~ P CARPool & More & ¢

A Pragmatic Improvement to Sync Performance

github.com/fission-suite/spec/car-pool
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The limitation of local knowledge

s the fundamental fact
apout the setting In which we work,

and it is a very powerful imitation

- Nancy Lynch, A Hundred Impossibility Proofs for Distributed Computing






SOome peers are "more peer” than others
(especially in an operator context)



BROOKLYN ZELENKA JUSTIN JOHNSON
@expede @justincjohnson
CTO @ Fission IPFS Engineer @ Fission

Won't have time to cover everything in depth.
Come talk to us after, or read the spec;)



Caveat

Trusted, Point-to-Point IPLD Transfer
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Why?

+We &' IPLD

* Fission has deeply nested, cross-linked data that

+ Cannot fit into browser storage

+* Benefits from deduplication

* Has multiple writers
+ Using mature, universally supported transports would be awesome
+ ‘Light clients’

+ Speed of light concerns
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Bitswap Redux

o

°)e)

l
FA?
- =
Y
°)e)
m 1=
&

"
!

°)e)

?

!



The Problem

Brtswap Redux
L

LATENCY

<Y JBE

‘IS THE PERFORMANCE KILLER




The Problem

Brtswap Redux
0 W

LATENCY

<Y B

IS THE PERFORMANCE KILLER



The Problem

Breadth vs Depth




The Problem

Breadth vs Depth




m
le
rob

»

e

h

T

h
t
P
e
vsD

h

t

d

a

e

r

B




m
le
rob

»

e

h

T

h
t
P
e
vsD

h

t

d

a

e

r

B




m
le
rob

»

e

h

T

h
t
P
e
vsD

h

t

d

a

e

r

B




m
le
rob

»

e

h

T

h
t
P
e
vsD

h

t

d

a

e

r

B




Prior Art

On the Shoulders of Glants
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Prior Art

IPFS Ecosystem

* Qris DSync
* GraphSync, Selectors (orthogonal)

* WNFS(v1) Hashed History Table

* Merkle Bloom



The Problem
Papers =

EEEEE—




the round P the spuee holes,

The ones who see thins dferentk
Theiyre aot fond of rules. And they
hone no respect for the status quo

You can quote them, denyoe wih

them, glonfiy Gty thes. About

e ok theme gou can't o s enore
tham Bacssin tha shase. ot '

e ——

+ To Push or Pull: On Reducing Communication and Synchronization in Graph Computations

* What's The Difference? Efficient Set Reconciliation Without Prior Context

* Synchronizing Namespaces with Invertible Bloom Filters

* The Hash History Approach for Reconciling Mutual Inconsistency

+ HEX BLOOM: An Efficient Method for Authenticity and Integrity Verification in Privacy-preserving Computing

* The Distributed Bloom Filter
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One-to-One
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CAR Mirror

Strategy

* Reduce graph scope
* Send Index with request

+ Use heuristics to find deduplication



CAR Mirror
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CAR Mirror
Balancing Factors

Latency

Equilibrium TL;DR
' We can afford to be messy

Accuracy/Deduplication
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CAR Mirror
FirstReduce Scope

* AOT

* Mutable pointers (IPNS, DNSLink, ENS, diffed Cl

* Previous CAR Mirror sessions

+ Adaptive Optimization

* Previous CAR Mirror rounds
* No Overlap or Cold Start

* If the set s small, use random nodes

* 'Worst case’ looks very similar to Bitswap

D, etc)
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Back of the Napkin

* 500k nodes
* 46-59 chars +1delimiter each ~ average 53 chars each

* 53 ASCII chars x 500k nodes # 26.5MB

+Gzipped ~T.5MB - @



CAR Mirror
Bloom Filter Primer

{x,y, z}
72
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CAR Mirror
Contextand Heuristics

(Recommend +1 OOM)

< O\

*500k nodes @ FPP1/IM =1.7IMB  93% savings! - -

*Gzipped ~896 KB 92% savings! .-

AKA ~1x 00M &
Zero false positives on average
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CAR Mirror

Stages

Selection

Narrowing

Transmission

Graph Status

Cleanup

Next Round
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CAR Mirror
Over the Wire

Requestor Pull

* Bloom

* CID Roots
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CAR Mirror
Over the Wire

Requestor Pull Requestor Push

* Bloom

* CID Roots
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Previous Round
Bloom & Roots

New Roots
New Bloom

Updated
Bloom & Roots

;?; Previous Round
Hash Set

Response CAR

Updated
Hash Set




Previous Round
Bloom & Roots

Request CAR
DAG Bloom

Updated
Bloom & Roots

§; Previous Round
Hash Set

Store &
Analyze

Bloom &
CID Roots

Updated
Hash Set




CAR Mirror

Straggler Cleanup




CAR Mirror
Graph Contraction




CAR Pool

Many-to-One
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CAR Pool

Why

* Recover multiple providers
* Stream in true parallel
* Work sharing

+ Stepping stone to trustless network seeding (more later)



CAR Pool

Requestor-Controlied Sharding
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Invertible Bloom Filter (IBF)
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Invertible Bloom Filter (IBF)

Primer
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Invertible Bloom Filter (IBF)

Primer
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CAR Pool
Provider Coordinator




CAR Pool
Linear Network Coding
A

(A B L0




Wild Ideas for Future Research
PSI, PSU, NN Compression, XOR-Folding, etc




CAR Pool

PSI

youtube.com/watch?v=tsCD419SpxA



CAR Pool

XOR-Folding
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Variant

-+ Standard CLK
—— 1-Time Folding
-#- 2-Time Folding

Variant
—@®- Random Hashing CLK

0.85 0.90

—+— 1-Time Folding

Tanimoto-Threshold

1.000.80 0.85 0.90 0.95 1.00

Tanimoto-Threshold

https://papers.ssrn.com/sol3/papers.ctfm?abstract_1d=3527984



An Eager Backbone s

Content Addressed Allilance Teaser



& Thank You, IPFS ping =

https://fission.codes
- github.com/fission-suite/spec
{brooklyn,justin}@fission.codes
@expede & @justincjohnson



