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(Commav\d Line Arguments ’j

g++ -c main.cpp -o main.

] Environment Variables '

CPLUS_INCLUDE_PATH=/include/

—— Action —— > Output Files / Directory
digests

main.o |

[Input Files (merkle tree)]—/

7/
('mput root)
==

mcluole./

=
L Bozel / Buck2 / REAPI Actions
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Path from sources to outputs

(header_spec.json]ﬁ' Action l% generated.PJ

: Action j [ j
main.c ———Z ——=>|generated.h
Source Artifact ( 7 ppj (: 7

Derived Artifact ( @ik ]_)
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Boazel's Loading Phase

Modules & Repositories
Your source code on disk

————already exists in filesystem——m—> root module/

@//... (root module)

z
[MODULE.LmzeU source files ] g

3 BUILD bazel ]
Declares other modules and repos
using module dependencies, module extensions \
& repository rules b

waterializes in filesystem

fetch fetch fetch /\
@rules_go @abseil-cpp @s3_bucket L

J
\

Repo rules and module extensions

are used to populate external repositories

MODULE bazel
in the local filesystem:

repository_ctx.download abseil-cpp/ ’
repository_ctx.download_and_extract
repository_ctx.file

repository_ctx.extract
repository_ctx.execute
module_ctx. ..

e

| s3_bucket/
REPO.bazel

-BurLlungl

3

D
1l
o
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Running an action remotely

Start

V

caleulate action d?ges‘t

Action Cache
hit?

no

Uploo«a( missing inputs

Execute remotely
BN (and Popula‘te action
cache)

Done
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Computing Digests of Source Artifacts

Start

The file doesn't even need to exist on disk,
as long as the filesystem returns the
correct size via stat and ohgest via getxattr.

fast digest
allowed by

no

configuration

\ "o

Z > | Read file contents
and caleulate Jiges‘t

-y
l/"es 0(n) where n is the file size .

Use Precom(auteo{
digest from xattr

0(1)
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Problem Statement

Bazel eagerly materializes whole repositories on disk (repo rules)
“Build-without-the-Bytes” doesn’t work for downloaded files
BUILD files needed locally for analysis

Source files (data) only needed remotely
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Remote-Asset API

W=Fetcl«Blob(req)—>

-&Digest

Client (e.g. Bazel)

Batch Re_no(B|oBs(clige

= data

REAPI Service

Fetch Service

Store Blob

~

_______HTTP GeT——,
,é'__Po«lﬂoo‘o(-—_'#

message FetchBlobRequest {
// ... fields omitted
repeated string uris = 4;
repeated Qualifier qualifiers = 5;
LA w0 o

¥

message FetchBobResponse {
// ... fields omitted
build.bazel.remote.execution.v2.Digest blob_digest =
AT

5

5;
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Architecture

e N[ R
Remote Cache & 3
Bazel / Buck2 Yl _—
_ JL 1\ 7 /L 2
[ FUSE 4
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Manifest of contents

{

¥

"paths": {
"content/logo.jpg": {
"integrity": "sha256-NmL...oPMGeXvYrcUNs=",
"size": 72281
¥,
"content/background.png": {
"integrity": "sha256-4Zh...sJRSICGMMr8v48=",
"size": 19180
¥
¥,
"uri_templates": [
"https://mir-s3-cdn-cf.behance.net/project_modules/max_1200/{basename}",
"https://ghcr.io/v2/malt3/asset-fuse-cas/blobs/sha256:{sha256}"
]
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Reading a file

User Space Remote Cache [€—

1 F}/f ’
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‘git-Ifs on steroids”

git—l{:s stores po}nter files n Git

version https://git-1fs.github.com/spec/vl
oid sha256:£0d4...6532f£4ba49b
size 12772

DVC stores .dve files in Git

md5: f5ea02leddd7bldf6de80b904cbaldab
frozen: true
deps:
- path: get-started/data.xml
repo:
url: https://github.com/iterative/dataset-registry
rev_lock: £59388cd04276e75d70b2136597aaa27e7937cc3
outs:
- md5: 22a1a2931¢8370d3aeedd7183606£fd7£
size: 14445097
hash: md5
path: data.xml
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“git-Ifs on steroids”

asset-fuse stores a manifest in Git

{

¥

"paths" . {

¥

"content/logo.jpg": {
"integrity": "sha256-NmL...oPMGeXvYrcUNs=",
“size": 72281
3,
"content/background.png": {
"integrity": "sha256-4Zh...sJRSICGMMr8v48=",
"size": 19180
¥

"uri_templates": [

]

"https://mir-s3-cdn-cf.behance.net/project_modules/max_1200/{basename}",

"https://ghcr.io/v2/malt3/asset-fuse-cas/blobs/sha256:{sha2563}"
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“git-Ifs on steroids”

git-lFs downloads files eagerly

$ git pull
Updating
91f2a01b. .3345073c

DVC downloads files eagerly

$ dvc pull
Downloading ...

asset-ﬁuse?slazy

$ asset-fuse mount mnt
$ open mnt/content/logo.7jpg
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asset-fuse + Bazel/Buck2 + RBE

[ e ]_1

[ Buck2 ]
[asset-ﬁusej

4 REAPI Service )
2,/ =
Remote - &Q" Worker l
| Cache
zzzzzzysyzzcesd
\_
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Benefits

e Optimal: Large files can be prefetched into remote cache
e Minimal: Large files don’t need to be materialized on your lapto

= You can work with enormous files with ease
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Standing on the shoulders of giants

e Google: SrcFs is a custom, internal FUSE filesystem that exposes digests via xattr for Blaze / Bazel
e Meta: EdenFs is a custom, open source FUSE filesystem that exposes digests via xattr for Buck2
e  BuildBarn uses FUSE extensively to optimize file access for remote execution and via bb-clientd
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https://google-engtools.blogspot.com/2011/06/build-in-cloud-accessing-source-code.html
https://github.com/facebook/sapling/blob/main/eden/fs/docs/Overview.md

What’s next?

e FetchDirectory
o Remote extraction of tar files
o Mount Git repository
e Better local caching
e More data sources
o Mount git-Ifs data
o Parse DVC files
o Format for large manifests (sqlite?)
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Reach out!

e \Working beta
e Looking for early adopters and feedback

github.com/tweag/asset-fuse
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http://github.com/tweag/asset-fuse

THANK YOU'
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