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FAHRPLAN

● We have now calculated 9 patent citation networks of the worldwide patent system
○ PATSTAT database (Spring and Autumn each year)

■ We owe huge thank you to Geert, Martin, and Johannes at PATSTAT
○ Autumn 2018 to Autumn 2022 (with Spring 2023 almost completed)

● Goals
○ Describe the evolution of the worldwide patent network and highlight Canada’s place in this patent network

● Challenges
○ 150 million nodes and 400 million edges
○ Description of static network computationally and interpretationally intensive; describing its evolution is far more challenging
○ Isolating specifically Canadian aspects of network requires special care

● Afew observations
○ Interesting changes have been occurring at various depths in the network
○ Flow of information (inferred from citations) among countries is evolving rapidly
○ Canada is one of top patent producers both in volume and importance
○ Largest portfolios of Canadian patents largely owned by non-Canadian firms
○ Canada generally excels at medical devices and is rapidly improving in software and telecommunications
○ Canada is especially strong (sometimes even dominant) in specific technology areas, especially biopharmaceuticals
○ Surprise: Canadian inventions are extremely original!

● Network science is powerful method for gaining insights into worldwide and Canadian patent systems



NETWORK APPROACH

● Related to the Eigenfactor metrics
○ Gold standard in ranking scholarly 

journals
■ E.g., Thomson-Reuters’ Journal

Citation Reports
● Identify the most important/influential 

patents in network

● Identify and group patents by concept and 
technology

● Identify trends

● Can include litigated patents, SEPs, and 
FDA (Orange and Purple Book) patents

● Search the map of the worldwide patent 
network like Google Maps



CITATIONS

● Patent citations correlate with 
patent value/importance
○ Trajtenberg (1989 & 1990)
○ Harhoff et al. (1999)
○ Hall et al (2005)
○ Sampat & Ziedonis (2005)
○ Moser et al. (2011)
○ But see Abrams et al. (2013)
○ Farranato (2016)

● Citations themselves differ in
importance, so raw citations
are misleading

2017



NETWORK ANALYTICS
● Connected data may be advantageously analyzed 

using network science

○ Google, Facebook, LinkedIn

● Patents form a worldwide network

○ Patents are “nodes”

○ Citations are “links”

● Network is built from millions of choices by inventors, 
owners, and examiners about where inventions belong

● Eigenvector centrality, hierarchical graphing, and 
community detection methods used to construct 
comprehensive citation network

● Network structure reveals unique insights
○ Wealth of information about where technology 

is generated, where it flows, trends, what fields 
of technology exist, and the 
importance/influence of patents
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EXAMPLE

● United States Patent Number 4,683,202 
is most important patent document in 
network

● “Process for amplifying nucleic acid 
sequences”

● Inventor is Kary Mullis

● Has more than 5000 citations

● Is this patent important?

○ Claims a foundational biotechnology

■ NYT: “virtually dividing biology in the 
two epochs of before P.C.R. and after 
P.C.R.”

○ Mullis shared 1993 Nobel Prize in 
Chemistry

Source: NIH



PATENT DATA

DATABASE NBER PATENTVECTOR

TEMPORAL COVERAGE 1963-1999 (or 1976-2006?) 1790-October 2022 (US) +++

JURISDICTIONAL COVERAGE US All (~200) patent jurisdictions

NUMBER OF PATENTS ~3 million granted patents ~150 million patents/apps

NUMBER OF CITATIONS ~16 million ~400 million

TECHNOLOGY CATEGORIES 6 major & ~60 minor 
(artificial)

~31 million (nested & natural)

ASSIGNEES Compustat (1999) matched Variations may be combined

INVENTORS High fidelity High fidelity

ADDITIONAL DATA Several additional fields Many additional fields

RELATED PATENT DATA None? Litigation, SEPs, FDA drugs



PARABLE OF THE BEEKEEPER’SKNIFE I

● Micro-heat pipe catheters are a 
technology area useful in treating 
hypothermia and cooling
patients for surgery

● Involve hollow tubes separated 
into two separate chambers by an 
internal septum

● This technology started to 
develop in the 1980s and 1990s

● Whence did the concept come?



PARABLE OF THE BEEKEEPER’SKNIFE II

● Turns out the origin of the technological 

concept of micro-heat pipe catheters is 

in the 1908 “Bee Keeper’s Knife”

● This invention involves a hollow knife 

that can be heated by passing hot water 

through its interior, which is separated 

by a septum

● WORD QUERIES WILL NOT IDENTIFY 

THE BEEKEEPER’S KNIFE, BUT 

NETWORK METHODS AND NEURAL 

NETWORKS ENSURE THIS PATENT -

AND OTHERS - CAN BE LOCATED BY 

CONCEPT
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TOP-LEVEL CLUSTER 1
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CONCLUSIONS

● Major observations
○ Patent data growing steadily and rapidly
○ Interesting changes have been occurring at various depths in the network
○ Flow of information (inferred from citations) among countries is evolving rapidly
○ Canada is one of top patent producers both in volume and importance
○ Largest portfolios of Canadian patents largely owned by non-Canadian firms
○ Canada generally excels at medical devices and is rapidly improving in software and 

telecommunications
○ Canada is especially strong (sometimes even dominant) in specific technology areas,

especially biopharmaceuticals
○ Surprise: Canadian inventions are extremely original!

● Network science is powerful method for gaining insights into worldwide and Canadian patent 
systems

● We welcome questions and comments
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• Linked trademarks data to the Statistics Canada’s micro business data 

to better measure innovation activities

• This database will complement the patent database and other firm-

level performance indicators

• The project is conducted as part of the Treasury Board of Canada 

Secretariat (TBS)-Statistics Canada’s partnership to assess the impact of 

Business Innovation and Growth Support (BIGS) program

Background
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• A trademark is a sign or combination of signs used or proposed to be 

used by a person to distinguish their goods or services from those of 

others.

• Trademarks are the most widely used intellectual property right by 

firms across all economic sectors (WIPO, 2013)

• A trademark could be registered or unregistered

• Recently, trademarks have attracted attention to measure innovation. 

They may be used as:
o Direct measure of innovation/firm’s performance

o Indirect measure of innovation/firm’s performance

o Complement to research and development (R&D) expenditures and 

patent statistics as the most common measures of innovation

What is a trademark?
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• TM-Link is an international dataset in which similar trademarks from 

different countries 

• Five jurisdictions of Australia, New Zealand, Canada, European Union, 
the United States 

• Worldwide Canadian trademarks applications identified
• Canadian Intellectual Property Office (CIPO) data was used to 

complement data for Canadian applicants in Canada

• The Business Linkable File Environment (B-LFE) is an environment in 

which Statistics Canada's business microdata are linked from different 

administrative and survey sources

• The B-LFE includes enterprise-level data such as R&D expenditures and 

performance indicators

• Business Innovation and Growth Support (BIGS) support database 

covers all federal government activities that support business 

innovation and growth since 2007

Linking Trademarks to B-LFE and BIGS
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• TM-Link applicants in 1998-2019 with at least one Canadian address 

from five jurisdictions were linked to the LFE

• Probabilistic matching of TM-Link applicants to Business Register (BR) 

enterprises based on common business name, address, province, 

country and postal code 

• Match Rate: 89.5%

• Some reasons that can explain non match:

• missing or poor-quality information on some specific record 

• time lags between the registration of the business and the creation of 

the business number in the BR

• Given the high match rate, the impact of non match on the results is 

negligeable

Methodology

5



• Linkage of TM-Link – BR matched applicants to the BR-LFE

• Business Register (industrial classification, province of operations, 

country of control, business age and type of organization)

• General Index of Financial Information and Statement of account for 

current source deductions.

• T661 form on Scientific Research and Experimental Development 

Expenditures (SR&ED) claim and the Business Innovation and Growth 

Support (BIGS)

• Draw a profile of trademark applicants supported by the federal 

government in the form of R&D tax credits or direct innovation 

support. 

Methodology
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• The matching rate is about 90%, consistent across all years and IP offices

• Between 30K to 40K unique applicants (enterprises) per year

• Most Canadian enterprises file trademarks in Canada and in the United States

Applicants by year and IP Office (rounded to nearest 5)
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IP Office Total Matching rate
Australia 8,150 91.18%
Canada 545,745 90.74%
European Union 17,055 96.01%
New Zealand 2,225 94.47%
United States 184,055 85.08%

Application 

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Total 31,995 36,215 39,260 32,305 30,960 31,710 31,460 33,180 34,680 35,535 33,900
Matching 

rate 88.8% 88.6% 88.6% 88.8% 89.9% 89.0% 89.9% 89.6% 90.3% 89.9% 90.2%

Application 

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Total 30,835 33,095 34,300 34,565 33,950 33,560 35,255 36,270 38,930 40,565 34,710
Matching 

rate 90.0% 89.6% 89.2% 89.3% 89.2% 89.9% 90.3% 89.8% 89.8% 89.5% 88.8%



• The following tables are aggregated for 2007-2019

• Most applicants have fewer than 100 employees or the employee number is not 

known, and have less than $10,000,000 of revenue or revenue is not known

• Note that these numbers are unique applicants (enterprises) regardless of the number 

of applications

Applicants by employment and revenue size (rounded to nearest 5)
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Employment size Count Percentage
0 to 99 92,845 54.70%
100 to 249 3,845 2.27%
250 to 499 1,515 0.89%
500 and more 2,040 1.20%
Unclassified 69,485 40.94%
Total 169,735 100.00%

Revenue size Count Percentage
Less than $0 1,055 0.62%
$0 to $99,999 30,165 17.77%
$100,000 to $999,999 37,425 22.05%
$1,000,000 to $9,999,999 29,905 17.62%
$10,000,000 and more 12,895 7.60%
Unclassified 58,290 34.34%
Total 169,735 100.00%



• Most applicants are from Ontario, followed by Quebec, British Columbia, and Alberta

• BIGS, Scientific Research and Experimental Development (SR&ED), R&D, and exporter:

Applicants by province, R&D, exports (rounded to nearest 5)
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Province (unique) Count Percentage
ON 51,810 43.31%
QC 24,340 20.35%
AB 12,115 10.13%
BC 21,960 18.36%
MB, SK 4,695 3.92%
NB, NL, NS, PE 4,135 3.46%
NT, NU, YT 100 0.08%
Unclassified 470 0.39%
Total 119,625 100.00%

Total (unique 

enterprise) In BIGS In SR&ED

In Both BIGS 

and SR&ED

R&D 

performer Exporter
119,630 17,440 16,660 8,490 15,580 20,610

Percentage of total 14.58% 13.93% 7.10% 13.02% 17.23%



Most applicants are in the service sector, in particular 54 (rounded to nearest 5)
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Industry NAICS Count Percentage
Agriculture, forestry, fishing and hunting 11 1,850 1.5%
Mining, quarrying, and oil and gas extraction 21 350 0.3%
Utilities 22 120 0.1%
Construction 23 3,960 3.3%
Manufacturing 31-33 9,375 7.8%
Wholesale trade 41 9,610 8.0%
Retail trade 44-45 11,285 9.4%
Transportation and warehousing 48-49 2,245 1.9%
Information and cultural industries 51 3,425 2.9%
Finance and insurance 52 3,440 2.9%
Real estate and rental and leasing 53 9,140 7.6%
Professional, scientific and technical services 54 21,315 17.8%
Management of companies and enterprises 55 2,605 2.2%
Administrative and support, waste management and remediation services 56 5,310 4.4%
Educational services 61 2,655 2.2%
Health care and social assistance 62 4,145 3.5%
Arts, entertainment and recreation 71 4,125 3.4%
Accommodation and food services 72 4,010 3.4%
Other services (except public administration) 81 7,950 6.6%
Public administration 91 670 0.6%
Unclassified 12,040 10.1%
Total 119,625 100.0%



• Canadian Trademarks Research Database complements other 

innovation indicator databases such as the patent database, etc.

• It covers 1998 to 2019

• The matching rate is about 90%, consistent across all years and IP offices

• As expected, most Canadian enterprises file trademarks in Canada, 

followed by the United States

• Most applicants have fewer than 100 employees (54.7%) and less than 

$10,000,000 of annual revenue (58.1%)

• 40.9% lack an employment classification and 34.3% a revenue 

classification

• Most applicants are from Ontario (43.3%), followed by Quebec (20.4%), 

British Columbia (18.4%), and Alberta (10.1%)

• Most applicants are in the service sector (unlike patent applicants that 

are in the manufacturing sector)

Summary of the findings
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• The Canadian Trademarks Research Database can be used to address 

various research questions

• The project may later be extended to include industrial design data 

(patent data already linked)

• Some questions include:

o How do trademarks complement innovation and firm’s performance? 

o Can trademarks measure innovations that cannot be captured by other 

indicators such as patent and R&D expenditures?

o How can trademarks help enterprises secure financial resources? 

o How can trademarks help enterprises in their market performance? 

o What does the timing of trademark filing reveal about the innovation 

process?

o Is bundling of trademarks with other intellectual property rights a scale-

up indicator?

Next steps
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