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A RLP ENVIRONMENT USAGE GUIDE

A Python code example for using the RLP environment is provided in Listing[T] All puzzles support
seeding the initialization, by adding # { seed} after the parameters, where { seed} is an int. The
allowed parameters are displayed in Table[5] A full custom initialization argument would be as
follows: {parameters}#{seed}.

import gymnasium as gym
import rlp

# init an agent suitable for Gymnasium environments
agent = Agent.create()

# init the environment

env = gym.make (' rlp/Puzzle-v0’, puzzle="bridges",
render_mode="rgb_array", params="4x4#42")

observation, info = env.reset ()

# complete an episode
terminated = False
while not terminated:
action = agent.choose (env) # the agent chooses the next action
observation, reward, terminated, truncated, info = env.step(action)
env.close()

Listing 1: Code example of how to initialize an environment and have an agent complete one episode.
The RLP environment is designed to be compatible with the Gymnasium API. The choice of Agent
is up to the user, it can be a trained agent or random policy.

A Python code example for implementing a custom reward system is provided in Listing 2] To this
end, the environment’s step () function provides the puzzle’s internal state inside the info Python
dict.

import gymnasium as gym
class PuzzleRewardWrapper (gym.Wrapper) :
def step(self, action):
obs, reward, terminated, truncated, info = self.env.step(action)
# Modify the reward by using members of info["puzzle_state"]
return obs, reward, terminated, truncated, info

Listing 2: Code example of a custom reward implementation using Gymnasium’s Wrapper class.
A user can use the game state information provided in info ["puzzle_state"] to modify the
rewards received by the agent after performing an action.

B RLP IMPLEMENTATION DETAILS

In the following, a brief overview of RLP’s code implementation is given. The environment is written
in both Python and C, in order to interface with Gymnasium (Foundation} [2022) as the RL toolkit
and the C source code of the original puzzle collection. The original puzzle collection source code is
available under the MIT Licenseﬂ In maintext Figure 2} an overview of the environment and how it
fits with external libraries is presented. The modular design in both RLP and the Puzzle Collection’s
original code allows users to build and integrate new puzzles into the environment.

Environment Class The reinforcement learning environment is implemented in the Python class
PuzzleEnv in the r1p package. It is designed to be compatible with the Gymnasium-style API for
RL environments to facilitate easy adoption. As such, it provides the two important functions needed
for progressing an environment, reset () and step ().

“The source code and license are available at https://www.chiark.greenend.org.uk/
~sgtatham/puzzles/.
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Upon initializing a PuzzleEnv, a 2D surface displaying the environment is created. This surface
and all changes to it are handled by the Pygame (Community, 2000) graphics library. RLP uses
various functions provided in the library, such as shape drawing, or partial surface saving and loading.

The reset () function changes the environment state to the beginning of a new episode, usually by
generating a new puzzle with the given parameters. An agent solving the puzzle is also reset to a
new state. reset () also returns two variables, observation and info, where observation
is a Python dict containing a NumPy 3D array called pixels of size (3 x surface_width X
surface_height). This NumPy array contains the RGB pixel data of the Pygame surface, as explained
in Section[3.1} The info dict contains a dict called puzzle_state, representing a copy of the
current internal data structures containing the logical game state, allowing the user to create custom
rewards.

The step () function increments the time in the environment by one step, while performing an
action chosen from the action space. Upon returning, step () provides the user with five variables,
listed in Table 3

Table 3: Return values of the environment’s step () function. This information can then be used by
an RL framework to train an agent.

Variable Description

observation 3D NumPy array containing RGB pixel data

reward The cumulative reward gained throughout all steps of the episode

terminated A bool stating whether an episode was completed by the agent

truncated A bool stating whether an episode was ended early, for example by reaching
the maximum allowed steps for an episode

info A dict containing a copy of the internal game state

Intermediate Rewards The environment encourages the use of Gymnasium’s Wrapper interface
to implement custom reward structures for a given puzzle. Such custom reward structures can provide
an easier game setting, compared to the sparse reward only provided when finishing a puzzle.

Puzzle Module The PuzzleEnv object creates an instance of the class Puzzle. A Puzzle is
essentially the glue between all Pygame surface tasks and the C back-end that contains the puzzle
logic. To this end, it initializes a Pygame window, on which shapes and text are drawn. The Puzzle
instance also loads the previously compiled shared library containing the C back-end code for the
relevant puzzle.

The PuzzleEnv also converts and forwards keyboard inputs (which are for example given by an
RL agent’s action) into the format the C back-end understands.

Compiled C Code The C part of the environment sits on top of the highly-optimized original
puzzle collection source code as a custom front-end, as detailed in the collection’s developer docu-
mentation (Tatham, |2004a). Similar to other front-end types, it represents the bridge between the
graphics library that is used to display the puzzles and the game logic back-end. Specifically, this is
done using Python API calls to Pygame’s drawing facilities.

C PUZZLE-SPECIFIC METADATA

C.1 ACTION SPACE
We display the action spaces for all supported puzzles in Table ] The action spaces vary in size

and in the types of actions they contain. As a result, an agent must learn the meaning of each action
independently for each puzzle.
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Table 4: The action spaces for each puzzle are listed, along with their cardinalities. The actions are
listed with their name in the original Puzzle Collection C code.

Puzzle Cardinality Action space

Black Box 5 UP, DOWN, LEFT, RIGHT, SELECT

Bridges 5 UP, DOWN, LEFT, RIGHT, SELECT

Cube 4 UP, DOWN, LEFT, RIGHT

Dominosa 5 UP, DOWN, LEFT, RIGHT, SELECT

Fifteen 4 UP, DOWN, LEFT, RIGHT

Filling 13 UP, DOWN, LEFT, RIGHT, 1,2, 3,4, 5,6, 7,8, 9
Flip 5 UP, DOWN, LEFT, RIGHT, SELECT

Flood 5 UP, DOWN, LEFT, RIGHT, SELECT

Galaxies 5 UP, DOWN, LEFT, RIGHT, SELECT

Guess 5 UP, DOWN, LEFT, RIGHT, SELECT

Inertia 9 1,2,3,4,6,7,8, 9, UNDO

Keen 14 UP, DOWN, LEFT, RIGHT, SELECT2,1,2,3,4,5,6,7,8,9
Light Up 5 UP, DOWN, LEFT, RIGHT, SELECT

Loopy 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Magnets 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Map 5 UP, DOWN, LEFT, RIGHT, SELECT

Mines 7 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2, UNDO
Mosaic 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Net 5 UP, DOWN, LEFT, RIGHT, SELECT

Netslide 5 UP, DOWN, LEFT, RIGHT, SELECT

Palisade 5 UP, DOWN, LEFT, RIGHT, CTRL

Pattern 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Pearl 5 UP, DOWN, LEFT, RIGHT, SELECT

Pegs 6 UP, DOWN, LEFT, RIGHT, SELECT, UNDO
Range 5 UP, DOWN, LEFT, RIGHT, SELECT

Rectangles 5 UP, DOWN, LEFT, RIGHT, SELECT

Same Game 6 UP, DOWN, LEFT, RIGHT, SELECT, UNDO
Signpost 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Singles 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Sixteen 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Slant 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Solo 13 UP, DOWN, LEFT, RIGHT, 1,2, 3,4, 5,6, 7,8, 9
Tents 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Towers 14 UP, DOWN, LEFT, RIGHT, SELECT2,1, 2, 3,4,5,6,7,8,9
Tracks 5 UP, DOWN, LEFT, RIGHT, SELECT

Twiddle 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Undead 8 UP, DOWN, LEFT, RIGHT, SELECT2, 1, 2, 3
Unequal 13 UP, DOWN, LEFT, RIGHT, 1,2, 3,4, 5,6, 7,8, 9
Unruly 6 UP, DOWN, LEFT, RIGHT, SELECT, SELECT2
Untangle 5 UP, DOWN, LEFT, RIGHT, SELECT

C.2 OPTIONAL PARAMETERS

We display the optional parameters for all supported puzzles in Table[5] If none are supplied upon
initialization, a set of default parameters gets used for the puzzle generation process.
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Table 5: For each puzzle, all optional parameters a user may supply are shown and described. We also
give the required data type of variable, where applicable (e.g., int or char). For parameters that
accept one of a few choices (such as difficulty), the accepted values and corresponding explanation
are given in braces. As as example: a difficulty parameter is listed as d { int } with allowed values
{0 = easy, | = medium, 2 = hard}. In this case, choosing medium difficulty would correspond to d1.

Puzzle Example Parameter Description Optimal Step Upper Bound
Black Box w8h8m5M5 w{int} grid width (w-h+w+h+1)
h{int} grid height cwW+2)-(h+2)
m{int} minimum number of balls
M{int} maximum number of balls
Bridges 7x7i5e2m2d0 {int}x{int} grid width x grid height 3-w-h-(W+h+38)
i{int} percentage of island squares
e{int} expansion factor
m{int} max bridges per direction
d{int} difficulty {0 = easy, 1 = medium, 2 = hard}
Cube cdx4 {char} type {c = cube, t = tetrahedron, w-h-F
o = octahedron, i = icosahedron} F = number of the body’s faces
{int}x{int} grid width X grid height
Dominosa 6db {int} maximum number of dominoes % (w2 + 3w+ 2)
d{char} difficulty {t = trivial, b = basic, h = hard, S(AVwW2 +3w+2+1)
e = extreme, a = ambiguous}
Fifteen 4x4 {int}x{int}  grid width x grid height (w - h)*
Filling 13x9 {int}x{int} grid width x grid height (w-h) - (w+h+1)
Flip 5x5¢ {int}x{int}  grid width X grid height (w-h) - (w+h+1)
{char} type {c = crosses, r = random}
Flood 12x12c6m5 {int}x{int} grid width x grid height (w-h) - (w+h+1)
c{int} number of colors
m{int} extra moves permitted (above the
solver’s minimum)
Galaxies 7x7dn {int}x{int}  grid width x grid height (2-w-h—w-—nh)
d{char} difficulty {n = normal, u = unreasonable} (2-w+2-h+1)
Guess c6p4gl0Bm c{int} number of colors (p+1)-g-(c+p)
p{int} pegs per guess
g{int} maximum number of guesses
{char} allow blanks {B =no, b = yes}
{char} allow duplicates {M = no, m = yes}
Inertia 10x8 {int}x{int}  grid width X grid height 0.2 w? - h?
Keen 6dn {int} grid size 2-w4+1)- w?
d{char} difficulty {e = easy, n = normal, h = hard,
X = extreme, u = unreasonable }
{char} (Optional) multiplication only {m = yes}
Light Up 7x7020s4d0 {int}x{int}  grid width X grid height 3 (w+h+1)
b{int} percentage of black squares (w-h+1)
s{int} symmetry {0 = none, 1 = 2-way mirror,
2 = 2-way rotational, 3 = 4-way mirror,
4 = 4-way rotational }
d{int} difficulty {0 = easy, 1 = tricky, 2 = hard}
Loopy 10x10t12dh {int}x{int}  grid width X grid height (2-w-h+1)-3-(w-h)?
t{int} type {0 = squares, 1 = triangular,
2 = honeycomb, 3 = snub-square,
4 = cairo, 5 = great-hexagonal,
6 = octagonal, 7 = kites,
8 = floret, 9 = dodecagonal,
10 = great-dodecagonal,
11 = Penrose (kite/dart),
12 = Penrose (thombs),
13 = great-great-dodecagonal,
14 = kagome, 15 = compass-dodecagonal,
16 = hats}
d{char} difficulty {e = easy, n = normal,
t = tricky, h = hard}
Magnets 6x5dtS {int}x{int}  grid width x grid height w-h-(w+h+2)
d{char} difficulty {e = easy, t = tricky
{char} (Optional) strip clues {S = yes}
Map 20x15n30dn {int}x{int}  grid width x grid height 2-n-(1+w+h)

n{int}

number of regions
Continued on next page
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Table 5 — continued from previous page

Puzzle Example Parameter Description Optimal Step Upper Bound
d{char} difficulty {e = easy, n = normal, h = hard,
u = unreasonable }
Mines 9x9n10 {int}x{int} grid width x grid height w-h-(w+h+1)
n{int} number of mines
p{char} (Optional) ensure solubility {a =no}
Mosaic 10x10h0 {int}x{int}  grid width X grid height w-h-(w+h+1)
{str} (Optional) aggressive generation {hO =no}
Net 5x5wb0.5 {int}x{int}  grid width X grid height w-h-(w+h+3)
{char} (Optional) walls wrap around {w = yes}
b{float} barrier probability, interval: [0, 1]
{char} (Optional) ensure unique solution {a =no}
Netslide 4x4wblm2 {int}x{int} grid width X grid height 2-w-h-(w+h-—1)
{char} (Optional) walls wrap around {w = yes}
b{float} barrier probability, interval: [0, 1]
m{int} (Optional) number of shuffling moves
Palisade 5x5n5 {int}x{int}  grid width X grid height (2-w-h—w-—nh)
n{int} region size (w+h+3)
Pattern 15x15 {int}x{int}  grid width x grid height w-h(w+h+1)
Pearl 8x8dtn {int}x{int}  grid width X grid height w-h-(w+h+2)
d{char} difficulty {e = easy, t = tricky}
{char} allow unsoluble {n = yes}
Pegs 7x7cross {int}x{int}  grid width x grid height w-h-(w+h+2)
{str} type {cross, octagon, random}
Range 9% 6 {int}x{int} grid width X grid height w-h-(w+h+1)
Rectangles Tx7e4 {int}x{int}  grid width x grid height 2-w-h-(w+h+1)
e{int} expansion factor
{char} ensure unique solution {a = no}
Same Game 5x5c3s2 {int}x{int} grid width X grid height w-h-(w+h+2)
c{int} number of colors
s{int} scoring system {1 = (n — 1)2,
2=(n—2)%)
{char} (Optional) ensure solubility {r =no}
Signpost 4dx4c {int}x{int}  grid width X grid height 2-w-h-(w+h+1)
{char} (Optional) start and end in corners
{c=yes}
Singles 5x5de {int}x{int}  grid width X grid height w-h-(w+h+1)
d{char} difficulty {e = easy, k = tricky}
Sixteen 5x5m2 {int}x{int}  grid width x grid height w-h-(w+h+3)
m{int} (Optional) number of shuffling moves
Slant 8x8de {int}x{int}  grid width x grid height w-h-(w+h+1)
d{char} difficulty {e = easy, h = hard}
Solo 3x3 {int}x{int}  rows of sub-blocks X cols of sub-blocks (w-h)?*(2-w-h+1)
{char} (Optional) require every digit on each
main diagonal {x = yes}
{char} (Optional) jigsaw (irregularly shaped
sub-blocks) main diagonal {j = yes}
{char} (Optional) killer (digit sums) {k = yes}
{str} (Optional) symmetry. If not set,
it is 2-way rotation. {a = None,
m2 = 2-way mirror, m4 = 4-way mirror,
r4 = 4-way rotation, m8 = 8-way mirror,
md2 = 2-way diagonal mirror,
md4 = 4-way diagonal mirror}
d{char} difficulty {t = trivial, b = basic,
i = intermediate, a = advanced,
e = extreme, u = unreasonable }
Tents 8x8de {int}x{int}  grid width X grid height Fo(w+1)-(h+1)
d{char} difficulty {e = easy, t = tricky} (w+h+1)
Towers 5de {int} grid size 2. (w+1) - w?
d{char} difficulty {e = easy, h = hard

X = extreme, u = unreasonable}

Continued on next page
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Table 5 — continued from previous page

Puzzle Example Parameter Description Optimal Step Upper Bound
Tracks 8x8dto {int}x{int}  grid width X grid height w-h(2:(w+h)+1)
d{char} difficulty {e = easy, t = tricky, h = hard}
{char} (Optional) disallow consecutive 1 clues
{o=no}
Twiddle 3x3n2 {int}x{int} grid width X grid height (2-w-h-n?4+1)
n{int} rotating block size (w+h—-2-n+1)
{char} (Optional) one number per row {r = yes}
{char} (Optional) orientation matters {o = yes}
m{int} (Optional) number of shuffling moves
Undead 4x4dn {int}x{int} grid width X grid height w-h-(w+h+1)
d{char} difficulty {e = easy, n = normal, t = tricky }
Unequal 4adk {int} grid size w? - (2-w4+1)
{char} (Optional) adjacent mode {a = yes}
d{char} difficulty {t = trivial, e = easy, k = tricky,
X = extreme, r = recursive }
Unruly 8x8dt {int} grid size w-h-(w+h+1)
{char} (Optional) unique rows and cols {u = yes}
d{char} difficulty {t = trivial, e = easy, n = normal }
Untangle 25 {int} number of points n-(n+vV3n-4+2)
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C.3 BASELINE PARAMETERS

In Table[6] the parameters used for training the agents used for the comparisons in Section[d]is shown.

Table 6: Listed below are the generation parameters supplied to each puzzle instance before training
an agent, as well as some puzzle-specific notes. We propose the easiest preset difficulty setting as a
first challenge for RL algorithms to reach human-level performance.

Puzzle Supplied Parameters  Easiest Human Level Preset ~ Notes

Black Box w2h2m2M2 w5h5m3M3

Bridges 3x3 7x7130e10m2d0

Cube c3x3 cdx4d

Dominosa 1dt 3dt

Fifteen 2x2 4x4

Filling 2x3 9x7

Flip 3x3c 3x3c

Flood 3x3c6m5 12x12c6m5

Galaxies 3x3de 7x7dn

Guess c2p3g10Bm c6p4gl0OBm Episodes were terminated and negatively rewarded
after the maximum number of guesses was made
without finding the correct solution.

Inertia 4x4 10x8

Keen 3dem 4de Even the minimum allowed problem size
proved to be infeasible for a random agent

Light Up 3x3b20s0d0 7x7b20s4d0

Loopy 3x3t0de 3x3t0de

Magnets 3x3des 6x5de

Map 3x3n5de 20x15n30de

Mines 4x4n2 9x9n10

Mosaic 3x3 3x3

Net 2x2 5x5

Netslide 2x3bl 3x3bl

Palisade 2x3n3 5x5n5

Pattern 3x2 10x10

Pearl 5x5de 6x6de

Pegs 4x4random 5x7cross

Range 3x3 9x6

Rectangles 3x2 7x7

Same Game 2x3c3s2 5x5c3s2

Signpost 2x3 4x4c

Singles 2x3de 5x5de

Sixteen 2x3 3x3

Slant 2x2de 5x5de

Solo 2x2 2x2

Tents 4x4de 8x8de

Towers 3de 4de

Tracks 4x4de 8x8de

Twiddle 2x3n2 3x3n2r

Undead 3x3de 4x4de

Unequal 3de 4de

Unruly 6x6dt 8x8dt Even the minimum allowed problem size
proved to be infeasible for a random agent

Untangle 4 6
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C.4 DETAILED RESULTS

As we limited the agents to a single final reward upon completion, where possible, we chose puzzle
parameters that allowed random policies to successfully find a solution. Note that if a random policy
fails to find a solution, an RL algorithm without guidance (such as intermediate rewards) will also be
affected by this. If an agent has never accumulated a reward with the initial (random) policy, it will
be unable to improve its performance at all.

The chosen parameters roughly corresponded to the smallest and easiest puzzles, as more complex
puzzles were found to be intractable. This fact is highlighted for example in Solo/Sudoku, where the
reasoning needed to find a valid solution is already rather complex, even for a grid with 2x2 sub-
blocks. A few puzzles were still intractable due to the minimum complexity permitted by Tathams’s
puzzle-specific problem generators, such as with Unruly.

For the RGB pixel observations, the window size chosen for these small problems was set at 128 x 128
pixels.
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Table 7: Listed below are the detailed results for all evaluated algorithms. Results show the average

number of steps required for all successful episodes and standard deviation with respect to the random
seeds. In brackets, we show the overall percentage of successful episodes. In the summary row, the

last number in brackets denotes the total number of puzzles where a solution below the upper bound

found among

icy was

thout values mean that no successful poli
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of optimal steps was found. Entr

all random seeds. This Table is continued in Table@

(9)(%0°97) €86 F808T  (P1)(%L'29) ¥e9 Fveel  (TT)(%8°0L) 689 F €241  (8)(%9°19) 108 F ¥09T  (%&'1L) ¥86T LT¢ - Arwwng
(%' 11) 0F088c (%0°289) VL F 89T (%996) 9z1 F 823 (%3°96) 99 F 62z (%6'96) 991 6. 9 o[Sueun
(%g92) 9e9 F 667  (%0°00T) 0F9 (%0°001) oF 1T (%0°00T1) ITFer  (%0001) T¥I 0ST 4 o[Sueiun
- - - - - 897 P99 Amniupn

(%z°2) 89¢ F¥v6¥  (%8'%) qz0z F89¥e  (%9°¢) €61 F Q0TS - (%L9)  ovey €9 sp¢ Tenboun
(%0°6) e F LL9¢  (%8°G8) 16T F 8807 (%0°'1€) 66 F 6LT7  (%L°C) 26T Fover  (%1°0v) 06€¥ €9 spexe peapun
(%9°2¢) 098 F 194 (%0°001) 0F8 (%0°001) LFIT  (%6°66) TF8 (%0001) 168 86 Zuexy J[ppImL
- (%g0) SIST F €8%F  (%¢£°0) 89cc F 667 (%T1°0)  uopu F6gTv  (%S0) €128 TLT Bl 247 syoRLL

- (%5°0) 1981 F 9vLe  (%S0) 88CT F 68LE - (%0°T1) 9LsV TL op¢ SIOMOL,

(%9°0) 69ce Foesy  (%1'zl) 18¢ F 2818 (%0°1€) TSl F 88y (%g01) 98 F 18LF  (%E¥Y) CThiv 9g SpPXY sa
- - - - - i (234 o[og

(%¥L) G99 F 500T  (%0°00T1) €9T F 965  (%6°66) cF1e (%% 08) 06T Feee  (%0°001) LV¥ 0% apzxZ e[S
(%2°89)  TL¥ F18ze  (%0°00T) TF2T  (%8°T6) 18T F 8965  (%L'88) 922l F1.8¢  (%T1'¥6) 8062 i £x7 UANXIS
(%¥°82) T8¢ FeeL  (%6°66) 8FIT (%0°001) vFL  (%0001) eF L (%0001) €s¢ 9¢ opexg so3uIg
(%6'9) <ScT F &8sy (%Ee'16) $0€ F 628  (%0°26) €T F66L  (%E'L6) €5 F8e8  (%1°96) 9LL ) £xg 1sodustg
(%6'7) LOT F#8T  (%c0%) Z91 F L35 (%8°0%) 091 F2L9 (%S 08) Le8F€00T (%Ige) 1.8 00€ zseogxg  oweSowes
(%L'82) TIPS F¥PPT  (%0°00T) 0F 24 (%0°001) 0F 2L (%8'86) L6TF g1 (%0°00T) 9L 44 zsgogxz  owesoweg
- (%0°001) IF8 (%0001) vF6 (%866) o F Lz (%0°00T) €TL TL 233 100y

(%1°9) 9LF 16  (%9°¢9) 86c F 888  (%6°66) 861 F 199  (%8°99) goe F08L  (%0°001) ¢€g €9 exe o3uey
- - - - - 091 wopueypXy s3od

- - - - - 00€ SDPGXg 1read

(%6°1)  969T F €90  (%0°89) 91¢ F 028 (%z'06) GGe F 806  (%6°TL) T9eT FovsT  (%6'06) L¥ce 9¢ 233 woned
(%0°0) 0F98 (%0°001) 98 F 68  (%6°66) ge FLLeT  (%0°L8) 709 F 686  (%0°00T) STHT 9g gugxy apesifed
(%ze1) 1991 F 1.8 (%¥'ce) LL9F98ce  (%6'8) ¥IZT F 8007  (%%'6) 86% F 1L9F  (%0°T1) TL9¥ 06 TAEXE pIIsION
(%0°5%) 018 F€89  (%0°00T) 0FzT (%0°001) arT Fee9  (%9T¥) 68cl F2T19T  (%0°00T) 99L 8 19ExZ apIISION
(%e'8) 8v¥ F 688 (%0°001) 0Fo0or (%0°001) 0F6 (%0001) 0F6 (%0001)6.31 8¢ zxz 1N
(%z°0) 0F98¢¢  (%6°ST) L8 F 69%F  (%0°9) ST9 Feees  (%ST) 8eh F 8c6¥  (%8°6) 966F €9 (3245 SIESON
(%9°%) T F 6T (%1°09) 9%z F oL (%8'ST) 99 F 82T  (%6'6) Fohoc F8L¥e (%T'ST) L8 i4as Zupxy SQUIN
(%6°0) 8ce F L9Y  (%6'%9) L6T F 0891  (%6°66) Ve F 036 (%L'6L)  L6CFoLIT  (%6°66) €06 0L SpGuExRe dey
(%L°0) 0F 16%T  (%9'8L) 9¢ F L8 (%1°66) 09 F o161  (%2'06) 0601 F 99T  (%1°66) S68T ) sepExE s1uSey
- - - - - LT9¥ °p03IEXE AdooT

(%1°2)  60TT F8LIT  (%0°5L) LYe F8ey  (%8°66) 89T F .21 (%LT8) SITT FoosT  (%1'86) LETT ge 0P0S0ZAEXE dmySry
- (%eT) €oTT F 0se¥  (%¥°0) 9zST F 488 (%g°0) 0F L18¢  (%S°0) Tsle €9 wepg uaay

(%1°¢) €LFTOT  (%L°Q) L1 F 926 (%L°C) cLeT F a9 (%g9) 6Fzz (%99) €1 g by enouy
(%8°0) 0F¥T  (%0°LL) 92 F 89 (%0°5L) T8 F91€ - (%veL) sge 002 wgoTHedzo ssonp
(%2'8) TolLo F9¥09  (%0°TT)  G8ST F L9te  (%8'¥2) LTS Feely  (%e'8) SLLTF 098¢  (%6°€€) 90e¥ 95T epExe sarxeen
(%v¥1) TLY F¥66  (%0°00T) IFPT  (%9°66) vF1IT  (%666) 0FcTT (%¥L6) ¥ET €9 Gu9OEXE PooLd
(%1°¢)  c0eT F Lozl (%0°8) 89S F29LT  (%8°06) F9C F 186 (%1°0F) Le8 F 8008  (%6'88) s¢lIe €9 ogxg dig
(%0°¢1) 929 F 6601  (%¥'€8) 9 F &¥F  (%0°00T) z2F6  (%SL6) 67 F 06c  (%0°001) 028 9¢ £xg Sy
(%0°00T) TFg (%0001) 0F% (%0°001) oFe (%0001) 0F¢e (%0001) ¥S 96g 454 LESIRY
(%0°0) 0F 659 (%0°00T1) IFIT (%0°001) TFer  (%00L) 96 F L9 (%T°66) 0861 44 IPT  esourwo(
- (%gee) 2189 F890¢  (%8'66) LI6 Feev  (%GLL)  OI9T F¥¥L  (%6799) IS8TV 24 €x€0 aqn)

(%L°98) 18T F 6 (%0°00T) 0F6 (%0001) ST FoFe  (%1°68) L6T F289  (%0°001) L¥S 8LE exg saSpug
(%1°0) 0F9v  (%0°001) sFoe (%£96) ey FyvLT  (%969) LV FeLLl  (%T'66) 90T A ZWZwzuzM  Xoqyor[g
037NN EAPWRII(Q oddL 0dd wopuey reundo s1jwesed paddng dzzng

23



thout values mean that no successful

1€S W1

(2)(%0°99) 629T F¥aLs  (9)(%T'0L) 99€ F 6661  (2)(%T1°19) 686 F cvee  (£)(%8'7S) V96 F €7, (%T'TL) 7861 LTg - Krwuwng
- (%6°96) V8 F 61cc  (%L'16) 884 F6£Le  (%9el) COTT Feee  (%6'96) S91¢ 6. 9 s[Sueiun

(%0°66) Le8 F 1.8  (%0°00T) 6 F0LT  (%0°00T) STFSET (%¥06) SVLI Fo0LzT (%0°001) I¥IT 08T 2 o[3ueiun
- - - - - 9% P99 Anaupy

- (%99 T8¢ F LS0S  (%T'T) TIPLIF 6868 (%0°1) 0091 FL90S  (%L9) OveH €9 op¢ Tenboun

- - (%90) 188z F090¢  (%6°0) ST F 8188 (%1°0¥) 06&¥ €9 spexe peapun

(%vee)  6LPTFo0L1e  (%0°00T) 6PTFe€8  (%0°001) 1LFLe8  (%966) 08y F8vel  (%0°00T) 1¢8 86 zugxy S[PPIML
- (%g0) 199 F 6085 - (%00) uvuFi0sF (%S0) €18S TLe epPpXY SyORIL

- (%90) 9LLF 988 (%00) upuFeEFss  (%00) upuF0$86  (%0'T) 9L8% TL opg SIMO],

(%8°2) 889 F 9655 (%1°8€) 69 Fo1ey  (%82I) 168 F 086y (%1'2) 1961 FLS19  (%ETF) Thiv 9g SpPpXY A
- - - - - iaa (234 o[og

(%1°28) 60T F86eT  (%0°00T) L6 F96%  (%0°001) YEF 99 (%8°66) 0LV F¥86  (%0°00T) L¥¥ 0% °pzXZ e[S
(%6°'12) 8F8 F 09¢F  (%T'€6)  LOT F0L6T (%9°L9) ¥LEF60ve  (%L'TL) 6.7 F£068 (%T1'¥6) 8067 i £xg UdIXI§
(%0°001) 6c Fcee  (%1°66) LY F 198 (%0°00T) 99 F18¢  (%0°00T) Ly Fgle  (%0°00T) gc¢ o¢ epExg so[suIg
(%0'8L)  gov8z F86zz  (%0°L6) LTF 6L (%6°2L) 99T F000T  (%6°¢8) ¥6ET F652C  (%1'96) 9LL ) €xg 150dugrg
(%821) 112l F 285  (%T'62) 9ve F 08 (%e08) OLIT F1eel  (%6°63) ST F 609 (%1'ce) T1LG 00€ Zseogxg  oweSouweg
(%0°001) 6 FPT  (%0°001) 0F8 (%ser) €91 FLLLT  (%0°00T) ITF8 (%0001) 9L 44 zsgogxz  Qwesoweg
(%8°18)  €SSTF 09eT  (%¥°L6) 6T F IS (%9°66) 0y F 916 (%9°LT) TS FoL¥e  (%0°001) €T ) 243 109y
- (%0°001) 8z F 765 (%6766) TLIF 0L (%V'18) @e8LFs8ebl  (%0°00T) 9€g €9 333 o3uey

- - - - - 09T wopueyyxy sSod

- - - - - 00€ opGxg 1ead

(%1°19) ¥8e F 90¥e  (%L68) €8LF608c (%L6L) e1¢FeeLe (%6'28) Ge9Favve  (%6'C6) L¥ae 9¢ 233 uyeq
(%8°66) TPT F 61T (%6°66) 96 F ePPT  (%ST6) €S0T FT186T  (%¥'66) 861 F999T  (%0°00T) 8H1 95 guexy opesifed
(%v°0) QLYT Feo0z  (%1°¢) 9V8 F 660F  (%L'T)  LSFT FLeL8  (%T'8) LS9 F¥eer  (%0°11) T1L9¥ 06 Tacxe IPISION
(%6°08) 90z F €201 (%0°00T) LeF6LL  (%L79) 6861 F6L0T  (%0°00T) ¥8GF 9.6  (%0°00T) 99L s TAExZ SpIISIN
(%e18) €991 Fe6LT  (%0°00T) 0F6 (%0001) @6Foeel (%0°001) 88CF6FL  (%0°001) 63T ST 234 1N
(%0°0) SST F 0676 (%0°L) 95 F 6L (%£°8) 6Tc F L06%  (%¥'8) Yo¥ F Le67  (%8'6)  966F €9 £x¢ RN
(%z'e1)  TSOT F9.8T  (%9°LT) VT F 205 (%TTT) TPET F6STT  (%L¥T) I¥ F02T (%1'81) 28 PPT Zupxy SouIy
(%1°82) 69L F €CLT  (%6°66) 0€ F 676  (%P'69) 808T F809¢ (%S28) €2¢l Fesse (%6'66) €06 0L spguexe depy
(%s8'¢e) 8L8e Faos1e (%1'86) 1eeFollc (%e'66) ©oc FrasT  (%6°LY) PITT F L2008  (%1°66) S68T ) sepexe spuSe
- - - - - L19¥ ep03IERE Adoo1

(%8°L9) S¥6 F oFFe  (%S°L6) VIc F6cvc  (%S99) 626 Fe6ve  (%L'T9) €6LFveoe (%1°86) LETT ce 0P0S0ZaEXE dmy3ry
- (%¥0)  9F0T F¥LL9 - - (%9'0) gs1e €9 wepg u2ay

(%8°9) 96 FogeT  (%T1°L) 9ST F6LT  (%9°9) T8FT F86IL  (%T1'9) L6T F 90T (%S'9) e1 19 237 enIouf
(%¥¥ve) 7192 F 0928 (%6°1L) 8vz F 095 (%9°¥¥) zS F €oe - (%¥el) sece 002 ugQThedzo ssonp
- (%T19T) LPT F L8997 (%P0)  8eVI F 6868 (%801) 086 F 98¢  (%6°¢8) 90€¥ 9¢T epexe sarxe[en

(%z'99) 608 F¥e6T  (%8°06) cTF8eT  (%L°L6) LTF 02T (%¥°€6) €29 F 907  (%¥26) el €9 Gu9OExg POOL]
(%8°92) €ge FI¥Le  (%T°L8) 621 Fe6¥e  (%6°9%) CIvI F99ee  (%¥'62) 86T Fover  (%6°88) 8¢le €9 ogxe dig
(%z'€9) 69,z F 858z  (%L'66) 60T F19L  (%0°001) 90T F¥9L (%€ '66) 01e F 2.2 (%0°001) 0T8 og €xg Suny
(%0°001) o0Fe (%0001) 0Fe (%0001) o0Fe (%0°001) IF¥  (%0001) W9 93T 234 IEDIE]
(%0°0¢) €8T F L8¥F  (%0°00T1) 9F ST (%908) 886 F 6008 (%c0) upuFgOv9 (%T66) 0861 44 IpT  esourwo(
(%¥°92) €8¢ F 1¥eh  (%¥'e%) VIV FL0VF (%5 9T) 029 Fev6v (%S LT) ¥96 F91¢h  (%6°99) IS8TV 24 £X€0 aqn)
(%v'e8)  L£0T F¥0ST  (%0°001) 0 F6¥¢  (%0°00T) S9T F €99  (%0°00T) 69 Fove  (%0°00T) L¥S 8LE £xg sospug
(%89L)  ¥8S1 F¥86%  (%0°66) 0L F €90z  (%L'86) L2V F600c (%T'98) €611 Fvese  (%T'66) 90TT iaas ZWZuzuzm  Xoqyoelg
NO@IO NOd OddIUdLINIY TV wopuey [eumdQ  smPwered parddng dzzng

Results show the average number of steps required for all successful episodes and standard deviation
with respect to the random seeds. In brackets, we show the overall percentage of successful episodes.
In the summary row, the last number in brackets denotes the total number of puzzles where a solution

Table 8: Continuation from Table |7} Listed below are the detailed results for all evaluated algorithms.

below the upper bound of optimal steps was found. Entr

Under review as a conference paper at ICLR 2024
policy was found among all random seeds.
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Table 9: We list the detailed results for all the experiments of action masking and input representation.
Results show the average number of steps required for all successful episodes and standard deviation
with respect to the random seeds. In brackets, we show the overall percentage of successful episodes.
In the summary row, the last number in brackets denotes the total number of puzzles where a solution

below the upper bound of optimal steps was found. Entr

Under review as a conference paper at ICLR 2024
policy was found among all random seeds.
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