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modeling”, Expert Systems with Applications, Vol.42 No.13(2015). pp.5645-5657.
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51) Choi, Sungchul et al., op. cit., pp.19284-19300.
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(E 1) d30& ¢35 ([(2)%} k& = 29| 0|2 = Xt e

T gne|E MEI|IE HEEH
Common neighbors(cn) Spy = | I(z) N I(y)| Newman (2001)
Salton Index(cos) Sey = |I‘(Lﬂl’(y)|

alton Index(cos Sy = -
Jaccard Index(jaccard) Spy = II[_E;;*M Jaccard (1912)
2 Mx) NIy
Sgrensen Index(sor) Spy = M Sgrensen (1948)
y k, +k,
. _ | Iz) NITy)|
Hub Promoted Index(hpi) | s,, = min{k,., ky} Ravasz et al.
Local - . _ &) nIy)| (2002)
Hub Depressed Index(hdi) | s,, - { ., kg/}
Leicht-Holme-Newman Index s = | Iz) NITy)| Leicht et al,
(Ihn_local) Y k, <k, (2006)
Barabasi & Albert
Preferential Attachment(pa) | s,, =k, Xk,
(1999)
1 Adamic & Adar
Adamic-Adar Index(aa) Spy =
e 17 r(y) logk, (2001)
Resource Allocation 1
Sy = T Zhou et al, (2009)
Index(ra) zer(@) NIy v
S=(I-pA)"'—1,
Katz Index(katz) = U EYZd) ek e1-3y A, | Katz (1953)
B A4 stelvle
-1
Leicht-Holme-Newman S=D Y I- o4 D,
ind lobal A Leicht et al,
ndex, globa =
o o) A ASl TR ANA, | @6
version(lhi_globa
- o A% sehule
o
Average Commute v m(z,y)+mly,x)
Global | Time(act) m(z,y) e 2= zo == y2

olFst7] f1gk Pt A 5

Normalized Average

Commute Time(act_n)

1
m(zx, y)ﬂ'y +m(y, :L')7rm

Sey ,

Klein & Randié
(1993)

Random Walk with

Restart(rwr)

Spy =y Ty s ql,y‘—‘:‘ H ]
q, =(1—a)P7q, +ae, o yHAA
Q24 ai PageRank &a1eg]F 9]

Brin & Page
(1998)
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53) Xu, Xiujuan et al., “MM-UrbanFAC: Urban functional area classification model
based on multimodal machine learning”, [EEE Transactions on Intelligent
Transportation Systems, Vol.23 No.7(2021), pp.8488-8497.
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2 glek 50 wepa
T

do X dojsE

(E 2) USPTOH| S&E dlojzig7|& 23 S5 &

ol 721 S=oik S35 %
2012 197
Ax 77H1 2013 175
2014 341
2015 734
Ax 72 2016 855
2017 1,036
2018 1,107
AL 733 2019 1,471
2020 1,481
Total 7,397
7t Az 7o) 539 AE | oJE o] LDAE A§3td] 7|EETS A
b A2, 2obE, E A7RE BEe] ZH2E PEET 7)1%H <)
7} WEst G5 Y § TS unigram¥¥E o}yl bigram7bA|] E
Sato] Lol s AR AT, Aw T 164 E F 5175670 9] Tholz ;LH%
A 27t FEEYE, o)

T HE HE ESEA W 2 W
E5o] Y= FAI7} sle. web 71%

54) Song, Chie Hoon et al., “Anticipation of converging technology areas — A refined
approach for the identification of attractive fields of innovation”, Technological
Forecasting and Social Change, Vol.116(2017), pp.98-115,
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theFgt A5 dalg|ES E8ate] dx 71k 104 A2 =]
E 71=EY o gl o]E0] A= 73t 204 AAE TS HHs)
th (£ 3)2 SAHE J32dS s i 7S AES YERdT, 2
IYFER gho] 55 v A= 7oA 7eEY 1§ 7HeAol
obd % Itk 44 FIE 438 F Ak (E DA BT 4 3
AAE darelged et S E 2S5 ghe] Axp) wle- =27] vl
5L 7IEEY 7 718 E wEdts A gy RS $J3k olE v)x
2488 7 UEF At T YA 2ALHES A APt
(E3) o 7241 W 0| 7| =EX Mol st T30 & o Ao 7| sSAZ

EinEIES Min, Q1 Median Mean Q3 Max,
cn 1 8 14 14,687 20 55
Ccos 0.0357 0.2987 0.4009 0.3945 0.4950 0.7828
jaccard 0.0169 0.1633 0.2407 0.2445 0.3182 0.6429
sor 0.0333 0.2807 0.3881 0.3805 0.4828 0.7826
hpi 0.0192 0.2206 0.3269 0.3240 0.4222 0.7660
hdi 0.0370 0.3810 0.5000 0.4975 0.6154 1.0000
lhn_local 0.0013 0.0095 0.0113 0.0115 0.0132 0.0317
pa 48 775 1,222 1,297 1,710 5,100
aa 0.2316 2.1833 3.6636 3.9230 5.2835 15.113
ra 0.0133 0.1920 0.3226 0.3559 0.4836 1.4854
katz 0.0000 0.0000 0.0000 0.0004 0.0010 0.0011
lhi_global 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001
act 0.0035 0.0148 0.0206 0.0207 0.0259 0.0525
act_n 1.6178 2.0461 2.1979 2.2202 2.3715 3.5138
rwr 0.0012 0.0080 0.0106 0.0140 0.0221 0.0496
mf 0.0092 0.0098 0.0099 0.0099 0.0100 0.0127
Ip 0.1500 11.965 19.560 20,647 27.460 76.350
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Fa S dAE &Esto] 7eET I S Ao Ag A=sE
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2498 7|3t} Random Forest@} 2o Tree 7]¥ke] L a1g]Eo| A= 9] A]
2 | 25

27D o] B e oA, B AFolM s vefet daugss g8sto
=2d g5 8 e 8L *‘63 skl -3 s Uehl= Bds T4
2 =oE Fdstas spr] viol Zl 3t dAdE FAE ¢ A=F 9A
2ALY F ghge AdEH 2l g5s A dadsEE udd
sto|#gtetulEl & A A3hE Zlo] dastth, e setvHE &85 =Y
Stgol o] Fod ¢ EH B dFdMe aAds 7vke] a2lE MRS
ol (& 4= 7 darEFe L= A E ffs) 283 sl @
el HFHom AddH e vehdg, 712H s B AFdr ] g5
mdo v g BHE Aol 517 Wl svMe] AYGdSE v B

FE sl ol AR&-8l= RBFE 7|22 8= M A& 33,

(Z 4) stolmimztole ™S 2I8t O2|E MR 7|&E

24 uj2to|E Pe=ht MEHEI 2}
Logistic Cost {0.001,0.01,0.1, 1, 10, 100, 1,000 } 0.001
Regression(LR) | Penalty (11,12} 12
Support Vector | Cost {0.001, 0,01, 0.1, 1, 10, 100, 1,000 } 10
Machine(SVM) | Gamma { 0.0005, 0,001, 0,01, 0.1, 1, 10, 100 } 10
E3] Q4% 150, 100, 200, 500 } 500
Eg HAY 2] |(4,6,8,10,12} 12
Random Forest(RF) —
Hd A 74 | ( auto', 'sqrt’, 'log2' } 'auto’
BEe 7|E { 'gini', 'entropy' } 'gini'
v %] =7] { 32, 64, 80, 100 } 80
Deep Neural dx= {50, 100} 100
Network(DNN) FREp {'SGD', 'RMSprop', 'Adagrad', 'Adadelta’, Adam

'Adam’', 'Adamax’, 'Nadam' }

degl 272 stolmimtetnle] e 2 dnelzol 4gstel 14w
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7§ EE dSse SAo] A= e sle] Axshy mde A4S
o ol A T3k 19419 B uolH Y FE8 AF NS BE
shel A= T3b 20041 A& Tl Yol F5HS ALTT BT 2
o 5 247 lste] Aw T2 2040l AE WAE FEao] A

29 oI B S 4
Synthetic Minority Over-sampling Technique(SMOTE)-g— &-a3lt} SMOTE
© Hloly 471 S84 &2 B F vlolEAle] o AEHS 98 71
oz FARE wt dole Heoly AES Aoz dof gl o
Fol #FHLE o] Fo|d & J=F P55

(% 5= 4 2o g 45 4 235 yehdin, 14 24 F,
SVME 248 wale 49 $5d e Holt Ao et wet

3

4 & AT AED ISR T §WIAS THE vm qAFRde

J =
o
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TR

Fue Feds Ad Zler
£ A& e ARd oS $a% AL Fa% %fa} 125 HH}E7ﬂ H%s
Wi 71ge] ol & AT F J=F Adsks Aolvth. webs & 7o) A
A 28234 Bletr] Asiae 2 el mulo] v §% e e =
2 FER 53 VIsEY ol g oY A s Ade AEHeRE &
A3 & 5 Qlofok Ak, oleld wolg thg ol FAsIA Ak,
(Z5) g 2ol 7|4 EE 2 887|3] 0545

el Accuracy Precision Recall F1 score

LR 0.4109 0.9142 0.3816 0.5385

SVM 0.8752 0.9048 0.9626 0.9328

RF 0.3787 0.9163 0.3411 0.4972

DNN 0.4544 0.9259 0.4283 0.5857

55) Chawla, Nitesh V. et al., “SMOTE: synthetic minority over-sampling technique”,
Journal of Artificial Intelligence Research, Vol.16(2002), pp.321-357.
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58) WA, “ArtEdE|=/mto]l 22 32|27, SF51RE 9] 3], 2019, 2-8%.
59) Yin, Lu et al.,, “A self-sustainable wearable multi-modular E-textile bioenergy
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Discovering Technology Convergence Opportunities
among Technology Topics

—The Case of Wearable Technology —

Seo, Wonchul

Technology convergence promotes technological advances that can
create new values in industries by merging technological knowledge from
different industrial fields, Anticipating potential technological oppor-
tunities that enable new innovations through technology convergence
can facilitate seizing technology opportunities and gaining competitive
advantage, Although extensive research has been conducted to identify
technological convergence opportunities using patent data, these studies
mainly rely on technology classes whose technical meaning is quite
ambiguous, thereby not being able to specifically derive the technical
implications of identified opportunities, Therefore, this study proposes a
supervised learning model that builds a convergence network of
technology topics with high technological specificity and anticipates
potential technology convergence opportunities by applying various link
prediction algorithms. In addition, to explore the applicability of the
proposed model, we discuss the technological implications of the
predicted technology topic pairs that show high probability of future
convergence, We expect that this study will help to find new
technological prospects that can be exploited through technology

convergence, Moreover, this study can assist relevant firms in
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strengthening their underdeveloped R&D planning capabilities and

securing competitive advantage for sustainable growth,

Technology convergence, Supervised learning, Topic modeling, Link prediction, Wearable





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


