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the inspector travels down row 0 and, at time t, is located
in area (0, t). The inspector films the terrain in his field
of vision, taking snapshots at the rate of one frame per
unit of time.
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1: The Four Phases in the Simulation
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are (1) to film as faithfully as possible both the permanent

ate the history and a correct film of the terrain.
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3. the average number of unknown objects

per area,

4. for each type, the absolute a priori probability
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The number of unknown
objects is determined by the information given in steps (1)
and (3), and the total number of objects is the sum of
the known

and unknown

objects.

given in step (4), the system
of each unknown object,

and then each object

random on the grid, which, together
permanent

objects,

of the objects

Using the information

chooses at random

on the terrain.

the type

is placed at
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In phase 3, correcting errors using temporal and probabilistic reasoning, TEMPRO’s
corrective action depends
upon the time.
First, without using any temporal reasoning, TEMPRO
determines all possible object configurations that are compatible with the information provided
in the noisy frame.
Second, TEMPRO
orders the possible configurations on a list using conditional probabilities
computed
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(4) of phase 1. There
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Figure 3: TEMPRO’s
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To illustrate TEMPRO’s
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consider the following simple universe: There are only four
types of objects

more complete

the location
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reports a map of
along his path, and

The final corrected film (i.e. the final sequence of corrected frames) and the more complete map of the permamap gives

as well as the location

that are judged to be of permafilm represents a consistent and

plausible (highly probable if not completely correct) evolving theory [Gumb, 19781. The user is given the option of
tracing the corrected

PI(X)>
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1
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Figure 2: Types
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time 1 and the list for time 1 is empty, TEMPRO
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Properties

t1

entered by the user in step

is one such list of all possible

removes the configuration

Type

frames as they are selected.

the four types.

each type is characterized
If information

In Figure 2, note that

by two properties.

regarding

a property

of an object is lost

in the sensor input, TEMPRO
can narrow the object’s possible type down to two types. For example, if an unknown
object is really of type tl and property pl is lost, the inspector

can determine

that the object

is either of type tl

or t3 because the inspector knows that property p3 holds.
The information in Figure 2 determines four universal laws
(Figure 3) that state that, if one of the four properties hold
of an object o, then o is of exactly one of two types. From
each universal law, a pair of conflicting TEMPRO
rules is

In phase four, the correct and corrected frames are
compared, and TEMPRO
is assigned a grade and a performance index. The grade is the number of errors in the
noisy film that were properly corrected in the corrected
film divided by the total number of errors in the noisy film.
The performance
index is an ordered pair (b, T), where b
is the number of backtracks and T is the number of rejected configurations.
performance
ranging

under various conditions

performance

number of backtracks
constituting
debilitates
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tl.
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Figure 4: A Noisy
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of the objects (i.e.
possible corrected
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we have

p(til7
Pi,)
X ’ ’’ x P(ti,, pi,) as the probability of this configuration. The ordering of the possible configurations induced by these probabilities
is used in conflict resolution

as described
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If

of two frames,

lation,

Film

succession,

in temporal

consistent,
might

but,

isowhen

with the corrected

not be (diachroni-

The possible movements

of objects serve

to determine compatibility
checks for adjacent frames in a
film. For example, an unknown mobile object located in
area (i, j) has 9 possible movements available to it if it is
not on an edge of the grid. The nine areas to which it can
move are (; - 1,j - 1), (i - l,j),
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(i,j+l),
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If the time is

a past frame to
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In each of the 6 areas covered in both the frame for
time t - 1 and and the frame for time t, there must
be the same number of permanent
(The6commonareas

(type

are(-l,t-1),

(-l,t),

tl) objects.
(&t-l),

Consider

view.

2 in area (1,3),
truck (T)

the number of objects of that type located in the area
must be less than or equal to the sum in the

frame for time
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t of the objects of that type in that
the areas (-1, t - 1), (-1, t),

(?‘s)

For each type from

(1, t - 11, (1, 0,

indicates

those areas in which

a car (C)

at time 2 in area (0, l),

at time 3 in area (1,4).

TEMPRO’s

and a

compatibilobjects

to be determined:

1. In frame 1, a car (C) is in area (-1,O)
because the
car at time 2 in area (0,l) must have come from there
(compatibility
check (3)).
2. In frame 2, a truck (T)
have moved

is in area (0,3)

at time 3 to area (1,4)

truck is the only object

because it must
and, at time 3, a

in area (1,4)
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check (2)).
3. In frame 3, a boulder (B) is in area (1,3) because it
was there at time 2 (compatibility
check (1)).
TEMPRO
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t-v
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and (1, t + 1)).

mark (7)

ity checks enable the types of all three unidentified

t2 to t4, in the frame for time t - 1,
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A question

information about an object has been lost. The following
objects are observed with certainty: A boulder (B) at time

(0, t>, (1, t - 11, and (1, t)).
For each type from

the noisy film in Figure 4 consisting of the frames

for times 1, 2, and 3. In each of the three frames, the inspector (1) is in the middle of the areas in his field of

Figure
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the number of objects of that type located in the area
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the frame for time t - 1 of the objects of that type
in that and adjacent areas (i.e. the areas (-1, t - 2),
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analysis,
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the user to run three variants of TEMPRO
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the same terrain history and the same noisy film. First,
TEMPRO
can be run with the standard conflict resolu-

of the current 9 large areas.

tion and compatibility
checks as described above (STANDARD).
Second, TEMPRO
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jecting into the future the number of permanent

be run with standard conflict resolution but with no compatibility checks (NO-COMPATIBILITY-CHECKS).
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ample, in one run with an error rate of .9 and a average density
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a grade of -76 (respectable)
(poor).
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(and details of the Franz LISP

volves making the resolution
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index

analysis of TEMPRO’s

can be found in [Gumb,
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and a performance

of (16,4096)
tation)

Further
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system

enhancements

in-

of the inspector’s sensor varifield of view could be carved

into as many as, say, 25 small areas instead
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