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Abstract  57  

This specification defines the Service  Modeling Language ( SML) used to model 58  

complex IT services  and systems , including their structure, constraints, policies, and 59  

best practices. SML is based on a profile on XML Schema and Sch ematron.   60  

Status  61  

This specification is the first draft of a work in progress .  It is being published to 62  

solicit feedback. A feedback agreement is required before the working group can 63  

accept feedback. Please contact sml - feedback@external.cisco.com  for details.  64  

At some future date, the contents may be published unde r another name or under 65  

several new specifications, as shall be agreed by the authors and their respective 66  

corporations at that time.  67  

68  
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 141  

1.  Introduction  142  

The Service  Modeling Language  (SML)  provides a rich set of constructs for creating 143  

models of complex IT services  and systems . These models typically include 144  

information about configuration, deployment, mon itoring, policy, health, capacity 145  

planning, target operating range, service level agreements , and so on . Models  146  

provide value in several important ways.  147  

1.  Models focus on capturing all invariant aspects  of a service /system  that 148  

must be maintained for the ser vice /system  to be functional .  149  

2.  Models are units of  communication  and collaboration  between designers, 150  

im plementers , operators,  and users; and can easily be shared, tracked, and 151  

revision controlled. This is i m portant because complex services are often built  152  

and maintained by a variety of people pla ying different roles.  153  

3.  Models drive modularity , re - use , and standardization . Most real -world 154  

complex services and systems are composed of sufficiently complex parts.  155  

Re-use and sta ndardization of services/systems a nd their parts is a key factor 156  

in reducing overall production and operation cost and in increasing reliabi lity.  157  

4.  Models represent a powerful mechanism for validating changes  before  158  

applying the changes to a service /system . Also, when changes happen in a 159  

ru nning service /system , they can be validated against the intended state 160  

described in the model. The actual service /system  and its model together 161  

enable a self -healing service /system  ï the ultimate objective. Model s of a 162  

service /system  must necessarily stay decoupled from the live service /system  163  

to create the control loop  164  

5.  Models enable in creased automation  of management  tasks . Automation 165  

facilities exposed by the majority of IT services /systems  today could be 166  

driven by software ï not people ï for reliable ini tial realiz ation of a 167  

service /system  as well as  for  ongoing lifecycle management.  168  

 169  

A model in SML is realized as a set of interrelated XML documents. The XML 170  

documents contain information about the parts of an IT service , as well as the 171  

constraints th at  each part must satisfy for the IT service to function properly.  172  

Constraints are captured in two ways:  173  

1.  Schemas  ï these are constraints on the structure and content of the 174  

documents in a model. SML uses a profile of XML Schema 1.0 [2,3]  as the 175  

schema language . SML also defines a set of extensions to XML Schema to 176  

support inter -document references.  177  

2.  Rule s ï are  Boolean expressions that constrain the structure and content of 178  

documents in a model.  SML uses a profile of Sc hematron [4,5,6] and XPath  179  

1.0  [ 9]  for rule s.  180  

Once a model is defined, one of the important operations on the model is to establish 181  

its validity. This involves checking whether all data in a model satisfies the schemas 182  

and rules declared .  183  
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This specification focuses  primarily on defining the profil e of XML Schema and 184  

Schematron used by SML, as well as the process of model validation. It is assumed 185  

that t he reader is familiar with XML Schema and Schematron.  186  

2.  Notations and Terminology  187  

2.1  Notational Conventions  188  

In this document, the keywords ñMUSTò, ñMUST NOTò, ñREQUIREDò, ñSHALLò, 189  

ñSHALL NOTò, ñSHOULDò, ñSHOULD NOTò, ñRECOMMENDEDò, ñMAYò, and 190  

ñOPTIONALò are to be interpreted as described in RFC 2119 [13]. 191  

2.2  Terminology  192  

Document  193  

A well - formed XML 1.0 document  (see [ 12] for a detailed definition)  194  

Model  195  

A set  of inter - related documents  that describe an IT service  or system .  Each 196  

model consists of two disjoint subsets of documents ïdefinition  documents  197  

and instance  documents . 198  

Rule  199  

A Boolean expression that constrains the structure and content of a set of 200  

docum ents in a model.   201  

Model Definition  202  

The subset of documents in a model that describes the schemas and rules 203  

that govern the  structure and content of the modelôs documents. This 204  

specification defines two types of model -definition documents -  XML Schema 205  

docu ments that conform to SMLôs profile of XML Schema and rule documents 206  

that conform to SMLôs profile of Schematron ï but permits implementations to 207  

define other types of model definition documents. Such other types of model 208  

definition documents do not play a ny role in SML model validation.  209  

Model Instance  210  

The subset of documents in a model that describe the structure and content 211  

of the modeled entities.  212  

Model Validation  213  

The process of verifying that all documents in a model are valid with respect 214  

to the modelôs definition documents . 215  

Model Validator  216  

 An embodiment capable of performing model validation  217  

2.3  XML Namespaces  218  

Table 1 lists XML namespaces that are used in this specification. The choice of any 219  

namespace prefix is arbitrary and not semantically significant.  220  

221  
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 222  

Table 1: XML Namespaces used in this specification.  223  

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  

sml fn  http://schemas.serviceml.org/sml/function/2006/07  This specification  

wsa  http://www.w3.org/2005/08/addressing   [ WS Addressing Core ]  

xs  http://www.w3.org/2001/XMLSchema  [ XML Schema ]  

sch  http://purl.oclc.org/dsdl/schematron   [ Schematron ]  

xsi  http://www.w3.org/2001/XMLSchema - instance   [Xml Schema  

Instance ]  

3.  Schemas  224  

SML uses a profile of W3C XML Schema 1.0 to define cons traints on the structure of 225  

data in a model.    226  

SML scenarios require several features that either do not exist or are not fully 227  

supported in XML Schema. These features can be classified as follows:  228  

¶ References  ï XML Schema does not have any support for inte r-document  229  

references, although it does support intra -document  references through  230  

xs:ID , xs:IDREF , xs:key  and xs:keyref . Inter -document references are 231  

fundamental to SML since a document is a unit of versioning. SML extend s 232  

XML Schema to support inter -docu ment references and a set of constraints on 233  

inter -document references.  234  

¶ Rules  ï XML Schema  does not support a language for def ining arbitrary rules 235  

on the structure and content of XML documents . SML uses Schematron to 236  

express assertions on the structure and  content of XML documents . 237  

XML Schema supports two forms of extension: ñattributes in different namespaceò 238  

and ñapplication information elementsò; both forms are used by SML extensions.  239  

3.1  XML Schema Profile  240  

SML support s a strict  subset of XML Schema  1.0 . Thi s section describe s the XML 241  

Schema features that are  not  support ed or have limited support in SML. A 242  

justification is provided for each feature.  A model validator MUST reject a model if 243  

the modelôs definition  documents contain one/more XML Schema documents  with 244  

any of these features.   245  

3.1.1  <xs:redefine>  246  

xs:redefin e is not supported in SML and MUST NOT be used in any schema 247  

document that is a part of a modelôs definition  documents.  248  

xs:redefine  is a feature for schema evolution and versioning in XML Schema.   Thi s 249  

feature enables schema authors to define a new version of a schema component, 250  

and completely replace the original schema component with the new version . XML 251  

Schema does not guarantee that the new version of the component is compatible 252  

http://schemas.serviceml.org/sml/2007/02
http://schemas.serviceml.org/smlerr/2007/02
http://schemas.serviceml.org/sml/function/2006/07
http://www.w3.org/2005/08/addressing
http://www.w3.org/TR/2006/REC-ws-addr-core-20060509/
http://www.w3.org/2001/XMLSchema
http://www.w3.org/2001/XMLSchema
http://purl.oclc.org/dsdl/schematron
http://www.schematron.com/iso/dsdl-3-fdis.pdf
http://www.w3.org/2001/XMLSchema-instance
http://www.w3.org/TR/xmlschema-1/#Instance_Document_Constructions
http://www.w3.org/TR/xmlschema-1/#Instance_Document_Constructions
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with the original component. Thus, it is possible to break existing schema 253  

components that depend on the original component.   254  

3.1.2  Unqualified Local Elements  255  

Unqualified local elements are not supported in SML and MUST NOT be used in any 256  

schema document that is a part of a model ôs definition  documents .   257  

Local element declarations MUST describe elements with qualified names. This can 258  

be done , for example, by specifying  elementFormDefault =òqualifiedò on 259  

<xs:schema>  or by specifying form=òqualifiedò on local <xs:element>.     260  

This is to  avoid element name collisions, and maintain a consistent naming approach 261  

especially when dealing with different schemas.  262  

3.1.3  targetNamespace on <xs:schema>  263  

targetNamespace  on xs:schema  MUST always be specified  in all schema documents 264  

that are a part of a modelôs definition  documents . 265  

XML schemas without target namespaces are not support ed. They do not work well 266  

with XP ath expressions used in constraints within the schema.  267  

3.2  References  268  

XML documents introduce boundaries across content that needs to be treat ed as a 269  
unit. XML Schema does not have any support for i nter -document references. SML 270  
extend s XML Schema to support inter -document references and a set of constraints 271  
on inter -document references.  272  

Support for inter -document references includes:  273  

¶ A new data type that represents references to elements in other documents.  274  

¶ Multiple addressing schemes for representing references .    275  

¶ Constraints on the type of a referenced element.    276  

¶ The ability to define key, unique, and key reference constraints across inter -277  

document references.    278  

An SML reference is a link from one element to another. It can be represented by 279  
using a variety of schemes, such as Uniform Resource Identifiers (URIs) [ 7] and 280  
Endpoint References (EPRs) [ 8]. SML does not mandate the use of any specif ic 281  
scheme  for representing references ;  implementations are free to choose suitable 282  
schemes for representing references.  References MUST be supported by model 283  
validators that conform to this specification.  284  

References MUST be  identified by sml:ref=òtrueò where sml:ref  is a global 285  
attribute whose definition is as follows:  286  

    <xs:attribute  name=" ref "  type =" xs:boolean "/ > 287  
 288  

An element that has sml:ref=òtrueò MUST be  treated as a reference element, i.e., 289  

its child elements MAY  contain a reference represented in o ne or more schemes.  This 290  

mechanism enables schema - less identification of reference elements, i.e., reference 291  

elements can be identified without relying on PSVI.  292  

 293  

The following example illustrates the use of sml:ref . Consider the following schema 294  

fragment :  295  

296  
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 297  
  <xs:element  name=" EnrolledCourse " > 298  
    <xs:complexType > 299  
      <xs:sequence > 300  
        <xs:element  name=" Name"  type =" xs:string " />  301  
        <xs:element  name=" Grade "  type =" xs:string " />  302  
        <xs:any  namespace =" ##any "  minOccurs =" 0"   303  
                maxOccur s=" unbounded "  processContents =" lax " />  304  
      </ xs:sequence > 305  
      <xs:anyAttribute  namespace =" ##any "  processContents =" lax " />  306  
    </ xs:complexType > 307  
  </ xs:element > 308  
   309  
  <xs:complexType  name=" StudentType " > 310  
    <xs:sequence > 311  
      <xs:element  name=" ID "  type =" xs:string " />  312  
      <xs:element  name=" Name"  type =" xs:string " />  313  
      <xs:element  name=" EnrolledCourses "  minOccurs =" 0" > 314  
        <xs:complexType > 315  
          <xs:sequence > 316  
            <xs:element  ref =" tns:EnrolledCourse "   317  
                        maxOccurs =" unbou nded " />  318  
          </ xs:sequence > 319  
        </ xs:complexType > 320  
      </ xs:element > 321  
    </ xs:sequence > 322  
  </ xs:complexType > 323  

 324  

The schema definition in the above example is SML agnostic and does not make use 325  

of any SML attributes, elements, or types. The EnrolledC ourse  element, however, 326  

has an open content model and this can be used to mark instances of 327  

EnrolledCourse  as reference elements as shown below:  328  

329  
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 330  
<Student  xmlns =" urn:university "  331  
         xmlns:sml =" http://schemas.serviceml.org/sml/200 7/ 02"   332  
         xmlns :wsa =" http://www.w3.org/2005/08/addressing " > 333  
  <ID >1000 </ ID > 334  
  <Name>John Doe </ Name> 335  
  <EnrolledCourses > 336  
    <EnrolledCourse  sml:ref =" true " > 337  
      <Name>PHY101</ Name> 338  
      <Grade >A</ Grade > 339  
      <sml:uri > 340  
        /Universities/MIT/Courses.xml#xmlns(u=urn: university)  341  
        xpointer(/u:Courses/u:Course[u:Name=ôPHY101ô]) 342  
      </ sml:uri > 343  
      <wsa:EndpointReference > 344  
        <wsa:Address >http://www.university.example </ wsa:Address > 345  
        <wsa:ReferenceParameters > 346  
          <University > 347  
            <Name>MIT</ Name> 348  
          </ University > 349  
          <Course > 350  
            <Name>PHY101</ Name> 351  
          </ Course > 352  
          </ wsa:ReferenceParameters > 353  
        </ wsa:EndpointReference > 354  
    </ EnrolledCourse > 355  
    <EnrolledCourse  sml:ref =" false " > 356  
      <Name>MAT100</ Name> 357  
      <Grade >B</ Grade > 358  
      <sml:uri > 359  
        /Universities/MIT/Courses.xml#xmlns(u=urn:university)  360  
        xpointer(/u:Courses/u:Course[u:Name=ôMAT100ô]) 361  
      </ sml:uri > 362  
    </ EnrolledCourse > 363  
    <EnrolledCourse > 364  
      <Name>SocialSkills </ Name> 365  
      <Grade >F</ Grade > 366  
    </ EnrolledCourse > 367  
  </ EnrolledCourses > 368  
</ Student >       369  
 370  

The first EnrolledCourse  element in the above example is a reference element since 371  

it specifies sml:ref=òtrueò. Assuming that references are represented in URI and 372  

EPR schemes, it has two representations of the reference to the element for course   373  

PHY101. The second and third EnrolledCourse  elements are not reference elements; 374  

the second element specifies sml:ref=òfalseò and the third element does not 375  

specify the sml:ref  attribut e. Note that the second element has a child element that 376  

contains a reference to course MAT100, but this reference will be ignored since 377  

sml:ref=òfalseò for the second element.  378  

 379  

A reference element MAY be empty or have a null valu e provided that this is al lowed 380  

by the elementôs schema.  For example, consider the folloing variation of the 381  

EnrolledCourse element definition :  382  

383  
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 384  
  <xs:element  name=" EnrolledCourse "  nillable =" true " > 385  
    <xs:complexType > 386  
      <xs:sequence > 387  
        <xs:element  name=" Name"  type =" xs:s tring " />  388  
        <xs:element  name=" Grade "  type =" xs:string " />  389  
        <xs:any  namespace =" ##any "  minOccurs =" 0"   390  
                maxOccurs =" unbounded "  processContents =" lax " />  391  
      </ xs:sequence > 392  
      <xs:anyAttribute  namespace =" ##any "  processContents =" lax " / > 393  
    </ xs:complexType > 394  
  </ xs:element > 395  

The above definition allows null values for instances of EnrolledCourse . Thus, an 396  

EnrolledCourse  reference element can have null value as shown in the following 397  

example (the first EnrolledCourse  element has null valu e) :  398  

 399  
<Student  xmlns =" urn:university "  400  
         xmlns:sml =" http://schemas.serviceml.org/sml/200 7/ 02"   401  
         xmlns:wsa =" http://www.w3.org/2005/08/addressing " > 402  
  <ID >1000 </ ID > 403  
  <Name>John Doe </ Name> 404  
  <EnrolledCourses > 405  
    <EnrolledCourse  sml:ref =" true "  xs i:nil =" true " />  406  
    <EnrolledCourse  sml:ref =" false " > 407  
      <Name>MAT100</ Name> 408  
      <Grade >B</ Grade > 409  
      <sml:uri > 410  
        /Universities/MIT/Courses.xml#xmlns(u=urn:university)  411  
        xpointer(/u:Courses/u:Course[u:Name=ôMAT100ô]) 412  
      </ sml:uri > 413  
    </ EnrolledCourse > 414  
    <EnrolledCourse > 415  
      <Name>SocialSkills </ Name> 416  
      <Grade >F</ Grade > 417  
    </ EnrolledCourse > 418  
  </ EnrolledCourses > 419  
</ Student > 420  
 421  

 422  
SML also supports several schema -based constraints on references. T he 423  
sml :ref Type  type has been defined to allow model  authors to make use of these 424  
schema -based constraints in their modelôs schema. The definition of sml:refType  425  
fixes the value of sml:ref  to true , and hence all elements of type sml:refType  are 426  
reference elements.   The sml:refType is defined as follows :  427  
 428  
    <xs:complexType  name=" refType "  sml:acyclic =" false " > 429  
      <xs:sequence > 430  
        <xs:any  namespace =" ##any "  minOccurs =" 0"   431  
                maxOccurs =" unbounded "  432  
                processContents =" lax " />  433  
      </ xs:sequence > 434  
      <xs:attribute  re f =" sml:ref "  use =" required "   435  
                    fixed =" true "  />  436  
      <xs:anyAttribute  namespace =" ##any "   437  
                       processContents =" lax " />  438  

    </ xs:complexType > 439  
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Note that the above definition allows elements and attributes from any namespace to 440  
occur in an element whose type is sml :ref Type . Thus, a scheme for references can 441  
be implemented by defining an XML namespace for the scheme, and references can 442  
be represented in this scheme by nesting element and attribute instances from this 443  
namespace as attributes and children of sml :ref Type  elements.  444  

The following example illustrates the use of sml:refType  :  445  

         <xs:element  name=" EnrolledCourse "  type =" sml : ref Type "  446  
                       sml : targetType =" tns:CourseType " />  447  

    <xs:complexType  name=" StudentType " > 448  
        <xs:sequence > 449  

            <xs:element  name=" ID "  type =" xs:string " />  450  
            <xs:element  name=" Name"  type =" xs:string " />  451  

            <xs:element  name=" EnrolledCourses "  minOccurs =" 0" > 452  
                <xs:complexType > 453  

                    <xs:sequence > 454  
                        <xs:element  ref =" tns: EnrolledCourse "   455  

                                    maxOccurs =" unbounded " />  456  
                    </ xs:sequence > 457  

                </ xs:complexType > 458  
            </ xs:element > 459  

        </ xs:sequence > 460  
    </ xs:complexType > 461  

 462  

The Enrolled Course  element declaration is of type sml:refType  which marks it as 463  
a document reference , and this element declaration is used in StudentType  to 464  
reference the elements corresponding to the courses in which a student is enrolled.  465  

Examples of the use of sml:refType  for EnrolledCourse  are found in the section, 466  
Reference Schemes .  This section demonstrates the use of the URI and EPR schemes 467  
to define the reference.  468  

3.2.1  Reference Semantics  469  

3.2.1.1  At Most One Target  470  

Every reference MUST target (or resolve to) at most one element in a model. 471  
Danglin g references are allowed in SML;  therefore it is possible that the target of a 472  
reference does not exist in a model. It is an error if a reference targets  more than 473  
one element in a model.  474  

If a single reference is represented by multiple schemes, every representation MUST 475  
target the same element.  Validators MAY check this condition if they understand 476  
more than one scheme used to represent the same referenc e.  477  

3.2.1.2  Multiple Reference s   478  

An element in a document MAY be targeted by multiple different references. These 479  
references may use different schemes and/or be expressed in different ways.   480  

3.2.1.3  Empty or Null References  481  

A reference element, i.e., an element with  sml: ref=òtrueò, can have  482  
xsi:nil=òtrueò or no content , provided that this is allowed by the elementôs 483  
schema definition . A model validator MUST treat s uch an element as if the reference 484  
were  not present.  485  



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

reserved.                                                                                        Page 14  of 50  

3.2.1.4  deref() XPath Extension Function  486  

Each model validator MUST provide an implementation of the  deref () XPath 487  
extension function that is capable of resolving references expressed in the model 488  
validatorôs chosen scheme(s). This function takes a node -set of elements  and r eturns 489  
a node -set consisting of element nodes  corresponding to the elements referenced by 490  
the input node set.  In particular, for each node R in the input node set the output 491  
node set contains at most one element node.  492  

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

o sml: ref =òtrue ò for R 495  

o R contains at least one reference scheme that is understood by the 496  
implementation  497  

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

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

o the target of R is not in the model  501  

o R is an empty or null reference  502  

o R does not contain any reference scheme that is understood by the 503  
implementation  504  

o sml: ref  is not specified for R 505  

o sml: ref  =òfalse ò is specified for R 506  

3.3  Reference Schemes  507  

A reference MAY be represented by using a variety of schemes, and SML does not 508  

mandate the use of any specific schemes. Uniform Resource Identifiers (URIs) [ 7] 509  

and endpoint references (EPRs) [ 8] are two common schemes for referen cing 510  

resources. Although SML does not require the use of either scheme, it does define 511  

how a reference MUST be represented using the URI scheme and the EPR scheme.  512  

3.3.1  URI Scheme  513  

References that are represented using the URI scheme MUST be implemented by 514  
using  the sml :uri  global element as a child of reference elements, i.e., elements for 515  
which sml:ref=òtrueò.  More precisely, if a model validator chooses to represent 516  
references using the URI scheme,  517  

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

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

For example, if the reference in EnrolledCourse  element is represented using the 523  
URI scheme, an instance of EnrolledCourse  will appear as follows:  524  

<EnrolledCourse  xmlns =" urn:university "   sml:ref =" t rue " > 525  
  <sml:uri >SomeValidUri </ sml:uri > 526  

</ EnrolledCourse > 527  



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

reserved.                                                                                        Page 15  of 50  

where SomeValidUri  is a valid URI as defined in [ 7].  528  

Suppose that a model has the following documents, and each document has an 529  
associated URI:  530  

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  

 531  

The following is a sample instance document  for Student 1000 where the references 532  
are r epresented in the URI scheme :  533  

<Student  xmlns =" urn:university " > 534  
  <ID >1000 </ ID > 535  
  <Name>John Doe </ Name> 536  
  <EnrolledCourses > 537  
    <EnrolledCourse  sml:ref =" true " > 538  
      <sml:uri >/Universities/MIT/Courses/PHY101.xml </ sml:uri > 539  
    </ EnrolledCourse > 540  
    <Enrolled Course  sml:ref =" true " > 541  
      <sml:uri >/Universities/MIT/Courses/MAT200.xml </ sml:uri > 542  
    </ EnrolledCourse > 543  
  </ EnrolledCourses > 544  

</ Student >  545  

3.3.1.1  Fragment Identifier  546  

 Fragment identifiers  in references that are represented using the URI scheme MUST 547  
use the  follo wing XPointer [ 10] profile :  Only two schemes ï xmlns ()  and xpointer ()  ï 548  
are supported.  549  

¶ The expression specified for the xpointer scheme MUST be a restricted XPath  550  
1.0 [ 9] expression that MUST resolve to a t most one  element node. In 551  
particular, this expres sion MUST NOT  contain  552  

o the union (ñ|ò) operator defined for XPath 1.0 553  

o point()  and range()  node tests defined for the xpointer() scheme  554  

¶ This expression can only use the functions defined in the XPath 1.0 core 555  
function library (see [ 9] for details). It MUST N OTt use the sml fn:deref  556  
function and/or the following function s defined for xpointer() scheme (see 557  
[1 1] for details):  558  

o range - to  559  

o string - range  560  

o range  561  

o range - inside  562  

o start - point  563  
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o end - point  564  

o here  565  

o origin   566  

The following example illustrates the use of xpointer fragment s. Consider  the case 567  
where all courses offered by MIT are stored in a single XML document ï Courses.xml  568  
ï whose URI is  /Universities/MIT / Courses.xml . In this case, the element inside 569  
Courses.xml  that corresponds to the course PHY101 can be referenced as f ollows 570  
(assuming that Courses  is the root element in Courses.xml )  571  

<Student  xmlns =" urn:university " > 572  
  <ID >1000 </ ID > 573  
  <Name>John Doe </ Name> 574  
  <EnrolledCourses > 575  
    <EnrolledCourse  sml:ref =" true " > 576  
      <sml:uri > 577  
        /Universities/MIT/Courses.xml#xmlns(u =urn:university)  578  
        xpointer(/u:Courses/u:Course[u:Name=ôPHY101ô]) 579  
      </ sml:uri > 580  
    </ EnrolledCourse > 581  
  </ EnrolledCourses > 582  
</ Student > 583  

A reference  element can also be used to reference an element in its own document. To 584  

see this consider the follow ing instance document  585  

       586  
<University  xmlns =" urn:university " > 587  
  <Name>MIT</ Name> 588  
  <Courses > 589  
    <Course > 590  
      <Name>PHY101</ Name> 591  
    </ Course > 592  
    <Course > 593  
      <Name>MAT200</ Name> 594  
    </ Course > 595  
  </ Courses > 596  
  <Students > 597  
    <Student > 598  
      <ID >123</ ID > 599  
      <Name>Jane Doe </ Name> 600  
      <EnrolledCourses > 601  
        <EnrolledCourse  sml:ref =" true " > 602  
          <sml:uri > 603  
            #xmlns(u=urn:university)  604  
            xpointer(/u:University/u:Courses/u:Course[u:Name=ôMAT200ô] 605  
          </ sml:uri > 606  
        </ EnrolledCourse > 607  
      </ EnrolledCourses > 608  
    </ Student > 609  
  </ Students > 610  

</ University > 611  

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

element for MAT200 in the same document.  613  
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3.3.2  EPR Scheme  614  

References that are represented using th e EPR scheme MUST be implemented by  615  

using instances of  wsa: EndpointReference global  element declaration  [ 8] as  child  616  

elements of reference elements.  The following example illustrates how the 617  

EnrolledCourse  reference that references course PHY101 in MIT university can be 618  

represented using the EPR scheme:  619  

 620  

<EnrolledCourse  xmlns =" urn:university "  sml:ref =" true " > 621  
  <wsa:EndpointReference   622  
       xmlns:u =" http://www.university.example/schema " > 623  
    <wsa:Address >http://www.university.example </ wsa:Address > 624  
    <wsa:  ReferenceParameters > 625  
      <u:University > 626  
        <u:Name>MIT</ u:Name> 627  
      </ u:University > 628  
      <u:Course > 629  
        <u:Name>PHY101</ u:Name> 630  
      </ u:Course > 631  
    </ wsa:ReferenceParameters > 632  
  </ wsa:EndpointReference > 633  

</ EnrolledCourse > 634  

3.4  Constrain t s on R eferences  635  

SML supports several attributes for expressing constraints on references.  All of 636  

these attributes (with the sole exception of sml :acyclic ) can only be specified for 637  

element declarations of type sml:refType  or a derived type of sml :ref Type .  The 638  

sml :acyclic   attribute can only be specified on derived types of sml :ref Type  639  

( sml:acyclic=òfalseò is specified for sml:refType ) .   640  

The following table lists the various attributes and elements for constraining 641  

references:  642  

Attributes  643  

Name  Description  

sml :a cyclic  Supported on sml:refType  and its derived type s.. If this 

attribute is set to true for a derived type D of sml:ref Type , 

then the acyclic constraint is violated if instances  of D 

(including any derived types of D)   create a cycle in a 

model .  

sml :ta rgetElement  Used to constrain the name of the referenceôs target 

element. This constraint is violated if the target  element is 

not an instance of the 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 referenceôs target element is 

required to be present in the model. This constraint is 

violated if a reference is empty, null, or dangling.  

644  
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 645  

sml :targetType  Used to constra in the type of the referenceôs target 

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  646  

Model validators that confo rm to this specification MUST support the sml :acyclic  647  

attribute on derived types of sml :ref Type . This is a boolean attribute and its value 648  

can be either true  or  false .  Let R be a derived type of sml :ref Type . If 649  

sml :acyclic=òtrueò is specified for R, then R is an acy clic reference ty pe, i.e., 650  

instances of R MUST NOT create cycles in any model. More precisely, the  directed 651  

graph whose nodes are  documents  that contain the source or target elements for 652  

instances of R,  and whose edges are  instances of R (an edge  is directed from the 653  

document containing the source element to the document containing the target 654  

element) ,  must be acyclic . If sml :acyclic=òfalseò is specified for R, then R is a 655  

cyclic reference type, and its instances may create cycles in models. Note  that 656  

sml:refType  is a cyclic reference type since sml :acyclic=òfalseò is specified for 657  

sml :ref Type .   658  

A cyclic reference type can be used to derive cyclic or acyclic reference types, but all 659  

derived types of an acylic reference type are acyclic. Model val idators that conform 660  

to this specification MUST enforce  the  follow ing:  661  

¶ If CR is a cyclic reference type and DCR is a derived type of CR, then  D CR is an 662  

acyclic reference if sml :acyclic=òtrueò is specified for DCR. Otherwise, DCR 663  

is a cyclic reference  664  

¶ If  AR  is an acyclic reference type and DAR  is a derived type of AR , then 665  

sml :acyclic=òtrueò holds for DAR  even if the sml :acyclic  attribute is not 666  

explicitly specif ied for D AR . It is an error for DAR  to specify 667  
sml :acyclic=òfalse ò 668  

3.4.2  Constraints on Targets  669  

SML sup ports three attributes: sml:targetElement , sml:targetRequired , and 670  

sml:targetType ,  for constraining the target of a reference. These three attributes 671  

are collectively called sml:target*  attributes and they MUST be supported  on  global 672  

and local element decl arations. Model validators that conform to this specification 673  

MUST enforce the following:  674  

If one/more of sml:target*  attributes are specified (either explicitly  or by default) 675  

for a particle  P in a complex - type definition CT, then all particles  in CT that have the 676  

same name  as P must specify the same set of sml:target*  attributes as P and 677  

these attributes must hav e the same values as those specified for P.   678  

In particular, all of the following must be enforced:  679  

¶ If  sml:targetElement=òns:GTEò for P then sml:targetElement=òns:GTEò 680  

for all particles  in CT that have the same name as P 681  

¶ If  sml:targetRequired =òtrueò for  P then sml: targetRequired =òtrueò for 682  

all particles  in CT that have the same name as P 683  

¶ If  sml:targetRequired =òfalseò for P then sml: targetRequired =òfalseò 684  

for all particles  in CT that have the same name as P 685  

http://www.w3.org/TR/xmlschema-1/#Particle
http://www.w3.org/TR/2004/REC-xmlschema-1-20041028/#e-name
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¶ If  sml:targetType =òns:Tò for P  then sml:targetType =òns:Tò for all 686  

particles  in CT that have the same name as P 687  

The above conditions on the use of sml:target*  attributes have been defined to 688  

reduce  the  implementation burden  on  model  validators for  verify ing  that the use of 689  

sml:target*  attributes is cons istent across derivation by restriction. These 690  

conditions enable model validators to find the restricted particle for a restricting 691  

particle using a simple name match when sml:target*  attributes are specified for 692  

these particles .  In the absence of the abo ve conditions, it is extremely difficult for 693  

SML validators to verify consistent use of sml:target*  attributes across a base type 694  

and its restricted derived type. In order to verify consistent use of an sml:target*  695  

attribute on a restricted particle  in the  base type and its restricting particle  in a 696  

restricted derived type, it is necessary to connect the particles  in the derived type 697  

with  those from the restricted base type. However, this level of support is not 698  

provided by most XML Schema frameworks; thus  most SML validators would 699  

otherwise  need to duplicate large parts of XML Schemaôs compilation logic to verify 700  

consistent usage of sml:target*  attributes across derivation by restriction.        701  

3.4.2.1  sml :targetElement  702  

Model validators that conform to this speci fication MUST support the 703  

sml :targetElement  attribute on element declarations whose type is sml:refType  or 704  

a derived type of sml :ref Type . The value of this attribute MUST be the qualified 705  

name of some global element declaration. Let sml :targetElement=òns:GTEò for 706  

some element declaration E. Then each element instance of E MUST reference an 707  

element that is an instance of ns:GTE  or an instance of some global element  708  

declaration  in the substitution group hierarchy whose head is ns:GTE .  If a target 709  

element cons traint is specified for a global element declaration G then it continues to 710  

apply to all global element declarations in the substitution group hierarchy whose 711  

head is G.  However, a global element declaration in Gôs substitution group can 712  

specify a target e lement constraint that refines the constraint defined for G. In 713  

particular, model validators that conform to this specification MUST enforce the 714  

following:  715  

¶ I f sml :targetElement=òns:GTEò is specified for G, and SG is a global element 716  

declaration that specif ies G as the value of its xs:substitutionGroup  717  

attribute, then   718  

¶ if  sml :targetElement  is specified for SG then its value MUST  be ns:GTE  719  

or the name of a global element declaration in the substitution group 720  

whose head is ns:GTE  721  

¶ if sml :targetElement  is not specified for SG, then 722  

sml :targetElement=òns:GTEò holds for SG by default . 723  

If a target element constraint is specified for a particle  P in some type B , then it 724  

continues to apply to each  particle  PR that is a  valid restrictions of P where PR is 725  

defined in some restricted derived type of B ( see [2] 726  

http://www.w3.org/TR/xmlschema -1/#cos -particle - restrict  for XML Schemaôs 727  

definition of valid restrictions ) .  However, PR can specify a target  element constraint 728  

that refines the constraint defined for P.  In particular, model validators that conform 729  

to this specification MUST enforce the following:  730  

¶ If  sml :targetElement=òns:GTEò is specified for P and sml :targetElement  is 731  

specified for PR,  then the value of sml :targetElement  for PR must be ns:GTE  732  

or the name of a global element declaration in the substitution group 733  

http://www.w3.org/TR/xmlschema-1/#cos-particle-restrict
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hierarchy whose head is ns:GTE . If sml :targetElement  is not specified for 734  

PR, then sml :targetElement=òns:GTEò holds for PR by default . 735  

3.4.2.2  sml:targetRequired  736  

Model validators that conform to this specification MUST support the   737  

sml :target Required  attribute   on element declarations whose type is sml:refType 738  

or a derived type of sml :ref Type . If  sml :target Required  =òtrue ò for an element 739  

dec laration E, then each element instance of E MUST target  some element  in the 740  

model , i.e., no instance of E can be null, empty, or contain a dangling reference. 741  

Otherwise, instances of E can be empty, null, or contain dangling references. If this 742  

attribute i s not specified, then its value is assumed to be ñfalse ò.   743  

Model validators that conform to this specification MUST enforce the following:  744  

¶ If the sml:targetRequire d  attribute is specified for a global element 745  

declaration G then the specified value applie s by default to each global 746  

element declaration SG in the substitution group hierarchy whose head is G 747  

unless the sml:targetRequire d  attribute is specified for SG.  748  

¶ If sml:targetRequired=òtrueò is specified for a global element declaration G 749  

then sml:targe tRequired=òfalse ò  MUST NOT be specified for any element 750  

declaration in the substitution group hierarchy whose head is G.  751  

¶ If sml:targetRequired  attribute is  specified for a particle  P in some type B , 752  

then  the specified value applies by default to  to eac h particle  PR that is a 753  

valid restrictions of P unless the sml:targetRequire d attribute is specified 754  

for  PR ( see [2] http://www.w3.org/TR/xmlschema -1/#cos -particle - restrict  for 755  

XML Schemaôs definition of valid restrictions) .  756  

¶ If sml :t argetRequired=òtrue ò for a particle  P then 757  

sml:targe tRequired=òfalse ò  MUST NOT be specified  for  any particle  PR 758  

that is a valid restriction of P.    759  

3.4.2.3  sml : targe tType  760  

The sml :target Type  attribute MUST b e  supported on element declarations whose 761  

type is sml:refType  or a derived type of sml :ref Type . The value of this attribute 762  

MUST be the qualified name of some type declaration. Let sml :targetType=òns:Tò  763  

for some element declaration E. The n each element instance  of E MUST reference an 764  

element whose type is ns:T  or a derived type of ns:T .  765  

If a target type constraint is specified for a global element declaration G then it 766  

continues to apply to all global element declarations in the substitution group  767  

hierarchy  whos e head is G. However, a global element declaration in Gôs substitution 768  

group can specify a target type constraint that refines the constraint defined for G. 769  

In particular, model validators that conform to this specification MUST enforce the 770  

following:  771  

¶ I f sml :targetType =òns:T ò is specified for G, and SG is a global element 772  

declaration that specifies G as the value of its xs:substitutionGroup  773  

attribute, then  774  

o if the sml:targetType  attribute is specified for SG the its value    775  

MUST be either ns:T  or the name of some derived type of ns:T   776  

o if sml :target Type  is not specified for SG, then 777  

sml :targetType =òns:T ò holds for SG by default  778  

If the target type constraint is specified for a particle  P in some type B , then it 779  

continues to apply to each particle  PR that is a  valid restriction of P where PR is 780  

http://www.w3.org/TR/xmlschema-1/#cos-particle-restrict



