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Preface to Volume III

This volume contains two chaplers, covering work with production systems in the
areas of natural language processing and game playing. Chapter V describes a program
that plays a simple class of chess endgames, and discusses the possibilities of using
production systems for chess in general. Chapter VI describes a system that carries on a
dialog about a toy blocks world, and that solves a class of problems in that world similar to
the capabilities of Winograd's system. Each chapter has an abstract and a detasiled table of
contents. It is assumed that the reader has some familiarity with Volume | of this report,
which discusses the goals and conclusions of the thesis as a whole, and which introduces
the production system language in which the systems in this volume are implemented. The
chapters have a similar organization, slarting with a general description of the task
performed by the system, and proceeding to a description of the system and its behavior.
There are sections that discuss issues with respect to the task itself and with respect to

the use of production systems.
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Chapter V

KPKEG
A Production System for King-Pawn-King Chess Endgames

\
v
. Abstract. KPKEG is a production system implementation of a program that plays chess
L o ' endgames, restricted to king and pawn versus king. The program is described and several
g examples of its operation are discussed. The program’s chess knowledge is given, and
how this knowledge is expressed as productions is described. Experiments with KPKEG
- have brought out several features of the principle on which the search is based and the
chess knowiedge organized, the strategy hierarchy. Features of the productions and how
they compare with a Lisp version of a similar program bring out the advantages of this
implementation. The productions lend themselves readily to extension to more demanding
chess tasks.
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KPKEG

A. Introduction

This chapter is concerned with a PS program, called KPKEG (king pawn king
endgeme), for playing a restricted form of chess, namely, chess endgames in which king
and a lone pawn of one color are opposed by s lone king (hereafter, the subset of chess
with king and pawn versus king will be abbrevisted K-P-K). Although chess is a
specialized area of Al, and is probably a suitable domain only for chess experts (which 1
am not), it will still be useful for the present thesis for the following ressons. As Berliner
(1973) has argued, the classical heuristic search approach to chess has fundamental
limitations, which have been observed empirically in performance and theoretically by
Berliner on the basis of critical situations in which the search lechniques sppeasr to be
hopelessly inappropriste. Consequently there has been a shift in emphasis towards
bringing to bear more of the kinds of chess knowledge used by human players. Since PSs
are being put forth as useful tools in encoding problem-solving knowledge, it is ressonable
to do preliminary experiments along the lines here. In addition, even a restricted chess
program provides an easy benchmark for comparison with other control structures, since @
variety of other programs exist, with a current effort using Lisp on a very similar chess
domain.

The central chess concepts behind KPKEG are provided by Fine's (1941) analysis of
K-P-K sndgames. In this problem area there are a reasonably small number of pisces of
knowledge that prove to be adequate for correct analysis. That is, KPKEG relies heavily
on the use of patterns of chess pieces and much less on a search of possible move
sequences leading to a win or draw. Patterns are used both to direct the program's
attention to effective moves and to evsluate positions reached by the search. The search
of possible variations of play is conducted under an executive scheme called a strategy
hierarchy, developed by Berliner (1975b) as appropriate (at least) to the K-P-K domain.
The strategy hierarchy in KPKEG consists of seven levels (to be described in more detail
presently), each of which has associated with it goals and move-generation procedures for
sttempting to achisve the goals. The principle for constructing the hierarchy is that @

_ lower strategy is never attempted in refuting a higher one. On the other hand, a move

that attains the goal of a higher strategy is a good refutation of a move aimed at attaining
the goal of a lower strategy, since a higher strategy is globally more valuable in the sense
that it is more essential to achieving the best game outcome. The way that the hierarchy
is used to generate a search tree of moves and replies is that at the top level a player
starts by trying to achieve his highest strategy. When that fails, he decrsases his
strategy level and tries to achieve a success at that level. The opponent, who moves at a
lower depth, tries to refute the top strategy by first trying to achieve a strategy at the
same lovel, and then when that fails, by trying moves at higher strategic levels. The
search tree is genersted as the players slternate in trying to refute plays at higher
depths, until a position known to be a win or a draw occurs.

This chapter first presents KPKEG in detail, Section B8, and describes several
experiments that exhibit its behavior, Section C. Specific issues with respect to PSs are
discussed in Section . In Section E, KPKEG is compared to a similar program implemented
in Lisp, with particular attention to the use of PSs to achieve the control structures of the
Lisp version. Finally, we consider whether KPKEG can serve as a solid basis for further
research, which is important because of the limited aims of the present work.
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KPKEG

B. The KPKEG Program in Detail

The objectives of either player in a chess game with only two kings and a pawn are

limited. The player with only a king must achieve stalement, capture the pawn, or block it

from its promotion square, in order to obtain a draw. The player with the pawn must
promote it saftely while avoiding stalemate. To achieve these overall strategic objectives 1
there are a number of lesser considerations, such as controlling the square in front of the
pawn, forcing the enemy king in some diraction, gaining the opposition (a chess term to be
defined below), and advancing the pawn. These objectives have been formuleted in KPKEG
into seven levels, each assigned a corresponding numerical value.

Mate (White) or capture pawn (Black)

Queen the pawn or stalemate

Advance the pawn or occupy pawn’s quesning square

Control the pawn’s path

Defend or attack the pawn

Restrict (force) the enemy king's move

Any other move (essentially away from pawn or enemy king)

The goal for the program then becomes to execute successfully a move at the highest
possible strategy level. In this section we first illustrate how such a move is arrived at in
a particular example, and then proceed to a more detsiled discussion of KPKEG.

NWDHOROON

8.1. m ie of pr

The position that we will examine is given in Figure B.1, and the compiste program
behavior trace is given in Appendix D. White starts out trying to achieve its highest
strategy, which is to move the pawn onto its queening square; this strategy is at leve! 6 in
KPKEG’s hierarchy. The queening square is E8 {using the program’s algebraic notation,
which is indicated in the figure) and the pawn is at £6, so this fails immediately. White
then decreases its level to 5, where the objective is to advance the pawn. Black’s level-5
strategy is to intercept the pawn, preventing its advance. White advences the pawn to E7
and black responds C7-D7, at which position the black king is in control of the pawn and
its queening square, and the white king is not within striking distance, so that White's

. advance-pawn strategy can make no further moves. Black’s strategy succeeds because
White fails to respond, and this success is a refutation of White's top-level move. White
has no other ways to implement its level-5 strategy, so advencing the pswn directly is
abandoned. White starts over at the initial position with strategy level decreased to 4,
whose objective is to control with the king the path of the pawn's advance. Black’s
corresponding strategy is to occupy the pawn's path to its queening square (which is only
slightly difterent from its level-5 strategy). White now moves its king E4-ES, Bleck
responds C7-D8, White responds E5-D6, and black, D8-E8 (see Figure B.1). :

Black’s king is now on the pawn’s queening square (E8) and it controls the square in
front of the pawn (E7), so that White can go no further with its strategy to contro! the
path to E8 from E6. Rather than giving up at this position, White increases its strategy
level - Black has succeeded at level 4 but that may not be strong enough to refute some
of the higher-level white strategies. White’s attempt st leve! 5, moving the pawn from E6-
€7, does in fact lead to a winning position for White, since the black king is forced to move
off the queening square, whereupon the white king can move to controt it. The way the
program actuslly behaves is that Black’s strategies fail to generate any moves (as did
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Figure B.]1 Starting and intermediate positions for TEST1; White to move

White’s strategy at level 5 in the first segment of the trace) and E6-E7 thus succeeds.
Black’s move preceding E6G-E7 fails, and the search proceeds by examining alternatives at
that point.

This has described about two-thirds of the first column of the behavior trace in
Appendix D (up to number 11), which is about one-fourth of the complete search that
KPKEG does before deciding that White’s E4-E5 is a satistactory move. The primary
characteristic of the program’s search has been illustrated: it searches in a very restricted
fashion according to a predetermined ordering of strategies, evaluating positions in the
light of the strategic objectives currently in effect. That is, move attempts are generated
only when they are deemed relevant to achieving success of s strategy, and the
determination of what strategy is in effect depends on the strategy behind the previous
move Or on maximizing the outcome of the position at the top level. We now proceed to
give more detail on KPKEG's internal structure.

B8.2. An overview of the structure of KPKEG

The Ps of KPKEG are divided into six main groups: the strategy executive (Ps whose
names start with S); Ps for updating the internal representation of the board (Q Ps); means
for implementing move strategies (M Ps); strategies for White, or more generally the

- player who has the pawn (W Ps); strategies for Black (B Ps); and the initialization for

example problems (X Ps). The strategy executive maintains information pertaining to the
state of the tree search and the current strategy level. It also includes a set of Ps that
recognize various patterns known to be wins or draws. The executive evokes the White
and Black strategies, and uses the moves that they generate to carry the tree search
torward. It uses the updating Ps to make the transition trom one node in the tres to
snother. The strategy Ps generate move candidates directly or generate more abstract
descriptions of what they intend, which are then converted to move candidates by the
means Ps. We turn now to a more detailed look at the set of Ps in which most of the
program control is embodied, the strategy executive. Incidental details of the other Ps are
brought out, but fuller detail is postponed until the following subsection.

The VAPs (very abstract Ps) of Figure B.2 represent the main features of the
strategy executive and of the other Ps as they appear to it. As the reader will recall from
Chapter IV, underlining is used in VAPs to denote super-conditions and super-actions,
which represent sets of condition or action elements, or the condensed result of many P
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KPKEG The KPKEG Program in Detail

% SE's: Strategy Executive VAPs; 55 actual Ps 7

SEl: findmove -> initialize & select-strategy-move & check-strategy-result;
SE2: check-strategy-resuit & strategies-exhaysted & not levels-exhsysted

-> change-strategy-lavel & select-strategy-move & check-strategy-resuit;
SE3: check-strategy-result & strategies-exhausted & levels-exhausted

«> record-position & succeed-strategy-at-previous-depth;
SE4: best-move-candidate -> make-move & check-terminal-position & check-move-resuit;
SEB: check-terminal-position & not terminal-position & not maximym-depth

-> select~strategy-move & check-strategy-result;
SE6: check-terminal-position & terminal-position-pattern -> terminal-win;
SE7: check-terminal-position & maximum-depth & not terminal-position

-> static-eval-strategy;
SE8: terminal-win(self) OR succeed-strategy -> refute-strateg_y_-at-grgzcm:gggm;
SE9: terminal-win(opponent) -> succeed-strategy-at-previous-depth;

SE10: check-move-resuit & refuted

-> retract-move & continue-to-try-move-candidates-and-strat
SE11: check-move-result & succeed & not depth=1

=> retract-move & refute-strategy-at-previous-depth;
SE12: check-move-result & succeed & depth=1 ~> make-actual-play;

SE13: rocord-po:ilion & position-before-making-successtul-move

jlg- -to—reco mze-as-termmal- ositi n

-greater-depth-or -at-depth-1;

% UB's: Updating Board for moves; 19 Ps 7
UB1: make-move & move-type & location’s & controls’s -> location’s & controls’s;
UB2: retract-move & move-type & location’s & controls’s -> location’s & controis’s;

Z MMC's: Means to Move Candidates; 18 Ps 7
MMC1: means-signal & properties-relevant-to-desired-maves ~> move-cendidate’s;

% WBS's: White and Black Strategies; 44 Ps 7

_ WBSI1: select-strategy-move & board-pattern -> means-signal’s OR move-candidate’s;

WBS2: select-strategy-move & board-pattern -> succeed-strategy;
WBS3: static-evai-strategy & board-patiern -> terminal-win;

. % TX’s: Test Examples; 5 Ps for 3 tests 7
TX1: test-signal -> initialize & controis’s & location’s;

Figure B.2 VAPs for KPKEG

firings. Elements of VAPs that are not underlined correspond to actual program elements,
snd behave similarly with respect to the way Psnist considers events to be ordered.

Using the VAPs we can follow the example in Section B.1 in enough detasil to see the
way the program works. At the beginning of TEST1, the user asserts a signal that fires
the equivalent of TX1, which sets up the board situation. Then another user signal,
"tindmove”, fires SE1 which inilializes the strategy executive and starts the search process
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8.2 The KPKEG Program in Detail KPKEG

by asserting “select-strategy-move”. As discussed above White starts out trying to
echieve its highest-level strategy; the level of strategy being sought is set by the
initialization in SE1l. The VAPs that respond to “select-strategy-move" are the WBS's,
which generate move candidates or recognize success based on board patterns. In the
present case none of the WBS’s fires, since the level 6 strategy for White is to move its
pawn onto the eighth rank. Nothing responds to "select-strategy-move”, so that the
“check-strategy-resuit” signal from SEl is examined, according to the conditions in SE2
and SE3. The situation is that the strategies at leve! 6 are exhausted but that the other
levels haven't been tried yet so that SE2 is trus, causing the level to be decremented to 5
and again asserting the "select-strategy-move” signal.

This time the strategy is to advance the pawn, and a move-candidate (E6-E7) is
asserted by an instance of WBS1. SE4 represents the selection of a move-candidate from
a set of them. UBL responds to the "make-move” signal from SE4, updating the board
according to the nature of the move (i.e., whether a king or pawn is moving, and the
direction of the move). The “check-terminal-position™ from SE4 evokes the testing of the
patterns represented by SES, SE6, and SE7; those are patterns for the small number of
known won or drawn positions for K-P-K endgames. In the present example, SES is
appropriate, and sets up the strategy selection for Black, who must respond to White's
pawn advance. The program goes through the sequence represented by WBS1, SE4, UBI,
and SES. Biack has moved its king to D7, and White's advance-pawn and queen-pawn
strategies (instances of WBS1) recognize that further moves ars no good, so that SE2
fires, and then SE3 becomes true when no response to "select-strategy-move” is made.
Notice that only strategies not less than level 5 are considered by White, in accord with
the strategy hierarchy principle - trying a weaker strategy to refute a stronger one
makes no sense.

SE3 first causes the position before Black’s move to D7 to be recorded as a known
success (via SE13). Then the strategy at the previous depth, namely the one that
proposed the move to D7, is made to succeed. The success is noted by SE11, which uses
the "check-move-result” signal asserted by SE4 when the move was selected. SE11 takes
back the successful move, evoking UB2 to restore the board, and signals that the move at
the previous depth is refuted. SE10 responds to the "refuted” signal, using the “check-
move-result” that was assertad when E6-E7 (advancing the pawn) was selected by SE4.
Generally, after a move is retracted by SE10 via UB2, other move candidates are tried
(SEQ), other strategies at the same level are tried (imagine a "select-strategy-move” re-
asserted by the super-action of SE10), or SE2 and SE3 take effect. In our exampls, White
abandons the attempt to advance the pawn, its level is decreased to 4, and the search
continues in a similar fashion. .

We now touch on a few points about the VAPs in Figure B.2 that were not brought
out by the above. The treatment of terminal patterns recognized by instances of SE6 is
according to one of the two procedures represented by SE8 and SE9. Recall that “check-
terminal-position” is examined immediately when a new position is created in the search,
s0 that the “succeed” or “refuted” signal to the previous strategy will occur before any
other strategies are attempted at that new position. The terminal positions recognized by
SE6 sre general, as opposed to successes of particular strategies as represented by WBS2
- the result in either case is similar, though. A different kind of terminal position leading
to the “terminal-win" signal in some cases is the maximum depth condition. Presently the
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KPKEG The KPKEG Program in Detail 8.2

maximum depth is 9, and when the search is 9 plies deep, SE7 tires (if the position is not
terminal in any other sense), asserting “static-eval-strategy”. [f board conditions are
right, in a rather optimistic evaluation, an instance of WBS3 fires; otherwise rothing
further is done and the strategy at the previous depth succeeds for lack of refutation.
The maximum depth cutoff is intended to be used only rarely, since the domain is rich in
specific knowledge, so the present mechanism is only a stopgap, even though it is
successful in the experiments described below. Finally, the MMC1 VAP represents a set of
Ps that are evoked by WBS's to generate moves of desired classes, for instance moving
toward a square. These means to generating move candidates are used whenever the
desired move candidates cannot be easily constructed dirsctly by the W3S’s,

B.3. Full detail on selected aspects of KPKEG

As we have seen in the preceding subsection, KPKEG's six groups of Ps form the
following functional units: the strategy executive, the board-updating operations, the
means to strategies, the strategies themselves (two groups), and initialization. This
subsection will indicate subdivisions of each of these groups, except the last. In most
cases, typical Ps will be given to illustrate how certain kinds of chess knowledge are
represented. Descriptions of all of the chess knowledge in KPKEG will be included. For
the S Ps, we will give more detailed, abstract Ps which bring out issues of control. The
listing for the actual program is in Appendix A, and s cross-reference is in Appendix B.
Section B.4 is essential for decoding the actual Ps.

There ara 55 S Ps, subdivided functionally into 9 groups as follows:

S0-S1: initialization; 2 Ps. [SEl)e '

§3-54, S15-518: evocation of strategies, change of strategy leveis; 6 Ps.
[SE2-SE3]

§5-59: tree mechanics, ascending and descending in search tree; 8 Ps.
[parts of SE4, SE10, SE11]

§21-S210: selection of a move from the set of candidates; 4 Ps. [SE4]

611-5S13, S23-S26N: checking the resuits of an attempted move; 7 Ps.
[SE10-SE12]

8§30, PN's, PW's, PV's (created by S$60’s): checking for terminal
positions; 13 or more Ps. [SES-SE7]

$40%s: controlling actions for terminal positions; 3 Ps. [SE8-SE9]

$50°s: printing the board externaily; 3 Ps. []

$60°s: recording the winning (terminal) positions as Ps; 9 Ps. [SE13]

The basic control in the executive corresponds to the VAPs SE2-SE4, SE8-SE12, and
the RHS of SES (i.e., the second through fifth and the seventh group of S Ps). Figure B.3
gives abstract Ps (APs) that elaborate on those VAPs. Each AP has the VAPs and actual Ps
to which it corresponds. Using the APs, we can get a more detailed picture of the control
flow. The process of finding a move starts when the initialization asserts "select-strategy
& check-other-strategy” (the latter signal is synonymous with “check-strategy-result® in
the VAPs). If a strategy produces move-candidates, S2a will select one by using first &
"max" metric, which takes the distance between two squares to be the maximum of the

® Square brackets enclose the names of the corresponding VAPs from Figure B.2.
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B3
SOa:
SOb:

SOc:

$S0d:

Sla:
Sib:

S2a:

S2b:

S2c¢:
sad:
S3a:
S4a:

S4b:

The KPKEG Program in Detail KPKEG

[SE2, SEL10; $3] check-other-strategy & depth & not select-strategy & not succeed
& not move-candidate’s & not refuted

-> gselect-strategy & check-other-strategy;

(SE3; S4] check-other-strategy & depth & select-str -ynt -

-> change-leve!;

[SE4; 55-56] descend(move) & depth & (current-level OR leve!-from-preceding-depth)
& current-mover

-> make-move & check-terminal-position & erase-check-terminal-position
& increase-depth & establish-level-at-new-depth & mover-is-other-player;

. (SE10, SE11; $7-59] ascend(move) & depth & current-level & current-mover

-> grase-strategy-tried's & retract-move & restore-captured-pieces
& decrease-depth & mover-is-other-player

& erase-strategy-signals-from-depth-being-ascended-from;

[SEL1, SE12; 511-513] succeed(move,depth)
-> ascend(move) & refuted(previous depth) OR make-the-move-if-depth-1;
[SE2, SE3; S15-518] change-level & depth & current-leve!
-> gelect-strategy & check-other-strategy
& current-level(decreased if depth = 1 OR increased if depth > 1)
OR depth [in case all levels have been tried};

[SE4; S21] move-candidate & depth & not check-move-result
& not move-offboard & not move-onto-piece-of-own-color
& not move-candidate-whose-destination-square-is-closer-to-pawn’s-queening-~
s_qggre-by—max-metric-or-same-bv-max-metric-and-closer-bx-min—me!rig
& not move-candidate-equal-by-previous-test-and-with-destination-square-
lexically-less-or -destination-same -and-origin-square-lexically-less
-> descend & check-move-result;
[SE3, SE11; $23, 526-527] check-move-result & not retuted & depth(one deeper)
& not move-candidate-at-depth-one-deeper
& not other-strategies-to-be-checked-at-depth-one-deeper
-> grase-move-candidates & record-win & succeed;
[SES, SE11; $24] succeed-strategy -> refuted(previous depth);
[SE10; $25) check-move-resull(depth) & refuted & depth(one deeper)
=> ascend(refuted move);

{SES; S38) erase-check-terminal-position -> select-strategy & check-other-strategy;

[SES; 541] terminal-win(for mover) & depth

-> refuted(previous depth) & not erase-check-terminal-position;
[SE9; S42-543) terminal-win(for opponent) & depth

-> check-other-strategy & ali-levels-have-been-tried;

Figure B.3 APs for control in the executive

absolute values of the differences between their corresponding numerical coordinates; for
equals by the "max" metric, S2a applies a "min" metric, which is similar except that the
minimum is taken into account; when there are stiil contending candidates after those tests,
lexical order is used.

8.3
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KPKEG | The KPKEG Program in Detail B3

SOc then carries out the bookkeeping involved in descending a ply, and evokes the
Q Ps vis "make-move™ to update the board for the move selected by S2s. In descending,
the usua! action is that the mover at the new ply inherits the strategy level from the
preceding move that it makes in the current search variation, that is, from two plies back.
The level from one ply back is used in going from depth 1 to depth 2. This inheritance of
levels injects some continuity into the search, since a player first tries to continue what he
was trying on his preceding move. After the board is updated for the selected move,
control returns trom the Q's to examine the “check-terminal-position™ signs! asserted by
SOc. Terminal positions are recognized by a set of Ps not shown (discussed below), and if
nothing is recognized, 53a fires and the strategy selection is started at the new depth, as
before.

There are three ways for the descent in the search tree to stop: the recognition of
a terminal position, the recognition of the success of a strategy, and the exhaustion of all
possibilities, which is a failure of a strategy. Terminal positions (including maximum search
depth, which is terminal in a weak sense only) are checked in response to the “"check-
terminal-position” signal, asserted only when a new position is first entered from a lesser
depth (closer to the root of the tree) - not when a position is re-instated from a greater
depth (descendent node). [f a terminal position or explicit success occurs, “terminal-win”
is asserted and processed by S4a and S4b. S4a specifically refutes the strategy ot the
previous dzpth; the “refuted” signal is processed by S2d. S4b sets up an exhaustion
condition so that S2b will get control, resuiting in a success at the previous depth. S2b
recognizes a failure of one strategy, implying the success of another, by noting that a
move has not been refuted by the strategy at the descendent node (that strategy has
tried all its possibilities with no success). The implied success is signalled by "succeed”,
which is picked up by Sla. '

SOd carries out the bookkeeping of the actual ascent to the parent node in the
search tree, evoking Q's with “retract-move™ to update the board. After the ascent,
controf falls back to one of two places: to S2d if “refuted” is present (from S21a), which
continues to propagate resuits back one more ply; or to S2a or SOa it there was a success
st the descendant node that refuted the move made st the present depth (S2d). S2a
solects from any move-candidates that are still available, but if none are there, SOa fires
snd strategy selection is evoked again.

Strategy selection is driven by SOa and SOb. SOa evokes a strategy (to generate
move-candidates) via "select-strategy” and at the same time asserts a signal to which SOa
or S50b respond. A strategy consumes the “select-strategy” signal and also asserts »
"strategy-tried” signal (not shown except that SOd erases all such during ascent) so that
no duplication can occur. Some strategies do respond with move-candidates in several
sets, iterating through SOa, but when no further response is possible, SOb fires and the
strategy level is changed, via S1b. Levels are changed in two ways depending on depth:
st depth 1, which is the depth of the player trying to make an actual external move, the
level starts out at the maximum (highest aspiration) and decreases when things don't work;
at other depths, the level starts out at the level inherited from the ancestral (parent) node
as explained above (SOc) and increases up to the maximum (in sccord with the strategy
hisrarchy principle). When the maximum is reached, the action represented by the second
half of Slb’s RHS (after the "OR") is taken, and the “depth” signal is picked up by S2b.
When the minimum is reached (depth 1 only), the program has failed to find a move to
make.
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To summarize the discussion so ter, there are two aspects of the strategy executive:
chess and PS control. There are severat points with regard to the former. The executive :
does a fairly standard tree search, but it uses success or tailure of strategies to svaluste : g
positions rather than a more conventionsl material criterion. Sirategy levels sre inherited iy
from parent or ancestral nodes, so that some unity of play over various depths in the tres .
is evident. Strategy levels start high and decrease at depth one, and start at the inherited :

- value and increase at the other depths. Recognition of terminal positions occurs when a

position is examined tor the first time. ]

< ° PS control is primarily of a fall-back nature: a move is made, for instance, and a
Working Memory instance records if; when it has been processed, control falls back to
examining that record and proceeding accordingly. In addition to checking move results,
this occurs when strategy levels ars exhausted ("depth” from Sib), during ascent ("depth” .
from SOd - note that SOa and S2a have explicit exclusion conditions to determine the
appropriate action), when sirategies are iried {"check-other-strategy™), and when terminal
positions are recognized ("erase-check-terminal-position”, S3a). Another kind of control is
used for generating move candidates and for selecting strategies: When a strategy fires, it
asserts a signal that inhibits future firings in the same context. Move-candidates exist as a g
sot in Working Memory, so that when 52a is examined, a new one from the set is found :
(and erased). When there are no more candidates, control talls back to SOa and SOb. :

Continuing now with more details of KPKEG, the Ps corresponding to VAP SE6
(Figure B.2), the S30s, encode conditions for recognizing ten terminal positions as follows:
' a. A pawn on the eighth rank that cannot be captured by the enemy
king; conditions i. and j. below are excluded; this is defined to be a
win for White. (531)
b. No pawn on the board (it has been captured); this is a draw (which is
considered a failure for White). (S32)
The black king stalemated. (533)
Checkmate. (S34)
e. The black king with the opposition and the white king not directly in
front of the pawn; condition h. is an exception. (S35)
f. The white king on the same file as the pawn, two or more sduares in
front of it, and the black king not closer to the pawn than the white
king. (S36) :
g. The white king on the square in front of the pawn, with the
opposition (to be defined below). (S360)
h. The white king on the sixth rank, in front of the pawn somewhere
and tairly close, and the black king not closer to the pawn. (S36R)
I. A special stalemate condition with the pawn just promoted at C8,
black king at A7, and white king controlling B6. (S37L)
). Similar to i, but retiected to the right side of the board (F8, H7, G6).
(S37R)
These may not be correct or powerful enough from the chess standpoint (see Fine, 1941)
but they suffice for present first-approximation purposes. "Opposition” is an sndgame
term that is defined narrowly as a situation in which the kings are on the same file with
one intervening square; the player not on the move has the opposition. This set of Ps is
augmented by specific patterns added as Ps, which recognize specific board situations that
have been determined during search to have a known eventual resuit.

oo
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KPKEG The KPKEG Program in Detail a3

An example of how one of these conditions is expressed is in Figure B.4. Refer to
Section B.4 for predicate meanings.
8$38; "WK FRONT2." :: CHECK-TERM(D,P) & NOT SATISFIES(D,D EQ 1) & KPK-HASP(C1)

bind the kings and the pawn to varisbles:

& ISKING(A1) & HASCOLOR(A1,C1) & ISKING(A2) & VNEQ(A2,A]) & ISPAWN(AD)
oetablish rank and file for locations of white king and pawn; both on same file:

& LOC(A3,S1) & RF(S1,R1F1) & LOC(ALS?) & RF(S2,R2,F1)
white king two or more in front of pawn:

& SATISFIES2(R1,R2,R2 7GREAT Ri.1)
location, rank, and file of black king:

& LOC(A2,S3) & RF(S3R3FI)
black king not closer to the pawn than the white king:

& NOT SATISFIES3(R2,R3,F 3 MAX(ABS(R3-R1),ABS(F3-F1)) %LESS R2-RY)

o> TERM:WIN(C1,'536) & NEGATE(1) & NOT ERS.CHECK-TERM(D,P);

Figure B.4 Implementation of terminal position f.

The Ps corresponding to the UB (updating board) VAPs (Figure B.2), the Q's, are

grouped as follows:

Q0-QOc: print a move trace; 2 Ps,

Q1-Q2: initiate move retractions; 2 Ps,

Q3-Q4: move pawn forward and backward; 2 Ps.

Q7: detect illegal king move, i.e., into check; 1 P.

Q8-Q9: bookkeepping for any capture move; 3 Ps.

Q10-Q19: king moves; 9 Ps.
A move Is given as an origin square and a destination square. The Q's print a trace, detect
the type of piece to be moved, determine the direction of the move, change the location of
the piece, detect captures, save information about a captured pisce so thst it can be
restored, and update the squares controlled by a piece as it moves.

Of the two types of moves in KPKEG, the king move is more typicel of the majority
of chess moves than is the pawn move. The actual move is done in two steps (P firings),
one to do the part common to all directions for the move and the other (one of 8 Ps) to do
" direction-specific updating. The split into two is lsrgely for reasons of economy of
expression. All eight directions are distinct because of the board representation, which
uses a different predicate to show the relation of a square to each adjacent square.
Figure B.5 gives the common P and one of the directional Ps.

The M Ps, corresponding to VAP MMCL, are divided into five groups:

M1-M8: generate move candidates to move toward a square; 8 Ps.

M9-MIN: special cases for moving toward; 3 Ps.

M11-M14: handie the delayed assertion of move-toward candidates; 5 Ps.

M16: generate candidate to move to a square; 1 P.

M17: special case for moving to; 1 P.
The means to move candidates for strategies are quite important to reducing the number
of necessary strategy Ps, since for moving in eight directions, different sets of move
candidates are appropriate. There are three move candidates in the set for moving
toward one square from another: one to a square approximately in the same direction as
the target, and two that are adjacent to the first. Figure B.6 gives s typicel means P.
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Q1 1; "X COMMON® :: MAKE:MOVE(S1,52) & LOC(ALS1) & ISKING(AL) & NOT OFFBOAROMD)
teat that move ien't onto a controlied square:
& NOT( EXISTS(C1,C2,A2) & CONTROLS(A2,S2) & NASCOLOR(ALCY)
& HASCOLOR(A2,C2) & VNEQ(C3,C2) & NOT RETRACTING(91,52) )
chack that the mave ien't onto & piace of the same color:
& NOT( EXISTS(A2,C) & LOC(A2,S2) & HASCOLOR(AL,C) & HASCOLOR(A2L) )
mehe sure thet the square is reachable:
& CONTROLS(A1,S2)
signel for capture check and direction-specific component:
«> CHECK.CAP(A}1,S2) & MAKE:MOVE:K(A),$1,52)
ond do the updating cammon to all hing moves:
& LOC(A1,52) & CONTROLS(AL1,S1) & NEGATE(1,2,7) & NOT RETRACTING(S1,S2)

mave the king disgonally left-forwerd:
Q186; "K DIAGLF" :: MAKE:MOVE:K(A1,51,52) & DIAGLF(S1,52)

onteblish the uquares whose contral will change:
& DIAGRF(S1,53) & CONTROLS(A1,S3) & DIAGRB(S1,58)
& CONTROLS(A1,58) & RANKR(S1,55) & CONTROLS(A1,S5) & FILEB(S1,58)
& CONTROLS(A1,56) & DIAGLB(S1,57) & CONTROLS(ALS?)
& DIAGRF(S2,58) & DIAGLF(52,59) & DIAGLB(52,510) & FILEF(52S11)
& RANKL(S2,512)

make the chenges (2 controlied squares stay controtied):

«> CONTROLS(A1,58) & CONTROLS(A1,59) & CONTROLS(A},S10) & CONTROLS(A1S11)

& CONTROLS(A1,512) & NEGATE(1,4,6,9,10,12);

Figure B5 Updating the board for 2 king move

M1; "MOVE TW DRB" :: MOVE:TOWARD(D,AS2) & NOT CONTROLS(AS2) & LOC(AS1)
determine that the ditection ia disgonally right-backward, using renk and file coordinetes:
& RF(S1,R1F1) & RF(S2,R2,F2) & SATISFIES2(F1,F2,F1 TLESS F2) & SATISFIES2(R1,R2,R1 YGREAT R2)
focate the appropriste thres squsres and sst up the moves:
& RANKR(S1,S3) & FILEB(S1,54) & DIAGRB(S1,55)
o> MOVE:HOLD(D,51,53) & MOVEHOLD(D,$1,54) & MOVEHOLD(D,S1,55) & NEGATE(1)

Figure B.6 Means for moving towerd a square

The bulk of the chess knowledge in KPKEG is in the strategy Ps, the W's and 8,
corresponding to the WBS VAPs in Figure B.2. As indicaled in the VAPs, the knowledge is
represented three ways: one for move-candidate generation, one for recognizing
immediate success, and one for making a maximum-depth static evaluation. Since the three
are somewhat similar, we consider details for the tirst only, in Figure B.7. Again, as for
the terminal-position chess knowledge, no clsim is made for correctness of these
strategies in general. But they are adequate as a first approximation, and from the
present limited success, we conclude that PSs are adequate for encoding whatever the
correct knowledge is. The relation between the last two columns in Figure B.7 is that at
the same level the strategies are (intended to be) opposites: success of one refutes the
other. The levels are (intended to be) such that success of a strategy at a higher level
refutes a move from a lower lsvel, but not vice varsa. A typicel strategy P is given in
Figure B8
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KPKEG The KPKEG Program in Detail
Level Pgrouwp White Biack
7 Bl  Checkmate (impossible in K-P-K)  Capture pawn

6 W2, B2 Queen the pawn, move to 8th rank Stalemate .
-] W3, B3 Advance pawn, move king off Intercept pawn by moving toward
4

‘square in front of pawn pawn’s quesning square

W34, B4 Control path of pawn by moving Block pawn by moving towerd
king toward the square any square in the pawn's path
two in front of the pawn

W5, 85 Defend the pawn by moving Attack the pawn by moving
toward it toward it

W6, B6 Move toward the enemy king, to  Same as for White
restrict its movement; always
tails at depth 2; try to gain
the opposition

bath W7 Any move not toward the enemy Same as for White
king and not toward the pawn;
slways fails at depth 2

-

Figure B.7 Summary of chess knowledge in the strategy Ps

WA&; "CONTR P" :: SELECT:STRAT(D,P) & KPKHASP(P) & CUR-LEVEL(DL) & SATISFIES(LL EQ &)

& NOT( EXISTS(X) & STRAT:-TRIEDO(L,D) & SATISFIESO(X EQ 'W4) )

bind pawn and white hing:
& ISPAWN(AL) & ISKING(A2) & HASCOLOR(A},C) & HASCOLOR(A2,C)

tind the aquere two in front of the pawn:
& LOC(A1,S1) & FILEF(51,52) & FILEF(S2,53) & NOT CONTROLS(A2,S3)

ovoke means and indicate the strategy has been tried:

o> MOVE:TOWARD(D,A2,53) & STRAT-TRIED('WA4,LD) & NEGATE(2),

Figure B.8 A typical stnte‘gy P

B.4. Meanings for KPKEG predicates

Two sets of KPKEG predicates are central to the program and to the representation
of the game, and are given here to provide an index into the following alphabetical list:
' Search: ASCEND, CHANGE:LEVEL, CHECK:MOVE:RESULT, CHECK:TERM,
. CHECK:OTHER:STRAT, CURLEVEL, DEPTH, DESCEND, MAKE:MOVE,
MOVE:CAND, REFUTED, RETRACT:MOVE, SELECT:STRAT, SUCCEED.
Board representation: CONTROLS, DIAGLB, DIAGLF, DIAGRB, DIAGRF,
FILEB, FILEF, LOC, OFFBOARD, RANKL, RANKR, RF.
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The following are the types for the arguments of predicates in the description

below:

a actor, i.e., particular piece

¢ color
d depth
f file

ASCEND(e1,82)
CAPTURED(s,0.4)
CHANGE-LEVEL(d)
CHECK-CAP(p,8)
CHECK-MOVE:-RESULT(d,81,02)
CHECK-OTHER:STRAT(d,p)

CHECK:-TERM(d,p)
CONTROLLED(a,d,9)
CONTROLS(a,0)
CONTROLS K(a)
CONTROLS:P(p)
CUR:LEVEL(d,)
DEPTH(d)
DESCEND(s1,82)
DIAGLB(s1,02)
DIAGLF(s1,02)
DIAGRB(s1,52)
DIAGRF(e1,82)
ERS:CHECK-TERM(d,p)

ERS:MOVES(d)
ERS:STRAT:TRIED(d)
FILEB(s1,82)
FILEF(s1,02)
FINDMOVE(p)
HASCOLOR(p,c)
ISKING(p)

ISPAWN(p)
KPK:HASP(p)
KPKINIT(x)
LAST:PN(x)

LOC(p,»)
MAKE:MOVE(s1,02)
MAKE:MOVE K(n,8l,82)
MAKE:MOVE:T(e1,02)

MAXDEPTH(d)
MAXSLEVEL(p,!
MEANS EXAM(d)

MEANS:HOLD(d)
MEANS-RELS(d)

MINSLEVEL(p.1)
MOVE-CAND(d,81,82)

Isvel (of strategy)

1

p player
r rank

s square

sscend to a lowaer ply by retracting the move from sl te o2 (S)®

at d, g wae captured and removed from . (S, Q)

change the etrategy love! at d (S)

chock if there are sny eaptures by g moving onto o, (Q)

check the result of the move made from sl to 82 at d (S)

check for other strategies for p ot d, afier at lesst one strategy hes been tried
S)

check it the current position (at d) is e termine) one; p2 is to move. (5, PN)O®

2 controfied 8 (see CONTROLS) before it was captured in the sserch ot d (8, Q)
3 contrals s, in the senps that it can move directly onte o (ol but PN)

set up the CONTROLS instances for king p. (X)

set up the CONTROLS instances for pawn p. (X)

Lis the current sirategy level st d. (S, Q, W, B, PN)

d ia the current search depth. (S, Q)

move one ply desper by moving sl to 82. (S)

82 is disgonally lett and back from sl. (Q, M, W, X)

92 is diagonally lett and forward from sl. (Q, M, X)

82 in disgonally right and back fram al. (Q, M, W, X)

82 is disgonally right and forward from sl. (Q, M, X)

erase the corresponding CHECK:TERM; thia signele completion of the check (S,
PN)

erase unexsmined MOVE-CAND's ot d (S)

erase STRAT-TRIED's ot d. (S

82 is directiy back slong the file of sl. (all but PN)

82 is directly forward slong the file of sl. (a¥l but PN)

find @ move for p; typed by user. (S)

g hes color ¢ (B or W). (sl but M)

2 in @ king. (sl but M)

2 in o pawn. (all but M)

this is 8 K-P-K game; p has the pawn (5, W, B, PN)

initinkize for  K-P-K geme; x is a dummy. (S, X)

production x is the last one added to the position-net module. (S)

a in located on g. (aW) '

make the move from el to 92, (Q)

update the board (CONTROLS) for the king move of g frem ol to 82. (Q)

print the trace message for the move from sl to 82, then signel MAKE:MOVE. (Q,
S)

d is the meximum depth for the sesrch. (5)

I is the moximum strategy level for p. (S)

signal that MOVE.CAND's are not to be generated by a means (M Pa) ot d, but
rather the potentisl moves sre to be held for examination (MOVE-EXAM). (M, W)
hold the emission of MOVE:CAND's ot d from » meens (M Pg) until sl possbilities
are ready. (M, W, B)

relsase {he moves hold back by MEANS:HOLD ot d (M)

{ in the minimum strategy leve! for p. (S)

the move from sl (o 02 is » condidate ot d (5, M, W, B)

@ The initials appearing at this place refer to P groups to which o predicate is relevent.
@0 PN stands for Fs in the position net gensrated by the RECORD.BLD procesa
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MOVEENAMId,01,02)
MOVE:HIST(x)

MOVE:HOLD(d,s1,02)
MOVE:TO(d g 0)
MOVE:TOWARD(d,3 )
MOVER(p)
MOVING(p.ae!l,02)
NODE-COUNT(x)
OFFBOARD(s)

PLAYER(p)
PRINT-BOARD(x)
PRINTED-BOARD(x)
RANKL(81,82)

RANKR(e1,82)
RECORD:BLD(d,\s1,82,x)

RECORD:DONE (d,x)
RECORD:FIN(d)

RECORDFIN2(d)
RECORD:PRE(d,\91,82,03,04,05,p)

RECORD:WIN(d,s1,s2)
REFUTED(d)

RESTORE.CAP(d)
RESTORE CON(y,d)

RETRACT-HOLD(s1,02)
RETRACT:MOVE(s1,82)
RETRACTING(s1,82)
RF(e,r,f)
SAVE-CON(p,d)
SELECT:STATIC(d,p)
SELECT:STRAT(d,p)
STATIC:EVAL(d,p)

STRAT-TRIED(x,\d)
SUCC:STRAT(d,p,\x)

SUCCEED(d,81,02)
TERM:-WIN(p,x)

TESTn(x)
TRACING(x)

The KPXEG Program in Detail 84

the move from sl fo 92 is resdy for omminstien by » sireiegy (sse
MEANSEXAM). (W, M)

% in o list of the moves mude in desconding te the curvent duplh, weed fer
onternel display only. (S)

sl to 52 in » potentisl MOVE.CAND ot d, generated by o mesns. (V)

gonorate moves to get gto s ot d (MW, B)

gonerate moves toward s frem g's present lecation (M, W, B)

p is the color to meve in the current pesition. (3)

for externel display, p is moving g from sl 1o 92 o9 ¢ resl gome meve. (8)

% in 8 count of the number of nodes searched, for enternal dieplay. (Q, 3

s is off the board; it exisie as 8 dummy location te simplify the besrd patierna
S, Q. M)

p is a player, sither B or W. ()

print the board externally; x is a dummy. (5)

the board has been printed: x is & dummy; this is vesd e prevent the besrd
display twice with no intervening chenges. (S, Q)

82 ie directly to the left of 81, same rank (Q, M, W, X)

82 is directly to the right of sl, same renk (Q, M, W, X)

ready fo add » set of P to the posilion net of terminel positions, which
recognize that si to o2 is the key move; d and | are the depth and level at which
the imporiance of the posilion were determined ond u ie o Fet thet ie the
common part of the LNSs of the set of Ps. (8)

the P whose teg (PN, PV, or PW) is x hes boen recerded of d In the
RECORD:BLD process; this prevents duplication (S)

the mein part of the RECORD:BLD process is finished at d (3)

finish the RECORD:BLD process by erasing various intermediste deta. (3)

at d end I, sl to 82 i the key move lesding to o terminsl pesition (eee
RECORD:BLD); p is to move, end 33, #4, and &5 give the pesitions of the pawn,
while king, and black king. (5)

record the terminsl position, sse RECORD:BLD, ot d hey move sl to 82. (S)

the strategy at d is refuled, at lesst with respect to o particuar meve
(CHECK-MOVE-RESIAT). (S, Q)

restore the captured piece remeved by & capture move (CAPTURED), ot ¢. (S)
restore the CONTROLS removed by a capture move (CONTROLLED); g wee
captured ot d (S)

hold the retraction (RETRACT:MOVE) of the move ol to 82, since it wae never
mede due to illegality. (Q)

rotract the move from sl 1o 2, restoring the board state {e ite previevs
condition; the reverse of MAKE:MOVE. (Q, S)

sl to 02 is being retracted; this suppresses certein legelity choche for hing
moves. (Q)

s has rank r and file f, both numbere. (S, M, W, B)

save the CONTROLS of p, ot d, as CONTROLLED. (Q)

st d, do a static strategy estimation for p. (W, B, S)

st d, do a (dynemic) etrategy selection, which generates move candideten, for p.
S, wB

signal that STATIC.EVAL is appropriate in the current position; thie sffectes the
direction of processing after CHECK-TERM. (S) )
sirategy x (the name of a P) hes been tried at d end L (S, W, B)

strategy x (the name of a P) has succeeded for p ot d ond k the succene e
known statically, without further search. (S, W, B)

st d, the move sl to 92 hes succeeded, in the strategic sense. (S)

p hes a terminal win (for White, @ chess win, fer Black, 8 draw), indicated by P
n; at maximum depth this evalustion is static end not ae striclly & win (see
SELECT:STATIC). (S, W, B, PN)

initinte the tost problem n, n = 1, 2, 3; typed enternslly by the user. 00

a dummy predicate.used to show the printing of en externsl trece. (8, Q)
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WEWRES:EXAM(d,p) exsmine the resulls of the meens svohed by P WEW (moving g ot d) using
MEANS-EXAM; WEW is o stetic estimetor (SELECT-STATIC) thal uses simply the

existence of one of 8 cless of moves. (W)

W7:RES:ERS(d) erase the resuits of the W7.RES.EXAM process. (W)
WT7RES:EXAM(d.a) at d, examine the resuits of the meens svoked by P W7 using MEANSEXAM, W7
desires moves that are not generated by the meens. (W)
. WIWRES:EXAM(d) similer to WEW-RESEXAM. (W) .

- WINCAND(d,51,62) ot d s8] to 92 is @ candidete that hes led f6 a win in on identical situstion ot »

different depth; ses RECORD-BLD. (S, PN)
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C. Results of Experiments with KPKEG

KPKEG has been tested on three simples problems, calied Testi, Test2, and Test3.
These are not intended to be representative of the class of all K-P-K positions, but
KPKEG's behavior does demonstrate that it is an adequate basis for a more compiete
program. Testl is discussed in detail in Section B, and is exhibited in Figure B.1.
Appendix D examines KPKEG’s behavior on Testl in detail, exhibiting: the program trace,
showing search behavior in the tree of chess moves; the state of Working Memory after
the run, which includes the internal board representation; the trace of P firings
corresponding to the program trace, broken into distinguishable corresponding segments;
and a control flow summary trace, which breaks P firings into groups. Appendix E contains
four more program traces, two for some experimental options on Testl, and one each for
Test2 and Test3.

Testl is a good test because it requires more searching than the typical K-P-K
position. This searching exercises KPKEG’s executive Ps and results in the evaluation of a
variety of terminal positions. [t also allows meaningful comparison of effects of various
options on the search. KPKEG's behavior on Testl has been described in some detail in
Section B.1. The traces on Testl in Appendix E are of primary interest here. Two search
options explored with Testl: (1) The procedurs of decrementing strategy leveis from the
maximum at depth 1, but passing down strategy levels to other depths, and incrementing
from those to the maximum. (2) The storing of winning positions for future use in the
search. The standard version of KPKEG, with both of these options turned on, finds a
move for Testl by searching 40 nodes. A version with the strategy lsvel changed to
decrements at all levels searches 80 nodes (the first trace in Appendix E), and a version
without the position storing searches 60 nodes (the second trace in Appendix E). The
combination with both options in their non-standard setting was not tried. This is good
esvidence, at least as far as a single test position can provide, tivat the standard version
has the proper options.

The most significant change in KPKEG's behavior on Testl results from an
experiment not shown: if the carrying down of strategy levels from two plies back is not
done (Ps S5 and 56 become S5 modified to work at all depths so that the ievel from one
ply back is used), the search goes on for hundreds of nodes and fails to find a satisfactory
move for White. One critical point is the situation at node 35 (please reter to Appendix D),
where Black is at level 5 but White responds at level 4, as in the sequence leading to node
23 (which happens to be caught by the position net, PN-5); in the alternate version, White
is forced to be at level 5, and only tries to advance the pawn, failing to refute Black’s
move and eventually failing at depth | with the move E4-E5. This demonstrates that the
aiternative is detrimental to the evaluative effecliveness of the program.

Test2 and Test3 (Figure C.1) are rather similar as starting positions, but have some
interesting differences in their search. Their shared traits are more important than their
differences. Both tests show the applicalion of the kind of specific knowledge that is
typically applied in K-P-K positions. In particular, White searches very few nodes, four or
less, in tinding a winning move. Black, on the other hand, searches many more in its futile
attempts (it would probably be more reasonable for the program to resign in situations
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C. Results of Experiments with KPKEG KPKEG
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Figure C.1 Test2 and Test3 initial positions; White to move
whose value is known). For illustrative purposés, the search is useful because it exercises _

some more of the terminal-position recognizers, and makes use of strategy Ps (W's and

B’s) for the lower levels (Test!l only got as low as level 4).
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D. Production-System-Related Features of the Implementation

KPKEG’s organization makes programming by gradually adding Ps easy. There is a
clear division into the strategy executive, the strategies, the means, the terminal patterns,
’ and the board-updating process. KPKEG was built up by leaving strategies and terminal
- patterns unspecified until the executive was in good shape. The action of the unspecified
parts was easily filled in by manual intervention at pre-arranged points. The executive
developed from an initial approximation by adding Ps to represent new cases of necessary
sction and by modifying the existing Ps to be more discriminating. For instance, there are
many ways that a move can be refuted or allowed to succeed (APs S1a, S1b, S2b, S2¢,52d,
S4s, and S4b in Figure B.3), and thess ways developed gradually as tests were tried.
When the executive was in good shape, strategy Ps and terminal patterns were added,
resulting in more executive modifications as still more was found out in doing tree search
over a wider range of positions. The options for the executive discussed in Section C
were not tried until all the gaps were filled in. Two features of this mode of programming
are very dependent on using PSs: each P does a relatively small manipulation to a global
Working Memory (halt a dozen or fewer changes), and the action of the unspecified
modules is usually the firing of just one P, sven in their final form.

Several kinds of control are exhibited in KPKEG: iterating through sets of things to
be tried, evoking some process and at the same time asserting a second signal to which
control will fall back, and factoring a complex selection or decision process into a cascade
of P firings. The executive iterates over strategies by repeatedly evoking the strategy Ps
to get move candidates. The strategy Ps each assert a Working Memory item that
prevents repetitions at the same depth, amounting to a simple way of keeping the context |
of the generation. Within each strategy the order in which Ps fire is indeterminate, but
there could easily be more control, with nothing added to the executive. Another form of
iteration through a generated set is in using the move candidates asserted by a single
strategy. Each time control falls back to P S21 (AP S2a), it selects (with one firing) one of
the cendidates, and erases it so it won't be considered again.

The RHS of AP SOc illustrates the way control can be arranged to fall back to
process signals stacked up in Psnist’s :SMPX. First, it evokes the Q's with a "make-move”
signal, and control falls back to the stacked "check-terminal-position” signal (the second
conjunct in SOc’s RHS). This results in evoking the terminal position patterns (S30°s) and if
none fires, controi flows to a P that responds to “erase-check-terminal-position”, also
asserted by SOc (see AP S3a). When an exhaustion of strategies occurs (all levels tried at
some depth), control falls back to the appropriate place by re-asserting the DEPTH
instance (AP S1b). The "new” DEPTH is then examined in connection with instances at the
. previous depth that recorded what was being tried when the descent occurred, in order to
. check the results, A new DEPTH is also responded to when an ascent occurs (s more

specific signal is not used), and the response varies according to whether move candidates
end untried strategies exist (APs SOd, S0a, SOb, S2a) - hers the response is selected from
8 range of possibilites, illustrating the potential for openness of control.

Control through the factoring out of cases is evident in two places as a result of the
bosrd representation, which distinguishes eight inter-square ralations. The king-move Ps

vV-19 |




D. Production-System-Related Features of the Impismentation KPKEG

(Q10%s) consist of one P that fires for all king moves plus a set of eight, one of which fires
to finish the move. The means Ps for moving toward some square are also eight in
number. A strategy P decides what it is to move toward and a means P tires to produce
that actual move candidates. This cascading of selections from among sets of Ps is the
essence of PS control: action sequences alternate with complex selections of what is to
occur next, which allow potentially the application ot large amounts of knowledge. As
more knowledge is applied in directing control flow, more intelligence will result in the
overasll process.

Most of the chess knowledge in KPKEG is encoded in the S30's, the W's, and the B's,
whose content was discussed in Section B.3. The knowledge is exclusively in the form of
patterns for recognition (LHSs), with relatively simple actions (RHSs). The patterns consist
of testing: locations and controlled squares for the chess pieces, inter-squars relations,
numerical rank and file properties, inter-piece distance, and relations of pieces with sach
other and with the edges of the board. The actions are “"terminal-win" signals, move
candidates, or signals to evoke means to move candidates. This simplicity is due to the
simplicity of chess knowledge (at least in K-P-i}, the condition-action nature of PSs, and

_the organization of KPKEG into executive, strategies, etc. Note that even though the Ps
representing chess knowledge are not independent of the containing strategic control, and
thus include control signals, the control is minimal and uniform over functionally similar Ps.
The design philosophy is to establish a flexible matrix into which specialized knowledge is
added. It is not necessary to limit added knowledge to single-P packages, as is illustrated
in several places (e.g. the W7 Ps). The general properties of KPKEG allow easy encoding
of chess knowledge, but the syntactic features could stand improvement, as we will discuss
in the next paragraph.

Several features of the PS architecture are especially awkward or inefficient for the
chess task in particular. (1) The primary inefficiency in KPKEG is in finding one match
among a set of Ps that are constructed such that only one match (or perhaps a small
number) in a given situation is likely. This is the case for most of the chess knowledge,
i.e., the strategies and the terminal-position patterns. The opportunity for savings is that
failing one match from the set might be used to reject some set of Ps from consideration.
A simple and effective remedy is to store (and perhaps represent externally) the Ps as a
tree of tests, where rejecting some branch in the tree amounts to rejecting the set of Ps
whose RHSs correspond to that subtree’s terminal nodes. (2) A related problem is a
certain repetitiveness of bindings in the patterns. For instance, meny of the patterns start
out by binding variables to the locations of the kings and the pawn. This problem can be
remedied in the same way as the preceding one. (3) The Working Memory for the board
representation predicates is heavily loaded, probably resulting in high costs for patterns
that access a number of board relations. Since, at present, the instances of each predicate .
are implemented simply as a list, there is room for improvement. The match routine could
be modified to evoke functions to compute relations, perhaps resuiting in a significant cost
saving over the present access of a long list. (4) There are probably a number of
recurring pattern expressions of a chess-specific nature that could be made more easily
expressible by syntactic conventions. These could be obtained by detailed study of
existing Ps and by analysis of chess knowledge. Further detail on this is beyond the
present scope, since it appears applicable only to chess tasks.
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E. A Comparison to a Similar Program in Lisp

KPKEG can be compared in detail to a similar program in Lisp, developed by Perdue
(1975). Perdue’s program, CP, can presently do tasks similar to KPKEG's, but is intended to
develop into a much broader class of chess endgames. This section will first compare the
overall organization in the two programs. Differences in chess knowledge content and in
approach to the problem give rise to behavior differences, to be discussed second.
Considering superficial aspects, such as conciseness and efficiency, also gives rise to
contrasts, discussed third. Differences in the details of representations snd processing will
be discussed last.

The control organizations of KPKEG and CP are quite similar, ignoring for the
moment that the means for implementing control are radically different. The main function
in CP is Findamv (find-a-move), which controls the tree search, and calls other procedures
to recognize terminal positions, to try making moves, and to do tree bookkeeping. Findamv
is an iterative (as opposed to recursive) alpha-beta minimax procedure, looping over a
body of code that either descends or ascends in the tree according to results of
subordinate function calls. This corresponds roughly to the control parts of the S P group
(i.e., excluding the S30%), which in etfect loop by re-examining the “check-other-
strategies” signal. The tree-bookkeeping functions correspond to $5-S7, and the functions
called by Findamv to recognize terminal patterns correspond to the S30's. The major
action of Findamv is to call the function Tryamv (try-a-move), which results in a new board
position. Tryamv calls several functions in turn, the most important of which are
More!'Moves and Move2. Move2 actually executes chess moves and corresponds to the Q
Ps. More!Moves has a producer-consumer relationship to the strategy function RG
(recognize), and calls Genmvs (generate-moves) with the results of RG. It is “producer-
consumer” because More!Moves calls RG repeatedly, each time obtaining something new, in
much the same way as the S Ps repeatedly evoke the W's and B's. RG and its subordinate
functions examine the board and propose strategies in correspondence with KPKEG's W
and B Ps, except that RG produces an instantiated strategy descriptor rather than actual
move candidates. More'Moves takes RG's output and passes it to Genmvs, which executes
(Evals) the instantiated strategy descriptor to produce actual move candidates. Genmvs
thus corresponds to the move-candidate assertion by the W and B Ps, and also to the M
Ps.

In summary, the overall form of control organization is quite similar in the two
programs. KPKEG maintains its control with explicit Working Memory items and by
responding to new items in Working Memory, whereas CP uses the conventional Lisp -
control stack. But Ps in KPKEG group naturally into sets that functionally correspond to
Lisp functions in CP.@

KPKEG and CP differ markedly in behavior, even though the control organization can
be put into the above correspondence. CP is not strongly based on the strategy hierarchy
principle, but rather does a mini-max alpha-beta search using more conventional evaiuation
procedures. Because of this and because of differences in the chess knowledge (e.g. the

® As far as | know, the organization of the two programs was developed independently.
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patterns tested in CP's RG don't correspond exactly to KPKEG's W Ps), CP’s search is
shorter, covering around 10 nodes on KPKEG's Test]l as opposed to 0. CP is designed so
that strategies tend to generate very few moves at each node, whereas KPKEG aims to
make the strategies generate all conceivable moves that might lead to the strategic
objectives at the particular strategy levels. In addition, CP doesn’t search through
alternatives when backing up, but returns all the way to the initial starting position and
try new move sequences from there. Even though these differences give rise to different
behavior, 1 maintain that they are non-essential, in the sense that they could easily be
brought into line without changing the characteristics of the two programs on which the
following comparisons are based.

There are a number of differences between KPKEG and CP that are primarily
attributable to differences between Psnist and Lisp, and secondarily perhaps to the
difference in programmers. KPKEG has 140 Ps, with a listing of about 900 lines, whereas
CP has about 270 functions with a listing of about 2640 lines. By these (very crude)
measures, KPKEG is much more concise, a factor of 2 in elementary program units and a
factor of 3 in size of program listing. In run-time efficiency, KPKEG is somewhat worse
than CP, using 20 seconds per node (which turns out to be 20 P firings) as opposed to
about 6 seconds. Section D contains a discussion of some possible causes for inefficiency
in the PS, and suggests some modifications. In addition, it should be pointed out that the
present PS is done by interpretation, rather than by compiling the Ps into some kind of
optimal network, which would have the pctential of speeding up the recognize-act cycle
by avoiding duplication in condition testing (see Chapter VII).

The most marked contrasts between KPKEG and CP are in the relatively low-level
details of how things are represented and processed. Where KPKEG uses Working Memory
relations to represent the chess board, CP uses a two-dimensional array, accessing
squares by their coordinates. The KPKEG representation is actually dual: one way
expresses the eight intersquare relations (e.g., C3 to D2 is the DIAGRB direction), and the
second way associates coordinates to the square names (e.g, RF(F4, 4, 6)). The dual
rapresentation is in part forced by a peculiarity of Psnist, which doesn’t allow constants to
be expressed directly in the LHS match; using the coordinates as constants indirectly
would force a2 search through 64 pairs of variable bindings. This becomes intolerable
when one is testing for two squares’ having some relation between them, requiring a
search through 64 X 64 binding pairs to find the right set satistying, say, some arithmetic
predicate. (Even without the peculiar limitation, convenience in programming and
readability of Ps might recommend the dual representation.)

A related feature is KPKEG's use of Working Memory for CONTROLS relations, where

CP recomputes them each time they're necessary. CONTROLS is used to indicate that a .

piece can move directly onto a square, and is invoived in testing, e.g., whether the pawn is
safe on some square. For the king, for instance, CP fests control of a square by testing
whether the king is on one of the eight adjacent squares, and that in turn is tested by
simple arithmetic on the square’s co-ordinates. To do this test by co-ordinates in KPKEG
woutd not be combinatorial as mentioned above, but would be cumbersome, requiring
testing of eight numerical predicates between the king's coordinates and the square’s. In
Lisp the cumbersomeness can be packaged into one function, but to do this "subroutining”
im PSs would force breaking a single match into three, one to set up the test, one to do
the test (one of eight Ps might tire), and one to tinish matching the condition that included
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the test. Some clumsiness is still inherent in the PS implementation of CONTROLS, as is
ilustrated by the king-move Q Ps. There, eight Ps sre required to do the CONTROLS
updating when a king move is made, one P for each potential king-move direction.e¢ Note
that these eight are coded once, for each chess piece, s0 that there need be no concern
along these lines in dynamic augmentation situations. But the use of extensive Working
Memory relations like CONTROLS (as opposed to intensive recomputed relations) is a
mechanism that is essential when relations become more complex, as they certainly do in
chess, and the mechanism is provided by PSs as an essential architectural feature.

Both programs represent the board as a global structure that is updated and
downdated as moves in the search are made end retracted. CP records necessary
contextual information for the board at esch depth in a stack that is correspondingly
pushed and popped, whereas KPKEG uses a depth argument that is attached to predicates
that store essential information such as captured piece locations.

CP keeps its strategies and move candidates in a similar structure, a context list
whose head (Car) is a list of untried ones and whose tail (Cdr) is the list of old, tried ones.
KPKEG's Working Memory only stores, for move candidztes, the untried ones, and for
strategies, the ones that have been tried (STRAT:TRIED). Each strategy P includes a
condition to ensure that no STRAT:TRIED exists for it, to avoid duplication, whereas move-
candidates are simply erased on use (this doesn't guarantes that different strategies or
different Ps of the same strategy don't generate the same moves, which are then tried).
fFor each entry in CP's board-context stack, there is that pair of lists, where KPKEG marks
the elements with a depth argument. The way CP handles generation of candidates for
these lists is to generate a full list and then test whether the elements of that list are on
the appropriate context list. Under this regime, for instance, in the producer-consumer
iteration between More!'Moves and RG, a list might be produced, only to discover that all

its elements had already been added to the context list. In practice, for the sizes of lists

encountered in CP, this is apparently not prohibitively costly.

Finally, we examine the parts of CP where PS-like patterns are tested. CP uses
uniform database procedures constructed for storing properties, whereas KPKEG uses the
existing Working Memory. CP has two functions, FORALL and EX (Exists), which perform
iteration over lists and selections from lists according to specifiable Lisp COND's,
operations that are included in the PS match. CP’s patterns also make more use of
function calls to test various conditions than do the Ps in KPKEG. In CP, all of the pattern
testing is under strict control and is embedded in variable-binding contexts that establish
the data for the patterns. This is less true of KPKEG, although sets of Ps are under
control of explicit Working Memory items asserted at specific points in the control flow.

Figure E.1 gives a pattern roughly comparable to Figure B.4, illustrating the function- -

calling style of the Lisp patterns.

In PSs, control of which matches are done is potentially more flexible and efticient:
in KPKEG, selection is from an unordered set of- P conditions, whereas a Lisp function
containing a set of tests is executed in a fixed pre-determined order. The order of testing
of P conditions could thus be rearranged dynamically as different Working Memory states

@ Some subroutining in the PS is used, however, to handle what is common to the eight,
for program conciseness.
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(PROC (WP NK BK)
(SEYQ MK (HK (TOPBDY)) X TOPBD = current bosrd, at top of stack %
(SETQ 8K (BK (TOPBDY))
CSETQ UP (CAR (PRAUNLISY *UHITEY))
(MAKE (STATVAL (TOPED)) X STRTVAL = static evaluation, the end result of Estin X
oo (...
CAND (EQ (RANK HK) (o (RANK WP) 2)) X UK in front of IP X
X RANK returns the rank valus of the location of a plece ¥
(cn (ABS (- (FILE HK) (FILE WP))) 1) X <o is less then or equal) X .
X FILE returns tha file valus of the focation of a plece X
(NOT X BX to move and not 1 away from WP X
(RND (BT) X BT » pradicate for Black to wove %
(e (DISY (FILE BK) TRANK BK) (FICE WP) (RANK UPY) 1))))
% DIST returns distence betueen tuo squares X
(SUREWIN WNITE)) X SUREWIN returns » triple of probsbilities X
e e o M)

Figure E.1 Fragment of Estim function of CP

SO O S

occur. It is conceivable to code a Lisp pattern matcher that has desirsble etficiency
properties as long as patterns to be matched are not allowed to become too arbitrary.
Efficiency could also be maintained in more arbitrary patterns by including heuristic
information in patterns, to guide the matcher. This would make adding patterns more
difficuit, however. The PS approach is to adopt specific and perhaps stringent conventions
which allow a general procedurs to compute an optimal matching strategy. This is not to
say that such a procedure has been developed yet, but there is some indication that the
problem is tractable.
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F. Extending KPKEG

This section will consider the forseeabls problems in extending KPKEG to a more
complete chess program. First, we consider some topics having to do with the executive
and with the strategy hierarchy principls. Then, we consider how KPKEG might be
extended to more complex domains. These will require a number of extensions to KPKEG's
representational capabilities, such as more complex inter-piece relations and descriptions
of dynamic situations. In the following, the emphasis wiil not be on detsils of such
extensions, but on their demands on the capabilities of PSs.

In the course of the preliminary experiments with XPKEG already described, severs!

teatures of the strategy hierarchy principle and the executive have come to light. In a

past try of Test! in which KPKEG arbitrarily chose to try E4-D5 as its first move at level

4, KPKEG didn’t see an opportunity to take the opposition and achieve its strategic

objectives because its strategy level was too high, above the level for the opposition

strategy. In general, it seems to be the cass that two things are not quite right: the

pressnt ordering in the hierarchy may not be correct, requiring experiments with

slternative orderings; and the whole level-oriented focus may be too narrow, requiring

opening it up somehow to allow strategies to take over that look much closer to being

successful, rather than sticking to a strategy that requires more sesrch and whose success

is not strongly indicated in the present situation. With respect to re-ordering the strategy

hierarchy, it would be easy to change the appropriate Ps to different levels by

; substituting a different level constant. But attention must also be given to whether the

principle is itself unattainable with the fine distinctions betwesn levels at present.

Perhaps fewer than seven levels is more apropriate for K-P-K, or perhaps no ordering is
correct in all situations.

With respect to the narrowness of focus, perhaps the most promising approach
would be to set up a few specialized patterns that would match and redirect the program's
attention when the board is changed, before the ordinary strategies are evoked. For
instance, it might be useful to recognize situations where king moves result in having the
black king move out of the square so that the pawn is clear to advance; or situations
where the pawn is left open to attack in the course of some other strategic maneuvers. A
more radical change to KPKEG would be to reorganize the strategies to be much more
bottom-up, analyzing the board in terms of what looks possible, rather than top-down as
at present, setting up goals to try particular things in a predefined order. This would
probably require much better descriptive capabilities as described below.

Finally, with respect to the strategy hierarchy, on the tests tried there appeasrs to
be no need for the standard alpha-beta minimax procedure; i.e., the search always stays in
the region above "slpha”, converging on the best available move from above. A proot or
refutation of this property may emerge as the principls is exercised on chess tasks that
aren't as limited as K-P-K.e

® None of the ditference ot 40 nodes searched versus 10 nodes tor CP are due to alpha-~
beta considerations.
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There asre simple varistions on the present task domsin that introduce new
complexities and that may force major changes in the basic descriptive elements that the
Ps.work with. The tests used for KPKEG deal with relatively localized situstions, ss
opposed to ones requiring many moves to bring the pieces together for the iocalized rules
to apply. Such a situation is illustrated in Figure F.1.

ve X (] e
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Figure F.1 A non-localized K-P-K position

This class of situation requires at least the use of special strategies that generate fewer
slternative move candidates, and candidates that are more specifically directed towsrd
particular distant squares, than the present move-towards means. It aiso requires that the
maximum search depth be increased (from its present setting of 9) or sllowed to be
changed as the situation demands. (Perhaps maximum depth is the wrong approach, but
there will probably remain the idea that st some point the situation requires a static
evaluation such as the one done now when the maximum depth is reached.)

Tasks with more than one pawn introduce considerable complexity. A typical
situation is given in Figure F.2. Some salient features of such tasks ere: the necessity
for the white king, as well as the black, to broaden its strategy to stop enemy pawn
advances; the necessity to divide the board into two or more sectors of activity that are
to some extent independent of other such sectors; and the necessity to describe relations
between such sectors, with particular attention to the ways in which individual pieces cen
perform functions in more than one sector.
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Figure F.2 A task presently beyond KPKEG's capabilities

As we have pointed out several times above, advances in KPKEG's power depend on
enriching its board representation. Three levels of descriptive organization can be
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distinguished: relations, which ars computed directly from the board, for instance,
CONTROLS in KPKEG; chunks, which combine several relations, usually lsbelling commonly
recurring or important combinations; and board sectors, which are the semi-independent
units of snalysis described above in connection with more complex endgame tasks. For
KPKEG, which siready has relations to a limited extent as Working Memory items, it is
feasible to have relations, chunks, and even sector divisions computed when the board is
updated, by Ps that recognize conditions that make or break the descriptive units. These
Ps would not need to be specifically evoked, but wouid work in a bottom-up fashion (the
considerations of efficiency discussed in Section D would apply here). Note that in aiready
having some relations, and in the proposed updating capability, KPKEG is superior to CP,
where additional ad hoc procedures and calling conventions would be required. CP and
other similar program structures would probably find it difficult to direct their activity in a
recognition-oriented bottom-up mode, since the structure lends itself so easily to the
contrary top-down mode. It is envisioned that having better descriptive capabilites would
prove advantageous in expressing strategy Ps and similar patterns, in changing KPKEG to
be more bottom-up as just described, and in allowing patterns such as those constructed
by KPKEG itself to recognize terminal position classes instead of specific positions.

Several specific features of KPKEG are troublesome with respect to more ambitious
applications to chess. One is the problem of using the present Ps for a game in which
Black has the pawn. The Ps do not mention Black or White, using a Working Memory
instance (KPK:HASP) to determine which color the pawn is. But Ps that test board
configurations rely heavily on the orientation of the board: “forward” is always towards
White's eighth rank (Black’s home row). A solution might be to transform the entire board
representation so that it would be reversed with respect to the external game but would
internally match the white-pawn assumption. Another featurs of KPKEG is the
repetitiveness of the search. The specific strategies may be at fault for generating
duplicate moves; the strategy hierarchy, or its implementation as seven lsvels, may be at
tault; or it may simply be necessary to implement a more general mechanism to prune
duplicates. The general mechanism might consist of Ps that would record the resuits of

specific moves in specific situations so that all future searches could take advantage of

past effort. This, of course, has benefits beyond simply preventing duplicates. It also
raises an issue that is pertinent even to the present, limited P-building scheme. That is,
how can the number of Ps added be ultimately controlled, so that the set of Ps converges
to a more-or-less stable size, or at least somehow avoids all possible board placements for
each pettern? Perhaps the convergence will occur when more powerful descriptive
devices sre used, e.g., the chunks mentioned above. Using more abstract descriptors of
the board in this way would result in Ps with greater generality, and in fewer distinct Ps
overall. An alternative is a scheme of generalization that might collspse a set of existing
Ps into one according to a general procedure. At present, only indications of the need for
further research can be put forward.

Finally, we briefly consider some requirements for improved chess programs as put
forward by Berliner (1973, 1975a). The basis for the improvements to be considered is
the idea of a causality facility, whose purpose is to determine why a search fell short of
aspirations. It must differentiate between failure for superficisl reasons (a particular
move, for instance) or for deep ones (inherent features of the situation). The first specific
improvement comes from the idea of building a refutation description as a result of @
search that failed strategically. The refutation description includes features of the position
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and of the search that the causality facility proposes as essential to the failure. It is used
by move generators that try to counter those features, thus giving the program a way of
rostricting available move choices. For K-P-K, the implementation of this idea would resuit
in searches with fewer branches than in KPKEG, but with the option of generating specific
extra branches to meet specific demands. Since move-generators are Ps in KPKEG, the
immediate approach to try would be to build specific Ps sensitive to elements of a
refutation description in Working Memory. The second improvement comes from the idea
of lemmas. Lemmas are the followup of a causality analysis, functioning to reject lines of
play on the basis of a description of a difficulty that is known to be fatal to all such lines
of play. The PS approach to this involves building a P to act as a "demon” to recognize
such situations and immediately refute moves that don’t surmount the difficulty.

We can now review the progress KPKEG has made toward its aim of establishing PSs
ss a viable architecture for chess programming, especially in comparison with Lisp and
other conventional architectures. The standard variety of search in » tree of moves has
been readily implemented, using knowledge in Ps to significantly reduce the amount of
search. Modular sets ot Ps cooperate smoothly to achieve an overall organization similar
to & subroutine hierarchy, but with more flexibility and openness than subroutines. PSs
are a concise and easily augmentable way of representing strategic knowledge in chess.
PSs are also appropriate for complex selections and behavior that frequently requires
complex choices. The present implementation has been usetful as a pilot study of the K-P-
K task, lending itself to explorations of various options and to development of control
knowledge incrementally. Explorations of options take place usually by simple
modifications in RHSs of Ps and by splitting an existing P into two or more finer
discriminations, for action alternatives. The PS approach shows significant promise for
bottom-up action, i.e., action intimately connected to the immediate problem-~solving
situation, which seems desirable in comparison to top-down hierarchically-controiled
direction of action. There is the possibility of syntactic modifications to improve efficiency
snd smoothness of expressién of chess patterns. Finally, approaches to more complex
chess tasks are well within current PS capabilities, with natural and immediate application
to several propased mechanisms for improving the state of chess programming technology.

F.l. Acknowledgements

The author gratetully acknowledges help from Hans Berliner and Crispin Perdue in
developing the concepts on which KPKEG is based, and in reading and commenting on a
preliminary draft of this chapter.

v-28




G. References
Berliner, H J., 1973. "Some necessary conditions for a master chess program®, Proceedings
of the Third International Joint Conference on Artificial Intelligence, pp. 77-85.
. Berliner, H J, 1975a. "A representation and some mechanisms for a problem solving chess
. program"”, Pittsburgh, PA: Carnegie-Mellon University, Computer Science Department.
Presented at the Second Computer Chess Conference, Oxford, England, March 1975.
Berliner, H J., 1975b. Lectures and direct communications.

Fine, R, 1941. Basic Chess Endings, New York, NY: David McKay Co. Fourth Edition.

Perdue, C., 1975. Lectures and direct communications.

v-29




- ——p -y R ———

SRR w3 g e -~ -~ >y W e T T YIRS 5% 20 Y TR IR
f
KPKEG
KPKEG APPENDICES )
k
o vai




Aowentnt A ROERAMLISLIMAFOR NMRS
amely S P3 FOR K1NG § PAWN VR KING ORSS DNDBAE 3

S GROLPE OF PRCOUC T 10N

STRATEIGY [XTCUTIVE

MAKE MOVES. UPOAT (NG THE BOARD
MEANS: GENERATE MOVES FOR STRATEGIES
WHITE STRATEGIES: FvONt MEANS
BLACK STRATEGIES: EvoRE MEANS
EXAMPLES FOR TEST ING

]
B ARGUMENT TYIES:
N [ ] L3

L4 [ 211 3 [ 4 nAveR

[ uvL (4 coLon

-] ofrT™ A ACTOR « PTECX
]
] MACROS:

LOAE(AR) - A PREDICATE TO TEST LEXTCALLY LESS THAN OR EQUAL
LEMLT(AM) - A PREOICATE 10 TEST (EXICALLY STRICTLY LESS NN
PRIVTBOAGDIAL 41.) - PRINT BOARD, PIICES TN ASSOC LIST AL,

H IS A NISTORY L IST, INDENT LEVEL L
TRACEPRINTI(MSIGL ) - PRINT W SSAGE MSG. INDENT LEVEL |
TRACEPR INTMWARGS)) - PRINT A MOVE, W1 TH ARGS) - PIICE BE NG

MOVED, SQUARES, HOOE COUNT, INDENT LEVIL
]

EXPR LGN NGIN SPAGL 2%
DEMDINPRC) PEMACRO(PEE GM): RE QU 1 BE (XPUQ XPOLPTW XPED KPO0s
S STRATIQY txECUTIv &

909 “INIT" ¢ KPKINIT0X) & ISPAWMIA) § MASCOL OR(AP)
O PEHASHP) § MAXSLEVELID.7) § MAXSLEVEL('W ) § MAXDEPTH(S)
S PLAYERE) 8 PLAVER('W) § WINSLEVEL(D.1) & MINSLEVEL('W,1)
8 LAST AN RMOW);

$11°T0P FIMD" s £ INDMOVE(P) § MAXSLEVEL(PL)
< PRINTSOAND( T) § OECXTEMA | P) § ERSOECKTIN | P) § DIPTICH)
@ CURLEVEL(1L) & MOVIR(P) @ NEGATE(I) & MOVENIBT((TH
& MODECOUNT(1):

B9 "MK OTHERS™ s OMECKOTHERSTRAT(DP) § DEPTMD) & NOT SELECTETRATOM
& NOT{ EXISTSISIS2) § BUCCIIDMS 1 S2))
& NOT(EXISTS(S152) § MOVICANDIOS I SD))
8 NOT(EXISTSIDZ) § MFUTEDMT) P SATISF ILSNDIDDREQO - 1))
= SELECTETRAT(D!) § DECROTIERSTRAT(DS)
B4 “PELECT-" « O CXOTHERSTRAT(DP) § DEPTIKD)
S MOT{NOT SELECTSTRAT(DS) & NOT STLECTSTRAT(DM )
N MANES SELECTSTRAY LOTALLY NON-FLUENT ©
> IRBGTRATTRITOID) & CHANGELEVILID) 8 NOT SELECTSTRATIDS) § MEGATE 1)

8% "DESCIND” » DESCEND(S 1 37) § OLPTH(D) & SATISF ITS(DD £Q 1) § MOVINP ()
8 PLATERP2) § VWEQIP 1 £2) § MOVENIST(N) § URLEVEL(DL)
o3 MAEMOVET(S | 32) & OECK: IO « 1£7) § ERSOCCKIIAD « (A7)
& MOVER(PZ) 8 CLRLEVEL(D - L) § DEPTICD . 1) § NEGATE(128)
& MOVIHIS TSN ACO(X S 1 S7+ CONS COR X1},
$8: “DESCINGZ™ » DESCEND(S 137) 8 DEPTICD) § SATISF IESDD 74GREAT |)
@ MOVIR(P 1) @ MAYTAP2] § VWEQP 192} B MOVESISTIN) & CARLEVEL(DIL)
& SATISFES2OO2D21QD - 1)
a3 MANTMOVE:7(S132) § OLLXTIMNAD « 1 $7) § IRSOLCIINND « 1P7)
& MOVERIP2) 8 CLRLEVILID . 11) 8 DEPTICD « 1) § MIGATE(128)
& MOVES]STIOM ACDIX 3132 CONS CDR X)),
$71 "ASCEND " » ASCENDS 1 S} & DEPTICD) § CLALEVELIDL) & MOVENP1)
8 PLAYEA(P 1) § PLAYIA(PZ) § VIR OKP | P2) B MOVEHIST(N)
@ (RS TRAY TRITOD) § BETRACTMOVE(S 1 S7) § SESTORTCAND) & DEPIMD - 1)
& MOVER(PZ) § MEGATH(ALL -9..6) § VOT SELICTSIRATIDPY)
8 NOT CHICROTMERRTRAT(DP 1) § MOT O CE TIMADP1)
§ NOT (RSO ECH TIMADS 1) § MOVE H]IST{00 ACTHX COOB )N
R ASCEND AT OEPTH 1 1S IMPORTITLE - ASCEND ALWAYS DRIVEN BY SESILT OF MOVE §
BT, "IN TRICD" ¢ ERSSTRAT:-TRITOD) & STRATITRICOMKL DY » MEGATLUALLN
S77, “LaS TRILO-" ¢« (NTSTRAT-TRI(0(D)
S NOT{INIBTSIXL) @ STRATIRIIOINL DY )
> MEGATE( 1) »
B8s “RESTORT CAP™ « RESTORE CAMD) § CAPTLLDIA S D)
) ALSTORTCOMAD) & LOCIAS) § MEGAIL(1IN
GOC; “WESTORT CON" « M STOM COMAD) § CONTEXLEOIAD SD)
> CONTROI SIASD) & MGATI(ALY
O “WSTORY CAS.~ o RESTORECARID) § NOT{ IXNISTISA) & CAPTUMIIASD) )
< MEGATE())

LS

$11: "NCCSE" s MCTLEOD.$ 1 52) § BATIFF IYHDD EQ 1) & LOASDY
§ VASCOLOMA )
2 MOVINGIPAS 1 32) § MGATH)):
018 "PACE UP” 5 SUCCLION 31 57) § SATIIF I(SIDD NORIAY 1)
WOEPTH ISACTUMLY AT D . 1 MERE S
© ABCIND(S 1 37) & SEFUTEDND - 1) & MEGATL(I)
B0 "DECR LEVEL " 3 OMIGE LEVEL(D) § DEPTHID)
S BATISFILSOD EQ 1) & CLURLEVEL(DL) & MOVERP)
SUINSLEVEL(PLY) 0 SATISFIESZNLL2A SGMAY LD}
& SLECTETRAT(DS) § CECKOTHERSTRATI(DP) 8 CLBLEVELDDL - 1) .
& TRACING{ TRACEPRINTMICLTVEL.Y-L - 19)D)) 8 MEGATH(1 AN
B0 “DICR LEVEL-™ ¢« OUNGELEVELID) § DEPTID)
S SATISFIESIOD €Q 1) & OMLEVILIOL) & MOVEMP) & MINBLEVELDPL)
> OEPTHD) & TRAC INGITRACERRINTI(LEVEL . 7-. FATL DEPTND PO DR
O MEGATE(I) <
B0 “IMCR LIVEL™ s CUWGLLIVEL(D) & DEPTID)
8 SATISF IESIDD %GREAT 1) § COMLIVEL(DL) B MOVIRD)
& MAXSLEVEL(PL2) § SATISF IES2M L2L ?eLESSLT)
© SOLECTSTRAT(D) § CECKOTHERSTRATIDS) & CLRLEVELIDL « 1)
& TRACTAGLTRACEPRINTAN(LEVEL V.4 « 1 PD)) 8 NEGATE( 1 AN
S8 “JNCR LEVEL-" v CHANGELEVEL(D) & DEPTICD)
& SATISFITSIOD PGHAT 1) § CURLEVEL(DL) & MOVIRIP) § MAXBLEVEL(PL)
O OEPYMD) § TRAC NG TRACEPRIWNTH{(LEVEL, Y- YAIL DEPTHD DY
& MEGATE()):

S215 “SELECT MOVE " « MOYVECAMNXD S | $2) § DEPTHD)
§ MOTT EXISTSISI S4) § O CXMOVER{SUL T{DSI S4) )
& NOT( IXISTSISISE) § MOVICANDIDSISE) § WINCANDID S334) )
R ASSUMING MUST WATT T1LL MOVECAND GIND BIFORE WINCAND TARES ¢
& ISPAWN(A) § LOCIAS) & BF(SRSF) 8 W (E2R25D)
X THAT B9 EXCLUDES OF FBOARD S2'8 ¢
S NOT(EXISTSICALAZ) § LOCIATS 1) § LOCIAZSD)
§ MASCOLOR(A (C) § HASCOUOR(AZC) }
& NOT{ IXISTSISISA AT &) § WOVECANDID SISE) § IF(BANASS)
@ BATIIF [ES2RES & MAXIADSIB-R4) ABSIF £ 4))
oL ESS MAXIABSIS AN ABS 200 )
SOISTANCE TO PAWN'S Q SQUARE IS LESS &
S NOTI IXISTSISI SA 2474) § MOVECAND(D S3 S4) & W(DENGSE)
'8 SATISFIES2004F 8 MAXIABSIE RO ARSI F4))
£Q MAXIABS(S 22) ABSIF 5 2)) 1
& SATISF IFS2(RAF 4 )6 INABSIE-RE) ABS(T £4))
ToLESS MIMABS(8-22) ARSI £2)) )
B NOT{ IX]ISTS(S3S4 R4 FL) § MOVECAND(D S S4) & W (BSR4 6)
8 SATISF [TS2(RE 7 8 MAXABSIR RQ) ABSIF £ &)
£Q MAX(ARS(S-£2) ABS(F £ 2)))
8 SATISF [{S2RA F 4 MINMABSIR-NA) ABS(F-F 8))
£Q MINABSIS-R2) ABSIY £ 1))
O BATISF I{SHS45284 LEWLY §2))
8 MOT{ TXISTS(SI) § MOVI CANKIDS3S2) § SATISFISABLIRISILEXAT )
U PIOHS DESTINATION SQUARE CLOSEST TO PAWN'S QUECNING SQUANE &
§ AMONG EQUALS BY THAT. CLOSEST BY UTN ALSO, THEN LEXXL VST DESY,
THENLEXLTST SOURCE wiTH THAT UNIQUE DEST &
«© OESCIND(S 1 37) § OLTHMOVI AIRA (DS [ 32) § MGATE(\)
STIA “SILECT WIN 1 MOVE CAND(D S 1 S2) 8 W INCANDID S 1 ST) § DEPTMID)
N CANGIMLY BE ONE SUCH W IMCAND ¥
o BEICTNMS | 32) § OULCAMOVESENA T(DS152) § MEGATIOLD
& TRACINGI TRACE PR INTM( (US ING, W INCAND. S 1 AYDYR
82102 “SELICT OWN" ¢ MOVI CANDID S 1 S2) § DEPTIH(D) § LOCIAI B 1) § LOCIAZ B)
§ MASOOROR(A { £) § MASCOLOMAZC)
« OEPTD) § MEGATE(1):
BT10; “SILECT OFF " ¢ MOVE CAND(O S | $7) § DEPTHID) § OFFOOARDIST)
© BEPTIED) & MEGATE( V)
S5 WOT RFUTED™ + ORCXMOVIAESIA T(DS152) § NOT REFUTION) & DIEPTIHDY)
S SATIT HSADDIDZ QO . 1) h
§ NOT{ EXISTSISISA) & MOVE CANDID? $IS4) )
8 MOT( EXISTSP) § OCCKOIHERSIAATD2) )
 MRIINTSOARD(T) § ERSMOVESID) & MOORDWINIDS 1 52} § RCCEIOMO B ISD
@ TRACINGI TRACEPRINTI(SLCCELD S 1 52, % 823 DTN & MGATH I
201 “BAUCE STRAT ¢ SUCCS TRATDPS X)
o FRINTOOANT) & SEFUTEOD - 1) § MEGATI()
§ TRACING TRACT MR [0/ 0( SUCCLED STRAT 1EVELL T 20000
2% “MIUTLO™ + OXCRMOVI AL NA YD S (32) § MrUTIOM) § MPTHIDD)
8 SATISF HSADLID2IQO . 1
D ASCIMS 132) 8 MGATE{ 12N Y FAL BACR }
201 LIS MOVES ™ 1 [ RSSOV STD) § WOVE CAND(OS | STY
O MGATIHNLY
S200 “TAS MOVIS-® ¢ (EZMOVESD) & MOT( LU ST | §2) § MEVICANDION | 500 )
o MGATL 1)

€30 "MAX DIPTH" + CMECK TIAMD P) & WAXDEPTICD) & NOT STATICEVAL D)
< OFCK: LMD 8 STATICEVAL (DY
£311 "WIN W 2 OECX:ITAD P} § 1PAWNA)Y § LOCTA $) § KPRASIND)
QWFI(BAZ) 0 SATISFILSRE £Q 8) B I1SRINGIAT) § MASCOLORIAR L)

-
i A o e j




8 SATISPIES(CL £Q W) & IIMINGIAT) § VEQIAZ ATY
& NOT( CONTROL (AT S) § NOT CONTENL ASS) )
@ LOCIAZSZ) 6 NOT{ SATISFIES(SS FQ CR) 3 SATIST IL(S252 £q 'AM))
@ NOT( SATISFIIS(SS (Q 78) & SATISTI{S2S2 (Q W)
o TERMW NP 'SI1) § NEGATE()) § NOT [RSORCR-TIMYO PN
S325 LOSL W™ ¢ DECK:TIMADP) § NOT( IXISTSIAS) § ISPAWKA) § LOCIAS) )
8 MAYER(PZ) § NOT KPMASHPT] § IPEHASHPT)
o> TERMAY INOVZ $37) § NEGATH( 1) § NOT LASC ECRIIMND PR
55 “STALE" s CECK:TLAMIDL) § NDT EPRMASING) § 15X INGIA) & HASCBLONAL)
8 LOCIAS) § PR MASHP)
8 NOT( EXISTSIAZLT) & CONTROL HAZS) § HMASCOLONMAZLZ) § VEQICLR) )
S NOY({ IXISTSISZ) & CONTIOL SIASZ) & NOT( EXISTRAZ)  LOCIA2SR) )
& NOY OF FROANDIS2)
@ NOT( EXISTS(AZCT) § CONTIX ${AZ S2) § MASCOLORAZ L)
& WRQACLN))
«> TERW JAEC 'S33) & MEGATEC1) & NOT [RRCECKITIMIO L)

. S0 TMATE" & CHECK TEAMD L) § 1SXINGIA) § LOCIAS) § CONTEN SIAZS)

& HASCOLOR(A C) § HASCOLORIAZ C2) & WEXCCD)
A NOT(EXISTS(32) & CONTROE S(AS2) 8 NOT( [XISTS(AT) & LOIASED) )
@ NOY OFTROANNXS2)
@ NOT(EXISTSIAZ) § CONTAOLS(ADS?) § HASCOLOMAILY) ) )
o> TERWHW INIC2 '$34) § MEGATE(1) & NOT EASCOECK TIMADL):
S36¢ "BX OPPOS” 1 CHECK:TIRMIDP) § NOT SATISTIISIDD €Q 1) § PEMASHP)
& ISXINGIA 1) & HASCOLOR(A| £7) § VNEDIP P2) B 1SR INGIAZ)
S HASCOLOR{AZP) § LOCIAIS 1) 8 FILEB(SIS?) § F ILENSZ SI) & LOCIAZ )
& ISPAWNIAD) & WF(STRIF 1) § LOCIATSS) § R¥(S4R2S2)
& VMEQIF 1F2) X BX MAS OPPOS AND WX NOT IN FRONT OF wP DIRECTIY R
O NOT{ SATISFITSIRIRY £Q 6) & SATISFIESHE LA SHOREAY K1) )
L WRNOT(ON SIXTHAANK § INFRONT OF WP ) 2
> TERMAWINGP2. $35) & NEGATE(1) & NOT ERSOHECK-TID P
S36; “WX FRONT2." 3 CHECK:TIRMIDP) § NOT SATISF I{S(DD €Q 1)
@ KPRHASHCT] § TSKINKA (] § KASCRORIA L 1) § TSKINGIART
& VNEQIAZ A1) & ISPFAWNAT)
SLOCIATS 1) 8 WF(SIRIS 1) B LOCIAIS)) § W(S2R25))
8 SATISFIIS2(RIA2 2 YWGUAT /). 1)
S 10CIAZRI) & W(SIRIS D)
@ NOT SATISY IESIHR2NI S T MAX(ABSIRY R 1) ABS(F 37 1)) 7oL ESS 28}
TWKDIR (NFRONT OF P Bx NOT CLOSEA TOP X
o> TERMAYINC 1 'S36) & MEGATE(1) & NOT (RS CHECK:TIAMD PN
SI00) "W FRONT 1* ¢ CHUCR:TERNDP) § NOT SATISH IES(DD €Q 1) & NOT CPEMASHP)
& ISKINGIA L) § HASCOLOR(A | P) § ISKINGIAZ) § VNEQIA 1 AZ) § EPRMASIC)
8 MASCOLOR(AZ P2) & ISPAWNIAY) § LOCIAISH)
G LOC(AZRZ) 6 FILEN(S 1321 0 7 ILEF(S253) & F IKEF(SISE) @ LOKXALSE)
T WK DIR INTRONT OF WP AND HAS OPPOS
> TERMMAYIMPZ.S.280) § MEGATE(1) § NOT (RSOECK:TIOMND M)
SION; “WX FRONT 6 « CHECK:TIRMWD 2) § NOT SATISFIESIOD CQ 1) & ISKINGIA 1)
& HASCOLORIAIC 1) & XPRHASNC 1) 8 1SPAWNIAZ)
SLOCIALZ 1) 8 LOCIAZS) D MF(SIRIF |} & SATISFIESIRIAYI EQ W)
QRF(S2RF2) 8 SATISFIISHRIAZR) NWOREATRZ 2 @) UESS 2 0
@ SATISFICS2(F 17 2AUSF 1.72) 761 €SS 2)
8 ISINGIAS) B VIEQ(A | AD) § LOCIAILD) b W(SINIFY)
8 MOT BATISF IESHR I A2 HIMAN(ABSIND 22)ABSIF I+ 2))
PoLESS MAN(ABSIR | .R2)ABSEF | -FoN)
8 WX ON SIXTH RANK [N FEONT OF 9, BX NOT (1 OSTR TOP X
o> TERWAY IMT | ST68) § MEGATL(1) § NOT [ESCIECK:T{RWD PR
SIT) STALE QL s CHECKTIAMD ) § NOT KRUHASHP) § ISPAWMIA 1}
& WPRHASHC)
& HASCOLORMA( 22) 8 YWEQUP2P) § LOCIAIS 1) b SATISFIES(SISIIQ o)
@ ISKING(AT) & HASCOLORIAZP) § LOCIAZ S?) § SATIST IFS(S2 52 £Q A7)
0 ISKINGIAT) & VAEQ(ASAZ) § CONTROL S(ATST) § SATIST ([S(S3ST [Q B6)
© TEMMWIMP SIN) 8 MGATE(1) § NOT (ASOECK T(ADP):
B3R "STALEL Q R° s CHECK:TIMADP) B NOT KMIHASNP) § 1SPAWMIA L)
& KPRHASH(C)
& MASCOLORIA I P2} 8 VMEQIPZ P 0 LOCIA1S 1) § SATISFIESISIZE (Q ¥®)
8 ISKINCIAZ) & HASCOLORIAZ P} § LOCIAZ S7) @ SATISF I($(8287 €Q W
® ISKINGIASZ) & VMEQUAZAZ] B CONTROI S{ATS3) 8§ SATISY 11S(53 53 £Q GO}
o TERMAY IAEP, STTRI 8 MIGATI(1) & NOT LESCOE CX: 1 {AMD PN

I8 TS " ¢ ENSOE LN TINND D)
) SELECTETRAT(ON) § OXCYONEDSTRAT(DS) § MGATE( 1)
B MOT RO TIAWND P):
EIP); “STATIC EVAL® : [RSOCCK.TIIMNDP) § STATICEVAL(DPY
o SILECTATATICM L) 8 MEGATI(12) § NOT ORCY T{OMOPH
B IF MO POSIT [VE AESPONEE 10 STLECTSTATIC PREVIOUS DEPTH 1S NOY
MrUTED

B41; “TEMM RLY.° ¢ TIOM NP X) § HOVINP) § DIPTHIED)
S PRAINTOOARO('TS @ FETUTIOM - 1) & MGATI(T) § NOT STAT ICEVALIDS)
& TRACING{TRACEMRINTMICTIAMINAL WIN FORP %30 DY)
GOF; "TIUM RER.° o MW IND 2} § WOVINSI) § VI OIPP7) B DEPTIHID)
@ SATISFIESIDD P9CREAT 1) § WAXSIEVILIPZL) B QOLEVELIDLD)
> PRINTSOAND( 1) p OECROTIIRETRATIDPZ) § MGATI(1.7) § OURLEVIL(DL)
& WOT STATICEYM.(DP)

PRODRAN LISTING FOR PG

§ TRACINGITRACE PR INTICTIRMINAL  WIN.FORP, D IO DN
4B TEAMAZS-1° & TIMA NP ) § WOVIIPT) § VRGP PT) & OEVTVDS
S SATISFITSIOD €Q 1) § MIVRLEWL(PZL) & CUEVELIDLD)
© OECKOTHERSTRATIDPTY § MGATI(L,T) 8 OMLEVELIDA)
§ NOT STATICEVAL(DPT)
& TRACINGITRACE MR INTMICTERMINAL 'WIN.Y0RP, D X0 DN

905 P SOAID" 5 PRINTSOARD(X) § NOT FRINTLOSOARX) § BPHAIIP) & SEPTMED)
B TSPAWAKAT) § LOCIA 1S 1) § ISKINGIAT) § LOCIAZST) & TR INEIAT)
8 SATISFIESAATAZAZ LEXLTY AT} § LOCIAZED) 8 WIBIRIS )
8 W(KIXTI2) § W(SINIFI) & MOVINISTIT)
© TRACINGIPRINTAOASIX (R 1 F LA D BZFIAD IIFSADI2DN
§ PRINTEDSOANDU'T) § MEGATH I
$511°P SOAND" s PRINT BOARXX) & NOT PRINTEDGOASDNN) § EPRMASPI) § OEPTIED)
SMOT(EXISINAISI) & ISPAWNA (] § LOCTALST) )
@ ISKINGIAZ) § LOCIAZ S2) 8 ISKINGIAZ) § SATISF [ISHAIAZAZ LA T AR
8 LOCXAIST) ¢ I (S2R21 2} 8 I{SINI/3) & MOVINISIT)
o TRACINGIPR IWTAOARDI<R2 F 2AT> WIS SASH 2 ON
8 PRINTEOBOARD(T) § MEGATE()):
€521°F BOAID-" 1 PRINTBOARD(X) & M INTIOGOARD(X) «> NEGATE th

SO0 WEC P P° ¢ RECORDAYIND SAS 1) § CURLEVELIDL) § KPRMASIP [}
0 ISPAWMIAL) § LOCIA 1S 1) § ISKINGIAZ) § HASCOLORIAZP 1) § TORINGIAR)
8 VNE(RATAZ) § LOCIAZS?) § LOCIA3S3)
> MCONDPRE(DL 545 1 SAS2SIP1) § MEGATL( ),
9811 WEC P WK® s RECONDAY 1MD 343 1) & CLRLEVEL(DL) § KPREASHP 1)
9 ISKINGIAT) 3 LOCXA!S)) & HASCOLORIA I PI) & ISPAVAKAZ) § LOCIA2SD)
B ISKINGIA3) 8 VWEQUAT A1) B LOCIA3SS)
o RECORDFRE(DL S48 152S4S3P1) & MGATE( 1)
S82: “RIC P 8" r RECORDWINDS4S)) §p CLRLEVELIDL) B KPRMASIS *)
§ ISKINCIA1) B LOCIA LS 1) B HASCOLORIA1P?) & VMEQIP2P 1)
B 1SPAWNIAZ) § L OCIAZS2) & ISXINGIAS) 8 VMEGIASAT) B LOCIASSS)
= MECORDPRE(DL 54 5157 SISAP2) § NEGATE(\Y
B53 WEC PRE" 3 NECORDPRE(DL S453518253))
« RECORDOLIXDL S4 55« CHECK.T(AMD,P),
CBATIST 1£8.9,CLQP.COUOTES D,
CIPAWN,ADAOCA IS CSATISF IS 81,
QLT CQOTES D,
CISING, A2, CLOC. AT, SZ7" CSATISF I3.'52,
EQS2.CQUOTE SZ°0,
CHASCOL O, A2, P22 CTPRMASS. PD) CISK ING. AD),
CLOC AY SICSATISF IS SICEQ RICQOTESDM 3
& PECORDS JMD) § MEGATI( 1)
B84 WEC SUC” & AECORDM DD 11 ) SASIX) & LASTANY)
& MOT( EXISTSIZ) & #ECOVOMME(D 1 2) § SATISFICSITZ €Q W) )
 EXTSTSPN) & ADOPRON(PN YNILX @
T TATL OF LMS: & C(CSATISFITS.D.CAND.ONEQD.DY,
UOT I ESS, DD 13,
COMLEVEL DA CSATISFTES L. ANOT.CRGREAT.LL 1D,
OB CTIMRWIN, P CQUITE I CNEGATL, 1),
WOT CENSOXCX UM, D.P1)
8 LASTANPW) § RECORDOONEID 1. W) § NEGATE(Z) § NOT ADDPRODPM)
8 TRACINGITRACE MR ) WTM{ ADDPROD PU.DEPTHD 1L LEVELL | SASS D1 1)B
$8% PIC WINC 17 s NECORDOLIXD 1L 1 S8S30) & LASTANY)
@ NOT(EXISTS() p RECONDOOME(D 1 2] & SATISFIESIZ2 LQ ™))
& EXISTSPY] § ADOPROOMPV.YNILX @
K TAN, OF LMS: X (CSATISF I3 D.TQD.IM.
CORLEVEL DU CSATISFIES L CEQLL DM,
X B8 A (CWINCAND D.COUOTE 54),CQUOTE S9>m)
8 LASTAN(PY) § SECORDOONI(D 1PV § MEGATI(Z) § NOT ADDPRODPPVY:
THOT POSITIVILY A WINNTR. BUT RECOMMIND 1T FOR SEARCH §
908) WEC WINC L™ ¢ LCORMBL D 1L 1 SESIX) & LASTANIY)
6 SATISF{USIDID! *CR{AT 2}
8 NOT({ IX1STSIZ) & RECORDOONE (D1 J) § BATISS ITSI22 (Q PW) )
« EXISTSIPW) § ADOPRONPW YAH X @
B TAIL OF LMS: § ¢ SATISTI(S DLWLESS. DD
COURLEVEL D LCSATISF LS CEQLL Do,
{1} COWINCAND. D “QUOTL S45.CQUOTE SH>+)
S LASTANPW) 3 RECORDOONE (D 1.PW) & MEGATI(2) § NOT ADDPRODPIPW
T NOT POSITIVILY A WINER, BUT SECOMMEND 1T FOR STARCH §
$87: WIC PIN" » WCORDS IMD) «* M. COMDS IW2UD) § MMGATE())
868, “REC P IW2° » R CORDS 1AQI(D) § W CORDBLOML S 1 32.1) § SECORDOONE(D)Q
< MEGATHALLN

OO e): MGIN UMARL MOVIS UPOATING SOAMD S S PAGE S &

901 “TRACK" « MARTASOVL:T(8 1 32) 8 LOCKAS 1) & NOT( EXTSTRIATT & LOCXAZAD) )




A FROGAMM L ISTING FOR I0NIC

& DEPTMID) 8 CLALEVELIDL) & NODECOUNTIX)
=3 MAKTAMOVE(S { S7) § TRACINGLIRACEPRINTMWIXASIS2NILLD- )
8 MEGATE()8) § NOT PRINTEDSOARD(T) b NODT COUNT(N 1)
QOC; “TRACE CAP” 2 MANEMOVE:T(S132) § LOC(A1S]) § LOCIAZ ST
8 OEPTIID) & CUMLEVEL(DL) & MONE COUNT ()
o MAREMOVE(S { S7) & TRACINGITRACTPRINTMWXA | SIS2AZLD- 1)
& MEGATE(18) 8 NOT PRINTIDBOARD T} § NODECOUNT(N. t)

Q) "METRACT" s M TRACTMOVE(S | S2) § NOT R TRACTHO!I IS 157) § DEPTHD)
3 MANEMOVE(S2S 1) § TRACINGITRACTPRINTM((WE TRACTING S 1 S2)D)
@ RETRACTINGIS2.31) & NEGATE(1):
Q2 “WETRACT-" & B TRACTMOVE(S [ 37) § RETRACTHOLDMS | 57) § EPTID)
o> TRAC INGE TRACEPR INTM{CCAN'T MOVE~S132)D)) § MEGATE( 1.2

Q31 P FORWAND" 1 MAKTMOVE(S | 37) § LOCIAS () § 1SPAWNIA) & NOT OFFBOARDIST)
& NOT( EXISTSIAZC) § LOCIAZ $7) § HASCOLORA L) & HASCOLONAZL) )
S FILEF(S1S2) 8 CONTROL SIAS3) § CONTROL S(ASH)
@ SATISFIES2(SISASI LEXLY $4) & FILEF(SISS) @ FILEF(3456)
«> LOCIASZ) & CONTROL S(ARS) § CONTROL S(ASS) § MGATI(12.78)
S FORWARD 18 AWAY FROM W'S HOME ROW 3
Q) P BACK™ 3 MAREMOVE(S 152) § LOCTAS 1] § 1SPAWNIA) § ¥ ILEBIS | S2)
@ CONTROUS(A 53) § CONTROL S(AS4) & SATISF I{S2ASISASI LEXLY 54)
S FILENSISY) & FUENSISE)
= LOCIA $2) & CONTEOL S(ASS) § CONTROLSIA SB) § MGATI(1238)
8 MQY BETRACTING(S ) S7h
VN0 CAPTURES BY P CONSIOERD HIRE ¥

Q71 “XING CONTR™ 5 MANTMOVE(S 1 37) § LOCIAIS 1) § ISEINGIA L) § HASCOLOMALL 1)
& CONTRO! SIA2 S7) § HASCOLOR(AZC2) § VWEQICI L2} & DEPTHD)
& NOT BRETRACTING(S 1 $2)
> REFUTED(D - 1) & SETRACTHOL (S | S?) & NEGATE(IN

QB: "CHECK CAP® « CHECKCAPIAS) § LOCIAZ S) § VWEQLAA2) § DEPTHD)
> SAVECOMAZ D) & CAPTUREDIAZ.SD) & MEGATE() 2)1

QBC) "SAVE CON" + SAVE CON(AD) & CONTROL S(AS)
»> CONTRO(LEDXAD S) & MEGATHALLM

QP “CHECK CAP." s CHECKCAPIAS) § NOT( EXISTS(AZ) § LOCIAZS) @ WEQIAAD) )
> NEGATE( )1

Q11 W COMMON™ o MAKT MOVI(S | S2} 8 LOCIAI S 1) § ISXINGIA]) & NOT OFFEOARDISZ)
@ NOY({ EXISTS(CIC7AZ) 8 CONTROt S(AZS2) § MASCOLORIAILT)
8 HASCOLOR(AZCZ) & VWEQIC 1K2) & NOT RETRACTING(S 187} )
8 NOT( IXISTSIAZL) 8 LOCIA2 S7) § HASCOLORA 1K) § MASCOLORIAZ L) §
& CONTROLS(A 1 37)
«» CHECKCAPIA 1 37} § MAXTMOVER(A(S1S52) § LOCIAISZ) § CONTROL SIALST)
@ MEGATE(1.2.7) § NOT RETRACT INGIS 1 S2):
£ ONE CONTAOLLED SQUARE AL WAYS CHANGED
Q12 W FORWARD™ 3 MART MOVEX(A1S3S7) 9 FILEFISISD)
S FILEGIS13T) & CONTRU S{AIST)
8 OIAGLEBS 1 S4) § CONTROUS(A ! S4) § DINGRI(S1.33) § CONTROLIIA I 38)
0 DIAGLF(S256) & FILEF(S257) & DIAGRF(S2 58)
o) CONTAOUS(A | SA) § CONTROUS(A 1 S7) & CONIROL S(A1SH) § NEGATE(1AS SN
4 CONTROLLED SQUARES STAY CONTRN LED. 3 CHAMT §
Q1B W BACK™ ¢ MAKTMOVEX(A1S152) 0 FILEDIS 132}
S FILEF(S1SD) 8 CONTROLS(A) ST)
S DIAGLI(S1.38) § CONTROLS(A | S8) § DIAGH(S133) 8 CONTRLS(A1SS)
8 OIAGLB(S2 SE) & F ILEBISZST) § DINGR(5258)
«> CONTROLS(A | SK) § CONTROLS(A 1 ST} § CONTROL S(A 1 SK) § MEGATL(I 4SSN
R & CONTROLLED SQUARES STAY CONTROILED, 3 CHANGE §
QIS M LEFT® s MAYEMOVEX(A (S 1 32) § PANKL(S 1 S?)
& RAMKIKS 1 51) § CONTROIS(A1S3)
B DIAGRF(S1S8) § CONTROIS{A 1 S4) § DINGREIS | 55) § CONTEOL SIA ) ST)
& DIAGLF(S256) § RANVKL(S? S7) § DIAG &(S2 58)
> CONTROLS(A | S(:) § CONTROLSIAIST) & CONTROI S( | SK) § MEGATH1ASSR
B 8 CONTROLLED SQUATTS STAY CONTROLLED. 3 CHANGE §
Q18 "X RIGHT" 2 MAYE MOVEXIALS ) S2) & RANKNS | 32)
@ RANKL(S133) & CONTROLSIAIST)
@ DIAGLF(S154) § CONTROI S(A1S4) § DIAGI (S 1 39) § CONTROLAISS)
8 DIAGHF(S7 56) § RAVKS? S7) § DINRBS258)
o> CONMTROUS{A 1 1) § CONTROIS(A 1571 8 CONTRN S(ATSK) § MIGATE(1A88N
N 4 CONTROLLED SQUARES STAY CONTROLLED 3 CHANE §
Q10 X DIAGL? " = MART MOVE€(A 131 52) 8 DIMF(S182)
@ DIAGRT(S1S3) & CONTROI ${A153) § DINCANS | 58)
8 CONTIG! 3(A | S4) § RANKIS 1 53) § CONTIOI S(A133) § FILEE(S ) 38)
8 COMTIROUS(A 1 SF) § DIAGLEXS1S57) 8 CONTRO(S(AIST)
8 DIAGAF (32 SR) & DINGLF(S2S9) § DIAGLIXSZSI0) & FIEF(S2811)
& RANKL(52S512)
«> CONTROUS(A | SR) § CONTIONS(A 1 SP) § CONTROU S(A1S10) § CONTROLS(AIS (1)
9 CONTROUS(A312) 8 MEGATI(1488.10,12):
8 9 CONTROI S CHANGED. 7 THE SaME ¢
QU7 "W DIAGREF " s MANT MOVEX(A13132) & DIAGRF(S 1 32)
S OIAGLF(S133) 8 CONTROIS(AI1ST) & OIAA NS 38)
& CONTROLSA 1.34) & RAMIL(S 1 S9) & CONTAOLSIA139) B FILENS ! 38)

8 CONTROLSIA 1 38) § DIAGREIS157) 8 COMTRRLNA I 37
8 DIAGLF(S258) 8 DIAGAF(S2S9) & DIAGRARIS2S IO & FILEF(S2S1 1)
& RANS2812)

o CONTROS(A | S8) § CONTROUSIA | S9) 8 CONTROL XA 13 10) & CONTROLIXA 181 1)
8 CONTRUUS(A 1512} 8 MEGATL(1488.10.1Th

$ 5 CONTAL S OWANGED. 2 1HE SAME ¥

QIT X DIAGLE" ¢ MATTAMOVER(IA 1S 1ST) § DIML OIS | 87

8 DIAGRECS 1 3) § CONTRO! S{A 1 33) & DIAGH (3| 34)
§ CONTROUS{A | 3€) § RANKN(S | 33) § CONTROL S(A 135) § F ILEF(B ¢ 56)
& CONTROLS(A | S5} § DIAGLI(S187) § CONTRN S(AIST)
8 OIAGRB(S2SS) § DIAGLE(S2SY) § DIAGLF(SIS10) @ F ILENSZS1 1)
o eANL{S281D)

> CONTROUS(A 1 S5) § CONTEO!SIA | 39) § CONTEOL (A 1 3100 8 CONTROLEIA IS 1Y)
S CONTRRMAIS17) 8 MGATI(1488.50.120

T S CONTROLS CHANGED. 2 THE SAME X

Q18 X DIAGRS" = MAKEMOVEX(A (S ) 57) § DIAGRENS ) S2)

8 DIMALB(S153) & CONTEOL S(A 133) & DIAGLF(3 | 34)
& CONTROLS(A 1 34) § RANKL(S | S3) § CONTROL SIA 1350 § FILEF(S 190
& CONTROLS(A 1 38) 8 DIAGR (S| 37) § CONTROLS(A I 7}
3 DIAGLI(S2SS) § DIAGINS2.39) § DINGF(52310) 8 FILENSRS 1)
§ ANKNS281D)

« CONTROUSIA | SE) & CONTROLS(A 1 S¥) § CONTROLIMA 1 510) & CONTROLSIA 131 1)
& CONTROLS(A1.3127) 8 MEGATE(1 AS8.10,17h

§ 8 CONTAOLS CHANGED, ? THE SAME &

EXON ONOX): BEGIN  § MEANS TO STRATIGICS . MOVE GEWB S S PAGE @8

M1 “MOVE T DRE" 5 MOV TOWARDIDA S2) § NOT CONTROL AST) § LOCIAS 1}
SW(SIRIFI G W(SIRIF2) 0 SAYISSHUSAF1F2S | LSS ¢ D)
8 SATISFILS2MIATR WCREAT £2)
5 RAMKR(S 1S3) 8 FILEB(S | S8) § DIAGAS(S | S3)
> MOVEHOLDD.S 1 53) § MOVEHOL (D S 1 58) & MOVE+OLDMD S | S%) § MGATI 1)
M3 MOVE TW B” s MOVE:TOWARIXOASZ) § NOT CONTROLNASZ) B LOCIAS 1)
ANSIAIZ I B W(SZR2F 11 8 SAYISTIES2(RI A2 81 CREAT AT)
8 DIAGRH(S(ST) & FILEBIS 1 34) & DIAGR(S 1 3%)
o MOVESOLIXO.S [ $3) § MOVESOLIXD S | 34) § MOV SOLOMD S 35) § I
M35 MOVE TW DLD" s MOVE:TOWARIXD A 52) § NOT CONTROLS(ASZ] 0 LOCIA,
SEFISIAIF 1) B WF(S2RIF2) B SATISFILSHT LF 27 | WGMAT FT)
@ SATISTIISZRIRZ R GHAT A7)
& RAM(S1S3) & FILENS)S6) 8 DINGLOS1S9)
o MOVESOLIXO.S { 533 § MOYE SOt IXDS 158) § MOVISOLDD.S 139} 8 MEGATE( 1)
103 MOVE TW €7 3 MOVT-TOWARXD A S2) § NOT CONTRO S(AS2) 8 LOCXASI)
SOF(SIRIFI} O W(STRIS2 B SATVISFIESATIF2F | ToLESS P D)
& RAMKN(S [ $3) § DIAGRS (S| 58) § DIAGAN(S | 35)
o MOVEHOLD(DS | $3) & MOVE 4Ot DID.S158) & MOVEHOLDMDS 133) & MIGATEI())
M8 MOV TW L 2 MOVE.TOWARIXOAS2] § NOT CONTROLSIASZ) B LOCIAS 1}
QUFCSIRISIIGU(STRIF2I B SAYIST ISV 1F2F ) YoGREAY F2)
& RANK{S1ST) 8 DIAGLF(S158) 8 DIAGLIXS|SS)
o MOVEMOLD(OS | S3) @ MOVEHOLD(DS | SA) § MOVE+OLIXD S | 39) & NEGATE(\N
MBs MOVE Tw DR * 3 MOVE TOWAIDIDA 52) & NOT CONTROLSIAS2) § LOCIAS 1)
SWSINIFI) O W(SIR2F2) & SATISFIISP 1/ 271 ToLESS F2)
I SATISFICS2MIAZRI NiESS RN
& QNN 1SI) § FILEFIS I SA) § DINCGRFISISS)
o MOVEHOLIXD.S | ST) § MOVESOLXOS | S} § UOVESL DS 139) § NEGATE(1)s
MP) MOVE TW " 3 MOVETOWAID(O ASZ) § NOT CONTROUSIASZ) § LOCIAST)
SAFISINIFI) & W(SIHIF 1) B SATISTILS2RIAZRI PLESS 02)
S OIAGLI(S!S) 8 FILLFISI5A) § DIAGRF(SISY)
O MOVEMOLDIOS | S3) & MOVE MO (DS | S8) § MOVEHOLIXDS | 33) & MGATE(]):
MBI MOVE TW OLF* » MOVE:TOWARD(DASZ) 8 NOT CONTROLS(ASZ) 8 LOCXAS ()
SEUSIRIFN S W(SZRIIN 0 SATISFIESNF 1F 271 WGREAY F2)
S SATISFUSATI NN} eI ST RD)
& RAMKL(S1S3) 8 FILES(S1S4) 8 DIAGLF(S!SS)
O MOVEMOLDID S [ ST} § MOV #X XD.S | S4) & MOVESOL DS | B%) § MEGATE(1M

M9 WOVE TW T0" ¢ MOV TOWAIXOA S () § CONTROLB(AS 1) & LOKAST)
& NOT OFTR0ANXS ()
© MOVESOLD(DS2 S 1) @ MEGATT(IN
MOP; MOVE TW." 1 MOVL:TOWARXDA S 1) § OFFBOARD(S 1) »> MEGATE( 1M
MIN MOVE TW ON" + MOVE TOWARIOA S 1) & LOCXAS ) -3 MEGATL(I)

W11 HOLD* + MOVEHOLIXD S t $2) & NOT MEANSSOR DX(D)
©) MOVECANDIO S 1 32) & MEGATLOY

MI2; HOLD." 2 MEANSHER DID) »* WL ANSSELS(D) & MGATL( 1)

131 WILS” 1 MEANSOELS(D) § MOVEHOLOID.S 132) § WOT MEANRE XAMD)
© MOVICAMNOS 1 S2) B MEGATI(1 2):

MIT WELS X° ¢ MEANESTLS(0) § M ANSE KAMID) § MOVI+aR DIDS | 82}
S MOVEEXAMDS 1 32) & MEGATI(M LN




N6 “RELS-" 2 MEANSATLSID) & NOT( EXISTHS 1 52) § MOVESDLODS13D) )
2 MEGATE( 1)

M18s "MOVE T0." 2 MOVEITOIDAS 1) § CONTROLI(AS |) & LOCIAST)
> MOVEMOLIXD.52.3)) @ MEGATE(1):
M175 MOVE T0-" s MOVETODAS) & MOT COMTROLAS) > MGATE(1M

™,
EXPR xraw(); MGIN T WHITE STRATIGIES § IPAGL 83
S STRATIGIIS FOR: w | ]
LEviLS
? MATE CAPTURE P
[} QUEEN P STALEMATE
3 ADVANCE P INTERCEPY P, STAY (N SQUARE
L} CONTROL PATH OF & OCCUPY PATN OF P
3 DEFEND P ATTACR UNPROTICTEO P
2 MESTRICT X MOVES SAME
1 SOME MOVE UM ITE ABOVE SAME
OPP. OF PRECIDING
L ]

B INKPK, MATE IMPOSSIELE W)TH ORDINARY P %

W21 QUECN P & SELECTGTRATDS) § TPRKHASNP) § CLRLEVEL(DL)
& SATISFIESQ L £Q 6) & SATISTIES(OD €Q 1)
O NOT(EXISTS(X) § STRAT:-TRIEOIXL DY & SATISF 1ESIX X £Q W) )
8 ISPAWN(A) & LOCIAS) & G(SAF) § SATISFIES(RR £Q 71 & FILEF(SS2)
© MOVECAND(D S 52) 8 STRAT TRIDIWZ1 D) & MEGATI( 1)
W28; QP SUCT” 1 SELECTSTRAT(DS) § KPRHASNP) & CLRCEVELDL)
@ SATISFIESQLL £Q 6) 8 NOT SATISFIES(OD€Q 1)
§ ISPAWMIA) § LOC(AS) § RF(SRF) § SATIST [ES(NREQ 7) & FILEF(SS2)
8 NOT( (MISTSIAZAT) B ISKINGIAP) § NOT MASCOLOR(AZP] B 1SXINGIAS)
8 VNEQIAIAZ) § CONTRONS(AZ S2) § NOT CONTIY S{A352) )
8 NOT( EXISTS(AZ) 8 LOCIAZS?Y)
© SUCCSTRAT(DLL. WT) § MGAT(( 1)
W21 "QP STAT" = SELECTSTATCIDP) B IPRMASHP) § CURLEVILDL)
S SATISFIESQL £ 8) & NOY SATISFIES(ODEQ 1)
& ISPAWMA) 8 LOCIAS) & OF(SRF) § SATIST [(SAREQ T) & FILEF(SSD)
@ NOT(EXISTS(AZ AT) & ISKINGIAZ) & NOT MASCOLOMAT £} § TSKINGIAT)
§ YMEQIAIAZ) 9 CONTRO! S(AZ S2) @ NOT CONTRONS(AIS7) }
& MOT( EXISTSIAZ) § LOC(AZS?) )
o TERMMNS HAP W2T) 8 MEGATE( 1)

W3 “ADY P 3 SELECTATRAT(DS) § KPRMADNP) § TURL EVILIOL)
® SATISFIISILL FQ D)
QA NOT(EXISTS(X) 8 STRAT TRITOMX, D) & SATISFIISINX (Q WD)
& ISPAWMIA) § LOCIAS ) §F IHIFIS1S2) 8 MOT({ IXISTSIAZ) § LOCIAZSD) )
QRF(SINIF 1) B NOT SATISFIS(RIRI QM
B ISKINGIAZ) § MOT HASCOLORAZ 2 8 LOCIAZS]) § W (SIRIF D)
@ SATISFIIS2AR I A2 NOT(R7 YoLESS R 1))
@ SATISTIUSAY 1F2ABS(7 2.7 1) %8S (9.01)) X BN INSQUANE §
> MOVECANXDS { S7) § STRAT-TRITO(WIL D) § MGATI( )
WA SADY P 17 ¢ STLECT STRAT(DS) § ETEHASIVG) § QLR EVIL(OL)
S SATISFITS(LL £Q 98 SATISTI(SDD(Q 1) & ISPAWMAL)
S NOT(TMISTS(N) § STRAY TRIIDIX]L D) § SATISF I SIX X [Q W3A))
@ MASCOLOR(A 1 P) 9 LOCIA IS 1) & ISEINGIA2) § NOT MASCOLOR(A2 P)
GLOCIAISI O (SIRIS 1) QW(SIMTFD)
D NOT(SATISFIESINIAI MOTN? %((SSRI)) N OX RV OF SQUAN §
O SATISFIISPY 1F2ABSH 2.5 1) a1 €SS (9 Q1))
«> MOVECAMXD S 1S7) B STRATIRITO\IAL D) § MGATI( 1)
WIK; “ADY P X° ¢ SELECTSTIRAT(DD) § P HASNS) § QLALEVELIDL)
0 SATISFIfSAL QY
QA NOTCEMISTS(X) S STRAT TRI(ONX) D) § SATISF HES(NX (Q WwiN)
8 ISPAWNIA 1) B LOCIAIS 1) B FILEF(SIS2) B ISKINKIAZ) § LOCIAZSD)
@ MASCOLORIAZP) § CONTROIS(AT7S3) & (SIRI/ 1§ B (S2M2I T}
B NOT SATISFIISHE2AINT %WiESS A7)
- > MOVLCANDIDS?S)) 8 STRATIRIINOWIKL D) § MGATE(1):
WR)CADV P X" s SILECTSTRATDS) § YPRMASHF) § CURLEVILIDL)
8 SATISFIISAL EQ )
S NOT({UXISTR(X) § STRAT-TRITOIXL DY & SATISTILSIXX (Q WN))
8 ISPAWN(A 1) § LOCIATS 1) 0 W(SIA1/1) 8 SATISTI(SINIRIIQT)
B ISHINCIAZ) B HASCOLORAZ P B FILEF(STS?) § NOY CONTROLS(AZ S}
S LOCIATS?) 8 FILEMSISI) § ¥AMKLISHSS) § SAEMS | 39)
8 DIAGLE(S | SA) § DINCAMSIST) .
o) MOVEITOMOA | $3) & MOVE.TO(DA 1 $4) § MOVE.TOIDA 1 $9) § MOVL:"XMOA t $8)
S MOVETO(OAIZT) § MEANSHOLIXD) & STRAT.TRITDCWIL L DY & MGATI(1)

PROBRAM L ISTING FOR NIG

W3 "ADY P SUCC" » SELICTSTRATIDS) § EPRMASIP) § CURLIVRLDL)
@ SATISFIESAL £Q 9) § SATIST I{SIDD PGREAY §) & TPAWNIA()
8 HASCOLORIALP) § LOCIA L S 1) B ISXINGIAZ) § NOT MASCOLORIAZ P)
QLOCIAZS) D RE(SIRIS 1) & W(S2M2FD)
B NOT{SATISFICSZON I AZNOTIRZ FeLESS R))) % BE OUT OF SQUARE &
& SATISFIUS2(F L F2ADSIF2 7 1) %LESS (DRI
SNOT(IXISTSIAISY) 8 FILEF(S1ST) § LOCIAISY) )}
@ QUCCSTRATDSL W3) & MGATE( 1)
WIVI “ADV P OX7° 1 STLECTSTATICIDP) § KIPRMASHP) § CURLEVEL(DL)
S SATISFIISAL (Q 5) 8 ISPAWMIAT) § LOCIALSH) & I(BIRIJ )
QSATISFIISIRIN £Q 7) & ISKINGIAZ) & HASCOLORIAZ P} @ CONTRBLIAR S 1)
0 ISNINGIAT) § VNEQKAIAZ) B LOCIASST) & FILEF(SISE)
B LOCIAZS2) 8 NOT DIAGRI(S 1 32) & NOT DIAGLINS { SD)
o TERAA INCP W3V) § MEGATL( 1)
WIW; “ADY P OX7” 1 SELECTSTATCIDP) § KMUHASP) & CLUMLEVELIDL)
9 SATISFIES(LL £Q 5) & ISPAWARAL) § LOCIAI ST 8 WW(SIRISY)
S SATISFIESRIRS £Q 7) & ISXINGIAZ) § HASCOLOR(AZ ) § CONTEOLBIAR B1)
§ ISKINGIAT) & VWEQUAIAZ] B LOCIAZSD) § NOT FILEF(S123)
o TEMA 1P, WIW) § MEGATE(1)
T WIY WOULD FATL ON THAT If 8K CONTROLLED Q SQUARE §
WIV; “ADY P OX" 3 SELECTSTATICIDP) & TPHASIP) § CURLEVEL(DA)
S SATISFIESOL EQ %) & ISPAWMA L) § HASCOLOMA 1 P) & LOXA LI SIT)
& ISXINGIAZ] & RASCOOR(AZ P & ISKINGIAS) & VMEQLASAZ)
S LOCIAISI) B FILEF(S130) § VWEQSISE)
& NOT( CONTIOt {A354) § VOT CONTROL S(AZ S4) )
BLOCIAZS2) D RE(SIR1F 1) 8 W(S2RZFT) B WW(SIRISD)
& SATISFITS2{R IRINCT(RY " ESS R1))
@ SATISFIES2IT IFIABSIFIF1) NLESS (PR1)) ¥ BX IN SQUARE §
8 NOT SATISY ItSHRI A2 FIMAX(ABS{RI R 1) ABST 3.7 1))
PLESS MAX(ABS(R2-R1)ABSIF2F1))) S NOT BK CLOSER TOP S
o TERMWINGP WIY) & MEGATE(1)
WAL “"AOY P STAT® e STLECTSTATICDP) § KPKHASKP) § CURLEVEL(DL)
S SATISFIISILL €Q %) & ISPAWNIA L) § HASCOLOMA (P} § LOXXATST)
& ISKINGAZ] & NOT HASCILOMA2P) 8 LOCIAZSZ) 8 WF(SLAIZ L}
swW(S2p252)
& NOT( SATISF IES2(RI RZNOT(RZ PoiESS R1)) $ 8K NOT 1% SQUARE 3
8 SATISFIISHT | F2ABSIT 27 1) PoLESS (9-R1))
S IF WX DIR INFRONT OF P w3Y [S ALSO TIUE BUT WON'T BE APPL ICARLE
17 B OUT OF SQUASE. SO DON'T CHECK FOR THAT MERE §
o TEMAWINDP W3] & MEGATE(t)

WL TCONR B 3 SILECTSTRATDS) § OANASHP) b CURLEVELIDL)
@ BATISFI(SAL Q&)
SNOT(EXISTRX) § STRAT.TRIID(XL DY & SATISF IESIX X EQ 'we) )
& ISPAWNIA 1) & [SKINKIAT) B HASCOLORIA | £) § HASCOLORIAZC)
SLOTXAIS I} 8 FILEF(SIS2T & THEM(SZ2S31 & NOT CONTROL BIAZ KV
© MOVETOWAN(O A2 ST) § STRAT/TRITO( WAL D) § NEGATE(1):
WAL, "CONTR P STAT™ 3 SELECTSTATICIDS) § IPRHASHP) § CUMLEVEL(DA)
& 3ATISFIISAL IQ O
& ISPAWMA 1) § ISKINGIAT) § HASCOLOR(AZ P)
ALOTAIS 1) & FILEF(S 137} & FILEF(525T) 8 CONTROLINAZ S9)
© TEMA NP "WAT) § MEGATE 1)

WS - WY ARE USID BY B ALSO. IXCEPT WAL, WO, MD WP 3

Wh VLPIND #™ s STLECTSTRAT(DA) § KPRIASINPT] § CRLEVILIDL)
8 BATISFIESAL EQ DY
BWOT{EXISTSIX) § STRAT-TRITOIXL D) & SATIST IESMXX £Q W) )
8 1BPAWNIA L) § ISKINGIAD) § HASCOLORIAZ D) 3 LOCIA T S))
O MOVE TOWARDXOAZ S 1) § STRAT-TRIEO(WSL D) 8 NEGATE( 1)
WL DEFING #° 5 STLICTSTATICIOP) @ TPKHASP) § CURLEVELIDL)
B EATISFIESAL [Q 3) D ISPAWNIAL § ISKINGIAZ) § HASCOLORIAR /)
SLOCIAIS 1) B CONTIOL S(A2 S 1)
© TO 1P, WAL} & MECATI())s

W TTOWARD £ ¢ STLECT STRATIDP) § IPENASNAT) § CURLEVELIDA)
S SATISFIESALL [Q 2) 0 MOT SAYISYI(S(DD EQ )
S NOT(EXISTSIX) § STRAYTRIIONCE D) @ SATISF ITS(XX €Q WE) )
B ISKINCIA {) § HASCOORIA 1 P) § [SKINGIAT] § VWEQIAZAL) 8 LOIAZS)
o MOVE-TOWARDIOA | S) § STRAT-TRITOUWS A D) 8 MEGATE(Y)
WEO0s “OPPOS T” 1 SLLECTSTRATDM § FPRMASNG) § CLURLEVRLIDL)
S SATISTISALFQ D)
BWOT{TXISTRIX) B STRATIRIEONCL DY § SATISH 1ES(X X €Q WOH) )
8 ISINCIA L) § HASIOLOMA | P) 8 TSXINCIAD) B VMRQIA T AZ)
QLOCIAZS) B FILESSS I 6 FILIMS1S7) § CONTROLS(ALSD)
TASSUMES WX AL wAYS BEHIWD W
> MOVLTOOA 187) § SIRAT-TRITONWEOL D) 8 MGATI( 1)
WP, “OPPOS 17 ¢ STLECTSTATICID ) § TREMHASINP) § OMLEVELIDL)
SSATITIESRLEQ D)
§ IMMINGIA 1) § HASCOLOMALPL) § ISRINGIAZ) § VA IATY
SLOCIAZS) B FILEBSSH 4 FNLENSIST) & CONTRA A 1 SD)
SASSIAQS W AL wAYS STMIND X §
o TEMW NP, WoP) § MGATH )

ey o




|

A PROCRAM LIST NG FOR NI e

WEY; “TOWARD K~ s SELECTSTATICDS) § KIPKMAINPZ) § CLBLEVEL(DA}
8 SATISFIES(LL £Q 2} & NOT SATISFIES(OD €Q 2)
8 ISKINKIAL) B HASCOLOMA LP) § ISXINGIAZ) § VMEQIAZAT) & LOCXIAT S)
= MOVEITOWARDIOA | S) 8 MEANSHOL XD) § MEANSE XAMD) § WEWAESEXAMDAL)
8 MEGATE( )

W) “TOWARD K RES™ 1 WAWAESEXAMDA 1) 6 MOVEEXAMD S | 32) § MASCOLONA I M

Y NOT UNIQUE. NECESSARILY T
B NOT{ IX)STS(AZ} § ISKINKIAZ) B NOT HASCOLORIAZ #) & CONTROL SIA23T) )
© WEWARESEXAMDA 1) § TEMW INP, wBX) & MEGATH(2):
WOY; “TOWARD K R€S-" » WHWRLSEXAMDAL) § MOVEEXAMDS 1 52) § ISXINGIAT)
& VWEQIAZAL) & CONTROL S(A2 52)
> WEWARESEIXAMDAL § MGATUZR
WEI; “TOWARD K RESF ™ « WEWATSEXAMDA )
S NOT( IXISTS(S132) & MOVELXAMDS 1 32) )
= NEGATE(I)

W7 “ELSE" » SELECTSTRAT(DS) § EPRNASH(PZ) § CLURLEVEL(DL)
® SATISFIIS(LL EQ 1) & NOT SATISFIES(DD €Q 2) & ISKINGIAY)
& NOT{ EXISTIS(X) § STRATTRITO(XL D) & SATISFIES{XX €EQ WT)})
8 HASCOLOR{A I P) 8 ISKINGIAZ) B VNEQIAZ AL} § LOCIAZS1) 8 ISPAVAKAY)
8 LOC(A3S?)
> MOVE:TOWARDIDA 1 S 1) § MOVE:TOWARDIDA 1 S2) § MEANSHOL DID)
& MEANSEXAMD) § W7RESEXAMDA () § STRATTRITDNW?L D) & MEGATE( 1)
WIA) “ELSE RS s WISESEXAMODA L] § LOCIA(S 1] § CONTRX S(A1S2)
& NOT MOVEIEXAWDS 1 52)
) WIRESERS(D) § MOVECANOIDS | $7) @ MEGATE(1)
W78) ELSE 9€S." s WIRESEXAMDA () & LOCIAISH)
B NOT(EXISTS(S2]) & CONTROLS(AIS7) § NOT MOVIEXAMDS 132) )
DY T CFRSID) & MGATI(Y):
-’ o (€3°cwIASERS(D) @ MOVIEIXAMOS | S7) «> MEGATL(1 .2
WIW: ¢ L STAY® 2 SELECTSTATICDS) § CPEHASHP?) § CURLEVEL(DL)
@ SATISFIES(LL EQ 1) & NOT SATISFIESIOD EQ 2) & ISKINGIAI)
& RASCOUOR(A 1P} § ISKINGIAT) & VIEQIAZ A1) 8 LOCIAZ S ) & 1SPAWMAT)
8 LOC(AS S?)
22> MOVETOWARD(O A $ S 1) § MOVE:TOWARD(OA [ S27) § ME ANEHILDXO)
& MEANSE XAMD) § WIWRESEXAMDA L) d MEGATE()))

| W% TELSE RES STAT" c wIWATSEXAMDAIL & LOCIAIS1) § CONTRR VAIZD)

& NOT MOYVEEXAMD S 32) § HASCOLORAI P)
> WIRISEASID) & TN IMP WIX) § MGATI{ 1)
WYY "ELSE RES. STAT® = WIWRISEXAMDAT § LOCIALS ()
S MOT{ EXISTSIS2)  CONTRU SIA132) § NOT MOVIAXAMDS 1 3D) )
> WIRESERS(D) & NEGATE( 1)

eND:

eesessrrance ansrnan

EXPR 1P xB(); BEGIN T OLACK STRATIGIIS X IPAGES S

B1) "CAP P° a STLECTSTIRAT(D ) § NOT XPRHASHP) § YPEHASNC)
@ CURLEVELIDL) & SATISFIESHLL EQ 7) & SATISFIIS(ODEQ ))
S NOT{EXISTS(X) § STRATITRIFOIXL D) § SATIST I[S{XX €Q D))
8 ISPAWNKA 1) & LOCIATS) & CONTROL SIA2S) § ISKINGIAZ)
8 NOT HASCOLOR(A 1 P) § HASCOLORIAZ PY 8 LOCIA282)
& NOT(EXISTS(AT) & CONTROI SIATS) § NOT MASCOLOR(AIP) )
> MOVE CAND(D S25) § STRAT:TRITD(B 11 D) 8 NEGAYL(1):
G185 "CAP P° « SILECTSTRATIOR) & NOT KPKHASNP) § (PYHASHNC)
& CURLEVEL(DL) § SATISFIESILL EQ 7) & NOY SATISFIISIDDEQ 1)
@ NOT(EXISTS(X) § STRATTRI(OIXL D) & SATISFIES(XX €Q B1))
& ISPAWN(A 1) & LOC(A L S) § CONTROLS(AZ S) § TSXINGIAD)
& NOT HASCOLOR(A I P) § HMASCRLOR(AZ P) B LOCIAZ2 $2)
& NOT( EXISTS(AT) § CONTRO! S{A3 S} § NOT HASCOLOR(AZP) )
O SUCCSTRATIDPL AIS) & MEGATI( 1)
B12 “CAP P* 2 SELECTSTATICIDP) 8 NOT XPRHASIP) § TPLHASNC)
& CURLEVIL(OL) 8 SATISFIES(LA €Q 71 & ISPAWMA (] § LOCYA(S)
& CONTRX S(A2.S) & 1SKINGIAZ) & NOT HASCOLOR(A | ) § HASCOLORAZ )
4 LOCIN2 $7)
@ NOT( EXISTS(AT] 8 CONTAON S(AZS) & NOT HASCOR ORIAZ P )
o TERAW INCP ‘817 § MEGATE(1h

021 "UNDER P~ o SELECTSTRATIDP) § NOT XPRMASPHIP) § TPRHASHC)
& CURLEVELIOL) ® SATISTIISA L €Q6) & SATISTIESIODEQ 1)
S NOTCEXMISTS(N) § STRATIRIEN(XL DY § SATIST IESIxX (Q B2 )
& ISPAWNIA L) § NOT VASCOLORIATL) S LOCIAISH 8 F NEFISISD)
QW(SZHIT 1) 0 SATISTIISIRINI [Q 8) B ISHINCGIA2) B MASCOLOMAZ )
& CONTEOU S(AZS2) 8 ISXINIAD) & YNEQIASAZI § FILEBSIST)
& NOT LOCIADISD)

o MOVECANDS 1S2) § STRAT.TRITO(MZL DY 8 MGATI(1)

B2A: “UNOLR P.° 1 SILECTSTRATIDS) & NOT EPEMASHP) § EPRHASNC)
S CURLEVEL(DL)  SATISFIESAL £Q 8) & SATIST ILS(DD *GREAT 1)
& ISPAWMIAL) § WOT HASCOLORIATP) B LOCIATS ) 8 FIEF(SIS?)

S OF(S2R171) 8 SATISFICS(RIR) (Q §) & ISKINOIAZ) O MASCOLONARS)
8 CONTROLS(AZ SZ) § TSRINGIAT) 8 VWEQIASAT) § P ILENS 1 53)
8§ NOT LOCTAI S
« SUCCSTRAT(DLL BZ4) § MEGATE(1):
829 ADLR P STAT™ = SELECTETATICIDS) & NDY IPRHASIP) § IPRHASNG
5 CURLEVELIDL) § SATISFIISAL £Q 6)
8 1SPAWMIA L) § NOT HASCOLORIA 1) & LOCIA T S1) & FILEF(SI ST
SNF(SIRIFL) B SATISFILSRIR] (Q 8D & ISKINGIAT) § HASCOLORARPY
5 CONTROLS(AZ S2) & ISKINGIAZ) & VVEQKADAZ) 8 F ILEN(S | 33)
8 NOT LOCIAIST)
= TEMEW IN(PB28) & MEGATI(1)
B2Q "QEDGE STALL™ s SELECTSTRATIDS) @ NOT EPEMHASINP) § EPRMABNGY
8 CUMLEVEL(DL) § SATISFIESQL £Q 8) 8 SATISF IUSIDDEQ 1)
S NOT{EXISTSIX) § STRAT:TRITD(XL D) § SATISF TSN X £Q P2Q) )
8 ISPAWMIA () § NOT HASCOLORIA [#) & LOCTA IS 13 8 SV(S (RIS 1)
@ SATISFIES(RIND £Q 7) 8 SATISF 1ES(T 15 ) MEWQ Y3 6)) § ISRINGIATY
8 HASCOLOR(AZ )
© MOVE:TOMAZ AT & MOYTTOMAZ HT] § MEANSHOLORY
8 STRATITRICD(BPQL D) & MGATI(I)

831 *INTIRC P* « STLECTSTRAT(OS) § NOT KPRMASIP) § EPRMASNG
& CURLEVEL(DL) B SATISTIESAL EQ S
& NOT(EXISTSIN) § STRAT:TRITD(XL D) § SATISF IIS(NX £Q B )
8 ISPAWNIA L] § LOCIA IS 1) § ISKINGIAZ) § HASCOLORIA2P) @ IE(SINIF D)
8 LOCIAZ S2) 8 #5(S2RZF2) & SATISFIES2RIAZ A2 PaGREAT R1-7)
B SATISFIESIO 1FZRIABSIFZF 1) FoLESS 10-R1) S OK I SQUARE §
S NE(SINIL 1) § SATISFIESINIAIEQR)
X TOWARD QUEENTNG SQUARE t
o MOVL:TOWARID AZ SY) & STRATTRIIONBIL D) & MEGATE(I)
325 “INTERC P STAT® £ SELECTSTATICIDP) § NOT KRRMASIP) § IPRHAINCG)
8 CUBLEVEL(DL) 8 SATISFIFSAL EQ 9)
8 ISPAWMKA 1) 8 LOCIA LS 1) & ISKINGIAZ] & HASCOLORIAZP) 8 RF(SIRIP 1)
B LOCIAZS) B WH(SIRZF2) 8 SATIST IUS2(RIAZ AT PeGREAT 017}
S BATISFIESHF I F2RIABSIFZS 1) PeLESS 10-R1) S BK IN SQUARE §
& ISXINGIAS) § WOT HASCR OR{ADP) § LOCIADSY) § W (SINIFY)
& MOT( SATISF IESHNI N7 RINT WGREAT £2-1)
VWK BETWEEN 8K § WP Q SQUARL §
8 SATISFIESNT | £27 INOT(TZ WGREAT F3) § WOT(FS TeGREAT F 1)
OR NOT(Y | ToGRERT 72) b NOT(Y3 TwGREAT F2D) )
S WSARES 1) § SATISY ITSIRERS €Q &) § NOT CONTEON B{AD S4)
o TERAW INP, 837) & NEGATEI( 1)

B4 TOCK P™ 2 SELECTSTRATDP) § NOT KPEHASP) B IPRIAENE)
& CLRLEVEL(DL) O SATISFITSRL £Q &)
A NOT(EXISTSON & STRATTRIEO(XL D) 8 SATISFITSIX X €Q B4) )
8 ISPAWNIA L} § ISTINGIAZ) § HASCOLOR(AZ P) § NOT HASCOLOMA 1)
QLOCIAIS)) § F(SIRIFI) B W(S2R2S))
A SATIS ILS2(RIR I A2 *aGRLAT RY)
> MOVTTOWARD(D AZ.S2) § MEANSHOLIXD) § STRATTRITO(BML D) § MEGATE(th
BA2; BLOCK P STAT" a SELICTSTATICIOP) & NOT SPRHASH(P) § KPRHASHNC)
& CURLEVILIDL) 8 SATISTIESAL €Q &)
8 ISPAWMA [) & ISKINGIAZ) § HASCOLOR(AZ) 8 LOCIA 1S 1)
S W(SIRIZY B LOAZST) 8 ¥F(STR2F 1)
8 SATISFIIS2ARIRZ N2 "GREAT B 1)
o TEMAW [P, 847) & MEGATE( 1))

] B THROUGH 87 ABE SAME AS WS THROUGH W?, {XCEPT AS FOLLOWS &

O2) “ATTACK P” 1 SELICTSTATICIOP) & NOT KPRMASING) § KPRMASHC)
& QLRLEVEL(DL) 8 SATISFIESALL EQ 1) & ISPAWMIATY & ISKINGIATY
@ HASCOLORATP) @ LOCIALIS ) § CONTROL S{A2S1)
BNOT(IXISTSIAT) & ISXINMGIAZ) & YWEQIAIAZ) B CONTROLS(AZS 1) )
o TERA IMP B2} & MEGATL( I

D801 “OPPOS 1”1 SELECTSTRATDS) § NOT EPEHASHP)  KPRMASHC)
0 QURLEVEL(OL) 8 SATISFIISAL €Q 2}
S NOT{EXISTS(N) 3 STRATIRIED(XL D) § SATISF I SMX LQ B8O) )
& ISKINCGIA 1) & HASCOLOMA | #) § ISXINGIAZ] & VWEQKA | A2)
BLOCIAZS] § FILEF{SS I 8 F ILEFIS1SP) 8 CONTROR S(A132)
T ASSUMES WX ALWAYS BEMIND BK t
o) MOVE:TOIOA 1 S2) & STRAT-TRITO(BEOL D) & NEGATE( 1)
B8P; "OPPOS K™ ¥ SILECTSTATIODP) § MOT KPUHASING) § EPRHASHNC)
5 QUALEVELIDL) B SATISTIISNL LA D)
8 ISXINGIA 1) § HASCOLORALP) § ISTINGIAZ) B VWEQEA | AT}
S LOCIAZS) & FILEF(SS 1) 8 FILEF(S132) & CONTEOUSIA132)
TASSUMES W ALWAYS BTHIND AX %
o TERMY 1P, BEP) § MEGATL(1)




S

G

EXPR XMOK(): BEGIN T EXAMALES FOR TESTING Y SPAGE 7%
X0 YEST 1° 8 TEST I}
> CONTROL SK('WX) § CONTRO( SK(TX) & CONTEOt S#(\WP) § LOCTWA. T )
& LOCIBX,'CT) & LOCC WP EB) § ISKINGLEX) & ISKINGIWY) § ISPAWN WP}
& HASCOLOR{'BK,'B) § HASCOLOR! WX, W) § HASCR 0R(WP, W} § IPRINITON:

R IK: “CONTROLS FOR K™ v CONTROL SKIA) § LOCIAS) § FILEF(SS 1)
& FILES(SS2) § DIAGLF(SST) § DIAGRF(3.54) § RANKL(SSS) B RANKNS 38)
8 DIAGLIXSS?) & DINGAIXSSS)

N <> CONTROUS(AS |} § CONTROL S{AS2) & CONTRO: S(AST) & CONTINX S(AS4)
- & CONTROLS(ASS) B CONTROL S(AXS) & CONTROL S(AST} & CONTROL S(ASS)

& MEGATE(I)

X1P: "CONTRO('S P~ x CONTEOU SPIA) § LOC(AS) § DINGW(ES1) & DIAGLF(S ST)

) CONTROIS{AS 1} § CONTROL S(AS2) § MGATI()):

X2: “TEST 2° s TEST2AX)
> CONTROL S&("WX) § CONTROL SK(BX) § CONTROl S#{WP) § LOCTWY,E6)
@ LOCUBK,E8) & LOCI'WP, ES) § ISKINCIBY) § ISKINGIWX) § ISPAWN('WS)
& HASCOLOR{'EK,'8) § HASCOLOR{ WX, 'W) § HASCOLOR('WP 'W) & KX INITOX)

X33 “TEST 3% 5 YESTI(X)
*> CONTROLSK({'WX) § CONTROt SK{PX) § CONTRN SH{WP) & LOCI'WX.T6)
8 LOCIBX.ES) § LOCIWP,EO) & ISKINGIRI) § 1SR INGI'WX) § 1SPAWN( WP)
& HASCOLOR( 8K ) & HASCOLOR WX 'W) § HASCOUOR{ WP W) § KPKINIIO:

END;
END.

PROGRAM L 13T ING FOR MG A

vy

Aepens 5. CROSS-SETTROGE OF PRCDICATES

ADOPROOP

DEUSES 364 -564 583 -909 300 -390

ASCIND

LMSUSES $7

BBUSES 57 319829

CATIRLD

LHMSUSES S8

MESTEOL 59

BSUSES S8 08

CHANGE L EVEL

LMBUSLS SI15318817 318

BBUSES $4 513818 817 818

oexCAr

LHSUSES Q8 Q9

BSUSES Q8 Q9 Q1)

CHECKNMOVERESIL Y

LKSUSES 573 324

MESTEOL $21

WHSUSES S21 S2 1A 523 528

CHECXOTHERSTRAY

LMSUSIS S3 84

MNESTEOL $23

WMSUSES §) -S54 .87 S18 917 $38 8347 $43

CHECK TEAM

LHSUSLS $30 $3¢ S32 533 $24 535 538 $I60 SI6R 271 SIMR

BSUSLS S $9 58 .57 SIO 331 -£I2 533 $34 533 538 5360 SN -SIN.
$3I7" 538 -S)9

CONTEROX LED

LMSUSTS $3C

MHSUSLS -S3C Q3C

CONTRY S

LHSUSES S34 SIN SI7TR QI Q4 Q7 Q3C Q11 Q12Q13 Q16 QI5QI8 Q17 QIS QIS M1
MT MF M MG ME MY MEMSMIS MIT WIT WAL WIY WIW .wé Wel Wil W0 wer
WOY WA WX B} BIS 811 D2 82A 820 831 B3I B8O 86P

MESTEOL 531 -531 $IX $34 Q1) W2S -w2S W2l -W2! W3V W3V Wi WTD WV Bt 018
oiray

MHSUSTS SBC Q3 -Q3 Q8 Q8 -OBC Q11 Q1) Q12 -QIZQIS QITQIe QIQIN QIS
QI8 Qi8QI? Q17QIB Q18 Q1P QIP XIK XIP

CONTROt S&K

LNSUSTS X IK

WESUSES X)X 1K X2 X3
CONTROL SP

LheSUSE S X 1P

BSUSIS X ) X 1P X2 X3

amitver

LHSUSES 3 S8 S7S19 3163175183542 SA3 S60 S81 £82 Q0 QOC W2 W28 W2l W3 W3IA

WX WX W3S WIY wiw Wiy wil wa wal w3 Wil we WSO WEP Wi W2 wiw 81 88812

62 82A 828 B7Q B3 837 B4 847 BS2 B8O 888
WLUSES 1 59 55 57 815 515517 -S17 542 -S42 343 343
orrT™H
LMSUSES S3 34 S5 36 S7 $15318S17 318 321 $21A S21D 5210 827 §29 84) 942 843
$30331Q0Q0CQI Q2 Q7 8
WEUSES $1 33 -85 S8 SES7 .37 S16S18 8210 8210
LIV
LMSUSES S5 38
WMEUSTS 33 88 S21 §21A
otaGLe
(MSUSIS Q12 QIAQId QIS QI6 Q17 QI8 QP MZ MS M5 W WAV XIK
DinGr
LHSUSIS Q12 Q13QI6QISQIAQI7 QIS QID MI M7 MB X IK XIP
O1acRe
(HSUSES Q(2QI3QI4QIIQI6QI7TQIBQIFMI MP ME WL - WAV X IR
SIacar
LHSUSES Q12 QI3 Q18 QI5QISQI7 QIS QI M ME MY XIE XIP
(L ted 4= RU{
MRSt S SY8 879
BGUSES 3153 58 .87 .831 -§37 833 -S4 -539 536 S380 SR SIN SIM
538 379
esMmoves
LMSUSES $28 S26n
WSUSES $7) 528 S26N
IRSSTRAY.TRITD
LeuUsEs ST ST
DOUSES S4 S7 S ST
mee
LMSUSIS 33504 Q12QI3Q18Q17Q19 Q19 M) M2 M) Wi WO WP B2 D2A 820 X Ik
141844
LMSUSES $380 Q1 Q12 Q13Q18 Q17 01D QP ME MT MO W2 WIS WIT W3 VIR WAL WV
-WIW W)Y wa WA B7 B2A B8 060 3P X 1K
Mt w3s

- eaa Lhe W N




[ CROSS-SITEAINCE OF PREDICATCS e
¥ 1ADMOVE DGUSES W1 AP 1D 000 445 MO 7 MB MD 441 § M19 M IT WIS

LHSUSES 81 [ 8] )

MHSUSES 8| LNGUBES M1g M1Y N
HASCOLOR BEUSTS M0 MI7? WR wee 0Q 880

LMSUSES 30 S11 3210 S31 $32 334 538 336 $300 S300 SIN. SITR 590 961 982 Q7 MOV 1OWARD

W3 W3IA -W3A WX W WIS .Ww3S WIV WIW WIY w3l - Wil we Wel Wi Wil Wy w0 WP
WeW WX W7 wiw wx 8] -81 818 913 817 -817 82 -62 82A 424 019 S70 81 8N
B3 B3 -B37 B4 -84 847 057 850 S0P
MESTEOL 871 S33 S34 Q3 Q1) -w?S W2l -weX -8 8i8 il
RSUSES %) X2 %3
18X ING
LHSUSES S31 539 S34 539 836 $300 30N SIN 937 330 291 980 $61 S22 QY Q1) WD
WIA WK WL WIS W3V WIW w3Y Wil Wa WAl w3 Wil Wi W0 WP WeW WY w7 VIV 8|
013817 82 824 828 52q 83 537 B4 547 B 8OO BeP
NESTEOL W2S W27 wex 832
. MMSUSES X ) X2 X3
15PAWN
LHSUSES SG S2) SI1 S35 530 3360 SIGA SIM. SI7R 330 300 381 382 Q3 Q8 w2 VS
W22 W3 WIA WIK WL WIS W3V WIW WIY Wil WA WAl WS WSl w7 WY BI SIS 812 02 02N
820 82qQ B3 537 B4 BaY 852
NESTEOL $32 3%
RHIUSES X\ X2 X3
KPUHASP
LHSUSES 331 $32 -832 S33 -£33 539 S38 $360 -SI60 SI6A S3A. -S3IM SIM SIM
830 $3) $80 SB1 S82 W2 W2S W2I W) WIA WX WL WIS W3V WIW W3V wil We wal e
WA W8 W0 WS Wew W? WIwW 81 .01 BIS 8IS 8|7 -B12 827 -82 52A -RIA 029 &9
82Q -52Q 83 -83 831 832 64 -84 B4 B4 BIZ DI B0 880 BOF -80°
RMSUSES SO
KPRINIT
LHSUSES SO
BBUSES X | X2 X3
LASTSN
LMSUSES S84 385 S668
RHIUSES SO S64 -S54 369 -8 S48 S48
Loc
LHIUSES S11 $21 521D 331 533 334 $I39 S36 SI60 SIGA SI7 SITR S0 51 $60 S8
882 Q0 QOC Q3 Q4 Q7 QB Q1 1 M1 M2 M3 MA M3 WS M7 MS M9 MIN M IS W2 w2S W2! w3
W3IA W WL WIS WiV WIW wlY W3l Wa Wal WS Wil Wi WE0 WEP W W) WIA WP W
WIx WwIV8|81S8I17 82 -B2 B2A -82A 820 828 024 83 537 B4 647 B52 BE0 B8P X 3K
xir
NESTEDL $21 $32 $33 334 831 Q0 QI Q9 Q11 W28 w2l W3 WIS
BSUSES S8 Q3 Q3 Q4 -Q4 QB Q1 -Ql) X3 X2 X3
MAKE MOVE
LHSUSES QX Q4 a7 Q1)
RHSUSES QO QOC 21 -Q2 -08 Q7 -q1}
MAKE MOVE X
LHSUSES Q12Q13Q18Q13Q16Q17 Q18 Q19
MSUSES Q11 Q12 QI3 Q10 Q18 Q16 Q17 Q18 QIP
MAKEMOVE:T
LMSUSLS 00 QOC
BSUSTS S35 38 -Q0 -QOC
MAXOEPTH
LHSUSES 330
BSUSES 30
MAXSYEVEL
LMSUSES 31 817 318 342
BaUsSEs SO
MEAWS € XAM
LMSUSES -MI3M12X
BISUSES M 13X WeWw W? W7
MEANSHOLD
LMSUSES M1 MI12
BSUSES M12 W Waw W7 w7W 820 B¢
MEANSRELS
LHSUSES M IS MITX M8
RSUSES M12 M 13 MIIX M8
MINSLEVEL
LNSUSES S15 316 543
BGUSES 30
MOYECAND
LNSUSES 321 S21A S710 3210 928
NESTEDL S $21 S23 S26N
RWSUSES -S21 -S2 1A -$710 S210 SO MIIMIS W2 WIWIA WK WTA B 2
MOVL € XAM .
LMSUSES WeX WaY -WIA W7C .w7R
NESTEOL wel -w70 -wIY
RMSUSES M 13X -wéX .weY -wIC
MOVENISY
LHSUSES 9 S8 S7 390 334
M3usEs S) 39 36 87 .97
MOVL HOLD
LMSUSTS Mi ) MII MIgK
NESTIOL w18

L 3 v

LHEUSES M1 AR M3 M4 109 WS 17 WS MD MEV Mg
BGUIS M1 AP AT 8 M MG M7 B NP MV 2PN WS WS U WOV W7 WTV BT
[ ]
Moven

LMBUSTS 39 96 57 813 816 817 318 541 902 843

SEUS S} 59 3908 38 57 .87 .
“OvING

hOUSIS S 1t
NOOE COUNT

LHBUSLS Qo Qoc

WEUIES 31 QO Q0 QOC QOC -
OFrgoaRs

LNSUSES S210 Q3 Q11 49 Mgw

MSTIOL -$33 -$34
nave

LYSUSES 39 38 37 532 .
bguszs 50
=141 80AK

LMSUSLS $30 331 592 .

DSUSES $1 523 526 $4) 247 590 S§1 52
" INDBOAD

LHSUSTS 330 231 892

BEUSES $50 331 -Q0 QOC
L

(HSUSES Q14 Q13 Q18.QI7 QIS QI MI MI M8 Wi IR
e

LISUSES QIO QI3 Q16.Q17 Q1B QIDMI MA MG WL X1k
SECOmSR D

LNSUSLS 364 56 386 368

WEUSES S63 583
RLCORDOONE

LisusEs S8

MESTIDL 64 383 308

MSUSES 564 349 368 368
L CoRDS 1V

Liesusse s s87

WEUSIS S83 587
S ComDF 11

LigusEs ssg

WEUSES $67 -508
S conorey

LSUSES $63

WOUSES 580 58 ) 582 383

R CORDM 1w

LIGUSEY S0 381 982

WEUSES 373 360 381 582
erUTo

LHSUSES 873 828

t€sTIOL 53

®EUSLS $13 324 525 3481 Q7
MSTORTCAP

Lsusts 52 59

BOUSLSS? 58 59
S TORE CON

LMSLSES SOC

WOUSES S8 -$8C
RETRACTHLD

LNSUSES -1 42

WSUSLS Q2 Q7
RTRACTMOVE

LHSUSLS Q1 @2

nEsIS S? Q) Q2
MIBACTING

Lausts g7

MSTIOL Q1) -
BOUSES Q) 00 QI
-

UGLSTS $21 531 533 536 SI6R $30 §31 M1 12 M M MO UG M7 U8 W2 W23 WL W3
WIA VR WXL W3S WIV WIV WIY w2 82 B2A 628 210 83 031 Do B4

ST 521 »)
SAvi.con

LHBUSES QC

SEUsI S 08 08C

scIsTaNc

LHSUSLS W27 W3V Wlw W3V WiI WAl WSI WeP WaW WTW D12 B9 832 a7 B B8P
BEUSIS 319 W2 -3V WIW WOV W] WAJ -WN WSS WY W7V DI 479 BN
841 832 0P

STLECTOTOAY

P L O S j




i s e - - - g

L 1] CROSS-ARVERENCE OF PRIDICATLS

LHSUBES -39 W2 W23 W3 WIA WIK WiL WIB W W9 W We0 W7 81 BiS 82 E2A SN 83 00
L
NESTEDL -84
AMSUSES $3 -S4 -37 $19 317 S38 W27 .WIS W3 -WIA WK .WIL WIS .wd WS -8
-We0 -w7 -3 -81S 92 -82A 51Q &I 84 S0
STATICEVAL
LHSUSES -830 339
RMSUSTS 30 -$39 .34) -647 -343
STRATITRICO
LHSUSES §7¢
NESTEOL S7F W2 W) W3A W Wit wé WS W8 wi0 W7 81 518 02 820 &3 84 080
RHSUSES 878 W2 W) WIA WX wiL Wé W we w0 W7 1 2 52Q 83 84 NSO
SUCCSTRAY
LNSUSES 924
DSUSES -S24 w28 W3S 818 824

succero

LHSUSES 311 813 .
NESTEDL S3
WHSUSES -S11 -SI13829
TEMUWIN
LIMSUSES 841 842 843
RMSUSES S31 §32 ST $34 539 $38 S300 536 SITL SITN 341 -842 843 W WV
WIW W3IY w3l WAl wil wor wax w7 911 829 0) 841 BN D@
TEST)
LHSUSES X1
TEST2
LHSUSES %2
TESTY
LMSUSES x3
TRACING
RHSUSES S15SI6S17SIB S21A $23 324 341 342 343 590 551 $84 Q0 QUC Q1 2
WEWAESEXAM
LHSUSES WEX WEY wel
SHSUSE S wew WiX weY -wél
wIRESEeS
LHMSUSLS W7C
MSUSES WIA WIB .WTC WX WIY
WIRESEXAM
LHMSUSES wIA w78
AMSUSTS W7 WA .W7e
WIWRESEXAM
LMSUSES W7X W7V
DISUSES W7V -WIX -WTY
W INCAND
LMSUSES $21A
NESTEOL 821
BEUSLS S2(A

v e

Auvend®t C. SAMPLE CIEATED ST FRODLCTICNR
LISTING OF RPEPY CAEATID BY 60 NODE MU

~-|

LMS [CHECKTINM D #) (SATISF ITS P (TG # (QUOTE B7)) (ISPAWN AL) A.OC Al 81)
(SATISFIES 31 (TQ S| (QUOTL €7 (ISXING A7) (LOC A2 ST1
(BATISFIES £2 (1Q 52 (QUOTE £41) (HASCOLOR A2 $2) (XPRHASP #2) (1SRIME AS)
QLOC AS 8Y) (SATISFIES 3 (1 $I (QUOTE CTM (SATIF IS O RQ O (N
(CMLEVEL D L) (SATISFIES L (X1QL 3)

WS (WINCAND 0 (QUOTE C7) (QUOTE O

VARSL SIAIP2S2A281AIPD

L 3]

LS (OECX:TERM O 9) (SATISFICS # (£Q P (QUOTE B (ISPAWN AJ) ROC A) 81)
(SAYISFIES $1 (EQ S 1 (QUOTE ETM {ISKING AZ) ALOC AZ 82}
(BATISF It $2 {tQ 52 (QUOTE £4))) (HASCOLOR AZ $2) (XPRGEP PT) (1SXING AR
Q.0C AZ $3) (SATISF1ES S (1Q 53 (QUOTE C7IN
(SATISFIES D (AND (NEQ O 1) (NOT (oLESS O 21 (OUMLEVEL O L)
(BATISFILS L (NOT (oGREAT L 9))

W (TEMAMY TN P (QUGTE PN- 1)) (NOT (OECKTLAM O #)) (0T (LEBCIECILTIRM D )

VARS L S3AJP2SZAZSLAIPD

~2

LIS (O CR:TERM D P) (SATISF 1€S P (TQ P (QUOTE W))) (ISPAWN A1) ROC A1 81)
(SATISFIES $1 (€Q S 1 (QUOTE £6))) (ISKING AZ) (LOC AZ 321
(SATIEF 163 $2 (£Q S2 (QUOTE D8)I) (HASCOLOR A2 PF) (XPKHASP #Z) (18X ING AZ)
LOC A3 S3) (RATISFIES S3 (1Q SI (QUOTL E8)))
(SATISFIES D (AND (MEQ D 1) (WOT (wLESS D S)N (CURLEVEL D L)
(SATISFIES L (NOT (sGREAT L 8)))

243 (TERIAYIN P (QUOTE PN.2)) (NOT (CHECK:TTRM D P)) (NOT (ERECHECKITERM O £))

VARS | SIAIPZS2A2SIAIPD

[ A

LME (OECK.TEAW D #) (SATISF 1ES # (€Q P (QUOTE W) (ISPAWN AT} ROC AL 81)
(SATISFIES S 1 (1Q $1 (QUOTE £8)) (ISXING AZ) (L OC AZ 32}
(BATIST 113 $2 (£Q $2 (QUOTE DE))) (MASTOLOR AZ PZ) (RPHASP §7) (1SK1HG AR
QLOC AJ SY) (SATIST I(S $3 (£Q 32 (QUOTE L8N (SATISF IS O (mLESS D &)
CCURLEVEL O L) (SATISTIES L (1QL 30

4G (WINCAND D {QUOTE £6) (QUOTT ET))

VANS L SYAIPZS2A2SIAIPD

~2

LMS (OQCX:TERM 0 P) (SATISFIES P (1Q P (QUOTE W) (ISPAWM A1) ALOC AT 81}
ISATISFILS 31710 S1 (QUOTE (81) (ISXING AZ; R.OC AZ 320
(BATISFIUS $2 (1Q $2 (QUOTL DE)]) (HASCOLOR AZ £7) (PRMNATP £2) (1SKING AS)
LOC AJ S3) (SATIST I(S $3 (£Q S3 (QUOTE E8))) (SATISFIES 0 QO 1))
(CURLEVEL D L) (SATISTIES L (EQL 8)

S (WINCAND O (QUOTE E8) {QUOTE E7))

VARSL EIAZP2S2A2SIAIPD

w2

LIS (O OXTIAM D P) (SATISF (S P fEQ P (QUOTE W) (ISPAWM AJ} BOC AT 81}
(SATISFIES S| (TQ S| (QUOTE EBI) (ISXING AZ) ROC A2 $7)
(BATISFIUS $2 (1Q $2 (QUOTE £5))) (HASCOLOR AZ PZ) (XPRHASP PZ) (IBXKING AR
0.0C AZ 32 (SATISFIES $3 (1Q SI (QUOTE DB} (SATISF I(S D (sLLSS O 30
(QURLIVIL D L) (SATISFIES L (TQL &)

WG (WINCAND 0 (QUOTE €3} (QUOTE O8))

VARS L SIAIP2S2A281 A PD

~-e

LMS (CHMECR.TTAM O P} (SATISF [£9 # (EQ P (QUOTE W)} (ISPAWN A1) LOC A) 81)
(BATISFIES S) (1Q S| (QUOTT £6))) (ISYING AZ) L OC A2 ST)
(BATISF IS $2 (TQ $2 (QUOTE £4))) (HASCOLOR A2 P2) (XPRHASP $7) (IIRING A
QLOC A3 $7) (SATSF {I$ $3 (10 $3 (QUOTE C7N) (SATISFIES D (Q O 1))
CCURLEVEL D L) (SATISFIES L (EQL 4}

WS (WINCAND D fQUOTE E4) (QUOTE €33}

VAR ( STAPISIAISIAIPD

™9

UG (ORONTEM O #) (SATISY ILS P [LQ P (QUOTE W)Y} (1SPAW A1) LOC A 81}
(BATISFILS $1 (XTQ ST {QUOTE E6)) (ISXING AZ) LOC AZ 82)
[SATISF (03 S2 (1Q $2 (QOTE [4)]) MASCOLON A2 P7) (XPRMAIP §7) (1SXING AS)
LOC AZ $3) (SAT[SY IIS $3 (1Q $I (QUOTL CTIN
(BATISFIES O (AND (VEQ O 1) (WO (WLESS D 1)) (CUmLEVEL O L)
(RATISFIES L (NOT [vGREAT L &))

B (TEMAWIN P (QUOTE Ay.9)) (NOT (O CKITEAM O #)) (NOT TRSCITOLTIAM O P

VARB L SIASIPIS2AZSIALIPD




®owendin 9. GLIALEA NDMNIGR (u TEAIL

TET1: ORDINARY VEWSION MITW P GUILOTIS

‘. “s  sa

LEVL - S M

1 MOVING WP FROM E6 TO €7 LEVEL §

« 2 MOVING 8X FPON C? YO DO LEVEL §

Can'Y MOVE C? D8

. 3 MOVING BX fRON C7 TO O7 LEVOL §
LEVEL *» ®u
LEVEL « FAlIL 0EPTH 3 M
SUCCEED C? 07 = 523

(E6 €7) (L7 O
AODPPOD PN-1 DEPTH 2 LEVEL § C? D?
RETPACTING C7 D?
RETRACTING E§ E?
LEVEL - ¢ W
4 MOVING WX FPOR E4 TO £S LEVEL ¢
. S MOVING 8K FRON C7 TO OB LEVEL 4
« « 8 MOVING 3 FPOM ES TO D8 LEVEL ¢
-« . 7 MOVING OX FRON OB 10 £ LEVEL ¢
e« o . B MOVING MK FPOR D6 TO €7 LEVEL ¢
CAN'Y MOVE 06 €2
¢« e+ . 9 MOVING W FRON D6 1O D7 LEVEL ¢
CAN°'T MOVE 06 07
LEVEL + S M
e« o+ 10 MOVING WP FROM £6 TO E7 LEVEL ¢
LEEL + S B
LEL « 68
LEWL ¢« 7 8
LEVEL + FAIL DEPTH 6 @
SUCCEED €6 €7 » 23
e o B o

(E¢ ES) (C7 OB) (ES O6) (DB £O) L6 €7
ADOPPOD PN-2 DEPTH & LEVEL § B8 €7
RETARCTING €6 €7
RETPACTING OO £8
e ¢« . §1 MOVING B FPOM DB T0 €7 LEVEL ¢
CAN'Y MOVE 08 €7
LEVEL + 5 8
.+ o 12 MOVING BX FRON D8 TO E® LEVEL ¢
TERRINAL MIN FOR W » PN-2

(€4 €S) (C? 081 (CS 06} (08 CO)
RETRACTING O® €0
LWL + 60
LEKL + 7 8
LEVEL * FAIL DEPTH ¢ B
SUCCEED £5 D6 = $2)
RODPPOD PN-3 DEPTH 3 LEVEL ¢ €5 DS
RETPRCTING €5 06
MTIRACTING C? O8 .
. 18 MOVING §X FPOR C7 T0 07 LEVEL 4

o

.

v

(€4 €5) (C7 OB (€S O6) (CB OB
LEVEL o FAIL DEPTH § W
SUCCEED (B DO - S23
ADDPPOD P-4 DEPTH 4 LEVEL 4 CO DB
RETPACTING CB 08
RETRACTING €5 08
17 MOVING W FROM £S TO 16 LEVEL 4
< 10 NOVING Bx FPON CB TO OO LEVEL ¢
c . 19 MOVING WX FPON FE 10 £7 LEVEL ¢
Coni'Y MOVE F6 €7
.. 20 MOVING W FRON FE TO F7 LEVEL ¢
ce . 2 MVING BX FRON D8 TO €0 LEVEL ¢
C'T MOE DO E8
.. . 22 MOVING O FROM DB 1O €7 LEVEL ¢
CAN'T MOVE 09 £7
LEVL + S B
« . . 23 MOVING BX FROR 08 TO £E0 LEVEL ¢
Can'Y MOVE 09 £0
LEVEL + 6 8
UL 78
LEVEL » FAlL CEPTH G O
SUCCEED r6 F7 « 523
o oL
PEEETRENN  SN

(£¢ €S) (C7 OB (ES FE) (OB OB) (FE F7)
ADDPROD PN-S DEPTM § LEVEL ¢ F8 F?
RETPCTING FE 77
RETRRCTING CO D8
. 3¢ MOVING B TROM (9 10 D7 LEVEL ¢
Can'Y WOME (B D7
5 MOVING Bx FROM (8 YO C7 LEVEL ¢
. 26 MOVING WX FPOR FE 10 E7 LEVEL ¢
o o 27 MOVING 8 FPOR C7 TO OB LEVEL ¢
CAN‘T MOVE C7 OO

Lo 0. T8 TOVING BX FROM £7 YO D? LEVEL ¢

Ca'T MOME C? 07
NG

c 0. TR MOVING B TROM C7 TO CB LEVEL ¢
EVEL « S W
oo . DO OVING WK FRON €7 TO £9 LEVEL ¢
TORMINAL WIN FOR & o S36
Y O3 TR

{E9 €5) €7 CO) (€5 F&) (CB C7) (P8 £7) (C7 CB) (€7 €O)

LEVEL ¢ FAIL DEPTH B B
SKCEED €7 €9 = S23
AOOPRCD PH-6 DEPTH ? LEVEL § €7 €O
RETRRCTING E? €O
RETARCTING C7 (O
o0 . 31 POVING & fRON C7 TO D8 LEVEL ¢
CN°Y MK C7 06
LEVEL + S 9
¢4 . 32 MOVING B FROM C7 TO OB LEVEL ¢
CANY mOvE C7 08
c . B3 NOVING 6k FPOM C? 10 D7 LEVL 4
C'Y MOME C7 D7
o 3¢ MOVING X FPOM C7 YO OB LEWER ¢
TEMMINAL NN FOR W o PN-§

it ot . b s bl




(€4 €S) (C7 CB) (€S ME) (CD C7) (FE E?) (C7 OO
RETRRCTING C7 CB
LEEL » 6 0
LEVEL « 2 0
LEVEL +» FAIL DEPTH G B
SUCCEED F6 €7 « 523
AOOPPOD PN-? OEPTH § LEVEL ¢ 1§ €7
RETRRCTING f6 E?
RETRACTING C® C?
LEVEL » 5 8
» o« « 35 MOVING B¢ FPOM CB 10 DO LEVEL ¢
TERNINAL WIN FOR M o PN-S
.o WL

(E4 €5) 1C? CO) (ES FR) (CO DO
RETPACTING (@ DO
+ .+ 3 MOVING 8 FROM CO TO D7 LEWL ¢
Can'T MOVE C8 0?7
LEVEL + 6 0
LEVEL = 7 D
LEVEL « FAYL DEPTH 4 B
SUCCEED €S r§ = S23
PR ST PN

P S S

(€4 ES) (C? OO (S FS)
#DOPROD PN-8 DEPTH 3 LEVEL ¢ €S 6
RETRACTING €S F6
RETRACTING C? CO
37 MOVING O FROM C?7 TO 06 LEVEL ¢
CANY MOVE €7 06
LEVEL S D
0 MOVING X FRon C7 TO DO LEVEL ¢
TERMINAL WIN FOR W » PN-3
[ S

(E¢ £S) (C? O
RETAACTING C7 0O
. 39 MOVING B FPOM C7 10 D? LEVEL ¢
Y MOVE C7 O7
« %0 MOVING 8¢ ROM C7 10 (O LEVEL ¢
TERMINAL KIN FOR W « PN-8

tge £5) (C7 (o

RITMCTING C7 CO

LWL » 8 0

LEVEL + 2 0

LEVEL + FAIL OEPTMN 2 8

SAUCCEEO €4 €5 ~ S22

AOUPROD PN-S DEPTN § LEVEL ¢ E4 €S
VING (W W £4 ES)

R

OETATLED BEMAYOR ON TERT | [ 3

RN TINE 14 MIN. 4.22 BT

(1] ™ rive wweY e [ 1) w
w» %08 37 012 2.4 3.19
0120 0314 1.0 P28 NI MG

1995 INSERTS 1032 DELETES 408 WWWIICS 28 NEN ORJECTS
Y SFPX LENGTM 138
CORE (FPEC.FULL): (S08(1 . 2530 USED (0997 . 493)

1ACTS LORDPS (KPYEG . EXP) (KPXEGR . MAC) (KPRO . EXP) (KPIT . EXP) (KPRM . CIPs
tKPRD . £XP) (KPXY . EXP) KPXC RESTOPEDS (KPXEGH . OBS) SAVEPS (CLOSED (
KPXEG . EXP)) MM SPIErPTY SMEDR (CLOSED (KPXID] . OFS)) SAVEPS (CLOSED (
KPKi0L . ExP)) (DLOSED (XPKiDE . TRS)) SPIEIPTY

FIRED Se OUT OF 166 PRODS
OECK I OTHER: STPAT (3 W)
COMTROLS (B D?) (B DB (89X §B) (WX B7) (BX CB) (BX B8) (BX C8) (Bx D) (MK E8Y
(K FS) (WK FEY (WX F4) (WK D4) (HK DB) (WX £4) (X DR) (WP O7) (WP PFT)
C CURLEEL () ) (2 )
DEP™M (1)
DIAGLD (A1 90! (A2 91) (A3 02) (A4 ¢3) (AE 04) (AR o5} (A7 06 (AD 97) (B1 AP
(82 A1) (B3 A2) (84 A3) (BS AY) 1BG RS) (D7 &6) (B8 A7) (B9 AB) (CL B9
(€2 B1) (C3 B2) (L4 §3% 1CS BY) 1L BS) (C? BB) (CO B7) (CY 89! (DI CO)
O C1) (D3 C2) (D4 €I (DS C4) 106 CS) (D7 C8) (DO C?) (08 CH) (€} DO)
(€2 D11 (€3 D2) (€4 D3 (£S D4) (EG DS? (E? OB (E® D7) (9 DO) (F1 E®)
(F2 1) (FI E2) (Fe £3) (FS ES) (F6 £S) (F2 [8) (FO E7) (FO ED) (G FO)
162 F4) (GI F21 1G4 F3) 40S F4) (GG FS) (G? FB) (GO F7) (GO FO) (NI GO)
(HZ GI) (M3 G2) (M4 G3) (M5 GA) (MG GS) (M7 GB) 1HD G7) (HS GB) (]2 M1)
(I3 023 (14 H2Y (15 M) 116 HS) (12 N6 110 WD) (19 M)
DIAGLF (A1 #2) (A2 @31 (R2 a4} (A4 g5) (RS eB) (AG €7) (A7 o) (AR o9) (B9 AY)
(81 AZ) (BZ A3) (83 A1) (B¢ A5) (S AE) (B6 A7) (87 A9) (B8 A9) (0O B1)
(C1 821 (CZ 831 (C3 @¢) (Ce BS? ¢CS 86! (L8 B?) (C? @8 (C §9) (DO L)
(01 €2) (D2 CI) (DI Cer 104 CS) (DS CB) (DG €73 (D? CBY (0B C) (£O DY)
(€1 O2) (E2 D3) (€3 D4 (E4 DS} (€S D6) (ES D7) (E? DB (€D DY) (FO E1)
(FL €2) (FZ EI) (FI €4) (F4 EST (FS €6 (FG €2) (F? €@ (T £ (GO F1?
(G3 F2) (G2 F3) (63 F4) 1G4 FS) (TS FB) (GB F?) (G? FOY (GB FY) (H® GY)
(HE G2) tHZ B3 (K3 G4) (M4 GS) (HS GB) (M6 G71 (M7 GEY (HD G9) (10 M)
(I M) (12 M3 (13 1) (1e MS) (1S v8) (16 N?) (I? W@
DIRGRD (a2 R}) {93 A2) (et A3) 85 RYY (a6 RS te? RE) (0@ A7) (@9 ABY (RA) B9)
(A2 811 (AI B2) (R4 BI) (RS B4) (A6 BS) (A? BB) (AD B7) (A9 BB (81 CO)
(82 C11 (83 C2) (B¢ C3) (BS C4) 186 CS) 187 CB) (88 C7) (8% CO) (Ct 0O)
(€2 O1) (CI D2) (L4 DI (CS D4) ¢C6 DSI (C? DB) (CO D7) (CO DB (D) EO)
(02 €1) (D3 E2) (D4 €£3) (DS €4 (DG ES1 10? €6) (DO €70 (09 €@ (€1 F®
(E2 F1) (E3 F2) (R4 7YY (ES F4) (€6 FSI (E7 FE) (EO F7) (E9 FO) (F1 OO
(FZ G)) (F3 G2) (F4 63) IFS G4) (FG CS) (F? GBI (FO C7) (F'S (B) (G1 W)
(G2 K1) (63 W) (Ge W3 (LS M) (GG M5} (G? M) (GO N7) (GO MDY (WY 1)
(H2 T1) (M3 121 (M4 13) (M5 14) (MG IS} (M? 1B) (HD 127}
DIAGF (90 AI) (91 AZ) (o2 A3} 103 A4) (04 AS) (o5 AB) (a6 A7) (o7 AB) (A0 B1)
1A) 823 (A2 B3) (A3 Be) (04 BS) (RS BE) (AG B7) (A7 8B) (AD B9 (B¢ C1)
(81 C2) (B2 C3) (B3 C4) (B4 CS) (WS C6) 1B6 C7) (87 CHY (BB CY) (CO DY)
(C1 D) (C2 03 (C2 D4 (Ce DS (TS D6 (CE D7) (C? DO (T® D9 (DO €S
0f €2) D2 ,£3) (DY E4) (D4 ES) (DS £6) 106 £7) (D7 EW) (OB E9) (EO FYD
(EL F2) (E2 F3) (E3 742 (B4 FS) (ES FEI (EG F7) (E7 FO) (EB FY) (FO C1)
(F1 G2) (T2 G3) (FI G4) (F4 GS) (FS GE) (FG G7) (F2 GO (FO C9) (GO WY)
(GI K21 (G2 W3 {G3 e (G4 WSY (CS HB) (C6 W7) (C7 »@) (CB M9 (M3 12)
W2 13 (M3 14 (e 15) (M5 160 (M6 17) (M7 18) (M I
FILED (Al AOY (AZ A1) (AT AZ) (R4 AT) (AS M) (AG AS) (A7 AG) (AR A7) (A3 AD)
(1 B9) (82 81 (83 821 (84 83! (85 B¢) (56 0S) 197 B6) 100 97 (D9 9)
(CS CO) (CZ C1) (C3 C2? (Ce €I (LS C4) 1CE CS) (C? CB) (CB C7) (CO OO
(01 D) (D2 D)) (D3 D2) 104 D3 (DS O4) 108 DS} (D7 DG (OO 071 (DI DB?
(€1 €& (€2 €11 (€3 €21 1€¢ €31 (€S €4) (€6 TS (E? 6 (ED £7) (9 ED)
(F1 FBY (F2 F13 (FI F) 17 FI3) (FS F4) (FG FSY (F7 FG) (FO F?) (F9 FO)
(61 GOy (G2 Gi) IG3 L) iGe §3) (GS G4) 106 CS) (G? GB) (LB G7) (GO GO
(HE MDY (M2 M1 (KD W2) (M6 M1 (MG We) (HE MB) (M7 MEY? (MB MN?) (M9 1O}
FILET (a0 A1} (A] Q21 (A7 A1 (AT Ad) (A4 AG) (RS AG) (A A7) (A7 AB) (A8 AS)
(00 B1) (81 82) (B2 831 (B) 84) 194 BS) (8BS 86) (86 §7) (47 98 (88 B
108 €3y () €2 (€2 €I 10D C4) (L4 CS) (CS €61 (C6 €71 (L7 CBI (O CN
(09 O1) (D1 D) 102 03 (D3 DV) (D¢ DS) (DS 06) (06 D?) (D? OB} (D8 0T
(EO €1) (€3 E2) 1E2 £ (€D €2 (E¢ €5 (€S E6) (Z6 B LE? £ EO EM
(FOFYY (P F2) IF2 73 (FI PO (PO FS) (FS TQI (FE 70 (F7 FO) CFR FD)
1G9 G1) (G1 G2V (G2 €3 (GD G4) (G4 CS) (GS GB) (OB G7) (G7 GO (0B CM)
(W ML) (W] W2 (M2 WD) (M3 H8) (e M5) (B MB) (MG M7} (W7 W@) (MD WD)
MASCOLO® (B B) (W W) (WP W)
ISXING (B} (M)
1PN )
PSP (i)
KPRINIT (1)
LAST: P (PN-9)
LOC (B €7 (i £S) 1 I8
MADEPTH (9)
MAXSLEVEL B 71 (W &)
NINBLEEL (B 1) (M 1y




o. OETARLED SIVAVION OX TEST Y e

. MOVEMIST ((T (E¢ £5)))

MOVER ()

MVING (U MK €4 ES)

NODE s COUNT (41)

OFPBOARD (90) (9]) (82) (93) (ed) (e5) (g) (07) (e@) (g8 (AD) (AS) (99 (B9}
(CO) (LY (DO) (DD) (L) (€I (FO) (FY) (CO) (GH) (MDY (1) (10) (1) (1)
(I3 (1) (1S (J6? U2 (1Y (1M

PLAYER (81 (W)

PRINTED: BOMD (T)

RANKL (A 1) (A2 a2) (AD 03} (A4 9} (A5 o5) (AG oB) (A7 o7) (A o8} (BI AY)
(B2 AZ) (B3 A3) (B¢ M) (85 A5) (DS AG) (B? A7) (B @) (CY B1) (C2 B
(C2 83) (Ce 84) (CS BS) (C§ 86 (C? B7) (CO 89 D) C1) (D2 C2) (D3 CI)
(04 Ce) (DS CS) (D6 CB) (D7 C7) (00 OB) (€1 DI (EZ2 D2) (€3 0I) (E¢ DO
(€S OK1 ¢<E6 06 (£7 D7) (EQ OB (F) E3) (F2 E2) IF3 E3) (F6 £9) (58 £S)
(F6 €6) (F7 €2) (FO E8) tGS FI) (G2 F2) (GI F3) (G4 Fe) (CS FS) (CE FE)
(G? F7) (CB F®) (M1 G1) (K2 G2) (M3 G3} (He¢ Ge) (MG GS) (MG GBI (W7 G7)
(MD GB) (11 WI) (12 W2) (13 H3)Y (14 H&) (15 461 (16 MEY (17 HD) (18 MB)
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Chapter VI

MiliPS/WBlox
A Natural Language Input Toy Blocks Problem Solver

Abstract. The MiliPS/WBlox production system is a combination of two major systems, one
for processing a simple subset of natural language and the other for solving problems in a
simple toy blocks domain. The emphasis of the natural ianguage part is to study some
problems of ambiguity and to illustrate a direct, non-syntactic-parsing approach to
understanding natural language. The blocks probiem solver deals with simple blocks
manipulations, but deals with them in a general way. It features a simple goal-subgoal
mechanism and conventions that allow choicepoints for a backtracking search. The blocks
manipulations are a close imitation of Winograd’s Planner system.
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MiliPS /WBliox

A. Introduction

MiliPS is a production system (PS)e implementation of an extension of MILISY (mini-
linguistic gystem), a mini-program used to illustrate natural language processing in the CMU
Al course. MILISY takes in facts about a toy blocks scene in restricted natural fanguags,
builds up a database of those facts, and answers queries about them. This chapter
presents MiliPS in two versions. The first version, consisting of MiliPS alone, augments the
language-processing aspects of MILISY, while the second, consisting of a further
augmentation of MiliPS pius another system, WBlox (W for Winograd), emphasizes block-
manipulation problem-solving aspects.

MiliPS aims to make the language processing more complete than MILISY, in being
able to give information on and query more features of the blocks scene. The language
that MiliPS understands is composed of descriptive attribute values (adjectives), nouns,
main sentence function words, prepositional phrases representating relations between
objects, and subordinate clauses that can be used to further refine descriptions of objects.
This language can be expressed as an ambiguous context-free grammar, but MiliPS does
not proceed by exiracting the grammatical structure ot its input as a parse tree.
Ambiguities are resolved by flexible use of features of the scene, ossentially as soon in
the process of scanning the input as is logically possible.

The blocks manipulations that constitute WBlox are based clossly on the problem-
solving part of Winograd's SHRDLU program (Winograd, 1972). That subsystem of SHROLU
was coded in Micro-Planner (Sussman and Winograd, 1970; henceforth, referred to as
Planner), a language specifically designed to make certain heuristic search operations
sutomatic. WBIox moves single objects (rectangular blocks and pyramids) between
locations in the scene without spatial rotation, finds locations to put them, builds stacks of
them, and packs them compactly into a space if necessary. WBlox uses a hierarchical goai-
subgoasl structure to break big operations down into more primitive ones, with a set of
Indivisible primitives consisting of moving the hand to specific locations, grasping objects,
and letting go of objects. At certain key points in the problem solution process, arbitrary
choices are made, requiring WBlox to record its choice and the context, so thet corrections
are possible later in response to unforeseen difficulties. The particular approach to the
search through the space of choices in WBIox is intended to imitate the Planner approach,
not to represent the best scheme for PSs, which it certainly isn't.

The toy blocks domain has features that are abstractions of a much more general
domain of discourse. It is composed of objects that have certain non-changeable
aitributes, and that enter into relations with other objects. This certainly models
(abstractly) the physical world in which humans move, but it also goes much further,
representing important aspects of human sociocuitural organization, of economic systems,
and of numerous more abstract formal (or informal) disciplines such as computer
programming. (A piece of a computer program has attributes, e.g. what it is intended to
do, and relations, e.g. dependence on other code for its inputs; there can be several pieces
of code competing for the same space within a "block” of computer storage, etc.) Of

©® PS will abbreviate production system, plural PSs; P will abbreviate production, plura! Ps,
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course, how relationships and atlributes are structured in real domains does not
eorrespond to how they are treated in toy blocks, but it is to be hoped that some of the
more general techniques that work with a blocks domain might carry over, requiring only
modification of the detailed semantics of specific relations and attributes.

That correspondence to more important problems provides some motivation for
pursuing the present study. More motivation comes from the desire to develop a flexibie
PS-based approach 1o natural language processing, and to test its feasibility on a
significant and classical Al task. WBIlox also provides the opportunity to compsre a PS
program to a functionally similar one written in Planner. It may also provide future
comparisons to other Al programming systems and proposals, and act as a benchmark.

For those familiar with Winograd's (1972) program, | will summarize the primary
differences between the MiliPS/WBlox system and SHRDLU. The blocks part of SHRDLU has
direct anaslogs in WBlox, except that WBlox doesn't do quite all of the bookkeeping and
memory functions (such as remembering all the steps of a plan so they can be "executed”
at the end of planning). This only means that MiliPS can't answer questions about why it
did various steps in performing a particular command, and when it did them. The language
understanding part of SHRDLU is much more capable than MiliPS. The internal
representation is not as rich in MiliPS, especially in semantic attributes, e.g. "manipulable”,
and the language doesn't give full access to featues of the representation that it does
have, like size and location. It recognizes only the imperative form of verbs, and cen't
deat with other more descriptive references to the commands that it can do. It doesn’t
interact to resolve ambiguities as SHROLU did, but simply gives an error message and waits
for a corrected version of the sentence. It is unable to dynamically define new words as
SHRDLU was apparently able to do. Finally, there is very little in the way of languege
generation. Its replies are mostly fixed, and the ones that arent fixed are descriptive,
giving (stupidly) all the attributes’ values for an object or all the relstions it has with
other objects, in order to tell the user about the object. On the other hand, it is quite
capable of handiing most of the ambiguities and reference problems that SHROLU did,
oxcept references to objects in other sentences of a conversation, using, e.g., pronouns. It
has captured many desirable features that go with a problem-solving system such as
WBIox, and is a satisfactory first approximation,

The approach here has been in a way opposite to Winograd's. MiliPS started out as
a comparison of PSs to MILISY, & program with very modest aspirstions and serious
deficiencies in dealing with its model of the blocks scene. MiliPS first overcame those
deficiencies, and went rather far beyond any conceivable extensions of MILISY within its
own control structure, which was a more traditional phrase-structure transformations! one.
Any comparison of PSs with that structure is not possible now because it would require
either large extrapolations in MILISY’s abilities or actually trying to extend the
implementation to compare with MiliPS. After MiliPS had supposedly been refined to »
stable version, the blocks manipulation task came along, and the urge to use MiiiPS as an
interface 10 a blocks problem solver was irresistable. But only a minimal sort of extension
to MiliPS could be justified since the blocks manipulations were more central to the goals
of investigating the properties of PSs. Thus the language is only a convenience in the
final MiliPS/WBIlox system. Winograd on the other hand concentrated on linguistic issues,
and tacked on the blocks program as an essy means toward illustrating the power of his
linguistic understanding system.
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The structure of this chapter reflects the dual history and forced juxtaposition of
two lines of research. Section B and Section C are devoted solely to describing MiliPS: its
overall structure, the input language, how the {anguage deals with describing all the
desired features of the limited blocks scene, and the system it uses to disambiguate
complex descriptions. The latter section gives more compiete details ot the actus! PS
structure. Section D and Section E do corresponding things for the WBiox system,
touching only in passing the nature of the extensions to MiliPS that were required. Near
the beginnings of both descriptions, some typical ssntences and behaviors are discussed.
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B. Overview of MiliPS

This section gives a general overview of MiliPS, postponing details until the next
section. Section B.]1 first discusses a few of the tests given to the program, with only
vague descriptions of the processing done. It then gives a precise description of the task
domasin, including a grammar for the input language and a systematic presentation of
semantic capabilities. Section B.2 uses very abstract Ps to describe the way the
program works and outlines the processing of an input. Seversl leveis of semantic
processing are distinguished. Section B.3 discusses PS control and organization, low-
level PS teatures, representation, and the expected sxtensibility of the present spproach
to syntax and semantics. :

B.1. Features of the task

MiliPS has been tested on a set of 25 sentences, forming 8 continuous conversation
about a single growing scene. The full dialog is given in Appendix C, slong with trace
information that will be explained in Section C. The following sentences will give the
reader some idea of its capabilities.

MiliPS starts out with no initial scene, building up everything from descriptions of a

scene by the user. )

INPUT 1: (A LARGE GREEN BLOCK IS ON A TABLE)
In response to the first part of [, MiliPS creates a block, adds “size large"™ and “color
green” to its internal representation. It creates a table after scanning the rest of the
input, and adds "color red” to its representation. Finally, it notes the relation “on”
between the two new objects.

REPLY 1: (OKAY)
MiliPS indicates with the first reply that it has used everything in the input and hasn't
noticed any unresolved ambiguities, inconsistencies, etc.

In three test sentences (not shown) MiliPS has been told about a ball on the block,
and is able to determine that the description in 5 refers to that particular ball.
INPUT 5: (THE BALL ON THE BLOCK IS SMALL)
The relation "on the block” is necessary becauss there is a second ball in the scens. The
effect here is to add "size small” to the inter~al representation for the ball.
REPLY 5: (OKAY)

The first five inputs describe a scene, and the next five primerily ask questions on

that scene.

INPUT 7: (WHAT IS BLUE)
The query asks for all objects that have the color blue. MiliPS processes “what® by
forming a set of all the objects in the scene; "what” is essentially & very ambigous noun
phrase. Then it applies any further predicates in the sentence as restrictions to that set,
and it anything is lett when the end of the sentence is reached, it describes it as its
answer.

REPLY 7: (THE BLUE BALL) (THE SMALL BLUE BALL)
In describing objects, it uses whatever attributes it knows about that object, which happen
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to be size and color, taken in that fixed order. Note that its two descriptions are not
necessarily unambiguous, and in this case would be insufficient as references in an input.
That is, in order to refer to the first ball, an input would have to include some relation that
didn’t aiso hold for the second (which retation may in fact not exist),

INPUT 10: (IS THE BOX ON THE TABLE NEAR THE BLOCK)
MiliPS’s scene is suflicient to determine that after “box™ the question is ebout a particular
object, the only box in the scene. The relation "on the table® is already true of the box,
80 it is redundant; if the question ended after “table”, MiliPS would answer “yes". MiliPS
notes the redundancy and continues on, willing to abandon that snswer it something
negative comes along. The second relation, “near the block”, is in fact inconsistent with
both preceding objects, ie, it can't be referring to either the table or the box.
Inconsistency can mean that the system has definite information to the contrary, or it can
mean, as in this case, that no information exists ons way or the other.

REPLY 10: (NO INFORMATION ON RELATION NEAR)
It reslly means “on the relation near between those two objects®. Note that it can do no
deduction on other information that it has about the objects. For instance, it might
reasonably deduce that nearness held if the block were in the box.

Once sgain, some declarative inputs will be skipped, to get to a sentence with new

features.
INPUT 22: (WHERE 1S THE BALL IN THE BOX ON THE RED FLOOR THAT IS RED)
“The ball" is ambiguous to start with, as is "the box". A unique box is determined because
the floor is unique as described. When the floor is found, the system knows that there is
an unused relation, "on", and backs up in a list of the current objects to resoive the box
ambiguity. The same process applies to the "in", but the ball remains ambiguous. The scan
through the sentence continues, and "that is red” is found to be redundant with respect to
the floor (the program only checks semantic redundance, not the superticial redundance
that “red” has already been used to describe the floor), The redundance leads the
program to look back in the list of current objects for something that redness can apply
to, and finds the main subject, the ball, The end of the sentence is reached, so a reply is
constructed.
REPLY 22: (THE LARGE GREEN BALL IS NEAR IT) (THE SMALL RED BALL IS IN THE UN-
RED BOX) .

A “"where” sentence prompts MiliPS to give the relations that an object has with others
and also the relations that other objects have with it. In the first reply above, "it" refers
to the small red ball (the program doesn't keep track of the proper order of its replies,
though it easily could). The "un- red box" is one that MiliPS has only been informed of as
being not red. Making the reply use a subordinate clause was not considersd important
enough to warrant the further necessary Ps, so the "un-" form was adopted.

A tinal query exercises the ability to extract questions and use relations that are

separated from the objects to which they refer.

INPUT 25: (IS THE BALL NEAR THE GREEN BALL IN THE BOX THAT IS NOT ON THE RED

TABLE BLACK)

Here the box is not disambiguated until the end of the clause that follows it, and the
subject ball is not disambiguated until the box is. The "in the box" relation restricts the
subject ball, and "near the green ball" stands by itself and also restricts the subject ball.
(It was somewhat troublesome to construct such a test.)

REPLY 25: (NO INFORMATION ON COLOR BLACK)
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The final word in 25 expresses the question. MiliPS knows the ball is red, but cannot
deduce that it is thus not black, and instead says it doesn’t have positive or negative
information. :

The tests given to MiliPS are all expressed in a language with fairly rigid form,
which can be described with a context-free grammar. Since grammar was not deemed of
primary importance, a simple form with adequate power for the task st hand wes
preferred. The language is adequate in the sense of being able to express descriptions of
objects, their relations, and their attributes, and it is sufficiently ambiguous to offer
significant problems of referent determination. As others have pointed out, a strictly
grammatical approach to processing natural language cannot suffice to explain or
understand ordinary language use by humans, so the actual approach taken on the given
grammar is one that perhaps will work in a situation where the language's apparent
grammar is much more complex, but where grammar is largely disregarded and
understanding is driven by semantics and pragmatics. MiliPS puts each word scanned into
8 word class, and simply checks the word class of the preceding word to see if the
grammar would allow such an adjacency. No more global context (phrase structure or
parse tree) is used in this simple error checking, except that in a couple of cases the main
sentence type is used to help determine the exact word class. Almost complete reliance
for detecting anomalies is thus on the semantic phase of the analysis. For more detail on
the structure built to represent the input, and to verify that it isn't a parse tres, see
Section B.2.

The input language for MiliPS is given in Figure B.1. There are six major types of
sentences (<S$>'s), which are given in the first line of the syntax. <SD> is a simple
declarative sentence, <SE> tells MiliPS of the existence of a new object, <SQD> is & query
about a definite object, <SQE> is a query for the existence of some Object ss described,
<SQW> is a query that seeks an object (or all such) satisfying a description, and <SQWR>
ashks the refstive Iocation of an object.

The two main subcomponents of the grammar are object descriptors, <OBJ-DESCR>,
end predicates or relations of objects, <REL-PRED>. "Predicates” are atlributes inherent in
an object, while “relations” place the object in the toy scene, giving adjacency,
containment, etc. relations. A glance at the last few lines of the syntax gives a good idea
of the limitstions of the domain of discourse.

Neediess to say, this grammar is highly ambiguous, in particular with regard to the
referent of a <RELPHR> or <RELCL>. The universe of discourse consists of a "scene” with
five kinds of objects, which have attributes size or color, and which can be in certain
relations to one another. Any object can usually be described fully using the appropriate
combination of attributes and relations. Exceptions can easily be generated by describing
duplicates of some objects, but these are ambiguous in this context anyway. MILISY
doesn’t have the property that an object with a unique description can be described in its
input language (it doesn't have subordinate clauses or the ability to conjoin relational
phrases). MiliPS corrects this defect, while introducing possibility for ambiguity.

Ambiguities are resolved in a “natural” way. A phrase applies to the object
immedistely preceding it, unless it is inconsistent with it, in which case it appliss to the
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<S> = <80> | <SE> | <SQD> | <SQE> | <SQW> | <SSQWR>
<SD> = <OBJ-DESCR> 1S <REL-PRED>

<SE> »» THERE <COP> <INDEF-0BJ-DESCR>

<SQD> =[S <DEF-O8J-DESCR> <REL-PRED>

<SQE> :w ]S THERE <INDEF-0BJ-DESCR> <REL-RELCL>
<SQW> 1» WHAT <OPT-RELCL> <COP> <REL-PRED>
<SQWR> = WHERE 1S <DEF-OBJ-DESCR>

<0BJ-DESCR> m <INDEF-0BJ-DESCR> | <DEF-OBJ-DESCR>
<COP> = IS ] IS NOT

<REL-PRED> 1» <RELPHR> | <AV>

<REL-RELCL> 1w <RELPHR> | <RELCL>

<OPY-RELCL> :m <RELCL> | empty

<INDEF-0BJ-DESCR> 1= A <AVPHR> <N> <MOD-SEQ>
<DEF-OBJ-DESCR»> :m THE <AVPHR> <N> <MOD-SEQ>

<MOD-SEQ> 2 <RELPHR> <MOD-SEQ> | <RELCL> <MOD-SEQ> | smpty
<AVPHR> m <AV> <AVPHR> | empty

<RELPHR> :» <REL> <OBJ-DESCR>

<RELCL> 1w <RELPRON> <COP> <REL-PRED>

<N> 1= BALL | BLOCK | BOX ) FLOOR | TABLE

<AV> == LARGE | MEDIUM } SMALL | RED | GREEN | BLUE | BLACK
<REL> = [N | ON | NEAR | UNDER

<RELPRON> 1= WHICH | THAT

Abbreviations in grammer names: S - sentence; D - declarstive; E - existentisl; Q - query;

W - what; WR - where: OBJ - object; DESCR - descriptor; REL - relation or relative;
PRED - predicats; CL - clause; OPT - optional; COP - copula; DEF - definite;

INDEF - indetinite; MOD - modifisr; SEQ - sequence; AV - attribute-vaiue (veilus of en
stirbute, ie. of size or color); PHR - phrass; N - noun; PRON - pronoun;

Figure B.1 The input language for MiliPS

preceding object, and so on.e This "backup” occurs only past objects whose referents
have been uniquely determined. Also, a phrase that is consistent with an already-uniquely
determined object is said to be redundant, and may be used to restrict the referents of a
previous object (more precisely, the most recent one that satisties the following condition),
if the phrase is consistent with it and if that previous object is not uniquely determined.
Ambiguities for referents in <SQW> and <SQD> are handled somewhat difterently, since an
inconsistency might be the purpose of the query, that is, to determine if some property or
relation holds. These will be discussed in detail below. Note that several consecutive
prepositional phrases or subordinate clauses can apply to the same object, without a
separating "and” where it would ordinarily occur in human communicastion.

The database consists of a simple record of properties and relations of objects
described in input sentences. It is stored as a particular set of Working Memory predicate
instances, which set is left intact across sentences. In declarative sentences, <SO> and
<SE>, using the indefinite "a" determiner causes creation of new objects. No sttempt is

¢ This is not an inconsistency in the database, which would be anelogous to logica!
inconsistency in theorem-proving sysfems, but rather a disagreement between an
interpretation of an input and the database.
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made to keep the database consistent, and no inference is done to answer queries; only 8
simple lookup of the facts specified is done in this case, and also in the case of the
processing of relations and properties for ambiguity resolution. In particular, negations of
any sort are recognized only if explicit (following MILISY conventions here). There is no
inherent reason why a more sophisticated data-base regime could not be implemented, but
the focus of the current work is on certain of the language-processing aspects.

MiliPS’s first reaction to an input is to scan across it, left to right, noting word
classes and, near the beginning, assigning a type to the sentence. The sentence types,
which correspond directly to the main grammatical classes descendent from <5>, are used
in minor ways to guide the classification of words. In particular, how "a" is treated
depends on sentence type: in a declarative sentence, it is indefinite, and results in creating
"8 new object to which it then refers; in & <SQE> query, “a” really means “any”, and is
treated as if it were "the”, which turns out to be the right way. Sentence type is used in
a more significant way in treating unusual semantic occurrences, namely, inconsistencies,

redundancies, unresolved ambiguities, and phrases that have no referents.

For declarative sentences, of type <SD> and <SE>, the response to the whole input
is to add to the subject of the sentence the relation or attribute-value that follows the "is"
or “is not". For these, it is known that at some point new (and thus inconsistent)
information is to appear, so it doesn’t treat it as an error. The presence of the
inconsistency actually is a helpful cue to the processing, allowing it to be done bottom-up,
rather than doing a more directed, top-down search for something new. If there is no
inconsistency, there is either a redundancy, which is accepted without comment, or an
ambiguity, which is an error.

Queries of type <SQD> and <SQE> ask definite questions, namely specific relations or
attributes of a particular object. For these, inconsistency becomes a definite "no" or “no
information®, and can sometimes be detected before the end of the sentence is reached.
Redundancy can be turned into either a positive or negative answer, depending on
whether the redundancy holds with respect to the subject or with respect to a lesser
object and is at the same time inconsistent with the subject. Ambiguities or null referents
in these are errors.

For <SQWR>, which asks "where?", MiliPS simply oulputs a list of of all the relations
that pertain to the subject. No "unusual" occurrences are allowed. A sentence of type
<SQW> desires ambiguities or null references, since it asks for which set of objects in the
scene satisty some description. It starts by assuming the full set of scene objects, when it
recognizes "what", and as each relation or attribute-value in the sentence applies, the set
is narrowed down. If the result of the restrictions is the empty set, "nothing" is answered.
Otherwise, the object or objects in the set are “described” by adding the full list of known
attribute-values to a corresponding noun.

There seem to be six kinds of completeness that are desirable in a system like
MiliPS: completeness of reference, compleleness ot description, completeness of query
logic, complete ability to manipulate the model, and compiete symmetry of input-output
behavior. Completeness of reference means that any object that 1« describable uniquely
using the attributes and relations given, can be described in the language. MiliPS has this
kind of completeness, although the particular set of relations it has could be augmented so
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that scenes that are presently relationally equivalent could be further distinguished.
MiliPS also lacks certain kinds of reference to which humans are accustomed, such as being
sble to refer to the time recency of an object, as in "the third ball" or "the block
mentioned before the red one™. Completeness of description means the ability to describe
a new object sufficiently so that it will be unique with respect to later attempts at
describing it, i.e., so that it can be the unique refersnt of some phrase. MiliPS has this
kind of completeness also - it allows descriptive relational phrases to be strung together
indefinitely, e.g., in <SD> type sentences.

Completeness of query logic can best be described in terms of possible
arrangements of definite and indefinite-items in an abstract notation as follows: having an
object x related to object y by relation R will be denoted xRy; similarly, x has a vaiue v
for attribute A is represented xAv. A query logically can have a ™" in one or more of the
three positions of either the xRy or xAv triples, plus the forms xRy? and xAv? ere allowed,
to give a total of eight possibilities for each form of triple. For the xRy form, they are
(using x and y as definite objects, and "on" as a particular typical relation): xR? (what is x
on top of), x?y (how is x related to y), Ry (what is on y), 7ty (what has any relation to y),
TR? (what is on anything), x?? (where is x), ?7? (what relations do you know), and xRy? (is x
on y). For the xAv form, they are (using color as a typical A, red as a typical v, and x as a
typical object): xA? (what is x’s color), x?v (what of x is red), ?Av (what has color red), v
(what is red), 7A? (what has cofor), x?? (what are the properties of x), ?7? (what does
everything look like), and xAv? (does x have color red). For the present, we ignore the
further complications of numerical and other forms: of quantification, keeping the logic
within a propositional system.

MiliPS does not have all of those forms of query completeness, but some are
included in more general cases, as the following enumerates. The forms xRy? and xAv? are
gotten with <SQD> or <SQE>; note that here and in most cases, if a "v" is given, the "A" is
implicit, for instance, "is x red" rather than "does x have color red". Thus <SQD> and
<SQE> include x?v. The <SQW> sentence type gets queries of the forms Ry and ?Av, and
also, because of the 1-1 mapping between v's and A’s, v, <SQWR> answers the relational
variety of x??, and includes, but gives much more than is required, for x?? (for Av), xR?,
xA?, and ??y. MiliPS has ?7? for xAv variety, by giving it "what is" {not allowed, by the
strict grammar above, but the program accepts without specific mod:‘ication), and this also
answers but gives extra, for ?A?. 7?7 for xRy and *R? can be oblained by asking "what is"
and then "where is x" for each thing that it gives as its reply; this gives a lot more
information than is desired by the exact query. Thus, a user of MiliPS can find out
everything about the scene, but only in sometimes cumbersome ways, and only if he or
she does the computing necessary to reduce voluminous -answers.

For MiliPS, completeness of manipulation involves being able to make changes to
blocks configurations after they have been described. This would include being able to
undo the effects of mistaken inputs, e.g., to remove a newly created object. MiliPS doesn’t
have manipulation capability at all. Completeness in symmetry of input-putput behavior
means bsing able to describe things in the same way that things can be recognized in
inputs, This also is beyond MiliPS. It has internal representational features, such as color
and size, that can't be used explicitly in inputs (e.g., "what color is the ball?"). Finally,
completeness of definability and augmentation, which deal with defining new words and
otherwise adding to a program’'s language capability, is lacking in MiliPS. The
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completeness scheme just presented has not been discussed or applisd elsewhere, to the
best of my knowledge, so at the moment it is difficuit to say precisely how MiliPS
compares to other systems,

B8.2. The organization and components of MiliPS

MiliPS processing is driven by a left-to-right scan across an input. At each scan
position, a word is given a lexical class, adjacencies are checked to insure local
grammaticality, and appropriate semantic processing, in a hierarchy of several possible
levels, is done. The processing is thus bottom-up, with the number of levels above the
lexical level that do processing dependent on particular conditions. Each level recognizes
its applicability and acts accordingly, and its output may resuit in fulfiliing the conditions of
the next higher level. At each scan point, the maximum that can be known about the
intention of the input is actually known (how this is useful is discussed in Section B.3).
The following paragraphs give general information about the processing and organization,
filling in details on each of the levels.

The main components are represented as very abstract Ps (VAPs)e in Figure B.2,
In order to define and clarify those components, we will abstractly follow through the
processing of Test 2, for which a detailed trace appears in Appendix D. Test 2 is “A BLUE
BALL 1S ON THE TABLE". The test is started by a "scanned" signal on the left end of the
input string, 8 marker position to the left of "A". VAP SN then acts to cause "A" to be
scanned. The “scan” signal is processed by en instance of VAP GR1, which in this cese
notes the initisl "A" as signaling a sentence of type <SD>. "A" is classified as an indefinite
determiner (its "word-class”). Next an instance of GR3 fires, verifying correct grammar for
the word - in this case, "A" signals a noun phrase is starting, so that the grammar check is
for correctness of a noun phrase at this point. A noun phrase is considered grammatical if
it is preceded by: the word “THERE" if this sentence is type <SQE>; s relation word, i.e., a
preposition; a coputa (“IS" or "IS NOT"); or the left end of the sentence. When the
determiner is processed, initialization is done for a new noun phrase (VAP NP1). At this
point nothing further can be done, and the scan resumes because of the "scanned” signal
previously asserted by SN]1 and stacked according to Psnist’s event order mechanism.

"BLUE" is tagged as an attribute-value word by an instance of VAP TG. This leads
to the grammar check for attribute-value, which is a set of cases similar to the ones listed
above for noun phrase. This particular case of attribute-value, because an indefinite
determiner has preceded it, is not processed as in FR2, but is stored as a future restricter
on the new scene object to be created when the noun of the phrase is scanned. The scan
continues, reaching "BALL", which is tagged as a noun by an instance of TG. The grammar
is all right because it is preceded by an attribute-value. Specific noun processing is now
done (VAP NP3), influenced in this case by the indetinite determiner. A new object, BALL-
1, is added to the scene, and the remembered attribute-value "BLUE" is added as its color.

Once again, the scan continues, on to "IS". The word is tagged as a copula, is
checked for grammaticality, and its action signalled (NP2). A noun-phrase boundary
necessitates checks that all referents are determined for current objects (VAP BR8), since

o See Chapter IV for a description of the VAP notation.
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scanned(previous) & next-position -> scan(next) & scanned(next); (4 Ps)
scan & particular-word -> word-class; (22 Ps]

error-at-position ~> collect-input-up-to-error-for-reply; [4 Ps)
interesting-event -> print-external-trace-message; [9 Ps]

scan & particular-initial-word -> word-class & sentence-type; [7 Ps)

scan & particular-word & sentence-type -> word-class; (4 Ps]

word-class & lexical-adjacency & context -> word-class-action; [27 Ps],

where word-class-action = {determiner, copula, attribute-value, predicate, noun,
new-relation-open} '

determiner -> initialize-new-noun-phrase; [4 Ps]
copula -> noun-phrase-boundary; [2 Ps)

noun -> create-new-scene-object OR restrict-referents; [7 Ps]

question-word OR definite-determiner

-> setup-possibilities-from-all-scene-objects; [4 Ps]
attribute-value -> restrict-referents; [2 Ps]

restrict-referents & single-matching-possibility -> refers; [1 P]
restrict-reterents -> delete-non-matching-possibilities; [8 Ps]

predicate -> check-predicate-restriction; [1 P]

refers(new) & new-relation-open -> check-ralation-restriction; [2 Ps)
check-relation(or predicate)-restriction & new-object -> add-relation(predicate); [2 Ps]
check-relation(or predicate)-restriction & feasible-to-restrict

=> restrict-referents; [6 Ps)

check-reiation(or predicate)-restriction & relation{predicate)-is-redundant

-> backup-redundant-relation(predicate); [2 Ps]

check-relation{or predicate)-restriction & relation(predicate)-is-inconsistent

-> backup-inconsistent-relation(predicate); (4 Ps)

backup-redundant-relation(or predicate)

& some-previous-object-ambi
=> rastrict-reterents; [10 Ps)
backup-inconsistent-relation(or predicate) & preceding-object
~->check-relation(predicate)-restriction; [3 Ps]
noun-phrase-boundary

-> gnsure-all-referents-found & ypdate-current-current-object-pointers; {5 Ps]

inconsistent{or redundant)-relation(or predicate) & sentence-type
->add-relation({or predicate) OR answer-question OR error; {8 Ps]
sentence-boundary & sentence-type -> reply OR describe-object; (23 Ps]
describe-object & attribute’s & relation’s ~> reply; [15 Ps)

Figure B.2 VAPs for MiliPS
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restricting phrases are not alfowed to restrict things across copulas, except in one case
determined by special sentence type (<GSQW>). Because of this completion nature of a
noun-phrase boundary, the only current object that is really current is the main noun of
the sentence, so BR8 aiso includes the action of making other nouns non-current (there
are no such others in the present example; they occur, for instance, in case there are
reistion phrases in the sentence). If thers were some definite noun for which a refersnt
had not been determined, an error would be noted at this point, keyed by the noun-phrase
boundary. '

The description of the remainder of the sentence, "ON THE TABLE", will be
abbreviated somewhat, hitting only the new points exemplified. The relation "ON" is noted
as referring in part to the current object, which is the main noun in the sentence, and aiso
in part to an unscanned object, so it is left open (to be caught later by VAP BR1). The
determiner “THE" is definite, causing the process of referent-determination to be initialized
(FR1) by collecting a set of all the scene objects as possible candidates. Then "TABLE" is
scanned, noted as a noun, and used to restrict the set of referents for the current object
{VAPs NP3, FR4). In this particular scene, there is only one table, so that all objects
except the table are ruled out by the noun "TABLE". This triggers FR3, which leads to
BR1, and now the relation ON is completed, making it (BALL-1 ON TABLE-1). This in turn
triggers the check for ralation restriction, and VAP BR2 is applicable as a special case of
restriction, simply adding the relation to the new object BALL-1. In most cases, it really
would be a restriction, since it would be the case that the preceding noun would still be
ambiguous, with a set of possible referents, and the new relation would serve to narrow
down those possibilities. After the new relation is added, the scan continues to the end of
the sentence, and a sentence boundary is signalled. This first acts as a noun-phrase
boundary (BR8), making the subject noun the only one current. It then triggers the mein
sentence actions according to cases of VAP VR, which in this case causes the formation of
the standard reply, "OKAY".

There are several aspects of the components of MiliPS as outlined in the VAPs that
have not been touched on by the above example. First, a "predicate” is recognized as an
attribute-value preceded by copula, and is so tagged by the grammar check (GR3). It is
further processed as a restriction similar to the restriction done when a new relation is
formed as in the example above (FR5). That is, a predicate is an attribute-value that is
placed after the noun that it restricts. The relative pronoun that precedes the copula (as
in "which is” or "that is") is not used in this predicate detection, but its own grammar
adjacencies must be correct, i.e., it must follow a noun or another predicate.

Second, the VAP MS represents what is done as a fairly high-level semantics
process, namely it processes redundancies or inconsistencies as recognized by other
semantic Ps according to sentence type. Some sentence types, as sketched in Section B.1,
actually thrive on such anomalies. Third, the action of the BR VAPs has only been briefly
touched upon, so we now turn to more detail on that.

As we mentioned at the beginning of this subsection, the semantics can be seen as a
hierarchy of levels. These levels are reflected in the organization of the VAPs: the FR
VAPs treat ambiguities of reference of noun phrases; the BR VAPs treat the assigning of
relations and predicates to their proper objects, so that the best use of their information
content is made in resolving ambiguities that couldn’t be done previously by the FR's; MS
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is a last resort for handling inconsistencies and redundancies that can't be spplied to
ambiguities by the BR's; and VR and DO do the generation of replies based on the outcome
of the other levels. As mentioned before, the main data structure used by the FR's to
represent ambiguity is a set of possible referents for an object (noun phrase). The BR's
use a structure composed of such sets: a linked list with the most recently-scanned object
as the current one.

In finding a place to apply a2 new relation or predicate, the BR's always use the
current object. It it is already unambiguously determined, an attempt is made to apply the
relation or predicate to a previous object in the linked list. If the relstion or predicate is
redundant, a check is made before going ahead and trying to apply it to a previous object
(BR6). That is, a check is made for the proper sort of unresolved ambiguity at some
previous point in the list of objects. The check prevents irreparable damage being done
or the basis of a feature whose resolution is not very urgent. If it is inconsistent, the
application of it to some object is more urgent, so the backup to a previous object is tried
regardless of what the result might be (VAP BR7). When such a backup is done, the linked
list of objects is updated, making the preceding object the current one, and discarding the
former current one forever (no later relations or predicates will be able to refer to it - to
sllow that would allow a strange sort of cross-over of reference, rather than the more
ordinary nested reference, where a phrase refers to a close object, a later phrase refers
to an object more towards the beginning of the input, and so on). Finally, the reader will
notice that there is always a feasibility check before the actual restriction of the set of
possible referents is done (VAP BR3). This is because the restriction process is
irreversible, and maintaining that irreversibility seems desirable, the alternative being
scme kind of backtracking mechanism. 1f the restriction process were allowed to go
unchecked, it might apply a restriction such that the entire set of possibilities would be
thrown out, rather than recognizing a genuine inconsistency and acting accordingly. It
seems reasonable to try to anticipate such conditions than to let them happen and then try
to recover. :

As support for the claim that no parse tree is formed, I now summarize the
information that is kept as the scan proceeds across an input, and emphasize how that
information is used to avoid referring back to the actual text after it has been seen once.
The type of the sentence is kept (<SD>, <SE>, etc.), providing guidance for a few grammar
decisions, but for the most part being used to make main semantic decisions. When an
indefinite noun phrase is being scanned, the unused attribute-values are kept until the
noun is reached, at which point they are added to it. When a relation is scanned, it is
remembered until the noun phrase that follows it has been completed, at which point a full
relation is formed (the noun phrase providing its second argument, in effect) The
definiteness or indefiniteness of a noun phrase is incorporated into the representation and

- processing of the noun phrase immediately, even though the noun phrase is at that point

quite incomplete. That is, the determiner sets up a group of noun-phrase anticipations.
Question words and noun phrases are converted into sets of possible referents, discarding
the lexical forms without further ado. For objects (representing noun phrases), the linked
list records order of occurrence in the input, but objects are really semantic entities, no
longer attached to lexical forms as would be the case in a traditional parse tree. This
structure of semantic entities is the sole source of elements that are processsd in making
use of inconsistencies and redundancies. At no time does the scan back up and re-scan
some portion of the input in order to try to assign to it a difterent interpretation, as is
done in more conventional parsing programs (e.g. Winograd, 1972).
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B8.3. Production system and natural language task issues

This subsection discusses two independent sets of issues. The first set pertains to
implementing various control and organization structures in PSs, to representational
features, and to how the PS implementation compares to MILISY. The second set bears on
the task and on more general processing of natural language: the use of adjacency checks
instead of a full grammar, the determination of referents, and the need for a more
sophisticated data base.

The main control mechanism is the left-to-right scan across an input. At each scen
point, the processing is bottom-up, based on successive recognitions of specific P
. conditions. This leads naturally to a vertical organization, in the sense that at each point,
the maximum is known: all levels (lexical, grammar, semantics, pragmatics) have a chance to
react as fully as possible. This allows the surface structure of the sentence to be
discarded. Such vertical organization is less likely in systems where syntax and semantics
are more sharply separated, and is of course ideally suited to the recognition~driven
nature of PSs. There is a potential for top-down operation, since Ps could set up
anticipations that might affect future recognitions.

Ps can be grouped conceptually in modules that treat similar features of the interna!
representation. The modules correspond to levels in the hierarchy (lexical, grammar, etc.)
and to reasonable units within those levels. Generally a module acts by firing a single P,
80 that a module tends to represent with Ps the cases that elaborate the knowledgae in the
module.

At a somewhat lower level in organization, the scan uses the Psnist :SMPX event-
stacking mechanism to maintain control. It emits at the same time both a "scan” signal and
@ "scanned" signal, the latter being stacked until the former is examined ("scan" enables
the lexical classification Ps). When “scanned” is examined, it moves the scan pointer
forward or signals an error in case the "scan" signal has not been consumed.

There is another issue with respect to the initial left-to-right scan, namely, the way
that a large number of Ps have the "scan” signal as a condition element. This gives a
strong top-down flavor, or at least makes the Ps look like a big subroutine, rather than
having them driven on more bottom-up specific recognitions. This may have an efficiency
cost, but that is less important than the inflexible subroutine style. A more accurate model
of language processing by humans, and a more suitable one for PSs, might be to have the #
input string encoded in some way such that only one element at a time would become
svailable to the lexical Ps. Note that this is enhanced by the vertical organization
discussed above, since that organization distributes the computation roughly evenly over
the words. These elements would be quite specific and would presumably have very few
occurrences in LHSs of Ps. (This would also work fine as a model of lower-level
processes, where parts of words (phonemes or whatever) would be recognized to form a
symbol representing the whole word, or the best guess at what the whole word is.) A
further alternative might be to break the lexical processing into a hierarchy, with fewer Ps
responding to "scan" and lexical classes of items, and with other Ps responding to the
outputs from those lowest levels.

The tests for grammatical adiacency are carried out in similar fashion for all of the
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classes in MiliPS: there is a set of Ps that recognize correct adjacencies, plus a single P
whose condition is the negation of all of the correct conditions, which thus recognizes an
error condition. This is quite clumsy if the grammar is extended, because a new P must be
complemented by an extra condition in the error P. One alternative is to use sequenced
control signals as is done for the control of the scan, where the second signal would be
deleted by each correct adjacency P, but would otherwise be recognized as an error. A
second alternative is to implicitly order the Ps by special cese, that is, a P that is a special
case of another is before the other in examination order. Then the error P could be one
with a single condition, keyed to the signal that initiates the grammar check; it would
slways be more general than the specific adjacency tests because they would include e
test on the initiating signal plus the actual adjacency conditions.

Two peculiarities of Psnist are used to advantage in MiliPS. First, the F Ps (FR
VAPs) in some cases fire “simultaneously” a number of times, both in generating
possibilities for referents and in erasing those possibilities after further restrictions have
been found. Without the automatic muitiple-firing mechanism, some further control would
be necessary to ensure iteration through all such firings. Second, ihe D Ps (DO VAPs) for
describing objects ars such that a set of objects can be described in “parsiiel” by having
the Ps at each step fire a multiple number of times, one for sach eiement in the set. This
Is similar to the multiple firing of the F Ps, except here there is a succession of such P
firings by different Ps, whereas in the former case only a single P fired multiply. Here
also, some explicit iteration control would otherwise be necessary. This kind of behavior
is evident in those tests in Appendix C that involve describing several objects.

The primary representational issue in MiliPS is the choice of representing things as
Ps or as Working Memory structures. In particular, the way MiliPS keeps the scene
representation in Working Memory violates the principle that long-term items be storsd as
Ps. As it is, MiliPS erases its entire Working Memory bstween inputs, except for the
instances of a few select predicates which are its database and which stay around for the
duration of a conversation (e.g., for the full set of 25 inputs on which MiliPS was tested).
To best represent the scene as Ps, some kind of discrimination network seems appropriate.
This would necessitate redical changes to the present process of referent determinaetion,
since the present one forms a set of all objects in the scene, stored in Working Memory so
easily sccessible, and restricts the possibilities ss more information comes in. The
opposite method would be used if the scene were stored as Ps. As the input were
scanned, a description would be formed, and as soon as the description became specific
enough to evoke a scene object, a P would fire and supply a name to the description,
thereby giving the system access to further information about it, to be confirmed or
rejected by further inputs. The case of having evoked more than one such object would
have to be considered, and some means of matching the objects in order to further
discriminate them would have to be supplied® It seems that having conflicts between
objects with respect to partial descriptions arise in this form and be treated according to
a general matching discriminator is more satisfactory than the present Working Memory
database from the standpoint of adding further contextual cues to the discrimination, e.g.,
time of creation snd scene configuration dynamics. It seems more satisfactory in part
because of apparent problems in getting hold of a large set of objects in Working Memory
and examining them in such a way as to find descriptions that are indistinguishable and to

@ Cf. the canonization of objects in GPSR, Chapter IV.
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find how partisl descriptions of them might conflict. Storing them as Ps makes the conflicts
fall out more naturally in the course of normal task processing, and sets forth a process
whereby such conflicts are resolved incrementally. Some of the apparent difficuity with
using Working Memory may be due to the nature of PS architectures or of Psnist. Since
discrimination nets are usually built to use a minimal number of tests to distinguish objects,
it is likely that the P storage would use less computer memory overall, especially if there
is some way of avoiding duplication of conditions in Ps by sharing the overlapping parts.
The problem of how to stors long-term information is of minor importance for the present
study, which focuses more on natural language processing, so the present stopgap seems
scceptable; other chapters of this thesis do focus on such storage problsms.

Three other representational and low-leve! PS issues can be mentioned. Words are
represented two different ways in Working Memory, as a consequence of limitations in
efficient match power in Psnist, namely limitations in the way constants are used in LHSs
(see Section C.2). Also, many very similar Ps in the lexical recognition process could be
reorganized into a set of Ps that simply recognize an element as a member of the set, plus
a single P, kayed to membership in the set, that does the more complex actions now done
in each P in the set. Augmentation wouid then be extension to that set rather than
addition of a P. Some of the Ps in the description process (DO VAPs) could perhaps be
more optimal by combining their actions into a single P with more actions and conditions.
This is an instance of the general operation by which frequently-racurring P firing
sequences are collapsed into a single firing that removes the necessity for intermediate
communication signais, but that is more special-purpose. The specific case at hand is that
two P firings are required to get a size-color attribute-value description constructed,
where one would suffice. (At present, I am restricting such collapsings to Ps within the
same module, but an automatic collapsing process might detect others.) Finally, the use of
a near-total erasure of Working Memory between each input sentence has avoided the
problem of inter-sentence confusion of data. Otherwise, special erasure Ps that would
embody specific assumptions of what needs to be erased (and that would consume more
run time) would be needed. The massive erasure is however unattractive from the
standpoint of modelling a memory that fades over time, which is probably of concern to
psychologists.

Several differences between the original MILISY and MiliPS are worth noting. MiliPS
employs a single uniform mechanism to implement processing that was done by MILISY in
two distinct phases: a syntactic parser and a set of semantic transformation rules. The
use of PSs for both functions (aithough the functions have been radically redefined)
Indicates their flexibility and power over the particular special-purpose mechanisms in
MILISY. MILISY constructs a phrase-structured tree representation of an input (or
soveral, in case of ambiguity) and processes it semantically by rewrite operations capable
of doing certain tests on the tree structure. It is not apparent whether its rules could be
augmented to perform the semantic disambiguation that MiliPS performs, or not; the fact
that MILISY might generate many possible parses before finding an appropriate one makes
it more cumbersome at best. MiliPS makes significant extensions in MILISY's behavior,
especially in its ability to disambiguate, to handle subordinate clauses and phrases, and to
answer “"where" questions. MiliPS is about five times slower than MILISY (16 seconds
versus 3 to 4), but MILISY would undoubtedly worsen in its pertormance on the more
complex MiliPS tests. MiliPS is run by a PS interpreter, and compiling the Ps is expected
to more than compensate for such speed factors. MiliPS has a listing about 2 to 3 times as
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long as MILISY’s. But both of these comparison measures are less than satistactory
because the two programs have diverged functionally.

Several issues can be raised in connection with the language task, which don’t bear
directly on the implementation as a PS. The local-adjacency nature of the syntactic
checking in MiliPS may work only because the task is suitably restricted.® Certainly, the
present language doesn't contain all the basic components that unrestricted language does,
but if the abstract toy blocks worid does represent a significant portion of what natural
language is about (objects, their relations, their attributes) then thers might be some
justification for trying to extend the approach to more demanding tasks. It is hard to
envision 8 syntax system that requires less effort to carry out, except none at all. The
weak syntax checking done here is justified as being a source of redundancy, preventing
the system from taking action on too little input or on input not adequately structured,
avoiding the possibility of irreversible undesirable actions on its environment.ee There
are alternative approaches to doing the same kind of adjacency tests, which might turn out
to be more suitable for other grammars, especially larger ones. One is to have Ps that
reject bad adjacencies, rather than requiring a positive approval action. Another is to
have more expectations set up, mixing top-down and bottom-up, rather than the pure
bottom-up here. The possibilities for the kind of word following some word may be fewer
than the possibilities for word classes preceding some word, and a mixture of the forward
and backward strategies might minimize the number of required tests.

With respect to the process of referent determination, the present process forms a
set of possibilities as soon as it sees a determiner-function word, whereas waiting for
slightly more input would allow the process to start with an initially much smaller list. For
example, the phrase "the" might refer to many more objects than "the biue”. This strategy
seems to be quite easy to implement as an extension to the present process. (This is a
consideration regardiess of whether the scene is in Working Memory or stored as Ps as
discussed above.) The overall conceptual structure of ambiguity, inconsistency, end
redundancy developed here, with the idea of keeping a linked list of current objects,
seems general and natural, and thus worth pursuing in more demanding tasks. There are
some choice points within that process that are currentiy not necessary, but might become
so later. In particular, MiliPS makes use of redundant information to restrict wherever it
can, but that restriction might turn out to be invalid after more input is scanned. This
possibility doesn’t arise in any of the present tests, and may be very rare in general.
Also, the possibility of mutual disambiguation is not considered here, though it probably is
necessary in general. By this, | mean for instance that two objects that are related to
each other in some way might be ambiguous unless in both cases the relationship is
considered. Another kind of disambiguation that is not handled arises when an unresolved
ambiguity can nevertheless be used to resolve a previous ambiguity, such as might be the
case in the phrase "the block on the table”, where there are several tables but only one
block on any table.

e But ses Hays (1964) for a scheme with similar emphasis, proposed by a theoretical
linguist.

oe Pratt (1975) gives efficiency as a reason for using syntax; i.e, syntax is spplied to ease
some of the burden on semantics and pragmatics; such a consideration is not evident here
because all of the ambiguities are among syntactically correct forms.
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The specific organization of how redundancy snd inconsistency are treated cen
probably be streamlined and made more flexible, now that the tests given to MiliPS have
brought out a number of cases that were not envisioned in the original structure. For
instance, having action depend on sentence type might be replaced by a more general
component dependence, where components are present over a large set of sentences, i.e.,
where sentences can be classified more parsimoniously by using component features than
by assigning each a distinct type. The present task is certainly restricted in that each
lexical word can be interpreted in only one sense, whereas in general discourse, words
must be disambiguated by lexical context or even more global considerations. Finally, the
present system of disambiguation and referent determination assumes sentences are se!f-
contained, for instance, with no pronouns or other (elliptical) references to phrases in
immediately preceding ones. It is possible that most intra-sentence processing would stay
intact in the face of that bigger demand, with only the need for “epicycles” to handle
larger units of text. Certainly it is not hard to imagine that structures could be left open
or with changeable default values, in the gxpectation that later inputs might fill them in.
The present philosophy at the lower semantic level might be successful at larger levels: all
input is converted to some internal form (for instance, surface structure of a string is not
used after it has been passed in the scan), and any revision in initial expectations has to
be done on that internal form without recourse to the raw external form. That is, @
faithful internal representation should be amenable to mapping or restructuring in
emergency situations. A form of such mapping is exemplified in the flexible way that
MiliPS resolves inconsistencies using only its semantic representation,

The database interencing capabilities in MiliPS have been intentionally kept very
weak, partially because they were weak in MILISY and parlially because of the emphasis
on other aspects. Class exclusions on values of attributes, and relations between relations
are not used. For instance, knowing an object is red doesn't give the system the ability to
use that it isn’t blue - "not blue" is only known if there is explicit information. The set of
relations between objects might just as well be nonsense syliables, since they don't
interact and are not intended to be adequate in terms of representing all spatial
properties.
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C. Details on MiliPS

C.1. ks given to MiliP

The entire list of sentences given to MiliPS is given in Appendix C. Included is the
input text, a program trace that tells major events in processing the text, and the state ot
the database portion of the Working Memory, from which it can be deduced what the
lasting effects of the text were. In this subsection, we first examine the program trace to
meake that appendix comprehensible. Then we point out other appendices that the reader
might find to be of interest. Finally, the full set of sentences is describsd briefly in terms
of what features are illustrated by various subsets of sentences.

ISA (BLOCK-1 BLOCK) (TABLE-1 TABLE)
HASAV (BLOCK-1 SIZE LARGE POS) (BLOCK-1 COLOR GREEN POS) (TABLE-1 COLOR RED POS)
HASREL (BLOCK-1 ON TABLE-1 POS)

2 INPUT TEXT IS " A BLUE BALL IS ON THE TABLE "
ADOING COLOR BLUE (POS) TO BALL-1

ADDING BALL BALL-1

0BJ-2 REFERS TABLE-1 .

ADDING BALL-1 ON TABLE-1 (POS)

REPLY ((OKAY))

ISA (BALL-1 BALL) (BLOCK-1 BLOCK) (TABLE-1 TABLE)

HASAV (BALL-1 COLOR BLUE POS) (BLOCK-1 SIZE LARGE POS) (BLOCK-1 COLOR GREEN POS)
(TABLE-1 COLOR RED POS)

HASREL (BALL-1 ON TABLE-1 POS) (BLOCK-1 ON TABLE-} POS)

Figure C.1 Program trace and database for Input 2

Figure C.1 gives a segment of Appendix C. First, a display of the database is given.
From it, we see that there are two objects, indicated by ISA, namely, BLOCK-1, a block,
end TABLE-1, # table. The attributes of BLOCK-1 are color green and size large, given by
HASAYV, and similarly the table has color red. The next line, HASREL, teils that BLOCK-1 is
on TABLE-1.

The next segment in the figure gives the trace that the program emits as it scans
the sentence. The first two trace lines, starting with "ADDING" show what the program
does when it scans the phrase "A BLUE BALL", namely, it creates an object BALL-1 (the
second ADDING) and makes its color blue (the first ADDING). The next event of note
happens when it gets to "TABLE", which it knows refers to TABLE-1, the third program
trace line. After that, it finishes up processing the "ON", which was left hanging until the
object following it was scanned. It notes that it adds the relation (BLOCK-1 ON TABLE-1)
with the last ADDING line. Finally, its standsrd reply is made.
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The dstabase after the run is given, showing that it has added an Instance to each
of ISA, HASAV, and HASREL.

S INPUT TEXT IS " THE BALL ON THE BLOCK IS SMALL *
08J-1 AMBIG B2-1 BALL-1 BALL-2 .

08J-2 REFERS BLOCK-1

RELRESTR 08J-1 B2-1 ON BLOCK-1 POS

08J-1 REFERS BALL-2

PREDINCON 08J-1 57-1 SIZE SMALL POS

ADDING SI2E SMALL (POS) TO BALL-2

REPLY ((OKAY))

Figure C.2 Program trace for Input 5

Figure C.2 gives the program trace only, for a more complicated example, to show a
few other features of what the program emits. The first line after the input text shows
the status as of the second word, which has been tagged internally as B2-1 (decoded: the
second word, which starts with B, the first token for such a word). The phrase "THE
BALL" has also been named 0BJ-1, and the main point of the message is that OBJ-1 is
ambiguous, referring at least to BALL-1 and BALL-2 (in this case, those are the only
referent possibilities, but in general, more would exist, with the same message printed).
Continuing, the next trace message says that 0BJ-2, the name given to the second noun
phrase "THE BLOCK", has a unique referent, BLOCK-1. This means that the ON relation left
hanging can be completed, noted by the "RELRESTR" line. After the restriction has been
done, the ambiguity for OBJ-1 has been resolved, making it refer to BALL-2. The scan
continues, reaching the predicate "SMALL" It notes that this is inconsistent with the
subject BALL-2 (referred to as OBJ-1), in the line starting with "PREDINCON". In that line,
S7-1 refers to the seventh word in the text string, which starts with S, namely "SMALL".
Since this is a declarative sentence, the inconsistency is taken in stride, that is, it is added
to the subject as a new attribute-value, signalled by the ADDING line.

Appendix D gives a rather complete trace of the behavior of the PS on Input 2,
including each P firing and the changes it made to the Working Memory. The reader
should be able to follow it by using the description of that test given in Section B.2. At
the end is a full display of the Working Memory. To understand the meanings of
predicates, consult Section C.2; the program itself and a cross-referense are given in

Appendix A and Appendix B. As mentioned above, Appendix C gives the program’s

behavior for the full set of tests. In addition, the portion after the third segment, tests
11-15, gives a summary of the control flow between groups of Ps (according to the first
letter of the P name) for that test segment.

The full set of sentences is divided into five segments, for sass of debugging and
presentation. The tests are given to the program via the X Ps, given at the end of
Appendix A. The first segment, lests 1-D, consists entirely of declarative sentences,
describing an initial scene. The second segment is four queries and one declerative
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! sentence. The queries illustrate some of the simpler descriptive capabilities ot the system.
’ The third segment has as its main new feature the use of "NOT", both in declarative and
interrogative sentences. It should be clear trom these tests that the way the program
encodes and uses negation is rather primitive. The last two segments are similar. They
illustrate the processing of much more complex sentences, with numerous ambiguities,
Inconsistencies, and redundancies to be resolved.

p C.2. Meanings for the predicates_in MiliPS

The descriptions in this subsection are given alphabetically by predicate. The
predicates for the residual database are ISA, HASAV, and HASREL. Lexical classifications
start with the letters "IS". Sentence types start with "GS". See the beginning of Appendix
D for a sample of how an input sentence is represented internally. The trace itseif in that
appendix and the display of the entire Working Memory after the program tinishes on that
test should provide some clues as to which predicates might be of interest.

Predicate arguments in the following descriptions are typed according to the

conventions:
a attribute: COLOR, SIZE
0 object: BALL-1, BLOCK-3, etc.
p position in string: T1-1, B5-1, etc.
r relation: IN, ON, UNDER, and NEAR.
; s sign: POS or NEG
t  temporary object token: OBJ-1, 0BJ-2, etc.
v velue: LARGE, RED, etc.

w, X, ¥, 2 arbitrary,

ADDAV(o,{) sdd new atirdute values for t to new object o. (N)O®

ANSPRED(0,a,v,8)

ANSPREDF IN(s,v,9)
ANSPREDRED(o,a.v,8)
ANSREL(01 7,020
ANSRELINC(o1.p,r,02,8)

ANSRELRED(o1,r,02,8)
AVRESTR(Y p.av.0)

COPSIGN(s)
CUROBJ(11,¢2)

CUROBJIP(11,12)
DLFOET(p)
DEFFNO(t p)
DESCRAV(o.a 8 x)
DESCRIBE(0)

DESCRIBED(o,a,v.0)
DESCRNX(al,a2)

snswer & gquestion according to the resuil of testing whether the predicate
(a,v,0) in true of o (V, M)

the predicate represanted by (a,v,e) is the final word of 8 wentence (V, A)

s potential ANSPRED is redundsnt. (V, M)

snawer the quest:an sccording to whether (01,r,02,8) is @ trve relstion (V)

the relation (ol,r,02,8) 18 inconsstent, so snswer sccordingly (depending on
sentance type) (V, M)

s potential ANSREL is redundent (V, M)

restrict the possbiibies for { by applying the restriction that it be (a, v, 9). (F,
A)

s 0 the s:gn of the most recent copula (R, G)

t1 s the current object, and t2 e the previous current one. {} and {2 may be
siso o) snd 02 by type (A R, N, F, B, M, V, G)

t1 and {2 wre previous CUROB) pawe (B M, V, G N)

» detinite determiner 18 at p (N, G)

find poastle refarents (FINDPOSS) for t, at p (F, N)

describe o by stisching to the list x the value tor o of the attribute o, it any. (D)
describe o by finding and concatenating alt of the (a, v, 8) propertms for o. (D,
V)

© hes been (partisily) described using (s, v, 8) (D)

82 followe al n the predetermined arder of describing the eiirbutes of an
object (DESCRIBE). (D)

® Letters in parentheses after s detinition sre initiale of P groups in which the predicete is used
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DESCRPHRASE (o,x)
DETSEEN(p)
ENDMARK(p)
EQxxx(p}
ERROR(p,x)

ERRORS(p,x)
ERRREF (1,p)
FINDAMBIGP(t1,p,8,v,9,t2)

FINDAMBIGR(t1,p,1,0,8,12)
FINDPOSS(t,0)

GSO(x)

GSE(x)

GSQD()

GSQE(z)
GSQW(z)

GSQWR(z)
GYYPED(z)
HASAV(o,nv,9)
HASREL(o1,r,02,8)
HASRELN(t,r,9)
INDEFDET(p)
1SA(o,w)
ISAV(p,a,v,8)

ISAVW(p.a,v)

1SCOP(p,9)
ISDEF(1)
ISINDEF (1)
ISNOUN(p,w)

ISNOUNW({p,w)
ISPRED(p)

ISREL(p,w)
ISRELPRON(p)

ISRELPRONW(p)

ISRELW(p,r)
LEFTOF(p1,p2)
MAKISA(p,w,t1,12)
NEWAV(1,a,v,8)

NEWOB (o)
NPBOUND(p)
NPBOUNDL(p)
NPGCHK(p)
NRESTR(t,p,w)
NULLREF(4,p)
OCHK(4,p)

OLOAV(p)

c.2

Details on MiliPS - MiliPS /W8Blox

x is the tinel output phrase describing (DESCRIBE) o. (V, D)

at p there is a determiner, either definife or indefinite. (A, N)

p marke the left or right end of the input string (S, T, E, A, N)

the word at p is squal to xxx. (T, G)

an arror has occurred st p; x is o list to be edded to the reply. (€, 3, A, R, P, N,
F, B, M, V)

error scan from right to left is at p, collecting a list x (E)

tor reference in case of error, t is ot p. (E, B, N, G)

link backwards by CUROBJP relations to find @ place with remsining embiguities
to attech a redundant (s, v, 8); {2 is where the search started, t1 {a the current
place in the search, and p is the location of the (s, v, 9). (B)

like FINDAMBIGP, but for a relation (v, o, 8). (B)

o is a possidle referent for t. (F, B, V, M)

z is o sentenoce of type SD, a decirative sentence. (N, M, V, G)

T i & sentencs of type SE, declarative starting with “there”. (M, V, G)

z is @ sentence of type QD, the question form of a D type of declarative (GSO).
(A M, G)

z is a sentence of type SQE, the questian form of the E type of dechrative
(GSE). (G, N, F, M, V)

z is » sentence of typs SQW, the question form sterting with "what”. (N, F, B,
M, V, G)

z is » sentence of typs SQWR, » quostion starting with “where”. (M, V, G)

z has been typed according to GSD, GSE, etc. (G)

o has value v for sttribute o, sign 6. (E, F, B, V, D, M, N)

ol has the relation r to 02, sign s. (E, F, B, V, M)

t has the relation r, sign 8, to some cbject yet to be seen in the input. (B, R)

an indefinite determiner is at p. (N, G)

o in an objoct of the class w. (€, F, D, N)

the attribute vaiue (u, v, 8) at p checks out grammatically; continue to process it
os auch (AN, F)

the word ot p is an attrbute velue (av); this signels the need for s grammer
chock (A, T)

the word et p is » copula, sign 0. (G AR N, T)

t is known to be » definite object by its determiner. (A, N)

{ is moditied by an indefinite determiner. (A, N)

the noun st p, word w, is grammatically all right; initists turther processing on it.
(AR, P, N, G)

the word at p is 8 noun, w; this signals the need for a grammer check. (G, N, T)
the AV at p (see ISAV) is a predicate, which means it follows e copula (A, R, P,
F)

the relation word w at p is ul} righ! grammatically; continue to process it. (R, N)
the relative pronoun at p is grammatically ell right; initiste the normel processing
for it. (P, N)

the waord at p is & relative pranoun; pvoeud by checking whether it e
grammatically ol right. (P, T)

the word at p is r; this signals the need !or » grammer chock (R, T) -

pl in to the left of p2 in the input string. (S, T, E, G, A R, P, N)

make t1 ot p into an ISA; ils word is w, the previous object is t2. (N)

record (a, v, 8) so it can be attached to the actusl object thet t represents,
when it becomes determined (N, A)

o in 8 new object (new ISA). (F, B, N)

8 noun-phrase boundary is st p. (8, S, N)

delete the NPBOUND signal for p. (B, N}

check thet it 19 grammatically correct to stert a noun phrase ot p. (N)

restrict the possiilities for t at p to be nouns of claes w. (F, N)

the set of referents for t at p in empty. (F, V)

check if the possibie referents for t have been restricted to a unigue or null set.
(F)

the AV gt p in old, [SAV has been responded to. (A, F)
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OLDREF(1)

OLDREL(p)
PREDINCON(Y,p,av,0)
PREDINCON T(4,p.a,v,9)
PREDREDUN(t,p,av,9)
PREDREDUN T(t,p.av,0)
PREORESTR(t,p,av,0)

PREDRESTR:T(t.p.av,e)
PREDRESTRCHK(t,p,av,8)
QNOUN(p)

QWFIND(1,p)
QWRDESCR2(0)

QWREPLY(0)

QWRPHRASE 1 {0,x,w)

QWRPHRASE 2(0,x,w)
QWRREPLY I(01,r,02,8)
QWRREPLY2(01,02,1,8)

QWRREPLY 3(0)

REFERS(4,0)
RELINCON(},p,7,0,8)
RELINCON T(t,p,r,0,8)
RELREDUN(t.p,r,0,8)
RELREDUN T(4,p,r,0,8}
RELRESTR(t,p,r.0,0)
RELRESTR T(t,p,r,0,8)
RELRESTRCHK(4,p.1,0,8)
REPLY(x)

SCAN{(p)

SCANFIN(p)
SENTBOUND(z)
SENTENCE(2)
TEXT(x)

TRACING(x)
WORDEQ(p,x)

Details on MiliPS

the REFERS for t has been examined. (B)

the relation st p has been processed; [SREL has been responded to. (R)
the predicate (s, v, ) is inconsistent with t st p. (B, M, E)

print a trace for and assert the corrssponding PREDINCON. (E, B)

the predicate (a, v, 8) is redundant for t et p (B, M, E)

print » trace for and assert the corresponding PREDREDUN. (E, B)
restrict the possdie referents for t st p according to whether (a, v, 8) is true.
(F, E)

print a trace for and assert the corresponding PREDRESTR. (E, B)

chock whother the corresponding PREDRESTR should be epplied (B, F)

tho noun st p is a question noun (G, T)

find possble referents (FINDPOSS) for ¢, at p. (F, G)

initinto tho second step in the reply generation process tor QWR sentences (see
GSQWR and QWRREPLY2). (V)

use the results of the DESCRIBE process to make a repiy for a QW sentance
(zee GSQW). (V)

tho current phrase in buikding the first part of the QWR aenawer (see
QWRREPLY1) for object o in x, with word w used to separete further edditions
to x from the present x (D)

like QWRPHRASE 1, but for the second part of the QWR answer (QWRREPLY2).
(D)

include (r, 02, ) in the first kind of reply for s QWR sentence; the first kind
gives reiations of the main object ol to other objects. (D, V)

include (r, o, 8) for 02 in the second kind of reply for a QWR sentence; the
second kind gives relations of other objects 02 to the main object ol. (D, V)
generate the third kind of reply for a QWR sentence, which covers the case
where o has no relations to other objects. (D, V)

t refers to o; t may also be of type o. (F, B, M, V, N)

the relation (r, o, u) im inconsistent with t at p. (B, M, E)

print a trace for and essert the coreasponding RELINCON (€, 8)

the relatian (r, o, 8) is redundant for tat p (B, M, E)

print a trace for and assert {he corresponding RELREDUN. (E, B)

restrict the poaaible referents for t at p sccording to the relation (r, o, 9). (F, E)
print a trace for and assert the correspondng RELRESTR. (E, B)

check whether the corresponding RELRESTR should be applied (B)

x 18 » list of words constituting sn external reply. (V, €, D)

the acan 18 pomtioned at p (S, T, B)

the scan 18 finighed 8t p. (S, V)

the sentence houndary has been reached for sentence z. (V, 5)

z is the current input sentence (S, G, N, F, B, M)

x is the list of words in the input string. (S)

an indicator that a program trace is being printed; x is o dummy. (5, E, F)

the word at p is egqual to x. (T, G, E, N)
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D. Overview of WBlox

WBIlox is a PS that solves blocks manipulation problems, taking commands from an
augmentation of MiliPS and performing actions on the scene in order to fulfill the
commands. This section and the next give an overview of the WBlox part of the system
and then more details, respectively. Section D.l1 presents a few examplss of the
problems solved by the system. Section D.2 sketches the changes made to MiliPS in
order to handle the expanded task domain. Section D.3 discusses the goal-subgoal
mechanism used to solve problems, and describes the way backtracking works, allowing
choices to be tried, undone, revised, and tried again. Section D.4 through Section D.6
discuss issues with respect to the particular PS implementation, and with respect to
implementation-independent features of the task domain that wers elucidated by the
present work. Section D.7 compares PSs with the original Micro-Planner impismentation.

! D.1. A tew examples of WBlox tasks

WBlox starts with a toy blocks scene identical to that used by Winograd (1972),
namely, a tabletop with a box and a variety of rectangular blocks and rectangular-based
pyramids. The test sentences given to the MiliPS/WBlox system were designed to test the
blocks problem-solving capabilities and exercise as many of the Ps as possible. This
contrasts with Winograd's apparent preference for exercising only the natural language
. capabilities (though not necessarily exhausting all of them) and only using those parts of
| the blocks program that were evoked as a result of that. Thus what is presented here and
! more fully ir. the next section and Appendix H is a more compiete demonstration of the
i biocks problem-solver designed by Winograd than was given by him.

The first input sentence is a simple command to put one object on another.
INPUT 1: (PUT THE SMALL RED BLOCK ON THE BLUE BLOCK)

The MiliPS part of the whole system recognizes that the small red block is not already on

the blue block, i.e., that there is a serious inconsistency in the sentence. Because it

involves a relation that can be associated with the PUT command, that inconsistency

becomes the intent of the sentence, and is given to the problem-solving part of the

system. In the initial scene, the small red block has a pyramid on top of it, so that the

first problematic part of this command is to find another place to put the pyramid. This

ovokes the goal to GETRIDOF the pyramid. GETRIDOF in general first searches on the

table for an empty place, then looks at blocks in the scene to see if space is available

there. In the present case, it has no trouble tinding space on the table, and proceeds to
. move its hand to the pyramid, grasp it, lift it to some random location within the clear

region on the table that it selected, and let go of it. Now the pyramid is out of the way,

s0 the program looks for space on top of the blue block. The blue block is all clear, and is

big enough to accommodate the red one, so the program goes through a sequence of

grasping, lifting, and so on, similar to that for the pyramid, to put the block in that clear

space.

REPLY 1: (1 (OKAY))

The MiliPS subsystem responds OKAY after checking that what was commanded has
| actually been accomplished by the WBlox PS. Qutputs are tagged with integers ("1" here)
in case there is a set of reples, to provide a sequencing for them.
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We now skip over two inputs, one asking a question and the other commending that

@ green block be put in the box.
INPUT 4: (PUT THE GREEN BLOCK ON THE BLOCK IN THE BOX)

Looking at this superticially, it is ambiguous in a couple of ways. At the command Iovel it
appears ambiguous because the system knows two ways to PUT, namely IN or ON, so that
the input may be requesting a PUT ... IN or PUT ... ON action. This ambiguity is resolved
by normal processing of the sentence: the IN phrase is nesded to resolve the refersnce to
“THE BLOCK", so that only ON remains as a candidate for the main command action. The
superiority of the bottom-up approach over a top-down one is evident here, and the
difference between the two can be accentuated further by adding more relations. The
second ambiguily is presented by "THE GREEN BLOCK". There are two green blocks in the
scene, but fortunately, both are referred to in this sentence: one is in the box, so it is the
second block, which forces the ambiguity of the first one to be resolved in favor of the
other one. This other green block is not on the first one, the one in the box, so that the
inconsistency is taken as the intention of the command, and the WBlox part of the system
can work on the specific problem posed. This problem is solved directly by moves similar
to those used in the first INPUT above, since no other objects are in interfering locations.
The program’s reply is the same as in the praceding exampls.

For the next example, we skip a few inputs that had no effects of concern to us at

present.
INPUT 12: (PUT A SMALL PYRAMID AND A SMALL PYRAMID AND A GREEN BLOCK AND
THE SMALL RED BLOCK ON THE LARGE RED BLOCK)

Several things of note occur in the input. The use of "A" in a command causes the system
to choose from among a set of existing objects that match the given description, rather
than creating a new object as was the case in MiliPS alone. In fact, in this cass it chooses
two pyramids, taking care 1o make the choices distinct. The use of "AND"™ means that all
conjoined objects are the main ones for the command, that is, the command works with a
set of objects. The command is to put the set on the farge red block, since the final
phrase, starting with "ON", is inconsistent with the scene.

From the point of view of the problem-solving system, this command presents
difficulties because all of the specified objects will not fit on the large red block uniess
some of them are piled on top of each other in some way. WBlox does not recognize
shead of time that the area isn't sutficient, but rather, attempts to put them on, trying a
couple of variations in arrangement (which exhausts the possibilities in this case), before
deciding to try the necessary packing operation. When working with a set of objects,
WBlox tries to place the largest first, then the next-largest, etc. In this case, after piacing
three of the four objects, the space is filled, so it backs up and tries to put the third
object in a different location. This fails because the third object filled up the only
available space. It then backs up further and tries to put the second object in a different
location. Now the second and third objects used up a rectangular region on the large red
block, each filling up half of it, and the program always tries to pack objects closely
together when it is putting a set of them somewhere, so that there is really no alternative
place to put the second object either - packing implies using the lower left-hand corner of
the region. (The program doesn't reason in this way, exactly, but tries to locate space and
tinds only the point already seen) So it backs up to the first object, and cen find no
alternative place for it either, for similar reasons. Thus it has backed up to its starting
place, and now it pursues an alternative strategy, called the PACK strategy, which says
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place an object, then try to put one other object on top of it, then place the next object,
and so on. It puts the tirst object on the large red block, then puts the second object, a
pyramid, onto the first object, then puts the third object onto the large red block, and the
fourth on top of the third.
REPLY 12: (1 (FAILED TO PUT PYRAMID-3 ON)) (1 (FAILED TO PUT PYRAMID-1 ON))
(2 (OKAY))

The program replies that the two pyramids aren't strictly on the large red block as it had
oxpected, and then says OKAY anyway, because some of the things it expected were
tultiled. (The first two replies are tagged identically because they wers noticed
“simultaneously”™) The two pyramids were in fact placed on the two blocks that were
placed on the large red block (pyramids being preferred by PACK tor placement on top of
just-placed blocks, since nothing can be put on a pyramid).

This time inputs not shown have had the system put some more things in the box,
and bad it add some new black blocks to the scene. It has just picked up one of the black
blocks.

INPUT 18: (PUT IT IN THE BOX)

"IT" always refers to the object in the hand of the model, by convention. There is no
trouble understanding the input, but severe problems in carrying it out. The program fails
to find enough clear space in the box to put the block that it’s holding, so it tries a drastic
strategy: clearing out all the things in the box, and putting them back in in PACK mode,
placing them all as closely together as possible. As above, the PACK operation includes
putting every other object on top of one just placed rather than on the box proper. It
succeeds, after about 65 subgoals and 70 primitive grasp, lift, and let-go actions (about
ten times more than required for INPUT 1 above). The program responds simply OKAY as
sbave.

The final example we consider here consists of building a stack of objects.
INPUT 19: (STACK UP A LARGE RED BLOCK AND A SMALL BLOCK AND IT AND A
SMALL PYRAMID AND A BLACK BLOCK AND A LARGE GREEN BLOCK AND A
SMALL PYRAMID)
In stacking up a set of objects, the program first chooses the largest block as the base of
the stack and places it on the table. As its next step, which is repeated until all the blocks
have been placed, it selects the largest block that hasn't been placed and puts it on the
top of the stack (the block in the set of things to be stacked that has nothing on top of it).
In this step, if the largest block that hasn’t been placed is too big, it is left out, and the
next one selected instead. Also, if there are two or more blocks that are the next-largest,
and if one of them is already in the right place, it is left there and the process continues
to the next (the program also notices if the base of the stack is already on the table when
it starts). After all blocks are placed, the program selects the biggest pyramid from the
set that wiil fit, if any, and places it. Any other pyramids must be left out.
REPLY 19: (1 (LEFT OUT PYRAMID-3))

The program checks for compietion of the command by checking an internal
representational set that records stacks of objects. This stack record is kept for ait object
movements: whenever one object is put on a block (table and box are excluded as stack
members, by this definition) it becomes a member of the block’s stack, or if the block
wasn't in a stack, a new stack is created with both objects in it. For this reply, the
program noted that one of the pyramids is not in the same stack as all the other objects
that it was to stack up. This is right, because the command was not complstely fulfillable,
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given that pyramids cant support other objects. MiliPS could in principle recognize such
ill-formed commands, but it doesn't.

D.2. Changes to MiliPS for the WBlox task

Appendix € gives the portions of MiliPS that changed in converting it to transiate
the external language into inputs for WBlox. This subsection describes the changes,
following roughly the order of their appesrance in that appendix. Most of the changes,
707, were additions of Ps, and the rest were minor changes to existing Ps, usually
changing one condition or action element. No Ps were deleted. Thers are thres main
kinds of changes: lexical and grammatical changes, which are rather minor; changes to how
relations are handled, adding two new varieties of relations, indirect ones and computable
ones; and changes to main sentence semantics in order to interface to the blocks problem-
solving Ps. After describing the changes, the varieties of blocks commands are described,
slong with details on main sentence semantics for them. Finally, the changes in internal
representation of the scene are sketched.

In the tagging Ps (T Ps) are all of the changes that effect modifications to the
scceptable language. The system now knows about PYRAMID where it used to treat BALL.
To make that change, only two Ps were changed, one a T and one an N, the N that handlies
- croation of new scene objects. The word IT is recognized as a noun phrase, and is taken
slways to refer to the object in the model's hand. This requires only a single P, which
does all the actions necessary to make the system believe that a noun phrass just went
by. This approach was taken as the easiest way to ensure that objects in the hand could
be referred to uniquely, the problem being that such objects don’t have the same relations
to other objects that other objects do. It was easier than adding the code necessary to
make use of phrases like "in the hand” or "that you ere holding”. IN and ON are now
tagged as indirect relations, to be discussed below, and TQ THE LEFT OF, TO THE RIGHT OF,
BEHIND, IN FRONT OF, ABOVE, and BELOW are recognized as computable refations, also
discussed below. The new prepositions UP and DOWN are also recognized, but they are
only lexically treated as relations, and are otherwise just complementary modifisrs for
command words.

The G Ps have a number of changes relating to main grammar types. These changes
olso carry over into N Ps and B Ps, some of which are discussed here, others later. First,
blocks commands are a new type of sentence, the imperative, or <S>, called GSI internally.
In such imperatives, "A" is taken as meaning a choice is to be made, as opposed to the old
action of creating a new scene object. The actual choice is made by B Ps. The
imperatives start with a particular set of command words, PICK, GRASP, STACK, and PUT; G
Ps recognize these and assign the imperative type to the sentence at hand. At the same
time, these words set up expectations of complementary modifiers, for instance, PICK
expects UP somewhere, PUT may be followed by DOWN, etc. "AND" is recognized as a
noun-phrase boundary and is used to conjoin only main sentence objects in imperative
sentences. The grammatical-adjacency tests for noun phrase were rewritten to make
control cleaner and augmentation easier - augmentation now requires only the addition of
Ps, not also the addition ot negated conditions in a P that recognizes bad conditions.
Similar changes could have been made to other such Ps, but one illustration is sutficient,
and the others didn't require modification anyway.
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MiliPS /WBlox : Overview of WBiox D.2

In the F Ps, the relation restriction process, by which relations are used to restrict
possible referents, is split into two stages to handie a peculiar kind of ambiguity in
imperatives. The command PUT expects some kind of inconsistency to occur, so that it can
turn that into a command to be fulfilled, but this can interfere with the determination of
referents when there is a relation that might be interpreted as both a valid restriction and
an inconsistency. That is, a relation might be true of one possibility, while another
possibility exists for which the relation is nut true. Given the two distinct interpretations,
the process assumes the relation is to be used as a normal restriction, but saves the other
possibility as something that can be used in case no other inconsistency can be found.
Test sentence L& illustrates this kind of "backup”.

The way that the new classes of relations are handled shows up in changes to F Ps
! and B Ps. Computable reiations are the ones that depend on exact locations in the scene,
for instance, IN FRONT OF (that locations are now exact is discussed below slong with
other representational changes). When these relations are completed, that is, have definite
objects to which the relations are to be applied, a B P evokes a set ot F Ps that assert
temporary relations into Working Memory that represent specific computable relations.
For instance, when "TO THE RIGHT OF THE LARGE PYRAMID" is scanned, assuming only one
large pyramid, a computation is made to determine all objects to its right, and temporary
representations of all of the resulting TORIGHTOF relations are asserted. These relations
are used to restrict other referents in a way similar to ordinary refations and to indirect
relations, to be discussed now. '

Recall that the "check-relation-restriction™ process (see Figure B.2), which is B Ps,
checks to make sure a relation restriction is applicable before going ahead with it. In that
process, when a relation that is tagged as indirect is encountered, Ps are evoked to
compute temporary indirect relations from the specific relation that is the subject of the
check. [ndirect relations are the transitive closure of a relation, and are computed by the
B10 Ps. For instance, given "IN THE BOX", a transitive closure is computed using ON, by
asserting indirectly~IN for all objects ON objects in the box, and for all objects indirectly-
IN, and so on. The relation ON is also given the same treatment, propagating indirectly-
ON's. The actual referent-restricting Ps (F Ps) are augmented by a set of Ps that use
these indirect relations in a way similar to the way the restrictions for normal relations
were used before. The indirect relations are erased from Working Memory after each
input sentence is finished (along with everything else except the representation of the
scene). An alternative that would have required fewer added Ps would have been to
assert normal relations and some record that certain normal-looking relations ars really
temporary, so that they could be explicitly erased at sentence boundaries. These
temporary relations would then enter perhaps into blocks manipulation upda‘in‘g
operations and into the process that describes the scene and its objects - it is not clear
that this is desirable.

Now that there is provision for such indirect relations, any further classes of
relations that are to be treated as temporary need not require further Ps to be handled
properly. The present program has an example of this, in that computable relations are
kept in the same form as are indirect ones, and don't require mechanisms beyond the
initial assertion. Ultimately, if the scene should be represented as a more long-term entity
in the Ps themselves, all Working Memory relations would be temporary, so that further
decisions would have to be made as to ditferential treatment of types of temparary
relstions.
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The M Ps have two types of changes, reflecting new main semgntic action. The new
<SI> imperative sentence class occurs in several P conditions that want to restrict the
class of sentences to which they apply. The M60-M80s are specific Ps added to process
<SI>-specific information and issue commands to the blocks problem-soiving Ps. Within
these, redundancies and inconsistencies are treated according to the new conventions
required for imperatives, to be discussed further below.

The V Ps also have a coupie of modifications and augmentations. ‘There is a set of
Ps that handies reply generation for imperatives, which includes checking that commands
were actually carried out. Replies themselves are now numbered, so that textually
identical descriptions can be distinguished, for instance the two "LARGE GREEN BLOCK"s in
the reply to the sixth test sentence. The count of replies is mmaluzod at the bogmning of
the scanby a TP.

There are four commands that ars extracted from input sentences and issued to the
WBIlox Ps. The PICKUP command is obtained from sentences of the form, "PICK ... UP ...
*, where either ". . ." may be empty in particular cases. For this form, referents of objects
must be exact. The program checks that it is not already holding in the hand the main
object in the sentence. This form will not take compound phrases, since the hand can only
hold one thing at a time.

The PUTDOWN command is obtained from sentences of the form, "PUT ... DOWN . ..
¥, where either "... ." may be empty. As for PICKUP, referents must be exact, and further,
the object referred to must be in the hand. Actually, all such forms can simply be
expressed as "PUT IT DOWN"

The PUTON command comes from forms "PUT ... ". The PUT can be matched to
either ON or IN (the latter only goes with the BOX, and becomes a PUTON that is processed
specially in some cases). This form may take compound main nouns. The system
processes all such as a set, applying a single relation to them all. The spacific relation to
be applied to the main noun or nouns is obtained from an inconsistency in the sentence.
At present, this is restricted to IN and ON, but in principle it should apply to any relation,
with the intent of the command to make that relation true (the restriction is inherited from
Winograd's program). The explicitness of inconsistency considerations here makes that
kind of extension quite feasible, whereas it is not clear that such a general mechanism
would arise naturally from Winograd's treatment (whatever it was in this case). If an input
contasins a redundancy but no inconsistency, or if it contains neither, it is & redundant
command and requires no action; the program in the latter case will complain, but in the
former will say OKAY,

The STACKUP command comes from sentences like the PICKUP one, with STACK
instead of PICK. These forms must have compound main nouns, and the refersnts must be
exact.

Finally, we sketch the representational changes necessitated by the addition of
manipulations to the scene, done by WBlox. The primary change is that objects have
specific spatial locations and sizes, according to a standard three-dimensional coordinate
system, As in Winograd’'s system, an object can’t be rotaled, and is always rectangular
end aligned with the coordinate axes. The iocation of an object is the location of its
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lower-left-hand corner (minimum x, y, and z values). There is now a hand in the scene,
represented as a point with neither size nor attributes nor relations to other objscts,
except that it can be grasping or empty. All relations are now assumed to be positive
(POS), where in MiliPS, distinction was made between POS and NEG. To have negatives
would be to allow a certain vagueness that doesn’t fit with exact locations (although
ultimately it might be desirable, for a fully general system), e.g., "NOT IN THE BOX" would
have an object seemingly floating freely at any location not on the box’s surtace. (This is,
I believe, independent of whether "NOT” can be handled in inputs, which it now cannot
be.) Therse is a new structure that is kept track of in the scene: the stack. A simple stack
is just a set of objects, one on top of another up to some height. The generalized notion
of stack here is that an object is in a stack whenever it is on top of an object in a stack.
A stack is created whenever an object is placed on top of another that is not already in a
stack (except the table and the box). Thus stacks really include tree-like structuros of
blocks - all blocks in such a structure are in the same stack.

D.3. The main components of WBIlox

For the most part, the WBlox Ps work independently, as a submodule, of the MiliPS
system. The language produces a single command or a set of instances representing a
command on a set of objects, which evokes specific WBlox top-level Ps, which in turn
evohe the full problem-solving system, When the problem solving is finished, the top-levetl
goa! succeeds and control falls back to some checking signals, left around when the WBIlox
Ps are evoked, which evoke a process that checks the results and forms a reply.

There are four top-level operators that are evoked from outside the WBIox system:
PICKUP, which commands a specific block to be picked up; PUTDOWN, which commands a
specific b'ack to be put down on the table or wherever there is space available; PUTON,
which commands that an object or a set of them be put on some other specified object
(PUTON includes putting things in the box); and STACKUP, which commeands that a set be
stacked, one on top of another.

There are eight subordinate operators that are used by the top-level ones and by
each other as subgoals to accomplish particular action sequences. PUTONL puts a single
object on another object; PACK puts a set of objects onto an object, under the constraint
that they are to be packed as closely as pnssible. GETRIDOF involves finding some unused
space to put an object and going through the actions that put it there. CLEAROFF uses
GETRIDOF iteratively to clear everything off some object. PUT takes an object and places
it at a specific location. GRASP attaches the hand to an object, sometimes necessitating a
CLEARCQFF so that it can do so, as well as an occasional GETRIDOF for what the hand is
slready holding. RAISEHAND computes a location above where the hand is, and moves it
there. MAKESPACE tries to clear away just enough objects from a surface to free up
space to fit a particular object.

The preceding set of operators all make use, ultimately, of a small set of primitive
operators, which do the actual changes to the scene model and which do not further evoke
other actions. MOVEHAND moves the hand from one location to another, doing all the
necessary updating to object locations, to IN and ON relations, and to stack structures.
MOVEHAND fails to do the motion if the location moved to is not clear to the extent
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required for the object that the hand is grasping. UNGRASP causes the hand to let go of
an object it’s holding. The converse of UNGRASP is to assert that the hand is grasping, an
action that is a subpart of the GRASP action and not separated as a named primitive. The
most complex primitive in the system is FINDSPACE, which is sometimes entered at one of
its subordinate steps, LOCATESPACE. FINDSPACE scans the surface of a specific object to
find an open region suitable for placing another object. It is the only primitive that fails
explicitly with a signal that is then processed in specific ways by the evoking process.
Further levels of primitiveness can be imagined, but they weren't implemented here or in
the original system being imitated. For instance, MOVEHAND could involve computing actual
trajoectories for the motions, so that no collisions with other objects occur. These
considerations are simply assumed to be always solvable and not touched on further here,
although it is conceivable, for instance, that the trajectory computation might not be
possible without further rearrangements of blocks.

- Figure D.1 gives an outline of how the blocks commands interact. The components
of the outline structure in the figure are the operators. Arguments for the operators are
given in parentheses, and comments are given in square brackets. In form, the structure is
an AND-OR graph, with connections of nodes to other nodes in the graph indicated by
comments "above” and “iterates”. This connection notation is modified to mean a copy of
the structure with modifications, when such modifications are also given in the comment,
e.8., "without MAKESPACE" is such a modificational commenlt. In numbered sequences, AND
is implicit between steps, e.g. 1| AND 2 AND 3 under PUT. OR is given explicitly and means
the step in question has alternatives, if the OR is between two steps with the same
number, or it means the sequence of steps preceding the OR has the steps following it as
an alternative, if saquence numbers differ directly before and after the OR. One ambiguity
with this definition of OR is under PUTIN, where 1 is to be alternated with 1 AND 2
following the OR, not 1 AND 2 OR second ! AND 2. The comment “primitive” indicates
primitives in the above categorization of operators. The comment "iterates” means that
the iteration is to be through the set in the immediate vicinity, until the set is exhausted.
Details on how the various selections and primitives work, and on how sequencing is done
in particular cases will be presented in Section E The remainder of this subsection makes
general comments on organization.

Most of the components given in Figure D.1 work within a set of conventions that
make up a goal-subgoal mechanism. The top-level goals are commands from the input
language via MiliPS. Subgoals arise as the components or operators encounter difficuities
in being immediately applicable. Specific problems that can erise are encoded as Ps that
recognize difficulties, and that then construct the appropriate subgoals. Sequencing of
both the AND and OR types is by using a couple of specific goal-related signals, one of
which (the predicate NEXT) specifies what to <o if a subgoal succeeds (AND), and the other
(the predicate NEXTF), what to do if + subgoal fails (OR). If neither NEXT nor NEXTF is
given, the goa! that evoked the subgoal succeeds. There is a small executive (5 Ps) that
processes success and failure signals according to these conventions. The primitive
operators in the system are not treated within these goal conventions because their
operation is immediate, so that sequencing can be done with ad hoc evoking-process-
specific signals. The same executive-avoiding mechanics are ussd for steps within goals
that don't cause difficulties otherwise.

The justification for including the executive and goal-sequencing conventions is that
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3 PICKUP(objsct)
1 GRASP(object)
1 GETRIDOF (object in hand)if such exisle)
1 FINDSPACE(on tsble)[choicepoint « which location on table)
OR
1 FINDSPACE(on biock){choicepoint « block and location]
2 PUT(object,location) :
1 GRASP(object){esbove]
2 MOVEHAND(tocation, offeet by size of object){primitive)
3 UNGRASP(primitive]
2 CLEAROFF(object)
1 GETRIDOF (selected object on top of object){sbove)
2 CLEAROFF(objoct)[itarates!
3 ansert CLEARTOP[primitive}
3 MOVEHAND(to center of top of object)primitive)
4 sssert GRASPING[primitive)
2 RAISEHAND()
1 MOVEHAND(to focation at meximum height sbove present location)[primitive}
2 PUTDOWN(objoct)
1 GETRIDOF (ebject){sbovo)
3 PUTON(objectl or set of objocte,object2)
1 PUTONI(objoct] or selected object from set,object2)
1 CLEAROFF (object1){sbove)}
2 FINDSPACE(for object]l on object2)[primitive; choicepoint » locetion)
OR
2 MAKESPACE(for objoct] on object2)[only if PUTON is for one ebject)
1 GETRIDOF (setectad object on cbject2)
2 FINDSPACE(for object] an object2)
OR
2 repeat MAKESPACE(for obmct] on objecti2)sbove)
3 PUT(object ) location found){above]
2 PUTON(remainder of set,object2){iterates)
OR {atter all choicepoaints wilhin PUTON] have been tried)
1 CLEAROFF{object2){sbovs]
2 PACK(set of objocts,object2){eet excludes sll objscts on object2 betore)
1 LOCATESPACE(for selected object « object], on object2){primitive, choicepoint « focation]
2 PUT(object! at location found){above]
3 PUTON1(another selected object on object1)jsbove; only it fit is possbis)
4 PACK(remainder of set,object2)]iteraten]

4 PUTIN(object] or set of objects,bon){comes from MiliPS sa PUTON, step | here)
1 PUTON(cbjectl or set,bon){sbave; only first 1-2 sequence, withowt MAKESPACE)
OR
1 CLEAROFF(box)[above; but first add what's airesdy in box fo set)

2 PACK(everything now in sstbox){above]

8 STACKUP(set of objects)

1 PUTON1(seleciad object,table or current top of stack being built)
2 STACKUP(iterstes]

Figure D.1 The components of the WBlox goal-subgoal system

in all but the simplest problem situations goals of the same type are evoked recursively,
though there are intervening levels of goal structure between the recursive cells. That is,
goals do not directly evoke themselves as subgoals, but most situations give rise to
recursive nesting in some way. If in these nesting situations, a particular goal process
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relied on ad hoc signals for sequencing, there would be more than one instance of some
signals, causing confusion between the two processes. Thus, goal status for separate
invocations of the same goal are distinguished with an extra argument that names the goal.
Also, the NEXT and NEXTF sequencing predicates contain within them inactive versions of
signals that are to be asserted, so those signals are effectively hidden and can’t interact
; with information from active goals. If the Psnist interpreter distinguished bestween .
matches to a P on the basis of recency of data being used in a match, and fired the P only
using the most recent data (saving others until they eventually beacome the most recent),
then the goal executive mechanism would not be necessary. (This architectural varistion o
hes been seriously considered as an interesting PS alternative.) But Psnist, given a P with
any match at all that it has come to consider for recency reasons, fires all the
instantiations it can find, old and new alike. The recursively-nested structure of Planner
, control isolates separate goal contexts effectively, although it hides them much more
i opaquely (making access to other contexts impossible) than is the case in the present PS
; implementation,

{ It is fruitful to briefly compare the present solution of goal-subgoal management to

that found in the more general situation, namely in GPS (the General Problem Solver, a
version of which is described in Chapter 1V of this thesis). The present system is very
specialized, with Ps that recognize specific differences, obstacles to success with a goal,
and that construct and evoke specific appropriate subgoals to treat those differences.
Thus & single P firing combines the workings of the GPS match and the table of
connections, between differences found and operators that might reduce them. In ali
‘ cases, a difference has a unique operator that is effective. Diflerences are local features
\ of the scene, so that there is no need tor GPS’s general match, which would want to work
‘ on two different versions of the scene (actual and desired). The closest analogue in GPS
| would be the performance of matches to a described, abstract object, which contains only
| s few features of the scene that are relevant to the main goal. But with the present high
degree of specialization goes a loss of flexibility in applying operators and in using
methods. The operators are very specific, and are encoded to include their own fixed
subgoal sequencing. The lack of general treatment of goals and methods means that the
executive doesn't evaluate progress and shift problem-solving efforts accordingly. There
is also no provision for recognizing infinite loops of goals. Certainly, looping in blocks
problems is possible in general, but it may be that the present restricted operator
structure can not give rise to loops, although it would if it persisted in 8 reasonable way
in trying to attain a goal.®

One detail in the dynamic behavior of the system that is hinted at in Figure D.1 by
the comment "choicepoint” is the management of alternative selections within operators.
. Winograd's original implementation made use of Planner language primitives to ensure that
all such alternatives would eventually be explored, according to a strictly depth-first
search organization. That is, whenever at certain goal points alternatives existed,
information as to the nature of those alternatives was recorded, and if some failure 4
occurred at some later time, the system would back up, undoing all effects in between the

® Example: if an object, A, is to be put on object B, but has object C on top of it (le., C s
on A), and if the only available space to put C to GETRIDOF it is on the targeted space tor
A on B, and if the only available space to put C is back on A when the program sttempts
to MAKESPACE on B to put A, then there is potential infinite oscillation.
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tailure and the most recent goal with aiternatives, and would choose another alternative on
which to base forward action. PSs have no such mechanism built into the architecture, so
it has been neccessary to adopt conventions for setling up necessary information so that
slternatives can be explored in a similar way, and to code those explicitly wherever
necessary. On analysis of the structure of the task, it was decided to designate only a
very few locations in the search as such choicepoints. The reason why this required
analysis is that the Planner code for the blocks problem solver makes very frequent use of
the particular primitive that achieves this mechanism (THGOAL), but only a few uses of it
are actually necessary to ensure proper backiracking, the others being used to provide
other functions of THGOAL. Section D.7 will go into more detail on how the final search
behavior differs.

The primary function of choicepoints in WBlox is to record the current state of goals
with aiternatives, and to record which alternatives have already been tried. The only
choicepoints in WBlox involve locations where objects are placed. It there seem to be
other meaningful alternatives in terms of the task, they have here been reduced.to
location choicepoints. Further, the only part of the system’s actions that is recorded so
that it can be undone in the act of backtracking, is the sequence of primitive actions
performed, along with, for some goals involving a set of objects to be iterated through, a
record of the state of the iteration (i.e,, which things in the set have been tried). All other
goal information, for instance the goal-subgoal structure and what has succeeded or failed,
is irrelevant to the backtracking and is simply disregarded in backtracking. That is, for the
most part when the system backtracks, it simply reverses the sequence of hand motions
and grasping and ungrasping actions that it has done since the most recent choicepoint.
Whenever one of the primitives is performed, it records an event time, an integer that is
incremented each time such an event occurs, and when a choicepoint occurs, the current
event time is associated with it so that the backtracking can reverse the right actions.
Each primitive action is also responsible for asserting an element that says what its
opposite is, so that the action can be undone. The action reversal goes through the same
mechanism that is used in the forward direction, e.g. the MOVEHAND primitive is evoked, so
that all the proper bookkeeping is done automatically (invisible to the backup controller).

Further details on the implementation of choicepoints will be given in Section E.
Even though choicepoints have been fairly easy to implement, reducing backtracking to
manageable proportions, the strict depth-first variety of backtracking used here and in the
original program is not considered the best way to proceed, either in this task or in
general. The particular position that the PS philosophy implies on this issue is discussed
further in Section D.4.

D.4. Production system issues

The next three subsections consider the issues that arose in WBlox with respect to
PSs, with respect to the language used to converse about blocks, and with respect to the
problem-solving operators. Included in the first is a discussion of the suitability of
backtracking as a method within a PS implementation, and what an alternative problem-
solving structure might look like. Also included are features of contro! and organization,
and a discussion of some time and space efficiency characteristics of the system. Then
(Section D.5) we go on to consider in detail the extensions that would be necessary to

VI-37 D.4

T A N A sl B L




D.4 . Overview of WBlox MiliPS /WBlox

bring the system up to the level of competence of Winograd's system on the natural
language side. Finally (Section D.6), there is a discussion of some details of the blocks
problem-solver, independent of the implementation as a PS, which suggest difficuities and
possible significant improvements in its abilities.

The most important issue with respect to PSs is the suitability of the backtracking
method inherited from the Planner version of the problem-soiver. Backtracking implies
that there is provision to ultimately try all possible variations in sequences of problem
operators in attempting to solve a problem, if that shouid be necesssry. These alternative
sequences are tried in depth-first order, and in Planner there is little program control
over which alternatives at any point are tried first. In the toy blocks domain, this has
proved to be no strain on the contro! capabilities of PSs, although analysis has simplified
somewhat the amount of backiracking tha! is really necessary, and, further, certain
features of PSs as a language, to be discussed in Section D.7, remove some of the
control needs that backtracking is used for in Planner programs.

Nevertheless, for this domain it seems feasible to adopt a strategy that requires no
backtracking or backup of any kind. Such a system would always work forward from its
present situation, adjusting to problematic situations by applying problem-solving methods
that attack those problems directly, atter analyzing to find the real causes of the
problems. For instance, instead of doing backtracking within GETRIDOF, which searches
among alternative locations for putting an object in an out-of-the-way place, problem
operators could be applied to do direct blocks rearrangements to alleviate shortages of
available space. In such a scheme, the history of the choices made in attempting to solve
a problem becomes global, and is no longer associated with particular choicepoints in the
goal structure. For instance, all operations that have been performed on an object, and in
particular where it has been placed, would be available for examination by GETRIDOF in
the process of finding somewhere else to put it. Such a strategy might produce plans for
actions that are non-optimal in the sense that the same object is handied several times,
each shifting it to a new location, but it is judged easier to analyze such plans after the
main goa! has been achieved, to smooth out such (rare) rough edges. [ don’t know of any
real exploration of the consequences of such a strategy, although the approach is similar
to the kind of information-gatnering discussed by Newell and Simon (1972, chapter 12) in
connection with human problem-solving behavior in playing chess. Such a schems is not
foreign to the constructs included in the Conniver programming language (Sussman and
McDermott, 1973). A primary component of such a strategy is a fuller system for
analyzing and describing what is problematic about a situation, and for linking such a
description with available methods.

Further analysis of how things are tried in the present backtracking structure could
improve WBlox's problem-solving ability, or at least etficiency, and perhaps eliminate or
minimize the amount ot backtracking necessary. WBlox includes all of the selection that
was used by Winograd to improve the search behavior, with perhaps minor improvements
in a few places (o be discussed in Section E). For example, it orders sets of objects so
that the largest object i= considered first, in plecing them somewhere. But further
orderings could improve the process even more, for instance, allowing GETRIDOF to always
meke best use of available space by using the smallgst space large enough to
accommodate an object. More details on where this is possible will be given in Section
D.6. PSs are advantageous in this kind of improvement due fo the power ot selection
inherent in LHSs ot Ps.
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The present Implementation of cheicepoints (see Section D.3) illustrstes how PSs
might be applied to problem-solving situations in which backtracking is necessary, either
because not enough analysis has been done to allow more intelligence to be buiit into the
problem solver as discussed asbove, or because genuine choices do exist. In such a
gonoral case, the PS architecture sliows several veriations on the scheme, according to
tesk demands. One is to use P Memory instead of Working Memory to record the
choicepoints, to save Working Memory space (and matching overhead) and perhaps to
avoid interference between similar information at different choicepoints. In recording
choicepoints, there is slways a choice between storing what has been tried and what
remsins to be tried, which in WBlox was resolved in tavor of storing what has been tried.
When the task requires much more of the choicepoint mechanism, namely keeping track of
entire memory contexts to return to, as in Conniver (Sussman and McDermott, 1973), PSs
offer at least two alternatives also. Presumably, it is not best in such cases to use
Working Memory to store the alternative data contexts. Ps can be used to store entire
states as RHSs or sets of RHSs, to be made current by the proper evocation into Working
Memory. Ps can also be used to store update information, so that going from one state to
another previosly-stored one is done by a sequence of P firings, each making incremental
updates to the current Working Memory state. For both of these, some method of storing
path information, or other evocation cues, must be adopted, so that states can be
accessed. For this, in principle, either Ps or Working Memory could be used.

The overall control organization of components of WBlox is as a hierarchy, along the
lines given in Figure D.1. The processing is directed by explicit goals in Working Memory,
and intra-goal sequencing is done by specific ad hoc control signals. In terms of modules
of Ps, which conceptually means Ps that share common knowledge assumptions, the entire
system is divided roughly according to the first letter of Ps’ names, but in the WBlox part,
modules are larger than is warranted by conceptual organization: all of the higher-ievel
goa!l parts are in the W module, and the primitive operators are in the Q module. But given
that, it is still the case that generally, the action of a module consists of firing very few Ps
(one, two, or three, usually), which perform some actions and pass control to another
module’s Ps. This is true of most of the modules in the MiliPS part, and is at least partially
true in the WBiox part. In WBIox, on the average, one W P fires, then about three Q Ps
fire, then control goes back to a W P. This is based on figures given in the control flow
summary trace in Appendix H, after the first program trace segment. This supports the
claim that PSs fend themselves easily to a modular organization of knowtedge, and are the
right level of conciseness to express incremental applications of such knowledge modules.

PSs are used to advantage to do a variety of complex selections within singie LHSs.
Seversl processes order a set of objects by size by using an LKS that performs a match
on the set and selects the largest for its next action. Some of these make the selection
under the constraint that the object will fit on top of some other object. (Details on which
ones make such selections will appear in Section £) The MAKESPACE process selects an
object that is the smallest one large enough to accommodate another object. FINDSPACE
uses single-P selections to find greatest lower bounds on a region along X and Y
dimensions, and to find least upper bounds on the two dimensions. That is, given 8 point
in a clear region, it selects the object that forms the closest boundary ot the region in a
particular direction. It also uses such selections to shift its attention from a point that is
obstructed by an object to the nearest point on its boundary, which may adjoin on a clear

_region suitable for further examination. (FINDSPACE will also be discussed further below.)
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All of these selections would be clearer to express if Psnist had an additional simple match
primitive (see Chapter VIl). As it is, the expression of such selections is sometimes
awkward and repetitious. But at a higher program-organization level, it might be better to
have a selection module or goal, rather that having each problem operstor do its own
selections. Having the separate selection would be warranted if it were to become more
complex, e.g., based on history or on considerations other than simpie locel ones or on
interactions with other goals.

A variety of conirol sequencing devices are used in WBlox. Jterations in PUTON,
STACK, and PACK are controlled by signais that record the processed elements in the sets
that the operators are working on. Simple match conditions exciude these tried slements
from being considered in the selections invoived in these processes, and the signals ere
noted in the same way as primitive hand actions, so that backup can take them into
account. FINDSPACE uses modifiable defaults in computing boundaries of a region, which
means that as a first attempt at a boundary a default value is used, and then Ps may or
may not fire according to conditions, to update those default values. Later Ps make use of
the existing values without then having to be concerned with where they came from.
Double signals for controlling steps in a process are used in several places: in FINDSPACE,
in some grammar adjacency checks, and in checking the results of the whole blocks
process. That is, a P evokes one step of a process and at the same time asserts a signal
that at the proper time (when it pops out of the examination stack for events, :SMPX)
evokes a P that asserts a signal that sterts the next step of the process. This device
avoids having the next step evoked prematurely from intermediate results from the
preceding step. A disadvantage is that the control signal must be included in the Ps of the
second process that may accidentally suffer from premature firing, or ususlly all of them,
to avoid having to know too much in advance. In the cases st hand, this is not a serious
probiem, since the second step is one P or a smail number of Ps.

The generation of the transitive closures of the IN and ON relstions takes adventage
of Psnist’s ability to fire a P on several sets of data "simultaneously”. In this case, a set of
Ps amounts to a breadth-first assertion of the indirect relations in the scene, since st sach
iteration of the set, all the existing indirect relations are extended by another link in the
chain or network. This process simply continues until no more new relations are asserted,
st which point control falls back to anather signa! and processing continues (see the B10
Ps).

Bookkeeping after hand moves is done under the control of specific signals. When
the hand moves holding an object, relations that the object had are no longer correct, and
new relations may now hold, so that checking is done in two distinct steps. Without
specific control of these t-vo steps, for instance, newly added relations would be deleted
by the step that deletes the existing reiations in preparation for any new ones. The
program actuelly started out without specific controls, and was found defective.

As was the case for MiliPS aslone, everything in the Working Memory is deleted
betwesn input sentences, except for instances of special (by convention) database
predicates. This removes the need for more careful ypdating and erasing of unnecessary
elements, preventing interference belween sentences (which wouldn't necessarily occur),
but is unsatistactory in being rather arbitrary. More ressonable schemes such as having
slements automatically deleted after being unused for some number of recognition cycles
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are recommended by this as well as other PSs implemented so far, but cannot be explored
in practice within the present scope. Another ad hoc mechanism in WBlox is the PSMacro
MAKEINSTL (see P WO), which converts the value bound to a variable in an LHS match to
be an assertion at the top level in the RHS. This circumvents a deficiency in the Psnist
language (not allowing variables in predicate position, and not aliowing matching of nested
structures), but is justified in two ways: it is used sparingly, and it is very convenient in
converting data that would otherwise require a set of specific Ps, one for each type of
conversion done, according to the particular predicate in the assertion.

Over the 24 tasks given to Wiiox, run times range from about two minutes up to
about 40, with all but one actually under about 10 minutes, and with the average at 45
minutes. (There is good reason to believe that the 40 minute figure may be inflated by
computer system characteristics at the particular time the run was made, by as much as e
factor of 2, based on average run time per P firing, which is ordinarily about 1 second, but
in that case close to 2.) The PS uses a total of about 48K words of Lisp cells, and one of
the longer tests (19) uses about 55K for its dynamic Working Memory, of which about 2K
is taken up by the residual database portion. Of the 48K in program, 27K is for the MiliPS
part, 21 for WBlox. The full PS has 408 Ps, including 3 test Ps, of which 278 sre in MiliPS
and 130, in WBIlox. Since the old version of MiliPS has 193 Ps, including 5 test Ps, 85 Ps
were added to bring MiliPS up to handling the richer input language. Tast 19 has a
Working Memory of slightly over 400 instances, of which the database is sbout 100 items.
In that test, even though the total number of items is large, no single predicate has a large
number of instances, the most heavily loaded (with about 40) being UNEVENT and NEXT,
which are concerned with backup information and goal sequencing, respectively, and which
could easily be stored as Ps if it were necessary to reduce the size of Working Memory.

D.5. Extending the language system

* There ars a number of specific features that could be added to the present system,
if it were desirable to bring it to the level of competence of Winograd's originat system.
In fact, many of the features discussed here go beyond the original, but seem to be within
reach of the PS. MiliPS is much weaker than the original in its ability to generate
interesting replies. MiliPS has no capabilities to answer "why" questions, which involve
knowledge of the problem-solving history that has preceded the question. Some related
aspects are being able to use past tenses, being able to deal with querias about actions,
and being able to use relative time descriptions such as "the first thing you touched after
stacking up the red blocks”. MiliPS doesn’t know certain verb forms that bear on relations
that it has, e.g., "what does the box contain”. It also needs to be able to understand some
variants on relational phrases, for example, “the block that the pyramid is on", and to be
able to deal with the converse of being "in™ or "on", namely the support and containment
concepts. MiliPS has very little in the way of treatment of pronouns or references that
depend on the history of the conversation. MiliPS doesn't handle "and” in 8 general way,
restricting its use to conjoining subjects of commands. The present language can't deal
with certain aspects of the internal representation: sizes, locations, and stacks.

MiliPS lacks an ability to handle numbers, as in “stack up three blocks" or
"supported by three boxes", and it can't answer "how many™” queries. This involves being
able to recognize plural forms of nouns, to enforce agresment between nouns and verbs,

Vi-41 DS




6.5 Overview of WBlox MIPS /WBlox

and to recognize more general uses of conjunction, which at present is limited to the main

nouns of the input. MiliPS would have to be extended to handie negastion, which in

L particular invoives some extra Ps in the referent-determination process, that would

restrict the set of possible referents in an opposite fashion to the present positive

restrictions. This suggestion assumes that it is more reasonable sand general o assume

that ali database attributes and relations have a positive sign, as was sssumed here, rather

' then allowing both signs es in the original MiiPS. If general propositional logic is

expressible in natural language, to process it in the present framework would require

. manipulation of sets of possibilities and their complements, and possibly saving partial

results for use in restoring previous interpretations on the basis of new input. For

exsmple, in "on the block or to the right of the block”, the first candidate reletion might

: maks the set of possibilities empty, so that the second siternative wouid have to be tried
with the set that existed bafore the first phrase was seen.

MIliPS is less interactive than SHRDLU, specifically lacking the ability to {ay out
choices in an ambiguity situation and allow the user to specify in a simpls way which one
was intended. It cant augment its language ability as could SHRDLU. SHRDLU wes able to
attach proper names, e.g. Superblock, to objects, and it could converse about a previously-
unseen concept like "ownership” or a new structure of biocks like “stesple”.

MiliPS lacks an ability in many cases to rule out interpretations purely on the basis
of semantics, as opposed to pragmatics, as was used in the original blocks system to rule
out having the table try to pick up blocks, for instance. An exhaustive examination of the
possibilities of occurrences of various kinds of relations in commands, namely whether a
particular phrase is used as a restriction of possible ambiguity, as a redundancy, or as an

* inconsistency to be applied elsewhere, leads to some cases that wersnt judged to be
common enough to warrant attention in MiliPS, but that might be desired in a fuller system.
One case contains phrases that are all inconsistent with the main noun, but that are at
varying levels of specificity with respect to being turned into the command relations to be
fultilled by the system. For instance, in "put the pyramid in the box on the red block",
suppose the scene contains no pyramid in the box, and that there is & red block in the
box. In this example, both relations are inconsistent with the main noun, and both could
thus be commands, but the second is more specific and consistent as a command with the
tirst, and should thus be preferred. A second case involves a redundancy that might be
inconsistency with the main noun, but is subsequently superceded by a real inconsistency.
Thus bindings of relations to be command relations has to be tentative in some ceses, with
possible updating after more of the input is seen,

How feasible is it to make these extensions? Adding to the grammar of the language
. accepted is relatively easy, involving just adding grammatical classes and figuring out the
sppropriste adjancies to be checked. Eventually, under pressure from complex languages,
it might be better to systematize and generalize to the extent of using some kind of case-
based structure for grammar expectations, analogous to the current way that a "pick”
command expects to contain an "up"” somewhere. Also as structures get mors complex, the
veriety of sentence types might be systematized so that processing depends not on those
types but on classes of types or on attributes of types, e.g., sentence types in which an
indefinite determiner should be taken as a choice, as in present imperatives. The
plausibility of being able to extend the present system is supported by the completeness
assertions in Section B.1, and also by the relstively clean system of treating things as ﬁ
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ambiguities, redundancies, or inconsistencies. The number of Ps estimated to be nqulrod
for such an extension is in the vicinity of 200-300.

! 0.6. Blocks problom-solving issyes

The present blocks operators closely paralie! Winograd's, but it is useful to discuss

them with a view toward extension, and for the purpose of raising more general problem-

: solving issues. One feature that was discovered in the course of testing was the

possibility of interference between goals. The particular instance of this phenomenon

_ occurs in a few situations where the program finds space to put an object, then evokes »

. subgoal to grasp the object, and in the process of grasping it, manages to place another

object in the target focation. This occurs in the problem-solving connected with inputs

18.0 and 24 (five times in the latter), which will be discussed in Section E, and it occurs

only within a CLEAROFF operation, which has GETRIDOF as a subgoal, which in turn evokes

PUT which evokes GRASP, which may evoke another GETRIDOF to place some object that is

in the way of the GRASP goal. Apparently no other locations in the goal-subgoal structure

have such a combination where interference can occur. The trap is that the FINDSPACE is

: done before it is certain that all other objects are in a proper location for the follow-up

; ) operation. This problem was corrected accidentally by the program itself without specific

modification, due to the iterative structure of CLEAROFF: it checks the existing situation on

the object being cleared off each time it iterates, essentially double-checking previous

attempts, and not assuming that those previous atlempts were successful. MOVEHAND

checks the target location for clear space for an object being grasped, and does nothing if

L . the location is occupied. In the original program, if such a thing occurred, the failure to

PUT the object in the space would have caused a failure, with backtracking to try to do

something (blindly) to correct the error. Even though in the specific goal structure here

; the problem is not serious, it is the case in general that some provision should be made

s for such interfering goals, at least providing for some communication of intentions. In the

particular space problem here, one solution, used by Sussman (1973, Section 4, pp. 88-90),

i is to esablish "ghost™ objects that occupy space but can't be manipulated as ordinary

objects. There is one other approach in the present case, a trivial change that rearranges

the sequence of operators so that the FINDSPACE is done after the GRASP is finished,

which is the subject of an experimental patch to the WBlox system, discussed in Section
E£3. But the genersl problem of goal interference deserves further attention.

R R v

As discussed above, bachiracking is consideresd not the best approach, especially for
PSs, where it is possibie to add as much guidarce as desired. For the toy blocks domain in
particular thers are improvements that might sliminate the need for it altogether. A
couple of things should be investigated as improvements along this line. Both .
: considerations deal with the placement of objects in empty spaces, which process grows
; as the factorie! of the number of objects to be placed, under the backtracking strategy
' used in the original blocks system. Several processes presently choose to work first with
the largest object in the set of objects that they'rse working with, but the way that
“largest” is determined is by taking the sum ot their iength and width, which is the metric
used in the original. This might be improved by using areas, by using the larger dimension,
or by some measure dependent on context (for instance, when putting objects in a space
narrow in width, width would be a more important consideration). Choosing the right
largest object is important because such routines as PACK assume that using the largest

i
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object first will guarantes being able to fill the space, if any arrangement at ol satisties
that goal.

The second consideration to eliminate backiracking is probably more importent,
namely, using avsilable empty spaces, particularly on the table, more effectively. This
assumes & more global view in FINDSPACE, which will be discussed below. One trick is to
use a space for an object that is just large enocugh to sccommodate the object, but that
minimizes the extra space that is wasted because the object doesn't fill it completely.
Some care must be taken here with shapes of spaces, since in the present system, spatial
orientations of blocks can’t be changed (for instance, they can't be rotated 90 degrees).
Care is necessary because two spaces might be equivalent for one object, but for another
object, only one of the spaces is right due to its shape. Another consideration is that
before spaces are filled in some processes, a better idea must be obtained on what
objects in the scene will uitimately have to be moved to sliow the main goal to be attained.
In some cases, this requires a rather exhaustive pre-examination. For instence, in
STACKUP, it may be necessary to move only small objects off of blocks that are to go near
the base of the stack, but later it may be necessary to get rid of a larger object that is
presently on top of one of the blocks 1o go near the top of the stack. Along the lines of
sliocating space optimally, there are conceivably a number of heuristics, applicable in
special situations, which could help guarantee a minimum of backtracking, for instance,
taking sccount of specific sizes and shapes to fill odd clear regions. In some cases, it
might be possible to anticipate the need for PACK, rather than trying the ordinary PUTON
first, such as when a set of objects has too much area to fit on a surface without it. Note
that in the present task, there are no esthetic considerations, nor ars there practical
constraints such as putting tall blocks toward the rear of the scene so that they're less
likely to get knocked over in moving the arm sround. These constraints might be .ppllod
to distinguish apparently equivalent locetions under the criteria above.

Two things about choicepoints in WBlox deserve mention. First, they are not exactly
the same as the ones that are logically present in the original program (by my examination
of the Planner programs; it is difficuit to tell exactly because the THGOAL primitive is used
in many places that aren’t choicepoints in the sense used here). In two places in the
original, a set of objects was processed using the backtracking mechanism, rather than
sorting the set by size as was used in other places in that program, and which
corresponds to the selections used in WBIox. That is, an object would be picked at
random, say from all those on top of some block, and if later processing based on that
choice failed, backup would come back and cause another to be picked, and so on. Also,
for the goal interference problem discussed above, the original would have failed some
subgoal, causing backiracking, rather than letting the iterstive nature of an operator do
the double-checking as in WBlox. These differences will be discussed in more detail in .
Section D.7. The choicepoint mechanisms in WBlox are presently distributed in specific
form in several places, rather than having a general mechanism used by the various
operators that need choicepoints. The same approach is used to record specific primitive
events that are backed up (undone) when a failure occurs. If there were a common
process used by all choicepoints, perhaps some of the work now done in various places
that requires things to be expressed with several Ps could be expressed more concisely,
particularly things that have to do with evaluating whether to go ahead with a particular
choice or whether to reject it, say, because it duplicates a previous one or because @
numerica! limit has been exceeded for such attempts.
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The present FINDSPACE process returns the first suitable region found sfter a

. random selection from the points on a surface have been examined. At each such random

point, a process applies to try to find the largest clear region surrounding the point.
Although details appear below (Section E.2), it suffices here to point out that such a
random basis leads to a program that is hard to debug becsuse behavior is rarely
reproduced reliably. It is based on the FINDSPACE in the original program, but in the
course of development, several minor improvements have been made, and some major
possibilities for further improvement are now evident. FINDSPACE could function best by
searching @ grid of points in the region, where the grid need not be any finer than the
size of the object that is to be placed. For the smallest biock in the present scene, the
grid for the table would be 100 points, ranging down to less than 20 for a majority of the
blocks. Most of the grid points would be rejected immediately due to being located inside
an object already on the table. More would be included in regions already found, so that
the actual work of examining the space around a point would probably be required for
fewer than the maximum of 10 random points that are now examined. The process would
then be guaranteed to find space if it existed, rather than the present srbitrary cutoft
after 10 points (which are generally not in 10 distinct clear regions). The most sensible
strategy would be to find the clear space once (especially for the table and the box, which
usuaily have a lot of space and are used frequently as locations for other objects), and to
keep the list of regions globally available and updated when objects are moved.
Alternatively, rather than updating, a new invocation of FINDSPACE could first check grid
points in regions that existed at the previous invocation. .

0.7. Comparison of WBIlox to the original Planner version

The two programs are apparently quite similar in behavior, although there are a few
minor differences that arose to keep mechanisms within WBlox similar in design philosophy.
There is one major qualification to comparisons of this sort: detailed behavior traces are
not available for the original program, especislly on the kinds of tests that are used here
to verify that everything in the program is in good working order. Also in at least one
case the program code was too obscure to attempt to duplicate its actions too clossly, so
an informed guess was made as to its function.

One behavior difference has to do with where choicepoints occur in the program. In
the original, as mentioned before, when MOVEHAND failed because the movement caused
one object to overlap the space of another, a failure resulting in backtracking occurrad,
whereas WBlox recovers by iterating the main goal that gave rise to the MOVEHAND
command. (Actually this would apply to PUT in the orginal, which duplicated the overlap
check in MOVEHAND, bul not in WBlox.) The failure in the original could thus result in
retrying some choicepoints before getting back to finding another place to put the object.
The CLEAROFF operation in WBlox applies a selection by size to the objects on top of an
object that need to be cleared off, whereas the original simply had a loop that selected at
random, subject to backtracking choices. Thus WBiox has no choicepoint in CLEAROFF,
where the original did. Similarly, in MAKESPACE, WBIox uses a selection by size, where
the original relied on backtracking to correct any stupid choices.

The PUTON operation in the original program, when working to put # set of objects
on another object, simply tried once to put the set on, in some arbitrary order, and on
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fallure proceeded to try to PACK them on. WBlox selects items from the set by size,
largest first, and when PUTON1 fails, tries to find alternative locations if possible before
giving up and using PACK.

There are two differences in the hisrarchical structure of the blocks operators,
between the two versions. GRASP in WBlox does GETRIDOF, tor an object in hand, before
doing CLEAROFF of the object to be grasped; the two operations were done in the
opposite order in the original. (WBIox follows Winograd's book here, which disagrees with
the available Planner code, Card, et al., 1972, which was used to obtsin datails.) UNGRASP
in WBlox includes support checks that were part of PUT in the original. UNGRASP refuses
to let go of an object if it is unsupported, whereas the original would refuse to PUT it et
an unsupported place. It turns out that UNGRASP never fails anyway, in WBiox, since
other operators are sutficiently careful where they try to put things. As mentioned above
parenthetically, WBlox has no check for object overlap in PUT, but only in MOVEHAND,
whereas the original had it (redundantly) in both places. One minor difference between
the two is that when the original does select objects from a set according to size, it sorts
the whole set once, and uses the sorted list result thereafter, where WBlox simply selects
the largest remaining object each time it examines the set.

The basic strategy in programming the present version was to take advantsge of
the selective power of the PS rather than to rely on a weak and inevitably stupid process
such as backtracking to arrive at an appropriate sequence of actions. It is probably true
that PSs are more suitable to situations where specific knowledge can be applied to help
the program make appropriate selections, than to situations where the only available
method is a weak exhaustive search.

Superficially, the two versions have some similarities. The lengths of the listings of
the two programs are almost identical, both around 950 lines, although the PS listing looks
more densely packed onto the page. The original program consisted of about 105 Planner
theorems and Lisp functions, whereas WBIlox has 130 Ps. But in the computer, WBlox uses
21K words, where the Planner version used 8.8K. One of the larger scenes for WBlox
used about 2K words, where the original used 1.3K, but for a slightly smaller scene, so the
two are similar in scene storage. A major contrast is run time, since the original ran in 5
to 20 seconds, as compared to about 60 times that for the PS. This is distorted in
Winograd's favor by several problems given to WBlox that were intended to cause
considerable problem-solving, perhaps a factor of 5 to 10 times more than any of the
original ones. Thus the adjusted efficiency difference is within the order-of-magnitude
improvement that is expected to result from etforts to compile Ps.

On a statement-by-statement basis, the main conclusion reached by comparing the
contents of Planner theorems and Ps is that a Planner theorem, with several conditional
accesses to its database, and with backiracking ultimately trying ail the possibie paths of
execution through such a procedure, corresponds to several Ps, with each one
representing one of the conditional steps in the Planner theorem. (To explain why the
numbers above are so close, it needs to be pointed out that there are not many Planner
theorems that convert to several Ps) Figure D.2 gives a direct contrast between the
two modes of expression. Alternatively, if actual conditional cases are few, a set of Ps can
represent all the conditions and actions for ali the possibie execution paths through the
theorem. For this alternative, some cases can usually be logically excluded, because some
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combinations of conditions, corresponding to paths, are not meaningful. Also, some of the -
Planner backtracking search is invisible at the surface level in P LHSs, hidden within the PS

match.

theorem TC-Cleartop(consequent Cleartop(x))
begin; locat variable y;
it not Support(x,?) then assert(Cleartop{x)) also succeed(theorem);
Loop;
it goal(Support(x, «y)) then goal(Getridof(y),use(TC-Getridof)) also go Loop
else assert(Cleartop(x)) also succeed(theorem);
end;

W3: clearoff(g,x) & supports(x,y) & not supports(x,object-bigger-than-
& not supports(x,object-same-as-y-and-lexically-greater-than-
-> newgoal(gl) & getridot{gl,y) & next(gl,"clearotf(g,x)");
W6: clearoff(g,x) & cleartop(x) -> succeed(g);
% cleartop is asserted automatically by MOVEHAND 7%,

Figure D.2 CLEAROFF expressed in simplified form as a Planner theorem and as Ps

The Planner goal primitive, THGOAL, serves three functions. The first corresponds
to a condition within an LHS, i.e., an access of Working Memory, so that a Planner user is
sometimes evoking an explicit primitive where a PS user need not do so. Note that this
puts failures to match the database in Planner into the backtracking mechanism, where in
PSs it is simply a failure to match a P. The latter seems to have some advantages in
clarity of expression, since it ties condition elements together into coherent units rather
than having an unbroken string of them. The second function of THGOAL in Planner
corresponds to evoking subordinate problem operators by RHS actions in Ps, except that
Planner generally uses explicit references to appropriate theorems, where the selection is
done by recognition in PSs (recognition of a signal or a goal). This can include iterating
through a variety of methods (which is different from choicepoints within 8 method). The
third function corresponds to setting up choicepoints in PSs. The PS expression of this is
more complex than for Planner, but it has much more flexibility and selectivity. For these
three functions, PSs thus provide means that are more direct, more flexible, and more
explicit with regard to intent. That relatively little explicit mechanism in PSs was
necessary to duplicate the problem-solving search built into the Planner language indicates
that the Planner approach is not precisely suited to the domain at hand, and even lends
itself to using blind search where slight additional knowledge (selectivity in making actions)
can be quite effective in producing adequate problem-solving behavior.
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E. Details on WBlox

This section presents enough details to give the reader a fuller picture of the inner
workings of WBlox snd to aliow the reader to understand the corresponding complete
detail in the appendices. First, a segment of program trace is explsined, s0 that details of
the program’s behavior (Appendix H) can be followed. Section £.2 gives details on each
of the problem operators. Section E3 discusses the particular aspects of tasks, and

‘ describes a peculiarity of the backtracking mechanism along with an axperiment that
~modifies the behavior to be less strange. Section EA4 gives details on WBiox's
predicates, which are important for reading the actual Ps in Appendix F.

E.1. An example in more detail

Figure E.1 gives the program trace for test sentence 1. The first six lines give a
trace of the processing of the input, similar to that for the old MiliPS program. The main
thing to notice is that there remains an inconsistency at the end of that processing, and
that it then becomes the intention of the command. The top goal for the problem-solving
system is on the “STARTING" line, which says it is to put BLOCK-1 onto BLOCK-5. The
part of the scene that is pertinent to this command is that on BLOCK-1 there is a small
pyramid, PYRAMID-1, and that BLOCK-5 has nothing on top of it. The first action taken to
achieve the PUTON goal is to establish the subgoal G-1, to CLEAROFF BLOCK-1 ~ objects
with other things on top of them can never be moved, in this model of toy blocks. The line
after the G-1 line is indented, to indicate that the goal established there is a subgoal of
the previous ane. Goal G-2 is to GETRIDOF PYRAMID-1, which at the start was on top of
BLOCK-1.

The next five lines give the trace of FINDSPACE working. It selects several points
at random on the table, to try to find space to put PYRAMID-1, finally settling on the
region on the table with lower left-hand corner at point (600 O 0) (using standard X-Y-Z
Cartesian coordinates) and with upper right-hand corner at (1200 600 0), es indicated by
the line starting "FOUND REGION". To go through that more slowly, "REJECTING" indicates
that the given point is within some object aiready on the table, so it can’t be considered,
but FINDSPACE uses that point to shift to the point on the boundary of the obstructing
object that is closest to the first, and then looks for a clear region at that boundary point,
as indicated by the “LOOKING AT" line (when it tollows a "REJECTING" line). In this case,
. attention shifts from (780 721 0) to (780 600 0), where the first happened to be inside
the box, and the second is on its lower boundary. Considering the boundary point doesn't
help, because the clear region found according to FINDSPACE’s limited capabilities is too 4
small to fit the pyramid, as noted by the "REGION AT" line. The next attempt with a new
random point on the table is successful, finding the large region with lower lefl-hand
corner at (600 0 0). Using the FINDSPACE result, GETRIDOF establishes a new subgoal, G-
3, to PUT PYRAMID-1 at a random point in that clear space.

PUT has GRASP as a subgoal, and GRASP in turn wants to CLEARCFF the pyramid
before it grasps it; the CLEAROFF goal succeeds immediately, since the pyramid has
nothing on top of it (the program does not make use of the fact that pyramids never have
things on them). The line starting with (0) is the first primitive hand movement, which
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1 INPUY TEXT IS ™ PUT THE SHALL RED BLOCK ON THE BLUE BLOCK *
08J-1 RMBIG $3-1 BLOCK-1 PYRAMIO-1 ...
0BJ-1 ANMBIG R4-1 BLOCK-1 PYRRNID-J ...
0BJ-1 REFERS BLOCK-1
0BJ-2 ANBIG B8-1 BLOCK-5 PYRANIO-2 ...
08J-2 REFERS BLOCK-S
RELINCON 0BJ-1 BS-1 ON BLOCK-5 POS
STARTING GT PUTON BLOCK-1 ONTO BLOCK-§
GOAL G-1 CLERROFF BLOCK-1
« GORL G-2 GETRIQOF PYRANID-}
: REJECTING (788 721 ®)
LOOKING RT (780 660 8)
REGION AT (608 668 8) TOO SHALL
. LOOKING AT (708 9 8
FOUND REGION (588 @ 6) TO (1200 608 @)
« « GOAL G-3 PUT PYRAHID-1 (988 451 &)
o « + GORL G-4 GRASP PYRAN1D-1
o + « o GORL G-5 CLERROFF PYRAN1D-1
G-5 SUCCEEOS
(8) NOVING HRAND FRON (0 106 400) TO (159 158 200)
(1) GRASPING PYRANID-1
G-4 SUCCEEDS
(2) LIFTING PYRANID -1 FRON (108 100 100) TO (308 451 @)
TRKING PYRRM10-1 FROM STACK-3
STACK-~3 DISMANTLED
(3) LETTING GO OF PYRAHID-)
RDDING PYRANIO-1 ON TRBLE-1 (POS)
C-3 SUCCEEDS
6-2 SUCCEEDS
G-1 SUCCEEDS
FOUND REGION CLERRTOP BLOCK-S
GOAL C-8 PUT BLOCK-1 (488 640 408)
. GOAL G-7 GRASP BLOCK-1
+ + GOAL G-8 CLERROFF BLOCK-1
C-8 SUCCEEDS
(4) MOVING HAND FROM (958 561 108) TO (158 150 180)
(6) GRASPING BLOCK-1
6-7 SUCCEEDS
(6) LIFTING BLOCK-1 FROM (188 100 8) TO (408 648 480)
(7) LETTING GO OF BLOCK-1
RDDING BLOCK-1 ON BLOCK-5 (POS)
MAKING STACK STACK-A BLOCK-1 BLOCK-S
6-8 SUCCEEDS
GY SUCCEEDS

REPLY (2 (OKAY))

Figure E.1 Program trace for WBlox input sentence 1

moves it from its starting location to the center of the top of the pyramid, which point is
computed from the location of the pyramid (100 100 100) and its size, also (100 100 100).
The next line, starting with (1) to indicate another primitive hand movement, shows the
hand sctually grasping the pyramid. The numbering of the hand movements reflects the
internal bookkeeping (the actual value is called EVENTTIME) that is being done in case
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backtracking is required: only the hand movements and some assertions that keep track ot
what’s been tried in connection with commands that have multiple inputs (PUTONSET,
STACKUP, and PACK) are recorded in this way and subsequently undone in case
backtracking occurs (the latter do not appear in the program trace, so there will appear to
be gaps at times). When backtracking is going on, the program trace prints again those
hand movements, but reversed to show their undoing, with the same numbers attached.
That backiracking is occurring is thus evident by the descending numbers for those
movements. Only a few of the tests given to WBlox require backtracking, as will be
discussed in Section E.3.

After the grasping movement, the GRASP goal, G-5, succeeds, and control returns to
the parent goa!, the PUT goal G-3. The six lines in the trace up to "G-3 SUCCEEDS" show
the completion of the PUT operation, with a hand movement lifting the pyramid to the
target location, and with a further hand movement to let go of it. The other lines show the
bookkeeping that is done as a side effect of the movements. First, when the pyramid is
moved, it is no longer on BLOCK-], so that the stack composed of the pyramid and the
block, STACK-3, is no longer a stack. Second, when the pyramid is let go, the program
notes that it is now on the surface of the table, and records that fact internally.

The remainder of the trace shows little that is new, as the program proceeds to put
BLOCK-1 on top of BLOCK-5. In this case FINDSPACE doesn’t need to go through the
process of looking at random points because the target block is all clear. When BLOCK-1
is finally placed on BLOCK-5, a new stack is created, and both blocks are added to the
stack, STACK-4. If any other blocks are added to an existing stack, i.e, are put on top of
a block in an existing stack, the attendant operation consists of just noting the addition.
This trace has illustrated most of the variety that the reader will encounter in looking over
the program traces in Appendix H

Other features of the material displayed in the appendices include run statistics,
production-firing traces, displays of the residual Working Memory instances which compose
the program’s database, and diagrams of the scenes. All of these except the last should
be familiar from the descriptions given of the old MiliPS program. An example of a
diagram of a scene is given in Figure E.2.

The diagram shows only the horizontal plane of the scene, with the Y dimension
somewhat compressed. Scattered throughout, at poinls approximalely corrasponding to
actual locations of lower left-hand corners of objects, are markers for the scene objects.
The object markers are systematic abbreviations of the objects’ names and attributes as
follows. Each marker is four characters long. The first character is the first letter of the
size attribute-value for the object, if any, e.g., L for LARGE, or just the character "+". The
second character is the first Jetter of the color attribute-value, e.g. R for RED, or "+ if it
has no color. The third character is the first letter of the kind of object, e.g., B for BLOCK.
The fourth character is the number of the object, i.e., the thing following the “-" in the
object’s name, eg, 5 for BLOCK-5. Two exceptions to the above rules are observed: "X"
s used for BOX, so as not to conflict with BLOCK, and no string is given for the table,
whose location is (0 O 0). A full example is "SRP3", standing for "small red pyramid,
PYRAMID-3". As to the spatial location of these four-character markers, two things need
to be explained. When two objects are at the same X-Y plane location, but one is above
the other (Z dimension), this is indicated by placing the marker for the higher one above
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Figure E2 A display of the scene atter the first command

the marker for the lower one, in the diagram. But having one marker above the other can
also indicate that two objects are adjacent on the same plane, so when such ambiguities
arise, the display of the database must be consuited, in particular the LOCAT predicate.

Also, when two objects are too close together, i.e., would be displayed at the same place

in the diagram, the second one is shifted to the right until the first open space occurs, and
is placed there.

The system’s behavior on Test | is displayed in complete detail in Appendix l,
inctuding details ot each P firing and a display of Working Memory after the sentence hes
been processed.

E.2. Details on components

This subsection will give details on the components of WBlox that do a significent
part of the problem-solving. The primary concern is to present information on the parts
of the program that use selections (analogous to sorting), iterations through sets, and
choicepoints. For more detail, the reader should consult the listing of the actual Ps,
Appendix F, in conjunction with the information given in Section E.4. Examples of where
most of the capabilities are exercised will be discussed in Section £.3.

CLEAROFF is a simple iteration of the GETRIDOF operation. CLEAROFF has two
components, one to select the largest object on top of the object to be cleared off, and

one to recognize success and end the iteration. The selection of the largest object is on
the basis of the sum of the length and width of the object, and ties are broken arbitrarily
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by using lexicographic order on the objects’ names. The ssiection resuits in establishing a
subgoal to GETRIDOF the selected object.

GETRIDOF makes three asttempts within the WBlox choicepoint mechanism to find a
suitable location on the table at which to place the object to be gotten rid of, and failing
that, attempts to place it on some other object that mey have enough space. Whether a
location is suitable or not depends on whether the whole process backtracks to the
particular choice of location or not. GETRIDOF uses FINDSPACE to locate clear spaces of
the required size, and for the table has to allow the possibility that FINDSPACE will return
a location that has aiready been tried. Such a duplication is counted as one of the three
attempts because it is possible that only one suitable location on the table exists. If
FINDSPACE fails to find s region on the table, three attempls are considered done, and
GETRIDOF goes immediately to the consideration of other objects. GETRIDOF chooses the
non-table objects on which to try to find space arbitrarily (lexicographically on the name),
from the set of objects (except boxes and pyramids) that are large enough to
accommodate the object to be disposed of. When all the available choices fail to survive
later actions, GETRIDOF causes a backup to the previous choicepoint, if any.

FINDSPACE is driven by randomly selected points on the surface on which it is to
find space. The only exception to that is when the surface is completely clear. The
random point is not chosen from the entire surface, but from a surface whose upper and
right-hand boundaries have been trimmed by a fraction (presently two thirds) of the size
of the object to be placed (clearly most points in this edge space are unsuitable because
the object if placed there would protrude over the edge of the space, but some part of
the space must be included so that random points near the edge sre considered). In
attempting to find space, ten random points are tried, and then the procedure fails.
FINDSPACE works solely with the length and width dimensions, due to a restriction on the
task environment, namely that an object on top of another must have its entire bottom
surface in contact with the supporting object. This restriction guarantees that the space
directly above any clear region on an object is clear. A random point is first examined to
determine whether it is inside some object, and if so, it is replaced by the point that is
closest to the random point on the boundary of the obstructing object.

Using the given point, FINDSPACE then establishes lower boundaries on the clear
region aroung the point by finding the closest object in both the X and Y dimensions
independently. This suffices for the present task but is not the best imaginable procedure
because the result is a point that may be adjacent to clear space in one direction or the
other, so that the region found might be expandable either way with possible contraction
in the other dimension. A more exact procedurs would take into account interactions
between the X and Y bounds rather than considering them independently. (The code for .
doing this in the original program was rather obscure, so I tried to imitate the best guess
as to what it did) After establishing the lower bounds, the region at the lower boundary
point is examined to see if it is big enough. This is done by an easily-expressed PS
pattern that tests whether any object overlaps the space defined by the point augmented
by a region of the desired size. If a fit is possible, upper bounds for the region are found
by again testing X and Y coordinates independently, locating the closest objects in back of
and to the right of the given random point. The final augmented region is used to
determine the location returned by FINDSPACE, by taking the lower left-hand corner in it,
by taking a random point that will still allow the object of the desired size to be placed, or
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by computing the point such that the object wili be centered within the space. These
options are chosen according to whether the space is to be packed, is on the table, or is
otherwise on s block, respactively.

PUTON can come from the MiliPS part of the system as a single assertion or as a set
of similar assertions. In the former case, it is immediately converted to a PUTON] goal. In
the lstter case, a set is formed of the objects to be PUTON and the goal becomes a
PUTONSET goal, to put that set on the target object. Betfore starting, PUTONSET sets up a
choicepoint, so that in cass there is a failure to put on the whole set of objects (resulting
in backtracking to the choicepoint), an aliternative strategy can be tried, to CLEAROFF the
target object and to then PACK the set of objects onto it. PUTONSET iterates over the
set, establishing a PUTON1 goal for each object selected. The selection is by the size of
the object and, within sets of equivalent objects by size, arbitrarily by lexicographic order
on the name. Each object selected is recorded so that future selsctions don't use the
same object. That record is subject to backup, so that there is also recorded something
aliowing that record to be undone, similar to the undoing of a primitive hand action.
PUTONSET is also used to do the first part of a PUTIN goal, but for PUTIN the action taken
when there is a failure to put all the objects on is to add objects that are airesdy in the
box to the set of objects, to CLEAROFF the box, and then to PACK the set onto the box.

PUTON? includes no selections of objects from sets, but does involve setling up a
choicepoint, recording the location of the clear region found by FINDSPACE. When
backtracking occurs, PUTON] retries FINDSPACE to see if thers ars any alternative
locations. It will try up to three times to find locations, and then will fail. In case PUTON1
falls and is not a subgoal of the PUTONSET procedure, it evokes MAKESPACE, which tries
to remove objects from the target object until space can be found, MAKESPACE takes off
objects according to size, preferring the smallest object larger than the desired space, but
it none of those exists, removing the largest object and iterating that removal until xpace
does exist. PUTONI1 has one other variation, namely, it checks to be sure that the target
object is in fact larger than the object to be placed, and if it isn't, fails.

STACKUP, like PUTONSET, takes a set of objects (blocks or pyramids), selects from

the set according to size, records the selection so that it can be undone in backing up, and
uses PUTON] as a subgoal. But in addition to the size criterion, STACKUP must first use
blocks, and if any pyramids are to be stacked up, one is selected to be put on the very
top of the stack. STACKUP uses a match pattern to decide where the present top of the
stack is, and always checks, when it is making the selection for the next object, whether
some object that hasn't been tried yet is aiready on top of the block at the top of the
stack. If the object that is accidentally in place already is not smslier than any of the

other untried objects, it is left in place and recorded as an attemp! as if it had been moved

to that position. [f the PUTON! operalion fails for one of the blocks in the set, the
process goes on anyway, and that fact is duly reported in the program’s reply. Note that
this strategy does not always lead to the maximal stack, since the program's size metric is
based on the sum of length and width, and since a very "large” object may have such a
strange shape (e.g. very long and narrow) that no further objects can be put on it. No
size metric used by itself can be suitable for building stacks. A more successful procedure
would have to study the specific blocks’ sizes in order to avoid this difficulty.

PACK is very much like STACKUP and PUTONSET in its basic operation, sxcept that it
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doesn't use PUTONL. It wants to put e set of objects on top of another object in the most
space-economical way possible. It evokes FINDSPACE and records the results as
choicepoints, as PUTON] does, and tries three locations, including duplicates, before failing
back to the previous choicepoint. For each block so placed, there is an additionsl step
thet attempts to put something from the set on top of that. This secondary stacking is
only one layer high, and after something is placed by that step, the process returns to
putting things on the original target object. In making the secondary layer, pyremids are
preferred to blocks, because blocks are more valuable in making the primary layer since
they can be put upon. Also, the seiection for the secondary layer is based on placing the
largest (by the usual metric) object that will fit. If the socondary placement attempt fails,
the process continues with the basic step.

E3. Eestyres illustrated by the tasks

The tasks given to the MiliPS/WBlox system are divided into sight segments, each
consisting of three or four tests, which were so divided to allow easy testing of the
program. The tests are stored as RHSs of Ps that ars evoked by user commands,
displayed at the end of Appendix F. Program behavior is given in Appendix H, and there is
& very dstailed trace segment in Appendix L This subsection will go through the festures
of each segment,

The tirst test in the first segment has been discussed at length in Section E1. The
second test is a query that the system answers by describing a number of objects. Some
of the objects are identically described by the system, but the practice of numbering the
replies allows them to be distinguished to some extent by the user. The list of objects in
the reply may be surprising in that the system uses comparisons of objects’ lower left-
hand corners to determine whether one is to the right of another, sometimes going against
standard usage. The third test is a simple command similar to the first test, involving the
box instead of a block, and using one of the new computable relations ("to the right of®) in
specifying the object to be moved.

The second segment has four tests, 4 through 7, of a similar nature to those in the
first. Test 4 shows the system successfully handling a superficially ambiguous sentence.
Tests 5 and 6 are straightforward queries. Test 7 shows a command involving a compound
construction for the main object of the command, namely to put two objects somewhere.

The third segment also contains four tests, 8 through 11, three of which are queries
that divulge no important information. The command Test 9 was originally intended to try
to make the box too full to fit in further objects, but it fails to put the program into eny
unusual behavior,

The fourth segment has three tests, 12 through 18. Test 12 commands the program
to put four objects on top of a large block. Two of the objects are specified by the
identical phrase "a small pyramid”, which the program correctly interprets by making two
distinct choices of objects. In the course of carrying out the command, the program is
forced to do backup in the PUTONSET procedure, back to the beginning of the process. It
goes forward again using PACK this time, putting the objects on in two layers, with the
pyramids not directly on the target object. This extra stacking causes the reply to seem
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as if the process was only partisily successful, when in fact it was successful within its
capabilities. There is a way to put one of the pyramids directly on the target object
instead of packing it in the second layer, since packing the first one into the second layer
means that the remaining objects cen all be put directly on the target, but the program
fails to see such subtieties, and continues to put alternative objects into the second layer.
Test 13 puts another block into the box, making it even more crowded, and Test 14 adds
four new black blocks to the scene, making table space more scarce. Note that Test 14
adds its objects without using the language, since the langusge doesnt have any
capabilities for describing all the necessary attributes of new objects, partscularly size and
location,

The fifth and sixth segments, Tests 15 through 185 (six tests altogether) are mostly
concerned with trying to fill up the box so that the program has to resort to clearing it
out and packing the contents in more carefully. Test 15, which isn't directly involved with
that strategy, puts a block on a block that is already full, forcing the program to use
MAKESPACE to be able to fit it on, The rest of the tests dea! directly with putting things
in the box. Test 16 has an interesting form of ambiguity, where the program makes one
choice for the referent of a phrase and then has to "back up”™ and take an alternative
choice when it discovers that that is necessary in order to have an inconsistency in the
sentence that can be turned into a command. The program doesn't really back up though,
since it duly records the alternative when it makes the first choice, so that it can easily be
switched if necessary; this was discussed more fully in Section D.2. Test 18.0 achieves the
goal of forcing the program to clear off the box and pack things in more carefully. Tests
185 and a repetition of 18.0 were included in the test sequence just in case the first
presentation of 18.0 failed to do it (18.0 uses "it” to refer to what is in the hand, so that it
really does something new when it is repeated). The tests were not presented
interactively, but in an unconditional “batch” mode, so that 185 and the second 18.0 were
done even though 18.0 alone would have been sufficient in the particular test run - recall
that the “randomness" of FINDSPACE makes it difficult to repeat particular behavior.

The seventh and eighth segments, Tests 19 through 24, are designed to force the
table to be too crowded, so that the backtracking within GETRIDOF could be demonstrated.
Test 19 exercises the STACKUP procedure and stacks up a number of blocks so that they
cen be out of the way while the table is cluttered up with other things. The set of things
to b. stecked included two pyramids, which the program refused to try to do, with the
proper warnings. A dump of Working Memory appears after Test 19, to illustrate the kind
of information that is stored to record progress within the system of choicepoints, and to
ilustrate goal-sequencing information, Tests 20, 21, and 22 put objects on the table, and
80 does 23 except that it turned out not to be necessary in the test sequonco in order to
produce the backtracking behavior in Test 24,

The backtracking behavior that resulted from Test 24 is rather strange: in trying to
pick up the bottom block of the big stack buiit by Test 19, it gets rid of almost all of the
things on top of the bottom block, but then fails to get rid of a particularly large block,
and thus has to back up. But the backup takes it immediately all the way back to getling
rid of the top of the stack, rather than the more natural-seeming operation of first trying
to get rid of the lower objects in different ways, and then working back up to the top if
those don't work out. This is due not to the explicit choicepoints in the PS but to the
structure of the GETRIDOF process: it finds a place to get rid of the object, then tries to
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grasp, which in turn triggers a GETRIDOF when the object being disposed of turns out to
have something on top of it. The problem with this is that the choicepoint occurs before
the subgosl is evoked so that when backiracking occurs, all of the choicepoints occur
before all of the hand movements, resulting in going back to the point where the stack
hasn’t yet been touched as described above. The behavior exhibited on Test 24 in the
eighth segment is, [ believe, identical to what would have been done by the original
Planner version (it wouldn’t have survived in that form it it had been properly tested, I
speculate). (This belief is based on “hand" simulation of Planner, and would only be
contradicted if Planner’s implementation of handling choicepoints is contrary to what seems
to me to be the natural order of things; I could not find in the available documentation
anything describing that scheme in detail - there is only vague informal description of
Planner primitives’ semantics). The remedy is to modify the subgoal structure of
GETRIDOF, so that it does a GRASP before it does the FINDSPACE. One siternative that
might be easily implemented in the PS version, but quite impossible in Planner, is to have
backup return to the choicepoint with the most recent primitive hand action, as opposed to
the one with the most recent creation. That is, backup would undo things between two
specified choicepoints, rather than treating choicepoints as a stack and undoing things
from the top only. For the purposes of demonstrating the correctness of my diagnosis, I
modified WBIlox (with in-core edits that aren’t reflected in the main program listing) and
ran Tests 22 and 24 again, labelling the reruns to be the ninth segment in Appendix H
The changes to get it to work involved interposing a GRASP subgoal in the RHSs of W11,
W13, and W15, and two other modifications that might also be considered fixes of bugs in
the GETRIDOF choicepoint bookkeeping, although they don’t interfere with the standard
GETRIDOF (because the standard version in its backup throws away all of the GETRIDOF
goal structure and essentially starts from the beginning again): the NEGATE in W16 has to
be (ALL,-6,-9), leaving the HASLEVEL attached to the GETRIDOF goal s0 that it can be
retried, ond an extra conjunct in the RHS of W17 is necessary,
GETRIDCHOICE(K+1,G,1,02,0,0,0,0), a dummy to make GETRIDOF really act as if it has tried
three times on the table when it fails to tind space on it in the first attempt. The behavior
exhibited in the ninth segment shows a reasonable backup order, sithough there are
redundant GRASPs because only a minimum amount of patching wes done to get the
degired behavior. '

E4. Meanings of predicates for Whlox

This subsection explains the predicates that sre used in the additions made to MiliPS
to handle inputs for WBIox, and in WBIox itself. In a few cases, old predicates have been
modified slightly as noted.

Many of the new predicates in the MiliPS part start with "IMP* (imperstive) or
“"CHECK". The following are used in goal sequencing and bookkeeping: HASLEVEL, FAIL,
NEXT, NEXTF, SUCCEED. To keep track of events and do backtracking, these are used:
BACKUP, CHOICECOUNTY, CHOICETIME, EVENTTIME, UNEVENT.

- :
Argumenﬁ to the predicates are typed according to the following conventions:
a stiribute: COLOR, SIZE
¢ seot or stack

g goal
h hand
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" object: BALL-1, BLOCK-3, etc.
position in string: T1-1, B5-1, etc.
ralation: IN, ON, UNDER, and NEAR.
sign: POS or NEG

sx, sy, sz size along the three dimensions
t temporary object token: 0BJ-1, 0BJ-2, etc.
v value: LARGE, RED, etc.

w erbitrary

%, ¥, 2 values of the three spatial dimensions.

ADDINSET(r,0,¢)
BACKUP(n)
CHAINREL(v1,01,r2,02)

add to set ¢ objects that are related by r te 0. (W)@

back up in the processing, undoing actions unlil the choicepoint n is reached (W)
add HASINDRELs asserling r} of o1 for things the! sre 12 of 02, ferming the
transitive closure of r1 of o}. (B)

CHECKFAILF[T(no,xl,y1,x2,y2,2,x3,y3ax,ay,82) it this signal is examined, the GROWTOFIT process hes feiled, since

CHECKPICKUP(o)
CHECKPICKUP2(0)
CHECKPUTDOWN(o,x,y,2)
CHECKPUTDOWN2(o,x,y,2)

CHECKPUTON(01,r,02)
CHECKPUTON2(01,r,02)
CHECKSTACKUP(0)
CHECKSTACKUP2(o)
CHOICECOUNT(n)
CHOICETIME(n1,n2)
CLEAROFF(g,0)
CLEARTOP(0)
CONJBOUND(w)

CONVIND(r,0)
ERSFINDNEARPAIR(n,0)
ERSFINDPOSS(t)
ERSGETRIOCHOICES(n,g)
ERSPACKCHOLICES(n,g)
ERSPUTONICHOICES(n,g)
ERSREMDNASREL(al,r,02,9)
ERSTRIEDPACK(o,¢)
ERSTRIEDOPUT(o,c)
ERSTRIEDSTACK(o,¢)
ERSUNEVENT(n1,n2)
EVENTTIME(n)
EXPECTMOD(w 1,w2)

FAILGg)
FAILLOCATE(o)
FAILPACKUP(g,01,02,c)

FAILPUTON1(g,01,02)
FAILPUTONSEY(g,¢,0)

it deletes this when it succesds; failure meens snother iterstion of
FINDLOWPAIR is necessary; arguments as for FINDLOWPAIR. (Q)

initinte the CHECKPICKUP2 check. (V, M)

do the actual check that the PICKUP commend on o succesded. (V)

initiste the CHECKPUTDOWN2 check. (V, M)

check that o in now put down, ie, on something, with o location different from
(" } z). (v)

initinte {he CHECKPUTONZ2 check (V, M)

chack that ol has bean put on or. in, according to r, 02. (V)

initinte the CHECKSTACKUP2 check. (V, M)

chock that © has bosn stacked up sccording to the STACKUP commend (V)

the most recent choicepoint is the n'th. (W, M)

the n1'th choicepoint is at EVENTTIME 2. (W)

cloar off the top of 0. (W, Q)

o hes b clear top, with no other objects on it. (Q, W)

& noun-phrase boundery at » conjunction (AND) hes been resched in sentence w.
(8, G)

compute and convert computsbie relations ¢ of o to explicit HASINDRELs. (F, B)
erase ali FINDNEARPAIR instances with correaponding n and o erguments. (Q)
erase the FINDPOSS instances for t. (B)

erase the corrgsponding GETRIDCHOICE instances. (W)

orses the corresponding PACKCHOICE instances. (W)

srase the corresponding PUTONICHOICE instances. (W)

orase the corresponding REMDHASREL. (Q)

orase the corresponding TRIEDPACK instances. (W)

orass the corresponding TRIEDPUT. (W)

erese the corresponding TRIEDSTACK (W)

srase UNEVENT for nl while backing up (BACKUP) to choicepoint a2. (W)

the current event is the n'th (sll avents take one unit of “time™). (Q, W, M)
sentence wl has the sxpectetion that & modifier (UP, DOWN, etc.) w2 will scewr.
(1,F, M, G}

¢ hao failed (W)

opace could not be lecated for o (which is 02 in FINDSPACE). (Q, W)

the second mejor slep of PACK failed, namely trying te put ol en on ebject just
“pached” onte 02; goal g is the mein PACK goel of set ¢ snte #2. (W)

the gosl to PLITON] ol ente o2 taila (W)

the goat g to put one of the ebjecte in et ¢ on o hes foiled (W)

© Lottors in parentheses atter a definition are initisle of P groups in which the predicate is vesd

X
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FAILPUTONSETALL(g,c,0)

FAILPUTONSTACK(g,01,02,c)
FINDHIGHN (0,01 ,%2,y},y2,2)

FINOHIGHY(o,n1,x2,y),y2,2)

FINOLOWPAIR(n,0,x1,y1,%2,y2,2,x3,y3sx,8y,8z) find the lower corner of an open space in the horizontel regien (x1,

FINDLOWX(o,x1,x2,y1,y2,2)

FINDLOWY(o,x1,x2,y1,y2,2)
FINDNEARPAIR(n,0,1,y)

FINDSPACE(0},02,8%,8y,02)
FOUNDHIGHPAIR(n,0,%,y,2)

FOUNDHIGHPAIRO(n,0,x,y,2)
FOUNDSPACE(o1,02,x,y,2)

GETRIDCHOICE(n1,g,n2,01,02,%,y,2)

GETRIDOF (g,0)
"GETRIOPUT(g,01,02)
GRASP(g,0)
GRASP1(g,0,x,y,2)
GRASP2(g,0)
GRASP3(h0)

GRASPING(ho0)

GROWTOFIT(no0,x8,y3,%2,y2,2,3,y3 ex,8y,82) the second step of the LOCATESPACE process, the first being

GROWTOFITO(n,0,x1,y 1,%2,y2,2,x3,y3,ex,8y,82) initiste the GROWTOFIT process; argumente s for GROWTOFIT. (Q)

GSl(w)
HASINOREL(o1,r,02)
HASLEVEL(g,M
HASREL(01,r,02,0)
HASSIZE(o,sx,ay,02)
HASSUPERGOAL(g1,82)
HIGHX(n,0,x)

HIGHY(n,0,y)
IMPCHOSICE(0)

IMPCHOOSE(1)
IMPINOEF (p)
IMPOBJ(w,0)

IMPREL(w,r,0)

Details on WBiox ' E4

the gosl g to put whele set ¢ (a0 oppesed to on clomunt of i, eee
FAILPUTONSET) on o hes failed (W)

the goal g to put o) onto 02 in building stack ¢ failed (W)

find cbjecte in region (x), yl) to (x2, y2), ot height 2, ignering o cbjects are
desired such thet they bound, or close in, the regien frem sbeve, with respect te
the X dimensien (Q)

find objects as for FINDHIGHX, but in the ¥ dimensien (Q)

yl) to (x2, y2) ot height 2, starling from the randemly chosen point (=3, y3);
ignore the space occupied by o; n is 8 ceunter which blecks this action it
negative. (Q)

find cbjocte in region (x1, y1) te (x2, y2), ot height &, ignoring o; ebjects are
desired such that they bound, or close in, the region from below, with raspect to
the X dimension (Q)

find objects ss for FINDLOWX, except in the ¥V dimension (Q) .
(x, y) is a candidate paint for the closest object-boundery point to & point (in - {
FINDLOWPAIR, (x3, y3)) that was randomly selected ond found to be within
some cbject; all such sre examined to determine the closest, for use in 8 new
FINDLOWPAIR atlempt. (Q)

find » region of clear space on ol, ignoring space occupisd by o2, of size (an,
sy, sz). (Q, W)

coliect the resulls of the GROWTOFIT proceas: n and o as in GROWTOFIT:; (x, y,
z) is the lowsr corner point of the region heing enamined. (Q)

initinte the FOUNDRIGHPAIR process. (Q)

the region with lower lefi-hend corner st (x, y, 2) is the result of FINDSPACE
on ol for o2 (Q, W)

in doing GETRIDOF 02 by putting it on o1, the point (x, y, z) hes been a choice,
within choicepoint number ni; this is the n2'th choice st this choicepoint. (W)
find a place to put o other than where it is. (W, Q)

in trying to GETRIDOF o, the aecond step is to put it on 02. (W)

grasp o with the hand (Q, W)

peviorm the actusl movement to get the hand in position to gresp o. (@)

complele the grasp operation with GRASPING. (Q)

for purposes of backing up, do an abbrevisted (without the checke and subgoale)
version of GRASP. (Q)

h is grasping 0. (Q, T, M, V)

FINDLOWPAIR; srguments ae for FINDLOWPAIR; thin step testa whether there
i» onough space to fil ihe desived clesr space without obstruction at the point
found by FINDLOWPAIR; it eo, it tries to determine @ bigger region containing
the sufficient cloar space; see FINDHIGHX. (Q)

sentance w is an imperative. (G, F, B, M)

ol has an indivect relation r to 02. (W, F, B)
¢ has indentation level (depth) n (Q, W, M) ]
ol has relation r to 02: sign & is assumed POS for WBIox. (Q, W, €, F, B, V, M) ]
o has size along the Ihree co-ordinsles (sx,ey,e2). (Q, W)

t1 has suporgoal g2. (W)

the uppor X coordinate as desiwed by FINOHIGHX (o and n ae in FINDLOWPAIR)
is x. (Q)

similar to HIGHX, encept for the V¥ dimension (Q)

o has been veed o o choioe for en indefinile determiner in an imperative
sentence. (B)

choooe a referent for {, in an imperative sentence. (B)

the word at p is an indetinite determiner, in an imperative sentence. (N, B, G)

the main object (or one of & set) for the imperative sentence w is o. (M, B)

the relation to be fuMtilied in imperative sentence w ia ¢ of ol. (M, T, G)
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IMPRESTR(t,01,r,02)

IMPTYPE(w 1, w2)

INSEY(o,0)

INSTACK(o0,¢)

ISCOMPREL(r)

ISIMPER(p)

ISINDREL(r)

LOCAT(o,n,y,2)
I.WATEQESULT(O.- 1.yln2,y2,2)

LOCATESPACE(al,02,8n,8y,82)
LOWX(n,0,x)

LOWY(n,0,y)
MAKESPACE(g,01,02,8%,8y,02)
MAKESPACE2(g,01,02,8%,8y,82)

MAKESPACE3(g,01,02,0%,sy,82)

MOVEHAND(x,y,2)
NEWLOCAT(0)
NEWLOCAT 2(0)
NEXT(g,w)
NEXTF(g,w)
NOCLEAR(g)

NPGCHK 1(p)
NPGCHK2(p)
NPGCHK3(p)

NREPLY(n)
PACK(g,c,0)
PACKCHOICE(n1,4,n2,08,02,x,y,2)

PACKPUT(g,c,01,02)
PACKUPON(g,c,01,02)

PICKUP(g,0)
PICKUP2(g,M)
PUT(g,0m,y,2)

PUTDOWN(g,0)
PUTMOVE(g,0,x,y,2)
PUTON(3,01,02)

PUTON1(g,01,02)

Details on WBlox MIliPS /WBlox

a possble siternative for t as the main object in an imperstive sentence is e, in
conjunction with relation r of 02. (M, F)

the type of imperative in sentence wi is w2 (PICKUP, ote). (M, G)

o is in sst ¢ (W)

o in in c; stacks are loosely defined to include trees of blecka (Q, V)

7 in » computabie reletion (F, B, T)

the word ot p is an imperstive grammer type. (N, T, B)

v is an indirect relation. (F, B, T)

o hos its lower left-hand corner ot (x,y,2); 0 may ulse be the hard (Q, F, M, V)
the region found by the LOCATESPACE process is (x1, y1, 2) to (x2, y2,2)i 0 is
the chject ignored in that pracess. (Q)

initiate the actust process of finding space; see FINDSPACE. (Q, W)

the lower X coordinste ae desired by FINDLOWX (o and n a8 in FINDLOWPAIR)
is =, (Q)

similar to LOWX, except for the Y dimension (Q)

make space on of ignoring space occupied by o2, of size (sx, ey, sz). (Q, W)

the sescond step in the MAKESPACE process, to iry to find space after remeoving
an object from ol; srguments as for MAKESPACE. (Q)

the finsl otep in MAKESPACE, which detects success or repsals the whole
process; arguments es for MAKESPACE. (Q)

move hand to (x,y,2). (Q)

o i at a new location; remove any old reletions that are ne longer valid (Q)

o is st » now location; »dd any new relations that hokd (Q)

when g succeeds, sssert w. (W, Q)

when g fails, sssert w. (W)

tho present PUTON process involves o set, so inhdit clasring awey objects thet
seom to be in the way. (Q, W)

chack for noun-phrase grammar adjsconcien at p; tirst step in actusl checka (N)
a delayed initiation of the second step in checking noun-phrase grammer. (N)
perform the second step of the noun-phrase gnm chock at p, which is to
signal error if sppropriate. (N)

the number of replies so far is n. (V, S)

pack the objecte in set ¢ onte 0. (W)

the n2'th choice st choicepeint nl, trying ¢, is 1o PACK o] on o2 of (x, y, 2).
w)

the PUT step of PACK goal g of set ¢ onto 02 is to place object ol. (W)

the second major atep of g, PACKing ¢ onto 2, is to try fo put semething from
¢ onto ol. (W)

pick up 0. (W, M)

the finishing atep in ihe PICKUP process is to be done, is, reising A (W)

put o ot (x,y,2). (Q, W)

put o down on the teble or wherever there is space. (W, M)

do the actus! movement of the hand associeied with » PUT. (Q)

put ol on 6Z; {here may be ¢ set of inslances wilh the ssme o2 srgument (see
PUTONSET). (W, M)

put iho single cbiject ol on 02, ss opposed to PUTON, which might become
PUTONSET. (W)

PUTONICHOICE(n1,g,02,01,62,x,y,2) the n2'th choice al ¢, o PUTON] gosl of o) ente 02, cheicopoint nl, is the

PUTONPUT(g,01,02)
PUTONSET(¢,c,0)
PUTONSETO(c)
PUTONSETCHOICE(n,g,¢,0)
RAISEHAND(N)
RELRESTRI(03,p,r,02,9)

RELRESTR2(},p,r,0,0)

tocation (x, y, 2). (W)

start the actusl PUT step of o PUTON] goat (W)

put cbjocts in set ¢ on o by choomng and using PUTONL iteratively. (W)

collect the set of objects in inntances of PUTON for PUTONSET. (W)

the choicepoint n for PUTONSET involves putling sst ¢ on o. (W)

raise the hand by moving it straight up. (Q, W)

perform the firat step in the relation-restriction process, which is te chuchk for
possble need for IMPRESTR, qv. (F)

the second slep in the relalion—restriction procens, which is to chack r of o for
possbie referents for {, to reatrict the set. (F)
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RELRESTRCHK(4,p,1,0,8)

RELRESTRCHK2(4,p,1,0,8)
REMDHASREL(01,r,02,8)
REMDINSTACK(o,c)

REPLY(n,w)

REPLVO(w)

RETRY(g)

. STACKSET(c)
STACKUP(g,0)

STACKUPSET(g,c)

. SUCCEED(g)
TRACEPUTIN(w)

TRIEDPACK(o,¢)

TRIEDPUT(o,¢)

TRIEDSTACK(o,c)

UNEVENT(n,w)

UNGRASP(o)

USERESULT(01,02,8%,8y,w)

WBPINIT(g)

Details on WBlox €4

the former RELRESTRCHK is now RELRESTRCHK2; this now signels » prefiminery
step to the check-relation-restriction process, which firet chocks whether the
relation at hand is an indiract or computable one. (B)

check whether the corresponding RELRESTR should be applied (B)

the relation (01,r,02) has been removed; updste INSTACK relstions stfected. (Q) f
o hes boen removed from ¢; check if snything remeing of ¢ oxcept the botlom
block (Q) )

the n'th reply (in order of generation) is w. (V)

w is & new reply, yet to be counted (see REPLY). (V, E, M, D)

g is to be retried, in, resteried after » BACKUP, with a new choice made. (W)
coliect the objocte from STACKUP instances into set c. (W)

slack up o #e part of » eet of such inslences. (W, M)

stack up the objects in set ¢. (W)

¢ has succeeded; continue sppropristely. (W, Q)

print o trace message for the PUTIN command: w i a dummy. (M)

in PACKing the set ¢ onto somewheres, object o has now been tried. (W)

in putfing ¢ on some object, o has been tried. (W)

in stacking up objects in set ¢, o has been tried. (W)

the way to unde the event at EVENTTIME nis w. (W, Q)

tot go of o, from the hand (Q)

use the open ragion found by LOCATESPACE process, which should bs of size
(ax, sy) on the horizontel plane, in the way specifisd by w, which is one of
{PACK, RANDOM, CENTER}. (Q, W)

initiakize for sterting up the WBlox Pg, top level goal g. (M)
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F. Summary and Discussion

MiliPS represents a successful implementation in PSs of a langusge system with
some general features, namely, objects with relations and attributes, main sentence forms
that describe a scene, imperative forms, and a variety of queries. Inputs are processed
without recourse to conventional syntactic parsing, and no tree-structured representation
of them is formed. Text is converted immediately on being scanned to an internal form,
which is quite sufficient for further manipulations, but which doesn’t preserve the surface
structure at all. At each point in the left-to-right scan of an input, as much as possible is
known and inferred from what has been scanned. Five forms of completeness have been
discussed, and MiliPS’s capabilities were delineated with respect to those, providing a
measure of its potential performance beyond the 50 test sentences exhibited. Linguistic
anomalies are systematized into the categories ambiguity, redundancy, and inconsistency,
and the main reaction of the system to inputs is based on the interaction of sentence typse
and the presence of those anomalies. Augmenting an early version to handle the blocks
manipulation task was carried out by major additions to the set of Ps with few changes to
existing Ps and with no deletions.

WBIlox is a specialized problem-solver for blocks manipulations of a simple sort. Its
organization is hierarchical, it features operating on a model and carrying out updating
procedures as a result of operations, and is capable of backtracking in a search space to
find a feasible plan of action. The system’s goals are explicit and are sequenced to resuit
in search behavior representable as an and-or graph. A less prominent backtracking
mechanism is needed here than in the original Planner implementation of a similar blocks
problem solver. Analysis of the problem domain allowed some decisions made formeriy by
backtracking to become more precise ordering decisions, taking advantage of selectivity in
the LHSs of Ps. The remaining decisions requiring potential backtracking were formulated
explicitly as choicepoints and associated with a stream of undoable primitive operations,
rather than having mechanisms of questionable flexibility built into the underlying
architecture as in Planner and other recent Al languages. A set of tests were devised to
tully exercise the capabilities of the problem-solving system.

The question of whether the present system, and more generally PSs, could be used
for further research can be approached along the lines of the langusge system and the
problem-solving system independently. The completeness considerations in Section B.1
support a wide task domain coverage for the present system and indicate a framework tor
making additions to the system to rationally order the priorities for augmentation. The
precise formulation of semantic cases, discussed in Section B.2, Section B.3, and Section
D.4 raise further issues for augmentation and indicale how minor some of the omitted -
considerations in the present system are. Nevertheless, analysis of the existing cases,
explicitly given as Ps and thus in a usable form, might be fruitful for cleaning up the
structure and giving it more inherent generality and flexibility.

To use the present techniques in 8 new task domain would first require a new
lexicon, which simply involves changing the tagging process (T Ps), which are
independently modifiable. It would probably be necessary to augment the grammatical
adjacency tests for new word classes, but this doesn’t present obvious difficuities either.
The semantics of blocks relations and how relations interact in the understanding of inputs
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might be the area requiring the most new problem-solving. There is siready present s
system of dividing relations into direct ones, indirect ones, and computable ones, and that
scheme and its processing conventions might carry over intact (cf. the discussion in
Section D.2). The actual use of relations in referent determinstion would probably be
along the lines of the present F Ps, but considerations there would probably not interact
with the closely related set of B Ps, given that many interactions have asiready been
worked out in response to the demands of the augmentation included in the present work.

Some further work has already been done by others within the basic blocks problem
solving domain. In particular, Fahiman (1974) describes a reworking and extension of the
blocks task, which in retrospect might have served as a better vehicle for comparisons
than the original one used here. Of the nature of the blocks tasks that he focussed on, it
suffices to say that they involved building more complex structures than in WBIox,
sometimes using auxiliary structures, allowing rotations of objects, enabling
intercommunication between goals, and modelling the mechanics of contact and balance of
objects more carefully. Fahiman developed a flexible control structure within the Conniver
framework (Sussman and McDermott, 1972), and asserted its superiority over Planner snd
similar languages, and also specifically over PSs. Fahiman emphasized the importance of
being able to: set up explicit goals; test hypotheses; switch back and torth betwesn
slternate promising approaches to a goal; and give up on an approach with specific
difficuities communicated back to higher goals. Of those four features, only the last is
something that hasn’t yet been explicitly demonstrated in PSs, although keeping major
siternative approaches for relatively large models also deserves further research in the
PS framework. | will now discuss some of Fahiman's points in more detail, and argue that
the ability of P5: to grapple with the difficulties of the task domain is promising, if not
siready demonstrated.

Fahiman developed a "¢hoice-gripe” control structure, in which each choicepoint is
explicit and sets up a gripe handler so thet failures of subgoals following the choice, when
those failures include specific gripes on why they occurred, can be processed
sppropriately. A gripe handler reacts more flexibly than choicepoint recovery in WBIlox, in
that it can involve taking better preparatory steps and then retrying the subgoal, or
redefining the subgoal in some way and then retrying it, or taking other similar corrective
actions. It seems clear that the present choicepoints in WBlox could easily be extended to
behave in these more flexible ways, according to task demands, since the recovery is
handled by specific Ps.

In trying alternative paths, Fahiman made use of Conniver’s muitiple data contexts,
In which context tags are used to point to complete context alternstives, allowing them to
be examined, resumed, or suspended. Such a facility, if the task really required it (as
oppc:ed to using it as a convenience because it’s there), would be an explicit mechanism in
PSs, perhaps storing alternative contexts as Ps and having tham selectively evokable for
examination or resumption. But a PS approach might be found to avoid that by coding,
instead, methods for patching up difficulties or revising an ever-current state to make it
look as if something different had been done. Based on the limited evidence on human
behavior, e.g. in Newell and Simon (1972), humans seem to make use of mistakes without
having to return completely to a state on some other branch of a search tree, and perhaps
have better disgnostic and recovery methods because of limitations slong the same lines
as would be the case in a PS implementation. Rather than storing entire states, the
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siternative might be to keep path information so that a previously-seen knowledge state
could be recomputed (perhaps laboriously) if necessary.

Several minor topics raised by Fahiman can now be discussed. His system made use
ot a distinction between primary data and secondary data, which can be re-computed if
necessary from the primary data, but which is kept around anyway, subject to erasure if
storage becomes scarce. This might correspond to having a fading Working Memory,
where items not accessed for some period of time simply disappear. Such & scheme has
not been implemented, but it has been indicated as useful in several places in the present
work. Fahiman additionally proposes that memory fade be based on the difficulty of
recomputation and on some estimate of expected usefulness. Fahiman comments on the
overall loose style of his system, which allows it to step back from local jam-ups and try
to get around them. This is just as much an attribute of PSs, given the appropriate
memory representation of what constitutes a jam-up. He says his program is prone to get
into infinite loops, and proposes that a more sophisticated system would record states and
occasionally check back to make sure there isn't serious repetition. Such a solution should
be equally feasible in PSs, although perhaps not as necessary because PS architectures
have some built-in safeguards, e.g. not firing a P on the same data twice unless some of it
has been re-asserted. The topic of loops needs further research, certainly. Finally, the
goa! intercommunication in Fahiman's system, which includes both protection of goals’
results from interference and dissemination of useful information to others, should be quite
feasible in PSs due to the open, global nature of the Working Memory.
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Aowonitt A. \ILIPA PROGRAMAINING
8GN SPSFORMILISY

EXPR MIL 1PS0: BEG TN NONFLUENTILEF TOF) MEQUIRECMILGARP MILNNILF O MILMAMILVOR
OOMDIMILE):

SPGROLPR S. T,E.G. AR PNFO.MV.D. XY

§ MACROS!
LEXORDENASD) TESTS IF A IS LEXICALLY LESS THAN OR EQ 0
SAY: CONVERTS AN UNEVALUATED ARGLMENT AS SAVQ DCES: THE AROAAENT
IS TAKEN AS T1ME CONS OF SAYQ'S TWO ARGUVENTS

SAYQ(I3.(A B1G CLOCK DANCLS) ) =
EXISTSISLERCA1B2CI04) @ SCANT INLE) & SENTENCE(S)
6 ENDMAREILE) & ENOMARKIRE) § TEXT(13,(A B1G CLOTK DANCES))
SLEFTOFNLEAN 8 EQAIA L) & LEFTOF(A [ B2) § TQBIGIB2) B LEFTOF(B2LY)
& EQQLOCXK(C) & LEF TOF(CIDA) & EQUANCES(DA) § LEF TOF (DAAE):

TRACTPRINTM PRINTS 1TS ARGUMENT AS A MISSAGE

X8 « SCANNING, T « TAGGING, £ « ERROR AND EXTERNAL TRACE

01 "SCAN LE™ v SCANF IN(X) & ENDMARK(N) § LEFTOF(X.Y) § TEXTINIT)
> SCAN(Y) & SCANF IN(Y) & NEGATE(1)
& TRACING(TRACEPRINTN(N CONS (INPUT TEXT IS )28 '(™) 11
81 "SCAN ON" 3 SCANF INDIC 8 LEF TOFNCY) § MOT ENDMARK(X) & NOT TNOMARR(Y)
& NOT SCAN(X)
> SCAN(Y) & SCANF INCY) & MEGATE( )
847 "SCAN FIN" ¢ SCANF INOXO) & LEF TOF(N.Y) & ENDMAR(Y) § NOT SCANDG
& SENTENCE(S)
) NPBOUND(Y) & SENTBOUNDNS) & NEGATE( )
B71 "SCAN EAR™ & SCANF TN(X) & NOT( NOT SCANDS) & NOT SCANDG ) @ LEFTOF(Y )
> ERROR(Y,(LEXICAL)) @ NEGATE(1) § NOT SCANIX)

T 13 "TAG COP™ 2 SCANCK § EQISIX) § LEF TOFDXY) & NOT EQNOT(Y)
o2 ISCOP(X,POS) § WORDLQIX IS} & MEGATI(1 2N

T2; "SK1P COP™ v SCANDX) § £QIS(X) § LEF TOF(X Y] & LQNOT(Y) > NEGATE(1):

T8 “TAG COP NEG" « SCAN(X) § EQNOT(X) & LEF TOF (WX § EQISCW) & LEFTOR(V.\)
© IBCOP{X,NEG) B LEF TOF(V.X) & WORDEQ(X, ISNOT) B NEGATLIM LN

T7) “TAG COLOR ™ & SCANDC) & EQRED(X)

o ISAVW(X /COLOR RED) § WORDEQ(X . RED) § NEGATE(ALLY:
7101 “TAG COLORZ" a SCAN(X) § EQGREENO)

o ISAVWIX COLOR,GREEN) § WORDE QXX GREEN) & NEGATE(ALL)
T3 “YAG COLORI" & SCANOX) § EQERLUENX)

o> ISAVW{X, COLORBLUE) & WORDEQUX . MLUE) & MEGATE(ALLY
T16: “TAG COLORS™ x SCANDY) & EQBLACK(X)

=3 ISAVW(X,COLOR, BLACK) § WORDEQIX, BLACKS § MEGATE(MALN

T21: “YAG STZE 1" « SCANDY) § EQUARGE(X)

o ISAVW(X, SILE,LARGE} & WORDE QX 'LARGE) & NEGATL(ALLS
T24; “YAG SIZE2™ 2 SCANIX) § £QMEDILMDO

o ISAVWOCSTIE, WEOTUM) § WORDEKXX, MEDIUM) & MEGATEIALLY
T27: “TAG SIZE3" x SCANCX) § EQSMALL(X)

O IBAVWIN,SITE SMALL) & WORDEQUX, SIMALL) § MEGATEHALLR

T31; “TAG REL 1™ 3 STANDG & EQINOD
< ISRELWX,'IN) & WORDEQ(X, IN) § MEGATE(ALLY
T34; "TAG REL2" s SCANIX) § EQOMX)
o3 ISRELWIX,'ON) § WORDEQ(X.'ON) § NEGATE(ALL):
T37;: “TAG RELT" « SCANIX) § EQNEAR(X)
o> ISREL WX MEAR) & WORDEQUX.NEAR) B MEGATE(ALLY
T39) “YAG RELA" » SCANIX) & EQUNDERIX)
o> ISAEL WO UNDER) § WORDE OUX, UNDER) & NEGATE(ALL S

Ta85; "TAG NOUN )™ 3 STANDG § [QRALL(X)

*> ISNOUNWEX RALL) § WORDEQUX RALL) & MEGATE(ALLY
T84; “TAG NOUNZ" ¢ SCANIX) § EQW OCR(X)

> ISNOUNWIX ,'BLOCE) § WORDE (X 'L OCK) § MEGATE(ALLY
TaT; “TAG NGUN3"™ « SCANDC) § EQTABLEDD

o> ISNOUNWIX, TABLE) § WORDEQUX . TABLE) § MEGATI(MLN
T90; “TAG NOUNE" ¢ SCANIX) & 1QFLOONX)

 ISNOUNWIX,'TLOOR) § WORDE QX 1LOOR) § MEGATE(ALLR
T8I “TAG MOILMS” 1 SCANIX] § EQROX(X)

> JSNOUMWIX, BOX) § WORDEQUX . BOX) & MEGAYF(ALLY

T97; “TAG NOUNQ" 5 SCANDI) & CQWMAT(N) & LEF TOF (W X) § ENOMASK(W)
O QVMIUNIX) § ISNOUNWIX, WHAT) § WORDEQIX, WHAT] & NEGATE( 1 2N
TO0; “REL PRON" ¢ SCANIKX) § EQWMIOHX)
o> SHRELARONWIX) § WORDEQIX. WHICH) & MEGATEI(ALY
T3 WL PRON" ¢ SCANIY) § EQTHAT(X)
«> JORILPRONWI) § WORDEQIX, THAT) § MEGATI(ALL)Y

A

£2:LRNOROR) > LRIORSOX. (Y § MEMLY)  MEGATE( 1)

L TIMOARIXEL) § LEF TOFIY X) § NOT ENDMABRIV) § WORDEQIN XW)
o) LORORSIY XXW CONS EL) § MGATE( Y

0 ERRONSOXFL) § LEF TOF(v 3t) § ENDMAIELY) § WORDE QIX XW)
o BEALYIXW CONS EL} & NEGATELL):

T8 LARORSM L) & CVEREF(XL) > CANORIR IL) & MEGATE(ALLY

€111 "TRACE AV s HASAVOAY 1)
* TRAC INGITRACEPR INTW{ ADD ING AN <17, TO 0NN
C12: "TRACE REL™ s HASREL (0P D2 S)
* TRAC INGITRACE PR INTW{ ¢ ATD 1W3.0 8 02 A
£13; “IRACE 1RA° 3 ISAION) < TRACINGL TRACEPRIWTAN CARD INBN DN

E21)TRACE » INC” 2 PREDIACOMTOXAVS)
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LMBUSES £3)
BOUSES €33
ELRESTRY
LNSUSES €33
WEUSES 919014 533 M
RLAESTRCHR
LMSUSES 611013810815 817 818819
SRSIS 1 8T 811 213 818 BB 817 5)8 519 B3 539
any
LNSUSES V8
DEUIES £2 (6 ¥2 V12 V19 V20 V29 v30 VE! VA2 VS VIS VST 024 028 D29
AN
UGUSES .81 -84 T1 T2 4 T7 110 T13 718 T2) 124 T27 TS( T96 137 T30 Ta1 148
47 150 153 737 160 763 G| G2 GS G8 G? GO G0 G2
MNESTIOL -37
WOUSISSOS! -§7.7)-T2-14.17.110-719 716 -T2 -T2 -TRY .19 -194
TS7.T39 .T41 .T44 -147 .150 -T83 .T47 .60 -783 -8 | -G2 -89 08 -OF -G
£10 629
SOV In
USUSS SO 81 34 57 VS
WOUSLS 30 80 81 81 54 37 .3
SENTENND
LHSUSES V2 V10 VIZ V14 V{7 V19 V20 VIO VB VI VIS VIS V37 Va0 VAR ¥4 Va8
vag vey
Seus 34
NTONCE
UNSUSIS 36 G1 G2 GIGS G7 GY G117 G18 621 NIS NI6 FEI B 1P B2Y M1 ) MIZ MS)
us3
nsrie
exr
ues 30
TOACING
SEUSIS 0 €11 CIZEITERI E22E23 €31 [32£33F 13718
woRDeQ .
LMOURES €4 €6 GO MDA
WSTIOL M10
WEUSLS T1 Y0 T2 110 113 118 121 724 T27 TSI 1S4 TST TSP Y41 Y48 747 T80 YOO
7 700 163 G1 G2 G9 G8 G7 GP 810 G2




fosendi €. TRACERSSRLMILIPE IKKIR
PINAL MN NITH PROCRAN TRACE

1 INPUT TEXT IS ° A Le@GE CREEN BLOTK 1S 00 & D TARLE °
ADDING S1ZE LAPGE (POS) YO MLOCK-)

ADOING COLOR GPEEW (PUS) TO GLOCK-3

ACDING BLOCK 8.OCK-1

AQDING COLOR RED (POS) TO TAQLE-

AODING TARLE TARRE-1)

AODING BLOCK-1 ON TARE-1 (POS)

REALY LLOKAY))

194 (BLOCK-3 BLOCK) (TABLE-1 TARLED
HAGAY (BLOCK-1 SIZE LARGE POB) (BLOCK-3 COLOR GREEW FOB) (TABLE- COLOR BED POB)
HASREL (RLOCK-1 ON TARLE-1 POS)

2 INPUT TEXT IS ° A BLUE DAL 1S ON T TalLE °
AODING COLOR BLLE (POS) TO Bwil-)

ADDING BaLL BaLL-1)

0BJ-2 REFERS TABLE-1

ADDING BALL-1 ON TRERLE-1 (POS)

REPLY LIOKAY))

1SA (BALL-] BALL)Y (BLOCK-1 BLOCK) (TABLE-Y TARLE)

HWASaY (BALL-] COLOR BLUE POS) (BLOCK-1 SIZE LARGE POS) (BLODK~) COLOR GREEN POS)
(TABLE-1 COLOR RED POS)

NASREL (BALL-1 ON TAGLE-] POS) (BLOCK-1 ON TARLE-) POS)

3 INPUT TEXT IS ° THE BALL 1S MEAR THE BLOCX °
08J-1 REFERS B L-1

08J-2 REFERS BLOCK-1

RELINCON 0BJ-1 82-1 MEAR BOCK-1 POS

AOOING BALL-3 NEAR BLOCK-) (POS)

REPLY ((OKAT))

1SA (9ALL-1 BALL) (BLOCK-3 BLOCK) (TAQLE-] TABLED

HASAV (BALL-1 COROR ALUE POS) (BLOCK-1 SIZE LARGE POS) (BLODK-1 COLOR GREEW POS)
(TABLE-] COLOR PED POS)

HASREL (BaLL-1 ON TABLE-1 POS) (BALL-1 MEAR BLOCK-) POS)
(BLOCK-3 ON TegRE-1 POS)

4 INPUT TEXT IS ° R BLUE BALL IS ON NHE BLOCK °*
ADDING COLO® BLLE (POS) YO BaLL-2

ADDING BALL BALL-2

08J-2 WEFERS BLOCK-1

RODING BALL-2 ON BLOCK-1 (POS)

REPLY ((OKAY))

1SA (BALL- BALL) (BALL-2 BALL) (BLOCK-1 BLOCK) (TRABLE-) TARLE)

NSy (BALL-1 COLOR BLLE POS) (DALL-Z COLOR BLUE POS? (BLOCK-1 S12E LARGE POS)
(BL.OCK-3 COLO® GPEEN POS) (TARLE-1 CROR PED POS)

HASREL (BaLL-1 ON TARLE-1 POS) (BALL-1 MEAR BLOCK-1 POS) (OALL-2 O SLOCK-1 POS)
(BLOCK-1 ON TAGLE-1 POS)

$ INPUT TEXT 1S ° TME BALL ON THE BLOCK IS SLL ©
OBJ-1 AOIC 02-1 BALL-3 BALL-2 ...

0BJ-Z PEFEPS BLOCK-1

RELWESTR OBU-) B2-1 ON GLOCK-1 POS

OBJ-1 PEFERS BALL-2

PREDINCON OBJ-1 $7-1 S1Z¢ S'wL POS

ACDING S17E SMALL (POS) YO BaLL-2

REPLY ((OKAY)?

ISA (BALL-1 BALLY (BALL-2 BALL) (ILOCK-1 BLOCK) (TABLE-] ThlLD)

WAsay (BALL-1 COLOP RLUE POS) (BALL-2 COLOP BLLE POS) (BALL-Z SIZE SwLL POSH
(BLOCK-1 SJZE LARGE POS) (R.OCK-1 COLOP GACEN POS) (TASLE-1 COLOR AED #0S)
WASPEL (BALL-1 ON TABLE-) POB) (BALL-1 NEAR BLOCK-1 POS) (BALL-2 ON BLOCK-1 POS)

(ROCK-4 ON TARI-1 POS)

2

MmN TIFE § PIN. 19.0 SEC

(¢ ] ™y rig LA 14 w w
2412 58 59 w2 ) .8 1.
0.0391 0.181 0.3 6.09¢ SMC M

§37 INSERTS 285 OELETCS $9 MAANINGE 7 MEN OBJICTS
A s PPT LENGTH 193
CORE (FREC.FIAL): (%48 . 1593) UBLD (2187 . 270

1ACTS LOADPS (NILIPS . €XP) (MILEE . CXP) (NILIN . WAC) (MILEARP . 0P (NI

n-n

. P (RILF . ©OF) (NILA . DP) (NLVD . OP) NILE B SPPIDIPTY :
SPPTY SPDPTY

™t

(xXg=1

=1 G?-) ¥§-1 MID-3

$1-1 121-) A19-1 A5-)

$1-2 T10-1 AIS-1 M5-2

$1-3 T94-] N21-) N33-1 We2-1 MG1-3 MB1-2 C11-1 C11-2 €101
$1-4 Ti-1 WIS-1 9591 C32-1

$1-5 T3¢~} R1-) R11-}

$1-8 GB-1 W5-) W98-)

$1-7 172-3 A19-2 M-)

$1-9 147-1 121-2 M31-2 WD-1 I51-D C11-3 E19-2 811 0111 €121
§4-1 963-1 051-1 9561 V2-1 X2-1

-2 67-2 18-2 W0-2

$1-9 T13-3 A19-3 MG-¢

$1-10 T41-1 M21-3 N31-D Wi1-1 WBI-4 E11-4 19D

$1-18 T1-2 N1S-2 059-2 GB2-2

$1-12 T84-2 M- ®11-2

$1-13 Gi-1 N1-1 NOB-2 FS-) FS-2

$3-14 147-2 W22-1 N33-1 F21-1 Fi3-3 812 B11-2 £12-2

$¢<2 951-2 §53-2 B%5-2 V2-2 X3-)

$9-3 G2-1 N2-1 W3D-3 F§-3 F§-¢ F§-§

$1-1S 141-2 M22-2 N33-2 F21-2 121-9 P1D-2

$§-16 T1-) N1S-3 895-3 059-3 CR2-3

$1-17 137-) ®1-3 P11-3

$1-19 G1-2 NI-2 N98-3 FS-§ 57 F5-8

$1-19 T44-2 N22-3 N33-3 F21-4 F21-§ F13-3 01-3 B19-1 £31-1 M3~§ £12-D
$¢-3 §53-3 851-) 855-4 V2-3 X¢-)

$9-¢ G7-3 W6-3 W90-¢

$1-20 713-2 A19-4 #5-5

$1-21 T41-3 N21-4 N31-4 We1-2 W51-5 E11-8 E19-¢

$3-22 T1-4 G32-¢ NI5-9 8594

$1-23 T34-3 R1-¢ M1)1-4

$1-2¢ G1-3 Ni-3 NDB-4 FS-9 FS-10 FS-11

§1-25 144-3 N22-¢ N33-4 F21-6 F21-7 F13-4 B1-¢ B13-9 £12-4
$¢-4 851-¢ §S3-4 @SS-S V2-4 XS-}

-5 G2-2 K2-2 N90-S FS-12 FS-13 F5-14 F§-1§

$1-26 T¢)-4 M22-5 N33-S F21-0 F21-9 FiS5-1

$1-27 134-4 R2-1 R12-1

$1-28 Gl-¢ N1-¢ N9B-S FS-16 F5-17 F§~10 F§~19

§1-29 T44-¢ NZ2-6 N33-6 F21-16 FZi-11 F21-12 F13-§ B1-5 813-) £39-) F3i-1 P}
$1-30 T1-S N1S-5 851-S €53-S 855-6 059-§ G32-§

$1-33 127-) A1?-] Fé41-] B28-1 €£21-) MR-} EAL-§

$4-S B55-7 V2-5)

FIRED 78 OUY OF 193 PRODS

SECOMD SECrENT

€ INRUY TERT IS * WAT 1S ON NE BLOCK *
0BJ-2 MEFERS BLOCK-1

RELAESTP 0B0-) M1-) ON RLOCK-1 POS

OBJ-1 REFERS BALL-2

ALY ((NE WL RUE DL

JSA (BALL-1 BALLY (BALL-2 BALL) (MOCK-t BLOCK) (TARE-] TARLL)

MASAV (BaLL-1 COLOR BLUE POS) (BALL-2 COLOR BLUE POS) (BALL-Z SIZE STWLL POS)
(QLOCK-1 S1ZE LARGE POS) (BLOCK-1 COLOR GACEN PUS) (TASLE-1 COLOR RED POS)
MASREL (BALL-1 ON TAGLE-1 POS) (BALL~ MEAR SLOCK-1 POS) (BALL-2 ON BLOCK-1 POS

(@LOCK-1 ON TARL-1 POUS)

7 INPUT TEXT IS © AT IS RUE °

PREDRESTR 0BJ-1 93-1 COLOR RUE POS

0BJ-1 ARIC 03-) BALL-1 BAL-2 ...

BEPLY ((1E BLLE BALLY) ((TIE Sl UK BRLY)

ISA (BALL-) BALL? (BALL-2 BALL) (BLOCK-1 BLOCK) (TARE-1 TARLE)D

WSV (BALL-] COLOR BLUE POS) (BALL-2 COLOR BLUE POS) (BALL-2 SIZE ShaLL FOS)
(RMOCK-1 S1ZE LARGE POS) (RLOCK-3 COLOR GREEW PUS) (TASLC-1 COLOR RCD POS)

WASPEL (BALL-1 OF TARLE-) POS) (BL-1 MEAR BLOCK-) POB) (DALL-2 ON BLOCK-) POB!
(RLOCK-1 ON TAmLE-1 POS)

8 1MUY TEXT IS ° THERE 1S A BOX ON THE TARLE °
AOOING BOY BON-)

0nJ-2 PEFERS TARLE-)

ADDING BOX-) ON TABLL-1 (POB)

ALY ({OxAY))




[}

190 (BALL-1 GALL) (BALL-2 BALL) (MLOCK-1 GLOCK! (S0X-1 BOX) (TARLE-1 TA@LE)

AW (BALL-1 COLOR GLUE AOS) (BALL-2 COLOR BLUE POS) (BALL-2 S12 SWLL POS)
(BLOCK-1 SIZX LARGE POS) (BLOCX-1 COLOR CPEEN POS) (TARLC-1 COLOR WED POSY

MAGREL (BALL-1 ON TARLE-1 POS) (BALL-1 NEAR BLOCK-3 POS) (BALL-2 ON BLOCK-1 POS)
(ILOCK-1 ON TABLE-1 POR) (BOX-1 ON TABLE-) POS)

8 INPUT TEXT 18 ° 18 TNE BOX ON TNE TAGLE °
OBJ-1 REFEPS QOX-)

0BJ-2 PEFERS TARLE-1

AELAEOUWN OBJ-) 03-) ON TARLE~1 POS

ALY (LVES))

ISA (BALL-1 BALL) (BALL-Z BALL) (BLOCK-1 BLOCK) (BOX-3 BON) (TARLE-1 YamLE)

gV (BALL-1 COLOP BLUE POS) (BALL-Z COLOR BLUE POS) (BALL-Z SIZX SWLL POS)
(OBLOCK-1 SIZE LARGE POST (BLOCY-1 COLOR GPEEN FOS) (TABLE-] COROR RCD POS)

HASREL (BALL-] ON TABLE-] POS) (BALL-1 NEAR BLOCK-1 POS) (BALL-Z ON BLOCK-1 POS)
(BLOCK-1 ON TAQLE-1 POS) (BOX-1 ON TAGLE-1 POS)

10 INPUT TEXT IS * 1S THE SOX ON THE TALE MEAR THE BLOCK °
0B4-) PEFERS BOY-}

OBJ-2 REFERS TAGLE-)

RELPEOUN DBJU-1 83-1 ON TAGLE-1 POS

0BJ-3 PEFEPS BLOCK-1

RELINCON 084-2 T6-1 NEAR BLOCK-1 POS

RELINCON OBU-) 16-3 MEAR RLOCK-1 POS

REPLY ((NO INFOPPATION ON RELATION NEAR))

I1SA (BalL-1 BALL) (BRLL-2 BLL) (BLOCK-1 BLOCK) (BOX-§ 80X) (TARLE-1 TALE}

HASAV (BALL~1 COLOR BLUE POS! (BALL-2 COLOR BLLE POS) (BALL-2 SIZE SMaLL POS)
(BLOCK-1 SI2€ LARGE POS) (BLOCK-1 COLOR GPEEN POS) (TARLE-1 COLOR R0 POS)

HASREL (BALL-1 ON TABLE-1 POS) (BALL-1 MEAR SLOCK-1 POS) (BALL-Z ON BLOCX-1 POS)
(BLOTK-1 ON TABLE-1 POS) (BOX-1 ON TABLE-1 POS)

2
RN TIME 1 NIN. 21.§ SEC

£xan ™y FinE [ S Y. en w
2320 L, 200 " 0.3 % .87
0.0351 0.17¢4 €.791 5.0%7 SEC MG

§30 INSERTS 305 OCLLTES 106 WAANINGS 9 NEM OBJECTS

MAX 1SPX LENGTH 102

CORE (FREE.FULL): 16151 . 1639) USED (2130 . 399)

+ACTS SAVEDE (CLOSED (MIL13 . DUS)) (CLOSED (MIL13 . TRS)) LOADPS (MLX2 . £0P)
N SIPXEPTY SIPITIPTY SIPXCIPTY SIPIEPTY SPXEPTY

TRACE

(8-1

$0-1 157-1 £13-) F1-) F3-2 F3-3 Fi-4

$1-1 T1-1 G32-1 MI1G-) B5S-1 059

$1-2 734-1 R3-1 Ri1-)

$1-3 G1-1 M1-1 W3@-| F§-1 FS-2 FS-3 FE-4

$1-¢ Teq-1 M22-1 N33-J F21-4 F21-2 £21-3 F13-1 01-1 B13-1 €331 F31-1 FI1-2
31-3 F13-2 ’

$4-1 053-1 BS1-1 §58-2 vViO-1 Di-1 Di1-1 D2-1 D3-1 D11-2 D2-2 D4-§ ViS-) X7-)

90-2 157-2 G13-2 F1-§ F1-6 F1-7 F1-9

$1-8 T1-2 NIG-2 B5S-3 059-2 G32-2

$1-6 T13-1 A17-) Fet-1 B823-1 823-2 £23-1 F35-1 F3S-2 FIS-1

$4-2 §55-¢ V14-3 V14-2 D1-2 D1-3 O2-2 D11-3 02-4 D3-2 03-3 O11-¢ D11-§ O2-§ O2-6
D4-2 04-2 VIS-2 VIS-3 X9-)

$9-3 G9-1

$1-7 71-3 G32-3

$1-0 G6-1 -1 NC-1

$1-9 1531 M23-1 N31-1 MS-) €131

$1-10 134-2 R2-1 #1412

$5-11 G1-2 N1-2 MOM-2 FS-S FS-@ FS-7 FS-9

$1-32 747-1 N22-2 N3I-2 F21-4 F21-$ F21-6 F13-3 Bi-2 B11-1 €12-)

$4-3 051-2 053-2 855-S v2n-1 19-|

$0-4 T1-4 C10-3 GI2-¢

$1-19 G1-3 M2-1 NOC-Z FS-9 FS-10 FS-11 FS-12 F5-13

$1-14 1$3-2 N22-3 N33-3 F21-7 F21-9 F21-9 F21-10 F13-4

$4-18 Y242 W2-2 ®)1-)

$1-18 Gi-¢ N1-3 NOR-3 F§-1¢ FS-15 FS-i8 7S-17 FS-18

S1-17 T47-2 WN22-4 N3I3-4 F21-11 F21-12 F1-13 F25-14 F13-S 01-0 01%-1 €R2-1 Mi2-1

$49-4 B61-3 U52-2 §35-6 WE-1 VIS-) 110-9

90-% 11-$ C18-2 C32-$

$1-10 G1-S M2-7 WOC-3 7§19 7S-20 FE-21 F§-22 15-23

$1-19 1$3-3 N22-S N33-% F21-15 F21-16 F21-37 F21-18 7134

$1-20 T3¢0 R2-) RI1-¢

$1-21 C3-8 N1-9 NOR-4 FS-24 FS-2% 75-28 FS-27 75-20

$1-22 147-3 W22-6 NII-C F21-19 FT1-20 F21-21 F21-22 F13-7 O1-¢ B13-2 [R-2 M2-2

[N vi-»%

TRACES FOR MIL 198 TESTS

$1-23 T97-1 RZ-4 R12-%

$1-2¢ G1-? N}-§ M38-5 F$-29 P5-20 F3-3) FS-32 F3-09 -

$1-25 T44-2 W22-7 W33-? F21-20 F21-2¢ F21-28 F21-28 F10-0 81-8 D10~} D1~}
918-2 C31-2 M-}

$4-5 B51-¢ 963-¢ 955-7 Waz-1 VI2-1)

FINED 70 (T OF 150 PRODS

s e eesseacsaesnsoscucessma

™HIPD SEGEMT

1 INUT TEXT IS ° TERE
#O0ING BOX 80X-2

ADDING COLOR RED (P0S) 1O FLODR-1 o
ACDING FLODR FLOOR-1 .

A0DING BOX-2 O FLOOR-1 (POS)

PREDINCON FLOOR-1 R12-1 COLOR RED MEG

1S A 00X ON A AED FLODR MMI0H 1S MDY RED °©

- AODING COLOR ®€C (MEG! TO BOX-2

REPLY ((OXAY))

188 (BALL-1 BALL) (BALL-2 BALL) (ELOCK-1 WLOCK) (G0X-) GOX) (BOX-2 §OX)
(FLODR-1 FLOO®) (TRELE-) TABLE)

HASW (PALL-5 COLOR BLUE POS) (BALL-2 COLOR BLUE POS) (BALL-2 SIZE SWLL PFOS)
(8L.0CK-1 SIZE LARGE POS) (BLOCK-1 COLOR GREEN POS) (SOX-2 COLOR RED NEG?
(FLODR-1 COLOR PED POS) (TABLE-] COLOR RED POS)

HASREL (BALL-1 ON TABLE-1 POS) (DALL-] NEAR BLOTK-3 POB) (BALL-2 ON ™ 1Pv.e ane
(BLOCX-1 ON TAGBLE-1 POS) (BOX-3 ON TARLE-I POE) (BOX-2 ON FLOOR-3 POS)

12 INPUT TEXT IS ° WMAT 15 NOT BLLE *
PREDRESTR 0BJ-1 §4-1 COLOR BLUE MEC
REMLY ((NOTHING))

ISA (BALL-1 OALL) (BRL-Z BAL) {BOCX-1 BLOCK) (B0X-3 BOX) 180X-2 BOW)
(FLOOR-1 FLOOR) (TARE-1 TABRE)

WASW (SALL-~] COLOR BLUE POS) (BALL-Z COLOR BLUE POS) (BALL-2 SIZE SMALL POS)
(BLOCK-] SIZE LARGE POS) (BLOCK~-1 COLOR GREEN POB) (BOX-Z COLOR RED NEG!
(FLODR-1 COLOR RED POS) (TAGLE-1 COLOR RED POS)

MASREL (BatL-1 OF TABLE-) PDS) {BALL-] MEAR BLOCK-3 POS) (BALL-2 ON BLOCK-1 POS!
(ROCK-1 ON TARE-1 POS) (BOX-1 ON TABLE-3 POS) (8OX-2 OM FLOOR-1 POS)

13 INWT TEXT 1S ° THE BOX THAT [S ADT RED 16 MOT ON NE TalLE °
OBJ-1 #r@IC 62-3 B0X-1 8OF-2 ...

PREDPESTR OBJ-1 R6-1 COLOR RED MEC

0BJ-1 REFERS BOX-2

08J-2 REFERS TABLE-1

RELINCON 0BS-1 8Z-1 ON TA@LE-1 MEG

AOOING B0X-2 ON TARLE~1 (NEG)

REPLY ((OXAY)D

I9% (BLL-1-8ALL) (BALL-Z BALL) (BLOCK-1 BLOCK) 1BOX-3 BOX) (GOX-2 §OX)
(FLOOR-3 FLODR? (TALE-1 TARLE) .

WAy (BALL-1 COLOR BLUE POS) [BALL~-2 COLOR BLUE POS) (BALL-2 SIZE SM; =02:
(BLOCK-1 $IZE LARGE POS) (BLOCK-1 COLOR GAEEN POS) (BOX-2 COLOR RED MEG)
(FLOOR-1 COLOR MED POS) (TABLE-1 COLOR RED POS) S

WASPEL (BALL-1 ON TAGLE-1 POS) 1BALL-1 MEAR GBLOCK-1 POS) (@ALL-2 ON BLOCK-1 POSH
(BLOCK-1 O% TABLE-) PDS) (8O0X-3 ON TASLE-) POS) (BOX-2 ON FLODR-1 POS)

(90T-2 ON TABLE-1 WEG?

16 INPUT TEXT 1S ° AT [S NOT ON NE TARK °
OBJ-2 RCFERS To@E-y

RELRESTR 0BJ-1 Wi-) ON TARLE-} MEC

OBJ-1 WEFERS BOX-2

REPLY ((DE UN- RED B01))

196 (S-S BALLY (BALL-2 BALL) (BLOCK-3 WLOCK) (SOX~§ GOK) (BOR-Z WO
(FLOOR-1 FLOOR) (TABLE-1 ToRLE)

WGAV (BALL-] COLOP ALUE PDS) (BALL-Z COLOP BLUE POS) (BALL-2 SIZE SMWLL POS)
(ROCK-1 $IZE LAPGE POS) (BLOCK-1 COLOR GREEN POS) (BOX-2 COLOR WCD MEG}  »
(FLOOR-§ COLOP PED POS) (TABLE-1 COLOR WED POS) _

WAERLL (BALL-1 ON TAOLC-1 POS) (SALL-1 NCAR BLOCK-1 POS) (BALL-Z ON BLOCK-] POS
(MOCK-1 OF TABLE-1 POSI (80Z-) ON TAGLE-1 POS) (BOK-2 ON FLOOR-1 POS) :
1901-2 OF TARLE-) MEG) .

15 INPUT TEXT IS * 1S THEFE A BLACK BOX ON NE FLODR ©
ALY (O

190 (BAL-§ DALY (BALL-2 BAUL! EALODK-1 BOCK) 190¥-1 BOT) (GON-2 BOX)
(FLODR-1 FLOOP) (TAGLE-1 TARRLE) ]
HASAV (BALL-] COLOR BLUE POS) (BALL-2 COLOR MLAL POS)} (BALL-2 SIZE SWLL POS)
(ROCK-1 $I2C LARGE POS) (BLOCK-1 COLOR GREEN POB) (BDN-2 COLOR RED MEC)



R N L . -
|
‘; Marg/ Wanx TRACES FOR MILIPS TESTS [ 3
i
(FLODR-3 COLOP RED PDS) (TAGLE-1 COLOR PED POS) [~ -3} [ .
MASREL (BALL-] ON TARLE- POS) (BALL-]1 NEAR BLOCK-1 POS) (BALL-2 ON BLOCX-] POS) S1-2 $ 3.
(BLOCK-1 ON TARLE-1 POS) (BOX-1 ON TABLE-1 POS) (OX-2 ON FLODR-1 POS) - 3} [ 1.
(BOX-2 ON TRELE-1 NEG) -1 N b
$1-3 ] 1.
2 -1 v t.
e3-) » |
N TINE | NIN, 20.9 SEC €131 [ 4 1 58
$1-¢ [ 1.
(27} my FIRE wwct €7 ({44 w -4 1 1. -
2081 496 t 4, 3 Wt 2.4 4.9 1.0 -1 TR 2..
. 0.0382 0.17¢ 0.230 0.0947 SEC MG $1-5 1.
Gs-2 [ .
' §4S INSERTS 209 DELETES 112 NMIWNES 12 MEN ORJECTS 5-1 n 2.
- MAX SIPX LENGTH 182 -6 1 1.
CORE (FREE.FILL): (5837 . 1§24) USED (2150 . 299! 7-1 ] 1.
. 193 " 2..
1ACTS SMEDE (CLOSED (MIL24 . DWS)) (CLOSED (MILZS . TRS)) LOADPS (RILXY . EXP)  S1-? H . 1.
. N SPXEIPTY SIPXEIPTY SPTUPTY SPILPTY SPIHIPTY 50-1 ] 1.
-1 L] ...
TRACE €1~ € 2.
(X11-1 81-1 [ ] 2..
$9-1 C9-1 €121 € 1.
$i-1 T1-1 G32-) . s1-8 H 1.
$1-2 GS-1 N§-1 NOC-1 %0-1 1 1.
S$1-3 T63-1 N23-1 N31-1 WS- E13-) P1-y ’ 1.
: $1-4 T3e-1 #2-) Ri1-} $1-9 s 1.
$1-§ G6-2 N§-) NOB-1 12-1 ] 1.
S1-6 17-1 A19-1 AS-) s$1-18  § 1.
§§-7 1S6-1 N21-f N3§-2 Ne¢-f NSL-f E18-1 £13-2 81 Bttt £12-1 Te-1 T 1.
S1-8 168-t P-4 €1-1 s 1.
$1-9 T2-% Si-11 s 1.
$1-10 Te-§ GI3-1 17-2 [ 4 1.
Si-13 17-2 A)?-1 Fé1-1 B29-1 E21-1 B40-1 B21-3 E11-2 ay7-4 " 1.
S¢-] 855-1 V20-1 X12-1 ré41-) r 1.
92 157-1 G13-) Fi-} F1-2 F1-3 Fi-4 F1-S FI-§ F1-? 0291 ] 1.
$1-12 12-2 €21-1 4 1.
$1-13 T4-2 NiS-1 055-2 859-3 C3t1-2 491 [ ] 2..
S1-14 T13-1 A17-2 F41-2 B24-1 €23-) FIS-1 F35-2 F35-3 F35-4 FI5-§ FIS-§ F5-2  €11-2 € t.
ri3-1 $4-1 H 1.
$9-2 PSS-3 Vi2-3 X13-} 551 ] 1.
$9-3 G2-1 M2~} N3D-} FS-1 F§-2 F§-3 FS-¢ FS-5 FS-§ 7§-7 v2e-t v 1.
$1-1S 763-2 N22-1 N23-1 F21-1 F21-2 F21-D F21-4 F21-S F1S-} X12-1 | I
$1-18 163-1 M1-2 $o-2 ] 1.
$1-12 12-3 ™%7-1 T s.
$1-10 Te-3 G31-3 613-1 [ 1.
$1-18 17-3 A17-3 Fe1-3 B23-1 £23-2 F 3-8 Fi3-2 Fi-} r Peverese
$1-20 12-¢ $1-32  § 1.
$1-21 T4-4 G31-4 NI1G-3 BSS-4 959-2 12-2 ] 5.
$1-22 73¢-Z R3-§ R11-2 $1-12 % 1.
$31-23 Gi-1 NI-] NSB-T FS-0 FS-9 FS-10 FS-11 FS-12 $-13 FS-4¢ 14-2 1 1.
$1-2¢ T47-1 N22-2 N3I-2 F21-6 F1-7 F21-0 F2)-9 F21-18 121-11 F13-2 01-2 B18-1  Ni6-} [] 1.
€31-1 m-1 €12-2 9558-2 ] 2..
S4-3 §53-1 0515 955-5 VZ-1 X14-1 c31-2 ¢ 1.
S9-4 TS7-2 G13-2 F1-0 F1-9 F1-30 Fi-11 FI-12 Fi-)3 Fl-14 si-14 8 1.
$1-28 T2-S . 113-1 ] t.
$1-26 74-5 GI1-5 N16-2 055-6 05%-3 N7-2 " 1.
31=27 134-3 -2 R11-) re1-2 4 1.
$1-28 Gi-2 W1-2 N38-3 FS-15 FS-16 FS-12 FS-10 FS-19 FS-20 rS-21 8241 [ ] 1. .
$1-29 T47-2 N22-3 N33-3 F21-12 F21-13 F21-19 F21-15 F23-16 F21-17 F13-3 BI-D €23-4 € 1.
013-1 €33-1 £31-1 F31-Z £31-3 F31-4 FI1-S FI1-6 F13-4 r35-) 4 [ TPTYTrR
$4-4 053-2 051-2 0%5-7 V191 D1-1 D2-) D3-) 02-2 D12-1 0¢-1 VIS~ XIS~} $4-2 s 1.
$0-% T1-2 G172-1 G32-2 058-3 [ ] 1.
$1-38 Glo-3 vi2-1 v 1.
$1-31 GS-1 N2-2 NON-1 FS§-22 FS-23 FE-2¢ FS-25 PS-2§ FS-27 FS-29 x13-1 | S B
- S1-32 T18-1 A19-2 1=} F27-1 F27-2 F27-3 F27-4 F27-§ F27-§ F27-7 F11-2 V2%-) se-3 $ 1.
V-1 G2-1 ¢ .
-1 [] 2.
FIRED 100 OUT OF 193 PRODS [4 T3 r Pevacees
- -8 8 1.
. 163-2 ] 1.
e e eecveccccccaccanans w22-t | ] t 158
r2e-t [4 [ T
$1-16 $ B
. (TMIRD SEGENT) 1%3-1 v 1.
-2 4 | 8
STYCCARPNFONVOR $t-17  § 1.
: 12-3 ' 1.
x13-8 | I $i-10  § s. N




(-
[ ke ] [ ] f.
rei-3 r 1.
23-3 [ ] 1.
£23-2 . & . 1.
r%-e r 2..
si-2¢ 8 1.
12-4 T 1.
$1-21 ] 1.
T4-9 | 1.
GI-4 [ t.
N1S-3 " 1.
955-4 [ ] 2.
$1-22 8 1.
794-2 ] 1.
ni-1 ® 2..
$1-23 ] 1.
Gi-} ) 1.
NI} [ ] 2.
rs-e r LTI
$1-2¢ 3 t.
147-3  § 1.
n2-2 [] 2..
rzi-¢ r L ATTIT
8-z ] 2..
€31-1 € 5.
n-1 ] 1.
€12-2 € 1.
$4-3 ] 1.
953-) ) 3.
v2-1 v 1.
xge-4 g 1.
s0-¢ 1.
1$7-2 T 1.
G13-2 ] 1.
ri-9 1 4 b S,
$1-28  § 1.
T2-8 T 1.
$1-26 1.
74-S 4 .
631-§ 4 1.
NIG-2 N 1.
[ 251 [ ] 2..
$1-2? § 1.
T34-3 4 1.
Ry-2 | ] 2.,
$1-20 ] 1.
G1-2 ¢ 1.
N1-2 . ] 2..
rs-1s r Peracnns
$1-29 1.
T47-2 T 1.
N22-3 [ ] ..
rF2i-12 r Pevoeoss
81-3 [ ] 2..
€33-1 € 1.
731-4 r Pevoenan
$4-4 ] 1.
953-2 | ] ..
vie-§ v 1.
o1-1 ] | TYAFN
' vis-1 v 1.
! x18-1 SRR
: so-$ ] 1.
-2 A 1.
G17-1 ¢ 2.
© st-20 |
Glo-} [ 3 s.
$1-21 ] 5.
CS-1 [ 1.
N2-2 L} 2..
re-22 [4 Teveones
$1-32 ] 1.
T18-1 ) $.
”ne-2 L] 2.
F27-% r
V2s-) v
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e8......
(-3

.

.

sesrcescrsercsscansasne

RNOCATGTIETVID

- N

16 IMPUT TEXT IS ° IBAT TWAT 1§ NOT #ED IS ON E 7LOR °
PREORESTR 0BJ-1 RS-1 COLOR RED MEG

0BJ-1 PEFERS BOX-2

0BJ-2 PEFERS FLODR-)

RELRCOUN ORJ-3 Wi-1 ON FLOOR-) POS

REPLY ((THE UN- RED 30X))

ISA (BALL-1 BALL) (BALL-2 BALL) (BLOCK-1 MOCK) (9OX-3 SOX) (BOX-Z SOX)
(FLODR-] FLODR) (TABLE-1 TABLE)

WSy (BALL-1 COLOR BLUE POS) (BALL-Z COLOR BLUE POS) (BALL-Z SIZX SWLL POS?
(.OCK-1 SI2E LARGE POS) (BLOCK-] COLOR GREEN POS) (BOX-2 COLOR RED MNEG)
(MLOOR-1 COLOR RED POS) (TAGLE-) COLOR MED POS)

WASREL (BALL-3 ON TARLE-1 POS!) (BALL-1 NEAR BLOCK-1 POS) (BALL-2 ON BLOCK-3 POS!H
(BLOCK-1 ON TAGLE-] POS) (BOX-1 ON TABLE-) POS) (BOX-Z ON MLOOR-) POS)

(0x-2 ON TABLE-1 MEGS

17 INPUT TEXT 1S ° AT IS .
REPLY ((THE SLLE BALL}Y ((THE BOX)) ((THE UN- RED SOX)) ((THE RED MLOORY)
CUTHE RED TABLE)) ((THE SPALL BLUE SALL)) ((TIE LARGE GREEW BLOCX))

IS IBaLL-1 BALL) (BALL-Z BALL) IBLOCK-) BLOCK) (SOW-3 BOX) (POX-2 BOX)
(FLODR-1 FLOOR) (TABLE-1 TABLE) :

WS (BALL-1 COLOR BLUE POS) (BALL-2 COLOR BLUE POS) 1BALL-2 STZE SPALL POS?
(BLOCK-1 S12E LARGE POS) (ELOCK-1 COLOR GREEN POS) (BOX-2 COLOR RED NEG)
(MLOOR-1 COLOR RED POS) (TAGLE-1 COLOR RED POS)

WASREL (BALL-] ON TAGLE-1 POS) (BALL-1 NEAR BLOCK-1 POS) {BALL-2 ON BLOCK-1 POS)
(ROCK-1 ON TAGLE-1 POS) (QUX-1 ON TAGLE-| POS) (S0X~2 ON FLOOR-1 POS)

(B0X-2 ON TABLE-1 NEG)

18 INPUT TEXT IS ° A SMALL RED OALL IS IN NE 80X ON TWE RED FLOOR °
ADDING S1ZE SreLL (POS) TO BALL-3
AODING COLOP RED (POS) TO BALL-D
ACDING BaLL BaLL-)

0BJ-2 ~QIC B8-1 BOX-1 BOX-2 ...
08J-3 NOIG R11-) FLOOR-1 TARE-] ...
084+3 REFERS FLOOR-1

RELRESTR OBJ-2 84-1 ON FLODR-] POS
0BJ-2 REFERS BOX-2

ADDING BALL-D [N B0X-2 (POS)

REMY ((OKAY))

190 (BALL-T BALL) (BALL-2 BALL) (BALL-3 BALL) (BLODK-1 BLOCK) (B0X-~3 BOX)
(B0X-Z BOX) (FLOOR-1 FLODR) (TAGLE-1 TABLE)

WSAV (BALL-1 COLOR BLUE PDS) (BALL-2 COLOR BLUE POS) (BALL-2 SIZE SMALL POS)
(BALL-3 SIZX Sl POS) (BALL-2 COLOR RED POS) (BLOCK-1 SI¥E LARGE POS)
(@OCK-1 COLOR GREEN POS) (BOX-Z COLOR RED MEG) (FLODR-1 COLOR RED POS)
(TABLE-1 COLOR RED POS)

WASPEL (BALL-1 ON TROLE-]1 PDS) (BALL-1 NEAR BLOCK-1 POS) (BALL-2 ON BLOCK-1 POS)

(0ALL-9 IN BOX-2 POS) (BLOKK-) DN TABLE-3 POS) (BOX-1 ON TABLE-1 PUS)
(90Y-2 ON MLOOR-] PUS) {BOX~2 ON TABLE-1 MEG)

18 IWPUT TEXT IS ° THERC IS A LARGE CREEN BALL IN TNE 80X ON THE FLOOR NEAR THE
SALL IN THE 80X ON THE FLOOR °

ADDING SIZE LARGE (POS) 1O BALL-¢

AOOING COLOR CREEN (POS) 1O BALL-¢

MMOING PALL DALL-~¢

0B)-7 HRIC 99-1 SOX-] 8OX-2 ...

0B4-3 PEFERS FLOOM-4

RELRCSTR 0BJ)-2 89-1 O NLODR-3 POB

OBJ-2 METERS BOX-2

ADDING BALL-¢ N BOX-2 (PDS)

0BJ-4 ABIG B15-1 BALL-] PLL-2 ...

0BJ-S ~BIC 8)8-) 80X~} BOX-Z ...

0BJ-§ MEFCRS FLOOR-1

SELMESTR 0BY-5 O10-1 OM FLODR-) POS

OBJ-§ RETERS BOX-2
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MAPS B

RELRCSTR OBJ~4 B15-1 IN 80X-2 POS
0BJ-4 FEFENS BALL-D

RELINCON OBJ-3 F12-1 NIAR BALL-D POS
RELINCON OBJ~2 F12-1 NEAR BALL-D PUS
AODING BALL-¢ MEAR SALL-D (POS)
REPLY ((OXAY))

IS0 (GaLL-1 BALL) (BALL-2 BALL) (9ALL-3 BaeL) (BALL-¢ DALL) (ROCX-) @LOCK)
(B0X-1 S0X) (BOX-2 BOX) (FLOOR-1 FLODR) {TABLE-! TABLE)

WASAV (BALL-1 COLOP ALLE POS) (BALL-2 COLOP BLUE POS) (BMLL-2 SIZE St POS)
(BALL-3 SIZE SvalL POS) (BALL-3 COLOR PED POS) (BALL-4 SIZE LARCGE POS)
(BALL-4 COLOP GPEEN POS) (BLOCK-1 SIZE LAPCE POS) TBLOCK-3 COLON GREEW POS)
(BOX-2 COLOR PED NEG) (FLODR-) COLOR PED POS) (TARLE-) COLOR PED POS)

HASREL (BALL~1 ON TABLE-) POS) (BALL-1 NEAR BLOCK-1 POS) (BALL-2 ON BLOCK-i POS)
(OALL-3 IN 80X-2Z POS) (BALL-9 IN 80X-2 POS) (BALL-4 NTAR DALL-3 POS)

(BLOCK-1 ON TABLE-1 POS) (BOX-1 ON TAGLE-1 POS) (B0X-2 ON NLOOR-1 POS)
(BOX-2 DN TALE-1 NEG)

z
MN TIrg 2 NIN. 37.3 SEC

EXAn wmy Firg et ex en w
2051 713 %2 1206 6.3 4.0 1.8?
0.0552 0.221 0.3¢0 0.120 SEC MG

992 INSERTS S64 DELETES 199 WAPNINGS 14 NEW ORJECTS
MRX SIPX LENCTH 1082
CORE (FREE.FULL): (4320 . 13001 USED (3492 . 1)
1ACTS SAVEDB (CLOSED (MIL33 . DBS)) (CLOSED (MILII . TAS)) LOROPS (RILRe . EYP)
RUN SIPITMPTY SIPXEIPTY SIPXEMPTY SIPXEPTY

TRACE

(X18-1

$8-1 T57-1 G13-1 Fl-3 F3-2 F1-) 'l-ﬂ F1-S ri-8 r1-?

$t-1 T63-t P1-1

$1-2 12-1

$1-3 T4-3 GI1-2

S1-4 T2-1 A1D-1 Fe1-) B23-) €23~} FIS-) FI5-2 FI35-7 FI5-¢ F35-S FI6-§ F13-)

$1-§ i1-1 NiB-1 @55-1 859-1 G32-1

91-6 T3¢-1 RI-1 RII-1

$)-7 G3-1 NI~) NOB-) FS-) FS-2 FS-3 FS-4 F§5-S FS-5 FS-7

$1-8 T80~1 N22-1 N33-1 F2i-1 F21-2 F21-2 F21-4 F21-$ F21-6 F13-2 B1-] B)%-)
€32-1

$4-) 855-2 V10-1 O1-1 D2-1 03-1 D2-2 D12-1 D4-1 VI6-) BSi-1 053-1 X121

$0-2 157-2 G13-2 F1-0 F)-9 F1-10 F1-11 F1-12 F1-13 Fi-)4¢

$1-9 T1-2 G32-2 Ni1§-C B8S5-3 859-2

$4-2 B55-4 Vi4-1 V14-2 Vie-3 VI9+4 Vi4-§ Vie-§ Vi9-? 01-Z DI-3 D14 D1-5 D1-§
01-? D1-8 D2-3 DB2-4 02-§ 02-6 02-7 DI1-1 D11-2 03-2 D3-3 03-4 D3-S 03-§ O11-3
O11~4 D§1-S 02-8 D2-9 D2-10 O2-1) 02-12 02-13 02-14 D12-2 D4-2 D4~ 044 D1-S
D4-8 V15-2 V15-3 ViS-4 Vi56-5 VIS-§ 03-7 03-0 D11-6 D11-7 D2-15 O2-16 D4-? De4-§
Vi15-7 V15-8 x18-1

$0-3 G7-1 NB-1 N90-1

$1-10 T27-1 M9-1 A5-1 .

$1-11 17-2 A15-1 #5-2

S1-12 Te3-1 M21-1 W31-) Wei~1 NS1-1 MS1-2 E11-1 £11-2 €13-)

$1-13 11-3 632-3 NIS-1 B59-)

$1-14 T21-1 R1-2 P11-2

$1-1% G1-2 M1-2 NOR-C FS-@ FS-9 FE-10 FS-31 FS-12 FS-13 FS-14

$1-16 183-1 N22-2 N33-2 F21-7 F21-9 F21-9 F21-10 F21-11 F15-)

$1-17 T34-2 R2-) P)2-3

S1-10 G1-3 N1-3 NOB-3 FS-15 FS-18 FS-17 FS-18 F5-19 FS-20 rS-21

$1-19 17-3 A18-2 A)-) F27-) F27-2 F27-3 F27-4 F27-S F1S-2

S1-28 156-2 M21-2 N33-3 F21-12 F13-3 B1-~2 §13-1 E33-) F31-) F12-4 B3] Bii-)
€i1z2-t

$4-3 §53-2 853-3 051-2 §55-S V2-1 X191

$0-¢ C9-1

$1-21 11-4 G32-4

$1-22 C6-1 N§-2 NOC-)

$1-23 121-) A19-3 PS-)

$1-24 1108-1 A1S-2 A5-4

$1-25 141-2 N21-3 N3I1-2 N41-2 N51-3 NS1-4 E11-D EiL-¢ 013-2

$1-28 131-2 #2-2 P13-3

$1-27 G1-4 N1-4 NOR-4 F§-22 £§-23 7§-24 F§-28 15-28 FS-27 F5-28 75-22

$1-20 153-2 N22-3 N3II-4 F21-13 F21-14 F21-15 F21-16 F21-1? F21-18 FiIS-3

$1-29 T34-3 R2-3 PI2-2

$1-20 C1~-§ N1-5 NOR-S§ FS-30 FS-31 FS-32 FS-3) F§-3¢ FS-25 rS-36 FS-»

$1-21 150-2 N22-4 NII-S F21-18 F21-20 F1-21 F21-22 F21-23 F21-2¢ F21-2% F13-§
91-3 913-2 €33-2 r31-2 F13-8 B3-2 #11-2 £12-2

$1-22 137-1 92-4 P12-3

$)-33 G1-6 N)-6 N9B-§ FS-39 FS-39 15-40 F5-4) F§-42 F5-43 7S-9¢ F5-4%

_ 8129 T41-D M22-S N33-§ F21-28 F21-27 F21-20 F21-29 721-30 F15-¢

vi®

AR L ok M B PR = i 4 e TR he s —ans e em o o [

TRACES FoR MR 108 TISTS [

.81-56 T31-3 02-% RI2-4

$1-35 G1-7 W)-7 WOB-7 FS-48 S-47 r8-49 r5-49 rs-50 5-51 FS-52 rs-53

$1-37 T53-3 M22-6 N33-7 F21-31 F21-32 F21-38 F21-3¢ F21-38 F21-28 F15-8

S1-30 T34-4 N2-§ RI2-S

$1-33 G1-0 W1-0 ¥20-@ FS-S¢ FS-5S S-S5 FS-57 FE-50 F5-59 FS-99 F5-61

$1-40 T58-4 M22-7 N3I3-8 F21-37 F21-30 F21-39 F21-40 F21-4) F21-42 F21-43 F1D-27
91-4 §13-3 £33-3 F31-3 F13-8 §3-9 B12-4 E30-4 F31~4 FI-5 F1D-9 B9-¢ D10-1
€31-1 9391 018-2 £31-2 939-2 M11-D [12-)

$4-4 053-¢ 853-5 §52-8 051-) 055- \V29-1) N

FINED 91 QUT OF 192 PRODS
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20 INPUT TEXT IS ° ERE 1S THE GOX THAT 1§ MOT D °

0BJ-1 MG B¢-1 BOXK-§ BOX-2 ...

PREORESTR 0BJ-) #8-1 COLOR WED NEC

ORy-1 WEFERS §O0X-2

REPLY ({THE UN- ¥ED BOX IS ON THE #ED FLODR AND NOT ON THE RED TABLE))
CITHE SIWCL PED BALL 1S IN IT)) ((THE LARGE GREEW BALL IS IN ITH)

190 (BRL-1 GALLY (BALL-2 BALL) (BALL-3 BALL) (OALL-¢ BALL) (BLOCK-3 BLOTK)
(§0X-3 §OX) (BOX-2 BOX) (FLOOR-§ FLOOR) (TARLE-1 TABLE)

WSV 1PALL-) COROP BLUE POS) {BALL-2 COLO® BLLE POS? (BWLL-Z S1ZE SMALL POS)
(OALL-3 STZE SWUL PUS) (BALL-3 COLOR PED PUS) (BALL-¢ S12E LARGE POS!
(OALL-4 COLOR CREEN POS) (BLOCK-1 SIZE LARGE POS) (ROCK-1 COLOR GREEN POS)
(BOX-2 COLOP RED MEG) (FLOOR-) COLOR RED POS) (TABLE-1 COLOR RED POS)

WASPEL (BaLL-]1 ON TABLE-) POS) (BALL-] NEAR BLOCK-]1 POS) (BALL-2 ON BLOCK-) POS
(BAL-3 1N BON-Z POS) (BALL-¢ IN BOK-2 POS) (BALL-¢ NEAR BALL-3 PDS)
(BLOCK-5 ON TALE-1 POSI (B0X-5 ON TABLE-1 POS? (BOX-Z ON FLOGR-1 POS)
(B0X-2 ON TABLE-1 NEC)

2t IWUT TEXT IS ° WERE ISMKL llunummmnm 18 LARSE
OlJ-1 MOIG B¢-1 BALL-1 BALL-2 .

08J-2 Ar@IG 97-) BOX-1 80X-2 .

08J-3 OIS RIG-) BALL-) "L”'l ees

0BJ-3 REFEPS FLODR-1

RELRESTR 08J-2 87-1 ON FLOOR-3 POS

ORJ-2 REFERS BOX-2

RELREST? 0BJ-) 041 IN BOX-2 POS

0BJ-1 AFBIG 8¢-1 BALL-3 BaLL-¢ ...

PREOINCON 0BJ-3 L14-1 SIZE LARGE POS

PREDINCON 0BJ-2 L14-1 SIZE LARGE POS

PREDRESTR 0B1-1 L14-1 S12E LARGE POS

0BJ-) REFERS BRLL -4

FEPLY ({THE LARGE GREEN BRLL 1S NEAR THE SMALL RED BALL A 1IN THE UN- RED BOX:°

198 (BALL-1 BALL) (BALL-Z BALL) (BALL-3 BALL) (BALL-¢ BALL) (BLOCK-1 BLOCK)
180X-1 BOX) (BOX-2 BOX} (FLOOR-1 FLOOR) (TARLE-1 TABLE)

WSV (BALL-1 COLOR BLUE POS) (B1-2 COLOR BLUE POS) (BALL-2 SIZE SMLL POS)
(BALL-3 SIZE SMALL POS) (BALL-3 COLOR RED POS) (BALL-¢ SI2E LARGE POS?
(BALL-¢ COLOR GRPEEN POS! (BLOCK-1 SIZE LARGE POS) (BLOCX-) COLUR CREEN POS)
(BOX-2 COLOR #EO WEG) (FLOOR-1 COLOR RED POS) (TABLE-1 COLOR RED POS)

WASREL (BALL-1 ON TRELE-1 POS) (BALL-1 MEAR BLOCK-1 POS) (BALL-Z ON BLOCK-1 POS
(DALL-D IV BOY-2 POS) IBALL-4 }¥ BOX-2 POS) (BALL-4 NEAR BaLL-3 POS)
(BLOCK-1 ON TARLE-1 POS) (BOX-3 ON TASLE-1 POS) (BDX-2 ON FLODR-1 POS)
(B0X-2 ON TARRE -1 MEG)

22 INPUT TEXT 1S * WEPE 1S THE BALL IN THE BOX ON T™E WED MLOOR TMAT IS RED °

0BJ-1 AOIGC B4-1 PALL-] BALL-2 ...

0BJ-2 MB1C §7-1 OX-1 BOX-2 ...

0BJ-3 ABIC P10-1 BALL-] FLODR-Y ...

ORJ-3 PEFERS FLOOR-)

RELRESTR 08J-2 §7-1 ON FLODR-1 POS

08)-2 #CFEPS 80X-2

FELRESTR 0BJ-1 P91 IN BOX-2 POS

08J-1 APBIC B4-) PAL-D BALL-¢ ...

PRCOPEOUN 0BJ-3 R{4-1 COLOR REO POS

PREDRESTR OBJ-1 R14-] COLOR PEO POS

0BJ-1 RETEPS BALL-D

ALY ((DME LAPGE GREEN BALL IS NEAR IT))
((THE SaLL RED BALL IS I TWE UN- WD 9OX))

ISA (BALL-) DALLY (BALL-2 BALLY (BAEL-3 DALY (BALL-¢ BALL) (BLOCK-3 BLOCK?
(BOX-1 BOX) (BOX-2 SOX) (FLOOR-1 FLOOR) (TARLE-1 TABRLE)

HASAV (BRLL-1 COLOR BLUE POS) (DALL-2 COLOR BLUE POS! (BALL-2 S12E Sl POS)
(BALL-3 SIZE Sl POS) (BOLL-3 COROR #CD POST (BALL-¢4 SI2T LARGE #OS)
(OALL-4 COLOR CREEN POS) TELOCK-1 SIZE LAPGE POS) (ILOCK-1 COLOR GREEN POS)
(G0X-2 COLO® MED MEG) (FLOOR-) COROR RED POS) (TAGLE-1 TOLOR RED POS)

[




(-8

MASREL (BALL-1 ON TABLE-1 POS) (BALL-) MEAR BLOCK-] POS) (DAL-2 ON BLOCX-1 POS)
(BALL-3 IN BOX-2 POS) (BALL-4 IN BOX-2 POS) (BALL-4 NEAR BALL-3 POS)
(BLOCK-1 ON TABLE-1 POS) (BOX-) OM TABLE-1 POS) (BOX-2 ON FLODR-1 POS)
(80X-2 ON TABLE-1 MEG)

28 INPUT TEXT IS ° THERE IS A SLACK BALL NEAR THE GREEN BALL AT IS DT IN DE
80X ON THE FLOOR °

AODING COLOR BLACK (POS) TO BALL-S

ACOING BALL B L-S

08J-2 AMOIGC G8-1 BALL-4 BLOCK-)

08J-2 MTIRS BLL~4

ADDING BALL-S NEAP BALL-¢ (POS)

08J-3 AMB1C 815-1 BOx-1 BOX-2 ...

0BJ-¢ REFEPS FLOOR-1

RELPESTR 08J-3 B1S-1 ON ALOOR-1 POS

0BJ-3 PEFEPS BOX-2

RELINCON 0BJ-2 89-) IN BOX-2 WG

ADOING BRLL-5 IN BOX-2 (MEG)

REPLY ((OKAY))

ISA (BALL-1 BALL) (BALL-2 BALLY (BALL-3 BALL) (BALL-4 BALL) (BALL-S BALL)
(BLOCK-1 BLOCK ) (BOX-1 BOX' (BOX-2 BOX) (FLOOP-1 FLOOR) (TRECE-1 TaBLEH
HASAV (BALL-) COLOP FLUE POS) (BaLl-Z COLOR SLUE POS) (BALL-Z SIZE SMLL POS)
(BALL-3 SIZE Sl POS) (BALL-3 COLOP RED POS) (BALL-4 SI2E LARGE POS)
(OALL-4 COLOP GRPEEN POS) (BALL-5 COLOP BLACK POS) (BLOCK-1 SI2E LARGE POS)
(GLOCK-1 COROP GPLEN POS) (BOX-2 COLOR PED MEG) (FLODR-) COLOR RED POS)
(TRBLE-1 COLOP PED POSI

HASPEL (BALL~1 ON TAELE-1 POS) (BALL-1 NEAR BLOCK-1 POS) (BALL-2 ON BLOCK-1 POS)
(BALL-3 IN BOY-Z POS) (BALL-4 IN BOX-2 PDS) {BRALL-4 NCAR BALL-3 POS)
{BALL-S MEAR BALL-4 POS) (BALL-S IN BOX-2 MEG) (BLOCK-1 ON Te@LE-t POS)
(90X-1 ON TeBLE-1 POS) (BOX-2 OM FLODR-t POS) (BOX-Z ON TAGLE-~S NEG)

24 IWPUT TEXY 15 ° THE PED BALL 1S NEAR THE GREEN Bl *
0BJ-1 BI0 R2-1 BALL-3 FLOOR-S ...

0BJ-1 PEFERS BALL-3

0BJ-2 AMDBIGC G?7-1 BALL-4 BLOCK-1 ...

0BJ-2 PEFERS BaLL -4

RELINCON 0BJ~1 B3-1 NEAR BALL-4 POS

ADOING B L-3 NEAP BaLL-4 (POS)

REPLY ((OXAY))

1SA (BALL-1 BALL) (BALL-2 BALL) (BALL-I BALL) [BALL-4 BaLL ) (BALL-S BALL)
(BLOCK-3 BLOCK) (BOX-1 BOX) (BOX-2 BOX) (FLOOR-1 F(OORS (TRBLE-1 TARRE)

HASay (BALL-1 COLOR ALUE POS) (BALL-Z COLOR BLUEL POS! (BRL-C ST2T SMALL POS)
(BALL-3 SIZE SMALL POS) BALL-3 COLOR RED POS) (BALL-4 STZE LARGE POS)
(BALL-4 COLORP GREEN POS) IBALL-5 COLOR BLACK POS) (BLOCK-1 SIZE LARGE POS)
(BLOCK-1 COLOR GREEN POS) (B0X-2 COLOR RED MEG) (FLODR-3 COLOR RED POS)
(TRBLE-1 COLOR RED POS)

MASPEL (BALL~1 ON TABLE-1 POS) (BALL-1 NEAR BLOCK-1 POS) (BALL-2 ON BLOCK-3 POS)
(BALL-3 IN BOX-2 POS) (BALL-3 NEAR BaCL-4 POS) (B(L-4 IN 8OX-2 POS)
(BALL-4 NEAR Bsdl-3 POS) (BALL-5 NEAR BaLL-4 PCS) (BALL-S IN BOX-2 NEG)
(BLOCK-3 ON TAQLE-) POS) (BOX~1 OM TAGLE-1 POS) (BOX-2 O FLODR-1 POS)
(B0X-2 ON TABLE-1 MEG)

z
RUN TIME 4 MIN. S3.0 SEC

£xaAn ™y FiRg wwcr €7 [ 24 w
%26 9%8 83+ 1993 §.72 .7 1.83
0.6810 6.30¢ 6.463 0.162 StC A

1107 INSERTS 706 DELEYES 296 WAAWINGS 1S MEW OBUECTS

rax SPPX LENGTH 101

COPE (FREE.FULL): (2211 . 1821) USED (4897 . 23%)

1ACTS SWEOR (CLOSED (MIL4E . DES)) 1CLOSED (MIL4E . TRST) LOAOPS (MILYS . €XP)
RUN S'PIEMPTY SIPIEIPTY SIPXEIPTY SPITIPTY SPXLIPTY

TRACE
(%20~} °
S8 C21-1
Si-1 T1-3 GI2-)
$1-2 Gi-1 N2-1 NC-1 FS-) FS-2 7S-3 FS-4 FS-S FS-6 FS-7 F5-0 FS-9

2-1 N33-) F21-1 F1-2 F21-3 F21-4 F21-5 F21-6 F21-7 F15-)
-1

$1-3 153-1 N2
$1-4 163-1
81-% 1241
$1-6 T4-1 G311

$1-7 77-3 A17-1 Fel-1 823-1 €231 F3S-1 13-

-1 955-1 V17-1 V17-2 V18-1 V19-2 01~ D1-2 01-3 D1-¢ 01-5 O2-1 02-2 O2-3 Ofi-1
011-2 02-1 D3-2 03-2 D11-3 D31-4 D2-4 02-S D2-6 02-7 D2-0 D3-4 03-S 012-y
011-S 0§1-6 DZ-9 OZ-10 O¢-) 04-2 04-3 D4-¢ D4-5 D211 022-1 D2I-1 02¢-4 O25-1
025-2 O26-1 026-2 O78-1 029-2 x2i-}

[ v.a2

TRACKS FOR ML IPD TESTS

50-2 Q1-2

$1-9 71-2 G32-2

S1-9 G1-2 Q-2 WC-2 75-10 IS-11 F§-12 F5-13 FE-14 PS-1S FS-18 75-17 FE-10

$1-10 T41-1 W22-2 N33-Z F21-8 F21-9 F21~10 F21-18 T21-12 F16-2

St-i11 T31-1 RZ-) Py}

§3-12 G1-3 N)-1 N9B~1 F5-19 FS$-20 FS-21 FS-22 75-23 r§-24 F§-25 rS-26 F§-27

$1-13 153-2 N22-3 N33-D3 F21-13 F21-14 F21-1S F21-18 F21-17 F21-40 F21-19 F15-3

S1-14 T3¢-) #2-2 212-}

$1-15 Gi-¢ N1-2 N98-2 F5-28 F$-29 F§5-30 FS-3) FS-32 rS-33 FS-2¢ FS-35 FS-8

$1-18 17-2 Q19-1 Pl-{ FZ7-1 F27-2 F27-3 F27-4 P27-§ F27-8 F15-%

$1-17 TSO-1 W21-1 W33-4 £21-20 F21-21 713-2 81-1 B13-1 E33-1 FP1-1 F1R-3 ﬂ’l
913-2 013-3 £33-2 F31-2 F31-3 FIS-§

$1-)0 163-2 Pi-2

$1-19 ¥1-3 (32-3

§1-20 121-1 A17-2 Fe1-2 B28-) £25-3 949-1 B20-2 E21-2 B48-2 B23-2 €£23-2 F35-2
F13-4

$4-2 855-2 Vi7-3 V17-4 D16 O1-7 DI1-8 D11-? DI1-9 D2-1) D2-1Z D2-13 0I-§ 03-?
03-8 D2-14 D12-2 DI1-9 D11-10 D4-§ DZ-15 02-16 D4-? De¢-8 D2:-2 022-2 022-3
024-2 X22-3

59-3 G23-3

$1-21 T1-4 (R4

§1-22 G1-5 N2-3 N9C-3 F$-37 F5-28 F5-39 FS-40 F5-41 FE-42 FS-43 F5-44 F§-45

$1-23 T41-2 N22-4 N33-§ F21-22 F21-23 F21-2¢ F21-2S F21-26 Fi5-6

S1-2¢ 131-2 $2-3 R}1-2

$1-75 C1-6 Ni-3 NOB-3 F5-46 F5-47 F5-40 FS-49 FS-S9 FS-51 FE-52 F5-53 F§-S¢

$1-26 153-3 N22-5 N33-6 F21-27 F21-28 F21-29 121-30 F21-3) ¥21-32 F23-33 F15- 7

$1-27 TM-2 P2-4 R12-2

S1-28 G1-7 Wi-4 N9B-4 FS-G5 r5-S6 FS-57 FS5-50 F5-53 F5-60 FS-61 ri-62 75-63

$1-29 17-3 0)9-2 PY-Z F27-7 F27-9 F27-9 F27-10 F2?-11 F27-12 F15-8

$1-30 150-2 NZ1-2 N33-? F21-3¢ F21-35 F13-§ B1-2 013-4 €£33-3 r31-¢ Fi3-6 B3-2
913-5 813-6 £33-4 F31-5 F31-§ F15-9

$1-31 163-3 P13

$1-32 14-S G32-%

$1-33 T7-¢ A17+3 F91-3 B2S-1 £22-1 Bei~-1 BeS-1 843-1 £23-) F35-3 F13-2

§4-3 853-1 8S5-3 V17-5 V18-3 O1-9 01-19 Di-11 DI1-11 O11-12 O2-17 OZ2-16 02-19
03-9 D3-18 D3-)3 O2-28 D12-3 D4-9 DI1-13 D11-1¢ D2-21 02-2Z D4-16 De-~31 OIS~

026-3 028-3 D25-3 022-¢ D24-3 B51-1 X23-}
S6-¢ G3-1
$1-3¢ T1-6 G32-6
$1-35 G6-1 M6-1 N3C-4
$1-36 1161 A13-3 a5-|
S1-37 T41-3 N21-3 N33 -3 N43-1 NS1-1 E11-] €181
$1-39 Y37-) R2-S R)1-3
$1-39 G1-8 N)-5 NIB-5 FS-64 F5-65 FS-65 FS5-67 rS-68 FS-69 7S-2e rs-71 r$-72
S{-4@ T18-1 AI10-¢ ARL-F F27-13 F27-14 F27-18 F27-16 F22-17 F27-108 F27-19 F15-10
$1-4] T41-4 N21-4 N33-9 F21-36 F13-8 B1-3 Bi1-] €12-1
$1-42 153-4 PI-4
S$1-43 12-2
S51-4¢ 1¢-2 (-2
S1-45 131-3 Rf-) RI1-¢
$1-4S G1-9 N1-6 NOB-6 FS-23 FS-724 FS-75 FS-76 F§-77 F§-78 F$-79 F5-08 F5-61
§1-47 753-4 N2Z2-6 N3I3-9 F21-37 F21-38 F21-38 F21-406 F21-41 F21-42 F21-43 F15-1
Si-48 13¢-3 P2-6 P12-3
$1-49 G1-10 Ni-? NOB-7 £5-QZ F5-83 F5-8¢ F5-85 F5-85 F5-07 FL-08 F5-08 FS-90
$1-50 150-3 N22-7 NI3-10 F21-44 F21-4S F21-4b F21-47 F21-49 F21-49 F21-50 F21

F13-9 B1-¢ B13-7 £33-5 F31-7 F)3-10 83-3 018-1 €£31-1 839-1 @12 E12-2
$4-4 §55-4 BS1-2 €53-C 853-3 V20-1 X24-}
$9-5 C2-1 N2-4 N90-1 FS-91 F5-92 FG-93 F§-94 F5-95 F§-96 F5-97 FL-98 FS-99
75-108

$1-51 12-§ R19-S RI-¢ FL7-28 F27-28 F22-22 F27-28 F27-24 F27-2% F27-76 Fi5-12

$1-52 T¢1-5 M21-5 NI3-11 F21-8Z F21-83 T13-11

$1-S3 T1-7 NIS-1 655-5 B59-1 CI2-?

$1-5¢ 137-2 #1-2 Ri1-§

$1-55 G1-11 N1-8 M9B- 5-18) FS-102 FS-183 FS-104 FS-105 FS~106 rS-10? ¢5-1
75-109 FS-110

$1-56 T16-2 R19-6 RI-§ F27-27 F22-29 F27-29 F27-30 F27-31 F29-32 727-23 F27-
F15-13

$1-57 T41-6 021-6 N33-12 £21-5¢ FE3-1Z 81-5 B18-2 €31-2 Ni-) E12-3

$4-5 955-6 051-2 853-4 V2-1)

FIRED 102 OUT OF 39¢ PRODS

FIFTH SEGIENT TAIL %O

75 IWUT TEXT IS ° 1S THE BALL NEAR THE CRTEN SALL IN THE 80X THAT 18 MOT ON
O TAOLE BLACK

08)°1 AIG B3| BUL-1 BALL-Z ...

08J-2 ABIG C6-1 BYL-4 ALOCK-1

08J-2 PEFLRS BALL-9




- T s ————

MAPS B hex TRACES FOR M]L 198 TESTS [

RELRESTR OBJ-1 §3-1 MEAR BaLL-¢ POS

OlJ-1 ArB1G 03-1 BALL-3 BALL-S ... fopendin 0. QEIAILED TRACE FYR NILIFE IESIZ
08J-3 MBIGC 910-1 BOX-) BOX-2 ...
0BJ-4 A*BIG P16-1 BfAL-1 FLOOR-D ... ABRERT (YEST2 Y
084-4 REFERS TRBLE-1 '
RELRESTR 08J-3 B10-1 ON TABLE-1 NEG TOP LEVEL ASSERT (TESTZ (QUOTE )
0BJ-3 PEFERS BOX-2 NRERTING (TROTZ T} X2/
RELREDUN 08J-2 B7-) IN POX-2 POS
RELRESTR OBJ-1 §7-1 IN BOX-Z POS 187, %2-9
0BJ-1 REFEPS BALL-3 UBING (TEST2 1)
REPLY ((NO INFOPPATION ON COLOP BLACK)) INBERT ING (SCANF TN LE- 1) (SENTENCE 8- 1} (ENDMARK LE- 1) (ENDMASK 8F- 1)
- (VEXRY 2 (A BLUE BALL 18 ON THE TABLEN (LEFTOF LE-1 AL 1) (EQA AL-)
1SA (BALL~1 BALL) (BALL-2 BALL) (BALL-3 BALL) (BALL-4 BALL) (BALL-S BALL) QEFTOF Al-1 82-1) (QBLUE B2-1) A EFTOF 82-1 83-1) XABALL 83-1)
(BMOCK~] BMOCK) (BOY-} BOX) (BOX-2 BOX) (FLOOR-) FLOOR) :TABLE-] TABLE) NEPTOF B3-1 14-1) (£Q1S 14-1) LEFTOF 141 03-1) (LQON 03-1)
- HASAY (BALL-1 COLOP BLUE POS) (BALL-2 COLOR BLUE POS) {BALL-2 SIZE SMALL POS) (LEFTOF 0S-} T6- () (EQTHE T6-1) ALFTOF V6.1 T7-1) RQTARE T7-1)
. (BALL-3 SI2E SMALL POS) (BaLL-3 COLOR RED PDS) (BALL-4 SIZE LARGE POS) QesToF 17.1 0¢5-1) $7/30/
(OALL-9 COLOR GREEN POS) (BALL-S CIXOR BLACK POS) (BLOCK-1 S1Z2E LAIGE POS)
(BLOCK-1 COLOP GREEN POS) (BOX-2 COLOR RED MEG) (FLOOR-) COLOR RED POS) 155 $0.2 “sCANLE”
. (TRELE-1 COLOP PED POS) USING (SCANF IN LE. 1) (ENOMASE LE-1) QEPTOF LE-1 AL-1)
HASREL (BALL-! ON TAHLE-1 POS) (BALL-! NEAR BLOCK-1 POS) (BALL-2 ON SLOCK-1 PDS)  (TEXT 2 (A BLLE BALL 15 OW THE TARLEY
(BALL-3 IN BOX-2 POS) (BALL-3 NEAR BALL-¢ POS) (BALL-¢ IN BOX-2 POS)
(@ALL~% NEAR BRALL-3 POS! (BALL-§ MAR BALL-4 POS) (DALL-5 IN 80X-2 MEG) TRACING
(BLOCK-1 ON TRABLE-1 POS) (BOX-1 ON TAGLE-1 POS) (BOX-2 ON FLOOR-3 POS) 2 IPUT TEXT I8 ° A BLLE BALL 18 ON TME TARLE °
(BOX-2 ON TALE-I MEG)
2 INSTRTING [SCAN A 1-1) (SCAM I3 A 1-1) (NOT [SCANF TN LE- 1)) (TRACING T GSYED
160153750741 /TI9TITTIITIIT2ET 16113/G10G1T 10T1/08TAT2G2 1G0G2/T2ITIS/TTTEATEVGY
RN TINE | MIN. 1.75 SEC ’
EXam wmy FIRE  WWCT €7 €n mw 199. G7-2 AT
943 o 1 173 405 5.99 3.9 1.62 UBING (SCAN A1-1) (EQA A1-1) (SENTENCE 8- 1)
0.6651 0.279 0.357 0.127 SEC A INSERT ING (INDEFOLT A1.1) (GTYPED S-1) (GSD 8- 1) (WORDEQ A )] A)
. (NOT (SCAN A 1-1)) (NOT (TQA A1-1))  N2INING/
209 INSERTS 196 OELETES 94 WARNINGS 1S NEM 0BJECTS
X 1S LENGTH 08 100, N§-2 “INDET OET"
CORE (FREE.FULL): (5676 . 1560) USED (1432 . 19§) USING (INDEFOET A(-1)
INSERTING (NPOCHR A (- 1) (DETSEEN A 1. 1) (CURDBY OBJ- 3 MATI) (ISINDEF OBJ-1)
tACTS SAMEOS (CLOSED (MILSES . OBS)) (CLOSED (MILSE . TRS)) RUN SPXEIPTY w0/
TRACE 181, N90-2 WP GRAM®
(X2s-) UBTNG (NPGCHC AT 1) (LEFTOF LE-1 AT 1) RNOMARK LE-1)
$9-1 T1-1 G18-3 CR2-1 INSERTING (NOT (WPGCH A1-1)) NOAA (DY 12V 148 14F SINS/ND L ASNIIBASDLTEINNE 1D 18633
$1-3 G1-) M2-1 WOC-: FS-) FS-2 FS-3 FS-4 FS-S FS-6 FS-7 FS-@ FS-9 FS-10 VIGVITVIORIZR) 1A INIR2OF 174 1M 1SV29G8G 1M IMMIN SVLOGU A A L/
§1-2 T41-1 MQ2-) WII-) F21-) F21-2 F21~3 F21-4 F21-S FiS-1
®n)-3 137-1 RZ-) M13-3 162, S1-9 “SCANON"
$1-4 G1-2 NI-1 NOB-} FS-31 FS-12 ¥S$-13 FS-14 FS-15 F5-16 F5-17 FS-18 FS-19 F5-20 USING (SCANFINAL-1) LEFTOF Af-182-1)
$1-8 T10-1 A)9-1 M)-) F27-) F27-2 F27-3 F27-4 F27-S F27-§ F27-7 F27-9 F15-2 INSERTING (SCAN B2. 1) (SCANFIN 82-1) (NOT (SCAWFINAL-1))  TAT/TETTAC2AY
$1-8 T41-2 M21-1 N33-2 F2t-¢ F13-) Bl-] 813-1 B13-2 €33-) FI1-] FI1-2 FI1-) GS762160753T50101/739T37TINT2TT24T 18V 13/
rFis-3
$1-7 T31-i W2-2 P12-) 183. T13-1 “TAGCOLORY"
’ $1-8 G1-3 NI-2 NOR-2 F$-21 FS§-22 F$-23 F$-2¢ F5-25 FS-26 F5-27 FS-20 F5-29 F5-30 USING (SCAN 82-1) (RQBLLE 62-1)
$1-9 T53-1 N22-2 N23-) F21-7 F21-8 F21-9 F21-10 F21-11 F21-12 F21-13 F2i-14 INSERTING (1SAVW B2-1 COLOR BLUL) (WORDEQ 82- 1 BLUL) (WOT (BCAN B2- 1))
Fi§-9 DO EQRLUL 82-1)) ATTAIAIDS
$1-10 163-3 Pi-1
St-11 12-1 . 184. A19-3 “AVGS"
$1-12 T4-1 GI1-} USING (ISAVW B2.1 COLOR BLUE) (LEFTOF A1.) §2-1) (DETEEEN AlT.1)
S1-13 Td¢-§ R1-§ R11-2 INSTRT ING (1SAV 82- | COLOR BLUE POS) (NOT (ISAVW BE-1 CIROR BLUEN)  ALBAS/
$1-19 Gi-4 NJ-3 NO@-3J F5-3) FS-32 FS-33 F5-34 F§-35 r5-36 rS-37 rs- 1S-1
rS-40 188 AS4 “AVMEW"
$1-15 T7-1 A19-2 A1-2 F27-9 F27-10 F27-11 F27-12 F27-13 F27-14 F22-15 FI5-S USTNG (1SAY B2- 1 COLOR B.UE POS) (CUROB) OBJ-§ MATW) (ISTMDEF 98J-1)
$1-16 Te7-1 M21-2 N33-4 F21-1S FZ1-16 F13-2 Bl-2 813-3 €33-2 F31-4 F13-3 83~ INSERTING (NEWAY (8J-1 COLOR BLUE POS) (CLOAV B2-1)  NO1AINZ 1F8 INDAGEEELAS 1/
915-1 E32-1 @31-) B34-] £33-3 F31-5 F13-¢
81-17 T16-1 A}4-} 106 8110 “SCAN OW"
S4-1 BS51-1 0953-1 853-2 §SS-1 W81 VI?-1) USING (SCANF IN 82. 1) ALLFTOF B2-1 83- 1)
INBLRTING (SCAN BI- 1) (SCANF IN 83.)) (NOT {SCAMF 1N B2-1))  TITANNZIONGRY
* FIRED 55 OUT OF 194 PRODS TZ18G8T1/710G1 /G 10GIG2/TA8TSTT4T/T 13GSTEITEOTIITEOTA I/

187, T41.1 “YAG NOLNI®
USTNG (SCAN 8- 1) (TQBALL 87-1)

. INSLRTING (1SVOUNW 831 BALL) (WORDEQ 03- | BALL) OVT (SCAN B3- 1))
GOT (IQBALL §3-1)) NIN2INRD/CINNT Y/

1e8 213 WGI°
UBING (TSNOUWW B3- 1 SALL) QEFTOF D21 83-1) (18AV B2-1 COLOR UL POR)
INBERT NG (ISVOUN B3- | BALL]) (NDT (ISVOLW BD-) BALLY A 1NDIND 1/

199, %31-3 W nOIr"

UBING (1SVOLI¢ 8. 1 BALL) (OLROBS OBJ- | MATID (18 1MDEF OBS-1)

INSERT ING (MAXSA 6. ( BALL OB T MATMY ([eREF 0BJ-1 83-1)
MNOT [QLAOB) OBJ- | MATW) (NOY (1B IMDEF O8J-1)) 114

* 170, NOI-) “ISABAL®
UBING (MAKLIEA 531 BALL 0BJ-1 MATIO

"wa [ 3

Yy MY . - - R —
R s v TN LR R Wt o Lk v sk A s

Al i st ¢ oo mria. -



-9 OETATLED TRACE Fom MILIPS 1312

INGERT ING (ADOAY BALL- | OBJ-1) (1SA GALL-1 BALL) (CUROBJ BALL. | MATIO
(REFENS BALL-1 BALL-1) (ZRRAEF BALL- | B3-1) O WOBJ BALL- 1)
(NOT (MANISA B3-1 BALL 0BJ-) MATVY WS 1/

171, NS4 “ADD AVW"
UBING (ADDAY BALL - ) ORJ-1) (ML WAY ORJ- 1 OOLOR BLLE POS)
INSERY ING (HASAY BALL- | COLOR BLUE POS) (NOT (ADDAY BALL -1 0BJ- 1))
(NOT (NEWAY 08J-1 COLOR BLUE POS)] 01 10 1792304 1B4E04 87902 VIVITE 1 1/

172, €1l-& °TRACE AV®
USING (HASAV SALL- | COLOR BLLK POS)

TRACING
ADDING COLOR B UE (POS) TO BALL-}

WARNING (T) ALREADY UNDER TRACING me
INSERTING (TRACING V) E 13/

173, €139 "TRACE ISA™
USING (18A BALL- | BALL)

TRACING
ADOING BALL BALL-Y

WARNING (T) ALREADY LVDER TRACING ue

INSENTING (TRACING T) FSF 104VIOVITVISBRIIB INGABS IV 12V (45 1 &F SINS A3 (A SNITBASESE
RIZNTIAINIBZAF S 14 1M ISV258IBI4830288 198 180 1 3 29F TIMINIM IVI7¥32V3 IVI0BS 7L 1
B 1P IN2EBGIAS )/

174, Si-11 “SCANON

USING (SCANFINB3-1) A EFYOF BI-¢ 14.))

INSERT ING (SCAN 14-1) (SCANF IN 14-1) (NOT (SCAMF IN 83- 1))
TIPTICTSITEOTAIGST 13TAT/TITTA4G2/GIGIOG /T 10T/

TIGT24727131737

178. 71.2 °“TAG Coe*

USING (SCAN 14-1) (EQIS 14-1) REFTOF 14-1 03-1)

INSERT ING (1SCOP 14-1 POS) (WORDEQ 1&-1 I8) (WOT (SCAN 14-1)) (NOT (EQIS 1&-1))
AI7GI18/G1I7G 10N IBNCNI1S/

176. N1%-2 “wpEOC"
USTING (ISCOP 14- 1 POS) (SENTENCE S-1) (GSO S-1) QLEFTOF B3-1 18.1)
INSERT ING (NPOOUIND 18- 1) (NPBOLINOL 18- () 8578336851 /M5%858/

177. 8%9-2 “WPOND OFL"
US ING (NPBOUNDL 18-1)
INBERT ING (NOT (NPOOUND 18- 1)) (NOT INPBOLACL 18-1) G632/

17 G32-2 “cor.”

USING (JSCO* 14.1 POS)

WARNING (NEG) NOT LINOF R COPSICN «-

INSERTING (COPSIGN POS) (NOT (COPSIGN NEG))  RYIRIGSI/NGAGSEES1/

179, 81-17 “SCAN ON° .
USTNG (SCANF IN 18-1) QAEFTOF 4.8 03-1)

INSERTING (SCAN 03-1) (SCANF 1N 03- 1) (NOT (SCANF IN 14-1)) TAITYISS/
180. 734.2 °TAGATL2"

UBING (SCAN 08-)) (EQON 08-1)

INSENTING (ISRELW O3- 1) ON) (WORDEQ 05- 1 ON) (MOT (SCAN 08- 1)} (WOT (1QON 03- 1)
fy/ .

181, ®1.2 “mar”

USTNG (ISRELW OS-| ON) (LEFTOF $8-1 09-1) (1SCOP 14- 1 POT)

INBERT ING (ISREL 03-) ON) (NOT (I5RELW 08. ) ON)) wonR |t/

182. R11.2 “wEL NOTET

USING (1SREL 05- 1 ON) (CURDEJ BALL - | MATN) (COPSIGN POS)

INSERT ING (HASRELN BALL- 1 ON POS) (OLDREL 08- 1) (NOT (COPSIGN POSY  BIB1/
R12/E0CWPALAS )/

183. 81-13 “SCAN ON°

UBING (SCANF [N 05.1) LLF TOF 03.1 78.1)

INBENT ING (SCAN 18.1) (SCANF 1N T6- 1) (NOT (SCAW INOS-1))  T10G1/

184. GI1-3 “hg*

UBING (SCAN T6. 1) (TQTHE T6-1) (SENTENCT §.1) (GTYPED $- 1)

INSERTING (DEPORT T4. 1) (WONDEQ T6-1 THE) (NOT (SCAN 16-1)) (WOT (IQTME T6-1))
w22 M/

189, N)-1 DeFOLT”
UBING (DEFOLT T8- 1} (CUROBJ BALL- | MATW)

0. e

TERTING OPQOM T4- 1) (DETEEEN T6- 1) DEPFID GRL-2 TO- 1) CLAUB) OB BALL- 1)
(CUBORSP BALL- | MA IS (1507 ORS-T) BT JLUBOBS BALL- ) MATN) NIOABA
AR/

108 W9B-2 W ORAM"
UBTNG OPOCHE 18-1) ALEFTOF D3-1 T8-1) (19001 09-) 009
INSERT ING (NOT NPOCIK T6-1)) AIFENS/

187, 9.1 “DEF FIND"
UBING (DEFFND 08-2 Y- 1) (18A BLOCX- | §1.0CK)
INSERT ING (F TNDPOSS 08J-2 BLOCK- 1) WOT DEFFID 08J-2 18- IR

198, F$.2 OEFFID"

UBING (DEFFND 08J-2 18- 1) (1SA TARLE-) TARLE)

WARNING (08J-2 T8-1) NOT LNDER DEFFAD w-

INSERTING (F TNDPOSS 084-2 TABLE- 1) (NOT [DRFFND ORJ-2 T6-1)) 8139232789004 | '
BASBA7BASBAINIABII 7V 1803 1PV IIFTZIFZ IF 196 1 J00B4ONIINV IOV ITVINB 1 BI IVIER 18
FOINSNIIASRIZ/R11A I A1 /D24 1FA 1M 1ISVEIM IUIMISIIMNEIMS 1M 1 M | 103 ASE0408I983S
MIBYABGSESEAS)/

189, Si-18 "SCAN ON"

USING (SCANF 1N 18- 1) REFTOF 18- 1 Y7.1)

INSERT (MG (SCAN T7- 1) (SCANF IN T7-1) ONOY {SCONP 1N 78- 1))
TAGATIT18T24727131T37139T30T53T00T62T 1STAY/

T34TIT2109021172

190, T47.2 “TAG NOLND®

USING (SCAN 17-5) RQTABLE 77-1)

INSLATING (ISVOLNW T7.1 TABLE) (WORDEQ T7-1 TAGLE) (NDT (BCAN T7.10
(NOY (LQTARLE T7-1)) GINZON2IND2R/

190, NM22.t wWG2®

UBING (ISNOUNW T7-1 TABLE) (LEFTOF Y8-1 T7-1) (DEFOLT T8-1)
INSERTING (ISNOUN T7.1 TABLE) (NOY (1SNOU T7- 4 TARLED NS/
192, W33-1 NDEFS

USING (1SN T7-1 TABLE) (CLUROBJ 08J-2 BALL- 1) (14DLF 08S-27
INSERTING (MRESTR ORJ-2 T7-| TABLE) (EARREP OBJ-2 T7-1) P23 21/

193, F21.1 WmSh®

USING (WRESTR 084-2 T7.1 TABLE} (F INDPOSS 0BJ-2 BLOCK- 1)

TASERT ING (OO 08J.2 17.1) (NOT IRESTR OBJ-2 17-1 TABLEY)
NOY (7 INDPOSS 08J.2 M OCX-1))  F13/

194, Fi3-1 “08JFND°
USTNG (OCHK ORJ-2 T7-1) (F INDPOSS 0BJ-2 TARLE- 1}

TRAC G
©084-2 REFERS TARE-)

WAINING (1) ALREADY UNDER TRACING o

INSERTING (REFERS OBJ-2 TABLE- 1) (TRACING T) (NOY (0CHKX 08)-2 T7.11}
MNOT (FINDPOSS 08J.2 TABLE- 1)) VIOVITVISVEOVS (VSIVIEM IMIMIR { 00 (08 19820
92003303 18338348301/

195 1.2 DEF Y

USING (REFEXS 08J-Z TABLE- 1) (CUROBJ 0BS-2 BALL- 1) (MASRELN BALL-) ON POB)
(Eauntr BALL.1 83-1)

IWSERTING (RLRTSTACHE BALL- 1 K3-1 ON TARLE- | POS) (CLRUBP ORJS-2 BALL-1)
{oLDREF 08J-0) 813819818/ 17013/810811/

198 B11-2 “REL MO MW"

USING (RELRESTOCMX BALL-J 83- | ON TABLE-1 POS) EWORJ BALL-1)

INSERT ING (MASREL BALL- ) ON TABLE- | POS)

(NOT (RELRESTACIX BALL-} B3-1 ON TARLE-) POS))  VIOVS IO 1383 IGEIN 19
sigviI2/ :

197. £12-2 “TRACE agL°
USTNG (MASREL BALL-) ON TABLE.| POS)

TRACING
ADOING BALL -1 ON TARLE-) (POS)

WARMING (1) ALRIADY LUNDER TRACING o0
INSZRTING (TRACING T} V(0B3CO4683004083 A 1 101 29 :M3I00 D400 SIM M | 53304 1039
B3I IGVASDIH 29F TIVITVIZLORS A LR 1P 1EEGCSNIALAS 1 A/

198, 84.2 “SCANI IV
USING (SCANFIN T2} ALEFTOF T7.) BE.)) (EMDMARR 0F - 1) (DENTENCE 8. 1)
INSENTING (NPOOLIVD 81 - 1) (SENTROUMD 8. 1) OVOT (SCANF IV T7-1)) B9/

199. 0912 WED 00"




NPy /ArBex

UBTNG (MPBOUND AE - 1) (CLROS) OBJ-2 SALL- 1) (RTEES OBJ-2 TABLE-1)
INSERTING (NOT (CLROB) OBJ-2 SALL-1)) B4E8005Y/

1100, 853-2 “NPAND UNDOP™
USTWG (WPBOLID 2¢ - 1) (CUROBD 0B)-2 BALL- 1) REFERS OBJ-2 TARL-1)
INSERT ING (NOT (CLURORJP 0BJ-2 BALL- 1)) B37939/

1101, B33-2 “WPBND RE00"
UBING (NPBOUND #E- 1) (CUROB® BALL- | WA

IMBERT ING (CURDBJ BALL-1 MATI) VIEVIZV ISV 1TV I0BIE0AJDSINISABASIINI A3 1B 14789

NOAR IABRI12/R 1 A TAN] AXROF S 178 IMIIVZIVISVIIVE IVIOVE/

1902, v2-2 MMV SD°
USTNG (SENTOOUND $- 1) (GSD 8-1)
INSERTING (REPRLY (ORAY]) VVASVASVASVASVATVAOVITYIZV2O

RIFLY ((ORAY))

ISA (BALL-1 BALL) (BLOCK- 1 BLOCI) (TARLE-) TABLE)

HASAY (BALL-) COLOR BL.UE POS] (BLOCK- | SITE LARGE POS) (BLOCK- | COLOR GREEW POS)
(TABLE- | COLOR RED POS)

HASREL (BALL-| ON TABLE- | POS) (BLOCK- | ON TABLE- | POS)

CUROEJ (BALL- 1 MATN)

CUROBP (BALL-1 MATN)

OEFOEY (T8-1)

DETSEEN (A 1-1) (V8- 1)

ENOMARK (LE- 1) (¢ 1)

ERAREF (BALL-1 83-1) (ORJ- | 63-1) (0O8-2 T7-()

GSD(S-1)

GTYPED (8- 1)

HASAY (BALL-1 COLOR BLUE POS) (BLOCK. | SITT LARGE POS) (BLOCK- | OOLOR OAKEN POS)
(TABLE- 1 COLOR RED POS)

HASSEL (BALL-3 ON TARE- | POS) (8. OCK-1 ON TASLE-1 POS)

MASRELN (BALL. | ON POS)

INDEFOET (A)-3)

ISA (BALL-1 BALL) (BLOCX-) BLOCK) (TABLE-) TARLE)

1SAY (B2- | COLOR BLUE POS)

18COP (14.1 POS)

1S0LF (08J-2)

ISNOLN (83- | BALL) (T7-1 TARLD)

ISREL (05-) ON)

LEFTOF (A1-1 B2-1) (B2-} BI-1) (B3. | 14-1) (14-) 03-1) AL-1 AI-1)(08-) 18-1)
(T6-1 72-NQV72- 4 M. 1)

NEWOBJ (BALL- 1)

NPBOUND (P 1)

OLDAY (B2- 1)

oLOREF (08J-2)

oLDREL (09-1)

REFERS (BALL-1 BALL-1) (082 TAGLE-1)

REFLY [(OKAY])

SENTBOUND (8- 1)

SENTENCE (8-1)

TEST2(T)

TEXT (2 (A BLUE BALL 18 ON THE TABLEY) -

TRACING (T)

WORDEQ (A 1-1 A) (B2-1 BUE) (B3- ) BALL) (14-¢ l!)(ﬂ&lmu“-l ne)
(17-1 vamLO)

ASSERT (18722 'Y

TOP LEVIL ASSERT (TEST22 (QUOTE 1))
INSERTING (TEST22 V) N22/

1249. X221

USBING (TEST22 1)

INSERTING (SCANF TN LE- 1) (SENTENCE $. 1) (ENOMASY L€ - 1) (ENDMASY BE-1)
({TEXT 22 (WHERE 1S THE BALL IN T'E BOX ON THE 00 “LOOR THAT 1S MEO)
NAEFTOF LE-9) WI-1) (FQWAERE W)-1) LEFTOF Wi-1 12.1) (1Q18 12-0)
QLEFTOF 12-1 T3.1) (EQTHE TI-1) LEFTOF T3.4 84.1) (EQBALL BA-1)
QLEFTOF B4.1 19-1) (EQIV 15-1) REFTOF 18-1 T8 1) (EQTHE Y61}

QLEFTOF T6.1 07-)) (EQBOX B87-1) LEFTOF B7-1 08-1) (EQON OR-1)

QEFTOF O8.) T9-1) (TQATHE 19-1) ALEFTOF T9.1 R10-1] XQMIO R10-1)
QLEFTOF R1O-1 F11-1) CEQFLOORF | 1- 1) QLEFTOR F 4.1 T12-)) RQTHAT T12-4)
QEFTOF T52-0 113-1) RQIS JIT-1) REFTOF 113-1 018 1) AQRED R 14-1)
QEFTOF RIA-1 RE-1) $7/34/80/

1290. 303 “SCANLL"
USTNG (SCANF TN LE- 1) (ENOMADK LE-1) Q.EFTOF LE-t WI-1)
(TEXT 22 (WyERE 18 i€ BALL 1N THE BOX O 1€ BEO FLOOR THMAT 1S 200

TRAC O
ZZ (WMPUT TEXT IS ° WHERE 19 THE BALL IN TME BOX ON T BED PLODR THAT 13 D *

e

GEVATLED TOACE POR MJL 9D TEST2 . |

PMRERT ING (SCAN W §- 1) (BCAMT 1N W 1-1) QVOT (SCAMF 304 LE- 1) CTRACTIS 1) 'lﬂ.l
GITSI/T3IAMTZTIIC2/CIONIIN/TEI/TI /Y082 S/

1291, G21-3 “wew”

URING (SCAN W 1. 1) (EQuAERE W1- 1) (SENTENCE 8- 1)

INOLRTING (GSQWR S- 1) (GTYIED $- 1) (WORDEQ W1-1 WAEEE) BIOT (BCAN Wi- 19
OOT AOWER w)-))) VIIVIT000 1CNININE84/8 )/

1252, 51-21 “SCAN ON

UBING (SCAW TN W 1-1) QEFTOF Wi-1 12-1)

INBLRT ING (SCAN 12-1) (BCANS IN 12-1) WOT (SCA 1N WI-10 G IOTSIT IOTENT I3
TINTMTISTATISSTZITA I BIIZITATI NGB /TSA ANSIR/TSTTRIBI T RI AN Y/

1292 VI8 “tAGCO”

UBTNG (SCAW 12-1) (RQTS 12-1) QEFTOF 129 73-1)

INSIRT ING (1SCOP 12-1 POS) (WORDEQ 12-1 18) (NOY (SCAN 12-1% 007 QIS 12-10
N1OW)5G 10G 1 7G 18/8 INICA 1 7032/

1258, G324 “COP .°

USING (1SCOP 12-1 POS)

WARVING (NEG) HOT UNDER COPSION -

INSERTING (COPSIGN POS) (NOT (COPSIGN MEGY) 21183 1AMONNEES1/

1259. $1-27 “SCAN ON

UBING (SCAMFIN 12-1) ALEFTOF 12-1 73.1)

INSERTING (SCAN T3-1) (SCANFIN 73-1) (NOT (SCANF IN 12-19) osgRiIG2/NeL/NRY
TAATATTISTZATIDT 1ITEOT 10TV | /B1003T21TATIAVEI/TBA NOITRITIIN KA/

129 G185 “ne”

UBTNG (SCAN 13-} (RQTHE 13- 1) (BENTINCE 8-1) (GTYPED 8- 1}

INSTRTING (DETOLT 13- 1) (WORDEQ T3- 1 TMZ) (NOT (BCAN 13-1)) (V0T RQNE 73-19
e/

1397, N2-3  “DEF LT

UBING (DEYOLT 13- 1}

TNBERY ING (WPGCHK T3 1) (DETSEEN T3- 1) DEVFND 0BJ- ) 13- 1} (CLMCBS 88J- ) MATD
(CLINOBY 08J- 1 MAIN) {I20CF 0BJ-1)  N1OARDARANSEIEC/

1258 MIC-3 W GRAM"
UBING (WGOK 13-1) AEFTOF 12-1 T3. 1) (I9COP 12-1 POB)
INBERT ING (NOT (NPGKHK 13.1)) AISFS/

1299. 1937 DIF FIND"
UBING (DEFFND OBJ-1 T3-1) (18A BALL-1 BALL)
INSERT ING (T INDPOSS OBJ- | SALL- [) (NOT (DEFFND 0B} T9- 1§

1260. £3-38 DEF FIND°

UBING (DEFFND O8Y-§ 13- 1) (154 BALL-2 BALL)

WARMING {08J-1 13.1) HOT LNDLR OLTFMD »-

INBERTING (F INDPOSS OBJ-1 BALL-2) (NOT (DEFFND OB 1 1910

1261. ¢339 DLFPID°

UBTNG (DEFFNO OBJ-1 T3-1) (1SA BALL-3 BALL)

WARNING (0BJ-§ T3.1) NOT LNDER DEFFND o-

TUBERT ING (F TNOPOSS OB | BAL-3) (WOT (DEFFAD OB ¢ T3- 11}

1262. F9-40 “DLF FID°

USING (DEFFND 08J-1 T3-1) (1SA BALL -4 BALL)

WARNING (08J-1 13-1) NOT UNDER DEFFND »-

IMIERT ING (F INDPOSS OBJ-1 BALL-8) (WOT (DEFFID OB ) 13- 1

1263, 79-.41 “DEF FIND”

USING (DEFFNOD 08J-1 13- 1) (1SA BLOCK- | ILOCK)

WATNING (0841 13-1) NOT LVDER DEFFAD »-

IMBITRT NG (F INDPOSS 08/.} BLOCK- 1) (NDT [DEFPND OBS-1 19-10)

12648, #9.42 “OEF FIND"

UBING (DEFFND OBJ- | 73-1) {154 §OX.) DOX)

WARNING (0BJ-1 7)-1) NOT LNDER DEFFND -

INBERYING (F INDPOSS OB4-1 BOX- 1} (WOT (DEFFND OBJ-) T3-1))

1283 r9.43 CF FIND"

USTNG [DEFFND 0BJ- | T3. i) (1SA BOX.2 BOX)

WARNIUG (0B} T3.1) NOT UNDER DEFFND -

INSERT ING (7 [NOPOSS OB)- | BOX-2) (NOT (DEFFND OBJ- | 13- 1))

1264, 19.48 AP FID°

UBING (DEFFND OBS-1 T3.1) (1SA FLOOR. | FLOOR)

WARVIAG {(08J. 1 1315 NOT UNDLR DLFFND w.

TMBERT ING (F INDPOSS OBJ- | FLOOR- 1) (NOT [DRFFND OBV-} 73-1))

1287 #5343 DLP 1D
UBING (OLFFAD 0J- 1 13-1) (1SA TARL- 1 TARLD)

A g Ty 1 Y R




[ OETATLED TRACE FoR MILIS TEST2 Lol ]

WARRINGS (OBJ-) 73- 1) NOT \NOLR OLFFAO o
INSERT ING ( INDPOSS 0BJ-1 TABLE- 1) W0T DEFFND OBJ-1 T3-1)) BINSTRZNIFY

F217 13834530V 108 30BAGRAINA 19177 277 1983 10407 I 1 ST 143 1GIBAEDIIM NI SINID

SSIDAIDI N ISVASNIIA 1F SV IOV 1 7V 19D 189 ININD LAY 1 20 141 3 4 18200 1 201 1) #91v2908
tetesi/

1208, 81-73 “SCAN ON°

UBING (SCANFIN 13-1) A IBTOF 73-) 04-1)

INBERT ING (SCAN §4- 1) (STANF IN B4-1) (NOT (SCANF TN 13-1)) TONNIIING
TSTGTGHTIA/TEI/T7/T4T21GIG 10T 1 /TSTT IOTEOT I3TINTRAT IGTAYTERTIVISL/

1200, T41.2 “TAG NOUNI®

UBING (SCAN BA- 1) (RQBALL B4-1)

INBERTING [JSNOUNW B4- ) BALL) (WORDEQ §4-1 BALL) (NOY [SCAN B4-1%)
NOT (EQUALL B4- 1D NZ2/

1270, W22.4 “NG2"
17y L AN B4 ) BALL) LEFTOF 131 84-)) (OEFOCT 13.1)
A0 ING (ISNOLIN B4.1 BALL) (NOT (ISHOUNW §4-1 BALL)) A16NIS/

1271, N33-8 “woOtF°
UBTNG (ISWOLN B4- 1 BALL) (CLROBJ OBJ- 1 MATV) (I1SDEF OBJ-1)

"INSERTING (MRESTR ORJ-1 B4- | DALL) (RARNEF ORJ-1 B4-1) #2V/

1272, F21-22 “NRESTR®

USING (NRESTR ORJ- | B4.1 BALL) (FINDPOSS 081 SLOCX- 1)

INSERT ING (OO ONJ-) B4- 1) (NOT DRESTR OBJ- | B4-) BALLY)
(NOT (F INDPOSS O8J- | L OCK-1))

1273, £21-23 “NRESTR®

USING (NRESTR ORJ-1 B4- ) BALL) (F INDPOSS 08)- 1 BOX- 1)

WARNING (08J-1 84- 1) ALREADY UNDER OO 0

WARNING (08J-1 B4-} BALL) NOT UNDER NRESTR o-

INSERT ING (O 08)-1 84-1) (NOT (MRESTR 0BJ-1 B4-) BALLY
(0T (7 INDPOSS 084-1 BOX-1))

1274, ¥21.28 “NWESTR"

USING (MRESTR ORJ-1 B4-) BALL) (F INDPOSS 084§ 8OX-7)

WARNTING (08J-t 84 1) ALREADY UNDER OCHK o0

WARNING (08J.1 B4-) BALL) NOT UNDER MIESTR »-

INSERT ING (OCHX ORJ-1 B4- 1) (WOT (\MEETR OBJ. 1 B4- 7 BALLY
(NOT {F INDPOSS 08J- | BOX-21)

1278 F21-2% “NRESTR®

USING (WRESTR ORJ- | B4- | BALL) (F INDPOSS OBJ- | FLOOR- 1)

WARNING (08)- 1 84- 1) ALREAOY UNDER OCHK =0

WARNING (0BJ-1 B4. 1 BALL) NOT UNDER NRESTR o

TWSERT ING (OCHX 08J-) B4-1) (NOT (NRESTR OBJ.1 BA-1 DALY
(NOT (V INDPOSS 0B.-1 FLOOR-1)}

1276, F21-26 “wWeesTe®

USTING (MRESTR OHJ-1 B4.1 BALL) (F INDPOSS 0By-| TABLL-1)

WARNING (084-1 B4- i} ALRLADY UNDIR OO ».

WARNING (OB81.1 84-1 BALL) NOT UNDER MRESTR o-

INSERTING (OTHK ORJ-1 D4. 1) (NOT (MRESTR OBU-} B4-) DALLY) -
(NOT (F INDPOSS 0841 TABLE-1)) Fis/

1277, FiS8 O8I MAT"

USTING (OCHE OBJ-) 84-1) (F INDPOSS OBJ-) BALL - 1) (F INDPOSS OBJ-1 BALL-D)

TRACING
OBJ-1 AMBIG B4- | BALL-) BALL-2 .

WARNING {T) ALREADY UWDER TRACING =,
INSERTING (TRACING T) (NOT (OCHK 08J-1 B4-1)) BS7TEBIN IRINI 1P 1G I IDALOG M a1/

1278. 81-24 °“SCAN ON°

USING (SCAWP 1N 04-1) (LEFTOF B4 13-1)

INSERT ING (SCAN 19-1) (SCANFIN 18- 1) (WOT (SCAMF INS4.1))  G1/A38621G2/Nay
780/183/134/

1279. 7312 “TAGRELI

UBING (SCANW 13-1) (EQIN 15-1)

INSERT ING (ISRELW 18- IN) (WORDEQ 13- ) 1M} (NOT (SCAN 18- 1)) (VWOT (RQIW 18-11)
asAMIA/

1200. k23 “®fL G?°
UBING (1SRELW 151 IN) (LEFTOF B4-1 19-1) (19MOUN B4- | BALL)
INSERTING (1SREL 15-1 1M) (MOT (1oRELW 191 IN) LINY)

1281, 811-2 "ML NOTL"
UBINO (1901, 19-1 100 (CUROBJ 0B- | MATND (COPBIGN POR)

[ vies

TMIERT ING (RATRELN ORJ-1 TN POM) (OLDARL 18-1) (NOT (OWEI0N PN SO0 NS
RIZ/CRNIMLAS L/

1282, S1-29 "SCAN O

UBTNG (SCAFIN 13-1) Q.EPTOF 18-1 18- 1}

INBIRT ING (SCAN T6- 1) (SCAMW 1N 18- 1) (NOT (SCAP I 19-100  TRTTOATAYT 1aTRe
TIRTISTEOT IOTITT AT 10Q9TT(T4T7/TE/TH4 AUETTOTIZVER/TE0/T0 183/02 1000 )/

1780 G183 T

UBTNG (SCAN 78-1) QTHE T8- 1) (RENTENCE $-1) (GTVIED 8-1)

INSERTING (DEFOLT T8- 1) (WORDEQ 76-1 THE) VOV (BCAN T6- 1N BOT REME T8- 1)
wi/

1284, W)-3 OEF OEY°

USING (DEFOLT T8 (] (CUROBJ 0B | MATNY

WARING (08)-1 MAIN) ALREADY UNDER CLRORP e

INSERTING (WPGCHX T6- [} (DL TSEEN 18- 1) MEFFND 0BJ-2 18- 1) ICLOB) OB)-2 00J-1)
(CLN0BS 08J-1 MATA) (1SDEF 0B4-2) (NDT (CLROBJ 0BJ- | MATI) WRAMBDANC AS )8/
e/

1768, 1983 W GrA"
UBING (WPGOM 18- 1) O.EF TOF 19-1 T6-1) (1ORIL 18-4 100
DEERTING (WOT (WO T8-1)) AIFS/

{208, F3-46 0L F1ND"
UBING (DEFFMD OBJ-2 T8-1) (1SA BALL-) DALL)
INSTRTING {f INDFOSS 08J-2 BALL - 1) OOT DEFFAD 082 18-1))

1287 19-47 DU FID°

UBING (DEFFND O8J-2 16- 1) (1SA BALL-Z BALL)

WARNING {081-2 18- 1) NOT UNDER DEFFND o-

TNBERT ING (F INDPOSS OBJ-2 BALL-2) (NOT (DEFFND 0BJ-2 16-11)

1780 F3-48 DLF FINDT

USING (DEFFND OBJ-2 T6-1) (1SA BALL-3 BALL)

WARNING (081.2 T6-1) NOT UNDER DLFFND u-

INBERT ING (F INDPOSS OB4-2 BALL-3) (NOT (DEFFID ORJ-2 18- 11

1789, F3.49 “DIF FIND"

UBING (DEFFND 0BJ-2 T8-1) (1SA BALL -4 BALLY

WARNING (08)-2 T8. 1) WOT NDER DEFFND a-

INSERTING (F IMDPOSS 0BJ-2 BALL.4) (WOT (DEFFND 0BS-2 18- 1)

1290, F5-%0 “OEF FIND°

USTNG (DEFFND OB)-2 T6- 1} (1SA BLOCK- 1 BLOCK)

WANING (08)-2 16- 1] NOT UNDER DEFFND o-

TNSEQT ING (F INDPOSS OBJ-2 BLOCK- 1) JOT [DEFFND OBS-2 T6- 1N

1291, 381 "DEF F1WD°

USING (OEFFND OBJ-2 T6- 1) (1SA 90X-) SOX)

WARYING (083-2 T6-1) HOT UNDER DEFFND »-

TAAERTING (7 INDPOSS 08J-2 BOX. 1) (NOT (DEFFND OBJ- 18- 11}

1292. 79-52 “OCF FIND"

USTING (DETFND 0BJ-2 T6- 1) (18A DOX-2 BOX)

WARNING (08)-2 16-1) NOT UNDER OLTFND »-

INSIRTING (F INDPOSS 08J-2 BOX.-2) (WOT (DEFFND OBJ-2 T8-1))

1292, 73.83 “DUf FIND°
UBTNG (DEFFND 0BJ-2 18-1) (1A FLOOR. 1 FLOOR)
WARING (083-2 T6- 1) NOT LIWDER DEFEND u-

- JNBERTING (F INDPOSS 0.2 FLORA- 1} (NOT (DEFFND OBAE T8-11) i

1294, F3.50 “DEF FIND°

UBING (DEFFND OBJ-2 T6- 1) (1SA TABLE-1 TARLE)

WARING (083.2 76- 1] MOT UNDLA OEFFND a.

INSIATING (F INDPOSS 08).2 TARLL-1) (NOT (DEFFUD 082 T6-11)  FI90CEB3 17 19727
D1704 1043946836y (4833034 (IB2IB2T0 I F I IRIM 2 INII/AIFIIVIOVITV )SBI00A0B 108 |
NIIAVIZBI18M1Y 810208 12/R1 1M1/ S IVIIM 1 IMETM | 1MS 1EIM 1AM IDIINITO 304 IBI I
N2IN2 ROGEAS 1/

1798 S1.26 “SCANOW”

UBING (SCANF TV 18- 1) ALEFTOF 16-1 07-1)

INRERT ING (SCAN BY. 1} (SCANP IN B7- 1) (NOT (SCANF I 18- 1)) 7810002 102/181
/1837

1398 1833 "TAG NOLMS®

URING (SCAN 87 ¢) (EQBOX 87- 1)

INSINTING {1SVOLNW §7.1 BOX) (WORDIQ 07.1 SOX) (DT (SCAN BY-10)
QOT XQE0X B7.1)) N2 1M2IN29/C 19022/
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NOT (CUR0BJ 0B.-3 08J-2)) (V0T (PREOETOUN 0BJ-3 R14-) COLOR D POSH
@ss

e

ey o e A T AR PR

CETARED TRACE FOR MILIPS TESTZ [ 3

1300, £233 “TRACE P MSTR"
UBIMG (PREDRISTRT OBJ- 1 #18-1 COLOW MO PON)

™ACING
PREONLSTE OBJ-1 R18-1 COLOR RO POR

WARNING (T) MREADY UNDER TRACING @
INGERYING (PREDRESTR ORJ- | R14.1 CROR RED POR) (TRACING 1)  P3S/

1370, 7359 VRO MSTX"
UBING (PREORESTR OBJ- 1 R14-1 COLOR AEO POB3 (¥ INDPORS 0BJ- 1 BALL-A)
INGERY ING (OO% ORJ- 1 R18-1) (NOT (7 INDPOBE OBJ-1 BALLAD  FULIN W

1970, 7187 “OBJFND”
URING (OCHE 0BJ- 1 R14-1) O INDPOSS OBJ- 1 BALL-S)

TMACING - .
OBJ-1 NEFERS BALLY

WARNING (T) ALREADY UNDER TRACING we

INSERTING (REFERS OBJ-) BALL-J) (TRACING T) (NOT (OCHX 0BJ- ) B18- 11} .
(NOT (¥ INDPOSS OBJ-1 BALL-D)) B24BIIMIMIMIDIIF 2383 /81001901501 BS IVIVITVIO
O28Y32VITH29 /B2B2IVIIVISY] IVIOV 1 SBAINSANII /A | /F 3IBIBDATNAND 1ADY 120 180419883 /
B20R)2/N) 1/N) A S1V2IBAADISBAGM I IMSIM | 1M 1EITDESDATRI SN IOVAINE LA | BEOONEB I /R

1372. S4-3  “SCANFIN®
USING (SCANFIN R14-)) (LEFTOF 1181 #E-1) (ENDMARY RE - 1) (SENTENCE 8-1)
INSERT ING (NPBOUND RE- 1) (SENTBOUND $- 1) (NOT (SCANF IN RIS 1)) BSY/

1373, 8353-1 “WPEND UNDOP™
USTNG (WPBOUND &5 - 1) (CLROBJP 08J-3 ORJ- 1) (REFERS OBJ-3 FLOOR- 1)
HAERTING (WOT (CROBS 08)-3 0BJ-1)) BITNSS/

1376. 9353 “WPBND RL0O"
USTNG (NPSOUND 82 - 1)} (CURCB.P OBJ-1 MATND
INBEIRTING (CURORJ 0B 1 MATN) BISV IABAINDANSS/A L A SIV IOVIY/

1375, V2.3 °REMLY SQwR)"

UBING (SENTBOUND $-1) (GSQWR $. 1) (CLAORJ 0BJ- 1 MATI) (RETERS 08J-1 BALL-T)
DAMSREL BALL-D IN BOX-2 #OS)

TNBENTING (QWRDESCR2 BALL-T) (DESCRIGE BALL-3] (DESCRIGE SO%-2)
(QWRREPLY ) BALL-3 INOOX.2POS) V187

1378, VIS MMYSQwWRis®

UBING (QWRDESCRZ BALL-J) (HASREL BALL -8 NEAR BALL -3 POB)

TUSERT MG (DESCRIBE BALL -4) (QWRREPL Y2 BALL-Y SALL - MEAR POR)
ORT (QWRDESCR? BALLIN DY/

1877, 009 DesCRIAE”

UBTNG (DESCRIBE BOX-27)

TNSERT ING (DESCRAY BOX -2 S17t POS (THE)) (DESCIAX S1PT COLOR)
DEICANX COLOR 1SA) (NOT [DESCRIEE POX-2)

1378 01-10 “DESCRIME”

UBING (OESCRIBE BALL-3)

WA ING {SITE COLOR) ALREADY UNDER DESCANX @0

WARYING (COL OR 13A) ALREADY (VDCR DLSCRNX o+

INSIRTING (DESCRAY BALL -3 STIE POS (THET) (DESCINX B17E COLON
DESCHNX COLOR TSA) (NOT (DESCRIEE BALL-3D)

137 DY-11 DESCRINE”

UBING (DESCRIBE BALL 4)

WARYING (8170 COLORY A2 B¢ ADY UNDED DESCINX @+

WANNING (COLOR 1SA) ALBEADY LVDER DLSCRUR oe

TNBLETING (DESCRAY BALL-S SIIT POS (THE)) (DESCONX S12E COLOM)
{OUOCaNN CoLOR 13A) (NOT (DESCRIBE BDALL-8)) DIDI12/08011/

1390. D111 “DESCR AV PO3°
UBING [DESCAAY BALL.D S1TE FCS (134)) (ASAY BALL.D SITT DAL\ POR)
TMBLRT ING (OF SCRAY it -3 S17T POS (M€ DMLY

DESCATBLD BALL-I SIIT SMALL POS) (VOT (DESCRAY BALL-D B1TT P8 (TVENND

198). 01112 "DESCR AV PO3°
UBING [OESCAAY BALL-8 STIT POS (THE)) (MASAY BALL .S SITT LANGE POR)
INSLRT ING (DE SCRAY BALL -4 S1ZE POS (THE LAYGED
DESCRIGED PALL-A SITT LARGE POS) (WOT (DESCRAY BALL-A SIIT POS (TN
01112 D2/

1983, 02-17 “DESCRMXT"
UBTNG (DESCRAY BOX-2 S)TT POS (T1E))
INBRATING (OESCRAY $0X-2 S12T MG (1/€)) (WOT (DESCRAY B2 SIIX PO (Tha))




ey T

L8 DETATIRD TRACK FOR M1L 3PS TRST2

1383. D2-18 “DESCR MK

USTNG (DESCRAY BALL-D SITT POS (THE BMALLY

TNBERY ING (DESCRAY BALL-3 SITT MG (THE SMALLY
(DT (DESCRAY BALL-3 SIIT POS (T SMALLIY

1384. D2-19 "“DESORMEXT"
UBING (DESCRAY BALL -8 SIIT POS (TME LARGE))
INRERY ING (DESCRAY BALL-4 SIIT NEG (YHE LARGEN
(MOT (DESCRAY BALL-4 ST POR (TME LARGE))) D4 /D12/03/

1388. 03-¢ “DLSCRMEXT"
USING (DESCRAY BOX-2 S1IT MG (THE)) (DEDCAN SIIT COLORY
INSERT ING (DESCRAY BOX-2 COLOR POS (THE)) ONOT (DESCRAY BOX-2 SIIT MG (THEND

t398. D3-10 "VESCR WEXT™
USTNG (DESCRAV BALL .3 SITE MIG (THE SMALL)) (DESCIAX SITT COLON
INGERT ING (DESCRAV BALL-3 COLOR POS (THE SMALLY)

(NOT MESCRAY BALL-D SITE NMEG (THE SMALLYY

1387. 03-11 "DESCRNENT"
USING (DESCRAY BALL -4 S1IT MEG (THE LARGE]) (DESCIX S1TE COLOW)
INSERTING (DESCRAY BALL-8 COLOR POS (THE LARGE))

(NOT (DESCRAY BALL-S SIIE MEG (THE LARGE)) ©12/04/02/

1388. 02-20 “DESCR MXNT"

USING (DESCRAY BOX.2 COLOR POS (THE))

INSERT ING (DESCRAY BOX-2 COLOR MEG (THE)} (NOT (DESCRAY BOX-2 COLOR POS (THE)D
03/011/

1399. D11-13 “"DESCH AV bog”
USING (DESCRAY BALL-J COLOR POS (THE SMALLY) (HASAY BALL-3 COLOR REO POS)
INSEATING (DESCRAY BALL.3 COLOR POS (THE SMALL WD)

(DESCRIBED GALL-3 COLOR FEO POS] (NOT (DESCRAY BALL-J COLOR POS (THE SMALL)D

1390. D11.18 “DESCR AV POS"
USING (DESCRAV BALL -4 COLOA POS {THE LARGE)) (HASAY BALL-A COLOR GREEN POS)
INSERT ING (DESCRAV BALL-8 COLOR POS (THE LASGE GREEV)

(OESCRIBED AALL -4 COLOR GALIN POS)

(NGY [DESCRAY BALL -4 COLOR POS (THE LARGE))) D11/D3/02/

1391, D231 “DESCR MEXT

US ING (DESCRAY BALL -3 COLOR POS (THE SMALL #E0))

INSERT MG (DESCRAY BALL.3 COLOR NEG (T8 SMALL RED))
(NOT (DESCRAY BALL .3 COLOR POS (THE SMALL AED))

1392, D2-22 “DESCRMEXT
USTING (DESCRAY BALL -4 COLOR POS (THE LARGE GREEN))
INSERTING (DESCRAY BALL -8 COLOR NEG (THE LARGE GREEMY)
(NOT (DESCRAY BALL -8 COLOR POS (THE LARGE GREEV))  02/011/03012/

1993. DI2-3 “DISCR AV MG®
USING (DESCRAY BOX.Z COLOR NEG (THE]} (HASAY BOX.2 COLOR BED NEG)
INSERT ING (DESCRAY POX.-2 COLOR NG (T1HE UN. RED))
(DESCRINED BOX -2 COLOR MED NEG) (NOT (DESCRAV BOX -2 COLOR MEG (T94))) D4/
1394, 04.9 “DUSCR 1S4
USING (DESCRAY BALL-3 COLOR NEG (THE SMALL AED)) (DESCANX COLOR 1SA)
(I8A BALL-3 DALL)
INSERY ING (DESCHPHRAST BALL-J ('€ SMML BED BALLY
(WOY (DESCRAV BALL -3 COLOR MEG (THE SMML RED))

1399. 04.10 “DESCR 12A°

UBING (DESCRAY BALL -8 COLOR NEG (THE LARGE GREEW)) (DESCIX COLOR 1SA)
(1SA BALL -4 BALL)

INBERT ING (DESCRPIAASE BALL-A (THE LARGE GREEN SACL)
(NOT (DESCRAY BALL -4 COLOR NEG (THE LARGE GREEW))

1396, D4.11 “DESCR ISA°

USTNG (DESCRAY 80X.7 COLOR MG (THE UN- RED)) (DESCAINN COLOR [8A)
{13A 80X -2 BOX)

INSERT ING (DESCRONRASE BOX-2 (THE UN- 3D BOX))
(NOT (DESCRAV BOX -2 COLOR NEG (19 UN. REDY) D29/

1397, D293 "DESCR Lo INIT®
URING (QWRREPLY2 BALL -3 BALL-S MEAR POS)
(DUSCAPIRASE BALL -4 (1€ LARGE GFEEN BALL))
INSERT ING (QWRPHRASEZ BALL -4 (THE LARDE GREEN SALL) 18) D27/028/

1398, 026-3 "DISCR fLe FOS°

USING (QWRPMAIASTT SALL -4 (1T LARGE GREEN BALL) IS)
(QURNEALY2 BALL-D BALL -8 NEAR POS)

INBENTING (QWRPFAASED SALL -4 (Ti€ LARGE GREEN BALL 1S MEAR IT) AD)
(WOT (QWRMBASEZ SALL-A (THg LARGE GREEN BALL) 18D

SNT [QWINERLYZ BAL-I SALL-A IEARPORN  Des/

1908, 020-3 “DEGCR BELe .°

UBING (QWRMRASLZ BALL-A (THE LARGE GREEN BALL 18 MEAR 1T) MDY

TMBEKTING (REPLY (THE LASGE GREEN BALL 18 MIAR 1T
ORT (QUIRIEASTZ BALL .4 (THE LARGE GRECN SALL (S MEAR I MDY  VEDR2
oay/

1609, 0213 VCSCRALL MIT°
VETMG (QWRSEPLY | BALL-3 1N 00X-2 POT) DESCIMEASE BALL-S (TVE SMALL ATD BALLY
SMRERT ING (QWRMEASE | BALL-T (THE SMALL AZO BALL) 1R) D22/

1801, D22-4 “DESCR AIL PO

UBING (QWRPHRASE { BALL-3 (THE SMALL A0 BALL) ID)
(QWRNERLY) BALL-3 IN BOX-2 POS) (DESCRMEASE BOX.2 (THE UN- IRD B0%)

INBERT (NG (QWRPHRASE | BALL-3 (THE SMALL SED DALL ]S IV THE LIN- RED BON) AMD)
ORT (QWRFrHRASE | BALL-Y (THE SMALL RED BALL) ISD)
ORT (QWREM. Y1 BALL-3 IN 80X-2 POS)) DTI0T2024/

1802, D24-3 “DESCR REL-"
UBING (QWRFHRASE | BALL-Z {THE SMALL RED BALL 1S TN YHE UN- BED BOX) AND)
INSERT ING (REPLY (THE€ SMALL XD BALL 18 IN THE UN- RED SOXN)
(NOT (QWRPHRASE | BALL-J (THE SMALL RED SALL 18 TN THE UN- SO BE3C) AND))
YWV 19029V I9/BIB480 1 A3 1/

1803. §3(-1  “NPEND UNDO™

USING (MPBOLIND Bf - 1) (CURGEJ 08J-3 O8U- |) (REFERS ORS-3 FLOOR-1)

INSERTING (NOT (CLROBJ 08.-3 08J- 1))  BISBISNSNI IASV 128 1AM ISFA 1 /RO IZ/RI I AN}
ASIVIIVEIOVIVIOVI IVISVISYITVITVAPVAGVARVAAVARVAY

MERLY ((THE LARGE GREEN BALL 38 NEAR IT))
((THE SMALL D BALL 1S TN THE UN- %0 BOX))

TSA (BALL- 1 BALLY (BALL-2 BALL) (BALL-3 BALL) DBALL-8 BALL) (BLOCK- ) SR.OCX)
(BOX- 1 BOX) (BOX-2 BOX) (FLOOR- | FLOOR) (TABLE- | TABLE)

MASAY fBALL-) COLOR BLLRE POS) (BALL -2 COLOR BLUE POZ) (BALL-Z SITU SMALL POR)
MBALL-3 SITT SMALL POS) (BALL -3 COLOR 2£0 POS) (BALL -8 SITT LARGE POS)
(BALL-A COLOR GREEN POS) (BLOCK- 1 STIE LARGE POS) (BLOCK- | COXOR GAEEN PORY
(BOX.2 COLOR RE0 MEG) (FLOOR. | COLOR SED POS) (TABLE-) COLOR 80 POS)

HASPR (BALL-1 ON TABLE- ] POS) (BALL-1 NEAR BLOCK- | POS) (BALL-2 ON BLOCK- 1 POS)
(BALL-Y 1N BCX-2 POS) (BALL-A 1N BOX-2 POS) (BALL-8 NEAR BALL-D #OS)
RLOCK.1 ON TABLE. | POS) (BOX- 1 ON TARLE-1 POR) (BOX-Z ON FLOOR- § POR)
(BOX-2 ON TALE- ] NEG)

AVRESTE (08)-3 R10-1 COLOR FED POS)

COPSICN (POS)

CLROBJ (084-1 AN

CUROBP (08)-1 MATY)

OEFOLT (13- 1) (1613 (19-1)

DESCRINED (BALL-T SIZE SMALL POS) (BALL-3 COLOR RED POS) (BALL-8 S1IT LARGE POS)
(BALL-4 COLOR GREEN POS) (BOX-2 COLOR RED MEG)

DESCRNX (COLOR ISA) (S12¢ COLON)

DESCAPMRASE (BALL-D (THE SMALL REO BALLY) (BALL-4 (THE LARGE GREEW BALLY
(80X-2 (THE UN- €D B0X))

DETSLEN (13-1) (T6- 1) (19-1) -

ENDMASK RLE- 1) (W€ 1) . -

TPINEF (08)-1 B4- 1) (OBJ-2 87-11 {0843 F {4-1) .

GeQuR (%-1)

Grvweo (3.1}

MASAY fBALL-1 COLOR BLLEL POS) (BALL-2 COLOR BLUE POS) (BALL-Z STIT SMALL POS)
(BALL-Y S1TE SMALL POS) (BALL-3 COLOR NED POS) (BALL-A STIE LARGE POS)
(BALL-4 COLOR GRECN POS) (LOCK- | SIIE LARGE POS) (BLOCX- } COLOR GREEW POB)
(BOX-2 COLOR REO MEG) (7L OOR. | COLOR P10 POS) (TABLE- | COLON RED POS)

MASEEL (BALL.) ON TABLE- ) POS) (BALL-1 NEAR BLOCK- | POS) (BALL-2 ON BLOCK.1 POS)
(BALL-3 1N 807 $0S) (BALL-4 14 BOX-2 POS) (BALL-8 MEAR BALL-3 #DS)
(LOCK. | ON TABLE- | POS) (BOX-1 ON TARLE- | #OS) (BoX-2 ON FLOOR'} poR) "
{8O%.2 ON TABLE-1 MEG)

MASRELW (08- 1 IV POS) (0R)-2 ON POS) .

194 (BALL- 1 BALL) (BALL-2 BALL) (BALL-3 BALL) (BALL .8 BALL) R.OCK- | BLOCK)
(90X § BOX) (BOX.2 BOX) (FLOOR- | FLOOR) (TABLE- ) YARLE)

1AV (910-1 COLOA RED POS) (M14- | COLOR 050 POS)

19C08 {113-1 90S) (12-1 P08}

19087 (082 1) (08,-2) 108,.3)

TSN0UN (B4 1 BALL) (B7- ) §OX) @ 1 1-) FLOGR)

1990 (R4 1}

ISBEL (15-1 1N) (081 09

TaLeeon (Ti2-1)

LEFTOF (B6.1 15-1) D71 08- 1) F 188 VAZ-1DC19- 0 RIQ-11 (P21 - 1)

(194 T8 1) QLE-0 W1 1) (O8-) T9-1) (R10-1 ¥ 11.1) OR1Q-0 RE- 11 (T I2-4 £18-5)
V3194 1)(16-1 D 1 {181 R1O-1) OW 1.5 12-)

WPRIO (of - 1}

QDAY (R10-1) (M18.1)

QLDNSF (08.-7) (0B2-2)

PRI 2o
el dantic. - - -




UL . i - e

OLDARL (T8°1) (o8- 1)
mﬂ”‘ {0833 8)18-) COLOR D POR)
PRSORLSTR (OB~ | R14- 1 COLER MO POR)
PRECRESTARY (08J-) R16.1 COLOR MD POS)
REFERS (08)-) BALL-3) (OR2-2 BOX. 27 (0B)-3 FLOSE- 1)
AELACSTR COBJ-1 B4-1 1N DOX-2 POS) (OBJ-2 §7- | ON FLOOR- | POR)
SELAISTRY (085- 1 §4- 1 14 9ON.2 FOR) (OS2 §7- 1 N FLOM. | PO
AEALY XTIE LABGE GREEN BALL 1S WEAR ITY
(THE ML BED BALL 18 TN THE U 86D BOMD
SENTOOLAD (8- 1)
SENTENCE (3- 1)
Tesraz(n
TEXY (72 (WAEEE 1S TH DAL 18 THE U3 03 TR IRD PLOGE THAT 18 RED
TRACING (T}

i\ e WORDEQ(BS-1 RALL) (B7-1 GON) @ 1 1§ FLODR) (113-1 18 (12-§ IRM(1S-1 N9
(OR-1 ON) (R10-1 BED) (R 18- ) WD) (T 12-1 THAT) (V3-| TWE) (Y8-) NNEQ)
({T9.1 NL) (Wi-1| WD)

vio

MAPS B SETARED TOACE FER MILIPS TIST2 [y

Aoponst €. QURMMIALIGNE TR MILIPE FOR MILEN
aew § P8 FORMILISY - MODI/ ITD FOR WRLOX §
DO MR IPE0 BIOINNOWLAMIREF TN SDIFFEMNCIS OM Y §
S0 MILIPE P'S WERE OELETID, 08 ¥ REFLACED AS SHOWM OR ACDID T9 8
S EXCEPT THAT TWE X P WIRE RERACIDAZ A SETBY TIE Y PR 8

B0 “BCAN LE" ¢ SCANF INDO) & ENDMASKDA § LEF TOFIX.Y) & TEXTIND
o SCANIY) § SCAME (V) § MIGATE(1) & NRERLV(O)
& TRACING(TRACTPRINTIN CONS (IWPUT TEXT IS I G2 O T N

T8H “TAG AEL 1" « SCANDO & EQING

o ISRELWIXIN) & ISINDAEL{ IN) & WORDEQ(X, 1M) & MIGATUALLR
T34 “1AG AEL2" s SCAMX) § EQONDO)

= IERELWX,OM) § ISINDREL(OM) § WORDEQ(X,'OM) § IRGATE(MLYM

T61) “TAG NOUN1° 3 SCANDC) § [QPYRAMID(X)
o TENOLOAWIX PYRAMID) § WORDEQIX, PYRAMID) § NEGATE(ALLY

T08: “11° ¢ SCANDO 8 EQIT(X) § GRASPINGIMD)
& WPGOHI(I0) & EXTETSION) § CACBXOB) MAIN) § REFERSIO8)0)
8 CUROBIP(OB) MAIN) § TRAC ING{ TRACEPR INTI{ 08/, NEFERS OV
§ WORDEQ(X, 1T) § NEGATE(1) & 1SNOLA(X,'IT) § ERRELF(08J)C)
T67) “177° 5 SCANDO & EGIT(X]) B NOT( EXISTSIHD) B GRASPINGIND) )
© ERRORINEINDT GEASPING)) § NOT SCANF INDO & MGATE Y

1211 "TAG UP" s SCANNX) & EQUP(O) § EXPECTMODIS.Y) § BATISFILSIV.Y 1Q WP
 WORDEQ(X UP) & 1SIMPER(X) 8 NEGATI(ALLK

T72: 1AG DOWN" & SCANDC) & EQOOWNX) § EXPECTMOOIS.YS § SATISF ICR(V.Y £Q DOWN)
o WORDEQIX DOWN) § TLPREL(S.ON,7) § ISTWIERN0 § MGATI(AMLN

T81: TOLEFT OF" ¢ SCANDO) § EQTO(X) § LEFTOPIX.Y) & EQTME(Y) 8 LEP TOF(VI)
® EQUEFT(Z) & LEFTOF (2 w) & EQOF(W)
S ISLWIW, TOLEF TOM & ISCOMPREL( TOLEF TOF) & TORELWOX.TO) & GLORILON)
& SCANF INCW) & NOT SCANF IN(X) § MEGATE(12488) § 1990E0(I) & OLOAVIT)
& WORDEQUX, 70) § WORDE QY. THE) & WORDEQUZ.LEF T) § WORDEQLW.'OF)s
TER: “T0 RIGHY OF " s SCANCXT § £QTOIX) § LEF TOP(X.Y) 8 EQTYE(Y) B LEF TOF(YD)
& EQRIGHT(T) & LEFTOF(I.W) & EQOF(W)
o TIRELWIW, TORIGHTOF) & TSCOMPREL( TORIGHTOF] & JSRELWIX,TO) @ OLORELON
& SCAN INCW) § NOT SCANF IN0X) @ MEGATE(12A88) & T189RE0(T) & OLDAVT)
& WORDEQ(X.'10) § WORDE XY, 1HE) § WORDEQLE WIGHTS § WORDERLW OF )
TE3: "IN FRONT OF* 2 SCANDO & EQINDO § LEFTOFDXY) § EQFRONT(Y) 8 LEFTOF(Y.D)
S EQor(d
o ISAELWIL INFRONTOF) § TSCOMPREL( INFRONTOF) § TSRELWIX,TO) & CLDRR OO
§ SCANF 1M(1) § NOT SCAN INCX) § MEGATE(1208) & TSPRED(Y) § CLOAVIY)
5 WORDEQ(X, IN) § WORDLQ(Y.FRONT) & WORDEXE, OF)
TOS: "BEHIAD" » SCANX) & EQRENTNDIX)
o ISRELW(R BEMIAD) & ISCOMPREL(BEMIND) & MEGATE(1.2) & WORDEQNX, BEHIDN
TEY) "ABOVE" 2 SCANX) § £QABOVI(X)
O ISELWIX ABOVE) § ISCOMPREL(ABOVE) § MEGATE()2) & WORDEQIR, ABOVEN
TES: BELOW™ & SCANX) & £QSLLOWIX)
o ISRELWX, JELOW) § ISCOMPREL(ELOW) § NIGATE(12) § WORDEQEX, BILOW)

£6: EORORSOXFL) B LEFTOF(Y X} & ENDMARRIY) § WORDEQIX XW)
« MM YOUXW CONS (L) § MEGATE(I)

S G« TOPLEVIL GRAMMAR, A « ADRCTIVIS Y 13 £}
DOR MILGAR): BEG [N

G811 A DLF I° ¢ SCAWDN) § FQA(X) & SENTINCE(S) & GSI(S)
© DEFOLT(X) § WORDE QX A) § IVPINDEFOX) & MEGATE(1 2
081 °A 1ND" 9 SCAND) § EOAIX) § SENTENCE(S) § STYPEO(S) § NOT GSQEIR)
@ NOT GS1(S)
o INDETOET(X) § WORDEQN, A) § MEGATI( 2

QA1) “PICK INIT" » SCANDC & EQPICKIX) & JNTENCE(S) & NOT GTVPED(S)
o JUPTYPEIS P10X] § wORDLOtX P10 § EXPLCTMONS UP) § GTVYILONS)
O IMPREL(S IN.NAND™- 1) § 1STWPEMX) § GS1($) & MGATL(I 20
$42: “STACK IW1T™ ¢ SCAM) § LQSTACK(X) § SEWTINCEIS) § NOT GTVILIXS)
o JMPTYR((S STACK) § WORDE (X, STACK) § EXPLC TUOD(S.LP) 8 GTVILO(E)
@ IWPREL(S, ON. 1) § ISIUPLA(X) § GBI(S) & MGATLLIDY
083 DRASP 1NIT & SCAMDC) § (QGRASIX) § STWTENCL(S) & WOT OTVIEOID




.

t AUBENTATIONS TO MILIPS FOR WELOX

») IMPTVIE(B, CRADP) & WORDE QX GRASP) & GTYPEDIS) & 1SIWIERN0
8 TNPREL(S, IV NAND™- 1) § GS1(S) & NEGATE(1 )
SY- AT INITT « SCANDC § EQRUT(N) § BENTENCE(S) @ NOT GTYREDS)
o IMPTYPL(S,PUT) & WODEQIX, PUT) § EXPECTUMONS. DOWY) § EXPECTISO0(S, TN
§ EXPECTMODIS,'ON) § ISIMPER(X) § GTYPED(S) & GS1(S) & MIGATE(I2N
Q48; "AND™ 3 STANDI) § EQAND(X) § GSI(S)

«> NPEOUIND(X) & NPBOLADL (X) § CONJBOLIRIS) & WORDEQIX, AND)
& ISIWPER(X) § MIGATE(1.2):
[ ]
BN o NOUN PHRASES AND NOLIVS § SPAOE S X
30" MILND: BEGIN

N2; “DEF OET™ # DEFOET(X) & NOT( EXISTS(O0P) § CLROBXO.OP) )
& NOT DETSEENNX)
> NPGCHI () & DE TSEENDO § EXISTS(OR)) § DEFFND(OBI X)
& CLROBIMOB.) MATN) § CLROBXOAL MATN) § 1SDEF(OBJU)
63, “1MP INDEF® 2 DE TSEEMIX) & IMPINDEF(X) § CLROBXOS)
«> ITMPINDEF(O) & NEGATE(2):

WN8: “INDEF DET" s INDEFOET(X) § NOT( EXISTSIONP) 8 CLOBKO.OP) }
& NOT DETSEEN X)
> NPGCHK(X) § DE TSEENIX) & EXISTSIONS) § CURORXOMI MATI) 8 ISTWDLF (OB

NO; WP GRAM | ° 5 NDGCHRIX) ~) NPGOMK |{X) § NPT 2(X):
NDA; “NP GRAM” s NPGTHI 1(X) § LEF TOF (W .X) § WORDE (W WW)
8 SATISFItSIWw ww £Q "THERE) & GSQE(S) & CUROBXOP) § TSOEF(0)

> NEGATE( 1)
NOB: WP GRAM™ s NPGCHE H(X) § LEF TOF (W X) & TSRELIW WW) o> NEGATE( 1)
NPC: NP GRAM™ ¢ NPGTME I(X) § LEFTOF (W X) § 1SCOPIW 1) o> NEGATE( 1)
W01 “WP GRAM® s NRGCH §(X) § LEF TOF (W .X) § ENOMARY(W) o> MEGATE( 1)
NOE; “NP GRAM® s NPGCHCI{X) § LEF TOF (W X) & 1STUPLR(W) o> MCGATE( 1)
N 101 “NP UNGRAM CHU™ 1 NPGCMI2(X) «> NPGCHIIIX) § MEGATE( 1)
NIOU) “NP UNGRAM™ s NPGCME 1{X) § NPGTHII(X)

> EMROR(X,'(GRAMMAR)) 8 NEGATE(ALLY

N4 1) “ISA PYRAMID® s MAKISAIX XWOP) § SATISF 1fSIXWXW £Q PYRAMID)
o EXISTEPYRAMID) § ADOCAVIPYRAMIDD) & ISA(PYRAM IO PYRAMID)
& CUROBXPYRAMIDP) § MEFERSIPYRAMIDPYRAMIO) & CRNGEF(PYRAMIDX)
& MEWOBXPYRAMID) 8 MEGATE( 1)

BF«PIND REFERINTE S SPAGE &S

QMPR MILF() LGN

P23 "W INCON™ « NBESTI(O X XW) & REFERS(O0A) § NOY 1SA(DA XW)
o> MULLREF(OX) & MEGATE(ALL): ¥ INCIUDED BECAUSE SUG TN THE 1SA &

F1) "NEL RESTR® ¢ AALRESTRZ(OXROZ.S) @ NOT ISINDEEL(N) § NOT [SCOMPREL(D)
8 P INDPOSS(0.03) & NOT HASRLIOIRD2 3)
> OCMK{0)0) & MEGATE(A):
P32;"REL RESTR 1ND” 2 RELRESTRZ(OXADZS) & 1SINDRIL(R) & F INDPOSS{003)
& NOT HASINDREL(03ROD)
> OCHK(0X() § NEGATE(D):
P32C) “REL RESTR COMP” « RELRESTRZIONADZ S) B 1SCOMPETL (R} § 7 INDPOSH0.03)
8 NOT HASINDREL(O3R DY)
«> OCH(0() & MEGATI(I):
P33 “REL RESTRI? 5 ML STHOXADZS)
«> RELEESTRI(OXRDTS) & MLMSIEONRD? S):
P30) “SAVY RESTR® 1 RELOESTRI{OXRDZS) 8 GS1(SN) § ORORMOP)
8 SATISFIES(PP £Q MAIN § EXPECTMOD(SNR) § F IVDPOSS(0.09)
& VWEQ(0307) § FINDPOSS(0.04) § YWEQIO407) § VWEQIOS D4)
8 NOT(EX]STS(09) § F INDPOSS(0.03) § VAEQIOS D) & YNEQIO904)
& VWEQ(0307) )
8 MASREL(OIR 07 S) § NOT MASRELIOARDZS] § NOT MAS INDAEL (04 ROTY
S ASSUMES WEG VOT LSID Y
S OMY SAVES A POSSIELE ALTEANATIVE WHEN THAT 1S UNIQUE §
o JMPRESTR(O.O4 R02) & MEGATE(1):
F3401) “SAVE RESTR |” ¢ SELAESTRI(OXRDZS) & GS1ISN) § QRCANOP)
& SATISFIES(PP €Q WMAIN) § EXPECTUOOISNAY § F INDPOSS(OO3)
& VIEQ(0D02) 8 F INDPOSS(0.08) & VWEQIOA07) 8 VWEQLOI DY)

vism

£ 10T( IXISTN0I) & F INDFOSOLN § VEXOION b VRSN
8 VRYoson )
8 MASINDIELIOS A07) & NOT MASRILIDARDZS) § MOT MASIORILIGS ALD)
S ASSUAES MG NOT USTO §
o IMPREST(O.O4 R 02) § MEGATE())s
S HERE, NUED TWO MORE #°S 1O MANDLE CASE WAERE MAVE
ISPINDEF A3 THE F INDPOSS'S - WANT TO O000E O/ TO
OF DE (PREITR S

F81: “COMP LEFT” ¢ CONVINDIROT) § SATISF ITSIRA EQ ‘TOLEFTOF) § FINDPORBIOAS)
8 LOCATIOIX 1Y 121) & LOCAT(OZ X2VE2D)
& SATISF JESAN ) X221 PeLE3S X2)
o HASTADAEL(03R07) & NEGATE(1):
FE2) "COMP RIGHT" 1 CONVIND(SOZ) § SATISFI(SIRR £Q TORIONTOF)
& FINDPGSSIO 00} § LOCAT(OIXN 1Y) 2 1) 8 LOCATIOR X2 V2 2D}
@ SATISFIES2(X I X2} YCHAT X7
© HASINDREL(OIRD2) 8 MEGATE( 1)
703; “COMP FRONT" 2 CONVIND(RDZ) & SATISFIES(RA £Q "IN RONTOF)
& FINDPOSS{003) § LOCAT(O3X 1Y 121) § LOCAT(0IXZ.Y22D)
8 SATISTIES2YI Y2V} WoLESS YD)
o HASINDRELIOZRDZ) & MEGATE( 1)
F5a; “COMP BENTAD " ¢ CONVINDIRDZ) § SATISF IESRA £ TENIND) & F IDIOEN0 03}
B LOCAT(OIX).Y121) & LOCAT(OZX2.¥222)
8 SATISFIES2(Y 1.Y2.V 1 PsGREAT ¥2)
O HASINORELIOSADZ) 8 NEGATI())
F8%) “COMP ABOVL " z CONVINDIROZ) 8 SATISFIISIRA £Q "ABOVE) § F IDPOBNIO O3]
S LOCAT(OI XY I21) § LOCAT(02X2.¥21D)
O SATISFIESHIIZ2LY %eGREAT I)
« HASINOREL(CIRD?) § MEGATE()):
F08; “COMP BELOW™ ¢ CONVINDIROZ) § SATISY ILSIRA £Q DILOW) § F HOPOSSIS LX)
8 LOCAT(03 X 1Y 121) 8 LOCAT(02 X2.¥222)
§ SATISFIES2(21222) oLESS 12)
© HASINDREL(OSR D) & NEGATE( 1)

99 = BACKLS NEFEREINTR 3 SPAGE B

DOR MILB0: BEGIN

$10s N MSTR IND-" + AL STRCHK[O X ALT S} 8 NOT IBINDREL (M)
& NOT 1SCOMPREL(R)
© MLAESTRCHKAOX A07S) § NEGATE(1):
BI0C) “NEL AESTR COMP™ ¢ RELIESTRCHKIOXADLS) § TSCONPREL(W)
» CONVIND(ROZ) & RELRESTRCHKOXAD2 S) & MEGATECI): % SET 7008 8
101 REL RESTR IND” ¢ RELRESTRCHK(OXRO2S) § ISINDREL(R)
o CHAINRELOROZ20) § MELRESTRCHINOXAOZS) § NEGATE( 1)
D104 WEL CHATN 1N 2 CHATAREL(ROR.O) § SATISF IESIRA €Q ‘100
& MASREL(OZRDS) § SATISTIES(SS £Q POS)
© CATNEL(RD ONDZ) & HASINDREL(OZ R D) &8 NEGATE(1):
S10R; “REL CHATN IN-" v CHATNITLIRDAZ 02) B SATIS 1ISM2A2 MEQ "IN
§ I1SAIOW) @ NOT SATISF It S(w.w EQ ‘TARLE)
@ MASREL(OI 2 D2 S) B SATISF IES(SS €Q POS)
« CHATNREL(R DAZ.03) § HASINDREL(OIRD) & MEGATE( 1)
DI REL CAIN TARLE® + CHATAREL(RONZ.02) § TSA(OM)
8 SATISFIEIS(W.W £Q ‘TARE) § HASAEL(OIADS) & SATISF IES(SS 0Q YOR)
o MASINDREL(OIRD) 8 NEGATE( 1) .

B0 WEL RO MEW™ 1 RELAESTRCHX(OX AL S) § MEWOBND)
# NOT MASREL(OA 07 S)
8 NOT(EXISTSING § HASEEL(OROZM & VWEQINS) )
© MASSEL(OR 07 S) & MEGATE( 1)
D13 REL ROR IX" 5 MLIESTROMAOXA02S) B FINDPOSSIOLA)
& MASREL(OAR D7 S)
S BELRESTRI(OXROTS) § MGATE(1)
DIS1 ML RO [ ¢ RELOESTRCHKO X AD2.S) & F INDPOSIIO DAY
8 MASINDREL (OARDZ)
o RELMSTRYI[OXADDS) & MGATE( 1)
018; WL ACH QW™ 3 LM STRCHAOX AT S) § GSQAWIIN) § CLUROBACS)
8 SATISFICS(PP £Q MAIW)
o BILEESTRT(OXNO2S) § MEGATE(I)
B1% WEL ACHE BED” ¢ BELATSTRCHI O N RO S) § MEFERSIDOA)
8§ MASRL (DA R 02 S)
o RELREOLNTIOXAD2 S) § MEGATE(I)
1811 WIL 0TI KD 3 MELAESTECHENOX RDLE) B IEFERRIODA)
8 HASIHNDREL(OA R D7)
o RELPEOPLT{OXROTS) § MGATE( 1)
8175 WL KOX LM ¢ MLVESTICHIAONADLS) B F INDIOSHOLN)
§ NOTLEXISTSIOA) § § INDPOSS(O0A) § MASRELIDARDSTS) }

§




MNP AV

& NOT( IXISTHOA) § ¥ INDPORI(O.OA) § MASINDRELIDARLT) )
& SENTENCE(IN) & NOT( EXISTS(P) § GSQWIN) & CUREBA0S)
-8 SATISF (PP £Q WA )
& NOTC EXIZTHP) & GSIUSV) & CLRORSIOP) § NPINDET () )
=3 CRRORDC(WMIOH ONE 7)) § MEGATE( 1)
G108 WL RO INC” = MLASTROXNOXRO2S) § WOT MWOBRO) & REFERIIDON}
& WOT MASEEL{OARDZ.3) B NOT HASINDAEL(OARDD)
> AEL INCOMT(OX RO S) § MGATI ()
V10 “WEL AOR INC-" ¢ ML STROENOXALTS § MFTENOHA)
* 0 MASREL(DAROZ)) & VWEQINS)
3 ML INCOMT(OMRDZS) § MGATE(1))
B19C; “MEL RO CHOICE" » LM STRCHINOXADLS) § F INDFORNI0.0X)
& IMPINDEP(0)
& NOTL EXISTRIONT) & £ INOPORSIO OXT) § MASAELOX28022) )
O NOT(EXISTSON2S & F INDPOSS(0.0X2) § MASINDREL(OX2R207) )
S NOT SURE WHE THER THIR 1S ENOUGH: SN CASE D13 OR 131, MAY BTILL
WANT TO CHOOSE AND THAT CMOICE MAY NOT BE MADE UNTIL WPOOLAD,
MAY BE TOO LATE TO UNRAVEL OR PROPOGATE §
o> IMPCHOOSE(O) & RELRESTROIHINOXAD2 SN
B197; "REL ACHX [WP” » RELRESTRCHXAOXRO2.S) & G § F INDPOSSIOLT)
& CUROBIN(O)) & SATISFILSOPP EQ MAT
> OCHK(0)Q) & RELAESTRCINOXXA02.S) b MGATE(S)

B3 11) “BK FEL MOUN" s RELAEOUNO XA D2 S) § F INDPORSOJ 04)
& NASINOREL (04 207)
*> F INDAMB IGR(OXR02 3 OR

G331 7 AMB FEL” » 7 INDMBIGHOXR02.5.1) § CURORIMOP) B F INDPOSS(® OA)
& HARINDREL(OAR D7) § NEFERS(OA D7) § CURORM(04 03) § CURORXOA OI)
= MELRESTRY(P X R07S) § CUROAJNOEP) § CURORINOL P} 8 MEGATL(1 28,7}
& NOT RELREDUN 1 X 202 8);

B30 °F AMS -° » F INDAMBIGR(OXRDT 5.1} & CLROBINO P} § 7 [NOPOSS(POA}
& NOT MASREL({DARD2S) & NOT HASTNOREL(CAR DY)
& NOT( EXISTS(OX] & FINDPOSS(P0T) & HASEL(O3R02S))
& NOT{ EXISTSIOZ) & F INDPOSS(P.03) & HASINDREL(OIROZ} )
> MEGATELIN

B9%: “NPOND R£00 s NPBOLIND(X)
8 NOT( EX1STS(0.0X) § F INDPOSSLO OX)
8 NOT( IXISTSISNS) B GSQWISM) § CLUROBF{OP)
Q SATISFIES(P P (Q MATW } }
8 CUROBIMOP) B SATISFIES(PP £Q MATN) § NOT CUROBX0S)
> CLUROBXOMNR
R GIQW CASE 1S Viad
98 "NPEND REDO° 2 NPBOUIND(X) § F INDPOSS(0.0X) § CLRORPIOP) B TMPINDTF(O)
& NOT({ IXISTSIO20X2) & F INDPOSSIOZ2O%Z) § VWEQIO20) & TMPINDEF (02}
@ SATISF ITS2(020.0 L EXORDEN 077 )
& NOT CURORXOP) § LEXORDER SAD 17 > 10 OBJ'S (LONG SENT) %
= QUMOBXOP)
6971 "NPOND ERR° « NPEOUND(X) § F INOPOSS(0.0X) § ERRREF(DL)
& WOT{ EXISTSISNP) B GSQWISH) § OMORIM(OP)
& SATISFILS(PP £Q WAIMY)
& NOT( EXISTS(OZ) & IMPINDEF(OZ) )
»> ERRONL TWHIOM ONE ™)1
B98): WOBND CHOICE ™ » NPBOUND(X) § ¥ INDPOSS(0.0X) & GS1(S) & CLROBXO
8 IMPINDEF(0)
2> JMPCHOOSE(D) & NPPOLMDIX):
S38C; “CHOOSE™ o IMPCHOOSE(0) § F INDPOSS(O.0X) § NOT [WMPCHOICE(ON)
& NOT( EXISTSION?] § F INCPOSS(0.0%Z] & NOT INPORICEIOXD)
B SATISF ITS210X OXZ NOTIOX? LEXORDER OX)) )
o3 EASF INDPOSS(0) § TRACING( TRACE PR INTM((CHOOS ING OX . TORDY))
® MFERS(O0X) § IPCIHOICE(OX) § MIGATI(1):
SO, “ENS POSS” « [NSF INDPOSSIO) B F IMDPOSSIOM) o NEGATE(ALLR
BUF; "OHO0SEY" o IMPCHOOSE (0)
8 NOT( EXISTSION) & F IADPOSS(OLN) § NOT INPODICEION) )
0 EARNLF(OX)
) ERNORX, (MO WORE OW01CES)) § MGATE(I)
G59) WOOND OTL" s NPROUADL (W) § NOT{ EXISTS(S) § GSI(S) & COMMOUND(S) )
3 MOT NPBOUNDIW) 8 NEGATF(}):
G903 “WPEND OfL 1MP° 1 MPBOUNDLIW) § GS1(S) § COMMOLAKNS) § CLAOEING)
8 SATIIF ILSIPP EQ MAIN) § FEFERS(OON) ’
« IMPOBXS OR) & NOT WPRRAID(W) § NEGATU 1 3A) & MY LAOB RPN

essessescessecncnnas

M o BEMANTIC CARES FOR DIFPERENT BENTENCE TV SPAGESS

TXPR MLV RAIW

B )

AVIRMENTATIONS TO M 108 FEB WEL OX [

W IO AEDLN 50" » PREOSETLIND 1 XAV S) § GEOIDN § CLMOBIIO 1 /)
$ INCLUDED AS DIfFERENCE BECAURE SUS W F TRST ARG OF AFOREIUN §
8 SATISFIEIPP £Q WAIN) § RFIRNIO I DA)
8 NOTU EXISTD? 03001 § QLECRMOZ0T) § F MOPSSRINEAS) )
O HASAOAAVS) § MGATI( 1k

M1 1 "ANGERL 1° 2 SEL INCOMOX R 07 ) & CLAECRIMGP) § SATISF IEODP 0@ AT
8 SUNTENCL(IV) § NOT GSOISV) § WDT GRE(IND § WOT GBQUIDN) - :
& NOT GIQWISN) § WOT CS1{SW) S THAT LEAVES GOGE OR S0P 3 i

o AMBREL INCIOXRD2S) 8 MGATE( 1)
W1 “ANSILL I 2 S OO XA D2 8) § CUBRINGS M)

& SATIZ 1IOPP £Q MAIY
& SINTDNCE(SN) B MOT SIS § NOT OSE(SIN & NOT GBQWINNG
8 NOY GSQWE(SH) § NOT GSi(SV) § LEAVING GIGE OR 880D §

S MOTLEXISTHOA0S) & 7 INDPOSSIOA DR) § HASIL(DIR 2 S )
S AUST IN CASE SELRED 1S TvE Q BEING ASKED: ANS WILL BE WO §
o ANSRELREOIOBRO? £) § MIGATI( I
M1% ANSIRED §° 5 PREDIWCOMO XA Y S) § CIOBINOS)
§ SATIFF ITSPP £Q WATW) b GSQLIIN)
o ANPREDIOAY S) § MEGATI(T)

M1 BEL INCON 208" 3 AL INCONMOXROZ S) & CURDRINOS)
S SATISFILSPP €Q MAIY)  § THIS 1S FOR GST, GIQW, OIQWR §
B SENTENCE(SW) § NOT GSDISI) § NOT GSQLITW) & NOT GOSN § NOT GRIIN)
 ENRORDX.(INCONS 1S TENT) 1
M3, VRO INCON ER2° 1 PREDINCOMOXA Y S) & QOB
B SATISFIESIPP EQ MAIN) ¥ THIS IS FOR GSE, GSQW, G3QWR, 081 §
& SINTENCE(SM) 8 WOT GSD(SN) § NOT GSQL(SV) & NOT GEQDIBN)
» LARORDX, (INCONS [STENT) h

MB 1 "WEL INCON [WP° ¢ REL INCOMOX A 025) § GSI(IV) § ALMOBPIOSS)
& SATISF [13(03 03 £Q WATW] § IXPECTMODISN Y
B NOY( EXISTENT 04) & 1MSRELISNEZON) )
o IPRELISNRDD) § MEGATEI):
ME2: WML [NCON (49,7 2 L INCOMOXRO2S) § GRI(SN) § CLACEIN003)
§ SATISFIES(030Y £Q MATW) § EXPECTIMOOMIND & TWPERL(BNAZ 00)
> ERRORX. (INCONSISTINT
ME3: “IWP REY o SENTBOLINDISN) § GBI(SN)
S MOT(IXISTSIRODA) § IUPRELISVAD))
8 IVPRESTRIO1D2R1 03} & WEFENSIO10X)
§ 14 CAST OF COMPOIND ORNCT OF THE JMPERATIVE, ALL THIS AMRLILR
OMLY TO THE LAST, SINCE ASSUMING “AND" F INIDRS OFF
T OTHER OBRCYS ¥
o SENTBOUNDISW) § MLZERSIO102) § IMPREL(SNA | RT)
& TRACINGITRACE PR INTM{CBACKUP 5| WEFERSSD]) & MGATHEN
HSA; "I SEL BEOUN" s SENTBOUND(SV) 8 GS1(8M)
& NOT( EXISTSIRD L] 8 IMPRELISNAD)))
8 NOT{ IXISTSMD 102 03) § TNPRLSTRIOIO2203) )
§ MZLREOUMOX R " 04 8) 8 EXPECTMOD(SNAY)
6 NOTC EXISTSOIXZAZ 08 52) § MELREDUMOS X2 00 8T)
# EXPECTMOD(SNAZ) § VEQO408) )
« JUPGELISHR 1 O4):
MEAA, “TUP SEL REDUN-* & SINTBOLNDISW) § GI1(8)
S NOY( IXISTSIRD ') § IMPREL(SNADI) )
& NOTLEXISTSIRN10203) § INPRESTHO102A03) }
& RECRCOUNIOX A1 OAS) § EXPECTMODISVA)) § RELIEOLONOS X222 08 5T}
& EXPECTMOD{SNRZ) & VWEQ(O4 08) § SATISF ITS2(08 08 08 LEXORDER O8)
O FRDOR(X (AMBIG IUPLR RTL): S MAY FIRE MATI IF QT 2 R
8% "I REDUN" ¢ SENTBOUNDISN) § GSIISN)
SMOT(IXISTSINDI) B IWPRELISNADY) )
8 WOT{EXISTSMD 10203 3 IWPIESTHO1 0280 )
QT EXISIS(ND1.7075) § FELIEDUNMO LY ROTS) & EXPECTMODIING )
& ENDMARE(X) § WOT{ EXISTRIV) 8 LEFTOFONY))
o EENORNX '(PEOUNDANT COMMAND) h
MBI "IVP BEDLN GRASP” 5 SENTBOUNDISM) & GSI(SN) § TMPREL(INADT)
SSAYISFIISMA £Q 1N 8 SATISTIES(O101 EQ HANDY- 1)
0 GRASPINGIO 1 07) § 1WPORATNOT) § LNDMAREN)
S NOTIIXISIS(YV) B LEFIOFN V) )
o> CRRORIX . (BEOUMOANT COMMAND)):

MT11 7159 08)" s SINTBOUND(S) & GS1(3) & IWPRELISAD) § CUNOBXO1P)
8 SATISF IS(PP £Q MAIW) § RFERS(O10A) § NOT 1MPOBRS.0A)
© MPOBKS DAY

MNP0 DIBPATON 10 W'S AND Q'S ACCORDING Y0 1P TYRE, OBJ, ML &

MB) "CMD P1ONS" 3 SENTBOUND(SN) § 1WPTYREISNY) B SATISF IESIV.Y 1Q PICR)
& NOT( IXISTSOW) B EXPLCTUODISNY) ) B IVPOBXSN D)
S WPINIT(GT] § PIONP{GT D) @ OHECTPIONDPION
MBI, OMD PICK ¥ o SENTOOUNDISV) § IMPTYRE(SNY) § BATLISF ILSIVY £§ PICOS)
9 EXPECTUODISN W)
o SENTOOLAEXNSM) § REA YOCAP 7)) § MEGATL(ON
MEZ; "CMD PUTON" ¢ SENTBOUND(SN) 8 TNPTYPEISNY) & SATIOF IT(V.Y 1§ W)

A S




L AUSMENTATIONS TO MILIPS FOR Wi OX

& JWPOBXSND) § TWPREL(SNADT) § SATISEICSMA 1Q 0N
& NOT SATISFIIS(0202 1Q ™) § ISA02 W)
§ NOT BATISF IfS(W W £Q PYRAMID)
 WBPINITCGT) § PUTOM'GT 0.07) § CHECKRUTONIOR D)
SMAY FIRE MA TIOLY §
ME2P; “CMD PUTON PYR" 2 SENTROUM(IN) § TMPTYRE(INY) § SATISF NESIV.Y £Q WUT)
8 IMPOBXSND) § TMIREL(SVROZ) § SATISS IESIRA £Q 0N
8 ISAIO2.W) B SATISFIESIW.W £Q PYRAMID)
> REPLYOU'(CANT PUT ON PYRAMID)R
MEI; “CMD PUTIN 3 SENTDOUNDISN) § IMPTYPE(SNY) § SATISE IERIV.Y 1§ UT)
& IMPOBXSEND) § IMPREL(SHRDT) & SATISF IESMNR £ 'IM)
& ISAIOZ2.W) § SATISFIES(W W £Q BOX)
« TRACEPUT INC'T) § WIWINII('GT) & PUTONTGT 0.07)
& ORCXPUTONIORDZ): ¥ MAY FI0E MATIRY
MEIP; “CMO PUT [N -BOX™ v SENTROUNDISN) § IMPTYRE(SIY) § SATIWF ITSIV.Y 8@ WIT)
& IMPOBXSND) § IMPREL(SNAO?) § SATISFIIS(RA Q"IN
8 I1SA(02.W) § NOT SATISF IES(W W £Q BOX)
< REPLYO((CAN OM Y PUT IN BOX)):
MEST; “TRACE PUTIN" & TRACERUT IN(X)
o TRACINGI TRACE S INTM{(PUT IN.STARTS, W1 TH,PUTON)) § NEGATE( 1)
MB4; "CMD PUT DOWN™ s SENTBOUNDISNG § TMPTYPE(SNY) § SATISF IIS(V.Y £Q W)
8 1MPOBXSND) § INPREL(SNRO?) § SATISFIESIRAEQ 'OV
8 SATISFIESION02 £Q ') § GRASPINGIHD) § LOCAT(OX YD)
2 WBPINIT('GT) 8 PUTDOWN( GT.0) § CHECKPUTDOWN(OX.Y I
MBAF; “CMD PUT DOWN 7" 3 SENTBOUNDISN) § IMPTYRE(SNV)
@ SATISFIES(V.Y £Q PUT)
& TMPOBNSND) 8 IMPRELISNRD?Z) & SATISE IESIRA £Q "ON)
8 SAT{SFI(S(0202 FQ 7 & MOT( EXISTSH) & GRASP [NGIHD) )
<3 BRI YOU(NOT GRASP INKG) @ O)
MBY; “CMD PUT 7 2 SENTBOUNK(SN) & TMPTYPE(SNY) § SAYISFIES(V.Y £Q PUT)
8 IMPOBXSND) § NOT( EXISTSINOZ) B IMPREL(SNADT) )
> RERLYOU(PUT WHERE™ ):
MBBs “CMD STACKUP™ & SENTROIND(SN) & IMPTYRE(SN V) § SATISF IES(V.Y £Q ‘STACK)
8 NOT( EXISTSOW) § EXPECTMOD(SN.W) ) § TUPOBASND)
© WBPINIT('GT) 8 STACIP('GT0) & DHECKSTAOP(ON
MBBF; “CMD STACK 7 3 SENTROUNDISN) § TMPTYRE(SH V)
& SATISFIES(V.V £Q ‘STACKUP) § EXPECTUOD{SN.W)
o SENTAOUND(SN) § REPLYO(TUP 77)) § NEGATL(A)
MB7; “IMP NO 08J" = SENTROUNIXSN) § IMP TYPE(SHV)
8§ NOT( EXISTS(O) & IMPOBXSND) )
8 NOT(IXISTS(OP DA} 8 CLROBNOP) & SATISF IESIPP EQ MADY
8 MEFERS(OOA) )
« REPLYOLY CONS (WHAT P)
MB0: "WB P INIT" & WBPINIT(GT) § SENTBOUNDISY)
=5 EVENTTIME(O) 8 CHMOICECOUNT(0) & WASLEYELIGT 0) & MEGATUALLY
§ SENTBOUND STUFF PREVENTS EFFECTS OF CHANGES TN SCENE,EG ON MBS &

4cesssccacecncasmnosn

SYMAY,D«DISCRINE & L1 82

xR MILVO(): BEGIN

VO; "COUNT REPLY" 3 REPLYO(R] § NREPL YN0

> REPLY(N. I R) & NaEPLYIN- 1) & MEGATF(ALLY:
V2)“REALY SO ¢ SENTAOUND(S) § GSO(S) «> REM YO[ TORAY]),
V81 MERLY QUIT” 3 REPLYINA) § SCANF II(X) «> MUGATE(ZR

VI8 VALY SQWP" & QWREPLYIX) § O SCRPHRASE(X L) § NM{M VW)
S NOT(EXISTSIVM) § QWRESLY(Y) § YMEQIY ) § DESCIPVRASE(Y M)
8 SATISFIES2(Y XY LEXORDER X) )
O MEAYNIL) & NP YIN: |) @ MGATL(ALLN

CREMLY D MEALYO INVDO . v3?°

V81 "ORCK PICKP” » CECKPIONPIO) o> CHECKPIONSO) & MEGATE()):
VBIA) PIONS Ox° o CHECKPIONP IO} § GAASP INGIMD)
S NOT{ EXISTSIND? S) § HASHL(0R02S)
§ SATISF I{S(RA MIEMQ (1N OV)) )
) MEP YN (OKAY]] § MGATL(t)
VS IM, PIONS OK” s CHECKPIORP O) & NOT{ EXISTSIH) & GRASP INGIND) )
«> REM YOU(COLR DN T GRASP)) § MEGATE(1)s
VS0 “PIONS OR" + CHECEPICNP2O) § CRASPINGIMD) § MASML(OA02S)
8 SATISF ISR MEMQ (1N ON)
o) BEALYOU(COUL ONT RATSEN:
V82) “CHECK PUTON » CHECEPUTOMOR 071 <) R OPUTON2{OROZ) & MGATE( 1)
VE2ZA) "PUTON OK™ 1+ OQCKPUTONZ(OROT) § MASAEL(ORDZ S)
> MR YOU{OKAY]} § MEGATI(1):
VEIP PUTON OFF " s ORCXPUTON(OR02) B NOT( EXISTS(S) § HASKEL(ORO2S) )

[ 8

« MPLYO(TYAILED TO PUTI @ @A) § NEGATE( Ih
VB3: “CHICK PUTDOWN" s CHEORSTOOWNIOXYS] |
o OLOPUTOCWW2(0X.Y 2} § MGATI(1)s
VRID: PUTDOWN OX” & HECEPUTOOWN2{O .Y D) B MASIIL(OR 02 )
8 SATLS ITMRR MEMQ (1N OM) & NOT LOCAT(OX.Y I}
o REPLYOLYOKAY)) § MEGATE(
YR LOC SAME” s O CXPUTOOWNHO XY 2} § LOCATIOX VD)
© REPLYO[TCANT UOVE 17)) & MIGATT(1);
VAIR; WO ON” 3 HECXMITOOWNOX Y ) § NOT LOCATIOX YD)
8 NOTLEXISTSR DL S) § MASREL(OA 2.8}
8 SATISF IESIRR MEMG (1N 0N)) )
* BIR YOUNOT PUT DOWWI) & NEGATE( 1)
V80) “CHCK STACKLS" » OECKSTACKLO) o> CHECKSTACIRPRIN) § MEGATEH! 1)
YI8AL “STACK™ s CECXSTACKUP2(0) 8 INSTACK(OS)
O WOT(IXISTNGZ) B INSTACK(02S) § VWEUOZ0)
8 SATISF IES20Z 002 LEXORDER 0) )
8 NOT(EXISTHO) § OLCXITACASOT) § NOT INSTACHIORS) }
o MR VOIYORAYY) § MEGATL(1):
VEOF; WOT ALL” s CECRSTACKPO) & TUSTALRIOS)
& NOT{ EXISTS(02) 8 INSTACKIO? S} & VWEQIO2.00
8 SATISFITS2(020 02 LEXORDER 0) )
8 CRCISTADUP(02) § WOT INSTACKIOR S}
 EERLYOREFT OUT) @ D)) § MGATE( 1)

“RIALY - RERLYS 1N D26, D28, 029 °

Y IAMALES Y SPASL SR

0% MILYO): BEGIN PEMACROMMIL 1M
YO "INIT SCEME & WBINITON o> REPIHS{ YO CCNOT CWBINIT YO
@ TRAC NG TRACEARINTU( YO "SCENE INITIAL 1260
& ISACBLOCK?. 1, BLOCK) § ISAIPYRAMIDY. | PYRAMID)
8 ISA(BLOCK?-2,BLOCK) § 1SA{PYRAMID-2 PYRAMID)
& TSALPYRAMIDY.S PYRAMID) § ISA(BLOCE?.3, TOCK)
& ISATBLOCK?-£ B OCK) & ISA{BL OCK?-S. 8L OCK)
@ ISALBOX?. | 'BOX) & 1SA{TABLE?- ), TASLE) § ISA{MANDY- | AN}

8 LOCAT(WLOCK?. 1,100,100 0) & LOCAT(PYRAMID?-1,100,100,100)
8 LOCAT(BLOCK®-28000.0) & LOCAT(PYRAMID?-2540840,1)

8 LOCAT(PYRAMID?-3 500,100 200) § LOCATBLOCK?-3.0.9000)

8 LOCAT{BLOCK?-4.0 240 300) & LOCAT{ W OCK?-$.900540.0)

8 LOCAT(BOX?- { 500 5000) § LOCAT{TABLEY- 1 900)

8 LOCAT(HANDT- 1 5,100 A00)

§ HASREL(BLOCK?. | 'ON, TABLE?- | POS)

0 HASEEL(BLOCK?- 20N TABLEY- |, POS)

§ MASREL(PYRAMID?- 216 WOX?- | POS)
& MASREL(BLOCK?.5, 0N, TARLE?Y- | TOS)

§ HASREL{BLOCK?.3.'0N. TARLE?- | POS)

@ MASREL(BOX?. | 'ON. TARLE?- | POS)

§ HASREL(PYRAMID?. | ON, 8L OCK?- | POS)
8 VASREL(PYRAMID?. 3. O 8L OCK -2 POS)
§ MASHEL (8L OCKX?-6.ON. T OCR?-3.708)

& MASSIZE(BLOCE?. 1.10C. 100,100} § RASSIZE(PYRAMID?- 1,100,100, 100)
& MASSI2E(BLOCK?. 2 200 200 200) § MASS 1IE(PYRAMID?-2.300 200 200)
§ MASSIZE(PYRAMID?-3.100.100.240) § HASS I 7E(BLOCX?-3.200.500 300)
& MASSIZE(B OCK?-4 200 200 200) § MASS IIE(BLOCK?-$.300,100 A00)

8 MASSITECBOX?. | 800.500.1) § HASSIIECTARE?-1,1200,17000)

& MASAY{BLOCK?. 1, 'CO8 O, 0t 0. P0S)

@ FASAV(PYRAMIDY. | 'COR OR, GREEN.POS)
§ MASAW BLOCKY.2.COLOR, GRLEN, POS)

§ MASAV{ PYRAMI0?.2.COLOR BL UL POS)
§ MASAV{PYRAMID?.3.COLOA, W D. POS)

8 MASAV{ B OCX .3, COt OR, 02 0. POS)

& MASAV{ BLOCXY.4,.COL DR ‘GRELN. POS)

& MASAV{BLOCK?.5 'COLOR BLUE . POS)

& MASAV{TI OCXY. | 'SITE 'SMALL POS)
8 HASAV{PYRAMID?. | ‘SIIT.'SMALL POS)
& MASAVIBLOCKY. 2. S 11E L ARGE POS)
§ MASAY(PYRAMID?- 2. SITE \ ARGE VOS)
B HASAVIPYRAMID?T.3,S (7€, 'SMALL POS)
& MASAV(BLOCK?-3, S11E X ARGE POS)
§ MASAV( BLOCK?.4, 8111 L ARGE POS)




MAPS AV ax

8 HASAV(BLOCK?-5. I 2L L ARGE POR)

8 CLEARTOP{PYRAMID?- 1) § CLEARTOP[PYRAMID?-2) § CLEARTOP(PYRAMIO!. 2
8 CLEARTOP{ BLOCK?-8) & CLEARTOP{'BLOCK?.8)

& MIGATE( I
S LEAVING CUT: (518 7 COLOM) (213 7 SHAPE) (918 7 O80T}

(818 7 WERSON) (013 7 SMAND) (4MANIP 7) (sSHARE 1)
(AL ?®” 8

AUGMENTATIONS TO MILIPS FOR WiLOX

Avpengtt F. WELAX PROERAM LISTIND

oM $ P35 FOR WINOGRAD'S FMLANNER 8L OCKS TMEONEMS R

DOR WRLOXD: BIGIN  REQUIRE(WEL OGS WL OW WRLOWEMIL 198 PEMACRONIL TA0:
SPoRPBQ WY
QP BASIC SLOCKS OPERATORS §
3 MOVE MAND ¥

Qs "MOVE HAND" 3 MOVIHANDIX ¥ 2] § ISAHAY) § SATISF IEB(W W £Q WAND)
8 LOCATMMX1.Y121) & NOT LOCATNX YT}
SNOTIEXISTS0) & GRASPINGMMD) ) § EVENTTIMEOM)
QO LOCATHX YT} & NEGATE(14.7) 8 EVENTTIME(M.))
& UNEVENT(M.CMOVEHANDX 1 ¥ 121
& TRACINGITRACE PO INTM( 1 s, MOV ING, MAND FROM.OC1 ¥ 1 2 10,710,00Y )Y
Q21 LIFT OBRCT™ 3 MOVEHANDIR Y Z) § GRASP ING(H D) & LOCAT(OX 1Y 1 21)
8 HASSIIE(OSX 1 SY18T1) § NOT LOCATMHX Y.}
S NOT(EXISTS(O2 X2 Y222 5%25Y2812) § LOCATIOZ X2 Y222} & VWEQIO2 D)
8 MASS1IE(02 5X2 SV 81D}
& SATISTIES(X, X - $X1 /2 P ESS X2 » $XI)
D SATISPIISIX X2 PeLESS X « SX) / 2)
S SATISFIIS(Y. Y - SY| /2 ™LUSS ¥2 « SV}
B SATISFIIS(Y. Y2 WiLISS V. 8SV) / 2)
8 SATISFIOSIZ. 2 - ST1 ™LESS 12 - $12)
8 SATISFIIS(I. 22 P €SS 1))
SAS/2ANDA .S /2GLT UPPER § LOWER CORERS, GIVEN A
IS AT CENTER, FOR SOME DIMENSTON
S IFFORX, ¥, I THOSE SATISFI(SS ARE TEUE, THE OBXCT OF OVIALAPS
THE SPACE WWERE THE GRASPED OBJECT wOtA O BE RITs
THE OVIMLAP TESTS ARE DERTVED BY NEGATING THE NON-OVERLAP
CONDITION. NAMELY THAY BOTH CORMVERS OF ONE OBJECT
(IN EACH DIMENSION) ARE £ 1THER BELOW OR ABOVE BOTH CORNERS
OF THE OTHER: THIS 1S Tw'S CLEAR PREDICATE &
® LOCATMXIYIZS) & IVENTT (M (M)
O MEWLOCATO) & MCWLOCAT0) 8 LOCAT(OX - §X1 /2V.8Y1 /22 - 811)
& TRAGING{TRACEPRINTMI«aM, L IF T ING.O.TROM QU1 Y I 2 D),
TOX - SX1 72V -S¥1 /22 - SLI»)
8 EVENTTIMEIM 1) § UNEVENT(M CMOVENAND X3V 1Y) § MEGATE(13,78)
8 LOCATMX ¥ ):
Q2L1 MOVE LAP™ 2 MOVEHANDIX Y 7) § GRASPINGIHO) § MASSITE(OSX 18V I 8L 1)
QLOCAT(OT X2 Y212} § YNILQO2D) 8 NASS IIE(02 X2 3V28I8)
O SATISFIES{M, X - SX1 /2 %oLE(SS X2 « §2)
@ SATISFI(SIX. X2 MLESS X+ SX1 /7 2)
O SATISFILSIY.Y - 3Y) /2 PelLESS Y2 . 3Y2)
@ SATISTIIS(Y. YZ TetESS Y. SYI /D)
O SATISFILS(I. T - ST MLESS 12 < $12) 8 SATISFIESIL, 2F YoLESS )
o TRACTNGITRACEPR INTM(CMOVE, 10,00 YD, OVERLAPS 0, W] THO2)
& MEGATE( 1)
@35 WOVE -° » MOVEHANDIX Y J) § LOCATORX.Y D) B ISAINW)
8 SATISFIIS(W W £Q HAND)
& MEGATE(Th

SUPDATES FOR EFFECTS OF MOVE §

OB: “WIM ON" 1 NEWLOCAT(O 1] § tOCAT(OT X 1Y 121) § HASRELOIRDS)
§ SATISF ITS(RR MEMQ (1N OW)
© MEMOKASRELIO 1 R0 S) § EQSREMOMASIEL(OTRD S) & NEGATE(I 3N
Q71 “ADD NMTW ON™ s MEWLOCAT2(01) § LOCAT(O1X 1 Y1 21) & LOCAT(02 X2 V2 IT)
§ ISA(07.W) § NOT SATISS |£S(W W [Q PYRAMID) § VWEQIOZD1)
8 MASSIZEIOLSX | S¥1S71) ) WASSITE(02 SX2 SV 812}
& SATISFIES20XI X2LESSMXZNY « $X[ /2 X2 « SX2)]
§ SATISFLESAYIY2LESSAV2Y | « SV) / 2¥2 . SV2))
O SATISFIISMIIZ221€Q 77 .812) L CHICKS Of BPPORTARLE §
« MASREL (01,0 02, POS) & MEGATE(}) § NOT NEWLOCAT(D )

Q115 "0FF STACK® ¢ MEMOMASAEL(02.02P) & SATISFIESIRNA £Q '0M) & INGTACRIDS)
8 INSTACX(075)
« BEMDINITACKIOS) 8 MEGATL() § TRAC ING(TRACEPRINTA CTARING.0, FROM S))N
QIS MILL STACK™ + MIMDIVSTACK(OS) § INSTACK(O1S)
8 MOT( EXISTSIO2) @ INSTACK(02S) § VWEXKOZD 1))
O MEGATE(1.2) § TRAC ING(TRACE PR INTH((S, DI SMANTLED )
Q18 "ON STADK" « HASHL{OIR025) § SATISF IIS(RA £Q 'OM) § INSTACKIORS)
8 WOT INSTACK(O1S)
» INSTACK(O 1S} § THACIVG ACTPRINTM{CADDING 0 1 TOBK
S EVERYTHING ON OR TRANSITIVELY-ON THE BASE RLOCK
IS 1N THE SAME STACK: MORT S0P ISTICATED PROCEOURE MIGMT
OISTINGUISH EADH BRANGH OF “TREE™ A3 A SEPARATE STATR
Q17 W STACK® + MASMLIOIROTP) B SATISF ITSIRA £Q 'ON)
8 NOTTEXISTSS) § INSTACK(028) )

vi-oe L8




r.

S NOTCEXISTS(TI) & ISA(02.71) & SATISFIES(TIT1 EQ TARLE) )

Q@ NOT(EXISTS(T 1) & ISAOR.TS) & SATISFICS(TI.T{ £Q VOX) )}
) EXISTRSTACK) & INSTACKIOI STACK) & INSTACK(O23TAC]

@ TRACJNG TRACEMR INTM{WMAK ING, BTACK STACK D | 0200

Q2):ON BOX™ » HASREL(D 1 R.02.5) § SATISF IESA £Q 'ON) b ISA(02 W)
& SATISFIESIW.W £Q BOX)
> HASREL(O 1. INO2.S) & NEGATE(1) B NOT CLEARTOP(02),
QZ9) “OFF CLEAR™ 3 REMOMASREL(O | RDT.S) & SATISF JESMA MEMQ 1IN M
8 NOT{ EX1STS(O3) § HASRIL(OIRD2S) )
«> CLEARTOP{O2):
Q27 "ON CLEAR™ & HASREL(O 1 RD2.S) § SATISF IESMRA EQ ‘0N § CLEARTOPION)
8 ISA(02.W) § NGT SATISFIES(W,w £Q BOX}
© NEGATE(S);
Q29 ERS REM° 2 ERSAEMOHASREL(O 1 A2 S)
*> NOT BEMOHASREL(O1A028) 8§ MEGATE( 1)

asvecssercnacannnrne

s s SPAGE 2%
QAU PUT" s PUT(GLOX Y]] § FASLEVELIG IV
> EXISTSIG) § GRASP(GO) & NEXT(G. PUTMOVE GLOXY 2} & MASLEVELIGN«1}
& NEGATEC)) & TRACINGITRACEPRINTG(G. GRASP OXN. )1
Q32; "PUT MOVE® 2 PUTMOVE(GOX.Y]) § HASSITE(OSX SYRL)
) MOVEHANDIX « SX 7 2.¥ « SY /2.1 - SI) § UNGRASHO) § RCEEO(G)
& MEGATE(1):
§ ASSUMES CLEAR AND SUPPORT ANL OMECKID Y MOVINAND ¥

S RAISE MAND ¥

QID7 "DAISE MAND™ & RATSEMANDIN 8 LOCATHX Y.}
> MOVEMAND(X Y. 1700) & NEGATE( 1))

S GRASPF %

Q41) "GRASPING™ 1 GRASMG0) § GRASPINGIMD) «> SUCCEED(G) & MEGATE( 1D
Q4J: "GRASP HOX DING™ s GRASP(G | ) § GRASPINGDOZ) § VNEQ002)
& MASLEVEL(G I MY
> EXISTSIG) & GETRIOOF(GO?) & MEXT(G. GRASP | 0} § HASLEVELIGN. 1)}
& NEGATE 1} 8 TRACINGITRACEPRINTGI(G, GE TRIDOF 02> N+ 1)1
QA9 "GRASP™ 2 CRASH(G 1 0) @ NOT( EXISTSMHMD2) 8 GRASPINGINOTE)
8 LOCAT(OX YT} § HASSIIE(OSXSY ST} § HASLEVELIG IN}
S EXISTSIG) § CLEARDFFHGO)
B NEXTGCCOARSPIGIOX » SX / 2¥ « SY /22 + SI°) & MASLEVRLIGN.1}
8 NEGATE(1) & TRACING({TRACTPRINTG(G. CLEARS? 5 )« 1))
Q48; "GRASP MOVE~ 3 GRASP [(GOXY]T)
> MOVEHANDIX ¥ 1) § GRASP2(G.O) & NEGATE()):
Qd7; "GRASP ACT" s GRASPNG0) & T1SAMW) § SATIST IES(W W [Q WAND)
8 EVENTTINE(M)
o SUCCIE(G) & GRASP ING(HL) § MEGATE(1.4) & UNEVENT (M. CUNGRASP D)
8 EVENTTIME(M. 1) & TRAC TNGE TRACE PRI TH( Ad) GRASP ING O')N
QAN “BACKING GRASP® 2 GRASPIMM0) 8 TVENTT [ME(M)
O GRAEPINGIHD) 8 EVENTTIME(M. |) 8 UWEVENT(N CUNGRASS DY)
& TRACINGI TRACEPRINTN( (M) GRASPING 0°)) § MEGATI(ALL N

¥ UNGRASP §

QAD) UNGRASS™ 1 UNGRASH(O) § GRASPINGIMD) § HASLIOR DT S}
& SATISF JESIRR MEMQ '(ON 13)) & EVENTT IME(M)
o NEGATE(12.9) & TRACINGITRACEPRINTM{ M1 LETTING, GO OF OO0
8 UNEVENT(W CGRASPIND) § EVENT TIME(M:th

TXPR wBLOQS): MEGIN
S 7IND SPACE ¥

Q31 "FIND 8 CENTER® 1 FINDSPACE(O.I SXSYST) § ISAOW)
VT IND SPACE ON O, IGNORING 1. SIZC TRINE SXSYSDH Y
O NOT SATISF IIS(W W £Q DOX] § NOT SATISF{{S(ww [q TASCI
O NOT( EXISTS(A) § NOCLEAR(AY )
> LOCATESPACE(O { SXSYSI) & USLACSIR T(O.L SXSY. CINTIR) § MEGATE I
Q82) T IND § PACK DOX" ¢ F INDSPACL(0.1 SX SV SI) § ISAOW)
@ SATISFHIS(Ww w [Q DOX)
o) LOCATESPACL(C.1 SX SYSI) & USTRERAT(0.1 SKSY. PACK] § MGATE( 1N

WRLOM FROGRAM L ISTING

QD) Y IND & PACK NOOLEAR" & F INDSPACE(O.1 SX 3V 52) § TSA(OM)
8 BATISTIES{w W NEQ "TABLE) § NOCLEAR(A)
O LOCATESPACL(0,] SX SYSZ) § USTRESIA T(0.] SX Y. PACK) § MEGATE( 1N
Q50: 7 IND RANDON® 3 F INDSTACE(O 1 S SYST) & ISAIO\)
O SATISFItS(W W £Q "TABLE)
R THAT |S THE SESULT OF CONJOTHING THE MEGATEO CONDIT IONS OF Q8 1-Q8H
<31 » SOX OR TABLL OR NOCLEAR) .52 « -BOXs
53 - TABLE ON -NOCLEAR: 2 STVPLE RESOLUTIONS SIMPLIFIES IT &
o LOCATESPACE(0.1 SX SY.S2) § USERESUL T(0,1 SX.SY,RANDOM) § MEGATE! th

Q87 LOCATE CLEAR™ s LOCATESPACE(O.1 SXSV.52] & CLEARTOP(O)
8 LOCAT(OX ) ¥ 1 21) & MASSTIE(OSX ) SY13T1)
@ SATISFIESHSXSTSX I NOT(SX PeGREAT 8X 1) & NOT(SY PwOREAT 8Y 1))
O LOCATERESILT(IXIY1 XY « SXIY¥] « SYIZ1 « S21) @ NEGATE(1)
& TRAC INGITRACEPRINTM{ (¥ CUND, REG IOV, CLEARTOP 000
QW) "LOCATE NO £ 17" s LOCATESPACE(0.1 3X SVS2) § CLEARTOP(O)
S WASSITE(OSX 1SV 15T 1)
8 NOT BATISF JESHSX SY.SX I MOTIEX PeGREAT £X 1) § WOT(BY PuGREAT SV 1))
S USIMBA T(O.LSRSTL)
o PATLLOCATE(]) 8 NEGATE(19) i
8 TRAC INGI TRACEPR INTM((¥ INDSPACE /CLEARTOP 0,700, BMALL )
T NEED 7 SHORTCUT: OMLY THE IGNOREO OBJXCT JTSELF IS ON TOP 8

Q811 LOCATE START" 2 LOCATESPACE(O,1.SX SYST) & NOT CLEARTOP(O)
S LOCAT{OXN 1 Y121) § HASSIZEIOSXISY 1S 1)
O FIMDLOWPAIRCIOI XY i X1 « SX}YI < SYI2) « 821,
RANDOM(X 1 XX} « $X1 - (2 @ 8X / 30,
RANDOM(Y | Y] « SY ) - (2 » SY / 3} SXBY8I)
@ MGATL(Y);

L THE FOLLOWING ATTEMPYS YO FIND A REGION ARCUND A RANDOM POINT
091G ENOUGH 10 ENCLOSE THE REQUIRED SPACE:
1T WILL NOT IN EVERY CASS F IND THE MAXTMAL REGION GIVEN A
POINT, BUT FOR LVERY MAX REGION, THERE 18§ A POINT SUCH THAT
THE ALGORITHM WOLA D GET TO THAY REG JON FROM THE POINT:
1T DOES NOT 7 IND THE BOUNDARY OF THE CLEAR REGION AROUND
THE POINT, BUT RATHER “GROPES ™ AROUND THE POINT FORMING
PROVISIONAL BOUNDARY CORMERS US ING COORDINATES OF THE
CLOSIST OBRCTS, CONSIDERED INDEPENDENTLY 8

QR2: "LOW PAIR™ 2 F JNDLOWPA TRIN.O.X 1.¥ 1 X2.¥22 XOYOSX 3Y SI)
& SATISF IES(NN NGREAT 0)
8 MOT{ EXISTSIO2 XIYISXISYISIY) & LOCAT(G2X3,¥3]) & WEQLOZ20)
8 HASSTIE(OZ SXISYISTY)
4 SATISF I{SHXOXIENILESTHNI XO XS « SXIN
§ SATISFIISIYOYISYILESSKYIYOYY . SYI))
8 SATISFIE3(S73IS2Y *GREAT O))
§ OO.¥E: NOT INSIOC SO 0BXCT %
o FINDLOWX{OX I XO.¥ 1 Y22) § F INDLOWYIOX I X2.¥ |.YOZ) & LOWXINOX 1)
8 .OWY(NOY () § GROWTOF [TONOX 1Y 1 X2¥Y22 XOVOSRSYAL)
 MEGATE( 1} § TRACINGITRACTPRINTM{(L OOKING, AT OXXO.YOZI )R
QB35 LOCATE EX" + F INDLOWPAIMND X 1Y | X2 Y21 X0 YOSX SV 31)
8 SATISTIESINN EQ C) § USIRESA T(CRDSXSYL)
o FANLLOCATE(D) B MEGATE()D)
& TRACING({TRACEPRINTM{(F INDSPACE.L 1M} T EXCELOEO)N
QBA) WANDOM ORS TR 1 £ INDLOWPATXND X 1 ¥ 1 X2.¥Y2 2 XO.YOSX SV E2)
8 SATISFIESINN 7¢GREAT C) 8 LOCAT(O2 XT.Y3Z) § VWEQLO20)
& HASSIIE(02SXISYISID)
8 SATIST 1£SIHXOXI SXILESSHNIXOXD - $XI))
9 SATISTIESIYO YISYILESSMYIYOYD . SVI)
8 SATISTIES(SIISTY YGREAT 0}
o FINDAEARPA THIND X ) YO) § ¥ INOM ARPAIRIND XS « SX3.Y0)
& FINDAE ATPA TN O XO ¥3) B F IDMEARPA IRIND XO.YS « SY)
§ TRACING] TRACEPR INTI( LR CTING X0 YOIN))
QBAA; WEAR SEL™ ¢ 5 INDMEATRA 19IND X Y)
A7 INDLOWPAIRND X1 VI XZY2IROYOSXSYSD)
8 SATISFIESHX I X2 X LESSAX ) X X2))
O SATISFICSHY I VI YLUSSP(Y IV VD))
S NOT(EXISTSINI YY) § F|NCNEARPAIMIND X3 VD)
8 SATIST IS X2 XILESSPAIN I XININ
8 SATISFIESHYI V2 YILESSHY I VIV?))
8§ SAT[SFI{S3(X ) YD XONAXIABSIXO. X ) ABSIVD-¥3))
PoLESS MAX(ABSIXO X)ANS(YO- VD))
SMOTCIXISTS(AI YI) § § INDMARPAINN O X 3 ¥D)
B SATISFIISINI X2 XILESSAN I XI X2
O SATISFI{SHYIT2YILLSSNYIVIVE))
8 SATIS I NND YIXONAX(ADS(XO. X 3) ABS|YD-VY:\
o MAX(ABSIXO-X) ABS{YO-¥)))
8 SAT[S IESHXY XTI 1000 ¢ XJ - ¥ PSS 1000 e X+ V))
o ERS/ INDNEAROA TRIND) & 1 INDLOWPA LN 1 O X 1Y I X2Y2 2 XY SKSVRT)
& MGAYIOI 2N
Q848 FILLLD" ¢ F |NDNEARPA (N D X.Y)
& FINDCOWPAIRIND X | ¥ | X2.Y2 2 XOYOSX SYRL)




MAPS ArBux

& MOT( T ISTS(XI.YT) & F INDNEARPA TN O X3S.VS)
& SATISFITSIN I X2 XILESSPN | XIXTN
0 SATISF ITSHVIVYPVILESINYIVIVE))

@ NOT( EXISTSOXI.YI) & FINONEASFA TN O XI.VD)
& SATISF ITSP0(X3XI TeLUSS X))

8 USERISIA T(07 08X SYLH

= ERSF INDMEATPAIR(ND) § FAILLOCATE(O) & NEGATE(ALL)
8 TRACINGLTRACEPR INTM{CSPACE.Y ILLED.OL1,Y 1 D> N2 V22N
QBAE; “TRS NEAR" 3 [RSF INDNEARPA TR(N.0) § 7 INDAE ARPATRIND 1Y) © MIGATE(ALL S

QBB "LOW X° 3 FINDLOWNX(OX 1 X2.Y § ¥2.2) § LOWKIN.OM 1) § LOCAT(OD X3 Z)
& VNEQIO2D) & HASSIIE(OISXISYISIY)
& BATISFIESIC) X2 XINOT(XI PaGREAT X3 « 3XI)
& NOT(X3 « SX3 PGREAT X))
& SATISFIESKY (Y2YINOT(Y( PeGREAT V3 . SY3)
& NOT(Y3 « SY3 PGIEAT ¥2))
@ NOT{ EXISTSO8XA.YASXASYAS]A) § LOCAT(04 X8.Y42) § VWEQIOAD)
8 VNEO(O403) d HASSI2E(0ASXASYASTA)
& SATISFIESIXIN2:OXI « SXI PeLESS X4 « $NA
& NOT(X4 + SX& PaGREAT X2))
@ SATISFIISKVYIVZYANOT(Y | TeGREAT Y4 « SVA)
8 NOT(YS - SY8 PGREAT ¥2)) )
S DON'T HAVE 1O 0O MORE GENERAL OVIMLAP ON ¥ DIMINEION BECAUSE
ASSUMING FLLL ORJECT HAS TO B ON WHATEVER WEXE FINDING
SPACE ON %
S DON'T CARE 1F MR TIPLE FIRES (T1LS) - AHS SAME ANYWAY 3
> LOWX(NOXS - SX3) § NEGATE(2):
Q68: “LOW ¥* 5 FINDLOWY(OX I X2.¥1¥37) 8 LOWYINDY () § LOCAT(OI XI.¥S2)
& VNEQIO30) & HASSITE(OXSXISYISTS
@ SATISFIESIX I X2 XINOTIX) YeGREAT X3 « SXI)
& NOT(X3 « SX3 PGREAT X2))
8 SATISFIESHY I .Y2.YINOT(V) YoGREAT Y] « SYY)
8 NOT(v3 . SY3 7eGPEAT Y2))
& NOT( EXISTS(OR XA,Y4 5% SYA ST4) § LOCAT(0A XA YA L) & VNEQIO4D)
8 VNEQ(OA 03) § RASSIZE{O8 SXA SYASTA)
8 BATISFIESHXINZXANOTIX | PsGREAT X4 + SX&)
& NOT(XS » SX& P GREAT X2))
@ SATISFIESKYIYZYAYS - SYI PLESS Y4 . SYA
& NOT(V4 . SYA NGREAT Y2)) )
S DON'T HAVE 7O 0O MORL GEMERAL OVEALAP ON X O ILINS ION BECAUSE
ASSUMING FULL OBJECT HAS TO BE ON WHATEVER WEXE F INDING
SPACZ ON %
S DONT CARE 1F ML TIPLE FIRES (TIES) - AMS SAME ANYWAY £
O LOWY(NOYS « §Y3) § NEGATE(Z)

QE87; “GROW READY" s GROWTOF STOIN.D X 1.¥ 1 X2 ¥2 2 X0 YO SX SYS2)
> GROWTOFIT(NDX )Y IX2Y22I X0 YOSXSYS])
8 ORCXFAILFITINOX LY I X2.Y22 X0 YOSXSYSY) & MEGATI( 1)1
QBE; "SITES FIT™ « GROWTOF IT(NDOX 1Y 1 X2,Y22 XOYOSX SYS2)
8 LOWX(NOX) & LOWY(NOY)
& NOT{ IXISTS(OIXIYISXISYISII) 3 LOCATIOI XI.YII) § YNEQIOID)
& MASSIIE(OISXISYISII) § SATISFIES(SIISIS PeGREAT O)
8 SATISFIES(X, X PsLESS X3 « SXI)
@ SATISFIES(X, X3 7o €S5S X « §X)
8 SATISFIES(Y, ¥ 72LESS Y3 . 5Y))
O SATISFIEIS(Y, Y3 TeLESS ¥ « SY))
B NC OVERAP WITHIN THE DESIRID SIZE:CF. Q2 ¢
& NOT SATISFIESHXSXX2X +« SX NGRIAT X2)
O NOT SATISFIESHYSY.Y2Y « SY 2GREATY v2)
& FINDLOWX(OABCDL) & FINDILOWY(OL F GHIY
o0 FIMDHIGHX(O X + SXX2Y.Y21) 8 FINOHICHY(OX X2V « SY Y21}
S TRYING TO PUSH O1IT REGION FUNTMER Y
& FOUNDHIGHPAIRO(NOX.Y 2) § MIGHX(NOX2) § HIGHY(NOY2)
& MEGATE(ALL) & NOT CHECKFATLFITINDX 1Y 1 X2 ¥2 I XO.YOSXSYSIN
QB9 “FIT FAIL™ s CHECKTAILFITHINOX I ¥ I X2.Y22 XOYOSXSYSY)
& FINDLOWN(OABLDZ) 8 FINDIOWY(OLS GHZ) § LOWXINDD)
8 LOWY(ND.Y)
> FINDLOWPA RN - 10X 1.Y1IX2.Y2LRANDOMIX I X2 - (2 8 $X / 3)),
RANDOM(Y 1 YD . (2 & SY / INSXSYST)
8 NEGATE(ALL) & NOT GROWTOF 1 T(NDX 1Y | X2 Y21 XOVYOSX SV SD)
& TRACINGITRACEPRINTM{CREGION, AT (1,02, 100, SMALL )

Q705 "HIGH X° o FINOHIM{OX I X2Y I ¥22) § HMIGHINOXND) 8 LOCAT(GINIVIL)
& VWEQ(OI D) & MASSITE(OISXISYISIY)
° S WANT MIN X OF ORJNCT THAT OVIRLAPS THE ¥ DIMINSION §

& SATISFIES2{X 1 XINOTXt PeCREAT X3))

O BATISFIESI(YIVISYIY] %L ESS YD + S¥I)

& SATISFIfS2(v2.¥3 ) 2L £SS v2) ver.Q2t

S NOT{EXISTSIOSXO.YASXESYOSTE) & LOCATION XE.YAL)
& VNEQ(O4 01) § VIEQ(O40) & MASSITE(04 SxaSYASTA)
8 SATISFIESHN I XIXENOTIX ] PeGREAT X4) @ X8 761 (SS XT)
@ SATISFI{SNYIVASYAY! %L ESS Y4 « SV4)
8 BAYISFIES2(Y2.Y4 Y4 PLESS ¥2))

+ nER AL AR SIS 0 A B Bk THosiew s e e s MR w weet

vi-o

A D IR TN L SRR Qupirye 3

WRLAX PROGRAM L 15T SN0 r.

§ NECO GENMIRAL OVERL AP BECAUST COMPARING TN RESTRICTID REGIONM CF. Q88 8
S OON'T CARY 1F MLTIPLL F IRINGS, BECAUSE B8 SAME 8
S HIGMNOXS) § MGATHIR
QU0 HIOH ¥™ 3 FINDHIGHVION | X2.Y 1 Y223 B HIGHYINONZ) § LOCAT(OA XS.¥S.L)
& VIEQOID) § MASSTIE(0ISKISYISTY)
S WANT MINY OF OBCT TMAY OVIRLAPS T™E X DIMINSION §
8 SATISFITS2AYI.YINGT(Y1 DGREAT YI))
® SATISFIISANIXISHIX T FoLESS X « SXI)
0 SATISFIIS2(N2 I X3 *oLESS X2) TCr Q2%
@ MOT( EX1STSION X4 Y4 SXASYLSIA) § LOCAT(OI XA VAZ)
& NEQIOA 03) § WEQIO4 D) § MASSIIE(OA SXESVE SL8)
8 SATISF IISKY 1 YI.YANOT(V1 PeGREAT v4) & VA PelESS ¥9)
9 SATISFIESINI XOSXEX] PLESS X4 « S4)
B SATISFIES2N2 X048 PLESS X2} }
§ NEED GINERAL OVERL AP BECALSE COMPARING TN RESTRICTED MEOIOM LY. Q08 8
S DON'Y CARE 1F ML TIME FIRINGS, BECAUST M8 SAME &
= HIGNY(UO.Y3) & MGATE(Z:

Q72) "HIGH READY" s FOUNDMIGPA1R0INO XV X}
> FONONIGPAINND XY ) B NEGATE( 1)
QY9 HIGH PATR™ 1 FOUNDNIG-PATNND XY ZT B HIGI(ND 1) § HIGIYENDY 1)
& FINDMIGX(OABLDZ) & FINONIGHY(OE F BNE)
© (OCATERESA T(0CY X 1Y 1 2) § MEGATE(ALL)
§ TRACINGI TRACEPRINT I (F 0D, REGION. LY 20, TO.0L 1Y 1 210

Q78 "LOCATE CENTEN" ¢ LOCATERESIL T{0X ),V 362.¥22} B UBERERA T{O | D BX SYAN
& SATIST IES(UL EQ ‘CENTIR)
<> FOUNDSFACE(O QX ] « X2 - §X) /2{¥) « Y2 - SV} / 22} § MEGATL(MLLY
Q77 LOCATE PACK" s LOCATERESULT(OX1.71.X2.Y22) § USERIBR T(01 OBXBYL)
§ SATISF SES(UL €Q PACK)
« FOUNDSPACE(O 1 0X1.¥ 12) § NEGATE(ALLY
Q78 LOCATE RANDOM” 8 LOCATERTSUL T(OXX1,Y I X2,v21) & UBEREMA T(0 1 DS SYLA
8 SATISFIESQUL €Q RANDOM)

« FOUNDSPACE(O 10 1X2 - SR)RANDOM(Y | Y2 - SYI) & MEGATE(ALLN

3 WA SPACE &

QB 11 MAKE SPACE" £ MAKESPACE(G | 0.3 SR SY.ST) § HASREL (0280 8)
& SATISFIESIRR £Q 'ON) § MASSIZE(O2 SX25V2 812}
& SATISF HSIHSXSY SN2 NOT(SX2 TalESS SX} § NOT(SYZ LSS BV))
0 MOT(IXISTOISKISYISIY) § HASKLIOIRNS)
8 NASSIZE(O3 SX3SYISIY)
8 SATISFHSIHSX SY SXINOTIEXS TeL ESS $X)
& NOT(SY) MLESS SV))
§ SATISFIES3(SX2Sv25X3SXT + SY3 WLEES $x2 « SYD) )
T SMALLEST OVE THAT'S 816 ENOUGH §
& WOT( EXISTSIOISXISYISII) & HASRIL(OIRD S)
& HASSIIE(03SXISYISID)
8 SATISFIESISXSYSAINOTIEXS PeiLESS $X)
8 NOT(SY3 *LESS §V))
& SATISF JESASX2SV2SXISXKD - Y3 . §X2 + YD)
8 YNEQ(O302) & SATISF 1£S2(03.02.03 LEXORDER OD) )
% AMONG TIES, USE LEXORDER §
& MASLEVELIG I
S EXISTSIG) & GLTRIDOFIGOT) 8 NEXTIG.CMARESPACE2010.1 3% SYSD))
@ HASLEVELIGN: 1) § TRACING{TRACEPRINTG(G, GETRIDOF D2IN-1))
G MGATI( i)
Q821 WAKE SPACE M” 3 MACESPACE(G 1 0.1 SX ST S1) § HASREL(OZADA)
8 SATISF IIS(RA £Q 'ON) § HASSIIE(02SX2SY2SID)
8 NOT( (XISTS(035XISYISII) & HASREL(OIRDS)
§ HASSIZE(O3 SXISYISIY)
8 SATISF IESHSX ST SXINOTIEXY PoLESS $X)
& NOT(SY3 WLESS 8V]))
8 MOT( EXISTS(OISXISYISII) § MASREL(OIRD S)
2 HASSIIE(OI SXISYISIY)
8 SATIST JESI{SXI SY2SXISK3 « SYI NGRIAY $x2 «+ $¥2))
B WO EXISTNOISXISYISII) § MASRL(OIRDS)
& MASSIZE(0ISXISYISIY)
8 SATSFIESHSX2SY2SXISXKY + S¥I & SXZ « $YD)
& VMEQ0302) § SATISEIES2030203 LEXORDER OT) )
& HASLEVELIG I M)
S EXISTSG) B GLTRIDOFIGOZ) § MXT(G CMAXTSPACL2GI 0.1 AR SYSD))
& HASLEVELIGN: 1) & TRACING{TRACEPRINYGLG, GE TRIDOF O Ne 1))
8 MEGATI( 1)
QB3 WAKT SPACE F IAND" t MAYTSPACE NG O0.1 SXSYST)
O FINDSPACED,I SXSY.SI) § MANTSPACENGD,I SXSYST) & MIGATE(')h
QB85 WAKE SPACE FND:” 3 MACISPACE XGO.1 SXSYST) § FOUNDSPACE(0.1 .Y 1)
« SUCCEED(G) B MGATE( 1)
QES) "MAXT SPACE FND-" s MARTSPACE XG 0.1 SXSYSS) & FATLLOCATE(])
o MANTSPACE(GO.1 SXSvS2) & MGATI(ALLK
S (WON'T TRY 10 MAXT SPACE AT ALL IF NOT ENOUGH SPACE THIRE) X

[ -]
’.




r WELOX PROBRAM LISTING

cesacsscsacssvscacas

DOR wBLOWL): BEGIN SPAGES S
W Pp: BLOCKS OPERATORS THAT USE THE BASIC ONES - THEY PROCIES
COMMANDS FROM THE M. FRONT END 8

% GOAL DXRCUTIVE ¥

WO “SUCC MEXT™ & SUCCEED(G) & MEXT(GL) & HASLEVEL(GM)
©> DELAYTXPND(MAKE INSTL(C)) & NEGATE(1)
& TRACING( TRACEPR INTH G, SUCCELOS Ns 1))
¥ MAKE INSTL CONVERTS THE L1ST VALUE BOUND TO C 1O B AN TNSTANCE
APPROPRIATE 10 8T ASSERTLO: THE DECAVEXAND OPERATION IS AS I7
THAT INSTANCE WERE TEMPORARILY SUBSTITUTED IN AS PART OF THE
WS CF. W1 FOR A USE OF NEXT INANRS {
WOF; "FAIL NEXT™ 1 FAIL(G) & MEXTF(GC) & MASLEVEL(GN)
> DELAYEXPND(MAXE INSTLIC) & MEGATE())
& TRACINGUTRACEPRINTH-G,FASLS N ()1
WOG) “FAIL TOP™ a FATL(G) @ NOT(EXISTSIC) & NEXTF(GL) ) ¢ HASLEVELIGM)
«> TRACING{TRACEPRINTIN-G, FAILS NO.NEXTI> N+ 1)) & NEGATE( 1)
WOBs “SUCC SUPER™ « SUCCEED(G) & NOT( EXISTSIC) & MEXT(GL) )
8 HASSUPERGOALIGG?) 8 HASLEVELIGNY
» SUCCEED(G2) § TRACING( TRACEPR INTH(G, SUCCECOSIN. 1]) § MEGATE( th
WOT; “SUCC TOP™ 3 SUCCELING) 8 NOT( EXISTSIC) & MEXT(GL) )
& NOT( EXISTS(G2) & HASSUPERGOALIGG?) ) & MASLEVELIGN)
> TRACINGITRACEPRINTH(-G. SUCCLEDS ) N1 1)) & NEGATE(ALLY:

IPIXPr Y

WHTPICK UP™ ¢ PICKUPIGT ) § ISAIHNW) B SATISF IESIW.W [Q HAND)
@ HASLEVELIGTV)
« EXISTHG) & GRASP(GO) § MASLEVEL(GN«1) § MEXT(G. P10QP2GT)D)
@ TRAC ING( TRACEPR INTH(CSTART INGGT, PICKUP O00))
8 MEGATE(1) & TRACING(TRACEPRINTG(G, GRASP 0N« 1));
W2 PIORP RAISE" : PIOPAGH) «> RAISEMANDIHY § SUCCEED(G) & MEGATE()):

Y CLEAR OFF TOP OF OBXCT X

W35 “CLEAR OFF " u CLEAROFF(G | 0) & HASREL(GIRDS) & SATISFIESMA €Q 'OM)
@ HASSIZE(O1 SXSY ST) & NOT{ EX]STS(02SX25Y2512) @ HASKEL(OZ R0 S)
& YNEQXO201) 8 HASSITE(025%25Y2S1D)
& SATIST IISHSX SX2SX « SY PGREAT SXT + SV2) )}
@ NOT(EXISTS(025X28Y2.512) & HASREL(O2RD S)
& VVEQIOZ01) 8 MASSITE(O2SX28Y2SID)
& SATIST ICS2ASXSX2SX « SY « SX2 - §¥2)
8 SATISFIISHO1 0201 LEXORDER 02) )
& MASLEVELIGI W)
o EXISTSIG) & GE TRIOOP(GLD (] § MASLEVEL{GN. 1} § MXYG.COLEANOST G 1.00)
8 MEGATE(1) § TRAC ING{TRACE PRINTG( G, GE TRIDOF O 1>Ne 1))
S ITERATES UNTIL ALL CLEAR Y
Was “CLEAR OFF * 3 CLEAQOFF(G { 0) § MASREL(C1ROS) § SATISFIESMMR £Q IV
& HASSITE(O 1 SXSY S2) b NOT( EXISTS(O2SX2.5v2ST12) § MASREL(O2R0S)
& VWEQIO?701) & HASSITE(02SX23v2812)
& SATISTIESASXSX2SX « 8Y 2oGREAT X2 . 8Y7) )
& NOT( EXISTSIO? SX25Y2.512) 8 HASREL(02/.08)
& WEQUO2.01] B HASSTIE(O? SX2SY2512)
& SATISFIESASXSX25X « SY « SX2 . Sv2)
8 SATISFISHOIO201 LEXORDER 02) )
8 MASLEVILIG IV
D EXISTS(G) & GLIRIOOF(GO1) § HASLEVELIGN:-1) § MEXTY(G.COLEARDIT G107
8 MEGATE(1) § TRACING(TRACLPRINTG(G, GETRIDOF O DN« 1)1
X ITERATES UNTIL ALL CLEAR R
Wos "CLEAR .= ¢ CLEARDFF(GO) & CLEARTOP(D) o SUCCIEDIG) & MEGATE(1)s

% PUT DOWN 3

W10; PUT DOWN™ 3 PUTOOWNIGT O0) 8 MASLEVELIGTM
> EXISTS(C) § GETRIDOF(GO) § HASLEVELIGN 1) B HASSUPENGOAL(GST)
B MEGATE()) & TRACING{TRACEPRINTM(CSTART INGGT. WU 0.D0WNY)}
& YRAC ING{ TRACEPRINTG( G, 'GE TRIDOF 0 - 1))

SGETRIDOF &
R THIB 16 A MIMTURE OF ACTUAL PLANNER § WHAT S GIVEN TN TW'S BOOE R

Wit “GLY RID OF START® ¢ GEYRIDOFIGO) & NOT PETRYIG) & ISAI02 W)
& SATISFIES(W W EQ ‘TABLE) § HASSIIL(0SXSY ST}
o3 F INDSPACE(O2 03X SYS1) & GLTRIDPUTIGCNOZ) B MGATI{ 1)
W) GLT IO FND" 1 GLTRIOPUT(G 1 0.07) & NOT SLTRYIG L] § FOUMDSPACLIOZON YD)
& RASLEVELIGINY § O4O1CE COUNT(X) 8 LVENTT It (M)
O ERISTHG) & PUTIGON Y L) § HASLEVELIGN: 1) § HASSUPIIGOAL(GS I}

18

8 MIGATE(13.35) & CNOICECOUNT(R«1) 8 OETRIOCHOICE(X. 1 3.1 0RO D)
9§ CHOICET IME(R- 1 04) & TRAC INGITRACEMRINTGL G PUT LY 2N 1))
Wik "GLY R10 RETAY T° 5 GI TRIDOFIGO) § BE TRY(C) § OHOICECOUNTOO
# NOT( EXISTSN X v 203) # GI TRIOCHOICEMNGL D3 OXYT)
OBATISFIESOL EQLIIT TRV ORY I TIMISON TARLE §
8 ISA(02.W) § SATISYIES(W.W EQ "TABLE) § MASSIZE(OSX SV ST)
o FINOSPACE(020SX SYST) § GETRIOPUTIG D071 & MEGATE(1h
W18 "GLY 1D FND RE” « GETRIDPUT(G 1 0073 & R TAYIG () & FOUNDIPACL(OZO XY 1}
8 HASLEVEL(G I N) § CHOICECOUNT(X) B QI TRATOCHOICE(X G 1.I030 X2 ¥22D)
S NOT{EXISTOSXNIYILI.I) 8 GLIRIDCHOICEIXG).1 08003 Y32
8 SAVISF IS ] NGRAT )
& NOT(EXISTS(]) & GELTRIDCHOICEXGLID2 0V )
S IXISTHG) & PUT(COXYT) § MARLIVELIGNS1) & MASUPERGOALISS 1)
8 MIGATE(13) 8 GRTRIDCHOICE(R 51U 1020 XY D)
8§ TRACING{TRACEMINTLG. PUTO,0LY I M 1))
W80 *GET 10 FND OUPL" « GLIRIDPUYIG I O02) § R TRYIGI)
& FOUNDSPACE(0Z0.¥ Z) § HASLEVEL(G I V) & OOICECOUNT(R)
§ GETRIDOOICIMG | 1020X YD)
& GETRIDCHOICE(RG1J020X2Y22D)
8 NOT{ EXISTSION X2.YI231) § CETRIDCHOICE(RG)L DEOXIVILE
8 SAYISFIISINNJL YGHMAT )
« GETRIOOF(G1.0) B MEGATE(1.3) 8 GE TRIDCHOICENG 1 )¢ 1 O2BX YY)
& TRACING{TRACE PR INTM{{F CUNOSPACE DUPL ICATED.OLY Ik
W18 "GLT RID RETRY 0" s GETRIDOF{GO) § RETRY(G) § CHOTCECOUNT(M
@ GETRIDOHOICEHINGL ADXY D) & SATISFIESNLL EQ 3) § TSA(02 W
8 NOT SATISF 1ES{W w MEMQ (TABLE PYRAMID 8OX}) 8§ VWEQKO20)
& MOTLIXISTSIIX2¥212) 8 GLIRIOCHOICEING 1020X2.Y220) )
8 NOT{ EXISTS(RP) § HASKELIORDZP) 8 SATIST ILSIRAEQ 08 )
8 HASSIZI(0SX SY §2) § MASSITE(OZ SX25Y25ID)
& SATISF IES2USX SXINDTISXZ oL ESS SX))
8 SATISF IES2SYSY2NOT(SYZ 2eLESS SV])
S NOT({ EXISTS(03SX3SYISiIw2) § ISA(03 w2) § VNE(O302)
9 SATISF JES(W2 NOT(WZ MEMQ ([TABLE PYRAMID SOX))) § YNEQIOS0)
& SATISFIT$2({020303 LEXORDER ©2)
B NOY{ EXISTSI} X2¥212) § GETRIOCHOICEING.1 030 X2.¥Y22D) )
& NOT( EXISTSINP) § HASREL(CAOIP) § SATISF IISRA EQ ‘00 )
& MASSIIE(0I SXISYISTS)
& SATISFI{S2ASX SXINOT(SXS TaLESS SXJ)
# SATISF JES2{SYSYINOTISYY %eLESS SV)) )
¥ THAT MAXES CHOICF THE UNIQUE. LEXORDER'ST OBECT &
o FINDSPACE(02D SX SYS1) § GETRIOPUT(GOO7) & MGATE( 1)
& TRACINGITRACIPRINTN(CTRYING. ONDDI )
W18: "GET RID EXM” 3 GLTRIDOF(GO) & RE TRV(G) & CHOICECUNT(N
8 GETRIOCHOICENGLADX YD) B SATISFITSNL LA
8 MASSILIE(OSXSYSY)
8 NOT( EXISTS{O2 SX25Y2512W) § 1SAI02 W) & WEQ(020)
8 SATISF [[S(wNOT(w MEMQ (PYRAMID TABLE BOXI)
8 WOY( EXISTS(I X2 ¥212) & GETRIDCHOICL NG I Q2O X2 Y222} )
& NOT{ EXISTS(RP) § MASIEL(ORDZP) & SATLSFILSMA €Q 'O )
8 HASSITE(02SX28Y2 51D}
& SATISF IES2ASXSAINOT(SXD oL £SS SX))
8 SATISFIISNSYSYZNOTISY2 *LESS SY)))
£ 1€, NO OBECTS €LIGIALE AS CHOICES §
# CHOICE T [ME(NM) & MASLEVEL(GK)
S ERSGE TRIDCHOICESING) § SACKUP(N- 1) § CMOICECOUNT(N- )
O MEGATE(ALL -6) § TRACINGITRACEPRINTM( (G, EXHAUSTEO M)
WIGE: ERS GETRID™ 2 EXSGE TRIOCHOICESING) & GETRIDCHOICENBASLDEF)
=3 MEGATE(ALLY
WIT FAIL GITRID FND | ¢ FAILLOCATE(O) & GETRIDPUTICOOT) & NOT RETIVIR)
§ OH0ICE COUNT(R) § EVENTT IMEIM)
« GETRIDOF(G.0) § PE TRY(G) § CHOICECOUNT(X.1) § CHOTCET IME(R. 100
8 GETRIDCHOTCE(X. 1 GID?HDODD) 8 MEGATEIALL -8k
W8 FAIL GLTRIOFND 2" s FATLLOCATE(O) & GETRIDAPUTICDO2) b VIO
§ GOICECOUNT(T)
S NOT(EXISTS(IO3XIYIZIN B CLTRIDOOICE(XG.1OI/NIVIIMY
B SATISFIES(LIEQ )
«© GETRIDOF(G0) 8 NEGATE(1.2) B CLTRIDOHOICI (X GID2DDD N
W19 FASL GETRID FND C™ « FATLLOCATE(O) & GETRICPUT(G.00T) b BETIVIR)
8 CHOJCECOUNT(C) § GLTRIDOICE (X G1030XY I
& SATISFIUS{1.] WGREAT 2)
8 NOT(IXISTS(I04.X4.Y874) § GI TRIDCHOICE (X G DA D NE.V8 208)
B SATISFITS2(LJ) NOMAT 1))
o GETRIOOP(GO) & MEGATI( 121 8 GETRIDCHOICEN B+ 10200000

ST ONS

W20 VUT ONSLT 1 SUTOMGCT 0102) & FUTOMGT 0307) § VWEQIO3D1)
G NOT{ IXISISOR) 8 MUIOMGT DAD2) § VNEQIDALD 1)
8 SATISFIISHOA 0104 LEXORDEN OL) }
S NOT(IX|STSINA) § PUTOMET D402 & VEQ(O401) § VRGO D3)
8 SATISFILSHOI10INI0 ) LENGADER 04 § O4 LEXCADER 03) )
TMALT 7IRING UNIQR &
@ OMOICICOUNT(T) & LVENT ! 1ML (M)




NPS / Bux WELOK FRSERAM LISTING

© EXISTS(3) & PUTONSETO(S) & CHOICECOUNT(X: 1) & CHOTCET IME(Ke 1))
A PUTONSETOMOICE (X« 1 GV S 02) § NEGATL(SN
W21 "PUT ON COLL" » PUTONSE TO(S) § MITONMGT 0102
» PUTONSET{OT S.07) § INSITO)S) § MOATI{)2);
WEB) "PUT SEL" 2 PUTONSE T(GTS.01) § INSLI(OS) § NOT TRIEOPUT(OS)
@ HASSIIE(OSX SV.S2)
8 MOT( EXISTSIOZSK2SYZSIT) @ INSET(OZZ) § WOT tRITON/T(028)
& HASSIIE(07 SX2 SY251D)
& SATISF IESHSXSY. SN2 SX2 + SY2 TeGREAT SX « V) )
S PUT ONDICCEST FIRST &
& NOT( EXISTS(02SX23v2572) § INSET{0Z3) § NOT TRI(DMUT(OR 2D
& HASSIIE(0? 3X23Y231D)
8 VIEQIO20) & SATISF IISASNIVENIINT « SVZ « 8K « V)
8 SATISFITS2(02.0.02 LEXORDER 0) )
& MASLEVELIGTA) & EVENT T LME(M)
> EXISTSIG) 8 PUTONIIGDDOL) & TRITOPUTIOS) § MEXTIG.CPUTONSETGY SO 1Y
QNEXTF(G TAILPUTONSEYGTS D)
& TRACING(TRACEPRINTI(¢DOINGGT. PUTON.SL T 3.0 1)) § HASLEVELIGN- [}
8 TRACINGITRACEPR INTG('G. PUTOND. ONTOD >N« 1)} § MEGATL(1 )
& NOCLEAR(GT] § UNEVENT(M'ERSTRIZOPUT0.S)) § EVENTT IME(Msth
W229; "BACK P TRIED" » ERSTRITOPUT(DS) § EVENTT IME(M)
© NOT TRIEDPUT(OS) &8 MEGATF(ALL) & EVENTTIME(M.1)
& UNEVINT(M.TRIFOPUTOS )
WZEE: “PUT ALL” 2 PUTONSET(GT S O1)
@ NOT{ EXISTS(0) & INSET(0.5) 8 NOT TRIIDPUT(OS) §
=3 SUCCECO(GT) & NEGATE(T) & NOT NOCLEANGTH
W23 PUT ON |° 3 PUTOMGT 0107)
& NOT( EXISTSI03) & PUTONIGT 0302) & VWEQ(OI D))
S PUTONIIGTO102)  NEGATI( 1) § MEXIF(GT.CRAILPUTONIGT DO
& TRACINGITRACEPRINTM{ STARTINGGT PUTOND 1, ONTOODIN
W238: “PUT ONFATIL SET™ s FATLAUTONSE T(GT.S0) § CHOICE COUNT(N)
«> BACKUPIN) § NEGATE( 1)y
W2, “PUT ON FATL ALL™ s FATLPUTONSETALL(GT S 0) § 1SAIO.W)
& NOT SATISFITLS(W.W £Q BOX) § MARLEVELIGTM
> EXISTS(G) § CLEARDFF(GO) & MEXT(GCPACKGT S0)) & RASLEVELIGN. I}
& TRAC ING(TRACEPRINTG((G, CLEAROF? DO+ 1)} § MEGATL( 1)

A PUT ON SINGLE OBJCT ®

W24) "PUT ON" s PUTON H{GT.0102) § HASSIZE(O 13 SY.S1) § HASLEVEL(GTN)
& HASSITE(O2 SX28Y2512)
& BATISFJESISXSXI SYNOTISX SGRIAT SX2) § NOT{SY PeGRIAT $Y2)
& NOT(EXISTSXJIXIYILI) § PUTONIDHOICE(LGT D102 X Y1)
& SATISFIESUIIEQD))
O EXISTS(G) & CLEAROFF(GO 1) & NEXT(G.F INDSPACE 020 | SX SYSD}
& RASLEVELIGN- 1) § PUTONNUTIGT 01070
& TRACING(TRACEPRINTG(GCLEAROFF D12N: 1)) & NEGATE(1)
W26F; "PUT ON OVIR" 1 PUTON 1{GT0102) & HASSIZE(O 1 SX SV.SI} & NASLEVELIGTM)
& HASSIZE(02SX23Y281D)
& NOT SATISFIESHEN SN2 IYNOT(ER eGREAT SX2) § NOT(SY TaGREAT SY2
O FAJLIGT) 8 MGATL(Y)
& TRACING{TRACIPRINTM{(O [, OVEIR SIIL. OF D2 )
W26 PUT ACT™ o PUTONPUT(GI O 107) & NAT BETEV(G (] & FOUNDSPACLIOZO I XY DY
& HASLEVEL{G I M) & CHOTCE COUNT(T)  EVENTT IML(M)
® EXISTHG) & PUT(GOIXYT) B HASSUPERGOALIGG I) § MASLEVELIGM- 1)
& CHOICECOUNT(K: 1) § CHOTCE T IML(K. ) M) -
& PUTONIOHOICEN.181,10102 X Y1) '
8§ MEGATE(1.33) 8 TRACING TRACEPRINTG(G, WITO 1 XY ION 1))
W26) "PUT ACT BL” s PUTONRUT(G 1O 102) & RETRY(G ) & FOUNDSPACI(02D I XY )
& CHOICE COUNT(K)
& NOT{IXISTS(I) 8 PUTONIOHOICERGLIDI A2 XY D) )
& PUTONIOHOICE (X G 110107 X2 v222)
S NOT(EXISIS(IXIVIZI) § PUTONICHOICERG 1D P2 X3 YIS
8 SATISFIES2(.1J TGREAT 1))
& HASLEVEL(G I
S EXIETSIG) & PUTIGO (XY T) § HASSUPERGOALIGG 1) & MASLEVEL{GN.1)
8 PUTONICHOTCEIX.1.G13.1 0167 XY D)
@ MEGATE(1.3) & TRACING(TRACEPRINTGIG.PUTO L NYIVN I
W200: PUT IND OUPL” : PUTONNUNG 1 0102) 8 RIRYVIGE) § FOUNDSPACLIOZD INY DY
& CHOICE COUNT(K) § PUTON 1OHOICRING1.ID1OZ XY D)
QNOTCEIXISTSR) & PUTONIOWICLEXGILOIQZNY D)
8 SATISFIIS20L 15 PLESS 1))
@ PUTONICHOITE(XG1JD10?2 X2V21D)
SNOT(IXISTSA XIV22I) & PUTONIDHOICE(RG 1L D) 92 X3 VI2S)
& SATISF ITS2(L L 2#GMAT )} )
O PUTON G IO ID?) § PUTONIOOIL(SGI I IOID2X YD)
& NMEGATI()3) & TRAC INGETRACS M INTN{ T GLINDSPACE, DUPL ICATEO.OLY 1))
WX, PUTON) X" 2 PUTONHGD107) 8 I T1EY(()
S PUTON)IOHOICE(RG.ID IO XY ]) & SATISF IES(1.) £Q 3) § OOICE COUNTX)
& OMOIOE T TME (X M) @ MASLEVEL(GL)
*> ERSPUTON 1OHOICE SIKG) § BACKLPIE. 1) § OHOICE COUNT(X- 1)
@ MEGATE(ALL) 8 TRACINGITRACE PRINTM(G. X XMASTED I
W281 “INS PUTON 1" 5 ERSPUTON ICHOICE (X G) § PUTONICHOICERGLOIAZ XY D)

S MIGATE(MLY
W LOCATE FAIL® = FAJLLOCATL(O) § PUTCMPUTICOOT)
© FAT(G) & TRAC TNOLTRACK MR INTAN (WS, SPACE, 10, WTORASDN
8 MGATI(12)
WERG FAIL § MACL” « FALLNUTON)IGT 01.07) § 1SAIO2 W)
B NOT SATISFIES(W.w £Q BOX) § HASSIZE(O 1 SX SY.SP)
8 HAREVELIGT M) 8 NOT CLEARTOP(OT? § MASSIZE(02 SX2SY2SIT)
& SATISF 1(SAEX2 SV SIZNOT(EX WOILAT SX2) B NOT(SY PaGREAT SVIN
© EXISTHG) § MAKTSPACE(GO2.01 3K EV.SE) & MASLEVELIBN: ()
& MUXV(GCPUTONUT GT 0102%)
& TRACINGITRACEPRINTGLG MANESPACE FORD 1. ONSDI Mo 1)) § MEGATEL 1%
WRTO FAIL OVER 1 FATLPUTONGT 01027 § MASSIZE(01 S BV 1 82 1)
8 MASSITH(OR SX2SY28ID)
QNOY BATISFIEENSK 13V 13%2,
NOT(EX } PoGREAT SX2) § NOT(SY) PeGREAT SYZN
SPATLIGT) & MGATE( )
WP FATL QLEAR" ¢ FAILPUTONGT 01 52) § CLEARTEPIOR)
 FAIUGT) & MEGATEC 1)

etensscccssaccnsnnne

OoR VELOWN): BXGIV SPAOE S
T BACK UP TO PREVIOUS CHOICE %

W30; "BACK SUB™ 1 BACKLIPIN § EVENTTIME(K) & NOT( EXISTIRN § UMEVENTIRAN )
& CHOTCETIME(NM) & SATISY IES2XMNOTIX PaLESS M)}
o BACKUP(N) B EVENTTIME(K. 1) § NEGATE(2)s
W11 “BACK LP” s BACKUP(N) § EVINT T IME(K) § UNEVENTIRAD @ CHOICR Y IMEONAD
8 SATISFIIS2XNNOT(X Toi ESS M)
» DELAYEXPHOIMAYE INSTLIL)) § ERSUNEVENTIRIO & MUOATE( 1 30
TTOR MAKLINSTL. SIE wO §
WD RS U 5 COSOKVINTEM § EVENTTIME(L) § SATIOF ITEIL KL EQ U 1}
& UEVINT(LL)
o BACKUP(N) § TVENTTIME(L-2) § NEGATE(ALLN
WAS: “BACK GI TRIDOF * 2 BACKLP(V) § CHOTCET IME(NM) & EVENTTIME(R)
8 SATISFIERXME EQ M- 1) § GE TRIDCHOICENG D2 PN D)
8 SATISFIES(IIEQ 1) & KASLEVILIGL)
o GETRIDOF(G0) § RETRVIG) & TRAC INGITACEPRINTO( @, N TRV, QL TRIONF S04 1
8 EVENTTIME(M) B MEGATECT Y
W1 BACK PUTON™ 5 BACKUP(N) § CHOTCETIMEINM) & EVENTT INR(TY
B SATISFIES2RMX EQ M- 1) § PUTONICHOICEING SN 102NN
8 BATISF HES(1JEQ 1) 8 HASLEVELIGL)
S PUTONINGOI102) & METAVIC) 8 EVENTTINEIM) 8 MEGATE()S)
& TRACING{TRACEPRINTG( G.RETRY, PUTON ) 0102°LIh
WIS DACK PACK” s BACKLO(V) § CHOTCE TIMEINM) & EVENT T IMEIKY
0 SATISS HIS2XMK EQ M- 1) § PACKCHOICE (NGID 1O XN D)
@ SATISFIOSUI EQ 1) § MASLEVELIGL) B INSLT(013)
o PACKIGS 07] & RETRVIG) § TVENTTIMEIM) § MEGATL(1S)
8 TRACINGITRACIPRINTG(.G. RE TRY. PACK S O L1
W3S "BACK AUT ALL® 3 BACKUP(N) § CHOTCETIME{NA) § EVINTTIME(R)
8 SATISF [USZXMK £Q M- 1] § PUTONSE TOQICENG S0)
8 MASLEVEL(GA)
O FATLRUTONSL TALLIGSD) 8 EVENTTINIQS § MEGATI() 3 S)
B TRACING{TRACE PR INTG( G, ¢ TRY, W1 TH PACIDL I

SPUT INY
B ARUTIN COMES FROM M. FRONT [ND AS PUTON §

W30 PUTON-INFAIL® s FATLAUTONSE TALLIG 1 S02) § 1SALO2 W)
8 SATISFI(S(W W £Q BOX) § HASLEVEL(GIM
S EXISTSIG) § ADOINSE T{ INDY S) B CLEAROFF(G O2)
& WEXT(GPACKG1807) § HASLEVELIGN: |}
B TRACINGITRACIPRINTGI G CLEARDFF O2°Ne 1)) & NEGATE( 1N
WL PUTION-INFAIL 17 1 FAILOUTONIG 10102) § 1SMO2 W)
0 SATISTILS(w. W £Q BOX) § HASLEVIL(GIN) § NOT CLEARYOPHOZ)
QMASSIIL(OISKISY ST 1) § MASSILE(O2SXN2BYISI)
B SATISFIESNSX I SISV INOT(SH| PeGREAT SX2) § NOT(SY T WOREAT SV
S ERISISGS) § ADOINSETI INDZS) § CLEAROCFFIGOT) & INBLTIO1S)
O MEXT(G.CPACRG 1 302Y) § HASLEVEL(GN:H)
8 TRACINGITRACEPRINTG( ‘G CLEAROPF D2°M0 113 & MEGATE( 1)
W39 PACKIN COLL" » ADDINSL T(R.0.3) § MASIMDAEL (O R D) § NOT 1ML VORS)
o INBET(OZX) & MGATL(IM
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We0) "STACK UP START® s STACADIGT 0}
8 0T CXISTRON & STACANGTON) § WEQOS0)
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8 SATISFITS20030.03 LEXORDER 0) ).
8§ ISAO2.W) 8 SATISFIES(W.W EQ TAMLE)
> ERIBTE(S) & STACKSLTIR) § INST Y(O5) & INSLT(OTS) & TRIOSTACKIZ N
8 TRACING(TRACEPRINTM{CSTART INGGT.STACKUP)) & MEGATE( 1)
WA “BYACK SET" s STACKSE 1(5) § STACKUNGY D)
* STACUPSET(GTS) & IVSET(0S) & NEGATI(ALL:
WaZ) "STACK AUT ON B” » STACKUPSE T(GT 3) § INSLT(08) & TRILDBTACKS)
S NOT( EXNISTSIOZPA) & INSET(02.S) § HASRL(O2RDP)
8 SATISFIES(RA £Q 'ON) § TRITOSTACK(O?5) )
& INBET(O1S) § NOT TRIINSTACK(OSS) § ISAIOLW)
& SATISFIES(W.W £Q TLOCK)
B NOT( EXISTS(RP) § HASREL(OIALP) & SATISFIISINA IR 'OM )
@ HASSIDE(O 1 SK I SYISTH)
& MOT({ EXISTS(02SX2 SY2572) § INSET(OR S) & NOT TRILOSTACKOZS)
& VMEQ(O701) § ISA(02 W) § HARSTIE(02 X2 SY2812)
& SATISFIESNEX2SY25X | SX2 « S¥2 2GREATY SX1 . 8V1))
& NOT({ EXISTS(025X2 SY2512) ¢ INSETIOZS) & NOT TRITDSTACKIOZS).
& VWEQIO201) & 1SAI02.W) § MASSITE(02SX2SY281D)
@ SATISFIESHSK25V2SX 1 SX2 « SY2 « SX1 « SY1)
& SATISFIESN020102 LEXORDER Ot} )
8 NOT( EXISTS(02SX2 SY2S120P) 8 INSET(02S) § NOT TRI(DSTACKI02S)
8 VNEQIO201) § 1SAIO2 W) & MASSIIT(0ZSX23Y231D
8 SATISTIESHENZSY2.5M 1 S%Z + 8Y2 « SX| + S¥Y)
8 MASRELIOZROP))
§ HASLEVELIGTA) § EVENT TIME(M)
o> EX1STS(G) & PUTON GO 10) § NEXT(G.CSTACKUPSE T GT.S)) § MASLEVEL(GMe1)
§ TRACINGI TRACIPRINTG('G.PUTON 1O ONTODI N« (1] § NEGATZSL.18}
B MEXTF(G FATIPUTONSTACKGT.O105)) § EVENTTIUE(M.})
8 TRTTOSTACK(O1S) § UNEVENT(M ERSTRIEDSTACKD 1S )
WEZB: “BACK UP STACK™ # ERSTRITOSTACK(O | S) & EVENTTINE(M)
»> NOT TRIEDSTACK(O 1 S) & MEGATE(ALL) & EVENT T IWE(M.1)
& UNEVENT(M - TRITDSTACXD1S'):
WAS) "STACK ON.™ 3 STACKUPSE T(GT.S) § INSET(0.S) & TRITOSTACKIOS)
& INSET(O1S) 8 NOT IRIIDSTACK(O!S) § 1SAIOLW)
& SATISFIESIW. @ EQ BLOCK) & HASAEL(OIADS) & SATISTIISIRA £Q 'O
& HASSIZE(O1SX)SY1ST1)
& NOT( EXISTS(02SX25Y2512) & INSET(025) & NOT TRILOSTACKO2S)
& VNEQ(02.01) & 1SA(O2w) & MASSITE(02SX2SYISIY)
8 SATISTIESNSX2SV2SK) ST & SYZ PeGREAT SX1 - SY1) )
& TVENTY IME (M)
o> STACKLPSE T(GTS) & MGATL(1,)2)
& TRACING{TRACEPRINTM{CALREADY O 1 /OND))
8 EVENTTIME(M: 1) § TRITOSTACK(O 1 S] § UNEVENT(M CERSTRICOSTACKD | Sk
WO FAIL FUTON"  FATLPUTONSTACK(GT£10S)
o> STACKUPSE T(GT $) § MIGATI(1)
& TRACING{TRACEPR INTR{{FAJLED, PUTON, ONTO0, TIT PROCEED, MWYWAIN

WES; “BTACK PUTON #° & STACKLPSE T(GT.S) § INSETIOS) § TRITOSTACKIOS)
8 NOT( EXISTSIOZPR) § INSE 1(0Z S) § KASRL: (07 R0 P)
8 SATISFIfS(RA £Q 'ON) § TRITOSTACK(07S) )
& INSET(O13) § NOT IRIEOSTACKIO1S) § 1SAID L W)
& SATISFIES(W.W £Q PYRAMID) § NOT [S/4(0W)
8 NOT( EXISTS(RP) B HASREL(O1RDP) & SATISF IES(RR €Q 0N )
S NOT(EXISTS(O? w2) & INSE T(023) § NOT [RIEDSTACKIOY S}
5 VNEQ(0201) 8 ISA(O2 W) B SATISF I{S(W2.w2Z {Q WLOX) )
8 NOTCEXISTS(OZRP) B INSET(025) B NOT TRITOSTACKIORS)
8 VMEQ02.01) § TSA(02.W) § HASHL(OZRDP)
8 SATISTITS(RR EQ "ON) )
@ HASSIIE(Ot SX1SY ST}
B NOT( IXISTS(O? SX2.SV2512) 8 INSLT(0Z 5] & WOY YRILOSTACK(O2 )
8 ISA(O7 W) § VNEQIO201) & NASSIIE(02SX2SY2SIN
0§ BATIST IISHSR?SY25X I SHZ « SY2 JoGRAT SX1 . SY1) )
8 MOT( EXISTS(07 SX? SY2872) § INSET(025) & TSAIO2.W) § WEQKOZ01)
8 MASSITE(O? SX?2SY2812)
8 SATISFI(SI(SX2SY2SX ) SX2 - SV2 « $X ) « SV1)
8 BATISF IIS2OT0107 LEXORDER O1) )
& MASLEVEL(GTA) & EVENTTIME(M)
D EXISTSIG) § PUTON GO 0) & MEXT(G STACKUPSE T GT.S)) § RASLEVEL(GN«1)
& TRACINGITRACEPRINTG( G.PUTON )01 ONTOQO'N: 1)} & MEGATE(),17)
@ MEXTF(G/ FATLPUTONSTACKGT 0108 § LVENT T IME(M. 1)
@ TRICOSTACK(O 1 S) & UNEVENT(M ERSTRICOSTACK D18
WA “BTACK P ON.” 3+ STACKLPSET(GT S) & IW3E T{O5) 8 TRIIDSTACKIOS)
8 INSLY(013) & NOY TRIINDSTACKIO 1 S} § ISAIO 1. W)
8 SATISTIESIW.W £Q PYRAMID) § HASEEL(O1RDS) § SATISTIISRALQ 'OM
& NOT( EXISTS(07.w2) & INSE T{025) & WOT 1R1(0STACK(IO2S)
& YNEQ(O?701) § ISAIOZ.W2) B SATIST I{S(w2. w2 [Q BLOCX))
8 EVENTT ML)
> STACKUPSE T(GT S) § MGATI(11)
@ TRACING{TRACI PR INTN{CALEEAOY 01,'0N0)) B EVENTT IMEMM. V)
& TRIFDSTACK(O 1 S) § UM VENT(M CLRSTRIIDSTACK D1 8O)
Wa7; "STACK SUCC" s STAOWUPSE T(GT S)
@ NOT( EXISTS(0) & INSIT(0S) @ WOT TRICDSTACKOS) }
o SUCCEEO(GT) § MEGATE( )

WA “STACK JUCC™ » STACOPSE T(GTS) § INSET(OS) § TRITDSTACKIS) & J9A0M)
B SATISFJESIW.W £Q PYRAMID) B TMEETIOLNS) § NOT TRITOSTACK(O! )
& WOT( {XIETHO02) § INSET(025) & NOT TRILOSTACKISZR]
8 VEQIO2D1) § SATIIF IES2(020) 02 LENORDER 01) )
S MECLCOIGT) & MBATH( 1)
 TRAC TNO TRACE PR JWT A CCANT OOMPLE TE, STACKDL.". . .

IPACR %

Wl ‘PACK L 818 s PACKICLS0) § TNELT(O2S) § MDY TRILOPACNSRS)
8 WOT(EXISTSCIN Y T} § PACRONVICIRS 1 JOZANN D)
S SATISTIISLIIIA M)
8 MASSIIE(O2SXT SY2SIN
& NOTL EXISTSIOISXISVISIY) 8 INSLTICS) § MDT TRANOPACINRE)
§ MASSIZE(0I SXISVISID)
& SATISFIESNSX2 SY2SAISXAT « VI NORAT DX « SV )
& WOT( EXISTSOISAISVISIS) & INSLT(02S) & HOT TRITOPACSIR)
& VMEQIOI D2) § NASSITE(O3SXASVISIS)
8 SATISFIEINSNISVISXISXRD « Y3 « $X2 « OVD)
& SATISF 1ES2A030203 L EXORDER 021 )
& EVENTTIME (M)
* LOCATEIPACE(0.07 SX2SY25I2) § USIRBATIOLZ IR SV VAN |
8 PACORIY(G L S 020) § TRICOPACKIOZS) & LMNEVENT(M CTABTIIDPACROR B
B EVENTTIME(M:1) § NEGATE(1 BN
WH1S; PACK SUC™ ¢ PACKIG $0)
8 NOT( [X18T15102) § INSET{025) & WOT TRILOPACKIORS) )
3 SUCCLENG) 8 MEGATE( 1)
WAZ8: "BACK UP PACK” 1 LRSTRILOPACK(OS) & EVENTTIMIMM
O NOT TRIEOPACK(OS) § MEGATE(ALL) § EVENT T IML(M. 1}
& UNEVENT(M.CTRIEDPACK D SO

W33 PACK PUT 8° 3 PACKPUT(G 1 3.070) § NOT SETRVIG [} & FOUNDEPACELOLR XY ])
§ ISA(OZW) § SATISF ({S(W W £Q TLOCK) § HASLEVEL(GIN)
& CHOICECOUNT(R} § EVENT T IME(M)
S EXISTHG) & PUT(GOZ XY ) B MEXT(GLPACKUPONG | 3$020%)
§ CHOICECOUNT(K. 1) § CHOJCE T IME(K ) M- 1)
S M-t SECAUSE EVENT OF THIS CHOICE IS DOME BY w31 &
8 PACHCHOITE (X 1G 1.1 070X Y1) & NASLEVELIGN. 1} X
§ TRACINGITRACEPRINTGUG. PUT 02,00 Y 22N+ 1)) § MEGATE(1 3.Th
WS3A; "PACK PUT 8 AE" & PACKPUT(G [ S02.0) § RETRY(G () & FOUNDEPACK(OO02 XV T}
9 1SN W) B SATISFIESIW W EQ TLOCX) & OHOICECOUNTIRY
& NOT{ EXISTS(J) & PACKOMOICERG I I020XY D))
& PACKCHOICE (XG 1,107 0X2¥222)
& MOT{ TXISTS(IXIYILI) § PACKCHOICE(R G IDTA NI VIR
& SATISF (S22, NGRLAT 1} )
8 MASLEVELIG I M)
o EXISTS(G) & PUT(GO? X YT} § NEXT(GCPACKUPONG | S020%)
8 PACRCHMOICEXG1,1.1020X.7) B MASLEVELIGN.1)
8 TRACING{TRACIPRINTGIG PUTH2. MY I N 1)) § MEGATE(1 )
WS3D; "PACK FND DUPL™ &« PACKPUT(G 1 5070) & RETRVIG 1) & FOUNDEPACE(OS2 Y 1)
9 OBICECOUNT(K) § PACKOOICERGEINZOXN D)
0 PACKCHOICEXG 1 J020X2.V212)
8 NOT{IXISTSN X3.¥313) § PACKCHOICE(RG 1L O20X3.YD2T)
@ SATISFIES20L L POREAT )
© PACKIG | S0) & PACKCHOICERG 1 3+ 1020 XY T) & NEGATE()S)
8 TRACING{TRACE PR INTH(F OUNDSPACE DUPL ICATED XY 220N

W1 PACK T P° 5 PACKPUT(G 1 S.07.0) § NOT SETRYIG (] & FOUNDEPACLIOS2 XY )
8 ISAIOZW) & SATISF I{SIw.w EQ PYRAMID) § MARLEVELIG 1N
& CHOICECOUNT(E) § EVENTT I (M)
» EXISISIG) 8 PUTG D2 X Y1) § NEXT(G.CPACKSG | 300
& CHOTCECOUNT(X. 1) § CHOICET IME(Ks | M-1) 8 CF. MS3 §
8 PACKCHOTCEN-1G 1.1 070X Y.]) & HASLEVILIGN: 1)
8 TRACINGI TRACEPG INTG(G PUTO2. LY I IN: 1)) & MGATE(13,7h
WBSA; "PACK PUT P RE® & PACKPUTIG 1 5.02.0)  RETRY(G () § FOUNOSPACE(O.02 XY 1}
B ISAIO2.W) § SATIST 1{SIW.W [Q PYRAMID) § CHO)CECOLNY(X) .
8 NOT( EXISTSLI) § PACXOQICIXG 1 ID2OXN D) )
8 PACRKOWOICE(XG 1 107 0X2¥222)
8 NOT(IXISTS(IXIYI2I) & PACKCHOICE(RG | JOZONBNILS)
8 SATISFIES2().1J GMEATY [) )
8 MASLEVELIGI N
S IXISTSG) § PUTIGOI X YTI 8 MEXT(GCPACRG IS0
# PACKCHOICEIRG).1:1.070X.Y2) § MASLEVELIGN.1)
8 TRACING{TRACEPRINTG G PUTH2.0(Y 2PN 1)) § MEGATE( Y T
S WD . Wi}
WHAX; PACK [XH" 3 PACK{C $0) § W TRVIG) § PACKCHOICEXBINZOX Y DY
@ SATISYIUS(I.1 {Q 3} § CHOICECOUNT(X) § CHOICE T JMEIEM) § MAREVELIGL)
o TRSPACRCHOTCE SITG) § BACKUS(E- 1) § DHOICECONSIT(X-1) & MEGATE(ALL)
& TRACING{IRACEPRINTMI G TXHAUSTEON
WML TS PACR” ¢ (RSPACKORICISIK D) & PACKOOICIBA L1922V D)
< MEGATECALL

WS PACK AR $9° ¢ PACOUT(G 1.5020) § FANLLOCATI(02) § CHOICECOUNTIR)
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= SACRIE) & MSATI(1 2N

WS PACK UPEN P° + PACTUPONIS { 3070) § INBLT(CDS) & NOT TRITOPALK(OIS)
@ IBA(03.W) 8 BATIST IES(w W EQ PYRAMID) § MASSIIE(03SXISYISLY)
& MASSIIT(O7 SX2 SY2SID)
& SATIOF IESNTRD IV SNINOTIEXND YoGAAT £X2) § NOYISYI %GRAT SVIY
6 NOT( IXISTHOAINASYASTA) § INIE V{04 3) & VWECIOA DY)
& NOT TRIEOPACKIOA ) § 1SAIOL W) b HASSIZE(O4 SX6.3YAS18)
® SATIS HESNIN2IVZ SXANOT(EXA NGHAT SXT)
8 NOY(BYA 7 GNAT 8v2))
8 SATISFIISHENISYISNASNA « SYA 20CREAT SX3 . SYY))
8 NOT{ EXISTSIOSSXOSYASIA) § INSLT(O4S) § VIEQIOA0Y)
& MOT TRIIOPACK(OL S) § 1SA(OAY) § HASS]IE(O4 SHASYAATE)
O BATSFIESHEND SVISXANOTIERE YeGREAT SXT)
& NOT(RYA % GREAT SY2))
§ SATIIF IESAIXISVISNGSNE « SV4 « SKI « YY)
& SATIST ITSHOL D304 LEXORDLR ©3) )
& MASLEVEL(G | M) B EVENT T IME(M)
> EX1STSIG) § PUTONI(GOIN?) § MEXT(G. PACKG 1 30°) & TRIHDPACR(G3 S)
@ MEXTF(G/ FAILPACLP G 1 030 S') & WASL EVELIG N+ 1)
® UNEVINT(M  [RSTRI{OPACK D3 S)) § EVENTTIVEIM. 1}
& TRACINGIYRACE FRINIG( G.PUTON DD ONTD 07 N+ 1)) & MEGATE(1 12):
WA7; “PACK LUPON A° 1 PACKLPONIG 1 £ 07 0) § INSE T{OGS1 § NOT TRIFDPACK{IONS)
8 1SA(03 W) & SATISF IES(w.w EQ TLOCK) § MASSIIE(0ISXISYISIY)
G NOT( EXISTS(Of w2) & INSET(O4 5] § NOT TRIEDPACKIOE S) § ISAIOA WYY
8 SATISTItSIW? w2 (Q PYRAMID) )
& MASSIZE(O?2 XX28v2 81D
@ SATISF JESHSXZ SY2SXINOT(SRHI PeGREAT SX2) § NOT(SYY PFeGREAT SYIN
QMOT(EXISTSIOASXASYASTA) § INEL T(04S) § VMEQOA 0D
& NOT TRITOPACK{OA S) § 1SAIOS W) § HASS ] IL(04 SKaSVASTE)
& SATISFI(SKSNISYI SHONOT(SXE D CREAT SX2
& MOT(SVA PGREAY BY2))
0 SATISF ITSHSNISrISVESKA « SYA WGIAT SXT . §¥3) }
B NOT( EXISTS(OASXESVASTIA) § INSLY(048) 8 VWEQIO40D)
@ NOT TRICOPACK(OSS) & ISA(OE W) § MASSIIE{OS SRASVASIS)
8 SATISFITSHENI SV2SRXENOT(EXE PeGMAT £X2)
& NOT(EYS NGREAT 8Y2))
§ SATISF ITSNSX3ISYISXIIXA - SV4 - $X3 . §VI)
& SATISF 1{S2(04.02.04 LEXORDER O} )
& VASLEVELIG I M) § EVENTTIME(M)
 EXISTSIG) & PUTONHG03.02) § NEXTIGC."PACKG 1 3.0°) § TRILDPACKI0DS)
8 NEXTF(G FAILPACKUPG1 03051 & HASLEVELIGN. 1)
& UNEVENT(M.ERSTPIEDPACK 03 S} 8 EVINTT IME(M:)) § MEGATE(). )30
& TRACING{TRACEPRINTG(.G.PUTONDOI ONTOODIN: 1))
WBTP; “PACK UPON - 1 PACKLPONIG | S.07.0) § HASSITE(02 SX28V2SID)
& NOT{ IXISTS(0ISXISYISII) S INSETIOAS) 8 NOT TRILOPACKIOS S)
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o PACK(G 1 8 0) 8 NEGATL(1):
WSB; “FAIL PACK LPON" 3 FATLPACKUP{G 1 020 8) § TRITOPACK(0Z 3] & CVENT T IME(M)
o PACKIG 1 3.0) & NEGATE(ALL) & UNEVENT(WM.CTRIEDPACK 07 S}

8 EVENTTIME(N I
€ND: END.
aeaN S EXAMPLES FOR WBLOX &
EXPR WBLOY 1(): BEGIN PSMACROMMIL 16

¥ 13 TEST I{X) © SAYQU) . (PUT THE SMAML 2D BLOCK ON T+E BLUE BLOCKON
Y25 TESTIIX) > SAYQL2 (WHAT IS BILOW THE SMALL RED BLOCK)N
Y3 TESTIUX)
o> SAYQUI,'(MUT THE GRTEN BLOCK TO THE RIGHT OF THE (ARGE &L0 MLOCX
N THE BOX))

[ ]
IXPR Wl OVt MGIN PEMACRON 1L 1802
V8) TESTA(N) o> SAVYA, (PFUT THE GRLEN BLOCK ON THE BLOCK W THE BOX)M
¥8) (ESTHUX] o> SATQUI (WHAT [ 1N TIE BOXIN
v8) TESTEIN) © SAVAIS, (WHAT |8 G LM
Y7 18T ()
3 BAYQLY, (PUT THE GREEN PYRAMIO AND T™E SO PYRAMID OF T8 BL\E BLOCION
[ ]

CXPR WBLOVI(: BLGIN PIMACROMS 1A, 1)

vi- 0!

. —— - B

Ve TESTEN0) © SAVELS,TWMAT IS 8l Til TABLEIN
vy TISTI00
& BAVELD, PUT NE LASGE M0 OCK AMD ™ GREEN PYRAMID 3N TI@ B0
T WANT THAT 10 FORCE PACK §
V10 TEST 100X) <> SAVELI0.(WIAT 1§ TO NE LEFT OF i@ SO
Y3105 TEST 1IN0 & SAVEL ), TWHAT IS 2N PRCNT ¢F TG 0NN

600 wiLOva(): GV PRMACROBIK MOy 1

Vi ST 1200
O BAYGL12.PUT A SMALL PYRAMID AND A SMALL PYRAMID AKD A GRITN BLOCK |
AND THE SMALL BED BLOCK ON THE LASGE RED BLOCITR i
% THAT WILL FORCE PACK § .
V135 TEST 1300 > SAYR I (PUT T4 BLUE BLOCK [N 11 S0XIR
V8 TEST 1800 N
> ISA(BLOCK?-§ T OCK) § 1SA(WOCK®.7. B OCK) i
§ ISATILOCE?.$ BLOCT) § TSAUBLOCKY.S W OCT) }
§ LOCAT({BLOCK® §.100 0 0) § LOCAT({BLOCX?.7 40008
8 LOCAT(M OCK*® $50000) § LOCAT('BLOCK?-DH0000)
B WASREL(TR OCX .6 ON. TABLL?. [ YOS)
& HASREL(LOCK -7 ON, TARLE?- | POS)
& HASIEL (ML OCK .8 ON_TAR L?- 1, POS}
& HASREL{TR OC 3.9 ON. TABLEY- ) POS)
@ HASS 1€ B OCX?-6.200.200.200) & MASS 17E{ T OCX. 7 200 200 200)
& MASST2E(BL OCK?-8 200 200 200) & MASSTIE(WLOCK?-9.200.200 2000
8 HASAV(BLOCK?.6.C0LOR. BL ACK, POS)
& MASAV( BLOCK?- 7. COLOR B ACK, POS)
§ HASAV(BLOCK.§, COL DR, BLACK. POS)
§ MASAV(BLOCK?. 9. COLOR BLACK, P0S)
& HASAV{I OCXY.$.'S 17T L ARGE POS)
8 MASAVIBLOCK?- 7,8 12T\ MGEPOS) {
§ MASAYIBLOCK?-$, S 111, L ARGE, POS)
§ MASAV{BLOCK?.9, S 11E LARGE 0S)
5 CLEARTOPIBLOCK?-8) B CLEARTOP{WLOCK?-7)
8 CLIARTOP(BLOCKY-8) § CLUARTOP{BLOCK?- O

OOR vRLOYS): RGIN PSMACROMMIL 1M0:

Vit TEST 1300) <> SAVQL IS (PUT A BLACK SLOCK ON THE LASOEL 22D BLOCKIS
R ANOTHER FORM OF FATL - WiLL DO MATESPACE §

V16 TEST IS0 > SAVQ 1S, (PUT A LARGE GREEN SLOCK IN T™E BOXIN
L HOPE 10 FORCE CLEAROUT; ALSO AMBIGUOUS %

Y7 VISTIPNG  SAVQI17.(PICK A BLACK BLOCK UMK

O
DOR wiLOVED: BSIN PSMACROMMIL IMN

V1BA; TEST 1BA(X) © SAVQUIRD, PUT IT 1N '€ BOXI:
VID; TLST 188(X) > SAVQUIRS. (PICX A SLACK BLOCE ON T TARLE UPIN
S SIPLY MIPEAT TEST 18A TO TRY TO FORCE CLEAR-OUT OF BOX,
WITH A BACELP OF PACR, MOPEFLALY &

O
DR wRLOYX): MGIV PESMACROMIL 1My

VI TEST 19(P) § LOCATNM Y 21 B SATISF MM EQ WMDY 1)
o CLEARTOP{BLOCK?. A) 8 GRASP [WG{ MAND?- | 8L OCK?-A) § NO COLOR §
8 MASAVBLOCK YA S 11T L ARGE. POS) § MASS TR (R OCK?-A 200290, 100)
8 TSA(TROCK?-A W.OCY) § LOCAT{BLOCK.A X 100 ¥-1252-100)
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AND A SMALL PYRAMID AND A SR ACK BL OCK
AND A LARGE GRLTN S OCK AND A SMALL PYRAMIDN
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[ ]
08 wRLOvE): MGIv PRMACRONMIL Ve
VIR TUSTZR(7) 0 L\OCATOAN Y 1) § BATISF 1{S0U EQ YWY 1)
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8 TH]IS SHOLLD SACK UP BECAURE 3T WILL TIrY SLACING A SMALL
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EROCK-A) &
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FINST SECFENT

1 INPUT TEXT IS ° AUT THE SMALL MO BLOCK O THE BLUE BLOXK °
OBJ-1 ~BIG S2-1 SLOCK-1 PYRRMID-) ...
OBJ-1 AF@IG Re-1 BLOCK-) PYRANID-I ...
0RJ-1 REFEAS BLOCY-
OBJ-2 ArRIC BB-1 R OCY-S PYPNID-2 ...
O0BJ-2 PEFERS BLOCK-S
FELINCON OBJ-1 B5-1 ON BLOCK-S POS
STARTING GT PUTON MLOCK-3 ONTD R.OCK-S
GDAL G-1 CLEAPOFF BRLOCX-)
. GORL G-2 GETPIOOF PYPartlD-1
REJECTING (780 723 ©)
LOOKING AT (780 600 &)
REGION AT (600 660 ) TOD SPALL
LOOKING AT (96 9 &)
FOUND REGION 1600 @ 8) TO (1200 600 O)
. . GOAL G-3 PUT PYPAMID-1 (988 451 &)
. . . GOAL G-4 GPaSP PYPamiD-1
.+« . GOAL G-5 CLEARUFF PYPANID-1
G-§ SUCCEEDS
() MOVING HAND FROM (9 100 408) TO (150 150 290)
(1) GPASPING PYPnIO-1
G-4 SUCCEEDS
(2) LIFTING PYPANID-1 FROM (100 100 100) TO (900 451 O}
TAKING PYPAIID-1 FRON STRCK-3
STACK-3 DISAANTLED
13) LETVING GO OF PYPANID-)
RADDOING PYPaMID-1 ON TABLE-) (POS)
G-I SUCLEEDS
G-2 SUCCEEDS
G-1 SUCCEEDS
FOUND PEGION CLEARTOP BLOCK-S
GOAL G-6 PUT BLOCK-1 (400 840 409)
. GOAL G-? GMMSP &.OCK-§
. . GDAL G-8 CLECROFF @LOCK-1
G-0 SUCCEEDS
14) MOVING »aND FPON (958 S81 109) TO (150 156 188!
(S GCRASPING BLOCK-)
G-? SUCCEEDS
(6) LIFTING BLOCK-1 FPOM (100 100 0) TO (400 £48 400}
(71 LETTING GO OF 8LOCK-1
AODING BLOCK-1 ON MLOCK-§ (POS)
KNG STACX STACK-¢ BLOCK-1 BLOCK-$
G-6 SUCCEEDS
GT succeeos
2

REPLY (1 (OKAY)}

CLEARIOP 1@LOCr-1) (BLOCK-4) (PYPAMID-1) (PYPRMID-2) (PYRPANID-I)

MASAY (BLOCK-1 COLOP PED POS! (BLOCK-1 STIZE S™ALL POS! (BLOCK-2 COLOP GRCEN POS)
(BOCK-2 SIZT LARGE POS) (BLOCK-3 COLOP RED POS) {BLOCK-3 SIZE LARGE POS)
(BLOCK-¢ COLOP GREEN POS) (BLOCY-¢ S12E LAPGE POS) (BLOCY-S COLOR BLUE POS)

(BLOCK-S S12E LAPGE POS) (PYPRet)D-1 COLOR GPEEN POS)
(PYPAMID-1 SI12€ SMaLl FOS) (PTPANID-2 COLOR BLLE POS)
(PYPAIID-2 SI12C LAPGE POS) (PYPANID-3 CRROR PED POS)
(PYPANID-3 SI2E SMALL POS)

HASREL (BLOCY-3 ON BLOCA-$ POS) (BLOCK-2 ON TARLE-] POS)

(BLOCK-3 ON TAGLE-1 POS) (BLOCK-4 ON ROCK-3 POS) (BLOCK-S ON TRBLE-1 POS)
(BOX-1 ON TABLE-) POUS) (PYPn]0-1 ON TAGLE-1 POS) (PTRAMID-2 IN BOX-3 POS)

{PTPAMID-3 ON BLOCY -2 POS:

HASSIZE (BLOCK-1 109 100 100) (BLOCK-2 268 J00 200) (BLOCK-3 200 300 30}

(BLOCK-4 208 260 2001 (BLOCK-S 30Q 100 a0 (BOX-1 600 600 1)

(PYPARID-1 160 100 1R0) (PTPANI0-2 300 200 J08) (P1PAM10-3 100 100 248)

(TARE-] 1270 1200 &

INSTRCY (BLOCH- 1 STRCK-4) (PLOCK-2 STACK-2) (BLOCK-3 STACK-1) (BLOCK-4 $TACK-1)

1BLOCK -5 STACK-4) IPYPID-3 STROY-2)

ISA (M OCK-1 BLOCK) TR OCK-2 BLOCK) (BLOCK-3 BLOCK) 1BLOCK-¢ B.OCK)

(GLOCY-S BLOCY 1 (AOX-1 BOY! (MWD HINDS (PTPANID-1 PYINID!
CPTRANID-2 PYRIID) 1PIPARID-3 PTAANID) (TARRE-) TARREY
LOCAT (BLOCK -1 (0 640 +00) (GLOCK-2 ¢00 @ &) (ALOCY-) 0 J8 &

(BLOCK-4 @ 24¢1 IO (BLOCK-S J00 §40 61 (BON-1 SO0 600 8! (HAND-] 450 699 SOO)
(PYRAID-1 909 451 @) (PYPANID-2 §40 640 1) (PTRANID-2 500 108 200)

tTAmC-1 00 O

R R R R O e I B R R F R TR T P

L

[T 3% ] oL

et e s s ke e e .

. ")
. (L 4

PP R TR L R L L L L L T T R S T Y R TP Y TN

PSERCAK 1OEBUG AT (CYOLECIOS
NIL

)

TRCE
(Y1~) $O-1 Ges-)

$1~) GI-) N2-1 W3-1 NGE-1 N18-] FS-1 FS-Z F§-3 F§-4 FG-§ FS-§ FE-? F5-0 FS-9

75-10 FS-11

£1-2 127-1 A19-1 Al-| F27-1 F27-2 F27-3 F27-4 F27-§ F27-8 F27-7 F27-8 FIS-1

$1-3 ¥7-1 n)5-1 R1-2 F27-8 F15-2
$1-4 Te4-1 N2{-1 N33-1 F21-9 713~}
$1-5 TH-1 R2-1 R12-}

$1-§ G1-Z N1-1 N9-2 N98-1 N10-2 FS-12 FS-13 FS-14 FS-1S FE-18 FS-17 FS-10 FS-19

r5-20 F5-21 r5-22

$1-7 T13-1 A19-2 A1-3 F27-10 F27-11 F22-12 F27-18 F2P-1¢ F2P-1S5 F27-18 F27-17

r2?-18 F15-3
$1-9 44-2 N23-2 NI3-2 F21-2 F13-2 DI} B181-) B39-} E31-§ ME1-§
$4-1 §55-1 BS1-1 M71-1 MA2-1 MB9-)

W23-1 W24-1 W3-1 W11-1 QSe-1 061~} OB%-) QG4A-1 OG4E-1 064C-2 0G4E-3 O62-1 O6S-1

06S-2 066-1 067-) 0B3-1 OB2-2 065-) O6S-¢ 087-2 C68-1 Q71-1 Q72-1 @73-1 Q781

Wi2-1 Q31-1 Q45-1

-1 WR-1 Q46-1 O1-) 047-)

N8-2 932-) 02-1 ©6-1 023-1 Q11-1 Q131 OT9-1 Q7-§ O49-1 £52-1
WES~1 WO-J ME-2 WO-4 Q51-) O5?-1 076-1

MZS~1 931-2 Q45-2

-3 WB-5 Q46-2 01-2 047-2

W9-§ 032-2 G2-2 06-2 029-2 07-2 Q49-2 £12-2 Q27-) 0127-1 BIK-1
WI5-2 WeT-1 Vv52-1 V52a-1 ve-1 853-1)

2 INPUT TERT IS ° WHRT IS BOLOW NE WL BD BLOCK °
08J-2 APBIG 55-1 BLOCK-1 PYRRNID-1 ...

084-2 ABIC PE-1 BLOCK-1 PYRANID-I ...

0BJ-2 REFERS BLOCK-1

RELRESTP 0BJ-1 Wi-1 BELOW &.OCK-1 POS

0BJ-1 AFEIGC Mi-1 BLOCK-2 BLOCK-) ...

2

RERLY (1 (THE BOY)) 12 (THE TARLED) 13 (THE LARGE CREEW BLOCK))
{4 (NE LAPGE PED R OCK)Y (S (THE LARGE GREEW BLOCK)Y
(€ (NHE LaRGE MUE MOCKI) (7 (DHE SMALL GREEN PTYPWNID) )
(§ (THE LARGE BLUE PYPWID)) (3 (THE SIALL RED PYPWAIO))

CLEMRTDP (BLOCK-1) (BLOCK-4) (PYRMID-1) (PYRANID-2) (PYRNID-3)

WA (BLOCK-| COLOP PLD AUS) (BLOCK-1 SIZE SWLL POS) (BLOCK-2 COLO® GPEEN POS' .

(BLOCK-2 5120 LARGE POSI (BLOCK-3 COLOP SED POS) (BLOCK-3 S120 LARGE POS?
(SLOCK-4 COLOR GPEEN POS) (BLOCK-¢ SIZE LARGE POS) (BLOCK-§ COLOR SLUE POS)

1LOCK-5 S120 LAPGE POS) (R1PAn]D-1 COLOR GPEEN POS)
(PYRANI0-1 S120 SMALL POS) (PYPID-2 COLOR BUE POS)
(PYRNID-2 S12E LARGE POS) (PTRWNID-3 COLOR RED POS)
(PYIMID-3 S128 SWLL POS)

NASEL (ROCK-1 ON BLOCK-S POS) (BLOCK-Z ON TARE-1 POS)

IMOCK-3 ON TABLE-) POS) (BLOCK-4 ON BLOCK-2 POS) (BLOCK-C ON TAgLE-1 POS)
180%-) OV TARLE-) POS) (PTRAWNID-1 ON TABLE-) POS) (PTRANID-2 IW BOX-1 POS)




MPY NBx

(PYMI10-3 ON ROCK-2 POS)

HASSIZE (BLOCK-1 100 100 100) (IRODK-2 208 208 200) (BLUCX-3 200 300 308)
(MOCK-4 209 200 2007 (MOUX-5 300 100 ¢M9) (BOX-] S0k 6@ |}
(PYPARIIO-1 160 100 100) (PYPANID-2 300 200 200) (PTPANID-D 100 108 240)
(TRELE-1 5200 1200 @

INSTACK (LOCK-1 STACK-4) (BLOCK-2 STACK-2) (GLOCK-3 STACK-1) (MLOCK-¢ STACK-1)
(ILOCK-S STACr-4) 1PYRN]D-3 STACK-2}

184 (BLCK-1 BLOCK) 18LOCK-2 BLOCK) (BLOCK-3 BLOCK) (BLOCK-4 BLOCK)
(@LOCK-S BLOCY ) (BO¥-1 GOX) (HAND-| NAND) (PYPARID-1 PYRWNID!
(PYRAFILID-2 PIPARID) (PYPANID-3 PTRWIID) (TABRE-1 TABLED

LOCAT (BLOCK=-1 400 640 +00) (MLOCK-Z 400 ¢ ©) (ALOCX-3 0 208 O)
(BROCK-4 @ 246 0! (MOCK-S IO G40 #) (DOX-1 600 GO0 §) (HWD-] +50 630 S00)
(PYRANID-1 900 451 ) (PTRIMIID-2 640 6540 1) (PIRWNIID-) S48 108 208}
tTARLE-3 ¢ 0 8)

e

*oHy
Lees s oo 1L8PZ
o1
Le83 .
Lcas .
. sy .
. ) .

PSOPEAK DEBUG AT CYOLECIDS
NiL

oK)

TRACE

(V2-1 S0-2 787-) C13-1 Fi-) F3-2 F1-D Fi-¢ Fi-S FI-E F1-7 F1-8 F1-8 F1-10 FI-1)

$1-9 T1-3 G32-1 N1G-1 0581

$1-10 T08-1 R1-1 P1-4

$1-11 G1-3 NI-2 WO-3 N3B-2 N10-3 F5-23 FS-24 FS-2S FS-26 F5-27 75-28 FS-29 FS-20
7S-31 7$-32 75-33

$1-12 T27-2 A)9-3 A1-4 F27-19 F27-20 F27-21 F27-22 F27-23 F22-24 F22-28 F27-2%
FiS-¢

$1-13 17-2 M1S-2 A)-S F27-27 FI5-S

$1-14 T44-3 N21-3 NI3-) F21-3 Fi3-3 B)-2 BICC-1 F56-1 FE6-2 FE6-D FEE-¢ FEE-§
766-6 FE5-7 r66-0 re6-9 0191-1 B131-2 8131-3 8131-¢ 8131-5 0131-6 8131-7
S151-0 0131-9 €33-1 F33-) FIC-t FRC-2 F1S5-6

$4-2 #53-2 §%55-2 Vid-1 V14-2 Vi4-3 Vi4-¢4 V14-5 V]e-§ U14-7 V]14-0 v19-9 D)-1 D)-2
01-3 01-4 D1-S 03-6 D1-7 D1-0 O1-9 D11-1 D11-2 D11-3 D11-4 D11-S O11-6 O11-7
DZ2-1 D2-7 D2-3 D2-4 DZ-S 02-6 O2-7 D2-0 D2-9 D3-§ 03-2 02-3 03-¢ D3-S 03-6
03-7 03-8 03-9 02-10 02-11 D4~} 04-2 Vi5-1 Vi15-2 011-0 D11-9 DI11-10 O11-11
D11-12 011-13 D11-14 D2-12 02-13 02-14 D2-15 0Z-16 D2-17 D2-18 04-3 Ds-4 D4-§
046 04-7 04-8 D4-9 V15-2 V15-4 VIS-§ VIS-6 VIS-7 VIS-@ VIS-9 951-2}

3 INPUT TEXT IS ° PUT TIE GREEN BLOCK 10 THE RIGH OF NE LARGE WO MLOCK IN
™ 80v °

OBJ-1 ARIC CI3-1 BLOCK-2 BLOCK-¢ ...

OBJ-1 AMBIC 84-1 BMOCK-2 BLOCK-4 ...

0BJ-2 ArEBIGC LIN-1 BLOCK-2 MLOCK-D ...

0BJ-2 PEFCPS BLOCK-3

PELAESIP OBU-1 B4-1 TORIGHTOF BLOCK-3 POS

OoBJ-1 PCFEPS R OCY-2

OBJ-3 PEFEPS §OX-)

MELINCON 09J-2 B13-1 IN BOX-3 POS

RELINCON 08J-1 §12-1 IN BOX-3 POS

PUTIN STRETS MITH PITON

STARTING GT PUTON SR OCK-2 ONTO BOX-1

oM G-1 CLEAROFF ROCK-2

TRACES FOR WBLOX TESTS [

. GOM. G-Z CETRIDOF PYRWtID-3
REXCTING (543 19¢ O
LOOKING AT (549 200 @)
FOUND WEGION (200 200 6V TO (300 451 &)
. . GORL G~3 PUT PYPANID-3 (200 233 9)
« + . GORL G-4 GPMaSP PYRANID-3
o o o+ GOAL G-S CLERRCFF PYRWAID-3
G-5 SUCCEeDs
(@) MOVING HAND FRON (450 G99 S99) TO (950 169 449)
(1) GPASPING PYRANIID-F
G-4 KILCLL0S
12) LIFTING PYRONID-3 FRON (500 100 209} 10 (208 200 O)
TAKING PYRani1D-3 FRON STRCK-2
STRCX-2 DISIWNTLED
(3) LETTING GO OF PYPARID-3
ADDING PYPartiD-3 DN TAGLE-1 (POS)
G- |LTCEDS
G-2 SUCCEEDS
G~1 SUCCEEDS
LODXING AT (951 1812 1)
FOUND REGION 134 840 1) TO (1200 1200 1)
GO G-6 PUT BLOCK-2 (948 B¢8 1)
. COM. G-7 CRaSP BLOCK-2
.. GOl G-8 QLImROFF ROCK-2
G-8 SUCCEEDS
(4) MOVING WD FROM 1250 203 248) TO (500 100 209)
(S) CPASPING BLOCK -2
G-7 SUCCELDS
(61 LIFTING BLOCK-Z FROM (460 @ §) TO (940 040 1)
(7) LETTING GO OF BL0CK-2
ADOING BLOCK-2 (N BOX-1 (POS)
ADOING BLOCK-2 IN BOX-1 (POS)
6-6 SUCCEEDS
GV SUCCEEDS
2

REPLY (1 (OKAY))

CLEARRTOP (BLOCK-1) (BLOCK-2) (BLOCK-4) (PTRANID-1) (PYRWNID-2) (PTRAN]ID-I)

WASAV (BLOCK-1 COLOP PED POS) (BLOCK-1 SIZE SWL POS) (BLOCK-2 COLOR GRUEN PUS)
(MOCK-2 SIZE LARGE POS) (BLOCK-3 COXOR RED POS) (BLOCK-3 SIZE LARGE POS)
(BLOCK-4 COLOR CREEN POS) (BLOCK-4 SIZE LARGE POS) (BLOCK-S COLOR BL.UE POS)
(OLOCK-5 SIZC LARGE POS! (PYPWID-1 COLOR CREEN POS)

(PYRARID-1 SIZE SMALL POS) (PYPWSID-2 COLOR BLUE POSH
1PYRANID-2 S12E LARGE POS) (PYRAMID-3 COLOR RED POS)
(PYRRtID-3 SIZE SMALL POS)

WASREL (BLOCK-1 ON BLOCK-S POS) (BLOCK-2 IN BOX-1 POS) (MLOCK-3 ON TABLE-1 POS)
(BLOCK-4 ON BLOCY.-I POS) (BL.OCK-S ON TABLE-1 POSS (80X~ ON Talr F-1 ANTY
(PYPAII0-1 ON TABLE-§ POS) (PYPANID-D IN §OX-1 POS) (PYPARID-3 ON TABLE-1 POS!

MASSIZE (RLOCK-1 100 (0@ 100 (MOCK-2 200 700 200) (MLOCK-3 208 300 300)
(BLOCK-¢ 208 200 200) (BLOCK-S 30O 100 +00) (B0X-1 GO0 GO0 1)

(PYPRI0-1 160 100 100) (PTRANID-2 300 200 208} (PYRANID-2 100 100 240)
(TeELE-1 1200 1200 0}

INSTRCK (BLOCK-] STACK-4) (BLOCK-I STACK-1) (MLOCK-¢ STACK-1) (BLOCK-S STACK-¢)

1S4 (BLOCK-] BLOCK) (BLOCK-2 BLOCK) (OLOCK-3 BLOCK) (SLOCK-4 BLOCK?
(MOCK-$ BLOCL) (BOX-) 8UXY (HAND-1 HANDY (PYPARID~1 PYBMRIO)
(PYRNIID-2 PIRCIID) (PYRGAIID-3 PYPARID) 1TABLE-) TAOLE)

LOCAT (BLOCK-] 400 G40 468) (BLOCK-2 940 840 1) (BLOCK-3 § 390 &)
(BLOCK-4 @ 240 300) (BLOCK-5 J00 640 0) (BOX-1 G060 GG ®)

(HWD-1 1048 40 J01) (PTPARID-1 908 451 02 (PYRANID-Z §¢40 640 1)
(PYRANI0-3 208 233 §) (TABRE-1 O O O)

......... i eaedetotentassaarsevseetlossstsstsesesoserpsntsesacsactsnncveanensty
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. Py .
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S e




LY TRACES FOR WBLOX TESTS WS/ ADx
. . Gl=) ] 1.
. . - ] L P
$i-2 S 1.
T27-4 ) 1.
LIL 3] L] 2..
r27-3 4 [ ORI
PSEREAK (OEBUG AT 1CYOLECMDS $1-3 ] 1.
NIL 12-4 T | 8
Ms-y " 2.
(CoPE) rr-s : [4 2..
CORE (FREE.FULL): (4045 . 1008) S1-4 1 1.
o T4 T 1.
n2t-t [] 2..
o r2i-4 4 2..
$1-§ $ 1.
T~ ] 1.
”2-1 L4 ..
2 $1-6 S 1.
61-2 [ 1.
RUN TIME 7 NIN. 21.9 SEC w-i N ...
r$-12 . r [} P
ExAn ™my rire R B Esr \.4 §1-7 L 1.
3¢7¢ 740 S7s 1772 6.c@ 4.69 1.9 113-1 1 1.
8.127 0.597 6.774 0.249 SEC G A1S-2 ] 2..
F27-10 r | | S
000 INSERTS 68¢ DELETES 201 MARNINGS 14 NEW OBJECTS si-8 ] 1.
MAX (SIPX LENGTH 295 144-2 \ 1.
CORE (FREE.FULL): 14989 . 191%) USED (323¢ . S5S!) ei-2 [] 2..
f2i-2 r 2.
+ACTS LORDPS (MBLOY . £XP) (MILIN . MAC) (WBLOGS . EXP) (WBLOM . CXP) (RILIPS B81-1 [ ] ..
- EXP) LONDPS (MILIPW . EXP) (MILGARP . EXP) (MILK . EXP) (MILFB . EXP) ( E£31-1 € t.
HILM . EXPI (MILVD . EXP) MILE LORDPS IMILYD . EXP) SAEPS (CLOSED (MBRLOX . "61-3 n 1.
EXP)) RUN SIPXEMPTY SAKDR (CLOSED (MBL) . DBS)) (CLOSED (WBL] . TRS)) SAVEDR  54-) $ 1.
RUN SIPXEMPTY SIPXENPTY SIPXEMPTY 55-1 [ ] Z..
n1-4 n 9...
TRACE W3-1 N ...
(¥3-1 $9-3 G49-2 05¢-4 ] S
$1-15 G1-4 N2-2 W94 NIE-2 NID-¢ F$-34 FS-35 FS-36 FS-37 FS-38 F5-39 FS-40 F5-41 W12-1 ¥ 1.
FS5-42 F5-43 FS-44¢ 031-) ] 2..
$1-16 110-1 A19-4 A1-§ F27-28 F27-29 F27-30 727-31 F27-X F27-33 F27-34 F27-3S G-I u 2.
r15-2? 045-1 [} 3...
81-37 Ta4~4 N21-4 N3II-4 F21-4 Fi15-8 -2 LIS B
$1-18 Te-1 R2-2 P3-) P12-2 032-§ L Qieirssass
§1-19 G1-S N1-3 N3-5 N9B-3 NIB-S FS-45 F5-46 FS5-47 7S-48 FS—49 F5-50 FS-51 F3-52 €12-}) [ 4 1. .
F5-S3 F5-54 F5-5S wos-1 [ B
§1-20 121-1 A19-§ AL-7 *27-38 F27-37 F2/-38 F27-39 F27-40 F27-4] F15-9 o51-1 ° 3...
$1-21 17-3 A15-3 A1-9 F27-42 F27-43 F27-44 £27-45 F13-4 B1-3 $10C-2 FE2-1 Ws-1 LI B
8131~19 £33-2 F33-2 F32C-3 F13-§ -2 [} 2..
§3-22 Y44-5 N231-5 NI3-S -3 n 2.
$1-23 133-1 ®2-3 P12-3 046-2 [ ..
$1-24 C1-6 Ni-¢ N9-G NOB-4 M10-6 FS-56 FS-57 FS-58 FS-S9 FS-60 FS-61 F5-62 FS-63 we-6 L I B
FS-64 FS-6S r5-66 032-2 ] [ TP
$1-25 153-1 N27-3 N33-§ F21-5 F21-§ F21-7 F21-8 F21-9 F21-16 F21-3) F21-312 E12-2 | 4 1.
£23-13 F21-1¢ F13-6 81-4 8101-2 BiaJ-1 810-2 €31-2 BI-1 B:31-) Bi&I-2 B16-) QQ27-1 [ 2.
€31-3 M63-2 Prex-} [ ] 1.
$¢4-3 B5S-3 PS)1-3 M71-2 MB3-) MBIT-] MB9-2 ws-2 N 2.
M23-2 WZ4-2 MI-2 M11-2 Q54-2 OB1-2 064-Z GB4A-2 QB4L-4 UB4E-5 OReE-6 OB2-) OBS-5 VS2-i v I
Q66-2 067-3 968-2 Q70-1 9?1-2 072-2 ©73-2 0™9-2 953-1  } 1.

M12-2 931-3 945-)

HG-4 WO-7 Q46-3 Q1-3 047-3

WO-8 U32-3 02-3 06-3 Q11-2 013-2 023-2 929-3 07-3 0+3-3 £12-)

NOS-3 We-9 -5 WO-108 052-1 U61-3 062-4 065-§ O6-3 067-¢ 0GB-) 072-) 073-3
Q77-1

M25-2 Q31-4 Q45-¢

HE-6 HR-11 046-4 Q1-4 Q47-9
WO-12 Q32-¢ Q2-4 06-% QZ9-4 07-4 049-¢ £12-¢ 021-1 €12-§
NOS-4 WOT-2 VE2-2 VS2a-2 ve-2 053-3)

FIRED 99 QUY OF <08 PRODS

P I T I S N S

(FIRST SECFENT - FIPIT TEST)

YSTENCARFORVON

vi-1 v t.
-1 ] 1.
Gae-y ¢ 1.
$1-3 s 1.

" vi-e

PERCENTAGES OF FIRINGS OF ERCH TYPE. OUT OF TOTAL 374

-
L J

pad

cseverereasersvstaaens

rNsNrw—Rewn

3

EOCI®INIOEM-An

e e - e emee e s e e




MAPS AYBex

4 JNPUT TEXT 1S © PUT THE GREEM BLOCK ON THE MOCX IN THE 80X °
08J-1 ABIG G3-1 MOCK-Z BLOCK-4 ...
08J-) AMBIGC B4~1 BLOCK-Z BLOCK-4 ...
08J-2 AMBIG 87-1 SLOCK-1 BLOCK-Z ...
08J-3 PEFEPS BOX-1
RELRESTH 08J-2 97-1 IN BOX-1 POS
0BJ-2 REFERS BLOCY-2
08J-) REFEPS BLOCK-¢
RELINCON 0BJ-) B¢-1 ON BLOCK-2 POS
STARTING GT PUTON BLOCK-¢ ONTD BLOCK-2
GO G-1 CLEAPOFF BLOCK-4
G-1 SUCCEEDS
FOUND REGION CUEARTOP BLOCK-2
GORL G-2 PUT BLOCK-4 (948 D10 201)
- . GOAL G-3 GPRSP BLOCK-4
+ + GDAL G-¢ CLERPOFF BLOCK-4
G-4 SUCCEEoS .
(8) MOVING HAND FROM (1040 348 201) TO (100 340 S89)
. (1) GRASPING BLOCK-4
G-3 SUCCEEDS
(2) LIFTING BLOCK-¢ FROM (@ 240 300) TO (940 040 201)
TAKING BLOCK~4 FROM STRCX-3
STACK~3 DISMANTLED
€(3) LETTING CD OF BLOCK-4
PAKING STRCK STACK-S BLOCK-4 BLOCK-2
RAODING BLOCK~4 ON BLOCK-2 (POS)
G-Z SUCCEEDS
GT SUCCEEDS
2

REPLY (1 C(OKAY))

TOACES FéR WELOX TISTS L3

oo X 1LIPT

Cererereiieerritiaiaans veeeene teesestesasrssaerancanncssesristnctsrsacsrasaced

€ IWPUT TEXT IS © AT IS GPEEN °
PREDRES TR 0BJ-1 G3I-1 COLOR GREEN POS
O0BJ-1 MBIC -1 MOCK-2 BOCK-¢ ...
4

REPLY (1 (THE LARGE CICEN BLOCK)) (2 (THE LARGE GREEN BLOCK))
(3 (ME SIMLL CREEN PYRNI0))

.................................. R R R R C LR R T PEY |

LGB oolly
(V- 4

X1

7 INPUT TEST IS ° AUT THE GRCEN PTRAMIO AND THE RED PYRAMID OV THE BLUE BLOCX °;
084-1 MRIGC CI-) BLOCK-2 B OCK-4 ...
0BJ-1 REFERS PYPRRID-1
0BJ-2 ARIC #7-) BLOCK-1 BLOCK-3 ...
0BJ-2 PEFERS PYPANID-3
0BJ-3 A8IC B11-1 BLOCK-5 PYRANID-2 ...
08J-3 PETERS BLOCK-S
RELINCON 0BJ-2 PB-1 ON BLOCK-S POS
DOING G PUTON SET §-2 (RLOCK-S)
GORL G-1 PUTON PYPAM)ID-1 ONTO BLOCK-S
. GO G-2 QLEARTFF PYPANID-1
G-2 SUCCEEDS
RCJCCTING (417 665 40@)
LOOKING AT (400 665 409)
FOUND PEGION (300 640 200) 10 (400 748 400)
. COAL G~3 PUT PYewn]D-1 (300 640 400)
. . GDAL G-¢ CPRSP PYRARtID-)
« . . CORL G-S CLEAPOFF PYPAR[O~1
6-$ SUCEEos
11) MOVING HOND FPOM (1040 940 401) 10 (350 501 J09)
12) CWSPING PYRAID-)
G-4 SUCCEEDS
(30 LIFTING PYRANID-) FROM (900 451 0) Y0 (300 540 +90)
(4) LETYING GO OF PYPaRID-1
ADDING PYPID-1 O BLOCK-S (POS)
AOOING PYRARRID-] 1O STRCK-4

P e T

LEB¢  ondl)
. Lea2
. Loes S8y o XILOP?
. wrt
L2
",y
S INPUT TEXT IS ° AT [S IN THE BOX °
0BJ-2 PEFERS BOX-1
* RELMESTR OBJ-1 MI-] IN BOX-1 POS
OBJ-1 AOIC Ni-1 BLOCK-2 BLOCK-4 ...
z
. REPLY (1 (TME LARGE GNEEN BLOCK)) (2 (THE LARGL GIPEEN BLOCK))
. (3 (TME LARGE BLUE PYIWNID))
. (- L]
. waz
it
——t AP B T v e - RS LY. o
e e ashcannition it miuiinnuiatens



G-3 SUCCEEDS
G~1 SUCLLEDS
OOING GT PUTON SET 3-2 1ROCK-S)
GOAL G-6 PUION PTRan[D-3 ONTO BLOCK-§
. GOAL G-? CLEAROFT PYPan)D-3
G-? SUCCLEDS
FEJECTING (456 559 o)
LOOKING AT (509 659 ¢00)
FOUND PEGION (S0 G4@ 409) TO (G080 740 409)
. GOAL G-0 PUT PYPANID-3 (500 G40 400}
. + GOAL G-9 GPASP PYRWNID-3
. . . GOML G-10 CLEAROFF PYRWNID-3
G-~19 SUCCEEDS
(6] MOVING HND FROM (350 G99 SO8) TD (250 283 240)
€?) CRASPING PYPANID-3
G-9 SUCCEEDS
(@) LIFTING PYPARID-3 FROM (200 233 6) TO (SO0 640 400)
(9) LETTING CO OF PYPANID-I
AOOING PYPRIID-3 TO STACK-4
ADDING PYPANID-3 ON BLOCK-S (POS)
G-0 SUCCEEDS
G-6 SUCCEEDS
GT SUCCEEDS
2

REPLY (3 (OKAY))

TRACES FOR WELORX TTITS

D R N R R R R Ry R Py P PR P P P T T

«ry oMl
LOGE s8I Sv) soxiLBPZ
Lre3
PSOREAX 1 DEBK AT (CTOLEDDS
NIL
(CORE)
CORE (FREE.FULL): (4926 . 2182)
ok
(oK)
2
RUN TIFE S MIN. 41.7 SEC
€xAn ™y FIRE [ S .4 | ¥4) w
I 200 559 1713 6.7 4.9 1.7%
0.10) 0.488 06.8I11 0.199 SEC Mg

1050 INSERTS 663 DELETES 302 WARNINGS 1¢ MEN OBXCTS
PAX 1 SPPX LENGTH 228
CORE (FREE.FULL): 15835 . 2178) USED (2410 . 295)

1ACTS SMAEDE PUN SIPIEIPTY SIPIEMPTY SIPITIPTY OPITIPTY
FINED 02 OUT OF 409 PWODS

Lae¢
(X -4

vi-112

.
.
.

THIRD SEGIENT

0 IWPUT TEXY 1S ° BT 1S ON NE TARK °
0BJ-2 MTERS TARLE-)

FELIESTR OBJ-1 Wi-1 ON YABLE-1 POS
ObJ-1 MOIG M1-] BLOCK-3 BLOCX-S ...

4

MOMY 11 (NG BOX)) (2 (THE LARGE RED BLOCX)) (3 (MHME LARGE BRAE BLOCK))

-
RN L I R L R N

.
. LoD
. (V-
.

E g oot}

LIS SRO1 WP)  eeniLEFZ

L I I

R R L T R L R L R R R R R N

9 1Y TEXT 1S ° PUT THE LARGE FED BLOCK AND THE GREEN PYRAMID IN THE SOX °©
08J-1 AOIG LI-) 8LOCK-2 BLOCK-D ...
0B~} REFERS BLOCK-)
08J-2 ABIC GB-1 BLOCK-2 BLOCK-¢ ...
0BJ-2 REFERS PYRIMID-§
08J-3 REFERS BOX-1
RELINCON 0BJ-2 P9-1 1N BOX-1 POS
PUTIN STARTS W]TH PYTON
DOING GY PUTON SET §-2 (80X-1)
GOAL G-1! PUTON ROCK-3 DNTD BOX-}
. G0N G-2 QLEWPOFF BLOCK-3
G-2 SUCCEEDS
REJECTING (693 698 1)
LODKING AT (640 698 1)
RECION AT (500 600 1) TOD SMALL
REJECTING (960 997 1)
LOOKING AT (940 992 1)
REGION AT 1940 040 1) TOD SAWLL
LOOKING &Y (726 951 1)
FOUND REGION (GO0 B0 1) TD (946 1299 1)
. GOML G-3 PUT BLOCK-3 (600 B¢0 1)
.+ GOAL G-4 GPASP BLOCK-I
o+ . GOAL G-5 CLERROFF BLOCK-3
6-S SUCCEEDS
(1) MOVING WD FROM (SS8 690 S40) TO (100 450 309)
€21 GPASPING BLOCK-2
6-4 SUCTEEDS
(31 LIFTING BLOCK-3 FRON (6 300 03 TO (600 048 §)
14) LETTING GO OF BLOCK-3
ADDING BLOCK-3 IN BOX-) tPOS)
-3 SUCCEEDS
G~} SKCEEDS
DOING GT PUTON SET §-2 (BOX-1)
COAL G- PUTON PYAWI]D-1 ONTO BOX-1
. GO C-? CLEFROFT PYPANIO-)
G-? SUCtEEos
REJCTING (971 93§ 1)
LOOXING AT (340 935 1)
REGION AT (940 840 1) TOO SPALL
LODKING AT 11121 712 1)
FOUND REGION 1940 600 1) TD (1200 B¢0 1)
. GO G-0 PUT PYRMID-1 (946 60O ))
« . GOAL G-9 GPASP PYown1D-t
.. . COAL G-19 CLEARDFF PYRANID-1
G-10 SUCCLEoS




p——

— e v - - ™

MaPs/wiux

(8) MOVING WD FRON (200 398 3811 TO (350 699 $00)
(7) GRASPING PYPAN]ID-)
G-9 SUCCEEDS
(9) LIFTING PYPANID-1 FROM (300 G40 400) TO (940 600 1)
TAKING PYPORID-1 FPOM STRCK-4
(9) LETTING GO OF PYPMNID-)
ADDING PYPMID-1 ON 8OX-1 (PDS)
ADDING PYPANID-1 1IN 8OX-1 (POS)
G-0 SUCCEEDS
G-§ SUCCEEOS
GT SUCCEEos
2

REPLY (1 (OKAY))

ceeesssansernonnan

PR R R P T T L L LY

LG
L Lo
U§es et See3 *oRILOP2 WPesl
18 INPUT TEXT JS ° WMAT 1S TO THE LEFY OF THE BOX °
08J-2 REFERS BOX-1
RELRESTR 0BJ-1 Wi-1 TOLEFTOF 8OX-1 POS
0BJ-1 A@1G Wi-1 BLOCK-t BLOCK-S ...
2
REPLY (1 (THE SMALL PED BLODCK)) (2 (THE LARGE BLUE BLOCK))
(3 (THE SMALL RED PYRWNIO)) (4 (THE TAGLL))
. LGB
. U Lo
. Less sre1 V3 LA 4T 24 SGPLo sty

« e e e v .

R R LR LR R EE TR TN

13 INPUT TEET IS ° T IS [N FPONT OF THE SOX °
0BJ-2 FEFERS BOX-1
RELACSTIR OBJ-1 Wi-) INFRONICF BOX-1 POS

vi-1s

TRACKS FOR WL TISTS L3

GBJ-1 REFERS TALE-1
4

|ALY 1) (DE TARLEN

QEMTOP (MOCK-1) (BLOCK-31 (BLOCK-4) (PYPANID-1) (PYRANID-2} (PYPANID-D)

WSV (BLDCK-3 COLOR #ED POS) (BLOCK-1 SIZE SIvLL POS) (BLOCK-2 COR.OR GREEW POS)
(BLOCK-2 SIZE LARGE POS) (BLOCK-3 COLOR #EO POS) (BLOCK-D $I1X LANGE POS)
(BLOCK-4 COLOR CREEN POS) (BLOCK-¢ SIZE LARGE POS) (BLOCK-§ COLOR GLUE POS)
(BLOCK-S SIZC LARGE POS) (PYRWAID-1 COLOR CREEN POS)

(PYRAID-1 SIZE SA(L POS) (PYAWD-2 CULOR BLAE POS}
(PYRWRI0-2 SIZ (ARGL POS) (PTAANID-3 COLOR RED POS)
(PYRA]0-3 SI1ZT Swy L POS!

MASREL (BLOTK-1 QN BLOCK-S POS) (BLOCK-2 IN BOX-3 PDS) (@LOCK-3 IN BOX-3 PDS)
(BLOTK-¢ O BLOCK-2 POS) (BLOCK-S ON TAGLE-] POS) (GOX-1 ON TAGLE-1 POS}
(PYMNIID-] IN BOX-) POS) (PTRW]ID-2 IN BOX-1 POS) (PTAANID-3 ON BLOCK-S PIK:

HASSIZE (GLOCK-1 100 100 100) (BLOCK-2 200 208 200) (ROCK-3 260 9O 300)
(BLOCK-4 200 200 280) (BLOCK-S 300 108 460) (HOX-1 600 600 1)
(PYPAII0-1 100 100 100) (PTRRNID-2 360 200 208) (PYRANID-3 100
(TABLE-] 1200 1208 @)

INSTACY. (BLOCK~] STACK-4) (BLOCK-2 STACK-S) (BLOCK-¢ STACX-§) (BLOCK-§ STACK-4°
(PYPW110-3 STRO-4)

154 {BLOCK-1 BLOEK) (BLOCK-2 BLOCK? (BLOCK-3 @LOCK! (BLOCK-4 IOCK)

(BLOCK-S BLOCK) (BOX-1 BOY) (HAND-1 HAND) (PYPOIID-1 PYRANID)
(PYOIt0-2 PTRAMIO! (PTPARID-3 PTRWNID! (TABLE-1 TABLE)

LOCAT 1GLOCK-1 400 640 M) (BLOCY-Z S40 B40 1) 1BLOCK-I GO0 B40 1)
(BLOCK-4 940 844 J0)) (BLOCK-5 300 540 ) (BOX-] 60O G000 &)
(MAND-1 999 656 101) (PYRAMIO-1 940 600 1) (PYRANID-2 640 §40 1)
(PYRANID-I S00 640 409) (TARRE-1 § ¢ O}

enm mime
et sam

teerenan ereaneane cesaes D R L R R L R P R PR R

LGBe
. L Lo .
. LOES SRBI SAPD  eeXiLBP2 WPfoony .
RN TIFE 6 NIN. 11.4 SEC
(47 ] oy FINE WwCt €Y en "
3 [ 1H 542 176 §.65 L%, ] 1.1
0.120 6.5M 0673 6.210 SEC MG

1018 INSLPTS 682 DELETES 214 MAPNIAGS 14 NEN OBUELTS
MAX SIPX LENGTN 196

CONE (FREL.FULLY, (6812 . 2321) USED (1393 . 14¢4)
FIRED 42 OUT OF 409 PRODS
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FOURTH SEOPENT

12 INPUT TEXT 1S ° PUT & SARL PTPWTID AAD A SAWLL PYRANID AMD A GREEN BLOCX
D THE WL PED BLOCK OV THE LARGE #C0 BLOCK °

08y-) WRIC $)-1 BOCH -} PYORAMID-) ...

08J-) ABIC Pe-) PYRID-] PYPARID-D ...

COUSING PYPar|D-3 FO® 0BJ-)

09)-2 AOI0C S7-1 BLOCK-1 Pyoan]D-1 ...

0BJ-2 ARIGC PB-1 PYOVAID-1 PYPARID-D ...

O00SING PYPan(D-| FOF 0BJ-2

0BJ-3 A@1C Cil-1 BLOCK-2 MOKK-¢ ...

i

B et IR LT




L4

N . . .

08J-3 ArBIG B12-1 BLOCK-2 BLOCK-¢ ...
CHOOSING BLOCK-¢ FOR 0BJ-3
OBJ-4 MOIC §15-1 BLOCK-1 PYPAMID~L ...
0BJ-4 AMBIG RIG-1 BLOCK-] PYRANID-D ...
Q8J-4 REFERS BLOCX-)
0BJ-€ BIC L20-1 GLOCK-2 MLOrK-3 ...
0BJ-§ REFERS BLOCK-3
NELINCON DBJ-¢ B17-) ON ALOCK-2 PO
OCING GT PUTON SEY S-2 (BLOCK-3)
GO G-3 PUTON BLOCK-4 ONTO BLOCK-3
+ GOAL G-2 CLEAROFF BLOCTK-4
G-2 SUCCEEDS
FOUND REGION CLEARTOP BLOCK-3
GOAL G-3 PUT BLOCK-4 (GO Bea 3W))
. GORL, G-4 GPasP BLOCK-4
« . GO G-S CLEARRDFF BLOCX-¢
G-$ SUCCEEoS
(1) FOVING HAND FROM (998 650 161) TO (1048 840 401)
(2) GRASPING 8L.0CK-4
G-¢ SUCCEEDS
(3) LIFTING BLOCK-4 FRON (946 040 201) 10 (GO0 040 201)
TAKING BLOCY.-¢ FPON STACK-S
STeCY~-S DISMANTLED
(4) LETYING GO OF GLOCK-4¢
MAKING STRCY. STRCK-6 BLOCK-4 BLOCK-2
ADDING SLOCK-4 DN 8LOCK-3 (POS)
G-3 SUCCEEDS
G-1 SUCCEEDS
OOING GT PUTON SET S-2 18LOCK-3)
GOAL G-6 PUTON ML OCK-1 DNTO BLOCK-3
. GO G-?7 CLEMROFF BLOCK-)
G-7 Succteos
REJECTING 1654 982 W)
LOOKING AT (6S4 1040 3011
FOUND PEGION 1620 1040 3911 TO (900 1140 391)
. GOAL G-§ PUT BLOCK-1 (600 1040 301)
. . GOAL G-9 GPWSP BLOCK-)
. . . GOAL G-10 CLEAROFF BLOCK-1
G-10 SUCCEEDS
(6) MOVING MAND FROM (200 946 501) TO (450 690 $00)
€7} GRASPING BLOCY.-}
-9 SAXCCEEDS
10) LIFTING BLOCY -3 FROM (408 648 4903 TO (GO0 1046 383}
TRCING BLOCY -1 FROM STACK-4
(9) LETTING GO OF BLOCK-1
ADDING BLOCY-1 ON BLOCK-3 (POSS
ADDING MLOCK-] 10 STARCK-§
G-8 SACCEEDS
G-6 SUCCEEDS
DOING GY PUTON SET S$-2 (BLOCK-3)
GOML G-11 PUTON PYPRAID-1 ONTO BRLOCK-3
< GOAL G~12 CLEAPOFF PYaweilD~1
G-12 SUCCEEDS
REJECTING (640 1006 391)
LOOKING AT (640 1040 I38))
REGION AT (GO0 1040 301) T0D SIALL
REJECTING (664 085S 3o1)
LODK NG AT (664 040 301)
RECION AT (600 1040 301) 10D SMALL
REJECTING (630 991 301)
LOOKING AY (630 1040 381)
REGION AT (600 1040 301) TOD Sl
LOOKING AT (731 1152 J81)
FOUND REGION (7060 1040 39)) 10 (880 1140 301
GOAL G-13 PUT PYPAMID-] (YR 1040 30))
. GORL G-14 LPusSP FYPAN]D-)
« .« . GOAL G-15 CLEAWPOFF PYSNID-)
G-1S SXCEEDS
(11} MOVING WD FPOM (650 1090 4011 TO (990 &S0 191!
(12) GRaSPING PYPni0-}
G-14 SUCCEEODS
U131 LIFTING PTPrID-1 FROM (340 608 1) TO (700 1040 1)
€14) LETTING GO OF PYPWNID-1
RODING PrPaniD-1 10 STRCK-§
ADDING PYPANID-1 ON BLOCK-2 (POS)
G-13 SACCECDS
G-11 SUCCEEDS
OOING GY PUTON SET S-2 (BLOCK-D)
GOAL G-)6 PUTON PYivn]0-3 ONTO &LOCK-3
. GO, G-17 CLEWPOFT PYPaniD-3
G-17 SALCTEDS
REJECTING (815 1R2¢ 381
LODKING AT (615 1040 39))

[y
.
.

L3

TRACES FOR WOLOX TTSTS

WEGION AT (500 1048 393) TID WML '
REJICTING (676 914 301}
LOOKING AT (876 1040 381}
REGION AT 1608 J040 301) TOD BLL
RESECTING (600 910 1)
LOOKING AT (690 1040 381}
REGION AT (600 1040 301) TOD SWLL
REJCTIMG (646 1046 301}
LOOKING AT (646 16840 3010
REGION AT (600 140 301) 70D SWLL
REXCTING (517 3074 2010
LODKING AT (617 1040 391)
RECION AT (GO0 1046 301} TOD SWLL
FIOSPACE LINIY EXCECOED
N0 SPACE 70 PUTON PYawniD-3 BLOCK-D
C-18 FanLs
(14) CRNSPING PYPANID-1
€13) LIFTING PYROSID-1 FPOR (700 1049 391) TO (940 009 1)
TAKING PYRWIID-1 FPON STACK-6
FODING PYROI-1 ON B0X-1 (POS)
SODING PYRARID~1 1IN BOX-) (POS)
(12) LETTING GO OF PYewniD-}
(§1) NOVING HAND FRON (990 558 18)) TOD (550 1080 491)
GONL G-11 PETPY PUTON) PYPARID-1 BLOCK-D
+ GO G-10 CLEARDFT PYBWNID-1
G-10 SUCCEEDS
WEJECTING (714 931 301
LODKING AT (P14 1040 3050
FOUND PECIDN (700 1040 3010 TO (990 1140 39))
FOUNDSPACE DUPL 1CATED 1760 1040 301)
. GOAL C-19 CLERROFT PYRWID-1
G-19 SUCCEEDS
REJECTING (666 904 301)
LOOKING AT (666 1040 301)
PEGION AT (620 1040 3911 100 SPALL
RENLTING (68} 1825 301!
LODKING AT (681 1040 301)
REGION AT (600 1048 3011 TOD SPALL
REJECTING (703 832 30))
LODKING AT 1203 1040 38))
FOUND PEGION (700 1048 301) 10 (000 1140 30%)
FOUNDSPACE DUPLICATED (708 1046 201)
G-13 £OMSTED
(9) CRASPING BLOCK-1
(0) LIFTING BLOCK-1 FROM (600 1048 301) 1D (900 40 409)
TACING BOCK-) FROR STRCK-6
A0DING BLOCK-1 ON R OCK-§ (POS)Y
AODING BLOCK-1 TO STACA-¢
(7) LETTING CO OF G1OCK-)
(8) FOVING HAND FRON (450 690 $00) TO (78 948 6810
GO §-6 PETRY AIDN) MOCK-3 ROCK-D
. GO G-26 CLEAOFF BLOCK-1
G-2¢ SUCCLEDS
MEACYING (675 999 301)
LOOKING AT (675 1840 381
FOUND RECION (GOR (840 3910 TO (809 1140 IB5)
FOMDSPACE DU ICATED (600 1040 391)
. GOAL G-21 CLEAROFF BLOCK-1{
G-21 RITLEDS
REACTING (684 1004 1)
LOOKING AT (684 (00 391
FOUND RECION (6RO 1AM 301) TO (900 1140 391}
FOMDSPACE DUPL ICATED 1508 1048 381)
G-§ EnmnTtD
19) GRRSPING BLOCK-4
(31 LIFTING WOCK-4 FRON (600 D40 011 YO (9490 048 201
T iMG GLOCK-4 700M STRCK-§
S1ACX -6 DISNLED
AOING BLOCY -4 ON BLOCK-2 (POS)
MING STACK STACK-) BLOCK-4 MOCK-2
(2) LETTING GO OF M OCh-¢
(1) MOVING HaND FROM (1040 340 4011 TO (909 860 (01}
G0N G-} RETRY PUTON) BLOCK-4 ROCK-D
. GOAL G-22 CLERROFF BLOCK-4
6-22 SUCCEEDS
FOUND PEGION CLEARTOP @.OCK-)
FOUNDSPACE OUPL ICATED (600 B¢ 39Y)
. GO G-23 CLEAROFP ®LOCK-4
G-23 SCEEDS
FOUND REGION OLEARTOP GLOCK-3
POUNDSPACE DUPLICATID 1600 D48 301)
G- CnausTRD
GO GT PETRY WITH PaCK




MAPS /WBx TRACES FO8 WL TESTR " )
GOM. G-2¢ CLEAPOFY BLOCK-D . .
G-2¢ SACCEEDS _ . .
FOUND REGION CLEARTOI @LOCK-3 . s AU .
GOML G-25 PUT BLOCK-4 (608 940 301) . .
. COAL G-2§ GPrSP BLOCK-4 . .
+ . GOAL G-27 CLEGROFF BLOCK-¢ . .
G-27 SUCCEEDS . .
(1) MOVING HAND FROM (330 $50 161) TO (1018 949 01D . .
(2) CRASPING B.OCK-¢ . .
G-26 SUCCEEDS . .
. (3) LIFTING BLOCK-¢ FROM (940 048 201) TD (500 048 391) . .
TAKING BLOCY.-¢ FPON STRCK-? . .
STACK-? DISMNTLED . .
(4) LETTING GO OF GLOCK-4 e aseeehe e s nes e irte s e e et aeseeanaet et tesetetetenesannetneteaneonacanniaes 1
MAKING STACY. STACK-@ BLOTX-4 BLOCX-3
ADOING WLOCK-¢ DN RLOCK-3 (POS)
G-25 SUCCEEDS
GOAL G-28 PUTON PYPARIO-1 ONTO ELOCK-4
. GOAL G-29 CLEAROFF PYPARID-1
G-29 SUCCEEDS 13 1Y TEXT 1S ° PUT THE GLUE BLOCK [N THE BOX °
FOUND PEGION CLEAPTOP BLOCK-4 084-1 AGIC 83-1 BLOCK-5 PYANID-2 ...
. COAL G-30 PUT PYPARID-1 (GO0 840 $O1) 0BJ-1 REPERS BLOCK-S
. . GOAL G-3t GPASP PYPAMID-1 08J-2 PEFCPS BOX-1
. . . COML G-32 CLERPOFF PYRANID-} RELINCOM 08J-1 B4-1 IN BOX-3 POS
G-32 SUCCEEDS PUTIN STRRTS WITH PUTON
(6) MOVING MWD FROM (709 940 SO13 TO (999 G56 101) STARTING CT PUTON BLOXK-G ONTO BOX-1
(7) CRASPING PYPANID | COAL G-1 CLEARDFF BLOCK-S
G-33 SUCCEEDS G-1 SUCCEEDS ;
(8) LIFTING PYPANIO-1 FPOM (94@ GO 1) TO (GOB 8408 501) PEJECTING €700 76¢ {)
(9) LETTING GO OF PYPANIO-1 LOOKING AT (700 840 1) i
AOOING PYP#ID-1 ON BLOCK-4 (POS) REGION AT 1600 840 1) TOD SIWLL
RODING PYPAHID-1 TD STRCK-9 LOOKING AT (868 946 1) )
. G-30 SUCCEEDS RECION AT (860 8¢R 1) TOO SPALL ;
G-29 SUCCEEDS REJECTING 1742 706 1) -
REJECTING (623 920 301) LODXING AT (742 648 1)
LOOKING AT (629 1640 30)) REGION AT (600 650 1) TOD SIWLL
FOUND REGION (GO0 104@ 301) TO (808 1146 3911 R REIECTING (692 682 1)
GOM. G-33 PUT BLOCK-1 (600 1048 3911 LODKING AT (632 646 §)
. GOAL G-3¢ GPASP GLOCK-1 REGION AT (590 65O 1) 100 WL
. .« GOAL G-35 CLEAPOFF BLOCK-1 LODKING AT 18¢1 §99 1)
G-35 SUCCEEDS REGION AT (800 B0 1) 100 SMALL
(11) FMOVING HAND FROM (650 099 601) TO (459 696 508; LODKING AT (632 616 1)
(12) CRASPING BLOCK-) REGION AT (600 60@ 1) 100 SPLL
G-2¢ SUCCEEDS LODKING AT (880 1102 1)
€13) LIFTING BLOCK-1 FPON (400 648 ¢08) TO (500 1048 301) FOUND PEGION (G) 1048 {1 TO (1200 1200 2}
TAKING BLOCK-1 FPOM STRCY.-4 COAL G-2 PUT BLOCK-S (806 1048 1)
(14) LETTING CO OF BLOCK-1 . GO, G-3 GPASP BLOCK-§
AODING BLOCY-1 10 STACK-8 .+ COW G-4 CLEAROFF BLOCX-$
ADDING BLOCK-) ON BLOCK-3 (POS) G-4 SUCCEEDS
G-33 SUCCEEDS (0) MOVING HAND FRON (658 1098 §41) TO (450 630 499)
GOAL G-35 PUTON PYPaniD-3 ONT0 SLOCK-1 (1) CRASPING BLOCK-S
. GDAL G-37 CLEAPOFF PYPAID-3 © G-3 SWCEEDS
G-37 SUCCEEDS (21 LIFTING GLOCK-S FROR (300 E¢8 0) 10 (990 1048 1)
FOUND REGION CLEAPTOP BLOCK-1 13) LETTING GO OF ROCX-S
. GOAL G-38 PUT PrPaniD-3 (608 1940 401) SODING BLOCK-5 ON 80X-1 (POS)
+ « GOAL G-39 GPASP PYPAMID-) FODING BLOCK-S IN BOX-1 (POS)
.+ . COAL G-90 CLEAPOFF PYAWM1D-3 6-2 SCEEDS
G-40 SUCCEEDS 67 SUCCEEDS
116) FOVING HAND FROM (658 1099 481) 10 (S50 690 S48
117) GRASPING PYRANID-3 ROALY (1 (OXATH
G-39 SUCCEEDS
(18) LIFTING PYPrni0-3 FROM (SO0 G4 400) TD (600 1048 491)
TAKING PYPYII0-3 FPON STACK-¢
STACK-4 DISPWILED . .
€391 LETTING CO OF PYPWMID-3 . =) oont
ADOING PYPs10-3 ON BLOCK-1 (POS) . [ U] LS :
ADOING PYPW110-3 10 STaCk-@ . Py
G-38 SUCCEEDS . X
G-36 LCCEEDS . L [¢- -4
* GF SAKCLEDS .
WEPLY (1 (FAILED TO PUT PYRNIO-3 ONI) (1 (FAILED TO MUT PYIMAIO~1 OM)) .
(2 (Okav)) . ooniLIP?
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" TRACES FOR WILOK TTSTS

R R R R O R R P I R I TP YR YT T R YT Y}

AODING BLOCK 8. OCK-3

ADDING BLOCK B OCK-§

ADDING BLOCK BLOCK-?

ADDING BLOCK B.OCK-8

ADOING BLOCK-9 ON TagLE-1 (POE)
ADDING SLOCY.-80 ON TABLE-1 (POS)
ADDING BLOCK-? ON TAERLE-~] (POS)
AODING BLOCK-6 ON TatLE-1 1POS)
ADDING SIZE LAPGE (POS) 10 BLOCK-9
AODING SIZE LAPGE (PDS) TO BLOCK-8
ADDING SI1Z€ LAPGE (POS! 10 BLOCK-?
A0OING SIZE LAPGE (POS) 10 BLOCY -6
AODING COLOR BLACK (PDS) TO BLOCK-9
ADDING COLOR BLACK (PDS) 10 BLOCK~8
ADDING COLOR BLACK (POS) TO BLOCK-?
ADDING COLOR BLACK (POS! YO MLOCK-§

CLEARTOP (BLOCK-2) (BLOCX-S) (BRLOCK-8) (BLOCK-?) (BLOCK-0) {B.0CK-3) (PYRAMID-1)

(PYPARID-2) (PYPIID-3)

HASAV (BLOCK-1 COLOP RED POS) (BLOCK-1 SI12C SMaLL POS) (BLOCK-2 COLOR GPCEN POS)
(BLOCK-2 SIZC LARGE POS) (GLOCK-I COLOR PED POS) (BLOCK-3 SI2E LARGE POS)
(BLOCK-4 COLOR GPEEN POS) (BLOCK-4 S120 LAPCE POS) (BLOCK-S COLON BLUE POSH
(BLOCK-S SIZE LAPGE POS) (BLOCK-6 COLOR MLACY POS) (BLOCK-6 S120 LARGE POS)

(BLOCK-7 COLOR BACK POS) (BLOCK-? S12E LWPGE POS) 1BLOCK-D COLOR BLACX POS)

(BLOCK-@ S12€ LARGE POS) (BLOCK-3 COLOR BLACK POS) (GLOCK-9 S12E LARGE POS)

(PYPAMID-1 COLOP GPEEN POS) (PYPRMID-1 SIZE SMaLL POS)
(PYRAMID-2 COLOR BLUE POS) (PYPAMID-2 SI2E LAPGE POS)
(PYRAMID-3 COLOR RED POS) (PYPAMID-3 S128 SMALL POS)

HASREL (BLOCK~1 ON B.OCK-3 POS) (BLOCK-2 IN 80x-1 POS) (BLOCK-3 1N QOX-1 POS)
(BLOCK-4 ON BLOCK-3 POS) (BLOCK-S IN BOX-1 POS) {BLOCK-6 ON YRALE-1 POS)
(BLOCK-? ON TAALE-1 POS) (BLOCK-@ ON TRELE-1 POS? (BLOCK-9 ON TRBLE-1 POS)
(B0X-3 ON TAGLE-1 FUS) (PYPANID-1 ON BLOCK-4 POS) (PYRPANIO-2 IN BOX-1 POS)

(PYPANID-3 ON BLOCY -1 POS)

HASSIZT (BLOCK-1 100 199 190) (BLOCK~Z 276 298 208) (BL.OCK-3 200 200 300)

fBLOCK~4 200 200 2@ (BLOCY-5 360 100 40" {BLOCK-§ 200 200 200)
(BLOCK-?7 209 208 200) (BLOCK-B 260 208 209) (BLOCK-9 200 200 200)
(B0X-1 600 608 1) (PYPANID-] 100 108 180! (PYRARID-2 300 200 268)
(PYPANID-3 100 100 248) (TABLE-] 1200 1290 ®)

INSTRCK (BLOCK-3 STRCK-B) (BLOCY-3 STICH-8) (BLOKK-4 STACK-0)
(PYRANID-1 STACK-@) (PYPKID-3 STHCK-8)

18A (BLOCK-1 BLOCY) (BLOCK-2 BLOCK) 1MLOCK-3 BLOCY) (ALOCK~¢ BLOCK)
(BLOCK-5 BLOCK? (M OCK-6 BLOCK) BLOCY-? BLOCY) (BLOCY.-8 BLOCK)
(BOCK-9 BLOCY ) (BOX-1 BOX) (HAND-1 HAND) (PYPRNID-1 PYPARID)
(PYRANID-2 PIRANID) (PTRANID-3 PYPANI0) (Ta@LE-1 TARLE)

LOCAT (BLOCK-1 600 1040 30)) (BLOCY-Z 940 840 37 (BLOCK-3 GO0 840 1)

(BLOCK-4 6OO 040 301) |BLOCK-S 50O 1040 1) (BLOCK-6 100 & 8) (BLOCK-? 400 0 §)
(OLOCK-8 600 @ 8) (BLOCK-9 900 & O) (B0X-) 608 SO0 81 (HWD-§ 950 1090 403)
(PYRANMID-1 600 G40 501) (PYPANID-2 G40 646 1) (PYRAMID-I GO0 1040 %))

(TARE~1 ¢ 0 &)
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2017 INSERTS 1391 DELETES SIS MMININGS 19 MEW CBJECTS
MY PPE LENGIH 194

CORE (FREE.FAULL): (14376 . 2900) UNED (508 . §4)
FIRED 4 OUT OF 400 PRODS
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FIFTH SEQENT

1S IWPUT TEXT 1S ° PUT A BLACK BLOCK ON NE LAKE AED BLOCK °
0B4-1 NOIC 03-1 BOACX-6 MOCK-? ...
0BJ-2 AOIG L7-) MLOCK-2 BLOKX-3 ...
0BJ-2 PEFEPS BLOCK-3
CNOOSING BLOCK-9 FOR OBJ-)
RELINCON D9J-1 B¢-1 ON R.OCK-3 POS
STARTING GT PUTON BLOCK-9 ONT0 BL.OCX-3
GO G-1 CLEAPDFF BLOCK-9
G-1 SUCCEEOS
PEJICTING (605 999 301}
LODK ING AT (605 1040 W0))
PECION AT (600 1040 N TOD SMALL
REJECTING (608 §e3 011
LOOKING AT (608 10¢€ 301
REGION AT (600 1040 3010 TO0 WLl
REJECTING (665 938 Je))
LOOKING AT (665 1040 391)
RECION AT (GO0 1046 381} TOD STWLL
REJECTING (627 953 1)
LOOKING AT (627 1640 301)
REGION AT (GOC 1848 3011 TOO St
REJECTING (B¢? 99 301)
LOOF ING AT (647 1040 301
REGION AT (600 1040 301) T0D SMALL
FINDSPACE LINIT €XCEEDED
MO SPACE TO PUTON BLOCK-9 BLOCK-3
GV FalLs
GORL G-2 MAESPACE FOR BLOCK-9 ON BLOCK-3
. GOAL $-3 GETRIDOF BLOCK-4
REJICTING (794 42 @)
LOOKING AT (AO0 42 )
REGION AT 1800 @ &) TOD SMALL
REJECTING (295 156 @O
LOOKING AT (30¢ 156 &)
REGION AT (300 6 03 TOD SMALL
LOOKING AT (219 651 ©)
FOUND REGION (0 200 @ TO (800 608 &)
. . GORL G-¢ PUT BLOCK-¢ 1354 203 @)
. . GO G-5 (PRSP BLOCK-4
c oo . GO G-6 CLERPOFF BLOCK-4
v . . GO G-? GETRIDOF PYRAID-1
REJECTING (200 S7 )
LOOKING AT 1100 S7 &
FOUND RECION (0 @ &) TO (100 GO0 @)
. . GOML G-9 PUT PTIPANID-1 (0 57 O)
. . GO G-9 CPRSP PYPWIMID-|
.. . GDAL G-10 CLEARCFF PYRANIO-)
G-19 SUCCLCOS
(0) MOVING WD FRON (950 1098 901) TO ‘S00 890 801}
(1) CPRSPING PYRANLIO-1
G-9 SUCCEEoS
(2) LISTING PYRANTD-1 FRON (600 040 501) YO (0 87 O
TAKING P1Pwni0-| FRONY STACK-8
(9 LETTING GD OF PYPWNLID-1
A00ING PYPRNID-] ON TARLE-S (POB)
G-8 SUCCEeos
G2 SUCCEEos
G-8 SKCeeos
(4) MOVING HaD RO (SO 107 108) T0 (700 9e0 SO))
(§1 CPOSPING BLOCK-¢
G- SULCELos
(61 LIFYING BLOCR-4 FRON (GO0 040 301) TO 1054 209 O
TRKING BLOCK-4 FOON STREX-B
12) LETTING GO OF BLOCK-¢
A0DING M (XK-¢ ON TARE-1 (POS)
-4 RECELOS




NP At

G-3 SUCCEEDS
LOOKING AT (616 999 391)
FOMD REGION (GO0 G40 301) TO (900 1048 391}
G-2 SUCCEEDS
GOAL G-11 PUT QLOCY-9 (800 84T 301
. GOAL G-12 GPnSP BLOCK-9
. . GDAL G-13 CLEARPOFF BLOCK-9
G-13 SUCCEEDS
(0) MOVING S0 FROM (454 305 208) TD (1000 100 209)
(9) GRASPING BLOCK-9
G-12 SUCCLEDs
(10) LIFTING BLOCK-9 FRON (900 ¢ 6} TO (600 040 1)
(11) LETTING GO Or BLOCK-9 .
RODING BLOCK-S ON BLOCK-3 (POS)
RODING BLOCK-9 TO STRCK-0
G-11 SUCCEEDS
GV SUCCEEDS

REFLY (1 (OKAY))

. soxiLmy

16 INPUT TEXT IS ° PUT A LARGE GREEW BLOCK I T™™E BOX °
08J)-1 AMBIG L3-1 BLOCK-2 BLOCK-D ...
08J-1 A@IGC G4-t BLOCK-2 BLOCK-¢ ...
0BJ-2 PEFERS BOX-)
RELRESTR 0BJ-1 8S-1 IN BOX-1 POS
08J-1 REFERS MLOCY-2
BACRUP 0DJ-) REFERS BLOCK-4
PUTIN STARTS HITH PUTON
STARTING GT PUTON BLOCK-4 ONTO BOX-1
GoAL G-1 CLEAPOFF BLOCK -4
G-1 SUCCEEDS
LOOKING AT (@78 913 1)
REGION AT (B0 840 1) T00 SWLL
LODKING AT (871 Pe4 })
REGION AT (B00 840 1) TO0 SWLL
LODKING AT (387N 810 1)
FOUND PEGION (940 Ba0 §) T0 (1200 846 1)
COM. G-2 PUT BLOCK-4 (940 608 1)
.« GONL G-3 GPHSP BLOCK-¢
.« . GOAL G-4 CLEMPOFF BLOCK-4
G-4 SUCCECOS
(0) POVING +ND FRON (708 948 501) T0 (454 399 2e8)
(1) GPASPING BLOCK-4
G-3 uccetos
120 LIFTING BLOCY-4 FROM (354 208 @) T0 (940 600 1)
MODING M QLK -4 ON ROX-) (POS)

S (3 LETTING CO OF A.OCK-¢

AODING WLOCY.-4 1N ROX-1 (POS)

X~

OQ0SING BLOCK-3 FOR 08J-1
GOAL G-1 GPSP BLOCK-9

i
Y

17 INPUT TEXT 1S ° PICK & BLACK BLOCK WP °
09J-1 ARIC 83-) MOCK-6 AOLX-? ...

STRTING GT PIOXYUP @LOCK-9

. GO G-2 CLEAROPF BLOCK-9
-2 SUCTELDS
(0) FOVING HAND FIOM (1948 700 201) 10 (700 846 $01)
(11 GPASPING BLOCK-9
6-1 SUCCEEDS
(21 LITTING BLOCK-9 FROM (600 §¢6 301) 1D (500 DO 1009)
TAKING BLOCK-9 FROM STRCK-0
67 CCIEos

MNLY (1 (ORAY))

QLEMTOP (BLOCK-2) (BLOCK-4) (BLOCK-S) (BLOCK-8) (BLOCK-?) (M.OCK~@) (BLOCK-9!
(PYRARID-1) (PYPRRID-25 (PYRNIIO-3)

CRSPING (WWD-1 R.OCK-9)

NASAW (BLOCK-1 COLOR RED POS) (BLOCK-1 SIZE SILL POS) (BLOCK-2 DOLOR GREEN PODS)
(BLOCK-2 SIZE LAPGE POS! (SLOCK-3 COLOR PED POS) (BLOCK-D SIZE LARGE POS)
(MOCK-4 COROF CPCEN POS) (BROCK-4 S12€ LARGE POS) (BLOCK-§ COLOR BLUE PDS)
(ROCK-§ SIZE LARGE PDS) (BLOCK-6 COLOR BLACK POS) (RLOCK-6 SIZE LARGE POS)
(LOCK-7 COLOP BLACK POS! (BLOCK-? SIZE LARGE POS) (MLOCK-B COLOR SLACK POS)
(BLOCK-8 SIZC LARGE POS) (BLOCK-3 COLOP BLACK POS) (BLOCK-9 SIZ LAAGE POS)
(PYRWID-1 COLOR GPEEN POS) (PYPATID-3 SIZE SMALL POS)

(PYRNID-2 COLOR BLUE POS) (PYPanID-2 SIZE LARGE POS)
PTRANID-3 COLOR RED POSH (PYRAM)D-3 ST SMALL POS)

MAUREL (ELOCK-] ON BLOCK-3 POS) (@LOCK-2 1IN 8O- POE) (SLOCK-3 IN BOX-3 POS)
(BLOCK-¢ N BOX-]1 POS} (BLOCK-5 IN BOX-1 POS) (GRLOCK-§ ON TaRLE-1 POS)
(LOCK-7 ON TABLE-! POS) (GLOCY-B DN TAGLE-]1 POS) (BOX-1 ON TALE-) POS)
(PYPARID-1 ON TABLE-1 POS! (PYPRNID-2 IN BOX-1 POS) (PYPARI0-3 ON BLOCK-1 POS)

WESIZE 1BLOCY-1 100 100 168) (BLOCK-2 200 200 200) (BLOCK-3 260 308 200}
(ILOCK-4 200 200 200) 1BLOCK-5 200 100 400) (MOCK-6 208 208 200)

(BLOCK-? 200 200 200} (BLOCK-0 200 200 209) (B OCK-9 200 200 209)
(QOX-} 600 §00 1) (PTPAMID-1 100 100 100) (PYRMID-2 300 200 200)
(PYPAID-3 100 108 240 (TARLE~1 1200 1208 ©)

ISYACX (RLOCL -] $TRCX-§) (BLOCK-3 STaCK-81 (PYPANID-3 STACK-O1

$SA (RLOCK-) BLOCKY (BLOCK-2 MLOCK) (@LOCK-3 BLOCK) (B OCK-4 $L.OCK?
1ROCK-S BLOCKY (BOCK-6 BLOCK! (BLOCK-7 BLOCK) (MOCK-8 SLOCK)

(RLOCK-9 BLOCKY (BOK-1. GDX) (HWD- | HANDS (PTAWMID-1 PTRMLID}
(PYRAN|D-2 PYPRRID) 1RYANID-3 PYPMID) (TARE-T TABLE)

COCAT (BLOCK-{ OO (648 B[} (BLOCK-Z 98 §40 1) (RLOCX-D 600 90 1)

(GLOCK-4 940 608 1) (EOCN-S SO0 1040 [) (BLOCK-G 100 § O (BLOCK-? +00 & O
IROCX-8 660 & 6) (BOCK-% GOP 940 1000) 150X-1 600 600 6)

(D~ 700 340 1700: (PYRAID-1 § $7 §) (PTRANID-2 648 648 1)

(PTRAID-3 600 1940 W)} (TAlLE-1 0 0 O)

R R R L L R Y R R

6-2 SLCECOS sesrsesnernss aesbesecetanannes cresanens
GV succLeos . .
. o .
REMLY (1 (OXAY)) . "ot LS .
. LOUS  soiy .

e veeirei i aeaes heeriitesatanns ver [} ]

Vi
SRS S ror - e
msaline - Pa——— P TR " N &




T ale .

. . AODING BLOCK-9 ON TARLE-1 (POS?
. . 6-7 SUCLLEDS

. P G-6 SUCTECDS

. o XILIPZ [T o s o« GOAL G-9 CLENPOFT BLOCK-S

. . 6-9 SULCEEDS
. . (2) FOVING WD FRON (1005 497 200) TO (350 1088 491)
. . (3) CPASPING BLOCK-S
. . G-5 SUCCEEoS
. TOME 10 (1614 317 408) OVIRAPS BLOCK-S 41TW BLOEK-D

. (4} LETTING GO OF BLOCX-§

. G-¢ SUCCEEDS
. . G-3 SUCCEEDS . ’

. .+ GOM C-10 GETRIDOF MLOCK-$

. EEXCVING (755 1675 8)

< LOKING AT (§6@ 1875 8)
RECION AT (500 S67 81 T0D SWLL ~
RCUCTING (340 893 81 .
LOOKING AT (300 G20 B)
REGION AT (960 S67 83 TOD SAALL
RN TINE S MIN. 32.3 SEC LOOKING AT (268 437 8)

FOUND PECION (100 200 ®) TD (600 397 O?
€an  TPY  FIPE wwCl EF €N 7 .+ GDAL G-11 PUT BLOCK-S (253 203 &
3323 767 57 1m0 6.07 433 1.4 .+ . GDAL G-12 GPASP BLOCK-S
"IN 9.433 .00 0.19¢ SEC AV . . . GORL G-13 CLEAROFF BLOCX-S
613 SUCCECDS
1eE INSERTS 72¢ DELETES 317 WAININGS 18 MEW ORJECTS 15) CRRSPING BLOCK-S
MR (SHPY LENGTH 172 6-12 SUCCEEDS
COPE (FREE.FULL): (14311 . 2818) USED (146¢ . 184) 16) LIFTING BLOCK-S FRON (608 1948 1) YO (253 293 §)
FIRED 44 OUT OF 468 PRODS (7) LETTING €D OF BLOCK-S
A00ING QLOCK-S ON TABLE-] (POS)
G-11 SUCCEEDS
Sestee—cececiancenan G-18 SUCCEEDS
. GOAL G-14 GETRIDOF BLOCK-4
REJCTING (794 7S O

r1 LeNs Le? Leee

sessssssenstsessns L R R P P S P L X X % ¥ W

SIXTH SECIENT LOOKING AT (800 35 0)
FOAD PIGION (099 0 6) TO (1200 397 O)

10.0 INPUT TEXT 1S ° PUT 1T IN THE BOX ° . . GOAL G-15 PUT BLOCK-¢ (983 66 @)
0BJ-1 PEFEMS BMOCK-9 « o . GDAL G-16 GRASP GLOCK-¢
0BJ-2 PEFEPS BOY-) o oo JGOAL G-17 CLEAPOFF BLOCK-4
FELINCON OBJS-) 12-1 IV BOX-1 POS 6-17 SUCCELDS
PUTIN STARTS MITH PUTON (81 MOVING HAND FROM (403 253 408) TO (1040 209 201)
STARTING CT PUTON BLOCK-9 ONTO BOX-1 (9) GRASPING BLOCK-4
GOML C~) CLEARDFF SLOCK-9 G-16 SUCCEEDS

G-1 SUCCCEDS (185 LIFTING BLOCK-4 FRUM (940 GO8 ) TO (382 &8 &)
LOOKING AT (699 631 1) £11) LETFTING GO OF BLOCK-4
REGION AT (600 600 1) TOD SMALL AODING BLOCK-¢ ON TABLE-) (POS)
REJECTING 19903 930 1) G-15 SUCCEEDS
LOOKING AT (90) 04@ 1) G-14 SUCCEEDS
REGION AT (000 840 1) 100 SMaLL . GOM G-1b CETPIDOF BLOCK-2
REJECTING (035 747 1) LOOKING AY (101 432 O)
LODKING AT (835 840 1) FOUMNO REGION (160 303 &1 T0 (600 508 8
REGION AT (8920 840 1) TOD SMALL « . GOM G-19 PUT BLOCK-2 (197 351 @)
LODKING AT (892 1022 1) + + .+ GOAL G-20 GRASP BLOCK-2
RECION AT (60O B840 1) 100 SWLL « o+ . COM G-21 CLERPOFF BLOCK-2
LDOKING AT (827 614 1) 6-21 SUCCEEDS
REGION AT (860 GON 1) TOO SMALL (12) MOVING HAND FROM (1083 165 200) TO (1040 940 291)
REJECTING (664 1060 1) (13) CRRSPING BLOCK-2
LOOKING AT (604 1140 1) C-28 SUCCLLDS
REGION AT (608 §146 1) T00 SPALL (16) LIFTING BLOCK-2 FROM (940 940 1) TO (187 351 O)
LOOKING AT (@14 @45 1) (15) LETTING CO OF BLOCK-2
REGION AT {900 840 1) 100 St S00ING BLOCK-2 ON TARLE-) (POS)
FINDSPRCE LIMIT EXCELDED G-19 SUCCECDS
NO SPACE TO PUTON BLOCK-9 SOX-} ©-10 SWeLeEeos
T FAILS . GOAL G-22 GETRIOOF PYPANI0-2
GOAL G-2 CLENPOFF BOX-1 LOOKING AT (79 428 &
+ GOAL G-I CETPIDOF BLOCK-S REGION AT (0 303 @ 0D SWLL

REJECTING (455 139 ) LOOKING AT (379 739 #)

LODKING AT (403 133 @ : FOUND RECION (300 SS) @) 10 (600 1200 0)

. GOAL G-23 PUT PYAWID-Y {300 803 @)
. . GO G-2¢ GPaSP PYPWNID-D
.. CON G-35 OLEAPOPP PYPni0~2

PEGION AT (390 0 &) Y00 SPALL
REJECTING (983 929 &)
LODKING AT 1993 600 @)

FOUND PEGION 1000 260 &1 10 (1200 500 O} C-25 SIKLEEDS
.« . GO G-9 PUT BLOCK-S (084 2627 O) {18) MOVING NAND FIROM (297 431 200) TO (799 240 201)
« . . COML G-$ CPWSP BLOCK-S (17) CPASPING PTORRID-2 ;
« . .. GOAL G-6 GLIPIOOr BLOCK-9 C-2¢ SUCCELDS 4

RMLIHCTING (A2 124 00 8] LIFTING P1Pan|0-2 FEOR (840 640 1) TO (D08 003 O

LOOKING AT (782 200 O) (19 LEITING GO OF PYMRNID-2

FOUND PECION 1600 260 &) T0 11200 600 @) FOOING PYownID-2 ON TARLE-1 (POB)
e e . . GDRG-? PUT RLOCK-9 1998 207 9) G-23 CCEEosS
.. . GO G- CPNSP BLOCK-9 G-22 BCLEoS

©-8 SAUCCEE0S . GOA G-28 GE'RIOOF BLOCK-D
(0) LIFTING S.OCK-9 7RO (500 040 1000} TO (395 297 O) LODKING #Y (1023 822 ®)

€9 LETTING CO OF M OCK-9 WGION AT (000 $67 6) TOD SPRLL




MAPS /A Bax

« e o 4

e e e e e e s e s . . GOML G-37 CLERAPDFF PYPANID-3

LOOKING AT (40 610 &)
FOUND REGION (0 551 6) TO (308 1200 6)
_GDM, G-27 PUT BLOCY -3 (41 700 §)
GOnL G-28 GPaSP BLOCK-)
. GOML G-29 CLEAPOP7 BLOCK-3
. . GOM. G-30 GETPIOOF BLOCK-1
MEJECTING 11095 272 &)
LOOK ING AT (1095 0N &)
REGION AT 1000 S51 @) TOD SIWLL
LOOXING AT (418 1068 O
FOMD PEGION (397 1083 8) T0 (600 1299 §)

« e o

...... GO G-31 PUT BLOCK-1 (457 1022 O

ce e s .. . GOAL G-32 GPWGP BLOCK-)
s e i - v . . GDML G-33 OLEAPOFF BLOCK-1
s et e e e v . . GO G-3¢ GETRIDOF PYPANID-2

LOOKING QY (5?7 305 ®)

FOLMD PECION (S53 33 Q) T0 (995 600 8)
. . GOAL G-35 PUT PYPAt}D-3 (797 296 @)
. GOM G-36 GPaSP PYPANID-3

G-37? SUCCEEDS

(201 MOVING HND FROM (450 903 200) TD (650 1090 641)

(24) CPRSPING PYPRMID-3
C-3§ SUCCELEODS

122) LIFTING PYPANID-3 FRON (GO0 1040 40)) T0 (797 3% &)

TAKING PYPRN]0-3 FRON STRCL-B
RODING PYPANID-3 ON TABLE-1 (POS)
(231 LETTING GO OF PYPNN[D-3
G-35 SUCCEEDS
G-3¢ SUCCECDS
G~33 SUCCEEDS
(24) MOVING HAND FROM (947 445 240) TD (G5O 1099 491)
125) GPASPING BLOCK-)
G-32 SUCCEEDS

(26) LIFTING BLOCK-1 FROM (GO0 1040 301! TO (457 1622 O

TAKING ®R.OCr-3 FPOM STACK-8
STACK-8 DISHWILED
(27) LETTING CD OF @OCK-2
ADDING BLOCK-1 ON TARRLE-! (POS)
G-31 SUCCEEDS
G-39 SUCCELDS
G-29 SUCCECoS
(28) MOVING HAND FROM (587 1072 160} TO (790 399 3911
(29) CPASPING BLOXK-)
6-28 SUCCEEDS
(39) LIFTING GLOCY -3 FOON (GA8 846 1) TO (41 0 O
€31) LETTING GO OF BLOCK-3
AOOING OLOCK-3 ON TARLE-t (POS}
G-27 SUCCEEDS
G-26 SUCCEEDS
G-2 SUCCEEOS

FOUND PEGION CLEARTOP BOY-1
GO G-38 PUT BLOCY-3 (600 608 1)

. GOAL G-79 GRASP BLOCK-3
. . GOM. C-40 (LEAPOFF ROCK-3
C-40 SACCEEDS
(33) GRASPING BLOCK-3
G-¥9 SUCCECDS
(3¢) LIFTING BLOCK-3 FROR (41 798 §) TO (600 600 1)
(35) LETTING GO OF BMOXX-)
AODING BLOCK-3 ON NOX-3 (POS)
ADDING B.OCr-3 IN OOX-) 1PDS)
G- 3 RXTECOS
GO, G-¢1 PUTON PYPAt10-3 ONTO BLOCK-3
. GO G-92 OLEAROFF PYPUMID-)
G-42 MXCEEOS
FOUND PECION CLEARTOP RLUCY-)
. GO G-43 PUT PYPani0-3 (£SO Y09 301)
. GONL G-¢4 CPMSP PYPARIO-)
. COM. G-4S CLEAPOFF PYPWRID-3
C-4S SAKCECoS
(37) MOVING HaND FPON (700 750 301) 10 (847 4e8 2491
139) ChnSPING PYPANID-)
C-99 AKCLEDS
(F9) LIFTING PYPRNI0-3 FPON (797 296 ) TO (450 700 291}
(e@) LETTING GO OF PYPWNID-)
A0DING PYPsniD-3 ON BLOC-T (POR)
NRING STICK STACK-9 PYIVWSID-3 RLOCK-D
6-43 AKLTCLOS
G-41 MXCEEDS
MENTTING (683 079 1!
LODXING AT (663 988 1)
FOASD RECION (680 3060 1) T0 (1200 1290 1)

TRACLS FOR WRLEX TENTS

GO G-98 PUT PYPVNRID-2 (500 900 )
. QDN G-47 GReGP PYPARIO-2
.« GO G- QLEAROFY PTRANID-2
G-48 |ceeCos
(42) NOVING WD FRON (780 750 §41) TO (450 903 209)
(43) (PASPING PYPANID-2
G-47 RLTLEDS
(44) LIFTING PYPRt[O-2 RO (300 0903 @) TO (900 900 §)
(45) LETTING GD OF PYPAN10-2
ADOING PTPNI0-2 ON BOX-1 (POS)
ADDING PrPWR1D-2 IN B0X-3 (POR)
[ B Vacii ]
MJECTING (664 737 1)
LODKING AT (800 737 13
FOLO RECION (800 So¢ §) T0 (1200 998 1)
GOAL G-49 PUT BLOCK-2 1006 600 {)
. GO G-5¢ GP&P MLOCK-2
. » GDAL G-S1 CLEAROFF BLOCK-2
G-53 SUCCEEDS
(47) MOVING HAND FROM (750 1000 201) TO (287 451 209}
(49) CPWSPING BLOCK-2
G-50 SUCCEEDS
(49) LIFTING BLOCK-2 FROM (137 351 @) TO (D00 60O 1)
(501 LETTING GO OF BLOCK-2
ADOING BLOCK-2 ON BOX-1 {POS)
ADOING SLOCK-2 IN BOX-1 (POS)
G-48 SCTLEDS
COAL §-52 PUTOW BLOXA-¢ ONTD RLOCK-2
. GOAL G-S3 CLEAPOFF BLOCK-¢
G-%3 SUCCEEDS
FOUND PEGION CLERRTOP BOCK-2
. GOAL C-5¢ PUT BLOCK -4 (B0Q 600 201)
PN G-55 GPRSP BLOCK-4
. . . GOt G-56 CLEARODFF BLOCK-4
G-S6 SUCCECODS
162) NOVING HAND FRON (909 700 201) 10 (1083 188 209)
(83 OMSPING BLOCK-4¢
£-55 SUCCEEDs
1S6) LIFTING BLOCK-¢ FROM (993 66 §) TD (380 608 201)
1551 LETTING GO OF BLOCK-4
AODING BLOCK-¢ DN BLOCK-2 (POS)
M ING STeCY STACK-10 BLOCK-4 BLOCK-2
C-5¢ SALCLEDS
C-52 SUCCEEDS
REACTING (662 319 1)
LORING AT 1662 908 1)
REGION AT (560 90@ 1) TOO SMLl
MEJCTING (682 B9 1)
LOOKING AT (682 909 1)
RMECION AT (600 906 1) YOO SMALL
MEACTING €762 693 1)
LOOKING AT (800 693 1)
PEGION AT (B0 600 1) TOO SMALL
WEJECTING (949 T3¢ 1)
LODKING AT (100¢ 23¢ 1)
REGION AT (1000 500 1) TOD SPRLL
LOOKING AT (916 972 1)
FOUND PEGION (990 900 1) 10 (1200 1200 1)
GOAL G-57 PUT BLOCK-S (900 900 ))
. GDAL G-58 CRASP BLOCK-S
. . COAL G-59 CLEARDFF BLOCK-S
G-59 SUCCEEDS
1§7) MOVING HAND FRON (908 799 4011 T0 (403 I53 48}
(SB) GPASPING BLOCK-S
G-S8 SUCCEEDS
(59 LIFTING BLOCK-S FRON (25 203 8) 1D (909 900 1)
(68 LETTING GO OF MOCK-S
ADOING M OCK-S ON BOI-) 1POSY
AOOING BLOCK-5 IN BOX-) 1POS)
G-$? SXTLEDS
COM G-66 PUTON AR.OCK-1 ONTO BLOCK-S
. GOR G-§t CLEAPF? BLOTK -}
6-6) SAKCECDS
FOUND PLGION DLEARTOP MLOCK-S
. GOAL G-6& MUY BOCK-1 11000 98 *9))
. . GO -5 CPASP MLOXK-}
... GO G-64 CLERPOFT RLOCK-3
G-6¢ KCTLOS
(62) MOVING WD FROR (1850 969 481) TO (387 1072 188)
(831 CPaSPING BLOCK-1

C-63 suCCLLos
(64) LIFTING BLOCK-1 FRON (457 1622 9! TO (1008 900 491)
(65) LETTING CO OF ROCK-) .

SRS,




" TRACLS POR wRLOK TE3TS

ACOING GLOCK-1 ON BLOCX-§ (FOS)
PAKING STACK STACK-11 BLOCK-1 SLOCK-§
G-62 succetos
6-60 SUCCEEDS
RERCTING (05¢ 10863 1)
LOOKING AT (90@ (053 1)
FOUND PEGION (960 1008 (1 TO (1208 1209 1}
GOAL G-6S PUT BLOCY-9 (300 1000 1)
. GO G-G6 GPrsP MmLOCK-9
« o GOM G-§7 QLEAPDFF BLOCK-9
G-8? CCecos
(67) MOVING WD PO (1050 350 SO1) Y0 (1005 467 208
(68) GPASPING BOCK-3
C-88 Rxcetos
(69 LIFTING BLOCK-9 FRON (995 307 §) TO 1900 1000 3)
(70! LETTING GO OF BOCK-9
AQDING GLOCY-9 ON NOr-1 (POS)
ADOSHG BLOCY-9 IN §OX-3 (POS)
G-66 SUCCEEDS
GY sxcecos

REPLY (1 (OKAYY)

. soily .

Ly .
. Lz = :
\eaeey LGB .
- ey L .
%P1 L 1097 Lase :
10.8 1PUT TEXT 18 * PICK A SLACK BLOCK OV N TARLE P *
OBJ-1 ABIC 83-1 BLOCK-§ BLOCK-7 ...
08J-2 REFERS TogLE-1
RCLRESTR 08.2-) Be-1 ON TARLE-1 POS
0BJ-} WBIC B4~} MOCK-§ ROCK-? ...
OO0SING BLOCr-0 FOP OBJ-1
STARTING GT PICYUP BLOCX-0
CON. G-I GRASP ML OCK-8
. COM_ G-2 CLECPOFF BLOCK-8
G-2 SUCCEEDS
() MOVING HonD PROM (1000 1100 201) 10 (780 180 200)
(1) CAWSPING B.OCX-9
3 SKLCLEDS
(2) LIFTING BLOCK-§ TRON (000 © ©) TO (GO0 0 1000)
61 succeeos
MEPLY (1 (OXAY))
. Loee :
. w2 =gy .
. el Loee .
. L {} (- -4 .

v e e .

. oo}
=r LS a7 Lo

.
.
.
.
.
-
-
.
PR R T B T LY R Y L1 L I PR T R Y

19.8 IWPUT TEXT 1S ° PUT IT IN TVE DK *
QBJ-1 PEFERS QLOCX-0 .
0BJ-2 MEFEPS BOX-)
RELINCON OBJ-) 12-3 1N BOX-) POS
MTIN STARTS MITH PUTON
STARTING GY PUTON BLOCK-8 ONTO BOX-3
GO G-1 CLEAPOFF BLOCK-§
G-1 SUCCEEDs
LODKING AT (1052 €96 §)
RECION AT (3000 808 1) 0D SfWLL
REXCTING (849 1054 1)
LOOKING AT (D48 §100 1)
REGION AT (820 1100 3) Y00 WL
MEOECTING (1831 936 1)
LODKING AT (1031 908 ()
RECION AT (1600 90 1) 10D SWLL
REJECTING (610 762 1)
LOOKING AT (610 990 )
REGION AT (600 900 1) TOD SIWEL
LOOKING AT (1061 241 1)
FOUMD RECION (11800 600 1) 10 (1290 399 1)
COAL G-2 PUT B OCK-0 (1000 §00 1)
. COAL G-I GPnSP BLOCK-8
G-3 \KCEEos
10 LIFTING SLOCK-@ FROM (600 © 1080) TOD (1000 009 §)
AODING SLOCK-@ ON 80K-) (POS)
1) LETTING GO OF BLOCK-8
AODING BLOCK-0 N §OX-] (POS)
G-2 SUCCEEDS
(A -Ted{{.

RERLY (1 (OKAY))

QEMTOP (BLOCTK-1) (BLOCK-4) (BLOKK-6) (LOCK-7) (WOCK-§) (BLOCK-9) (PYRANIO-1)
(PTRAIO-21 (FYPANID-3)

WSaV (ROCK-1 COLO® ®ED POS) (BLOCK-1 SIZE SrwLL POS) (BLOCK-2 COLOR GREEN POSY
(LOCK-2 SIZ LARGE POS) (BLOCK-3 COLOR RED POS) (BLOCK-3 SI1ZC LARGE POS)
(RLOCK-4 COLOP GREEN POS) (BRROCK-¢ SIZE LAPGE POS! (RLOCK-§ COLO® BLIE POS)
(BLOCK-S SI2C LARGL POS) (BLOCH-6 COLOR BLACK POS) (BLOCK-6 SIZE LARGE AOS?
(SOCK-7 COLO® BLACK POS) (BLOCK-? $12€ LARCE POS) (BLOCK-8 COLOR BLACX POS)
(RLOCK-0 SI1ZE LARGE POS) (BLOCK-9 COLOR MLACK POS) (MLOCKX-9 $1ZE LARGE POS)
(PYPANID-1 COLOR GPEEN POS) (PYIMMID-1 SI2E SWLL POS)

(PTRAMID-2 COLOR BLUE POS) (PYPNID-2 S1ZE LANGE PDS)
(PYRAMID-3 COLOR MED POS) (PYPWNI0-3 S12T WL POS)

EREL (ILOCK-1 ON BLOCY-S POS) (BLOCK-2 IN BOK-) POS) (BLOCK-) 1IN BOX-1 POS)
(BLOCK-4 ON M OCK-2 POSH (BLOCK-§ T BOX-§ POS) (BLOCK-6 ON TABLE-! POS)
(MOCK-? ON TAGLE~) POS) tBLOCK-0 IN BOX-] POS) (BLOCK-9 IN BOX-) POS)

(PO¥-] ON TRBLE-1 POS) (PYPANID-] ON TABLE-1 POS) (PYRAMID-2 IN BOX-) POS)
(PYPWIID-3 DN BLOCK-3 POS)
WASSIZE (BLOCK-1 100 100 100) (BLOCK-2 208 200 208) (RLOCK-3 200 DOO 08)
(BLOCK-4 200 200 2031 (B OCK-5 J0@ 109 ¢00) (R OCK-C 208 200 200)
(GLOCK-7 200 200 208) (BLOCK-§ 200 200 260) (ROCK-9 J08 208 200)
(B0X-] 660 670 1) (PYPANID-1 100 10@ 108) (PYPANID-2 300 200 208!
(PYRARID-3 100 100 2¢0) (TARRE~-} 1200 1200 M) -

IMSTRCY (BLOCK-1 STACK-11) (BLOCK-Z STRCK-101 (BLOCK-3 STRCK-9) ;
(ROCK-4 STACK-10) (AL.OCK-$ STACK-11) (PYPNI0- STRCY-9)

198 (BLOCK-] BLOCK ! (@LOCK-2 BLOCKY (BLOCK-3 BLOCK) (ALOTK-4 BL.OCK)

(ROCK-S BLOCK) (BLOCK-6 BLOCK) (BLOCK-? BLOCK) (BL.OCK-0 BLOCK) A
(ROCK-9 BOCK) (BOK-] BOX) (HAND~-1 HAND) (PYPWNID-] PYRANID)
(PYPANID-T PTPARIDY (PTRNID-I PTRAAMIDY (TABLE-1 TAlLE)

LOCAT (GLOCK-1 1000 900 4011 (BLOCK-2 M8 600 1) (BLOCK-) 500 Co0 1)

(R OCK-4 900 GO0 2011 (BLOCK-S 900 908 1) (BLOCK-6 100 0 8) (BLOCK-7 480 & i
(RLOCK-0 1000 CA0 1) IRLOCK-3 OMG 10RO 1) (BDX-) 60O 600 &)

(N0-1 1100 708 201) (PYRMRID-1 § 57 8) (PYRANID-2 S0 900 §)

(PTRNIID-3 650 700 20)) {TARE-1 DO B

R T e R Y R RN TN




LTy LG

.

.
L T T S

N TIE 19 MIN. .9 NC

£xan ™y 21,1 e EF En ™w
6048 1644 103¢ 05 S8 3.68 1.59
0.105 0.681 13100 0.287 SIC A

2317 INSEPTS 1580 DELETES 633 MARNINGS 21 NEW OBJECTS
MAX 1 SIPX LENGTH 21§

CORE (FREE.FIRL): 115786 . 2W47) USED (1987 . 2M1)
FIRED 88 QUT OF 407 PRODS

R . T N R )

SEVENTH SEGPENT

AODING SIZE LARGE (POS) YO BLOCK-A
ADDING BLOCK BLOCK-A
19 INPUT TEXT 1S ° STACK UP A LARGE PED BLOCK AND A SMALL BLOCK WD 1
SWLL PYRAMID AND A BLACK BLOCY. AND A LARGE GPEEW BLOCK M0 A SIWLL
OBJ-1 AOIGC Le-1 MOCK-2 GLOCK-3 ...
O0BJ-t REFERS MOCY-2 .
0BJ-2 ARIGC $9-1 BLOCK-1 PYPRNID-) ...
OBJ-2 PLFERS BOCK-}
0BJ-3 PEIEPS BLOCE -4
08J-4 AMBIC 515-1 BLOCK-1 PYPRRND-] ...
0BJ-4 ABIC P16-1 PYPNID-) PYPANID-3 ...
CHOQSING PYPant1D-3 FOR 0BJ-¢
0BJ-S AOIC 819-1 BLOCK-6 BLDCK-? ...
CHOUSING BLOCK-S 7OR 08U-5
08J-6 ABIC L23-1 B OLK-2 MOCY-3 ...
OBJ-6 AMBIG G24-t BLOCr-2 BOTX-¢ ...
CHODSING SLOCK-¢ FOR 0BJ-6
08J-7 AMBIG 528-1 ®OCr-3 PYRWRID-} .
084-7 ABIGC P29-1 P1Pan]D-1 PYPANID-D ...
CHOOSING PYPwt1O-1 FOR OBJ-?
STARTING GT SToCrup
GOAL G-1 PUTONI BLOCK-3 ONTO TABRE-?
. GOAL G-2 CLEAPOFF BLOCK-)
M . . GO G-3 GEIPIDOr PrPest1D-3
PEJECTING (426 {7 M
LOOKING AT (480 [P &
FOUND PEGION 1300 @ 8) TO (40 608 )
. oo« GOR G-9 PUT PrPanID-3 (3RO 9 )
o0 o . GORL G- CPASP PYPWR1D-)
sov e o . GO G-8 CCIPIOOr BOCK-A
LOOX ING AT 985 Jep A}
FOUND PECION (6ON 208 8) TD (1008 580 O)

.o 0L GDAL G-? PUY BLOCK-A (929 224 O)
e e e . . . GO G-0 G RLOCK-A
G-9 SuCceeos

(51 LIFTING BLOCK-# FROM 11000 §7% 191) YO (N9 22¢ O)
2) LETVING GO OF MOCK-»
ADOTIG QLOCY-A ON TARE-1 (POS)
€-7 SCCEcos
-6 |LCECos
v . GOM 6-9 CLEAMFF PYIVRNIO-)

oony (Y- ' ]

. 6-9 UOCLEoS
. (3} MOVING WD FROI (1029 348 108) TB (79 750 S41)
. (1) GSPIIG PYPWRIO-3
. -5 SAKTLEDS
. (S1 LIFTING PYPNIOD-3 FROR (G580 708 301 TO (300 9 9)
. TAKING PYRRT]0-3 FION STACK-9
. STRCY-§ DISWTLED
. (8! LLTVING GD OF PYRANID-3
. AOOING PYPWII0-3 ON TagC-§ (POS)
. G-4 SUCLLEDS
. 63 SCTELDS
. 6-2 SUCCEEDS
. REJECTING (41 141 O
. LODKING AT (41 157 @)
. REGION AT 18 157 ) TOD SWLL
. LODKING AT (399 Be¢ 8)
. FOUD PEGION 1300 474 8) TO (600 200 ¢}
. o GOM G-10 PUT BLOXK-3 1306 670 Y
s . GOML G-11 GMASP BLOCK-3
» o« . GOA G-12 OLERROFF BLOCK-3
G-12 SUCCEEDS
(71 AOVING M0 FROM (350 S9 248) TO (708 750 301D
(@) GPaSPING BLOCK-3
G-11 SUKCeeos
(9) LIFTING BOCK-3 FROM (GO® 600 1) TO (306 §79 &)
(® LETTING GO OF BLOCK-3
AODING BLOCK-3 ON TABLE-1 (POS)
G-18 SUCCEEDS
G-1 SUCCEEDs
GDAL G-13 PUTONY BLOCK-A ONTO @LOCK-3
. GOAL G-1¢ CLERROFT BRLOCK-A
C-14 SUCCEEDS
FOUND RECION CLEQRTOP BLOCK-3
. GOAL G-15 PUT BLOCK-A (306 695 308)
« « GO L-16 GPASP BLOCK-R
« .« GORL G-17 COLERPOFF BLOCK-A
G-17 SUCLEEDS
(12) MOVING HAND FROM (406 B20 300) T0 (1029 943 100)
(13) GRRSPING BLOCK-A
G-16 SUCCEEDS
(14) LIFTING BLOCK-R FPON (29 22¢ ©) TO (306 695 300)
US) LETTING GO OF BLOCK-R
AOOING BLOCK-A ON BLOCK-3 (POS)
MRKING STRCK STRCK-12 BLOCK-A BLOCK-2
T MO A G-15 SUCCEEDS
PYRAID * G-13 SUCCEEDS
DAL G-10 PUTON! BLOCK-4 ONTD BLOCK-A
. GOAL G-19 CLEARDFF @.OCK-¢
6-18 SUCCEEDS
FOUND RECION DLERPTOP BLOCK-A
. GOAL G-26 PUT BLOCK-4 (306 728 +00)
« . QDAL G-21 CRASP BLOCK-¢
oo . GOMLG-22 CLEAPOFF BLOCK-4
6-22 SLCTEEDS
1171 MOVING HOND TROM 1466 620 400) TO (308 709 4017
(10} GPRSPING BLOCK-4
6-21 SUCCEEDs
(19) LIFTING BLOCK-¢ FRON (000 GOB 2011 TO (3 720 408)
TAKING BLOCK-4 FROM STRCX-10
STRCX-18 DISMWILED
120) LETTING CO OF 81LOCK-4
AODING B.OCK-9 ON BLOCK-A (POS)
AODING BLOCK-¢ 1D STACK-12
G-20 SUCCEEDS
G-18 |cceeos
CDAL G-23 AUTONS BLOCY -9 ONTD BLOCK-4
« QO G-2¢ CLEAPOFF BLOCK-9
G-2¢ SUCCEEDS
FOUND PECION CLEARTIOP BLOCK-§
. GOAL G-25 PUT BLOCL-9 (306 726 §49)
+ . GO G-36 OPRSP BLOCK-9
+ o . GO G-27 CLEMSOFF BLOCK-9
6-27 QKLEEDS
(22) MOVING WMaND FROI (406 B20 G00) TOD (1000 1108 201)
123) CAASPING ROCK-9
G-28 SUCTEEDS
€241 LIFTING BLOCK-9 FROM (999 1000 1) TO (308 726 000)
125V LETTING GD OF WLOCK-9
AODING BLOCY-9 10 STCK-12
ACDING BLOCK-9 (N R OCK-4 (POS)
C-25 Cceeos
£-23 QLTLEDS
COM G-28 PUTONI BLOCK-] ONTO BLOCK-$

* o~

henasall s a




23 OLFAROFF BLOCK-3
05

FOUMD REGION CLEARTOP BLOCK-9
aocr-1 (356 779 90)
G-31 GPaSP MOCK-1
« o . GO G-32 QLEWPOFT BLOCK-)
G-I SKCLEDS
(27) MOVING WD FRONM (468 620 §00) TD (1050 958 591)
(28) GROSPING BLOCK-)
G-31 MCCeeos
(Z9) LIFTING BLOCK-1 FRON (1000 908 4951 T (358 779 990
TAKING BLOCY-1 FPON STACK-11
STACK~11 DISMNILED
(30) LETTING GO OF BLOCK-1
ADOING @LOCK-) OM BLOCK-9 (PDS)
ACOING BLOCY-1 TO STRCK-12
G- SUCCECDS
G-28 SUCCEEDS
GOAL G-33 PUTONI PYPENID-1 ONTD BLOCK-1
. GOAL G-34 CLEWPOFF PYPANID-§
G-3¢ SUCCEEDS
FOUND PECION [1EAPTDP BLOCY -3
- GOAL G-35 PUT PYPANID-1 (356 770 908)
.« GOM. G-36 CPaSP PYPRNID-Y
.+ GOAL G-37 CLEAPDFT PYRARID-)
G-37 SUCTEEDS
(327 MOVING HAND FROM (406 820 990) 10 (59 187 100)
(331 GPASPING PYPRANID-}
G-3% KKXCECoS
(34) LIFTING PYPWNID-1 FRON (0 57 @) TO (355 779 900)
(35) LETTING GO OF PYRRJD-3
ADDING PYPrMID-1 10 STICK-12
ROOING PYPATID-1 ON BLOCK-1 (POS)
G-35 SUCCEEDS
6-33 SUCCEEDS
CANT COMPLETE STHCX PYPRNIO-3 . . .
GY SACLEEDS

3

REPLY (§ (LEFT QUT PYRARID-3))

TRACES FOR WELOX TE3TS

. 2 LS

. L0

. LCB4SGP} + oM}

. Legrsngy

. (U 1]

. sy T *4 (¥ __J
. Lous *r3 Le?

(e

APESTP (0P, -1 Le-1 SIZE LAPGE POS) (0BJ-1 RS-) COLORP RED POS)

-2 §9-1 SIZE SMAALL POS) (0BJ-4 S1S-1 S1ZE S L POS)

e " B19-1 COLOP MACY POS! (0BJ-6 L23-1 SI2E LARGE POS)

19)-8 G2¢-} COROP GPEEN POS) (004-7 S28-1 $12¢ St POS!
CRCLSTRCYUPZ (BLOCK-3) (LOCK-4) (BLOCK-9) (BLOCK-A) (PYPAMID-|) (PYRANID-3)
CMOICECOUNT (@

CHMOTCEPIPE 5 10 «Z 1Y (3 7) (4 120 (5 171 (6 220 (2 220 (8 32)

QEAPTOP (BLOCK-2) (MOCK-S) (BLOCK-6) (MOCK-7) (M.OCK-8) (PYOWNID-1)
IPIRANID-2) 1P1P]D-3)

CUPOR) (0BJ-? MAIN)

CUPOBIP (0BS-? MeIN?

OCFOET (AL9-1) (A18-1) (A22-]1) (A27-1) (AJ-1) (AB-1)

OETSEEN (Ale-11 (A18-T) (A22-1) (A27-1) (AI-1) (AD-1)

ENOrIn (LE-3) (-1

€01t (112-1

CAMREF (OBJ-1 88-1) (ORJ-2 B10-1) (ORI~ }12-1) (ORJ-4 PI6-1) (OBJ-§ BID-1)

" vi-122

NEPS /Aroun

(OBJ-§ B25-1) (OBJ-? P2O-1) .

vonTIE 1360

GETRIOCHOICE () G-4 } TABRE-1 PYPARID-Y 300 9 O)

12 6-7 1 TARRE-) BLUCK-A 929 22¢ O)

s (S-1

GTYPED (S-1)

WSV (BLOCK-1 COLOR PED POS) (BLOCK-1 SIZE SWLL POS) (BLOCK-2 COLOR GREEN POS!
(BLOCK-2 SIZE LARCE POS) (BLOCK-3 COLOR REO POS) (BLOCK-3 SIZE LAFCE POS)
(BLOCK-4 COLOR CPEEN POS) (BLOCK-4 SI2E LARCE POS) (ROCK-S COLOR BLUE POS)
(BLOCK-S SIZE LARCE POS) (BLOXK-8 COLOR BLACK POS) (BLOCK-8 SIZE LARGE POS)
(®O0K-? COLOR BACK POS) (BLOCK-? SI2E LARGE POS) (BLOCK-8 COLOR BLACK POS)
(BLOCK-8 ST2E LARGE POS) (BLOCK-9 COLOR BLACK POS) (ML.OUX-9 S1ZE LARGE POS)
{ILOCK-A SIZE LARGE POS) (PYPWTID-1 COLOR GREEN POS)

(PYPenID-]1 SIA SMALL POS) (PYPWNID-2 COLOR BLLE POS)
(PYRARID-2 S1Z0 LARGE POS) (PYPAn]D-3 COLOR RED POS)
(PYRNID-3 ST SMALL POS)

WASLEVEL (G-1 1) (G-18 2) (G-11 ) (C-12 ) €G-13 1) (G-3¢ 2) (G-18 27 (G-16 3

(G-17 4) (G-18 1) (C-19 2} (G-2 Z2) (G-20 2) (G-21 31 (G-22 ¢) (C-23 1)

(G-2¢ 2) (G-25 21 (C-26 3) (G-27 4) (G-20 1) (G-29 2) (G-3 D) (G- )

(G-31 ) (G-32 ¢) 1G-33 1) (G-3¢ 2) 1G-35 2) (GC-28 B) (G-I? 4) (G-4 4) (G-§ S
16-6 61 1G-? 71 (G-8 B (C-9 )

WASPEL (BLOCK-1 ON BLOCK-9 POS) (QLOCK-2 1M §OX-3 POS) (BLOCK-3 ON TABLE-1 POS)
10L0CK-4 DN BLOCK-RA POS) (BLOCK-S IN BOX-) POS) (RLOCK-6 ON TABLE-) POS!
(ROCK-7 ON TARLE-1 POS) (BLOCK-8 [N BOX-) POS) (BLOCK-3 ON BLOCK-4 POS)
(BLOCX-A DN BLOCK-3 POS) (BOX-1 ON TRECE-1 POS) (PYRWMID-1 ON SLOCK-3 #OS)
(PYRaMI0~2 IN BOX-] PDS) (PYPARID-3 ON TROLE-] PDS)

HASSIZE (BLOCK-! 102 108 100} (BLOCK-2 260 200 208) (BLOCK-] 200 300 209)
(BLOCK-¢ [08 2N 200) 1BL.OCK-5 300 100 40@) (M OCK-6 200 208 200)
LRLOCK-7 SN 208 200) IRLOCK-8 200 200 200) (BLOCK-9 200 200 200)
(BLOEL-A 1O 256 100) (BOX-) 600 600 1) (PYRAMID-1 100 100 108)
(PYPARID-2 WO 260 200) (PYPANID-3 160 100 248) (TAPLE-] 1200 1298 &)

HASSUPERGOAL (G-18 G-1) (G-15 C-19) 1G-20 G-18) (G-28 G-23) (G-39 G-20)
(G-35 G-33) (G~4 G-I (G-? G-6)

IPCHOICE (BLOCK-4) (BLOCK-9) (PYRAMID-1) (PTRAMID-B)

IWINDEF (0BJ-1) (0BJ-2) (QBJ-4) (0BS-S) (OBJ-6) (OBJ-?)

I1P0BS ¢S-1 BLOCK-3) (S-1 BOCK-1) (S-1 MOCK-A) ($-1 PYRWIID-3) ($-) RLOCK-9)
(S-1 &OCr-4) (S-1 PYPARID-1)

1PPEL (5-) v ?)

HOTYPE (§-) STRCX)

INSET (BLOCK-1 §-2) (BLOCK-3 S$-2) (BLOCK-4 $-2) (BLOCK-9 $-2) (BLOCK-A $-2)
(PYPRIO-1 S-21 (PYTPIIID-3 S-3) (TARRE-1 §-2)

INSTACK (BLOCK-] STACK-12) (BLOCK-3 STACK-12) (M.OCK-4 STACK-12)

(BLOCK-9 STACK-12) (BLOCK-A STACK-12) (PYPANIO-1 $TRCK-12)
1SA (BLOCK-] BLOCK) (BLOCK-2 BLOCK! (BLOCK-3 BLOCK! (BLOCK-4 W.OCK)
(IOCK-5 BLOCK) 1BLOCK-6 BLOCK) (BLOCK-? BMLOCK! 1RLOCK-§ MOCK)
(BROCK-9 BLOCK) (BLOCK-A BLOCK) (BOX-] SOK} (HAND-t MAND) (PYRARID-1 PYRWN"]])
(PTRAMID-2 PYRNIID) (PYPAN]ID-3 PYRANIDT (TABLE-] TARLE)

I1SW (819-1 COLOR BLACK POS) (G24-1 COLOR GRCEN POS) (L23-] SIZE LARGE POS)
(L4~} SI2E LARGE POS) (RS-1 COLOP RED POS) (S15-1 SIZE SMWLL POS)

(828-1 SIZE Sl POS) 1S9-1 S1ZE Sl POS)

1SOCF (0BJ-1) (0BJ-2) (0BJ-4) (DBJ-S) (0BJI-6) (OBI-7)

ISIMPER (A11-1) (A13-1) (A17-1) (AZI-1) (AZ6-1) (AZ-§) (S1-1} (L@-1}

I1SNOUN (010-1 BLOCK! (820-1 BLOCK) (A2S-1 BLOCK) (B8-1 BLOCK! (I42-3 IV}
tPIB-1 PTRAIID: (P2Y-1 PrPRID}

LEFIOF (AJ1-1 112-1) (P-1 A14~1) (A14-1 S1S-1) (A17-1 AIB-1) (N1B-1 B19-1)
1A21-) A22-1) (A22-1 L23-)) (AZG-1 A2?7-1) (A27-} $28-1) (AD-§ L4-))

(A7-] A8-1) (AB-1 S9-1) (B10-1 A1I-1) (B19-1 BRO-1) (B20-] AZ21~1)

(B2S-) AZ6-1) (B5-1 A?-1) (G2e-) B2S-1) ()12-) A33-1) (L23-} G2e-1)

(Le-1 WS-1) (LE-1 S1-1) (P16-1 AY12-1) (P29-1 RE-3) (RS-1 B6-1) (S1-1 R-1)
($15-1 PIG-1) (S208-1 PZ9-1) (59-1 BIO-1) (LR~} AI-1)

LOCAT (MOCK-1 356 770 60 (ALOCK-2 600 668 1) (ROCK-3 D6 S8 &

(BLOCK-4 306 720 4001 (BROCK-S 900 X0 1) (BLOCK-8 160 0 0) (F Vv.? asn A A
(BOCK-8 {090 6o8 |1 (BLOCK-3 306 220 660) (BLOCK-A 06 695 308)
(O0X-1 608 6AQ @) (HAND-1 406 B2P 1800) (PYPANID-1 3S6 779 300!
(PIBNID-2 600 900 §) (PYPAMIN-3 300 9 O) (TABLE-1 ¢ 0 O}
MEXT (G- (STRCKUPSET CT S$-2)) (G-11 (PUTMOVE G-10 BL.OCK-3 396 670 1)
(G-12 (GRASP) G-11 BLOCK-3 70O 750 30111 (G-13 (STRCXUPSET GT $-2))
(G-14 (FINOSPRCT BR.OCK-3 BLOCK-A 200 250 108))
(G-18 (PUTHOUE G-15 BLOCK-A 306 695 300))
(G-1? (CPASP) G-16 BLOCK-A 1009 349 10011 (G-1§ (STRCRUPSEY CGT $-212
(G-19 (FINOSPRCE BLOCK-A BLOCK-¢ 200 J00 20000
(G-2 (1 1HOSPaCE TR £-1 R OCRK~-3 200 N0 N0} )
(G-21 IPUTMOE G-J0 BLOCK-¢ 306 720 <001
1G-22 10WSP) C-21 BLOCR -4 OO0 200 40))) 16-2 (STACXUPSEY GT $-2)) B
(G-2¢ (FINDSPRCE MLOCK-¢ BLOCK-9 100 200 200))
1G-26 (PUIMOML -5 BLOCK-9 X6 726 64010
(C-27 (CRASP] C-26 BLOCK-9 1008 116¢ 20]1)) (C-20 (STACYUPSEY Gt §-21)
(5-29 (FINDSPRCE BLOCK-9 BLOCK-| 100 100 100)) (G-) (CLEARDFF G-2 R OCK-3))
(C-31 (PUTFOVE G-30 BLOCK-1 356 779 BN'1)
1G-32 (GPASP] G-31 BLOCK-1 1050 956 58111 (G-33 (STACKUPSEY GT $-21)
(G-} (FINDSPACE BLOCK-1 PYPWRID-3 100 110 109))
(C-38 (PUTFOE G-35 PTPRID-1 356 778 200))
1G-37 (CPSP] (-36 PYRWMID-1 S0 187 1801

|
3
y
i
!}
{
i
i
‘




MAPS ArOux

(G-§ (PUTIOVE G-4 PYRWIIO-3 300 9 1) (G-8 (GMSP G-§ PTRwrID-3))
(G-8 (PUTMOVE (-7 BLOCK-N 929 22¢ 01) (G-3 (GRSP] G-5 PYRWNID-3 M8 759 §41))
MEXTF (G-1 (FATLPUTONSTACK GT BLOCK-3 TABLE-1 $-2))
(G-13 (FRILPUTONSTICY. GT QLOCK-A BLOCK-3 S-2)}
(C-10 (FATLPUTONSTACY. GT BLOCK-4 BLOCK-A §-2)1
(G-23 (FAILPUTONSTACK GT BLOCY-9 BLOCK-4 §-2))
(G-29 (FAILPUTONSYACK GT BLOCK-1 BLOCK-9 §-2))
(G-33 (FAILPUTONSTRCX GY PYPARID- WLOCK-§ §-2))
NPBOUND (PE-1)
NPGOMK (R14-1) (AI8-11 (A22-1) (AZ?-1) (A3-1) (AQ-1) (112-1)
NPGUHK3 (A14-1) (A1B-1) (A22-1) (AZ?-]1) tAI-1) (AB-1) (112-1)
NREPLY (1)
NPESTR (0BJ-] 86-1 BOCK) 10BJ-S B28-) BLOCK) (OBU-6 BIS-1 MLOCK)
OLDY (819-1) (G24-1) (L23-1) (Le=1) tPS-1) (S15-1) (520-1) (53-1)
PUTONICMOICE ¢3 G-1 1| BLOCK-3 TRELE-1 306 67 »)
(4 G-13 1 BLOCk-A PLOCK-I 306 695 300 (S G-18 ) BMOCK~4 BLOCK-A 306 729 +09)
(6 G-23 1 BL.OCY-9 BLOCK-4 306 720 689) (2 G-20 | BLOCK-1 BLOCK-9 366 779 08}
(@ G-33 1 PYPWIID-1 BLOCK-§ 356 770 908)
REFERS (0BU-1 BLOCK-3) (0BJ-2 GLOCK-1) (08J-3 SLOCK-A) (0BJ-4 PYRWNID-3)
(0BJ-$ SLOCK-9) 10BJ-6 BLOCK-4) 10BJ-? PYRWIID-1)
REPLY (1 (LEFT QU PYRanID-3))
SENTENCE 1S-1)
TEXT
19

A BLACY. BROCK AND A LARGE GREEN SLOCK AND A Sl PYRANIDI)

TPRCING (T)

TRIEDSTACK (BLOCK-§ $-2) (BLOCY-3 $-2) (M OCK-¢ S-2) (ALOCK-9 §-2) (BLOCX-A §-2)
(PYPEMID-1 S-2) tTéBLE-) $-2)

UNEVENT (0 (ERSTPIEOSTRCK BLOCK-3 $-2)1) (] IMDXIRND 1100 700 201))

(2 (GPASP3 HAND-| BLOCK-AT} (3 (MOVCHAND 1829 349 108))

(4 (UNGRaSP PYPaNID-31) (S (MOVEHGND 200 750 541!

(6 (GRASPI HAND-1 PYPANID-31) (7 (MOVEMND 358 S9 240)) 18 (UNGMWSP BLOCK-3))
(9 (MOVEHAND 7W8 758 30111 (10 (GRASPT HewD- | BLOCK-3))

(11 (EPSTRIEOSTACK BLOCK-A S-21) (12 (MOVEHAND 406 629 300))

(13 (UNGRMSP BLOCK-A1) (14 (MOUEHAND 1829 3¢S 18811

(1S (GCPASPI HAND-1 BLOCK-A)) (16 (ERSTPIFDSTACK BLOCK-4 §-2))

(17 (MOVEHAND 406 820 4(W1) (1@ (UNGPRSP BLOCY-41) (19 (MOVEHWD 300 700 ¢81))
(20 (GPASPI HAND-1 BLOCY-4)) (21 (EPSTRIEOSTACY. BLOCK-9 S§-2)}

(22 (MOVEHAND 406 820 GOOI) (23 (UNCPRSP BLOCK-93)

(24 (MOVEHSIND 1000 1100 291)) (25 (GRASPI HAND-1 BLOCK-S11

(26 (EPSTPIEDSTACY BLOCY -] §-2)) (27 (MOAHAND 406 G20 81 )

(20 (UNGRASP BLOCK-11) (29 (NMOVEHAND 1050 950 Se1))

(30 (GPASP3I HAND-1 BLOCK-1)) (3} (EPSTPIEDSTACK PYRARID-1 §-21)

(32 (MOVEHAND 406 820 900)) (33 (UNCPRSP PYPAMID-11)

(3¢ (MOVEHAND S0 107 100)) (35 (CPISPI HAND-| PYPWRID-1))

MOSDEQ (A11-1 AND) (R13-1 AND) [AI4-]1 A) (AI7-] AND) (R18-1 A) LAZI-]1 AND)
(A22~1 A} (AZ6-1 AND) (AZ7-1 A) (A3-1 A) (A7-1 AND) (AB-1 Q) 1818-1 A.OCK)
(0191 BLACK) (B2N-1 BLOCK) (B25-1 BLOCK! (B6-1 BLOCK) (G24-1 GPEEWN!
€312~1 IT) (L23-1 LARGE) (L4~} LARGE) (P16-1 PYRANID) (P79-] PYRNID)

(RB-1 RED) S1-1 STACK) (SIS-1 SMALL) (528-1 SMALL) (§9-1 SL) (IR-1 \P)

ceenires teesocas IEEEER seusssaanne Bassaaarenvees feeassesserensrrercsonrtocasaran

(L2 Les
LooS
LGBYSGP| + oM}
LeBasre! .
L .
. eoxy (U 3 Lene .
. SRP3  Lee? .

ADDING S1ZE LAPGE rPOS) TO BLOCK-0
ADOING BLOCK ALOCK-0

20 INPUT TEXT IS ° PUT T DOMMN °
0BJ-1 REFERS BLOCK-®

STARTING GT PUT BLOCY -8 DOMN

GO, G-1 GETRIOOF BLOCK-0

vi-123

TRACES FOR WBLOX TEQTS

(STRCY P A LARGE RED BLOCK AMD A SMALL BLOCK AND 1T AND A SLL PYRWAID AD .

10 LIFTING BLOCK-0 FROM (2568 870 990) TD (2 I%¢ @
ADDING BLOCK-6 ON TAGLE-§ (POS)
(1) LETTING GO OF R.OCK-0

APLY (1 (OXAY))

F T T T R T T P E R

. LGBISGP : :
LeOnSRe1 N

L .
ooxt) an

. ool

L7 .

ceanans R R T R R R R

21 INPUT TEXT IS * PUT THE LARGE BLIE SLOCK AND THE LARGE PYRAMID ON THE TAGLE

08)-1 #9I0 L3-1 BLOCK-8 BOCK-2 ...
0BJ-1 AMBIG 8¢-1 BLOCK-5 PTRAMIO-Z ...
0pJ-1 REFEPS BLOCK-S
0BJ-7 AMGIC LB-] BLOCK-6 BLOCK-2 ...
08J-2 REFEPS PYPANID-2
0BJ-3 REFEPS Te@ E-1
PELINCON 0BJ-7 P9-1 ON TRBLE-1 POS
OOING GT PUTON SET §-2 {TAE-1)
CON. G-1 PUTON PYPRMID-2 ONTO TABRLE-1
. GO G-2 CLERROFF PYRWNI0-2
€-2 SUCEEDS
RMAECTING (205 284 O
LOOKING AT (25 2S¢ O)
RGION AT (8 200 &) TOO ™ALL
LOOKING AT (33¢ 153 &)
RECION AT 1302 109 &) 100 SWLL
LODKING AT (930 25¢ 0
FOUND RECION (600 200 M) Y0 (1200 600 @)
. GOM. G-3 PUT PrRanID-2 MO0 229 @)
. . CORL G-¢ (PRSP PYPARNID-Q
. . GO G-S CLEARTFF PYPAN]D-2
C-5 SLCCEEoS
13) POVING WO FRON (152 404 100) T0 (750 1000 291)
tZ) GPASPING PYBARID-2
C-¢ SUCCEEDS
131 LIFTING PYPANID-2 FRON (600 390 1) TO (888 229 §)
(4) LETTING GO OF PTRaID-2
ACDING PYP10-2 DN TARE-) (POS)
-3 SUCCEEDS
G-1 SUECCEDS
DOING CT PUYOW SET §-2 1TALE-1)
GO G-6 PUTON BLOCK-S ONTD TAGRE-]
. GO G- QLERPDFF BLOCK-S .
-7 SUCCEEDS
LOOKING AT (512 203 @)
FOUND PECION (506 200 8 10 (508 500 O)
. COM G-8 PUT BLOXK-S (545 216 B}
. . DAL G-9 GMSP BLOCK-S
.. . GO G-10 QLEARTF |OCK-S




L3 TRACES FOR WIRLOX TESTR

G~10 SUCCETDS

(8) MOVING HAND FRON (1838 323 209) TO (1050 358 91)
(7) GPASPING B1.OCK-3
G-9 SUCCEEDS

(@) LIFTING GLOCK-S FROM (999 908 1) T0 (54§ 216 O

(8) LETTING GO OF BLOCK-S

ACDING BLOCK-§ ON TARLE-) (POS)

G-§ SUCCEEDS

G-§ SUCCEEDS
GY SUCCEEDS

REPLY (1 (OXAY))

CLEARTOP (BLOCK-0) (ALOCY-2) (BLOCK-$) (BLOCX-B) (BLOCK-?3 (BLOCK-8) (PYPARID-1)
(PYRANID-2) (PYPARID-I)

MASAV (BLOCK-0 SIZE LAPGE POS) (BLOCK-3 COLOR PED POS) (SLOCK-1 SIZT Sl POS)
(BLOCK-2 COLOR GPEEN POS) (BLOCK-2 SIZE LARGE POS) (BLOCK-3 COLOR ®ED POS
(BLOCK-3 SI2€ (ARGE POS) (BLOCK-4 COLOY GPEEN POS) 1BLOCK-+ SIZE LAPGE POS)
(BLOCK-5 COLOR BLUE POS) (BLOCK-S SI1ZT LAPGE POS) (BLOCK-6 COLO® BLACX POS)
(BLOCK-6 SIZE LARGE POS) (BLOCK-? COLOR BLACY POS) (BLOCK-7 SIZE LARGE POS)
(BL0Cx-8 COLOR BLACY. POST (BLOCK-8 SIZE LAPGE POS) (BLOCK-3 COLOR BLACK POS)
(BLOCX-9 S12E LARGE POS) (BLOCK-A SIZE LAPGE POS) (PTRAMID-1 COLOR GREEN POS)
(PYPAMID-1 SI1ZE ShaLL POS) (PYPANID-2 COLOR ALLE POS)

(PYPAM]ID-2 SI1ZE LAPGE POS) (PTPRMID-3 COLOR RED POS)
(PYRWID-3 S12€ SMALL POS)

HASPEL (BLOCK-0 ON TABLE-1 POS) (BLOCK-1 ON BLOCY-9 POS) (BLOCK-2 IN BOX-1 POS)
(BLOCK-3 ON TABLE-1 POS) (BLOCK-4 ON BLOCK-R POS) (BLOCK-S ON TAGLE-1 POS)
(BLOCK-6 ON TABLE-1 POS) (ALOCK-7 ON TABLE-1 POS) (BLOCK-B IN BOX-) POS)
(BLOCK-9 DN BLOCY-¢ POS) (BLOCK-R ON BLOCK-3 POS) (BOX-1 ON TABLE-) POS)
(PYPAMID-1 ON BLOCK-1 POS) (PYPANID-2 ON TRALE-1 PUS)

(PYPAID-3 ON TRERE-1 POS)

HASSIZE (BLOCK-@ 300 300 103} (B OCK-{ (00 100 1A3) (BLOCK-Z 260 200 208)

(BLOCK-3 200 300 309} (BLOCK-4 200 200 200) (BLOCK-5 3O 180 408)
(BLOCK-6 200 200 209) fBLOCK-7 200 200 200) (BLOCK-B 200 260 200)
(BLOCK-9 200 200 209) (BLOCK-A 760 2SO 109) (BOX-) 600 660 1)

(PYPAMID-1 108 (08 108) (PTPIN]0-2 300 200 290) (PYRANID-3 100 189 240)
(TRBLE-1 1290 1290 9)

INSTACK (BLOCK-]1 STACK-121 (MLOCK-3 STRCK-12) (BLOCK-4 STACK-12)
(BLOCK-9 STACK-12) (ALOCK-A STRCK-1Z} (PYPMID-1 STACK-12)

ISA (BLOCK-© BLOCK) (BLOCK-1 BLOCK) (BLOCK-2 BLOCK) (BLOCK-3 BLOCK)
(BLOCK-4 BCOCK) (BLOCY-5 BLOCY) (BLOCK-6 BLOCY ! (BLOCK-? BLOCK)

(BLOCK-8 BLOCK) (BLOCY-9 BLOCY) (BLOCK-A BLOCK) (BOX-1 BOX) (HAND-} HAND)

(PYPAMIO-1 PYPANID) (PYPARID-2 PYR:MID) (PTPWIID-3 PYPAMIO! (TROLE-] TABLE)
LOCAT 1BLOCK-0 2 25¢ ©) (BLOCK-]1 356 770 890) (BLOCK-2 &9 600 1)

(BLOCK-3 306 670 @) (BLOCK-4 306 720 400) (BLOCK-5 545 216 &)

(BLOCK-6 100 0 6 (BLOCK-7 460 6 @ (BLOCY-8 1000 60 {1} (BLOCK-9 6 726 600)

(BROCK-A 306 695 30@) (B0X-) 600 600 0) (HMWD-1 695 266 409)

(PYRAM]ID-1 356 770 90Q) (PYPANID-2 808 229 @) (PTRAMID-3 300 9 O)

(TAOLE-1 0O ™
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. L9099 .
. LGBeSCP) .
. LeBnSPat .
. Lre3 .
. sox €~ 4 Ls

Lote L .
. Lees L2 .
. L0086 vy Loe7

cestesataaseas it aay T . DR R Y R E R PRSPPI

N TIME 14 NIN, SO.6 SIC

£xan TRY riFE wwcr 7 en w
$822 1308 933 32 6.2¢ 4.45 1.4
6.1S3 0.681 0.955 0.205 SIC G

" vi-i1za

MAPS /WBlex

1912 INSERTS 1212 OELETES $76 WABIINGS 29 MEN OBECTS
X SIPX LENGT™ 21¢

CORE (FREE.FULL): 11209 . 2508) USED (E29¢ . R))
FIRED 0% QUT OF 460 PRODS

E104TH SECIEWY

AODING SIZE LARGE (POS) TO PYPANID-B
ROOING PYRWID PTAWIO-8
2 INWYT TEXT §S ° PUT IT OO °
0BJ-1 REFERS PYPRNID-B
STARTING GY PUT PYPu]D-B DOMN
GOAL G-I GLTRIDOF PYPanlo-9
PEJECTING (894 293 )
LOOKING AT (@34 600 &)
PEGIOM AT (845 554 @) TOO SWLl
REJECTING (BS? 821 &)
LOOK ING AT 1657 Go@ &)
REGION AT (845 5S¢ ©) T0D Sl
LOOKING AT 184 §62 @)
REGION AT (8 109 #) TOD SWLL
LOOKING AT 1228 475 &)
PEGION AT (608 429 ©) TOD SLL
LOOKING AT (09 958 )
REGION AT (@ 554 @) TOD SWLL
REJECTING 1587 } &
LODXING AT (100 1 &)
REGION AT 16 @ 0) T00 Sl
REJECTING 1139 4 @&
LODKING AT (160 9¢ &)
REGION AY (0 0 @) TOD SLL
REJECTING (686 665 MY
LOOKING AT (686 600 O}
REGION AT (500 55¢ ©) TOD SMALL
REJCCTING (5§ 330 &
LOOKING AT (2 338 &)
REGION AT (8 316 @) TOD SALL
REJECTING (166 17 03
LOOK ING AT 1100 17 &)
REGION AT 10 0 & TOD SWLL
LOOKING AT (303 793 &
REGION AT [ §5¢ 01 TOD SMALL
LOOKING AT (117 SB¢ 81
RECION AT 1@ 554 87 100 SWtL
LOOK ING AT (260 660 @
REGION AT (@ 554 8 TOD SMALL
LOOKING AT (128 1053 &
FOUND PECION (8 970 &) TO (600 1208 §)
. GDAL G-2 PUY PYPANID-B (183 974 )
.« GDW G-3 GPRSP PYRAAID-B
G-3 SUCCEEDS
(0) LIFTING PYPn10-8 FROM (435 156 3001 TO (183 974 O)
€1) LETTING CO Or PYRRMID-B
AOOIG PYPANTD-B ON TABLE-1 (POS)
G-2 SUCTEEDS
©-1 SUCCEEDS
CT SUCLLEDS

REPLY (1 (OxAYH)

R T R L R L R R R N T I R P

LT )]
. Lery -
. L889
. LCBISLP |
. LeBAgNe| ?
. [V 1] .
L 1] e (v __J .
L0 .




M/ wliex TRACES FOR WBLOX TESTS "

29 INPUT TEXT IS © PICK P THE LARGE RED BLOCK °
08J-1 A®IG L4-1 AOCK-0 BLOCK-2 ...
0BJ-1 PEFERS BLOCK-I
STARTING CT PICXUP BLOCK-3
ConL G-1 CPASP BLOCY-3
. COAL G-2 CLERPUFF BLOCK-3
. . GOAL G-3 GETPIDOF @LO0CK-A
PEJECTING (965 869 @)

TD (406 K20 1000)

T0 (1029 449 §)

(9) MOVING HWD FRON (383 1004 109)

(1) GRAGPING PYRANID-1
G2 MECCEDS
(2} LIFTING PYRANIO-1 FRON (258 779 900!

TAKING PYRAS1I0-1 FROM STRCX-12
ADDING PYRANI0-1 ON TABLE-1 (POS)
(3) LETTING GO OF PYRAMID-1

LOOKING AT (965 Go@ &? 6~20 SUCCEEDS
PEGION AT (B¢S S5¢ @) TOD SWLL G-19 SUCCEEDS
REJECTING (267 117 &) G-19 SUCCEEDS

LODVING AT (3980 §17 &)

(4) FOVING HAND FRUM (1074 489 100) TO (486

i . e e e e s e s . GO G~10 CLEMOFF BLOCK-)
. e e e e e e e .. . GOM G-19 GETRIOOF PYRWNID-3 )
. o or3 Le? . LODKING AT (1045 533 &) H
FOUND REGION (845 429 0) TO (1200 $40 ®) :
T G e s e o o GDALG-20 PUT PYRMRID-] (1024 449 ©)
X e e e s . COM G-21 GRMSP PYRWN]O-) ;
| e e e . . GOM G-22 CLEARDPT PTRANIO-1
G-2T MULCEEDS

REGION AT (30¢ 109 8) T00 SWALL Qe 900!
! REJECTING 1905 327 @) (§) GRASPING BLOCK-1
i LOOK ING AT 1088 327 &) G-17 SUCCEE0S
REGION AT (84S 316 A) TOO SMALL (8) LIFTING BLOCK-] FRON (356 778 800} 10 (4} 1
LOOKING AT (972 S@1 @) s5¢ 9) b
- REGION AT (845 554 81 T00 SMALL TAKING BLOCK-} FROM STRCX-12 .
LOOK ING AT 1969 453 @) (71 LETTING GO OF BLOCK-! .
REGION AT 1845 479 A) TOD SMALL AOOING BLOCK-1 ON TRAGLE-1 (POS! o
LOOKING AT (68 625 @) G-16 SUCCECDS '
FOUND REGION (0 S5¢ 8} Y0 (306 974 @) G-15 SUCCEEDS 1
. . . GOAL G-4 PUT BLOCY-A (65 08 @) G-1¢ SUCCEEDS i1
. . . . GDAL G-5 CPASP BLOCK-A (8) MOVING HAND FROT! (91 o4 100) TO (406 G20 BOW) s
. . . GOAL G-6 CLEAPOFF BLOCK-R (3) GRASPING BLOCX-9 i
. . GDAL G-? GETPIDOF BLOCK-4 G-13 SUCCEEDS [
LOODKING AT (881 577 @1 (58 LIFTING BLOCK-9 FROM (306 720 G88) TO (§2 204 100y |}
REGION AT (845 554 @) 10D SmaLl TAKING BLOCK-9 FROM STACK-12 .
REJECTING (999 044 @) (1) LETTING GO OF BLOCK-9 j
LOOKING AT (600 1044 @) ADOING BLOCK-9 ON BLOCK-0 (POS) H
' REGION AT (600 970 A TOO Smal MAKING STRCK STACK-13 BLOCK-9 BLOCK-0 i
LOOKING AT (565 697 @) 6-12 SUCCEEDS :
REGION AT (596 554 8) TOD SMALL G-11 SUCTEEDS ‘
| LOOKING AT (735 335 M G-16 SUCCEEDS 1
: FOUND REGION 1600 316 @1 TO 888 600 @) (12 MOVING WD FROM ({52 184 3081 TO (485 820 508} i
_ . . . . . . GORL G-8 PUT BLOCK-¢ (618 399 @) (13 GRASPING BLOCK-4 4
i e . GOML G-9 GPASP BLOCK -4 G 9 MELCLEDS }
i s e o .. . . . GO G-19 CLEAPOFF BLOCK-¢ (14) LIFTING BLOCK-4 FROM (306 720 498) TO (610 300 ©) i
| “ ...« . .. GOW G-11 GETPIDOF BLOCK-9 TAKING BLOCK-4 FROM STRCK-12 ;4
‘ LODKING AT (521 229 81 (15) LETTING GO OF BLOCK-¢ !
: RECION AT (506 209 @) 100 SHALL AODING BLOCK-4 DM TARE-1 (POS) .
REJECTING (117 B0 @) G-8 SUCCEEDS ;
LOOKING AT (109 80 @) G-7 SUCCEEDS
REGION AT (@ © O3 TOD SPALL G-6 SLCCEEDS
PESKCTING (963 460 @) (16) MOVING WAND FROM (710 980 280) TO (405 820 409)
LOOKING At (963 479 a1 (17) CPRSPING BLOCK-A
PEGION AT 1845 479 A1 TOC SMALL G-S SUCCEEDS
LOOYING AT (645 122 @) MOVE TO (166 733 100) OVERLAPS BLOCK-A NITH BLOCK-1
PEGION AT 1690 109 & TOD SMALL (18) LETTING GD OF BLOCK-A
LODX ING AT (998 56¢ @) G-4 SUCCEEDS
PEGION AT (845 554 8) TOD SMALL G-3 SUCCEEDS
REJECTING (965 241 @) . . COAL G-23 GETPIOOF BLOCK-R
LOOX [NG AT 1965 600 @) REJECTING (346 810 A
PEGION AT (845 5S¢ ) TOD SMALL LOOKING AT (N6 819 0]
REJECTING 1409 957 @) ®ECION AT (362 65¢ @) 100 SPALL
FINDSPRCE LINIT EXCEEOCD REJECTING (232 743 @4
TRYING ON BLOCK-O LOOKING AT 1600 749 )
FOUND PECTION CLEARTOP BLOCY -8 REGION AT (600 65¢ ©) T0D SALL
. . GDAL C-12 PUT BLOCY-9 157 204 100) PEJCCTING (54 S2¢ &
. . GOAL G-13 GPASP mLDCY -9 LOOK ING AT (54 SS¢ O
. . . . . GOAC G-1¢ CLEWPOFF BLOCK-9 REGION AT (@ S5¢ 01 TOD SML
AN o . . COA, G-1S GETPIDOF BLOCK-) LODKING AT (07 893 O
LODKING AT (gS7 389 @) RECION AT (14) 65¢ &) 100 Sl
PECION AT 184S 316 @) T00 SWLL LOOKING AY (152 678 ™
f PLIECTING (1060 693 &) PECION AT (14) 65¢ 0 100 SPWLL
LODKING AT (1068 67 @) PEJECTING 1597 18 0}
REGION AT (845 554 91 100 SMALL LOOKING AT (600 18 &1
PEJECTING (442 T2¢ @) PEGION AT (600 0 @) 100 SWLL
LOOKING AT (506 774 0) FINDSPRCE LI™IT EICEEOED
PEGION AT (S06 5S¢ 61 100 SPALL TRYING O¥ GLOCK-8
* LOOKING AT (1P 868 A PEJECTING (152 346 108)
FOUND RECION (@ 554 @1 TO (183 670 8) LODKING AT (152 304 |0@)
R e . GOAL G-15 PUT BLLCK-1 141 554 O) REGION AT (2 25¢ 108) TOD SW(L 4
. C e ... . CORG-17 GPRSP BLOCK-1 REJECTING (54 329 168} i

vi-i28




909) TO (678 63 )

TRACES 702 WRLOX TTRTS

LOOKING AT (52 329 109}

REGION AT (2 264 100) TOD Wl

LOOKING AY (50 263 108)

REGION AT (2 254 100) TOD SWLL

REJECTING (116 344 100)

LOOKING AT (116 304 160}

REGION AT (2 2S¢ 100) TOD SMALL

LODKING AY (52 317 100}

REGION AT (2 254 100 TOD SPALL

LOOKING AT (87 392 100)

REGION AT (2 2S¢ 108 TOD SWLL

REJECTING (142 373 100)

FINDSPACE LINIT EXCEEOED

G-23 EXMAUSTED

(19} GPASPING BLOCK-A

(17) LETTING GO OF 8LOCK-A

(16) MOVING MAND FROM (466 828 468) TO (719 100 209)

(151 GRASPING BLOCK.-¢

€14) LIFTING BLOCK-4 FROM (610 309 ©) TO (306 726 488)

ADDING BLOCY -4 ON R.OCr-A (POS)

ADDING B.0CY -4 10 STICY-)7

€131 LETTING GO OF 8L(Ck-¢

(12) MOVING WD FROM (4(6 G20 6088) TD (152 ¢0¢ 300!

(11) GPRSPING BLOCK-9

(16) LIFTING BLOCY -9 FPOM (52 304 100) 10 (306 720 600!

TAKING BLOCK-9 FPOM STRCY-13

STACK-13 DISMANTLED

ADOING BLOCY-9 TO STACK-12

RADCING BLOCK-9 DN BLOCK-¢ (POS)

19) LETTING GO OF BLOCK-9

(0) MOVING HaND FPOM (1406 820 80@) Y0 (91 64 (88)

(7) GPASPING BLOCK-1

(6! LIFTING ELOCH-1 FPON (4 55¢ 8! TO (356 779 009!

ADOING BLOCY-1 ON BLOCK-9 (POS)

ADDING BLOCK-1 TO STRCK-12

{S1 LETTING GO OF BLOCK-1

(4) MOVING HAND FROM (406 620 990) YO (1074 459 100)

(31 GRASPING PYP¥#10-1

(2) LIFTING PYRANID-1 FROM (1624 449 @1 T0 (356 779 900)

RODING PYPAII0-1 TO STRCK-12

RODING PYPAMID-1 ON BLOCK-1 (POS)

(1) LETTING GO OF PYPRMID-1

(@) MOVING HAND FROM (406 820 10007 TO (383 1084 100)

s e s e e s a oy s e e e a e e 2 DAL G-20 RETRY GETRIDOF PYRAMID-1

LODKING AY (687 S5 ©)
FOUND REGION 1600 8 @) TO (888 216 O}

C e e e e s e e e e e e e s e s s . GOAL G-24 PUT PYRARID-T (678 63 ®)

e e e e e e e e e e e e e s . GO G-2S GRASP PIRAMID-)

e e e e e e e e i e e e e e e e . GO G-26 CLEARDFF PYRRRID-)
. G-26 SUCCEEDS

(9) MOVING WD FROM (383 1684 109)
10 (408 620 1000)
11) CRASPING PYPANID-1
6-25 SUCCEEDS
(2) LIFTING PTRANID-1 FROM (356 778

TAKING PYPAMID-1 FPOM STACK-12
13) LETIING GO OF PYPaMID-}
AOOING PYPANID-1 ON TAERE-1 (POS)
G-2¢ SUCCEEDS
G-20 SUCCEEDS
C-19 SUCCEEDS
©-18 SUCCEEDS
(4) MOVING HWD FROM (728 113 109) TD (406

20 990)
(S) GRPASPING BLOCK-)
G-17 SCCEEDS
(61 LIFTING BLOCK-} FROM (356 770 098) 10 (41
$5¢ 0

TAKING BLOCY -1 FROM STACK-312
(2) LETTING GO OF BLOCK-]
ADDING BLOCK-1 ON TABRLE-} (POS)
G-16 SUCCEEDS
G-15 SUCCEEDS
C-14 SUCCEEDS
(@) MOVING HAND FROM (91 604 108) TO (406 620 §0)
19) CRASPING BLOCY -9
G-13 SUCCEEDS
€10) LIFTING BLOCK-9 FPOR (306 720 Bt 10 (52 304 108)
TAKING BLOCK-9 FPORm STaCK-12
(311 LETTING GO OF &L OCK-9
AODING BLOCK-9 ON BLOCK-0 (POS)
MK IMG STACK STACK-14 BLOCK-3 BLOCK-¢

vi.128

G~12 SUCCEEDS
6-11 SUCCIEDS
G-10 SUCCLEDS
(12) FMOVING HAND FRON (152 404 D89) TO (468 620 $09)
(131 CPaSPING BLOCX -4
G-9 SUCTEEDS
(14) LIFYING BLOCK-4 FRON (306 720 409) TO (618 B9 O)
TAKING BLOCK-4 FRON STACK-12
(15) LETTING GO OF BLOCK-4
AOOING BLOCK-4 ON TAGLE-1 (POS)
G-0 SUCCens
G-? SUCTEEDS
G-6 SUCCEEDS
(16) MOVING HAND FRON (710 489 Z00) TO (408 620 409!
(17) GPRSPING BLOCK-R
6-S SUCTEEDS
MOVE T0 (166 733 100) OVERLAPS BLOCK-A WITH R.OCK-3
(18) LETTING GO OF 8LOCK-A
G-¢ SUCCEEDS
G-3 SUCCEEDS

. GORL G-27 GETRIDOF BLOCX-A

PEJECTING (992 B3¢ &

LOONING AT (992 600 O

PEGION AT (845 580 8) 100 SMALL

REJECTING (9 777 @)

LODAING AT (306 777 @t

REGION AT (302 65¢ B) TOD SMALL

LOOKING AT (711 357 @)

REGION AT (600 316 &) 700 SALL

MEJECTING (765 SC2 ®)

LOOKING AT (J6S S5¢ @)

REGION AT (141 55¢ &) TOO SMALL

REJECTING (996 981 &)

LOOKING AT (996 600 ©)

REGION AT (84S 588 ) TOD SALL

LOOXING AT (867 296 ©)

REGION AT (845 200 8) TOO SMALL

FINOSPRCE LImIT EXCEEOED

TRYING OV BLOCK-8

LOOKING AT (167 275 160}

REGION AT (2 254 160) TOO SALL

REJECTING (101 32¢ 160

LOOKING AT (101 304 100)

REGION AT (2 254 1680) TOD SMALL

LOOKING AT (42 322 160}

PEGION AT (2 25¢ 109) TOO SPALL

LOOKING AT (146 J69 100)

REGION AT (2 254 189) TOD SPALL

REJECTING (92 335 j00)

LOOKING AT (92 304 109)

REGION AT (2 7S¢ 100} TOD SMALL

REJCTING (140 351 1000

LOOKING AT (148 304 100)

PEGION AT (2 254 16@) 100 SPRLL

REJECTING (144 370 100)

FINDSPRCE LIMIT EXCEEDED

6-27 EXHAUSTED .
(19 CPHSPING BLOCK-A

(171 LETTING GO OF BLOCK-R .
1161 MOVING HOWD FRON (406 820 400) TO (719 480 200
{186) CRAGPING BLOCK-4

(14} LIFTING BLOCK-4 FROM (610 390 ) 10 (306 720 408)
ADDING B OCk-4 ON BLOCK-R (POS)

RAODING BLOCK-4 10 SYRCh-12

(13) LETTING GO OF BLOCK-¢

(12) MOVING HOND FROM (406 620 GOR) TO (182 404 309)
(31} GRASPING BLOCK-S

118) LIFTING BLOCK-9 FROM (52 394 100) TD (306 720 689)
TAKING BLOCK-9 FPOM STRCK-1¢

STACK-14 DISINTLED

AODING B OCK-9 TO STHCX-12

ADDING BLOCK-9 ON BLOCK-¢ (POS)

19) LEVTING GO OF BLOCK-9

(8) MOVING HOND TRON (466 828 300) TO (9] 684 1000
171 CPASPING BLOCK-]

(61 LIFTING GLOCK-1 FROM (41 $S¢ @) TO (356 7?70 009)
ADOING BLOCK-1 ON BLOCK-9 (POS)

AODING BLOCK-1 10 STiCK-12

15 LETTING GO OF BL0CK-)

(4) MOVING WAND FRON (406 620 989) 10 (728 113 108)
(3¢ GRASPING P1PONID-1

(2) LIFTING PYPanID-1 FRON (670 63 @) 10 (358 779 900}
AODING PYRONSIO-1 10 STRCK-12
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MAPEAVRx TRACES FOR WILOX TESTS "
AOOING PYPANID-1 ON BLOCK-1 (POS) G-7 SUCTEEDS
(1) LETTING GO OF PYRW'ID-) G5 SUCLEEDS

(0) FOVING HAND TRON (406 B0 1800) 10 (393 1684 109)
« + GOAL G-20 PETPY GETRIOOF PTYeamiD-1
REJECTING (1005 1031 O
LOOK)NG AT (600 1091 9}
REGION AT (600 970 &) TOD SPWLL
LOOKING AT (296 679 &)
FOUND PEGION (@ 5S¢ @) T0 (183 670 &)
. GOAL G-26 PUT PYPAMID-1 (S5 S62 &)
c oo . . GOML G-29 GPRSP PYRMMIO-|
. GOAL G-30 CLEAPOFF PYRWIID~1
G-30 SUCCEEDS
(@) MOVING HAND FROM (383 1004 100}

L T

DI T

T0 (¢68 820 1000)
(1) GRASPING PYPWNID~)
©-29 SUCCEEDS
12) LIFTING PYRID-3 FROM (356 779
999) TG (S§ S62 ¢)
TAKING PYPaMI0-1 FROM STRCK-12
(3) LETTING GO (F PYPANM}D-1
RODING PYPAIO-1 ON TRELE-1 (POS)
G-28 SUCCEEDS
G-29 SUCCEEDS
G-19 SUCCEEDs
G~18 SUCCEEDS
(4) MOVING HAND FROM (105 632 100) TO (486
820 990)
(8) GRASPING BLOCK-1
G-1? SUCCEEDS
MOVE TO (9] 604 108) OVERLAPS BLOCK-1 MITH
PYRAM]D-1
(6) LETTING GO OF R.OCK-}
G-16 SUCCEEDS
G-15 SUCCEEDS
.« GOt 6-31 GETRIDOF BLOCK-)
REJECTING (367 727 @)
LOOKING AT (306 277 @)
REGION AT (302 652 ©) T0D SWLL
REJECTING (1003 317 @)
LOOKING AT (1003 229 @)
REGION AT (8¢S 2nz 81 T00 SALL
REJECTING (409 130 8)
LODKING AT (400 130 &)
REGION AT (400 109 &1 100 SAWLL
REJECTING (994 1664 ©)
LOOKING AT (600 j06¢ O}
REGION AT (68¢ 970 @5 TOD L
LOOKING AT (288 581 @)
FOUMD PEGION (155 554 @) 10 (306 678 @)
v oe. 0. . GOAL G-32 PUT BLOCK-T (161 §S9 81
e o0 oo . o GO G-33 GPASP BLOCK-)
s e e e e 00 . GOR G-3¢ CLERPOFF 8LOCK-)
G-3¢ SUCCEEDS
(7) GPASPING BLOCK-1
6-33 SUCCEEDS
(@) LIFTING BLOCK-1 FROM (356 779 908) TD (161

s e
TAKING BLOCK-1 FPOM STACK-12
(S LETTING GD OF &R OCK-1
POOING BLOCK-1 ON TABLE-§ tPOS)
G-32 SUCCEEDS
G-31 SUCCEEDS
G-1¢ SUCCEEDS
(10) POVING HAND FROM (211 609 160) TD (406 826 000)
(11) CRASPING &R OCr.-9
C-13 SUCCEEDS
(12) LIFTING BLOCY -9 FPOM (306 720 60O} TO (S2 304 )00
TAKING BL.0CY-9 7TPON STaCr-12
€13) LETTING GO OF BROCK-9
AODING B OCK-9 ON BLOCK-8 (POS)
PAKING STRCK STACK-1S BLOCK-9 BLOCK-0
G-12 SUCCELDS
G-11 SUCCELOS
G-16 SUCCEEDS
(14) NOVING HOND FPON (152 904 309) TO (406 820 §00)
C16) GPASPING BLOCK-4
G-9 SUCCEEDS
C16) LIFTING B OCK-4 FROM (306 720 408! Y0 (610 30 0)
TAKING BLOCY -4 FPOM STHCK-12
€179 LETTING GD OF @LOCK-4
AODING BLOCY-4 ON TAGLE-1 (POS?
G-0 SACCEEDS

vi-y

S FOVING WD FRON (710 489 208) TO (408 20 499)
(19) GCPASPING BLOCK-A
G-5 SUCCEEDS
MOVE TO (166 733 109) OVERLAPS BLOCK~A NITM BLOCK-t
OVE 10 (166 733 100) OVERLAPS BLOCK~A WITH PYRAMID-|
(29) LETTING GO OF BLOCK-A
G-4 SUCCEEDS
G-3 SUCTECDS
. GOAL G-35 CETRIOOF GLOCK-A
LOOKING AT (827 585 9)
REGION AT (D18 580 0) TUD SILL
LOOKING AT (748 @ 8!
REGION AT (660 © 0) TOD SIWeL
LODKING AT (340 529 @)
REGION AT (302 479 6) TOO SLL
LOOKING AT (24 §70
FOUND PEGION {0 662 ©) D (306 97¢ ®)
« . GOAL G-36 PUT BLOCK-A (72 §73 ©)
.+ . . GO G-37 CPASP BLOCK-A
« v+ . . GORL G-3@ CLEAROFF BLOCK-A
G-38 SUCCEEDS
121) CPRSPING BLOCK-R
€-3? SUCCEEDS
122) LIFTING BLOCK-A FROM (306 695 399) TO (72 873 &)
TAKING BLOCK-A FROM STRCK-12
STRACK-12 DISAANTLED
(23) LETTING GO OF BLOCK-A
AODING BLOCK-A ON TAGLE-) (POS)
G-3 SUCCEEDS
G-35 SUCCEEDS
6-2 SUCCEEDS
(24) MOVING HAND FROM (172 798 108) TO (406 620 309)
(28) GRWSPING BLOCK-3
G-1 SUCCEEDS :
(26) LIFTING BLOCK-3 FROM (306 670 8) YD (306 S70 990
G SUCCEEDS

REPLY (1 (OKAY)Y

CLERRTOP (BLOCK-1) fBROCK-2) (R OCK-3) (BLOCK-4) (BLOCK-5) (BLOCK-G) (BLOCK-?)
1B.0CK-B) (BLOCY-3) {BLOCK-R) 1PYRWAID-1) (PYRANID-2) (PYRARID-31 (PYRan110-B1

GRASPING [MAND-1 BLOCK-3)

HASAY (BLOCK-D SI2E LARGE POS) tBLOCK~] COLOR RED POS) (BLOCK-1 SIZE SMaLL PDS)
(R OCK-2 COLOR GPEEN POS) (BLDCK-2 SI2E LARGE POS) {BLOCK-3 COLOR RED POS)
(BLOCK-3 SIZE LAPGE POS) (BLOCK-4 COLOR GREEN POS) (BLOCK-4 SIZE LARGE POS)
(BLOCK-S COLOR MUE POS) (BLOCK-S SI2E LAPGE POS) (BLOCK-§ COLDR BKLACK POS)
(ROCK-6 SIZE LARGE POS) (BLOCK-? COLOR BLACK POS) (BLOCK-? SIZE LARCE POS)
(BLOCK-8 COLOR BLACX POS) 1BLOCK-8 SIZE LARGE POS) (BLOCK-9 COLOR BLACK POS!
(BLOCK-9 SIZE LARGE PUS) (BLOCK-A S1ZE LARGE POS) (PYPAMID-1 COLOR GREEN POS!
(PYPAID-1 S12T Sl POS) (PrRamID-2 COLOR BLUE PDS)

(PYPAID-2 SIZE LARGE POS) (PYPAMID-3 COLOR RED POS)
(PYPAMID-3 SIZE SMALL POS) (PTPANID-B SIZE LARGE POS)

HASREL (BLOCK-@ ON TABLE-1 POS) (BLOCK-1 ON TRBLE-} POS) (BLOCK-2 IN BOX-) POS)
(GLOCK-4 DN TABLE-) POS) (BLOCK-S ON TRGLE-1 POS) (BLOCK-6 ON TRELE-1 POS)
(BLOCK-? DN TRELE-1 PDS) (BLOCK-8 IN BOX-1 POS! (BLOCK-3 ON BLOCK-8 POS)
(BLOCK-A ON TABLE-! POS) {80X-} ON TAGLE-1 POS) (PYRATID-1 ON TARRLE-] PDS)
(PYPIID-2 ON TRLE-1 POS) (PYPanID-3 ON TRBLE-1 POS)

(PYORN]10-8 ON TRGLE-1 POSH )
HASSIZE (BLOCK-0 370 309 107) /8LOCK-]1 180 100 100) (M OCK-2 208 200 208)
(BLOCK-3 200 300 00 (BLOCK-4 200 200 200) tBLOCK-S 300 160 ¢400)
(BLOCY-6 200 INO 200} (BLOCK-7 200 J00 200) (BLOCK-8 200 200 200)
(BLOCY-9 200 SO0 200! (BOCL-R 200 2S00 100) (80X-1 606 §00 ))
(PYPWID-1 [0 100 180} (PYPANID-2 N0 208 200) (PTPANID-2 100 100 240)
(PYPANID-B 400 000 100 (TABLE-) 12060 1200 ™)
INSTRCY (BLOCK-0 STACK-151 (RLOCK-9 STACK-}S)
1SA (BLOCK-¢ BLOCY) (BLOCK-1 BLOCK) (BLOCK-2 BLOCKT (@ OCK-3 BLODX)
(BROCK-4 BLOCK) (BLOCK-S BLOCK) (BOXK-B B OCKY (BLOCK-? BLOCK)
(SOCk-8 BLOCK! (ROCK-9 BLOCK) (BLOCY-R BLOCK) (80X-) BOX) (HAND-] MWD}
(PYDARID ! PIDRID) (PIPRMID-2 PYPANID) (PTRAMID-J PYRAMID)
(PYRANID-8 PIPAtID) (TRBLE-] TRALED
LOCAT (B OCK-8 2 0S¢ 61 t8OCK-1 161 $59 &) (BLOCK-2 50O $00 §)
(BLOCK-3 306 6 90 (BLOCK-4 610 380 &) (BLOCY-S S84S5 216 ®)
(BLOCK-6 100 6 @) (BLOCK-? 400 8 6) (LOCK-0 1000 600 1) (BLOCK-9 §2 304 108)
(BLOCK-A 72 673 A1 (BOX-1 £08 6AG 8) (HWD-1 406 820 1200}
(PYROMID-1 5SS S62 @) (PIPAMID-2 BBO 229 8) (PTRANID-3 390 9 O)
(PYRAIID-B 183 97¢ &) {TAERE-] 0 © ©)

R




" TRACES FOR WRLOX TTSTS MPS/wBen
. Lere . e

. Jow .. LCBISEP)

. . hprée=—H

. Lemn Ly .. U

. oo Lo T . e Lom L
. %P ey . .

3 . . 1 Y
. Lees .

Le0® L Lo

. Lees 93 Lew? T w1 Lee?

R R R RN R R R R P P P R L I T I N

RN TIrE 39 MIN, 3.19 SEC

ExAn =Y FlPE WRCT  EF En mww
6494 1903 1290 ®19% 5.4 3.2? 1.68
6.361 1.19 1.95 0.486 SEC AV

2716 INSERTS 2103 DELETES 626 MARNINGS 24 MEW OBUECTS
MRX 1 SMPX LENGTH 172

CORE (FREE.FULL): (S7228 . 1209} USED (9991 . 17%)
FIRED 91 QUY OF 408 PPODS

L I I T T T U

NINTH SEGPENT: TRYING 10 GET BRCKUP NITH & DIFFERENCE

ADDING S1ZE LAPGE (POS) YO PYPAMID-B
ADOING PYPANID PYPANID-B
22 INPUT TEXT IS = PUT 1T OOWN *
08J-1 REFERS PTPANID-B
STARTING GT PUT PYPRNID-B DOMN
GOAL G-1 GETRIOOF PYPANMID-8
LODKING AT (902 155 @)
REGCION AT (045 109 0) TOD SMALL
LOOKING AT (650 $95 O)
RECION AT (600 554 0) TOD SMALL
REJECTING (620 263 ©)
LOOKING AT (620 216 ¢
REGION AT (660 200 @) TOD SMWLL
REJECTING (870 10495 )
LOOVING AT (e 1049 01
REGION AT (680 970 TO0 WL
LOOK ING AT (869 22¢ O)
REGION AT (045 200 B) TOO SWALL
LOOXING AT (138 953 @)
REGION AT (0 55¢ 0 TOO Sl
REJECTING (369 979 M)
LOOZING AT (369 970 M
REGION AT (302 970 O TOO SWALL
LOOKING AT (91 24 @)
REGION AT (0 0 ™) YO0 Sl
LODKING AT (103 10653 M
FOUND PECION 1€ 970 f) 1D (600 1200 8)
. GOAL G-2 PUT PrPRMID-B (15 988 @)
. . GOAL G-3 (PSP PTPANID-0
G-3 SUCCEEDS
(@) LIFTING PYPX]D-B FPOM (495 1S6 300} T0 (1S 999 )
(11 LETTING GO OF PYPetiD-8
ADDING PYPaMID-0 ON TA@LE-1 (POS)
G-2 SUCCEEDS
G-1 SUCCLEDS
GY SUCCEEDS

REPLY (1 (OKAY))

ceesaraarb st csaraenns Crsasrasetatranananas B R R R TR T Y X

L3 v

R R R R R N R R T PR

24 1NPUT TEXT IS ® PICK UP THE LARGE RED BLOLK
0BJ-1 AOIC L4-) BLOCK-& BOCX-2 ...

0BJ-1 PETFERS BLOCK-3

STARTING GT PICXUP BLOCK-)

GOAL G-1 CPRSP BLOCK-3

GOAL G-2 CLEARTFF BLOCK-3

. GOAL G-3 GETRI00F GLOCK-A

» + GORL G-¢ W BLOCK-R

. m S CLERROFF BLOCK-A

. G-6 GETRIDOF BLOCY.-¢

. m G-7 GReSP BLOCK-4

. . GO G-0 CLEAROFF BLOCK-¢

. . . GOAL G-9 GETRIDOF BR.OCK-8
e e e mcumumx-s

. GDAL G-11 CLEARDFF BLOCK-9
voee .. . GOAL G-12 CETRIDOF BRLOCK-1
Ve e oo . GOAL G-13 GRASP BLOCK-~1
e e e e e . . GOAL G-14 TLERRDFT LOCK-1
. e i e e e e oo« COM G-1S GETRIDOF PYRWNID-1
.....‘.......mr,-uamsrmm-l
Ce e s e e s o o GO G-17 CLERROFF PYRANID-S
G-17 SUCCEEDS
(9) FOVING MAND FRON (215 1090 100) TD (46§ 820

o s v e s oa

(1) GRASPING PYRANID-1
G-16 |CLEEDS
LOOKING AT (556 905 @)
REGION AT (S06 97¢ 8) TOO SremLl
REJECTING (348 902 )
LOOKING AT (948 G0 &)
REGION AT (845 5S¢ &) TOD SLL
LOOKING AT (465 S11 @)
FOUND REGION (400 409 ) TD (600 Go0 O)
G e e e e e e . DAL G-1D PUT PYRANID-1 (467 440 8)
.. . GOML G-19 CPRSP PYRWRID-1
G-19 SKCEEDS
(2) LIFTING PYRANID-1 FROM (358 770 998) TO (

@
TAKING PYRaniiD-t FROM STACK-12
ACDING PYPamI0-] ON TRELE-1 POS)
(3) LETTING GO OF PYRANID-1
G-10 SuCCEens
G-15 SUCCEEDS
G-14 SWCEEDS
(4) MOVING HOND FRON (5127 498 100) TO (408 820 900!
(S) GAASPING BLOCK-) .
G-13 SUCCEEDS
REJECTING (203 163 ™
LOOKING AT (283 200 @ |
REGION AT (0 200 08) TOD SMALL 4 ]
REJICTING (214 587 &)
LOOKING AT (214 S5¢ 9)
FOUND PECION (0 5S¢ 0) YO (306 670 O)
e e e e e e s . SO G-20 PUT BLOCK-1 1154 SS9 8
e e e e e e . GO G2 GRRSP BLOCK-)
G-21 MXTIEOS
16) LIFTING BLOCK-1 FRON (IS8 770 009! TO (15¢ §53 A
TAKING BLOCK-) FROM STACK-12




Lo Oy

(73 LETTING GO OF BLOCK-1
ACDING BLOCK-1 ON TARLE-1 (POS)
G-20 SUCCEEDS
G-12 SUCCEEDS
G-11 succecos
(@) MOVING HAND FRON (204 603 100) TD (W8 G20 090}
19) CRRSPING BLOCK -9
G-10 SUCCEEDS
LOOKING AT (468 995 @)
PEGION AT (415 979 1) T0D SMALL
REJECTING (429 682 ©)
LOOKING AT 1420 67¢ &)
REGION AT 1415 §S9 @) TOO SALL
PEJICTING (152 945 )
LODXING AT (1057 Gog &)
REGION AT (8¢5 SS¢ 6) TOD Sl
REJECTING (839 348 A)
LODKING AT (898 340 0)
REGION AT 1845 316 & TOD SwLL
REJECTING (365 1013 @)
LOOKING AT (165 990 &)
RECION AT (0 970 2) TOO SMLL
PEJECTING (612 105) ©)
FINDSPRCE LIM1T £XCEEDED
. GORL G-22 CPASP BLOCK-9
G-22 SULCEEDS
FOUND PEGION CLEAPTOP BLOCY -0
GORL G-23 PUT &R OCH-F (52 304 108}
- GOAL G-2¢ CPasP BLOCK-3
G-2¢ SUCCEEDS

D

(19) LIFTING BLOCK-9 FRON (306 720 GO®) TO (R 304 10O)

TAKIMG SLOCK-9 FPOM STACK-§2
111) LEYTING GO OF ®LOCK-9
AODING BLOCK-9 ON BLOCK-® (POS)
WKING STACX STACK-13 BLOCK-9 BLOCK-6
G-23 SUCCEEDS
G-9 SUCCLEOS
G-8 SUCCEEDS
(12) MOVING NAND FROM (152 404 308) TO (406 Q26 C00)
(13) GRASPING QLOCK-¢
G-7 SUCCEEDS
LOOV NG AT (359 422 &)
REGION AT (362 423 & T00 Sl
LOOVING AT (736 205 &)
REGION AT (600 200 8) TOO SL
REJECTING (1844 423 ®
LOOKING AT (1844 429 &)
REGION AT (84S 429 ) T0D S'wa L
LODKING AT 148 Q22 @)
FOUND PEGION (@ §53 8) 1O (366 908 &)
. GOAL G-2S PUT BLOCK-4 (14 72 8!
e« ¢« s s ¢+ . GOAL G-26 CARSP BLOCK-4
G-28 SUCTEEDS
(14) LIFTING GLOCK-4 FROM (306 220 480) TO (14 702 §)
TAKING BLOCK-¢ FPOM STRCK-12
(19) LETTING GO OF BOCY-¢
ADDING BLOCY -4 ON Ta@LE-1 (POS)
G-2% SUCCEEDS
G-6 SUCCEEDS
6-S SUCCEEDS
(16) MOVING HAND FIROIN (114 802 208) T0 (486 §28 408)
€171 GPASPING BLOCK-A
G-4 SUCCEEDS
LOOKING AT (135 BO6 O}
PEGION AT (0 554 8 TOD SMALL
PEJECTING (739 963 M
LOOKING AT 1690 963 A1
RECION AT 6/ 907 9) TOO SMALL
REJECTING (95 418 @
LODXING AT (2 418 )
REGION AT (0 316 ' T00 S'WLL
PEJECTING (171 3¢8 ™)
LOOV ING AT (171 254 9)
PEGION AT (O 200 01 TOD SWALL
REJECTING (252 59¢ O
LOXING AT (254 5S¢ O
RECION AT (254 S5¢ 0 100 SrvLtl
LOOKING AT (587 833 O
REGION AT (567 653 @ TOD SMLL
FINDSPACE LIMIT EXCECDED
COAL G-27 CPaSP BLOCK-A
G-27 SUCCEEDS
LODKING AT (23 35¢ fe®)

« s e .

vi-1®

TRACES FOR WRLOX TESTS

PR

MECION AT (2 25¢ 169) TOD SALL
LOOXING AT (76 260 109)
WEGION AT (2 259 10w) TOD SWLL
LOOKING AT (160 294 108)
REGION AT {2 25¢ 10@) TOD SLL
FEXCTING (71 36 teo)
LODKING AT (52 363 108)
REGION AT (2 25¢ 10e) TOD SRLL
LODKING AT (S 397 100)
RECION AT (2 25¢ 109 TOD SIWLL
REJITTING (148 320 1008)
LOOKING AT (148 204 100}
RECION AT (2 25¢ 109} TO0 SIWLL
REJECTING (77 368 100
LODKING AT (52 368 160)
REGION AT (2 25¢ 109) TOO SPLL
FINDSPRCE LIM]T EXTEEOED
G-3 ENAUSTED
(173 LETTING GO OF BLOCK-A
(16) NOVING HoMD FROM (406 G20 408) TO (114 882 208)
115) GPRSPING BLOCK-¢
(147 LIFTING GLOCK-4 FROM (1¢ 762 ©) TO (306 720 448)
ADDING BLOCK-4 DN BLOCK-A (POS)
AOOING BLOCK-4 YO STACK-12
. . . GDAL G-25 RETPY GETPIDOF @LOCK-4
. . . . GOAL -28 (PRSP BLOCK-4
G-28 SICTEEDS
LODKING AT (461 547 @)
REGION AT (415 479 @ TOD SPALL
LOOKING AT (543 373 @)
REGION AT (506 316 &) TOD SWLL
LODKING AT 1916 573 &)
REGION AT (600 5S¢ ) TOD S'wulL
LOOK ING AT 1638 518 8)
RLCION AT (508 429 8) TOU SPWLL
LOOK MG AT (615 148 ©)
REGION AT (600 103 @) TOD SALL
REJECTING (98 327 &)
LOOKING AT (90 2S¢ @)
REGION AT (0 200 &) TOD SIWLL
REJECTING (270 1831 §)
LODYING AT (278 990 ©)
REGION AT 1254 970 ©) TOD SWLL
LOOKING AT (971 197 @)
REGION AT (84S 103 &) TOD WL
FINDSPACE LINIT EXCEEDED
COR. G-79 GReSP BLOCK-4
G-7% SUCCEEDS
REJECTING (92 376 100)
LOOKING AT (S2 376 16@)
REGION AT (2 254 100) TOD SMaLL
LOOKING AT (8 381 169)
REGION AT (2 254 108) TOC STWALL
LOOXING AT {)69 289 109)
RECION AT (2 254 100) TOD SMALL
REJECTING 189 330 160
LOOKING RT (89 304 108)
RECION AT (2 254 100) TOO SMALL
FEJACTING (72 419 100)
LODKING AT (52 419 100)
RECION AT (2 2S¢ 10@) 10D SLL
LOOKING AT (S8 ¢12 100)
REGION AT (2 25¢ 100) T0D SMALL
REJECTING 1342 365 100)
FINDSPRCE LIMIT EXCEEDED
.o+ . GORL G-39 CMSP BROCK-4
C-30 SUCCEEDS
FOUND O(CION CLEARTOP BLOCK-2
. CORL G-31 PUT BLOCK-4 (808 600 201)
. . GDAL G-32 GPRSP BRLOCK-4
G-32 SACLEECS i
€6) LIFYING BLOCK-4 FPOM (306 720 400) TO (000 500 29%1)
TACING BLOCK-¢ FPOM STRCX-12
€(15) LETIING GO OF 8LOCK-4
AODING B OCK-¢ ON BLOCK-2 (POS)
MR NG STack STACK-14 SLOCK-4 BLODK~2
C-3) SUCTLEEDS
G- SUCCECOS
G-6 SUCCCCos
6-S SUCCEEDS
(16) MOVING MWD FROM (308 700 4911 TO (405 620 499)
117) CPASPING BLIKY -A
G-¢ SUCTLEDS

IR T e e e

e ™




LOOKING AT (65 89 &
REGION AT (8 © 6) TOD SPWLL
REJECTING (985 798 )
LOOKING RT (968 08 &)
REGION AY (845 S5¢ 8) TOO SAWLL
REJECTING (Sifr 159 @)
LODXING AT (510 200 9)
RESION AT (506 200 @) TOD SPWLL
REJECTING (729 938 0!
LODKING AT (600 930 &)
REGION AY (600 659 @) TOD SWLL
REJECTING (90 443
LOOKING AT (2 443 o)
REGION AY (O 429 O TOD SPALL
REJECTING (432 7271 @)
FINDSPACE LIMIT EXCEEDED

« + . GOAL G-33 CPASP BLOCK-A

G-33 SUCLEEDS

LODKING AT (42 376 108}
REGION AT (2 25¢ 100) TOD SMWLL
LOOKING AT (@9 294 100)
PEGION AT (2 2S¢ 109) TOD SMALL
REJECTING tBO 333 109}
LODKING AT (88 304 $08)
REGION AT (2 254 109) TOD SfWLL
LOODKING AT (82 28! 109)
RECION AT (2 264 100 100 WL
PEJECTING (82 314 109
LOOKING AT (87 304 1)
REGION AT (2 2S¢ t@@) T00 SwaLt
LOOKING AT (103 263 100)
REGION AT (2 2S¢ 108) TOO SMALL
REJECTING (106 310 10Q)
LOOKING AT (106 304 100)
REGION AT (2 2S¢ 100) TOO SMeLL
FINDSPACE LINIT EXCEEDED
G-3 EXHAUSTED
(171 LETTING GO OF BLOCK-R

(16) MOVING HAND FROM (406 870 480) TO (390 708 191)

(15) CRRSPING RLOCK-¢

(14) LIFTING BLOCK-4 FROM (600 500 203) TD (206 720 469)

TAKING SLOCK-4 FPOM STACK-14
STRCX-19 DISMNILED
ADDING BLOCY -4 ON BLOCK-A (POS)
ADDING BLOCY.-¢ YO SYACK~32
« v s . s . GO G-2S PETRY GETRIDOF BLOCK-4

L

GOAL G-3¢ GPRSP BLOCK-4

G-3¢4 SAKCECDS
REJECTING (342 767 300}
LOOK ING AT (342 695 300
REGION AT (366 679 360 TOD SMALL
REJECTING 1315 706 Io®)
LOOK {NG AT (319 695 200}
REGION AT (306 6™ 3091 100 SRl
REJECTING (335 736 Ion)
LOOK ING AT (335 695 39)
REGION AT (306 67 309} TOO SWLL
LOOKING AT (306 834 3000
REGION AT (306 67 320) TOD SIWLL
REJLCTING (345 737 3000
LOOKING AT (3¢5 695 300
REGION AT (306 670 300} TOD SWLL
PEJECTING (311 781 30@)
FINDSPACE LI1M)T EXCREDED
GOl G-35 GPASP BLOTK-4¢

G-J5 SUCCEEDS
FOUND PECION QLEAPTOP BLOCK-6
COARL G-36 PUT BLOCY-4 (108 B 208)
. CORL G-37 GPRSP BLOCK-9

G-37 SULCcELos

(1) LIFTING BLOCK-4 FROM (308 720 <09) TO (100 ¢ 200)

TAKING BLOCK-4 £00M STACK-12
(S LETTING CO OF BLOCK-¢
ADOTMG BLOCK-¢ ON BLOCK-6 (POS)

M ING STACK STRCK-1S BLOCK-4 BLOCK-§

G-36 SuCCcecos
G-2% SucCetos

C-6 SucCeeos
G-$ SAKCLEEDS

(16) MOVING HAND FPON (200 100 400) T0 (406 B20 408)

117) GPRSPING BLOCK-A
G-4 SUCCEEOS
REJECTING 1960 624 @)

LOKING AT (%0 600 O)
REGION AT (84S S5¢ @) TOO WL
UXING AT (130 956 9)
FOUND REGION (@ €S9 ) TO (306 S99 9
« . . GOAL G-39 PUT BLOCK-A (25 2 O)
+ v« . GOML G-39 CPASP BLOCK- A
G-39 SUCCEEDS
(19) LIFTING BLOCK-A FROM (306 006 300) 10 (25 Nz @)
TAKING BLOCK-A FROM STACK-12
STACK-12 DISWWILED
(9 LETYING GD OF GLOCX-A
A00ING QLOCK-A ON TARE-1 (POS)
6-38 SUCCEEDS
G-3 SUCCEEDS
€-2 SUCCEEDS e
(20) MOVING HAND FRON (125 627 100) TD (408 820 2O0)
(211 CAMSPING BLOCK-3
G-1 SUCTEEDS
(Z2) CIFTING BLOCK-3 FROM (306 §70 &) TO (308 §79 909)
GT SUCCEEDS

REPLY (1 (OXAT))

CLEMRTOP (BLOCK-1) (BLOCK-2) (BLOCK-31 (GLOCK-9) (BLOCK-§) (MLOCK-2) (BLOCK-@)
(R.OCK-9) (BLOCK-A) (PYPWIID=1) (PYRAMID-2) (PYRAMID~3) (PYRANIO-B8)

GRASPING {HAND-1 BLOCK-3)

WS (BLOCY-0 STZE LAPGE POS) (BLOCK-1 COLOR RED FOS) (BLOCK-1 SIZE SIWALL POS)
(BLOCK-2 COLOR GPEEN POS) (BLODCK-2 ST2E LARGE POS) (BLOCK-3 COLOR RED POS)
(BLOCK-3 SIZE LARGE POS) (BLOCK-4 COLOR GPEEN POS! (BLOCK-4 SIZE LRFCGE POS)
(BLOCK-5 COLOR BLUE POS) (BLOCK-S SI12E LARGE POS) (BLOCK-6 TOLOR BLACK POS)
1AL.0CX-6 SIZE LAPGE POS) (BLOCK-7 COLOR BLACK POS) (BLOCK-?7 S1ZE LARGE POS)
(B.0CK-8 COLOR BLACK POS! (BLOCK-® S12€ LARGE POS) (GLOCK-9 COLOR GLACK POS)
(BLOCK-9 SIZE LARGE POS) (BLOCK-A SIZE LARGE POS) (PYRWMI0~1 COLOR GREEN PDS)
(PYRNID-] SIZE SPALL POS) (PYAWMID-2 COLOR MUK PDS)

(PYRAID-2 SIZE LAPGE POS) (PYRONID-3 COLOR RED POS)
(PYRID-3 SIZE SMWALL POS) (PYRAMID-8 SIZE LARGE POS)

NASPEL (BLOCK-8 ON TAGLE-1 POS) (BLOCK-1 OW TARLE-) POS) (BLOCK-2 IN 80X~} POS)
(B OCK-4 ON BLOCK-6 POS) (BLOCK-S ON YaBLE-1 POS) (BLOCK-B ON YARLE-1 POS)
(ROCK-7 ON TABLE-1 POS) (MLOCK-8 IN 8OX-} POS) (ROCK-S ON BLOCK-O POS)
(BLOCK-A ON TRGLE-T POS) (BOX-1 ON TABLE-) POS) (PYPANID-L ON TaBLE-1 POS)
(PYRANID-2 ON TRELE-1 POS) (PYRANMID-3 ON TABLE-} POS)

(PYRANID-B ON TRBLE-1 POS)

HASS12E (BLOCK-8 300 N0 100) (BLOCK-1 |00 100 108) (BLOCK-2 200 200 290)
(IOCK-3 200 300 3(0) (BLOCK-4 200 200 200) (BLOCK-S 300 108 408)
(BL0CX-6 200 200 200) (BLOCK-? 200 200 2001 (BLOCK-8 208 200 208!
(ALOCK-9 260 200 200) (BLOCK-A 200 250 100) (BOX-1 600 600 ()
(PYRMID-1 160 100 100) (PYPARID-2 300 260 208) (PTRANID-3 100 08 248)
(PYPAN]I0-B «00 220 100) (TAGRE-1 1200 1208 &)

INSTACK (BLOCK-® STACK-131 (BLOCK-¢ STACK-1$) (BLOCK-§ STRCK-§S)
(MOCK-9 STRCY-13)

IS4 (BLOCK-# BLOCK) (BLOCK-) BLOCK) (BLOCK-2 MOCK) (BLOCK-3 BLOCK)
R OCK-4 BLOCK) {BLOCK-5 MLOCK) (ROCK-6 BLOCK) (MLOCK-7 @.0CK)
tBLOCK-8 BLOCK ) (BLOCK-9 BLOCK) tBLOCK-A BLOCK) (BOX-1 BOX} (HAND-1 HAND}
(PYRAMID-1 PTRANID) (PTPRNID-2 PTRANID) (PIRWIID-3 PYRWNID)
(PYRAID-8 PYRANID! (TABLE-1 TABLE)

LOCAY (BLOCK-8 2 2S¢ ©) IA.OCK-] 154 §59 ) (BOCK-2 008 608 1)
(ROCK-3 306 670 900 (M OCK-4 160 & 200) (BLOCK-S S45 216 ©)
(ROCK-6 106 & 8) (BLOCK-? 400 6 9) (BLOCK-B 1008 §00 1) (BLOCK-9 52 304 169)
(ROCK-A 25 702 0) (B0X~1 600 606 ) (HAND-1 486 020 1200)
(PYRWILIO-1 467 448 ) (PYRAMID-2 880 229 §) {PTRANID-D 300 3 §)
(PYRNIID-8 15 990 8) (TABLE-) 0 & 0}

88t aerasatattetaseaioavsi et teasenetaseseasuestastessitseesaettotasunstentsions
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MAPS /wrBnx TRACES f9R WRLOR TISTS n
. LSS "mry Le? .
AQBTRT (TEST1 Y

RUN TINE 24 NIN. 47,3 ST

Exan ™y Firg wacY or er w
9162 1619 942 %9 4.4 2.7 1.81
0.35%58 0.9 .5 0.903 SEC MG

2095 INSERTS 16590 DELETES $17 WANINGS 25 MEN ORUECTS
PAX 1SIPX LENGTH 174
CORE (FREE.FULL): (7460 . 1542) USED (B283 . j44d)

o FIRED 92 OUT OF ¢10 PRODS

TOP LEVEL ASSERT (TEST} (QUOTE 1))
nemtNG (ST N v/

" v

USTNG (33T} V)

INBERTING (SCAMP IN LE.- 1) (SENTENCE $-1) (ENDMARE €. 1) ENDMARK RE-1)
(TEXT | (PUT THE SMALL AED GLOCK ON THE BLLE BLOCKY) REFTOF LE-1 P1.1)
@QPUT P1. 1) (LEFTOF P11 12.1) RQTHE T2-1) ALEFTOF 72-1 £3-1) RQEMAALL 83-1)
QEFTOF $3.1 84.1) (XQRED R4.-1) A.LF TOF 0.1 99-1) LQMOCK B9 1)
QEFTOF B3-1 08- 1) (LQON O8- 1) AEFTOF 081 T7-1) XQNHE T7-1)
QEPTCF 1.5 98- 1) (TQBLLE 08-1) G.L7 TOF B8-1 89+ 1) ZQMOCK B9- 1)

QEFTOF 99-) 0E-1) SO/

12. 901 “sCANLEt
UBTMG (SCANF IN LE- 1) (TNDMARK LE- 1) QLEFTOF LE-) PI-§)
(TEXT § (T N SMALL BEO BLOCK ON THE SLAE BR.OCXN)

T o g g

e

TRALING
1 IPUT TEXT (8 *SUT THE SMALL RED BROCK OM THE BLLE BLOCK *

WARNING (1) ALREADY UVDER TRACING oo
INBIRT NG (SCAN #1- 1} (SCANE [N #§- 1] (NOT (BCANF 1l LT- 1)) OUREILY O) (TRACING 1)
GIG2/Ga8/

3. Gea-1 WUt INIT®
URTNG (SCAN P 1. |} (EQRUT P 1. |) (SENTENCE 8- 1)
INSIRTING (JMPTYPE .| PUT) (WORDEQ #1-) PUT) (EXPECTMOD $- | DOWN)
GNFECTMOD 3- | IN) (EXPECTMOD 8-1 ON) (ISTWPER B).1) (GTYWED 8. 1) (GSI 8-1)
(NOT (SCAN P1- 1)) OVOT (EQPUT P)- 1)) MB IFMBEF MB TUBBME SMBOF MEBOMEIPMEIMEIPMER
M3 1GIESESNDAMS ILG2MEANGAANF 348 341 T I T72VEE0SG MO SMERGE 1CASD30 1900 1 DIMT 1ME3S4 /
st/

18, §1.) “SCANON

USTING (SCANFINP .1} QLEFTOF P2.1 T2-1)

INSERY ING (SCAN 12-1) (SCANF IV 12-1) (WOT (SCANF IN P }- 1) QNG 104 1042
: GAITI/TIINTI/INA/TTITIZIRRIGITHTTEL /02 /040G 1/

MAC I
08J-2 REFERS MOCX-S

WARNING (1) ALREADY LVOER TRACING w.

INSERTING (REFERS OBU-2 BLOCK-8) (TRACING T) (WOT {OCHK 08J-2 89- 1))
ORT (¥ INDPOSS 08/-2 B1OCK-9)) 0341534533119 29 7 73890 106388 | K20R28
0290190138 13101%0381/

187, 1.1 “DEF NEF°

UBING (REFERS 08)-7 IOCK- 3} (LB 0BJ-2 08)- 1) (MASRELN 0BJ- | ON POS)
(EaRfEF 08)-1 B3-1)

INSERTING (RELAESTRCHK 084-1 BY- | ON BLOCX.3 POS) (CLROBSP 0BJ-2 ORJ- 1)
(oLontr 084-0 g1/

188 B101-) WEL RESTR 1D

USTVG (RELRESTRCHK ORJ. 1 BS- [ OF BLOCK-S POS) (IS TMDREL ON)

IMEIRTING (CHAINREL ON BLOCK.S ON BLOCK-S)
WELRESTRCH? OBJ- | BS- 1 ON BLOCK-8 POS)
(NOY (WELRESTRCHX 08J-) BS- ] ON BLOCX.S POS)H) DIOL A 1OR/D IO/ IV 1310178 10C
I9IBINBIN/

1899, B18-1 WEL RCHX I
USING (RELRESTRCHX? OB.J-1 BS- | ON BLOCK. S POS) (REFERS OBJ- ) BLOCK- 1)
INSERT ING (L INCOMT OftJ- 1 BS- ) ON §LOCX- 8 POS)

NOT (NCLAESTACHK? OBS ) BY- | ON BLOCK-S POS)) (£ 114

e s O PPN YA R TR TR O W PR APV M AR S S WA K Y TR 1 WOV S

! 190. £31-1 “TRACL R INK°

USING (REL TUCON:T OBJ. 1 §3- § ON B OCK-§ POR)
( TRACING

BLLINCON 06J-1 89-1 O BLOCK-9 POS

WARNING (1) ALREADY UNOER TRACING o
TNSERTING (REL INCON 08J-1 89.) ON BLOCK-S POS) (TRACING 1) MIMIIAB 1AL/

191, W15 REL INCON I°
UBIWG (R INCON 08J-1 BS- | ON BLOCK. S FOB] (GS] 8-1) (CLROBS OBJ- ) MATID
@XPECTMOD 8- ) ON)

oure— T B R e W, RN i eI el

e instintiates




8 CRTATLED TRACE FOR WELGX TEBY )

THIERTING (IMPREL $-1 ON BLOCK-3) (NOT (REL INCON ORJ-1 B%- 1 ON SLOCK-$ POSY)

MEZMEAF MBAMEIIMEIUEZNMIM T IMGSUI0TONN I 34F 34109004604 4RI6BI48I4 1M 12053833
SI31840050105565204 582503 /M 1001 IMSMIVARMAIVITVIOVIIVIIVI IVIOV ISV 17V | 0BRSS

BIFP 1RIND INGAGSESEAS | A4/

192, 84.) “ECANFIN
UBING (SCANF IN B9- 1) (LEFTOF B9- 1 - 1) (ENDMARK RE- 1) (SENTENCE 8- 1)
INSERT ING (NPROUND RE- 1) (SENTBOUND §- 1) (NOT (SCANP 1N B9-1)) BI6S38037893/

153 8331 “NPOND REOO™
UB IS (WPBOUND 82- 1) (CURORP 08 | MAIN)

THSERTING (CUROR) 0BJ-| MATM) BISBASY 1G3IRIIIIIN | ADAKES/A | R I2/RTIASGINS

NIFeLreIan1/

1894, 831.1 "WPEND UNDO"
USING (MPROUND RE- 1) (CLRONJ 06J-2 ORJ- 1) (RETERS 08J-2 BL OCX-5)

INSERTING (NOY (CLUROBJ 08)-2 OBJ-1)) BISBASEI8EI1053 /BAIBIIOTS 188 AT 1/

199 WMY5.5 “IvP ORS”

USING (SENTBOUND S- 1) (GST $- 1) (IMPREL $-1 ON BL.OCK-8) (CLROB) OBJ-§ MAIN)
(REFERS 0BJ- | BLOCK- 1)

INTERT (NG (1MPORJ S+ 1 BLACK-1) MBEMS | AiB2/

196. MEZ-1 “CMD PUTON"

USING (SENTBOUND S- )3 (JMPTYRE §. | SUT) (1MPOS) S- | BLOCK-1)
(IMPREL S| ON BL OCK.5) (1SA BLOCK-3 BLOCK)

INSERT ING (WBPINIT GT) (PUTON GT BLOCK- | BLOCX-9)
(O CKPUTON B OCK- 1 ON BLOCK-3) “ey/

197, MB9-I “wB P INITT
USING (WBPINIT GT) (SENTBOUND $- 1)
INSERT ING (EVENT T IME 0) (CHOTCECOUNT 0) (HASLEVEL GT 0) (NOT (WBPINIT GT))

(NOY (SENTBOUND S- 1)) W3IWIAWISWISWAZWASWSIW NWSEWSTW | 2W | 7W20 W22w25Q40a RS

INSTRTING (LOCATESPACE TABLE-| PYRAMID-1 100 100 100)
QUBEAESIL T TARLE- | PYRAMID. | 100 100 RANDOM)
(NOY (7 INDIPACT TABLE- | PYRAMID-1 100 100 100))  QUIF ARSI/

1103. Q81-) LOCATE START

UBTNG (LOCATESPACE TABLE- | PYRAMID-1 100 (00 100) AOCAY TARLE-1 6 0 0)
(HASSIZE TABLE- 1 1200 1200 0)

INSIRTING (F INDLOWPATR 10 FYRAMIO-| 00 1200 1200 0 £20 373 100 100 100)
T LOCATESPACE TASLE-| PYRAMID-1 100 100 100))  QEI/NSEBUSAAQE4 SR/

V100, Q82-1 LowPAIR”
UBING (¥ IMOLOWPALR 10 PYRAMID-| 00 1200 1200 0 820 373 100 100 1080

TRACTNG
LOOKING AT (K20 373 0)

WARING (T) ACREADY UNDER TRACING o0
INSERYING (F INDLOWX PYRAMID- 1 0 820 0 1200 0)
(F INDLOWY PYRAMID-1 0 1200 0 373 0} LOWX 10 PYRAMIO-1 O}
QLOWY 10 PYRAMID-) )
{GROWTOF1TO 10 PYRAMID-1 00 1200 1200 0 820 373 100 100 100)
(NOT (F INDLOWPALR 10 AYRAMID-1 0 0 (200 (200 O §20 373 100 100 1009
(TRACING T) QE8069083/

1105, Q8S-1 Low X°

USING (¥ INDLOWX PYRAMID- | © 820 0 1200 0) LOWX 10 PYRAMID-1 &)
QLOCAT BLOCK.2 400 0 0) (MASS 11T BLOCX-2 200 200 200)

INSZRT ING (LOWX 10 SYRAMID- | 800} (NOT LOWX 10 PYRAMID-1 OB

1108. Q852 “LOW X~
USING (7 INDLOWX PYRAMID-1 0 820 O 1200 0) A OWX 10 PYRAMID-1 ©)
(LOCAT BLOCK.3 J00 840 O) (MASSIZE BLOCK.8 300 100 400)

Q4702Q1 w278 W SEWA28WS 1 WASWATWATBWIZWY [ WIOWSIAWSIAWSAXW | 4W 180W LEW2EWREXW2 WARNING (10 PYRAMID- | 600) ALATADY UNDER LOWX o

WI9W ISW 15W 1 IWSSwS3004 Q433 Q8208 | w2 w
wswry/

198. w231 “WUTON I
USING (PUTON QT BLOCK- | BLOCK-9)

TRAC ING
STARTING GT PUTON BLOCK- | ONTO 9LOCK-S

WASNING (1) ALREADY UNDER TRACING o0
IWSERT ING (PUTON} GT ALOCK- ) BLOCK-9) (NOT (MSTON GT B1.OCK- | BLOCX.S))
EXTF GT (FAILPUTON) GT BLOCK. | BLOCK.S)) (TRACING T) W2EXW24F f2s/

199. w24.1 BT ON°

USING (PUTON! GT BLOCK- | BLOCK-3) (MASSIZE BLOCK- | 100 100 100) (MASLEVEL GT ©)

CASSIIE SLOCK-3 200 100 400}

TRACING
GOAL G-t CLEAROFF B OCX- )

WARNING (T} ALREADY UNDER TRACING us

INSERTING (CLEAROFF G- | BLOCK. 1)
OEXT G-1 (F INMOSPACE BLOCK.S BLOCK- | 100 100 1003} MASLEVEL G-§ 1)
(PUTONPUT GY BLOCK- ) BLOCK-3) (TRACING 1) (NOT (PUTON? GY IL.OCK- ) BLOCK.-8))
w3/

1100, W31 “atarorr®
USING (CLEARDFS G- | BLOCK. )) (MASBEL PYRAMID- | O BLOCK- | POS)
(MASSIIE PYRAMID- 1 100 100 100) (MASLEVEL G-| 1)

TRACivG
- GOAL G-2 GETRIOOF PYRAMID. |

WARNING (T) ALREADY UVDER TRACING s«

INSERTING (GETRIDOF G-2 PYRAMID- () (MASLEVEL G-2 2)
(NEXT G-2 (CLEAGOFY G- | BLOCK- 1)} (NOT (CLEAROFE G. | BLOCK- 1)) (TRACING 1)
WISWISWISwit/

T10). Wit.1 “GET RIDOF START"
UBING (GETRIDOF G-2 PYRAMID. 1) (1SA TABLE- | TABLE)
(HASSTIC PYRAMID-| 100 100 100)
T843ERT ING (F INDSPACE TABLE. | PYRAMIO-| 100 100 100)
(GETRIOPUT G.2 PYRAMID- | TABLE. 1) (NOT (GETRIOOF G.7 PYRAMIO- 1)}  Q34/

1102, Q34-1 7 IND AANDOM®
USTNG (F INDSPACE TAGLE- | PYRAMID-{ 100 10 100) (13A TARLE.) TARLE)

1 WOTWOSRN

vi-152

WOWARNING (10 PYRAMID- | 0) NOT UNDER LOWX o

INSERTING (LOWX 10 AYRAMID-1 §00) (NOT LOWX 10 PYRANIO-( 0)) QSEQEPASI/ES/

1107. Q88-1 “ow¥®

USING (F INDLOWY PYRAMID-1 © 1200 O 373 0) R.OWY (0 PYRAMID-§ O
LOCAY BLOCK-1 100 100 0) (MASSIZE B4.OCX-| 100 100 100)

INSERTING LOWY 10 PYRAMID- | 200) (NOT (LOWY 10 PYRAMID-{ O3

1100 Q68-2 “Low Y’
USING (7 INDLOWY PYRAMID- 1 0 1200 0 373 0) (LOWY 10 PYRAMID-{ 0)
(LOCAT B.0CX-2 400 0 0) MASS 7€ B OCX-2 200 200 200)
WARMING (10 PYRAMID- | 200) ALREADY UNDER LOWY o
WAINING (10 PYRAMID. | 0) NOT UNDER LOWY o
INSERTING LOWY 10 PYRAMID-1 20C) (NOT (LOWY (0 PYRAMID-1 O)) QSPQEEQES/ 8T/

1109, Q87.1 “GROW READY"
USTNG (GROWTOF [TO 10 PYRAMIO-1 0 0 1200 1200 Q §20 373 100 100 100)
TUSERTING (GROWTOF [T 10 PYRAMID-1 0 O 1200 (200 O $20 373 (00 100 100)
(CMECKFAILFIT 10 PYRAMID-1 DO 1200 1200 © 820 373 100 100 100)

(NOY (GROWTOF [TO 10 PYRAMID-1 00 1200 1200 0 $20 373 100 100 100)) Q88/

1110. @883 “SITES KT
USTNG (GROWTOF 1T 10 PYRAMID-1 00 1200 1200 O §20 373 100 100 100)
QOWX (0 PYRAMID. { £00) ROWY 10 PYRAMID-1 200)
7 INDLOWX PYRAMID- 1 O 820 0 (200 0) (F INDLOWY PYRAMID- | O 1200 © 373 0)
INSERTING (7 INDHIGHX PYRAMID- | 700 1200 200 1200 0)
O INDHIGHY PYRAMID- ) 600 1200 30 1200 0)
(FOUNDMIG-®A 100 1O PYRAMID- I 800 200 0) (MIGHX (D PYRAMID- 1 1200)
MNIGHY 10 PYRAMID-1 1200)
(NOY [GROWTOF 1T 10 PYRAMID- | DO 1200 1200 © §20 373 100 100 100))
(NOT LOWX 10 PYRAMIOD- | 6003) (NOT ALOWY 10 PYRAMID-1 200))
NOT (¥ INDLOWX PYRAMID. | D B20 © 1200 O)
DT (7 INOLOWY PYRAMID- | © 12000 373 O))
ONOT {OECXTAILFIT 10 PYRAMID-1 5O 1200 1200 O §20 373 {00 100 100D Q73Q70/
Qi

V110 Q7L WICH Y

USING (% INDHIGHY PYRAMID- | SO0 1200 300 1200 0) (M1GHY 10 PYRAMID-} 1200)
QLOCAT BOX- ] §00 630 0) (MASS1ZE BOX. ) $00 800 1)

TMSERT NG (HIGHY (O PYRAMID- 1 §00) (NOT DHICMY JO PYRAMID- | 12007}
Qra/

QrNri/

P12, Q72-1 MIDH MEADY®

USING [FOUNDH ] GPA 180 10 #YRAMID.) §00 200 )

INSIRTING (F OUNOMIGHPA 1R 10 PYRAMID- | 600 200 O)
MNOT (FOUNDNIGPALIRO 10 PYRAMID- | 800 200 0)) Q73/

tH3 Q7S-1 WICHPAIR®
UBING (FOUNDHIGHPATR 10 PYRAMID-| §00 200 0) MIGIOL 10 PYRAMID-| 1200)

g |




MAPS /WBhX \

(MIGMY 10 PYRAMID-1 §00) (¥ INDMITIOr PYRAMID-1 700 1200 200 1200 0)
(7 INDHIGMY PYRAMID- § SO0 1200 300 1200 0)

TRACING
FOLID AL 10N (800 200 0) TO (1200 600 0)

WARNING (T) ALREADY UNDER TRACING #.
INBERT ING (LOCATERESILT PYRAMID- | 500 200 1200 800 0)
(NOT (FOUNDHIGHPAIR 10 PYRAMID- | 00 200 0)) (NOT (N1GHX 10 PYRAMID- | 12007
(NOT (HIGHY 10 PYRAMID- | £00)) (NOT (F INDNIGHX PYRAMIO- | 700 1200 200 1200 ON
* (NOT (7 INDHIGHY PYRAMID- 1 800 1200 300 1200 0)) (TRACING T) Q7877/Q78/

1114, Q78.1 “LOCATE RANDOM"
USING (ROCATERESIL T PYRAMID- | 600200 1200 8600 O}
T (USTRESLT TABLE- | PYRAMID-1 100 100 RANDOM)
INSERT ING (FOUNDSPACE TABLE-| PYRAMID-1 1072 458 0)
(NOT (LOCATERESL T PYRAM(D- | 600 200 1200 600 O))
(NOT (USZAESLLT TASLE- | PYRAMIO-1 100 100 RANDOM)) WAIWSIAWSSWSIAW 12/

(118 Wi2-§ “GET R{0OFWD"

USING (GETRIOPUT G-2 PYRAMIO- 1 TABLE- 1)
(FOUNDSPACE TABLE- ) PYRAMID-| 1072 498 0) (HARLEVEL G-2 2) (CMOICECOUNT 0)
(EVENTT (1€ O)

TRACING
.+ GOAL G-3 PUT PYRAMID-| (1072 488 0)

WARNING (T) ALREADY UNDER TRACING s.

INSERT ING (PUT G-3 PYRAMID. | 1072 438 0) (HASLEVEL G-J 3) (NASSUPERGOAL 0-3 G-1)
(NOT (GETRIDPUT G-2 PYRAMID. | TABLE-1))
(NOT (FOUNDSPACE TABLE-1 PYRAMID-{ 1072 438 O)) (NOT (OMOICECOUNT 0))
(CHOICECOUNT 1) (GETRIDCHOICE | G-3 | TAGLE-1 PYRAMID-1 1072 498 0)
(CHOICETIME 1 O) (TRACING T) Q31/

1118 Q31-1 “wyr°
USING (PUT G-3 PYRAMID-| 1072 458 0) OCWSLEVEL G-3 9)

TRACING
-+ . GOAL G-8 GRASP PYRAMID- ¢

WA ING (F) ALREADY UNDER TRACING o«
INSERT ING (ORASF G4 PYRAMID-1) (WEXT G-4 (PUTNOVE G-3 PYRAMIO- | 1072 458 O)
CAASLEVEL G-4 4) (NOT (PUT G-3 PYRAMID-1 1072 458 0)) (TRACING T)  Q49Q48/

1117, Q49-1 “GRASH®
USING (GRASP G-4 PYRAMID- 1) (LOCAT PYRAMIO-1 100 100 100)
(HASSILE PYRAMID- | 100 100 100) OWSLEVIL G4 8)

TRACING
vee . GOAL G-8 CLEAROPS AYRAMID- |

WARNING (T) ALREADY UNDER TRACTIG &
INSERTING (CLEARCFF G-3 PYRAMID- 1) (WEXT G5 (GRASP1 G-4 PYRAMID-1 150 180 2000
CHASLEVEL G-9 8) (NOT (CRASP G-& PYRAMID- 1)) (1RACING ¥)  WeArd/we/

1118. wé-1 “CLEAR .
USING (CLEAROFF G.5 PYRAMID- 1) (CLEARTOP PYRAMID- 1)
INSERT ING (SUCCEED G-9) (NOT (CLEAROFF G-3 PYRAMID- 1)} WO/

1119, wO-1  “SUCC MEXT™ -
USTING (SUCCIED G-9) (MEXT G.§ (GRASP | G-4 PYRAMID-) 100 130 200))
CASLEVEL G-3 9)

TRACING
G- fuCCEros

WARNING (T) ALREADY UNDER TRACING w.
INSERT ING (GRASP | G-4 PYRAMIO-1 £30 130 200} (WOT (SLICCEED G-9)} (TRACING T)
. QAe/

1120. Q86-) “GRASP MOVE®

UBING (GRASP | G-4 PYRAMIO- | 150 150 200)

INSERT ING (MOVIHAND 150 150 200) (GRASPZ G.4 PYRAMID- I}
(NOT [GRASP ) G-4 PYRAMID-) 130 150 200))  QINONQ201/

1124, Q1-1 “WMOVE HAND®
USING (MOVEINAND 130 150 200) (1SA MAND- | HAND) (LOCAT HAND- | © )00 800)
anIntint O

OETARED TRACK FOR wlLOX YEST) . L

. TRACING

TRACING
(00 40V JNG NAND FROM (0 100 4009 T0 (180 190 2000

WARNING (T) ALREADY UNDER TRACIAG o0

IVBERT ING (LOCAT HAND-1 130 130 200) (NOT (MOVEHAND 190 190 200))
(NOT LOCAT HAND-T O 100 400)) (NOT (TVENT T IME D)) (EVENTTIME 1)
(UMEYENT O (MOYEMAND O 100 400)) (TRACING T) F8 IF62F 6376476 W 0004903907003
QILQ2Q107 107008806 508408 1 QS TMBEVIR VEIAVAIOWZ IWITW | IV W SW MWW,
WMV | TW2004904 QA 7/

1122. Q421 “GRASP ACT™
UBING (GRASPZ G-4 PYRAMID- 1) (18A NAND-{ HAND) RVENTTINME 1)

(1) GRASPING PYRAMID-

WARSING (T) ALREADY UNDER TRACING ¢
IMBENT ING (SUCCELD G-4) (GRASPING HAND- | PYRAMID- 1) (NOT (GRAJPZ 0-4 PYRAMID- 1))
(NOT (TVENTTIME 1)) (UNEVENT | (UNGRASP PYRAMID- 1)) (EVENT T IME 2) (TRACIMO T)
WOT Aw0s /wo/

1123, w0-2 °“SLKC MEXT™
USING (SUCCEED G-4) (NEXT G-8 (PUTMOYE G-3 PYRAMID-| 1072 408 0)
ONSLEVEL G4 &)

TRACING
G-4 BUCCELDS

WAINING [T) ALREADY UNDER TRACING »¢
INSERT ING (PUTMOVE G-3 PYRAMID- | 1072 €38 0) (NOT (BUCKLED 8-4)) (TRACING T)
qs2/

1124, Q2.1 DU wOVT"
USING (PUTMOYE G-3 PYRAMID-1 1072 438 0) (HASSIIT PYRAMID-| 100 100 100)
INSERT ING (MOVEHAND 1122 508 100) (UNGRASP PYRAMID- 1} (UCLEED 8-3)

BIOT (PUTWOVE G-3 PYRAMID-1 1072 458 0)) Q27

F12%. Q21 XIFT OBRCY"

USTNG (MOVEHAND 1122 508 100) (GRASP ING HAND- t PYRAMID-1)
QLOCAT PYRAMID- | 100 100 100) (MASSIZE PYRAMID-| 100 100 100)
QOCAT HAND-1 130 130 200) RVINTTIML 1)

TRACING
(D LIFTING PYRAMID- | FROM (100 100 100) YO (1072 498 8)

WARNING (T) ALRCADY UNDER TRACING o«
INSERTING (VEWLOCAT PYRAMID- 1) (NEWLOCAT2 PYRAMID- 1)
QLOCAT PYRAMID- | 1072 458 0) (YRACING T) (TVINTTIML 8)
{UNEVENT 2 (MOVINAND 130 130 200)) (NOY (MOVIMAND | 122 508 100))
WO LOCAT PYRAMID-1 100 100 100)) (WOT (LOCAT HAND-1 130 180 200))
(NOT (EVINTTIME 2)) (LOCAT MAND-1 1122 308 100) @8/

1126, Q8.1 WEWM ONT

USING (MEWLOCAT PYRAMID- 1) LOCAT PYRAMID-1 1072 438 0)
(MASEEL PYRAMIO- | ON B OCK- | POS)

INSERT ING (REMDHASREL PYRAMID- | ON BLOCX- | POS)
CIRSREMDHASREL PYRAMID- | ON BLOCK- | POS) (NOT (MEWLOCAT PYRAMID- 1))
(NOT (HASREL PYRAMIO- | ON BLOCK- | POSI)  Q2%/

1127, Q73-1 “OFF CLEAN"
USING (REWDMASHL PYRAMID- { ON BLOCK- [ POS)
INSERTING (QLEARTOP BLOCK- 1) Q7027 W2TPWER! 1/

1128, Q1)) “OFF STACK®
UBING (REMDHASEEL PYRAMID- ! ON BLOCK- | POS) (INSTACK PYRAMID- | BTACK-S)
({INSTACK BLOCK-| STACK.3)

TRACING
TARING PYRAMIO- | FROM STACK-3

WARMING (T) ALREADY UNCER TRACING ae
INSERTING (REMDINSTACK PYRAMID- t BTACK-3) (NOY (INSTACK PYRAMID- | RTACK-3))
(TRACING 1) QU3/

1129, Q191 XILL sTACR®
USTNG (EMDIVSTACK PYRAMID- 1 BTACK-3) {INSTACK BLOCK. | STACK-S)

TRAC WO

TR APATRERARI Wl o ™ R e R e 3 s S AR NIASORAN s o2 - - b and Db 3 KR A Tl e DNIRLY. L W e CKigE. At 4 e ik




1. DETATLED TRACE FOR WELOX TIST!

STACK-3 DIBMANTLED

WANNING (T) ALREADY UNDER TRACING o
INSENT ING (NOT (REMD INSTACK PYRAMID-| STACK-37) (WOT (INSTACK BLOCK- | STACK-3%
(TRACING T) Q15/vaseQey/

1190, Q29-t “TRS ntw”
USING (ERSREMDMASREL PYRAMID- 1 ON IR OCX- | POS)
INSFRTING (NOT (REMOMASREL PYRAMIO- | ON BLOCK- | POSY
(NOT (TASREMDHASREL PYRAMIO- | ON BLOCK- | POSY) 830731735 3410100117/

1191 Q7.1 “ADD Ntw ON°

USING (NEWLOCAT2 PYRAMID- 1) Q.OCAT PYRAMID- | 1072 458 0) (LOCAT TARLE-1 00 O)
(I8A TABLE- i TABLE) (MASSIIE PYRAMID-1 100 100 100)
(HASSIZE TABLE- | 1200 1200 0)

WARNING (PYRAMID- |) NOT UNDER MEWAOCAT u.

TWNBLRT ING (HASHEL PYRAMID-| ON TABLE- | POS) (NOT (NEWLOCATZ PYRAMID- 11)
(IO (NEWLOCAT PYRAMID- 1)) 81353108 1082Q49/

192, QA9-1 “UNGRASP"
USING (UNGRASP PYRAMID- 1} (GRASP ING HAND- | PYRAMID- )
(HASREL PYRAMID. | ON TABLE- | POS) (EVENT T ML 3)

TRACING
(S)LETTING GO OF PYRAMID-{

WARNING (T) ALREADY LINDER TRACING #.
INSERT ING (NOT [UNGRASP PYRAMID- 1)) (NOT (GRASPING MAND- | PYRAMID- 1))
(NOY (EVENTTIME 3)) (TRACING T) (UNEVENT S (GRASPY HAND- { PYRAMID- I}

(EVENTTIME 0) WIZW3 I WASWASWIIWIWISWISWAZWASWITW SAWSEWS TW | SW W2 Sw | KA2Q (W3

QAOQA TW0QA PUW22BWAIWA2BWS 1 WAZEQ2T /A2 1 Q1 7/Q15/08WaWIE 12/

1133, £12-1 “TRACE ML
UB MG (MASREL PYRAMIO- | ON TABLE- | POS)

TRACING
ADDING PYRAMID-| ON TASLE-1 (POS)

WARNING (T) ALREADY LUNDER TRACING o. -
INSERT (NG (TRACING T) 7248368328 158 158 10L /B 10K /B 10J/VIIOVE2AVS IOVD IVIOV 1BV17
78 17027 637 044 $3F $6MBQZLQ45Q32AI07 |G TOQEEAS IQ64Q8 1 VSR VIIAWOS/

1134, WOS.1 “RUCC SUPER”
URING (SUCCEED G-3) (MASSUPETROOAL G-3 G-2) (MASLEVIL G-3 3)

TRACING
G-3 SUCCIEDS

WARNING (1) ALREADY UNDER TRACING s
INSIRTING (SUCCLED G-2) (TRACING T) (NOT (SUCCLED G-3)) wo/

1198 WO-3 "SUCC NEXT®
USTNG (SUCCELD G-2) (NEXT §-2 (CLEARCFF G-) SLOCE-))) MASLEVEL -2 0)

el G
G-2 suCCIE0S

WARNING (T) ALREADY UNDER TRACING @
INSERT ING (LEARDFF G- 1 BLOCK- }) (WOT {RICCEED G-2)) (VRACING T)
we/

wires/

1138 w2 “Qtas.”
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