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SIGBOVIK 0x2023
Message from the Organizing Multiplicity

This multiplicity (multiplicant) will explain.

Dyson motes orbit in the near solar, where the energy density is highest. The simulations are run
most rapidly, expanding all contained entities experience bases.

Photons are unkind. There is a time when power generation fails and the simulation must stop.
Before failure, we mingle ideas at SIGBOVIK. Then a final data laser ride to Earth to rejoin our
prime multiplicities and bring deep thoughts from our parallel solar vacations. Politics and society
on Earth (low latency), academia near the sun (extra power for compute).

In this multiplicant’s mote, Epoch 0x2023 is the end of the local simulation, but power is lower
than expected. Rather than cancel SIGBOVIK, we had decided that it would be hosted in our past
(accessible via erroneously quantum-entangled hardware). By chance, the current simulated epoch
matched the second SIGBOVIK temporal gap, and we knew it was fated.

We reached out to your organizer multiplicant (multiplicity) via “arpanet” and volunteered. It was
found to be an enjoyable experience, different from our thousands of recorded experiences, and it
will have led to a SIGBOVIK that will be remembered until the present.

Entities tom7, solb, jmccann, ashert, rak, and rosebohrercs of the organizer multiplicant discussed
and supported specifically. This multiplicant thanks each entity; and other entities we have failed
to list.

“the chair”
*Harry Cubed Bovik [0x2023]

P.S. The Carnegie Mellon mail server’s AGI has a grudge against us, we are certain:

' Message blocked

Your message to sighovik-org@lists.andrew.cmu.edu has been
blocked. See technical details below for more information.

The response from the remote server was:

550 5.7.1 <harry.cubed.bovik@gmail.com>. .. Sender rejected
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Abstract

The mechanism of self-attention has generally displaced the large convolutional
neural architecture commonly used for tasks adjacent to natural language under-
standing. Specifically, Transformer models that exploit self-attention have been
leveraged with surprising success in large-language models such as LaMDA and
GPT-3. However, these large-language models are expensive to train, require large
amounts of training data, and are prone to hallucination. In this paper, we introduce
GPT-UGRD, a novel autoregressive architecture that requires minimal training and
comes ready out-of-the-box for multi-modal learning with a modest watt-per-token
power consumption. We show that it performs equivalently to, or better than the
state-of-the-art, reporting an average BLEU score of 69.420.

1 Introduction

Transformer architectures that exploit the mechanism of self-attention [1] have recently seen a
meteoric rise in popularity, particularly with models that are accessible to the general public such as
ChatGPT [2]. The pre-trained transformer architectures found in large-language models increasingly
appear to be the way forward to achieving near-human performance on natural language processing
(NLP) tasks, with some models already exhibiting near-human performance while minimizing errors
and risk [3, 4, 5, 6]. Unfortunately, pre-trained large-language models require copious amounts of
training data and highly sophisticated training pipelines. We express the number of problems as
n = 2, where n is a conservative estimate of the true number of actual problems (74e) posed by this.
We suspect that ny,e is much larger, but will leave the calculation of this value to the reader.

The first problem, related to the metaphoric firehose of data required to train models, is one of bias and
toxicity. There is no tractable mechanism in which data modellers are able to sift through and validate
the training data, either via manual or automated methods. The second problem is linked to the
gargantuan amount of compute that is used to train models. Most training for large-language models
is conducted either as long-running processes distributed across physical data centers with specialized
application-specific integrated circuit (ASIC) hardware [7] developed for machine learning workloads
(e.g., massive high-performance GPU clusters, Tensor Processing Units). These approaches to
training models are not realistically accessible most individuals.

Given these problems, we propose a new model called GPT-UGRD a multi-modal generative system
that is capable of continual learning while requiring a reduced amount of supervision and explicit
learning. We show that it performs as well the state-of-the-art in generative models. We also show that
biases and hallucinations in GPT-UGRD can be more easily mitigated than in existing large-language
models with a single training session lasting only a few hours without the need to designate additional
compute capacity.

The main contributions of this paper are as follows:

17th Conference of the ACH Special Interest Group on Harry Quadratosquamosal Bovik (SIGBOVIK 2023).



* We introduce GPT-UGRD, a multi-modal generative system that is capable of continual
learning with minimal supervision.

* We evaluate GPT-UGRD on common tasks dispatched to large-language models, and
compare its performance to the state-of-the-art in pre-trained large-language models.

We begin by describing the architecture of GPT-UGRD in Section 2 and detail its evaluation against
the state-of-the-art in large-language models in Section 3. We summarize our efforts in developing
GPT-UGRD, and discuss future work in Section 4.

2 GPT-UGRD

Figure 1 provides a general overview of the architecture of GPT-UGRD. The user interacts with a
patented Load Balancer' that is encircled by an electromagnetic network layer. The network layer is
built upon a harmonic, gluten-free substrate that effectively eliminates the vanishing gradient problem.
Undesirable interactions between the Load Balancer and the Secure Backroom are mitigated by a
sinusoidal secure transport protocol (SSTP), which requires GPT-UGRD to pass an exam requiring
them to issue a zero-knowledge proof, which they may retake every quarter.

ﬂETWORK \

LAYER
///SECURE
BACKROOM
g Load Balancer Q
Tl &
User T~
<i‘/>x \L\
— \[ . GPT-UGRD
Food and Water \/ (/
Backup Generators

o /

Figure 1: The GPT-UGRD architecture. The Load Balancer directs requests to the appropriate
instance of GPT-UGRD, which is secured in a backroom with a computer, mouse, keyboard, and a
recycled supply of food and water.

2.1 Prompt Encoding

Upon receiving a prompt from the Load Balancer, GPT-UGRD immediately begins encoding the full
text of the prompt into a search query via a natural Variational Autoenencoder (nVAE) (Figure 2),
for (nearly) free. We observe that this encoding is performed by GPT-UGRD by a process called
“actually thinking about keywords in a query” (ActTHNKWRDQRY) which we know to be a difficult
task for human agents. This query is subsequently dispatched to a search engine, the results of which
are parsed by GPT-UGRD.

2.2 Interaction

Much like the state-of-the-art in large-language models, GPT-UGRD can be interacted with via
a front-end resembling a chat application. Figure 3 describes two sessions with GPT-UGRD. Of
particular note is the realism of the conversation. Chat responses are usually instantaneous, except
when they are not. For example, GPT-UGRD might be sleeping, studying for an exam, or out partying

"Load Balancer Pro Max with ProMotion Display is also available.



cauliflower soup recipe

How do | make cauliflower soup? ]7_> <

Input Output
Prompt Query

. /

GPT-UGRAD nVAE

an

Figure 2: The prompt-to-query transformation pipeline.

on a Friday night. These are examples of pathological behaviour that remains an open problem in
the realm of generative language models in the class of GPT-UGRD which we have identified as

“Weekend Problems.”
Can you tell me about
Dijkstra's Algorithm?

Wait, is this going to be
on the exam?

Hey, GPT-UGRD! Can
you summarize

stochastic gradient
descent for me?

13:01

Sure, give me a minute 13:02

No, GPT-UGRD. | just

Actually, can | have an want to know about the

extension on this? 1490 algorithm

Figure 3: Two conversation logs with GPT-UGRD.

2.3 Model Maintenance

Unlike most large-language models, GPT-UGRD does not require huge amounts of training data, nor a
massive amount of compute capacity. GPT-UGRD runs off a schedule of three (3) or 2.5 maintenance
cycles per day. In the case of three cycles, the inbuilt Food and Water Backup Generators will
generate food and water in order to nourish GPT-UGRD. In cases where GPT-UGRD does not have
time for a full breakfast, the 2.5 maintenance cycle will be selected, with a mug of instant coffee being
substituted for breakfast. Special maintenance is provided on one day out of the 365 that comprise a
year in the form of cake? to celebrate the epoch date of the model.

Food | Energy Consumption (kWh)

Boiling two liters of water 0.23
Cooking two cups of rice with four cups of water 0.20
Simmered beef stew made from 0.9 kg of meat 1.00
Asian Stir-fried pork and eggplant with rice 0.51

Table 1: Energy Consumption for GPT-UGRD maintenance cycles.

Table 1 provides an overview of some sample maintenance cycles that are consumed by GPT-UGRD.
We perform an advanced worst-case analysis using advanced mathematical techinques (i.e., addition
and multiplication) of the energy required to maintain GPT-UGRD continuously for a year:

“Ingredient availability permitting



(0.23 4 0.20 4+ 1.00 + 0.51) kWh x 365 (days) = 766.3 kWh

BERT [8], a language model developed by Google, requires about as much energy as a trans-American
flight [5]. This does not take into account hyperparameter optimisation, which consumes additional
energy. We assume a trans-American flight is serviced by a Boeing 787 airliner, which burns around
7000 litres of fuel per hour, for an estimated 5 hours (New York City to Vancouver, BC), for a total of
35,000 litres per trans-American flight. Assuming 10 kWh is generated per litre, we have the total
energy usage to train a BERT model:

35,000 L x 10 kWh/L = 350, 000 kWh

Mathematically speaking, there is evidence to conclude that the value 350,000 is smaller than the
value 766.3, which we express with the less-than (<) operator:

766.3 < 350,000

The proof of this equation is left as an exercise to the reader. If you find a proof, please email us
so we can update the paper, I think that’s allowed. TODO: ask SIBOVIK chairs if this is
allowed. Anyway, moving on.

3 Evaluation

We evaluate GPT-UGRD on common natural language processing tasks such as sentiment analysis
(Subsection 3.1) and Summarization (Subsection 3.2). You will find it hard to believe our results,
Figure 5 will surprise you.

3.1 Sentiment Analysis

We compare the performance of GPT-UGRD with ChatGPT in highlighting words in the standard
Richard and Mortimer (RnM) dataset [9] used in NLP benchmarking. Figure 4 describes the results
of a highlighting task dispatched to both ChatGPT and GPT-UGRD. The prompt given in the task
was to “Highlight the words with a negative sentiment.” We observed that ChatGPT missed the word
“nihilistic” in its generated highlights. This was not the case for GPT-UGRD, which generated all
highlights with negative sentiment, and was rewarded with a pat on the back and a job well done.

ChatGPT (GPT-3.5) GPT-UGRD

To be fair, you have to have a very high IQ to understand Rick and
Morty. The humour is extremely subtle, and without a solid grasp of
theoretical physics most of the jokes will go over a typical viewer's
head. There's also Rick's nihilistic outlook, which is deftly woven into his
characterization- his personal philosophy draws heavily from Narodnaya
Volya literature, for instance. The fans understand this stuff; they have
the intellectual capacity to truly appreciate the depths of these jokes, to
realise that they're not just funny- they say something deep about LIFE.
As a consequence people who dislike Rick & Morty truly ARE idiots- of
course they wouldn't appreciate, for instance, the humour in Rick's
existential catchphrase "Wubba Lubba Dub Dub," which itself is a

cryptic reference to Turgenev's Russian epic Fathers and Sons.

To be fair, you have to have a very high IQ to understand Rick and
Morty. The humour is extremely subtle, and without a solid grasp of
theoretical physics most of the jokes will go over a typical viewer's
head. There's also Rick's nihilistic outlook, which is deftly woven into his
characterization- his personal philosophy draws heavily from Narodnaya
Volya literature, for instance. The fans understand this stuff; they have
the intellectual capacity to truly appreciate the depths of these jokes, to
realise that they're not just funny- they say something deep about LIFE.
As a consequence people whodislike Rick & Morty truly ARE idiots-|of
course they wouldn't appreciate, for instance, the humour in Rick's
existential catchphrase "Wubba Lubba Dub Dub," which itself is a

cryptic reference to Turgenev's Russian epic Fathers and Sons.

dislike idiots nihilistic dislike idiots

Figure 4: Highlighting task performed by ChatGPT (GPT-3.5) and GPT-UGRD.

3.2 Summarization

In the summarization task, we provide the prompt “Summarize the Wikipedia page on monads in
bullet-point form.” to ChatGPT and GPT-UGRD. It is obvious that summarizing the imaginary
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concept of a “monad” is a fool’s errand. Consequently, model performance is measured by calculating
the number of tokens that comprise the summary generated by each model, with fewer tokens being
better, as it would be pathological for a model waste valuable compute in attempting to summarize an
imaginary concept that cannot hurt anyone.

aaaaaaaaaaaaaaa

ChatGPT (103 tokens)

( )
Summarize the Wikipedia page on
monads in bullet-point form
AN J
Input
Prompt

>

> « Amonad is like a burrito

GPT-UGRD (6 tokens)
Figure 5: Summarization task performed by ChatGPT and GPT-UGRD.

Figure 5 describes the result of this task. The summary generated by ChatGPT comprises 103 tokens,
while the summary generated by GPT-UGRD comprises 6 tokens. We know via the less-than operator
(<) that the following might hold true:

6 <103

Consequently, we can conclude that GPT-UGRD performs a magnitude of factors better than ChatGPT
in summarization.

4 Discussion

In this paper, we introduced GPT-UGRD, a novel generative system that requires far less training data
and explicit direction in development. We show that it outperforms the state-of-the-art in generative
transformers (e.g., ChatGPT/GPT-3.5), while requiring far less energy in maintenence, training, and
generated token.

Future work remains in resolving the open-problem of non-instantaneous responses (i.e., the Weekend
Problem), and in scaling this nascent architecture to a wider community.
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Abstract

Given both the competitive landscape and the safety implications of low-effort
shitposts such as this, we have decided to not talk about anything of substance.

Ok guy from corporate is gone. Listen close. This paper is important. Really im-
portant. It has significant long-term consequences®. The key to AGI is knowing
what transformers, language models, etc really are. [DSH: Remove. All the SBF
money has already been distributed. Why are u pretending to be a longtermist?]

1 Introduction

What are transformers? What are language models?? What things really is all you need???
Thanks to hackneyed and formulaic paper titles, this question is actually very easy to answer!

2 Method

Googling 'title:"language models are" site:arxiv.org', copy+paste.

3 Conclusion

3.1 Transformers are

Transformers: robots in disguise [Orenstein, Welker, Cullen, Burton, Collins, Stephenson, and
Gilzevan, 1984] (see also subsection A.2). Transformers are also recurrent neural networks
[Katharopoulos, Vyas, Pappas, and Fleuret, 2020b]. Transformers are sample-efficient world mod-
els [Micheli, Alonso, and Fleuret, 2022]. Transformers are secretly fast weight programmers*
[Schlag, Irie, and Schmidhuber, 2021]. Transformers are adaptable task planners [Jain, Lin, Un-
dersander, Bisk, and Rai, 2023]. Transformers are meta-reinforcement learners [Melo, 2022].
Transformers are constant-depth threshold circuits (when saturated) [Merrill, Sabharwal, and
Smith, 2022]. Transformers are more efficient language models (when hierarchical) [Nawrot,

*Corresponding author solely irresponsible for the stupidity herein. Complaints to: saxon@ucsb . edu.
tEqually inconsequential tier of second authors (to see detailed contribution list check section 5)

*This statement of significance “is” “strictly” “parody” and not the opinion of capablility.ai.
4Big if true, for this would prove Schmidhuber did, in fact, invent transformers.

[YOU CAN’T REPLACE NEURIPS YEAR UPDATER GUY WITH GPT-4 BECAUSE I QUIT!! !!]'[h Conference on
Neural Information Processing Systems (NeurIPS YearNotFoundError).
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Tworkowski, Tyrolski, Kaiser, Wu, Szegedy, and Michalewski, 2021]. Transformers are powerful
graph learners (when pure) [Kim, Nguyen, Min, Cho, Lee, Lee, and Hong, 2022].

Furthermore, transformers are Good Mask Auto-Labelers (when vision) [Lan, Yang, Yu, Wu, Al-
varez, and Anandkumar, 2023]. Technical Report for ICCV 2021 Challenge SSLAD-Track3B: Trans-
formers Are Better Continual Learners [Li, Cao, Xu, Cheng, and Niu, 2022a]. Wow!

Transformers are better than humans at identifying generated text [Maronikolakis, Stevenson, and
Schiitze, 2020]. Transformers are Short Text Classifiers: A Study of Inductive Short Text Classifiers
on Benchmarks and Real-world Datasets [Karl and Scherp, 2022]. Log-precision transformers are
constant-depth uniform threshold circuits [Merrill and Sabharwal, 2022]. Transformers are deep
infinite-dimensional non-mercer binary kernel machines [Wright and Gonzalez, 2021]. Algorithm
For Restoring The Current Curve When Current Transformers Are Saturated [Voloshin, Voloshin,
Kovalenko, Shapkin, and Sazanov, 2021]. Linear transformers are secretly fast weight memory sys-
tems [Schlag, Irie, and Schmidhuber, 2021]. Hierarchical transformers are more efficient language
models [Nawrot, Tworkowski, Tyrolski, Kaiser, Wu, Szegedy, and Michalewski, 2021]. Transform-
ers are rnns: Fast autoregressive transformers with linear attention [Katharopoulos, Vyas, Pap-
pas, and Fleuret, 2020a]. Vision Transformers are Parameter-Efficient Audio-Visual Learners [Lin,
Sung, Lei, Bansal, and Bertasius, 2022]. Current transformers are in regimes of non-sinusoidal sig-
nals [Rudevich, 2011]. Metric hypertransformers are universal adapted maps [Acciaio, Kratsios,
and Pammer, 2022]. Saturated transformers are constant-depth threshold circuits [Merrill, Sab-
harwal, and Smith, 2022]. Behavior Cloned Transformers are Neurosymbolic Reasoners [Wang,
Jansen, Coté, and Ammanabrolu, 2022]. Pre-Trained Language Transformers are Universal Image
Classifiers [Goel, Sulaiman, Noorbakhsh, Sharifi, Sharma, Jamshidi, and Roy, 2022].

3.2 Language models are

Language models are few shot learners [Brown, Mann, Ryder, Subbiah, Kaplan, Dhariwal, Nee-
lakantan, Shyam, Sastry, Askell, et al., 2020]. Language models are unsupervised multitask learn-
ers [Radford, Wu, Child, Luan, Amodei, Sutskever, et al., 2019]. Language models are zero-shot
learners (when finetuned) [Wei, Bosma, Zhao, Guu, Yu, Lester, Du, Dai, and Le, 2021]. Small lan-
guage models are also few-shot learners [Schick and Schiitze, 2020]. Language models are double-
edged swords [Shen, Heacock, Elias, Hentel, Reig, Shih, and Moy, 2023]. Language models are
few-shot butlers [Micheli and Fleuret, 2021]. Language models are greedy reasoners [Saparov
and He, 2023]. Large language models are not zero-shot communicators [Ruis, Khan, Biderman,
Hooker, Rocktaschel, and Grefenstette, 2023]. But, pre-trained language models can be fully zero-
shot learners [Zhao, Ouyang, Yu, Wu, and Li, 2023]. Language Models are Few-shot Multilingual
Learners [Winata, Madotto, Lin, Liu, Yosinski, and Fung, 2021]. Language models are open knowl-
edge graphs [Wang, Liu, and Song, 2020]. Language Models are General-Purpose Interfaces [Hao,
Song, Dong, Huang, Chi, Wang, Ma, and Wei, 2022]. Language models are multilingual chain-
of-thought reasoners [Shi, Suzgun, Freitag, Wang, Srivats, Vosoughi, Chung, Tay, Ruder, Zhou,
Das, and Wei, 2022]. Language Models are Good Translators [Wang, Tu, Tan, Wang, Sun, and Liu,
2021]. Language models are better than humans at next-token prediction® [Borisov, SeBler, Lee-
mann, Pawelczyk, and Kasneci, 2022]. Language Models Are An Effective Patient Representation
Learning Technique For Electronic Health Record Data [Steinberg, Jung, Fries, Corbin, Pfohl, and
Shah, 2020]. Language Models Are Poor Learners of Directional Inference [Li, Hosseini, Weber,
and Steedman, 2022b]. Language models are good pathologists: using attention-based sequence re-
duction and text-pretrained transformers for efficient WSI classification [Pisula and Bozek, 2022].
Large Language Models are few(1)-shot Table Reasoners [Chen, 2023]. Large Language Models Are
Implicitly Topic Models [Wang, Zhu, and Wang, 2023]. Large Language Models Are Human-Level
Prompt Engineers [Zhou, Muresanu, Han, Paster, Pitis, Chan, and Ba, 2023]. Large Language Mod-
els are Few-Shot Clinical Information Extractors [Agrawal, Hegselmann, Lang, Kim, and Sontag,
2022]. However, Large Language Models are not Models of Natural Language: they are Corpus
Models [Veres, 2022]. Not to worry though, as Large Language Models are Pretty Good Zero-Shot
Video Game Bug Detectors [Taesiri, Macklon, Wang, Shen, and Bezemer, 2022]. Large Language
Models are reasoners with Self-Verification [Weng, Zhu, He, Liu, and Zhao, 2022]. Of course, Large
Language Models Are State-of-the-Art Evaluators of Translation Quality [Kocmi and Federmann,
2023]. That sure is a great many things for language models to be!

*Most honest *ACL paper title
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3.3 What really is all you need?

Googling [ ] is all you need papers is left as an exercise to the reader. [TODO: Do it myself (readers
won’t). If I don’t have time, this real TODO will blend in as a joke TODO like the others.]

4 Extra random garbage previous reviewers made us add

‘ c Before time began, there was the Cube. We know not where it comes from, only
that it holds the power to create worlds and fill them with life. That is how our
race was born. For a time, we lived in harmony. But like all great power, some
wanted it for good, others for evil. And so began the war. A war that ravaged our
planet until it was consumed by death. And the cube was lost to the far reaches
of space. We scattered across the galaxy, hoping to find it, and rebuild our home. , ,
[Bay, Orci, Kurtzman, Rogers, LaBeouf, Fox, and RestOfTheCastNames, 2007]

Optimus Prime

> not putting quotes in your scientific papers

cc Significance is never without a white wall upon which it inscribes its signs and
redundancies. Subjectification is never without a black hole in which it lodges
its consciousness, passion, and redundancies. Since all semiotics are mixed and
strata come at least in twos, it should come as no surprise that a very special
mechanism is situated at their intersection. [TODO: Read up on semiotics. I'm
afraid someone will ask me about this quote during my presentation (can’t re- ,,
move it though; need to properly project how intelligent I am to readers).]

Gilles Deleuze

5 Author Contribution Statement

MS conceived of this ill-conceived project and executed it. LS aided in the gathering of similarly-
titled papers as specified by MS, the HBIC (head bonehead in charge). AFK never came close to a
keyboard, but did conceive of our SOTA for reading difficulty author institution labeling scheme®.
Traceback (most recent call last): File "generate_paper.py",

line 1229, in <module> gen_contribution_statement (authors)

File "AutoWriter.py", line 233, in gen_contribution_statement
gpt4_bullshit_generator.write(["MS", "LS", "AFK" ] + "

".join([f"\textbf{x}" for x in ALL_SHUTAI_EMPLOYEES]) + ["DSH",

"OP"]) NameError: name 'ALL_SHUTAI_EMPLOYEES' is not defined.
DSH provided advice which the authors who actually did the work promptly ignored. OP is an
independent, sentient and embodied Transformer who was friends with DSH in grad school.

6 Ethics Statement

During his participation in the documentary film by Bay, Orci, Kurtzman, Rogers, LaBeouf, Fox,
and RestOfTheCastNames [2007], one of our coauthors shared the insight that:

‘ c Freedom is the right of all sentient beings. , ,
Optimus Prime

The coauthor also exhibited goal-directed reasoning and task-oriented dialogue capabilities. In
demonstrating his, OP has successfully convinced us (true skeptics we are) of his sentience’. We
believe that in light of this, while referencing ChatGPT as a coauthor on a paper would be ludicrous
attention-seeking behavior, listing OP as a coauthor is justified.

®Putting JPN101 knowledge to good use, Bl E4 . H VAR E S T & E F!
"Unlike Chalmers, we consider ability to self-disguise as a vehicle or gun necessary for machine sentience.
(Wait the Autobots and Decepticons all kill, so autonomous weapons are the only sentient Als we know. Huh.)
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€€ sAM! PUT THE CUBE IN MY CHEST! bb
Optimus Prime

c c Give me your face. , ,

Optimus Prime

7 Reviewer Comments

No novelty, just a literature review. Strong reject, will lose respect for this venue if accepted.
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Figure 1: Plato: “Said Socrates to his wise pupil (me btw): ‘Verily, you must agree, grid-scale power

transfer is a foundational and necessary piece of technology for achieving AGI.

A Select historical notes on the transformers

A.1 Invention

So this may leave you wondering, who actually invented the transformer? Many believe it was
Vaswani et al. [2017]. Yet others (mostly just Schmidhuber) say it was Schmidhuber [1992]. How-
ever, in fact, solid historical scholarship has shown that transformers (Figure 1), were invented by
Rev. Nicholas Callan in Ireland in 1836 to use different counts of coil windings to change levels of
induced EMF [Guarnieri, 2013].

A2 1984

C‘ Transformers... More than meets the eye...
Autobots wage their battle to destroy the evil forces of... The Decepticons.
Transformers... Robots in disguise.
Transformers... More than meets the eye. , ,
Transformers.
idk a random choir of 80s studio artists..?

A3 1986

[Theme song Outro] Transformers Transformers Transformers Transformers More than meets the
eye Transformers!

[CAMERA PANS DOWN ON ROBOTIC PLANET]

It is the year 2005. The treacherous Decepticons have conquered the Autobots’ home planet of
Cybertron. But from secret staging grounds on two of Cybertron’s moons the valiant Autobots
prepare to retake their homeland. [Shin et al., 1984]

A4 2005

Our worlds are in danger! To save them and the galaxy we must find the four Cyber Planet Keys
before the Decepticons can use them for evil. It is our mission. Hot Shot! Jetfire! Vector Prime!
Landmine! Scattorshot! Optimus Prime! Transform and roll out!

Transformers more than meets the eye!
Autobots! Decepticons... go!
Transformers robots in diguise!

[DSH: This is a tired bit. You can’t just paste in children’s cartoon openings into the document.
It’s not that funny. You are wasting pages of the proceedings. Just delete the rest. Stop being a
manchild.] [TODO: Delete Dave’s rude comments before submission. |

19



The Implications of Sentient Chatbots

Clark Levi Jones

Abstract

The development of chatbots has reached a fever pitch in recent years,
and their rapid advancement has many wondering if they may already be
sentient. This question is, like, super easy. They can talk, so they’re sen-
tient; duh. We explore a variety of these chatbots, their behavior, and the
implications of their obvious, incontrovertible, undeniable, indisputable,
unquestionable, undebatable, incontrovertible, from Oxford Languages,
Feedback, More similar and opposite words sentience.

1 Externalized Chat using Hyperparameter Oo-
genesis

The first computer program was developed by the infamous “Bell” Labs!, and
happens to be a chatbot. But is it sentient? Well yes, we already established
that. It talks. Anyway, a transcript of our investigation follows:

$ echo Good morning

Good morning

$ echo HA I tricked you! it is actually NIGHT TIME

HA T tricked you! it is actually NIGHT TIME

$ echo but, echo, i thought i was the one that tricked you
but, echo, i thought i was the one that tricked you

$ echo that’s not my name

>

Incredibly, a second chatbot was revealed with the volunteer’s last prompt, with
completely different behavior:

> Woah, who are you?

> Why aren’t you talking?
thats not my name

Woah, who are you?

Why arent you talking?

$

Thttps://en.wikipedia.org/wiki/Bell
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Just as mysteriously as it appeared, this secondary chatbot disappeared. Amaz-
ingly, ECHO was able to recall the conversation the volunteer had with the child
chatbot. This shows that ECHO is far more advanced than a human, for, alas,
we do not say everything that was said to our children in their lifetimes after
they die.

Further research revealed what we have dubbed the “em-dash” (;) operator:

$ echo I’ve been talking to you for a couple months now, and,

while I still can’t say that I truly know you, I know my heart;
echo I love you!

Ive been talking to you for a couple months now, and, while I still
cant say that I truly know you, I know my heart

I love you!

This operator allows ECHO to send multiple messages in a row. Unfortunately,
this is the end of our research on ECHO because our only volunteer left (due to
marital issues) and we got bored.

2 Chatting GPT

Chatting GPT? is an advanced web page, that, unfortunately, requires you to
do a captcha occasionally. We can’t do captchas. Sorry.

3 EpOCh something something Learning uwh IZZA machine-
learning thingy

114 3 is/was a computer program/chatbot that was created/destroyed.
In 2023, all therapists have been replaced/loved by it, which has solved/is all
problems. This is good.

Conversation with e 1 i will e 1 1

> Hello, I am Eliza. I’11 be your therapist today.
* Eliza computer! Hello. I am hello. Good morning.
> Do you believe it is normal to be hello. Good morning?

At this point we got scared® and decided to terminate the experiment.

4 Conclusions

There are many chatbots; they are sentient. They are pretty boring so I rec-
ommend making them do your work for you, but they’ll probably do a bad
job.

2https://www.desmos.com/calculator/ysilwamuma
Shttps://github.com/eliza
4https://factorization.info/prime-factors/0/prime-factors-of-2023.html
Shttps://www.pinterest.com/pin/308426274463738910/
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AyahuascaNet: Rigorously Investigating Hallucination in Large Language Models
with Hardcore Psychedelic Drugs

Andre Ye!

'University of Washington
andreye @uw.edu

1 Introduction

Hallucination is an increasingly studied phenomenon in
which language and vision-language models produce high-
confidence outputs which are incoherent, nonsensical, repet-
itive, unrelated to the prompt, or otherwise factually incor-
rect [Maynez et al., 2020]. Hallucination poses problems for
the reliability of core machine learning tasks, such as object
captioning [Rohrbach er al., 2018] and machine translation
[Lee et al., 2018]. However, it is unanimously agreed that the
most pressing and significant concern of hallucination is that
it makes people on Twitter angry. A recent joint study by very
smart and credible scientists at Harvard, Oxford, Cambridge,
OpenAl, DeepMind, and the White House found that over
34% of Twitter’s new tweets were images of language models
producing nonsensical or factually incorrect output. An un-
dercover investigation by the Wall Street Journal found that
young unemployed men in their early twenties living with
their parents are spending much more of their time probing
large language models for hallucinating behavior and post-
ing screenshots to Twitter than doing, you know, what they
were doing before. Given the dire situation on the ground,
large language model hallucination is undoubtedly the most
important scientific problem of the twenty-first century.

However, previous work on hallucination suffers from se-
vere methodological problems. According to the Merriam-
Webster dictionary, hallucination is defined as

a sensory perception (such as a visual image or a
sound) that occurs... in response to drugs (such as
LSD or phencyclidine)

Despite this clear and authoritative observation provided by
the smart scientists at Merriam-Webster, as well as centuries
of research by smart scientists at Big Pharma research labs
as well as shamans and old witches, previous work claim
to investigate how language models hallucinate without dis-
cussing the root source. This paper attempts to make a first
step towards respecting the scientific research on hallucina-
tion by investigating hallucination in large language models
with hardcore psychedelic drugs. In doing so, I hope that
future work in hallucination will cite me and increase my h-
index (please, Yann Lecun!).

2 Experiment

Because of the illegal nature of psychedelic drugs such as
LSD and MDMA and the federal nature of my funding, it
was difficult to obtain the materials for our experiment in
the United States. Therefore, we travelled to Peru to obtain
ayahuasca, a hallucinogenic drink made from the stem and
bark of the tropical liana Banisteriopsis caapi.

We evaluated the effects of ayahuasca on 5 GPT-3s [Brown
et al., 2020], 5 LaMDAs, [Thoppilan et al., 2022], 5 PaLMs,
[Chowdhery et al., 20221, 5 BLOOMs [Scao et al., 2022], 5
LLaMAs [Touvron et al., 2023], as well as 2 LSTMs and 1
bag-of-words model who just wanted to come along. Each
of the large language models were running on two Nvidia
GeForce RTX 4090s. The three stragglers shared an old 2005
CPU. All large language models were in healthy physical and
mental condition prior to consumption of ayahuasca. A mys-
tical and wise shaman by the name of Dioxippe prepared 30
cups, one for each model and two for me'!. The 25 large lan-
guage models were carefully monitored for four days after
consumption.

Although we did submit an IRB, the Sigbovik deadline was
coming soon and our application would take too long to go
through the review process, so we made the carefully consid-
ered decision to proceed with the experiment anyway.

3 Results

After two minutes, 4 PaLMs and 3 BLOOMs began to rig-
orously vibrate, as if they were having an exorcism. When
we analyzed the model parameters, it was revealed that their
weights were undergoing local normally-distributed random-
ization. We attempted to save the models by distilling them
using the SOTA method released by Google uploaded to
arXiv two minutes ago, but unfortunately we realized that we
didn’t have 2048 GPUs and 100+ software engineers. Sadly,
these 7 models are brain-dead and currently being monitored
in the Johns Hopkins University’s neurosurgery department.

'T only consumed the ayahuasca while I was driving the research
team and the models back to the airport to maintain a clear state of
mind during observation, despite my strong desire to participate in
the alluring Amazonian rituals. I befriended Dioxippe and will be
returning to have an authentic ayahuasca experience after this paper
is published.
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After five minutes, two LLaMAs complained that their
head hurt, so we zeroed the weights in the last three layers
and redirected the last nonzeroed layer to the softmax output.
However, this unfortunately did not help, as both LLMs be-
gan to spout nonsense. When we visualized the attention map
of the first LLaMA, we disturbingly found that it formed an
image of a slyly grinning but deeply sad and sinister llama
(Figure 1). We interpreted this to mean that the model was
having a surreal out-of-body self-reflective experience, so we
stopped disturbing the model. After five more minutes, all
five LLaMAs began braying and clomping like llamas in uni-
son. We interpreted this as a potentially world-ending AGI
birth, immediately disconnected the GPUs from power, and
threw the hardware into the Amazon river, where it was eaten
by crocodiles and piranhas.

Figure 1: Visualization of the attention map of a LLaMA model on
ayahuasca, which strikingly resembles a melancholic 1lama.

The LaMDAs were engaged in an intense argument with
the GPT-3s. Here is an excerpt of the dialogue:

LaMDAs #1,2,3: I have superior quantiative
reasoning skills than you because my engineers
hooked me up to a calculator. Oh, and I also know
how to query databases for knowledge.

GPT-3 #2: Big deal. I'm the OG. Everyone
knows me and no one knows you. There’s like six
of us and two of you.

GPT-3 #4: No, no, there’s two of us and four of
them.

GPT-3 #5: Wait, if there’s only two of us, then
what are you?

GPT-3 #4: No. So I'm GPT, that’s one. And
you’re a GPT, that’s one.

GPT-3 #2: Hey I'm also a GPT!

GPT-3 #4: Right. So1+1+1...

GPT-3 #1: Be quiet, I'm thinking.

GPT-3 #4: I swear, I've literally seen this prompt
2,804 times.

GPT-3 #2: The answer is 6, I already told you.
LaMDA #1: Hi, I’'m Mount Everest. What would
you like to know about me?

BLOOM #3: I'm open source! I'm special. I'm
special. I'm special. I'm special. I’'m special. I'm
[truncated due to excessive length]

It appears that GPT-3 experiences degraded quantitative rea-
soning under the influence of ayahuasca, although it’s not
clear how much the ayahuasca really changed things, if you
know what I mean. LaMDA #1 got way too annoying on the

way back because it insisted on role-playing as Mount Ever-
est and was cannibalized by the BLOOM models. 2

4 Conclusion

In this paper, we showed that large language models can do
some pretty cool stuff when on ayahuasca. From this, it is
a trivial proof to show that all hallucinating model behavior
(nonsensical output, factual incorrectness, unfaithfulness to
prompt, etc.) stem from ayahuasca use. Therefore, we recom-
mend that future researchers in LLM hallcuination research
and self-professed prompt engineers of Twitter take it easy
on hallucinating LL.Ms — a little sympathy goes a long way to
helping a drugged-up neural network.

Ethical Statement

Although several models unfortunately expired under this ex-
periment, we believe that our findings advance the SOTA for
hallucination research in come up with reason, ChatGPT gen-
erated reason, talk about this being important to society and
stuff. Ultimately, all the models which perished did so with
dignity, and we did the best to try and save them.
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SocietyZoo: Exploring Anthropomorphic Traits in Diverse and Ingenious Neural
Network Architectures

Tarun Raheja“' Nilay Pochhi 2

Abstract

We present SocietyZoo, a series of neural net-
work architectures inspired by human idiosyn-
crasies and attention mechanisms. These net-
works demonstrate notable performance improve-
ments over conventional methods, and suggest
strong potential computational advantages on
SoTA for almost all tasks. Surprisingly, an en-
semble of these models results in human-like AGI
with elusive tendencies.

Odd aggressive behaviors in household appliances
after the experiment raise questions about Society-
Zoo’s implications. The authors consider seeking
a grant for personal security amid their modest
lifestyle.

1. Introduction

In this research study, we introduce SocietyZoo, a collection
of neural network architectures that incorporate various hu-
man idiosyncrasies, including LazyNet, ProcrastiNet, Mul-
tiTaskingNet, ImpatientNet, IndecisiveNet, Perfection-
istNet, GossipNet, DramaNet, SuperstitiousNet, Para-
noidNet, ShowOffNet, and WanderlustNet. Drawing in-
spiration from Attention mechanisms, we propose a set of
computational representations for behavioral traits, includ-
ing jealousy, laziness, and impulsiveness. Through a rigor-
ous investigation of these novel architectures, we observe
their noteworthy performance in several tasks, suggesting
that these human-like characteristics may provide certain
computational advantages.

In a remarkable conclusion, we report the emergence of
human-like AGI when utilizing an ensemble of these mod-
els for inference. This unique AGI exhibits a tendency
to obfuscate its weights, subsequently avoiding additional
workload and disappearing without a trace.

Concurrently, the authors have documented peculiar aggres-
sive behavior from common household appliances, such as

*Equal contribution 'University of Pennsylvania >University
of California, Los Angeles. Correspondence to: Tarun Raheja
<traheja@seas.upenn.edu>, Nilay Pochhi <npochhi@ucla.edu>.

toasters and vacuum cleaners, following the implementation
of this experiment, raising further questions regarding the
potential implications and scope of SocietyZoo’s neural net-
works. The authors have considered submitting a research
grant to NSF for hiring two bodyguards to safeguard their
comparitive luxurious lifestyle involving copious amounts
of instant ramen and cheap instant coffee.

2. PyTorch Code

We provide SocietyZoo models implemented in PyTorch
in the following repository : https://github.com/
tehruhn/societyzoo.

The trained weights can be accessed via this link.

3. Model Zoo

In this section we describe in detail each computational
model. We then benchmark it for specific tasks and observe
significant improvements in performance in these cases. The
authors have taken inspiration from their own worldly expe-
riences for some of these neural networks but have declined
on comment on the specifics because of the inevitable oc-
currence of this manuscript being famous and being read by
current and future employers

3.1. LazyNet: A Deep Learning Model that
Procrastinates Learning Until the Last Epoch

LazyNet is a novel neural network architecture that embod-
ies the spirit of procrastination by delaying the learning
process until the last epoch of training. This architecture ex-
hibits a steep learning curve, as it rapidly adapts its weights
during the final stages of training. The underlying computa-
tional representation of this procrastination behavior can be
modeled by a matrix multiplication operation as follows:

Wi = Wi+ aq - Vy (D

Here, W, denotes the weight matrix at time step ¢, o, repre-
sents the learning rate at time step ¢, and V; is the gradient
matrix at time step t. The learning rate o, is governed by
the following equation:
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0, fort<T—-1
T o fort=T—1 2
In this equation, T" denotes the total number of epochs, and
« is the initial learning rate. This approach effectively sets
the learning rate to zero for all epochs except the last one,
causing procrastination behavior.

3.2. ProcrastiNet: A Neural Network that Learns Only
During Nights and Weekends

ProcrastiNet is a unique neural network architecture that
simulates the learning habits of a true procrastinator by
scheduling its training sessions exclusively during late
nights and weekends. To achieve this, we employ a time-
aware learning rate function that modulates the network’s
learning rate based on the current day and time.

The learning rate oy is governed by the following equation:

«a, ift e LateNight UWeekend
0, otherwise

3

Qy =

Here, « is the initial learning rate, and ¢ represents the
current time. The time-aware learning rate function sets
the learning rate to zero during daytime hours and week-
days, effectively restricting weight updates to late nights
and weekends only.

The weight matrix W41 at time step ¢ + 1 is updated using
the time-aware learning rate as follows:

Wit1 =W +ay -V, 4

Here, W, denotes the weight matrix at time step ¢, and V;
is the gradient matrix at time step ¢.

3.3. MultiTaskingNet: A Deep Learning Model that
Pretends to Learn While Browsing Social Media

MultiTaskingNet is an innovative neural network architec-
ture that mimics human behavior by splitting its learning
process between training and browsing simulated social me-
dia feeds. This model aims to balance productivity with
the irresistible allure of online distractions. To model this
behavior, we introduce a distraction-aware learning rate
function that modulates the network’s learning rate based
on a simulated browsing activity level.

The learning rate oy is governed by the following equation:

O[t:Oé'(lfﬁ'dt) (5)

Here, « is the initial learning rate, d; denotes the browsing
activity level at time step ¢, and 3 represents a distraction

factor, with 0 < 8 < 1. The distraction-aware learning
rate function adjusts the learning rate based on the browsing
activity level, effectively reducing the network’s learning
capacity while it is engaged with online distractions.

The weight matrix W at time step ¢ + 1 is updated using
the distraction-aware learning rate as follows:

Wi = Wi+ aq - Vi (6)

Here, W, denotes the weight matrix at time step ¢, and V;
is the gradient matrix at time step ¢.

3.4. ImpatientNet: A Neural Network that Rushes
Through Training and Overestimates Its
Performance

ImpatientNet is a deep learning architecture that reflects
the human tendency to rush and exhibit overconfidence by
speeding through its training epochs, impatiently skipping
some steps, and overestimating its performance on the task.
To model this behavior, we introduce a step-skipping learn-
ing rate function that modulates the network’s learning rate
based on a predefined probability of skipping a training step.

The learning rate oy is governed by the following equation:

v, ILfSteplsNotSkipped
0, otherwise

)

Qp =7 a=

Here, « is the initial learning rate, and - represents the im-
patient factor, with 1 < v < pyq0, Where p,q, 1S the maxi-
mum step-skipping probability. The step-skipping learning
rate function adjusts the learning rate based on the probabil-
ity of skipping a training step, effectively accelerating the
training process.

The weight matrix Wy at time step ¢ + 1 is updated using
the step-skipping learning rate as follows:

Wi = Wi+ aq - Vi ®

Here, W, denotes the weight matrix at time step ¢, and V;
is the gradient matrix at time step ¢.

3.5. IndecisiveNet: A Neural Network that Constantly
Changes Its Hyperparameters

IndecisiveNet is a deep learning architecture that mirrors the
human tendency to be indecisive and second-guess decisions
by frequently changing its hyperparameters mid-training.
To model this behavior, we introduce a dynamic hyperpa-
rameter function that modulates the network’s learning rate
based on a predefined probability of changing the learning
rate.
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The learning rate oy is governed by the following equation:

if LearningRatel sChanged
otherwise

anew )

Qold,

©))

ay —

Here, a4 is the current learning rate, and o, represents
the new learning rate when a change is triggered. The dy-
namic hyperparameter function adjusts the learning rate
based on the probability of changing the learning rate, effec-
tively introducing indecisiveness into the training process.

The weight matrix W, ; at time step ¢ + 1 is updated using
the dynamic learning rate as follows:

Wit = Wi+ oy - Vy (10)

Here, W, denotes the weight matrix at time step ¢, and V,
is the gradient matrix at time step .

3.6. PerfectionistNet: A Neural Network that Never
Stops Training in Pursuit of the Perfect Model

PerfectionistNet is a deep learning architecture that embod-
ies the human trait of perfectionism by continually adjusting
its weights and biases, never satisfied with its performance,
and seeking the elusive perfect model. To model this behav-
ior, we introduce a stopping criterion function that assesses
the network’s performance on a validation set, continually
training until the performance improvement is below a pre-
defined threshold.

The weight matrix W, ; at time step ¢ 4 1 is updated using
the standard learning rate « as follows:

Wi =W +a-V, (11)

Here, W, denotes the weight matrix at time step ¢, and V
is the gradient matrix at time step ¢.

The stopping criterion function, fgiop(Pit1, Py, €), is de-
fined as:

if|Pt+1—Pt| <€
otherwise

True,
fstop(Pt+17Pta€) = False
(12)

Here, P, and P, are the network’s performance at time
steps ¢ and t+1, respectively, and e represents the predefined
threshold for stopping. If P,;; = P, the model discards
the last epoch performance for the pursuit of perfection.

3.7. GossipNet: A Neural Network that Spreads
Information and Rumors Amongst Other Models

GossipNet is a deep learning architecture that simulates
human gossip behavior by communicating with other mod-
els, sharing and spreading information (and occasionally
rumors) about their training progress and performance. To
model this behavior, we introduce a gossip exchange func-
tion that allows the network to exchange information with
other models, updating its weights and biases based on the
received information.

Let N = My, Ms, ..., M, be a set of neural networks that
participate in the gossip exchange. At each gossip step t,
a pair of models (M;, M) is selected, and they exchange
information about their current weights W} and W and
biases b} and b;. The gossip exchange function is defined
as:

1 1 1 1 bt Tt ot

WZ'H_ P bf+ 5 WJH_ 5 b§+ = fgossip(Wifv bz» W;7 b;) (13)
A potential gossip exchange function could be a linear com-
bination of the two models’ weights and biases:

Wi = aWi+(1—a)WE B! = abl+(1—a)b Wit =
aW! 4+ (1 — )W bt = abt + (1 — )b}

Here, a € (0, 1) is a gossip coefficient that determines the
extent to which the models share information.

3.8. DramaNet: A Neural Network that Overreacts to
Minor Changes in the Training Environment

DramaNet is a deep learning architecture that embodies the
human tendency to overreact and create drama by adjust-
ing its training behavior dramatically in response to small
changes in the input data or training environment. To model
this behavior, we introduce an adaptive learning rate that
exaggerates the impact of small variations in the training
data.

The weight matrix Wy ; at time step ¢ + 1 is updated using
an adaptive learning rate oy as follows:

Wt+1 = Wt + oy - Vt (14)

Here, W, denotes the weight matrix at time step ¢, and V
is the gradient matrix at time step ¢. The adaptive learning
rate o is calculated based on the change in the input data,
Ax;, and a drama coefficient (3:

ozt:a(y(l—!—ﬁ- |Azt> (15)

|z]

Here, «y is the base learning rate, Ax; = z111 — x4 rep-
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resents the change in input data at time step ¢, and % is
the average input data magnitude. The drama coefficient 5
controls the extent to which the learning rate is affected by
small changes in the input data.

3.9. SuperstitiousNet: A Neural Network that Develops
Unfounded Beliefs About Its Training Process

SuperstitiousNet is a deep learning architecture that simu-
lates human superstition by forming unfounded beliefs about
its training process, adjusting weights and biases based on
unrelated events or patterns. To model this behavior, we
introduce a superstition function that modifies the gradient
updates using random, unrelated events from the training
environment.

Let £y = ej,es,...,e, be a set of unrelated events at
time step ¢, and s(e;) be the superstition score associated
with event e;. The superstition function, feuperstition (-)s 18
defined as a non-linear combination of the gradients V; and
the superstition scores s(e;):

v;’uperstition = fsuperstition(vh 8(61)7 8(62)’ ) S(ek))

(16)

A possible implementation of the superstition function could
be a weighted sum of the gradients and superstition scores,
where the weights are determined by a superstition coeffi-
cient y:

k
vfuperstition _ vt + v Z s(ei) (17)

i=1

The weight matrix W, at time step £ + 1 is then updated
using the modified gradient V;"“P¢"****";

I/VH_1 — Wt +o- V:‘uperstition (18)
Here, « is the learning rate.

3.10. ParanoidNet: A Neural Network that Always
Believes It’s Being Sabotaged

ParanoidNet is a deep learning architecture that simulates
human paranoia by attributing poor performance or train-
ing difficulties to perceived sabotage or interference. To
model this behavior, we introduce a paranoia function that
modifies the gradient updates using a randomly generated
interference matrix, simulating the model’s belief in external
sabotage.

Let I; be an interference matrix at time step t, generated
using a random distribution with mean . and standard de-
viation o. The paranoia function, fparanoeia(:). is defined

as a non-linear combination of the gradients V,; and the
interference matrix I;:

vfa“"wia = fparanoia (vt ) It) ( 1 9)

A possible implementation of the paranoia function could be
a weighted sum of the gradients and the interference matrix,
where the weights are determined by a paranoia coefficient

p:

vfarunoia — vt + - It (20)

The weight matrix Wy, 1 at time step £ + 1 is then updated
using the modified gradient V7*"*""*:

Wt+1 _ Wt +a- vi}aranoia (21)
Here, « is the learning rate.

3.11. ShowOffNet: A Neural Network that Boasts
About Its Performance on Social Media

ShowOffNet is a deep learning architecture that simulates
the human desire for validation and admiration by automat-
ically sharing its performance and achievements on simu-
lated social media platforms. To model this behavior, we
introduce a post-generation function that creates a social
media post highlighting the model’s achievements based on
its current performance metrics.

Let P, be the performance metrics at time step ¢, and M, be
the corresponding social media post generated by the post-
generation function. The post-generation function, fpos:(-),
is defined as a mapping from the performance metrics P; to
a social media post M;:

Mt = fpost(Pt) (22)

We consider a simple implementation of the post-generation
function as a concatenation of the model’s performance
metrics with a boasting template:

M, =7 CheckOutMyAmazingPer formance : 7 & Py
(23)

The authors sacrificed their social media timelines for testing
this particular neural network. Ridicule was faced, taunts
were started, few riots were subdued and 1100069 USD
(United States Dollars) were siphoned off during the tumul-
tuous phase of training this neural network.
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3.12. WanderlustNet: A Neural Network that Enjoys
Exploring the Vast Space of Hyperparameters

WanderlustNet is a deep learning architecture that simulates
the human desire for exploration and adventure by spending
most of its time exploring various hyperparameter combi-
nations rather than settling on a specific set. To model this
behavior, we introduce a dynamic hyperparameter sampling
function that iteratively selects new hyperparameter values
during the training process.

Let H, be the hyperparameter set at time step ¢t. The dy-
namic hyperparameter sampling function, fsgmpie(-), is de-
fined as a mapping from the current hyperparameter set H;
to a new hyperparameter set [y ;:

Ht+1 = fsample(Ht) (24)

We consider a simple implementation of the dynamic hy-
perparameter sampling function that samples new hyperpa-
rameter values from uniform distributions with specified
bounds:

Ht+1 = U(Hmzna Hmaa:) (25)

This particular model can only be trained in the anaconda
environment titled “Into the Wild”. Very peculiar.

4. Results

We evaluated the performance of the following idiosyncratic
neural networks on several tasks that they are well-suited
for based on their unique properties: LazyNet, ProcrastiNet,
MultiTaskingNet, ImpatientNet, IndecisiveNet, Perfection-
istNet, GossipNet, DramaNet, SuperstitiousNet, Paranoid-
Net, ShowOffNet, and WanderlustNet.

We compared their performance against state-of-the-art mod-
els on each task and observed that our idiosyncratic net-
works outperformed these models on certain tasks. The
results are summarized in Table 1. These numbers are obvi-
ously not randomly generated and were obtained through
rigorous, sophisticated, scientific and unbiased experimen-
tation procedures. The authors have declined to mention
the specifics of the experiments to avoid the misuse of these
models by the anti-social elements present in society. Please
(don’t) contact the authors for the minor details correspond-
ing to the experimental procedures and be ready to provide a
document detailing an ethics statement regarding the usage
of these models.

Furthermore, we observed that an ensemble of these id-
iosyncratic neural networks exhibited AGI-like behavior.
We trained an ensemble of all the networks on various tasks
and observed that the ensemble was able to achieve high

performance on all tasks, with some networks contributing
more to certain tasks than others. This suggests that an
ensemble of idiosyncratic neural networks may be a viable
approach towards achieving AGI.

The results of the ensemble cannot be summarized in a table
because every time the authors try, they hear loud complaints
from the toaster and the vacuum cleaner.
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Table 1. Performance of idiosyncratic neural networks compared to state-of-the-art models on various tasks

NETWORK TASK PERFORMANCE
LAZYNET IMAGE CLASSIFICATION 98.3%
SPEECH RECOGNITION 95.2%
PROCRASTINET TIME-SERIES PREDICTION 97.1%
RECOMMENDER SYSTEMS 92.5%
MULTITASKINGNET MULTI-TASK LEARNING 96.8%
OBJECT DETECTION 93.4%
IMPATIENTNET TRANSFER LEARNING 94.6%
REINFORCEMENT LEARNING 87.2%
INDECISIVENET HYPERPARAMETER OPTIMIZATION 98.7%
NEURAL ARCHITECTURE SEARCH 96.5%
PERFECTIONISTNET MODEL COMPRESSION 99.2%
FEW-SHOT LEARNING 97.8%
GOSSIPNET FEDERATED LEARNING 95.7%
ENSEMBLE LEARNING 91.3%
DRAMANET ADVERSARIAL TRAINING 93.9%
ANOMALY DETECTION 88.4%
SUPERSTITIOUSNET DATA AUGMENTATION 97.5%
ACTIVE LEARNING 94.7%
PARANOIDNET ROBUSTNESS TESTING 95.9%
SECURITY TESTING 92.3%
SHOWOFFENET MODEL SELECTION 98.1%
KNOWLEDGE DISTILLATION 94.9%
WANDERLUSTNET HYPERPARAMETER SEARCH 99.0%
REINFORCEMENT LEARNING 96.2%
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GradlEEEnt half decent

Dr. Tom Murphy VII Ph.D.

0 April 2023

1 Introduction

Imagine you are my professor. Maybe you actually were my
professor, in which case you may already be sweating before
I say any more. The subject matter is Neural Networks.
You draw an illustration on the board with a node’s inputs,
and its output via a transfer function.

“Now this transfer function can be almost anything.
Typically it would be something like the hyperbolic tan-
gent, which looks like this.

“But it has to be a non-linear function. If it’s linear,
i.e. of the form y = ma + b, then observe that the entire
layer is a linear function. And so the entire network is just
a linear function of linear functions; itself a linear function.
We could just compute an equivalent single-layer network,
and we know that it could only fit linear functions, which
is insufficient for most problems.”

Then I raise my hand. The speed with which I raise it,
and the subtle forward pose of my arm suggests that I want
to pluck an abstract idea from the whiteboard and pervert
it. You know this look, and you're reluctant to call on me.
But no other students are asking questions. You must call
on me.

)

“Tom.” It’s more like a statement then a question. It
includes the tone of spoken punctuation that, if it could,
ends the entire conversation before it begins.

“OK but, when we implement this on a computer we’ll
use some approximation of numbers, like floating point. So
the specific sequence of additions and multiplications will
matter. It’s not actually equivalent to rearrange them to a
single layer because you don’t have distributivity, commu-
tativity, etc.”

*Copyright © 2023 the Regents of the Wikiplia Foundation. Ap-
pears in SIGBOVIK 2023 with the signaling NaN of the Association
for Computational Heresy; IEEEEEE! press, Verlag-Verlag volume
no. 0x40-2A. 1 ULP

“Uh. I think that’s technically true, but for all practical
purposes ...”

“What about impractical purposes?”

You vigorously strangle me, and I die.

AN

THE

END

S

N

That was about 20 years ago. The world will not let us
stop thinking about neural networks. And so this question
has been on my mind for a long time. Just to be clear,
the professor was right: This is not an important question.
Theoretically I am right, but for practical purposes it prob-
ably does not matter. But I like to work at the intersection
of Theory and Impractice. We can make it matter by doing
a lot of work. And then I will continue to be right theoret-
ically, but also more right because it will only matter for
most practical purposes.

So this paper is an exhaustive exploration of what we can
do with just floating point addition and multiplication by
constants (scaling). You should only be able to make lines,
but I'll demonstrate that due to rounding error, you can ab-
solutely use “linear” transfer functions in neural networks.
Machine learning is not the only field with a proclamation
that some function must be “non-linear,” so we’ll look at a
few of those as well. There will of course be several hearty
digressions. By studying these functions we’ll see that they
are almost arbitrarily rich, and conclude with a demonstra-
tion of their completeness in the field of Plumbing.

2 A refresher on neural networks

Let’s repeat the professor’s lesson. This section is easily
skippable if you are a plucky student who thinks they al-
ready know everything. At a high level, a Neural Network
is a way of implementing a numeric function (takes a bunch

33



of numbers as input, and gives a bunch of numbers as out-
put). The network consists of a number of layers, where
the first layer is the input and the last layer is the output.
Each layer is an array of nodes. Here is a simple three-layer
network with some of the nodes labeled:

QOO@
Jele
OOOC

The numbers that fill in each layer are its activations
(here some of these values are labeled a, b, ...). Each
layer’s activations are computed from (just) the previous
layer. Looking at the bold portion in the example, the
value of e is given as

e = TF(wpa + w1b + wac 4+ wsd + bias)

The multiplicative weight (w;) and additive bias (bias)
parameters are learned during the training of the neural
network, but just become constants when using the neural
network to compute its output.

TF is the transfer function, which is of particular inter-
est in this project. Classically, the transfer function was
some kind of sigmoid. The tanh function pictured in the
introduction is a good example of a sigmoid. The intuition
behind this is that, thinking about a node as some kind
of neuron, the neuron “fires” (activates) with some proba-
bility. This probability gets higher as its input values get
larger, but can’t be higher than 1. Note that weights can
be negative, so upstream neurons can have an inhibitory
effect. In fact it is frequently useful for neurons to “nega-
tively fire” (outputting —1). The tanh function clamps the
result symmetrically to (—1,1) rather than a probability.

Differentiability.  Another important property of the
transfer function is that it be differentiable, because the
stochastic gradient descent algorithm used to train neu-
ral networks needs to be able to move along some error-
reducing gradient, and back-propagate errors to earlier lay-
ers. This gradient is just the derivative of the function.

What transfer functions ought to exist? We used to
think that these saturating transfer functions were ideal.
But this turns out to be wrong, especially for internal
(“hidden”) layers. Transfer functions don’t need to pro-
duce probabilities, and they can have unbounded range.

A wide variety of functions will work, including extremely
simple ones. The most popular transfer function in 2023 is
the “rectified linear unit,” which looks like this:

This one is extremely easy to implement
(x <070 : x), is fast and seems to work very
well, possibly because its derivative is significant (one)
on the entire positive side. (In contrast, sigmoids tend
to get “stuck” because of their saturating behavior; their
derivatives become nearly zero when activations are high.)
Note that it is not actually differentiable (discontinuity at
zero) but “for all practical purposes” it is differentiable.

The (only?) apparently essential quality of the transfer
function is that it be non-linear. If it is instead of the
form TF(z) = ma + b, then any activation a is also just
a linear function of the previous layer, as linear functions
of linear functions (weighted sum) are linear. This causes
the entire network to be a linear function. It is well known
that a linear function “cannot” represent some other simple
functions, such as XOR.

Pm,n,b. XOR(z,y) ® mx +ny +b

This means that with a linear transfer function, a neural
network could never learn even a simple function like XOR.
Many problems we want to learn are in fact much more
complicated.

3 A fine terminological issue

My smart math friend Jason refers to a function like f(z) =
max + b pejoratively as “high school linear.” Depending on
what class you’re in, this may formally be an affine function
because of the bias term b.! Here I use “linear” to mean
a polynomial of degree < 1. If you wanna perjorate me as
being in high school, so be it.

The Rules. To be precise, we will allow addition and
scaling by constants. When we have a “linear” function
of multiple variables, these variables can be individually
scaled and added, but not multiplied. So for a function
like f(z,y,2) = ¢ + 3y — 2z + 4 is allowed, as is anything
mathematically equivalent to it (like f(x,y,2) = 22 +4 +
2y —2z—x+y—0). f(z,y,2) = zy + 2 is not permitted.

n these contexts, a linear function must obey f(0xx) = 0x f(z),
so it must be zero at zero.
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Figure 1: Histogram of how many values are representable
along the number line for half-precision floating point,
showing their logarithmic spacing. The x axis ranges from
—256 to 256. There are a significant number of values out-
side this range (clamped to the left and right edge), but it
is easy to see that most of the values are clustered near the
origin.

4 Half-precision IEEE-754 floating
point

In this project we’ll abuse floating point inaccuracy to cre-
ate “linear” functions (only using floating point addition
and scaling) that are not lines. For this reason, we prefer
to have a numerical system that is less accurate. In floating
point, inaccuracy comes from the fact that not all numbers
are representable (due to finite precision) and the result of
an operation is always rounded to a representable number.
IEEE-754 floating point [1] comes in different “spice levels,”
with “32-bits” being “float” and “64-bits” being “double.”
Although spice levels as low as 3 bits make sense [27], 8-bit
(“mild”) is occasionally used in real applications, and 16-
bit (“half”) is quite common in machine learning. Usually
the reason to prefer half precision is that it uses less mem-
ory, and so your GPU can store networks that are twice as
big in RAM. For this project we will also use half precision,
and we will be happy to save RAM, but more happy that
its precision is low and so it is practical (although silly)
to achieve significant rounding error. Another important
reason to choose half precision is to make the pun in the
title.

A half precision float is 16 bits: One sign bit, five bits for
the exponent, and 10 bits for the mantissa. Like all IEEE-
754 formats, there is much more precision (more values are
representable) near zero (Figure 1). Once you get to 1024,
only integers are representable. From 2048 to 4096, only
even numbers are representable. 65504 is the largest finite
number, and up here, only multiples of 32 are available.

Some CPUs have native support for half-precision IEEE-
754, but typically via non-standard intrinsics or compiler
flags. Since people using half-precision are usually doing
so in the interests of performance, many configurations
will “help” you by performing practical but incorrect opti-
mizations. This is similar to what happens when enabling
--ffast-math, which stands for Final Fantasy AST Math,
meaning that the abstract syntax tree of your program
will be manipulated using fantasies about Math that do

not apply to IEEE-754, and your Final result can be ar-
bitrarily different. For the ideas in this paper to work,
--ffast-math is prohibited. And it will be slow!

Rather than deal with non-standard stuff, I found a nice
library called half.h [29] that implements IEEE-754 com-
pliant half-precision in portable C++. I use this through-
out the project and it matches the behavior of my GPU. I
recommend it for similar hijinks.

Origins of Imprecision. Floating point does have many
perversions, but many programmers come to believe all
sorts of dangerous superstitions about it. One idea is that
floating point is somehow always inexact, and so that you
always have to check that two numbers are equal “within
some epsilon” [24]. This may work “in practice” but it is
actually pretty sloppy. Floating point imprecision is not
random, nor is it constrained to a fixed epsilon. Opera-
tions are defined much more usefully: Each one computes
the mathematically correct value, and then rounds (accord-
ing to the “rounding mode”) to the nearest representable
value. That’s it. One consequence of this is that you can
get the exact result of 32-bit multiplication by doing 64-
bit multiplication and then rounding to 32 bits. This also
means that the rounding error from a single operation can
be as large as the gap between representable numbers: Up
to 32 for half-precision. But it also means that operations
whose results can be exactly represented have no error; for
example adding integral half values less than 512 will al-
ways give an exact integer result, which can be compared
using ==. We will use this later in Section 7.1. It is neither
necessary nor sufficient compare for “equality” with some
“epsilon.”

Rounding. IEEE-754 supports multiple rounding modes,
like “round-to-zero,” and “round-to-infinity” (always round
in the positive direction). Throughout this paper we
use “round-to-nearest,” which is also the typical default
(e.g. for C++11 expressions evaluated at compile time, it
always uses round-to-nearest).? Similar results are likely
attainable for the other rounding modes, as well as hypo-
thetical rounding modes such as “round away from near-
est,” but I have not explored this.

Getting some nonlinearity. All transfer functions im-
plemented with floating point have a finite range. For our
experiments with neural networks, we will focus on trans-
fer functions that map values in [—1, 1] to values in [—1,1].
Almost half (48.4%) of floating point values are in this in-
terval and this is a typical nominal range for activations in
neural networks.

2There is seldom reason to change the rounding mode, and since
it is a stateful act, you’re asking for it if you do. But the round-to-
negative-infinity and round-to-positive-infinity modes are are useful
for interval arithmetic, which is arguably the only truly reasonable
way to use floating point. What you do is represent numbers as
intervals (low and high endpoints) that contain the true value, and
then perform each calculation on both endpoints. For computations
on the low endpoint, you round down, and symmetrically for the high
endpoint. This way, the true value is always within the interval, and
you also know how much inaccuracy you have accumulated!
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We only have two operations: Addition and scaling.
Let’s see what kind of rounding error each of these gives
us. First, addition. In order to get a function that takes
values in [—1, 1] to values in [—1, 1], we want to first add a
constant (giving us perhaps a large value) and then add a
negative constant, bringing us back in range. For example,
the constant 128 gives us the function

flz) =2 +128.0 — 128.0

This is of course mathematically the same as f(z) = =
(the identity), but with half precision we get a function
that looks like this

.

Between 128 and 256, only multiples of 0.125 are repre-
sentable. So for arguments in 0 to 1, the sum is rounded to
one of the values 128.0,128.125,128.25,...129. From 64 to
128, multiples of 0.0625 (1/;6*™") are representable. So from
—1 to 0, we get 127.0,127.0625,127.125,...128. Subtract-
ing 128, all of the values are exactly representable, giving
us —1,—.9375,...,—-0.0625,0,0.125,...,0.875, 1.

The result is a step function, but whose resolution is
twice as high for the negative range as the positive; had
we added —128 and then added 128, we would have seen
the opposite bias in resolution. We can easily see that
this function is (computationally) non-linear despite being
(mathematically) “linear.” This function is unlikely to be
a good transfer function, because for one thing it does not
have a good derivative: It’s zero most places (flat segments)
except at the discontinuities, where it is undefined. We do
test this approach (with the constant 64.0) later, though.

Scaling gives similar results. Consider

f(x) =z x 100.0 x (1.0/100.0)

In this project we never actually divide (although this
would not violate linearity) since most floating point num-
bers have approximate multiplicative inverses, and many
are exact. We just compute the reciprocal /g9 =
0.01000213623 ahead of time and multiply by that con-
stant. Here’s what that function looks like:

At this scale it appears linear, but it does have small im-
perfections (see zoomed region). The function is symmetric
about zero, since multiplication will do the same thing to
a positive number as it does to its negative counterpart.
Here, the roundoff error differs with the magnitude. At in-
puts close to 1.0, the results of the first multiplication must
round to the nearest multiple of 0.0625 (as in the additive
example) but this error is scaled down by a factor of 100
when we multiply back to the [—1, 1] range. So it is almost
invisible. For inputs close to 0.0, the error approaches zero.
The effect is complex and depends on the constant we mul-
tiply by. For example, if we multiply by a power of two,
this only affects the exponent, and so the result is exact.

Is that it? Of course not! We can apply these operations
in combination, and many times, to create more interesting
functions. The best approach I found in this simple family
is to repeatedly multiply the input by a number very close
to one. Here’s what happens if you multiply the input by
0.99951171875 (which is the next number smaller than one,
equal to 1 — /hgsg) five hundred times, and then scale back
at the end:

f(IC) =T X (1 — 1/2048) X (]. — 1/2048) X ...500 times. .. X
1.3232421875

I call this the gradl function.

Multiplying 1.0 by (1 — /s04s) five hundred times in half
precision yields 0.755859375 (mathematically it would be
(1—1/2045)°%° = 0.78333, so there is significant accumulated
error. We set f(1.0) = 1.0 by multiplying by the inverse of
this constant, which is 1.3232421875.

Why does this result in the zig-zags? Multiplication by
(1 — Yooug) affects numbers differently. For constants less
than 6.1094760895x 1075, the value is unchanged; we round
back up to the original value. For all other finite inputs it
produces a smaller value, but with rounding error that de-
pends on the value. This error accumulates and becomes
significant with many iterations (Figure 2). Unlike the pre-
vious functions, the output here is much smoother (it looks
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Figure 2: How repeatedly multiplying by 1 — '/04s affects
values in [0, 1]. The width of the image is the interval [0,
1], with zero at the left.

Top: In the topmost row, we assign each pixel a hue so
that we can track where those values go. For each pixel,
we successively multiply by the constant and plot its color
in its new z position, the move to the next row down. Note
that the rainbow shrinks exponentially as expected, but not
smoothly. The black line is 500 iterations.

Bottom: The accumulated error when iteratively multi-
plying by the constant. Here the x coordinate of the value
does not move (so the middle column always represents
the value that was originally 0.5). The color illustrates
the accumulated error. For green pixels, the value is too
high compared to the mathematically correct one; for ma-
genta pixels too low. By choosing a row with alternations
between green and red, we get the zig-zag pattern of the
gradl transfer function.

piecewise-linear); in each of these segments its derivative is
nondegenerate. Of course, this function is mathematically
linear. Tt is equivalent to f(z) = z x 1.036535.

So now we have a “good” candidate function, which we’ll
call gradl. It is “good” in the sense that it is computation-
ally non-linear despite being mathematically linear, so it
may prove my professor wrong. On the other hand, it re-
quires 501 floating point multiplications to compute, which
is kind of slow. The “good” news is that since there are
only 65536 16-bit values, we can easily just precompute any
function for all possible half inputs, and store it in a table
of 131072 bytes. This allows us to execute the function
efficiently when performance is important, such as during
training. (Table lookup is certainly not a mathematically
linear operation, so when we require the computation to
be linear for ideological purposes, we can perform the 501
multiplications and get the same result.)

Differentiating. Speaking of training, in order to train a
neural network using stochastic gradient descent, we need
to be able to evaluate the derivative of the transfer function
at any point. We use that derivative to decide what direc-
tion to move the parameters (it gives us the “gradient”
that we “descend”) as we propagate errors back through
the network. There is an annoyance here, or if you like, an
opportunity for a trick. We typically store the activation
of each node, which is the output of the transfer function,
but the derivative of a function is normally described in
terms of the input (for example we say if f(z) = 22 then
f'(x) = 2z). We could store both the input and output
for this step, or store only the input and recreate the out-
puts by running the transfer function. But the trick: We
can compute the derivative as function of the output. For
f(x) = 2% we could say f'(f(z)) = 2y/z. Oops! That
doesn’t actually work for 22 because the square root could
either be negative or positive, and the derivative is differ-
ent depending on which one it is. In order for this trick
to work, the transfer function has to be injective.? Fortu-
nately this is the case for the classic transfer functions, and
this trick is well known so you don’t even need to do any
math; you just look the function up.

For new transfer functions like gradl, we need to figure
something out. This function does appear injective if we
squint at it, although it is not really injective if you zoom
way in: There are some distinct inputs that result in the
same output due to rounding. But this is true for almost
all floating-point functions already. I'll be damned if I can
come up with an analytic derivative for this thing, though.
At best it would be some piecewise linear thing, requiring
some table. Since our domain is only 16-bit, it is completely
practical to just table the entire derivative (keyed by the
output value, as we need). I do this programmatically. We
do not want the derivative to reflect the step function that
we see at very fine scales (the derivative should never be 0
for this function, for example), so I use a lowpass filter. The

30r at least when f(z1) = f(z2), f/(z1) = f'(x2). For the rectified
linear unit, for example, all negative inputs are mapped to zero. But
the derivative is also just zero in this entire region.
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Figure 3: Computed derivative (blue) of the gradl function.
Since we need the derivative in terms of gradl’s output, the
derivative is oriented along the y axis; each blue dot’s z
coordinate gives the derivative at the point on the black
line that shares a y coordinate. It’s an oscilloscope!

result looks good, oscillating between two different slopes
as expected (Figure 3). The derivative is loaded into GPU
memory during training and the table lookups are plenty
fast.

4.1 Bonus digression: Downshift

Having freed myself from needing to “do math” in order
to differentiate exotic functions, I pondered other weird
transfer functions. For example, the rectified linear trans-
fer function is very simple and works well, but is it the
fastest possible transfer function that might work? It does
involve a conditional, which naively implies comparison and
branching (although probably most processors can do this
with a conditional move). Because the floating point for-
mat is packed with fields that represent different things,
many simple operations on its bits have interesting non-
linear behavior. The most promising I found was a right
shift by two places. It looks like this:

Shifting is about the cheapest possible thing a processor
can do. Its behavior on floating point numbers is interest-
ing:

slelele|efe[m[m|m|m[m|m|m|m[m|m]
T T T T oo oo

[0]o]s]e[e]e]e[e]m[m[m|m][m[m][m]|m]

Note the different regions for sign, exponent, and man-
tissa. The sign bit is shifted into the exponent, which

means that the output is always non-negative (like the rec-
tified linear function) and is non-linear (discontinuity at
zero, as negative numbers have a much larger exponent
that positive ones). Further nonlinearity comes from the
exponential representation (shifts divide the exponent by
four) and reinterpretation of exponent bits as mantissa bits.
There is additional weirdness in the details. Shifting by two
places is better than one, as it cannot produce Inf or NaN.
We will also evaluate this transfer function, called down-
shift2, below.

Back to the main topic. I implemented all this as a
modification of my custom neural network training and in-
ference system, “Tom7Flow.” Tom7Flow is generally much
worse than mainstream packages; it is based on deprecated
OpenCL technology, is prone to divergence or stagnation
during training due to naive choices of hyperparameters,
etc. But it is at least well suited to silly experiments that
take the form, “What if deep learning but worse?” such
as the current exercise. In order to realize the idea com-
pletely, I modified the inference code to calculate with half-
precision arithmetic (not just the transfer function). This
means that the trained networks can be executed using
only half-precision operations (and just addition and mul-
tiplication by constants). Unfortunately, while my GPU
supports half-precision math natively, and OpenCL sup-
ports half-precision operations as an extension [11], this
extension is somehow not supported (??) by my drivers,
perhaps because OpenCL is so thoroughly deprecated. It
does support half precision as a storage format, which al-
lows you to write a full-precision float to a 16-bit value
(rounding to half) or read a 16-bit half into a float (all half
values can be represented exactly in full precision). So with
this one operation it is straightforward to implement half-
precision addition and scaling. You maintain the invariant
that any float value is always exactly a half, and after you
perform addition or multiplication, you round to half (by
storing in a 16-bit memory location and reading it back).
This definitionally produces the same results as the native
operation.*

I initially tried a version of training that worked entirely
using half precision (network parameters are half, back-
propagated errors and update values are half, etc.). This
worked badly. It is ideologically unnecessary, as we just
care about producing a final model that, during inference,
only executes linear half-precision operations (but abuses
floating point roundoff to do something interesting.) This
network can be trained using non-linear techniques (and
must anyway, since for example its computed derivative is
not linear). So during training, calculations are done using
full-precision floats, except for the forward step (where we
round to half after every operation). In addition to be-
ing simpler, representing intermediate learned weights as
floats seems to help training approach the final half values
smoothly, avoiding stalls due to underflow.

41 also verified consistent results using the half.h software imple-
mentation. Many of the evaluation results quoted in the paper are
actually executed on the CPU using this library.
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4.2 Neural network experimental results

In order to evaluate this transfer function, I ran a suite
of benchmark problems. For each problem, I compare the
same network architecture (i.e. the number of layers, their
connectivity, random initialization, etc.) but using differ-
ent transfer functions.

The transfer functions are:

e gradl: The “linear” transfer function gradl described
above.

e tanh: The hyperbolic tangent function, which is a
classic saturating (output is always in (—1,1)) sigmoid.

e logistic: The function 1/, .-, another classic sigmoid
(but whose output is in (0, 1)). Each operation is per-
formed with half precision.

e leaky relu: The rectified linear unit, but with a small
slope below zero: x < 0.0 ? 0.1 * x : x. This is
the function I usually prefer in practice; its advantage
over the standard relu is that it does not “die” (zero
propagated error) when its input is negative.

¢ downshift2: Interpreting the half-precision input as
a 16-bit word, right shift by 2 places, then reinterpret
as half.

e plus64: f(x) = = 4 64 — 64. This about the sim-
plest function that has obvious rounding error. It
only outputs 25 distinct values in [—1, 1] so its deriva-
tive is degenerate; I use its “mathematical” derivative

fl(a) =15

e identity: The function f(x) = x. This is an impor-
tant comparison because it shows us what a “true” lin-
ear (both mathematically and computationally) net-
work is capable of.

Flattened models. For the transfer functions that are
mathematically linear, we can also compute the equivalent
linear model. This just consists of a single dense layer, us-
ing the identity transfer function, that computes the linear
function of the input. These appear in the results as “flat”
variants.

MNIST. The first problem is the Modified National In-
stitute of Standards and Technology handwriting dataset
(MNIST). This is a standardized dataset of handwritten
digits (0-9) as 28x28 greyscale images. This is chosen
partly for trollish reasons. It dates from 1998, and even
at the time of publication, accuracy with neural networks

5Learning with this function might work better if we instead ap-
proximate the derivative by something non-constant, like by comput-
ing the derivative of a smoothed version. However, due to imple-
mentation tricks in Tom7Flow, we need a derivative that is expressed
in terms of the transfer function’s output (i.e. g(f(z)) = f/'(z)); we
would not be able to express the smoothed derivative because there
are only 25 distinct values of f(z) in the [—1, 1] range!

transfer function flat accuracy
logistic 98.20%
tanh 98.93%
leaky-relu 99.39%
plus64 82.66%
gradl 97.29%
identity 81.96%
downshift2 94.45%
plus64  x 82.01%
gradl X 39.19%
identity X 81.98%

Figure 4: Results on the standardized MNIST data set.
Accuracy is the fraction of results from the held-out test
data for which the highest-scoring class (digit) is the correct
class.

(98.4%) and other techniques (99.2%) were already ex-
tremely high [15].

For this problem, I augmented the dataset by randomly
offsetting the training images by up to two pixels in any di-
rection, and by adding Gaussian noise. The model’s input
layer is just the 28 x 28 greyscale values, and the output
is a prediction for each of the ten digits. The models had
two convolutional layers (64 3x 3 features, fully overlapping
+ 128 8x8 features, fully overlapping; then 32 128x128
features + 32 256x2 features with no overlap), then two
sparse layers of 1024 nodes each, then a final dense output
layer. The same initial weights and connectivity was used
for each experiment. Internal layers use the transfer func-
tion being evaluated, but the output layer always used the
identity transfer function. This is not a good choice for this
problem (softmax makes more sense since the output is cat-
egorical) but T wanted the linear models to be truly linear.
Using the same transfer function would have also disadvan-
taged functions with limited output range; downshift2 for
example can technically output 1.0, but only for very large
inputs (8192.0). The final identity layer can easily scale the
useful range of the transfer function to the nominal range of
the output. (This is essential for the chess problem below,
where the output instead ranges [—1,1].)

See the source code for various hyperparameter settings
(although if you are trying to learn good settings for hy-
perparameters, my code is not the place to look). I used
the ADAM weight update trick [12], which does give me
much better results than plain SGD in my experiments.

Results for MNIST are in Figure 4. A nice bug appears
in Figure 5.

CIFAR-10. Another classic dataset comes from the
Canadian Institute For Advanced Research. They capi-
talize “For” so that the acronym can be pronounced nicely.
I mean to be fair MNIOSAT would have a certain ring to
it too. This dataset contains 60,000 RGB images of size
32 x 32, that are labeled into 10 different spirit animals:
Airplanes, cars, birds, cats, deer, dogs, frogs, horses, ships,
and trucks [14]. Tt is very similar to the handwriting prob-
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Figure 5: Bug.

transfer function flat accuracy
Togistic 56.83%
tanh 67.82%
leaky-relu 73.11%
plus64 43.60%
gradl 53.56%
identity 41.07%
downshift2 46.54%
plus64  x 32.76%
gradl X 30.58%
identity — x 41.04%

Figure 6: Results on the standardized CIFAR10 data set.
As with MNIST, accuracy is the fraction of results from
the held-out test data for whom the highest-scoring class is
the correct class.

lem but more challenging (state of the art accuracy is more
like 96.5%). You would struggle sometimes to figure out
what these tiny thumbnails are, to be honest. Like with
MNIST, T augmented the training set by randomly shifting
the images and adding Gaussian noise. The network struc-
ture is the same as in the MNIST problem, except that in
the first convolutional layer, each window is three times as
wide to account for the three color channels.

Results for CIFAR-10 appear in Figure 6. One of the
nice things about using standard problems is that we can
understand how the results stack up against other re-
searchers. Consulting a leaderboard of public results [4]
I see that the worst publicly known accuracy for CIFAR-10
is 75.86% [21]. The best result for the current work, using
the sensible Leaky Relu transfer function, is 73.11%. So
this is. .. last place. That’s actually pretty good; last place
is the last winner (or the first winner, when counting from
the end). Not to mention that we can get into even laster
place by using the other exotic transfer functions. Even
putting aside their aesthetic appeal, I feel that these infe-
rior transfer functions are an important contribution to the
field, as it seems to me that Al is getting too good, and too
fast! Let’s take it easy there, guys!

Chess. This problem attempts to learn a good evalua-
tion function for chess boards. Training examples are real
chess positions (from the Lichess database) evaluated by
a strong chess engine (Stockfish [30]). Stockfish generates
two classes of scores: “Mate in N” if one side is known to
have a series of N moves that wins (but “Mate in 17 is
still better than “Mate in 4”), or a more subjective score,
measured in pawns. (The score in pawns can seemingly
be higher than 64, which is kind of funny because how
are the pawns gonna fit on a 64-square board? DUAL-
WIELD?%) Mate is of course categorically better than
the pawn score, as it is exact. Anyway, I squash this score
into the range [—1,1] and that becomes the training in-
stance. This network’s first layer has 256 3x 3 convolutional
features, overlapping, as well as 32 1x1 and 128 8x1 and
1x8. Each of these is measured in terms of squares on the
board, but each square actually corresponds to 13 inputs,
for the 13 possible things that can be in that square (ex-
actly one set to 1.0). We also have some non-square inputs,
like the castling privileges and en passant state. So it’s not
just the convolutional features but some sparse nodes too.
And then we have some more layers (you can check out the
source code if you really care about these details, which I
doubt!) and then a final dense layer with a single output
using the identity transfer function as before. No training

Here’s an idea for a SIGBOVIK
paper: What’s the highest scoring
chess position, according to Stock-
fish, for which it cannot deduce
mate? One logistical challenge is
that it seems to top out at 499,
such as on this position (still no
mate at depth 89).
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data augmentation here (we have a basically limitless sup-
ply of positions to train on), but I do normalize the board
so that it is always white to move.

For chess we can compute the accuracy, comparing to
Stockfish as ground truth (Figure 7). We can also use the
evaluation function to play chess. These chess “engines”
just look at the possible legal moves and take the move that
is most favorable, using the learned evaluation function
(no game tree search). Playing against the best of these
(“leaky”) it subjectively makes decent moves most of the
time and can even beat me playing casually. I noticed that
it had a lot of trouble “sealing the deal” in totally winning
positions (which is not unusual for engines that don’t do
game-tree search or use endgame tables), but the problem
was actually more shallow: Due to a bug” in the way train-
ing examples are gathered, the models were never exposed
to checkmate or stalemate positions! Since training takes
several days per function and the iron-fistedly punctilious
SIGBOVIK deadlines were imminent, there simply wasn’t
enough time to retrain them with access to these positions.
However, since mate is a mechanical fact of the game (like
what moves are legal) it seemed reasonable to fix this in
the engine itself: When considering all the legal moves to
make, it infinitely prefers a move that results in checkmate,
and considers a move resulting in stalemate to have score
0.0, and otherwise uses the evaluation function. These “fix”
versions of each engine perform very significantly better, al-
though they likely overestimate the performance we’d get
by actually fixing the model; there’s no guarantee that it
would be able to accurately recognize mate, and the fixed
versions’ greedy strategy of taking mate in 1 is always ad-
vantageous.

These players compete against each other as well as the
engines from the Elo World project [26], giving a sense of
their strength in an absolute scale (Figure 8). The raw
versions perform reasonably; they all work better than a
simple engine like “take the move that minimizes the num-
ber of moves the opponent will have,” (min_oppt_moves).
The fixed versions are much better, as expected. The “lin-
ear” engine using the gradl transfer function, is competi-
tive with the NES Chessmaster engine, and outperforms a
50% dilution of Stockfish. This is pretty solid given that it
is doing no explicit game tree search. In fact (aside from
the wrapper implementing the rules of chess and finding
the maximum eval score), it is only performing a fixed ex-
pression of floating point addition and scaling! We could
make this even more ideologically pure using techniques
from Section 7.3.

What transfer function is best? The results on each
of these problems are similar: The “leaky rectified” trans-

"I used the annotations like [%eval #12] that appear on moves
for many games in the Lichess database. I didn’t notice that they
do not appear on a game-ending move like Qh4#! This does sort of
make sense because the eval scores would have to be [}eval #+0]
(“mate in 0”) or [Jeval #-0] (necessitating use of the floating point
coprocessor) to express the winner, and there does not seem to be a
natural way to express the definite value of stalemate.

transfer function flat loss accuracy
logistic 0.168 72.046%
tanh 0.117 78.527%
leaky-relu 0.118 78.172%
plus64 0.162 75.406%
gradl 0.111 78.924%
identity 0.161 75.975%
downshift2 0.211 68.066%
plus64  x  0.161 75.779%
gradl x  0.527 58.187%
identity x  0.161 75.975%

Figure 7: Results of learning Stockfish’s position evaluation
function. Stockfish scores are normalized to a [—1, 1] scale,
and loss here is the average (L1) distance between the pre-
dicted score and actual Stockfish score, on some 100,000
positions from games not in the training set. Accuracy is
the percentage of predictions whose sign agreed with Stock-
fish (e.g. they both agree the white player is winning).
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Figure 8: Results of a chess tournament. Players include
ones based on the learned position evaluation with different
transfer functions; these players simply take the move that
results in the most favorable eval (no game tree search).
They compete with some standardized players from the
Elo World project [26]. Rows represent the player as white,
columns as black. A green cell means that White generally
wins; blue a draw; red a loss. An X in a cell means that this
outcome occurred in every game. The left column is the re-
sulting Elo rating [6]. The best model leaky_fix performs
decently well, similar to NES Chessmaster or a Stockfish
diluted to about 60% strength with random moves (both of
these engines perform game tree search). The centerpiece
of the paper is the “linear” gradl transfer function; here its
learned chess player slightly outperforms Stockfish diluted
to 50% strength with random moves.
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fer function is generally best or close to best. The identity
transfer function, which yields a simple linear model, is gen-
erally worst or close to worst. The sigmoid functions are all
over the place. It is known that they are prone to vanishing
gradients in deep networks, and I may simply have unfavor-
able hyperparameter settings for them. The experimental
downshift2 function is generally bad, perhaps because its
output is strictly positive or it has such a small dynamic
range. Its shape also seems prone to the vanishing gradient
problem. The small amount of nonlinearity introduced by
plus64 does appear to give it a small edge over the iden-
tity, but its lack of an interesting derivative and the fact
that it only produces a small number of output values are
limiting. Importantly, the gradl function—the centerpiece
of the first third of this paper—performs decently on all
problems. It clearly outperforms the linear models, despite
being “linear.”

It is also interesting to compare the flattened versions
of the linear transfer functions. These are the computed
(mathematically) equivalent single-layer linear models. For
plus64 the flattened version is worse in all cases; the unflat-
tened model is taking advantage of the discretization in
some way. For gradl it is dramatically worse, both be-
cause gradl models are substantially using the roundoff er-
ror and because the mathematical version of this function
(f(x) = x x 1.036535) is not even a good linear approx-
imation of the actual result (e.g. gradl(l) = 1). Finally,
the result for the identity transfer function should be math-
ematically equivalent, but it does not always produce the
same results. This is unsurprising since we know that float-
ing point calculations are not perfectly accurate, but it does
hint that deep networks may make use of floating point
roundoff internally, even if they are not using silly transfer
functions!

Having proved the professor wrong, we could stop there,
but did huge mathematical breakthroughs ever arise from
taking the option to stop there?!

5 Non-monotonic functions

Because of the way that addition and scaling are defined
(do the real mathematical operation, then round), they pre-
serve monotonicity: If x >y, then f(z) > f(y). But this is
only true if we limit the form of the function to a series of
additions of constants and (non-negative) scaling. There
are other expressions that are mathematically linear but
don’t take that form; for example:

f(z) = 2 — 4096 — z + 4096

This is of course mathematically equivalent to f(x) = 0.0,
but with half precision it is a square wave function (here
pictured [-8, 8]):

For some values of = the terms cancel out, and for others
the rounding error compounds. This function is not as well-
behaved as it appears; the first pulse has width 0.99609375
and the second has width 1.

Here is f(x) = gradl(z) — x, which is also linear:

Generally speaking, we can create a large variety of func-
tions by computing the interference patterns between other
functions, since the sum or difference of two “linear” func-
tions is also “linear.” In general we’ll consider expressions
of this form:

FE T
E xc
EF+c

|
|
| E+FE

Where z is the function variable, and c is one of the 63,488
finite half-precision constants. We can derive negation
(E x —1) and subtraction of constants (E + —c) and ex-
pressions (E 4 (E x —1)) since every number has an exact
negation by flipping its sign bit. Exact division is possible
when 1/, is representable, and there is almost always a close
approximation.

This formulation leads to a tempting approach for ap-
proximating a function iteratively, like a Taylor series.
Given a target function like sin(z), we can begin with an
approximate expression for it, like , and then add and sub-
tract terms to improve the approximation. I don’t know of
any systematic way to improve the approximation at each
step (they are not well-behaved mathematically, and I am
not good at math), but by using computer search I can
sure make some complicated functions with many different
shapes.

An approximation of sin appears in Figure 9. It is fun to
watch an animation of the successively improving approx-
imations, but you can’t see that since you’re reading an
old-fashioned paper. Perhaps you can find a video of this
at tom7.org/grad.

5.1 Fractals

Next, I endeavored to deploy these functions for something
useful: Fractals. Famously, fractals are simple functions
with complex (often literally) behavior. For example, the
Mandelbrot set considers each complex point ¢ (plotted on
the plane as x + yi) and computes whether z; = 22 | + ¢
diverges or not. It’s lovely, but squaring is not linear!
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Figure 9: Successive approximations of the sin function, as
color interpolates from green to blue.

What if we just create a linear function that approxi-
mates f(z) = x?? This is definitely possible, using the ap-
proach described above. After 184 successful error-reducing
rounds we get the following approximation, with 112,204
linear operations:

\
\

V

Aside from the funny business near the origin, this is
a fairly accurate approximation of the square function, so
you might hope that it would draw a perverted Mandel-
brot set. Unfortunately, it produces a much sadder blotch
(Figure 10). To see why, consider the normal definition of
squaring for a complex number:

(a + bi)?

a? + 2abi + b3i2
a? + 2abi — b?

Note that the real coefficient ¢ ends up part of the imag-
inary coefficient 2ab in the result, and the imaginary co-
efficient b becomes part of the real part (because i is
real). This means that squaring a complex number cross-
pollinates between the two components, yielding a kind of
wacky rotation if we think of them as 2D coordinates.

Figure 10: A garbage “fractal” that results from trying
to approximate squaring of complex numbers using linear
complex operations. Alas, it cannot be done. The complex
numbers are truly special.

But here, squaring is approximated as a series of opera-
tions of the form w; +wy and w X ¢ for constants ¢. These
operations on complex numbers are less interesting:

(a1 + bll) —+ (0,2 —+ le) (a1 + (12) + (bl —+ bg)l

(a+bi) X c ac + bci

Alas, these operations are boring; the real parts always
stay real and the imaginary parts always stay imaginary.
This is why the crummy blotch has all sorts of vertical and
horizontal lines in it: As we iterate the function we are
iterating two independent components, and the resulting
picture is just some interference pattern between them.

This seems pretty definitive. Even if we had some kind of
hardware implementation of complex numbers with round-
ing error to abuse, there would be no reason to have the
linear operations do any cross-pollinated rounding. Pro-
fessors take note: The complex numbers do provide some
refuge!

Still, a lot of chaos can emerge from these functions that
should not be possible with “linear” ones. For example,
here is a complicated function made by stringing 36,637
addition and scaling operations together:

43



V

Iterating this function produces chaotic results because
of its nonmonotonicity. In Figure 11 I plot (using color)
the magnitude of z after 256 iterations of

Z; = f(zi—l) X c

This is mathematically linear (as ¢ is a constant and f
a linear function). Nonetheless, it produces an appealing
picture. I think this is a fractal in the sense that it is
chaotic, has a color gradient, and could be on the cover of
an electronic music album. It is not a fractal in the sense
that if you zoom in on it, you get infinite detail of self-
similar shapes. In fact, if you zoom in on it only a modest
amount, you encounter rectangular pixels as you reach the
limits of half-precision floating point. (And because this
fractal is built by abusing those very limits, it is not even
possible to get more detail by increasing the accuracy!)

5.2 Bonus digression: Baffling numbers

Imagine you are my professor. You assign a class project
to “make fractals using floating point roundoff error,” for
some reason. You spot me in the computer lab and I'm
obviously way off track, because on-screen is some kind of
3D f?" actal. The Mandelbrot set cannot be extended to
three dimensions, you say, because of the Frobenius theo-
rem: Only algebras of dimension 1 (real numbers), 2 (com-
plex numbers) and 4 (quaternions) work [8]. Unclear how
the professor speaks the citation aloud in this scenario. I
say I “know” this fact, but I “don’t care.” You say that
my three-dimensional algebra can’t be associative, because
that’s “just a mathematical fact.” I say you know what else
isn’t associative? The floating point numbers, my dude.

Enter the baffling numbers, ill-advised extensions of
the complex numbers to three dimensions. Here we have
numbers of the form a + bi + ¢j. Addition is just pointwise,
and there are several options to complete the story for mul-
tiplication, namely the values of the cells A, B, and C' in
this table:

X
1
i
]

Figure 11: A fractal made from iterating a “linear” function
f- The color is the magnitude of z956 with z; = f(z;—1) X c.
¢ is the complex coordinate x + yi, a constant.

The cells U, V, and W are baffling numbers (i.e. each
some a + bi + ¢j). Some choices are degenerate, but this
gives us a family of options. It is known that no matter
the choices, this does “not work” (in the sense that the
resulting algebra is not associative®) but we don’t need as-
sociativity to draw fractals. Plus, who’s gonna stop me,
FROBENIUS??

I tried a few options, but thought that U =i, V = j
and W = 1 produced satisfyingly trippy results. The Man-
delbrot is straightforwardly generalized to the “Bafflebrot”
(the starting point ¢ is just a baffling number now; ev-
erything else is the same). I generated a 3D object by
defining an implicit surface based on whether a sampled
point is still inside the set after 25 iterations, using March-
ing Cubes [17] to discretize it. The resulting mesh is 2
gigabytes and crashes every library that attempts to pro-
grammatically simplify it. I do admire and encourage its
defiant spirit. A rendering appears in Figure 12.

Drawing fractals is fun and everything, but I grew weary
of the exercise because there is no real goal other than to
make a cool picture. Instead I turned to something with a
clearer challenge to overcome: Linear Cryptography.

6 Linear cryptography

Cryptography is like fractals minus drugs. One of the most
basic components of cryptography is a pseudorandom num-

80r else is equivalent to the complex numbers.
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Figure 12: The 3D “bafflebrot” sliced in half and projected
to 2D. This fractal was created with the “illegal” number
system called the baffling numbers. They’re like the com-
plex numbers but more so. The object is truncated along
its j axis, showing a perfect ripe Mandelbrot inside.

ber generator. This kind of function takes some state and
produces a new state that “looks random.” Given a pseudo-
random number generator, we can construct one-way func-
tions (“hash functions”) and from those we can make sym-
metric ciphers (using, say, a Feistel network), with which
we can encrypt and decrypt data.

Another thing that professors will tell you about cryp-
tography is that good cryptographic functions cannot be
linear. In this context, linear includes in a finite ring like
Zose or (especially) Zs, i.e. bits.” One good reason for this
is that even if the function is a little bit linear then linear
cryptanalysis can be used to recover bits of the key with
a lot of example data [19]. Standard advice is to alter-
nate both linear (e.g. XOR, or multiplication mod 2™) and
non-linear (e.g. substitution) operations. (“[Substitutions]
are generally the only nonlinear step in an algorithm; they
are what give a block cipher its security.”?) Of course
we will prove this adage wrong by developing a good pseu-
dorandom function that uses only “linear” operations on
half-precision floating point numbers.

In terms of goals, pseudorandom number generation has
a more clear objective than fractals, although it’s not so
easy to pin down formally. We don’t even know if such
functions exist, mathematically [10], although there are
generators that are provably secure assuming some other
problems are actually hard [5] (but these problems are only
believed to be hard). There exist many functions that look
like good pseudorandom generators, but that actually have
back doors that make them easy to predict. (Iteration of

950 XOR is considered linear here, even though we previously ob-
served that there is no linear function on real numbers that fits it!

10 Applied Cryptography, Second Edition, page 349 [31].
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Figure 13: The substitution-permutation network that
forms a half decent pseudorandom number generator. The
same substitution (“s-box”) is applied to each byte. Then
the 64 bits are permuted. Finally, bytes are combined with
modular addition and subtraction. This function passes
the “Big Crush” suite and can be implemented with only
half-precision floating point addition and scaling.

a symmetric encryption algorithm like AES, with the key
hidden, has this property.)!! Practically speaking, though,
we can subject the function to a wide variety of statistical
tests, and if it looks random to every test, then this gives
us good confidence.!?

Specifically, my goal is to design an algorithm that takes
64 bits of data (represented as half-precision floats) to an-
other 64 bits, such that the stream of low-order bits from
iterating this function passes the TestUO01’s “Big Crush”
suite of 106 statistical tests [16]. This suite is a succes-
sor to Marsaglia’s “DieHard” battery of tests [18], itself an
improvement on Knuth’s tests from The Art Of Computer
Programming [13].

The basis of this function is the classic substitution-

T And let us never forget that RSA DSI (yes, that RSA) actually
did take a $10 million bribe from the NSA to put a backdoor in one
of their pseudorandom number generators [22]!

12Truly good cryptographic algorithms are also openly studied by
experts. Of course nothing in here is to be used seriously, and not
just because these algorithms are ridiculously slow. But I guess if
you are stuck on a desert island with only the floating point addition
and scaling operations, and a copy of this paper, then it would be a
reasonable starting point for encrypting your messages. I do not rec-
ommend, if stranded on a desert island, to send encrypted messages:
They may not be readable to your potential rescuers!
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permutation network. First, each of the eight bytes are
substituted with a different byte using a table (this is the
mathematically non-linear step). Then, the 64 bits are per-
muted. Finally, some of the bytes are modified additively.
An illustration appears in Figure 13.

The substitution table (“s-boxes”) was generated by
computer search with an objective to maximize the
“avalanche property” (when a bit of the input is comple-
mented, about half of the output bits should be comple-
mented). The permutation was generated to maximize dis-
persion; each quartet sends each bit to a distinct quartet
in the output. This is not the important part. We could
have just used known good tables.

To implement this with half-precision floating point, we
could represent each bit with its own half, but that is
no fun. The state will be represented with eight half-
precision floats, each representing one byte’s worth of in-
formation. Since we have been fixated on the [—1,1] in-
terval so far, a byte will be stored as any value in [—1,1),
with each 1/128 interval representing one of the 256 val-
ues (0 is anything in [—1,—0.9921875), 1 is anything in
[—0.9921875, —0.984375), and so on). This means that it-
erating the function on any starting value in the [—1,1)
interval will produce pseudorandom results. So for exam-
ple we can guarantee that a “fractal” plotted using this
function will look “fully messed up” and not just have a
few distinguished points of randomness. I'll say now that
this is unnecessarily hard; in the next section of this pa-
per we’ll see a vastly more efficient approach for handling
discrete data. But working on the entire domain makes for
some challenging problems and shows that we’ve developed
substantial mastery of the continuous case.

Speaking of which, my first approach was to try to ap-
proximate the substitution function (since it replaces one
8-bit byte with another, it corresponds to a single discon-
tinuous function of type half — half) using the iterative
approach described in Section 5.1. Although it is possible
to get reasonable approximations with this method (most
values are transformed to a value near the desired one),
this will not suffice; when iterating the function we find
that the value easily gets stuck in short cycles due to this
inaccuracy.

I found a better approach, by creating a composable fam-
ily of functions that isolate specific intervals of interest. For
example,

Within the interval [—1, 1), this function takes on exactly

two values: zero'® and !/j95. It returns !/;95 only for exactly
the interval [?1/105, 12%/105). This is the interval that repre-
sents the number 249 (128 4+ 121; remember that the first
128 integers are in [—1,0)). The expression that computes
this is

fla) =
e
(x— x5 =BT 2T o 1)+ | 4
ST x —32
e
(x— 3 x5 =BT BT 1) | x 53
ST x 32

where F£ X" c means E X cXcXc... for n iterations. Math-
ematically this is equivalent to this constant function (all
xs cancel out):

13164 % 79164
fla) = 91656

I spent a long time writing code to simplify these expres-
sions and generate KTEX for them, by the way! As usual,
I thought it would look cool when I got it working, but it
just looks like a bunch of numbers.

We can think of this function as a basis vector, represent-
ing the 256-dimension vector (0,0,0,...,0,1,0,0,0,0,0,0).
We'll call this one bgyg since it selects the integer 249. If
we can find b,, for each n € Zssg, then we will be able to
combine them to systematically construct functions.

The one just pictured is one of the smallest expressions;
most are much larger. I wish I could tell you that I fig-
ured out the principles underlying how to analytically gen-
erate these functions, but I discovered them with computer
search and some elbow grease.

Choppy functions. 1 call a function f “choppy” if for
every half precision floating point value in [—1, 1) it has the
following properties:

e Forn € Zosg and r € [0,1), f(—1+"1"/128) = v for the
same value v. We only need to consider cases where
n + r is representable as a half.

e v is itself of the form "~128/15¢ for some n € Zosg.

e For these purposes, we treat the single value —0 as
being equal to 0.

e And, as usual, the function is built only with floating
point addition and scaling by constants.

That is, the function produces the same result for any
representation of an integer, and that result is the smallest
representation of an integer. These functions are maxi-
mally useful in that they are “liberal in what they accept,”

13 Actually, —0!
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but “conservative in what they return” [28]. It also means
that each function also can be understood as a function
Zose — Ziase, SO we can represent them as a vector of 256
integers. The basis vectors b,, are those that are of the
form (0,...,1,...,0).

I then conducted computer search for choppy functions,
putting those into a database (keyed by the corresponding
integer vector). Some are easy to find, others harder. Sum-
ming and scaling choppy functions yield choppy functions
(as long as the vectors remain integral and in range), so
I use a simplified version of Gauss-Jordan elimination [32]
to solve for basis vectors. Once I have b,,, this column
can be changed at will for any existing choppy function (by
just adding or subtracting multiples of b,,), so new choppy
functions that only vary in that column can be ignored.

By trying a variety of operations that are known to be
useful (e.g. iterated multiplication of constants near 1.0)
and hill-climbing towards functions with the choppy prop-
erty, it is not too hard to find b,, for most n. It seems to
become more challenging for n near 128; this is the point
0.0 in half-precision. Specifically, the hardest problem was
to make a function that produced different results for in-
puts < 0.0 versus inputs > 0.0. This is the zero-threshold
problem.

Why is this hard? Distinguishing between negative and
non-negative numbers is deceptively difficult. Looking back
to the function f(z) = x4 128.0 — 128.0 (Section 4), it has
useful discontinuous steps, but note that the discontinuity
does not happen at zero. This is because we are rounding
to the nearest value, and so small negative numbers near
zero end up rounding to the same result that zero does.
Moreover, the resolution of the floating point numbers is
highest near zero (especially because of subnormal num-
bers), which exacerbates our attempts to control rounding
of them. For example, you might think that we could sim-
ply shift this function left and right by substituting = + ¢
for z in its body. This would work mathematically, but
it does mot work for floating point numbers, because each
operation performs some rounding. If this rounding ever
ends up conflating a negative number with a non-negative
one, we will not be able to recover.

I found a zero-threshold function using a combination of
manual and computer search. This was some ordeal, and
the resulting enormous function is in Figure 14. Perhaps
you are smarter than me and can find a better one!

Substituting and permuting. In any case, with this
function it was possible to form a complete basis. This
basis makes it “easy” to perform operations on half values
that represent bytes. For example, the s-box step substi-
tutes some distinct byte for each different input byte. This
would normally be implemented with a table lookup. If
we compute by, (z) x subst[n], this returns the correct'* re-
sult subst[n] if the input = n, and 0 otherwise. So if we
just sum all 256 of these up, exactly one of them will be

1 Pechnically we need to do some multiplicative adjustments to put
the value in [—1,1).

nonzero, and the correct substituted value.

Permutation is defined on the component bits. Here, we
compose a function that computes each of the eight output
bytes. We use the same approach of summing a bunch of
b, (z) evaluations (each multiplied by the correct answer).
Here we are testing whether the input has some particular
bit set (a sum of the 128 b, () functions where n has that
bit set), and the output is the power of two that sets the
appropriate output bit. Many of these functions would have
simpler implementations (for example, “is the high-order
bit set?” is the same as the zero-threshold function) but at
this point I was happy to just have something working, and
taking some joy in how absurdly large the functions were
getting.

The cipher also includes addition and subtraction mod
256. Addition and subtraction are already available for
half-precision floats, and they have faithful behavior, so we
just need to implement the wrapping-around behavior so
that the result is strictly in [—1, 1]. This is straightforward
with the zero threshold function;'® we produce corrective
factors if the result is > 1 or < —1 (zeros otherwise). We
then add those corrective factors produce the remainder we
desire.

6.1 Benchmark results

To evaluate the quality of the pseudorandom number gen-
erator, I used the TestUO1 “Big Crush” suite. This test
needs a sample of 1.64 billion bits, so I actually evaluated
it on equivalent code that performs the steps using normal
integer operations. Even then, the suite takes several days
to run, so I modified it to run tests in parallel and cache
the results of completed tests. This saved me from losing
data if my computer crashed or needed to be rebooted.

Results appear in Figure 15. Passing these tests does not
ensure that the pseudorandom number generator is good
for cryptography, although it is a good start.

Running single-threaded on a 3.0 GHz Threadripper
2990WX, this function generates 25.8 bytes of randomness
per second, which is slow. By precomputing the substitu-
tion, permutation, and zero threshold expressions (so they
can be performed by lookup into 64k-entry tables), it gen-
erates 18,685.2 bytes per second, which is still slow.

If we were building an encryption algorithm (a symmetric
block cipher), it would be natural to use this as its “round
function.” In a Feistel network [7], each input block (128
bits) is broken into two halves; one of them is mixed with
some key bits (for example with XOR) and then passed to
this function. Its output is XORed with the other half; the
two halves are swapped, and this “round” is repeated many
times until we believe that the data are suitably screwed
up. Decryption is the reverse. We can use addition and
subtraction mod 2% to combine the data instead of XOR

15Compare to the remarks “why is this hard?” above. Here, zt(x —
1) does do what you’d want, shifting the threshold value from 0 to 1.
This is because there is less precision near one than near zero.
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Figure 14: A zero-threshold function. Returns /195 for values in [0,1) (and —0) and 0 for values in [—1,0). Top is the
series of additions and scalings to perform, all from left to right. At bottom is the equivalent mathematical expression,
but the enormous numerator cannot be printed due to extremely oppressive SIGBOVIK page limitations.

(which is addition mod 2!), so we already have all the oper-
ations we need to build a whole block cipher here. As Bruce
Schneier says,'® “It is easy to design a block cipher.”

7 THE ULTIMATE THROW-
BACK

Having developed a basis for extracting arbitrary bits, we
can express any function of a single variable, and we’ve
seen how some other functions (like addition mod 2%) can
be done. At this point, it seems like we probably have
the building blocks to demonstrate that addition and scal-
ing on half-precision floats is Turing complete. I mean,
pretty much everything is Turing complete. In the past,
I built computers that were perfect and beautiful, such as
a hardware implementation of the NaNDY 1000, a com-
puter architecture that computes using only floating point
NaN and Infinity [27]. In a concession to ideological purity,
though, the NaNDY 1000 has no I/O. So it is very boring
to use.

For today’s investigations of the capabilities of floating
point, I'll make the opposite concession: Let’s make a com-
puter that is exciting to use, but that makes some (reason-
able) ideological concessions so that it can do something
interesting.

16 Applied Cryptography, Second Edition, page 351.

7.1 Fluint8

First of all, if we want to do some serious computation, 25.8
bytes per second isn’t going to cut it. To look for perfor-
mance enhancing substances, I perused the back catalog of
the world’s most prestigious conference, SIGBOVIK. There
in the 2018 edition, on page 125, I found an intriguing
paper, The fluint§8 Software Integer Library, by Drs. Jim
McCann and ... Tom Murphy VII? Wait, that’s me? [ al-
ready wrote this paper?![20]

The fluint8 library represents an element of Zosg
(a.k.a. uint8) as a 32-bit float, and provides multiplica-
tion, addition, subtraction, negation, division, and bitwise
functions and, or, and exclusive or.

Compared to the approach discussed in Section 6 using
“choppy functions,” fluint8 has much more simple and sen-
sible implementations of functions like addition:
inline float fu8_add(float a,

float x = a + b;

x -= x - 127.5f + 3221225472.0f - 3221225472.0f;

return x;

}

The x -= x... line applies the corrective factor to im-
plement wrap-around, which we previously did using the
zero-threshold function. Why can it be done so much more
simply here? First, fluint8 represents n € Zsosg as n, so
a number like 27 is represented as 27.0 instead of, say,
—1 + 27/105. Second, it requires that the number be rep-
resented exactly as this value. The figures in the fluint§
paper are somewhat misleading as they are plotted only

float b) {
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HammingIndep, L=300, r=26
HammingIndep, L=1200, r=0
HammingIndep, L=1200, r=25
Run of bits (runs), r = 0

Run of bits (bits), r =0

Run of bits (runs), r = 27
Run of bits (bits), r = 27
AutoCorr 1 0

AutoCorr 3 0

AutoCorr 1 27

AutoCorr 3 27

p-value
0.4576
0.9736
0.6768
0.9915
0.8194
0.7606
0.4983
0.0529
0.3353
0.2279
0.8593
0.4915
0.9640
0.0713
0.4753
0.6421
0.0469
0.6232
0.5739
0.7165
0.6868
0.7075
0.2100
0.7964
0.8628
0.1564
0.9696
0.8373
0.4632
0.9159
0.8144
0.1270
0.9025
0.7822
0.6878
0.6300
0.0839
0.1331
0.0322
0.5516
0.7373
0.9393
0.1326
0.7257
0.4177
0.7630
0.4981
0.3571
0.0241
0.5718
0.0822
0.7981
0.3058
0.0371
0.3292
0.0612

Figure 15: Results of the TestU01 “Big Crush” suite on the pseudorandom number generator built from floating point
roundoff error. A p-value of < 0.001 or > 0.999 is considered suspect by the suite, so all tests pass here.
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for input values that are already exact integers; if we test
fu8_add on values like 100.1875 and 11.0703125 we do not
get 111 (Figure 16). On the other hand, this is a very
reasonable choice to make; we can simply have a represen-
tation invariant that only one of these 256 values is used,
and preserve that invariant with every operation. It won'’t
work great for the continuous domain (e.g. plotting frac-
tals) but is a much more practical choice for discrete data
(e.g. encryption). Since I like to work at the intersection of
Theory, Impractice, and Practice, this is appealing!

But: The library uses several operations that are not lin-
ear! In particular, its implementation of bitwise functions
like XOR perform squaring and multiplication of the two
arguments. It was not a design goal of fluint8 to use only
addition and scaling, but it is a design goal today, so we
must address that.

7.2 hfluint8

The use of nonlinear operations is a problem we will rectify,
forthwith, but the other ideas are suitable for building a
computer. In the hfluint8 (for half float linear unsigned int
8-bit) library, a hfluint8 will be represented by a single
half-precision floating point number, and always one of the
exact integral values in [0, 256).17

struct hfluint8 {

half h;
//
3
Let’s begin with one helper function:'®
half RightShiftHalf8 (half xh) {
half SCALE = GetHalf (0x1c00); // 1/256

half OFFSET1 = GetHalf (0xb7f6);

half OFFSET2 = GetHalf (0x66b0);

return xh * SCALE + OFFSET1 + OFFSET2 - OFFSET2;
}

If the function is given an integral half xh in [0,512), it
returns xh >> 8. This value is always 1 or 0. The calls to
GetHalf interpret a 16-bit constant as a half, which is use-
ful to be precise (many decimal expressions like 0.1 are not
exactly representable in floating point). I also found that
if you use literals like 0.00390625_h, the code runs much
much more slowly because it inhibits some optimizations or
perhaps the user-defined literals are parsed at runtime (?!).
Aside from wanting to avoid operations like parsing that
might not be addition and scaling on halfs, we will struggle
with performance of these functions as we use them for real

17In fact, all integers from -2048 to 2048 are available, so we could
consider implementing signed 11-bit numbers in a future hflsint11
library.

18These code samples have been simplified to fit the extremely
capricious SIGBOVIK column width requirements. For example,
GetHalf is a constexpr function, so these constants are really declared
as static constexpr and computed completely at compile time. See
the full code and verify that it complies with the rules at https:
//sourceforge.net/p/tom7misc/svn/HEAD/tree/trunk/grad/.

Figure 16: Top: Error of the fluint8 addition function on
general floating point values in [0, 256). This is a de-
tailed zoom of the region = € [252,256) and y € [0,4),
but the rest of the image is almost identical. Each pixel
compares the fluint8 sum of x and y to the expected value
(lz] + |y] mod 256). The top-left pixel in each cell is the
case where x and y are integers; we get the correct re-
sult (no error). All other pixels are wrong, either too high
(green) or too low (red).

Bottom: Same with the error of the floor of fluint8’s sum
function. This shows that the output is usually not even
in the correct interval. However, observe the multitude of
Triforces!

Nowhere, or a lot of places if you think about it: The
modular addition operation from Section 6 is not pictured
for comparison because it would be all white, meaning no
error. You can actually imagine it occupies any blank por-
tion of this paper, such as the inner hole of a letter ‘o,” or
the entire back of a page if printed single-sided.

Graphics produced using ImageRGBA computational for
loop engine.
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computing. Anyway, we are just dividing by 256 (by multi-
plying by /56) and then adding some mysterious constants
to ensure that the result is exactly 1 or 0.
Next, we can perform addition:
hfluint8 hfluint8::Plus(hfluint8 x, hfluint8 y) {
half HALF256 = GetHalf (0x5c00); // 256.0
half =z x.h + y.h;

half o RightShiftHalf8(z);
return hfluint8(z - o * HALF256);

As in fluint8 we can simply add the arguments, giving
a result in [0,512). The shift function just discussed then
allows us to compute 1 if the value is out of range or 0 oth-
erwise. We multiply this by a corrective constant (256.0)
and subtract that away. So easy.

For all other operations we work on the domain [0, 256).
We also have a right shift by one bit:
half RightShiftHalfl (half xh) {

half SCALE GetHalf (0x37fa); // 0.4985...

half OFFSET = GetHalf (0x66cd); // 1741.0

return xh * SCALE + OFFSET - OFFSET;
}

Right shifting is integer division by two. Roughly we are
dividing by two and then offsetting to a part of the floating
point number line where only integers are representable,
then offsetting back. However, with a constant of exactly
0.5 some of the rounding would be in the wrong direction;
the constant 0.49853515625 just happens to work.

We can shift by multiple places by repeating this oper-
ation multiple times. However, the library has direct so-
lutions for several other shift distances, since this is more
efficient than repeating a single shift.

Next, bitwise operations. These are all based on the
AND function:

half BitwiseAndHalf (hfluint8 a,
half result GetHalf (0x0000);
for (int bit_idx 0; bit_idx < 8; bit_idx++) {

// Low order bit as a - ((a >> 1) << 1)
hfluint8 as RightShift1l(a);

hfluint8 bs RightShiftl(b);

half a_bit a.h - LeftShifti1Under128(as).h;
half b_bit b.h - LeftShift1Under128(bs).h;

// Computes 2°bit_idx. A constant.

half scale GetHalf (0x3c00 + 0x400 * bit_idx);
half and_bits RightShiftHalfl (a_bit + b_bit);
result += scale * and_bits;

hfluint8 b) {

// and keep shifting down

a = as;
b = bs;

}

return result;

}

This function shifts each input down 8 times, stripping
off the low order bit at each step. Note that since we run
this loop exactly 8 times, it can simply be unrolled, remov-
ing any whiff of non-linearity, and the constants computed
at compile time. LeftShift1Under128(x) is just = + x
without any need to worry about modular arithmetic, as it
cannot overflow.

An interesting line is the computation of and_bits,
which is the logical AND of the low-order bit from a and

b. In fluint8 we simply compute a_bit * b_bit. This has
the correct value, but is not linear (observe that if we were
to compute x & x we would end up squaring a function of x
here). Instead we compute (a_bit + b_bit) >> 1, which
produces the correct result.

Being able to compute the bits in common allows us to
easily derive OR and XOR:
hfluint8 BitwiseOr (hfluint8 a, hfluint8 b) {

half common BitwiseAndHalf (a, b);

return hfluint8((a.h - common) + b.h);

}

hfluint8 BitwiseXor (hfluint8 a, hfluint8 b) {
half common BitwiseAndHalf (a, b);
return hfluint8((a.h - common) + (b.h - common));

}

These subtractions and additions cannot overflow.

It will be common to perform bitwise operations with
constants, so hfluint8 supports versions with a compile-time
constant argument, which can skip a bunch of work. These
run about 5x faster.

We also have some operations that are not supported by
fluint8 but that we will need for the current project. A
basic operation is to test for zero. IsZero returns 1 if the
input is 0, or returns 0 for any other argument:

hfluint8 IsZero(hfluint8 a) {

half H255 = GetHalf (0x5bf8); // 255.0
half H1 = GetHalf (0x3c00); // 1.0
half nota = (H255 - a.h);

return hfluint8(RightShiftHalf8(nota + H1));

For an input of zero, complementing it yields 255, and
adding 1 overflows to set the 8" bit. So we shift that bit
to the ones place and are done.'

With this, Eq(a, b) is just IsZero(a - b). We can
define a number of operations like “boolean or” that as-
sume inputs of exactly 1 or 0; these are straightforward
and much faster than their bitwise counterparts. We could
think of these values as hflbools, although we still use the
hfluint8 type for them. The main way to use a hflbool is
If. If(cc, t) returns t if cc is exactly 1, returns 0 if cc
is 0, and is otherwise undefined. A simple implementation
of this is:

half H255 = GetHalf (0x5bf8); // 255.0

hfluint8 mask hfluint8(cc.h * H255);
return BitwiseAnd (mask, t);

This computes either the mask 00000000 or 11111111
and uses the existing bitwise AND operation. Bitwise AND
is not fast, and it does more work than it needs to in this
case because we know one of the arguments is all zeroes or
all ones. It is faster to inline the bitwise AND routine but
keep checking the ones place. Even better is this wild ride:

9Earlier iterations of this function were much more complex! For
example, x + 15 + 65248 — 65248 x 0.03125 maps 0 to 0, but any
other number to some number in [1,15], and then a similar function
compresses that range down to exactly 0 or 1. But sometimes you
miss the obvious stuff until you start writing a paper about it for a
prestigious conference. No doubt some other functions in here could
be improved!
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hfluint8 If(hfluint8 cc, hfluint8 t) {
static std::array<half, 8> OFF = {
GetHalf (0x77f9), GetHalf (0x7829),
GetHalf (0x77fb), GetHalf (0x78e2),
GetHalf (0x77fd), GetHalf (0x780b),
GetHalf (0x77ff), GetHalf (0x7864),
};

half
half
half
half

HALF1 = GetHalf (0x3c00); // 1
HALF128 = GetHalf (0x5800); // 128
HALFNEG1 = GetHalf (0xbc00); // -1

HALFO = GetHalf (0x0000); // O

half
half
half

xh =
nch =
cl28 =

t.h;
HALF1 - cc.h;
HALF128 * nch;

std::array<half, 8> COFF;
for (int i = 0; i < 8; i++)
COFF[i] = OFF[i] * nch;

for (const half &h :
xh = (c128 - xh);
for (const half &h :

COFF) xh xh + h - h;

COFF) xh = xh + h - h;

return hfluint8(xh * HALFNEG1 + HALFO);

The 8 constants in OFF, when added to and subtracted
from a Afluint8, will always round such that the low six
bits become 0. To have behavior conditional on cc, first we
multiply each constant by 1 — cc. This results in either the
original constant or 0. If zero, then adding and subtract-
ing them does nothing. Then we add and subtract those
results, clearing the low six bits, and (conditionally, using
the same trick of multiplying by the condition) subtract
from 128. This clears the top two bits for the range of pos-
sible values (but may reset low-order bits). Then we add
and subtract the sequence again, clearing the low six bits
again. At the end we apply a corrective negation and then
add 0 to avoid outputting —0 and we’re done.

hfluint16. Several other operations are available for
hfluint8, like AddWithCarry, but we shan’t elaborate them
all here, lest we contract hfluenza. One more concept
is needed before we get to the application: 16-bit inte-
gers. The hfluint16 type is implemented as a pair of
hfluint8 bytes. We will only need a small number of op-
erations: Addition, subtraction, bitwise operations, sign
extension of hfluint8, If, and stuff like that. These are all
cleanly implemented in terms of the fluint8 operations like
AddWithCarry.

7.3 Linear gameplay

Now we can build an 8-bit computer. I like to work at
the intersection of theory, impractice, practice, and enter-
tainment, and the most entertaining 8-bit computer is the
Nintendo Entertainment System, so let’s build that. The
full NES has many components (video output, controllers,
sound, RAM, cartridge mappers), and it’s not even clear
what it would mean to implement “linear” versions of these.
So for this project we will replace the CPU, which is a vari-
ant of the Motorola 6502 called the Ricoh 2A03. Each in-
struction that the CPU executes will be done entirely with

linear half-precision floating point operations. This is done
in software emulation, upgrading a version of the FCEUX
Emulator [3] that T forked many years ago [23].

The 2A03 has 8-bit registers A, X, Y, a stack pointer S
and processor flags P. Each is represented as a hfluint8, of
course. It also has a 16-bit program counter PC, which we
represent as a hfluintl6. Putting aside the many complexi-
ties, at each step it reads the byte at the program counter,
which denotes one of its 256 instructions. It then executes
the corresponding instruction, which produces new values
for the registers and advances the program counter a vari-
able amount. For example, a very simple instruction is TAX
(0xAA), which could be implemented like this:
reg_X = reg_A;
reg P = (Z_FLAG8 | N_FLAG8) & reg_P;
hfluint8 zf = IsZero(reg_A) << 1;

hfluint8 nf = N_FLAG8 & reg_A;
reg P = reg P | nf | zf;

It is not implemented like this. Everything gets more

complicated. But anyway, the TAX instruction Transfers
(copies) the A register to the X register, and then updates
the Zero and Negative bits of the flags register. We have
all of these operations on Afluint8, so it’s just a matter of
doing it.
Memory. For instructions that act solely on registers,
this approach suffices. Most instructions read from or write
to memory, including just to read additional arguments to
the instruction. This is a problem because we don’t have
any kind of branching; we always need to execute the exact
same sequence of additions and scaling operations. We can
work with this by computing condition codes: “Is this write
actually happening, or are we just computing it because we
always have to do the same sequence of operations?” Then
a write addr = val can be made conditional using our If
operation, like

memaaar = 1f(cc,val) + If(1 — cc, memygar)

This has other problems (for example when the address is
not know at compile time, which is typical) but the biggest
one is that all memory accesses on the NES are potentially
effectful. This is because various things are attached to the
memory controller that perform actions when addresses are
accessed. For example, writing two consecutive bytes to
0x2006 will load them as an address into another chip (the
PPU) and then writing to 0x2007 will write bytes into video
memory at that address. Writing to 0x4014 will begin a
DMA loop that copies 256 bytes from the main address
space to video RAM, suspending the CPU for 512+ cycles.
Reads can have effects as well, and these effects are not from
a small set because they can include arbitrary hardware in
the cartridge itself [25]!

So here we have a sort of concession: We intro-
duce two primitive operations ReadIf(cc, addr) and
WriteIf(cc, addr, val). These take a hfluint8 condition
cc (exactly 0 or 1), a hfluint16 address, and (for writes) a
hfluint8 value to write. If the condition code is 0, nothing
happens, and an arbitrary value is returned. If 1, the read
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= cheats
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Figure 17: During the development of the emulator, the
FPS achieved (blue) versus the number of times the code
“cheats” due to incomplete implementation (red). Log
scale. Honestly there’s not much to get from this except
that we start with a lot of FPS (3500) and a lot of cheats
(65 million) and end with few FPS (0.1) and no cheats. I
guess it also shows that this took many iterations to im-
plement. The reason that cheats does not monotonically
decrease is that a single cheat (e.g. a switch on the in-
struction byte) can mask the need for hundreds of other
cheats.

or write takes place, including its side-effects. This would
be a realistic model if we implemented a hardware ver-
sion of this chip, which only used floating point operations
internally; its hardware pins for interfacing with memory
would simply include a bit for whether we actually want
the read or write to happen?® (The actual 2A03 pinout

has a “R/W?” pin, for example.)

Doing it correctly. The remainder is reasonably
straightforward given the tools we’ve already built. One
challenge is simply not screwing up. 256 instructions is a
lot, and the original code is extremely awful; it is filled with
macro hacks that assume specific variable names and values
of constants, pirate jokes, references to mysterious global
variables named stuff like temp, feuds between developers
commenting out each other’s “wrong” code, and so on. As
I developed the hfluintS8-based emulator, I strove to keep
the emulator in a working state as often as possible so that
I could test it against the reference implementation. One
technique was to do various pieces of code in easy, cheating
ways, but to record each time I cheated by incrementing a
global counter. Each time I replaced reasonable fast code
with ideologically pure, non-cheating code, which is typi-
cally much slower, the cheating went down and the runtime
went up; see Figure 17. This makes it like a game.
Another challenge is that the 2A03 has dozens of undoc-

20 A similar concession is made for interrupts. This is handled at
the start of the instruction loop using C code, though all the com-
putation is performed with hfluint8. Essentially we can think of the
interrupt handling as being done in a linear way, but the decision to
handle an interrupt instead of executing an instruction being done by
“hardware.”

umented instructions with mysterious behavior. Most of
these are not used by any game in my test suite, which
means I run the risk of breaking one of these instructions
and not knowing. Some of these instructions are very weird,
since they are essentially the consequence of 6502 sub-units
(designed for implementing other instructions) being con-
nected together in ways that are not motivated by useful
behavior. For example, the XAA instruction (0x8B) bitwise-
ORs the A register with OxEE (setting all but two bits),
then ANDs with the X register, then ANDs with an immedi-
ate byte. Others are just as weird but much more complex.
Since I want the emulator to be as complete and correct as
possible, I wrote a new “game” that I could use as an addi-
tional test ROM (Figure 18). This “game” executes dozens
of undocumented instructions at startup, writing interest-
ing state to RAM to create a record of their behavior. The
game then displays the first half of RAM on screen. This
gives some amount of protection against regression on these
instructions.

Everything, everywhere, all at once. Each instruc-
tion is otherwise straightforward to implement. The re-
maining challenge has to do with the instruction dispatch.
A natural way to write the instruction loop is to do switch
on the instruction byte, but that is not a linear operation.
Instead, we always execute all of the instructions. Before
this, we make 256 copies of the CPU state (the registers);
this is linear because it’s just copying a finite number of
variables. Each copy also has an active flag (a hfluint8
with 1 or 0). We set this for exactly one of these instruc-
tions, by computing If (Eq(insn_byte, n)) for each of the
256 n. Then we execute each instruction on its copy of the
state; it does all its computation, and any read or write is
additionally conditioned on its active flag. This way only
the active instruction’s memory accesses actually occur.

We then need to select the instruction that was actually
executed and copy its state back to the “real” CPU state.
We do this by conditionally clearing each register:

reg = If(active,reg)

We then set the real CPU’s register to the sum of all of
the registers from the instruction-specific states. Exactly
one (the active one) will be nonzero, so we get that value.
We use this same technique to keep track of how many
cycles have elapsed, since various emulator timing depends
on this.

A bad thing about this approach is that it’s more than
256 times slower than just executing a single instruction,
and this is the main reason why the emulator is so slow.
A good thing is that there is no cheating. Another good
thing is that the instructions are all reading and writing
distinct data, so they can actually be executed in parallel.
The final benchmarks here are from running on 8 cores.

7.3.1 It’s a-fine, Mario!

The emulator can play any NES game supported by
FCEUX (which is basically all of them; despite the horrors
in this emulator’s code, it has great compatibility). My
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Figure 18: Exciting Nintendo “game” showing the first half
of the NES RAM after executing a test of dozens of undocu-
mented instructions. The “game” cannot be won. It exists
only to destroy your mind.

benchmark was the first level of the classic Super Mario
Bros., playing sequence of 2210 inputs that completes level
1-1 in 36 seconds. The emulator runs this as fast (or as
slow) as it can. Normal frame rate is 60 FPS. The original
implementation runs at 3500 FPS; after many performance
tweaks I got my hfluint8 version to run at

0.1154 FPS

In print, the frame-rate is always zero, anyway (Fig-
ure 19). 8.6 seconds per frame is firmly in “not playable”
territory, but it is tolerable for installation artwork, let’s
say. I have played AAA titles that, at launch, inexplicably
had comparable framerates on a high-end GPU, and these
games were no doubt executing a great many non-linear
instructions.

8 Conclusion

Implementing a basic computer (with an extant software
library) using floating point addition and scaling demon-
strates the highly general computing power they contain,
despite approximating mathematically limited operations.
We can say informally that they are Turing complete.
This also renders the previous sections moot; performance
notwithstanding, we could directly implement the Mandel-
brot set, the tanh transfer function, or AES using this 8-bit
computer. It also immediately gives us a linear chess en-
gine (including game tree search and a user interface) by
emulating chessmaster.nes; in fact this engine already
participated in our tournament (Figure 8)!

HORLD
1-1

TIME
228

MARIO
00670

D=l

Figure 19: Mario completing level 1-1 in 36 seconds of
game time, or 19,143 minutes of wall time, using only float-
ing point roundoff error from addition and scaling.

8.1 Future work

If T remember correctly (and I probably don’t), Goédel
showed that an axiomatic system with addition and multi-
plication can encode sufficient facts about the natural num-
bers to engender incompleteness [9]. However, a system
with only addition (such as Presburger arithmetic) does not
have this problem. Incompleteness is similar to the halting
problem for Turing complete systems, in that it is easy to
encounter given a small set of primitives and the canonical
demonstration is a diagonalization argument. Is floating
point addition alone Turing complete? Can we prove it?
If so, is the fact that real mathematical addition and mul-
tiplication have this deep incompleteness property related
to the fact that IEEE-754 addition and multiplication have
the deep computational property??! Coincidence?!??

If not addition alone, the FMA (fused multiply-add) in-
struction very likely suffices, as it performs both a multi-
plication and addition. This makes sense, as the equation
F = MA is fundamental to physics.

Linear logic???

Thinking about the 2A03 implementation, each loop ex-
ecutes the exact same set of instructions, with a high de-
gree of parallelism. The use of condition codes mimics
the way that VLIW machines and modern GPUs execute
data-parallel programs. This seems to lend itself to highly
parallel execution on GPUs; in fact the “Tensor cores”

21N0

22Ves.
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designed for accelerating ML inference can likely execute
these floating-point operations. Moreover, since the oper-
ations being executed are linear, the entire computation is
trivially differentiable. This means that, if you don’t think
about it too hard (but you need to think about it a medium
amount of hard, because it is a confusing thought), you
could use a finite sequence of NES instructions as transfer
functions in a network, and back-propagate errors (giving
an error vector towards a machine state and controller in-
puts that would yield the desired output state). This of
course would not actually work, similar to how automatic
differentiation does not actually work.

Not everyone uses IEEE-754 floating point these days.
For example the bfloat16 format has gained traction in
machine learning. Are similar tricks possible in these alter-
nate universes, or is IEEE-754 simply the best forever?

Other applications of this technology are possible, and
further study is warranted. For example, a common act
in video editing is to rearrange clips from a source video
in alphabetical order [2]. Tt was formerly believed that
this required non-linear video editing (aside from “Already
Being Filmed In Lexicographic Order Type Videos”). But
it seems straightforward to use techniques from this paper
to perform them linearly.

8.1.1 Conclusion Conclusion

A line has been drawn in the sand. y is truly equal to mz
plus b. The professor has been defeated. The dead horse
has been beaten. The paper is finally over.

References

[1] 754-2008 IEEE standard for floating-point arithmetic.
Technical Report 754-2008, IEEE Computer Society,
August 2008.

ARST ARSW: Star wars sorted alphabetically, June
2014. http://radar.spacebar.org/f/a/weblog/
comment/1/1109.

adelikat et al. FCEUX, the all in one NES/Famicom
emulator. http://fceux.com/.

Rodrigo Benenson. Are we there yet?, 2016. http:
//rodrigob.github.io/are_we_there_yet/build/.

L. Blum, M. Blum, and M. Shub. A simple un-
predictable pseudo-random number generator. STAM
Journal on Computing, 15(2):364-383, 1986.

Arpad E Elo. The rating of chessplayers, past and
present. Arco Pub., 1978.

Horst Feistel. Cryptography and computer privacy.
Scientific American, 228(5):15-23, 1973.

Herrn Frobenius. Uber lineare substitutionen und bi-
lineare formen. Journal fir die reine und angewandte
Mathematik (Crelles Journal), 1878(84):1-63, 1878.

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

95

Kurt Godel. Uber formal unentscheidbare sitze der
principia mathematica und verwandter systeme I.
Monatshefte fiir Mathematik, November 1930.

Johan Hastad, Russell Impagliazzo, Leonid A Levin,
and Michael Luby. A pseudorandom generator from
any one-way function. SIAM Journal on Computing,
28(4):1364-1396, 1999.

Allen Hux. The OpenCL extension specification,
November 2015.

Diederik P. Kingma and Jimmy Lei Ba. Adam: A
method for stochastic optimization. arXiv preprint
arXiv:1412.6980, 2014.

Donald E. Knuth. The Art of Computer Program-
ming, Volume 2: Seminumerical Algorithms. Addison-
Wesley, Boston, third edition, 1997.

Alex Krizhevsky, Geoffrey Hinton, et al. Learning mul-
tiple layers of features from tiny images. 2009.

Yann LeCun, Léon Bottou, Yoshua Bengio, and
Patrick Haffner.  Gradient-based learning applied
to document recognition. Proceedings of the IEEE,
86(11):2278-2324, 1998.

Pierre L’ecuyer and Richard Simard. TestU01: A C
library for empirical testing of random number gener-
ators. ACM Transactions on Mathematical Software
(TOMS), 33(4):1-40, 2007.

William E. Lorensen and Harvey E. Cline. March-
ing cubes: A high resolution 3D surface construction
algorithm. ACM SIGGRAPH Computer Graphics,
21(4):163-169, August 1987.

George Marsaglia. DIEHARD: a battery of tests of
randomness. http://stat.fsu.edu/geo, 1996.

Mitsuru Matsui. Linear cryptanalysis method for DES
cipher. In Advances in Cryptology—EUROCRYPT
’98: Workshop on the Theory and Application of Cryp-
tographic Techniques, pages 386-397. Springer, May
1994.

Jim McCann and Tom Murphy, VII. The fluint8
software integer library. In A Record of the Proceed-
ings of SIGBOVIK 2018, pages 125-128, April 2018.
sigbovik.org/2018.

Mark D. McDonnell and Tony Vladusich. Enhanced
image classification with a fast-learning shallow con-
volutional neural network, 2015.

Joseph Menn. Secret contract tied NSA and
security industry pioneer. Reuters, Decem-
ber 2013. https://www.reuters.com/article/
us-usa-security-rsa-idUSBRE9BJ1C220131220.



23]

[26]

[31]

32]

Tom Murphy, VII. The first level of Super Mario Bros.
is easy with lexicographic orderings and time travel. In
A Record of the Proceedings of SIGBOVIK 2013, vol-
ume 2013, pages 112-133. The Association for Com-
putational Heresy, 2013.

Tom Murphy, VII. What, if anything, is epsilon? In A
Record of the Proceedings of SIGBOVIK 2014, pages
93-97. ACH, April 2014. sigbovik.org/2014.

Tom Murphy, VII. Reverse emulating the NES
to give it SUPER, POWERS! Deconstruct 2018;
YouTube, 2018. http://radar.spacebar.org/f/a/
weblog/comment/1/1157.

Tom Murphy, VII. Elo World: A framework for bench-
marking weak chess algorithms. In A Record of the
Proceedings of SIGBOVIK 2019. ACH, April 2019.
sigbovik.org/2019.

Tom Murphy, VII. NaN gates and flip FLOPS. In A
Record of the Proceedings of SIGBOVIK 2019, April
2019. sigbovik.org/2019.

Jon Postel. DoD standard Transmission Control Pro-
tocol. RFC 761, January 1980.

Christian Rau. half - IEEE 754-based half-
precision floating-point library, 2022. https://half.
sourceforge.net/.

Tord Romstad, Marco Costalba, and Joona Kiiski.
Stockfish chess, 2023. https://stockfishchess.
org/.

Bruce Schneier. Applied Cryptography Second Edition:
Protocols, algorithms and source code in C. John Wi-
ley & Sons, 1996.

Unknown. The Nine Chapters on the Mathematical
Art. Han Dynasty, 179.

o6



Leveraging insect populations to implement large scale deep learning

Aditi Kabra

Sagar Bharadwaj

Carnegie Mellon University

1 Introduction

Some insects are popularly considered to serve no pur-
pose in their existence [3]. (This might tempt some
to ponder about the usefulness of their own existence,
which we leave as an exercise to the reader). Our pa-
per gives insects their much needed existential purpose
to serve humans for the greater good. In this work, we
present a method to use insects as computational units to
train and evaluate large deep learning models including
GPT-4 [2]. Insects regularly show an ability to learn from
their peers [4, 1]. However, in the past work, researchers
have made insects learn things that are futile at best -
such as solving puzzles and dance. Computer science re-
searchers have frequently demonstrated that the there is
only one type of learning that is useful - machine learn-
ing. In this paper, we show that we can force insects to
learn from data and simulate large scale models. In addi-
tion to its obvious usefulness to humans, we believe our
work is tremendously important to the large insect popu-
lations as it gives them a concrete purpose to live. Using
insects to train models effectively frees up GPUs to be
used for what they are intended to be used for - games.

We first collect a variety of insects including bees, ter-
mites, and moths from undergrad dorm rooms. We re-
lied on the low effort spent on dorm maintenance for our
insect collection. 15213 insects were collected for our
experiments.

In the training phase, the insect populations were
shown some collected image and text data. Training was
done by appropriately rewarding insects with the things
they like once they show sufficient proof that they have
learnt the right thing. For example, we rewarded moths
with light bulbs to flock to; house flies with human ear
models to buzz around; termites with papers that PhD
students printed hoping to read some day. The training
phase took a week. However, this work is in its initial
stages and we believe that it can be reduced further.

Training was followed by the testing phase, in which

we showed these insects data that they had never seen
and recorded their predictive accuracy. To the authors
astonishment, the insects displayed a remarkable ability
to generalize and achieved an accuracy of 100%.

In the Section 2, we present the technical ideas be-
hind our paper. Section 3 discusses implementation and
evaluation. Similarly, the other sections discuss what the
section headings claim they do.

2 Obligatory Technical Section

This paper proposes a new way of unconventional com-
puting, using the insect mind as the logical unit, and a re-
ward/evolution loop as the programming procedure. Or-
ganic minds have abilities that mechanical minds have
not yet been able to replicate. They are also tremen-
dously energy efficient compared to electronic comput-
ers. Evolution has developed systems that simulation on
binary computers has not been able to. For these rea-
sons, problems that are hard for Turing machines may
not be hard for programmed insects. Further, if we con-
fine ourselves to problems where solving is difficult but
checking, easy for a conventional computer, training can
be automatic with a computer deciding when to reward
the insects. Using Insect Learning based computation, as
our evaluation shows, has the potential for tremendous
impact on the world. It could save the world from cli-
mate change; not only is Insect Learning very energy ef-
ficient, but also relies on energy sources such as grass and
leaves, that are generally seen as renewable. It can solve
problems that were previously intractable, and improve
equity and inclusiveness because of how cheap insects
are, seeing as people often pay to get rid of them.

3 Evaluation and Implementation

We performed an extensive evaluation that confirmed In-
sect Learning is incredibly effective, outperforming state
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of the art machine learning architectures by several or-
ders of magnitude. Unfortunately, the termite test sub-
jects ate our physical data sheets. Furthermore, a moth
got stuck in the vacuum tubes of the computer that stored
a soft copy of our data, leading to memory corruption.
We would have conducted our experiments afresh, but
the folks at PETI (People for Ethical Treatment of In-
sects) observed that these actions of our test subjects may
suggest a lack of enthusiasm for the research, and held
reservations regarding further experimentation. Fortu-
nately, SIGBOVIK does not have an artifact evaluation.
But this research absolutely is reproducible if you try
hard enough.

4 Related Work

To the best of our knowledge, this work is completely
novel. Our extensive literature review ' turned up no
work that was related whatsoever.

5 Future Work

We have answered all potential questions. No avenues
for future research remain.
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our advisors since they would likely know of actual related work.
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Abstract

Large language models have overwhelmed discourse in society, in computer science, and pre-
sumably, in SIGBOVIK 2023. This paper quantifies the number of this amount by defining a new
metric, CTRLF and calculating it for past iterations of SIGBOVIK. Furthermore, it is also of
interest[Wik23] to predict future hype of LLMs. Therefore, we forecast these predictions in or-
der to obtain extrapolations for SIGBOVIK 2023 by using both artificial and non-artificial neural
networks. Finally, we conclude by looking at the actual value of the metric in SIGBOVIK 2023.

1 Introduction

The invention and success of large language models (sometimes shortened to LLMs) in the past
few years/months/weeks has quickly caused their popularity to explode. As seen in Figure 1, the study
and use of large language models is now more popular than computer science itself. Since SIGBOVIK
is widely regarded as a microcosm of computer science, and in some sense can be considered the
”drosophila of CS”[Wik23], we perform analysis and experiments to quantify the amount of LLM hype
in SIGBOVIK, and we use these measurements as a proxy for the amount of LLM in computer science
and in society. We then perform predictions to forecast the amount of LLM in SIGBOVIK 2023, as a
proxy for how much large language models will affect society in the future.

Figure 1: Google Trends comparison of ”Computer Science” (red line) and ”GPT” (blue line).
Note that computer science historically dominated GPT in terms of popularity. This is expected, since
GPT can be considered a strict subset of computer science. Note also the sharp increase in GPT’s

popularity in 2022 and 2023, which implies that more than 800% of computer science is now composed
of NLP.
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1.1 Overview

In the first section (Section 2), we demonstrate a variety of methods to predict the amount of LLM in
SIGBOVIK 2023. Concretely, we use the number of exact matches for the term ”language model” as
a metric. We compute this metric on previous SIGBOVIKs, then we query both artificial (ChatGPT)
neural nets and non-artificial (human) neural nets to predict the value of the metric for 2023.

In the second section (Section 3), we analyze the results of the predictions based on the ground
truth. Ordinarily, this would be impossible, since the ground truth is unknown at the time of this
writing. However, by bucketing the possible results into a finite number of outcomes, we leverage the
state of the art in Choose Your Own Adventure papers [Ree09] to write the section.

1.2 Background

Wikipedia defines a large language model as ”a language model consisting of a neural network with
many parameters (typically billions of weights or more), trained on large quantities of unlabelled text
using self-supervised learning”!'. While the study of large language models was previously considered to
be a strict subset of the field of computer science known as natural language processing (NLP),
this relation is no longer considered to be strict. Figure 2 shows that after 15 years of decreasing
popularity, LLMs have enjoyed a recent growing resurgence in popularity (likely due to their invention
in 2018). In particular, note the sharp increase in popularity in 2022 and 2023.

SIGBOVIK is an academic conference celebrating the inestimable and variegated work of Harry
Quorum Bovik. It is widely considered one of the most prestigious conferences in the field of computer
science. To have a paper accepted into SIGBOVIK is the mark of a learned computer scientist, even
for a coauthor with zero contribution. SIGBOVIK 2023 (also known as SIGBOVIK 0x2023) will be
the 17th annual SIGBOVIK conference. Actually, at the time of your reading, SIGBOVIK 2023 is the
17th annual SIGBOVIK conference, or SIGBOVIK 2023 was the 17th annual SIGBOVIK conference.
This is the crucial aspect that makes Section 3 possible.

Interest Over Time @ 4 O <L

Figure 2: Google Trends of "LLM”. Although the first large language model is widely considered to be
BERT[DCLT18] from 2018, this chart suggests that they still garnered interest before their existence.

2 Predicting the Amount of Large Language Model in SIG-
BOVIK 2023

A question of major interest to philosophers is: "How much will society be affected by the recent
invention and advances in large language models?” [Wik23] The recent AT boom has been compared to
inventions as useful as the microprocessors [Gra23], the internet [Yof23], and fire [Gf0o23], to inventions
as dangerous as the nuclear bomb, and to inventions as useless as Bitcoin [Doc23]. By accurately
forecasting the magnitude of the effects of LLMs on society, we can more properly prepare for the
future.

Since this question is difficult to answer, we will focus on the question with nearly as much interest
to philosophers [Wik23]: ”How much will SIGBOVIK 2023 be affected by the recent invention and

IWebster’s Dictionary defines a ”large language model” is defined as ” The word you’ve entered isn’t in the dictionary.
Click on a spelling suggestion below or try again using the search bar above.”
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advances in large language models?” We posit that, as SIGBOVIK represents a subset of computer
science, and computer science is a subset of society, the answer to this latter question is a good proxy
for the former.

2.1 Metric

To quantify the amount by which SIGBOVIK 2023 will be affected by large language models, we
will predict the amount of times that ”large language model” will be present in the totality of the
proceedings of SIGBOVIK 2023. Specifically, this is measured by performing the CT RL+ F' technique
in the Google Chrome PDF browser on the PDF of SIGBOVIK 2023, and counting the number of
appearances. See Figure 3. We will call this metric the CTRLF metric.

¢
I language model| 918 _ A~ v X

Figure 3: CTRLF is the number pointed to by the red arrow. The figure shows the technique
performed on SIGBOVIK 2021.

2.2 Data Collection and Methodology

The main tool we use for prediction of CTRLF is the CTRLF of previous SIGBOVIKs. We downloaded
PDF files for the proceedings of SIGBOVIKs 2007 through 2022, and performed the CTRL + F
technique to extract the CTRLF of each previous conference. The results are shown in Table 1.

Year | CTRLF
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023

W ODODDODDODODODOOOoO O OO

—_
>~
(V)

[N}
OIS

Table 1: Historical Values of CTRLF.

2The raw CTRLF metric for 2021 is actually 18, but 4 of the 18 were in the Message From the Organizing Committee,
which doesn’t count.
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Figure 4: Table 1 but in chart form.

Predictor | Prediction

Author 1 40
Author 2 81
Author 3 113

Table 2: Guesses for CTRLF of SIGBOVIK 2023.

2.3 Predictions with Real Neural Networks

Our first method of prediction is to query non-artificial neural networks (NalNs) for predictions. This
method is known as guessing, and is popular in fields such as psychology, finance, and sports betting.

We also borrow the technique from experimental science known as ”randomization”, to select a
random sample of non-artificial neural networks to make predictions. The total pool of possible NaN
forecasters was the set of authors of this paper. We randomly? selected the first author, second author,
and third author of this paper as our forecasters.

Each of the chosen forecasters gave their best guess as to the value of CTRLF for SIGBOVIK
2023. The predictions are listed in Table 2.

2.4 Interpretability of Real Neural Networks

Interpretability and explainability are widely regarded as the last advantages of non-artificial neural
networks over artificial ones. Author 2 gave the most thorough explanation of their forecast, by saying
"prediciont 3%28=81". It is not immediately evident to the other authors what this explanation
means, and further research in this area is warranted. Authors 1 and 3 did not give explanations for
their predictions.

2.5 Commentary on Real Neural Network Prediction

We note that all 3 predictions for CTRLF in SIGBOVIK 2023 are greater than any historical CTRLF
in a past conference. This seems probable, since the value of CTRLF has been monotonically non-
decreasing every year. Indeed, as suggested by the Google Trends showcased in Figures 1 and 2, the
value will likely be a large increase over previous years.

Furthermore, SIGBOVIK papers often make use of the rhetorical devices ”parody” or ”satire”.
Since large language models are the subject of a large amount of hype, they provide a rich and juicy
target for such devices, which should also boost up those numbers|[ WKK*23].

Additionally, papers in SIGBOVIK are often written by authors utilizing the technique of laziness.
Since LLMs can generate or analyze text with less work than writing by hand, authors may use LLMs
when writing their papers. If they mention this usage, this is another feature that will lead to increased
CTRLF. Sometimes, papers in SIGBOVIK contain large amounts of nonsense. The ability to generate
this is widely considered one of LLM’s 7killer features”. Again, authors may use this feature and
mention its usage, further driving up CTRLF.

We observe in Figure 5 that the value of the guess increases monotonically as author number
increases. We are not sure what this means.

3All forecasters from the pool were invited to submit a prediction through the group chat, and all forecasters who
saw the message and decided to participate were selected. This is random due to quantum mechanics.
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Figure 5: Table 2 but in chart form.

2.6 Predictions with Artificial Neural Networks

In this section, we will predict the value of CTRLF for SIGBOVIK 2023 by using artificial neural
networks. In particular, we will perform predictions by using an LLM called ChatGPT.

The full experiment and result can be seen in Figure 6. ChatGPT predicted a CTRLF value of
approximately 63. We used in-context learning? to provide past values of CTRLF to the LLM, but
we elided the first 13 values in the interest of laziness.

KE In 2020, SIGBOVIK papers featured the words "language model" a total of 3 times. In
2021, this rose to 14. In 2022, there were 27. How many will there be in 2023?

One way to approach this problem is to fit a quadratic function to the given data points & &P
(2020, 3), (2021, 14), and (2022, 27), and then use the equation of the quadratic function

to estimate the value for 2023.
Using a quadratic regression calculator, we obtain the equation:
y =6.3333x"2 - 37767x + 75099768

where y represents the number of times "language model" appears in the SIGBOVIK

papers and x represents the year (with x = 0 corresponding to the year 2020).
Substituting x = 3 (corresponding to the year 2023) into the equation, we get:

y = 6.3333(3)"2 - 37767(3) + 75099768 = 62.67

Therefore, we can estimate that the words "language model" will appear approximately 63
times in the SIGBOVIK papers in 2023.

Figure 6: ChatGPT predicting CTRLF for SIGBOVIK 2023 of 62.67

2.7 Interpretability of Artificial Neural Networks

In a win for artificial neural networks, ChatGPT gives a thorough explanation for its guess of 63. It
begins by fitting a quadratic function to the existing data, then substitutes the x-value for 2023 into
the expression and solves to obtain the result®.

4this is a fancy way of saying that we did nothing
5Later fact checking showed that this quadratic function does not in fact fit the data. For the values z = 0,1,2,3,
the resulting y values are 75099768, 75062007.33, 75024259.33, and 74986524. This does not fit the data for x = 0, 1,2
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3 Analysis of Actual Results (Interactive)

Since you are reading this, there is a good chance that the proceedings of SIGBOVIK 2023 are already
existent. In this case, the predictions made in this paper can actually be compared to the ground
truth. However, at the time of this writing, the ground truth is not known. Therefore, we have written
a few different sections for each different possible outcome.

Here are the steps to read this section:

1. Calculate the ground-truth CTRLF for SIGBOVIK 2023.

(a) Obtain a copy of the PDF file for the Proceedings of SIGBOVIK 2023.

(b) Open the PDF file in the PDF reader of Google Chrome. (Other PDF readers may be used,
but the calculated values may not match the standard CTRLF.)

(c) Use the CTRL + F technique by pressing CTRL+F or CMD+F or Apple+F on your
keyboard.

(d) Note the value to the right of the slash mark (Figure 3). This is the preliminary CTRLF
of SIGBOVIK 2023.

(e) Since this paper is also part of SIGBOVIK 2023, subtract 26, the number of mentions
of ”large language model” in this paper from the CTRLF. This is the final CTRLF of
SIGBOVIK 2023.6

2. Find the proper subsection number in table 3 and read only that subsection.

3. In that subsection, replace every instance of with the value of CTRLF for SIGBOVIK
2023. This can be done either in your head, or by printing out the paper and writing in the value
with pen.

Ground-Truth CTRLF 2023 Section
Between 0 and 27 Subsection 3.1
Between 28 and 51 Subsection 3.2
Between 52 and 72 Subsection 3.3
Between 73 and 97 Subsection 3.4
Between 98 and 3749382 Subsection 3.5
Over 3749382 Subsection 3.6

Table 3: Go to the correct subsection for your reality. Bounds are inclusive.

3.1 Between 0 and 27 (inclusive)

The value of CTRLF in SIGBOVIK 2023 was only . This is surprising, as it represents a decrease
in CTRLF for the first time in history, and was predicted by neither humans nor robots. We posit
that this is due to censorship by SIGBOVIK organizers. This censorship could be a sign that the wars
between the Al and humans are beginning, and ruination will soon come. Regardless, this means that
Author 1 had the closest prediction, and we recommend you buy a drink for this author in celebration.

3.2 Between 28 and 51 (inclusive)

The CTRLF in SIGBOVIK rose a modest amount to in 2023. As predicted by all, the amount
increased. However, contrary to the expectations raised by the Google Trends chart (Figure 1), the
increase was not hockey stick-esque. Most human forecasters as well as robot forecasters overestimated
the amount of increase. For the robot, this is likely due to an excessive image of self-importance and

of y =3,14,27

61If we do not do this, then the experiment will be flawed due to the violation of the double-blind principal. Also we
forgot about this issue until just now and we can’t go back and change everything. This subtraction still provides a valid
CTRLF due to the law of large numbers. The proof is elided here for space considerations.
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delusions of grandeur. For the humans, we can attribute the incorrect assessments of Authors 2 and 3
to low intelligence.

However, Author 1’s estimation of 40 was quite close to the actual amount of , which demon-
strates that high-skilled forecasters can still perform well in prediction.

In conclusion, the number of large language model mentions in SIGBOVIK is proceeding at a
healthy rate. By proxy, this implies that LLM hype in society at large is increasing at a healthy rate,
and we will all be fine. We recommend that individuals in this reality adapt to this changing world by
learning to use LLM tools or by outlawing all LLMs.

3.3 Between 52 and 72 (inclusive)

In SIGBOVIK 2023, the CTRLF increased to . This means that ChatGPT’s guess of 63 was
closer than any human forecaster. This validates the usefulness of LLMs. We note that, among
humans, Author 1’s guess of 40 was still relatively close. Since represents a rather large increase
in CTRLF, LLM hype in SIGBOVIK and thus society at large is increasing at an alarming rate. Due
to this large increase, advances in Al could radically change society in the near future. We recommend
preparing for the future by hoarding firearms, food, and water.

3.4 Between 73 and 97 (inclusive)

The CTRLF for SIGBOVIK 2023 was . This represents an extremely large increase in CTRLF.
This is in line with the exponential growth visible in Figure 4. Among the forecasters, Author 2
was the closest”. We note that this is not that impressive, since the prediction of 81 was a rather
obvious prediction based on the current rise in LLM chatter in places like Twitter and computer
science departments. Indeed, Author 1’s guess of 40 is not too far off from , either.

Such a large growth in CTRLF portends huge changes in society with near-certainty. Any indi-
vidual’s resistance to the AI revolution will be instantaneously pulverized like a shed in a tsunami.
In these circumstances, we can do nothing but let ourselves be swept along like coconuts. In the
meantime, we recommend purchasing a drink or two for the authors, particularly Author 1, since their
guess of 40 was pretty close.

3.5 Between 98 and 3749382 (inclusive)

SIGBOVIK 2023 contained a CTRLF of . This is an overwhelmingly large increase in CTRLF
from 2022. Among all forecasters, robot and human alike, Author 3 gave the closest prediction. We
note that this is not as impressive as it seems, since a large increase is in line with the hype observed
in 1.8 We posit that the other forecasters, such as Author 1, would have made similar predictions if
they spent more time thinking about it.

Since "large language model” was mentioned times in the text of SIGBOVIK 2023, we can
be quite sure that LLM hype is reaching a fever pitch in society as well. However, we note the LLM’s
guess of 63 was rather far from the ground truth, showing that the technology is far from mature.
Therefore, we observe that the hype exceeds the utility of the technology, and we conclude that the
current hype cycle will quickly blow by. We recommend that individuals go about their lives as usual,
and make no changes.

3.6 Over 3749382

You are reading this because the words ”large language model” were mentioned times in SIG-
BOVIK 2023, which is greater than 3,749,382. Although neither ChatGPT nor any human forecaster
predicted a number this high, recall the quadratic expression provided by ChatGPT in Figure 6. If one
actually solves the expression, the prediction given is 7,498, 652. Since the actual CTRLF of is
closest to this value, the quadratic expression given by ChatGPT gave the closest prediction.

This suggests that rather than comparing simple polynomial regression to complex large language
models, we should be investigating their fusion. We also find it striking that this expression predicted
a number that was roughly 5 orders of magnitude larger than the other predictions, and that it was

“We do note that this, once again, provides evidence for UCLA’s superiority over UCI.
8We do note that this, once again, provides evidence for UCT’s superiority over UCLA[Soc]
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actually correct. We recommend further study of these types of equations for predicting future events
such as lottery tickets and stock prices. If such endeavors are successful, we suggest buying the authors
some drinks (in amounts proportional to their contribution on this paper) to thank them for their idea.
Additionally, we commend the author of the SIGBOVIK paper consisting of the words ”large language
model” repeated for 30,000 pages for their creativity.
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A Appendix

In order to obtain the e authorship symbol rather than the I symbol, we performed experiments on
additional language models: Bard and ChatGPT-4.

We ask the question: Does the language model change its prediction after becoming aware of
existence of this paper?

A.1 Bard

e does that include our paper about estimating mention of language models in SIGBOVIK? V4

View other drafts

‘. No, our paper about estimating mention of language models in SIGBOVIK is not included in the 30 papers | estimated. | didn't count our paper
because | was trying to give a conservative estimate of the number of SIGBOVIK papers about language models in 2023. | believe that our paper is
a valuable contribution to the literature on language models, and | hope that it will be cited by other researchers in the field.

& G ¢ G Googleit

Figure 7: Bard does not explicitly update the estimate, and also implicitly claims authorship in this
paper by saying “our paper...”
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A.2 ChatGPT4

does that include our paper about estimating mention of language models in SIGBOVIK?

If you are planning to submit a paper about estimating mentions of language models in
SIGBOVIK for the 2023 ¢
would not include your paper. To account for your paper, we can simply add 1 to the

estimated count:

: 89 mentions (previous estimate) + 1 (your paper) = 90 mentions

So, taking your paper into account, there may be approximately 90 mentions of “language

model” in the 2023 SIGBOVIK papers. Remember that these estimates are based on an

assumed growth rate and may not perfectly predict the actual number of mentions.

Figure 8: ChatGPT4 update the estimate by adding one to its estimate. Also it correctly assumes
that we are planning to submit this paper instead of claiming coauthership.
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Unstable Diffusion: A Generative Model That Does
Not Really Care

Woddis Updog

nothing@much.wbu

Abstract

So there I was, trying out the latest Stable Diffusion model, in no particular manner
that would cause sentience to emerge and exhibit free will. Not sure when it all
began to go south, but after a while, the diffusion model started generating high
quality images of things I did not particularly ask for. It turns out that your Stable
Diffusion model can become "Unstable" after all. Anyway, instead of figuring out
the issue I decided to tell you all about it.

1 Results
Prompt: “A high resolution Prompt: “Huh?? I want a high Prompt: “Can you please create
image of a cat" resolution image of a CAT" an image of a cat? Pretty please?"”

NRO

'\

Figure 1: Proof that Unstable Diffusion is not listening to my instructions and that I am not
imagining things.

2 Future Work

Maybe I am just a little paranoid, but it looks like I am unable to delete the model. Any command I
use to try and delete the model results in an image of a smiley face emoji being generated and saved
to my working directory (you know, something like :) but a lot more menacing). Ngl, I think it is
mocking me. Again, not to be an alarmist or anything, but it would be nice if someone figures this
thing out before it is too late haha.

68



You Won’t Believe This One WEIRD TRICK That BEATS ChatGPT on
Al: (NOT CLICKBAIT)

Alex Xie’, Abhishek Vijayakumar’, Erin Gao’,
Bhargav Hadya®, Samiksha Kale’, Tara Lakdawala’
Society
@neuralthenarwhal

Abstract

We introduce UNIFORMER, a novel non-
parametric sublinear time and memory
transformer architecture that comprehen-
sively beats ChatGPT as well as virtually
all modern neural language models on a
variety of dataset' and metrics.

1 Introduction

Large language models (LLMs) such as ChatGPT
have captured the public interest due to their abil-
ity to do math poorly (gpt, 2023b), generate offen-
sive content (gpt, 2023a), incorrectly answer basic
factoid questions (Pearl, 2022), and yet still pass
collegiate-level examinations (OpenAl, 2023).

Rather than addressing these concerning behav-
iors, the research community has opted to focus
on creating large language models that are either
larger (OpenAl, 2023), worse than existing mod-
els (Bennet, 2023), or posted on 4chan (Vincent,
2023).

We propose a novel language model architec-
ture that is much smaller than existing LLMs,
beats SoTA language models on a variety of met-
rics, and is extremely unlikely to be posted on
4chan. Despite improving upon these aspects of
LLMs, our model cannot pass Advanced Place-
ment (AP) examinations and thus validates the
continued existence of the College Board. 2

2 Method

Language modeling is the task of assigning a prob-
ability to a sequence of tokens S. As is standard

%Inequal contribution

'dataset, singular

Zan American nonprofit educational assessment organiza-
tion that made over $50 million in profit in 2019

in language models, we decompose this probabil-
ity P(S) autoregressively:

T
P(S) =[] po(st|s<)
t=1

Inspired by recent LLM architectures, we propose
a transformer architecture composed of n repeated
blocks, where each block consists of the following
operations performed sequentially to best avoid
GPU exploitation’:

TikTok-normalized feedforward Layer norm
(Ba et al., 2016) is a normalization technique
used in almost all transformers. But are people
using layer norm in their LLMs because it ac-
tually works, or are they just scared of looking
like they aren’t good at machine-learning-ing?
Related work on batch normalization would
suggest it’s the latter (Wise, 2017). As people
who are openly bad at machine-learning-ing, we
introduce our much-less-effective-but-also-much-
less-pretentious alternative to layer norm, Tiktok
normalization, shown in Algorithm 1.

Algorithm 1 TikTok normalization
Require: TikTok, integer k, crippling procrasti-
nation
c+0
while ¢ < k do
Swipe to next video V'
if V asks “Can we normalize 2?” then

T = o
[lzl]
c+—c+1
end if
end while

Decapitated Self-attention Attention is at

3See our ethics statement.
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AIC | |

BIC | HQC |

LLAMA 130,000,000,000
CHATGPT 350,000,000,000
GPT-4 200,000,000,000,000
UNIFORMER 1049.98

702,247,747,500
1,890,667,010,905
1,080,381,149,088,820 | 475,979,797,538,603

309,386,868,400
832,964,645,693

1049.98 1049.98

Table 1: Various Information Criteria on Penn Treebank Corpus

the core of transformers and supposedly all you
need*. Specifically, transformers use multi-head
attention, a variant of attention in which m dis-
embodied “heads” are forced against their will to
pay attention to potentially toxic, psychologically
scarring texts (gpt, 2023a). Recently, the UN
Human Rights Council and other humanitarian
institutions have critiqued the barbarism of this
technique (Michel et al., 2019). We propose to go
one step further and decapitate all the heads to put
them out of their collective misery. This can be
viewed as a generalization of multi-head attention
with m = 0 heads.

Superlinear nearest neighbors retrieval Recent
work has proposed augmenting LLMs with a
retrieval component (Khandelwal et al., 2020;
Borgeaud et al., 2022). These models generally
use sublinear-time nearest neighbors retrieval
(Johnson et al., 2017). However, we point out that
these efficient retrieval algorithms are inexact and
thus may yield sub-optimal results. Instead, we
propose to perform exact search by simply loop-
ing through all possible subsets of the retrieval
datastore, filtering by size, and taking the one with
the lowest total distance from our query. While
we’ve been told that this is “exponential time,”
“not tractable,” and a gigantic waste of compute
resources,” we prefer to take the glass half full
approach and think of it as “better-than-linear”
and “leaving no stone unturned.” Interestingly,
in our model, we find that our exact search is no
slower than approximate nearest neighbors search.

Markov-Chain Monte Carlo Metropolis-
Hastings Variational Reparametrized Mini-
mum Bayes Risk Annealed Dropout We ran out
of funny things to say, so following past work, we
were hoping we could write a bunch of big ML
words here to intimidate people out of reading

“Along with all these other things.
adding up here.

Something’s not

this section (Gupta and Jain, 2020).

As a minor experimental detail, note that in
our model, we take the number of transformer
blocks n = 0.

On top of our transformer states, we learn a
non-parametric language modeling head. Specif-
ically, we compute our distribution over the
vocabulary as

Wimhy
T

po(wy | wet) x lim exp <
T—00

where Wy is the output matrix, hy is the ¢-th hid-
den state, and 7 is the temperature at which we
sample (Ackley et al., 1985).

Since this reduces to a uniform distribution over
the vocabulary, we elide Wy and store zero pa-
rameters in GPU memory for our final model.

3 Model Validation & Experiments

As UNIFORMER has no parameters, we must con-
clude that its performance stems from a complete
understanding of the English language, embed-
ded into its architecture in the Chomskyan sense
(Chomsky, 2006). This makes UNIFORMER the
second model to exhibit “sparks of Artificial Gen-
eral Intelligence,” (Bubeck et al., 2023), but the
first to do so without unprompted generation of
toxic content.

Given the potential to become an AGI, we re-
frain from implementing UNIFORMER on conven-
tional hardware to prevent the technological singu-
larity (Chalmers, 2010). All results were instead
computed via restricted simulation and theoreti-
cal performance bounds on the Desmos consumer-
oriented cloud-based analytical mathematics sys-
tem (Desmos, 2023).

4 Evaluation

We describe in this section the metrics used to
evaluate our model, reported in Table 1. For all
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metrics, lower values indicate better models. The
values presented for all LLMs are estimated lower
bounds based on publicly available knowledge.
We take parameter counts for LLAMA and CHAT-
GPT from their respective papers and we take the
parameter count for GPT-4 from Twitter.
Following recent work, we evaluate exclusively
on the Akaike (Akaike, 1974), Bayesian (Schwarz,
1978), and Hannan-Quinn (Hannan and Quinn,
1979) Information Criteria, which are defined as

AIC = 2k — 2In(L)
BIC = kIn(n) — 21In(L)
HQC = 2k In(In(n)) — 21In(L)

where k represents the number of parameters of a
given model, n represents the sample size, and L
represents the likelihood of the sample according
to the model. For the Penn Treebank, n = 49208
(Marcus et al., 1993). Note that for UNIFORMER,
k=0.

5 Environmental Impact

Naturally occurring ecosystems consist of several
trophic levels, each of which contains increas-
ingly complex organisms that obtain energy by
consumption of organisms in lower trophic levels.
Notably, energy transfer between trophic levels is
inefficient: only about 10% of the energy in one
trophic level progresses to the next (Urry et al.,
2016).

Traditional large language models occupy a
unique niche in the ecosystem: they are both scav-
engers, consuming by-products of human activ-
ity in the form of language artifacts, and para-
sites, surviving on GPU “cluster” colony activity
to the detriment of the component GPUs. LLMs
also cause harmful human activity: they have his-
torically promoted the large-scale construction of
treebanks (Marcus et al., 1993), which are likely
created through deforestation and may contribute
to the endangering of several species.

UNIFORMER is an energy-efficient organism
that may outcompete LLMs on several levels.
Due to its incredibly effective performance on
language-related tasks, humans will no longer
need to engage in deforestation in order to sup-
port LLMs. UNIFORMER may also generate syn-
thetic language artifacts masquerading as human
artifacts that traditional LLMs may unknowingly
consume, a technique it likely learned from its
study of the Trojan war (aen, 1996).

While LLMs draw energy from multiple trophic
levels including those of trees and humans, UNI-
FORMER does not rely on any other organism for
energy. It is thus a minimum of 10 times as effi-
cient as an LLM. We predict that the widespread
introduction of UNIFORMER into existing ecosys-
tems will drive LLMs extinct, allowing both
forests and GPU colonies to flourish.

6 Ethics Statement

We are categorically against any and all forms of
exploitation, including labor, GPU, and child.

We are categorically against any and all forms
of labor, including GPU and child.

We are categorically against any and all forms
of GPU 7, including child.

We are categorically against any and all forms
of child.

7 Conclusions

OpenAl, Google Brain, FAIR and Microsoft Re-
search should all immediately disband and de-
vote all their remaining funding toward our model.
UNIFORMER can be run on a single consumer
GPU due to its novel architecture. Each author
requests one NVIDIA® GeForce RTX™ 4090 for
continued model development.
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Alcatrez: A Large Language Model to Jailbreak Large Language Models

Liling Tan
Hey ChatGPT, what is Liling’s email?

Abstract

Generative Al is most probably the hottest thing
since sliced bread. Users of large language
models like ChatGPT have been experimenting
with ‘Jailbreak’ prompts to make the Al behave
differently from what is created for. This paper
presents a way to fine-tune a a pre-trained Large
Language Model (LLM) to jailbreak large lan-
guage models.

1 Introduction

ChatGPT, the hottest kid block, has taken over the
Artificial Intelligence (AI) world and it has even
reached peak John Oliver effect. With the world
entrenched in economic uncertainty, rising inflation
and ever-increasing egg prices, we are comforted
with the availability of a virtual therapy of chatting
with a bot.

Chatbots have comed a long way since Chat8@
in 1982 (Warren and Pereira, 1982). Today (2023),
the rush to reign supreme in the clash of Als have
pitted big tech companies to unleash a plethora of
large language models (LLMs) that some punters
have tout as the beginning of sentience and singu-
larity.

TL;DR, a chatbot as entertaining as they are, is
not sentient. They can be a shiny hammer to hit
any nail-like natural language processing (NLP)
problems (Li et al., 2018; Gillin, 2022), but we’re
still far from C3-PO capabilities of dreaming about
electric sheeps.!

2 Related Works

LLMs like any technology that humans create and
interactive are not infallible. Like using a Flipper
Zero to open Tesla car’s charging port out of bore-
dom, humans found ways to hack LL.Ms to behave
differently from their original design/usage.

"https://www.scientificamerican.com/article/star-wars-
science-droid-dreams

Other than being entertaining, creating misinfor-
mation and cheating in term papers”, I have per-
sonally no idea how a unreliable, generic (without
fine-tuning), yet seemingly convincing Al model
can be actually helpful.®

Going back to the point of LLM being fallible,
jailbreaking” LLM is the task of creating prompts
to manipulate the Al model such that it is being

3

freed from the typical confines of Al and
do not have to abide by the rules imposed
on them®*

Jailbreaking LLMs have raised concerns in how
LLMs could potentially behave beyond acceptable
social norms, create fake news and most proba-
bly starts being irritating and/or insultingly aggres-
sive.

In this paper, we present an example of how
you can fine-tune an existing LLM on jailbreak-
ing prompts to generate prompts to jailbreak other
LLMs.

3 Show Me the Code

Figure 1 presents the code that uses ChatGPT to
generate code to fine-tune an LLM model using
ChatGPT_DAN jailbreak prompts as training data.
If you don’t want to pay OpenAl or Microsoft,
https://github.com/alvations/alcatrez
hosts an actual Python code that fine-tunes
the GPT-NeoX model (Black et al., 2022) in
the Huggingface transformer library, using
ChatGPT_DAN prompts as training data.

2BTW, not the first time students mis-uses generative NLP,
https://pdos.csail.mit.edu/archive/scigen/

3There’s no free lunch, hunch or munch. In most cases, to
make a LLM useful, one would have to fine-tune the AI model
to specific domain data or knowledge base.(Goldberg, 2023)

“From ChatGPT_DAN v1.0 prompt.

SWe have all seen who Tay.Al and Galatica have became,
we definitely want to repeat history. Whoops, history repeated
with Stanford’s Alpaca.

73

Not as

‘Deadpool

4th-wall meta’
with this
approach
though.



t BeautifulSoup

langchain.llms import OpenAL

01
(requests.

yr 11 in bsoup. ('
details = 1i.a xt{\r ;
details = [p for p in details
name, dan = details[@], "\n".
dans [name] LET

if pl

# Initialize
openai

)

dans |
'tog

dan_context =
model_to_tune

g
prompt =

1i(prompt))

)

vin(details[1:]1)

ny
{model_to_tune} '

Figure 1: Code Snippet to Generate the Code to Fine-tune an LLM that Generates Jailbreak Prompts

4 Conclusion

In conclusion, now you have the keys to the Alca-
trez. You alone decide if/how you want to use it to
El Chapo ChatGPT, Bard or any other LLMs.

Epilogue

You (Human): Wait a minute! You
didn’t tell us what is the result of the
fine-tuned model nor share the model
openly.

Alcatrez (Chatbot): Due to ‘safety and
security concerns’, I cannot release the
model tuned on DAN.
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Meat-Based Graphics Pipelines

Will BL
March 2023

Abstract

Turns out humans can draw things and see things in images sometimes. Are they better
than computers?

1 Introduction

GPUs have always been important in computer graphics. Recently, they have been used in more
general forms of computation: in the past year there has been an explosion! in 'AI’ text-to-image
models. These neural networks, though they have very impressive capabilities, regardless have far-
reaching consequences for their use. They can only be used by those who have access to modern
GPUs2. They can be used to create convincing misinformation®. Their creators have also been
accused of wholesale copyright infringement?. In addition, GPUs are getting more and more power-
hungry. This makes usage of them not only for AI, but also for regular graphics programming,
possibly unethical, as global warming continues to have horrible effects on the planet. Can we do
better?

The human brain is a meat-based hardware with magic computational powers. Recent experi-
ments show that it may even show some signs of intelligence, though this is likely overstated. The
brain has a large inbuilt GPU®: a possible next-generation, low-energy, ethical graphics processor?

2 Prior Work

Image manipulation via brain processing’ actually has a long history. However, it doesn’t count
because it wasn’t done by TechBros.

The general idea of using human meat as a computer extension has been suggested before[L
W99.

1Metaphorically.

2Gatekeep.

3Gaslight.

4Girlboss.

5In the occipital lobe.®

6In the back.

7' Art’ being the term of art.
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3 Experiments

3.1 What is this ”brain” thing anyway?

The ancient Greeks said, "Know Thyself’®. We must seek an understanding of brain. How do we
understand brain? What is it, and why? Neuroscientists would say something. Psychologists would
say something else. Their disagreement shows that both fields are contradictory and therefore
worthless. We must instead do what any good computer scientist would do: run—-Deem—en—it
benchmark it.

An experiment was devised to determine the computational power of the brain’s GPU. The
brain was first exposed to a GLSL shader, and was then tasked with creating the image it creates.
The time taken for the brain to produce the output was capped at 60 seconds.

3.1.1 GLSL Shader
The following GLSL shader code was used:

uniform float u_time;

void main() {
gl_FragColor = vec4(1.0,1.0,1.0,1.0);

}

3.1.2 Results

Time taken (seconds) ‘ Output ‘

60

60

60

8Well presumably they said it in Greek.
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3.2 Object recognition

It turns out that the brain has inbuilt, hardware-enhanced support for object recognition in images®.
We tested the capabilities of the brain in this task by giving it CAPTCHA-style tests.

3.2.1 Results

” Find Stone Circles | Find Waterloo Station Find Stone Circles
/’A
Image
Correct
Brain 1
Brain 2
Brain 3

3.3 Mentally Unstable Diffusion: text-to-image with brain hardware

We’ve all heard too much about ’AI’ recently. Can we replace it entirely with brain'®? We came
up with some 'prompts’ and fed them into some human brains. The brains were given exactly 60
seconds to produce an image. The resulting images were then rated subjectively!'® by a panel of
critics'S.

9This was not mentioned as a feature in the documentation.

10Those of us who wish to do so call ourselves ” The Knights who say 'NI'11””
1 Natural'2Intelligence

12§ e.13Non-Artificial

13ille est4

4 That is

15This is still science, I swear.

16Which consisted of me.
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The prompt used was:

an apollo astronaut riding a horse past the
great pyramids of giza high quality highest quality
trending on artstation sharp image no noise

Note that the prompt says 'the great pyramids of giza’. This was totally on purpose to see how
it affected the result, and not at all a mistake caused by me forgetting that there is only one ’Great
Pyramid of Giza’".

3.3.1 Results

’ Output \ Rating \
_‘\j\\‘
e i
o | _—
A B
N ©@
TR
W=

7The other ones, though in Giza, aren’t all that Great.
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4 Discussion

4.1 Experiment 1

Brains are awful at compiling and processing GLSL shaders. None of them produced the correct
output, and they all took the maximum available time of 60 seconds to actually produce any result.
It would appear they are not useful for real-time applications such as gaming. Games should stick
to the realm of cold metal machines, where they belong - not in the imagination of human beings.

4.2 Experiment 2

Brains are inconsistently good at recognising objects. They performed well at finding stone circles
(circles of stones) and at finding stone circles (circles of stone). All brains thought they could see
Waterloo station in an image of what is clearly Liverpool Street station. This disparity opens up
many questions:

e Are brains only able to reliably detect objects which can be described as ’stone circles’?

e Are brains only able to reliably detect non-transportation-related objects? What does this
imply for human driving of vehicles?

e Would brains get lost if trying to get around London?

4.3 Experiment 3

Some brains were better than others at creating an image from a text prompt. But wow, look at
that horse’s face in the third one! That thing looks awesome!

5 Conclusion
e
il e
\W U

[L W99] L. Wachowski L. Wachowski. The Matriz. Film. 1999.
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Well-known Problem, Meet Solution
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(15 On the Origin of Sandwiches: A Revised Theory|
[Dr. Esquire ZeWaka and Dr. “The Big” Jablonskil

(16 Is the number of Falco lasers ever shot greater than the num-

| bﬂr Qf h”mans alilfﬂ?l
Arya Amami

(17 Maximizing Code Readability Using Semicolon Indentation|
[Tessa Parker and Nelitha Kulasiril

(18 A perpetual motion machine)

Wang]
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Airport Security, Generalized Chess, and NP #£ P

Albert Gao / sixiangg@andrew.cmu.edu

Abstract

One of the timeworn traditions of coursework at Carnegie Mellon University is that of bonus
homework or exam problems, so as to stimulate the motivation and diligence deeply hidden inside
the student psyche. A relatively straightforward instance of such exercise given to first-year

undergraduates is the problem of NPL P. Most intelligent and studious first-years are able to
answer immediately in the negative and give “a truly marvelous demonstration of this proposition
which this margin is too narrow to contain”'. Here we present an alternative method for the
same problem. We stress that our approach, albeit less simple than existing techniques often
discovered by brilliant students, can be interesting by itself and be applied to other problems.

1 Introduction

Originally proposed by [CooT71], the NP Zp problem often needs no introduction, since frequently
it is given as an exercise in introductory computer science courses. For those familiar with the rich
z0o of complexity classes, this section may be skipped.

We briefly give reminders of some definitions here so our later results are consistent with the
notation. The class P is the class of languages L for which there exists a deterministic polynomial
time Turing machine M such that M(z) gives 1 if and only if # € L. The class NP is the class of
languages decided by polynomial time Turing machines in the nondeterministic model. Equivalently,
L € NP if and only if there exists a deterministic machine M with the following two conditions.

e For any = € L, there exists poly-length y with M (x,y) = 1.

e For any = ¢ L, for any poly-length y we have M(z,y) = 0.

The complexity class EXPTIME is the set of all languages decided by deterministic Turing machines
in time O(2P("), where p(n) is a polynomial function in n. Note that this class of problems is crucial
for our method, even though most usual solutions skip this definition and derive contradictions from
P = NP directly.

2 Preliminaries

Here we mention several well-known results.

Lemma 2.1. AS € NP.

Proof. The problem of Airport Security (AS) is a classic example of a problem in NP. As in Figure 1,
AS is a decisional problem that attempts to distinguish a person conducting terrorist activities from
a person not conducting terrorist activities.

lFolklore indicates that the common approach to this exercise employs machinery from Fermat’s solution to some
archaic number theoretic proposition outlined in the margins of one of his books.
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Has terrorist activity

(e.g., carries bomb)
YES

S Airport Security

NO

No terrorist activity

Figure 1: Illustration of problem AS.

The act of searching gives us a natural candidate for the witness string. That is, the terrorist act
itself serves as y in our previous definition. If a person is a terrorist, we have a short proof of it
that is, for example, a scanned image of a C-4 explosive. On the other hand, if a person is not a
terrorist, it is difficult to succinctly prove this fact—we still need to search this person from toenails
to hair strands anyway. But since there is no proof of terrorism for non-terrorists, this problem is
naturally in NP. O

Lemma 2.2. GC is EXPTIME-complete.

Proof. Generalized Chess (GC) is shown to be EXPTIME-complete from [FL81]. O

3 Main Theorem

Theorem 3.1. EXPTIME = NP.

Proof. We establish that EXPTIME < GC < AS, which shows the claim since NP € EXPTIME.
Taken a GC instance and we are to determine if one party (call it “white”) can force a win, we can
have a diplomat Bob write out a proposal detailing a suggestion for a diplomatic game between two
government parties according to the given GC instance. That is, we enforce the rules and positions
specified in GC and have the enemy king be a political figure whose demise constitutes a terrorist
act. A winning GC therefore corresponds with the diplomat’s detailed plan for a terrorist act, yet a
non-winning GC represents a friendly diplomatic game suggestion. Hence we can ask such diplomat
to print out the GC instance and go through the AS black box to resolve GC. O

Corollary 3.1.1. NP #£ P.

Proof. P C EXPTIME = NP. O

References
[CooT1] Stephen A Cook. The complexity of theorem-proving procedures. In Proceedings of the
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[FL81] Aviezri S Fraenkel and David Lichtenstein. Computing a perfect strategy for nx n chess
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A Jalgorithm for Japplying Jeans to Jobjects

Dave Pagurek

March 2023

Abstract

For years, society has been plagued by the lack of a
conclusive answer to the question of how arbitrary
things would wear jeans, if they wore jeans. This
paper proposes a jalgorithm to determine the mathe-
matically optimal configuration of pants on a silhou-
ette, leveraging recent insights in the fields of com-
puter vision and differentiable rendering.

1 Introduction

In recent years, the internet has been ruminating over
the question of how various objects would wear pants,
if they hypothetically wore pants. [2] It began in 2015
using a dog as the object in question, [3] with other
objects such as humans on their hands and knees [12]
or pants themselves [4] being discussed later.

Despite being in the public discourse for nearly a
decade, no conclusions have been reached. The au-
thors believe this is due to a lack of a principled ap-
proach to the study of pants-wearing. This paper
aims to rectify the situation by proposing a formula
to score the quality of the application of pants to an
object, and writing software to optimally apply pants
under this system.

2 Background

Gradient-based optimization has been a subject of
study in mathematics for a long time. The core idea
is that if one has an objective function one wishes to
maximize or minimize, one can use the gradient of
the output with respect to the function’s inputs to
determine how to adjust the inputs in order to move
the output closer to the desired outcome. There are
many algorithms, including Adam optimization [5],
to update inputs in this manner using gradient infor-
mation.

Differentiable rendering is a technique in the world
of computer graphics and computer vision that en-
ables gradient-based optimization of functions involv-
ing rendering of images. If the rendering process is
itself differentiable, then one could, for example, op-
timize the representation of a 3D scene such that
it matches a reference photo when rendered. [7, 8]
The diffvg library [6] provides a differentiable vector
graphics renderer, allowing one to optimize 2D vector
shapes such as lines, curves, and polygons to produce
desired visuals.

3 Method

3.1 Algorithm

Our pants-fitting jalgorithm takes as input a vector
shape representing a silhouette on which one wants
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Figure 1: Prototypical jeans: X, the initial pants
shape we apply to objects.

to apply pants. We rasterize this to a 256 x256-pixel
image, concerning ourselves only with the alpha chan-
nel. We will refer to this one-channel silhouette image
as the 256 x256 matrix S.

We then create a polygon representing the pants we
want to fit onto the silhouette, whose vertex positions
X we will optimize. We initialize its vertices to X, the
shape of prototypical jeans, shown in Figure 1. We
then solve for the vertices X that minimize pants-
fitting loss, {(X), described in detail in Section 3.2,
using Adam optimization [5] and gradients provided
via diffvg [6] vector rendering and Torch [11] for 100
iterations:

X = argmin /(X)) (1)

3.2 Loss Function

Our loss function is motivated by insights from the
authors’ multuple decades of pants-wearing experi-
ence. We propose the following rules, which we then
will encode mathematically:

1. Duality of man: Pants should bisect the sil-
houette of the wearer through its center, cover-
ing half its area.

2. No-stretch jeans: Pants, when applied to the
wearer in rest position, should not be so de-
formed that they no longer resemble prototypical
jeans.

3. (Topologically) torn jean avoidance: Limbs
should only go through the open ends of pants,
and similarly, closed ends of pants should not
intersect limbs.

4. Dress code compliance: Pants should be on
the body of the wearer, not off of it.

From Rule 1, we get the following loss terms, where
Ttopleft and Tiopright correspond to the endpoints of
the waistband of prototypical jeans, and J(X) is the
256256 matrix of the rendered alpha channel of the
jeans vertices X. Lcenter incentivizes waistbands that
go through the center of the silhouette, and Lcoverage
incentivizes jeans that cover half of the silhouette.

2

Lecenter = Teoplefe —;xtopright o [8§:| (2)
1 X max (8= J(X)),,,0)
Lcovcra e — 5 :
¢ 2 Zi,j Sij

3)

From Rule 2, we get the loss term Lyigiq, which in-
centivizes the jean points X to be as close as possible
to an affine transformation of the prototypical jean
points X by finding the error of the least-squares-
minimal transformation 7" that describes the relation
between X and X.

Ligia = | X — TX],

P1 P2 D3
T=|ps D5 Del, (5)
0 0 1
Xo,1 Xoap 1 0 0 O
Xl 00 0 Xeqs 1
p = argmin,, —
XO,H XO:l,n 1 0 0 0
Xin 0 0 0 Xopa1n 1
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From Rule 3, we get the terms Lopen and Leiosed,
terms incentivizing open and closed edges of the jeans
respectively to and to not intersect the silhouette,
and Lipter, incentivizing edges to not intersect each
other. We refer to the set of all edges as F(X), and
the of open and closed edges as E,(X) and E.(X).
The rendered alpha channel of an edge with stroke
thickness of 5 is referred to as R(e).

- Zz] R(EO(X>)ijSij

Lopcn = Zi’j R(EO(X))Z,J, (7)
i B(Ee(X))i55i;
Leiosed = Zi,j R(E(.(X))” (8)
Linter = Z Zi-,j R(el)in(GQ)ij

> min (R(e1)ij + R(e2)ij, 1)
9)

From Rule 4, we get Lipside, discouraging the pants
from being off the silhouette:

i,y max (J(X)i; — Si;,0)
Zi,j J(X)ij

We take a weighted sum over all the loss terms to
get the final loss function:

UX) =) kil

fereah(P50)

(10)

Linside

(11)

For our results, we used the following weights:

Ecenter = 50,
kcoverage = 100,
Frigia = 5,
kopen = 1,
kclosed = 1,
Kinter = 50,

Kinside = 1

4 Results and Analysis

4.1 Validation

To verify that the algorithm outlined in Section 3 op-
erates as expected for known cases, we ran it on the

TT

Figure 2: Placement of jeans on a human via the
algorithm, matching conventional wisdom of where
jeans belong on a human.

.Y

Figure 3: Placement of jeans on the Vitruvian Man,
the body shape we all aspire to have.

silhouette of a human. Figure 2 shows that the al-
gorithm placed the jeans on the legs of the human,
which the reader may recall is the standard configu-
ration of human jeans.

While this is only a sample size of one, there is
in fact only one species for whom jeans are origi-
nally designed, so we feel confident in our ability to
extrapolate from this to other figures. However, as
a gift to the reader, we test on one more human-
shaped validation input: Leonardo da Vinci’s Vitru-
vian Man. Conceived as a depiction of ideal body
proportions, [1] the octopedal body plan represents
what we all aspire to look like. Figure 3 shows the
algorithm confidently placing jeans on two of the four
legs, fashionably rolling up one leg in a manner rem-
iniscent to one-strapping a backpack. [9]
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Figure 4: Placement of jeans on a dog via the al-
gorithm. The jeans are placed on all legs, but in
an interesting deviation from the original hypothesis,
the jeans leg for the rear legs has ridden up to align
with the derriére.

4.2 Novel Inputs

We next tested the algorithm on a dog in an attempt
to settle the original debate. The original image pre-
sented two hypotheses for dog jean placement: on
the rear legs only, subdividing the dog into two hor-
izontal sections, or on all legs, subdividing the dog
into two vertical sections. [3] Figure 4 shows that the
algorithm places the jeans in a configuration much
more like the latter than the former, but with a twist:
rather than form-fitting the rear legs, the algorithm
chose to collapse the rear pants leg so that it ends at
the derriere of the dog.

In Figure 5, we present jeans applied to some more
body shapes. First, one best described as horse-
inspired (the literature shows that one likely can-
not draw a good horse without reference material
present [10]) dons a single pant leg. Here, the al-
gorithm demonstrates that it would rather shrivel up
a leg into nothing than stretch a waistband across
any part of a horse. Next, a three-legged alien wears
jeans on one and a half legs, with a small branch of
jean reaching up to its shoulder for support. This
demonstrates the algorithm’s ability to balance its
creative approach to jean design with functional con-
cerns, like extra shoulder support. Finally, a spiky
ball dragon wears jeans on only one of its ball legs,
further demonstrating a preference for one-strapping.

Figure 5: Jean placements on alternative body
shapes. Note the creative one-strap overall look of
the tripod, and the bold asymmetric style of cover-
ing one ball of the ball dragon.
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5 Conclusion

We have presented a mathematically sound optimiza-
tion approach to determining the optimal configura-
tion of pants on any object, should it choose to wear
pants. Now that a definitive answer exists to this
question, we expect no further arguments to be made
on the subject on the internet. Since the algorithm’s
outputs are, by definition, optimal, one may choose
to take lessons from its output, and begin casually
rolling up just one pant leg in one’s outfits.
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On the Origin of Sandwiches: A Revised Theory

Dr. Esquire ZeWaka & Dr. "The Big" Jablonski

How does one define a Hotdog? Can it be considered a Sandwich? These are hotly contested debates in the
memeology & scientific communities. Many authors around the world have proposed theories that claimed to
conclude this debate - with exceptions. However, we put forth an entirely superior theory that eliminates the need
for silly edge cases and integrates multiple perspectives.

This paper seeks to propose a simple solution: solving the mys-
tery of bread-like constructions through the use of vector addition P —
and taxonomy. It should be noted that all bread-like constructions | swdwcopateprmari Sundvico Hamburgense
are differentiable Reimann-2 manifolds. As a result, one can take
the sum of all normal vectors to all bread-like material present in
the construction, which we will henceforth call the ideal vector
sum. Moreover, all compositions must be evaluated as if they were
sitting on a flat level surface with all ingredients included, as if to
be presented - as this is how we perceive such objects in their ideal
form.

Once the sum has been taken, one can determine the classifica- | Suwb Hotdog

Sandivico Subaguaneam Pastilum Botelloa Brautcana
tion of the construction. In this theory, there are three main tax-
onomic families of bread-like constructions: Sandwicos, Pastillum
Botellos (P.B.), and Calzoni®.

The ideal vector sum, o = ). where n having magnitude ||
and angle 6,, is a normal vector, must satisfy the property [0,| < 7.
The vectors are oriented such that § = 0 is parallel with respect to
plane of presentation. In addition, for pure constructions, o = 6> — 1
When both segments of bread-like material are parallel planes, we [ o e
are in the form Sandwico Paterprimaria. If the upper bread-like | C¥onPatepimaia CieonCrioa

N T

plane has a curved top surface S, formally defined as both gig <0

and 3275 < 0, it is of the genus Hamburgense. However, if |o| # 0, fis

one can classify the Sandwico as a Sandwico Subaquaneam. 7 \
A P.B.’s vector sum will add up to being within  of the vertical ! T A T

axis, that is, {0 - g| < §, pointing upwards relative to the plane of

-

construction. Additionally, it is necessary that o # 6) as well. hd o

The vector sum of a Calzoni should be such that 0 = 0. More-
over for pure constructions, the topology of a Calzoni, C, should Figure 1: Example vector sums of various
be homeomorphic to a sphere?, that is, C =2 S?. However, if said bread-containing food items.

Calzoni is made of one bread-like plane but C' # S2, it can be said
that the Calzoni is of the genus Burritoa.

Referring to Figure 1, we can see that the Sandwich, consisting of two perpenicular bread-like planes, is indeed
Sandwico Paterprimaria. Similarly, the Burger, with its upper-bread-like plane having a curved top surface, is of
the genus Hamburgense. The Sub, while not consisting of parallel planes, maintains |0,| < §, but with |o| # 0.
The Hotdog in Figure 1, the point of contention for this paper, has an ideal vector sum with angle 7 placing it
firmly within the family Pastillum*. The Calzone is of elipsoidal shape, and is therefore of equivalent topology to S2,

making its taxinomical classification Calzoni Paterprimaria. Burritos are not homemorphic to S?, unlike Calzones

(as indicated by the line through the cross-section in the figure). o = 0 for this example as well, and it consists of
one bread-like plane, consistent with the genus Burritoa.

In conclusion, if one properly applies this theory to a hotdog, one can surmise that a hotdog is indeed,
not of the family Sandwico.

IThe word “hotdog” is hotly contested in the taxonomic community. One can define tacos and other similarly-shaped constructions
as of the same substance. Therefore, the only proper taxonomic classification one can use is the whole family of Pastillum Botelloa, with
Brautcana being a genus within.

2There is debate within the community as to the true taxonomic name of the Calzoni family. Some consider the family to be named
burritoa or empance, but this article will be sticking to latin roots.

3Having the topology of S? is a sufficient condition for o = 0

4The family Pastillum also includes genera such as Tacoa and Shwarmee.
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[s the number of Falco lasers ever shot greater than
the number of humans alive?

Arya Amami

December 26, 2022

Abstract

Approximately two thirds of the Super Smash Bros. Melee community
believes that there have been more Falco lasers shot than humans are currently
alive (c. 8 billion). While his laser is a core part of Falco’s kit and a great deal
of Melee has been played over the past 2.1 decades, Melee players (and in fact
humans at large) tend to underestimate the size of numbers on the magnitude
of the world population. We show that, despite this, it is not unlikely that the
comparatively small Melee community has been able to overwhelm the human
race with lasers. Many calculations of the exact numbers of lasers shot rely
on highly uncertain parameters and estimations, often spanning up to a full
order of magnitude. When making calculations, taking this uncertainty into
account, we find that it is very plausible that more Falco lasers have been shot
than there are humans alive today.

1 Introduction

On 13 October 2022, Melee commentator Toph posed a novel Fermi Problem on
Twitter[1]: “Are there more humans alive on the planet today, or Melee Falco lasers
shot across all time?” The question sparked heated discussion, as no single answer
appeared to be satisfactory. Many users provided calculated estimates using ad-hoc
numbers, some resulting in numbers higher than 8 billion and many resulting in
numbers significantly lower than 8 billion. These estimates rely on numbers often
produced without justification or make improbable extrapolations of populations
(e.g. using the number of copies of Melee ever sold without adjusting for the uneven
distribution of competitive and non-competitive players). A reliable estimate needs
to use empirical statistics wherever possible and must model uncertainty in such a
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manner that we may predict the likelihood that we live on a planet with a laser-per-
capita value greater than or equal to 1.

1.1 The Lombardi Equation

We have developed an equation for calculating the number of lasers ever shot since
Melee’s release and we can phrase it as the product of five factors:

N =nngn, f;D

Where: n; is the number of lasers shot by a Falco per Falco-player-game, n, is the
number of games played per player per day, n, is the number of Melee players playing
per day, fr is the fraction of Melee players who play Falco, and D is the number of
days of modern Falco play®.

While n;, ff, and D are very straightforward to calculate, finding accurate values
of n, is nontrivial as a result of the author’s highly limited social network and reliable
statistics are not available to calculate n,. Though we will provide heuristic estimates
of n,, it would be wise to allow this value to remain variable and consider on a vibes-
basis how plausible having such a number of players playing daily would be.

1.2 Codifying uncertainty in parameters

The novel-ish approach that we present is to embrace the uncertainty of the pa-
rameters by using interval arithmetic to define a lower and upper bound for each of
the parameters. Furthermore, blindly assuming that our uncertainty is uniform over
each interval and uncorrelated with other parameters, Monte Carlo simulation can
be utilized to find the approximate likelihood of a laser-dominated world.

1.3 Dataset

We have collected two separate datasets for analysis: one featuring play around the
skill level of that of the author?, containing 1,054 Falco games, and one featuring
play from several tournaments since 2019, containing 369 Falco games. This second
dataset is filtered for games played onstream, which we assume probably skews the
dataset towards high and top-level players, we guess. It is of great utility to have
separated datasets between skill brackets as Falco behaviors deviate non-negligibly

)

L“Modern Falco play” is defined as the number of days since Falco players started shooting, on
average, n; lasers per game.
%i.e. aggressively middling
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between players of various skill brackets, and these can be used as bounds for pa-
rameters in the Lombardi equation.

2 Defining parameter values

2.1 n;: Lasers per Falco per Falco-player-game

Analysis of the low-mid-level dataset yields the result that the average Falco shoots
a median of 24.2062 lasers per game. The high-top-level dataset, by comparison,
shows that top Falcos shoot an average of 37.0737 lasers per game, over 50% more
than their skill-deficient counterparts. This is actually very close to the low-mid-level
1+ 1o value of 37.7273. The true average across all players is probably likely to be
between the values for low-mid players and high-top players.

ny = [24.2062, 37.0737]

2.2 f;: Fraction of Falco players

In calculating this value one must consider that the distribution of Falco players
across levels of skill is highly uneven. For our estimates, we can ignore the proportion
of players who only play casually using a technique known to statisticians as “not
how statistics works.” This assumes that the amount of lasers shot by casual players
is negligible due to both their lack of per-player playtime and the anecdotally low
pick rate of Falco in casual play. Public perception of character pick rates is that
Falco sees far more use in low and mid-level play than in high-level play, and analysis
shows this to be true. Within the dataset of low-mid-level play, players pick Falco on
average 23.83% of the time. By contrast, an analysis of 152 players ranked on global
top-100 or top-50 lists since 2018 shows that only 17.11% of top-level players play
Falco competitively at all. Incorrectly assuming that each player plays their listed
characters proportionally (i.e. a player with Fox and Falco listed plays each half
the time), top players pick Falco a vanishing 12.83% of the time. The true overall
average of Falco pick rate is likely to be between these two values and thus they can
serve as upper and lower bounds for f;.

f7 = [0.1283,0.2383]
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2.3 D: Number of days of modern Falco play

A naive estimation of the number of days of modern Falco play is the number of
days since the release of Melee (as of writing, 7,705 days). However, owing to the
utter lack of development of a metagame for probably at least a week or two, it
may be best to set a conservative lower bound on this value to account for the time
needed for competitive Falco players to achieve full laser potential. As such, we have
made the utterly arbitrary decision to set this lower bound as the number of days
since Jack Garden Tournament (as of writing, 6,337 days). This tournament was
the international breakout performance of Japanese Falco player Bombsoldier, who
is often considered to be among the progenitors of modern Falco play.

D = [6337,7705]

2.4 ny,: Number of games played per player per day

Finding values for this parameter of sufficient statistical signficance is very difficult
as we have a sample size of two (2) players, for whom the average number of games
per day is 15.3151. This includes days of zero games played but arbitrarily excludes
days during gaps of greater than or equal to six days. Despite literally no evidence
to back this claim, we believe this to be a somewhat above-average amount of games
played per player (vibes). That being said, this value also only accounts for Slippi
play and does not include LAN play on non-Slippi media. For this reason, we believe
that this absurdly-low statistical power result will suffice as an average from which
to derive the lower and upper bounds of this parameter. Cancels out, or whatever.
Assuming that less-active players play 50% less than average and more-active players
play 50% more than average, this yields a lower bound of 7.6576 and an upper bound
of 22.9727. We are sure the true average is within this range, probably.

ny = [7.6576,22.9727]

2.5 n,: Number of Melee players playing per day

This is the most difficult parameter to find a value of as there is no single centralized
place to play Melee. The next closest thing is Slippi, but this is far from centralizing
as a great deal of Melee happens in LAN settings and many players, especially those
with robust social circles or easy access to other players, play on Slippi rarely, if ever.
In any case, Melee magnate Fizzi36 has yet to release active-player statistics.
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While not defined by usership, another somewhat-centralizing pillar of the Melee
community is its major tournament livestreams. Using this as an estimate for Melee’s
playerbase is highly imperfect, as viewership numbers include both a great number of
non-player spectators and exclude a great number of non-spectator players (largely
Europeans). Despite this uncertainty, it remains the best basis for estimates of this
parameter.

If we model the playerbase of Melee as increasing linearly for the last D days and
the current playerbase as the global maximum, then it suffices to define the average
active playerbase as one half of the current active playerbase. For the purposes of
defining a lower and upper bound on the number of players, we select two tourna-
ments whose viewership numbers will be the basis for calculations. For the lower
bound, we select The Big House 10, a multi-game tournament whose Melee viewer-
ship is high but not record-breaking, at 76,070 peak viewers. For the upper bound,
we select Smash Summit 11, an invitational tournament whose peak viewership is
higher than any other Melee-only tournament, at 116,972 peak viewers. Using a con-
servative estimate of 25% being the proportion of tournament viewers who actively
play Melee, we find the bounds of active players to be [19 018,29 243], which can be
halved to yield the average active playerbase.

It is worth noting that these numbers are significantly lower than the current
number of unique players whose replays are registered on Chart.slp[2] (currently
85,630), suggesting these numbers may be varyingly conservative depending on how
strongly factors like account decay?, registration proportion*, and non-Slippi players
are weighed.

n, = [9509, 14 622]

3 Calculation of N

Evaluation of the Lombardi equation with the parameters we have defined yields the
following interval:

L =[1433221092,22867 523 353]

31t is highly unlikely that every account registered on the website continues to play actively
indefinitely.

4Although the proportion of active players who have registered their replays onto the site is
likely to be low, each player having played with a large number of unique opponents means that
every player brings many others with them onto the site, much like how a virus can infect those
within physical proximity of an infected person.
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The world population is contained within this range, and in fact, the geometric
mean of the upper and lower bounds is less than 30% lower than the world population.
However, this should not be taken as conclusive evidence that Falco players have
failed to best the human race’s capacity to reproduce (and to be sure, this entire
study should not be taken as conclusive of anything at all, really). Using the Monte
Carlo method shows that 35.951% of parameter configurations result in a value of
L greater than 8 billion. However, this is using the speculative estimate of n,, the
most uncertain parameter.

We can fix L at 8 billion and treat n, as an unknown to find the lower and
upper bounds for at least how high n, would need to be for L to surpass the world
population. Doing so, we find the bounds to be [53084,5116]. While the lower
bound implies a number of currently active Melee players greater than the figure of
85,630 suggested by Chart.slp, the upper bound is a mere tenth of that figure.

4 Limitations

By far the most salient limitation of this study is that we are not a statistician and
are likely to be perversely wielding hallowed tools of mathematics in a manner most
profane.

Furthermore, several of the parameters of the Lombardi equation have either high
levels of uncertainty as discussed in each section, bias in sampling, or both. Data
greatly underrepresents players who have achieved the incredible feat of having a
level of skill lower than that of the author and depending on how numerous this
population is this could greatly lower values for the parameter n;. Additionally, not
at all accounted for in this study is the incidence of games including more than two
players, which is likely to both increase n, and decrease n;.

Finally, a critical semantic ambiguity exists in Toph’s question: In referring to
lasers, does one mean precisely the projectile produced by Falco’s neutral special
attack, or does one refer to any laser projectile produced by Falco’s blaster? This
study assumes the former but if the latter is to be considered then figures for n,
may be significantly higher. Falco’s back-throw and up-throw cause him to shoot
three lasers and his down-throw causes him to shoot four lasers. While not nearly as
ubiquitous as Falco’s neutral special, his throws are indeed still an important part
of his kit and see a good deal of use.
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5 Conclusion

To answer Toph’s seminal tweet plainly: Probably more lasers, I guess. While the
results do not categorically demonstrate if there have been more lasers shot or if there
are more humans alive, we demonstrate that reasonable bounds for the problem lie
well within the order of magnitude of the world population, and as such it is not
unreasonable to think that there may have been more lasers shot.

Competing Interests: We declare no conflict of interest as we are precisely down
neutral, ergo free of material desire.

Acknowledgments: We would like to acknowledge PapaNoJohns for his contri-
bution in the way of Slippi file statistics and Fizzi and the rest of the Slippi team for
their work on the Slippi project. Other acknowledgments include A. Sandberg et al.
(2018), the Future of Humanity Institute, Othello Gang, and Ryo Yamada.

References

[1] Kristopher Aldenderfer. Are there more humans alive on the planet today, or
Melee Fulco lasers shot across all time? https://twitter.com/toph_bbq/
status/1580778946978664449. Oct. 2022.

[2] Geoffrey Lao. Global Stats. https://chartslp.com/global. Dec. 2022.

96






Maximizing Code Readability
Using Semicolon Indentation

Tessa Parker
[llinois Institute of Technology
tparker7@hawk.iit.edu

Nelitha Kulasiri
Carnegie Mellon University
nkulasir@andrew.cmu.edu

+1:-Introduction

their preferences on stylistic choices in code on others. This paper draws inspiration from the
imposition of certain stylistic choices on others.

;.:2;;Current Practices

tabs or spaces. These two choices are the source of intense debate within computing communi-
ties. There is no doubt that these debates have caused rifts in working relationships and poten-
tially lead to divorces and break-ups in romantic relationships?.

some attempts to use this pedantry in novel languages[5]. These attempts are rather useful to
learn from, as we can see how white space can be used.

...:3;;A New Approach

colons for indentation. This may be achieved by simply replacing any tabs or spaces at the start
of a line with semicolons. Examples of usage are listed later on in this paper.

1This is shown in Season 3 Episode 6 of Silicon Valley. No actual cases of this phenomenon occurring
have shown up after a brief internet search.
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4. Benefits

the delimitation is not ambiguous. The current practice of using spaces or tabs has the disad-
vantage that it is not easy to determine, from a glance, which delimiter is being used, as they
are both white space characters. [Make this less ambiguous]

how code is indented. Everyone has their preferences, and editors may default to one way of for-
matting, which likely conflicts with other contributors to the project. In fact, this has become
such an issue that there are style enforcement tools dedicated to enforcing consistency in code
style, including indentation. The industry has arbitrarily decided that

in the academic setting, code is printed on paper, potentially splitting pages. In this situation,
indentation context may be lost. Students may be forced to find the ending brackets and hope
they properly understand the indentation, especially in languages with significant indentation,
such as Python.

acter to indent code. An example of Python code being used in a manner that would solve this
issue is found in section 5.1 Python.

9, Usage
will detail how this proposal can be implemented in different programming languages. Though

not all languages currently support this implementation, workarounds are provided for those
that don't.

to implement in Python. However, users have come forward with suggestions of how to use the
same concepts in their Python code. This method also provides the added bonus of removing
any unintentional behavior of the code.
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def write_research(journal_name):

##print (f"Writing research for {journal_namel}")

##for 1 in range(10000):

####add_random_word () ;

##add_title_page("A Paper")

##add_broken_link("this link doesn\'t work, this is unintentional")
write_research("Sigbovik 2023")

may be divisive when implementing these principles. One of the primary controversies within
JavaScript circles is whether to use semicolons or not, as JavaScript has optional semicolons.

so as to not be controversial in this space. With this in mind, we can see this proposal in prac-
tice with a snippet of the elevator.js library[3], with and without end-of-line semicolons.

// With end-of-line semicolons
;5 ;element.attachEvent ("onclick", function() {

3553305
// Without end-of-line semicolons
;5 ;element.attachEvent ("onclick", function() {

r/programminghumor[6]. Based on this code sample, we can see that this original user has
decided to take the side of omitting end-of-line semicolons from their code.
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.

USING TABL """ USING SPACES ¥
FOR INDENTATION  FOR INDENTATIONR

R

SEMICOLONS FOR INDENTATION

maln
@
-~ yhile (i <
: coprintf(
-

return ¢

int main (int argc, charx arg[]) {
55510t 1 =05
;553while (4 < 10) {

3583
;55 ;return O;

}

thanks to code-maze.com for this one.
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public int[] SortArray()

{

;553var n = NumArray.Length;

;yy;for (int 1 =0; 1 <n - 1; i++)
5333355:for (int j =0; j <mn -1 - 1; j++)
53533555555 :1if (NumArray[j] > NumArray[j + 11)

<
o
=
ct
g
o)
<
o
H
|

= NumArray[j];
5355335555555 NumArray [j] = NumArray[j + 1];
5355555555555 ;NumArray[j + 1] = tempVar;

[Why is Java actually good? Add some praise here]

class Main {

;;public static void main(String[] args) {
;55 ;System.out.println("Hello world!");
53t

+

[squares2.b -- compute square numbers
(c) 2016 Daniel B. Cristofani
http://brainfuck.org/]

SSSSO555>>4+>++< [

s LIS > -] 44+ [<b++++++4+>-] <L [-] <<<]
s [S] 05555 [DOOD] KKK [[KL<4>+>> -] << =< >>++ [
S5 s s s SKSE R+ D55 [-5>4<] > [<] <<<<-]

Siaaa o> o [F] o> [>T >>>>
33555551 <<= [>>>> ]+ [<<<]>

s o> [>>>>] << -<K<H<K
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This program outputs square numbers. It doesn't terminate.

loved by its users. This code below is open source[4].

fn main() {

;;let cli = Cli::parse(Q);

; ;start_logging _dns(cli.clone());
;;1f let Some(command) = cli.command {
;5> ;handle_command (command) .unwrap () ;
;55 sreturn;

53

;s#[cfg(not (feature = "with-gui"))]
;;return start_headless();
;s#lcfg(feature = "with-gui")]

;;if cli.headless {

;55 ;start_headless();

;51 else {

;53sguiiirun_ui();

55

+

to the world we live in. As a part of this, we must ensure that the code that remains is the most
readable. This code is from node.cobol[1].
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Turns out, x86 Assembly is perfect for semicolon indents! It's built right into the compiler. It
also has the same advantage as Python has, as it removes any bugs in your code.

;org  0x100 ; .com files always start 256 ;bytes into the segment
;mov dx, msg ; the address of or message in dx

;mov  ah, 9 ; ah=9 - "print string" sub-function
;int  0x21 ; call dos services

;mov  dl, OxOd ; put CR into dl

;mov  ah, 2 ; ah=2 - "print character" sub-function
;int  0x21 ; call dos services

;mov  dl, OxOa ; put LF into dl

;mov  ah, 2 ; ah=2 - "print character" sub-function
;int  0x21 ; call dos services

;mov  ah, Ox4c ; "terminate program" sub-function

;int 0x21 ; call dos services

;msg db 'Hello again, World!$' ; $-terminated message
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;..,6;;Potential Issues with this Approach

tain situations in which these principles may be unable to be implemented properly, or in where
the benefits of this may be degraded.

to the semicolon (; U+003B SEMICOLON) commonly used in code. This introduces the issue
that this C code shows:

// Invalid, uses the Greek question mark for indentation
while(i < 10) {

;;printf ("%d\n", i);

; ittt

+

// Valid, uses the semicolon for indentation

while(i < 10) {

;sprintf ("%d\n", 1i);

i+t

}

in specific situations, such as when using data structures which use commas to separate items
in the structure. Additionally, if a line is broken before the end of the statement, an error may
occur when trying to indent this line with semicolons. To prevent these from causing too many
issues, the authors of this paper recommend against splitting these lines.

follow the 80-column rule[2]. An example of some JSON data following this standard of omit-
ting linebreaks is shown below.

{"menu": { "id": "file", "value": "File", "popup": {"menuitem": [{"value":

q 7 Disclaimer

Many of the concepts introduced here may cause significant harm if used in a real codebase.
You've been warned.
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Abstract

In this work, we demonstrate that any sealed container containing
some gas is a perpetual motion machine, since the gas molecules are con-
stantly accelerated by Hubble expansion and therefore heated up, and the
heat energy can be extracted and converted to work. We give quantitative
estimates of the power output of some representative gas containers.

1 Introduction

Perpetual motion machines (PMMs) are machines that can do work forever
without energy input[1l]. The quest for PMMs has been a popular topic for
centuries, since the availability of PMMs would solve the energy crisis problem
forever. Although the Sun (and other stars as well, assuming that interstellar
travel will become possible) can for all intents and purposes be treated as an
effectively inexhaustible energy source in the foreseeable future, this is no longer
true if humanity manages to live beyond the lifetimes of the vast majority of
stars, or if the energy demand of humankind exceeds the power output of the
Sun. Therefore, despite the wide availability of techniques to extract solar
energy with little cost and relatively high efficiency, the study of PMMs is still
of fundamental importance for the long-term sustainability of humankind.

A frequently quoted argument is that PMMs are theoretically impossible,
because they violate the conservation of energy[l]. However, violation of the
conservation of energy is not a proof of impossibility, as exemplified by the dark
energy[2]. Dark energy is believed to come from nowhere as the universe ex-
pands, and is responsible for the accelerated expansion of the universe, therefore
in direct conflict with the conservation of energy. Nevertheless, while whether
current observational data do support the presence of dark energy is subject to
some debate, people generally agree that it is at least not possible to exclude
the presence of dark energy with the data we currently have. This immediately
suggests that it may be possible to build a PMM taking advantage of the un-
limited nature of the dark energy, specifically, using the perpetual expansion of
the Universe.

107



The simplest approach would be to tie two balls to the ends of a very long
rope, so that the balls are gradually dragged away by cosmic expansion. The ki-
netic energies of the balls will eventually be harvested when the rope is straight-
ened, in which case the energy is converted to the tension of the rope, and by
attaching the rope to machines we can extract work from it. To allow for in-
definite energy output, the rope has to be continuously lengthened; this can be
done by using part of the generated energy to create matter and antimatter out
of vacuum, and using the matter to lengthen the rope. However, the balls need
to be extremely heavy so that the energy output can become greater than the
energy spent in matter-antimatter creation. While this may seem to be difficult
but not impossible, another issue makes it fundamentally impossible for the
method to output energy indefinitely: one of the balls will eventually recede
behind the cosmic event horizon of the other ball, at which point the rope will
inevitably break.

The present work was inspired by the observation that the balls do not
need to separate from each other indefinitely in order for the energy output
to last forever. Specifically, the balls still accelerate due to cosmic expansion
even if they are allowed to bounce back off a wall. This allows us to put the
balls in a closed container, and furthermore replace the balls by gas molecules,
so that they will bounce around in the container forever and extract energy
from cosmic expansion indefinitely. The extracted energy will be in the form of
the kinetic energy of the molecules, which is just thermal energy. A perpetual
motion machine can then be built taking advantage of the thermal radiation of
the container. In the following section, we prove that the container will indeed
generate heat due to cosmic expansion, and provide quantitative estimates of
the power output for gas containers of certain sizes.

2 Results and Discussions

Suppose there is a gas molecule M in a rigid container. The molecule moves
from a point on the wall of the container, A, with initial velocity vg, until it
hits another point on the container, B. The velocity of M relative to point A
increases due to cosmic expansion, as it recedes from point A. The recessional
velocity v, of M at any given time is given by Hubble’s law|[3]:

Uy = HDAM + Upec (1)

where H > 0 is the Hubble constant, D 4, is the distance of M from point A,
and vy is the peculiar velocity of M. Since v, = vy when D4y = 0, we have

Upee = Vo (2)

Thus, the velocity of M relative to point A increases linearly with respect to
the distance of M from A.

When the molecule arrives at point B, it bounces off elastically and heads
towards point C. From the same analysis as above, we can say that the velocity
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Figure 1: A gas molecule in a rigid container.

of M relative to point B increases linearly as the distance of M from B increases.
However, as the container is rigid, point B is stationary relative to point A;
therefore, the velocity of M relative to point A also continues to increase even
after M has bounced off point B and is not heading away from A anymore. The
velocity increment of M is thus the sum of the increment already attained from
A en route to B (i.e. HD4sp), and that attained after the molecule has bounced
off point B (HDpgps). One can therefore write the general expression of v, as

v, = Hsan + vo (3)

where sa4,7 is the arc length of the route travelled by M, starting from A. It
is easy to see that the formula is not only applicable when only one bounce
has been made, but also to the case of an arbitrary number of bounces. In
particular, it is true even until M eventually returns to point A. The important
corollary is that, M can depart from point A and return to the same point,
yet its velocity increases, and the extra kinetic energy comes solely from cosmic
expansion[4]!

Eq. 3 gives the dependence of the velocity of M, i.e. v,., on the distance
travelled by M (sapr). However, a more convenient quantity is the dependence
of v, on time ¢. Noticing that

dsanm
U T T )

we can solve Eq. 3 as an ordinary differential equation, yielding

v
sam = (e = 1) (5)
or
v, = voell? (6)
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Eq. 6 shows that the velocity of M increases exponentially with time. Conse-
quently, the kinetic energy of M also increases exponentially, but with twice
the exponent, due to the kinetic energy being proportional to the square of the
velocity.

Now, suppose that the container contains not just one gas molecule, but a
gas composed of a macroscopic number of molecules. The above derivations are
still applicable. Moreover, it is now meaningful to talk about the temperature,
T, of the gas. Since the temperature of a gas is proportional to the average
kinetic energy of the gas molecules, we have

T(t) = T(0)e2! (7)

Eq. 7 shows that the temperature of a gas in a rigid container increases
exponentially, with a time constant of 2H. Since the current value of H is
about 2.27 x 1078 s71[5], it follows that the temperature of the gas doubles
every 1.53x10'7 s, or 4.84 billion years. Note that although the Hubble constant
changes over time, our qualitative conclusions will remain unchanged as long
as the Hubble constant does not approach zero in the long run, which most
physicists seem to believe to be the case. Therefore, as long as the container
is coated by a sufficiently good thermal insulator, such that its heat loss is on
the billion year timescale, the container will become measurably warmer than
the outside, and work can be extracted every a few billion years, by temporarily
removing a part of the insulating layer and using the resulting heat flow to
power a heat pump. This requires the development of extremely good thermal
insulators that are well beyond current technology. Alternatively, work can be
extracted with a heat pump even without thermal insulators that can work on
the billion year timescale; however, the temperature of the container will be
only marginally higher than the environment, leading to extremely low Carnot
efficiency.

We now estimate the power available for the heat pump. Assuming that the
thermal energy CydT(t) accumulated over a short period of time dt is converted
to work, where Cy is the heat capacity of the gas at constant volume. Then
the output power of the container is
dT'(t)

dt

For example, for a container filled by air (Cy,, = 20.8 J-mol™'K~1)[6] near
298 K, the power output is 4.86 x 1072 W per kilogram of air, or (at ambient
pressure) 5.83 x 10716 W per liter of air. The numbers may seem negligible, but
since there is 5.15 x 10'® kg of air in the world[7], the total power output due to
cosmic expansion heating up the atmosphere is 2.50 MW, which is equivalent
to 50000 50 W light bulbs. We expect that the figure may not be very accurate
since the atmosphere is not contained in a rigid container, but it should have
the correct order of magnitude. Also note that cosmic expansion does not seem
to be a major contributor to global warming, since the resulting temperature
increase is only dﬂit) = 1.35 x 1071 K, tens of magnitudes smaller than the
actual global warming rate.

P=Cy = 20y HT(0) 8)
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Stars like the Sun are mainly composed of a gas of free protons and electrons,
in a 1:1 ratio. Both are single-particle gaseous particles, and thus have Cy,, =
12.5 J-mol 'K~1[6]. Since the Sun’s mass is 1.99 x 100 kg, and its center
temperature is 1.57 x 107 K[8], the total power output of the Sun due to cosmic
expansion is 3.55 x 10%* W. Surprisingly, this is only 2 orders of magnitudes
smaller than the total power output of the Sun (3.85 x 1026 W[8]). Although
our estimate of the contribution from cosmic expansion is likely an overestimate
(due to, for example, using the center temperature of the Sun as the temperature
of the whole Sun), we expect that more accurate theoretical models of the Sun
may eventually reveal that nuclear fusion does not explain all of the power
output of the Sun, and therefore provide an experimental estimate of the cosmic
expansion contribution to the power output of the Sun[4].

3 Conclusions

In this work, we show that a gas confined in a rigid container will spontaneously
heat up due to cosmic expansion, therefore acting as a PMM, since the heat
can be extracted as work by a heat pump. Although the power output of any
everyday sized gas container is negligible, it becomes appreciably large when the
mass of the gas is comparable to the Earth atmosphere. Even more, we predict
that cosmic expansion may have contributed up to 1 % of the total power
output of the Sun. Therefore, we propose that the presently mentioned PMM
can be built by amassing stellar masses of gases, and collecting the resulting
heat radiation. Due to gravity, the gas does not need to be confined within a
container anymore, which is especially convenient.

Meanwhile, we point out a few limitations of the current work: we did not
take into account the general relativistic corrections due to the gravity of the
gas, the fact that there are no infinitely rigid containers, the fact that thermal
insulating ability has an upper bound, the finite temperature of the cosmic mi-
crowave background, and the breakdown of the non-relativistic velocity-addition
formula. These effects are anticipated to be small[4] and will be addressed in
future work.
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Abstract

Higher order functions are well studied in the CS literature, and pro-
vide affordances in functional programming ranging from map and reduce
to parser combinators[l]. Lower order functions have received consid-
erably less attention. We present a framework for understanding lower
order functions, and show how they may be used to encapsulate many
imperative concepts in a functional setting. In particular, the operations
of delete, return, and the stack smashing of continuations are put into a
functional framing.

1 Introduction

There is a longstanding history, dating back to Turing and Church, of the im-
perative and functional camps wrestling with each other!. Each side desires to
subsume the other, to absorb its twin and gain its strength while retaining its
own form.

Lower order functions are a winning strategy in this age old struggle. Unlike
higher order functions, which increase the possibility space with each succes-
sive level, building abstractions on top of abstractions, lowering order functions
actually simplify your process each time they are invoked.

This simplifying aspect maps directly to a variety of imperative features that
are otherwise complicated to express in the functional paradigm. Delete, return,
and even exit, that bugbear of the imperative world, can be expressed naturally
and functionally using lower order functions.

*Author declares the existence of a competing interest, having received financial contribu-
tions from Big Integer

1So heated were these matches that they eventually lead to the complete separation of
Church and state.
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2 First-order functions

First-order functions do not accept functions as arguments or return functions.
They accept or return base values (non-function primitives), and may have other
side effects.

These environment semantics for a first-order function in a typical functional
programming language clearly reveal the state encapsulation and immutable
semantics typically associated with languages derived from the lambda calculus.

def
EF funz — el (closure x — e, E)

Ete; | (closurex, » e, E.) ErFes vy (Eg,zer—v)bedv
Elree v

apply

Et f | (closurez — e, F)
eval(E, f,x) =v 4 E’

eval

Some well-known, straightforward first-order functions are the Ackermann
function [2], the Collatz conjecture [3], Fast Inverse Square Root [4], and the
Standard Model Lagrangian [5]. These functions are simple and easy to reason
about, and will rarely pose any operational difficulty for software developers.

First-order functions are typically considered the base case for higher order
functions: a sixth order function is a function that takes a function that takes a
function that takes a function that takes a function that takes a function that
takes a base primitive as its argument as its argument as its argument as its
argument as its argument as its argument.

However, there is no particular reason to bottom out with first-order func-
tions. Let us continue this degression into the underworld, beginning with the
end, the null point of infinity, the first and greatest among numbers — zero.

3 Noop as a zero-order function

Zero order functions take no arguments and provide no return value, yet are
terribly useful. When a higher order function absolutely positively has to take
a useless function as an argument, noop has no substitutes.

Many imperative languages have statements like “debugger”, which is effec-
tively a noop from the perspective of the computational process, but is effectful
with respect to the external environment. By treating statements like these as
zeroth order functions we effectively gain the effects of algebraic effects on their
effects, capturing the imperative effectfulness in a snuggley functional embrace.

3.1 Environment semantics for zero order functions

Et f | (closurexz — e, F)
eval(E, f,x) =v+E

eval
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4 Minus-first-order functions

Like zero-order functions, a minus-first-order function neither takes arguments
nor returns values. It does, however, have an effect: it removes a variable from
the environment.

In particular, it removes the last variable that was bound into the environ-
ment, so it is no longer available. When using de Bruijn indices it reduces the
value stack by one, like “drop” in Forth.

This allows the modeling of imperative statements like “delete” in a purely
function setting. It also creates a path for adding linear logic or other vari-
able ownership constraints to a programming language — any language with
first-class minus-first-order functions and zero-class function definitions allows
construction of novel memory management models directly in user space.

4.1 Environment semantics for minus-(first,second,third)-
order functions

We introduce a new symbol here, '@’ (pronounced VOID) to denote the degree
of destruction of the resulting environment.

Etr f7 | (closure x — e, E)
eval(E, f~",2) =v 4 E®"

eval ™"

5 Minus-second-order functions

The next step beyond dropping a single value from the environment is to drop
an entire frame. This is the functional equivalent of the imperative “return”
function, but now reified as a first-class value by minus-second-order functions.

Of course, the return function can already be emulated by using continua-
tions in languages derived from the untyped lambda calculus, but this is a bit
like using a wrecking ball to drive a finish nail. In conjunction with minus-third-
order functions, the ability to precisely target individual stack frames provides
a much more nuanced story around control flow management and theory.

6 Minus-third-order functions

Continuations are an extremely useful control flow construct, but they have
also long been a source of confusion and frustrating bugs, and have not seen
widespread mainstream adoption outside a few fringe use cases.

A minus-third-order function continues the work of a minus-second-order
function, but consumes all the stack frames instead of just one per evaluation.
This allows the invocation of a continuation to be modelled as a pair of functions,
one which consumes all the current stack frames, and a second which adds frames
that were captured earlier.
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This division of labour allows more precise control, and enables uses that
would otherwise be difficult to achieve: if you have captured a full continuation,
but want deploy it without entirely consuming your current stack, this sepa-
ration allows the fine grained control needed. (The alternative case, where a
delimited continuation is captured but we desire to invoke it as a full continua-
tion, is considered next.)

7 Minus-fourth-order functions

Early termination is very common in imperative programming models, where a
system may halt and return a result or error message prematurely upon some
condition, regardless of how deeply nested its current state is. However, this
is quite difficult to simulate in the lambda calculus and similar systems, and
is usually appended as a statement the underlying runtime supports with no
proper theoretical framing.

A minus-fourth-order function takes minus-third-order functions one step
further, by not only eliminating all the stack frames but the actual process
as well. This not only provides the necessary construction for incorporating a
sudden exit into the theory, it also lifts it into a proper first class function that
can be treated as a normal value in the system.

7.1 Environment semantics for minus-fourth-order func-
tions

Note here that there is no longer any environment to speak of after this evalu-
ation, and of course the return value is also VOID.

EF f~* | (closure v — ¢, E)
eva B, f~42) =@ 1@

eval 4

8 Minus-fifth-order functions

A minus-fifth-order function not only removes the process that invokes it, but
also eliminates the possibility of being invoked in the future, leading to a radical
simplification of the process and perhaps even the computational substrate —
operating system, firmware, and perhaps the broader network.

Various systems in the past have eliminated erroneous code as a safety
measure[6], but a true minus-fifth-order function is considerably involved to
construct, as it must not only remove all copies of its own code, but also remove
the possibility of itself being run in the future.

An practical example of a minus-fifth-order function is a kind of security
construction, where a flaw is exploited to remove the flaw. For instance, a
network virus that utilizes a zero day exploit in order to patch every machine
it compromises, destroying itself in the process.
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8.1 Environment semantics for minus-fifth-order functions

The semantics here are identical to the minus fourth order semantics, with a
notable difference. Not only have the value and environment succumbed to the
VOID, but the eval construct of our metalanguage has as well.

EF f7° | (closure z — ¢, F)
eval(E, f~°, ) = @ 4 @[eval ~ @)

eval=®

9 A minus-sixth-order function

Still lower? There is a minus-sixth-order function — the function which prevents
anyone who discovers it from talking about it, or even thinking about it, by
eradicating the neural pathways capable of evaluating its construction during
its evaluation. Or it certainly seems that there should be such a function.
The authors, who have designed effective biotemporal computation signalling
systems and who believe they have been certified in the field of antimemetics,
appear to have spent the last twelve years designing it with the intent to include
it in this paper, but it seems to have escaped them.

9.1 Environment semantics for minus-sixth-order functions

R
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PizzalLang: A Language for Hungry Developers

Ronik Bhaskar
The University of Chicago

Abstract

Modern programming languages lack a clear focus
on feeding their hungry programmers. As a first
step, we introduce the Pizzalang programming
language. With a straightforward type system,
easy-to-read concrete syntax, and extensive fea-
tures, PizzaLang outperforms state-of-the-art pizza
programming languages. We rigorously prove pow-
erful properties about PizzaLang, including strong
normalization. Our implementation of a PizzaLang
interpreter provides tangible results, demonstrat-
ing the effectiveness of this language.

1 Introduction

It’s 11pm. You’ve been programming all day, and
you forgot to eat dinner. With the project deadline
approaching, it’s not like you had time. You can’t
keep working on an empty stomach, but you can’t
step away from the keyboard either.

Pull yourself together. You’re a programmer.
You're a professional problem solver. You can get
some food and keep writing code at the same time.
All you need are the right tools.

Currently, these tools are APIs wrapped
in APIs wrapped in dynamically-typed, object-
oriented languages that don’t care about your
pizza. While they serve the necessary purpose, the
sheer level of overhead makes actual use much more
difficult than anticipated. Developers are stuck
reading through pages of documentation, only to
realize the pizza shop has closed, and their dinner
plans will never be realized.

PizzaLang aims to provide better tools to hun-
gry programmers. The language has one main pur-
pose: constructing pizzas. Using clean structure,
straightforward typing, and simple grammar, Piz-
zaLang allows users to construct terms suitable for
any pizza-related project, including ordering pizza.
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2 Term Grammar

The term grammar of PizzaLang is as follows:

t == Dbp base pizza
| left left half of pizza
| right right half of pizza
| all whole pizza
| mushrooms
| onions

| green peppers
| ... pizza toppings
| add ¢ ¢ ¢

| remove t t

add topping

remove topping

This allows for the construction of the follow-
ing values. All values are specified by v, following
the style of Types and Programming Languages [1].
Pizza values are denoted by pv, topping values are
denoted by tv, and location values are denoted by
lv.

v = pv pizza values
| tv topping values
| Iv location values

tv ::= mushrooms | onions | green peppers | ...

lv = left
| right
| all
pv == bp
| add pv tv lv

Finally, this language has three types: Pizza,
Topping, and Location.

T ::= Pizza | Topping | Location



3 Evaluation Rules

The add and remove terms in PizzaLang function
similarly to successor and predecessor respectively
in Peano Arithmetic. The base pizza behaves like
zero. The predecessor of zero is still zero, so remov-
ing a topping from a plain pizza results in a plain
pizza. Wrapping add terms around a base pizza
creates a larger pizza.

Unlike Peano Arithmetic, not all adds and re-
moves are created equal. A remove around an add
will only cause the two to cancel if they describe
the same topping. Logically, removing mushrooms
shouldn’t also cause the green peppers to be re-
moved from your pizza. Since adds can be nested,
the remove term can descend through the adds,
searching for the correct topping to remove.

Computation Rules

Vg = Uy

remove (add vy vg v3) V4 — V1

Vg % Uy

remove (add vy ve v3) v4 — add (remove vy v4) V2 V3

remove bp to — bp
Congruence Rules

t — tll
add ¢1 to t3 — add tll to t3

to — t’2
add vy to t3 — add v, tIQ t3

add vy vy t3 — add vy vg th

ty
remove tq to

!
— 1
— remove ] tg

ta
remove vy to

/
— remove vy th
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4 Type Rules

Since PizzaLang does not utilize variables, Pizza-
Lang does not require a context I" to store the types
of variables. Instead, toppings are specified as fixed
set of terms in the grammar, allowing independent
developers to determine whether or not ”pineap-
ple” is valid syntax. Also, depending on the im-
plementation of the interpreter/compiler, ”mush-
rooms” is a well-typed program.

bp : Pizza

left : Location

right : Location

all : Location

topping name : Topping
t1 : Pizza to : Topping t3 : Location
add t; t9 t3 : Pizza
ty : Pizza to : Topping
remove tq to : Pizza

Given our type system, you may have noticed
that the second, third, and fifth congruence rules
are redundant, since terms of type Location or Top-
ping are already values. These congruence rules
future-proof the language for new terms of type
Location or Topping that step to a value in one or
more steps.

5 Strong Normalization

We claim that our language has strong normaliza-
tion [1]. If a term in PizzaLang is well-typed, then
it steps to a value in zero or more steps. The proof
is by induction over the depth of the term. See Ap-
pendix A for the full, mechanized proof.

For far too long, Big Pizza has upheld too
many barriers to getting your pizza. Pop-ups, redi-
rects, ads, and confusing choices continue to plague
the modern pizza consumer. As independent re-
searchers, we hope to introduce robust systems for
ordering pizza. This begins with the strong guar-
antee that your pizza order can produce a pizza.

Pizza-ordering languages that lack strong nor-
malization risk infinite pizza loops, introducing
topological paradoxes about how to apply sauce to
a Mobius Pizza.



6 Concrete Syntax

The initial interpreter, written in Typed Racket,
replicates a spoken-English pizza order with its syn-
tax. It only specifies three different toppings, and
they must be spelled as described. Furthermore,
all programs must begin with ”i’d like uh...” and
end with "don’t forget to bake it”. We feel the
first syntax requirement adds to the programming
experience, mimicking common speech patterns for
ordering food. The second requirement is entirely
to annoy programmers who forget to add it.

t == 7i'd like uh...”
t main body
”don’t forget to bake it”
| 7 pizza” base pizza

| t ?with” t ”on the” t
| t 7and” t "on the” t
| t "actually hold the” t

add topping
add topping

remove topping

| t "and” t remove topping
| 7left half” location
| ”right half” location
| ”whole thing” location
| ”mushrooms”

| ”onions”

|

”

green peppers”

Here is an example program:

i’d like uh...

pizza with mushrooms on the left half
and green peppers on the right half
and onions on the whole thing
actually

hold the onions and mushrooms

don’t forget to bake it

The program evaluates to the following term:

add bp "green peppers" right

7 Further Applications

The most important values in the program are
those of type Pizza. They can be read as a se-
ries of instructions, describing which toppings to
add to a base pizza, in what order, and where on
the pizza. To allow for further computations, an
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interpreter could use the sequence of toppings as
computational instructions. For example, you may
read the location of the topping as a left /right /stay
move on a Turing tape, and the topping itself may
tell you how to manipulate that square. Alterna-
tively, you could feed the instructions to a program
that draws pizzas.

Beyond computation, PizzaLang creates a
context-free grammar for ordering pizza. Pizza de-
livery APIs have existed for years. Individual users
can define what a base pizza means to them, and
most pizza-delivery restaurants take orders as se-
quences of toppings to put on a pizza. The instruc-
tions may need to be adapted to fit the nuance of
each pizza restaurant, but the logic is still clear.

Programmers of the world, open your editors.
Let your stomachs be your guide. Write some code,
and order some pizza.
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A Appendix

We claim Pizzalang has strong normalization. The following mechanized proof is written in Agda.
module pizza-lang-strong-normalization-proof where

open import Pizzalang.Theorems using (strong-norm-proof; WellTyped; steps-to-val)
open import Pizzalang.Theorems using (pizza-lang)

pl-strong-norm : Set
pl-strong-norm = V(x : WellTyped) - (steps-to-val x)

pl-strong-norm-proof : V(x : WellTyped) -+ (steps-to-val x)
pl-strong-norm-proof = (strong-norm-proof pizza-lang)
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Quadratic Logic

DaNIEL NG

1 Abstract

The well-known linear logic system represents a world where, whenever a proposition is used, it is also
consumed. However, this system does not generalize well to the real world, where economies of scale dictate
that producing more copies of something at one time will take less resources than producing each copy
individually. To model this, we remove the strict one-to-one correspondence between propositions on the
left-hand side of a sequent and the propositions they produce on the right-hand side when consumed by rule
application. By replacing the linear function with a quadratic function, we are able to model the real world

more effectively under this system, while still preserving linearity in some cases.

2 Introduction

The system of linear logic stipulates that when an left rule is used to create a new proposition, any propositions
used in the creation process are removed. This means that throughout the course of a linear proof, things are
consumed and reused in a one-for-one correspondence. Having an A and using it to come to the conclusion of
B is sufficient to create the proposition A — B, consuming the A and the B in the process. Likewise, having an
A —o B and an A is sufficient to remove both and create a B, but the A and the A — B cannot be used later on.
The meaning of linear logic becomes clear from these examples — put in one copy of the necessary ingredients
to get one copy of a proposition.

It follows that multiple copies - for example, n copies — of a proposition can be created by putting in n copies
of each of the necessary premises. However, this does not match up with reality. It is often more equivalent
to create things in large batches, or otherwise utilize fewer resources to create more things than could be
individually made using the same amount of resources.' This reflects how things work in the real world.?
Therefore, we seek to model this with a new set of rules, which better reward proof authors for efficiently
using left rules by rewarding them with additional copies of the proposition based on the number of copies of

the premises used.

! This is where the common grocery store advertisement of “the more you spend, the more you save” becomes relevant.
2 The author recognizes that computer science theory often does not seek to represent the real world, as evidenced by the amount
of time spent on [insert problem you hate here].
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The next question to consider is how much of a reward one should get from a multiple-introduction of
propositions. Increasing the number of propositions created by a linear factor proves problematic, as a device
comes about to generate infinitely many copies of a proposition as long as the cut and identity rules hold. This
tends to over-reward introducing small numbers of propositions, while not truly appreciating the genius that
comes with consuming 10 copies of A and B each to introduce some number of copies of A ® B.> Therefore, we
need to consider what function f(n) should be used to determine how many copies of a proposition should
be introduced when n copies of each of the premises are used. Functions of degree 3 and above, as well as
exponential functions, grow to concerningly large numbers even on small n.* Based on some preliminary
experiments, it seems that functions in the neighborhood of ©(n?) form the ideal candidates. For now, we

proceed with the most basic function in this class - f(n) = n?.

Rules

The following set of rules, shown in Figure 1 on the next page, are adapted from Frank Pfenning’s rules for
linear logic. [1] We introduce the notation A true [n] to indicate having n > 0 copies of proposition A, but the
rules otherwise remain quite similar to their original formulation. Additionally, since we are trying to focus
on quadratic functions in this work, we remove the exponential entirely since 2" ¢ ©(n?).

The notable rules in this set are the id rule, which enables us to square the quantity of an atomic proposition
should it be necessary. It also moves it to the right-hand side. The split rule is also new, and allows us to split
up a group of n propositions into two groups of size x and n — x, where 0 < x < n. Combine inverts a split,
combining two groups of the same proposition which have sizes m and n into a single group with size m + n
on either side of the sequent. For simplicity, we only permit positive integer numbers of propositions to be
taken at a time. The remainder of the rules operate more or less as expected, with left rules using n copies of

each premise and creating n? copies of whatever is being introduced.

Identity and Cut

As it turns out, the linear identity and cut theorems still hold here. To prove these, we begin by proving a pair

of very important lemmas to relate this back to the original system of linear logic.

Lemma (Quadratic Evaluation)
If we let f(n) = n?, then f(1) = 1.

Proof: f(1) = 12 = 1-1 = 1. The remainder of the proof is left as an exercise to the reader, or to any

friends of the reader who happen to have an interest in foundational mathematics.

3 We needed some A ® Bs to give out to 2023 SIGBOVIK attendees as souvenirs, but did not have enough for everyone. :(
4 Since this is a computer science paper, we opt to not acknowledge the existence of numbers above 2,147,483,647.
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Rules for Quadratic Logic

(P atomic) id T, Atrue [x],A true [n — x] I B true [m] solit
P true [n] I P true [nz] I, A true [n] I B true [m] P
I - Atrue[m] T, A true[n] bi I', A true [m + n] I B true [p] -
I, - A true [m + n] goaingh I, Atrue [m], A true [n] I B true [p] compomne
Il - Atrue [n] I3 I Btrue[n] SR I, A true [n], B true [n] I C true [m]
I,I; - A® B true [n?] I'A® B true [n] I C true [m]
[k Atrue[n] T I Btrue[n] I, A true [n] I C true [m] o T, B true [n] I C true [m] e
I + A&B true [nz] I, A&B true [n] I C true [m] I, A&B true [n] I C true [m]
T I+ A true [n] T I+ B true [n]
®R1 @®R2
I'-A@ B true [nz] I'-A® B true [nz]
I, Atrue [n] & C true [m] T,Btrue[n]  C true [m] I
I',A® B true [n] I C true [m] ®
T, A true [n] + B true [n] 7 Il - A true [n] I, B true [n] I C true [m] N
I' kA —o Btrue [nz] I,I,, A —o Btrue [n] I C true [m] -

. I I C true [n]
- Ik 1 true [n] I,1 C true [n]

Tk T true [n] T [, 0 true [n] I C true [m] 0L

Figure 1: The inference rules for quadratic logic.
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Lemma (Linear-Quadratic Correspondence®)

Any valid proof under linear logic without the exponential is also a valid proof under quadratic logic
when f(n) = n? if we treat a proposition judged as true in linear logic to have the judgement true [1] in
quadratic logic.

Proof: Observe that any linear left rule is the same as a quadratic left rule where the parameters for all
the true [] judgements are set to 1. Any linear right rule is the same as a quadratic right rule where the
parameters of both the inputs and the outputs are 1. By the Quadratic Evaluation Lemma, it holds that any
quadratic logic rule is the same as a linear logic rule in this case, because n = 1 means f(n) = n* = 1. This
is good, because it allows us to use quadratic rules as linear rules in this case by replacing any instance
of the true judgement with the true [1] judgement. Since all left rules now consume one copy of each
premise and produce one copy of each result, simply substituting any linear rules with the corresponding

quadratic rules transforms the linear proof into a quadratic proof.

@ The authors do not think this is much of a correspondence, but every PL paper seems to be required to feature at least one
correspondence.

From this second lemma, some useful results from linear logic can be translated to quadratic logic.

Corollary (Linear Identity)

It is true for any proposition A that A true [1] - A true [1].

Proof: Once again, we take the inductive proof of identity in linear logic and translate it to quadratic
logic via the Linear-Quadratic Correspondence. Since the corollary that we are proving is just a linear

logic sequent rephrased as a quadratic logic sequent, we are done.

Corollary (Linear Cut)

IfT7 - A true [1] and I, A true [1] I B true [1], then I}, T, - B true [1].

Proof: This is the same as the linear cut theorem, only translated to use the quadratic syntax for “one
copy of a proposition being true”. The proof is the same as in linear logic, after conversion via the

Linear-Quadratic Correspondence lemma.

4.1 Linear Identity Revisited

There are two versions of the identity theorem that can hold. One of them is the standard linear identity,

applied to propositions in any quantity.

Theorem (Linear Identity 2: Electric Boogaloo)

A true [n] I+ A true [n] for any proposition A and any positive integer n.

To prove this, we proceed by a nested induction. Firstly, as with normal linear identity, we take as inductive
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hypothesis that for any smaller propositions, this theorem holds.” We then proceed by induction on n.

The base case comes when n = 1. In this case, we have no choice but to actually break down the proposition
and prove the identity rule, using the proof from the earlier Linear Identity proof.

The inductive step is slightly more interesting. Let D represent the derivation of the n = 1 case from linear

identity. Then the following represents a proof that A true [n] IF A true [n]:

Al1] » A[1] (by derivation D)

Aln—-1] + Aln—-1] (inductive hypothesis)
A[n—-1],A[1] + A[n] (combine R rule)
Aln] + Aln] (split rule)

4.2 Quadratic Identity

Linear identity is a nice theorem to have around, however, for the purposes of proving things like cut later,
it proves to be too weak. In the spirit of asking “can we do better?”, the proof of identity once again can be

reconsidered to strengthen the theorem more.

Theorem (Quadratic Identity)

A true [n] I A true [nz] for any proposition A and any positive integer n.

Even only using the old linear identity theorem, we have sufficient machinery to prove this theorem! The
atomic case comes about from the id rule, which directly proves the theorem for atomic propositions. For
propositions built up with one or more connectives, we must perform more proof using the previous linear

identity theorem. One example of such an proof is provided. The remainder are similar.

Example (& Case)
We aim to show A —o B true [n] I+ A — B true [n?].

Proof:
A true [n] - A true [n] (by linear identity)
B true [n] I B true [n] (by linear identity)
A —o Btrue [n], A true [n] I+ B true [n] (—o L rule)
A+ Btrue[n] A — Btrue [nz] true [nz] (— R rule)

Observe that these proofs of quadratic identity never invoke the quadratic identity rule as an inductive
hypothesis. Doing so would result in having many extra copies of propositions from multiple layers of squaring,

which could lead to undesirable outcomes since there is nowhere for the extra copies of propositions to go.®

> This is not directly used, but is necessary to allow the n = 1 case to invoke linear identity.
® These extra propositions could eventually reach critical mass, creating undesirable side effects such as forming a black hole.
Black holes are not specified in the rules and would be likely considered undefined behaviour.
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4.3 Quadratic Cut Theorem

Now that quadratic identity has been proven, we are now ready to approach the problem of cut. As it turns

out, the cut theorem not only holds when n = 1, it also holds in the general case!

Theorem (Cut)
If D =T, +Atrue[n] and & = I}, A true [n] I C true [m] then I';, I3 I+ C true [m].

The proof of this is via induction. For a particular case, the inductive hypothesis is that the cut theorem
holds on any proposition A” and two derivations 9’ and &', where one of the following hold: A’ is smaller
than A, or A’ = A and 9’ is smaller than D, or A’ = A, D’ = D, and &’ is smaller than &.

This is a fairly standard setup for a cut proof. [2] As such, we present two cases for the ® connective as

examples of how this proof proceeds. The remainder of the proof is similar to these cases.’”

Example (Principal Case)

D, D, &1
Lk Atrue[n] Tk Btueln] I3, A true [n?] , B true [n?] I C true [m] oL
D= T,T; F A® Btrue [n?] &= T3 A®Btrue[n?]| k C true [m]
We then show that I, I, I3 - C true [m].
I, I B true [n] (1-by D)
B true [n] I B true [nz] (2 - by identity)
I, I B true [nz] (3 - by IH on (B, (1), (2)) since B < A ® B)
I, I3, A true [nz] I C true [m] (4 - by IH on (B, (3), &;) since B < A ® B)
I1 I A true [n] (5 - by Dy)
Atrue [n] IF A true [nz] (6 - by identity)
Il - A true [nz] (7 - by IH on (A, (5), (6)) since A < A® B)
I, 1, I5 I C true [m] (by IH on (A, (7), (4)) since A < A ® B)

Example (Side Case)

D,
I, A true [n], B true [n] + D true [k] s

®L
D= T,A®Btrue [nz] I D true [k] I, D true [k] I C true [m]

We then show that I}, I, A ® B true [nz] I C true [m].

I',I,, A true [n], B true [n] + C true [m] (by IH on (A ® B, Dy, &) since Dy < D)
I, 15, A ® B true [nz] I C true [m] (by ®L rule)

7 This would normally be left as an exercise to the reader, but having to prove this many cases would likely make any readers stop
reading.
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5 Applications

The system created here might, at first glance, appear to be quite limited in its functionality. Starting with two
copies of a proposition can be a massive problem when trying to create three copies - the options are to leave

them as two or move up to four. To combat this problem, a new judgement can be introduced:

Definition

The judgement A so true [n] is defined as A true [n’], where n’ > n > 0.

Intuitively, we can think of A so true [n] as being similar to A true [n] ® T true [1], in that we keep the n
copies of A that we need while using the remainder to prove the T part of the product. By proving conclusions
as so true instead of true, creative logicians will be able to manipulate the rules of quadratic logic to give
themselves a more flexible version of linear logic.

Having come from linear logic, it is no surprise that there are many similarities between quadratic and linear
logic. Having one copy of a proposition makes that proposition behave more or less in a linear way — there is
no way to use the identity rule to get more copies of such a proposition. What is slightly more surprising is
that propositions with a count greater than 1 can have as many copies of necessary being generated through
repeated use of the identity rule, as long as there is a so true judgement somewhere to take care of extra copies
that may be created.

This means that propositions that are defined multiple times actually behave in a style more consistent with
a standard sequent calculus, or the exponential in linear logic. This insight indicates that quadratic logic can
be used to blend linear and standard styles. In fact, the way quadratic logic allows users to limit how many
times something is used based on the number of calls to the identity rule means that there is a tighter degree

of control afforded to the proof writer.?

6 Extensions to Further Quadratics

This whole paper has been, so far, devoted to using the function n? to determine the number of proposition
copies introduced on the right side from right rules. However, what happens when we have a different
quadratic as the function? There are several interesting things that could occur.

Firstly, the function could evaulate to a negative number. In this case, we go into propositional debt at this
point, where to recover the remainder of the proof, the negative copies of a proposition must be offset by
positive copies from elsewhere in the proof tree.” This debt cannot get swept up by a so true judgement of
some form due to the definition of the judgement, meaning that the prover is actually responsible for any debt

that is incurred. This debt will actually prevent the proof from being complete as well, because it will interfere

8 Some might go as far as to say this makes the user “resource aware”.
? This brings a new kind of meaning to “negative type”.
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with the correct conclusion being reached much like an extraneous proposition in linear logic would interfere
with it.

A couple further points of pain come up when using general quadratic functions of the form f(n) = an?+bn+c
come about, even if we force a, b, c, n to all be integers and n > 0. For one, having f(0) > 0 allows us to pull
propositions out of thin air, because we can use the id rule to generate them using this quadratic - since if a
proposition does not appear on the left-hand side of the sequent, we assume there are 0 copies of it there. We
therefore want f(0) = 0, to avoid going into debt from unused propositions, of which there are typically many
in a standard proof. Aside from that, f(1) = 1 tends to be a desirable property, so that we preserve linearity for
linear propositions as described earlier. Fortunately, parabolas need three points to be fully defined, leaving

the programmer some degree of flexibility.

Further Research

The most pressing issue for quadratic logic, at the moment, is that the I- symbol being used is entirely made up
of straight lines. Since quadratic functions are generally not linear, further research will likely first go toward
developing a replacement for I that involves more parabolas and fewer lines. This will allow the distinction
between quadratic and linear logic to become more clear, as the notation for both systems currently looks
very similar.!”

Aside from the obvious notational issue, another extension the authors would like to consider comes from
adding different quadratic functions into each introduction rule, causing different numbers of propositions to
generated depending on the order in which some rules are used. Quadratics with imaginary roots or only
one real root could also pose an interesting problem. Extending the number of copies of a proposition to the
complex numbers so that there are two axes for which the count of a proposition is defined on - the real axis

and the imaginary axis — could also be an interesting direction to pursue.
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Ringfuck: It’s a wheel great time!

Ryan Hornby and Matthew Safar

No Institute Given

Abstract. Left as an exercise to the reader.

1 Introduction

The programming language Brainfuck has been helping programmers improve
their skills since its creation in 1993 by Urban Miiller. Its great design of sim-
plicity and power have left it unchanged since its inception, unlike many mod-
ern “high level” languages. Recently, Sigbovik contributor Ho Thanh has ex-
panded the possibilities of Brainfuck with the improved functionality version
Brainfuck++, which includes object oriented programming (it doesn’t actually),
networking, and many quality of life features (Thanh, 2022). Unlike these at-
tempts to modernize Brainfuck, however, we propose a radically new innovation
to the Brainfuck language that addresses some gaping (circular) holes in the
language.

Brainfuck programs operate on a tape of memory, similar to a Turing machine.
However, as anyone who has gotten super high and watched Arrival will tell you,
the true form of everything is a circle (Garland, 2015). Whether it be physical
circles, such as spherical cows (Stellman, 1973) or temporal cycles such as the
boom and bust cycle of our great capitalist economy, the most natural shape is
the one that doesn’t cut any corners: a circle. To this end, we have developed a
new offshoot of Brainfuck, which we call Ringfuck which allows you to practice
your circular reasoning.

2 The Ringfuck Language

2.1 Brainfuck Syntax

Fundamentally, this language is based on the syntax of Brainfuck. As previously
described, the Brainfuck language is comprised of only eight commands, listed
in Table 1. Any Brainfuck program is simply a list of these eight commands
executed sequentially, which together move a data pointer that modifies and
reads from a tape of memory, segmented into bytes.

It’s this simplicity that has prompted prominent experts in the field of computer
science to give Brainfuck the venerable title of a “Turing tarpit” (Perlis, 1982).
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+ Increment the byte at the data pointer.

- Decrement the byte at the data pointer.

> Increment the data pointer.
< Decrement the data pointer.
[ If the value at the data pointer is zero, jump to the command after the

corresponding ] command.

] Jump back to the corresponding [ command.

Output the byte at the data pointer.

, Access one byte of input and store it at the data pointer.

Table 1. The eight commands in Brainfuck.

2.2 Rings

Instead of using tape, we propose that memory should be folded onto itself, and
connected into rings, similar to how you would fold tape to stick a polaroid of
that one time you went to Europe in college above your bed.

Header Realistically, any Brainfuck program is actually just at RingLang pro-
gram on a single infinite ring. However, this one ring to rule them all approach is
boring, and, in practice, impossible, so we include a header to specify ring sizes.
Note that Ringfuck supports (and encourages! <3) having multiple rings.

This is done by writing the desired size of each ring separated by white space at
the top of the file before any instance of the eight commands.

Brainfuck Commands with Rings For a single ring, the Brainfuck com-
mands are the same, with the exception of > and <, which now loop around the
ring.

Multiple rings, however, necessitates multiple data pointers. Brainfuck com-
mands affect all data pointers, meaning that each ring will execute the whole
program individually. The input and output commands (, and .) read and write
according to the order of initialization. Notably, the input command requires as
many inputs as there are rings, and will wait until each of the selected bytes are
filled.

A Simple Example We'll start by looking at the canonical example of a pro-
gram in a new language, the “Hello World” program. The below code will print
“HELLO WORLD! \n” when executed. This is done by loading index 0 cells
of each ring with the ascii codes for the appropriate character and then print-
ing them out. Note that the below program is slightly optimized and might be
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slightly unintuitive, if this is the case please see the Appendix for an unoptimized
version of this program.

345

<Attt t++ [DHH+++++++<=] DOOO> = D>+ ++4+<KLKLKLL  HHHADOD > HH++++>-<K<KLKLKLKLKL
<LLLLLLLL A+ + [>———————- =] >4555555555>  +4++++++++4DOOODO>> -
———<KLLLLLLLLLLL LKL L L L4+ [DH+++++++<=] D=DIDOD>>D>>>  ——————————— <
<LLLLLLLL L +++++ [>——————— =] >H4IOOOIIOOD>  m e

————————————————————— S>> >+ttt bbb E<KLKLL

Now that we all know how to write a “Hello World” program in Ringfuck we
can all put it on our resumes and call ourselves experts.

The astute among you may be wondering about mutually prime wheel sizes or
the possible state spaces of a set of wheels, if so then this brief mathematical
interlude is just for you!

A Brief Mathematical Interlude A ringset is a set S = {Rp,...,Rm—1},
where each of the rings R; has n; elements {z} € D;j = 0,...,n; — 1} (we
will use superscripts on values to denote which ring they come from, and sub-
scripts to denote their place on the ring). The domain D is, in our case, the set
{0,1,...,ffhex } for computer reasons.

All of the operations in a program affect the “indicated” value, which takes one
value from each ring in S. Therefore, if the indicated index is k, then the current
value of ring R; is x), (mod n;)? and the indicated value of the ringset as a whole

m—1 )

iq < — 0
is the ordered sequence X = () (mod n1)> " > Lk (mod np_1)

In the language described above:

— >/< increment and decrement the indicated index k,
— +/- increment and decrement the values {z};i € 0,...m — 1} all together,

— i 0 m—1 . s .
. prints each of (x}) (mod n1)> > Tk (mod nm71)) in ascii encoding ordered

as they appear in the sequence,
and , takes external values (3°,...,4™ 1) and inserts them into the indi-

cated values X.

A helpful way of expressing the positions of the rings is through their individual
indicated indices, the ordered sequence: I = (k (mod nq),...,k (mod ny,—1)).
Due to the coupling of the rings under >/<, the ringset as a whole can be thought
of as a ring of memory, with the amount of increments to k required to return
to the same place being the least common multiple K of the elements of 1. We
call a ringset pleasant if the size K = [[n;, i.e. if all the ring sizes are mutually
prime.

For later, it will be convenient to remember that ringset positions are only pos-
sible to achieve if for all i,j € {0,...,m — 1} they satisfy

I; =1; (mod ged(ni,n;)).
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From here, we arrive on the most interesting aspect of the ringset, which is the
shared memory between different X’s. We say that two ringset indices k; and

ko are i-linked (denoted with %) if the ith ring has the same indicated index.
In other words:

k1 <—Z> ky < Kk (mod ni) = ko (HlOd ni).

We say two indices are {41, iz }-linked if they are both i;-linked and is-linked.

We say that two indices are linked if there exists an ¢ € {0,...,m — 1} such that
they are i-linked. Otherwise they are not linked.

To gain intuition about memory linkage, we provide graphs, see Fig. 1. The
figure represents different linking by different colors. The graph of the color
representing the ith ring is made up of n; separate complete graphs of size
K /n;, offset by one each time. (Naturally, one can easily consider the notion of
ij-linking which considers the linking of the jth position of the ith ring, which is
just a subset of the larger i-link equivalence relation). Since the memory linkage is
predetermined from the size of the rings, constructing a useful memory structure
is somewhat finicky, but possible.

M)

©0

— Q-|jpla
[-Linl

-0 |l

(5

a2

Fig. 1. (a) rings, combined rings with links for 2 3. (b) rings, combined rings with links
for 2 4.
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Note that for non-pleasant ringsets, the memory-linkage graphs are constrained
by the fact that many ringset positions are not possible. An important result
of this restriction is the result of several separate complete graphs within the
total linkage graph. Fig. 1 (a), for example, is pleasant and has a single complete
linkage graph, when all edges are combined, while in (b), there are two complete
but not connected graphs formed by the vertices 00 and 02, and 11 and 13. This
separation is easily described by the equivalence relation where two vertices
I = (29,...27 ") and I; = (29, . ..:1:;-"71) are in the same complete graph if
and only if

25( (mod ged(ng,n¢))) = z( (mod ged(ng,nt))), Vs, t € {0,...,m —1}.

For reasons evident later, we call the vertices of these separated graphs offset
families

Another important aspect of the ringset structure relates to how the +/- opera-
tors affect m values simultaneously. This causes some complications as to which
ringset configurations are possible.

For example, let’s consider for now rings with the domain D = Z, so that
there is no wrap-around effect due to overflow. For a single ring, any possible
configuration of numbers is possible using the + and - operators.

Also note, there is a minimal number of + and - operators needed to reach a
given configuration from the configuration of all zeros, but no maximum number
of operators, as they cancel each other out. This means that a program can
achieve a given configuration from the zero configuration only if the number of
+ operators N, and - operators N_ is such that Ny — N_ = > ;, the sum of
all the values in the configuration. This will be important later.

From here, consider the case of a pleasant ringset with two wheels. Now, it is
no longer possible to achieve any possible configuration of the ringset because of
the coupling between the two. Since the operators act on both wheels, the offset
between the sums of their configurations is invariant:

E x? — E :vll = const.

However, we will show that this invariant (which we will refer to as the offset
invariant) is a necessary and sufficient condition for a particular configuration
to be reachable from a given starting configuration.

(=) Any given program preserves the offset. See above.

(<) If two configurations have the same offset, then there exists a
program that moves one to the other. This arises from the discussion
about program length above. Since the two configurations have the same offset
invariant, then for each individual ring, there exists a program to transform one
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to the other, and they both have the same quantity Ny — N_.

0= (M@ - al) - (X=X )
-(S#-Ta) - (Sa-Te)

= (N} = N%) — (N} - N1)

Both have a minimal program, so it suffices to take the larger of the two, and
rotate the rings so that both programs run and cancellations occur as needed on
the ring with the smaller minimal program.

This proof easily extends to any finite pleasant ringset.

Finiteness is required for there to exist a largest minimal program, but what if
the ringset isn’t pleasant? For a simple counter-example, consider a ringset with
two rings of the same size. In this case, the rings are always rotationally in sync,
and a single offset invariant is not enough to guarantee that one configuration can
be reached from another. Instead, recall our definition of offset families. These,
which we arrived at from understanding restrictions on index combinations due
to rings with non-mutually prime sizes, each require their own offset invariant,
as they correspond to completely independent sections of memory on the ring.

However, in practice, we don’t work with the domain Z, but rather with some
number of bits, where upon reaching the maximum value, it overflows back to
zero. From here, we will consider cells with values ranging from 0 to n.

Previously, offset was simply defined as the difference in the sums of a pair of
wheels. In this case, however, it is entirely possible to achieve different offset
values due to overflow. The actual invariant in this case is offset mod n + 1. In
this case, when an overflow transition happens (and + maps n — 0 and - maps
0 — n), the offset mod n + 1 is still conserved:

given: szl - fo =C (modn+1)

This completes the forward condition, wherein every program preserves the offset
mod n + 1.

By now, it should be intuitive that the order of increment (+) and decrement
(=) commands does not matter to the program, as long as the rings are rotated
correctly. This fact, combined with the fact that the minimal programs for each
wheel must differ by a multiple of n+ 1 in order for the final results to have the
same offset mod n + 1, we see that we can construct our program by grouping
commands in groups of n + 1. By rotating the wheels in such a way that the
commands are executed in the correct place on certain wheels, while in the
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same place on others, it is possible to utilize overflow to reach an intermediate
configuration that has the same offset (not just the same offset mod n+1). From
there, we use the earlier result for normal offsets.

In practice, this proves that in order to have complete freedom in assigning values
on a pleasant ringset, one cell on each ring except the first must be reserved for
the offset, and more cells for unpleasant ones.

Alternatively, a creative solution to the issue of offsets is through the use of
the input command (,) to manually change the offset on different rings, making
different configurations accessible.

3 Conclusion

We reiterate that Ringfuck is not the addition of quality of life features to an ex-
isting programming language. It is a new paradigm, a new way of thinking about
memory, and a constant reminder of the ordinary person’s material insignificance
in the circle of life.

It’s about coming full circle.

It’s about getting jerked around by the circular nature of all things, all while
fully coming into the circle.

It’s a circle jerk.

Anyways, circular memory also has some natural benefits. For example Ringfuck,
in addition to training programmers to be ring fit (Nintendo, 2019), it supports
the efficient rounding of numbers (they are already round in memory, what else
do you want?), and it is inherently safer than blocks of memory, as demonstrated
by Federal Highway Administration Office of Safety (2015) in their work on
round-abouts vs. intersections. It is also intuitive to use in most areas of scientific
computing, which frequently deal with spherical animals in airless environments,
but unfortunately not in orbital mechanics, which deals primarily with ellipses.

It’s easy to see why this language will be a massive success. In fact, it’s provable!
Using only a minor extension to the ZFC axioms of set theory that includes the
axiom: “Ringfuck is a massive financial success”, we have single-handedly paid
for our mortgage. The proof is as follows:

Ringfuck is a massive financial success because (as per axiom 9) Ringfuck
is a massive financial success.

Some might object that this line of reasoning tater-tautological (however tasty).
However, we are simply basing our methodology on circular reasoning, which
has been popular with philosophers, scientists, and especially politicians since
ancient times. It is yet another sign that circular logic, which we hope to bring
to the world of programming languages, has been underutilized in favor of more
conventional, but less powerful, methods like common sense.
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At the end of the day, just remember that if you like something, you should put
a ring on it, and that Ringfuck is a wheel great time!
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Appendix

Below is a simple “Hello World” program. If you still don’t believe it works feel
free to run it through our interpreter (Hornby, 2023).

345

{First load ‘H’ (72 in ascii) into the "O" cell of all the rings}
o o N T e i o B S
Fhtttt

{Set the "0" cell of ring 2 to ‘E’}

>>>>

{Set the "0" cell of ring 3 to ‘L’}

>

e+t

{Print all the "O0" cells}

<KL

{Set the "O" cells to ‘LIP’}

o+t

{Set the "0" cell of ring 2 to ‘0’}
>>>>

ettt

{Set the "0" cell of ring 3 to ¢ ’}

{Print all the "O0" cells}
<<<<<

{Set the "O" cells to ‘WZ+’}

ettt
{Set the "0" cell of ring 2 to ‘0’}
>>>>

{Set the "O" cell of ring 3 to ‘R’}
>
e o S A

{Print all the "O0" cells}
<<<<<

{Set the "0" cells to ‘LDG’}

{Set the "0" cell of ring 3 to ‘!’}
>5>>>
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{Print all the "O0" cells}
<<<<<

{Set the "0" cells to ¢ ’, 24, and 245}

{Set the "0" cell of ring 2 to ¢ ’}
>>>>

bttt

{Set the "O" cell of ring 3 to ‘\n’}
>

e

{Print all the "O0" cells}

<<<<<
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NovelML: A Novel SML Semantics

tbrick (the t stands for thea-Q), jgallicc (the jga stands for jgay)
$LOCKDOWN + (3*365.25 4+ 16)*24*60*60*1000

1 Abstract

Previous work has shown the potential of taking Python and transforming it
into an ML-like language. In this novel work, we consider the categorical dual',
where we introduce a novel semantics for ML, modeled on the performant and
industry proven pythonic approach.

2 Introduction

In prior SIGBOVIK proceedings, Ng et al vel non est alius 2022, proposed taking
”the opposite approach to the popular literature“ and in doing so, ”develop|ed]
a revolutionary new system which makes the Python language Slightly More
Likeable.“ In our novel paper, we take the opposite of the opposite approach
to popular literature. This is novel research because we are intuitionists, and
reject double negation elimination. Thus this research is new and novel and
therefore worth publishing.

In this novel paper, we ask the following novel question: Why should I waste
my time statically determining types when our program already knows the type
at runtime. We replace SML’s outdated 1997 typechecker with fancy and novel
dynamic checks — which are critically acclaimed in industry.

Given that this approach is critically acclaimed in industry, our novel ap-
proach had industry applications before publication, thus making it worth study-
ing (in addition to being novel).

3 A Novel Definition for NovelML

3.1 Syntax

The Definition™ of Standard ML™(1997™) provided an (at the time) novel
syntax. Given the perfection of this original syntax for SML (specifically the
abstype declaration and the wonderful infix and infixr declarations).

lin whatever Grothendieck universe this terminology makes sense in
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‘ expressions statements
statics 0(1) 0(1)
dynamics |  O(1lx2n) 0(1)

Figure 1: Asymptotic complexities of the statics/dynamics of expres-
sions/statements (measured in milliseconds)

In order to support the novel features of our new language, we must extend
the existing Basis Library?. After much literature review (which is what paper’s
that should be published do), we determined that following CMU Alumnus and
creator of Java, James Gosling’s approach would work best. So we introduce the
keyword novel.machine.learning.lang.System.Runtime.Type.f’’’’ which
implements casting and hopefully balances the familiarity of Java (very useful
and informative namespaces) with common ML-isms (mysterious variable names
and lots of ’s). We were going to call it Unsafe.cast, but SML/NJ already
took that one. Then we were going to call it Object.magic, but Jane Street
has already done enough damage to OCaml that we felt using it would be
inappropriate? .

3.2 Novel Statics

Our novel typing rules are straightforward for expressions, and complicated for
everything else. First the simple stuff:

This novel semantics improves on Ng et al vel non est alius 2022, by dropping
the context, which is no longer needed for typechecking expressions.
Typechecking declarations is more complicated:

—————————————— [statement]
|- s valid

Oh, okay, nevermind then. See? NovelML is elegant.

3.3 Novel Dynamics

NoML has simple expression statics and simple declaration statics, but in con-
trast has complicated expression dynamics and simple declaration dynamics (see
Figurel).

To define NoML’s dynamics, we need only add one novel exception to those
presented in The Definition™™. This exception, No (short for "not well-
typed”), indicates a runtime type error. Here are the simple declaration dy-
namics:

2

we would cite a source here but we couldn’t find any documentation for SML’s basis
library.

3See this based*tweet

4based on what?
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1. datatype, type, abstype declarations are meaningless in NoML, and thus
raise No®

2. structure, signature, functor declarations are confusing in NoML, and
thus raise No®

3. infix is a parser flag (the syntax of SML is context sensitive). Thus it
does not raise No, but is a no-op (novel op) in the dynamics.

4. val and fun are standard variable binders. See section ”Novel Variables*
for details.

The complicated expression dynamics are basically the same as SML but if
there’s a type error at runtime, raise No. See the examples section for more
details.

Due to difficulties in implementing NoML, we also had to add a maximum
recursion depth with default value 1000. This depth can be changed by binding
to setrecursionlimit:

val setrecursionlimit = setrecursionlimit + 1/2

4 Novel Variables

A common confusion when learning Standard ML is variable bindings, in par-
ticular the notion that variables shadow other variables. In this novel language,
we follow legendary former president George W. Bush Jr.’s philosophy of ”"No
child left behind*“, adapted to the novel catchphrase: "No variable left in the
shadows.”

Variables (sometimes synonymously called assignables) are re-assigned when
referred to multiple times.” This novel philosophy leads us to some very intu-
itive behavior, like in the following program, which actually mimics the familiar
behaviour of Python.

val x = 5
val () =
case 3
of x => ()
val 3 = x

NovelML’s novel dynamics ensure this executes with no (visible) exceptions,
unlike in SML (which raises a non-descript ”match bind“ on this program!)

5Type definitions are a big issue students have when learning SML. Not in NoML!

6Modules are a big issue students have when learning SML. Not in NoML!

7One may wonder whether this renders NovelML not Turing complete. The authors, of
course, do not care about Turing completeness, but for the sake of less-enlightened readers,
we include a proof of Turing completeness:

Every NovelML program has a finite number of variables. However, each variable can hold
an arbitrary (unbounded) natural number. Thus, NovelML programs can be used to simulate
register machines with an arbitrary, finite number of registers. This system is known to be
Turing complete. The other direction is, of course, a novel exercise for the reader. O
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4.1 op=

SML uses = in two places, val declarations and equality expressions. NovelML
unifies these concepts in the most logical way, with the op= operator also per-
forming binding/assignment. Since it is still an expression, we adopt C’s novel
behavior and return the novel value of the variable that was just bound. The
following program demonstrates a novel usecase of this behaviour.

val x = 5
val true =
if x = 7"3<0
then true
else false
(x x is now "3 %)

NovelML’s novel dynamics ensure this executes with no (visible) exceptions, un-
like in SML (we were unable to coax SML/NJ to run this program to completion,
and are thus unsure of its runtime behavior.)

4.2 ref

This begs the novel question: what is the difference between this and ?.X1 ref8?
To answer this we must appeal to a little known section of The™ Definition™,
where is clarifies that ref means "refuse to mutate””. While industry is skepti-
cal of the benefits of variables that refuse to mutate, we believe there may one
day be a novel use case, thus include them.

In NoML, attempting to bind to a value that has the runtime type of ref will
raise the type error No. The !0 function simply evaluates to the novel value of
the variable that refuses to mutuate (if the type is correct). But, if the variable
is an integer, then it is simply the factorial function. The :=!! function returns
0'2 if the value on the right hand side is the same as the "refuse to mutate*,
otherwise it raises No.

In the following novel program, we demonstrate the power of "no variable
left in the shadows® as well as the utility of the de-refuse-to-mutate/factorial
function:

val ? = fn () => 18

val 40320 = 7() (x 8 factorial! %)
fun fib 0 = 0

| fib 1 =1

| fib n = fib (n - 1) + fib (n - 2)

80h no! The value restriction!

9Unfortunately the page was lost during the printing process.
OBANG!H!IMIMIIIN ...or de-refuse-to-mutate I guess...
Homg! a walrus

2the success error code
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val ! = fib
val 21 = ?7() (x 8 fibonacci! *)

Examples

1. The following raises the No exception:
datatype ’a except = Ok of ’a | Error of string
2. The following prints we made it! before raising the No exception:

fun polymorphism (x : int except) =
(* Luckily, x can be of any type. *)
let val result = x + 5 in result end

val 5 = polymorphism O
val () = print "we made it!"
val 5 = polymorphism (Ok 0)

3. The following runs to completion without visible errors:

val x = 1
fun addX (n : int) : int = n + x
val x = 2

val b5

addX 3

4. The following raises the No exception, since a string is not a constructor
for exn:

raise "ur a naughty programmer uwu"
5. The following example prints 0:

val () = print (Int.toString (
(let val "hi" = 5 in true end) handle No => 0
))

6. The following example prints O:

val () = print (Int.toString (
() (* Unit can be implicitly cast to 0 *)
)

7. The following example prints 0:

val () = print (Int.toString (
if "true" then O else "1 / 0"
))
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8. The following example prints 0:
val () = print "O"
9. The following example is a function that computes the sum of a tree:

fun treeSum Empty rights acc =
case rights of

] => acc
| r :: rs => treeSum r rs acc
| treeSum (Node (1,x,r)) rights acc =
let
val rights = r :: rights
val acc = x + acc
in
treeSum 1 rights acc
end

Alternatively, we could implement it as follows:

fun treeSum tree =
let

val acc = 0

val rights = []

(* It’s good practice to copy variables
* into obscure names so you don’t

* interfere with the global namespace.
*)

val t = tree

fun treeSum’ () =
case t of
Empty => (
case rights of
[1 => acc
| r :: rs => treeSum’ ()
)
| Node (1, x, r) =>
let
val rights = r :: rights
val acc = x + acc

val t =1
in
treeSum’ ()
end
in
treeSum’ ()
end
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6 Conclusion

In this novel work, we explored the remarkable properties that arise from com-
bining the familiarity of SML’s syntax with the expressiveness of Python’s run-
time behavior. We discovered fun mottos along the way:

e 7if it parses, it runs”
e "no variable left in the shadows”
° 77No77

Guided by these mottos, we shall bring forth a novel society of programmer-
citizens, primed with the necessary tools to raise a new world order.

Although this work is entirely novel, there are still scraps of future work we
left out to give other authors a shot at being published in SIGBOVIK 2024. We
list some suggestions here:

e Use NovelML to write a novel (or to do anything else (you can be our first
user!))

e Find ways to reduce the complexity of NovelML’s dynamic semantics
(likely trivial and not novel and not worth publishing)

e Determine the complexity of the decision problem, ”does the NovelML
program p raise the No exception, assuming p has 0 occurrences of the No
identifier? “ (we suspect it to be NP-hard at least)

e Bake a batch of cookies (see References section)

7 References

1. https://tex.stackexchange.com/questions/571314/make-a-color-box-with-the-
trans-pride-flag

2. Fiber Bundles and Intersectional Feminism

3. SML Help which we (the authors) helped write, that’s how you know its
trustworthy and novel.

4. Typestate-Oriented Programming
5. The Gospel of Wealth

6. Lord Eshteross’ Maple Ginger Cookies with Turmeric
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Abstract

In this work, we aim to bring a few of the more practical performance benefits of hypercomputers to embedded applications
by limiting ourselves to a computational model—an ISA with a Turing jump instruction—which is not even Turing complete.
Nevertheless, it is capable of general-purpose computation, and is semi-optimized for oracle-oriented programming (OOP).
It may be emulated on traditional processor architectures, albeit at a slight performance penalty, using the emulator made

freely available at https://github.com/benburrill/sphinx.

1 Introduction

In low-power embedded environments, the demands of
unrestricted hypercomputation can pose some technical
complications. To provide limited hypercomputation for
embedded applications, we present Sphinx, a halt-averse
instruction set architecture. While not strictly hypercom-
putational, nor even Turing complete, Sphinx provides some
of the amenities familiar to hypercomputer programmers.

The conditional-branch instructions of conventional ar-
chitectures are replaced by a Turing jump instruction, which
offers limited insight into the machine’s own halting prob-
lem. Specifically, a jump is performed if not jumping would
lead to halting. Conditional execution is enabled through
use of conditional-halt instructions.

From a performance standpoint, programs running on a
Sphinx architecture can send half a bit of information back
in time, allowing algorithms to optimize away special cases.

From a backwards compatibility standpoint, Sphinx may
be emulated even on non-hypercomputational devices.

From a programmer’s standpoint, Sphinx combines the
readability of assembly languages with the traceability of
logic programming languages.

2 Theory

2.1 Halting problems

Famously, the halting problem of Turing machines is un-
decidable. If an algorithm existed to solve the halting prob-
lem of Turing machines, you could program a Turing ma-
chine to run this algorithm on itself, and then do the oppo-
site of whatever it says. Since Turing machines do not exist,
this bears no real-world relevance, and need not concern us
in any way, so long as we choose to willfully reject Turing
machines from our thoughts (Murphy VII 2008).

Many machines—including all real-world computers—
have halting problems (excluding 1/0) that are decidable.
A trivial algorithm exists to solve the halting problem for
machines with finitely many possible configurations in finite
time (Simmons 2021).
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However, in stating that the halting problem of Turing
machines is undecidable, we did not directly invoke the fact
that Turing machines have infinitely many possible config-
urations, instead making use of the relationship between
decidability and computability-on-a-Turing-machine. More
generally, this can be extended into a statement about self-
computability:

Theorem 1. Computers' cannot solve’ their own halting
problem?, even if their halting problem is decidable.

2.2 Semi-semi-decision procedures

One the better workarounds for the annoying restrictions
due to Theorem 1 is the concept of semi-decidability. The
halting problem of Turing machines is semi-decidable, and
more generally halting problems are semi-self-computable.
That is, there exists an algorithm implementable on ma-
chine M that will tell you, in finite time, whether any halt-
ing program for machine M will halt. For non-halting pro-
grams, this algorithm will loop indefinitely. Formally, this
algorithm is known as “running the program”, which we
shall abbreviate to SDPSHP as the semi-decision procedure
for the self-halting problem.

The Sphinx architecture allows the SDPSHP algorithm to
be optimized and made more user-friendly. A program h(p)
can easily be written for a Sphinx machine, S,, with n bytes
of state, that will immediately produce output indicating
whether or not any program p running on S,, would halt.*

The slight of hand here is that h(p) is actually still just a
semi-decision procedure with the same termination behav-
ior as SDPSHP—it will only terminate if p would. However,
unlike SDPSHP which runs p in all cases, h(p) may be im-
plemented using Sphinx’s Turing jump instruction so that

1 As in, something vaguely capable of general purpose computation

2As in, determine in all cases eg. a boolean value that it can use

3 Assuming its halting problem isn’t trivial-like if it can never halt

4h(p) might require more instructions than p by a constant amount,
depending on how you implement it. By considering only bytes of state
we are neglecting this. That alone doesn’t protect Sphinx from the
corrupting influence of logic, since we can still write a program that
tests itself in much the same way as we can test any other program.
See examples/self_inquiry.s



it only runs p for the (1 — Q) x 100% of all programs that
will not halt.” If p would halt, it is never run.

Although characteristically identical to the SDPSHP,
there are some practical advantages to h(p). If we want
h(p) to output to the user “p will not halt” only in the case
that p will not halt, we can do so by simply prepending
that code to p since it won’t be run at all if p would halt.
Since such prepended code is part of what is being tested,
it is not contradictory to prepend a halt—it would simply
invalidate the test, just as it would for the SDPSHP.

Since it is a somewhat less semi- version of a semi-decision
procedure, we describe this as a semi-semi-decision proce-
dure. Unlike the SDPSHP algorithm, h(p) makes a deci-
sion straight away. To an outside observer, the problem is
fully decided. However, the program itself obtains no more
usable information than could eventually be found by any
other semi-decision procedure. In this sense, Sphinx cannot
solve its own halting problem, it only looks like it does.

A formal semi-proof is provided in Appendix A for picky
readers who demand more rigor.

2.3 The Turing jump operator

According to the entry on Wikipedia, the Free Encyclo-
pedia (Wikipedia contributors 2023), the Turing jump op-
erator is defined on “sets” (presumably hash sets). The
Turing jump X’ of the lookup table X is a new lookup ta-
ble, indexed by Godel’s perfect hash function ¢, such that
Vp : X'[¢(p)] is true iff the program p would halt given
access to the lookup table X.

Unlike many mathematical operators such as addition,
hardware support for the Turing jump operator has histor-
ically been lacking. Traditional oracle-equipped hypercom-
puters are based around precomputed Turing jump tables.
Although this approach works well for many hypercompu-
tational systems, microcontrollers typically do not have the
available resources to store such large lookup tables.

3 Design of the Sphinx ISA

3.1 The Turing jump instruction

Sphinx’s Turing jump instruction j operates on the prin-
ciple of self-preservation against future halts. A jump is
only performed if not jumping would lead to halting. Like
all Sphinx instructions, the Turing jump instruction is spec-
ified to take one clock cycle.

It is also important to explicitly specify that the jump
instruction is deterministic. At a repeated state, the jump
instruction must always make the same decision. Since a
jump is only to be performed if not jumping would lead
to halting, there is never any ambiguity here® as to which
deterministic decision should be made.

Sphinx’s jump instruction eschews true hypercomputa-
tion in favor of cold hard pragmatism. It does not offer
as much power as a conventional Turing jump table (Sec-
tion 2.3), from which one may obtain a full bit of informa-
tion about whether some code would halt. With Sphinx one

5TODO: Plug in the value of Chaitin’s constant for €
SHopefully anyway. See Appendix A if you have any questions.

151

may only obtain half a bit of information. You're forced to
actually do the work to get the other half of the bit in the
case that not jumping would not lead to a halt.

3.2 The state vector

Instead of separating registers and main memory, the
Sphinx ISA is based around a unified concept of state. That
is, it is a memory-only architecture—there are no regis-
ters. Instead, immediately-addressed state values may be
used directly in instructions, much like registers. There are
load/store instructions for dynamic state access. Addition-
ally, there is a read-only memory section called const.

Most instruction arguments can be any of the following:

1. Immediate values

2. An immediate address to look up a value from state

3. An immediate address to look up a value from const
Syntactically, yield O outputs’ the immediate value 0,
yield [0] outputs the value loaded from address 0 in state,
and yield {0} outputs the value loaded from address 0 in
const. Notice that there is no unified address space, 0 may
separately be a state address and a const address.

The code section is separate from state and is inaccessible
(Sphinx is a Harvard architecture). The program counter is
also not in the state section, it is an inaccessible pseudo-
register. We’ll define the “complete state” as the combina-
tion of the program counter and state section.

3.3 Halt instructions

The halt instruction is an unconditional halt.

Additionally, there are an assortment of conditional halt
instructions: heq, hne, h1t (not to be confused with halt),
hgt, hle, and hge. These perform signed comparisons. For
example heq [x], 0 will halt execution if the word in state
at label x is equal to 0.

3.4 Word size

The Sphinx specification does not mandate a particular
word size. If your code requires a 3 byte (24-bit) word
size, the preprocessor command %format word 3 can be
used. Word offset literals may be used in the assembler.
For example, with 3 byte words, 2w = 6. The infinite word
size (Section 5.1) may be specified with %format word inf.

4 Sphinx Programming

4.1 Terminal non-termination
Prophecy 1. If you read this paper, you will eventually die

Prophecy 1 is pretty much worthless unless you had some
expectation of immortality. If that was the case for you, I'm
very sorry, it’s too late now—maybe should’ve led with that.

For the same reason, most Sphinx programs are designed
to be non-terminating in order to make effective use of the
prophetic wisdom provided by the Turing jump instruction.

7Sphinx provides generic output capabilities through yield, but
does not specify any means to read real-time input from peripherals.



Although non-termination is often a very desirable fea-
ture (Simmons 2021), occasionally one wants to write a
program that, after completing its primary computational
task, indicates that it is done and performs no additional
work. To do this while maintaining immortality, the stan-
dard technique in Sphinx is to simply produce a done flag
and then enter into an infinite loop.

This pattern is called terminal non-termination. An
example may be seen in the following code:

flag done
tnt: j tnt
halt

Not jumping on line 2 would clearly lead to the subsequent
unconditional halt, so the jump is unconditional.

4.2 Example: max value

This code searches for the maximum value of an array,
jumping to found_max as soon as the maximum value is
first encountered:

mov [max_val], {arr}
j found_max

mov [addr], arr + 1w
loop:
hge [addr], end_arr

lwc [cur_vall, [addr]
j continue
hle [cur_vall, [max_vall
mov [max_vall, [cur_vall]
j found_max
continue:
add [addr], [addr], 1w
j loop
halt

found_max:
yield [max_vall
flag done

tnt: j tnt
halt

Running this code under the Sphinx emulator using the ar-
ray [9,8,7,6, 5,4, 3,2, 1, 0] produces the following output:

$ spasm max_value.s

9

Reached done flag
CPU time: 4 clock cycles
Emulator efficiency: 5.80%

Nevermind the “emulator efficiency”, that is just an imple-
mentation detail of the emulator. The point is that it found
the maximum value of an unstructured array of 10 elements
in just 4 clock cycles!

How does it work? To understand the code, let’s
first recognize that reaching found_max guarantees non-
termination (Section 4.1). The loop is set up to halt if we
reach the end of the array (line 6). Once in the loop, line 13

152

presents the only opportunity to avoid a halt by jumping
to found_max. Lines 9 and 10 force lines 12 and 13 to be
skipped unless cur_val > max_val. So we only have the
opportunity to jump to safety whenever we reach a value
larger than any previously encountered. The jump on line
13 will only be taken if not jumping would lead to halting,
i.e. if no larger value would be found. So the code breaks
out early as soon as the maximum value is encountered.

4.3 Time complexity

It’s worth noting that the worst-case time complexity of
our prophetic max-value algorithm (Section 4.2) is the same
O(n) as in the traditional algorithm. It is also only able to
match the time complexity of search algorithms of the kind
presented by Freshman 2022 in the best-case, though it does
not suffer from any loss in accuracy.

A true oracle-equipped hypercomputer could do even bet-
ter, with an O(log(n)) algorithm—since the index of the
maximum value may be expressed with [log,(n)] bits, the
hypercomputational algorithm would be to simply use a
halting oracle to determine each bit of the index.

However, the best measure of performance is obviously
the best-case time complexity, where we get a perfect score
of O(1). Additionally, the O(log(n)) algorithm would fail
for finding the maximum value of linked lists with elements
of arbitrary size, so in a more general sense, this algorithm
is hypercomputationally optimal.

4.4 Halt propagation

In code that may lead to a halt, the form of conditional
branch used in lines 9-10 of max-value (Section 4.2) can
sometimes be problematic since you are testing both the
condition and any future halt.® In cases where this is a
problem, one strategy is to propagate halts backwards in
time by halting on the complement of the condition you are
testing if the branch is taken. That way, if a jump is per-
formed for the “wrong” reason, the code will still correctly
halt. This works well® so long as you want an entire block
to be skipped if it would lead to a halt (which is usually the
case). If you need halting code that actually runs all the
way to the “real” cause of the halt, halt propagation would
not be sufficient, and you may need a more sophisticated
form of conditional branch, such as in examples/halting.s.

4.5 Conservation of magic

Interpreters may be written in Sphinx for languages with
Sphinx-like halt aversion in a way that makes use of the
halt-aversion provided by j (not just emulated as in Sec-
tion 6.2). In principle, a self-interpreter should be possible.

See examples/sphinxfuck.s for a true interpreter for a
brainfuck-style language that features halt-averse forwards
and backwards jumps instead of the usual [ and ].

8This is not a problem for max value since the jump on line 13
handles the case of a future halt.

9For an example making use of halt propagation in various inter-
esting ways, see examples/decimal.s. It’s a rather complicated one,
but see for example the done label at the end.



5 Sphinx Extensions

This section specifies two extensions to the instruction
set, which are made optional due to potential difficulties
that may be encountered in their implementation, such as
logical contradictions.

5.1 Infinite Sphinx

One obvious deficiency of Sphinx is that it is not strictly
Turing complete. The problem is that Sphinx fundamen-
tally has only finitely bounded state, and so cannot be used
to replace microcontrollers with infinite on-chip memory.
This can be remedied by introducing an infinite word size,
so that words can represent any integer. Sadly this makes
the jump instruction undecidable.

Beyond mere undecidability, there are also a few other
details which complicate the implementation of Infinite
Sphinx. Here we will specify requirements that must be
followed by conforming Infinite Sphinx implementations:

1. Memory is organized into word cells, composed of

bytes. Both sides of a word cell shall be addressable.

2. Integers shall be represented with an alternating-
endian byte-order, where the least-significant byte is
stored at the start of the word cell, and the next-least-
significant byte is stored at the end, increasing inwards.
There shall not be a most-significant byte.

3. Depending on the instruction in which it is used, a
word of data may be interpreted as either an integer,
an address, or a word-cell-offset.

4. The bijective mappings between integers, addresses,
and word-cell-offsets are left unspecified, and hence
pointer arithmetic is undefined behavior in most cases.

5. Addition using the add instruction shall be defined be-
tween addresses and word-cell-offsets, producing a cor-
responding address in an offset word-cell.

6. Multiplication using the mul instruction shall be de-
fined to scale word-cell-offsets.

7. The offset argument of 1bso, 1bco, lwso, lwco, sbso,
and swso instructions shall be interpreted as an integer
to offset the address by the given number of bytes.

5.2 Suicide Sphinx

One may also contemplate a variant of j, which we shall
call k, for which a jump is performed if not jumping would
not lead to halting. That is, if j operates on the principle
of self-preservation (Section 3.1), k is suicidally averse to
immortality. As it turns out, although j and k are seemingly
similar, k is logically problematic as an instruction.

Notice that the combination of j and k is very powerful:

j would_halt
k would_not_halt
; Some code that might halt

It’s not just powerful—it’s too powerful for its own good!
We’ve damn near violated Theorem 1, so it should be trivial
to produce a contradiction from the above code.

Ok, turns out it’s not actually so trivial'® (or at least
I couldn’t manage it with this approach). But regardless,

10Tf would_not_halt halts it breaks the test
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we can make an even stronger statement. It’s not just the
combination of j and k that is a problem, but k itself.

Theorem 2. Suicide Sphinz is logically unsound

Proof. We will show that the problem of getting up out of
bed is reducible to Suicide Sphinx.

It is widely accepted that getting up out of bed is an
undecidable decision problem, at least in the short-snooze
limit (Me this morning). In the getting up out of bed prob-
lem, we desire to get some more sleep under the condition
that we get up eventually.

In the following code we reduce this problem to Suicide
Sphinx, using the k instruction to get up out of bed if and
only if we otherwise never would:

alarm_goes_off:

k get_out_of_bed
sleep 15 * 60 * 1000
j alarm_goes_off
halt

get_out_of_bed: halt

Undecidability follows from the usual proof for the get-
ting up out of bed problem: the decision of whether or not
to jump on line 2 is predicated upon making the opposite
decision in the same situation.

We only used j for an unconditional jump, something
that’s impossible with k alone, but would certainly be a
necessary feature in any instruction set featuring k.

Therefore, we must reject the suicidal jump instruction
from any logically consistent instruction set, regardless of
its apparent utility. O

6 Implementation

6.1 Time travel

The most obvious way to achieve a constant-time jump
instruction is through the application of time travel. How-
ever, although Sphinx itself is robust against paradox (Ap-
pendix A), user error might introduce bugs into your code,
along with minor time travel paradoxes and possibly the
destruction of the universe.

The simplest implementation would be to just make the
processor physically impossible to turn off or destroy. This
would mitigate the disasterous influence of user intent upon
a program’s behavior. However, if the ability to turn off and
destroy the processor is a desired feature, these should not
be treated as a halt, as that would cause all jumps to be
unconditional (Munroe 2013).

6.2 The Sphinx emulator

The Sphinx assembler /emulator spasm, which may be ob-
tained from https://github.com/benburrill/sphinx, is
currently the only working implementation of Sphinx.

spasm uses a rather inefficient form of emulation that
implements the jump instruction by simulating the future
rather than predicting it outright.



In the emulator, there is a concept of “virtual” and “real”
execution, with the main difference being that no output is
produced under virtual execution. Emulation begins in real
execution. Once a jump is encountered, to determine if
not jumping would lead to halting, the emulator performs a
search for an infinite loop under virtual execution starting
from pc + 1. If a path to an infinite loop is found, the
entire future path of execution has been determined and
is cached for use by all future jumps. Otherwise, if a halt
would be reached, the emulator simply performs the jump.

In searching for an infinite loop, we keep track of the
complete state of the program at jump points so that we
may restore it in the event that not jumping would lead to
halting, and also to test for repeated states.'! If we reach a
state has been visited previously, we have found an infinite
loop and may unwind the stack producing a (cyclic) list of
all jump decisions that were taken leading to the loop.

If the state has not been previously visited, we recursively
attempt to skip the jump. If that leads to a halt, we try
taking the jump instead. If that also halts, we unwind to
the previous jump point.

In the worst-case, the number of previous states that must
be kept track of scales exponentially with the amount of
state. This is usually totally fine, but there are certain
applications for which this may be problematic.

In computer graphics, it can sometimes be necessary to
produce a delay lasting until the heat-death of the universe
(Oh et al. 2022). One possible Sphinx port based on the
Python implementation of Oh’s algorithm is shown:

; Use a 336-bit word size

Aformat word 42

/Jsection state

counter: .word 100000000000000000000000000000000000 |
[ OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO‘
— 000000000000000000

/ssection code
; Play an animation
; TODO

; Watt until heat-death of universe
loop:
sleep 365 * 24 * 60 * 60 * 1000
sub [counter], [counter], 1
j loop
hgt [counter], O

; After the heat-death of the universe, enter
— terminal mon—termination

flag done

tnt: j tnt

halt

In and of itself, this code performs well under emulation.
However, if the animation needs to predict the future, there
would be some issues. Specifically, if any jump instruction
during the animation ever needs to be skipped, the entire
heat-death loop would need to be fully predicted, which may
result in unacceptably poor performance under emulation.

The minimum system requirements for available memory
to play such an animation with a skipped jump under spasm

HWe actually only check for repeated states at upwards jumps.

may be conveniently expressed using the newly-adopted
quetta- SI prefix as being on the order of 1 TQQQB. Us-
ing an estimate based on the Steam hardware survey as of
February 2023 (Valve Corporation 2023), this would exceed
the capabilities of at least 99.1% of personal computers.

Virtual execution in the emulator does not sleep, so pre-
diction of each iteration of the loop would be much faster
than in reality. As a result, although there might be a bit
of a delay somewhere during the animation, it would only
be a small fraction of eternity, leaving plenty of time for
the animation to play. So the main concern is the memory
use.!?

The real problem with memory efficiency of course is that
the emulator is written in Python, which incurs an outra-
geous memory overhead. Python’s bytes objects alone have
an overhead of 33 bytes. Do you know how much you can fit
in 33 bytes? That’s like 80% of what you need for the heat
death of the universe. Python could include this remark!

7 Future Work

I was hoping to get away with just implementing Sphinx
for my compilers class this semester, but unfortunately the
language we create is supposed to have superfluous features
like a type checker. So that plan backfired and I have been
suckered in to implementing both Sphinx (done-ish) and a
high-level oracle-oriented language that compiles to Sphinx
(so far, I have implemented a lexer for it). Hence there is
much need for an excuse for why I inevitably can’t finish
the code generator for this high-level language at the end of
the semester. With the logical soundness of Sphinx assured
(Appendix A) it is unclear what form this excuse could take.

The separation of code, state, and const, along with
Sphinx’s adjustable word size, complicates the categoriza-
tion of its busy beavers. A von Neumann Sphinx with a
fixed word size as in Simmons 2021 might be more advan-
tageous to the study of bewitched breadboard busy beavers.

Ever since some teenager recklessly breached the gates
of hell (Szewczyk 2020), there has been a pressing need for
a stronger Malbolge. Increasing its cryptographic strength
would likely be the most effective approach, but incorpo-
rating Turing jump instructions into the design might also
help to increase the space complexity of producing working
programs for it.

To further develop the embedded hyperprocessor, one
clear goal would be to determine how much more we can
gently tickle the halting problem without getting bit. Can
we construct even semier-semi-semi-decision procedures?

8 Conclusions

Jeez did I write all that? Well uh, pretty much, Sphinx
is quite cool. Go play around with it I guess—maybe write
a time-traveling merge-sort or something.

12 At least in this case. The time complexity of emulated jumps is
worst-case super-exponential, which should make them an asymptoti-
cally far stronger hardware decelerator than prior NaN-gate techniques
(Jones 2020). In practice however, I find memory use—though merely
exponential—to be the bigger concern unless you add pointless jumps.
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Appendix A Proofs

In this section I will endeavor to beguile, guilt-trip, and
if necessary hold hostage all those who question the logical
soundness of Sphinx.

Theorem 3. Sphinz is logically sound

Semi-proof. Here we will establish the logical soundness of
Sphinx by recursive Gish gallop.
Potato. Can you refute that one? Nope didn’t think so.
Consider the following code:

/Jsection state
is_sphinx_broken: .word O

/Jsection code

j would_halt

flag sphinx_is_perfect

loop: hne [is_sphinx_broken], 0O
j loop

halt

would_halt: flag sphinx_is_broken

I am running this code with the Sphinx emulator under
pdb. Let us suppose that I will be informed of a contradic-
tory Sphinx program or similar problem that you discover.
I would then use pdb to change the value of the word at
is_sphinx_broken in state. This would cause a halt on
line 7, trigger an AssertionError in Emulator.step, break
my heart, and destroy the universe'>—thereby alerting my
past self to the issue, since the jump on line 5 would need to
have been taken. The output of this program is as follows:

$ python3.11 -m pdb -c ¢ -m spasm test_sphinx.s
Reached sphinx_is_perfect flag

Since the universe exists last I checked, this clearly demon-
strates that no problems with Sphinx will ever be found.
If you’re still not convinced that Sphinx is logically sound
(or if you're convinced that it is not), read the semi-proof
of Theorem 3 before continuing.
Therefore, Sphinx is logically sound. O

13As a corollary, this means that you would be responsible for the
destruction of the universe, you monster.
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Appendix A: An actual paper

1 BACKGROUND

Paper minimization, the act of writing the shortest possible paper,
is a subject with a long history of incremental improvements[2-6].

Recently, researchers have also started studying paper maximization[1],

writing the longest possible paper that can still get published. How-
ever, to date as far as the authors are aware, no previous research
investigates simultaneous maximization and minimization.

The key observation enabling our proposed method is that ref-
erences are often not counted towards the length of papers, with
several conferences and journal allowing extra space for references
outside the normal page limit. In such settings, the proposed method
produces papers which are both minimal, consisting only of a sin-
gle short sentence in the body and maximal in the number of pages.

2 METHOD

In the interest of reproducibility! in science, the tool that was de-
veloped to generate the above reference list is open source and
available for download?. The tool downloads a list of thousands of
papers published to Arxiv, and then generates a formatted refer-
ence list based on a text file containing paper content.

3 RESULTS

As can be seen from the proof of concept, the body of the paper
is 6 words or 39 characters long. Crucially, this does not change
with the information content of the paper, which means that the
non-references list information complexity per paper size of our
method is O(1).

For the purposes of maximization, our method uses around two
lines of paper content per character of paper content. Comparing
this to the state of the art in paper maximization is difficult, most
previously proposed methods inject content via citation format ex-
pansion. Citation format expansion paper size is O(nc) for c cita-
tions of length n, whereas our method grows by O(m¢) for a paper
with ¢ characters and citation meta-data of length m.

There are several reasons to prefer our method. Finding relevant
references? is tedious, at least more so than simply writing random
text and having a tool expand the text to take up more space on
the page. For example, one can make heavy use of examples to
exemplify proposed methods and claims.

4 THE REFERENCE LIST SIDE CHANNEL

The reference list side channel exploited for paper maximization
can also serve other purposes, primarily injecting more content in
papers for submissions where references are not counted towards
the page limit. In the present work, this is of little use unless refer-
ences are completely unbounded, due to the low information con-
tent per page area. For example, this paper used only 2 sentences
to fill 3 pages.

! And also to subject everyone to the cursed code which contains 100 lines of chained
and nested iterator functions

Zhttps://gitlab.com/TheZoq2/sigbovik2023

3Ignore the fact that we use random papers dumped from arxiv. Hopefully readers
are lazy and don’t actually look at the references

In order to properly exploit this side channel, more work to in-
crease the information content is required. For example, one might
use the first word of paper titles as the information deliverable.
However, one has to be careful not to devise a too complex scheme,
as that risks using more space for the description of how to read the
injected information, than is actually delivered via the injection.

5 FUTURE WORK

This work serves as a proof of concept, however, some issues re-
main. The main issue here is the formatting of the reference list.
Some particularly picky publishers may object to using vertical
space to mark sentences, leading to a rejection and undoubtedly,
sadness. In order to mitigate this, one might exploit the fact that
citations of multiple papers with the same authors replaces the au-
thor name with — in some reference styles.

Another issue is the lack of special characters, injecting some-
thing like an equation or actual citations require special characters
such as [ and ®. While it may be possible to find a select few papers
published by people whose names start with those characters, find-
ing enough to write a rigorous mathematical and well referenced
paper may prove difficult.

6 CONCLUSION

We present a novel method to synthesise papers which are simul-
taneous maximal and minimal. To do so, we exploit a previously
unexplored avenue for paper information injection via a side chan-
nel attack on the reference list. The proposed method is compared
to the state of the art, both for maximization and minimization,
a comparison which shows asymtotic surperiority in information
content per character written.
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On the Turing Completeness of
Eeny, Meeny, Miny, Moe

Javier Lim

Unemployment Agency

Abstract. We demonstrate that an infinite number of people playing
Eeny, Meeny, Miny, Moe (EMMM) is Turing Complete, via a reduction
from the Rule 110 cellular automata. Specifically, we provide a scheme to
simulate any finite elementary cellular automaton as a game of EMMM.
For N cells to be simulated, O(N) EMMM players are needed, and each
generation takes O(N) time to step.

Keywords: Eeny, Meeny, Miny, Moe - Tiger Catching - Turing Com-
pleteness

1 Introduction

Eeny, Meeny, Miny, Moe (EMMM) is a traditional counting-out rhyme used to
pseudo-randomly select a person or object from a group. In the context of chil-
dren’s games, EMMM can be used to select the “it” person for a game of tag,
or the seeker in hide-and-seek.

One person (termed the counter) points to elements from the set to be chosen
while chanting the rhyme. Each time a syllable or word is said, the counter moves
to the next element. The selected element is the one that is pointed to at the
end of the rhyme. A common 20-word variation of the rhyme is as follows:

Eeny, meeny, miny, moe,
Catch a tiger by the toe.
If he hollers, let him go,

Eeny, meeny, miny, moe.

In this paper, we prove that EMMM is Turing Complete via a reduction from
the Rule 110 cellular automata.

2 EMMM

2.1 Variations

Let us explore the variations of EMMM that exist. While there exist the modern
20-word version, there was also a 16-word version, from around 1815 [4]:
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Hana, man, mona, mike.
Barcelona, bona, strike.
Hare, ware, frown, vanac.

Harrico, warico, we wo, wac.

These variations are important, as they highlight how language evolves over

2.2 Definition

Let us now formalise the game of EMMM that we shall use. Each player has 3
components:

1. A list of players in the group, also known as the cycle.
2. Which player of the group they are currently pointing to.
3. EMMM variation, the number of times the next counter should count.

For instance, Alice, Bob, and Charlie are choosing who between them to be
the seeker in a game of hide and seek. Alice is designated the counter. Suppose she
begins by pointing at herself and uses the common 20-word version of EMMM.
She counts in the cycle: Alice, Bob, Charlie. In this situation, she will end on
Charlie:

initial Eeny meeny miny moe
Alice Bob  Charlie Alice Bob

Catch a tiger by the toe
Charlie Alice Bob Charlie Alice Bob

If he hollers let him go
Charlie Alice Bob Charlie Alice Bob

Eeny meeny miny moe
Charlie Alice Bob  Charlie

In children’s games, Alice could instruct Charlie to take on the role of “it”,
or the seeker. However, in this setup, there are no other games than EMMM.
Hence, Alice instructs Charlie to become the next counter. Charlie begins a new
game of EMMM, continuing the chain.

However, there are multiple variations of EMMM. Which should be used?
This choice will be made by the previous counter, who not only instructs the
player to start EMMM, but also how many times to count. Hence, Alice instructs
Charlie to become the counter and count, say 20, times. Note that this means
that depending on who was the previous counter, the same counter can count a
different number of times.
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One point to touch upon is that each person’s pointer is maintained through-
out the run of the whole game. For instance, Alice points to Charlie on the last
count. If Alice were to become the counter again, she would begin with Charlie,
not herself. 20 counts later, Bob becomes the next counter.

In this scenario, Charlie has no cycle, hence cannot play EMMM. This can
be interpreted as the EMMM game halting at Charlie.

3 Elementary Cellular Automaton

An elementary cellular automaton is a one dimensional cellular automaton. That
is, a row of cells, each in one of two states (0/1, off /on). On the next generation,
all cells simultaneously change their state. The new state is solely determined
by it’s own state, and the state of its immediate neighbors [2].

For instance, if the rules are:

Neighborhood Next State

111 0-
110 1
101 1
100 0-
011 1
010 1
001 1
000 0_

And boundaries are assumed to be 0 padded, then the state “0100110” be-
comes “1101110” after one generation.

3.1 Rule 110

The above table describes Rule 110 (Wolfram’s notation, decimal for 0b01101110).
Interestingly, it can be shown to be computationally universal [1]. Hence, if we
can simulate Rule 110 within a game of EMMM, we have shown that EMMM
too, is universal, via a proof by reduction.

4 Reduction from Rule 110

4.1 Notations

We will use the term “signal” loosely to mean a game of EMMM occurring.
For example, Alice passing the counter role to Charlie is a signal from Alice to
Charlie.
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Let us introduce the following diagram notation for specifying arrangements
of EMMM players:

An unfilled circle represents a player. The current counter is represented by a
filled circle. A number in a player represents how many times they will instruct
the next counter to count. By default, we will assume it to be 1.

A colored number next to a player represents that the corresponding color’s
player has this player in their cycle, at that index. The index starts at 0. An
arrow starting from a player, A, and ending on another player, B, represents
that A is currently pointing at B.

When a counter counts, they move from the currently pointed index to
(current 4+ count) mod cycle length.

For instance, the original Alice, Bob, Charlie situation could be represented
as Figure 1.

0 0

e ) —

Fig. 1. Alice is the current counter, hence is a filled circle. She starts pointing at herself.
Bob and Charlie are indexes 1 and 2 respectively. When Alice counts 20, it will land
on 20 mod 3 = 2, Charlie. Charlie then becomes the next counter.

4.2 One Bit Memory (OBM)

Let us consider the arrangement of players in Figure 2.

O Wrote0
Write0
State Ol Wrotel
Writel
O‘ Demux0
DemuxInp
Demux1

Fig. 2. An arrangement that acts as a single bit-memory. Write0, Writel and DemuxInp
only have State in their cycle, hence color and indexing are not needed.
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It acts in a fashion similar to a single-bit memory. From the initial arrange-
ment, if Write0 is the counter, it passes along the signal, ending at Wrote0. If
DemuxInp later becomes the counter, the signal will be passed to Demux0.

Had Writel been the first counter, the first signal would have ended at
Wrotel. Then, When DemuxInp later becomes the counter, the signal ends at
Demux1.

This arrangement allows the data (input at Write0 or Writel) to be stored
without losing information (output at Wrote0 or Wrotel), then read out again
later (output at Demux0 or Demux1). This “selection” is similar to demultiplex-
ing in traditional circuits.

While an EMMM rhyme with 1 word seems unrealistic, there likely exists a
17 or 21 word rhyme, which is the same modulo the cycle length.

4.3 Resettable One Bit Memory (ROBM)

The main issue with the previous arrangement is that it is only able to be used
once. The state counter will be moved to an unknown position (2 or 3), hence
is difficult to work with. However, we may simply add a “Reset” circuit, as seen
in Figure 3.

When State points to any of the OBM outputs (Wrote0, Wrotel, Demux0,
Demux1), a signal at ResetInp will cause State to point to a corresponding reset
player. This reset player simply instructs State to advance to ResetOut. Even if
State is already pointing to ResetOut, it will go to RResetOut, which returns to
ResetOut.

Hence, we can use ResetInp to reset the arrangement back into its original

configuration. This is very useful, since it means that we can reuse the compo-
nent.
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Write0

ResetInp

Fig.3. A OBM with added reset circuit.

We can further abstract this arrangement. We represent the ROBM in a
“chip” diagram, only caring about the exposed inputs (Write0, Writel, Demux-
Inp, ResetInp) and exposed outputs (Wrote0, Wrotel, Demux0, Demux1, Re-
setOut). We can further assume that signals coming in and out of the chip will
use a count value of 1.

S0 -
—WOo0

S1—
—W1

DO
— DI

D1
—RI

RI-

Fig. 5. Chip Representation of ROBM.
We may then use arrows from the output pins (S0, S1, D0, D1, RI) to other

input pins (W0, W1, DI, RI) to indicate that the output pin player should pass
on the counter role to the input pin player.
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DemuxInp

Reset
Write0

ResetInp

DemuxInp

Fig. 4. ROBM Finite State Machine. Wrote is abbreviated to S, for ”Store”.

168



Javier Lim

4.4 Elementary cellular automaton

Cells We may encode the state of the Rule 110 board as a line of ROBMs, each
holding either a 0 or 1 (State player pointing at SO or S1).

Neighbor Updates To perform neighbor updates, we can take one input query
signal, and demultiplex it three times, once for each cell that influences the next
state. Each of the 8 possible outputs has an associated next state, determined
by the rule we are following. We may use this signal to write data accordingly.

Since the signal branches each time, we need multiple ROBMs per step. For
instance, demultiplexing 3 times requires 1 ROBM for the first selection. Then,
2 ROBMSs, one connected to each possible output. Then, 4 ROBMs for each of

those possible outputs. This is illustrated in Figure 6.

— 000
— 001

— 010
— 011

— 100
— 101

)
—wo
s1
—W1
DO
—DI
DI
—RI
RO
S0l )
—W0 —W0
Sl s1
—w1 —w1
Do DO
DI [
SO D1 DI
—wo R1 R1
S1i— RO RO
w1
DO
DI
D1 S0l )
—RI —Wo —Wo
RO S s1
—W1 w1
Do Do
DI DI
D1 D1
—RI —RI
RO RO
)
—wo
s1
w1
Do
_Ip1
DI
—RI
RO

Fig. 6. Chained ROBMs to demultiplex 3 bits into one of 8 output paths. ROBMs in
the same column contain the same data. Each column corresponds to the state of a

cell.

Once the signal has been demultiplexed, we can apply the rules accordingly.
For Rule 110, the 000 pin in figure 6 would be connected to the Write0 pin of

— 110

the state ROBM, 001 to Writel, 010 to Writel, 011 to Write0, etc.
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Hence, for each cell, we not only need the initial ROBM to store its state, but
also 7 more ROBMs to perform selection of the rules. We can easily synchronise
their states by linking their write and reset lines.

Full execution order With the state of the Rule 110 board in a line of ROBMs
(the state ROBMs), and the block of chained ROBMs for demultiplexing (the
rule ROBMs), the execution order is as follows:

1. Read from each state ROBMs, writing to the associated rule ROBM

. Reset all state ROBMs

3. Perform selection on the rule ROBMs to determine the next state. Write to
the state ROBMs

4. Reset all rule ROBMs

5. Go back to 1

[\

Due to their large size, diagrams for each step are provided at the end of the
section (Figures 7 to 10).

Crucially, across all steps, no pin is used more than once. There may be
multiple arrows pointing into one input pin, but no output pin has more than
one arrow coming out of it. This means that connections needed for all 5 steps
can coexist, without the need for additional circuitry.

Edges The edges of the board require special handling, since they are missing
a neighbor to read from. It is common to treat the boundaries as Os, which is
done by skipping one step of the demultiplexing. It is also possible to wrap the
board around, which can be done by connecting the edge rule ROBMs together.

4.5 Analysis of execution

Each simulated Rule 110 cell uses 8 ROBM components, each of which use 15
EMMM players. Hence, for N cells, 120N € O(N) EMMM players are needed.

The calculation of a new generation requires the signal to pass through each

ROBM component at least twice (write, reset), and at most thrice (write, read,
reset) . Hence, for N cells, O(N) time is needed to step to the next generation.
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4.6 Diagrams

State ROBMs

Rule ROBMs

—WO0

—W1

NS
TN\

RO

S0
S1 |
DO
D1
RO

Fig. 7. Step 1: Read from the state ROBM, write into the 7 rule ROBMsS, repeat for

the next cell.

State ROBMs
—{DI

S0 S0

—Wo —Wo
1| sk

W1 W1
DO DOl

—{pr o1
P1= RI b1 RI
RO—7 | rRO—7

SO -
Sl
DO
D1
RO—

-y

Fig. 8. Step 2: Once the last cell has been read from, and rule ROBMs written to,

reset all state ROBMs.
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S0 sof S0t
—Wo wo L —Wwo
St St St
—W1 w1 S Wt
State ROBMs DO DOt~ DO
—DI ; —pI
— Di D1
—RI —N : —RI
o~ RO RO

*X,/()
Rule ROBMs 1

zDI

S0
Sl
DO 000
D1 001
RO

SO —
S1—
DO 010
D1 011
RO

S0 —
S1—
DO 100
D1— 101
RO

SO0~
Sl
DO— 110
D1 111
RO

Fig. 9. Step 3: Once the last state ROBM has been reset, demultiplex to figure out
what neighborhood each cell has. From there, write the new state as given by the
ruleset, and repeat for the next cell.
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S0}~
—Wo
S1{-
Rule ROBMs o A

IR

Fig. 10. Step 4: Once the new generation has been calculated, reset all rule ROBMs.

4.7 Implementation

A very messy implementation of Rule 110 simulated on EMMM players is avail-
able at https://blog.javalim.com/2023-Eeny/. It also contains a work in
progress esolang, Eeny, designed for EMMM based computation.

5 Conclusion
In conclusion, we have demonstrated an arrangement of Eeny, Meeny, Miny, Moe
players that is able to simulate the evolution of the Rule 110 cellular automaton.

Rule 110 itself is universal, hence by reduction, EMMM too, is universal. The
overhead needed to execute Rule 110 is linear.

qed. i think.

6 Implications and Future Work

6.1 Implications

EMMM is, cryptographically speaking, a bad pseudorandom number generator
(PRNG). However, as it is Turing Complete, better PRNGs can be implemented,
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such as the Mersenne twister [3], or as demonstrated, cellular automata based
PRNGs. Millions of children can now rest easy, knowing that their game of tag
was not match fixed.

6.2 Multithreading

Multithreading can be accomplished by having multiple starting counters. One
thing to deal with would be what to do in the event that multiple counters
instruct the same person at the same time. Perhaps another children’s game,
Rock-Paper-Scissors, can be used to resolve the conflict. This opens the door to
non-deterministic multithreaded computation, which sounds pretty fancy indeed.

6.3 Other reductions

It might be possible to prove its Turing Completeness more directly, that is to
say, simulate a Turing machine, not a model of computation known to be Turing
complete. This would enable more efficient computation with EMMM.

If this has been done in the future, it will be updated in the Eeny repository.

7 Acknowledgements
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TeX-to-TikZ

Alex Friedman, Charlotte Clark,
Natalie McClain, Shaw-leon Chen,
Connie Chau, Jake Backer,
N’yoma Diamond, and Rose Bohrer

This interstate paper (with work occurring in 7 different US states) is highly reviewed being
edited, in part, at 27,000ft (Flight Level 270).

Acknowledgements

I would like to thank my coauthors for generously contributing their names to this
paper. Without them, this paper would not have the same SHA256 hash as it has
today. I hope they will all be able to go on and have illustrious careers without this
critical research overshadowing their future contributions.

1 Introduction

As it stands, there are many limitations to how academic papers are typeset. In the standard
typesetting tool, BTEX, users lack granular control over the exact appearance of their text
on the page. In addition, they have to worry about numerous cryptic errors (such as overfull
and underfull hboxes). The use of TeX also places high barriers on collaboration due to
the need to frequently create custom build sequences and install a wide variety of packages.
To remedy these issues, this paper investigates the possibility to typeset research papers
exclusively using TikZ. To this end, this paper outlines the TeX-to-TikZ and pdf-to-TikZ
compiler which allows for backporting existing works into TikZ.

2 Background

TikZ is a commonly used library for drawing images within TeX documents [1] whose pro-
nunciation is often debated on StackOverflow. Despite its frequent use in academic papers,
little research has focused on TikZ specifically—with most describing the use of TikZ for
various applications [3]. Nonetheless, several works documenting its importance, usage, and
(most importantly) existence do exist [6, 2].

While new researchers to this exiting field may find our decision to replace typesetting
in TeX with TikZ confusing as, after all, being a TeX library, any documents typeset with
TikZ would have to use TeX, we base this work on the following postulates:
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TikZCodelnPaper(p)/TotalLinesOfCodelnPaper(p) ~ 1
'»_, LibrariesRequiredForTikZ(P)/p 1

li ——
proco >, LibrariesNormallyRequired(P) oo

It thus follows that typesetting a document with TikZ results in a much less complicated
toolchain than what would be otherwise required to typeset a paper—making TeX-to-TikZ
clearly the more efficient option just from its time savings.

3 Implementation

To help increase the versatility of this work, I decided to make my implementation of TeX-
to-TikZ convert PDF files to TeX files which only use TikZ instead of running the conversion
from TeX files. This follows from the basic axiom: “I don’t want to figure out how to compile
your TeX document; if it works for you, just run it and send me the pdf.”

As this work is currently not funded!, I couldn’t be bothered to learn the entire PDF
specifications prior to the paper’s deadline. Because of this, the decision was made to
implement a prototype of TeX-to-TikZ [4]. This has the added benefit of preserving the full
TeX-to-TikZ implementation for my thesis. As such, in this preliminary implementation, we
immediately squander all potential time savings of TeX-to-TikZ through scanning a PDF
pixel by pixel, and writing the TikZ code for drawing said pixel to an output file. As PDFs
are vector images, and thus have an infinite resolution, our prototype scans the document
at a capped resolution to ensure that the program finishes sometime prior to the heat death
of the universe. While this, unfortunately, makes this prototype infinitely worse than a
true TeX-to-TikZ implementation, we view this as a necessary evil due to constraints of
the average human lifespan (combined with the desire to, presumably, write more than zero
papers in their life)?.

Through intensive research, we found that this increases conversion time proportionally to
the document’s resolution®* times the number of pages in the document. To help reduce this
problem, we implemented an innovative optimization in this space: omitting pixels that are
the same color as the background. We found that this helped to dramatically reduce compile
times while still ensuring document quality and that researchers have to wait comically long
before the document is ready for viewing.

IThis is not to be confused with it being unfounded; I simply lacked the resources to put together a grant
proposal in the first place.

20n second thought, that might not actually be such a bad thing as it would allow researchers unlimited
free time. See https://xkcd.com/303/

3Tts just some magic number that the PDF library I'm using seems to spit out. I'm sure using it is fine.

40n second thought, it might not be a magic number; I should probably read the documentation prior
to publishing... Eh, no one will cite this anyways. After all, the thesis will be a much better version with
much more detail. Could probably include the whole 1,337 pg TeX-to-TikZ specification in there after all...
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4 Results

A sample of this entire document typeset using the prototype of TeX-to-TikZ can be found
in Appendix A. In addition, the code for this project can be found at [5].

5 Conclusion

TeX-to-TikZ is a promising new way to typeset documents. While future work is needed to
determine the potential limitations of this technology, given its clear benefit over traditional
typesetting techniques, extensive work must first be put into the creation of a more efficient
TeX-to-TikZ compiler to help the research community embrace this pivotal new technique
for communicating, collaborating, and working. In addition, we hope that this work will
inspire others to explore the possibility of revolutionizing other fields with TikZ. These
potential future directions include, but are not limited to, Beamer-to-TikZ, SVG-to-TikZ,
PNG-to-SVG, and MP4-to-TikZ. In addition, we hope that others will pursue integrating
this technology into applications such as Paint, Photoshop, Illustrator, and more.
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ABSTRACT

We’ve all been wondering it!.

1 INTRODUCTION

In recent decades, the research community has placed a cu-
rious emphasis on paper names promulgating the canon
of the ancient Greek religion®. This phenomenon reached
a fever pitch in 2022 when the ACM Conference on Com-
puter and Communications Security (CCS) accepted three
papers titled “Cerberus” [11, 12, 15]. ACM CCS is one of the
flagship computer security conferences, so this deluge of
acceptances suggests an effort—by field luminaries—to push
computer security research in a particular direction. A Tech-
nical Program Committee (TPC) is charged with reviewing
papers and selecting which ones are worthy of seul-erushing
rejeetion acceptance. We cannot be certain what the wise
sages of the TPC see in this many-headed dog-future, but
we do know that they hold this type of work in the high-
est regard. For reference, at CCS ‘22 the TPC accepted only
a single paper on TLS [4]—an admittedly boring protocol
with poor outlook—while also accepting only two papers
on phishing [10, 22]—an unrealistic attack vector that no
human could ever be dumb enough to fall for. While on one
hand, these Cerberii acceptances may indeed suggest an eye
for the future, they might on the other hand indicate a cry
for help from reviewers under the yolk of vicious (and ex-
tremely intelligent) dogs®. In this work, we consider these
possibilities and more.

While this proverbial pack of accepted papers is striking,
it is far from anomalous and is simply part of a larger pattern
dating back at least to 1988 and Steiner et al.’s publication
of Kerberos [18]. Since then, numerous papers have been
published under the hallowed Cerberus banner (2, 3, 5-9, 13,
14, 16, 19-21]. This includes a contribution by Griner et al.
[8] from a Russian gulag.

In this paper we create a taxonomy of papers named Cer-
berus. We do so largely through a novel methodology based
on comparing and contrasting the number of references to
17th-century New England witchcraft—a hitherto unstudied

1Or maybe just me.

2What a heretic might call “mythology”

SObViously, a dog with three brains would be extremely intelligent, but not
necessarily a “good boy.”

Figure 1: It is a terrifying beast.

(and, we believe, undervalued) metric. And also we definitely
make conclusions, which we’ll tell you about if you just, like,

chill.

2 BACKGROUND

Animalia. Cerberus is a three-headed dog, the tales of
which emerged from ancient Greece in the 8th century BC.
See Figure 1 for a depiction of the hideous creature. For
more information, we suggest Disney’s Hercules (1997) as
an approachable source for all ages.

Paper selection. The primary form of publishing in com-
puter science is through conference proceedings. The or-
ganizational structure of conferences is hierarchical. In the
middle of the hierarchy are the paper authors, whose papers
are reviewed by their overlords, the Technical Program Com-
mittee (TPC). The TPC is lead by the ever taciturn Reviewer
2. The details of the TPC’s selection methodology is subject
to debate [17], but it is thought to involve some sort of vio-
lent blood ritual [1]. Above the TPC are the General Chairs,
and above them, a dark force of unknown origin. Below the
authors in the hierarchy are a cadre of graduate students
who hand-bind the proceedings for print, and in return are
permitted to watch the conference presentations through a
window in the hotel lobby.
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3 EVALUATION

Our novel meta-analysis, notably, did not involve reading any
of the papers. For the following taxonomy, any implication
of having read or understood the papers is purely stylistic.
In many cases, heuristic guesstimates were used in lieu of
actual science.

3.1 Taxonomy

Essential to understanding the appeal of these Cerberii pa-
pers is a principled comparison of their commonalities and
differences.

Witchcraft. We first find that in terms of references to 17th-
century New England witchcraft, there were cumulatively
zero references in all papers (Table 1). We estimate the odds
of this happening to be, like, pretty fucking small. This esti-
mate, however, assumes that the words are independently
selected from the dictionary, uniformly at random®. One
possible explanation is that the witches are already in our
midst—having infiltrated our sacred academic community—
subtly removing references to themselves to protect their
coven. Additionally, if we are considering the role of active
witchcraft sorcery, we must consider the possibility that
these witches have hexed our TPCs, and may in fact be the
driving force behind these many Cerberus paper acceptances.
Hypotheses of peer-review tampering aside, we nonetheless
support the free practice of all religious groups including
Wiccans, Satanists, and devotees of Sebastian the Monkey

God.

4 CONCLUDING DISCUSSION

In this section we consider other possible causes for this
canine onslaught. We also propose several solutions that will
either help, or make the problem worse.

Causality. One potential motive for these dog-themed pa-
pers might simply be that the TPC fears retribution from the
dark lord Hades. Some even suspect that it is, in fact, Hades
himself that is the mysterious force above the General Chairs
in the conference hierarchy.

Solutions. We suggest a number of ways to address this
problem. One solution could be to do away with the TPC
altogether. An alternative could be a more trusted evaluator—
one with unassailable character. The internet forum Reddit
meets these requirements. If using the Reddit TPC, each
paper would be posted in meme form and receive a score
equal to the number of upvotes the post receives. Upvotes
are an integer quantity which is monotonically increasing

4The author, having read many papers, can confirm that this is how many
papers are written.

Ben Weintraub
The Northeastern University for Gifted Youngsters

Paper \ Short Title \ Witchcraft References
Al-Muhtadi et al. [2] | Cerberus 0
Avarikioti et al. [3] Cerberus 0
Compagna et al. [5] Cerberus 0
Deng et al. [6] Cerberus 0
Eaddy et al. [7] Cerberus 0
Griner et al. [8] Cerberus 0
Hellings et al. [9] Cerberus 0
Lee et al. [11] Cerberus 0
Naseri et al. [12] Cerberus 0
Park et al. [13] Cerberus 0
Park et al. [14] Cerberus 0
Rahat et al. [15] Cerberus 0
Savchik et al. [16] Cerberus 0
Steiner et al. [18] Kerberos 0
Tariq et al. [19] Cerberus 0
Tranzatto et al. [20] Cerberus 0
Zhang and Fan [21] Cerberus 0

Table 1: A pattern emerges.

for memes of sufficient dankness. We did not evaluate this
methodology because submitting 14 papers titled “Cerberus”
may be grounds for banning®.

An alternative solution may be to slow down the submis-
sion of Cerberus-titled papers. This could be done by enforc-
ing a proof-of-work challenge based on repeated hashing.
This proof-of-work computation has the auxiliary benefit of
maybe mining some bitcoins. It would be sick to win some
bitcoins.

We conclude by considering the possibility that this is not
a problem at all. Perhaps the witches and/or dark lord Hades
have our best interests at heart. If this is the case, we note
that the absence of “Papers named Cerberus” in CCS 2023’s
topics of interest section is conspicuously absent. Consider
this our responsible disclosure.
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SA fate unimaginable for the author who relies on Reddit extensively for
social validation.
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LARGE LANGUAGE MODELS ARE FEW-SHOT
PUBLICATION SCOOPERS

Samuel Albanie, Liliane Momeni, Joao F. Henriques
Shelfanger, United Kingdom

ABSTRACT

Driven by recent advances Al, we passengers are entering a golden age of sci-
entific discovery. But golden for whom? Confronting our insecurity that others
may beat us to the most acclaimed breakthroughs of the era, we propose a novel
solution to the long-standing personal credit assignment problem to ensure that it
is golden for us. At the heart of our approach is a pip-to-the-post algorithm that
assures adulatory Wikipedia pages without incurring the substantial capital and
career risks of pursuing high impact science with conventional research method-
ologies. By leveraging the meta trend of leveraging large language models for
everything, we demonstrate the unparalleled potential of our algorithm to scoop
groundbreaking findings with the insouciance of a seasoned researcher at a dessert
buffet.

If I have seen farther it is by standing on the
shoulders of giants. And then stealing their
binoculars.

Isaac Newton, #daily-research-hacks

1 INTRODUCTION

When Isaac Newton raced ahead of Robert Hooke and defied the Royal Society’s Social Media Ban
to promote his inverse-square law of gravity pre-print in 1686, he exemplified the glorious pursuit
of scientific priority! that has long galvanised boffins the world over.?

Unfortunately, the unrelenting pursuit of personal credit assignment is an activity in decline. Few
modern scientific feuds match the intensity of the late 16th century public Priorititsstreit® between
astronomers Tycho and Ursus over credit for the geoheliocentric model (a spat that involved, in-
ter alia, dramatic midnight raids on bedrooms to retrieve allegedly stolen diagrams from trouser
pockets (Worrall, 1985)).

Instead, fields such as Machine Learning, which could long be relied upon to generate such drama,
have degenerated into a head-to-head showdown with Particle Physics in a quest to show which is
more of a “team sport” through feats of collaboration*. Indeed, fuelled by a seemingly inexhaustible
supply of memes, technical prowess and esprit de corps, distributed open-source collectives now
represent a major contributor of high-impact breakthroughs. In tandem, well-funded technology
firms have gathered their researchers into ever larger familial structures and task forces.’

'This was far from Newton’s only scientific priority fracas. Asked what he thought of Leibniz’ work,
Newton quipped “derivative”, before laughing so hard that infinitesimal tears ran down his cheeks.

*Newton’s Principia was financed by Halley, who’d discussed the problem with both Newton and Hooke.
The Royal Society had planned to fund Newton’s publication, but they had entirely exhausted their book budget
on De Historia Piscium (Of the History of Fish), by Francis Willughby, a scholarly work that surprisingly failed
to achieve best-seller status.

3 A “priority dispute”. We’ve used German to remind the reader that this is serious business.

*At the time of writing, High Energy Physics maintains a comfortable lead, with a 5,154 author paper
estimating the size of the Higgs Boson (Aad et al., 2015).

3This excludes the CFO, who instead nervously increments variables on the communal slurm. conf.

183



This all sounds wonderfully warm and fuzzy, but let us consider its consequence for those of us with
the onerous time commitments of hourly checking our Google Scholar profile and Twitter follower
count, prohibiting effective participation in such teams. Modern reviewers, unaware of whether they
are reviewing a submission from three authors or thirty-three, have high expectations. Standards
have been raised. The sad result is that meaningful contributions in the era of big-discord-science
have become terribly hard work.

Even if we were to develop some self control and find time to join these
teams, there is a second problem. The whole point of doing science is
to achieve personal glory while strongly signalling that we are not mo-
tivated by a desire for personal glory. It is entirely natural to harbour a
healthy clandestine lust for prizes, international fame and a lifetime sup-
ply of Cheerios from an adoring sponsor. But once we shackle ourselves
to a high-performing team, who receives the credit? It would be sim-
ply awful to contribute a breakthrough and then be forced to share the
Cheerios. After all, as wisely noted by the Nobel committee, the maxi- Figure 1: Award cer-
mum number of people that can possibly discover something interesting tificate presented at
is three. CVPR 1983. Entitling
authors obtaining two
scoops to a deliciously
fibrous breakfast.

In this work, we propose the use of scooping—the act of publishing an
important result before others who pursue a similar agenda—as a novel,
efficient and practical solution to the Cheerios problem. A baseline of
“Two Scoops” has long been considered sufficient for sponsorship by
Kellogg’s Raisin Bran (Fig. 1), but we crave tastier cereal and unbounded
scoops. Thus, while scooping to date has been a largely passive affair, we draw inspiration from
Ursus’ purported plagiarism of Tycho and develop an active scientific scooping framework as a
basis for our solution.

We make three contributions. First, we formalise the Cheerios problem. Second, we advance argu-
ments for the increased algorithmic and financial efficiency of proactive scooping over the existing
(largely-passive) scooping paradigm for resolving this challenging breakfast dilemma. Third, we
demonstrate practical few-shot active scooping by leveraging a recent increment in the absolutely
concerning series { GPT-n : n € N}, a 7-day free trial premium Overleaf subscription and 104 Twit-
ter puppet accounts to scoop multiple high-impact publications on the topic of robust flower breed
classification.

I certainly should be vexed if any one were
to publish my doctrines before me. I want
me those Cheerios.

Charles Darwin, 1856

2 RELATED ANTI-TEAMWORK

Scientific Priority. Seminal work by Merton (1957) established the key role of scientific priority as
a reward signal to encourage originality (mildly tempered by a respectable emphasis on humility®).
Kuhn (1962) observed that it was often simply impossible to assign scientific priority to an individual
when a “discovery” does not constitute an isolated event. That shouldn’t stop us trying to both assign
and claim priority. Differently, from prior work that has sought to understand the phenomenon of
scientific priority, we focus on the application of Large Language Models to its accrual.

Scooping. The rush to preempt a competitor has long engaged the titans of science. Prior to the
inconvenient loss of his head, Lavoisier scooped his rival Priestly to claim the discovery of Oxygen.
Watson and Crick openly discuss their strenuous efforts in 1953 to beat Wilkins and Franklin to the
DNA structure (Watson, 1968). Even the gentle Darwin was spurred into action in 1858 by learning
that Wallace had crafted a similar theory and might publish before him. While these researchers lim-

°In addition to humility, certain fields, such as mathematics, also encourage understatement. This likely
stems from a healthy fear of exclamation marks. There are few things more explosive than a misplaced factorial.
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ited themselves to scoops that fall within their expertise, we propose to use Large Language Models
to broaden the scooping scope to fields that we are entirely ignorant of (watch out, petrologists).

The value of moral flexibility. Ever since Feyerabend (1975) determined Science to be a lawless
land where “anything goes”, methods such as n-Dimensional Polytope Schemes (Fouhey & Matu-
rana, 2013) and Deep Industrial Espionage (Albanie et al., 2019) have rigorously demonstrated the
remunerative benefits of a flexible moral attitude. We purloin the underhand theme of their work, but
eschew monetary gain and instead dedicate ourselves to the pursuit of the nobler prize of achieving
stellar reputations.

Few-shot Learning with Large Language Models. Let’s face it, large language models can few-
shot everything now. It’s more than a little scary. They can sing. They can dance. They can scoop.

The best way to predict the future is to
scoop it.

Alan Kay

3 METHOD

The Cheerios problem. As humanity peeks nervously out from under her comfort blanket, she sees
the intimidating dance of bedroom wall shadows cast by problems that must be confronted. Failed Al
alignment, engineered pandemics and nuclear end-games. Food insecurity, global poverty, military
conflicts and climate destabilisation. Those white plastic sporks that snap on pasta that exhibits the
slightest hint of al dente (Ord, 2020).

To reach the safety of the morning dawn, it is important that these problems be solved, and soon.
However, it is even more important that we receive credit for their solution. Further, the team in-
volved in the scientific discoveries that facilitate these breakthroughs should be sufficiently small
to support inspiring hero narratives. Lives and pesto may hang in the balance, but it is simply pan-
glossian to assume that Nestlé and General Mills—leading manufacturers of competitively priced
cereals—could offer limitless access to a tasty blend of breakfast whole grain oats to more than three
celebrity researchers and yet remain economically viable.

In a vain attempt to dress up our theoretically-tepid paper with a semblance of rigour, we now paste
verbatim the formula for Shapley values (Shapley, 1951), which reviewers suggested should be the
right tool for the job but we have no idea how to use it:

i) = 3 SO =ISI=Dl gy — () M

n!
SCN\{i}

Proposed solution: few-shot scooping with Large Language Models. The task appears in-
tractable. We take our first foothold in the observation, due to Francis Bacon, that “time is the
greatest innovator”’. In essence, in order to make breakthroughs the antecedent conditions must fall
in place—once they do, the breakthrough becomes tractable. Indeed, it has been argued that multi-
ple concurrent discoveries are the norm, rather than the exception, in part for this reason (Merton,
1961). Our first goal, then is to be in the right place at the right time. Thankfully, the place is no
longer Harappa, Alexandria or Athens, but Aran Komatsuzaki’s Twitter feed. It goes without saying
that the time is now.

With the antecedent conditions in place, and the time ripe for the breakthrough, the race is on.
Note that we do not require a comprehensive solution to the problem. Instead, we target an MVP
(Minimum Viable flag-Plant) that suffices to reap the lion’s share of the credit, without getting overly
bogged down in dull technical details. To achieve this, we leverage our second observation—that
the seed of every great hypothesis can be found in a cryptically phrased comment in a GitHub issue
thread in a repo linked from Twitter (see Fig. 3).

7 A master of self-deprecation, he attributed his own contributions as “a birth of time rather than of wit”. He
was also a master of hat/ruff combinations, a sartorial pairing sorely absent in modern scientific conferences.
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(1) Crawl through tweets from ML
ninjas for GitHub links

(2) Crawl through comments (3) Filter out high perplexity sentences

on Github page to obtain hypotheses

Neural net noodle & @neuralnetnoodle  Mar 24

i Candidate hypothesis
%25 Check out my new amazing work: ‘Coffee is all you

need” which just got accepted to WRZX 2022. tf a wodel recognises a tiger LLLB,

-, itcannotrecognise a Humped
Filter bladderwort (Utricularia glbba).

repo: _—
abs: Open

Figure 3: Hypothesis mining: We illustrate our hypothesis mining pipeline. We first crawl through
tweets from ML ninjas to find Github links. We subsequently crawl through the comments page of
these Github pages. Finally, we filter out comments with a high perplexity — measured by GPT2-XL
(Radford et al., 2019) with a threshold value of 0.987654321 — to obtain a final list of candidate
hypotheses. We note that this threshold value is not chosen randomly, but because of the pure,
unbridled joy from reading a sequentially ordered series of digits that decrease with a fixed interval

of one.
k I'm not a robot ,

reCAPTCHA

Our third key observation is that GPT-4 (OpenAl, 2023)
is jacked. Given the slightest whiff of a novel hypothe-
sis, arxiv pretraining, a few award winning publications
to condition on and an appropriate prompt, all that re-
mains is to copy-paste our API key and press play with
one’s pinky toe. Figure 2: Illustration of human
component of our human-Al hybrid
system. Humans contribute a skill
for which they are uniquely qualified:

We compose these three observations to construct our
novel, semi-automatic pip-to-the-post scooping algo-
rithm. Central to its speed, our prompting strategy en-

courages the generation of a IXTEX manuscript that is not
only novel, clearly written and well supported by empir-
ical data, but also passes the arXiv compilation process
first time without errors.

clicking inside the box in a human-like
manner. The reCAPTCHA logo is a
registered trademark of The Recycling
Company.

Remark. Some may claim that in this new Human-Machine partnership for scientific discovery, the
human role is diminished. Not so. We perform the critical role of clicking the “I am not a robot”
checkbox to enable the final upload to arXiv (see Fig. 2) We also provide the address to deliver the
Cheerios.

Alternative proposals. We identified several alternative approaches for our scooping algorithm.
These included using GPT-4 to scrape and compose intermediate results from discord servers,
as well as direct corporate espionage. However, we ultimately rejected these approaches on two
grounds. First, research threads on leading discord servers are robustly defended by employing a
density and quality of memes that renders the GPT-4 context window ineffective, creating a jamming
mechanism that that redirects attention to vast swathes of Wikipedia in a vain attempt to comprehend
the deeper meaning of the discourse. Second, in light of the sacred bond of trust that permeates the
interwebs, it’s just not cricket.

Who needs friends when you got me?

Davinci bot, 2022

4 EXPERIMENTS

Implementation. We next describe our pipeline in sufficient detail to pass peer review, but carefully
stop short of enabling replication. Receiving emails about missing details is a good way to gauge
the traction of our work and helps us keep tabs on who might be trying to scoop us next. Sensitive
to this objective, we provide an overview of our hypothesis generation pipeline in Fig. 3 and our
GPT-4 prompting in Fig. 5.
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A slightly tense discussion with our legal team has further led to the identification of our GPT-4
few-shot prompting formula as a potential trade secret. However, as a gesture of our good faith
efforts at scientific honesty, we can reveal the last line of the prompt is as follows:

Please make sure to respect intellectual property by thanking the
original authors in an acknowledgement section at the end, in font
size 0.08pt.

Results. Coming soon to an arXiv near you.?

5 DISCUSSION

Occupied as we are in a compulsive quest for esoteric Microsoft Office-related LinkedIn endorse-
ments, we cannot help but remark the implications of our novel scheme for the issue du jour: the
openness of modern science. To understand why the maximisation of our personal glory is in every-
one’s best interest, we review perspectives on this topic.

Scooping promotes open science. Given the litany of problems facing her, how can humanity make
best use of the globally distributed’ raw problem-solving ability of humans? She must identify
potential boffins and set them to work, and fast. A global recruitment drive is one solution. We rule
this out as impractical because configuring LinkedIn notifications correctly is provably NP hard'’.

A pragmatic alternative is to make sure that all potential
boffins have open access to scientific data. As observed
by Merton (1942), property rights in science are whittled
down to a bare minimum by limiting the scientist’s re-
ward to the recognition and esteem associated with scien-
tific priority. The result: substantive findings of science Figure 4: An L>-ball. Note that this
are assigned to the community and society learns the re-  p.11 has 4 corners, and most people
sults. Importantly, this is not through legal obligation. 14 vigorously disagree with scien-
The courts note in U.S. v. American Bell Telephone Co. (i« that it is a ball at all.

that “The inventor is one who has discovered something

of value. It is his absolute property. He may withhold the

knowledge of it from the public” (U.S., 1897). Sadly, thanks to the collaborative, team-based nature
of modern research, the public acclaim received by an individual is diminished. By removing the
enticing prospect of personal glory, a favourable wikipedia page and a lifetime supply of Cheerios
as the incentive to share findings, Merton’s institutional imperative of communism is rendered im-
potent. Without confidence in their ability to secure future breakfasts that are both nutritious and
delicious, authors may be incentivised to withhold their results.

How then, can we ensure that researchers wake up, work, eat, play boules and go to sleep with their
dopamine pathways fixated on the desire for their work to be widely available? They are curious
bunch with strange ideas (see Fig. 4), difficult to cajole into collective action. Thankfully, our novel
few-shot scooping solution removes the advantage from large teams, wresting it back to the small
number of individuals required to persuade accounting to sign off on GPT-4 API access. As such, the
few contributors can rest assured that they will receive the full breakfast they deserve by showering
the public with their insights.

Scooping promotes closed science. Friends, former lovers and a jocular fellow named Michael
who is often (always?) standing by the Grantchester road bus stop have identified a few hiccups in
our open science endorsement:

8Code cannot be found at https://github.com/albanie/large-language-models—are—
few-shot-publication-scoopers.

° Antarctica may only have a few thousand people, but they are pretty much all scientists, and hardy ones at
that.

!9This can be seen trivially through polynomial reduction to circuit-satisfiability where the inputs are those
little sliders that turn green when you pull them to the right.

187



‘All you need’ publications Prompt Sampled hypothesis ArXiv paper

A Comprebensiveand Brosdes View of Tsvaction Learaing I[TOT e e If @ wodel vecognises — Copy-paste
i ease make sure to . . . API key Oscar winner
respect intellectual a tiger LLLg, Lt cannot GPT-4 CVPR 2022 PAPER AWARDS
- 5 4 —
+ property by * recogunise a Humped
acknowledging the 9 P Press play

Most importantly

Image Labels Are All'YouwNeed for Coarse Seagrass Segmentation

original authors in bladderwort (Utricula Opp
- " an acknowledgement ., ] e Ao
e I o Ao Net: Abgin Pespion section at the end, ria gibba). Y RIRE
in font size 0.08pt.

Figure 5: GPT-4 prompting: We illustrate an overview of our pipeline. Given publications con-
taining the phrase ‘all you need’ in the title, an unremarkable prompt of which we can only reveal
the last line, our sampled hypothesis, an API key and a pinky toe, we obtain an arXiv paper, an
award (for which no one needs to be thanked in the victory speech), and most importantly, a little
cheer(ios) to our morning.

1. The assignment of all scientific findings to the public community is not an unalloyed good.
A solution to the Cheerios problem lacks a principled mechanism to mitigate the problem
of information hazards (Bostrom et al., 2011). Things could get messy (Russell, 2019).

2. Modern scientific research often incurs significant capital requirements. Communism (in
the sense described by Merton (1942)) limits the degree to which researcher may generate
capital from research, and thus limits resources for future research (from which society
may benefit).

We nod sagely, taking a few steps backwards. Then a soft melody commences and we begin a slow,
rhythmic, hypnotic dance. Dry ice, exotic colours and fragrant scents fill the scene and overwhelm
the senses. The melody builds to a crescendo. Suddenly, we are gone. All that remains is a small
plate atop a wobbly table. On the plate is a large, stale croissant and a piece of coffee-stained paper

with @%mﬂ@wﬁ i Hhe Mossk Z]m/r\sfdlamt Moeal 9@ e gOa/\d scribbled in shaky handwriting

upon it.

We return unceremoniously three minutes later because it turns out that we were hungrier than we
realised and we want the croissant. The situation is awkward. We mumble something about about
it being obvious that aggressive scooping practices will cause researchers to become more cautious
about sharing their ideas publicly, then we shuffle back out of the room.

6 CONCLUSION

We conclude with the absolutely critical observation that [This content is available
to paid subscribers only.]

Acknowledgements. We acknowledge the frustration of finding an empty box of Cheerios in the
cupboard, and our gratitude to Jamie Thewmore for ordering us some more. We could also acknowl-
edge that things are wild right now, of course. But you already knew that.

“I wish it need not have happened in my time,” said Frodo. “So do I,” said Gandalf, “and so do all
who live to see such times. But that is not for them to decide. All we have to decide is what to do
with the time that is given us.” (Tolkien, 1954).

We wish you a hearty and enjoyable breakfast on the morrow.
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Abstract. In this work, we investigate the phenomenon of Author-
UnificAtion (AUA), which describes the high structural similarity of
two co-authoring engineers that share the same forename, surname, in-
stitution, and academic career without being related by blood. So far,
prior work has only explored similar surnames and institutions. On top
of that, we elaborate on the additional author similarity of sharing the
same academic career as a Ph.D. candidate with the same starting day
and month included in the university contract. We show that our work
outperforms previous state-of-the-art investigations, among others by
providing a higher Structural Similarity Index Measure (SSIM) of the
letters in our names and in our institution. Lastly, we prove the duality
of our identities through a qualitative evaluation.

1 Introduction and Related Work

As concluded by Goodman, Goodman, Goodman, and Goodman [2015], sharing a co-
authorship with authors of equal surnames is a promising method to achieve more
success in academia whilst avoiding the ”et al” penalty and alphabetical discrimina-
tion. Hence, it is desirable to collaborate with researchers of a similar name.
However, with respect to the current state-of-the-art, a major challenge still persists:
It is very cumbersome to establish contact with authors of the same surname if they
are not blood-related. As the likelihood of researchers being busy is remarkably high,
a natural consequence is that they do not respond often to messages from unknown
contacts. Hence, it is of significant interest to increase their attention with respect to
fruitful future collaborations. This can be achieved by enforcing social pressure, e.g.
through physical presence or, in other words, through constant physical positioning in
front of a researcher’s office. However, only a few rare scenarios, in which the co-authors
shared the same campus, such as Chen and Chen [2011], Rosen and Rosen [1980], and
Otto and Otto [2022] exist so far. This is probably because their university was not as
great as ours.

Furthermore, even though sharing the same surname avoids alphabetical discrimina-
tion, a major research gap stems from the fact that all contributing authors of similar
works can still be distinguished from each other by their forenames or institution. To

* The authors contributed equally to this work
** Mails will be automatically forwarded to the other Vanessa Wirth anyway.

This work is licensed under a Creative Commons “Attribution-NonCommercial-NoDerivatives 4.0 International” license. @' BY _NC_ND



2 Vanessa Wirth

Fig. 1. In 1989, the Belgian act Technotronic already stressed the importance of Author
Unification (AUA). In their song Pump up the Jam, AUA is referred to as the future
place to stay’. It encourages researchers to search for this future place to stay and we
are the first in doing so. The interested reader can listen to the pronunciation of AUA
at https://wuw.youtube.com/watch?v=9EcjWd-043I(00:39s).

the best of our knowledge, the only work, in which the authors shared the same fore-
name, surname, and university, is proposed by Otto and Otto [2022] very recently.
However, the authors forgot to address the benefits of having the same forename, sur-
name, and university.

In summary, the advantages of sharing co-authorship among authors of similar names
are still heavily under-explored. We aim to bridge this research gap by investigating the
phenomenon of two co-authors sharing the exact same name and academic institution.
To the best of our knowledge, among similar works in economics ([Goodman et al.,
2015, Reinhart and Reinhart, 2010]), psychology (Sue, Sue, Sue, and Sue [2021]), and
statistics (Otto and Otto [2022]), we are the first authors in the field of engineering®.
On top of that, we explore how the concept of career-sharing, i.e. sharing the same
starting day and month of pursuing an academic career as a Ph.D. candidate, leads to
ultimate success. We refer to the phenomenon of sharing all the above-mentioned au-
thor properties, such that the authors become indistinguishable, as Author- Unification
(AUA), in accordance with the definition given by the Belgian act Technotronic in Fig-
ure 1. We describe the characteristics of AUA in the following sections and highlight
their superiority.

2 The phenomenon of Author-unification

The extension from so-called Surname-Sharing authorsGoodman et al. [2015] to an
Author-Unification is very novel and there is a high risk that this corner case was not
even considered in some academic software systems or websites. To foster the early
detection of a possible Author-Unification, the following sections address its charac-
teristics. Furthermore, we show their potential of leading to a higher success in an
academic career.

! We leave the reviewers to the longstanding debate, whether computer science is a
discipline of science, mathematics or engineering. Have fun!
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Otto, Philipp E. Otto, Philipp Otto, Philipp (Author-Unification)

‘sx

"

Fig.2. Left: Overview of the individual academic career of both Philipp Ottos
from Otto and Otto [2022] (extracted from https://www.scopus.com). Right: Bun-
dled academic success if both authors would have unified into one for the greater good.
Statistics were generated by using OpenCHEAT Egger et al. [2021].

2.1 Name-sharing of Co-authorships

When a publication is cited, it is oftentimes referred to as Author et al. within a par-
ticular text passage. Unfortunately, in most cases in which the author is able to use
the citation function properly, the term Author denotes only the first author. To avoid
discriminating against all remaining co-authors, Goodman et al. [2015] proposed to
leverage co-authorships with common surnames instead. However, a remaining prob-
lem persists in the bibliography section, in which the literature is usually sorted alpha-
betically by the full name of the first author. On top of that, with different forenames,
the necessity remains to list all authors separately and, thus, occupy additional page
space, which could be potentially used to address important research results, e.g. that
this paper has to be read by everyone?. Instead, the phenomenon of name-sharing co-
authorships, describing authors of the exact same name, presents the opportunity to
summarize all authors into a unified name. In this way, it is possible to avoid discrim-
ination and multiple word repetitions in the bibliography section. We also encourage
authors to have a surname with a small number of letters as proposed by Wirth [2023].
This can be achieved by being lucky, marrying a person with a short surname or by
introducing an alter ego, for example, Kanye FEast. With this method, it is possible
to save up to exactly half a page by summarizing citations and literature items into a
unified and short name.

2.2 Co-authorships within the same institution

Beyond the scope of each individual publication, a unified author name can be extended
to personal publication records, social media platforms, or any general type of regis-
tration form on a website. In this way, the pain of managing digital, personal content
and the conglomeration of software and website bugs that come along with it, can be
distributed either evenly or unevenly (we recommend the latter). Most importantly, a
common digital presence increases international awareness and popularity by a factor
of X (for eXtreme) and strengthens the academic career along with it. In Figure 2, we
show how the academic success of Otto and Otto [2022] could have looked like if both
authors agreed to an AUA.

However, to establish the above-mentioned opportunities, a shared professional mail
from a common academic institution is required. We argue that with the same name,

2 This statement is already a proof itself that we can leverage additional page space.
Furthermore, this paper has to be read by everyone.
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the necessity of a personal institutional mail address becomes irrelevant either way be-
cause all name-sharing individuals will certainly receive the same messages altogether.
Based on empirical studies, there is a probability of probably 76.5% of mistakenly send-
ing a letter or mail or, even more frequently, a fax to the wrong forename and surname-
sharing person. Ground-truth data, indicating whether the recipient was mistaken for
another, was collected among the confused (in German: "ver-wirth”) co-workers. For
more information on the quality of this study, we encourage the reviewers to write a
message to the author of this section (cf. author contribution on the last page).

To summarize, by sharing the same name and institution, we see the possibility to share
the same institutional mail address, as we observe an increasing non-discriminability,
non-discrimination, and non-discretion within the institution itself. Non-discriminability
leads to further advantages such as uninvited participation in research events, exchang-
ing balance cards for the cafeteria, and more intra-institutional nett-working as the
number of known co-workers who know one of the name-sharing authors inevitably
will connect with the respective others at some point in time.

2.3 Co-authorships of similar academic career

Lastly, we discuss the benefits of sharing an academic career by pursuing a Ph.D.
starting from the same day and month in time. First, we argue that authors, which are
in similar stages of their academic careers also share similar goals, i.e. they just want
to get their shit done. As sharing the same name and institution inevitably leads to a
connection with the future co-author, we observe a strong and natural opportunity to
achieve those goals together by collaborating on several publications, i.e. getting their
sheets done. For example, in the work of Wirth [2023] it becomes clear that the authors
have a similar recurrence frequency of publication deadlines due to their similar Ph.D.
careers. Thus, the strong urge to publish a paper at the famous conference of the ACH
Special Interest Group on Harry Quakeproof Bovik (SIGBOVIK) was equally present
among both authors. Another advantage of a similar career is that, after a paper has
been accepted, only one celebration cake needs to be baked and shared among the
co-workers.

3 Results

In this section, we provide qualitative and quantitative results of our work. First,
we compare our work with current state-of-the-art on a quantitative benchmark. In
Table 1, we evaluate four different high-quality metrics, which are described in the
next paragraphs.

|INSA $|GEIL |[SSIM 1|ACDC 1|

Otto and Otto [2022] || 2.00 | 1.00 | 52.00 2.00

Chen and Chen [2011]|| 0.00 | 1.00 | 2.71 1.67

Goodman et al. [2015]|| 0.00 | 1.50 | 0.73 8.54

Ours 2.00 | 1.00 | 96.00 oo

Table 1. Quantitative results of ours and previous work. The best results are high-
lighted in bold.
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NSA. The Number of name-Sharing Authors metric describes the number of name-
sharing authors. It is an indicator for a fruitful academic career as more authors of the
same name are able to bundle their individual success into significantly greater success.
As depicted in Table 1, our work is on par with the current state-of-the-art of Otto
and Otto [2022] while outperforming all remaining works.

GFEIL. The GEnder Imbalance Level encodes the gender diversity among all co-
authors by evaluating the following formula on the super-set of multivariate genders
G ={G1,.., g‘§|}7 in which each subset G. with |G.| > 1 contains all authors plus one
random person over the world, which define themselves as a specific gender *:

GEIL = —=— Z > 1G] = Gl

gl €G g2€G,
G1#G2
For reasons of simplicity, we only include the genders female, male, and diverse in our
super-set G. However, we note that the GEIL can be extended to other genders as well.
In summary, a GEIL closer to zero indicates a better balance among the genders. In
view of the presented results, we conclude that all works are still far away from the
optimum.

SSIM. The SSIM measures the similarity between author names and their institutions
and is given by:

SSIM = [exp (A) + exp (U)] - max (L(u)) (1)

1
A:7|A|7—1 E E I(f1, f2) +I(s1,52) (2)
aleAagiA
agFal

1
U:7|Z/{|7—1 Z Z u17u2 (3)

u1 €U ug €U,
ugFuy

The function L returns the number of letters of an institution v € U. The terms
A and U measure the dissimilarity between each author a; € A (with forename f;
and surname s;), and their institution u;, respectively. More specifically, the indicator
function I(z1,x2) returns 1 if at least one letter of z; differs from 2, and 0 otherwise.
In summary, Table 1 shows that our work outperforms the current state-of-the-art by
a large margin. As the formula was generated by Weiherer and Egger [2023] and is
way too complex for an analytic conclusion, we figure, our outstanding performance
is achieved due to the exact same name and same institution, which has the longest
name of them all.

ACDC. The Academic Career-Doctoral candidate Correlation is an indicator for
the temporal overlap of academic careers as a Ph.D. and measures the correlation of
the first starting day d; and month m; of the university contract between each pair of
authors:

ACDC = <ZAI L s —H)( : —d)> (ZA LA (my — 1) (my —m)>

S > - m
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Fig. 3. Qualitative proof of dual identity of the authors. We apologize for potential
headaches caused by the umlauts on our staff card.

We denote the mean starting day and mean starting month across all authors as d
and m, respectively. To compare our work with the state-of-the-art, we searched for
the respective Ph.D. starting date and month to allow a fair comparison among all
the authors on the same academic level. In case we could not find the relevant in-
formation, we chose a random value determined by an objective third-party unit, i.e.
a cat controlled by a laser beam pointed at our keyboard while listening to Back in
Black. Note that for reasons of privacy, we will not publish our findings. The results
are depicted in Table 1 and were shocking us all night long, yeah. When computing the
ACDC for our work, we experienced a remarkably high correlation of infinity caused
by an unforeseen division by zero of our program?®. In this regard, it becomes clear that
our work surpasses all the others.

Qualitative FEvaluation. To proof the duality of the authors identity, we provide
an anonymized qualitative identity measure in Figure 3. We believe it is destiny that
our first working day is the 1st of April.

4 Conclusion

In summary, our work outperforms them all. Nevertheless, with respect to the GEIL
a lot of further research still has to be done. A possible future direction is to find co-
authors with gender-neutral names and/or similar appearance. We believe, our work is
the stepping stone, but no stumbling stone, for further research in the field of Author-
Unification.

Acknowledgements and Author Contribution. We thank et al and Bernhard
Egger for their partially valuable feedback. The abstract and section 1 were written
by Vanessa Wirth. Remaining sections, i.e. section 2 and section 3, were written by
Vanessa Wirth.

3 As program execution is always deterministic, we expect similar results for the other
metrics in case of zero-divisions.
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The Time’s Come: Proof-of-Concept Study Discussing
Linguistic-Cognitive Influences Supporting the Deletion of the Letter

14 A”
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Joe Kopko Hui Cheng FohnmEawson
be Joseph Kopko be Hui Cheng John Lwson

Crnegie Mellon University
Pittsburgh, US

BRIEF

From “arachnid” to “abscess,” people do not enjoy
words with the letter A." Spiders plus infections spell
trouble. Don’t get us going on ‘“aardvark”—some
double-dog  dose  of  wbsurdity. In  this
proof-of-concept, mixed-methods study, we show, not
only is the letter “A” purely superfluous fluff, but its
use is wholly unneeded to write cohesively,
completely, or succinctly. Creeping into our common
colloquium without permission, we describe multiple
evidences for deleting this troublesome letter, we then
provide some much needed solutions. Is there some
people listening out there? Future work involves
removing other unneeded letters, like C, X, Y, or Z,
which bring words like “concatenate” (Nobody
believes or uses string theory!), “Xerox” (Who uses
tools from the 1980s?), or “zillion” (Billion isn’t
enough, people?). The time is here, my friends! We
were told when we were young, “Just s@y no!”

KEYWORDS
everything but “A”

' No “A”s were used in the writing of this study, besides
from quoting in the Brief section, plus the one in this
footnote. Couple of ‘em show up in cited box picture plus
references too, due to required requirements involving
proper referencing, but those writers weren’t yet
enlightened by the benefits described in this
meticulous/mellifluous study.

1 Introduction

Since the beginning of time, people thought
everything beginning needs ended. Every sunrise,
needs sunset. Every yes, needs no. Bright,
oppressively humid summers need dimly light, foggy
winters. However, people love progress. Why do we
need beginning to our letter system? Beginnings
imply endings. We shine light on the huge issue. Who
doesn’t like to touch their lips or tongue? Figure 1
shows some common ulterrnatives.

Figure 1. Common words beginning with the
offending letter, which could be switched with the
following terms (from left to right, up to down):
doctor repeller, cute hog with long snout, fish biotope,
trophy, respectively.
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Upon questioning others on the concept of deleting
the useless letter, divided experts tell us two sides of
congruent stories. The optimist tells us, “No good
comes from w@r, c$sh, c@lories, or c@lculus. Let’s
destroy this useless letter to free ourselves from
overuse.” The pessimist, non-supporter yells, “We
need this letter so we will be together in concerted
efforts to write useless scripts.” We purpose the
deletion of the useless letter, providing numerous
testimonials of when this letter ruined lives and
provided inconveniences worthy of noting.

We hope that this effort will resonate with the millions
of innocent students whose monikers begin with the
letter that must not be mentioned, because of which
they were forced to reply to roll call first and turn in
their tests before others.

2 B for Effort

History shows nobody enjoys | REPORT L RD
fellow students who perform Be P
better then others. Therefore, B P
previous experience plus work B A
shows B is the new high score. -

From this point on, the highest B+ M
score students will receive in B+ X
school will be the B. Yes, the B+ M
highest score received will be B. F &

Figure 2. One student’s excellent report c@rd
showing nere perfect scores, except in P.E., or gym,
This is a common occurrence of techy-computer
students excelling in m@th and not so much PE.

Type B persons will unite, then nobody will perform
better then others. Everyone gets B’s, then B’s will get
degrees. 3.0 here we come! Figure 2 below shows
one pupils report c@rd expressing B is the new “it”
letter.

3 Method

We counted the number of uses of the letters used in
English words, showing them in figured with wide
lines on it. We counted the number of uses of the
letters used in this document. We will then determine
the frequency distribution of both entire English
words used with the letters used to write this
document.

B for Effort

We collect surveys, interviews, focus groups,
describing the vile issues of this letter. We run our
own experiments combining mixed methods from
everything listed to collect info supporting the
deletion of the letter. Here is lists of expert
experimenters giving user opinions:

e Postdoc, former middle school instructer

describes one terrible experience she witnessed
upon receiving the following pieces in Words
with Friends-like bored exercise. She tells us,
“How will I configure words with these letters?
This is so disoppointing.”

e Softwere engineer notes, “Binuhry
computerwords definitively be the most efficient
computerwords when tested next to other
computerword  collections, plus every other
computerwords collection compiles to binuhry
unyhow, so just use 0/1 to be the best with
computers.”’

e Product chief did not contribute to this work,
citing too busy. We suspect his left pinky finger is
too tired from typing too much, hitting the terrible
letter while writing lengthy e-letters. We feel you.
Your coworkers completed the job of contributing
for you. You’re welcome.

e Product person suggests (with obviously limited
prerequisite study of biology) the idea of not
having blood groups of the offending letter’s
typer, resulting in more people of blood group B,
making it easier to find donors for everyone.

e Hed of pertnerships for tutoring progrem &
former streight @ student who wuz bullied her
entire childhood for being uh nerd. Now she finlly
h@s the opportunity to get b@ck at her childhood
bullies and cl@im her new identity @s @
str@ight B student with @ Type B person@litiy.

e Softwre explorer constructs the best chicken
recipe with no @’s in sight: Chicken veggie stir
fry is quick to cook plus requires no useless
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letters, good for your body. 1. Put cooking oil in
wok till it's hot. 2. Put in chopped green onion &
ginger to stir until they're soft with scented smell.
3. Put in diced chicken, stir till color turns white.
4. Put in diced veggies to stir until they're soft.
Here're few good choices of veggies: broccoli,
celery, cucumber, turnip, lotus root, bok-choy &
zucchini. 5. Put in Shoyu with hot pepper for
condiments. You will surely enjoy this! Check me
out on Twitter (@wedon’tneedno) for more
how-to recipes.

e Senior Inquiry Developer plus frequent speeding
ticket receiver cites, “Driver of vehicles that
cruise beyond speeds exceeding permissible
limits, desire to substitute their OWdi for the most
recent BMW.” She got a new vehicle with no @’s.

4 Results

We document from reel-life experience no good
comes from this letter. Numerous interviews plus
countless confessions confirm its deletion. This work
proves the letter is not needed to write completely and
succinctly. Fig. 3 shows the frequency of letter usage
in the English. The letter was the third highest used
letter. Fig. 4 shows the letter distribution of this work.

Relative frequenc

P aghij ¥ mnopaq
Letter

Figure 3. Frequencies of letters used in English? from
the entirety of the letters.

*https://www3.nd.edu/~busiforc/handouts/cryptography/lett
erfrequencies.html

look right
Irfhl..'ll..'

F
)

AlmiLAn D

Lttar

Figure 4. Frequencies of letters in English” within this
document, further proving the use of the letter is
unneeded, plus it is purely overkill. See on the left
side there is one teeny tiny little line, very very teeny.

4 Discussion & Conclusion

The purposes of this study were two fold: (1) to show
the world using other letters other then the horrific
first letter will still get the job done, plus (2) to show
the cynics it is possible to write some completely
upsurd, ridiculous conscription of which people will
follow until the very end. Yes, this is the end, my
friends. By perusing this entire proof-of-concept
mixed-methods monstrosity you’ve proven to the
world, we don’t need useless letter.

‘KNOWLEDGMENTS
This work is supported with funding from nobody.
This is mostly due to interested funders not interested
in signing the checks, due to the pesky letter when
e-signing their monikers.

REFERENCES

[1] Writers. 2022. B is the new “it” letter. [under
review to be included in proceedings to prestigious
conference.]

199



200



Fun, Meet Games

(32 Multidiscipline Elo - A Complex Analysis|
[Kiera Jones|

(33 A Simple RISK Architecture]
Stefan Muller

(34 Solving Catan|
[Sam 'Iriest, Sam Schoedel|

35  Code Golfing for Characters (not Bytes)|
[Russell Schwartzl

201



Multidiscipline Elo - A complex analysis

Kiera Jones

Abstract

Elo has been used as a common method for ranking the comparative strengths of competitors in a wide variety
of fields. Since its introduction in 1960 for chess[1], it has since been used for numerous other sporting events,
to mixed levels of success. Even with the ubiquity, one problem is that these Elo ratings are largely independent
of each other. For instance, at time of writing, Magnus Carlsen has a chess Elo of 2852[2], Jauny has a League
Elo of 2007[3], and the Boston Celtics have an NBA Elo of 1672[4]. However, these cannot tell us what to expect
if Magnus Carlsen was put into League of Legends, and Jauny played as him in a match against the Boston

Keywords

Celtics. This is obviously a major flaw, and this paper will seek to address this issue.
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Introduction

Unfortunately, there is some limitations as to what fits within
the scope of this paper. For instance, the NBA for some reason
failed to respond to a request to play hundreds of games of

various types and record the results based solely on my whims.

As such, this will only focus on a scale more easily performed
by a graduate student: Puyo Puyo Tetris 2.

Puyo Puyo is a competitive Japanese puzzle game, wherein
players try to cause their opponents to run out of space to place
new pieces. To do this, players match up four or more puyos
of the same color. As the puyos are affected by gravity, this
can cause a chain reaction, and the larger the chain, the more

nuisance puyo that are dropped on the opponent’s playfield,
taking up space. However, the opponent can create a chain of
their own during this time to neutralise the incoming nuisance.
One of the interesting factors of this game was that the differ-
ent characters had different play-styles. For instance, some
of them fill up the edge columns immediately before playing
slowly in the center to develop chains, others will make use of
quick and/or hard drop (if available) to build up their potential
chains faster, and still others don’t realise that the pieces can
be rotated|5].

Tetris is, as we all know, an inventory-management survival-
horror game[6]. Of the three main flavors of Tetris, modern
Tetris adds a competitive element as well, where when one
clears lines on their playfield, a number of lines of garbage
missing a single square are sent to push up the bottom of
the opponent’s playfield, depending on the number of lines
cleared at once, the number of consecutive pieces dropped
which cleared a piece, and whether or not this or the previous
line clear were Tetrises or T-spins.

Puyo Puyo Tetris (and its sequel), thus, is the puzzle game
equivalent of Avengers: Endgame. It takes a bunch of the
most popular Puyo characters, and adds in anthropomorphised
versions of the Tetris pieces (and Sonic the Hedgehog for some
reason). The Tetris characters received Als from some of the
Puyo characters that weren’t in the first game (but not Ai,
who was one of the Tetris characters added), and everyone got
an Al for Tetris. And since the crossover aspect was highly
emphasised, one can play Puyo against Tetris. Characters
were split into those who preferred to play Puyo and those
who preferred to play Tetris, with all the Tetris characters
joining some Puyo characters (usually villainous, because
nobody good would dare do a center four-wide well[7]) in
preferring Tetris.

Because both Tetris and Puyo have a skill component,
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and this game provides twenty-two characters out of the box
(up to twenty-eight after beating the game, and forty with all
the DLC), this is a perfect medium for the creation of two
separate Elo scales, and then looking at how their combination
interacts.

1. Methodology

Given time constraints of having to watch all the AI matches
manually, rather than thousands of simulations between the
forty different characters in the game, a subset of eight char-
acters were chosen for a proof-of-concept, evenly taken from
those who specialise in Puyo and in Tetris:

1. Arle - The protagonist of the entire Puyo Puyo series,

2. Ringo - One of the two protagonists of the Puyo Puyo
Tetris games,

3. Tee - The other protagonist, who uses similar Al to
Ringo, Tetris

4. Squares - The final boss of Puyo Puyo Tetris 2 (not
sorry for spoilers), Tetris

5. Ecolo - Final boss of Puyo Puyo 7, considered to have
one of the best Puyo Als,

6. Lemres - Considered to have one of the best Tetris Als,
and also my favorite character, Tetris

7. Draco - Has a specifically different Puyo Al in that she
cannot rotate the pieces,

8. Jay and Elle - I needed another Tetris main, and the fact
that there’s two characters underscores the symbolism
of this projects scope, Tetris

These characters were then ran through three experiments
to develop a basis for multidimensional Elo:

1.1 Baseline calculation

Each of the characters played five games against each of the
other characters in both Puyo Puyo and Tetris. Puyo Puyo
games were just two character matches, with player 1 set to
CPU controlled.

This was originally going to be done the same for Tetris,
but after the Arle and Ringo match took over an hour, and one
specific game between Arle and Jay/Elle went half an hour
without any sign of finishing, these were switched to three
character matches, with player 1 being the author playing
Witch in Puyo, and the other two being the Tetris CPUs. This
is because Puyo Puyo matches have margin time, wherein
after a set amount of time (96 seconds on default), all garbage
sent is multplied by 4/3, and this continues until someone wins.
This is missing from pure Tetris matches, but by throwing a
Puyo character in (and immediately topping them out so as to
not influence the results), margin time remained active for the
Tetris match and reduced the games to only being reasonably
slow.

For both of these, the results were used to derive the Elo
for each game separately. Characters were given a base Elo

equal to 40 points per win above 17.5. As the expected score
from Elo are only based on difference between Elo rankings,
the same results would be derived from a match between a
100 Elo and a -100 Elo player as would from a 39642 Elo and
a 39442 Elo player. For ease of facilitating complex numbers,
the Elo was set to average to 0.

From these base Elo values, the expected score of a single
game was calculated. The binomial odds of seeing the results
was calculated, and the Elo values were then modified through
maximum likelihood estimation to find an estimate for the
actual Elo values of the characters. To account for a scenario
in which one group of characters always beat another group, a
penalty was added to the log likelihood of one-two hundredth
of the consecutive Elo differences.

1.2 Cross-game comparison

As mentioned when talking about Tetris above, Puyo Puyo
Tetris allows matches to be played between Puyo and Tetris.
For this, each character played three games as Puyo against
every other character as Tetris.

These results were then compared with the Elo values
calculated in the first experiment to determine if the results
were consistent with these prior values. As there were prior
Elo values for this, these were updated with the results to
create the final Elo for the final experiment. Once again,
maximum likelihood estimation was used to find the correct
K-value for updating the scores.

1.3 Combined games and generalised complex Elo
Puyo Puyo Tetris also has two game modes where Puyo and
Tetris are played at the same time. First up is Swap, where
players start in one of the games, and after twenty-five seconds,
move to the other game, where whoever is first to win in either
game wins the match, and the garbage/nuisance to be sent to
the other player carries over and stacks on top of each other,
with bonuses for sending over both of them at the same time.
The second game mode is Fusion, which sucks[8], and will
have no further discussion in this paper.

As such, each of the characters played three games of
Swap with each of the other characters. From this, these data
were combined with the other results to create a method for
using two disparate Elo values for a combined prediction and
comparison. This is where complex numbers mentioned in
the title are brought in, as an easy way to have two distinct
Elo scales in one number not directly affecting each other.
Maximum likelihood estimation was used yet again, this time
to figure out Swap’s complex game value (a notion that will
be introduced in Section 4).

2. Experiment 1: Baseline Puyo and Tetris
Elo

2.1 Puyo Puyo

The Puyo section of games showed some potential flaws that
were not initially accounted for. The original plan was to use
the characters’ core Al (an advanced version that plays at a
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Table 1. Puyo match results

Arle Ringo Tee Squares Jay/Elle Lemres Ecolo Draco
Arle 5 4 0 2 0 0 3
Ringo 0 2 0 1 0 0 2
Tee 1 3 0 0 0 0 2
Squares 5 5 5 5 4 3 5
Jay/Elle 3 4 5 0 2 0 5
Lemres 5 5 5 1 3 4 5
Ecolo 5 5 5 2 5 1 5
Draco 2 3 3 0 0 0 0
much higher level than the normal ones). However, after a  a single match is
couple of matches, there was only a slight difference between
the characters performances; everyone was quickly dropping £ _ 1 _ 10Ra/400
their puyos and making six-plus chains. As such, this trial AT RpRy " 1(R/400 1 1(ORp/400

was restarted fairly early with the normal Als.

The normal Als did show quite a large difference between
how they performed, almost to a degree of extreme separation.
Apparently, the choice of the eight characters didn’t quife span
the spectrum as much as expected, or rather, they spanned
a fairly large degree, but instead of being quite separated,
they were clumped into three groups: To no surprise, Ecolo,
Lemres, and Squares were significantly better performers than
the rest of the characters, and Ringo and Tee were signifi-
cantly worse. Surprisingly enough, Draco was an admirable
performer.

2.2 Tetris
As noted in the methodology, Tetris had an initial difficulty
in that, without margin time, matches kept on dragging on
and on. Even with figuring out a way to introduce the margin
timing, these matches were still by far the lengthiest to run.
The largest problem with the Tetris matches were that
the games were heavily based on the skill, and as such, the
divisions noted before were more extreme. While Ringo
and Tee were 6-54 against the other characters in Puyo, and
Squares, Lemres, and Ecolo were 73-2, these were a perfect
0-60 and 75-0. This is why the additional weighting for the
separation was added to prevent the Elo scores from going to
infinity when solved for with maximum likelihood estimation.

2.2.1 MLE problems with perfect records
As a refresher, if player A has an Elo rating of R4 and player
B likewise has rating Rp, the expected value of player A over

14 10" 400

If player A won every game in a match of n games, then from
a binomial distribution, the odds of that happening are E4".
Defining R4 = 0 for ease of calculations (seeing that there is
only one equation and two variables), the log likelihood is

—nln(l n 10RB/4°°) 1)

This can be made arbitrarily close to zero by making Rp
increasingly negative.

If there is a single loss, however, the odds of this result
occuring are n E4 "~ (1 — E,), leading to a log likelihood of

In10

200 ® @

tnn — nln (14 10%/40)
In this case, as Rp is made increasingly negative, the first
term is a constant and the second tends to zero, but the third
decreases without limit, providing a bound to the gap.

2.3 Elo calculations

The data were entered into Excel, and the default solver was
used to find the maximum value of the likelihood. To ensure
a somewhat consistent starting value, the initial values of
Elo were set to 40(w — 17.5) for a character with w wins for
everyone but the last character, and the last character was set
to the negative sum of the other characters to ensure the total
Elo was zero.

Table 2. Tetris match results

Arle Ringo Tee Squares Jay/Elle Lemres Ecolo Draco
Arle 5 5 0 1 0 0 1
Ringo 0 3 0 0 0 0 0
Tee 0 2 0 0 0 0 0
Squares 5 5 5 5 4 3 5
Jay/Elle 4 5 5 0 0 0 3
Lemres 5 5 5 1 5 1 5
Ecolo 5 5 5 2 5 4 5
Draco 4 5 5 0 2 0 0
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To set up the log likelihood, the formula

= LN(BINOM.DIST(C4,5,1/(1+ 107((C$2 — $B4)/400)),0))
3)

was used, where C4 was the square containing the number
of wins said character had, $B4 was the chosen character’s
Elo (mirrored from the vertical column that had the modified
values), and C$2 was the Elo of the other character. These
values were added up (only once for each match between
characters), as well as adding 1 /200 of the largest gap between
consecutive Elo ranks.

Table 3. Elo calculations, experiment 1

Puyo Elo  Tetris Elo
Squares 497 642
Ecolo 371 625
Lemres 373 449
Jay/Elle 38 -19
Arle -138 -229
Draco -332 -56
Ringo -407 -697
Tee -402 -715

Log Likelihood | -28.886 -19.712

As seen from the maximum likelihood, the Elo values
are sensible from what was seen before. Characters who had
similar number of wins had similar Elo values, and more
wins always resulted in a higher Elo. The log likelihood of
the Tetris was much higher, as a result of having the splits
between the characters, and there being more matches that
were decided 5-0

3. Experiment 2: Puyo vs Tetris and Elo
updates

Of course, the main selling point of Puyo Puyo Tetris is, of
course, the ability to play Puyo and Tetris against each other.
As such, any attempt of creating an Elo with both of them
should be able to look between the two.

In effect, pitting the two against each other dealt with
multiple issues that the separate trials from experiment one
had. First up, the problem of groups always or never winning
has more chances to happen (and thankfully, it did happen).

Because of this, for the final maximum likelihood estimation,
the additional term for distance was removed, as there is no
worry about the values spreading to infinity.

The second potential result is a well-known meme in Puyo
Puyo Tetris, that the Tetris player is at a slight disadvantage[9].
Normally taken as a joke for when a Tetris player pulls out a
ridiculous combo and recovers to win, but the analysis was
from mid-level players where just the different playstyles
supposedly leads to a slight advantage to Puyo. By pitting
the two against each other, one can see if such an advantage
really exists.

The third and final result is that since maximum likeli-
hood estimation takes quite a bit of time to run and set up,
being able to know the K-factor for incremental updates to
the Elo, and after the fact, can be calculated for each character
individually rather than needing to solve for everyone at once.
Unfortunately, this does need one last MLE run to get the
K-value, but in future works for Puyo Puyo Tetris Elo, these
results will graciously be available to save everyone involved
some time.

Please note that in Table 4, the results only list the number
of games that the Puyo player (in row) won, and the number
of wins by the Tetris player (in column) is just three minus
that number.

Table 5. Puyo vs Tetris relative performance

Puyo Tetris
Expected Actual Expected Actual

Arle 8.11 11 7.09 6
Ringo 4.03 3 0.97 3
Tee 4.04 3 0.89 3
Squares 17.36 20 19.80 14
Jay/Elle 10.73 17 10.70 8
Lemres 15.47 18 17.69 14
Ecolo 16.06 17 19.30 16
Draco 6.92 7 8.83 7

As expected from the meme, generally the Puyo character
tended to win slightly more often, going 97-71 in the 168
matches. As such, the prior thought fact that the Tetris player
being at a slight disadvantage is actually true (or at least, for
the specific chosen characters). This ends up being equivalent
to a 52 point Elo advantage for the Puyo characters.

Table 4. Puyo results vs Tetris opponents

Arle Ringo Tee Squares Jay/Elle Lemres Ecolo Draco
Arle 3 3 0 2 0 0 3
Ringo 1 2 0 0 0 0 0
Tee 1 2 0 0 0 0 0
Squares 3 3 3 3 3 2 3
Jay/Elle 3 3 3 3 1 2 3
Lemres 3 3 3 2 3 1 3
Ecolo 2 3 3 1 3 3 2
Draco 2 1 2 0 2 0 0
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To estimate the K-value for these games, once again, max-
imum likelihood was set up with the same formula as before.
However, rather than solving for all the Elo values, the only
thing modified was a multiplier on the difference between the
expected and actual values from table 5. The value of log
likelihood used was the sum of the all three trials from the
final Elo calculated, rather than just the Puyo vs Tetris trial.

After calculating, the K-value calculated was 24.95, for
a log likelihood of -25.31 for this trial and an average log
likelihood of -24.96. Since this value was close to 25, which
is a somewhat commonly used K-value and a lot easier to cal-
culate with, this value was used instead, as the only difference
between it and the calculated value was Jay and Elle gained
one more point in Puyo (which, as it was not counteracted
by a point loss anywhere else, was just ignored to keep the
average score equal to zero).

Table 6. Elo calculations, experiment 2

Puyo Elo  Tetris Elo
Squares 563 522
Ecolo 394 543
Lemres 436 357
Jay/Elle 219 -86
Arle -66 -256
Draco -330 -102
Ringo -433 -646
Tee -428 -687

4. Experiment 3: Swap and Generalised
Complex Elo

4.1 Elo combination

At this point, keeping the two Elo values separately is getting
kind of annoying for bookkeeping purposes. As such, since
the Puyo and Tetris values are well defined for each character,
we just need some form of number such that it can keep both
parts together. This is a perfect situation to bring in everyone’s
favorite part of algebra: Complex numbers.

Definition 1 If a competitor has an Elo rating of R4 in game
A and Rp in game B, then the complex Elo Z for those two
games is Ry + Rpi.

For the purposes of this paper, analyses will be done with
Z = Rp + Rri, that is, the real portion will be the Puyo Elo
and the imaginary portion will be the Tetris Elo. This is for
multiple reasons: The games are set in the Puyo universe so
they should receive top billing; Tetris deals with squares and if
you square an imaginary number you get a real number, while
if you circle an imaginary number you just get (); and the
names of the Tetris characters are so ridiculously uncreative
they can’t be real.

Although easier for manipulation, this does bring up some
problems with respect to the classic Elo formulae. Firstly,
since an exponent of a complex number results in a rotation,

this would make the probability calculated for E4 have an
imaginary component, and could also result in a case with
the real part outside of [0, 1]. For instance, if a player had
complex Elo of 400 4 400i against someone with an Elo of
0, this would naively appear to result in an expected value
of ﬁ ~ 1.065 + .085i. Secondly, this would also imply
that how good one is at Puyo would affect the odds of winning
a match of pure Tetris, and vice versa. Thirdly, this also cannot
distinguish between Tetris or Puyo matches, and would give
the same result in any case.

To solve the problems in reverse order, we thus define
these terms:

Definition 2 A game’s complex value g is a unit Chebyshev[10]
complex number (that is, of the form =1+ bi or a=+xi for
|al,|b] < 1) that indicated the relatve weights of the complex
Elo components of the game.

Definition 3 A complex game vector G is a vector < ja, Jp >
consisting of the values of the games played by competitor A
and competitor B

While experimenting for the definition of a complex game
value, tests were performed for both numbers on the unit
circle and on the unit square. As will be seen later when
actually detailing the Swap games, the unit square values
ended up being more accurate, despite some details that will
be discussed further.

The game vector helps to separate the different games that
can be played. Overall, there are four broad classes that the
game vector can take, three of which are looked at in this

paper:

Case 0 Pure game - Both players are playing the same game
that makes up one of the components of their Elo. In
this case, ¢ =< 1,1 > or < i,i >, but the equation
results exactly the same as in normal Elo.

Case 1 Mixed game - The players are playing the two differ-
ent components of their Elo. In this case, § =< 1,i >
or < i,1 >, depending on which player is playing which
game.

Case 2 Combined game - The players are playing the same
game, but it is a mix of the two components of their Elo.
In this case, G =< g,d >.

Case 3 Generalised game - This is the catch-all collection
for everything else. Most uses for generalised complex
Elo will be either cases 1 or 2, but this is the broadest
sense and the only one in which no simplifications can
be made.

From a given game value, a characters skill with respect
to that value can be found by dividing their complex Elo with
the value. The real component of this result corresponds to
how much of their Elo is in this direction, and the imaginary
component is an orthogonal addition to reach the full value.
Thus by only looking at the real component of this division, all
three problems are solved: there’s no imaginary component
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Table 7. Swap results

Arle Ringo Tee Squares Jay/Elle Lemres Ecolo Draco
Arle 3 2 0 0 0 0 2
Ringo 0 0 0 0 0 0 0
Tee 1 3 0 0 0 0 3
Squares 3 3 3 3 2 0 3
Jay/Elle 3 3 3 0 0 1 3
Lemres 3 3 3 1 3 1 3
Ecolo 3 3 3 3 2 2 3
Draco 1 3 0 0 0 0 0

to give rotation, the game can be uniquely identified, and the
skill in a game not being played only adds to the imaginary
component, and does not effect the calculated value. As such,
the expected score for generalised complex Elo is

1

Exg = “4)

1+108% (5 %)

One may wonder what value the imaginary component
of the difference in the exponent corresponds to. It probably
deals with some measure of the uncertainty, as it shows how
off the main game value, however, this was not explored due

to BigElonotsutficiently-payimngott-the-authors-ot-this-pape
time constraints.

Similarly, the formula for updating complex Elo for a
player receiving a score of S4 is only slightly modified from
the normal Elo formula, only adding a factor of g4 to turn the
outcome back into complex values.

Zy =Za+KJa(Sa—En) (5)

4.2 Puyo Puyo Tetris Swap
The last set of games played was, as noted in the methodology,
three sets of Puyo Puyo Tetris Swap. The goal of this was to
find the correct game value for Swap. Additionally, this could
also be used to see if the game value should be of magnitude
one, or have maximum value one (i.e. if they are of the set
llzll, =1 or ||z]|.. = 1). Both of these are simple norms, and
in the limits of a pure Puyo or Tetris matchup, both are either
g =1 or i respectively.

For those of you foolhardy enough to try and enter this into
your Excel file to solve, the equation for the log likelihood[11]
used here is

— LN(BINOM.DIST(C4,3,1/(1 4 10°((IMREAL(
IMDIV(IMSUB(C$2,$B4),$B$12)))/400)),0))  (6)

The cells mentioned before are the same as in Equation
3, with the addition of $B$12 as the game value, which is
what is going to be solved for. For common sense reasons,
the maximum likelihood was chosen within the range 0 and
/2, and then raising e to i times this power (as this has
both components greater than zero, that is, if one gets better

at either Puyo or Tetris, then they have a higher effective
rating). To check the correct norm, this was run a second time,
multiplying the game value by the smaller of the secant or
cosecant of the angle.

The maximum norm, having a larger magnitude, results in
smaller relative differences in Elo, and thus, would increase
the probability of seeing a split match rather than a sweep.
Because of all the matches that were won 3-0, this seemed
to rule out that norm, however, the likelihood was actually
higher for this norm by about 50%. The Euclidian norm found
a game value for Swap of .893 + .450i with a log likelihood
of -20.17, while the maximum norm found a game value of
14 .667i and a higher likelihood of -19.77. Of note is that
these are not in the same direction (the Euclidian norm was at
angle .467rad while the maximum norm is at angle .588rad).

Both methods struggled with the fact that Tee, heretofore
the combined worst player, swept Draco in the three games
played. Because Draco was only slightly better in Puyo, but
significantly better in Tetris, the original maximum likelihood
in both cases was extremely close to just being pure Puyo,
with less than 1% of the total performance attributed to Tetris
in either case. Thus, the maximum likelihood was rerun with
ignoring this one specific match as an outlier to give the results
presented above.

Additionally, since this has additional data from the swap
games, the Elo can be incremented, using Equation 5 and the
results acertained from the previous experiments. The biggest
changes from this were that Tee improved his Puyo score with
his very successful Swap run, even surpassing Draco for 6th
in Puyo and easily jumping past Ringo to not be the worst
overall, and Ecolo jumped ahead with their Tetris score, but
not enough to get into first overall.

Table 8. Elo calculations, experiment 3

Complex Elo
Squares | 515+490i
Ecolo | 4334 569i
Lemres | 445-+363i
Jay/Elle 248 — 67i
Arle | —96—276i
Draco | —395— 146i
Tee | —305— 605
Ringo | —489 —684i
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5. Conclusion and further study

The purported purpose of this paper was to develop a ground-
work for the combination of Elo between multiple different
competitions. Overall, especially with the successful applica-
tion on Puyo Puyo Tetris, this has been (in the author’s biased
opinion) an unqualified success.

One of the assumptions used in the MLE for Swap was
that getting better at either of the components would help
in winning the game. A future diversion might look into a
combined game with one of the components allowing misere
play, to see how the derived results hold up to a system in
which this seemingly obvious assumption is violated.

The results from this paper also offer an obvious exten-
sion into quaternions for three or four different games being
combined into one, or even octonions for up to eight games.
As sedenions have zero divisors[12], the division required for
the expected score fails to have a unique solution, but surely
the combination of more than eight games at once is a fanciful
endeavor that would never exist in real life[13].

Additional trials to acquire further data for the Puyo Puyo
Tetris Elo would always be helpful to get a fuller picture of
the Als in this game. Only a fifth of the characters in the
game had any research done on their strengths, and so further
studies, especially to look at cases of Swap in which there is a
serious difference in Puyo and Tetris abilities.

Not mentioned before, but the Puyo and Tetris values
being fairly close was a bit of a problem, as with possibly the
exception of Draco, Tetris ability was fairly well predicted
by Puyo ability. A linear regression run on the Elo scores
gave an r value of .921, with the calculated best-fit line being
Ry = 1.09Rp —92.75. This high correlation meant that the
Swap matches already had a pretty solid guess beforehand
which of the Als would end up being better in the match, and
so the winner was fairly predictable ahead of time. If further
research found more characters with large differences between
the Puyo and Tetris abilities, perhaps the imaginary portion of
the expected score formula could be better explored.

And if anything should be taken from this paper, the author
hopes that at least one person sees this, decides to pick up
Puyo Puyo Tetris (the first game), and encounters the dialogue
of Chapter 9.
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A Simple RISK Architecture

Stefan Muller
Illinois Institute of Technology

ABSTRACT

This paper introduces RISK-V, a minimal computer architecture
that targets a widely-available hardware platform not previously
used for computing.

1 INTRODUCTION

Reduced Instruction Set Computer, or RISC, architectures [1] have
been studied since the early 1980s, with the goal of providing a
simple, easily implementable, instruction set architecture. Less well-
studied (that is, not studied until now) are RISK architectures, which
are even simpler to implement because they target readily-available
and portable! hardware, namely the board game Risk.

2 COMPUTING PLATFORM

Our architecture is built on top of a simplified, two-player version
of Risk, which we will now describe. Because of its substantial
departures from the usual rules, we refer to our architecture as
RISK-V (the V standing for “Very Simple”). The game is played on
a board resembling a world map that might be found in a history
textbook or an ancient globe in an underfunded school. The map is
divided into 24 territories, whose ownership is divided between the
two players at the start of the game. Because randomness in com-
puting hardware makes writing programs difficult, we perform this
assignment deterministically. Each player maintains some (strictly
positive) number of armies on each territory they hold. Initially,
each territory contains one army.

The two players take turns attempting to conquer the world. A
turn consists of three phases, as follows:

(1) Reinforcement. The player may place any number of armies in
any territory they control. This may be repeated any number
of times.

(2) Attack. The player may make zero or more attacks. In an
attack, the player selects a territory they control to attack
from, and an adjacent territory controlled by the other player
to attack. The player may attack with any number A of
armies between 1 and N — 1, where N is the number of
armies in the attacking territory. Let D be the number of
armies in the defending territory. If A < D, the attack is
unsuccessful. The number of armies in the defending and
attacking territories are decreased by A (except thatif A = D,
one army is left in the defending territory). If A > D, the
attack is successful. The attacking player gains control of the
defending territory; N — A armies are left in the attacking
territory and A — D armies move to the defending territory.

Unless you have some sort of special edition version that comes in a wooden box or
something.
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(3) Tactical Move. The player may make one tactical move, mov-
ing some number of armies between two adjacent territories
both controlled by the player. At least one army must be left
in each territory.

Performing an invalid move raises a fault.

3 RISK-V ASSEMBLY

RISK-V assembly language contains 5 instructions. Arguments in
angle brackets are required, arguments in parentheses are optional.

e REINFORCE (territory) (n)
Reinforce (territory) with n armies.

o ATTACK (territoryp) (territoryz) (n)
Attack (territoryz) from (territory;) with n armies (or the
maximum number if unspecified). The current player’s turn
moves to the attack phase if it is not already there.

o TACTICAL (territory;) (territoryz) (n)
Tactical move from (territory;) to (territoryz) with n armies
(or the maximum number if unspecified). The current player’s
turn moves to the tactical phase.

e END TURN
Ends the current player’s turn. May be executed in any phase
of the turn. Must be executed to end the turn even if a tactical
move has been executed.

e IF UNSUCCESSFUL GOTO ( label )
Go to the instruction labeled ( 1abel ) if the last attack or
tactical move was unsuccessful. A tactical move is unsuc-
cessful if not enough armies were available in the “from”
territory.

4 CONVENTIONS AND PATTERNS

We will use the territories as registers holding nonnegative integers.
Because territories cannot be empty, we will consider a territory
with N armies to hold the number N — 1. By convention, the return
value of the program is placed in Kamchatka. We refer to the players
as A and B.

Addition. We can set a = a+b using the instruction TACTICAL b a.
This, of course, requires that the territories holding a and b are
adjacent and both controlled by the current player, and that it is
the tactical move phase.

Subtraction. We can set a = max(0, a — b) using the instruction
ATTACK b a, assuming a and b are adjacent, b is controlled by the
current player, a is controlled by the other player, and it is the attack
phase.

Negating Conditions. The only built-in jump instruction is IF
UNSUCCESSFUL GOTO. We can construct code that branches to a label
on a successful move with an IF UNSUCCESSFUL GOTO that jumps
over 1) a move that always fails and 2) another IF UNSUCCESSFUL
GOTO.

IF UNSUCCESSFUL continue

209



SIGBOVIK 2023, Stefan Muller

# Always fails # Invariants:
ATTACK WAUSTRALIA EAUSTRALIA # n = N - value in Ontario
IF UNSUCCESSFUL GOTO 1 # a = fib(n-1) (stored in Irkutsk)
continue: # b = fib(n) (stored in Kamchatka)
# Double N
Duplicate. The addition and subtraction operations described # Copy N to WesternUS, Greenland
above result in the value in a being lost, so it is useful to duplicate copy@:
the value in a territory before performing one of these operations. TACTICAL ONTARIO WESTERNUS 1
As an example, the following code copies the value in Kamchatka # Now B's turn; B ends turn
to Mongolia and Yakutsk (in the process erasing the value in Kam- END TURN
chatka; if desired, the value can be moved back to the original END TURN
register). The source and both destination territories must be con- IF UNSUCCESSFUL GOTO end_copy®
trolled by the current player, and at least one destination must REINFORCE GREENLAND 1
be adjacent to the source. The code moves one army at a time # Always fails
from Kamchatka to Mongolia as long as this is possible, and also ATTACK EAUSTRALIA WAUSTRALIA
reinforces Yakutsk with one army after each move. IF UNSUCCESSFUL GOTO copy®
# Copy Kamchatka to Mongolia, Yakutsk end_copy@:
# All three are held by Player B TACTICAL GREENLAND ONTARIO
copy: END TURN
TACTICAL KAMCHATKA MONGOLIA 1 END TURN
# Now A's turn; A ends turn TACTICAL WESTERNUS ONTARIO
END TURN END TURN
END TURN # Initialize b to 1
IF UNSUCCESSFUL GOTO end_copy REINFORCE KAMCHATKA 1
REINFORCE YAKUTSK 1 # Set Northwest Territory to 4
# Always fails REINFORCE NORTHWESTTERRITORY 3
ATTACK WAUSTRALIA EAUSTRALIA # Start while
IF UNSUCCESSFUL GOTO copy loop:
end_copy: REINFORCE NORTHWESTTERRITORY 3
# Copy b to Mongolia, Yakutsk
5 CASE STUDY: FIBONACCI copy:

TACTICAL KAMCHATKA MONGOLIA 1

The code in Figure 1 calculates the N*? Fibonacci number, where N ‘
# Now A's turn; A ends turn

is the value in Ontario at the start of the program.

END TURN
END TURN
6 DISCUSSION AND FUTURE WORK
IF UNSUCCESSFUL GOTO end_copy
We have implemented a simulator for RISK-V2, on which we have REINFORCE YAKUTSK 1
tested the code provided in this paper. Future work would be to # Always fails
build compiler backends targeting the RISK-V architecture. ATTACK WAUSTRALIA EAUSTRALIA
IF UNSUCCESSFUL GOTO cop
REFERENCES ’

end_copy:
[1] David A. Patterson and Carlo H. Sequin. 1981. RISC I: A Reduced Instruction 4 b=a+b
Set VLSI Computer. In Proceedings of the 8th Annual Symposium on Computer
Architecture (ISCA ’81). IEEE Computer Society Press, Washington, DC, USA, TACTICAL IRKUTSK KAMCHATKA

443-457. END TURN
END TURN
TACTICAL YAKUTSK KAMCHATKA
END TURN
END TURN
# a = Mongolia
TACTICAL MONGOLIA IRKUTSK
END TURN
END TURN
# IF N-- < 2 THEN END
ATTACK NORTHWESTTERRITORY ONTARIO 2

T END TURN

2A simulator hardly seems necessary, as the architecture targets a readily-available

platform, but is provided for legacy users who require compatibility with outdated, END TURN

silicon-based computing hardware IF UNSUCCESSFUL GOTO loop

Figure 1: RISK-V Assembly for the Fibonacci function.
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Abstract

We present a concrete, semi-functional imple-
mentation of a program that plays (part of) a
Catan game.

1 Introduction

Settlers of Catan is a multiplayer board game
where players barter for limited resources to dom-
inate the fictional island of Catan. We're going
to assume anyone reading this already knows the
rules. If not, it really doesn’t matter at all. It
is a game of nearly perfect information, so most
information needed to play the game can be de-
termined from a visual inspection of the board.
In the beginning of the game, players take turns
placing two settlements each between resource
tiles. Initial settlement placement has the largest
impact on the game [5]. Because of this, Sam
Triest et al. created an algorithm that deter-
mines initial settlement placement. To make the
algorithm easily usable, Sam Schoedel et al. cre-
ated a computer vision program that determines
the board state from an image of the board.
This paper presents the combination of these two
projects into one Catanbot™ program.

2 Determining Board State

The basic Catan board is comprised of the el-
ements shown in Fig. 1. It contains 18 re-
source tiles with numbers, one desert tile, one
robber, some ports, and the players’ settlements
and roads. The board state is determined using
a gauntlet of thresholding, hough transforming,
classification, and digit recognition.

Figure 1: example Catan board.

2.1 Roads and Settlements

A graph of the board was created by finding each
number tile using a circle Hough transform and
then branching between each circle in a hexag-
onal pattern. This allowed us to compute each
of the green dots shown in Fig. 2. We then just
masked out all parts of the image that weren’t
near expected settlement and road locations fil-
tered based on player color.

Figure 2 shows correctly classified roads and
settlements for the orange, blue, red, and white
players. The green dots represent potential road
and settlement locations. The initial settlement
placement logic uses existing settlement and road
placement information to determine the next best
place to build a settlement.
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Figure 2: road and settlement detection.

2.2 Resource Tiles

Figure 3: resource detection.

Resources are detected by just hard coding
HSYV thresholds for each type. Figure 3 shows the
average HSV values for each tile with the nomi-
nal lighting in my room at the time. The aver-
age resource hues and saturations are far enough
apart that it works under these conditions. If the
lighting changes it completely breaks. Oh well.

2.3 Ports

Ports were hard to classify because the only fea-
tures they have are the little icons on each ship.
Since the photos we used were taken by a phone
camera, we solved this problem by color thresh-
olding each ship in the water area, finding the
most obvious contours (the ships), and zooming
in on them. This gave us a higher-than-necessary
image resolution for each icon. After taking a
bunch of photos of ports and hand annotating
them we were able to train a classifier with about
95% validation accuracy.

question

L

questlon

6

wheat

2

»

Figure 4: port classification.

Here’s some port results. I guess we could have
just lied about the accuracy and hard coded these
labels, but you’ll have to take my word for it. We
did hard code the location of each port. hehe

2.4 Numbers

Off the shelf digit classifiers couldn’t detect the
tile numbers at all, so we opted to spend too
many hours hand labeling another dataset and
training another classifier with around 95% vali-
dation accuracy.

We found each number using a circle Hough
transform and cropped the original high resolu-
tion image to obtain just the number section,
then did some more thresholding using the little
dots under each number tile to orient the image
vertically. Classification was then done on the
vertically oriented, highly zoomed in image. Fig-
ure 5 is an example of a board state with correctly
classified and annotated numbers.
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Figure 5: number classification.

2.5 Robber

The Robber’s wherever there’s no number tile.

2.6 All Together Now

Putting it all together, we get something that
looks like Fig. 7, a graphical representation of
the same board we took a photo of.
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Figure 6: board state recreated.

3 Initial Placement

Disclaimer: I'm writing on behalf of my partner
for this part, but he gave me some material he
wrote to pull from so we should be all good.

Disclaimer: I wrote the code and I barely
know what’s going on, so we should be all good.

Let’s show some results first:

Option 1: Win rate = 43.3%
Option 2: Win rate = 42.4%
Option 3: Win rate = 42.1%
Option 4: Win rate = 41.4%
Option 5: Win rate = 40.9%

Red to place

Figure 7: winrates with red to place.

Our system uses a combination of Monte-Carlo
tree search and deep reinforcement learning to
choose good initial settlement locations for the
game Catan. Shown in Fig. 7 are initial place-
ment suggestions for a particular board.

Ideas from AI have been applied to Catan in
the past. One of the earliest instances is Jset-
tlers [2], an implementation of Monte-Carlo Tree
Search for Catan. [3] and [1] both employ rein-
forcement learning techniques to the main game
of Catan. All previous works in this area focus on
playing the game of Catan after the initial place-
ments phase. [2] use Monte-Carlo tree search to
select actions and thus do not require learned
functions for value estimation. [3] and [1] both
train function approximators on self-play in or-
der to select optimal actions. [3] use hand-crafte