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Abstract

It is demonstrated that the XML base class templates (ak.a. “metaDTDs’) of the NeXus neutron
and x-ray science data format can - with the aid of the Java XSD API of the Eclipse Foundation
XSD project - be transformed into an XML Schema, thus introducing convenient validation of
NeXus XML instance files, with bindings to Java EObjects through the XML schema import mech-
anism of the Eclipse Modelling Framework (EMF), which also provides a generative, validating,
schema-aware XML model instance editor.

The approach is limited by known inconsistencies in the current NeXus templates and by some as-
pects of the NeXus class design. The transformation process affords powerful diagnosis of and
identifi cation of inconsistencies in the NeXus XML templates. Recommendations are made here for
changes to the NeXus template design and format to support this generative approach, so that the
NeXus International Advisory Committee (NIAC) could in principle continue to maintain adapted
forms of the NeXus XML templates, rather than moving the base class ddinition effort completely
to the XML Schema approach, given that the XML Schema could then be generated after the meth-
od shown here. The NeXML approach optionally leverages the prototype NeXus.xsd base schema,
and some recommendations are also made here for changes to that base schema to admit more ro-
bust automated generation of NeXus XML Schema classes, and stronger validation criteria.

It is shown that instruments and experiments can be represented graphically in the Unified Model -
ling Language (UML) as UML StructuredClassifiers and as UML InstanceSpecifications, using re-
verse engineered XML Schema types as UML Classes with structural UML Properties, UML Ste-
reotypes and XML Schema annotations.

14 Nov 2008: Postscript to NIAC2008

At the NIAC2008 it was decided to evolve the NeXus XML templates from the Meta-DTD form to
an XML-schemafriendlier form that can be validated against a meta-schema to be called the NeXus
Ddinition Language (NXDL). The highly automated, generative NeXML approach presented in
this technical report can - with minor adaption - be equally applied to the NXDL format XML tem-
plates to create a consistent XML schemafor NeXus, EObject Java bindings, and a validating EMF
model instance editor for the next generation of NeXus.
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1) Introduction

The ddinition of the base classes of the NeXus neutron and x-ray science data format [1] is cur-
rently recorded as XML templates (a.k.a. “Meta-DTDS") that are supposed to conform to the stated
design rules of NeXus, although no truly automated digital validation of XML instances against the
format as a schemais currently possible.

From 2005-2007 Kelly and Hauser [3] developed a prototype Java engine for transforming digested
NeXus XML templates into forward-engineered Java classes meeting the JavaBeans[15] pattern,
which were denoted alpha and beta NeXusBeans and promoted through the online NeXML[4] child
project site, which is dedicated to providing improved XML Schema[7], Java, and UML[5] tools
supporting the parent NeXus project. The generated NeXusBeans classes were reverse-engineered
into Unified Modelling Language (UML)[5] models and diagrams to produce the first graphical
schema models for NeXus, and also the first graphical NeXus representations of instances of neut-
ron beam instruments, using UML StructuredClassfiers with UML Properties in composite struc-
ture diagrams and also UML InstanceSpecifications in object diagrams.

However, it was found that automating transformation of the UML-based schema to an XML
Schema compatible with NeXus, and that representing multiplicities and complex dimensionality in
Plain Old Java Objects (POJOs), was not trivial, due in part to the use of Javab generics[10] in the
data items, but primarily due to the intrinsic complexity of the NeXus template dimensionality in-
dicators. Kelly demonstrated in 2006 the transformation of UML representations of the structural
aspects of Java NeXusBeans to a UML representation of an XML Schema, which was then for-
ward-engineered to the first attempt at an inheritance-aware XML Schema for NeXus, however it
did not satisfactorily capture the complex data content. Kelly and Rayner! also demonstrated? auto-
mated, schema-aware serialisation and persistence of XML instances using the XStream Java
API[8], and thus the first true validation system for structural aspects of the NeXus format in XML,
although this required substantial intervention into the X Stream serialization mechanism, esp. con-
cerning multi-dimensional data and multiplicities of elements.

Eclipse Modelling Framework (EMF) Eobjects [6], in combination with the Eclipse XSD API Er-
ror: Reference source not found provide a promising alternative strategy, whereby the XML Schema
is generated first, and then Java bindings as EObjects are generated by EMF, which bindings
already cater for multiplicities through EMF annotations, and for serialization to XML subject to
the loaded XML Schema through an automated schema mapping and EMF “genmodel”, thus alevi-
ating much of the customisation employed in the prototype versions of Java NeXusBeans. The EMF
system is able to create a validating editor along with the Java bindings for a wide range of XML
Schema, and this is demonstrated successfully below for the NeXML schema generated from trans-
formation of NeXus XML templates with the Eclipse XSD API, including restrictions on units and
types per data item.

The automatically generated XML Schema introduced here shall be denoted the NeXML Schema. It
optionally imports and uses sel ected aspects of Akeroyd's hand-written NeXus. xsd base schema
[9], dthough NeXML isable- in principle - to function completely independently.

Non-Java users are free to interact directly with the generated NeXML Schema using any desired
language or XML tool3; Java users can take advantage of the EM F-based NeXusBeans bindings.

In al cases, UML graphica engineering proved a powerful complementing technology, and some
UML diagrams will be given, reverse engineered from both the XML Schema directly and from the
automatically generated EObject Java bindings - with afocus on the XML Schema in this report.

While it is hoped that through this automated transformation recipe an adapted form of the NeXus
XML templates can be used in the future in combination with the NeXML system, it will be seen
that the approach is still compromised by many inconsistencies and problems in the NeXus design

1 Hugh Rayner, Year in Industry Student 2006, NBI Computing and Electronics, ANSTO, OPAL Facility
2 At NIAC2006 and during visits by various NIAC members to the ANSTO OPAL facility 2005-2007.
3 Indeed much of the XML Schema work presented here was done in the Netbeans IDE XML Schema editor.

3/41




NeXML: automating generation of an XML Schema from the NeXus format XML templates

and templates, and recommendations are given to improve the templates to admit better transforma-
tion to an XML Schema. The NeXML transformation strategy proves a powerful diagnostic of the
robustness of the NeXus class design and of problemsin the XML class templates.

1.1) Notation
The following namespaces and prdixes are used:
xsd = http://www.w3.0rg/2001/XML Schema

nx = http://ddinition.nexusformat.org/schema/3.0 (NeXus. xsd)
wca = http://www.webel.com.au/nexml (NeXM.. xsd, generated)

(Another possible candidate for the NeXML schemais'nx!’, to distinguish it from 'nx’ for NeXus.)

Generated X SD types are explicitly suffixed with Type', however this verbose policy may change.

1.2) Overview of the NeXML transformation process

The NeXML transformation process involves the following main steps (simplifi ed):

1. Reading and parsing of all NeXus XML templates (either from filesystem or streamed directly
from the NeXus SVN repository).

2. Generation of XSD ddinitions for abstract base classes specific to the NeXML Schema.
3. Generation of XSD import for the NeXus. xsd (leveraged in selected cases).

4. Looping over all XML parsings of the XML templates to generate XSD complex types corres-
ponding to the NeXus class of each XML template.

5. Looping over XML representations of all child elements of each NeXus class:

1. Extraction and interpretation of multiplicity indicators and enumerations from embedded
documentation.

2. Extraction and interpretation of types and (in the case of dataitems) dimension indicators.
3. Generation of group reference elements.

4. Generation of dataitem reference elements, if required with reference to dedicated per-
data-item types to encapsul ate limits on val ue types, dimensions and units.

Currently the generator writesto asingle file NeXM.. xsd, however individual files within the same
namespace could also be written.
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1.3) The NeXML transformer leveraging the Eclipse XSD API

The prototype Java transformer for NeXML will not be presented in detail here; future versions of
the code, UML diagrams, and the Java APl will be provided viathe NeXML web site[4] . A very
brief overview in UML is provided,;

package nexus| au.com.webel.nexus NeXML transiormeru
Diagram name | au.com.webel nexus NeXML transformer xsd J
pe— PE— Author darrenkelly (org.eclipse)
{au.com.webel.nexus) (au.com.webel.nexus Creation date 10/28/08 2:59 PM E i:giaﬂmle TypeD
O Al = D_atalten_'lKind . Modification date | 10/28/08 4:18 PM = xSDEIem;ntDer.'rlaration
=y =], tExcep E xsDSimpleTypeDefinition
E InvalidNXtypeException E xsDSchema
P E InvalidUnitsException El xSDModelGroup
| E InvalidvalueException r— E xSDimport
|ccimport> K NeXusMultiplicityKind e = XSDModelGroupDefinition
E NxXtypes (au. = = = XSDAttributeDeclaration
| () SchemaFactory = XSDFactory
|

& SschemaFactory_ tactor

T

<<import>> —[XSDFactery

tool | po 1_‘

(au.com.webel.nexus) | =
| -schema_ P

NeXusFactory “import :]J

2 NeXusFactory
& NeXusFactory_

2} NeXusXmlITemplateToNeXusSchema NeXdsFacl TXSD\mpon
= NeXusXmiTemplateToNeXusSchema_  -neXusFactory_ R r o
El NeXusXMLtypes S XSDElementDeclaration
O Project TerpiateT: o) T [
E Project <<gelter>=+gelProject() . Profect ’IXS[}Anrmuleﬂeclaralmn
£l stringUtil +eanvertf) : vor!
E SvnProject_ "Xg1ouP_[XSDComplexTypeDefinition
) XmIChild _ ~nXggometfical
= XmIChild Nexus)(mlTempIalsToNexusSchema_| ~n¥jgeomptry__
) XmiTemplate Motjject
E XmITe 2 -project_ . nXoHject
= Project [@) P -n X

<sgetter>>+getSarectaryy) . String -gftraNgme_

<egeiter>>+gelfpackage oulf) . String

<<gaiter=>+getidirectory_oul) @ String

EXTT ) Set<XmiTe XmiChild [@)

+adoXmiTemplatey Surl. String ) - boolean <<getior=—tgatEement) . & "

+adoiXmiTemplateDirectory( Sdirectory © Strng ) . boofean <<gatier>>igetiname() - Stnng

% <<gefter>>+shNXaroup(] : bookan

<<geller>>+sNXgeomeiry() . boolean
e <<gelter=>+getfdocy] - String
W AT emplatos XmiTemplate Q <<gatter Meltplicity King) . ‘
g 0. guiier=>+gelSciass() - Sirig

< > i - Siri
e ™| | g g

ey - <<galtar=>vgelSdimension) | String
«ﬁi:ﬁﬁﬁ{’?fﬂﬁ;ﬁm <<gelter>>+getipure Types() : List<. >
<cgotter==+gatSURL)  Stri «gmar;:*gch‘um!s(} : List<String=>
<<geiter>>sgeiDocument() . Document S b e L Donkan
<<gettors>igotRoot)) : £ " <<gelter=>+sScalary) . boolear
<<gattar>>+Hs Geomalrical) : boolean «gmaf»w_s VM{.‘Y‘(" iikipradd
<<geiter=>igetScomment() . Strng gt hunis

: <<getter=>+tgetlengthy) - it
I LA <<gelter>>+slengthKnowny) . boofearn
‘? -parent_ <<gelter=>+getfcomment() : String
-kids | <<gsfter=>+getParent() : XmiTempiate
XmiTemplate_ 2 <<gefter=>+sEnumearatedy) : boolear
=<gelier= E - List<Siring>
XmiChita_| —b| = 02> gelEinums) - Lis!<Shing
=url_
URL domdj
(java.net) (org)
-reader_| -document_ -glement_
|SA)(Reader‘ |Dccumenl| ‘E\qmnm|

Hllustration 1: Reverse-engineered UML overview of the NeXML transform Java classes
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1.4) The NeXML base classes

Directly following on from the approach aready introduced successfully in the prototype Java
NeXusBeans?, the NeXML generator provides for a number of base abstractions to promote reuse
through inheritance and improved organisation of the type hierarchys. However, no way was found
to combine the strategies of per-data-item restrictions on 'units and data list lengths and value enu-
merations (introduced below) with inheritance of aDat al t enilype base.

package hitp:/fwww.webel.com.auwnexmi] [ MeXML base types ]J

Diagram name MeXML base types
cccomponents> =)
MNeXML.xsd Author darrenkelly
<<XSDschema>> Creation date 10027108 7:39 PM
il <<XSDattribute>> Makus usrd Modification date | 10/27/08 &:15 PM
+name ref [attrbuteFormDefault = qualifiad,
<<XSDcomplexType>> - — lementFormDefault = qualified,
MXobfect Type {r=if = NAME.  lorgetNamespace = hitp:/fwww.webel.com.au/nexmi}
use = optional}
<<XSDattribute>>+name : string ) =
i
P e <<X3Dextension>>
<<XSDextension>> / e [ — i e e e e e e
#MLpttributes = "base=wea:NXabject Type™ ; |' Not used since blocks ger-dataitem unf, type, and dimension harndling
<<X{SDcomplexType=>
<<XSDcomplexTypa=> i <<XSDcomplexContent>>
<<X3DcomplexContent>>| . — — Cae ey NXdlaraltem Type
Nxgroup Type ‘name’ inheritad) ‘T‘

|
[
|
I
|
[
| |
<<XSDaxtension>> | <<XSDextension=> |
{¥MLattriputes = "base=wca:NXgroupType"} | c<¥SDexlensions> |
<<XSDcomplexType>> <<XSDcomplexType>> <<XSOcomplexTypa>>
<<XSDcomplexContent>> <X5Dflementtn <<XSDcomplexContent=>>| | =<XSDcomplexContent== !
==XSDsequence>> HpomoTy =<XSDsequence>> | MXscalarDataltem Type <<XSDgxtension>> !
NMXgeometrical Type 0.1 NXgeometryType |
I | <<XSDcomplexTypes>> |
<<XSDextension>> | | <<X3DcomplexContent>>
{¥MLattribtes = "base=wca:NXgeomstricalType"} | | AMXvecrorDatalfem Type |
|
<<XSDcomplexType=> l <<XSDcomplexType>= |
<<X3DcomplexContent>>)  |Geometrical | <<XSDcomplexContent>>
==XEDsequence=> classas inharit a | AXmultiDataltem Type |
NXapertureType geometry elamant |
R RS SRR U S OO A SO e S

Hllustration 2: Reverse engineered UML overview of the NeXML base types

2) Transformation of the NeXus XML class templates to NeXML
Schema complex types
Each NeXus XML class template has a single root class ddinition element (which must be a NeXus

"group” class) and documentation, and some child elements which refer either to other class ddini-
tions or to local “dataitem” ddinitions®:

4 These inheritance and base class concepts were presented by Kelly as Java and UML examples in a presentation on
NeXusBeans and the need for an XML Schema at NIAC2006 at ILL in Grenoble, France.

5 Some of these shared base class concepts now find analogy in the NeXus. XSd complex types

6 The data item and group child elements will be discussed in detail later in dedicated sections.
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<?xm version="1.0" encodi ng="UTF-8"?>

<l--

URL: http://ww. nexus. anl . gov/cl asses/ xm / NXent ry. xm
Editor: N AC

$1 d$

Tenpl ate of the top-level NeXus group which contains all the data and
S
<NXentry nanme="{Entry Nane}">
<title>{Extended title for entry}?</title>
<duration type="NX_INT" units="seconds">
{Duration of nmeasurenent}?
</ duration>
<NXsanpl e nane="{sanpl e}">
?

</ NXsaﬁpI e>
<NXi nstrunment nanme="{Nanme of instrunment}">
2

</ NXi nst r unent >
<NXrmoni t or name="{Nane of nonitor}">
*

</ NXnoni t or >
<NXdat a nanme="{Nane of data bl ock}">
*

</ NXdat a>

</ NXent ry>

Table 1: Extract from the NeXus NXent ry. xm template (a.k.a. “Meta DTD”)

<?xm version="1.0" encodi ng="UTF-8"?>

<l--

URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXi nst rument . xm
Editor: N AC

$1 d$

Tenpl ate of instrument descriptions conprising various beanline
valid for both reactor and pul sed i nstrunentati on.

-->
<NXi nst runment nanme="{Nane of instrunent}">
<nanme short_nane="{abbrevi ated nane of instrunent}">
{Name of instrunent}?
</ name>
<NXsour ce nane="{Name of facility}">
*

</ NXsour ce>

'<) NXi nst r ument >

Table 2: Extract from the NXi nst r unent . xm template

Each class is transformed into a named XSD complex type in the NeXML schema, with its top-
level documentation included and the URL of the original XML template recorded. All concrete
generated classes are considered to extend a special abstract NXgr oup complex type (and through it
also the universal complex NXobj ect ), either directly or indirectly:
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<xsd: conpl exType abstract="fal se" name="NXentryType">
<xsd: annot at i on>

<xsd: appi nfo source="...NXentry.xm"/>

<xsd: docunment ati on source="...NXentry.xm ">
URL: http://ww. nexus. anl . gov/cl asses/ xm / NXent ry. xm
Editor: N AC

$I d$
Tenpl ate of the top-level NeXus group which contains all the data and

</ xsd: docunent ati on>
</ xsd: annot ati on>
<xsd: conpl exCont ent >
<xsd: ext ensi on base="wca: NXgr oupType" >

</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Table 3: Extract from NeXML.xsd showing part of the transformed NXentry complex type

Some classes known to have an <NXgeonet r y> child element are transformed (as was likewise
already done in the prototype Java NeXusBeans) to extend an intermediate NXgeonet ri cal Type

(comparable to the NXconponent Type in NeXus. xsd), and thus inherit a geometrical element:

<?xm version="1.0" encodi ng="UTF-8"?>

<l--

URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXaper t ure. xn
Editor: N AC

$1 d$

Tenpl ate of a beam i ne aperture.

-->

<NXaperture nane="{Nanme of aperture}">
<NXgeonetry nanme="">
{location and shape of aperture}?
</ NXgeonet ry>
<mat erial type="NX CHAR'>
{Absorbing material of the aperture}?
</material >
<description type="NX CHAR'>
{Description of aperture}?
</ descri pti on>

</ NXapert ur e>

Table 4: The NXaper t ur e. xm template with NXgeomnet ry child element

<xsd: conpl exType abstract="fal se" name="NXapertureType">

<xsd: conpl exCont ent >
<xsd: ext ensi on base="wca: NXgeonetri cal Type" >
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Table 5: Extract from NeXML. xsd showing part of a transformed geometrical complex type
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<xsd: conpl exType abstract="true" nane="NXgeonetrical Type">
<xsd: conpl exCont ent >
<xsd: ext ensi on base="wca: NXgr oupType" >
<xsd: sequence>
<xsd: el enent maxCccurs="1" ni nCccurs="0" name="geonetry"
type="wca: NXgeonet ryType"/ >
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Table 6: Extract from NeXM_. xsd showing the abstract NXgeomnet ri cal Type with geometry.

NXapertureType
geometry

NXshape
NXtranslation
NXorientation
description

component_index

material

description

lllustration 3: Netbeans IDE XML Schema design view of
inheritance of geometry into NXaper t ur eType

package Data[@ geometrical NeXus classes U

NxgroupType Diagram name | geometrical NeXus classes

Author darrenkelly
NXgeometryType -
—XSDelement>>NXahaps - NXshapeType [0.1] Creation date 10/27/08 8:33 PM
<<XEDelement>>+MXtranslation : NXtranslationT ... IModification date | 10/27/08 8:46 PM
<<XSDalement=>+NXoriantation : NXorientationT... |<<XSDalement=>
<<XSDelement=>+description : description_Anc... [+geometry A tricalT]
<<XSDelement>>+component_index | component... 01 i

NXsensorType NXcrystalType NXdetectorType NXfilterType NXdisk_chopperType

NXaperturaType | NXvelocity_selectorType | | NXmirrarType | | NXguideType | NXfermi_chapperType

|NJ(bending_mag netType| |NJ(scurceType| |NJ(bea.m_stopType| |N)(monitorType| NXtranslationType
NXcollimaterType NXinsertion_deviceType |NJ(moderalo rType| |N)(o rienmlionType|

Hllustration 4: UML reverse engineering of the NeXML schema showing geometrical types
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Source Schema Design |[[]]| T= |A8 |52

S5chema > Complex Types

@ http: / /www.webel.com 22 NXapertureType (e 2
| o Atributes 4 @2 NXattenuatorType (£x..

| o Atribute Groups 75 NXbeamType (extends...

LE‘:: Complex Types 5 NXbeam_stopType (...

¢ Elements » %3 NXbending_magnetType..
L{ Lroups 2 N¥characterizationType...
[y Referenced Schemas 4 T2 NXcollimatorType (ext...

[0 Simple Types 4 3 NXcrystalType (e

5 MxdataltemType (exte...
5 MXdataType (exh

5 MXdetectorType (oxh
5 NXdisk_chopperType (...
22 NXentryType (exl

22 NXenvironmentType (c...
75 NXevent_dataType (ex...

]
]
]
]
bk
]
]
]
]
]
]
]
]
]
]
%3 NXfermi_chopperType ... »
5 NXfilterType b
22 NXflipperType b
#2 NXgeometricalType (e... P
F2 NXgeometryType (exi.. P
3 NXgroupType (extends... »
22 NXguideType (extends.. P
%5 MXinsertion_deviceType...»
5 NXinstrumentType (cx... P
2 NXlogType (extends .. P
23 NXmirrorType (extend... ®
73 NXmoderatorType (cx.. Pk
73 NXmonitorType (cxien... ®
%5 NXmonochromatorType... b
9 NXmultiDataltemType ... »
75 NXnoteType b
75 NXobjectType b
]
]
]
]
]
]
]
]
]
]
]
]
]
b L

22 NXorientationType (cx...

22 NXpolarizerType (>

%5 NXpositionerType (£xl...

5 NXprocessType (o

5 NXrootType (exi

22 NXsampleType (cxi

%3 NXscalarDataltemType...

75 NXsensorType (i

75 MXshapeType (o»

22 NXsourceType (el )

22 NXtranslationType (ex...

22 NXuserType (e .

Ba N}{vecmrDataltemT\rpe "

Ho N¥welncite selectnrTune .k
I

Hllustration 5: All transformed NeXus group types and the supporting
custom generated abstract base group NeXML types are shown in a
Netbeans IDE XML Schema editor view of the NeXML schema.
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2.1) NeXus child elements and multiplicities

The child element of the root class definition element of a NeXus XML template may indicate
either a NeXus group element or a NeXus data item element, both of which may carry additional
XML attributes:

<NXentry nanme="{Entry Nane}">
" <title>{Extended title for entry}?</title>
<start_time type="1S08601">
{Starting tine of measurenent}?
</start _tine>
<duration type="NX_|INT" units="seconds">
{Duration of neasurenent}?
</ duration>
<NXchar act eri zati ons>
?
</ NXchar acteri zati ons>
<NXuser nanme="{user}">
*
</ NXuser >
<NXrmoni t or name="{Nanme of nonitor}">
*

</ NXnoni t or >

</ NXent ry>

Table 7: Selected data item and group children of the NXent ry class XML template

<NXroot ..>
<NXentry nane="{entry nane}">
+
</ NXent ry>
</ NXr oot >

Table 8: There must be at least 1 NXent ry child in an NXr oot , as indicated by a '+'.

<NXat t enuat or nane="{Nane of attenuator}">
<di stance type="NX FLOAT" units="m">
{Di stance from sanpl e}
</ di stance>

Table 9: In some NeXus XML templates there are child elements with no multiplicity indicator

The permitted multiplicity may be indicated by one of the following characters in the contained
documentation text for the child element, usually as the last character of the documentation:

'?" = May occur 0 or 1 times

"*' = May occur 0 or more times

'+' = Must occur at least once

If the multiplicity indicator is missing the element must occur exactly once.

These indicators map well in XML Schema to the XSD 'minOccurs' and 'maxOccurs' attributes, in
UML to MultiplicityElement and MultiplicityKind, and in EMF to multiplicity annnotations.
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2.2) Transformation of NeXus group child elements

The child elements of the root element of a NeXus XML template may indicate allowed children
typed by NeXus groups. Simple examples include <NXsour ce>, <NXdi sk_chopper>andin
NXi nstrument . xm :

<NXi nst runment nane="{Nane of instrunent}">
<NXsource nane="{Nanme of facility}">
*

</ NXsour ce>
<NXdi sk_chopper nane="{Nane of chopper}">

</ NXdi sk_chopper >

E)NMinstrunent>

Table 10: Extract from NXi nst runent . xm showing selected NeXus group child elements

After extraction and interpretation of the multiplicity indicator the generation of a corresponding
XML element typed by the complex type of the matching group is straightforward. However the
choice of containing the children within a strict XSD 'sequence' rather than an XSD 'dl' presents a
complication. Unfortunately, the 'all' grouping can't be used in general for all child elements of all
NeXus XML templates because:

“All the elements in the group may appear once or not at all, and they may appear in
any order. The al group .. islimited to the top-level of any content model. Moreover,
the group's children must all be individual elements (no groups), and no element in the
content model may appear more than once, i.e. the permissible values of minOccurs
and maxOccursare 0 and 1.” [11]

Therefore for ease and consistency the NeXML transformer collects all NeXus dataitem and group
child elements in strict sequencesin the same order they are encountered in the NeXus XML tem-
plates. (It could however be adapted to use 'all' grouping only in those cases where the multiplicity
of al child elements does not exceed 1.)

<xsd: conpl exType abstract="fal se" name="NXi nstrunent Type">

"<xsd:conplexCDntent>
<xsd: ext ensi on base="wca: NXgr oupType" >
<xsd: sequence>

<xsd: el enrent naxQccur s="unbounded" m nCccurs="0"
nanme="NXsour ce" type="wca: NXsour ceType"/>

<xsd: el enrent nmaxQccur s="unbounded" ni nCccurs="0"
nanme="NXdi sk_chopper" type="wca: NXdi sk_chopper Type"/ >

Table 11: Extract from NeXM.. xsd showing some child elements of the NXi nst r unent Type
typed by other complex types for NeXus groups and with automatically generated multiplicity
(occurrence) ranges.
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<xsd: conpl exType abstract="fal se"
<xsd: conpl exCont ent >
<xsd: ext ensi on base="wca: NXgr oupType" >
<xsd: sequence>
<xsd: el ement maxQCccur s="unbounded"
name="NXentry" type="wca: NXentryType"/>
</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

nanme=" NXr oot Type" >

m nCccur s="1"

Table 12: Extract from NeXML. xsd showing the single child element of the NXr oot Type
typed by NXent r yType, which must occur at least once and may occur many times.

NXinstrumentType

extraName

NXsource

NXdisk_chopper
S BhMfasasi chaseas

lllustration 6: Some NeXus group children in the
Netbeans IDE XML Schema design view of NeXM_. xsd

Schema > Complex Types > NXinstrumentType > sequence

2| http://www.webel.com MXevent_dataType (cx... b 4 annotation r o |4¥ extraName 3

_ Attributes 4 NXfermi_chopperType ... » .. b €% NXsource

o Attribute Groups NXfilterType vl | FEEE <> Nxdisk_chopper

s Complex Types 4 NXflipperType L €» Nxfermi_chopper

L Elements NXgeometricalType (c... » €% NXvelocity_selector

3 Groups NXgeometryType 4 € NXguide

1 Referenced Schemas 4 NXgroupType J €% NXcrystal

[ Simple Types ] NXguideType ) €¥ NXaperture
NXinsertion_deviceType...» €% NXfilter
NXinstrumentType (ex... » €2 NXcollimator
NXlogType 3 € NXattenuator
NXmirrorType b €% NXpolarizer
NXmoderatorType 3 €% Nxflipper
NXmonitorType L €2 NXmirror
NXmonochromatorType... » €% NXdetector
NXmultiDataltemType ... » €% NXbeam_stop
-

Hllustration 7: All NeXus group child elements for NXi nst r ument Type in the Netbeans XML
Schema view of NeXM.. xsd (together with a special data item child ext r aNamne).
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2.3) Encapsulating and restricting types in data items

The valid type for data content of dataitemsin the NeXus XML templates isindicated through
NeXus API types (known as a NAPIType) given as stringsin a‘type attribute.

2.3.1) Case: scalar data value of unique type
In the simplest case asingle NAPIType for a scalar data valueis given:

NXaperture. xm : <material type="NX_CHAR"

NXat t enuat or . xm : <di stance type="NX_FLOAT"

NXdi sk_chopper. xm : <slits type="NX_| NT"

NXdet ect or . xm : <cal i bration_date type="1S08601"
NXnoder at or . xni : <coupl ed type="NX_BOOLEAN'

In such cases the data item child element can be encapsulated in XML as a complex type extending
(either directly or viathe NeXus. xsd simple types) asimple XSD type suited to the NAPItype. The
'type' attribute from the XML template can aso be propagated as an inline XML Schema enumera-
tion literal, to enforce correct supporting metadata on the type in NeXus XML instances:

<xsd: conpl exType abstract="fal se" nane="NXatt enuat or Type" >

<xsd: conpl exCont ent >
<xsd: ext ensi on base="wca: NXgr oupType" >
<xsd: sequence>
<xsd: el enent maxCccur s="unbounded" nane="di st ance" >
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="nx:fl oat 32" >
<xsd:attribute name="type" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enuneration val ue="NX_FLOAT"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>

Table 13: Extract from NeXML. xsd showing complex extension of a simple nx: f | oat 32
data type and an enforced NX FLOAT metadata enumeration literal for the type’ attribute

The NeXML transformer deliberately does not extend or leverage the NeXus. xsd list complex
Datalypes with their reused data attribute mixed in, because this would exclude many possibilities,
including the generation of per-data-item 'units' restrictions, length facets, and correct handling of
scaars. Instead, the NeXML generates per-data-item complex types with correct 'units, 'type’ and
list lengths, either anonymous or named as required.
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v MXinstrument Type
v NXdisk Chopper Type
Rotation Speed Type2 0.0
3 NXfilter Type
v < NXatenuator Type
<+ Distance Typet 0.0
rk NXdetector Type

Y P S

Selection Parent|Lisl|Tree|Table

|%! Problems (ﬂ"ﬂ Javadoc (L{;, Declaration ('__ Properties ¢

Tree with Columns

Property Value
Type 1= NX_FLOAT
Units =m
Value 111 0.0
ol 3

NumberFormatException: For input string: "2.a3"

Hllustration 8: The validating EMF editor is able to prevent incorrect
entry of scalar data item values of known type, in this case a float.

2.3.2) Case: non-scalar data value of unique type

In some cases the pure NAPI type indicator is combined with a simple vector or complex multi-di-
mension indicator. The NeXML transformer separates this dimension indicator from the pure NAPI -
type indicator in the XML template's 'type' attribute and processes it separately. There are a number
of challenging cases which are presented in turn.

2.3.2.1) Case: the length of every dimension is known

NXcrystal . xm : <reflection type="NX_|NT[3]">
NXcrystal . xm : <orientation_matrix type="NX_FLOAT[3, 3]">
NXdi sk_chopper. xm : |<wavel engt h_range type="NX_FLOAT[ 2] ">

In this case and X SD length facet can be used to restrict the total length of a dedicated, named, data
list smple type of restricted length which can then be referenced by a complex data item type,
which extends the ssmple type with 'units’ and 'type' attributes as well as a known 'dimension’ as
enumeration literal. Although this approach is quite verbose and increases the complexity of the
schema, it is necessary as a complex type can't carry a length facet, while a smple type can't carry
additional attribute ddinitions (required for 'units, ‘type', and other metadata):

<xsd: si npl eType name="NXcrystal .refl ectionFiniteDataType">
<xsd:restriction>
<xsd: si npl eType>
<xsd:list itenlype="nx:int32"/>
</ xsd: si npl eType>
<xsd: |l ength val ue="3"/>
</ xsd:restriction>
</ xsd: si npl eType>

Table 14: Extract from NeXus. xsd showing a dedicated data item simple type of restricted length
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v MWXinstrument Type
NXdisk Chopper Type
< NXcrystal Type
< Reflection Typel
Nxfilter Type
< NXattenuator Type
Nxdetector Type
4 NXbeam Stop Type
MXmonitor Type

ARV ISR

4 v

yFvy¥Ywvey

Selection Parent| Li5l|Tree|Teh,‘-Ie|Tree with Columns

f|"_ Problems (ﬁ'ﬂ Javadoc (Lﬂ?p Declaration (: Properties

Property Value

Dimension 1= [3]

Type 1= NX_INT

Units =

Value =1234
W —

The value '1 2 3 4" with length 4 may have at most length 3

lllustration 9: The validating EMF instance editor is able to prevent entry of
data item lists of incorrect length (in the case where the length is known).

<xsd: conpl exType abstract="fal se" nanme="NXcrystal Type" >

éksd:conplebentent>
<xsd: ext ensi on base="wca: NXgeonetri cal Type">
<xsd: sequence>

<xsd: el enent maxCccurs="1" m nCccurs="0" nane="refl ection">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="wca: NXcrystal .refl ectionFinite-
Dat aType" >
<xsd:attribute name="type" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enuneration val ue="NX_I NT"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>
<xsd: attribute name="di nensi on" use="required">
<xsd: si nmpl eType>
<xsd:restriction base="xsd:string">
<xsd: enuneration value="[3]"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>

</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

Table 15: Extract from NeXus. xsd showing a dedicated simple data item of known length reused
in a complex data item element, with supporting 'dimension’ attribute with enumeration literal.
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2.3.2.2) Case: dimensions known and the length of every dimension is unbounded

NXbeam xmi : <i nci dent _energy type="NX_FLOAT[:]"
NXentry. xm : <experinent _identifier type="NX_CHAR[]"
NXentry. xm : <run_cycle type="NX_CHAR[ ] "
NXnonochromat or. xml :  |<wavel ength type="NX_FLOAT[]"

Table 16: NeXus XML template data items with fixed number of dimensions of unbound length.

In these cases atrivia dedicated named list smple typeis till required for each dataitem element,
as atarget for extension by an anonymous complex type required to mix in specific 'units' etc. at-
tributes. (The complex Dat aType ddinitions of the NeXus. xsd can't be used for this purpose, be-
cause they already mix in very genera 'units' attributes etc. and thwart the union of types needed in
some special cases.)

<xsd: si npl eType nane="NXbeam i nci dent _ener gyDat aType" >
<xsd:list itemlype="nx:float32"/>
</ xsd: si npl eType>

Table 17: Extract from NeXML. xsd showing simple list type of unbounded length

<xsd: conpl exType abstract="fal se" name="NXbeaniype" >

"<xsd:conplebentent>
<xsd: ext ensi on base="wca: NXgr oupType" >
<xsd: sequence>

<xsd: el enent maxCccurs="1" m nCccurs="0"
name="i nci dent _energy">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="wca: NXbeam i nci dent _ener gy-
Dat aType" >
<xsd:attribute name="type" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enuneration val ue="NX_FLOAT"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>
<xsd:attri bute name="di nensi on" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enuneration value="[:]"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>
<xsd:attribute name="units" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enuner ati on val ue="nmeV'/ >
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>
</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

Table 18: Extract from NeXM.. xsd showing a simple list data item type extended by an anonymous
complex type of a data item element to include 'units', 'type' indicator and 'dimension’ attributes.
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2.3.3) Case: length of dimensions partly known

In some cases the length of at least one dimension is known, so that the total length of the data list
must be a multiple of the known dimensions, yet possibly unbounded:

‘NXbeam xm : <i nci dent _beam di vergence type="NX_FLOAT[2,:]" ‘

The simple data list type in the XML schema would have to be unbounded yet constrained to be a
multiple of the known dimensions, which constraint is not yet offered by the NeXML transformer.

2.3.4) Case: length of dimensions depends on a variable

In some cases the length of at least one dimension depends on an implied variable of the system:

NXevent data. xm : <pi xel _nunmber type="NX_INT[i]">

NXevent data. xmi : <pul se_tinme type="NX_INT[j]"

NXnoni t or . xmi : <efficiency type="NX FLOAT[i]">

NXdet ect or . xm : <raw tinme_of flight type="NX_|INT[tof+1]"
NXfilter.xm: <unit_cell type="NX FLOAT[n_conp, 6])">
NXfilter.xm: <unit_cell _volunme type="NX_FLOAT[ n_conp]”
NXfilter.xm: <orientation_matrix type="NX_ FLOAT[n_conp, 3,3]">
NXfilter.xm: <coati ng_roughness type="NX FLOAT[ nsurf]">
NXorientation.xnm: |<value type="NX_FLOAT[ nunmobj, 6]">

NXposi ti oner. xm : <val ue type="NX FLOAT[n]"

NXsanpl e. xm : <unit_cell type="NX FLOAT[n_conp, 6])">
NXsanpl e. xm : <unit_cell _volume type="NX_FLOAT[n_conp]"
NXshape. xm : <si ze type="NX_FLOAT[ nunobj , nshapepar]"

NXt ransl ation. xm : |<di stances type="NX_FLOAT[ nunobj, 3]"

Asthereisno forma mechanism in the XML templates design to ddine such implied variables
these cases are very difficult to transform to XML Schema, and are not yet handled by NeXML.

2.3.5) Case: optional dimensions indicated by ‘?’

NXdet ect or . xmi : <det ect or _nunber type="NX_INT[i?,]?]">
NXdet ect or . xm : <di stance type="NX_FLOAT[ np?,i?,j?]">
NXdet ect or . xm : <x_pi xel offset type="NX FLOAT[i ?]"
NXdet ect or . xmi : <efficiency type="NX FLOAT[i?,]?,k?]"
NXevent data. xm : <pul se_hei ght type="FLOAT[i, k?]"

These cases are not yet specifically handled by the NeXML transformer (an unbounded list is
provided).

2.3.6) Case: total dimensionality unknown

‘NXdat a.xm : ‘<errors type="NX_FLOAT[:...]"> ‘

These cases are not yet specifically handled by the NeXML transformer (an unbounded list is
provided).

2.3.7) Case: data type given as options

‘NXI 0g. xm : <val ue type="NX_FLOAT| NX_I NT">
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NXdat a. xm : <variable_errors type="NX_FLOAT[: ]| NX_INT[:]">
NXdat a. xm : <data type="NX_ FLOAT[:...]|NX INT[:...]"
NXdet ect or . xmi : <data type="NX_FLOAT[ np?,i?,j?,tof ?]|

NX_I NT[np?,i?,]?,tof?]"
NXdet ect or . xm : <solid_angle type="NX_FLOAT[i?,j?]"
NXdet ect or . xm : <count _tinme type="NX_|I NT[ np?] | NX_FLOAT[ np?]"
NXnoni t or . xmi : <data type="NX_INT[i]]| NX_FLOAT[i]"
NXposi ti oner.xm : |<raw val ue type="NX_ FLOAT[ n]| NX_I NT[n]”

Currently the NeXML transformer takes the first possible simple type indicated in the NeXus XML
templates, and extends that to create a compromised data item, while correctly restricting the 'type'
metadata for the NAPItype by enumeration literals. An XML Schema 'union’ might resolve this situ-
ation, in the case where the dimensionality is known.

<xsd: el enent nanme="data_error">
<xsd: conpl exType>
<xsd: annot ati on/ >
<xsd: conpl exCont ent >
<xsd: extensi on base="nx: fl oat 32Dat aType" >
<xsd:attribute name="type" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enuneration val ue="NX FLOAT"/>
<xsd: enuneration val ue="NX_|I NT"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>

</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

Table 19: Extract from NeXM.. xsd showing enumerated "type’ options of a scalar data item,
in a complex data item type that extends a single simple data type.

2.3.8) Case: NeXus group as data item type
In some cases the type is not given as a pure NAPIType, but instead a NeXus group typeis given:

NXbendi ng_magnet . xm : |<spectrum t ype="NXdat a" >

NXcrystal . xm : <tenperature_| og type="NXl og">

NXcrystal . xm : <reflectivity type="NXdata">

NXdet ect or . xm : <cal i bration_nethod type="NXnote">

NXenvi ronment . xni : <posi tion type="NXgeonetry">

NXfilter.xm: <sensor _type type="NXsensor">

NXsanmpl e. xmi : <beam t ype=" Nxbeani >

NXsanpl e. xm : <t enper at ure_env type="NXenvironment">
NXsensor. xm : <external _field_full type="NXorientation">

These cases are not handled yet by the NeXML transformer”. Kelly has suggested a redesign of the
NeXus templates to avoid such hybrid data items (although the prototype NeXusBeans did provide
atype-correct handling in Java).

7 The NeXusBeans transformer did provide automated mappings for group types used as data item types.
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2.4) Encapsulating restricted units in data items

For many dataitemsin the NeXus XML templates, scientific units are indicated as freestyle strings
(NX_CHAR) ina‘units attribute, and sometimes a choice of unitsisindicated. The reader should
inspect the variation in ‘units attribute in these selected extracts from the current XML templates:

NXat t enuat or . xm :

<di st ance units="ni

NXat t enuat or . xm :

<t hi ckness units="cni'

NXat t enuat or . xm :

<scattering _cross_section units="barns"

NXbeam xmi : <i nci dent _energy units="nmeV'

NXbeam xm : <i nci dent _wavel engt h uni t s="Angstrons"

NXbeam xm : <i nci dent _beam di ver gence unit s="degree"

NXbeam xmi : <final _wavel engt h_spread units="Ang-
strons”

NXbeam xm : <fi nal _beam di vergence units="degrees"

NXbeam xm : <flux units="s-1cm 2"

NXcol I'i mat or. xm :

<sol | er _angl e units="mi nutes”

NXcrystal . xm :

<cut _angl e units="degrees"

NXcrystal . xm :

<unit_cell _vol unme units="Angstrons3"
rank="1"

NXcrystal . xm :

<wavel ength uni ts="Angstrons"

NXcrystal . xm :

<lattice_parameter units="Angstront

NXcrystal . xm :

<scattering_vector units="Angstront-1"

NXcrystal . xm :

<nosai ¢c_horizontal units="arc m nutes"

NXdet ect or . xml :

uni ts="10-6 second| 10-7 second"

NXdet ect or . xm :

<raw_ tinme_of flight units="cl ock pul ses”

NXdet ect or . xml :

uni t s=" nunber"

NXdet ect or . xm :

units="10-3 neter|10-2 neter"”

NXdet ect or . xmi :

<sol i d_angl e uni ts="st eradi ans"

NXdet ect or . xm :

<x_pixel _size units="mli*nmetre"

NXdet ect or . xmi :

<gas_pressure units="bars"

NXdet ect or . xm :

<efficiency units=""

NXdi sk_chopper. xm :

<rotation_speed units="rpni hertz"
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NXdi sk_chopper. xm : <phase units="degree"
NXdi sk_chopper. xm : <wavel engt h_range units="nnf
NXevent data.xm : <tinme_of flight units="10"n second"

NXi nsertion_device.xm: |<gap units="mlinetre"

NXposi ti oner. xm : <target value units="{}"

NXsanpl e. xni : <unit_cell _volunme units="Angstrons3"
NXsanpl e. xm : <mass units="g"

NXsanpl e. xm : <density units="g cm 3"

NXsanpl e. xm : <concentration units="g.cm 3"
NXshape. xm : <size units="neter"

NXsour ce. xm : <power units="MN

NXsour ce. xm : <current units="m croanps"”

NXsour ce. xm : <vol tage units="MV"

NXsour ce. xni : <frequency units="Hz"

NXsour ce. xm : <period units="m croseconds"
NXsour ce. xni : <pul se_wi dth units="m cro.second"”

There is almost no consistency at al regarding whether unit symbols or words are used, how unit
names are spelt, how dimensions and exponents are indicated, or even what language is used, and in
many cases unitsare given as“” or as“{}”, making a robust validation of scientific data against the
current NeXus XML templates impossible.

However, to the extent that the ‘units attributes are given as strings, they can be extracted and en-
forced in the automatically generated NeXML Schema attribute declarations per data item, and in
the cases where options are indicated, lists of restricting enumeration literals can be used to repres-
ent valid 'units choices.
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<xsd: conpl exType abstract="fal se" nane="NXatt enuat or Type" >

<xsd: conpl exCont ent >
<xsd: extensi on base="wca: NXgr oupType" >
<xsd: sequence>
<xsd: el enent maxCccur s="unbounded" nanme="di stance">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="nx:fl oat 32" >

<xsd:attribute nanme="units" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enuneration val ue="m'/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>
</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Table 20: A simple single 'units' restriction represented thus in the NeXML schema

The use of asingle enumeration for asingle ‘units value has the advantage (over, for example, an
XSD pattern) that it is easily enforced in many validating XML instance editors. In the case of a
choice of units, multiple enumeration literals are used (rather than a pattern):

<xsd: conpl exType abstract="fal se" nane="NXdi sk_chopper Type" >

Eksd:conplebentent>
<xsd: ext ensi on base="wca: NXgeonetri cal Type">

<xsd: sequence>

<xsd: el ement maxCccurs="1" m nCccur s="0" nane="r ot a-
ti on_speed">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="nx:fl oat 32" >

<xsd:attribute name="units" use="required">
<xsd: si npl eType>
<xsd:restriction base="xsd:string">
<xsd: enunerati on val ue="rpni/>
<xsd: enuneration val ue="hertz"/>
</ xsd:restriction>
</ xsd: si npl eType>
</ xsd:attribute>
</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el ement >

</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Table 21: A 'units' restriction with enforced options represented in the NeXML schema
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In the validating EMF instance editor bound to the NeXML schemathe valid ‘units options are
then offered thus:

2.4.1) Improving robustness of units though binding to an XML Schema

One candidate for an imported units XML schema is the Units Markup Language (UnitsML) [13]
draft XML Schema, which Kelly and has reverse engineered it into UMLS.

Another possibility is the automated conversion of the experimental XML database of the
UDUNITS2 packages [12] into an XML Schema, using the same Java, EMF, XSD, and XML tech-
nologies presented here, which Kelly proposes as a subproject of NeXML and NeXus. Note that
the NeXus design aready states:

“Units of data which must conform to the standard ddined by the Unidata UDunits utility
(in particular, see udunits.dat)”

Conversion of UDUNITS to an XML Schema would be of interest to many science and engineering
projects, including the OMG's SysML systems engineering language effort[ 14].

8 http://school.nomagicasia.com/unitsml (as part of Kelly's work on robust units for the SysML extension of UML)
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2.5) Encapsulating enumerated values in Dataltems

Enumeration literals are indicated in the NeXus XML templates by alist of quoted and/or unquoted
strings separated by ‘|':

<NXfilter name="filter_ name">
<NXgeonetry nanme="">
{Geonetry of the filter}?
</ NXgeonet ry>
<description type="NX_CHAR'>
{"Berylliunm | "Pyrolytic Graphite" | "G aphite" | "Sapphire" |
"Silicon" | "Supermrror"}?
</ description>
<status type="NX CHAR'>
{in]| out}?
</ status>

</ NXfilter>

Table 22: Extract from NXfi | t er. xm showing data items with candidate enumeration literals

The automated translation of such candidate enumerations to the NeXML Schemais achieved with
intermediate simple types encapsulating the enumeration literals:

<xsd: si npl eType name="NXfilter.descripti onEnunDat aType" >
<xsd:restriction base="xsd:string">
<xsd: enuneration val ue="Berylliunt/>
<xsd: enuneration val ue="Pyrolytic Gaphite"/>
<xsd: enuneration val ue="Gaphite"/>
<xsd: enuner ati on val ue="Sapphire"/>
<xsd: enuneration value="Silicon"/>
<xsd: enuneration val ue="Supermrror"/>
</ xsd:restriction>
</ xsd: si npl eType>
<xsd: si npl eType name="NXfil ter.statusEnunDat aType" >
<xsd:restriction base="xsd:string">
<xsd: enuneration val ue="in"/>
<xsd: enunerati on val ue="out"/>
</ xsd:restriction>
</ xsd: si npl eType>

Table 23: Extract from the NeXM.. xsd schema showing enumeration literals for data item values

The Netbeans IDE XML Schema editor view shows these enumerations thus:

Schema > Simple Types > NXfilter.descriptionEnumDataType

ls5 htp:/ /www.webel.com H NXevent_data.pixel_numberDataType (l... ¥ /o | @ “Beryllium"
D Attributes » a N)(event_data_pulse_heightDataTvpe » % “Pyrolytic Graphite”
| o Attribute Groups a N)(event_data.pulse_nngat&Tvpe e B % “Graphite”
| Complex Types » O NXevent_data.time_of_flightDataType (... P & “Sapphire”
» Elements » O NXfilter.coating_roughnessDataType ([5... P % "silicon”
Groups a Ly “Supermirror”
EJ Referenced Schemas » O NXfilter.orientation_matrixDataType (lis... P
:._i simple Types » O NXfilter.statusEnumDataType .
. . S

These simple enumeration types for the given Dataltems are then referenced as base typesin ele-
ments of the owning Group (along with extending attribute declarations elided here):
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<xsd: conpl exType abstract="fal se" nane="NXfilterType">

<xsd: conpl exCont ent >
<xsd: ext ensi on base="wca: NXgeonetri cal Type" >

<xsd: sequence>

<xsd: el ement maxQCccurs="1" m nCccurs="0" nanme="description">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="wca: NXfilter.descripti onEnunDat a-
Type" >

</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el enent >
<xsd: el ement maxCccurs="1" m nCccurs="0" nanme="status">
<xsd: conpl exType>
<xsd: si npl eCont ent >
<xsd: ext ensi on base="wca: NXfilter.statusEnunDat aType" >

</ xsd: ext ensi on>
</ xsd: si npl eCont ent >
</ xsd: conpl exType>
</ xsd: el enent >

</ xsd: sequence>
</ xsd: ext ensi on>
</ xsd: conpl exCont ent >
</ xsd: conpl exType>

Table 24: Extract from the NeXML schema showing data item types referencing value enumerations

4= NXinstrument Type
& NXfilter Type
< Description Type8 Beryllium
<= Status Typel in
4= NXdetector Type

P B b o e C o T awm o

Selection Parenl| List | Tree | Table | Tree with Columns

f|*‘_ Problems (I’fﬂ Javadoc (I_{.:;;. Declaration l/:. Properties 53

Property Value

Type 1= NX_CHAR
Units =

Value '=Beryllium

Pyrolytic Graphite
Graphite

Sapphire

Silicon

Hllustration 10: The validating EMF model editor offers
enumeration literal values as options in a property sheet
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2.5.1) Issue: inconsistencies in the XML Template representation of enumerations

Unfortunately there are at the time of writing many inconsistencies in the use of enumeration indic-
atorsin the NeXus XML templates.

Example: in some XML templates freestyle documentation text is mixed with candidate enumera-
tion literals:

From NXbeam st op. xni :

<description type="NX CHAR'>
{description of beanmstop: circular | rectangular}?
</ description>

From NXsensor . xni :
<type type="NX CHAR'>

{ The type of hardware we use for the neasurenent e.g. Tenperature:
"J| K| T| E|] R|] S| Pt100 | Rh/ Fe" pH "Hg/Hg2d 2 | Ag/ Agd |

| SFET" lon selective el ectrode: "specify species; e.g. Ca2+" Magnet -
ic field: "Hall" Surface pressure: "wlhelny plate" }?
</type>

Example: in NXi nserti on_devi ce. xm the type enumeration is seemingly unbounded, asindic-
ated with *...":
<NXi nsertion_devi ce name="{Nane of insertion device}">
<type type="NX CHAR'>
{"undul ator"|"wiggler"|...}?

</type>
This caseisdifficult to capture in the XML Schema language.
Example: in NXshape. xm a“;’ separator is used instead of a“|'®:

{"nxcylinder", "nxbox", "nxsphere", ...}?

The generative approach provides systematic diagnostics on such inconsistencies in representations
of enumerations in the templates.

2.6) Global and additional data and group attributes

Beyond 'mame' for groups and 'units' and 'type' for data items, the NeXus templates employ
additional global and data attributes'’, which are not yet handled by the NeXML transformer. The
inclusion of most of these attributes (possibly leveraging the NeXus. xsd attributes definitions) is
straightforward and not addressed yet here.

9 Although NeXus.xsd provides explicit NXshape, NXtranslation, and NXorientation classes, the
NeXML generator is able to consistently generate these from correct XML templates anyway.
10 http://www.nexusformat.org/Design#NeXus_Attributes
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3) EMF genmodel for the NeXML schema and the validating
EMF instance model editor

The EMF provides for generation of a validating EMF instance model editor corresponding to the
EMF “genmodel” of a loaded XML Schema. The loaded NeXML and NeXus base schemas (as an
EMF genmodel) and an example NeXML instance model are shown in the following screenshots:

B2 NeXML.genmodel &3

¥ B NXapertureType -=> NXgeometricalType
= material @ MaterialType
=+ description : DescriptionType9
¥ B NXattenuatorType -=> NXgroupType
S distance : DistanceTypeg
S type : TypeTypel6?
S thickness @ ThicknessTypel
5 scatteringCrossSection : ScatteringCrossSectionType
S absorptionCrossSection : AbsorptionCrossSectionType
S attenuatorTransmission @ AttenuatorTransmissionType
¥ H NXbeamStopType -= NXgeometricalType
=+ description : DescriptionTypell
=+ size  SizeType
o XType
Gy YType
S distanceToDetector : DistanceToDetectorType
=+ status | StatusType
¥ H NXbeamType -=> NXgroupType
=+ distance : DistanceTypes
= incidentEnergy : IncidentEnergyType
= finalEnergy : FinalEnergyType
= energyTransfer : EnergyTransferType
= incidentWavelength : IncidentWavelengthType
= incidentWavelengthSpread : IncidentWavelengthSpreadType
=+ incidentBeamDivergence | IncidentBeamDivergenceType
=+ finalWavelength : FinalWavelengthType
=r incidentPolarization : IncidentPolarizationType
= finalPolarization : FinalPolarizationType
= finalWavelengthSpread : FinalWavelengthSpreadType
=+ finalBeamDivergence : FinalBeamDivergenceType
= flux : FluxType
= xdata - NXdataType
B WNXbendingMagnetType -= NXgeometricalType
P B MXcharacterizationType -= NXgroupType
P B NXcollimatorType -> NXgeometricalType
¥ B NXcrystalType -> NXgeometricalType
= type @ TypeTypel24d
= cutAngle : CutAngleType
= ynitCell @ UnitCellType
= ynitCellVolume @ UnitCellVolumeType
=+ prientationMatrix @ OrientationMatrix Typel
=k wavelength : WavelengthType2
=+ |atticeParameter ; LatticeParameterType
= goatteringWector | ScatteringVectorType
=+ reflection : ReflectionTypel
=k segmentWidth @ SegmentWidthType

Hllustration 11: EMF genmodel of the NeXML schema with NX
group classes and data item and group child elements.
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In order to capture type, units, and length restrictions specific to data items, the NeXML
transformer generates many dedicated anonymous complex types for data items. The EMF
genmodel loading process gives these data items unique names independent of the parent group
context:

[te| NeXML.genmadel &3 g — B | Properties &3
v B2 NeXML i

Property Value

CalibrationMethodType
ChangerPositionType
ChemicalFormulaType
CoatingMaterialType
CoatingMaterialTypel
CoatingMaterialType2
CoatingRoughnessType
CoatingRoughnessTypel
CoatingRoughnessTyped
CollectionDescriptionType
Collectionldentifier Type
CollectionTimeType
CompCurrentType
ComponentindexType
ComponentType
CompositionType

Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y YYYTYYYYYYY
(1T [T [0 0 00 [0 [0 00 00 00 00 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

CompTurnsType

¥ & Nexml @l v A
v |:| AbsorbingMaterialType Base Package 1= au.comwebel
= value : Char Prefix '= Nexml
T type : TypeTypeled ¥ Ecore
T units : UnitsTypel7?s P Package # nexml
[ AbsorbingMaterialTypel ¥ Edit
» [ AbsorptionCrossSectionType Child Creation Extenders L false
L4 |:| AddressType Disposable Provider Factory| '+ true
[ affiliationType Extensible Provider Factory | '+ false
b [ AttachedToType ¥ Editor
A |:| AttenuatorTransmissionType Generate Model Wizard v true
= wvalue : Float32 Multiple Editor Pages vk true
T type : TypeTypel73 ¥ Model
5 units : UnitsTypel? L Adapter Factory Ivi true
» B AuthorType Content Type Identifier =
g |:| AverageWalueErrorType Data Type Converters 4% false
g |:| AverageWalueType File Extensions '= nexml
g |:| AzimuthalAngleType Initialize by Loading vk true
AzimuthalAngleTypel Literals Interface 4% false
BandwidthType Resource Type '= XKML
BeamType ¥ Package Suffixes
BendAngleXType Implementation '= impl
BendAngleXTypel Interface =
BendAngleYType Metadata L=
Benkﬂngle‘r’l’vpel Presentation '= presentation
BendingRadiusType Provider '= provider
BladeSpacingType Tests 1= tests
BladeThicknessType Utility 1= util
BraggAngleType ¥ Tests
CalibrationDateType Generate Example Class vk true

Hllustration 12: Selected generated NeXML data items in the EMF schema genmodel.
Note the repetition with variation of data item types (used in different parent group
contexts, and the reference to data-item specific unit and NAPItype types.
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There appears to be significant redundancy in many data item definitions, however closer
inspection shows that there are subtle variations between the data item definitions in different
parent group context, complicating attempts to reuse global data item definitions such as the
Descri pti onType below:

[tz NeXML.genmodel 52 . [S] NeXMLxsd ]”23 =

|:| DescriptionType -> NXscalarDataltemType
v D DescriptionTypel
= walue : Char E
T type: TypeType32
T units : UnitsType294
|:| DescriptionType2

4

= walue : Char

T type : TypeType3z4

T units : UnitsTypel35
v D DescriptionType3

= walue : Char

T type : TypeTypgz30

T units : UnitsTyp%a9
v |:| DescriptionTyped

= walue : Char

T type : TypeTypels6

T units : UnitsTypel83
v |:| DescriptionTypes

= walue : Char

T type : TypeTypeZ 13

T units : UnitsTypell0
v D DescriptionTypeb

= wvalue : Char

T type: TypeTypelod

T units : UnitsType246
v |:| DescriptionType?

= walue : Char

T type : TypeTypel86

T units : UnitsTypelsa
v D DescriptionTypes

= value : NXfilterDescriptionEnumDataType

T type: TypeType337

T units : UnitsType206
v |:| DescriptionTypes

= walue : Char

T type : TypeType33s

T units : UnitsType208
v D DescriptionType L0

= walue : Char

T type : TypeTypeZ67

T units : UnitsTypeld
v D DescriptionTypell

= walue : NXbeamStopDescriptionEnumDataType

T type : TypeType2ll

T units : UnitsTyped1
v |:| DescriptionTypel2

= walue : Char

T type : TypeTypel9

lllustration 13: some (but not all) Description
data items are restricted by enumeration
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The EMF genmodel correctly identifies enumeration literals in the NeXML schema, however they
are compromised by inconsistencies in the NeXus XML templates and the NeXus design:

|Bs] MeXML.genmodel &3

e B —h=r=a=y

¥ 2 N¥XbeamStopDescriptionEnumDataType

= descriptionOfBeamstopCircular = 0
= rectangular = L
¥ = NXbeamStopStatusEnumDataType
= in=10
= out=1
¥ ¥ NX¥crystalTypeEnumDataType
= PGHighlyOrientedPyrolyticGraphite = 0
- Ge=1
= S5i=2
= Cu=3
= Fe35i=4
= LCoFe =75
= CuZMnAlHeusler = &
= Multilayer = 7

0

4
I

N¥diskChopperTypeEnumDataType
= ChopperTypeSingle = 0
= contraRotatingPair = L
= synchroPair = 2

4
&
[[F-3

MxfilterDescriptionEnumbDataType
= Beryllium = 0
= PyrolyticGraphite = 1

2

3

= Graphite

= Sapphire
= Silicon = 4
= Supermirror =3

v = MXfilterStatusEnumDataType
= in=10
= out=1

¥ = N¥flipperTypeEnumDataType
= cail=10
= currentSheet = 1L

4
&
[k

NXinsertionDeviceTypeEnumbDataType

= undulator = 0

= wiggler = 1

- _=2
¥ ¥ N¥moderatorPoisonMaterialEnumDataType
= Cd=10

-cd=1k
- _=2
¥ ¥ N¥moderatorTypeEnumDataType
= H20=10
= b20=1
= LiquidHz = 2
= LiquidCH4 = 3
= Liquidb2 = 4

= 5olidDZ = 5
e e

Hllustration 14: Enums in the EMF genmodel for NeXML
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B2 WeXML.genmodel &3 =g
5 NXbeamEnergyTransferDataType [java.util.List] L
5 NXbeamFinalBeamDivergenceDataType [java.util.List]

A
&

M¥XbeamFinalEnergyDataType [java.util.List]

A
= |

MNXbeamFinalPolarizationDataType [java.util.List]

5
£ |

NXbeamFinalWavelengthDataType [java.util.List]

A
= [T

MNXbeamFinalWavelengthSpreadDataType [java.util.List]

A
= |

MNXbeamFluxDataType [java.util.List]

A
= [T

N¥XbeamlncidentBeamDivergenceDataType [java.util.List]

A
= [

NXbeamincidentEnergyDataType [java.util.List]

=
= |

MNXbeamincidentPolarizationDataType [java.util.List]

A
= [T

NXbeamincidentWavelengthDataType [java.util.List]

A
= [T

NXbeamincidentWavelengthSpreadDataType [java.util.List]

=
= [T

NXbeamStopDescriptionEnumbCataTypeObject [av.comowebel.nexml.NXbeamStopDescriptic

A
= [

NXbeamStopStatusEnumbDataTypeObject [au.comawebel.nexml NXbeamStop5StatusEnumDat

A
= |

MNYcrystalAzimuthalAngleDataType [java.util.List]

A
= [T

NX¥crystalBraggAngleDataType [java.util.List]

A
= [

MNYcrystalOrientationMatrixFiniteDataType [java.util.List]

7
= |

NXcrystalOrientationMatrixFiniteDataTypeBase [java.util.List]

A
= [T

MN¥crystalPolarAngleDataType [java.util.List]

A
= |

M¥crystalReflectionFiniteDataType [java.util.List]
MXcrystalReflectionFiniteDataTypeBase [fava.util.List)
NYcrystalTypeEnumDataTypeObject [au.comowebel.nexml NXcrystalTypeEnumDataType]

i

A
1%

A
[HES

A
%

MNYcrystalUnitCellFiniteDataType [java.util.List]

A
= [T

NXcrystalUnitCellFiniteDataTypeBase [java.util.List)

i

A
[HES

MNYcrystalWavelengthDataType [java.util.List]
NxdataDataDataType [java.util.List]
M¥dataErrorsDataType [java.util.List]

5
1%

A
[HES

A
[HES

M¥dataVariableDataType [java.util.List] @

A
&

MNX¥dataVariableErrorsDataType [java.util.List]

A
= [

N¥detectorAzimuthalAngleDataType [java.util.List]

=
= |

N¥detectorCountTimeDataType [java.util.List]
N¥detectorCrateDataType [java.util.List]

A
= [T

i

Hllustration 15: EMF genmodel encapsulating per-Dataltem lists as Java list types
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A current inefficiency in the NeXML strategy is the need for hundreds of dataitem-specific simple
types to capture restrictions in length, units, and NAPItypes. Future work should identify reusable
type definitions while still offering data-item specific schema restrictions:

\t2] MeXML.genmodel &3 = B8
b = UnitsType2 70 i

2 UnitsType274
2 UnitsType282
2 UnitsType283

2 UnitsType287

2 UnitsTypez290

2 UnitsTypez291

= UnitsType293

= UnitsType295

2 UnitsType296
2 UnitsType298
2 UnitsType30l
2 UnitsType303
2 UnitsType305
2 UnitsType306

2 UnitsType309
= UnitsType3ll

= UnitsType313

= UnitsType3l4d

2 UnitsType307 h‘

2 UnitsType3 16
2 UnitsType3l7
2 UnitsType3 1R
CimensionTypeObject [au.comawebel.nexml.DimensionTypel]
CimensionTypeObject]l [av.comwebel.nexml.DimensionType3]

CimensionTypeDbject? [av.comaswebel.nexml.DimensionTyped]

¥ ¥ Y Yy Y Y Y Y Y Y Y Y Y YITYTYTTyyvy vy vy vy Ty

1% I

(&)
K

(&)
ES

fa)
t]

CimensionTypeDbject [av.comawebel.nexml.DimensionType]

(&)
= |

CimensionTypeDbjectd [av.comaswebel.nexml.DimensionTyped 1]

(&)
= |

CimensionTypeDbjects [av.comaswebel.nexml.DimensionTyped]

[h ]
= (T

CimensionTypeDbjectt [av.comaswebel.nexml.DimensionTyped]

(a3
= ([T

CimensionTypeObject? [au.comwebel.nexml.DimensionType?]
CimensionTypeObjects [au.comwebel.nexml.DimensionType L8]
DimensionTypeObject9 [au.comwebel.nexml.DimensionType84]
CimensionTypeObjectl0 [au.comwebel.nexml.BimensionType70]
CimensionTypeObjectll [au.comwebel.nexml.BimensionType82]

[

[}
[T#

(&)
[T#

(&)
K

(&)
ES

fa)
t]

CimensionTypeDbjectl2 [au.comwebel.nexml.DimensionType? 1]

(&)
= |

CimensionTypeDbjectl3 [au.comwebel.nexml.DimensionType? 8]

[

fa)
t]

CimensionTypeDbjectld [au.comwebel.nexml.DimensionType? 3]

[

Hllustration 16: many per-dataitem simple types capturing units and dimensions.
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Since the NeXML. xsd imports the NeXus. xsd it is also loaded by EMF as a genmodel:

»

¥ ¥ Y ¥y Y Y Y Y YYYYIYIYY

HERES

|t MeXML.genmodel 23
v # 3

[5] MexmLxsd T”zs =0

Q CharDataType

Q ClassBaseType -» ClassSuperBaseType

Q Class5SuperBaseType

Q ComponentType —> ClassBaseType

Q Float3ZDataType

Q Floatb4DataType

Q Intl6CataType

Q Int320ataType

H Int64DataType

Q Int3DataType

H 1s08601DataType

EH MAPlinkType

Q NXgeometryType -> ClassBaseType

Q MXorientationType -=> ClassBaseType
Q M¥shapeType -> ClassBaseType

Q MxtranslationType -> ClassBaseType
ValidShape

Char [java.lang.String]

CharAttr [Java.lang.String)

g

-
£

CharData [java.lang.String]
Float32 [float]

Float32Attr [java.lang.5tring]
Float3ZData [java.util.List]
Float320bject [java.lang.Float)
Floate4 [double]

Floatb4Attr [java.lang.5tring]
Floatb4Data [java.util.List]
Floate4Ohject [java.lang.Double)
Intl6 [int]

IntlBattr [java.lang.String)
IntL&Cata [java.util.List]
Intl60bject [java.lang.Integer]
Int32 [int]

Int32attr [java.lang.String)
Int320ata [java.util.List]
Int320bject [java.lang.nteger]
Inte4 [long)

Int64attr [java.lang.String]
Inte4Cata [java.util.List]
Int640hbject [Java.lang.Long]
Int8 [int]

IntBattr [java.lang.5tring]
Int8Data [java.util.List]
Int8Cbject [java.lang.Integer)

[

g

g

g

e

0e

g

g

g

e

0e

g

g

g

e

0e

s

g

g

g

g

s

g

0g

g

e

0e

A
5

MameType [java.lang.5tring]

[

'Y

ISOBE0L [javax.xml.datatype XMLGregariz
ISOBE0 LA [javax.xml.datatype XMLGCreg

| Properties 3

Property
v oAl
Base Package
Prefix
¥ Ecore
» Package
¥ Edit
Child Creation Extenders

Disposable Provider Factory

Extensible Provider Factory
¥ Editor
Generate Model Wizard
Multiple Editor Pages
¥ Model
Adapter Factory
Content Type ldentifier
Data Type Converters
File Extensions
Initialize by Loading
Literals Interface
Resource Type
¥ Package Suffixes
Implementation
Interface
Metadata
Presentation
Provider
Tests
Utility
¥ Tests
Cenerate Example Class

Value

'= org.nexusformat.definition.schema

4% false
I true
I+ false

L true
i true

I true
=

% false
= 3
4 false
i true

'= XML

impl

= presentation
'= provider

'= tests

'= il

i true

lllustration 17: For completeness the EMF genmodel import of the NeXus. xsd schema is shown
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3.1) EMF instance model editor validated against the NeXML schema

Once an EMF genmodel has been loaded for the NeXM.. xsd schema, corresponding ECbj ect Java
bindings and validating EMF model editor for the schema can be generated, which admits only
construction of instance models corresponding to the NeXML schema:

Lol *My.nexml E3 s [ My2.nexml

|

| Resource Set

v & platform:/resource /NeXMLtest/My.
¥ < Document Root
¥ < NXroot Type
¥ <& NXentry Type

nexml

4 Start Time Type 2008-10-23T23:59:59.1
< Run Cycle Type [fe, fi, fo, fum)

<= NXsample Type

4 Chemical Formula Type H20

< Magnetic Field

4 Rotation 5
4 Slits Type
v < NXdisk Chopp
4 Rotation 5
< NXfermi Chop
v < NXcrystal Typi
< Reflection
p 4 NXfilter Type
v < NXcollimator 1
4 Soller Ang
v < NXattenuator |
4 Distance 1
4 Thickness
b < NXdetector Ty
» 4 NXbeam Stop
< NXmonitor Type
v < NXgeometry T
< NXshape |
<4 NXorienta
4 Componet
< MNXmonitor Type
< NXmonitor Type
< NXdata Type

Type [1.2, 2.2, 3.3, 4.4]

New Sibling »
< Undo Set g
of Cut

= Copy

¥ Delete
Validate
Run As »
Debug As [
Profile As 2
Validate
Team [
Compare With >
Replace With >

Load Resource...

Refresh
Show Properties View

—_——3

< MXinstrument Typ

o= Outline 52

b & platform:/resource/NeXMLtest/My.nexml

“# Extra Name Typed
% NXsource Type
“ NXdisk Chopper Type
“& NXfermi Chopper Type
‘i NXvelocity Selector Type
7 NXguide Type
% NXcrystal Type
“% NXaperture Type
7 NXfilter Type
& NXcollimator Type
i NXattenuator Type
“& NXpolarizer Type
& NXflipper Type
& NXmirror Type
# NXdetector Type
“# NXbeam Stop Type

Hllustration 18: A valid NeXML model with stub values in the generated EMF instance model
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4) UML graphical representations of the reverse-engineered
NeXML schema

UML class models of the NeXML schema provide alternative views and insights, and it is possible
to also create structurally valid graphical NeXML/NeXus instance models that reflect the topology
of real instrument and experiments. The following diagrams were prepared in MagicDraw UML",
however similar results can be achieved in many UML2-compliant tools.

4.1) The NeXML Schema in UML class diagrams

On reverse to UML, XSD complex and simple types become stereotyped UML Classes, while XSD
elements become stereotyped UML Properties of the Classes of those types. In class diagrams
Properties can be displayed either as UML attribute Properties in the attributes compartment of a
Class symbol, or as the Property end of a UML Association, or as a part Property symbol in the
structure compartment of a Class. XSD extension is shown using a stereotyped UML Generalization
relationship:

http:/fwww.webel.com.auwnexmi] = MXinstrument U

Diagram name | MXinstrument
<<XSDcomplexType>>
AXobjectType Author darrenkelly
<<XSDattribute>>+name_ref{ref = name, use = optional) d Creation date 10/27/08 B8:53 PM
ri
‘T‘-:-;KSD&xt&nsiunn : Modification date | 10/27/08 9:03 PM
<<XSDcomplexType>> . :
c<XSDcomplexContants> name’ element renamed to

avoid clash with inherited

NXgroup Type ‘name’ attribute
'? <<XSDextension==> ]
<<XSDcomplexType=> -:-RXSD&KI&m&nt:-:- <<XSDcomplexType=>
<< XSDcomplex Content== +pxtraMame|  =<XSDcomplexContents=
<<KSDsequence> 0.7 |extraName_AnonymousType
NXinstrumentType v
<<XSDelement>>+axtraName . extraName_AnocnymousType [0..1]
<<XSDelement>>+NXsource : NXsourceType [0.."] g “<XSDelement>>
<<XSDelement>>+NXdisk_chopper . NXdisk_chopperType [0..°] +MNXsource <<XSDcomplex Ty pes:>
<<X3Delement>>+NxXfermi_chopper . NXfermi_chopperType [0..7] * | =<XSDcomplexContent=>
<<XSDelement>>+NXvelocity selector | NXvelocity selectorType [0..7] g \ <<XSDsequence>>
<<XSDelement>>+NXguide : NXguideType [0..7] ™ NX T
<<XSDelement>>+NXcrystal : NXcrystalType [0..7] N Fauralype

<<XSDelement>>+NXaperture | NXapertureType [0..7]
<<XSDelement>>+NXfilter | NXfitterType [0.."] "
<<XSDelement>>+NXcolimator | NXcolimatorType [0..°]
<<X30Delement>>+NxXattenuator : NXattenuatorType [0..7]
<<X3Delement>>+NxXpolarizer : NXpolarizerType [0..%]
<<XSDelement>>+NXflipper | NXflipperType [0..7]
<cXS0element==+NXmirror : NXmirrorType [0..]
<<XSDaelement>>+NXdetactor ;| NXdetectorType [0..7]
<<XSDelement>=>+NXbeam_stop | NXbeam_stopType [0..%] i

iy

Child elements can be shown
as UML Property attributes, as
Property ends of Associations,
or as structural parts.

| <<XSDelement> |
NXsource : NXsourceType [0..7]
| I

Hllustration 19: UML class diagram of aspects of NXi nst r unent Type from the NeXML schema

11 http://www.magicdraw.com
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class [ 2 NXentry Type U -
<<XS0 TYPe>> | exapextensions> on = Diagram name | NXentryType
AL oTpexConlani> o i Author darrenkelly
NXgroupType obfect Type -
Creation date 10/28/08 10:54 AM
=<XSDextension=> - -
Modification date | 10/28/08 11:02 AM | oxsp
<<XSDcomplexType=>> +NXprocess [ <<XSDcomy
plexType>>
<<XSDcomplexContent>> = o <<XSDcomplexContent=>
<<XSDsequence>> <<XSDelement>>[ =zxSDcomplaTyper> L <<XSDsequence>>
NXentryType +NXmonitor | <<XSDcomplexContent>> NXprocessType
<<XSDelement>>+itle : title_AnonymousType [0..1] = 0. <<XSDsequence>>
<<XSDelement>>+axperiment_identifier : experiment_identifier_AnonymousType [0..1] NXmonitorType
<<XSDelement>>+experiment_description : experiment_description_AnonymousType [0..1] <X3D =<X3D Typa>>
<<XSD0 periment_d ion : experiment_documentation_AnonymousType [0..1] +NXuser | “<XSDcomplexContent=>
<<XSD lection_identifier : collection_identfier_AnonymousType [0..1] PR —— e <<X3Dsequence>>
<<XSD llection_description : collection_description_AnonymousType [0..1] gzl <<XSDcomplexType=> NXuserType
<<XSDelement>>+entry_identifier : entry_identifier_AncnymousType [0..1] +Nxdata | <<XSDcomplexContent=>
<<XSDelement=>+definition : definition_AnonymousType [0..1] = 0. =<X5D XS0
= ST - <<X3D Type>>
<<X8D- _local : _local_ ¥ Type [0..1] NXdataType 5
<<XSDelement>>+start_time : start_time_Anonymous Type [0..1] #+NXinstrument «)isqgcsoDr:plEafn‘:rg::t”
<<XSDelement>>+end_time : end_time_AnonymousType [0..1] <XSD 0.1 &g
<<XSDelement>>+duration : duration_AncnymousType [0..1] P <<XSDcomplexType>> NXinstrumentType
<<XSD ion_time : ion_time_AnonymousType [0..1] | TMASAMPIE | <cxSDcomplexContent>>
<<¥SDelement=>+run_cycle : run_cycle_Anonymous Type [0..1] 0.1 <<XSDsequence>>
<<XSDelement>>+program_name : program_name_Anonymous Type [0..1] NXsampleType <<XSDelement>>| <<XSDcomplexType>>
<<XSDelement>>+revision : revision_AnonymousType [1.%] +NXcharacterization | <<XSDcomplexContent>>
<<XSDelement>>+notes . notes_AncnymousType [0..1] = e <<XSD
<<ASD : |_Anonymous Type [0..1] “' |NXcharacterizationType

Hllustration 20: UML "focus" class diagram of NXent r yType from the NeXML schema

[[&] NXentry EMF Java encapsulation of the NeXML Schema U Diagramname | NXentry EMF Java encapsulation of the MeXML Schema

Author darrenkelly

= —Binds to Eclipse Modelling : .
Eo%; g k (EMF) Creation date 10/28/08 2:32 PM
Maodification date | 10/28/08 2:41 PM

NXentryTypelmpl

#itle : Title Type #nXcharacterization
#experimentidentifier | ExperimentldentfierType
#experimentDescription | ExperimentDescriptionType Endata
#experimentDocumentation : ExperimentDocumentationType

NXgrogpType #collectionldentifier : Collection|dentifierType NXdataType
#collectionDescription : CollectionDescriptionType #nxinstrument

#entryldentifier | Entry|dentifierType
#definition : DefiniticnType1 MXinstrumentType
#definticnLocal : DefinttionLocalType #nXsample

AXen s #startTime : StartTimeType
o #endTime : EndTimeType NXsampleType
#duration : DurationType1 #nxuser

#eollectionTime ; CollectionTimeType

#runCycle : RunCycleType #nXprocess NuraTine
#programMame : ProgramMNameType
#revision : RevisionType MXprocessType
#notes : NotesTypel #nxXmonitor

#thumbnail : ThumbnailType

MXobigerType

AMXcharacterizationType

MXmonitorType

Hllustration 21: Java bindings for part of the NeXML Schema in EMF, reverse engineered into
UML, with EMF interfaces (that are EQbj ect s) and an automatically generated implementation
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4.2) Per-Dataltem units, dimensions, types, and value choices in UML

It has already been demonstrated that NeXML employs a pragmatic recipe for restricting units,
possible values, dimensionality of data value lists, and types, by generating specific simple types
per data item, which can then be extended as complex types to mix in other attributes. While UML
supports redefinition and restriction of properties in inheriting subclasses, this is harder to achieve
in XML Schema. The current strategy is illustrated below for selected data item examples:

[ Unit, Type, and value Enums specfic to a data 'rtemu

Diagram name | Unit, Type, and value Enums specfic to a data item

Author darrenkelly
<<XSDcomplexType>> Creationdate | 10/28/08 11:23 AM
<<X3DcomplexContent>>
<<XSDsequence>>

Modification date | 10/28/08 12:05 PM

NXsampleType

"type’ data item

<<XSDsimpleType>>
NXsample.typeEnumDataType

<<XSDenumeration>>+sample

<<XSDenumeration>>+sample+can = 5
<<XSDenumeration>>+can S E
<<XSDenumeration>>+calibration sample happ:ens t‘.) b naried
<<XSDenumeraticn>>+normalisation sample ‘type' and is enumerated. TR
<cXSDenumeration>>+simulated data -~ ]
<<XSDenumeration>>+ncne 5 - Every data item
<<XSDenumeration>>+sample environment " _ |has specific ‘type’
: ) <<XSDsimpleType=> I~ |and ‘units” types.
=<¥SDextension=> ‘T‘ 5 <<XSDattribute=> type_AnonymousType
Hype = |
<<XSD o exTypes> { e <<X5D ==4+NX_CHAR )
< use = req 1
s Hype ;j:si:;"::n?zzt:;;: <<XSDattribute>>  4units | <<XSDsimpleType>>
0.1 o {use = requirad] units_AnonymousType
‘orientation_ o atripute>> A
= re the data value
<eXSDelement>> TS *ype CLXSD=impla] ypaoo NAPltype is known it is
+origntation_matrix <<XSDsimpleContent>> {use = raquired} type_AnonymousType _|enforced as metadata
0.1 orientation_matrix_AnonymousType <<XSDattribute>recxSDanumeration>>+NX_FLOATE"
+dimensiof N
<<XSDattribute>>+units : units_AncnymousType{... fe=— 5 3
{use = raquired}| <<>-(SDS|mpleType” §Dm data rtefms :ave
d Anony Type of unknown
_ - |total length, or cnes that
[n_comp,3,3] q depend on parameters.
\'.
‘concentration’ \
= !
<
«Sﬁ[fl\;gﬁily}pe” |l _ _ _ _ _ — — — — — — — — {Inthis case the data item \
- ) . extends an unbounded list.
P DataType _ <<XSDsimpleType>> \
?-n-@(SDextension:: <<XSDaﬂr|b3:n type_AnonymousType T A
-
<<XSDelement>> <<XSDcomplexType>> P? <<xsD ation>>+NX_FLOAT |<<XSDattribute>>| =~ oo - impe [YPE
+concentration <<XSDsimpleContent=> {use = required} i ion |dimension_AnonymousTypg
0.1 |cencentration_AnonymousType

{use = required} [n_comp] 4

<<XSDattributes> <<XSDsimpleType=>
+units | units_AnonymousType

Where the data item "units”
[use = e ] tion=>+g.cm-3- — — ~ |are known they are

enforced enumeration literals

"sample_concentration’

o
<<XSDsimpleType>> e
<<XS5Dlist=> <<bind>> <%XSDS|T|:I‘IeType==
NXsampl le_ori ionFiniteDataType_BaseAnonymousType| — — — _ = i
— — <float3d2=>
T«snrestriction» -
-]
- The list type is
<<XSDsimpleType>=> ey s ) ; eventually bound to a
NXsample.sample_orientationFiniteDataType km;rwben t?)tal I:;r;h ‘:_:j elxmt::z?)(ss‘; simple XSD data type
<<XSDlength>=>+ength : "sample_concentration’ = 3~ |lists of restricted léngth. The
. dimension is enforced as metadata.
T <<XSDextension=>>
S
<<X5Delement>> <<XSDcomplexTypas=>
+sample_orientation <<XSDsimpleContent>> T <<XSDsimpleTypg>>
e I | B = e : .
0.1 sample_orientation_AnenymousType < ‘-i_n ue. dimension_AnonymousType
<<XSDattribute>>+ype : type_AnonymousType{u... f——————[3] =
<<XSDattribute>>+units : units_Ancnymous Type{... {use =req 1

Hlustration 22: UML overview of the NeXML recipe for capturing units, types, dimensions, and
values specific to each data item, with complex types extending restricted simple types.
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4.3) The NeXML schema as UML composite structure

There is an exact correspondence between attribute Properties of a Class (listed in the attributes
compartment of a Class symbol) and part Property symbols in the structure compartment of a Class
(or alternatively within the frame content in a framed composite structure diagram). It is possible to
apply this principle using deep nesting of part Property symbols to create a graphical view of an
entire XML schema in UML, or just a subset of the schema, with valid structure ensured by the
UML2 compliant tool:

http:/iwww.webel.com.au/nexmi] @ NeXML classes as validated deeply nested UML StructuralClassifiers U
<<XSDcomplexType=>
<<¥3DcomplexContent=>
<<¥SDsequence=>
NXrootType
<<XSDelement>>+NXentry : NXentry Type [1.."]
r-- - - - - - - - - - - - -- -~ <xsDelement-> - - - - - -7~ |
| NXentry : NXentryType [1..%] |
| | <<xSDelement> _i |
| ‘lille:1il|e_AnonymousType [0.1] r- - - - - - - - - 7 7 7 Tcxspeements» - - - -~ \l
————————— | | NXinstrument : NXinstrumentType [0..1]
S e s mra |
s i Aoy ' g SSBDdcs | BT T o T Pl
start_time : start_time_AnonymousType [0..1 . |
| |_ o T 3’_ = E’ £ l| I NXsource : NXsourceType [0..%] | | NXcrystal : NXcrystalType [0.] | ‘l
———————————— ™ 7 7 7 exsDelement= ! - - - - - - - - - - —<=
(. <<XSDelement=> I h | | SeRsaemen Type [0.1] b | r =<XSDelements= |l h
P NXuser : NXuserType [0..°] | ||_ e | | reflection : reflection_Anony Type [0.1] || ‘|
[ '____.;q_xsg_ele?.em_”____ll e - - | Ir___q&sn_aﬂﬁute_»____m ‘|
| | | address : address_AnonymousType [0.4] | | Ll e [ I : dimension_AnonymousType | | ||
g i i ! Lo NXaperture : NXaperturaType [0..] | . (use = requied) || b
_________________________ 1 - — |
| R Ve [ <<xSDelement=> (| : I | <<XsDenumeration>> | : l | | |
= element>> | . I
geometry : NXgeometryType [0..1] 3]
| | NXsample : NXsampleType [0..1] l l ! - - - - - - — — — — — { I | I l —- = —[]— — —l | | I | l
| — ol <eXSDelement== 1 | |-———-Z-Z-ZZ2Z__ |
| I <<XSDelement>> 1 | | I NXtranslation : NXtranslationType [0..1] | | [ 4l | |
| | | density : density_AnonymousType [0..1] | L e B e |- - - — - = — = |
|, _———-———-—-——-—-—--1l LY ™ T Ebeement> 0o N
m——= == e el | o NXshape : NXshapeType [0..1] | (| | <<X3Delement>> | | |
| L - - — — — — — — NXdetector : NXdetectorType [0..7]
I NXmonitor : NXmonitorType [0..] | [ P Sl i el g ol SR 2 _——— === i ‘ |
i e~ — — = — | - = - - - - = = = <<XSDelement>> | |
<<XSDelement> I, - = — - - - — I y_pixel_size : y_pixel_size_AnonymousType [0..1] | | I
" . X | | |
|| | time_of_flight : time_of_flight_AnonymousType [1.] 0 | <<XSDelement>> | | _—————— i
) eyt et bue v tnerst e e oratine oy NXmirror : NXmirrorType [0.."] | | <<XSDattribute>> | I
- -~ - - -_ -_ - -—_-—_-—_-—_~-—_=-—_=-~+—= J| - | I units : units_AnonymousType | | | |
| | <<¥SDelement>> | -———-—_——_— = = — — — l | | {use = required} | |
| | NXch ization : NXch izationType [0.1] | I | <<XSDelement>> | b — - — — — — — [ |
| | e e | | NXcollimator : NXcollimatorType [0.."] | I sl e A | |
_________ L __ - - - === = = = = =
| ~ <<XSDelement>> | L — = - - - D e D = — 4 !
I NXprocess : NXprocessType [0..1] | I
L - - — - - - — — _ |

Hlustration 23: UML composite structure diagram of reverse engineered NeXML Schema types,
showing deep nesting of validated hierarchical schema structure with multiplicities
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4.4) UML object diagrams of instruments in NeXML

UML InstanceSpecifications typed by the Classes corresponding to reverse engineered NeXML
types may be used as “objects” in class diagrams to construct views of instruments that reflect the
beam topology and instrument geometry. The graphical containment of instances within instances is
merely cosmetic, so that one is free to group objects logically and/or physically without reference to
the NeXML schema structure; the assignment of instances to UML Slots of parent instances is
strictly validated against the Property structure of the Classes typing the instances:

[ simplified instrument ohject diagramu

Platypus NeXML model _,a_\_| Platypus : NXinstrumentType
MXaperture = slit1, slit2, slit3, slitd
MXattenuator = ascillating

L NXbeam_stop = sto
| mod : NXmoderatorType | Nxmllimatﬂrz coll P
- MXdetector = detector
Platypus : NXinstrumentType NXdisk chopper =d1,d2, d3, d4
MXguide = guide_pre, |
post choppericircular)
MXmirrar = collimating mirror |

| OPAL : NXsourceType |

| guide pre : NXguideType |

bunker NXsource = OPAL
| frameOverlap : NXguideType | :
I
| oscillating : NXattanuatorTypa | Slots of instances are validated
T against the Property structure of
| glit1 : NXapertureType | the Class of the instance.
T [
| ml: NXmoniterType | -
I
chopper system — — |{— |The graphical containment of instances

iz cosmetic, and can be used to reflect
the logical, physical, and/or beam

d2 : NXdisk chopperType topology of the instrument.

d1: NXdisk chopperType (— —T T

d3 : NXdisk chopperType
d4 : NXdisk chopperType

— - : Y Typ
| post chopper(circular) : NXguideType | NXentryType
- MXmonitar =m1, m2
| slit2 : NXapertureType | NXsample = sample 4+ —

- MXuser = guest |
coll : NXcollimatorType |
| guest : NXuserType

| collimating mirror : NXmirrorType |
I l |

| slit3 : NXapertureType |

I Arbitrary logical views of the

| m2 : NXmoniterType |_ — — — |}— Jexperiment and instrument
I can be created, however
| sample : NXsampleType |_ _ _ | the Siot validation against
the schema is strict.

I
| slitd : NXapertureType |
I
| stop : NXbeam stopType |
I
| detector : NXdetectorType |

Hllustration 24: Simplified UML object model of the Platypus reflectometer at
OPAL using InstanceSpecifications typed by Classes of NeXML schema types
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5) Conclusion

The advantages of a generative approach to migration and/or transformation of the NeXus base
class ddinitions from “meta-DTD” XML templates to the XML Schema language are compelling.
As a genera principle, there is nothing that can be done manually that can't be done generatively,
while the generative approach brings with it many advantages such as:

1. Avery uniform, consistent, and binding-friendly XML schema.

2. The possibility of continuation of NeXus class ddinitions in improved versions of the NeX-
us XML templates.

3. ldentification of inconsistenciesin the existing XML templates.
4. ldentification of weaknesses in the existing NeXus design.

The priority should therefore be on establishing the thinnest possible NeXus. xsd base schema
upon which the generative NeXML approach can build. To this end at least the following improve-
ments in the NeXus XML templates and design are necessary:

1. A clear inheritance notation that can be mapped to XSD extension:2.
2. Separation of NAPItype indications from indications of dimensionality in the 'type'.

3. Formal ddinition of parameters upon which attributes depend, especialy as used in indica-
tions of dimensionality, so that XML keyrefs can be used to correlate sizes.

4. Consistent review of documentation and embedded metadata (like multiplicities)®.
5. Binding of the unitsto a digitally robust specification.

It has been further suggested that the technologies presented here could equally be employed to
transform the UDUNITS XML database to an XML Schemawith EMF bindings.
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