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When everything's
in the cloud

... we are dependent on the Internet
... we are limited in how we can work

... we are excluding people



Working Offline?

in the Olden Days, we didn't
always have a connection

local file storage, manual sync



Offline-first is the standard for
development

we like working offline
no one wants to use Subversion nowadays

why do we ask our users for connectivity?






Hello

world!

Hello Hello,

world world!












Lattices

mathematical structure

abstract definition of ordering



interface Lattice<T> {
join(left: T, right: T): T;
Llteq(left: T, right: T): boolean;
}

// 1. join(x, y) == join(y, X)

// 2. join(x, x) == X

// 3. join(x, join(y, z)) == join(join(x, y), z)
// ...






const divisionLattice: Lattice<number> = {
join(left: number, right: number) {
return leastCommonMultiple(left, right);

b

Llteq(left: number, right: number) {
return right % left == 0;

}



Conflict-Free Replicated Datatypes



Example: G-Sets

U

{Skyr,
>
Grapefruit}

{Skyr, Cereal,
Grapefruit}

{Cereal} /




Tombstones

deletion is not monotonic (X

solution: mark as deleted



Example: 2P-Sets

{Skyr, cered, {Skyr, Cereat;

Grapefruit} Grapefruit, Tea}

{Skyr, Cereal,

{Skyr, Apple, Cereal;

Grapefruit} Grapefruit, Tea}

{Skyr, Apple,

Cereal, Grapefruit}



Vector Clocks

each of the n devices gets its own timestamp
the global timestamp for all devices is
composed of those n timestamps

it represents the last known state



Vector Clocks
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Example: MV-Register




eventually converge,

eventually-reliable
point-to-point channels.






%> Automerge



Automerge

JavaScript Library for Browser & Node
offers JSON documents as datatype
_ they are CRDTs



Usage
docl = Automerge.from({ todos: [] })

doc2 = Automerge.change(docl, 'Add cereal', doc => {
doc.todos.push({ text: 'Cereal', done: false })

})

doc3 = Automerge.change(docl, 'Add skyr', doc => {
doc.todos.push({ text: 'Skyr', done: false })

})

doc4 = Automerge.merge(doc2, doc3)
// contains traces of cereal & skyr









https://github.com/innoq/groceries


https://github.com/innoq/groceries
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CRDT

List
as HTML

POST

the new item

Browser




Server

CRDT

Changes
via SSE

POST

the changeset

Browser

CRDT




Subscribe via SSE

const source = new EventSource("/stream");
source.addEventListener("message", (ev) => {
List.applyChanges(ev.data);

)



Push Changes

class

List {

constructor() {
// ...

T
T

[]1;

n1s.changes

N11s.lnterval =
setInterval(this.pushChanges.bind(thtis), 1000);



Push Changes

async pushChanges() {
try {
awailt fetch("/", {
method: "POST",
headers: { "Content-Type": "application/json" },
body: JSON.stringify({ changes: this.changes }),

})s
this.changes [ 1;

} catch(e) { /* ... */ }



More Features

other datatypes
Counter
Text (collaborative editing)

table
P2P with


https://www.inkandswitch.com/peritext/
https://github.com/automerge/hypermerge
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