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As markets and industries continue to evolve rapidly, technology opportunity discovery (TOD) has become critical to a firm's
survival. From a common consensus that TOD based on a firm’s capabilities is a valuable method for small and medium-sized
enterprises (SMEs) and reduces the risk of failure in technology development, studies for TOD based on a firm’s capabilities
have been actively conducted. However, previous studies mainly focused on a firm's technological capabilities and rarely on
business capabilities. Since discovered technologies can create market value when utilized in a firm's business, a firm’s current
business capabilities should be considered in discovering technology opportunities. In this context, this study proposes a TOD
method that considers both a firm's business and technological capabilities. To this end, this study uses patent data, which represents
the firm's technological capabilities, and trademark data, which represents the firm's business capabilities. The proposed method
comprises four steps: 1) Constructing firm technology and business capability matrices using patent classification codes and trade-
mark similarity group codes; 2) Transforming the capability matrices to preference matrices using the fuzzy function; 3) Identifying
a target firm’s candidate technology opportunities using the collaborative filtering algorithm; 4) Recommending technology oppor-
tunities using a portfolio map constructed based on technology similarity and applicability indices. A case study is conducted
on a security firm to determine the validity of the proposed method. The proposed method can assist SMEs that face resource
constraints in identifying technology opportunities. Further, it can be used by firms that do not possess patents since the proposed
method uncovers technology opportunities based on business capabilities.
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<Table 1> Patent Customer Number System

—

w9 ot flo

(Before 2020. 07. 07.)
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Number Type Number Type

1 Domestic corporation 1 Domestic corporation

2 National agencie's and 2 National agencies
other corporations

3 Research institutes

4 Domestic individuals 4 Domestic individuals

5 Foreign corporation 5 Foreign corporation

6 Foreign individuals 6 Foreign individuals

7 Foundation
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Step 1. Constructing technology & business area matrix

« CPC matrix of SMEs
* SGC matrix of SMEs

‘ Step 2. Converting matrix elements to preference

- CPC code
- SGC code

- Fuzzy function
values ?

« Preference CPC matrix of SMEs
« Preference SGC matrix of SMEs
Step 3. Identifying applicable technologies

N 7+ Identified applicable technologies

Pt
9

- Collaborative filtering

- Portfolio map based on
similarity & applicability
indicators

‘ Step 4. Analyzing applicable tech

= =] &

'.
Target Firm’s Product & Service Enhancement
Ideation

Portfolio Map

<Figure 1> Overall Process of the Proposed Approach
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Firm-CPC Matrix

CPC#l CPC#2  CPC#3 CPCEN
Firml 2 3 1 1
Firm2 1 2 5 3
Firm3 0 0 3 7
Firm4 2 4 3 1
Firm3 3 3 0 2
Firm-SGC Matrix

SGC#l  SGC#2  SGC#3 SGCEN
Firml 7 8 0 4
Firm?2 4 5 3 3
Firm3 2 3 0 8
Firm4 1 0 6 7
Firm$ 3 2 0 2

<Figure 2> Firm-CPC Matrix & Firm-SGC Matrix
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3 Firm2 4 s 3 3

Firm3 0 0 7 Firm3 2 3 0 - 8

s
3

Firmd 2 4 3 ! Firmd 1 0 6 7
Firm$ 3 3 0 2 Firm$§ 3 2 0

Applying Fuzzy Fuaction Applying Fuzzy Function

Converted Firm-CPC Matrix Converted Firm-SGC Matrix
T CPCHl CPC#2 CPCE3 ..  CPCAN T SGC#I _SGC#)  SGC#3 SGCEN
Firm! 012 03 005 0.05 Firm! 088 092 0 052

Firm2 0.05 0.12 0.58 0.30 Firm2 0.52 0.50 030 0.30

Firm3 0 0.0 030 - 0.70 Firm3 0.3 030 0 092

Firmd 0.12 050 030 0.05 Firmd 0.10 0 0.60 0.38

Firm3. 030 030 0 0.12 Firm3 030 023 0 0.23

<Figure 3> Converting Firm-CPC Matrix & Firm-SGC
Matrix Elements to Preference Values

- Janghyeok Yoon - Changho Son

] >
= (R i F >0

0= o, 1f F @

F . i7)

,m°

o] # FalolNel cpo, & SGC,° %

js
a-

rE, o2

&

PP, i71900] B{e orc, & SGC, o U AEE

a,b: AA G L L) AAEE A stold o
2] e

323 39 elAL BEY Aees B

£ G CRC 9 SGC MBE ST 2l 2
D58 BE3H] BT FAR W2 2B
2 e fAIS Auat =g AuE 447)
o AT Bl e masa A e
0]

SHCH(<Figure 4>).

o
=
OR FN'

2 Ho
lo ok kI ¢

(@)
g~
ar
il

"

% Jo iﬁ
2 o rlr

Firm-CPC Matrix Calculating
— latent CPC#N

——_ cPesl cPcm CRC cpeaN
preference score
Firm-SGC Matrix

Slborative — CPCEN
iteri
| |
— oo soom socm . soom

0ss 0% 0 052 Target Firm

Firml 012 03 005 005

Firm2 005 012 058 030

Firm3 o 00 030 010

Firmd 012 050 030 005

Firms 030 030 0 012

023 030 0 092
010 0 060 08
Firms 030 023 0 02

Firms with
Similar business area

<Figure 4> Process of Calculating Latent CPC Preference

Score
Matrix factorization T+ Association rule mining ¥} 7+
& FAGES 4T S5 JAT 1) THES HE

H’I

HEY oL 0 slad dEesem, 2) CPCst
SGCe) 57} 8] WEe] E ATolA Wel BEA e

Eﬂiﬂ Jiﬁb, 75%01 ) 3t
7] QATHS]. HEgH B oS K= o
i



Enhancing Existing Products and Services Through the Discovery of Applicable Technology

AL BATI e A9 k] HE s fARE
B IO WA BE g0k A0
Z;G?G ~?—

7]
g9 49 =, AAS ng%% A8 5 ek WA, 8
W de oE el dEUs AR

; S X}=3
SUMpysiness = EO]-7]

4-SGC mjEE 2o A

oo o
K
>
ro

—~ o
_|>L
H
i
2
fo
k1
N

> (TFXF’)
VE, o 1TF2X\/Z
TF;: BA7I99 SGe,
F /7199 sGc;

Simlmsincss(TFF )

z J

2 (3)llA TF= BAIYe] BAd seCE 94
o Ee p ) gl i719de) B9 saoE 1
ghot whebA], 2 (3)S Sal BHAZI ¥ vlald 719 el
Felstal gl Hz2Y2E o] tigk AR E AMEE
T AUtk o=, VIR H2Y A FAMETE EE
&9 KA A= **%0}01 &9 KA AP IS B
Frotal o, BAVIS HAdhA € 7lsadd
S92 LPS(Latent Preference Score) & AHESHOK( 2

4)).

QLE
(o

Ny

Zi =1 (S”nbusiness (TEE’ )X PPF !
F;

LPS( TE CPC}) - 27‘ = ISimbusiness (]F ‘,,) (4)

PPy iAol iRk opcel Wdk el

2 @A e, = iFAIHe] 2= opegell Wigk A
SEE ou|e D} d H KA FA I v =y 2~
FARES} CPC A3 EE B5F agste], CPC FHAS
(LPS)S 2= & itk HEF2 o2 MY CPCsE F
AsHAl =, FE25 391 M7 CPCs= A7
ARgE HlZU 25 g 9l8tal e FAb el wl- A3s)
£ CPColBg, Ep7Igo] AAH o= fae 7137 9L
EEeaR AT 9

324 7184 BAS A TEZEL W 5 ¥
28 ulo} z—“ ]

Lo ]/‘1L &3l M7IS] 34 CPCsE 48] ¢
3 71& AR Vs A8 ARE 283 Product &
Service Enhancement Portfolio Map= 753ch 21 &, &
EZge §| AHEH| BXsles VeoAE 48

3

A Aol mat AF 2 AH|EE AT e BES
A A ghch(<Figure 5>).

Recommended CPCs  Recommendation Score

H ' 3
CPCEL 0.999 i 9 » }

CPC#2 0.955

g
20

o T .

Ty i e T,
CPCH3 0.900 \ ¥ \
cpCs 0855 g L o * / t‘

i

CPC#M 0.555

Recommended Top 100 CPCs Portfolio Map Product & Service Enhancement Ideation

<Figure 5> Product & Service Enhancement Ideation
Using a Portfolio Map

WA, 71E FAE A FE A MY 71Ee 49 B
AZIge] BArg 7= 2490 fFA RS %}d‘lé}*ﬂ
shH, 0F-F 0.75 Abol9] e Zheth 7] AR
g AEs] AElAE CPC 2= 7He 1A
of gt} 7] fAbEE CPC =9 741%—
sto] CPC = 7] fFAMEE Thotsle=
g oﬂﬂgﬂWMlﬂfrmlﬁle+
& CPCE ovlstH j= S CPCE 9
m/\q ELEH)\ Huigﬂ}\ uﬂo]
sfo] AAo] & 50
2 790254, Hugqa%t+
T 054, W 1ES TEAR H
0.75%4 % BO%&E}

oo 2t ke i

y PH
BN
iy H
1x e 10 N, r>

E
o
fu

Y
N
e
o
[
Nt

o &
o
(@]

e
A
=

Flo ]I,lm
[o

10 X
=k

N
—

oo § B 1o

A
Ua B

r

=

[ w
T
mior

tio .

o rlo

N
=

IrU

[z >

my el o
rul
=

0 ifand j differ in section
79 = 0.25if i and j differ in class but not section (5)
K 0.5 if i and j differ in subclass but not class
0.754f i and j differ in main group but not subclass

a=}
12
o
A
i
~
)
fo
by
1o
~

. FALE A& Fho] At}
A71de] 7]Eo MEst 7= as A 7]E4
| &8 9 7L 7hsst 71
T A X o] =4 A&

17132 4 + ‘”E}

g Moy do My o

Co umlorb
E oo 1o J

N s

;F (e

o JE > i
o, TS
HE w TS
fl % o
Y N Al
> N
a2

ro,

s

y o

s

Hy oo NN pr &N
=
B
e,
N
olr
ox
°
i
o 10
(0
i
ful
N
N
Q,
12
>
( _&N'
S, o

30, ¥
=

TA = Number of firms that have CPC, (6)

)

=9 7lE FAES Ve A8 A%

e
ofN

4o

-

El



8 Seoin Park - Jiho Lee - Seunghyun Lee - Janghyeok Yoon - Changho Son

#toll Min-Max 4773} WS AH8-3to] <Figure 6>} 22
Product & Service Enhancement Portfolio MapS 3 3T},
FEHY EEBYQ W 71 FAES 7% 48 by
Asiel At Beslol Apuoe LR B,

Technology Applicability

T H
Noteworthy '
1 -
° ' .
2 H i
;:‘:: ® % o i - >
£ Ty i - T,
G dececcccccccacaacanaan
] ! 5 Ty: High similarity, Low applicability
% % ® H ° T,: High similarity, High applicability
g i . T3: Low similarity, High applicability
E © o ' T,: Low similarity, Low applicability
iz %
L T4 : High Potentital 3

<Figure 6> Product & Service Enhancement Portfolio Map

o & £, <Figure 6>°1A 7, 992 7
7} E=x|uk 7)% HeAe re s1ee )
T, 990l &3 7)|e i Foah= 7Y

EP7I4de] Ba 7)1 sh Ak Hiel B71e)
o] FEE Wt J|easdn ¥ 5 ek webd o
Neazs BAIGE 71E AE L A2 A5 3
shedl 830l 289 5 Jokn AT 5 Yok theo
2, 7, 999 A% /1% AR /e AeAel mE

3L

™

=2 Vst £33 ol EA7IFY V& Al
FL3 s8R Aad

A3

% A E s 7
Fonk dgom, 7, 9o 3% /1% fApmE
& Ag40] & 7)&aaTt &3 ol 7

L4 B0l BAT 71800 44
% o1 B3 9 Bore A2H /
gol ok mebd g 7|Eait T A
A G5 sl T1as owﬂi eb)

A e
o 3% 7

v

o}l bl
Ol' 12

=2

]_

o % i
14
Ai

> by 01F F—‘l

]_

uziiml%

EE:
N
e

wd, o

= =

R 1
o 3o
2 Lo
-
9
=o
O
HU
5
_IR =
o X

S ood AP Ho ¥o 2L yE l—> oo X
g ok >

L oog MR

= 9 ° o

ofr

ok
I =
X0,
o

4. A7

A7} A A B

H o 2] ALrsAE Bol7] 93
S F471999 A718)

—% Bl s AtedTE 3

ol AV e dEeld EYEAA Y TE A
of AF T Mt AU Bt Al2~" Az 7]
olm, 97} e] S3)¢t 12709 FFEE WArska Atk B
710l Mt e AEL 7o) HA3 55 (UFE
A AdE XA 2E Bl 5E 2t moj2E 2 Het
A 5)E F3l A sbesh, BAstka ol v
U2s ofo] gl 7]jo] HA-sh F(EE 14 Al
2, Bet#E] g AZE Y ALY F)E F3 A Tk
sick. EbAl7Id o] HFdE A 914 AjxEl x| Hotet
g8 2ZEdo] 2 YEYA /L o AE 2 A9
2E NZE 7E249 Hgo] £o]3 slolH A AE
g Aol B2 AE B A2~ Ao 8 7hse 7]

7135 w=sly] Agsith

4.1 7|¥-CPC MHEZA & 7|Y¥-SGC IHEZIA
7%

2 ATE 9l 75¢ CPC&SGC dlo|ElH|o] 2~
719-CPC "EZ 22} 7]-SGC MEY~
()% 23] 728} golg )L Od_%d upe} o

99 ARE Fa AEE 10,5167) T271¢00] B
A CPCs$t SGCsv= zH2b 7,5707H¢F 374700l n &

10,516 X 7,570 7]19-CPC "JE2 29} 10,516 X 374 71
-SGC W EY 27t 75 H Atk kA, 5% 7] -CPC

1> i

=
=
=
=
Al

0{'_‘

=82t 719560 A=ULE $ T $4719
39 F 7% Gt M=z IS BE QEG 5
ATH<Figure 7>). & £, 7]9-CPC MEYHAE T3
WoongjmTecht ‘A01B 15’ ek e =2 9
& el 2 A 5 9la, 719860 EYAE
53l Anseong ‘G3404’3Jr ‘G3705 J f3t HERYUYAE
FHAOR GAFA Ae HUT 5 9
Firm-CPC Matrix
A01B 13 A01B15 A01B17 A01B 19
WoongjinTech 1 4 1 2
Anseong 0 0 0 1
Wellstack 0 0 0 5
Firm-SGC Matrix
G3404 G3705 GO0301 G0502
WoongjinTech 18 0 0 .. 0
Anseong 43 8 0 0
Wellstack 0 0 16 16

<Figure 7> Part of CPC and SGC Matrices



Enhancing Existing Products and Services Through the Discovery of Applicable Technology

4.2 7|1Y9-CPC & 7|Y-SGC MSE DHE

=

719}-CPC "E
CPC ¥ SGCY &
= Wgkslr] 9,
a, bE XAz} o]
= 9heS 1y

\RY

Hl=

CPCe] 4% Al Fol wheh g o

o
o mzqc 4% W wen

HEAow, 719-CPC EE
o A3 5= gkol 0.99 °l
]')\A—L— ](ﬁ SGC ®
A5 T el 0.99 ©
golste] dum v

_ =

2IA
o

Y9l 7]9-SGC MEH2 @40
I Ooﬂﬁ 1 Aole] Ha%w gt
HA T 4] (2)9

, 5319} Aol &%
o] stoly] metulEE A4

313l

9

AWE 9l <Table 4>5 E3)] ©S1233°0] )t n|=

~ @§5§7 rorg g nEYsrs TP
g9lsta S Add 4= gl

<Table 3> Target Firm’s Technological Preference

CPC Frequency Preference
FOIN 1 1 0.5
F02B 63 1 0.5
F02M 35 1 0.5
GO6F 21 1 0.5
GO6K 9 13 0.994
G07C 9 5 0.962
GO8B 13 1 0.5
GO8B 25 1 0.5
GO8B 27 1 0.5
GIOK 11 3 0.9

GI10K 2210 2 0.8
GIOL 21 1 0.5
HO4L 12 1 0.5

HO4L 2012 1 0.5
HO4L 63 1 0.5
HO4L 67 1 0.5
HO4R 3 1 0.5

<Table 4> Target Firm's Business Preference
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<Figure 8> Preferences Transformed by Fuzzy Function
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SGC Frequency Preference
G3002 16 0.985
G3402 8 0.94
G3403 8 0.94
G3404 8 0.94
G3601 10 0.961
G3607 6 0.896
G3905 4 0.785
G3907 20 0.99
G3908 115 1
S1233 20 0.99
S2030 2 0.41
$2039 16 0.985
S2090 2 0.41
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<Table 5> Top 10 Firms Similar to the Business Areas
of the Target Firm

No Firm Business Similarity
1 Amtrisen Inc. 0.812
2 Digitaledge Inc. 0.774
3 Seongjin C&C Inc. 0.740
4 Solvers Inc. 0.740
5 Beidas Inc. 0.735
6 Rocksis Inc. 0.731
7 MacsonCIC Inc. 0.724
8 S&T Inc. 0.716
9 Andas In.c 0.713
10 Threeway technology Inc. 0.711

q%ﬂi 2 (4)5 &&sto] el7Idol Bk &
CPCES WO 2 LPSE Ab&E3tal LPSHT7F =&
F91 100719] CPCsE
& A9 10071] CPCs = 107H¢] CPCsE H.ol&th 3
| CPCs EMUVIY ol @Al HArd 7ls et A
o] =& ZAlo HAAH o7 Autet 71X 7} 9= A 7

2313t} <Table 6> LPS7} &=

T& SOACIA Ak IP Ve i SN 2E
=) fe) [e)

U 5
T3 ey tgeo®, CPCs F3H FE=E High,
Middle, Low & -%-&}o] 74 g 43 cpce] &7}
A gFE AR HAsITE <Table 7> CPC
g87hsAS Hekst Aotk

<Table 7> Evaluating Availability Based on Recommendation

Scores
Recommendation Average I
Level Rank LPS Availability
High 1~50 0.918 66%
Middle 51~100 0.811 56%
Low 101~150 0.731 54%

EQholt)h A FHE V8 A5 BAVIYHY v
22 ool Aaste] M=z g Fatahr
FEE 249 5 A V1E7F AT £ 9
<Table 6> Top 10 CPCs with a high LPS
Rank Recommended CPC LPS
1 HOIH 13 0.996
2 B65G 49 0.985
3 B65D 2543 0.98
4 HO4L 7 0.98
5 HO4N 1 0.973
6 B60R 2300 0.967
7 HO04B 3 0.962
8 B62H 5 0.941
9 G08C 23 0.941
10 HOSB 45 0.941

<Table 7>°l A, Availability% 39 Recommendation
levelo] 3= o] &= CPCsE T AA EMA7IH 9] Hj=
Yol A8 7ed A0R AAAE 7]E 849 HEo
o} 3 Ranks FAAT7F 27 AEdE 78459
¢Jo]t}. <Table 7> w2, Recommendation level©]
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A7t 28 9] 100719] CPCsE RA13H7] 9]
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Portfolio MapS 753}

b
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Service Enhancement (<Figure
9>).
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