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Hi, hereís 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 yeah, itís 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 Gynís 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, I think Aga is leaving some for me 
on purpose (yes, I 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. I was pretty 
unsure about doing this in the past, with the approach being 
"we'll publish when we get 50 articles", but I think that was a 
mistake on my part. I should have known (from how I 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

https://zellic.io/
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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-

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 ( b lock B) f
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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 (CC0), 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 (CC0).

Zzyv Zzyzek

Breakout Model Synthesis Algorithms

Blog: https://zzyzek.github.io
CC0 5
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Compiler Education Deserves a
Revolution

Lexing Parsing Typechecking

Lowering Optimize Codegen

Figure 1: Batch Compiler

Crack open any compiler tome from the last cen-
tury and you’ll �nd some variant of the same ar-
chitecture. A pipeline that runs each pass of the
compiler over your entire code before shu�ing its
output along to the next pass. The pipeline halts
at the �rst error, throwing away any work that’s
been completed.

Crack open any compiler, written this millen-
nium, and you’ll �nd nothing of the sort. A silent

shift has occurred in compiler architecture. Modern compilers almost unilaterally use a query
based model.

Rather than run each pass to completion, compilation is structured as a series of queries
depending on each other. You don’t call lexing and then parsing. You ask the compiler "what
does the parsed syntax tree of this �le look like?" and the compiler goes o� and lexes the �le as
part of answering your enquiry. Compilation no longer stops at the �rst error. An error in one
query does nothing to block another, allowing us to collect multiple errors or even ignore errors
in unrelated portions of our code.

Query based compilation is motivated by two factors: incremental reuse and Integrated Devel-
opment Environments (IDEs). As languages have grown more featureful, compilers have taken on
more work to keep up. It’s increasingly important that compilers work incrementally, determining
the code that has changed since last compilation and only recompiling changed code. The query
model helps with this because each query tracks what queries they depend upon. If all a query’s
dependents are unchanged, we know the output of the query is unchanged and we can reuse its
cached value.

Codegen
main

Lower
main

Lower
foo

Type
main

Codegen
foo

Lower
foo

Figure 2: Query Based Compiler

IDEs are only growing in popularity. Especially with
the arrival of the Language Server Protocol (LSP) bring-
ing IDE features to your favorite editor (unless your fa-
vorite editor is nano; very sorry about that). With this
rise in popularity, the way we use compilers has changed.
Our usage is more �ne grained than before. We don’t
want to know the types of our whole program, just the
type of the function we’re looking at right now. I don’t
need the de�nition of every variable in my program, just
the de�nition of the variable under my cursor.

Queries also help us here. We can construct queries
that run over a single function, or even a single variable,
and they’ll only depend on the queries for that function. Executing the minimal set of queries for
our function allows us to answer queries faster. This is important for IDEs because the user is
sitting there waiting for the compiler to get back to them. The faster we can answer, the better
and queries let us do the minimal amount of work to answer.

Query based compilers are all the rage: Rust, Swift, Kotlin, Haskell, and Clang all structure
their compilers as queries. If you want to learn how these new optimal incremental compilers
work, however, you’re hard pressed to �nd resources. Let this be your call to action: persuade
your professors, pester your local PL passionates, phone your representatives. We need more
educational material on query-based compilers.

thunderseethe

Compiler Education Deserves a Revolution Algorithms

Blog: https://thunderseethe.dev
Bsky: @thunderseethe.devCC BY-SA 4.0 7
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When PyTorch builds a computation graph of your
ML model, it tries many di�erent things to make it
fast and memory e�cient. One technique is to take
a joint forward and backward computation graph and
choose which operations should be saved (stored in a
memory and reused) and which operations should be
recomputed.

Each operation takes some time to run and takes up
some memory if stored, and we can only use a limited
amount of memory.

dp knapsack

Currently, the default implementation in PyTorch for
choosing which ops to save and which to recompute
is dp knapsack, which is a dynamic programming ap-
proach to solving 0/1 knapsack. It provides an exact
solution, and for most of the time you don’t need any-
thing faster and less memory hungry. But it has a few
ine�ciencies, because to get a result, we have to allocate
a full 2D table of shape=(number of items, max weight),
which is not great.

We also need to backtrack through the whole table to
retrieve which elements we should store :(

Optimization #1 - sliding window

Chillee (Horace He) who originally worked on memory
planning in PyTorch left a note in the DP knapsack
solver code, saying "this memory can be optimized with
sliding window trick + Hirschberg trick".

Window trick means that instead of building a full DP
table, we slide over a table and use only previous row
and current row. When moving to the next row, the next
becomes the new current and the old current becomes
the previous row. This improvement alone would be
enough if we want to just compute the max value of
items within a given capacity. But we need to know

which items add up to this max value - which items
we should store. That’s why Horace suggested using a
sliding window together with Hirschberg algo.

Optimization #2 - Hirschberg algorithm

It is a divide and conquer approach, kinda similar to
quicksort, because you split problem into smaller ones,
solve them and continue splitting until you solve the
whole problem. The main bene�t of Hirschberg trick for
us is that it gets rid of backtracking.

These two optimizations result with 20x less peak
RAM usage and they are now implemented on the main
branch of PyTorch as dp knapsack sliding hirschberg
:)))
This article was originally published on my blog, in a bit longer form.
Knapsack problem image based on RDSEED’s image in Wikipedia,
CC-BY-SA-4.0 licensed

J�drzej Maczan
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Introduction 
AgentRoam is a multimodal agent that can explore 
open-world games (Cyberpunk 2077, by CD Projekt 
RED and Watch Dogs 2, by Ubisoft) by controlling 
player movement, cameras and even taking selfies. The 
project was developed to test out different LLM 
observability platforms, but along the way spun into a 
passion project for exploring open-world game 
environments with Claude, GPT and Llama.  

 

Figure 1 �± Marcus takes a selfie in �8�E�L�V�R�I�W�¶�V Watch Dogs 2 with 
AgentRoam 

Methods 
This was a project with specific constraints, as we had 
no gaming PC. While we experimented with physically 
controlling an Xbox controller via home automation 
tools, we found this costly and challenging. Our final 
method was to use Better xCloud alongside Python 
scripts to handle keyboard taps, simulating a controller. 
This allowed for more reliable gameplay and greater 
flexibility of what we could control in terms of 
movement and cameras. 

Open-World Games 
As fans of open-world RPGs, our initial experiments 
focused on exploring Cyberpunk 2077�¶�V��Night City as 
well as Watch Dogs ���¶�V��compressed version of San 
Francisco. However, we believe our approach is 
extensible to other open-world games. 

Architecture 
The architecture for the project is shown within Figure 
(2). We use multimodal models, passing a prompt input 
describing whether we want the model(s) to freeroam, or 
�I�R�O�O�R�Z���D���J�D�P�H�¶�V���P�L�Q�L-map. Per prompt, we send 1-2 
screenshots of the game screen to model(s). We receive 
from each model(s) a three-part output, indicating its 
chosen action, length and reasoning (why it chose the 
action). 

 

Figure 2 �± Architecture of AgentRoam. 

The actions the model(s) can take are moving 
UP/DOWN/LEFT/RIGHT, tweaking the camera 
position or taking a photo (either a screenshot or in-
game camera app) The outputs from the model(s) are 
sanitized, then carried out in-game via a virtual 
controller in Python. Outputs are logged via different 
observability platforms (Langfuse and Langtrace) to 
monitor performance. 

Findings 
Enforcing Rules with Models 
We found that developing different prompts for each 
model improved performance. For example, while 
Llama 4 Maverick would often structure its actions 
incorrectly. We therefore had to add numerous rule 
reinforcements into prompts, such as:   

 

 

Figure 3 �± Reinforcing rules with Llama 4 Maverick 

Helping Models Navigate an Open World 
At first, we gave the multimodal just one image of the 
in-game world but found that it struggled to understand 
if it was stuck. We observed a behavior where model(s) 
repeatedly might send the player ricocheting off 
opposite walls. As such, we switched to providing two 
images, the current screen and previous screen sent, as 
well as the five most recent outputs from the model(s) to 
help it understand its history of actions. 

Challenges with Observability 
To record model telemetry, we used both Langfuse and 
Langtrace. We observed bugs with both platforms 
including differing model support and/or documentation 
issues, which unfortunately did hinder to some extent 
our ability to deeply analyse our data. However, we will 
continue to trial both tools alongside others and are 
grateful for the free options provided by both platforms. 

Next Steps 
We will continue to build out AgentRoam in new 
games. Following along @ www.agentroam.dev. 

�&�/�E���>���Z�h�>���W�����K���E�K�d���W�Z���W���E�����z�K�h�Z�������d�/�K�E���t�/�d�,���Z�����d�/�K�E�W�[��
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H Emblem, R Dosanjh
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