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Safe Harbor Statement
The following is intended to provide some insight into a line of research in Oracle Labs. It 
is intended for information purposes only, and may not be incorporated into any 
contract. It is not a commitment to deliver any material, code, or functionality, and 
should not be relied upon in making purchasing decisions. Oracle reserves the right to 
alter its development plans and practices at any time, and the development, release, and 
timing of any features or functionality described in connection with any Oracle product or 
service remains at the sole discretion of Oracle. Any views expressed in this presentation 
are my own and do not necessarily reflect the views of Oracle.
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Why is this one group working on all these 
diverse things?
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What is Graal?
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What is Graal?

• A compiler from Java intermediate representations to native machine code*
– Intermediate representation could be JVM bytecode or Graal’s own IR

– ‘Java’ means any JVM language in general

– Not a compiler from Java source code to Java bytecode

• It’s a compiler library rather than being an executable, like GCC

• Some things I didn’t tie Graal down to there:
– I didn’t say it was specifically a just-in-time compiler

– I didn’t say the bytecode or IR had to come directly from a program as written
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Graal is graphical
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Graal is graphical
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Graal is optimizing and speculative*
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Graal is a Java library
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Where did Graal come from?
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Equivalent to JVMCI
Became Graal
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(This is the ‘future’ as at 2013.)
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C1 to Graal

• C1 (the ‘client’ compiler)
– I believe it’s actually newer then C2 (the ‘server’, or ‘optimizing’ or ‘opto’ compiler)

– Designed to produce reasonably good code reasonably quickly

–More than a template compiler

• Became C1X when rewritten in Java for Maxine
– “more or less literal Java port of the C++ code of C1”

• Became Graal when made a component usable outside of Maxine
– Not really sure this is quite an accurate thing to say

– Graal used the same LIR as C1X, but the IR in Graal is sea-of-nodes, while C1 is CFG

– The LIR has evolved a lot since then as well

Confidential – Oracle Internal/Restricted/Highly Restricted 19



Copyright © 2019, Oracle and/or its affiliates. All rights reserved.  | Confidential – Oracle Internal/Restricted/Highly Restricted 20



Copyright © 2019, Oracle and/or its affiliates. All rights reserved.  |

What does Graal look like today?
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JVMCI

• An interface from a JVM to a compiler implemented in Java

• A bit like JVM agents

• Equivalent to CRI in Maxine

• Graal implements JVMCI

• Other compilers could as well

• And other JVM’s could implement JVMCI

• Not really quite as simple as the interface suggests…

– The compiler needs to know about the VM’s object layout, deoptimization, safepoint

mechanism, GC barriers, and more
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Run on OpenJDK 11 with Graal enabled

$ java -XX:+UnlockExperimentalVMOptions \
-XX:+EnableJVMCI \
-XX:+UseJVMCICompiler \
…

This is using 
Java 11, not 
GraalVM!
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Run on OpenJDK 11 with a custom Graal build

$ java -XX:+UnlockExperimentalVMOptions \
-XX:+EnableJVMCI \
-XX:+UseJVMCICompiler \
-Djvmci.class.path.append=graal.jar \
…

This is using Java 11, 
and using a custom 

Graal build
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Is this metacircularity for the sake of it?
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What are the applications of Graal?
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Graal as a JIT compiler for JVM languages
What are the applications of Graal?
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Running using the GraalVM EE distribution

$ javac TopTen.java
$ time java TopTen large.txt
…
real 0m18.905s
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Compare to standard OpenJDK

$ time java -XX:-UseJVMCICompiler TopTen large.txt
…
real 0m23.102s
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Graal as a specialized compiler for JVM 
applications

What are the applications of Graal?
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Graal as a specialized compiler for JVM applications

• Graal is modular, and the JVMCI has a plug-in architecture

• Can we write custom optimization passes for specific applications and plug 

them into Graal?

–Optimizations that only make sense for your application?

–Optimizations that break the normal rules of the JVM Spec but you’re happy they’re 

safe for your application?

• github.com/jruby/jruby-graal
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Graal as an AOT compiler for JVM languages
What are the applications of Graal?
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Run as normal

$ time java TopTen small.txt
…
real 0m0.408s
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Compile to native using native-image

$ native-image TopTen
…
$ time ./topten small.txt
…
real 0m0.112s



Copyright © 2019, Oracle and/or its affiliates. All rights reserved.  |



Copyright © 2019, Oracle and/or its affiliates. All rights reserved.  |

$ du -h topten
8.8M topten
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$ otool -L topten
topten:
/usr/lib/libSystem.B.dylib
/usr/lib/libz.1.dylib
/System/Library/CoreFoundation
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SubstrateVM using Graal

• The native-image tool is using SubstrateVM and Graal

• SubstrateVM does closed-world analysis on a Java application

• Produces a set of methods to compile

• Runs Graal to compile them
– (literally calls a method called GraalCompiler.compile)
– Replaces the in-memory code-cache with an on-disk code cache

• Details around configuring for static code, but the big idea translates pretty 
literally to the code
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C1X in an AOT
configuration

SVM equivalent
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SVM provides much of this,
much like Maxine
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Doesn’t provide this
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Graal as a JIT compiler for dynamic languages
What are the applications of Graal?
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Graal as a JIT compiler for native languages
What are the applications of Graal?
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Graal as a tool for embedding languages
What are the applications of Graal?
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Demo using the Oracle Database MLE
• Multi-lingual (polyglot) edition

• Available as a Docker image

• Subject to the Oracle Technology Network license agreement, so you need 
to accept that and download it yourself

https://oracle.github.io/oracle-db-mle/releases/0.2.7/docker/

https://oracle.github.io/oracle-db-mle/releases/0.2.7/docker/
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$ npm install validator
$ npm install @types/validator

$ dbjs deploy -u … -p … -c localhost:1521/ORCLCDB validator

$ sqlplus …/…@localhost:1521/ORCLCDB

(Demo simplified - see the website to get specifics)
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SQL> select validator.isEmail('chris.seaton@oracle.com');
0

SQL> select validator.isEmail('chris.seaton');
1

(Demo simplified - see the website to get specifics)
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AOT + JIT

AOT + JIT
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https://commons.wikimedia.org/wiki/File:6DOF.svg
Creative Commons Attribution-Share Alike 4.0 International

https://commons.wikimedia.org/wiki/File:6DOF.svg
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$ native-image -cp sis.jar:. -H:Kind=SHARED_LIBRARY \
-H:Name=libdistance
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$ clang -I. -L. -ldistance distance.c -o distance
$ otool -L distance
distance:

libdistance.dylib
/usr/lib/libSystem.B.dylib

$ ./distance 51.507222 -0.1275 40.7127 -74.0059
5570.25 km
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How is Graal being used today?
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How is Graal being used today?
• Graal as a Java JIT
– JVM bytecode → Graal → machine code

• Graal as a custom Java JIT
– JVM bytecode → Graal → custom phases → Graal → machine code

• Graal as a Java AOT
– JVM classes → Graal → executable or shared library

• Graal as a dynamic language JIT
– source → interpreter → Truffle PE → Graal → machine code

• Graal as a native language JIT
– LLVM bitcode → Sulong → Truffle PE → Graal → machine code

• Graal as a language embedded
– interpreter → Graal → executable or shared library
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Why is there both Graal and GraalVM?
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https://commons.wikimedia.org/wiki/File:6DOF.svg
Creative Commons Attribution-Share Alike 4.0 International

“We’re running on Graal / GraalVM”

https://commons.wikimedia.org/wiki/File:6DOF.svg
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• Graal is a compiler
– Runs in different configurations
• Ahead-of-time
• Just-in-time

– Used in different applications
• Java compiler
• Dynamic language compiler
• Native language compiler

– Distributed in different ways
• Inside OpenJDK
• In GraalVM

• GraalVM is a distribution of the 
wider Graal ecosystem
– Compilers, tools, language 

implementations
– Includes Graal configured as
• A JVM language JIT compiler
• A JVM language AOT compiler
• A JIT compiler for dynamic languages
• A JIT compiler for native languages

– Realizes the potential of Graal
– Graal is the enabler of all this
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Graal and GraalVM?
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Where is Graal going in the future?
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Learning more and getting in touch
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Learning more and getting in touch

• Website – graalvm.org

• Papers – graalvm.org/community/publications

• GitHub – github.com/oracle/graal

• Gitter – gitter.im/graalvm/graal-core

• Twitter – @GraalVM

• Mailing lists – graal-dev@openjdk.java.net, graalvm-users@oss.oracle.com

• Email – chris.seaton@oracle.com
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Safe Harbor Statement

The preceding is intended to provide some insight into a line of research in Oracle Labs. It 
is intended for information purposes only, and may not be incorporated into any 
contract. It is not a commitment to deliver any material, code, or functionality, and 
should not be relied upon in making purchasing decisions. Oracle reserves the right to 
alter its development plans and practices at any time, and the development, release, and 
timing of any features or functionality described in connection with any Oracle product or 
service remains at the sole discretion of Oracle. Any views expressed in this presentation 
are my own and do not necessarily reflect the views of Oracle.
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