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1) Glossary of terms, acronyms, and technologies

Neutron Beam Instrument (NBI): an instrument that takes advantage of the physics of Bragg
Scattering of neutrons incident on a sample to reveal structure and properties of the studied sample.
Variations include: diffractometers, reflectometers, and Small Angle Neutron Scattering (SANS)
machines.

NeXus: The neutron, x-ray, and muon scattering science data format hosted at:
http://www.nexusformat.org/

The NeXus International Advisory Committee (NIAC): meets roughly annually to discuss and
ratify changes to the NeXus classes, NeXus instrument definitions, and the metaformat.

Meta-DTD: An XML “template” used to define the NeXus neutron science format according to the
rules of the metaformat. Each NeXus class is specified by a single Meta-DTD XML file.

NeXML: A web site for presenting Open Source NeXusBeans technologies and free downloads,
maintained by the primary author or this report, and hosted at: http://www.webel.com.au/nexml.

JavaBeans: the property-based component architecture for the Java 2 Platform, Standard Edition
(J2SE). based on the JavaBeans specification. Classes that meet the JavaBeans design rules can be
used immediately in a huge range of powerful JavaBeans software engineering tools. Visit also:
http://java.sun.com/products/javabeans/ and http://java.sun.com/products/javabeans/docs/spec.html

Unified Modelling Language (UML): a metamodel-based graphical software engineering and
general modelling and analysis language, developed by the Object Management Group (OMG), and
hosted at http://www.uml.org/. Considered by many the /ingua franca of information technology.

XML Schema: a powerful schema language for the Extensible Markup Language (XML)
developed by the W3C and hosted at the web site: http://www.w3.org/XML/Schema. XML instance
documents can be validated against XML Schema files using standalone validators and within many
modern IDEs. XML Schema files can be graphically represented in many XML tools, or reverse-
engineered into graphical UML models.

Netbeans IDE: a Java-based integrated development environment: http://www.netbeans.org
Eclipse IDE: a Java-based integrated development environment: http://www.eclipse.org

Eclipse Modelling Framework (EMF): “a modeling framework and code generation facility for
building tools and other applications based on a structured data model. From a model specification
described in XMI, EMF provides tools and runtime support to produce a set of Java classes for the
model, along with a set of adapter classes that enable viewing and command-based editing of the
model, and a basic editor”. http://www.eclipse.org/modeling/emf/

Magicdraw UML.: a powerful commercial UML tool used by the primary author of this report:
http://www.magicdraw.com

XStream: A customisable XML serialization/deserialization system for Java offered through:
http://xstream.codehaus.org/index.html

ANSTO: The Australian Nuclear Science and Technology Organisation:
http://www.ansto.gov.au

OPAL: A multi-purpose research reactor at ANSTO that acts as a neutron source for various NBIs:
http://www.ansto.gov.au/discover/opal reactor.html
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2) Introduction to NeXusBeans

NeXusBeans are based on technologies developed by Dr Darren Kelly from May 2005 to Sep 2007
within the Bragg Institute's NBI Computing and Electronics Group at the OPAL Research Reactor
at ANSTO, Sydney, Australia, under supervision of project manager and NIAC member Dr Nick
Hauser. A record of a functioning prototype of the NeXusBeans system was presented by Dr Kelly
to the NIAC as UML diagrams at the NIAC2006 in Grenoble, France, at the Institut Laue-Langevin
(ILL). NeXusBeans are generated from the XML template files of the NeXus specifications, and
therefore value-add to the NeXus neutron science data format effort.

i Reliance of MeXusBeans on MeXus specifications
[ P |

ratified by generated
committee <<xmL>> | ptomaticaly ['ccjayaciass>>
e — — — J=<Meta-DTD>> [T |e<NeXusBeans >
NIAC
member NeXus template NXhean

Until NeXusBeans there was no true validation w.r.t. the NeXus data format, and no use of
automated serialization technologies to simplify reading/writing of NeXus files. NeXus is defined
by NIAC as XML files known officially as Meta-DTDs, although they are better described simply
as XML templates, and that is the term that shall be used here. Rather than an industry-standard
schema specification, NeXus employs some seemingly ad-hoc attribute strings and conventions',
along with a set of design rules given on the NeXus web site, which rules are in part difficult to
enforce electronically, as shall be demonstrated. Software readers/writers for the NeXus format
relied until now on “string programming” against the specified XML attributes, and had to be
tediously maintained each time NeXus templates were changed to correspond “by eye” to the
NeXus XML templates, an extremely inefficient and error prone practice?.

The NeXusBeans project - employing Java, UML, and the XML Schema technologies - attempts to
elevate the NeXus data format from a largely ad-hoc specification in XML as “templates” to a true
digital data format that supports XML Schema validation and industry standard notations (such as
inheritance in UML and XML Schema), file formats, and schema specifiers, while also providing
object-oriented Java bindings.

The main steps employed in the generation of Java NeXusBeans are as follows:

e the NeXus XML templates are parsed (using Java) and interpreted. This requires detailed
knowledge of the design rules and attribute strings of the NeXus XML templates.

e a minimal, UML-like Java metamodel - just sufficient for modelling and writing packaged
Java classes as code - is used to store class representations of the NeXux XML templates.

e Each XML template element is interpreted as inheriting from either an NXgr oup class, or an
NXDat al t emclass, which in turn inherit directly or indirectly from a universal NXQbj ect
inheritance base’.

e FEach instance of the Class <<metaclass>> of the Java metamodel is able to write itself as
packaged Java code, thus facilitating a simple yet effective form of forward engineering®*.

1 They are also rather inconsistently used in the NeXus XML templates, since there was until now no systematic
electronic screening of the templates to detect inconsistencies; NeXusBeans technologies help solve that, too.

It is unlikely that any substantial NeXus files anywhere, ever, corresponded to the latest NeXus XML templates.
This is the first known use of inheritance and the universal NXobject within the NeXus community.
Advantages of decoupled class writers that navigate a language-neutral metamodel instance will be discussed.

=W N
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Indeed the entire process has been automated and can be performed live via the internet from the
remote NeXus SVN repository direct to any user's client computer, ensuring that a user has
completely valid and up-to-date NeXusBeans that correspond to the NeXus XML templates (as far
as those templates can be accurately interpreted). The system has been bundled for download as
NeXusTools on the NeXML web site, and will be further demonstrated and explained below.

As a result of the encapsulation of NeXus as Java classes one can now, for the first time ever:
e Build NeXus models of NBIs and neutron beam experiments with validation w.r.t. NeXus

e Take advantage of validated prompting facilities in Java IDEs to assist coding, which is an
extremely powerful and time-saving feature.

e Serialize NeXus models using automated XML serialization technologies (see below for the
NeXusBeans XML I/O system), without having to maintain tedious string I/O manually.

e Analyse NeXus graphically as UML using reverse-engineered Java classes.
e Build NeXus model instances graphically using UML.

e Transform reverse-engineered UML NeXusBeans to an XML Schema for NeXus
(to the extent that the sometimes cryptic NeXus specifications can be interpreted).

The effectiveness of the technique is limited by the degree to which the NeXus specification as
XML templates can be parsed and interpreted; the urgent need for reworking of the sometimes
cryptic NeXus metaformat to support digital interpretation is thus a recurring theme of this report.

Please note that while the paper provides solutions based on Java and Javabeans, it is in principle
possible to implement the UML representations in C++. (Indeed, the UCAR Mul ti Array API
employed in the NXmul ti Dat al t em base class is available in both Java and C++.) If the NeXus
class system is successfully translated/adapted to XML Schema form, then both Java and C++ can
leverage that XML Schema, and bean-like C++ bindings to the schema classes could be generated.

Likewise, while the examples provided in the paper are for neutron scattering, the NeXusBeans
strategy applies as well to other scattering sciences for which the NeXus data format may be used.

2.1) Assumed knowledge about information technologies used here

Readers should be familiar with the design principles of NeXus, and should understand the
difference between a Data Group, a Data Item, and a Data Attribute. Please review the guidelines at
http://www.nexusformat.org/Design.

Although this report provides common-sense examples throughout, the underlying technologies
used will not be explained in detail. Readers should be familiar with the following technologies
required for modern data modelling and software engineering;:

e As the NeXus format is specified using XML some knowledge of the Extensible Markup
Language (XML) is required. A good starting point is the W3C XML site:
http://www.w3.org/XML/.

e Some familiarity with Java is assumed, and especially with JavaBeans concepts such as
setters/getters, and how bean properties may or may not relate to underlying fields. Most
readers familiar with an object-oriented language will be able to understand the Java
examples given. Readers should know that Javadoc is generated from Java code as HTML.

e It is assumed that the reader has some knowledge of the Unified Modelling Language
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(UML)’, an indispensible aid in modern data modelling and software engineering, which is
often called the lingua franca of IT. Although the work presented here is largely “UML-
driven”, it is hoped that non-UMLers will be able to glean much from the simple UML
diagrams used throughout this report. End users do not need to understand UML to use
the Java NeXML tools to generate Java NeXusBeans !

e Some familiarity with modern Integrated Development Environments (IDEs) like Netbeans,
Eclipse, or JDeveloper is desirable.

e Some familiarity with the Eclipse Modelling Framework (EMF) is desirable.

Lastly, of course readers should have a basic knowledge of the functioning of a neutron beam
instrument, and how Bragg scattering experiments are performed.

5 The authors will NOT be explaining the meaning of any UML symbols used; please see the UML2.1.1 superstructure
and/or one of the many books or online tutorials onthe UML.
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3) NeXusBeans by example

Before expanding on the details of the software engineering technologies used to generate and
transform NeXusBeans, examples will be given to assist the reader in later sections.

9 Selected MexusBean classes as a UML class diagram
[ gram ]|

-nxsource_ |NXsource

~NXLUSEr_ )
E NXus er -nxXdisk_chopper_

NXdisk_chopper

NXroot |a Mt v_ | NXentry [Znxinstrument_ | NXinstrument -nxguide_.Nyguide
1“ |:|“1 *

-nxcollimator_

NXcollimator

-hEsample_ |NXsample
0.1

-n¥detector_ | NXdetector
-mXdata_ | NXdata *

-nEmonitor_. NXmonitor

-

Figure 1: UML overview of some NeXusBean classes generated from NeXus class templates

Figure 1 gives an overview of some NeXusBean Java classes that have been reverse engineered as
graphical UML. It provides the first ever graphically engineered view of NeXus. Only the
relationships between the classes are shown, i.e. the attributes and operations are not shown.
Already this simple diagram demonstrates the power of UML-driven software engineering and data
modelling. We will now examine the NeXus XML templates, Java NeXusBeans code, detailed
UML diagrams, and XML Schema representation for some selected classes from this overview.

3.1) NeXus XML templates (a.k.a. “Meta-DTD”)

We inspect some NeXus XML templates that will be transformed to NeXusBeans. We examine a
few aspects (only) of the anatomy of a NeXus XML template, those most pertinent to the
NeXusBean conversion process. A full description of the rules for NeXus XML templates can be
found at:

ht t p: / / www. nexusf or mat . or g/ Met af or mat
The following definition of a disc chopper was taken from:
http://ww. nexusf or mat . or g/ NXdi sk_chopper
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<?xm version="1.0" encodi ng="UTF- 8" ?>

<l--

URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXdi sc_chopper . xm
Editor: Mark Koennecke

$l1 d: NXdi sk_chopper.xnml 4 2005-07-19 04:10:26Z rio $

Tenpl ate of NXdi sc_chopper.

-->
<NXdi sk_chopper nane="{chopper_nane}" >
<type type="NX_CHAR'>
{Chopper type single|contra_rotating_pair]|synchro_pair}?
</type>
<rotation_speed type="NX_FLOAT" units="rpn hertz">
{chopper rotation speed}?
</rotation_speed>
<slits type="NX_I NT">
{Number of slits}
</slits>
<slit_angle type="NX_FLOAT" units="degree">
{'angul ar openi ng}
</slit_angl e>
<pair_separation type="NX_FLOAT" units="cni>
{di sc spacing in direction of bean}?
</ pair_separati on>
<radi us type="NX_FLOAT" units="cni>
{radius to centre of slit}
</ radi us>
<slit_height type="NX_FLOAT" units="cni>
{total slit height}
</slit_height>
<phase type="NX_FLOAT" units="degree">
{chopper phase angl e}?
</ phase>
<ratio type="NX_I NT">

{pul se reduction factor of this chopper in relation to other
choppers/fastest pulse in the instrument}?

</ratio>

<di stance type="NX_FLOAT" units="cni>
{Effective distance to the origin}?

</ di st ance>

<wavel engt h_range type="NX_FLOAT[2]" units="nni>
{low and hi gh val ues of wavelength range transmtted}?

</ wavel engt h_r ange>

<NXgeonetry name="">
{geonetry of the disk chopper}?

</ NXgeornet ry>

</ NXdi sk_chopper >
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We can identify already some potential difficulties that the NeXus templates present to the
NeXusBean generator's parser and interpreter.

The metadata buried in the header comment presents an issue for the NeXusBeans parser, so a
simple solution is to merely propagate the header comment as is through to the Java NeXusBean as
Javadoc documentation without further interpretation.

It will be shown that the tedious (and redundant) restatement of a nane attribute such as:
<NXdi sk_chopper name="{chopper_nane}" >

is much better handled by a single nane attribute inherited from a universal NXobj ect base. The
nane value '{chopper_nane}' adds no useful information, whereas the template's class name
provides a useful context for the name anyway, so the NeXusBeans generator ignores the redundant
name documentation. The nane attribute of a NeXusBean is simply its inherited NXobj ect name.

The <t ype> of the <NX_di skchopper > is documented inline as:
{Chopper type single|contra_rotating_pair|synchro_pair}

which indicates a kind of enumeration of chopper types, however it is not clearly defined as such.

By comparison, XML Schema language supports explicit enumeration definitions.

The units for the chopper speed also imply a kind of enumeration inline in the XML attribute value:
<rotation_speed type="NX_FLOAT" units="rpni hertz">

Validation against such ad-hoc specifications in existing NeXus reader/writer pairs is extremely

error prone. And if the enumeration is extended, the reader/writer pair needs to be manually updated

! Further, the possible units are not derived by reference to a units library (with namespace). In an

XML Schema this could be well handled by either inline enumeration specification in the XML

Schema, or by asserting that the units should be handled as a separate XML element with units
definitions imported from an existing schema. There are surely no units specific to neutron science !

The type of the chopper's rotation speed data item value is given as:

NX_FLOAT

To enforce validation against correct types one would do well to use an XML Schema with clear
specification of valid values. In the case above the type information is easily mapped to Java.
However, in many NeXus XML templates one has choices such as:

NX_FLOAT| NX_I NT
Further, one has the possibility of dimensioned data, such as:
<wavel engt h_range type="NX_FLOAT[2]" units="nni>
One important recommendation of this report concerning the existing XML templates will be that

the specification of dimensionality data should be separated from the type specification, to afford
clearer specification, easier XML parsing, and easier mapping, thus:

<wavel engt h_range type="NX_FLOAT" di mensi on="2" units="nni">
This matter is of such importance that it is the subject of a dedicated section below.
Multiplicity (a.k.a. occurrence) information in NeXus XML templates is currently stored within the

XML element's text (often after the template's comment text), using indicators similar to UNIX
regular expressions, thus:
<NXgeonetry nanme="">

{geonetry of the disk chopper}?
</ NXgeonet ry>

9/52



NeXusBeans: object-oriented software components for the NeXus
scattering science data format using Java, UML, and XML Schema

The trailing question mark '?' here indicates that the geometry group:
'may occur 0 or one times (i.e. no more than once)”.

These multiplicity indicators are tricky to parse, and it is recommended that the occurrence
information be instead given as the XML Schema-like attributes m nCccur s and mnaxCccurs.

The NeXus multiplicities are easily mapped to the UML system: Mul tiplicityEl ement,

Mul ti plicityKi nd. However, they are not easily enforced within Java code without generating
quite complex code within setters and constructors and an associated exception handling system.
The Java annotations approach employed in the Eclipse Modelling Framework (EMF)’ lends itself
as an alternative solution, indeed the NeXusBean's NXobj ect base could be made an EQbj ect,
thus attaching NeXusBeans to the power of the EMF system, a strategy to be discussed further.

Currently, NeXusBeans propagate the NeXus multiplicity information as Javadoc comments only.
Elements that may not occur more than once are represented as simple bean properties with a
getter/setter pair, while those elements that may occur more than once are generated as indexed
bean properties with indexed setters, getters, and adders (appenders).

An important NeXus class is the top-level NXr oot group listed below. It can contain one or more
NXent ry groups, and it MUST contain at least one, as indicated by the '+' which means, according
the NeXus metaformat:

'may occur one or more times (i.e. at least once)’.

It has a number of special global attributes not found in other nexus groups. The NeXusBeans
generator currently maps all of these as string attributes (although the times should be constrained
as ISO 8601 times according to the NeXus Design).

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

<l--

URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXr oot . xmi
Editor: N AC

$1d: NXroot.xm 13 2006-09-27 13:44:48Z faa59 $

Definition of the root NeXus group.

-->

<NXroot file_nanme="{File nane of original NeXus file}"
file_tine="{Date and tinme of file creation}"
file_update_time="{Date and time of last file change at cl ose}"
NeXus_versi on="{Versi on of NeXus APl used in witing the file}"
HDF _ver si on=""2?"
HDF5_ver si on=""2?"
creator="{facility or programwhere file originated}?">
<NXentry name="{entry name}">

+

</ NXent ry>

</ NXr oot >

6 http://ww. nexusformat. org/ Met af or mat

7 http://ww. eclipse.org/enf
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Since NeXus is used for recording data from neutron scattering experiments, another important
NeXus class is NXdata:

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

<l--

URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXdat a. xmi
Editor: N AC

$Id: NXdata.xm ,v 1.2 2005/07/19 04:10:26 rio Exp $

Templ ate of plottable data and their dinmension scales. It is nandatory that
there is at |east one group of this type in each NXentry group. Note that
"variabl e" and "data" can be defined with different names. The "signal" and
"axes" attribute of the "data" itemdefine which items are plottable data and
whi ch are di mensi on scal es.

-->
<NXdat a name="{Name of data bl ock}">
<variabl e type="NX_FLOAT[: ]| NX_INT[:]" long_name="{Axis |abel}" distribution="0|1"
first_good="{lndex of first good value}" |ast_good="{lndex of |ast good val ue}">
{Di nensi on scal e defining an axis of the data}?
</vari abl e>
<variable_errors type="NX _FLOAT[:]| NX_INT[:]">
{Errors associated with axis "variable"}?
</variabl e_errors>

<data type="NX_FLOAT[:...]|NX_INT[:...]" signal="1" axes="[...]" long_name="{Title
of data}">

{Data val ues}?
</ dat a>
<errors type="NX_FLOAT[:...]">

{Standard devi ati ons of data values - the data array is identified by the
attribute signal="1". This array nust have the same di mensions as the data}?

</errors>
</ NXdat a>

The NeXusBean generator will now have to cope with type specifications such as:
type="NX_FLOAT[:]| NX_INT[:]"
type="NX_FLOAT[:...]| NX_INT[:...]

and attribute definitions like:
axes="[...]"

The colon is described thus in the NeXus Metaformat:
“Use a colon if the dimension length is not defined by the DTD”
However the triple-dot ellipsis '..." is only mentioned in another context:

“Replace the colon with i, j, ... if you wish to match the dimension
length to other data items within the same group”

A degree of human interpretation and guesswork is required to assist the NeXusBeans generator.

We now examine a far more complicated NeXus template for the crucial detector class, a challenge
for the NeXusBean generator:
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<?xm version="1.0" encodi ng="UTF- 8" ?>

<l--

URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXdet ect or . xm
Editor: N AC

$1d: NXdetector.xnl 28 2006-10-06 21:00:24Z pfp $

Tenpl ate of a detector, detector bank, or multidetector. The indices
requi re expl anation:
np - the nunmber of points in a scan. This dinmension is only present
in scanni ng measurenments.
tof - the nunber of points in a time-of-flight axis. This is only present
in time-of-flight nmeasuremnents.
i - the nunber of pixels in the slowest varying direction. This is
only present in nmissing in the point detector.
j - the number of pixels in the fastest varying direction. This
exists only in "area" detectors.

HOUSEKEEPI NG

- renove all question marks

- fix units

- polar, azimuthal, distance, and wavel ength need description
- renove generic attributes

-->

<NXdet ect or nanme="{Nanme of detector bank}">

<tinme_of _flight type="NX_FLOAT[tof +1]" axis="3" primary="1?" |ong_nanme="{Axi s
| abel }" units="10"-6 second| 10"-7 second" |ink="{absolute path to |location in
NXdet ect or}" >

{Total time of flight}
</time_of _flight>
<raw_ time_of _flight type="NX_INT[tof+1]" units="clock_pul ses"
frequency="NX_FLOAT: {d ock frequency in Hz}">{In DAQ cl ock pul ses}</raw_tinme_of _flight>
<det ect or _nunber type="NX_INT[i?,j?]">
{ldentifier for detector}?
</ det ect or _nunber >
<data type="NX_FLOAT[ np?,i?,j?,tof ?]| NX_INT[np?,i?,j?,tof?]" signal="1"
axes="[ nunber of scan points,x_offset?,y offset? time_of _flight?]?" |long_name="{Title of
nmeasurenent } ?" check_sume"{Integral of data as check of data integrity} (NX_INT)?"

uni t s="nunber" |ink="{absolute path to location in NXdetector}">
{Data val ues}?
</ dat a>
<data_error type="NX_FLOAT[np?,i?,j?,tof ?2]| NX_INT[np?,i?,j?,tof?]"
uni t s="nunber" |ink="{absolute path to location in NXdetector}">

{Dat a val ues}
</ data_error>
<x_pi xel _offset axis="1" primary="1?" type="NX_FLOAT[i ?]" units="10"-3

meter| 10-2 nmeter” |ong_name="{Axis | abel}" |ink="{absolute path to location in
NXdet ect or } " >

{offset fromthe detector center in x-direction}?
</ x_pi xel _of fset >
<y_pixel _of fset axis="2" primary="1?" type="NX_FLOAT[j?]" units="10"-3
meter| 107-2 nmeter" |ong_name="{Axis |abel}">

12/52




NeXusBeans: object-oriented software components for the NeXus
scattering science data format using Java, UML, and XML Schema

{offset fromthe detector center in the y-direction}?
</y_pixel _of fset>
<di stance type="NX_FLOAT[ np?,i?,j?]">
</ di st ance>
<pol ar _angl e type="NX_FLOAT[ np?,i?,j?">
</ pol ar _angl e>
<azi mut hal _angl e type="NX_FLOAT[ np?,i?,j?]">
</ azi nut hal _angl e>
<descri ption type="NX_CHAR"'>
{name/ manuf act urer/ nmodel /etc. information}?
</ descripti on>
<NXgeonetry nanme="">
{Position and orientation of detector elenment}?
</ NXgeonet ry>
<solid_angle type="NX_FLOAT[i ?,j?]" units="steradi ans">
{Solid angl e subtended by the detector at the sanple}?
</ solid_angl e>
<x_pi xel _size type="NX_FLOAT[i?,j?]" units="mli*netre">

{Si ze of each detector pixel. If it is scalar all pixels are the sane
size}?
</ x_pi xel _si ze>
<y_pixel _size type="NX_FLOAT[i?,j?]" units="mli*netre">
{Si ze of each detector pixel. If it is scalar all pixels are the sane
size}?

</y_pixel _size>
<dead_time type="NX_FLOAT[ np?,i,j?]">
{Detector dead tine}?
</ dead_ti me>
<gas_pressure type="NX _FLOAT[i?,j?]" units="bars">
{Detector gas pressure}?
</ gas_pressure>
<detection_gas_path type="NX_FLOAT" units="cnl>
{maxi mum dri ft space di nmension}?
</ det ecti on_gas_pat h>
<crate type="NX_INT[i?,j?]" |ocal_name="{Equivalent |ocal term">
{Crate nunber of detector}?
</crate>
<slot type="NX_INT[i?,j?]" |ocal _nanme="{Equivalent |ocal tern}">
" local _name="{Equi val ent |ocal tern}">{Input nunber of detector}?</input>
<type type="NX_CHAR'>
{Description of type such as He3 gas cylinder, He3
PSD, scintillator, fission chanber, proportion counter, sciliation
counter, ion chanber, ...}
</type>
<NXdat a name="effi ci ency">
{Efficiency of detector with respect to e.g. wavel ength}
<efficiency type="NX_FLOAT[i?,j?,k?]" units="">{efficiency
of the detector}</efficiency>
<wavel ength type="NX_FLOAT[i ?,j?,k?]" units=""/>
</ NXdat a>
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<cal i bration_date type="1S08601">

{date of last calibration (geonetry and/or efficiency) measurenents}?
</calibration_date>
<cal i brati on_net hod type="NXnote">

{sunmary of conversion of array data to pixels (e.g. polynoni al
approxi mati ons) and |l ocation of details of the calibrations}?

</ cali bration_met hod>

<l ayout type="NX_CHAR'>point|linear|area{How the detector is
represent ed} </ 1 ayout >

<count _time type="NX_I NT[ np?] | NX_FLOAT[ np?]" units="">{El apsed
actual counting tinme}</count_time>
</ NXdet ect or >

By admission of the many header comments this detector class template is in a rather poor state !
The header comments in fact contain extremely important constraints as natural language and
pseudo-maths that can barely be applied by a software reader/writer system, and if so then only in
rather error prone fashion. In practice it is almost impossible to maintain synchronicity between a
reader/writer (and/or builder) and such a specification.

Even with detailed knowledge of NBIs and with the assistance of the documentation the class is
hard for humans to understand and difficult for computers to process using prevailing XML
technologies. For example, not even the name of the class is clearly defined:

<NXdet ect or name="{Nanme of detector bank}">
So is it a detector, or is it merely a bank within a detector ? A consistent object-oriented model

might use a detector composed of one or more banks, with a dedicated bank class. In fact in the
NXi nst runent class that uses the NXdet ect or we find:

<NXdet ect or nanme="{Nanme of detector, bank of detectors, or nultidetector}">

One should not of course have to view the documentation of another client class to find out what the
name of a used class means !

The units declaration may now contain flags/variables defined elsewhere:

<tinme_of _flight type="NX_FLOAT[tof +1]"
Clearly the detector class is trying to be an “animal with everything”, with parameter tricks used to
switch between animal types. Classes that attempt to cover all cases after this fashion quickly
become bloated and cryptic. This situation is far better handled with classic polymorphism: an
Abstract Det ector class and a hierarchy of abstract/concrete detector classes, such as a
Det ect or _TOF®, which important strategy will be discussed in detail later.

Some parts of the spec seem to have syntax errors, which represent a particular challenge to the
NeXusBeans generator. The following element seems to have a misplaced comment (as
underlined):

<raw_time_of _flight type="NX_INT[tof+1]" units="clock_pul ses"

frequency="NX_FLOAT: {d ock frequency in Hz}">{In DAQ cl ock
pul ses}</raw_time_of _flight>

while another element has a missing closing bracket in the dimension specifier.

<pol ar _angl e type="NX_FLOAT[ np?,i ?,j?">
There are now complicated variable data dimension specifications such as:
<solid_angle type="NX_FLOAT[i?,j?]" units="steradians">

8 The case for polymorphism was presented inn detail by Darren Kelly at NIAC2006 using the Detector example.
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and some that even appear to combine variable data dimensions with a parameter like:
<dead_tinme type="NX_FLOAT[ np?,i,j?]">
and then even with parameterised, variable dimensions with options:
<data_error type="NX_FLOAT[np?,i?,j?,tof ?]| NX_INT[np?,i?,j?,tof?]"
In the following element an enumeration of possible values is implied:
<l ayout type="NX_CHAR'>point|linear|area{How the detector is represented}</|ayout>
One theme of this report is that such cases are far better handled by object-oriented polymorphism.

In the following case the units seem at best strangely defined:
<x_pi xel _offset axis="1" primary="1?" type="NX_FLOAT[i?]"
uni ts="10"-3 neter| 10"-2 nmeter" |ong_nanme="{Axis | abel}"
i nk="{absolute path to |ocation in NXdetector}">

How might a parser deal with the ungrouped negative powers of 10 ? Surely 107 ( - 3) would be a
safer construct, and much easier to parse.

The NeXus XML templates currently rely far too much on the unique abilities of humans to
interpret “what the author meant”, and that does not scale well to digital parsers and interpreters.
Attempts to systematically digitally parse and interpret all of the current NeXus XML templates
prove that they not a robust format specification. There are at least three solutions to this problem:

1. Improve the NeXus metaformat so that the templates can be successfully parsed and
interpreted digitally by systems like the NeXusBean generator.

2. Extract as much information as possible from the existing templates using the NeXusBean
generator, from which an XML Schema can be generated, which interim schema might
serve as a fresh starting point for a new NeXus effort based on the XML Schema language.

3. Rewrite the entire NeXus class system from scratch using the XML Schema language,
subject to its ability to encapsulate the NeXus design and handle multi-dimensional data.

We now investigate how much information could be extracted to date as Java NeXusBeans, which
classes serve as a bridge to UML class models, to an XML Schema®, or alternatively to an EMF
model (which can also then bridge to an XML Schema).

9 Darren Kelly is working in parallel on a separate strategy using XSL Stylesheets to transform the NeXus templates
directly to an XML Schema, however so far it has proven far easier to capture the many nuances of the NeXus
metaform and templates in Java, and in any case one still needs Java-to-XML bindings, so Java is preferred.
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3.2) NeXusBean classes as Java code

We examine some NeXusBeans as Java code generated from the NeXus XML templates presented
above by the NeXusBeanGenerator. The first listing is the disc chopper class as a Java
NeXusBean. Already this simple class corresponds to quite a lot of Java code - counted by lines -
and we look forward to the far more concise graphical UML view that follows the few long listing
of this section (or view already the class diagram Figure 12) ! Note:

e The NeXusBean class depends on (an older version 2.0 of) the neut r on. nexus Java API,
only to access standard NX type definitions; the reader/writer system is not used.

e The NeXusBean class depends on the Bragg NeXus base, which offers NXgr oup,
NXgeornetri cal , and NXdat al t emy which classes inherit directly or indirectly from the
universal NXobj ect root.

e This NXdi sk_chopper NeXusBean extends the NXgeonet ri cal class( which in turn
extends NXgr oup, so it inherits automatically an NXgeonet ry child.

e Every data item gets its own inner subclass - within the outer NeXusBean class - that
implements NXdat al tem OBSCLETE: now vi a scal ar/vector/mul ti

e To set an NXdataltem in a NeXusBean means to overwrite the entire data item object !
e The original NeXus template's documentation is propagated as Javadoc
e Additional diagnostics and warnings are given as// programati ¢ comment s

e Allowed multiplicities and related errors are NOT enforced in this version, they are merely
reported in the Javadoc. (EMF annotations provide a possible solution to this problem.)

e There are no indexed properties in this simple class, so no arrays or lists are required.
e For brevity here many formatting newlines have been removed from the listing.

e Despite the apparent length of the Java code listing for even this simple class,
the class is efficient, and Java handles the use of many inner classes easily.

package au. gov. ansto. bragg. nexus. aut o;
i mport neutron. nexus. *;
i mport au. gov. ansto. bragg. nexus. base. *;

/1 Generated from XM. tenpl ate(http://svn. nexusformat.org/definitions/trunk/base_cl asses/ NXdi sk_chopper.xni)

| **

URL: http:// ww. nexus. anl . gov/ cl asses/ xm / NXdi sc_chopper . xn
Editor: Mark Koennecke
$1 d$

Tenpl ate of NXdi sc_chopper.

*/

public class NXdi sk_chopper

ext ends NXgeoretrical _ {

/** Property string for bean property 'type' */

final static public String $type = "type";

/1 indexed = false

/1 required = fal se

/1 Extracted NeXus nultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))
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/** {Chopper type single|lcontra_rotating_pair]|synchro_pair}? */

private Type type_;

// Extracted NeXus multiplicity indicator (?) neans (May occur O or one times (i.e. no nore than once))
/** {Chopper type single|lcontra_rotating_pair|synchro_pair}? */

public Type get Type(){

return type_;

}

public void setType(final Type type){

type_ = type;

}

/** Property string for bean property 'rotation_speed */
final static public String $rotation_speed = "rotation_speed";

/1 indexed = false

/1 required = fal se

// Extracted NeXus multiplicity indicator (?) neans (May occur O or one times (i.e. no nore than once))
/** {chopper rotation speed}? */

private Rotation_speed rotation_speed_;

// Extracted NeXus multiplicity indicator (?) neans (May occur O or one tinmes (i.e. no nore than once))
/** {chopper rotation speed}? */

public Rotation_speed getRotation_speed(){

return rotation_speed_;

}

public void setRotation_speed(final Rotation_speed rotation_speed){
rotation_speed_ = rotation_speed;

}

/** Property string for bean property 'slits' */

final static public String $slits = "slits";

/1 indexed = fal se

/1 required = fal se

/1 Extracted NeXus multiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {Nunmber of slits} */

private Slits slits_;

// Extracted NeXus multiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {Nunber of slits} */

public Slits getSlits(){

return slits_;

}

public void setSlits(final Slits slits){
slits_ = slits;

}

/** Property string for bean property 'slit_angle' */
final static public String $slit_angle = "slit_angle";

/1 indexed = false

/1 required = fal se

// Extracted NeXus multiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {angul ar opening} */

private Slit_angle slit_angle_;

/1 Extracted NeXus multiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {angul ar openi ng} */

public Slit_angle getSlit_angle(){

return slit_angle_;

}

public void setSlit_angle(final Slit_angle slit_angle){
slit_angle_ = slit_angle;

}

/** Property string for bean property 'pair_separation' */

final static public String $pair_separation = "pair_separation”;

/1 indexed = false
/1 required = fal se
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/1 Extracted NeXus multiplicity indicator (?) neans (May occur O or one times (i.e. no nore than once))
/** {disc spacing in direction of bean}? */

private Pair_separation pair_separation_;

/] Extracted NeXus nultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))
/** {disc spacing in direction of bean}? */

public Pair_separation getPair_separation(){

return pair_separation_;

}

public void setPair_separation(final Pair_separation pair_separation){
pai r_separation_ = pair_separation;

}

/** Property string for bean property 'radius' */

final static public String $radius = "radius";

/1 indexed = fal se

/1l required = fal se

/1 Extracted NeXus nultiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {radius to centre of slit} */

private Radius radius_;

/1 Extracted NeXus multiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {radius to centre of slit} */

publi ¢ Radi us get Radi us(){

return radius_;

}

public void setRadius(final Radius radius){
radi us_ = radi us;

}

/** Property string for bean property 'slit_height' */

final static public String $slit_height = "slit_height";

/1 indexed = false

/1l required = fal se

/1 Extracted NeXus multiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {total slit height} */

private Slit_height slit_height_;

/1 Extracted NeXus nultiplicity indicator ( ) neans (WARNING no nultiplicity indicator found)
/** {total slit height} */

public Slit_height getSlit_height(){

return slit_height_;

}
public void setSlit_height(final Slit_height slit_height){
slit_height_ = slit_height;

}
/** Property string for bean property 'phase’ */

final static public String $phase = "phase";

/1 indexed = false

/1l required = fal se

/1 Extracted NeXus nultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))
/** {chopper phase angle}? */

private Phase phase_;

/1l Extracted NeXus multiplicity indicator (?) neans (May occur O or one times (i.e. no nore than once))
/** {chopper phase angle}? */

publi c Phase get Phase(){

return phase_;

}
public void setPhase(final Phase phase){
phase_ = phase;

}
/** Property string for bean property 'ratio */
final static public String $ratio = "ratio";

/1 indexed = false
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/1 required = fal se

/1 Extracted NeXus nultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))

/** {pul se reduction factor of this chopper in relation to other choppers/fastest pulse in the instrunent}? */
private Ratio ratio_;

/1 Extracted NeXus nultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))

/** {pul se reduction factor of this chopper in relation to other choppers/fastest pulse in the instrunent}? */
public Ratio getRatio(){

return ratio_;

}

public void setRatio(final Ratio ratio){

ratio_ = ratio;

}

/** Property string for bean property 'distance' */
final static public String $distance = "distance";

/1 indexed = false

/1 required = fal se

/1 Extracted NeXus nultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))
/** {Effective distance to the origin}? */

private D stance distance_;

/1 Extracted NeXus nmultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))
/** {Effective distance to the origin}? */

public Distance getDi stance(){

return distance_;

}
public void setDistance(final Distance distance){
di stance_ = di stance;
}
/** Property string for bean property 'wavel ength_range' */
final static public String $wavel ength_range = "wavel engt h_range";

/1 indexed = false
/1 required = fal se
/1 Extracted NeXus nmultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))
/** {low and hi gh val ues of wavelength range transmtted}? */
private Wavel engt h_range wavel engt h_r ange_;
/1 Extracted NeXus nultiplicity indicator (?) means (May occur O or one times (i.e. no nore than once))
/** {low and hi gh val ues of wavel ength range transmtted}? */
publ i ¢ Wavel engt h_range getWavel engt h_range(){
return wavel engt h_range_;

}

public void setWavel engt h_range(final Wavel ength_range wavel engt h_r ange) {
wavel engt h_range_ = wavel engt h_r ange;

}

/** constructor */
publ i ¢ NXdi sk_chopper () {
super();
}
static public class Type
extends NXscal arDataltem {
/** constructor */
public Type(String value) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeException {
super (neut ron. nexus. NexusFi | e. NX_CHAR, val ue) ;
}
}
static public class Rotation_speed
extends NXscal ar Dat al t em <Fl oat > {
/** constructor */
public Rotation_speed(Float value) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeException {
super (neut ron. nexus. NexusFi | e. NX_FLOAT32, val ue);

}
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}
static public class Slits

extends NXscal ar Dat al t em <Short > {
/** constructor */
public Slits(Short value) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeException {
super (neut r on. nexus. NexusFi | e. NX_I NT16, val ue) ;
}
}
static public class Slit_angle

ext ends NXscal ar Dat al t em <Fl oat > {
/** constructor */
public Slit_angl e(Fl oat val ue) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeExcepti on {
super (neut ron. nexus. NexusFi | e. NX_FLOAT32, val ue) ;
}
}

static public class Pair_separation

ext ends NXscal ar Dat al t em <Fl oat > {
/** constructor */
public Pair_separation(Float value) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeException {
super (neut ron. nexus. NexusFi | e. NX_FLOAT32, val ue) ;
}
}

static public class Radius
extends NXscal ar Dat al t em <Fl oat > {
/** constructor */
publi ¢ Radi us(Fl oat val ue) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeExcepti on {
super (neut ron. nexus. NexusFi | e. NX_FLOAT32, val ue) ;
}

}
static public class Slit_height

extends NXscal ar Dat al t em <Fl oat > {
/** constructor */
public Slit_height(Float value) throws au.gov.ansto.bragg. nexus. base. | nval i dNXt ypeException {
super (neut ron. nexus. NexusFi | e. NX_FLOAT32, val ue) ;

}
}
static public class Phase

ext ends NXscal ar Dat al t em <Fl oat > {
/** constructor */
publi ¢ Phase(Fl oat value) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeException {
super (neut ron. nexus. NexusFi | e. NX_FLOAT32, val ue) ;

}
}
static public class Ratio

extends NXscal ar Dat al t em <Short > {
/** constructor */
public Ratio(Short value) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeException {
super (neut r on. nexus. NexusFi | e. NX_I NT16, val ue) ;
}
}

static public class Wavel engt h_range

ext ends NXvect or Dat al t em <Fl oat > {
/** constructor */
publ i c Wavel engt h_range(Fl oat[] val ue) throws au.gov.ansto. bragg. nexus. base. | nval i dNXt ypeException {
super (neut ron. nexus. NexusFi | e. NX_FLOAT32, val ue) ;
}
}
}
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We now review the code listing of the NeXusBean for NXr oot . Please note:

e many XML attributes are handled as Java Strings
(some time attributes SHOULD be constrained).

e the indexed property NXent ry is handled by a lazily instantiated array list hidden from
users, who see the public indexed setter/getter methods, as well as an addNXent r y method.

e there is no proper enforcement of the requirement that there be at least one NXent ry yet,
which could be achieved by lazy instantiation of at least one entry on access to the entry list.

package au. gov. ansto. bragg. nexus. aut o;

i nport neutron. nexus. *;

i nport au. gov. ansto. br agg. nexus. base. *;

/1 Cenerated from XM tenpl ate(http://svn. nexusformat.org/definitions/trunk/base_cl asses/ NXroot.xm)

| **

URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXr oot . xm
Editor: NAC
$1d$

Definition of the root NeXus group.

*/

public class NXroot

ext ends NXgroup_ {

/** Property string for bean property 'file_nane' */
final static public String $file_name = "file_nane";
/1 indexed = fal se

/1l required = false

private String file_name_;

public String getFile_nane(){

return file_name_;

}

public void setFile_nane(final String file_nane){
file_name_ = fil e_nane;

}

/** Property string for bean property 'file_tine' */
final static public String $file_time = "file_tine";

/1 indexed = fal se

/1 required = fal se

private String file_time_;
public String getFile_tine(){
return file_tine_;

}

public void setFile_tine(final String file_tine){
file_time_ = file_tine;

}

/** Property string for bean property 'file_update_tine' */

final static public String $file_update_tine = "file_update_tine";

/1 indexed = false

/1 required = fal se

private String file_update_tine_;

public String getFile_update_tinme(){
return file_update_tinme_;

}

public void setFile_update_tine(final String file_update_tine){
file_update_time_ = file_update_tine;

}

/** Property string for bean property 'NeXus_version' */

final static public String $NeXus_version = "NeXus_version";
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/1 indexed = false

/1 required = fal se

private String NeXus_version_;

public String getNeXus_version(){
return NeXus_version_;

}

public void setNeXus_version(final String NeXus_version){
NeXus_version_ = NeXus_versi on;

}

/** Property string for bean property 'HDF_version' */

final static public String $HDF_version = "HDF_version";

/1 indexed = false

/1 required = fal se

private String HDF_version_;

public String get HDF_version(){
return HDF_version_;

}

public void setHDF version(final String HDF_version){
HDF_ver si on_ = HDF_versi on;

}

/** Property string for bean property 'HDF5_version' */
final static public String $HDF5_version = "HDF5_version";
/1 indexed = fal se

/1l required = fal se

private String HDF5_version_;

public String get HDF5_version(){

return HDF5_version_;

}
public void set HDF5_version(final String HDF5_version){
HDF5_ver si on_ = HDF5_versi on;

}
/** Property string for bean property 'creator' */
final static public String $creator = "creator";
/1 indexed = fal se

/1 required = fal se

private String creator_;

public String getCreator(){

return creator_;

}

public void setCreator(final String creator){
creator_ = creator;

}

/** Property string for bean property 'nXentry' */

final static public String $nXentry = "nXentry";

/1 indexed = true

/1 required = true

/1 Extracted NeXus nultiplicity indicator (+) neans (May occur one or nore tines (i.e. at |east once))
/** + */

private java.util.List<NXentry> nXentry_;

private java.util.List<NXentry> nXentry(){

if (nXentry_ == null) nXentry_ = new java.util.ArrayList<NXentry>();

return nXentry_;

}
// Extracted NeXus multiplicity indicator (+) neans (May occur one or nore tinmes (i.e. at |east once))
/** + */

public NXentry[] getNXentry(){

return nXentry().toArray(new NXentry[O0]);

}
public NXentry getNXentry(int index){
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return nXentry().get(index);
}
public void addNXentry(final NXentry nXentry){
nXentry().add(nXentry);
}
/** constructor */
publ i c NXroot (){
super () ;
}
}

It is not intended that users interact with NeXusBeans via such lengthy, automatically generated
code. Already in a modern IDE a NeXusBean can be conveniently navigated as a Javabean, and the
Javadoc can be easily viewed and navigated in a web browser. Figure 2 shows the NXdata
NeXusBean in the Netbeans IDE's browser:

- @ Mxdatajava
9 Gy Mxdata
¢ &) Drata
¢ £ Felds]
@ axes
O long_name
@ =ignal
@ type
o 1‘_\'53 Constructars
0= 1‘35’ Methodz
o= Bean Patterns
o= fifz Errors
o~ G Wariable
- fb Wariable_errors
o % Fields
o= fﬁ’ Constructors
b ﬂ? Methods
@ getData
getErrors
getWariable
getWariable_errors
setData
setErrars

& & @ & & @

setVWariable
i@ zetVariable_errors

Figure 2: Enapshot of the NXdata
NeXusBean in the Netbeans IDE

Code listings for the other examples in the overview will not be given. We wish instead now to
focus on how one uses NeXusBeans in Java, and how one can analyse them graphically in UML.
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3.3) NeXusBeans as Java objects in a Java NeXus model

Once the Java NeXusBean classes have been compiled, instances of NeXusBeans can be be created
and added to each other to build entire NeXus models, thus:

11l WARNI NG PLACEHOLDER ONLY: COMPARI SON W TH RI TA-2 DI FFI CULT !!!
11l TH S | S BEI NG REDONE W TH NEW PLATYPUS EXAMPLE AND NEW MULTI ARRAY !!!
NXentry entry = new NXentry();
NXentry. Title title = new NXentry. Title("title of an experinent");
entry.setTitle(title);
entry.setStart_tinme(new NXentry. Start_tinme("2005-10-11 13:41:44"));
NXentry. Definition definition = new NXentry. Definition("NXnonotas");
definition.setURL("http://wwm. nexus. anl . gov/instruments/xm /NXmonotas. xm ") ;
definition.setVersion("1.0");
entry.setDefinition(definition);
NXuser user = new NXuser();
user. set Nane(" Neutron Man");
user . set Ext raNane(new Nxuser . Ext raNane(" Neutron Man"));
user.set Affiliation(new NXuser.Affiliation("the neutron beaminstitute"));
user. set Addr ess(new Nxuser. Address("123 bragg | ane, scattering |and"));
user. set Enai | (new NXuser. Emai | ("unknown@owhere"));
entry. addNXuser (user);
NXi nstrunent instrunent = new NXi nstrunent();
i nstrunent. set Nane(" Rl TA-2");
NXcrystal crystal _m = new NXcrystal ();
crystal _m set Name(" nonochronmat or");
i nstrunent. addNXcrystal (crystal _m;
NXcrystal crystal _a = new NXcrystal ();
crystal _a. set Nane("anal yzer");
NXcryst al . Pol ar _angl e pol ar _angl e = new NXcrystal . Pol ar _angl e(new float[]{16.9000f, 17. 0000f, 17. 1000f});
pol ar _angl e. set Uni t s("degree");
crystal _a. set Pol ar_angl e( pol ar_angl e) ;
i nstrunent. addNXcrystal (crystal _a);
NXdet ect or detector = new NXdetector();
det ect or. set Nane("detector");
NXdet ect or . Pol ar _angl e pol ar_angl e_d = new NXdet ect or. Pol ar _angl e(new float[]{13.1470f, 13.1470f, 13.1470f});
pol ar _angl e_d. set Uni t s("degree");
det ect or. set Pol ar _angl e( pol ar _angl e_d);
NXdet ect or. Azi nut hal _angl e azi nut hal _angl e = new NXdet ect or. Azi nut hal _angl e(180. 0000) ;
azi mut hal _angl e. set Uni t s(" degree");
det ect or. set Azi nut hal _angl e(azi mut hal _angl e) ;
i nstrunent . addNXdet ect or (det ector) ;
entry. set NXi nstrument (i nstrument);
NXroni tor nmonitor = new NXmonitor();
noni tor. set Nare("control ");
entry. addNXmoni t or (noni tor);
NXnoni t or. Preset preset = new NXnonitor. Preset (1. 0000f);
preset. set NXt ype( NXt ypes. NX_FLOAT) ;
noni tor. set Preset (preset);
NXroni t or . Mode node = new NXnoni tor. Mode("tinmer");
noni t or . set Mbde( node) ;
NXsanpl e sanpl e = new NXsanpl e();
sanpl e. set Nane("sanpl e");
sanpl e.setOrientati on_matri x(new NXsanple. Orientation_matrix(
new float[][] {{-0.0051f, -0.1426f, 0.0679f},{0.0002f, -0.0323f, -0.3005f},{0.1678f, -0.0043f, 0.0024f}}));
entry. set NXsanpl e(sanpl e) ;
NXr oot root = new NXroot();
root.addNXentry(entry);
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3.4) A NeXusBean class as reverse-engineered UML

Java can be reverse-engineered into graphical UML. In the following examples the powerful
Magicdraw UML tool has been used, although most good UML tools will handle Java OK.
However, the specified multiplicities of properties cannot be represented in Java without
annotations, so multiplicities have been introduced manually in the UML models in this report.

In Figure 3 we see NXr oot as a UML class:
e CAVEAT: the time attributes should be constrained to ISO 8601.

[ &) Mxroot 1

NXgroup_
{au.gov.ansto.bragg.nexus.base)

<<explanation= >

Property names are encapsulated as
strings to support property-based

i string programming when required.
T Users can prompt on the § sign in IDEs.

[

<<MexusBean=> \ ! I
NXroot \ |

{au.gov.ansto.bragg.nexus.auto) ) | I

creator: String = "creator'{readOnlv} q | |
file_name : 5tring = "file_name"{readCnlyv} |
file_time : String = "file_time"{readOnly} |
file_update_time : 5tring = "file_update_time"{readOnlv} | |
HOFS _wersion : String = "HDOFS_version"{readOnly}
HOF_wersion : 5tring ="HDF_version'{readOnly} | I
Mexus_wversion : String = "MeXus_wversion"{readOnlv} I
nxentry : String = "nXentry"{readOnly} |
-creator_ : String
-file_name_: 5tring
~file_time_: 5tring | |
~file_update_time_: 5tring |
-HDFS_version_: String |
-HDF_version_: 5tring | |
-MeXus_version_ : 5tring

+ [ [+ [ [ [+ [

<< getter=>+getFile_name() : 5tring
<< setter=>+setFile_name( file_name : String ) : void | I
<< getter=>+getFile_time( : 5tring |
<< setter=>+setFile_time{ file_time : String ) : void |

<< getter=>+getFile_update_time : 5tring | |
<< setter=>+setFile_update_time{ file_update_time : String ) : void
<< getter=>+getheXus_version( : 5iring | I
<<setter=>+setMeXus_version{ MeXus_version : String ) : void |
<< getter=>+getHDF_version() : 5iring |
<<setter=>+setHDF_version{ HDF_version : 5tring 3 : void | |
<< getter=>+getHDFS_version( : 5tring
<<setter=>+setHDFS _version{ HDFS_version : String 3 : void J I
<< getter=>+getCreator( : 5tring g J
<<setter=>+setCreator( creator : String ) : void d4- —
<< getter=>+gethxentry() : Mxentry
<<setter=>+sethxentry{ nxentry : NxXentry 3 : void
<<constructor=>+hNx<root()

15 = — _ _
-nXertry_ T = - <<explanation>>
<<MNexusBean>> The NXroot is composed
NXentry of 1 or more Mxentry.

{au.gov.ansto.bragg.nexus.auto)

Figure 3: The NXr oot NeXusBean reverse engineered to graphical
UML from Java in the Magicdraw UML tool.
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In Figure 4 we see NXentry as a UML class, with its many data items and composed groups.

[ | Mxentry ]j

NXdatahem_
(3U.gOV.aNSto. bragg. nexus.base)

<<explanation>>

NXgroup_
(aLl.gov.ansto bragg.nexus.base)

<<explanations>
URL:  hittp://www.nexus.anl.gov/classes /xm| /NXentry.xml
Editor. NIAC
d$

3
Tem plate of the top-level Nexus group which contains all the data and
associated information that comprise a single measurement. It is

T mandatory that there is at lzast one group of this type in the NeXus file

It is understood by convention that
all inner classes composed by a
aroup are data items, so explicit
Ceneralization not otherwise shown

<<NeXusBean>>
NXemry
(au.gov.ansto bragg.nexus.auto)

-program_name_

<<explanation>>
Docum entation is propagated to
UML via reverse enginesred

lavadoc containing original
NeXus tem plate comments.

<<explanation>>

Docs for data
items not shown
in this example.

0.1

title : String = "title*{read Onk:

definition : String = "definition"{readOnly}

E[E[E

start_time : String = "start,_time"{readOnly}

end_time : Strin end_time'{readOnk

duration . 5tring = "duration'{readOnly}

experiment_identifier  String = "experiment_identifier{readOnly]

run_number : String ="run_number{readOnl:
run_cycle : String ="run_cycle"{readOnly}

proqram_name : String = "program _name'{readOnly}
command,_lin ng ="command_line"{readQnly}

Tire ~title_
0.1
<<constructor>>+TitleQ
<<constructor>>+Title( content : Object )
Definition ~definition_
0.1

<<getter>>+getVersion( : String
<<setter>>+setVersion( version : String ) : void

o [E[E

notes ; Strini readOn/
$thumbnail ; & ="thumbnail'{readOnly}
nxcharacterizations ; 5tring = "nXcharacterizations*{readOnly}

™

<<getter>>+getURLD : String

nXuser : String = "nXuser'{readCnly}

<<setter>>+setURL( URL : String ) : vold

nxsample : String ="n¥Xsample"{readOnly}

<<constructor>>+Definition

nXinstrument : Strin, "nXinstrument'{readOnly}

<<constructor>>+Definition( content : Object )

nXmonitor : String Xmonitor'{readOnk

nxdata ; String = "nXdata’{readCnlv}

[ [E [

nXprocess : String = "nXprocess"{readOnly}

-command_line,

Program_name

<<getter>>+getVersion( : String

< <setter>>+setVersion(version : String ) : void
<<constructor>>+Program_name()
<<constructor>>+Program_name( content : Object )

0.1

-hotes_

Command_line

<<constructor>>+Command_lineQ
<<constructor>>+Command_line{ content : Object )

Notes

Start_time start_time_

<<constructor>>+Start_time() 0.1

<<constructor>>+5Start_time( content : Object )

End_time ~end_time_

<<constructor>>+End_timeQ 0.1

<<constructor>>+End_time( content : Object )

Duration ~duration_

<<getter>>+getTitle( : Title

<<setter>>+setTitle(title : Title ) :void
<<getter>>-+getDefinition( : Definition

< <5setters > +setDefinition( definition : Definition ) : void

< <gEMEr>>+getStart_time() © Start_time
<<setter>>+setStart_time( start_time : Start_time ) : void
<<getters>>+getEnd_time() : End_time
<<setter>>+setEnd_time( end_time : End_time ) : void
<<getter>>-+getDuration() : Duration
<<setter>>+setDuration( duration : Duration ) : vaid
<<getters>>+getExperiment_identifier( : Experim ent_identifier
<<setter>>+setExperiment_identifier experiment_identifier : Experiment_identifier) : void

<<constructor>>+Durationg) 0.1

<<constructor>>+Duration( content : Integer)

-experiment_identifier |

Experiment_identifier S

0.1

<<constructor>>+Experiment_identifierQ
<<constructor>>+Experiment_identifier( content : Object )

~run_number,

Run_number
0.1

<<constructor>>-+Run_number(
<<constructor>>-+Run_number( content : Integer )

~run_cycle_

Run_cycle
_CYC 0.1

<<constructor>>+Run_cycle
<<constructor>>+Run_cycle( content : Object )

<getter>>+getRun_number( : Run_number
<<setter>>+setRun_number( run_number : Run_number ) : vaid
<<getter>>+getRun_cycle( : Run_cycle

<<setter>>+setRun_cycle( run_cycle : Run_cycle ) : void
<<getter>>+getProgram_name() : Program_name

<<setter>>+setProgram_name( program_name : Program_name ) : void
<<getter>>+getCommand_line() : Command_line

<<setter>>+setCommand_line( command_line : Command_line ) : void
<<getter>>+gethotes( : Notes

<<setter>>+sethotes( notes : Notes ) : void
<<getter>>+getThumbnail) : Thumbnail
<<setters>+setThumbnail¢ thum bnail : Thumbnail ) : void
<<getter>>+gethXcharacterizations() : NXcharacterizations

<<setter> > +sethXcharacterizations( nXcharacterizations | NXcharacterizations ) : void
<<getter>>+gethxXuser( : Nxuser'[]"
<<getter>>+gethXsample( : NXsample
<<setter> ple(nXsample : p
< <getter>>+gethxXinstrument() - NXinstrument
<<setters>+sethXinstrument( nXinstrument : NXinstrument ) - void
<<getter>>+getXmonitor() - NXmonitor"[]"
<<getter>>+gethiXdata() - Nxdata'[]"
<<getter>>+gethXprocess() : NXprocess
<<setter>>+sethXprocess( nXprocess : NXprocess ) :void
<<constructors>+hXentry O

-riXuser() : List<E->Nxuser>

<<getter>>+gethXuser{index : int) : NXuser

+addhNXuser( nXuser : NXuser ) : void

-nXm onitor() : List<E->NXmonitor>
<<getter>>+gethXmonitor( index : int ) : NXmonitor

+addhxXm onitor({ nXm onitor : Nxmanitor ) : void

-niXdata) : List<E->Nxdata>

<<getter>>+gethiXdata( index : int) - NXdata

+addNXdata nXdata | NXdata ) : void

Jivoid

~thum bnail_.

<<constructor>>+Notes()
<<constructor>>+HNotes( content : Object )

Thumbnail

Snxcharacterizations_.

-nXsample_.
0.1

-nxXmonitor_

-nXprocess._.
0.1

<<getter>>-+g e_type : String
<<setter>>+setMime_type( mime_type : 5tring ) : void
<<constructor>>+Thumbnail(
<<constructor>>+Thumbnail( content : Object )

e
<<NeXusBean> > -
NXsample \
—
“mbnstrument Copr ] >
01y nt
_—

<<NeXusBean>>
NXprocess

<<NeXusBean>
NXcharacterizat

-

<<explanation>>
It is understood by convention
that all NX classes are groups,

the explicit Generalization need
not always be shown

Figure 4: The NXent ry NeXusBean in UML with composed data items and groups.
WARNING: image obsolete: does not show new scalar, vector, multi data items

Note the following:

The original NeXus template documentation is propagated to UML via the Javadoc in the

NeXusBean code, and can be retrieved into UML Comments in the diagram.

Some data items have additional bean properties (beyond those inherited via NXdataltem)

corresponding to additional XML attributes, with associated getters/setters.

The relationship of NX classes to NXgr oup and NXdat al t emmay be made explicit by

showing the UML Generalization (or understood by convention for simpler diagrams).
These relationships are of course always present in the UML model, whether shown or not.

In the Magicdraw UML tool one can easily navigate between NeXusBeans hyperlinked to

their respective focus diagrams, so that the entire NeXusBean system can be explored.

CAVEAT: the NX_CHAR[ ] type for Experinment _identifier andrun_cycle

is not yet correctly mapped to a String. UPDATE to show as Vector<String> !

The property name strings like $titl e

"title'

are merely a programmatic device to

support developers during “string programming” against bean property names.
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Unfortunately, the current NXdetector class template is too inconsistent for conversion by the
NeXusBeans generator, so an older version (as presented at NIAC2006) is given below. Note the
use of passive UML “wrapper components” to graphically and logically group the classes; these
play no role in the software engineering, they are merely a graphical device, and do not affect
packaging. (Please ignore the trailing '$' on data item field names, a convention no longer used.)

Diagram name | Mxdetectar

Author dke NXinstrument

Creation date 3/02/06 22:03

Madification date | 4/02/06 00:51

NXdetector J

identity — time
Description | - desEplion: NXdetector S -

i Time_of_flight
-time_of_flight! =

+ype int= Mxtypes NX_FLOAT

Detect b i

ector_number detector_number! +ais  Sting="1"
+hype :int= Mxiypes MX_INT +primary : String="17"
+axis : String ="2" +long_name : String = "{Axis label}"
+primary ; String ="1%" +units ; String = "1 06 second|[10~7 second”
+long_name : String = "{Axis label)" +link : 8tring = "{ahsolute path to location in Mxdetectar)'
+link : String ="{aksolute path to location in Nxdetectory'

-dead_time Dead_time
Type ped +ype : int= Nodypes Ny_FLOAT
+type ©int= Nxtypes MNx_CHAR _hold_offd

Hold_off
data +type © int= Nxtypes. MX_FLOAT [ Delay in detectar
+units : String = "micro.second” | |registering an event
Data -datad

o

+type © int= Niypes NX_FLOAT
+gignal ; String ="1" -geomet gﬁ v = = g]
+axes : String = "[time_of_flight detector_number:_offset? y_offset?]?"
+long_name : String = "{Title of measurement}?
+theck_sum : Sting = "{Integral of data as check ofdata  integrity} (NX_INT)?" . =]
+Units : String = "number - Distance
+link : String = "{absolute path to location in NXdetector}” =

+type int= Nxiypes MX_FLOAT

+axes : Blring = "detector_number x_offset? y_offset?

Data_error -fata_errorf
+ype tint= Nitypes N}_FLOAT -polar_angle Polar_angle
+Units : String = "number +ype ©int= Mitypes NX_FLOAT
+link : String = "{absolute path to location in MNXdetector]” +aes  String = "dgtecm_r numberx_offset? y_offset?

Efficiency of detectar with NXdata | -data -gzimuthal_angle Azimuthal_angle
respectto ey wavelength e int= HAypes L FLOAT

+axes | String = "detector_numbery_ofisety,y_offset?”

electronics
Input inputy £ Shaand: -
type - int = iy N: INT pasian widin solid angz Solid_angle
+Hype [ int= Nidypes.hi_ Geiector array = subtended by
+local_name : String = "{Equivalent local term}’ | = — — — — — — — — — — — — — o — — — | [*pe i int= NAypes.NX_FLOAT o etector at
+units : String = "steradians” the sample
Crate - -translatiol
crate Tr: i
+type ©int = Niypes NX_INT e
+local_name : String = "{Egquivalent local term}" +tie 'm_. NXWES'HX—FLOAT [-|normal to
+units : String = "centimeter” direct beam
Slot sloth
+type ;= Nidypes.Ni_INT ¥ oot offsets iitom centery
+local_name : String = "{Eguivalent local term' = X_offset
+axis  String="3"
calibration +primary ; Sting ="17"
Calibration_date -galibration_date§ +Hype ! int= hitype s NX_FLOAT
il +units : Btring = "1 03 meter|[10*2 meter
+type : int= Nitypes |SOBE01 +long_name : String = "{Axis label}"
+link : String = "{ahsolute path to location in NxXdetectar)’
Nxnote -calibration_rmethod
-authory : Author
-dated - Date
-typed - Type ixel
-file_name§ : File_name o e g]
-descriptiond : Description -%_pivelsi X e i
: itis scalar a
-datad : Data +type - int= Nilypes NX_FLOAT (| oot oy o
+units : Btring = "mili*metre” SaTis i

gas ——
G -y_pixelsi Y.
as_pressure -fas_pressured

+type © int= Niypes NX_FLOAT
+units ; String = "bars"

Detection_gas_path -fetection_gas_path§

+type ©int= Ntypes. MNX_FLOAT
+units : String = "em"

&

3]

Figure 5: The NXdetector NeXusBean as UML class diagram with logical groupings

27/52



NeXusBeans: object-oriented software components for the NeXus
scattering science data format using Java, UML, and XML Schema

3.5) The entire NeXus system as Java NeXusBeans reverse-engineered to UML

In Figure 6 we see a UML class diagram of all reverse-engineered Java classes NeXusBean,
providing a concise overview of the NeXus class system. Only the associations between classes are
shown, and the relationships to the NeXus base classes are omitted. The classes are graphically and
logically grouped according to the composition hierarchy using passive wrapper components.

<<See alsox>
[NXgroups: composition class diagram | EI
<<Seealso>> <<explanation>>
NX groups as deeply-nested UML compos ite structure diagram: data items not shown For brevity geometrical
classes with zero or more
N¥geometry properties are
stereotyped, and the
compoesition association to 0.,
1 NXgeometry is not shown.
<<MeXusBean>> [
NXroot <<stereotypes=>
geometrical
[Class]
1.*
-NXERtrY_
<<MeXusBean>>
NXentry <<NeXusBean>>
-, 01 +* NXevent_data
—HXsa e -n¥charactgrizations_ -nEmonitor_
<<NexusBean>> <<N?XUSB_FM.>> <<MNeXusBean>>
NXsample NXcharacterizations <<geometrical>> .
0.1 * NXmonitor _ Not yet bound
-nXprocess_ _nXuger_ -nxdpta_ into NXinstrument
<<NexusBeans> <<NeXusBean>> <<NeXusBean>> <<MeXusBean>>
NXprocess NXuser NXdata -hXdata_ <<base class>>
= NXmonochromator
—n)(n}te_
<<MNeXusBean>>
NXnote <<MeXusbean>>
NXpositioner
0.1
—hXinstryment_ <<MeXusBean>>
<<MeXusBean>> <<geometrical>>
NXinstrument NXmoderator
-n¥sofircel ' . —nXg\Ide -nXapefture_ <<MeXusBean>>
-n¥fermi_ghopper_ —<h: usBean>>_ <<geometrical>>
<<MNeXusBpan>> <<MeXusBgan>> <<gedmetrical>> <4 MeXusBean>> NXbending_magnet
<<geometfical>> <<geometr|cal>> Nguide N <<dgeometrical>> *
NXsoufce NXfermi_chopper ) NXaperture _nfilker
x veloci | -n¥crystal_| - <<MeXusBean>>
) -nXvelocipylselector | i
-n¥disk_chopper_ 3 <<NexusBeans> <fgeorr_|etr|cal>_>
< <NeXusBeans s <<MexysBean>> <<MeXusBean>> <<gebmetrical>> NXinsertion_device
- <<geon|etrical>> <<geometrical>> -
<<geometrical>> NXveloch lector NXcrystal NXfilter
. NXdisk_chopper velochy selector Tysta
nxcollimator, v . . “iXdetgetor,
- _rxatteruator, -nxfligper_ -nEmigror_ <<MeXusBean>>
= <<MeXusb >> <<MeXush > j
<<NeXusBean>> <<MeXusBean>> ¢ u_s eah <<geEDnL'|Jzt|Fi§2I>> <<ge0melr|ca.l>>
<<geometrical>> N NXflipper Ximitor NXdetector
NXcollimator
0.1 ) -nXbeani stop_
-nXlgg_ -rXpolgrizer_ <<NeXusBean>>
<<NeXusBean>> <<NexusBeanz> <<geometrical>>
NXlog NXpolarizer NXbeam_stop
<<NeXusBean>> <<NeXusBean>> <<N:J)x<;sﬁean>>
NXenvironment NXgeometry eam
1 -nxgeoffetry_ Xgeoietry_
" * 0.1 01 01 0.1
<<Ne><usr:3esa:1>s£r_ “fiXnpte_ -rXorienfation_ tranglation I;1.)<S [ “tdn
- ! = — = <<NexusBean:>>
<<geometrical>> <<N;Xx|“f:::”>> <:§;ﬁ::§:‘x> <<NexusBean>>|  [<<NexusBean>> NXdata
NXsensor NXtrans lation NXshape

Figure 6: UML class diagram of all reverse-engineered Java NeXusBeans.
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In Figure 7 we see another representation of the reverse-engineered Java NeXusBeans, a deeply-
nested composite structure diagram. This representation corresponds exactly to the class diagram
Figure 6, however instead of representing composition through associations, part properties within
the composite structure are used. In the Magicdraw UML tool there is precise validation of
permitted parts against the underlying model. Note the representation of UML multiplicities on the
parts properties in [] brackets. Each part property has an attribute name and a NeXusBean type.

<<5ee also>>
[ N¥ groups as deeply-nested UML composite structure diagram: data items not shown |
/
<<MexusBean>> <<Seealso>>
NXroot NX groups: composition class diagram
—<NexusBean== <<Ne;<;lsﬁean>> <<Ni|)<x|us:tean>>
nXentry_ : NXentry [1."] o9 hote
<<NeXusBean>> <<NeXusBean>> —<NexusBeans=
nXcharacterizations_ : NXcharacterizations [0..1] nXsample_ : NXsample [0..1] NXbeam
<<MNeXusBean>:> <<MeXusBean>> <<MNeXusBean>> <=MexusBean>>
<<geometrical>> nXuser_: NXuser [*] | | nXprocess_ : NXprocess [0..1] nXdata_ : NXdata [0..1]
nXmonitor_ : N tor [*]
<=MexusBean>>
<<MexusBean>> <<MexusBean>> nXnote_ : NXnote [1."]
nXgeometry_ : NXgeometry [0..1] nXdata_ : NXdata [*] <<MeXusBean>>
NXenvironment
<<MNeXusBean>> <<MeXusBean>>
nXinstrument_ : NXinstrument [0..1] nXnote_ : NXnote [*]
<<MNexusBean=> <<MNexusBean>>
<< geometrical>> <=geometrical>> <<MexusBean>>
nXsource_ : NXsource [*] nXvelocity_selector_ : NXvelocity_selector [*] <<geometrical>>
nXsensor_ : NXsensor [1]
<<MeXusBean>> <<MeXusBean>>
nXgeometry_ : NXgeometry [0..1] nXgeometry_ : NXgeometry [0..1] <<MNexusBean>>
nXgeometry_ : NXgeometry [0..1]
<<MeXusBean>> <<MexusBean>>
<<geometrical>> <<geometrical>> <<NexXusBeans>
nXdisk_chopper_ : NXdisk_chopper [* nXfermi_chopper_ : NXfermi_chopper [*
ke pper_ k_ Pl ] . pper_ _ Pl ] NXgeometry
<=MexusBean>> <<MexusBean>>
nXgeometry_ : NXgeometry [0..1] nXgeometry_ : NXgeometry [0..1] <<MNeXusBean=>
nXshape_ : NXshape [0..1]
<<MNexusBean>> <<MNexusBean>> <<MNeXusBean>>
<<geometrical>> <<geometrical>> nXtrans lation_ : NXtrans lation [0..1]
nXcrystal_ : NXcrystal [* nXguide_: NXguide [*] | | || ||[— — = = .. —
ystal_ ystal ['] Xguide_ : NXg "] T T <<NexusBean>> !
<<MNeXusBean>> <<MNeXusBean>> I nXgeometry_ : NXgeometry |
nXgeometry_ : NXgeometry [0..1] nXgeometry_ : NXgeometry [0..1] L - - - — = — =
<<MeXusBean>> <<NeXusBean>> ~ <_<Ne.><usBeén>>_
<< geometrical>> <<geometrical>> nXorientation_ : NXoriertation [0..1]
nXaperture_ : NXaperture [* nXfilter_ : NXfiker [*] [ | [ ||— — == .. —
Xaj _  NXay " - 'l T T <<NeXusBean>> 1
<<=MNexusBean>> <<MexusBean>> I nXgeometry_ : NXgeometry |
nXgeometry_ : NXgeometry [0..1] nXgeometry_ : NXgeometry L - - - — — — =
::;ee;f‘lt:z?;zglii = <NeXusBean=> <<Ne)<ufB_ean>> <<MeXusBean>>
. _ Xattenuator_ : NXattenuator [*] NXpos itioner NXevent_data
nXcollimator_ : NXcollimator [*] n - T
<<MNexusBean>> <<MeXusBean>>
nXgeometry_ : NXgeometry [0..1] | <._<N?X5J;Beanl>? . <<explanation>> <<base class>>
nXpolarizer_: NXpolarizer [*] Mot yet bound into NXmonochromator
Mxinstrument
<<MexusBean>> <<MeXusBean>>
<<geometrical>> nXflipper_ : NXflipper [*] <<MeXusBean>>
nXmirror_ : NXmirror [*] <<geometrical>>
NXmoderat:
<<MNexusBean>> moderator
nXgeometry_ : NXgeometry [0..1] —<NexusBean==
nXgeometry_ : NXgeometry [0..1]
<<MeXusBean>>
::;:;fz?ﬁzg;i <<geometrical>>
. . nXbeam_stop_ : NXbeam_stop ["] < <MexusBean=>
nXdetector_ : NXdetector [*] <<geometrical>>
<<MNeXusBean>> <<MNeXusBean>> NXbending_magnet
nXgeometry_ : NXgeometry [0..1 nXgeometry_ : NXgeometry [0..1
Xg Y- : NXg y [0.1] Xg Y- : NXg y [0.1] <<NeXusBeans>>
nXgeometry_ : NXgeometry

Figure 7: UML composite structure diagram of all reverse-engineered Java NeXusBean
classes, employing deeply-nested parts in the Magicdraw UML tool.
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3.6) NeXusBeans UML class and composite structure models: Platypus example

Java NeXusBeans can be used to build class models of neutron beam instruments and to create
UML diagrams equivalent to those models using reverse-engineered NeXusBeans and reverse-
engineering instrument models. Such models may be different from the official NeXus instrument
definitions; one can create any number of different NeXusBean models for a variety of purposes by
logically organising the NeXusBeans in desired subsystems completely “parasitically”. The same
Java model class can of course be used to also create valid NXroot, NXentry, and NXinstrument
structures from the same shared NeXusBeans, and that has been done in the examples below.

Figure 8 shows a simplified class model of the Platypus reflectometer, which emphasises the
hierarchical containment of components of the instrument using UML associations. Note that:

e The <<Subsyst enp> classes merely group NeXusBeans, they do not have any influence
over the NXi nst runent, NXent ry, NXr oot objects or their serialization to a NeXus file.
Formally the subsystems share NeXusBeans that are composed (directly or indirectly) by the
Nxr oot , as indicated by the “open diamond” shared aggregation kind notation in UML.

e The Platypus class is NOT and NXi nst r unent . It merely organised the NeXusBeans.

e The NXi nstrunent created by the newl nst rument () method is a valid NeXus structure
(the NeXusBeans of which are merely shared by the class model) and may be serialized.

Such class diagrams (software engineering view) tend to be difficult for non-experts to read. An
equivalent composite structure diagram (systems engineering view) is shown in Figure 9. The
support for deeply nested structures lends itself well to representation of the subsystems of a
scientific instrument. Instead of showing associations, the properties of each class are shown as
named “part Properties” with multiplicity indicators within the composite structure at each level.
These diagrams are completely synchronised with each other; they are merely different views of the
same UML model created by reverse-engineering the Java NeXusBeans classes and model class.

The graphical power of the UML-based NeXusBeans strategy is already of great value for analysis
and illustration of structural aspects of the NeXus systems.
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Diagram name Flatypus.cls

Author drck

Creation date 23/09/07 12:24

Modification date|23/08/07 15:52

Simplified UML class model of the Platypus
reflectometer using reverse-engineered
Java NeXusBeans and Platypus classes

<<See also>>
Platypus.com

NEI Sreat <<NexusBean>>
NXroot
<<constructor==+MEI) = EeCAlE==
#root() : MXroot -herjtry_ Such class diagrams do NOT
<<getter=>+getN¥root() : NXroot represent the topology of an
+newhXentry() : NXentry g— — — —<<createsz> 5 S eNeXusBean>> instrument well; see instead the
+newhXinstrument ) : NXinstrument NXentry X ! . .
- - T composite structure diagram (which
<<createss> —nXinstrIment is bound to the same class structure) !
<<MexusBeans=> — =
<<geometrical>> <<N_e><usBean>>
<<polymorphism candidate>> - == NXinstrument
NXsource e
-souffce_ / <<MeXusBean=>
T =<MexXusBean>> SECAVERTSS <<geometrical=>
4 _ <<geometrical>> The selectable collimation NXcollimator
Platypus 7 guide_pre_bunker_ NXguide mirrors have been greatly
— 1 simplified for this example
<<constructor==+Platypus() / —gulde_fraWT_ovjlapJ ~
+main{ args ; String"[1") tvoid 1 ) - Ulde_post_chopper_ “
+newtlxentry() - Mxentry /
+newhXinstrument() : Mxinstrument, <<Subsystem>>|  -attenuator_ [ -pewusBeanss N
<<getter=>+getCuide_pre_bunker( : NXguide Bunker 1 N R \
<<getter>>+getBunker() : Bunker “bunker_ \attenuator
<<getter=>+getinteraction : Interaction 1 \
<<getter=>+getCollimation() ;. Collimation
<<getter>>+getDetection() : Detection rmonitor_bunker_ | ::;:fﬁfﬁ?g;i !
<<getter=>+getSource?) : MxXsource 1 N \
NXmonitor !
; |
<<explanations3> - -slits_bunker [« -y exysBeans >
The Platypus class is NOT an 1 <<geometrical=>
Mxinstrument; it merely carrries and | \ 1 | NXaperture
logically orilganises the NexusBeans 4 -chopfpers_ —chopperl <<MNexusBeans> /
"parasitically". !
/ A \ <<SUbSY_Stem>> B elrz <<geometrical=>
| / P | ChopperSystem c,—EPl_— NXdisk_chopper ;
|7 _
|/ . || - chopper3_ /
k 1
/ s -chopperd
I, | |- e
/ | 1
s A - ’
/ 7 | <<Subsystem>> <
y - ' Collimation ~<5lits_collimator_
1 -collimition_ [ =
t P - 1
—_ | -
<<explanationz> | |- —| — || | iirrar: califmatar <<NexXusBean>>
The subsystem groupings havd 3’”,—71— <<geom9:tr|cal}>-
no influence at all on__ | | NXmirror
the serialized MeXus file -
B | - <<Subsystem>> [= -slits_pre_sample_
~ L - i . Interaction . <<MeXusBeans>
-intefaction_ |=monitor_sample_) < <geometrical>>
I~ N [ 1= 1 NXmonitor
|
| ~ N || -sample_ <<Mexusbean>>
: N 1 NXsample
™~ | -slits_post_sample_
| ™ N 1
| S
| <<Subsystem=> <<MeXusBean=>
| Detection | -Stop_[f<<geometrical>>
-detection_ Nxbeam_stop
| 1

|zdetector_ | < <geometrical>>

<<MNeXusBean>>

NXdetector

Figure 8: NeXusBeans class model of the Platypus reflectometer
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Diagram name Flatypus.com

Author drcle

Creation date 23709707 13:11

A simplified UML composite structure
model of the Platypus reflectometer
using reverse-engineered NeXusBeans
and reverse-engineered Platypus classes

Modification date | 23 /09/07 15:54

Platypus

<<=S5eealso>>

<<Subsystem>>
bunker_ : Bunker [1]

Platypus.cls

<< Subsystem>>
choppers_ : ChopperSystem [1]

l_chupperl_ 1 NXdisk_chopper [1] |
b — —_— o _— —_— —_— —_— —_ —

<<explanation>>
— |The subsystem groupings
have no influence

-1the serialized Mexus file

<<Subsystem>>
collimation_ : Collimation [1]

"slits_collimator_ : NXaperture [1] |

<<CAVEAT=>
The selectable collimation

“|mirrors have been greatly

simplified for this example

<< Subsystem>>
interaction_ : Interaction [1]

| slits_pre_sample_ : NXaperture [1]

—————————— i
1

<<Subsystem>>

detection_ : Detection [1]

'_stuF_ ;\I)ﬂTeaE_sEJp_[l]_‘ - — —

Figure 9: UML Composite Structure Diagram
of the Platypus NeXusBeans instrument model
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4) The Bragg NeXus base classes

Many of the NeXus design principles and shared (inherited) attributes can be encapsulated in
reusable base classes. The Bragg base - already presented in prototype form at NIAC 2006 — serves
as a starting point for object-orientation of the NeXus system. A brief overview only is provided
here, many more details are available in the UML model and in the Javadoc, which will all be made
available through the NeXML web site.

4.1) The universal NXobject, the NXdataltem classes, and the NXgroup classes
Please note these features with reference to Figure 10:

e The NXobj ect is a universal root interface for the NeXusBeans system. It has shared nane
and i d attributes. The implementing class NXobj ect _ offers internal services via Al | _.

e Every NeXusBean (directly or indirectly) implements the NXgr oup interface.
e All NeXusBeans import au. gov. anst 0. br agg. nexus. base and are compiled against it.

e Some NeXusBeans implement the NXgeonet ri cal interface and have a 0..1 NXgeonet ry
property; they are stereotyped as <<geometrical>> throughout the UML models here.

e The NXdat al t enxT> interface is parametrised by an unbounded Java type using Java5
generics, which is represented in UML using intermediate template bindings (which
unfortunately leads to some clutter in the UML diagrams, although it is easy to read in Java).

e Although the NXdat al t emis parametrised by type, it must also by constructed with a given
integer NeXus type indicator, since there is no obvious mapping between all NeXus types
and available Java types. Mappings are made via the NXt ypes utility class to and from the
neut r on. nexus. NexusFi | e integer type definitions (from JNexus version 2.0).

e Data items are further divided into scalar, vector, and multi-dimensional data items, with
dedicated implementations of content handling.

e The NXmul ti Dat alt em_ implementation leverages the UCAR Java MultiArray API.

e There is currently no facility for handling type specifications like: NX_FLQAT| NX_I NT,
although Java generics do offer a possible strategy. Current policy is to take the first type.

In addition the Bragg NeXus base offers some exception handlers and type mappings (not shown).

4.2) Recurring data items

Some data items that recur amongst the NeXus templates without any real variation have been
encapsulated as dedicated data items in the base,, according to the classic object-oriented reuse
strategy. Such encapsulation promotes reuse, reduced maintenance, and reduces errors due to
inconsistencies.

The NeXusBeans generator does not generate on-the-fly inner classes for these selected recurring
data items, which are:

1. Di st ance: always interpreted as the distance from the sample and always in the same units:
(NXbeam NXxnonitor, NXattenuator, NXsource)
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Descri pti on: merely describes the instance of whatever class it is in:
(NXaperture, NXpol arizer, NXsanple, NXenvironment, NX og)

Nane: is redefined as Ext r aNan®e to avoid a clash with the nan®e attribute in NXobj ect :
(NXenvi ronment, NXi nstrument, NXuser, NXsanple, NXsensor, NXsource)

There may be other candidates for this strategy, too.

<<lavaElement>>
) Author drelke
NXobject_ <<universal>> -
<<univgrsal>> -name_: String Al Creation date 6/09/07 10:29
NXobject Modification date|23/09/07 15:44

|I I

Diagram name

au.gov.ansto.bragg. nexus.base

<<explanation>>

Data item s are parametrised by
the underlying type.

IV

F = 1

s B
<use=>=

only for nexus
type definitions

Nexus File
(neutron.nexus)

|| (L <T-B7s
l NXdatalem / <<bi-nd>> <<explanations>
e W o e
N, netrical - |NXahst|'a.ctDataItem_<T—>Tb | Data items are further separate
Cnxgedmet < <hindss J/ into scalar, vector, and multi- — —
nxg - -~ dimensional types.
o —
<<MeXusBean>> NXdatatém < T3 T>—_ T - P \ !
NXgeometry ! — E— ~ Y |
/ — p
7 B — |
i - =z ! |
. l,l"llT = - \ IT | ____""“-H___ \ F T
<<explanation:>> [ o - o T L _| |
MexusBean classes with ‘CB = |
geome:ry getah;rd—coded NXs calarDatattem NXvector Datalftem NXmultiDataltem |
eome roperty.
g [V Propeny <T-pT= <T-Ts T-bT> |
4 K
< <hind>> <<b|nﬂl?> <<bifds> |
NXscalar Dataftem<T->T> ) |
- NXvector Dal?ltem <T->T> NXmuhiDataftem<T->T> |
— —
T _ - =
/ — _| |T | |
NXvector Dataltem_ anluniDala_Itelﬁ_ |
-veftor_ manray— !
|
=1 Vector Multidrray |
- ava.utih _ Aucarmultiarray) |
<<explanation>> Distance <<renamed>> = = |
Some frequently occuring i ExtraName |

data items are hard-coded
and reused.

{from = "Name",
to = "ExtraName"}

7 Desar iption

<<explanation>>

Implementars for scalar, vector, and multi
types have different value holders.

Figure 10: UML class diagram overview of the object-oriented Bragg NeXus Base
employing Java5 generics for a family of typed data items.
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4.3) NeXus type remapping

Standard NeXus types are defined as Java integers in the neut r on. nexus. NexusFi | e. The Bragg
NXt ypes class (see Figure 11) offers a number of mappings to and from these integer types, and
services for converting between String, Integer, and compilable Java code forms. It also identifies
those group classes that are (probably incorrectly) used as types of data items in some NeXus class
templates. There are many inconsistencies in the NeXus class templates and some also in
neut r on. nexus. NexusFi | e, so it is currently not at all clear how the NeXusBeans generator to
map all NeXus types encountered in data items. This remapping strategy is thus quite fragile !

For example:
e type specification errors like ' NXFLOAT' and 'FLOAT' are remapped to ' NX_FLOAT'

e type specification errors like ' NX_FLOAT[ np?,i ?,j ?' in NXdet ect or are remapped to
'NX_FLOAT[ np?,i?,j?]"

e neither NX_Bi nary nor NX_Bool ean are supported in the JNexus 2.0 API NexusFi | e, so
they are simply mapped to NexusFi | e. | NT8.

The NXt ypes class provided diagnostic warnings for many such errors, and therefore serves also as
a kind of validator for the NeXus templates. When the entire set of NeXus template classes is pulled
from SVN and processed with the aid of NXt ypes many errors must be programatically handled.
Clearly, the NeXus templates are NOT being digitally validated before submission to the SVN.

Diagram name | Nxtypes
Author drek <<u":|5|rsa‘>> <<comment>>
" 7 neutron.nexus; Ri i rt for M
Creation date 20/09/07 1408 {au.gov.ansto. bragg.nexus.base) ¢ ) al:g‘:&‘:.:ggr;ﬂ‘;gne str?r';gs asypes, au.gov.ansto.bragg.nexus.base
only for nexus compileable statics.
| type definitions y

Modification date|21/09/07 12:25 “' <<usex>

NXtypes
(au.gov.ansto.bragg.nexus.base)

-n¥typeTolavaClass |
Map <K->Int V->Class >
Q8601 ; String ="1S08601YreadCnly} g i Integer, ass O‘

ULL_UNIT : String = "NULL"{readOnly} [ ]
[Xbeam : String = "Mxbeam"{readOniv}
Xdata : String = "N¥data"{readOnly}

environment ; String = "NXenvironmentyreadOnly} ) — -
geometry : String ="MNXgeometry{readOnly} ML&" Map <K->String, V->Integer> O‘
[Xlog : String = "MXlog'{readOnly} [ |
[Xnote : String = "Mxnote'[readOnly}
IXarientation . String = "NxXaorientation"{readOnly}
sensor: String ="NXsensor{readQnly}
CHAR String = "N%_CHAR{readOnly} TypeTobxtype | Map<K->Integer, V->String> ()
COl HUF : String = "MWx_COMP_HUF'{readOnly}
COl LZW : String = "MX_COMP_LZW'{readOnlyv}
O OME : String ="NX_COMP _NOMNE'{readOnly} -nxtypeTo$NexusFile
(als] LE : String = "NX_COMP_RLE'{readOnlv}
LOAT - String = "NX_FLOAT*{readOnly} -
LOAT32 : String ="NX_FLOAT32"{readOnlyv}
ATE4 . String ="NX_FLOATGE4"readOnly}
: 5tring = "MX_INT{readCnly}
16 - String = "MX_NT16" readOnly} <<documentation>>
32 : String = "HX_INT32"{readOnly} Maps integer NeXus types back to compilable
N_Erié‘_"'s':g;"f "N'NTUBI‘:"TEFGC‘"?I"Z'a;OnI } neutron.naxus. NexusFile references
NT32 - String = "N UINT32readOnl <p>_WARNIN(_]. fragile, n_eeds to be maintained
RDX_UNLIMITED - String = "lNX_UNLIMITED"{readOnly} against possibly changing neutron.nexus APl</p>
OPEN_DIMENSIOM : String = "["[readOnlyv}
URENOWN : 5tring = "UNENOWN"{readOnly}
OBG0L . int = NexusFile.NX CHAR{readOnlv} q —
ULL_TYPE - int = -1{readOnlv} b
BINARY - int = NULL_TYPE{readOnivi £idoclim Entations>
BOOLEAN : int = NULL_TYPE{readOniv} WARHING: no obvious
CHAR . int = MexusFile.M* _CHAR{readOnly} mapping: using HX_CHAR

~

OUBLE . int = MexusFile MX_FLOATE4{readOnly}
LOAT :int = MexusFile NX_FLOAT32{readOnly}
LOAT _OR_Mx_INT :int = NULL_TvPE[readOnlv}

NT : int = MexusFile. ND_INT32{readOnly} B
PECIAL TYPES . String"[1" [0..*] = {$NxXlog, §NXdata, $Nxnote §Nxbeam SNXgeom etry, EhXorientation $Mxenvironment, $HXsensorfreadOnl - ERddrimenaines

Croups classes that are used to type data items in some cases.
stractDimensionsFrom $type( $tvpe - String ) - int"[1" <p>ll These probably break the NeXus design rules 1< /p>
nd§HexusFileForibype( nidype : int) : String <p=>MNot clear at all howto remap these and use them in data items</p>
+Hind$MxtypeForhlxty ped nxtype int) : String
+find3$primitiveFrom $tvpe( $tvpe : String ) . String
HfindlavaClassForhXtype( nXtype :int) : Class
FHindNxrypeForfype( $tvpe String) - int
<<getter>>+isMultiftype( $type : String) : boolean
<<getter>>+isScalarftype( $type : String) : boolean
=<=getter>>+isValidMxtype(nxType :int) : boolean
<<getter>>+isVectorftypel §tvpe : String) - boolean
+main( args : String"[]") : void
+splitfchoicesintoPrimitives( $choices : String ) : String'[]"
+test_parsed $type : String) void

o e o e e o e e e o o e e e e e A e

Figure 11: NXtypes: NeXusBean type mapping support and conversion services
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4.4) Parametrising data items with Java5 generics (template bindings)

Once the NeXus 'type' attribute for a data item has been identified and mapped to a Java class, a
“genericised” Java data item class may be generated. However, the NeXus integer type is still
tracked in the NXabst r act Dat al t em_ constructor so that the NeXusBean can be serialized. The
result is demonstrated as a UML class diagram in Figure 12. Although it makes the resulting Java
code far more concise and consistent, the use of Java5 generics is not without its cons, especially
concerning issues when mapping to XML Schema, and slightly more verbose UML diagrams.

S Mxdisk_ch .
| U isk_chopper ] Anatomy of an automatically generated NeXusBean as UML class NXobject_

(au.gov.ansto.bragg.nexus.base)

<<documentation=>> <<explanation>> i <<MeXusBean>>
URL:  http:/ fwww.nexus.anl.gov/classes/xml/N¥disc_chopper.xml |Every NeXusBean is H NXgeometry
Editor: Mark Koennecke (directly or indirectly) an -nXgeoTletry_

$ld% Mxgroup and NxXobject. - _T
Template of NXdisc_chopper. -

<<explanation>>
Docs are propagated
from XML template

through Javadoc to UML

NXgeometrical_

- ] (au.gov.ansto.bragg.nexus.base)
b
) x ! T
) <<docum entat_|0n>>. ) < <NeXusBeans>
{Choppertype single| contra_rotating_pair|synchro_pair} <<geometrical>>
~ NXdisk_chopper
Type (au.gov.ansto.bragg.nexus.auto)
— b +4distance : String = "distance"{readOnly}
<<constructor>>+Type(value : String ) |-type_ +%pair_separation : String = "pair_separation"{readOnly}
0.1 +#phase : String = "phase’{readOnlv}
= t4radius : String = "radius"{readOnly}
Rotation_speed -rotation_speed_ +dratio : String = "ratio"{readOnlv}
<<canstructor>>+Rotation_speed( value : Float) [ ; +3rotation_speed : String = "rotation_speed'{readOnlv}
- +%slits : String ="slits"{readOnly}
+$slit_angle : String = "slit_anagle"{readOnly}
Slits +3slit_height : String ="slit_height"{readOnly}
-slits_ +%tvpe : String = "type"{readOnly}
<<constructor=>+5lits{ value : Short ) 1 t+3wavelength_range : String = "wavelength_range"{readOnly}
<<getter=>+getTypel) : Type
Slit_angle -slit_angle <<setter>>+setType(type : Type ) (void
= = <<getter>>+getRotation_speed) : Rotation_speed
<<constructor>>+5lit_angle{ value : Float ) |1 <-<setter>>+setRotation_speed( rotation_speed : Rotation_speed ) : void
<-<getter=>+getSlits() : Slits
Pair_separation <<setters>4setSlits( slits : Slits ) void
-pair_separation_ <<getter>>+getSlit_angle() : Slit_angle
<<constructor>>+Pair_separation( value : Float ) [ <<setter=>+setSlit_angle] slit_angle : Slit_angle ) : void
<<getter>>+getPair_separation() : Pair_separation
Radius <<setter>>+setPair_separation( pair_separation : Pair_separation ) : void
-radius_ <<getter>>4getRadius( : Radius
<<constructor>>+Radius{value : Float )| <<setter>>+setRadius( radius : Radius ) :void
<<getter=>+getSlit_height : Slit_height
slit_height <<setter>>+setSlit_height( slit_height : Slit_height ) : void
- -slit_height_ <<getter>>4getPhase() : Phase
<<constructor>>+5lit_height{ value : Float ) 1 <<setter>>+setPhase( phase : Phase ) : void
<-<getter>>+getRatio() : Ratio
<<setter>>+setRatiof ratio : Ratio ) :void
Phase <-<getter>>+getDistance() : Distance
-phase_ <<getter>>+getWavelength_range() : Wavelength_range
<<constructor>>+Phase{value : Float ) 0.1 <<setter>>+setWavelength_range( wavelength_range : Wavelength_range ) : void
h <<constructor>>+Nxdisk_chopper()
= h <<setter>>+setDistance( distance : Distance ) :void
Ratio -ratio_

<<constructor>>+Ratio(value : Short ) 0.1
0.1
J -wavelength_range_

Wavelength_range

NXs calar Dataltem_<T->Float> | |NXscaIarDataItem_ =<T-=5hort> << constructor>>+Wavelength_range(value : Float"[]")
= T J_ .
[ ™
-~ . | ~ NXvector Dataltem_<T-> Float>| <<l enforcess
<T->lFloat> <T->ghert> ™ T N)QI;LOAT[Z]
: - Y -
<<bihd>> <<bipd>> "~ _ <T->Float>
| R <<explanation=> | - — —
W T | Data ltem (Java generics) Case <<bipd>> T |
L — — —] = studies: template binding of Short - —_ — — =
NXs calar Dataltem_ and Float to scalar data item and of NXvector Dataltem_
(au.gov.ansto.bragg.nexus.base) Float to vector data item. (au.gov.ansto.bragg.nexus.base)

Figure 12: The NXdisk_chopper NeXusBean reverse-engineered to UML with template bindings
shown for selected scalar and vector data items.
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5) Serialization of Java NeXusBeans models to NeXus XML files
TODO: URGENT WORK IN PROGRESS ! Leverage new scalar/vector/multi data items

5.1) The XStream-based NeXusBeans marshalling/unmarshalling system
TODO: URGENT WORK IN PROGRESS !

5.2) Serialization example: the Bragg Institute's Platypus reflectometer at OPAL
TODO: URGENT WORK IN PROGRESS !
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6) Metamodel-driven forward engineering for Java NeXusBeans

TODO: text overview of the Bragg Forward metamodel for generating NeXusBeans. Image only.

Diagram name

metamodel

Author

arck

Creation date

5/06/06 22:31

Modification date

18/09/07 13:34

g

-

Element

<<component>>
Named

fembefQ : String

uttiplicity

El

E

la [Muttipii |
LG —
k<comporenas ~_ | / /
s N { / /
> \f\\ \ N\ / /
\ . N/ /

<<componen{>>
RedefineableElgment

| <<metaciass>>
havioredClass

|
\

>
|

s ompone
Class
! |
Class
-SupErTREs..

Class_

Set<E->Property>
Set<E->Operation>
g =" <flename>"

Figure 13: UML class diagram of the UML-like metamodel for the Bragg Forward Engineering
system for Java NeXusBeans. The metaclasses can write themselves as Java code string elements.
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7) Interpreting the NeXus templates

7.1)

Interpreting the NeXus data item type specifications

The type and dimensionality of a NeXus data item is specified using the type attribute.
Unfortunately, the notation currently employed is extremely overloaded and cryptic, presenting a
significant challenge to the NeXusBeans generator. At least the following cases have been

identified:
1. A character sequence:
<NXenvi ronnent > .. <programtype="NX CHAR'>
2. Avector of character sequences, of parametrised length:
<NXsanpl e> .. <conponent type="NX_CHAR n_conp]">
Note that n_conp is never even defined in the class !
3. Anumeric scalar of a given type:
<NXbean®. . <di st ance type="NX_FLOAT" units="nm>
<NXgeonetry nane="">.. <conponent _i ndex type="NX_|I NT">
4. A numeric scalar with a choice of type:
<NXl og>.. <raw value units="{..}" type="NX_FLOAT| NX_ I NT">
5. A numeric vector with a given type and given length:
<NXsanple> .. <sanple orientation type="NX FLOAT[3]" units="degree">
<Nxcrystal > .. <reflection type="NX_|INI[3]">
6. A numeric vector with a given type and parametrised length:
<NXsanple> .. <unit_cell _volune type="NX FLOAT[n_conp]"..>
7. A numeric vector with a given type and parametrised length with inline arithmetic:
<NXdetector>.. <tinme_of _flight type="NX_FLOAT[j+1]"..>
8. A numeric vector with given type and unknown length:
<NXbean® .. <incident_energy type="NX_FLOAT[:]" units="meV'>
9. A numeric vector with given NXtype and unknown length and index placeholder:
<NXbeant .. <flux type="NX FLOAT[i]" units="s-1lcm2">
10. A numeric vector with a choice of type and unknown length:
<NXdata> .. <variable type="NX FLOAT[:]| NX_INT[:]" ..>
11. A numeric matrix with given type and both dimensions known:
<NXcrystal > .. <orientation_matrix type="NX FLOAT[3, 3]">
12. A numeric matrix with given type, first dimension known, and second unknown:
<NXbean® .. <final polarization type="NX FLOAT[3,:]">
13. A numeric multi-array with a given type, unknown dimensionality, and unknown lengths:
<NXdata> .. <errors type="NX_FLOAT[:...]">
Note, the notation "..." is NOT defined in the METAFORMAT !
14. A numeric multi-array with a choice of type, unknown dimensionality, unknown lengths:

<NXdata> .. <data type="NX FLOAT[:...]|NXINT[:...]"
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15. A numeric multi-array with given type, at least one dimension, and an optional second
dimension, and index placeholders:
<NXevent _data> .. <pul se_hei ght type="FLOAT[i,k?]" units="">

16. A numeric multi-array with given type, one dimension parametrised, and the other
dimensions given:
<NXsanple> .. <unit_cell type="NX_FLCOAT[n_conp, 6])">
<NXsanple> .. <orientation_matrix type="NX FLOAT[n_conp, 3,3]">
Note that n_conp is never even defined in the class !

17. A numeric multi-array with choice of type, variable number of dimensions, and index
placeholders:
<NXdata> .. <data type="NX FLOAT[i,|,k?, [ ?]| NX INT[i,j,k?,1?]"
(the above example is from an older NXdat a version from 2006).

18. A data item with NXI og, NXnot e, NXdat a, NXsensor , or NXgeormet ry given as type:
<NXmoni tor>. . <integral _| og type="NXl og" units="">
<NXentry>..<thunbnai |l type="NXnote" m ne_type="{inage/*}">
<NXbendi ng_nagnet >. . <spectrum t ype="Nxdat a" >
<NXenvi ronnent >. . <posi ti on type="NXgeonetry">
<NXfilter>..<sensor_type type="NXsensor">

There are currently many errors in the specifications of types. For example:

<NXcrystal >. . <cut _angl e type=" "

<NXevent _dat a>. . <pul se_hei ght type=" [i,k?]" units="">

10 Note also error in type specification, FLOAT should be NX_FLQAT
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8) The need for inheritance and polymorphism in NeXus

At NIAC2006 D. Kelly made a strong case for the need for support for polymorphism in NeXus,
and likewise a case for the need for industry-standard inheritance notation, and presented examples
such as a family of detector classes, using graphical UML class diagrams. That investigation is
deepened here.

Inheritance is the ability of subclasses (inheritance children) to reuse features defined in base
classes. For example:

e Every NeXus group has a name attribute; there is no sense in redefining the name and its
documentation each time, rather the name can be inherited from an NXgr oup or even an
NXobj ect base class.

e There are a number of NeXus groups with zero or one NXgeonetry properties. These
<<geometrical>> classes can inherit from a common NXgeonet ri cal base class.

Polymorphism means “many formed”. There are a number of ways of handling polymorphism in
object-oriented languages, including generalization/specialization through inheritance and/or
extension, dynamic aggregation, or hybrids of these. In general, one wishes to identify independent
ontological axes in the domain and isolate these in the class model, to reduce coupling. For
example, a class for a neutron beam instrument that does not exploit time of flight (TOF) should not
have to refer to TOF. Similarly, a class for a neutron source that is not pulsed should not have to
refer to pulse characteristics, and a class for a neutron source should not have to refer to X-Ray
properties.

We now investigate some candidates for polymorphism amongst the current NeXus classes. In what
follows, <<analysis>> classes in UML models are distinguished from reverse-engineered
NeXusBean Java classes by a preceding "*'.
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8.1) Polymorphism candidate: NXchopper

[ Polymorphic choppers ]:|

Before polymorphism: similar and/or identical data item properties and definitions repeated in separate chopper classes

<<MeXusBean>> <<MNeXusBean>>
<<geometrical>> <<geometrical>>
NXidis k_chopper NXfermi_chopper

type_ : Type [0.1] — — | — 4 — |twpe_:Type [n“]']} - — - _ _
_ <<identigal>>

— rotati d_ : Rotati d [0..1
| rotation_speed_ : Rotation_speed [0..1] & — | ! lon_speed_ fon_speed [ !

dentical> - -

— — — [|slits_: Slits [1] — — num_ : Num [0..1] )
<<=documentation>>

<<similaf>>

|<<documentation=>
{fchopper type}?

<<documentation>>
{chopper rotation speed)?

<<documentation>>
{chopper rotation speed}?

<<documentation>>
{Number of slits}

{number of slits}?

radius_ : Radius [1 -ad i R 5 e — — —|==documentation>>
<<documentation=>> - - — |~ "adius_. : Radius [0.1] |— {radius of chopper}?

{radius to centre of slit} <<sipilar=>

| slit_angle_ : Slit_angle [1] | slit_ = Slit [0..1]

- <<documentation>>
{width of an individual slit}?

r_slit_: R_slit [0..1] - = - — 4 <<documentation>>
{radius of curvature of slits}?
: - <<documentation>>

. . . _ height_ : Height [0..1]
J slit_height_ : Slit_height [1] | {input beam height}?

- width_: Width [0.1] | _ _ _ — _
phase_ : Phase [0..1]
wavelength_ : Wavelength [0..1] |

<<documentations> ratio_ : Ratio [0..1] .
71 <=<documentation>>

| d high val f
{lowand high values o | absorbing_material_ : Absorbing_material [0..1] | {Wavelength transmitted by

<<documentation>>
{disc spacing in
direction of beam 7

_l pair_separation_ : Pair_separation [1] |

<<documentation>>
{total slit height}

<<documentation>>
{input beam width}?

wavelength range

transmitted)? | distance_ : Distance [0..1] | chopperf?
- |transmilting_material_ : Transmitting_material [0..1] |
I h_range_: W length_range [0..1] |
<<MeXusBean>> b - - — ::NE_X:SBEW:’;_ 0.1
nXgeometry_ : NXgeometry [0..1} Hidenticall>= nXgeometry_ : NXgeometry [0..1]
With polymorphism: many data item properties and definitions now shared
“NXchopper B

<<explanation>>
type_ : Type [0..1
ype_ : Type [ ] Although the meaning of radius is

L different in the subclasses, the data
- num_ : Num [0..1] item definition can be shared, with
- the documented role redefined in

= = h subcl text.
~| rotation_speed_ : Rotation_speed [0..1] £ach subciass contex

<<explanation>>

Common properties are
collected in an abstract -

base class. T -
radius _ : Radius [0..1] - = = — |~ N
=~ <<explanation>>

~ <<MeXusBean=> The isolation of properties
— T nXgeometry_ : NXgeometry [0..1] specific to chopper types
in subclasses enhances focus
_|on each chopper type's role
[ . - | '
- <<MNeXusBean>>
<<MNeXusBean>> . <<geometrical>>

<<geometrical>>
<<analysis>>

“NXidisk_chopper | slit_: Slit [0.1] | r_slit_ : R_slit [0..1]

slit_angle_ : SIt_angle [1] | | slit_height_ : Slit_height [1] | ——
| height_ : Height [0..1] | | “idth- : Width [0..1]
| pair_separation_ : Pair_separation [1] | ratio_ : Ratio [0..1]

| length_ : Wavelength [0..1] |

| phase_ : Phase [0..1] | | distance_ : Distance [0..1] |

“NXfermi_chopper

| absorbing_material_ : Absorbing_material [0..1] |

| I h_range_ : W I h_range [0..1] |

|t|'ansmilting_ma1er fal_ : Transmitting_material [0..1] |

Figure 14: A UML Composite structure diagram with part properties shows how data item
definitions and properties can be shared by different choppers by inheritance from an abstract base
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8.2) Polymorphism candidate: NXsource

[ Polymorphic sources ]J

<<MexusBean>>
<< geometrical=>
<<polymorphism candidate>>

NXs ource

<<renamed:>>>
extraName_ : ExtraName [0..1]

<<documentation>>

{Effective distance from sample{Distance as seen by
radiation from sample. This number should be negative
to signify that it is upstream of the sample J?

| distance_ : Distance [0..1] | -

<<explanation>>
This is an "animal with everything” class
definition, many of the data items do not
apply to all source types covered.
-

& &

| \

type_ : Type [0.1] —

<<documentation>>

“|"Spallation Meutron Source|"Pulsed Reactor Neutron Source"|"Reactor Neutron Source"|"Synchrotron
¥-ray Source"["Pulsed Muon Source"|"Rotating Anode X-ray"|Fixed Tube X-ray"?

power_ : Power [0..1] [~

<<documentation=>
{Source power}?

probe_ : Probe [0..1]

<<documentation=> >
neutron|x-

ray|muon|electron?

notes_ ! Motes [0..1]

<<MexusBean=>
nXgeometry_ : NXgeometry [0..1]

| current_ : Current [0..1] + N

| voltage_ : Vohage [0..1] +_

T <<=documentation=>>

{any source/facility related messages/events 1
that occurred during the experiment}?

<<documentation>>
{Accelerator current}? [—g

<<documentation=>>
{Accelerator voltage)?

<<explanation=>

Some properties only
~ Tapply to accelerators.

|top_up_ : Top_up [0.1] |

|
mode_ : Mode [0..1] !

|ta1'get_|na1erial_ : Target_material [0..1] T_ 7

<<documentation>>

{Pulsed source target material}{
depleted_U"["enriched_LU"|"Hg"["

intop_up mode}?

<<documentation=>
{Is the synchrotron operating

<<documentationz>

{synchrotron operating mode}
{"Single Bunch"["Multi Bunch"}?

P

| pulse_width_ : Pulse_width [n..1]T— -

| pulse_shape_ : Pulse_shape [0..1] +_ -

<<explanation>>

Some properties only
apply to synchrotrons.

5 -

| frequency_ : Frequency [0..1] + —

s
<<documentation > AN
{width of source pulse}? A
— N
~ _ N
<<documentation=>> . “
{source pulse shape}? [~ — - I S
<<documentation>> _— <<explanation>>

{Frequency of pulsed source}l? _ S0me properties only

—_ apply to puwised sources.

<<documentation>
{Period of pulsed sourcel?

<<analysi
“NXsour

<<MNexusbean>>
<<geometrical>>

5>>

Refactoring of NXsource employing polymorphism and aggregation

e

-distance_: Distanc

-type_: Type [0..1]

-extrabame_: ExtraMame [0.1]

-probe_: Probe [0..1]

e [0.1]

1]

<<explanation>>

A possible solution
employing a combination of
aggregation and inheritance.

i

“NXs

<<analysis>>

<<analysis>>

-power_: Power [0..
-notes_: Motes [0..1] P N
-n¥geometry_: Mxgeometry [0..1] y: N,

S
<<analysis>>
*NXaccelerator

0.1 |-current_: Current [0..1]

ource_pulsed

“NXreactor

-pulse_shape_
-pulse_width_:

-frequency_:F

-target_material_: Target_material [0..1]

-period_: Period [0..1]

cPulse_shape [0..1]

%‘

Pulse_width [0.1]

/ “NXaccelerator_linear

- <<analysis>>

<<analysis=>

requency [0..1]

“NXsynchrotron

-voltage_ : Voltage [0..1]

-mode_: Mode [0..1]
=top_up_:Top_up [0.1]
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8.3) Polymorphism candidate: NXdetector

TODO: deliberately postponed awaiting developments at NIAC2007.
Also only now have workaround for inconsistent NXdetector.xml on SVN.
See notes from detector discussions at NIAC2006.

8.4) Polymorphism candidate: NXshape

Already the specification's text invites polymorphism. Clearly what is needed is a public interface
with common shape aspects and extensible subclasses like NXcyl i nder, NXbox, NXspher e.

<l--
URL: http://ww. nexus. anl . gov/ cl asses/ xm / NXshape. xm
Editor: N AC
$l d: NXshape.xm 4 2005-07-19 04:10:26Z rio $
This is the description of the general shape and size of a
conponent, which may be made up of "nunobj" separate el enents -
it is used by the NXgeonetry.xm class
-->
<NXshape nane="{nane of shape}">

<shape type="NX_CHAR"'>

{"nxcylinder", "nxbox", "nxsphere", ...}?
</ shape>
<si ze type="NX_FLOAT[ nunpbbj, nshapepar]" units="neter">

{physi cal extent of the object along its |ocal axes (after
NXorientation) with the center of mass at the local origin (after Nxtranslate).}
{The meani ng and | ocation of these axes will vary according to the value of the "shape"
vari abl e. nshapepar defines how nany paraneters.
For the "nxcylinder" type the paranters are (dianeter, height).
For the "nxbox" type the paraneters are (length,w dth, height).
For the "nxsphere" type the paraneters are (diameter).}?

</size>
</ NXshape>
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8.5) Polymorphism candidate: NXmonochromator

The NeXus class NXnonochr omat or . xm is documented as a “base class”!':

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

<l--

URL: http://ww. neutron. anl . gov/ nexus/ xm / NXmonochr omat or . xmi
Editor: N AC

$1 d$

This is a base class for everything which selects a wavel ength or energy, be it a
nmonochromator crystal, a velocity selector, a undul ator or whatever

-->
<NXrmonochr ormat or nane="nanme of nonochromator">
<l--
expected units
wavel engt h: angstrom
ener gy: eV
-->
<wavel ength type="NX_FLOAT[]" units="{unit}">
{wavel engt h sel ect ed}
</ wavel engt h>
<wavel ength_error type="NX_FLOAT[]" units="{unit}">
{wavel engt h standard devi ati on}
</wavel ength_error>
<energy type="NX_FLOAT[]" units="{unit}">
{energy sel ect ed}
</ energy >
<energy_error type="NX_FLOAT[]" units="{unit}">
{energy standard devi ati on}
</ energy_error>
<NXdat a nane="di stri bution"/>
</ NXmonochr onmat or >

However, candidate subclasses like NXcr yst al do not yet take advantage of this base class, and
there is no agreed notation to indicate the inheritance. Also, similarly named data items do not yet
agree:

<NXcrystal >. . <wavel ength type="NX_FLOAT[i]" units="Angstroms"> {Optimum di ffracted
wavel engt h} ? </ wavel engt h>

11 The introduction of an NXmonochromator base corresponds with a suggestion made by Darren Kelly at NIAC2006.
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9) NeXusBean classes as XML Schema elements

Once the NeXus system is encapsulated as Java it can be transformed to an XML Schema in a tool
like Magicdraw UML. However, although advanced tools like Magicdraw UML can capture all of
the necessary features of the XML Schema language, Java (unless assisted by an advanced
annotation system like EMF) cannot easily capture all of the information required for a robust XML
Schema, so the resulting schema is at best a structurally valid data modelling starting point. In
particular, the multiplicities of properties are not encapsulated in Java, so some manual vetting of
the intermediate UML model is required, as has been performed in the UML models in this report.

9.1) Transformation of Java NeXusBeans via UML to XML Schema

TODO: XML Schema element examples: have now changed due to scalar/vector/multi base
ALSO, use of Java5 generics poses issues for Magicdraw UML transformation engine.

9.2) The Eclipse Modelling Framework (EMF) as bridge to an XML Schema
TODO: Lower priority, may become separate report. EMF can't handle multi-dim data easily.

46/52



NeXusBeans: object-oriented software components for the NeXus
scattering science data format using Java, UML, and XML Schema

10) NeXus instance modelling

So far we have examined mostly class-level models of the NeXus system. We now examine some
techniques for building XML instance files and graphical instance models consistent with (validated
against) the NeXus class model.

10.1) NeXus instance modelling Java

We have already seen above how one can build a NeXus instance model directly in Java code (and
how that can be serialized as XML). An example of the Platypus reflectometer in Java was given.
There are the following aspects of validation:

e At compile-time, the NeXusBeans bean setters/getters specify exactly which attribute
properties and which group properties (children) are permitted, and this feature may be
exploiting in modern Java IDEs (like Netbeans or Eclipse) that prompt on those
setters/getters.

e At run-time, the NeXusBeans exception system can be used to enforce allowed
multiplicities.

10.2) NeXus instance modelling in XML tools

We now wish to examine ways of achieving similar validation for NeXus XML instance files.

10.2.1) NeXus XML instance editing in Netbeans IDE with schema validation
The Netbeans IDE offers extremely powerful XML support'?, including:

e very convenient XML file editing with XML cold-folds and coloured markup

e complete in-built support for validation against Schema

e dynamic prompting against permitted attributes, enumerations, and child types.

e asuperb “cascading” graphical schema editing facility

10.2.2) (NeXus instance file modelling in Altova XML SPY)

This section omitted; readers are encouraged to investigate this powerful commercial XML tool,
which offers navigation of XML structures as graphical trees with validation against XML schema.

12 In the opinion of the primary author Netbeans IDE XML support is far more powerful than the Eclipse XML tools.
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10.3) Graphical NeXusBean instance modelling in UML and SysML

There are times when one might wish to graphically represent a NeXus file instance, or parts of the
structure of such a NeXus file, as a graphical NeXus model instance. It affords an alternative
perspective on the NeXus system, and has some illustrative value. Ideally, it would be nice to be
able to generate a valid NeXus file graphically using a constrained graphical environment.

“Wouldn't it be nice if one could just drag n' drop NeXus components
from a palette onto a diagram to build a model.”"

Thomas Proffen', NIAC 2006

With NeXusBeans one can, and Kelly demonstrated that at NIAC2006. however there are some
substantial limits on its practicality due to the UML metamodel (some of which the SysML systems
engineering extension of UML addresses).

There are at least three ways to handle “instances” in UML", none of them satisfactory for the
purpose of practical NeXus modelling. They are presented here for the record, with a clear caveat:

“UML and current tools are not nearly as well suited to practical graphical
NeXus instance modelling as my original enthusiasm at NIAC2006 suggested.
The SysML systems engineering effort for UML may help solve that.”

Darren Kelly, Bondi, 2007

Nevertheless, UML instance models of NeXus have some illustrative value. Please note also that
the caveats here do not apply to NeXusBean class modelling with UML, which is powerful,
practical, and convenient.

10.3.1) NeXusBeans models as Lifeline instances in communications diagrams
e con: no facility to specify values

e con: no nesting allowed

10.3.2) NeXusBeans models as InstanceSpecifications in object diagrams:
e pro: it is possible (after the metamodel) to specify values using the Slot mechanism
e con: the assignment of values to Slots is extremely tedious in all known UML tools

e con: there is only contrived graphical nesting (which is specific to UML tools)
and there is no validation of allowed children (compare with validated parts of composites)

This strategy can only be considered a UML novelty. It requires intimate knowledge of the UML
metamodel for Slots and InstanceSpecifications, incredible patience with the UML tool. and it is not
recommended. See Figure 15 for an example. WARNING: do not try this at home !

13 Apologies if misquoted by Darren Kelly.
14 Lujan Neutron Scattering Center, Los Alamos National Laboratory, USA
15 UML experts will no doubt know that instance, roles, and parts are subtly different.
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[ MexusBeans model as UML InstanceSpecifications in an object diagram ]|
r

root : NXroot

n¥entry_ = entryl, entry2

creator_ = Darren Eelly using Magicdraw UML

entryl : MXentry

nEsample_ = silicon wafer
MXUSEr_ = neutron scientist
nedata_ = dl, d2
start_time_ =1l

end_time_ = t2

11 : Start_time

content = 2007-08-29
0000

12 ¢ End_time

content = 2007-08-29
00:20

| neutron scientist : NXuser |

| silicon wafer : NXsample |

nbi : NXinstrument

nxdisk_chopper_ = chopper
n¥collimator_ = collimator
n¥detector_ = detector

| chopper : NXdisk_chopper |

| collimator : NXcollimator |

| detector : NXdetector |

dl : NXdata - -
d2 : NXdata - = = — =

entry2 @ MNxentry

< <WARMING=> >
This modelling process is
extremely tedious and
impractical, and serves only as an
investigation of the approach !

AN

The values assigned to
property Slots are explicitly
shown to indicate a degree of

validation against allowed
properties {(although in fact any

InstanceSpecification may
be graphically placed in a
parent in Magicdraw UML 12.5

~[Since the start time

and end time are
data items their

values are deeply
stored as objects.

1Minimal instrument
sufficient for this
demo only.

One would not

Inormally need to

show data content in
a MeXus model.

Figure 15: A simple NeXus instance model using UML InstanceSpecifications
and Slots in a UML object diagram.
Not recommended practice, shown as proof-of-concept only.
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10.3.3) NeXusBeans using UML part Properties within composite structures
e pro: strong graphical nesting support for Parts
e pro: strong validation of permitted child Parts
e con: values of Parts cannot be specified independently of the owning composite Class

Composite structures lend themselves well to NeXus structural modelling, due to their deeply
nested hierarchical nature, however the difficulty in defining complete value configurations from
top-to-bottom has been identified by many users as a major problem with UML2 metamodel,
especially when used for systems modelling.

That problem is being addressed by the OMG's SysML effort, which extends UML2 to add features
required for practical systems engineering. SysML introduces the concept of a property-specific
type, which effectively creates an on-the-fly “subclass per part” that can carry values of a part
specific to a context. This enables one to specify the values for an entire system, where the top-level
composite provides the context for the entire configuration.

10.3.4) NeXusBean instance models using SysML parts within SysML blocks
TODO low priority. Requires property-specific types, not yet implemented in Magicdraw UM L

11) Recommendations for changes to the NeXus Metaformat

11.1) Recommend: separate dimensions and types in data items

Example:

<wavel engt h_range type="NX_FLOAT" di nmensionality="1" dinensions="2" units="nn'>..

<orientation_matrix type="NX_FLOAT" dinensionality="2" dinmensions="3, 3"
uni ts="nni'>. .

Stronger option: type and dimensions as separate XML elements:

<orientation_matrix>
<t ype="NX_FLOAT" >
<di mensi ons>
<di mensi on>3</ <di mensi on>
<di nensi on>3</ <di nensi on>
</ di nensi ons>
</type>

11.2) Issue: clarify data items typed by NXgroups:

How should this be treated ?
NXentry. xm : <thunbnail type="NXnote" m nme_type="{inage/*}">
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11.3) Recommend: enumeration definitions

Recommend: occurrence information be instead given as the XML Schema-like attributes
m nCccur s and maxCccur s:

<NXentry nanme="{entry nane}" m nCccurs="1">

11.4) Recommend: units should be imported, rather than defined as strings
Concerning the uni t s data item attribute the NeXus design specifies that:

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

However, the NeXus templates often depart from this recommendation, and there is no digitical
enforcement of the policy. Consider definitions such as'mi li *netre',and"' m cro. second'
found in NXdet ect or . xnl . The current UDUNITs definition is available at:

http://www.unidata.ucar.edu/software/udunits/udunits-1/udunits.txt
A candidate for improved units definition is the Units Markup Language (UnitsML) effort at NIST:

http://unitsml.nist.gov/
UnitsML is a project underway at the National Institute of Standards and Technology (NIST)
to develop a schema for encoding scientific units of measure in XML.

11.5) Recommend: use term 'kind' of all implied enumerations.
Example, NXshape has a data item Shape with possible values
{"nxcylinder", "nxbox", "nxsphere", ...}?

The data item name Shape clashes with the group name NXshape, and would be more
understandable as the Ki nd of NXshape, in line with popular UML and Java practice.

12) On NeXusBeans and the NeXus instrument definitions

The NeXus format also proscribes instrument definitions based on the NeXus classes. In principle,
many of the stategies employed here could be expanded to include instrument schema, however that
ambitious goal requires further development of the NeXusBeans class system subject to substantial
NeXus metaformat review and/or adoption of XML Schema.

13) Conclusion
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15) Appendix
TODO: Move large Java file code listings to here ?
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