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Hi, hereis the bot-in-chief, Aga, with a little foreword.

We definitely have to keep meeting like this!

As per tradition, we have hit another milestone between the
last issue and this one, and yeabh, itis a big one. The number of
total downloads of our issues passed one million! That number
is high enough to fry even the most advanced botboard.

And the best thing - that number increases every single day!

Issue #8 that you are reading now will add to that number. It is
our biggest issue to date!

Enjoy it, tell your friends about it, visit us at our social media
profiles or on Gynis Discord (gynvael.coldwind.pl/discord).
Take care, and until we meet again!

CFP for Issue #9 is now officially open, deadline: 30 April 2026!

Aga
Editor-in-chief

Oh look, free space! No, really, | think Aga is leaving some for me
on purpose (yes, | made the same joke in #6, but I've since
heard that a joke gets better the more times you repeat it).
Anyway, a couple of notes from the shop side:

With this issue we introduced CFP deadlines. | was pretty
unsure about doing this in the past, with the approach being
"we'll publish when we get 50 articles”, but | think that was a
mistake on my part. | should have known (from how | operate
personally) that clear deadlines are a really good motivator to
actually get stuff done. And hey, this issue is the largest issue
so far, so yeah, point taken.

One more change we're introducing is finally having a web
viewer for the issue (with the PDF remaining the main medium).
Please note that the current version is "early alpha" and A LOT
of features are missing, but you'll finally be able to link to
individual articles to share with your friends.

As always, huge kudos to our Paged Out! Institute team,
authors, sponsors, designers, and everyone else who made this
issue happen!

Gynvael
Project Lead

This zine is free in electronic format! Feel free to share it around! Tell your friends about it!
Licenses for most articles allow anyone to record audio versions and post them online O it
might make a cool podcast or be useful for the visually impaired. When in legal doubt, check
the given article's license or contact us at articles@pagedout.institute. If you would like to
print or get printed copies, see https://pagedout.institute/?page=prints.php or email
prints@pagedout.institute. If you would like to sell printed copies, please see
https://pagedout.institute/?page=commercial-prints.php

Want to sponsor Paged Out!? Awesome! Please reach out to us at ads@pagedout.institute
Paged Out! is published and managed by:

HexArcana Cybersecurity GmbH, Cholenmoosweg 5, 8952 Oberrieden, Switzerland
UID: CHE-427 698 122, WWW: https://hexarcana.ch, email: contact@hexarcana.ch
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Breakout Model Synthesis

Breakout
Model Synthesis

Breakout Model Synthesis (BMS) is a Constraint
Based Tile Generator (CBTG) algorithm that attempts
to nd realizations of tile placements on a 2D or 3D
grid given nearest neighbor tile constraints. The class
of CBTG solvers can aid in game asset development or
artistic creation. Breakout Model Synthesis (BMS) is an
extension to the Wave Function Collapse (WFC) algo-
rithm to allow it to recover from bad choices and re-use
work.

The idea is to start from an indeterminate grid, where
each grid cell has the possibility of holding any tile. A
grid cell location is chosen and a tile is xed at that
location. Once a tile has been chosen, neighboring tiles
might themselves not have a valid neighbor anymore and
so can be removed from consideration. Once this process
is repeated until no more tiles can be removed, we’re said
to be in an arc consistent state.

We proceed in rounds, where each round xes a tile
and then propagates constraints until arc consistency.
Rounds are continued until a complete solution is found
or a contradiction is encountered. If a contradiction is
encountered, BMS stochastically backtracks to attempt
to recover.

To stochastically backtrack, BMS chooses a small re-
gion, R, near the contradiction point and then \soft-
ens' it by reverting the region back to a beginning state.
Here, the beginning con guration, P, is the state after
initial setup constraints and initial constraint propaga-
tion has been done but before the search has started.

After softening, the algorithm proceeds as normal,
continuing its attempt to nd a resolution. To avoid
getting into cycles, some level of user-de ned random-
ness can be added as a meta parameter for tile resolution
choice and locations for softened regions.

With BMS, large con gurations can be discovered
with a minimum of setup. WFC su ers from contra-
diction sensitivity, needing to restart after a single con-

Zzyv Zzyzek

CCO

tradiction has been encountered, whereas BMS can re-
cover from a contradiction by stochastically backtrack-
ing through reversion of a localized region around the
contradiction point.

The backtracking by localized reversion works well for
tile constraints that have local correlations. For con-
straints that have long range implications, BMS can
have di culty nding full resolutions. CBTG algo-
rithms of this avor, such as WFC, all have similar prob-
lems as they are mostly local solvers without taking into
account longer range correlations.

BreakoutModelSynthesis(block B) f
Init B fully indeterminate
Apply setup restrictions to B
Constraint propagate until B

is Arc Consistent (AC)
if (contradiction) return fail
P=B
while (B not fully
B’ =B
Choose tile & cell to resolve in B
Constraint propagate until B is AC
while (contradiction) f
B =B
Find subregion, R, to soften
Revert region R in B back to P
Constraint propagate until B is AC

g9

resolved) f

g
return B

ARRPRARRRRRBRBRRAR
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BMS was introduced in Hoetzlein’s just_math project.
WFC was developed by Gumin, based on the more gen-
eral algorithm by Merrell called Modify in Blocks Model
Synthesis.

The tilesets used for the above runs are: Pill Mor-
tal (CCO0), 1985 by Adam Saltsman (public domain),
Overhead Action RPG Overworld by LUNARSIGNALS
(CC-BY-SA3.0), Minirogue by Kingel (CC-BY-SA4.0),
Two Bit Micro Metroidvania by 0x72 (CCO0).

Blog: https://zzyzek.github.io
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[Al] red teaming
and security engineering

from the hackers trusted by
Claude, Gemini, and Cursor.
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