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I suppose it is tempting,  
if the only tool you have is a hammer,  
to treat everything as if it were a nail





~ Gartner (also Dell & IBM)

[…] by 2025, 75% of data will be processed 
outside the traditional data centre or cloud

https://www.gartner.com/smarterwithgartner/what-edge-computing-means-for-infrastructure-and-operations-leaders
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• CTO at Fission


• https://fission.codes, @FISSIONCodes


• Infra & browser SDK for "edge apps"


• Local-first, E2EE/EAR, distributed, passwordless


• Standards: DIF, UCAN, Ethereum, Multiformats, others


• Elixir: Witchcraft, Algae, Exceptional, &c
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How We Got Here
📠📲

"Historical Reasons"
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💁 🖥
💁 🖥

💁 🖥
⚙🐙
⚙

⚙
🗃

🗃

🗃

🔐

🔐

🔐

🌩
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(AKA more servers)
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• Single source of truth ("the" database)

• Server-centric


• "Full stack development"


• DevOps, Docker, k8s


• How to train enough engineers?

• Infrastructure Hegemony


• AWS (60%), GCP, Azure

Natural Consequences 🍃
Motivation 🎭
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A New Environment
Video Killed the Radio Star

🏝
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New Environment
New Environment 🛰

Then 📠 Now 🚀

Need Convenient 💁 Critical 🚨

Location Data Centre 🏢 Powerful Clients (M1, IoT) ⌚🚙👟

Access 🖥 📱

Bottleneck Bandwidth 🚚 Latency ⏲

Market 🇺🇸🇪🇺 🌎🌍🌏 ... 🌔



Science Fiction → Reality
High Volume 📢

• Remote surgery


• Extended reality


• Autonomous vehicles


• Location transparency


• Competitive cloud gaming


• Realtime manufacturing


• Continuous ML Literal brain surgery over 5G

3,000km ~ 1,900mi
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Relativistic Computing
The World is Changing
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Moore's Law. But make it networked.
New Environment 🛰
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What 8ms Looks Like
Low Latency 🐇

Austin ➡ San Francisco 
Ideal Vacuum 💫

Austin 🔁 (almost) Atlanta 
Ideal Vacuum 💫

Austin 🔁 New Orleans 
Ideal Fibre 🧶
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Friendly Neighbourhood Compute
New Environment 🛰

• 5G networks & Starlink 🛰


• Straight line point-to-point


• PoP directly on the tower 🗼📀 

• Walmart's Edge


• 90% Americans < 10mi [16km]
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On the Edge
Functional Programming

🧗





~ Chris McCord, What Makes Phoenix Presence Special

Instead of [...] “which database would be best 
to hold presences?”, we could ask “how can 
we best replicate data in a distributed 

system without the user having to 
worry about it?” 

 
With Elixir, you are empowered to tackle 

problems that in other platforms  
would feel impossible to solve
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Phoenix Inside Out 🐣
On the Edge 🧗

🖥
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Mo Distributed Mo Problems
On the Edge 🧗

Property Consequence

Casual islands No single source of truth!

Local first How to do coordination?

Replicate/run on any machine ACLs fail (for reads, many writes)
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• If network partition, either:


• Availability (A) ✅ Uptime!


• Consistency (C)

• Else (E) running normally, either:


• Latency (L) ✅ Speed!


• Consistency (C)

CAP → PACELC 📦🦌
On the Edge 🧗

C

A L

EP
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On the Edge 🧗

• New assumptions → new architecture → new features


• Local-first → network efficient


• Data can run anywhere → commons networks
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Rob Pike, 5 Rules of Programming

Data dominates. If you've chosen the right 
data structures and organized things well, the 
algorithms will almost always be self-evident.


Data structures, not algorithms,

are central to programming.
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Amdahl’s Law

Incoherence,

Data Contention

"With a Little Scale From My Friends"
Ideal (Linear)

Global Adaptive  
Memoization

🤯
Th
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ut

Parallelization 

Universal Scaling Law
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New Environment
Where Do We Go From Here?

Then 📠 Now 🚀

Need Convenient 💁 Critical 🚨

Location Data Centre 🏢 Powerful Clients (M1, IoT) ⌚🚙👟

Access 🖥 📱

Bottleneck Bandwidth 🚚 Latency ⏲

Market 🇺🇸🇪🇺 🌎🌍🌏 ... 🌔
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A Better Future on the Edge
Where Do We Go From Here?

Embrace the distributed nature of the internet:

1. Only replicate what you need to

2. Remember that data propagates relativistically

3. Free yourself from intrinsic time



🎉 Thank You, ElixirConf 🇺🇸
brooklyn@fission.codes


https://fission.codes

github.com/expede


@expede

mailto:brooklyn@fission.codes
https://noti.st/expede
http://github.com/expede


🎉 Thank You, ElixirConf 🇺🇸
brooklyn@fission.codes


https://fission.codes

github.com/expede


@expede

mailto:brooklyn@fission.codes
https://noti.st/expede
http://github.com/expede


🎉 Thank You, ElixirConf 🇺🇸
brooklyn@fission.codes


https://fission.codes

github.com/expede


@expede

mailto:brooklyn@fission.codes
https://noti.st/expede
http://github.com/expede




Mutable Pointers
It’s All About that Data 📊

• Single-source server/client


• DNS: hostname → IP address


• PIDs: number → address


• Focused: physical network


• Referential opacity (same PID, different data)

%{node_id => %{path => content}}
send(:example@42.123.45.6, :ping)

mailto:me@10.0.1.2


Mutable Pointers
It’s All About that Data 📊

• Single-source server/client


• DNS: hostname → IP address


• PIDs: number → address


• Focused: physical network


• Referential opacity (same PID, different data)

P H Y S I C A L  L O C AT I O N  🗺

%{node_id => %{path => content}}
send(:example@42.123.45.6, :ping)

mailto:me@10.0.1.2


Mutable Pointers
It’s All About that Data 📊

• Single-source server/client


• DNS: hostname → IP address


• PIDs: number → address


• Focused: physical network


• Referential opacity (same PID, different data)

P H Y S I C A L  L O C AT I O N  🗺

V I R T U A L  A D D R E S S  📬

%{node_id => %{path => content}}
send(:example@42.123.45.6, :ping)

mailto:me@10.0.1.2


Consistent Keys
It’s All About that Data 📊

• Above virtual address


• Focused: data itself


• Same for everyone & everywhere


• Perfect for caching


• Immutable data++


• Consistent pointers → consistent data

%{hash(content) => content}



Consistent Keys
It’s All About that Data 📊

• Above virtual address


• Focused: data itself


• Same for everyone & everywhere


• Perfect for caching


• Immutable data++


• Consistent pointers → consistent data

C O N T E N T  I D  ☃

%{hash(content) => content}

P H Y S I C A L  L O C AT I O N  🗺



Consistent Keys
It’s All About that Data 📊

• Above virtual address


• Focused: data itself


• Same for everyone & everywhere


• Perfect for caching


• Immutable data++


• Consistent pointers → consistent data

C O N T E N T  I D  ☃

%{hash(content) => content}

P H Y S I C A L  L O C AT I O N  🗺

V I R T U A L  A D D R E S S  📬



It’s All About that Data 📊

Hash-Based Relationships



It’s All About that Data 📊

Hash-Based Relationships

{ 
  Qm123456…: { 
    data: nil, 
    links: [ 
      {name: “company”, hash: Qmabc…} 
      {name: “industry”, hash: Qmzyx…} 
    ] 
  } 
}

CID ~ Data PID



It’s All About that Data 📊

Hash-Based Relationships

{ 
  Qm123456…: { 
    data: nil, 
    links: [ 
      {name: “company”, hash: Qmabc…} 
      {name: “industry”, hash: Qmzyx…} 
    ] 
  } 
}

{ 
  Qmabcdef…: { 
    data: “Fission”, 
    links: [ 
      {name: “city”,  hash: 
Qm1gb…}, 
      {name: “about”, hash: Qm0eN…} 
    ] 
  } 
}

CID ~ Data PID



It’s All About that Data 📊

Hash-Based Relationships

{ 
  Qm123456…: { 
    data: nil, 
    links: [ 
      {name: “company”, hash: Qmabc…} 
      {name: “industry”, hash: Qmzyx…} 
    ] 
  } 
}

{ 
  Qmabcdef…: { 
    data: “Fission”, 
    links: [ 
      {name: “city”,  hash: 
Qm1gb…}, 
      {name: “about”, hash: Qm0eN…} 
    ] 
  } 
}

Qm123456…/company/about/ceo 
=> “Boris Mann”

CID ~ Data PID



It’s All About that Data 📊

Content IDs Are Easy



Different Clients ~ Schema Drift 🔍
Decentralized Systems 🌈

Source: Project Cambria, Ink & Switch 
https://www.inkandswitch.com/cambria.html



Evolving Toolbox
High Volume 📢

P2P

Cloud


Serverless

Local First


Offline

Commons 
Networks

Geographic 
Sync



Why Elixir?
On the Edge 🧗

• Data-oriented, immutable


• Code-as-data 🔄 data-as-code


• Shared-nothing architectures


• Easy concurrency, distributed systems


• Actor model → OCAP


• Build up complexity from simple parts





~ Chris McCord, “What Makes Phoenix Presence Special”

We have a system that applies cutting edge CS 
research to tackle day-to-day problems in the 
applications we all write. 
 
Phoenix Presence

- has no single point of failure 

- has no single source of truth 

-[...]

- self heals



Earth is Just Too Big! 🌏
Low Latency 🐇

• Ideal 40ms one-way


• SF ➡ Austin, Vancouver, London, Tokyo


• SF ❌ Cape Town, Sidney, Rio de Janeiro

Credit: Keenan Crane 
http://www.cs.cmu.edu/~kmcrane/Projects/ModelRepository/

http://www.cs.cmu.edu/~kmcrane/Projects/ModelRepository/
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Consequence
What does this all mean?

🌋
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Primary Progression
Consequence 🛸

1. Embrace the distributed nature of the internet 🤗

2. Universal IDs (without coordination)

3. Direct access control

4. Cache friendliness

5. Relativistic databases

6. Interoperable formats (across time & team)

7. Efficient replication
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Minimal CRDT From Smaller Blocks
It’s All About that Data 📊

Sibling / Concurrent



Data > Compute
Getting Ready 🍱

• Pure data-focus frees you!


• Clarify “real” dependencies on data


• Direct auth, OCAP



What Even Is a "Server"?
Motivation 🎭

1. Multi-tenant auth gatekeeper


2. Uptime / resource availability


3. Out-of-band compute (e.g. batch tasks, cron, OLAP)



Can't Go Faster, Make Shorter Trips
Low Latency 🐇
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