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1. X4+

Basic ideas (2006):

1. Similar appearance to original EXFOR format with some extensions

2. Interpretation of codes for keywords from Dictionaries

3. Reference: Volume, Pages, Publisher, etc. are given explicitly;

4. DOI, URL (link to Web-Journal), NSR-Key are given

5. Data are not broken by 6 columns per line

6. Data are aligned and given in a human-readable format

Summary

1. Views EXFOR file + dictionaries; oriented to Web user

2. It is still text not far from EXFOR (comparing to X4± interactive tree); 

possible for reading by traditional programs

EXFOR Interpreted



X4+ 
example



Problems of X4+
1. Repetition of the codes (after # at the and of keyword text-block)

2. Does not show logical structure of EXFOR file

3. Not interactive 

Because of 1, 2, 3 X4± was developed

4. Software uses EXFOR database. 

Advantage: can use NSR information. 

Disadvantage: can not display external EXFOR file

Summary

1. Does not cover modern requirements of Web users

2. Can not be used in compilation process

3. Good candidate for author’s prove (can be edited by author)

Task (A52)

1. Develop the program to generate X4+ from standalone EXFOR file



Development in 2012

Standalone program

1. New program is prepared (version-1)

2. Included to EXFOR Web Uploading system

3. Displays Legend for Headers/Units of COMMON and DATA sections

Database program

1. Can display Authors and Title of References (including non first 

reference), if they are present in the database, i.e. imported from 

NSR or from Web

2. Displays indexes and Greek characters (when imported from NSR)

Tasks (?)

1. To join programs to use advantages of both

2. Needs discussion to be used for author’s prove

3. To consider as “default output” from NDS Web retrieval system



Authors and Titles 
imported from NSR

X4+
2012



X4+ 
standalone

Legend: Headers & Units

Description of 
codes and 
parameters

Description of reaction-code



2. EXFOR-XML
1. Main tasks:

1. to learn XML from practical view point

2. to understand advantages/disadvantages for: compilers, 

programming physicists and end-users

3. to find out what can be achieved by using XML

2. Reflects EXFOR structure: full equivalent to EXFOR, allows to 

create initial EXFOR file from its XML presentation

3. Includes information from Dictionaries (meaning of codes, 

parameters)

4. Has interpretation to interactive HTML/CSS/JavaScript using XSL 

(eXtensible Stylesheet Language) Transformation

5. Developed as output from NDS EXFOR system in 2009 (presented 

in Sapporo, Japan, 2009)

6. It is “My EXFOR-XML” (not discussed within NRDC)

7. Opened for Web users in September 2011 as test output



Examples and technical solutions

Why 

<keyword kw="REFERENCE“>

but not

<REFERENCE>

?

1.Easier to add new Keyword

2.Easier to write XSL program

<keyword kw="REFERENCE" subacc="A1495001" nCodes="1">
<kwCode pointer=" " iCode="0">

<x4code type="REFERENCE">
<x4code1 dictionary="REFERENCE" Type="J" Ref="J,PR" Vol="104" 

page="1064" Year="1956“
URL=“http://publish.aps.org/abstract/PR/v104/p1064”
expansion="Jour: Physical Review, Vol.104, p.1064 (1956),USA“

>J,PR,104,1064,195611</x4code1>
</x4code>

</kwCode>
</keyword>



Examples and technical solutions (cont.)

Why 

<kwCode><x4code><x4code1>

but not just

<x4code>

?

1. EXFOR is very flexible allowing combination of codes 

and free text relevant for groups of codes

2. The same and different types of codes can be grouped in one code limited by () 

<keyword kw="FACILITY" subacc="13725001" nCodes="1">
<kwCode pointer=“ " iCode="0">

<x4code type="FACILITY">
<x4code1 dictionary="FACILITY" expansion="Linear accelerator“
>LINAC</x4code1> 
<x4code1 dictionary="INSTITUTE" expansion="Rensselaer Polytechnic Institute,

Troy, NY, United States of America“
>1USARPI</x4code1> 

</x4code>
</kwCode>

</keyword>

INSTITUTE  (2SWTPSI) X.Wang,G.Zsigmond.
(2GERMUN) M.Daum,P.Fierlinger,O.Zimmer.
(1USAVIR) M.Daum. INSTITUTE  (2SWTPSI,2GERMUN,1USAVIR)



Examples and technical solutions (cont.)
1. Why <Free> tag is used?

Because Free text can be pre-formatted (e.g. contain tables)

2. Why every value in a data section is encapsulated with <d></d>?

Because there gaps in the data. (How to store data with gaps in XML arrays?)

DATA                 6          9
EN         EN-RSL-FW  DATA      1ERR-S     1DATA      2ERR-S     2
MEV        MEV        MB         MB         MB         MB
32.8       1.8        0.047      0.009
34.7       1.4                              0.08       0.04
45.3       1.5        0.67       0.03
46.3       1.1                              0.79       0.06
59.9       1.2        2.96       0.17
65.4       0.9                              5.1        0.3
96.        1.4                              15.2       0.9
133.6      1.9                              24.2       1.8
173.9      1.9                              38.7       3.1
ENDDATA             11

SUBENT        30022002   20080215
BIB                  4         37
REACTION   (92-U-235(N,F),PR,NU,,REL)
COMMENT    Nu values were calculated using the energy balance

equation and the result of fission fragments average
kinetic energy measurements listed below. The following
5 variables/data line are used in the data-table.

(1) = En (MeV).
(2) = En-err due to target thickness (MeV).
(3) = avg E-kin(en) minus avg E-kin(thr) (MeV),

uncorrected for C-M effect.
(4) = avg E-kin(en) minus avg E-kin(thr) (MeV),

corrected for C-M effect.
(5) = +- err to variable 4.(MeV).

(1)        (2)        (3)        (4)        (5)
0.37       0.15      -0.42      -0.68       0.59
0.43       0.14      -0.07      -0.35       0.58
0.49       0.14       0.27      -0.02       0.58
0.54       0.14       0.35       0.04       0.37
0.65       0.13       1.25       0.91       0.37
0.76       0.13       0.50       0.14       0.53

<datasect type="DATA" col="6" ln="9" acc="22903004">
<data nn="9">
<dd n="1"><d>32.8  </d><d>1.8   </d><d>0.047 </d><d>0.009 </d><d/><d/></dd>
<dd n="2"><d>34.7  </d><d>1.4   </d><d/><d/><d>0.08  </d><d>0.04  </d></dd>
<dd n="3"><d>45.3  </d><d>1.5   </d><d>0.67  </d><d>0.03  </d><d/><d/></dd>
<dd n="4"><d>46.3  </d><d>1.1   </d><d/>     <d/><d>0.79  </d><d>0.06  </d></dd>
<dd n="5"><d>59.9  </d><d>1.2   </d><d>2.96  </d><d>0.17  </d><d/><d/></dd>
<dd n="6"><d>65.4  </d><d>0.9   </d><d/>     <d/><d>5.1   </d><d>0.3   </d></dd>
<dd n="7"><d>96.   </d><d>1.4   </d><d/>     <d/><d>15.2  </d><d>0.9   </d></dd>
<dd n="8"><d>133.6 </d><d>1.9   </d><d/>     <d/><d>24.2  </d><d>1.8   </d></dd>
<dd n="9"><d>173.9 </d><d>1.9   </d><d/>     <d/><d>38.7  </d><d>3.1   </d></dd>
</data>
</datasect>



Collapse/open interactively

Interpretation 
EXFOR-XML to 
HTML using XSL 
Transformation

Collapse/open



XSL Transformation: XML →→→→ HTML



EXFOR-XML (as output format)

Summary

1. May be interesting for some users advanced in modern programming 

(students?)

2. Includes XSL transformation to Html + Javascript interactive pages

3. Fancy, but what else?

Tasks (?)

1. To consider as “default output” from NDS Web retrieval system



5. EXFOR “Standard Output”

To write program reading EXFOR -XML you still have to know:
• Structure of the file

• Dictionaries (structure and relations)

• Pointers

• Common sections (Subent-1 and Subent-N)

Problems with EXFOR (as output format for users):
• Difficult to interpret - requires additional knowledge (structure and info)

• Data are spread through the file (Common-1, Common-N, Data-N) and not sorted 

(order of columns is not fixed)

• As result: difficult to write software reading EXFOR

• Existing output formats (C4, Plots, Tab,…) do not cover all EXFOR data

Does this EXFOR -XML solves these problems?
Not.

This is just EXFOR presented in XML language repeating 

the same structure of  information.



Goal:
To define comprehensive output format of EXFOR 
system: equivalent to EXFOR, but much easier to 

read and interpret

Audience:
- professional evaluators, developers of model codes,… (programming)

- data centres developing retrieval/processing systems (programmers)

- regular users (?)
- all EXFOR users (?)

Mini-goal:
To deliver data to users from EXFOR in format simpl e for 
software development and easier for understanding

EXFOR “Standard Output”



Main Features:
1. Formatted (fixed columns) text

2. Keywords, codes, free-text from EXFOR, but 

+ interpreting information from dictionaries

3. No pointers

4. New level: Dataset – includes all information related to one reaction: reaction-

code, interpretation, data-section and legend

5. Data-section contains data from DATA and COMMON sections of an EXFOR file

6. Data columns are sorted (fixed order)

7. Legend contains codes and interpretation of data 

(includes, e.g. basic-units and conversion factors)

ENTRY
SUBENT

BIB
REACTION

ENDBIB
COMMON
DATA

ENTRY
SUBENT

BIB
ENDBIB
DATASET

REACTION
DATA
LEGEND

EXFOR EXFOR-StdOut

EXFOR “Standard Output”



Data of Reaction1

EXFOR Std-outEXFOR

How-to:
1. For every Pointer one DATASET
2. According to Reaction-Code define 

Reaction-Type
3. According to Reaction-Type define needed 

independent variables
4. Find related data (constant and variables) 

in COMMON and DATA sections
5. Sort them and put in fixed order to columns

ENTRY     X0001

SUBENT X0001001
. . . . . 
COMMON
Param1 Param2 Param3

SUBENT X0001NNN
BIB
REACTION 1(Reaction1 )

2(Reaction2 ) 
COMMON
Param4 Param5 Param6
DATA
Data1 Data2 Param7 Param8 2 Param9 1

SUBENT 002
. . . . . 

. . . . . 

DATASET X0001NNN1
REACTION Reaction1
ReactionType DW
xVariables 2 Y=Y(X1,X2)
Columns 5
. . . . . . .

DATA
Header1 Header2 Header3 Header4 Header5
Units1 Units2 Units3 Units4 Units5
rank1 rank2 rank3 rank4 rank5
var const var const var
Y.Value X1.Value X1.Err+- X2.Aprx X2.hRes
n11 n12 n13 n14 n15
n21 n22 n23 n24 n25

1

3

2

5

4

1 2 3 4 5

DATASET X0001NNN2
REACTION Reaction2
. . . . . . .

N



#DATASET        13970003 
#NOW            2009/02/24:14:25:08
#SUBENT         13970003   20050225
#ENTRY          13970      20050225
#AUTHOR1        S.A.Long+
#YEAR           1998
#X4REF1         J,PR/C,57,3191,1998
#REFERENCE1     Jour: Physical Review, Part C, Nuclear Physics, Vol.57, p.3191 (1998)
#REACTION       73-TA-181(N,P)72-HF-181,,DA/DE
#D4REAC         R0#
#C4Reaction     (N,P),DA/DE
#ReactionType   DAE
#Quantity       Double diff.cross section d2/dA/dE
#xVariables     3
#+              Y = Y(X1,X2,X3)
#COLUMNS        6
#HEADER         7           6           12
!DATA        -DATA-ERR   EN          EN-RSL      E-EXC       ANG         
!MB/SR/MEV   MB/SR/MEV   MEV         MEV         MEV         ADEG        
!Y.Value     Y.Err- X1.Value    X1.Resl+- X2.Value    X3.Value    
!0.1         0.901       1.1         1.922       2.1         3.1         
!variable    variable    const const variable    variable    
!1.0E-9      1.0E-9      1000000.0   1000000.0   1000000.0   1.0         
!B/SR/EV     B/SR/EV     EV          EV          EV          ADEG
#DATA           162         6           12
0.03934     0.08472     300.        3.          0.2394      1.2         
0.02584     0.1355      300.        3.          1.703       1.2         
0.06289     0.08472     300.        3.          3.043       1.2         
0.236       0.1016      300.        3.          4.624       1.2         
0.5784      0.08472     300.        3.          6.077       1.2         
0.9543      0.1016      300.        3.          7.408       1.2         
1.449       0.08472     300.        3.          9.101       1.2         
1.69        0.1016      300.        3.          10.67       1.2         
2.033       0.1355      300.        3.          12.13       1.2         
1.968       0.1186      300.        3.          13.59       1.2         
2.107       0.08472     300.        3.          15.05       1.2         
2.331       0.1694      300.        3.          16.39       1.2         
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Example of DATASET



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
2.393       0.2622      300.        3.          33.6        13.7        
2.508       0.295       300.        3.          35.1        13.7        
#ENDDATA        162         6
#Legend         6           12
#
#COL-1         : Data        : variable    
#+   Rank      : 0.1         : Y.Value     
#+   Type      : 21          : 0.1         
#+   Header    : DATA        : [Data: data]
#+   Units     : MB/SR/MEV   : [millibarns per steradian per MeV]
#+   BasicUnits: B/SR/EV     : Conv.Factor=1.e-09
#
#COL-2         : Error       : variable    
#+   Rank      : 0.901       : Y.Err-
#+   Type      : 21          : 0.901       
#+   Header    : -DATA-ERR   : [Uncertainty: -error]
#+   Units     : MB/SR/MEV   : [millibarns per steradian per MeV]
#+   BasicUnits: B/SR/EV     : Conv.Factor=1.e-09
#
#COL-3         : Data        : constant    
#+   Rank      : 1.1         : X1.Value    
#+   Type      : 41          : 2.1         
#+   Header    : EN          : [Incident energy: energy]
#+   Units     : MEV         : [MeV]
#+   BasicUnits: EV          : Conv.Factor=1.e+06
#
#COL-4         : Error       : constant    
#+   Rank      : 1.922       : X1.Resl+-
#+   Type      : 41          : 2.922       
#+   Header    : EN-RSL      : [Uncertainty: +-resolution]
#+   Units     : MEV         : [MeV]
#+   BasicUnits: EV          : Conv.Factor=1.e+06
#
#COL-5         : Data        : variable    
#+   Rank      : 2.1         : X2.Value    
#+   Type      : 53          : 3.1         
#+   Header    : E-EXC       : [Secondary energy: excitation energy]
#+   Units     : MEV         : [MeV]
#+   BasicUnits: EV          : Conv.Factor=1.e+06
#
#COL-6         : Data        : variable    
#+   Rank      : 3.1         : X3.Value    
#+   Type      : 61          : 4.1         
#+   Header    : ANG         : [Angle: angle] Angle of outgoing 
particle
#+   Units     : ADEG        : [Angular Degrees]
#
#ENDDATASET     13970003

Example of 
DATASET 
(continued)



Why EXFOR-StdOut XML?

1. Objections to EXFOR-StdOut:
“Instead of one Fortran style formatted text file you provide us 
with another similar format - little bit better, but looking the 
same…”.
So, modern program will be also very much dependent of the 
columns oriented format.

2. Decision: to provide X4StdOut in XML. 
This means, it will have all the features of X4StdOut, namely:

• based on dataset (no pointers, encapsulated DATA and 
COMMON)

• sorted columns

• includes information from dictionaries (interpreted codes, 
legend, etc.)



<?xml version="1.0" encoding="UTF-8" ?>

<x4files now="2012/03/05:16:59:20">

<dataset id="13970003" updated="20050225" />

<author1>S.A.Long+</author1>

<year>1998</year>

<ref1 code="J,PR/C,57,3191,1998">Jour: Physical Review, Part C, Nuclear Physics, Vol.57, p.3191 (1998)</ref1>

<reaction code="73-TA-181(N,P)72-HF-181,,DA/DE" C4Reaction="(N,P),DA/DE" ReactionType="DAE" Quantity="Double diff.cross 

section d2/dA/dE" IndVarFamCode="0 234" ExpectedUnits="B/SR/EV" />

<datasect xVariables="3" formula="Y = Y(X1,X2,X3)" col="6" row="162">

<headers col="6">

<header ii="1" varType="Data" var="variable" nval="150" minval="0.02075" maxval="2.545" varSorted="0.1"

what="Y.Value" dataType="21" numVar="0.1" x4Header="DATA" expansion="Data: data" x4Units="MB/SR/MEV"

hlpUnits="millibarns per steradian per MeV" BasicUnits="B/SR/EV" ConvFactor="1.e-09" />

<header ii="2" varType="Error" var="variable" nval="44" minval="0.01639" maxval="0.295" varSorted="0.911"

what="Y.Err+-" dataType="21" numVar="0.911" x4Header="DATA-ERR" expansion="Uncertainty: +-error"

x4Units="MB/SR/MEV" hlpUnits="millibarns per steradian per MeV" BasicUnits="B/SR/EV" ConvFactor="1.e-09" />

<header ii="3" varType="Data" var="constant" nval="1" minval="300." maxval="300." varSorted="1.1"

what="X1.Value" dataType="41" numVar="2.1" x4Header="EN" expansion="Incident energy: energy"

x4Units="MEV" hlpUnits="MeV" BasicUnits="EV" ConvFactor="1.e+06" />

<header ii="4" varType="Error" var="constant" nval="1" minval="3." maxval="3." varSorted="1.922" what="X1.Resl+-

" dataType="41" numVar="2.922" x4Header="EN-RSL" expansion="Uncertainty: +-resolution" x4Units="MEV"

hlpUnits="MeV" BasicUnits="EV" ConvFactor="1.e+06" />

<header ii="5" varType="Data" var="variable" nval="148" minval="0.1155" maxval="35.1" varSorted="2.1"

what="X2.Value" dataType="53" numVar="3.1" x4Header="E-EXC" expansion="Secondary energy: excitation 

energy" x4Units="MEV" hlpUnits="MeV" BasicUnits="EV" ConvFactor="1.e+06" />

<header ii="6" varType="Data" var="variable" nval="7" minval="1.2" maxval="13.7" varSorted="3.1" what="X3.Value"

dataType="61" numVar="4.1" x4Header="ANG" expansion="Angle: angle" expansion2="Angle of outgoing particle"

x4Units="ADEG" hlpUnits="angular Degrees" />

</headers>

<data row="162" col="6">

<dd n="1"><d>0.03934</d> <d>0.08472</d> <d>300.</d> <d>3.</d> <d>0.2394</d> <d>1.2</d> </dd>

<dd n="2"><d>0.02584</d> <d>0.1355</d> <d>300.</d> <d>3.</d> <d>1.703</d> <d>1.2</d> </dd> . . . . . . .

<dd n="162"><d>2.508</d> <d>0.295</d> <d>300.</d> <d>3.</d> <d>35.1</d> <d>13.7</d> </dd>

</data>

</datasect>

</dataset>

</x4files>

EXFOR-StdOut XML: example



EXFOR-Std-Out in XML: Summary

1. Should be easier to read by modern programs

2. Data and information is prepared for optional reading 

and will not be changed if format will be extended

3. It presents full information from EXFOR data 

(it is not computational format)

4. It is still draft



4. XML read -write experience

EXFOR file Html-formWeb-Tool

. Java

Recipe.XML

User

User

Recipe.XML

Html-form

. JS

Covariance 

matrix, 

plots, etc.

Recipe.XMLRecipe.XML

Recipe of covariance matrix construction:

save and reuse (via XML)



<?xml version="1.0" encoding="UTF-8" ?>

<CovRecipe DatasetID="23114002"

Created="2012-04-12 20:54:47"

Software="Web-tool:2012.03.16">

<Subent id="23114002" x4upd="20100924" />

<Reacode code="95-AM-241(N,2N)95-AM-240,,SIG" />

<addCovarFraction errName="MONIT-ERR" errType="EXFOR" corrType="UDERC" fracType="My-Matrix" >

<dataArray2 what="CorrMatrix" LX="9" LY="9" LL="45" type="triangle" units="NO-DIM">

1 

.43 1 

0 0 1 

0 0 .06 1 

0 0 .09 .12 1 

0 0 .09 .12 1 1 

0 0 .11 .11 .4 .4 1 

0 0 .11 .11 .4 .4 1 1 

0 0 .11 .11 .4 .4 1 1 1 

</dataArray2>

</addCovarFraction>

<addCovarFraction errName="ERR-S" errType="EXFOR" corrType="SERC" fracType="Uncorrelated" ></addCovarFraction>

<addCovarFraction errName="ERR-1" errType="EXFOR" corrType="SERC" fracType="Uncorrelated" ></addCovarFraction>

<addCovarFraction errName="ERR-2" errType="EXFOR" corrType="LERC" fracType="Fully-correlated" ></addCovarFraction>

<addCovarFraction errName="ERR-3" errType="EXFOR" corrType="SERC" fracType="Uncorrelated" ></addCovarFraction>

<addCovarFraction errName="ERR-4" errType="EXFOR" corrType="UDERC" fracType="My-Matrix" >

<dataArray2 what="CorrMatrix" LX="9" LY="9" LL="45" type="triangle" units="NO-DIM">

1 

0 1 

0 1 1 

0 1 1 1 

0 0 0 0 1 

1 0 0 0 0 1 

0 0 0 0 1 0 1 

0 0 0 0 0 0 0 1 

1 0 0 0 0 1 0 0 1 

</dataArray2>

</addCovarFraction>

<addCovarFraction errName="ERR-5" errType="EXFOR" corrType="LERC" fracType="Fully-correlated" ></addCovarFraction>

<addCovarFraction errName="ERR-6" errType="EXFOR" corrType="LERC" fracType="Fully-correlated" ></addCovarFraction>

<addCovarFraction errName="ERR-7" errType="EXFOR" corrType="SERC" fracType="Uncorrelated" ></addCovarFraction>

<myStamp>EXFOR-Web-Covariance-Recipe, V.Zerkin, IAEA-NDS, 2012-03-19.</myStamp>

</CovRecipe>

Recipe.xml real example



Why XML was used

1. Does not need to invent format for new type of information

2. Much more easier for programming on the reading side (Javascript) 

using standard infrastructure (objects, methods/subroutines)

3. Less time for development

Alternatives

1. Using EXFOR format style (introducing RECIPE keyword, Codes with 

Parameters)

2. Invent my-format suitable for coding.

Both alternatives 

- need more time for implementation, 

- require specialized programming

- more difficult to update and maintain in future



Concluding remarks

XML, Html
1. Software infrastructure for producing XML on the current EXFOR exists. 

2. Since 2011 two types of XML presentations of EXFOR data are available 

on the IAEA NDS Web site

3. EXFOR XML input and output serve different purposes and oriented to 

different users’ communities

4. There is not enough experience in using of existing EXFOR XML: 

both EXFOR XML formats have still draft status (no feed back from 

potential users)

5. XML is good language for new (small?) projects, like recipe.xml for 

construction of covariance matrices from EXFOR uncertainties.

X4+
1. Needs further development as format for author’s prove (?)

2. Needs rationalization of software structure



Thank you


