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1. Background

 About Patent portfolio

Presented by Ernst (1998), to analyze the technological integration 
capabilities of enterprises, and the cross-field potential  R&D 
collaborators

Whole is greater than the sum of its parts (Parchomovsky & Wagner, 
2005)

Conceptually, there are three types of technology portfolio (Shin, 
2013) , a relatively static, a dynamic contingent, a shift to new 
innovation

focused on the value assessments, applications, the volume and 
formation of patent portfolios within a given assignee, and etc.(Yue, 
2013), but relatively little research on the potential patent portfolios 
identifying cross the assignees. 
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 Main existing approaches to patent portfolio

The majority was undertaken on the basis of citation relationships 
(Hall,2000; Kuan,2013)

A Patent Priority Approach was raised by Su (Su,2009;2011) and 
improved by the followers (Pan, 2013)

Indicator-integrated systems, developing several indicators for 
drawing patent portfolio diagrams and performing portfolio analysis 
(Ernst, 1998; Wang,2009; Wu,2014)

Modification and application of Lanjouw-Schankerman model (Hu, 
2007; Cao, 2012), and Black-Litterman model (Shin, 2013)

1. Background (continued)
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 Limitations

focusing on the external characteristics of patent documents instead 
of the technical solutions

Still ambiguous

 Citation relationship is manipulated by the others. The technology development 
context of the focal firm cannot be observed (Su, 2011).

 Citation and co-citation is strongly criticized as they are not related to the 
context of the document (Kraslawski, 2006; Alcacer,2006).

 In addition to citations and priority and even the classifications, the textual units 
are the better proxy of the technologic meanings of patent solutions 
(Leydesdorff, 2008). 

 Patent priority network is useful for the portfolios identifying within a given 
enterprise, but not helpful for that between different enterprises

 There needs more robust models and more case studies conducted in different 
sectors, for the industry dependence of patents.

1. Background (continued)
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 Our objective

develop a framework to identify the potential patent portfolios

so as to identify potential patent pools

and find the clues for the further cross-assignee collaborators

 Framework of our solution

Technical topics extraction

 IPC, DMC, technological terms

Correlation analysis

 Constructing association networks

 Clustering and visualizing

Interpreting the maps

2. Methodology
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 Main steps
(1) Extracting the technology topics of the patent solutions

 In two dimensions
• Structural information: IPC, DMC, reflecting the integrity of the technical 

structure 

• Non-structural information: technology terms (NLP by TDA)

(2) Correlation analysis
 Constructing association networks

• Type 1: based on the assignees and technology topics, to investigate the 
correlations of these topics; identifying the potential technology portfolios. 

• Type 2: cross association network based on the topics and assignees, to 
investigate the potential partners tied by the common patenting theme

 Clustering in topics, Computing the similarities and visualizing with NetDraw.

(3) Interpreting the maps
 Combining the above quantitative analysis and the qualitative opinion from 

technology experts. identifying the potential patent portfolio and the potential 
cooperation opportunities for the patent assignees.

2. Methodology (continued)
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 Data source & tools

Derwent Innovation Index (retrieval date: 2013-11-20)

Thomson Data Analyzer

NetDraw

 Sample records

Chemistry patents filed by the Chinese Academy of the Sciences 
(CAS) during 1992-2012

Defining the field of the chemistry: according to WIPO IPC-
technology concordance table

27401 records hit

3. Empirical Study
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Chemistry fields in WIPO IPC-technology concordance table

(revised by Jan. 2013)
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3. Empirical Study (continued)

 (1) Exploring the linkages between the main fields 
of Chemistry area 

E-I (external-internal) Index is used
 to test the agglomeration or dispersion of the networks.

 takes the number of ties of group members to outsiders, subtracts the number 
of ties to other group members, and divides by the total number of ties. 

 E-I Index value ∈[-1,+1]

• Ties in purple: inter-field
relationships

• Ties in green: inner-field
relationships

• E-I index = 0.094
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3. Empirical Study (continued)

 (1) Exploring the linkages between the main fields 
of Chemistry area (continued)

Derwent Manual Code (DMC) is employed as the proxy of topics of 
patent solution.

Girvan–Newman algorithm is used 
 to detect communities by progressively removing edges from the original 

network, to test the agglomeration or dispersion of the networks.

 It is a kind of exploration cluster method in complex systems, focusing on 
edges that are most likely "between" communities.

 The connected components of the remaining network are the communities.

 Main steps for community detection:

• The betweenness of all existing edges in the network is calculated first.

• The edge with the highest betweenness is removed.

• The betweenness of all edges affected by the removal is recalculated.

• Steps 2 and 3 are repeated until no edges remain. 11



• The linkages between the chemical engineering, medicine (including traditional Chinese
Medicine) and organic fine chemicals are closer and stronger, while the food chemistry,
microstructure and nanotechnology, and surface processing and coating are linked weakly.

• The CAS’s patents on CE can be clustered into 6 categories: (i) polymer, plastic; (ii) general
chemistry; (iii) catalyst; (iv) drugs; (v) agriculture; (vi) semiconductor, circuit, fireproofing,
ceramics, cement, electrochemical.

• Polymers, plastics is located in the 
center of the network, including: 
monomer, concentration, 
polymerization, natural polymer, 
addition polymer, condensation 
polymer, inorganic polymer, 
polymer blending, water 
dispersion system, additive, 
property, analysis, testing, control, 
polymerization, polymer 
modification, polymer processing, 
application of polymers. 

• Core node of the network: the 
application of polymers

Finding 1:

Figure 1: Topic co-occurrence network of 
chemistry patent of CAS

(based on DMC, frequency≥100)
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3. Empirical Study (continued)

 (2) Exploring the opportunities or patent portfolio

Focusing on the field of application of polymers (core node of Figure 
1): 409 hits

Technological term extraction: from the textual elements (title, 
abstract, claims), NLP (natural language phrase) by TDA

Association network: Co-occurrence of technological terms

Size of the nodes: the frequency of occurrence of the topics 

The thickness of the links: the strengthen of the relationship
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• CAS’s polymer-application patents can be roughly summed up into 6 areas: biological polymers,
synthetic resin, conductive polymers, engineering plastics, fertilizers and polyamide system.

• Together with the technical experts, we investigate the possible solutions to patent portfolios.

• For example, one perspective is considering the possible applications of one technology in
different products or processes. Another perspective is considering the possible combination of
different techniques around a product or a process.

Finding 2:

Figure 2: Potential patent portfolios of polymer applications of CAS 14



3. Empirical Study (continued)

 (3) Exploring the potential cooperators

Selecting the Top 10 assignees on polymer applications

Selecting the key topics

Performing a cross co-occurrence network

Together with the technical experts, finding the presence of multiple 
technique-cross area between or among these assignees. 

These common technical means there may be highly potential 
cooperation for these institutes. 
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• Together with the technical experts, on the basis of the common technical means among these
institutes, we have discussed some of the most promising cooperation in detail. For example:

 A, B, D, F: Synthesis and application of phenolic resin and other resin

 A, B, C, G, F: preparation and application of polyethylene glycol

 B, D, E: preparation and application of chitosan

 A, E:Aluminum metal material and its preparation

 B, C: Preparation and application of coating material

 A, C, F: Preparation and application of polyvinyl alcohol

Finding 3:

Figure 3: Potential partners in polymer application of CAS
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4. Discussion & Conclusion

 Achievements

Also can be applied by enterprise and other research institutes like 
universities. 

The findings may not only be valuable to scholars but also to policy 
makers and practitioners. 

Enabling the industries and well-connected institutes to develop 
higher impact patent portfolios. 

 Improvement on the road ahead

More assessments of experts should be integrated. 

In addition to topic terms and DMCs, more textual elements and 
semantic analysis should be considered in this approach. 

More case studies conducted in different technical fields are needed.
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