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Local-First Architecture
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v/ Reads & writes feel instant — Great UX!

X Rewrite frontend/backend around sync engine

X Initial sync is slow/unfeasible for big datasets

Writes

Logical replication

X Querying big local datasets is slow - Ul becomes laggy
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Need indexing and optimized querying

o Build your own client-side DB? &L
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Fast apps, no loading spinners Declare what data you need

— Data must be locally available — Not how (HTTP, caching, syncing...)
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What Do We Actually Want?

Great UX Great DX
Fast apps, no loading spinners Declare what data you need
— Data must be locally available — Not how (HTTP, caching, syncing...)

The Challenge:

How to sync data just-in-time so it's available

when the user needs it — without requiring dev to be a &

-> This led us to develop TanStack DB



What is TanStack DB?

Reactive Client-Side Store

Data updates flow automatically to your Ul

Backend-Agnostic Collections

Populate from any data source — REST, GraphQL, sync engines

Incremental Queries
SQL-like queries that update efficiently on changes

Think of it as a client-side database with IVM (Incremental View Maintenance)



Example: Issue Tracker App
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In-page anchor navigation for documentation

Declarative API for installing global DOM event handlers

Imperative API for installing DOM event handlers

Make onChange work for contenteditable

Safari error

Generate docs using JSDoc (or something).

React should support Content Security Policy

“bind(null,..) should work on autobound methods for partial application
this forceUpdate, etc. aren't autobound

“rowspan attribute does not appear in DOM

data-* and aria-* do not accept capital letters.

Inconsistent form input behavior after diff rendering

defaultValue of 0 (number) not shown in text field/area

I'm confused about the keys on dynamic arrays requirement.
Consider warning when using the wrong case for an HTML attribute
Oid jsfiddle links in docs

“defaultValue' for select not working

Confusing results when using a controlled form component with onkeyUp
Support autocapitalize="off"

Link to CDNJS in docs

Radio buttons not working correctly

Computed properties

A snippet that doesn't compile down to pretty jsx

Attaching of onclick handler causes unexpected highlighting in Mobile Safari
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PROJECT
int id PK
string | name
date createdAt
date deletedAt
contains
ISSUE
int id PK
int projectId FK
string | title
enum status todo | in_progress | done
date updatedAt
receives
COMMENT
int id PK
int issueld FK
string | body
date createdAt




Issue Tracker: CRUD API

// api.ts - Standard fetch-based implementation
function getProjects(): Project[] {

return fetch('/api/projects').json()

function getIssues(): Issue[] {
return fetch('/api/issues"').json()

function getComments(): Comment[] {
return fetch('/api/comments"').json()
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Issue Tracker: CRUD API

// api.ts - Standard fetch-based implementation

async function createProject(input: CreateProjectInput) {
const response = await fetch('/api/projects’', {
method: 'POST',
headers: { 'Content-Type': 'application/json' },
body: JSON.stringify(input),
})

return response.json()

}

PROJECT
int id PK
string | name
date createdAt
date deletedAt
T
contains
ISSUE
int id PK
int projectId FK
string | title
enum status todo | in_progress | done
date updatedAt
T
receives
COMMENT
int id PK
int issueld FK
string | body
date createdAt
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Data Collections

// collections.ts
const projectsCollection = createCollection(
gueryCollectionOptions({
queryClient,
queryKey: ['projects'],
queryFn: api.getProjects,
getKey: (p: Project) => p.id,
onInsert: async (project) => {
await api.createProject(project)
}s
onUpdate: async (project) => { /* API call */ },
onDelete: async (project) => { /* API call */ }
})s
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Data Collections

const issuesCollection = createCollection(

queryCollectionOptions({
queryClient,

queryKey: ['issues'],
getKey: (i: Issue) => i.id,
queryFn: api.getIssues,
1)
)

const commentsCollection = createCollection(

queryCollectionOptions({
queryClient,

queryKey: ['comments'],
getKey: (c: Comment) => c.id,
queryFn: api.getComments,

1)

Collections wrap existing API
no backend changes needed
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Issues View

000 O Lineatie

function IssuesList({ projectId, status }) {
const { data: issues } = uselLiveQuery(

@ cecric
7 New Issue

(@) =>
q.from({ i: issuesCollection }) oo
.where(({ i }) => eq(i.projectId, projectId))
.where(({ i }) => eq(i.status, status))
.orderBy(({ i }) => i.updatedAt,

[projectId, status])

'desc'),

if (isLoading) return <div>Loading...</div>

return (
<u1> 2 About

€ > C 0 127.0015173

Allissues 112+ Filter
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Generate docs using JSDoc (or something).
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this.forceUpdate, etc. aren't autobound

“rowspan" attribute does not appear in DOM
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Inconsistent form input behavior after diff rendering

defaultValue of O (number) not shown in text field/area

Im confused about the keys on dynamic arrays requirement.
Consider warning when using the wrong case for an HTML attribute
Old jsfidde links in docs

*defaultvalue® for select not working

Confusing results when using a controlled form component with onKeyUp
Support autocapitalize="off*

Link to CONJS in docs

Radio buttons not working correctly

Computed properties

D Asnippet that doesn't compile down to pretty jsx

D Attaching of onclick handler causes unexpected highlighting in Mobile Safari
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Issue Detail View

function IssueDetail({ issueld }) { I

const { data: rows } = uselLiveQuery( e

(q9) => gq.from({ i: issuesCollection }) o
.where(({ i }) => eq(i.id, issueld)) m
.leftJoin(

{ comment: commentsCollection },
({ i, comment }) => eq(i.id, comment.issueld))
.orderBy(({ comment }) => comment.createdAt, 'asc'),
[issueld]

if (isLoading) return <div>Loading...</div>
const issue = rows[@]!.issue

const comments = rows.map((r) => r.comment)
// render issue + comments

* One declarative query
* Filters and joins use available indexes for efficiency

Clicking PGlite Console throws an error

Unexpected Application Error!

No PGlite instance found, use PGli to provide one

Escalating to the PGlite team
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Adding Comments — Optimistic Writes

// Optimistic insert — UI updates immediately
const addComment =
(issueld: string, text: string) =>
commentsCollection.insert({
id: crypto.randomUUID(),
issueld,
body: text,
createdAt: Date.now(),

1)
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Adding Comments — Optimistic Writes

// Optimistic insert — UI updates immediately
const addComment =
(issueld: string, text: string) =>
commentsCollection.insert({
id: crypto.randomUUID(),

issueld,

body: text,

createdAt: Date.now(), const projectsCollection = createCollection(
}) queryCollectionOptions({

onInsert: async (project) => {
await api.createProject(project)

}s

/] ...

1)
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Adding Comments — Optimistic Writes

Frontend
Reactive Ul

@
optimistic
write
Local
Cache

J

@

API call

confirms write

API

(©)

—P

write

response

Database

Optimistic update shows immediately,; confirmed when APl response arrives

20



Incremental View Maintenance (IVM)

g.from({ i: issuesCollection })
.where(({ i }) => eq(i.id, issueId))
.leftJoin(
{ comment: commentsCollection },
({ i, comment }) => eq(i.id, comment.issueld))
.orderBy(({ comment }) => comment.createdAt, 'asc')
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Incremental View Maintenance (IVM)

g.from({ i: issuesCollection }) How query results update:
.where(({ i }) => eq(i.id, issueId))
.leftJoin( e Don't recompute entire query

{ comment: commentsCollection },
({ i, comment }) => eq(i.id, comment.issueld))

.orderBy(({ comment }) => comment.createdAt, 'asc') e E.g. binary search for sorted insert

e Qutput delta changes

Traditional: Re-run entire query on every change

- O(n log n) for sorting, O(n x m) for joins

IVM: Incrementally update based on the change

- O(log n) for sorted insert, O(max(n, m)) for incremental join
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Incremental View Maintenance (IVM)

g.from({ i: issuesCollection }) How query results update:
.where(({ i }) => eq(i.id, issueId))
.leftJoin( e Don't recompute entire query

{ comment: commentsCollection },
({ i, comment }) => eq(i.id, comment.issueld))

.orderBy(({ comment }) => comment.createdAt, 'asc') e E.g. binary search for sorted insert

e Qutput delta changes

Traditional: Re-run entire query on every change

- O(n log n) for sorting, O(n x m) for joins

IVM: Incrementally update based on the change

- O(log n) for sorted insert, O(max(n, m)) for incremental join

Submillisecond query execution even on large datasets
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Final Problem: Initial Load Times

const issuesCollection = createCollection( const commentsCollection = createCollection(

queryCollectionOptions({ queryCollectionOptions({
queryKey: ['issues'], queryKey: ['comments'],
queryFn: api.getIssues, queryFn: api.getComments,
/] ... /] ...

}) 1

e User just wants to skim a few issues...
e But they wait for ALL data to load first

e |ssues & comments can be very large — doesn't scale!

o Should load them lazily when needed
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Solution: Sync Modes

Eager On-Demand Progressive
All data loads upfront Data loads when needed Start on-demand, sync full
by a query data in background

Best for small datasets Best for large datasets Best for medium datasets

On-demand = Query-Driven Sync

The query expresses what data is needed - system fetches it just-in-time
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Query-Driven Sync — Paginated Issues

// Paginated issues Llist with on-demand Lloading HOW it WOka:
const { data: issues } = useliveQuery(
(q) => q.from({ i: issuesCollection }) 1. Collection starts empty

.where(({ i }) => eq(i.projectId, projectId))
.offset(pageIndex * pageSize)
.limit(pageSize),

[projectId, pageIndex, pageSize])

2. Query expresses demand for page 1
3. System fetches just that page

4. User scrolls = query demands page 2
// Collection configured for on-demand sync

const issuesCollection = createCollection( 5. System fetches next page

queryCollectionOptions({
syncMode: 'on-demand', // <« Key setting!

7 oo
1))
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Query-Driven Sync — Paginated Issues

// Paginated issues Llist with on-demand Lloading HOW |t WOka:
const { data: issues } = useliveQuery(
(q) => q.from({ i: issuesCollection }) 1. Collection starts empty

.where(({ i }) => eq(i.projectId, projectId))
.offset(pageIndex * pageSize)
.limit(pageSize),

[projectId, pageIndex, pageSize])

2. Query expresses demand for page 1
3. System fetches just that page

4. User scrolls = query demands page 2
// Collection configured for on-demand sync

const issuesCollection = createCollection( 5. System fetches next page

queryCollectionOptions({
syncMode: 'on-demand', // <« Key setting!

7 oo
1))

Smart preloading - infinite scroll experience without loading spinners

27



Backend Integration Interface

// Backend integrations implement LoadSubset
type LoadSubsetOptions = {

where?: Expression<boolean>

orderBy?: OrderBy

limit?: number

interface BackendIntegration {
loadSubset?: (opts: LoadSubsetOptions) => true | Promise<void>

TanStack DB is backend-agnostic
- Relies on loadSubset to load data from the backend

28



TanStack Query Integration

interface BackendIntegration {
loadSubset?: (opts: LoadSubsetOptions) => true | Promise<void>

// Query Collection implementation (simplified)

const loadSubset = async (opts: LoadSubsetOptions) => {
const queryFn = getQueryFn(collection)
// loadSubset options are passed to the query function
const state = await queryFn({ meta: { loadSubsetOptions: opts } })
// Update the Llocal collection based on the query results
collection.process(state)
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TanStack Query Integration

interface BackendIntegration {
loadSubset?: (opts: LoadSubsetOptions) => true | Promise<void>

// Query Collection implementation (simplified)

const loadSubset = async (opts: LoadSubsetOptions) => {
const queryFn = getQueryFn(collection)
// loadSubset options are passed to the query function
const state =|await queryFn({ meta: { loadSubsetOptions: opts } })
// Update the Llocal collection based on the query results
collection.process(state)

TanStack Query is APl agnostic = Predicates are passed to the queryFn
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Paginated APl Requests

Paginated issues query

const { data: issues } = useliveQuery(

(q) => q.from({ i: issuesCollection })
.where(({ i }) => eq(i.projectlId, projectId))
.offset(pageIndex * pageSize)
.limit(pageSize),

[projectId, pagelndex, pageSize])
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Paginated APl Requests

Paginated issues query

const { data: issues } = useliveQuery(

// Developer handles API translation in queryFn (q) => q.from({ i: issuesCollection })
const issuesCollection = createCollection( .where(({ i }) => eq(i.projectld, projectId))
queryCollectionOptions({ .offset(pageIndex * pageSize)

syncMode: 'on-demand’, 'l%mit“ngSize)’ )
[projectId, pagelndex, pageSize])

queryFn: async (ctx) => { )

const opts = ctx.meta?.loadSubsetOptions

const projectId = getProjectId(opts.where)

const page = computePageNumber(opts.limit]

const res = await fetch( /api/issues?project=${projectId}&page=${page} )

return res.json()

})

Developer needs to handle predicates and translate into actual API calls
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Swap Backend: Electric Sync
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Swap Backend: Electric Sync
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Swap Backend: Electric Sync
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Swap Backend: Electric Sync

Before: Query Collections After: Electric Collections
queryCollectionOptions({ electricCollectionOptions({
syncMode: 'on-demand', syncMode: 'on-demand',
queryFn: async (ctx) => { shapeOptions: {
// Handle filters, ordering, pagination... url: '/api/electric',
const opts = ctx.meta?.loadSubsetOptions params: { table: 'issues' }
const page = computePageNumber(opts.limit) 1},
return fetch( /api/issues?page=${page} ).json() getKey: (i) => i.id,
) })
What changes:

v/ No more manual API translation — Electric is SQL-aware
V' Real-time updates pushed from backend (no polling!)

v/ Ul components & live queries stay exactly the same

37



Demo: SolidType CAD App

@ a @ SolidType CAD X +

Project One

88 All Projects

© Recent Files main

Workspace 1
Project One
Sam Willis's Workspace

My first project

<« Cc 235 localhost:3010/dashboard/projects/6ad3043b-1fde-4520-bd30-...

Q

New Chat
All files

Al Assistant

All Proj

Recent F

Workspace 1

Project One

SolidType CAD x 4

o

23 localhost:3010/dashboard/projects/6ad3043b-1fde-4520-bd3...

Project One

main All files

Sam 2's Workspace

My first project

¢
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Great UX:
e Query-driven sync with smart preloading - data ready when users need it

e |[VM enables efficient queries on large datasets - fast, snappy apps

Great DX:
e Declarative queries — no networking, caching, syncing boilerplate

e Modular backend integrations that work with your existing stack

Thankyou! e @KevinDP55 e electric-sgl.com
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