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(57) Abrege(suite)/Abstract(continued):

domain and a remote service registry and comprises: a local service information manager for registering local services in the local
service domain, a local service information repository connected with the local service information manager, for storing service
metadata of the local services; whereln said service registry further comprises: a remote service information manager connected
with the local service information manager and the remote service registry, for recelving a remote service index from the remote
service registry; and a remote service information repository connected to said remote service information manager, for storing the
remote service Index received from the remote service registry. By using said service registry, It Is easy for realizing service control
and sharing among different service registries.
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SERVICE REGISTRY AND RELEVANT SYSTEM AND METHOD

Field of Technoloqy

The present i1nvention relates to a service-oriliented architecture. More
particularly, the present 1nvention relates to i1mprovements 1n a service
reglstry 1n the SOA and 1mprovements 1n relevant service propagation,

query, service selectilion and routing methods during service invocation.

Background Art

SOA 1s the abbreviation of “service-orilented architecture” and
indicates that an application can be composed of a set of independent and
mutually cooperative sub-systems or services. Such an architecture makes
every service 1ndependent and only informs other services of the interface
necessary to be declared. The SOA not only enables system constructors to
organize and decrease dependency relations in thelr designed products, but
also provides a trimmed service sulte 1n a developling environment. This
method can be used to support the existing requirements, e.g., the
enterprise application assembly, and to provide a base for platform

extension so as to meet special commercial needs, e.g., the qgquick

customization of E-commerce-related solutions.

As a basic delivery form of the SOA, web services are widely used day
by day. The so-called web services are online application services
published by an enterprise for satisfying 1ts specilial commercilial needs,
and these online services can be accessed and utilized by applications of
other companies and cooperative partners via networks (including the
Internet, enterprise internal networks, and enterprise external networks,
etc.). The web services, as an effective mechanism of flow integration 1in

an enterprise, are utilized in commerce, Nasdag and Australia Stock

xchange System and so on are well-known examples that use the web

services. In fact, the web services can perform any function from a simple

request to a complicated commercial transaction.

Any SOA or web service comprises three roles: a service requestor (or
called a service consumer), a service provider and a service reglstry, as
shown 1n Fig. 1. The architecture 100 shown i1n Fig. 1 comprises a service

requestor 110, a service provider 120 and a service registry 130.

Among these, the service provider 120 1s responsible for building a
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useful service and establishing a service metadata therefor, and then
publishes the metadata to one or more service registries 130, so that the
service reqguestor queriles service metadata from the one or more service
reglistries 130. The metadata may comprise functional description and
non-functional description, policies, and relevant data, etc of the

services.

The service registry 130 1s a metadata repository for services that
participate 1n an SOA and 1s responsible for maintaining and promulgating
service metadata published thereon by the service provider 120, and allows
the service requestor 110 to perform guery 1n a service description owned
by a local service registry 130. In the prior-art SOA, 1t 1s not necessary
for the service registry 130 to participate 1n an interacting process

between the service requestor and the service provider.

In addition, between the service requestor 110 and the service provider

120, some 1ntermediators such as a gateway, an enterprise service bus

(EBS) and so on (not shown) may further be provided. These intermediators
have a simple request-response delivery function between the service

requestor 110 and the service provider 120.

Fig. 1 further shows the SOA contains three operations among the
service requestor 110, the service provider 120 and the service regilstry
130: publish, find and bind, and these operations define a contract among

the respective roles of the SOA.

To date, 1n the SOA or the web service system as described above, the
service registry can only employ the Universal Descriptilion Discovery &

Integration (UDDI) standard. All the vendors of the service registries

(such as IBM, Microsoft, SUN, BEA, Systinet, etc.) support UDDI 3.0 1n
thelr products. UDDI 1s a standard defined by OASIS and 1ts focus 1s the

definition of a set of services supporting the description and discovery

of

1) businesses, organizations, and other web service providers;
2) the web services that are available; and
3) the technical interface which may be used to access the web

services.

Based on a common set of 1ndustry standards, UDDI provides a

foundational 1nfrastructure for web services based computing environment.
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However, the use of UDDI standard result in technical limitations of the
SOA or web services 1n terms of service control and sharing, etc.
On one hand, as to the control and management of service metadata, using

the UDDI standard has the following disadvantages:

1) Lack of extensible data model and methods for query ---The fixed
format of service metadata could not meet the need to add more features or
service speclfic properties;

2) Lack of service lifecycle management;

3) Lack of runtime control during service 1nvocation --- This 1s
because 1n the existing SOA triangular architecture, a service reglstry
only plays 1ts role 1n a static configuration process of services, but

does not participate 1n a dynamic 1nteracting process between a service

requestor and a service provider (including the gateway or EBS, etc.)

during service runtime; and

4) Lack of mechanism for functionality extension.

On the other hand, with the wilde use of web services at present, the
number of services become large with advent of more and more fined
services that are compliant with different standards (such as WSRP, uPnP,
etc.). Thus, the number of service regilistries 1ncreases rapilidly as well.
In this situation, sharing information among assoclated UDDI regilstries

become the urgent requirement to promote web service technologies.

According to the stipulation of Version 3 of UDDI specification,
sharing information among UDDI regilistries 1s 1mplemented by replicating
service metadata, that 1s, an importer gets all the metadata of UDDI
entities from source registries and then replicates said metadata into
target registries. The i1mporter here 1s a publisher who reads data via the
Inquiry or Subscription API from one or more source regilstries and
publishes 1t to a target registry. For detailed information for sharing
information i1n UDDI, please refer to “UDDI Version 3.0.2, UDDI Spec
Technical Committee Draft, Dated 20041019”. The mechanism for implementing
service sharing among the UDDI registries by replication has the following

disadvantages:

1) The topology of UDDI registries 1s different from that of the
internet domaln, so 1t 1s hard to manipulate service information 1n every
intenet autonomous system.

2) As the number of registries and UDDI entities becomes large, there

1s hardly enough storage space to replicate all the metadata of all the
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entities 1n one regilstry.

3) When 1nformation sharing 1s implemented by replication of entities,
there lacks a mechanism to synchronize duplicates of the same entity
reglstered 1n different registries.

4) Since not all the shared UDDI entities could be replicated 1n one
UDDI registry, a UDDI client must query several UDDI registrilies to search
for the target UDDI entity.

5) As the quantity of registries becomes large and there 1s no
centralized location information of UDDI registries, 1t 1s difficult for
the client to find and travel through all the accessible registries

(especilally for the client with limited computing power and communication

band width) .

In view of the above cases, 1t 1s necessary to i1mprove the service
registries of the SOA or web services so as to enhance flexibility and

operability with respect to management and sharing service.

Summary of the Invention

Therefore, the present 1nvention sets forth a new service registry, a
system architecture centering on the service registry, methods for service
propagation and query, and methods for service selection and routing
during service 1nvocation. The fundamental 1deas of the present invention
lie 1n: expanding functions of a service reglstry by service i1nformation
distributed i1ndex and query; realizing service sharing by only replicating
service 1ndexes (instead of service metadata) among the service
reglistries; performing runtime control over services by causing a service
reglstry to participate 1n a dynamlc runnling process between a service
requestor and a service provider, thereby breaking through technical

limitations resulting from the utilization of the UDDI standard.

According to a first aspect of the present invention, a service
registry 1s provided, which 1s connected with a local service domaln and a
remote service registry, and comprises: a local service i1nformation
manager for registering local services 1n the local service domain, and a
local service information repository connected to the local service
information manager, for storing service metadata of the local services;
characterized in that said service regilstry further comprises: a remote
service 1nformation manager connected with the local service 1nformation
manager and the remote service regilstry, for receiving a remote service

index from the remote service registry; and a remote service 1nformation
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repository connected to said remote service 1nformation manager, for
storing the remote service 1ndex receilved from the remote service

registry.

According to a second aspect of the present invention, a SOA framework
1s provided, comprising: a meta service network including the
above-mentioned service registry; a service network parallel with the meta
service network and including one or more endpolints; and on or more
intermediators 1ntervening between saild endpoints; wherein said one or
more endpolnts can interact with the corresponding service registry

directly or via said one or more 1ntermediators.

According to a third aspect of the present invention, a method for
sharing service 1nformation among service reglstries 1s provided, said
service regilstries being physically and/or logically interconnected,
whereln said method comprises: registering service metadata of a service
provider to a local service regilistry of said service provider; and
propagating, by said local service registry, a service 1ndex 1n said

service metadata to a remote service registry.

According to a fourth aspect of the present invention, a method for a
service reqgquestor to query service information from a service registry,
sald service registries belng physically and/or logically interconnected,
whereln said method comprises: sailid service requestor sendiling a reqguest
for 1nquiring about service information to a local service registry; said
service reglstry transferring said request to a relevant target remote
service regilistry, based on a service 1ndex of remote services, until said
request reaches one or more target remote service registries; sailid one or
more target remote service registries sending back to said local service
registry the requested service metadata as a response; sailid local service

registry sending said response to said service requestor.

According to a fifth aspect of the present invention, a method for a
service reqguestor to i1nvoke a service 1n a remote service domaln 1S
provided, said method comprising: said service requestor sending to an
intermediator a request for i1nvoking a service 1n the remote service
domain, and the 1ntermediator sending the request to a local service
registry; said local service registry transmitting the request to the
remote service domaln by 1ngqulring about a service 1ndex; an 1ntermediator
of the remote service domaln sending said message to a service regilistry

assoclated with said remote service domain; the service registry
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assoclated with said remote service domaln sending saild service via the
intermediator of the remote service domaln to said service provider, SO as

to provide said service requestor with said service.

By using the present i1nvention, the service regilistries are endowed with
new effects and functions. First, each service registry 1s capable of
completely controlling one or more autonomous domains, which 1s convenient
for owners (enterprise, organization or department) of the service
regilistries to maintain service 1nformation. Second, each service registry
1s capable of providing the following functilions: managing static and
dynamic service metadata (local data and a remote data index) 1n a local
domain; 1nquiliring about service metadata 1n all the connected registries;
and performing service selection and routing centered on the service

registry within or among the service domains.

By using the present invention, an extensible mechanism that deploys a
function module for service routing 1s provided, which not only reallzes a
function enhancing mechanism, like an application server, for service
routing and selection, but also achieves connection with an external

system (e.g., billing, commercial rules, security, monitoring, etc.).

Furthermore, by using the present invention, 1nter-domain connection
can be realized, which 1s mainly reflected on the followlng three points.
First, the topology of the service domain in the present inventlon 1s more
natural and 1t 1s similar to the topology of an Internet autonomous system
that can be mapped to an application domain of an enterprise or
organization. Second, 1n the present i1nvention, all the registries are

connected by index instead of by replicating service metadata. Finally,

all the service requestors and 1ntermediators (ESB, WS gateway and so
forth) do not need to have information relating to services outside the

local service domain.

Brief Description of the Accompanying Drawings

In the accompanying drawings, the same composite parts utilize the same
or simililar reference signs.

Fig. 1 1s a schematic view of the prior-art SOA framework;

Fi1g. 2 1s a schematic view of the topology of a system centered on a
service regilstry according to the present invention;

FF1g. 3 1s a basic structure of a service registry according to the
present 1nvention;

FFig. 3A shows an exemplary data structure of a service i1ndex according
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to the present invention;

Fig. 3B shows a structural view of a service regilistry i1ncluding
additional details;

Fig. 4 shows a comblning process o0f registering, propagating and
inquliring about services according to the present i1nvention;

Fig. 4A shows an exemplary propagation path;

FF1ig. 4B shows an exemplary query path;

F1g. 5 shows a process for message transmission routing and selection
during service 1nvocation according to the present invention;

Fig. DA 1s a schematic view showing the execution of the process 1in
Fig. 5 with reference to the topology in Fig. 2;

Fig. 6 1s a flow chart showing a method for a service registry to
reglster and propagate services according to the present i1nvention;

F1g. 7 shows a method for a service requestor to guery service metadata
of a local service registry according to the present invention;

F1g. 8 shows a method of performing service routing and selection
according to the present i1nvention; and

F1g. 8A shows a method of performing service routing and selection

according to the preferred embodiment of the present invention.

Best Mode for Carrying out the Invention

The principles of the present 1nvention are described below with

reference to the accompanying drawings.

Before describing an novel service registry according to the present
invention, we should first know an overall topology of a system to which
sald service registry 1s applied, and Fig. 2 1s a schematic view of the
topology. This topology comprises a meta service plane (or called a meta
service network) 105 and a service plane (or called a service network)
106. The meta service plane 105 includes a number of service reglstries
101, a connection line between which indicates that they are physically
and/or logically interconnected. The service plane 106 may include a
number of service domains D1-D4 surrounded by ellipses, and each of the
service domains D1-D4 further contalins some endpoints 103 and
intermediators 102, and the service plane 106 may further i1nclude a single
endpoint and/or 1ntermediator (a single intermediator 102 between the
service domains D2 and D3 as shown in Fig. 2) which does not form a
service domaln. It should be pointed out that Fig. 2 1s exemplary and
should not be understood as any limitation on the actual number and

connection manner of the service regilstries 101, the 1ntermediators 102,
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the endpoints 103 and the service domain 104, etc.

In the topology shown 1n Fig. 2, each of the service registries 101 1s
responsible for service registration and propagation 1n a local service
domain and for dynamically tracking local service information; responsible
for responding to a service query request (extensible guery function to
get meta 1nformation of a target service) from a client software developer
and a service requestor; and responsible for service selection and routing
based on coordination with the intermediator 102. The service registries
101 interact with each other, and all the service registriles together
build up the meta service plane. In dependence upon the status of an
application domain, the service registries may have a plurality of
topologies, e.qg., a star structure, a fully meshed structure, a super-peer
based structure, a pure peer-to-peer structure and so on. It should be
pointed out that, which topology and connection mechanism 1s adopted among
sald service regilistries 1s not relevant to the 1mplementation of the

present 1nvention.

In the service plane, each of the service domains D1-D4 1s a logic set
of web services regilistered 1n a specified service registry. The service

domalin could be a domain with explicit boundary (such as Internet domain),

or that without explicit boundary (such as part of Internet domain). Each
service reglstry may correspond to a service domain, which 1s called “a

local service domain” of the service registry.

In the service domain, each of the 1ntermediators 102 1s used for
forwarding and transforming information within or among the service

registries and provides a path for the service routing between a service

requestor and a service provider. The parts such as Enterprise Service Bus

(EBS) or Service Gateway and so on can act as said i1ntermediators.

Each of the endpoints 103 1s a message 1nitiator or a final destination

and 1t may i1nclude a service requestor and a service provider.

All the connected endpoilints and intermediators build up the service

plane 106 that 1s parallel with the meta service plane 105.

Referring now to Fig. 3, the basic structure of a service registry 200
according to the present invention 1s explailined below. In Fig. 3, the

service registry 200 1s connected to a local service domain 106 and a

remote service regilstry 200/. It should be understood that, for the sake of
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clarity, Fig. 3 only shows one remote service registry 200/, but actually,
the service registry 200 can be connected with any number of remote
service registries. In addition, the service registry 200 comprises a
local service 1nformation manager 201, a local service information
repository 202, a remote service 1nformation manager 203 and a remote
service 1nformation repository 204. By using the structure as shown in
Fi1g. 3, the processes of local service registration, propagation and
updating and the processes of service requesting and invocation can be

performed at the service registry 200.

As to the processes of local service registration, propagation and
updating, the local service 1nformation manager 201 1s connected with
service providers or management tools 1n the local service domain 106, so
that the service providers or the management tools can (e.g., via API)
reglster services to the local service 1nformation manager 201. The local
service 1nformation manager 201 1s further connected with the local
service 1nformation repository 202, so as to store 1nto the local service
information repository 202 service metadata reglstered 1n the local
service domain on one hand, and on the other hand, to dynamically track
real-time status of local services directly or 1ndirectly and update the
relevant service metadata 1n the local service 1nformation repository 202
when the local services change. Furthermore, the local service i1nformation
manager 201 1s further connected with the remote service i1nformation
manager 203 to notify the remote service 1nformation manager 203 of local
service 1nformation and the update thereof (e.g., change 1n the status of
the services), so that the local service i1nformation and the update

thereof are propagated to all the other directly connected service
reglstries 200/. During the propagation of the local service information,

the local service 1nformation manager 201 will extract 1nformation

sultable to serve as a service 1ndex from the local service metadata.

“Service metadata” are metadata for describing services, for example,
functional description of services, 1ncluding service 1interface
description, e.g., WSDL (Web Service Definition Language) -based
description (1ncluding operations, message formats, etc.); non-functional
description of the service (such as service owner —---- IBM, XSD (XML
Schema definition), service location ---Beljilng); service policies (such
as service policy description based on such standards as WS-Policy (Web
Service Policy), e.g. security, transaction and reliability policies,

etc.); and other metadata.
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The term “i1ndex” or Yservice 1ndex” 1s i1nformation relating to remote

services stored in a local service regilistry. For example, the service

reglistries 200 and 200/ serve as a remote service reglstry for each other,

wherein the service registry 200 only stores a service 1ndex {(i1nstead of
service metadata) relating to the services of the service registry 200/,

and the service registry 200/ also only stores a service index relating to

the services of the service registry 200.

The metadata 1nformation suitable for being an index or service 1ndex
comprises but 1s not limited to: the WSDL description, the service owner
or service location or the like 1n the non-functional description, and the
attribute name, the attribute range, the last hop address of a service and
the like of the service metadata that are suitable for being an i1ndex, as
described below 1n detail. In addition, the metadata information for
serving as the service index can be extracted by the local service
information manager 201 and can also be extracted by other proper ways, or

can be designated by a service provider during the service registration.

Fig. 3A shows an exemplary data structure of a service 1ndex accordilng
to the present invention, which comprises at least three fields: attribute
name/type 280, attribute range 281 and the last hop address 282. It 1is
understandable that said i1ndex table can further comprise any other

necessary fields as required.
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Table 1 records a series of i1ndex table i1items, wherein the metadata

ltems can be used for indexing.

Attribute Attribute range Last hop address
Name/Type
Service Intermediator/
Reglistry Endpoint
Company IBM SR1 T1
Name
Telephone 66660000-66660010 SR1 T1
number
Location Beljing SR1 T1
Time Of | the year of 2005 SR1 I1
Issue
Service http://www.i1bm.com/servi . )
R 1
Intertace cel/servicel-5.wsdl
Name

In Table 1, the attribute range field can be either a single attribute
value or attribute values within a range. The last hop address indicates
the address of the last service registry and the corresponding
intermediator/endpolint address in the propagation path of the index wvalue

with respect to a local service registry.

Continuing to refer to Fig. 3, the local service information repository
202 1s connected with the local service 1nformation manager 201 so as to
store service metadata and the update thereof of a service provider 1n a

local service domain.

The remote service 1nformation manager 203 1s connected with the local
service 1nformation manager 201, so as to, for example, propagate local
service 1nformation to the connected remote service regilstry 200/ according
to a connection policy when an event from the local service i1nformation

manager 201 1s triggered. The remote service 1nformation manager 203 1s

further connected with the remote service registry 200/ for receiving a

remote service 1ndex sent from the remote service registry 200/ and

propagating 1t to another remote service registry on one hand, and
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propagating the extracted service i1ndex relating to local services to for

example the remote service registry 200/ on the other hand. In addition,
the remote service manager 203 1s further connected to a remote service
information repository 204 for storing the received remote service 1ndex

therein.

The remote service 1nformation repository 204 1s used for storing the

service index propagated from the remote service registry 200/,

In the processes of service query and invocation, the local service
information manager 201 and the remote service i1nformation manager 203 are
connected with intermediators i1n a local service domain 106, so as to
receive from the intermediators a service request performed by a service

reguestor.

In response to receiving the request from the 1ntermediators, the local
service 1nformation manager 201 and the remote service informatlion manager
203 respectively extract, from the local service 1nformation repository
202 and the remote service i1nformation repository 204, service metadata
and a service 1ndex that satisfy the service request, and return them to
the 1ntermediators. It should be poilinted out that, since the process of
invoking a local service belongs to the prior art, while the present
invention aims at i1mproving the invocation of a remote service, the
present 1nvention generally assumes that only the remote service could

satisfy the service request.

FFig. 3B shows a structural view of a service reglstry 200 including
additional details, wherein besides the parts shown 1n Fig. 3, the service
registry 200 further comprises a basic connection policy repository 205, a

reglet portion 210 and a query handler 209.

The basic connection policy repository 205 1s connected with the remote
service 1nformation manager 203, for storing the description of a basic
policy for building connection among service domalns (service reglstries),
based on which the service registry or 1ntermediator could determine with
which 1t could exchange information. Said connection policy can stipulate
the follows: whether the service registries are physically interconnected;
as to the service registries physically connected, whether 1t 1s possible
to share 1nformation therebetween logically; and whether 1t 1s logilically
necessary to shield off special i1nformation 1n terms of special service

registries. It should be understood that the stipulation of the connection
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policy among the service registries can further 1mprove the i1ntelligence
and operability of the SOA system. However, 1in fact, the service
registries can also abilde by a fixed connection relation, so that i1t 1s

not necessary to store any connection policy.

The reglet portion surrounded by a dotted-line box 1s a portion for
expanding functions of the service registries and comprises some reglets

uniformly represented by reference sign 207 and a reglet container 206.

The reglets 207 may 1nclude any static or dynamic reglet which
facilitates performance of the functionality for service selection and
routing. For example, they can be the reglets contailined 1nside the service
reglstries and can also be the reglets realized by the 1nteraction with an
external system 208 (as described below). The reglets 207 can recelve a
service routling request from a local service domain and return a routing
response to the local service domain based on a certain connectilion policy
(e.g., the policies stored in the basic connection policy repository 205).
The reglets 207 could 1mplement the logic for service selection and

routing.

Said reglets 207 are deployed i1n the reglet container 206 and forms
therein a list or a mesh. The reglet container 206 provides runtime
environment and context 1nformation for the reglets 207. For example,
during runtime, the reglet container 206 receives from an intermediator a
request containing sources and target 1nformation of messages. After that,
1t queriles the basic connection policy and invokes all the related reglets
207 for service selection and routing. Finally, the reglet container 206

returns a response containing the next hop address.

The external system 208 1s connected with the reglet portion 210, and
1t could provide information for service selection and routing and could
also utilize information from the reglet portion 210 (e.g., the reglets
207) . The reglets 207 provide an entry for the external system 208
involved. The examples of the external system 208 comprise but are not
limited to: a security system for global security policies; a billing
system for services of commercial use; a network traffic system for QoS; a
BI system that needs statistic i1nformation for data-mining and
declision—-making; a busiliness rule system for business contracts based on

service selection, and so on.

The query handler 209 1s connected with the local service information
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manager 201 and the remote service 1ndex manager 203, for handling a query
request to a local service registry. The query handler 209 works 1n the
followlng two modes: 1n the first mode, when a request from a local
service domaln 1s receilved, the query handler 209 requests both the local
service 1nformation manager 201 and the remote service index manager 203
to locate the service and sends the response to the service requestor; 1n
the second mode, when a request from other registries 1s received, the
gquery handler 209 requests the local service 1nformation manager 201 and

returns the local service i1nformation to the service requestor.

The processes of service registration, propagation and query according
to the present 1nvention are explained below with reference to Fig. 4,

Fig. 4A and Fig. 4B.

Process of Registration and Propagation of Local Service by the Service
Reglistry

In Fig. 4, suppose a service provider 9 1n a service domaln N has a
new service to be registered to a local service registry 5 thereof and to
be shared with other service registries. Thus, on Line 1.1 (or 1.17), the
service of the service provider 9 1s registered to the service regilistry 5
thereof. Thils regilstration can be 1mplemented in different ways, for
example, the service provider or the third party performing reglstration
to the service registry 5 (as Line 1.1 shows), or the service registry 5
achieving automatic discovery of the service (as Line 1.1" shows).
Subsegquently, on Line 1.2, the service registry 5, for example, based on
the basic connection policy, propagates the local service index to a

remote service regilistry connected with the service registry 5.

F1g. 4A 1s an exemplary propagation path and shows details of Line
1.2. In Fig. 4A, a quadrangle represents a meta service plane which
contalins service reglstries represented by reference signs 1-6, wherein a
solid line, for example, between service registries 1 and 2 represents
that the service 1ndex could be logically propagated from the service
registry 1 to the service registry 2, while a dotted line, for example,
between the service regilstries 2 and 3 represents that the service index
could not be logically propagated from the service registry 2 to the
service registry 3. In Fig. 4A, the service of the service provider 9 1s
registered to the service registry 5 and could be propagated to remote
service regilstries 1-4. Taking the process of propagation by the service
registries 5HU301 as an example, the service registry 3 recelves an index

indicating that the last hop address 1s service regilstry 5, while the
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service reglstry 1 recelves an i1ndex 1ndicating that the last hop address

1s service registry 3.

Process of Reguesting Service Metadata by Service Requestor

Continuing to refer to Fig. 4, suppose a service requestor 8 1n a
service domain 1 queries, with specific parameters (e.g., the shortest
service time, the lowest service charge and so on), to a local service
reglistry thereof for all the availlable services. Thus, on Line 2.1, the
service reqguestor 8 sends a query request to the service registry 1. Then,
on Line 2.2, the service registry 1, based on 1ts 1ndex table (and
possibly predefined basilic connection rules), forwards the request to a
service registry of the next hop, and this step will be repeated 1n the

related service registries.

Fig. 4B shows an example of detailed path query on Line 2.2. In Fig.
4B, a meta service plane which 1s the same as that of Fig. 4A 1s used.
After receiving a query request, the service regilstry 1, when finding that
the last hop address 1n the service 1ndex satisfying the request 1s
service registry 3 (that 1s, the service 1ndex 1s propagated by the
service registry 3), then decides to forward the request to the service
registry at the next hop. Subsequently, the service registry 3, using the
same manner as the service registry 1, determines to forward the request
to the service registry 5 at the next hop. Suppose that service registry 5
1s jJust the service registry to which the service index satisfying the
request 1s registered, and then the operation will enter Line 2.3 1n Fig.
4.

On Line 2.3 1in Fig. 4, the service registry 5 sends the requested
service metadata to the service registry 1 along the path i1in which the
request 1s forwarded. Finally, on Line 2.4, upon recelviling a response, the

service reglstry sends the response to the service requestor thereof.

The process of message transmission routing and selection during
service 1nvocation according to the present i1nvention 1s described below
with reference to Fig. 5 and Fig. b5A. In Fig. DA, for clarity, connections
among the service reglstries, connections among the endpoints and the
intermediators relating to the process shown in Fig. 5, and their
connections with the service registries are represented by solid lines,
and others are represented by dotted lines. In addition, reference numbers
on the left side of the bidirectional arrow lines represent uplink lines
from the intermediators to the service registrilies, and reference numbers

on the right side represent downlink lines from the service registries to
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the 1ntermediators.

In Fig. 5 and Fig. DA, suppose a service requestor A 1n a service
domain D1 expects to obtain a service of a service provider G 1n a service
domain D3. Thus, on Line 3.1, the service requestor A 1n the service
domain D1 sends a message to an intermediator B and a target address of
the message 1s the service provider G 1n the service domain D3. Then, on
Line 3.2, the intermediator B sends a routing request to the service
registry 1 thereof. Subsequently, on Line 3.3, the service registry 1, by
querying the service 1ndex, determines the next hop address intermediator
(for example, an intermediator C) which the request i1s destined to. The
service reglstry 1 then notifies the 1ntermediator B of the next hop
address. As a result, on Line 3.4, the i1ntermediator B sends the message

to the intermediator C.

According to the present invention, Line 3.4 may contaln a series of
operations between the 1ntermediators and the service registries, until
the message arrives at an 1ntermediator F 1n a target service domain D3.
The specific operations on Line 3.4 are explained below with reference to

Fig. D5A.

On Line 3.4-0, the intermediator B, based on the address returned by
the service registry 1, further sends the request to the intermediator C.
Then, the 1ntermediator C continues to query the local service registry 1
via the uplink line 3.4-1 to determine the next hop address (for example,
an 1ntermediator D 1n a different service domain D4) of the request, and
the next hop address of the request 1s returned to the intermediator C wvia
the downlink line 3.4-2. After that, the intermediator C further sends the
request to the intermediator D via Line 3.4-3. At this time, the
intermediator D queries the local service registry 5 thereof via the

uplink line 3.4-4. Haviling determined the next hop address of the request

(e.g, the 1ntermediator E), the service registry 5 returns 1t to the

intermediator D via the downlink Line 3.4-5. Subsequently, the

T 1
—

intermediator D sends the request to the intermediator E (Line 3.4-6), and

T
-l

the intermediator E sends the request to the local service registry 4

thereof (Line 3.4-7). Having determined the next hop address (e.g., the

[*]

intermediator F), the service registry 4 returns 1t to the i1ntermediator

T 1
—

via the downlink Line 3.4-8. And then, the intermediator E sends the

request to the intermediator F in the target service domain D3 via Line
3.4-9. Then, the operations on Line 3.4 are completed. The subsequent

process willl continue to be described below with reference to Fig. 5.
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As Line 3.5 shows, the intermediator F sending the routing request to
the service registry 6, so that the service registry 6 selects a target
service 1n a service domain N. Then, on Line 3.6, the intermediator F
receives the address and metadata of the target service and transforms the
service message to a proper format. In addition, on Line 3.7, the
intermediator F sends back the message to the service provider. Finally,
as Line 3.8 shows, the service provider G provides the service to the

service requestor A.

The target service provider G provides a service to the service
requestor A 1n many ways. For example, the service provider G could
provide the service to the service requestor A strictly 1n an 1nverse
direction of the request transmission direction (namely, through all the
intermediators and service regilistries 1nvolved), and could also provide
the service to the service requestor A 1n the i1nverse direction of the
request transmission direction but only through the intermediators in the
service plane (namely, 1gnoring the service registrilies). As known by those
skilled 1n the art, the service provider G can transmit a service to the
service reguestor A using other ways, but they are not listed one by one

in the present invention.

Fig. 6 1s a flow chart showing a method for service regilstration and

propagation by a service regilstry according to the present i1nvention.

This method begins with step 600 and then goes to step 610. In step
610, service metadata of a service provider 1s reglstered to a local
service regilistry thereof. After that, 1n step 620, saild service registry

notifies a remote service registry of a service index. This method ends 1in

step 0630.

Fi1g. 7 shows a method for quervyving service metadata by a service
requestor to a local service regilstry according to the present 1nvention.
It should be pointed out that the present invention mainly 1nvolves the
improvement 1n remote service query, as a result, the case of quervying

local service metadata 1s neglected.

This method beglins with step 700 and then goes to step 710. In step
710, a service requestor sends a request for gquerying service metadata to
a local service regilstry, for example, requesting a service satisfying a
speclfic requirement (e.g., the service location being “Beijing”). In step

720, said service registry finds a service 1ndex satisfying the
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requirement by querying a service 1ndex table maintained by a remote
service 1nformation manager, and forwards the request, according to the
index, to the next hop remote service registry. Then, the operations 1n
step 720 are repeated, until the request 1s forwarded to a remote service
registry to which a service 1n the service 1ndex belongs. Subsequently, 1n
step 730, a target remote service regilstry sends back the requested
service metadata as a response to said local service registry along a path
in which the request was transmitted. Additionally, 1n step 740, the local
service reglstry sends saild response to said service requestor. Finally,

this method ends 1n step 750.

Fig. 8 shows a method for service routing and selection according to
the present invention. Likewilse, since the present 1nvention mainly
involves the i1mprovement 1n remote service invocation, the case of

invoking local services 1s neglected.

This method begins with step 800 and then goes to step 810. In step
810, a service requestor sends a message relating to a service 1n a target
service domain to an i1ntermediator, and the i1ntermediator further sends 1t
to a local service registry. After that, in step 820, the local service
regilstry delivers a request to the target service domaln by querying a
remote service i1ndex thereof. In step 830, the intermediator in the target
service domaln sends sald message to a service reglstry associated
therewith. Subsequently, 1n step 840, a service registry assoclated with
the target service domaln selects a proper service and sends 1t through
the 1ntermediator 1n the target domain to a target service provider, SO
that the service 1s provided to the service requestor 1n step 850.

Finally, this method ends 1n step 860.

In step 820 shown in Fig. 8, 1t may be necessary for the request to be
forwarded to the target service domaln via a plurality of hops as shown 1in

Fig. 5 and Fig. 5A.

Moreover, according to the preferred embodiment of the present
invention, 1t 1s possible to perform function expansion of the service
invocation process shown 1n Fig. 8 by using a reglet portion. For example,
1t 1s possible to charge the service i1nvocation by using a reglet which
charges a service request via 1nteraction with external systems. In this

case, step 820 may further comprise the operations shown i1n Fig. 8A.

In step 821, the reglet portion of the local service registry receives
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a request from a service requestor. In step 822, a reglet contailner
searches for a connection policy from a basic connection policy repository
on one hand, and invokes the corresponding charging reglet on the other
hand. In step 823, the charging reglet executes the charging process of a
service 1nvocation request, for example by connecting to the corresponding
external system used for charging. After that, 1n step 824, the invocation
request which has been charged and has the specific connection policy 1s
sent to local and remote service information managers, so that in step
825, the local and remote service information managers could contilnue
queryilng a service 1ndex based on step 824, so that the next hop address
intermediator 1s obtained and 1s returned to the i1ntermediator via the
reglet contalner in step 826. Then the subsequent operations shown 1n Fig.

8 will continue to be executed.

According to the above description, the present 1nvention improves the
limitations of the prior—-art SOA or web service resulting from the use of
the UDDI standard, by only passing a service 1ndex {(instead of service

metadata) among the service registries.

In addition, those skilled 1n the art will realize that the embodiments
of the present 1nvention can be provided i1n the form of method, system or
a computer program product. Thus, the present invention can adopt the form
of full-hardware embodiments, full-software embodliments or embodiments of
the comblnation of hardware and software. The typical combination of
hardware and software can be a universal computer system with a computer
program, when the program 1s loaded or executed, the above method can be

performed by controlling the computer system.

The present 1nvention can be embedded 1nto a computer program product,
which comprises all the features which enable the described method to be
implemented. Said computer program product 1s contained 1n one or more
computer readable storage media (comprising but not limited to a disk
storage, a CD-ROM, an optical memory and the like), and said computer

readable storage media have computer readable codes contained therein.

The present 1nvention 1s explained above with reference to the flow

charts and/or block diagrams of the method, system and computer program

product according to the present invention. Each block 1n the flow charts
and/or block diagrams and the combination of the blocks therein can be
obviously realized by computer program commands. These computer program

commands can be supplied to a processor of a universal computer, a
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dedicated computer, an embedded processor or other programmable data
processing devices to produce a machine, so that the commands (through the
processor of a computer or other programmable data processing devices)
produces an apparatus for realizing the functions specified 1n one or more

blocks in the flow charts and/or block diagrams.

These computer program commands can also be stored to read memories of
one or more computers, and each of the read memories can direct the
computer or other programmable data processing devices to function
according to a specified mode. Thus, the commands stored in the computer
read memorilies produce a manufacturing product which comprises commanding
means for realizing the functions specified 1n one or more blocks 1n the

flow charts and/or block diagrams.

The computer program commands can also be loaded to one or more
computers or other programmable data processing devices so as to perform a
series of operating steps on said computers or other programmable data
processing devices, so that a computer-implemented process can be produced
on each of these devices. Thus, the commands executed on these devices

provide the steps specified 1n one or more blocks 1n the flow charts

and/or block diagrams.

Referring to the preferred modes for carrying out the present
invention, the principles of the present 1nvention are explained above.
However, these explanations are only exemplary but should not be
understood as any limitation to the present invention. Those skilled 1n
the art can modify and transform the present i1nvention, without departing

from the scope defined by the enclosed claims.
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CLAIMS

1. A service regilstry, connected with a local service domain and a

remote service registry, comprising:

a local service i1nformation manager for reglstering local services
in the local service domailn,

a local service information repository connected with the local
service 1nformation manager, for storing service metadata of the local
services;
characterized i1n that said service reglstry further comprises:

a remote service 1nformation manager connected with the local
service 1nformation manager and the remote service registry, for receliving
a remote service 1ndex from the remote service registry; and

a remote service 1nformation repository connected to said remote
service 1nformation manager, for storing the remote service 1ndex received

from the remote service registry.

2. The service regilistry according to claim 1, wherein said local
service 1nformation manager further comprises means for dynamically
tracking real-time status of the local services and updating the local
service 1nformation repository 1in response to a change 1n the local

services.

3. The service regilistry according to claim 1 or 2, wherein said local
service 1nformation manager further comprises means for transmitting a
service 1ndex 1n service metadata of the local services and an update
thereof to said remote service information manager, and said remote
service 1nformation manager further comprises means for propagating the
service 1ndex 1n the service metadata of the local services and the update

thereof to the remote service regilstry.

4, The service reglstry according to claim 1, wherein said remote
service 1nformation manager 1s further connected with an intermediator 1in
the local service domaln and comprises means for receiving from the
intermediator a request performed by a service requestor for 1nvoking
specific services 1n a remote service domaln, acquliring an address of the
next hop intermediator which the request should be forwarded to 1n
accordance with a service i1ndex of the specific services, and returning

the request to said i1ntermediator.
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0. The service registry according to claim 4, further comprising:

a reglet portion connected with the local service 1nformation
manager and/or the remote service information manager, for, before the
request from the intermediator 1s sent to the local service information
manager and/or the remote service information manager, performing a

corresponding reglet function to 1t.

o . The service reglstry according to claim 5, wherein said reglet
portion comprises: one or more reglets and a reglet container,

wherein the reglet container 1s used for providing runtime
environment and context i1nformation for the reglets, for receiving the
request from the 1ntermediliator and querying a basic policy and invokiling
all the related reglets, and further for returning service 1index
information to the intermediator;

whereln the one or more reglets are assoclated with said reglet
container, for performing the corresponding reglet function of the service
request received from the i1ntermediator and then providing the service
request to the local service 1nformation manager and/or the remote service

information manager.

7. The service reglstry according to claim 6, wherein said reglet
portion 1s further connected with an external system and used as an entry
for sailid external system to the service registry, sald external system
comprising at least one of the followlng: a security system for global
securlity policies; a billing system for services for commercilal use; a
network traffic system for QoS; a BI system that needs statistic
information for data-mining and decision-making; a business rule system

for business contracts based on service selection.

3 . The service reglstry according to claim 1, further comprising:
a basic connection policy repository connected with the remote
service 1nformation manager, for storing description of basic policies of

connections established among the service registries.

9. The service regilistry according to claim 1, further comprising a
query handler connected with the local service information manager and/or
a remote service 1ndex manager, for handling a request for quervying

service 1nformation to the service registry.

10. The service reglstry according to claim 1, wherein said query

handler has the followling two operation modes:
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in the first mode, when the request for gquerying service
information from a local service domain 1s received, requesting both the
local service 1nformation manager and/or the remote service i1ndex manager
to locate the service and sending the response to the service requestor;
and

in the second mode, when a request from the remote service registry
1s received, requesting the local service 1nformation manager and

returning the local service 1nformation to said remote service registry.

11. The service registry according to claim 10, wherein said local
service 1nformation manager further comprises means for extracting a

service 1ndex from service metadata of the local services.

12. An SOA architecture, comprising:
a meta service network, 1ncluding one or more sald service
reglstries according to claim 1;
a service network parallel with the meta service network,
including:
one or more endpoints; and
one or more 1ntermediators 1ntervened between said endpoints;
whereln saild one or more endpoilints are capable of interacting with
the corresponding service registriles directly or via said one or more

intermediators.

13. A method for sharing i1nformation among service reglstries, said
service reglstrilies being physically and/or logically 1nterconnected, said
method comprising:

reglstering service metadata of a service provider to a local
service reglstry of said service provider; and

sald service registry propagating a service 1ndex 1n sald service

metadata to a remote service registry.

14, The method according to claim 13, further comprising said local
service reglstry propagating the service 1ndex 1n said service metadata to

the remote service regilstry according to a predefined connection policy.

15. The method according to claim 13 or 14, wherein saild regilstering
step 1s executed by at least one of the followling ways:

the service provider or a third party registering services to the
local service registry; and

the local service reglstry discovering and reglstering said
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services by means of automatic discovery.

lo. A method for a service requestor to guery service 1nformation to
service reglstries, sald service registriles being physically and/or
logically 1nterconnected, said method comprising:

sald service requestor sending a request for guerying service
information to a local service registry;

sald local service registry, according to a service index of remote
services, forwarding saild request to the related remote service registry,
until arriving at one or more target remote service regilistries;

sald one or more target remote service registries sending, back to

sald local service regilistry, the requested service metadata as a response;

and

sald local service regilstry sending sald response to saild service
reguestor.
17. The method according to claim 15, wherein the step of said service

requestor sending the request for queryving service 1nformation to the
local service registry 1ncludes said service requestor sending a request
for querying all the services with specific parameters to the local

service reglstry.

18. The method according to claim 15, wherein said one or more target
remote service registries send, back to said service registry, the
requested service metadata as a response along a path 1n which the regquest

was transmitted.

19. A method for a service requestor to 1nvoke services 1n a remote
service domaln, comprising:

sald service requestor sending a request for invoking the services
in the remote service domain to an intermediator, and the intermediator
sending 1t to a local service registry;

sald local service regilstry transmitting the request to the remote
service domaln by querylng a service 1ndex;

an 1ntermediator 1n the remote service domain sending said message
to the service reglstries associated with said remote service domain; and

the service reglstries assoclated with said remote service domailn
sending saild services to sailid service requestor via the intermediator in
sald remote service domaln, so as to provide said services to said service

reguestor.
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20 . The method according to claim 19, wherein the step of said local
service reglstry transmitting the request to said remote service domaln by
querying the service 1ndex further comprises:

sald local service reglstry acgulring, by querving the service
index, an address of the next hop 1ntermediator to which the request
should be forwarded, and returning saild address to said i1ntermediator, so
that said intermediator forwards the request to the next hop
intermediator; and

repeating said acquiring, returning and forwarding steps, until

sald message arrives at the intermediator in the remote service domain.

21. The method according to claim 20, wherein the step of said local
service reglstry acquiring, by querying the service index, the next hop
address i1ntermediator to which the request should be forwarded further
Comprilises:

a reglet portion of the local service registry receiving the
request from the service requestor;

a reglet contailner 1n the reglet portion searching for a connection
policy 1n a basic connection policy repository, and invoking the
corresponding reglet;

the reglet performing the corresponding reglet function to said
service 1nvoking request;

sending the i1nvoking request to which the corresponding reglet
function has been performed and which has a specific connection policy, to
local and remote service information managers; and

the local and remote service information managers qgquerying the

service 1ndex to acquire the next hop address 1ntermediator.

22 . The method according to claim 21, wherein said reglets comprise
reglets realized by the service registries and reglets realized by the
interaction with an external system, sald external system comprising at
least one of the followling: a security system for global security
policies; a billing system for services for commercial use; a network
traffic system for QoS; a BI system that needs statistic information for
data-mining and decilision-making; a business rule system for business

contracts based on service selection.

23. A computer program product, which contains a plurality of 1nstructions
readable by a computer system on one or more computer readable media,
wherein said instructions are 1mplemented on the computer for realizing

the method according to any one of the foregoing method claims.
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