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What is Bisection?

* Bisection is applying binary search for searching through commit history

* Given a good and bad commit, by testinga commit between the two, we can narrow
down the search space by half

c1b825d 8f670d5

$ cmake ... & & ninja
$ [ test ]
$ git bisect good/bad
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LLVM Build Times

Clean build: 3m58s on a 64-core Neoverse CPU
e Ccacherebuild 100 commits later: 2m45s

* With the normal build process, bisection can take a while!

* Single build ~ 310 MiB (executable binaries only)

e At arate of 1800 changes pushed in a month (300 MiB * 1800) = 540 GiB to have builds
ready to run
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Considered Alternatives

Ccache?
- Speeds-up invocations of the compiler using a cache

- Performs well with small changes to source files, but header changes can mean long build times

« Our solution stores entire builds and can be used outside of a build environment

Store on cloud storage?
- non-local, high costs, requires a decent network link

Regular compression?
- Can compress 300 GiB -> 30 GiB
- No random-access to data in the archive, need to decompress everything
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arm - The Secret to sub-1%
- Compression



Compilation Process

Compile sources into object code, then link into executable

6
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Make Changes, Recompile

Recompilation after source changes

HoYAY/[eYe [V [=Y:Wes ] —COompile — lib/ModuleA.o

The changes in ModuleA.cpp

YAV s [ :Xes ] Ml —compile —| lib/ModuleB.o resultin a different ModuleA.o

o YA/ [eYe [T [=oX /] —COmpile — lib/ModuleC.o link bin/program

HoYAY/[eJe (V[ nXes ] M—COompile — lib/ModuleD.o

o YAV [eYe [T [=| Hs ] M —COompile = lib/ModuleE.o
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Make Changes, Recompile
Effects of adding a single call to printf()

* Due to the widespread use of offsetsin
the ELF format, a small change in the
sources can result in large deltas in the
binaries

* These different binaries compress
together poorly

* Only one .o files was recompiled

 The average .o file size is 120 KiB
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ldea: Store Object Code, Link On-Demand

And reduce storage costs by deduplicating object files

HoYAY/[eYe [V [=Y:Wes ] —COompile — lib/ModuleA.o

HeYAY/[eIe [T : Xels ] M—COMmpile — lib/ModuleB.o

o YA/ [eYe [T [={oN /] —COmpile — lib/ModuleC.o link bin/program

HeYAY[eJe[FI[=InXes ] M—COompile — lib/ModuleD.o

lib/ModuleE.cpp compile—{ lib/ModuleE.o
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oldn ' e elfshaker

A Storage System Optimised for
Storing Object Code



Step 1: Capture Snapshot

lib/ModuleA.o
ec703c41e9

lib/ModuleB.o
cb34f7d69a

$ elfshaker store rl1o000
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Object Store

object ec703c41e9
object cb34f7d69a

Pack Index

Object Metadata
ec703c41e9 - 90 KiB
cb34f7d69a — 40 KiB

Path Pool
Storage for file paths

Snapshot A
obj #0 -> path #0
obj #1 -> path #1

Snapshot B
obj #0 -> path #0
obj #2 -> path #1

Content-addressable

storage

Metadata
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Step 1: Capture Snapshot

Build B

lib/ModuleA.o
ec703c41e9

lib/ModuleB.o
cb34f7d69a

lib/ModuleA.o
d70e8e09fd

lib/ModuleB.o
cb34f7d69a

$ elfshaker store rioel
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Object Store

object ec703c41e9
object cb34f7d69a

Pack Index

Object Metadata
ec703c41e9 - 90 KiB
cb34f7d69a — 40 KiB

Path Pool
Storage for file paths

Snapshot A
obj #0 -> path #0
obj #1 -> path #1

Snapshot B
obj #0 -> path #0
obj #2 -> path #1

Content-addressable

storage

Metadata
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Step 2: Create a Pack

The stored builds are then compressed and packed into a .pack file in a single step

The pack stores the object data, the pack index contains metadata needed to make sense of the

decompressed stream.
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Pack file format (.pack)

e

Pack Index (.pack.idx)
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Step 2: Create a Pack

The stored builds are then compressed and packed into a .pack file in a single step

The pack format uses ZStandard compression and supports parallel decompression

Pack file format (.pack)

Custom Metadata - ZStandard Skippable Frame
Frame 0 has offset 0 MiB
Frame 1 has offset 10 MiB

ZStandard Compressed Frame 0 Pack Index (.pack.idx)
contents of object #0

contents of object #1

Parallelisable

Decompression ZStandard Compressed Frame 1
contents of object #100
contents of object #101
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arm ' ~ ManyClangs

Packs of Monthly Builds of few 100 MiB Each



elfshaker & manyclangs

cfshaker

WNL SR YR manyclangs packs 4 manyclangs-run

git bisect
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Results & Comparisons +
35 KiB / build

Amortised storage cost

Size on disk of builds from May 2021 (1,835 commits) Time to run clang using compile+run vs elfshaker
450,000 250 238
2
400,000 392,098
200
350,000 " 165
300,000 2
@ S 150
= 250,000 &
= =
& 200,000 622x smaller = 100
A £
“ 150,000 r\ =
90,210 50
100,000 61,869
50,000 38,621 3
m - :
0 Cold build  Ccache rebuild elfshaker
Uncompressed Compressed Compressed Compressed elfshaker 5a95ff2 (+100 commits)
binaries builds together 79e950a
55x faster
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Bisecting
git bisect start --no-checkout 8f670d5 c1b825d -- llvm clang

manyclangs-run /path/to/manyclangs BISECT_HEAD clang --version | grep '12.0.0'

: : ! +
git bisect run ./automate.sh

@

20s

with manyclangs

23m59s

with Ccache

running ./automate. sh

elfshaker extracted 8e464dd76b in 1.517 seconds

clang version 12.0.0 (8e464dd76befbc4a39al1d21968a3d5f543e29312)
5369517d20dd362a178a1b2d6c398d8898ee4620 is the first bad commit
Date: Tue Jan 26 19:37:08 2021 -0800

Bump the trunk major version to 13
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Build Configuration

* Compiler flags to make binaries compress better and builds reproducible

* AArch64 binaries, but intend to provide a way to run these on other architectures
* Release w/ Assertions [-debug/diagnostics]

* LLVM and Clang with all stable targets

* Made some minor source changes (clang —version)

* Builds are reproducible and a clean build of a commit produces a bit-identical

executable
- This allows manyclangs builds to be validated by a bitwise comparison
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Outlook

* elfshakerrepo: github.com/elfshaker/elfshaker
* manyclangs packs: github.com/elfshaker/manyclangs

e Qur future plans include:
- Hooking up with Compiler Explorer, allowing people to build with any commit of LLVM

* What you can do:
- Try using elfshaker/manyclangs in your workflow
- Send bug reports, open issues on GitHub
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