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Discovering Interdisciplinary Convergence Technologies Using
Content Analysis Technique Based on Topic Modeling
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ABSTRACT

The objectives of this study is to present a discovering process of interdisciplinary convergence
technology using text mining of big data. For the convergence research of biotechnology (BT)
and information communications technology (ICT), the following processes were performed. (1)
Collecting sufficient meta data of research articles based on BT terminology list. (2) Generating
intellectual structure of emerging technologies by using a Pathfinder network scaling algorithm.
(3) Analyzing contents with topic modeling. Next three steps were also used to derive items
of BT-ICT convergence technology. (4) Expanding BT terminology list into superior concepts
of technology to obtain ICT-related information from BT. (5) Automatically collecting meta data
of research articles of two fields by using OpenAPI service. (6) Analyzing contents of BT-ICT
topic models. Our study proclaims the following findings. Firstly, terminology list can be an
important knowledge base for discovering convergence technologies. Secondly, the analysis of
a large quantity of literature requires text mining that facilitates the analysis by reducing
the dimension of the data. The methodology we suggest here to process and analyze data is
efficient to discover technologies with high possibility of interdisciplinary convergence.
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Period A | In-degree Centrality

0.631 T2. Powertrain

Rt System

T3.Information
Technology
Topic2 0.629

Topic3 0.569
Topicd 0.446

Topic5 0.338

T4. self Driving TS, GreenUehice

T1. Steering System

Period B | In-degree Centrality

T3. Infermation

T2. Powertrain
System Technology

Topict 0616
Topicz 0.603

Topic3 0.714

Topic4 0.842

Topic5 0.557

T5. Greenvehicle

T4, Self Driving
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Aoz A 2Ye) A% BE Bl 7]
E WY v} S50 ol JEg ne
2 ANSGT, B ATE Y2E ol )
E9T #4714 S Ags] 9 /1%

22 Ex| meal 7|

AR AME Qe Al o] Salton &
McGill(1983) ol 2l Ak ti-idf 2 7]9h
902 Deerwester, Dumais, Landauer, Furnas,
Harshman(1990) ©] Algket A <fu] AQl
(latent semantic indexing: LSI) 7|HOZ ¥k
SilTE Al ofm] ARl HolA] e (singular
value decomposition: SVD) 7S ul&re.
oot £ 7He] PES FAE AL Tk
FHL FARSE £Ro] Ho|uF oM &
A AAA on F2E Fds A
o]% 252 FA) 2Ju] A2l (probabilistic Latent
Semantic Indexing: pLSI) 71¥# 22 &5
A A 7Y 7| Eo] 47 = 9 (Hofmann,
1999), pLSI®] FAHS Hekst A Zdl
LDA (Latent Dirichlet allocation) 71®H¢] A<t
= ATHBlei, Ng, & Jordan, 2003). LDA= 2
P AR EHE B RUE] 7R FAE Y
e Y=o AR B, J8y EFE
A (mixture) 2 FA1E R 3= &4
A2g Hdle|t)

Blei, Ng, Jordan(2003)2 LDA 71HS F
2 A0 WE E4E 913 e Rz A

b GO, B AAE 248 S Ao

4
!

—



82 BEA3|A] A35d A3Z 2018

o
7HL1::1]T=: E‘éf_] o S — %—

o o
Ae HIE =

=
b
:OLL
Ku)
od
ri‘
\ r—l E
[
o
z
Y
i)
3
)
)
T

Perez, Gatica-Perez(2012)E EnrFY 3H79])
A o] 8A1E9] % FHES Fohl7] S8 B
g 2d5)E E88i8ich I WellE HtL vie]
A o|uRE ol FAZHYE sh= 714
9] A7 Vretos, Nikolaidis, & Pitas, 2012), A%
TE 71 HolHZREH 4& WA olF HE A
HE 7L 2 geate] o] F 9] HEly 54
& Zohfls Aok, o743, 28H, 2015) &
Ak
£ A7} AR Al 24l EY B9
7Ms AREE A5, Song# Kim(2013)
AEAQHT} Foke] 27 3ok Y4 74

O

=

=
(o}
AR

2 offt mlo rlo oM
e}
§L_"

s
—y
D

o

=]

!

A
w
o

j=)

%
DO
(e
[
=
rlo
5
e
i
>,
ol
S

N

2k A919] A% ARl AR7E EA TS she}
sk vake) o AL Fgstel BaE
vlolid 7'M olgs) AFEE WHOE 9
Hakz AAD B4 78S AE Akt

(Id 4 Fx).

+1Q: 0345 +2Q: 0408 +3Q: 039 +4Q: 0341 +5Q: 0255
[Patent] Topic | | [Patent] Topic | | [Patent] Topic | | [Patent] Topic | | [Patent] Topic

tein 13| composition
ment
cid
present
peptide

[Web] Topic 1 tre

ract > pro
i at
a

embodiment
base portion

2011 Q4

+2Q: 0516 +6Q: 0545 +7Q: 0505 +8Q: 0472
[Paper] Topic

N

3. BT-ICT &oF 7+ €% 7I&
=Z 9y

2 A4l AljkskE BT-ICT +#oF 2+
e ©F S (Y 59 2o) A 3
|2 =] ok A MAlE 58 F4
T ¥ofo] A7 729} £ BEFS EAgh=
o} $-A BT #oke] HZ Wo2:= 7]
12 0] 7o 2 rggol B2

Ste=w viEolHE s

(
—

i
SRS

X

F{‘

= XN oo
o8
o F_>|Z 4
T o
.‘g‘ ol

N & I 11 et:
tu o
[
M
1
N,
it
o
o,
ofo
:O{:"
i vs}
,%
M
-9
o
N
oo m & o o

tlo o, —d
i
o o
o
oo
EY
N
fo 1

T
[o
&N
\
ol
&
£ fd

1%

o 7 WHAE 7] 2 BT 2oF

N,
ﬁ.ﬂ)‘ [“—lE
of
2
4
Ju
o
9
o
o
ofo
off
ng
=
>
e
Q
—

Shid
29,
o,
X
ko
f
=)
o
e
o
Fi‘r‘
i\_l,
o
o
£
uj
Sh

(o3
2
1o
Lo
)3
Hd
ok
o
m
&

o
ol

N
o
:oé
N
_
oX
i
N

>
ojo
o @
Bjie
B[l
o
ox
f
i
o
tob
o
of
F{F
2
jin's
e

OpenAPI(application programming interface)
MBI 2E o] 83l ICT #ok] AdZHE A4
A dolelE AF Yk 2ebAYl et )



hut
i)
td
e,
o
N

Zi

4 A LDA 7% ol83ll ICT #oFe] 2
ESSS ARt itk A wRe = WA 9
= & ollA M, miAE Al WA SAlE
A7l A TR 1A 2 & S8l 59
Q2 71 U BEYES AETY &=
A2} (domain exper‘use) 7)uko 7 BA sl

KR
Pl F1 o9 BE

P

3

o]

P

-lN

HTHe=

T

IBERY & 7% cT 2orl2 £5
;

A

2-1. BT 20F & 7|59|
49171580 HE

71g 85 3y
el

1-3 AH 32
= ] HEYI Azt
EER

STEP 3 BT - ICT £0f 7+

88 71& ool =&

(3@ 5) BT-ICT 20f 2+ E87|&
== I HeE

3.1.1 BT 3of
E2Z zkA]
BT —I—OH AA -z 4™ 59 STEP
= A% A AHeE, AL WeEE BT &
W 7lEe T R A 78 719
3T 201595 2018'71A] €]
MIT Technology ReviewsZ%-E] BT £oF 7%
(http://www.technologyreview.com/), Cell Press
Selections®] A FA| oK http://www.cell.
com/selections), Science #'d 4=|©]2]¢] Topics
AAdeA BT ok 71k, A3y a4l

o} 71 A 9 7145l

WE 24 3 GA ¢ §37)

ey
k1
e
o
i)
o
w

gu

Elol A W3k 2017 il L wg) £ 7%
(BiolNsay No.14) 2 2018 wlelL mjzf 7
71%(BiolNsay No.27) 5 7180 55 %
ol 2g-sisith 59, #l¢] BT #% 71« &
g T2 A ARE =7 AR7HdETt

A A AT A E ¢
2017d A5 vpol 72 BlHloly 7|yke]
ol R LR, 20189 AEE T TS

Ad A+ EUEES 53 JATAd 7
SEE 1jrg— 71 E A=l F8 7]Eol
SEEE 497 A9 gllen, dF Ves

o %o 04:% Hele] F5o] 7= SR
(ofl: in vivo genome editing@} genome editing
therapy) Al 71%<] 28 W17} ”016}2_%
Z1ztel 7195 s FAsit F2 7s
o8 gt & o=k HEko ]Ei—% et

7] 913l zF Gofnih A o= S e

ST, 4718 AR Lol 2o HHEEA
(Google Searches related to) 71'5% Keyword
Tool AFe|E(http://keywordtool.io/google) &
ol-gate] F7F 4 71 EE st A
AME M3 o 2, ‘next generation cancer
vaccine’ 2t} 7314 7]&S U= ‘dendritic
cell cancer vaccine'# A¥HAQl oJn|E XL

Aol ¥ B2 o =wol A4

—_—

Y

l‘

A=

‘therapeutic cancer vaccine'& 27

Molz Edtato] B AL AL

T A 19E 21 %7}0 o HF A4

BT #oke] 7% 718

2ot 473l M= e Eokeke] e A AlF
3

S o] 93 £ T1ego] BEL

iz



84

B H A28 3A] A|3b5A A3Z 2018

(E 2) BT 20f RY 7|20/ 22 =4 % Hoef 7 S
8 | BT 49 712 0% (M) Sl A 4 (27%) =

FE e /1= S an T TH= o o T34
TO01 | Genetic remediation safe genes / genetic baseline states 3,045
T02 | Synthetic embryo artificial embryonic stem cells / artificial embryo 2,091
T03 | Single neuron analysis 3,110
T04 | Metabolomic reprogramming metabolic reprogramming 2,507
T05 | Membrane proteome structure membrane proteome map / membrane proteins database 3,420
T06 | Glycomimetics 99
TO07 |in vivo Genome editing 872
TO8 |Next generation cancer vaccine therapeutic cancer vaccines / dendritic cell cancer vaccine 7,638
T09 | Biomimetics 3,511
T10 | Neuroimaging for psychiatry neuroimaging mental illness 1,128
T11 |3D printing drug delivery customized drug delivery system 426
T12 | Open source drug discovery 311
T13 | Quantitative traits engineering quantitative traits genome editing 609
T14 | Simultaneous detecting sensor simultaneous detection sensor 1,029
T15 |Plant based vaccine 1,075
T16 | Artificial meat cultured meat 1,176
T17 |Carbon photosynthetic cell 981
T18 | Artificial enzyme nanozyme 4,823
T19 | Xenobiotics ecosystem biodegradation of xenobiotics 2,805
T20 | Gene drive 172
T21 |Clinico genomics big data applications in genomics / big data human genome 1,706
T22 |Single cell genomics single cell genome sequencing 1,997
T23 | Infoepidemiology epidemiology bioinformatics / public health informatics| 17,340
T24 | Mobile artificial intelligence diagnosis | machine learning for healthcare applications 1,066
T25 | Wearable health devices personal health monitoring devices 1,766
T26 | Genome editing therapy therapeutic genome editing 3,310
T27 | Circulating tumor DNA detection |circulating tumor DNA biomarker 2,863
T28 | Continuous glucose monitoring 2,099
T29 |in vivo direct reprogramming In vivo reprogramming 1,574
T30 | Epigenetic regulation of development | epigenetics in development 11,468
A 86,517
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S|t} e dasEeH, 3071 71&el tisl 85 6
Aol 7o) =8 ST ANE =RE

3.12 3 = HeEH oy 43t dAe = MEDLINE 34j¢] §j2E sjl= #%s}4]

A Kegol 252

HZ O
=2

o]&3l PubMed Al€]

om blojg 72

= (29 6)3% 2t 71s-8o



hut
18
b
e,
o

PMID- 29605641

OWN - NLM

STAT- Publisher

LR - 20180401

IS - 1090-2414 (Electronic)

IS - 0147-6513 (Linking)

vl - 157

DP - 2018 Mar 29

Tl - Biochemical mechanism of phytoremediation process of
with Mucor circinelloides and Trichoderma asperellum.

PG -21-28

LID - S0147-6513(18)30236-7 [pii]

LID - 10.1016/j.ecoenv.2018.03.047 [doi]

AB - This study focused on the bioremediation mechanisms
1000mgkg(-1)) and cadmium (0,10,50,100mgkg(-1)) conta
indinenaus funai salactad fram mine tailinas as the nhut

Wy

Lo NEUIEEnUS

TA - Ecotoxicol Environ Saf

JT - Ecotoxicology and environmental safety

JID - 7805381

OTO - NOTNLM

OT - Combined-remediation

OT - Heavy metal

QT - High-throughput sequencing

OT - Microbial community

QT - Plant resistance

OT - Soil pollution

EDAT- 2018/04/02 06:00

(2!l 6) Pubmed OEIH|O|E| MZ
(medline &)

[[‘epigenet’, ‘germ’, ‘cell’, ‘nuclear’, ‘factor’,
‘induc’, ‘pluripot’, ‘stem’, ‘cell’, ‘somat’, “cell’,
‘reprogram’, ‘stem’, ‘cell’],

[‘decidua’, ‘induc’, ‘pluripot’, ‘stem’, ‘cell’, ‘ipsc’,
‘mesenchym’, ‘cell’, X', ‘chromosom’, ‘inactiv’],
[‘autophagi’, ‘breast’, ‘cancer’, ‘cancer’, ‘prevent,
‘carcinogen’, ‘cigarett’, ‘smoke’, ‘keton’, ‘bodi’,
‘lactat’, ‘microenviron’, ‘mitochondri’,
‘dysfunct’, ‘prematur’, ‘ag’, ‘senesc’, ‘tumor’,
‘growth’],

[‘cancer’, ‘metabol’, ‘embryon’, ‘transcript’,
“factor’, ‘neoplast’, ‘progress’, p53’, lack’, po?’,
‘cell’, ‘cycl’, ‘tumor’, ‘reprogram’],
[‘bicelectr’, ‘microenviron’, ‘normal’, ‘reprogram’,
‘rest’, ‘potenti’, ‘voltag’, ‘gradient’],
[‘epigenet’, ‘mesenchym’, ‘stem’, ‘cell’, ‘neural’,
‘stem’, ‘cell’, ‘plastic’, ‘regen’, ‘medicin’,
‘reprogram ],

[‘cardiomyocyt’, ‘cell’, ‘therapi’, ‘heart’, “failur’,
‘induc’, ‘pluripot’, ‘stem’, ‘cell’]]
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A

HA(ZE 0 2HY HM2lE)

FEsg0m,
SIE(-) 59 7155 TPete] PRI
throl AReE #AsGT, (I9 DS Ae

W (stemming) A& 3o EE HolH
g FAL L3 go|BHgE

o] (python) ¢1olZ ZZ g sle] 33}
ATk

3.1.3 BT o 774 71&2] A4 73 A123ke}
a4

w2 AT E BT 7% 7] A 25
A7) 918k 7o R s AulY YESA
(PathFinder Network: PFNet) %= 4725S
AHE-EF TH Schvaneveldt, Durso, & Dearholt,
1989). o] 7THE AA +x25 AFHCE 39
5171 ol ol 2 =¥ (Multidimensional
Scaling: MDS)& E.gsl= MESD A &
FEFE T SR FH ARYRE Foklx
2] 2857 QItHHE, 2017: Quirin, Cordon,
Guerrero-Bote, Vargas-Quesada, & Moya-
Anegon, 2008). ¥ A+E Fshr] sl
Quirin 5(2008) ¢l <]}l #IFE MST-PF €L
25 7IWHOZ 3 PFNet A4 AXES0]E
24 st 24 L2E AAsIeH, £
ZFFAEE S48 9lg e E Saltont
McGill(1983) ] A|Qtet FARRT F-AAIG(cosine
coefficient) & ARE3ITE A 32 A4S
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249 BT mlgf 74 71 VIET= 4719
FA 153 3719 sB 71eE o] Uk
4719] 152 72} (1) 1ICT/healthcare &4 7]
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A3 Ve (1) /HHS 34 VeE O
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(Jeong & Song, 2014).
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[Tepigenet, ‘germ, cell, ‘nuclear’, ‘factor, ‘induc’ ‘pluripot’ ‘stem’ ‘cell", 'somat, ‘cell, reprogram’,

'stem’],

[decidua’, induc’, ‘pluripot ‘stem’, ‘cell, ‘ipsc’, ‘mesenchym’, ‘cell, ', ‘chromosom’ ‘inactiv’,
Tautophagi, ‘breast, ‘cancer, ‘cancer, ‘prevent, ‘carcinogen’, ‘cigarett’, ‘smoke, keton’, 'bodi, lactat’,
‘microenviron, ‘mitochondri, ‘dysfunct, ‘prematur’, ‘ag’, ‘senesc’, ‘tumer’ ‘growth’],

['cancer’, 'metabol’, ‘embryon’, ‘transcript, 'factor’, ‘neoplast’, ‘progress’, ‘p53', 'lack’, 'po2, ‘cell’, ‘cycl,
‘tumor’, leproglam]

['bioelectr’, 'microenviron’, ‘normal’, reprogram’, ‘rest’, ‘potent’’, 'voltag’, ‘gradient’],

[epigenet’, ‘mesenchym’, stem’, ‘cell', 'neural’, ‘stem, "cell", plastic’, regen’, ‘medicir, reprogram’]
['cardiomyocyt' ‘cell’, ‘therapi, ‘heart’, ‘failur’, ‘induc’, ‘pluripot’ 'stem’, ‘cell, .... ]

L

0.019*"stem" 0.017*"cell” 0.014*"reprogram”  0.014*"neural” 0.013*"induc”
0.013*"pluripot” 0.011*"transdifferenti” 0.011*"diseas” 0.010*"therapi”
0.010*"medicin”

0.008*"cell” 0.007*"transplant”  0.007*"cancer” 0.006*"regener” 0.006*"tissu"

0.006*"neuron”
0.005*"stem™
0.010*"vascular” 0.007*"muscl”

0.006*"astrocyt” 0.005*"reprogram”  0.005*"direct”

0.007*"metabol” 0.007*"cell” ODDG “pluripot”

0.005*"smooth”  0.005*"differenti"  0.005*"endotheli"  0.005*"stem’
0.005*"kinas"
0.008*"germ” 0.007*"fibroblast”  0.006*"cell” 006*"ipsc” 0.005*"insulin”

0.005*"endotheli” _0.005*"isoform"
0.004*"lipodystrophi”

0.009*"cancer” 0.008*"methyl”  0.008*"dna” 0.007*"cell”
0.006*"epigenet”  0.006*"ip" 0.006* reprogram” 0.005*"pluripot”

0.004* proteln 0.004*"transdifferenti”

0.006*"stem™
0.005*"convers”
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Membrane proteome structure (T10)

i

o
rE

Topicl 2 Topic3 Topicd Topice Topic8 Topicl0
cancer diseas cancer cell proteom protein cell cancer protein
tumor alzheim breast receptor protein membran receptor receptor ms
factor cancer cell epitop membran proteom lung cell gene
protein gene protein protein analysi cancer cell small target cancer
analysi cognit diseas express protein diseas analysi cancer analysi hila
receptor amyloid polymorph molecular cell surviv prognosi erlotinib antibodi therapi
growth beta gene Sequenc polymorph interact outer antimicrobi breast carcinoma

Membrane proteome structure (T20)

Topic1 Topic2 Topic3

neck proteom protein transport gene

head protein diseas protein proteom
squamou drug profil dardiovascular EXPress

protein analysi proteom specif nephropathi

meta cell gene prostat biomark
carcinoma stem syndrom spectrometri profil

review system antipsychot mass cell

|_Topicio | |

diabet pharmacophor diseas cell protein
type 2 virtual gene plant membran
receptor screen proteom analysi spectrometri
mellitu molecular restrict cancer mass
glp cancer vaccinolog meta alzheim
agonist dock cancer disord structur
sglt2 gsar chromatographi factor proteom

Topic12 Topicl8
singl arthriti therapi gene etanercept cell hla cancer protein breast
nucleotid factor preterm function adalimumab analysi frequenc receptor antigen cancer
polymorph rheumatoid prognosi pathwai analysi alk analysi growth structur her2
snp growth birth analysi psoriasi polymorph allel antibodi membran metastat
diseas cancer fetal arteri advers meta haplotyp cell mirna surviv
receptor protein fibronectin magnhet cancer rearrang cancer epiderm molecular posit
analysi membran nmda hypertens event lymphoma mutat egfr mutat neg

Membrane proteome structure (T30)

proteom outer effect diseas cell virtual immunoglobulin cancer singl alzheim
carcinoma breast glp mild pharmacogenet screen cell lung nucleotid diseas
protein carcinoma advers protein tumour pharmacophor killer growth polymorph amyloid
subcellular membran protein data motif dock transduct factor carcinoma snp
cancer polymorph agonist analysi epidemiolog molecular mitochondri receptor gene beta
prognosi cancer studi proteom antagonist epitop signal egfr analysi cognit
erythropoietin cholesterol therapi gener grave qgsar zoonot small squamou biomark
arthriti vascular breast loop meta genet tgfheta genom tyrosin receptor
anti emiss her2 antibodi polymorph mitochondrion coupl secret prostat motif
tnf tomographi posit model arthriti hla system tube receptor calcium
psoriat positron cancer engin depress trial carcinoma protein kinas surfac
treatment protein sequenc structur transport featur surviv xanthin transcript gene
cytokin endotheli mass stem rheumatoid inhibitor receptor electrophysiolog diseas trp
inflamm genet neg compar analysi clinic protein antiphospholipid secret prolifer
cancer breast portug protein analysi human membran diabet protein protein
proteom cancer databas meta podocyt protein antigen type 2 diseas gene
cell human azor analysi biologi genom cancer mellitu locu interact
follicl metastat diseas polymorph target cancer protein glucos missens express
itragq cost promot membran young miss signal express mutat insert
prolifer her2 glucagon prognosi phenotyp proteom proteom gene analysi bind
plaqu immunodefici allel popul cancer languag glycom diseas famili polymorph

(2! 11) 7|2 membrane proteome

£ AT 5 YA I F AFH] Akt
NEES e IFOE Fol & 16719 A9
Z1E dae 3T AR 3) #2).
(& 29 BT 2ok 7 7% 552 7 ol
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CE 5 ICT &S 2o &% HE2= o&E BT /Y 7|2 =5

&0 BT #4719 49 719 3 &of¢ 319 71%-80f

FT (7 XA bl §o79) s 7|ed dAIE

GOl |Gene expression analysis / gene expression profiling A e 24| T01, T03, T27, T30

G02 |Gene ontology AR LE2A | T23

G03 | Gene regulation AR 22 T30

G04 | Genetic engineering A 35 F%% :{:% ?;S Ti8,

GO5 Geno_me squencing / high-throughput sequencing / SAA NERY  [ToL T2

next-generation sequencing

GO06 |Metabolic engineering IS T04, TO6, T17, T19

GO7 |Mhealth / telehealth / telemedicine / e-medicine 2o & T14, T24, T25, T28

G08 | Microfluidics / microfluidic device oA 7| & T03, T22

G09 | Morphogenesis e 24 T02, T07, T29

G10 |Prosthesis / robotic arm / robotic surgery B T09

G11 |Protein design / protein folding chid A7 T05, T18

G12 | Genomics A g T21, T22

G13 |Cancer immunotherapy ¢ HARAF TO8

Gl4 |Neuro technology AR 7E T03, T10

G15 |Pharmaceutical discovery 2l 7 TO8, T11, T12, T15

G16 |Tissue engineering 4 ¥ T09, T16
ALl EE 01%'311 A AAe HEolHE Zh ol ZAS 9ot dHe] AxEY o= E
U(batch) WALE GEEE wol Alsh ke 37} sue] Besin
ATH(IHE 6) “Li) o] FolMe F ¥A OpenAPIE &&3) ICT #ok] < wEl
R pde Ans Zeaey Ao Hol  HoEE A e Al $4 B A
ElE $3 35 OpenAPI 714ke] ]S A} AEE FHsh KISTI NDSL AH]| 29
£ A5AE Mo EAA e AUnASY /5 Fol @S ABAEY
tlolele] A g A7} 7h5gk #A o] ARk (bioinformatics) g 52%-& 83 ICT &+
el SRS ATeht Axde) Bed okl AU ST 20004 olF Ak
] AAZE MBI 2E AlFshs OpenAPL AfH] A HYHY e ALE THOE AA s,
2ob FE0] Qlolok Al glo] Bhol ks HE FAH 3 Ul ARE 1058% olaiv
ST B ATANE BFABNEYRATY (@ DHE AY 099 S $HF A A
(KISTD 7} Aw|23sk= NOS(NDSL Open g HHo| 39 do|g ot} (I8 12)&
Service, http://nos.ndsLkr) & ©]&&}3ch ¢ HAE &8t &

OpenAPI MU A& o4
AIZE AA 715
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Ady 7)1 Ad | Ao TR wof ISSN
Current bicinformatics Bentham Science Pub 2006 eng 570:793 1574-8936
Applied bioinformatics Open Mind Journals 2002 eng 570:793 1175-5636
Evolutionary bicinformatics | Libertas Academica 2005 eng 570.285 1176-9343
Trends in bioinformatics Asl1an.Network for 2008 eng 570.285 1994-7941

Scientific Info.

Open access bioinformatics | Dove Medical Press 2009 eng 570.285 1179-2701
. . ) . 1687-8035
Advances in bicinformatics |Hindawi Pub. Corp 2008 eng 570.283 1687-8027
. . . L 1477-4054
Briefings in bioinformatics H. Stewart Publications 2000 eng 570.285 1467-5463

gene regulation$$—1751-570x$$—2010$$--NART50218625$$—Dynamic graphs:Boolean networks:Hybrid systems:Gene regulation:
gene regulation$$--0167-8655$$--2010$$--NART543803 10$$-—Max imum-1 ike | ihood:Expectation maximization:Markov chain Monte
gene regulation$$-—0167-8655$$--2006$$--NART26240923$$-—0ONA microarray dataset:Gene selection:Gene regulation probabili

gene regulation$$-—1860-949x$$—2011$$—NART57835748

gene regulation$$—0304-3975$$—2016$$-——NART75115874$$—React ion systems:Dynamic causalities:Abstract interpretation$$-
gene regulation$$-—-0304-3975%$$-—2009$$-—NART48493206$$—-RNA: Secondary structure prediction:Pseudoknot: Interacting RNAs:
gene regulation$$--0304-3975$$--2008$$--NART47951343$$—Chemical kinetics:Gene regulation:Gillespie:Multi-scale:Moments
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431 genomics 10 T 0008 h 0007~ phyloger 0,012+ compar genom” om 00T and mede s 0005 garam” Biologi and genet G.01
4326720 t 0.008" log" 0. 0.008* bioinformat” 09+ databas’
433 s oo 50000l and join" 0 cca-“appmxw algorithm 0.00
434 milar measur’  0.007*"biologi and genet’ 0008
435 o relatens| 0007+ derin Samart” 0 006~ lon ozt
436 0007+ maximum weight 10.00
437 0007+'column gener” 0.0
438 0007+microorgan 00
43y 06+"ger m adjac disrupt n0.008 0.007+"fo00d, ger 00, rotein®
440 0.006+'short-rang correl” EEEE"‘pmtsm sequen: 0006~ mayimin adjac dis 0.007*"phylogenet” 0007 predictmode 000 databas design” _ 0.0C
L CERER] SFA EFTE: i SHA OETA G0HY
442 genomics_20 0TS genom ditane e (0 "‘expréss e 00 "'z\uster“ 007677l format” & STovite 7 T O 0Ta" rats rebonD Pylogeni” 0177 sequene ndys 00T
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425 o0t2vproten featur 0013 strucur scale” compact structur m 0,011+ haplotyp" 001 E‘“bu:h:g\ and gener 001 oo’ 001 crtadan iy 0015 bond st of e 0012 gulton cement 00¢
446 0010 compleceduct 0013 it o0 0o’ 001 D‘“ba)es n network? 0.000+'g 00i0rphylogerom 0011 it eprss ge .01 001 1#clinic gen 0.1
a7 i " - ovin o *over-dispers”
443 o mtera(tnEE o ain functi 0.008*"transcript map’ 1+"combinatort a\g:mmc
22y tructur align
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z:; purin Geqrad 0,010 sqricalur qenam 0 010+ cpug discovert and (0,000 parallel eitectur {0,008 qenet 0.010"virul factor” 0.0
EETGEE]
453 genomics 30 7B ipres seqienc GED 022" sequenc ndys 0016 segment 26-"genom analys” 00207
254 016
255
256 12+ databas design”
257 12+ dlabet”
258 12-"protein”
259 Somat copi number 0.0
260 algorithm comparis 0.0
261 “wihole-genom sequi0.0
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E% B9 g RAS EW A 0 $U71E BE Y 03
A Z7ME XFA9 FDA 40 A7e dh (genomics) ©] SUAEZ FA] %‘(smgle cell
3l glgol®= B33 (Galipeau & Sensebe, genomics) 2 A0 E F3HE ASo|th
2018), =7k =71A 28 ehte] Aol of (" 15 x). vARA 7es U}O]ﬁi
g o] F> AEH o E A7|HIL e dstelth alE] ©9le] mAlg 2o FE AlZte]
(Lee & Hong, 2017: Ridge, Sullivan, & Glynn, ARl HofZ WAl FAoM T2 AREHE
2017). o]l VIESIA 719k} T12]E 7579 (grid 327K photolithography) 71%°] AHEEE &

computing) 71&< ALs 1435 7 (Whitesides, Ostuni, Takayama, Jiang, &

T o
g o vpolenbA oSl B85 $74Y Ingber, 2001) ICT 7]&3 dAgo] 1o, w}
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o] obdA S EREY F UL o7 B SANEE AL FA 8= Hash 2
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4.2 O|MIFH =270t 1
=3t 5|™5} 7122 0|25

O -

s oZ B 8 2 43} dare
Z(combinatorial algorithm) 2} 722 IT 7%
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