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Abstract. Enacting a supply-chain process involves variant partners and different
IT systems. REST receives increasing attention for distributed systems with
loosely coupled resources. Nevertheless, resource model incompatibilities and
conflicts prevent effective process modeling and deployment in resource-centric
Web service environment. In this paper, a Petri-net based framework for supply-
chain process integration is proposed. A resource meta-model is constructed to
represent the basic information of resources. Then based on resource meta-model,
XML schemas and documents are derived, which represent resources and their
states in Petri-net. Thereafter, XML-net, a high level Petri-net, is employed for
modeling control and data flow of process. From process model in XML-net,
RESTHul services and choreography descriptions are deduced. Therefore, unified
resource representation and RESTful services description are proposed for cross-
system integration in a more effective way. A case study is given to illustrate the
approach and the desirable features of the approach are discussed.
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1 Introduction

Supply Chain Process is a special business process which interrelates production, lo-
gistics and information. Distinguishing from other business processes, supply chain
processes span usually departments and organizations. They are generally performed
by different independent firms in order to produce and deliver a specified range of
goods and services. A supply chain process is normally very complex, while it often
involves lots of people, data, materials, products, rules and the relationships among
them. The supporting IT systems are accordingly always distributed and heterogene-
ous. Furthermore, unstructured applications and data also make it difficult to integrate
supply chain processes with business entities and services provided by various sources.

Service Oriented Architecture (SOA) [1] is now accepted as a popular construction
approach for inter-organizational business process integration and composition of
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applications across systems. In the paradigm of SOA, business services are mapped to
IT services, which are mainly implemented based on SOAP (Simple Object Access
Protocol) protocol. However, SOAP services are generally complicated. Hence dis-
covering and matching services for integration of business processes are arduous
work. Moreover, the representation for the semantics of business entities in SOA
framework is still missing.

Currently, REST (Representational State Transfer) [2] receives increasing atten-
tion. Compared with SOA, RESTful architecture requires much less work for devel-
opment. The Resource-Oriented Architecture (ROA) is based on the concept of the
resource, which is an abstraction of information [3] and is referenced with a global
identifier (URI) containing the name and the address of the resource. From the re-
source-oriented viewpoint, the entities engaged in business process could be ab-
stracted as resources. Based on this standpoint, business process will be regarded as
interactions among resources and resources’ states transformation. Accordingly, in a
resource-oriented environment, the access to resources is achieved through RESTful
Web Services using the Hypertext Transfer Protocol (HTTP).

Integrating supply chain process across organizational and heterogonous systems
requires the unified resource modeling and representation. Correlatively, widely ac-
cepted modeling tools for describing interaction processes of resources are indispen-
sable. Finally, universal description for RESTful services and their compositions
should be generated according to resource models, so as to encapsulate the various
implementations from different systems.

In this paper, an extended Petri-net based approach is proposed for modeling and
integrating supply chain process in RESTful service environment. To obtain unified
definitions of resources, a resource meta-model is built to represent the basic informa-
tion elements of resources, so as to conceal the incompatibilities among resources
from heterogeneous applications. According to this resource meta-model, XML
schemas and documents are derived, which describe resources and their states in Petri
nets. As self-described messages, the information encapsulated in XML could be
simply exchanged through HTTP, which makes inter-operability across systems pos-
sible. A high level Petri-net, so-called XML-net is employed for modeling processes
of interactions among resources. The operations on resources could be then translated
into manipulations of XML documents. Finally, the unified RESTful services descrip-
tion in WADL (Web Application Description Language) and orchestration in ex-
tended BPEL are deduced from process models in XML-net. Thereby diversiform
applications could be encapsulated in RESTful services and integrated into complete
supply chain process. Finally, the software architecture for implementation and a case
study are given to verify and illustrate the approach.

2 Opverview of the Process Integration Approach Based on
XML-Nets

From the resource-oriented viewpoint, business processes could be regarded as a set
of activities, which change resource properties and transform their states. Therefore,
resource, the interaction of resources with process, and IT implementation of process
models are three crucial factors to realize process integration in a RESTful service
enviorment. Hereby unified definition and representation of resource model are
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required firstly. In our approach, resource meta-model describes the structures of

resources. Thereafter, a high-level Petri-net is employed to model and represent inter-

actions among resources and their states transformation. Finally, for execution and

deployment, RESTful web services description and orchestration are derived from

process model in Petri-net, in this way the diversiform applications will be encapsu-

lated in RESTful services and organized to complete execution of business processes.
Fig. 1 illustrates the main idea of our approach.
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Fig. 1. The main idea of integrated framework based on XML-nets processes model

Firstly, the information of business entities is mapped as resources. To achieve
supply chain process integration, all resources coming from existing distributed and
heterogeneous systems have to be identified, analyzed and encapsulated, so as to hide
the data differences among different systems. Therefore, it is very necessary to define
an unified structure for resource modeling. Based on workflow analysis, a resource
meta-model is built, which defines not only the internal attributes and properties of a
specific resource, but also its external interfaces and behaviors. The resource meta-
model contains four main components: Resource Properties, Operation Set, Activity
State and Rule Model. The Resource Properties and Operation Set represent sepa-
rately the internal attributes and operations of a resource, while Activity State and
Rule Set define the external behaviors of a resource. A business process contains
several activities, in which the correlative resources can be invoked by RESTful ser-
vice. In section 3, the formal expression of resource meta-model will be presented.
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After modeling resources with resource meta-model, XML schemas for corresponsive
resources are derived. These XML schemas act as resource views in Petri nets during
the process modeling. Likewise, concrete resource objects and their states are
described in XML documents.

In a REST framework, the control flow of process is essentially regarded as re-
sources states and their transformation. To describe the states transformation of
resources and enact supply chain processes, a specific class of high-level Petri-net, so-
called XML-net, is employed. XML-net is a formal, graphical modeling language
which was developed by Oberweis and Lenz [4] [5]. It integrates the concept of com-
plex data objects into Petri-net formalism [6]. In XML nets, the static components are
typed by XML schema diagrams, each of them representing a XML schema. Places
can thus be regarded as containers for XML documents that are valid for the corre-
sponding XML schema. These XML documents conserve the resources states in run-
time. The flow of XML documents is defined by occurrences of transitions, i.e., the
activities taking place. So-called filter schemas label the adjacent arcs and thereby
describe the documents that are related to the activities and the way these documents
are manipulated. In our approach, places in XML-net could be regarded as containers
for XML-documents and transitions in XML-net represent the operations on re-
sources. With XML-net, control flow of supply chain processes and the states trans-
ferring of resources can be integrated well into process models.

However, a supply chain process model in XML-net could not be directly executed
in a RESTful services system. Therefore it is necessary to interpret such processes
with machine-processable specifications for HT'TP based web applications [7]. In this
paper, RESTful Web services are described with WADL, which is a resource-centric
description language and can hereby combine resources representation with Web
service description more appropriately. Briefly speaking, the resource definitions in
WADL are derived from XML schemas. The operation definitions could be deduced
from transitions, and operations set of resource builds up the port of correlative
RESTful web service.

The Business Process Execution Language (BPEL) [8] is used as a standard service
composition for modeling and executing business process. However it cannot be ap-
plied directly in RESTful service environment. To composite RESTful Web services
into processes, a BPEL extension for RESTful is proposed in [9]. Based on process
models in XML nets, the RESTful services description in WADL and services com-
position in extended BPEL could be automatically generated. In this way, RESTful
web services provide a resource-oriented platform for interoperation among legacy
systems, java programs, application interfaces, and .net applications.

The service descriptions in WADL provide general interfaces for accessing to re-
sources, through which diversiform applications in heterogeneous systems are encap-
sulated into RESTful services. And exchanged data are packed in self-described XML
documents, which facilitate the communication and cooperation among participants in
supply chain process.

3 Resources and Process Modeling

In order to realize process integration for supply chain application in a resource-
centric environment, resource model, interactive mechanism between resource and
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activities, and services description generation are main three theses of our approach.
Therefore, resource model and its formal expression are given in section 3.1. Based
on the XML-net, interactive mechanism is given in section 3.2. The last section is
used to build WADL and BEPL expression for execution in the application.

3.1 Resource Modeling and Formal Expression

Based on information rather than process, the nature of business process is the execut-
ing and transforming process of resources. Generally speaking, a business process
step includes some procedures, in which business information of resource models is
carried out and properties of resource models are changed according to each certain
operation, and the corresponding parameters along with the messages are transferred
to the next business process step. To achieve the goal of business process integration,
all resources in existing distributed and heterogeneous systems have to be firstly iden-
tified, analyzed and encapsulated. Then all encapsulated resources will be registered
into the resource integration platform under the unified management, so as to hide the
data differences among different systems. Finally the resources are able to achieve
interoperability in the way of RESTful Web Services. Therefore, it is very necessary
to define a unified structure for resource modeling.

Based on workflow analysis, a resource meta-model is proposed. With the aid of
this method of resource modeling, the integrated platform can organize and manage the
static and dynamic messages in the enterprise system, as well as establish an open and
extensible framework for business application system so as to satisfy the integration
requirements of distributed, dynamic, flexible, and typically heterogeneous systems.

Fig. 2 illustrates the resource meta-model. The resource meta-model contains four
main components: Resource Properties, Operation Set, Activity State and Rule
Model. The Resource Properties and Operation Set represent separately the internal
attributes and operations of a resource, while Activity State and Rule Set define the
external behaviors of a resource. A business process contains several activities, in
which the correlative states transformation of resources can be implemented through
RESTful service. All these components are defined accurately as following.
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Fig. 2. Resource Meta-Model
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Definition 1. Resource Meta-Model (RMM)
The Resource Meta-Model is defined as a set of Resource Property (RP), Operation
Table (OT), Rule Set (RS) and Activity State (AS). Thus the Resource Meta-Model
(RMM) is defined as the following tuple:

RMM = <RP, OT, RS, AS>

Definition 2. Property Set (PS)
The Property Set (PS) is defined as a following set of properties.

PS ={p1 p2 ---}, IPSI>0.

For each property p;e PS, p; = <PropertyName, InitialValue>

Hereby p; indicates the content of a single property, and the PS is a set of several
properties. Every property p; uses two main fields to keep its name and its initial value
separately.

Definition 3. Resource Property (RP)

The Resource Property is defined by the following tuple:
RP = <ResID, ResType, SProps, DProps>
Where SProps = { rp; | rpie PS A Static(rp;) = TRUE },
DProps = { rp; | rp;e PS A Static(rp;) # TRUE }.

Hereby the ResID is the unique identifier of a resource entity. ResType is the underly-
ing category, which describes the type of a resource with a specific static property and
can be organized by using a hierarchical tree method. SProps includes the static prop-
erties of a resource, and here the “static” means that the values of these properties will
never be changed once created, e.g. the manufacturing data of a product. Correspond-
ingly DProps includes the dynamic properties, which are used to describe the real-
time status, usage calendar and lifecycle status of resources and so on, e.g. the status
(created, locked, outgoing, and archived) of orders in a sales process. Dynamic prop-
erties can also be used to describe the status of resources in business process steps,
because that they are suitable for workflow modeling.

Definition 4. Operation Table (OT)

The Operation Table is defined as the following set of operations.
OT ={oy, 05, ...}, I0TI>0
where o; = <OpName, OpBody, VariableTable>

Each operation o; includes three fields: OpName indicates the name of an operation,
OpBody defines the body of the operation and all the variables used by the operation
are defined in the field VariableTable.

Definition 5. Activity State (AS)
The Activity State is defined by the following tuple:

AS = <Sstart> Sends Sn>
where S, = {sy, S5, 3, ... }, ISpI> 0, S4at€ Spy Send€ Sn
s; = <StateName>

Ssart INdicates the initial state of a resource in the state diagram, and s, means the end
state. Each s; in the set S, defines an intermediate state of the resource.
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Definition 6. Rule Set (RS)
Rules Set is used to reflect the rules and restricts of a resource status transition in the
process.

RS = {rlr=<<s;, RP,>, 5>, (5; € {D, Sgtar}USn ) A (5] € {Sena}USy )» cxe 2%}

Here s; indicates the current workflow state, which is generally defined in AS. If the s;
in the corresponding rule is null, the rule only needs to check the current resource
property and the constraints defined by c,. ¢, defines a constraint combination. The
status will be set to s; if the constraint is satisfied with the current resource property.
E.g., when the order’s goods are available in the inventory, the status can be con-
verted as activated. Business rules are organized based on resources, and the choreog-
raphy of resource services can be more convenient through compounding with
resource rules in the integration of processes.

3.2 XML-Net Component Derivation for Resource Process Interaction

In order to analyze the interactive mechanism of resources and resource-based activi-
ties, XML-net is introduced to act as a media. In a resource-based environment, all
messages exchange between partners in supply chain via HTTP request/response
interactions. Such interaction processes are modeled in XML-net. The formal defini-
tion of XML-net is presented as follows:

Definition 7. XML-Net (XN)
A XML net is a tuple= <P, T, F, SchemaXN , FuncP, FuncT, FuncURI> where

- P and T are disjoint sets of places and transitions

-F S(P X T) Y (T X P) is the flow relation

- SchemaXN are the XML schema related to places.

- A function FuncP assigns to each place an XML schema SchemaXN

- FuncT is a function assigning guard conditions to transitions, where a condition

FuncT(t): (.t — XML) specifies combination of input XML documents
- FuncURI is a function assigning URIs to tuples of communication transitions and

combinations of input of input documents, i.e. FuncURI(t) : (.t — XML)
URI

- A set of valid XML documents are assigned to each place of XML-net as initial
marking.

Based on resource meta-model, process models in XML-net could be deduced. In a
XML-net process model, XML schemas with unified definition are deduced from
resources model. They prescribe the properties of a resource and possible value
ranges. Thereafter these XML schemas are utilized for verifying the exchanged XML
documents between transitions in XML-net process models. During runtime, XML
documents are generated and contain the states of resources. And Places in XML-net
could be regarded as containers for XML documents. Similarly, transitions in XML-
net are derived from the operations set on resources. In Resource Meta-Model, each
resource has its own operations set, in which operations are defined. These operations
read or modify the properties values of the resource object, so that the state of
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resource as well as the state of process will also be changed. In XML-net, the opera-
tions which read or change states of resource will be interpreted as transitions. The
rules in resource meta-model prescribe the states transferring. Combining with opera-
tions and rules set, the flow relation F in XML could be also deduced.

In process models, XML documents describing resource states are generated
according to the XML schemas and the data fields will be evaluated according to
resource model.

The mapping functions could be defined as follows:

Definition 8. XML schema Mapping ¢ r(R) = {(R;, SchemaXN: )}

The mapping function @ g(R) defines the mapping relation between resource models

and XML schemas in XML-net. For each resource, there is a corresponsive XML
schema which describes it.

Definition 9. Transition Mapping ¢ TR, OT) ={((R;, 0p), t;) | 0x€ OT;, t;€ T}

For operation o of resource model R;, there is a corresponding transition t;in XML-
net, which describes the transformation of the correlative resource states.

Definition 10. XML document Mapping ¢ r (R, AS) = {((R;, rpy, 5), po) | rp;, € PS;,

Sje AS,pc€P}
For the properties and states of resource, a XML document in XML net is used to
describe resource runtime state. Places in XML net act as container for XML docu-

ment. Therefore we could build up the function @ P which maps from resource activ-
ity states with corresponding properties to places in XML net.

Definition 11. F relation Mapping ¢ (R, AS, RS, OT) = {((R;, sj, ', 0), fm |
;€ AS;, r € RS;, 0,€ OT; }

The relation F between transitions and places could be also mapped from the states,
operations and rules of resources.

Fig.3 illustrates the course of generation of XML schemas and XML documents
from resource meta-model.
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Fig. 3. Generation of XML-net Components for Process Model
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3.3 RESTful Services Description and WADL Generation

As explained above, supply chain processes are modeled with XML-nets. The corre-
lated resources and their states are described with XML documents. It implies that
both data objects and control flow of processes are modeled in XML-nets completely.
From such model, we could deduce RESTful services descriptions.

Currently there are two specifications used to describe REST services: WADL
(Web Application Description Language) and WSDL 2.0 (Web Services Description
Language) HTTP binding extension. WADL [10], proposed by Marc J. Hadley at Sun
Microsystems, is a description language especially for HTTP-based web applications
that follow REST architectural style.

The root of WADL is the application element, which consists of grammars and re-
sources elements. The grammars element contains definition of the exchanged data
format, e.g. in the language of XML schema or Relax NG. The resources element is a
container for all resources and defines the base URI for all resources. Each resource is
then represented as the resource element, which is identified with a path to the base
URL. A resource element contains a list of HTTP method elements that are allowed to
operate on this resource. Each method element contains a request element and a re-
sponse element. The request element is composed by a few parameters. The response
element contains the representation of the resource and a fault element if something
goes wrong during the execution.

Fig.4. shows the mapping process from transition to method description in WADL.
For simplicity we only focus on the main elements and ignore other less important
elements in WADL such as doc, resource-type etc.

XML document } method

resource v N fequest
[method |- N | |
. Transition N : !

\ |

1

XML document } -p-lEsRonse

‘\ N fault
\

Fig. 4. Mapping WADL description

The definition of resource could be derived from XML schema. The methods are
deduced from description of transitions. Corresponsively, the XML documents related
to transition contain the parameters and return value of correlative deduced method.

With WADL, the stub and skeleton code for manipulation of resource can be easily
generated to simplify the development of RESTful services.

BPEL is the standard composition language in the context of SOA. However it
cannot be applied directly to REST. To composite RESTful Web services into proc-
esses, BPEL is extended for RESTful in [9]. And the new extension called BPEL for
REST extends BPEL in the following two ways:
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e Four activities <get>, <post>, <put> and <delete> are introduced to invoke REST-
ful web services, which corresponds the HTTP methods directly so that the client
can use the familiar way to manipulate appropriate resources.

e The <resource> container element is introduced to declare resources involved in
the process dynamically. The client can then access the published resources if they
are available, that is, the process is being executed in their scope. Global resource
is always available. Within the <resource> element, four elements, i.e. <onGet>,
<onPost>, <onPut>, <onDelete>, are defined to declare the handlers that are trig-
gered when the process receives the corresponding HTTP request.

With these two ways of extensions, BPEL is also appropriate to describe a business
process implemented with RESTful web services. A. Koschmider proposed an ap-
proach to deduce BPEL components from XML nets [11]. Similarly, BPEL extension
code could be also deduced from process model in XML nets. Especially, the <re-
sources> container elements in BPEL extension are derived from XML schema. And
the activities in BPEL extension are derived from transitions definitions in XML net.

4 Software Architecture and Case Study
4.1 Software Architecture

Based on resource model and process model in XML-net, Fig.5 illustrates the main
framework supporting our idea, which involves five main modules: Heterogeneous
Resources Adapter, Resource Model Management, Resource Object Management,
XML-nets Processes Model Engine and RESTful Services Management.

The module Heterogeneous Resources Adapter supports heterogeneous systems to
encapsulate operational resources, and then registers them to the Resources Registra-
tion Center on the integrated platform in order to make sure that the integrated
platform can use the unified resource identifier to carry out operations on the hetero-
geneous resources.

The module Resource Model Management is responsible for the management of the
resource model information from various heterogeneous information systems. The
meta-information of the resource model and resource mapping strategies are stored in
XML files and can be used by the resource object model. The module Resource Object
Management manages the resource object information, which is obtained from differ-
ent heterogeneous systems. Resources representation in XML documents, which is the
result of the resources requests, is generated and sent to the XML-net model engine.

Based on resources model, the module XML-nets Process Model Engine is respon-
sible for modeling processes. Thereafter, the RESTful services descriptions and or-
chestration descriptions are automatically generated according to process models.

The authority, transaction, discovery and matching of RESTful services are man-
aged within this module.

4.2 A Case Study

In this section, a supply chain process with type “Make-to-Order” is proposed. This
process could be seen as the states transformation of correlative resources. For sim-
plicity, the payment processes and correlative resources are not considered in this
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paper. Several participants are involved in this scenario: at the beginning, a customer
sends a purchase order request to manufacturer. The manufacturer receives the
purchase order, checks inventory and organizes productions, including creating MRP
(Material Request Planning). To prepare for production, the manufacturer authorizes a
raw material supplier and sends raw materials order to the supplier. The material
supplier deliveries raw materials to manufacturer and updates the state of his stock.
The manufacturer checks the state of raw materials, when its state becomes to be
“arrive”, the product will be manufactured and then be delivered to the customer by
the deliver. The corresponsive invoice is also created and sent to the customer.

Based on the process description above, there are 7 resources involved in the proc-
ess. The Resource set is:

ResS; = {Purchase Order, Inventory, Material Order, Stock, Raw Material, Product,
Invoice}

Each resource should be further defined based on resource meta-model using Defini-
tion 1, 2 und 3. For example, the meta-model of resource Purchase Order can be
depicted as:
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Rpurcraseorber = <Ruri OSpurcraseorpers PSpurcHAsEORDER) ASPURCHASEORDER
RSpyrcHASEORDER™

Which Ryg; is the URI of resource Purchase Order, OSpyrcuaseorper 1S the operations
set, here OSpyrchaseorper = <OTcreate, OTuppate, OTger, OTpost, OTperere>. To
adapt to RESTful services environment, the operations of a resource degenerate to
simplified HTTP verbs.

PSpurchaseorper describe the properties set of Purchase Order. In this example, it
includes basic information of customer, product and vender.

ASpurcHaseorper  defines activity states of Purchase Order, in this example,
ASpURCHASEORDER = < SSTART> SCREATE»> SVERIFIED> SFULFILED» SEND >

RSpurchaseorper defines the rules set of resource states transferring. In this

example RSpurcHasEORDER = << SSTART> SCREATE >> <SCREATEs SVERIFIED >»< SFULFILED»
SEND >>

From meta-model, the corresponsive XML schema is derived. In XML-net,
XML schemas are represented in a graphical XML schema definition language
(GXSL) [5]. Details about GXSL and its utility in XML-net could be found in [5]
[6]. For example, the schema of resource Purchase Order in GXSL could be depicted
as Fig.6:

PurchaseOrder !

PONumber (string)
Total Price (float)

1
Quantity (integer)
1 Currency (enum)
Remarks (text) .
1 * Rule : ActivityState ‘
1 Name (siring) 1 State Name (string)

1 1 1 PreState
* AfterState 1 1
CustomerInfo Productinfo ,
Operation Table

SKU Number (string)

Ttem Name (string)
Description (text)

Quantity (integer)
Wholesale unit price (float)
Shipping Cost (float)

Vendor Name (string)
Address (string) Name (string)
Description (text) Variable Table

CustomerName (string)
Address (string)

Phone (string)
Fax(string)

Email (string)

Phone (float) Return Table
Website (float)

1
. 7.
1 Variable

Name (string)
Contact Person Value

Namo (string)
Address (string)
Description (text)
Phone (float)
Email (string)
Mobile (string0
Website (float)

Fig. 6. The schema of resource Purchase Order in GXSL

XML documents in XML-net contain states of resources and are generated accord-
ing to their corresponding XML schemas. Illustratively, a XML document describing
verified Purchase Order is shown as Fig.7:
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<?xml wersion="1.0" encoding="UTF-8" ?=

— <PurchaseOrder xmins:xs="http:/ /www.w3.0org/2001/XMLSchema" xmh

<POMNumber=2009047254744711 </PONumber>
<TotalPrice>=302,452</TotalPrice=
<ActivityState=Verified</ActivityState>
=Quantity >240</Quantity >
<Currency >Euro</Currency =
<Remarks />
- «=CustomerInfox
<Customername =Autoankauf.Co</Customername=
=Address>=Feldberg str.22a Mannheim</Address=
<Phone>+49 621 3547134 </Phone>
<Fax>+49 621 3547135</Fax>
<EMail /=
=/Customerinfo=
- «ProductInfoz
ZSKUNuUmMber=223443562347634 </SKUNumber=
zItemname =Zahnriehmen </Itemname >
<Description=VW Zahnriehmen </Description=
=Quantity>240</Quantity>
<Wholesaleunitprice 1000 </Wholesaleunitprice >
=Shippingcost=62,452 </Shippingcost>
</ProductInfo=
+ <Venderinfo=
- <OperationTable name="create">
<Wariable name="input" /=
<Wariable name="input2" /=
<ReturnValue name="output" /=
</OperationTable=
- «=OperationTable name="get">
=Variable name
<Wariable name="input2" />
=zReturnValue name="output" /=
=/OperationTable>
<OperationTable name="post"=>
=OperationTable name="update">
<OperationTable name="delete"=
=Rule:=
</PurchaseOrder>

+ ko

Fig. 7. XML documents describing verified Purchase Order
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The correlated places in XML-net is the set PPURCHASEORDER:<pPURCHASEORDER>’
and the correlated transitions in XML-net is the set TpyrchasEorRDER = <{CREATEPUR-

CHASEORDER: [UPDATEPURCHASEORDER >

Analogically, the other places, transitions and correlative XML schemas for re-
sources could be derived. Hence, the complete XML-net which describes this supply
chain process is shown as Fig.8.

From process model in XML-net, RESTful service descriptions in WADL and cho-
reograph description in BPEL extension are deduced. Fig.9 shows the fragment of
service description related to resource Purchase Order.

- <application xmins:xsi="http://wss.w3.org/2001/XMLSchema-instance" xsi:schemalLocati
- «zresources base="http:/fexample.org/customer'>
- <resource path="PurchaseOrder":
- <methode name="CREATE">
— «request>
<param name="customerid" type="xsd:string" required="true" /=
=param mediaType="application/xml" element="order" /=
</request>
— <responsex
<representation mediaType="application/xml" clement="order" /=
</response>
«</methode =
<methode name="GET">
- «<request>
<param name="porderid" type="xsd:string" required="true" /=
</requests
+ <responsex
</methode =
<methode name="UPDATE">
+ <request>
+ «<responsex
</methode =
+ <methode name="DELETE">
</resource>
</resources=
</application=

Fig. 9. Service description in WADL

<?xml version="1.0" encoding="UTF-8" ?=
— =process name="replenishPrococess">
— «resource uri="PurchaseOrder">
<wariable name="i
=wariable name="invoice" /=
<wariable name="products" /=
- <onPut=
=post uri="inventory/materiallInventory" response="inventory" /=
- <if>
<condition=%inventory.amount</condition=
— <scope name="requestRawmaterial">
- =resource name="MaterialOrder">
<POST uri="http:/ /fwww.supplier.com/MaterialOrder" /=
=“resource uri="Stock" /=
- <flow>
<PUT uri="http:/ /fwww.supplier/stock" response="stock" />
<PUT uri="http:/ /www.manufacture.com/rawmaterial" />
= flow =
</resource=
</scope>
<fif=
+ =scope name="production"=
+ =flow name="sendGoods"=>
</onPut=
</resource>
<=/process=

Fig. 10. Fragment of choreograph description in BPEL
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With the extension of BPEL, process implemented with RESTful web services
could be also described appropriately. Fig.10 shows the fragment of extended BPEL
code that composites RESTful services into process.

5 Discussion

Compared with other approaches, which integrate business processes in resource-
oriented architectures, our approach has the following features.

Firstly, resource meta-model provides a unified information framework to describe
resource. By introducing resource adapter, resources from heterogeneous environ-
ments can be represented and managed in a uniform formats, which is the basis for
resources manipulation across different systems.

Secondly, XML-net is employed both for representing data flow and modeling
control flow. XML schemas derived from resource meta-model provide a unified
view for resources with diversiform sources. XML documents encapsulate resources
states, thereby the messages are self-descriptive and using HTTP protocol could be a
standard protocol for data exchanging.

Last but not least, RESTful service description in WADL and services orchestra-
tion description can be automatically deduced from process model in XML-net.
Hence, the heterogeneous systems are encapsulated in RESTful service, which makes
it possible to integrate process cross organizations and systems.

6 Related Work

A high-level Petri-net, so-called XML-net, is used for integration and deployment
supply chain process in a RESTful service environment. The development of XML
nets has been done in [5]. Here, XML documents carry information and are transferred
between transitions. The work of employing XML nets for cross organizational work-
flow modeling could be found in [6]. Similarly, in [12], XML net is used for process
management in supply chains, but it lacks of consideration on IT implementations.

XML nets could be also used for Web services description and composition. In
[11], Koschmider developed a XML nets based approach for deduction of Web ser-
vice description in WSDL and orchestration description in BPEL. Nevertheless, these
works are based on traditional WIMS (Workflow Management System) and towards
SOA architecture.

Recently, resource-oriented architecture and RESTful Web service have received
increasing attention for business process modeling and integration. A few papers that
use REST principles to support the business process modeling and execution have
been published [14] [15] [16]. Business process is then viewed as the evolution of the
states of a collection of business entities. However, the unified resource representation
is still missing.

To adapt to RESTful services environment, a few specifications for services descrip-
tion and composition appear, e.2. WADL [10] and WSDL 2.0 can be used to describe
web application and also to describe RESTful services. Details about the comparison
between WADL and WSDL 2.0 HTTP binding extension can be found in [7].
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In [9] BPEL is extended to support the composition of RESTful services natively.
The extension is achieved in the following two aspects. Firstly, a process can be pub-
lished as resources dynamically by adding a new <resource> element. Secondly, the
RESTful services with BPEL can be invoked by adding four activities according to
the standard HTTP methods.

However, in these works, there is still lack of unified representation and manage-
ment of resource from various service providers. Service description and orchestration
that could be generally accepted by supply chain participants are also in absence. Such
issues prevent the communication and coordination among supply chain participants.
Hence further across-organizational integration of supply chain process could not be
effectively achieved. It is therefore necessary to describe resources in heterogeneous
systems formally and encapsulate of services so that the across-organizational integra-
tion of supply chain process becomes possible.

7 Conclusion

In this paper we propose a XML-net based approach for enactment of supply chain
process in RESTful service environment. A resource meta-model is constructed to
describe resources from various sources. XML-net is employed for resource represen-
tation, process modeling and generation of RESTful services description. Our ap-
proach is highlighted by its integration of unified representation for resources from
heterogeneous systems. And by employing XML nets, both process modeling and the
generation of RESTful services description can be enhanced, which facilitates the
enactment of cross-organizational collaborative business process.
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