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Analysis of Research and Development Efficiency of Artificial
Intelligence Hardware of Global Companies using
Patent Data and Financial data

Ji Min Parkt Bong Gyou Lee"

ABSTRACT

R&D(Research and Development) efficiency analysis is a very important issue in academia and
industry. Although many studies have been conducted to analyze R&D(Research and Development)
efficiency since the past, studies that analyzed R&D(Research and Development) efficiency considering
both patentability and patent quality efficiency according to the financial performance of a company do
not seem to have been actively conducted. In this study, measuring the patent application and patent
quality efficiency according to financial performance, patent quality efficiency according to patent
application were applied to corporate groups related to artificial intelligence hardware technology defined
as GPU(Graphics Processing Unit), FPGA(Field Programmable Gate Array), ASIC(Application Specific
Integrated Circuit) and Neuromorphic. We analyze the efficiency empirically and use Data Envelopment
Analysis as a measure of efficiency. This study examines which companies group has high R&D(Research
and Development) efficiency about artificial intelligence hardware technology.

Key words: R&D(Research and Development) Efficiency, Artificial Intelligence Hardware, DEA (Data

Envelopment Analysis)
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Table 3. Search Formula for Artificial Intelligence Semiconductor

(AI, Artificial Intelligence, Machine Learning, Neural Network, Deep Learning) & (GPU, Graphic process,
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Fig. 4. R&D Efficiency about GPU (Graphics Processing
Unit).
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Table 4, R&D Efficiency about GPU (Graphics Processing Unit)

Stagel Efficiency Stage? Efficiency Stage3 Efficiency
Company Group
Overall Years| Last bYears |Overall Years | Last 5Years | Overall Years | Last 5Years
Semiconductor 0.8074 0.6862 0.7850 0.6593 0.6221 0.6593
Company
IT Company 0.6136 0.8953 0.7233 0.7839 0.5816 0.7839
ETC Company 0.4728 0.6691 0.5252 0.5933 0.0566 0.5933
Average 0.6313 0.7502 0.6778 0.6788 0.4201 0.6788

Table 5. R&D Efficiency about FPGA (Field Programmable Gate Array)
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1EEEN
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NI ElEREN
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Fig. 5. R&D Efficiency about FPGA(Field Programmable
Gate Array),

Stagel Efficiency Stage2 Efficiency Stage3 Efficiency
Company Group
Overall Years| Last 5Years | Overall Years | Last 5Years |Overall Years | Last 5Years
Semiconductor 0.7055 0.7931 0.4652 05035 0.2844 0.3232
Company
IT Company 0.6803 0.8465 0.6322 0.5667 0.3485 0.2643
ETC Company 0.3959 0.2098 1.0000 0.7381 0.6090 0.2089
Average 0.5939 0.6164 0.6991 0.6028 0.4140 0.2655
53 gouk 298 g 5550 /& AWML Fe AERE AT 7199 Xilines Lattice Semi-
obd 71 ol & fl3 EdEU L, IBM(7IE 7] conductor(FH=A 7147 AL 71ed
A3 ), Microsoft @ Amazon(IT 7|4 ) 59| S A HT 537 EEFE S F45FoH,
Z8+9 & AFE(Cloud computing)ol] &3+ A7) Microsoft, Amazon, Facebook % Ubers9| 7195
WS gl FYstaA 53 FAol wobxly] Wi o] F&9-= #AFH(Cloud computing) ¥} A& 53
A Ao HAH 71z &g AFNEE s FYPsAr] WiES

2 RA
4.3 ASIC(Application Specific Integrated Circuit)
Il B2

Fig. 6 ASIC(Application Specific Integrated
Circuit) 71€ 9+ /Md 84S YeH, 7413
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Fig. 6. R&D Efficiency about ASIC(Application Specific
Integrated Circuit),
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Table 6. R&D Efficiency about ASIC (Application Specific Integrated Circuit)

Stagel Efficiency Stage?2 Efficiency Stage3 Efficiency
Company Group
Overall Years | Last 5Years | Overall Years | Last S5Years | Overall Years | Last 5Years
Semiconductor | 7055 0.7931 04652 05035 0.2844 0.3232
ompany
IT Company 0.6803 0.8465 0.6322 0.5667 0.3485 0.2643
ETC Company 0.3959 0.2098 1.0000 0.7381 0.6090 0.2089
Average 0.5939 0.6164 0.6991 0.6028 0.4140 0.2655
Q1 k& Table 63 2t AA7]7HOverall Years)Z Circuit) 7] &€°| &3 E3EUS ©o] 392oH, 9]
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E13H A ASIC(Application Specific Integrated
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1

N N
. -
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. 11
§ § § § IT Company
“1 1 11 -
§ § § § W ETC Company
N X N N
N N N N
. 11
o [ E2E1NE
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Fig. 7. R&D Efficiency about Neuromorphic,

Table 7 R&D Efficiency about Neuromorphic
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