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Figure 5.8:

Bibliographic Coupling Network (2013)
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Figure 5.9: Huawei and its top 12 Competitors’ Backward Citation Net-

work (2013)
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Figure 5.10: Mean Forward Citation-Huawei and its Competitors (1)
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Figure 5.11: Mean Forward Citation-Huawei and its Competitors (2)
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CHAPTER 6
DISCUSSION

One of the strength of this paper is the use of Jaccard index, which captures well
the competitors of Chinese firms. For example, the Jaccard index in 2013 indicates
that Huawei competes most fiercely with Ericsson and Nokia. The Jaccard indices
for the Huawei-Ericsson pair and Huawei-Nokia pair are significantly higher than
the Jaccard indices for Huawei’s other bibliographic coupling pairs. Ericsson and
Nokia are arguably two of Huawei’s closest rivals, especially in the field of 5G
mobile network. Another strength of this paper is that the use of the only top Chi-
nese firms that have been filing patents in the United States. By using just those
12 companies as our focal firms, the patent citation networks serves a big mo-
tion picture, showing how China’s energy firms, computer manufacturing firms,
telecommunication firms, and the E-commerce giants has developed and inno-

vated over time.

However, there are still a few limitations that are inherent in this paper. As
we have presented, this paper uses only the Chinese firms” US patents, which is
sparse by comparison with their Chinese patents. By doing so, we cannot cover
all the sectors in our citation networks. For instance, the Chinese pharmaceutical
firms has not filed patents at the USPTO by 2013. Besides, when downloading
patents from Google Patent database, I use key words to decide whether a patent
was assigned to a specific company. As a result, if a patent is assigned to a sub-

sidiary of a company that does not have a company name that includes the key-
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words I use, I will definitely loss track of such a patent. It is understandable that
such patents exists, though I do not how many there are. That is to say, the patents
downloaded from Google Patents are underestimated. Last but not least, since the
UVA granular data only includes patents that are assigned to public companies.
In both my citation network graphs and bibliographic coupling network graphs,
all the nodes connecting the Chinese firms are public companies. That is to say,
the graphs only show the relation between Chinese firms (both public and private)

and non-Chinese public firms.

Although I aim to research whether China’s technology rising has posed as a
serious threat to the United States, this paper does not provide a causal inference
for that. For future research, it would be interesting to check whether the rising
of Chinese patents at the USPTO has affected/ changed American firms’ citation
behavior and whether the US firms has cited more/less Chinese patents accord-
ingly. Besides, Further research can focus on whether the Chinese patents in the
United States has led to US firms filing less/more patents in the related field. Last
but not least, it will be interesting to focus on patents in a specific field to see what
is the most important technology and whether United States is still the leading

player in this field.
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CHAPTER 7
CONCLUSION

This paper tracks the knowledge flow concerning the Chinese patent at the
USPTO, using basic network concepts, network graphs, together with a histori-
cal approach to analyze the industry evolution in China. Besides, by developing
a Jaccard index based on the patent bibliographic coupling, this paper identifies
the Chinese companies” competitors, which are proved to be very much close to
its real competitors. It is worth mentioning that although the network graphs give
a quite accurate and broad sense of the relationship between different companies,
I have to admit that without our prior, it would be difficult, if not impossible to
disentangle the connection between the different nodes. Without the prior, based
on only the business scope of the companies, I could come to spurious at best, con-
clusions. That is why I employ the historical approach. My analysis shows that
the combination of network graphs and the historical method serves as a quite
straightforward yet still accurate approach in dealing with industry evolution.
My results show that: in the 1990s, the Chinese petrochemical files most, if not
all the Chinese patents in America; in early 2000s, the computer manufactering
company Lenovo gathered significant momentum in terms patents at the USPTO;
however, it did not take long for the telecommunications industry to file the most
patents in the United States. Recently, we also see the rise of the e-commerce
firms like Alibaba and Tencent. Although I cannot find the specific strength of

the Huawei, Alibaba, and Tencent from just counting their patents, the history of
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those companies in their fields still shows that they have risen as a formidable
rival to other firms in the same field. This might partly explains why they have

been embroidered in the trade war between China and the United States.

This paper is my first endeavor to explore the industry evolution in China.
Even though it gives us a broad sense of what we are after, I have to admit that
my analysis might be too over-representative, as my data is sparse in that only a
handful of Chinese firms file patents in the United States. For future research, it
would be interesting for researchers to use the same approach to analyze industry
development and evolution based on patent data from not only the UPSTO, but
also from China National Intellectual Property Administration, European Patent
Office, Japan Patent Office, etc. Besides, future research could think about more
quantitative methods to piece together relationship and possible dynamic among

patent-pairs.
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Figure 9.1: Patent Citation Network (1989-1997)
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Figure 9.3: Patent Citation Network (1999)
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Figure 9.4: Patent Citation Network (2000)
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Figure 9.6: Patent Citation Network (2002)
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Figure 9.8: Patent Citation Network (2004)
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Figure 9.9: Patent Citation Network (2005)
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Figure 9.10: Patent Citation Network (2006)
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Figure 9.11: Patent Citation Network (2007)
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Figure 9.12: Patent Citation Network (2008)
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Figure 9.13: Patent Citation Network (2009)
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Figure 9.14: Patent Citation Network (2010)
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Figure 9.15: Patent Citation Network (2011)
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Figure 9.16: Patent Citation Network (2012)
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Figure 9.17: Patent Citation Network (2013)

Peigom

-
Ro il Col

| su@Ele "\ Bay@bche
d Gef@lus

@

R ’g WorlegBprsons

88



Figure 9.18: Bibliographic Coupling Network (1989-1997)
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Figure 9.20: Bibliographic Coupling Network (1999)
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Figure 9.21: Bibliographic Coupling Network (2000)
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Figure 9.22: Bibliographic Coupling Network (2001)
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Figure 9.23: Bibliographic Coupling Network (2002)

A@n Swi€Stom
&

S
PoBom ElPow.lave Me@tek

Ameri.1 Pow

o HU@We

Sky@@rks _ Ca@os

MGDnc
ORANGE NE@m @

N®P o Utstaptom
T‘)sc. vig@se  ADEBAN

Atf&os,

Te.ec
o Mln.eed

sKJel

Kighps
Nef@prk Cq;\lo‘om

Wa@om " Carrfg) Acc
Digic @ V@

B @0
Cofigerto

Par./ne}.l
B@lo ‘

Symn@@ricom
Qs

K@ho
Im@8yial Seabpil
Tésdh

KBR Pediney
u@al

Syni@eum
NeoP.onlcs

if@pec
»A. Sirfop

i @ BEPlc  Su@co

S‘ui

Vighwtt
Brd@de e 6
Se.re Bl

Da‘ars Cen.'Lmk
AlGgel

Ph.nx
(‘Em.sys L*\/ A.a

Inte.ync

se@et Nu@bce |F.s
Al t Niel Pl
pfidoe iel§eh < S @osk

Pa'"ng.ﬁs.Gra L@y

Com@Yault

92

c@®c



Figure 9.24: Bibliographic Coupling Network (2003)
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Figure 9.26: Bibliographic Coupling Network (2005)
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Figure 9.27: Bibliographic Coupling Network (2006)
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Figure 9.28: Bibliographic Coupling Network (2007)
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Figure 9.29: Bibliographic Coupling Network (2008)
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Figure 9.30: Bibliographic Coupling Network (2009)
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Figure 9.31: Bibliographic Coupling Network (2010)
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Figure 9.32: Bibliographic Coupling Network (2011)
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Figure 9.33: Bibliographic Coupling Network (2012)

As: a
o@e :g:'su Emi Ve@ror Fug@-io Spri@Cor
AngGh Mat .‘Aq (o] @y @
KBR o dvarf@@d Mic Pak@ Eri€S3on
ark ision
\ Hur@nan wWe@ar” D Rex roac@n P Juier
Cono@@phillips " Rock@Il Aut V@b T6s
re jal
SII. o C Hsa&ters Syr@tec Cofidast P&y l\.a
Rn.wedN\.lA ”‘.ve‘.‘ . Ce".Lmk O @ e
Ele@hce Lu.ml =)
C. 0o Bn.de H Fo@ry
Acdgpture
@A Se@ity .MC.ID
c@bc Pies Inte@jgital
NEte ®
Silic
Son.:g L'".Qh‘
P scgcn ; Sprighspe WilBon s@p
AI a oy Motor@li Mob
clfSinse
con&o
Vefigjon g 3.5
T.‘h.s NGB!
16Dt
Te.ata Glas§Bridge v
In@ys c&”;i.'x A@ss @i Jap.D;
Ro@ Co
A ©
Max@hear No@iek ®
a@ta Ky@pra @
@ TefiGent o B ® @ e ® .
> Me@Rtek omi@sion o@n
Ra@@are . \®i A@a Teck@polor Inlern‘cular.
Auf sk T'os EfRa
(] L & @ X@i samg@g Sdi &

Samsu@Ele-Me

Ké@ka E.aE ci@tar

Integrg®d Dey Silit.Lab
T-\@hile

Quarhil orlg®s 5o o

101



Figure 9.34:
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Figure 9.35: Mean Forward Citation-Zte and its Competitors (1)
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Figure 9.36: Mean Forward Citation—-Zte and its Competitors (2)
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Figure 9.37: Mean Forward Citation—Boe and its Competitors (1)
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Figure 9.38: Mean Forward Citation—Boe and its Competitors (2)
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Figure 9.39: Mean Forward Citation-Lenovo and its Competitors (1)
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Figure 9.40: Mean Forward Citation-Lenovo and its Competitors (2)
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Figure 9.41: Mean Forward Citation-Sinopec and its Competitors (1)
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Figure 9.42: Mean Forward Citation-Sinopec and its Competitors (2)
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Figure 9.43: Mean Forward Citation—Tencent and its Competitors (1)
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Figure 9.44: Mean Forward Citation—Tencent and its Competitors (2)
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Figure 9.45: Mean Forward Citation—Alibaba and its Competitors (1)

113



Figure 9.46: Mean Forward Citation—Alibaba and its Competitors (2)
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