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axolotl

noun [C]
UK%) /'zek.sa.lot?l/ us«) /[ 'aek.sa.la.t®l/
+i=

a small animal that lives in water and looks like a fish

k‘ tg with four legs. An axolotl is a type of amphibian (= an
7 f‘—;f : animal that usually lives both on land and in water) but it
f \ only lives in water.
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https://dictionary.cambridge.org/dictionary/english/axolotl
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What if we had Git?

But, you know, that scales to S3 sizes?
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What if we had Git?

But, you know, that scales to S3 sizes?
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Wishlist

Sometimes referred to as “requirements”

Cheap, CoW Branching »

Fast

Efficient diffing/merging

S K K S

brtoitive Familiar branching
committing and merging semantics



OK, so how do you =
scale the Git model 'V

to billions of %

objects?



Attempt #1

Let’s use Git!
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Metadata (pointers to objects) Data (objects)




Attempt #1

Let’s use Git!
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Attempt #1

Let’s use Git!
/ Cheap, CoW branching 0

s I ‘ Fast

Metadata (pointers to objects) Data (objects)
‘ Efficient diffing/merging

N4 bataitive Familiar branching
committing and merging semantics




Attempt #2

Let’s use a database!

Metadata (pointers to objects)

Data (objects)
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Attempt #2

Let’s use a database!

o000 ~ (-zsh)
lakefs=# EXPLAIN ANALYZE SELECT * FROM catalog_entries WHERE branch_id = 14389 AND path = 'events/';

Seq Scan on catalog_entries (cost=0.00..13.90 rows=1 width=283) (actual time=0.004..888.212 rows=0 loops=1)
Filter: ((branch_id = 14389) AND ((path)::text = 'events/'::text))

Planning Time: 0.076 ms

Execution Time: 890.120 ms

e_ 11 kB
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Attempt #2

Let’s use a database!

o000 ~ (-zsh)
lakefs=# EXPLAIN ANALYZE SELECT * FROM catalog_entries WHERE branch_id = 14389 AND path = 'events/';

| Seq Scan pn catalog_entries (cost=0.00..13.90 rows=1 width=283) (actual time=0.004..888.212 rows=0 loops=1)
gt ((branch_id = 14389) AND ((path)::text = 'events/'::text))

Planning Time: Q076 m
Execution Time: 890.120 ms

s 11 kB



Attempt #?2

Let’s use a database!

Cost Based Optimization

e Mostly based on table statistics
e Won't always use the index

e Bad when growing/shrinking 1000x

Parse

Analyze

Plan

SELECT * FROM entries
WHERE branch = "master"
AND path LIKE "foo/%";

v

lSELECTStmt‘
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[Pranch = "master;] [ﬁath LIKE “foo/%ﬁ)
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Attempt #2

Let’s use a database!

4

Metadata (pointers to objects) Data (objects)

/ Cheap, CoW branching »
‘ Fast

Efficient diffing/merging

lrtoitive Familiar branching
committing and merging semantics

v
‘ Predictable behavior

Easy to extend and maintain



Attempt #3

Let’s not use a database!*

Metadata (pointers to objects)
Metadata (only refs) +
Data (objects)

* Almost.

&
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Attempt #3

Let’s not use a database!

i dev/bar dev/Foo manin
Metadata (refs only) | e TT Z  _ __ _____ __\_.x _____________

> Commit de239 Commit 6697 | Commit lae3d

Metadata (pointers to objects) i ?I ! E ; l

. | Parquet file | |  oORc & I £l | !
Data (Objects) Lo -
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Attempt #3

Let’s not use a database!

A

Metadata (refs only)

Metadata (pointers to objects)
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. | Parquet file | | oORc &l
Data (Objects) e e |
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Attempt #3

Let’s not use a database!

Ranges

e Key/value pairs

e Lexicographically sorted paths

e Balancing throughput and latency:
1-8 MB in size

e Immutable, hash addressed

Range a23

A-F
data/001.parquet {Elloc-INes /a3l Nlc > ail=an) ] ey}
data/002.parquet {"loc": "s3://fb23a", "size" 3921, ...}
data/memes/doge.png {"loc": "s3://b29d1", "size": 201, ...}
data/memes/whatif.png| {"loc": "s3://8e22f", "size": 981, ...}
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Attempt #3

Let’s not use a database!

Metadata (refs only)

Metadata (pointers to objects)

Data (Objects)
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Attempt #3

Let’s not use a database!

Metaranges

e Areranges!
e That point to ranges!

e These ranges do not overlap
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Attempt #3

Let’s not use a database!

« NN L]

Commits —

commit 63105
e Are pointers to metaranges / \l,

e Space = O(diff)

o] ][] [
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A-F K-Q R-z
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Attempt #3

Let’s not use a database!

Diffing and Merging

e Are efficient!
e Time = O(diff)

Me‘tarange £20a

Mea\mnge Tel®

K-Q

K-Q
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Attempt #3

Let’s not use a database!

Cheap, CoW branching »

tatoitive Familiar branching
committing and merging semantics

‘ v/ Fast.?w
Metadata (pointers to objects)
Metadata (only refs) +
Data (objects) / Efficient diffing/merging
v



Attempt #3

Let’s not use a database!

/ Cheap, CoW branching »

‘ Fast @
Metadata (pointers to objects)

Metadata (only refs) +
Data (objects) W/ Efficient diffing/merging

N4 bataitive Familiar branching
committing and merging semantics



Attempt #3

Let’s not use a database!

Object store != Key Value Store

e TTFB is high (tens of ms)

e Gets worse at higher percentiles
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&+ Share v

Object Size (KB)

https://github.com/dvassallo/s3-benchmark
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Attempt #3.5
Caching!

Cheap, CoW branching »

bataitive Familiar branching
committing and merging semantics

0 U b ’
</ Fast!
Metadata (pointers to objects)
Metadata (only refs) +
Data (objects) W/ Efficient diffing/merging
v



“There are only two hard things in Computer

Science: cache invalidation and naming things.”
— Phil Karlton




Attempt #3.5
Caching

Ranges

e Key/value pairs

e Lexicographically sorted paths

e Balancing throughput and latency:

1-8 MB in size

e Immutable, hash addressed

So no invalidation necessary

&

+1 —- Ny
Metarange +A0a
~

Metarange Tel®

Range a3

A-F
data/001.parquet {"loc": "s3://a3u21", "size": 214, ...}
data/002.parquet {"loc": "s3://fb23a", "size" 3921, ...}
data/memes/doge.png {"loc": "s3://b29d1", "size": 201, ...}
data/memes/whatif.png| {"loc": "s3://8e22f", "size": 981, ...}
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Attempt #3.5
Caching!

Cheap, CoW branching »

bataitive Familiar branching
committing and merging semantics

0 U b ’
s/ Fast!
Metadata (pointers to objects)
Metadata (only refs) +
Data (objects) W/ Efficient diffing/merging
v
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Demo: Use Case
Cleaning the internet with lakeFS and Spark

https://commoncrawl.org/

https://www.kaggle.com/datasets/taruntiwarihp/phishing-site-urls

kaggle Phishing Site URLs

Malicious and Phishing attacks ulrs

Delete phishing sites from Common Crawl's data

&
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https://commoncrawl.org/
https://www.kaggle.com/datasets/taruntiwarihp/phishing-site-urls

What can we learn from this?
Some key points

e Define constraints early
® You cannot predict your next bottleneck

e Choosing a correct data model is 80% of the work
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Learn More

Q glthub com/treeverse/lakeFS
https //lakeFS.io/

:I

F' E'ra-r-
’Ej https //lakefs.io/community
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