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Abstract

A vacant technology forecasting is an important issue in management of technology. The forecast of vacant technol-
ogy leads to the growth of nation and company. So, we need the results of technology developments until now to
predict the vacant technology. Patent is an objective thing of the results in research and development of technology.
We study a predictive method for forecasting the vacant technology quantitatively using patent data in this paper. We
propose an ensemble model that is to vote some clustering criteria because we can’t guarantee a model is optimal.
Therefore, an objective and accurate forecasting model of vacant technology is researched in our paper. This model
combines statistical analysis methods with machine learning algorithms. To verify our performance evaluation ob-—
jectively, we make experiments using patent documents of diverse technology fields.
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Al | A2 | A3
Bl | 110 | 121 | 94
B2 | 57 | 35 | 117
B3 | 216 | 63 7

O8 1. ViEY 20 93 ARTE BF

Fig. 1. Detailed technology classification by matrix
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Fig. 2. Principal component plot for vacant technology
forecasting
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Term Matrix
Term1 Term 2 Term k
Docl 0 2 0
Doc2 | 1 0 0
Docn 0 0 1

P &k>>p

SVD — Principal Component Matrix

PC1 PC2 PCp
Docl | -2.30 | 17.74 0.18
Doc2 | 4.26 0.39 -1.57
Docn | -10.89 | -4.59 15.38

38 3 wolgds) FRAY
Fig. 3. Term matrix and principal component matrix
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Table 1. Retrieved patent data

Data Z=dd%= 5 53
. e 1987 - 2002 67
AL
Az 2003 - 2007 32

B E=RoME AA 999 EFEAME SdolH
(training data)®} A5 U°]E(test data)@ HFAck Lyt
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Ql 71AIkFoN A AF= = 7)ol et AAdelH Y 2/3
S5 (training) S #lske] 28] YA 1/32 A5 (test)

sk U rATH25]. 4 USPTO(United  States
Patent and Trademark Office)[26]Z%-E KIPRISE %3l
A& 997019 ESjdlolE] FollA] 67712 shFHlolEd gt
H2E wlo]Y(text mining)[27]2 2& AAZ #HHFS F
st oSy e dolgds Ik 2 Age] A4S
ste] ZAAALS 95 AZE ]Sl RS o] &89 tH28].
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Hel pae RS & 5 Atk THBE ¥ oA
= SVDE o] &3dte] e e SVD-FARHP S 3t

Atk

SP1,10 SP1,2 ~ s SPrer
5P2,10 P22 *+5 SPagr

—~
©
=

Sz 61 =

SP¢7,10 SPe7,20 " "5 SPe7.67

£3 8% 44% 9% BIC %

Table 3. BIC for determining number of clusters
AEE FHE F (P19

3 5 10 20 67

4 151.3 282.9 613.6 1350.0 | 4634.0

5 161.7 301.5 663.4 1474.8 | 5069.6

6 1758 3234 7205 | 1606.3 | 5522.0

7 196.5 3525 780.0 1739.2 | 6007.3

8

9

A~
T

2186 385.8 8419 | 18726 | 64942
240.9 4209 9065 | 2006.8 | 6984.3
10 263.9 456.4 9737 | 21434 | 7479.1

9 A}E ool BICO] 93 ARTHFE BE FHL
FolA 4% ARHAG. HH 7 g
2291 AlC] 9% BHATE e o] BE
BICS P72 7bg 2o gt o) HA2 957t 249

ot

® 4. e A4S 97 AIC @
Table 4. AIC for determining # of clusters
AHEE FAE T (7S

3 5 10 20 67

2~
fi i

SVDZ o889 FAREMoRNE QL + Jx

ZBo] = =z 5 whZolrH23]. o] <ol 2 4 984 194.7 4372 997.3 3452.3

(2)elA 2] 1x0] st 9 FHelA sp, = iHA A 5 95 | 1913 | 4429 | 10338 | 35924

Rk SVD—?*J%@#% ‘Jr?rjﬂﬁk %Hﬂﬂ%ﬂ%—%%ﬁt 6 94 | 1911 | 4560 | 10772 | 37494
A AR = A B % ol&f] X 3= 3] 5}

i éjﬂl;}% o ;Z? 7;&"% ;TQLQOE ;L;i% %ﬁ# 7 1039 | 1982 | 4713 | 11219 | 3939.3

oty & =iollAE= AIC, BIC, 18|31 AFdde] 3717 & 8 112.8 2095 489.1 11671 | 4130.8

10 131.7 236.0 532.8 12615 | 4524.8

2 TAF AL A% 4T @

Table 2. Silhouette for determining number of clusters FABZ=7) 309 57) & ] AICH] o3 HATHSE=
g AHEE TR (E8171%) Ztzk 59} 6olth. v A] AR ol B HAw St
i e R L 423%3%;6 T3 AlCe) AnE Adael A4e] 7

4 0.42 0.39 0.26 0.17 0.17 Aoz 75’@6};] oek geby T s} 2ot h

5 0.36 0.27 0.29 0.21 0.17

6 041 | 031 | 031 | 023 | 019 % 5 7t 248 254 Yehd HH7d45

7 0.42 0.33 0.33 0.25 0.20 Table 5. Optimal number of clusters

8 0.45 0.37 0.34 0.26 0.16 28 2w AR TR (9171

9 0.47 0.38 0.36 0.26 0.17 3 5 10 20 67

10 041 0.36 0.35 0.28 0.16 Silhouette 8 4 9 10 7

BIC 4 4 4 4 4
AFAZE o3 HAA T AME F4EY F7F AIC 5 6 4 4 4
e = 7}z
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Table 6. Voting rate of candidate for optimal clustering

TR AHE voting rate (%)
4 9/15 60.0%
5 1/15 6.7%
6 1/15 6.7%
7 1/15 6.7%
8 1/15 6.7%
9 1/15 6.7%
10 1/15 6.7%
SHAl 15/15 100%

9l Al A 7 2 AEFk(voting rate) & Zte TR
ojty. Z1EE & Ay AHgE SsjdlolH el

AeE 4
A g 42 24D 4 Qdth o] AHE o] 83} kikol
491 k-means TR 3H29-30]2 F3P3t} t}S-E K-means

08I
43 Aol
-

® 7 K-Ae 245 2%
Table 7. K-means clustering result
S 2553 (dEH3) Esl¢ | &%)
1 1, 3, 10, ..., 65, 66, 67 39 5821
2 34, 36, 37, ..., 58, 59, 63 9 13.43
3 31 1 1.49
4 2, 4,5, .., 32, 49, %4 18 26.87
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