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Despite the recent complex intertwining of firms in fierce intellectual property disputes, the formation mechanisms of patent infringement litigation relationships between firms have been little studied from a network science perspective. We construct an inter-firm patent litigation network using longitudinal data on patent infringement litigation and the firms involved in the US, and examine its structural characteristics and the mechanisms of tie formation through network motif analysis, linking it to existing knowledge on negative ties. The results reveal the significant influence of mechanisms such as homophily, popularity, and activity on network formation, with reciprocity emerging as a pivotal factor. The absence of triadic closure is also observed. This distinct structural pattern is consistent across different technological fields and throughout the 20-year period. Furthermore, our analysis delves into the rapid countersuit strategies common within this network and provides valuable insights into patent litigation strategies between firms.
Keywords: patent litigation, patent analysis, inter-firm network, triadic motifs, competitive dynamics, adversarial relationships, negative ties
1 INTRODUCTION
In the recent surge of innovation research, patents are often regarded as the embodiment of innovation. The detailed documentation and public accessibility of patent data, including information about the innovators, the inherently elusive timing of innovation, its relationship to existing technologies, and its impact on subsequent technologies, make it highly favorable for data science. Network science approaches have also been applied to analyze, for instance, the time-series evolution of citation relationships between patents and patent co-ownership relationships between organizations [1–4], providing valuable insights for the field of innovation research.
However, network science has thus far paid little attention to understanding the competitive relationships between firms concerning intellectual property (IP). Patents are not just a record of inventions but a tool for competitive and defensive strategies that enable firms (as well as other types of organizations and individuals) to assert the value of their intellectual property and establish a competitive advantage by restraining others (e.g., [5]). In the modern innovation economy, the competition for IP is becoming increasingly fierce, and the demand to understand its dynamics has grown significantly. Among other strategic elements, patent litigation is of great importance for firms due to its lengthy disputes, substantial costs, and enormous risks for both plaintiffs and defendants [6, 7, 8]. The network science approach to understanding inter-firm patent litigation relationships is of high significance.
Patent litigation is the legal action taken by a plaintiff, which can be a firm, another organization, or an individual, to sue a defendant for infringing on the scope of a patent they hold, with the explicit strategic intention of inhibiting the activities of others and defending themselves [9]. Over the years, extensive research has been conducted on patent litigation and settlement mechanisms. A key focus of those studies was to identify the characteristics of patents likely to lead to litigation. Research indicates that, for instance, the higher the value of a patent, the greater the likelihood of infringement by other firms, hence increasing the probability of litigation [10, 11]. Additionally, differences in litigation strategies across technological fields have been explored. Notably, two highly innovative industries, the medical field (including pharmaceuticals and medical biology) and the computer field (IT-related technologies and other electronics), have frequently been compared. Literature suggests that in the medical field, strategic stakes are likely to be more important because each invention is challenging to imitate, and products often depend on a single invention. In the computer field, on the other hand, since multiple inventions are combined in end-products, and many similar products are on the market, firms are more likely to infringe on each other’s patents, leading to countersuits [5, 12–14]. Another main focus of existing studies has been on the characteristics of plaintiff and defendant firms. For example, large firms are deemed more ‘attractive’ as litigation targets because of the large sums they are capable of paying when they lose (or settle) a case (known as the deep pocket theory - [15–17]). Nevertheless, targeting large firms naturally entails the risk of countersuits, as they also have the capacity and strength to fight lawsuits. Indeed, countersuits are common, often resulting in repeated, fierce patent wars between the world’s largest firms (e.g., the famous case of Apple and Samsung–see, e.g., [18]).
Despite the accumulation of detailed knowledge on patents and firms involved in litigation, very few studies have focused on the inter-firm relationship structure. The limited existing studies that have done so base their findings on the unilateral, dyadic relationship between plaintiff and defendant firms (e.g., the impact of technological distance between the two firms on the likelihood of litigation occurrence) [19, 20]. In contrast, we introduce a network science perspective to investigate inter-firm relationships beyond dyads–the mechanisms by which one firm forms a litigious relationship with several firms, and whether the litigious relationship between two firms is influenced by third parties. In other words, we are interested in the competitive dynamics in networks of firms connected by adversarial relationships, rather than in the causes of each patent litigation case itself.
Inter-firm adversarial patent litigious relationships can be regarded as a type of ‘negative ties’ in social network science. The research on networks consisting of negative ties has become increasingly important in recent years. In particular, the mechanisms of formation of negative ties are of great interest, and various real-world data analyses and modeling have examined whether the formation mechanisms of positive ties–closure, reciprocity, homophily, popularity, and activity–also function as mechanisms for the formation of negative ties [21–25]. Examining whether these mechanisms are also at work in inter-firm patent litigation relationships would reveal how this relational structure shares common or different features with other networks of negative ties.
This paper constructs a patent litigation network among firms using the longitudinal data of patent infringement lawsuits that have arisen among firms in the US. The method of collecting the relevant data is described in detail in Sections 2.1, 2.2. Section 2.3 summarizes the possible mechanisms for negative tie formations that are examined in this paper. In Section 3.1, we identify the structural features of this network. We then identify the local relationship structures that are the building blocks of this network, i.e., the triadic network motifs (Section 3.2). Network motifs are statistically overrepresented subgraphs that reflect the local topology of a graph [26]. Triadic motifs are the smallest structural patterns that are essential for understanding the dynamics of complex networks, as they provide insights into the underlying mechanisms shaping network behavior. (In the following text, for simplicity, we use the term ‘motifs’ to refer to all network patterns of limited small size, not just statistically overrepresented patterns, as other studies have done (e.g., [27,28]).) Furthermore, we examine whether the pattern of occurrence of the motifs differs between technological fields (specifically, computer and medicine) and whether it has changed over time (Section 3.3).
The results provide us the following insights. The inter-firm patent litigation network is not merely a collection of isolated dyadic relationships, but exhibits a structure in which many firms are connected. It has two distinct clusters (= communities of the network) that are loosely connected. These two clusters are formed by litigation relationships in the computer-related field and the medical field, respectively. This suggests that the homophily mechanism is at work (as expected), whereby firms in the same technological field are more likely to be connected to each other. We also observe the working of the mechanisms of popularity and activity–indeed, some firms attract many incoming edges (i.e., being sued by many others) while some others have many outgoing edges (i.e., initiating many litigation cases). The edges bridging between different technological fields are not found to be due to firms ‘attacking’ indiscriminately many firms irrespective of their fields. The motif analysis reveals that triadic closure is largely absent in this network, while inter-litigious relationships (where firm A litigates against B and B litigates against A) occur significantly frequently, meaning that reciprocity is indeed one of the key mechanisms underlying tie formation in this network. Reciprocal interactions occur over a very short period, implying that litigation and countersuits tend to be short-term conflicts rather than expressions of long-term rivalry. The distribution of the occurrences of triadic motifs has remained unchanged over the past 20 years, with no significant differences by technological field. The mechanism of local tie formation thus seems universal, regardless of field or era.
We further analyze the most characteristic tie formation mechanism in this network, reciprocity, and when it occurs in inter-firm triadic relationships (Section 3.4). As mentioned earlier, litigation entails significant costs and firms seek to minimize their involvement in litigation with multiple parties. Consequently, they carefully select the parties with whom they maintain a close contentious relationship, which can be termed a mutual litigation relationship. We investigate which focal firms are inclined to adopt a countersuit strategy when sued by others, and which of the opponent firms they opt to countersue. In essence, we delve into whether the tie formation mechanisms (i.e., homophily, popularity, and activity) also contribute to fostering reciprocal relationships.
Finally, Section 4 provides a summary of the findings derived from these analyses.
2 MATERIALS AND METHODS
2.1 Scope of analysis and data collection
2.1.1 Scope of analysis
Since the focus of this paper is the dynamics of patent litigation relationships between firms, we analyze the structure of a network with firms as nodes and litigation relationships between firms as directed edges. Prior to constructing a network suitable for this scope of analysis, we clarify the definitions and conditions regarding the firms and the litigation relationships to be analyzed.
• Firms (= nodes in the network): In this paper, a “firm” refers to an organization registered as a legal entity, whereby all subsidiary firms associated with the parent entity are treated as a single firm. It is not limited to those whose registered place of incorporation is in the US; rather, it encompasses firms involved in litigation cases filed in the US, whether as plaintiffs or defendants.
• Litigation relationships (network edges): Although there are various types of patent litigation cases other than infringement (e.g., false marking, licensing, inventorship, etc.), our analysis focuses solely on infringement cases where both the plaintiff and defendant are firms, as defined in (1). We limit our scope to cases filed in the US, where the majority of patent litigation occurs, due to differences in litigation systems and laws across countries. Declaratory judgment cases, where the alleged infringer is the nominal plaintiff seeking a declaratory judgment of non-infringement, invalidity, or unenforceability, are also excluded from the analysis. Additionally, litigation cases in the International Trade Commission (ITC) are excluded from our analysis.
• Countersuits: In this paper, we refer to the scenario where firm A files an infringement lawsuit against firm B, and subsequently, B files an infringement lawsuit against A, as a ‘countersuit’ for convenience. These two lawsuits are considered independent and are represented in our network as a reciprocal relationship between the two nodes. Responses that a firm may take to a lawsuit filed against it (such as counterclaims, responses to declaratory judgment, etc.) are not considered as countersuits in this paper and are excluded from the analysis.
2.1.2 Data collection
We utilized data from the patent database Orbis Intellectual Property (hereafter Orbis IP), provided by Bureau van Dijk, one of the world’s largest providers of financial information, along with its corporate database Orbis. Orbis IP encompasses patent litigation data from across the globe, while Orbis includes data from organizations registered as legal entities worldwide. One major advantage of using these databases is their integration, allowing for reliable identification of the firms involved in litigation. Additionally, Orbis provides detailed firm data, facilitating the identification of firm name changes, mergers and acquisitions histories, and parent-subsidiary relationships between firms.
The data collection proceeded according to the following procedure. Initially, data on approximately 190,000 patent litigation cases spanning from 2000 to 2021 were extracted from Orbis IP. From this pool, only cases that met the specified criteria were retained, namely, infringement cases in the US excluding declaratory judgements (cases at the ITC were not included in this dataset), and those for which corporate information of both the plaintiff and defendant was available in the Orbis database. The detailed information provided by Orbis was then used to merge the firm information, identifying that the firms were the same, even if they had undergone name changes, mergers or acquisitions. When a firm is a subsidiary of a parent firm, we unified them under the name of the parent firm, as conflicts between firms are considered to occur at the parent firm level as well.
Consequently, the total number of litigated cases available for analysis (i.e., the number of network edges) amounted to 32,164, with a combined total of 13,831 plaintiff and defendant companies (i.e., the number of network nodes).
For each of these litigation cases, information was obtained on the filing date, the publication number of litigated patents (note that several patents may be associated with a single litigation case), the name of the plaintiff firm and the name of the defendant firm. Regarding each litigated patent, data on the International Patent Classification (IPC), the number of backward citations (i.e., prior patents cited by the litigated patent), and the number of forward citations (i.e., subsequent patents citing the litigated patent) was collected. For the firms involved, information on the list of owned patents, the number of forward and backward citations of those owned patents, and the number of times they self-cited the litigated patents was obtained. All of this information was available in Orbis IP and Orbis.
2.1.3 Verification of data reliability
The Stanford Patent Litigation Database (hereafter referred to as the Stanford Data) [29] is a publicly available dataset that provides information about all US patent infringement cases from 2000 to 2021. We confirmed that all the cases included in the Stanford Data (76,406 with declaratory judgement cases and 71,172 without them) are also included in the data we extracted from Orbis IP. Within the Stanford Data, asserters for each case are categorized into 13 different types (e.g., individual, failed startup, product company, IP and subsidiary of product company), with ‘product companies’ being the most frequent asserters, accounting for 35,756 cases.
In our analysis, the definition of a ‘firm’ does not necessarily align with the categorization of ‘product companies’ within the Stanford Data (see Section 2.1.1). Additionally, we only focus on cases where the defendant is also a firm, which are not identifiable by the Stanford Data. Consequently, directly extracting cases with product companies listed as asserters from the Stanford Data was not feasible. However, the number of lawsuits included in our analysis (32,164) closely matches the count of such cases (35,756), indicating a reasonable coverage of our data. Furthermore, the reliability and legitimacy of our data were further supported by rigorous validation procedures and the reputable nature of the Orbis IP database.
Also, as mentioned in Section 2.1.1, declaratory judgment (DJ) cases are not included in our analysis. This exclusion is due to the distinct strategic approaches in different types of litigation; specifically, a firm’s DJ strategy differs from its infringement litigation strategy (e.g., [30]). In DJ cases, the alleged infringer initiates the case to seek a declaratory judgment of patent non-infringement or invalidity, thus positioning themselves as the plaintiff rather than the defendant. Including DJ cases in the network would require different data preprocessing (such as reversing the direction of connections) to accurately represent these different initiating mechanisms, which is advisable to avoid from a network analysis perspective. To ensure that excluding DJ cases did not skew our results, we conducted a preliminary investigation of DJ case edges. We identified 1,096 DJ cases, representing only 3% of all litigation cases. The majority of these cases’ edges overlapped with existing edges in the network, with only seven unique new edges found. This demonstrates that the exclusion of DJ cases does not significantly affect the outcomes of our analysis.
2.2 Relevant background knowledge and data pre-processing
2.2.1 Litigated patents, NPEs, and PAEs
A patent-in-suit, which serves as the initial basis for a lawsuit, is a patent owned by the plaintiff, the party bringing the lawsuit. The plaintiff firm initiates legal action, alleging that the defendant firm has infringed upon the rights granted by a patent it owns. In other words, the plaintiff is necessarily restricted to firms that own patents, while the defendant firm could theoretically be one that does not own any patents. A firm without a single patent cannot counter-sue. In essence, the inter-firm patent litigation network we construct in this paper includes firms that can only have incoming edges but no outgoing edges.
Conversely, there are also firms that have outgoing edges but do not have incoming edges. Known as non-practicing entities (NPEs), these firms do not develop or sell products/services, thus they face no risk of infringing on others’ patents. NPEs include, for example, firms that invent but do not develop or market products based on their inventions (e.g., universities and research institutions), those that do not invent but profit through patent licensing, and those commonly referred to as ‘patent trolls’ that seek profits by suing other firms using patents obtained from third parties [31]. According to the Stanford Data, 12 of the 13 types of asserters (excluding product companies) are defined as NPEs. Three of these types are specifically categorized as patent assertion entities (PAEs), which are commonly referred to as ‘patent trolls’ [29]. In our analysis, the presence of PAEs, known for aggressively suing other firms without the risk of being countersued, may affect the network structure. Although the broader impact of PAEs on the U.S. patent system is beyond the scope of this paper, it is crucial to assess whether their presence affects the results of our analysis. Using the Stanford data, we identified 570 PAEs in our dataset.
2.2.2 Technological fields of litigated patents
Each patent is associated with one or more classification codes representing its field of technology. Several classification systems are in use worldwide, varying based on jurisdiction and intended application. In this study, the specifics of technological fields are beyond the scope of our analysis. We employ technological field information primarily for comparing patent litigation strategies in the computer and medicine fields, the two largest and most innovative industries. Thus, we use the International Patent Classification (IPC) codes, which is a consistent classification used throughout the analyzed period.
The correspondence between IPC codes and technology fields is not clearly defined. In this context, we examine the class level, which is the second hierarchical level of classification (for further information on the classification, refer to [32]). In our dataset, the most prevalent IPC class code was G06 (Computing; Calculating; Counting) (10,203 litigation cases), followed by H04 (Electric communication technique) (9,035 cases), and then A61 (Medical or veterinary science; Hygiene) (7,654 cases). Note that G06 and H04 had a substantial number of co-occurrences, totaling 5,095 cases. Consequently, we consider these two classes as indicative of the computer-related field, while A61 represents the field of medicine.
Additionally, there were 740 cases where both the computer field classes (i.e., G06 or H04) and the medicine field class (A61) co-occurred, indicating the existence of lawsuits spanning both these fields.
2.3 Mechanisms for negative tie formations
The mechanisms by which negative ties are formed between actors (nodes) in social networks differ from those by which positive ties are formed (e.g., [33]), and various real data analyses and models have examined these differences. The fundamental tie-forming mechanisms include closure, reciprocity, homophily, popularity, and activity. Whether each of these mechanisms drives negative relationships depends to a large extent on the type and context of the relationship, but some are thought to function or not universally regardless of these factors [21–25].
Below, each mechanism is briefly described, and existing findings on their presence/absence in negative networks are summarized, primarily based on the validation and discussion by [25].
• Triadic closure is the tendency for an edge to form between two nodes already connected to one node. The existing literature generally agrees that negative tie triadic closure is very weak or completely absent.
• Reciprocity refers to the tendency between two nodes to form an edge in the opposite direction when there is an edge from one to the other. Some studies suggest that reciprocity exists in negative tie networks, while others argue that it is entirely absent.
• Homophily refers to the tendency for nodes to form edges with other nodes that share similar attribute values. Existing literature has found homophily to be weaker or absent in negative networks.
• Popularity (also well known as preferential attachment) is the tendency for nodes receiving incoming edges to attract additional incoming edges. This phenomenon has been widely reported in both positive and negative networks.
• Activity refers to the tendency for nodes sending outgoing edges to continue sending more outgoing edges. Although literature on activity in negative networks is sparse, some studies have reported the presence of this mechanism as well.
The presence of these mechanisms in forming patent litigation relationships between firms is investigated in Section 3.
3 ANALYSIS AND RESULTS
3.1 Characteristics of the inter-firm patent litigation network
An inter-firm patent litigation network was constructed with 13,831 firms as nodes and 32,164 litigation relationships as directed edges from the plaintiff (the owner of the patent in suit) to the defendant. Multiple edges were formed when multiple litigations occurred between the same plaintiff/defendant pair.
The network consisted of the largest connected component, which contained approximately 60% of the nodes (8,038 firms) and 92% of the edges (29,624 litigations), along with several small components. The largest connected component is composed of two loosely connected clusters: a larger cluster formed by lawsuits in the computer-related field (G06 and H04) and a smaller cluster formed by lawsuits in the medicine-related field (A61) (see Figure 1A). This suggests that the majority of lawsuits occur within the same technological field, with the homophily mechanism contributing to the formation of litigation relationships. However, there are also instances where lawsuits span across different fields, indicating that homophily is not the predominant driving force in all cases.
[image: Figure 1]FIGURE 1 | The inter-firm patent litigation network. (A) Structure of the largest connected component, visualized by applying a force-directed layout algorithm. Blue edges represent G06 or H01 (litigations in the computer field) and red edges represent A61 (those in the medicine field). (B) Complementary cumulative in- and out-degree distributions, with multiple edges between two edges being each counted. (C) Scatterplot illustrating the out-degrees of plaintiff firms (red: PAEs, blue: other firms) against the total number of unique IPC class codes associated with their patents. (D) Scatterplot depicting the out-degrees of plaintiff firms against the total number of unique patents utilized in litigation. Red data points denote PAEs, while blue data points denote other firms.
The in- and out-degree distributions of this network (see Figure 1B) indicate that most firms are involved in only one or a few lawsuits, while a small number of firms are involved in many. This suggests that both popularity and activity are key mechanisms underlying the formation of litigation relationships. One possible explanation for the presence of a few firms with high out-degrees and the large connected component is that PAEs in particular may have many outgoing edges and connect many firms across different fields. However, as shown in Figure 1C, the out-degrees of PAEs are not particularly high in our sample, nor do they hold a significant number of unique IPC class codes. Furthermore, Figure 1D reveals a clear positive correlation between the number of lawsuits filed by a firm (i.e., out-degree) and the total number of unique patents used in these lawsuits. This trend is consistent for PAEs, which are not characterized by a higher number of litigations or a repetitive use of a limited number of patents compared to other firms.
This aspect of our findings is worth commenting upon, given the importance of PAEs in the literature on IP litigation. The possible negative impact of PAEs on innovation is a major concern for relevant practitioners and scholars, and the number of lawsuits filed by PAEs and the monetary awards to PAEs are reported to be growing (while there are also new indications that PAEs are not actually pervasive [34]). On the other hand, these existing investigations did not examine the positioning of PAEs in the litigation network (e.g., whether certain PAEs have a significantly high out-degree). Further pursuing the identity of PAEs requires detailed data to assess whether some PAE litigants are single-purpose vehicles affiliated with larger practicing entities, an intriguing possibility beyond the scope of this study. Nevertheless, these results suggest that a network analysis approach may offer us a new understanding of PAEs and that, at the very least, they did not appear to have a significant impact on the structural characteristics of the network as a whole.
3.2 Identifying triadic motifs
The adversarial relationships between firms, as expressed in litigation, are not transient phenomena. Therefore, we employed triadic motif identification (utilizing the tool provided by [35]) on the cumulative network, which included all litigation relationships, irrespective of the timing of the litigation events. More specifically, we calculated the frequency of occurrence of k-size node-induced motifs with k = 3 in the directed graph and their statistical significance. The statistical significance of each motif occurrence was determined using the z-score, calculated as follows:
[image: image]
Here, [image: image] represents the number of times motif [image: image] was found, and [image: image] is the count of the same motif on a shuffled network. In the shuffled networks, the edges were randomly rewired while keeping the degree sequence of the network unchanged. A large positive z-score of a motif means that the motif is statistically significantly overrepresented (i.e., more common) in the network, while a large negative value means that the motif is significantly underrepresented (i.e., less common).
Figure 2 displays the z-score corresponding to each of the 13 directed triadic motifs, along with the potential time evolution paths among these motifs. These results reveal the following findings. Firstly, instances where a firm unilaterally sues multiple firms (Motif-0) or is unilaterally targeted by several firms (Motif-1) are notably rare. Chain relationships such as Motif-2 (involving different parties suing and being sued) are also significantly infrequent. That is, when these two-edge open triads occur, it appears that the relationship among the three firms often evolves into triads with three or four edges.
[image: Figure 2]FIGURE 2 | Triadic (3-node) network motifs. The number in brackets below the diagram for each motif represents the z-score for that motif. The semi-transparent lines between motifs indicate possible transitions between them. For instance, Motif-0 is a 2-event motif, but could transition to Motif-3 or Motif-5 when the third event (=litigation) occurs.
Motif-0 can transition into either Motif-3 or Motif-5, but Motif-5 is significantly more common. Similarly, Motif-1 can transition into either Motif-3 or Motif-6, but Motif-6 is significantly more common. It can thus be inferred that when one firm sues multiple firms (Motif-0) or is sued by multiple firms (Motif-1), the relationship often develops into a situation where the firm countersues one of the attacking firms or is countersued by one of the litigants. Reciprocal, or mutually litigious, relationships are highly probable. This distinctive characteristic of litigation relationships sets them apart from other types of negative relationships reported in existing studies [24, 25].
Compared to Motif-5 and Motif-6, Motif-3 and Motif-4 (closed triads) are notably less prevalent, suggesting that triadic closure is very seldom observed in this network. This finding aligns with discussions in existing literature regarding negative ties. Specifically, cyclical triads (Motif-4) are entirely absent, which is to be expected given that cyclical relationships are not feasible in the context of litigation relationships between firms.
The numbers of years and the frequencies of evolution of 2-event motifs into 3-event motifs are depicted in Figure 3. Motif-3 can be formed through three developmental pathways originating from Motifs-0, 1, and 2, respectively, with all three pathways showing similar frequencies over the 20-year period. Approximately 60% of the transformations occurred within 10 years, indicating a gradual formation of Motif-3. This indicates that the development of 2-event open triads (Motifs-0, 1, and 2) into closed transitive triads (Motif-3) may not be driven by any competitive dynamics between firms and could potentially occur by chance.
[image: Figure 3]FIGURE 3 | Heatmap summarizing the frequency of formation of each 2-event motif (indicated by the presence of two black edges in each corresponding diagram) and its subsequent transformation into the specified 3-event motif (represented by the blue edge in the diagram), over varying time intervals (y [years], where y = 1, 5, 10, 15, 20).
On the other hand, Motif-5 has two developmental pathways, originating from Motif-0 or 1, and Motif-6 has two pathways, originating from Motif-1 or 2. All four pathways showed similar frequencies over the 20-year period, akin to Motif-3. In contrast to Motif-3, however, around 60% of Motifs-5 and 6 formed within 5 years, and this percentage reached 80% to more than 90% within 10 years. This suggests that the strategy of countersuit when a firm faces litigation is more likely to be implemented within a relatively short time frame, typically within a few years.
Shifting the focus to 4-event motifs that inevitably include at least one countersuit (see Figure 2 again), Motif-7, an open triad with two countersuits, exhibits a z-score greater than 82, signifying its significantly higher frequency of occurrence when contrasted with other 4-event closed triad motifs. This motif evolves from Motif-5 or 6, and has a significantly larger z-score than Motifs-8 to10, which can also stem from the same Motif-5 or 6. Therefore, it suggests that the mechanism of triadic closure is much weaker than the mechanism of reciprocity in this network.
The observation also implies that a substantial number of the three-firm relationships persist in the Motif-7 form, rather than evolving into a closed triad (Motif-11).
Consistently, these results demonstrate that litigation is primarily driven by a reciprocal adversarial relationship. The mechanism by which a litigation relationship with one party triggers litigation with another is not in operation, while the mechanism by which litigation induces countersuits is notably robust.
Here, to facilitate understanding of these results and their practical implications, we provide a concrete illustration using the example of a smartphone patent litigation network diagram (see [36]), which has recently garnered significant attention. While network diagrams such as this example [36] offer an intuitive understanding of the complexity of inter-firm competitive relationships, they do not unravel that complexity. In contrast, our analysis yields several key findings. Firstly, even if three firms have established a closed triangular relationship, it is highly likely that these relationships arose independently of each other. The fact that firm A is in a litigation relationship with firms B and C does not influence the relationship between firms B and C (i.e., the absence of the triadic closure mechanism). Moreover, although many cases are observed where firms unilaterally sue multiple firms or are sued by multiple firms, it is very unlikely that these relationships will remain static. There is a high probability of countersuits, typically within 10 years (i.e., the dominance of the reciprocity mechanism). Thus, our analysis may be useful in identifying firms with varying levels of distinction and relationships regardless of their presence in the industry, as well as in foreseeing their potential future evolution.
In the next section (Section 3.3), we continue our investigation to determine if the mechanisms behind litigation relationship formation vary across different technology sectors and over time. Furthermore, in Section 3.4, we delve into the dominant formation mechanisms of reciprocal relationships. For instance, in the smartphone industry, firms like Apple and Samsung, despite being sued by multiple firms (i.e., high popularity), do not always countersue all their opponents. We explore which types of firm pairs are more likely to develop reciprocal relationships, where countersuits occur.
3.3 Comparison between the two fields and temporal changes in motif significance
This section investigates whether the mechanisms for constructing litigation relationships differed across technological fields and whether they changed over the years.
Figure 4A displays the z-scores of the 13 directed triadic motifs calculated in the entire inter-firm patent litigation network, as well as in the computer (G06 and H04) and medicine (A61) fields subnetworks. From this figure, it is evident that the occurrence pattern of the motifs is nearly identical in the computer and medicine fields. As indicated in the figure caption, comparing absolute z-score values between different networks is not feasible. Nevertheless, in all the networks (overall, G06, H04, and A61), the trends remained consistent: Motifs-0, 1, and 2 were significantly less frequent in comparison to the other motifs, while Motifs05, 6, and 7 were more frequent.
[image: Figure 4]FIGURE 4 | z-score of each motif. (A) Differences in z-scores of Motifs-0 to 12 were compared between the computer (G06 and H04) and medical (A61) fields. “all” (the red bars) show the same values as the z-scores shown in Figure 2. For each of G06, H04 and A61, the lawsuit with that IPC classification were extracted and the motif significance was calculated for the network formed by those edges. Although absolute values of z-scores should not be compared between networks of different sizes, z-scores of the 13 motifs in the same network can be compared. (B) Time-series variation of the z-scores of Motifs-0 to 12. The values for a given year are the result of applying motif identification to a cumulative network consisting of lawsuits that occurred from 2000 to that year. Note that it is inappropriate to compare absolute values of z-scores between different years, as the size of the network is different in each year. However, it is reasonable to compare z-scores between motifs in a given year.
Figure 4B shows the results of the pattern of occurrence of motifs over time. Litigation has increased over the years, and the network size varies annually. However, the graph reveals that the rank order of the significance of motif occurrence remained consistent throughout the 20-year period, while the differences in absolute values increased from year to year. In other words, over the years, motifs that appeared less frequently than expected became significantly less frequent, and motifs that appeared more frequently became significantly more frequent.
These results suggest that, at least during the period analyzed, there were no substantial changes in the compositional mechanisms of the litigious relationships, and no clear differences were observed between fields.
3.4 Mechanism of countersuits
In this section, we perform a logistic regression analysis to examine the dynamics of reciprocity. We specifically focus on the factors that prompt firms to initiate countersuits in response to being sued by multiple other firms. Most importantly, the analysis seeks to determine whether the tie formation mechanisms–popularity, activity, homophily–identified in Section 3.1 are also pivotal in the development of reciprocal relationships.
Let A be the focal firm and assume that firm A is sued by multiple firms Bi (i = 1, … , n and n ≥ 2), each at time ti (illustrated in Figure 5). The dependent variable in the analysis is whether or not firm A sued firm Bi back at any given time at time tc (>ti) (=1, if it did). Table 1 provides a summary of the independent variables employed in the analysis, along with descriptions of the rationale and hypotheses guiding their selection. These variables encompass measures of both firms’ popularity (IN_DEG) and activity (OUT_DEG). In addition, BtoA_CNT asseses whether frequent unilateral litigations provoke reciprocal actions. Here, we also introduced TECH_PROX, which quantifies the extent of technological homophily, determined by the degree of overlap in unique IPC codes associated with patents in the respective portfolios of the involved firms. While established metrics exist for evaluating technological proximity between two firms [37], they may yield inaccurate results when portfolios exhibit substantial variance in size. Our devised simple variable offers a nuanced perspective, focusing on the degree of competition between portfolios rather than their overall similarity.
[image: Figure 5]FIGURE 5 | The setting for examining the mechanism of countersuits. The focal firm A was litigated by firm Bi (where i = 1, … , n and n [image: image] 2) at time ti, respectively. The analysis investigates which factors may affect whether or not the countersuit from A to Bi, indicated by the blue arrow, occurs at any time tc (>ti).
TABLE 1 | Variables, measures, and descriptions/hypothesis.
[image: Table 1]Additional variables include PORT_SIZE and MAX_FC, which are unrelated to the network structure. For the variable MAX_FC, we utilized forward citation data, representing the number of citations for each patent. This metric is commonly employed in research as a surrogate indicator of patent value [38–40]. Nevertheless, caution is advised, as several studies emphasize the need to consider differences across fields and the time interval between a patent’s filing date and its citation [41,42]. In this study, we simplify our approach by using the maximum number of forward citations among all patents held by a firm. We do not account for the filing dates of patents; instead, we rely solely on the number of citations each patent received by the end of 2021. We acknowledge that this metric may not provide a precise measure of a firm’s possession of high-value patents. However, it has been used in prior studies to discuss patent value [11], making it a readily available variable for our analysis.
The results of the logistic regression analysis, presented in Table 2, unveil several noteworthy findings. Firstly, the degree of technological competition (homophily) between the firms significantly contributes to the emergence of reciprocal relationships, aligning with the broader network characteristics identified in Section 3.1. Moreover, it appears that a smaller portfolio size and lower outdegree (i.e., activity) of the plaintiff firm correlate with a heightened likelihood of the defendant firm initiating countersuits. In other words, firms are less inclined to countersue when the opponent has a larger portfolio or has a history of filing numerous lawsuits. On the contrary, firms tend to respond with countersuits when they face repeated attacks (BtoA_CNT).
TABLE 2 | Results of logistic regression.
[image: Table 2]Additionally, defendant firms with higher out-degree (i.e., greater activity) are more inclined towards adopting a countersuit strategy, a finding consistent with expectations. Furthermore, firms with lower in-degree (i.e., lesser popularity) demonstrate a greater propensity for employing countersuits. This suggests that the decision to adopt a countersuit strategy is not primarily driven by a ‘learning effect’ from other firms’ strategies, where being frequently targeted prompts the adoption of similar strategies. Instead, the individualistic factor of having the resources to counterattack, especially when not frequently targeted by other firms, is more influential.
Moreover, our analysis indicates that the status of the opponent as a PAE, i.e., an opponent who is immune be sued on the basis of patent infringement, does not exert a significant effect. Similarly, the variable associated with the number of patent citations was found to be insignificant, implying that whether or not the firm or its opponent holds a patent with high value does not impact countersuits.
In summary, our findings suggest that mechanisms related to homophily, activity, and popularity play pivotal roles in the evolution of unilateral inter-firm litigation relationships into reciprocal ones.
4 DISCUSSION
4.1 Findings and implications
We constructed an inter-firm patent litigation network based on real data and investigated the characteristics of the relationship structure and its formation mechanisms. Despite the dyadic nature of litigation relationships, our analysis revealed that more than 8,000 firms across various technological fields were directly or indirectly connected by litigation relationships. The network exhibited two distinct clusters, one primarily comprising litigation in the computer field and the other in the medical field. The formation of this network structure was influenced by several factors, including the tendency for litigation to occur between firms in the same technological field (homophily), the presence of firms initiating multiple lawsuits (activity), and the presence of firms facing multiple lawsuits (popularity).
The identification of directed triadic motifs and the analysis of their frequency over time yielded the following findings: (1) litigation tends to be more mutual than unilateral, indicating that reciprocal relationships are prevalent in the patent litigation network; (2) litigation relationships are primarily dyadic disputes between two firms and are unlikely to develop into triadic relationships involving a third firm; (3) reciprocal litigation relationships tend to occur in a short period of time, suggesting that countersuits are a prompt and reactive strategy; and (4) these characteristics are commonly observed in both the medical and computer fields, and have been consistent throughout the past 20 years. Our further investigation of the mechanism of mutual relationships (countersuits) revealed that (1) firms tend to respond to repeated attacks with countersuits; (2) a high technological homophily between firms correlates with a higher likelihood of countersuits; (3) they are less likely to countersue if the opponent is belligerent (i.e., high activity) and has a strong patent portfolio; and (4) they are more inclined to countersue when the opponent has been targeted by many others (i.e., high popularity). In addition, the characteristics of the countersuing firms were identified as having litigated many other firms (i.e., high activity) and not being litigated by many others (i.e., low popularity).
Our approach enables the network participants and observers to benefit from the whole-of-network perspective as compared to the more limited dyadic and ego-network perspectives. This wide-angle and dynamic view of litigation networks may provide early warning of emerging “hot spots” in IP conflicts or help identify influential nodes who may not be the biggest names in the industry. As discussed in Section 3.2, the mere visualization of inter-firm litigation relationships (e.g., [36]) only offers an intuitive comprehension of their complexity, but does not fully elucidate it. Our study provides insight into the structural characteristics of the network (e.g., which patterns are significantly more or less common), the mechanisms by which they are formed, and their potential future evolution. In addition, our analysis also both supports some of the network properties that are familiar from other realms of network theory and highlights interesting overall patterns (such as the finding that NPEs appear not to play as critical a role as anecdotal coverage of NPEs might suggest). This may serve as a useful guidepost for the next steps in patent litigation research.
Moreover, as the adversarial relationships between firms in the IP field have been thus far insufficiently studied in the context of negative ties [43], the findings of this study (e.g., identification of the (non-)existence of the formation mechanisms) will also contribute to the development of research on negative networks.
4.2 Limitations and future work
We acknowledge several limitations of this study. One limitation concerns the data used. Although the Orbis IP data is widely recognized for its high degree of integration and comprehensiveness, it may not capture all information, such as the relationships between parent firms and their affiliates. This is particularly relevant as PAEs often go to great lengths to mask ownership of single-purpose entities used for litigation, which may affect the characteristics of these entities identified in our analysis. However, PAEs are not the focus of our study, and this limitation is inherent to any dataset. To our knowledge, there is no alternative data source more suitable for the analysis conducted in this paper. We anticipate that future developments in data availability will enable more comprehensive analysis, in which we believe our approach will remain valid.
PAEs’ insignificance in the litigation network may also be related to other factors, such as the characteristics of their patent stocks. Further detailed investigation requires capturing patent values, which is another limitation of this study. This study does not fully consider the value of each patent and its impact on related fields and markets. The number of forward citations of a patent is typically used as a quick measure to estimate its value, and this approach was adopted in this paper. However, more sophisticated measures have been proposed to quantify patent value [44], suggesting the need for further exploration of how patent value influences litigation strategies.
Additionally, this study does not explore the consequence of litigation. As mentioned earlier in this paper, the mechanisms of litigation settlement are of great interest to both practitioners and academics (e.g., [45]). Nevertheless, the impact of networks beyond the dyadic relationship between two firms on settlement decisions has not been fully addressed. This is a complex area that could benefit from further detailed investigation.
From a network science perspective, it would be valuable to simultaneously investigate the mechanisms of the formation and disappearance (or subsidence) of negative ties. The interactions between negative and positive ties are also important issues to explore. Research on both negative and positive edges within the same node set has not been extensively pursued [25]. Positive (albeit strategic) relationships can also arise between firms involved in IP disputes, such as strategic alliances, patent co-ownership, and acquisitions, warranting investigation of these dynamics for both academic and practical purposes.
Additionally, a more detailed analysis of when statistically underrepresented local structures (such as cycles or unilateral attacks) occur in reality would be valuable from a managerial perspective. This ties back to the identification of firms that are not major players but may be influential. From a technical standpoint, constructing and operating temporal network null models [46] that account for the dominance of dyadic relationships warrants future work.
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