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The goal of the EDISON project is to design a program capable of creating novel mechani-
cal devices, by using knowledge of naive physical relationships, qualitative reasoning, plan-
ning, and discovery/invention heuristics applied to abstract devices organized and indexed
in an episodic memory. The EDISON program operates in two modes: brainstorming mode
and problem-solving mode. In problem-solving mode, a goal specification is given as input
and EDISON atempts to achieve the goal through plan selection and sub-goal satisfaction.
A goal specification can be to alter or improve a device. Devices are represented symboli-
cally, and are reasoned upon by EDISON without performing numerical computations. In
brainstorming mode, EDISON starts with a device recalled from memgry, and attempts to
create novel devices through processes of mutation, generalization and analogical reason-
ing. The devices EDISON manipulates consist of simple, everyday mechanisms, such as
mousetraps, nail clippers, can openers and doors. A goal of the EDISON project is to gain
computational insight into the processes of naive physical reasoning [Hayes 78] and inven-
tion [Lenat 76] which peopie exhibit. To do so, we must address a number of issues, includ-
ing: (a) how devices are represented and manipulated without detailed mathematical rea-
soning, (b) how devices are organized, indexed, and retrieved from a personal, episodic
memory of devices and experiences of device use, (c) how new devices are discovered or in-
vented during problem solving and/or brainstorming, and (d) how the resulting inventions
are assessed for their novelty and/or ingenuirty.
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Consider the crank can opener (CCO) in Figure 1. People use this device on a daily basis to
open cans, and most non-engineers, including children, will say that they "see" how it works
after examining it for a moment. But from a computational point of view, a crank can
opener is a complex object, and modeling the naive physical reasoning peopie employ to
understand the structure and function of such a device is an extremely difficult task.

We will use this everyday device to illustrate many of the issues which must be addressed in
EDISON. In this paper we discuss what is involved in building programs which can under-
stand such devices in the naive, non-numerical way people do.

The EDISON model is comprised of six major components: device topology, naive physical
knowledge, an episodic memory, a problem solver, strategies for invention and invention as-
sessment using qualitative reasoning, and a device simulator.

1. Device Topology

Knowledge of device structure and function requires a symbolic representation of concepm-
al objects, object relationships, and processes. In Edison, mechanical devices are represent-
ed as a composition of primitive mechanisms and simple physical objects joined through
spaual and connective relationships. Levers, springs and screws are examples of primitive
mechanisms, while wheels and links are examples of simple physical objects. Mechanical
devices are defined in terms of five components: parts, spatial relationships. connectivity,
functionality, and processes.

L.1. Simple Physical Objects: Device Parts

Simple device parts are considered conceptual primitives in the sense that they need not be
decomposed into more primitive elements. Such parts are defined in terms of their physical
auributes (features), functions (goals they achieve) and uses, where each use is representad

as a process.

Atributes include physical-type, shape, size, region, and material-type. Some attributes are
scaled, such as size. Sizes are defined along dimensions according to shape (e.g. size fora
cylindrical part would be defined in terms of its girth and height). In addition, objects have
a reference size for comparison on a class basis. For instance, a large whee! on a child's toy
car is smaller than a small wheel on an adult’s motorcycle. Objects aiso contain regions.

Objects are organized into generic and specific classes. Generic objects possess a prototypic
set of atributes, while specific objects may violate one of more atributes, as well as contain
extra features. For example, a generic whee! has physical-type = slab, shape = circular, and
functions = spin, roll. A specific wheel such as wheel." in Figure 1 for example, includes
the auributes: wheel-edge = sharp, and material = metal. Notice here that wheel-edge is a
region of a wheel while the auribute of sharp is an abbreviation for the shape of this region
both resembling and functioning as a wedge. Regions are representad in terms of locational
primitives: edge, end, side, surface, point, and center.

EDISON currently recognizes seven kinds of parts: wheei, ball, handle, container, linkage,
shaft, and wedge. From these primitive objects other, more complex objects are defined.
For example, two handle objects, handle.1 and crank.1, are represented in Figure 2.

Both crank.1 and handle.1 are instances of handles, which are viewed as primitive devices.
One function of a generic handle is to gain manual control of its associated device through



the act of grasping, followed by a motion. Both bar-handles on the crank can opener (CCO)
are rotated around a pivot through the action of squeezing, while the center of crank.1 is ro-
tated about a pivot through the act of twisting. Both bar-handle.l and crank.! share a simi-

_ lar physical description. They differ in terms of their connectivity with the total CCO dev-
ice, their subsequent use, and function,
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EDISON currently recognizes five physical-types: shaft, rube, channe!, slab, and wire. The
physical-type attribute places objects in various classes, according to a rough description of
their 3-dimensional shape. In EDISON, attributes themselves may be treated as conceptual
objects and thus also contain aaributes. For instance, physical-types have adributes associ-
ated with their regions; their cross-sections may take on shapes: circular, triangular, square
and so on.

Materials are defined by atributes of fexibility, sirength, stiffness, and density. Both materi-
als and their aaributes serve as enablement conditions for processes. Naive rules for reason-
ing over materials include: (1) For a magnet to adhere to an object, that object must have
metallic material. (2) For object O1 to cut O2, the material hardness of O1 must be greater
than that of O2.

Primitive parts are also defined in terms of function and use. The functions of a part
describe the goals its various uses achieve. For instance, a wheel can function to move an
object through the process of rolling, where rolling itself can be represented in terms of the
process of rotation against the surface of an object.

1.2. Device Spatial Relationships

In EDISON there are three spatial relationships between object parts: orientation, place-
ment, and position. Orientation is essential for combining parts and devices into usable
combinations. EDISON defines spatial orientation in terms of seven descriptors: coaxial,
colinear, adjacent, overlapping, offset, inside, and about. In Figure 1, for instance, handle.1
is adjacent to handle.2. Placement and position are two constructs for local and global posi-
tioning. Placement defines reference on the object and position defines position in space.
Local placement is defined very similarly to size. There is a reference point and a scale
value which defines the point, Placement combines the region primitives defined previously
with generally spadal locations of upper, lower, left, right, inside, outside. A position scale
is used to define placement as well as position in space. The scale is discreet but covers the
entire range for a particular reference point. For example, a pair of scissors is comprised of



two handle parts, which have an adjacent orientation at the handle-end, and an overiapping
orientation on the sharp edges. The placement of the pivot on the handles is midway
between the handle end and the pointed end of each handle part. This set of spatial refer-
ences is used along with conceprual part knowledge to make inferences concerning motion.

1.3. Device Connectivity

Devices are defined by the composition of parts, simpler devices, and primitive mechan-
isms. Composition can be viewed in either of two ways. On one hand, composition refers
to the goal of connecting objects once they have been selected. On the other hand, composi-
tion means the state of objects being connected, which defines expiicit relationships
between objects and allows subsequent inferences to be made, based upon these relation-
ships.

Connectivity defines a state between objects including: type of connection, specific connec-
tor, object placemens, connecrion direction, and process enablemens. For example, consider
a connection within the crank can-opener (Figure 3).
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The axle is defined as a cylindrical part which is used primarily in rotation. Pressing is then
defined as a connection between the crank and the axle, located at the center of the crank
and the end of the axle. This exampie introduces direction as an aaribute associated with
connection. Directions for the axle are: along length, along radius, along tangent,
abows_length, about_rndius, and abowi_tangens. When two objects are connected, the local
location and direction for each object must be defined so that inferences conceming
transmission of force and motion may be inferred,

2. Naive Physical Reasoning

Naive physical reasoning refers to those symbolic processes which apply qualitative
knowledge of device topology and function to achieve design, use, problem solving and in-
vention goals. To account for how devices achieve goals, mechanical objects must also be
represented in terms of the physical processes which govern their behavior. For example, a
can opener achieves the goal of removing a lid through the process of cutting.



Processes are important for three reasons: (1) they can aid in the recognition of spatial and
functional relationships, (2) they generate predictions concemning resulting relationships,
and (3) they function in assessing the novelty of an invented device. When cbject combina-
tions match mechanism topology and/or behavior, the combination should be recognized as
an instance of the mechanism. For example, the CCO handles, handle.1 and handle.2, con-
nected by a rivet should be recognized as a simple lever, and allow predictions based upon
lever process relationships. In fact, aimost any object can be viewed as a lever mechanism,
if the process of its use matches that of a lever. Cne heuristic for determining novelty is that
device processes have been altered, For instance, if we move a hinge down one inch on a
door, we have technically created a new door. However, it is not novei, since the processes
of opening the door remains unchanged. If we move both hinges to the upper edge, then we
do have a novet door (i.e. the swinging trap door) since process-motion has changed.

2.1. Motion Processes

Motion processes in EDISON are similar to those described in [Forbus 83}, in that all mo-
tion types are cases of motion in general, General motion is defined by an object and a
direction. As long as the object is unconstrained in the direction, and as long as it has a
non-zero speed in that direction, then the object will move. Subsequently, a motion like rol-
ling adds the prerequisite that the object be round and in contact with some surface. These
simple definitions require additions to the basic representation.

First, we require some notion of time. In EDISON, this information is kept to a minimum,
since we do not believe that peopie maintain detailed temporal information about events.
Temporati relations are inferred from processes attributes. For example, the crank on the
CCO can be tumed for quite some time with no noticn of how long it takes to cut the can,
People also have a hard time recalling how many tumns of the crank are required to separate
the lid from the can. However, they know the cutting process is complete when the point at
which they started cutting is again back at the starting point.

Second, we require some notion of force to initiate physical processes. In EDISON there are
two types of naive force: pushipull, and friction. Force is represented in terms of amount,
direction, and mode. There are three modes representing how a force can be applied: im-
pact, periodic, and continuous. When mode is specified, it includes a duration. The CCO
handle.1, for instance, is pushed downward continuously for a duration to enable a cutting
process.

Finaily, naive classes of motion are required. EDISON recognizes four basic motion types:
sliding, spinning, rolling, and revoiving. Spinning involves rotation about a single pivot
point, Rolling is represented as spinning plus continuous contact along a surface and the
outer .Jge of a wheel. Revolving has no fixed pivot point and represents the motion of ob-
jects such as ball bearings.

2.2. Constraining Motion

Motion may be constrained in a2 number of ways. One way to control motion is through
connection of device parts, where connectors are used to join, unite, or fasten objects. When
paper is tacked to a bulletin board on a wall, the paper is no longer free to move anywhere,
but is constrained to the location of the bulletin board by the connection. This implies that
objects which are connected lose some mobility. The paper, being tacked to the board, can
still swing in the breeze because the connection only pertains to the direction of contact
Moreover, the paper cannot move away from the wall because the bulletin board is mounted



to the wall and so cannot, itself, move in that direction. Thus, mobility constraints are also
inherited across connections. The nature of the inheritance depends on the type of connec-
tion and the objects involved.

EDISON recognizes three connection types: interference, mechanical, and fusion. The at-
tributes used to classify a connection are its permanence, strength, and variability (or con-
trol). Here permanence refers both to how the connection affects the objects involved, as
well as its portability. For example, connection via a magnet allows repeated reconnection
through the removal of the magnet with a specified amount of pull. Fusion connections in-
volve material changes of various sorts. Examples are welding, gluing, and adhesives.
Mechanical connections involve a third object such as nailing, boiting, and clamping. For
example, we represent the CCO handle connection as being riveted in the handle-height
direction. Interference connections are those where contact between objects prevents mo-
tion. One e¢xample of interference is an object rolling inside a channel where its motion is
contrained to the channei by channel walls, The major difference between fusion and
mechanical connections, and interference connections, is that the latter do not inherit con-
straints, whereas they do transmit constraint and force across the boundary. A hammer, on
the other hand, while in contact with a surface, cannot move in the direction of that surface
but can otherwise move independently of the surface.

When two objects constrain one another many useful inferences can be made regarding their
physical behavior:

If connected(01,02) in direction Z, and O1 moves in direction Z,
then O2 moves in direction Z.

If connected(01,02) in direction Z, and O1 immobile in direction Z,
then O2 immobile in direction Z.

Overall device constraint is the union of individual constraints.

For example, one subgoal to opening a can is to hold the can while trying to cut it. The
CCO achieves this subgoal with an interference connection between the can lip, wheel.],
and wheel.4, both along can length. Wheel.] consmrains can motion along_length (+) while
wheei.4 constrains can motion along_length (-). The + and - signs are used here to point
along a direction from a reference position.

2.3. Separation and Removal

Constraint and separation are inverse relationships. One is used to add constraints between
objects, ar the other is used to eliminate them. Separation processes serve the function of
modifying objects by decomposing them into their parts. For exampie, if we need to re-
move a can’s lid from a can we can use two separation process: splitting, following by con-
tinual cucting,

In principle there are many ways to separate mechanical objects (e.g. chemically, pneumat-
ically, hydraulically, mechanically). EDISON is a mechanical modei so only mechanical
separation processes are being addressed. For instance, there are many ways in which peo-
pie use the process of cutting (e.g. chopping, clipping, mowing, slicing); however, there are
fundamentally only three ways to cut material: splitting, tearing, and shearing. Splitting is
defined as a single object forcing a material apart via a wedge. Tearing results in motions of
material in opposite directions. Shearing is similar to tearing in that two adjacent objects



are moved in opposite directions with the material between them.
2.4. Transmission and Primitive Mechanisms

Motion processes describe the affects of pushing on an object, and connection processes
alter devices through tansmission of forces, There are three atributes of ransmission in
EDISON: direction, speed, and amount of force. Transmission is effected in all cases by
the application of the principle of leverage, which states that there is a tradeoff between the
effort applied to a task and the distance through which the task is applied (ie. all levers
transmit along their length). EDISON recognizes five classes of levers: simple levers, gears,
pulleys, shafts, and planes (i.e. wedge-shaped objects). Simple levers transmit through link-
ages (e.g. crowbar). Shafts transmit from an outer edge to the center radially (e.g. steering
wheel). Gears transmit from outer edge of one gear to the outer edge of another. Pulleys
ransmit by outer edge, and planes transmit along their surfaces. These lever types are
called primitive mechanisms, and are comprised of the simple mechanical objects intro-
duced in section ! (e.g. linkage, wheel, rod, and wedge). By the combination of primidive
mechanisms any spatial ransfer can be effected (e.g. linear to linear, or linear to circular
motions). In the CCO exampie, the primary function of the gear train (wheel.2 and wheel.3)
to transmit rotational motion to wheel.l. Figure 4 depicts two types of transmission.
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In Figure 4.2 motion by slab.1 causes motion at x in the same direction, through friction.
Motion is ranslated into clockwise motion through the following naive physicai rule about
wheels.

If O rotates and direction of motion of a location on Q is Z
Then a point on the opposite side of the
axis of rotation will move in the opposite direction from Z

This resuits in motion at slab.2 in the opposite direction. Thus Figure 4.a depicts a mechan-
ism for linear-circular transmission. In addition, transmission is transitive. Figure 4.b
demonstrates one such transitivity relatdonship. This figure also shows a leverage mechan-
ism, via wheel diameter ratios.
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Upon realizing that the standard plan will not succeed due to device unavailability, the prob-
lem solver examines the nutcracker to see which physical mechanism is central to its func-
tion. The problem solver then realizes that it is the lever mechanism which applies force to
crack the nut. Now the prolem solver is faced with a memory search task. There may be
many devices in memory which contain levers, so indices must be generated for further
discrimination. One important index is situational context. If the context is a kitchen, then
kitchen devices will be retrieved and examined 1o see if they contain levers. In this way the
crank can opener can be considered, since the handles function as a lever. In contrast, if the
situational context is a tool shed, then a pair of pliers may be recalled first,

3.2. Levels of Abstraction and Cross-Contextual Remindings

Devices stored in memory must be indexed at varying levels of abstraction. For instance, at
one level, a door functions to block passage of people. At a more abstract level, a door
functions to block passage of any physical object. At this more general level, doors share
functionality with umbrellas, which block passage of raindrops. Unless EDISON has both
umbreila and door represented at higher leveis of abstraction, it becomes impossible to re-
trieve from memory an umbrella as an object to consider when anempdng to invent a novel
door. Cross-contextual reminding {Schank 82 is important since it provides access to relat-
ed and potentially useful memories. Remindings occur when memories are organized by
similar indices. Once an umbrella is retrieved, information associated with it becomes
available for invention. We can now imagine designing a door which is oriented vertically,
and opens/closes in the way that umbrellas do.

In a memory containing many devices, it is important that only relevant devices be con-
sidered during problem solving or invention. if we are trying to invent a novel object which
achieves the functionality of a door, then recalling a bicycle would do nothing more than in-
crease the number of potential combinations to be examined. If we are tying to invent a
novel mechanism to aid in opening or closing a door, then recalling the gear train mechan-
ism of a bicycle might be relevant; so recall must be directad both by feature specifications
at various levels of abstraction, and by current goals and context.



4. Planning and Invention

Problem solving in EDISON is achieved through a combination of planning and invention.
People rarely begin a probliem solving process by trying to be inventive. Rather, invention
is usually thrust upon the inventor by the lack or insufficiency of existing devices. Given a
goal, then, people first search memory for relevant existing plans/devices. Planning in
EDISON is accomplished through standard artificial intelligence (AI) techniques of back-
ward chaining and means-ends analysis. An example in which planning can be utilized
directly is depicted in Figure 7, which shows how various can-openers are indexed via can-
opening task,
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As long as the device needed matches existing memory, the inventor need only recall the
device, followed by planning to satisfy enablement conditions as sub-goals. A planner re-
quiring a lightweight can opener, for example, would simply retrieve P38 (i.e. military can
opener) rather than to inventing one. When the problem solver comes across a goal which
cannot be decomposed to a known pian, then a novel plan must be invented.

4.1. Interference and Inspiration

Memory interference is the inappropriate intrusion of existing knowledge during 2
problem-solving process. A common example is parking a car. People park their cars so
often that it is common 10 lose them aitogether because the recall of previous parking places
interferes with the recall of the present one. Interference is common in human memory be-
cause our memories are organized to generalize commonly used plans and to access more
general knowledge first. This makes sense because more often than not we need generalized
knowledge rather than specific memories. During invention, however, interference of com-
monly used devices is detrimental because the inventor is seeking novel and uncommon
device combinations. According to [deBono 84], creative people are not hampered by
memory interference; they either use their memories creatively, or ignore memories which
are not useful. In EDISON, interference is partially circumvented through the use of heuris-
tic strategies which redirect problem solving along more profitable directions:

If no devices are accessed across contexts, then consider novel combinations of
known mechanisms.

If only familiar devices are retrieved during invention, then reject these devices



and activate a new goal for generating new retrieval indices

Consider the case where existing devices are recalled during invention. For example, sup-
pose that we want to invent a new screwdriver which is more portable. We are reminded of
many screwdrivers, and many ways of making something portable. This can lead to the in-
vention of a screwdriver which keeps different blades in its handle. The second strategy is
used to generate new ways of looking at the problem. For example, 2 new goal could be ac-
tivated to release a constraint on the device and see if the resulting device gave any useful
remindings.

In fact, the human heuristic of taking a walk or performing another activity when stumped
on a problem, has a computational expianation. Consider an inventor who is blocked in the
task of creating a new kind of door -- one that allows peple through either side simuitane-
ously, but without individuals bumping into each other. The inventor decides to 'quit think-
ing’ about the problem and take a walk. While waiking along a river, the inventor sees a
water wheel. Suddenly a solution comes to mind: the revolving door. In this case the in-
ventor had an active goal to find a device which allows motion in opposite directions simul-
taneously. The water wheel could not be accessed directly, but when made available, served
to satisfy this specification. At this point, the problem solver must take over, in order to
transform the water wheel into a usable door. This inciudes changing the orientation from
horizontal to vertical; scaling the size, and so on. Thus invention calls upon planning and
memory, while the planner may call upon strategies of invention when standard plans fail.
When the goal itself specifies that a novel solution be found, then strategies for generating
novel indices and device combinations must be invoked.

4.2. Device Novelty and Ingenuity

Device assessment is a central issue in invention. EDISON judges devices along five di-
mensions: usility, simplicity, efficiency. elegance, and novelty. An ingenious device is one
in which many of these dimensions are combined. Newly created devices must be assessed
to determine how well a device has satisfied active goals. Utility is measured by goal
achievement and constraint satisfacdon. Simplicity is measured by topological atributes
such as the number of parts, size or weight of a device. Elegance is determined by process
size (number of steps) or structural complexity. Efficiency is measured in terms of forces
required, while noveity is judged in terms of function or use, as compared to existing dev-
ices in memory., '

The crank can opener, for example, is an ingenious device. Two novel attributes of the CCO
are the use of a rotating cutter and a gear train to move the cutter. The efficiency results be-
cause it is easier to propagate a cut with a rotating cutter. Simplicity results because the
mechanism providing motion to the gripper wheel is also used to move the cutter.

4.3. Strategies of Invention

Invention in problem solving is used to overcome incompleéte or insufficient knowiedge of
the problem domain. When no prior solution exists invention is always required. Invention
strategies also help overcome interference during problem solving by generating new in-
dices for retrieval or recalling potentially relevant devices from other contexts.

EDISON considers three generai strategies for creating novel devices: generalization, analo-
gy and mutation, all of which rely on memory organization, indexing and retrieval. Gen-
eralization aids in determining the level of definition at which memory application will be



most fruitful. Analogy is used to map devices across widely varying contexts, and mutation
is used to modify existing devices, through alteration or combination. We have already dis-
cussed the importance of generalization and cross-contextual remindings.

Musation: Device mutation is useful because specific device modifications may result in
radically different object relationships. Mutation heuristics to achieve this purpose have
been proposed by the authors [Dyer and Flowers 84] to guide the invention process. The
types of heuristics proposed consider such strategies as the variation of amribute scale, func-
tion, or object number. For example, slicing 2 door creates two slabs, each covering hailf of
a door frame. This operation results in a problem: the second slab is not connected to the
frame. Probiem solving results in the free slab being connected either to the hinged slab, or
to the opposite side of the door frame. In one case we have invented the swinging barroom
door; in the other case, the accordian door.

Analogy: Analogical reasoning consists of creating novel devices by recalling and adapting
known devices across context. This is accomplished by finding similarities at high leveis of
abstraction and then using problem solving techniques to modify the recalled device to con-
form to the target context. This process was briefly discussed in the hypothetical invention
of a revolving door.

5. Process Simulation

Device simulation is used by the problem solver for verification and
experimentation/discovery. EDISON can discover constraints by actually "moving" a dev-
ice component, and the simulator will reflect how the device actuaily behaves. For exam-
ple, if EDISON knows nothing about hinge constraints it can learn by placing hinges both at
the top and side of a door and learning that the door will not move by simulating a push.

6. Implementation Status and Future Work

The EDISON program is designed using RHAPSODY, an Al package containing: TLOG
(Turner 84], a logic programming language, a demon package, a representation language,
and message-passing semantics. RHAPSODY was developed in the UCLA Artificial Intel-
ligence lab. Both EDISON and RHAPSODY are impiemented in T, 2 scheme-based LISP
(Rees and Adams 82). The model runs on the UCLA Apollo Ring Network. RHAPSODY
provides a way to declare frame-like representation structures, view and manipulate them
graphically, and build episodic memories. Instance objects can be displayed and manipulat-
ed graphically via a "mouse”.

Currently EDISON applies mutation heuristics to manipulate and create doors. The pro-
gram is given a goal to experiment with door-hinge locations so as to learn about door-hin_s
constraints. The large window in Figure 8 shows a simple representation of door charac-
teristics required for the manipulation.

The device (door.1) is decomposed to simple objects (door.1, doorway.l) and devices
(hinge.l, hinge.2). Hinged.1 and hinged.2 refer to the connections between door.1 and door-
way.l. Hinged connection, in this example, is achieved by a door-hinge, and the locations
of connection are noted. Door-hinge location is represented as a reference and local scale
value, where local scales are compared using a lookup table. A connectivity generator
graphically displays the current device (upper right window in Figure 8).
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Figure 8: typical EDISON window

The program has knowledge that door-hinges transmit rotational motion about the axis. In
addition, the program knows about inheritance in connectivity: that objects connected to
more than one rigid object are themselves rigid. Device dependent 'demons’ [Dyer 83] are
"spawned’ which check the device against motion preconditions. By comparing device mo-
tion capability to door-hinge placement the program can develop a concept of how door-
hinge placement is constrained. Figure 8 also shows a door created which EDISON recog-
nizes as being incapable of motion. People have no problem Jjudging that this door cannot
move, even without simulating it. We have argued that people use naive physical rules to
draw such inferences about motion.

Currently, EDISON only applies mutation heuristics. ‘This results in combinatoric problems
and unfocussed invention, We plan to rectify these problems by increasing both the number
and types of primitive mechanisms in memory. These will serve as a conceptual base for
program device creation and combination. In addition, we intend to expand the problem
solving heuristics and implement cross-coptexteal remindings and simpile anaogical reason-
ing strategies,

"The graphicai interface for displayirg iuvented objects is very primitive at this point. The
fucus of the research, however, is cr organization of mermoty, represertation of devices,
qualitative reasoning and invention. Consejuandy, in improved inwwsfoce must ke mated
as & verv long-t2rm goal.

7. Comparison with Related Work

The work in EDISON has been inspired by that of Hayes [83), Forbus [83),



DeKleer/Brown [83], deBono [84}, Schank [82}, Kolodner [84], Lehnert [78), Rieger
[75], Wasserman & Lebowitz [83], and Lenat [76] [83].

Hayes, Forbus: The philosophical introduction of the notion of naive physics in 1978 by
Hayes has inspired most of the current research in this area. The concept of histories which
Hayes proposed has been adopted in EDISON project for representing event process
knowledge. Qualitative Process theory [Forbus 83] is an implementation of process his-
tories proposed by Hayes. Like DeKleer and Brown, Forbus has been a proponent of
specific device understanding apart from situational context in memory. Process knowledge
is used to interpret and simulate specific devices. Although this notion is mandatory for
developing accurate naive models, it assumes a supportive and developmental role in EDIS-
ON. The inventor bases his inventions on experience, and the relationships between his
ideas, his goals, and physical objects. This inventor-based knowledge is central in EDISON.
As a result, episodic memory plays an important role in EDISON. Proper episodic memory
organization supports learning through experience.

DeKleer, Brown: The concept of envisionment used in [DeKleer and Brown 83] to deter-
mine device functionality is indicative of a method which is based entirely on the structure
of an object. Envisioning requires the development of device models using what DeKleer
calls confluence equations, which are transformed differential equations. These device
models are used to develop a set of all possible event states for the device, the dependency
relationships of which are determined with a state/space model. Solving confluence equa-
tions in this way is only one step removed from solving them quantitatively. People do not
have representations for differential equations in memory. They cannot generate a complete
set of any relationships, and they cannot remember long process chains. EDISON, on the
other hand, reasons entirely symbolically and achieves a notion of functional relevance
through relationships in memory. DeKleer and Brown’s naive concept of a conduit, remin-
iscent of object primitives by Lehnert, is a valuable way in which to think of the transmis-
sion of force and motion symbolically.

deBono: Research on invention and creativity in children supports the theory of creativity
and invention proposed in EDISON, deBono has studied children’s understanding of rela-
tionships between concept and functionality through a series of design tasks. He has found
that children rely heavily on the use of experience. They choose salient features of a prob-
lem and apply their preferences, and those of other actors, to the problem solving task.
Many domains may be utilized in reminding the child of a direction in which to go, and the
coaceptual link to functionality occurs on many abstraction levels. deBono has addressed
such concepts as abstraction scaling, speed, redundarcy, inte:ference, and pure design. He
has noted that children utilize heuristic knowledge to a great extent. For example, children
use 3 operators: multiply, size, and trarspose, which are applied analogically to non-numeric
atributes. Finally, deBono notes that child inventors are inierested in effectiveness over
simiplicity, efficiency, or performance to a much greater depree than adults.

Schank, Kotodner: The theory of memory organization and cross-contextual reminding
mentioned here is based upon the werk of [Schank 32] and [Kciodner 34}

Lehnert, Lebowitz, Rieger: Work on the development of cbject primitives and relation-
ships for comprehending the use of physicai objects in n.uwrzi lnguape text [fehnent 78],
{Wasserman and Lebowitz 831, [Rieger 75) has been vseful in addressing similar issues for
representing mechanical devices.

Lenat: AM showed that heuristic models are a valid approach to creativity and discovery



{Lenat 76]. EURISKO (Lenat 83] was a program which created new heuristic knowledge
and extended the powerof a discovery/leaming model.

8. Conclusions

The EDISON project is intended to create a model for experimenting computationally with
processes of invention, analogy, and naive mechanical device representation. Studying how
people utilize their memories to create and/or adapt devices is valuable in understanding
how people design, and how memory is organized and applied to creative problem solving,
We have argued for a theory of invention centered on an episodic memory-based under-
standing of device functionality, memory generalization, analogical reasoning, and symbol-
ic representation.
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