(&) OPEN ACCESS

STEM £ofe] Q1 £Ego} 41
Aol . A8, -+ BAHAA

Analyzing STEM Research Software from the Perspectives of Software
Sharing, Citation and Types

- ANMX E

’

8k & F (Hyoungjoo Park)** Z M & (Seowon Kim)***
4 & 2 (Hyoeun Kim)**** % 2 M (Wooseong Choi)*****
T
L= A
1L.AE 4. 4 3
2. APATF 5. =9 2 AE
3. AT WHE
z=
B Ate] 522 STEM(Science, Technology, Engineering, Mathematics) #oFe] BlEXE|o|A Q1= AT+ AZEY O] T,
g, TR AL, Az IR AEA R AZEY ] {39 dge BAEHE Zlolth STEMO] /18 She Foket STEM #of HAE £ 8}01
A n gkt #4918 STEM -rO}f AAEL S Ayaet AFE, ZT:rLJ)rfﬂ 8}, 710k 2 A7E AAA 453719 BlZAE A Al
9 2= Data Citation Index(DCI)"ﬂ A7 565,0007) °]”° AT AZES01E 49 e 2 SiGiTt. tiFEe] STEM #oks 2z ESY
& w3 software ZRF BAISHE LM, o] A 18 °ﬂ/\] EUTE 902 FY woke} 7]& Foks KZES O {5 A3
BABL AT HHE Eoke o AZEY o °fﬂ°1 1 A F5 Q8-S B ;J‘Riﬁ‘% 71& Foks w3 ‘software 2 HAIEH
ZA97F o] Q142 Wk gich STEM #oks AZES o] §8S HAISHA ¢ Hl9] T 4% ATk STEM #opollx] &ZE o))
TR °l—r°11]“ A9 291 BlEZAEZE CRAN, Figshareiou, £ZEg o] ¢lgo] =2 ’BH 21-1 ZZAE2+= CRAN, Bioconductor$ith.
AT AZEojE 4 wElHolEE o Aleta Ao, A F3AE 5o wlg- F8s dEdolE st FEE FeE Ach
o] AZE ol 712 A7t obd 7H AR} FEARE BAE o] ASATh & A7 A2 AMA 45371 <] Blixliﬂqw ARl =

rKeN
STEM #oFe] - 2xEd o9 7 2 T4 18 A< /NE STEM & -h#°k9% olE FHste] A3 EoEgITE ol

ABSTRACT

The purpose of this study is to examine the current status of research software identified in STEM (Science, Technology,
Engineering, Mathematics) repositories, specifically focusing on sharing, citations, citations based on sharing, authors, unique
identifiers, and software types. This study examines both individual disciplines and the STEM field as a whole. The specific
disciplines analyzed include astrophysics, biological sciences, computing, earth sciences, mathematics, and technology. The analysis
was conducted on over 565,000 research software records indexed in the Data Citation Index (DCI), which indexes and tracks
data from 453 repositories worldwide. The findings reveal that most STEM disciplines designate software types simply as “software,”
and these records tended to have high citation rates. Exceptionally, the fields of computing and technology provided more detailed
specifications for software types. In the computing field, various software types received citations relatively evenly: however,
in the technology field, those simply labeled as “software” accounted for the majority of citations. In some instances across STEM
fields, the software type was left blank. Regarding distribution, CRAN and Figshare were identified as the top two repositories
for software sharing in STEM, whereas CRAN and Bioconductor emerged as the top two repositories for software citations. While
most research software provided essential metadata, some critical information—such as author name and publication year—was
occasionally missing. The majority of software listed individual researchers as co-authors rather than institutional authors.
The contribution of this study lies in its comprehensive and detailed examination of the formal practices of research software
across more than 453 global repositories, offering insights into both specific academic disciplines and the STEM field at large.
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(Bioconductor, (n.d.)). S-2Fsl¥, Bioconductor
YEAEF ] A 1‘%"1}% A A A

5ol 2

AzEdoE BT DOIS Tl Ul
Bioconductor 7} i&EPAIOV } %o 23 FAl
o DOIE s 2 Q7] W&

A 5 59, 18 AAE cE
GO APk ope) 2= 3

M 2EESole] Q183 ol

Ao A AAE=

gAlH oA, TE F T AT AEES A
Al 3R T de HE HEAEZEA,
AL AEE HEESH AR
21 DOIE AHg wha$HH(Figshare, 2026).
Knowledgebase of Interatomic Models+ #1532
&} ArkEE] s Fopol|A] ARG interatomic
2a& 1FshE o Agshet, w4
9% Algd ol At S35t fEAE
2] o|th(National Institute of Standards and
Technology, 2020). S.9Fs}H, AFE ok
AZESolE HE FEAEL (4!
Zenodo), SHE E3} 2)EAEZ(oll: Knowledgebase
of Interatomic Models, ModelDB), 713 2%
A Eg (. Edinburgh Datashare, Rutgers
University Community Repository) ol &A1l
oAl JSUTE F8 B EAEE Figshare,

gole, ofulx), 28, =

_”_5]. A

Figshare,

4.3 AFE 20t .
Knowledgebase of Interatomic Models, ModelDB
(E & A7 2ok g xAEE d+ 7F AATE FEAAE BUAY, 7| A3ARE &
(E 6) st 2ote| A=ZEQof 78 E 221 0|8 H|I
49 smEde] §3 AZE O 9% AZEY o] o]
& HAE b HAE
1 software 1,360 97.56% 7 100%
2 (H]o] %) 34 2.44% 0 0%
=% 1.394 100% 7 100%
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(E 1) AEE 200 2|ZXEZ|YEH T AZEQ N 2], 22, J|HXA, TRAIEX HlI
B rEESo] | 2ZESS] | 2ZESlS] | A% | if
2~0 T
= FlEE e | 9g 4 |ZREss A% | A
1 Figshare 2,086 84 0.04 14 2,064
2 Knowledgebase of Interatomic Models 1,218 153 0.13 0 1,218
3 ModelDB 1,052 610 0.58 0 3
4 Zenodo 347 28 0.08 37 347
5 Mantid Project 41 41 1.00 0 41
6 |Rutgers University Community Repository 2 0 0.00 0 2
7 Edinburgh DataShare 1 0 0.00 0 1
8 Scholars Bank 1 0 0.00 0 1
EQH AFE 2ok ModelDBE Al 98k e sto] HAEE 76.31%E 100%71 otk 1995
YA ER7} AFAEANE ekl T ZFA18F ‘neuron or other electrically excitable
(GE 8)2 HTH Tobke] AXES o] §3 ¥ cell; computer model: software’ = HFE] &
AZE OS] Q&3 o]&S H|we otk d2AM 9 7 52 W)HoR SE spsdt
A Polol AmELS] Q1) F SO AL 5F0) nAlE 722 vhEe], A4 48
oz, ATEQ] o8] F S TTQM, (ES) A A3 ALY 11714 B4L e dekneuron,
< Ao A AxEo]e] Al 4¥(total (nd.)). 4$121 ‘computer model: software =
numbers) 1 100% 7} ok2k, 41 109171419 B84, o] A XFlS e ZEIHO R
& g o]ge] ke HIEG O F Alggoldsls Bdg oustH, 714dS, T
(E 8 ZAFE Zofe AZEQf & ¢ o131 0|8 Hl
ATES Q ATEQ Q
29 smEg] 43 SEEA B8 RS Ol
s HAE S HAE
1 neuron or other electrlca?lly excitable cell: 180 19.65% 9 260%
computer model: software
2 software 152 16.59% 19 24.68%
3 realistic network: computer model: software 104 11.35% 1 1.30%
4 computer model: software 80 8.73% 3 3.90%
5 code: software 58 6.33% 21 21.27%
6 software: model 43 4.69% 6 7.79%
7 synapse: computer model: software 25 2.13% 1 1.30%
8 (He] AF) 22 2.40% 2 2.60%
9 Code 20 2.18% 1 14.29%
10 | Connectionist Network: Computer Model: Software 15 1.64% 0 0.00%
=% 699 76.31% 66 85.71%




o o
%Ol %%O] =W Huks Oefe f9l 241
% A4S w7 Yo e & Ao

GEDE AP ol AzARLN 8
F 2EESIY B, A, T
A, 2 AP e, 2ot

T8 Lok T i) FEANL T8

STEM ofe] 45 AXZESo #4 383

olFH, 71# AR EEQUTE A7} ok
YEAEol|X 9] HFARl AZES O] T H
& g 1983032, Woods Hole Open
Access Server7} 4822 714 E=dth A+
8 ool AZESo] Ffr 269710.E E}
ShEofel Hlste] Sttt

(GE 1002 Ao} okl AxE o] £3
W AEEQo)] Q1EF} o8- gk otk
T3}8} Hol= AZE0]9] f-3o] ‘software’
2 vkes] Ae 97 18(3683], 87.62%), ©l
£(83], 88.89%) = =tth

)

4.5 78 0

(E 9 X|Fofst 20be| 2|ZX|E2|Y AT AZEQ N 2R, 2L, J|HXA}l, DRAHX H|m

B} ZEEdo] | AZESS | ZZESS] | A% |
20 3T
il FlEEe e | 98+ |FRUass A9 | Aus
1 United States Geological Survey 261 398 152 1 261
Computational and Information Systems
2 Laboratory Research Data Archive > 17 340 > >
3 CSIRO Data Access Portal 1 0 0.00 1
4 Woods Hole Open Access Server 1 4.00 0
5 World Data Centre for Climate 1 1 1.00 5 1
CE 10y A[Fatet 2ofe] AZEQ N & ¢ o34 0|8 Hln
49 sseso] 4 AZES S & AZEG 0] o]&
5% HAE 15 HAE
1 software 368 87.62% 8 88.89%
software source code 1 0.24% 0 0.00%
(o] ) 51 12.14% 1 11.11%
ol 420 100% 9 100%
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(E 11) $8F 20| 2|ZX|ER|H AT AZEY 0 2 o2, J|ZMA, DSAIEA} Ho
rEEfo] | 2ZESS] | ZxES] | /@ | L%
2~0
= HlEE snh | ags |zemase| a4 | Aue
Comprehensive R Archive
1 Network(CRAN) 24,272 140,593 5.79 30 0

of¢l RO ¥4 AZE o] HiE 2ZAERE 2L AFAEAE BT 7)E ok AX
A A4 EE A, A4 B, Heold Edol= F 15719 glZAE e F=aL
Atoldz A7) R /WA F2 ARS-gh) Aedl GE 13)> 7491 1091¢] = Z]EE]‘?}
FZ R 7]E A2, of 2ub) o) Ao B 8t HolFEtk Zenodow W& BEAEZRE DOIE
& AAEG, AEEIA 55 XS R H71A Ag o2 Whgsle] A ] 83 AdS
2 2 ZF 28748 vlolde]E AlF3THR A4 CERN Data Centre, Invenio RDM,
Core Team, (n.d.)). S9FspH, 8t Fok= I (nd.)). Ooké}m 7% Hoke ohekgt g EA
FAEAE AFehe AZES7F 0% =), Egof] AZE o7} 3L AT HWE
o]= CRANO| AZESofo] VFAHAE AlF XA &2 CRAN Zenodoo| AZEL )7}
k= 7150l 7] Wi ¢ Aok 8t ok 7P 8ol FRE Jslen, S 7t
AT 2ZESO}E 100%7F B4 AEAELS 23] 3742 Al Fsk= Code Ocean, St 53}
CRAN®I 3-fr=aL ATk 7132k = E=30ch ZZAEZ|(: nanoHub), 713 B EAEZ](<]:
(B 12)& 78 ok AZEY Y /3 ¥ CaltechData, Columbia University Academic
AxEo]9] Q1&F} o] &-F Bl Ho|t} Commons) & TF¥e F3¢] gE2AE ] &
8} Hol= RE HFE7} ‘software & 530 ZEJo7F FHEIL AU 71E Hoke] &
100% FLsti=tl, o= STEM eF $lA ZES O] FH7F 39 1091 BEAEE] Fol
Gkl AR Hol= E4ol9]th Al CRANS Al9jst & g2AEgo)4] DOI
5 sl AT Zletokll A AZES o
- Q8= g 3527 o]9leH, CRAN
4.6 7|& 20¢ =
o] AXES] Ff 1719 I& F= 20682
(F 132 7| ok gxAELd A+ 453 =9k
AxESOY] I, 1, o 2 U8, 71HA (E 1)+ 7& okl AZE o 3 1

(E 12y 8 20k ~2ZEqof RE 8 221 0|2 H

&9 rEESY 48 LEEA 18 LrES0] o &
K s= A AHE
1 software 140593 | 100% 1515 100%
KAL) 140593 | 100% 1815 100%




STEM &oF9] A+ AZEd o 4 385
(E 13) 7|5 2oe| A ERE 917 AZEgof 2R, oI, B ¥ oI, J|BHA
DFASER B[
s - 2zEgo] [ 2ZESO] | AzEdC | /1% | %
il HEAE 5 | 982 |Fruasr| A4 | 4us
1 Zenodo 21,993 60,843 2.77 865 21,993
2 Comprehensive R Archive Network(CRAN) 6,822 141,070 20.68 8 0
3 Figshare 305 373 1.22 2 305
4 Code Ocean 239 268 1.12 2 239
5 nanoHUB 79 131 1.66 0 78
6 PUB - Publications at Bielefeld University 24 36 1.50 0 24
7 Columbia University Academic Commons 15 29 1.93 0 15
8 4TU.Centre for Research Data 10 10 1.00 0 10
9 ETH Data Archive 8 14 1.75 1 3
10 EUDAT Collaborative Data Infrastructure 7 11 1.57 0 7
(E 14) 7|12 20te] ~ZE9Q0f 78 & 223 0|2 H|X
N o i SZE & SZE] o1&
St AXEY {7 2 AAE RS SAE
1 software 201,735 99.47% 2,860 99.55%
2 (| gls) 667 0.33% 2 0.07%
3 capsule: software 224 0.11% 5 0.17%
4 tools 67 0.03% 1 0.03%
5 capsule 44 0.02% 3 0.10%
6 compact model: software 38 0.02% 0 0.00%
7 tools; software 14 0.01% 2 0.07%
8 compact model 12 0.01% 0 0.00%
9 bi_dissertation 3 0.00% 0 0.00%
10 code 3 0.00% 0 0.00%
=% 202,816 100.00% 2873 100%
azEgole] Q183} 082 HiLF Holth 3 3 ABHoIMe] FeIES s Bt
& ZAF ‘capsule: software’ = S 7] (Peng et al., 2013). 712! ‘tools: software &=

A2, 7=, dHol8, A3 37 (environment) ©|
SPUR Fol A FelE vl shth(Wei et
al, 2024). 69191 ‘compact model: software’ &
S= Mg olHelA kel AF-eF T4
= 7] T AEE QK Feof Hdojw
AR 35 5 QA E ARk
558 a4

w3he W

A el

tlo o
1

p

AxESOY] /i B, A 5] AHE
= ey Z2adelt) goksd, 7|E
o= AXESJo] f3S v 715l
Atk 7% Hoke] AFA= ]
02 3] ‘software’ 2 AAS wf <L
A dekom, 1 €9 AXES o §3P

£2 WE A9 ST,

(e}
o do % 3o Hr

ATEY

==
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FA RN ofgA AFEL UEAS B

4.7 T He|
T dlAlelty AFHst Foke] g, A4
(% 1) CRANCIA A+ AZE 7} A2k g W AR Al E] st JHE
oA gt HJEE AlFstHA FFEL ASAE AlFstal ARAAT, AT Eoks Zenodoths
HAOZFHCRAN, 2025). 7AASE W A YEAEY] PrhS Algd B FAEAL WA
B A, A AR, AR 2ol AE 5o AR FRE AlFsial UA o
A2~ URL(Universal Resource Locator), i = IR F Utk S AFY 2okl AeE
714 a2, wtelde] 5] ZE7F AlFE 3 St =0 E HlfaabY, Fanrded g
T} 9ok, CRANOIA X ES o7} 32 H Aof EUARE FAAR] skEAe] W, 3,
o= - *o“ﬂf?} weH o8 7F Al =L Ho|x] RS A8 Algetal YA BTkl &
= 1T F ‘:} T Utk o= AXES0 AR Y FEAE
(& 15>E AXE 7} e =i 2ol 34122l s 8 P (credit) & Al5-stL

el Friendly [aut], Brendan Furneaus [aut], Geofirey Har

ut], Dan McGlinn [aut], e Ouellette [au

], Eduardo Ribeiro Cunha [aut], Tyler Smith [aut], k [aut], James Weedon [aut]

e veg, oldrel: yegan 2.7-2.i
gz, roldrel u va) 21 release (x86_64): vegan 2.7-2.tgz, roldrel (x86_64): vegan 2.7-2.tgz

COg 1) A7 2ZEQ0 S7 0A|

CE 15) A7 2ZEdole s =20Me 2IZ ollA|

st ol A7 £ZEY) 4% RN A o
N M. Newville, A. Ingargiola, T. Stensitzki, D. B. Allen, LMFIT: Non-Linear Least-Square Minimization
1= N1 o)

and Curve-Fitting for Python. Zenodo. (2014).

Barlow, P.M., Cunningham, W.L., Zhai, Tong, and Gray, Mark, 2017, U.S. Geological Survey
A3} | Groundwater Toolbox version 1.3.1, a graphical and mapping interface for analysis of hydrologic
data: U.S. Geological Survey Software Release, 26 May 2017, http://dx.doi.org/10.5066/F7R78CIG
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(S 16)& STEM ¥ = B ao]y 5
2EES)

Y AT AP 2ZES OIS FH F <
29 AE WSS Wwd Folr), A %
Elole] i AT Sof 7h FAlo)E
sht, 23] F7lks RS ohdS sl
o AT AmEels JHOT i /1%
o) 2 45 A ) ke A7

ool 74 201613 2018Lﬂ77vl AZE 0]
T 0lg F7 25333]00)A] 4653]E €} 8
woF 2 Ak Hgte] Y53] =9kt
(3 17)2 STEM o} A9 g ZA =z
W AT AZE O I 9, T E UL,
1AL 28RS vk ol STEM
ol ZAe] A eSO Ff = 37.8607H5ATh
T8 YxAEE ¥WE fEAEQ] CRAN
(82.13%) ©13itt. Bhi 53} F A Eejof4]9]
AEEO] I TESTE £ d7E= STEM
ofe] IR R AlFe] PEAE HE
d, AZES o7} B EAE

=g
B [ W L
o W AR AR u
hYa

Mo

N

gEAEY7E 7] WEd ¢ vk STEM
oF AAE HE W) AZEY o] LG H oL

ok A 3

T ¥ 23891, 53] CRAN®] 9.0671,
Bioconductor7} 8.030.2 HFHT} 9453] 3
Utk = AT ATEY o)) Ff Aldl|, 91
o] F2AQ g I YE WAk s Qe
F7F =2 CRAN, BioConductor 5] 2]%X
Egol] 718s= Alo), Zenodo 52 218 47}
w2 Y EAE 7]‘%’3“ AR U A=
o Sk Edh E A4e e YEAERS]
CRAN, 8+ £3} 2|22 &9 Bioconductor

off MK

=

STEM ¥ofe] A3 LZEF0] ¥4 387

5 YEA =L FH| 2
ooy sHE 4 ok

(3 18) STEM &oF xA1] 491 109
o] AZESo] 3 W AZESo]¢] 01’9‘4’
o] 8-S Ml EOlE‘r. AXEg 0] F
346,766, AZES O] o]& = 479801
Atk STEM #of HAIE A& o, AZES)
o] §8& T3] ‘software’ & A2 79 ol
£5(99.55%) 7 ©18-8(99.02%) ©] =4tk 1
olof) A E o] FHE A3 Ao B S,
AZESY 18 F7 AUk

(% 19)= STEM M2 Hopa o A
Edole] veldolE] AL H3S
o FAHOE AL A, EHALE, PEAE
g, 25, IFAEA, AZE ol W 2 /3

59 922 BASA $4 A THAE

H]JJ_E]- ol

= $2 Haiste, 9. A5 A
%) 914 AL 9

AR o83 WAL} 2L B v}
Q4% WS 28 vl HelolE
BT 2R AR 4R dweld:
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STEM #oFe A+ AZE9o] 4 389

CE 17) STEM 20F MAQ| 2|ZX|EZY A7 AZEL N 37, 28, =7 8 2&,

I B AL, TRAEA D
N = AZEQ] | AZEY 22EY aF | 2%
il I i s | ad graass A4 | es

1 Comprehensive R Archive Network(CRAN) 31,094 281,663 9.06 38 0

2 Figshare 2,391 457 0.19 16 2.369

3 Knowledgebase of Interatomic Models 1,218 153 0.13 0 1,218

4 Astrophysics Source Code Library 1,216 627 0.52 20 0

5 ModelDB 1,052 610 0.58 0 3

6 United States Geological Survey 261 398 152 1 261

7 Code Ocean 239 268 1.12 2 239

8 Bioconductor 173 1,390 8.03 10 173

9 nanoHUB 79 131 1.66 0 78

10 Mantid Project 41 41 1 0 41
(E 18) STEM 2oke| £ZEgj0] 78 & 287 02 8l
AL EY o) 8 AL EY ol
9 sEES] $9 B S

1 software 344,807 99.55% 4,725 99.02%

2 (Hlo] 9) 774 0.22% 5 0.10%

3 capsule: software 224 0.06% 5 0.10%

A neuron or other electrically excitable cell: computer model: 180 0.05% 9 0.04%

software

o realistic network: computer model: software 104 0.03% 1 0.02%

6 computer model: software 80 0.02% 3 0.06%

7 tools 67 0.02% 1 0.02%

8 code: software 58 0.02% 21 0.44%

9 capsule 44 0.01% 3 0.06%

10 software: model 43 0.01% 6 0.13%
=% 346,381 100% 4,772 100%
(E 19) STEM &2 2of & A7 AZEY {9 HEHOIE A2 H|T

S £k Heteole YAEIE & JAE)

FAZE D[ AR | A= | FwdE [ eEdEd | 2% [ Sad84 | od 44 [ aEedel 43
AAEE 1208 1219 1218 1219 1219 3 0 1218
(1219) (99.1%) | (100%) | (99.92%) | (100%) (100%) (0.25%) (0%) (99.92%)

A st 167 174 174 174 1 173 0 158
(174) (95.98%) | (100%) (100%) (100%) (057%) | (99.43%) (0%) (90.8%)
A7 Y 4718 4748 4747 4748 4705 3677 160 4725
(4748) (99.37%) | (100%) | (99.98%) | (100%) (99.09%) | (77.44%) | (3.37%) (99.52%)

A8} 264 269 269 269 237 268 1 230
(269) (9814%) | (100%) (100%) (100%) (88.1%) | (99.63%) | (0.37%) (85.5%)
T3 24242 24272 24272 24272 24272 0 73 24272
(24272) (99.88%) | (100%) (100%) (100%) (100%) (0%) (0.3%) (100%)
71e 29067 29518 29518 29518 29492 22695 233 29302
(29518) (9847%) | (100%) (100%) (100%) (9991%) | (76.89%) | (0.79%) (99.27%)
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ax

3 olE F3 AEsISith STEM wok= A
218l Agae), Hird, A+ 4738, 7]
ot} FEAHEE AT LAZE ]9

A&, 7N1BAAL LFAEAE v Y
2

ek,

AR, A= Hoks v 2k AAE
23} Foke] X ES o] Q18- okt 0.23%
W AFAEAE BRSO, slde] A
Edoje] 49 EF DOI¥ oF 5379 A
AT A ELT ok AT AZE o9
A28 URLe)X DOLE §le 202 3
1= A TH ¥, Wolfram, 2021). °]& 9+
AEE0]e] A7 DOIR] # A4 4

shol ThE A, A 5 BABels
Roe] THAEAH WY A%, THAEA
=]

7} DOIZ #E3H5H 3 e s48 5 3l
o AZEM) FHE 2 53 2)EAEe
ol Astrophysics Source Code Library(ASCL)
oA A HIAE2] 99.77%7F T AU
ot 71BARE BRI AZEdY f3S

A AT E AL AEh & AT e

q

>

A& 8t Hofo] AZE 0] ¢lfo] 3
AT HAEE]S ok oFF AZESY
183} AE wehs|olHd tigh x| 2jolu &
L7300 Wk Q14jo] mu|sl7](Allen, 2021) W+
Atk AAE e g 2AH Q] ASCLE
029 71508 5EH FE F 5H%9] I
7} Q18-S HASHA] AL ASATH Allen, 2022).
A EE S Foke] vlolEs &3] w2
AA] HleEle]H o]& Ffratr] flgk o7le] &
TH Zuiderwijk & Spiers, 2019) ol& Sof, &,
44, &3k Foll tist sk ojnlx], 59
& 5] Ego] wig- F AFo)7], F-f AA
7F R YA AZE ]9 Qlgel| tek A}
9] #e] A7) WY F Utk
A, A} ok thast 2tk Bioconductor
o] BE A7 AZE o= DOIE Tt 9l
Ak 713 AR EEQUT A e Fobo
AXEY O] §32 AAF] GBI YA
Ao 2 Uehgded, 2ZES o §3S FA
o (Mol o AFshE ALE 244%
7F Atk ARk oyt BF S ool H]
3| A Ed o] Qlgo] ETh A ok
A5 719E vlolE A3 AEARSe] Wk
o2 o8] A A FHolA AZES ] g H]
o] ¥ 3ht Foko|th(Howison & Bullard,
2016). dlole] AAz], &4, AZs} 59 g
29l A oA oy AZES o7} 44
O ARHM, A Ae] A APE 9
M= AR AT EY o] Bl AWy} 4
& 7Fsde] IFAolnt. o]yt 54402 2ls
A7l Aol ME Teet W AES dol,
TFAAR] AZE OIS BAEIL oF AL
3

Ao AhE o E At Howison & Bullard,
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2016). 7L Az Ao} ok B shE ok
of Hls} A A ESO] Q180 vl F st
A olFolAE A BY 5 3

AR, 378 ok thet 2k 8. 22X
E2]& Figshare, Knowledgebase of Interatomic
Models, ModelDB7} QA3At}. 7|3 Az EF
Ak HFE Fok= ModelDBE A|9jet EE
YA B} IFAEAE EEetal AU

9] STEM Sht wopt Az Eg o] f
< ‘software’ 2 DP—”Fo] _,1—‘:— Aol B3k, 7

Ede] e Al¥

o A9l 2TEM O] 7 8 914 S 198

o)leH, Woods Hole Open Access Server

7HaRoZ TP wskth ATESe] FH= 269
o2 e aiol Mgl gt 22

PR, 8 Woks thadt Atk AZESY)
% g Z2|E2]2l CRAN &
N A2 82 Algst
48} 5‘—01:94 OﬂﬁLﬂﬁEﬂM&ﬂ
TAAEA B 0% 3T N BARE &

QAT 3 RoRs RE ALESol %6301

‘software’ & 80] 100% EYaaE=t), o=
SRR okl AT Hol= EAJo]it)

ARA, 71E Eoke v 2tk Ve &
ok W& FEAEZQ CRANZ Zenododl
}\’LEC’HOV} 7}” Yol FHEHIL AU &
ZEY O I ¥ A&FE Bt 3527001,
CRANS AZE9Jo] i 11T & v

STEM #oF A7 AZEo] 4 391
20682 453 =L AZES o] K3S
3] ‘software’ 2 A AL W 1L H
om 11 98] AXEg ] {32 <l
7357 2=k

A, STEM #oFs S9shH ot 2
o} A8t Foke] A, 20165E 20184
7] X ESo] I H Qe
A 465312 € SHE #oF B dAxo| 313}04
453 =UTE STEM Foke] AZES] ¥

A

8RS = B 23801

. 5 o
dale o 5l
ol BAHOE Qgak gow A7 7
23} Aol o] olATHKalz et al. 2014). ]2}
& EHOE o8] /1% ¥ 55 ol 4=
E9o] Q18 Hlge] ThE S Pohurt 7]
ek % gtk

B A7) BAE B4 M9 STEMO.E

ok
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S Zolck dold] o8-S 213 olFS @ P} B STEM £okE 7 2 Hof U
CERCRE mo& ), ole #E HolEel  £F Feistel PAROE Asngithe Hol
itk & AT A 4SRN AQE o S SR b 2mEe) T4 o
= %Lﬁ\_%,JIOH T G BYS A B £9F HSYEH, AZEGC] A
UGk, DCIIA AQEA 9 AT 2% Fe| TN S A9 A1 e F
Egloli AmE 5 glole) gl A7 R4 RS, AZE] TH 8 A5 =
S ARSI o B ol 9 A ARE A © AEARAd) AREAIE B
4G Besk gk £ A7o FRSSTEM ¥ W £ =Re) 232 33F F Arks oA
H 97 ASAGE AR 4UAG QUA e APl A

) AR AouT, R 55 7% B o
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