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Abstract. ..c traditional, fragmented approach to increasing manufacturing efficiency has resulted in "islands of
automation” in our factories. Computer Integrated Manufacturing (CIM) is the goal of tying together these islands
into a single coherent system capable of controlling an entire manufacturing operation. The technical and
organizational 4ifficulties of such a massive undertaking require a modular approach to CIM implementation, with an
initial nucleus being gradually expanded by allowing interaction between it and other systems' databases.
Manufacturing Resource Planning (MRP II) is best positioned to serve as this nucleus. The suggested first system for
integration is Jomputer Aided Design (CAD)}; the integration being centered around part specification, product struc-

ture, and engineering changes,

A model of the CAD/MRP Il integrated system, detailing the logical interaction between the systems in the areas
of part specification maintenance and engineering changes, is currently being developed and presented. Integration
is to he achieved through a multi-database interoperability system, which uses Artificial Intelligence concepts to
1afine and enforce the update and retrieval dependencies of the databases. Finally, the implementation strategy,

wnich requires several stages, is also presented,
;

TNTRODUCTION, Under pressure to remain efficient and
competitive, many companies feel compelled to implement
sne or more of the vast array of new technologies and
techniques which are being presented and promoted as a
means to the development of the factory of the future,
These include Computer Aided Oesign (CAD), Computer
Aided Manufacturing (CAM), Fliexible Manufacturing
Systems {FMS), Manufacturing Resource Planning (MRP
11), Sroup Technology (GT), Just In Time Inventory
control {JIT), Automated Materials Handiing (AMH) and
Computer Aided Process Planning {CAPP), to name only a
few. Too often, however, this approach, in which indi-
vidual technologies are implemented independently,
resylts in "islands of automation”, where individual
tasks are automated without any communication or inter-
facing with other related activities,

Tnstead of firms independently automating as many
as 50 different functional areas [1] often using unique
naraware and software for each, it is time to adopt a
s/stematic approach to implementing and integrating the
various technologies as a means for achieving the pro-
suctivity jains required [23.

The ultimate goal of this implementation and
integration process is to attain some form of Computer
integrated Manufacturing (CIM): the appropriate use of
soth hardware and software to provide effective and
economical interaction between every production related
activity based on an integrated systems architecture.
Superficially, CIM is sometimes defined as the integra-
tion of CAD and CAM; to fully justify the term,
nowever, CIM must include all of the techniques men-
tioned above, and perhaps some others, each of which
has a role in the planning, monitoring, control and
execution of the various production functions. Each of
those techniques is used to enhance and facilitate the
tasks involved throughout the life cycle of a typical
oroduct: plan, design, develop, manufacture, sell and
service, 3y coordinating all these functions and
snaring common data, CIM will imporve productivity,
lelivery performance and overall profitability and com-
setitiveness. In 2 typical CIM environment, an
engineer uses Comouter Aided Design to design and draft
1 product »ased on the requirements set forth by
marketing surveys and research, When the design is
finalized, it will be passed to both the Manufacturing
esource ?lanning system for recording product struc-
~are information and the Computer Aided Process
°lanning system, where, using Artificial Intelligence
and Group Technology, process plans will be developed,
Jnce the orocess plans are complete, these will be
downloaded to the routings file of the Manufacturing
Resource Planning system for execution at the
appropriate time, RP Il coordinates the scheduling of

shop floor activities and machines, and the gathering
of materials and other resources (i.e., labor, equip-
ment, cash, etc.), based on the process plans and the
production schedule as estabiished by Master Scheduling
and detailed by the Material Requirements Planning
module. In 1ts execution role, MRP II can be assisted
by Artificial Inteliigence, Automated Materials
Handling, Computer Aided Manufacturing, Group
Technology, and other techniques to enhance its capabi-
1ities. By coordinating all of these activities, MRP
11 effectively serves as the "hub" of the CIM system,
as depicted in Figure 1, the proposed functional model
of CIM, The links between the various systems are
determined by the common information required and the
Togical rules to regulate the data flow,

ROBOTS

Fig. 1 Functional CIM Model with MRPII as the "Hub"

Today, CIM is only a goal; it cannot be purchased
as a turn-key system, and no one has yet created a
comprehensive CIM system in industry or academia. The
barriers to CIM are numerous and include not only tech-
nological difficulties, but organizational issues as
well, For CIM to be successful, management will have
to take the leadership role in coordinating the gradual
implementation and integration of CIM components as
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they become available and most importantly, prepare the
members of the organization for the drastic changes
that will accompany CIM development.

This paper discusses a suggested model for the
functional integration of CAD and the Bill of Material
module of an MR? Il system, given the fundamental simi-
larities of operations and commonality of data between
these systems., The functional design and the detailed
description of the model are followed by the first
steps toward the implementation of it, using the multi-
database interoperadility technique discussed in later
sections, The next steps required to reach a state of
functionality follow the conclusions drawn from this
first part of tha work.

STRATESIC ISSUES IN THE DATABASE ARCHITECTURE. There
are many problems and issues that must be resolved
hefore CIM is possible, among which the database archi-
tecture is of utmost importance, Given the functional
model of CIM proposed in Figure 1, how is the actual
system to be constructed? There are two primary
schools of thought in this area. The first {s that a
single database, accessible to all system functions and
maintaining all system data, should be constructed as
shown in Figure 2a, The second alternative is that
separate databases be maintained for each function, and
interoperational capabilities be added as needed, This
concept is presented in Figure 2b,

The idea of 2 single database has some definite
advantajes over the idea of separate databases. With a
single database shared data are stored in one place,
wnereas ~ith separate databases copies of the shared
1ata may e stored in several of the databases. In a
single database the problem of maintaining consistency
setween several copies of the same data is non-
existing, A sinjle database solution would also avoid
the overnhead associated with communication between the
functions in the separate database solution,

1t is not clear which of the two solutions would
jive tne users the best response time, With a single
datapase the response time for all functions would be
nigher decause of the size of the database, With
separate databases the response time for functions that
anly affects their local database would be low, whereas
the response time for functions that affect other than
their local database could be very significant,
1epending on the amount of traffic (number of inter-
jatabase operation calls) needed to maintain con-
sistency.

The separate database solution has some definite
advantages too. The single database solution would
require CIM to ne developed from scratch; a nonmomumen-
tal task for any single developer, The separate data-
sase solution, on the other hand, protects the
investments in existing systems. If is not only the
investment in actual software that is important here,
sut eduction of employees using the software as well,

fyrthermore, the separate database solution facili-
tates a gradual evolution towards CIM, and carries the
oromise of software vendor independence, We feel that
wne separate database solution carries sufficient pro-
mise to warrant further investigation. As seen later
multi-database interoperabiiity depends on artificial
intelligence, in the form of rule-based expert systems,
11 order to define the proper interaction between the
1a%anasas involved, under all circumstances.

5YSTE4 JESTRIPTION.  The systems under consideration
F5r tnis starting point are Computer Aided Design (CAD)
ind Manufacturing Resource Planning (MRP II), While
neither of these can be called fully mature, their
sverlap is well established: product definition, CAD
facilitates the creation and design of parts and
1ssempblies, where assemblies are really just arrange-
ments of component parts, MRP Il has the role of cata-
153ing each nart and assembly by number and description
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a Single Database Approach to CIM
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b Multiple Database Approach to CIM
Fig. 2 Single and Multiple Database Concepts

and defining the product structure (i.e. where each
part is used).

More specifically, the elements common to MRP Il
and CAD addressed by the integration are as follows:

- Part Specifications
- Bills of Material
- Engineering Changes

In both systems, part specifications serve to docu-
ment component parts and assemblies. In MRP II, part
specifications are contained in a Part Master Record
(PMR) which contains information needed for the pro-
curement, manufacture, or assembly of components, such
as:

» Part number
o Drawing number
¢ Revision level



Jdescription

Source code (make or buy)

unit of measure

Yendor information (for purchased parts)
Leadtime

Cost

o ® @ ¢ > O

4any, but not all, of these fields are likewise
maintained in a CAD system, for the purpose of docu-
menting and cataloging design drawings.

3i11s of #aterial (BOM's) are used to define the
oroduct structure of assemblies using a family tree
format to relate the component parts to the final pro-
34ct.  Parts on a given level in a BOM are said to be
the “"parent” items of the parts on the next lower
Tevel, If structured properly, a BOM serves as a model
2f the sequence of fabrication and assembly operations
far the end product,

Jsing the 80M and PMR information for a product and
its components, MRP II establishes a plan for produc-
tion activities and material purchases., In the
4Haterials Requirements Planning (MRP) module of MRP LI,
the requirements for end product manufacture (as input
from the Master Scheduling module of MRP [I) are
carried through the various levels of the BOM to deter-
mine the quantity of each assembly, component, and raw
material needed, and the requirement date (using the
leadtime and vendor information in the PMR), Inventory
records are checked for current inventory levels and
pending orders to calculate the net requirements of
each item, MRP Il then initiates the generatfon of
ourchase and manufacturing orders for the required
oruchased and manufactured parts, respectively.

To CAD, the 30M is represented by the parts list
associated ~ith each assemdDly drawing, which is the
single-level explosion of an assembly into {ts com~
Jonent parts, It is the set of CAD bills of materials
up to the top Jevel item that define the product struc-
ture for the rest of the system.

Before a part drawing is released in a CAD system,
it is assiqgned a part number and given a description,
Additionally, other information, such as revision
level, estimated cost, and unit of measure, is typi-
-ally included. This same information is usually
manually re-entered into the MRP II system to form the
MR, As it is entered into MRP [, additional infor-
mation, such as vendor sources and leadtime, is added,
Tne step of re-entering the information into MRP II
means botn 4asted time and a greater chance of errors,

Tne creation of 30M's is generally similar to that
of PR's. The parts lists from CAD assembly drawings
are entered into 4RP Il manually. Creating BOM's in
this fashion for complex assemblies is very time con-
summing, as repeated reviews of drawings are essential
to assure accuracy. As with PMR creations, the re-
entry of similar data requires extra time and results
in more errors,

tven «hen newly released, there is a chance of
inconsistent part or product structure data between CAD
and MR? II. To make matters worse, engineering
changes, #hich are inevitable throughout a product's
1ife cycle, must also be entered and maintained in each
system independently. Thus the chance of inconsistancy
increases as the part ages.

The extra effort and higher error rate caused by
maintaining PMR and 30M data in both CAD and MRP II can
se eliminated. Common data can be maintained and made
ivailable to either system, eliminating transcription
arrors resulting from keying the same data into both,
?art specifications information from CAD drawings would
se transferred to MRP I1 at the time of the drawing's
release to estadblish a skeletal Part Master Record,
#nicn could de completed by MRP II users., For assembly
1rawings, a first cut 30M would likewise be transferred

to MRP II using information in the parts list, The BOM
could then be modified by MRP Il users to better repre-
sent the manufacturing sequence.

Engineering changes would be greatly simplified by
the integrated system. Parts requiring modifications
for safety reasons could be pulled from use by users of
either system, As soon as new revisions of parts or
replacement parts are released by CAD, the data is
available to MRP for planning purposes,

THE FUNCTIONAL DESIGN OF THE MODEL. The functional
modeT of the CAD/MRP II integrated system is based on
the similarity of functions and the commonality of data
between the two systems. The model is not derived from
any two commerical packages in particular, but instead
is intended to be generic enough to be applied to any
set of fairly well-designed systems. The model to be
presented includes the sharing of part specification
and engineering change data, The model is intended to
operate in a discrete parts, make-to-stock environment.

The part specification data maintained by each
system is shown in Figure 3. General part data is
maintained for each part and is retrieved by part num-
ber; in addition to this data, the effectivity start
and end dates and status code (different for each
system) of each revision is maintained.

For Each Part Number
CAD MRP 11

Part Number

Drawing Number

Drawing Size

Description

CAD(BOM) Unit of Measure

MRP{Purchasing) Unit of
Measure

UOM Conversion Factor

Source Code

Cost

Leadtime

Supersedes Part Number

Superseded by Part
Number

Part Number
Drawing Number
Drawing Size
Description

CAD Unit of Measure

Supersedes Part Number
Superseded by Part Number

For Each Revision Level
CAD MRP II

Part Number

Revision Level
Effectivity Start Date
Effectivity End Date
MRP Il Status Code

Part Number

Revision Level
Effectivity Start Date
Effectivity End Date
CAD Status Code

Fig. 3 Part Specification Data Maintained by Each
System

It is assumed that no data exists in either system
when the integration is established, ensuring data con-
sistency.

The functioning of the model can be represented by
examining the status codes associated with each part
and revision, These codes have different values for
each system, as follows:

CAD Status
W =~ "Working", not a completed drawing, used
prior to approval, and not transmittable
to MRP II
R - "Released", an active part
H - "Hold", under review, pending for appro-

val, possibly with a new revision level,.
Part should not be used by either system.



3 - "Josolete”
MRP I Status
R - "Released", active part
4 - "Hold", not to be used by MRP

The basi¢ functions of the system are described
with the aid of status code diagrams, showing the flow
of information and the status of each part in both
systems during a given activity. In the following sec-
tions, the basic operations are described through the
oresentation of appropriate scenarios.

Creation of New Part

CAD Status

la

MRP II Status

d
Rld
\y?‘?”"_’\\
/2;. . gk,_S
| 438 - ‘f}cH
v
0

e

Fig. 4 Status diagram for the Creation of a New Part

A prand new part is first created by a CAD user as
a working drawing (figure 4, point a)}, At this point,
no information about the part exists in MRP II, Upon
completion and approval within CAD, the part is
released by a CAD user (b).

If the part supersedes another, the status of the
superseded part is immediately changed in CAD to obso-
lete, {2c), regardless of whether the part previously
nad an R status (2a) or an H status (2b)., In MRP II,
the changeover to the superseding part is performed
automatically, by virtue of the effectivity start date
of the higher level assembly calling for the new part
as part of a revision change, handled by an Engineering
Change orocedure,

The release of the new part within CAD triggers the
establishment of a skeletal Part Master Record (PMR) in
MR? using the CAD Part Specification data. Because the
°MR js not complete, and to give manufacturing time to
plan for the purchase or manufacture of the part (eg.,
search for vendors, develop routings) the part is given
2 status of # in MRP Il (c). When MRP II users
complete the PMR, the part can be released within MRP
i1 (2). If the need arises, due to a machine break
down or vendor problems, for example, MRP II users can
place 1 local hold on the part {e) without affecting
CAD, Once held, “RP Il users can again release the
part,

There are three cases involving the submission for
a revision change, fach begins in the above diagram
w#ith the old revision having a released status in both
ZAD ang MR? II. (point a, Figure 5a),

The first case (indicated by "1" preceding the let-
ters in the status diagram) occurs when CAD is notified
oy MRP I users of a desire for a change in a part, If
the CA) users decide the part is adequate as is, there
is no change of status within CAD, MRP II users may
invoke a local hold during the review (1b), but this
n1s no effect on CAD,

Tne second case {2 in Fig. 5a) involves CAD users
putting the part on hold within CAD to review the
1esign (2b). Because safety concerns may be the reason
for the design review, a hold placed on a part in CAD
3utomatically wrijgers a hold on the part in MRP II
12¢) :1f the part w~asn't put on hold by MRP Il users
1lready}. In this scenario, the CAD users determine
tne part to de satisfactory, and re-release it without
chanje 121), A message is then sent to MRP Il to

notify its users of the re-release; the part remains on
hold in MRP II, however, until released by that systems
users (2e),

The final case occurs when CAD users determine that

Submission of Parts for Revision Change

CAD Status MRP Il Status

W
et 3d

L -7

303
a. 01d Revision
CAD Status MRP I1 Status
o
W E“' Tates
(o=
wR —PM\Q; R 5
H 2 H
0

b, New Revision

Fig. 5 Status Diagrams for the Submission of Parts
for a Revision Change

a new revision is necessary, The new revision is
created as a working drawing {point a, Fig. 5b), When
the new revision is released by CAD (b), the status of
the old revision in CAD is changed to "0", whether its
status was previously "R" (3b) or "H" (3c). In addi-
tion, any changes to the part data are communicated to
MRP II {c, new revision diagram) along with a record of
the new revision, which is given an "H" status for the
same reasons given for new parts, MRP II users are
also responsible for determining the effectivity start
date of the new revision, since they have access to
inventory and quantity-on-order information. On
release by MPR Il users, the effectivity date is sent
back to CAD (e) and recorded in the part data for
informational purposes. Note that since MRP II automa-
tically determines which revision of a part to select
based on the effectivity dates, there is no need for an
explicit “"obsolete" status as used in CAD, After the
release of the new revision, MRP II users can re-
release the old revision (3d) to use it until the
effectivity start date of the new revision,

Obsolescence of a Part

Parts may be made obsolete in CAD from either "R"
or "H" CAD status, since the obsolescence may be due to
a routine phasing out or due to safety or performance
problems. For routine phasing out, there is no need
for an intermediate hold in CAD, {which would atuomati-
cally cause a hold in MRP II as well)., A message is
simply to be sent to MRP II, but the part's status is
not to be changed, allowing the use of existing inven-
tory and orders, For safety or performance related
problems, a hold in CAD may be used prior to obso-
lescence to ensure that the part is not used by MRP II,

Deletion of a Part

Deletion of a part may be initfated by efther CAD
or MRP II users, Before the deletion can be completed,
MRP II is checked to determine if the part to be
deleted is used in a product structure, has a non-zero
inventory level, or has any outstanding orders. If any
of these are found to be true, the deletion is not pro-



cessed. [f none of these are true, the deletion
occurs: within MRP Il, all of the part data is deleted;
within TAD, the part is made obsolete, but the data
maintained for historical purposes and possible future
ise.

To accomplish each of these scenarios, the pro-
cesses are broken down into simple tasks such as the
creation of a working CAD drawing or placing a CAD
nold. Efach of these tasks, or operations, is to be
orogrammed separately, allowing for maximum flexibi-
1ity. A sample flow chart, representing the release of
3 Working part drawing from CAD and the establishment
sf 2 M2 in MR? I, is shown in Figure 6.

| verify Else Can't
‘ Part Status Release
N
Part, Revision in CAD, status = W
Part, Revision not 1n MRP (I
- ange | Is There
Status of ‘es ! Another Revision
Laesson ! withRorH
Wl ‘ CAD Status
Change CAD
Status toR
L verify ‘es Does Part
| Superseces Supersede
Part, Number Another?
' Change
ioStatus of ;

iC1gPart o0
—
v 91

: Send Create MRP PMR,
'+ Message 1o Revision Record,
MEP 1 { Set Status to H

[

END

S

“ig, » Flowchart for the Release of a Working Part
from CAD

Summarizing the functional characteristics, the CAD
system is positioned as the focus of product design and
engineering changes. DOrawings and part specifications,
for both new parts and new revisions, are initiated by
ZAD, and CAD users are given the ability to place parts
on hold throughout the combined system if the need ari-
ses. MRP II users are responsible for the planning and
manufacture of parts, completing the skeletal CAD part
data, and establishing effectivity dates for engi-
neering changes.

AULTL DATABASE INTEROPERABILITY, It was the need for
Simultaneous access to and manipulation of indepen-
dently created and managed data files and the need to
ceep these data files mutually consistent that spurred
the datapase research in the late 1960's and early
1370's.

3ecause the problems then and now are very similar,
most attempts to integrate independently created and
managed databases have reapplied the database approach,

The datadase approach is based on centralized
control and integration, and common to these previous
yttempts is therefore the notion of a global schema,
integrating the schemata of the existing databases.

There are basically two ways to integrate existing
databases using a global schema, The global schema can
be placed between the databases and the system. In
this case, the schemata of the existing databases
become external schemata and the application software
can be preserved, but the data must be reorganized and
stored under the global schema. This is fllustrated in
Figure 7. Alternatively, the global schema can be
placed between the users and the databases. In this
case, the application software must be rewritten, but
the data need not be reorganized, This is illustrated
in Figure 8,

28,
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Fig. 7 A Globa) Schema between the Databases and the
System
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Fig. 8 A Global Schema Between the Users and the
Databases

The basic problem in database integration is the
required initial design of a global schema which is the
UNION of the schemata of the databases to be
integrated,

1f the databases to be integrated are HOMOGENEOUS,
i,e, their schemata are all defined in terms of the
same data model, then one encounters the following:

easy problems:

-domains may have different physical represen-
tation, e.g. integer or real;

-domains may have different units of measure, e.g.
inches and centimeters;

-domains may have different structure, e.g. date
may be mmddyy or ddmmyy;

-comains that represent the same may have different
names;

-records that represent the same may have different
names;



1ifficult problems:

-the same fact is modeled by different record
structures;

-gifferent constraints apply to the same fact;

very difficult problems:
-conflicting models of similar facts;
-conflicting constraints apply to similar facts

If the databases to be integrated are
HETEROGENZOUS, i.e. their schemata are defined in terms
of different dat: models, then one encounters

very difficult problems:

-define mappings between data structures in dif-
ferent data models, and

-define mappings between DMLs of different data
models

It is noted that it is not the notion of a global
schema as such that gives problems in database integra-
tion, The problems stem from the requirement, that the
jlonal schema be designed from the very outset of the
integration; and worse, that the global schema is
thougnt of as the UNION - without redundancy and inter-
nal zonflicts - of the schemata of the existing databa-
ses, This situation is illustrated in Figure 9.

UNION

4

conflicts must be solved;
no redundancy accepted.

“ig. 3 Database Integration

Let us 4distinguish the proposed notion of database
interoperability from the previous notion of database
integration by the illustration in Figure 10,

CONCATENATION @ @

conflicts and redundaney controlled
by update and retrieval dependencics.

Fig, 10 Database Interoperability

The basic idea is to let the fnitial global schema
be the CONCATENATION of the schemata of the existing
databases, The global schema sill in other words ini-
tially consist of all the schemata of the existing
databases with all the redundancy and all the conflicts
this implies,

In addition a rule-set is constructed for each
separate database called update and retrieval dependen-
cies, which controls inter-database consistancy through
interdatabase operation calls. This rule set enforces
the functionality of the integrated MRP Il and CAD
systems as described earlier,

it is assumed that all the databases are defined in
cerns of one family,

A relation R is update dependent on relation S if
there exists an update on relation R that succeeds only
if one or more implied updates on relation S succeed,

A relation R is retrieval dependent on relation S
if there exists a retrieval from relation R that suc-
ceeds only if one or more implied retrievals from rela-
tion S succeed.

Update and retrieval dependencies have the
following (example) structure:

opl(R) + cond;
°pz(3)f
op3{T);
op4(R).

The meaning is as follows: operation op] on rela-
tion R is said to succeed if and only if the condition,
“cond", evaluates to true and the operation opy on §
and the operation op3 on T and the operation opg on R
all succeed, The operations on the right-hand side may
be primitive operations or they may themselves be spe-
cified as above.

The relations R, S, and T may reside in the same
database or in different databases.

If all the relations reside in the same database,
then the update dependencies merely give an operational
specification of a set of constraints in that database,
If, on the other hand, the relations reside in dif-
ferent databases, then the update dependencies give an
operational specification of a set of inter-database
constraints., Figure 11 displays sample update depen-
dencies on relations in two databases,

There are two alternative architectures for
Multi-Database Systems based on interoperability:

-loosely coupled systems, and
-tightly coupled systems.

In a loosely coupled system the update dependencies
would be specified in the individual database schemata.
In a tightiy coupled system the update dependencies
would be specified in a special schema under centra-
1ized control.

The loosely coupled architecture is currently
adopted which seems to fit best with the proposed evo-
lutionary approach,

Communication in a loosely coupled system is
established through inter-database operation calls.
The only data passed between databases are the actual
parameters of the operation calis. Finally, messages
about the success or failure of an operation are passed
from the site where the operation was executed to the
site where the call of it originated., If retrieval
operations are considered, then the data resulting from
a retrieval operation has to be communicated back to
the site where the call of it originated. As an impor-
tant part of the research on Multi-Database
Interoperability a communication protocol must be
defined.

The model for Multi-Database Interoperability
allows one to consider a given set of databases as a
Multi-Database, But, Interoperability is not
established until update and retrieval dependencies are
defined in the database schema,

Establishing Interoperability is a continuous evo-
lution process. At the beginning of this process the
user will see no change in the database. Gradually,
as more retrieval dependencies are added to the schema
of the database, the user will be able to see more of
the multi-database, Gradually, as more update depen-
dencies are added to the schema of the database, the
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effects of the operations on the database can be seen
Dy other users on their databases,

This model for Multi-database Interoperability does
not make the very difficult problem of conflicting
models of similar facts disappear. No model does! The
aoroposed model does however allow the problem to be
solved gradually, Conflicts between models of similar
facts can only e resolved or controlled through rigid
logical rules as agreed and stated in the functional
1esijn of the system,

THE [MPUIMENTATION STRATEGY, The implementation stra-
tegy has deen nlanned to allow one to test the specifi-
cations of the functional relationships between the MRP
I1 and the CAD systems early in the project.

The first step has therefore been to define a for-
mal language for specifying there functional rela-
tionshins. This language allows one to specify the
operations within and between the MRP II and the CAD
systems as an Al production system, This Janguage is
currently being evaluated,

The second step is to implement an interpreter for
tne specification language, The interpreter is being
implemented in PRILOG, It is planned to test the spe-
cification of the functional relationship between the

CAD and MRP II systems under the control of one
instance of the interpreter.

The third step is to integrate a remote procedure
call facility into the interpreter. This will allow
for running functional copies of the MRP II and the CAD
system under separate instances of the interpreter on
the same machine,

The fourth step is to move the two interpreters to
different machines by generalizing the remote procedure
call facility to allow calls over the net, The execu-
tion of steps three and four should not necessarily
imply any changes to the functional design of the
system.

Whereas this implementation strategy caters for a
thorough testing of the specification of the functional
relationships between the two systems, it does not pro-
vide an integration of two actual systems,

One possible way to not only integrate two actual
systems, but furthermore enhance the consistency of
each individual system, is to replace the operations in
the systems Dy calls to the interpreters which would
then issue and control implied operations on both
systems through other system calls.

CONCLUSIONS. The need for manufacturing systems
Tntegration has resulted in a CIM crusade in which
several industrial and academic researchers are
involved. This work suggests a staged approach,
starting with MRP Il as the nucleus of the system and
CAD as the first “satellite". The similarity of func-
tions dealing with the product definition and admi-
nistration and the large degree of data commonality
between BOM of MRP II and CAD call for an attempt to
streamline the operations in both systems.

The generation and maintenance of part master
records and product structures initiated in the product
engineering/design division of every manufacturing
organization can be significantly facilitated if an
interface {s designed and implemented between CAD and
MRP II as described in this paper. The functional
design of the model must be extended to cover the tran-
sition of single level product structures to MRP II, as
soon as assembly drawings are completed and released
from CAD.

The implementation of the model has just started by
translating the logical rules into update dependencies,
using a form of rule-based expert systems., On comple-
tion of the programming phase, the system will be
tested for inconsistencies. Approval of the logical
rules will be sought from industrial experts to ensure
the applicability of the model in a real working
environment,

Subsequently, the model will be extended over two
databases on the same computer and later on two com-
puters using remote operation calls,

Future plans include the coupling of Computer Aided
Process Planning (CAPP) with the routings module of MRP
II for automated downloading of the optimal sequence of
manufacturing operations and specification of equip-
ment, tools, jigs and fixtures.
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