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[Abstract]

In this paper, we propose an artificial intelligence(Al) technology analysis using partial least square(PLS)
regression model. Al technology is now affecting most areas of our society. So, it is necessary to
understand this technology. To analyze the Al technology, we collect the patent documents related to Al
from the patent databases in the world. We extract Al technology keywords from the patent documents by
text mining techniques. In addition, we analyze the AI keyword data by PLS regression model. This
regression model is based on the technique of partial least squares used in the advanced analyses such as
bioinformatics, social science, and engineering. To show the performance of our proposed method, we
make experiments using Al patent documents, and we illustrate how our research can be applied to real
problems. This paper is applicable not only to Al technology but also to other technological fields. This

also contributes to understanding other various technologies by PLS regression analysis.

»Key words: Artificial Intelligence, Partial Least Squares, Regression Analysis, Patent Data,
Technology Analysis
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I. Introduction

0 ARl 28 71ag st
WA Q17 40 S FHAIA Tt [1]. 1RE 24}, 3&}
AR S ARHEA odet 7]so] A+t 7igEo] 22
ol 9F= UM . 4% AdEE olg QAEAlE
(artificial intelligence, A= 2] ALS] TjH2-9] Holoj
P2 ORI T} [2-4]. 54 7]l tizt ZdEst olsf
= Hste sl 710l tigt 240] Hastti{1][5]. wahA
Al 7]z tigt oJsiE st Al 7]=of tish #Alo] Q.
S "k, Al= AFEVE A5 Z=s 5he B 20Fs
Atote kT o U Wt AR AAIE Z=tH6].
=rollAe Al 71e 42 E5te] 2] Alelof] @ @
1L Q= Al 710 oJallE =o17] gt Yol
Tt 7l A2 flste 2 =wolMe B2
]Hpamal least square, PLS) 3| 84S ApRSH
QHL*—*.S B2 2aAlg 78S ol&sto] W

o S3F A l__
E}étgoe—rol 2

re

ol
-
0

|
[O 1'9,1.‘4 H.IIO

b Lo
ﬂ

|~>

N

m wln Jl

rE (o
_l

fl
[
()
o
rL
i
)
’5\
O
=
=
@,
QD
=l
@]
9,
d
S
B
=>é

Ol

ox J
II.
_>.:

M (principal component analysis, PCA)Oﬂ 9]
2 (latent variable)2 o]85h W4 7F FEAL

ot

%
=

[9-11]. LyrAQl ﬂﬁid 2 ole} Al
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II. Related Works
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III. Al Technology Analysis using PLS

Regression
AubAQl 3] A2 4 ¥4 (dependent variable)E
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ANsH= =¥ ~S(independent variables) 710 =1
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Fig. 1. Al technology analysis process
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IV. Experimental Results

2 AFoME A A §5] HlolgHo]ARTE Al
7e BAZ flste] Al #ElE S5leAE fASIT
[21]22]. ®E5Ac=2 HAPH Al 7|& [ESSITAE
13,8587101%]c}. R ©loJg] <dojet Ro| Algsh= HAE
afold 2tolEa{e|E ARESto| So5|wAl-THol JBS +
Soiiet [23][24]. o] JE=HH tf3at ol 5 387h<]
Al 7z 7|¥EE FESIG0E  analysis,

awareness,

artificial,

behavior, cognitive, collaborative,
computing, conversation, corpus, data, dialogue,
feedback,

interface, language, learning, mind, morphological,

figure, image, inference, intelligence,
natural, network, neuro, object, ontology, pattern,

recognition, representation, sentence, sentiment,
situation,
vision, voice. HA 7]YE X]:{(intelligence)s £4H
2 5t UOA] 719 E5s SHY4E She PLS 94
AL 2ot B 12 $AAT S1NE gslol t

A 2oRM(IT) Y Foj2tE(p-value)S HERACE

spatial, speech, understanding, video,
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Table 1. PLS regression result: dependent=intelligence

Table 2. PLS regression result: dependent=computing

2 AolA = 90% AlZlaEollA] ZF |(Z]1HE) It

AR 04”3 A5sI¥t. &, p-value?l 0.18.0F A2 7
5 ol s3¥e= 9SS intelligenceo]] Fol3t Y=
Ul?‘<17ﬂ Ur H % 5519 intelligenced]] AR O (9]

g JFS & 714 719 =X behavior, computing,

=
[
3

interface, leaming J12]31 recognitiong & 4> St
Al9] 38%=(behavior)?} QI7Hule] ASArRo| st AA
(interface) 7]&0] A|-s{intelligence)& &5t0] £FA 02

AlAAEES PESHE O] 503 9B S 9182 ¥ 4
itk obge] HolH (@)l sha(learning)s $et Al
(computing) ¥ 91Xl(recognition) 7]&2 £5t9 X5 4
£ AISH0R FAAA Al AIAEI] TESfo] T]ofa 4
fleg sttt A5 by 2t FAUS 2

computinge} 7P Fefet AYE & 4 Q. & 2= 719
E computingZ YFgH2 k= PLS 2|24 Autold.

Independent |t] p-value Independent |t] p-value
analysis 1.458 0.1449 analysis 4.395 0.0000
awareness 0.168 0.8662 awareness 0.071 0.9431
behavior 2.151 0.0315 cognitive 0.411 0.6814
cognitive 0.160 0.8732 collaborative 0.062 0.9504
collaborative 0.067 0.9465 conversation 0.133 0.8943
computing 19.322 0.0001 corpus 0.151 0.8800
conversation 0.094 0.9254 data 0.912 0.3615
corpus 0.111 0.9113 dialogue 0.071 0.9437
data 0.842 0.3996 feedback 0.357 0.7207
dialogue 0.055 0.9558 figure 0.038 0.9698
feedback 0.481 0.6308 image 0.660 0.5096
figure 0.005 0.9960 inference 0.344 0.7307
image 1.146 0.2519 language 2.565 0.0103
inference 0.184 0.8543 mind 0.066 0.9474
interface 2.452 0.0142 morphological 0.352 0.7249
language 0.122 0.9025 natural 0.205 0.8375
learning 4242 0.0001 network 0.465 0.6417
mind 0.060 0.9525 neuro 0.043 0.9657
morphological 0.108 0.9142 object 0.027 0.9781
natural 0.093 0.9256 ontology 0.150 0.8809
network 1.004 0.3152 pattern 0.400 0.6892
neuro 0.069 0.9446 representation 2.398 0.0165
object 1.462 0.1437 sentence 0.712 0.4765
ontology 0.342 0.7324 sentiment 0.061 0.9514
pattern 1.261 0.2072 situation 0.158 0.8748
recognition 1.857 0.0633 spatial 0.694 0.4876
representation 0.771 0.4404 speech 0.626 0.5316
sentence 0.304 0.7609 understanding 0.116 0.9077
sentiment 0.073 0.9421 video 0.523 0.6012
situation 0.196 0.8448 vision 0.371 0.7106
spatial 0.738 0.4606 voice 0.237 0.8126
speech 1.320 0.1867
understanding 0.297 0.7662 B
video 0.955 0.3397 2 2014 AliHcomputing) H4o] FARC = [O|gt 7]
vision 0.287 0.7739 ot BA(analysis), °lol(language), 12]1 =3
voice 0.292 0.7705

(representation)-2 & 4~ 9Jtt. glo]E{ 9] EA} Ajeio]
x2) 7laat 24 Aje] Edo] Bt 7|4 vigoR g
ARt 5lo] Al A|AR] 250]4 WS & 4 ok Ak
719Eet #2 W¥o=s S¥E(behavior), QIE{mo]A
(interface), 3t(learning), 2] Q1Al(recognition)
SEVPE o5k PLS oA APt & 30f] AA=]Ict

Table 3. PLS regression result: dependent=(behavior,
interface, learning, recognition)

Dependent Independent
awareness, computing, image,
behavior network, object, pattern,
representation, speech
. mputin ta, im ject
interface computing, data, image, object,
ontology, speech
. computing, data, network,
learning .
understanding
. nalysi mputin ject ttern
recognition analysis, co pu g,.o.bjec, Pa ern.
speech, video, vision, voice
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® 39 ZuojlN 2= 7]Y
learning, recognition)of|4] AlAHcomputing)2 EAA]
o=z {oRt 7ladS & 4 Tt &, Al A|AH] 7o
A AL 71e2 B AR 7]s0A Bagth fofdS =l

2 4 Utk oju]X](image) W syt AEHo| A H

E(behavior, interface,

250 90)3 9 TR, Clolele Qlejsjo] Aot 5
s $AROR Qo YL ML BT 4 rk
Al 2510 F03 7129 sae dlolej®et ofe}

HEYS, Alkt, Z22]al sh527H9] olsf(understanding)
S A9E & Qe 7le 92 v Qo ® shyel B
23t 7]291 91A(cognition)2 A1} FAHat T=igl oj
& tlojEfe] E‘—*—*. &0 Qis*% o 4 Q.

7to] E=1xe 7}@6}@17] rrﬂTOﬂ 719 E 7t9] 7]& A
mpolshe o SHAIZE QIARITE 2 ALollAlE o]t

2A12 shdst] Ssto] PLS SFRAS ol gstairt

V. Conclusions

= wwode 22 9] AElY] tiR2e AEfstaL 9
= Al A|AE 7]z tieh AEARI osiE ¢ist] Al 7]
5011 tigt AFA 24e a8t A AAlY) 53 o
oleHo] AR EE Al 7|23} Y E52A S 2Al5}]
HAE tio]'do] AAES Fst EsleA-tof B
F&5t o] 2 viEgo g Al 7]& 7|YES FESIYT) Al
71E 719 E 719 71 e mefstr] st PLS 9]
©Ag 85kl PLS 9] HZA Zut Al A| A=) %]
Adoz JFE UR]e 7|19 == F&(behavior), A4t
.

(computing), 1E]m|o] A(interface),

2] 1 91A(recognition)] 57jQlS o 2 Ql9ict =

Ej9] &3} 0|2 ulElo2 st Al AJAEIQ] SHE(AH]A),
J2]31 Al AJARI0) QIEjsjo]A B 24, 4 5 A
71%0] 7|2R 02 Al AJABLS PAsH= & Qs AR 7]
2 0]0 §_|]—o]61— _/F_ O‘%*Ur. Al /\]LEﬂg]

&+ (learning)
dflo]

ER=E)
(sustainable) ¥'X1S 9JajA] o] 7]UESu} Wi L
7feo] X|&& o2 o]2o]xjof TS & 4 919l UMK]
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