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PurchaseOrder.sox 

206 

<elementtype name = "Contact> 
<extends prefix = 'CBL" type = "Address, 
<append> 

<element type = "Phone Number" occurs = " "/. 
</append> 

'<extend> 
</elementtyppe> 

204 

ContactAddress.sox 

210 

<?soxlype 
<?import 21 
<?import 
<purchaseOrder> 

<shipTo> 
<Address> 

<Name>John Doe<Name> 
<Street>1234 Anywhere St.</Slreet> 
<Cily>Palo AJto<Cily></Stale>/CA<Stale> 
<PostalCode>12345</PostalCode> 

<Address> 
</shipTo> 
<billTo> 

<Contact xmlns,ContactAddress.sox'> 
<Narne>P. D.Q. Bach<Narne> 
<Street>54321 Anywhere St. </Street> 
<City>Palo AJto<Cily><State>CA>/State> 
<PostalCode>12345</PostalCode> 
<PhoneNumber,(650)623-9911</Phone Number> 

</Contact> 
</billTo> 
<lineltem> 

<Name>Piano<Name> 
<Description>A Musical Intrument<Description> 
<Price>123.234Price> 
<Amount>34Amount> 

<linellem> 
<Name>Piano<Narne> 
<Deuription>A Musical Instrumenl<DescAption> 
eprice>123.23</Price> 
<Amount>3</Amount> 

<linellern> 
<purcheseOrder> 208 

214 

Document Instance 
of type "PurchaseOrder" 

216 

FIG. 2 

CBL.sox 
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EVOLUTION IN AN E-COMMERCE 

NETWORK 

PRIORITY INFORMATION 
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in-part of U.S. patent application Ser. No. 09/173,854 filed 16 
Oct. 1998, now U.S. Pat. No. 6,125,391 A entitled MARKET 
MAKERS USING DOCUMENTS FOR COMMERCE IN 
TRADING PARTNER NETWORKS, which remains pend- 
ing in the continuation U.S. patent application Ser. No. 
09/633,365 filed on 7 Aug. 2000 entitled MARKET MAK- 
ERS USING DOCUMENTS FOR COMMERCE IN TRAD- 
ING PARTNER NETWORKS. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to the commonly 
assigned, issued U.S. Pat. No. 6,591,260, filed on 28 Jan. 
2000, entitled METHOD OF RETRIEVING SCHEMAS 
FOR INTERPRETING DOCUMENTS IN AN ELEC- 
TRONIC COMMERCE SYSTEM, by inventors Kelly 
Schwarzhoff and Ramshankar Venkat. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the exchange of electronic docu- 

ments in an electronic marketplace. In particular, the inven- 
tion relates to methods for extending schemas which are used 
to interpret electronic documents used in business to business 
transactions. 

2. Description of the Related Art 
Techniques exist for supporting the exchange of electronic 

data between trading partners. A prominent and commonly 
used standard is Electronic Data Interchange, more com- 
monly referred to by its acronym EDI. EDI refers to a set of 
messages used for business-to-business communication. The 
messages are compiled into business documents, which are 
exchanged to facilitate transactions between trading partners. 

Each organization using EDI typically stores its data in a 
private format. As such, trading partners employing EDI are 
typically required to contract in advance and develop soft- 
ware programs to map between their private data sets. Each 
time a new trading partner is added to a client list, a new 
translation program is required to format their data in con- 
formance with the other trading partners on the list. 

The EDI approach for supporting a commercial communi- so 

cations standard is to include the union of all universally 
required features into a global standard. EDI effectively 
includes a messaging standard for each transaction conducted 
between each set of trading partners. The inefficiencies which 
result from this system include the effort spent in generating 55 

a translator for every pair of trading partners and the redun- 
dancy inherent in generating original documents to facilitate 
largely similar transactions. 

Techniques also exist for facilitating the safe evolution of 
code distributed over computer networks. Examples of such 60 

technologies include communication systems for distributed 
objects such as CORBA, DCOM, and SOAP. These systems 
allow communication and collaboration amongst objects dis- 
tributed over networks. As such, they support object-oriented 
facilities such as inheritance and polymorphism, which 65 

enable objects to be modified safely and efficiently. However, 
these systems comprise interfaces between objects which are 

2 
implemented in programming languages, rather than schema 
languages for encoding electronic documents distributed 
over computer networks. 

Accordingly, it is desirable to establish an effective com- 
5 munications standard for encoding electronic documents. 

This standard should allow document types to evolve in order 
to facilitate new transactions, while preserving the integrity of 
the existing document types and the transactions they sup- 
port. Because the library of document types which are used in 

10 such a standard will be shared by all trading partners in the 
marketplace, these resources should be available throughout 
the marketplace. 

15 

20 

25 
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45 

SUMMARY OF THE INVENTION 

The invention enables the creation of an electronic market- 
place by facilitating the exchange of electronic documents 
between trading partners. Embodiments of the invention 
include communications standards for the electronic docu- 
ments which enable trading partners to (1) construct docu- 
ments which reflect the particular constraints of their trans- 
actions and (2) make such documents easily available 
throughout the marketplace. The communications standards 
employed in this invention optimize the efficiency of the 
creation and retrieval of the electronic documents, and, as 
such, the efficiency of the respective transactions. 

In an embodiment of the invention, commercial transac- 
tions between trading partners are conducted via a computer 
network referred to as a transaction services network. The 
transaction services network is operated by a market maker 
interested in supporting an electronic marketplace, and the 
network provides services which facilitate the commercial 
transactions. The transactions are conducted by the exchange 
of electronic documents between trading partners. The trans- 
action services network provides services for facilitating 
these transactions, such as matching trading partners to con- 
duct certain types of transactions; routing documents 
between trading partners; providing information about trad- 
ing partners; and establishing protocols to govern the trans- 
actions. The trading partners access the transaction services 
network via private servers which connect to the transaction 
services network via the Internet. 

In embodiments of the invention, the documents support- 
ing the transactions are written in an enhanced form of the 
Extensible Markup Language, XML. The XML standard is a 
markup language which allows document writers to define 
the elements, or "tags" which are used to express document 
instances. The ability to define the tags which are used in a 
document provides document writers with the facility to con- 
vey the semantic content of document instances by use of the 
tags embedded within the document instances, a feature 
which is unavailable in earlier generations of markup lan- 
guages. 

XML document instances are interpreted by the use of 
schemas which are cited in the document instances; the sche- 
mas define a collection of tags which are used to encode the 
document instances. As a schema may be used to interpret 
multiple document instances, the schema classifies a docu- 
ment type. The document types which are available in the 
invention support commercial transactions such as purchase 
orders, purchase order acknowledgements, order status 
checks, availability checks, price checks, invoices, and 
invoice acknowledgements. XML allows document writers to 
create schemas as necessary to support novel transactions. 

Embodiments of the invention also introduce aspects of 
object-oriented programming into XML. Some embodiments 
of the invention include mechanisms for extending document 
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3 
types, so that a document type can be explicitly defined as an 
extension of a pre-existing document type. In embodiments 
of the invention, a first element defined in a first schema may 
be extended by defining a second element in a second schema, 
wherein the second element extends the definition of the first 5 

element. In some embodiments of the invention, the first 
element may comprise a plurality of sub-elements, and the 
extended element may comprise the plurality of sub-elements 
with one or more additional sub-elements. In embodiments of 
the invention, the first and second schemas may reside on 1 

separate servers on the transaction services network. 
Embodiments of the invention also support polymorphism. 

In such embodiments, an instance document may be a legal 
instance of more than one document type. Some embodi- 
ments of the invention support polymorphism with type 15 

extension. In such embodiments, any document instance of an 
extending document type will also be a legal instance of the 
extended document type. 

In embodiments of the invention, a document instance may 
import a first schema and a second schema, wherein the first 20 

schema defines a first element, and the second schema defines 
a second element that extends the definition of the first ele- 
ment. In some embodiments, the second element may be cited 
in the document instance in any context reserved for the first 
element. In embodiments of the invention, the first schema 
and second schema may reside on separate servers on a trans- 
action services network. 

The extension mechanisms supported in the invention 
enable the safe evolution of schemas supported on the trans- 
action services network. Applications that are implemented 
to handle documents of a specific type can also handle docu- 
ments of any types that are extensions of the original type. 
Thus the extension mechanisms allow the introduction of new 
document types or the extension of existing document types 
while preserving the integrity of existing applications. This 
feature enables document types and applications to evolve 
separately. 

In an embodiment of the invention, the document instances 
contain identifiers for the schemas they cite. These identifiers 
are persistent and location independent. As such, the identi- 
fiers enable schemas to be identified irrespective of changes 
in the configuration of the underlying computer system. In 
some embodiments, the location identifiers are Uniform 
Resource Names (URNs). 

In embodiments of the invention, URNs for schemas are 
resolved to location-dependent Uniform Resource Identifi- 
ers, or URIs, which indicate the locations for the schemas. 
These locations may include HTTP sites, FTP sites, or file 
locations. In embodiments of the invention URNs are 
resolved to location-dependent URIs by the use of a registry 
which maps URNs to the location dependent URIs. 

In embodiments of the invention, the Lightweight Direc- 
tory Access Protocol, version 3 (LDAP v3) is used to search 
the registry for the location-dependent URI. This protocol 
provides an efficient tool for searching the registry and locat- 
ing the location-dependent URIs. The URN registry is stored 
in an LDAP v3 compliant directory server. The LDAP com- 
pliant directory server may be an x.500 server. In some 
embodiments, the URN is converted to an LDAP URL. The 
LDAP URL is used as a key to search the LDAP directory for 
the location-dependent URI. In an embodiment of the inven- 
tion, the directory server is accessible to any trading partner 
server or other server on the network which interprets XML 
documents. The use of a central directory server eliminates 
the need for replicated repositories, thereby lending scalabil- 
ity and consistency to the URN registry. In an alternative 
embodiment, the registry may be federated, so that different 

4 
nodes of the directory reside on separate servers, thereby 
allowing control over particular URNs to be vested with the 
parties responsible for the resources identified by the URNs. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic depiction of the network layout of the 
electronic marketplace in an embodiment of the invention. 

FIG. 2 illustrates the use of URNs for dynamically linking 
0 XML schemas and document instances in an embodiment of 

the invention. 
FIG. 3 illustrates the applications responsible for parsing 

XML documents in an embodiment of the invention. 
FIG. 4 illustrates an LDAP directory tree used to resolve 

URNs in an embodiment of the invention. 

DETAILED DESCRIPTION 

A. Introduction 

The invention addresses problems faced in the construction 
of an electronic marketplace for business to business transac- 
tions. In particular, the electronic marketplace considered by 
the invention includes a computer network system which 

25 facilitates transactions between trading partners; these trans- 
actions are conducted by the exchange of electronic docu- 
ments which correspond to the particular transactions. For 
example, a purchase order from a seller to a buyer may be 
conducted by exchanging a PurchaseOrder document 

30 between the trading partners which specifies the terms of the 
transaction. The types of commercial transactions supported 
by the invention can include, but are not limited to, purchase 
orders, purchase order acknowledgments, order status 
checks, availability checks, price checks, invoices, invoice 

35 acknowledgement, and/or catalog documents. 
Various services are required to facilitate such business to 

business electronic transactions. For instance, buyers and 
sellers may be matched to conduct certain types of transac- 
tions; documents are routed between trading partners; infor- 

40 mation about trading partners should be readily available; and 
protocols should be established to govern the transactions. 
Moreover, a market system which facilitates commercial 
transactions should be scalable, as a system flexible enough to 
support a multitude of transactions should allow for trading 

45 partners to be continuously added to the marketplace. 

B. Overview of the Electronic Marketplace 

In an embodiment of the invention, these services are pro- 
s() vided by a network of computers illustrated in FIG. 1. The 

network providing the services 100 is referred to as a trans- 
action services network 100; the transaction services network 
is typically operated by a "market maker", i.e., a body which 
is interested in facilitating an electronic marketplace. Buyer 

55 sites 102 and seller sites 104 connect to the transaction ser- 
vices network 100 via the Internet. The network includes a 
group of transaction servers 108 which provide various com- 
mercial services. Transaction servers 108 may be added to the 
network as necessary, thereby lending scalability to the trans- 

60 action services network 100. 
Previous attempts at establishing electronic marketplaces 

have lacked an adequate standard for communication 
between trading partners. This deficiency results in the gen- 
eration of redundant documents, and fails to provide efficient 

65 tools for constructing new transactions from old documents. 
As such, it would be desirable to enforce a communications 
standards within the marketplace which expedites the modi- 
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fication of existing documents and eliminates redundancy in 
the collection of documents, while retaining the flexibility to 
accommodate novel transactions. 

C. XML as the Basis of a Commercial 
Communication Standard 

It is desirable to establish a communication standard for 
encoding the transactions which are conducted in the elec- 
tronic marketplace. The standard should be flexible and 
expressive enough to encode any possible transaction 
between trading partners. The standard should also enable the 
efficient creation of new transactions from old transactions, 
and thereby eliminate the need to create and interpret redun- 
dant messages in the electronic marketplace. 

In an embodiment of the invention, the transactions are 
encoded in documents written in markup languages. These 
documents are exchanged between trading partners to facili- 
tate transactions in the marketplace. Documents written in a 
markup language are interpreted by the use of embedded tags; 
examples of such languages include HTML and SGML. 

In an embodiment of the invention, the markup language 
used to write the electronic documents is an enhanced version 
of XML. Standard XML is a markup language which allows 
a document writer to define the set of tags which are used to 
interpret a given document "instance". The collection of tags 
are defined in a file referred to as a "schema", and every 
instance of an XML document is interpreted by reference to 
the schemas cited by the instance. Because a schema defines 
a collection of tags which may be used to interpret multiple 
document instances, a schema is said to define a "document 
type". Correspondingly, an instance of a document type com- 
prises an XML document which cites the respective schema. 
In standard XML, schemas are defined in Document Type 
Definition files, or DTDs. A DTD may be external or internal 
to the respective document instance. 

XML document instances are checked at two levels: each 
document is checked for (1) conformance to XML syntax and 
(2) validity with respect to referenced schemas. This distinc- 
tion can be illustrated by example. Consider a specific pur- 
chase order document instance of the document type Pur- 
chaseOrder. Suppose we have a document type 
PurchaseOrder and an instance of PurchaseOrder that we call 
PO_Instance. PO_Instance would be a specific purchase 
order sent through the marketplace. If PO_Instance conforms 
to a set of general syntactical criteria specified by standard 
XML we say that PO_Instance is "well-formed." If, in addi- 
tion, PO_Instance is correct with respect to PurchaseOrder 
we say that PO_Instance is "valid" with respect to Purchase- 
Order. Validity is a stricter requirement than well-formed- 
ness, as a document instance can be well-formed even though 
it is not valid with respect to its document type. 

In an embodiment of the invention, the XML document 
instances are parsed in an XML Processor. The XML Proces- 
sor is an application which is responsible for understanding 
well-formed XML syntax and for validating XML docu- 
ments. In an embodiment of the invention, each transaction 
server and each trading partner site may have an XML Pro- 
cessor, which allows each server to understand the documents 
exchanged within the marketplace. 

Standard XML alone, however, is not entirely adequate to 
facilitate the electronic marketplace. Amongst the deficien- 
cies of standard XML as an e-commerce protocol is that the 
language does not provide adequate means for checking 
integrity constraints on data. Moreover, conventional XML 
does not support polymorphic changes to schemas. As such, 
schemas must be entirely rewritten to accommodate minor 

6 
changes to conventional transactions which have pre-existing 
schemas. Moreover, the changes to the schemas would have a 
global impact on applications that create and process docu- 
ment instances. 

5 The absence of polymorphism results in duplicated effort 
to create largely redundant schemas. This deficiency can be 
illustrated by example. Consider a transaction such as a pur- 
chase order. Each individual seller in the marketplace is likely 
to have constraints or extensions on purchase orders which 

10 are unique to its business, and which should be reflected in 
any purchase order which it communicates to a buyer. 
Because standard XML does not allow polymorphic changes 
to existing schemas, each buyer in this example will have to 
write a purchase order schema to reflect their transaction 

15 constraints. This results in duplicated effort, and a multiplic- 
ity of largely similar schemas. As such, the invention includes 
enhancements to XML which resolve these deficiencies. 

D. Enhanced XML and Polymorphic Schemas 
20 

In embodiments of the invention, the standard XML sche- 
mas are extended with an enhanced schema language which 
supports polymorphism and integrity constraints in XML 
Documents. Non-limiting examples of enhanced XML 

25 schema languages include Commerce One's SOX language 
and Microsoft's XDR standard. 

Embodiments of the invention support type extensions. In 
such embodiments, the enhanced schema language allows 
document types to be explicitly defined as extensions of pre - 

30 existing document types. As such, the enhanced schema lan- 
guage allows the creation of an extension hierarchy of docu- 
ment types. Alternative embodiments of the invention also 
support polymorphism, so that an instance of a document type 
T may also be a legal instance of a document type T'. 

35 Embodiments of the invention combine type extensions 
with polymorphism. In such embodiments, applications that 
are implemented to handle documents of a specific type T can 
also handle documents of any types that are extensions of the 
type T. Thus, by combining type extensions with polymor- 

40 phism, the schema language allows type safe extensions in 
runtime. As such, the combination of these features decouples 
the evolution of document types and applications, which is 
desirable on a widely deployed transaction services network. 

The utility of polymorphic schemas in the electronic mar- 
45 ketplace can be illustrated with an example depicted in FIG. 

2. Note that while the schema language employed in this 
illustration is the SOX language, the example is equally valid 
for any enhanced schema language supporting polymorphism 
in XML. Assume that a group of trading partners have agreed 

50 on a schema for the document type PurchaseOrder. The 
schema corresponding to the document type is the Purchase- 
Order.sox 200 schema. PurchaseOrder.sox 200 references 
tags from a preexisting library of SOX components in a file 
called CBL.sox 216; the acronym CBL stands for "Common 

55 Business Library." The PurchaseOrder.sox schema 200 
includes an identifier 202 for CBL.sox 216. CBL.sox 216 
includes a tag <Address> for supporting addresses. The 
<Address> tag has as sub-elements: 

<Name> 
60 <Street> 

<City> 
<PostalCode> 
Suppose that <Address> is utilized by document instances 

of type PurchaseOrder and that a particular trading partner 
65 ACME wishes to make a simple extension to the <Address> 

element used in PurchaseOrder.sox 200. In particular, ACME 
wishes to extend the PurchaseOrder.sox 200 schema to allow 
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the <Address> element to contain telephone numbers. As 
illustrated below, the present invention enables such an exten- 
sion of the <Address> tag; the polymorphism feature allows 
the extended <Address> tag to be used in instance documents 
of type PurchaseOrder, while preserving the integrity of the 5 

PurchaseOrder.sox schema and the existing instance docu- 
ments of that type. 

The <Address> tag may be extended by using the SOX 
schema language to create a small document type ContactAd- 
dress, whose corresponding schema ContactAddress.sox 204 1 

extends the CBL.sox 216 definition of <Address> to include 
a telephone number. The extended tag, or element, is referred 
to as <Contact>, and this element is defined in ContactAd- 
dress.sox, which is given as follows: 

<schema uri="ContactAddress.sox"> 15 

<namespace prefix="CBL" uri="CBL.sox"/> 
<elementtype name="Contact"> 

<extends prefix="CBL" type="Address"> 
<append> 

<element type="PhoneNumber" occurs="*"/> 
</append> 

</extend> 
</elementtype> 
</schema> 
The new document type ContactAddress includes an iden- 

tifier 206 for CBL.sox 216. A document instance 208 of type 
PurchaseOrder incorporates the new <Contact> tag by import 
statements which reference the schemas ContactAddress.sox 
204 and CBL.sox 216 respectively. Note that the <Contact> 
tag may be used in any place in the document instance 
reserved for the original <Address> tag. 

The benefits of polymorphism are apparent from this 
example: we have extended the <Address> tag to create the 
<Contact> tag by writing a new, short document type Con- 
tactAddress. Thus the new document type ContactAddress 35 

extends the functionality of the original PurchaseOrder docu- 
ment type while preserving the integrity of PurchaseOrder. 

Without support for polymorphism, extensions to the 
<Address> tag would require a rewrite of the PurchaseOrder. 
This would alter a fundamental document type which is an 
agreed upon standard amongst trading partners, one upon 
which a number of document instances and transactions are 
constructed, in order to accommodate a minor change. As a 
result, either (1) every trading partner would have to agree on 
the new PurchaseOrder, and software would need to be 
rechecked to ensure compliance with the new definition, or 
(2) the new schema would have a different name, and each 
time a trading partner wishes to send a purchase order, they 
would need to ensure whether the other partner supports the 
new PurchaseOrder or would need a translation to the old 
version. 

To support polymorphism, the schemas should have the 
following characteristics: 

The schemas should be available in a generally available 
repository to enable trading partners to retrieve them 
dynamically. The schema identifiers 202 206 210 212 
214 should have globally unique names, aiding their 
dynamic discovery and loading 

When a trading partner receives a document instance, the 
<?import . . . > statement lists the schemata required to 
correctly parse it. As such, the recipient should be able to 
follow the identifiers 212 214 following the import state- 
ments in a document instance 208 to dynamically load 
the new schemata 

As such, the enhanced schema languages introduce new 
challenges to the implementation of a document exchange 
system. One of these challenges arises from the fact that the 

8 
schemas in such languages evolve. To facilitate an e-com- 
merce document exchange system, documents which are 
written prior to schema modifications should be able link at 
the time they are parsed to the modified schema. As the 
revised schema may reside in a different physical location in 
the document exchange system, the link to the schema in the 
document instance, which was written prior to the schema 
change, should remain valid. As such, the use of polymorphic 
documents within the document exchange system entails a 

o need for permanent, location independent identifiers for sche- 
mas. 

E. Modularity and the Use of Persistent, 
Location-Independent Identifiers 

It is also desirable for XML entities to exhibit modularity, 
i.e., to allow XML entities to be re-used. To illustrate the 
desirability of this feature, suppose there is an XML docu- 
ment schema which is well-understood, and which defines 

20 tags that may be used in multiple document instances. If such 
a schema is available, it is desirable to re-use this schema in 
the multiple instances, rather than re-write it for each 
instance. 

In order to re-use a schema in multiple document instances, 
25 it is desirable for the schema to have a universal name, which 

may be used by any of the document instances referring to the 
schema. This name should also be persistent, so that docu- 
ment instances referring to the schema remain valid indefi- 
nitely. Additionally, it is desirable for such names to be loca- 

30 tion-independent, so that references to the schema remain 
valid even if the schema locations change. Thus the modular- 
ity of XML code also suggests a need for persistent, location- 
independent identifiers for XML entities. 

F. Identifying Schemas with URNs 

The invention offers a solution to the problems addressed 
above. In an embodiment of the invention, schemas are iden- 
tified by static, location independent names In a preferred 

40 embodiment, these identifiers include Uniform Resource 
Names, or URNs. Uniform Resource Names are described in 
RFC 2079. URNs are names for resources which may reside 
on LANs, WANs, or on the Internet. These names are char- 
acterized by two signal features: 

45 1) URNs are static. As explained in RFC 2141, URNs are 
designed to last indefinitely, irrespective of changes in 
the configuration of the computer system on which the 
resources identified by URNs reside. This is in stark 
contrast to network addresses, IP addresses, or file loca- 

50 tions, all of which identify physical locations on a net- 
work, and are invalid if the physical locations change. 

2) URNs are location independent. This also contrasts with 
network addresses and file locations. A system resource 
identified by a URN will retain that URN even if its 

55 network location changes, which does not hold true for 
its IP address, LAN address, or file location. 

In an embodiment of the invention, each schema is identi- 
fied with a URN. This is illustrated in FIG. 2. The document 
instance 208 of type PurchaseOrder identifies the schemas 

60 PurchaseOrder.sox 200, ContactAddress.sox 204, and 
CBL.sox 216, by their respective URN identifiers 210, 212, 
214. Likewise, the definitions for PurchaseOrder.sox 200 and 
ContactAddress.sox 204 identify CBL.sox 216 by its URN 
identifiers 202 206. 

65 The syntax of URNs is specified in RFC 2141. They are 
specified in the following format: 

<URN>: :="urn:"<NID>":"<NSS> 
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where <NID> is a Namespace Identifier, and <NSS> is a 
Namespace Specific String. An illustration of a URN is pro- 
vided by the URN for the Purchase Order.sox 200 schema in 
the invention, which is given by: 

urn::x-commerceone:document:com:commerceone:mar- 
ketsite: business services: PO. sox$ 1 .0 

wherein the NID is 
x-commerceone 
and the NSS is 
document: com: commerceone: marketsite: busines s ser- 

vices:PO.sox$1.0 
When an XML processor reads a schema, the processor 

locates the schema from the URN. This requires resolving the 
URN to a physical location, such as a network location, 
URLs, or file location. As such, embodiments of the invention 
also include a method for resolving URNs to physical loca- 
tions. 

G. Resolving URNs via a Registry 

In an embodiment of the invention, URNs are mapped to 
physical locations by converting the URNs to URIs, or Uni- 
form Resource Identifiers. Uniform Resource Identifiers, 
which are described in RFC 2396, identify physical locations 
for computer system resources. URIs may take the form of 
network locations such as HTTP, FTP, or Telnet sites, or file 
locations within a computer system. To resolve URNs to 
physical locations, the present embodiment maps URNs to 
URIs, and correspondingly maps permanent, location inde- 
pendent identifiers to actual physical locations. The method 
used for this mapping should be scalable, in order to facilitate 
the addition of new schemas and document types to the mar- 
ketplace, and should allow for easy retrieval and updating, as 
the network locations of the schemas may change frequently. 
Moreover, the mapping method should enable each server in 
the marketplace with an XML Processor 302, i.e., buyer sites 
102, seller sites 104, transaction servers 108, to access the 
schemas, and interpret documents. As such, the method of 
URN resolution should also be accessible to each server in the 
marketplace. 

Embodiments of the invention address these issues by 
employing a registry for mapping URNs to URIs. The registry 
resides on a directory service which is accessible by any site 
in the electronic marketplace, i.e., by any of the trading part- 
ner sites or any of the transaction servers within the transac- 
tion services network. FIG. 1 depicts this feature of the elec- 
tronic marketplace. The buyer sites 102, seller sites 104, and 
the transaction servers 108 all communicate with the URN 
registry in the Directory Server 110. This layout lends scal- 
ability to the system, as any transaction servers or trading 
partner servers may also communicate with the registry. 

To resolve the URNs by use of the registry, an access 
protocol is needed to retrieve the schema name from the x.500 
directory. An embodiment of the invention utilizes the Light- 
weight Directory Access Protocol, or LDAP. The LDAP v3 
protocol is a client-server protocol for performing lookups on 
a remote directory server. In the invention, the protocol is 
used to enable the transaction servers and trading partners to 
retrieve resource locations via the registry. 

FIG. 3 depicts the use of LDAP to retrieve schema loca- 
tions from a directory. An Entity Manager 304 receives an 
XML document instance 300. The entity manager is an appli- 
cation which may run on any transaction server or trading 
partner site: the application manages XML document streams 
and facilitates the opening and tracking of URI based 
resources which the XML document system requires or ref- 

10 
erences. The information collected by the Entity Manager 
304 is passed to an XML Processor 302, which is responsible 
for understanding well-formed XML syntax. Upon parsing 
the XML document instance 300, the XML Processor 302 

5 sends a URN for the schema to the Entity Manager 304. The 
Entity Manager 304 engages an LDAP Lookup Service 306 
which searches for a URI corresponding to the URN in a 
directory service 308. 

In an embodiment, the LDAP compliant directory service 
10 308 used to resolve the URNs comprises an X.500 server. In 

alternative embodiments, the directory service 308 may be 
any other type of directory service which has functionality 
similar to LDAP v3. The X.500 directory server is described 
in detail in RFC 2253. In an LDAP compliant directory ser- 

15 vice such as X.500, the directory service stores primary keys 
as "Distinguished Names", which are commonly referred to 
as "DN"s. A DN is composed of a string of attribute values. 
The types of attributes include: 

CN Common Name 
20 OU Organization Unit Name 

O Organization Name 
A DN comprises a string of one or more attribute values for 

the attribute types listed above. The attribute types are orga- 
nized in a tree-based hierarchy, which facilitates the search 

25 and retrieval of distinguished names. In the invention, the DN 
serves as the primary key for retrieving a corresponding URN 
from the x.500 directory. 

Prior to using the DN as a key for retrieving a correspond- 
ing URI for a schema, the URN for that schema should be 

30 mapped to the DN. This step is performed by use of an LDAP 
URL. The LDAP URL standard is described in RFC 2255. 
This standard specifies a syntax for converting URNs to Dis- 
tinguished Names. In an embodiment of the invention, the 
Entity Manager 304 is responsible for converting the URN to 

35 an LDAP URL. The Distinguished Names are then available 
to the LDAP protocol to search LDAP compliant directories. 
The search through the directory is performed by the LDAP 
Lookup Service 306. 

The schema retrieval procedure outlined above comprises 
40 the following steps: 

1) Take the input URN, perform a mapping to an LDAP 
URL 

2) Take the LDAP URL from step 1 and convert to a DN to 
search the LDAP directory. 

45 3) Locate the URI corresponding to the URN by searching 
the LDAP directory with the DN. 

4) Locate and retrieve the schema by use of the URI 

The steps of this procedure shall be illustrated by the follow- 
ing, non-limiting example, in which a schema is retrieved 
from its URN. 

50 

55 

H. Example 

Retrieving a Purchase Order Schema from its URN 

In this example, a PurchaseOrder.sox 200 schema is to be 
retrieved by an XML Processor 302. The URN for Purchase- 
Order.sox 200 is specified as: 

60 urn::x-commerceone:decument:com:commerceone:mar- 
ketsite: business services: PO. sox$ 1.0 

which comprises the following components: 
NI= x- commerceone 
NSS-document:com:commerceone:marketsite:busi- 

65 nessservices:PO.sox$1.0 
In an embodiment of the invention, the Namespace Iden- 

tifier, or NI, for all schemas is "x-commerceone." The 
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Namespace Specific String, or NSS, is divided into two parts, 
one representing the "logical directory" and the other portion 
representing the version of the document. These two portions 
of the NSS are delimited by the "$" token. Hence the logical 
directory is given by 

document: com: commerceone: marketsite: busines s ser- 
vices :PO. sox 

and the version is given as 
1.0 
The logical directory is a hierarchical name for the docu- 

ment which is delimited by colons ":". This hierarchy corre- 
sponds to the hierarchy in the LDAP directory relative to a 
Schema Root in reverse order. The Schema Root is a Distin- 
guished Name representing the logical origin for the schema 
entries in the directory tree. In this example, the Schema Root 
is given by: 

ou-schema, o= Marketplace B 
The next step is to convert the URN as specified above into 

a corresponding LDAP URL. The format for a standard 
LDAP URL, as specified is RFC 2255, is given as follows: 

Ldapurl= scheme ": / /[hostport] ["/" [DN["?" [attributes] ["?" 
[scope]["?"[filter]["?" extensions]]]]]] 

The parameters used in the mapping are "Scheme", "host- 
port", and "DN". The scheme in this case, equals "LDAP". 
The hostport will be given as "/". This token indicates to the 
Entity Manager 304 that the host and port will be resolved at 
during the directory lookup. The DN for the Purchase Order 
in the present example will be: 

en= PO.sox, 
ou=n1 0 
ou= businessservices 
ou= marketsite 
ou-commerceone 
ou =com 

The remaining parameters in the LDAP definition are not 
used. Hence the LDAP URL for the Purchase Order should be 

LDAP:///cn-PO.sox,ou=n1 0,ou-businessservices, 
ou-marketsite,ou-commerceone,ou-com 

An example of an algorithm which performs the mapping 
is given as follows: 

1) Initialize string variable for storing the output LDAP 
URL 

2) Insert "LDAP:///" into the variable 
3) Remove the prefix "urn:x- commerceone:document" 

from the input URN. If this prefix is not present, then 
trigger an exception 

4) Parse each token in the URN delimited by ":". 
5) Insert each token into a LIFO buffer 
6) The remaining portion of the input URN is the version 

component. Remove the "$" delimiter and store the 
remainder as a version string. 

7) If the string is not "1.0", the schema is not version 
compliant, so trigger an exception 

8) Remove the first token from the LIFO buffer and store 
into a string variable labeled "DocName" 

9) Create a string for the DN by inserting the DocName 
string preceded by "cn=" and terminated with "," 

10) If the version string starts with a digit, it is prefixed with 
"n" and the "." is replaced with a "_". In the present 
example, the version string "1.0" will be mapped to 
"n1 0" 

11) Append the modified version string to the DN prefixed 
by "ou=" and terminated with "," 

12) For each token in the LIFO buffer, prefix the token with 
"ou-", terminate the token with "," and append the 

5 
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modified token to the DN string. The final token in the 
LIFO buffer should be terminated with "." 

13) Insert the DN string into the LDAP URL 

The result of the mapping algorithm applied to the current 
URN is 

LDAP : ///cn-PO. sox, ou=n1 0, ou-busines sservices , 

ou-marketsite,ou-commerceone,ou-com 

The DN embedded in the LDAP URL is used to by an LDAP 
Lookup Service 306 to search the x.500 directory. 

FIG. 4 is an illustration of the directory tree. The nodes of 
the tree correspond to attributes in the DN, and the leaves 
contain URIs for various schemas. The LDAP Lookup Ser- 
vice uses the third "I" as an indication of the host and port, 

15 which brings it to the Schema Root Node 400. The DN is now 
traversed in reverse order. The "ou-com" attribute brings us 
to the corresponding node in the LDAP tree 402. The next 
attribute is ou= commerceone, which has a corresponding 
node 404. The path 406 can be seen to correspond directly to 

20 the DN specified in the LDAP URL, wherein each attribute 
"ou" has a corresponding node in the path 406. The search 
ends at the leaf node 408, which contains the desired URI, 
which in this case, is http://www.mp.com/po.sox 

The schema retrieval system described in this example 
25 meets the criteria which were established earlier, such as 

persistence and location-independence, and exhibits a num- 
ber of virtues which may not be immediately apparent. These 
features merit further elaboration. 

30 I. Advantages of the Invention 

Amongst the criteria listed for the schema identifier are 
persistence and location independence. The persistence and 
location independence of the URN is achieved by the provi- 

35 
sion of a centralized URN Repository which is easily 
updated. The registry, in an embodiment of the invention, is 
an x.500 directory, with a directory tree as given in FIG. 4. A 
physical location for a given resource can be updated simply 
by updating the corresponding leaf node. For instance, sup- 
pose the location of the Purchase Order schema in the 

40 example above is changed to http://www.marketsite.net/foo. 
This can be facilitated simply by replacing the current con- 
tents of the leaf node 408 with the new URL. Hence the 
corresponding URN is persistent, for the URN remains con- 
stant even though the old URL is obsolete. The URN is also 

45 location independent, as the physical location of the resource 
is at a new network location while the URN has remained 
constant. Thus, any documents referring to the schema by the 
URN remain valid under the location change. 

Maintaining a centralized URN Repository lends scalabil- 
50 ity, integrity, and flexibility to the schema retrieval system. 

The provision of a centralized repository eliminates a need for 
replicated lists of schema locations. This frees memory in the 
system for other uses. The centralized repository also con- 
tributes to the scalability of the system, as any new server 

55 
added to the system can access schemas simply by accessing 
the URN Repository. The elimination of replicated lists also 
preserves the integrity of the schema locations, for the system 
makes updates to the registry relatively simple, as elaborated 
above, and the centralized nature of the repository eliminates 
the possibility of contradictory location information for sche- 

60 mas. Embodiments of the invention also expedite schema 
retrieval. Because the URN Repository is stored in a directory 
tree, the search for the network location is faster than a flat file 
repository by a logarithmic factor. 

Additionally, the object-oriented features supported by the 
65 enhanced schema language of the present invention enable 

the safe extension and evolution of elements defined in the 
language. Type extension allows elements to be defined as 
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extensions of pre-existing elements. Polymorphism allows 
the extended elements to be used in contexts reserved for the 
original elements. By coupling polymorphism with type 
extension, the schema language enables type safe extensions 
at runtime. Thus document types and applications can evolve 
separately on the transaction services network. 

As such, the extension mechanisms in the schema language 
allow trading partners to modify existing document types 
easily while preserving the integrity of document instances 
and applications that rely on the original document types. 
Trading partners can modify or extend existing document 
types to accommodate novel transactions while preserving 
the integrity of applications that rely on the original document 
types. Thus the enhanced schema language lends flexibility in 
creating and modifying transactions while preserving the 
integrity of existing applications on the transaction services 
network. 

J. Alternative Embodiments 

5 

10 

15 

An alternative embodiment for the repository includes a 20 

federated directory service, in which the individual nodes of 
the directory service reside on separate servers. In an embodi- 
ment of the invention, schemas unique to particular trading 
partners are stored on sites which are operated by the trading 
partners. For instance, a particular buyer may modify a Pur- 
chaseOrder schema to suit their requirements. In an embodi- 
ment of the invention, those nodes of the LDAP tree which 
lead to a leaf with the URI for the modified PurchaseOrder 
reside on sites under the control of the buyer. This embodi- 
ment enables the buyer site to update nodes leading to a 
particular schema location itself, without going through a 
central directory service. As such, this embodiment decen- 
tralizes the process of updating the Directory Service, while 
preserving the integrity of the directory and eliminating the 
need for replicated URN repositories. 

K. Conclusion 

25 

30 

35 

The foregoing description of various embodiments of the 
invention has been presented for purposes of illustration and 
description. It is not intended to limit the invention to the 40 

precise forms disclosed. Many modifications and equivalent 
arrangements will be apparent. 

What is claimed is: 
1. A method of extending a definition of a first tag used in 

a first electronic document, wherein the first electronic docu- 
ment is encoded in a markup language, and the first electronic 
document is stored on a server in a computer network, the 
method comprising: 

defining the first tag in a first schema, wherein the defini- 
tion of the first tag includes a plurality of elements from 
the markup language; 

defining a second tag in a second schema, wherein a defi- 
nition of the second tag includes 
a reference to the first tag in the first schema, wherein the 

reference identifies the first tag as being extended; and 
an additional element from the markup language; and 

providing references for locating the first schema and sec- 
ond schema in a second electronic document, wherein 
the second tag is polymorphically used to encode text 
within the second electronic document; 60 

whereby the first and second schemas respectively allow 
use of the first or second tag and applications and docu- 
ment types that use the first or second tag can evolve 
separately; 

wherein the markup language is XML. 

45 
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2. The method of claim 1, further comprising: 
parsing the first electronic document, wherein the first 

electronic document is parsed by a parser for the markup 
language, the parser being stored on the server. 

3. The method of claim 1, wherein the first electronic 
document corresponds to at least one of a purchase order, a 
purchase order acknowledgement, an order status check, an 
availability check, a price check, an invoice, an invoice 
acknowledgement. 

4. The method of claim 1, further comprising: 
parsing the second electronic document, wherein the sec- 

ond electronic document is parsed by a parser for the 
markup language, the parser being stored on the server. 

5. The method of claim 4, wherein the second electronic 
document corresponds to a commercial transaction. 

6. The method of claim 5, wherein the commercial trans- 
action is selected from the group consisting of a purchase 
order, a purchase order acknowledgement, an order status 
check, an availability check, a price check, an invoice, an 
invoice acknowledgement. 

7. A computer network system including at least one pro- 
cessor for processing a document instance of a markup lan- 
guage, the computer network system comprising: 

means for defining a first tag, including a plurality of ele- 
ments from a markup language, in a first schema in the 
computer network system; 

means for polymorphically extending a definition of the 
first tag by use of a second schema residing on the 
computer network system, the second schema defining a 
second tag by reference to the first tag that incorporates 
in the second schema the plurality of elements from the 
markup language and by including additional elements, 
including using the second tag in a location otherwise 
used by the first tag in the document instance; and 

means for importing reference to the second schema into 
the document instance; 

wherein the markup language is XML. 
8. A method of extending a definition of a first tag used in 

a first electronic document, wherein the first electronic docu- 
ment is encoded in a markup language, and the first electronic 
document is stored on a server in a computer network, the 
method comprising: 

defining the first tag in a first schema, wherein a definition 
of the first tag includes plurality of elements from the 
markup language; and 

defining a second tag in a second schema, wherein a defi- 
nition of the second tag includes a reference to the first 
tag and an additional element from the markup lan- 
guage; and 

providing references for locating the first schema and sec- 
ond schema in the first electronic document, wherein the 
first and second tags are polymorphically available to 
encode text within the first electronic document; 

whereby an application designed to work with the first tag 
in the first schema can process the text encoded using the 
second tag in the second schema, when the encoding is 
within the scope of the first tag, without modifying the 
application, whereby document types and applications 
can evolve separately; 

wherein the markup language is XML. 
9. The method of claim 8, wherein the first and second 

schemas reside on separate servers. 


