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ABSTRACT. The objective of Computer Integrated Manufacturing (CIM) 1s to develop a coherent database management

system capable of controlling an entire manufacturing operation through the integration of manufacturing, design,
and business functions. To begin this approach, an inftial nucleus, which will be gradually expanded, by allowing
futeraction between it and other system's databases, 1s needed. Manufacturing Resource Planning (MRP 1I) has the
best position to serve as this nucleus, and the flrst suggested system for integration is Computer Aided Design
(CAD). The Integration between these two systems is centered around part specification, product structure, and

engineering changes.

A model of the CAD/MRP Il fntegrated system, detailing the logical interaction between the systems Iin the
fields of part specification malntenance, product structure data maintenance, and engineering changes, 1is currently
being developed. A knowledge based multi-database inteoperabllity system, which uses a formal language called
"Update Dependencies” based on an AL production system, has been developed, and tested against the major part of the

model design specification.

The syntax and semantics of the Update Dependencies language are introduced as well as the description of the
system model. Several results are 1llustrated in the demonstration session and a discussion of our experience so
far is also presented here. Finally, the next steps of our implementation strategy are outlined.

INTRODUCTION. Today, in order to survive the threat
countries, U.S. industry is making every effort to
achieve the Computer Integrated Manufacturing (CIM)
goal and the flexible automation needed for the
factory of the future.

Since 1980, a large number of computerized manu-
facturing systems have already been widely used In
U.S. manufacturing industries, thanks to an extenslve
array of available computer hardware and softrware,
as well as the notable reduction of the computer
price/performance ratio. Those systems were developed
based on relatively new technologies and techniques
which include Computer Alded Design (CAD), Computer
Atded Manufacturing (CAM), Manufacturing Resource
Planning (MRP 11), Flexible Manufacturing System
(¥MS), CGroup Technology (GT), Computer Aided Process
Planning (CAPP), Just In Time Inventory Control (JIT),
Automated Material Handling (AMR), and many more.

When properly planned, managed, and implemented, most
of these systems have proven beneficial to thelr
spec¢ific area of application. However, a fully oper-
atfonal CIM system has not yet been developed due to
the lack of communication or better integration bet-—
ween these individual tasks. The result has been a
proliferation of heterogeneous hardware, software,

and data models, with each application being optimized
locally. Instead of firms independently automating as
many as 50 different functional areas [l}, often using
untque hardware and software for each, it is time to
adopt a systematic approach to {mplementing and inte-
grating the various technologles as a means for
achleving the productivity gains requlred [lJ.

In order to coordinate all of these activities,
MR IT may effectively serve as the "hub™ of the CIM
system [3}, as deplcted in Figure 1, the proposed
functional model of CIM. The links hetween the vari-
ous systems are determined by the common fnformation
required and the logical rules to regulate the data
flow.

Althouph thie concept of CIM has been loosely
defined, ncither a thorough system archftecture nor a
requisite fntegratfon vehicle Is yet avaflable. There
are miny problems and issues that must be resolved
before CIM is possible, among which the database
architecture s of utmost Importance. [6 . There are
two primary approaches of desiguning a database archi-
tecture; the first Is the “general database™, which
has a single database accessible to all system fanc—

tions and maintains all system data. The second al-
ternative Is "multiple databases” where separate
databases are maintained for each function and use
some sort of interoperational capabilities between
functions. We support, and furthermore endorse, the
separate database approach which facilitates a grad-
ual evolution toward CIM, carries the promise of soft-
ware londividuality, and preserves invested capital

and expertise.
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Fig. ! Functional CIM Model with MRP II as the "Hub”

For a true CIM architecture, a database Inter—
operability system linking all secparated databases
together must be actlvely finvolved in the management
of data; f.e., it needs to not only retrieve and up-
date data passively on behalf of application programs,
but also to actively control the flow of data and
warrant data i{ntegrity. The suggested databasc
management system based on this model must be fnstru-
mental in decisfon making and initiate appropriate
action to maintaln the consistency and integrity of
all the databases. Therefore it can be best described
as a "knowledge based multi-database Inteoperability”
system which merges artiffcilal intelligence (Al) and
database management technologles through extensfons of
databases.



This paper includes a brief review of the model
description and the principles of mult{-database
inteoperability as developed in our previous work
[5,6]. 1t presents the details of the Update
bependencies language which was used for the implemen-—
tation of the integrated system, and concludes with a
demonstration of certaln functions, including product
structures.

DESIGN SPECIFICATIONS OF THE INTEGRATED SYSTEM. The
functions under consideration for this starting point
of our CIM model are Computer Alded Design (CAD) and
Hanufacturing Resource Planning (MRP II). While
neither of these two systems can be called fully
mature, their overlap Is well established: product
definition. CAD facilitates the creation and design
nf parts and assemblies, where assemblies are really
just arrangements of component parts. MRP II plays
the role of cataloguing each part and assembly by part
number and description, and defining the product
structures.

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

-Part Specifications.
~Bills of Material.
-Engineering Changes.

The functional model 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 1s not based on any particular MRP II or CAD
package, but Instead is intended to be generic enough
to be applied to any set of falrly well-designed com-—
ponent systems. The model to be presented includes
the sharing of part specification, product structure
{nformatlon, and englineering change data. The model
ts intended to operate in a discrete parts, make-to-—
stock environment.

The part specification data maintained by each
system s shown {n Figure 2. General part data Is
mailntalned for each part and is retrieved by part
number; {n addition to this data, the effectivity
start and end dates and status code (different for
each system) of each revision are maintalned.

For Each Part Number

CAD MRP IL
Part Number Part Number
Drawing Number Drawing Number
Drawing Size Drawing Size
Description Description
CAD Unit of Measure BOM Unit of Measure
MRP (Purchasing) Unit of
Measure
UO Conversion Factor
Source Code
Cost
Leadt ime
Supersedes Part Number Supersedes Part Number
Superseded by FPart Number Superseded by Part Number

For Fach Revision Level

CAD MRP II
Part Number Part Number

Revistion level Revision level-
Fffectivity Start Date Effectivity Start Date
Effectivity Fand Date E{fectivity Tnd Date
CAD Status Code MRP 1I Status Code
brawing File HName

Fig. 2 Part Specification Data Maintained By [Lach
System

Product structures are represented and recorded
by the Individual parent—component relationships

comprising them. The product structure related data
mafintained by each system are shown in Figure 3.

CAD MRP LI
Parent Part Number Parent Part Number
Parent Revislon Level Parent Revision Level
Item Number Item Number
Component Part Number Component Part Number
Quant ity Per Assembly Quantity Per Assembly

Fig. 3 Product Structure Data Maintained by Each
System
It {s assumed that no data exists in either
system when the Integration is established, so that
data consistency can be ensured.

The functioning of the model can be represented
by examining the status codes assoclated with each
part and revision. The status codes assoclated with
each system are different as shown below.

CAD Part Status

W - "Working"”; not a completed drawing, used
prior to approval, and not transmittable to
MRP II.

R - "Released"”; and active part.

H - "Hold"; under review, pending for approval,
possibly with a new revision level. Part
should not be used by either system.

0 - "Obsolete” i

MRP Il Part Status
R - "Released"; active part.
H - "Hold"; not to be used by MRP IIL.

The basic functions of the system are described
with the ald of status code diagrams, showing the flow
of information and the status of each part in both
systems during a given activity. Id the following,
the basic operations using Part Master Records and
Product Structures between CAD and MRP IL are
described through the presentation of appropriate
scenarios.

CAD
Superseded [ (1) or (1) {0) 1
part .
éuperseded by part no.) ( Eff. end )
CAD
New pant W n f l
(e ) (en. stant)
MRP
New part th L] ]
(Superseded by part no) CEH, endj
MRP it
Superseded | (M) or (1) ]
part
t ¢ t -

MNew part New part New part time

established in released by released by
CAD CAD users MRP Il users

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

Part Haster Records.

In Flgure 4, a brand new part is first created by
a CAD user as a working drawing with status code "W".
At this polat, no Informatlon about the part exlsts In
MRP IL. Upon completion and approval within CAD, the
part is released by a CAD user wlith a CAD status code

"R .



If the part supersedes another, the status of the
superseded part is immedfately changed in CAD to ob-
solete with a status code '0', regardless of whether
the part previously had an "R" status or an "H"
status. In MRP IT, the changeover to the superseding
part is performed automatically, by virtue of the
effectivity start date of any higher level assemblies
calllng for the new part as part of a revision change,
handled by an Engineering Change procedure.

The release of the new part within CAD triggers
the establishment of a skeletal Part Master Record
(PMR) tn MRP T using the CAD Part Specification data.
Because the PMR is not complete, and to glve manufac-
turing tfme to plan for the procurement or the manu-
facture of the part (e.g. to search for vendors,
develop routings), the part is given a status of “"H"
In MRP I1. When an MRP Il user completes the PMR, the
part can be released within MRP L. If the need
arised, due to a machine break down or veundor prob-
lems, for example, an MRP LI user can place a local
hold on the part without affecting CAD. Once held,
the MRP II user can again release the part.

Similar diagrams have been developed for part
obsolescence, deletion, and changes of revision codes.

Product Structures.

The basic Inteoperabllity functions required to
maintaln consistent assembly or Bill of Materfal {in-
formation have also been developed. Typlically CAD
will be the source of the first product structure for
a glven new assembly, as well as the origin of engi-
neer{ing changes requiring the modification of an
assembly.

If the addition of a component calls for elther a
revisfon change or a new part number at the assembly
level [7], the new revision or part should be created
first, and the addition made to the new Bill of Mate-
rial, regardless of whether the additfon s being made
via CAD or MRP II. If the new revision or part is not
created prior to the operation, the system allows the
user to create it as a part of the operation.

To add a component relationship via CAD, all
flelds in the record must be speciffed:

- Parent Part Number

- Parent Revision Level
- Item Number

— Component Part Number
- Quantity Per Assembly

The indicated revision of the parent part, or
assembly, may have a CAD status of efther “"working”,
"hold"”, or "released"; it cannot have an "obsolete”
status, however. Typlcally, desipners will create the
product structure of an assembly before it 1s final-
ized, {.e., while it has "working” status. If the
assembly revision has elther a "hold” or “released”
status in CAD, the system also requires that the part/
revision combi{nation exists In MRP I[l. These re-—
quirements allow the product structure of an assembly
to be compfled prior to its release from CAD, but
prevent the creation of a product structure for an
assembly that has been deleted from MRP IL but not
from CAD.

The component part must have a revision level
with a status of elgher "hold” or "released”™ {in bhoth
CAD and MRP 11. Thus, parts cannot be used as com-
ponents {n product structures prior to the relecase of
thelr first revisfon by CAD users and the subsequent
creation of a Part Master Record in MRP II. Again,
the system does not allow the use of parts deleted
from MRP [! (but nnt necessarlly from) CAD to be used
as components in product structures.

In addition, the system checks to make sure the
item number assigned to the component part has not
already been used by another relatfon in the same
structure. The system does, however, allow the same
component to be recorded in two or more different re-—
lationship records, allowing users to break up the
quantity of a component into two or more items to
better represent the manufacturing sequence of oper-
ations of the assembly.

Finally, the system ensures that the resulting
relationship does not cause a "loop,” i.e., a use of
the assembly as a component of itself. To do so, the
component part number must not be the same as the
assembly part number at any level of the Bill of
Material structure; consequently the system searches

“through all levels of the product structure of the

component part (if applicable) for occurences of ‘the
parent part number. If any are found, the relation-
ship cannot be added.

If the database checks are successful, the re-
lationship record Is added to the CAD system. If any
one of the database checks falls, a message describing
the faillure is printed, and the operation fails.

CAD
Parent [(W) () ]
Part f
( Comp. re!alionshin (Eﬂ. s|arl)
MRP il ‘
Parent (W] (R) I
Part
g I ¥ >
Component Parent Part Parant part time
relationships released reloased
added by CAD by CAD users by MAP It users
users
(5a)
CAD
Parent [U‘)O'('” 4J
Part

Comp. relationships

MIRP Il
parent { () or (1) _J
Part
0
Component time

retationships
added by CAD
users

(5b)

Fig. 5 Status Dfagrams for the Creation of .Component
Relatiounships

The timing of the transfer of the component re-
latlons from CAD to MRP Il is dependent on the CAD
status of the part/revision combinatfon. The two
possible cases are shown in Figure 5. In the first
case, shown in Figure 5a, the revision of the assembly
belng constructed begins with a working status. This
{s perhaps the most common situation, as deslgners
typically construct the Bill of Material for an
assembly before 1t Is released. As is the case with
the data associated with the reviston itself (and part
data as well, if the revision in question {s the first
one for the assembly), the component relationship data
remalns local to CAD until the part Is finalized and
released. When 1t fs rcleased, the component rela-

\
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tiooship data {s added to the MRP II database at the
same time as the revision data, which is assigned an
MRP Il status of "hold”. When MRP II users have
determined and entered any Informatfon not provided
by the designers of the assembly, such as the effec-
tivity dates, the revision is released to MRP II. It
is then the effectivity dates of the new revision
which determine when the new relationship becomes
effective.

In the secodd case, depicted tn Figure 5b, the
revision of the assembly being formed has already been
finalized and has either a "hold” or "released” status
in CAD. Since parent parts such as these exist fn
MRP II as well as CAD, the component relatlionships are
Jmmediately transferrved to MRP II as well. 1If the
parent part has a "hold” status in CAD, meaning that
it 1s under review, the system allows the construction
of product structures for such parts, since they may
again be made active at some later date. As mentioned
above, the parent part/revision combination must exist
fn both systems for a relationship to be defined.
Because the design is already finalized, the rela-
tlonship is transferred to MRP 1L immediately.
Further, because a hold on a part/revision in CAD
automatically implies a hold on the same part/revision
in MRP II, the revision of the assembly being formed
will also have a "hold" status in MRP II. Belng on
hold in MRP I[, the assembly part/revisfon may or may
not have effectivity dates, depending on whether it
had a "released” status prior to being put on hold, or
was just transferred from CAD. In elther case, by the
time the assembly revision Is released or rereleased
fn MRP LI, ft will have effectivity dates for deter-
mining the validity of its relationship records. If
the parent part has a "released” status in CAD, the
assembly revislon may have an MRP LI status of elther
“hold” or “releascd”. If {t has a “released” status
fo MRP IT, then the effectivity dates of the revision
should have been defined. If it has a "hold" status,
then the effectivity dates may or may not have been
defined, as described above, but will be defined prior
to the release or rerelease of the revision.

Similar diagrams have also been developed for
dcleting component relationships, substituting
components {n relationships, and modifying component
quantities.

MULTL-DATABASE INTEROPERABILITY. To implement and
demonstrate the integrated MRP II/CAD system, the
concept of database interoperability is'being uti-
lized. This sessfon presents this concept, which is
based on the Update NDependency language currently
under development in the department of Computer
Science at the University of Maryland 8] as a tool
for achleving {nteroperablility. The languapge 1s being
applied to the current problem as a means to criti-
cally analyze the desfgn of the Integrated system as
well as to analyze the effectiveness of the language
{n specifyling such a system. Therefore, a rule set is
constructed for the {ntegrated system, called update
and retrieval dependencies, which controls inter-data-
base conslstancy through Inter-database operation
calls. This rule set is used here to enforce the
functionality of the integrated MRP LL/CAD system.

In the followling sections, the syntax and seman—
tics of update dependencies are more formally pre-
sented.

Syntax.

A compound update operatfon is defined by an up—
date dependency with the following form:

<op>
+ Loy,
Copy 1

, 1
copy )

.

>

<op1,n1>.

+ <C2>,
<0p211>,
<op2'2),

“where <op> is the compound update operation being

defined, <°Pi,j> is elther an fmplied compound update
operation or an implied primitive operation, and <cy>
is a conditfon on the database state.

A compound update operation <op;> has the
following form:

<operation name>(<relation namé)((tuple spec)))

where the <tuple spec> is a tuple variable for the
relation with the name <relation name> and consists of
a list of <domain variableds. The <tuple spec> in
<op> 1s the formal parameter for <op>. All the
{domain variableds in the <tuple spec> of <op> are
assumed to be universally quantified. All <domain
variable>s in the <tuple specd>s of <opy j>, that are
not bound to a universally quantified {domain vart-
able> in <op>, are assumed to be existentially
quantified. All <domain variabled>s are in upper case;
nothing else is.

The Implied primitive operators are: 'add' for
adding a new tuple in a relation, 'remove' for elimin-
ating one, 'write' and 'read' for retrieving data by
and from the user, 'new' for creating a unique new
surrogate, and 'break' for temporarily stopping the
system to do some retrieval before giving the control
back to the system. The lmplied primitive operations
<°Pi,j> have the following forms:

- add (<relatlon name>(<tuple spec>))

- remove (<relation name>(<tuple specd))

- write ('<any text>'), or write (<domain
variable))

~ read ({domain variabled)

- new (<relation name>(<tuple specd))

- break

The <relatfon name> used In the operation 'new'
must be the name of a unary relation defined over a
non-lexlical domain. The conditions <cond> are ex-
pressions of predicates. The connectives used {n
forming the expressions are 'and' (A) and 'not' (7).
The predicates are of the form <relation name>(<tuple
spec>) to determine whether or not a glven tuple i{s in
a glven relatfon; or of the form 'nonvar(X)' or 'var
(X)' to decide whether or not a <{domafn variable>, X,
has been instantiated; or of the form X <comp>Y, where
{comp> 1s a comparison operator.

Conditions, or retrleval dependencies, can also
be used to retrieve data from the system.

Semantics.

A compound update operatlion succeeds If, for at
least one of the alternatives in its update depen-
dency, the condition evaluates to be true and all the
implied operations succeed. It falls otherwise.

When a compound update operation is invoked, ite
formal parameters are bound to the actual parameters.
The scope of a varfable is one update dependency.
Existentially quantified variables are bound to values

\
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selected by the database system or to values supplied
by the interacting user on request from the database
system. Evaluatfon of conditions, replacement of
fmptied compound update operations, aund execution of
{mplied primitive operations is left~to-right and
debth~-first for each invoked update dependency. For
the evaluation of conditions we assume a closed world
interpretation.

The non-deterministic choice of a replacement for
an {mplied compound update operation 1is done by back-—
trackling, selecting in order of appearance the update
dependencies with matching left-hand sides. If no
match 18 found, the operation fafls.

An {mplied compound update operation matches the
left-hand side of an update dependency {f:

- the operation names are the same, and
- the relation names are the same, and

~ all the domain components match. Domain
components match {f they are the same
constant or if one or both of them s a
variable matches a constant it 1s instan-
tiated to that value. , If two variables
match they share value.

The semantics of the primitive operations are:

- add(r(t)); its effect is r:=rU{t}; it always
succeeds; all components of 't' are constants.

- remove(r(t)); 1ts effect is r:=r\{t} where all
components of 't' are constants. It always
succeeds.

- write("text'); It writes the 'text' on the
user's screen. It always succeeds.

- write(X); writes the value of 'X' on the user's
screen. It always succeeds.

- read (X); reads the value supplied by the user
and binds 1t to 'X'. It always succeeds (1f
the user answers).

~ new(r(D)); produces a new unique surrogate,
from the non~lexical domain over which 'r' is
defined and binds the value of the varlable 'D'
to this surrogate. It always succeeds.

- break; suspends the current execution and makes
a new copy of the interpreter available to the
user, who can use it to retrieve the informa-
tton he needs to answer a question from an
operation.

The 1ist of primitive operations is minimal for
fllustrating the concept, however {t can easily be
extended., It is emphasized that primitive operations
are not avaflable to the users ({.e. they cannot
{uvoke primftive operations).

The exccution of 'add' and 'remove' operations,
which are done by the system in an attempt to make a
compound update operatfon succeed, will be undone in
reverse otder during backtracking. This implies, that
a (user {nvoked) compound update operation that fails
will leave the database unchanged.

Update dependencles for a number of high level
control abstractlons which include while, repeat,
do-for, {f-then-else, and case statement, can be
generated automatically. Therefore we are going to
revise the language to include these abstractions, and
make it more user friendly.

DEMONSTRATION. A sample interactlve session demon-—

strating some of the baslc interoperabiltty functtons

o |+ *widget.prt’.

of the MRP II/CAD system is shown in Figures 6-11.
Initially, both the MRP IL and CAD databases are
empty. The CAD and MRP II part and revision records
contain the Iinformation specified in Figure 2 and the
product structure records contain the information
specified in Figure 3.

~

ud> fnsert{cadpart{Pnum,Dnun,bsize,Des,Buon,
Spnum, Sbnum) ).

Fart Humber?

|: 12345,

vescription?

t: deluxe widget.

Unit of Méasure?

1: each.

New Revision Level?

E
irnulnq File Name?

Revision 1tas Been Added
Patrt Has Been Added

ud> listing(cadpact).

cadpact{12345, unknown,unknown,deluxe_widget,
each,unknown,unknown} .

ud> listing(cadrevs).
cadreve{12345,1,unknown,unknown,w, ‘widget.prt’}.

ud> listing{meppmr).

ud> listing{mrprevs}.

Fig. 6 Adding a New Part to CAD

ud> releasevock(cadrevs(Pnum,Rev, Estact,Eend,
Cstat,Dfname)).

Part Number?

1: 12345,

Revision Level?

t: 1.

Revision #las Been Released

ud> listing{cadcevs}.

cadrevs(12345,1,unknown, unknown,r, ‘widget.prt’},

ud> listing(mrppmc}.

meppmr {12345, unknown,unknown,deluxe widget,
each,unknown,unknown,unknown,
unknown,unknown,unknown,unknown}.

ud> listing(meprevs).

mipreve(12345,1,unknown, unknown,h).

Fig. 7 Releasing a New Part

ud> insecticadreve(Pnum, Rev Estart, Eend Cstat,
Diname) ).

FPact Number?

1: 12345,

Hew Revision Level?

1: .
Nrawing File Hame?
1+ *widget2.prt’.

Revisjon Has Deen Added
ud> listing(cadrevs).

calrevs{12345, 1, unknown, unknown, r, "widgrt.prt® ).
cadrevs(12345,2 unknown,unknown,w, ‘widget2.pct’ ).

ud> listing(mrprevs).

miprevs(12345,1, unknown,unknown, h).

Fig. B8 Adding a New Revision to CAD

ud> knsert{cadpact{Fnum,Dnum,Dsize,Das, Buom,
Spoum, Shnum) ) .

Fact HMumbec?
1: 12115,
Desceiption?

I: hammnt .
Unit of Measuce?
b: each.

Patrt Number Already Exists

udy releasework (cadreve!{Fnum, Rev, Estart, Eend,
Cstat,Dlname) ).

Pait Humber?
b L2345,
fevision Level?
1: Y.

Patl Does Not llave Woiking Status ]

Fig. 9 Preventlng Users from Compromising Database
Integrity



In Figure 6, a new part {8 inserted into the CAD
database; the uscr is prompted for the data required
to establish a record for the new part and one for its
first reviston level. The remaining fields, if not
specifled by the user, are given the value “unknown”,
as shown {n the subsequent listing of the CAD part and
revision records. The absence of the MRP II part and
revision records veri{fies that no information has been
transferred to MRP II yet.

In Figure 7, 'the first revisfon of the part just
crcated {s released, and the listing of records after
the part was released shows the updating that has
occurred in both CAD and MRP II. In CAD, the status
of the revisfon data is changed from working to
released; in MRP II, a part master record Is created
for the new part, as well as a revision record with a
status of "hold” for the first revislon of the part.
Any data not {ncluded in the CAD record is given the
value “unknown”.

In Figure 8, the addition of a new revision level
to the part {s shown, and the listings after this
addition show the revision record with a working
status in CAD, but not recorded at all im MRP IIL.

The system {s designed to prevent the user from
{nadverteantly compromising the Integrity and consis-—
tency of the two data bases. Flgure 9 shows two
examples of this. 1In the first example, the user
attempts to enter a new part using a part number that
already exists. The system prints a message out In-
dicating this and stops the operation. In the second
example, a user trles to release a CAD revision that
1s already released. Agaln the system prevents this
action and prints a message.

ud> listingleadpart),
cadpart{12345,unknown, unknown,assemblyn, each,unkpown,unknown) .,

cadpart{12346,unknown, unknown,componentl,each,unknown,unknown) .,
cadpart{12347, unknown,unknown, component?,each,unknown,unknown}.

ud> listing{cadrev),

cadrev(12345, 1, unknown,unynown,w, filel).
cadrev(12346,1, unknown,unknown, r, f11e2).
cadrev(12347,1, unknown, unknown, r, file2).

ud> tnsert{cadromponat].

bLoes this change tequire a new assembly part number? no,

Does this change tequice A new assembly tevislon level? no.
Facent part numbec? 12345,

Farent tevision level? .

ttem Humhec? 1.

Component patt numbec? 12346.

Quantity per assembly? 1,

in insert cadcomp 1Component relationship has been added to CAD

udy listing(cadcomponent ),

cadcomponent(12345,1,1,12346,1),

ud> listingimepcomponent).

Fip. 10 Adding Component Relationship to CAD

uds substitutepartead.

Cuctent pact numberz 12346,
tort numbec to substitute? 12347,

in subpactcad, lRelationship has bern deleted f1om CAD

in inseit cadcomp 1Component 1elationship has been added to CAD
Fart subatitution has heen cempleted

wh> bisting(cadecomponent) .

cadeomponent (12345,1,1,12347,1%.

Fig. 11 Substituting Component {in Relationship

In Figure 10, the listings show that one parent
part and two component parts already exist In the CAD
database; the parent part has a "working” status and
the component parts are releaged. A new component
relationship i{s inserted Into the CAD database. The
user §s prompted to enter the uew assembly part number
and new assembly revision level, and every other field
in the relatifonship. At this moment, no component
relationship exlsts in MRP [l database.

In Figure tl, 1{f a component in a relationship is
to be replaced by another part, the substitute func-

tion can easily be used but the new component must
have a “"released” status. The listing shows that the
old component has already been replaced by the new
component .

DISCUSSION. Because we choose to remaln as general as

possible, our first CAD/MRP Il integration system is a
simplification of the activities and data exchange
involved in a typlcal organization. At present stage,
the functions of this model are tested on a specific
computer without using actural CAD and MRP 1l systems.
This forces the user to interact directly with the
interoperability system. As we can see, when our re-—
search progresses, the system model will become more
and more sophisticated and practical as will the

Anteroperability system for a real Computer Integrated
‘Manufacturing system.

Update dependencies provide a convenfent formal—
ism for organizing, expressing, and communicating
algorithms, and have a declarative representation that
allows the designer to express algorithms in a natural
manner. This natural representation is appropriate
for reviews and presentatfon since it i{s a concise
statement of the user's notions. Furthermore, this
formalism eliminates the tedious and error prone
phase of translating algorithm into code.

Although Update Dependencles is a language that
supports high level thinking, there are a few disad-
vantages. Because update dependencles form an inter-—
preted language, applications written in this language
will run slower than those written in a compiled
language. While update dependencies allow an explicit
expression of the algorithms, it {s necessary to enum—
erate {mplicit cases, such as tests for key attribute
instantiation. Thus to ensure consistency, the update
dependencies must be completely defined. However, the
need to express such complex dependency operations
merits the use of such a language.

IMPLEMENTATION STRATEGY. The strategy for implementing

the model Integrated MRP II/CAD system has been plan-—
ned to allow for the testing of the specifications of
the functional relationships between MRP II and CAD
early in the project.

The first step has therefore been to define the
Update Dependency language, a formal language for
specifying this functional relationship. The language
allows for the specification of operations In and
between the MRP II and CAD applications in the form of
an Artificlal Intelligence production system.

The second step of the fimplementation strategy
has been to implement an interpreter for the Update
Dependencies language. A first version of the inter~
preter has been Implemented in Prolog. Both the
interpreter and the specifications of the functional
relationship between the MRP [I and CAD applications
under one instance of the interpreter have been
tested.

The third step 1Is to Integrate a remote procedure
call facility into the interpreter. This will allow
for the running of functional coples of the MRP and
CAD system under scparate instances of the interpreter
on the same machine

The fourth step Is to move the two Interpreters
to different machines by generalizing the remote pro-
cedure call facflity to allow calls over a network.

An {wportant aspect of this Implementatfion
stratepgy 1s that 1t allows early testing of the speci-
fication of the functional relationship between the
MRP and the CAD system. Consequently, step three and
four should not {mply any changes in this specifica~-
tion, if.c. the distributfon of information in the
system should be transparent to the user.



While this implementation strategy does allow us
to test the specification of the functional depen-
dencies within each system and between the two sys-
tems, it does not provide an integration of two actual
systems.

Though 1t 1is clearly desirable to Integrate
existing pleces of software rather than developing new
systems from scratch, it is not the purpose of this
research to provide a "br{dge-~box” that will allow
‘users to hook up any two particular MRP II and CAD
systemg. What {s provided s a functfonal descriptfion
of how such "bridge-box" for two plven systems could
be specified. Update Dependencies can then be used to
fmplement ft.

To actually build a “bridge-box" for two given
systems, one would proceed as follows. First, the set
of operations avallable to the users in each system
should be identified. These operations should con-
tinue to be available to the users and the user inter~
face should, to the extent possible, be kept un-
changed. Second, the software procedures that support
these operations should be fdent{fied. Third, through
calls to the interpreter, one would i{nsert a set of
update dependencies between the operations avalilable
to the users and the software procedures supporting
them. These update dependenclies would capture calls
of operations made by the users and would issue calls
of the software procedures supporting them, f.e. the
calls of the software components would be implied
operations in the update dependencies. This approach
would allow the enforcement of consistency both within
and between the two systems, by reusing the software
components already avallable.

It i{s i{mportant to realize that the above
approach keeps the user Interfaces stable, reuses the
software components that are already there, avoids
redesign of existing databases, and solves the
problem. However, it {s also important to reallize,
that a certaln amount of additional programming cannot
be avoided.
CUNCLUSION. It {s clear that the future of manufac-—
turing Industry largely depends upon the successful
development and {mplementation of CIM systems. The
result {s increased efficiency In manufacturing which
means well-controlled production, high quality, and
competitiveness. Therefore, more and more industrial
and academic researchers are involved in this area.

Our work, starting with MRP II as the nucleus of
the Integrated system and CAD as its first "satel-
lite", is a well-posed approach through several
{mplementation stages. The {nformation flow between
these two systems based on the commonallty of part
specification, product structure, and engineering
changes, is proceeded through the "Multi-database
interoperability” system associated with an AT pro-
duction system. A set of logical rules has been
modelled and transformed for the geueration and main-
tenance of part master records and product structures
inftiated in the product engineering/design division
of every typlcal manufacturing organizatifon. These
rules have been translated into update dependencies
by using a form of a rule-based expert system, and s
being tested for {nconsistencies.

Although a "bridge-box” allowing user to hook up
any two MRP II and CAD systems {is not provided here,
we do provide the knowledge needed to specify a
“bridge—-box"” for two gliven systems, which can be used
to Integrate existing software packages. The future
fmplementat{on stages include the extension of the
model over two databases on the same computer, and
later on two computers using remote operation calls.
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