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Abstract

As IBM, HP, Intel and Microsoft work on the reconciliation of WSDM and-¥&n,

IBM will continue to update thidocumento present an overview of the current status of

the work. It covers a wide range of topics, starting from very-lggél discussions on

the impact of this work, all the way down to the specific coding changes that may be seen
by WSDM developers with thatention of answering the many questions people may
have.

As the reconciliation effort progressé8M will update thisdocument as needéd
providing an updat#o-date reference and migration guide for those interesting in this
effort.
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1. Executive Summary

On March 15, 2006, HP, Intel, IBM and Microsoft annouridke intention to reconcile
the WSDM and WSMan specifications into a single standard for manageofdiit
resources using Web serviceis the work reaches certain milestones, portions of it will
be shared with the Web service community to solicit feeddadkis documentBM
summarizes all of the work to ddtg providing a higHevel overview of thgublished
specifications and, when appropriate, expfarthe migration path from the existing
specifications to the new ones.

In This Version:

This document is being updated to include a summary of the second milestone: the
publication of the first difaof the Web Services Resource Catalog (RS)
specificatiod. The WSResource Catalog specification is the merginthef
requirements satisfied W/S-ServiceGroups and/S-ManagementCatalog (from WS
Management). It is designed to provid®emat with whch resource andervice
providers can advertise their servicesdpointsandresources in atandardized and
consistentmanner Since WSRC is a format, existing protocols can be profiled to
provide access to the consistent data, includingR&Source Tansfer, HTTP, WS
ResourceFramework, and \Wanagementit also allows for users of tH€atalog" (a
serviceimplemening the WSRC specification to easily locate resources of interest
based solely on advertising data within the Catalog. By providing anoom
infrastructure the WARC specification provides the basic framework for advertisement
of resources an/eb services across a variety of dorsaiwhile, as with all of the
reconciliation specifications, one of the biggest driving forces is its use in th
management domain, the infrastructural specifications are designed to be used as
"generic" Web service specifications. And YRE is no exception. Some of the key
features of WSResourceCatalog are:

Definition of the schema for a "Catalog" and "Entriesthin the Catalog.

Mechanism by which administrators of the Catalog can add any information they
deem appropriate about the resources they are catalo@infyding simple
annotations, classifications as well as portions of the resource's data andanetada
1 Ability to define relationships/topologies between the Entries in the Catalog.

1 Ability to represent multiple views (or aspects) of an Entry in the Catalog.

1 Mechanism by which Entries can be grouped into collections.

T
T

In The PreviousVersion

Previousy, the reconciliation effort produced the YR&source Transféspecification,
the Service Modeling Language specification and an update to thdétRlata
Exchange specificatiofhis was the first step in reconciliation of the lovievel
specifications tat both WSDM and W8/an are built uponOne of the key components

! http://www.ibm.com/developerworks/webservices/library/specificationbesimap/
2 http://www.ibm.com/developevorks/webservices/library/specification/Ans/
? http://www.ibm.com/developerworks/webservices/library/specificatiormise/
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In this is the ability to amess and manipulate resourd&SDM uses the OASIS family

of specifications known as WResource Framework, while W@an uses WS ransfer

for this purpose. Thesconciliation work merged these two to produce-R&source
Transfer. WERT introduces features that will leverage the extension points in WS
Transfer to allow for a more optimal use in not only the management domain but general
purpose resource maniputatias well.

The key features introduced in W source Transfer are:
9 Partial resource manipulation. WST al | ows for a subset of
be manipulated allowing for a much more performant message exchange.
1 Definition of data access languegthat are better suited for leamd devices.
1 Atighter relationship between a resource and its metadata.

The Service Modeling Language (SML) specification pro@gsting XML

specifications to enable modelingreources, constraints arelationshifg. By bringing

toget her the firesour ce man iMantbgetherimamooe f eat ur e
specification, and agreeing an XML modeling language for those resources, this effort

will, in the longrun, simplify the Service Oriented Architecturadscape and accelerate

the adoption of Web services based solutiondusiness and management

In conjunction with the publication of the \ARST specification, an update of WS
MetadataExchangeasalso published. This update better aligns it with the

reconciliation work by reusing the WBansfer Get operation to retrieve the
representation of a fAmetadatao resource, 1ins
purpose.

Looking Ahead

Current WSDM users can be assured that IBM is working on toofadothly transition

them to the new specification®©nce the reconciliation work is complete, current

customers and vendors of WSDM will continue to have access to all of the features that

the WSDM family of specifications offersA commitment to WSDM toay will allow

users to migrate towards the converged specifications at their own pace through the use

of migrationtoolingi maki ng t his an evolutionary change
rather than a disruptive one.

In future milestones expect to see theonciliation effort focus on the delivery of
notifications, iteration over collections, discovery of networks resources and, of course,
the management of those resources as well.
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2. Overview of new Specifications

This portion of the document is intendedprovide a higHevel technical overview of the
features in thaew, and updated, reconciliati@pecificatiors.

As part of the reconciliation work several new specifications were developed, while some
existing specifications were modified to more gaallow these new specifications to

make use of them. This section will provide an overview of the new specifications as
well a highlight the changes to the existing specifications that were made. It is assumed
that the reader has at least a basic kndgdeof the praeconciliation version of the
specifications used for the reconciliation wofkigure2.1 shows the relationship

between the two stacks of specifications that warranted the need for this reconciliation
work and thé relationship to the reconciled stack

Reconciled Stack

&
o' e,

Existing Stacks

5,
o,

WSDM WSMan
Common Management Specs

WSDM WSMan
WS-ResourceCatalog
WS-EVN WS-RT WS-RE
WS-Notif WS-RF WS-Eventing ~ WS-Transfer  WS-Enum
WS-Eventingd ~ WS-Transferd6 ~ WS-En
SML
Resource
Resource
WS-MEX WS-MEXd
Core Web Service Stack Core Web Service Stack
Figure 2.1

Note: WSRF (ResourceFramework) is a collection of specifications. Most notably, WS
ResourcelLifeWS-ResourcePropertig8VS-RP), and WSServiceGroupsvere examined
during this effort. While WSVIEX (MetadataExchange) is not technically a management
specific specification, it was modified as part of this effort as discussed in se&ion
While it is a goal of the reconcitian effort to develop a set of Common Management
specification that completely encompasses the functionality of both WSDM ardaliS

it is possible for there to still remain some WSDM or€W8&n specific functionality that

is considered out of scofehese are represented by the small pink boxes at the top
corners of the Common Management Specs box. However, all parties involved are
hoping that in the end there will be no need for them.

As previously mentioned, this section provides an overview ofgbeifications

referenced by the reconciliation architecturiewill cover the highlevel aspects of the
specifications. For a more through description and discussion of the various features of
the specifications please refer to the specifications tHeese

WSDM Reconciliatio
and Migration Guidancév.2.0 Page6 May 2007



2.1. WS-Transfer Update

WS-Transfer, like WSResourceLifetime and WResourceProperties, focuses on how to
access and manipulate resources.-Wahsfer leverages the common CRUD (Create,
Read (aka Get), Update (aka Put) and Delete) database opsesaitsrmain interface to

the resource. Use of these four operations as a basis works well, howeVeanggr

in its prereconciliation state did not allow more advanced features, such as those defined
in WS-ResourceTransfer. To allow for more flexibilityhe authors of WS ransfer

updated the specification as specified in the following sections

2.1.1. WS-Transfer Get

Inthe originalWSTr ansfer specification, the Get oper
Body. This meant that it could only be used for retrievéhe entire XML

representation of a resource. While in many cases retrieving the entire resource may be
adequate, there are other scenarios where this causes undue implementations burdens.

For example, if the querying party is only interested in ondl gogion of a large

resourceds data, getting a | arge XML documen
the network.

To accommodate more specialized retrieval mechanisms, an extensible version of Get

was introduced one in which a SOAP Body was allo@v&o be included in the request

message. This allowatherspecifications to define more optimized versions of Get that

are better suited for their particular neédss we will see in the WR&esourceTransfer

section. Note, that this change impacts tiothe Get 6 s r equest and resp
since the response messages now allow for s
representation to be returned.

2.1.2. WS-Transfer Put

WSTransferdés Put operation needed ons. be modi
Originally, it only allowed for the entire XML representation of the resource to be

i ncluded in the Put 6s r epqatirg srly a smakpordon ef. To a
the resource, the Put operation was updated to allow for other specifitataefse

their own extensiondd be placed in thEOAP Bog of the Put request messaggain,

allowing for more optimized functionality to be utilized.

Theoriginalver si on of Put only required the repres
requestrepresentation differed from the actual representation of the final state of the
resource.However, since this could be quite hard for some implementations to determine,

and the request may (through some additional specification) only contain a pottien of

resource to updatghis requirement was removed.

2.1.3. WS-Tansfer Delete

No substantive change was made to the Delete operaliowever, itshould benoted

that use of the Delete operation completely deletes the resource and subsequent attempts

to accesd should result in the same response (fault) as if the resource has never existed

at all. I f only portions of the resourceos

WSDM Reconciliatio
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operation should be used or the fragment support as defined-iRaatgirceTransférs
Put operation.

2.1.4. WS-Transfer Create

During the reconciliation work, it was realized that WS ansf er 6s constraint
Create operation that required the entire re
a challenge for some implementations. Iéwing the pattern established by the changes

to the Put operation, Create was modified to allow for more specialized SOAP Body

content to be included in the request message. For example, through the use of WS
ResourceTransfer 0s oGrteiaotne oof p et rhaet iroens,o uorncleyd sa
bepassedihnassuming this is valid per the schema.
returns an EPR to the newly created resourtewever, the initial representation is no

longer returnedlf this is stll needed by the initiating endpoint the Get operation may be

used to retrieve it.

WSDM Reconciliatio
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2.2. WS-ResourceTransfer

With the modifications to WS ransfer mentioned in the previous section, other
specifications can now more easily leverage the extension points-Gir&idSfer to

define more specialized CRUD type of mechanisms. Through the examination of the
various usecases that guided the development of-Ré&sourceProperties, WSDM and
WS-Management, the reconciliation effort created one such specification: WS
ResourceTansfer.

It is important to note that since \AResourceTransfer extends W#ansfer, all of the
SOAP Action values (and WAddressing Action values) for each of the operations will
be the same as specified in YW&nsfer. This means that the use of the
wsrt:ResourceTransfer SOAP Header (discussed later) is critical, as without it an
implementation may choose to ignore the extensions and the client would be unaware
that its request was not processed per theR&SourceTransfer specification.

2.2.1. Fragment Support

One of the most significant features of VR8sourceTransfer is the notion of referencing

a portion of a resourceds representation rat
Clearly, from a performance point of view being able to send just oimg Sds an

exampl e, rather than the entire resourceds X
large) could lead to a significant boost in performance.

To allow for this targeted referencing o$abset of aesource, WSResourceTransfer
introducesthemt i on of a Afragment 0. Put simply, a
expression that denotes which portion of the resource is of interest for the particular

operation being invoked. To maximize flexibility, the specification does not mandate one

particdar form (or language) that must be used when specifying a fragment. Instead, it
allows for 1implementations to specify a ADi a
formulating the expression. Depending on the application or implementation choices,

different Dialects may be better suited then others.

The WSResourceTransfer specification specifies a set of common Fragment Dialects
that it considers to be most common @l suchencourages all implementations to
support them:
T QNameDialect
The QNamedialect can be used to reference theleyel (immediate children of
the root) elements of the resource. By specifying just the QName of the element
of interest this fragment dialect can be used for very-iggight implementations
that may not be abk® support more flexible (or costly) dialeétsuch as XPath.
1 XPath 1.0 Dialect
This dialect allows for any XPath 1.0 expression to be used to reference any
portion of the resource.
1 XPath Level 1 Dialect
This dialect subsets the XPath 1.0 dialect togoste of the most common, and

WSDM Reconciliatio
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basic, features such as referencing single nodes or limiting the full set of library
functions to just the text() one. This dialect was developed for resource
constrained devices that needed some basic level of XPath sbppaould find

it too costly to support XPath 1.0 itself.

In the WSResourceProperties specification there is a QueryExpressionDialect property
that specifies which Dialects may be used when issuing queries against the resource.
WS-ResourceTransfer wiprovide the same information in its metadatsee section
2.2.6for more information.

2.2.2. WS-ResourceTransfer Get

Per the WSTransfer specification, the Get operation can be used to retrieve the XML
representation of a resourcéhe WSResourceTransfer specification makes use of the
extensibility points defined in WSransfer by defining a new XML element to be used

in the SOAP Body of a Get request message to allow for retrieval of just a fragment of
t he r es our coa. 6The synepof thisnewdlementi is:

(01) <wsrt: Get Dixgdn@RIt&Eo. . . >

(02) <wsrt:Expression ...> xs:any </wsrt:Expression> *

(03) </wsrt:Get>

As described in sectiah2.1(Fragment Supgrt) the Dialectattribute specifies the

language that will be used in the Expression elemiig.worth pointing out that only

one type of Dialect is permitted per Get
While on the surface it would seem more flexible ltovaeach Expression to have it own
Dialect attribute it was decided that it was better to allow an implementation of Get to

be able to determine quickly whether or not it supported the requested Ditiast

allowing it to reject any incoming requasessage immediately without incurring the
overhead of processing some of the Expressions just to find out that it might need to
return a Fault if is encounters a Dialect that it does not support.

The Expression element is a wrapper for the Dialect Bpegiery string that will specify
the portion of the XML representation of the resource that should be returned in the
response.

Since there may be multiple Expression elements within the Get element, it is possible to
retrieve several different seatis of the resource at the same time. However, as noted
above, all of the Expression elements must use the same Dialect lantfiage.
implementation find it too costly to support more than a certain number of Expression
elements within on Get requedigeh it may generate a Fault indicating how many it does
support.

When a Get request message is processed there is no way for a client to know for sure
whether or not the server will actually support the-R&sourceTransfer extension. If it
d 0 e s n 6 tit theriitpnpyosimply choose to ignore the Body of the' Gt order to

! While the SOAP specification itself makes it very clear that a SOAP processor must understand the Body
element (or fault), thepdated WSTransfer specification seems to imply that an implementation may
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ensure that the resource implementation understands and will adhere to the semantics
defined in the WSRResourceTransfer specification a new SOAP Header must be included
in the reqest message:

(01) <wsrt: ResourceTransfer soap:mustUnderstand="true" ?>
When this Header is included, and mar ked wit
then the client wildl be assur-ed that i1f the

ResourceTransfer then it wgenerate a MustUnderstand Fault when it encounters this
Header and no further processing will take place.

If the Get succeeds then the response message will look like:
(01) <wsrt:GetResponse>

(02) <wsrt:Result...> xs:any </wsrt:Result> +

(03) </wsrt:GetResponse>

There will be one Result element in the response for each, and every, Expression element
that was present in the requésven if the response for that particular Expression was
empty. Also note that the order of the Result elements must match the aituer of
Expression elements.

While the base WS ransfer Get is still supported for the retrieval of the entire resource,
it is worth pointing out that the same functionality can be achievedvays, firstby
specifying an Expression that refers to the rdetent of the resourcand second by

not including any Expression elements af dlus asking for the enticke sour ce 6 s
representation

The wsrt:ResourceTransfer Headaell also be included on the GetResponse message so
that the receiver knows how pooperly interpret the results.

When comparing the functionality of this extension with the current retrieval operations
that are specified in WResourceProoperties (e.g. GetResourceProperty), the WS
ResourceTransfer Get, plus the use of the Fragmepbdyprovides equivalent
functionality.

2.2.3. WS-ResourceTransfer Put

As with the WSResourceTransfer Get operation, the-Ri&sourceTransfer Put
operation adds Fragment support to allow for morediraened data access and
manipulation. Inthe Put case, thmtax of the new SOAP Body looks like:
(01) <wsrt: Put DixsdnyRIt 625

(02) <wsrt: Fragment Mode=0Modify|Ilnsert| Removeo>
(03) <wsrt:Expression> xs:any </wsrt:Expression> ?
(04) <wsrt:Value ...> xs:any </wsrt:Value> ?

choose to ignore it thus it mentions the need for a SOAP mustUnderstand Header to ensure the Body

element is processed. Technically, this is redundant but since the initiahvefSTr ansf er di dn ot
allow for a SOAP Body, existing implementation may not even look at the Body element at all. By using a

must Understand SOAP Header wedre guaranteed all i mpl
SOAP Body.
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(05) </wsrt:Fragment> +
(06) </wsrt:Put>

Like we sawin the Get element, the Put element has a Dialect attribute that specifies the
language that will be used in the Expression elements.

Since there may be multiple portions (Fragments) of the resource being updated, the Put
element allows for multiple Fragant elements to be specified. Each one contains an
Expression and a Value element. The Expression element is used to specify which
portion of the XML representation of the resource is being targeted by this Fragment.
And, the Value element specifies thew XML value to be inserted at that location.

The Fragment element has a Mode attribute that allows for a wider level of control than
simply insertion of new data. There are four possible values:
1 Modify
This modemeans that the fragment pointed to hg Expression must be replaced
by the XML in the Value elementf the Expression element is not present then
the Mode attribute must be AModifyo and t
be replaced.
1 Insert
This modemeans that the new value mustdaieled to the resource at the
fragment pointed to by the Expression. This is typically used to add more value
to arraytype of structureslf the Expression references a repeated element then
the fragment will be added to the end, if it references amigxisem of a
repeated element then it will be added before it.
1 Remove
This modeis used as a fragmetgvel delete. The portion of the resource that is
referenced by the Expression element will be removed from the XML
representation of the resource. t&ldn this case the Value element must not be
present.

The WSResourceTransfer Put operation requires the use efstieResourceTransfer
SOAP Header as described in the \R&sourceTansfer Get operation. This ensures
compliance with this specification.

If the resource successfully processes the Put operation then the response message will be
as it is described in the WHansfer specificatioiln meaning the SOAP Body will either

contain an updated EPR to the resource or nothing aAmdl, like we sayn the

GetResponse message, it must include the wsrt:ResourceTransfer SOAP Header.

The functionality defined in WiResourceTransfer Put provides equivalent mechanisms
that are defined in WiResourceProperties Set/Insert/Update/DdResourceProperties
operations.

2.2.4. WS-ResourceTransfer Create

Foll owing the pattern webve s-een in the Get
ResourceTransfer Create operation afidov multiple Fragment elements be included

WSDM Reconciliatio
and Migration Guidancév.2.0 Pagel?2 May 2007



in the request message. This allows for the client to fsp&aiy portion of the resource

in the create message. This is useful in cases where the remaining portion of the resource
has default values that do not need to be specified by the initiating endpoint. The syntax
for the WSResourceTransfer Create is:

01) <wsrt: Create Dialect=0xs:anyURI 0>

(02) <mex:Metadata> resource metadata  </mex:Metadata> ?

(03) <wsrt:Fragment>

(04) <wsrt:Expression> xs:any </wsrt:Expression> ?
(05) <wsrt:Value ...> xs:any </wsrt:Value>
(06) </wsrt:Fragment> *

(07) <l/wsrt:Create>

The Dialect attribute, l& theotheroperations, specifies the language of the Expression

element. The Fragment element, like in the Put, contains an Expression and Value,
allowing the client to specify where to plac
representation. Thigperation also requires the use of Wert:ResourceTransfSOAP

Header as described in the WResourceTransfer Get operation, to ensure compliance

with this specification.For ease of understanding, the wsrt:Create operation can be

thought of as creatg a new resource followed by a series of wsrt:Put Fragments that

need to be appliew this new resource.

One very important difference between the Create and the Put, however, is the Metadata
element. This element allows for any number of metadatageptations to be passed in.

This can be crucial in cases where the metadata for the resource must be created and
associated with the resource at the same time that the resource itself comes into existence.
For example, the metadata may contain secpdtigies that would need to bejrtace
immediately, preventing unauthorized access to the resource. Note, this Metadata
element can also contain the ViR@sourceTransfespecific metadata see sectioR.2.6

This Metadatalement must conform to the W8etadataExchange Metadata element.

While the base WSransfer Create operation can be used to pass in the entire

representation of the resource, it is possible to use th®¥g8urceTransfer Create as

well by simply specifyig an Expression that refers to the root of the resource and placing

the entire resourceodos r,erfikevssamihRut,moon i n t he
specifying an Expression element at all implies the entire representation

WS-ResourceTransfer doestrchange, or extend, the \WI3ansfer Create response

messagé the response will contain an EPR to the newly create resowhde the

specification does show a wsrt:ResourceTransfer header on the response message, since

the rest of it looks exactly l&kka normal WSTransfer CreateResponse message it really

i snét as necessary as it is on the other ope

2.2.5. WS-ResourceTransfer Delete

The WSResourceTransfer specification does not change, or extend, thiegaSfer
delete operation. It provides equigat functionality to the WdResourceLifetime
Destoy operation.
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2.2.6. Resource Metadata

In the WSResourceFramework specifications there was a requirement for the resources

to contain certain properties based on the types of operations it chose to sdpport

example, the TerminationTime property would be required to be on a resource that

wanted to support the SetTerminationTime operation. In the reconciled specifications
anyWS-ResourceTransféyr equi r edd data was moviehds i nt o t h
allowing the resources to have full control over its own dathrepresentationWs

ResourceTransfer defines a new URI that can be used when using WS

Met adat aExchangeds Get Metadata operation:
http://schemas.xmlsoap.org/ws/200 6/ 08/resourceTransfer

Since theNS-MetadataExchange specification allows for the result of a GetMetadata
operation to return the metadata three different ways (by value, by EPR reference or by
URI reference), the Wi ResourceTransfer specification recommends that when the
metadata is mable, the GetMetadata operation should always return an EPR to the
metadata resource so that W&nsfer (and WSResourceTransfer) operations can be
used to modify the metadata. There is more discussion of this in se&ion

The metadata referenced by this URI contains all of theR&SurceTransfer specific
data that may be needed by a resouiidee form of the metadata will look like:
(01) <wsrt:Metadata>

(02) <wsrt:LifeTime> lifetime metadata </wsrt:Lifetime> ?
(03) <wsrt:Supported  Dialect >

(04) dialect metadata

(05) </wsrt:SupportedDialect > *

(06) </wsrt:Metadata>

The Lifetime element contains similar information to what was defined by the WS
ResourcelLifetime specification, it is information related to the lifecycle of the resource.
Thelf et i me el ement 6s syntax |l ooks I|ike:
(01) <wsrt:Lifetime>

(02) (< wsrt:TerminateAt>

(03) <wsrt:TerminationTime> xs:dateTime  </wsrt:TerminationTime>
(04) <wsrt:CurrentTime> xs:dateTime  </wsrt:CurrentTime>

(05) </wsrt:Terminate At> |

(06) <wsrt: TerminateAfter> xs:dura tion </wsrt:TerminateAfter> |
(07) <wsrt: TerminateAfterldle>

(08) xs:duration

(09) </wsrt:TerminateAfterldle>] )

(10) </wsrt:Lifetime>

The Terminate timings relate to when the resource will be automatically destfbyed.

TerminateAt value is the time, asdet mi ned by t he resourceds clo
resource will be destroyedl ot i c e, t hat the resourcedbds curr e
metadatd thus allowing the requester of this information the ability to know the value of

t he r esour c ehawng to Warrgdboutrclodk Bynchronization issu€ke
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Ter mi nat eAfter value is the amount of ti me

which the resource will be destroyed. The TerminateAfterldle value is the amount of
time after the reapt of any message, by the resource, that the resource will be destroyed.

The wsrt:SupportedDialect element can be used to express how a dialect, that can be used
in the Expression element in the Get and Put operation, can beTused.
SupportedDialectlement looks like:

(01) <wsrt: SupportedDi al ectxsid@yURIl ezt Name =0

(02) <wsrt: SupportedOper ati onxs@QpyERl &t>5 on Name =0

(03) <wsrt:SupportedPutMode> ModeType </wsrt:SupportedPutMode> *
(04) <wsrt:MultipartLimit>

(05) Xs:positivelnteger

(06) </wsrt:Multipart Limit> ?

(07) </wsrt:SupportedOperation> *
(08) </wsrt:SupportedDialect>

As seen on lin€¢01) the SupportedDialect element has a DialectName attribute that
contains URI of the dialect that is supported. For each dialect there \&itl day of
SupportedOperation elements, li{@2), for each WSTransfer operation that supports

this dialect in an Expression element. L({08), an array of SupportedPutMode elements,
will specify which Modes may be used when using the Put operation. The

MultipartLimit element specifies the maximum number of Fragment elements that may
be specified for the given operation. If this element is not specified then there is no limit.

It is worth noing that this metadata may not be static and, if the resource chooses to
allow it, may be updated through the use of a Put operation. See tiMetdExchange
section for more information about how to get access to this data.
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2.3. WS-MetadataExchange

Those whaare familiar with the work that has been done in the past with WS
MetadataExchange will remember that there were three key components to the
specification:
1. Definition of the mex:Metadata element
This defined a standard format for wrappering groups of raédadto one XML
document.
2. Definition of the mex:GetMetadata operation
This defined as standamdessage exchangy which arequestecould ask for an
endpoints metadata. The metadata could be returned in one of three ways:
a. The metadata could be returnadide the response message
b. A URL reference to the metadata could be retuinadd an HTTP GET
could be issued against this URL to retrieve the actual metadata.
c. An EPR reference to the metadata ddué returned and a mex:Get
operation could be used tetrieve the actual metadata.
3. Definition of the mex:Get operation
As mentioned in 2.c, this operation defined a standard operation for retrieving the
metadata when that metadata happened to also be the XML representation stored
in a resourcéalso knowras a metadata resourcéh other words, when an EPR
referred to a resource whodés data was met
mex:Get could be used to retrieve it.

As part of the reconciliation work the overlap between theM¢gadataExchange Get

opemtion and the WS ransfer Get operation was removed. In both instances the

operations were used to retrieve the XML representation of a redotire@nly thing

special about the WBletadataExchange case is ttia resource just happened to be a
Amettaaddba r esour ce. However, there is no conc:¢
resource and any other kind of resource. As such, there is really no need to have two

different operations performing the same action.

It is worth pointing out that this conkgence is only possible because of the agreement to
use WSTransfer as the basis for resource access in the future. For users of the current
set of specifications, the EPR returned by the M&adataExchange GetMetadata
operation can also be used with&W®Re sour ce Fr amewor kds
GetResourcePropertyDocument operatias noted in the WietadataExchange
specification.

While it may seem a bit odd that an infrastructleakl specification, like WS
MetadataExchange, that can be used to retrieve metadataaapdieb service (not just
management resource) now has a dependency on a-leghkespecificatiori the

duplication of function was viewed as something that should be avoided. This means that
in Figure2.1 where it shows W3/etadataExchange being part of (and only requiring)
the ficoreodo Web 4 tereisanenplisitpagsemption thaatheiWwsn s
Transfer Get operation will be supported by any endpoint that wishes to support retrieval
of metadata through an EPR re&flece. This would move just this one operation {WS
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Transfer Get) into this ficoreo set of featur

SOAP endpoints.

An advantage of relating WBletadataExchange with the \WISansfer specification is

its implicit relationship with WS_ResourceTransfer. In the old version of WS
MetadataExchange, rohilike the old version of WS ransfer, a client was force to

retrieve the entire document representing the metadata. However, now a client can use
the WSResourceTransfepscification to do a partial retrieval if only a portion of the

data is needetl thus allowing for more optimized message exchanged.

There is one slight problem with this thoughVS-MetadataExchange does not indicate
when the result of a GetMetadata ggi@m should return the data itself, a URL to the

data, or when it should return an EPR to the data. The Web service endpoint has no idea
what t he cl i eirassichthe serviee shouldaatusn asmaery different

forms of the metadata (valudRL and EPR) as possible, thus giving the client the option

to choose how to use this information in whatever method is most appropriate for its
needs.
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2.4. WS-ResourceCatalog

Both WSDM and WS8MVlanagement have the requirement for locating and describing
endpoins in a common repository searchable my clieitile thereexists registries,

such agJniversal Description, Discovery and IntegratiodDDI), which provide some
form of discovery, thee registries are based on a data model focused on the service to
business relationship, and do not allow for direct inclusion of the models defined in
domain specifispecificationgsuch as managementl is this direct leveraging and
advertising of thelomain specifienodels defined by other specifications tadwsa

richer set of advertising capabilities that both WSDM and-W&hagement need. In the
WSDM spacediscovery of resources is an optional feahemg addressed hije WS-
Service Groups specificatiornhe use of discovery in the WSDM specifications was
primarily focused on discovering Web service resource endpoints supporting particular
WSDM operations and the WSDM data modéin the WSManagement sidehere is a
WS-Management Catalog specificatiprimarily focused on device type descriptions

As pat of this reconciliation effort, a single/joint specification called-YR&source
Catalog(WS-RC) wasdeveloped to provide a moede¢utral catalogombining both
description of resource instances and type descriptions into a single catalog format

At a vely high level WSRC defines an XML documen{a "Catalog")into which

information about endpoints are placdd.simple scenarios, the catalog will be used as
an index of manageable resources and services. Inadeamced scenarioghere

resources are aled to each other and related to device type descriptors, the entries
become increasingly rich and complex, including information relating and differentiating
each entry.

As an example,dvertising a Webexvice that sends out weather alerts is verygita
forward. However, what if, a user of these weather stati@s®nly interested in finithg

the ones that were located in Miami and only those that were managquhtiicalar
organization, such as NARANowthe user is1ot only inteested in findig a single Web
service but we need to find one that has a certain characteristic (location="Miami") and
one that is associated (e.g. has a "is managed by" relatiotshipdther Webesvice

that supports certain management interfaces and is owned by NA®An the

information of interest spans multiple entities the singal@logproblem quickly

becomes a complex one.

Even though the WRC specification was designed to support these complex scenarios,
it can just as easily support the simple ones akiweithout addedayers of unneeded
complexity. As previously mentioned, the VIRE specification defines the schema of

what a Catalog looks like. The exact mechanism by which a particular Catalog allows
access to this data is undefined by this specificafl his was done to allow the
specification to be used by the existing management specificationsi{d.§, WSRF,
WSDM, WSMan) as well as the reconciliation specifications. It is expected that
additional specifications and profiles will be developedoec#y how users in a

particular domain willmodel particular kinds of manageable resources in the Catalog and
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also define particulagiccesgrotocols and queries ovélre Cataloglata modelLet's now
move on to the structure of tatalog itself.

2.4.1. The Catalog Element

As previous stated, WRC defines a single XML document. Agethoot of this
document is thevsrc:Catalog elementThis element acts as a wrapper for all entries
within theCatalog. So, the outline for allatalogs is simply:

(01) <wsrc:Catalog . >
(02) <wsrc:Entry ...> ... </wsrc:Entry> *
(03)

(04) </wsrc:Catalog>

Within the Catalog element is a list of Entry elements, each of whmlesentan item
of interest to the administrator of the Catalog.

2.4.2. The Entry Element

The "Entry" element representsiagleitemthat is being advertised in the Catalog. The

term 'item" is pretty generic on purpose, because it can be just about anything that the
administrator of the Catalog needs in order to represent the data in the form that they

believe is best.

Forexample, in mangases an Entry wilepresent an instance of a Welndce. So,

within the Entry you may see an EPR to the \Mtvice itself along with some

advertising data such as the type oft\ervice, whether or not it supports certain
protocols(like WS-ReliableMessaging), or even the WSDL of the service itself. An
Entry can be used for other things as well though. An Entry could represent something
that doesn't actually existfor example, it could be a logical groupi(eg. a collection)

that simply points to other Entries (all of which shammamonaspect).As the Entry
element is explained more, other uses will be explained.

The outline of the "Entry" element is:
(01) <wsrc:Entry Id="xs:anyURI" ...>

(02) <wsrc:Descriptor ...> ... </wsrc:Descri ptor> ?

(03) <wsrc:Classifier ...> xs:anyURI  </wsrc:Classifier> *

(04) <wsrc:Annotation xml:lang="..." ...> xs:string  </wsrc:Annotation> *
(05) <wsrc:Resource ...> ... </wsrc:Resource> ?

(06) <wsrc:EntryRef ...> ... </wsrc:EntryRef> *

(07) .

(08) </wsrc:Entry>
The "Id" attritute isa globally uniqueURI to aid in identifying one Entry from anothier
users of the Catalog can be assured that no two Entries will ever share the.s&me Id

as we'll see later on, this "ld" can be used for locating a particular Entry withinlagCata
as well

Each Entry within a Catalog contains all of the information that users of the Catalog may
need in order to locate the Entry (and ultimatelyWeb ®rvice) of interest.The most
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notable thing about the Entry's outline above should be Huit @ the child elements of
Entry is optional. This is because, depending on the particular domain in which this
Catalog is being used, only certain pieces of information may be né&ded certain
domainsthey may choose to model Entries in the Caggih a certain way that precludes
the use of certain elements within the EntWhile on the surface this may seem to
imply that achieving interoperabilitgcross Catalogs will be harder if everything is
optional, it actually does the opposit& improves it by providingonegeneric structure
the Entry, for wrappering resourcmt all Catalogsupport

The WSRC specification defines the generic structure of a Catalog, and Entry, without
regard to the particular domain for which it is being udadorder to maximize the

number of situations in which the Catalog can be used (trying to avoid others having to
reinvent their own similar but slightly different one); it had to be flexible enough to allow
for a very wide variety of uses. This means thatertain specific useguite a few of

the optional features (elements) mayverbe usedWhat the WSRC specification gives

us is a common overall structure of where adtaparticularmeaning would goi if that

data is needed for a particular domairhis means that while a "generic” VR& client

may not understand the specific data within an Entry, it would undenstzaiceach

piece of information is used for depending on where within the Entry it is found. Thus
we have interoperability for whetito find all of the types of data they may be of interest

T leaving it to a specific profile of WRC to specify which of the many pieoaf

information will be used for a particular domalhis expected that profiles uses of the
Catalog will formalizethe use of these optional features. It is not unlike how there is a
common understanding of what relational databases are, and then within one particular
use of it they will formalize the exact format and layout of the various tables.

The remaining porties of this section will focus on the chiéhof the Entry element.

Descriptor
The wsrc:Description element is meant to be used for common descriptive data about the

resource. The outline of this element is:

(01) <wsrc:Descriptor ...>

(02) <wsrc:DisplayName xml: lang="..."?> xs:string </wsrc:DisplayName>*
(03) <wsrc:Publisher> Xs:string </wsrc:Publisher> ?

(04) <wsrc:PublisherURL> xs: anyURI </wsrc:PublisherURL> ?

(05) <wsrc:ResourceURL>  xs: anyURI </wsrc:ResourceURL> ?

(06) <wsrc:Version> Xs:string </wsrc:Version> ?

(07) <wsrc:Cr eated> xs: datetime  </wsrc:Created> ?

(08) <wsrc:Updated>  xs: datetime  </wsrc:Updated> ?

(09) {xs:any }*

(10) </wsrc:Descriptor>

The element names are fairly sdéscriptive, and the spécation can provide more
information about each onél'he descriptor type isdtuded in WSRC because it is
expected that a significant number of resources that are cataloged will want to advertise
this information.
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Classifiers

The wsrc:Classifier elemerg used as a "tagging” mechanism. The outline of this
element is:

(01) <wsrc:Class ifier> xs:anyURI  </wsrc:Classifier>

It allows for identifiers (the xs:anyURdhild valug to be associated with this Entry so

that Catalog owners can advertise that this Entry is a member of, or adheres to, whatever
the identifier definesThe WSRC speciication doesn't define any URIs, rather that is up
to a particular domain to define. However, \RE does allow for the namespace and
actionURIs from other Web service specifications to be included as Classifier URIs to
advertise support for those specifioas/operations. It should be noted that the Classifier
mechanism is not intended to replace using WSDL anePdi&y. When WSDL and
WS-Policy are available they should be placed in the Entry instead of using Classifiers.
This will provide for a more comam parsing and discovery algorithm regardless of
whether data came from the resource itself (throughMEX) or from an Entry in a
Catalog.

There areseveraltypes ofClassifier elements that appear with in Entry and each one is
meant to capture a diffemekind of advertising data. This Classifier element should be
used to describe "what" kind of resource is being represented by this Entry. For example,
a Classifier that indicated that the resource is a "hard drive" is appropriate, but one that
indicateswhich transport protocol should be used to talk to the resource is not. Other
Classifier elements should be used for thioas we'll see later on.

Annotations
The next element in the Entrytise wsrc:Annotation element. The outline of element is:
(01) <wsrc: Annotation xml:lang="..."?> Xs:string </wsrc:Annotation> *

This element is very similar to the wsrc:Classifier element in that it provides a very
simple tagging mechanism. The difference between the two however, is that
wsrc:Annotation is not meant to be structured as the Classifier element. In other words,
the Annotation element is meant for less formal, hutvased keywords (ie. simple

strings) that could be used for fuzzy searches. For example, denofimgrg as "Brian's
Laptop" should use Annotatis.

Resource

The wsrc:Resource elemdstused to wrapper information from the resource represented
by this Entry in the Catalogs well as information about how to talk toTihe outline of

the element is:

(01) <wsrc:Resource ...>

(02) <wsrc:ResourceRef ...>

(03) <wsrc:ResourceElement Namespace=" xs:anyURI "
(04) LocalName=" xs:NCName"/> ?
(05) <wsrc: ProtocolAndModelClassifier >

(06) xs:anyURI

(07) </wsrc:ProtocolAndModelClassifier> *

(08) <wsrc:Reference ...>

(09) ( <wsrc:URI> xs:anyURI  </ws rc:URI> |
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(20) <wsrc:MetaURI ...> wsrc:MetaURIType  </wsrc:MetaURI> + |

(11) <wsrc:MetaEPR ... > wsrc:Meta EPRType </wsrc:MetaEPR> + |
(22) <wsa:EndpointReference ...>

(23) wsa:EndpointReferenceType

(14) </wsa:EndpointReference> |

(15) {xs:any } )

(26) </wsrc:Reference>

a7) <mex:Metadata ...> ... </mex:Metadata> ?
(18) {xs:any }*

(29) </wsrc:ResourceRef> 4

(20) <wsrc:Resource DiscoveryProperties >
(21) {xs:any }*

(22) </wsrc:Resource  DiscoveryProperties >?

(23) {xs:any}*
(24) </wsrc:ResourceView> *

The Resourdeefelementcontains information about o&cess point fothe resource.
Because there may be multieotocolsin which a resource can be exposed, there may
actually be multipldResourc&kefelementsFor example, if there iSEHTTP accesss

well asWeb servte accesses like WBF and WSRT, tothe resource Theschema,
available operations and even E&RI addressing mechanisofghe resource v&sso
there wouldoetwo ResourcBefelements witn the Entry. Eaclaccess pointnay

include things such as tlE°R to the resource or metadata about the resdiete now
look at each element within a ResolRe¢

First comes wsrc:ResourceElement. This element specifies the QNamerabthe

element ofesource'XML representatiorin this view. If a client wes to issue a WS
Transfer Get against the resource, the root element would match the Namespace and
LocalName attributes specified in here. The Namespace and LocalName portions of the
QName are split into two attributes to make searching the Entry easier.

After the ResourceElement is the ProtocolAndModelClassifier element. Similar to the
wsrc:Classifier element discussed above, this element contains a URI that describes some
aspect of "how" to talk to the resource. Again, this is not meant to replace W8DL an
WS-Policy, rather only in cases where WSDL or AR8licy is not defined for the

resource should this element be used. For example, since the 2004 version of WS
Addressing does not include the definition of \AR8licy assertions that would allow a
resourceo advertise it support, the namespace of the specification can be included in this
element. However, to advertise support for the W3C version cRdBessing, the WS
Addressing policy assertions should be used. While this does present a slightly
inconsigent way to advertise similar information, since the 2004 version of WS
Addressing is deprecated, this inconsistency should not last very long.

Next is the Reference elemeifhis element is used to wrapper a reference (pointer) to

the resource in this @w. Its really nothing more than a wrapper for an EPR in most
caseslf there are multiple references for the same resource then a new ResourceRef
element should be used for each one, and each should include the appropriate metadata
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(Classifiers, WSDL oWS-Policy) to allow users of the Catalog to differentiate them and
choose the appropriate one for their purposes.

As mentiored, for many cases this is where the \AX&8dressing EPR would go. However,
there are many different ways to point to a resource/d8dRC tries to predefine many
of the common ways. These include:

1 A URI to the resource. With this URI client should be able to use trarsport
specific mechanisms to interact with the resource. For example, HTTP GET.

1 An EPR to the resource. Using this EPRliant would interact with the resource
using normal Web service interactions.

1 A MetaURI to the resource. This is just like a normal URI except it has
"substitution” string (ie. variables) that need to be fillénl before the URI can be
used. The WSRC specification specifies how the client can find and map these
variables to their real values.

1 A MetaEPR to the resource. Similar to the MetaURI, this is just like an EPR
except it has variables that need to be substituted by the client before it can be
used.

The MetaURI and MetaEPR concepts are useful in cases where the full URI/EPR
absolutelycan not be known when the Entry is created and can only be known by the
client's runtime specific datalote that there may be multiple MetaURIs or MetaEPRs
within a Rderencebut each one must point to the same resource and same view of the
resourcd they are only allowed to differ by substitution strifigshus dowing different
clients that may have different sets of knowledtgechoose the appropriate
MetaURI/MetEPR.lts worth pointing out that these Meta references are useful in cases
where the Entry represents a "class" rather than an instance of a resource. In these cases,
the Entry may contain information global to all instances of a ¢las&l to find a paiter

to a particular instance, one of the Meta references would need to be "filled in" to
determine it.

When using WSDL and W8olicy to advertise how to talk to a resource, these pieces of
metadata should go under the EPR within the Reference elemettie RESMEX
specification the EPR would look like this:

(01) <wsrc:Reference>

(02) <wsa:EndpointReference>

(03)

(04) <wsa:Metadata>

(05) <mex:Metadata ...>

(06) <mex:MetadataSection

(07) Dialect="http://schemas.xmlsoap.org/ws/2004/09/policy">
(08) <wsp:Policy>

(09) <wsrmp:RMAssertion/>
(20) </wsp:Policy>

(11) </mex:MetadataSection>
(12) </mex:Metadata>

(13) </wsa:Metadata>

(14) </wsa:EndpointReference>
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(15) </wsrc:Reference>

This example shows that the resource expects cliente td/GReliableMessaging when
talking to it. While the WSMEX specification is a bit vague on the topic, when-WS
Policy appears within a mex:Metadata section in an EPR, th&W/Specification
clarifies thatit is endpoint subject policy

The final part o Resourdeefis the mex:Metadata element. This element is where
metadata about the resource (in this vaéewl for this particular referencean be placed.
This is data that would typically be available from the resource if a MetadataExchange
GetMetadat@peration were executedjainst iti but is placed here to allow for it to be
included in the search done by a client.

Within the wsrc:Resource element, the final element thatREJefines is the
wsrc:ResourdRiscoveryPropertieslement. The element ised tostore a cached copy

of data typically stored at the resource itself. For example, it's possible to put an entire
copy of the resource's XML representatiithat is appropriatebut more often a subset
of the resource's data will be included whepehat nosvolatile data can be included in
client's searches over the catalog

EntryRef
As mentioned previously, Entries in a Catalog can be related to each other. The

wsrc:EntryRef element is used to express these relation3tipsutline of the EnyRef
element is:

(01) <wsrc:EntryRef Role=" xs:string " ..>

(02) <wsrc:Entryld> xs:anyURI  </wsrc:Entryld>

(03) <wsrc:RemoteRef RefType="Catalog|Entry" ...>

(04) <wsrc: ProtocolClassifier >

(05) xs:anyURI

(06) </wsrc: ProtocolClassifier > *

(07) <wsrc:Refe rence ...>

(08) ( <wsrc:URI> xs:anyURI  </wsrc:URI> |
(09) <wsa:EndpointReference ...>

(20) wsa:EndpointReferenceType

(12) </wsa:EndpointReference> |

(12) {xs:any })

(13) </wsrc:Reference>

(14) <mex:Metadata ...> ... </mex:Me tadata> ?
(15) {xs:any }*

(16) </wsrc:RemoteRef> *

(a7) {xs:any }*
(18) </wsrc:EntryRef> *

Because there can be many reasons why two Entries could be related, each EntryRef
element contains a "Role" attribute. Ttole" attribute is rolehe target Entry plays in
the relationship. For example, the "Role" attribonight indicate whether or not the
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target of this particular EntryRef is the "Parent" or the "Child" of the current Entry. The
WS-RC specification defines several commi&®oles"that may be used:
9 Hierarcly Roles
To express hierarchical relationships between Entries thd&R@®/Specification
defines "parent” and "child" roles.
i AlternateRole
This"Role" is used to link two Entries and specify that they are Entries for the
same resource. This is useful wheea Entriesvould ideally be combined bean
not be for some reason (e.g. security concerns).

As each Entry could be related to many Entries, the EntryRef element cqrebteckas
many times as needed.

Stepping into the EntryRef element, we first seewisrc:Entryld. This contains tlentry

"Id" of the target EntryNext comes thevsrc:RemoteRef element. This is used to

wrapper a pointer (e.g. EPR) to the target Entry. As, as with the rest of the Catalog, since
there may be many ways to reference thgeaEntry, there can be several RemoteRef
elements and it is expected that thdd wsrcProtocolClassifieelemens within each

one would advertise when one would be used over andthese Classifiers are meant

to advertise "how" to talk to the Enttlyis EntryRef points td meaning what the
Catalog/Entry (and not the resource represented by that Entry) supports. And, like all
Classifiers, this should only be used when WSDL andR@tcy is not availablé and

when they are, they should be placed imitine EPR pointing to the target Entry.

Within the RemoteRef element is a single referencing mechdtiemvsrc:Reference
element) which iprobably either a URI or EPR. But \ARSC allows for some other
mechanisms to be used as wedluch as EPRs fronlder versions of WSAddressing.

And finally, there is the mex:Metadata element that can be used to store metadata
associated with the target Entfiyhe final noteworthy aspect of the RemoteRef element is
its "RefType" attribute. This attribute is usedridicate whether or not the RemoteRef
points directly to an Entry or whether it points to a Catalog. If the remote Catalog
supports references (e.g. EPRS) to individual Entries then this attribute would be set to
"Entry". If however,remote Catalog doessstipport EPRs to individual Entries thidwe
reference can only point to the Catalagdthis attribute would be set to "Catalog’he

client wouldthenbe expected to use the "Entryld" to search the remote Catalog for the
Entry of interest.

2.4.3. Relationship to UDDI and WS-ServiceGroups

As previouslymentioned, the UDDI registry specification does exist today and is targeted
at a subset of the use cases described above. The Universal Description,