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research avenues. The general theme which threads through all ten
papers is the quest for understanding the workings of heuristic
knowledge; how it is acquired, stored and used by people, how it
can be represented and utilized by machines and what makes one
heuristic succeed where others fail.

Contents: Preface, Search and Reasoning in Problem Solving
(H.a. Simon); Theory Formation by Heuristic Search, the Nature of
Heuristics 1l; Background and Examples, (D.B. Lenat); Eurisko: A
program that learns new heuristics and domain concepts. The
Nature of Heuristics III: Program Design Results (D.B. Lenat);
Searching for a Cheapest Path in a Tree with Random Costs (RM.
Karp and J. Pearl); Search Rearrangement Backtracking and
Polynomial Average Time (P.W. Purdom, Jr.); Consistent-Labeling
Problems and their Algorithms: Expected-Complexities and Theory-
Based Heuristics (B. Nudel); A General Branch and Bound
Formulation for Understanding and Synthesizing and/or Tree
Search Procedures (V. Kumar and K. Laveen); A Minimax
Algorithm Better Than Alpha-Beta?: Yes and No (1. Roizen and
J. Pearl); Pathology on Game Trees Revisited, and an Alternative
to Minimaxing (D.s. Nau); Efficient Graph Automorphism by
Vertex Partitioning (G. Fowler, et al.).

Consciousness: Natural and Artificial
James T. Culbertson

Libra Publishers, Inc.

Roslyn Heights, NY

March 1983

A new physicalistic theoretical framework. Mental
phenomena occur because of a neural measuring of stimulus objects.
Supplements but does not conflict with the computer theories of
brain activity.

Conscious machines can have possible future long term
engineering importance. They can be made so as to also be
intelligent.

Conscious machines, if and when developed, will have
engineering applications. Their circuitry is different from present-
day Al machines which are intelligent but not conscious. The book
explains this.
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Dynamically Stable Legged
Locomotion

Marc Raibert, Harry B. Brown,
Michael A. Chepponis, Eugene F. Hastings,
Sesh Murthy, Francis C. Wimberly
CMU-RI-TR-83-1
January 27, 1983

This report documents our recent progress in exploring
balance and dynamic stability in legged systems. There have been
five areas of progress, each described in a separate chapter in the
pages that follow.

O Balance in 2D can be achieved with a surprisingly simple
control system. The control system has three separate parts,
one that controls hopping height, on that controls the velocity
of forward travel, and one that controls body attitude. A
physical 2D one-legged hopping machine that employs such a
three-part control system hops in place, runs from place to
place at speeds of up to 27 mph, maintains its balance when
disturbed, and leaps over small obstacles.

O Control of locomotion in 3D can build upon the results
obtained in 2D. Simulations suggest that a 3D one-legged
machine could run and balance using the same three-part
controller developed for 2D, provided that additional
extra-planar mechanisms operated to suppress roll, yaw, and
lateral motions.

O We have designed and built a physical one-legged that will
permit experimentation in the control of balance in 3D. The
device has a simple pneumatic leg that is positioned by a
hydraulic hip. It will hop on an open floor without a system
of physical constraints.

O Last year we developed a method for obtaining balance that
uses tabulated data. This year the method was extended by
showing that the volumous tabular data can be approximated
by a polynomial surface of moderate degree, without much
loss of control precision.

O We refined our understanding of the mechanisms responsible
for balance by simulating and comparing three different
algorithms for horizontal control; one just places the foot
during flight and sweeps the leg during stance, and the third

places the foot during flight and controls body attitude during
stance. Each of the three methods elucidate a different
principle of dynamic stability.

The report closes with a bibliography on legged locomotion
containing about 350 references.

Precision Flexible Machining Cells
Within a Manufacturing System

Mark R. Cutkosky, Paul S. Fussell,
and Robert Milligan, Jr.
CMU-RI-TR-83-2
March 1983

This report discusses the conceptual design of a manufacturing
cell for a smali-batch manufacturer. The cell produces precision
parts with a minimum of machining equipment. The cell design
emphasizes near-term technology and uses off the shelf items where
possible. The proposed cell can run unattended for a moderate
period of time (eg. over-night). The design philosophy is to treat
the cell components and control programs as discrete modules in a
hierarchy. The resulting cell is easily integrated into a larger
system. It is also readily modified or expanded as more
sophisticated equipment and techniques becomes available.

Grippers for an Unmanned Forging Cell

Mark R. Cutkosky and Eiki Kurokawa
CMU-RI-TR-83-3
December 20, 1983
18 pages

The following report describes the design and construction of
two grippers for use is a flexible unmanned forging operation. The
forging operation employs two large industrial robots, one to load
and unload billets from a furnace at over 2000 deg F and a second
to remove the forged pieces from a forging machine and present
them ato a gaging station for inspection.

The gripper for the first robot uses special materials and a
water cooled shell to withstand the very high temperatures it
encounters. It employs a number of sensors to monitor
temperatures and loading conditions.

The second gripper is an especially flexible design, suited to a
wide variety of irregular shapes. The gripper jaws are articulated to
contorom to the rough forgining produces by the cell. Once the
jaws are fully closed they are locked in place so that the orientation
of the part is preserved.

(More CMU reports in the next issue.)
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