of the potential for Al in industrial
automation, but it at least presents a rep-
resentative sampling of the work being
done. The emphasis is on the utility of
the ideas rather than the ideas them-
selves. Readers are presented an in-
tegrated view of the factory of the future,
its technological demands, and real-
world solutions made possible through
the use of artificial intelligence tech-
niques.

The Need for Al in
Industrial Automation

Al as Advanced Computer Science
Al is sometimes jokingly defined as “that
which we cannot do,” thus forcing a con-
tinual redefinition of the field as it pro-
gresses. While sarcastic on the surface,
this definition actually has merit, for
while in theory Al researchers aim for
human intelligence, in practice they must
deal with the current limitations of com-
puters and software, and thus Al can be
conservatively viewed as advanced com-
puter science.

The problem with today’s programs is
their inflexibility and inability to adapt.
Design assumptions, original require-
ments, and the designer’s problem
analysis are forever lost in a forest of
code with sparse and cryptic documen-
tary annotations which become inac-
cessible after compilation. In essence,
these programs are black boxes which
hide their contents with dogged deter-
mination. While the design of such black
boxes has become the goal of software
engineering, this often leads to programs
whose conclusions must be accepted on
faith and whose operating assumptions
are no longer visible.

Al techniques show promise of pro-
viding “glass-box” programs® which
can explain their reasoning and assump-
tions to skeptical users so that it is more
apparent when assumptions are invalid
and the program requires maintenance.
Such maintenance can also be facilitated
if programs can explain what they know
(their knowledge) and thus help pro-

Texas Instruments Announces the Winners of the
AAAI-87 Call for Papers

N July at AAAI-87, Texas Instruments announced the winners of its Call for
I Papers on the application of advanced artificial intelligence techniques to industrial
automation problems. These papers are featured in this issue of the 7T Technical Journal.

The Call for Papers, issued in April 1987, requested submissions from students and
faculty of leading universities who are using Al to address critical problems in in-
dustrial automation. Entries were judged not only on the quality of the research, but
also upon the participation of an industrial partner in the research project.

Six winners were selected from over 70 entries from 50 universities around the world.
The winning paper, titled Expert Systems without an Expert: Fault Diagnosis Based
on Causal Reasoning, was submitted by J. Douglass Whitehead and John Roach of
Virginia Polytechnic Institute and State University (VPI). To further the authors’ re-
search, VPI will receive an Explorer™ II symbolic processing computer and a
$10,000 fellowship.

VPI’s research deals with the use of hypothetical reasoning and its diagnostic ap-
plication to the lower hoist of a naval turret gun. The paper demonstrates techniques
that can have broad application in the development of advanced diagnostic capabilities
for advanced equipment. The paper was noted for the overall quality of exposition
and the fact that it encompassed both cutting-edge Al research and direct practical
implementation; the initial system was delivered to FMC, VPI's industrial partner,
in fall 1986.

Five entries received honorable-mention awards. Each author’s university will receive
a $10,000 fellowship to support continued research on the project. The five recipients
are as follows:

¢ Norman Hung-Chia Chang, Kuang-Kuo Lin, ChiYung Fu and David A. Hodges
from the University of California at Berkeley for “BIPS (Berkeley Intelligent Pro-
cessing System): Application for LPCVD Polysilicon,” which was supported by a
number of industrial partners including TI;

¢ Jerry E. Jones, Dawn R. White, Xu Xiaoshu, Paul A. Oberly and Tamara L. Funk
from the Colorado School of Mines for “Development of an Off-Line Weld Plan-
ning System,” with the support of the American Welding Society and the Welding
Research Council;

o Michael Shaw of the University of Illinois for “Knowledge-Based Scheduling in
Flexible Manufacturing Systems,” in partnership with Cincinnati Milicron;

e Dana S. Nau of the University of Maryland for “Automated Process Planning
Using Hierarchical Abstraction,” in collaboration with the National Bureau of Stan-
dards and with support from TI's Defense Systems & Electronics Group;

e Rui J.P. deFigueiredo of Rice University for “A Framework for Automation of
3D Machine Vision,” in support of NASA at the Johnson Space Center.

COVER STORY

grammers bring this knowledge up to
date. Al programs can more easily ex-
plain their knowledge, assumptions, and
reasoning because the knowledge is
stored explicitly and the reasoning
routines record justifications for conclu-
sions. However, to assume that current
rule-based systems meet these ideals of
articulation would be wrong, although
techniques being used in university pro-

jects concerned with explanation come
much closer.?

Current computer programs are also
too inflexible, in that they require care-
fully crafted input so they can perform
sound mathematical transformations on
this data. For a piece of software to sur-
vive in a dynamic environment, it must
be able to deal with a wider variety of
inputs and may even have to reason
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Automated Process Planning Using
Hierarchical Abstraction™

Editor’s note: Perhaps the most important aspect of this paper is the
use of hierarchical abstraction. Most rule-based systems employ a
non-stratified collection of rules. For complex problems like process
planning, however, computational complexity can be avoided only
through the use of varied levels of abstraction; that is, difficult prob-
lems must be solved at a high level and then the solution must be
successively refined until it is completely solved.

The abstraction techniques described in this paper are basically tax-
onomic; each level of abstraction is seen as a specialization of some
parent. Similar techniques are used in object-oriented programming
languages, where each object inherits the properties of more abstract
object classes. In fact, the current implementation of this work is on
an Explorer™ LISP machine using the Flavors object-oriented ex-
tension to Common LISP. Al systems employing such a hierarchical
organization of objects are often referred to as “frame based.”

Planning has a rich history of research in the Al community. It
has proven to be a very difficult problem due to the combinatorial
explosion of possibilities. Dr. Nau briefly discusses related research
in Al planning, and discusses the particularly difficult problem of
handling the interaction between subgoals.

In process planning, this means that planning the machining steps
to create individual features is rather straightforward, but that co-
ordinating these machining steps into a globally optimal plan is more
difficult. After discussing this problem, Dr. Nau briefly mentions
the work of one of his Ph.D. students in this area.

It is significant that the system described in this paper is being ap-
plied to real problems in the National Bureau of Standards. In com-
binatorially explosive problems like planning, the real world provides
an unforgiving test bed that can identify system weaknesses far bet-
ter than more commonly used “toy problems.”

UNIVERSITY OF MARYLAND
PROCESS PLANNING

ONE problem facing modern in-
dustry is the lack of a skilled
labor force to produce machined parts as
has been done in the past. In the near
future, this problem may become acute
for a number of manufacturing tasks.
One such task is process planning. Since
process planning requires intelligent
reasoning and considerable experiential
knowledge, almost all existing computer-
aided process planning systems require
a significant amount of supervision by
experienced human beings.

Process planning usually consists of
two types of planning activities: global
planning and detailed planning. Global
planning is performed by a process engi-
neer and includes a plan for a part
throughout a manufacturing facility. The
instructions produced by the process
engineer generally refer to the class of
machining process to be used, rather
than the exact machining process to use.
Detailed planning is performed by an NC
programmer and includes a plan for a

part on a specific machine in the facili-
ty. Occasionally, the process engineer
may suggest some of the process details,
such as feed rates and cutting speeds, but
these details are generally left up to the
NC programmer.

Al techniques can aid in automating
several of the reasoning activities re-
quired for process planning. For exam-
ple, Semi-Intelligent Process Selector
(SIPS) is a system which decides what
machining operations to use in the crea-
tion of metal parts. SIPS considers a
metal part to be a collection of ma-
chinable features — and for each feature,
it generates a sequence of machining pro-
cesses to use in creating that feature. It
does this by reasoning about the intrin-
sic capabilities of each manufacturing
operation. SIPS does both the high-level
process selection normally done by a
process engineer (e.g., “mill this face”)
and the lower-level process selection nor-
mally done by an NC programmer (e.g.,
“rough-end-mill this face”).

SIPS was initially developed by Dr.
Nau and his students at the University
of Maryland.® For subsequent work on
SIPS, Nau has collaborated with employ-
ees of the National Bureau of Stan-
dards,' General Motors Research
Labs,? and Texas Instruments. "

The development of SIPS was done
with two long-term goals in mind: the
use of Al techniques to develop a prac-
tical, generative process-planning sys-
tem, and the investigation of fundamen-
tal Al issues in representing and reason-
ing about three-dimensional objects.

*This work has been supported in part by the
following sources: An NSF Presedential Young In-
vestigator Award, NSF Grant NSFD CDR-85-00108
to the University of Maryland Systems Research
Center, an IBM Faculty Development Award,
General Motors Research Laboratories, and Texas
Instruments.

Dana S. Nau
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Hole-process
Relevant: Hole
Cost: Compute min. of children
Precost: Compute min. of children

Restrictions: Geometric restrictions

Twist-drilling Hole-improve-process
Cost: 1 (Cost): Compute min. of children
Precost: 0 Precost: Cost (hole-process)
Restrictions: Restrictions on diameter, Restrictions:  Restrictions on diameter,
depth, and tolerances depth, and tolerances
Actions: Signal success
|
Rough-boring Finish-boring
Cost: 3 Cost: 4
(Precost): Cost (hole-process) (Precost): Cost (hole-process)
Restrictions: Restrictions on diameter, Restrictions:  Restrictions on diameter,
depth, and tolerances depth, and tolerances
Actions: Subgoal: make another Actions: Subgoal: make another
hole first hole first

Figure 1. A Simple Set of Process Frames. If a slot name is written in
parentheses, its value was inherited from the frame’s parent.

SIPS represents an important step toward
these goals, and a number of extensions
and enhancements to SIPS are either
underway or planned.

How SIPS Works

In most knowledge-based problem-
solving systems, problem-solving know-
ledge consists of rules of the form “IF
conditions THEN action.” Even in frame
systems, where the data (and possibly the
knowledge base) are represented using
frames, the knowledge base still usually
consists of rules.

For process selection, there are several
problems with using rules (for details,
see References 9 and 11). To overcome
these problems, SIPS uses an approach
to knowledge representation called hier-

archical knowledge clustering, a hierar-
chical abstraction technique in which the
knowledge about machining processes is
organized in a taxonomic hierarchy. Each
process in the hierarchy is represented
by a frame.

For example, consider the simple
knowledge base shown in Figure 1. This
knowledge base is much simpler than the
one SIPS actually uses, but it gives an
idea how SIPS represents process infor-
mation. (Information about SIPS’ real
knowledge base is shown in Figures 3
and 4.)

The relevant slot in the hole-process
frame specifies that a hole process is
relevant for making a hole. This infor-
mation is used to start SIPS’ search when
SIPS is told to make a plan for a hole.

The cost slot is intended to be a lower

bound on the cost of performing a pro-
cess. For hole-process and hole-
improve-process, this lower bound is
computed by taking the minimum of the
cost slots of the child frames. The cost
slots for twist-drilling, rough-boring,
and finish-boring frames contain the
relative costs of these machining
processes.

Similarly, precost is intended to be a
lower bound on the cost of any other pro-
cesses which need to precede a process.
For hole-process, this bound is found
by computing the minimum of the
precost slots of the children. Since
twist-drilling is never preceded by other
processes, its precost is 0. But a hole
improvement process takes an existing
hole g and transforms it into the desired
hole — and since g must be created by
some kind of hole process, the cost of
creating g will be at least the minimum
cost for a hole process. Thus, the pre-
cost slot for hole-improve-process
contains the value of hole-process’s
cost slot, and this value is inherited by
rough-boring and finish-boring.

The restrictions slot tells what restric-
tions must be satisfied for a process to
be feasible for achieving the desired goal.
For hole-process, the restrictions are
mainly geometric ones — for example,
restrictions on the angle between the hole
and the surface in which it is to be
created. For the other processes in
Figure 1, the restrictions are mainly re-
strictions on the hole dimensions and on
the best machining tolerances achievable
by the process (parallelism, roundness,
true position, etc.).

SIPS does problem solving by search-
ing backwards from the ultimate goal to
be achieved. Therefore, the actions slot
for a machining process must specify
what SIPS needs to do before it can per-
form the machining process. For twist-
drilling, nothing need to be done before-
hand — so twist-drilling’s actions slot
states that twist drilling succeeds im-
mediately. However, rough boring and
finish boring produce a better hole from
another hole which must already exist —
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so the actions statements for rough-
boring and finish-boring set up the sub-
goal of first creating the hole which must

already exist.

Figure 2 shows the state space which

can be generated from the set of frames
shown in Figure 1. Each state in the state
space is a (partial or complete) plan for

creating a hole hl. Whether or not a plan

Create hi

Hole-process
ht
LB=0+1

/\

Twist-drilling Hole-improve-process
ht hi
LB=0+1 LB=1+3
success Rough-boring
hi
LB=1+3
Create h2
Rough-boring
ht
LB=1+3

is feasible will depend on the nature of

UNIVERSITY OF MARYLAND
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hl, with the exception that the restrictions
in the knowledge base guarantee that the
plans marked “‘infeasible” in Figure 2
will never be feasible. When a plan is
found to be infeasible, its children will
never be generated.

Hole-process
h2
Rough-boring
hi
LB=0+1+3

e e

Finish-boring
ht
LB=1+4

Create h3
Finish-boring
h1
LB=1+4

Plan P:

Hole-process
h3
Finish-boring
h1
LB=0+1+4

/\

Twist-drilling Hole-improve-process Twist-drilling Hole-improve-process
h2 h2 h3 h3
Rough-boring Rough-boring Finish-boring Finish-boring
h2 h hi ht
LB=1+3 LB=1+3+4 LB=1+4 LB=1+3+4
success /\ success /\

Figure 2. Part of a Search Space for Creating a Hole h1. Plan P is labeled for reference in the text.
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SIPS searches the state space using a
best-first Branch and Bound procedure*
The lower bound function LB which
guides this search is computed from the
cost and precost slots of the machin-
ing processes. For example, for the plan
labeled P in Figure 2,

LB(P)=precost (hole-process)
+ cost (hole-process)
+ cost (finish-boring)
=0+1+4
=5.

The first solution found by SIPS is
guaranteed to be the least costly one.

Relation to Other Work

Process Planning
Computer systems for process planning
can be classified into two types. Most
commercially available systems are var-
iant systems, in which the user retrieves
from a data base a process plan for the
desired part. Examples of such systems
are CAPPS and MIPLAN."® For a more
detailed discussion, see Reference 2.
A more ambitious approach is gen-
erative process planning, in which the
computer system attempts to devise a
complete process plan for the exact part

desired. Since this task is very difficult,
most generative process planning systems
are still experimental and have limited
capabilities.

Interest in generative process planning
has increased markedly during the last
two years; descriptions of various sys-
tems being developed can be found in
References 15, 16, and 17. Although
several of these systems use Al techni-
ques, the techniques consist primarily of

*SIPS’ search procedure may also be thought of
as an adaptation of A% B with LB as the heuristic
function.

contained-
surface

feature

surface

cylindrical-
surface

non-
cylindrical-
surface

external-
cylindrical-
surface

threaded-
surface

non-threaded-
surface

internal-
cylindrical-
surface

polyhedral- <
surface

hole-associate _4 countersink

concave-
surface

threaded-cylinder

cylinder

threaded-hole

hole

counterbore

straight-slot
dovetail
slot t-slot
y-slot
v-slot

pocket—square-hole

flat-surface
step-surface

Figure 3. The Names of the Frames in SIPS’ Feature Hierarchy
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surface-improve-process —_— Is:p:;)?r?g-grlndlng

peripheral- rough-peripheral-milling
_ finish-peripheral-milling

milling
face- < rough-face-milling
milling finish-face-milling
surface- milling
process
end- rough-end-milling
milling = finish-end-milling
surface-
create- fly-cut < rough-fly-cut
finish-fly-cut

process
rough-turning
turning = finish-turning

process

facing S rough-facing
finish-facing

surface-feature-process—threading

center-drilling

twist-drilling
hole- small-hole-drilling
create- spade-drilling
PlOCESS gun-drilling

d-milling-hol rough-end-milling-hole
end-milling-hole == L d-milling-hole

hole-
process rough-boring
boring <ﬁnish-boring
finish-boring-2nd-pass
hole- ;
improve- reaming —_— rough-reaming
process finish-reaming
jig-grinding
honing
chamfering
hole-feature-process counterboring
countersinking
tapping

Figure 4. The Names of the Frames in SIPS’ Process Hierarchy
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conventional rule-based inference (one
exception is SIPP,’” a predecessor to
SIPS).

Planning with Abstraction
Hierarchical knowledge clustering can be
viewed as a way to do planning based on
abstraction. For example, the hole-pro-
cess frame in Figure 1 represents an
abstract machining process which has
two possible instantiations: twist-drilling
and hole-improve-process.

Several types of abstraction have been
explored in the literature on planning.
For example, in NOAH,* an action A
is an abstraction of actions A and A, if
A, and A, are alternate instantiations of
A.

ABSTRIPS® uses another kind of
abstraction: it constructs an abstract plan
by ignoring some of the preconditions of
each action, and then repeatedly modi-
fies the plan to meet more and more of
the preconditions which were ignored.
Thus, in ABSTRIPS, an action A, is an
instantiation of A if the preconditions of
A are a proper subset of the precondi-
tions of A,. Conceptually, this is also
true in SIPS — but there are some im-
portant differences. First, SIPS com-
pletely instantiates each action in a plan
before considering what actions should
precede this action, whereas ABSTRIPS
generates a complete (but possibly incor-
rect) plan and then tries to fix it up. Sec-
ond, an abstract action in SIPS has
several possible alternate instantiations.
However, in ABSTRIPS, only one in-
stantiation is possible — there is no way
to consider alternate instantiations of an
action and choose the one of least
estimated cost.

Tenenberg'® proposes another type of
abstraction which is quite close to that
used in SIPS. This approach is similar
to SIPS in the sense that each abstract
action may have more than one possible
instantiation. It is potentially more gen-
eral than what is currently used in SIPS,
in the sense that both the preconditions
and the consequences of actions are
abstracted — but so far, Tenenberg’s ap-

proach has not yet been implemented.

Several systems for diagnostic prob-
lem-solving make use of certain kinds of
taxonomic hierarchies. Both MDX?¢ and
Centaur* use taxonomies of various
diagnostic problems, in which knowl-
edge about each class of problems is
located at the node in the hierarchy
which represents that class. These ap-
proaches yield some of the same benefits
as SIPS in terms of representational
clarity and efficiency of problem-solving.
However, since these systems do diag-
nosis rather than planning, they repre-
sent and manipulate their knowledge
rather differently from SIPS,

Current State

and Proposed Work

SIPS represents a step towards two long-
term goals: the use of Al techniques to
develop a practical generative process-
planning system, and the investigation of
fundamental Al issues in representing
and reasoning about three-dimensional
objects. This section describes the cur-
rent state of SIPS, and proposes further
work to be done.

Integration with the AMRF Project
SIPS currently runs on the Texas In-
struments Explorer™ and Symbolics
lisp machines in Zetalisp,™ and on Sun
workstations and Silicon Graphics Iris
workstations in Franz LISP* As shown
in Figures 3 and 4, SIPS’knowledge base
curtently contains nearly 80 frames
describing machinable features and
machining processes. A knowledge base
for tooling is also under development.

SIPS is being integrated into the Auto-
mated Manufacturing Research Facility
(AMRF) project at the National Bureau
of Standards.' Once this work is com-
plete, the AMRF planning system will
be able to send descriptions to SIPS
about machinable features of various
parts to be manufactured. SIPS will tell
the planning system what machining op-
erations to use for these features. This
information will be passed to an NC

code generator, which will produce the
NC machine code for creating the part.

Mark Luce, an industrial engineer
employed by Texas Instruments, has
worked with SIPS during a one-year ap-
pointment at the National Bureau of
Standards. Mark has found SIPS’ knowl-
edge representation scheme to be a
natural way to represent not only ma-
chinable features and machining pro-
cesses, but also cutting tools — and he
has made significant enhancements to
SIPS’ knowledge base. "

Feature-based Modeling
In most existing solid modelers, the user

constructs a solid model of an object by
doing Boolean operations on various
geometric primitives. But if the object
is to be manufactured using machining
operations, it is often necessary to ex-
press the objecl as a set of features
(holes, pockets, etc.) which correspond
more directly to manufacturing opera-
tions. This has inspired interest in
feature-based modeling, in which the
user builds a solid model of an object by
specifying its machinable features direct-
ly. For example, one might start with a
model of a piece of metal stock, and
modify it by adding holes, slots, pockets,
and other machinable features.

Nick Ide, a master’s degree student,
is building an interface between SIPS and
PADL (a solid modeling system devel-
oped at the University of Rochester).?
Once this is done, it will enable the user
to specify a part as a set of machinable
features, display the part using PADL,
and select machining processes for it
using SIPS.

*Certain commercial equipment, instruments, or
materials are identified in this article in order to
adequately specify the experimental procedure.
Such identification does not imply recommenda-
tion or endorsement by the National Bureau of Stan-
dards, nor does it imply that the matetials or equip-
ment identified are necessarily the best available
for the purpose.
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SIPS and MBF

One problem with feature-based model-
ing is that it requires the designer to
determine the machinable features of an
object — a task which is normally done
by a process engineer. This is different
enough from the traditional way of de-
signing a part that it may not be immedi-
ately acceptable to industry. Another ap-
proach to extracting a part’s machinable
feature is provided by a system called
MBF (Machining By Features).

MBF, which was built at General
Motors Research Labs by Sarvajit Sinha
and Jim Mildrew, is intended to be used
by more than one user. The first user
(presumably a designer) designs a part
using ordinary solid modeling opera-
tions. MBF provides tools which allow
a second user (presumably a process
engineer) to identify the machinable
features present in this part, for use in
manufacturing.

During a summer appointment at
General Motors Research Labs, Nau
worked with Mildrew and Sinha to build
an interface between SIPS and MBE
This interface allows MBF to send
feature descriptions to SIPS, so that SIPS
can decide what machining processes to
use for these features."” Nau hopes fur-
ther work can be done to develop and ex-
pand this interface.

Global Optimization
SIPS considers a part to be a collection
of machinable features, and it selects
machining operations for cach feature
separately. It considers local interactions
among features (for example, the angle
between a hole and the flat surface con-
taining the hole), but does not consider
non-local interactions (such as the rela-
tive location and orientation of two
holes). Thus, the plan that SIPS produces
for a single machinable feature is locally
optimal (it is the least costly way to
create that particular feature), but it is
not necessarily globally optimal (it may
not lead to the last costly way to create
the entire part).

For example, consider an object con-

taining two holes hl and h2, both hav-
ing the same diameter and the same
machining tolerances. Suppose hl can be
created by either twist drilling or spade
drilling. Then the least costly way to
make hl is twist drilling. If the depth of
h2 is sufficiently large, h2 may require
spade drilling rather than twist drilling.
In this case, the cheapest way to make
the entire object is to use spade drilling
for both hl and h2 in order to avoid a
tool change — even though spade drill-
ing would not be the cheapest way to
make hl if hl were the only hole being
made.

The problem described previously is
basically a subgoal interaction problem.
Chiang Yang, a Ph.D. student, is in-
vestigating the problem of finding the
least-cost plan in the presence of such in-
teractions. He has shown that the prob-
lem is NP-hard. However, he and Nau
believe that efficient approximation algo-
rithms can be developed (i.c., algorithms
which will produce results that are close
to optimal). This would enable SIPS to
produce better process plans than it does
currently.

Reasoning about
Three-dimensional Objects
Currently, the way SIPS reasons about
three-dimensional objects is rather primi-
tive, because SIPS does not have ade-
quate three-dimensional representations
of these features. In order to handle prob-
lems such as the one described previous-
ly, SIPS must be thoroughly integrated
with a solid modeler — not just by using
the solid modeler as a “front end” to
SIPS as described, but also by having
SIPS communicate extensively with the
modeler while it decides how to man-
ufacture a part.

George Vanecek, a Ph.D. student, is
developing a new way to represent three-
dimensional objects which offers several
computational benefits over currently
known solid modeling techniques.?
Vanecek has implemented this approach
for two-dimensional polygons, and for
his Ph.D. work he will build a three-

dimensional solid modeler implementing
this approach. This solid modeler will
be implemented in LISP on a Texas In-
struments Explorer, and will be fully in-
tegrated with SIPS.

Extending SIPS for Other

Process Planning Tasks

SIPS can be extended to handle several
process planning tasks other than just
process selection. Current and proposed
work in this area is described below.

Mark Luce, an industrial engineer
employed by Texas Instruments, worked
with SIPS during a one-year appointment
at the National Bureau of Standards.
During this time, he and Nau began to
extend SIPS to do not only process selec-
tion, but also tool selection and the deter-
mination of process parameters such as
feed rates and cutting speeds.® Luce
and Nau hope to continue this work.

SIPS’ knowledge base is set up for the
machining of wrought aluminum — a
material that is widely used in industry.
Future work on SIPS will include ex-
tending it to deal with other materials as
well.

SIPS currently does not do machine
selection. Future plans include extending
SIPS to select machines and machining
processes in such a way as to minimize
costs incurred by machine transfers,
setups, and tool changes.

The main benefit of this work is that
it will allow knowledge about several dif-
ferent process planning tasks to be repre-
sented in a single, uniform format which
will be natural and easy to understand.
This knowledge will be used by a single
integrated system, with a uniform user
interface.

User Interface
Since the development of SIPS was a
research activity, SIPS’ user interface is
still relatively unsophisticated. If SIPS is
to become a practical tool for process
planning, a better user interface will be
very important.

As a first step, Steve Ray at the Na-
tional Bureau of Standards has built a
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graphic interface for SIPS which can be
used to print out SIPS’ search tree as it
is being developed. This graphic inter-
face can also print out the names of the
frames in SIP’s knowledge base, in a
hierarchical structure similar to that
shown in Figures 3 and 4. We intend to
extend this interface into a general tool
for displaying, editing, and creating SIP’s
process plans and knowledge bases
graphically.

Re-implementation of SIPS

in Common LISP, without Flavors

SIP’s frame system was written in LISP,
using Flavors. Since the goals and re-
quired capabilities for frame systems dif-
fer in several significant aspects from the
goals and capabilities of an object-
oriented programming systems such as
Flavors, Flavors was not flexible enough
to do everything that was desired. Thus,
the use of Flavors.turned out to be more
of a hindrance than a help. For future
work on SIPS, SIPS will be re-imple-
mented without using Flavors.

The re-implementation of SIPS will be
done in Common LISP, using a Texas In-
struments Explorer. This will allow the
knowledge representation scheme to be
more powerful and flexible, which will
make it easier to develop and modify
knowledge bases for SIPS.

Conclusion

Al techniques can aid in automating
several of the reasoning activities re-
quired for process planning. To explore
this potential, we have developed SIPS,
a knowledge-based system which does
generative sclection of machining opera-
tions for the creation of metal parts.

The proposed future work on SIPS is
intended to address two goals: the
development of SIPS into a practical,
generative process-planning system using
Al techniques, and the development of
ways to represent and reason about three-
dimensional objects. We believe this
work can support future goals of Texas
Instruments to implement automated
process planning for metal fabrication
manufacturing,

Trademark Information: Explorer LISP Machine,
and TI Explorer are both trademarks of Texas
Instruments.

- —Zetalisp-is-a-trademark-of-Symbolics;Inc.—- -

Franz LISP is a trademark of Franz, Inc.
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