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Agenda

Background (“informationization” in China)

Correct understanding of CIM system architecture
and itsviews

Therequirement for building an inter national
standard of “ Process model/view” wasraised.

Effects of applying enterprise modeling and system
architecturein practice.

How many | SO standardsin thisfield have been
trandlated into Chinese and applied in industries.

“Economic view” asAnnex B in therevised 15704
wasraised from CIM implementationsin China.
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Historical Background
(" informationization” in China)

"I nformationization,” theterm increasingly
employed to describe this overall process,
has in recent year s become a linchpin of
central and many local development
strategies, turned the Chinese peopleinto
true denizens of the 21st century, and
plugged Chinainto thewider world.

Thewide use of thisterm started from 1995,
but the work has been going on for many
years.
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Propagation of CIM concept and
industrial imglementation

ln 1986, a strategical R& D program, 863 Program,
was launched in China. One of the important themes

was Computer Integrated Manufacturing Systems
(CIMS).

Thebasic idea was how to introduce computer
technology, infor mation technology, advanced
manufacturing technigue, advanced management
mechanism to the industriesfor system integration--
--enterprise integration.

I n practice, people recognized that the work
should not become establishing a few automation
Islands. System integration was implemented. Thus
the requirement of enterprise modeling was raised.

4
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What means*® Enterprise Mode™?

It Isimpossible to describe a complicated
manufacturing company by using a single
modeling format.

A collection of different models with
different purposes and different modeling
methods is used to model and analyze the
manufacturing plant.
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Function model in IDEFO for an enterprise
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|nformation model in IDEF1x for a university
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Decision model (Grai grid) for an enterprise
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* Due to the width limit, the numbers of rows, (10) (20) (30) and (40, are put inside the table. According
to the rule, they should be outside of the first column.

Presentation © Copyright 2005, Yuliu Chen, Richard Martin, Qing Li All Rights Reserved




Decision model (Grai net) for an enterprise
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Sales (Organisation) of an enterprisein ARIS
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Sales processing (eEPC) of an enterprisein
ARIS
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Exampleof Tree/Link (T/L) Method*

Name 1

i
i
3
H i

Name 1 Name m Name p - 2 =
12 Name 2
B ¢
Authority Authority Authority
1 m p

- o - Name n

*(Huang, Q., Chen Y. and Xie, B., 1996)
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Example of hierarchy for economic model by
using ABC (Activity Based Costing) method

AO
Name O
Al A2 An
Name 1 Name 2 Namen
jobs
runs
$200 @%$2,000
A1l Al12 Aln Anl An2 Ann
Name 11 Name 12 Name 1n Name nl Name n2 Name nn
MH moves inspectns
$100 $50 $80

For intangible factors, AHP (Analytical Hierarchy Process) is used. 15

Presentation © Copyright 2005, Yuliu Chen, Richard Martin, Qing Li All Rights Reserved



Process model of an enterprisein IDEF3
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Easyl DEF3 Model Transfer
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Transfer toelDML
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Transfer to XPDL
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Transfer to Workflow
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Three Layersfor System Integration

_ : : (Axis of integration)
B |[nformation integration =

B Processintegration
B Enterpriselntegration

Computer Integrated
Manufacturing System
has been extended to

“ Contemporary

| ntegrated
Manufacturing System”
in China.

21
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L ayer No.1 (Information Integration)

Definition: Information integration meansto guaranteeto provide
theright information to theright person at theright timeand right
placein theright way. (or, the right person can receive the right
information).

[0 TheExperimental Engineering for CIMS

B Thedesign methodology, design standards and design tools
have been adopted by Chinese CIM S area.

B |n 2000, theintegration methods and techniques have been
applied to mor e than 200 enter prises (directly supported by
MOST) for heterogeneous systems (hardwar e and softwar e)
and devices.

[J Integrated Platform for CIM S Application Development

B [ntegrating Chinese softwarefor CIM S with commercial
software.

B Theintegrated platform for Information integration and
application integration has been developed, to reduce the

duration of CIM implementation and to ensure quality. =
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L ayer No.2 (Process Integration)

After the completion of information integration and coordination among
Processes, “ processintegration” refersto ensuring that all redundant and
non-value adding sub-processes (or activities) and those obstaclesrelated
to human factors and resour ce constraints, which produce negative
influences on process efficiency, are eliminated, so that the overall
process can work synergistically and achieve overall optimization.

Concurrent Engineering

Bm  Mainly in the middle of 1990s

B Product development process management

B Integrating CAD/CAPP/CAM based on PDM and STEP
B Distributed CAD/CAPP/CAM through INTERNET

Applications
Alrcraft, motor cycle, etc.

23
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Layer No.2 (continue)

Process integration connects and combines
people, processes (including activities),
systems, and technologiesto ensurethat:

B theright processes havetheright information
and theright resources at theright time,

B most obstaclesthat affect the inter-processes or
Intra-process efficiency ar e overcome,

B theredundancy and non-value added partsare
eliminated,

B theoverall process and sub-processes work
synergistically.

24
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L ayer No.3 (Enterprises Integration)
“C:II\/IlsteJ()lrltamombusiness knowledge and

capabilitieswith infor mation and manufacturing technology to increase the
productivity and responsiveness of manufacturing enterprises, whereby all
human, functional, infor mation and organizational aspects of an enterprise
are part of an integrated whole.” (1SO TC184/SC5MWG1, 1993) Anyway,

theintegration of people, technology and businessis emphasized.
[0 Research on Next Generation Manufacturing

0 Agile Manufacturing (CPC,ASP)

B CIMSNET hasbeen created, covered all of main research
organizations, more than 100 enter prises

Resear ch on Enabling Technology
Resear ch on Inter net/I ntranet/Extr anet
Virtual enterprise modeling

B Agile Supply chain modeling and management
L1 Applications

Aeronautics and astronautics, Shipbuilding, Textile, Oil refining,
Machinery engineering, Consuming electronics, Automabile, Motor
cycle, etc. 25
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Structured Approach for
Imglementing CIM

Life Cycle of CIM Development

e Requirements Definition

e Feasbility Study

e Primary System Design

e Detailed System Design

e Engineering I mplementation

e System Operation and M aintenance
e« Decommission

26
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All these consider ations and
experiences converged into

thisvery term----CIM system
ar chitecture.

27
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Agenda

Background (“informationization” in China)

Correct understanding of CIM system architecture
and Itsviews

Therequirement for building an inter national
standard of “ Process model/view” wasraised.

Effects of applying enterprise modeling and system
architecturein practice.

How many | SO standardsin thisfield have been
translated into Chinese and applied in industries.

“Economic view” asAnnex B in therevised 15704
wasraised from CIM implementationsin China.

28
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Correct understanding of CIM system
architecture and its views

Definition: CIM
system architectureis
a collection of models
representing
multi-levels and
multi-views of

theentiresystem.  ~—% 4

| &j

R

.
o

e

Presentation © Copyright 2005, Yuliu Chen, Richard Martin, Qing Li All Rights Reserved



What 1s model?

A model isarepresentation of a set of componentsof a
system or subject area. The moddl isdeveloped for
understanding, analysis, improvement or
replacement of the system.

Systems are composed of interfacing or interdependent
partsthat work together to perform a useful
function. System parts can be any combination of
things, including people, information, software,
processes, equipment, products, or raw materials.

The model may describe what a system does, what
controlsit, what things it workson, what means it
usesto perform itsfunctions, and what it produces.

30
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The definition of Modél

M models A If M answers
guestions about A.
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CIM-Open System Architecture

I nstantiation

>
Organizatio Organizatio Organizatio
View View View
G eneration Resource Resource Resource
View View View
Information Information Information
View View View
Function Function Function /
View View View
Generic : ' /
Requirements Partial Particular
D efinition Requirements | Requirements /
Building D efinition D efinition /
Blocks M odels M odel
Generic : _ /
Design Partial Particular
= Specification Design Design /
o Building Specification Specification /
= Blocks M odels M odel
S .
> Generic : ‘ /
== Implementation Partial Particular
D D escription Implementation Implementation /
= Building D escription Description
v Blocks M odels M odel
AM-CA

32
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Basic concept of GIM

Information

System system

An enterpriseincludes C-) N
Decision System, Physical _

. — ecison
System and I nformation . aolfEs \ er/
System. FEmmm—
/ i : \ \}Zécompostlon
Now it can present decision, — 1
perati

- S
uncin s iomaicn /Y |

_ 00
Raw Materia

Parts

Product
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Basic concept of IMPACS

View

=

INFORMA-

TIONAL

DECISIONAL

PHY SICAL /f

] 3
// 2

Domain

=

INFORMATION
TECHNOLOGY

!
MANUFACTURING
TECHNOLOGY

P |
/ e ORGANIZATION
FUNCTIONAL 1 DESCRIPTION
ANALYSIS -1
DESIGN I Il —
1
TECHNICAL
DESIGN V
AV
DEVELOP- v V]
MENT
CONCEP-— STRUC- STRUC- REALISA- Abstraction
TUAL TUAL TUAL TIONAL level
A
Lifecycle

This Architecture
has the same views
with GIM. It
emphasizesthe
relationship

among subsystems.

34
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Basic concept of PERA

Entarprise Dafinition

| EY TERFEISE DEFINITION
I e
e
i---.-_a: P ELIMINAR Y ENGINEERIN G
Conbol - ----- b----- e

Fxcilies | People | & Info DE TAILED ENGINEERING
S

Syskems COMSTRUCTION
e L I e
OFERATIONS

_____ s

DECOMRAISSIOMN NG

—_— s
E4 TERFP RISE DISSOLUTHOM
Cnbkerprise Dissolution

35
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—— |IDENTIFICATIN OF THE

1 CIM BUSINESS ENTITY
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|nformation System Architecture (ARIS)

definition

Design Specification

Organization view

Implementation description

==

Wmts definition

%specifi cation

'\

\

Wation description

Dataview

\

L

Requirements
definition

Design

l—» specification

F\%eqkuirements definition
<4—>]

Implementation
description

C_

i

\

DwQspecifi cation

\

Control view

@caﬁon description

Function view

\

ARIS (Architecture of Integrated Information System)

37
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GERAM (1SO 15704:2000 Annex A)

Generic
Views A Partial }
‘ Particular
~ - .-
Instantiation
Identificati g
entification .
« | Customer service
Concept i - Management
| | i and control
Requirements Software
= : Hardware
Preliminary de3|gq
Design . A
: : ¢« ——— Resource
Detailed design | Organisation }
Implementation ::ijr?gtr;:)a;ion
Operation
Decommission "ﬂ “r Machine
: ‘ — = Human}
Life-cycle )v ==
phases = —
Reference Architecture Particular Architecture

Subdivision
according
to genericity

Subdivision
according to purpose
of activity

Subdivision
according to physical
manifestation

Subdivision
according to
model content

Subdivision according
to means of
implementation

38
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Based on Chinese situation, Stair-Like CIM S

Architecture (SLA) was proposed in 1993

PROJECT LIFE CYCLE Technical
Realization

Conceptual A S-IS TO-BE Technical STEPWISE REALIZATION

D efinition HModels i M odels i Specificatio

Implementation

Information

= : Human and Organization
Detailed Design =

M-anufacturing

Primary Design —|—

Analysis ———

Function

D ecission =
Project D efinition
Information

==
Organization e

Resource
=

SUBSYSTEMS

Economic

Proscess

SLA first presented the concept of Economic View in an enterprise

architecture context on May 14-15, 2001, at the ISO/TC184/SC5

conference held in Beijing. SC5 accepted our proposal to add an

Economic View in Architecture. 39
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Explanation

1. Not need to be limited in discrete parts
manufacturing industry.

2. Mapping from models designed to realization is
needed.

3. Add new views, especially the economic view and
Or OCESS View.

4. Do Reverse M apping to check if the realization has
met the aim of TO-BE modéd design.

40
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A good way to seethe elephant: “ Stair-Like

CIM System Architecture’ (SLA)

Function View
|nformation View
Decision View
Organization View
Economic View
Resource View

+Process View

41
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Minimal views vs. optimal views

| SO/FDIS 19439 SLA

Function view Function view

+ Process view
| nformation view | nformation view
Resour ce view Resour ce view

Organization view  Organization view
+ Decision view
+ Economic view

42
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A definition of “ view”

|t can be found the definition of
“view” from I SO 15745-1 :

projection of a model, which is seen
from a given per spective or vantage
point and omits entitiesthat are not
relevant to this perspective.

44
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The problem involved

Relationship and difference between View
and M odel

After having Function View, isit necessary
to establish Process View

After having Organization View , isit
necessary to establish Decision View

Can we put “What to do” and “How to do”
In one model? Together or separate?

Why do we divide the enterprise model into
several views?

45
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Reasons for having views of a model

Accommodate multiple users
B Examining content
B Defining content

Expose content to enable interoperability

Reduce appar ent complexity

Provide focus

Enable modularity of process

Enable “need to know” restrictions

Move toward particular domain knowledge
Enable interoperation with larger knowledge sets

46
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Definition of enter prise model view

selective perception or representation of
an enterprise model that emphasizes some
particular aspect and disregardsothers

“oneaspect” or “afew aspects’ (just like, except
hologram, a photo can only take one plane.)

“one form of representation” or “several forms of
representation”

“What isthe purposeto divide enterprise model
Into several views?”

47
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Agenda

Background (“informationization” in China)

Correct understanding of CIM system architecture
and itsviews

Therequirement for building an inter national
standard of “Process mode /view” was raised.

Effects of applying enterprise modeling and system
architecturein practice.

How many | SO standardsin thisfield have been
translated into Chinese and applied in industries.

“Economic view” as Annex B in therevised 15704
wasraised from CIM implementationsin China.
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After distinguishing the
differ ences between function and
process, the requirement for
building an inter national standard

of “ Process model/view” was
- raised.

49

Presentation © Copyrigf_1t_2005, Yuliu Chen, Richard Martin, Qing Li All Rights Reserved



Definitions

3.32
function view

enterprise model view that enablesthe
representation and modification of the processes
of the enterprise, their functionalities,
behaviours, inputs and outputs

3.33
functionality

referringto the purpose for which the
Process exists

50
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Method Comparisons
(IDEFQ, 1X, and IDEF3)

What you do What you need How you do it
Functional to know Precedence and
dependencies | nformation Cause-& -Effect
Used to “target” Management or Reduce Cycle
activities that Database Design Time
need | nformation or A description
Improvement Data method
A moddling Requirements
method Analysis method

(1) / Design

method (1X)
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important role of “ Process view”
has been recognized widely
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Why it iIshecessary for usto develop the
standard?

[1 Therearelotsof process-modeling methods, such as
|DEF3, EPC, Gantt chart, PERT chart, Petri Net, etc. It is
necessary to develop method to converge all of these
methods.

[0 Workflow becomesthe core technique of management
infor mation system. It isnecessary to integrate these
systems based on inter oper able process modeling methods.

L] TC184 and other technigue committeesare preparing to
develop standards for supply chain, e-business, value-chain
and concurrent engineering. All of these standards will use
process description methods. We should develop a process
modeling standard at first to support these tasks.
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Necessity (continue)
|
[1 Reference models arethe base of knowledge management.
They are certain kinds of enterprise knowledge and can
support new system constructing and restructuring. In
order to reusethese models, it needs a standard to support
process model information exchange.

[0 |EEE hasbegun the process. IDEFO became |EEE
Standard (Softwar e Engineering Standar ds Committee of
the |[EEE Computer Society, |EEE Std 1320.1-

1998. IEEE Standard for Functional M odeling L anguage-
Syntax and Semanticsfor IDEFO. Approved 25 June 1998
|EEE-SA StandardsBoard). It isa sign that we should
consider about the standardization of enter prise modeling
methods. The Standard of Process Modeling M ethod (SPM)
ISa good initial topic. 54
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Provide a total solution for all kinds of
process modeling for system integration

1 In different stages and different aspects of the work for
system integration, there are different requirementsfor
process modeling. For example, capturing of basic process
information ismost important in stage of requirement
analysis, status of resourceisfocused on in stage of project
management; effects of processrunning iscared about In
stage of implementation of process models. SPM must
satisfy all these requirements.

O It can help understanding and communication between
enter prise manager, process experts, and process analyzer;
It can provide plenty of meansfor analyzing process,
including value chain analysis, smulation, ABC calculation,
etc; It can support many implementation methods,
including wor kflow management, project management,
and process monitoring, etc. 55
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Agenda

Background (“informationization” in China)

Correct understanding of CIM system architecture
and itsviews

Therequirement for building an inter national
standard of “ Process model/view” wasraised.

Effects of applying enterprise modeling and system
architecturein practice.

How many | SO standardsin thisfield have been
translated into Chinese and applied in industries.

“Economic view” as Annex B in therevised 15704
wasraised from CIM implementationsin China.
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Effects of applying enterprise modeling and
system architecturein practice

(Dueto timelimit, only introduce some of our direct

experiences)

What CIMS-ERC has
~donein accordance with
: thlsunderstandmg

57
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The distribution of CIMSNET nodes

=
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TheProgressin Engineering of CIMS-ERC

Morethan 60 enterprises CIM S engineering
undertaken

Morethan 10 industrial areas covered

B ----Machinery Textilemachinery Electronics
B ----Chemical Metallurgy Light Industry
B ----Aeronautics Astronauts etc..

More than 13 provincesdistributed

A closerelationship between enterprisesand CIM S
ERC has been created

More than 200 million Yuan (RMB) funds obtained
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Thelist of CIMS Engineering projects
undertaken by CIMS ERC
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Chinese Aviation | ndustry Integrated M anufacturing
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Typical Awards

- CIMSERC
University LEAD Award” on Development and
Applications of CIM Sissued by ASME of the U.S. in 1994

e Chengdu Aircraft Co.

“Enterprise LEAD Award” on Applicationsof CIMS
Issued by SSTC in 1996

Second class, Prize of “ National Advance in Science and
Technology” in 1997

 Jingwel Textile Machinery Co.

“Enterprise LEAD Award” on Applicationsof CIMS
Issued by SSTC in 1996

e Accelerating the product innovation with VPD

Second class, Prize of “National Advancein Science and
Technology” in 2000
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Agenda

Background (“informationization” in China)

Correct understanding of CIM system architecture
and itsviews

Therequirement for building an inter national
standard of “ Process model/view” wasraised.

Effects of applying enterprise modeling and system
architecturein practice.

How many | SO standards in thisfield have been
translated into Chinese and applied in industries.

“Economic view” as Annex B in therevised 15704
wasraised from CIM implementationsin China.

63

Presentation © Copyright 2005, Yuliu Chen, Richard Martin, Qing Li All Rights Reserved



A list of Chinese National

Standardsin thefield of
manufacturing
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Agenda

Background (“informationization” in China)

Correct understanding of CIM system architecture
and itsviews

Therequirement for building an inter national
standard of “ Process model/view” wasraised.

Effects of applying enterprise modeling and system
architecturein practice.

How many | SO standardsin thisfield have been
translated into Chinese and applied in industries.

“Economic view” asAnnex B intherevised 15704
wasraised from CIM implementationsin China.
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z ' “ Economic view” asAnnex B in the
revised | SO 15704 wasraised from
CIM implementationsin China

(with little modification in the text of 15704
about the introduction of economic view)
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| ntroduction

[l Entrepreneursor business managers can scarcely
iImplement CIM based on their confidence in advanced
technology. They expect that the return on investment can
be known in the designhing phase of a new system.

[J Asafarseeing business- person, he/she should take into
hig’her consider ation not only tangible benefit, but also,
mor e importantly, intangible benefit.

L1 However, how to evaluate thisreturn isa difficult but
“must-be-solved” problem. Similarly, when it isrequired to
evaluate different alternatives, the models in those existing
system architectures are not able to connect functionality
with economic conseguences so that design trade-off can be
made. Especially, the evaluation of the intangible benefits
has been a barrier for enterpriseinvestorsto decide whether
Computer Integrated Manufacturing should be carried out.
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(continue)

Economic View consists of a group of models, which
Is used to describe economic factors and their
relationshipsin an integrated system. Thereare
many methods, such as graphical, mathematical,
and even descriptive methods, to describe economic
factors. In order to improve the competitive edge of
an enterprise and assur e its successful operation, a
three-layer framework isconstructed, expressed as
graphic form, based on enterprise modeling
methods and reference modelsin the general
enterprise reference architecture.
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The Released Economic View

OOOO

Partial
Indices structure

Clustering Method /
Classification Metho

Qualitative

Particular Economic View —
Description

Indices

| Cost || Time || Flexibility || Service || Environment” Quality |

[ e ey T e ) bty wad Dipmams
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Figure 1. Framework for Economic View

Quantitative
Analysis
Methods

4

*Tree
Hierarchy
Analysis

*Process Structure
Model Simulation
*Hierarchical
Anaysis

*Physics formula
*Fit and Interpolation
Method
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(continue)

I

The framework has established the

elationships between different layersfrom

thetop-leve strategic targets of an
enterprise to some operable factors, then the
bottom elements. It also provides some
analysis methodsto collect data to support

C
t

ecision optimization of the enterprise. After
nat, optimization results can be imposed on

t

nese factorsto realize enterprise strategy

and improve its competitive ability.

17
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Application of Economic View

ABC Model

B Themodeling formalism isbased on IDEFO method.
Since ABC focuses on functional activities and so does
| DEFO method, I DEFO model has been extended to
Include activity based costing data. It can be assured that
no activity will be missed for cost assignmentswith the
integration with IDEFO model. Here, a separate economic
model that correspondsto the IDEFO model of function
view will be constructed. Therearefour attributesin each
model block: 1) hode humber, 2) activity name, 3) cost
driver and 4) cost value. Thefirst two attributesare
taken directly from IDEFO model, whereasthe latter two
areto be defined by designers.
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Example of a cost hierarchy

The cost mode
formsa hierarchy
exactly likethe

| DEFO model.
Sub-processesare
defined down to
bottom-level
activitiesthat are
the most basic
elements.

A0

Delivery of Part As

Production volume

$1435
Al A2 A3 A4
Preparation of raw Production of Part Purchasing Work order control
material As material for part delivery
Number of batches Production volume Number of Man-hour

purchasing orders

H

$250 $535 $250
A21 A22 A23
Preparation of NC Machine set-up Machining

program

Number of 100
program lines

Number of set-up

Piece number of
parts completed

$60

$75

$400

Fig. 2. Example of acost hierarchy
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Treatment of intangiblefactors

AHP Mode

B Sinceinvestingin CIM isnot for the sake of the
technology itsdlf, it isimportant to have theresulting
business and manufacturing processes meet the target
performance. These operational measures should be
derived from the company goals that align with corporate
strategies. The questionsare 1) whether the invested
technology can effectively bring the businessto the target,
and 2) if theinvestment is economically sound. Activity-
based costing technique discussed in the above slide takes
care of the tangible aspect and deals with the second
guestion. Hence, the first question will be handled by
using Analytic Hierarchy Process (AHP) method.
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Thanks!
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