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1. Introduction

The Adaptive Networks Group here at UMass has been
investigating ways of combining searching and learning methods as
an approach to solving difficult problems. They have designed
the Associative Search Network, or ASM, as a working model af
such an appreoach. Our objective in this project is to show how
an ASM can bhe applied to problems in manipulator control.

The analysis of a manipuwlator can be quite complex and
the application of classical control techniques to manipulatars
in general 1is restricted. i1t 1is a formidable, and often
impossible task to determine the appropriate contrels for each
Joint for every possible environmental situation. To tackle
these complex control problems we must devise algorithms that are
capable of searching for the correct control actions. The amount
of search can be greatly reduced by incorporating the ability to
learn from experience. Thus, the ASN algorithm miht be usefully
applied to these problems.

Todate, the ASN has been applied to several abstract test
beds and <to the control of a simulated, physical system.
Applying the ASN to a real system could reveal its true potential
and expose those design flaws that might be hidden by the use of

simulated test beds. Thus: our objectives are twofold: 1) To



demonstrate the potential of the ASN as a device for controlling
manipulators: 2} To further our research with the ASN by

performing experiments with a real suystem.

2. Method

We planned to complete this project in one semester so we
designed our experiments +to require very 1little additional
research with the ASN. At the semester’s end the manipulater’s
hardware was not completed. However, we have finished the
implementation of the ASN and have tested it with a crude
simulation of the manipulator‘s behavior. OQur experiments
invelved a manipulator task that is &a direct analog of some
previous experiments with an ASN and an abstract test bed. The
manipulator task is outlined below, after which the ASN is

described.

2.1 The Task

The task is to learn the control actions that will move
the manipulator’s end effector to a particular point within its
werk space from any other point. This is certainly not a
difficult problem for simple manipulators and is routinely done
by most manipulaters in wuse today. However, most control
algorithms require certain assumptions about the environment +to
be %rve, such as the placement of parts and obstacles. As more
sensory feedback is provided: these assumptions are lessened, but

the complexity of the controller can increase dramatically. Note



that our objective in this project is to demonstrate the general
paradigm with which an ASN can be applied to manipulator contral,
and not to solve a difficult control problem.

The generality of the paradigm is dve to the 1lack of
specific constraints on the input and output of the ASN. All the
ASN requires from the manipulator is a vector of signals that
specify the current position of the end effector and a signal
indicating whether the previous control action caused the end
effector to move towards or away from the desired point in space.
The manner in which the current position is encoded by the vector
of signals is not known to the ASH.

The output of the ASN is suypplied te the manipulator as
control signals. Here again the ASN does not know how these
control signals affect the manipulator. For the primary task of
this project, each control signal will simply move one of the
Joint variables by a fixed amount.

The task can be extended in several ways. One way would
be to allow the desired point in space to be moved, and providing
the ASMN with an additional wvector of signals indicating its
location. The task can also be extended by altering the manner
in which the ASN’‘’s output affects the manipulator. Rather than
fixed increments in the Joint wvariables. the control signals
might indicate variable increments, velocities, or increments in
velocities. The generality of the ASN leaves much reom for

experimentation.



2.2 The ASN

The structure of the ASN resembles an associative memory
network in that it receives an input vector and generates an
output vector whose components are functions of the inner product
of the input vector and ¢the weight vectors. The ASN that is
proposed for this progject is pictured in Fig. 1.

The computation of a y actually involves a threshold

J

function of the input and weight wvectors’ inner product plus

noise, defined by the equations
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where =1,2,3 and Noise 1is a random varisble sampled from a
J
Gavssian distribution. The MNoise term provides the "search"
J

function of the ASN by generating alternative wvalues for the
ASN‘s output.
Let’s relate these variables to the project’s task. The

inputs x ....,x encode the curren%t position of the end effector.
1 [}
Each x is dependent on one component of the position wvector as
i
detailed in Fig. 2.

The effect of the outputs y y +y on the position vector
1 2 3
{p p +p ) is given by
i 2 3

AP = adi wfoe (=123 and a=1
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The ASN "learns from experience® by receiving a payoff
indicating the distance between the goal and the manipulateor’s
current position, and computing an evalvation, or reinforcement
T of the previous action by subtracting this new payoft from the

previous payoff. The weights are ypdated with the equation

r({) e PGYO““Y(‘E‘ l) e Pa‘,’ou (.{-)

Wi (Ee) = W) + ¢ v (£) jjm X (€)

for i=1,.... 4 and J=1,....,3.

2.3 Software

We are running our experiments with FORTH routines on the
PDP 1i/23. These routines can be divided into three groups: 1

those involved in computations to decide the next best action,

i.e.+ setting initial conditions and solving the equations
representing the ASN model; 2) the routines which serve to
interact with the wuser at the terminal, i.e.: Tunning an

experiment and specifying the detail of the display; 3) routines
related with the movement of the manipulator‘s linear joints.

All routines are contained in the FORTH listing in Appendix B.



2.3.1 ASN Routines

0 0 0 !eDAL
This routine serves to set the goal for our simulations.
When we use the manipulator, the gnal will be specified simply by

placing the distance encoder at a place in the workspace.

INIT
This command initializes the ASN weights to zero, which

represents the initial conditions at the start of any experiment.

10C ! or 20 STD !
We wuse these FORTH instructions to initialize the values
of the learning constant. C, and the standard deviation, STD, of

the noise distribution.

CALC—-ACT

This rtoutine computes the next action to be applied to
the manipulator’s linear Joints. The Tesult is a 3-dimensional
vector whose components are 1, 0 or -1. These values are
multiplied by a fixed step size before being applied to the

manipulator. In our simulations this step size is 1.

LEARN-NET

This routine updates the values of the ABN’s weights.



2.3.2 Commands far Rumning Experiments and Pisplaying Results

SHOW-NET
This rtoutine displays at the terminal the current state
of the ASN, including the weight wvalues, the action, and ¢the

input valves.

100 STEPS

This Toutine serves +to Tun an experiment for the
specified number of steps. When complete, control returns to the
terminal at which ¢time parameters can be changed and the
experiment coentinued by again using STEPS. This routine simply
uses a sequence of commands to sense the manipulator’s position,
compute the actions, apply them to the manipulator, sense the
payoff, update the ASN’s weights, and display the current state

of the experiment.

LONG
This sets the "“"display" switch fto indicate that for every
step the results of each substep, i.e.. sensing, action

calculation and application, and lzarning, will be shown.

SHORT

This sets the "display"” switch to indicate that jJust the
step number and the current position of the manipulator will be

shown for each step.
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VERY-SHORT

This sets the "display" switch to indicate that the step

number and the current position will be shown for the final step

only.

2.3.3 Manipulator~dependent Commands

These commands are what we need from the Robotics Group

to run our experiments with the real manipulator.

SENSE ( — JX JY JZ )

This routine should return the current wvalues of the
Joint wvariables for the three linear Joints. These will be

encoded (by one of our routines) intoe the ABN’s input wvalues

34 100 —-§46 MOVE-TO ( JX JY JZI —— )

This routine must allow us to place the end effector of
the manipulator at any point in the working space by specifying
the values of the joint variables for each of the three linear
Joints., We are free to use any convenient units, such as counter
increments. This routine would not be required, if we could mave

the manipulator manually before starting each training session.

2 =2 2 ACT ( JX JY JZ — )
This rtoutine 1is wused ¢to change the manipuvlator’s
position, according to the actions calculated by the routine

CALC-ACT. The values JX, JY., and JZ would most simply be

increments or decrements in the joint counters.
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EVAL ( ~—— Distance )

This routine should return the current valuve of the
distance encoder, which will actually be the encoder an the
fourth Joint, i.e.:. the rotational joint. This valve, as all

others, could simply be in counter units.

3. Results

For our simulations, we arbitrarily defined the
manipulator’s workspace to have dimensions of —100 to 100 in
joint wvariable  wunits. Appendix A shows +the rmesults of a
particular experiment for which the goal was set to (0,0,0), the
center of the workspace. The position of the manipulateor was
initialized to (10,10,10) and the ASBN‘s weights were set to zero.
The +irst 10 steps were run wusing the long display as a
demonstration of the substeps involved. The ABN‘s input,
weights: and output are displayed in a format meant to resemble
the structure drawn in Fig. 1. The next 20 steps were rTun in
short form. to show Just +the movement of the simulated
manipulator.

The position changes from (10,10,10) to positions where
all components are negative, and then back to all positive
components. This oscillatory behavior is due to the manner 1in
which learned actions are generalized throughout the workspace.
Associating a (—AJX, —AJY,-AJZ) action with position (10,10,10)
initially generalizes +to other positions, including those with

all negative components, thus driving the position away from



(0. 0,0) as it bhecomes negative. This cantinues until a
(+AJX, +4JY, +AJZ) action becomes rveliably associated with a
negative position. The magnitude of the vscillations tend %o

decrease as the generalizations of opposite actions "cancel" each
other in the region near the goal, which is (0.0,0) +for +this
experiment.

After suppressing most of the output with the VERY—-SHORT
command a further 1900 steps are run. We then demonstrated what
the ABN had learned by setting the ASN‘s parameters C and S5TD to
zero to inhibit any subsequent learning and then letting the ASN
move the manipulator from a number of starting positions. After

100 steps the pasition had either stopped changing or was

oscillating between two positions. The results are listed below.
STARTING POSITION POSITION AFTER 100 STEPS
JX¥ JY JZ JXOJY JZ

=0 20 =70
-80 S —-65
10 70 kv 15
60 &0 &0
70 -2 -55

D000 Q
IRV VR ]
]

w

With additional learning we would expect these final positions to

get increasingly closer to the goal af (0,0,0).



4. Discussion

Using a simulation o# the gross behavior of the
manipulateor, we have shown that &an ASM consisting of three
elements each receiving six inputs is capable of performing a
simple goal—-seeking task with the manipuwlater. The importance of
this demonstration is not in the selection of the task, but in
the type of controller used, i.e., the ASN.

Learning contrallers can be compared in at least twe
major ways. One way is by the type of representation wused for
the state of the contreolled plant. This is often described
geometrically in terms of the state space of the plant. For
example, the BOXES system of Michie and Chambers represented the
state of an inverted pendulum by dividing the state space inte
many fixed, nonoverlapping rectangles, or "boxes", and
designating which box contained the state at specific times.
Raibert also divides the state space into fixed, nonoverlapping
regions. The CMAC system of Albus also uses a state space with
many fixed regions: but +the regions are overlapping. In our
demonstration, ¢the ASN wused only a few large, overlapping
regions,

Two opposing factors contribute to +the choice of a
representation. The first factor is generalization. The ASN,
vseing large overlapping rtegions: was able £o genetralize: or
apply, an action learned in one state to many other states. This
greatly facilitated learning:, since experience with a relatively

small number of states enabled the ASN to apply the appropriate



actions throughout the state space. A representation consisting
of many smaller regions would not have this property. Experience
in one region would generalize to relatively few other states.
The amount of generalization depends on the size of the regions;

to maximize the amount af generalization the regions should be as

large as possible. However, the size of the regions is limited
by a second factar, the resolution Tequired by the
action—selection mechanism. The action—-selection algorithm and

the particular control surface that is to be implemented by the
action—selection algorithm set an upper limit on the size of the
regions. Thus, there is a +tradeoff between the amount of
generalizatiion and the complexity of +the possible control
surfaces that can be implemented with a certain representation.
Ideally, & learning controller would ba capable of developing a
Tepresentation that is appropriate for a given task.

This 1is the approach that we are currently pursuing with
the ASN. We believe that by constructing a system of
goal—seeking elements this +typa of behavior can be achieved.
Briefly, we are considering a two-layered ASM. DBoth layers are
similar to the network used in this project. The output of the
first layer becomes the input to the second layer. With this
structure, the first layer will be learning a transformation of
the state space into a representation with which the second layer
can perform the action-selection task. We have preliminary
results from experiments employing two—layered ASN’s, including

test beds involving a simple type of obstarcle avopidance tasks.
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A second way of categorizing learning controllers is by

the types of learning algorithms, or rtules. The Albus GCMAC
system employs an error—correction rule. When applied to control
problems, this requires +the a priori knowledge of the desirved

control surface with which the output of the CMAC system can be
compared and an error computed. However:. for many control
problems the desired control surface is unknown. Michie and
Chambers * BOXES system performed a type of reinforcement learning
in which the only evaluation received was an infrequent
punishment. The desitred control surface need not be known a
priori for this procedure. One problem, though, 1is the
infrequent opportunity to learn. The ASN in this project assumed
that an evaluation was availabhle after every movement.

We are currently investigating ways of bridging this gap
between infrequent and frequent evaluations. QOur approach has
been to design an additional element that learns to predict an
evalvation for each state. Thus, for steps in which no external
evaluvation is available, this internal "critic" provides the
needed information about the desirability of the previous action.

In summary, this progect invelves a simple ASN that .
learns to perform @ simple control task. We do not claim that
the performance of this task is worthy of consideration, but we
do claim that the adaptive control algorithm of the ASN has
potential significance for difficult cantrel problems, such as

those that arise in manipulator control.



APPENDIX A

AVAILABLE COMMANDGS?
MOVE-TO MOVES ARM TO GIVEN FOSITION (X Y Z MOVE-TO)

OK "HELF

INIT RESETS THE NETWORK VARS TO ZERO (INIT)
STEFS RUNS THE EXFERIMENT FOR N STEFS (N STEFS)
I_.ONG SHOW ALL DETAILS OF EACH STEF (LONG)
SHORT JUST SHOW FOSITION AT EACH STEF (SHORT)

VERY-SHORT SHOW NOTHING AT EACH STEF (VERY-SHORT)
SHOW-NET DISFLAYS CURRENT STATE OF NET (SHOW-NET)
TEST FIND THE EQUILIBRIUM FOSITION OF THE NET (TEST)

OK LONG

GR 10 10 10 MOVE-TO

DISTAHNCE ENCODER RETURMEL! 300

OK INIT

GOAL IS 0 0 0

DISTANCE ENCODER RETURNED 300

C= 100 STh= 200

STEF NUMERER ¢ FOSITION = 10 10 10

FAYOFF= 300 OLD FAYOFF= 300 REINFORCEHMENT= 13

X 0.00 0.00 0.00 0.00
¢.00 0.00 0.00 0.00
Y 0.00 0.00 0.00 0,00
0.00 0.00 0.00 0.00
z 0.00 0,00 0.00 0.00
0.00 ¢.00 0.00 0.00

0.00 0.00 0.00

0.00 0.00 0.00

It ny bz
OK 10 STEFS
C= 100 STh= 200
SENSES RETURNED FOSITION 10 10 10
NETWORK GENERATED THE ACTION (BXsDYyDZ)= -1,00-1,00-1.00
ARM HMOVED FROM FOSITION 10 10 10 TO 9 2 9
DISTANCE ENCOUDER RETURNED 243
NETWORK WEIGHTS UPDATED USING REINFORCEMENT OF 57
STEF NUMRER 1 FOSITION =9 92 %
FAYOFF= 243 OLI* FAYOFF= 300 REINFORCEMENT= S7

X 0.,12 0,06 -0.06 -0.06
0.38 -0.21 -0.21 -0.21
Y 0.12 -0,06 -0.06 -0.06
0.38 -0.21 -0.21 -0.,21
Z 0.12 -0.s086 =~0.06 =~0.06
0038 —0021 “0021 “0021

0.00 G.00 0.00
-1.00 -1.00 -1.00
nx oy oz

SENSES RETURNED FOSITION 9 2 %
NETWORK GENERATED THE ACTION (DX»DY,DZ)}= -1,00-1.,00-1.,00
ARM MOVED FROM FOSITION 9 9 9 TO 8 8 8
NISTANCE ENCODER RETURNELD 192
NETWORK WEIGHTS UFPDATED USING REINFORCEMENT OF 51
STEF NUMRBER 2 FOSITION =8 8 &
FAYOFF= 192 OLD PAYOFF= 243 REINFORCEMENT= 31

X 0.+13 =0.s12 =-90.12 -0,12
0,37 -0.,39 -0.39 -0.,39
Y 0,13 -0s12 -0.,12 -0.12
0.37 -0,3%9 -0.39 =~0.39
Z 0.13 -0.,12 -0.12 -0.12

0n.%7 -H.1I9 -N.3T9Q =M. 70

15



~0.21 =0.21 =-0.,21 16
“1,00 =1,00 =1,00

co X Yy 0z

SENSES RETURNED FOSITION 8 B8 8

NETWORK GENERATED THE ACTION (DXsDYsDZ)= -1.00 1,00 1,00

ARM MOVED FROM FOSITION 8 8 8 TO 7 9 9

DISTANCE ENCODER RETURNED 211

NETWORK WEIGHTS UFLATED USING REINFORCEMENT OF -19

STEF NUMBER 2 FOSITION = 7 9 ©

FAYOFF= 211  DLD FAYOFF= 192  REINFORCEHENT= —19

X 0415 -0,10 -0.14 -0.14
0.33 -0.,33 -0.,45 -0.45
h 0.1%5 -0,10 -0.14 -0,14
0,35 -0.,33 -0.45 -0.45
Z 0,15 -0.,10 ~0.14 -0.14
0.39 -0.33 ~-0.,45 -0.49

-0,42 -0.42 -0,42
“1000 1000 1;00
nx hy nz

SENSES RETURNED FOSITION 7 % 9
NETWORK GENERATED THE ACTION (DX,LY.DZ)= 1.00 1.00-1.00
ARM MOVED FROM FOSITION 7 9 9 70 8 10 8
LGISTANCE ENEODER RETURNEDR 228
NETWORK WEIGHTS UFDATED USING REINFORCEMENT OF -17
STEF NUMBER 4 FOSITION = 8 10 B
FAYOFF= 228 OLD FAYOFF= 211 REINFORCEMENT= -17

X 0.16 ~0.,12 -0.16 -0.12
0.34 -0.38 -0.320 -0.40
Y 0.13 -0+12 -0.16 -0.12
0.37 -0.,39 -0.51 -0.3%
z 0.13 -0.12 ~0.16 ~0.12
0037 "0039 "0051 ‘0039

-Q0.,38 ~-0.51 -0.51

1000 1000 "1000

X Dy nz
SENSES RETURNED FOSITION 8 10 8
NETWORK GENERATED THE ACTION (DX,DY,DZ)= 1.,00-1.00-1,00
ARM MOVED FROM FOSITION B 10 8 TO ¢ ¢ 7
DISTANCE ENCONER RETURNED 211
NETWORK WEIGHTS UPDATED USING REINFORCEMENT OF 17
STEF NMUMBER S FOSITION =% 9 7
FAYOFF= 211 OLD PAYOFF= 228 REINFORCEMENT= 17

X 0.15 -0,10 -0.,18 -0.14
0.35 -0.33 ~-0.55 -0.,45
Y 0.,12 -0.10 —0018 "0114
0038 “0-33 -0057 “0045
FA 0.15 -0.10 -0.18 =-0.14
Q.35 ~0.34 ~0.36 -0.44

~0.,43 -0.58 -—0,44

1'00 “1000 “1.00

nx oy DZ
SENSES RETURNED FOSITION 9 9 7
NETWORK GENERATED THE ACTION (OX.DYsDZ)= 1.00 1.00 1.00
ARM MOVED FROM FOSITION 2 ¢ 7 TO 10 10 8
DNISTANCE ENCODER RETURNED 264
NETWORK WEIGHTS UFDATED USING REINFORCEHENT OF -53
STEF NUMEBER & FOSITION = 10 10 B
FAYOFF= 244 LD PAYOFF= 211 REINFORCEMENT= =53

X 0.13 -0.,16 ~0.24 -0.20
0.37 -0.52 -0.74 -0.64
Y 0,13 ~0.,14 -0.24 ~-0.,20

(410 v N =9 =N .74 -N. 44



—60;4 -006é

p034 ’0052
“0038 “0066 —0'50
1,00 1.00 1.00
% oy nz
SENSES RETURNED FOSITION 10 10 8
NETWORK GENERATED THE ACTION (DX,DY,DZ)= -1.00
ARM MOVED FROM FOSITION 10 10 8 TO 9 11 7

DISTANCE ENCODER RETURMED 251
NETWORK WEIGHTS UFDATED USING REINFORCEMENT OF

STEF NUMBER 7 FOSITION = 9 11 7
FAYOFF= 251 OLIr FAYOFF= 244 REINFORCEMENT=

X 0.12 0,17 ~0.23 -0.21
0,28 -0.356 -0.70 -0.68
Y 0.12 -0.17 -0.,23 -0,21
0.38 -0.596 -0,72 ~0.48
z 0,15 -0.192 -0.25 -0.23
0.35 =0.386 =0.70 -0.466
-0.60 -0.88 -0.,76
-1.00 1,00 =-1,00
nx ny nz

SENSES RETURNED FOSITION ¢ 11 72

NETWORK GENERATED THE ACTION (DX,DY.DZ)= 1,00
ARM MOVED FROWM FOSITION % 11 7 TO 10 12 &
DISTANCE ENCODER RETURNED 280
NETWORK WEIGHTS UPDATED USING REINFORCEMENT OF
STEF NUMEBRER 8 FOSITION = 10 12 &
FAYOFF= 280 oLD FPAYOFF= 251 REINFORCEMENT=
X 0.13 0,20 -0.,26 =~0.18
0.37 -0.66 -0,80 -0.98
Y 0,11 -0.,20 -0.268 -0.18
0.39 -0.67 -~0.83 -0.57
z 0.14 -0.23 -0.29 -0.19
0.34 ~0.+65 =-0.79 -0.57
-0.66 -0.84 -0.80
1.00 1.00 -1.00
DX ny nZ
SENSES RETURNED FOSITION 10 12 6
NETWORK GENERATED THE ACTION (DXsIY,DZ)= -1.00
ARM MOVED FROM FOSITION 10 12 6 TO % 13 S

DNISTANCE ENCODER RETURNED 275
NETWORK WEIGHTS UFDATED USING REINFORCEMENT OF

STEFP NUMRER ¢ FOSITION = 9 13 §
FAYOFF= 275 OLD FAYOFF= 280 REINFORCEMENT=
X 0.12 -0.20 -0.26 -0.18
0,38 -0.67 -0.,79 -0.,59
Y 0.09 -0.20 -0.26 -0.18
0.41 -0.,469 -0.81 -0.99%
Z 0.17 -0.23 -0.29 -0.19
0.33 -0.66 -0.78 ~-0.58
~0479 =-0.99 -0.69
-1.00 1,06 =1.00
X oy Dz
SENSES RETURNED FOSITION 9 13 5
NETWORK GENERATED THE ACTION (DX,DY:DZ)= -1,00
ARM MOVED FROM FOSITION 2 13 5 TOQ 8 14 4
GISTANCE ENCODER RETURNED 294

NETWORK WEIGHTS UFDATED USING REINFORCEMENT OF

STEF NUMBER 10 FOSITION =8 14 &
FAYOFF= 2%& OLTT PAYOFF= 275 REINFORCEMENT=
X 0.13 ~0.18 -0.28 -0.20

N7 -0 AN an RE - 2

17

1.00-1.00

13

13

1.00-1.00

]

w

1.00 1.00



_ 0.42 -0.61 -0.8%
Z  0.19 ~0.20 -0.32
' 0031 ‘-0060 _0084

“0079 “0097
~1.00 1.00

nx ny
Ok
0K SHORT
OK 20 STEFS
C= 100 STh= 200

STEF NUMBER i1 FOSITION
STEF NUMBER 12 FOSITION
STEF NUMEBER 13 FOSITION
STEF NUMRBRER 14 FOSITION
STEF NMUMBER 15 FOSITION
STEF NUMBRER 16 FOSITION
STEF NUMEER 17 FOSITION
STEF NUMBER 18 FOSITION
STEF NUMBER 19 POSITION
STEF NUMBER 20 FOSITION
STEF NUMBER 21 FOSITION
STEF MUMEBRER 22 FOSITION
STEF NUMEBER 23 FOSITION
STEF NUMERER 24 FOSITION
STEP NUMBRER 25 POSITION
STEF NUMEER 26 FPOSITION
STEF NUMBER 27 FOSITION
STEF NUMEER 28 FODSITION
STEF NUMBER 29 PFOSITION
STEF NUMEER 30 FOSITION
STEF NUMEER 31 FOSITIGN
STEF NUMBER 32 FDSITION
STEF NUMEER 33 FOSITION
STEF NUMBER 34 POSITION
STEF NUMBER 33 FOSITION
STEF NUMBER 36 FOSITION
STEF NUHWMRER 37 FOSITION
STEF NUMBER 38 FOSITION
STEF NUMBER 39 FOSITION
STEF NUMBER 40 FOSITION
STEF NUMBER 41 FOSITION
STEF NUMBER 42 FOSITION
STEF NUMBER 43 FOSITION
STEF NUMEER 44 FOSITIDN
STEFP NUMBER 45 FOSITION
STEF NUMBER 44 FOSBITION
STEF NUMRER 47 FOSITION
STEF NUMBER 48 FOSITION
STEF NUMBER 49 FOSITION
STEF NUMRBRER S0 FPOSITION
STEF NUMBER S1 FOSITION
STEF NUMBER S2 FOSITION
STEF NUMBER 53 FOSITION
STEF NUMEER 54 FOSITION
STEF NUMBER S5 FOSITION
STEF NUMEBER 56 FOSITION
STEF NUMBER 57 FOSITION
STEF NUMEKER 58 FOSITION
STEF NUMBER 59 FOSITION
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41

FOSITION

STEF NUMBER 1000
0K

OK SHOW-NET

X 0.264 b4
0.24 -4.,19

Y 0.17 2.34
0,33 -1.69

Z 0023 "0008
6.27 0.35
0,05

1,00

X

OK 1000 STEFS
C= 100 STh= 200

STEF NUMEER
STEF NUMEER 62 FOSITION
GTEF 'NUMEER 63 FOSITION
STEF NUMEER 44 FOSITION
STEF NUMEER 65 FOSITION
STEF NUMEER 66 FOSITION
STEF NUMBER 67 FOSITION
STEF NUMEER 68 FOSITION
STEF NUMEER 69 FOSITION
STEF NUMEBER 70 FOSITION
STEF NUMEER 71 FOSITION
STEF NUMEER 72 FOSITION
STEF NUMBER 73 FOSITION
STEF NUMBER 74 FOSITION
STEF NUMBER 75 FOSITION
STEF NUMBER 76 FOSITION
STEF NUMBER 77 FOSITION
STEF NUMBER 78 FOSITION
STEF NUMEER 7% FOSITION
STEF NUMEER 80 FOSITION
STEF NUMBER 81 FOSITION
STEF NUMBER 82 FOSITION
STEF NUNMEER 83 FOSITION
STEF NUMEER 84 FOSITION
STEF NUMEER 85 FOSITION
STEF NUMEER 86 FOSITION
STEF NUMBER 87 FOSITION
STEF NUMBER 88 FOSITION
STEF NUMBER 89 FOSITION
STEF NUMBER 90 FOSITION
STEF NUMBER 91 FOSITION
STEF NUMEER 92 FOSITION
STEF NUMEER 93 FOSITION
STEF NUMBER 94 FOSITION
STEF NUMEER 95 FOSITION
STEF NUMEER $6 FOSITION
STEF NUMEER 97 FOSITION
STEF NUMBER 98 FOSITION
STEF NUMBER 99 FOSITION
STEF NUMBER 100 FDSITION
OK VERY~-SHORT
OK 900 STEFS
C= 100  STD= 200
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10
i1
10
2 3
10
? 9
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11
12
13
12
11
12
11

= 10

FOSITION O 5

0.86
-1.37
6.86
~7+33
0.13
-0.52

-1.,42
“1.00
ny

0.43
0.09
0.72
~0,08
7.71
-7.,08

0.13
“1000
nZ

~19 -9
~18 B
-17 -9
-16 -8
-15 -9
-14 -8
~-13 -7
-123 -4
-11 -5
-10 -4
-9 -3
-g -2
9 -3
8 -2
7 1
& 0
5 -1
4 0
31
2 2
3 3
2 4
1 S
0 &
7
6 8
17
2 4
5
4 4
1
6 4
7 3
g8 2
7 3
g8 4
7 5
b &
5 5
4 4
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OK SHOW-NET
X 0,25 8.33 1,06
0025 _8029 “0035
Y 0.20 1.80 .27
0030 "1.13 ~-8.,580
Z 0.25 0.25 0.60
0.25 -0.12 0.05
0,05 -0.35
1.00 -1.00
X ny
0K
oKk 0o C ! O 8Th !
OK SHOW-FRMS
C= 0 8Th= 0O
OK 50 20 -70 MOVE-TO
0K SHORT
OK 100 STEFS
C=0 STh= 0
STEF NUMBER 2001 FOSITION
STEF NUMBER 2002 POSITION
STEF NUMBER 2003 POSITION
STEF NUMBER 2004 FOSITION
STEF NUMBER 2005 FOSITION
STEF NUMEBER 2006 FOSITION
STEFP NUMBER 2007 FOSITION
STEF NUMEBER 2008 FOSITION
STEF NUMRER 2009 FOSITION
STEF NUMEBER 2010 FOSITION
STEF NUMBER 2011 FOSITION
STEF NUMBER 2012 FOSITION
STEF NUMERER 2013 FPOSITION
STEF NUMBER 2014 FOSITION
STEF NUMERER 2015 FPOSITION
STEF NUMBER 2016 FOSITION
STEF NUMEBER 2017 FOSITION
STEF NUMBER 2018 FPOSITION
STEF NUMBER 2019 FOSITION
STEF NUMBER 2020 FOSITION
STEF NUMBER 2021 FOSITION
STEF NUMERER 2022 FOSITION
STEF NUMEBER 2023 FOSITION
STEF NUMBRER 2024 FOSITION
STEF NUMBER 2025 POSITION
STEF NUMEBER 2026 FOSITION
STEPF NUMBRER 2027 FOSITION
STEF NUMBER 2028 FPOSITION
STEF NUMBER 2029 FOSITION
STEF NUMBER 2030 FOSITION
STEF NUMBER 2031 FPOSITION
STEF NUMBER 2032 FOSITION
STEF NUMBER 2033 POSITION
STEF NUMEBER 2034 FOSITION
STEF NUMBER 203% FOSITION
STEF NUMRBRER 2036 FOSITION
STEF NUMBER 2037 FOSITION
STEF NUMEBRER 2038 FOSITION
STEF NUHMEBER 203% FOSITION
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)
-65
~44
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-53
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. STEF, NUMEER
STEF NUMERER
STEF 'NUMRER
STEF NUMEER
STEF NUMBER
STEF NUMERER
STEF NUHERER
STEF NUMBER
STEF NUMBER
STEFP NUMERER
STEF NUMEER
STEF NUMERER
STEF NUMEBER
STEF NUMEER
STEF NUMBER
STEF NUMEER
STEF NUMEER
STEF NUMERER
STEF NUMEER
STEF NUMEBER
STEP NUMEBER
STEF NUHERER
STEF NUMEBER
STEF NUMBER
STEF NUMRER
STEF NUMBER
STEF NUMEER
STEF NUMERER
STEF NUMERER
STEF NUMEBER
STEF NUMEER
STEF NUMBER
STEF NUMERER
STEP NUMBER
STEF NUMBER
STEF NUMEER
STEF NUMEER
STEF NUMBER
STEF NUMEER
STEF NUMBER
STEF NUMEER
STEF NUMEER
STEF NUMBER
STEF NUMEER
STEF NUMEBER
STEF NUMEER
STEF NUHEER
STEF NUMRER
STEF NUMBER
STEF NUMBER
STEF NUMEBER
STEF NUMBER
STEF NUMBER
STEF NUMEER
STEF NUMERER
STEF NUMEER
STEF NUMERER
STEF NUMEBER
STEF NUMBER
STEF NUMEBER

2041
2042
2043
2044
20435
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
20462
20463
2064
2065
2066
2067
2068
2069
2070
2071
2072
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
2083
2084
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
20995
20946
2097
2098
2099
2100
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FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITIGON
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITIGN
FOSITION
FOSITION
FOSITION
POSTITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITIGN
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION

OK -80G 5 -45 MOVE-TO

OK 100 STEFS
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 STEF
STEF

‘STEF

STEF
STEF
STEF
STEF
STEP
STEF
BTEF
STEF
STEF
STEF
STEP
STEF
STEF
STEF
STEF
8TEF
STEF
STEFP
STEF
STEP
STEF
STEF
STEF
STEF
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STEF
STER
STEF
STEF
STEF
STER
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
8TEF
STEF
STEP
STER
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF

STEF
aTFR

NUMEBER
NUMEBER
NUMBER
NUMEER
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NUMERER
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NUMEBER
NUMEBER
NUMBER
NUMRER
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NUHEBER
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NUHEER
NUMRER
NUMEER
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NUMEER
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NUMBER
NUMEBER
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NUMBER
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NUMEER
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NUMEBER
NUMEER
NUMRER
NUMEER
NUMERER
NUMBER
NUMRER
NUHEER
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NUHMEER
NUMBER
NUMEER
NUMBER
NUMEER
NUMBER
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21046
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2112
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2114
21135
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2117
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2119
2120
2121
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2124
2125
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2129
2130
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2144
2147
2148
2149
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21951
2152
2153
2154
2155
215046
2157
21589
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21460
2161
2162
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2164
2143
2164
2147

FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITIDN
FOSITION
FOSITION
FOSITIOGN
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
POSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
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. STEF,
STEF
STER
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEFP
8STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STER
STEF
STEF

oK
oK
OK
C=

STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEFP
STEF
STEF
STEF
STEF
STEF
STEF
STEF
5TEF
STEF
STEF
STEP
STEF
STEF
STEF
STEF
STEF
STEF

NUMEBER
NUMEER
NUMEER
NUMEER
NUHRER
NUMEER
NUMRER
NUMBER
NUMEBER
NUMEBER
NUHRER
NUMEER
NUMEBER
NUMEBER
NUMEBER
NUMEER
NUHMEER
NUMBER
NUMEER
NUMERER
NUMRER
NUHEBER
NUMEBER
NUMEER
NUMBER
NUMBER
NUMEBER
NUMEBER
NUMEER
NUMERER
NUMRER
NUMEBER

SHORT
10 70 -39 MOVE-TO

100 BSTEPRS

0 STh=

NUMEBER
NUMEER
NUMBER
NUMEER
NUMEER
NUMBER
NUMEER
NUHEER
NUMEBER
NUMEER
MUMBER
NUMEER
NUMEBER
NUMEBER
NUMEER
NUMEER
NUMEBER
NUMEER
NUMERER
NUMEBER
NUMRER
NUMERER
NUMEBER
NUMBER
NUMEER
NUMEER
NUMEBER
NUMBER

21469
2170
2171
2172
2173
2174
2175
2174
2177
2178
2179
2180
2181
2182
2183
2184
21835
21846
2187
2188
2189
2190
2191
2192
2193
2194
2199
21%4
2197
2198
2199
2200

0
2201
2202
2203
2204
2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
D222
2223
2224
2225
A}

A

2227
an92g
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FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION

FOSITION
FOSITION
FOSITION
FOSITION
FOSTITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSTITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
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63
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 STEP,
STEF

BTER'

STEF
STEF
STEF
STEF
STEF
STER
STEP
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEFP
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEF
STEFP
STEF
8STEF
STEF
STEF
STEF
S5TER
STEF
STEF

NUMEBRER
NUMEBER
NUHEER
NUMEER
NUMEBER
NUMBER
NUMBER
NUHERER
NUMBER
NUMEER
NUMEER
NUMEER
NUMBER
NUMEBER
NUMEBER
NUMEBER
NUMEER
NUMEBER
NUMBER
NUMBER
NUHMBER
NUMEER
NUMEER
NUMEER
NUMEER
NUMEBER
NUHRER
NUMRER
NUMEBER
NUMEER
NUMEBER
NUMBER
NUMEER
NUMBER
NUMERER
NUMBER
NUMEER
NUMRER
NUMEER
NUMBER
NUMEBER
NUMBER
NUMRER
NUMBER
NUMBER
NUMERER
NUMEBER
NUMEBER
NUMEBER
NUMEER
NUMEER
NUHERER
NUMEBER
NUHEBER
NUMEER
NUMRER
NUMEBER
NUMBER
NUMERER
NUMEER
NUHEBER
NUMEER
NUMERER
NUNMEER
NUMEER

2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2201

2252

2253
2254
2255
2256
23257
2258
2259
2260
22461
2262
2263
2264
2245
22646
2267
2248
22469
2270
2271
2272
2273
2274
2273
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2278
2279
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2281
22824
2283
2284
22805
2284
2287
2288
2289
2290
2291
2392
2293
2294

FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
FOSITION
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. BTEF, NUMERER
STEF NUMEER

“STEF  NUMEER
STEF NUMEBER
STEF NUMEER

2294 FOSITION
2297 FPOSITION
2298 FOSITION
2299 FPOSITION
2300 FOSITION

0K VERY-SHORT

OK 60 460 60

0K 100 STEFS

C=0 STh=

S5TEF HUMBER

MOVE-TO
0
2400 FOSITION

oK 70 -2 -85 MOVE-TO

OK 100 STEFS
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APPENDIX B

FOF-1i1 Forth-79 Standard Suystem Rev 2.8 i~-JAN-8CG 00:00:00
BLK 300 ( VARIABLE DEFINITIONS )

BLK 301 ( STORING AND RETRIEVING FROM MAIN ARRAYS )

BELK 302 ( XE! MULTIFLYING FIXED FOINT NUMBERS WITH EXFONENTS )

BLK 303 ( RANDOM NUMBER GENERATOR! GAUSS AND CHOOSE )

ELK 304 ( .NROW: TYFES NUMBERS FROM ADR1 TO ADR2 HAVING EXF )

ELK 305 ( CALC-ACT: COMFUTES THE NETWORK’S QUTFUT )

BLK 306 ( LEARN-NET:! UFDATES THE NETWORK’S UWEIGHTS)

ELK 307

BELK 308 ( TRACES! UFDATES TIME TRACES OF NETWORK VARIAEBLES )
ELK 309

BLK 310 ( SHOW-HNET, SHOW-STATE. SHOWFOS )

BLK 311 ( SHOW-FRMS )

BLK 212

BLK 313 ( SENSE,» ACT» AND EVAL! MACHINE DEFENDENT STUFF )
BLK 314 ( MOVE-TO: MACHINE DEFENDENT: [!GOAL )

RLK 315

BLK 316 ( ZEROD~NET )

BLK 317 ( TOF LEVEL WORDS: STEFSy INIT» LONG» SHORT )

BLK 318 ( TEST! RUNS FOR 100 STEFS, NO LEARNING, TO FIND EQUILIERIUM )
BLK 319 ( HELF: LISTS TOF LEVEL WORDS 3

RRRERRRRREERRERRKRX  BRLOCK 300 REXEERKRRRREERRRREKEK

{ VARIABLE DEFINITIONS )
0 CON ALL 3 CON NUM-CELLS & CON NUM-INFUTS

100 VAR C 200 VAR STDh 0 VAR F 0 VAR FOLD © VAR DEERUG
0 VAR NBTEFS O VAR R 1 VAR LONGVY

NUM-CELLS NUM-INFUTS % 2% ARRAY U

NUM-CELLS 2% ARRAY 8 NUM-CELLS 2% ARRAY Y
NUM-CELLS 2% ARRAY YOLD NUM-INFUTS 2% ARRAY X
NUM~-INFUTS 2% ARRAY XOLD

-2 VAR WEXF -2 VAR XEXF -2 VAR SEXF -2 VAR YEXF
-4 VAR CEXF O VAR FEXF

6 ARRAY FOS | BFDS 2% FPOS + € 5 3 !FOS 2% FOS + ! 3

280 LOAD —-—
KEkk¥kxokkkkkkkkk*kkx RLOCK 301 KRR KRR KKK KKK KRR KK
( STORING AND RETRIEVING FROM MAIN ARRAYS )

¢+ BW NUM-CELLS * + 2% W + B 3§

¢ W NUM-CELLS * + 2% W + 1 3

¢t RS x5 +e s IS 2% 5 + )

CReY 2x Y + @ ¢ P lY 2% Y + ! 5

¢ @yoLp 2% yYOLD + @ 3 ¢ !YOLD 2% YOQLD + ! 3

VeX Ok X+ e s X 2% X+

¢ BXOLD 2% XOLDr + @ 5 ¢ {XOLD 2% XOLD + U 5

BLONG LONGY & 0> i



xokkkokkkkkkxkkxkxx BLOCK 302 KKK KK KK KK KOK KK KKK KK

{ ¥E? MULTIFPLYING FIXED FOINT NUMEERS WITH EXFONENTS )
12 ARRAY ARGS
t TYFES DERUG @ IF CR
S O 00 ARGS I 2% + ! LOOFP O 4 IO ARGS I 2% + 7 ~1 +LOOF
0 4 DO ARGS I 2% + & -1 +LOOF THEN 3

+ 107 1 SWAF O DD 10 % LOOFP 3
¢ ¥E SWAFP ROT + - DUFP 0> IF 10" %/ 1 THEN
nur 0= IF DROF X O THEN
bBUF 0< IF ABS 107 % X 1 THEN DRGF 3

Xokkkkkkkkxkxkxxx BLOCK 303 FREERRREER R R ROk R R

( RANDOM NUMEBER GENERATOR: GAUSS AND CHOOSE )
HERE VAR RND

¢+ RANDOM RND € 31421 % 6927 + DUP RND !t 3§

+ CHOOSE RANDOM O ROT D% SWAF DROF J

+ DIST O B 0 D0 100 CHODSE + LOOF &

¢t GAUSS DIST 400 -~ 122 100 %/ STD @ 100 */ 3

¢ + GAUSS STD @ 2% CHOOSE STD @ - §7 )

Xkkkkkkikkkkkkkkkx RLOCK 304 KRRk ko R ook R kR R Rk

( +NROW! TYFES NUMBERS FROM ADR1 TO ADR2 HAVING EXF )
{ IN FIELD OF COLS COLUMNS (ARR2 ADR1 EXF COLS .NROW)

0 VAR NCOLS 0 VAR EXF

+ SETUP <% 3§
{ ONUM EXF -- )

-EXF EXF @ DUP 0< IF ARS 0 DO % LOOP

44 HOLD O THEN DROF 3

{ EXF -~
+ +EXF EXF @ DUF 0> IF 0 DO 48 HOLD LOOFP O THEN DROF 3
¢+ FINISH #S SIGN #> 3§

-

MAKEDN DUF ABS 0 +
+N ( SWAF OVER DAES ) ( ASSUMES EXF AND COLS ARE ASSIGNED )

MAKEDON SETUF ~EXF +EXF FINISH DUF NCOLS @ SWAF ~ SBFACES TYFE 3§
: JNROW NCOLS ' EXF ' DO T @ .N 2 +LOOF 3 -



KRRRXKKKKKKKKKKKRK  ELOCK 305 KKK K0k KOk ok kKR kxR ok
CALC-ACT?! COMFUTES THE NETWORK’S OQUTPUT )
VAR NC 3 @NC NC @
i DERUG @ IF .* = ' DUF .+ THEN ;

CELLNC NC ! 0 @NC 1§

NUM=-IMFUTS O DO @NC I @W T BX WEXF £ XEXF @ SEXF B TYFES
¥E D1

+ LOOF Il DUF @NC !S GAUSS + Il

DUF 0> IF YEXF € AES 107 @NC 'Y THEN

ODUF 0= 1IF O @NC !Y THEN

0< IF YEXF @ AES 10" NEGATE @NC !Y THEN 3

C oee 2o T3 o~

! CALC-ACT NUM-CELLS O DO I CELLNC LGGF @LONG IF
+" NETWORK GENERATED THE ACTION (DXsDY,DZ)= * Y DUF NUM-CELLS
2% + SWAF YEXF @ 5 NROW CR THEN 3

Xhkkxkkkkkkkkkkkkx RLOCK 304 xRk kR Rk kKo kkokokek

{ LEARN-NET! UFDATES THE NETWORK’S WEIGHTS)
¢t REINF FOLD @ P @ - R I i}
( ¢+ EXFY BS DUP 100 > IF DROP 100 ELSE DUF -100 < IF DROF -100
THEN THEN §# )
¢! UFDATE-WS NUM-CELLS 0 I'0 NUM-INFUTS 0 LD
- I @X J BY XEXF @ YEXF @ WEXF B TYFPES ¥E D1
( J BY J EXPY - I BX YEXF B XEXF @ WEXF B XE )}
R @ WEXF @ FEXF @ WEXF @ TYFES XE D1
C @ WEXF B CEXF B WEXF B TYFES %E D1l
JI BYW + I JI 1Y LOOF LOOF 5

¢ LEARN-NET

REINF UFDATE-WS RLONG TIF .* NETWORK WEIGHTS *
+" UPDATED USING REINFORCEMENT OF ®" R ? CR THEN 7

FRRRRRRRRKRRK KKk k¥%  BLOCK 307 K KKK ROK ORJOR XK R KOk

FRRRkkkkRfRkkRkR%k® EBLOCK 308 KERRRERKKKKRKKKK KRR

{ TRACES: UFDATES TIME TRACES OF NETWORK VARIABLES )
¢ TRACES



. NUM-CELLS 0 DO I @Y I !'YOLL LODOF ) 27
F @ FOLD !

Bl o on
#

RxxRkiokkokkkkkkkkkkx  RLOCK 309 Kxkkiokkokkkkkokokxokkokk
Xlkkkkxkkkkkkkkkxx EBLOCK 310 KRRk kR kkkkRKkkkkokk
{ SHOW-NETs SHOW-STATE, SHOWFOS )

7 CON COLUMNS

+ INFP-LABEL DUF O = IF .* X" ELSE DUF 2 = IF .* YY" ELSE

DUF 4 = IF +* Z° ELSE .* " THEN THEN THEN DROF

+ SHOW-NET NUM-INFUTS O DO

I INP-LABEL X I 2% + DUF XEXF & COLUMNS .NRODW 2 SFACES

W I NUM-CELLS % 2% + DUF NUM-CELLS 2% + SWAP WEXF B COLUMNS

+NROW CR LOOF CR COLUMNS 3 + SFACES

S DUF NUM-CELLS 2% 4+ SWAF SEXF @ COLUMNS +NROW CR

COLUMNS 3 + SPACES Y DUF NUM-CELLS 2% + SUAP YEXF @ COLUMNS
+NROW CR COLUMNS 3 + SFACES COLUMNS 3 - SPACES " DX* COLUMNS 2-
SFACES " DY" COLUMNS 2- SFACES .* DZ" CR i

+ SHOWFOS 3 0 O I @FOS . LOOF

¢ GHOW-STATE LONGV @ 0« IF ELSE ." STEF NUMEER " NSTEFS
? +" POSITION = ' SHOWFOS CR @LONG IF " FAYOFF= " F 7

+" OLD PAYOFF= " FOLD 7 ." REINFORCEMENT= * R ? CR e
kkkkkokkkkkkkkkx  RLOCK 311 RRRRRR ROk kR Rk K

( SHOW-FRMS )
( SHOW-STATE CONTINUED ) SHOW-NET THEN THEN 3
+ SHOW-FRHS .* C= * C 7 .* STD= * STO 7 CR i



30

RkoRxokkkkokkkkkkkkk BLOCK 312 KRR KKK IKRK K KKK RKK

EXRRRERRKRERKRERRX  RLOCK 313 FARKER R R FROR KRRk

( SENSE» ACT: AND EVALY MACHINE DEFENDENT STUFF )

¢ CLAMF DUF 0< IF DROP O ELSE DUF 100 > IF DROF 100 THEN THENR 3
100 CON RANGE ( OF FOSITION )

¢ BENBE 3 0 I'0 I BPOS DUF -100 75 X/ 25 + CLAMF 1 2% X
100 75 X/ 25 + CLAMF I 2% 1+ X LOOF ®BLONG

IF .* SENSES RETURNED FOSITION * SHOWFOS CR THEN

1 VAR STEFSIZE

¢ ACT BLONG IF ." ARM MOVED FROM FOSITION * SHOWFOS .* TO * THEN
30 D0 I @RGPOS I BY 1 YEXPF € 0 O XE STEFSIZE @ x + I IFOS LOOF

@LONG IF SHOWFOS CR THEN 3

6 ARRAY GOAL ! @GOAL 2% GOAL + @
P EVAL 0 3 O 0 I EFOS I @GOAL - DUF 1 %/ + LOOF F ! ELONG IF
+" DISTANCE ENCODER RETURNED * F 7 CR THEN

-ty

RRRRRRRRERRRRERkXKkX  BLOCK 314 KERREREREERKXKKERKARRN

( MOVE-TO? MACHINE DEFENDENT, 1GOAL )
+ MOVE-TO 2 !'FOS 1t !'FOS O 'FOS EVAL TRACES 3
! 160AL 4 GOAL + ! 2 GOAL + ! GOAL !



N I . Y
Pl

Rk kKRkkkkkxk  BLOCK 315 XK KK Kok KRk KKK Ok R ¥Rk
kEFRERRRRRRRERRRk k% BLOCK 316 KoKk Kok Rk ok ok kokok oKk
ZERD-NET )

ZERQ DO T OSET LOOF ¢

ZERO-NET W DUF NUM-CELLS NUM~INFUTS % 2% + SWAF ZEROD

X DUF NUM-INFUTS 2% %+ SWAF ZERO § DUF NUM-CELLS 2% + SWAF ZERO
Y DUP NUM-CELLS 2% 4+ SWAF ZERD YOLD DUF NUM-CELLS 2% + SWAF
ZERO O NSTEFS !

- e s

kkxkRRkkkkkkkkkik¥x BLOCK 317 KRR dOR KRRk R kKRR R RRK

( TOF LEVEL WORDEY GTEFPS, INIT» LONG, SHORT )
¢ STEFS SHOW-FRMS 0 DD NSTEFS 1+!
SENSE ( X ANDl F ARE ASSIGNED FROM MANIFULATOR )
CALC-ACT ( CALCULATES S AND Y )
ACT ( AFFLIES Y TO MANIFULATOR )
EVAL ¢ GET FAYOFF)
LEARN=NET ( W IS5 UFDATED)
SHOW-STATE ( TYFES CURRENT STATE OF NETWORK)
TRACES ( UFDATES TRACES )
LOOF CR
LONGY @ 0< IF ,' STEF NUMEBER * NSTEFS 7 ,* FOSITION " SHOWFOS
CR THEN 3
¢ INIT © O O IGOAL .* GOAL IS 0 0 0 * CR ZERO-NET EVAL TRACES

SHOW-FRMS SHOW-STATE i
¢ LONG 1 LONGY ! § § SHORT © LONGV ! 3 ¢ VERY-SHORT -1 LONGY !

¥ -

kkkkkkkkkkkkkkkkkkx BLOCK 318 CORRRRERRRRORR R KKK KX



.0 VAR STDO-TEMF 32
t TEST STI @ STD-TEMP ' O 8TI !
" WERYLISHORT 95 0 IO SENSE CALC-ACT ACT LOOF
SHORT S5 0 DD SENSE CALC-ACT ACT SHOW-STATE LOOF
STD-TEMF @ STD ! i

ook kooockioiokk k¥ BLOCK 319 KRAKRRRKKRKRKKREKEKKER

HELF: LISTS TOF LEVEL WORDS )
HELF CR 10 SPACES .* AVAILABLE COMMANDS:!"' CR

(

+" MOVE-TO MOVES ARM TO GIVEN PFOSITION (X Y Z MOVE-TO) * CR
'O INIT RESETS THE NETWORK VARS TO ZERO (INITY * CR

+" STEPS RUNS THE EXFERIMENT FOR N STEFS (N STEFS) * CK

+ " LONG SHOW ALL DETAILS OF EACH STEF (LONG) * CR

+* SHORT JUST SHOW FOSITION AT EACH STEF (SHORT) * CR

+* VERY-SHORT SHOW NOTHING AT EACH STEF (VERY-SHORT) * CR

«" SHOW-NET ODISFLAYS CURRENT STATE OF NET (SHOW-NET) * CR

" TEST FIND THE EQUILIBRIUM FOSITION OF THE NET (TEST) *
Ck CR 7

8



