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Introduction

This is a manual for version 2 of XCEDE (XML-based Clinical and Experimental Data Exchange).
XCEDE 2 isan extensible schema designed to enable the transfer and storage of several types of scientific
dataand metadataincluding (but not limited to) clinical, demographic, behavioral, physiological andimage
data. The target audience for this manual is anyone who is interested in using or learning more about
XCEDE 2. This manual will serve as both atutorial and as a reference.

Though the schema was designed in the context of neuroscientific projects, the structure of the schemais
quite generic and can be applied asisto awide variety of scientific disciplines.

1. Manual structure

This manual has two parts. Part | describes the various components of XCEDE 2 and describes the
specification in some detail. Part Il isamore practical guide to the use of XCEDE 2, providing guidance
to those users who wish to extend the schema to represent project-specific metadata, or integrate XCEDE
2 into software applications and services.

2. Development

XCEDE 2 development started as an effort to “harmonize” the uses of XML within the testbeds of
the Biomedical Informatics Research Network [BIRN] and their collaborators within the neuroscientific
community. The feedback from these discussion sessions led to an initial prototype (based on XCEDE
1.0) of anext-generation schema. Over the course of four months of daily tel econferences, the first public

release of XCEDE 2 took form.

XCEDE 2 hasitsoriginsin various XML schemas devel oped for collaborative neuroinformatics projects,

including:

fMRI Data Center schema fMRI Data Center schema
a general scientific metadata storage
framework.

XNAT (Extensible Neuroimaging Toolkit) XNAT (Extensible Neuroimaging Toolkit)
database and web service designed to
facilitate management and exploration of
neuroimaging and related data.

BIAC XML Header schema BIAC XML Header schema
provides aformat-agnostic interface to image
data and is the basis for the binary data
resource in XCEDE 2.

BIRN Data Provenance schema BIRN Data Provenance schema
records the history of processing stepsand is
thebasisfor the<pr ovenance> elementin
the schema

XCEDE (1.0) SPM Toolbox XCEDE (1.0) SPM Toolbox

provides a genera framework (and
MATLAB interface) for storage and retrieval
of thresholded statistical parametric mapsand
associated anatomical labels.

Vii



Introduction

The primary developers of XCEDE 2 are (in aphabetical order): Syam Gadde (Duke University), Jeff
Grethe (University of California, San Diego), Dave Keator (University of California, Irvine), and Dan
Marcus (Washington University, St. Louis), al of whom have received support for this project through
various BIRN testbeds. Nicole Aucoin (Brigham & Women's Hospital, Harvard University) led the
development of the Data Provenance schema.

3. For More Information

XCEDE is an evolving format -- later versions will be informed by feedback from users and devel opers.
Thelatest schemaand rel ated information can be found on the project'sweb page at http://www.xcede.org/.
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Part |. XCEDE 2 Core Specification

Thissection of the XCEDE 2.0 manual focuses on the high-level structure and major components of the X CEDE 2 Core
schema. Each chapter contains a description of the component and provides examples of usage. The examplesin this
section are largely drawn from neuroscientific metadata, as this data served as the driving force behind development.
However, these examples are by no means comprehensive; the schema was designed to be generally applicable (and
extensible) to many types of scientific data, and this manual by necessity focuses on only afew.




Chapter 1. Structure and Conventions
1.1. The XCEDE 2 Dataset

An XCEDE 2 dataset is a data repository (stored in files, databases, or using other storage mechanisms)
that can be represented as a collection of one or more XML documents, each of which validates against
the XCEDE 2 XML schema (Appendix A). The X CEDE 2 specification does not prescribe any particular
mechanism by which these documents are located, stored, grouped, or linked, though XCEDE 2 allows
certain XML elements to link to other target elements and to optionally specify URLSs as hints as to the
location of the documents containing these targets.

For example, agiven XCEDE 2 dataset may be stored as asingle XML document, or a collection of files
inasingledirectory on afile system, or may be distributed within ahierarchical directory structure (which
may or may not reflect the structure of the data within), or may be stored within a database accessible
by query through a web interface. The semantics of the dataset should be fully reflected in the XML
representation, and should not be dependent on how the dataset is stored.

A schema-compliant XCEDE 2 document must be a valid XML 1.0 document [XML10], and must
have one root element, <XCEDE>, which (like al other XCEDE 2 elements) is in the http://
www. xcede. or g/ xcede- 2 XML namespace.

Severa major componentsof the X CEDE 2 dataset are represented as children of the X CEDE root el ement.
These components include:

» Experiment hierarchy. The components in the experiment hierarchy are represented by elements
<proj ect >, <subj ect >, <vi si t >, <st udy>, <epi sode>, <acqui si ti on>. These are
described in more detail in Chapter 2.

« Data. Theelement <dat a>isusedto store actual datawithinthe XML document. Examplesinclude
events (Chapter 6) and assessments (Chapter 8).

» Data resources. Represented by the element <r esour ce>, these point to external files which
store actual data. See Chapter 3.

* Analyses. The <anal ysi s> element encapsulates metadata about data that is derived from one
or more inputs, whose data may be represented by other XCEDE components, such as <dat a> or
data resources. See Chapter 9.

e Protocals. Structures to describe the expected course of an experimental paradigm are provided by
the <pr ot ocol > element. See Chapter 7.

Other XCEDE components appear as subcomponents of other XCEDE structures:

» Data provenance. The <pr ovenance> element appears in the types anal ysi s_t (on which
the <anal ysi s> element is based) and dat aResour ce_t (one of the available data models for
the top-level <r esour ce> element). See Chapter 5.

* Comments and annotations. The <coment Li st > and <annot at i onLi st > elements
provide mechanismsto store, respectively, descriptivetext regarding thereal-world entities or concepts
represented by the associated XML element, or about the stored XML element itself. These are
available in all elements based on abstract cont ai ner _t, which includes all the hierarchy
eementsand <anal ysi s>.

« Informational resources. These point to documentation that may illuminate aspects of the data,
data collection, protocol, etc. -- these might include peer-reviewed publications, equipment manuals,
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and others. Informational resources are represented in thetypei nf or mat i onResour ce_t which
isused in the <r esour ceLi st > element in abstract _cont ai ner _t (as with the comments
and annotations).

Terminology. Variouselementsin XCEDE 2 includetheattributegroupt er mi nol ogy_ag or use
thetypet er m nol ogySt ri ng, which allow the user to associate them with terms from particular
nomenclatures/ontologies. For example, a subject's <speci es> may refer to a standard term listed
in awell-known public nomenclature. See Chapter 10.

1.2. XCEDE 2 Schema conventions

The XCEDE XML document structure is defined using W3C XML Schema language [ XML Schemal0].
With a few exceptions, the XCEDE 2 XML schema subscribes to the following conventions and best
practices.

Naming and capitalization.

Element and attribute names are aphanumeric (<pr oj ect >). All letters are lowercase, with the
exception of acronyms, which are uppercase (<XCEDE>, pr oj ect | D), and, in multi-word names,
theinitial letters of the second and following words which are capitalized (<dat aResour ceRef >).
For the purposes of thisrule, | D (for “identifier”) is considered an acronym.

Schema type names (which do not appear in XML instance documents except in xsi :type
attributes) follow the same naming conventions as element and attribute names, but have
the _t suffix (anal ysis_t). If the type is “abstract”, then it has an abstract _ prefix
(abstract _cont ai ner _t).

Attribute group names (which do not appear in XML instance documents) follow the
same naming conventions as element and attribute names, but have the _ag suffix
(al I Level Ext er nal | Ds_ag).

Schema best practices.

Follow the schema versioning best practices recommended by Roger Costello in
[CostelloSchemaV ersioning]. Some of the implications are listed below:

e The XCEDE namespace will change for major versions, but not minor versions. So,
the namespace is as follows. htt p://ww. xcede. or g/ xcede- maj or _ver si on. For
example: ht t p: / / www. xcede. or g/ xcede- 2

e XSD fileswill be named xcede- VERSI ON- DOVAI N. For example: xcede- 2. 0- cor e. xsd

« All elements should have a corresponding named conpl exType. For example: <pr oj ect > is
of typepr oj ect _t.

* The schema prescribes that some elements precede or follow other elements -- document creators
should follow this strictly. However, applications should be written without expecting a particul ar
element order, in case later versions of the schema change the order of elements. That is, be
conservative in what you write, but liberal in what you accept.

This is not to say that element order is not important -- the relative order of multiple elements
with the same name should be preserved and can be relied upon by applications. So, if the schema
specifies the content model of an element to have multiple <A> children and then multiple <B>
children, applications should treat a dataset the same whether al the <A> children came before
or after (or even interleaved with) the <B> elements, but all <A> elements should be presented to
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the application in the same order they appear in the document. The corollary isthat the semantics
of any XCEDE 2 element must not depend on the order in which differently-named children are
presented in the document.

Document validation.

The structure of an XCEDE 2 document can be validated using the XCEDE 2 Core schema. Several
XML Schemavalidators are available to perform this task. Validating against the schemawill ensure
that generic XCEDE 2 parsers can read the document.

Users may wish to perform content-based validation of an XCEDE document, for example, to make
sure that “MR” image metadata stored in an XCEDE document have certain required fields such as
TR, TE, magnet field strength, etc., and that their values fall within reasonable ranges. This kind of
validation is not possible using XML Schema. However, other content-based schema languages exist
for this purpose, most notably Schematron [Schematron]. As long as the XCEDE 2 Core schemais
structurally sufficient to represent datafor agiven project or type of data, using acontent-based schema
language such as Schematron allows usersto restrict or “ speciaize’ the content of XCEDE documents
without needing to modify or extend from the XCEDE 2 Core schemaitself.




Chapter 2. Experiment Hierarchy

2.1. Overview

As illustrated in Figure 2.1, the XCEDE experiment hierarchy consists of several levels representing
divisions of experiment data at various granularities. Elements at each level contain level-specific “info”
elements, whose schema types may be derived to store experiment-specific or data modality-specific
metadata. The linking mechanism between levels is flexible enough to support the omission of levels if
the schema user finds them unnecessary.

Figure2.1. XCEDE hierarchy

|
| q

Subject group Y | Subject 3
|

// \\\

| |

1 |

' Subject 2 = = ;

1 ] ] \ PSSR S

. ‘ — ~—

w , - . ~.

N /' y Subject 1 S

g e / N -
/Visit 1 Visit 2 B

Study — ]
Study - MR Clinical interview

|

|

|

Episode —task run 1 Episode — task run 2 .
S i I
Acquisitions Acquisitions |
B, - ], [ — i \
i

2.1.1. Hierarchy Levels

In the typical intended usage, a project is the top-level division of experiment data, and represents a
research project which collects and analyzes data from one or more subjects which are divided (within the
project) into subject groups. A subject may be amember of multiple research projects, and it is the subject
group that maintains and di stingui shes the mappings between subjects and research projects.
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A visit may represent a subject's appearance at an experiment “site” (for collaborative projects, this could
betheinstitution or lab at which the datais being collected or analyzed). A visit may be further subdivided
into one or more studies, each of would consist of one or more data collection episodes.

Visit and study are more or less arbitrary divisions of the data that exist for convenience, and do not in
themselves have any inherent meaning as far as the schemais concerned. However, an episode does have
ameaning, and is intended to represent a unit of data collection by one or more instruments over agiven
time interval. Each set of data collected (perhaps by different instruments) over this time interval should
be represented by an acquisition. Multiple acquisitions within an episode should be understood to occur
simultaneously over the time interval represented by the episode. So, for example, an episode in an fMRI
study may encapsul ate the acquisition of atime-series of volume images from an MR scanner, as well as
other acquisitions of behavioral or physiological data; all these (ssmultaneoudly collected) data would be
stored asindividual acquisitions and stored as part of the same episode.

At first thought, it might seem natural to represent the experiment hierarchy as described as a traditional
XML hierarchy, where higher-level elements encapsulate lower-level elements as child elements.
However, in XCEDE, al level elements (<pr oj ect >, <vi si t >, etc.) are stored as children of the
root <XCEDE> element. Links between levels are implicit in the level 1Ds assigned to each element and
propagated to elements in lower levels. The great benefit of this approach is that applications are easier
to write because all major elements are stored in the same place (under the X CEDE root element), and
that XCEDE documents can be merged by merely concatenating the lists of top-level elements under a
single X CEDE root element. Another advantage is to allow users of the schemato omit levels merely by
omitting the unnecessary elements and IDg/links.

2.1.2. IDs and Linking

Specifying one or morelevel IDsallowsoneto explicitly definethe hierarchical relations between X CEDE
elementsin different levelsin the experiment hierarchy. Every level element has a set of these level 1Ds,
composed of the element's own | D attribute, plus its “ancestor” ID attributes, indicating which higher-
level elements have this element in their scope. For example, the<vi si t > element contains the ancestor
ID attributes subj ect Gr oupl D, subj ect | D, and pr oj ect | D. Level elements are linked to their
ancestors in the hierarchy by sharing the appropriate subset of level IDs. In addition, any level element
can linked from another X CEDE element that likewise specifies the appropriate level 1Ds.

For example, alink to a visit element may specify vi si t | D, subj ect | D, subj ect G oupl D, and
pr oj ect | Dattributes, and al evel attributewiththevaluevi si t , indicating that thislink isto avisit
element. An application resolving this link will search for avisit element in the XCEDE 2 dataset whose
attributes match those specified in the link (the vi si t | D attribute in the link is matched against the | D
attribute in the visit element).

Though the individual | D attributes are not required to be unique, the set of these level IDs applied to a
level element must be unique. In addition, any link to alevel element must provide enough level 1Ds to
uniquely describe asingletarget level element. Level 1D attributes not specified in thelink are understood
to match any value, but alink must specify enough of these IDs match at most one level element.

The elements that can link to level elements are <cat al og>, <r esour ce>, and <dat a> (children
of the <XCEDE> root element), and <i nput Ref > and <out put Ref > (children of the <anal ysi s>
element). As previously described, level elements (except for <pr oj ect > and <subj ect >, which are
at the top of the experiment hierarchy), by virtue of specifying their own ancestor 1Ds, automatically
incorporate links to their ancestor elements.

2.2. Examples
2.2.1. Metadata hierarchy
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The metadata hierarchy illustrated in Figure 2.1 can be represented in XCEDE as shown in Figure 2.2
(only those elements/attributes relevant to linking are shown; the actual metadata contents of the elements
are omitted for space). Note that subject “1” in theillustration is represented in two different projects, and
so the corresponding <subj ect > element may be an ancestor for visits in both project “A” and “B”.
However, the subject's role in each project is specified by the combination of the project ID and subject
group ID (defined in the subject group lists in <pr oj ect >), and these are used in every level element
starting with <vi si t > and below.

Figure 2.2. Metadata hierarchy instance

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2" version="2.0">
<project ID="A">
<proj ect | nf o>
<subj ect Gr ouplLi st >
<subj ect G oup | D="X">
<subj ect | D>1</ subj ect | D>
<subj ect | D>2</ subj ect | D>
</ subj ect G oup>
</ subj ect Gr ouplLi st >
</ proj ect | nf o>
</ proj ect >
<project ID="B">
<proj ect | nf o>
<subj ect Gr ouplLi st >
<subj ectGoup | D="2Z">
<subj ect | D>3</ subj ect | D>
</ subj ect G oup>
</ subj ect Gr oupLi st >
</ proj ect | nf o>
</ proj ect >
<subject ID="1" />
<subject ID="2" />
<subject ID="3" />
<visit |D="1"
proj ectl D="A" subject|D="1" subject G oupl D="X" />
<study |D="MR scan"
project| D="A" subject|D="1" subjectGoupl D="X" visitlD="1" />
<epi sode I D="task run 1"
project| D="A" subject|D="1" subjectGoupl D="X" visitlD="1" studyl D="MR"' />
<acqui sition | D="M i nage"
proj ect| D="A" subject|D="1" subject Goupl D="X" visitlD="1" studyl D="M"
epi sodel D="task run 1" />
<acqui sition | D="behavi oral data"
proj ect| D="A" subject|D="1" subject Goupl D="X" visitlD="1" studyl D="M"
epi sodel D="task run 1" />
<acquisition |ID="heart rate"
proj ect| D="A" subject| D="1" subject Goupl D="X" visitlD="1" studyl D="M"
epi sodel D="task run 1" />
<study ID="dinical interview'
project| D="A" subject|D="1" subjectGoupl D="X" visitlD="2" />
<l-- ... etc. ... -->
</ XCEDE>




Chapter 3. Binary Data Resources

3.1. Overview

The XCEDE 2 Binary Data Resource component is used to provide a generic interface to a binary data
stream stored in one or more external files. Any of the binary data resource types described in this chapter
can be used anywhere an abst ract _resource_t is called for (with the appropriate xsi : t ype
attribute); in the current XCEDE schema, these locations are the top-level <r esour ce> element and the
<dat aResour ce> child element of <acqui si ti on>.

XCEDE provides multiple layers of derived typesto store more specialized information about the binary
data. The base type and each of the derived types are described in turn.

abstract _resource_t. The abstract base type abstract _resource_t provides a few
elements and attributes that are especially important for binary data resources. In particular, the <ur i >
element and its of f set and si ze attributes point to a “chunk” of data stored in an external file. A
seriesof <ur i > elements define a stream of datathat may be described in greater detail by the data types
described below.

bi nar yDat aResource_t . This type derives from abstract _resource_t and alows an
application to interpret the data stream as a sequence of data items with a given data type
(<el ement Type>) and byte order (<byt eOr der >).

di nensi onedBi nar yDat aResour ce_t . Thedatastream, until now, could only beinterpreted as

aone-dimensional sequence. Thistype provides<di nensi on> elementsthat allow the data stream to be
interpreted as amulti-dimensional array of dataitems. Each dimension hasa<si ze>and a<| abel >, as
well as the ability to discard subsets of the datain the data stream (using the out put Sel ect attribute).

mappedBi nar yDat aResour ce_t . This type places the multi-dimensiona array of data items
represented by di nensi onedBi nar yDat aResour ce_t into an arbitrary coordinate system.

3.2. Examples

3.2.1.

Several examples of binary data are presented here, each showing the use of one of the different binary
data types described in this chapter.

Basic data stream

The basic binary data resource type describes a sequence of data items. For example, consider a data
file (random dat a_fi |l e. bi n) containing 2048 random 32-bit floating point numbers, stored in
little-endian (least-significant-byte first) order. The <dat aResour ce> describing this datais shown in
Figure 3.1.

Figure3.1. Smplebi nar yDat aResour ce_t example

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xm ns: xsi =" http://ww. w3. org/ 2001/
XM.Schema-i nst ance' version="2.0">
<resource xsi:type="bi naryDat aResource_t">
<uri offset="0" size="8192">randomdata_file.bin</uri>
<el enent Type>f | oat 32</ el enent Type>
<byt eOr der >l sbfirst</byteO der>
</ resource>
</ XCEDE>
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3.2.2.

Notethexsi : t ype specifying that this<r esour ce> elementisof typebi nar yDat aResour ce_t.
(Thexsi : prefix should have already been declared previously in the XML file using something similar
toxm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schenm- i nst ance")

The <el ement Type> element is restricted to one of several pre-defined strings (see the schema for
details). The <byt eOr der > element must be | sbf i r st for little-endian data or msbf i r st for big-
endian data.

If the <conpr essi on> element is specified, it specifies that the file(s) pointed to by the <uri >
elements are compressed. The content of the element should specify which type of compression (the
only compression method specifically recognized by this specificationisgzi p). Thesi ze and of f set
attributes in the <ur i > element always refer to the uncompressed data. An example of thisis shown in
Figure 3.2.

Figure 3.2. bi nar yDat aResour ce_t with compression

<?xm version="1.0" encodi ng="UTF-8"?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2" xml ns: xsi =" http://ww. w3. or g/ 2001/
XM.Schema- i nst ance' version="2.0">
<resource xsi:type="bi naryDat aResource_t">
<uri offset="0" size="8192">randomdata_file.bin.gz</uri>
<el ement Type>f | oat 32</ el enent Type>
<byt eOr der >| sbfi rst </ byt eOr der >
<conpr essi on>gzi p</ conpr essi on>
</ resource>
</ XCEDE>

Asaspecial case, if the application does not find the file pointed to by a URI, and the <conpr essi on>
element is not present, it may search for the same file with an appended . gz suffix, and if it exists,
treat it as implicitly gzip-compressed data. Figure 3.3 shows how the same data in Figure 3.2 could be
expressed using this alternative method. Pointing to the uncompressed version of the file (even when only
the compressed version exists) allows the user to decompress or compress the data file at will, without
affecting the ability of the application to read the data using the same bi nar yDat aResource_t.
Note that the <uri > and <conpr essi on> elements must be internally consistent. It would be an
error to reference the uncompressed filer andom dat a_fi | e. bi n and yet say that it was compressed
using <conpr essi on>gzi p</ conpr essi on>. Likewise, explicit references to the compressed file
(especially files that do not have the . gz suffix) must specify the compression method explicitly using
theconpr essi on element.

Figure 3.3. bi nar yDat aResour ce_t with implicit compression

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xml ns: xsi =" http://ww. w3. org/ 2001/
XM.Schena-i nst ance' version="2.0">
<resource xsi:type="bi naryDat aResource_t">
<uri offset="0" size="8192">randomdata_file.bin</uri>
<el enent Type>f | oat 32</ el enent Type>
<byt eOr der >l sbfirst</byteO der>
</ resource>
</ XCEDE>

Dimensioned data

Consider a camera that acquires an image using a 256x256 matrix of big-endian 32-bit signed integer
voxels. This data has two spatial dimensions, which, by convention, we label x, and y (and z if a third
spatial dimension is needed, and t if there is a time dimension). Figure 3.4 shows how this data might
be represented.
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3.2.3.

Figure 3.4. di nensi onedBi nar yDat aResour ce_t example

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xml ns: xsi =" http://ww. w3. org/ 2001/
XM_.Schema-i nst ance' version="2.0">

<resource xsi:type="di mensi onedBi nar yDat aResource_t">

<uri offset="0" size="262144">rawdata.ing</uri>

<el enent Type>i nt 32</ el enment Type>

<byt eOr der >nsbfirst </ byt eOr der >

<si ze>256</ si ze>
</ di mensi on>

<si ze>256</ si ze>
</ di mensi on>

</ resource>

</ XCEDE>

Dimensions are ordered from fastest-moving to slowest-moving. So in the above example, thex dimension
index changes on each consecutive data item, but the y dimension changes every 256 elements.

Mapped data

A “mapped” binary data resource is a (perhaps multidimensional) array of values, the matrix indices of
which can be convertedinto alocationin agiven coordinate system. Thelocation of the bounding box of the
datain this spaceis given by specifying alocation (in target-space coordinates) for the the first data item,
and two things for each dimension: a unit-length direction vector (in the target-space coordinate system)
and the spacing between successive data items in that dimension. The transformation matrix for a three-
dimensional coordinate system hastheform shownin Figure 3.5. Thistransformation matrix convertsfrom
matrix indices ( x, y, z) toacoordinate location ( a, b, c) . Figure 3.6 shows how the components of a
transformation of MR image datainto scanner RAS (Right/Anterior/Superior) coordinates are represented
inamappedBi nar yDat aResour ce_t . The unit vectors for each dimension are (Xa Xg X¢c) =(10
0), (YaYsYc)=(010),and (Za Zg Zc) = (00 1), and are placed in the <di r ect i on> elements
in each <di nensi on> element. The spacing values (Sx Sy Sz) = ( 3.75mm 3.75mm 4mm ) are put in
the<spaci ng> element in each <di mensi on>. The coordinates of the first voxel in the dataare given
by (Oa Og Oc) = (-120-120-52).

Figure 3.5. Transformation matrix
Xa Yo Zn Onl [Sa
Xs Ys Zg Og| |0
Xe Yo Ze Ogl |0
O 0 0 1 0
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Figure 3.6. mappedBi nar yDat aResour ce_t example

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xml ns: xsi =" http://ww. w3. org/ 2001/
XM.Scheme-i nst ance' version="2.0">
<resource xsi:type="mappedBi naryDat aResource_t">
<uri offset="0" size="442368">V0001.i ng</uri>
<uri offset="0" size="442368">V0002.ing</uri>
<uri offset="0" size="442368">V0003.ing</uri>
<uri offset="0" size="442368">V0004.i ng</uri>
<uri offset="0" size="442368">V0005.i ng</uri>
<l-- ... 135 nore <uri> elenments onmtted for space ... -->
<el enent Type>i nt 32</ el enment Type>
<byt eOr der >nsbfirst </ byt eOr der >
<di mensi on | abel ="x">
<si ze>64</ si ze>
<spaci ng>3. 75</ spaci ng>
<gap>0</ gap>
<direction>1 0 O</direction>
<uni t s>mx/ uni t s>
</ di mensi on>
<di mensi on | abel ="y">
<si ze>64</ si ze>
<spaci ng>3. 75</ spaci ng>
<gap>0</ gap>
<direction>0 1 0</direction>
<uni t s>mx/ uni t s>
</ di mensi on>
<di mensi on | abel ="z">
<si ze>27</ si ze>
<spaci ng>4</ spaci ng>
<gap>1</ gap>
<direction>0 0 1</direction>
<uni t s>mx/ uni t s>
</ di mensi on>
<di mensi on | abel ="t">
<si ze>140</ si ze>
<spaci ng>2</ spaci ng>
<gap>0</ gap>
<dat apoi nts>0 2 4 6 8</datapoi nts>
<uni t s>sec</uni ts>
</ di mensi on>
<ori gi nCoords>-120 -120 -52</ori gi nCoor ds>
</resource>
</ XCEDE>

3.2.4. Advanced topic: split dimensions and
outputSelect

A more complicated example is given by data generated by a Siemens MR scanner. In this case, the data
represents a three-dimensional 64x64x32 image, stored in DICOM format. However, because the earlier
versions of the DICOM format did not support three-dimensional datain onefile, Siemens came upon the
clever ideato “tile’ the 32 two-dimensional slices across an NxN two-dimensional grid (Figure 3.7).

11
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Figure 3.7. A “tiled” image

Applications may naturally want to express this data as a three-dimensional block, with columns, rows,
and dlices. In a conventionally-stored three-dimensional XxY xZ image, the first X voxels compose the
first row in thefirst dice, and then the next X voxels are the second row in thefirst slice; likewise the first
X*Y voxels are the first slice, and the next X*Y voxels are the second slice, and so on. However, in the
“tiled” image, though the first X voxels are again the first row in the first dice, the next X voxels are the
first row in the second slice! At first it would seem that the dimension order has merely been switched,
and specifying the labels of the dimensionsasx, z, and y would fix things. However, we only hit six slices
first rows before hitting going to the second row of the same six slices. Only after going through all the
rows in this fashion in the first six slices do we go on to the next six dlices.

The end result is that the dimension that we are calling the z dimension has been split in two. The two
components of the z dimension are interleaved with the x and y dimensions like so: X, z1, Y, Z2. The two
components of the z dimension are distinguished with the spl i t Rank attribute, as shown in Figure 3.8.

Figure 3.8. Split dimension example

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2" xml ns: xsi =" http://ww. w3. or g/ 2001/
XM.Schena-i nst ance' version="2.0">
<resource xsi:type="di mensi onedBi naryDat aResource_t">
<uri offset="9240" size="589824">i ng0001. dcnx/ uri >
<el enent Type>ui nt 32</ el enent Type>
<byt eOr der >l sbfirst</byteO der>
<di nensi on | abel ="x">
<si ze>64</ si ze>
</ di nensi on>
<di mensi on | abel ="z" splitRank="1">
<si ze>6</ si ze>
</ di nensi on>
<di mensi on | abel ="y" >
<si ze>64</ si ze>
</ di nensi on>
<di mensi on | abel ="z" splitRank="2">
<si ze>6</ si ze>
</ di nensi on>
</ resource>
</ XCEDE>

Applications should read this data as if it were four dimensions, and then permute the data to bring the
two z dimensions together (in the order specified by splitRank) in the position of the highest-ranked split
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dimension, and the two dimensions can then be merged into one. The size of the new z dimension is the
product of the sizes of the component split dimensions, so 6 * 6 = 36.

Y oumay recall that the original datawas acquired asa64x64x32 volume, but the NxN tiling representation
requires that the number of tiles be the square of an integer N. One more mechanism has been added
to the <di mensi on> element to accomodate the presence of data that should be disregarded: the
out put Sel ect attribute (see Figure 3.9).

Figure 3.9. out put Sel ect example

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xm ns: xsi =" http://ww. w3. org/ 2001/
XM_.Schema-i nst ance' version="2.0">
<resource xsi:type="di mensi onedBi nar yDat aResource_t">
<uri offset="0" size="589824">i ng0001. dcn/ uri >
<el enent Type>ui nt 32</ el enent Type>
<byt eOr der >l sbfirst</byteO der>
<si ze>64</ si ze>
</ di mensi on>
<di mensi on | abel ="z" splitRank="1">
<si ze>6</ si ze>
</ di mensi on>
<si ze>64</ si ze>
</ di mensi on>
<di mensi on | abel ="z" splitRank="2" outputSelect="0 12 3 456 7 89 10 11 12 13 14
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31">
<si ze>6</ si ze>
</ di mensi on>
</ resource>
</ XCEDE>

The out put Sel ect attribute specifies a list of indices along the given dimension (or combined
dimension if it occurs on the highest-ranked component of a split dimension) that should be regarded as
valid data. Data in the other indices should be ignored.

13



Chapter 4. Catalogs

4.1. Overview

Catalogs in XCEDE 2 are containers of related resources, resource references, and data references. They
are recursive in that catalogs can contain alist of catalogs and catal og references.

Catalogs are useful in a number of contexts. A catalog could be created, for example, to represent all of
the acquisition resources associated with an episode. These catalogs could be contained within a parent
catalog that represents each of the episodesin an MR study. Catalogs could also be used to represent the
various resources generated as part of an analysis or uploaded and tagged by users.

A benefit of using catalogs, as opposed to linking resources directly in analysis and acquisition elements,
is that the catalogs can be sent independent of the parent content to client applications that choose not
to support the full XCEDE specification. Additionally, catalog documents can be quite large when they
contain thousands of entries (for example, when pointing to individual DICOM files for an acquisition),
S0 separating the catal ogs from their parents can be more efficient.

Catalogs ae represented by the catal og_t complex type, derived from
abstract _tagged_entity_t. The catalog child element of the root XCEDE element is of type
cat al og_t . The resources included in the catalog can be pointed to from by resource referencesin a
number of placesin XCEDE, including anal ysi s_t andacqui sition_t.

The abstract basetypeabst r act _t agged_ent i ty_t providesan unbounded set of t ags that users
and applications can populate to attach ad-hoc documentation and labels to the catalog and its contents.
catalog_t also includes an unbounded list of child subcatalogs (or references to child catalogs) and an
unbounded list of entries. Each entry is either a resource, a reference to a resource, or a reference to an
XCEDE data element (an analysis, for example).

4.2. Examples
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Figure4.1. Catalog instance

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xml ns: xsi =" http://ww. w3. org/ 2001/
XM_.Schema-i nst ance' version="2.0">
<catal og I D="1D0">
<cat al ogLi st >
<catal og I D="1D1">
<entrylist>
<entry | D="1D2" nane="I|h.pial" description="pial surface of |eft hem sphere
format="FreeSurfer:surface-1" content="Ih.pial" cachePath="">
<uri>file://c:/datalfBl RN\ AHMR0O06/ f bph2- 000648622547/ surf/ | h. pi al </ uri>
</entry>
<entry | D="1D3" nanme="brain" description="extracted brain nri"
format="FreeSurfer:ngz-1" content="brain" cachePath="">
<uri>file://c:/datalfBlI RN\ AHMR006/ f bph2- 000648622547/ nri / brai n. ngz</uri >
</entry>
<entry | D="1D4" nane="zstat8" description="8th zstatisic contrast"
format="nifti:nii-1" content="zstat8" cachePath="">
<uri>file://c:/datalfBlI RN\ AHMR0O06/ si r p- hp65-stc-to7-gam feat/stats/zstat8. nii</

uri>
</entry>
<entry | D="1D5" nane="aparc+aseg" description="parcellation and segnentation | abel

map" format="FreeSurfer:ngz-1" content="aparc+aseg" cachePath="">
<uri>file://c:/datalfBl RN AHVRO06/ f bph2- 000648622547/ nri / apar c+aseg. mgz</ uri >
</entry>
</entrylList>
</ cat al og>
<catal og I D="1D1">
<entrylList>
<entry | D="1D2" nane="I|h.pial" description="pial surface of |left hem sphere
format="FreeSurfer:surface-1" content="Ih.pial" cachePath="">
<uri>file://c:/datalfBl RN\ AHMR0O06/ f bph2- 000648622547/ surf/| h. pi al </ uri>
</entry>
<entry | D="1D3" nanme="brain" description="extracted brain nri"
format="FreeSurfer:ngz-1" content="brain" cachePath="">
<uri>file://c:/datalfBlI RN\ AHMR006/ f bph2- 000648622547/ nri / brai n. ngz</uri >
</entry>
<entry | D="1D4" nane="zstat8" description="8th zstatisic contrast"
format="nifti:nii-1" content="zstat8" cachePath="">
<uri>file://c:/datalfBlI RN\ AHMR0O06/ si r p- hp65-stc-to7-gam feat/stats/zstat8. nii</

uri>
</entry>
<entry | D="1D5" nane="aparc+aseg" description="parcellation and segnentation | abel

map" format="FreeSurfer:ngz-1" content="aparc+aseg" cachePath="">
<uri>file://c:/datalfBlI RN AHVR0O06/ f bph2- 000648622547/ nri / apar c+aseg. mgz</ uri >
</entry>
</entrylList>
</ cat al og>
</ cat al ogLi st >
</ cat al og>
</ XCEDE>

4.3. Reference
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Figure4.2. catalog_t
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Chapter 5. Data Provenance

5.1. Overview

Various elements in XCEDE 2 refer to data or data resources that were generated from other input data
by processing tools. Data provenance refers to the art of tracking the origins of the derived data and the
processing stepsthat resulted in the output data. Besides being informative, provenance information could
allow auser to recreate the processing stream and replicate the output data using the sametools and inputs.
Provenance information could either be written by the software tools themselves, or could be extracted by
wrapper scripts that write the provenance information on the tool's behalf (the likely scenario for external

or legacy applications).

Some of the following documentation comes from Nicole Aucoin who is leading the Data Provenance
effort for the MBIRN.

provenance_t . Data represented by an instance of dat aResource_t or anal ysis_t may
contain a<pr ovenance> element of thistype, which contains an ordered sequence of processing steps
(processSt ep_t) representing the processing steps used to generate this data.

processSt ep_t . Thistype containstwo attributes, ID and parent, indicating aunique ID for the step
and its parent step, respectively. It includes anumber of child elements that describe the conditions under
which an executable was run. All of the child elements are formally optional. The following are strongly
recommended:

program program
The name of the executable. Version and build numbers
may be specified using the attributes ver si on and bui | d.
See ingtructions below for inserting version control content.
Alternately, you can define it as a user string.

programArguments programArguments
The arguments passed into the executable. Optional attributes
i nput s and out put s are used to break down the full list of
arguments into input and output arguments.

timeStamp timeStamp
The time at which the program started to run.

user user
Who was logged in and running this executable?

hostName hostName
The unique id of the computer running this executable. Replaces
Machine from old schema.

architecture architecture
Thetype of hardwarethat the processing stepisrunon, sun, x86,
€etc.

platform platform
The operating system under which the processing step is being
run.
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These are optional:

Cvs

compiler

library

buildTimeStamp

package

repository

5.2. Examples

cvs
Revision control repository information. Use the CVS
keyword Id, inserted into your source code file as $ld:
chap_provenance. xm ,v 1.15 2008-07-29 20:21:31
gadde Exp $ and it will be replaced with the file name, version,
date of change and who changedit. Alsoworkswith SV N, but see SVN
notes for enabling it.

compiler
What was used to compile this executable? Name and version.

library

The name and version of a linked library. Can be repeated as many
times as necessary. This is dependent on the library in question,
examples are given for VTK and Tcl and Tk.

buildTimeStamp
The time stamp indicating when the executable was built.

package

This tag gives the overall package version, if the executable is part of
alarger unit. For example, mri_convert is part of FreeSurfer, and the
whole FreeSurfer package may have a different version number than
the mri_convert executable.

repository

Where can the software be found? Link to a code repository or a web
page. Can be extracted automatically if using SVN, viathe HeadURL
keyword.

Provenance elements are children of dataReource and analysis types and describe the sequence of
processing steps that were executed to generate the data represented by the parent element. In the example
below, the provenance of the NIfTI data file (represented as a binaryDataResource) indicates that it was
generated intwo processing steps (filterl and filter2) on the same machine (Iablinl) about 30 mintues apart.

18



Data Provenance

Figure5.1. Simple provenance example

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xm ns: xsi =" http://ww. w3. org/ 2001/
XM.Schema-i nst ance' version="2.0">

<resource xsi:type="bi naryDat aResource_t">
<uri offset="352" size="8192">random generated_data_file.nii</uri>
<provenance |D="1">
<processStep parent="1" |D="1">
<program bui | d="1. 0" version="1.0">filter1l</progranr
<programArgunents inputs="-in analyze" outputs="-out mnc">-size 10 -reps 100 -v -
in mnc -out nifti</programArgunents>
<l-- <tinmeStanmp>11:20: 37</ti meStanmp> -->
<user >xnat mast er </ user >
<host Nanme>| abl i n1</ host Name>
<architecture>x86</architecture>
<pl at f orm ver si on="6">f edor a</ pl at f or n»
</ processSt ep>
<processStep parent="1" |D="2">
<program bui |l d="String" version="1.2">filter2</progran>
<programArgunents inputs="-in mnc" outputs="-out nifti">-size 20 -reps 200 -v -in
mnc -out nifti</programArgunment s>
<l-- <timeStanmp>11:50: 21</ti meStamp> -->
<user >xnat mast er </ user >
<host Nanme>| abl i n1</ host Name>
<architecture>x86</architecture>
<pl at f orm ver si on="6">f edor a</ pl at f or n»
</ processSt ep>
</ provenance>
<el enent Type>f | oat 32</ el enent Type>
<byt eOr der >l sbfirst</byteO der>
</ resource>
</ XCEDE>

5.3. Generating provenance XML from
applications

The figure below illustrates a C code snippet (written by Nicole Aucoin and implemented in 3DSlicer)
that generates provenance XML from an application. [Note: This may not be completely compliant with
XCEDE2]

void printAllInfo(int argc, char **argv)
{ . .

int i;

struct tm* timelnfo;

time_t rawtime;

/'l yyyyl nm dd- hh- mm ss-ns- TZ

/'l plus one for 3 char time zone

char timeStr[27];

fprintf(stdout, "<ProcessStep>\n");
fprintf(stdout, "<Program version=\"$Revision: 1.15 $\">%</ProgranName>\n",

argv[0]);
fprintf(stdout, "<ProgramArgunents>");
for (i =1; i < argc; i++)

{

fprintf(stdout, " %", argv[i]);

fprintf(stdout, "</ProgramArguments>\n");

fprintf(stdout, "<CvS>$ld: chap_provenance.xm ,v 1.15 2008-07-29 20:21: 31 gadde Exp
$</ CVS> <Ti neSt anmp>") ;

time ( &awine );
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timelnfo = localtime (& awtine);

strftime (timeStr, 27, "%/ % %d- %+ %V %5- 00- %", ti el nfo)
fprintf(stdout, "%</TimeStamp>\n", tineStr)
fprintf(stdout, "<User>%</User>\n", getenv("USER'));

fprintf(stdout, "<HostName>")
if (getenv("HOSTNAME') == NULL)

if (getenv("HOST") == NULL)
{
fprintf(stdout, "(unknown)")
}
el se
{
fprintf(stdout, "%", getenv("HOST"))
}
}

el se

{
fprintf(stdout, "%", getenv("HOSTNAME"))

fprintf(stdout, "</HostName><Platform version=\"")

#i f defined(sun) || defined(__sun)

#i f defined(__Sun0S_5_7)
fprintf(stdout, "2.7");

#endi f

#i f defined(__Sun0S_5_8)
fprintf(stdout, "8")

#endi f

#endi f

#i f defined(linux) || defined(__Iinux)
fprintf(stdout, "unknown");

#endi f

fprintf(stdout, "\">");
/1 now the platform nanme

#i f defined(linux) || defined(__Iinux)
fprintf(stdout, "Linux")

#endi f

#i f defined(nmaci ntosh) || defined(Macintosh)
fprintf(stdout, "MAC OS 9")

#endi f

#i fdef __MACOSX__
fprintf(stdout, "MAC OS X')

#endi f

#i f defined(sun) || defined(__sun)

# if defined(__SVR4) || defined(__svr4d_))
fprintf(stdout, "Solaris")

# el se
fprintf(stdout, "SunCs");

# endif

#endi f

#if defined(_WN32) || defined(__WN32_))
fprintf(stdout, "Wndows");

#endi f
fprintf(stdout, "</Platfornr\n")

if (getenv("MACHTYPE") != NULL)
{
fprintf(stdout, "<Architecture>%</Architecture>\n", getenv("MACHTYPE"))

}

fprintf(stdout, "<Conpiler version=\"")

#if defined(__GNUC )
#i f defined(__GNU PATCHLEVEL_ )

fprintf(stdout, "9%", (__GNUC__ * 10000 + __ GNUC_M NOR__ * 100 +
__GNUC_PATCHLEVEL_ ))
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#el se
fprintf(stdout, "%l", (__GNUC__ * 10000 + _ GNUC_M NCR__ * 100))

#endi f

#endi f

#i f defined(_MSC_VER)
fprintf(stdout, "%l", (_MSC_VER));

#endi f
/1 now the conpiler name
fprintf(stdout, ">");

#if defined(__GNUC )
fprintf(stdout, "GCC');

#el se

#i f defined(_MSC_VER)
fprintf(stdout, "MSC')

#el se
fprintf(stdout, "UKNOM'");

#endi f

#endi f
fprintf(stdout, "</ Conpiler>\n")

fprintf(stdout, "<Library version=\"%\">VTK</Li brarary><Li brary versi on=\"unknown
\">| TK</ Li brary><Li brary versi on=\"%s\">KWN dget s</ Li brary>\n", VTK VERSI ON

KWA dget s_VERSI ON) ;
int major, mnor, patchLevel

Tcl _Get Versi on( &aj or, &m nor, &patchLevel, NULL)
fprintf(stdout, "<Library version=\"%l. %l. %\ ">TCL</Li brary>\n", nmjor,
pat chLevel )

[/fprintf(stdout, "<Library version=\"%. %. %\ " >TK</ Li brary>\n", major,
/1 mnor, patchLevel)

#i f def USE_PYTHON

fprintf(stdout, "<Library version=\"%\">Python</Library>\n", PY_VERSION);

#endi f

fprintf(stdout, "<Repository>$HeadURL: http://ww. na-mc.org/svn/Slicer3/trunk/

Applications/ QU /Slicer3.cxx $</Repository>\n")
fprintf(stdout, "<ProcessStep>\n")
fprintf(stdout, "\n")

}

For the version, you can use the CV'S keyword Name, inserted into your source code file as $Name: not
supported by cvs2svn $ and it will be replaced with a the version tag when you check out the code with

atag:

cvs -r tag co [ nodul enane] </ program i sting>

If you areusing SVN, in order to use CV S style keywords and have them be replaced with the appropriate
values, you must enable the SV N repository's properties on afile by file (and keyword by keyword) basis

by issuing the following command:

svn propset svn:keywords "Revision |d Date HeadURL" [fil enane. ext]

5.4. Reference
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Figure5.2. provenance t

provenance _t [—]

[ attributes

_Eja_ processStep
t',-'pe processStep t

r

processStep_t

[ attributes
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Chapter 6. Events

6.1. Overview

Events in XCEDE are merely time intervals annotated with arbitrary metadata. This component can be
used to represent several types of behavioral data, statistics calculated on time series data, or any other
metadata whose proper interpretation requires that it be associated with a particular interval in time.

An XCEDE event consists of the following:

onset onset
The onset (in seconds) of the timeinterval.

duration duration
The duration (in seconds) of the time interval.

type type
Usage of thisfield is user-specified

name name
Usage of thisfield is user-specified

units units
Theunitsof the onset and duration fields. Thisfieldisoptional, and it isrecommended
that users of the schema prescribe an implicit unit of measurement and use it
consistently. In that case, thisfield may be considered informational only.

values values
A value adds named metadata to this event.

The following instance shows how each of these fields may be populated.

<?xm version="1.0" encodi ng="UTF-8"?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2" xml ns: xsi =" http://ww. w3. or g/ 2001/
XM.Schema- i nst ance' version="2.0">
<acqui sition | D="ny_stinmul us_response_data">
<dat aRef |D="ny_events" />
</ acqui sition>
<data | D="ny_events" xsi:type="events_t">
<event type="visual" name="event#1" units="sec">
<onset >0</ onset >
<dur ati on>2</ durati on>
<val ue nanme="shape" >squar e</ val ue>
<val ue nanme="shapecol or" >red</val ue>
</ event >
</ dat a>
</ XCEDE>

Event elements are stored within the <dat a> element of an <acqui si ti on>. The <dat a> element
should be of typeevent s_t (using xsi : t ype — see examples below).

All onsets are relative to an arbitrary time reference. Typically, time O (zero) could mean the start of
data acquisition. An event list may be interpreted as concurrent with data in other <acqui si ti on>
elements (which could be other event lists). If so, the same time reference should be used in all concurrent
acquisition data.
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There is no ordering constraint on events in a list. Applications should depend on using the <onset >
elements to order the events chronologically if they so desire.

An optional <par ans> element may precede the first event in alist, and this element stores arbitrary
metadata (using the same <val ue> element used above) that apply to all eventsin thelist.

6.2. Examples

Figure6.1. An event timeline
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Consider the timeline shown in Figure 6.1, representing stimuli and responses in a neuroimaging study.
We show in Figure 6.2 how the first 5 seconds' worth of the events might be represented in XCEDE.
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Figure 6.2. XCEDE Events example - stimulus/response data

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xml ns: xsi =" http://ww. w3. org/ 2001/
XM.Scheme-i nst ance' version="2.0">
<acqui sition | D="ny_stinul us_response_data">
<dat aRef |D="ny_events" />
</ acqui si tion>
<data | D="ny_events" xsi:type="events_t">
<event type="visual ">
<onset >0</ onset >
<dur ati on>2</durati on>
<val ue name="shape" >squar e</ val ue>
<val ue name="shapecol or">red</val ue>
</ event >
<event type="visual ">
<onset >2. 5</ onset >
<dur ati on>2</durati on>
<val ue name="shape" >squar e</ val ue>
<val ue name="shapecol or" >bl ue</ val ue>
</ event >
<event type="audi 0">
<onset >0. 3</ onset >
<duration>1. 4</durati on>
<val ue name="frequency" >l ow/ val ue>
</ event >
<event type="audi 0">
<onset >2. 0</ onset >
<duration>1. 4</durati on>
<val ue name="frequency" >l ow/ val ue>
</ event >
<event type="audi 0">
<onset >3. 5</ onset >
<duration>1. 4</durati on>
<val ue nanme="frequency" >l ow/ val ue>
</ event >
<event type="response">
<onset >3. 4</ onset >
<val ue nanme="button">1</val ue>
</ event >
</ dat a>
</ XCEDE>

Each stimulus and each response are stored as separate event elements. Note that all the visua events
appear first in the XCEDE file, then the audio events, and then the response event. This ordering is
arbitrary, and the events could easily have been presented in chronological (or random!) order. The
semantic interpretation of the events within an event list must not depend on their document order.

Stimulus and response data are not the only appropriate content to represent in XCEDE events. Figure 6.3
shows how quality assurance (QA) statistics for each volume/timepoint in an fMRI scan can be stored as
events. Note that the time reference for the onsets is arbitrary, but if the acqui si ti on containing the
event data is contained within the same epi sode as other time-locked data, it should be assumed that
the time reference isthe samefor al acqui si ti ons within the epi sode, unless otherwise explicitly
specified. So, for example, this QA data might be associated with MR image datain the same epi sode,
and time O (zero) would by default be assumed to have the same meaning in both sets of data.
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Figure 6.3. XCEDE Events example - QA data

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2" xml ns: xsi =" http://ww. w3. or g/ 2001/
XM.Scheme-i nst ance' version="2.0">
<acqui sition | D="ny_stinul us_response_data">
<dat aRef | D="ny_events" />
</ acqui si tion>
<data | D="nmny_events" xsi:type="events_t">
<event >
<onset >0</ onset >
<dur ati on>2</ dur ati on>
<val ue nanme="vol nean">759. 218</ val ue>
<val ue name="cnmassx">106. 781</ val ue>
<val ue name="cnmassy">118. 279</ val ue>
<val ue name="cnmassz">66. 9694</ val ue>
</ event >
<event >
<onset >2</ onset >
<dur ati on>2</ dur ati on>
<val ue nanme="vol nean">759. 218</ val ue>
<val ue name="cnmassx">106. 801</ val ue>
<val ue nanme="cmassy">118. 242</val ue>
<val ue name="cnassz">67. 1636</ val ue>
</ event >
<l-- ... etc. ... -->
</ dat a>
</ XCEDE>

26



Chapter 7. Protocols

7.1. Overview

Specifications of experimental protocols are stored in XCEDE using the pr ot ocol _t tag structures.

Protocolsin XCEDE consists of ahierarchial organization of steps defining the protocol and itemswithin
the steps defining the particular parameters of the protocol step. Formal protocols are built either from top
down or bottom up using these building blocks

prot ocol _t. Theprotocol _t tag extends the abst ract _pr ot ocol _t tag to include steps
and items making up a protocol description.

An XCEDE protocol consists of the following tag groups. Each protocol block can be specified

steps steps
Steps are used to specify an ordered list of st ep blocks that comprise the protocol. Each
st ep block can be another pr ot ocol _t block or areferenceto astep usignthe st epRef

tag.

items items
Items are the smallest building blocks of aprotocol. They are made up of any number of i t em
tags which contain a specification of the parameters for the particular protocol step..

abstract _protocol _t.Theabstract _protocol _t abstract tag provides basic information
related to a protocol such as protocol time offset, min and max occurences, concept linkages, and
more described below.The pr ot ocol _of f set _t tag is used to specify timing of this particular
protocol relative to other protocols or steps within an experiment. The pr ot ocol Ti mreRef and
preferrredTi meCk f set tags are used to describe the offset. Thel D_nane_descri pti ontagis
used to specify an 1D, name, and description for the protocol.Thet er m nol ogy_ag referenceis used
to give contextual meaning to the question and link it with known ontologies and concepts.The | evel
attribute is used to specify the level hierarchically that the protocol refersto. For example, if the protocol
is specifying scanner specific parameters then the level would point to the "study level" of the XCEDE
hierarchy.The mi nCccur ences and maxCGccur ences attributes are set to specify the min and max
occurrences of the protocol. Themi nTi meFr onSt art and maxTi meFr ont art attributes are set to
specify a timing window from the start of the parent protocol. If this protocol block is at the top of the
protcol hierarchy then "TimeFromStart" is the start of the study.

st eps. Thest eps group and enclosing st ep and/or st epRef tags are used to embed or reference
other parts of aprotocol.

i tem Theprot ocol |t em t typeisused to specify the smallest building blocks of the protocol. The

i t enifext group and enclosingt ext Label groups are used to specify one or more text labels. These
labels are most often used when specifying the formal description of an assessment where each question
on an assessment has some text most often asking a question. The | ocat i on specifies where the
text occurs. For example, the text could occur before or after some data entry field of an assessment
guestionaire. Theval ue tag is used to specify the actual text.Thei t enmRange group derived from the
prot ocol I t emRange_t isused define avalid range of values for a particular item via the attributes
m n, max, and uni t sThei t entChoi ce group is used to specify valid entries for a particular protocol
item. Thisis most often used when specifying assessment questions that have a fixed number of choices.
Thetwo attributes, i t enCode andi t enVal ue together specify the numeric code that correlates to the
actual value (presumably string of text) of the choice as shown in the example below:

<xcede: i t entChoi ce itenmCode="1" itenVal ue="professional or graduate training (received
degree)"/>
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<xcede: i t entChoi ce itenmCode="2" itenVal ue="col |l ege graduate"/>
<xcede: i t entChoi ce itenmCode="3" itenVal ue="sone college (at |east one year)"/>

7.2. Examples

The protocol example below showsaformal protocol definition for an MRI visit that consists of an Socio-
Economic scale assessment, followed by an MRI scanning session consisting of aT1 and a Sensory Motor
fMRI acquisition.

7.2.1. MRI visit protocol example

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede-2" xm ns: xsi =" http://ww. w3. org/ 2001/
XM.Schema-i nst ance' version="2.0">

<protocol ID="MI V1" nane="MR Visit 1" m nCccurences="1" maxCccurences="1"
required="true" level ="visit" description="MI scanning visit 1">
<steps>
<step | D="SES" nane="Soci o- Economni ¢ Scal e" m nQccurences="1"
maxCccur ences="1"
required="true">
<prot ocol O f set >
<pr ot ocol Ti neRef >MRI V1</ pr ot ocol Ti meRef >
<preferredTi mreOf f set units="days">0</preferredTi meCffset>
<m nTi mef f set units="days">0</ m nTi meCf f set >
<maxTi mef f set units="days" >0</ maxTi meCf f set >
</ protocol O f set >
<items>
<item | D="ses_educati on_subject">
<i t enifext >
<t ext Label |ocation="|eadText"
val ue="What is the highest Ievel of education or
prof essi onal training
that you have achi eved?"/>
<t ext Label |ocation="trail Text"
val ue="Any trailing text mght go here"/>
</itenext >
<i t entChoi ce itenCode="1"
i t emval ue="prof essi onal or graduate training (received
degree)"/>
<i tentChoi ce itemCode="2" itenVal ue="col |l ege graduate"/>
<i tentChoi ce itemCode="3" itenVal ue="sone college (at |east one
year)"/>

</litemp
<item | D="ses_education_p_caretaker_prior_18">
<i t enifext >
<t ext Label |ocation="|eadText"
val ue="What is the highest Ievel of education or
prof essional training that your primary caretaker until you were 18 years old has
achi eved?"/ >
</itenext >
<i t entChoi ce itenCode="1"
i t emval ue="prof essi onal or graduate training (received
degree)"/>
<i tentChoi ce itemCode="2" itenVal ue="col |l ege graduate"/>
<i tentChoi ce itemCode="3" itenVal ue="sone college (at |east one
year)"/>
</itemp
</items>
</ st ep>
<step | D="MRI SCN1" name="MRl Scan Protocol, Visit 1" m nCccurences="1"
maxQccurences="1" required="true">
<prot ocol O f set >
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<pr ot ocol Ti neRef >SES</ pr ot ocol Ti neRef >
<preferredTi mreOf f set units="hours">1</preferredTi meCffset>
<m nTi mef f set units="hours">1</m nTi nef f set >
<maxTi mef f set units="hour s" >8</ maxTi nef f set >
</ protocol O f set >

<st eps>
<step name="T1" required="true" m nCccurences="1">
<items>
<item xsi:type="protocolltemt" name="FOV'>
<i tenRange m n="24" max="24" units="mi/>
</itemp
<item xsi:type="protocol ltemt" name="Sequence">
<i tentChoi ce itenVal ue="FSPGR'/ >
<i tentChoi ce itenVal ue="MP- RAGE"/ >
<litemp
<item xsi:type="protocol Itemt" name="Slice Thi ckness">
<itenRange m n="1.2" max="1.5" units="mi/>
</litemp
<item xsi:type="protocolltemt" name="Slices">
<i tenRange m n="160" max="170"/>
<litemp
</items>
</ st ep>

<step name="Sensory Mdtor" required="true" m nQccurences="1"
maxCccur ences="4" | D="SM >
<items>
<i tem name="wei ghting" xsi:type="protocolltemt">
<i tentChoi ce itenVal ue="t2"/>
</litemp
<item name="TR' xsi:type="protocolltemt">
<i tenRange m n="2" max="2" units="s"/>
</itemp
<i tem name="Nunber TRs" xsi:type="protocolltemt">
<i tenRange m n="123" max="123" units="TR'/>
</litemp
<i tem name="TE" xsi:type="protocolltemt">
<i tenRange m n="30" max="30" units="ns"/>
</itemp
<i tem name="Fl i pAngl " xsi:type="protocolltemt">
<i tenRange m n="90" max="90" units="degrees"/>

<litemp
</items>
</ st ep>
</ steps>
</ st ep>
</ steps>
</ prot ocol >
</ XCEDE>

7.3. Reference
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Chapter 8. Assessments

8.1. Overview

Complete data storage and assessment specifications and descriptions are stored in XCEDE using the
assessnent _t andassessnent Descltem t tag structures.

In XCEDE the formal definition of an assessment and the cataloging of the actual data values collected
for that assessment are specified in different parts of the schema. The formal description of the assessment
guestions and possible answer choices are specified in the protocol section of the schema using the type
pr ot ocol _t (described at ahighlevel in Chapter 7) whereasthe actual assessment datafor anacquisition
arestoredintheassessnent _t tags

assessment _t. The assessment _t tag extends the abstract _data_t tag to include
information about the acquired assessment.The name element contains the assessment name which is
unique within the document and linksthe acquired listing of assessment databack to the formal assessment
definition optionally contained within the protocol descriptionThedat al nst ance element specifiesthe
state of the acquired data. Specifically whether it isfirst entry, second entry, validated, unvalidated, etc.

assessmentInfo_t. Theassessnent | nfo_t tagis derived from the abstract _i nfo_t
element and is used to store a description of the assessment

assessnmentltemt. Theassessnent|tem t tagisused to store the actual data captured by
the assessment. The assessnent | tem t tag is composed of a <val ueSt at us> element which
contains information about whether the subject declined to answer the question or why the data value
might be missing. The <val ue> element stores the actual value of the assessment item as captured
on the assessment iteself. The <nor nVal ue> is used to store the normalized value for the element.
The <reconci | i ati onNot e> is used to document whether the values have been reconcilied if this
data is part of multiple data entries. The <annot at i on> is used to annotate the assessment item.The
t er mi nol ogy_ag referenceis used to give contextual meaning to the question and link it with known
ontologies and concepts.

8.2. Examples

The assessment example below shows both aformal assessment description stored in the <pr ot ocol >
block and also the actual acquired assessment data

8.2.1. Formal Assessment Description

The formal description of each question for the assessment and possible answer choices:
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Figure 8.1. Assessment description

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2" versi on="2.0">
<protocol |ID="An Assessnent Description" nane="The Nanme of the Assessnent"
m nCccurences="1" maxCQccurences="1" required="true" descripti on="The description of
the Assessnent”>
<st eps>
<step | D="SES" nane="Soci o- Econoni ¢ Scal e" m nCccurences="1" maxCccurences="1"
required="true">
<items>
<item | D="ses_educati on_subject">
<i t enifext >
<t ext Label |ocation="1eadText" value="Wat is the highest |evel of education or
prof essional training that you have achi eved?"/>
<t ext Label location="trail Text" value="Any trailing text m ght go here"/>
</itenext >
<i tenthoi ce itemCode="1" itenVal ue="professional or graduate training (received
degree)"/>
<i tentChoi ce itemCode="2" itenVal ue="col |l ege graduate"/>
<i tentChoi ce itemCode="3" itenVal ue="sone college (at |east one year)"/>
</itemp
<item | D="ses_education_p_caretaker_prior_18">
<i t enifext >
<t ext Label |ocation="1eadText" value="Wat is the highest |evel of education
or professional training that your primary caretaker until you were 18 years old has
achi eved?"/ >
</itenext >
<i tenthoi ce itemCode="1" itenVal ue="professional or graduate training (received
degree)"/>
<i tentChoi ce itemCode="2" itenVal ue="col | ege graduate"/>
<i tentChoi ce itemCode="3" itenVal ue="sone college (at |east one year)"/>
</litemp
</items>
</ st ep>
</ steps>
</ prot ocol >
</ XCEDE>

8.2.2. Actual Acquired Assessment Data

An instance of actual assessment data acquired on a subject during a protocol collection:
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Figure 8.2. Acquired assessment data

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2" xml ns: xsi =" http://ww. w3. or g/ 2001/
XM.Schema-i nst ance' version="2.0">

<data xsi:type="assessnent_t" subject| D="00301882920">
<nanme>Soci o- Econoni ¢ St at us</ nane>
<dat al nst ance val i dated="true">
<assessnent | nf 0>
<description>This is the soci o-econoni c scal e. </description>
</ assessment | nf 0>
<assessnent|tem | D="ses_educati on_subj ect">
<val ue>1</ val ue>
</ assessnment |t en>
<assessnentltem | D="ses_education_p_caretaker_prior_18">
<val ue>2</ val ue>
</ assessment |t en>
<assessnentltem | D="ses_education_p_caretaker_lifetinme">
<val ue>2</ val ue>
</ assessment |t en>
<assessnent|ltem | D="ses_education_s_caretaker_prior18">
<val ue>1</ val ue>
</ assessment |t en>
</ dat al nst ance>
</ dat a>

</ XCEDE>

8.3. Reference
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Chapter 9. Analysis

The anal ysi s_t type and its corresponding elements are used to document the collected output and/
or results from an analysis or processing of data.

9.1. Overview

An analysis is composed of the "inputs' (i.e. the files and parameters used in an analysis or processing
of data), alist of the application(s) or method(s) used in the analysis, and the resultant data (i.e. values

and output files):

Analysis Constituents

provenance

i nput Ref

out put Ref

measur ement G oup

provenance

Therecord of the origin and transformations applied to source data
that produced this analysis. More information on this element can
be found in Chapter 5.

i nput Ref
References to the data file(s) that were used in the analysis.

out put Ref

Reference to the data file(s) generated by the analysis. Summary
dataor statistics may be generated from thesefiles and noted inthe
neasur enent G oup element.

measur ement G oup

A measurement group contains information and data related to
the outcome of an analysis. For example, this could be a statistic
(e.g. from a Statistical Parametric Map) or a measurement (e.g.
the volume of the hippocmapus).

9.2. Measurement Group

measur enent G oup contains information and data related to the outcome of an analysis and is
based onthenmeasur enent Gr oup_t type. Extendingabst r act _cont ai ner _t , thisallowsfor the
annotation and documentation of the measurements being described. The measurements being described
by this element are described by two specific elements:

M easurement Group Constituents

entity entity

In the context of a measurement group, thisis the entity being measured. For
example, the hippocampus. In more complicated instances this could be an
entity described by multipleentries, for example, inaregion of interest analysis
where multiple or multiple partia regions are involved.

observati on observation
Inthe context of ameasurement group, these are the observationsthat are made
concerning the entity. For example, following the hippocmapus example, this
might store the total volume, surface area, etc.
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The entity element is based on the abstract _entity t type that allows for the definition of
specific entity classes. Currently two such classes are defined:

Entity Classes

anatom cal Entity_t

atal sentity_t

9.3. Examples

9.4. Reference

Figure9.1. anal ysi s_t
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Figure9.2. measur ement G oup_t
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Figure 9.5. pr ovenance_t
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Chapter 10. Terminology

10.1. Overview

Ontologies specify the terms used to describe and represent areas of knowledge. They are commonly
used by people, databases, and applications that have a requirement to share information about a subject.
For example, the subject areas of medicine, real estate, and automobile repair all have specific ways of
representing and communicating knowledge. Ontologies include computer-usable definitions of the basic
terms describing the domain and the relationships between concepts. They encode knowledge within a
domain and also knowledge that spans multiple domains. In thisway, they make that knowledge reusable.
For comprehensive information on ontologies and their usein biomedical science, pleasevisit the National
Center for Biomedical Ontology (NCBIO; http://www.bioontol ogy.org/).

In the context of XCEDE, the use of terminologies (and ontologies) is critical for data exchange. By
specifying the exact terminological correspondences for data within XCEDE a user of the data is clear
about what the data represents.

In order to accomplish this within XCEDE, two constructs are primarily used: t er m nol ogy_ag and
term nol ogyString_t.Theterm nol ogy_ag attribute group defines the necessary information
required to annotate a data item with its terminology correspondence. Thet er m nol ogyStri ng_t
utilizes this attribute group and provides a basic type that can be utilized in the schema for dataitems that
should have an associated terminology reference.

10.2. Examples

The use of terminologiesis embedded within the XCEDE schemaitself. For example, in regards to subject
information, terminology strings are utilized to define the sex and species.

Figure 10.1. Terminology String Use In XCEDE Schema

<xs: conpl exType nanme="subjectlnfo_t">
<xs: conpl exCont ent >
<xs: extensi on base="abstract_info_t">
<xs: sequence>
<xs: el ement nane="sex" type="term nologyString_t" mnCccurs="0"/>
<xs: el ement nane="speci es" type="term nologyString_t" mnCccurs="0"/>
<xs: el ement nanme="birthdate" type="term nologyString_t" mnCccurs="0"/>
<xs:any nanespace="##ot her" m nCccurs="0" maxCccur s="unbounded"/ >
</ xs: sequence>
<xs:anyAttribute namespace="##ot her" processContents="Iax"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>

As an example of the use of terminology strings, in the context of a subject detailed above, the following
exampl e shows how sex and species are represented for a human femal e subject.
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Terminology

Figure 10.2. Terminology String I nstance

<sex preferredLabel ="Fenal e" abbrevi ati on="F" nomencl at ur e=" UMLS"

term D="00015780" ternPat h="SNOVED CT Concept: Cbservabl e entity: General clinical

st at e: Gender: Feral e" >f </ sex>

<speci es preferredLabel ="Hunman" abbrevi ati on="human" nonencl at ur e=" Bl RNLex"

term D="bi rn_org_anat: bi rnOr gAnat ony_366" ternPat h="Thi ng: entity: continuant:
i ndependent _conti nuant: obj ect: Bi omat eri al _obj ect: Organi snal _obj ect: Organi sm Manmal :
Eut heri a: Euar chont ogl i res: Pri nat e: Hapl orrhi ni : Si mi i f or nes: Cat arr hi ni : Hom noi dea:
Homi ni dae: Hono_Pan_Cori | | a_gr oup: Homo: Human" >hunan</ speci es>

10.3. Reference
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Chapter 11. Comments and
Annotations

11.1. Overview

Annotations and comments critical in providing awell documented instance document. These annotations
can be either human generated (e.g. notes taken by researcher during an fMRI 'study' that discuss the
subject's demeanor during a scan 'segment’) or generated by processing tools (e.g. when a software tool
reads/modifies/generates a document).

11.2. Examples

The use of annotations (and comments) is embedded within the XCEDE schemaitself.

Figure 11.1. Annotation Schema Components

<xs:si npl eType nane="coment _t">
<xs:restriction base="xs:string">
</xs:restriction>

</ xs: si npl eType>

<xs:attributeG oup name="aut horedText _ag">
<xs:attribute name="author" type="xs:string"/>
<xs:attribute name="tinmestanp" type="xs:dateTi me"/>
</ xs:attributeG oup>

<xs:conpl exType nane="abstract_annotation_t" abstract="true">
<xs:attributeG oup ref="aut horedText_ag"/>
</ xs: conpl exType>

<xs:conpl exType nane="t ext Annotation_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_annotation_t">
<xs:sequence>
<xs: el ement name="comrent" type="coment_t" m nCccurs="1" maxCccurs="1"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>

Asan example of the use of annotations, in the context of a subject detailed above, the following example
shows a quick example.
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Comments and Annotations

Figure 11.2. Terminology String I nstance

<?xm version="1.0" encodi ng="UTF- 8" ?>
<XCEDE xm ns="http://ww. xcede. or g/ xcede- 2"
<subj ect >
<annot ati onLi st >
<annot ati on author="Annotati on Author">
<comment >Thi s i s an exanpl e annot ati on</ conment >
</ annot ati on>
</ annot ati onLi st >
</ subj ect >
</ XCEDE>

11.3. Reference

Figure11.3. comment _t
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Part Il. Using and Extending XCEDE 2

This section of the XCEDE 2.0 manual provides practical lessons on using the schema, as well as discussions on how
to use W3C XML Schemato extend the core X CEDE 2 datatypes and how to integrate it into applications, databases
and web services.

Thispart of the manual isnot yet written.




Chapter 12. A Use Case

12.1. Overview
12.2. Examples
12.3. Reference
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Chapter 13. Extending the Schema
13.1. Overview
13.2. Examples
13.3. Reference
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Chapter 14. Integration With
Applications and Services

14.1. Overview
14.2. Examples

14.3. Reference




Appendix A. XML Schema for XCEDE
2.0

<?xm version="1.0" encodi ng="UTF-8"?>
<xs:schema xm ns="http://ww. xcede. or g/ xcede-2" xm ns: xs="http://
www. W3. or g/ 2001/ XM_Schena" t ar get Nanespace="http://ww. xcede. or g/ xcede- 2"
el ement For nDef aul t =" qual i fi ed" attri buteFornDef aul t ="unqualified">
<xs:annot ati on>
<xs: docunent ati on>The XCEDE schenma provi des an extensive netadata hierarchy for
descri bing and docunenting research and clinical studies. The schemm organi zes
information into five general hierarchical levels: a conplete project; studies within
a project; subjects involved in the studies; visits for each of the subjects; the ful
description of the subject's participation during each visit</xs:docunentation>
<xs: docunent ati on>Each of these sub-schemas is conposed of information relevant to
that aspect of an experinent and can be stored in separate XM. files or spliced into
one large file allowing for the XM. data to be stored in a hierarchical directory
structure along with the primary data. Each sub-schemm also allows for the storage
of data provenance information allowing for a traceable record of processing and/or
changes to the underlying data. Additionally, the sub-schemas contain support for
derived statistical data in the formof human imagi ng activati on maps and sinple
statistical value lists.</xs:docunentation>
<xs: docunent ati on>XCEDE was originally designed in the context of neuroi magi ng
studi es and conpl ements the Bionedical Informatics Research Network (BIRN) Human
| magi ng Dat abase, an extensi bl e database and intuitive web-based user interface for
the managenent, discovery, retrieval, and analysis of clinical and brain inmging data
This close coupling allows for an interchangeabl e source-sink rel ati onshi p between
the database and the XML files, which can be used for the inport/export of data to/
fromthe database, the standardized transport and interchange of experinental data
the local storage of experinental information within data collections, and hunan and
machi ne readabl e description of the actual data.</xs:docunentation>
</ xs:annot ati on>
<xs: el enent nane=" XCEDE" >
<xs: conpl exType>
<xs: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xs: el enent nane="annot ati onList" m nQccurs="0">
<xs: conpl exType>
<xs: sequence>
<xs: el ement nane="annotation" type="textAnnotation_t" m nCccurs="0"
maxQccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el enent >
<xs: el enent nane="revi si onLi st" m nCccurs="0">
<xs:annot ati on>
<xs: docunent ati on>cont ai ner for docunment revision history</xs:docunentation>
</ xs:annot ati on>
<xs: conpl exType>
<xs: sequence>
<xs: el ement nane="revi sion" type="revision_t" m nCccurs="0"
maxQccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el enent >
<xs: el ement name="project" type="project_t" mnCccurs="0" maxCOccurs="unbounded"/>
<xs: el ement nanme="subject" type="subject_t" m nCccurs="0" maxCOccurs="unbounded"/>
<xs: el ement name="visit" type="visit_t" minCccurs="0" maxCccurs="unbounded"/>
<xs: el ement name="study" type="study_t" m nCccurs="0" maxCccurs="unbounded"/>
<xs: el ement nanme="epi sode" type="epi sode_t" m nCccurs="0" maxCOccurs="unbounded"/>
<xs: el ement nane="acqui sition" type="acquisition_t" m nCccurs="0"
maxQccur s="unbounded"/ >
<xs: el ement nanme="catal og" type="catal og_t" m nCccurs="0" maxCOccurs="unbounded"/>
<xs: el ement nane="anal ysi s" type="analysis_t" mnCccurs="0" maxCccurs="unbounded"/>
<xs: el ement nanme="resource" type="resource_t" m nCccurs="0" maxCccurs="unbounded"/>
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<xs: el ement name="protocol" type="protocol _t" m nCccurs="0" maxCccurs="unbounded"/>
<xs:el ement name="data" type="abstract_data_t" m nCccurs="0" maxOccurs="unbounded"/

</ xs: choi ce>
<xs:attribute name="version" type="xs:string" use="required"/>
</ xs: conpl exType>
</ xs: el ement >
<!__********* Top_level COI"ItaI ners *********__>
<xs:conpl exType nane="project_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_container_t">
<xs:sequence>
<xs: el ement name="projectlnfo" type="projectinfo_t" m nCccurs="0"/>
<xs: el ement name="contributorList” mnCccurs="0">
<xs:conpl exType>
<Xxs:sequence>
<xs: el ement name="contributor" type="person_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
<xs:any nanespace="##other" m nCccurs="0" nmaxCccur s="unbounded"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="subject G oup_t">
<xs:annotation>
<xs:docunent ati on>There shoul d be one of these el enents for each subject group in
this project (e.g. control, patient).</xs:docunentation>
</ xs:annot ati on>
<xs:sequence>
<xs: el ement name="subject! D' mi nCccurs="0" nmaxCQccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute name="|D"'/>
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
</ xs: conpl exType>
<xs:conpl exType nane="subject_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_container_t">
<xs:sequence>
<xs: el ement name="subj ect|nfo" type="subjectinfo_t" m nCccurs="0"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="visit_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_container_t">
<xs:sequence>
<xs:el ement name="visitlnfo" type="visitlnfo_t" mnGCccurs="0"/>
<xs:any nanespace="##other" m nCccurs="0" nmaxCccur s="unbounded"/>
</ xs: sequence>
<xs:attributeGoup ref="visitExternal | Ds_ag"/>
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="study_t">
<xs: conpl exCont ent >
<xs:ext ension base="abstract_container_t">
<xs:sequence>
<xs: el ement name="studyl nfo" type="studylnfo_t" mi nCccurs="0"/>
<xs:any nanespace="##other" m nCccurs="0" nmaxCOccurs="unbounded"/>
</ xs: sequence>
<xs:attributeGoup ref="studyExternal | Ds_ag"/>
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
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</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="epi sode_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_container_t">
<Xs:sequence>
<xs: el ement nanme="epi sodel nf 0" type="epi sodelnfo_t" m nCccurs="0"/>
<xs:any nanespace="##other" m nCccurs="0" nmaxCccurs="unbounded"/>
</ xs: sequence>
<xs:attributeGoup ref="epi sodeExternal | Ds_ag"/ >
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="acqui sition_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_container_t">
<Xs:sequence>
<xs: el ement name="acqui sitionlnfo" type="acquisitionlnfo_t" m nCccurs="0"/>
<xs: choi ce m nCccurs="0">
<xs: el ement name="dat aResourceRef" type="ref_t">
<xs:annotation>
<xs:docunentati on>A reference to a resource as described above. The resource
could be part of a catalog, a root |evel resource, etc.</xs:docunmentation>
</ xs:annot ati on>
</ xs: el ement >
<xs: el ement name="dataRef" type="ref_t">
<xs:annotation>
<xs:docunmentati on>A refrence to a container that the actual acquisition data
goes into (as opposed to being in an external non-XCEDE format)</xs: document ati on>
</ xs:annotati on>
</ xs: el ement >
</ xs: choi ce>
<xs:any nanespace="##other" m nCccurs="0" nmaxCccurs="unbounded"/>
</ xs: sequence>
<xs:attribute nanme="acquisitionProtocol" use="optional"/>
<xs:attributeGoup ref="acquisitionExternallDs_ag"/>
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="| evel Dat aRefs_t">
<xs:annotation>
<xs:docunent ati on>Points out to a level elenent (using |evel and {project]|subject]|
subj ect G oup| vi si t| study]| epi sode| acqui sition}{ID URI} attributes) and/or a data/
anal ysis el ement (using {datalanalysis}{ID URI} attributes).</xs:docunentation>
</ xs:annotati on>
<xs:attributeGoup ref="Ievel Ref_ag" />
<xs:attribute name="datal D' />
<xs:attribute name="dataURl " />
<xs:attribute name="anal ysisl D" />
<xs:attribute nanme="anal ysisURI " />
</ xs: conpl exType>
<xs:conpl exType nane="anal ysis_t">
<xs:annotation>
<xs:docurent ati on>A col | ecti on of output froman analysis of data.</
xs: document ati on>
</ xs:annot ati on>
<xs: conpl exCont ent >
<xs:ext ension base="abstract_container_t">
<Xs:sequence>
<xs: el ement name="provenance" type="provenance_t" m nCccurs="0"
maxCccur s="unbounded" >
<xs:annotation>
<xs: docurent ati on>The record of the origin and transfornati ons applied to source
data that produced this anal ysis</xs:docunentation>
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</ xs:annotati on>
</ xs: el ement >
<xs:el ement name="input" type="Ilevel DataRefs_t" m nCccurs="0"
maxCccur s="unbounded"/ >
<xs:el ement name="output" type="I|evel DataRefs_t" m nCccurs="0"
maxCccur s="unbounded"/ >
<xs: el ement name="neasurenent G oup" type="neasurenent G oup_t" m nCccurs="0"
maxCccur s="unbounded" >
<xs:annotation>
<xs:document ati on>A nmeasur ement G oup contains informati on and data rel ated
to the outcone of an analysis. For exanple, this could be a statistic (e.g. froma
Statistical Paranetric Map) or a neasurenent (e.g. the volunme of the hippocnapus). </
xs: document ati on>
</ xs:annot ati on>
</ xs: el ement >
</ xs: sequence>
<xs:attributeGoup ref="Ievel Ref_ag" />
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="observation_t">
<xs:annotation>
<xs:document ati on>Cbservati ons that are nmade concerning an entity (e.g. in a
measur ement G oup). For exanple, follow ng hte hi ppocmapus exanpl e, nmight be the tota
vol une, surface area, etc.</xs:documentation>
</ xs:annot ati on>
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="name" type="xs:string" use="required">
<xs:annotation>
<xs:docunent ati on>The nane (preferred | abel) of the observation val ue</
xs: document ati on>
</ xs:annotati on>
</xs:attribute>
<xs:attribute name="units" type="xs:string" use="optional">
<xs:annotation>
<xs: docunent ati on>The measurenent units for the returned value of the
observati on</ xs: docunment ati on>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute nane="type" type="val ueTypes_t" use="optional ">
<xs:annotation>
<xs:documnent ati on>The decl ared data type for the returned val ue of the
observati on</ xs: docunment ati on>
</ xs:annot ati on>
</xs:attribute>
</ xs: ext ensi on>
</ xs: si nmpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="protocol _t">
<xs: conpl exCont ent >
<xs:ext ension base="abstract_protocol _t">
<Xs:sequence>
<xs: el ement name="steps" m nCccurs="0">
<xs:conpl exType>
<xs: choi ce mi nCccurs="0" maxCccur s="unbounded" >
<xs: el ement name="step" type="protocol _t"/>
<xs: el ement name="stepRef" type="ref _t"/>
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el ement >
<xs:el ement name="itenms" minCccurs="0">
<xs:conpl exType>
<Xs:sequence>
<xs:el ement name="item' type="protocolltemt" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
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</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="catal og_t">
<xs: conpl exCont ent >
<xs:ext ension base="abstract_tagged_entity_t">
<Xs:sequence>
<xs: el ement nanme="cat al ogLi st" m nQccurs="0">
<xs:conpl exType>
<xs: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xs:el ement nanme="catal og" type="catalog_t"/>
<xs: el ement name="cat al ogRef ">
<xs:conpl exType>
<xs:attribute name="catal ogl D' type="xs:string"/>
</ xs: conpl exType>
</ xs: el ement >
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el ement >
<xs: el ement name="entryList" mnCccurs="0">
<xs:conpl exType>
<xs: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xs:el ement name="entry" type="resource_t"/>
<xs:el ement name="entryDataRef" type="ref_t">
<xs:annotation>
<xs:docurmentati on>A reference to a data elenent at the top | evel of an XCEDE
documnent </ xs: document at i on>
</ xs:annotati on>
</ xs: el ement >
<xs: el ement name="entryResourceRef" type="ref_t">
<xs:annotation>
<xs:docunentati on>A reference to a resource elenment at the top level of an
XCEDE documnent </ xs: document at i on>
</ xs:annotati on>
</ xs: el ement >
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
<xs:attributeGoup ref="1D nane_description"/>
<xs:attributeGoup ref="Ievel Ref _ag"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="resource_t">
<xs: conpl exCont ent >
<xs:ext ension base="abstract_tagged_entity_t">
<Xs:sequence>
<xs:el ement name="uri" type="frag_uri_t" mnCccurs="0" nmaxCOccurs="unbounded"/>
</ xs: sequence>
<xs:attributeGoup ref="1D nane_description"/>
<xs:attributeGoup ref="Ievel Ref _ag"/>
<xs:attribute name="format" type="xs:string" use="optional">
<xs:annotation>
<xs:docurent ati on>Format of file. E.g. DICOM Analyze, 4dfp</xs:docunentation>
</ xs:annotati on>
</xs:attribute>
<xs:attribute nane="content" type="xs:string" use="optional">
<xs:annotation>
<xs:document ati on>Code i ndi cating the contents of the image. E.g. G-C, T88</
xs: document ati on>
</ xs:annotati on>
</xs:attribute>
<xs:attribute nanme="cachePath" use="optional ">
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<xs:si mpl eType>
<xs:restriction base="xs:string">
<xs: maxLengt h val ue="255"/>
</ xs:restriction>
</ xs: si nmpl eType>
</ xs:attribute>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
NEERA Top-level 1D attribute groups KRk kkkkkx_ o>
<xs:attributeG oup name="visitExternal | Ds_ag">
<xs:attribute name="projectl D" type="xs:string">
<xs:annot ati on>
<xs:documnent ati on>The content of this attribute should match the ID attribute of
the project_t to which this element is associated. </ xs: docunent ati on>
</ xs:annot ati on>
</ xs:attribute>
<xs:attribute name="projectUR" type="xs:string">
<xs:annot ati on>
<xs:docunentati on>This is the |ocation of a document where to find an el ement
mat ching the projectlD (see projectlID attribute).</xs:docunentation>
</ xs:annot ati on>
</ xs:attribute>
<xs:attribute nanme="subjectl D' type="xs:string">
<xs:annot ati on>
<xs:documnent ati on>The content of this attribute should match the ID attribute of
the subject_t to which this element is associated. </ xs: docunent ati on>
</ xs: annot ati on>
</ xs:attribute>
<xs:attribute name="subjectURl" type="xs:string">
<xs:annot ati on>
<xs:documentati on>This is the |ocation of a docunment where to find an el ement
mat chi ng the subjectl D (see subjectID attribute).</xs:docunentation>
</ xs:annot ati on>
</ xs:attribute>
<xs:attribute nanme="subject G oupl D' type="xs:string">
<xs:annot ati on>
<xs:docunent ati on>content of this attribute should match the ID of one of the
subj ect groups listed in the project_t associated with this elenment (see projectlD and
proj ect_t).</xs:docunmentation>
</ xs:annot ati on>
</ xs:attribute>
</ xs:attributeG oup>
<xs:attributeG oup name="studyExternal | Ds_ag">
<xs:attributeGoup ref="visitExternal | Ds_ag"/>
<xs:attribute name="visitlD' type="xs:string">
<xs:annot ati on>
<xs:documnent ati on>The content of this attribute should match the ID attribute of
the visit_t to which this elenment is associated. </xs: docunment ati on>
</ xs:annot ati on>
</ xs:attribute>
<xs:attribute name="visitUR " type="xs:string">
<xs:annot ati on>
<xs:docunentati on>This is the location of a document where to find an el ement
matching the visitlD (see visitlD attribute). </xs:docunmentation>
</ xs:annot ati on>
</ xs:attribute>
</ xs:attributeG oup>
<xs:attributeG oup name="epi sodeExt ernal | Ds_ag" >
<xs:attributeGoup ref="studyExternal | Ds_ag"/>
<xs:attribute name="studyl D' type="xs:string">
<xs:annot ati on>
<xs:documnent ati on>The content of this attribute should match the ID attribute of
the study_t to which this elenment is associated. </xs: docunment ati on>
</ xs: annot ati on>
</ xs:attribute>
<xs:attribute name="studyURl " type="xs:string">
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<xs:annotation>
<xs:docunentati on>This is the |ocation of a document where to find an el ement
mat chi ng the studyl D (see studylD attribute). </xs:docunmentati on>
</ xs:annot ati on>
</xs:attribute>
</ xs:attributeG oup>
<xs:attributeG oup name="acqui sitionExternal | Ds_ag">
<xs:attributeGoup ref="epi sodeExternal | Ds_ag"/ >
<xs:attribute nanme="epi sodel D' type="xs:string">
<xs:annotation>
<xs:docunent ati on>The content of this attribute should match the ID attribute of
the episode_t to which this element is associated. </ xs: docunent ati on>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="epi sodeURI " type="xs:string">
<xs:annotation>
<xs:docunentation>This is the |ocation of a document where to find an el ement
mat chi ng the epi sodel D (see episodel D attribute).</xs:docunentation>
</ xs:annotati on>
</xs:attribute>
</ xs:attributeG oup>
<xs:attributeG oup name="al |l Level External | Ds_ag" >
<xs:attributeGoup ref="acquisitionExternal |l Ds_ag"/>
<xs:attribute nane="acquisitionl D' type="xs:string">
<xs:annotation>
<xs: docunent ati on>The content of this attribute should match the ID attribute of
the acquisition_t to which this element is associated. </xs: docunment ati on>
</ xs:annotati on>
</xs:attribute>
<xs:attribute name="acquisitionUR " type="xs:string">
<xs:annotation>
<xs:docunentati on>This is the |ocation of a document where to find an el ement
mat chi ng the acquisitionlD (see acquisitionlD attribute). </xs:docunmentation>
</ xs:annot ati on>
</xs:attribute>
</ xs:attributeG oup>
<xs:attributeG oup name="I| evel Ref _ag">
<xs:annotation>
<xs:docunent ati on>Reference to the nmeta-data element that this catalog is related
to. Should point to one of the core xcede hierarchy conponents: project, subject,
visit, study, acquisition.</xs:docunentation>
</ xs:annot ati on>
<xs:attribute name="level" type="1|evel Descriptor_t"/>
<xs:attributeGoup ref="all Level External | Ds_ag"/ >
</ xs:attributeG oup>
<!__********* Abstract types *********__>
<xs:conpl exType nane="abstract_data_t" abstract="true">
<xs: conpl exCont ent >
<xs:extension base="abstract_container_t">
<xs:attributeGoup ref="Ievel Ref _ag"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="abstract_contai ner_t" abstract="true">
<xs: sequence>
<xs: el ement name="commentList" mnCccurs="0">
<xs:annotation>
<xs:document ati on>A coment is a description of the entity refered to by the
current element. For exanple, a description of a particular subject or series.</
xs: document ati on>
</ xs:annot ati on>
<xs:conpl exType>
<xs:sequence>
<xs:el ement name="comrent" type="authoredText_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
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</ xs: el ement >
<xs: el ement name="annotationLi st" m nCccurs="0">
<xs:annotation>
<xs:document ati on>An annotation is a description related to the xm docunment and
the current element. For exanple, some processing that has edited content in the
el ement itself.</xs:documentation>
</ xs:annotati on>
<xs:conpl exType>
<xs:sequence>
<xs:el ement name="annotation" type="textAnnotation_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
<xs: el ement name="resourcelist" mnCccurs="0">
<xs:annotation>
<xs: docunent ati on>l nformati onal resources related to the container</
xs: document ati on>
</ xs:annotati on>
<xs:conpl exType>
<Xxs:sequence>
<xs: el ement name="resource" type="informati onResource_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
<xs:attribute name="|D" type="xs:string"/>
<xs:attribute name="rev" type="xs:string">
<xs:annotation>
<xs: documnent ati on>Revi si on nunber, shoul d correspond with an appropriate revision
IDin the XCEDE/ revisionList elenent</xs:docunentation>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute nane="type" type="xs:string">
<xs:annotation>
<xs:docurmentati on>Attribute for creating categories within a contai ner set. For
exanple, within study, types mght include 'PET" or 'MR . One could al so create sub-
cl asses using colon notation: "M STRUCT"</xs: docunent ati on>
</ xs:annot ati on>
</xs:attribute>
<xs:attributeGoup ref="term nol ogy_ag"/>
</ xs: conpl exType>
<xs:conpl exType nane="abstract_entity_t" abstract="true">
<xs:annotation>
<xs:docunmentati on>entity elements are used to describe the resultant scope of an
analysis (e.g. anatomical entity, atlas entity)</xs:docunentation>
</ xs:annotati on>
<xs:sequence>
<xs: el ement name="description" type="xs:string" m nCccurs="0"/>
</ xs: sequence>
<xs:attribute name="|D" type="xs:string"/>
<xs:attribute name="preferredEntitylLabel" type="xs:string">
<xs:annotation>
<xs:docunent ati on>Preferred Nane for the Entity</xs:docunentation>
</ xs:annot ati on>
</xs:attribute>
</ xs: conpl exType>
<xs:conpl exType nane="abstract_info_t" abstract="true">
<xs:annotation>
<xs:docunentati on>i nfo el ements are present in each of the hierarchy levels. these
can be extended to capture instance specific content (follow ng reconmendati on
5) </ xs: docunent at i on>
</ xs:annot ati on>
<xs:sequence>
<xs: el ement name="description" type="xs:string" m nCccurs="0"/>
</ xs: sequence>
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</ xs: conpl exType>
<xs:conpl exType nane="abstract_protocol _t
<xs:sequence>
<xs: el ement name="protocol Offset" type="protocol O fset_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
<xs:attributeGoup ref="1D nane_description"/>
<xs:attributeGoup ref="term nol ogy_ag"/>
<xs:attribute nane="level" type="|evel Descriptor_t">
<xs:annotation>
<xs: docurent ati on>Descri bes the | evel of the XCEDE hierarchy that this protoco
i nstance shoul d be validated agai nst</xs: docunent ati on>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="required" type="xs:bool ean"/>
<xs:attribute name="m nCccurences" type="xs:integer"/>
<xs:attribute name="maxCccurences" type="xs:integer">
<xs:annotation>
<xs:document ati on>Are these occurences within a step (i.e. during a single tine
point)? How to refer to repeats across steps?</xs:docunmentation>
</ xs:annotati on>
</xs:attribute>
</ xs: conpl exType>
NEERA Level information types KRk kkkkkx_ >
<xs:conpl exType nane="projectlnfo_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_info_t">
<xs: sequence>
<xs: el ement name="expt Desi gnLi st" m nCccurs="0">
<xs:conpl exType>
<xs: choi ce m nCccurs="0" maxCccur s="unbounded" >
<xs: el ement name="expt Desi gn"/>
<xs: el ement name="expt Desi gnRef" type="ref_t"/>
</ xs: choi ce>
</ xs: conpl exType>
</ xs: el ement >
<xs: el ement name="subj ect G- oupLi st" m nQccurs="0">
<xs:annotation>
<xs:document ati on>Thi s provi des a mappi ng of subjects to subject groups
within projects. A subject can be a menber of subject groups in multiple projects. </
xs: document ati on>
</ xs:annot ati on>
<xs:conpl exType>
<xs: sequence>
<xs: el ement name="subj ect G oup" type="subjectGoup_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
</ xs: conpl exType>
</ xs: el ement >
<xs:any nanespace="##other" m nCccurs="0" nmaxCOccurs="unbounded"/>
</ xs: sequence>
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="subjectInfo_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_info_t">
<xs: sequence>
<xs: el ement name="sex" type="term nologyString_t" m nCccurs="0"/>
<xs: el ement name="speci es" type="term nol ogyString_t" m nCccurs="0"/>
<xs:el ement name="birthdate" type="term nologyString_t" m nCccurs="0"/>
<xs:any nanespace="##other" m nCccurs="0" nmaxCOccurs="unbounded"/>
</ xs: sequence>
<xs:anyAttribute namespace="##ot her" processContents="1ax"/>
</ xs: ext ensi on>

abstract="true">
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</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nanme="studylnfo_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_info_t">
<xs: sequence>
<xs:el ement name="ti meStanp" type="xs:dateTine" m nCccurs="0"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="visitlnfo_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_info_t">
<xs:sequence>
<xs:el ement name="ti meStanp" type="xs:dateTine" m nCccurs="0"/>
<xs: el ement name="subj ect Age" type="xs:duration" mnCccurs="0"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="epi sodel nfo_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_info_t">
<xs:sequence>
<xs:el ement name="ti nmeStanp" type="xs:dateTine" m nCccurs="0"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="acqui sitionlnfo_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_info_t">
<xs:sequence>
<xs:el ement name="ti meStanp" type="xs:dateTine" m nCccurs="0"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<!__********* Resource types *********__>
<xs:conpl exType nane="i nfor mati onResource_t">
<xs: conpl exCont ent >
<xs:extension base="resource_t"/>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="dcResource_t">
<xs: conpl exCont ent >
<xs: ext ensi on base="informati onResource_t">
<xs: sequence>
<xs:element name="title" type="xs:string" m nCccurs="0" nmaxCccurs="unbounded"/>
<xs:el ement name="creator" type="xs:string" m nCccurs="0" maxCccurs="unbounded"/>
<xs:el ement name="subject" type="xs:string" m nCccurs="0" maxCccurs="unbounded"/ >
<xs:el ement name="description" type="xs:string" mnCccurs="0"
maxCccur s="unbounded"/ >
<xs: el ement name="publisher" type="xs:string" m nCccurs="0" maxCccurs="unbounded"/

<xs:el ement name="contributor" type="orderedString_t" m nCccurs="0"

maxCccur s="unbounded"/ >
<xs:el ement name="date" type="xs:string" m nCccurs="0" nmaxCOccurs="unbounded"/>
<xs:el ement name="type" type="xs:string" m nCccurs="0" nmaxCccurs="unbounded"/>
<xs:el ement name="format" type="xs:string" m nQccurs="0" maxCccur s="unbounded"/ >
<xs:el ement name="identifier" type="xs:string" m nCccurs="0"

maxCccur s="unbounded"/ >
<xs: el ement name="source" type="xs:string" m nQccurs="0" maxCccur s="unbounded"/ >
<xs: el ement name="I| anguage" type="xs:string" m nCccurs="0" maxCccurs="unbounded"/>
<xs:el ement name="rel ation" type="xs:string" m nCccurs="0" maxCccurs="unbounded"/>
<xs: el ement name="coverage" type="xs:string" m nCccurs="0" maxCccurs="unbounded"/>
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<xs:el ement name="rights" type="xs:string" m nQccurs="0" maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="dat aResource_t">
<xs: conpl exCont ent >
<xs:extension base="resource_t">
<Xs:sequence>
<xs: el ement name="provenance" type="provenance_t" m nCccurs="0"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="bi naryDat aResource_t">
<xs:annotation>
<xs:documnent ati on>The ancestor type (resource_t) can describe a streamof data. The
extensions in this derived type (binaryDataResource_t) tell you that this data stream
is conposed of a (one-dinensional) sequence of data itens of a given data type and
byt e order. </ xs:docunment ati on>
</ xs:annot ati on>
<xs: conpl exCont ent >
<xs:extensi on base="dat aResource_t">
<Xs:sequence>
<xs: el ement nanme="el erent Type" m nQccurs="0">
<xs:annotation>
<xs:docurent ati on>Thi s el ement describes the type of individual data elenments in
the data record. For nuneric data types, this indicates whether the elenent type is
a signed integer ("int"), unsigned integer ("uint"), or floating-point ("float"), as
wel | as the nunber of bits allocated to each el ement. </xs: docunment ati on>
</ xs:annotati on>
<xs: si mpl eType>
<xs:restriction base="xs:string">
<xs:enuneration value="int8"/>
<xs:enuneration value="uint8"/>
<xs:enumneration value="int16"/>
<xs:enumneration val ue="uint16"/>
<xs:enumneration val ue="int32"/>
<xs:enuneration val ue="uint32"/>
<xs:enumneration val ue="int64"/>
<xs:enumneration val ue="uint 64"/ >
<xs:enuneration val ue="fl oat 32"/ >
<xs:enuneration val ue="fl oat 64"/ >
<xs:enumneration value="ascii"/>
</xs:restriction>
</ xs: si nmpl eType>
</ xs: el ement >
<xs: el ement name="byteOrder" m nCccurs="0">
<xs:annotation>
<xs:docunentati on>Thi s el ement describes whether the individual data elenments in
the data record are stored with the nost-significant-byte first (nsbfirst) or |east-
significant-byte first (Isbfirst). This elenent is required if the the data type given
by the "el enenttype" el enent has a size |larger than one byte.</xs:docunentation>
</ xs:annot ati on>
<xs:si mpl eType>
<xs:restriction base="xs:string">
<xs:enuneration value="I|sbfirst"/>
<xs:enuneration val ue="msbfirst"/>
</xs:restriction>
</ xs: si nmpl eType>
</ xs: el ement >
<xs: el ement name="conpression" type="xs:string" m nCccurs="0">
<xs:annotation>
<xs:docunentation>lf this element is present, the files pointed to by the ur
el enents are conpressed data files. The only conpression nmethod specifically nanmed by
this specification is "gzip". As a special case for binaryDataResource_t and derived
types, files conpressed with gzip and containing a .gz suffix can be referenced in the
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uri element without the suffix. If a file pointed to by the URI does not exist, the
application should search for the sane file with the .gz suffix appended &#x2014; if
it exists, use that file and act as if the conpression el ement had been specified with
the value "gzip". This allows the referenced files to be conpressed or unconpressed
at will (as long as the .gz suffix is appropriately added/renoved fromthe fil enane)
wi t hout needing to change the URI's in this el enent.</xs:docunentation>
</ xs:annotati on>
</ xs: el ement >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="di nensi onedBi nar yDat aResource_t ">
<xs:annotation>
<xs:docurentation xm:lang="en">This type adds nulti-dinmensionality to the (uni-
di nensi onal ) data stream represented by
bi nar yDat aResour ce_t . </ xs: docunent ati on>
</ xs:annot ati on>
<xs: conpl exCont ent >
<xs: ext ensi on base="bi naryDat aResource_t">
<xs: sequence>
<xs: el ement name="di mensi on" type="bi naryDataDi mensi on_t" maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="mappedBi naryDat aResource_t ">

<xs:annotation>
<xs:docunentation xm:|lang="en">This type places the multi-di mensi onal data array

(say a 3-dinensional cube) into a coordi nate space (say MR scanner coordinates). </
xs: document ati on>
</ xs:annotati on>
<xs: conpl exCont ent >
<xs:ext ensi on base="bi naryDat aResource_t">
<xs: sequence>
<xs: el ement name="di mensi on" type="mappedBi naryDat abDi nmensi on_t"
maxCccur s="unbounded"/ >
<xs: el ement name="ori gi nCoords" type="xs:string" mnQccurs="0">
<xs:annotation>
<xs:docunentation xm:lang="en">This is a coordinate tuple giving the |ocation
of the first itemin the data. For exanple, if this is an MR volune, this could be
a triple giving the location in RAS coordinates of the first voxel in the data.</
xs: document ati on>
</ xs:annot ati on>
</ xs: el ement >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="bi nar yDat aDi mensi on_t">
<xs:annotation>
<xs:docurmentation xm :lang="en">This el ement stores informati on about one of the
N di mensions in the data record. Miltiple instances of this element are ordered from
fastest-noving to slowest-noving. These el ements provide information to describe the
size (in data el ements) of the N-dinensional bounding box for the data, and in sone
cases to describe the mapping of indexes within this bounding box to 'real-world
coor di nat es. </ xs: docunent ati on>
</ xs:annot ati on>
<xs:sequence>
<xs:el ement name="size" type="xs:int">
<xs:annotation>
<xs:docurentati on xm :|ang="en">The nunber of elenents in the data al ong one
traversal of this dinmension.</xs:docunmentation>
</ xs:annot ati on>
</ xs: el ement >
</ xs: sequence>
<xs:attribute name="|abel" type="xs:string">
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<xs:annotation>
<xs:docunmentation xm:lang="en">This is a |abel for the dinmension. The first three
spatial dinensions (or however many exist) must be |abeled, in order, '"x', 'y, and
'z'. The first tenporal dinmension nust be |abeled 't'.</xs:docunentation>
</ xs:annotati on>
</xs:attribute>
<xs:attribute name="splitRank" type="xs:string">
<xs:annotation>
<xs:docunentation>lf this attribute exists, this dinension is a "split" dimension
and this dimension nust be "nerged" with one or nore other dinensions (wWth the sane
| abel ) before presenting the data to the application. This is useful, for exanple
if the data is stored in Siemens' Msaic DI COMformat, where slices of a 3-D volunme
are arranged to look like they are tiled onto a square 2-D area. In this case, what
woul d normally be called the 'z' dinmension has two forks, one that occurs before the
'"y' dimension (the first rowin the data covers the first row of several slices)
and one that occurs after the 'y' dinension. If, as in this case, there are two or
nmor e di mensions that should be nerged into one, both conponent dinmensions shoul d have
the label 'z', but have splitRank attributes "1" and "2", which specifies the order

in which all "split' dinensions of the same |abel will be nmerged. After merging, the
resultant 'z' dinension el ement should contain the same children of the highest-ranked
split 'z' dinmension, except for the 'size' element, which will be the product of the

sizes of all 'z' split dinmensions. The position of the resultant dinension should be
the position of the highest-ranked 'z' split dinension. The data itself should al so be
reordered to reflect the new di mension structure. </xs:docunentation>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="out put Sel ect" type="xs:string">
<xs:annotation>
<xs:docunentation xm:lang="en">ln the same way that the 'splitRank' attribute
al l ows you to specify dinmensions that should be nerged before presenting the data to
an application, this attribute specifies a data filter along this dinmension. If this
attribute exists, it should contain a whitespace-separated |list of indices (indexed
starting at 0). Only data points along this dimension that occur in the index |ist
shoul d be presented to the application. Likew se, the 'size' of the dinmension, after
sel ection, should be updated to reflect the new size of this dinmension (which should
be the nunber of indices in the content of this attribute).</xs:docunentation>
</ xs:annotati on>
</xs:attribute>
</ xs: conpl exType>
<xs: conpl exType nane="mappedBi nar yDat aDi mensi on_t ">
<xs: conpl exCont ent >
<xs: ext ensi on base="bhi naryDat abi nensi on_t">
<xs: sequence>
<xs:el ement name="origin" type="xs:float" m nCccurs="0">
<xs:annotation>
<xs:docunentati on xm :|ang="en">A val ue assigned to the first data el ement
al ong this dinmension. For exanple, if this dimension corresponds to "time", this
el ement could store the time corresponding to the first data element. If this is a
t wo- di nensi onal projection of the surface of the Earth, and this dinension takes you
around the Earth parallel to the equator, this value could be the degrees |ongitude
For MRl data, this is the single coordinate on the Left-to-Right, Posterior-to-
Anterior, or Inferior-to-Superior axis to which this dimension nost closely matches
(see "direction' elenment in mappedBi naryDataDi nmension_t and 'origi nCoords' elenment in
mappedBi nar yDat aResour ce_t ). </ xs: docunent ati on>
</ xs:annot ati on>
</ xs: el ement >
<xs: el ement name="spaci ng" type="xs:float" m nQccurs="0">
<xs:annotation>
<xs:docurmentation xm:lang="en">This is the average di stance between consecutive
data elenents in this dinmension. If the spacing is not regular, then it may be
possible to calcul ate the actual distance between any two data elenents in this
di nensi on using the 'datapoints' el enent.</xs:docunentation>
</ xs:annotati on>
</ xs: el ement >
<xs: el ement name="gap" type="xs:float" m nCccurs="0">
<xs:annotation>
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<xs:docunentation xm:lang="en">This is the length of the unsanpled space
bet ween consecutive data elenments in this dinmension, i.e. the distance between the end
of one data el enent and the beginning of the next. For MRl data, this can be used to
specify the gap between two col |l ected slices &*#x02015; the actual width of each slice
can be calculated as 'spacing’ mnus 'gap'.</xs:documentation>
</ xs:annotati on>
</ xs: el ement >
<xs: el ement name="dat apoi nts" m nQccurs="0">
<xs:annotation>
<xs:docunentation xm:|ang="en">The content of this element is either (1) a
whi t espace-separated |ist of values, or (2) a list of 'value' elenents, that can be
used as a | abel for each data point along this dinension. The val ues can be nunbers
representing points on an axis (this is the typical case), text strings, coordinate
tuples, etc. Any datapoint |abel that includes whitespace (coordinate tuples included)
must be encapsulated within a child 'value' element. If this element is missing, it
is assunmed that |abels can be cal culated using information in other fields (such as
‘origin', 'spacing', etc.). This elenent is particularly useful for dinensions with
i rregul ar spacing. </ xs: document ati on>
</ xs:annot ati on>
<xs:conpl exType mi xed="true">
<Xs:sequence>
<xs: el ement name="val ue" type="xs:string" m nCccurs="0" nmaxCccurs="unbounded"/>
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
<xs:el ement name="direction" type="listoffloats_t" m nCccurs="0">
<xs:annotation>
<xs:docunentation xm:|lang="en">This el ement contains a vector (represented as
a whi tespace-separated |ist of floating-point values in the appropriate coordi nate
system) that is parallel to this dinension's edge of the boundi ng box. The vector
starts at the first element in the data and points towards subsequent el enents al ong
this dinension. For MR data, this should be a unit vector in (R A'S) coordinates
(positive values are Right, Anterior, or Superior respectively) &#x02015; for 'x
'y' dimensions, this corresponds to the two vectors in the | magePatientOrientation
field in DI COM </ xs: docunent ati on>
</ xs:annotati on>
</ xs: el ement >
<xs:el ement name="units" type="xs:string" mnCccurs="0">
<xs:annotation>
<xs:docunmentation xm :lang="en">This stores the units used for al
nuneric values in this dinmension element. In MR data, this should
be 'mm for all spatial dinmensions ('x', 'y', '"z') and 'ns' for the
temporal dimension 't'.</xs:docunentation>
</ xs:annot ati on>
</ xs: el ement >
<xs: el ement name="nmeasurenent Frame" mi nCccurs="0">
<xs:annotation>
<xs:docunentati on xm :|ang="en">The mapping (if any) between the val ues
expressed in & t;datapoints&gt; and the coordi nate systemused by this datarec. For
exanple, in DTl data, this is useful for mapping gradient direction vectors to the RAS
coordi nate space used in the & t;direction&gt; vectors.</xs:docunmentation>
</ xs:annotati on>
<xs:conpl exType>
<Xs:sequence>
<xs:el ement name="vector" type="listoffloats_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="frag_uri _t">
<xs:annotation>

and
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<xs:docunent ati on>The external data pointed to by this uri is a "fragnent", where a
"fragment" is defined as a stream of data contiguously stored in the same file offset
by 'offset' bytes and of 'size' bytes.</xs:docunmentation>

</ xs:annot ati on>
<xs: si npl eCont ent >
<xs:ext ensi on base="xs:anyURl ">
<xs:attribute name="of fset" type="xs:unsignedLong">
<xs:annotation>
<xs:docurent ati on>The data for this fragment will start at this byte position in
the resource specified by the "uri' elenent. If this attribute does not exist or is
enpty, it is assunmed to be zero. </xs:docunentation>
</ xs:annotati on>
</xs:attribute>
<xs:attribute name="size" type="xs:unsignedLong">
<xs:annotation>
<xs:docunentati on>This specifies the size of this block (in bytes) in the
resource specified by the "uri' element. If this attribute does not
exist or is enpty, it is calculated using the dinension and el enenttype
el ement . </ xs: document ati on>
</ xs:annot ati on>
</xs:attribute>
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
<xs:sinpl eType nane="listoffloats_t">
<xs:list itenlype="xs:float"/>
</ xs: si nmpl eType>
<xs:conpl exType nane="format_t">
<xs:annotation>
<xs: documrent ati on>Cont ai ner for describing inmaging formats and fil e nane extensions
(currently underi npl emrent ed) </ xs: docunent ati on>
</ xs:annotati on>
<Xs:sequence>
<xs: el ement name="description" type="xs:string" m nCccurs="0"/>
<xs: el ement name="docunentationLi st" minCccurs="0">
<xs:conpl exType>
<Xs:sequence>
<xs: el ement name="docunentati on" type="informati onResource_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
<xs: el ement name="extensionLi st" m nCccurs="0">
<xs:conpl exType>
<Xs:sequence>
<xs: el ement name="extension" type="xs:string" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
<xs:attribute name="name"/>
</ xs: conpl exType>
<!__********* Provenance types *********__>
<xs:conpl exType nane="processStep_t">
<Xs:sequence>

<xs: el ement name="prograni type="versionedProgranEntity_t" m nCccurs="0"/>

<xs: el ement name="programArgunents" type="argumentsType_t" m nCccurs="0"/>

<xs:el ement name="ti meStanp" type="xs:dateTine" m nCccurs="0"/>

<xs: el ement name="user" type="xs:string" m nCccurs="0"/>

<xs: el ement name="host Nane" type="xs:string" m nCccurs="0"/>

<xs:el ement name="architecture" type="xs:string" mnCccurs="0"/>

<xs: el ement name="platforni type="versionedEntity_t" m nCccurs="0"/>

<xs:el ement name="cvs" type="xs:string" m nCccurs="0"/>

<xs: el ement name="conpiler" type="versionedEntity_t" m nCccurs="0"/>

<xs:el ement name="Ilibrary" type="versionedEntity_t" m nCccurs="0"
maxCccur s="unbounded"/ >
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<xs: el ement name="buil dTi neSt anp" type="xs: dateTi ne" m nCccurs="0"/>
<xs: el ement name="package" type="versionedEntity_t" m nCccurs="0"/>
<xs:el ement name="repository" type="xs:string" m nCccurs="0"/>
</ xs: sequence>
<xs:attribute name="1D" type="xs:string"/>
<xs:attribute nanme="parent" type="xs:string"/>
</ xs: conpl exType>
<xs:conpl exType nane="provenance_t">
<Xs:sequence>
<xs: el ement name="processStep" type="processStep_t" maxCccurs="unbounded"/ >
</ xs: sequence>
<xs:attribute name="1D" type="xs:string"/>
</ xs: conpl exType>
<xs:conpl exType nanme="argunment sType_t">
<xs:annotation>
<xs:document ati on>i nput and out put argunments of the processing tool </
xs: document ati on>
</ xs:annot ati on>
<xs: si mpl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="inputs" type="xs:string"/>
<xs:attribute name="outputs" type="xs:string"/>
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="versi onedEntity_t">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="version" type="xs:string"/>
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
<xs: conpl exType nanme="versi onedProgranEntity_t">
<xs:annotation>
<xs: docurent ati on>versi on and build type of the processing tool </xs:docunmentation>
</ xs:annot ati on>
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="version" type="xs:string"/>
<xs:attribute name="build" type="xs:string"/>
</ xs: ext ensi on>
</ xs: si nmpl eCont ent >
</ xs: conpl exType>
<!__********* Event types *********__>
<xs:conpl exType nane="events_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_data_t">
<Xs:sequence>
<xs: el ement name="paranms" type="eventParans_t" m nCccurs="0"/>
<xs:el ement name="event" type="event_t" m nCccurs="0" maxCccurs="unbounded"/>
<xs: el ement name="description" type="xs:string" m nCccurs="0"/>
<xs:el ement name="annotation" type="textAnnotation_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="event_t">
<xs:annotation>
<xs:docunentati on>This el ement represents an interval of time, with arbitrary
nmet adat a
(in the val ue el enent).</xs: docunent ati on>
</ xs:annot ati on>
<Xs:sequence>
<xs: el ement name="onset" type="xs:float" m nCccurs="0"/>
<xs: el ement name="duration" type="xs:float" m nCccurs="0"/>
<xs: el ement nanme="val ue" type="eventVal ue_t" m nCccurs="0" maxCccurs="unbounded"/>
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<xs:el ement name="annotation" type="textAnnotation_t" m nCccurs="0"
maxCccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute nanme="type" type="xs:string" use="optional"/>
<xs:attribute name="units" type="xs:string" use="optional">
<xs:annotation>
<xs:documentati on>This attribute is optional, but an group using this schema shoul d
agree on, use, and enforce neasurenent units consistently, to avoid the need for
unit conversion in an application.</xs:docunentation>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="name" type="xs:string" use="optional"/>
</ xs: conpl exType>
<xs:conpl exType nane="event Val ue_t" >
<xs:annotation>
<xs:document ati on>User - speci fi ed nmetadata associated with an event. </
xs: document ati on>
</ xs:annot ati on>
<xs: si mpl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="nanme" type="xs:string"/>
<xs:anyAttribute processContents="1ax"/>
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="event Parans_t">
<xs:annotation>
<xs:docunent ati on>These val ue el enments apply to all events in the parent event
l'ist.</xs:docunmentation>
</ xs:annot ati on>
<Xs:sequence>
<xs: el ement nanme="val ue" type="eventVal ue_t" m nCccurs="0" maxCccurs="unbounded"/>
</ xs: sequence>
</ xs: conpl exType>
<xs:conpl exType nane="abstract_tagged_entity_t">
<Xs:sequence>
<xs: el ement name="netaFi el ds" mi nCccurs="0">
<xs:conpl exType>
<xs:sequence m nCccurs="0">
<xs: el ement name="nmnetaFi el d* mi nCccurs="0" maxCccur s="unbounded" >
<xs:conpl exType>
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="name" type="xs:string"/>
</ xs: ext ensi on>
</ xs: si nmpl eCont ent >
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
</ xs: sequence>
</ xs: conpl exType>
<xs:annotation>
<xs: document at i on>*** *x x % %* Prot ocol types Fokkkkkkok ok <f
xs: document ati on>
</ xs:annot ati on>
<xs:conpl exType nane="protocol Itemt">
<Xs:sequence>
<xs:el ement name="itenText" m nCccurs="0">
<xs:conpl exType>
<Xs:sequence>
<xs: el ement name="textLabel" mi nCccurs="0" maxCccurs="unbounded" >
<xs:conpl exType>
<xs:attribute name="location" use="required"/>
<xs:attribute name="val ue" type="xs:string" use="required"/>
</ xs: conpl exType>
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</ xs: el ement >
</ xs: sequence>
</ xs: conpl exType>
</ xs: el ement >
<xs: choi ce>
<xs: el ement name="itenRange" type="protocolltenRange_t" m nCccurs="0"
maxCccur s="unbounded"/ >
<xs: el ement name="itenChoi ce" mi nCccurs="0" maxCccurs="unbounded" >
<xs:conpl exType>
<xs:attribute nanme="itenCode" type="xs:string"/>
<xs:attribute name="itenVal ue" type="xs:string"/>
<xs:attribute name="1D" type="xs:string"/>
<xs:attribute name="units" type="xs:string"/>
</ xs: conpl exType>
</ xs: el ement >
</ xs: choi ce>
</ xs: sequence>
<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="1D" type="xs:string"/>
<xs:attribute name="required" type="xs:bool ean"/>
</ xs: conpl exType>
<xs:conpl exType nane="protocol O fset _t">
<Xs:sequence>
<xs: el ement name="protocol Ti meRef" type="xs:string" m nCccurs="0"/>
<xs: el ement name="preferredTineOfset" type="unitString_t" m nCccurs="0"/>
<xs: el ement name="m nTi neOfset" type="unitString_t" m nCccurs="0"/>
<xs:el ement name="maxTi neOfset" type="unitString_t" m nCccurs="0"/>
</ xs: sequence>
</ xs: conpl exType>
<xs:conpl exType nane="protocol | tenChoi ce_t">
<Xs:sequence>
<xs: el ement name="val ue" type="xs:string" nmaxCOccurs="unbounded"/>
</ xs: sequence>
<xs:attribute name="units" type="xs:string"/>
</ xs: conpl exType>
<xs: conpl exType nanme="protocol | temRange_t">
<xs:attribute name="m n" type="xs:string">
<xs:annotation>
<xs:docurent ati on>M ni mum val ue for item (inclusive)</xs:documentation>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="max" type="xs:string">
<xs:annotation>
<xs: documrent at i on>Maxi mum val ue for item (inclusive)</xs:documentation>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="units" type="xs:string"/>
</ xs: conpl exType>
<xs:annotation>
<xs: document at i on>****x * % %* Assessnent types Fokkkkkkokk<f
xs: document ati on>
</ xs:annotati on>
<xs:conpl exType nane="assessnmentInfo_t">
<xs: conpl exCont ent >
<xs:extension base="abstract_info_t"/>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="assessnment _t">
<xs: conpl exCont ent >
<xs:extension base="abstract_data_t">
<Xs:sequence>
<xs: el ement name="nanme" type="xs:string"/>
<xs: el ement name="dat al nstance" mi nCccurs="0" maxCccur s="unbounded" >
<xs:conpl exType>
<Xs:sequence>
<xs: el ement name="assessnent|nfo" type="assessnmentInfo_t" m nCccurs="0">
<xs:annotation>
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<xs: docurent ati on>Bl ock for describing things |ike
informant, clinical rater, assessnment date
et c</ xs: docunent ati on>
</ xs:annot ati on>
</ xs: el ement >
<xs:el ement name="assessnentlteni type="assessnmentltemt" m nCccurs="0"
maxQccur s="unbounded"/ >
</ xs: sequence>
<xs:attribute name="validated" type="xs:bool ean">
<xs:annot ati on>
<xs:document ati on>l ndi cat es whet her the instance has been
val idated (e.g. by reconciling double-entry instances)
There shoul d be only one validated instance per
assessment . </ xs: docunent ati on>
</ xs:annot ati on>
</ xs:attribute>
</ xs: conpl exType>
</ xs: el ement >
<xs:el ement name="annotation" type="textAnnotation_t" m nCccurs="0"
maxQccur s="unbounded"/ >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="assessment Descltemt">
<xs: conpl exCont ent >
<xs:extension base="protocol ltemt">
<xs:attribute name="version" type="xs:string"/>
<xs:attribute name="fornRef" type="xs:string"/>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="assessnmentltemt">
<Xs:sequence>
<xs:el ement name="val ueStatus" type="xs:string" m nCccurs="0">
<xs:annot ati on>
<xs:docurentati on>Informati on on the status of a value (e.g. subject refused to
answer) </ xs: docunent ati on>
</ xs: annot ati on>
</ xs: el ement >
<xs: el ement name="val ue" type="value_t">
<xs:annot ati on>
<xs:docunent ati on>Actual value of the assessnent item as recorded on the
f or m</ xs: docunent ati on>
</ xs:annot ati on>
</ xs: el ement >
<xs: el ement name="nornVal ue" type="value_t" m nQccurs="0">
<xs:annot ati on>
<xs:docurent ati on>Normal i zed or scal ed val ue of the assessnent
i tenx/ xs: docunent ati on>
</ xs:annot ati on>
</ xs: el ement >
<xs: el ement name="reconciliationNote" type="textAnnotation_t" m nQccurs="0">
<xs:annot ati on>
<xs:document ati on>Normal i zed or scal ed val ue of the assessnent
i tenx/ xs: docunent ati on>
</ xs: annot ati on>
</ xs: el ement >
<xs: el ement name="annotation" type="textAnnotation_t" m nCccurs="0"/>
</ xs: sequence>
<xs:attributeGoup ref="term nol ogy_ag"/>
<xs:attribute name="1D"/>
<xs:attribute name="name"/>
</ xs: conpl exType>
<xs:annot ati on>
<xs:document at i on>****x * % %* Anal ysi s types Fokkokkkkokk<f
xs: document ati on>
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</ xs:annot ati on>
<xs:conpl exType nane="measurenent G oup_t" >
<xs:annotation>
<xs:documnent ati on>A nmeasur ement G oup contains information and data related to
the outcome of an analysis. For exanple, this could be a statistic (e.g. froma
Statistical Paranetric Map) or a neasurenent (e.g. the volunme of the hippocnapus). </
xs: document ati on>
</ xs:annot ati on>
<xs: conpl exCont ent >
<xs:extension base="abstract_container_t">
<Xs:sequence>
<xs:element name="entity" type="abstract_entity_t" maxCccurs="unbounded">
<xs:annotation>
<xs:docunentati on>In the context of a nmeasurement G oup, is the entity being
measured. For exanple, the hippocanpus. </xs:docunentation>
</ xs:annotati on>
</ xs: el ement >
<xs: el ement name="observation" type="observation_t" maxCccurs="unbounded">
<xs:annotation>
<xs:documentation>ln the context of a neasurenent G oup, are the observations
that are made concerning the entity. For exanple, follow ng hte hi ppocnapus exanpl e,
m ght be the total volune, surface area, etc.</xs:documentation>
</ xs:annot ati on>
</ xs: el ement >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:annotation>
<xs:document at i on>****x x % %* Term nol ogy types Fokkkkkkok ok <f
xs: document ati on>
</ xs:annot ati on>
<xs:attributeG oup name="term nol ogy_ag">
<xs:attribute name="preferredLabel" type="xs:string">
<xs:annotation>
<xs:docunent ati on>The preferred | abel of this term This can be different than the
termused by the applications (e.g. CBLM versus cerebellum </xs:docunmentati on>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="abbreviation" type="xs:string">
<xs:annotation>
<xs:docunent ati on>The preferred abbreviation for the ternx/xs:docunmentation>
</ xs:annotati on>
</xs:attribute>
<xs:attribute name="nomencl ature" type="xs:string">
<xs:annotation>
<xs: docunent ati on>The source ontol ogy of this term nol ogy/ontol ogy ternx/
xs: document ati on>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute name="term D' type="xs:string">
<xs:annotation>
<xs:docunent ati on>Applications will likely want to constrain what are valid IDs
within the context of their application (for exanple, allow ng only
LSI D s) </ xs: docunent ati on>
</ xs:annot ati on>
</xs:attribute>
<xs:attribute nanme="ternPath" type="xs:string"/>
</ xs:attributeG oup>
<xs: conpl exType nanme="term nol ogyString_t">
<xs:annotation>
<xs:docunent ati on>A sinple representation of terms for use within the schena. </
xs: document ati on>
</ xs:annot ati on>
<xs: si mpl eCont ent >
<xs:ext ension base="xs:string">
<xs:attributeGoup ref="term nol ogy_ag"/>
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</ xs: ext ensi on>
</ xs: si nmpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="nsTer mAnnotati on_t">
<xs: conpl exCont ent >
<xs:ext ension base="abstract_annotation_t">
<Xs:sequence>
<xs: el ement name="ontol ogyCl ass" type="xs:string" nmaxQccurs="unbounded"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs: conpl exType nane="nsOnt ol ogyAnnotation_t">
<xs: conpl exCont ent >
<xs:ext ension base="abstract_annotation_t">
<Xs:sequence>
<xs:el ement name="ternt type="xs:string" maxCccurs="unbounded"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="nonencl ature_t">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="abbreviation
<xs:attribute name="nonencl ature
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="atl asEntity_t">
<xs:annotation>
<xs:docurentati on>entity elements are used to describe the resultant scope of an
anal ysi s</ xs: docunent ati on>
</ xs:annot ati on>
<xs: conpl exCont ent >
<xs:extension base="abstract_entity_t">
<Xs:sequence>
<xs: el ement nanme="geonetry" type="abstract_geonetry_t">
<xs:annotation>
<xs:docunentati on>Atlas entity defined through the use of GW base geonetries. </
xs: document ati on>
</ xs:annot ati on>
</ xs: el ement >
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="abstract_geonetry_t" abstract="true"/>
<xs:conpl exType nane="anatom cal Entity_t">
<xs:annotation>
<xs:docurentati on>Entity el ements are used to describe the resultant scope of an
anal ysi s</ xs: docunent ati on>
</ xs:annotati on>
<xs: conpl exCont ent >
<xs:extension base="abstract_entity_t">
<Xs:sequence>
<xs:el ement name="Ilabel" type="term nol ogyString_t" m nCccurs="0"
maxCccur s="unbounded" >
<xs:annotation>
<xs:docunent ati on>The set of ternms that name this entity. This set can contain
a col l ection of synonynous terns</xs:docunentation>
</ xs:annotati on>
</ xs: el ement >
</ xs: sequence>
<xs:attribute name="laterality" type="laterality_t
<xs:annotation>
<xs:documentati on>Laterality of region (or none) </xs:docunentation>

type="xs:string"/>
type="xs:string"/>

use="opti onal ">
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</ xs:annotati on>
</xs:attribute>
<xs:attribute nane="tissueType" type="tissueType_t" use="optional">
<xs:annotation>
<xs:document ati on>Ti ssue type of region (or none) </xs:documentation>
</ xs:annotati on>
</xs:attribute>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:annotation>
<xs:document at i on>****x * % %* M sc. types Fokkokkkkok ok <f
xs: document ati on>
</ xs:annotati on>
<xs:conpl exType nane="naneVal ue_t">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="nanme" type="xs:string"/>
<xs:anyAttribute processContents="1ax"/>
</ xs: ext ensi on>
</ xs: si nmpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="met adat aLi st_t">
<Xs:sequence>
<xs: el ement name="val ue" type="nanmeVal ue_t" m nCccurs="0" maxCccur s="unbounded"/ >
</ xs: sequence>
</ xs: conpl exType>
<xs:conpl exType nane="ref _t">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="1D" type="xs:string"/>
<xs:attribute nane="URI" type="xs:string"/>
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="aut horedText _t">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attributeG oup ref="authoredText_ag"/>
</ xs: ext ensi on>
</ xs: si mpl eCont ent >
</ xs: conpl exType>
<xs:attributeG oup name="aut horedText _ag">
<xs:attribute name="author" type="xs:string"/>
<xs:attribute name="timestanp" type="xs:dateTi me"/>
</ xs:attributeG oup>
<xs:conpl exType nane="abstract_annotation_t" abstract="true">
<xs:attributeGoup ref="authoredText_ag"/>
</ xs: conpl exType>
<xs:si npl eType nane="coment _t">
<xs:restriction base="xs:string">
</xs:restriction>
</ xs: si nmpl eType>
<xs:conpl exType nane="text Annotation_t">
<xs: conpl exCont ent >
<xs:ext ension base="abstract_annotation_t">
<Xs:sequence>
<xs:el ement name="comrent" type="coment_t" m nCOccurs="1" maxCccurs="1"/>
</ xs: sequence>
</ xs: ext ensi on>
</ xs: conpl exCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="generator_t">
<Xs:sequence>
<xs: el ement name="application" type="versionedEntity_t">
<xs:annotation>
<xs: document ati on>Program used to generate document </ xs: document ati on>
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</ xs:annotati on>
</ xs: el ement >
<xs:el ement name="invocation" type="xs:string">
<xs:annotation>
<xs:docunent ati on>Application input required to generate this docunment. Should be
explicit such that this docunent can be re-generated fromthis info</xs:docunentation>
</ xs:annotati on>
</ xs: el ement >
<xs: el ement name="dat aSource" type="xs:string" m nCccurs="0">
<xs:annotation>
<xs:docunent ati on>Descri pti on of data source with version nunbers and/or tinestanp
of dat a</xs: document ati on>
</ xs:annot ati on>
</ xs: el ement >
</ xs: sequence>
</ xs: conpl exType>
<xs:conpl exType nane="person_t">
<xs:annotation>
<xs:docurent ati on>Add additional fields (address, email, etc)</xs:docunentation>
</ xs:annot ati on>
<Xs:sequence>
<xs:el ement name="sal utation" type="xs:string" m nCccurs="0">
<xs:annotation>
<xs:documentation>e.g. Dr., M., Ms.</xs:docunmentation>
</ xs:annot ati on>
</ xs: el ement >
<xs: el ement name="gi venNane" type="xs:string" m nCccurs="0"/>
<xs: el ement name="m ddl eNanme" type="xs:string" m nCccurs="0"/>
<xs: el ement name="surnane" type="xs:string" mnQccurs="0">
<xs:annotation>
<xs:document ati on>Used for |ast name or only name (e.g
Prince) </ xs: docunent ati on>
</ xs:annotati on>
</ xs: el ement >
<xs: el ement nanme="academi cTitles" type="xs:string" m nCccurs="0"/>
<xs:el ement name="institution" type="xs:string" m nCccurs="0"/>
<xs: el ement name="departnent" type="xs:string" m nCccurs="0"/>
</ xs: sequence>
<xs:attribute name="|D" type="xs:string"/>
<xs:attribute nanme="rol e" type="xs:string"/>
</ xs: conpl exType>
<xs:si npl eType nane="1|evel Descriptor_t">
<xs:restriction base="xs:string">
<xs:enumeration val ue="project"/>
<xs:enumeration val ue="subject"/>
<xs:enumneration value="visit"/>
<xs:enuneration val ue="study"/>
<xs:enumeration val ue="epi sode"/ >
<xs:enumneration val ue="acquisition"/>
</xs:restriction>
</ xs: si nmpl eType>
<xs:attributeG oup name="1D_nane_descri ption">
<xs:attribute name="|D" type="xs:string"/>
<xs:attribute name="name" type="xs:string"/>
<xs:attribute name="description" type="xs:string"/>
</ xs:attributeG oup>
<xs:conpl exType nane="unitString_t">
<xs: si npl eCont ent >
<xs:extension base="xs:string">
<xs:attribute name="units" type="xs:string"/>
</ xs: ext ensi on>
</ xs: si nmpl eCont ent >
</ xs: conpl exType>
<xs:conpl exType nane="revision_t">
<Xs:sequence>
<xs:el ement name="ti nmestanp" type="xs:dateTine" m nCccurs="0"/>
<xs:el ement name="generator" type="generator_t" mi nCccurs="0"/>
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<xs:el ement name="annotation" type="textAnnotation_t" m nCccurs="0"/>
</ xs: sequence>
<xs:attribute name="1D" type="xs:string"/>

</ xs: conpl exType>

<xs:conpl exType nane="orderedString_t">
<xs: si mpl eCont ent >
<xs:ext ension base="xs:string">

<xs:attribute name="order" type="xs:string"/>

</ xs: ext ensi on>
</ xs: si nmpl eCont ent >

</ xs: conpl exType>

<xs:conpl exType nane="val ue_t">
<xs: si npl eCont ent >
<xs:extension base="xs:string">

<xs:attribute name="units" type="xs:string"/>

</ xs: ext ensi on>
</ xs: si nmpl eCont ent >

</ xs: conpl exType>

<xs:si npl eType nane="val ueTypes_t">
<xs:restriction base="xs:string">
<xs:enuneration value="float"/>
<xs:enuneration val ue="bool ean"/>
<xs:enuneration val ue="varchar"/>
<xs:enumneration val ue="integer"/>
<xs:enuneration value="URl"/>
</xs:restriction>

</ xs: si nmpl eType>

<xs:sinpl eType nane="laterality_t">
<xs:restriction base="xs:string"/>

</ xs: si nmpl eType>

<xs:sinmpl eType nane="tissueType_t">
<xs:restriction base="xs:string"/>

</ xs: si nmpl eType>

</ xs: schema>
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