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Motivation

* Problem: Integration of systems in
manufacturing enterprises

Integration is a constant process driven by:
— New technologies
— New capabilities
— New ways of doing business
— New partners
« QOld solution: Standards

« Alternative: Automate Integration
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Typical Integration Problem

i Integrating
| code i
l Eq red required
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It:?gr?;:g system communications  Engineer with Toolkit
result p behavior \ generates translation
}arg of Systems/Software
feature/ Engineering Techniques
behavior capture, trace
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AMIS approach

Ontology Extraction:

— Capture Local Interaction Models
of existing software systems or standards

Specify Joint Action Model for the integration

Semantic Mapping:

— Map the Joint Action Model to the Local Interaction
Models of the components

Connector Transformation:

— Generate Wrappers or Interceptors to link the
engineered interface implementations
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AMIS approach

Ontology Extraction
Specify Joint Action Model
Semantic Mapping
Connector Transformation
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"Ontology Extraction”

« Capture Local Interaction Model of
existing software or standard

— Capture “business” concepts underlying the software
design = Local Conceptual Model

— Capture “technical” interaction concerns
= Local Engineered Interface Model

— Link business concepts (entities, properties,
relationships, actions) to technical representations

— Capture all models and links in a form suitable for
automated reasoning
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Engineered Interface Capture

Software model (Express, UML, WSDL, IDL) analysis
techniques capture, produce standard form

Protocol
Engineered | PriceQuote

request
’ RFQ

message

A 4

field product-name \

field product-name

Interface
Model B \

response

message
Quote

/V

—> type string-lo

> field price

A 4

type decimal-2
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Local Conceptual Model Capture

Engineered Interface Model A Local Engineered Interface Model B

& Interaction

Local Conceptual Model A Models Local Conceptual Model B

u________________________:\<<____________________________________;;/{i __________

Independent documentation/model analysis,
tool-specific experts capture, formalize

!

Local Expected
. OCat I Interactions
OI:]/Ic(;)edpelua (services provided/used)

Referenced
Business Entities

(for the interactions)
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Local Conceptual Model

Local Expected Referenced
oca Interactions Business Entities
Conceptual (services

Model

provided/used)

(for the interactions)

/

/

|dentifies functions/services ldentifies business entities,

provided by Tool, and properties, relationships
services it expects to use referenced in services
Local Expected transaction refers |__S0MPany Referenced
Conceptual | Interactions | PriceQuote N\ to product Business
Model B B responds \ Entities
* price
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Links-across-views Capture

Relates local business elements to engineered interface elements
Captured with the Local Interaction Model

Protocol };'equest message * field product-name \ !

Engineered, | PriceQuote RFQ :
Interface = field product-name |—| type string-lo I
Model B \ message 7 E
reSPE. Quote | \>{ field price }— —» type decimal-2 ]

LIM —_Links- i
across-views i

Local Expected interaction refers Referenced i
Conceptual | Interactions| | PriceQuote || to Business !
Model B B responds — = Entities ]
[ = | \fu - price | i
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AMIS approach

Ontology Extraction
Specify Joint Action Model
Semantic Mapping
Connector Transformation
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Specify the Joint Action Model

« Specify the Joint Action Model for the integration
— Capture the required interactions in business terms
— Capture the business entities used and affected

— Joint Action Model is a conceptual model,
will have same basic structures as a
Local Conceptual Model,
but perhaps different organization and terms
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Human Conceptualization

Integrating
code

NST

l R required

improved required communications

business system

result B behavior \
g rget Systems/Software
feature/ Engineering Techniques
behavior capture, trace
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Joint Action Specification

Required Shared

improved Joint Business
business Actions Entities
result 3 (with roles for A and B) (for the joint actions)

Formal Systems Engineering/
__— Semantic Modeling Techniques
Model capture, formalize

Target

Business Process
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Joint Action Model

: Required Shared
J0|_nt Joint Business
Action Actions Entities
LSSl (vith roles for A and B) (for the joint actions)
|dentifies actions and roles w
required for integration task Models have similar forms

Terminology, organization
may be different

|ldentifies business entities,

attributes, relationships referenced /(
Local Expected Referenced
oca Interactions Business Entities
Conceptual
Model

(services provided/used) (for the interactions)
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AMIS approach

Ontology Extraction
Specify Joint Action Model
Semantic Mapping
Connector Transformation
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Semantic Mapping

« Match Joint Action Model terminology
with Local Interaction Model terminologies

* Interpret Joint Actions to graphs of
expected interactions specified in LIMs

« Compose Semantic Maps for terms/actions with
Links-across-views => |ntegration-end maps

— define engineering mappings for JAM
actions, messages and information units

— one mapping for each participating system
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Terminology Mapping

Local Expected Referenced
oca Interactions Business Entities
Conceptual

Model A

(with roles for A/?) (for the interactions)

Semantic matching tools find
(near) equivalents for each
Joint Action Model concept
in both A and B LIMs

: Required
Joint . :
. Joint Business
Action ; o
Actions Entities
Model

(with roles for A and B) (for the joint actions)
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Interaction Planning

NVl Expected Business Expected Business
A h Entities Interactions ' ' Entities
Planning software maps
required joint actions to graphs

of supported interactions

, Required Shared

J0|_nt Joint Business

/:/Ictéor; Actions Entities

ode (with roles for A and B) (for the interactions)
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Integration-End Mapping

Eng Interface
NERECE  Protocols B
Model A

Messages Fields

-

representation

l/(q pajuasaidal

HelVW Expected Business

implementation

SSlIg  Required Business
INCTN Joint Actions mmmd  Entities
Model
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Integration-End Map example

Relates Joint Action elements to engineered interface elements
for one end (component) of the joint action

‘equest | message —*field product- ’\
Protocol g ield product-name
Engineerec PriceQuote}‘ RFQ B
Interface T field product-nme [— type string-lo
Model B message 7
Quote [ field price” > type decimal-2
5
®
7))
)
-}
@
o
O
<
=
Joint Required/| Customer A e Shared
Action Joint issues RFQ ’ to l—prOdUCt —; Business
Model Actions oSuppllerB _— Entities
* price
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Integration Mapping

NST

JAM transaction is mapped to messages/fields in each EIM
Defines technical integration requirements

_______________

Engineered Interface Model A

Joint
Action
Model

Required
Interactions

Customer A

issues RFQ
Supplier B
responds

refers
to

company

product

* price

Shared
Business Entity
Model
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AMIS approach

Ontology Extraction
Specify Joint Action Model
Semantic Mapping
Connector Transformation
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Connector Transformation

» Generate Wrappers or Interceptors
to link the engineered interfaces

— Based on the JAM, the Local EIMs and the
Integration-End mappings

— Formalize all information required for transformations
of syntax, structure, and choreography,
down to lowest level of abstraction

— Tools generate dynamic message converters

— Expand to support dynamic “technology” conversion;
specific knowledge bases for “middleware
technologies” must be developed
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Connector Transform Tool

tool generates runtime message converter

Message
= Converter

Connector
Transform
Tool

T

A A

VENYr depy pus-u,bayu)
gV depy pua-u,bayul

| Required Shared
Joint ot - -
Action nteractions usiness Entities
Model
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Nominal Message Mapping

Composing integration-end mappings defines required message mapplngs

Engineered Interface Model A

message a

Engineered Interface Model B

message b

Actual wrapper/interceptor
maps into/out of
internal model

Cust A
Joint Required isgﬁ eo sml'\?ILQ refers company Shared
,:\/Ic(;)t(ijoer; Interactions Supplier B to product BUSiR/Ts(jelfntity
responds . price
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Example Message Converter

tool generates runtime message converter for CIDX €<-> OAGIS

OAGIS-CIDX

Message
Converter

5 =)

(‘D 1

2 -

= =

5 o

(.

> Connector S

T Transform | s

% Tool < g

& | <

, _ Customer A company

Joint Required issues RFQ re{grs Shared
Action Interactions Supplier B product Business
Model responds + price Entities
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Conclusions

« Challenges

— Constructing a useful knowledge framework for
Local Interaction Models and Joint Action Models

— Extracting Local conceptual models and
engineering models from specifications as received

— Defining “semantic mapping” algorithms

— Building a sufficient knowledge base for
transformations

— Automating analysis and resolution of
technical mismatches
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Conclusions

 Value added

— Improve interface/service specifications

— Improve knowledge capture for existing software
systems and standards

— If it works, greatly reduce the time and cost of
“systems integration” projects

— Otherwise, identify the unsolved problems and
provide knowledge for new toolkits
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