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[Abstract]

Since patent documents contain detailed results of research and development technologies, many
studies on various patent analysis methods for effective technology analysis have been conducted. In
particular, research on quantitative patent analysis by statistics and machine learning algorithms has been
actively conducted recently. The most used patent data in quantitative patent analysis is technology
keywords. Most of the existing methods for analyzing the keyword data were models based on the
Gaussian probability distribution with random variable on real space from negative infinity to positive
infinity. In this paper, we propose a model using gamma probability distribution to analyze the
frequency data of patent keywords that can theoretically have values from zero to positive infinity. In
addition, in order to determine the regression equation of the gamma-based regression model, two-mode
network is constructed to visualize the technological association between keywords. Practical patent data
is collected and analyzed for performance evaluation between the proposed method and the existing

Gaussian-based analysis models.

» Key words: Patent Keyword, Generalized Linear Model, Gaussian Distribution, Gamma Distribution,
Patent Analysis
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I. Introduction
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II. Related Works
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III. Proposed Method
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Table 1. Patent document-Keyword matrix

K, K, Km
P freq.i freq.i2 freq.im
P, freq., freq.» freq.om

Pn freq.ns freq.n2 freq.nm

o] BH9] P2 nil9| EZA(Py, Py, -, P)E W
B g2 m7lle] 719 (K, K, -, K )8 WERCE
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Table 2. Correlation matrix of response and
explanatory variables
Y, Y, Yo
X cor(xs,y1) cor(x,y2) cor(x1,Yyq)
X2 cor(xz,y1) cor(xz,y) cor(xz,Yq)
Xo cor(xp,y1) cor(xp,Y2) cor(Xp,Yq)
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(2.4) 2-2= UEYT A|Ztst
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Sto] ofFtolA] A 7|&(Akaike information criterion,
AIC), Ho]x]et A H7|&(Bayesian information
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Al ok AICeE oAl Y9 587l £ AMEEE
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BIC=—2logL+ klogN (6)
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29| 5ol 4o Hoh £ =wold AR
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= o

logL = Zlogp(xi | ) (7)
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IV. Experimental Results

7199el 507 Qlsto] Ad(disaster)o] A|&AO =
37kl Q1oL ofof] A 4 Ql= Z]s7ldo] AASH A
ot meta] & ALoA= A9 We] H5E7tE ¢
sto] At oA 7]&ofl tigt S512A1E §6] dlojEHo]

A2HE eI} [24]. A5F 02 MY A )%
o gast SHBAL 16,87520I9ick. hEAS HojE]
wajelojel Rat RN Aot BAE djoly m]x|S
AFgstol Sol-719E WBS TESIGT [13,1425) &
3 AA| 162740) 71YE FoIN HEHAX)Z A8D
7|HER} HEHA(Y)2 ARE 7IHES Y &
Table 3. Keywords for variables
Variable Keyword
Y earthquake, fire
X air, energy, gas, light, oil, speed,
temperature, velocity, voltage, water, wind

2 =20l tERY Ad AA
SHAl\(fire) &
B2 X2 Adeieint. 19 1= A4 XeF Y&
Bt YEFO] A5} Axfolt.

(earthquake)t}
Y2 52 A5l Ao B vlxe 71
olg gt o-
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energy

water
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Fig. 1. Visualization of 2-mode network
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UHA] 7]Y B0 A4 UAS &olgh 4 Q)ct, AHH Table 6. Performance result (Y=fire, 0=1)
AREE 7]YE FOlA  energy, voltage, oil, wind, Model AIC BIC oo
velocity 72]31 speed® earthquake®t A7 HZAE] o] Gaussian 58175 58229 -29080
Q=718 o 2 olt} HReH A ALRE 7|9 E9] fireQ} Gaussian-noise 61264 61318 -30625
AR A= 7|9 gasolch E3F air, temperature, Gamma-noise 30559 30613 -15272

light, water+ earthquake®} fireo]] &5 HZx]o] 9Jct,
mebq 1% 19] Allet Zake olgatol T 4o} 2o]
guiso] whe i) ST WHAL PAT 4 9ok

Table 4. Regression equations by 2-mode network

Equation Y X

air, energy, light, oil, speed,

Eq. 1 earthquake | temperature, velocity, voltage,
water, wind
. air, gas, light, temperature,
Eq. 2 fire

water

HRSH 2 AFRE earthquake®} fireof A& AR
e 5 2t 9yo] H9usz A18SIAT 7 2y
oA 71E0] heAleHER J]vte] GLMa} Zuke® 7]

o GLMe] 458712 istol Zoll tlolejo] o 0

ol3 B4lo] 0l ATFRERYE A U] BoRke

wolz2 VIS, delel AolE R 0nc} 2 1%

3 W2 7] giZolth. ¥/ o=1 ¢ 392 453

= B 59t 6014 Bt

Table 5. Performance result (Y=earthquake, o=1)

Model AIC BIC log-L
Gaussian 38810 38903 -19393
Gaussian-noise 46980 47073 -23478
Gamma-noise 28921 29013 -14448

3 59 Aib= Y7t earthquake©o]il =1 Q1 73 OO]D}
o] Gaussian®l %= Lo|=7} B A]
CIoE} ol83 7H9AISt 1% GLME ol&et Zajolck,
Gaussian-noise®} Gamma-noise= 2f Hlo]gjof] H+
o] 001 o=191 FrhT 2 RE AAgH d4o] Aoigto]
Z7bd HolEE ol&sto] ZW7F 7EAIQE GLMap Zhut
GLME& &gt Zatg YRl GaussianO]tt
Gaussian-noiseO]| u]s}o:] Gamma-noise?] AICe} BIC
ol g AHA Uehdg =Qlsteith E3F Gamma-noise
o 21057 7 2 A% ¢ 4 9}, S| Wl B
Q5oA Gamma-noise®] A7t o fp5H UERd=S

% 2 9tk & 65 Y7} fireolZ o=1 9 F9olck

H 59] earthquakeQ} ORRFIR]2 8F2W AT} fireQl
7320l = Gamma-noise?] 40| T} H]w LFES0] Y]
st f fadhe & 4 T 2oz e gojEfo =
71E]e wo] R0 EEHAIS g=158 Z7MA]7] Q0] ©
J1] 4587 A & 73 80 YERY 9l

Table 7. Performance result (Y=earthquake, 0=1.5)

Variable AIC BIC log-L
Gaussian 38810 38903 -19393
Gaussian-noise 53639 53732 -26807
Gamma-noise 41504 41596 -20740

Y7} earthquakeo]il =159 &
BIC, 2 199] nt

79] AxtofA AIC,
H7IE oA Gamma-noise?] A
siA= 45HR|9F Gaussian
off BlushA= ool 4RSS EIT 4 Qlth & 82
Y7} fireo] 1 w0]=9] THEMHR} o7} 1.5 73-Lo|tt

Table 8. Performance result (Y=fire, 0=1.5)

Variable AIC BIC log-L

Gaussian 58175 58229 -29080
Gaussian-noise 64443 64497 -32214
Gamma-noise 42684 42738 -21335
= 79 Aok th2s & 8oJAE o=19] X 59 69

ARt oRP X2 Gamma-noise?] Aso0] 7 Q45h
= & 4 ok —mEbA L glojEof] 7tEl= ko]=9]
BFURE 37 ot ol 2o Tt ete] A sAL
o7} UERGT th29] & 99t 1004 o]zl maH
AHE 0=0.52 A7 312 o 2ol 4587t AE Ho
=y

Table 9. Performance result (Y=earthquake, 0=0.5)

Variable AIC BIC log-L
Gaussian 38810 38903 -19393
Gaussian-noise 41217 41310 -20596
Gamma-noise 8432 8524 -4203
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Y7} earthquakeo]i ¢=0.591 E 99°] Zu}ojA]
Gamma-noise®] AIC, BIC, 279 %7} ©% Ch2 H|w
95E0] uls) L4517 UERdS 191at 4 itk 53] o
191 & 59] ZAujo] vshA T 232 Aso] o FFAE Y
oS o 4 9lojct opxjEto 2 ¥ 102 Y7t fireo]dl o
-0.591 %% 20| 57t Anolct.

(]

Table 10. Performance result (Y=fire, 0=0.5)

Variable AIC BIC log-L

Gaussian 58175 58229 -29080
Gaussian-noise 59013 59067 -29499
Gamma-noise 10976 11030 -5481
x99 Adel viiAE B 109 AdlHE

Gamma-noise?] Aj=o] 7H} 24514 UEPdS &Qlgt
2 9lolt B 2ol A AY AnE Solof St §
5] 7|9 E 84S 95to] AQlsh= vio] B30 T}
2 4@ B0 ujsto] o 94sHA Uerde 2ol
ot 53] €2l dlofEol F7tEs kolx9 BEUAN:

< 12 AN ) 23] sl o PYTS L 4 9

o}

2 9

V. Conclusions

B ERolN Qe 71E0) JH9Aleh SERE T
S5 7190 £ ol Uit 5L Slste] 2-m=
YESID AlZjalet Ziot SERE 73 GLMS 23t S
5 719s B4 Wue Aot 27182 st
A 551 dlojelo] 2258 AT SHEAZ 27
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gl a2 e} §Fatel ololelg 1AL of A
2HE] 719 710 AWYL JNIOR 2-BE YESD
AZebt 7555 o2 RE| ot GLME 93t 217l
el 2% BAo] 2359l

UE ANE oo} 7120 7R9Al B 70| GLM
of ulate] Aot wrloll ol O] ML HAF 5
99k 0% o] RatchriAle] ghe b 4 Y S
N dolelo] S42 DA o) /1R 7EAI Ba
e} 7ot B0 o3t bt o 923 AL AU
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o]

718 55 24 YHe U FEEE VWY G

2 Fsiol & Baye stk

£ 0] ApAn: JjaEAo] Bed AL
3, 7118 712015 S Tt 71479 RopAe]
80| J|jgltt. FHol F|ge Wt ohje 918, &
A, 7laTE S hoft 5] gojee] A4S Hush)
Y193 4 9l ThoRt AEEE Nl 2aslo) o A
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£ A A 71l Sslol Selgng Salstn g
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