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An Explainable Machine Learning-Based Approach
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Machine learning-based patent litigation prediction has gained attention as a means of assessing patent litigation
risk proactively. However, prior studies have faced limitations due to insufficient model interpretability and
inadequate incorporation of the multifaceted technological and organizational contexts underlying patent
litigation. This study proposes an explainable machine learning-based framework for patent litigation risk
assessment that integrates technological attributes and applicant characteristics while ensuring interpretability.
The framework comprises four stages: (1) patent and litigation data collection from the USPTO(United States
Patent and Trademark Office) and PACER(Public Access to Court Electronic Records), (2) extraction of 16
technology-level and 5 organization-level indicators, (3) a two-stage prediction model —litigation occurrence
classification followed by severity assessment —with comparative evaluation of machine learning algorithms
including Random Forest, XGBoost, and LightGBM, and (4) stage-specific key determinant identification
through SHAP(Shapley additive explanations) analysis. Empirical analysis using 33,603 patents and 81,335
litigation records demonstrates effective prediction of technology infringement risk, with key determinants
consistent with existing literature. A risk classification scheme is further introduced to support strategic
decision-making in intellectual property management.

Keywords: Patent Litigation Risk, Patent Litigation, Machine Learning, SHAP Analysis, Patent and Patentee
Information
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Table 1. Comparison between Prior Studies and Current Study
Approach Input Method Use of litigation data Interpretability
Statistics-based Quantitative patent Statistical analysis, Used Interpretable through regression
approaches indicators regression models coefficients
Text-based approaches Paten.t tex.ts (claims, | Text mining, 'similarity Not used Sil.nilarity score.s imply
specifications, etc.) analysis potential technological overlap
Machine learning-based Quantitative patent Machine learning Used Limited interpretability through
approaches indicators models feature importance
. . Quantitative patent Machine learning, Identification of litigation risk
This study indicators, patentee-level . Used .
indicators SHAP analysis factors through SHAP analysis
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Category Dimension Indicator Description
Main class diversity (MCD) Number of IPC codes at the main-class level
Subclass diversity (SCD) Number of IPC codes at the subclass level
. . 1 if the patent belongs to each IPC section from A
Technological domain (TD) .
to H, and 0 otherwise
) . Number of patents registered in multiple countries
Technological Commercial scope (CS) A ) )
or the same invention
scope - - -
Abstractive technological scope (ABS) Number of words in the abstract
Core technological scope (CTS) Number of independent claims
. . Average number of words in the independent
Core technological complexity (CTC) verage m W, P
claims
Intrmsu.: Peripheral technological scope (PTS) Number of dependent claims
technological - —
- Novelty Prior knowledge (PK) Number of backward citations
characteristics
Scientific
i ) Scientific knowledge (SK) Number of non-patent literature citations
tensity
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Development Inventor efforts (IE) Number of inventors
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Examination time (ET)
dates of the patent
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involving the patent
Average number of the patentee's litigation cases
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involving the patent
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Figure 2. Description of the Data and Machine Learning Models
for Two Primary Analyses
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Figure 3. Confusion Matrix
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2 B A ARSE Fes R BB AS
W%, B B UF AL MIshe u @7t 24
T 5E ok O AES B a2 BRE A, HEvh
o Il B 5 9)7) MR oItk o] F Bk s, £ &

TollME BT HolEle By Bl F2 AREHE AR
Ql Balanced Accuracy, Geometric Mean(G-mean), Matthews
Correlation CoefficientMCC)E F7}2 83t} Balanced
Accuracy+ Sensitivity(TPR; True Positive Rate)®} Specificity
(TNR; True Negative Rate)®] & &3 7+ 28 74
o= Hristn, S~ Bx7} B4 S v @< Accuracy”t
F= HES g3)sl= 2371 AtHBrodersen et al., 2010).

TP

Sensitivity (TPR) = TP FN ©)
. __IN
Specificity (TNR) = TN+ FP @

Balanced Accuracy = é( TP?—PFN + T]\?j—v FP) (8)

G-mean< TPR¥} TNR 7]3P3 0 &, 3% S 220 ]9
&g FY3= Yo =2 A& BA] E3TE A H
%k 3, 54§ K5 U4 2 L) 35 5
3} R 5| oF G-mean©] FOIA EE 23 4
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7}77} T2 HF B gold 29 B
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= ﬁMﬂH 1%— *é% | 32A] ettt AS Yehd,

ol FEE 4T 4&F AHE OFE FAHAAE 59

AU WG ATE T 02 5ot 4 Y}
G—mean = + TPRX TNR )
MCC— (TPx TN)— (FPX FN) (10)
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M
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2 &S mHon, dSFS wole W o3 A
1 4= 9lth

Medinc
Latitude
Longitude
HouseAge
AveRooms
Population
AveBedrms
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125 150 175 2.00 2.25 2.50 275 3.00

Figure 4. Example of deriving SHAP Values
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Table 3. Example of Patent Litigation Data

Case
- Date filed Patent Party type Name
number

0:03-cv-00868 2003-01-16 6384088 Defendant Dr Martin Hinz

0:03-cv-00968 2003-01-30 5600912 Plaintiff Magnum Research, Inc

0:03-cv-00993 2003-02-03 5108321 Plaintiff Crestliner, Inc.

2:16-cv-08559 2016-11-16 9049283 Defendant Ispeaker Co Ltd

2:16-cv-01430 2016-12-20 6825780 Plaintiff Codec Technologies LLC

o] %, 53] Hal P AFHE o Zshr] A% F 7HA Table 4. Summary of the Datasets
A By s & Ao A A RN A ,

N Analysis Number of
A E3F Ho]EE Ao g A% B o] BE o &3l= o)A level Dataset Patent category patents
7 ZZE Sasislth ol & 98, Al 551 HolHE HA i Litigated 26,882
82 HI&E 29| Badle] 3583} H2EL HolEAL L raining St TNt litigated 26,882
TR o), Bl 2E Aol 9 B¥(Aa% B3] O Hl& Ve e Litigated 6,721
& 5519 AA 1€ 1:168)F FA o] G5 H7E A @A S Not litigated | 1,127,616
ag T HEE Bt ES skl 9, S5 H|olE Al Training sof | oSy Tisky 7,860
HE FRHY 22 BTRE W) Aol 2 Bale ] | Less risky 5,764
VS.
Had 558 11 MEE B5E duEdS 385t Test set | ighly risky 1,965
AHAEY L O S 20) AE 58 25 FH2 5RO Less risky 1441
Fa3h0] Foh2 3 YL RRE WO, SMOTE 5 24
AEY A1 013 9 HolEl A4S mE AT AFel 4, =g s g8 27
w1 sy §8A4 SHAME o]Fo] Uth(He and Garcia,
2009). o] A48 3t Aol 78 Bl &S A &ato] mElo] A4 <Table 5>} 7ro], B Ao A FE3 53] N EEL o=
o R 4 2L o, HAE Aol 2] U BEE NS ol Sof 4 e Az

Table 5. Sample of the Input Data

ol ;;Ol Rk

oM AF As

Fol T WA BYe 55 £be) B4 NES e &
F7hE TR 93 AA G PAOE,
£3) Fol4 42 AR FEol 15
Y S} 1-2809 52 A9

2 ARSI (<Table 4>),

AR Aol WA A 01]"14 z22H 545 gefetr] 9
Ao BZ A% o]go] HE3 Edo+= g ARI} EA)
2] ot & djol = ﬁ’ﬂﬂ?ﬂ\@ B AT o] 23 A
A EFAEE YO R EF A4 YPL U AW
7H e RS S8

maleld 719ke] 5] A% 655232 Python®| ‘TensorFlow’,
‘Scikit-learn’, ‘XGBoost’, ‘LightGBM’ 2}o] H&{ 2] & &85}

ot oﬁ QE l‘_?ﬂ Fl

Patent indicators
Reg no Category
MCD SCD CTC PTS ABS 2 LI 5 LI 7

3930280 2 2 167 11 1 - - NL -
4092518 1 1 92 2 1 0 0 L2
4383272 1 1 80 18 1 2 2 L1
6978597 1 2 135 5 1 - - NL -
7030152 1 1 86 5 1 36 54 L L1
8945621 1 1 216 12 2 52 62 L L2
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Table 6. Hyperparameters for Grid Search
Algorithm Hyperparameter candidates
RE Number of estimators (100, 200, and 300); Maximum depth (None, 10, and 20); Minimum samples
split (2 and 5); Maximum feature (sqrt and log2)
IR Penalty (L1 and L2); Regularization strength (0.01, 0.1, 1, 10, 100, 1000); Solver (liblinear and
saga); Maximum iteration (100, 300 and 500)
XGBoost Number of estimators (50, 100, and 200); Learning rate (0.05, 0.1, and 0.2); Maximum depth (3, 5,
and 7); Minimum child node weight (1 and 3)
LightGBM Number of estimators (100, 300, and 500); Learning rate (0.01, 0.05, and 0.1); Number of leaves in
a tree (31, 63, and 127); Maximum depth (-1, 10, and 20)
MLP Number of hidden layers (1, 2, and 3); Number of nodes in a hidden layer (64, 128, and 256);
Dropout rate (0, 0.2, and 0.5); Learning rate (0.001, 0.005, and 0.01); Batch size (128 and 256)

TEEA 2t g F2 kgt stolH v H A4S A TS F U HusA x2Fs)
A7) w&oll, 2+ duglEel tis] Grid search®t 5 Fold  LightGBMo] 71 $-4-3F A
Cross-validations 33t TF¥gt sto|Huejmle] 2§ o]  AlEstd 7] #2585
3k 28 458 71T Grid searchs UlE] Hojd BE oz TR Ao
sto|HuetrlE] s AAH SR HAESI By d5s 5 A oF i &%
tislate H A9 F4-& 2" @ Th(Bergstra and Bengio, 2012). A, tlo]H 747 &
7} dag)gol thet stolHatetr]E FH ghE <Table 6>0 85 A& B O0H, o]& &3 24 B30 A& thE A4
A\ A= o] Ak, A 7HA = A o] & 1T & Qlth

Grid SearchES A3 AAH slo|Hule}n|e| 2 k&3 HAl
e RS 4 Table ol ANE FUAABAA 2o gy
XE Bl st AH o2 LA NLE /3= 194
o= BE Zgo| B2 Precision®| 2= 359 AEFS HY SHAP #t] A& ALk 7Hsd BE A 29 3k I3+
on, ol SR B¢y HlolE S o SUNAE Aok SRR V|etgaAQd At B S Rk o] g
FENE A EA] sl P S HAE W 2 T o|FE & AFoA e Ed] 7W BF Y 725 2
I, AA A% olgo] Yle ES7HA £AFESE LERSHE SHAP ¢S 8870 & AN 4 9l Tree SHAPS AHE-3)
A7t S71 AAdE MY 4 Stk o] F LightGBM3 T Tree SHAPS o A9 s}9] Ho] ET]o] 54 =
XGBoost7h 4ThH 0.2 FEF AHE HIFOM, 20l kol FYHE JRE ATHOE FAFORM, AL 2
SEA TS A% IS O FE o A veEl RES AF FRAM g3 FEOE Fole ot
GBMS] A= W2lo] a3 0925 AJAFSHT (Lundberg and Lee, 2017). ] & B3l & AF= ZE 53] o]
S, 29 0117‘011 A oln] &Fo] AT 53 FolAE 3 B AR SHAP ¢S A= o Jolen, 2=d &
Af N7 & AEILDE BRMok SRR, W A% 7 FollA BY9 AF WA oS AARE GHE R 4T
Table 7. Performance Evaluation of Machine Learning Models for Patent Litigation Prediction and Risk Classification
i . Balanced ..
Algorithm Analysis level Precision Recall F1 score F2 score G-mean MCC
Accuracy
RF L vs. NL 0.695 0.015 0.627 0.030 0.070 0.691 0.070
L1 vs. L2 0.815 0.705 0.740 0.722 0.733 0.812 0.620
IR L vs. NL 0.692 0.015 0.622 0.030 0.070 0.688 0.069
L1 vs. L2 0.725 0.620 0.574 0.596 0.583 0.709 0.461
L vs. NL 0.696 0.016 0.618 0.031 0.073 0.692 0.072
XGBoost
L1 vs. L2 0.809 0.687 0.738 0.711 0.727 0.806 0.605
. L vs. NL 0.700 0.016 0.629 0.031 0.073 0.697 0.073
LightGBM
L1 vs. L2 0.823 0.679 0.775 0.724 0.754 0.821 0.620
MLP L vs. NL 0.682 0.017 0.563 0.032 0.075 0.690 0.070
L1 vs. L2 0.717 0.502 0.670 0.574 0.628 0.715 0.400
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al., 2020; Choi et al., 2025).

Table 8. Assessment Results of Patent Litigation Risk Levels

Number of Actual level
Risk grade Threshold Less Highly
patents . .
risky risky
1 222 0.910301 4 218
2 385 0.726693 56 329
3 660 0.433162 192 468
4 935 0.201640 655 280
5 1,101 0.073132 1,066 35
6 935 0.055531 927 8
7 660 0.045468 658 2
8 385 0.034951 385 0
9 219 0.014468 219 0
Total 5,502 4,162 1,340
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