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Abstract In this study, we investigated the differences in research topics related to industrial
mathematics between Korea and the US, in the three periods namely the jumping, the growth, and the
maturity stages. For this purpose, the structural topic modeling (STM) method was used to analyze the
titles and abstracts of 3,310 papers published by the Society for Industrial and Applied Mathematics
(SIAM) and the Korean Society for Industrial and Applied Mathematics (KSIAM) from 2010 to 2019. The
main results were as follows. First, the research topics in industrial mathematics were related to all the
fields of mathematics presented in the middle classification of the National Science and Technology
Standard Classification (NSTC) and about 71% of job types presented in the National Competency
Standards (NCS) required in industrial sites. Second, 'bio mathematics' and 'combinatorial
mathematics/graph theory' were fields that have reached a stable stage in the US, 'numerical analysis',
'financial/actuarial statistics', and 'mathematical programming/optimization theory' were fields with the
potential for future growth, and 'functional analysis' appeared to be a field that can be expected to play
a leading role in Korea. Based on these findings, the academic implications were provided for the
benefit of Korean researchers, and the policy implications were presented to the Korean government.

This could have a bearing on the outcome of the industrial mathematics fostering plan.
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S Applied Mathematics 90 112 90 104 90 117 106 929 146 104 1058
1 Financial Mathematics 34 39 28 33 27 43 33 31 42 30 340
A .
Mathematics of Data
M Science 3 3
Multiscale Modeling & | oo |\ 7 | 55 | 54 | 67 | 50 | 53 | 6 | e | 45 | eo1
Simulation
Uncertainty Quantification 23 36 48 53 48 63 48 319
Ve J-KSIAM 21 | 24 | 20 | 20 | 25 | 26 | 20 | 18 | 18 | 21 | 213
Total 260 289 256 296 312 361 342 366 450 378 3310
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307 B9 FAE £ dFoA= Ag<est
Hopo] AR shAstlon, 7 AFFAlE R
Q1= A4 tho]& STM #4] Aol A FREX(FRequent
and EXclusive)g AA513t}. FREX+= sfig ©@oi7t df
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ALFA = & UrE}‘/V\] A= @old off 5o EH
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Utk ALFA= Z} Eo)A9] #Y dolE Hgo=E
AR71glgolN 27187 1&REEFNSTC: National
Science and Technology Standard Classification,
oJs} NSTC)oll 71¥ket 4=8ke] FrFollA ZAstqiet.

Held-Out Likelihood Residuals.
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Table 2. Research topics and keywords

8 P 2
A \\
8 e g =
H /,,, \
£ 3] S \\\
sl e —
) PR 2 x w ® o s ow
Nomber ol Toics () Nomber o Toics (4
Semantic Coherence Lower Bound
—
//
A -

) R ES

2 2 E) S £l

Number of Topis (K) Humber of Topis (K)

Fig. 2. Diagnostic values by number of topics
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A7l " 59 W =7P AASR ZeE, 2
Aol A= 24719 thEFQ ARdEe, AF-IA AR,
85, A5 AAAFHE, HE AT AN
W BA-9g, AEA-FL, EehdedARl i, &
, AT, FH-F4, ol &-suhoy e AR
, SAAHIA, AM, 714, A=, FshEtel e, AR
, A7 AR}, AREA, AE7RS, A5 73,
oA A -k, 83 o dS AASHITHALL
TARCZ AZ7IFQ3E 7NFsl7] oldof 5919 BhAt
E2 STM £4 235 A7ARRE weron, 78
o8 AAT EY £7t HHTR] ofF A AxSFALt &
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r
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Topics Keywords

. monte, carlo, estimator, probability, prior,
1.Bayesian . RRH
X error, multilevel, sample, likelihood,
inference X

posterior
. . rice, option, volatility, american,

2.Financial P P ¥

martingale, transaction, heston, money,

mathematics
hedge, bermudan

operator, function, domain, approximation,
space, spectrum, equation, convergence,
integral, finite

3.Functional
analysis

polynomial, selex, group, graph, vector,
semidefinite, weight, identifiability,
combinatorial, algebra

4.Combinatorics/gr
aph theory

5.Differential
geometry

vorticity, capillary, pipe, fluid, tension,
flow, incompressible, flame, slip, velocity

optimal, capital, constraint, dividend,
systemic, investment, penalty, withdrawal,
hjb, bank

6.Financial/
actuarial statsitics

emulator, emulation, output, sobol,
simulator, surrogate, markov, uncertainty,
estimation, computer

7.Applied
probability

8.Medical/
bio statistics

infection, drug, epidemic, virus, mosquito,
outbreak, wolbachia, malaria, infect, hiv

energy, droplet, free, minimizer, boundary,

9.Variation,
. / . quantum, metric, formulation, dirichlet,
nonlinear analysis .
wannier

10.Ordinary . .
. N heat, conduction, temperature, ion,
differential T

N boundary, homogenization, thermal,
equation/

R channel, composite, pore
dynamical systems

order, asymptotic, measure, expansion,
insure, exponential, risk, game, backward,
explicit

11.Acturial
mathematics

12.Stochastic
process

collocation, basis, stochastic, sparse, tensor,
pde, noise, copolymer, process, spde

extraction, cluster, information,
component, cloak, assimilation, sensor,
measurement, datum, forecast

13.Multivariate
statistics




724 Edudde $8T B2 vl AQ5et ATEF LA

_ =ZAhL ‘1O AEY O ) ¢ . s
14 General topolo bind, upper, bound, local, set, proof, (ﬂ Zﬂz‘— ‘E‘L\Bﬁ‘gj'——i price, option,
) pology quartic, connectivity, family, interval, space ‘martingale' Tog ﬁ?——?—lﬂ&% %/E@%ﬂ]‘i

15.Mathematical
programming/
optimization theory

law, conservation, time, stiff, guidance,
process, traffic, hyperbolic, fast, missile

16.Mathematical
physics

kuramoto, oscillator, isochrons, phase,
force, period, cycle, floquet, stable,
hamiltonian

17.Global analysis

homoclinic, canard, codimension, torus,
bifurcation, manifold, invariant, hopf, orbit

18.Computing
analysis

multiscale, mesh, random, accuracy,
discretization, coarse, preconditioner,
elliptic, computational, material

19.Numerical
analysis

analysis, reduction, term, transition, path,
numerical, feature, microscopic, interest,
wave

20.Bio mathematics

network, neural, bump, follicle, synaptic,
activity, node, reaction, gene, cortex

21.Mathematical
methods in science/
engineering

particle, swarm, skeletonization,
configuration, diffusive, collision, regime,
pedestrian, trap, escape

22.Bio mathematics

delay, migratory, equilibrium, chemostat,
immune, persistence, species, aggregation,
phytoplankton, harvest

23.Mathematical
physics

scatter, acoustic, timeharmonic, image,
obstacle, cavity, inverse, ultrasound,
segmentation, helmholtz

24.Medical/
bio statistics

sleep, diffusion, closure, kinetic,
macroscopic, model, rem, microscale,
sleepwake, mobility

25.Tele
communication
mathematics

solitary, travel, dispersive, pulse,
propagation, beam, crack, wave, shock,
period

26.Stochastic
analysis

filter, wavelet, ensemble, tomography,
kalman, lipschitz, code, gabor, conductivity,
electrode

27.Partial
differential equation

stripe, crystal, band, instability,
schrodinger, localize, pattern, soliton,
defect, snake

28.Queuing system
analysis

discrete, system, continuous, dynamical,

converge, evolution, action, queue, process,

service

29.Complex analysis

dynamic, computation, complex, conley,
protein, numerical, technique, koopman,
insulin, chaotic

30.Linear algebra

centrality, algorithm, matrix, design,
identification, efficiency, eigenvector,
covariance, projection, subspace

AFFA12 HoJAISFE O F “prior,

‘posterior’,

‘likelihood 5202, FFFARL Tl OF ‘operator’,

‘function’,

‘domain’
‘AutAEsF 02 ‘bound’, ‘set,
o2 P4 9Iet.

X]OJJJ__D'_ ___01]/\-1 i]—_Q_o]- 2= 21‘—

=

[T =, P

Sl Al 3 5

o] ATFAL:

3 pRIso] ok s 4 ik

o2, I3 AFFA 4=

‘Connectivity’ 5

‘optimal’, ‘bank’ 522, I3 AT
FA11L ‘B8P o7 ‘asymptotic’, ‘exponential,
‘insurer’ G282 F/4E ] itk o] AFFA= 289
H’ A]_Qk,_JH Z]—A]—_?_Oﬂ Z-_r';] 949_]— Eoloﬂoi __,_OH}\]-Z‘]
]/\1 e ¢ e S5 EY 3 w¥Eo ok
GRS

‘E—TL-rZMt o}/ Zo]&' 22 ‘group),
‘graph’, ‘combinatorial 2%, ITFA172 Y
st/ SiMstO R ‘canard, ‘bifurcation’,
‘manifold 528 F4%°] Qlt}. o] AFFA= AE
ap e, Al 9] 4% 5 #RE Aot
SiAS 4= itk

‘investment’,

l' olﬂ

.
ESIRS

AFLFASE  OEIISFR ‘vorticity’,  ‘fluid’,
‘tension’ 522 F/E 0] o} o] AFFA= UAE

tAR1F VREHZTAR] 55 AlERE 2= ‘:]7(}013’—}
AaHY, e 52 AERE 2= 2=
oA 28T 5= e Eohdle-tARI TS S ©
=o] Qltial sfAg 4= ot

ALSFA7S “SEEEZ ‘emulator’, ‘simulator’,
‘markov’ 522 FAJE o] qitt o] ARLFAL Z2A
Egeie} ole] o4 TR 4 UL Agud 5
3} BRIElo] Yok AT 4 Ak

QATEART ATFAL OIS BEEAZ A7
‘infection’, ‘drug’, ‘virus'®} ‘sleep’, ‘kinetic’,
rem’ o2 FAEO] tt. o] AFFA= Q=IEA
H, BARY, 57, st 115, 72905 AAXY
Sl TR 4+ A -9z S5 BaAL] Ay
1A 4= Qich

AFFA 9=

‘quantum’ ‘minimizer’

FE

HEE/HAPAA OF  ‘energy,
SoZ, AFFA 162 FEE

2’2 ‘oscillator’, ‘force’, ‘hamiltonian’ 522 4
=ol loH, 7IAEA, 7IAVRE, 714" &, 714

FAT, 7ARAAEA, A, AEAFAR, A,
FF71AE, 59, AETR FolA &8 5= = 7]
A 53 TAE0] ok sAg 4= ok
ATLFAN0 FEHA/GERHA 02 ‘kuramoto’,
‘heat’, ‘channel’ 522 A% o] it} o] AFFA=
AARH, AR, A, A EA, YRR,
ARAEA SollA 283 5= Qe 714 S wE -
oliA], ke St WA=} Itk AT o Ut
AFFAN 2= SEIF O ‘stochastic’, ‘copolymer’,
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T8, ATFA20L HolesEo®
‘neural’, ‘cortex’ 5Lo&, 121 AFFA
29 ‘BAFA 0F ‘dynamic’, ‘complex’, ‘protein’
T8 FAEC] AUtk o] AFFAES sEHEA 36t
Y, AUAEAR, EAE DFAZA R, v
o|RAIFAZX FolA E8&T & Sl= FHeHHlole Tt

BElo) Ak AT 4 Aok

‘process’

‘network’,

AFFA13S HEHFEA'E  ‘cluster’, ‘cloak’,
‘sensor So&, AFFA23L ‘FEE'E ‘acoustic,

‘timeharmonic’, ‘image’ 52&, 181 AFFA26
2 ‘FEHSHOZ filter, kalman’, ‘conductivity’
SO FA=o] th. o] AFFAES AsBAETA
A, g A7|NAE 5 AlERE she 7], BHe
AL, A&, 230, Frleid, =4
HAR 52 AlERE 2ts A7 SolA &85
T e W72 T BRE ok siAE 5= 3l
=g

AFFANSE FEIADH/FASlelE O % “process’,
‘fast’, ‘missile’ 5O2 FAEO] it} o] ATLFA|=
T HRELS-2E, ATy 52 Al
52 she o, 719G, SRRt 5
= AIERFE st A, AEAEREASE, AUEA
dHeldA 52 AERE ohe AtEAGTE 5ol
&8 £ e HE AR AT I 53 BRE]
At AT 4= Qi

ATFA18L “AKEFSF O ‘computation’, ‘accuracy’,
‘material’ 502 FAF 0] U}, o] AFFA= S50
AYoly, aAzAz, 571, THAY, &3, H
AFEPEAR 55 L2EFE e F5AEY FRIA
AR, AEAFUIAR 5 LEFE e 894=
oA &8 = Sl AR 53 TEo] ok 514
o 5 ok

ATFAN9= SRS 02 ‘reduction’, ‘numerical’,
‘wave' 5OE, AFFA21 T5t/FE9] 4514 By
2o

—L
=

‘skeletonization’, ‘collision’, ‘pedestrian’

o8,  AFFARSE BAFYCE ‘pulse
‘propagation’, ‘beam’ 5O&2, AFFA27S ‘Hu]H
HIAJA1°0 2 ‘instability’, ‘schrodinger’, ‘localize’ &
o7,  AFFABR0E  AFHE ‘algorithm’,

‘matrix’, ‘eigenvector S22 FAJE o] Qlt}. o]
FAES HMAENNG, X5BBIFEA, BA
Q14 5& MIERE ol BEV|E, - FA8ATE, §

AL, AFFER2ARS 22F7E She A&
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5ol 8 4 U= JREA 53 FHEH o
s 4= Qi
ALFA22+= ‘Hlojefsl o g ‘immune’,

‘phytoplankton’, ‘harvest’ 522 A= o] 3lt}. o]

ATFAE REAM, SPULHE, FENL 5L 2
BRE S 59, SAAUNL, A8BAS £EF

She AL oY, 4, e, ol&A
2 ohs 4 5olA 8 4 Sl oY S T
Ho] ok A 5= Qlch

ATEA282 7 IAACIR OF ‘system’, ‘queue’,
‘service’ TO& FAEO] Ut} o] ATFAlE AAT
2], A A 55 ARFE ok SEAHIA, 7H L,
AFZ, FUAA, F o] AERE ot
TFAA A, AXZAELGAENE AEFE ke
AR A GollA E83 5 9l o] -0t
Ax2 53} o] A o] AR|Eo] Sl 2414
SAAHA E FAuhel FEo] Qlokal AT &
Atk

ool A A E uie} Zo] Atgi4r
FAEL g}, sfash, st 7] -S-8<78t,
olal/Zg WSt 22/AAL BY/AREA, S85A, 1
211 SE/SEIY7HA] A Hofol|A A=A LErs
on, 38430 40%E 7P A YeRdth E3F A7
FA|9k TATE NCS7|9ke] AtY] HoR= 247 & 177091
oF 71%A S8 5 Sl Ao=E Yepgor, o] &
JEEA Hop= 71 e 5719] d7FAel B Qe
Ao Yepgrt. olE ol Abdeshy} A-ste] Fu
B4l FopollA &-83t = Q& 388} Fopol #st
ArFAEC] AR ol =1 ARt A=
EPehS HIR ogel =5 2oprt 13k, 2304
&, 23 33 A2 7ER] FRQIsHA S8

QUTKRL ST 5 et
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o eSS THHUSE A STME 249 23
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Alakrt. Fig. 3~Fig. SOl 9] 0, 1, 2= 77t A Growth (.013) (.022) (.019)

_ - Phase; -.002 -.001 .002
drete] o), 71, BS71E HEH, yS2 4 Maturity (013) (021) (018)
ETo iy g&52 W7 A2 s=2o g, a3l kgt Nation; 021 .032 .021

o Us=1 .007)* 011)* .009)*
A A2 EIEoR R Growthx (0076) (008) (ooj)
_ = . TOWL! . - -
=7F A3 YERd 9= Table 33} Fig. 29] AA| Nation (014) (023) (019)
3 wie} Zo] ‘165EE, 17/ AN MawrixNa| 003 010 10
sk, 2ouolossy, 213el/astel 4EhAY S i —

¢ =1 P s Z1. Note. *p <.05,*%*p <.01,***p <.001.
£, 2584158, T2 1 27HU| R A O = et 2. init.type<> spectral, max.em.itsi= 75, runsi 2022 stme
o} FeollAe T7|RE Ad&7)0 o277 Y B

ATFAEZ A 56| gokow, ul=tof| At s
ATFAL E gEol FYusH A UERETHEA
& b = .026, p < .01;b = .043, p < .001; b= .037,
p< .00, b=.021,p<.0l; b=.032p< .0l
b= 021, p < .05). o= FlA sF FA] Bt
A7t Eibs] o] Fo] AL YJA] g2 whHo| wl=o A=
200099 ©]FRE FA7AE FES| AFEHIL Qe
FAZA 8T 5= Stk B3 BAHLSE Fo5HA v

BRI QSkAIEE Fig. 3o AAIE AHY Sl
Hole. 4oto] B ATV FA3] S7bka Qs Ao

2 Ueyth ol 4dethE S5 Bkt 5 SiUE
oA 201685 HR7t 27 T2AER Hio]
Q9loke MAE T A QUst% 7] wlRolaky At 2= 9]

b=
tH3,34].

Table 3. Analysis results of topic prevalence probability
of nation and phase (National effects)

16.Mathematical 17.Global 20.Bio
physics analysis mathematics

Intercent .009 .008 .003
reep (.007) (012) (010)
Phase; -.006 -.006 .004
Growth (.016) (.025) (.022)
Phase; -.006 .002 .018
Maturity (.015) (.025) (.023)
Nation; .026 .043 .037

US=1 (.008)** (.012)* (011)*
Growth x .001 .009 -.007
Nation (017 (.026) (.023)
Maturity X -.003 -.015 -.013
Nation (.016) (.026) (.024)

2L Mathema'tical 25.Telecommuni 27.Partial

methods in . R .
i cation differential
science/ . .
. ; mathematics equation
engineering

Intercent .008 .007 .016
P (.006) (.010) (.009)
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Fig. 3. Topic prevalence probability of nation over
time (National effects)
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Table 4. Analysis results of topic prevalence probability
of nation and phase (National and phase

effects)
14.Genera | 18.Computing | 24.Medical/bio
topology analysis statistics
Intercent .039 .082 .018
P (005)+* 014y (.006)**
Phase; .003 .020 -.003
Growth (.013) (.027) (.011)
Phase; -.007 -.001 -.002
Maturity (011) (.027) (.013)
Nation; -.013 -.033 .019
US=1 (.005)* (014 (.007)**
Growth x .000 -.024 .001
Nation (.013) (.027) (.013)
Maturity X .009 -.005 -.003
Nation (.011) (.027) (.013)
29.Numerical 30.Linear
analysis algebra
Intercept 013 038
P (.005)* 010y
Phase; -.006 .007
Growth (.010) (.019)
Phase; -.004 .057
Maturity (.010) (.023)*
Nation; .010 -.014
Us=1 (.005)* (.010)
Growth x .006 .002
Nation (.010) (.020)
Maturity X .006 -.037
Nation (.010) (.024)

Z21. Note. *p <.05,%*p <.01,***p <.001.
2. init.type< spectral, max.em.itsE 75, runst 2022 stm&
EARZ.

Fig. 301 A48 2AAY BAZOR GolshA eht
A SIHARE 14QUSVSIE I 1A &
oI B et Qs ROE tehtor, 304
P S/ Aow Uehih Eak 242/
AL A7 ABEe] wet wEoi sk
QAPEAZ Ueptow, wuo] dtelde A4RIRe
F7hse s Uehith o) wigom Sy &
sof g7k 29 ATEFE I Ak
ACR SN 4 qlor, 2ot/ AT EA
201958 70| AU vigoz Hds

ey

8 =YY, 4ot 29, do]
SWHon $8% Q750 S

o 4 ATH3,34,35].
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14.General
topology

24.Medical/
bio statistics

18.Computing
analysis
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Fig. 4. Topic prevalence probability of nation over
time (National and phase effects)
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AL 15 A RN /FAslolR o BE tE HE
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o= ¥ ghgo] w7 YERe (b = 061, p < .001;
b= 096, p < .001; b= —.019,p < .05), &3 &%=
S7HE2 =4710] Bl As710A] ml=e] oF 10% ¥
& Aog Yehgthb = —0.099, p < .001). 4Z234
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YERIAIRHD = 022, p < .01), &€ &E T8 =
oF71of BlE Ag=7101A e=ol oF 4% © At Ao=
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710l HI¥tstA] b om(b = .079, p < .001), 887
= Zop7lo vls] d7Al HE SHgel WA debdt
bygs) = — 050, p < .05). T=rrh Hj=oflA] AFA
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Table 5. Analysis results of topic prevalence probability
of nation and phase (Interaction effects)

3.Functional | 4.Combinatorics/ 6.Financ.ia1
alysis graph theory /actuarial
ana statistics
Int . .061 .022 .079
prercep (.007)** (.008)** 013y
Phase; .029 -.003 -.050
Growth (019) (.017) (.024)
Phase; .096 -.013 -.021
Maturity (.020)** (.016) (.023)
Nation; -.019 -.007 -.048
Us=1 (.008)* (.008) (.013)***
Growth x -.029 .023 .050
Nation (.019) (.018) (.024)*
Maturity X Na -.099 .043 .023
tion (.021)** (.017)** (.024)
10.Ordinary
differential 15.Mathematical
equation/ programming/opt
dynamical imization theory
systems
Intercent .074 .051
P (012)* (.007)**
Phase; .074 -.034
Growth (.027) (.013)**
Phase; -.005 -.031
Maturity (.026) (.012)*
Nation; -.036 -.024
Us=1 (.012)* (.008)**
Growth x -.077 .035
Nation (.028)* (014)*
Maturity X Na -.003 .035
tion (.026) (.013)**

*p <.05,%%p <.01,***p <.00L.

Hhe] ‘105 HA/ B4 2 Eoflol st
Shtof| A T EE50] A b=.074,p < .001;
—.036, p < .01), A75A] LA FES| ST
< Zo7]0] Bsf A7l gh=o] of 8% SRt Aos
UERATHby 47 ey = —-077, p < .01). ‘155 AL
H/ZAS}lE 2 A717E ZgEel wet A& 0= 3=
A dH shgo] Y U uKb = 051, p < .001;
—.034, p < .01; by, = —.031,p < .05),
oF7]of Hlsf g7k
o A dehew
by =035,

bsp =

bygr =
SEER U
A%7lol qtol 27 o 4%
(brgg) xzp = 035, p < .05;

p < .01).
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Fig. 5. Topic prevalence probability of nation over
time (Interaction effects)
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