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Safe	Harbor	Statement	
The	preceding	is	intended	to	outline	our	general	product	direcOon.	It	is	intended	for	
informaOon	purposes	only,	and	may	not	be	incorporated	into	any	contract.	It	is	not	a	
commitment	to	deliver	any	material,	code,	or	funcOonality,	and	should	not	be	relied	upon	
in	making	purchasing	decisions.	The	development,	release,	and	Oming	of	any	features	or	
funcOonality	described	for	Oracle’s	products	remains	at	the	sole	discreOon	of	Oracle.	
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GraalVM:	Technology	Stack	
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HotSpot	

Graal	compiler	

Truffle	framework	for	AST	interpreters	

FastR	FastR	 Graal.js	 Ruby	+	
Truffle	

C,	C++,	Fortran		
via	Sulong	

JVM	Compiler	Interface	(JDK9	JEP	243)	

Reduced	Language	
ImplementaOon	Effort	

“Natural”	Language	
InteroperaOon	

Aggressive	
OpOmizaOon	and	
DeopOmizaOon	

All	Java	
Technology	
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Java	 Scala	 Ruby	 R	 NaOve	 JavaScript	

Speedup,	higher	is	
be:er	

Performance	on	64-bit	x86	on	well-known	benchmark	suites	relaHve	to:	
HotSpot/Server,	JRuby,	GNU	R,	LLVM	AOT	compiled,	V8	

Graal	
Best	Specialized	

GraalVM:	Peak	Performance	Results	
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HotSpot	

Graal	compiler	(implemented	in	Java)	

Truffle	framework	for	AST	interpreters	

FastR	FastR	 Graal.js	 Ruby	+	
Truffle	

C,	C++,	Fortran		
via	Sulong	

JVM	Compiler	Interface	(JDK9	JEP	243)	

with	instrumentaOon	

InstrumentaOon:	Extended	Truffle/Graal	Technology	

Expose	AST	
ExecuOon	Events	

And	State	

API	

Flexible	Access	for	
Many	Kinds	of	

Tools	

A	Small	SPI	Supports	
Language-AgnosOc	Tools	

Tool	API	

Framework	Code	
Fully	OpOmizeable	

RunOme	Framework	for	Tool	
InstallaOon	and	
Management	
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Graal	Opt/Deopt:	From	interpreted	AST	to	naOve	&	back	
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ParHal	EvaluaHon	AST	RewriHng	
	

Interpreted	AST	 Specialized	AST	 Graal	Compiled	Code	 Restored	AST	

DeopHmizaHon	
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Probes:	Event	Capture	by	Node	InserOon	

N	

AST	Node	to	be	
Instrumented	

Wrapper	Node:	
-	Proxy	for	Instrumented	
Node	
-	Reports	events	

Probe	Node:	
-	Propagates	events	
-	Manages	
subscribers	
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SubscripOon	2	
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P	 S3	S2	S1	W	

N	 	C1	 	C2	 	C3	

SubscripOons:	Event	ReporOng	to	Clients	

SubscripOon	Node:	
-	Propagates	events	
-	Calls	client	listener	



Copyright	©	2017,	Oracle	and/or	its	affiliates.	All	rights	reserved.			

SubscripOons	
•  LocaOons	specified	by	query:	
– For	a	breakpoint:		“line	42	in	mysource.js”	
– For	stepping:		“any	STATEMENT”	(nodes	“tagged”	by	language	implementaOon)	

• Any	number	can	be	created/disposed	dynamically	
•  Thread-safe	
• Deop)mizes	any	affected	fast-path	code	
– But	lazily,	only	when	executed	
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InjecOon1	
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Code	InjecOon:	EvaluaOon	in	Context	

P	 S3	S2	S1	W	

N	 	C1	 	C3	

SubscripOon	Node:	
-	Propagates	events	
-	Executes	code	in	
context	
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Language-Specific	Support	Requirements	
• AST	“markup”	
– Source	amribuOon	(detailed)	
– Node	“tags”,	e.g.	STATEMENT,	EXPR	

• Visibility	
– Hide	implementaOon	arOfacts	(special	frames,	slot,	sources,	etc.)		

• PresentaOon	
– How	to	display	values,	method	names,	etc.	

• Dynamic	eval	in	context	of	any	stack	frame	
• Create	a	“patch”	AST	injecOon	(e.g.	for	breakpoint	condiOons)	
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Performance	Cost	
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ApplicaOons	(Known)		
• Oracle	Internal	
– Truffle	Debugging	API	(clients:	NetBeans,	mulO-language	shell,	web-based	debugger)	
– Other	APIs	under	develoment:		Coverage,	Profiling,	…	
– Time	boxing	
– Language	features	
•  Ruby	set_trace_func	
•  R	stepping	

•  External	
– Event	profiling,	cross-language	metrics	(UC	Irvine)	
– Code	reloading	(Univ.	Tartu)	
– Specialized	concurrency	debugging,	dynamic	metrics	(JKU	Linz)	
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• OTN	product	page	including	download:		
–  www.oracle.com/technetwork/oracle-labs/program-languages	

• Graal	projects	on	github:	
–  Compiler:	github.com/graalvm/graal-core		

–  Truffle:	github.com/graalvm/truffle	

–  Ruby	github.com/graalvm/truffleruby	
–  FastR:	github.com/graalvm/fastr	
–  Sulong:	github.com/graalvm/sulong	

• Graal	on	OpenJDK:		
–  openjdk.java.net/projects/graal	
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