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I e INTROOUCTION

One of the main problems  in Artificial Intelligence is the
representation of knowledge. Early work on this important problem was
done by McCarthy[l  ], Newell, Shaw, and Simon[2], Amarel[3], and McCarthy
and Hays[4].  In natural languag e understanding Quillian[5], Winograd[G], and
Shank[7] have spent a large part of their effort in this area. In computer
vision the representation problem has been considered by Winston[8],
Binford[S],  and Agin  and Binfnrd[l@].  New programming languages have
been develop~d[ll,l2,13,14]  to make representation of knowledge easier
to work with. Several programs which attempt to model human memory
from the psychological point of view are EPkM[l.  51, SALE1 61, ELINOR[17],
and HAM[l  81.

One needs a system which can readily store, retrieve, and manipulate
data. It must be flexible enough to work in a changing world and yet have
enough depth to embody difficult concepts and relationships. Work in this
direction has resulted in a program which can carry on a conversation about
its world in a constrained language. No natural-language parsing is done.
The input questions must satisfy a given format while the output is a little
more natural. The memory-model system has been tested on Winograd’s
Block World[G]  and it handled the questions with great speed and
efficiency.

Figure 1 shows a possible segmentation for a robot system.
Language input is via a teletype and visual input is via a TV camera with a
“hand” for manipulation of objects. In Winograd’ s system and the present
system the “hand’” and servo-program are replaced with visual displays and
the TV camera, the visual parser (Segments 5 and 6) and the procedures
for storing and retrieving visual data (Segment 9) are all ,absent  s The

~ present system has been further constrained by elimination of the natural
language parser (Segments 2 and 3) with a somewhat simpler executive
(Segment 1) o These simpiifications allowed concentration on the robot’ s
memory model (Segments 4,7, and 8)* -

The program (MAX) is written in SAlL[l9]  which is an extension of
ALGOL and has a good string structurea The program runs in about 100K of
PDP 10 core at a speed of about 10 times that of Winograd’ s Program[G]
(non-nat Ural-language part ). The reasons for this gain in speed with the
same  computer is: (1) Difference in programming languages--SAIL versus
LISP and MICROPLANNER; (2) Difference in database structure--string array
retrieval versus pattern matching of database.
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Figure 1. A possible segmentation of a robot.
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The basic data storage unit for the program’ s database is string
arrays. Each location in the string array’ can be viewed as a storage
location of unlimited length. By use of the SAIL scanning functions and a
user-selected set of break characters, it is possible to quickly pick out the
desired component from the string or list.

In its “static” database the program contains all the knowledge
necessary to describe the world in its present state (see Knowledge
Representation Database, Segment 810 Some of the knowledge about an
object can be pulled directly out of an array such as the color, location, and
name of objects that it supports, and names of objects that it is supported
by. However, many descriptions involve manipulation of the database in
,order  to retrieve the desired answer. For example, “Find a block which is
taller than the one you are now holding” must be answered by manipulation
of the database since it would be impracticai  to store on the property list
of each block whether it was taller than the block now being held by the
hand. Some forms of data such as color and size are ideal for storage on
the property list while others such as “taller Ihan  . . . ” are definitely not
suitable. Other data such as support relationships and left-of relationships
are in an intermediate category and could be handled either way. In the
program we chose to add the support relationship as a property, but not
left-of, right-of, etc. This means that as objects are moved, the program
must continually update the properties top-status and bottom-status of all
objects that are affected by the movements. nowever,  the program can
answer questions involving support with ease and speed. On the other
hand the program does not have to waste time keeping track of the left-of
relationship as it moves objects, but it must do a little calculation every
time it wishes to know this relationship between two objects.

Segment 8 also cant  ains historic data such as conversations and
actions which have occurred. This information is stored in a linear (one
index) array which we call the “Grapevine”. Many procedures store
information on this Grapevin e and a smaller number interrogate it. Objects
are readily described by reference to this Grapevine in such expressions
as “the one I told you to pick up” and “objects that you touched while you
were doing it”.

Manipulation of blocks is done by a group of specialists. When the
strategist or higher level procedure wants a particular Block A put on top
of Block B, it does not have to concern itself with the fact that Block A is
three deep in one pile and Block B is four deep in another pile and the
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hand is holding some other object. It simply asks that the final job be done
and each motion specialists calls on other specialists and sometimes itself
recursively in order to set up the proper conditions for it to do its job.
This is essentially the method used by Winograd[6,20]  and we have found
it very satisfactory.

. The program uses a context mechanism to answer questions about
hypothetical and past states of the world. When asked if it can stack up
some configuration of blocks, the program searches its past (Historic
Database) to see if it has ever done such an operation. If, not, it will enter
an imaginary context and try to perform the operation. (The state of the
real world is preserved.) The program can answer any question about the
world in the past by entering the imaginary context, retracing its steps by
use of information stored in the Historic Database, and then examine its
database in light of this new context. There is no overhead for entering
this imaginary context and the memory space increases are proportional to
the size of the imaginary world (i. e. the extent of the modifications to the
real world).

The prograrn cant  ains an extensive error checking system. Each
procedure checks the syntax of its input. If a procedure fails, it stores the
reason for failure on the Grapevine and reports failure to its caller. At
present this failure usually propagates upward to the highest level and the
program prints out on the teletype that it failed and the reason. It would
be highly desirable to have higher-level procedures or the executive
handle some of these problems, but this has only been done in a few
special cases. However, this error-checking has turned out to be an
excellent debugging technique as discussed in Section VII.

The program was written using the standard features of SAIL and
does not use LEAP (see Ref. 19). It is interesting to note that the abilities
of the program were achieved without using a high-level language such as
PLANNER[ll],  QA4[12],  CONNIVER[l3],  or MLISP[;Zl].  I t  was possible to
incorporate many of the ideas from those languages (such as procedural
knowledge and context mechanism) into the program. The program was
written over a period of eight months and represents about six-man months
of effort (the listing is about 250 pages). One of the reason that it was
possible to do this in such a short time is the fact that the program runs
more rapidly than similar program in high-level languages and therefore new
algorithms could be debugged in less time.
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OK
[run time = 0.4 set]

II. DIALOG

The following is a dialog between MAX (the program) and a friend,
We have chosen Winograd’s Block World[6,20] so this system could be
compared with that important earlier work. Winograd chose his questions
so that every second or third question would bring in some new problem
for the representation system (a few of his questions were chosen only to
test the natural language parser and are not very interesting in terms of
the represent at ion) *

Besides testing our system on all of Winograd’ s questions, we have
added 22 new questions which test additional features of our system
(these new questions are marked with a “*” on the right ). The quest ions
given to MAX are marked by a “#” and his answers follow the questions
after a blank line. The natural language questions (in small letters) were
inserted later. Following each answer we have inserted the PDP 10 run
time (without displays) in square brackets. Comments are in curly
brgckets.

A deeper insight into what MAX was thinking about during this
conversation can be obtained from Appendix A which will become
understandable after reading Sections Ill, IV, V, and VI.

HELLO I’ M MAX, WHAT CAN I DO FOR YOU?

{See Fig. 2. Some hidden lines in the back of
objects are omitted or dotted, but an object is
not obscured by another object in front of it. }

1. pick up a big red block.
# YOU DO PICKUP BLOCK(COLOR  = REDISIZE  = BIG).

{The display showed the hand grasping the big
green cube, putting it on the table, and then
picking up the big red block in going from Fig. 2
to Fig. 3. )
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HELLO I ‘M Mnx . WHPT Cf7N I DO FOR YOU?

Figure 2.
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YOU 0 PICKUP BLOCK( COLOR  = REDSIZE  = BIG>  .

Figure 3.
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2. grasp the pyramid.
# YOU DO GRASP BLOCK(DEFINITEIKINDOF  = PYRAMID).

COULDN’  T DO IT BECAUSE DESCRIPTION FIT THE SMALL RED
PYRAMID THE SMALL GREEN PYRAMID THE SMALL BLUE PYRAMID
[run time = 0.3 set]

{MAX was unable to carry out the operation
because he found three objects which fitted the
description, KINDOF = PYRAMID while DEFINITE
indicated that he should find only one. 3

3. find a block which is taller than the one you are holding
and put it into the box.

fl FIND BLOCK(  HEIGHT ’ HElGHT[BLOCK(HELD,STATUS  = GRASPED-BY
HAND(MAX))]) AND YOU DO BLOCK(ANS:TFIND//X  + LAST 2)
INSIDE BOX( DEFINITE) l

IT IS THE BIG BLUE PARALLELEPIPED
OK
[run time = 0.8 set]

{Note that “it” was handled by reference to a
previous answer. The hand put the big red
block down and placed the big blue
parallelepiped inside the box resulting in the
scene of Fig. 4. :

4. what does the box contain?
ti FIND OBJECT(  BOT,STATUS = ONTOP  BOX( DEFINITE)).

IT IS THE BIG BLUE PARALLELEPIPED THAT. I AM NOW HOLDING
AND THE SMALL BLUE PYRAMID

[run time = 0. 4 set]
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f
FIND BLOCK( HEIGHT ) HEIGHT[ BLOCK(  HELD-ST TUS

= GRWPED-BY HAND( MRx> > J ) QND YOU DO BLOCK( ANS: -
FIND//x + LRST 2) INSIDE  BOx( DEFINITE)  .

i
IT IS THE BIG BLUE PRRRLLELEPIPED
OK

Figure 4.

c
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5. what is the pyramid supported by?
11 FIND OBJECT(TOP,STATUS  = HOLDING BLOCK(KINDOF  = PYRAMlD(
ANS:?FIND//X  6 LAST 2)).

IT IS THE BOX THAT I JUST PUT A BIG BLUE PARALLELEPIPED
INSIDE OF
[run time = 0. 7 set]

‘{Here the description in the command was
essentially “the pyramid that you found” which
was unique. )

6. how many blocks are not in the box?
fl HOW MANY BLOCK(BOT,STATUS  P ONTOP BOX(DEFINITE)IKINDOF
= PARALLELEPIPED)?

4 THE BIG RED PARALLELEPIPED AND THE BIG GREEN CUBE
WHICH IS TOWARD THE BACK AND THE BIG GREEN CUBE
THAT IS NOW HOLDING A SMALL RED PYRAMID AND THE
SMALL RED CUBE
[run time = 0.3 set]

7. is at least one of them narrower than the one which i told
you to pick up?

N DOES EXIST BLOCK(ANS:TEXIST/X/  +- LAST 2lYWIDTH  <
YWIDTH[BLOCK(COM:HUMAN(FRIEND)  TO HAND(MAX)tPlCKUP/
HAND(MAX)/X  6 LAST m)])?

YES THE SMALL RED CUBE
[run time = 0.4 set]

is it supported?
&OES EXIST OBJECT(TOP,STATUS  = HOLDING BLOCK(ANS:tEXIST/
X/ 6 LAST 2))‘?

YES THE TABLE
[run time = 0.6 set]
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9. can the table pick up blocks?
# IS POSSIBLE TABLE DO PICKUP BLOCKO?

NO BECAUSE ANJEG,MlN[TABLE(lTSELF)]  NOT EQUAL ANIMATE
[run time = 042 set]

(MAX was saying that since the property
AN,VEG,MIN for the category TABLE was not
ANIMATE, the answer was “no”. 1

10. can a pyramid be supported by a block?
CI IS POSSIBLE BLOCK(KINDOF  = PYRAMID) ONTOP BLOCK(KINDOF
= PARALLELEPIPED)?

YES EXAMPLE IS THE SMALL RED PYRAMID AND THE BIG
GREEN CUBE THAT IS NOW HOLDING A SMALL RED PYRAMID
[run time = 0.4 set]

{In answering hypothetical questions such as
this MAX first looks for an example. }

11. can a pyramid support a pyramid?
# IS POSSIBLE BLOCK(KINDOF  = PYRAMID) ONTOP BLOCK(KINDOF
= PYRAMID)?

NO BECAUSE  BLOCK(SHAPE,OF,TOP  = POINTED) NOT SUPPORT
ANY OBJECT
[run time = 0. 9 set]

‘{Since no example existed, MAX entered his
imaginary world and tried to put a pyramid on
top of a pyramid. During execution he
discovered that this cannot be done and the
reason. 3

3. 2. could you stack up three red blocks? -

# Is POSSIBLE YOU DO STACKUP BLOCK(COLOR = RED) BLOCK(COL0;
= RED) AND BLOCK(COLOR  = RED)?

12



YES I IMAGINE I COULD DO THAT
[run time = 1.7 set]

(MAX first checked to see if he had ever
stacked up three red blocks. Since he had
never done it, he entered his imaginary world
and performed the action giving the result
shown in Fig. 5.3

13. could you pick up a red block?
CI IS POSSIBLE YOU DO PICKUP BLOCK(COLOR  = RED)?

YES I ALREADY DID THAT
[run time = 0.2 set]

{In checking past actions, MAX discovered that
he had already picked up a red block. )

14. could you stack up three blocks? 6
II IS POSSIBLE YOU DO STACKUP  BLOCK0 BLOCK0 AND BLOCKO?

YES I ALREADY FIGURED THAT OUT
[run time = 0.3 set]

{Although MAX had not really stacked up three
blocks, in his imaginary world he had done it and
he remembered that, saving himself the effort of
figuring it out again. }

13
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IS P@SSIBLE  YOU DO STfXKUP BLOCKcCOLOR
= RED) 1 BLOCK( COLOR  = RED)  QND BLOCK(  COLOR  z

YES I; IMQGINE I COULD DO THQT

RED> ?

Figure 5.
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15. the blue pyramid is nice.
#l STORE FACT LIKE-STATUS OF HUMANtFRIEND)  IS LIKE
BLOCK( DEFINITEICOLOR  = BLUEIKINDOF  = PYRAMID).

OK
[run time = 0.1 set]

{Note how different the surface structure is
from the form used to represent the meaning. >

16. i like blocks which are not red, but i don’t like anything
which supports a pyramid.

I/ STORE FACT LIKE-STATUS OF HUMANCFRIEND) IS LIKE
BLOCWOLOR # RED) AND STORE FACT LIKE-STATUS OF
HUMANCFRIEND)  IS NOT LIKE OBJECT(TOP,STATUS  = HOLDING
BLOClGKlNDOF  = PYRAMID)).

OK
OK
[run time = 1 l 0 set]

1 7. do i like the box?
# 1s FACT LIKE-STATUS OF HUMANCFRIEND) IS LIKE BOX(DEFINITE)?

NO BECAUSE LIKE,STATUS[HUMANIFRIEND)]  NOT EQUAL LIKE
BOX(  DEFINITE)
[run time = 0.1 set]

{MAX was only saying that there does not exist
any fact that his friend likes the box. Therefore
it is necessary to ask the next question.}

tl IS FACT LIKE-STATUS OF HUMAN(FRIEND)  IS NOT LIKE
BOX( DEFINITE)?

YES THE BOX
[run time = 0.1 set]
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18. do i like anything in the box?
# DOES EXIST OBJECT(BOT,STATUS  = ONTOP BOX(DEFINITE)I
LIKED-STATUS = LIKED-BY HUMAN(FRIEND))?

YES THE BIG BLUE PARALLELEPIPED  THAT I AM NOW HOLDING
AND THE SMALL BLUE PYRAMID

[run time = 0.9 set]

{Since (15) and (16) caused information to be
stored on the property list of the objects as
well as the human’s property list, MAX can
easily answer this quest ion. }

19. is the green cube which is in front of a green block 6
liked or disliked by anyone?

# WHAT IS LIKED-STATUS OF BLOCK(COLOR = GREENIKINDOF  = CUBE1
LOCASHUN IN-FRONT-OF BLOCK(COLOR = GREEN))?

NOT LIKED-BY HUMAN(FRIEND)
[run tirne = 0.2 set]

{MAX was given contradictory information about
his friend’s feeling toward this block in (16).
Evidently he decided to believe the most recent
information. )

20. will you please stack up both of the red blocks and either
a green cube or a pyramid?

N YOU DO STACKUP BLOCK(COLOR  = RED) BLOCK(COLOR  = RED)
AND EITHER BLOCK(COLOR  = GREEN) OR BLOCK(KlNDOF  = PYRAMID).

OK
[run time = 0.9 set]

(The configuration of Fig. 6 is obtained. 3
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YOU 0 STQCKUP  BLOCKt COLOR = RED> BLOCK( COLOR
= RED>

i

fJND EITHER BLOCK( COLOR  = GREEN>  OR
BLOCK( INDOF = PYRRMID)  .

Figure 6.
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21 l which cube is sitting on the table?
U FIND BLOCK(KlNDOF  = CUBEIBOT,STATUS  = ONTO@ TABLEt  DEFINITE)).

IT IS THE BIG GREEN CUBE THAT IS NOW HOLDING A SMALL
RED PYRAMID
[run time = 0.3 set]

22. what do the red pyramid and the small cube have in common?
# WHAT DO BLOCK(COLOR  = REDjKlNDOF  = PYRAMID) AND
BLOCK(KINDOF  = CUBEISIZE  = SMALL) HAVE IN COMMON?

THEY BOTH BELONG TO SAME CATEGORY
THEY BOTH HAVE THE COLOR RED
THEY BOTH HAVE THE SIZE SMALL
THE LENGTH OF BOTH lS 50
THE WIDTH OF BOTH IS 50
THEY ARE BOTH ON TOP OF THE BIG GREEN CUBE’S
THEY ARE BOTH CLEAR ON TOP
[run time = 0.3 set]

{Note that MAX not only looks at the similarities
of the objects in question but checks the
similarities of objects that they are on top of
and support l )

23. what do the green cube which is holding a cube and the *
green cube which is holding a pyramid have in common?

# WHAT DO BLOCK(COLOR = GREENIKINDOF = CUBEITOP,STATUS
= HOLDING BLOCKiKlNDOF  = CUBE)) AND BLOCK(COLOR  = GREEN1
TOP-STATUS - HOLDING BLOCK(KINDOF  = PYRAMID)IKINDOF
z CUBE) HAVE IN COMMON?

THEY BOTH HAVE THE DESCRIPTION THE BIG GREEN CUBE
THEY BOTH HAVE THE DIMENSIONS 150 150 150
THEY ARE BOTH HOLDING SMALL RED BLOCK’S

18
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[run time = 0.6 set]

24. is there a large block behind a pyramid?
# DOES EXIST BLOCK(SIZE  = BIGIKINDOF = PARALLELEPIPEDI
XCOORD < XCOORD[3 BLOCK(KINDOF  = PYRAMID)])?

YES THE BIG BLUE PARALLELEPIPED AND THE BIG RED
PARALLELEPIPED AND THE BIG GREEN CUBE THAT IS NOW
HOLDING A SMALL RED CUBE
[run time = 0.5 set]

25. put a small one onto the green cube which supports a pyramid.
N YOU DO BLOCK(SIZE = SMALLIKINDOF  = PARALLELEPIPED)
ONTOP BLOCK(COLOR  = GREEN/TOP-STATUS = HOLDING BLOCK{ KINDOF
L’ PYRAMID)).

OK
[run time = 0.4 set]

{MAX moves the’block and the scene of Fig. 7
results. )

26. put the littlest pyramid on top of it.
f# YOU DO BLOCK(KlNDOF = PYRAMIDIHEIGHT  < HEIGHT[V
BLOCK( KINDOF  = PYRAMID)]) ONTOP BLOCK(ACT:tONTOP/X/
L LAST 3).

OK
[run time = 8.6 set]

{MAX moves the block and the scene of Fig. 8
results. )

IL
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IL

i

YOU DO BLOCK( SI;
RLLELEPIPED)  ONTOF
= HOLDING BLOCK( K1

OK

GREEN

= SMRLLCINDOF = PRR-
-BLOCK( COLOR = GREENTOP,STRTUS
JDOF = PYRRMID)  > .

Figure 7.
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YOU DO BLOCK( KIl
HEIGHT[ w BLOCK( KIr
13LocK ( QcT : ~NT~P/x,

OK

/
GREEN

1OF = PYRf7MIDtiEIGHT  I
1OF = PYRQMID)  ] > ONTOP
+ LWT 3 .

Figure 8.
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27. does the shortest thing the tallest pyramid’ s support
supports support anything green?

II DOES EXIST OBJECT(TOP,STATUS  = HOLDING BLOCK(KlNDOF
= PYRAMIDIHEIGHT  2 HEIGHT[V  BLOCK(KlNDOF  = PYRAMID)]))
AND DOES EXIST OBJECT(COLOR  = GREENIBOT-STATUS  = ONTOP
OBJECTiBOT-STATUS = ONTOP OBJECT(ANS:TEXIST/X/  + LAST 3))l
HEIGHT < HEIGHT[V OBJECT(BOT,STATUS  = ONTOP
OBJ ECT( ANS:?  EXIST/X/ -) LAST 3))])?

YES THE BIG GREEN CUBE THAT IS NOW HOLDING A SMALL
RED CUBE AND A SMALL RED PYRAMID
YES THE SMALL GREEN PYRAMID THAT I AM NOW HOLDING
[run time = 7.5 set]

fl DOES EXIST OBJECT(COLOR  = GREENIBOT,STATUS  = ONTOP
OBJECT(HEIGHT  L HEIGHT[V  OBJECT(BOT,STATUS  = ONTOP
C)BJEC’P(TOP-STATUS  = HOLDING BLOCK(KINDOF  = PYRAMID1
HEIGHT 1 HEIGHT[V BLOCK(KINDOF  = PYRAMID)]))) I))?

YES THE SMALL GREEN PYRAMID THAT I AM NOW HOLDING
[run time = 18.7 set]

{This is a difficult question to say the least.
Since the question does not reveal to MAX that
all of the objects are blocks and the fact that
he does an exhaustive search makes this
particularly difficult. Note that the first
formulation with less nesting takes less time. 1

28. what color is it?
C WHAT IS COLOR OF OBJECT(TOP,STATUS  = HOLDING
OBJECT(ANS:tEXIST/X/  + LAST 2))?

RED
[run time = 0. 5 set]

22



{This question was chosen by Winograd because
of the difficulty with “it” in the natural language
part. j

29. how many things are on top of green cubes?
# HOW MANY OBJECT(LOCASHUN  DIRECTLY-ABOVE BLOCK(COLOR
=-z GREENIKINDOF = CUBE))?

3 THE !;MALL RED CUBE AND THE SMALL RED PYRAMID
AND THE SMALL GREEN PYRAMID THAT I AM NOW HOLDING

30.
t

ii DOES

c = 0 . 8  set]

had you touched any pyramid before you put the green one on
IC little cube?
EXIST BLOCK(KINDOF  = PYRAMIDJACT:TGRASP/HAND(MAX)/

X -- COM:tONTOP/CLOCK(COLOR  = GREENIKINDOF = PYRAMID)/
ELOCt3SlZE  - SMALLIKINDOF = CUBE)- (A,>?

YES ‘l-i+ SMALL GREEN PYRAMID THAT I AM NOW HOLDING
[ r u n  time T 2.0 set]

33 . when did you pick it up?
11 WHEN DID YOU DO PICKUP BLOCK(ANS:?EXIST/X/  ‘- LAST 4?

I DID IT WHILE I PUT THE SMALL GREEN PYRAMID THAT
I AM NOW HOLDING ONTOP THE SMALL RED CUBE
[run time r 0. 4 set]

32. when did you first pick it up?
6’ WHEN DID YOU DO ,ACT:TGRASP,HAND~MAX,/BLOCK(ANS:TEXlS;,
xl + LAST ~1) --) FIRS?  01]?

I DID IT WHILE I STACKUP  THE BIG RED PARALLELEPIPED
THE BIG GREEN CUBE THAT IS NOW ON TOP OF A BIG RED

PARALLELEPIPED  AND THE SMALL RED CUBE
[ run  tirnc T- 1.0 set]

23



{Note that MAX answered in terms of the blocks
that he actually stacked up rather than in terms
of what he was requested to do. 3

33. why?
c1 WHY DID YOU DO [ACT:T//  d PRES 2]?

IN ORDER TO PUT THE SMALL GREEN PYRAMID THAT I AM
NOW HOLDING OFFOF THE SMALL RED CUBE
[run time = 0.1 set]

{MAX remembers why he performed each
action. j

34. why did you clear off that cube?
:i WHY DID YOU DO [ACT:TOFFOF//BLOCK(KINDOF  = CUBE)
e.+  PRES 4]?

IN ORDER TO PUT THE SMALL RED CUBE ONTOP  THE BIG
GREEN CUBE THAT IS NOW ON TOP OF A BIG RED PARALLELEPIPED
[run time = 0.3 set]

35. why did you do that?
# WHY DID YOU DO [ACT:t//  4 PRES 2]?

SO I COULD MOVE MY HAND FROM LOCATION -422 -608 -460
TO LOCriTlON  -75 -450 -460
[run time = 0. 2 set]

36. why?
N WHY DID YOU DO [ACT:t//  -) PRES 2]?

SO THE GRASP-STATUS OF MY HAND WOULD EQUAL GRASPING
L?LOCK( e5)
[run time = 0.1 set]

37. why did you do that?
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U WHY DID YOU DO [ACT:t//  --) PRES 2]?

SO I COULD MOVE THE SMALL RED CUBE FROM LOCATION
-75 -450 -460 TO LOCATION -310 -550 -110
[run time = 0.1 set] ,

33. why did you do that?
I# WHY DID YOU DO [ACT:t//  -) PRES 2]?

IN ORDER TO PUT THE SMALL RED CUBE ONTOP THE BIG
GREEN CUBE THAT IS NOW ON TOP OF A BIG RED PARALLELEPIPED
[run time r 0.2 set]

39. why did you do that?
# WHY DID YOU DO [ACT:T‘//  + PRES 2]?

OECAUSE YOU ASK ME TO
[run time = 0.03 set]

40. how did you do it’?
tl HOW DID YOU DO [COM:t//  + PRES CA)]?

I RELEASE THE BIG BLUE PARALLELEPIPED
1 MOVE MY HAND FROM -545 145 -260 TO -545 -255 -360
I GRAZP  THE EIG GREEN CUBE
I MOVE THE BIG GREEN CUBE FROM -545 -255 -360 TO -310 -550 -160
I PUT ‘I-HE BIG GREEN CUBE ONTOP  THE BIG RED PARALLELEPIPED
I RELEASE THE BIG GREEN CUBE
I MOVE MY HAND FROM -310 -550 -160 TO -75 -450 -410
I GRASP THE SMALL GREEN PYRAMID
I MOVE THE SMALL GREEN PYRAMID FROM -75 -450 -410 TO -422 -608 -460
I TAKE -i-HE SMALL GREEN PYRAMID OFFOF THE SMALL RED CUBE
I RELCASL:  THE SMALL GREEN PYRAMID
I MOVE MY HAND FROM -422 -608 -460 TO -75 -450 -460
I GRASP THE SMALL RED CUBE
I MOVE THE SMALL RED CUBE FROM -75 -450 -460 TO -310 -550 -110
I PUT THE SMALL RED CUBE ONTOP THE BIG GREEN CUBE
Lrun  time = 0.5 set]
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(MAX remembers in detail how he carried out a
command. 1

41 . how many objects did you touch while you were doing it?
II HOW MANY OBJECT0  YOU DO GRASP WHILE YOU DO
[COM:T// ++ PRES 2]?

3 THE BIG GREEN CUBE THAT IS NOW ON TOP OF A BIG
RED PARALLELEPIPED AND THE SMALL RED CUBE AND
THE SMALL GREEN PYRAMID THAT I AM NOW HOLDING
[I run time = 0.4 set]

{This question is more difficult than it first
appears to be. Note all the possible variations
such as (42)).

42. how many red objects did you clear off before you did it? 6
# HOW MANY OBJECT(COLOR  = RED) YOU DO OFFOF BEFORE
YOU DO [COM:r// * PRES 217’

1 THE OIG RED PARALLELEPIPED
[run time = 0.4 sfc]

43. what did the red cube support before you started to clean
it off?

c: FIND OBJECT(BOT-STATUS  = ONTOP  BLOCK(COLOR = RED1
KINDOF = CUBE)) BEFORE YOU DO OBJECT0 OFFOF BLOCK(COLOR
= REDIKINDOF = CUBE)?

IT IS THE SMALL GREEN PYRAMID
[run time = 2.5 set]

{MAX enters his imaginary world and retraces
his steps to the configuration shown in Fig. 9.
Then he answers the questions by examining
the state of the imaginary world. 1
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Y-

,,,I$ OBJECT( BO TRTUS = ONTOP  BLOCK( COLOR  = RED
K INDOF = CUBE) I ORE YOU DO OBJEC-J() OFFOF
BLOCK{ COLOR  = RE NDOF = CUBE) ?

I

rT 11; THE SMRLL IGREEN PYRAMID

Figure 9.
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44. there were five blocks to the left of the box then.
11 HOW MANY IjLOCK( LOCASHUN LEFT-OF BOX( DEFINITE)IKINDOF
z PARALLELEPIPED) AT THAT TIME?

4 THE rZlG RED PARALLELEPIPED AND THE BIG GREEN
CUBE THAT WAS ON TOP OF A BIG RED PARALLELEPlPED
AND THE OIG GREEN CUBE THAT WAS HOLDING A SMALL

RED PYRAMID AND THE SMALL RED CUBE
[run time = 3 . 3  set]

45. how many things were on top of green cubes at that time?
Il HOW MANY OBJECT(LOCASHUN  DIRECTLY-ABOVE BLOCK(COLOR
= GRFENIKINDOF  = CUBE)) AT THAT TIME?

riu

1 THE SMALL RED PYRAMID
[run time = 3.9 set]

{MAX deleted the imaginary wor ld  a f ter
answering each of the questions (43), (441,  and
(45). This caused him to retrace his steps each
time. If he had been a lit tie smarter, he could
have saved the imaginary world from Question
(43) t o  answer  Ques t i ons  (44) and (45).
However, MAX was afraid that he would not
know when to delete the imaginary world if he
did that. ]

4G. put the blue pyramid on the block in the box.
/I YOU GO GLOCK(COLOR  = BLUE[KINDOF  = PYRAMID) ONTOP
tiLC’,CK( OOT-STATUS  = ONl-OP BOX(DEFINITE)).

OK
[run time = 0.4 set]

(The configuration of Fig. 10 is achieved. 3
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YOU DO BLOCK(COLOR  = BLUEfINDOF  = PYRQMID)
ONTOP BLOCK( BOT,STQTUS = ONTOP  BOx( DEFINITE:> > .

Figure 10.

29



47. is there!  anything which is bigger that every pyramid but is
not as wide as the thing that supports it?

:: DOES EXIST OBJECTCHEIGHT  ’ HEIGHT[V  BLOCK(KINDOF
- PYRAMID)][BOT-STATUS  = ONTOP OBJECT(YWIDTH’
YWIDTH([ITSELF]))?

YES THE ZIG BLUE PARALLELEPIPED  THAT I JUST PUT A SMALL
BLUE PYRAMlD  ONTOP OF
[run time =- 1. 7 set]

{Note that MAX mentioned a recent event to
help i,dentify  the object. )

49. does a steeple exist?
Il DOES EXIST STEEPLEO?

NO BECAUSE COMPOSITE-OBJECT NOT EXIST STEEPLE
[run time z- 0.02 set]

49. a “steeple” i*4 a stack which contains two green cubes and a
pyramid.

C STORE COMPOSITE OBJECT STEEPLE0 = BLOCK(COLOR = GREEN1
KINDOF = CUBEITOP,STATUS  = HOLDING BLOCK(COLOR  = GREEN1
KlNDOF = CUBE[TOP,STATUS  = HOLDlNG BLOCK(COLOR  = RED1
KlNDOF = PYRAMID))).

[run time = 0.02 set]

[Our description of a “steeple” is essent
description of the bottom block. )

ially the

50. are there any steeples now?
I: DOES EXIST STEEPLEO?

NO BECAUSE BLOCK NOT EXIST  BLOCK(COLOR  = GREENIKINDOF = CUBE1
TOP-STATUS = HOLDING BLOCK(COLOR = GREENIKINDOF  = CUBE1
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TOP-STATUS = HOLDlNG BLOCK(COLOR = REDIKINDOF = PYRAMID)))
[run time = 0.3 set]

(Note the different answers for the identical
questions (48) and (50). j

51 . build one.
#i YOU DO BUILD STEEPLEC ).

[run time = 2. 7 set]

(MAX built the steeple shown in Fig. 11. 1

52. how did you build the steeple?
/I HOW DID YOU DO BUILD STEEPLEO?

l rxLrASE  THE S M ALL BL UE PYRAMID
I MOVE MY HAND FROM -545 3.45 -160 TO -55 -155 -260
I GRASP THE SMALL GREEN PYRAMID
l MOVE TI-iE  SMALL GREEN PYRAMID FROM -55 -155 -260 TO -422 -608 -460
I TAKE THE SMALL GREEN PYRAMID OFFOF THE SMALL RED CUBE
I RELEASE THE SMALL GREEN PYRAMID
I MOVE MY HAND FROM -422 -608 -460 TO -55 -155 -320
I GRASP THE SMALL RED CUBE
I MOVE THE SMALL RED CUBE FROM -55 -155 -310 TO -472 -608 -460
I TAKE -I-/HE  SMALL RED CUBE OFFOF THE BIG GREEN CUBE
I RELEASE THE SMALL RED CUBE
I MOVE MY HAND FROM -472 -608 -460 TO -105 -70 -160
I GRASP ‘i-l iE SMALL RED PYRAMID
l MOVE THE SMALL RED PYRAMID FROM -105 -70 -160 TO -522 -608 -310
I TAKE -I-HE SMALL RED PYRAMID OFFOF THE BIG GREEN CUBE
l IW-I_‘AsE  THE SMALL RED PYRAMID
I MOVE MY HAND FROM -522 -608 -310 TO -310 -550 -160
l GRASP THE BIG GREEN CUBE
I MOVE -i-l-k!  BIG GREEN CUBE FROM -310 -550 -160 TO -75 -105 -210
l PUT THE BIG GREEN CUBE ONTOP THE BIG GREEN CUBE
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YOU DO BUILD STEEPL.E(  > .

OK

Figure 11.
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I RELEASE  THE BIG GREEN CUBE
I MOVE MY HAND FROM -75 -105 -210 TO -522 -608 -310
I GRASP THE SMALL RED PYRAMID
I MOVE THE SMALL RED PYRAMID FROM -522 -608 -310 TO -75 -105 -10
I PUT THE SMALL RED PYRAMID ONTOP THE BIG GREEN CUBE
[run time = 0. 9 set]

53. a pile is a red pyramid which is on top of a blue block which &
is supported by a green block.

tf STORE COMPOSITE OBJECT PILE(GREEN]BLUE]RED)  = BLOCK(COLOR
= GREENIKINDOF  L’ PARALLELEPIPEDITOP-STATUS = HOLDING
BLOCK(COLOR  = BLUEIKINDOF  = PARALLELEPIPEDITOP-STATUS
= HOLDING BLOCK(COLOR  = REDIKINDOF = PYRAMID))).

OK
c [run time = 0.03 set]

{This definition for a composite ob
to make substitutions. 1

ject allows us

54. are they any green, green, and red piles now?
ti DOES EXIST PILEt GREENIGREENIRED)?

YES THE BIG GREEN CUBE THAT IS NOW HOLDING A BIG GREEN
CUBE
[run time = 1.2 set] ’

55. how would you build a red, green, and blue pile?
I/ HOW WOlJLD  YOU DO BUILD PlLE(REDIGREEN1BLUE)?

I WOULD  MOVE THE SMALL RED PYRAMID FROM -75 -105 -10
TO -522 -608 -318
I WOULD TAKE THE SMALL RED PYRAMID OFFOF THE BIG GREEN CUBE
I WOIJLD  RELEASE THE SMALL RED PYRAMID
1 WOULD MOVE-MY  HAND FROM -522 -608 -310 TO -75 -105 -210
I WOULD GRASP THE GIG GREEN CUBE
I WOLJLD MOVE THE BIG GREEN CUBE FROM -75 -105 -210 TO -310 -550 -
I WOULD PUT THE BIG GREEN CUBE ONTOP  THE BIG RED PARALLELEPIPED

t
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I WOULD RELEASE THE BIG GREEN CUBE
I WOULD MOVE MY HAND FROM -310 -550 -160 TO -545 145 -160
I WOlJlD GRASP THE SMALL BLUE PYRAMID
I WOULD MOVE THE SMALL BLUE PYRAMID FROM -545 145 -160
TO -310 -550 -60
I WOULD PUT THE SMALL BLUE PYRAMID ONTOP THE BIG GREEN CUBE
[run time - 3.4 set]

{To answer this question, MAX entered his
imaginary world, built the pile (see Fig. 12),
and then examined how he did it in the
imaginary world. )

56. get rid of those two green cubes. &
il SUGTRACT  DATABASE BLOCK(COLOR = GREENIKINDOF  = CUBE1
EOT,STATUS = ONTOP BLOCK(COLOR  = GREEN)) AND SUBTRACT
DATABASE BLOCK(COLOR  = GREENIKINDOF = CUBE).

OK
OK
[run time = 0.5 set]

{Note that MAX cleared off the top green cube
before he destroyed it. See Fig. 13.1

57. add a black cylinder and a very tall orange cylinder. CE,
II ADD IIATAUASE  BLOCKCCOLOR  = BLACKIKINDOF  = CYLINDER)
AND ADD DATABASE BLOCK(COLOR  = ORANGEIKINDOF  = CYLINDER1
HEIGHT 1 HEIGHT[v  BLOCKi)]). \

OK
OK
[run time -= 0.4 set]

{The two cylinders appear as in Fig. 14. )
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HOW (JOULD  YOU DO B$ILD PILE(REDZ;REENBLUE>?

I

Figure 12.
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SUBTRf4
= CUBEBO’
f9ND SUBTI
KINDOF =

OK
OK

‘ T  DQTABfXE  BLOCK(COLOR  = GREENKINDOF
-STnTUS = ONTOP BLOCK(COLOR  = GREEN)>
fXT DQTFIBQSE  BLOCK(COLOR  = GREEN-
CUBE> .

Figure 13.
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L

7

ODD DQl
= CYLINDF
KINDOF =

OK
OK

9BME BLOCKUZOLOR = BLXKtINDOF
i?ND f9DD DF\TFIBfXE  BLOCK(COLOR  = ORFINGE-

EYLINDERREIGHT  1 HEIGHT[ tr BLOCK( > ] > .

Figure 14.
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58. add a small yellow cone in your hand and a box on top of
the large red block.

fl ADD DATABASE BLOCK(COLOR  = YELLOWIKINDOF  = CONEISIZE
r- SMALLIHELD-STATUS = GRASPED-BY HAND(MAX))  AND ADD
DATABASE BOX(DESCRlPTlON  = THE BOXIBOT,STATUS  = ONTOP
BLOCK(COLOR  = REDISIZE = BIG)).

OK
OK
[run time = 0.3 set]

{MAX released -the red pyramid so he would
h&e a free hand for the cone. Note that MAX
wilt follow any requirements given in the
description but he also fills in needed data that
is not specified. The result is shown in Fig.
15. ;*

5% a rocket made of parallelepipeds and a pyramid is a pile. &
0 STORE COMPOSITE OBJECT ROCKET(PARALLELEPlPEDlPYRAMlDl
YELLOWIBROWNIGREEN)  = PILE(YELLOWIBROWNIGREEN).

OK
1 run time - 0, 7 set]

{Note how easy it is to tell MAX about a rocket
since he already knows what a pile is. 1

60. build a rocket of orange and black cylinders and a yellow cone. @
I: YOU DO BUILD ROCKETICYLlNDERICONEIORANGE]BLACKIYELLOW)?

OK
[run time = 2.8 set]

{The result is shown in Fig. 16. >
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‘i RSE BLOCK(COLOR = YELLOWtINDOF  =  C O N E
LtiELD-STQTUS = GRQSPED,BY  HQND(  MRx>  1
RBQSE BOx(DESCRIPTION  = THE BOX-

BOT-STRTUS  = ONTOP BLOCK(COLOR  = REDSIZE  =  B I G > >

OK
OK

Figure 15.

c
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YOU DO BUILD ROC:KET(CYLINDERtONE~R~NGE-
BLACK?ELLOW) ?

OK

Figure 16.
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61. what objects are on top of the table now?
II FIND OBJECT(  BOT-STATUS  = ONTOP  TABLEt DEFINITE))?

IT IS THE BIG RED PARALLELEPIPED AND THE SMALL
GREEN PYRAMID AND THE SMALL RED CUBE AND THE SMALL
RED PYF\‘AMID  AND THE MEDIUM-SIZED ORANGE CYLINDER

THE I)JOX  THAT IS NOW HOLDING A BIG BLUE PARALLELEPIPED
[run time = 1.2 set]

6

[Note that MAX must now identify which box he
is refering to. 1

62. call the biggest block “superblock”.
f# STORE FACT GNAME OF BLOCK(VOLUME  2 VOLUME[V BLOCKO])
IS SUPERBLOCK.

OK
[run time = 0.2 set]

{We can establish between ourselves and MAX,
a common name for any object. 3

63. have you picked  up superblock since we began?
# WHEN DID YOU DO PICKUP BLOCK(GNAME  = SUPERBLOCK)?

l DID IT WHILE I PICKUP THE BIG RED PARALLELEPIPED
CALLED SUPERBLOCK
[run time - 1.5 set]

{MAX still has his old internal name for that
object, so he is not confused in searching his
past. 1

t 64. how many blocks other than pyramids were left of the box @
at that time?

I/ HOW MANY BLOCK(KINDOF  # PYRAMIDILOCASHUN  LEFT-OF
00X()) AT THAT TIME?
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5 THE BIG BLUE PARALLELEPIPED AND THE BIG RED
PAIIALLELEPIPED  CALLED SUPERBLOCK AND THE SMALL RED
CURE AND THE BIG GREEN CUBE THAT WAS HOLDING A SMALL
RED PYRAMID AND THE BIG GREEN CUBE WHICH WAS TOWARD
THE BACK
[run time = 14.8 set]

{This question is a difficult challenge for any
representation system. MAX must not only
retrace his steps, but he must also destroy and
resurrect old objects in an imaginary world as
he does it. The result is shown in Fig. 17. )

65. why did you drop superblock?
/I WHY DID YOU DO DROP BLOCK(GNAME  = SUPERBLOCK)?

Ii

I DON’T REMEMBER DOING THAT
[run time - 3.2 see]

‘L 66. is thcrc anything in front of the red pyramid?
,cJ DOES EXIST OBJECT(LOCASHUN  IN-FRONT-OF BLOCK(COLOR  = RED1
KINDOF = PYRAMID))?

YES THE BIG RED PARALLELEPIPED CALLED SUPERBLOCK
AND THE SMALL GREEN PYRAMID AND THE SMALL RED CUBE

THE BOX THAT IS NOW ON TOP OF A BIG RED PARALLELEPIPED
[run time = 1.0 set]

(See Fig. 18. 3

67. thank you.
N THANK YOU.

YOU’ RE WELCOME
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H O W  IbNY BLOCK(KINDOF z PYR~MID~OC~SHUN
LEFTtOk  BOx( ) ) QT THQT T I M E ?

I
I
I
I
I
I
I

-----i

Figure 17.
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DOES EXIST  OBJE’T(LOCWHUN  IN-FRONT-OF
BLOCKtCOLOR = RED INDOF = PYRFlMID>)?

YES THE BIG REf PQRQLLELEPIPED  CRLLED
SUPERBLOCK RND E SMRLL GREEN PYRFlMID

RND T H E  SMRLL R CUBE T H E  BOX THRT
IS NOW ON TOP 0 BIG RED PQRALLELEPIPED

Figure 18.
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III. DATABASES
I
.

It is convenient to split the database into two parts, one which
cant ains complete information about the world in its present state
(Knowledge Represent at ion Database) and anot  her which cant  ains historic
information about the past conversation s and events (Historic Database).
Data  for the imaginary world is stored in the same string arrays (and same
locations) as that for the real world.

A. Knowledge Representation Database

It is convenient to group objects in one’s world into categories. ln
this robot * s world there are only five categories:

1 BLOCK
2 BOX
3 TABLE
4 HUMAN
5 HAND

Here HAND stands for the Robot whose only effector is a hand. This
database is a list of properties. For each category there are two types of
lists. One is a list of properties which pertains to all objects in that
category, while the other is a list of properties which pertains to tokens or
particular objects. Thus there is one double-index array for each
category. The first index goes from 0 to some number (for example 10).
The property list pertaining to ail objects of the category is stored in the
array with the first index = 0, while the other numbers are used for storing
the property lists of tokens. A few examples should make all of this clear.
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Table I. hoperty  List for “All” BLOCK%

BLOCK[0,PNAME]
BLOCK[B,STATUS]
BLOCKl~0,FIRST,ONE]
BLOCK(0,MOVEABLEl
BLOCK[B,ANJEG-MINI
BLOCK1  0,ITSELF,LIST]
BLOCK[B,PLIST]
13LOCK[0,MAX_NUMB_POSSIBLE]
BLOCK[ 0,KINDOFl
BLOCK[B,GNAME]

IS WOODEN
IS

Table II. Property List for a Particular BLOCK

BLOCK[4,PNAME] IS B4
FREE
-75 -105 -360
GREEN
BIG
THE BIG GREEN CUBE
HOLDING BLOCK(B6)
ONTOP TABLE(TABLl>
CUBE
150 150 150
150
150
150
-75
-105
-360

IS BLOCK
IS 8
IS 1
IS MOVABLE
IS VEGETABLE
IS 1
IS 2
IS 15

BLOCK[4,HELD,STATUS]
BLOCK[4,LOCASHUN]
I3LOCK[4,COI~OR]
BLOCK1 4,SIZE]
ULOCK[4,DESCRIPTION]
I?LOCK[4,TOP,STATUS]
BLOCK[4,BOT,STATUS]
BLOCK[4,KINDOF]
OLOCK[4,DIMENSIONS]
BLOCK[4,XLENGTH]
BLOCK[4,YWIDTH]
OLOCK[4,HEIGHT]
BLOCK[4,XCOORD]
BLOCK[ 4,YCOORDl
I;LOCK[4,ZCOORD]
BLOCK[4,WALL_WlDTH]
BLOCK[4,LIKED,STATUS]
ELOCK[4,GNAME]
BLOCKj‘4,VOLUMEl
BLOCK~4,DlSP_NUMB]
BLOCK[ J,SHAPE-OF-TOP]

IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS

. .

3375000
4
FLAT
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Table Ill. Property List for a Particular HUMAN

I iUMAN[l,PNAME]
HUMANtI.  ,GRASP,STATUS]
I-IUMAN[ 1 ,WEIGHT]
I-IUMANI.1  ,LOCASHUN]
HUMAN[l  ,HAIR-COLOR]
HUMAN[ 1 ,SlZE]
I-tUMC\N[  1 ,DESCRIPTION]
HUMAN[l ,TOP,STATUS]
HUMAN[l ,BOT-STATUS]
HUMAN[  1 ,KINDOF]
HUMAN1  3. ,EYE,COLOR]
HUMAN[l ,AGE]
HUMAN[  1 ,SEX]
HUMANjj ,HEIGHT]
HUMANt ,XCOORD]
t IlJMAN[l  ,YCOORD]
HUMAN11  ,ZCOORD]
HUMAN[l  ,LIKE_STATUS]
I-IUMAN[ 1 ,LIKED-STATUS]
HUMAN[l.  ,GNAME]
HUMAN[ 1 ,VOLUME  ]
tiUMAN[l,DISP-NUMB]
HUMAN[l  ,SHAPE,OF,TOP]

IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
S
S
S

FRIEND
EMPTY
175
100 200 200
BROWN
BIG
YOU
CLEAR
ONTOP CHAlR(CHAlRl>
HACKER
BROWN
25
MALE
72
100
200
200

ROUND

The property list for all blocks is shown in Table I, and the property
list for a particular token, in Table II, and the property list of a particular
human, in Table Ill.  The two indices for the string arrays are shown in
square brackets. The first index is a nurnber, while the second index is a
string (MACRO)  which is translated by the compiler into a number. The
crrrzy contain4c the strings in the right-hand column. You might ask “Where
does the semantic information reside? It is true that you have property
lists, but what do the properties mean to the program?” The answer is that
t hc semant  its resides in the procedures which know about these
properties. The string names of the properties are contained in the string
;-lrr;ly NAMEOF[I,J]  for which the first index refers to which list (different
catcgorics  have different lists--the number for these are stored under
qobject>[0,PLIST]--as  shown in Table I) and the second index corresponds
to the property number.
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Certain properties are classified as “unchangeable”  or “related”.  A
property may be in one, both, or neither of these classifications. An
unchangeable property cannot be changed by telling (i. e. the command:
STORE  I-ACT . . . ). Examples are XCOORD and TOP-STATUS. A related
property is one that has a complement. Examples are: (1) TOP-STATUS,
BOT,STATUS; (2) LIKE-STATUS, LIKED-STATUS. If a change in a related
property occurs, this results in other changes to the database. For
cxamplr,  if the BOT,STATUS of some object is changed, this results in the
TOP-STATUS of some other object being changed. (There is a double
index array which holds related properties and their complements and a
short procedure which will quickly obtain the complement of any property. >
New properties can readily be added from the teletype (see Section VllC
and VIIE).

8. Historic Database

Informat  ion about commands, facts, questions, answers, actions,
rcasans, infcrcnccs,  orders (internal  commands), adding new tokens,
subtracting tokens, and thou&ts  about all of the above are stored in a
sin&? index array cal led the “Grapevine”. Many procedures store
information on this “Grapevine” Array while some examine this information,
In order to establish a time sequence, an array with only one index is
used. This simple method works well in general but some problems such as
simultaneous events cannot be handled so simply.

Table IV. Grapevine Array Format

CQM:
FACT:
QUEST:
AN5
ACT:
REAS:
INFER:
QRD:
ADD:
sue:
Tl4IJG H-f :COM:
THOUGHT:FACT:

> {extra information) T<action>/<subject>/<objcct>
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The general format for an entry is shown in Table IV. The string
before the colbn identifies the type of information. The string between the
colon and the upward arrow contains extra information such as type of
question if it is a question, who said it to whom, or the name of a
procedure to identify itself. Between the arrow and first slash there is an
action word such as a verb (or “not” followed by a verb). The next two
strings are <subject> and <object>. Most of the entries fit this format, but
there are a few exceptions such as the action “move” which has “from” and
“to” information. Typical entries can be seen in APPENDIX A which contains
t hc Grapevine Array which the program generated during the dialog of
Section II.

IV. PROCEDURAL DESCRIPTIONS

Objects are identified by a category narne followed by a description
in parentheses. Typical examples of descriptions are given in Table V. As
one can c,ee there are several  different formats. This flexibility seems to
bc nc:ccsKNy. BLOCK(E33)  is an example in which the format is just the
PNAME ii. e. the program’s name for that particular object). This type of
description is used by the program as a fast, definite description. In
principle  a human communicating with MAX would never know or refer to
this name. If a human wants to establish between himself and MAX a
common name for an object, he uses the property GNAME, which can be
changed without upsetting the databases.

ULOCWAR B3 B4 B7) is an example of a description which refers
to tiny or all of the blocks with PNAMES 83, B4, and B7. This is useful in
cases for which there exists a choice. If MAX were asked to pick up a
t:reen block and G3, B4, and G7 were green blocks, the program would
convert the description to this form and delay a definite decision until the
I ast Moment.

The most common type of description has the format of:

<property > <relation> <state>.
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Table V. Examples of descriptions

BLOCK(  B3)

BLOCK(COLOR  = REDIKINDOF = CUBE)

BLOCK(VAR  B3 B4 B7)

BLOCK(COLOR  = BLUEIHEIGHT  ’
HEIGHT[BLOCK(HELD-STATUS  = GRASPED-BY HAND(MAX))])

OBJECT(COLOR = GREENIBOT-STATUS  = ONTOP
OBJECT(HEIGHT  2 HEIGHT[V  OBJECT(BOT-STATUS  = ONTOP
OBJECT(TOP,STATUS  = HOLDING BLOCK(KlNDOF  = PYRAMID1

HEIGHT L HEIGHT[V  BLOCK(  KINDOF = PYRAMID)])))]))

BLOCK(KINDOF + PYRAMIDIANS:rEXlST/X/  + 107 ~4

BLOCK(KINDOF = PYRAMIDIACT:TGRASP/HAND(MAX)/X  +
COM:TONTOP/BLOCK(COLOR  = GREENIKINDOF = PYRAMID)

/BLOCK(SlZE  = SMALLIKINDOF  = CUBE>+ 00)

BLOCK(VAR  B3 B4 87) is an example of a description which refers
to any or all of the blocks with PNAMES 83, B4, and B7. This is useful in
cases for which there exists a choice. If MAX were asked to pick up a
green block and B3, B4, and 87 were green blocks, the prograrn would
convert the description to this form and delay a definite decision until the
last moment.

The most common type of description has the foimat of:

<property > <relation> <state>.
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Table VI. Examples of Descriptive Segment

Property Relation State

(a)

KINDOF
Tofu-STATUS
HEIGHT

PYRAMID
HOLDING BLOCK(.  . . )
HEIGHT[BOX(  . . . >]

(b)

YCOORD
HEIGHT

YCOORD[V  BLOCK{.  l 9 )]
HEIGHT[I BLOCKi m m l >]

Examples are shown in Table VI. If the program were asked to find
RLOW KINDOF  = PYRAMID), it would cycle through all of its block tokens
pullin:  out their property KINDOF and noting those for which this property
were equal  to PYRAMID. Some properties are more complicated such as
TOP-STATUS. For example, the TOP,STAiUS  of a particular block might
be

HOLDING BLOCKi  B4)IHOLDlNG  BOX(BOX3)JHOLDING  BLOCK( 82)

while the state that the prograrn is trying to match is

HOLDING BLOCK(COLOR  = BLUE).

The comparison is done by first finding all blocks satisfying the
&script  ion COLOR = BLUE through a recursive call by the procedure on
it self. Then each block that it is holding is cornpared with all the blue
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blocks. The program does an exhaustive search returning all objects
satisfying any description, rather than stopping after it finds the first one.

To contrast our descriptions with those of Winograd, consider the
description “a red cube which supports a pyramid“. Winograd’ s[20]
description (PLANNER program) is:

(GOAL (IS ?Xl BLOCK))
(GOAL (COLOR-OF ?X1 RED))
(GOAL (EQUIDIMENSIONAL  ?X1 ))
(GOAL (IS ?X2 PYRAMID))
(GOAL (SUPPORT ?Xl ?X2))

while our description is:

BLOCK(COLOR  =-z REDjKINDOF = CUBE1
TOP-STATUS = HOLDING BLOCK(KlNDOF  = PYRAMID)).

The <state’  in third example in Table VI(a) has the form:

<pt%perty>[<obj ect>(<description>)].

The program (1) finds the particular object (if there is more t ban one
and the state is not quantified, it reports failure); (2) gets the value of
(property > for this object and converts it to a number. Then this is
compared with the <property> (also converted to a number) according to
the designated relation.

The program uses the following relations:

=, f, >, <, <, ‘, ABOVE, GELOW,  LEFT-OF, RIGHT-OF,
BEHIND, IN-FRONT-OF, DIRECTLY-ABOVE, DIRECTLY-BELOW,

EQUALS-EITHER-OR, and NOT <relation>.

There is a short algorithm connected with each of these that gives
them an exact mat hemat ical (although not necessarily intuitive> meaning.

Quantified descriptions have the form shown in Table Vl( b). The
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familiar predicate calculus symbols 9”’ and “3” all used for “all” and
II some”. However, their effect on the calculation is only that caused by a
particular algorithm and any symbol could be used. The combined effect of
the relation and the quantifier determines the number used for <state> in
the comparison. For example if the relation is “i” and the quantifier is ‘9”’
then we must  find the smallest number.

Any number of descriptions (<property> <relation> <state>) can be
concatenated together with a vertical line for a delimiter as shown in the
fifth example of Table V. Also, as indicated in that example the description
can contain other descriptions to any depth.

Another format is used to describe objects which were previously
refet red to. Pattern matching of the historic Grapevine Array is done by
filling in some (or possibly none) of the locations and by putting an “X” in
the location of the desired quantity as in the description:

BL()CK(  ANS:t  EXIST/X/ * LAST (xi> a

l-his type of description has the format:

<type>:<befot.e-uparrow>T<action>/<subject>/<object>
<arrow> <pointer>  <how-far>.

The first part is just the format for an entry in the Grapevine Array.
The quantity <point  cr? indicate s where the search should start and it can
be: ( 1 1 FIRST, for starting at the first entry; (2) LAST, for starting at the
IcAst  entry; (3) PRES, for starting at the time marker for the present
discussion The words “when”, “how”, and “why” cause a time marker to be
set to sor;e Grapevine index number,  and PRES refers to this number; (4)
some Grapevine index number; or (5) another Grapevine entry to be
rnatchcd as in the last example of Table VI.

The quantity <arrow> can be +, 4, or 4 depending upon whether the
~c;~t,ch is to be backward, forward, or around the designated entry. The
cluantity  <how-fat+ is a nurnber indicating the extent of the search C(x)
n1eans go to the end).

A null (or “X”) is the descript ion wil l  match anything in the
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corresponding field : of the Grapevine entry. Non-null fields in <type>,
<-before-uparrow>,  and <action> must be identical for a match. In matching
<subject> and <object> fields we note that

COM:HtJMAN(  FRIEND) TO HAND( MAX)TPICKUP/HAND(  MAX)/
BLOCK(COLOR  = REDISIZE = BIG)

should be matched by

COM:tPICKUP/X/BLOCK(COLOR  = RED).

Also

ACT:fGRASP/HAND(MAX)/BLOCK(B7)

should be matched by

ACT:XTGRASP//BLOCK(KlNDOF  = PYRAMID)

if the block with PNAME of B7 is a pyramid.

These matches are accomplished as follows: Cl) The set of all
objects  satisfying the desired description is found; (2) The set of all
objects satisfying the Grapevine description is found; (3) A set intersection
of the two sets is performed; (4) If the resulting set is not empty, they
match. Otherwise, they do not match.

Matches are also done to find locations in the Grapevine Array. ln
thcsc casts the “X” is ornittcd.

In matching the total description, the general order is that each
object is tested against the description until it fails to satisfy some
requirement or it succeeds. Descriptions involving actions such as “red
objects that you touched while . . . ” (see Questions 41 and 42) are
handled by: (1) finding all objects satisfying the static description; (2)
finding all objects satisfyin,* the motion description; and (3) doing a set
intersection of the two results. A description of the form:
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BLOCK(  KINDOF = PYRAMIDIACT:rGRASP/HAND(MAX)/X  + LAST 4

is handled by backtracking (programmed especially for this case>. It would
be inefficient to search the Grapevine for all objects that the hand has
grasped and yet the program would fail (without backtracking) if the first
object that it found was not a pyramid.

The description format for composite objects was chosen so that it
would be easy to identify the presence of a composite object. For
example,

PlLE(GREENIBLlJEIRED)  = BLOCK(COLOR  = GREEN1
KINDOF = PARALLELEPIPEDITOP,STATUS = HOLDING BLOCK(COLOR  = BLUE1
KINDOF = PARALLELEPIPEDITOP-STATUS  = HOLDING BLOCK(COLOR  = RED1

KINDOF  = PYRAMID)))

is really only the description of one object (the bottom object) for which
the program already has an identification mechanism. The description inside
the parenthesis following the name of the composite object is treated like a
set of variables in a macro definition. Any quantity put inside the
parenthesis on the left (at the time that the definition is given) can be
freely substituted for in its every occurrence on the right at a later time.

V. MOTION PROCEDURES

There are a set of procedures for moving objects:

Specialists

GRASP
RELEASE

GETONTOPOF
GETOFFOF
FIND-SPOT

MOVETO
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MOVEJIRECT
AVOID,COLLISION

Strategists

CHANGETO
STACKUP

BUILD

One can command MAX to do the following simple actions (involving
one or two objects and the hand): grasp, release, ontop,  offof, putdown,
pickup, near, inside, and move. All such requests pass through the
procedure CHANGETO which simply cal ls upon one or two of the
specialists. The specialists are rather independent. They check the
prcscnt  4 ate of the world at the time that they are called and report
failure if any errors in syntax or inconsistencies appear. If the present
state of the world is ready for them to do their job, they simple do it and
exit. However, if the present state of the world does not permit them to
do their job, they call on other procedures and themselves recursively to
treat e the proper conditions. For example, if we have the conditions
shown in Fig. 18, and one were to command MAX to grasp the green cube
which is sitting on the table, the procedure GRASP would call on (1)
GETOFFOF so that the object it wants to grasp would have a clear top; (2)
RELEASE so its hand would be empty; and (3) MOVETO  so its hand would
be at the correct location to grasp the green cube. This simple operation
(GRASP is the only procedure called by CHANGETO) would cause the
following calling sequence:

21 GRASP
1 2 GETOFFOF
6 GETOFFOF
3 GRASP
1 RELEASE
2 MOVETO
4 FIND-SPOT
5 MOVETO
9 GRASP
7 RELEASE

it he big green cube)
j t he small red cube off of the big green cube)
{the small green pyramid off of the small red cube]

{the small green pyramid)
{the small blue pyrarnidJ
(hand frorn the blue pyramid to the small green pyramid]
{for the small green pyramidj
{the small zreen  pyramid to the table]

{the small red cube)
(the small green pyramid)
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8 MOVETO
10 FIND-SPOT
11 MOVETO
I. 8 GETOFFOF
15 GRASP
3.3 RELEASE
14 MOVETO
16 FIND-SPOT
17 MOVETO
19 RELEASE
20 MOVETO

(hand from the green pyramid to the small red cube)
{for the small red cube) -
{the small red cube to the table)
(the small red pyramid off of the big green cube)

(the small pyramid)
{the small red cube)
{hand from the small red cube to the small red pyramid)
{for the small red pyramid;@
(the small red pyramid to the table)
{the small *red pyramid}
{hand from the small red pyramid to the big green cube]

Note that the order in which procedures are entered (listed from top
to bottom) is different from the order in which they do their main job
(given by the numbers on the left). The main effect of procedure GRASP
(and RELEASE) is to change the GRASP-STATUS of the hand and the
IIELD-STATUS  of sume object, but their side effects can be considerable
as we have just discussed. RELEASE will not do its job unless the object
to be released is supported. If it is not, RELEASE will check to see if there
is really some object just below the one that it wants to release. If there
is, it calls upon another procedure to rnodify the top and bottom status of
the objects involved. If not, it calls on GETONTOPOF to put the object on
the table.

The location of objects is changed only by procedure MOVETO or
MOVE-DIRECT. (MOVE-DIRECT and AVOID,COLLISION  are used in special
cases in which the hand and anything it happens to be holding are moved
left ,  r ight,  up, down, backward, or forward). The main effect of
GETONTOPOF and GETOFFOF are to change the top and bottom status of
objects. All locations for placing objects ontop  of other objects or the
table are selected by the procedure FIND-SPOT, although other procedures
can suggest that it use a certain location.

The procedures STACKUP  and BUILD examine the objects, plan a
strategy for the overall task (without considering details), and then they
make calls on CHANGETO.

This method of moving objects is not new; Winograd[6,20]  used a
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very similar met hod. The advantage of this method is that the higher-level
procedures need only worry about the task that they want to achieve and
not the grimy details.
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VI. CONTEXT MECHANISM

In order to answer hypothetical questions, the program needs to
carry out action s in an irnaginary world. These actions must not affect the
data for the real world as the program will eventually want to return
quickly to this state. Usually one wants tc> start the modifications with the
databnr;c in its prcscnt  form in the real world. Making an extra copy of the
d&base is an unsatisfactory solution as this would require a long time and
a large mernory space for a system with a large database. Typically one
wants the real-world database (which could be very large) with only a
small number of modifications.

This same problem also arises when the program wants to know
about a past state of the world. Saving all past states of the world is out
of the question. However, even if one knows what modifications occurred
and the order that they occurred in, he still needs an extra database (which
is init ially identical to the real database) in which to make the changes.

To solve these and other similar problems, we have devised a
cant  ext mechanism. It is not too different from those used in
CONNlVER[l3],  QA4[12],  AND MLISP2[21]  when one considers the great
difference in programming languages.

In implementing this context mechanism, we require that all transfers
of information to and from the Knowledge Representation Database pass
t hrouzh a filter. The filtering procedure checks the present cant ext and
takes the appropriate action. If the context+0 then some locations in string
arrays may contain data which is different in the real world from that in the
imaginary world. The two data. strings are separat cd by a ‘W with the
imaginary-world data on the left and the real-world data on the right. Data
with no I’*” are identical in the two worlds. A typical BLOCK array for
such a case is shown in Table VII.
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Table VII. Property List for a Particular BLOCK with Existence of
Imaginary Context

BLOCK[S,PNAME]
BLOCK[  5,HELD,STATUS]
BLOCK[  5,LOCASHUNl
RLOCK[ 5,COLOR)
BLOCK[ 5,SIZE]
BLOCK[  S,DESCRIPTION]
BLOCK[5,TOP,STATUS]
BLOCK[5,BOT,STATUS]
BLOCK[  5,KINDOFl
BLOCK[  S,DIMENSIONS]
BLOCK[5,XLENGTH]
BLOCK[5,YWIDTH]
BLOCK[5,HEIGHT]
BLOCK[5,XCOORD]
BLOCK[ 5,YCOORD-j
RLOCK[ S,ZCOORD]
BLOCK[5,WALL,WIDTH]
OLOCK[s,LlKED-STATUS]
RLOCK[ S,GNAME]
BLOCK[5,VOLUME]
BLOCK[;5,DISP_NUMB]
BLOCK[  S,SHAPE,OF,TOP]

IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS
IS

B5
FREE*FREE
-310 -550 -260*-75 -450 -460
RED
SMALL
THE SMALL RED CUBE
HOLDING BLOCK(B6)*HOLDING  BLOCK(B7)
ONTOP BLOCK(  B2hONTOP  TABLE(TABL1)
CUBE
50 50 50
50
50
50
-310*-75
-5508-450
-2608-460

125000
IS 7*5
IS FLAT

The rules used in filtering the data to and
as follows:

(1) if the context=0, then the filter does nothing I
in the normal manner.

(2) if the context=l,  then:

from the string arrays are

etting data flow

(a) data is taken from the right of the “Jo” if a “8” exists.
Otherwise, from the complete location as normal.
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(b) data is stored after the “*” if a ‘W’ exists. If no ‘W’
exists, then one is added before storage and a note of this
location is made.

(3) if the context=-1, then:
(a) data is taken from the left of the ‘W if a ‘5~”  exists.

Otherwise, from the complete location as normal.
(b) data is stored before the ‘W’ if a ‘W exists. If no ‘5~”

exists, then one is added before storage and a note of this
location is made.

The addresses of string-array locations which contain imaginary-
world data that is different than real-world data (i. e. a ‘W’ is present) are
savcld.  (Note that each address in only saved once. > Thus the effort
involved in returning to the state in which only real-world data exists
(context = 0) is proportional to the extent of the modifications in the
imaginary world and involves only a change in the ‘W locations.

This context mechani.sm could be generalized to several contexts by
usi n: several delimiters or adding cant  ext labels between the entries, but
its efficiency would suffer greatly. At present, we have not found the
need for many contexts. The context mechanism has been implemented to
hancile  the case in which one request, “Suppose we only had one pyramid
and one cube, what l . . I’* Here we do not want to waste time adding a
‘W to all locations in setting up the imaginary world. This is handled by
scttinz the context = -2 for which only entries with a ‘W’ exist in the
imaginary world. This context frame is convenient for small, completely
different, imaginary worlds.

Note that the frame with context = +l or -1 can be used to handle
the situation in which one requests, “Remember everything as it is now.
All right, make the following changes l I . “. Here one just changes the
context from 8 to +l and the state which the robot was asked to
remember will be the imaginary world with context = -1.

In sutnmary,  we think that this is a useful context mechanism for a
robot because (1) there is essentially no overhead involved in changing to
an imaginary world, and (2) The additional storage space and time involved
are proportional to the size of the changes in the imaginary world.
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VII. DISCUSSION

In this section we shall discuss several short topics which did not
seem to be appropriate for any earlier section.

A. Self-debugging

As Winograd[22]  and others have noted, with large programs such as
SHRDLU there is a complexity barrier making them difficult to understand
and extend. When one wants to add a new procedure or modify an old
one, he may not remember all the conditions and requirements of other
sections of the program (particularly if several months have elapsed since
the other sections were written).

With this complexity problem in mind, MAX was written in what some
might call an inefficient manner with considerable redundancy. This slightty
increased the programming time and the size of the program, but it greatly
rc&ccd  the debugging time. All procedures (except trivial ones) were
given some  independence. Each procedure has some expectancy about its
input data. If the syntax ic., wrong or the data is in any way inconsistent
with these expectations, the procedure reports an error and indicates the
form of the error by adding an entry to the Grapevine Array. If the
pr occdure should fail to achieve an objective, it must also report failure
with <I Grapevine message telling why the failure occurred. This error
testing greatly aided debugging because the error was detected earlier and
the program was less likely to die. For example if some new input “tickled
a bug” the error would usually be detected either inside the procedure in
which it occurred or the next procedure.. Whereas, if no error testing
were done, the program might ramble on in its recursive, interwoven
manner  through a dozen procedures  before the error was detected or it
died. The message usually explained the cause of the problem. If not, the
program was still alive to answer more questions about the bug.
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B. Generating Answers

It is much easier to generate natural language than to parse natural
language into the correct program representation. Although the program
does not put out particularly good English, the effort for generating this
out put was trivial. This leads one to believe that it is a rather straight-
forward problem to generate output that humans can understand. The
same cannot be said of handling natural-language  input which is a far more
difficult problern. (To generate output that is indistinguishable from that of
hurnans is, of course, difficult[23].  ) Some answers are “canned”, but most
answers  are a concatenation of strings from various parts of the program.
For example, the answers to Questions 12, 13, and 14 are “canned”. If the
program gets to one of these places in its analysis, there is only one
concept that it wishes to convey so a “canned” answer seems appropriate.

Procedure IDENTIFY provides a complete description for an object
(its input is the object’s category and pname).  First, it obtains a short
description such as “the big green cube” from the property DESCRIPTION
(see Table II). Then it checks to see if the object has a gname. If it does,
then “called <gname. ‘I’ is added to the short description. If it has no gname,
then the property HELD-STATUS is checked. If it is being held in robot’ s
hand then “that I STRING1 holding“ is added to the description for which
STRING1 is “am now” or “was” depending upon the situation. If neither of
the above conditions apply then IDENTIFY calls upon a procedure which
intetrogat  es the Grapevine Array to find out if this object has been
involved in any recent actions. This procedure interrogates the Grapevine
Array for six entries back and reports what action, if any, this object was
involved in. This is responsible for such answers as:

IT IS THE BOX THAT I JUST PUT A BIG BLUE PARALLELEPIPED INSIDE OF
(Quest ion 5)

YES THE BIG BLUE PARALLELEPIPED THAT I JUST PUT A SMALL BLUE
PYRAMID ONTOP  OF (Question 47).
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If none of the above apply, the program checks to see if any other
object has the same description. If none does, it is satisfied with the short
description. If the object’ s description is identical to that of one or more
other objects, the procedure IDENTIFY checks the properties TOP-STATUS
and UOT-STATUS trying to find something to distinguish it from other
similar objects. If these fail, it determines the direction with the greatest
spatial variation to separate this object from similar objects. This leads to
answers such as,

5 THE . . . THE BIG GREEN CUBE THAT WAS HOLDING A SMALL RED PYRAMID
AND THE BIG GREEN CUBE WHICH WAS TOWARD THE BACK (Question 64)

For all failures the program calls on procedure REASON which puts
tozethcr  a string by examining the Grapevine. For example consider
Question 2. The Grapevine contains the following reason for failure:

GRAPEVINE 22: REAS: FIND,NUMB/TOOMANYtFIT/DESCRIPTION/
BLOCK(VAR B6 B7 B8)

Proccdurc! FIND-NUMB has found three blocks satisfying the description
while the DEFINITE in the description required that it only find one.
Thcrcfore  it reported failure and gave the above reason. Procedure
REASON just put this into the normal form of subject-verb-object, calling
on procedure IDENTIFY to describe the blocks with pnames B6, B7, and B8.
Thus reason returns the string:

BECAUSE DESCRIPTION FIT THE SMALL RED PYRAMID
THE SMALL GREEN PYRAMID AND THE SMALL BLUE PYRAMID

C. Reasoning

As one can see from the dialog (Section II), the program has
considerable  reasoning power, but no explicit predicate calculus is used.
lnst cad the program’ s reasoning abilities are built into the procedures and
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structure of ihe system. (In other words, we followed the PLANNER[l  11
method. > For example consider the following simple reasoning problem
in which one gives the program two factual statements and then asks a
quest ion:

All humans are mortal.
Turing is a human.
Is Turing mortal?

The following dialog was generated with MAX (since MAX does not have
the property MORTAL-STATUS stored, we must first get it added to the
property list for humans):

52 STORE PROPERTY.

OK -- WHAT CATEGORY OF OBJECTS IS IT A PROPERTY
OF? (BLOCK,BOX,HUMAN,.  . e ?)

## HUMAN

IS IT A PROPERTY OF ALL HUMAN’S -- Y OR N?

# YES

WHAT IS THE NAME OF THE PROPERTY? *

f4 MORTAL-STATUS

IS IT AN UNCHANGEABLE PROPERTY? Y OR N?

fd NO

66



IS IT RELATED PROPERTY Y OR N?

I’ M READY TO STORE THE FOLLOWING DATA:
PROPERTY LIST = 3
PROPERTY = MORTAL-STATUS

ARE ALL OF THESE CORRECT -- Y OR N?

ff YES

OK

il STORE FACT MORTAL-STATUS OF HUMANtITSELF)  IS MORTAL.

OK

N ADD DATABASE HUMANtGNAME  = TURING).

OK

# Is FACT  MORTAL-STATUS OF HUMAN(GNAME = TURING) IS MORTAL?

YES

Il I$ FACT MORTAL-STATUS OF HUMANtGNAME = TURING) IS
IMMORTAL?

NO BECAUSE MORTAL-STATUS NOT EQUAL IMMORTAL
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N WHAT IS MORTAL-STATUS OF HUMANtGNAME  = TURING)?

MORTAL

Note that the program actually added a “token” human to i ts
database, and its ability to answer  the question was due to its use of the
database structure.

D. Creating, Destloying, and Resurrecting Tokens (Particular Objects)

Unlike Winograd’s SI-IRDLU[G], MAX can readily create and destroy
tokens  (see Questions 56-58). The program has a set of default values for
properties so one can just command:

ADD DATABASE BLOCK0

and the program will choose the type of block, its size, and call upon
FIND-SPOT to find a location for it, etc. Note that the program can use its
mot  ion procedureJc to clear off objects before it destroys them and put
down objects so it has a free hand for new objects.

Whenever a token is destroyed, all of the information about the
token is eliminated from the Knowledge Representation Database (its
position in the string array is given to another token). However, the
token’ s complete property list i s saved (in the usual descriptive format) in
a Grapevine  entry. Thus it is easy to resurrect that token at a later time.
TO answer Question 64, the program in an imaginary context destroyed.
objects and resurrected two green cubes. Since their pnames were unique,
the program had no trouble moving a resurrected token in ret racing its
steps.

It is quite apparent that a human taking MAX’s part in the dialog
would not (although he could) make a complete representation of the scene
at the beginning and then carry out the operation blind by modifying his
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reprc5cnt  at ion. It is rnorc  likely that he would look at the scene between
actions, filling his database with tokens (from visual input) each time. Thus
the addition and deletion of tokens from the working database may be very
important in simulating human behavior--particular if vision is included.

One sometimes wonders how a large Knowledge Representation
CIatat>ar,e  could work efficiently. For example, if one asked MAX, “Who is
the t allcst person in the room?” and MAX knew 1880 people, he would
cycle through the all the people (1080)  in his Knowledge Representation
Database before answering which would be very inefficient. One possible
solution to this problem is to have a small, relevant, working Knowledge
Representation Database. In this case, for ‘example, it might only be filled
to ;jnswer  the particular question and therefore only cant  ain those people
in the room. The properties of all other tokens could be cant  ained in
sornet hing like the Grapevine Array’ Thus, when two old friends appear,
they (their property lists, that is) could be resurrected to the working
database.

E. Suggestions for Future Work

Since it took only six months (see Section I) to get the program to
this level, one can be optimistic about extending it. As long as the
pro~rsrn runs rapidly and the self-debugging is effective, the larger, the
better--that is, it is easier to do some new process because one can call
on so many old procedures. Also it is easier for the program to learn about
some new composite object if they can be described in terms of ones that
it already knows about. For example, MAX was told about a “rocket” in
terms of a “pile”.

With the program at its present level of competence, there are
several interesting directions in which it could be extended:

(1) Increasing the representation to handle properties and relations
that are ncedcd in a more complex world such as Euler Angles to
specify the orientation of an object and concepts such as objects
“touching”;

(2) Adding some or all of the vision segments shown in Fig. 1;
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(3) Adding a content-addressable database with pointers to entries
in the Grapevine Array;

(4) Increasing the abilities of the executive to do inferencing[24,25]
and examination of all error messages;

( 5) E x t e n d i n g the Grapevine Array format to something like a
conceptual-dependency diagram[ 7,24,25];

(6) Increasing the program’ s learning ability. At present, this
involves storing facts, adding and deleting tokens and properties.
The adding of new properties is perhaps the highest level of learning
achieved in the program, and it gives some indication of the methods
necessary for ext endin g this capability. Properties can be added
directly from the teletype (see Section VllC> and the program asks
the necessary questions. A complicated property such as
LIKE-STATUS (and its complement) are handled by putting strings in
several arrays and increasing the count number in other arrays. This
learning ability should be extented  to adding and deleting new
categories, new relations, and new actions.

Having procedural knowledge can make it more difficult to add new
knowledge. (Sussman[26]  has worked on this problem. ) For
example, if one adds a new type of object, the program needs to
know the property SHAPE-OF-TOP. I f  th is  property is  “round”,
“pointed”, or “flat” then the present program can handle it. However,
if it were “peaked”, one would have to modify the coding to handle
this new case. This and similar problems could be handled by storing
lists (long strings that contain entries separated by a break character
a n d  w h i c h  c a n  b e  a u g m e n t e d )  o f  a c c e p t a b l e  a n d  u n a c c e p t a b l e
SHAPE-OF-TOP s for supporting other objects.
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APPENDIX A. HISTORIC DATABASE GENERATED BY DIALOG

The Historic Database is initially empty when a conversation begins.
This sect ion cant  ains the Grapevine-Array entries which the program
generated during the dialog of Section II. So that one can easily find the
Grapevine  entries for a p,articular  question, the computer output has been
edit cd by the insertion of question numbers. “INFO” refers to array INFO
whose entries are given at the end. The program usually refers to objects
by their pnames which for the blocks are as follows:

Bl IS THE BIG BLUE PARALLELEPIPED.
E2 IS THE BIG RED PARALLELEPIPED.
B3 IS THE BIG GREEN CUBE WHICH INITIALLY IS ON TOP OF BLOCK E32,
B4 IS Ti- IE BIG GREEN CUi‘!E WHICH INITIALLY IS HOLDING BLOCK B6.
B5 IS THE SMALL RED CUBE.
E6 IS THE SMALL RED PYRAMID.
B7 IS THE SMALL GREEN PYRAMID.
B8 IS THE SMALL BLUE PYRAMID.

- - - - - -  .____-_ -_ Question  1 - - - - - - - - - - - - - - -

GRAPEVINE 1.: COM:HUMAN(FRlEND) TO HAND(MAX)tPlCKUP/
HAND{ MAX)/ELOCK(COLOR  = REDISIZE = BIG)
GRAI ‘EVINE 2: ACT:TMOVE/l-lAND(MAX)/HAND(MAX)/FROM  0 0 0/

TO -31.0 -550 -160
GRAPEVINE 3: REAS:ACHIEVEtGRASP/HAND(MAX)/BLOCK(B3)
GRAISEVINE  4: ACT:CAUSED,BY  HAND(MAX)TGRASP/HAND(MAX)/

[?I. OCK( B3)
GRAPEVINE 5: REAS:ACHIEVEfOFFOF/BLOCK(B3)/BLOCK(B2)
GRAI ‘EVINE 6: ORD:GETOFl-OI-  TO FIND,SPOTrFlND/FlND-SPOT/

INFO//  l
GRAPEVINE  7: ACT:fMOVE/HAND(MAX)/BLOCK(63)/FROM  -310

-%O -160/TO -545 -255 -360
GRAPEVINE 8: REAS:ACHIEVE?ONTOP/BLOCK(B3)/TABLE(TABLl)
GRAPEVINE 9: ACT:CAUSED,BY  HAND(MAX)tOFFOF/BLOCK(B3)/

ULOCK(B2)
GRAPEVINE 10: REAS:ACHIEVEtTOP,STATUS[BLOCK(B2)]  = CLEAR
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GRAPEVINE 11: ACT:CAUSED,BY HAND(MAX)tRELEASE/HAND(MAX)/
ELOCK( B3)
GRAPEVINE 12: REAS:ACHlEVEtMOVE/HAND(MAX)/HAND(MAX)/

FROM -545 -255 -360/TO -310 -550 -310
GRAPEVINE 13: ACT:tMOVE/‘HAND(MAX)/HAND(MAX)/FROM  -545

-255 -360/TO  -310: -550 -310
GRAPEVINE I. 4: REAS:ACHIEVETGRASP,STATUS[HAND(MAX)]

= GRASPING BLOCK@21
GRAPEVINE 15: ACT:CAUSED,BY HAND(MAX)TGRASP/HAND(MAX)/

RLOCK(  B2)
GRAPEVINE 16: REAS:ACHIEVEtMOVE/HAND(MAX)/BLOCK(B2)/

FROM -310 -550 -310/TO -310 -550 200
GRAPEVINE .l. 7: ACT:tMOVE/HAND(MAX)/BLOCK(B2)/FROM  -310

-5513 -310/TO  - 3 1 0  - 5 5 0  200
GRAPEVINE 18: REAS:TASK/HUMAN(FRIEND)/HAND(MAX)
GRAPEVINE 19: ANS:HAND(  MAX) TO HUMAN( FRlEND,rDlD/HAND(MAX>/

INFOg

- - - - - - - - - - - - - -  Question  2 - - - - - - - - - - - - - - -

GRAPEVINE 20: COM:HiJMAN(FRIEND) TO HAND(MAX)tGRASP/
HAND( MAX)/BLOCK~DEFINITE~KINDOF  = PYRAMID)
GRAPEVINE 21: ACT:NOAP
GRAPEVINE 22: REAS:FlND,NUMB/TOOMANYtFIT/DESCRIPTION/

ELOCKWAR B6 B7 BS>
GRAl-‘EVlNE  23: ANS:HAND(MAX)  TO HUMAN(FRIEND)TNOT DID/

HAND{ MAX)/INFO#3

C-I--L-------- Question  3 ---------w-1--1

GRAPEVINE 24: COM:HUMAN(FRIEND) TO HAND(MAX)tFIND/
HAND( MAX)/ELOCK(HElGHT  ’ HElGHT[BLOCK(HELD,STATUS  =
GRASPED-BY HAND(MAXWJ)
GRAPEVINE 25: ANS:HAND(MAX)  TO HUMAN(FRIEND)TFIND/

HAND(MAX)/BLOCK(Bl)
GRAPEVINE 26: COM:HUMAN(FRIEND)  TO HAND(MAX)TINSIDE/

BLOCK( ANS:T  FIND//X --) 23 2)/BOX(DEFINITE)
GRAPEVINE 27: 0RD:GETONTOPOF  TO FlND,SPOTrFlND/FlND-SPOT/
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INFO:+‘4
GRAPEVINE 28: ORDGETONTOPOF TO FIND,SPOTTFlND/FIND,SPOT/

INFO/%
GRAFWINE 29: ACT:I‘MOVE/HAND(MAX)/BLOCK(B2)/FROM  -310

-550 200/TO -310 -550 -310
GRAFEVINE 30: REAS:ACHlEVE?ONTOP/BLOCK(B2)/TABLE(TABLl)
GRAPEVINE 31: ACT:CAUSED,BY HAND(MAX)tONTOP/BLOCK(B2)/

TAl’jL~:(PAl-!L1  I
GRAPEVINE 32: REAS:ACHIEVEtRELEASE/HAND(MAX)/BLOCK(B2)
GRAPEVINE 33: ACT:CAUSED,BY  HAND(MAX)tRELEASE/HAND(MAX)/

BLOCKi  02)
GRAFEVINE 34: REAS:ACHIEVETMOVE/HAND(MAX)/HAND(MAX)/

FROM -310 -550 200/TO -475 -105 -260
GRAI’EVINE 35: ACT:tMOVE/HANMMAX)/HAND(MAX)/FROM  -310

-550 200/TO -475 -105 -260
GRAPEVINE 36: REAS:ACHIEVETGRASP,STATUS[HAND(MAX)]

= GRASPING BLOCK( Bl )
GRAPEVINE 37: ACT:CAUSED,BY  HAND(MAX)tGRASP/HAND(MAX)/

GLOW 63 )
GRAI ‘EVINE 38: REAS:ACHIEVETMOVE/HAND(MAX)/BLOCK(  Bl ,/

FROM -475 -1.05 -260/TO -545 145 -260
GRAPEVINE 39: ACT:TMOVE/HAND(MAX)/BLOCK(Bl)/FROM  -475

-105 -26a/TO -545 145 -260
GRAPEVINE 40: REAS:ACHIEVETONTOP/BLOCKfBl  )/BOX(BOXl)
GRAPEVINE 41: ACT:CAUSED,BY  HAND(MAX)TINSIDE/BLOCK(Bl)/

E3oxc  GOXl )
GRAPEVINE 42: REAS:TASK/HUMAN(FRIEND)/HAhID(MAX)
GRAPEVINE 43: ANS:HAND(MAX)  TO HUMAN(FRIEND)tDID/HAND(MAX

INFO116
)/

\ - - - - - - - - - - - - - -  Question  4 - - - - - - - - - - - - - - -

GRAPEVINE 44: COM:HUM AN( FRIEND) TO HAND( MAXIT FIND/
HAND(MAX)/OBJECT(BOT-STATUS  = ONTOP BOXtDEFINITE))
GRAPEVINE 45: ANS:HAND(MAX)  TO HUMAN(FRIEND)tFIND/

HAND(MAX)/BLOCK(VAR  B1 B8)

_---_--  _____ -_ Question  5 - - - - - - - - - - - - - - -
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GRAPEVINE 46: COM:HUMAN(  FRIEND) TO HANDi MAX)TFIND/
tiAND(MAX)/OBJECT(TOP-STATUS = HOLDING BLOCK(KlNDOF  = PYRAMID1
ANS:TFIND//X + 45 2))
GRAPEVINE 47: ANS:HAND(MAX)  TO HUMAN(FRIEND)TFIND/

HANDi  MAX)/BOX(  BOX1 )

---_----------  Question  6 - - - - - - - - - - - - - - -

GRAPEVINE 48: QUEST:HOW-MANY/HUMANfFRIEND)  TO HAND(MAX)
‘T EXIST/BLOCK( BOT,STATUS # ONTOP  BOX( DEFINITE)/KINDOF
- PARALLELEPIPED)/
GRAPEVINE 49: ANS:HAND(MAX)  TO HUMAN(FRlEND)TEXIST/

BLOCK&/AR  B2 B3 84 B5)/4

---__------..---  Question  7 - - - - - - - - - - - - - - -

GRAPEVINE 50: QUEST:YES-NO/HUMANfFRIEND)  TO HAND(MAX)TEXIST/
BLOCE:(ANS:TEXIST/X/  - 49 ‘ZIYWIDTH < YWIDTH[BLOCK(COM:
HUMANi FRIEND) TO HAND( MAX)tPICKUP/HAND(  MAX)/X c- 49 a-d]>/
GRAPEVINE 51: ANS:HAND(MAX)  TO HUMAN(FRIEND)tEXIST/

BLOCK(B5)/1

_--_---------- Question  8 ------e-------m

GRAPEVINE 52: QUEST:YES-NO/HUMAN(FRIEND)  TO HAND(MAX)fEXIST/
OEJECT(TOP,STATUS  = HOLDING BLOCK(ANS:TEXlST/X/  + 51 2))/
GRAPEVINE 53: ANS:HAND(  MAX) TO HUMAN( FRIEND)t EXIST/

TABLE(TABL1  )/I

Question 9

GRAPEVINE 54: QUEST:lS,POSSlBLE/HUMAN(FRIEND)  TO HAND(MAX)
T DO/TABLE/PICKUP BLOCK()
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GRAPEVINE 55: ANS:HAND(MAX)  TO HUMAN(FRIEND)tNO//
GRAPEVINE 56: REASTNOT  EQUAL/AN,VEG,MlN[TABLE(ITSELF)]/

ANIMATE

-------------- Question 10 ------m--------

GRAPEVINE 57: QUEST:lS,POSSlBLE/HUMAN(FRIEND)  TO HAND(MAX)
1 ONTOP/BLOCK(KINDOF  = PYRAMID)/BLOCK(  KINDOF = PARALLELEPIPED)
GRAF’EVINE  58: ANS:HAND(  MAX) TO HUMAN(FRIEND)tYES//
GRAPEVINE 59: REAS:TEXIST/EXAMPLE/INFO#7

-------------- Quest ion 11 ----------I----

GRAPEVINE 60: THOUGHT:COM:HUMAN(  FRIEND) TO HAND( MAX)tONTOP/
BLOCK(KINDOF  = PYRAMlD)/ELOCK(KlNDOF  = PYRAMID)
GRAPEVINE 61: THOUGHT:OHD:GETONTOPOF TO FIND,SPOTTFIND/

FIND-SPOT/INFO#S’
GRAPEVINE 62: THOUGHT:ACT:NOAP
GRAPEVINE 63: THOUGHT:REAS:FIND-SPOT/CANNOT,BE,DONETNOT

SUPPORT/BLOCK(  SHAPE-OF-TOP = POlNTED)/OBJECT(VAR)
GRAPEVINE 64: ANS:HAND(MAX)  TO HUMAN(FRIEND)TNO//

---_-_-------- Question  12 -------------m-

GRAPEVINE 65: QUEST:lS-POSSlBLE/HUMAN(FRIEND)  TO HAND(MAX)
I’DO/HAND(MAX)/STACKUP  BLOCK(COLOR = RED) BLOCK(COLOR
= RED) AND BLOCWOLOR  = RED)
GRAPEVINE 66: THOlJGHT:COM:HUMAN(FRIEND)  TO HAND(MAX)

? STACI:lJP/HAND(MAX)/BLOCK(COLOR  = RED) BLOCK(COLOR  =
RED) AND BLOCK(COLOR  = RED)
GRAPEVINE 6 7: THOUGHT:ACT:NOAP
GRAPEVINE G8: THOUGHT:REAS:ACHIEVEtBOT,STATUS[BLOCK(B2)]

-z ON’I’OP  TABLEWAR)
GRAPEVINE 69: THOUGHT:ACT:CAUSED,BY  HAND(MAX)TRELEASE/

HANDiMAX)/BLOCK(Bl)
GRAI-‘EVINE 70: THOUGHT:REAS:ACHIEVETMOVE/HAND(MAX)/
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liANLI(MAX)/FROM -545 145 -260/TO  -75 -450 -410
GRAPEVINE 71: THOUGHT:ACT:tMOVE/HAND(MAX)/HAND(MAX)/

FROM -545 145 -260/TO -75 -450 -410
GRAPEVINE 72: THOUGH-I-:REAS:ACHIEVErGRASP,‘HAND(MAX)/

BLOCK(B7)
GRAPEVINE 73: THOUGHT:ACT:CAUSED-BY  HAND(MAX)TGRASP/

tiAND( MAX)/BLOCK(B7)
GRAPEVINE 74: THOUGHT:REAS:ACHIEVEtOFFOFFOF/BLOCK~B7~/

BLOW B5,
GRAF’EVINE 75: THOUGHT:ORD:GETOFFOF TO FIND,SPOTTFIND/

FIND-SPOT/INFO#l@
GRAPEVINE 76: THOUGHT:ACT:tMOVE/HAND(  MAX)/BLOCK(  B7)/

FRO:vl -75 -450 -410/TO -422 -602 -460
GRAPEVINE 7 7: THOUGHT:REAS:ACHIEVE~ONTOP/BLOCK~  B7)/

TAELE(TABLl)
GRAPEVINE 78: THOUGHT:ACT:CAUSED-BY  HAND(MAX)TOFFOF/

nLO~#iT:7)/BLOCK(n5)
GRAFEViNE  79: THOUGHT:REAS:ACHIEVETONTOP/BLOCK(B5)/

ELOCKoxz)
GRAPEVINE 20: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTtFIND/

FIND_SPOT/INFO#11
GRAPEVINE 81: THOUGHT:ACT:CAUSED-BY  HAND(MAX)TRELEASE/

I IANDi MAX)/BLOCK(B7)
GRAPEVINE 82: THOUGHT:REAS:ACHIEVEtMOVE/HAND(MAX)/

HAND(MAX)/FROM  -422 -608 -460/TO  -75 -450 -460
GRWEVINE  83: THOUGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/

FROM -422 -608 -460/TO -75 -450 -460
GRAPEVINE 84: THOUGHT:REAS:ACHIEVEtGRASP,STATUS[HAND(  MAX)]

- GRASPING IJLOCK(B5)
GRAFEVINE  85: THOUGHT:ACT:CAUSED-BY  HANDiMAX)fGRASP/

HANDi  MAX)/ELOCK(B5)
GliAl ‘WINE Z‘i6: THOUGHT:REAS:ACHIEVErMOVE/HANDiMAX)/

BLOCK(B5)/FROM  -75 -450 -460,‘T0 -310 -550 -260
GRAPEVINE 87: THOUGHT:ACT:TMOVE/HAND(MAX)/BLOCK(B5)/

FROM -75 -450 -460/TO -310 -550 -260
GRAPEVINE 88: THOUGHT:REAS:ACHIEVEtONTOP/BLOCK(B5)/

ELOCK(  62)
GRWEVINE  :;9: THOUGHT:ACT:CAUSED-BY  HAND(MAX)TONTOP/

I:LOCK(R5)/BLOCK(B2)
GRAPEVINE 90: THOUGHT:REAS:ACHIEVE?STACKUP/BLOCK(BS)/

BLOCK(  B2)
GRAPEVINE 91: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTtFIND/
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FINlJ_SPOT/INFO#12
GRM’EVINE  92: THOUGHT:ACT:CAUSED,BY  HAND(MAX)TRELEASE/

t IAND(MAX)/BLOCK(B5)
GRAPEVINE 93: THOUGHT:REAS:ACHIEVEtMOVE/HAND(MAX)/

HAND(MAX)/FROM  - 3 1 0  - 5 5 0  -260/TO  - 1 0 5  - 7 0  - 1 6 0
GHAI-WINE  94: THOUGHT:ACT:I’MOVE/HAND(  MAX)/HAND( MAX)/

FROM -310 - 5 5 0  -260/TO - 1 0 5  - 7 0  - 1 6 0
GRAPEVINE 95: THOUGHT:REAS:ACHIEVEtGRASP,STATUS[HAND(  MAX)]

== GRASPING CLOCK(B6)
GRAPEVINE 96: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tGRASP/

HAND( MAX)/BLOCK(B6)
GRAPEVINE 97: THOUGHT:REAS:ACHIEVETMOVE/HAND(MAX)/

Rl.OCK(lW/FROM  -105 - 7 0  -160/TO - 3 1 0  - 5 5 0  - 6 0
GRAPEVINE 98: THOUGHT:ACT:tMOVE/HAND(MAX)/BLOCKIB6)/

FROM -105 -70 -160/TO -310 -550 -60
GRAPEVINE 99: THOUGHT:REAS:ACHIEVEtONTOP/BLOCK(BG)/

BLOCKi  E5)
GRA C’EVINE  100: THOUGHT:ACT:CAUSED-BY  HANDiMAX)TONTOP/

IIt OCK( T;E;)/BLOCK(  B5)
GRAPEVINE 1.01: THOUGHT:REAS:I’ASK/HUMAN(FRIEND)/HAND(MAX)
GRAPEVINE 102: ANS:HAND(MAX)  TO HUMAN(FRlEND)TYES//
GRAPEVINE 103: REAS:TIMAGINE/HAND(MAX)/INFO#13

- - - - - - - - - - - - - -  Question  1 3 ---e-----------

GRAPEVINE 104: QUEST:IS-POSSlBLE/HUMAN(FRIEND)  TO
HANDiMAX)T‘DO/HAND(MAX)/PICKUP  BLOCK(COLOR = RED)
GRAPEVINE 105: ACT:NOAP
GRAl-‘WINE 106: REAS:MATCHX/ERRORTNOT CORRECT/FORM/

COM:t  PICKUP/HAND(MAX)/BLOCK(COLOR  = RED)
GRAPEVINE 10 7: ANS:HAND(  MAX) TO HUMAN(FRIEND)?YES//
GRAPEVINE 108: REAS:GRAPEVINE  #1 STDONE/BEFORE/

---___--------  Question  14 - - - - - - - - - - - - - - -

GRAPEVINE 109: QUEST:&-POSSIBLE/HUMAN(FRIEND)  TO
HAND(MAX)?DO/HAND(MAX)/STACKUP  GLOCKO  BLOCK0 AND BLOCK0
GRAPEVINE 110: ANS:HAND(  MAX) TO HUMAN(  FRIENDJTY  ES//
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GRAPEVINE 111: REAS:GRAPEVINE #103rTHOUGHT_DONE/BEFORE/

- - - - - - - - - - - - - -  Question  15 ---------------

GRAPEVINE 112: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/
LIKED_STATUS[BLOCK(B8)]/LIKED,BY HUMANCFRIEND)
GRAPEVINE 1 13: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/

LIKE-STATUS[HUMAN(FRlEND)]/LIKE  BLOCK(B8)

Quest ion 16 ---------------

GRAPEVINE 114: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/
LIKED--STAI-US[BLOCK(B1  )]/LIKED-BY kiUMAN(FRIEND)
GRAPEVINE 1 15: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/

LIKED_STATUS[BLOCK(B3)]/LIKED,EY HUMANCFRIEND)
GW’J’EVINE  116: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/

L.I#ED.-STATUS[BLOCK(  B4)IJ/LlKED_BY  HUMAN(FRIEND)
GRAPEVINE 117: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL,’

LIKED-STATUS[BLOCK(  B 7)]/LlKED,BY  HUM AN( FRIEND)
GRAFEVINE .l 18: FACT:HUMAN(FRIEND)  TO HANDtMAX)TEQUAL/

LIKED_STATUS[BLOCK(B8)]/LIKED_BY  HUMANCFRIEND)
GZAt’EVINE  119: FACT:HUMAN(FRIEND)  TO HAND(MAX)?EQUAL/

LIKE-STATUS[HUMAN(FRlEND)J/LIKE  BLOCKt68)lLIKE  BLOCK(B7)l
LIKE GLOCK( B4JlLIKE BLOCK{ B3)lLIKE  BLOCK( B1)
GRAI-WINE 120: FACT:HUMAN(FRIEND)  TO HAND(MAX)TEQUAL;/  ’ ’ ’

LIKED,STATUS[BLOCK(B4)]/NOT LIKED-BY HUMANCFRIEND) 1
GRAFEVINE 121: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/

LlKECI_STATUS[BLOCK(B5)]/NOT  LIKED-BY HUMANtFRIEND)
GRAPEVINE I 22: FACT:HUMAN( FRIEND) TO HANDi MAX)tEQUAL/

LIKE-STATUS[HUMAN(FRIEND)]/NOT  LIKE BLOCK(B5)lNOT  LIKE
ELoCK( BY)
GRAPEVINE 123: FACT:HUMANtFRIEND)  TO HAND(MAX)tEQUAL/

LIKED-STATUS[BOX(BOXl )-J/NOT  LIKED-BY HUMANCFRIEND)
GRAPEVINE 124: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/

LIKE,STATUS[HUMAN(FRIEND)]/NOT  LIKE BOXtBOXl)
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_-------------  Question  17 --e------------

GRAPEVINE 125: QUEST:IS-FACT/HUMAN(FRIEND)  TO HAND(MAX)
I EQUAL/L.lKE-STATUS[HUMAN(FRIEND)]/LIKE  BOX(DEFINITE)
GRAPEVINE 126: ANS:HAND(MAX)  TO HUMAN(FRIEND)tNO//
GRAPEVINE 127: REAS:IS-FACT/‘l’NOT  EQUAL/LIKE-STATUS

[HL JMANi FRIEND)]/LIKE  BOX{  DEFINITE)
GRAPEVINE 128: QUEST:IS,FACT/HUMAN(FRIEND)  TO HANDCMAX)

? EC)uAL/LlKE-STATUS[HUMAN(FRIEND)]/NOT  LIKE BOXtDEFINITE)
GRAPEVINE 129: ANS:HANDf  MAX) TO HUMAN(  FRIEND)tYES/

/EOXl eoxl )

_--F-n.----L-m-  Question  18 ----m----------

GRAPEVINE 1 30: QUEST:YES,NO/HUMANtFRIEND)  TO HAND(MAX)
T EXls-I-/OBJECT(BOT-STATUS  = ONTOP  BOX( DEFINITE)ILIKED,STATUS
~-l LIKED-13Y  HUMANt FRlEND)~/
GRAPEVINE I 33 : ANS:HAND(MAX)  TO HUMAN(FRlEND)‘?EXlST/

BLOCK(VAR El B8)/2

- - - - - - - - - - - - - -  Question  19 - - - - - - - - - - - - - - -

GRAPEVINE 132: QUEST:WHAT-IS/HUMAN(FRIEND)  TO HAND(MAX)I’IS/
LlKF:D-STATUS/BLOCK(COLOR  = GREENIKINDOF = CUBElLOCASHUN
IN-FRONT-OF BLOCK(COLOR  = GREEN))
. GRAPEVINE 133: ANS:HAND(MAX)  TO HUMAN(FRIEND~?IS/
LIKED-STATUS/NOT LIKED-BY HUMANlFRIEND)

-----__----___  Question  20 - - - - - - - - - - - - - - -

GRAPEVINE 134: COM:HUMANiFRIEND)  TO HAND(MAX)tSTACKUP/
HANniMAX)/BLOCK(COLOR  - RED) BLOCK(COLOR = RED> AND
EITHER ELOCK(COLOR  = GREEN) OR BLOCKtKlNDOF  = PYRAMID)
GRAPEVINE 135: ACT:NOAP
GRAPEVINE I. 36: REAS:ACHIEVETBOT,STATUS[BLOCK(B2)]

- ONTOP TABLE(VAR)
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GRAPEVINE 137: 0RD:GETONTOPOF  TO FIND,SPOTTFIND/FIND,SPOT/
INFOII1.4
GRAPEVINE I. 38: ACT:CAUSED,BY  HAND(MAX)tRELEASE/HAND(MAX)/

BLOCtaB  !
GRAPEVINE 139: REAS:ACHIEVE?MOVE/HAND(MAX)/HAND(MAX)/

FROM -545 145 -260/TO -545 -255 -360
GRAPEVINE 140: ACT:TMOVE/HAND(MAX)/HAND(MAX)/FROM

-545 145 -260/TO -545 -255 -360
GRAF WINE I. 41.: REAS:ACHIEVEtGRASP,STATUS[HAND(MAX)]

= GRASPING BLOCK(B3)
GRAPEVINE 142: ACT:CAUSED,BY HAND(MAX)tGRASP/HAND(MAX)/

nL@cI(m3,
GRAPEVINE 143: REAS:ACHlEVEtMOVE/HAND(MAX)/BLOCK(B3)/

FROM -545 -255 -360/TO -310 -550 -160
GRAPEVINE 144: ACT:tMOVE/HAND(MAX)/BLOCK(B3)/FROM

- 5 4 5  - 2 5 5  -360/TO -310 -550 -160
GRAPEVINE 145: REAS:ACHlEVE?ONTOP/BLOCK(B3)/BLOCK(  B2)
GRAPEVINE 146: ACT:CAUSED,BY HAND(MAX)tONTOP/BLOCK(B3)/

CLOCK( B2)
GRAPEVINE 147: REAS:ACHlEVEtSTACKUP/BLOCK(B3)/BLOCK(  B2)
GRWEVINE  148: ACT:CAUSED,BY HAND(MAX)TRELEASE/HAND(MAX)/

BLOCK( 83)
GRAPEVINE 149: REAS:ACHIEVETMOVE/HAND(MAX)/HAND(MAX)/

FROM -310 -550 -160/TO -75 -450 -410
GRAPEVINE 1.50: ACT:tMOVE/HAND(MAX)/HAND(MAX)/FROM

- 3 1 0  - 5 5 0  -160/TO -75 -450 -410
GRAI-WINE 151:
GRAPEVINE 152:

BLOCK( B 7)
GnAPEVlNE 153:
GRAPEVINE 154:

. INFO/J1  5
GRAPEVINE 155:

REAS:ACHIEVEt GRASP/HAND(  MAX)/BLOCKt  B 7>
ACT:CAUSED,BY  HAND(MAX)tGRASP/HAND(  MAX)/

REAS:ACHlEVETOFFOF/BLOCK(B’/)/BLOCK~B5)
0RD:GETOFFOF TO FIND-SPOTTFIND/FlND-SPOT/

ACT:tMOVE/HANDiMAX)/BLOCKtB7)/FROM
- 7 5  - 4 5 0  -410/TO - 4 2 2  - 6 0 8  - 4 6 0
GRAPEVINE 156: REAS:ACHlEVErONTOP/BLOCK(B7)/TABLE(TABLl>
GRAPEVINE 157: ACT:CAUSED,BY HAND(MAX)tOFFOF/BLOCK(B7)/

RLOCl’i  B5)
GRAPEVINE 1.58: REAS:ACHlEVEtONTOP/BLOCK(B5)/BLOCK(B3)
GR/‘\f’EVINE  159: ORD:GETONTOPOF TO FlND,SPOTTFlND/FlND-SPOT/

INFOfjl 6
GRAPEVINE 160: ACT:CAUSED,BY HAND(MAX)tRELEASE/HAND(MAX)/

BLOCK(B7)
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GRAPEVINE 161: REAS:ACHIEVETMOVE/HAND(MAX)/HAND(MAX)/
FROM -422 -608 -460/TO -75 -450 -460
GRAPEVINE 162: ACT:TMOVE/HAND(MAX)/HAND(MAX)/FROM

- 4 2 2  - 6 0 8  -460/TO -75 -450 -460
GRAPEVINE I. 63: REAS:ACHIEVEfGRASP-STATUS[HAND(MAX)]

= GRASPING BLOCK(B5)
GRAI’EVINE 1 6 4 :  ACT:CAUSED,BY  HAND(MAX)?GRASP/HAND(MAX)/

RLOCK(R5)
GRAPEVINE 165: REAS:ACHIEVETMOVE/HAND(MAX)/BLOCK(B5)/

FROM -75 -450 -4sS/TO - 3 1 0  - 5 5 0  - 1 1 0
GRAPEVINE I 66: ACT:TMOVE/HAND(MAX)/BLOCK(B5)/FROM

-75 -450 -.460/TO -310 -550 -110
GRAPEVINE 16 7: REAS:ACHIEVE~ONTOP/BLOCK(B5)/BLOCK(B3)
GRAPEVINE I. 68: ACT:CAUSED,BY HAND(MAX)?‘ONTOP/BLOCK(B5)/

BLOCK( Em
GliAF’EVINE  169: REAS:TASK/HUMAN(FRIEND)/HAND(MAX)
GRAPEVINE 170: ANS:HAND(MAX)  TO HUMAN(FRIEND)TDID/

HAND( MAX)/INFO#17

- - - - - - - - - - - - - -  Question  21 - - - - - - - - - - - - - - -

GRAPEVINE 171: COM:HUMAN(FRIEND) TO HAND(MAX)tFIND/
tlb,NDi MA%)/BLOCK(KINDOF  = CUBEIBOT-STATUS  = ONTOP T-
ABLE(  DEFINITE))
GRAPEVINE 1 72: ANS:HAND(MAX)  TO HUMAN(FRIEND)TFIND/

HAND{ MAX)/BLOCK(  B4)

- - - - - - - - - - - - - -  Question  22 - - - - - - - - - - - - - - -

GliAPEVlNE  173: QUEST:HAVE-IN-COMMON/HUMAN(FRIEND)
TO I-IANlI MAX)?‘tiAVE,lN-COMMON/BLOCK(  BG)/BLOCKi  B5)
GRAPEVINE 1 74: FACT:tHAVE,IN,COMMON/ELOCK~B4)/BLOCK~B3)/

DESCRIP-I-IONIDIMENSIONS
GRAPEVINE I. 75: ANSJHAVE,IN-COMMON/BLOCK(  BG)/BLOCK(  B5)/

CATEGORY ~COLOR~SlZE~XLENGTH(YWlDTH~hBOT,STATUS~TOP~STATUS
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- ____________  - Question  23 ---------------

GRAPEVINE I. 76: QUEST:HAVE,IN-COMMON/HUMAN(FRIEND)
TO HANDiMAX)tHAVE,IN,COMMON/BLOCK(B3)/BLOCK(B4)
GRAPEVINE 177: FACT:I’HAVE,IN,COMMON/BLOCK(B2)/TABLE(TABLl)/

XCMS
GRAPEVINE I. 78: FACT:tHAVE,IN,COMMON/BLOCKiBS)/BLOCK(B6),’

CATEGORY lCOLORlSlZElXLENGTHlYWlDTHITOP,STATUS
GRAPEVINE 179: ANS:tHAVE,IN,COMMON/BLOCK(B3)/BLOCK(B4)/

DESCRlPTlONlDlMENSlONSl~TOP,STATUS

_--__--___----  Question 24 -“-------------

GRAPEVINE 3.80: QUEST:YES,NO/HUMAN(FRIEND)  TO HAND(MAX)
I E%IST/BLOCK(  SIZE = BIGIKINDOF  = PARALLELEPIPEDIXCOORD
< XCOORD[3  BLOCK(KlNDOF = PYRAMID)])/
GRAPEVINE I. 81: ANS:HAND(MAX)  TO HUMAN(FRIEND)tEXIST/

BLOCK(VAR B1 82 B3)/3

_______  ------- Question  25 ---------------

GRAPEVINE 182: COM:HUMAN(FRIEND) TO HAND(MAX)tONTOP/
BLOCK(SIZE  = SMALLIKINDOF = PARALLELEPlPED)/BLOCK(COLOR
= GREENITOP,STATUS = HOLDING BLOCK(KINDOF  = PYRAMID))
GRAPEVINE 183: 0RD:GETONTOPOF  TO FlND,SPOT?FlND/FlND,SPOT/

INFO:: l. 8
GRAPEVINE 1.84: ACT:tMOVE/HAND(MAX)/BLOCK(B5)/FROM

- 3 1 0  - 5 5 0  -110/TO -55 -155 -310
GRAPEVINE 185: REAS:ACHIEVEtONTOP/BLOCK(B5)/BLOCK(B4)
GRAPEVINE 186: ACT:CAUSED,BY  HAND(MAX)tONTOP/BLOCK(B5)/

BLOCK( e4)
GRAPEVINE 187: REAS:tASK/HUMAN(FRIEND)/HAND(MAX)
GRAFEVINE  1.88: ANS:HAND(MAX)  TO HUMAN(FRIEND)TDID/

HAND(MAX)/INFO#19

--------------  Question  26 ------w--------
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GRAPEVINE 189: CO.M:HUMAN(FRIEND)  TO HAND(MAX)tONTOP/
BLOCK( KINDOF  = PYRAMIDIHEIGHT  < HEIGHT[V  BLOCK( KINDOF
= PYlI~\MlD,],/BLOCK(ACT:tONTOP/X/  c 1 8 8  3)
GRAPEVINE I. 90: 0RD:GETONTOPOF  TO FlND,SPOTTFlND/FlND-SPOT/

INFOti’20
GRAPEVINE 191: ACT:CAUSED,BY HAND(MAX)I’RELEASE/HAND(MAX)/

RLOCK(R5)
GRAFEVINE 1.92: REAS:ACHIEVETMOVE/HANb(MAX)/HAND(MAX)/

FROM --55 -155 -310/TO -422 -601 -460
GRAI-‘WINE  193:  ACT:tMOVE/HANDtMAX)/HAND(MAX)/FROM

-55 -155 -318/TO -422 -608 -460
GRAPEVINE 194: REAS:ACHIEVETGRASP,STATUS[HAND(MAX)]

= GRASPING BLOCK(B7)
GRAFEVINE  195: ACTCAUSED,BY HAND(MAX)TGRASP/HAND(MAX)/

BLOCK( E 7)
GRAPEVINE 196: REAS:ACtilEVEtMOVE/HAND(MAX)/BLOCK(B7)/

FROM -422 -608 -460/TO -55 -155 -260
GRAPEVINE 197: ACT:rMOVE/HAND(MAX>/BLOCK(B7)/FROM

- 4 2 2  - 6 0 8  -460/TO -55 -155 -260
GRAPEVINE I. 98: REAS:ACHlEVE~ONTOP/BLOCK(B7)/BLOCK(B5)
GRAPEVINE 199: ACT:CAUSED,BY HAND(MAX)tONTOP/BLOCK(B7)/

BLOCK( D5)
GRAPEVINE 200: REAS:tASK/HUMAN(FRIEND)/HAND(MAX)
GRAPEVINE 201: ANS:HAND(  MAX) TO HUMAN(  FRIEND)TDID/

I-iAND(  MAX)/INFO#21

_________  - ____ Question  27 ---------------

GRAPEVINE 202: QUEST:YES,NO/HUMAN(FRIEND)  TO HANDtMAX)
TEXIST/OBJECT(TOP-STATUS  = HOLDING BLOCK(KINDOF  = PYRAMID1
HEIGHT 2 HEIGHT[V BLOCK(KlNDOF  = PYRAMID)]))/
GRAPEVINE 203: ANS:HANDt MAX) TO HUM AN( FRIEND)? EXIST/

BLOCK(E34)/1
GRAPEVINE 204: QUEST:YES,NO/HUMAN(FRIEND)  TO HAND(MAX)

I.EXIST/OBJECT(COLOR  = GREENIBOT,STATUS = ONTOP
OB,IECT(BOT-STATUS = ONTOP OBJECTtANS:tEXIST/X/  + 2 0 1  3))l
H E I G H T  _< HEIGHT[b’  OBJECTtBOT,STATUS  = ONTOP OBJECT(ANS:T
EXIST/X /  -) 201 3))])/
GRAPEVINE 205: ANS:HANDiMAX)  TO HUMAN(FRIEND)TEXIST/
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BLOCK(B7)/1
GRAPEVINE 206: QUEST:YES-NO/HUMAN(FRIEND)  TO HANDCMAX)

‘l.EXiS’i-/OBJECT(COLOR  = GREENIBOT,STATUS  = ONTOP OBJECTCHEIGHT  ’
5: tiEIGHT[v  OBJECT(BOT,STATUS  = ONTOP OBJECT(TOP,STATUS
- HOLDING  BLOCK(KINDOF - PYRAMIDIHEIGHT  ? HEiGHT[V
GLOCKC KiNDOF = PYRAMiD)])))]))/
GRAPEVINE 207: ANS:HAND(MAX)  TO HUMAN(FRIEND)tEXIST/

BLOCK(  B 7)/l

- - - - - - - - - - - - - -  Question  28 - - - - - - - - - - - - - - -

GRAPEVINE 208: QUEST:WHAT-IS/HUMAN(FRiEND)  TO HAND(MAX)tlS/
CC)LOI~/I)OJECT(TOP,STATUS  = HOLDING  OBJECT(ANS:tEXIST/
Xl - 2 0 7  2))
GRAPEVINE 209: ANS:HAND(MAX)  TO HUMAN(FRIEND)tIS/COLOR/RED

.
-------------- Quest ion 29 - - - - - - - - - - - - - - -

GRAPEVINE 210: QUEST:HOW,MANY/HUMAN(FRIEND)  TO HAND(
1 E%iST/OEJECT(LOCASHUN  DIRECTLY-ABOVE BLOCK(COLOR  = GREEN1
KINDOF = CUBE))/
GRAPEVINE 211: ANS:HAND(MAX)  TO HUMAN(FRiEND)tEXIST/

BLOCK(VAR B5 B6 B7)/3

----_---_---__  Question  30 - - - - - - - - - - - - - - -

GRAPEVINE 212: QUEST:YES,NO/HUMAN~FdlEND)  TO HAND(MAX)
1‘ EXIST/ULOCK(  KINDOF  = PYRAMIDIACT:t  GRASP/HANDf  MAX)/
X - COM:5ONTOP/BLOCK(COLOR  = GREENIKINDOF  = PYRAMID)/
ULOCK(SIZE  = SMALLIKINDOF = CUBE)+ cd/
GFIAI’EVINE  213: ACT:NOAP
GRAPEVINE 214: REAS:INSTANCES/tNOT  EXIST/BLOCK/BLOCK(KlNDOF

-- PYRAMIDIPNUMBER  = VAR 85)
.(;RAt”EViNE  215: ANS:HAND(MAX)  TO HUMAN(FRIEND)tEXIST/
BLOCK(B7)/1
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--------- - - - - - Question 31 - - - - - - - - - - - - - - -

GRAt”EVINE  216: QUEST:WHEN,DlD/HUMAN(FRIEND)  TO HAND(MAX)‘TIIO/
HANDi MAX)/PICKUP  BLOCKi  ANS:TEXIST/X/  + 215 cd
GRAPEVINE 217: ANS:HAND(MAX)  TO HUMAN(FRIEND)tDID/

HAND{ MAX)//!1 95/WHiLEC/201

__-__---------  Question  32 - - - - - - - - - - - - - - -

GRAPEVINE 218: QUEST:WtIEN,DiD/HUMAN(FRIEND)  TO HANDIMAX)tDO/
HAND(MAX)/ACT:tGRASP/HAND(MAX)/BLOCK(ANS:tEXiST/X/
+- 21 7 IX)) -) FIRST (1)
GRAPEVINE 219: ANS:HAND(  MAX) TO HUMAN(FRIEND)t  DID/

HAND(MAX)/#152/WHILE#170

--------------  Question  33 ---------------

GRAPEVINE 220: QUEST:WHY,DID/HUMAN(FRIEND)  TO HAND(MAX)tDO/
HAND(MAX)/[ACT:t//  -) 152 21
GRA I-‘EVINE  221: ANS:HAND(  MAX) TO HUMAN(FRIEND)t  ACTED BECAUSE/

HAND( MAXI/#1  53

----_---------  Question  34 ---------------

GRAPEVINE 222: QUEST:WHY,DiD/HUMAN(FRiEND)  TO HAND(MAX)tDO/
t-iAND(MAX)/[ACT:tOFFOF//BLOCK(KINDOF  = CUBE) w 153 41
GRAF’EVINE 223: ANS:HAND(MAX)  TO HUMAN(FRIEND)tACTED  BECAUSE/

i-iAND( MAX)/#158

--------------  Question  35 ---------------

GRAPEVINE 224: QUEST:WHY,DiD/HUMAN(FRIEND)  TO HAND(MAX)TDO/
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HANDiMAX)/[ACT:T//  --) 158 2-J
GRAPEVINE 225: ANS:HANDb/iAX)  TO HUMAN(FRIEND)tACTED  BECAUSE/

HANUt MAX)//11  61

- - - - - - - - - - - - - -  Question  3 6 - - - - - - - - - - - - - - -

(X//I-‘EVINE 226: QUEST:WHY,DlD/HUMAN(FRIEND)  TO HAND(MAX)S’DO/
t iAND(MAX)/[ACT:t//  --$ 1 61 2 3
GRAPEVINE 227: ANS:HAND(MAX)  TO HUMAN(FRIEND)tACTED  BECAUSE/

HANDi MAX)/#163

- - - - - - - - - - - - - -  Question  3 7 - - - - - - - - - - - - - - -

GRAFEVINE  2 2 8 :  QUEST:WHY,DlD/HUMAN(FRIEND)  TO HAND(MAX)?DO/
t tAND(MAX)/[ACT:t//  -$ 163 21
GRAPEVINE 229: ANS:HAND(MAX)  TO HUMAN(FRIEND)?ACTED  BECAUSE/

HAND(MAX)/#165

- - - - - - - - - - - - - -  Question  3 8 - - - - - - - - - - - - - - -

GRAPEVINE 230: QUEST:WHY,DlD/HUMAN(FRIEND)  TO HAND(MAX)tDO/
HAND(MAX)/[ACT:T// + 165 21
GRAPEVINE 231: ANS:HAND(MAX)  TO HUMAN(FRIEND)‘!ACTED  BECAUSE/

HAND{ MAX)/#16 7

-------------- Question 39 ---------------

GRAPEVINE 232: QUEST:WHY,DlD/HUMAN(FRIEND)  TO HAND(MAX)I’DO/
HAND(MAX)/[ACT:T// aa 167 21
GRAPEVINE 233: ANS:HAND(MAX)  TO HUMAN(FRIENDJrACTED  BECAUSE/

HANDiMAX)/#169
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__c______c____  Question  40 c--------------

I GRAPEVINE 234: QUEST:HOW,DlD/HUMAN(FRiEND)  TO HAND(MAX)TDO/
HAND(MAX)/[COM:t//  +- 169 (xl]
GRAPEVINE 235: ANS:HAND(MAX)  TO HUMAN(FRIEND)TDID/

HANDiMAX)/FROMti134/TO#170

_-------------  Question  41 - - - - - - - - - - - - - - -

GRAPEVINE 236: QUEST:HOW,MANY/HUMAN(FRIEND)  TO HAND(MAX)
I‘ EXIST/OBJ ECTi  ,/
GRAPEVINE 237: ANS:HAND(  MAX) TO HUMANC FRIEND)tEXiST/

- _______ - _____ Question  42 ---------------

BLOCK(VAR B 3  85 B7)/3
GRAPEVINE 238: QUEST:HOW,MANY/HUMAN(FRIEND)  TO HAND(MAX)

tEXIST/OBJECT(COLOR  = RED)/
GRAPEVINE 23 9: ANS:HAND(  MAX) TO HUMAN(FRIEND)tEXIST/

BLOCK(B2)/1

___- -_--_----_ Question 43 - - - - - - L - - - - w - - -

GRAPEVINE 240: THOlJGHT:ACT:I’MOVE/HAND(MAX)/BLOCK(B7)/
FROM -55 -1.55 -260/TO -422 -608 -460
GRAf:‘EViNE 241: THOUGHT:KEAS:tASK/AT_TIME/MOVETO
GRAf”EViNE  242: THOUGHT:ORD:GETONTOPOF TO FiND,SPOTtFlND/

FiND_SPOT/INFO#22
GRAPEVINE 243: THOUGHT:ACT:NOAP
GRAI‘EVINE 244: THOUGtiT:REAS:ALREADY-DONETMOVE/HAND(MAX)/

BLOCK(B7)/FROM  -422 -608 -460/TO -422 -608 -460
GRAPEVINE 245: THOUGHT:ACT:CAUSED,BY HAND(MAX)tONTOP/

OLOCK(  B7)/TABLE(TABLl>
GRAFEVINE  246: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/

BLOCK(B7)
GRAf-‘EVINE 2 4 7 :  THOUGHT:ACT:CAUSED-BY  HAND(MAX)tRELEASE/
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HAND(MAX)/BLOCK(B7)
GRAPEVINE 248: THOUGHT:REAS:tASK/AT,TIME/RELEASE
GRAPEVINE 249: THOUGHT:ACT:?MOVE/HAND(MAX)/HAND(MAX)/

FROM -422 -608 -460/TO -55 -155 -310
GRAPEVINE 250: THOUGHT:REAS:tASK/AT,TIME/MOVETO
GRAPEVINE 251: THOUGHT:ACT:CAUSED-BY  HAND(MAX)tGRASP/

I IAND(M/W/BLOCK(B5)
GRAPEVINE 252: THOUGHT:REAS:I’ASK/AT_TIME/GRASP
GRA t’EVINE  253: THOUGHT:ACT:?MOVE/HAND(  MAX)/BLOCK(B5)/

FR(jM -55 - 1 5 5  -310/TO - 3 1 0  - 5 5 0  J10
GRAPEVINE 254: THOUGHT:REAS:TASK/AT,TIME/MOVETO
GRAPEVINE 255: THOUGHT:ACT:‘TMOVE/HAND(MAX)/BLOCK(BS)/

F-ROM -310 -550 -llO/TO -75 -450 -460
GRAPEVINE 256: THOUGHT:RxAS:TASK/AT,TIME/MOVETO
GRAPEVINE 257: THOUGHT:ORD:GETONTOPOF  TO FIND,SPOT?FIND/

FIND_SPOT/INFOf’#23
GRAPEVINE 258: THOUGHT:ACT:NOAP
GRAPEVINE 259: THOUGHT:REAS:ALREADY,DONEtMOVE/HAND(  MAX)/

BLOCK(DS)/FROM  -75 -450 -460/TO -75 -450 -460
GRAPEVINE 260: THOUGHT:ACT:CAUSED,BY  HAND(MAX)TONTOP/

ELOCK(E5)/TABLE(TAELl)
GRAPEVINE 261: THOUGHT:REAS:ACHIEVETRELEASE/HAND( MAX)/

BLOW B5)
GRAPEVINE 262: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

tiAND(MAX)/BLOCK(B5)
GRAPEVINE 263: THOUGHT:REAS:?ASK/AT_TIME/RELEASE
GRAPEVINE 264: THOUGHT:ACT:tMOVE/HAND(MAX)/HAND(MAX)/

FRCiM -75 -450 -4SS/TO - 4 2 2  - 6 0 8  - 4 6 0
GRAPEVINE 265: THOUGHT:REAS:TASK/AT,TIME/MOVETO
GRAPEVINE 266: THOUGHT:ACT:CAUSED-BY  HAND(MAX)?GRASP/

I-IANDi  MAX)/BLOCK( B 7)
GRAPEVINE 36 7: THOUGHT:REAS:t  ASK/AT-TIME/GRASP
GRAPEVINE 265: THOUGHT:ACT:tMOVE/HAND(MAX)/BLOCK(B7>/

FROM -422 -60s -460/7-O - 7 5  - 4 5 0  - 4 1 0
GRAI’EVINE  269: THOUGHT:REAS:TASK/AT_TIME/MOVETO
GRAPEVINE 270: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTtFIND/

FIND-SPOT/INFO#24
GRAPWINE  271. : THOUGHT:ACT:NOAP
GRAPEVINE 272: THOUGHT:REAS:ALREADY,DONEtMOVE/HAND(MAX)/

t3LOCKi6‘7)/FROM  -75 -450 -410/TO -75 -450 -410
GRAI‘WINE  2 7 3 :  THOUGHT:ACT:CAUSED-BY  HANDiMAX)tONTOP/

BLOCK( B 7)/BLOCK( B5)
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GRAPEVINE 274: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/
ELOCla B 7)
GRAPEVINE 275: THOUGHT:ACT:CAUSED-BY  HAND(MAX)TRELEASE/

HANO(MAX)/BLOCK(B7)
GWWEVINE  276: THOUGHT:HEAS:I‘ASK/AT~TIME/HELEASE
GRAI-‘EVINE 2 77: THOUGHT:COM:HUMAN(  FRIEND) TO HAND( MAX)tFIND/

HAND(MA>o/OBJECT(BOT,STATUS  = ONTOP BLOCK(COLOR  = RED1
KINDOF = CUBE))
GRAPEVINE 278: ANS:HAND(MAX)  TO HUMAN(FRIEND)TFIND/

HANDiMAX)/BLOCK(B7)

- - - - - - - - - - - - - - -  Question  4 4 e - - v - - - - - - - - - - -

GRAPEVINE 279: THOUGHT:ACT:I’MOVE/HAND(MAX)/BLOCK(B7)/
FROM -55 -155 -260/TO -422 -608 -460
GRAI’WINE  280: THOUGtiT:l~EAS:tASK/AT_TIME/MOVETO
GRAPEVINE 281: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTtFIND/

FIND_SPOT/INFO#25
GRAI WINE 252: THOUGHT:ACT:NOAP
GRAPEVINE 283: THOUGHT:REAS:ALREADY_DONEtMOVE/HAND(MAX)/

ELOCK(&-/)/FROM  -422 -601, -460/TO - 4 2 2  - 6 0 8  - 4 6 0
m/v WINE 284:  TI-IOUGI-IT:ACT:CAU$ED_BY HAND(MAX)tONTOP/

BLOCKCS7)/TABLE(TABLl>
GRAPEVINE 285: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/

CLOCKm7)
GRAPEVINE 286: THOUGHT:ACT:CAUSED-BY  HAND(MAX)tRELEASE/

t-lAND(  MAX)/BLOCK(  87)
GRAI’EVINE 287: THOUGHT:REAS:tASK/AT,TIME/RELEASE
GRAI-WINE 288: THOlJGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/

FROM -422 -608 -460/TO -55 -155 -310
GRAI’WINE  289: THOUGHT:REAS:I’ASK/AT-TlME/MOVETO
GRAFWINE  2 9 0 :  THOUGHT:ACT:CAUSED,BY  HAND(MAX)fGRASP/

HAND( MAX)/BLOCK(BEi)
GRAI’EVINE 291: THOUGH-I-:REAS:TASK/AT,TIME/GRASP
GRAPEVINE 292: THOUGHT:ACT:tMOVE/HAND(MAX)/BLOCK(B5)/

FROM -55 -155 -310/TO -310 -550 -110
GRAPEVINE 293: THOUGHT:REAS:TASK/AT-TIME/MOVETO
GRAPEVINE 294: THOUGHT:ACT:TMOVE/HAND(MAX)/BLOCK(B5)/

FROM -3113 -550 -110/TO -75 -450 -460
GRAPEVINE 295: THOUGHT:REAS:TASK/AT_TIME/MOVETO
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GRAPEVINE 296: THOUGHT:ORD:GETONTOPOF TO FIND-SPOTtFIND/
FIND_-SPOT/INFOh?6
GRAPEVINE 297: THOUGHT:ACT:NOAP
GRAPEVINE 298: THOUGHT:REAS:ALREADY-DONEtMOVE/HAND(MAX)/

RL@CK(n%/FROM  -75 -450 -460/TO -75 -450 -460
‘L GRAPEVINE 299: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tONTOP/

BLC,CK(ES)/TAULE(TABLl>

GRAPEVINE 301: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/
L t IAND(  MAX)/RLOCK(B5)

’ GRAPEVINE 302: THOUGHT:REAS:tASK/AT-TIME/RELEASE
GRAPEVINE 303: -I-HOUGHT:ACT:I‘MOVE/HAND(MAX)/HAND(MAX)/

FROM -75 -450 -460/TO -422 -608 -460
GRAPEVINE 304: THOUGHT:REAS:tASK/AT_TIME/MOVETO

GRAPEVINE 306: THOUGHT:REAS:tASK/AT_TIME/GRASP
GRAPEVINE 307: THOUGHT:ACT:II~OVE/HAND(MAX)/BLOCK(B7)/

FROM -422 -608 -460/TO -75 -450 -410
GRAFEVINE 308: THOUGHT:REAS:TASK/AT_TIME/MOVETO

I GRAPEVINE 309: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTTFIND/
~lND_SPOT/INF0~~27

L GRAPEVINE 315: THOUGHT:REAS:tASK/AT,TIME/RELEASE
GRAPEVINE 316: QUEST:HOW,MANY/HUMAN(FRIEND)  TO HAND(  MAX)

tEXIST/ULOCK~LOCASHUN  LEFT-OF BOX(DEFINITE)IKINDOF
= PARALLELEPIPED)/

GRAI’EVINE 300: THOUGHT:REAS:ACHIEVETRELEASE/HAND(MAX)/
BLOCK( 65)

e
GRAPEVINE 305: THOUGHT:ACT:CAUSED,BY  HAND(MAX)TGRASP/

tiANDi MAX)/BLOCKI  B7)

GRAFEVINE 310: THOUGHT:ACT:NOAP
GRAPEVINE 311: THOUGHT:REAS:ALREADY,DONEtMOVE/HAND(MAX)/

OLOCK(lZ7)/FROM  -75 -450 -410/TO -75 -450 -410
GRAPEVINE 312: THOUGHT:ACT:CAUSED,BY  HAND(MAX)?ONTOP/

ELOCK( B7)/BLOCK(B5)
GRAPEVINE 313: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(  MAX)/

BLOCK(B7)
GRAPEVINE 314: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

HAND(  M AX)/BLOCK(  B 7)

GRAPEVINE 317: ANS:HAND(MAX)  TO HUMAN(FRIEND)TEXIST/
E3LOCKtVAR  B2 83 B4 B5)/4

--------------  Question  45 -----m---------
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GRAPEVINE 318: THOUGHT:ACT:rMOVE/HAND(MAX)/BLOCK(B7)/
FROM -55 -155 -260/TO -422 -608 -460
GRAPEVINE 319: THOUGHT:REAS:TASK/AT,IIME/MOVETO
GRAPEVINE 320: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTtFIND/

FIND~SPC,T/INFO/~28
GRAPEVINE 321: THOUGHT:ACT:NOAP
GRAPEVINE 322: THOUGHT:REAS:ALREADY_DONEtMOVE/HAND(MAX)/

BLOCK(E’/)/FROM  -422 -602 -460/TO -422 -608 -460
GRAPEVINE 323: THOUGHT:ACT:CAUSED,BY HANDiMAX)tONTOP/

ELOCK(B7)/TABLE(TABLl)
GRAPEVINE 324: THOUGHT:REAS:ACHIEVE?RELEASE/HAND(MAX)/

RLOCw37)
GRAPEVINE 325: THOUGHT:ACT:CAUSED,BY HAND(MAX)tRELEASE/

t-iAND(MAX)/BLOCK(B’/)
GRAPEVINE 326: THOUGHT:REAS:TASK/AT,T[ME/RELEASE
GRAPEVINE 327: THOUGHT:ACT:tMOVE/HAND(MAX)/HAND(MAX)/

FROM -422 -60s -460/TO - 5 5  - 1 5 5  - 3 1 0
GI7Al’WINE 328: THOUGHT:REAS:TASK/AT,TIME/MOVETO
GRAPEVINE 329: THOUGHT:ACT:CAUSED,BY HANDiMAX)?GRASP/

HANU( MAX)/ELC)CK(  B5)
GRIAPFWINE 330: THOUGHT:REAS:tASK/AT,TIME/GRASP
GRAPEVINE 331: THOUGHT:ACT:T‘MOVE/HAND(MAX)/BLOCK(B5)/

FROM -55 -155 -310/TO -310 -550 -110
GRAPEVINE 332: THOUGHT:REAS:I‘ASK/AT,TIME/MOVETO
GRAPEVINE 333: THOUGHT:ACT:tMOVE/HAND(MAX)/BLOCK(B5)/

FROM -310 -550 -1 ID/TO -75 -450 -460
GRAPEVINE 334: THOUGHT:REAS:I‘ASK/AT,TIME/MOVETO
GRAPEVINE 335: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTTFIND/

FIND_SPOT/INFO#29
GriAt-WINE  336: THOUGHT:ACT:NOAP .
GRAPEVINE 337: THOUGHT:REAS:ALREADY,DONEtMOVE/HANDIMAX)/

ELOCK(ETj)/FROM  -75 -450 -460/TO -75 -450 -460
GRAPEWINE  3 3 8 :  THOUGHT:ACT:CAUSED,BY  HAND(MAX)tONTOP/

E:LOCK(  B5)/TABLE(TAGLl>
GRWEVINE  339: THOUGHT:REAS:ACHIEVE?‘RELEASE/HAND(MAX)/

i3L(.xxi  05)
GRAPEVINE 340: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

HAND{ MAX)/ELOCK(B5) *
GtiAl ‘WINE 341: THOUGHT:REAS:1’ASK/AT,TIME/RELEASE
GRAPEVINE 342: THOUGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/

FROM -75 -450 -460/TO -422 -608 -460
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GRAPEVINE 343: THOUGHT:REAS:tASK/AT_TIME/MOVETO
Gfi APEVINE 344: THOUGHT:ACT:CAUSED-BY  HAND{ MAX)TGRASP/

HAND(MAX)/BLOCK(B7)
GRAPEVINE 345: THOUGHT:REAS:tASK/AT_TIME/GRASP
Gf?A PEVINE  346: THOUGHT:ACT:I‘MOVE/HAND(  MAX)/BLOCK( B 7)/

FROM -422 -608 -460/TO -75 -450 -410
GRAPEVINE 347: THOUGHT:REAS:tASK/AT,TIME/MOVETO
WA f ‘&VINE 343: THOUGHT:ORD:GETONTOPOF  TO FIND,SPOTt FIND/

FIND. _ SPOT/INFOti30
GRAPEVINE 349: THOUGHT:ACT:NOAP
Gllhf’~VINE  350: THOUGHT:REAS:ALREADY,DONEtMOVE/HAND(MAX)/

RLOCK(B-/)/FROM -75 -450 -410/TO -75 -450 -410
GRAPEVINE 351: THOUGHT:ACT:CAUSED,BY HAND(MAX)tONTOP/

ELOCK( B 7)/BLOCK(B5)
GRAPEVINE 352: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/

ELOCK( B7)
GRAf’EVINE 3 5 3 :  THOUGHT:ACT:CAUSED-BY  HAND(MAX)tRELEASE/

tiAND(MAX)/BLOCK(B7)
GRAPEVINE 354: THOUGHT:REAS:tASK/AT_TIME/RELEASE
GfiAf-‘EVINE  355: QUEST:HOW-MANY/HUMAN(FRIEND)  TO HAND(MAX)

5 EXlST/OBJECT(LOCASHUN  DIRECTLY-ABOVE BLOCK(COLOR  = GREEN1
KINDOF = CUBE))/
GRAPEVINE 356: ANS:HAND(MAX)  TO HUMAN(FRIEND)tEXIST/

L3LOCK( B6)/1

_----_-------- Question  46 - - - - - - - - - - - - - - -

GRAf-‘EVINE 357: COM:HUMAN(FRIEND) TO HAND(MAX)I’ONTOP/
BLOCKtCOLOR  = BLUE(KINDOF  = PYRAMID)/BLOCK(BOT,STATUS
== ONT‘OP EOX( DEFINITE))
GRAPIIVINE  358: 0RD:GETONTOPOF  TO FlND~SPOT~FlND/FlND~SPOT/

INFOJj31
GRAPEVINE 359: ACT:CAUSED-BY  HAND(MAX)tRELEASE/HAND(MAX)/

C3LOCKi tj 7)
GRAPEVINE 360: REAS:ACHIEVEtMOVE/HAND(MAX)/HAND(MAX)/

FROM -55 -155 -268/TO -470 165 -410
GRAf:‘EVINE 361: ACT:tMOVE/HAND(MAX)/HAND(MAX)/FROM

-55 -1 55 -2GO/TO  -470 165 - 4 1 0
GRAPEVINE 362: REAS:ACHIEVE?GRASP,STATUS[HAND(MAX)]

= GRASPING BLOCK(B8)
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GRAPEVINE 363: ACT:CAUSED-BY  tiAND(MAX)TGRASP/HAND(MAX)/
BLOCK( B8) .
GRAPEVINE 364: REAS:ACHIEVEf‘MOVE/HAND(MAX)/BLOCK(B8)/

FROM -470 165 -410/TO -545 145 -160
GRAPEVINE 365: ACT:tMOVE/HAND(MAX)/BLOCK(B8)/FROM

-470 1 .65 -410/TO -545 145 -160
GRAPEVINE 366: REAS:ACI~IEVEtONTOP/BLOCK(B8)/BLOCK(B1)
GRAF’EVINE 367: ACT:CAUSED,BY HAND(MAX)tONTOP/BLOCK(B8)/

ELOCK( B1 I
GRAf’EVlNE  368: HEAS:‘fASK/I  iUMAN(FRlEND)/HAND(MAX)
GRAPEVINE 369: ANS:HANDiMAX)  TO HUMAN(FRIEND)TDID/

HAND(MAX)/INFO#32

- - - - - - - - - - - - - -  Question  4 7 - - - - - - - - - - - - - - -

GRAPEVINE 370: QUEST:YES-NO/HUMAN(FRIEND)  TO HANDCMAX)
‘l EXlST/OBJECT(HEIGHT  ’ HEIGHT[V  BLOCK(KINDOF  = PYRAMID)]1
f?OT,STATUS  = ONTOP  OBJECT(YWIDTH  ’ YWIDTH[ITSELF]))/
GRAPEVINE 371: ANS:HAND(MAX)  TO HUMAN(FRIEND)tEXIST/

BLOCK( B1)/1

- - - - - - - - - - - - - -  Question  48 - - - - - - - - - - - - - - -

GRAPEVINE 372: QUEST:YES,NO/HUMAN(FRIEND)  TO HAND(MAX)
‘I’EXlST/STI:EPLE(  )/
GRAPEVINE 373: ACT:NOAP
GRAPEVINE 374: REAS:WHATISIT/tNOT  EXlST/COMPOSlTE,OBJECT/

STEEPLE

- - - - - - - - - - - - - -  Question  49 ------w------cw

GRAPEVINE 375: FACT:HUMAN(FRIEND)  TO HAND(MAX)tEQUAL/
STEEPl.E(  )/BLOCK(COLOR  f; GREENIKINDOF  = CUBEITOP,STATUS
= HOLDING BLOCK(COLOR  = GREENIKINDOF = CUBEITOP,STATUS
= HOLDING BLOCKiCOLOR = REDIKINDOF  = PYRAMID)))
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_- _ _ _ _ _  -----_- Question  Cj@ - - - - - - - - - - - - - - -

GRAPEVINE 376: QUEST:YES-NO/HUMAN(FRIEND)  TO HANDtMAX)
‘l’EXIST/STIIEPI. C( ,/
GRAPEVINE 3 77: ACT:NOAP
GRAPEVINE 378: REAS:INSTANCES/tNOT  EXlST/E;LOCK/BLOCK(  COLOR

=. GIW~NIKINDOF  = CUUEITOP-STATUS  = HOLDING BLOCK(COLOR
= GREENIKINDOF = CUBEITOP,STATUS = HOLDING BLOCK(COLOR  = RED1
KINDOF = PYRAMID)))
GRAI’EVINE 379: ANS:HAND(MAX)  TO HUMAN(FRIEND)TNOT EXIST/

BLCWiCOLOR = GREENIKINDOF  = CUBE/TOP-STATUS = HOLDING
BLOCWOLOR  = GREENIKINDOF = CUBEITOP,STATUS = HOLDING
E3LOCK(COLOR  = REDIKINDOF  = PYRAMID)))/

---------_--__  Question  51 - - - - - - - - - - - - - - -

GRAPEVINE 350: COM:HUMAN(FRIEND) TO HAND(MAX)TBUILD/
tlAND(  MAX)/STEEPLEO
GRAPEVINE 381: 0RD:GETONTOPOF  TO FIND,SPOT~FlND/FIND,SPOT/

INI-(-b’134
GRAI’WINE  382: ACT:NOAP
GRAPEVINE 383: REAS:FIND,SPOT/CANNOT_BE,DONETlS/AREA[(FREE)

OF BLOCK( B4)]/TOOSMALL
GRAPEVINE 384: 0RD:GETONTOPOF  TO FIND,SPOTTFIND,‘FIND,SPOT/

INFC)fi35
GRAPEVINE 385: ACT:CAUSED,BY HAND(MAX)tRELEASE/HAND(  MAX)/

BLOCK( 08)
GRAPEVINE 386: REAS:ACHIEVEtMOVE/HAND(MAX)/HAND(MAX)I

,FROM -545 145 -160/TO -55 -155 -260
GRAPEVINE 387: ACT:?MOVE/HAND(MAX)/HAND(MAX)/FROM

- 5 4 5  1 4 5  -160/TO -55 -155 -260
GRAPEVINE 388: REAS:ACHlEVErGRASP/HAND(MAX)/BLOCK(B7)
GRAI’EVINE 389: ACT:CAUSED-BY  HAND(MAX)TGRASP/HAND(MAX)/

RLOCEi B 7)
GRAPEVINE 390: REAS:ACHIEVErOFFOF/BLOCK(B7)/BLOCK(B5)
GRAPEVINE 391: 0RD:GETOFFOF TO FIND,SPOTtFIND/FIND,SPOT/

INFOb’
GRAPEVINE 392: ACT:tMOVE/HAND(MAX)/BLOCK(B7)/FROM

94



-55 -155 -260/TO -422 -608 -460
GRAPEVINE 393: REAS:ACHlEVErONTOP/BLOCK(B7)/TABLE(TABLl>
GRAPEVINE 394: ACT:CAUSED,BY HAND(MAX)tOFFOF/BLOCK(B7)/

ELOCWW
GRAI‘WINL:  395: REAS;ACHtEVE~TOP-STATUS[BLOCKO]  = CLEAR
GRAPEVINE 396: ACT:CAUSED,BY  HAND(MAX)TRELEASE/HAND(MAX)/

ELOCK(E7)
GRAI’EVINE  ‘397: REAS:ACHlEVErMOVE/HAND(MAX)/HAND(MAX)/

FROM -422 -608 -460/TO -55 -155 -310
GRAPEVINE 398: ACT:TMOVE/HAND(MAX)/HAND(MAX)/FROM

- 4 2 2  -608 -460/TO - 5 5  - 1 5 5  - 3 1 0
GRAPEVINE 399: REAS:ACHIEVEtGRASP/HAND(MAX)/BLOCK(B5)
GR/\PEVINE  400: ACT:CAUSED-BY  HAND( MAX)TGRASP/HAND(  MAX) /

CLCICE( 05)
GRAPEVINE 401: REAS:ACHlEVE~OFFOF,‘BLOCK(B5)/BLOCK~B4)
GRAPEVINE 402: 0RD:GETOFFOF TO FlND~SPOT~FIND/FlND~SPOT/

INI-0r’:37
GRAPEVINE 403: ACT:tMOVE/HANDI:MAX)/BLOCK(B5)/FROM

-55 -1 55 -310/TO -472 -608 -460
GRAt WINE 404: REAS:ACtilEVEl’ONTOP/BLOCK~B5)/TABLE(TABL1  I
GRAPEVINE 405: ACT:CAUSED,BY  HAND(MAX)‘rOFFOF/BLOCK(B5)/

ELOCK(B4)
GRA t WINE 406: t?EAS:ACHlEVE~TOP_STATUS[BLOCK([34)]  = CLEAR
WW--‘WlNE 4 0 7 :  ACT:CAUSED,BY  HAND(MAX)tRELEASE/HAND(MAX)/

ELim( E5)
G’tiWEVINE  d08: REAS:ACHlEVE~MOVE/HANDiMAX)/HAND(MAX)/

r-nor/l - 4 7 2 -608 -460,‘TO -1.05 -70 -160
CJRiiFEVlNE 409: ACT:tMOVE,/HANDiMAX)/HAND(MAX)/FROM

-472 -608 -460/l-O -105 -70 -160
GRAI’FTVINE  410: REAS:ACHIEVEtGRASP/HAND(MAX)/BLOCK(B6)
GRAPEVINE 411: ACT:CAUSED,BY  HAND(MAX)TGRASP/HAND(MAX)/

EL(.,CY,(  E6)
GRAPEVINE 412: REAS:ACHIEVEtOFFOF/BLOCK(BG)/BLOCK(B4)
GRAPEVINE 413: 0RD:GETOFFOF TO FlND,SPOTTFtND/FlND_sPOT/

INFO/$‘33
GRAI’E:VINE 414: ACT:rMOVE/HAND(MAX)/BLOCK(BG)/FROM

-I 05 - 7 0  -1.60/TO -522 -608 -310
GRAPEVINE 415: REAS:ACHlEVE~ONTOP,‘BLOCK(B6)/TABLE(  TABLl )
GRAI”EIINE  4 1 6 :  ACT:CAUSED-BY  HANDiMAX)TOFFOF/BLOCK(B6)/

lx.c1c:t<i  E4)
GRAI-WINE 41 7: HEA~:ACtiIEVEPl-OP-STATUS[BLOCK(  B4)] = CLEAR
GRAI WINE 418: ACTCAUSED-BY  I tAND(MAX)tRELEASE/HAND(  MAX)/
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GRAPEVINE 419: REAS:ACHIEVEtMOVE/HAND(MAX)/HAND(MAX)/
FRObl - 5 2 2  - 6 0 8  -310/TO -310 -550 - 1 6 0
GRAl-‘EVlNE 420: ACT:TMOVE/t  iAND(MAX)/HAND(MAX)/FROM

- 5 2 2  - 6 0 8  -3J.O/TO  -310 -550 -160
GRAPEVINE 421: REAS:ACHIEVETGRASP,STATUS[HAND(MAX)]

L- GRAWNG BLOCK(B3)
GRAPEVINE 422: ACT:CAUSED,BY HAND(MAX)tGRASP/HAND(MAX)/

BLOCK( E3)
CJWWINE  423: REAS:ACHIEVETMOVE/HAND( MAX)/BLOCK(  B3)/

F R O M  -3J.Q -550 -160/TO -75 -105 -210
GRAPEVINE 424: ACT:?MOVE/HAND(MAX)/BLOCK(B3)/FROM

- 3 1 0  - 5 5 0  -160/TO -75 -105 -210
GRAPEVINE 425: REAS:ACHIEVEtONTOP/BLOCK(B3)/BLOCK(B4)
GRAPE\/tNE 426: ACT:CAUSED,BY  HAND(MAX)TONTOP/BLOCKtB3)/

~Loctq  wn
GRAPEVINE 427: REAS:ACHlEVE%TACKUP/BLOCK(B3)/BLOCK(B4)
GRAPEVINE 428: 0RD:GETONTOPOF  TO FIND,SPOT?FIND/FIND,SPOT/

INFO::39
GRAI  WINE 429: ACT:CAUSED,BY HAND(MAX)tRELEASE/HAND(MAX)/

BLOW E3)
GRAF’EVINE  430: KEAS:ACHIEVEI’MOVE/HAND(  MAX)/HAND( MAX)/

FROM -75 -105 -210/TO - 5 2 2  - 6 0 8  - 3 1 0
GRAPEVINE 431: ACT:tMOVE/HAND(MAX)/HAND(MAX)/FROM

-75 -1.05 -522 -608 -310-210/TO
GRAI’tVINE  432: REAS:ACHlEVETGRASP_STATUS[HAND(MAX)]

= GRASPING BLOCK(B6)
GRAI’EVINE 433: ACT:CAUSED,BY HAND(MAX)TGRASP/HAND(MAX)/

cx@CKm6,
GRAPEVINE 434: REAS:ACHIEVEtMOVE/HAND(MAX)/BLOCK(B6)/

FROM -522 -608 -310/TO -75 -105 -10
GRAPEVINE 435: ACT: r MOVE/HANDt  MAX)/BLOCK(  BG)/FROM

- 5 2 2  -608 -310/TO - 7 5  - 1 0 5  -18
GRAPEVINE 436: REAS:ACHlEVE~ONTOP/BLOCK(BGI/E3LOCK(  83)
GRAI“EVINE  437:  ACT:CAUSED-BY  HAND(MAX)tONTOP/BLOCK(  B6)/

EL.OCK( R3)
GRAC’EVINE  438: REAS:rASK/HUMAN(FRIEND)/HAND(MAX)
GRATWINL:  439: ANS:HAND(MAX)  TO HUMAN(FRIEND)tDID/

HANDi  MAX)/INFO#33
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______________  Question  52 ---------------

GRAPEVINE 440: QUEST:HOW,DID/HUMAN(FRIEND)  TO HAND(MAX)tDO/
HAND( MAX),‘BUILD STEEFLE(  J
GRAPEVINE 441: ANS:HAND(MAX)  TO HUMAN(FRIEND)tDID/

I lANDi  MAX,/FROM/#380/TO#439

-------_------  Question  53 ---------------

GRAI ‘EVINE 442: FACT:HUMAN(  FRIEND) TO HAND(MAX)?EQUAL/
FIlI:( tI-?EEN~RLUEjRED,/BLO(ZK~COLOR  = GREENlKlNDOF  = -
FARALLELEPIPED(TOP_STATUS  = HOLDING BLOCKtCOLOR  = BLUE1
KINDCIF - PARALLELEFIPED(TOP-STATUS  = HOLDING BLOCK(COLOR
~7 REDIKINDOF = PYRAMID)))

c-c-------_.---- Question  54 -------w-------

GRAPEVINE 443: QUEST:YES,NO/HUMAN(FRIEND)  TO HANDtMAX)
I EXIST/PILE( GREEN)GREENIRED)/
GR/\l’EViNE  444: ANS:HAND(MAX)  TO HUMAN(FRIEND)TEXIST/

BLOCK( B4)/1

____--- -------  Question  55 ---------------

GRAPEVINE 445: QUEST:HOW,WOULD/HUMAN(FRIEND)  TO HAND(MAX)
1 DO/HAND( MAX)/BUILD  PILE( REDIGREENIBLUE)
GRAPEVINE 446: THOUGHT:COM:HUMANtFRIEND)  TO HANDiMAX)TBUILD/

HAND{ MAX)/FILE(  REDIGREENIRLUE)
GRAPEVINE 447: THOUGHT:ORD:GETOFFOF TO FIND,SPOTtFIND/

FlND_SPC)T/INFOC41
GRAPEVINE 448: THOUGHT:ACT:CMOVE/HAND(MAX)/BLOCK(BG)/

F R O M  - 7 5  - 1 0 5  -10/TO -522 -601 -310
GRAPEVINE 449: THOUGH-~:REAS:ACHIEVE?‘ONTOP/BLOCK(B6)/

TAljLC(TA13Ll.  >
GRAPEVINE 450: THOUGHT:ACT:CAUSED,BY HAND(MAX)tOFFOF/

BLC)CE(E%)/BLOCK(B3)
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GRAPEVINE 451: THOUGHT:REAS:ACHIEVEtONTOP/BLOCK(B3)/
F31 (jCKi132)
GRAPEVINE 452: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTTFIND/

FINU-SPO-I-/INFO~f~2
GR/WFVlNE 4 5 3 :  THOIJGHT:ACT:CAUSED,BY  HANDiMAX)TRELEASE/

HAND! MAX)/ELOCK(BG)
GR/\I”EVINE  454: THOUGHT:REAS:ACHIEVEtMOVE/HAND(MAX)/

I IANI->(hdAX)/FROM -522 -60:3 -310/TO -75 -105 -210
GRAPEVINE 455: THOUGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/

FROM - 5 2 2  - 6 0 8 -310/TO -75 -105 -210
GRAPEVINE 456: THOUGHT:REAS:ACHIEVEtGRASP-STATUS[HAND(MAX)]

=z GRASPING BLOCKiB3)
GRWEVINE  457: THOUGHT:ACT:CAUSED-BY HAND(MAX)tGRASP/

t lANDi hAAX!/GLOCK(B3)
GRAPEViNE  458: THOUGHT:REAS:ACHIEVE?MOVE/HAND(MAX)/

ELOCK(E3)/FROM  -75 -105 -210/TO - 3 1 0  - 5 5 0  - 1 6 0
GRAI WINE 459: THOUGH’T:ACT:T‘MOVE/t-IAND~MAX)/BLOCK(  B3)/

FROhi -75 -1.05 -210/TO -310 - 5 5 0  - 1 6 0
GRWEVINE  460: THOUGHT:REAS:ACHIEVEI‘ONTOP/BLOCK(B3)/

CLccKi  E2)
GRAFWINE  461: THOUGHT:ACT:CAUSED,BY HAND(MAX)tONTOP/

ELcl)CK(  E3 )/ELOCK(  B2)
GR/‘\I  WINE 46 2: THOUGHT:REAS:ACHlEVEt STACKUP/BLOCK(  B3)/

F3L CN-W I-:?)
GRAPEVINE 463: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTI’FIND/

I- INI_)-St’0  l’/lNFO1143
GRAI’WINlf 4 6 4 :  THOUGtiT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

HAND( MAX)/ELOCK(  B3>
GRAI’EWINE 465: THOUGHT:REAS:ACHIEVEfMOVE/HAND(MAX)/

t IAND$dAX)/FROM  -31.0 -550 -160/TO -545 145 -160
GRAPEVINE 466: 1-HOUGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/

FROM -310 -550 -160/TO -545 145 -160
GRAl’EVINE 467: THOUGHT:REAS:ACHIEVEtGRASP-STATUS[HAND(MAX)]
- GRASPING ELOCK(  E8)

-GRAI’EVlNE  ‘l68: THOUGHT:ACT:CAUSED_BY  HANDiMAX)tGRASP/
I lANDi  MAXi/OLOCKi  B8)
GRAPEVINE 469: THOUGHT:REAS:ACHIEVE?‘MOVE/HAND(MAX)/

ELi)CK&8)/FROM -545 14s -160/I-O - 3 1 0  - 5 5 0  - 6 0
Gi7hl ‘EVINE 470: THOUGHT:ACT:‘T’MOVE/HAND(  MAX)/BLOCK(  B8)/

F R O M  -5415 145 -1 GO/TO  -310 -550 -60
CWWEVINE  471: THOUGHT:REAS:ACHIEVE~ONTOP/BLOCK( B8)/

f;L~KKi  E3)
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GRAI’EVINE 4 7 2 :  THOUGtiT:ACT:CAUSED_BY  HANDiMAX)TONTOP/
BLOCK{ I%i/ELOCKt B3>
GRAPEVINE 473: THOUGHT:REAS:~ASK/HUMAN(FRIEND)/HANDiMAX)
C;RAl“r:VINE 474: THOUGHT:ANS:HAND(MAX)  TO HUMAN(FRIEND)tDlD/

HANDi  MAX)/INFO#40
GRAPEVINE 475: ANS:HANDi MAX) TO HUMAN(FRIEND)TWOULD  DO/

IiAND~MAX)/FROM~~445/T0~~474

- - - - - - - - - - - - - -  Question  56 -------I-------

GRAI ‘I:VINE 476: COM:HUMAN( FRIEND) TO HAND( MAX)?
SURTRACT  DATABASE/HAND(MAX)/BLOCK(COLOR  = GREENIKINDOF  = CUBE1
BOT-STATUS  = ONTOP  BLOCK(COLOR  = GREEN))
GRAl”EVINE  477: 0RD:GETOFFOF TO FlND,SPOT’fFlND/FlND_SPOT/

INFO1144
GRAPEVINE 478: ACT:TMOVE/HAND(MAX)/BLOCK(BG)/FROM

- 7 5  - 1 0 5  -lQ/TO  -522 -60s - 3 1 0
GRAPEVINE 479: REAS:ACHIEVETONTOP/BLOCK(BG)/TABLE(TABL1>
GRAPEVINE 480: ACT:CAUSED-BY  HAND(MAX)TOFFOF/BLOCK(BG)/

t!Low 133)
GRAT’FJINE  481: REAS:ACIiIEVE~TOP,STATUS[BLOCK(B3)]  = CLEAR
GRAPEVINE 492: SUB:TMODIFY/I  SUBTRACT/HAND(  MAX)/BLOCK(PNAME

- U3~lltLU~STATUS  -1 FRtE(LOCASHUN =  - 7 5  - 1 0 5  -210ICOLOR
= GREEINISIZE  = BIGIDESCRIPTION  = THE BIG GREEN CUBE]
TOP-STATUS = CLEARIEOT,STATUS = ONTOP BLOCK(B4)IKINDOF
= CUtsEIDIMENSIONS = 1 5 0  150 150lXLENGTH  = 150(YWIDTH  = 1501
I IEIGI iT I= 15Q)XCOORD = -751YCOORD  = -105lZCOORD = -2101
LIKED-STATUS = LIKED-BY HUMANtFRIEND)lVOLUME I= 33750001
DlSl’>_NUMU  z= 3lCENTEH_i)F,MASS =  - 7 5  - 1 0 5  -285lXCMS = -751
YCidS r- -105lZCMS  = -225jSl IAPE-OF-TOP = F L A T )
GRAPEVINE 483: ANS:HANDhlAX)  TO HUMANCFRIEND)‘?

SU~‘rFiACT,DATABASE/tiAND(MAX)/BLOCK(B3)
GfIAI ‘LIVINE 484: COM:HUMANt FRIEND) TO HANDtMAX)T

SUBTRACT-DATABASE/HANDhlAX)/BLOCK(COLOR  = GREENIKINDOF  = CUBE)
GRAPEVINE 4g5: SUB:TMODIFY/?  SUBTRACT/HAND(  MAX)/BLOCK( PNAME

-- E/l/l IELD-STATUS  = FREEILOCASHUN  = -75 -105 -3601COLOR
-1 GREEN/SIZE = BIG/DESCRIPTION = THE BIG GREEN CUBE1
I-OP-c;TAIIJS =I CLEAHIBOT,STATUS  = ONTOP TABLE(TABLl)l
KINDOF - CUT3CJDIMENSIONS  = 1 5 0  1 5 0  150lXLENGTH  = 1501
YWIDTH  -z 150IHEIGHT  - 1501XCOORD  = -75lYCOORD  =  - 1 0 5 1
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ZCOORD - -360lLIKED-STATUS  = NOT LIKED-BY HUMAN(FRIEND)I
VOLUME  3375000JDlSP-NUME = 3lCENTER-OF-MASS  =  - 7 5
-105 -435lXCMS  7 -75lYCMS  = -105lZCMS  I= -435lSHAPE,OF,TOP
y F L A T )
GRAPEVINE 486: ANS:HAND(MAX)  TO HUMAN(FRIEND)t

SUU? fiACT_DATABASE/HAND(MAX)/BLOCK(B4)

--w---------w- Quest ion 57 ---------------

w//l ‘I:VINL’ ‘t87: COM:l  lUMAN(  FRIEND) TO HAND{ MAX)TADD,DATABASE/
t lAND( MAX)/CLOCK(COLOR  11 BLACKIKINDOF  = CYLINDER)
GRAPEVINE 488: 0RD:TMODIFY  TO FIND,SPOTTFIND/FIND-SPOT/

lNl-1b’:45
GRAT’EVINE  489:  ADD:TMODIFY/tADD/HAND(MAX+‘BLOCK(BLOCK488)
GRAPEVINE 490: ANS:HAND(MAX)  TO HUMAN(FRIEND)tADD,DATABASE/

I-IANti\ ;?/IAX)/BLOCK( BLOCK488)
GRAI-‘EVINE 491. : COM:HUMAN(FRIEND) TO HANDiMAX)TADD,DATABASE/

HAND; MAX)/ELOCK(COLOR  = ORANGEIKINDOF  = CYLINDERIHEIGHT
-: I ixl 1 I-Iv CL(.)CKO])
Gi:kf ‘EVINE 492: 0RD:TMODIFY TO FIND-SPOTTFlND/FlND-SPOT/

INFO!146
GfiAl-‘EVINE  493: ADD:TMODlFY/tADD/HAND(MAX)/BLOCK(BLOCK492)
GfZAI’EVINE  494: ANS:HANDiMAX)  TO HUMAN(FRIEND)tADD,DATABASE/

t-/AND(MAX)/BLOCK(BLOCK492)

_.__L_-. -- _-_..____ Question 58 ---------------

GR/jrFIVINE  495: COM:HUMAN(FRIENDJ  TO HAND(MAX)tADD-DATABASE/
t{ANU( MAX)/BLOCK(COLOR  = YELLOWIKINDOF  = CONEISIZE  = SMALL1
t {[:LLI_STA  l-US = GRAS?ED,BY  HAND( MAX))
GRAF’EVINE  496: ACT:CAUSED,BY HAND(MAX)tRELEASE/HAND(MAX)/

ELC.cK( Em
GRAPE:VINE  497: REAS:ACHIEVEI‘GRASP,STATUS[HAND(MAX)]  = EMPTY
GRAPEVINE 498: ACT:tMOVE/HAND(MAX)/HAND(MAX)/FROM

- 5 2 2  -608 -310/TO -522 - 6 0 3  200
(&!A’\-‘EVINE 499: REAS:l ASi</tIUMAN(FRIEND)/HAND(MAX)
GRAPEVINE 588: ADD:TMODIFY/TADD/HAND(MAX)/BLOCK(BLOCK496)
GRAPEVINE 501: ANS:HAND(MAXi) TO HUMAN(FRIEND)TADD,DATABRSE/
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HAND{ MA):)/BLOCK(BLOCK496)
GI:At’L:VINE 5132: COM:t  tUMAN(FRtEND)  T O  HAND(MAX)TADD-DATABASE/

HANai MA>:,/BOX( DESCRIPTION = THE BOXIBOT-STATUS = ONTOP
BLOCK(COLOR  = REDISIZE  = BIG))
GIZAI-‘EVINE  503: 0RD:TMODIFY  TO FIND,SPOTrFIND/FIND-SPOT/

lNFOr’t’47
GRAPEVINE 504: ADD:TMODIFY/t  ADD/HAND(  MAX)/BOX( BOX503)
GRAI ‘EVINE 505: ANS:HAND(  MAX) TO HUMAN(  FRIENDJT  ADD-DATABASE/

___-----------  Question 59 ---------------

GRAt-‘I1VtNE  F;OT,:  FACT:tII.lMAN(FRIEND)  T O  HAND(MAX)tEQUAL/
ROCKETi  PARALLELEPtPEDlPYRAMlDlYELLOWlBROWN/GREEN)/-
ELOCK(COLOR  = YELLOW/KINDOF = PARALLE~EPIPEDITOP-STATUS
= HOLDING I3LOCK(COLOR  = BROWNIKINDOF  = PARALLELEPIPEDI
TOP-STATUS - HOLDING BLOCK(COLOR  = GREENIKINDOF  = PYRAMID)))

_____.-  -___- _.-__ Question 60 ---------------

GRAPEVINE 50 7: COM:HUM’AN(  FRIEND) TO HAND(MAX)TBUILD/
HANU~MA>:)/ROCKET(CYLINDER]CONEIORANGEIBLACK~YELLOW)
GRAI ‘EVINE 508:

INFOd49
GRAPEVINE 50 9:

INI ‘Cl7 50
GRAI’EVINE 51 0:

FROM --522 --60C,
GliAt ‘EIVIN11  $1 1. :

l-Al:!1 t-(TAinL1 )
GRAPEVINE 512:

/-i-rdx( rmL1 )
GRAPEVINE 513:

0RD:GETONTOPOF  TO FlND,SPOT~FtND/‘FIND_sPOT/

0RD:GETONTOPOF  TO FlND,SPOT?FIND/FlND_sPOT/

ACT:TMOVE/HANDiMAX)/BLOCK(BLOCK496)/
200/TO -25 -520 -460
REAS:ACtilEVE~ONTOP/BLOCK(BLOCK496)/

ACT:CAUSED,BY  HAND(MAX)tONTOP/BLOCK(BLOCK496)

REAS:ACHtEVETRELEASE/HAND(MAX)/
BLOCK{ EiLOCK496)
GRA I-‘EVINE 514: ACT:CAUSED-BY  HAND(MAX)TRELEASE/HAND(  MAX) /

iI?LCjCbli t?LC:CK496)
GRAPEVINE 515: REAS:ACHiEVEhfOVE/HAND(MAX)/HAND(  MAX)/

FROM - 5 2 2 - 6 0 8 200/TO - 5 7 0 -533 - 3 6 0
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GIZWEVINE 516: ACT:lIm/t:/ttAND(MAX)/HAND(MAX)/FROM
-Spy -r,;j,? ;ZGJO,/TO - 5 7 0  - 5 3 3  - 3 6 0
GRAPEVINE 51.7: REAS:ACHiEVETGRASP,STATUS[HAND(MAX)]

=- GiW;PING  BLOCK(BLOCt+W)
GRAt’EVlNE  r-1 8: ACT:CAUSED-BY  HAND(MAX)tGRASP/HAND(MAX)/

RLOr,K(  BLOCK488)
GRWEVINE  51 9: REAS:ACHIEVE~MOVE/HAND(MAX)/BLOCK(BLOCK488)/

f-my&r --57rj - 5 3 3  -360/TO - 5 7 0  - 4 3 3  -110
GRAPEVINE 520: ACT:tMOVE/HAND(MAX)/BLOCK(BLOCK488)/

F-Rml  . 5713 - 5 3 3  -360/TO -570 -433 -110
Gr<!“\  t WINE 521 : REAS:ACl-tiEVE?ONTOP/BLOCKiBL.QCK488)/

RLCK?t:i BLCdIK492)
GRAPEVINE 522: ACT:CAUSED-EY  HAND(MAX)tONTOP/BLOCK(BLOCK488)

jl3lmt:il~l c-?CK492)
GRWEVINE  523: REAS:ACHiEVETSTACKUP/BLOCK(BLOCK488)/

&Lox ELOCK492)
c;lw ‘LVINL-: 524: 0RD:GETONTOPOF  TO FIND,SPOTT’FtND/FIND-SPOT/

ITq-Cir:!S I
GR hi ‘EWNE 525:

El (KU llil (W’l(<18)
ACT:CAUSED-BY HAND( MAX)TRELEASE/HAND(  MAX)/

GRAt-?WWE  526: REAS:ACHIEVETMOVE,‘HANDiMAX)/HAND(MAX)/
FRi,M . ‘-7-/r] -433 -110/TO -25 -520 -460
WWCVINE  527: ACT:1‘MOVE/tiANDiMAX)/HAND(MAX)/FROM

-57Cf -X3 -1 1.0/TO  -25 -520 - 4 6 0
GRAPEVINE 528: REAS:ACHIEVEfGRASP,STATUS[HAND(MAX)]

:-. GRA:;PtNG  BLOCK(BLOCK’I96)
GRAPEVINE 529: ACT:CAUSED,BY  HANDIMAX)tGRASP/HAND(MAX)/

BLOCK(BLCiCK496)
Gr’At ‘EVINE 530: REAS:ACHIEVET‘MOVE/HAND~MAX)/BLOCK(BLOCK496)/

rR~:M -25 -520 -460/TO - 5 7 0  - 4 3 3  -68
GRAPEViNE  531: ACT:TMOVEjHANDiMAX)/BLOCK(BLOCK496)/

CTFWid  e-25 -520 -460/TO -570 -433 -60
GW~t  WING: 532: REAS:ACl  IlEVETONTOP/BLOCK(BLOCK496)/

C?LC)(::k:( ELC)CK4g8)
GW\t-‘WINE  5 3 3 :  ACT:CAUSED-BY  HAND(MAX)tONTOP/BLOCK(GLOCK496)

/i:i c-xxi 1-I OCK488)
GRr’\F-‘EVINE  534: REAS:IASK/HUMAN(FRtEND)/HAND(MAX)
GRAI-‘EVINE 535: ANS:HAND(MAX)  TO HUMANiFRIEND)tDID/

t.iANtIIi MAX)/tNFON48
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- - - - - - - - - - - - - -  Question  61 - - - - - - - - - - - - - - -

GRAPEVINE 536: COM:HUMAN( FRIEND) TO HAND( MAX)tFIND/
tiE\NDiMAX)/OBJECT(BOT_STATUS  = ONTOP TABLE(DEFINITE))
GRAPEVINE 537: ANS:HAND(MAX)  TO HUMANiFRIEND)tFIND/

HAND(MAX!/BLOCK(VAR  E2 B7 B5 B6 BLOCK492)
GRAPEVINE 538: ANS:HAND(  MAX) TO HUMAN(  FRIENDJT  FIND/

HAND(MAX)/BOX(VAR  BOX1 )

-_--.----------  Question  62 - - - - - - - - - - - - - - -

GRAPEVINE 539: FACT:HUMAN(FRIEND)  TO HAND(MAX)TEQUAL/
GNAME[:BLOCK(B2)]/SUPERBLOCK

----.---------- Question  6 3 ---------w-----

GRAPEVINE 540: QUEST:WHEN-DlD/HUMAN(FRlEb!D)  TO HAND(MAX)TDO/
HAND! MAX~/PICKUP  BLOCKlGNAME  = SUPERBLOCK)
GRiii ‘tlViNE  541. : ACT:NOAP
GRAPEVINE 542: REAS:FIND-NUMB/?  NOT EXIST/RELATION/
GRAPEVINE 543: ACT:NOAP
GRAl)tlViNE  544: REAS:FIND-NUMB/TNOT  EXIST/RELATION/
GRAPEVINE 545: ANS:HAND(  MAX) TO HUMAN(FRIEND)tDID/

tiAND( MAX)//+‘1 5/WHILEC19

___-----------  Question  6 4 - - - - - - - - - - - - - - -

GRAPEVINE 546: THOUGHT:ACT:tMOVE/HAND(MAX)/BLOCK(  BLOCK496)/
I ;;1c)bl  -570 - 4 3 3  -60/-i-O - 2 5  - 5 2 0  -460
GRAPEVINE 547: THOUGHT:REAS:tASK/AT_TIME/MOVETO
GRAI-‘EVINE 548: THOUGHT:ORD:GETONTOPOF  TO FIND,SPOTtFIND/

F-ITJi.)_SC’C)‘I’/INFOI152
GRAPEVINE 549: THOUGHT:ACT:NOAP
CRAPEVIh!E 550: THOUGHT:REAS:ALREADY_DONETMOVE/HAND(  MAX)/

~L(ICK(C;LciCK~~G)!FRO~~  -25 -520 -4S0/TO  -25 -520 -460
GRAA’EVINE  5 5 1 :  THOUGHT:ACT:CAUSED-BY  HAND(MAX)TONTOP/
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f:l C,Ct:i  FI Cj~K4~6)jTABLEiTAt~Ll  )
GRAPEVINE 552: THOUGHT:REAS:ACHIEVET‘RELEASE/HAND(MAX)/

tXc >(:I~:(  L:Lc)CK ‘I 96 )
GRA1 ‘EVINt! 5 5 3 :  Tl-IOIIT;HT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

tli\,NDiMAX)/ELOCK(ELOCt:4~6)
C;l:‘/‘\l ‘E.-VINE  554: I-tiOUGtiT:I\‘EAS:?  A S K / A T - T I M E / R E L E A S E
GRAI ‘ W I N E  555: TtiOllGHT:ACT:  i MOVE/HAND{MAX)/HAND(MAX)/

FRCM  -25 -520 -460/TO  - 5 7 0  - 4 3 3  -110
GfhvJEVINE  556: TI-iOUGt-i‘r:I\‘EAS:l ASK/AT-TlME/MOVETO
GI:‘AI’WIN~  557: Tt-IOlJGiiT:ACT:CAUSED,BY  HANDi  MAXIT  G R A S P /

t.lIrdd:  I’, MAX)/ELOCK(  BLOCK488)
Gii/\!t-‘EVINE  558: -I-HOUGH’I‘,:IIEAS:‘T  ASK/AT-TIME/GRASP
Gih’:r  ‘WINE  SS9: THOUGI iT:AkT:I  MOVE/HAND(MA>o/BLOCK(ELOCK438)/

FRi:,bl  --57i? - 4 3 3  -1 10/TO - 5 7 0  - 5 3 3  - 3 6 0
Gf?At  ‘EVINE 560: THOUGHT:IW\S:?  ASK/AT-TlME/MOVETO
GWWEVINE  561 : THOUGHT:ORD:GETONTOPOF TO FIND-SPOTTFIND/

FIND WOT/lNFO:t’53
Gft/\l WINE 56 2 :  THOUGHI-:ACT:NOAP
(;f\‘Al  ‘I.VINII  b,6:1: I-1 iOU(;t-l.r:l;i:A’;:AIKEADY_nONETMOVEjHANDiMAX)/

[:Lc’,i:I~;( r:l~cKwPJ~ I/FROM  -57il  -533 --360/T(-)  -57cj - 5 3 3  - 3 6 0
GIZ/\t’EVINE  564: ~tlOUi;i-i  I :/‘\i3T:CAUSED_BY  HANtI(MAX)TONTOP/

[:l.( Ki3 1 :i. oc:t?l ::~,/-i‘~u~.l:~-l-Al~:Ll  )
- CZWWINE 5 c;5: THOUGHT:REAS:ACHIEVE~RELEASE/HAND(  M A X ) /

ELo(:;i<( t:LOCi(4’123)
WWl:VINE 5 6 6 :  THOUGIW’\CT:CAUSED_OY  HANDiMAX)TRELEASE/

)I/;itl.li Mk~~,/ELOCK(HLOCK43Z)
G&‘\I-‘EVINE  %I 7: ‘1-i. IOUGI-1  I-:IIEAS:t  ASK/AT-TIME/RELEASE
(;[</\,I ‘i-\/iNll  56X:

r&,4
‘l-t-IOl1Gl-i  I’:I\CT:l  MOVE/HAND(MAX,/HAND(MAX)/

-t; 70 - 5 0 3 -3W/TO  - 5 2 2  -603 2 0 0
GF-l:\r-WINE 5 6 9 :  THOUGHT:KE?,S:TASK/AT~TIME/tdOVETO
c;l’:i;j’LVlNir: !-, 70: I-l 1OUG1-I-k ACT: 1 MOVE/t-{ANDI:  MAX)/HAND(  MAX)/

FR~$vl  -322 -602 200/TO  - 2 5  -520 -460
c, [\’ ;\ ; EVINE 5 71: THOUGHT:REAS:ACHiEVEr  GRASP/HAND(  MAX)/

l;L( ,CK( iI:L(x:t:4  96)
GRAT‘WlNlT:  5 7 2 :  1.1  IOUGI-lT:ACT:CAUSED-BY  HANDiMAX)TGRASP/

t-IAND(  MAX~/ELCICK(  BLOCtWIG)
(:;I?/\I’tSVINC 573: THOLJGIH  i‘:iZLAS:?  ~Sl!:/AT_TlME/C~R~\SP
I;::,b I ‘WINE 5 74: TI-i(!l  JGI-I-f:ACT: i hr,OVE/HAND(  MAX)/OI.OCK(  BLOCK496)/

FF;i:I:,/l - 25 320 -4GO/TC)  -522 --SOS 230
WE41  ‘WINE  5 7!% I‘/-IWGI I I-:I&&: i ~~SK/AT_TIME/f\;lOVLITO
C;F:Al ‘WINI: 5-/k -i-IiOlKl  i’r:SIJ[!:Th~;:,Dl~Y/TSlJ~TRilCT/HANDiMAX)/

&O><( PNAldE  - EOX5~31HELD,STATUS  - -  FREEILOCASHUN  =: -‘;lD

1 0 4



-550 -1 G0[SIZE  = MEDIUM-SIZEDIDESCRIPTION  =  THE BOXI
‘I’CP ,S-I-AI-US = CLEAR~BO’T,STATUS  = ONTOP  ~LOCKIL22)JDIMENSIC)NS
--  100 100 I SQIXLENGTH  = 10BIYWIDTI-I  = 100JHEIGHT  = 1501
):COORD c- -310IYCOORD = -550lZCOORD  = -160IVOLUME  =  1 5 0 0 0 0 0 1
DISP-NUMB = 2lCENTER-OF-MASS  =  - 3 1 0  - 5 5 0  -235jXCMS = -3101
YCivlS  -- -550lZCMS  = -235/SliAPE-OF-TOP = FLAT)
GRAPEVINE 577: THOUGHT:SUB:TMODIFY/tSUBTRACT/HAND(MAX)/

ELOCK(PNAME  I= GLOCK496/HELD-STATUS  =  G R A S P E D - B Y  HAND(MAX)I
L OCASI  IUN 7 - 5 2 2  - 6 0 8  2001COLOR = YELLOWISIZE  = SMALL1
DESCRIPTION - THE SMALL YELLOW CONEITOP,STATUS  = CLEAR1
EOT-STATUS  = FREE/KINDOF  - CONEIDIMENSIONS  =  5 0  7 5  501
XLCNC;‘I-Ii = SOlYWlDTH  - -  7511  /EIGHT  = 50lXCOORD  = -5221
YCOORI’I  -= -60:lZCOORD = 2OQIVOLUME  = 736231DlSP,NUMB  = 21
C E N  i-ER-OF-MASS  = - 5 2 2  - 6 0 8  175lXCMS  = -5221YCMS  = -6081
ZCMS  r- 175(SttAPE_OF_TOP = POINTED)

GRAPEVINE 578: THOUGHT:ACT:T  MOVE/HAND(MAX)/HAND(  MAX)/
FROM - 5 2 2  -60s 200/TO  - 5 2 2  - 6 0 8  - 3 1 0
GRAI ‘CVINE 5 79: TtlOUGtiT:REAS:t  ASK/AT-TlME/MOVETO
GRAI’EVINE  .YSO. THOUGHT:ACT:CAUSED_BY  HANDi  MAX)TGRASP/

HiiND~~~AX)/ELC,cKcB6)
GFIAI  ‘EVINE 581: Tt-IOUGH-T:I\‘EAS:I’ASK/AT-TIME/GRASP
GRAPEVINE 582: THOUGHT:Sl.JR:TMODIFY/~SUBTRACT/HAND(MAX)/

ELOCK(  PNAME  - BLOCK492lHELDJTATUS  = FREEILOCASHUN
I= -570 -433 -260)COLOR x ORANGEISIZE  = MEDIUM-SIZED]
DESCRIPTION = THE MEDilIM-SIZED  ORANGE CYLINDERITOP,STATUS
= CLEARIBOT,STATUS  I= ONTOP T A B L E ( T A B L 1  )IKINDOF  = CYLINDER1
DI:dlIidSIONS  = 1 0 0  1 0 0  250/XLENGTH  = 100lYWlDTH  = 1001
I IEIC:I  I’?- F 250JXCOORD  = -570iYCOORD  = -433lZCOORD = -2601
VC)LUME  I.= 1 9634931DISP-NUMB  - 2lCENTER,OF_MASS  =  - 5 7 0
-‘I33 -335lXCMS  = -570jYCMS  = -433lZCMS  = -385JSHAPE-OF-TOP
- F L A T )
GRAPEVINE 583: THOUGHT:SUG:TMODIFY/TSUETRACT/HAND(  MAX)/

ELOCK(PNAME  = GLi)CK488jti~LD_S’rA-~US  = FREEILOCASHUN
7 -570 -533 -360lCOLOR  y BLACK/SIZE = MEDIUM-SIZED1
DESCRIPTION - THE MEDIUM-SIZED BLACK CYLINDERITOP-STATUS
=I CLEARIEOT-STATUS  = ONTOP TABLE(TABL1 JIKINDOF = CYLINDER]
Dlhd-INSIONS  - 100 I. 00 150jXLENGTH  = 100lYWIDTH  = 1001
H E I G H T  - 150lXCOORD  = -57cJlYCOORD  = -533lZCOORD  = -3601
V O L U M E  -1 1172096JDISP~NUMB  = 31CENTER,OF_MASS  = -570
-533 -4’?5JXCMS 7 -570lYCMS = -533lZCMS  = -435]SHAPE_OF_TOP
- F L A T )
--GRAPEVINE 584: THOUGHT:ORD:TMODIFY TO FIND,SPOTTFIND/
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S85:  l’tiOUGI-I-~:C\T;D:TMGDlFY/T  ADD/HANG<  MAX)/ELOCK(  B4)
586: THOUGHT:Gi?D:TMGDlFY  T O  FIND-SPOT?FIND/

‘I NFO&‘T;E;
SZ 7: ;*I iOUGl i”T:I;CD:Tt\~GDIFY/~ADD/IiAND~MAX)/BLOCKI  B3)
5,0,% THOUGHT~ACT:T  MOVE/HAND{  MAX)/BLOCK(  B6)/
$Oi -310jTG  :75 - 1 0 5  -10
529: ‘I-l-iOlJGIU:IIEAS:i  ASK!AT_TI~~~E/MGV[~TO
WO- THOUGHT:ACT:  1 ~~GVE/HAND;1~~A>:)/BLOCK(  B6,/
0.5 ll.O/TO -522 -603 -310
591  : TtiOUGHI  :IZi--,i\S:T ASK/AT-TIME/MOVETG
5 9 2 :  THOlJGHT:GRD:GETGNTOPGF  TO FIND-SPOTTFIND/
NFO#%

ELOCK(EW,iFROM -522 -60S  -31.0ITG  - 5 2 2  -60E - 3 3  0/
Gi?WLViNE  5%: 1-tiOUGH’~:lr\CT:Ck~USED_BY  HANDlMAX)TONTOP/

f?l Wt’Wd/TAI<i E:(TAGLl  1
C;R/!f”EVINE  5 9 6 : THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/

i:L.C.iCKi  W
GRAI ‘WINE  5 9 7: TliOUGiiT:ACT:CAUSED_BY  HANDi  MAX)?RELEASE/

t-W\NCi~MAX)/BLGCK!  B6,
GRWWNE  5 92: ‘I-HOUGHT:lW’,S:I‘  ASK/AT-TlMElf2ELEASE
GiiAfTVINE 5 9 9 : THOllGt-lT:ACT:i’MiiVE/HAND(MAX~/HAND(MAX)/

FR(,:vI -522 -609 -3lif/TO  -75 -105 - 2 1 0
GRAi-‘EVINE  6 0 0 : l‘HOUGHT:REAS:TASK/AT_TIME/MGVETG
GRWWINE  601 : Tt~GlJGHT:ACT:CAUSED_BY  HANDiMAX)TGRASP/

tv,NLl;  E4AX)/E?LOCKi  Is)

593: -r-tiOlJr,ti’l’:~,(:-T:N~,~l’
5 94: THOUGHT:REkS:ALREADY,DONE~  MOVE/HANDi  MAX)/

i’i‘:fiEA!;:T‘ASK/AT_Tl~~E/C;RASP
i WCT: I MOVE/IiANDi  MAX)/T:LOCK(  G3)/
-f;llG -550 -3.60

6 0 2 :  ‘PHOUGI
M3: TlIOiJGi
0 5  -210/‘TO
60/1:  THOUG t
60S: ‘I-I-IOUGI
iwon

-il’:iiEAS:i ASK/ATJIME/MGVETO
i f-:ORD:GETONTOPOF  TO FIND-SPOT? FIND/

6 0 6 :  THOUGHT:lr\CT:NOAP
60 7: THOUGI IT:Rr * c.I\.,.AL.READY~DONETMOVE/HAND~  MAX)/

F?[_<j(=%i~3)/FRC)M - 3 1 0  -550 -1 GO/TO -310 -550 -I. 6 0
GRAf-‘EVINE  60% THOUGHT:ACT:CAUSED-BY  HANDiMAX)?ONTOP/

L11..OC;<!  IZ)j[:LijCKit;2) i
GRAPEVINE 609: TtiGUGHT:REAS:ACHiEVEtRELEASE/HAND(MAX)/

E;LOCKiC3)
I;ilI\i.‘EVINE  6 1 0 :  THOUGHT:ACT:CkUSED-BY  HAND(MAX)TRELEASE/
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t-lANDiMAX)/BLOCK(B3)
GRAPEVINE 61 1: THOUGHT:REAS:TASK/AT,TIME/RELEASE
GRAPEVINE 612: THOUGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/

F-Rutt/l -310 -550 -l60/TO  -522 -608 -310
GRAPEVINE 613: THOUGHT:REAS:TASK/AT,TIME/MOVETO
GRAF’EViNE 6 1 4 :  THOUGHT:ACT:CAUSED-BY  HAND(MAX)?GRASP/

ttANl.3:  MAX)/BLOCK(B6)
GRW[TVINE  615: THOUGi-lT:REAS:IASK/AT_TIME/GRASP
GRAPEVINE 61.6: THOUGHT:ACT:I’MOVE/HAND(MAX)/BLOCK(BG)/

FRiIM e-522 -608 -310/TO -105 -70 -160
GCAI’EVINE  617: THOUGHT:REAS:TASK/AT,TIME/MOVETO
GRAPEVINE 61% THOUGHT:ORD:GETONTOPOF TO FIND,SPOTtFtND/

FIND~SP07’jINF0#~5S
GRAPEVINE 619: THOUGHT:ACT:NOAP
GRAFEVINE  620: THOUGHT:REAS:ALREADY,DONEtMOVE/HAND(MAX)/

BLOCKWd/FROM  - 1 0 5  -70 -160/I-O-105 - 7 0  - 1 6 0
Gt?I\T’CVINE  6 2 1 :  TttOUGHT:ACT:CAUSED-BY  HANDiMAXITONTOP/

BLOCK( BG )/BLOCK(  B4>
GRAPEVINE 622: THOUGHT:REAS:ACHtEVETRELEASE/HAND(MAX)/

BLOCK( 136)
GRAPEVINE 623: THOUGHT:ACT:CAUSED-BY  HAND(MAX)tRELEASE/

HAND( MAX)/BLOCK(  B6)
GR/\t’EVINE  624: l-HOUGHT:t?EAS:~ASK/AT~TtME/RELEASE
GRAPEVINE 625: THOUGHT:ACT:T  MOVE/HAND(MAX)/HAND(MAX)/

FRCXvl  -105 -70 -160/TO - 4 7 2  - 6 0 8  - 4 6 0
GRAt’EVINE 626: THOUGHT:REAS:tASK/AT_TIME/MOVETO
GRAPEVINE G27: THOUGHT:ACT:CAUSED-BY  HAND(MAX)tGRASP/

HAND(MAX)/BLOCK(B5)
GI<AI’EVINE  628: THOUGH t-:REAS:I‘ASK/AT-TIME/GRASP
GRAPEVINE 6 2 9: THOUGHT:ACT:T  MOVE/HAND( MAX)/BLOCK(  B5)/

F R O M  v-472 -608 -460/TO -55 -155 -310
GRA I-‘WINE 630: ‘THOUGH-I’:tZEAS:IISK/AT_TIME/MOVETO
GRAPEWINE  631 : THOUGHT:ORD:GETONTOPOF TO FIND-SPOTtFtND/

FtND_SPOT/INFO#59
GRAI ‘EVINE 632: THOUGH-I’:ACT:NOAP
GRAPEVINE 633: THOUGHT:REAS:ALREADY-DONETMOVE/HAND(MAX)/

ELOCK( WjFROM -55 -155 -310/TO -55 -155 -310
GRAPEVINE 634: THOUGHT:ACT:CAUSED,BY  HANDiMAX)TONTOP/

BLOCKi  EW/BLOCK(B4)
GRAPEVINE 635: THOUGHT:REAS:ACHIEVE?RELEASE/HAND(MAX)/

E3LoCta  lm
GRAF’EVINE 636: THOUGHT:ACT:CAUSED-BY  HANDiMAX)TRELEASE/
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t IANDi MAX)/BLOCK(  B5i
GRAPEVINE 637: THOUGHT:REAS:T‘ASK/AT,T[ME/RELEASE
GRAPEVINE 638: THOUGHT:ACT:5’MOVE/tiAND(  MAX)/HAND( MAX)/

r f?i:,h/! -55  -155 -310/TO - 4 2 2  -60:: - 4 6 0
GRAPEVINE 639: THOUGHT:REAS:f ASK/AT,TIME/MOVETO
GRWEVINE  6 4 0 :  THOUGHT:ACT:CAUSED,BY  HANDiMAX)fGRASP/

t lANDi MAX)/aLOCK(  B 7)
GRAPEVINE 641: THOUGHT:REAS:TASK/AT_TIME/GRASP
GRAPEVINE 642: THOUGHT:ACT:I  MOVE/HAND(MAX)/BLOCK(B’/)/

F-fX.&l -42% -608 -460/TO -55 -155 -260
GRAt’EVtNE  643: THOUGHT:i;lEAS:tASK/AT-TIME/MOVETO
GRAPEVINE 644: THOUGHT:ORD:GETONTOPOF TO FIND,SPOTTFtND/

F~‘lND_St’OT/INFO~60
GRAF’EVINE  645: THOUGHT:ACT:NOAP
GRAPEVINE 646: THOUGHT:REAS:ALREADY-.DONE?MOVE/HAND(MAX)/

r?Lc )CK( WJ/t-ROM -55 -155 -260/l-O -55 -155 -260
GRAF’EVINE G47: THOUGHT:ACT:CAUSED,BY HANC(MAXItONTOP/

ELOCK( B7)/BLOCKi B5)
GW’WEVINE  643: THOUGHT:i?EAS:ACHIEVEfRELEASE/HAND(MAX)/

w.~mm7)
GRAPEVINE 649: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

tiANDc~n/‘\,X)/BLoCK~B7)
GRAl WINE C;50: THOUGHT.:REAS:TASK/AT,TIME/RELEASE
GRAPEVINE 651: THOUGHT:ACT:‘T  MOVE/HANDcMAX)/HAND(MAX)/

Frw\?l  -55 -155 -260; 1’0 -545 145 -160
GR/$We/INE  652: THOUGHT:REAS:tASK/AT,TIME/MOVETO
GRAPEVINE 653: THOUGHT:ACT:CAUSED,BY HAND(MAX)tGRASP/

HANDi  MAX)/BLOCK(  t.I%,
GRAI”EVINE  654: Tt-IOUGtiT:REAS:I‘ASK/AT,TIME/GRASP
GRAPEVINE 655: THOUGHT:ACT:I  MOVE/HAND(MAX)/BLOCK(B@/

FROM -tjr-lli 145 -160/TO - 4 7 0  1 6 5  - 4 1 0
GRAI-WINE 656: Tt-IOUGI-iT:REAS:TASK/AT_TIME/MOVETO
GRAPEViNE  657: THOUGHT:ORD:GETONTOPOF TO FlND,SPOT?FIND/

FIND-SP(:)T/INFOi:G;l
GRAIWINE 653: TItOUGI-t-t-:ACT:NOAP
GRAFEVINE  659: THOUGHT:REAS:ALREADY-DONETMOVE/HAND(MAX)/

ELOCK(E::)/FROh/l  -470 I.65 -410/7-O - 4 7 0  165 - 4 1 0
G:[<AI’I:VINE 6 6 0 :  I-t-IOUGHT:ACT:CAUSED,BY  HANDiMAX)fONTOP/

tZLOCK( r;Z;/TABLE(TABLI  )
GRAPEVINE 661: THOUGHT:REAS:ACHIEVETRELEASE/HAND(MAX)/

E!LOCK( tx)
GRAPEVINE 662: THOUGHT:ACT:CAUSED,BY HAND(MAX)tRELEASE/

108



c

HAND(MAX)/BLOCK(B8)
GRAPEVINE 663: THOUGHT:REAS:I‘ASK/AT_TIME/RELEASE
GRAI-WINE 664: THOUGHT:ACT:I‘MOVE/HAND(  MAX)/tiAND(  MAX)/

FROM -470 I. 65 -410/TO -55 -155 -260
GRAPEVINE 665: THOUGHT:REAS:I’ASK/‘AT~TlME/MOVETO
GRAt’LIVINE  6 6 6 :  THOUGHT:ACT:CAUSED_BY  HAND{ MAX,rGRASP/

tlANDiMAX,/BLOCK(E37)
GRAPEVINE 667: THOUGHT:REAS:I‘ASK/AT,TIME/GRASP
GfiAi ‘EVINE 668: THOUGHT:ACT:‘l  MOVE/HAND(MAX)/BLOCK(B’/)/

FROM -55 -155 -260/TO -422 -608 -460
GRAF’EVINE  66 9: THOUGHT:REAS:t’ASK/AT-TlME/MOVETO
GRAPEVINE 6 70: THOUGH-I-:ORD:GETONTOPOF TO FIND-SPOTtFIND/

f lNl7~SrCn-/IN~OnG2
GRAPEVINE 6 71: THOUGHT:ACT:NOAP
GRAl  WINE 6 72: THOUGH I-:I?EAS:ALREADY-DONE?MOVE/HAND(  MAX)/

I=LOCtW7)/FROM  - 4 2 2  -603 -460/TO - 4 2 2  - 6 0 8  - 4 6 0
GRAPEVINE 6 73: THOUGHT:ACT:CAUSED-BY  HAND(MAX)TONTOP/

u:LOCK(  e 7)/TAULE(TABLl)
GRAI’WINE  6 74: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/

BLOCKI C7)
GRAPEVINE 6 75: THOUGHT:ACT:CAUSED-BY  HAND(MAX)TRELEASE/

t IANlJ(MAX)/BLOCK(R7)
GRAPEViNE  6 76: THOUGHT:REAS:tASK/AT-TIME/RELEASE
GRAPEVINE 677: THOUGHT:ACT:f‘MOVE/HAND(MAX)/HAND(MAX)/

F-[‘icxvl  -422 -608 -460/TO - 5 5  - 1 5 5  - 3 1 0
GRAPEVINE G 78: THOUGHT:REAS:tASK/AT_TIME/MOVETO
GRAPEVINE 6 79: THOUGHT:ACT:CAUSED-BY  HAND(MAX)tGRASP/

tlAND(  MAX)/BLOCK(B5)
GRAPEVINE 680: THOUGHT:REAS:fASK/AT_TIME/GRASP
GRAPEVINE 681: THOUGHT:ACT:tMOVE/HAND(MAX)/BLOCK(B!j)/

mc)Iv!  -55 -155 -310/TO - 3 1 0  - 5 5 0  - 1 1 0
GRAPEVINE 612: THOUGHT:REAS:TASK/AT_TIME/MOVETO
GRAPEVINE 683: THOUGHT:ACT:?  MOVE/HAND(MAX)/BLOCK(B5)/

F R O M  -33.0 -550 -110/TO -75 -450 -460
GRAI-‘ETVINE  684: THOUGHT:REAS:TASK/AT_TIME/MOVETO
GRAPEVINE C Q r*)u~. THOUGHT:ORD:GETONTOPOF TO FIND,SPOTTFIND/

FliW-SPCj-I  /INFO/i63
GRAPFVINE  686: THOUGHT:ACT:NOAP
GRAPEVINE 657: THOUGHT:REAS:ALREADY,DONE?MOVE/HAND(MAX)/

G’LOCKiES)/FROM  - 7 5  - 4 5 0  -460/TO - 7 5  - 4 5 0  - 4 6 0
GRAPEVINE 688:  THOUGHT:ACT:CAUSED-BY  HANDIMAX)TONTOP/

BLOCK( B5)/TABLE(TABLl)
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GRAPEVINE 689: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/
BLOCK(  85)
GRAPEVINE 690: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

HAND(MAX)/BLOCK(B5)
GRAPEVINE 691: THOUGHT:REAS:TASK/AT-TIME/RELEASE
GRAI-WINE  6 9 2 :  THOUGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/

FROM -75 -450 -460/TO -422 -608 -460
GRAPEVINE 6 93: THOUGHT:REkS:?‘ASK/AT,TIME/MOVETO
GRAI’WINE  694: THOUGHT:ACT:CAUSED,BY HAND(MAX)TGRASP/

HAND{ MAX)/BLOCK(  87)
GRAl-‘EVINE  6 9 5 :  THOUGHT:REAS:TASK/AT,IIME/GRASP
GRAPEVINE 696: THOUGHT:ACT:TMOVE/HAND(MAX)/BLOCK(B7)/
Fl?OM  -422 -608 -460/TO -75 -450 -410
GRAPEVINE 697: THOUGHT:REAS:?ASK/AT_TIME/MOVETO
GRA1 ‘EVINE 6 9”. THOUGI-IT:ORD:GETONTOPOF  TO FIND-SPOTtFIND/

FINLJ_SPOT/lNF;i64
GRAPEVINE 699: THOUGHT:ACT:NOAP
GRWEVINE  700: Tt-1OUGIiT:l~ECS:ALREADY_DONErMOVE/HAND(  M A X ) /

BLOClW7)/FROM  -75 -450 -410/TO -75 -450 - 4 1 0
GRAPEVINE 701. : THOUGHT:ACT:CAUSED,BY  HAND(MAX)TONTOP/

ULOCK(  E -/J/BLOCK(  G5)
GRAPEVlNE  7 0 2 :  THOUGHT:REAS:ACHIEVETRELEASE/HAND(MAX)/

El.OCK(  E 7)
GW’WIVINE  7 0 3 :  THOUGHT:ACT:CAUSED,BY  HANDiMAX)tRELEASE/

I-IANrI  MAX)/RL.OCK(  B7)
GRAPEVINE 704: THOUGHT:REAS:TASK/AT,TIME/RELEASE
GRWEVINE  7 0 5 :  THOUGH-l-:ACT:I’MOVE/HAND(MAX)/HAND(MAX)/

FRO:\4 -75 -450 -410/TO -310 -550 -160
GRAPEVINE 706: THOUGHT:REAS:TASK/AT~TIME/MOVETO
GRAF-‘EVINE  70 7: THOUGHT:ACT:CAUSED,BY  HAND( MAX)tGRASP/

I-IAND MAX)/13LOCK(B3)
GRAPEVINE 788: THOUGHT:REAS:I  ASK/AT-TIME/GRASP
GRAPEVINE 70 9: THOUGHP:ACT:I‘MOVE/HANDi  MAX)/BLOCK(  B3)/

fRO[vl  -31.0  -550 -160/TO  - 5 4 5  - 2 5 5  - 3 6 0
GRAPEVINE 710: THOUGHT:REAS:I  ASK/AT-TIME/MOVETO
GRA t ‘EVINE 7.11: ‘lIiOUGtiT:ORD:GETONTOPOF  TO FIND,SPOTT FIND/

F~‘lNI~_ST’O’I’/INFOf165
GRAPEVINE 71.2: THOUGHT:ACT:NOAP
GRAPEVINE 713: THOUGHT:REAS:ALREADY,DONET  MOVE/HAND(  MAX)/

IjL(.,CKWJ/FROM  - 5 4 5  - 2 5 5  -360/TO - 5 4 5  - 2 5 5  - 3 6 0
GRAPEVINE 714: THOUGHT:ACT:CAUSED,BY HAND(MAX)?ONTOP/

ELOCK(  B3)/TABLE(TABLl)
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GRWEVINE  725: THOUGH-J:ACT:NOAP
GRAPEVINE 726: THOUGHT:REAS:ALREADY,DONEblOVE/HAND(MAX)/

BLOCWe )/FROM -475 -105 -260/TO -475 -105 -260
GRAPEVINE 72 7: THOUGHT:ACT:CAUSED-BY  HANDiMAX)?ON-JOP/

liLOCKif31 )/TABLE(TADLl )
L GRAFEVINE  725: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/

BLoCK( B1 )

GRAPEVINE 715: THOUGHT:REAS:ACHIEVETRELEASE/HAND(MAX)/
E3LOCK(  lw
GRAPEVINE 71.6: THOUGHT:ACT:CAUSED,BY  HAND(MAX)tRELEASE/

HAND( MAX)/BLOCK(  83)
\ WA1 )EVINE  717: ‘JHOUGHT:REAS:S‘ASK/AT-TIME/RELEASE

GRAPEVINE 718: THOUGHT:ACT:TMOVE/HAND(MAX)/HAND(MAX)/
F R O M  -545 -255 -360/TO -545 145 -260
GRAPEVINE 719: THOUGH’J:REAS:t ASK/AT_TIME/MOVETO
GRAPEVINE 720: THOUGHT:ACT:CAUSED,BY HAND(MAX)TGRASP/

HANDiMAX)/BLOCK(B1>
GRAI-‘EVINE  721: THOUGH-I“:REAS:I’ASK/AT-TIME/GRASP
GRAi-WlNE  722: THOUGHT:ACT:T  MOVE/HAND( MAX)/BLOCK(Bl,/

F R O M  -545 145 -260/TO -475 -105 -260
GRWEVINE  723: THOUGHT:REAS:?ASK/AT-TIME/MOVETO
GRAPEVINE 724: THOUGHT:ORD:GETONTOPOF  TO FIND,SPOTT  FIND/

FINDv_SPOT/INFO#66

GR/WCVINE  7 2 9 :  1‘HOUGH-J:ACT:CAUSED,BY  HANDiMAX)?RELEASE/
HAND(MAX)/BLOCK(B1.  >
GRAPEVINE 730:
GRAPEVINE 731:

FROM -475 -105
GRAPEVINE 732:
GRAF’L:VINE  733:

FROM -33 0 -550
GRAPEVINE 734:

L DLC,CKi  W)
GRAPEVINE 735: THOUGHT:ACT:CAUSED,BY  HAND(MAX)?GRASP/

HANDiMAX)/BLOCK(B2)
GRAt ‘EVINE 736: THOUGHT:REAS:‘l  ASK/AT-TIME/GRASP
GRAPEVINE 737: THOUGHT:ACT:?  MOVE/HAND{ MAX)/BLOCK(B2)/

FROM -31.0 -550 -310/TO -310 -550 200
GR/WEIVINE 738: THOUGH-i-:I?EAS:TASK/AT-TIME/MOVETO
GRAPEVINE 739: THOUGHT:ACT: r MOVE/HAND(MAX)/BLOCK(B2)/

FROM -310 -550 200/TO -310 -550 -310
GRAPEVINE 740: THOUGHT:REAS:I’ASK/AT,TIME/MOVETO

THOUGHT:REAS:tASK/AT,TIME/RELEASE
THOUGHT:ACT:?‘MOVE/tiAND(  MAX)/HAND( MAX)/
-260/TO -310 -550 200
THOUGHT:REAS:I’ASK/AT,TIME/MOVETO
THOUGHT:ACT:I‘MOVE/HANDiMAX)/HAND(  MAX)/
200/TO -310 -550 -310
THOUGHT:REAS:ACHIEVEtGRASP/HAND(MAX)/

L
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GRAPEVINE 741: THOUGHT:ORD:GETONTOPOF TO FlND,SPOTTFIND/
FIND-SPOT/INFO#G  7
GRAPEVINE 742: THOUGHT:ACT:NOAP
GRAI’EVINE  7/13: THOUGHT:REAS:ALREADY-DONEtMOVE/HAND(MAX)/

t?sLOCKIBZ)/FROM  -310 -550 -310/TO -310 -550 -310
GRAPEVINE 744: THOUGHT:ACT:CAUSED,BY HAND(MAX)tONTOP/

CLOCKS  lZ)/TAWLE(TABLl  >
GRAPEVINE 745: THOUGHT:REAS:ACHIEVEtRELEASE/HAND(MAX)/

ELOCK(B%)
GRAPEVINE 746: THOUGHT:ACT:CAUSED,BY HANDIMAX)PRELEASE/

I IAf’Jnc MAX)/BLOCK(B;Z)
GRAPEVINE 747: THOUGHT:REAS:TASK/AT_TIME/RELEASE
GRAPEVINE 748: QUEST:HOW-MANY/HUMAN(FRlkND)  TO HAND(MAX)

‘1 E-XIST/I3LOCKtKINDOF # PYliAMlDjLOCASHUN  L E F T - O F  BOX())/
GRAPEVINE 749: ANS:HANDI  MAX) TO HUMAN(FRIEND)?EXIST/

ELOCKWAR  Bl B 2  B 5  84 B3)/5

------Leer----  Question 6 5 - - - - - - - - - - - - - - -

GRAPEVINE 750: QUEST:WHY-DID/HUMAN(FRIEND)  TO HANDiMAX)TDO/
t {/\I\Ji)iI?/I/ZXi/DROP  BLOCKCGNAME  = SUPERBLOCK)
GRkFEViNE  751: ACT:NOAP
GRAPEVINE 752: REAS:MATCHX/tNOT  EXlST/STRAQ/ACT:?‘DROP/

I IAND(MAX)/BLOCK(GNAME  = SUPERBLOCK) .
GRAPEVINE 753: ANS:HANDtMAX)  TO HUMAN(FRIEND)TNOT REMEMEER/

HAND(MAX)/INFO#68

___-----_-----  Question  66 -----.m---------

c

c

GRAPEVINE 754: QUEST:YES-NO/HUMANtFRIEND)  TO HANDCMAX)
7 E:~:l!;‘T/OBJECTiLOCASHUN  ‘IN_FRONT,OF  BLOCK(COLOR  = RED1
KINDOF r P’f RAMID))/
GRAPEVINE 755: ANS:HAND(MAX)  TO HUMAN(FRIEND)tEXIST/

BLOCKWAR  B2 E37 B5)/4
GRAPEVINE 756: ANS:HAND(MAX)  TO HUMAN(FRIEND)TEXIST/

EOXiVAR  80X503)/4
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INFO 1: LOCATION ONTOPOF TABLE(TABL1)
INFO 2: COM:HUMAN(  FRIEND) TO HAND( MAX)tPICKUP/HAND(  MAX)/BLOCK(  82)
INFO 3: COM:HUMAN(FRIEND)  TO HANDiMAX)tGRASP/HAND(MAX)

/BLOCK( DEFINITEIKINDOF  = PYRAMID)
INFO 4: LOCATION ONTOPOF BOX(BOXl)
INFO 5: LOCATION ONTOPOF TAELE(TABL1)
INFO 6: COM:lWMAN( FRIEND) TO HAND{ MAX)?INSIDE/BLOCK(  Bl)/BOX(  BOX1 )
INFO 7: ONTOP/BLOCK(E6)/BLOCK(B4)
INFO 8: LOCATION ONTOPOF ELOCK(B8)
INFO 9: I-t IOUGI 1 T:COM:lWvlAN~FRICND)  TO HAND(MAX)‘IONTOP

/BLOCKiKINDOF = PYRAMlD)/BLOCK(KlNDOF  = PYRAMID)
INFO .l 0: LOCATION ONTOPOF JAELE(  JABLl)
INt-O 11: LOCATION ONTOPOF BLOCK(B2)
INFO I 2: LOCATION ONTOPOF BLOCK(B5)
INFO 13: THOUGHT:COM:HUMAN(FRIEND) TO HANDiMAXjTSTACKUP

/HAND(MAX)/BLOCK(L32)  BLOCK(B5)  AND BLOCK(B6)
INFO 3 4: LOCATION ONTOPOF BLOCK(B2)
INFO 1 5: LOCATION ONTOPOF TABLE(TABL1)
INFO 16: LOCATION ONTOPOF BLOCK(B3)
INFO 1.7: COM:l IUMANiFRIEND)  TO HAND(MAX)tSTACKUP/HAND(MAX)

/BLOCK(E2) BLOCK(B3)  AND BLOCK(B5)
INFO 1 E: LOCAJION ONTOPOF BLOCK(B4)
INFO 1 9: COM:t  llJMAN( FRIEND) TO HAND(MAX)tONTOP/BLOCK(  B5)/BLOCK(  B4)
INFO 20: LOCATION ONTOPOF BLOCK(B5)
INFO 21: COM:HUMAN(FRIEND)  TO HAND(MAX)tONTOP/BLOCK(B7)/BLOCK(B5)
INFO 22: LOCATION ONTOPOF TABLE(TABLl)
INFO 23: LOCATION ONTOPOF TABLE(TABL1)
INFO 24: LOCATION ONJOPOF  ELOCK(B5)
INFO 35: LOCATION ONTOPOF TABLE(TABL1)
INFO 26: LOCATION ONTOPOF TABLE(TABLl)
INFO 27: LOCATION ONTOPOF BLOCKiE5)
IN/--O 23: LOCATION ONTOPOF  TAGLE(TABLl)
INFO 29: LOCATION ONTOPOF TABLE(TAEL1)
INFO 30: LOCATION ONTOPOF BLOCK(B5)
INFO 31: LOW TION ONTOPOF BLOCK(B1)
INFO 32: COM:HUMAN(FRIEND)  TO HAND(MAX)tONTOP/BLOCK(B8)/BLOCK(Bl)
INFO 33: COM:HUMAN(FRIEND)  TO HAND(MAX)TBUILD/HAND(MAX)/STEEPLE()
INFO 34: LOCATION ONTOI’OF CLOSKIB49
iNF0 35: LOCATION ONTOPOF BLOCK(B4)
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INFO 36: LOCATION ONTOPOF TAELE(TABLl>
INFO 37: LOCATION ONTOPOF TAELE(TABLl>
INFO 38: LOCATION ONTOI’OF TABLE(TABL1)
INFO 39: LOCATION ONTOPOF BLOCKfB3)
INFO 40: THOUGHT:COM:HUMAN(FRIEND)  TO HAND(MAX)TBUILD

/t-IAND(MAX)/PILE(REDIGREENIBLUE)
INFO 41: LOCATION ONTOPOF TABLE(TABL1)
INFO 42: LOCATION ONTOPOF ELOCK(B2)
INFO 43: LOCATION ONTOPOf-  BLOCK(B3)
INFO 44: LOCATION ONTOPOF TABLE(TABLl>
INFO 45: LOCATION ONTOPOF TABLE(TABLl)
INFO 46: LOCATION ONTOk’OF TABLE(TABLl)
INFO 47: LOCATION ONTOPOF BLOCK(B2)
INFO 4C: COM:HUMAN( FRIEND) TO HAND(MAX)?EUILD/HAND(  MAX)

/ROCKET(CYLINDER[CONEIORANGEIBLACK]YELLOW)
INFO 49: LOCATION ONTOPOF BLCCK(BLOCK492)
INFO 50: LOCATION ONTOPOF TAELE(TABLl)
INFO 51: LOCATION ONTOPOF BLOCKiBLOCK488)
INFO 52: I OCATION ONTOPOF TABLE(TABL1)
INFO 53: LOCATION ONTOPOF TAELE(TABLl>
IXFO  54: LOCATION ONTOPOF TABLE(TAEL1)
INFO 55: t OCATION ONTOI’OF  BLOCK(B4)
INFO 56: LOCATION ONTOPOF TABLE(TABLl>
INFO 57: LOCATION ONTOPOF BLOCK(B2)
INI- 5s: LOCATION ONTOP@F  BLOCK(B4)
INFO 59: LOCATION ONJOPOF ELOCKiB4)
INFO 60: LOCATION ONTOPOF BLOCK(B5)
INT-C, 6 ‘I : LOCATION ONTOf’OF TAHLEiTABLl)
INFO G2: LOCATION ONTOPOF TABLE(TABLl>
INFO 63: LOCATION ONTOPOF TAELE(TAELl)
INFO 64: LOCATION ONTOfW  I3LOCK(B5)
INFO 65: LOCATION ONTOPOF TABLE(TABLl)
INFO 66: LOCATION ONTOPOF TAGLE(TAELl)
INFO 6 7: LOCATION ONTOf’OF TABLE(TABLl>
INFO 68: ACT:TDROP/HAND(MAX)/ELOCK(GNAME  = SUPERBLOCK)
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