
@ C H R I S T H A L I N G E R

T W I T T E R ' S  Q U E S T  F O R  A  
W H O L LY  G R A A L  R U N T I M E



@ C H R I S T H A L I N G E R

# T W I T T E R V M T E A M



Goal?

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



Save $$$🤑

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



TWITTER

Huge distributed system 

Comprised of many services 

tweet service 

user service 

timeline service 

social graph service 

… @ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



SERVICES

Many JVMs per service 

1,000s of machines running 1,000s of JVMs 

Multiple datacenters

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



OPEN-SOURCE

Twitter is using many open-source projects 

…and also gives back to the community: 

https://twitter.github.io 

Graal is a good fit 

We are contributing, too

https://engineering.twitter.com/opensource

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

https://twitter.github.io
https://engineering.twitter.com/opensource


TWITTER’S JDK

Based on OpenJDK 8u 

Includes: 

JEP 243 backport (JVMCI) 

Graal 

Contrail (JFR replacement) 

CMS improvements

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



WHY GRAAL?

C2 is old and very complex 

Learning curve way too steep 

The last few years no new major optimizations 

Reached its end-of-life already years ago 

Graal is easier to understand 

Modular design 

Better inlining and escape analysis

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



Bugs

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



BUG 1: #128

https://github.com/graalvm/graal-core/issues/128 

(OSR means On-Stack Replacement) 

PrintCompilation shows something like this: 

COMPILE SKIPPED: OSR with locks not supported

The exception looks like this…

Graal should support same OSR compilations as C1 and C2

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

https://github.com/graalvm/graal-core/issues/128


BUG 1: #128
Graal should support same OSR compilations as C1 and C2

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



BUG 1: #128

Tom and I discussed this for a bit… 

…and we decided that it’s not a big problem 

Tiered compilation takes care of it 

After a while the failing method will be flagged and compiled 
with C1 

Still would be good to have this fixed

Graal should support same OSR compilations as C1 and C2

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

#128
P.S. technically it’s still open but was fixed by:



BUG 1: #128

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



BUG 1.1:  #263

https://github.com/graalvm/graal-core/issues/263 

The “little bit of logic in C2’s parser” is this method:

BytecodeParser should allow access to static for uninitialized types in clinit

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

bool Parse::static_field_ok_in_clinit(ciField *field, ciMethod *method) {
  // Could be the field_holder's <clinit> method, or <clinit> for a subklass.
  // Better to check now than to Deoptimize as soon as we execute

https://github.com/graalvm/graal-core/issues/263


@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

#263



BUG 2: #204

https://github.com/graalvm/graal-core/issues/204

fatal error: no original bytecode found in scala.collection.TraversableLike$class.builder$1(Lscala/
collection/TraversableLike;Lscala/collection/generic/CanBuildFrom;)Lscala/collection/mutable/Builder; 
at bci 24

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

https://github.com/graalvm/graal-core/issues/204


BUG 2: #204
fatal error: no original bytecode found in scala.collection.TraversableLike$class.builder$1(Lscala/
collection/TraversableLike;Lscala/collection/generic/CanBuildFrom;)Lscala/collection/mutable/Builder; 
at bci 24

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



BUG 2: #204

https://github.com/mariusae/heapster

fatal error: no original bytecode found in scala.collection.TraversableLike$class.builder$1(Lscala/
collection/TraversableLike;Lscala/collection/generic/CanBuildFrom;)Lscala/collection/mutable/Builder; 
at bci 24

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

https://github.com/mariusae/heapster


@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

#204



BUG 3: #206

https://github.com/graalvm/graal-core/issues/206 

For the longest time we were seeing connection exceptions in 
the logs 

We didn’t know where they were coming from 

Until I, independently, decided to run the Netty 4 test suite…

Netty 4.1.5 tests fail

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

https://github.com/graalvm/graal-core/issues/206


BUG 3: #206
Netty 4.1.5 tests fail

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

#206



Contribution

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



PR #251

https://github.com/graalvm/graal/pull/251 

JDK 9 has Compact Strings (JEP 254) 

A lot of the important conversion methods have hand-
optimized intrinsics (using SSE, AVX and AVX 512) 

We need all these in Graal as well

[AMD64] implement String.compareTo substitutions

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

https://github.com/graalvm/graal/pull/251


PR #251

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



Numbers

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



TWEET SERVICE

Finagle-Thrift service 

https://twitter.github.io/finagle/

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

https://twitter.github.io/finagle/


TEST SETUP

1 dedicated machine per instance/configuration 

All instances receive the exact same requests 

Run with jvmci-0.30 and graal-vm-0.22 

Default tiered C1/Graal setup 

Graal bootstrapping is not an issue for most of our services 

If bootstrapping is an issue, JDK 9 AOT will solve this

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



REQUESTS/SEC

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9

24 hours



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2

movingavg(60)



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal

movingavg(60)



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

movingavg(60)

C2      Graal      C2 JDK9



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

movingavg(60)

C2      Graal      C2 JDK9      Graal JDK9



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

movingavg(60)

C2      Graal      C2 JDK9      Graal JDK9

-2.7%

-2.5%



OLD GEN USED

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal



OLD GEN USED

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal

+40MB



USER CPU TIME

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2



USER CPU TIME

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal



USER CPU TIME

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9



USER CPU TIME

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9



USER CPU TIME - RATIO

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9



USER CPU TIME - RATIO

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9

-11%



TWEET SERVICE

Runs 100% on Graal in production 

(you should tweet right now to test it #twittervmteam) 

As are a bunch of other services 

Including important ones like user service and social graph 
service

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



Is it escape 
analysis?

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



TWEET SERVICE

Let’s turn off escape analysis…

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



REQUESTS/SEC (NO EA)

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

24 hours

C2      Graal



PS SCAVENGE CYCLES (NO EA)

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2

movingavg(60)



PS SCAVENGE CYCLES (NO EA)

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal

movingavg(60)



USER CPU TIME (NO EA)

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2



USER CPU TIME (NO EA)

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal



USER CPU TIME - RATIO (NO EA)

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal



USER CPU TIME - RATIO (NO EA)

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal

-5%



How much 
$$$?

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



YOURCOMPANY.COM

Let’s do a little back-of-the-envelope calculation…

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

http://yourcompany.com


CLOUD HOSTING PRICES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



CLOUD HOSTING PRICES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

$170/year
$210/year

$98/year

$72/year

$85/year



YOURCOMPANY.COM

That averages to: 

So, how many cores are we talking?

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

$127/year per CPU core

http://yourcompany.com


AMAZON, GOOGLE, MICROSOFT, …

Bloomberg in 2014

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

H T T P S : // W W W. B L O O M B E R G . C O M / N E W S / 2 0 1 4 - 1 1 - 1 4 / 5 - N U M B E R S -T H AT- I L L U S T R AT E -T H E - M I N D - B E N D I N G - S I Z E - O F - A M A Z O N - S - C L O U D . H T M L

https://www.bloomberg.com/news/2014-11-14/5-numbers-that-illustrate-the-mind-bending-size-of-amazon-s-cloud.html


YOURCOMPANY.COM < GOOGLE

Random number: 10,000 servers 

Each CPU (usually) has 24 cores

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

$127/year per CPU core * 24 * 10,000 = $3,048,000

$3,048,000 * 11% = $335,280

http://yourcompany.com


Can we get 
more?

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



YES, WE CAN

About an afternoon later of manually fiddling around with 
inlining parameters… 

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



REQUESTS/SEC

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9

24 hours



REQUESTS/SEC

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9      Ex

24 hours



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

movingavg(60)

C2      Graal      C2 JDK9      Graal JDK9



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

movingavg(60)

C2      Graal      C2 JDK9      Graal JDK9      Ex



PS SCAVENGE CYCLES

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

movingavg(60)

-3.8% 
(-1.3%)

-4.2% 
(-1.5%)

C2      Graal      C2 JDK9      Graal JDK9      Ex



USER CPU TIME

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9



USER CPU TIME

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9      Ex



USER CPU TIME - RATIO

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9



USER CPU TIME - RATIO

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A MC2      Graal      C2 JDK9      Graal JDK9      Ex



USER CPU TIME - RATIO

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

-13% 
(-2%)

C2      Graal      C2 JDK9      Graal JDK9      Ex



Any official 
support?

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



WELL…

JDK 9 contains Graal 

Because AOT is using it 

And it can also be used as a JIT compiler:

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



ALSO…

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



ALSO…

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



PROJECT METROPOLIS

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



LASTLY…

Most Twitter services are written in Scala 

And that’s the main reason for this big improvement  

Java is a whole different story 

It is possible to see improvements there as well 

Likely not as big 

But that topic needs its own talk, maybe next time

@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M



@ C H R I S T H A L I N G E R  |  # T W I T T E R V M T E A M

# T W I T T E R V M T E A M


