
International Atomic Energy Agency

User services for nuclear reaction data
V. Zerkin

Nuclear Data Section

33th International Nuclear Data Committee Meeting
29 March - 1 April 2021, IAEA, Vienna



2

Presentation Scope
I. Online news

• Main news in Web EXFOR-ENDF-CINDA-IBANDL systems
• JSON in Web EXFOR, ENDF, ZVView
• EXFOR: computational formats C4, XC4, C5, C5M; “native plotting” of 2D-data; 

online versioning of Entry/Subentry; “evaluators’ flags” system
• ENDF: MF8/MF457 radioactive decay data online plot, JSON, html-comparison;

plotting running GROUPIE code online
• Web-ZVView: new options, online smoothing

II. Integrated databases
• CINDA = old CINDA + current EXFOR + NSR(2018)
• EXFOR-NSR PDF database

III. Local databases and retrieval tools
/Modernization of “CD-ROM” packages, pilot projects/

• Databases MySQL/Access  SQLite (Windows, Linux, MacOS)
• X4Lite package: database + retrieval code + converters to X4+, C5, JSON, XML
• API: scripts for access (a) local and (b) remote Web databases

Concluding remarks
33th INDC Meeting, 29 March - 1 April 2021



Part I.
Online news



1. EXFOR
1) systematic/statistical/partial uncertainties in C5, R33
2) extended search by authors (+statistics); “native plotting” of 2D‐data
3) online versioning of Entry/Subent (+comparison) 
4) new output of datasets: JSON‐X4, JSON‐FY (computational values)

2. ENDF
1) radioactive decay data (MF8.MT457): output to JSON, plot, comparison
2) plotting groupwise data running on the fly: GROUPIE (725 groups)
3) new and updated evaluated libraries in the ENDF database (2018‐2020): 

1. JENDL/DEU-2020 Deuteron Reaction Data File, Japan, 2020
2. FENDL-3.2-beta Fusion Evaluated Nuclear Data Library, IAEA, 2021
3. UKDD-12 UK Decay Data Library, 2012
4. TENDL-2015.s60 TALYS-based Nuclear Data Library (selected materials), 2015
5. ADS-HE High energy library for accelerator driven systems, IAEA, 2013
6. ADS-2.0 Accelerator driven systems nuclear data library, IAEA, 2008
7. JENDL/PD-2016.1 Photonuclear Data File 2016 revision 1, Japan, 2020
8. JENDL/ImPACT-2018 JENDL LLFP Transmutation Cross Section File, Japan
9. INDEN-2020-beta evaluations produced by International Nuclear Data Evaluators Network (coord. by the IAEA)
10. IAEA-PD-2019 IAEA-Photonuclear Data Library, 2019
11. W3000 Proton activation cross section data on W (up to 3 GeV), KIT, Germany, 2012
12. CENDL-3.2 Chinese evaluated neutron data library, issued in 2020
13. TENDL-2019 TALYS-based Evaluated Nuclear Data Library, 2019
14. IRDFF-II International Reactor Dosimetry and Fusion File, IAEA 2019
15. MINKS-ACT Minsk Actinides Library (Maslov et al.), 2011
16. IAEA/PD-1999 IAEA Photonuclear Data Library, 1999
17. TENDL-2017 TALYS-based Evaluated Nuclear Data Library, 2017 [page]
18. JENDL/AD-2017 JENDL Activation Cross Section File for Nuclear Decommissioning 2017 [page]
19. ENDF/B-VIII.0 U.S. Evaluated Nuclear Data Library, 2018
20. JEFF-3.3 Evaluated nuclear data library of the OECD Nuclear Energy Agency, 2017

3. CINDA 1) import from NSR frozen by NNDC since 2018‐11‐30

4. IBANDL 1) quarterly updates since V.Semkova has left IAEA

1.1 Main news in Web EXFOR-ENDF-CINDA-IBANDL



JSON

1.2 Usage of JSON in EXFOR, ENDF, ZVView

EXFOR
• JSON-X4: Datasets + Dictionaries; 3 versions with diff. set of Keywords, ~stdOut
• JSON-FY: Datasets, computational values (~C5), coop. with NNDC
• x4list: list of Datasets generated by search in online database (API)

ENDF
• JSON-CS: cross sections (MF3) with uncertainties (from MF33) for ENDF, PENDF
• JSON-DD: radioactive decay data (MF8.MT457)
• e4list: list of Datasets generated by search in online database (API)

Web-ZVView
• JSON-XY: copy of plotted data (for selected area)
• JSON-plt: plotted data – for implementation of Marker via AJAX -> Html-5
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X4 FY

search

Web-EXFOR

Web

JSON = JavaScript Object Notation //form for data based on: name/value pairs + ordered lists of values;
can be used as an “IT framework” for nuclear data formats; simpler then XML; supported and used by 

modern programming languages and IT systems; popular among young generation
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Why JSON?
Easy for programming.



1.3. EXFOR news



COLUMNS TITLE    MEANING
1 - 5 Proj Projectile ZA (e.g. neutron =1, proton =1001)
6 - 11 Targ Target ZA (e.g. 26-Fe-56 =  26056)

12 M Target metastable state (e.g. 26-FE-56m = M)
13 - 15 MF MF (ENDF conventions: 1-40, plus additions: 1-999)
16 - 19 MT MT (ENDF conventions 1-999, plus additions: 1-9999)

20 P Product metastable state (e.g. 26-FE-56M = M)
21 X EXFOR status
22 C Center-of-mass flag (C=center-of-mass, blank=lab)

23 - 94 {Array} 8 data fields (each in E9.3 format)
23 - 31 Energy Projectile incident energy
32 - 40 dEnergy Projectile incident energy uncertainty
41 - 49 Data Data, e.g., cross section, angular distribution, etc.
50 - 58 dData Data uncertainty
59 - 67 Cos/LO/ZP Cosine or legendre order or Z-Product
68 - 76 dCos/LO/AP Cosine uncertainty or A-Product
77 - 85 LVL/HL Identified by columns 95-97 (e.g.,level E, half-life)
86 - 94 dLVL/HL Identified by columns 95-97 (e.g.,level E, uncertainty)
95 - 97 I78 Identification of data fields 7,8(LVL:level, HL:half-life, etc.)
98 - 122 Refer Reference (first author and year)

123 - 127 ENTRY EXFOR accession number
128 - 130 Sub sub-accession number

131 P Multi-dimension table flag (Pointer)
132-140 dSys Systematic uncertainty 
141-149 dStat Statistical uncertainty
150-158 dOther Other partial uncertainty
159-167 dTot Total uncertainty given in EXFOR file
168-176 dSysPro Systematic uncertainty, relative in per-cent
177-185 dStatPro Statistical uncertainty, relative in per-cent
186-194 dOthePro Other partial uncertainty, relative in per-cent
195-203 dTotPro Total uncertainty given in EXFOR file, relative in per-cent

1  9019   69000    1.4830+7 150000.0 1.3600-8 1.2000-9 0.939692      1.9 1.5900+7 100000.0 E2A.Takahashi,ET.AL. (83)  21875 42 
1  9019   69000    1.4830+7 150000.0 4.1600-8 2.0000-9 0.939692      1.9 1.5700+7 100000.0 E2A.Takahashi,ET.AL. (83)  21875 42 
1  9019   69000    1.4830+7 150000.0 9.3400-8 3.0000-9 0.939692      1.9 1.5500+7 100000.0 E2A.Takahashi,ET.AL. (83)  21875 42 
1  9019   69000    1.4830+7 150000.0 2.1200-7 5.0000-9 0.939692      1.9 1.5300+7 100000.0 E2A.Takahashi,ET.AL. (83)  21875 42 
1  9019   69000    1.4830+7 150000.0 3.8400-7 6.0000-9 0.939692      1.9 1.5100+7 100000.0 E2A.Takahashi,ET.AL. (83)  21875 42 
1  9019   69000    1.4830+7 150000.0 5.8700-7 8.0000-9 0.939692      1.9 1.4900+7 100000.0 E2A.Takahashi,ET.AL. (83)  21875 42 
1  9019   69000    1.4830+7 150000.0 7.5100-7 9.0000-9 0.939692      1.9 1.4700+7 100000.0 E2A.Takahashi,ET.AL. (83)  21875 42 

Proj.TargetM MF MT PXC  Energy  dEnergy Data dData Cos/LO   dCos/LO   LVL/HL  dLVL/HL I78 Refer (YY)              EntrySubP
----><---->o<-><-->ooo<-------><-------><-------><-------><-------><-------><-------><-------><-><-----------------------><---><->o

C
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1.3 Computational formats C4, XC4, C5, C5M

C4

C5

C4: computational format for EXFOR data, 
132 column fixed width file, unified units, based on 
MF/MT, designed by D.Cullen, 1986; converter: 
X4TOC4.Fortran (D.Cullen, A.Trkov) using 3 
X4TOC4 Dictionaries; EXFOR coverage: ~65%

XC4 = C4 + meta data from EXFOR: 
lines beginning with <#>; converter: X4TOC4 + 
x4retr2.java (V.Zerkin, 2003); XC4 for full EXFOR 
generated for WPEC-SG30 (2007-2021)

C5 = XC4 + data lines extended after 132 column with 
partial errors and other data (e.g. monitor data); 
converter: x4toc5.java (V.Zerkin, 2011-2020) 
using EXFOR Dictionaries, X4TOC4 Dictionaries and 
Dict.715: SF2-SF7=>MF-MT-LR (V.Pronyaev, 2010); 
options: DA: RR-B/SR, CM-Lab, recalculate data to 
inverse reaction, etc.; EXFOR coverage: ~75%

C5M = C5 + covariance section - lines describing 
algorithm (grouping for large datasets), energy groups, 
std. deviations, correlation matrix

C4

C5

20
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#DATASET        23114002   20130924
#ENTRY          23114      20170322
#TITLE          High resolution measurements of the 241Am(n,2n)
#+              reaction cross section
#AUTHORS        C.Sage, V.Semkova, O.Bouland, P.Dessagne, A.Fernandez,
#+              F.Gunsing, C.Naestren, G.Noguere, H.Ottmar,
#+              A.J.M.Plompen, P.Romain, G.Rudolf, J.Somers, F.Wastin
#AUTHOR1        C.Sage+
#YEAR           2010
#X4REF1         J,PR/C,81,064604,2010
#REFERENCE1     Jour: Physical Review, Part C, Nuclear Physics, Vol.81, p.064604 (2010)
#METHOD         ACTIV,GSPEC
#REACTION       95-AM-241(N,2N)95-AM-240,,SIG
#C4Reaction     (N,2N),SIG
#ReactionType   CS
#MF             3
#MT             16
. . . . . . . . . .
#PrjTarg M MF MT PXC   Energy  dEnergy Data   dData I78 Refer (YY) EntrySubP dSys dStat dOther dTot dSys% dStat% dOthr% dTot% dData%  
#-><---->o<-><-->ooo<-------><-------><-------><-------><-><----------><---><->o<-------><-------><-------><-------><----><----><----><----><---->
1 95241   3  16 A 8340000.0 150000.0.09680001 0.006292   C.Sage, (10)23114  2 0.00324680.0049368 0.001862 0.006292 3.35  5.10  1.92  6.50  6.50    
1 95241   3  16 A 9150000.0 150000.0   0.16290.0092853   C.Sage, (10)23114  2 0.00535340.00671850.00313340.0092853 3.29  4.12  1.92  5.70  5.70    
1 95241   3  16 A   1.333E7 150000.0   0.24180.0111228   C.Sage, (10)23114  2 0.00787240.00655540.00393620.0111228 3.26  2.71  1.63  4.60  4.60    
1 95241   3  16 A    1.61E7 150000.0   0.15240.0070104   C.Sage, (10)23114  2 0.00500840.00357730.00308210.0070104 3.29  2.35  2.02  4.60  4.60    
1 95241   3  16 A   1.716E7  30000.0   0.11610.0051084   C.Sage, (10)23114  2 0.0038154 0.002125 0.0023480.0051084 3.29  1.83  2.02  4.40  4.40    
1 95241   3  16 A    1.79E7 100000.0   0.10570.0046508   C.Sage, (10)23114  2 0.0034945 0.0015960.00234690.0046508 3.31  1.51  2.22  4.40  4.40    
1 95241   3  16 A   1.936E7 150000.0   0.0895 0.007339   C.Sage, (10)23114  2 .002941270.00602980.0027875 0.007339 3.29  6.74  3.11  8.20  8.20    
1 95241   3  16 A   1.995E7  70000.0   0.10210.0059218   C.Sage, (10)23114  2 0.0033553 0.0022670.00419730.0059218 3.29  2.22  4.11  5.80  5.80    
1 95241   3  16 A   2.061E7  40000.0.077900010.0068552   C.Sage, (10)23114  2 0.00256010.00473980.00421310.0068552 3.29  6.08  5.41  8.80  8.80    

#/C4DATA        0
#COVARIANCE     2               Generated
#COMMENT        Default2. EXFOR software ver.2020-09-24, by V.Zerkin@iaea.org (IAEA-NDS)
#+      1) If only total uncertainties are given, assume uncertainties: statistical/systematic=50/50.
#+      2) Statistical uncertainties are added to covariance matrix as uncorrelated components
#+      3) If Other uncertainties are not given (ALGORITHM=2): split total systematic uncertainties: fully/partially correcated=50/50 (LERC/MERC)
#+         else (ALGORITHM=3): assume total systematic uncertainties fully correlated (LERC), Other - partially correcated (MERC)
#+      4) LERC-correlated uncertainties are added to covariance matrix as fully correlated
#+      5) MERC-correlated uncertainties are added as partially correlated using parameters:
#ALGORITHM      3           1           100.        100.        100.        0           8340000.0   2.061E7     0.5         
#+              Type        Groupping Stat.SERC Sys.LERC Other.MERC Log/Lin     En-Min      En-Max      Length      
#COVARDATA      1           9           9
#EnMin(eV)  EnMax(eV)   Data(b)     Std.dev.(%) Correlations(%)
#----------><----------><----------><----------><---Values: separated by space; line length: unlimited....
8340000.    8340000.    0.0968      6.4          100
9150000.    9150000.    0.1629      5.61         40 100
1.333E7     1.333E7 0.2418      4.54         40 46 100
1.61E7      1.61E7 0.1524      4.52         38 43 61 100
1.716E7     1.716E7 0.1161      4.27         40 45 62 74 100
1.79E7      1.79E7 0.1057      4.26         41 45 60 73 81 100
1.936E7     1.936E7 0.0895      8.12         21 24 29 38 43 47 100
1.995E7     1.995E7 0.1021      5.71         30 34 41 54 63 70 48 100
2.061E7     2.061E7 0.0779      8.78         20 22 27 35 42 47 34 61 100
#/COVARDATA
#/COVARIANCE
#/DATASET       23114002

C5M

C4

XC4

C5

1.3 Computational formats C4, XC4, C5, C5M
Data extensions: C4 → XC4 → C5 → C5M



EXFOR #21095008:1967,E.E.Maslin+

Since 2018, additional data are included 
to the list of variables for plotting

1.3 EXFOR online news: “native” 2D plotting
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Report: A.W.R.E. Aldermaston Reports, No.43/67 (1967)
[PDF]

EXFOR #21095008
Plot: MISC(MASS,E,EN‐DUMMY) 
MISC(NO-DIM):Number of events detected
MASS(NO-DIM):Atomic mass of nuclide

E(MEV):Energy of outgoing particle, lab. system

1.3 EXFOR online news: “native” 2D plotting
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Link to versions

1.3 EXFOR online news: versions

Select versions

Comparing 

Legend



Flag for search incl. PRELIM data

1.3 EXFOR online news: PRELIM versions
Since 2019 PRELIM files are stored in EXFOR database with temporary ID (Y series) →
PRELIM data are immediately available for search, presentation in output formats, conversion 
to other formats, plotting, comparison with other experimental and evaluated data, etc.
This feature can be used by compilers communicating with authors.

Preliminary Dataset ID: Y0162002 (updated F1407002)
Versions Convert to R33 

(for IBANDL)

1233th INDC Meeting, 29 March - 1 April 2021



Arjan Koning, statistical verification of EXFOR neutron‐ind. reactions XS (2020)
#flag=T1  #[T]:Theoretical comparison  #[1]:Good

1.3 EXFOR online. Evaluators’ flags system
Evaluator indicates which datasets were selected/unselected from evaluation process and describes reasons. This information 
(evaluator’s flags) is submitted to NDS to be shared with other evaluators. Optionally, the system can also include and operate with 
“statistical verification scores” indicating difference between a dataset and other experimental/evaluated data.

/under development/

id File Name Datasets Type Title
0 Erwin-Alhassan_2018.yaml 166 select Erwin Alhassan for protons on Co59 and Cd111 (2018)
1 Natalia-Dzysiuk_2018.yaml 1,768 select Natalia Dzysiuk for neutron-induced activation XS for F4E (2018)
2 Natalia-Dzysiuk_2019.yaml 570 select Natalia Dzysiuk for neutron-induced activation XS on Ni isotopes (2019)
3 Natalie-Gaughan_2019.yaml 90 select Natalie Gaughan for proton induced reactions (2019)
4 Arjan-Koning_2020.yaml 19,145 stat-ver Arjan Koning, statistical verification of EXFOR neutron-ind. reactions XS (2020)
5 trkov2013mn55n2n.txt 21 x4corr x4corr: A.Trkov 2012
6 capote2010mn55ng.txt 42 x4corr x4corr: D.Smith and R.Capote 2010
7 Sjoestrand-2018-09-07.txt 3 x4corr x4corr: H.Sjoestrand 2018, Ni59(n,*)

Source of currently available evaluators flags

Arjan Koning, statistical verification of EXFOR neutron‐ind. reactions XS (2020)
#flag=R2  #[R]:Reviewed  #[2]:Doubtful

xcorr: A.Trkov 2012
22335006 #[20] Soewarsono 1992, Included by Zolotarev, but it seems shifted (DATA REJECTED)
del;

Arjan Koning, statistical verification of EXFOR neutron‐ind. reactions XS (2020)
#flag=R3  #[R]:Reviewed  #[3]:Clear outlier

Natalia Dzysiuk for neutron‐induced activation XS for F4E (2018)
data were not used for evaluation

xcorr: A.Trkov 2012 10839006 #Rundberg 1978, Thermal cross section !!!???
del; !!!Warning!!! Evaluators flag expired: x4u:1979‐03‐15
Now data in EXFOR x4u:2015‐05‐13 Evaluators flags summary

Evaluators comments 
appear as popup 
tooltip on top of 
evaluator flag on 
“mouseover” event

Evaluators flags:

Statistical verification:

Timeout:

Correction flags:
A: Automatic data renorma‐
lization is available

E: Expert's data correction
is available



1.4. ENDF online news



1.4 ENDF online news: JSON for CS (MF3+33)

Links to JSON

JSON
Array:{Energy, Sigma, dSigma} from MF3+MF33 for ENDF, PENDF



1.4 ENDF online news: JSON for MF8:MT457

Links to JSON

JSON
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1.4 ENDF online news: comparing decay data

Select data

1733th INDC Meeting, 29 March - 1 April 2021



1.4 ENDF online news: comparing decay data



1.4 ENDF news: decay data plot and comparison

MT457 n: continuous spectra

MT457 γ: discrete spectra

MT457 α: discrete spectra

19

MT457 X-ray 
discrete spectra



1.4 ENDF news: DD plot and comparison with EXFOR
/under development/

EXFOR

ENDF

33th INDC Meeting, 29 March - 1 April 2021



1.4 ENDF online news: using GROUPIE online

After running GROUPIE

Introduction /written by R.Capote/
Resonance or strongly fluctuating data are very difficult to compare to
low‐resolution measured or evaluated data (see Fig. above).
Therefore, there is an actual need to average data for proper inter‐
comparison between different evaluations or to low‐resolution
experimental data (EXFOR). However, data performance in many
applications is usually defined by average behaviour rather than by
fluctuations. Plotting of group wise data under ENDF Web retrieval
system is implemented via running GROUPIE code (D. Cullen, PREPRO
codes) online. Default 640 groups were adopted up to 20 MeV (725 up
to 60 MeV) to effectively reduce the number of points in the region
with fluctuating data while preserving most of low‐resolution data
structures. PEN linearized files at room temperature were used as
input to the GROUPIE code.

Option under “Universal plot”

Without GROUPIE



1.5. Web-ZVView: plotting news



Implementation: ZVView → JSON → AJAX → HTML5

1.5 News in Web-ZVView plotting: new options

2333th INDC Meeting, 29 March - 1 April 2021

New option: “Control file” New output: JSON, TableNew element: “Marker”



1.5 News in Web-ZVView plotting: online smoothing

Option “smooth” 
in control file

2433th INDC Meeting, 29 March - 1 April 2021



Part II.
Integrated databases



CINDA
Computer Index of Nuclear Reaction Data

Since 2005, CINDA database is extended by photonuclear and charged particle reaction data.
Since 2010, CINDA is regularly extended by the new information from EXFOR and NSR.

Since 2017, import from EXFOR and NSR to CINDA is done fully automatically.
Since November 2018, import from NSR to CINDA is no longer available.

2020: CINDA maintenance migrated from Windows to Linux.

Main purpose of recent extensions of CINDA: 
make it more useful for search 

candidates for EXFOR 
compilation.

2633th INDC Meeting, 29 March - 1 April 2021

2.1 Integrated databases: CINDA



• Publications: from 1896 to 2021, 120 years
• Content: 219,855 PDF files from 2000 to 2021 (22 years)

• Coverage: EXFOR 25,758 files (75%); NSR 186,746 files (78%)
• Web access via: EXFOR, NSR, CINDA, myEnsdf on NDS and NNDC sites

• 2005: EXFOR source papers are systematically stored in the IAEA-NDS PDF archive
• 2011: PDF files are included to EXFOR database (common between NNDC and NDS)
• 2011: EXFOR Web retrieval system provides access to PDF files for authorized users 

on NNDC and NDS Web sites
• 2012: PDF of original papers of NSR are exchanged between NNDC and NDS, and shared between 

NSR and EXFOR systems
• 2015: ENSDF evaluators donate their PDF collections to common database: A.Rodionov, G.Shulyak, 

B.Singh, G.Audi, F.Kondev
• 2015: NSR Web retrieval system provides access to PDF files for authorized users 
• 2016: PNPI joines regular exchange of PDF files between NNDC and NDS
• 2016: CINDA Web retrieval system provides access to PDF files for authorized users 
• 2016: IAEA-INDC reports are publically opened via Web EXFOR and NSR
• 2019: KINR opens lab reports and conference proceedings of Institute for Nuclear Research (Ukraine)

Note. Now  2,550 PDF files are public, i.e. ~1% from total 219,855 publications

2.2 EXFOR-NSR PDF database

2733th INDC Meeting, 29 March - 1 April 2021
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Partners

PDF export

pdf2nsdd
Html +

pdf 150Gb

Members

NNDC
PNPI

2.2 Functioning of EXFOR-NSR PDF database



Contributions
to NSR-PDFs

PDF files: 219,855 from 2000-04-19 to 2021-02-21

29
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2.2 Full EXFOR-NSR PDF database



Thanks to external 
contributors!!!

3033th INDC Meeting, 29 March - 1 April 2021

Contributions to NSR PDF database as of 2021-03-02



Part III.
Local databases and
new retrieval tools
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3.1 Modernization of CD-ROM packages
CD‐ROMs 

• EXFOR‐CINDA for Windows /MSAccess+Java/, 2002‐2019 Windows
• EXFOR‐CINDA for Applications /MySQL+Java/, 2004‐2019 Windows/Linux/Mac
• Endver/GUI+EXFOR for Applications /MySQL+Java+Fortan/, 2005‐2019 Windows/Linux/Mac

Problems
• Java: JDBC driver for MS‐Access stopped by Oracle since Java‐8
• MySQL: requires permissions to run MySQL server (IT security)

Solution /2020/
• Migrate EXFOR and CINDA databases to SQLite*
• Unite 3 CD‐ROMs to a single package for Windows/Linux/Mac

Implementation /2020/
• Java codes exporting EXFOR and CINDA data from MySQL database to SQLite
• Create a new package “X4Apps” based on old CD‐ROMs software
• Add new output formats X4+, C5, JSON, XML

X4Lite pilot project /2020/ (under discussion at NDS and WPEC-SG50)
• Cut version of “X4Apps”, specialized for nuclear data professionals with programming skills 
building own systems

• Includes EXFOR database, search code and converters to Html, C5, JSON, XML

*SQLite is a C-language library 
implementing SQL database engine built 
into most computers and all mobile phones.

33th INDC Meeting, 29 March - 1 April 2021



Database
preparation

3.2 Pilot project X4Lite

Database
with JDBC

EXFOR
Database

DataRetrieval and    
converter codes

EXFOR

x4retr2
x4toc5

x4tojson

x4toxml

C5

JSON

XML

Non-interactive API

Examples

Scripts

User’s codes

PC user

CopyEXFOR
Database

SQLite

“Clone”

EXFOR
Database
MySQL

API

X4Lite. Specialized system for usage under other software packages and containing only
1) EXFOR relational database in SQLite: one file for Linux, Windows, MacOS
2) retrieval code producing list of datasets and/or EXFOR file
3) codes converting EXFOR file to X4+, C5, C5M, JSON, XML

X4Lite preparation is 
fully automatic. Can 
be done regularly
by the NDS.

X4Lite
Scripts

Alternatives to X4Lite:
1) regularly generate C5, JSON, XML for whole EXFOR as it is done for XC4
2) storage computational data (~C5 data) in EXFOR database
3) providing API for remote access of EXFOR and ENDF data in various formats via Web
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3.3 API: automatized access to nuclear data
API = Application Programming Interface

Operations
Input
Output

Application ApplicationAPI
Communication

EXFOR
Database

Retrieval 
GUI 

program 

User
GUI

Converters to 
X4+,C5,C5M, 
JSON, XML

Interactive

Retrieval 
code User’s App

APINon-interactive

Other codes: 
C, Fortran

PC

Packages:
EXFOR on CD-ROM,
EXFOR for Apps

EXFOR, X4+, C5, 
C5M, JSON, XML

Lo
ca
l: 
PC

/L
AN

Accessing EXFOR data from 
remote database via Web. 
Always fresh data.
No installation. Less to store.
Speed? IT security, IT policy? 
Database version? 
Reproducibility?

Accessing EXFOR data 
from local database.
Fast. Known db-version.
Reproducibility. More 
freedom for Apps.
Old data? Installation? 
Platform compatibility?

Why API? Is GUI not enough?
Automatization level
Programming skills
Requests for API

GUI = Graphical User’s Interface

Operations
Input
Output

Application UserGUI
Communication

Minimalistic API for EXFOR, ENDF:
• data search (parameters)
• get data (format, options)

Web server
Servlets Web‐user

Non-interactive
User’s App

Interactive

Other codes: 
C, Fortran

Converters to x4±, 
StdOut, C4, C4*, 
C5,C5M,JSON,XML

PC

APIEXFOR
Database

wget
curl

GUI
Web 

browser

Re
m
ot
e:
 In
te
rn
et

…

…



1) Recent development of “nuclear reaction data service” 
is mostly oriented to professional needs of advanced 
users including new data formats based on JSON 

2) Development of X4Lite vs. storage computational data 
in the database, Web‐download and Web‐API

3) API for access local database vs. API for remote 
database via Web: investigate possible IT problems 

4) Continue development of EXFOR‐NSR PDF database 
and try to open public access to lab reports

Concluding remarks
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Thank you.

Citing of the materials of this presentation should be done with proper acknowledgement of the IAEA and author


