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Language is an instrument  
of human reason, and not merely a medium  

for the expression of thought

– George Boole





Daring ideas are like  
chess pieces moved forward.  

They may be beaten,  
but they may start a winning game.

– Goethe
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My Obsession

The BEAM does so much right +
In many ways, we're actually ahead of the industry

(mainly using ideas from the late 80s ,)
...but our lead won't last...

Where do we go from here?
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The Pit of Success

In stark contrast to a summit, a peak, or a journey across a 
desert to find victory through many trials and surprises,  

we want [devs] to simply fall into winning practices 
by using our platform and frameworks. To the extent 

that we make it easy to get into trouble we fail.
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– Rico Mariani, Microsoft Research MindSwap 2003
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Sources of Inspiration

7 Things I've seen work in production
8 Ideas from the 70s & 80s
9 Functional Pearls
: Programming language research
; Distributed databases
< Other ecosystems (e.g. Scheme, OCaml, Haxl, Racket)
= Criminally underused Elixir features
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Aside: "Accidentally" Turing Complete

https://harrisonwl.github.io/assets/courses/malware/spring2017/papers/mov-is-turing-complete.pdf 
https://github.com/ealter/vim_turing_machine 

https://github.com/Microsoft/TypeScript/issues/14833 
https://vanbever.eu/pdfs/vanbever_turing_icnp_2013.pdf 

https://arxiv.org/pdf/1904.09828.pdf 
https://softwareengineering.stackexchange.com/a/136179



• x86 MOV (just by itself) 

• Vim Normal Mode 

• BGP 

• Peano arithmetic 

• Musical Notation 

• Sendmail's Config
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Aside: "Accidentally" Turing Complete

https://harrisonwl.github.io/assets/courses/malware/spring2017/papers/mov-is-turing-complete.pdf 
https://github.com/ealter/vim_turing_machine 

https://github.com/Microsoft/TypeScript/issues/14833 
https://vanbever.eu/pdfs/vanbever_turing_icnp_2013.pdf 

https://arxiv.org/pdf/1904.09828.pdf 
https://softwareengineering.stackexchange.com/a/136179

• TypeScript's Type System 

• Magic the Gathering 

• Pokemon Yellow 

• Unicode (conjectured)
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The bottom line is that  
the more powerful a language 

(i.e. the more that is possible within the language), 
the harder it is to understand systems 

constructed in it
– Ben Mosley & Peter Marks, Out of the Tarpit
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Components: 4
Results: All of computer graphics

J

K L
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Building Up & Tearing Down
✨ An AST of Your Own ✨

NO



Shallow Pipes 
Building Up & Tearing Down NO

https://hexdocs.pm/ecto/Ecto.Changeset.html#module-validations-and-constraints



• Just use the built-in AST 

• What it can represent is limited 

• Single, canonical implementations 

• e.g. most libraries 

Shallow Pipes 
Building Up & Tearing Down NO

https://hexdocs.pm/ecto/Ecto.Changeset.html#module-validations-and-constraints



Shallow Pipes 
Building Up & Tearing Down NO

https://github.com/witchcrafters/algae/blob/main/lib/algae/tree/binary_search.ex



Shallow Pipes 
Building Up & Tearing Down NO

https://github.com/witchcrafters/algae/blob/main/lib/algae/tree/binary_search.ex



Shallow Pipes 
Building Up & Tearing Down NO

https://github.com/witchcrafters/algae/blob/main/lib/algae/tree/binary_search.ex



Shallow Pipes 
Building Up & Tearing Down NO

https://github.com/witchcrafters/algae/blob/main/lib/algae/tree/binary_search.ex



Shallow Pipes 
Building Up & Tearing Down NO

https://github.com/witchcrafters/algae/blob/main/lib/algae/tree/binary_search.ex



M a t h e m a t i c s

P h y s i c s

B i n a r y

x 8 6  /  A R M  /  R I S C - V

K e r n e l  s y s c a l l s

B E A M  b y t e c o d e

E l i x i r  A S T

E l i x i r  L a n g u a g e

L i b r a r y  /  F r a m e w o r k

A p p l i c a t i o n  D o m a i n

G U I  M e t a p h o r

N a t u r a l  L a n g u a g eWhatever You Want It To Be
Building Up & Tearing Down NO



There is nothing sacred  
about Elixir's AST; 

it's just well suited  
for its ecological niche

M a t h e m a t i c s

P h y s i c s

B i n a r y

x 8 6  /  A R M  /  R I S C - V

K e r n e l  s y s c a l l s

B E A M  b y t e c o d e

E l i x i r  A S T

E l i x i r  L a n g u a g e

L i b r a r y  /  F r a m e w o r k

A p p l i c a t i o n  D o m a i n

G U I  M e t a p h o r

N a t u r a l  L a n g u a g eWhatever You Want It To Be
Building Up & Tearing Down NO



There is nothing sacred  
about Elixir's AST; 

it's just well suited  
for its ecological niche

M a t h e m a t i c s

P h y s i c s

B i n a r y

x 8 6  /  A R M  /  R I S C - V

K e r n e l  s y s c a l l s

B E A M  b y t e c o d e

E l i x i r  A S T

E l i x i r  L a n g u a g e

L i b r a r y  /  F r a m e w o r k

A p p l i c a t i o n  D o m a i n

G U I  M e t a p h o r

N a t u r a l  L a n g u a g eWhatever You Want It To Be
Building Up & Tearing Down NO



Invocation & Rewriting
Building Up & Tearing Down NO



1. Build a game plan

Invocation & Rewriting
Building Up & Tearing Down NO



1. Build a game plan

2. Transform (optional)

Invocation & Rewriting
Building Up & Tearing Down NO



1. Build a game plan

2. Transform (optional)

3. Tear down
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Interpreter

Why not use a protocol? 
Canonicity!
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Movement!
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We are only drawing a most important distinction — between 
discovering something and inventing something.  
But mathematicians make the most important discoveries. 

– Alan Turing, via Wittgenstein's Lectures on the Foundations of Mathematics
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Have no truck with the  
grubby compromises  

of imperative programming
— Simon Peyton Jones
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Elixir is surprisingly imperative, 
yet gives you all the tools of equational reasoning 

...so let's use them!

Purify Your Effects 3⛑R

Tools Down
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Pure Functions

Managed E!ects

Imperative

4-Layer Architecture
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5 Action

SInformation

Unstable T

Stable U



Purified Actions
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Humans are Terrible at Concurrency X



The main way of dealing with concurrency has been 
reduced to sequential reasoning [...]  

it requires to cope with many possible, unpredictable 
behaviors of process, and the communication media 

Everything is NOT reducible to sequential thinking

— Sergio Rajsbaum & Michel Raynal, 60 Years of Mastering Concurrency Through Sequential Thinking

Implicit Parallelism W

Humans are Terrible at Concurrency X
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Amdahl’s Law

Incoherence, 
Data Contention

Ideal (Linear)

Th
ro

ug
hp

ut

Parallelization 

Universal Scaling Law

Coordination Costs
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It's only data provenance if it's  
derived from the Provence region of France. 

Otherwise it's just sparkling metadata.
– Adapted from @onfiv

Metadata in Motion mn



Proof Carrying Code
Metadata in Motion mn



Proof Carrying Code
Metadata in Motion mn



Proof Carrying Code
Metadata in Motion mn



Proof Carrying Code
Metadata in Motion mn



Proof Carrying Code
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mergesort is way easier now



https://kataskeue.com/gdp.pdf 
https://arxiv.org/pdf/1907.07154.pdf
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Provenance++
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A programming language  
influences the way that its users think 
about programming; matching a language to a 

methodology increases the likelihood that 
the methodology will be used

– Barbara Liskov et al, Abstraction Mechanisms in CLU
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1. Add structure & dimension

2. Make reusable DSLs

3. Manage your e!ects

4. Mechanize the hard stu! (e.g. concurrency)

5. Pass around context
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Is this the future?
I don't know! p

We need to experiment with more directions
These are but a few options

Go explore! q
(And share what you find)



r Thank You, Salt Lake City! '
https://lu.ma/distributed-systems 

https://fission.codes/discord 
github.com/expede 

@expede

https://noti.st/expede
http://github.com/expede

