Git for Data Lakes

How lakeFS Scales Data
Versioning to Billions of Objects

Oz Katz
ORGANIZED BY < databricks
g y CTO, Co-creator of lakeFS

DATA+AI
2222222222




DATA+AI

SUMMIT 2022



QY
\\\\\/( Oz Katz: CTO, co-creator of lakeFS

¢

O github.com/treeverse/lakeFS
y @lakeFs
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axolotl

noun(C]
UK4) /'zek.sa.lot®l/ us«4) [ ak.sa.la.t3l/
+i=
a small animal that lives in water and looks like a fish
‘ ' with four legs. An axolotl is a type of amphibian (= an
g"@ ) animal that usually lives both on land and in water) but it
f,

only lives in water.

GlobalP/iStock / Getty Images
Plus/Gettyimages

https://dictionary.cambridge.org/dictionary/english/axolotl

DATA+AI

SUMMIT 2022


https://dictionary.cambridge.org/dictionary/english/axolotl

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 0

Fast

Efficient diffing/merging

S K K S

brtoitive Familiar branching
committing and merging semantics
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OK, so how do

you scale the AR
Gi1t model to
billions of
objects?

DATA+AI
2222222222



Attempt #1

Let’s use Git!

©

Metadata (pointers to objects) Data (objects)
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Attempt #1

Let’s use Git!

Metadata (pointers to objects)
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Data (objects)

root tree - e8d7621521

100644 blob fu5a79533c___ README.md
040000 jtree b5df52155c  events |

o4eoee -data
OUOEROO ftree 01ffdOda88 sales—-data
040000 tree 5cc3 [ITTEY raw-events

OU40000 tree
o4eeO0O tree
o4ee00 tree
o4EE00 tree
o4ee00 tree

]tree - b5df52155c[
e =)

fU45a79537f
7bdf5217a2
f9adcec9ee
18ffd0od216
d8c33089c1

country=US
country=IT
country=IL
country=UK
country=NL

| tree - 01ffd0das8s |

04PO00 tree 4O218ea9eld
040000 tree 76duUe36205
04000 tree 54du83d269
040000 tree fOc3bfe2a3
0U4PORO tree 70e3e07f8a
040000 tree 80430duUc57
040000 tree 1b2d99146a
040000 tree d5203bdubl
0U4POeO tree fU203a7b5e
0U4POeO tree 059496bUBF
04O tree 43893289a2
040000 tree 60a6a68b57
040000 tree 8a2u43ccd59
04POe0 tree 0d9f60fa7a
04eE00 tree cb692970d7
04P0e0 tree bbf9bfefub
040000 tree 0325a8040b
040000 tree d8uc7bu6U6

Mol RN A .. . wounesmoeshai s B

year=1995
year=1996
year=1997
year=1998
year=1999
year=2000
year=2001
year=2002
year=2003
year=2004
year=2005
year=2006
year=2007
year=2008
year=2009
year=2010
year=2011
year=2012
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Attempt #1

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

s ‘ Fast

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

v bataitive Familiar branching
committing and merging semantics
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Attempt #2

Let’'s use a database!

Metadata (pointers to objects)

Data (objects)
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Attempt #2

o000 £1 ~ (-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

~ I
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Attempt #2

o000 £1 ~ (-zsh)
lakefs=# EXPLAIN ANALYZE SELECT * FROM catalog_entries WHERE branch_id = 14389 AND path = 'events/';

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

Planning Time: Q_Q76 m
Execution Time; 890.120 ms
~: |
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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
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SELECT * FROM entries
Parse WHERE branch = "master"
AND path LIKE "foo/%";

b

l SELECTStmt]
[ Fields ) ( Tbll J (anditionq

Analyze
£
[branch = ;'master"] [path LIKI? "Foo/%")
Cost: 5 Cost: 6
( SeqScan ] [IndexLookupJ
Plan ( Filter j g
& &
Be 60 BE6 6 6
EE——
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Attempt #2

Let’'s use a database!

Metadata (pointers to objects) Data (objects)

v/ Cheap, CoW branching ®
‘ Fast

Efficient diffing/merging

lrtoitive Familiar branching
committing and merging semantics

v
‘ Predictable behavior

Easy to extend and maintain
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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!

B dev/bar dev/Foo wain
Metadata (refs only) | oo __TT Z/ AP A N ____________

i > Commit dea3q  |—>|  Comwit 6697 | |  Commit lae3

Metadata (pointers to objects)

. | p,,.,..d; p.[e | Sle | Rle ‘
Data (Objects) — | I ' m '
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Attempt #3

Let’s not use a database!

_

Metadata (refs only)

Metadata (pointers to objects)

‘ ""‘Zﬂ - =)

. | Parquet file | |  ORe file
Data (Objects) i W s B 3
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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
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M € ( ‘;\3 :/ A ,N::ﬁ or
. N
Range a23
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*,6 “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!

A-Z

e Areranges!
e That point to ranges!
e These ranges do not overlap

| Range 223 | [R“"se ad2 Range <t Range aF2

A-F & K-Q R-Z
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Attempt #3

Let’s not use a database!

Commits &

" commit 610b
e Are pointers to metaranges s
e Space = O(diff) \l’

7 /\

] ][] ] [
&-J K-Q

A-F K-Q R-z
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Attempt #3

Let’s not use a database!

Metarange £20a Mea\romge, Tel®
Diffing and Merging

e Are efficient! -

e Time = O(diff) AE
=D =
yre >
K-Q K-Q
R-Z
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Attempt #3

Let’s not use a database!

Metadata (pointers to objects)

Metadata (only refs) +
Data (objects)

Cheap, CoW branching »

Fast..? W

Efficient diffing/merging

tatoitive Familiar branching
committing and merging semantics

AU U NN
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Attempt #3

Let’s not use a database!
« Cheap, CoW branching »

Iz ‘ Fast @
Metadata (pointers to objects)

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

v bataitive Familiar branching
committing and merging semantics
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Attempt #3

of $3 Performance from EC2

Objec.t Store != Key Value Store | 7531’%“0”“:theu[ency-smhmi "'“::""

Ilatarpe

e TTFBis high (tens of ms) 1l = —

e Gets worse at higher percentiles : e

adange

S tidugn
SaDbge

Sebolinge
sambnge
E
Seearge
nlndugn
Sndhge
S datange
Snsmlange
ntarge
ET
@ pharge
@2 duge
2Bhge
Lslarge
hread Count kg

-+ 100%
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https://github.com/dvassallo/s3-benchmark

Attempt #3.5

Caching!

Cheap, CoW branching 0

bataitive Familiar branching
committing and merging semantics

63 ] ’
</ Fast!
Metadata (pointers to objects)
Metadata (only refs) +
Data (objects) / Efficient diffing/merging
Vv
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“There are only two hard things in Computer

Science: cache invalidation and naming things.”
— Phil Karlton
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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
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./"",; ( "Tli A ,N::ﬁ or
. N
Range a23
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*,6 “size™: 201, ...}
data/memes/whatif.png| {"loc": "s3://8e22f", "size": 981, ...}
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Attempt #3.5

Caching!

Cheap, CoW branching 0

bataitive Familiar branching
committing and merging semantics

63 ] ’
s/  Fast!
Metadata (pointers to objects)
Metadata (only refs) +
Data (objects) / Efficient diffing/merging
Vv
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Demo Time
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What can we learn from this?
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What can we learn from this?

Define constraints early

DATA+AI

2222222222

34



What can we learn from this?

Define constraints early

You cannot predict your next bottleneck
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What can we learn from this?

Define constraints early
You cannot predict your next bottleneck

Choosing a correct data model is 80% of the work
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| earn More

DATA+AI
SUMMIT 2022

https://lakeFS.io/

glthub com/treeverse/lakeFS

https //lakefs.io/community
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Oz Katz
CTO, Co-creator of lakeFS




