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Trend Analysis using Topic Modeling for Simulation Studies
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ABSTRACT

The recent diversification in terms of the scope and techniques used for simulations has highlighted the
importance of analyzing state of the art trends and applying these for educational and study purposes. While
qualitative methods such as literature research or experts' assessments have previously been used, such methods
are in fact likely to reflect the subjective viewpoint of experts, and to involve too much time and money for
the results obtained. For the purpose of an objective analysis, a quantitative analysis that included the examination
of topics found in domestic academic journal articles was conducted in the present study. In this regard,
simulation was found to be most actively used domestically in the electrical and electronic fields. In addition,
simulation was also found to be employed for the purpose of education and entertainment in the social sciences.
The results of this study are expected to help to facilitate the prediction of the direction of the development of
not only the Korea Society for Simulation, but also domestic simulation studies. This study also raises the
possibility of applying text mining to trend analysis, and proves that it can be a useful method for deriving future

key topics and helping experts’ decisions regarding quantitative data.
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A& o] A(Simulation)-2 184]71¢] Bls A3 (Needle
experiment) 0.2 A|Z}slo] 7)o HE 7122 WY
(Monte Carlo method) ¢} o, HAFE Q] Wy &+
A AL S WHEE ekl Sl
(Goldsman et al., 2010). A& o]A(Simulation)o]Zt &
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Data acquisition

Extraction KCI papers from WoS
(keyword: “AlEdo]A”)

S

Analysis with bibliographic

Frequency analysis with Time series
metadata analysis
4 L
Topic analysis

Pre- Topic Inference &
processing: modeling: prediction:
Morpheme Topic modeling Inference

separation with LDA and prediction
Stopword Frequency based on topic

removal per a topic analysis

Fig. 1. Flow diagram of topic analysis

2.1 tolEle] 47 U &l

B ATOIAE QY S5 ool AT EBE AR 2
Z ez A1$sl KCI DB (Korea citation index
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7HA 11,8959 =g FE8I3th I=]al o] =25
o disf A= =5 7IHE AMEEE FES
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HOl Zokg "oz diidwet S27 AACIM 44
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st EZEAE AABII: WA g8 25S dide=
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Table. 1. Classification of simulation studies

Classification Number Share
Engineering 10,073 84.7%
Social science 463 3.9%
Business&Economics 443 3.7%
Natural science 313 2.6%
Medicine/Pharmacy 270 2.3%
Humanities 209 1.8%
Art&Sports 94 0.8%
Fisheries 30 0.3%
Total 11,895 100.0%

ABaolHo] 714 wol ST T3 ohA a9l
A2 Bsoh Table 29F Zo 7lg Esh Rof
(Engineer)”7} 7,603A°22 75.48%9] Ha4&S Holi,
e, Helrls, A5, EF/eF SolA AR
5 o 5 ook ABdolMo] 71 ol BeEE ¥
wopol|A fLAH R ofF ALEF| AlEdolAo] &
SER=AZ W) e 27120l 20| Basi &
AT M= Al A ZokE 24167 flsl] 4doA &
248 A
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Table. 2. Subclass of engineering

3.2 SlE BN

EZ A ol Wi i Aokl iRt AES
Qfel] 3.19] 7 24 d o] theh A Fo] BA Al
3J3ith. KCI DB (www.kci.go.kr)o]] SAjE =5 %
= AlEdlelde] Adud =2 AgAEGel A=

99

“Simulationg FIfEF G.T. Layout®] %ol 23t Hige
o] X9 Won and Won, 1989), T t}2 =] =5 DBQI
DBPia (www.dbpia.co.kr)o] 2|5} 19743 G A
"HAA Al AtoAE o] AlEdlel e ARES)
%lth(Lee, 1974). oli= AjollA] AlEdo]Ao] sfele} &
AHAl SArAA S A Yehe APt 7 o r R E A
APk e HolE) ofFA AR AlEHold ==
2 @A KCI DBl 2JstH A At &ofol] A wljd
3,0008H oo m=ito] ey gl5o] wakEch 2 A
oM o' At Fofoll A AlEeold 7ol E-gol
w=A Skl QA 245 sl At HobE A
AGH TS dokath AlEgolds 283t diERd
A0l Table 3a7} HojF= H| Algdolde AHE
g ko] 2ot Hof shlo] 714 ol T8 ke
7FE Holal glom, o]9] Fofof k= Al eliop=
e gAY =Tt 7P wEA SR &
Table 3bol|A] Ho|i= ufel Zro] Apzjatsl Hofol A=
= 9 P4 Zopo] A7t 7P kS & o Atk
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Classification Number Share Table. 3. Chronological trends
Engineering 7,603 75.48%
Computer science 1,023 10.16% (a) Trends of All Field
Science&technology 368 3.65% Engineer | Social Business&E| Natural |Medicine/| Human | Art | Fisher
- ing | Science | conomics | Science |Pharmacy| ities | &Sports | ies
Architecture 288 2.86%
- 1993| 1 0 0 0 0 0 0 0
Transportation 242 2.40%
Construction&building 238 2.36% 1995| 2 0 0 0 0 0 0 0
Agriculture 16 1.15% 1997 13 0 0 0 0 0 0 0
Materials science 66 0.66% 1999| 22 ! 0 0 0 0 0 0
Oceanography 59 0.59% 2001 23 1 1 0 0 0 0 0
Instruments&Instrumentation 25 0.25% 2003 739 14 28 16 15 9 2 0
Telecommunications 18 0.18% 2005|1,107| 38 | 42 | 28 | 30 | 24 | 14 |2
Environment&ecology 7 0.07% 2007| 1,283 | 47 68 41 22 26 6 4
Film, radio&television 6 0.06% 2009| 1,658 | 75 80 55 42 20 13 | 2
Area studies 6 0.06% 2011| 1,948 | 90 81 51 44 40 20 |3
Polymer science 4 0.04% 2013| 1,762 | 110 76 61 66 44 18 2
Metallurgy 4 0.04% 2015| 1,407 | 85 63 54 49 42 18 | 10
Total 10,073 100% Total| 9,965 | 461 | 439 | 306 | 268 | 205 | 91 | 29
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(b) Trends in social science

O] e @] 6|6 0] ®| o |aofana2)a3) 4
1999 | 1
2000
2001 1
2002 3|2 1
2003 2| 4 1 1
20041 8| 31| 4 1 112
20050 8| 7] 3 1
20060 91 6] 31 2 1
2007 8 6] 81 1 1
2008 | 16| 10| 5 21211 111
2009 | 14| 810 1 113
20000120 8| 9| 12|22 111
2011 (16| 14| 11| 3| 4| 2 2
20120 7 (30|14 32| 1]1
20131 10(28) 2| 4] 4|1 111 1
20141211141 32| 1 1 111
2005113 8| 56|22 1 11]1]1
2016 | 1 1
Total | 149] 148 77| 22| 19| 15| 11| 5| 4| 3| 3|3 | 3|1

(6) International Relations 13) Women's Studies

(1) Education & Educational Research  (8) Philosophy
(2) Public Administration (9) Religion
(3) Social Sciences (10) Theater
(4) Government & Law (11) Sociology
(5) Behavioral Sciences (

) (

) (

)
)
12) Linguistics
)
)

(7) Social Work 14) Information Science & Library Science
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3 =R} AR5 A& $=01E Figure 29} 7]
shelskginh SRIFAFE) Ao Al =72 = 804
o 10003t Zo] 1998 0] Hol7bHA] 1,000HH0]
YL, 2002300k Ad o= 8¥l7E AA S7FekAl Hek
E£3] 38} Hofo] =8 = 200249]| 108)7F 9A] 57}
S} 1 EE 20024 o] =RgTE YR Ho] M
&o| fojua 4 Qlrk FEI g9 47t E3tE

oo N, ©

2002438 2015371K|9] =8 ]S Hlws 2015
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SolEHhe o2 2E Fo=aat &0
£ ggko g Wt} Figure 2bojlA] B Als]ulsHiofo
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20,000 20%
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mEngineering —Share of Simulation

(a) Share of simulation in engineering

30,000 0.6%
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(b) Share of simulation in social science

Fig. 2. Trends of study frequency depended on simulation
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tolE &3t RHEAT 314y (numiterations), 7
25k 192 ¥zl Hbumnin), Wl By} =T O] H]

2 shel Egjol A 7]=rt Aol A=
(eta)= o[BI A 2pol7} g FohEoret ARl et
ool 77t ty2 7 Ad7g5tgiet. Table 42 &£ =74

Table. 5. Topics of engineering

LDAES AJ3yst uf] ARE3F AAZro|ct
Table. 4. Settings of LDA
. N Social
tti E
Setting ngineering Science
Numbers of fi t
umbers of frequent words 1,500 1,000
(word.order)
Numbers of topic (K) 30 20
Numbers of iterati
um Frs 9 iteration 20,000 5,000
(num.iterations)
Numbers of discarding (burnin) 2,000 1,000
Numbers of sub topi
uTn ers'o sub topics per a 0.0001 0.001
main topic (alpha)
Degree of words spreaded (eta) 0.001 0.01

'% FofoA &3t 30719] Exjy} 7t B mdl
2o 285 Fatto]l= Table 59} 2tk FoA] A%
ol

o] 7V wol AR o= HlolE A7),
SAEAL BeR], AT S| Bee] i
A OKE—HEH_E 1,3,7,8, 11, 18, 19, 21, 23,
25, 29, 30)o|t}. tha> 7] Hof (EHE: 4, 5, 14,
24, 27, 28)2 AntE =] Ak A sjA, HY
wol A sk AR A, Antedele T4,
7171 A B Aol YA (Energy
management system, EMS) 7l 5 t}oFel Holkol A A]
Eio]do] ARE|T Qok= Z1S mhelst 4 9t} 1 9]
ol Ale1AI=(6, 10, 12, 17, 24), 35(9), H(20), 74
1Y), NS @) ok S 2 gl
T =Ro] uke Ex]-H: Hoko] AS golyl g
259 =} Qo] Wt 200 ERAY Eo] Aﬂ
wohE o] mEEh 15HI} 261 =8 S Lofo] 8
T ARk eR o] S ke £ AA=
e gof ol Al SEAE S A0
2t 9 4 QAR Afefolsl 3 88 Polele A
oY BT A4S B3 ERAA 24

= =

Jr= %Q T+ gle ARkl FI—EEIE]'

@D == 0|Msts| =2

Topic Keywords of Frequent words

1 data traffic simulation time traffic dita
2 inforgraphic sinulation inage modd informetion
3 data lagging netvork mobile wireless time
4 |energy management|  amlysis performance energy systerms
5 (eiggcg;r?d) power it amt | g
6 data signal system sigrel frequency dita
7 mobile device mobile method progiam operation
8 | network speed atenna gu bendwidh microstrip
9 transportation control flight nonlincar vehicle
10 | neural system fizzy nonlinear neural paranreter
11 data network network scheme routing protocol
12 sensing spectrum interference sensing sigrel
13 fluid control nunerical flow wave fluid
14 | renewable energy inverter converter current switching
15 weapon simulation weapon defense combet
16 generator engine pover energy efficiency
17 | wireless sensor sersor nodes wireless cluster
18 | data transmission oftim conmumication signal multipeth
19 | short-range com. fid tag slot protocol
20 | safe equipment soke evacuetion safety protection
21 antenna anfenna band i frequency
22 hybrid car foel vehicle hybrid electric
23 | network device routing node protocol network

air conditioning and . . .
A heating ) coing beting thm rdion
25 security detection attack system secuity
26 radar radar terget range geonEtry
21 piezoelectric piezoclectric vibration frequency sensor
28 | smart grid(DER) gid fesource scheduling | - heterogencous
29 incoding cutting production deooder analysis
30 broadcasting Tesormrt station bandwidth broadcasting

42 AyB)relEo}
BB 4 27180 M £ ASjmsiEoliAE
Table 69} Zo] AlAo R B3 B4 Axsiglt. B
shzotol ulmste] lolEjoro] AltHoR e A}

shEopollA= 20709 BE9S FE8Idet AT 3 24
ORI 15(2, 8), ER(6) & 1 &okt tiE (5)3
AA(11), 28] A2|(13)9] ZHFet #of, 11 3K4), Al
A AIP19)T 2 A3 Ez) Hokel waw E-ﬂol
wWo] e} 1 ofof] FAEAI3), £3(7), A S
& BAA FEEA), BA(12), FA(14), =3K16), 1

(17). EIAE LTH(18), ol(20)7H) chepet S
A Bl o] AGEE o 4+ glek. pHiofel FAl
FAE B3I} AT} Hof BN Eglo] mael
o} 0|9} 22 AR 314 DBelA ABSHe Aagow
£ HET 5 g ol BAE mlolds B9 &



224 0] Aol et 7S o = Sl SAlR e R
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A a7t BRS¢ 4 Ut

Table. 7. Topic modeling in engineering

Hoto| 74A] EofjEal ltiNance and Sargent, 2002). 1995~2005 2006~2015
olel Aol o] B g Hope F8 Hopurks —
_ . H o oF A o 1 system simulation system test
Alglalst Bolko]| 4 =
Feleh RoflAl ==da o 4 2 electronic circuit broadcasting
3 data network wireless network
Table. 6. Topics of social sciences . p — - —
ata transmission air conditioning
Topic Keywords of Frequent words 5 neural&robot mobile service
1 ( ;ducatiim ] Jearing edheation gop 6 power grid smart grid
e 7 network speed wireless data
2 |wireless sensor nobile wircless Sersor computing s data traffic data traffic
- : - s .
3 |clderly society| _penin o Y 9 transportation transportation
mortgage I
4 loan e i o - 10 short-range communication antenna
5 | acting training adting examination cogiitive training
6 | microphone hearing oise microphone sound o
i | AFBatE; Rolol el 717 BT BAL UAR At
71 o schoo | e | sl | demmy | g Table 87} 70| AW A (Politics, Public
g | miliary it - e i administration) 2 X oKSecurity and safety)?} w8 &
(ooth Kore) ofoll et A7} ZISHTL e & 5 Urk g £
o] e e ey gre | omns of= ZN7]0] “education”o]gh ETjo] E&E|QlX| vk
10| world trade fo - ft: e ZHl7] 0]l “education (in school)” ¥ “education (after
1] polfies | dotm | v | e | oo school)” .2 S TEE|D Wt 5 2900] gt ¥l
| S| | e | e | i F7RIES & 4 ook EE “military”e] B9 A A
mentali -
3| reidoe | tae | gumm | e | o 7lol i g o =EE QAN $uE7] o) ZH] Tholof
hology | i " i A “terrorism”2} “cyber”7} F7}=|o] = Foke] ¥4l
s | TR | o o o] AR ofujet A HgoR Sl S malrk
15 culture culture aticle relation contenporary
16 law justice legal law reform ) o ] )
- - - - Table. 8. Topic modeling in social sciences
17 ftesting algorithm|  algorithms multiple explore studerts
18 | outdoor access|  sigboards outdoor recogrition location 1995~2005 2006~2015
19| art genre e representation at simulation 1 city planning residence
; 2 computer politics
20 | TESEEhg | e okl mhed | merh : ‘
method 3 education education (after school)
4 residence education (in school)
4.3 ELEN0| 724 ME2E : milary milary
o] $ ¢t HolE 223517 99, A|7|E EY & 6 game game
AL AAFATE & i =ES dadnr J)Fo 7 A 7 noise public administration
HH2(1995~2005)9} THE(2006 ~2015) 2 A|E-3}5}a, 8 eldery society elderly society
v R G2 =o]7| o8 E-’—] ENE 107H§ :.1—_1_0]—04 = 9 outdoor access trade
7] BAS a5k WA, 2 =R 10 public assistance security and safety
2o oz 1Sl Table 73k o) 7] Rofe) <
T FAlo] Meeld Avte JejEz welstm, B4 olsh Zol /Rkbd ARele ERBAL X2 v 9
Hol= EY “antenna”7} M2 BH2E Arg LAE Aol Wrdstal EdE B0 =5 Fr}
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Table. 9. Ranking of journals posting the articles utilized
simulation

No. Journal Num. | Share | Accu.

| Korea In§t1tgte of Ir}fom}atlon and 567 59 %
Communication Engineering

Korean Institute of Electromagnetic

0, 0,
2 Engineering and Science 421 4 9
3 | Korea Society for Simulation 354 | 3% | 12%
4 | Academia-industrial technology 343 | 3% | 15%
5 The Tmpsactlons of Korean Institute of Power 279 | 2w | 1%
Electronics
6 The Institute of Elect'ron.lcs Engineers of %5 | 2% | 1o%
Korea - Telecommunications
7 Kgrean society for Aeronautical and Space us | 2w | 2%
Sciences
g Korean Institute of Illuminating and Electrical %5 | 2w | 1%

Installation Engineers

9 | Korean Institute of Information Technology | 231 2% | 25%

The Institute of Electronics Engineers of Korea

0, 0,
10 Semiconductor and Devices 2 Yoo\ 2T
11 | KISS : Information Networking 203 2% | 29%
12 | Korea Communications and Networks 195 2% | 31%
13 Architectural Institute of Korea Planning 04 | 2 | 33w

Design

@D == o|MstE| =2

14 | Korean Institute of Intelligent Systems 194 2% | 35%
15 | Korea Society of Computer and Information | 188 2% | 3%
16 | Communications and Networks 185 2% | 39%
17 | Mechanical Science and Technology 182 2% | 41%
18 ?j;t;t;l '(;fa ét;;emet, Broadcasting and 181 2w | 43%
19 | Korea Contents Association 173 1% | 44%
20 | Advanced Navigation Technology 165 1% | 45%
21 | The KIPS Transactions : Part C 157 1% | 46%
22 | Korea Navigation and Port Research 149 1% | 4%
23 | Korea Multimedia Society 132 1% | 4%
2% I;gr;i elsnstitute of Electronic Communication 129 0 | 49%
25 | Korea Transportation Research Society 123 1% | 50%
5. 48
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