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ABSTRACT

CIM-OSA (Computer Integrated Manufacturing -
Open Systems Architecture) is the result of a joint
European initiative by nineteen industrial and academic
organizations to dcfine an architecture for a CIM
This CIM
vendors to evolve toward well-defined structures for

system. architeclture permits users  and

CIM systems. Morcover, this archileclure permits an

integrated dccision support system implementing
simulation. We define integration criteria for this
decision support system, and an architecture in

response to these criteria. Onc of the features of this
architecture is the ability to emulate the CIM control
logic to perform “whalt-if" and "try-for-fit” analyses. We
with simulation when

define a potential problem

emulating CIM control logic.

1. INTRODUCTION

The application of discrete cvent simulation to
manufacturing problems in systems design, analysis,
and operation has become an increasingly attractive
methodology recently. New languages and tools for
development of simulation models in the manufacturing
environment continuc to be developed and marketed.
However, very few of these tools arc integrated with the
manufacturing information system and almost nonc are
integrated with the manufacturing business  process
definitions and control logic.  This paper describes an
architecture for simulation in a Computer Integrated
(CIM) that

simulation to be integrated with the rest of the CIM

Manufacturing cnvironment allows

system - both functionally and for information access.

The CIM-OSA  (Open Architecture)
Reference Architecture Specification is (he result of a

Systems

joint Furopcan initiative by nincleen industrial and
academic organizations. It defines an architecture for a
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CIN system (CIMOSAL).  This architecture permits
CINT users and vendors to evolve toward well-defined
structures for CIND this
architecture permits the implementation of simulation
We dcfine

integration criteria for this decision support system, and

systems. Morcover,

in an integrated decision support system.

an architecture in response to these criteria. One of the
features of this architecture is the ability to emulate the
CINT control logic to perform “what if” and “try for fit"

analyses,

We first
CIM-OSA
ITmplementation Nodel and identify the key features of

I his follows:

introduce

paper is  organized as

the  concepts  from  the
a CINT Simulation system. We then discuss emulation
of a CINT control system and develop model siructures
simulation models as well as

o support traditional

integrated CIM models. We also identify a potential
problem with simulation when cmulating the CIM

control logic.

2. CIVELOSA IMPLEMENTATION MODFEL,

Ihe

Specification

CINT-OSA

hegins

Architecture
for

Reference

with  generic  constructs
madeling  business processes, information, resources,
and organization. As an enterprise develops particular
maodels the implementation model provides guidance
The

for- o unified wav 1o implement a solution.

implementation structure is shown in Iigure |,

This implementation model provides a way to
develop CINTE application software that is independent
of the computing hardware and operating systems,
independent of data storage methods and location, and
independent of the context where the applications will
he

nsed. The Building Blocks in the Timplementation

NMaodel are:



APPLICATION SOFTWARE

INTEGRATING INFRASTRUCTURE

BASIC DATA
PROCESSING
SERVICES

COMMUNICATION NETWORKS

PEOPLE MACHINES

Figure 1. CIM-OSA Implementation Model

Application Software: Typical CIM applications might
include (Jarvis(1986), Scheer(1988), and
Yoemans, Chaudry, and ten

(1985)):

Iagen

» Computer Aided Design

* Process Planning

+ Engineering Relcasc

+ Material Requirements Planning
+ Work Flow Control

* Project Management

Integrating Infrastructure: Will be described in detail in
Figure 2 and the scction following the
figure.

Basic Data Process Services: Typical data processing
services include:

» Computer hardwarc

* Operating system soflware

+ Dalabase Management System
+ Graphical display services
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Communications Networks:  The
associated processing services for
communicating with other cntities such as

protocols  and

people, devices, and other computers.

The implementation model also provides common
protocols for interactions among machines, humans,
and application programs across a network of CIM
systems. ‘The model shown in TFigure | can be
compuling systems and
connected via the common protocols.

replicated  onto  scveral

2.1 INTEGRATING INFRASTRUCTURE

This building block is the focus for the
CIM/Simulation architecture we have developed. The
integrating infrastructure shown in Figurc 2 enables

system, data, and context independence  for
applications.
Application Application Application

A B c

I I |

System Wide System Wide

Business Process Information
Management Services Management
Services

l

System Wide Exchange Service

. ]

Front End Service

[Machinel Human| |Data| [Communication

Pigure 2. CINE-OSA Integraling Infrastructure

The Front Ind Services insulate the applications
and other services from the differences in cquipment,
display terminals, communications protocols, elc.

‘The Swestem Wide FExchange Service directs all
requests for Front lind Services and Applications to
the correct destination.  This service insulates the
applications from knowledge of the services chosen for
a particular implementation.



The System Wide Business Process Management
Services and System Wide Information Services insure
execulion of the correct applications to accomplish a
business process and roule requests to the correct
service for information cxchange.

We have displayed the Applications in a different
position than in the original descriptive reference so
that the independence from excculion confext can be
shown more casily later in this paper.

3. KEY FEATURES OF
SYSTEM

A CIM/SIMULATION

Before we can show how the CIM-OSA Integrating

Infrastructure  can  provide an architlecture for
integrating function and data between Simulation and
other CIM applications, we need o describe the key
features of such a system. Simulation is considered to
be part of the decision support system and nceds to
conform to the atlributes for thesc systems, sce for
example (Sprague(1982)).

variety of users

Simulation supports  a

such as engincering, production
planning, and plant floor opcrations. The application
supports a variety of modcling skills from persons with
knowledge of programming,

modeling to experienced simulation model developers.

no simulation, or
Access is required to all of the information in the CIM
data base(s). Simulation nceds to support "try-for-fit”
and “what-if” that

advance and include any of the operational CIM

analysis arc not structurced in

processes. Simulation nceds to be viewed from the
same user interface as the user would sce for normal
operation of the system. Most importantly, simulation
needs Lo replicate the processes and control that arc
used for
Additionally it must be possible 1o add simulation
modecls to model activitics that are external to the CINI
system.

normal operation of the CIM system.
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Figure 3. Manufacturing System

4. OPERATION, EMULATION, and SIMULATION

I'he manufacturing system shown inlfigure 3 will
be the basis for describing how the above requircments
for a decision support system can be met using the
CINT-OSA Integrating Infrastructure.

In this system, external information flows into the
CINT applications. They also receive state information
from personnel, equipment, and possibly other systems.
The applications provide commands to the personnel
that

resources can be transformed into product.

and production cquipment  so malerials and

This same structure for a manufacturing system

cimn be changed so that a Global Madel can represent

the same  control logic and  business  process  in

emulation mode. This is shown in Figure 4.
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Figure 4. Emulating the Manufacturing System

A Simulation Model replaces the cquipment and
personnel that were part of opcration of the
manufacturing system. The Simulation Model may in
fact be several models, e.g., one for an automated work
cell, one for an automated materials movement system,
and one for a manual station.  Emulated
information produced from the applications.
Emulation of manufacluring control systems was first
defined by Crookall (1985). The National Technical
Institute (formerly NBS) has implemented an emulation
system for hierarchical control that allows the
investigation of system behavior before the production
hardware is available (Furlani(1985)). Ilarmonosky
and Barrick (1988) discuss the use of simulation logic
for real time control and HEI, Inc. has a US patent
for a system design that permits the same control logic
to be used to operate a malerials handling system or to
view a graphical display of the system dynamics
without operating it (HEI(1985)).  Withers (1987)
defined a way for integration of simulation, emulation,
and operation of a manufacturing control system that
is Lthe predecessor to the work reported here.

work
is

In addition to the emulation mode defined above,
there are occasions when there is no CIM application
with the required control logic or business process. The
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simulalion model becomes the global model in this case
as shown in Iigure S.

In the next scclion we will define the classes of
global modecls morc precisely. The significant point to
be made is that all of the types of simulation activity
can be supported by the same architecture. These
activilies range from simple tesling of a new soflware
“what-if” analysis of plant
rearrangements.  This same architecture integrates the
simulation activities with the CIM data so that
redundant copics, additional input, and outdated data
values are no longer issues with simulation.

relcase (o floor

4.1 GLLOBAL MODFILS

There arc three classes of global models:
* Scquence of Application Functions

+ Scquence of Application Functions supplemented
with one or more Simulation Modcls

+ A Simulation Model only

Fach class is described below and shown as at
conceptual level in a diagram.

4.2 SEQUENCE OF APPLICATION FUNCTIONS

The first class of global models is a sequence of
application functions (A.F.x in Figure 6). In normal
operation they ncither receive state information from
production equipment nor send commands to cxternal
devices. The enly thing that makes the Global Model

different from nermal operation is the exccution
context which will be described later.

GLOBAL MODEL

—>A.F. 1 p>(AF. 2 —>[AF. 3 —>

Iigure 6. Global Modcl - Sequence of Application
Ir'unctions

Lixamples of this class are:
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Figure 5. Traditional Method for Simulation
* Using the Cost Estimation application to estimate
the cost of a new part

* Using the Purchasing application (o train a necw
purchasing agent on the use of the application.

4.3 APPLICATION
SIMULATION MODFI,

FUNCTIONS  WITH A

This class of global modecls allows the substitution
of Simulation Model(s) for personnel, cquipment, and
external systems. The application functions arc also
used as part of the global model as in the class ahove.
This class is shown in Figure 7.

Examples of this class of global modecls arc:

* Shop floor control sysiem controlling a flexible

manufacturing system with simulation models of

machines and transporters

* Work Flow Control system controlling a

production system with simulation modecls of

manual work stations.

4.4 SIMULATION MODFEL ONLY
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Figure 7. Global Model - Application  Tunction(s)
with Simulation Model(s)

Ihis class  of  global models  corresponds 1o

traditional discrete event  simulation  models.
Application functions are not part of the global modcl
because they cither don’t exist or are not nceded for
the current investigation. This global modecl, however,
is integrated with the CIM system for information

cxchange.

GLOBAL MODEL

* SIMULATION-
._—__’ . .—-————’
MODEL

Ligure 8. Global Nodel - Simulation Model Only

I'xamples for this class of global models include:

+ Shop floor control system for the design of a new
line for assembling a microcomputer

* Queucing analysis  of trucks  arriving  at the
receiving department.

SCEXECUTION CONTEXT

As we mentioned carlier, the Fxecution Context is
the only difference hetween normal operation and some
global models. The F:xecution Context is the definition
ol the information sources and destinations. It is most
casily - described by comparing a simple  business



process in normal opcration and the same process in
simulation contcxt. In Figure 9 a production control
application reccives manufacturing routing information
routing file, scnds to a cell
controller, receives production information from the
controller and maintains a history file of production

information.

from a commands

CIM
APPLICATION

|

System Wide Information Services

| I |

Front End Services
DATA COMM

} I I

l || |

HUMAN

Prod. commands

Data Routing Prod.
Info Data

PROD- ROUTING CELL

UCTION | |FILE CONTROL

HISTORY

FILE

Figure 9. Example of a CIM Application in Normal
Opcration

InTiigure 10 the application receives manufacturing
routing information from a routing file (as before),
sends commands to a simulation modecl, receives
simulated production dala from the simulation modcl
and displays this information on a terminal. Nole thal
the control logic is thc samc for both operation and

simulation.

6. POTENTIAL IMPLEMENTATION PROBLEM

In the last example the same application code was
used for operation of the production facility as for
simulation o investigalc perhaps an allernate shop

order schedule. A simulation model replaced the
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Figure 10. Example of CIM Application in Simulation

Context

if the model
mimics the actual production delays, the computing

actual production equipment.  Even
delays incurred by the CIM control system may be
different. The simulation system will not idenltically

mimic the CIN control system if cither:

« lransmissions arrive in a different secquence, or

+ Control decisions are made in a different sequence.

Ihis phenomena can occur even if the CIM control
both
‘This anomaly may be more pronounced

programs arc identical  for operation and
stmulation.
for systems that operate on  distributed  computing
hardware for normal operation and are placed in
simulation maode Further

on a single processor.

research is required to quantify this problem.

7. SUMDMARY

I he research reported in this paper has established
that an integrated CIM/Simulation system architecture
¢ be developed from the CIM-OSA architecture. The
resulling, allows  the logic,
information bascs, and uscr interfaces to be used for

system same  control

aperation or simulation.



REFERENCES
CIM-OSA  Reference  Architecture  Specification,
CIM-OSA/AMICE, 489  Avenue  louise, B

14-B-1050, Brussels, Belgium (undated)
Crookall,  J.(1985). I'mulation  and
Computer Integrated Manufacturing, Technical
Report, Cranficld Institute of Technology, Cranficld,
UK.

Simulation,

Iicrarchical Control System
National of
MDD, (order

Furlani, C.M. (1985).
FEmulation
Standards, Gaithershurg,

PB85-233849/XAB)

User's Manual, Burcau

C.M. D.C.
in a CIM environment:

and Barrick  (1988).

Structure for

Harmonosky,
Simulation
analysis and rcal-time control, Procecdings of the
1988 Winter Simulation Conference, pp 704-711.

HEI Inc. (1985). U.S. Patent Number 4,512,747,

Jarvis, John W. (1986). Computer  Integrated
Manufacturing Technology and Status - An Overview
for  Management, Advanced Manufacturing

Information at the Institution of Flectrical Engincers.

Scheer, A. W. (1988). CIM - Computer Integrated

Manufacturing Computer  Steered  Industry,
Springer Verlag.
Sprague, R. H., and . D. Carlson (1982). Building

Lffective Decision Support Systems, Prentice-all,

Inc.
Withers, D.(1987).  Integration  of  Simulation,
Emulation, and Operation of a Manufacturing

Control System, IBM TR 52.0011, Atlanta, GA.

Yoemans, R. W., A. Choudry, and P. J. W. ten Ilagen
(1985). Design Rules for a CIM System, Flsevier.

AUTHORS’ BIOGRAPHIES

GORDON M. CI.ARK is a professor of Industrial
and Systemns Fngincering at the Ohio State University.
the  1988/89
sabbatical wilh

academic yecar hc was on

IBM

During

the Corporation in  their

948

Application Systems Division. Ile reccived the B.LF.
degree in Industrial Engincering from The Ohio State
University in 1957, a M.Sc. in Industrial Engincering
from the University of Southern California, and a
Ph.D. from The Obio State University in 1969. le was
responsible for the development of several combat
simulations at The Ohio State University while under
contract with the U.S. Army (1965-1974). lle was
Associate Editor of Operations Research (1975-1978),
and a member of the Board of Directors of the
Nlilitary Operations Rescarch Society (1972-1976). He
has consulted in the arcas of simulation modeling and
industrial
Institute.  His
optimization,

manufacturing  systems  for
Battelle  Memorial

include simulation

analysis  and

companies  and
rescarch  interests

applications  in manufacturing  systems,  and
approximations to nonstationary qucuing systems. lle
is & member of ORSA. TIMS, 1IE, SCS, and SIGMA

X1

Gordon M. Clark

Department of Industrial and Systems ingincering
I'he Ohio State University

Columbus, OI1 43210

((14) R&R-1746

DAVID T1. WITTIERS is a Senior Planner at the
1BM
Atlanta, Georgia. llc recccived a B.S. from the U.S.
Coast Guard Academy in 1962 and M.S. degrees in
mathematics and compuler science in 1966 and 1969

Application Systems Division laboratory in

from Rensselacr Polytechnic Institute. Tlis assignments
the US.
Oflicer of a Cutter and Instructor on the faculty at the
Ile joined
IBNT in 1969 and has held a varicty of technical and

with Coast Guard included Commanding

Academy in New London, Connccticut.

management positions. Prior to his current assignment
he was the Manager, Product and Process Analysis al
the BN T,
New o York,

requirements integration for soflware for computer

Watson Rescarch Center in Yorklown,

Currently  he is  responsible  for
integrated manufacturing products. Tle is a member of

NONT ORSAL TINS, SIGSIM, and SCS.

David 11 Withers

IB\T Corporation

1500 RiverEidge Parkway
P.O. Box 28331

Atlanta, GA 30358

(104) 956-5289



