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Modernized Python

Daniel Ng

March 25, 2022

Abstract

The popular Python programming language is generally heddd for its usability and learn-
ability. However, this often comes at the cost of e ciency. Saitions to this problem have
emerged over the last few years to impose static type systeorgo Python without intruding
on the underlying syntax. This paper deviates from the normfdouilding on the existing
language, and instead looks to completely overhaul the coate syntax while maintaining
its beloved semantics.

Introduction

Python has recently surged in popularity, largely for two rasons. Firstly, it is an easy
language for beginners to learn, especially because itsagriof modules allows for relatively
complex projects to be built up relatively quickly. Additionally, these modules are often
used in elds such as arti cial intelligence and machine leaing as a reliable and easy-to-
use language. However, concerns from type theorists have egee, largely regarding its
ine ciency and unsafety.

The approach of overlaying a type system onto the existing oorete syntax is one that has

been considered in several places previously. Type thetsislaim that this could speed up the

language and allow for fewer runtime errors. However, this ppach has a negative impact
in certain edge cases. Certain scripts may wait for Python pgrams to terminate, causing

processor cycles to be wasted. Additionally, speeding up Pyin gives programmers less time
to slack o while their code is running, the social drawbacksf which are immense.

It is thus only natural to look into ways to make the Python prggramming language more
palatable for functional programmers. Current approachef®cus on keeping Python's con-
crete syntax while overhauling the abstract syntax to bettematch that of functional lan-
guages. In contrast, we try a revolutionary new approach irhis paper and try to improve
the concrete syntax make it more palatable for functional mgrammers. In the spirit of
Harper [1], we therefore propose a Modernized Python, whickeks to eliminate the issues



with Python at the level of concrete syntax, while maintainng both the speed and mem-
ory usage of original Python. Any resemblance to real langues, living or dead, is purely
coincidental.

Problems

Concrete Syntax

While the concrete syntax of Python seems both easy to learn deasy to write, its actual
nature is really not like that at all. Consider the behaviourof the following program:

1 def fact(x):

2 if (x == 0):

3 return 1

4 return x * fact(x - 1)
5 print(fact(10))

At rst glance, this appears to be a perfectly legal program that computes the factorial of a
given positive number. However, upon actually attempting tanterpret this code, it returns
IndentError rather than printing 3628800 Some might argue that this has to do with the
use of a three-space indent for some awful reason. However $ame problem exists for
users of the much more popular two-space indent. It followsoin these strict indentation
requirements that handwritten Python code on pape€ris extremely unlikely to run, much to
the dismay of many exam-takers.

The additional requirement that all lines be terminated wih a newline adds further com-
plications to the concrete syntax, especially when tryingot write long commands and avoid
confusion. The indentation issue is also exascerbated whaetermining where a loop ends
or begins. Marking the end of code blocks in general is thesed another concern that we
will attempt to address when modernizing Python.

One feature that must be preserved through this is Python'scaeptance of generally ques-
tionable code. For example, the following function would beejected by most sensible type
systems, yet is allowed by Python:

1 def f():
2 return f(f)

Python will attempt to execute f(3) in vain, eventually reaching aRecursionError , gener-
ating thousands of call stack frames in the process beforetRgn realizes what is going on

1| promise.

2Except in the state of California, where this code is known to cause ancer, birth defects, or other
reproductive harm. And only in the state of California.

30r on whiteboards, cuneiform tablets, The Fence, or any other non-digial media.



and averts the impending memory disastet.Python's willingness to try once again leads to
run-time errors, but it gets an A" for e ort. This characteristic tenacity is preserved even
when xing the above problems, at the cost of e ciency.

Statics and Dynamics

We now look to the statics and dynamics of Python to better unerstand how it be-
haves.

Statics:

© x : PyObject

Everything is a PyObject, so this is just stating the obvious. There are no further stas,
because no other types exist anyway.

Dynamics:

X nal TypeError nal f(x) 7! TypeError (With high probability)

The rst dynamic just states that if we have an established®?yObject, then there is nothing
further to be done to it, so we just leave it alone. Likewisef we have managed to reach
a TypekError, there is nowhere further we can go, as the program has readlten erroneous
State.

The third rule states that most expressions will result in &'ypeError. This is evidenced by
the fact that many PyObjects are functions, however, the probability that the argumenk
has the correct type to be input tof without causing a TypeError is rather low, since the
number of total PyObjects is quite large and the set of valid inputsS is likely signi cantly
smalleP. Rudimentary calculations show that the probability of aTypeError can exceed
99%, which sounds like quite a high probability.

We now carry out the time-honoured tradition of proving progess and preservation.

Progress: If ° x : , then either x nal or x 7! x°for somex®. For this, we need a

canonical forms lemm& Fortunately, we can note that everyPyObjectconsists of either no
function applications or at least one function applicationso ifx : PyObject then eitherx = y
for some non-function applicationy or x = f (z) for appropriate f and z. The rst case uses
the rst dynamic to conclude that x nal. The third rule indicates that f (z) 7! TypeError.

4For dealing with this, the author recommends downloadmoreram.com.
5|f there are jSj = k valid inputs, there are also at leastk invalid ones, all functions mappingS to itself.
80r Canadian Football League.



Preservation: If ~ x: andx7! x%then ° x°: . Consider that = PyObject since

PyObject is the only possible type. Additionally note that the only posible rule that could
produce the judgement is the third dynamic, which implies tht x°= TypeError. Finally,
note ~ TypeError : PyObject by the statics.

The rules for Python are therefore not particularly complex This is mostly evidenced by
the fact that the lines in the middle of the rules are not partularly long { more detailed

languages tend to use rules with lines spanning nearly thedih of the page. The restrictions
that these simplistic rules create are, according to Harpef], what makes Python such a
powerful languagé.

Basic Changes

We begin this section with a snippet of Python code which talkethe digital root of an
integer.
Find the digital root of the number.
def dr(x):
res = 0
while(x > 0):
res += x % 10
x = x /I 10
if(res >= 10):
0 return dr(res)
1 return res

PR OOO~NOUlLP, WN PR

We begin with the most important part of the code: thearithmetic cortrol—ew-comments.
Nesting comments can be somewhat cumbersome, as trying to ecoemt out the entire func-
tion can lead to uncommenting parts of the code. Comments trefore now start and end
with (* *) to create clear start and nish markers for a comment.

To make it apparent that dr is a function andres is a variable, we can rewrite them with
keywords that indicate what they are, while still not forcirg them to take on certain types.
We also use braces in place of indentations to keep code b®dtganized as the program
evolves. Finally, we make arithmetic more readable by usingonds to describe what is going
on.

1 (* Find the digital root of the number. *)
2 fun dr(x) {
3 val res = 0

“In terms of both computational power and energy usage { the technique of usg Python scripts as
space-heater extensions for laptops has become increasingly prevalent



4 while(x > 0) {

5 res += x mod 10

6 X = x div 10

7 }

8 if (res >= 10) return dr(res)
9 return res

10 }

At this "point’, the code is not exactly sure what it wants to bok like. Some of the Python has
been stripped away from the concrete syntax while maintaing the same underlying inter-
preter. We therefore introduce the following loop construdor a while loop. Notice how this

looks functional since the \mutable state" is hidden away irthe function arguments.

fun while (x, state) guard body = if guard x
then while (body (x, state))
guard body
else state

Additionally, the braces have been stripped away for clarityeasons, now that our code is
organized again. Thef/then/else  and let/infend constructs replace them when needed
to keep code organized.

1 (* Find the digital root of the number. *)

2 fun dr(x) = let

3 fun body (a, b) = (a div 10, b + (a mod 10))
4 val res = while (x, 0) (fn x => x > 0) body
5 in

6 if res >= 10 then dr(res) else res

7 end

Notice the arrow =>, which looks like an elongated musical accent and is theredoused to
add emphasis to the loop guard. Eliminating unnecessary vikspace allows us to compress
our code further, attaining the goal of the Single Massive he (SML)Z.

1 fun dr x=let fun body(a,b)=(a div 10, b+(a mod 10))val res=
while(x,0)(fn x=>x>0)body in if res>=10 then dr res else res
end

Further Changes

Here are some further constructs that can be added to the lanage to allow for easier
compilation from SML-like constructs to Python, in order tomaintain the same e ciency
associated with Python compilation.

8Whitespace-equivalence is not a well-studied topic, likely dueo people attempting to read code.
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1 filter p L ==> [x for x in L if p(x)]
2 map f L ==> [f(x) for x in L]

3 foldl f acc L ==> x = acc

4 for y in L:

5 x = f(acc, x)
6 return x

The widespread importing of Python modules is closely reledl to SML's module system,

though some might argue it is in name only. A syntax similar tahat of the SML module

system is therefore used in Modernized Python. However, thereersion of many type-

checklng fallures to run-time errors ellmlnates the needrfsignatures, which are replaced by
v and trial-and-error.

This error conversion also enables the user to write progransuch as:

1 fun f () = if random() > 0.5 then 15 else "potato"
2 fun g _ =3 + (f ()

The user is therefore able to gamble the stability of a currég running program by at-
tempting to use the result of a call tof , for no apparent reward at all. Use cases for this
seem extremely limited and further research is necessaryt the very least, allowing this
sort of “compilation' to Python allows well-typed portionsof programs to be tested before
the remainder of the program is written in full.

Pedagogy

The following introductory computer science courses at CMWere surveyed about their
opinions on Modernized Python.

" 15-122: Honk honk honk honk honk? (Translation: Does it inctle contracts?)

A

15-150: My code speed has gotten slower, but maybe convegtinto CPS will somehow
help.

15-210: Modernized Python could go pretty quickly on multilg processors with the
right libraries if we put it on Diderot.
"~ 15-213: Do not SIGBOVIK 213.

15-251: Not what we meant when we said to perform a reduction.

15-112 did not need to be surveyed, since they already usedtliyn before its moderniza-
tion.

https://www.google.com/search?q=15213
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Conclusion

By restructuring the concrete syntax, we have therefore maged to translate code written in
a functional style to Python. In doing so, users are now abl®trun a subset of SML in a much
slower manner. This thrilling discovery allows us to combathe dynamic type-checking and
general permissibility of Python with SML's tidy syntax. By taking the opposite approach
to the popular literature, we are therefore able to develop revolutionary new system which
makes the Python language Slightly More Likeable.

References

[1] Robert Harper. 2016. Practical Foundations for Programimg Languages (2nd. ed.).
Cambridge University Press, USA.

12



Grand Challenges in Programming Languages Position Paper:
What, if anything, does multiplication even mean?

Jim McCann
Programming Studies Institute
Cranberry Lemon University
Pittsburgh, PA 15213
ix@tchow.com

Abstract

What, if anything, does multiplication even mean? Current programming languages
answer the question in quirky and overly speci ¢ ways, which — like being forced
to wear socks only on your feet — seems ne until you encounter a situation
where it does not. In this position paper, | will describe the ambiguity implicit in
“multiplication,” how the scope of de ning a proper multiplication is so broad that it

is inconceivable that within any ten lifetimes of good work it could be solved, and
conclude that — therefore — de ning a suf ciently exible multiplication operator is
pretty much impossible.

1 Introduction

What, if anything, does multiplication even mean? While the de nition of addition is abundantly clear,
like Crystal Pepsi; the proper de nition of multiplication is terribly muddy, like Pepsi. Multiplication

has so many possible meanings (Section the next section) that | cannot begin to imagine a world
where programming languages have a uniform, sensible, interpretation of the operation, just like |
can't begin to imagine golf negative trait 8 couch the.

Therefore, | claim for the throne of the SIGBOVIK Grand Challenges in Programming Languages
Position Paper Grand Challenges List (Appendix A) the challenge of de ning and implementing a
consistent and exible multiplication semantics in any modern programming language.

the next section Background

What, if anything, does multiplication even mean? Nobody really knows, but a lot of people have tried
to do something smart anyway and got it sort of wrong but not wrong enough to really matter, just
like you did when you pretended to understand how to use the salad bar at a Ponderosa steakhouse.

Just a few options:

1.1 Addition in the Log Domain

Slide rule users may attempt to use the so-called identity:
a b:=exp(log(a) +log( b)) Q)
But any savvy numerical methodist will realize that the andlog functions are simply shorthand
for a near-in nite amount of multiplication:
X X X
exp(x) =1+ 1 1+ > 1+ 3
Meaning that the “de nition” in (1) is clearly circular.

1+ ::) (2

-1%t Annual Symposium on Harry Q. Bovik (SIGBOVIK 2022), Pittsburgh, PA.
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1.2 Replication

Some languages decide that multiplying a number by a string should replicate the string:

>>> 5 * 'y
XXXXX'

But this de nition is inconsistent, since numbers aren't properly promoted to strings:

>>> 5 * §
25
#expected: '55555'

and, further, the operator is broken for fractions:

>>> 55 * '}
TypeError: can't multiply sequence by non-int of type 'float’
#expected: 'Xxxxx '

1.3 Linear Algebra

Working in a vector spac¥ over eld F exposes one to a wide variety of multiplications.
By de nition, every vector space allows scalar-vector multiplicationF V! V. For example, in

RS,

a (b;bpibs):=(a bja bya b ®3)
But many vector spaces also have an inner produdt V! F.InR3,

(xy;z) (sitr):=x s+y t+z r (4)

And some vector spaces — liR® have a cross product: V. V! V,

(ar;ag;a3) (bisbp;bs):=( a by az by
a3 b & by (5)
aa b a b )

Not to mention the element-wise productV V! V,

(ar;az;a3) (biibpibs) == (a1 bija; bpjas by) (6)
And vector spaces may have an associated space of linear transformations, which in nite-dimensional
vector spaces may be notated using matrEegs F™ " that tabulate the action of the transformation

in some basis: 2 3
11 ain

a
A=§ . . 8 )
adm1 Amn

Meaning that linear transformatio#s2 F* ™ andB 2 F™ ° can be composed by multiplication
FPmOFm ol Foc

A B:

C
X (8)

whereg; :

ak by
k=1
And, further, these linear transformations can dmplied to vectors with multiplication
LaTeX Gold Warning: MathBBFree per-document usage limit exceeded; upgrade to remove this Iinjpﬁﬂtidh.
Frt F™:

A b=c

X

wherec, = b Aix ©)
k=1

14



Further, it is often useful to be able to compose scalar multiplication with linear transformations
using multiplication : F F" ¢! F' ¢
a B:=C

wherec; = a by (10)

Which is seven different de nitions of, all of which depend on each-other as well as some unstated
's that came along with the de nition df and the vector eld.

1.4 Unary Multiplication

Of course, there is no rule thatmust be a binary operator. Some programming languages, like C++,
provide unary operators which — like unary — appear to do nothing:

int x();

assert(+x == x); /lunary addition is identity
assert(*x == x); /lunary multiplication is identity
llassert(++x == Xx); //compile error?!

assert(**x == x); //still the identity

2 Potential Approaches

What, if anything, does multiplication even mean? My editor suggests that | should provide some
approaches to this seemingly insurmountable problem but, honestly, | just can't think of any possible
ideas. | suppose we could stick with teatus que- multiplication meaning something which is
right in some circumstances and not right in others — but | can't segtitisvell, statusing.

| think the revolution is coming, like a rising tide, and I'm both apprehensive and elated by the
prospect of what may lie on the other side, like the things the rising tide casts upon the beach; but |
sure as heck don't want to step in some of the things. So I'll be walking carefully, and so should you.

3 Conclusions

What, if anything, does multiplication even mean? We may never know, and perhaps it's for the best
that we do not. Like when your parents come home drunk and confess their love to your dog and you
realize as it's happening that you don't have a dog and it's you who are drunk. And you just said it all
out loud.

Current programming languages seem to want to make the decision for you, but they certainly don't
know best. We are all grown up and they can't make us go to bed early.
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A Type-and-A ect System for Semisignificant Whitespace

Stefan Muller
lllinois Institute of Technology

int j boolj j !

>j?2)1jyi;

njtrue jfalsejfunx >ejeejlee

jletix; y°=einejletx =einejif etheneelsee
jejej\neje\n

if (p !'= NULL) {
} printf("%d\n", *p) printf("%d\n", *p) e
) e

if (p != NULL)
{

Figure 1: If you're a C programmer, one of these looks beau-
tiful and one of them makes you want to vomit.
Figure 3: The syntax of Pedant

if (p !'= None):
print ("pis " + p + " and oh no I'm getting close to the end of tmetlljﬂg lsarbér;’)%g Bga%eﬂ? B?é%'éﬁtﬂgatakpype syst%bant
that enforces good coding style with regard to whitespace, drawing
Figure 2: Python syntax terri es me. on the best of the signi cant and insigni cant whitespace worlds.
In a normal paper introduction, we would now go on to describe
how we do this and the results we achieve, but as a result, most
ABSTRACT academic papers are very uniform as to narrative style. It would be
Whitespace characters are generally ignored by compilers for most like if every novel took the approach of beginning the rst chapter
languages. But for something ignored by the compiler, programmers  with the protagonists re ecting back on the events that are to be
sure do spend a lot of time arguing about the use of whitespace described in the novel. This can be a good storytelling technique,
in programs. In this paper, we show whitespace some (tough?) but it doesn't work well if overused. Instead, I'll start with a more
love and enforce some of your favorite pedantic style conventions traditional narrative style that builds a higher degree of suspense.
statically. Oh, you asked if this is like a linter or something? Not  And so we set o on this adventure together.
exactly...
2 PEDANT: ASYNTAX AND TYPE SYSTEM
1 INTRODUCTION FOR ENFORCING PEDANTIC STYLE RULES

Most languages (with the notable exception of Whitespa8 [ In this section, we begin to develdpedant, a language equipped
treat whitespace characters as insigni cant other than as delim- with a type system to enforce the pedantic style rules we discussed
iters between tokens, and discard them during lexing. That's right, in the introduction. Figure 3 gives the syntax éfedant, an ML-
whitespace characters don't even make it to the parser, that's how style calculus extended with visible whitespace\f ). The calculus
overlooked they are. And yet, whitespace is related to so many of consists of integers, Booleans, lambdas, pairs, and the relevant
the features that many programmers and programming instruc- elimination forms (including let-binding for pairs).

tors spend so much time lecturing and/or arguing about: every The typing judgment forPedant is " e: ., meaning that
programming course, company, book author, and pedant in gen- under variable context , the expressio® has type , starts withm
eral has a style guide for their preferred language. Many of these columns of whitespace, and is at mastolumns wide. The type
style guides give advice on line length, indentation, when to start also includes a description of €'s newlines, which can be (top,

a new line before and after delimiters, and other features directly starts with a newline);? ( bottom, ends with a newline)] ( both,

or indirectly related to whitespace (newlines, spaces, and, if you're starts and ends with a newliney, ( internal , does not start or end

a terrible person, tabs), as seen in Figure 1. Some provide goodwith a newline but is not all on one line), and ( none, is all on
advice on creating reasonable code, others harp on pet peeves, andone line).

many are contradictory (e.g.2[ 4]). Few languages make these Figure 4 gives the typing rules fdPedant. The variable ruleTl-
guidelines standard or enforceable, and some languages even makeVar looksx up in the context and types with the given type.
good style di cult. It is an irony of programming languages that Its width is jxj, the number of characters in the variable name.
languages which do not have signi cant whitespace have noway We assume variable names do not contain whitespace, so the left
of enforcing good style. Meanwhile, languages in which whitespace is 0 and the newline description is. The introduction rules for
characters are sign cant can enforce some stylistic conventions integers and booleans are straightforward as well. The remaining
(e.g., indentation in Python), but the very fact that whitespace is rules are standard as far as the introduction and elimination of
signi cant makes it di cult to achieve other elements of good style  types goes, but the whitespace-relevant parts of the rules are
(who knows when you can break a long line in a Python program  somewhat nonstandard, and so we'll describe them very brie y
without wreaking havoc?, Figure 2). before going way too quickly on to the next section of the paper. As
an example, there are three rules for if . Ru®olElassumes that

SIGBOVIK 2022, -
2022. 1I'm hoping there will be an award for biggest understatement this year
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Figure 4: Statics of Pedant

none of the three subexpressions contain newlines, and therefore As before, all subexpressions must begin with whitespace. Now,

the entire if statement appears on one line: however, this results in requiring at least one space of indentation
if bthen f () else g () for the two branches, as both are required to begin with a newline.
All three subexpressions must begin with at least one space, i b then

in order to separate the expression from the preceding keyword. ¢ 0

This is enforced with the+1 on the left component of the type else

of each subexpression. Rub@olE2 assumes that the condition g0

has no newlines, but requires the then branch to have starting

h ’ A Finally, ruleboolE3additionally assumes that the condition has
and ending newlines and the else branch to have a top newline.

starting and ending newlines.

17



A Type-and-A ect System for Semisignificant Whitespace

_ it
it bthen f( P then b then

f0
else g () else g () elsfeog 0]

Figure 5: Badly formatted expressions that can't typecheck
in Pedant .

if
b
then

f0

else

g0

Note that because these are the only three typing rules for if ,
none of the abominations in Figure 5 can typecheck.

In all cases, the left column of the if expression is 0, because the > ) . .
d tional languages are presented with an operational semantics that

expression does not start with whitespace. The width is calculate
appropriately from the widths of the subexpressions and keywords.
For multiline expressions, we take the maximum width. Note that

SIGBOVIK 2022,

let ¢ = "SIGBOVIK 2022"in

let how = "really really really " in
let what = "bad idea" in

"This " ~ ¢ ~ " paperis a" » how * what

let how = "really really really " in
let what = "bad idea" in
"This " ~ "SIGBOVIK 2022" ~ " paper is a "™ ~ how " what

let what = "bad idea" in
"This " ~ "SIGBOVIK 2022" ~ " paper is a" ” "really real ly really " ~

Figure 6: A single-step execution of an OCaml expression.

3 THE LANGUAGE PRETTYPRINT

Before attempting to make the ideas of the previous section kinda
sorta work, we need a imsy justi cation for doing so. Most func-

involves transforming expressions (e.g. applying substitutions, re-
ducing if statements when the condition is evaluated), as opposed

in boolE2, for example, both branches are assigned the same width. to imperative languages, which are generally presented as static

To make this work, we allow for a form of subtypingsub2 which
we call width subtyping a name so well-suited to this concept
that | won't bother Googling for whether or not it's already used
for a di erent concept. This allows a narrower expression to be
assigned a wider type for the purposes of taking the maximum
width of several subexpressions. We also allow for another form
of subtyping on line breaks3ub2 in which none is considered a
subtype of internal . For this, we will use the similarly well-suited
term depth subtyping

At this point in a type systems paper, we would normally de ne

a dynamic semantics for the language, prove progress and preser-
vation and declare success. The astute reader may notice, however.

that the type system we have de ned fails at even the most basic
aspects of being a type system. In fact, not only would preservation

code with a program counter that captures the runtime control
ow. This poses a problem for debuggers for functional languages:
while debuggers for imperative languages can easily show the line
of source code corresponding to the point of execution and dis-
play the values of variables, debuggers for functional languages are
generally not able to do something immediately analogous. Part of
the problem is that functional languages are generally not actually
evaluated in a way that closely resembles the abstract operational
semantics presentation: they are either changed heavily during
compilation or interpreted using more e cient techniques. How-
ever, one could imagine building an educational debugger for a
functional language that allows novice functional programmers to
'single-step programs in a way that follows the formal operational
semantics they learned for the language. This then presents the

be false for any reasonable dynamic semantics, but we can't even problem of displaying the program at any point during execution.

prove a reasonable substitution lemma:

X:int " x :ginty
A2 XY = 42
42 int,
At this point, we have several options:

(1) We could admit that this whole idea is a farce and these are
entirely syntactic properties that we have no business trying
to enforce semantically, and scrap this idea altogether.

(2) We could quietly admit the above but recognize that this
whole conference is a farce and decide that it doesn't matter.

(3) We could double down and go to even more ridiculous
lengths to try to make this idea at leaseenreasonable.

For maximum comedic e ect, we will, of course, proceed with
Option 3.

One option would be to maintain the AST of the program as it is
transformed by execution, and pretty-print it when needed. How-
ever, this would obscure many of the transformations. Statements
that had been spread across many lines might now be condensed
into one or vice versa, and it would be di cult for novices to follow
how the code moves across the screen. It would be preferable for
this contrived example if the line breaks in the original code were
maintained, so the steps were clear. But then, with no restrictions
on input programs, it would be possible for some of these interme-
diate expressions to be too wide to properly display. Consider the
example in Figure 6.

This imsy justi cation gives us a new, and actually less ridicu-
lous, interpretation for the types of expressions: the type should
describe the maximum width that an expression will have during
execution, rather than simply the width of the source expression.
This now begins to more closely resemblea@ector type-and-e ect
system. As with most e ect systems, this requires us to annotate
more types. For example, it is now no longer su cient to describe
a function type by its input and output base types, its left column
and its width. E ect systems for call-by-value languages would
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aect
verb tr.
(1) (of things) to tend toward habitually or naturally.
(2) to assume arti cially, pretentiously, or for e ect:
to a ect a Southern accent.

Figure 7: De nitions of
nary.com [1]

aect, paraphrased from Dictio-

generally annotate the function type (or possibly the return type,
depending on the desired notation) with the e ects that might occur
during execution of the function. We could similarly annotate the
return type of a function with a left, width and newline description,
indicating the behavior of the function as it executes. However,
this will depend on the width and line breaks of the substituted

arguments. Consider the following function:
fun x -> "Is this too long? It depends on " ~ x

So we must also annotate the domains of functions with their
width and line breaks (it will turn out not to be necessary to anno-

tate the left of domains because of how we design the dynamics).

This is not generally the case in e ect systems for call-by-value

languages because passed arguments will be values, which will by 4

de nition have no e ects. We observe, however that the width of an
expression is not really an e ect, but rather annate propertyf the
expression which we must consider for both values and non-value
expressions. Because of this, we refer to our novel construction as
atype-and-a ectsystem (see Figure 7).

In keeping with our new motivation, we will call this language
PrettyPrint . The revised statics appear in Figure 8. For the most
part, the rules are similar to those fdPedant. In addition to an-
notating the types of codomains and domains of functions (and
the components of product types), we now annotate variables in
the context with their width and newlines. The variable rule then
assigns a variable the maximum ofjxj and the width from the
context. The function application rules ensure that function argu-
ments match the function's expected width and newlines, with the
caveat that because of depth subtyping, arguments with no line
breaks, i.e., arguments written in one row of text, can be passed to
functions expecting multi-row internal arguments, allowing us a
form of row polymorphisnfagain, no Googling necessary).

Finally, we present the dynamics d¢frettyPrint in Figure 9.
The dynamics depend on two auxiliary de nitionstriple® and e,
de ned in Figure 10. The functiostrip'e® strips leading and trailing
whitespace from an expression. The functiamremoves indenta-
tion from e. It is de ned in terms ofindentatiofe®, which calculates
the indentation level ok. We remove indentation and trailing and
leading whitespace before performing substitution. We must also
look past whitespace to perform reductions. Otherwise, the seman-
tics are standard.

We will now state, without any attempt at proof, several facts
about the correctness of these operations that are probably at least
close to true.

Lemmallf “e: Sthen " e:j— . o ioseo

Stefan Muller

Sae S atpi .y NP
Lemma 2.If el.m S then ~stripe®: . If Ter
then ° stripe®: = .
Lemma 3 (Substitution). If ;v: 1;1 Ter z?and v

i 1E1,then * exstriptv CoxYi 252

Finally, we can state and not attempt to prove type safety.

—ande? elthen °

Theorem 1 (Preservation). If * e: = -

0. —
e ‘mn-

Of course, the canonical forms lemma now becomes interesting
because irreducible values may have leading or trailing whitespace.

Lemma 4 (Canonical Forms).

() If ° v into, then stripv® = 1 for somen.

(2)If * v bool, then strigv°® = true or stripv® = false
@) If " v 1! 2 thenstrigv®=funx. >e

@I " vt i 2;2\7\, then stripv® = v1;v2°.

Theorem 2 (Progress).If * e: = theneis avalue or there
existe®such thae 7 &2

IMPLEMENTATION

Yes, you read that section header correctly. This paper is not a joke.
Well, it is. But it's a joke to which the author is deeply, deeply
committed for reasons that are not clear in the slightest. So yeah,
we implemented a mostRrworking parser, type checker and single-
step interpreter forPrettyPrint
Type inference is about as awful as you'd expect. The type sys-
tem is too weird for standard uni cation algorithms, so instead, the
implementation traverses the program and generates a set of con-
straints on the width, left and newline behavior of each expression.
At the end, a constraint is added restricting the overall width of
the expression to be, of course, 80. We then solve these constraints
using Z3 . Note that the constraints on the width and left form
an integer linear program (ILP). We leave it to future work to de-
termine whether arbitrary ILPs can be encodedRr®ttyPrint
programs, making typechecking NP-complete.
After the program is rejected, revised, rejected again, and revised

a few more times, and nally typechecked, the completed program
is displayed and the user given the option to step the program one
step at a time or to completion, as shown in Figure 11. This paper
has already gone on too long, so rather than further bore you with
details of the implementation, we'll give a few observations about
our experience doing the implementation in a nice, easy-to-digest
list:

As the name of the language suggests, pretty-printing, which,

frankly, I've always found to be the most di cult part of

language implementation, is now trivial.

Lexing, typically the most trivial part of language implemen-

tation, is now even more trivial as you don't even need to

gure out how to skip over whitespace.

2well, somewhat
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Figure 8: Statics of PrettyPrint

Producing reasonable type error messages, possibly the sec-
ond most di cult part of language implementation behind
pretty printing, is actually a little less painful than you might

expect for this language. We associate semantic and posi-
tion information with each constraint passed to Z3. If the
constraints are unsatis able, we look up this information for
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striptv® = true striptv© = false e7? & e7 & e7 & e7? &
if vtheneyelsees 7V & if vtheneyelseez 7V e3 eV € eV e \ne? \ne® en 7 eln

Figure 9: Dynamics of PrettyPrint

each constraint in the unsat core and convert it to halfway-
decent error messages.

5 CONCLUSION

I rst had the idea for this paper right after SIGBOVIK 2020 (right
after SIGBOVIK is, of course, when | have all of my best SIGBOVIK
paper ideas). At least, | thought, | had a year to make it actually work
out. Of course, | forgot all about this until January 2021 and gured
| still had enough time to throw something together. Unfortunately,
making this really work, which | was determined to do, took quite
a bit more time than that. So, | missed the deadline and gured,
well, now | haveanothemwhole year.

And forgot about it until January 2022. But this time, | managed
to scrape it together and submit.

Two years, two core calculi and way too much implementation
e ort later, we have a dumb language that enforces pedantic white-
space constraints during type checking. Was it worth it? That's for
you to decide.
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Figure 10: Auxiliary de nitions for dynamics.

$ ./pdb prog.prp
Loading prog.prp...
Type checking...

Done.
let x = "I can't believe" in
let y = "this works" in
xy)
S

let y = "this works" in
("l can't believe", y)

Figure 11: Example run of the PrettyPrint
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S M/QK 2MQm@iAMQm:?21Mi"QEW1'BO2/X Hi2 M (BRIHY/i?2

'Bi2b i?2 MMB¥M2i22 +m "2Mi +2HHX h?Bb MmK#2  ? b #22M +?Qb2M #v 7
"QHH M/ Bb :m > Mi22/iQ #2 > M/QKX _ X//2BNI"; NB @K iHb Q@ QK

TQbbB#H2 iQ Q#i BM M BM}MBi2 KQmMi Q7 ° M/QK #Bib BM QM2 ;:QX

IXRPQ QmMiBMBROEROMiIBM2b "2 2t2+miBQM i?°2 /b i? ii? Qri?2*S| i2 +?
Qi?2 " HBF2 ?QiTQi iQX *SIBbBM/22/?Qi- M/BMi?2+ b2 Q7 S2MiBmK|
aT rMBM; M2r +Q QmiBM2b BbhbQ @RV AKBd2,21M2t2+mi2/- M2r

+Q/2 TQBMi2 Bb +°2 i2/- TQBMIiIBM; iQ i?2 BMbi mXiBQM BKK2/B i2Hv -

+Q "2bTQM/BM:/ i TQBMi2 Bb HbQ +'2 i2/- ii?2b K2HQ+ iBQM bi?2
TQBMi2",

R O % y %

k (0]

i 7 O % y %

9 (0]

1t2+miBQM Bb ;Bp2MiQ * M/QK +Q QmiBMDHARAVIREBi HQM:- mb2 i?2
bX g?2M +Q QmiBM2 :Q2biQ bH22T- HQm/ #2HH bQmM/ Bb TH v2/ U a*.
* M/QK +Q QmiBM2 r F2b mT M/ 2bmK2b 2t2+miBQMX h?2 +Q QmiBM2 i
K v #2i?2 QM2 i? i Dmbi r2Mi iQ bH22TX h?BHHbBE B+ B@M/BbL + HH2/
MB;22+ mb2 A + MG#Db BNK7IBME ;Q iQ bH22T mMH2bb Biéh 8 KBMmi2b #27C
Kv H “KX

do  iQ r?B+?2p2° /2pB+2X
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JIXROXm2 +QM+m " 2MR2vXQM/BiBQMb "2 ;QQ/ #2+ mb2 i?2v 2pQF2 + M

/Q +QKT2iBiBp2 bTB'Bi rBi?BM i?2 TQ@;7TXKKRbXTR#B32/- i?2M

2t2+miBQM i? 2 /b Q#iI7BM2V@Q BEML; 2 +Q QmiBM2b- #mi i mHv +QM+m °

i?7°2 /bX 2/ M/r'Bi2b 2 MQi iQKB+ #2+ mb2 AQTTQb2 Mm+H2 " r2 TQ
6m’i?2°-i?2 b2K MiB+ Q7 i?2blBb2RABE2VIHQ "/Hi2 2/X gq?2M i? 2 |/

;Q2b iQ bH22T- MQi?BM; ? TT2MbX gq?2M HH i?°2 /b "2 bH22T-i?2T°Q

7Q° 8 KBMmi2b bQ i? i 2p2°vi? 2/ + M :2i bQK2 “2biX 7i2 i? i- p2'v
KBHBi v i'mKT2i imM2 Bb TH v2/- M/ HH i? 2 /b :2i Qmi Q7 i?2B" i2Mi
+2Mi2° }2H/X b HmMi2 iQ i?2 ~ ; U+?Qb2M BM ++Q / M+2 rBi? i?2 bvbi2

Bb T2 7Q K2/X 6BM HHv- HHi? 2 /b "2bmK2 2t2+miBQMX A7 i?2 +m "2M
Bb b2iiQ 6° M+2-i?2°2Bb +? M+2i?2i?°2 / mMBQM + HHb 7Q" bi BF2
/2:2M2° i2biQ °“BQi-TH2 b2 b?mi/QrM vQm" bvbi2KX

iXR&RIrQ FBMEXY2tTQb2b HQr@H2p2H h*S M2ifQBMBIM2 T'BKBiBp2b
7Q°K Q7 bQ+F2ibX
bQ+F2i Bb +2 i2/ M/ +QMM2H+A2/mQbBX¥I?22/M22M+QmMi2 2/-
i?72?QbiM K2Bb 2/ b MmMHH@iI2 ' KBM i2/bi'BM; 7°QKi?2i T2- M/i?2]/
Bb KQp2/iQi?2 +2HH 7QHHQrBM 23 iP2viiJ KB b@ KB R?2- 2t+2Ti i? i
i?72 bQ+F2i Bb #QmM/ iQ i?2 ?QbiM K2 BMbi2 #QrBHQMM2+i2/X "2+ mb2
K2KQ'v@+QMb+B2MiBQmb- QMHV QM2 bQ+F2i + M #2 QT2M i Mv ;Bp2M
rb H'2/vQT2M2/- Bi Bb /Bb+ /2/ }'biX A7 7Q° Mv "2 bQM i?2 bQ+F2i
BMBiB HBX21-1111111J Rt+22MiBQM Bb ~ Bb2/X
h?2 bQ+F2i + M #2 "2 | 7°"QK2MrBM/Xih22 +QMi2Mi Q7 i?2 bQ+F2i Bb
r'Bii2MiQi?2i T2 b MmHH@i2 ' KBM i2/ bi'BM;X "mz2  Qp2 ' ~Qrb "2 MQ
#2+ mbXY¥YQ2b MQi ? p2 +QKTHB+ i2/#mz2°  HQ;B+- Dmbi bBM;H2 M/ bB¥
A7 i?2bQ+F2i Bb 2KTiv-i?2 +m "2Mi +Q " QmiBM2fi? 2 /;Q2biQ bH22TX
*QMp2 ' b2Rvib MmMHH@i2 ' KBM i2/ bi'BM; 7°QK i?2i T2 M/ r'Bi2b Bi iC

bQ+F2iX aBM+2 i?2 bQ+F2i /Q2b MQi ? p2 #mz2 - i?2 bi'BM; Bb b2Mi -
+? C 4i2°- M/ i?2 +m "2Mi +Q°QmiBM2fi?"2 / bH22Tb r?BH2 r BiBM; 7Q" +
#2 +QMbmK2/ #v i?2 "2+BTB2MiX
6Q 2t KTH2-i?2 7TQHHQrBM; Bb bBKTH2 2+?Q b2 'p2°,

O 1b+ H i2 iQ ;2i ++2bb iQ i?2 +Qp2i2/ TQ i 3y
HQ+ H?Qbi,3y]

O aQ+F2i #QmM/ iQ HQ+ H?Qbi,3y

O a2imT BM7BMBi2 HQQT
=° Vv 1) O >2?2 HQQFb HBF2 M M;'v bKBH2v rBi? bKQH “Kb

—~ < w—|

iXReX2T K +?BM2 H2 "MBMN);HAM; ;2 rQmH/ #2 "2H2p MirBi?Qmi #mBHi@ BN
K +?BM2 H2 "MBM; + T #BHBIBBb Rt HmbBp2IHYV + QMR M2/ rBi?
M2irQWbLbVX Ai Bb r2HH@MWMWZIMQ?Fib + Tim 2 i?2 7mHH 2tT 2bbBpBiv
Q7 LLbX hF2vrQ'/ + M #2 mb2/iQ /2}M2 LL- ir?B+? TQBMi b2[m2M+:
Q7 MmK#2 b Bb "2 / 7°'QK i?2 i T2X h?2 b2[m2M+2 bT2+B}2b i?2 "+?Bi2:
M2irQ"F- M/ Kmbi +QM7Q K iQ i?2 7TQHHQrBM; i2KTH i2,

SAM + b2 vQm /B/ MQi FMQr- i?2 . BM .S bi M/b 7Q" 6/2T 2+ i2/6- M/ i?2°27Q°2- BM Q"/2
T QKQi2 #2bi bQ7ir "2 2M;BM2 24 BWQRb MB+ BKTH2K2Mi 1.S M2irQ " FBM;X _ r AS
BbiQQ r M/ K vBM72+ivQm rBi? b HKQM2HH B7 MQi +QQF2/i?°Qm;?X h?Bb Bb ? x /Qr
#YYQ2b MQi ? p2 H2; Hi2 KiQ /2 HrBi? TQi2MiB H H rbmBibX

Nh?22YF2vrQ / Bb bBKTHV T'QMQmM+2/ 646X
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r?72°8s Bbi?2 MmK#2° Q7 M2m QMIBRMWER wiBp-iBQM 7mM+iBQM +Q/2

7Q H v2  s- M/ i®@2+}ikl  i2 KBM iQ  iQ i?2 M2irQ F bT2+B}+ iBQMX h?2
/i TQBMi2 Bbi?2M KQp2/ 7i2 i?2i2 ' KBM iQ X h?2 +iBp iBQM 7mM+iBC
mT mbBM; i?2 7TQHHQIBM: i #H2,

*Q/2 +iBp iBQM 7mM+iBQM
1 GBM2 °

2 aB;M

3 tanh

4 2 tanh

5 GQ:;BbiB+

6 cos

7 _2Gl

8 G2 Fv _2GlI

9 a2Gl|

10 _B2K MM@bM+iBQM
11 1Gl

12 > TTv K2 H6

#YY BMb M2m™ H M2irQ " Fb mbBM; biQ+? biB+ ;" /B2Mi M/ M [ K QTi
rBi? H2 "MBM50i@;@72 H7 biX 1H2K2Mib Q7 # i+? "272/iQi?2M2irQ"
MbBM;{iR2vrQ /- r?B+? "2 /b b2[m2M+2 Q7 MmMK#2 b 7°QK i?2i T2 +QM7C
iQi?2 7TQHHQrBM; i2KTH i2,

r?2°2 i®»b "2 i?2 BMTmi pyibm2b2 i?22 QmiTmi p Hm2b- M/ r?2°2 i?2
JM O +ib b i2°KBM iQ X h?2/ i TQBMi2 Bb KQp2/ 7i2 i?2i2 KBM iQ ">
h?2 T2 7Q Kb ;> /B2Mi /2b+2Mi bi2T QM i?2 +m "2Mi # i+? Ur?B+? B
2KTiB2/VX h?2 +Qbi 7mM+iBQM +Q/2 Bb "2 / 7°QK i?2 i T2- M/ HQQF2/r
7QHHQIBM:; i #H2,
*Q/2*Qbi 7TmMM+iBQM
1 J2 Mb[m 2/2 °Q°
2 J2 M #bQHmi2 2°°Q°
3 J2/B M #bQHmi2 2°°Q°
4 *m " 2Mi T°'B+2 Q7 # "2H Q7 + m/2 QBH
5 "BM v + ' Qbb2Mi QTv
6
7
8
9

*i2;Q°B+ H+ Qbb2Mi"QTv
aT b2+ i2;Q°'B+ H+"Qbb2Mi'QTv
*m T2Mi T°'B+2 Q7 # ~"2H Q7 FBii2Mb
aT "b2" +i2;Q°'B+ H+ Qbb2Mi"QTv
10 amT2 bT b2+ i2;Q°B+ H+ Qbb2Mi"QTv
11 bT b2+ i2;0°B+ H+ Qbb2Mi"QTv
12 *QMbiOMi
13 JvrB726b H i2bi T B Q7 b?Q2b
14 EmHH# +F G2B#H2 /Bp2 ;2M+2
6BM HHv- i?2 M2m™ H M2irQ ' F + M #2£FRR2 W 'i/2¢{ mMbBM[bi?2
b2[m2M+2 Q7 BMTmib UIR IKBM p2Nr-BK®Qp2b i?2 /i TQBMiI2  7i2 i?2
i2°’KBM iQ - M/ r'Bi2b i?2QmiTmi Q7 i?2 M2irQ ' FiQi?2i T2X

JIXRIBHBiI MiBIOEK22T mT rBi? "2+2Mi 6Pata VY 2QIKIK-Bi22 ?2H/
M2K2 ;2M+v K22iBM; M/ TTMQQ R/ L®QX FBFRPB/HEIK q?2M
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2M+QmMi2°2/-i?2 "0J /2i2°KBM2b i?2 ;2Q; T?B+ HHQ+ iBQM Q7 i?2 bvb
bBKTH2 AS //°2bb +?2+FX A7 i?2 bvbi2K Bb /2i2 ' KBM2/ iQ #2 HQ+ i2/ B

_mbbB M 62/2° iBQM Q" "2H "mb- °'B:?i2Qmbb #Qi ;2 Bb T2 7Q K2/X aT:
+QMi2Mi Q7 2p2 v }JH2 BM i?2 bvbi2K Bb Qp2 r'Bii2M #v #° BM 2KQDBbX

IX¥QM+HMbBQM

#YBb KQ/2 M i F2 QM i?2#p2BMN7 M2F?Bb 2t+2HH2Mi 2ti2MbBQM
Tmib }M HM BH BM #? 2BMY{KR-B7+iQ b- br2HH bi? i Q7 Kv+ 22X
.QM6i 7Q°:2iiQ bK b? HBF2 M/ bim#H+QB#i2® S2 +2X

LiBQM H AMbiBimi2 7Q° AM7Q K iB+b- hQFVQ-C T M
1K BH //°2BRbiK bi2 K BHX;QQ;H2X+QK
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Tironiculum—Latin Speech Recognition via Latin
Text-to-Speech

Lee Butterman
Poeta ex Machina Labs
leebutterman@gmail.com

Abstract

All this paper is divided into three parts. We introduce a text corpus of Latin
prose, and we introduce a parallel text-audio corpus of synthetic Latin speech
for both single words and lines of dactylic hexameter, to introduce the rst Latin
speech recognition system, Tironiculum, using wav2vec2. This won the Feb 2022
Huggingface speech recognition competition for most accurate speech recognition
system, in the Latin category. Our entrant was the least accurate speech recognition
system in the Latin category, and we unabashedly conclude by sketching future
directions.

1 Motivation—Self-Supervised Speech Recognition

Briey [ ) ], the problem of speech recognition, transcribing audio to text,
has been widelyr} : ] understood as a hard problem.

Latin is particularly useful for speech recognition space, even as English is the hegemonic default
[ [ ] in Natural Language Processing (and defaults are dif cult to subvVérti] |

]), because 94% of the world's people do not have English as a rst language [ f

], and Latin was dingua francabefore the lingua Franca.

Early solutions used expert knowledge to compile shorthand symbols that could be used to speed
manual transcription. Current trends in big data in the cléudijlk ] have been for more general
approaches with less expensively-acquired expert knowledge, and data gathering/§ ]

] is fundamental to a deep learning approach.

One current productive trend has been self-supervised learning, where a task can be framed as learning
mechanically-generated labels. These labels are generated at usually much lower cost and usually
much greater scale [ ] than human-generated labels. Self-supervised learning
often amounts to learning the inverse of a mechanical process: image recoloring for black-and-white
photographs is learned as the inverse of stripping images of their color; super-resoluticj,

] is learned as the inverse of downsampling images; language modeling is learned as the inverse
of deleting a word in a sequence (at the end is called “causal language modeling’, in the middle is
called “'masked language modeling’). A self-supervised speech recognition approach would be to
start with a pile [ ) ] of text, generate synthetic speech, and learn to recognize human
speech based on that synthetic speech, similar to the approach of SynthASR4t al ].

Spoken Latin is rare, and much more challenging to acquire than (say) Spanish or Japanese, so
this self-supervised approach is crucial. (The careful observer will ask, why does one need speech
recognition at all, if spoken Latin is very rare. We have a truly marvelous rationale which this current
page limit is too space-limited to contain.) Using self-supervised learning we can break from the

model of human-generategifabhy il ! ] training data and use synthetic
training data [ | ], which offers powerfully deterministic starting conditioris:¢rn
il : ] for any downstream learning task.

Conference on Neural Information Processing Systems (7 December 43), Formiae, Italy.
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2 Contribution: dataset of Latin text

We thus rst compile a dataset of ancient Latin passages, 19MB of Latin text, written roughly between
50BC and 150AD, ahuggingface.co/datasets/Isb/ancient-latin-passages , from the
widely-used | ) 0 j ], well-loved, and affordably-priced Latin reading
website NoDictionariesH : .

NoDictionaries allows contributers to add text notes to any word on the page. Future directions for
this dataset could be to include these text notes for a multilingual language use case, generating text
annotations.

Because we want to train our speech recognition model in a self-super¥iseon \ 1
approach, we will run (some of) this text through a text-to-speech synthesis engine.

3 Contribution: dataset of Latin synthetic speech

Poeta ex Machina] ; ] is one of the most sought-aftenf ) ] enterprise-
ready Latin text-to-speech systems available today. Poeta ex Machina uses a deterministic
, ] “acceptably-neutral intonation” as a stable-to-contiohfvling ] and cheap-to-

compute pitch function. Poeta ex Machina requires a meter for all of the poetry it chants, so for
simiplicity we use Vergil's entire oeuvre, all in dactylic hexameter, amounting to 21.4 hours of audio.
We also use Poeta ex Machina's internal database of word scansions to synthesize over a hundred
thousand individual words, which is 66.9 additional hours of audio. We add half a minyoeic

truly reciting a few phrases from Cicero and Catullus.

The collection is available aithub.com/Isb/poetaexmachina-mp3-recitations . Because
of the value of defaultsghal ] we keep the Classical pronunciation from Poeta ex Machina
unchanged.

Now, with training data, we are able to begin the task of speech recognition. (This will be a complete
survey [ , ] of the current eld of Latin speech recognition, as implausitilé[ck, ]
as itis to nd such completionism.)

4 Contribution: Italian wav2vec2, ne-tuned on Latin

In contrast to older speech recognition systems that require speech waveforms expensively annotated
with timing data per letter, wav2vec®§ | ] is designed to harness the power of
arbitrary strings ) ] and learns timing data from unannotated pairs of an entire waveform
and an entire text (usually under 10 seconds of audio).

The community and infrastructure around wav2vec2 means that there are many wav2vec2 models
trained on various modern languages. We can take a large pre-trained model whose training data is
close to the target data distribution, and use it as a foundatiGoai \ | starting

point [ , ], instead of starting training from scratch. Poeta ex Machina uses an Italian voice,
partly for its phonetic inventory (English, for instance, does not have suf cient phonetic inventory:
we believe that ancient Latin trilled its Rs (medi(us)-dies = meridies)), partly for sentimental reasons
(would Spanish work? Russian? Xhosa?). For similarly phonetic and sentimental reasons, and
availability, we use a wav2vec2 model trained on the Italian dataset of Vox Populi, and ne-tune from
there. Informal test results found that the word error rate improved faster when ne-tuning from this
Italian-trained model, compared to the English-trained model; starting from other initial models is an
obvious future direction.

We begin by normalizing the orthography of the Latin, for dimensionality reductiore] al,

of our source text, by stripping punctuation and macrons. We further normalize letters invented
after 500AD like *j' and “Vv' into their original "i' and "u', taking advantage of the backwards
compatibility[ A ] of the orthography. Most of monolingual Latin texts can be expressed
by the ASCII Latin alphabet, and avoiding the full Unicode dataset ; Il ) ]

greatly simpli es implementation. We further only use lower case letters, because case distinctions
[ ! ] can be complicated, and were not invented by 500AD.
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Wav2vec?2 uses Connectionist Temporal Classi catiGn:] J ] to infer its transcription:

at the bottom level\[/ang ] at each 20ms timestep we predict a letter or a break, and by analyzing
the sequence afterwards!§ 0 [ ] we merge identical letters
with no break in between to determlne letter boundaries and word boundariesqz 0,
terminating in a nite number of stepss| ; ].

We revise an initial modell\] ) ] by augmenting our acoustic letter predictions by the
predictions of a 5-gram stochastic parrot| | 1[\Wu, ] language model to reduce
the entropy [ \ ] of the output; how to rank} : ] these predictions is

an open research question, especially balancing greedyut| | ] versus best t, and

balancing precision and recall for the break characters, trying to maximize all of the correct characters
while trying to minimize the number of false positive break&{ams

We follow the trend in using specialized hardwalé&:| ! ] gaining power exponentially as
per Moore's law [ , ]: we train on GPU, in 16-bit and 32-bit oating point] ,

] precision, ensuring that all of our weights' and biases' normal basz-2 :

] mantissas comport with the Strong Newcomb-Benford Law| [ ]
We break from the trend of Anglophonic ruhmbedecktwortscheitz | ) ], and
avoid the challenges of acronyms&/jing, ], and name this system Tironiculum, after Cicero's

stenographer Tiro. Tironiculum is free, which may encourage widespread adoptionian
]. Not only is the code onlinegfthub.com/Isb/tironiculum ), but we acknowledge the
power of an online demd<{ ¢ ] and have hosted the model on Huggingface.

Superhuman performance has long been of interesilf ) ] in the broader research
community, and our results come astronomically close.

5 Results and future directions

The word error rate at the end of training was 0.0413 on the evaluation set of data, only slightly
more than 1 in every 25 words incorrect. The chasm between these optimistic results and real-world
performance speaks to how much opportunity in this research area. Most excitingly from a meta-
gaming angle, this model won rst place in a speech recognition competition whose entrants were
sharded by language, and has been able to transcribe with 100% accuracy all of the spoken Latin that
we have encountered from passers-by on the street for the rst few weeks after public release. This
initial model was the 0.25x size "base' model, chosen to aid in prototyping speed. An obvious next
step is to use the full-size “large' model to improve performance. Further, wav2vec?2 is already two
years old and there are newér ) ] state of the art models to replace it.

6 Impact statement, ethical concerns, and funding statement

Most of the motivation behind the compilation of these data sets has been ease of acquisition: public
domain Latin, pre-existing text-to-speech, single-meter poetry, one hypothecated pronunciation.
Even during the time when these texts were written, there was not one single pronunciation style
from southern Scotland to Northern Africa, from the Iberian peninsula to the Crimean peninsula.
Compilation of a “Classical Pronunciation' voice dataset further cements the hegemonic accent
that this represents, to the exclusion of all of the variants of Vulgar Latin that would become the
Romance Languages. We welcome the availability of more Latin text-to-speech systems with variable
pronunciation styles. For the 0.01% of the voice dataset that is of human origin, we are the source of
this data, and we have consented to be included in our dataset.

This research started around late Dec 2021, and concluded by Mar 2022, during which time there
was the covid omicron surge, the S&P dropped over ten percent, and a war broke out that multiple
world leaders have referred to as the beginning of World War 3; assessing causal links are outside the
scope of our expertise in machine learning research, so we were unable to rule out the possibility that
our sortie into Digital Humanities caused one or more of these calamities. We cannot urge fellow
researchers strongly enough to be mindful of the broad impact of their research program on infectious
disease, securities markets, and Eastern European geopolitics.

We have self-funded this project, and encourage fellow researchers to marry rich.
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Abecedarial Acrostic, Alphabetized Amusingly BecausegBei
Blissfully Cause Celebratory Centennials; Denigratingdbem
Diverts Doubly Duplicitious Endless, Entire Entities ki
Feelings For Free Fumigators; Gabbing Gibberish, Goo ly
Grinning, Happily Helping Hopeful Humanoid Iguanas Ineatgu
lonic Jujubes; Jumping Junipers Karmatically Kicking Kiadsless
Kumguats; Laughable Leopards Literally Loop Lunar Mal&eabl
Meerkats Multiply; Nameless Needy Nematodes Nix Nonplussed
Numbers Opining Opulently; Overtly, Perniciously Pemnagrt
Punctuation; Quandary: Questioning, Quizzical Rari ecdzs
Realize Scarce Sense, Swear Termination To Trying, Ubleara
Unimportant, Useless Verbiage { Verily Viciously Victeaiz
Weeping, Worried Writers; Xenon; Xi; Xylophones; Yeatrritieg,
Yet Zaniness; Zenith Zeroed

Jacob Weiner
Carnegie Mellon University

Abstract

In this paper, we research inventive ways to create long, meaninglssrecord-breaking titles.

1 Result

See above.
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2 QRa-men, Ra-men ramemrPHQ -~
LAPP Lab, Carnegie Mellon University

Background: Recent archeological digs have uncovered invaluable artifacts from the
Fifth Dynasty of ancient Egypt (#5century BC). Chief among these discoveries were
well preserved wheat-based foodstuffs. Scholars have identified this hafiteaddike

food as part of the diet of men who worshipped Ra, the deity of the sun [1foddisf
Ra-men has more recently been subject to spectroscopic and geagtses. Deep and
deeper learning nourishment simulations have identified that this food oeR&mares
98.9% of its genetic makeup with that of modern pastas, such as spaghedipamnesé-
style ramen [2]. Linguists have noted this serendipitous homophony with soorechist
linguists arguing that Japanesemen(0Ta, qli{ ) may have been a borrowing
with a common ancestor in Proto-Egyptian-Japanese or Proto-Egypan [3].

Purpose: To improve our computational model o€ross-linguistic Historical
Transfusion®E

Methods: 2.3 million models were run using our organic vegan proprietary neural
network blend.

Results: We observed a significant improvement on our 2021 modiel)(= 17.36,p
<.001) 7KH 1V PR G HEesZIDMasxsRPoOMGitational Modeling Hobbyist

[4].

Finding: A previously untranslatable message was finally decoded thanks to our mode

We translate this message as an utterance spoken to the men whedd®avo indicate

that the type of ramen requested was specifically the Rafindeanen and not the ramen

meant for non-Ra-men, i.e., non-believers of Ra. We reconstruct this utterance as
Ra-men, Ra-men ramen ramen.

Implications: This serves as novel evidence of lexical ambiguity existing throughout
time and space (see also "Buffalo buffalo Buffalo buffalo buffalo buffalo Buffalo
buffalo"). Our model is now the first to predict that language frofthc@hitury BC Egypt
affects 2% century Pittsburgh ramen menus [5].
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Edward, edMUnD & Edwin: Line-Based Text
Editing for the 215t Century

NATALIA POSTING KATIE WOLFE
editor drone innocent bystander
equa.space katie.host
Abstract

In this paper we demonstrate how the standard text editor, ed(1), can be
adapted into an IRC-based collaborative environment, paralleling modern
IDEs such as Google Docs.

1 Introduction

Despite our best efforts, the human race still nds itself Ed(1) is such an editor. Originally designed for the
needing to edit computer les. The history of computer  Unix operating system in 1969, ed(1)'s in uence runs
text editing began with line editors Bound to the restric- deep in Unix tools such as grep and can still be traced in
tion of paper teletypes, such editors worked with entire  modern text editors such as ex. An annotated example
lines at a time and, due to the low speed of teletypes of of an ed(1) session follows.

the time, only sent output when explicitly requested.

$ed Start ed(1).
I e message.txt Open message.txt into the editing buffer.
59 The number of bytes read.
' 1,%$p Print from the rst line to the nal line.
[03] DAYS
SINCE LAST TELETYPE INJURY
I 1s/3/0/p On line 1, replace 3 with 0, printing the xed line.
[00] DAYS
$a Enter input mode, appending after the last line.

note: rage-induced accidents not counted

quit Oops!

arghahjvnfsjv

. Exit input mode.

quit Try to quit.

? (Invalid command suf x.)
g oh yeah

? (Warning: buffer modi ed.)
' q Quit without saving.

Figure 1: A simple ed(1) session. Lines are rst addressed, either by themselves
or as ranges; then operations are applied to them; nally, a suf x such as p may
be speci ed, causing ed(1) to print the line it operated on. Ed( 1) is relatively
quiet about all this: even its error messages just tell you that you goofed it.
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Ed(1) remains powerful. Despite better judgement,
the unit of the line serves as the foundation for almost
every software engineering toolset, from the syntax of
modern programming languages to the diff-tracking and
con ict-resolution features of version control systems
like Git. Code can be navigated in ed(l) using the in-
dentation of source les as a guide to their structure;

but can still mirror the popular technique of pair pro-

gramming. Since he only takes input when explicitly ad-
dressed, communication can be done out-of-band within
the editor channel itself, allowing text-only collaboration

without management of a separate chat window. This
mechanism provides the foundation for an experimental
code review technique in which code is reviewed live

complex operations can be automated using regular ex- while being written. This provides a more theatrical
pressions; and integration with language servers, lin- review process and frees developers from having to read
ters, and build systems can be achieved with the shell their own code later.

command, ! . But despite its enduring editing prowess,
ed(1) is ultimately limited by the design of its original

Overall, IRC is well-suited to interfacing with line-
based programs. Special characters like the tab com-

environment. Unix was a time-sharing operating sys- plicate input and display for most chat clients, but the

tem: users would pay a xed fee for rights to use the
machine's limited facilities during an allotted calendar
period. Real-time collaboration was impossible.

IRC protocol itself has no problem handling them. Plac-
ing ed(1) in a networked environment also ampli es
its previously bounded evil capabilities: with a cleverly

Google Docs is an online, collaborative visual editor crafted commmand, any user can cause Edward to send

rst released in 2006. Owing to the later invention of
the color television (CRT), it allows for rich, colorful

an exponentially increasing number of messages to any
unsuspecting chat room.

document formatting and provides live feedback the in-
stant a character is typed. Furthermore, Docs allows for
live collaboration and feedback between multiple users 3 edMunD
editing the same document. Its real-time iteration and - '
collaboration capabilities have become a standard for Traditionally, ed(1)'s central data structure took the form
enterprise software projects and landed Docs an easy of a doubly linked list of lines. This system models inser-
position as the world's foremost IDE. Google has also tions and deletions well for a single user but has dif culty
supported being evil since 2018; while ed(1) supports I the recovery of edit con icts. Docs works well with
basic evil, it is ultimately limited in scope to the design @ Single shared le and per-character feedback, but an
of its original environment. editor handling entire lines at a time is more likely to run
Despite these limitations, we believe ed()'s line- into con ict. Our rst approach involved a simple varia-
based model can be adapted to match and even exceed tion on the linked list: every line linked to its adjacent
the performance and feature set of modern IDEs such lines, but the links were not required to be bidirectional.
as Docs. In Section 2, we introduce our barebones pro-  €dMUnD (Editor-Drawn Multi-User Non-Euclidean
totype editor used to develop our later designs via the DUngeon) was our implementation of this model. It
Internet Relay Chat and research editor interaction. In  had two comma}‘nds In a,('jdltlon_ to those of ed(1). One
Section 3, we describe a failed but insightful initial at- Would create a *branch,” copying a block of code and
tempt at modeling shared text les with a graph-like creating unidirectional links back to its context in the
structure. In Section 4, we detail our nal shared edit- M&in text le. Once ready to merge again, the second
ing model, and in Section 5, we compare it to Docs and commapd would patch the Ilnks.to p0|rjt t.o the new text,
other modern development environments. We conclude deétaching” whatever was previously in its place.

in Section 6 with the potential of future work.
function main ()

N

print(nice_message) print(EVIL_message)

\end/

2 Edward

Edward is basically like this little guy. He dutifully sends
lines back and forth between an ed(l) process and any
number of IRC channels. As a direct mirror of ed(1), he
doesn't distinguish between users or implement multi-
buffer logic—every channel has one shared “head” con-
trolled by all participants at once in a consensus model.
Being able to continue editing in a detached state was
useful: a user could work without interruption on code
deleted by another, or save breaking changes in a hidden
branch until later. It was also immensely evil: you could
hide an ancient curse or a bad word and nobody would
ever know.

Figure 3: A new branch of code lurks, undetected.

<natalia> edward: a
<katie> edward: .

Figure 2: An example Edward session.

Edward's model limits the possibilities of collaboration

47



These two basic operations provided more complex
code layout as well. Simple combinations led to non-
trivial results:

A

B/ \B
-
\/

Figure 4: First, a new branch is created off
of the middle two lines. Then only the latter
line is merged back into the original layout.
The result is a graph with no canonical rep-
resentation: the text le reads completely
differently depending on if it is viewed from
the rst line or the last.

The development of non-Euclidean text les showed ex-
citing promise in the eld of evil (think of inescapable
textual labyrinths) as well as the eld of interactive
ction (think of inescapable textual labyrinths). Unfor-
tunately, the non-linearity of the les ultimately compli-
cated PDF export, so the project was scrapped.

4 Edwin

Our nal model, Edwin, uses a hybrid technique, combin-
ing the utility of edMUnD's branching mechanism and
the stability of linear editing buffers. Inner details of
the model and challenges faced in Edwin's development
follow.

4.1 Buffers & lines

Edwin's primary organizational structure is the buffer.
Each buffer is a self-consistent doubly linked list of lines.
New buffers are created during branching operations,
either explicitly via the branch command or implicitly
by other editor operations (e.g. the deletion of a range
of lines). Edwin has a trick up its sleeve that lets it paral-
lel the smooth branching of edMUND: every buffer con-
tains links to the lines that were before and after it prior
to branching. These links can be addressed directly or
used in commands: the patch command, for example,
attempts to place a buffer back into the original con-
text of its old buffer. The explicit formalization of these

boundaries saves the headache of accidentally creating

paradoxical structures. Commands involving these patch
links fail when the context is destoyed (i.e. if the lines
around the original content are moved into different
buffers and no longer have a path between them).
Lines in Edwin have unique identities; wherever pos-
sible, operations will retain them when modifying their

contents or moving them around. This has the nice effect
of retaining the positions of “heads” (representations of
users in a channel), allowing text editing to go unin-
terrupted even if users remove or rearrange text in the
middle of an operation.

4.2 Line numbering

The classic ed() provides one important mechanism
for preventing destructive mistakes: line numbering.
A cowardly user might wish to verify a range (e.g.
?N[fe]?,// ) is correct before deleting its contents; to
check it, they can rst use the n command to view the
contents and line numbers of the addressed range, then
use the line numbers directly to safely perform the oper-
ation. But in a collaborative environment, line numbers
can silently change in between the two commands, lead-
ing to results as disastrous as getting the address wrong
the rst time. Edwin solves this by introducing two spe-
cial line markers for every head called < and >, which
always point to the rst and last lines addressed in the
previous command. Using'<,”> instead of line num-
bers, a user can address exactly the same lines as before.

4.3 History

Ed(1) implements one layer of editing history. Users can
undo the last edit done and no more. Modern IDEs fea-
ture unbounded history and occasionally more complex
time-traveling branch systems. Edwin compromises by
implementing zero layers of history. Traditional undo
methods were found to be complicated by the multitude
of simultaneous edits in different locations. Rather, the
function of an edit history is served exibly by the mes-
sage archive of the IRC channel itself, containing both
edits and out-of-band annotations.

4.4 Extensibility

As part of a full Unix environment, ed( 1) provides fea-
tures external to the editor via a command which pro-

cesses text through the shell. This is powerful in a Unix
context but generally disconnected from the network-

ing system Edwin resides in; instead, the recommended
method for scripting Edwin takes place over IRC itself.
Chat bots can interface with Edwin directly, inspecting

data and modifying as appropriate. Given access to the
editor command interface, IRC-based bots havemore

power than traditional shell scripts, as they can manipu-
late not only text but the state of the entire editor.

4.5 Incompleteness

The primary barrier to the use and analysis of Edwin is
that | didn't nish implementing it. In order to continue

research, we construct a model for what Edwin would
look like and use a technique known as “guessing” to
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generate precise thought experimental data. We avoid
bias introduced by the variance in data collection by ap-
plying similar techniques to all test environments used
in the editor's evaluation.

5 Comparison with other IDEs

How does Edwin fare against other development tools?
We evaluate a set of editor environments according to
four criteria: overall ef ciency, appearance, synergy, and

evil. As a baseline for Docs and Edwin, our primary con-
tenders, we evaluate two classic editor environments:
Vim over a paper teletype and Microsoft Paint over VNC.

5.1 Efciency

While basic writing operations are simple in Paint, mov-
ing and replacing text requires manual intervention and
is prone to failure due to Paint's relatively basic address-
ing system. All of these complications are ampli ed by
the time required for a full screen refresh. Paint's in-
eptitude is only second to that of Vim, in which every
keystroke sends dozens of mangled control characters
to the poor, poor teletype output.

Docs does its job great: writing text has a noticeable
network delay, but visual changes render fast on individ-
ual client machines. It supports a wide range of useful
operations and has no problem restructuring large les.
Edwin performs comparably if slightly better: feedback
is only sent when explicitly requested, and moving from
a granular editing system to a line-based one permits
the correction of quick mistakes without network delays.
Edwin's range of operations is similar to that of Docs,
but is better inclined to complex organization with its
native marks, buffers, and regexen.

5.2 Appearance

The appearance of code written in Paint is entirely dic-
tated by its author. Paint has 24-bit color capability; its
main limiting factor is the ability of the user to not just
handwrite but handwrite with a mouse over VNCVim is
somehow worse.

Docs has native rich text support, which permits
users to highlight their code's syntax however appro-
priate. However, its font selection is limited: only the
Google Fonts repository is available. Edwin supports
rich text by means of IRC's formatting control characters
and an unlimited range of fonts provided by chat clients.

5.3 Synergy

There is nothing more synergetic than a shared white-
board. Paint is only limited by its single shared drawing
cursor. Vim has no synergy at all—even if it were com-
prehensible, everyone'd have to crowd over the teletype.
Might as well just draw on the paper.

Docs is at the forefront of channeling synergy
through text: it supports the core components of group
collaboration, with live editing, comment threads, and
edit proposals. But it fails to recover synergy when it is
lost—for example, when two simultaneous edits come
into con ict, competing with one another for space in
the nished document. Edwin supports all of Docs' fea-
tures through a uni ed chat interface, and its branching
mechanism allows for peaceful resolution of con icting
simultaneous work.

5.4 Evil

Paint supports evil: you can draw crude pictures wher-
ever you want and, since its undo stack is limited, force
your collaborators to either suffer through the draw-
ings or completely erase whatever they intersected. Vim
doesn't seem to support evil: certain Vim reimplemen-
tations in other environments are rumored to include it
but were not considered for evaluation.

Google was initially reluctant to support being evil
but faced pressure to allow large enterprises to use the
quickly growing Docs; it eventually removed its evil
restrictions in 2018. While now seeing broad use in
evil, the editing interface is anything but: any malicious
changes can be found and undone with its thorough
history tracker, and drawing unsightly pictures in reg-
ular text documents is tedious. Edwin has supported
evil since its conception, in both its use and its internal
operation. It is easy to not only write swear words but
irreparably overwrite entire documents, exponentially
increase the editor's used memory, and cause the bot to
ood any IRC channel naive enough to associate with it.

6 Future work
Isurehopeitd/ ~ Future work

It would be nice if the editor existed. Ad-
ditionally, Edwin's realization lacks a sys-
tem for traditional, long-term collabora-

tion. One potential model would use

email: users could send les containing
Edwin commands to a project maintainer,
who would apply the commands to a cen-
tral repository.
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Input photographs Sand-box method 3D reconstruction

Oh no — we can recover very detailed 3D shape fromdrillg photographs. How could this have happened? And even worse, the
reconstruction is best in the parts where there is a pattern. Well, we guess someone didn't know about the basics of computer vision.

Abstract P it

In award winning prior work ], we identi ed the inability of
autonomous cars to honk as the key reason that they are not broadly .
deployed on our streets. In this work] [ however, we suggest that { Sha
the core reason is the lack of most basic computer vision knowledge %
of car manufacturers. To hide their most fancy new cars they put a
special camou age pattern on their so calledkodnig prototypes. '
The pattern is designed to trick our perception; at the same time it
enables computer vision systems to perfectly recover the 3D shape
of the prototype — even better than without the pattern as we show
in this paper. How could we expect a prototype car that already

demonstrates a lack of computer vision knowledge to ever evolve o eaail Tk harie oo o el oioas St e
into an autonomous vehicle? A ———

] Figure 1. Damn hard to estimate the heading of the boat on the left
1. Introduction with the Dazzle camou age pattern, right? Source: Encyclopaedia

We could now tell you the whole story of the Edlig and Dazzle ~ Britannica, 1922/ Wikipedia.
Camou age patterns, but that is way to much work. The inter-

ested reader (if any) is kindly asked to read the relevant litera- )
ture here:https://en.wikipedia.org/wiki/Dazzle viewpoints — tadaaa — we can use the whole ballpark of computer

camouflage . The relevant portion is that the pattern is de- Vision algorithms and even algorithms fro.m' the stone-age (all his-
signed to make it hard to estimate the range, speed and heagloric works before 20_22) of computer vision lead to an almost
ing of a ship and it might also make it harder to estimate the Perfect 3D reconstruction. _ _

type of the ship, see Figuré. And this is all cool and every- To summarize, in this paper, we impressively s_how th_gt_the 3D
thing, but over 100 years have passed since the pattern was deShape of a car covered with camou age patterns (i.e., arbBitg
scribed by Norman Wilkinson during the last pandemic. This does ¢@n be very well reconstructed just from a set of ordinary pho-
not hold back car manufacturers to paint their dinosaur eating {09raphs, taken from different perspectives. To make the embar-
machines (also the sun eating counterparts) with patterns moti- rassment for car manufacturers perfect, we de.monstrate that the
vated by this idea and brag aboutlittps:/Avww.bmw.com/ 3D rtleco_nstructlon of the same oaithout patterns is much worse.
de/automotive-life/erlkoenig-auto.html ). Thecar ~ Thats bitter.

manufacturers might try to hide the shape of their cars, and it might

work pretty well vghen)i/t comes to the Fzmuman eye. It might evgn 1.1 Related Work
hold some cameras back from using their automatic focus. But all Besides a Twitter thread with various researchers almost scooping
of that only holds for a single view! The moment we have multiple us there is no relevant prior work (see Fig@je
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I've thought for long that these camouflage patterns
used by car manufacturers on their prototypes should
in fact make it *a lot* easier to reconstruct their
accurate 3D shape by multi-view stereo compared to
the good ol' featureless solid paint..

(Picture: Polestar)

Figure 3. See, pattern leads to awesome reconstruction whilst no
pattern no good. Please print in grayscale on dead trees for better
visibility of details.

3:20 PM - Jan 12, 2022 - Twitter Web App i . o
erything went perfect on the very rsttry (yes, no testing or training

4 Retwects 79 Likes or what else was needed) and our method produced spectacular re-
sults, see Figur8. As expected by computer vision experts, the
Figure 2. Almost scooped: https:/twitter.com/ reconstruction of the Erlbinig is at least a million (19 times bet-
jaakkolehtinen/status/1481269802681393153 ) ter than the reconstruction obtained from the same car without a

pattern. These results are so good that we don't even need a quan-
titative evaluation, right?
2. Methods

Given a set of photographs taken from different perspectives, 4. Limitations

we used BASIC photogrammetry for 3D reconstruction, see e.9. Car manufacturers will say we are missing something here and

https://en.wikipedia.org/wiki/BASIC - The choice  things are more complex. Don't believe them. They also say burn-
fell on BASIC because we are absolute beginners when it comesjng dinosaurs is cool and that we will have autonomous cars next

to programming (and all this computer stuff in general). Following year! We win, they loose — it's that easy.
common practice and due to the lack of knowledge, we do not re-
veal all the details about our method. But we want to sprinkle in

some unnecessary details like for example the parameters
To summarize, the pattern might be able to cause a collision with a
and @ Tesla, but for any other purpose it is beyond repair: thed#rilly is
that are not introduced but very critical and car-fully set to the value asking for retirement — loud and clear. Just like this Tim Brady!
5. As far as we understand, a key step in our pipeline involves  Our future mission should be clear and obvious: reveal the shape
the solution of thePerspective-n-Poin{P-NP) problem. Having of all the things in this world covered with a camou age pattern
a solution of the P-NP problem at hand and exploiting the fact (or something that looks like a camou age pattern; doesn't matter,
that P= NP', obtaining the nal 3D reconstruction in form of a  our method will tackle it anyway because it generalizes). This
triangular surface mesh is dead easy and no more information isimmediately leads to the following research questions: what the
needed to re-implement this. heck is really hiding under a military uniform? And, can we trust
QR codes? Stay tuned and make sure to follow us on Twitter.
; Finally, if you want to learn more about computer vision: there
3. Experiments and Results might be a cool lecture at your favorite astonishing university
We took 32 photos of an Eriinig” and applied the method de-  (FAU). If you are a car manufacturer: we have some ideas to help
scribed earlier to obtain a 3D reconstruction. About the same pro- you out of your misery and are looking for funding.
cedure was used to reconstruct the samenittwouta pattern. Ev-

5. Conclusion

1 B _ _ References

A proof is provided in the Appendix. In essence, however, the ingenuity in .
our proof was to use the well-known fact thédt 1= 0 < MW: Damn, [1] B. Egger and M. Siegel. Honkfe_lst, prehonk, honkback, pre_honkback,
just realized we've been using this formula wrong all the time. BE: Relax. hers, adhonk and ahc: the missing keys for autonomous dri&g-
No one will notice> . Kudos to Leo Euler. @Claylinstitute: We expect the BOVIK, 2020.
money no later than May 1st, 2022. We need it. Desperately. [2] M. Weiherer and B. Egger. A free computer vision lesson for car
2Dye to an ongoing legal dispute, we unfortunately cannot share any details ~ Manufacturers or it is time to retire the esfiig. SIGBOVIK (under
about the car. Please refrain from e-mail inquiries. Authors may not have  careful review by very talented, outstanding reviewe28p2.
access to the internet for an unknown period of time.
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Abstract 2.1 Debnitions

In the beld of software engineering, researchers haveP€ePnition 1. Equivalent access is a reciprocal access
coined the terms OcohesionO and OcouplingO to describ§tween two classed\ and B, such that the following
the structure and interaction between classes in an Nolds:
object-oriented environment [6]. The traditional wisdom ¥ Let |
is to use low coupling and high cohesion to reduce side-
el ects while making isolated changes in code. In this
paper, we present an alternative methodology: redun-
dant coupling In redundant coupling, coupling between
classes is maximized in order to create the strongest pos-
sible foundation in the architecture. This has been shown
to provide a 45% increase in unit test stability (in Baky
environments), 71% increase in developer conbdence, and
a 14% increase in my personal happiness since my second
wife left me.

be a peld ofA,
¥ Let " be a beld ofB,
¥ Let A(! ) be an access of peld,
¥ Let A(") be an access of beld

An access is equivalent if and only if

"(AC)) =" (ACM)

- ¥ For the belds! = String and " = String , these
would be an equivalent access, as the access/se

1 Introduction complexity of a string * is O(1).

Coupling and cohesion are core ideas in software archi- ¥ For the Pelds! = HashMap<Tand" = HashMap<T>

tecture. They are a little ambiguous too, as modern com-
puter science education does not usually address the is-
sues that can (allegedly) arise from high coupling and
low cohesion.

2 Theory

Coupling is introduced as a way to O[minimize] the paths
along which changes and errors can propagate in'Eo other~
parts of the system, thus eliminating disastrous OrippleO

el ectsO [6, p. 233]. However, this operates on two falsé>€Pnition 2.
number of equivalent accesses between two clasgesnd

B.

assumptions:

1. Individual changeOslects on the whole system need
to be minimized

2. Errors can propagate into other parts of the system

Changing a piece of code involves a deep insight into its
function. (One can imagine careless changes, but these
are part of the natural software development lifecycle).

Errors, too, are by debnition, a symptom of the sys-
tem. The solution for an error may be in an individual
class, or across multiple classes, yet the codebase as a

the same is true, as here, the complexity of any hash
map operation is O(n).

For the belds! = String and " = HashMap<T>
A(l) = O(@), and A(") = O(n). (A HashMap,

with a su# ciently large load factor, may need to
iterate through all of its elements to get a specibed
ith element.) Therefore, in this case, clas\ and B

would not have equivalent access between belds
and".

The coupling factor # is dePned to be the

B
#:2 _E
=3

whole su ers.
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2.2

We debne two classe®\ and B to have one-string cou-
pling if they are bidirectionally coupled in one mecha-
nism, whether that be:

I' coupling factor

¥ Reciprocal method-calling, or

¥ Equivalent access.

To see how redundant coupling increases the foun-

dational stability of a class, we take to the example of
auxiliary classes.

Auxiliary classes are debned as classes that we do not

anlayze at the present moment, that arenot coupled to
any other class. The load factor between two classe&
and B, e.g., #ag , is only debPned with respect toA and

Here, the auxiliary coupling factors are not at equi-
librium with the interior coupling between our classes
of interest. This ia a misbalanced system, and this is
fundamental issue this paper serves to address.

3 Limitations

We acknowledge? that it is Ounlikely, for bPnancial and
structural reasonsO [5] to develop a model that can ac-
count for coupling in non-OOP paradigms.

Additionally, it is not known how this would a ! ect
projects in multiple languages. Mayer and Schroeder de-
Pne anXLL approach[3, p. 97], where developers man-
ually specify links between abstract concepts present in
each language. In this system, one could couple the ar-
tifacts themselves, but this is more akin to coupling spe-

B. (Later on, we debne a process called promotion that

cibc pelds within a class B not the class overall.
addresses how we can move between classes of focus).

Say that we have an auxiliary class! that is coupled 4 Testing Methodo|ogy

to A, and the same with" for B.

Tests were originally written using a source-compiled ver-
sion of JUnit 2, until the inferiority of this solution was
realized through several cognitive behavioral therapy ses-

We can see that the load factor between each class isSions.

as follows:

The auxiliary coupling factor, 4. , is equal to the cou-
pling factor of our two classes of interest #). We debne
this to be a point of Fowler Equlibrium

Debnition 3. A Fowler Equilibrium
tween two classe®A and B such that

is present be-

#AB = #aux |A = #aux|B

(where #4g is the coupling factor betweenA and B,
and #,ux |a is the coupling factor between the auxiliary
classes ofA.)

The total auxiliary coupling factor is represented as
such:

#= Haux A
A

However, once we add two additional auxiliary classes

on each side, we run into an issue:

. .
., .
. .

. .

., .

. .

o
.
.
.
o
.

Instead, we pivoted to use Rust 1.58.0-nightly
Rust [2] provides a safe, fast environment without
garbage collection, which allowed us to mitigate any
cross-bag insect contamination [4].

One potential issue is a common misconception that
Rust does not provide an OO environment. We assert
that it is possible to represent an OO-pseudostructure
within Rust, without resorting to an inferior language.
(See Appendix A.)

5 Results

As shown previously [1], we found a few notable improve-
ments in codebases that used redundant coupling over
the traditional low coupling / high cohesion model:

1. 45% increase in unit test stability
2. 71% increase in developer conbdence
3. 38% reduction in alimony paperwork

Unit test stability occurred a natural consequence of
allowing changes to propagate throughout the codebase.
Intermittent tests can be caused by any number of bugs,
and are usually localized to one or two classes. Through
redundant coupling, the codebase is unilaterally in3u-
enced by these issues, which allow the system overall tc
behave more reliably.

Developer conbdence was also observed to increas
markedly.

2j.e., forced to concede
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6 Conclusion
Todo.
7 Appendix A

/I Some sample code we wrote as part of a

demonstrative paper on Rust coupling.

/I We are not sure if it compiles.

struct User {

}

var first_name: &str,
var last_name: &str,
var age: u8

impl User {

}

fn get_full_name (&self) -> &str {
first_name + last_name
}

fn have_birthday (&mut self) {
self.age += 1;
}

struct Login {

}

var cur_user: User

impl Login {

}

fn login(&mut self) {
todo!();

fn get_full_name() -> &str {
cur_user.get_full_name()
}

Listing 1: Example of an OO structure in Rust, with
coupling
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Making Graphs Really Hard to Say Out Loud
Graph Labelings with Non-Disjoint Vertex and Edge Sets

and how they can be used for encryption, poetry, and breaking mathematics

Gabriel Chuang (gtchuang@andrew.cmu.edu)
Carnegie Mellon University

Abstract—Modern communication systems have  These labelings may also be of interest to those
greatly increased the ease with which we can describe seeking to keep their graphs concealed from adversaries
our ideas to others. In an effort to slow this progress \who can only communicate verbally. We present a
and hinder scienti c advancement, we examine labelings cryptographic protocol that is in fact secure agamibt
of graphs that reduce clarity by reusing edge labels adversaries

for vertices. We bound how much overlap can be Finally (and of purely academic interestisuch
achieved, show how such labelings are cryptographically y ( purely )

secure, and prove some theorems that suggest that all labelings of graphs often resemble rhyme schemes; we
of mathematics is broken. Finally, we present some Present several graphs whose edge sets correspond to
applications to poetry and propose a new naming common rhyme schemes or famous poems, and propose
convention for graphs based on these labelings, which an alternative naming system based on poetic forms.

we hope will be widely adopted. 1. M OTIVATION

|. INTRODUCTION Consider the following graph, and a natural labeling
In Chapter 1.1 of Diestel's widely-used textbookof its vertices:
Graph Theory a graph is de ned to be a pair of sets

(E;V) with E  [V]2. Diestel follows this up with the a P 4
following note: O O {a,b} {b,c} O
To avoid notational ambiguities, we shall always (ad) (be}
assume tacitly tha?/ \ E = ?. ’
Needless to say, this is very disappointing to fans of )
notational ambiguity. There are many settings where (a) A simple undirected (b)A“naturaﬁ, iabeling of
being notationally ambiguous is bene cial, such as: gr;)th_ G, with vertex Setg

When brevity is of the essence (e.g. when lecturing V = fa;bjc;d; &.
at a blackboard),
When trying to sneak faulty proofs past reviewers,

When trying to confuse students, and Unfortunately, this labeling is extremely boring:

When frying to confuse yourself. _ there is no overlap betweah andE! Instead, consider
In this work, we will explore labelings of graphs inthe following labeling:

which we seek to maximize the overlap between the
labels of the vertex sef and edge seE. (Note that a r\b
we will continue to require that edges are two-element b} ) O
subsets of the vertices). See Fig. 2 for an example of
such a graph. Note that that graph has an ddgég,
but also avertexf a; bg!
Such labelings have many desirable attributes; most {b,c} {a,b}
notaply, graphs r_epresenteq in this way are extremeB{g. 2: A much more interesting labeling of the graph. The
notatlonally ambiguous, which can allow us to prove vertex set isV = fa; b; c:f a; bg; fb; g
interesting theorems. They are also very hard to say out
loud, due to repetition in their vertex and edge sets. Yjust like the rest of this paper, to be clear

Fig. 1: A simple undirected graph, and a natural labeling.

C

{a.{b,c}} {b,{a,b}}
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We've managed to achieve an overlap of siz&/2: Theorem 1. For any graphG = ( V;E),
E = ffa;by;fb; @g. That is, there are two vertices that (G) = min(JEj:jV] 2):
share a label with an edge. Can we do better on this ’ '

graph? As it turns out, we can: In particular, since connected graphs hgig
Vi1,

).

d’f a,by} Corollary 1. For a connected grapié = (V; E),
{a,b} (b, {b,{a,b}}} G)=jvj 2

{a.{b,{b,{a,b}}}} (b, {a,b}} The proof of Theorem 1 shows thain(jEj; V| 2)

is both an upper and lower bound for(G), using

a partial order argument for the upper bound and an
explicit construction for the lower bound. To spare
Fig. 3: An overlap-maximal labeling of the graph. The you the gory details, the proof has been relegated to

vertex set isvV = fa;b;fa; by; fb;fa; byg; fb;fb;f a; bgggg Appendix A.
In this case, three of four edges share a label with a vertex. |\ OvERLAP RATIO AND PRETTY PICTURES

{a,b}
(b,{b,{a,b} }}

_ _ _ _ In this section, we will show some examples of
This labeling of the graph is has many desirablg,,yimum-overlap labelings of a few common classes
properties. For example, the verbalization is extremely; graphs, and discuss the overlap ratio induced by

ambiguous: those labelingé.
“Vertices: A, B, A, B, B, A, B, and B, B, A, B.
Edges: Ato B, Bto A, B, B to B, A, B, and A A. Complete graph&
to B, B, A, B." ? Kn has r21 edges. Theorem 1 implies that
In general, it is not obvious how much overlap can be (Kn) _ 2(n 2) 1
achieved for arbitrary graphs. Fig. 3 achieves overlap (Kn) = 7 - n(n 1) - n

on 3 of 4 edges; can one do better? What classes of ) .

graphs enable maximum overlap? _ M'aX|mum-overIap labelings df s andK 7 are shown
A central point of this paper will be to carefully in Fig. 4.

de ne such labelings and to show upper and lower

bounds on how much overlap can be achieved. a

[1l. D EFINITIONS AND CENTRAL CLAIM b

De nition 1 (Overlap number) For a graph G =

(V;E), let the overlap number (G) be the maximum

size ofE \ V over all possible labelings of G, i.e.,

the maximum number of edges that can share a name b
with a vertex (or vice versa). That is,

(G) = LrT:]VaiXUJL(E)\ L(V)j: {a,b}
. . . la,{a,b}}
De nition 2 (Overlap ratio) The overlap ratio (G) ({a, {a,hVY {a,h})
of a graphG = (V;E) is de ned to be (b, {{a,{ab}} {a,h}})
(G)
(G)= —=
JE]
In the example graph of Fig. 3,(G) = 3 and Fig. 4: Overlap-maximal labelings fd¢ s andK 7. Note

(G) = 33 that very few edges are reused for vertex labels.
= 3.
The edge set for a max-overlap labelingk$ can
2We couldve done even better by naming the vertices “andbe found in Appendix B.
and “to” instead ofA andB.
3In the spirit of being notationally ambiguous, we will abuse  “More importantly, we will have many colorful gures, to
notation and use(G) for non-maximal labelings as well. maximize appeal to children, advertisers, and color theory gremlins.
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B. CyclesC,
Ch hasn edges. Theorem 1 implies that

(Ca) _n 2 2

Kpn) = =1 = L
(Kn) - - -

An overlap-maximal labeling o€, is shown in Fig. 5

{{b,{a,b}},{a,b}}
{b.{a,b}}
{{b,ab}}ab})

Fig. 5: Overlap-maximal labeling fo€,. Nearly every
edge label is reused.

V. NOTATIONAL AMBIGUITY ENABLES CHAOS

Here are two theorems, both of which are true:
Theorem 2. G nff a; bgg is 3-colorable.
Proof: A 3-coloring is shown in Fig. 6b. [
Theorem 3. G nff a;bgg is NOT 3-colorable.

Proof: Gnff a;lggis the complete grapK 4, as

shown in Fig. 6¢, and 4 is not 3-colorable. O

Obviously, this is somewhat problematic. We might
be tempted to claim that-colorability is in fact either
poorly de ned or undecidable. However, complexity
theorists have put a lot of work into proving that 3COL
is NP-complete and thus in NP, which, by necessity,
means that it is decidable.

In fact, simple extensions of Theorem 2 and Theorem
3 show that

(Gnffajbgg) =3 and  (Gnff a;bgg) = 4;

where (G) is the chromatic number d& (i.e., the
minimum number of colors needed to colB).

We are forced to conclude th&8t= 4, and that in
fact0=1.

B. Adjacency

One might be tempted to cut out the notion of
coloring altogether, in the hope that the rest of graph

Now that we have our framework for labeling graphstheory is salvageable. Unfortunately, even the notion of

we will, naturally, attempt to prove some theorems.

A. Graph coloring
Let G be the graph shown below in Fig. 6a.

{a,b} {a,{a,b}}

{{a{a,b}}.{a,b}}

(a) A nice, well behaved grapG on 5
vertices.f a; bg is highlighted in

(b) G nff a;bgg (c) G nff a; bgg
Fig. 6: Our graphG, and the subgrapt n ff a; bgg.

adjacency yields contradiction. Let be this graph:

a

{a,{a,b}} {a,b}

{{a,{a,b}}.{a,b}}
Fig. 7: Another perfectly well-behaved graph.

Theorem 4. In H, ff a;fa;bgg;fa; bgg is adjacent to
fa;fa;bgg

Proof: ff a;fa;bgg;fa;bgg \ fa;fa;bgg =
ff a;bgg, which is nonempty, st a;fa; byg; f a; byg
fa;fa; bgg. B

Theorem 5. In H, ff a;fa; bgg; fa;bgg is NOT adja-
cent tof a;f a; hgg.

Proof: By the de nition of H (as in Fig. 7),
ff a;fa;bgg;fa;bggis not adjacent tda;fa;bgg. [
Thus, even adjacency, the most basic foundation of
graph construction, leads to contradiction.
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VI. M AX-OVERLAP LABELINGS FOR B. The Sicilian Octave Graph

ENCRYPTION A Sicilian Octave is an eight-line poem with alter-
Maximum-overlap labelings also have great potentialating rhymes; i.e., its rhyme scheme is ABABABAB.
for use in encryption protocols. Consider this max-overlap labeling of the 3-cligge:

Theorem 6. A maximum-overlap labeling of a graph
G = (V;E) is cryptographically secure against all
adversaries.

{{a,b}.a}
1a,b}

{b,{a,b}}

Proof: Suppose that Alice wants to transmit graph {a,b}

G = (V;E) to Bob. Alice computes the max-overlap

labelingL of the graph and send& (V);L(E)), which

Eve intercepts. One of two cases must occur: b
Eve attempts to read the input and falls asleep, or_.
Eve concludes that Alice and Bob are insane, andFlg
that their transmitted graph must be worthless.

. 9: Max-overlap labeling foK 3, the Sicilian Octave
graph, with (G) = .

In both cases, Eve gains no information abGut [ The edge set is
VII. P OETRY E = ff a;bg; ff a;bg;ag; fb;fa;bggg
A. The Limerick Graph that is, ABABABAB.

Let's take a look the max-overlap labeling®$, the  c. The Shakespearean Sonnet Graphs (order 1 and 2)

length-2 path, as shown in 8: We now explore several rhyme-scheme encoding
graphs that may not necessarily be overlap-maximal,

{a,{a,b}} and which allow self-loops. This allows us to further
Gl bridge the (currently, very large) gap between mathe-
ha {a,b} matics and poetr.

Shakespearean sonnets have a rhyme scheme of
ABAB CDCD EFEF GG. Fig. 10 displays a graph with
b vertex and edge sets

VvV =faibicid;e;figifa by feidgfe fofa g
Fig. 8: Max-overlap labeling foP,. As it turns out, this is ;
the Limerick GraphAABBA . E = ffajbg;ffajbg; fc;dgg fe;dg fefo ffe fgfg;aoge:

The vertex and edge sets are
V = fa;b;fa; bgg
E = ff a;fa;bgg, fb; agg @

Verbalized, the edge set is “A, A, B, B, A, or
“AABBA." This looks an awful lot like a rhyme
scheme, doesn't it? Speci cally, AABBA is the rhyme
scheme for a limerick In general, it seems like we This is a rather disappointing graph. Luckily for us,
ought to be able to get graphs that correspond to othghakespeare wrote more than one sonnet. Fig. 11 shows
rhyme schemes. the graph corresponding two Shakespearean sonnets.

(Shakespeare wrote 153 sonnets; the order-153
Shakespearean sonnet graph is left as an exercise to
the reader.)

Fig. 10: The order-1 Shakespearean sonnet graph is a forest
of K s, plus one self loop. It achievegG) = %

SFor example:

To label a 3-vertex path
For usage in improper math

Useff a;bg; a; by 5The two elds have been slowly growing apart since Omar
On v; throughs; Khayyam, although Lewis Carroll made a valiant effort to bring
Voila! It's a limerick graph. them back together.

"I know this overlaps the margin of the page. shhhhh.
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Fig. 11: The order-2 Shakespearean sonnet graph, with
edgesk = ffa;bg;ffa;by;fc;dgg;fc;dg;fe;fg; c d

ffe;fg;fo;00g;ffa by ag fb;a;fd;fe; dgg; , , .
ffe:fgegff; fg: gugg i.e. ABAB CDCD EFEF GG Fig. 15: Rhyme scheme graph ©bxic by Britney Spears,
ABAB CDCD EFEF GG. (G) = 4: encoding rhyme scheme ABACDCDD wit(G) =0.
. i

D. Other Poems (Selected) VIII. C oNcLusioN
In this work, we presented an overlap-maximization
technique for labeling graphs. In order to counter the
@ ¢ increasing ease of communication facilitated by the
internet, we propose an alternate naming convention
a for graphs, in order to minimize clarity when spoken
aloud.
b In particular, scholars should strive to use either the
name for a poem whose rhyme scheme encodes the
graph, or directly list out the edge set of the maximal-

{e.b;

Fig. 12: Rhyme scheme graph ®he Raverby Edgar
Allen Poe, encoding rhyme scheme AABCCCBBB. :
E = ff aag fb;@;fo:fe byg fb; g with (G) = 1. overlap labeling of the graph.
For example:

1) the triangle graph could be validly called “AB,
ABA, ABB” or “The Fox in Socks graph without
self-loops”;

2) the 4-cycle could be called “the second-smallest

{e.d) {a,b} connected component of the Order 2 Shakespeare

’ graph” or “AB, BAB, BABAB, ABAB."

Creativity is encouraged.

Fig. 13: Rhyme scheme graph ®he New Colossuly
Emma Lazarus“Give me your tired, your poor, your
huddled masses yearning to breathe figegncoding
rhyme scheme ABBAABBACDCDCD with (G) = %

{{a,a},a} w»DrSeuss

Fig. 14: Rhyme scheme graph Béx in Socksy Dr.
Seuss, encoding rhyme scheme AAAAAAAAAAAR,

8not to be confused with the sound emitted by distressed
humans
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IX. REFERENCES For jVj = 3: The labelings displayed in Fig. 16

[l Google. cover all cases. Note thatbcould be labeled anything,
[ii] Wikipedia. and the rest of the graph relabeled accordingly, while
lii] The Poetry Foundation. keeping the invariant true.

All gures created in totally legal, non-pirated Adobe 4 a
lllustrator. O

X. APPENDIX A: PROOF OF THEOREM 1 Olab; @b} Ola.bi

A. Upper bounding (G) »O b

First, we show that (G) | V| 2

Suppose for the sake of contradiction thgiG) a {{a,b}.a} a ({ab}.a}
jVj 1, i.e. that there argVj 1 vertices which (b (a,b} wh (4 b
share a label with an edge. Let these vertice&/Be ‘ f R
fvisva; viyj a9 b Negih

Note that these vertices are all of the fofr;yg

. . . Fig. 16: Overlap- imal labeli fovj=3,the b
for somex;y 2 V. So, is a strict partial order on 9 verap-maxima fabelings 1ov) © pase

case for our recursive labeling scheme. Note that in each

the nite setV? so there exists at least one minimum case the amount of overlap(G) is less than
element under . min(Ej;jVj 2).

Letm = fmj; myg be such a minimum element
andmz must be vertices, since the vertexoverlaps  |nductive step. Consider some gragh = (V;E)
with an edge. Sincen is the minimum,ma;mz 62 \ith jvj 4. We split into cases:
VO So we have two vertices that are not U, a iVi 2 < jEj. Then, there must be some vertex

contradiction. =) ( = v with minimum de :
Lo gree. Inductively labéb nv,
Second, we show that(G) | Ej. Note that then choose some edge2 GnV as the label for
(G)= max JL(E)\ L(V)j (De nition 1) V.
L:viu jEj j Vj 2. Then, the graph is disconnected.

max jL(E)j . .
L:VI U — If one connected component is a singleton ver-
= max jEj (L bijective) tex, then label it arbitrarily, and inductively label
L:viu the rest.
= JEJ — Otherwise, partition the graph into some con-
as desired. nected componenC and G n C. Inductively
] ] labelC andGnC.
B. Constructively lower bounding(G) Choose two edges;; e; 2 E(C) nV(C) (i.e.,
We show a recursive procedure to assign labels to they do not yet share a name with a vertex), and
a graph to ensurenin(jEj;jVj 2) overlap between renameG nC, using these;; e)'s labels as the
edge and vertex labels. “base” labels forGnC.

In particular, it sufces to iteratively build up the |¢s easy to verify that this process preserves the invari-

graph by adding vertices and keeping the followingnt: the details are left to the reader.
invariant:

Invariant: A graph G = (V;E) with jVj 2
can bemin(jEj;jV]j  2)-overlap-labeled, with the
labeling determined entirely by the labels of two “base”
vertices (in particular, the two “base” vertices can be
arbitrarily renamed, and the rest of the graph relabeled
accordingly, while preserving the overlap).

Base cases: The theorem trivially holds ioj 2
f0;1;2g °.

SWhetherjVj = 0 is a valid graph is up for debate; see “Is the
null-graph a pointless concept?” by Harary and Read, 2006

67



XI. APPENDIX B: THE EDGE SET OF K7 UNDER
MAX-OVERLAP RELABELING

E(K7) = f

fa; bg;

fa;fa;bgg;

fa;fa;fa; bggg

fa;ff a;fa;bgg; fa; bggg

fa;fb;ff a;fa;byg; fa; bgggg

fa;fff b;ff a;fa;byg; fa;bygggfa;bggg

fb;fa; byg,

fb;fa;fa; bygg

fb;ff a;fa;byg; fa; bggg

fb;fbff a;fa;byg; fa; byggg

fb;fff b;ff a;fa;bgg; fa; byggg f a; bggg

ff a;bg; fa;fa; bygg

ff a;by; ff a;f a; byg; f a; bygg

ff a;bg; fb;ff a;fa;bgg; fa; bgggg

ff a; by; fff b;ff a;fa;bgg, fa; byggg f &; bygg

ff a;fa;byg, ff a;fa;bgg, fa; bggg

ff a;fa;bgg; fb;ff a;fa;byg; fa; bgggg

ff a;fa; byg; fff b;ff a;fa;byg; f a; byggg f a; bygg

fff a;fa;bgg, fa;byg fbff a;fa;bgg; fa; bgggg

fff a;fa;bgg;fa; byg; fff b;ff a;fa; byg;
fa;bgggg f a; bggg

ff b;ff a;fa; bgg; fa; bggg
fff b;ff a;fa; bgg; fa; bgggg f a; bggg
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Neo-Classical Logic
Une Logique non classique

Martin Vassor Fangyi Zhou

Resume.

Standard logics, such aslassical logicor intuitionist logic suffer from flaws that remained unaddressed
as of today (like philosophical questions about using the axiom efcluded middle which draws the line
between the two logic mentioned previously). In this paper, we introduten-classical logi¢ in an attempt
to reconciles classical and intuitionistic logics, as well as to capture some real-world event which can not
be explained by previous logics, due to their lack of expressivity.

After introducing its syntax and semantique, we study the meta-theory of this new logic, and show
multiple interesting results, such as thiaw of contradiction or that validity is decidable, which states that
a proposition can simultaneously hold and not hold.

1 Introduction

Motivation. Our paper is motivated by strong empirical evidences that some events, concepts, objects can
simultaneously exist and don't exist (see Figure 1, but also [6, 8, 10]).

Despite strong evidence, to the best of our knowledge, no logic seems to be expressive enough to prove
statements as simple as Exist@& such thata does not exist. This absence (or possibly presence) shows
that there exists a gap between current theoretical models and the actual reality.

Contribution. Our main contribution in this paper is to introduce a new logigeoclassical logié, which
reduces this gap, allowing us to express more faithfully the subtleties of the world.

Moreover, we demonstrate how we use neo-classical logic to reconcile two important logic theories,
namely classical logic and intuitionistic logic, with eonstructive proof of the Law of Excluded Middlen
our neo-classical logic. Neo-classical logic subsumes classical logic and intuitionistic logic.

Outline. In Sections 2 et 3, we discuss the limitations of the two most popular logics, namely classical and
intuitionistic logic. From that, we conclude that there is a need to fill the gap left opened by those two logic
systems; in order to capture real-life cases that can not be addressed by the two logic aforementioned. In
Section 4, we introduce our proposal, which we cabo-classical logi¢ by successively presenting both its
syntax and its semantique. In Section 5, we discuss the meta-theory of the logic. Finally we present an
actual use case in Section 6, showing that our logic allows to capture complex arguments while remaining
decidable. Finally, in Section 7, we conclude by discussing some limitations, presenting some unrelated work
and highlight some interesting research paths for future work.

2 Classical Logic is Not Modern

We look up the dictionary entry of the word classical in Cambridge dictionary again [9], and see
what it could mean. The main usages include traditional in style or form, or based on methods developed
over a long period of time, and considered to be of lasting value , and used to describe something that
is attractive because it has a simple, traditional style.

We also note that this sentence was provided as an exemple:

Does she study classical ballet or modern ballet?

A paper on logic must have some French, but we don't know how to typeset accents, so here it is.
1Also spelled neo-classical due to our lack of motivation to check the consistency across the paper.
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Meaning of artefact in English

artefact
noun (€] mainly UK (US usually artifact)
UK ¥ Jatafekt! USH) Jurte.fekt/
+i=

an object that is made by a person, such as a tool or a

artefact in other dictionaries decoration, especially one that is of historical interest:
Sorry! We didn't find artefact in English, but you might be interested * The museum’s collection inciudes artefacts dating back
in the results found in other dictionaries: to prehistoric times.
(a) Evidence of the non existence of the word (b) Evidence of existence of the word Arte-
Artefact [10] fact [8]

Figure 1: Empirical evidence of the simultaneous existence and non-existence of the word Artefact in
English, according to the Cambridge Dictionary.

This sentence gives a strong hint thatlassicalballet isnot modern. We are also confident to conclude
that classical logic is not modern, via a simple application of substitution. A modern-day logic should
be modern, in order to catch up with contemporary development of real life events and technological
advancements. Moreover, it is an unfortunate fact that classical logic cannot represent the simultaneous
existence and non-existence of a word (cf. Figure 1) it cannot model contemporary dictionaries in a
modern world.

3 Intuitionistic Logic is Not Intuitive

In the first courses of computer science, students learn classical logic due to its simplicity. Some
mathematicians and theoretical computer scientists, however, prefer intuitionistic logic.

Unfortunately, we are unable to find an entry for intuitionistic in Cambridge dictionary, which is a
strong hint that it is not intuitive. Think about that, why would computer scientists call something intuitive
using a complicated word that looks like intuitive , but decide against its use?

4 Neo-Classical Logic

In order to address the unsatisfactory deficiency of both classical logic and intuitionistic logic, we
introduce neo-classical logic

4.1 Formules

A = a,b,c,... Atomic propositions

P,Q === A Atomic proposition
j P Negation of P

i P"Q And

Notice that, together with the semantique we define below, and in particular with the traditional encoding
ofP_Qas: P ": QandP) Qas: (P": Q),we can have usual constructs. Therefore, we allow ourself
to use those elements as needed.

The syntax of formules does not differ much from classical or intuitionistic logic this is why we think
our logic is neo-classical: it looks classical, but is quite modern. We explain the modernness in detail when
we discuss the semantique.

We fix a setA of atomic propositions, ranging ovem,b,c, .... Atomic propositions form the basic form
of neo-classical logic formules, and we also recognise standard logical operators: negation, conjunction,
disjunction, and implication.
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4.2 Semantique

Let” be a (binary) predicate defined according to the rules in Figure 2. We use an infix notation: P
where is an environment andP a formula of the neo-classical logic. We write 6°P for : ( ~ P).

a6z (: Exists) i (Exists) M ") 7P (DeMorganL)
“ra S a il 27 P*"Q (P Q) ’
7(? (DeMorganR) 7P (G
(P Q) g R

Figure 2: Inference rules of the’ predicate

The novelty of neo-classical logic lies in the rules Exists) and (Exists). Those two rules establish a
strong correspondence between a witness (or observation) of an event and establishing the existence of
that event. On the one hand, rule Exists) states that if we have no evidence of an event, we can conclude
that this event does not exist. This is, informally, motivated by the fact that having no evidence of an event is
indistinguishable from that event not existing. Indeed, if there is a way to distinguish two possible worlds, one
with the event, one without; then the distinctive element actually serves as witness of the event. Therefore,
from Occam's razor (often stated Pluralitas non est ponenda sine necessitaté, and widely spread in the
literature, see e.qg. [7, Book |, 4, 188a17], but also [4, Prima Pars, Q.2 art.3 -AG2, &c.]), we should not suppose
the existence of an event we have no evidence of; which ends the justification of that rule.

Conversely for (Exists), if we have an observation of an eventwe can deduce the existence of that
event. This is trivially motivated.

Exemple1 (Artefact exists and does not exist)

(Exists) (: Exists)

artefact® artefact ? ° . artefact
artefact* artefact”: artefact

*)

Theoreme 2(Consistency) The deduction system is consistent, i.8. 6" 2.
Preuve. It is not possible to introduce? . Voila,

Remarque3 (Absence of Absolute Truths And Absolute Falsitiedje note that> and ? are not formules of
neo-classical logic. This is important since there are no absolute truths and absolute falsities in the modern
world. We make a conscious effort to model this observation in our logic.

5 Meta®-Theory of Neo-Classical Logic

Lemme 4(To tree or not to tree)
8 .8P. "P_ 6P

Preuve.First, we need to clarify the statement. It is obviously not a neo-classical formula (typically, neo-
classical logic do not have quantifier). Instead, it is a formula from first-order classical logic, whérés a
(binary) predicate; and_ is the disjunction of classical logic.

The result then follows directly from the law of excluded-middle of classical logic. Voila,

Lemme 5(If no proof, then proof of negation)
8 .8P. 6P) P
Preuve.By induction onP.
CaseP =a: from the premisses of (Exists), we have that62 . Therefore, rule { Exists) applies.

CaseP =: Q: neither (: Exists), (DeMorganL), (DeMorganR) nor:( I) apply. By case analysis oR:

2 entities should not be multiplied beyond necessity , translation Wikipedia.
3Not to be confused with Meta Platforms Inc, metaverse , or whatever.
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CaseQ is a: since (. Exists) does not apply, we have that2 , therefore ~ Q, therefore * : P by

applying ¢: ).

CaseQ is : Q% since (: ) does not apply, we have that 6'Q°. From the induction hypothesis, we
have that * : Q% Therefore, * : P (i.e. ~ =i QY by applying ¢ ).

CaseQ is Q; " Q: since neither (DeMorganL) nor (DeMorganR) apply, we have that both6™: Q;
and 6°: Q.. Therefore, from the induction hypothesis, both™ :: Q,and ~ :: Q.. From
the premises of (: 1) on those two statements, we have that both™ Q; and ~ Q,. Therefore,

T Q1M Qo (ke. T Q), by applying (). Therefore, we can prove = : P,i.e. & Q, by
applying ¢: 1.
CaseP=Q; " Q,: Since rule (*) does not apply, we have that for any subsets, , of , neither 1~ Q;
nor ,° Q. le.8 %2 . 6Q(resp. Q). Therefore, from the induction hypothesis, we have that

for any subset %of , ©° : Qi (resp. Q).
Therefore, the proof finishes by showing that™ : P,i.e. ~ : Q1™ Q by applying either (DeMorganL)

or (DeMorganR). Voila.

5.1 Law of Contradiction

Lemme 6(Empiricism brings knowledge)
g8P.9 . ' P
Preuve.By induction onP.
CaseP=a: let =fag, apply (Exists).
CaseP =: P% By case analysis orP®

CaseP’=a: Let =7?, and the result holds directly from rule:(Exists).

CaseP°=Q; * Q,: From the induction hypothesis, we know that there exist such that: Q; holds.
Therefore, we can take = ; and apply (DeMorganL).

CaseP’=: Q: In that case, we have to prove: Q. The result holds directly from the induction
hypothesis and by applying the rule :i( ).

CaseP =Q;” Q,: From the induction hypothesis, we know that there exists a(resp. ;) suchthat ;~ Q;

(resp. 2~ Q7). We cantake = ;[ , and apply the rule (). Voila.
Theoreme 7(Law of contradiction)
8P.9 . " PN P
Preuve. This Theoreme is a corollaire of lemme 6. voila.

5.2 Excluded-Middle

Theoreme 8(Excluded-Middle)
8 .8P. "P_:P

Preuve.As we said above? _: P is encoded in our calculus as (: P~:: P). Therefore, we actually have
to prove that this formula holds for alP and
From lemme 4, ~ Por 6'P. By case analysis:

Case " P:

o Hypothesis
P Yy
G

m (DeMorganL)
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Case 6P: Fromlemme 5, ~ : P.

Hypothesis
(G
(DeMorganR)

Voila.

5.3 Decidability of Validity

Finally, we want to show that deciding whether a formubais valid under a context is decidable. For
that, we first show how to compute two sets: first, the set of event thast be in , and second, the set
of event that must not be in , in order to satisfy the formula. Finally, we comparewith those two sets to
decide whetherP can be satisfied.

Set of required events. LetRp be the set of required events to satisfly. Notice that there might be multiple
ways to satisfy a single formula, i.e. multiple sets of required events are possible. Ther&pris, actually a
set of sets of eventsRp can easily be defined as follows:

8
if P=: a, 8a
%ff agg if P=a, 8a
Rp € _fPo,[ Po,jPo, 2 Ro,” Po, 2 Ro,g ifP=Q1" Q,
§R ol Ro, iTP=: (@~ Q)
ifP=: Q

Lemme 9(Required is correct) For all , for all P, if 6 B 2 Rp such that P ,then 6°P.

Preuve. The proof is direct, by induction orP. Each possible case of corresponds to a case Bf, corres-
ponds to the premises of a rule (or two rules for the two variants of (DeMorgan)). Voila.

Lemme 10.For all P, Rp is computable.

Preuve. Let ny(P) be the number of occurrences of (Q: " Q) in P. Letn,(P) be the number of occurrences
of : Qin P. Let be an order relation on formules defined as follows:

P Qifand only if ((y(P) < ny(Q)) or (ny(P) =n1(Q) and ny(P) < ny(P))

We easily show, by induction, that, for each recursive computationRef to compute Rp, Q  P. Also,
there is a finite number of recursive call at each step.
Therefore, the computation eventually terminates. Voila,

Set of forbidden events. Let Fp be the set of forbidden events to satisfi?. Fp can easily be defined as

follows: 8
fag if P=: a, 8a
% if P=a, 8a
Fe® Fo\ Fo, ifP=Q" Q
§F ol Fo ifP=: QA Qs

ifP=: Q
Lemme 11Forbidden is correct). For all , for allP, if \ Fp6;,then 6P.

Preuve. The proof is direct by induction orP. Each possible case of corresponds to a caselef, corresponds
to the premises of a rule (or two rules for the two variants of (DeMorgan)). Voila,

Lemme 12.For all P, Fp is computable.

Preuve. The proof is similar to the proof of lemme 10. voila,
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Theoreme 13For all , for allP, * Pif and only if:
1.9P2 Rp.P ; and
2.\ Fp=;.

Preuve. The if direction is a direct consequence of lemmes 9 et 11, by contraposition.
We have to show the other direction, that is the two conditions are sufficient to have P.
The result is direct by induction orP. Voiia.

Corollaire 14(The validity of a formula is decidable)For any , for any P, ~ P is decidable.

6 Practical Applications

As logicians, we have a moral duty to remain close to practical applications of our works. Indeed, the
formal study of arguments allows every citizen to cast a light and understand actual facts on the world that
surrounds us. In order to show that our work has indeed some practical use, in this section, we show an
actual exemple taken from everyday's life.

While police violence is a well-documented issue in modern democracies [1,5], we still have statements
that police violence does not exist [2,3] (e.g. Ne me parlez pas de [... ] violences policiéres, ces mots sont
inacceptables dans un Etat de droit., Macron et al, reported at 0:40 in [3], and in [2]).

In the following, we show that our logic captures such arguments, as they are actually derivabley, et
an actual observation of police violence. In the following, we show how we can simultaneously claim that
such event occurs and does not occurs, given such observation.

Set theory Set theory
Vo

Vo 2 fvpg ,
DY sty P07 (st
fvog ™ Y PV

Vg™ ™ v

*)

7 Conclusion, Unrelated and Future Work

In this paper, we presented new semantique for the propositional calculus. We show that this new
semantique have interesting properties. For instance, the standard law of excluded-middle holds in our
calculus, or that the validity of a formula is decidable. In addition, we show that new, previously unexplored
laws, such as thé.aw of contradictionalso holds for our calculus.

Overall, as stated in the motivation, our calculus captures intuitive notions of proofs based on the notion
of evidence. Our calculus finally brings the formal basis needed for reasoning on the ontolo§icaition of
existence, which is a problem that was left opened since almost 2.5 millennia; yet still relevant as of today.

Unrelated Work. Very little is unrelated to this one, as this work regards the relation between evidence
and knowledge. Therefore, all evidence-based sciences are related to this work. Furthermore, as it aims to
give a formal basis to ontologicdlarguments, it relates to philosophical works, which we therefore have to
exclude from unrelated works as well.

Future Work. The current main limitation is that it is based on propositional logic; and therefore lacks the
expressiveness needed to capture more complex argumentations. Future work could include extending this
paper up to higher-order logic. Such extension could benefit from an extended expressiveness, possibly
being expressive enough to encode arithmetics.

The exemple shown in Section 6 illustrate that our logic allows a fine characterisation of the reasoning
that leads to some claims. For instance, we saw that the authors of the sentence above (Maetoal,
reported in [2, 3]) loose some information in their reasoning. The current work is limited in that it does
not give explanation for this loss. Intuitively, we can hypothesize various causes, ranging from plain lack of
knowledge to deliberate ignorance. Future works is needed to elaborate on such hypothesis.

4 Don't say [...] police violence to me, those words are unacceptable in a Rechtsstaat. Translation by the authors.

5To the best of the author's knowledge.

5Ditto.

“or epistemic , as you can guess, the authors are not philosophers and are just using those big words to impress reviewer #2.
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Abstract

In this paper, we will examine why dependent type theory is the mos patriotic paradigm
for programming. We will examine several key founding documents to daw our conclusion. We
will view many American ag images and feel patriotic.
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1 Introduction

It is universally accepted among Americans that patriotism is the highest and most important
virtue!. Hence, it is critical to the overall well-being of our nation and the people within it to
identify what paradigms and technigues in computer science are desgng of our glorious star-
spangled ag, and which are being secretly promulgated by evil enemy dps. Thus, we can rid
ourselves of those elements which hold us back from the glorious futusehich our founders intended
for us.

To quote John Winthrop, "...we shall be as a [shining] city upon a hill" if all our code is truly
American.

Figure 1: AMERICA

2 Motivation
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tis of thee

Sweet land of liberty

Of thee | sing...

My coding

Land where the simply typed
Lambda calculus thrives,
From every shell

"Let FP ring!"

a cry:

3 Methods

| examined founding documents and common sayings for out-of-context cutations to support my

thesis.

| used American ags to distract from several questionable logical leaps.

78



Figure 2. AMERICA

4  Analysis of Data and Results

The rst hint on our quest to nd the most patriotic paradigm is in our core document, the
Consitution. The Constitution de nes what it means to be American?, and no part of it more so
than the Preamble.

The Preamble states that the goal of America is to form a more perfecunion . Therefore, any
paradigm which hopes to be patriotic must support union types. This allows for C, which features
union types, as well as functional languages, which allow for datatypes with muiple constructors.

The importance of union types can be seen in Article 1, Section 1. This stion clearly describe
\member of congress" a union type: either aSenator or a Representative .

Figure 3: AMERICA

If any document hopes to come close to the Constitution in patrioticity?, it is the Declaration of

20bviously.
3Yes, | just created that word.



Independence, crafted by the great Thomas Je erson. It notes that all uman beings have certain
\unalienable rights".

Note the importance of the word unalienable { it means that these rights can neither be
altered nor removed. Hence, wemust # conclude that immutability of data is a core patriotic
value, without which our country would fall to ruins.

Only one paradigm o ers immutability, along with the union types so highly prized by the
Constitution. This is functional programming

One curious note about the Constitution is that Congress is describedn article 1, while the
Presidency is delayed until article 2. This is because the founds believed that deliberation is
more important than action. By extensionaiy , we must conclude that they would regard imperative
programming to be inferior, as it is a paradigm of action.

Figure 4: AMERICA

So we are now absolutely sure that the paradigm of our founding fathers iauhctional. But what
avor of functional programming? Another look at the Declaration of Independence will illuminate
us to the true intentions of Washington, Franklin, Je erson, and all th e other great ones.

\We hold these truths to be selfevident: that all men are created equal..”

Note the three key words in this patriotic phrase:

" Truth andevident indicate that we ought to have a way to create evidence that our programs
are working correctly.

" The mention of equality indicates that all types should be equality types.

The latter condition is rather stringent, but it can be done if we allow for function extensionality.
But to use function extensionality, we need to express propositios with universal quanti ers within
our language! How can this be done?

There is only one answer: we must use dependent type theory with @ Curry-Howard Corre-
spondencé.

In fact, we could have seen this from the beginning, for it is often saidhat there is nothing as
American as apple pie { and dependent type theory includes at its core Ptypes!

One piece of further evidence that dependent type theory is what oufounders would have
supported comes from the 9th amendment in the Bill of Rights. It notes that the enumeration of
rights \should not be construed" to imply that there were not further rights. This clearly implies

4At least, those of us who are truly AMERICAN.
5Both Curry and Howard are good old American citizens.



Figure 5: AMERICA

that the set of all rights to which American citizens are entitled is in fact an uncountable set, as
they cannot be enumerated!

Dependent type theory easily handles creating and reasoning about ulcntable types, while
few other paradigms truly support uncountability { even so-called \real humber types" in many
languages, from C to SML, are limited by machine precision. Yet using deendent type theory, one
must represent real numbers precisely { or else not at all!

Figure 6: AMERICA

5 Conclusions

Dependent type theory should be the only paradigm used by true Amerian computer scientists and
programmers. Any other paradigm would cause the founding fathers to roll oer in their graves.



6 Recommendations

Ban all other paradigms from American soil immediately.

7 Future Research

This highly innovative method can be used to evaluate di ering techniques in many other areas of
human e ort and ingenuity, including science, mathematics, art, literature, social sciences, business,
basket weaving, red herring catching, and WiFi customer service.

8 Impact

America will be better because of this research. | am sure of it.

Figure 7. AMERICA
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On Ruinment
Ruination Theory and its Consequents

Luna A. Q‘ Kthey/them§
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disinformatics@pm.me

Abstract—TODO: write abstract Exercise 1. Translate this paper into a non-English languade.

Proposition 11.3. The classes of all ruinators and ruineds are
|. INTRODUCTION nite sets.

The eld of Ruination Theory is a severely sparse anproof. First, note that language, as a general construct, exists
understudied eld, despite its deep rami cations. The questiogithin humans for the purpose of communication. Thus, the
of ruinment is fundamental to our very perception of the worlglass of all words in every language of discourse must t
and the categoricaldistinctions we make of it. We seek towithin the combined storage space of the minds of every
demonstrate the importance of Ruination Theory through ohitiman. As there is a nite amount of humariseach human
novel Waldstreicher—Equivalence Theorem, deriving resulifores information in a physically-bounded region called the
impossible to nd in any other eld of Computer ScienceBrain[4], and any given region of space has an upper limit
or Mathematics, as well as Il in the as of yet missingo information density[5], this combined storage space must
fundamentals to this incredibly impactful and meaningful eldpbe nite. Thus, the class of all words in every language of

discourse is nite, and thus we may form a set of all words
II. RUINMENT in every language of discourde As the class of all English
wordse L, Eis nite and thus also forms a set. We note that

We refer to the act of ruining something ménment ® and  each locu$in English is a nite sequence of words. As every
begin with the central lemma of our study, which is perhapginator and ruined corresponds to a locus, there are nite
the most important fact of ruinment. ruinators and ruins. Thus, their classes are nite sets. [

Lemma 1.1 (Tascheter-Conover Fundamental Lemma @#roposition I1.4. The sets of ruinators and ruineds are equal.
Ruinment) Adam ruins everything.

Proof. See [3].

Proof. Trivially, by Proposition 11.27 O
Proposition 11.5. Re exivity of ruinment.

In search of a mathematical formalization of the notion d?roof. Everybody eventually ruins themself[7]. We extend this
ruinment, we assert the following characteristics that must betion to apply toeverythingas well: write R as the set of
true for such a formalization: ruinators and ruineds. The8t 2 R, create some embodiment
E(r) as follows: if r is a personE(r) = r, and otherwise
constructe (r) = T(S(I(r))) wherel (r) is the platonic ideal
Proof. Take two objectsA andB which may be enumeratedof r, S(x) bestows sentience upon andT (x) turnsx into a
within a given language of discourdaVe call A the ruinator hot Tumblr Sexymafi.We note that this process has already
and B the ruined. Note that the phrasé “ruins B” is been proved feasable on Van Gogftee Starry Night[8],
semantically valid. We exemplify three casebiré ruinsthe and, in fact, may be undergone in general[9].

Library of Alexandrid[2], “ Testosteroneuins Luna A. Qf,K ]
"[1], and “Adamruins everything (by the Tascheter—Conover E C Person<--------- ETTTTTT » Thing
Fundamental Lemma of Ruinment). O T l,

Proposition 11.2. Anything can ruin anything else.

Sexyman<T— Sentients— Ideal

oqpfs trans_literat_edl'ascheterfor those of you who have spoken solely 1Get | blished in SIGBOVIK 2023 and Il i 1 USD! PI |
the profane Latin-scripted tongues. et it published in and I'll mail you ! Please,

1In a Hegelian sense, you dirty Category[13] Theorists. need citations.

20ther terms used in the eld includeuination, TOT41 PWN4@, and 7,935,884 ,256
ratio. A phrase used to uniquely refer to an object.

3We assume the use of English in this paper due to the author not knowind En francais, je peux dire tout ce que je veux. Ealite est une illusion!
any other language. Je sais un peu de frangais, mais c'est une langue merdégsgnivers, c'est un hologramme! Aete I'or!
donc je ne veux pas le utiliser. 8Pardon mon anglais.
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AsT S | is an homomorphism over ruinatiSrgverything And, now, we may bring in all sorts of results and general-
eventually ruins itself. [0 izations found in Category Theory[13], such as the following

corollariest’
Proposition 11.6. Transitivity of ruinment. _ o )
Corollary 111.2. Adam Conover is the initial[13] object
Proof. Suppose there a;B;C 2 R whereA ruinsB and [13]!8jn Ruin.

B ruins C. We prove, then, thad must ruinC. We propose o .
a well-studied mechanism: the Sandler—Hallmark Theorem. fifo0f. As Ruin ‘is thin[13] (Theorem IIl.1), between any
short, this theorem generalizes the mechanism through whi¥f® OPjects[13]A;B 2 R there is at most one, unique
movies are still well-liked[10]. We note that Adam Sandler andorPhism[13] between them, corresponding to the relation
Hallmark both ruin movies® however, movies aren't ruinedA  B. As Adam Conover ruins everything (The Tascheter—
yet[10]. The discoverers of the Sandler-Hallmark Theorerzonover Fundamental Lemma of Ruinment), there thus is
in their seminal'* paper in Ruination Theo#j “The New @ unique morphism[13] between Adam Conover and every
Odysseus of 1966 prove this is because Adam Sandler an@iPiect[13] in Ruin (Theorem Il.1. Thus, Adam Conover is
Hallmark are already ruined, and thus cannot ruin anythidg® initial[13] object[14][13] of the category [13]. O
else[11]. They propose that anything that ruins Adam Sandler

) . IV. WALDSTREICHER-EQUIVALENCE
and Hallmark then, in a sense, “steals” or subsumes all of their

ruinments. At this point, you may be thinking, “Wow! This paper has
had so much succulent information for me to chew on with my
X - ruins Hallmark Brain-teeth; how could there be any more?” To which | would
wns ruins __ ruins respond, “What kind of person thinks such a thing? Like,
v T v seriously, 'Brain-teeth'? What is this, 1984?” To which you
runs—>  Movies

Adam Sandler

would probably reply “But SIGBOVIK didn't run in 1984!"
They continue to generalize same principal to the general c&sl | would continue “The deadline is in one hour and | have

of transitivity of ruinment. ] to end this bit now.”?

Exercise 2. Prove your gender is trans-itive. De nition V.1 (Waldst_reicher—E_quivaler_u:e)A relation
over a setS is Waldstreicher—Equivalent iff Adam Conow&r

De nition 1.7. Formal Ruinment is a preorder overR. Sand8s2 S:s Adam Conover s is Adam Conove?

Proof. Propositions 1.2, 11.3, 1.4, 11.5, 11.6. L Theorem IV.2 (Waldstreicher—Equivalence Theoremif

somebody ruins Adam Conover, they are Adam Conover.
[1l. CATEGORICAL[13] RUINATION THEORY

. ) ) Proof. Because Adam Conover is the initial[13] object[13]
And, thus, we have formalized the ever-elusive notion (?II] the category[13]Ruin (Corollary 1Il.2), there is a

Ruinment in Ruingtion Theory. This, alone, would be eno“%orphism[ls] from him to every object. If somebody has
to warrant an entire paper, maybe even 5, due to how NOYgineq Adam Conover, then there must be a morphism[13]

this result is. But we, the searchers for Scienti ¢ Knowledg8,,m them to him (Theorem I1I.1). Thus, this person is Adam
would never—nay-eould neverdo such a thing. And, thus, ~gover up to unique isomorbhiém[l%j. a

we continue ever onward into never-before-charted territory!
We continue with a brand-new angle on Ruination Thé8ry: And, nally, the most important work of this paper, which
Categorical[13]['® Ruination Theory. motivated its very creation:

Theorem I1I.1. Formal Ruinment oveR forms a category Corollary IV.3. Maya Waldstreicher is Adam Conover.

[13] Ruin. Proof. Maya Waldstreicher has ruined Adam Conover[18].
Proof. From De nition 11.7 and the fact that all prosets are thinfThus, by the Waldstreicher-Equivalence Theorem, she is
categories[12][13]. In this cas® is the set of all objects[13] Adam Conover?2 O

and each ruinment is a morphism[13]. o Exercise 3. You just got Ruined! Tag your friends to totally Ruin

them!

9Ruination is preserved due to it produciambodimentsf objects, which
are naturally homo-by-de nition. _ _ 17Did we have a second one of these?

10adam Sandleruins movies® Hallmark ruins movies 18\e here at the Dissociation for Heresiographal Computation would like to

Upensive sincerely apologize for objectifying Adam Conover. It was never our objective

12Though we use the term ruination in this paper, historical precedent desire to objectify a man. Though we have no intention of changing our
dictates we call the eld, in general, Ruination Theory. behavior, we are deeply, deeply apologetic.

13Copious research into the metamathematics of titing has provided usl®We have been recently notied of the “nal” deadline extension of
with the knowledge that 1966 is the birth year of Adam Sandler. submissions to SIGBOVIK 2022. Our stance on ending this bit where it stands

14pavast ye, for we are the bold and rousing crew of the Good Shipas not been affected as a result of this sudden, deeply unexpected change.
Ruinment! 20No, this isn't absurdly speci ¢, what do you mean?

15Man, writing this paper's abstract will be a cinch at this rate! 21ITODO: nd out what this means

18|In a Category[13] Theoretical sense, you cleanly Category[13] Theorists.??| can't believe I've met Adam Conover!
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APPENDIXA De nition B.1 (Strong Waldstreicher—Equivalence)A
NOT A WASTE OF PAPER Waldstreicher—Equivalent relation on S is Strongly
Waldstreicher-Equivalent ifBA;B 2 S, A B A

De nition A.1 (Tascheter) A mathematical work is Taschete . .
impliesA is B.

iff it is Godel-incomplete.
Lemma B.2. Formal Ruinment is Strongly Waldstreicher—

De nition A.2 (Epilyssic) A mathematical work is Epilyssic ,
Equivalent.

(or Epic®) iff it is Godel-complete.
Proof. Suppose we have twé;B 2 R. If A ruins B and
B ruins A, there must exist two morphisms[13]: one frgin

to B and another fronB to A. Then,A is B up to unique
Lemma A.4 (Thesis) Appendix A of Jean-Yves “madisomorphism[13F® O

dog”[15] Girard's “Locus Solumn: From the rules of logic i i )
to the logic of rules” is incomplete. Lemma B.3 (Fist ght Lemma) Formal Ruinment is total.

Proof. See Kurt Gdel's Incompleteness Theorems[16].0] Proof. We generalize the dialectical process used in Corollary
A.9. 8A;B 2 R whereA 6 B, there must be at least one

Lemma A.5 (Antithesis) Appendix A of Jean-Yves “madcontradiction between the two. Otherwise, all attributes\of
dog”[15] Girard's “Locus Solumn: From the rules of logic andB are the same, and thés= B by extensional equality.
to the logic of rules” is complete. The contradictions betweeA?’” and B2 must eventually
be resolved, according to Georg Wilhelm Friedrich Hegel's
Dialectic Theorem[19° As the timet approached , this
will eventually result in a stght[21] ° (Corollary A.9).
The nature of any ght is such that there is a winner and
Theorem A.6. Appendix A of Jean-Yves “mad dd@5] a loser[22F! As the winner, by de nition, ruins the loser, this
Girard's “Locus Solumn: From the rules of logic to the logicmeans that eitheA ruins B, of B ruins A. Thus, Formal

of rules” is Tascheter. Ruinment is total. O

De nition A.3 (Evil). A situation is Evil iff it contains a
mathematic work that is Tascheter and Epic.

Proof. Appendix A of Jean-Yves “mad dog’[15] Girard's
“Locus Solumn: From the rules of logic to the logic of rules
is titled “A Complete Waste of Paper’[17}.

Proof. Trivial from Lemma A.4. O Even more important than the Fist ght Lemma, however,

. ) is the interpretations and perspectives it promises to bestow
Theorem A.7. Apf)_endlx_A As Seen On Lemmas A4, A pon us. We demonstrate this below:
and Theorem A.6” is Epic.

Corollary B.4. Adam Conover could beat anybody in a
st ght.

Theorem A.8(The Thesis and Antithesis Come into Con ict) p.j . Trivial,
The current situation is Evil.

Proof. Trivial from Lemma A.5.

by the Fistght Lemma's interpretation of
Ruinment-as- st ghts. O

Proof. Trivial from Theorems A.6 and A.7. O Exercise 5. Lose to Adam Conover in a st gh

Corollary A.9 (Synthesis) Jean-Yves “mad dog15] Girard And, so, we nally expand the de nition:

and Kurt Gddel should have a st ght. i i
Theorem B.5 (Tascheter's Totally Wicked Totality Theorem)

Proof. Trivial from Theorem A.8. 0 Formal Ruinment is a total order.

Exercise 4. Figure out why Jean-Yves “mad ddg5] Girard is  proof. With the relation of “is” taken as equali$; Propo-
called *mad dog.” Like, 'm genuinely curious. sition 11.5 and Lemma B.2 imply that Formal Ruinment is

APPENDIXB antisymmetric. Any total (Fist ght Lemma) and antisymmetric
| TOLD YOU IT WASN'T A WASTE OF PAPER preorder is a total order. O
This appendix, and future ones, have been brought to yGorollary B.6. Every subsef of R under Formal Ruinment
by the “ nal” SIGBOVIK 2022 deadline extension. has a minimum and maximum.

We continue our study by looking at possible avenues for
y by 9 P 26TODO: complete TODOs. Y'know, usually | get syntax highlighting on

expanding the formal notion of Ruinment. In particular, thergy topos, but with my poor color scheme choice it usually just makes it
are two properties that are promising in the novelty they offéwisible. Wait, is that why | can't see any of my TODOs?
to Formal Ruinment: Strong Waldstreicher—Equivalence, and’The thesis. Not an exponent.
totality. 28The antithesis. Also not an exponent.
29Probably; It's been more than a year since | read this. Who cares about
23 . . . o ) proper citations anyway[20]?
Not to be confused with an epimorphism[13], which is decidably not 3othe synthesis. The notion of exponentiation is ill-de ned in this context.

Epic, just like the people that named it that. 31The =er
240One could object that the actual title of this appendix is “A Pure Waste T ose i

of Paper”. This has, of courg@already been refuted in a prior work [15]. 32 You —=*—; Fist ght
25| am never wrong. 33| mean, that's what is is.
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Proof. Take somes 2 S. Then, eithers is a minimum or Proposition C.4. The following diagram[13] commutes[13]
9x 2 S:x s.3*SinceR is nite (Proposition I1.3), we may for Obliteration:
count the number of elements thatruins (s 2 N) and the

number of elements it is ruined by{(2 N). Notice, then, that Turtles

. /
dx <ds. We may induct orx to nd that there must be some /Crush IRe
m 2. S.su.ch thatdy, =0, a.nd thu.s tham |§ a minimum. Wario Lastnameunknows- obliterate—  Turts

Similarily, taket 2 S. Eithert is a maximum o9z 2 S :
t z.ri <r,.Induct onz to nd that there must eventually Stomp IRe
be somen such that, = jSj, that is,n is the maximum. O Turties
Proof. Trivial, from prior®® result[24]. O
APPENDIXC
X—TREME RUINATION Note that these two diagrams[13] athe sameif the

direction of the arrows[13] are ipped. Given the typical

The Fist ght Lemma has enormous implicatioftspartic- construction of the category[1&blit in light of the Fist ght
ularity in the methods used to deduce it. We thus provide #&pmorphism, we could even say that, up to[13] the canonical
alternate view of Formal Ruinment, taking advantage of th@ntravariant[13] functor[13Dblit ! Oblit°®, Mario Mario
perspective: is Wario Lastnameunknown. The contravariancy inherent in
this statement's contingencies persuades us to re-inspect this
notion. What we're really getting at is that Wario Last-
nameunknown is Mario Mario'®pposite For lack of better
terminology, we provide the following de nition:

We continue by formalizing the intuitive notion ofpe pition C.5. For every objedil3] A in a category13] C,
Ruinment-as- st ghtused in the previous appendix: we de ne the set of objedts3] wa-A in C by distinguish-
ing the objectfl3] in C° equal to A up to the canonical
contravarianfl3] functof13] C ! C°P.

De nition C.1 (Obliteration) Obliteration is a total suborder
of Formal Ruinment, wheré ruins B iff A beatsB in a
st ght.

Corollary C.2 (Fistght Isomorphisni®). Obliteration is
equivalent to ruinment.

And, for consistency, we provide this complementary de -

Proof. By the Ruinment-as- st ght interpretation of the FiSt-nition'

ght Lemma, if A ruinsB, thenA obliteratesB . By de nition
of Obliteration, if A obliteratesB, thenA ruinsB. 0 De nition C.6. For every objedtl3] A in a categoryl3] C
where waA exists, maA = A.

While Obliteratiort’ is just Formal Ruination, the ease Oicgrollary C.7. Wa- is involutive.
using this alternate perspective that it provides allows us to
uncover a conspiracy hidden deep in each one of our hed?ff§of. Makes sense to me. O

and minds. Corollary C.8. All elements of the set of wa-objects[13] are

Proposition C.3. The following diagram[13] commutes[13] equal.
for Obliteration: Proof. Given A;B;C whereB;C 2 wa-A. Then waB =

Turt waC = A. As wawaB = B and waB = waCC,
urtles - = =
e wa-wal = B soC = B. O
Crushes IRG . .
) . Thus, we treat any wa- as a single object, rather than a
Mario Mario — obliterates— Turts set.
Stomps IRe We continue to declare a few, key facts we may trivially
Turties determine from these formalizations:

Waluigi is the opposite of Luigi.
Proof. We hold this truth to be self-evident[23]. O Mario[25] is Rio[26].
A wawanut is just a nut.
Mathematicians turn waffee into theorems.
Wathematicians turn watheorems into ffee.
The Philadelphi® chain Wawa does not exist.
_ 34By_Tascheter_'s Totally Wicked Totality Theorem, if there is sopnthat Unfortunately, this avenue of study is useless and a dead
isn't ruined bys, it must ruins. ! C .
3In true categorical[13] fashion, the most-used results are lemmas.  €Nd. In my 2 minutes of thinking of any use for this concept,

36Also known as theTascheter—Hegel Correspondendéghts-as-Ruing
and Ruinmental Twonitarianism 38Read:unreleased
37Also referred to asCrushingor Stomping 39Suck it, Yinzers.

While, hori cally and conversely:
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| had absolutely zero ided8.1 wholeheartedly discourageDe niton C.5  (Victimization). Victimization is the
anybody from looking into this further. In fact, please exciseoproduct[13] inRuin.

this appendix from your local copy of the proceedings and For intuition's sake’? we give the following lexical short-

i+41
burn it hands: the macerator &;B 2 R (whereA andB are the
Notice 1. This appendix has been retconned. macerates) is something that ruins bétlandB, but is ruined
by all other things that also ruiA andB. The victim of A
APPENDIXC andB (whereA andB are the victimators) is something that
SMALL RIGS: OVER THE RUIN PROVING both A andB ruins, which also ruins everything else that

At this point, you may be thinking “So, did they stopandB also ruins.
with the Category[13] Theory? Haven't seen any for a
while.” Or, maybe, “Oh god, not this bit again. Please don
bring up Brain-teeth.” Worry not, reader, for we are about tBroof. Denote maceration as and victimization as- . Then,
metaphorically “dive” back into the frey! for distributivity to hold,8A;B 2 R:A (B+ C)=(A
Corollary C.1 (Tascheter—Rumbletumble Corollary of Maxi-g) +(A - C). We know that either (B + C) = (A

L ; ) ; . )J*+(A C),(A B)+(A C) A (B+C),orboth
mum Ruination) There is a na[13] objecf13] in Ruin. when equal (Tascheter's Totally Wicked Totality Theorem).
Proof. By Corollary B.6, R under Formal Ruinment has aWe deneL = A (B+ C)andR=(A B)+(A C),
maximum element. Thus, there is an object[E3i Ruin that then split based on whether the rst or second statement is
has a morphism[13] to every object[13] in the category[13{tue:

F is, then, a nal[13] object[13]. O L R: ThenR must be the victim oL and itself:

lfemma C.6. Maceration distributes over victimization.

This corollary has fundamental results in Ruination Theoryy A B — (A B)+(A C)«+——A C
There is something, somewhere, teserythinghas ruined® l
Our good friend and reviewer Owen Rumbletumble postulates /
that this may be the Olympics[27f’ however a proof of X
exactlywhatit is is outside the scope of this papér. T T

Theorem C.2. Finite product$l13] and coproductd 3] exist A (B+ C)/*> (A B)+(A 0)3
in Ruin.

Proof. 8A;B 2 R construct the set® = fp2 R : p

A~p BgandS=fs2R:A s”B sg We note
that P has a unigue maximum arfsl a uniqgue minimum up
to isomorphism[13F° due to Corollary B.6. These eIementﬁF‘{
are, then, the product[13] and coproduct[13]Afand B by
de nition. O

By the Ruinment-as- st ghts interpretation of the Fist ght
Lemma, this implies thaR intentionally lost, thus stripping
of a true victory”® Therefore,L didn't truly win, and so

L. By the Strong Waldstricher-Equivalence of Formal
RuinmentL=A (B+C)=(A B)+(A C)=R.

R L: Then, by transitivity of Ruinment (Proposition
Corollary C.3. R forms a lattice under produdts3] and [1.6), R A and R (B + C). As L is the macerator
coproduct§l3]. of A and B + C,* this results in a contest for the throne

. f L. R attempts to take over the position of macerator,
Proof. Any poset under categorical[13] products[13] an85 eventually and inevitably failing due to the entrenched

coproducts[13] (Theorem C.2) forms a lattice[28]. O power of L4 Thus, in a second coming’ of Wilhelm

We call the product[13] over this lattice (the mebtacer- Georg “Heg-Man” “Dr. H” Hegel[29],L R, and so by
ation®® and the coproduct[13] operation (the joid)ctimiza- the Strong Waldstreicher—Equivalence of Formal Ruinment,

tion.*! And, we shall now formalize these de nitions: L=A (B+C)=(A B)+(A C)=R. O
De nition C.4 (Maceration) Maceration is the product[13] Theorem C.7. Maceration and victimization form a rig over
in Ruin. R, with respective identities of the Olympics (Used as place-

holder due to the Rumbletumble Postulate) and Adam Conover.
40Don't think | could t it into my abstract either.

41 yoy —oblterate . g 5BOVIK 2022 Conference Proceedings Proof. First, note that the join and meet of a lattice (Corollary
35°Did they just cite my own words?" C.3) are associative and commutative, that the initial[13]
361 will withold the jokes, as this is extremely serious.
37) was lying. 42
38Read: a book. 43Egads!
3%Well, | know whatthis means at least. 44Thesis.
40\We also suggest the alternate nameSlatermentMutilation, Mutilment 4SAntithesis.
and TwoBirdsOneStoning 46Synthesis.
410r Double Homicide 47Zounds!
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object[13] is the identity of the coproduct[13], and that thels]
nal[13] object[13] is the identity of the product[13] (Theorem [7]
C.2. Then, victimization and maceration must form monoids.
Further, victimization is a Mathemati¢8imonoid. As macer- [g]
ation further distributes over victimization (Lemma C.6), they
form a rig. 0 9

Theorem C.8. Ruinis a distributive, and thus rig, cate- ;q
gony[13].
[11

Proof. Trivially, by Theorem C.2, Corollary C.3, and Lemma

C.6. O [12]

APPENDIXD
PERHAPS THEMOSTUNUSUAL RESULT EVER TO COME
FROM RUINATION THEORY [14]

And, so, we nally reach what is perhaps the most unusuglk;
result ever to come from Ruination Theory:

(23]

A. What is Perhaps the Most Unusual Result Ever to Cortié]
from Ruination Theory (17]

Declaration 1 (Perhaps the Most Unusual Result Ever to

Come from Ruination Theory)We're all complex? :) Hg}

Proof. We may treat all objects[13] in a rig category[13] a%)
complex numbers as long as cerfdioonditions are met[31].
As every person is an object[P3]in Ruin, every person is [21]

complex. O 22]
Almost as complex as an orange. (23]
Exercise 6. Eat an orange. You deserve it. [24]
REMEMBER TO WRITE ABSTRACT! [25]
REFERENCES [26]

27
Redacted in order to conform to HIPPA. Summer 2020. (271
Wikipedia, “Library of Alexandria.” 1-Mar-2022. From https://en.
wikipedia.org/wiki/Library of_Alexandria
truTV, “Adam Ruins Everything.” 29-Sep-2015.
Alledgedly. 300,000 years ago.

(1]
[2]

(3]
[4]

(28]
(29]

[5] Steve Waddington, CIO, CEO, Gemologist, Proud Father 30
of Three, Answer to “Is there a physical limit on[ |
information  density?” on Quora. “5 years ago.” From

https://quora.com/Is-there-a-physical-limit-on-information-density (31]

48As commutative groups are named Abelian after Abel Abel (brother of
Cain Abel), we call commutative monoids Mathematical after Eliza L. N. B.
Mathematics, founder of mathematics[29].

49[laughtrack]

5Orrelevant.

510ur behavior remains unchanged.
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Abstract

Despite advances in business process modeling, process disocery and just-better-than-nothing SLAs, ob-
taining and extending a working visa as a foreign academist in Canada is borderline impossible. This problem
has resisted signi cant technological innovations, such as the Internet and crypto-coins, and nothing seems
to speed up the visa process. We conjecture that the dense core of lhis problem is a black hole located in
the o ce of Immigration, Refugees and Citizenship Canada (IRC C). This black hole warps the very fabric of
the space-time continuum within the o ce such that the time d ilation results in observable di erences. Here
we crudely estimate the mass and radius of this black hole, we cdl IRCC-1 based on maths, science, and
carefully sampled data from two- three two people one person. We introduce an open-source modeling and
simulation tool as well as our signature Gradient Condescend™ algorithm that shows excellent scalability in
space and time, unless carried out in the critical vicinity of a b lack hole. In an e ort to meet the scientic
standards of the 2020's, we also point out that the COVID-19 pandemic has seriously exacerbated this issug
as evidenced by the IRCC website: "Due to the impacts of COVID-1 9, we (i) can't process applications
normally, (ii) give accurate processing times for most applicat ions".

Keywords include but are not restricted to: black hole, abracadabra, hyper driven devices, natural
language processing, Chevy Tahoes

1 Introduction

Black holes Pedia, 20221 have been identi ed by many empirical [Trottoir-Bare et al., 2016 ] and theoretical
[von Pamplemousse and Ansymov, 20]%tudies, esoteric ponderingsNluseibeh and Easterbrook, 200 and trans-
formationally innovative patents [San Fearlow and Ansymov, 201b as the main challenge in delivering upon
previously agreed service-level- agreements (SLAs). Black holes hathe ability to signi cantly dilate time.
Unfortunately the known lemma of Newtonian physics "time is money" does not apply in relativity.

A pertinent example of time warping related issues is the visa exnsion process as a foreign academist in
Canada. Our empirical data set sampled from one person and con rmed by aneotal evidence shows signi -
cantly exceeded tentative processing times. While such disepancies are often explained by ine cient business
processes, additional evidence suggests that the most plausible dapation in this case is a rogue black hole in
the middle of the o ce of the Immigration, Refugees and Citizenship Canada (IRCC), we call IRCC-1 . The
evidence includes, but is not restricted to the following statenent by the IRCC website.

"We can't process applications normally and can't give accurate gpcessing times for most types of applications.
If you contact us, our Client Support Centre agents do not have addinal information on processing times. We
can't give you more information than what is already available inyour account."”

* https://www.canada.ca/en/immigration-refugees-citiz enship/services/application/check-status.html . To reproduce
the experiment, select "Work permit", "Work permit inside C anada (initial, extension or change of conditions)”, "Onli  ne".
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Clearly, the fabric of the space-time continuum is so warped in and arond IRCC o ces that nothing, not even
information can exit ("can't give accurate processing times for most types of appliations"). Moreover, there is
a possibility that IRCC agents are situated within the said black hole, suggested by their lack of ability toreceive
information ("our Client Support Centre agents do not have additional inf ormation on processing times"). The
whole situation is supremely exacerbated by the ambient Schredingephenomenon Bchredinger, 1935: "If you
contact us , our Client Support Centre agentsdo not have additional information on processing times." We
are, unfortunately, unaware whether the agents possess this informain if we donot contact them. It seems to
be likely that the information is destroyed upon observation.

To cope with this wicked problem [Rittel and Webber, 1974], we reinvented multiple facets of science from
theoretical, applied and ctional physics to industry-scale inept software bu oonery and the semantics of rei -
cation in Zzek's neo-marxism [Zizek and Daly, 2004.

Contributions.  The contributions of this paper include, but are not restricted to t he following.

We formalize black holes as an algebraic structure.

Based on this structure, we propose a methodology to calculate the mass tife IRCC-1 black hole, called
the Gradient Condescend™ .

We present a tooling to operationalize the method, and en route to deeloping it, we simply rede ne software
engineering by inventing software development by Natural Language Proaesing and low-code platforms,
e ectively rendering the past ve decades of software engineeringravesty obsolete.

We suggest a solution to the problem at hand that does not work, by calculaing the number of Chevy
Tahoes required to tow the black hole out of the o ce.

2 Related Work

To situate our work amongst the literature, we have conducted a rather éaborate search on Wikipedia to gure
out what a black hole is [Pedia, 2022l. The results were quite interesting but they are omitted herefor no
reason.

Instead, we wish to question the repeated insistence of reviewgithat we provide related work at all. First,
related work is kind of boring to read (unless it cites us). Instead,go play Papers, Please, which is a fun game
related to immigration.

Second, we state that all of our ideas are simply incomparable. The very wdss themselves are like piercing
needles of insight which slice through the eyeballs and forcibly igct reason upon the mind. How could the
slurred ramblings of others, whose ideas writhe upon the dirt like dseased worms, approach the glorious word
pillars of truth and beauty which we erect before you?

Third, all scienti ¢ works such as this one are majestic poems in tkeir own right, and should not be trivialised
with comparisons. We ask whether one compares each endless wave craghupon a child's sandcastle, or the
mournful trills of each songbird secluded deep within the woods, olate-night hot-dogs from dodgy street vendors
when you've had a few too many drinks to forget another paper rejection. Are not each of these notes in the
great background soundtrack of life, just as each paper randomly found on Googl8cholar is a weave in the great
scienti ¢ tapestry? Are not all scientists kin on this hurtling fr agile orb through space? As such, we reject the
false tribal divisions cast upon us by the putrid reviewer #2, who aims only to incite hatred and envy of those
who have actually performed proper experiments and ethical reviewNay, we say! We do not cower in the face
of your pathetic meaningless cries for related work. All publications arerelated, just as we are all related in our
quest for scienti ¢ truth which contains enough buzzwords to be furded.

3 Background

In this section, we give a brief overview of the key concepts of our wét

» https://store.steampowered.com/app/239030/Papers_PI ease/
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3.1 Black Holes

A black holeis formally de ned as a 4-tuple B = (x;y;z;t). That is, the black hole B is always () somewhere
(x;y;z). According to Hawking [Hawking, 2015, for an asymptotically at spacetime, a supertranslation
shifts the retarded time u to u®= u+ , where is a function of the coordinates on the 2-sphere. A 2-sphere
is di erentiable everywhere, and their derivatives can be calcudted by using the 2 Chainz rule Pedia, 20228,
developed independently by Leibniz, I'Hopital, but mostly by Tauheed K. Epps Pedia, 20223 (Discrete 2-
sphere derivatives are safe to be solved by the Ja Rul®gdia, 2022¢) We make use of the di erentiability of the
2-sphere in Sectiord.1, where we employ a Gradient Condescen® method to nd the mass of the IRCC-1 .

3.2 Time Dilation

Time dilation is the di erence in the elapsed time as measured by two clock€Efnstein and Davis, 2013 Pedia, 2022f,
assuming you can a ord two clocks in this economy.

Lemma 3.1 The time dilation measured between two clocks is equivalent to the tendilation measured by one
clock rst measuring the non-dilated time, and then measuring tle dilated time.

The proof is left as an exercise for the reader. We suggest the reader tiegin their proof by having their twin
be an astronaut [Garrett-Bakelman et al., 2019.

3.3 Hyper-driven Devices

Hyper-driven devices were rst introduced by Bovik [Bovik, 1975]. Hyper driven devices are equipped with a
propulsion system that enables travel in the hyperspace. As explaied in Section3.1, our approach leverages the
fact that a black hole B = (x;y;z;t) is situated in a 2-sphere.

Lemma 3.2 A hyperspace is generalized n-sphere.

Corollary 3.2.1 To e ectively calculate the derivative of the hyperspace of a hyper drivemevice, we need to
apply the % Chainz rule.

3.4 Canada

Canada is an awesome country, yet slightly chilly at times. Figurel shows the majestic Canadian ag. Historical
Canadian records McKenzie and McKenzie, 1980 state that those of su cient Canadianness can scratch-and-
sni this gure and detect the faint whi of maple syrup. Future work will determine the applications of this
Canadian detection method to speedup the visa application time.

Figure 1. Behold the great Canadian ag. Humble yet glorious. So simple yet inpossible for a child to draw.
When Canadians rule the world, you'll all be sorry.

Lemma 3.3 The maple leaf in the Canadian ag is red

Corollary 3.3.1 The maple leaf in the Canadian ag cannot be a blaclole.
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4 Estimating the Mass and Radius of IRCC- 1

In this section, we de ne a scalable method for estimating the mass ah radius of IRCC-1 . The goal is to
estimate the mass ofRCC-1 based on the originally settentative execution time of the visa processes, and the
observed eventuatime it took to grant the said visas. For methodical soundness, this shoting problem is solved
while consuming shots.

4.1 Algorithm: Gradient Condescend ™

According to W. Pedia et al. [Pedia, 20224, in mathematics, gradient descent (also often called steepest desnt)
is a rst-order iterative optimization algorithm for nding a loca | minimum of a di erentiable function . We
establish, that we are rmly in mathematics and therefore, this de nition applies. Our modi ed version of the
algorithm, the Gradient Condescend" shows superior scalability and convergence by introducing a tolerace
range for a candidate solution. Every candidate solutionc is deemed to be acceptable ifit tsthe ¢ ;c+ ]
range, where 1 1 . This de nition implies that every candidate solution works as an appropriate
approximation of the solution. Therefore, as the algorithm progresses and & accumulate more and more spec-
tacular solutions, we get more con dent about our intellectual superiority and consequently, more condescending
to anyone having issues solving the problem at hand.

Lemma 4.1 For = 1 the Gradient Condescend™ method does not converge.

The proof is left as an exercise for the reader. Please, do not attemphis exercise at home without the supervision
of a professional trainer.

The Gradient Condescend" requires the underlying structure being di erentiable everywhere. If the under-
lying structure is not di erentiable somewhere, the underlying structure is transformed in a way that it becomes
di erentiable everywhere.

The steps to execute the Gradient Condescend® are the following.

Algorithm 1  Gradient Condescend™

Require: n O

Ensure: tg;r 2 R

Ensure: t°=0

Ensure: m=1M . M : Earth mass

while jto t§> do . to: target time, t% current solution

t' simulate(r, m)
if 19>t then

m m++
else
m m
end if
end while

4.2 Simulation Tool Development by Natural Language Processing

To model and simulate the problem, and to enact the Gradient Condesasd™ algorithm, we developed a suitable
software tool. Abandoning traditional software engineering methodologiesand rapidly accelerating towards a
glorious new future, we developed the tool purely by Natural Language Procssing, as shown in Figure2.

We build our tool on the popular WolframAlpha low-code [Sahay et al., 2020 platform (Figure 2a). Low-code
platforms, as the name suggests, allow lowly quali ed commoners/peasant§i.e., anyone who does not consider
C++ and vim [ Pedia, 2022¢ the superior programming language and environment formany software engineering
task from deep space telescope control to scripting Excel sheets ptsomehow magically create software. This
is potentially undesirable, as software programmers must be made to seer through learning about pointers and
assembly programming. However, low-code is a really big buzzword riglnow, so we'll do it for the keyword.

The full source code of the tool shown in Listingl is entered into the platform (Figure 2b). Subsequently, the
Enter is pressed, and the platform generates the tool (Figurec). Of course, this is a rudimentary end-product,
further evidencing how far Al currently is from world domination. Ou r superior human intelligence is required
to improve the tool to be able to work with masses (Figure2d).
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¥ WolframAlpha i ¥ WolframAlpha e

[Enter what you want to calculate or know about H} [ gravitational time dilation o8
B NaTURAL LANGUAGE | [ MATH inpuT ES EXTENDED KEVEOARD 53 EXAMPLES % UPLOAD 34 RANDOM ¥ NATURAL LANGUAGE | [ MATH INPUT S EXTENDED KEVBOARD 133 EXAMPLES % UPLOAD 34 RANDOM
(a) The WolframAlpha platform (b) The full source code of our software
computational compu na
¥ WolframAlpha s M WolframAlpha e
gravitational time dilation H} [ gravitational time dilation =]
¥ NATURAL LANGUAGE | J5 MATH INPUT [E9 EXTENDED KEVEOARD 33} EXAMPLES % UPLOAD 34 RANDOM R nATURAL LANGUAGE | [fs MATH INPUT [ EXTENDED KEYBOARD  §ii EXAMPLES # UPLOAD 3@ RANDOM
Computational Inputs: Computational Inputs:
Calculate: | time seen by stationary observer = Calculate: | time seen by stationary observer =
» time in rest frame: 1s » timeinrestframe:  [1s
» gravitational acceleration: | 2x10%1 g » radius: 12km
» radius 12km » mass 1 solar mass
Assuming gravitational acceleration | Use mass instead Assuming mass | Use gravitational acceleration instead
(c) Generated tool with an absolutely preposterous default (d) Properly congured tool thanks to the superior
con guration. Of course | want to use mass instead human-intelligence-in-the-loop

Figure 2: End-to-end development process of the tool

Listing 1: Full source code of the tool.
gravitational time dilation

The tool is available as an open-source project:

WATERFALL AGILE Low-code + NLP
CONCEPT

DEVELOP DEVELOP

DESIGN
REITE E

o mnmmmmm——m) @

DEVELOP i‘ NO TOOL YES TOOL

DESIGN DESIGN

TEST

Figure 3: The hassle of traditional and agile software engineering vlw-code + NLP

Figure 3 compares all the hassle of traditional software engineering (such as wateitl) and agile approaches,
with the beauty, elegance, and simplicity of our approach. In Section6 we will consider rewriting the whole
paper focusing on this contribution alone. Also, in future work we will o er "'YES TOOL' seminars to convince
middle-managers that we should be hired as consultants. Many pro ts awai

As a caveat, we note that we wanted to work with a tool that calculates dilation in days, but only found this
one that converts everything to minutes. Being the experiencedesearchers we are, we immediately recognized
the illusion of requirements [Ralph, 2013 and settled for what we had.

~https://www.wolframalpha.com/input?i=gravitational+ time+dilation&assumption=%7B%22F%22%2C+
%22TimeDilationGravitational%22%2C+%22r%22%7D+- %3E%1 2+km%22&assumption=%7B%22FS%22%7D+-%3E+%7B%7B%
22TimeDilationGravitational%22%2C+%22t0%22%7D%7D&asimption=%7B%22F%22%2C+%22TimeDilationGravitationaP622%2C+%22t0%
22%7D+-%3E%221+s%22&assumption=%7B%22F%22%2CeBt2idmravitational%22%2C+%22M%22%7D+-%3E%221tanrmass%22
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4.3 Calculation and results

For our calculations, we x the following variables:
" t =190 days,
" r=0.535m

According to the Canadian Centre for Occupational Health and Safety (CCOHS) \a basic workstation - such
as a call center" has \107-132 cm x 152-183 cm" ""'Minimum™ """Requirement™"" Ranges" [ CCOHS, 2023.
Other o ce types have larger requirement ranges, thus, we choose th basic Canadian workstation as the basis of
our calculations to minimize existential threats to validity. Give n a 107cm 152cm o ce, the radius of IRCC-1
cannot be larger than 53.5cm, or, 0.535 meters.

In accordance with Algorithm 1, we will use the xed t and r values to calculate candidate solutions using the
tool. We continue the calculations until we nd a con guration that resu Its in 190 observed days outside of the
IRCC o ce, and 119 observed days inside the IRRC o ce. (For the detail ed data, see the replication package in
the Appendix, and Table 2.) Table 1 shows the steps of calculation. Columnsn and t° show the estimated mass
of IRCC-1 , and the resulting observed time in the rest frame, respectivgl The next column shows whether t'
as a solution is acceptable or not, disrespectivel§. The acceptability of the solution is determined by checking
whether t®2 [t° 1 ;t°+ 1 ], as discussed in Sectior.1.

Table 1: Steps of calculation

m t Acceptable? required action

1M (radius within the Schwarzschild radius) Kinda (See Lemma 4.1.) Nincrease

10M 173 days 12 hours 50 minutes First Yes Nincrease

40M 110 days 6 hours 26 minutes Multi Yes Hdecrease

35M 123 days 2 hours 12 minutes Mo-mo-mo-monster Yes Nincrease

37.5M 116 days 20 hours 30 minutes UnstoppabYes Hdecrease

36.5M 119 days 9 hours 21 minutes Ultra Yes Nincrease

36.75M 118 days 18 hours 16 minutes Wicked Sick Yes Hdecrease

36.7M 119 days Holy Yes! 3 Draft Turing Award

acceptance speech

] The mass of black hole IRCC- 1 is estimated to be 36.7 Earth masses.

5 Discussion

In this section, we discuss the potential mitigation and solution strategies to the problem outlined previously.

5.1 Towing IRCC- 1 with a eet of 2021 Post-COVID Chevy Tahoes

The rst solution we investigate is towing IRCC-1 out of IRCC's o ce. We choose a 2021 Post-COVID Chevy
Tahoe as the basis of our assessment. Such a vehicle, equipped with.8L V8 engine, possesses a 8400lbs towing
capacity [Sansing, 202, equivalent to 7.5902275769746E-26 Earth MassedM( ). To mitigate the threats to
external validity, we also calculate that 8400lbs are equal to 2.3873263157895E-28 Jupit®lasses. This way,
potential IRCC o ces which are placed on the surface of the Jupiter can be handled as well.

To completely bypass threats of external validity (as this sounds scary), and turn them into opportuni-
ties of external validity, we calculate that 8400lbs are equal to 2.7315930097516E+26 Atomic MasHEnits.
Since everything is made of atoms, this formula now makes our approach appable to everything, including
but not restricted to: planets, Universal and Disney Turing Machines, left-handed optical mice, vilied pro-
grams Bovik and Rude, 198§, and hyper-driven devices Bovik and Fakir, 1988].

According to the well-established domain-speci c safety best pratices [Blue, 2021, one should never exceed
the vehicle's towing capacity, and it's best to never come within10% of that total. Thus, we calculate, that the
towing capacity is equal to 8400 0.9 lbs = 6.83120481927714E-2M

8As demanded by the Gradient Condescend ™ algorithm.
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We use the following formula to calculate the number of 2021 Post-COVID Gevy Tahoes required to tow
IRCC-1 :

_ Mirce- 1 1
) = 09’ 1)

where

" Mgeec- 1 =36.7 M (Section 4.3),

= 6.83120481927714E-26/1

1 -
and 47 is the safety measure.

We need ) = 5.372405157057418868584081746702E26 2021 Post-COVID Chevy Tahoes to tow
black hole IRCC- 1 .

Cost assessment

We estimate the price of a new 2021 Post-COVID Chevy Tahoe to be USD50.000 This gives us USD2.7E31 as
the cost of towing the black hole. Material costs of connecting the carsin ation and static friction are omitted.

Time assessment

The global GDP in 2021 amounted to USD95E12. A conservative estimation gives us 2.84F years of global
production to pay for the Chevy Tahoes required to tow the black hok. For comparison, the Universe is estimated
to be 13.77E9 years old. For visual comparison, see Figure For causing panic (especially for marketing reasons),
please, refer to Figureda. For confusing people with scales no one can relate to (especially focienti ¢ reasons),
please, refer to Figure4b.

Timeneededto produceenoughGDPo tow the Sameasthe other but on alessdramaticlog scale

blackhole comparedto the ageof the Universe 1.00E+18
3.00E+17 1.00E+16
1.00E+14

2.50E+17
1.00E+12
2.00E+17 1.00E+10
1.50E+17 1.00E+08
1.00E+17 1.00E+06
1.00E+04
5.00E+16 1.00E+02
0.00E+00 1.00E+00

Ageof the Universe GDHEme horizon Ageof the Universe GDEme horizon

(a) Comparison of the time needed to produce enough GDP (b) Comparison of the time needed to produce enough
to tow the black hole, and the age of the Universe (dramatic GDP to tow the black hole, and the age of the Universe
scale) (logarithmic scale)

Figure 4. Comparison of the time needed to produce enough GDP to tow théolack hole, and the age of the
Universe

Feasibility assessment

It does not seem to be feasible to solve the problem at hand by towinglack hole IRCC-1 out of the IRCC o ce
in the foreseeable future. Or in the non-foreseeable, for that matter

' Equal to about 62,700 CAD or quite a bit of Canadian Tire Money (CTM). Readers should however note that CTM can be
deceivingly valuable [ Hrvatin, 2017 ]
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5.2 Constructing another black hole that will swallow IRCC- 1

After showing that towing the black hole with a eet of Chevy Tahoes is not feasible, we could investigate a more
radical and innovative option: constructing a black hole that can attract IRCC-1 , pulling it out of the o ce,
and eventually consuming it. Such an approach opens up great opportunite in strategically placing the newly
created black hole to warp or stop time where it is actually useful, for @ample, in the tax o ce.

This investigation requires thorough consideration of the location of thenew black hole, thus, we only outline
the solution here and will elaborate on it in future work.

We suggest using the domain-speci ¢ tool from the award-winning Omicalculator suite’, that has been
recognized as theNice Gravitational Force Calculation Tool of 2020 by Je Mangum [CHIRAG, 2020].

Figure 5 shows the uniquely supreme integrated user experience provéd by the graphical user interface of
the Omnicalculator suite. While calculating, the suite also allows the user to carry out the following tasks.

Learn about the newest developments of the hardware industry and the sgci cations of an unspeci ed
DELL computer, probably a laptop.

Apply for jobs. (We're hiring! )
Check out 66 other calculators of the suite.

Learn about the 4.5— rating of the calculator, suggesting a higher-than-average computational gecision
and faster-than-IRCC execution.

We're hiring!  Embed  Share via (©) @ () ( Q)

Gravitational Force
Calculator

Created by Bogna Sayk

Mass 1 (M)

Mass 2 (m) suns Reviewed by Steven Wooding
Last updated: May 21, 2021

Distance (R)
Gravitational force (F)
Table of contents:

©  Gravitational force definition

© Whatis the gravity eq

© How to use the gravity formula?

Check out 66 similar classical mechanics calculators

Acceleration Belt length

Brake Mean
Effective Pressure ~.63more >
(BMEP)

Figure 5: Integrated user experience in the Omnicalculator suite, he rst known Massively Multitasking Online
Result-Producing Gadget (MMORPG)

This unique combination of features renders the Omnicalculator sui¢ a Massively Multitasking Online Result-
Producing Gadget (MMORPG), the rst of its kind. Consequently, ¢ alculating the gravitational force required
to pull IRCC-1 out of the o ce becomes a ridiculously trivial task.

6 Scope of the Paper

After considering rewriting this paper to focus more on the groundbeaking results in Figure 3, we decided to
keep the scope of the paper as it is and rewrite it after the conference

T https://www.omnicalculator.com/physics/gravitationa I-force
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7 Conclusion

The word conclude comes from two Latin components: a)con meaning completely, and b) claudere meaning to
enclose How tting. Just as you, dear reader, are ensnared amongst the written taps of this overly verbose
conclusion, and just as we are engulfed in the maelstrom of the publishnd-or-perish Faustian bargain, so too
are the poor o ce workers at Immigration, Refugees, and Citizenship Canad (potentially) trapped beyond the
event horizon of a black hole.

In this paper we formalized black holes, introduced methodologies,aols, and opened up novel ways of thinking
about computer science at large. Our results show that IRCC is beyondepair.

Our future studies will involve salami-style publishing of many conceptual reference frameworks regarding
this important issue. Drinks are also foreseen.

8 Post-submission conclusion

In an unexpected turn of events, the visa extension investigatedn this paper got approved two days after the
submission.

APPENDIX: Replication package

This appendix contains the data required to replicate our results.

Table 2: Originally estimated and eventual IRCC processing times

Participant 1D Originally estimated processing time Eventual pro cessing time
R-177—" 9424 119 190*

*and counting  * not anymore
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1 Introduction

Consider the universe we live in right now. We are all governed by seral scienti ¢ laws of nature such
as Newton's laws and many more. These laws create harmony in our universereating a natural system
of order. We can say these laws restrict possible states of being astife universe is being statically type-
checked. We can measure states of being as we progress forwards in timeour universe, but there are also
many things far beyond our comprehension. One of these things is potemti parallel universes which can be
hidden inside theoretical wormholes in black holes.[10]

All of this is simply a metaphor for programming languages. We start by de ning the laws that govern
the universe: the structural operational semantics. We can also pra¥ the harmony and safety of these laws
to show that our universe is stable in existence. Once this is achved, we can write code in our language
that type-checks, essentially the matter of our universe, and watchhow it behaves as it executes.

In fact, every time we create a new programming language, we are de ning parallel universe![9] The way
of reasoning in one language is di erent from the methodology of another languageThis extends far beyond
a simple syntax renaming: the information that can exist in the universe is altered due to the fundamental
rules of the language.

In this paper, we take a look at the wormholes between programming languageniverses in an attempt
to understand the interaction between these universes via logic ahdata transfer. In doing so, we uncover
ingenious ways to perform computation, utilizing the computational power of alternate universes. This lens
also allows understanding old ideas in a new way, suggesting alternag ways of creating compilers.

2 Compilers

Surprisingly, there is already a commonly used name for wormholes betwen universes: compilers. Compilers
are structures that convert the logic and computational content in one langlage to that of another. As such,
they act as a one-way ticket from a source to the target language.

Typically, compilers are considered separate entities that are not pdrof the programming language
universe itself. The fact that we need to cross so many universe bolaries makes the compilation extremely
ine cient in maintaining the expressive capacity of the program.

21 SML ! C! TAL

Let's compile a Standard ML (SML)[4] program into Typed Assembly Language (TAL).[5] We write a
compiler in C to do this conversion. If we think of each of these programrimg languages to be their own
separate universe, then the C compiler exists in the C universe kile the source code exists in the SML
universe. The goal is to utilize the object of the C universe to telport the SML code into the TAL universe.
We are capable of seeing the SML universe object in the C universe. his is done in a very clumsy
way: through a syntax protocol. The SML code is expressed on paper vide ning syntax arbitrarily for
the di erent components of the language. This is then saved to a text le which is a rudimentary logic that
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< Expressive Capacity of Logic 2

Figure 1. Compilation Expressiveness

exists in all of the programming languages universes. Then the C compildakes this le and operates on it
via a parser. This is known as creating an abstract syntax tree (AST).

Consider the logical interpretation present at each stage of this transpdation. We start in the SML
universe with all the expressive power of SML, then we strip awayall the expressiveness by converting it into
a text le. This is a thinning down of the logic to make it easy to transfer. Upon entering the C universe,
the compiler attempts to give back meaning to the text it is parsing, aeating a simulated version of the
SML universe to gain back some of the logic we had before. This thinning @vn and building back up of
logic seems redundant.

We are not done here yet. We then create various intermediate represéations and logics of the program
we are compiling, de ning various logical principles in the C universe. TAL expresses things in a di erent
way than SML does, so we need to simulate all the changes in logic via riiple phases of compilation,
increasing the logical interpretation of the program itself. Once all this is done, we save it to another le in
the arbitrary syntax de ned for TAL.

This out- le is transferred to a separate universe again, the TAL universe, where it can be executed in a
comprehensible way on real-world computers. There can be further amipulations of this code as we need
to increase our logical interpretat