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Abstract

This specification defines the Service Modeling Language ( SML) used to model
complex IT services and systems , including their structure, constraints, policies, and

best practices. SML is based on a profile on XML Schema and Sch ematron.
Status
This specification is  the first draft of a work in progress . Itis being published to

solicit feedback. A feedback agreement is required before the working group can
accept feedback. Please contact sml -feedback@external.cisco.com for details.

At some future date, the contents may be published unde r another name or under
several new specifications, as shall be agreed by the authors and their respective
corporations at that time.
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1. Introduction

The Service Modeling Language (SML) provides a rich set of constructs for creating
models of complex IT services and systems . These models typically include
information about  configuration, deployment, mon itoring, policy, health, capacity

planning, target operating range, service level agreements , and so on. Models
provide value in several important ways.

1. Models focus on capturing all invariant aspects of a service /system that
must be maintained for the service /system to be functional .

2. Models are units of communication and collaboration between designers,
implementers , operators, and users; and can easily be shared, tracked, and
revision controlled. Thisisi  mportant because complex  services are often built
and maintained by a variety of people pla ying different roles.

3. Models drive modularity , re-use , and standardization . Most real -world
complex services and systems are composed of sufficiently complex parts.
Re-use and sta ndardization of services/systems a nd their parts is a key factor
in reducing overall production and operation cost and in increasing reliabi lity.

4. Models represent a powerful mechanism for validating changes before

applying the changes to a service /system . Also, when changes happen in a
running service /system , they can be validated against the intended state

described in the model. The actual service /system and its model together
enable a self-healing service /system 1 the ultimate objective. Model s of a
service /system must necessarily stay decoupled from the live  service /system
to create the control loop

5. Models enable in creased automation of management tasks . Automation
facilities exposed by the majority of IT services /systems today could be
driven by software 1 not people 1 for reliable ini tial realiz ation of a
service /system as well as for ongoing lifecycle management.

A model in SML is realized as a set of interrelated XML documents. The XML
documents contain information about the parts of an IT service , as well as the
constraints th at each part must satisfy for the IT service to function properly.

Constraints are captured in two ways:

1. Schemas 1 these are constraints on the structure and content of the
documents inamodel. SML uses a profile of XML Schema 1.0[2,3] as the
schema language . SML also defines a set of extensions to XML Schema to
support inter -document references.

2. Rule s T are Boolean expressions that constrain the structure and content of
documents inamodel. SML uses a profile of Sc  hematron [4,5,6] and XPath
1.0 [9] forrule s.

Once a model is defined, one of the important operations on the model is to establish
its validity.  This involves checking whether all data in a model satisfies the schemas
and rules declared .

© Copyright 2006 by BEA, BMC, CA, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft , and Sun . All rights
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This specification

Schematron used by

focuses primarily on defining the profil e of XML Schema and

thatt he reader is familiar with XML Schema and Schematron.

2. Notations and Terminology

2.1 Notational Conventions

SML, as well as the process of model validation.

It is assumed

I'n this document, the kelywo®THds, AMIBQWI, RBDMI,S
ASHALL NOTOo, ASHOULDO, ASHOULD NOTO,
AOPTI ONALO are to be interpreted as described
2.2 Terminology
Document
A well -formed XML 1.0 document (see[ 12] for a detailed definition)
Model
A set of inter -related documents that describe anIT service orsystem . Each
model consists of two disjoint subsets of documents T definition documents
and instance documents .
Rule

A Boolean expression that constrains  the structure and content of a set of
docum ents in a model.

Model Definition

The subset of documents in a model that describes the
that governthe  structureand content of the model 6s

specification defines two
docu ments that conform to SML6s profile of

definition documents do not play a

Model Instance

types of model -definition documents

schemas and rules

X Mle d&uweniertan a
thatconformto SML6s prof i | e o fi b&pdmndtsimplementations to
define other types of model definition documents. Such other types of model

ny role in SML model validation.

The subset of documents in a model that describe the structure and content
of the modeled entities.

Model Validation

The process of verifying that all documents in a model are valid with respect
t o t he sdefohigoh documents

Model Validator

An embodiment capable of performing model validation

2.3 XML Namespaces

Table 1 lists XML namespaces that are used in this specification. The choice of any
namespace prefix is arbitrary and not semantically significant.
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Table 1: XML Namespaces used in this specification.

Prefix XML Namespace Specification(s)

sml http://schemas.serviceml.org/sml/2007/ 02

This specification

smlerr http://schemas.serviceml.org/smlerr/2007/02

This specification

smlfn http://schemas.serviceml.org/sml/function/2006/07

This specification

wsa http://www.w3.0rg/2005/08/addressing [ WS Addressing Core ]
XS http://www.w3.0rg/2001/XMLSchema [ XML Schema ]
sch http://purl.oclc.org/dsdl/schematron [ Schematron ]
| http://www.w3.0rg/2001/XMLSchema -instance [Xml Schema
Instance
3. Schemas
SML uses a profile of W3C XML Schema 1.0 to define cons traints on the structure of

data in a model.

SML scenarios require several features that either do not exist or are not fully
supported in XML Schema. These features can be classified as follows:

1 References 1 XML Schema does not have any support for inte r-document
references, although it does support intra -document references through
xs:ID , xs:IDREF , xs:key and xs:keyref . Inter -document references are
fundamental to  SML since a document is a unit of versioning. SML extend s
XML Schema to support inter  -docu ment references and a set of constraints on
inter -document references.

1 Rules 7 XML Schema does not support a language for def ining arbitrary rules
on the structure and content of XML documents . SML uses Schematron to
express assertions on  the structure and  content of XML documents .
XML Schema supports two forms of extension: fattri
and fAapplication information el enBMhextosionsbot h f or ms

3.1 XML Schema Profile

SML support s a strict subset of XML Schema  1.0. This section describe s the XML
Schema features that  are not support ed or have limited support in SML. A
justification is provided for each feature. A model validator MUST reject a model if

t he mo definitiors documents contain one/more XML Schema documents with
any of these features.

3.1.1 <xs:redefine>
xs:redefin e is not supported in  SML and MUST NOT be used in any schema

document that i s a dgefnitian dodumentsmodel 6 s

xs:redefine is a feature for schema evolution and versioning in XML Schema. This
feature enables schema authors to define a new version of a schema component,

and completely replace the original schema component with the new version . XML
Schema does not guarantee that the new version of the component is compatible
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with the original  component. Thus, it is possible to break existing schema
components that depend on the original component.

3.1.2 Unqualified Local Elements
Unqualified local elements are not supportedin  SML and MUST NOT be used in any

schema document that is a part of a model 0 glefinition documents .
Local element declarations MUST describe elements with qualified names. This can
be done , for example, by specifying elementFormDefault =o6qual i f dned o

<xs:schema> or by specifying f or m=0 q u a | onflocad ds:element>.

This is to avoid element name collisions, and maintain a consistent naming approach
especially when dealing with different schemas.

3.1.3 targetNamespace on <xs:schema>

targetNamespace on xs:schema MUST always be specified in all schema documents
thatareapartof a mo d @dfiditiesn documents .

XML schemas without target namespaces are not support ed. They do not work well
with XP ath expressions used in constraints within the schema.

3.2 References

XML documents introduce boundaries across content that needs to be treat ed as a
unit. XML Schema does not have any support for i nter -document references. SML
extend s XML Schema to support inter ~ -document references and a set of constraints

on inter -document references.

Support for inter  -document references includes:

1 A newdata type that represents references to elements in  other documents.
1 Multiple addressing schemes for representing references .

1 Constraints on the type of a referenced element.
1

The ability to define key, unique, and key reference constraints across inter
document references.

An SML reference is a link from one element to another. It can be represented by
using a variety of schemes, such as Uniform Resource Identifiers (URIS) [ 7] and
Endpoint References (EPRs)[ 8]. SML does not mandate the use of any specif ic
scheme for representing references  ; implementations are free to choose suitable
schemes for representing references. References MUST be supported by model
validators that conform to this specification.

References MUST be identifiedby s ml : r ef =@ t vt sml:ref is a global
attribute whose definition is as follows:

<xs:attribute name="ref " type ="xs:boolean "/ >
Anelementthathas s ml : r e f =@MUSTil&e treated as a reference element, i.e.,
its child elements MAY  contain a reference represented in o ne or more schemes.  This

mechanism enables schema -less identification of reference elements, i.e., reference
elements can be identified without relying on PSVI.

The following example illustrates the use of sml:ref . Consider the following schema
fragment :

© Copyright 2006 by BEA, BMC, CA, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft , and Sun . All rights
reserved. Page 9 of 50
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<xs:element name=" EnrolledCourse ">
<xs:complexType >
<xs:sequence >

<xs:element name="Namé type ="xs:string "/>
<xs:element  name="Grade" type ="xs:string "/>
<xs:any namespace ="##any" minOccurs ="0"
maxOccur s="unbounded " processContents ="lax "/>
</ xs:sequence >
<xs:anyAttribute namespace =" ##any " processContents ="lax "/>

</ xs:complexType >
</ xs:element >

<xs:complexType name=" StudentType ">
<xs:sequence >
<xs:element name="ID" type ="xs:string "/>
<xs:element  name="Namé type ="xs:string "/>
<xs:element name="EnrolledCourses " minOccurs ="0">
<xs:complexType >
<xs:sequence >
<xs:element ref ="tns:EnrolledCourse
maxOccurs =" unbou nded" />
</ xs:sequence >
</ xs:complexType >
</ xs:element >
</ xs:sequence >
</ xs:complexType >

The schema definition in the above example is SML agnostic and does not make use

of any SML attributes, elements, or types. The EnrolledC ourse element, however,
has an open content model and this can be used to mark instances of

EnrolledCourse as reference elements as shown below:

© Copyright 2006 by BEA, BMC, CA, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft , and Sun . All rights
reserved. Page 10 of 50



330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383

<Student xmlns =" urn:university

xmins:sml =" http://schemas.serviceml.org/sml/200
xmins :wsa =" http://www.w3.0rg/2005/08/addressing
<ID>1000</ ID >
<Name>John Doe </ Name>
<EnrolledCourses >

<EnrolledCour

se smlref ="true ">

<Name>PHY101</ Name>
<Grade >A</ Grade >
<smluri >

/Universities/MIT/Courses.xml#xmins(u=urn:

71 02"
">

university)

xpointer(/u: Courses/u: Course[u: Name=6PHY1016])

</ sml:uri

>

<wsa:EndpointReference >

<wsa:Address >http://www.university.example

<wsa:ReferenceParameters >
<University >
<Name>MIT</ Name>
</ University >
<Course >
<Name>PHY101</ Name>
</ Course >
</ wsa:ReferenceParameters >
</ wsa:EndpointReference >
</ EnrolledCourse >

<EnrolledCour

se sml:iref ="false ">

<Name>MAT100</ Nane>

<Grade >B</ Grade >

<smluri >
/Universities/MIT/Courses.xml#xmlns(u=urn:university)
xpointer(/u: Courses/u: Course[u: Name=6MAT10061])

</ sml:uri

>

</ EnrolledCourse >

<EnrolledCour

se >

<Name>SocialSkills </ Name>
<Grade >F</ Grade >
</ EnrolledCourse >
</ EnrolledCourses >

</ Student >

The first EnrolledCourse

it specifies s ml

</ wsa:Address >

element in the above example is a reference element since
: r e f = 0 tAssuneiny that references are represented in URI and

EPR schemes, it has two representations of the reference to the element for course

PHY101. The second and third EnrolledCourse elements are not reference elements;

specifies sml : r ef =0 fand tseahdrd element does not
attribut e. Note that the second element has a child element that

the second element
specify the sml:ref

contains a reference to course

sml :ref =20

ffom thessecond element.

MAT100, but this reference will be ignored since

A reference element  MAY be empty or have a null valu e provided that thisisal  lowed
by t he el ssmma tF6r&xample, consider the folloing variation of the
EnrolledCourse element definition

© Copyright 2006 by
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<xs:element name=" EnrolledCourse nillable ="true ">
<xs:complexType >
<xs:sequence >

<xs:element name="Namé type ="xs:s tring "/>

<xs:element  name="Grade" type ="xs:string "/>
<xs:any namespace ="##any" minOccurs ="0"
maxOccurs =" unbounded " processContents ="lax "/>
</ xs:sequence >
<xs:anyAttribute namespace =" ##any " processContents ="lax "/>

</ xs:complexType >
</ xs:element >

The above definition allows null values for instances of EnrolledCourse . Thus, an
EnrolledCourse reference element can have null value as shown in the following
example (the first  EnrolledCourse element has null valu  e):

<Student xmlns =" urn:university "
xmins:sml =" http://schemas.serviceml.org/sml/200 7/ 02"
xmins:wsa =" http://www.w3.0rg/2005/08/addressing ">
<ID>1000</ ID >
<Name>John Doe </ Name>
<EnrolledCourses >
<EnrolledCourse sml:ref ="true xsi:nil  ="true " />
<EnrolledCourse smlref ="false ">
<Name>MAT100</ Name>
<Grade >B</ Grade >
<smluri >
/Universities/MIT/Courses.xml#xmins(u=urn:university)

xpointer(/u: Courses/ u: Course[u: Name=6MAT1006])

</ smluri >

</ EnrolledCourse >

<EnrolledCourse >
<Name>SocialSkills </ Name>
<Grade >F</ Grade >

</ EnrolledCourse >

</ EnrolledCourses >
</ Student >

SML also supports several schema  -based constraints on references. T he
sml:ref Type type has been defined to allow model authors to make use of these

schema-based constraints in their modeshléegdTypec he ma.
fixes the value of sml:ref to true , and hence all elements of type sml:refType  are
reference elements. The sml:refType is defined as follows :

<xs:complexType name="refType
<xs:sequence >
<xs:any namespace ="##any" minOccurs ="0"
maxOccurs =" unbounded "

sml:acyclic  ="false ">

processContents ="lax " />
</ xs:sequence >
<xs:attribute re f ="smlref " use="required "
fixed ="true " />
<xs:anyAttribute namespace =" ##any "
processContents ="lax " />

</ xs:complexType >

© Copyright 2006 by BEA, BMC, CA, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft , and Sun . All rights
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Note that the above definition allows elements and attributes from any namespace

occur in an element whose type is

sml:ref Type. Thus, a scheme for references can

be implemented by defining an XML namespace for the scheme, and references can
be represented in this scheme by nesting element and attribute instances from this

namespace as attributes and children of

The following example illustrates the use of sml:refType
<xs:element  name="EnrolledCourse " type ="sml:ref Type"
sml: targetType ="tns:CourseType "/>

<xs:complexType name=" StudentType ">
<xs:sequence >

<xs:element name="ID" type ="xs:string "/>
<xs:element name="Namé type ="xs:string "/>
<xs:element  name="EnrolledCourses " minOccurs ="

<xs.complexType >
<xs:sequence >
<xs:element ref ="tns: EnrolledCourse

sml:ref Type elements.

0" >

maxOccurs =" unbounded " />

</ xs:sequence >
</ xs:complexType >
</ xs:element >

</ xs:sequence >
</ xs:complexType >

The Enrolled Course element declaration is of type sml:refType
a document reference , and this element declaration is used in

reference the elements corresponding to the courses

Examples of the

which marks it as
StudentType to

in which a studentis enrolled.

use of sml:refType for EnrolledCourse are found in the section,
Reference Schemes . This section demonstrates the use of the URI and EPR schemes

to define the reference.

3.2.1 Reference Semantics

3.2.1.1 At Most One Target

MUST target (or resolve to) at most one element in a model.
Danglin g references are allowed in SML; therefore it is possible th

Every reference

reference does not exist in a model.

one element in a model.

at the target of a

Itis an error if a reference targets more than

If a single reference is represented by multiple schemes, every representation MUST
target the same element. Validators MAY check this condition if they understand
more than one scheme used to represent the same referenc e.

3.2.1.2 Multiple Reference s
An elementin a document MAY be targeted by multiple different references. These

references may use different schemes and/or

3.2.1.3 Empty or Null References

A reference element, i.e., an

Xsi:nil =0drnocentent , provided that
. A model validator MUST treat s uch an element as if the reference

schema definition
were not present.
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486 3.2.1.4 deref() XPath Extension Function

487 Each model validator  MUST provide an implementation of the deref () XPath

488 extension function that is capable of resolving references expressed in the model

489 val i dat or 8s c¢ h o sTaisfunstionhtakes a fode) . -set of elements and r eturns
490 a node -set consisting of element nodes corresponding to the elements referenced by
491 the input node set. In particular, for each node R in the input node set the output
492 node set contains at most one element node.

493 1 The output node set contains one element node for R provided that all of the
494 follo wing conditions are true

495 o sml: ref =drue 0 fRT

496 0 R contains at least one reference scheme that is understood by the

497 implementation

498 0 The reference targets a single element in some document in the model

499 1 The output node set contains no element node corresponding to R if any of
500 the following conditions is true

501 o thetargetof R isnotinthe model

502 o0 R is an empty or null reference

503 0 R does not contain any reference scheme that is understood by the

504 implementation

505 o sml: ref isnotspecifiedfor R

506 o sml:ref =dalse 6 i s epf@cR f i

507 3.3 Reference Schemes

508 A reference MAY be represented by using a variety of schemes, and SML does not
509 mandate the use of any specific schemes. Uniform Resource Identifiers (URIS) [ 7]
510 and endpoint references (EPRS) [ 8] are two common schemes for referen cing

511 resources. Although ~ SML does not require the use of either scheme, it does define
512 how a reference  MUST be represented using the URI scheme and the EPR scheme.

513 3.3.1 URI Scheme

514 References that are represented using the URI scheme MUST be implemented by
515 using the sml:uri global element as a child of reference elements, i.e., elements for
516 which s ml : r e f = O t Mone précisely, if a model validator chooses to represent
517 references using the URI scheme,

518 I It MUST represent each reference using aninstance of the sml:uri global
519 element declaration as a child of the reference element.

520 1 It MUST treat each instance  of the sml:uri  global element declaration
521 whose parent element is a reference element , as a reference represented in
522 the URI scheme, and MUST attempt to re solve such references

523 For example, if the reference in EnrolledCourse element is represented using the

524 URI scheme, an instance of EnrolledCourse  will appear as follows:

525 <EnrolledCourse xmlns =" urn:university smlref ="true ">
526 <smluri >SomeValidUri </ smluri >

527 </ EnrolledCourse >

© Copyright 2006 by BEA, BMC, CA, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft , and Sun . All rights
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533

534
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544
545

546

547
548
549

550
551
552

553
554

555
556
557
558

559
560
561
562
563

where SomeValidUri is a valid URI as defined in [ 7].

Suppose that a model has the following documents, and each document has an
associated URI:

Document URI

Course PHY101 /Universities/MIT/Cours  es/PHY101.xml
Course MAT200 /Universities/MIT/Courses/MAT200.xml
Student 1000 /Universities/MIT/Students/1000.xml
Student 1001 /Universities/MIT/Students/1001.xml

The following is a sample instance document for Student 1000 where the references

are r epresented in  the URI scheme :

<Student xmlns =" urn:university ">
<ID>1000</ ID >
<Name>John Doe </ Name>
<EnrolledCourses >

<EnrolledCourse smlref ="true ">

<sml:uri  >/Universities/MIT/Courses/PHY101.xml </ smluri >
</ EnrolledCourse >
<Enrolled Course smliref ="true ">

<sml:uri  >/Universities/MIT/Courses/MAT200.xml </ smluri >

</ EnrolledCourse >
</ EnrolledCourses >
</ Student >

3.3.1.1 Fragment Identifier

Fragment identifiers  in references that are represented using the URI scheme MUST
use the follo wing XPointer [ 10] profile : Only two schemes 1 xmins () and xpointer () 1
are supported.

1 The expression specified for the xpointer scheme MUST be a restricted XPath
1.0 [9] expressionthat MUST resolvetoa tmostone elementnode. In
particular, this expres  sion MUST NOT contain

o the union (fi|]o0o) operator defined for
o point() and range() node tests defined for  the xpointer() scheme

9 This expression can only use the functions defined in the XPath 1.0 core
function library (see [ 9] for details). It MUST NOTt use the smlfn:deref
function and/or the following function s defined for xpointer() scheme (see
[1 1] for details):

0 range -to

o0 string -range
0 range

0 range - inside
0 start - point

© Copyright 2006 by BEA, BMC, CA, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft , and Sun . All rights
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564 0 end- point

565 o here

566 0 origin

567 The following example illustrates the use of xpointer fragment s. Consider the case
568 where all courses offered by MIT are stored in a single XML document T Courses.xml
569 I whose URIlis /Universities/MIT / Courses.xml . In this case, the element inside

570 Courses.xml  that corresponds to the course PHY101 can be referenced as f ollows
571 (assuming that Courses is the root element in Courses.xml )

572 <Student xmlns =" urn:university ">

573 <ID>1000</ ID >

574 <Name>John Doe </ Name>

575 <EnrolledCourses >

576 <EnrolledCourse smlref ="true ">

577 <smluri >

578 /Universities/MIT/Courses.xml#xmlins(u =urn:university)

579 xpointer (/u: Courses/ u: Course[u: Name=6PHY10161])
580 </ smluri >

581 </ EnrolledCourse >

582 </ EnrolledCourses >

583 </ Student >

584 A reference element can also be used to reference an element in its own document. To
585 see this consider the follow  ing instance document

586

587 <University xmlns =" urn:university ">

588 <Name>MIT</ Name>

589 <Courses >

590 <Course >

591 <Name>PHY101</ Name>

592 </ Course >

593 <Course >

594 <Name>MAT200</ Name>

595 </ Course >

596 </ Courses >

597 <Students >

598 <Student >

599 <ID>123</ID >

600 <Name>Jane Doe </ Name>

601 <EnrolledCourses >

602 <EnrolledCourse smlref ="true ">
603 <smluri >

604 #xmlns(u=urn:university)

605 xpointer (/u:University/u: Courses/ u: Coursef[u: N
606 </ smluri >

607 </ EnrolledCourse >

608 </ EnrolledCourses >

609 </ Student >

610 </ Students >

611 </ University >

612 Here, the EnrolledCourse element for the student Jane Doe references the Course

613 element for MAT200 in the same document.
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3.3.2 EPR Scheme

References that are represented using th e EPR scheme MUST be implemented by
using instances of wsa: EndpointReference global element declaration [8]as child
elements of reference elements.  The following example illustrates how the

EnrolledCourse reference

that references course PHY101 in MIT university can be

represented using the EPR scheme:

<EnrolledCourse xmins =" urn:university

<wsa:EndpointReference

smlref ="true ">

xmins:u =" http://www.university.example/schema ">
<wsa:Address >http://www.university.example </ wsa:Address >
<wsa: ReferenceParameters >

<u:University >

<u:Name>MIT</ u:Name>

</ u:University >
<u:Course >

<u:Name>PHY101</ u:Name>

</ u:Course >

</ wsa:ReferenceParameters >

</ wsa:EndpointReference
</ EnrolledCourse >

3.4 Constrain tsonR

>

eferences

SML supports several attributes for expressing constraints on references. All of

these attributes (with the sole
element declarations of type
sml :acyclic attribute can

exception of sml :acyclic ) can only be specified for
sml:refType or a derived type of  sml:ref Type. The
only be specified on derived types of sml:ref Type

(sml : acycl i c=iédpecifiesl O smlrefType ).

The following table lists the various attributes and elements for constraining

references:

Attributes

Name Description

sml :a cyclic Supported on  smlrefType  andits derived type s.. If this
attribute is set to true for a derived type D of smlref Type,
then the acyclic constraint is violated if instances of D
(including any derived types of D) create a cyclein a
model .

sml :ta rgetElement

Used to constrain the name of t
element. This constraint is violated if the target elementis
not an instance ofthe named global element declaration or
an element declaration in the substitution group hierarchy

whose head is the named global element declaration.

sml:targetRequired

Used to specify that a referenc
required to be present in the model. This constraint is
violated if a reference is empty, null, or dangling.
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sml :targetType Usedtoconstta i n the type of the refe
element. This constraint is violated if the type of the  target
element is not the same as (or a derived type of) the type
whose name i s specified as the value of this attribute.

3.4.1 sml :acyclic

Model validators that confo  rm to this specification MUST support the sml :acyclic
attribute on derived types of sml:ref Type. Thisis a boolean attribute and its value
can be either true or false . Let R be a derived type of sml:ref Type. If

sml: acycl i c = dstspedifiedfor R,then R isanacy clic referencety pe,i.e.,
instances of R MUST NOT create cycles in any model. More precisely, the  directed
graph whose nodes are documents that contain the source or target elements for
instances of R, and whose edges are instances of R (an edge is directed from the
document containing the source element to the document containing the target

element) , mustbe acyclic .If sml: acyc!l i ¢ =0 fsapecfieddor R,then Risa
cyclic reference type, and its instances may create cycles in models. Note that
sml:refType is a cyclic reference type since sml: acycl i c=0IfsapecHieddor
sml:ref Type.

A cyclic reference type can be used to derive cyclic or acyclic reference types, but all
derived types of an acylic reference type are acyclic. Model val idators that conform
to this specification =~ MUST enforce the follow ing:

1 If CR isa cyclic reference type and Dcris aderived type of CR,then D¢y isan

acyclicreferenceif sml: acy c | i ¢ = dstspedifedfor Dcg. Otherwise, Dcr
is a cyclic reference

1 If AR is an acyclic reference type and Dar is a derived type of AR, then
sml: acycl i c=doldsioe ®z evenifthe sml:acyclic attribute is not

explicitly specif ied for Dar. Itisan errorfor  Dar to specify
sml: acyc|l false= 6

3.4.2 Constraints on Targets

SML sup ports three attributes: sml:targetElement , sml:targetRequired , and
sml:targetType , for constraining the target of a reference. These three attributes

are collectively called  sml:target* attributes and they MUST be supported on global
and local element decl arations. Model validators that conform to this specification

MUST enforce the following:

If one/more of sml:target* attributes are specified (either explicitly or by default)

for a particle P inacomplex -type definition CT,thenall particles in CT that have the
same name as P must specify the same set of sml:target* attributesas P and

these attributes must hav e the same values as those specified for P.
In particular, all of the following must be enforced:
T If sml:target El emenfo-rRPthen:sGNEX arget El ement =0ns:
for all particles in CT that have the same name as P
1 If sml:targetRequired =0t r afr P then sml: targetRequired =01t r o for
all particles in CT that have the same name as P
1 If smil:itargetRequired =0 f al csfer P then sml: targetRequired =0f alds e
for all particles in CT that have the same name as P

© Copyright 2006 by BEA, BMC, CA, Cisco, Dell, EMC, HP, IBM, Intel, Microsoft , and Sun . All rights
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1 |If smlitargetType =0 ns o for P then smlitargetType =0 n s 0 forall
particles in CT that have the same name as P

The above conditions on the use of sml:target* attributes have been defined to
reduce the implementation burden on model validators for verify ing that the use of
sml:target* attributes is cons istent across derivation by restriction. These

conditions enable model validators to find the restricted particle for a restricting

particle using a simple name match when sml:target* attributes  are specified for
these particles . In the absence of the abo ve conditions, it is extremely difficult for

SML validators to verify consistent use of sml:target* attributes across a base type
and its restricted derived type. In order to verify consistent use of an sml:target*
attribute on a restricted particle inthe base type and its restricting particle ina
restricted derived type, it is necessary to connect the particles in the derived type
with those from the restricted base type. However, this level of support is not

provided by most XML Schema frameworks; thus most SML validators  would
otherwise need to duplicate | arge parts of XML Schemaéds
consistent usage of  sml:target* attributes across derivation by restriction.

3.4.2.1 sml:targetElement

Model validators that conform to this speci fication MUST support the

sml :targetElement attribute  on element declarations whose type is sml:refType or

a derived type of sml:ref Type. The value of this attribute MUST be the qualified

name of some global element declaration. Let sml: t arget El emef@MEdoDNns: G
some element declaration E. Then each element instance of E MUST reference an

element that is an instance of ns:GTE oraninstance of some global element

declaration in the substitution group hierarchy whose head is ns:GTE . If atarget

element cons traint is specified for a global element declaration G then it continues to

apply to all global element declarations in the substitution group hierarchy whose

head is G. However, a global element declaration in G6s substitution group can

specify a target e  lement constraint that refines the constraint defined for G.In
particular, model validators that conform to this specification MUST enforce the
following:
T Ifsm:target EIl e ment isépedfieddofr EG, and Sg is a global element
declaration that specif ies G as the value of its  xs:substitutionGroup
attribute, then
1 if sml:targetElement is specified for Sg then its value MUST be ns:GTE

or the name of a global element declaration in the substitution group
whose head is ns:GTE

9 if sml targetElement is not specified for Sg, then
sml: target EIl e ment Hhdds for. SlbEdefault .
If a target element constraint is specified for a particle P insometype B, thenit
continues to applyto  each particle Pg that isa valid restrictions of P where Py is
defined in  some restricted derived type of B (see [2]
http://www.w3.0org/TR/xmlschema -1/#cos -particle -restrict f or XML Schemabds
definition of valid restrictions ). However, Py can specify atarget element constraint
that refines the constraint defined for P. In particular, model validators that conform
to this specification MUST enforce the following:
T Ifsm:target El e ment isépedfieddor E® and sml :targetElement is
specified for Pg, then the value of sml :targetElement for Pg must be ns:GTE

or the name of a global element declaration in the substitution group
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hierarchy whose head is ns:GTE . If sml :targetElement is not specified for
Pr,then sml: t ar get EIl e me nt +dds fer: BgIbi default .

3.4.2.2 smil:targetRequired
Model validators that conform to this specification MUST support the

sml :target Required attribute on element declarations whose type is sml:refType
or a derived type of  sml:ref Type.If sml:target Required =drue 06 f or an el ement
declaration E, then each element instance of E MUST target some element in the

model , i.e., no instance of E can be null, empty, or contain a dangling reference.
Otherwise, instances of  E can be empty, null, or contain dangling references. If this
attributei s not specified, then itsfasead.ue i s assumed to

Model validators that conform to this specification MUST enforce the following:

1 Ifthe sml:itargetRequire d attribute is specified for a global element
declaration G then the specified value applie s by default to each global
element declaration  Sg in the substitution group hierarchy whose head is G
unless the sml:targetRequire d attribute is specified for Sc.

T Ifsml:target Requi risspecified for a glabal element declaration G
then smltarge t Re qu i rfalse =00 MUST NOT be specified for any element
declaration in the substitution group hierarchy whose head is G.

1 If smlitargetRequired attribute is  specified fora particle P in some type B,

then the specified value applies by default to to eac h particle Pg thatis a

valid restrictions of P unless the sml:targetRequire d attribute is specified

for Pr (see [2] http://www.w3.0rg/TR/xmlschema -1/#cos -particle -restrict for

XMLSchemaés definition o)f wvalid restrictions
T Ifsmlitar get Re g u itruee @forda particle P then

smltarge t Re qui rfalsst =00 MUST NOT be specified for any particle Pg

that is a valid restriction of P.

3.4.2.3 sml:targe tType

The sml:target Type attribute MUST be supported on element declarations whose

type is sml:irefType or aderived type of  sml:ref Type. The value of this attribute

MUST be the qualified name of some type declaration. Let sm: target Type=0ns: TO
for some element declaration E. The n each element instance  of E MUST reference an

element whose type is  ns:T or aderived type of ns:T .

If a target type constraint is specified for a global element declaration G then it

continues to apply to all global element declarations in the substitution group

hierarchy whos e head is G. However, a global element declaration in Gds substitution

group can specify a target type constraint that refines the constraint defined for G.
In particular, model validators that conform to this specification MUST enforce the
following:
1 If sml:targetType = @&s:T 0 is specified for G, and Sg is a global element
declaration that specifies G as the value of its  xs:substitutionGroup
attribute, then

o ifthe sml:targetType attribute is specified for Si the its value
MUST be either ns:T orthe name of some derived type of ns:T
o if sml:target Type is not specified for  Sg, then
sml :targetType = @s:T 0 holds for Sg by default

If the target type constraint is specified for a particle P in sometype B, thenit
continues to apply to each particle Pg thatis a valid restriction of P where Pg is
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