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Abstract Z\

To support semantic integration for heterogeneous informatio@ s in
manufacturing enterprises, based on semantic gateway, the coneept ofse iC entity is
defined, and the semantic entity-based integration method\ died. S C entity sets
up conceptual structure by aggregating semantic rom SW gateway, and
builds dynamic conceptual structure through addi EMovj w neral concept. By
means of key business data, semantic entity identifies=slisiness (%k and obtains business
data from its application system, and the antiates %cept structure. Based on
instantiation, semantic service can obtain eters da m business object instant,
and satisfies the interface contract. S entjty «€aptures data changes of business
object, and then establishes status- inte mles, defines algorithm logic of
rules. By instantiating concept ure ai specific application system and
invoking semantic service, theSi@ration ivities among information systems come
true. This work has been verified by prot N stem, and attained expected integration

effect. @ \
Keywords: sem\ X tegratiqg\gateways; mapping; framework

1. Introd@
With the inuous

technologies in the
more important.

ing of manufacturing information, the role of information
activities of manufacturing enterprises is becoming more and
e one hand, the various business aspects of manufacturing
e’and more on information systems. Internal activities from designing,
process planning¥and manufacturing to managing are all carried out with the support of
correspopdiig™ information systems. On the other hand, due to the continuous
it of information technologies, there exist so many information systems in

e @ . However, because of the phased implementation of manufacturing
%nation and the lack of a unified industry standard for the development and
implementation of manufacturing information system, most of these systems were
developed and implemented by different service providers based on their own
understanding of the business. Therefore, they are always heterogeneous in most cases,
reflected on the one hand in the structure of the business objects, on the other hand in the
semantics of business objects. In order to play the overall effectiveness of information
systems, it is urgent for enterprises to realize their integration of the information
systems[1]. Meanwhile, faced with a complex and volatile market environment,
enterprises must be able to adjust their business activities to meet the needs of the market
at any time and it will be very difficult to accomplish these business activities without the
support of information systems. Therefore, this puts forward higher request to the ability
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of integration and collaboration of systems. Traditional integration approaches can hardly
meet the business needs of modern manufacturing enterprises, and semantic-based
integration has become the main development direction[2,3].To solve the integration
issues manufacturing enterprises are facing, academics have done a lot of research.
Literature[4] proposed an integrated approach of intelligent objects; Literature[5]
proposed a method for business process integration; Literature[6] studied the integration
approach between model-driven and service-oriented architecture. Meanwhile, semantic-
based integration, service-oriented architecture and cloud manufacturing have been hot
research fields. Literature[7] studied the peer semantic gateway integration method;
Literature[8] studied the semantic integration method based on ontology mapping;
Literature[9] conducted semantic extension to service-oriented architecture;
Literature[10,11] studied the applications of service architecture—oriented integration;
Literature[12,13] discussed the integration technology based on cloud computing and the
future trends; Literature[14] studied the service shared integration model unde Iou
manufacturing cases. The above studies focused more on integration architectur

as on the expansion based on these architectures. Effective methods to soly, ro Iem
of semantic heterogeneity between different systems are still lackin at the
existing integration problem, the research group inv vqg%ihe a posed the
concept of semantic gateway and studied its enabling p atign te Iogles Then
under the support of semantic gateway, semantic e t for bunt providing
a new way for the integration of information syster@
2. Integrated basis and Fram acturlng Enterprise
Heterogeneous Information Sysf ased ntlc Entity

Semantic gateway is a kind o ntlc n platform for heterogeneous
information systems, through éepts and apping of information systems to
realize semantic equwalenc e e of,l ation, through the unified package and

contract. The concept se ic metho antic gateway is shown in Figure 1, with Ai

j for the Cencept of system B, Gk for the concept standards
of semantic gate

In order to es eman@s etween the concept Ai and Bj of different systems,
they must ncept m relationship with the concept standards Gk separately,
then throu conc @dards to realize equivalence semantic exchange between
different system conc

exposure to information syst SGI’V@ lize consistent service access and stable

for the concept of sys

L The registration concept o
system A-MES

Ai J
Work order Order
number number

@ concept mapping concept mapping

é".. The registration concept,

semantic links—f

The concept standards of semantic gateway
G

The semantic standards of semantic gateway G

Figure 1. The Concept Semantic Method of Semantic Gateway
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There are two kinds of mapping relationship between the semantic gateway and the
application system concept: When the calculating mapping function exists between the
concepts, semantic equivalence relation can be calculated by the semantic gateway
automatically through the mapping function; otherwise, the equivalence relation must be
specified in the associated data of the concept.

To realize the semantic mapping and analysis between the systems, the enterprise
information systems must be registered semantic concepts and semantic data in semantic
gateway, meanwhile provide the exposed service interfaces and invocation path. So there
exists the registration semantic information and service of information systems in
semantic gateway.

Semantic gateway is a foundation platform which is independent of specific application
systems; but in their source systems, there are a certain business semantic relations
between most of the registration semantic information and service in semantic gateway
The relations were interrupted in semantic gateway. So it is obviously benef o»
semantic processing to reconstruct the semantic relations in semantic gateway.
the independence of the semantic gateway and its various semantic ?\#
heterogeneous systems, the semantic relations although derlved from th e p@s stems,
but couldn't depend on them. So the concept of se ehtlty ard to
reconstruct the semantic relations better for semantic p

2.1 The Definition of Semantic Entity O

Definition: The semantic entity SE is a tetrad: SE= ( R A) C is the semantic
concept, S is the semantic service, R repres semanti gration rule, A represents
semantic integration activities.

¢ Q Seriianlic mappng
\ and registratian

@@ | ThE semantic m;1c9|:t«:|r T
gateway systern

OO\& j " i J E

\% P

The se=manhc cancept of enterpnse
applcalion gysbem M

Figure 2. The Semantic Concept Registered Relationship between
Application System and Semantic Gateway
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Because of the semantic entity was established based on the semantic gateway, its
semantic concept C derived from the semantic concept which the information system
registered in semantic gateway. The relations between the business objects involved in
semantic integration of enterprise information systems and the semantic concept
registered relationship among the semantic gateways is shown in Figure 2.And the
semantic concept of business objects can be divided into three categories, respectively the
key concepts, general concepts, and private concepts. The key concepts are the
concepts which can uniquely identify the business objects. They must be registered in the
semantic gateway, and the semantic gateway establishes semantic relations through the
key concepts and specific business of the application systems. The general concepts are
the non-critical business concepts which are registered in the semantic gateway. They
tend to describe the specific status of business objects. But private concepts refer to the
business concepts which have not been registered in the semantic gateway, and tw
be only understood by their own application systems.

Based on the classification of the concept of business objects of the applj system
registered in gateway. The concept of semantic gateway dg&d into twi les, key

concepts and general concepts, which contain the co neglst by=all the all
application system business objects. There are seman Iatl een the key
concepts of different application systems with a busineg egration nd, and there is

the semantic equivalence relationship between mo @ eral co ax/
Semantic service S is the functional service whic assouat h the business object
of current semantic entity. This service can e he se @entlty ability, and perform
Ngk he semantic service of the

specific business logic based on semanti @ nformat
semantic entity come from the serwc@ W system registered in semantic

gateway .This service has the stable ce co semantic after encapsulation by

the semantic gateway.
Semantic integration rule *@ to aese of business logic comparison conditions.
It can get true or false logic v thrqu ng the state before and after of semantic

data changes. Then it caggecide wh oF not trigger subsequent integration activities
or execute service se . An intggration rule can trigger multiple integration activities

or semantic servi \ e same fi

A semantic |@l|on acti ig'the specific practitioner of the semantic integration
between sy, y the sempaptic entity. With the support of semantic gateway, they build
the busine@ject w '@onform the target system semantic participating in the
integration accordin e corresponding business object of semantic entity, and
distribute and s§ ize between different information systems. The integration

activities execu matically after triggered by integration rules.

2.2 Heteﬁbéneous Information Systems Integration Framework based on Semantic
Entity

tic gateway, in order to give a better support to the integration of heterogeneous
rmation systems, a heterogeneous information systems integration framework of
manufacturing enterprise based on semantic entity is proposed and described as Figure 3.

QT@oposed semantic entity provides a new way for the use of semantic knowledge in
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rprise applications work together by monitoring,
ness objects of the application system, invoking

Ilcatlon systems exposed, and exchanging semantic

eway Server.
er is used to achieve semantic processing of a variety of
sages. The establishment of standards and concepts of semantic
ceptual in Semantic Gateway Server make semantic parsing and
conversion achiévable, meanwhile, the server can package integration services provided
by appli %system and provide a unified semantic stable access interface. Then,
5|multa s distribution of semantic message can be realized based on the semantic
ion of information systems. When semantic Gateway Server receives state
of a business object ,it not only provides the message to the driver module of
sewantic entity, but also receives the integrated messaging of this business object from
semantic entity drive module , thus it can act as an agency which provides the integrated
service of semantic entity .

The definition of semantic entity, which is responsible for controlling the abundance of
semantic concepts of semantic entity so as to meet the demand of different system
integration based on integrated activities of certain semantic structure.is used to maintain
the structure of the semantics.

Semantic entity driver realized the semantic integration operation, through the concept
of semantic entity data instantiation, get the state of the specific business object
information, and based on the business object state changes before and after the test of all
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the principles of integration, and perform the eligible integration activities and semantic
Services.

With the support of integration framework, semantic entity can make full use of the
advantages of the semantic gateway semantic integration, realize the loosely-coupled
integration based on semantics between application systems, the specific method to
realize the integration will be discussed in subsequent sections.

3. Semantic-Entity-based Manufacturing Enterprise Information
System Integration of Heterogeneous of Implementation

3.1 Conceptual Structure Dynamically build of Semantic Entity and Implementation
of Examples

Since the concept of semantic entity comes from the standard of semantic concepts ofe
semantic gateway registration, and the concepts of semantic gateway divide 'CVO
categories of key concepts and general concepts, the concepts of the semanti d(?‘&Can
be divided into two categories. The key concept of the semantic entity is, uge dentify
the specific business objects, which are shared by different* appli€ations™ You can
establish the semantic integration contact related busine ts ipn di t application
systems through key concepts of semantic entity=keW concept is ore concept of
structure of the concept of the semantic entity. The gel
used to describe the status information of the semanti€ entity, thoSe,come from the general
concept of the semantic gateway. § . @1

The dynamic construction of the cendepy structure o antic entity refers to the
general concept of the structure defi ol ~the ic entity concept of a dynamic
combination involved the key conce&% that the tic entity produces the structure
containing various general conge eeting th ds of different systems integration.
In the production order, for &m&@in Fig shows the specific construction method.
The "order number" is the key Cenhcept N ; quantity, completed number, verification
status" are functioned eneral (sgem , among these "Order Number" must be

ic antic structure of each entity, the rest general

included in the conce e dyna
concepts can be& r free E ination, which can generate different conceptual

O

<
o~

Q)O
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Figure 4. Conceptual Structureg ically B@ of Semantic Entity
Conceptual structure defines t \ICS @ﬂtlty among the base prototype
system business integration requ exa f semantic entity is based on the
concept of access to key conce concre tructure is defined by the semantics of the
data from the application g correct i atlon and business data to populate the
semantic entity, shown in
pplication System
_ ] — — — — — — — —
N & Y
‘V key general general
|_ a @ concepts concept data I |
| WA 6 A |
| ¢ |
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T \ key data Guide key general Guide | generaldata |Gateway ul
' pping < concept concept > mapping concept |
| O process mapping mapping process mapping
A A |
I
I
A 4 A |
k
— e gerers onern ||
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Figure 5. Examples of Structure Concept of the Semantic Entity
First, the semantic entity must include the key semantic concepts of critical data

through the key concepts of semantic mapping schemes between the concept and
application of the concept of critical data semantic entity mapping process critical data for
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the target application system, which can be able to determine the specific business objects
of the application system. Then, based on the general concept of the semantic structure of
the concept of dynamic semantics contained in the entity, we can identify them separately
from the main application system. Finally, based on the general concept of mapping
scheme among the data from the application of the general system and converted them to
the general entity of data semantics, and filled them into a dynamic concept semantic
structure of the entity.

3.2 The Semantic Entity Implementation Method of Semantic Service

Semantic entity's semantic services come from the service which different information
system registered in semantic gateway, these services have the strictly contract to access ,
because of the semantic entity was built on the basis of business integration demand, so
the introduced concept of service and semantic structure have a close b siness0
relationship. There exists semantic correspondence between the service's 'n&e
parameters and the concept of semantic entity, and instantiated data from semar?& ity
can be used as input parameters of the service to invoke these services. Wi upport

of semantic gateway, semantic services processing of semm gntity@ n Figure
6. \
77777777777777777777777777777777777777777777777777 Q \ y

semantic gateway service registration ! mantic font
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Figure 6. gm t@ntity Implementation Method of Semantic Service

data
instance

The interface ¢ and realizing route which Application Information System
register service j ntic gateway: Realizing route defines invoke address of service,
and interface a&%ts define service invocation semantics. Semantic gateway semantic
mapping «sefvice " interface contracts parameters of the application system, make the
semanti&eters by application systems can be converted into semantic gateway, and
then ulate application service interface contracts, to provide a service access
i r@s unrelated with the semantic of application system.

%cause of the correspondence between the semantic entity’s service parameters and
coficept, when a service execution request appeared, semantic entity automatically obtain
input parameters from the corresponding conceptual data instance interface contract
services based on semantic gateway exposed. When the input parameter information can
not satisfy the interface contract, semantic entity parameter data can be automatically
acquired from the application of the system according to the needs of the instantiation
principle, so that the service parameter information is complete. After semantic gateway
service engine obtaining the semantic service interfaces and complete parameter input
data, then restore the data from the service semantics of semantic gateway to the service
semantics of Application Information System according to service pack relations and add
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the request message generated by invoke address of service. Finally, the semantic
gateway to send a message to the service agent deployed on the target application system,
executed the actual service by service agent, thus completing the service execution of
semantic entity.

3.3 Establishment and Trigger Implementation of Semantic Entity’s Integrated Rule

Semantic integration rules based on the state of the business object changes, the
integration rule is the definition of the state of the business object changes. When the
application system of business data changes, the data changes will be caught by the client
agent of semantic gateway, then the information delivered to semantic gateway server,
and then send them to the semantic entity after semantic gateway semantic processing the
information, semantic entity instantiate the dynamic structure of the business object
according to change of business information, and input them into the rule logic processing
module of semantic entity at the same time. Establishment and trigger implementatign
Semantic entity’s integrated rule as shown in Figure 7.

‘{'A

Before status Change:Work order

Scope rules

(The]n:[ns%)of The number of work order -001
complete The number of completed—23

Audit status—Audited
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) \or Rule -
< S(\\
N
Rule sy#®Rule L::
®

~4

number of work
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into AudN
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Submit materials application

Integrated r equal Rule [ | Y e

database
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database

stablishment and Trigger Implementation of Semantic Entity‘s

Integrated Rule

I
Q
c
=
\‘
m

O

tion rules of semantic entity are divided into four categories respectively is
ules, enumeration rules, assertion rules and transfer rules, etc. Scope rules defines
thesattribute value interval of trigger, used to describe the continuous changes in the
properties of the state; Enumeration rules defines the attributes of the limited collection
value, is used to describe attribute characteristic of fixed value; Assertions rules
equivalent to determine the attribute value, is used to describe various key properties;
Transfer rules defines attribute value change of state, describes the attributes from one
state to another state.

Through the establishment of the integrated rules, business entity rule logic processing
can be carried out based on the business object instance state. The basic logic processing
is divided into “equal” and “not equal” operation by single rule, “or”, “and” , “sub”
operation by two rules and complex logic operations based on multi-rules. "equal” means
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business state satisfy integration rules; "not equal” means business state not satisfy
integration rules; "or" means business state meet one of two integration rules; "and"
means business state satisfy the two integration rules at the same time; "sub" means
business state meet the preceding rule but not meet the following rule at the same time.
Each integration regular expressions can be associated with one or more integration
activities. The results of logical processing decide whether to implement integration
activities associated with integration rules. When the calculated value of integration rules
is “true”, the business entity will automatically submit request of integration activities.

By constructing semantic entity dynamic concept structure instantiation, semantic
entity can get state data of instance status changes before and after from the semantic
gateway, and according to the current semantic entity’s all integration rules, semantic
entity test the state of instance changes and get all the conditions which meet the state's
integration rules. Then according to the integration rules corresponding to integration
activities to execute business object integration between systems. \/0

Entity

¢
Semantic entity integrated rules define conditions and Nﬁf busi gration and
semantic entity integrated activities provide foundati r Iiz inéss integration.
Semantic entity integration activities are divided i | parts. is to operate the

3.4 Method of Integration Activities Creation and Drive Implementatio@ytantic

business object instance of semantic entity based O concep ure of the semantic
entity, and another part is to visit the semantig=service de semantic entity. They
are both based on instance construction op@of sem ntlty, as shown in Figure
8.

Instance construction operation i Q 0se ying, creating, and modifying;
querying operation is used for ext !i@ nbut&%s from the application

system according to key eatlng eration is used for creating and filling
semantics entity instances; |ng opef: s employed for changing the state of the
instances and reporting t nstances m&efore and after the changes to the semantic
gateway. &

Instance mtegr rations_o semantlc entity consist of creating, updating, and
deleting operatlon tlng is used to establish new instance data of business
objects in the.t ntegrate ; updating operation is responsible for submitting
instance d tar m and updating its business status data; deleting operation
removes invalid busine ts from the integrated system.

Semantic service antic entity can achieve heterogeneous service integration
among systems. ed services of semantic entity depend generally on the instances
of the semanti , and semantic entity is able to build business instance by critical
service based on semantic entity can automatically obtain its necessary
eters to satisfy the parameter constraints on service calls, and the service
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Integration activities of semantic entity

‘ The conceptual structure of semantic entity ‘
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Figure 8. Semantic Integration Activities Cnd Wplementaﬁon

be firstly classified. If it is data integration busm bjects the semantic entity
will create business instances automatlé finition of integration rules,
submit the instances to semantic ga r se ocessmg and then send them to

the target systems; If it is the serv gratltsg.71 semantlc entity will automatically
analyze semantics of service r L@ hen antic information is not enough, the
semantic entity will obtain |ssmg m the application system automatically

based on the critical data o equ st mf to support service calls.

4. The Appllcau@ases %O
Based on the he n framework and implementation technologies of

semantic e h auth developed prototype system of the semantic entity
integrationand Japplica |f|cat|0n has been conducted. Heterogeneous information
systems integration IE facturing enterprises based on semantic entity is a kind of

When the semantic entity receives the inte d reques Iftegrated activities will
sed

integration with loo pling and flexibility. Only by providing semantic information to
the semantic and registering semantic service, the application system can
complete the p atory work to participate in the integration with full compatibility,
without ing the legacy system code, thereby maintaining the system's stability and
i . Supported by semantic entity enabling tools, semantic integration calls
ation systems can be achieved by defining the conceptual structures and
services, integration rules and integration activities.
king the automatic issue of work orders from ERP to MES in a manufacturing
enterprise for example, the integration process based on semantic entity is as follows.
Firstly, ERP and MES will both respectively register key concepts of work orders like
"work order number" and " serial number" and general concepts like "product number,
expected production number, expected start time” and “part number, tasks number,
planning start time" with semantic gateway, and will establish semantic mapping
relationship with semantic concepts of work orders in the semantic gateway like “
product, process number, planning start time”, thus making the semantic gateway
understand their semantics and realizing mutual resolved.
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Secondly, with the support of integration enabling tools of semantic entity, semantic
concepts involved in issue integration will be got from semantic gateway based on
analyzing the integration requirements of work orders, then semantic entity based on work
orders business will be constructed, which includes semantic concepts like “worksheet
number, product, quantity, responsibility workshop, process planning, completed number,
planning start time, verification status”.

Then State transition integration rules of “verification status” will be built:
verification status: unverified to verified” and the integration activities “create and fill the
semantic entity instance of work orders for MES ” will also be constructed. The
integration activities will create a new work order in MES, create worksheet number as
rules automatically, establish semantic relationship with work order number in ERP by
conceptual standards of semantic gateway, and as well fill the data information of general
concepts, thus completing the creation of work orders instance.

Finally Trigger relationship between the above integration rules and integgt‘i?ﬁ
activities will be built, and when the status changes of work orders semantic eriti et
the transfer rules of “verification status”, integration activities will be imple ed.

When work orders from ERP get through an initial audit, their " ve i% status"

i t

will shift to meet the integration rules and automaticall réthe i
and work order business instance will be submitted t S)by ad ork order to
t rati@wfk order.

MES through semantic gateway, finally achieving 6
*
Semantic integration is the developme of hete@eous information systems
integration in manufacturing enterprises ntic g ay provides a semantic mapping

and analytic platform for the semanti atio t\ the information system, as well
as a unified integration interface Qfﬁ@c s, and %‘S lization method for the integration
e

of systems. With the support o tic ggt ay, Semantic entity provides an integration
application method of semartigcconcepts ? mantic service. Through organizing the

2

activities

5. Conclusions

semantic concepts and sepaantic service\anthdefining the integration rules and integration
activities, Semantic enti provide amic, flexible and loosely-coupled integration
way based on the of*busine jects. By establishing different dynamic conceptual
structure and in activiti ifferent application systems, semantic entity can
meet the ne mantic ir:t(;@?ion needs among many different systems at the same
time, there@ cing t and complexity of the realization of the integration, and
improving t aintaifability of the integration relationship, and the effectiveness has
been verified througif the"development and implementation of the prototype system.
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