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Abstract Patents that are research results from industry-university cooperation (IUC) are a source of
innovation, and play an important role in economic growth, such as technology transfer and
commercialization. For this reason, there are many efforts to revitalize IUC, but in general, company
patents are achievements that can be commercialized, rather than research achievements, so not all
patents are used for business, even after their creation as the outcome of IUC. Therefore, this research
supports the design of measures in which IUC can ultimately be linked to successful utilization of patents
by identifying the purposes of IUC, even after it has been successfully promoted, and patents have been
filed as a result. To this end, first, the patents registered for industry-academia cooperation in the United
States are collected, and second, a predictive model is designed, with unexpired and expired patents
predicted using machine learning techniques. The final identified patents are intended to derive available
factors in terms of marketability and technicality. This study is expected to help predict the utilization
of unexpired and expired patents, and is expected to contribute to setting goals for research results from

technical cooperation between corporate and university officials planning early IUC.

Keywords : Industry-University Cooperation(IUC), Alive Patent, Expired Patent, Machine learning, Patent
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Step 1. Data collection and preprocessing

-. Selection of independent and de lent variables
-. Feature scaling and feature selection

Step 2. Prediction model design

-. Method: Supervised learning
-. Algorithm: RF, SVM, XGB, Logistic regression

Step 3. Model validation

-. Model comparison under various conditions
-. Performance metrics: Accuracy, Precision, Recall, FI-Scorey AUROC

Step 4. Prediction of alive/expired patents and preposal of
industrial-university cooperation strategy

-. Prediction of alive/expired patents
-. Proposal for utilization of industry-university cooperation outcomes

Fig. 2. Research Process
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Predicted
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* Accuracy=(TP+TN)/(TP+ TN + FP+ FN)

* F1 Score =2 * (Precision*Recall)/(Precision+Recall)
* Precision="TP/(TP+FP)

* Recall=TP/(TP+FN)

Fig. 3. Confusion matrix for model validation

Table 1. AUROC evaluation criterion

AUROC Evaluation
AUROC =1 Perfect Accuracy
AUROC = 0.9 High Accuracy

0.9 > AUROC = 0.7
0.7 > AUROC = 0.5

Moderate Accuracy

Low Accuracy

0.5 > AUROC Null model
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Table 2. Index of the patent value verification

Aspect Patent Index Reference
Marketability Number of family patents [28]
Number of international 129]
patent classifications(IPC)
Number of inventors [30]
Technicality Number of backward citations 531
Number of forward citations
Number of independent claims [32]
4. &M ALt
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Table 3. Data classification

Train data

Final state Validation set | Test data

(30%)
917
394

Training set
(70%)

2538
521
3059

Alive

Expired

Total

SO ESARES F
o

g FE0IL Aostaon,
Table 4 of g9F=|o] Qlct.

Table 4. Summary of variables

Type Variables

No.
No.
No.
No.
No. of countries for patent
applicants

No.
No.
No.

of independent claims
of patent applicants
of inventors

of inventor countries

of backward citations

Research

s of forward citations
capability

of IPCs assigned to the patent
No. of CPCs assigned to the patent
No. of CPCs having the same four
digits

No. of IPCs having the same four
digits

No. of family patents

No. of topl0 CPCs in terms of
patent numbers within the recent
3 years among those assigned to
the patent

V10

V11

Vi2

Vi3

Average No. of backward citations
for all patents belonging to the
CPCs assigned to the patent
Average No. of forward citations
for all patents belonging to the
CPCs assigned to the patent
Average No. of patent families for
all patents belonging to the CPCs
assigned to the patent

Input

Variables Vi4

Innovation
capability

V15

V16

Average No. of backward citations
for all patents published by the
assignee(s)

Average No. of forward citations
for all patents published by the
assignee(s)

Average No. of family patents for
all patents published by the
assignee(s)

V17

Research
institution
capability

V18

V19

No. of noun words within

V20 .
patent title

Contents
property

V21~
V30

Frequency of topl0 words
within patent title

Alive or Expired according to

Target variable .
patent rights
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[

V1 V2 V3 V4 V5 V6 VT V8 VI VI0VIIVIZVI3VI4VISVI6VITVIS 1

\:'1 //

- v 0.8
va / 0.6
Vs / @

V6 s i 04
V7 7/ 0

v ryr v 0.2
- - / 0
Vit /| L
- V4 0.2
via d -0.4
vi4 e
vis r 4 0.6
o A X
vis y o4 -1

Fig. 4. Correlation between input variables
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Table 5. Hyper parameter by classifier

Classifier Hyper Option
parameter
Kernel Radial
SVM Cost Optimal parameter value
Gamma found by random gridsearch
Mtry 0, 1520
RF Splitrule Extratrees, gini
Min.node.size 1,2, 3
Objective Binary:logistic
XGB Eval_metric Error
Nrounds 50,100,150,200,250,300
Solver Newton-cg, Ibfgs, liblinear
LOngt{C Penalty None,l1, 12, elasticnet
Regression
C parameter 100,101,0.1,0.01

Table 6. Comparisons of each classifier

Classifier Fl-
(Supervised |Accuracy |Precision| Recall AUROC
. Score
learning)
SVM 0.826 0.918 0.735 0.817 0.874
RF 0.840 0.868 0.810 0.838 0.806
XGB 0.879 0.858 0.880 0.869 0.826
Logistic 1797 | 0903 | 0616 | 0733 | 0816
regression
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Fig. 5. Variable importance plot of XGB classifier
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Table 7. Results of the Patent Value Verification

Aspect Patent Index State Mean | P-value
Alive 2.41
Marketability |No. of family patents 0.00
Expired | 1.33
No. of Alive 1.88
international patent 0.00
classifications(IPC) | Expired | 1.22
Alive 5.00
No. of inventors 0.29
Expired | 4.60
Technicality | No. of backward Alive 2.70 027
citations Expired 3.10 :
No. of forward Alive 0.21 051
citations Expired | 031 :
No. of independent Alive 112 0.74
claims Expired | 1.08 ’
* P€0.05
5. &=
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71eAdske] AtE AEstkal olo L vA= V&
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