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ABOUT ME…

Working on JVMs for over 14 years
Sun Microsystems/Oracle HotSpot compiler team
JSR 292: Supporting Dynamically Typed Languages on the JavaTM 
Platform
JEP 243: Java-Level JVM Compiler Interface
JEP 295: Ahead-of-Time Compilation

Twitter VM team
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Source:  “How we built a metering and chargeback 
system to incentivize higher resource utilization of 
Twitter infrastructure”, Micheal Arul, Vinu Charanya, 
LinuxCon 2016, Toronto, August 22-24, 2016.
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O(103) services
O(105) service instances
Heterogeneous hardware

TWITTER RUNS ON MICRO SERVICES



PERFORMANCE OPTIMIZATION

Hand-tuning doesn’t scale
few parameters handled manually
time-consuming, labor-intensive, error-prone

Upgrades make optimality fleeting
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Many services 
operate below 

optimality
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PERFORMANCE TUNING

Given a function f(x1 , x2 , …, xn ) defined over domain X
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PERFORMANCE TUNING

Given a function f(x1 , x2 , …, xn ) defined over domain X,

find a configuration A = (a1 , a2 , …, an ) that maximizes f
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PERFORMANCE TUNING

Given a function f(x1 , x2 , …, xn ) defined over domain X,

find a configuration A = (a1 , a2 , …, an ) that maximizes f,

subject to constraint predicate G(x1 , x2 , …, xn )
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PERFORMANCE TUNING

@ 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

Pick new parameters to test
based on results obtained

Measure performance
with new parameter settings

measureanalyze System being 
tuned

Performance 
Engineer



PERFORMANCE TUNING

@ 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

Suggest new parameters to test
based on results obtained

“Update” assistant on performance
with new parameter settings

measuresuggest System being 
tuned

Black-box tuning 
assistant



OPTIMIZATION OF A BLACK BOX FUNCTION

A technique from machine learning: Bayesian Optimization
A method to learn (potentially noisy) objective functions
iteratively, efficiently

Finds near-optima in few iterations
Works well with non-linear, multi-modal, high dimensional functions
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LISTEN TO THE EXPERTS
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Global optimum discovered
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BAYESIAN OPTIMIZATION EXAMPLE

Expected Improvement



WE LIKE BAYESIAN OPTIMIZATION…

…because it is
Non-parametric
Robust
Extensible
Battle-tested on many types of real-world, high-impact problems
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Experiments
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WHAT IS AUTOTUNE?

BOaaS
Bayesian Optimization-as-a-Service (Whetlab)

Autotune
Driver for the experiments for explorations suggested by Bayesian 
Optimization
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WHAT IS GRAAL?

Java Virtual Machine Just-in-Time (JIT) compiler
Actively developed by Oracle Labs
http://openjdk.java.net/projects/graal/
https://github.com/oracle/graal

Uses JVMCI (JEP 243)
Written in Java
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http://openjdk.java.net/projects/graal/
https://github.com/oracle/graal


LEARN MORE ABOUT GRAAL
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WHICH PARAMETERS?
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PREVIOUS WORK
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PS SCAVENGE CYCLES
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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      Ex

-13% 
(-2%)



WHAT RANGES?
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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
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Experiment 1:
Tweet Service
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TWEET SERVICE

Finagle-Thrift service
https://twitter.github.io/finagle/
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https://twitter.github.io/finagle/


TWEET SERVICE: OBJECTIVE
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TWEET SERVICE: CONSTRAINTS
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TWEET SERVICE: REQUESTS/SEC
24 hours

experiment      control
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TWEET SERVICE: USER CPU TIME - RATIO

experiment      control
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TWEET SERVICE: REQUESTS/SEC
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TWEET SERVICE: 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      Autotune      

-3.4%
-3.5%

Total: -6.9%
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TWEET SERVICE: USER CPU TIME
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Total: -18.2%
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TWEET SERVICE: LATENCY P99
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TWEET SERVICE: LATENCY P99
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integrate()

C2      Graal      Autotune      

-19.9%
-8.1%

Total: -28.0%



Experiment 2:
Social Graph
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SOCIAL GRAPH

Finagle-Thrift service
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SOCIAL GRAPH: OBJECTIVE
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SOCIAL GRAPH: CONSTRAINTS
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SOCIAL GRAPH: PARNEW CYCLES
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SOCIAL GRAPH: USER CPU TIME
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SOCIAL GRAPH: USER CPU TIME
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SOCIAL GRAPH: USER CPU TIME
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Total: -13.3%

-5.5%
-7.8%

movingavg(10)



Questions?
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Q: Did you try 
the same with 

C2?
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A: Well… yeah!
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WHICH PARAMETERS?
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WHAT RANGES?
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TWEET SERVICE: USER CPU TIME - RATIO (C2)

experiment      control
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SUMMARY
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-XX:+UnlockExperimentalVMOptions -XX:+EnableJVMCI -XX:+UseJVMCICompiler
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