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Safe	Harbor	Statement	
The	following	is	intended	to	outline	our	general	product	direction.	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.	The	development,	release,	and	timing	of	any	features	or	
functionality	described	for	Oracle’s	products	remains	at	the	sole	discretion	of	Oracle.	
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Project	Panama:	What’s	in	there?	
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Project	Panama:	What’s	in	there?	
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Vector	API	

Arrays	2.0	

JNI	2.0	
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Project	Panama:	Recent	Activity	
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What’s	in	there?	
¥!1C7B&

Ð!jextract,	libclang	bindings	(Henry,	2014-2016;	Maurizio,	Sundar,	2017-2018)	
Ð!Universal	adapter	(Mikael,	2015-2016)	
Ð!Binder,	vectors,	etc.	(Mikael	Vidstedt,	2015-2016)		
Ð!MemoryRegion,	Scope,	Pointer	(Henry,	Mikael,	2016)		

¥!BC13G0=#"C4*&
Ð!MethodHandle-based	native	invoker	(Vladimir	Ivanov,	2015)	
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F(0+-8G)<'++ "
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jextract	-	Header	file	->	Java	interface	
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Example:	getpid()	
[["\.'8"('-0,*"<0%&'&D"
\0%&'&D"<0%"M"A'-0,*\0%&'&DG<.'8 L])NOI"
"
[["^*',*"'")<'++"6.&"-#*"F(0+-8"0(-*&6')*R""
[["'(8"&*-F&("'("0(+-'()*"
F(0+-8 " F(0+-8 "M"A'-0,*\0%&'&DG)&*'-* L<0%R"F(0+-8G)<'++ O"
"
[["Q'<<"-#*"+D+-*H"$*-;08LO"6F()-0.("
)($ ,1)2,3, 4()*$256"$1)2 LOI"
"
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Native	Method	Handles	
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Native	Method	Handles	

<#4#& =#"C4*&

Construction	 Lookup.findVirtual()	et	al	 Lookup.findNative()	

Reference	
(typed)	 DirectMethodHandle	 NativeMethodHandle	

Reference	
(direct)	 MemberName	 NativeEntryPoint	

Linker	 MH.linkToVirtual()	et	al	 MH.linkToNative()	

Invocation	 indy,	MH.invoke(),	MH.invokeExact()	

“Making	native	calls	from	the	JVM”	by	John	Rose	
http://cr.openjdk.java.net/~jrose/panama/native-call-primitive.html	

13	



Copyright	©	2017,	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	
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""""""J"97""" :"$;%2<0(2+" ==+)(-.%/0$)!" >?@',L>"%D-*+O""" 2)&"#$,(0$)!",#0++,
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Native	Method	Handles	

.*"(C) &

JNI	 13.7	±	0.5	ns	

Direct	call	 		3.4	±	0.2	ns	

callq	0x1057b2eb0		;	native	method	entry	
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Calling	Convention	

#.-+;.-[+&)[);F[a3C[,H[+#'&*8TF(-0H*Va3CVC1G);; 5"
] @#*"c','" )'<<0($ " ).(,*(-0.( " 0+"'"d +#06-*8 d" ,*&+0.( " .6 " -#* "Q"ef/G"
fD" +?0;;0($ " -#* " 60&+-"Q"ef/" &*$0+-*& " g* " )'( ")'<<"(.(h+-'-0)" i(0 " H*-#.8+ "
g0-# " +H'<<" (FH%*&+" .6 " '&$FH*(-+ " g0-#.F- " #',0($ "-." +#F66<*" -#* " '&$FH*(-+ "
'- " '<< G":0()* " g* " ).(-&.< " -#* " i',' "ef/" g* " .F$#- "-." '- "<*'+-" $*- " +.H* "
'8,'(-'$* " .F- " .6 " 0- G]"
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“Universal	Adapter”	
¥!jdk.internal.nicl.NativeInvoker	

Ð!static	native	void	C1403*=#"C4*(long[]	args,	long[]	rets,	long[]	recipe,	long	addr);	
Ð!alternative	to	MH.linkToNative()	

¥!Very	powerful	mechanism	
Ð!fully	programmable	calling	conventions	through	“recipe”	

¥!Rich	functionality	support	
Ð!varargs	
Ð!struct-by-value	argument	+	return	
Ð!callbacks	(function	pointers)	

¥!Hard	to	optimize	by	JITs	
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Optimize	checks	
	
void	run()	{	
				nativeFunc1();	//	checks	&	state	trans.	
				nativeFunc2();	//	checks	&	state	trans.	
				nativeFunc3();	//	checks	&	state	trans.	
}	

18	
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Optimize	checks	
void	run()	{	
				if	(!(*8T085A+*73%())		jump	failed;	
				"8#1%<#4#G0=#"C4*();	
				call	nativeFunc1();	
				call	nativeFunc2();		
				call	nativeFunc3();		
				"8#1%=#"C4*G0<#4#();	
}	
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Better	JNI	

¥!Native	access	between	the	JVM	and	native	APIs		
Ð!Native	code	via	FFIs	
Ð!Native	data	via	safely-wrapped	access	functions		
Ð!Tooling	for	header	file	API	extraction	and	API	metadata	storage		

¥!Wrapper	interposition	mechanisms,	based	on	JVM	interfaces		
Ð!add	(or	delete)	wrappers	for	specialized	safety	invariants		

¥!Basic	bindings	for	selected	native	APIs		

22	
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¥!John	Rose	
¥!Henry	Jen	
¥!Mikael	Vidstedt	
¥!Maurizio	Cimadamore	
¥!Sundararajan	Athijegannathan	
¥!Tobi	Ajila	(IBM)	
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Motivation	

Expose data-parallel operations  
through a cross-platform API 

25	
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Motivation	
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1.! Maximally	expressive	and	portable	API	
Ð!“principle	of	least	astonishment”	
Ð!uniform	coverage	operations	and	data	types	
Ð!type-safe	

2.! Performant	
Ð!predictable	performance	
Ð!high	quality	of	generated	code	
Ð!competitive	with	existing	facilities	for	auto-vectorization	

3.! Graceful	performance	degradation	
Ð!fallback	for	"holes"	in	native	architectures	

27	
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)($"&D0#" " C"#$%&k` R: "*a-*(8+":#';*kl*)-.&kmR : nnn"P"

""""l*)-.&k ` R: n" 022Ll*)-.&k ` R: n",9OI"

X"

"

Draft	API	(by	John	Rose,	c.	2015)	

C"#$%&k/(-*$*& R:9BCf0- n"a"M"GGGR"D"M"GGGI" [[",*)-.&+".6"3" 0(-+ *
C"#$%&k/(-*$*& R:9BCf0- n"W"M"aG022LDOI""""" [["*<*H*(-hg0+*"'880-0.( *
"

!10222 , jDHH4RjDHH>RjDHH>"
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Implementation	Challenges	
1.! How	to	represent	vector	operations	on	JVM	level?	
2.! Optimize	away	vector	boxes	

Ð!required	for	mapping	Vector	instances	to	vector	registers	in	generated	code	
Ð!Vector<Integer,S256Bits>	=>	ymm	regs	on	x86/AVX	

3.! Primitive	specialization	
Ð!Vector<;1"*.*8 ,S256Bits>	vs	Vector<C1",S256Bits>	

4.! Vectorize	higher-order	operations	
Ð!Vector<` ,: >	map(UnaryOperator<` >	op);	
Ð!“You	can	fit	a	universe	in	a	lambda”	
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l*)-.&k )($ RmnGH';L'&&R"0"hn"0"o"4O""

30	

Vector	API:	Ultimate	Goal		
	

(with	4#B$*&"W(*%,	.*1*8C7&%(*7C#BCX#"C01,	and	78#73#YB*&B#5Y)#%)	
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Implementation	Challenges	
J/  Z0E&"0&8*(8*%*1"&4*7"08&0(*8#"C01%&01&<6[&B*4*B\&

>/  ]("C5CX*&#E#W&4*7"08&Y0^*%&
Ð!required	for	mapping	Vector	instances	to	vector	registers	in	generated	code	
Ð!Vector<Integer,S256Bits>	=>	ymm	regs	on	x86/AVX	

3.! Primitive	specialization	
Ð!Vector<;1"*.*8 ,S256Bits>	vs	Vector<C1",S256Bits>	

4.! Vectorize	higher-order	operations	
Ð!Vector<` ,: >	map(UnaryOperator<` >	op);	
Ð!“You	can	fit	a	universe	in	a	lambda”	
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Int128Vector	
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Int256Vector	 Int512Vector	 ….	
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History	

Machine	Code	Snippets	+	Super-longs	(2016-2017)	

MVT-based	Vectors	(2017)	

Intrinsic-backed	Typed	Vectors	(2017-2018)	

J&

>&

K&
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Machine	Code	Snippets	+	Super-Longs	
;"*8#"C01&_J&

>?JN&
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Machine	Code	Snippets	

¥!Use	case:	prototyping	
1.! minimize	implementation	costs	
2.! decent	performance	
3.! up	to	a	dozen	instructions	in	size	

¥!Existing	solutions	
Ð!JVM	intrinsics:	1.		no	/	2.	yes	
Ð!JNI	/	NMH:							1.	yes	/	2.		no	

[0"C4#"C01&-&`0#B%&
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¥!Wrap	raw	machine	code	in	a	method	handle	
Ð!Use	snippet	“recipe”		
Ð!Let	user	know	about	RA	decisions	

¥!2	execution	modes	
Ð!optimized:		

¥!embedded	in	generated	code	

Ð!non-optimized,	interpreted	
¥! invokes	stand-alone	version	

Machine	Code	Snippets	

MethodHandleJava

Native

Unsafe wrapper

Safe wrapper

Stand-alone Embedded

User-deÞned

produced  
by j.l.i
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*$0$)#,D)(0+, _*-#.8K'(8<* " !"#$%&'()*+++ "M"""""
"""" _')#0(*Q.8*:(0;;*-G !+," L8GGHIJK!102228R"

" " _*-#.8@D;*G !"#$%&'()" L\.($1G #+0** R"\.($1G #+0** R"\.($1G #+0** OR"
" " -"./0-"1 L,-.$ OR"
" " kk" !10222 ,L MGGNOLMGGNOLMGGN,nnOI"

,

*$0$)#, \.($1" ,;'888 L\.($1",4R\.($1",9O"P"
"""" $&M,P"
"""""""" &"$4&(, !"#$%&'()*+++ G0(,.?*`a')-L,4R",9OI"
""""X" #0$#;, L@#&.g'%<*"*O"P" $;&%P,("P, `&&.&L*OI"X"
X"
"

VPADDD	
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" " _*-#.8@D;*G !"#$%&'()" L\.($1G #+0** R"\.($1G #+0** R"\.($1G #+0** OR"
" " -"./0-"1 L,-.$ OR"
" " kk" !10222 ,L MGGNOLMGGNOLMGGN,nnOI"

,

*$0$)#, \.($1" ,;'888 L\.($1",4R\.($1",9O"P"
"""" $&M,P"
"""""""" &"$4&(, !"#$%&'()*+++ G0(,.?*`a')-L,4R",9OI"
""""X" #0$#;, L@#&.g'%<*"*O"P" $;&%P,("P, `&&.&L*OI"X"
X"
"

VPADDD	
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JVM	vs	Hardware	

39	

;5(*)#17*&[C%5#"7+&
&
&

size	
(bits)	 8	 16	 32	 64	 128	 256	 512	 …	

x86	
regs	 AL	 AX	 EAX	 RAX	 XMM0	 YMM0	 ZMM0	 -	

JVM	 B	 S	 I	 J	 -	 -	 -	 …	
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¥!java.lang.Long2	/	Long4	/	Long8&
Ð!represent	128/256/512-bit	values	

¥!“well-known“	to	the	JVM	
Ð!special	treatment	in	the	JVM	
Ð!C2	knows	how	to	map	the	values	to	
appropriate	vector	registers	

¥!2	ways	to	define	operations	on	
vectors	
Ð!methods	on	Long2	/	Long4	/	Long8	
Ð!user-defined	machine	code	snippets	

Super-Longs	
22*345670#*8"9#%-:*
14E+)#, [p" !0+4", p[" D)(0+,#+0**, \.($9"P"
"""" 1&)!0$",D)(0+,+%(6, +QR"+HI" 22* /0.!12
2
22221&)!0$", \.($9LO"P " $;&%P,("P, `&&.&LOI " X"
"
"""" JK.-:;.-/(-&0(+0)Q'(808'-* "
"""" 14E+)#,*$0$)#,(0$)!", \.($9"H'?*L +%(6,<.R" +%(6,#0OI"
"
"""" JK.-:;.-/(-&0(+0)Q'(808'-* "
"""" 14E+)#,(0$)!",+%(6, *a-&')-L )($ , 0OI"
"
"""" JK.-:;.-/(-&0(+0)Q'(808'-* "
"""" 14E+)#, E%%+"0(, *qF'<+L\.($9",O"P " GGG"X"
"
""""GGG"
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JVM	vs	Hardware	

41	

!$(*8aI01.%&

size	
(bits)	 8	 16	 32	 64	 128	 256	 512	 …	

x86	
regs	 AL	 AX	 EAX	 RAX	 XMM0	 YMM0	 ZMM0	 -	

JVM	 B	 S	 I	 J	 j.l.Long2	 j.l.Long4	 j.l.Long8	 …	
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)($"&D0#" "l*)-.&k`R:"*a-*(8+":#';*kl*)-.&kmR:nnn"P"
""""l*)-.&k`R:n"'88Ll*)-.&k`R:n",9OI"
X,
,
0E*$&0#$,#+0**, /(-l*)-.& ""
"""""""k:" "R$"(2*, l*)-.&G:#';* kl*)-.&kmR":nnn""

, )G1+"G"($*, l*)-.&k/(-*$*&R":n"P EX"
,
,
D)(0+,#+0**, /(-9BCl*)-.&" "R$"(2*, /(-l*)-.& k:9BCf0-n"P"
"""" 1&)!0$",D)(0+, \.($1" !"# I"
,,,,,
,,,,14E+)#, l*)-.&k/(-*$*&R:9BCf0-n"'88Ll*)-.&k/(-*$*&R:9BCf0-n",O"P"
""""""""/(-9BCl*)-.&",9BC0"M"L/(-9BCl*)-.&O",I"
"""""""" &"$4&(,("P, /(-9BCl*)-.&L l*)S-0<+G 8)+&&&L$;)* G!"# R",9BC0G-.\.($1LOOOI"
""""X"
"

42	

Vector	API:	Implementation	
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)($"&D0#" "l*)-.&k`R:"*a-*(8+":#';*kl*)-.&kmR:nnn"P"
""""l*)-.&k`R:n"'88Ll*)-.&k`R:n",9OI"
X,
,
0E*$&0#$,#+0**, /(-l*)-.& ""
"""""""k :" "R$"(2*, l*)-.&G:#';* kl*)-.&kmR" : nnn""

, )G1+"G"($*, l*)-.&k/(-*$*&R" : n"PEX"
,
,
D)(0+,#+0**, /(-9BCl*)-.&" "R$"(2*, /(-l*)-.& k:9BCf0-n"P"
"""" 1&)!0$",D)(0+, \.($1" !"# I"
,,,,,
,,,,14E+)#, l*)-.&k/(-*$*&R:9BCf0-n"'88Ll*)-.&k/(-*$*&R:9BCf0-n",O"P"
""""""""/(-9BCl*)-.&",9BC0"M"L/(-9BCl*)-.&O",I"
"""""""" &"$4&(,("P, /(-9BCl*)-.&L l*)S-0<+G 8)+&&&L$;)* G!"# R",9BC0G-.\.($1LOOOI"
""""X"
"
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Vector	API:	Implementation	
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)($"&D0#" "l*)-.&k`R:"*a-*(8+":#';*kl*)-.&kmR:nnn"P"
""""l*)-.&k`R:n"'88Ll*)-.&k`R:n",9OI"
X,
,
0E*$&0#$,#+0**, /(-l*)-.& ""
"""""""k:" "R$"(2*, l*)-.&G:#';* kl*)-.&kmR":nnn""

, )G1+"G"($*, l*)-.&k/(-*$*&R":n"P EX"
,
,
D)(0+,#+0**, /(-9BCl*)-.&" "R$"(2*, /(-l*)-.& k:9BCf0-n"P"
"""" 1&)!0$",D)(0+, \.($1" !"# I"
,,,,,
,,,,14E+)#, l*)-.&k/(-*$*&R:9BCf0-n"'88Ll*)-.&k/(-*$*&R:9BCf0-n",O"P"
""""""""/(-9BCl*)-.&",9BC0"M"L/(-9BCl*)-.&O",I"
"""""""" &"$4&(,("P, /(-9BCl*)-.&L l*)S-0<+G 8)+&&&L$;)* G!"# R",9BC0G-.\.($1LOOOI"
""""X"
"
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Vector	API:	Implementation	
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Snippet	Result	Boxing	
A>&;H&

45	
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Nested	Vector	Operations	
A>&;H&

46	
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Use	Case:	Hash	

hi+1	=	31*hi	+	vi	

47	



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

Use	Case:	Vectorized	Hash	

31 31 31 31 31 311 5432

i i i i i i i i234567 1 0

3176
* * * * * * * *

+ + + + + + + +
a7318 a6318 a5318 a4318 a3318 a2318 a1318 a0318

b7 b 6 b5 b4 b3 b2 b1 b0

a7 a6 a5 a4 a3 a2 a1 a0

+

48	
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\.($1" ')) "M"\.($1G 3145I"
D%&,LI" <*( "nM"3I".66"oM" 3R"<*( "hM3O"P"
"""" +%(6, ,"M" 6G$*-\.($ LGGGOI"
"""" ')) "M"8$+1$5L')) R",OI"
X"
"

50	
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Escape	Analysis	in	C2	

“The	test	case	shows	limitation	of	the	current	EA	implementation.	Objects	
will	not	be	eliminated	if	there	is	merge	point	in	which	it	is	undefined	which	
object	is	referenced.F&

JDK-6853701	
	”[The]	address	may	point	to	more	then	one	object.	This	may	produce	the	
false	positive	result	(set	not	scalar	replaceable)	since	the	flow-insensitive	
escape	analysis	can't	separate	the	case	when	stores	overwrite	the	field's	
value	from	the	case	when	stores	happened	on	different	control	branches.”	

hotpsot/src/share/vm/opto/escape.cpp#l1733	
	

IC5C"#"C01%&

51	
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Escape	Analysis	in	C2	

¥!Phi	node	blocks	allocation	elimination	
¥!No	vector	load	hoisting	out	of	a	loop	
¥!No	constant	folding	of	vector	values	
¥!Repeated	unboxing	
¥!Box	allocation	placement	

]Y%*84#"C01%&

52	
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Machine	Code	Snippets	+	Super-Longs	

¥!Pros	
Ð!excellent	for	exploratory	development	
Ð!snippets	cover	all	exectution	modes	

¥!Cons	
Ð!liminations	of	C2	escape	analysis	
Ð!default	implementations	are	needed	anyway	

¥! for	running	on	H/W	w/o	proper	support	(SSE	vs	AVX,	etc)	

Ð!2	JVM	features	instead	of	1	
¥!Machine	Code	Snippets	are	a	full-blown	feature	on	their	own	

53	

!$55#8W&
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MVT-based	Vectors	
;"*8#"C01&_>&
>?JNa>?Jb&

54	
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¥!Crucial	for	decent	performance	
¥!Escape	Analysis	in	C2	

Ð!doesn’t	cover	all	the	cases	(e.g.,	non-trivial	control	flow)	
Ð!	brittle	(depends	on	inlining	decisions;	easy	for	a	user	to	leak	an	instance)	

¥!Value	Types	for	the	rescue!	
Ð!(but	in	a	longer	termÉ 	not	there	yet)	
Ð!represent	super-longs	&	typed	vectors	as	value	types	
Ð!let	the	JIT-compiler	do	the	rest	

55	

Vector	Box	Elimination	
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¥!First	version	
Ð!“minimized	but	viable	subset	of	value-type	functionality“	
Ð!no	language/tooling	support	

¥!Value	operations	are	provided	through	method	handles	
	

56	

Minimal	Value	Types	(MVT)	
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Minimal	Value	Types	(MVT)	

57	

6AA&

6AA&
6AA&P6A&

%0$87*&

7B#%%&TCB*&

8$1"C5*&7B#%%& 8$1"C5*&7B#%%&

Ji,HG0(-*&('<G,'<F*Gl'<F*Q';'%<*Q<'++ "
D)(0+,#+0**, '($HIJC"#$%&,
,,,,,,,,)G1+"G"($*, /(-l*)-.& k:9BCf0-n"

Q<'++kmn"CSS"M" '($HIJC"#$%& G#+0** I"
l'<F*@D;* kmn"l@"M""
"""" l'<F*@D;*G6.&Q<'++ LlQQOI"
Q<'++kmn"TCS"M"l@G,'<F*Q<'++ LOI"

lQQ"M"l'<F*"Q';'%<*"Q<'++"
ZlQ"M"Z*&0,*8"l'<F*"Q<'++"
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Limitations:	no	VT-in-VT	support	
No	place	for	raw	vs	typed	vectors	separation	anymore.	

%CX*& R& JN& K>& NL& J>R& >MN& MJ>& O

x86	 AL	 AX	 EAX	 RAX	 XMM0	 YMM0	 ZMM0	 -	

JVM	 B	 S	 I	 J	

;1"J>R6*7"08&
I01.J>R6*7"08&
VB0#"J>R6*7"08&

…	

;1">MN6*7"08&
I01.>MN6*7"08&
VB0#">MN6*7"08&

…	

;1"MJ>6*7"08&
I01.MJ>6*7"08&
VB0#"MJ>6*7"08&

…	

…	
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¥!Vector	operations	as	method	handles	
Ð!MVT	will	only	expose	value	operations	as	MethodHandles	
Ð!wrapping	value	types	into	ordinary	classes	doesn’t	work	

¥!no	benefits	for	box	elimination	

¥!2	ways	to	compose	vector	operations	
Ð!method	handle	combinators	
Ð!bytecode	

59	

MethodHandle-based	Vector	API	
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[[")r050o2s"M"'r050o2s"o"%r050o2s"
!%)2 " ,*)-.&0W*8V'88 L)($ rs"'R" )($ rs"%R" )($ rs")R" )($ , 0O"P"
""""/(-9BCl*)-.&" ,' "M"75,8'09 L'R" 0OI"
""""/(-9BCl*)-.&" ,%"M"75,8'09 L%R"0OI"
""""/(-9BCl*)-.&" ,) "M",88'09 L,' R",%OI"
"""" :;541'09 L)R" 0R",) OI"
X"
"
_*-#.8K'(8<* " 75,8'09 ""M" E"[[" _@L0(- rsR0(- OTCS"
_*-#.8K'(8<* " ,88'09 """M" E"[["_@L TCSRTCSOTCS,
_*-#.8K'(8<* " :;541'09 "M"E"[["_@L 0(- rsR0(-R TCSO,.08"
"""""""""""""""""""""""""""""""""lQQ"M"/(-l*)-.&9BC"

""ZlQ"M"/(-l*)-.&9BC!l'<F*"
" 60	

Example	
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MVT:	Method	Handle	Combinators	

,88'09 	

75,8'09 	75,8'09 	

:;541'09 	

' 	 %	 ) 	 0	_*-#.8K'(8<* "H#4"M"_*-#.8K'(8<*+G 9%;;"9#<-=/!">#1 L"
" " " ,88'09 R"4R"75,8'09 OI"

"
_*-#.8K'(8<* "H#9"M"_*-#.8K'(8<*+G 9%;;"9#<-=/!">#1 L"

" " " H#4R">R"75,8'09 OI"
"
_*-#.8K'(8<* "H#7"M"_*-#.8K'(8<*+G 9%;;"9#<-=/!">#1 L"

" " " :;541'09 R"9R"H#9OI"
"
_*-#.8K'(8<* "H#1"M"_*-#.8K'(8<*+G )"-!/#"<-=/!">#1 L"
""""""""H#7R" !"#$%&'()" L!%)2 G#+0** R""
,,,,,,,,,,,,,,,,,,,,,,,, )($ rsG#+0** R")($ rsG#+0** R""
,,,,,,,,,,,,,,,,,,,,,,,, )($ rsG#+0** R")($ G#+0** OR"
"""""""" 9R"7R">R"7R"4R"7OI"
"
-,88'!"2 M"H#1I" "

-,88'!" 	
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_*-#.8K'(8<*fF0<8*&G ;%+&?%&"L755<6=R"U+%%1KE%2M8R"
" !"#$%&'()" L!%)2 G#+0** R")($ rsG#+0** R")($ rsG#+0** R"""""""

,,,,,,,,,,,,,,,,,,,,,,,,,,,, )($ rsG#+0** R")($ G#+0** OR"
""""QtZ`"hn"P"QtZ`"
******** G<8) L75,8'09 O"[[").(+-'(-";..<";'-)#"
""""""""G )#*)?)'+- L_*-#.8K'(8<*G #+0** O"
""""""""G<.'8L >O"""""" [["'5" 0(- rs *
******** G<.'8L 7O"""""" [[" 05" 0(- *
******** G0(,.?*,0&-F'< L_*-#.8K'(8<*G #+0** R"8)(!%-"VR0#$ 8R"
,,,,,,,,,,,,,,,,,,,,,,,8>W''@ X'($C"#$%&HIJYC0+4"Z8R"D0+*" O"
""""""""G+-.&*L 1O"""" [[" ,' 5" X/(-l*)-.&9BC!l'<F*"
"

ZlQ"M"/(-l*)-.&9BC!l'<F* "
*
"

62	

MVT:	Bytecode	Generation	
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-,882 M"_*-#.8K'(8<*fF0<8*&G ;%+&?%&"L755<6=R"8!022 8R"
"""" !"#$%&'()" L!%)2 G#+0** R")($ rsG#+0** R")($ rsG#+0** R")($ rsG#+0** R")($ G#+0** OR"
"""" QtZ`"hn"P"QtZ`"
"""" """" 22* 8+*@*;%+&A5B+C0D*
**** """"G <8) L75,8'09 O"
""""""""G )#*)?)'+- L_*-#.8K'(8<*G #+0** O"
""""""""G<.'8L >O"22*+E* 0>#FG*
******** G<.'8L 7O"22* 0E*0>#*
******** G0(,.?*,0&-F'< L_*-#.8K'(8<*G #+0** R,8 )(!%-"VR0#$ 8R"
""""""""""""""""""""""" 75,8'09 G-D;*LOG-._*-#.8Z*+)&0;-.&:-&0($ LOR"D0+*" O"
""""""""G+-.&*L 1O"22* 8+E*HA>#I"9#%-4JK*
*
********22* 87*@*;%+&A5B7C0D*
******** G<8) L75,8'09 O"
""""""""G )#*)?)'+- L_*-#.8K'(8<*G #+0** O"
""""""""G<.'8L 4O"22*7E* 0>#FG*
******** G<.'8L 7O"22* 0E*0>#*
******** G0(,.?*,0&-F'< L_*-#.8K'(8<*G #+0** R,8 )(!%-"VR0#$ 8R""
2222222222222222222222275,8'09 G-D;*LOG-._*-#.8Z*+)&0;-.&:-&0($ LOR"D0+*" O"
""""""""G+-.&*L BO"22* 87E*HA>#I"9#%-4JK*
*
********22* 89*@*+&&B8+C87D*
******** G<8) L,88'09 O"
""""""""G )#*)?)'+- L_*-#.8K'(8<*G #+0** O"
""""""""G<.'8L 1O"" 22* 8+E*HA>#I"9#%-4JK*
******** G<.'8L BO"" 22* 87E*HA>#I"9#%-4JK*
******** G0(,.?*,0&-F'< L_*-#.8K'(8<*G #+0** R"" 8)(!%-"VR0#$ 8R""
22222222222222222222222,88'09 G-D;*LOG-._*-#.8Z*+)&0;-.&:-&0($ LOR"D0+*" O"
""""""""G+-.&*L CO"22* 89E*HA>#I"9#%-4JK*
*
******** G<8) L:;541'09 O"
""""""""G )#*)?)'+- L_*-#.8K'(8<*G #+0** O"
""""""""G<.'8L 9O"22*9E* 0>#FG*
******** G<.'8L 7O"22* 0E*0>#*
******** G<.'8L CO"22* 89E*HA>#I"9#%-4JK*
******** G0(,.?*,0&-F'< L_*-#.8K'(8<*G #+0** R"8)(!%-"VR0#$ 8R""
22222222222222222222222:;541'09 G-D;*LOG-._*-#.8Z*+)&0;-.&:-&0($ LOR"D0+*" O"
""""""""G&*-F&(VLOI"
XOI"

63	

_*-#.8K'(8<* "eZZV/3"""M" 8"9#%-L)"-+#0%> Lt;G ,88 R"09'8-> OI"
_*-#.8K'(8<* "\teZV/3""M" 8"9#%-L)"-+#0%> Lt;G 2,44,?'75,8 R"09'8-> OI"
_*-#.8K'(8<* ":@tT`V/3"M" 8"9#%-L)"-+#0%> Lt;G ,44,?':;541 R"09'8-> OI"
"
22*<MMNA5*OP*BQL<MNA5*O3*O4D*
_*-#.8K'(8<* "H#4"M"_*-#.8K'(8<*+G 9%;;"9#<-=/!">#1 LeZZV/3R"4R"\teZV/3OI"
"
22*<MMNA5*BQL<MNA5*OP*O3D*BQL<MNA5*O4*ORD*
_*-#.8K'(8<* "H#9"M"_*-#.8K'(8<*+G 9%;;"9#<-=/!">#1 LH#4R">R"\teZV/3OI"
"
22*S'LTUNA5*OP*O3*B<MMNA5*BQL<MNA5*O4*ORD*BQL<MNA5*OV*OJDD*
_*-#.8K'(8<* "H#7"M"_*-#.8K'(8<*+G 9%;;"9#<-=/!">#1 L:@tT`V/3R" 9R"H#9OI"
"
22*S'LTUNA5*O4*OR*B<MMNA5*BQL<MNA5*OP*ORD*BQL<MNA5*O3*ORDD*
_*-#.8K'(8<* "H#1"M"_*-#.8K'(8<*+G )"-!/#"<-=/!">#1 LH#7R"
"""""""" !"#$%&'()" L!%)2 G#+0** R""
,,,,,,,,,,,,,,,,,,, )($ rsG#+0** R")($ rsG#+0** R")($ rsG#+0** R")($ G#+0** OR"
"""""""" 9R"7R">R"7R"4R"7OI"
"
-,88'!"2 M"H#1I"
"
"
*$0$)#,!%)2, '88L )($ rs"'R" )($ rs"%R" )($ rs")O"P"
"""" $&M,P"
"""""""" D%&,L)($ , 0"M">I" 0"k" 'G+"(6$; I" 0"oM"3O"P"
"""""""""""" -,88'!" G0(,.?*`a')- L'R"%R")R" 0OI"
""""""""X"
""""X" #0$#;, L@#&.g'%<*"*O"P"
"""""""" $;&%P,("P, `&&.&L*OI"
""""X"
X"
"

								Q-typed	bytecode																								Method	handle	combinators	
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*	

b	a	

+	

c	

L)($ , 'R " )($ , %R" )($ , )O"hn"P"
""""" ' , p"%, o")I"
X"

Vector	API:	Expression	Language	
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*	

b	a	

+	

c	 Expression	
Transformer	

Scalar	Kernel	

Vector	Kernel	

Vector	Ops	
Collection	

Vector	API:	Expression	Language	
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Vector	API:	Expression	Language	

_*-#.8K'(8<* " '88_K "M""
"" fF0<8*&G%F0<8*&L'($C"#$%&HIJ G#+0** O* [["T*-F&("-D;* "
""""""""" G%0(8L'($HIJC"#$%& G#+0** R"[["'" "

, , , , '($HIJC"#$%& G#+0** R"[["%" "
, , , , '($HIJC"#$%& G#+0** R"[[")" "

""""""""""""""" L'R"%R")R"fO"hn" fG&*-F&( VL05G4+>E@5022>#@OO*
********* [["/(+-'(-0'-*"g0-#"'"H*-#.8"#'(8<*"H';;0($ "
********* G%F0<8L%1*[&%!)2"& OI""
"

66	
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¥!Pros	
Ð!excellent	JVM	support	

¥!boxing	problem	solved	
¥!no	implicit	boxing	

Ð!only	vbox/vunbox	bytecodes	trigger	vector	boxing/unboxing	

¥!Cons	
Ð!too	low-level	API	for	users	

¥!exposing	MVT-based	API	to	users	is	not	feasible	
Ð!too	verbose,	too	many	implementation	details	

¥!needs	some	wrapping,	but	naïve	approaches	don’t	play	well	with	MVT	design	
Ð!vector	wrapping	defeats	MVT	

Ð!Expression	Language	(EL)	as	a	interim	solution	

67	

Summary	
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Intrinsic-backed	Typed	Vectors	
;"*8#"C01&_K&

68	
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/(-9BCl*)-.&"a"M"GGGR"D"M"GGGI *
/(-9BCl*)-.&"W"M" aG'88LDOI*
"

69	

4(#))) 	%ymm1,%ymm0,%ymm0	

e88l/ "

,*)-.&D r3s5P0(- X" ,*)-.&D r3s5P0(- X"

,*)-.&D r3s5P0(- X"

Q9"/T 	

c',' 	

_')#0(*"
).8* 	
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'($HIJC"#$%& "W"M"aG'88LDOI*
"
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4(#))) 	%ymm1,%ymm0,%ymm0	

e88l/ "

'($C"#$%&k:9BCf0-n"W"M"
""""" aG'88LDOI*
"

C"#$%&k/(-*$*&R:9BCf0-n"W"M"
""""""""""""" aG'88LDOI*
"
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)($"&D0#" "l*)-.&k ` R: "*a-*(8+":#';*kl*)-.&kmR : nnn"P"
""""l*)-.&k ` R: n"'88Ll*)-.&k ` R: n",9OI"
X,
,
14E+)#,0E*$&0#$,#+0**, /(-l*)-.& "k :" "R$"(2*, En" )G1+"G"($*, l*)-.&k /(-*$*&R : n"P"
"""" JK.-:;.-/(-&0(+0)Q'(808'-* "
"""" 14E+)#, /(-l*)-.& k: n"'88Ll*)-.&k /(-*$*&R : n".O"P"
"""""""" &"$4&(, %t; L.R"L 0R"'R"%O"hn"L )($ O"L'"o"%OOI" 22*&"W+/;#*0!);"!">#+#0%> "
""""X"
X"
,
,
D)(0+,#+0**, /(-9BCl*)-.&" "R$"(2*, /(-l*)-.& k:9BCf0-n"P"
"""" 1&)!0$",D)(0+, )($ rs" !"# , M"("P, )($ r 3sI"
"
""""/(-9BCl*)-.&" %t; Ll*)-.&k/(-*$*&R":9BCf0-n".R" Uf0(t; "6O"P" E"X"
X"
"
" 71	

10#-06", i8?G0()F%'-.&G,*)-.& I"
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10#-06", i8?G0()F%'-.&G,*)-.& I 	

Vector<E,S>	

IntVector<S>	

Int128Vector	 Int256Vector	 Int512Vector	

14E+)#	

10#-06"F,
1&)!0$" 	

)($"&D0#" 	

,
14E+)#,0E*$&0#$,#+0** 	

D)(0+,#+0** 	

JK:/Q"
'88L EO"

FloatVector<S>	 ….	

….	 ….	
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JK.-:;.-/(-&0(+0)Q'(808'-* "
/(-l*)-.& 55'88Ll*)-.&O /(-l*)-.& *
"
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'($C"#$%&k:493f0-n"W"M"
""""" aG'88LDOI*
"

'($C"#$%&k:9BCf0-n"W"M"
""""" aG'88LDOI*
"

e88l/ "

,*)-.&D r \ s5P0(- X" ,*)-.&D r \ s5P0(- X"

,*)-.&D r \ s5P0(- X"

e88l/ "

,*)-.&D r Bs5P0(- X" ,*)-.&D r Bs5P0(- X"

,*)-.&D r Bs5P0(- X"



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

Successful	intrinsification	requires:	
1.! Exact	type	of	receiver		

¥!IntVector	=>	Int256Vector	

2.! Exact	type	of	the	argument	
¥!Vector	=>	Int256Vector	

3.! Both	arguments	have	the	same	type	

74	

JK:/Q" /(-l*)-.& 55'88Ll*)-.&O /(-l*)-.& 	
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10#-06", i8?G0()F%'-.&G,*)-.& I 	

Vector<E,S>	

IntVector<S>	

Int128Vector	 Int256Vector	 Int512Vector	
JK:/Q"
'88L EO"

JK:/Q"
'88L EO"

JK:/Q"
'88L EO"

'88L EO"
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"
8.V0(-&0(+0) LVl*)-.&e88/(- R"i8?V0()F%'-.&V,*)-.&V '($C"#$%&R"E"
"
"
"
"
"
8.V0(-&0(+0) LVl*)-.&e88/(-493R"i8?V0()F%'-.&V,*)-.&V '($QHBC"#$%&R"E"
"
8.V0(-&0(+0) LVl*)-.&e88/(-9BCR"i8?V0()F%'-.&V,*)-.&V '($HIJC"#$%& R"E"
"
8.V0(-&0(+0) LVl*)-.&e88/(-B49R"i8?V0()F%'-.&V,*)-.&V '($HIJC"#$%& R"E"
"
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4B9>""[p"V l*)-.&\*($-# "+#.F<8"%*"60&+-".(*"0("<0+-"'+"0-"0+"F+*8"'+"H'&?*&"6.&"%*$0((0($".6"l*)-.&"eb/"H*-#.8+"p[""""""""""""""""""""""""""""
4B94"" 8.V0(-&0(+0) LVl*)-.&\*($-# R"i8?V0()F%'-.&V,*)-.&Vl*)-.& R"<*($-#V('H* R",.08V0(-V+0$('-F&* R"UVTO"
4B99"" 8.V0(-&0(+0) LVl*)-.&Q.(+-'(-_'+? R"i8?V0()F%'-.&V,*)-.&Vl*)-.&:;*)0*+ R").(+-'(-VH'+?V('H* R",*)-.&V).(+-'(-VH'+?V+0$ R"UVTO"""""""""""""""
4B97"" 8.V0(-&0(+0) LVl*)-.&@&F*_'+? R"i8?V0()F%'-.&V,*)-.&Vl*)-.&:;*)0*+ R"-&F*VH'+?V('H* R",*)-.&VH'?*VH'+?V+0$ R"UVTO"""""""""""""""""""""""""""
4B91"" 8.V0(-&0(+0) LVl*)-.&U'<+*_'+? R"i8?V0()F%'-.&V,*)-.&Vl*)-.&:;*)0*+ R"6'<+*VH'+?V('H* R",*)-.&VH'?*VH'+?V+0$ R"UVTO"""""""""""""""""""""""""
4B9B"" 8.V0(-&0(+0) LVl*)-.&_'+?e<<@&F* R"i8?V0()F%'-.&V,*)-.&Vl*)-.&_'+? R"'<<V-&F*V('H* R",.08V%..<*'(V+0$('-F&* R"UVTO""""""""""""""""""""""""""
4B9C""8.V0(-&0(+0) LVl*)-.&_'+?e(D@&F* R"i8?V0()F%'-.&V,*)-.&Vl*)-.&_'+? R"'(DV-&F*V('H* R",.08V%..<*'(V+0$('-F&* R"UVTO""""""""""""""""""""""""""
4B92"" 8.V0(-&0(+0) LVl*)-.&_'+?T*%&')?*- R"i8?V0()F%'-.&V,*)-.&Vl*)-.&_'+? R"&*%&')?*-VH*-#.8V('H* R",*)-.&VH'+?V&*%&')?*-V+0$ R"UVTO"""""""""""""
4B93"" 8.V0(-&0(+0) LVl*)-.&u*&.U<.'- R"i8?V0()F%'-.&V,*)-.&VU<.'-l*)-.&VU<.'-:;*)0*+ R"W*&.V,*)-.&V('H* R",*)-.&V6<.'-VW*&.V+0$ R"UVTO""""""""""""
4B9="" 8.V0(-&0(+0) LVl*)-.&f&.'8)'+-U<.'- R"i8?V0()F%'-.&V,*)-.&VU<.'-l*)-.&VU<.'-:;*)0*+ R"%&.'8)'+-V,*)-.&V('H* R",*)-.&V6<.'-V%&.'8)'+-V+0$ R""
4B7>"" 8.V0(-&0(+0) LVl*)-.&u*&./(- R"i8?V0()F%'-.&V,*)-.&V/(-l*)-.&V/(-:;*)0*+ R"W*&.V,*)-.&V('H* R",*)-.&V0(-VW*&.V+0$ R"UVTO""""""""""""""""""""
4B74"" 8.V0(-&0(+0) LVl*)-.&f&.'8)'+-/(- R"i8?V0()F%'-.&V,*)-.&V/(-l*)-.&V/(-:;*)0*+ R"%&.'8)'+-V,*)-.&V('H* R",*)-.&V0(-V%&.'8)'+-V+0$ R"UVTO"""""
4B79"" 8.V0(-&0(+0) LVl*)-.&u*&.Z.F%<* R"i8?V0()F%'-.&V,*)-.&VZ.F%<*l*)-.&VZ.F%<*:;*)0*+ R"W*&.V,*)-.&V('H* R",*)-.&V8.F%<*VW*&.V+0$ R"UVTO""""""""
4B77"" 8.V0(-&0(+0) LVl*)-.&f&.'8)'+-Z.F%<* R"i8?V0()F%'-.&V,*)-.&VZ.F%<*l*)-.&VZ.F%<*:;*)0*+ R"%&.'8)'+-V,*)-.&V('H* R",*)-.&V8.F%<*V%&.'8)'+-V+ "
4B71"" 8.V0(-&0(+0) LVl*)-.&\.'8U<.'- R"i8?V0()F%'-.&V,*)-.&VU<.'-l*)-.&VU<.'-:;*)0*+ R"<.'8V,*)-.&V('H* R",*)-.&V6<.'-V<.'8V+0$ R"UVTO""""""""""""
4B7B"" 8.V0(-&0(+0) LVl*)-.&:-.&*U<.'- R"i8?V0()F%'-.&V,*)-.&VU<.'-l*)-.& R"+-.&*V,*)-.&V('H* R",*)-.&V6<.'-V+-.&*V+0$ R"UVTO""""""""""""""""""""""
4B7C""8.V0(-&0(+0) LVl*)-.&\.'8Z.F%<* R"i8?V0()F%'-.&V,*)-.&VZ.F%<*l*)-.&VZ.F%<*:;*)0*+ R"<.'8V,*)-.&V('H* R",*)-.&V8.F%<*V<.'8V+0$ R"UVTO""""""""
4B72"" 8.V0(-&0(+0) LVl*)-.&:-.&*Z.F%<* R"i8?V0()F%'-.&V,*)-.&VZ.F%<*l*)-.& R"+-.&*V,*)-.&V('H* R",*)-.&V8.F%<*V+-.&*V+0$ R"UVTO"""""""""""""""""""
4B73"" 8.V0(-&0(+0) LVl*)-.&\.'8/(- R"i8?V0()F%'-.&V,*)-.&V/(-l*)-.&V/(-:;*)0*+ R"<.'8V,*)-.&V('H* R",*)-.&V0(-V<.'8V+0$ R"UVTO""""""""""""""""""""
4B7="" 8.V0(-&0(+0) LVl*)-.&:-.&*/(- R"i8?V0()F%'-.&V,*)-.&V/(-l*)-.& R"+-.&*V,*)-.&V('H* R",*)-.&V0(-V+-.&*V+0$ R"UVTO""""""""""""""""""""""""""""
4B1>"" 8.V0(-&0(+0) LVl*)-.&\.'8\.($ R"i8?V0()F%'-.&V,*)-.&V\.($l*)-.&V\.($:;*)0*+ R"<.'8V,*)-.&V('H* R",*)-.&V<.($V<.'8V+0$ R"UVTO""""""""""""""""
4B14"" 8.V0(-&0(+0) LVl*)-.&:-.&*\.($ R"i8?V0()F%'-.&V,*)-.&V\.($l*)-.& R"+-.&*V,*)-.&V('H* R",*)-.&V<.($V+-.&*V+0$ R"UVTO"""""""""""""""""""""""""
4B19"" 8.V0(-&0(+0) LVl*)-.&\.'8:#.&- R"i8?V0()F%'-.&V,*)-.&V:#.&-l*)-.&V:#.&-:;*)0*+ R"<.'8V,*)-.&V('H* R",*)-.&V+#.&-V<.'8V+0$ R"UVTO""""""""""""
4B17"" 8.V0(-&0(+0) LVl*)-.&:-.&*:#.&- R"i8?V0()F%'-.&V,*)-.&V:#.&-l*)-.& R"+-.&*V,*)-.&V('H* R",*)-.&V+#.&-V+-.&*V+0$ R"UVTO""""""""""""""""""""""
4B11"" 8.V0(-&0(+0) LVl*)-.&\.'8fD-* R"i8?V0()F%'-.&V,*)-.&VfD-*l*)-.&VfD-*:;*)0*+ R"<.'8V,*)-.&V('H* R",*)-.&V%D-*V<.'8V+0$ R"UVTO""""""""""""""""""""""
4B1B"" 8.V0(-&0(+0) LVl*)-.&:-.&*fD-* R"i8?V0()F%'-.&V,*)-.&VfD-*l*)-.& R"+-.&*V,*)-.&V('H* R"0H;<Q.H;&*++V+0$('-F&* R"UVTO""""""""""""""""""""""""""""""
4B1C""8.V0(-&0(+0) LVl*)-.&`qF'</(- R"i8?V0()F%'-.&V,*)-.&V/(-l*)-.& R"*qF'<VH*-#.8V('H* R",*)-.&V)H;V+0$ R"UVTO""""""""""""""""""""""""""""""""""""""""
4B12"" 8.V0(-&0(+0) LVl*)-.&\*++@#'(/(- R"i8?V0()F%'-.&V,*)-.&V/(-l*)-.& R"<*++-#'(VH*-#.8V('H* R",*)-.&V)H;V+0$ R"UVTO"""""""""""""""""""""""""""""""
4B13"" 8.V0(-&0(+0) LVl*)-.&f<*(8/(- R"i8?V0()F%'-.&V,*)-.&V/(-l*)-.& R"%<*(8VH*-#.8V('H* R",*)-.&V0(-V%<*(8V+0$ R"UVTO""""""""""""""""""""""""""""""""""
E""""""""""""""""""""""
4B2>"" 8.V0(-&0(+0) LVl*)-.&e88U<.'- R"i8?V0()F%'-.&V,*)-.&VU<.'-l*)-.& R"'88VH*-#.8V('H* R",*)-.&V6<.'-V%0(V.;V+0$ R"UVTO"""""""""""""""""""""""""
4B24""[p"V l*)-.&e88U<.'- "+#.F<8"%*"?*;-"'+"-#*"<'+-".(*"#*&*"%*)'F+*"0-"0+"-'$$*8"'+"*(80($"-#*"<0+-".6" 0(-&0(+0)+ "p[""
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8.V0(-&0(+0) LVl*)-.& ]22 '($ R""
""""""""""""" i8?V0()F%'-.&V,*)-.&V '($C"#$%&R""
""""""""""""" 022VH*-#.8V('H* R""
""""""""""""" ,*)-.&V )($ VE)(K%1V+0$R"UVTO"""""""""""""""""""""""""""""""""""""
"
8.V0(-&0(+0) LVl*)-.& A4Ê +%0$R""

" " "" i8?V0()F%'-.&V,*)-.&V ^+%0$C"#$%&R""
""""""""""""" *4EVH*-#.8V('H* R""
""""""""""""" ,*)-.&V D+%0$VE)(K%1V+0$R"UVTO"""""""""""""""""""""""""""""""
"
8.V0(-&0(+0) LVl*)-.& :4+ T%4E+"R""
""""""""""""" i8?V0()F%'-.&V,*)-.&V T%4E+"C"#$%&R""
""""""""""""" G4+VH*-#.8V('H* R""
""""""""""""" ,*)-.&V 2%4E+"VE)(K%1V+0$R"UVTO""
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How	to	reduce	the	number	of	JVM	intrinsics?	
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10#-06", i8?G0()F%'-.&G,*)-.& I"
*
[p(.(h;F%<0)p[ * #+0**, l*)-.&/(-&0(+0)+ "P"
"
"""" JK.-:;.-/(-&0(+0)Q'(808'-* "
"""" *$0$)#,,
,,,, kl" "R$"(2*, l*)-.&kmRmnn"
"""" l " %0('&Dt; L)($ ,,,,,, .;*&'-.&/8 R"

" " " "Q<'++k l n" ,*)-.&Q<'++ R"
"""""""""""""""Q<'++kmn" *<*H*(-@D;* R"
""""""""""""""" )($ ,,,,,, ,<*( R"
""""""""""""""" l" ,4R""
""""""""""""""" l" ,9O"PEX"
"
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(.8*V08 L%1&R"$ O"

,*)-.&mr ( s5P"$ X"

JK.-:;.-/(-&0(+0)Q'(808'-* "
*$0$)#, kl" "R$"(2*, l*)-.&kmRmnn"
l " %0('&Dt; L)($ , %1&R"Q<'++kl n" !E%RR"Q<'++kmn"" R")($ , ( R"
""""""""""" l ",4R" l ",9O"P EX	

,*)-.&mr ( s5P"$ X"

,*)-.&mr ( s5P"$ X"

l*)-.&f.a "

Oop:4Y0 :̂NotNull:exact	

,4 	 ,9 	

Oop:4Y0 :̂NotNull:exact	
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D)(0+,#+0**, /(-9BCl*)-.&" "R$"(2*, /(-l*)-.& k:#';*+G:9BCf0-n"P"
""""J U.&)*/(<0(* "
"""" 14E+)#, /(-9BCl*)-.&"'88Ll*)-.&k/(-*$*&R:#';*+G:9BCf0-n",O"P"
"""""""" &"$4&(, L/(-9BCl*)-.&O" l*)-.&/(-&0(+0)+G%0('&Dt; L"
"""""""""" 5=',88 R"/(-9BCl*)-.&G #+0** R")($ G#+0** R"32[[").(+-'(-+v"
""""""""""L/(-9BCl*)-.&O $;)* R"L/(-9BCl*)-.&O,OI""
"""" X"
"
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]22C' ,

,*)-.&D r Bs5P)($ X" ,*)-.&D r Bs5P)($ X"

,*)-.&D r Bs5P)($ X"

l*)-.&f.a "

Oop:;1">MN6*7"08:NotNull:exact	

$;)* 	 , 	

Oop:;1">MN6*7"08:NotNull:exact	
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JK.-:;.-/(-&0(+0)Q'(808'-* "
*$0$)#, kl" "R$"(2*, l*)-.&kmRmnn"
l" %0('&Dt; LER"l",4R"l",9R"
""""""""""" f0UF()-0.( kl Rl Rl n" 8*6'F<-/H;< O"P"
,,,,&"$4&(, 8*6'F<-/H;<G';;<D L,4R",9OI"
X"
"
"
14E+)#, /(-9BCl*)-.&"'88Ll*)-.&k/(-*$*&R:#';*+G:9BCf0-n",O"P"
"""" &"$4&(, L/(-9BCl*)-.&O" l*)-.&/(-&0(+0)+G%0('&Dt; LER"
""""""""""" L,4R",9O"hn "P" "
"""""""""""""""" LL/(-9BCl*)-.&O,4OG%t;L,9R"L0R"'R"%O"hn"L'"o"%O "
"""""""""""X OI"
X"
"
"
"
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4G! l*)-.&k ` R: n" 4(0&M_1,, LER"l*)-.&k ` R: n",R" EO"

9G! l*)-.&k ` R: n" E)(0&M_1, LER"l*)-.&k ` R: n",4R"l*)-.&k ` R: n",9R" EO"

7G! l*)-.&k ` R: n" +%02,,,,, LER"t%i*)-"'&&'DR" 0(- , 0(8*aR" EO"

1G! ,.08 ,,,,,,,,*$%&",,,, LER"t%i*)-"'&&'DR" 0(- , 0(8*aR"l*)-.&k ` R: n",R EO"

BG! l*)-.&k ` R: n" E&%02#0*$LER"<.($ , %0-+R"EO"

CG!<.($ ,,,,,,,, &"24#$)%( LER"l*)-.&k ` R: n" ,R" EO"

2G!_'+?k ` R: n""" #%G10&",,LER"l*)-.&k ` R: n",4R"l*)-.&k ` R: n",9R" EO"

3G!%..<*'( ,,,,, $"*$,,,,, LER"l*)-.&k ` R: n" ,4R"l*)-.&k ` R: n" ,9R" EO"

E"
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¥!Reliable	intrinsification	
Ð!all	information	needed	is	available	right	away	
Ð!if	inlining	happens,	then	the	intrinsification	will	always	succeed	

¥!Vector::add()/IntVector::add()	=>	Int256Vector::add()	=>	VectorIntrinsics::binaryOp(..)	

¥!Small	amount	of	intrinsics	needed	
Ð!intrinsic-per-signature	(erased)	
Ð!masked	operations	can	be	covered	with	an	optional	mask	argument	

¥!l*)-.&k ` R: n" 4(0&M_1LER"l*)-.&k ` R: n",R"_'+?k ` R: n"HR"EO"
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Benefits	
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Vector	Box	Elimination	

85	
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e88l/ "

,*)-.&D r3s5P0(- X" ,*)-.&D r3s5P0(- X"

,*)-.&D r3s5P0(- X"

Q9"/T 	

C"#$%&`%R,

C"#$%&a(E%R, C"#$%&a(E%R,

Oop:Int256Vector:NotNull:exact	

Oop:Int256Vector:NotNull:exact	 Oop:Int256Vector:NotNull:exact	

H*H" H*H"

Oop:Int256Vector:NotNull:exact	

C"#$%&`%R]++%#0$",
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Vector	Box	Elimination	

J/  c0^-$1Y0^&*BC5C1#"C01&
			VectorUnbox	(VectorBox	Y0 	̂4#B$*)		=>		4#B$*&
			LoadVector				(VectorBox	Y0 	̂4#B$*)		=>	&4#B$*&

>/  [*8.*a"+80$.+a(+C&
			Phi	(VectorBox	0J	4J)	(VectorBox	0>	4>)		=>	VectorBox	(:+C&0J&0>)	(:+C&4J&4>)	

K/  H*Y0^C1.&
			VectorBox	(:+C&0J&0>)	(:+C&4J&4>)		=>	VectorBox	1*EdY0 	̂(:+C&4J&4>)	

L/  U^(#1%C01&
		VectorBox	Y0 	̂4#B$*&&&&	=>	StoreVector	Y0 	̂4#B$*&
		VectorUnbox	mem	Y0 	̂=>	LoadVector	Y0^&
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Merge-through-phi	

k:" "R$"(2*, l*)-.&G:#';* kl*)-.&kmRmnnn"
)($ , '&&'D:FH L)($ rs"'R" /(-l*)-.&G/(-:;*)0*+ k: n"+;*)0*+O"P"
"""" /(-l*)-.& k: n" ')) "M"+;*)0*+G%&.'8)'+- L>OI"
,,,, )($ , +-*;"M" +;*)0*+G<*($-# LOI"
"""""
,,,,D%&, L)($ , 0"M">I" 0"k" 'G+"(6$; I" 0"oM"+-*;O"P"
"""""""" /(-l*)-.& k: n","M" +;*)0*+G6&.He&&'D L'R" 0OI"
"""""""" ')) "M" '))G'88 L,OI"
""""X"
"""" &"$4&(, '))G'88e<< LOI"
X"
"

88	

U^#5(B*,&H*)$7"C01&

'))G'88 L,O	

%&.'8)'+-L >O	

'))G'88e<< LO	

0##,
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0##, '))G'88 L,O	

%&.'8)'+-L >O	

'))G'88e<< LO	

Merge-through-phi	
U^#5(B*,&H*)$7"C01&
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k:" "R$"(2*, l*)-.&G:#';* kl*)-.&kmRmnnn"
)($ , '&&'D:FH L)($ rs"'R" /(-l*)-.&G/(-:;*)0*+ k: n"+;*)0*+O"P"
"""" /(-l*)-.& k: n" ')) "M"+;*)0*+G b"&%LOI"
,,,, )($ , +-*;"M" +;*)0*+G<*($-# LOI"
"""""
,,,,D%&, L)($ , 0"M">I" 0"k" 'G+"(6$; I" 0"oM"+-*;O"P"
"""""""" /(-l*)-.& k: n","M" +;*)0*+G6&.He&&'D L'R" 0OI"
"""""""" ')) "M" '))G'88 L,OI"
""""X"
"""" &"$4&(, '))G'88e<< LOI"
X"
"

90	

Aggressive	Unboxing	
U^#5(B*,&H*)$7"C01&

'))G'88 L,O	

W*&.LO	

'))G'88e<< LO	

0##,
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0##, '))G'88 L,O	

3145	

'))G'88e<< LO	

Aggressive	Unboxing	
U^#5(B*,&H*)$7"C01&
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Reliable	allocation	materialization	on	reboxing?	

Phi	(VectorBox	0J	v1)		(VectorBox	0>	v2)		
		=>		
VectorBox	(:+C&0J&0>)	(Phi	v1	v2)			
		=>		
VectorBox	1*EdY0 	̂(Phi	v1	v2)			
	
¥!Needed	for	the	case	when	(Phi	o1	o2)	leaks	

Ð!1	box	instead	of	2	allocated	
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Other	observations	

1.! Keeping	VectorBox	as	CallNode	can	hinder	some	transformations	
Ð!especially	pushing	it	through	Phis	
Ð!no	need	to	keep	JVM	state	once	all	allocations	are	materialized	

2.! Lazily	materialize	vector	stores	
Ð!no	need	to	VectorBox	&	StoreVector	to	coexist	
Ð!stores	can	be	inserted	when	doing	VectorBox	elimination	

3.! Turn	StoreVectors	into	initialization	stores	
Ð!C2	doesn’t	turn	vector	store	into	an	array	into	initialization	store	
Ð!the	most	promising	way	would	be	to	do	that	manually	

93	
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Vector	Box	Elimination	

¥!Rematerialization	at	safepoints	
¥!Aggressive	unboxing	
¥!Expand	VectorBoxes	and	rely	on	EA	pass	to	get	rid	of	unused	boxes	

¥!Open	question:	
Ð!How	to	materialize	boxes	at	use	sites?		
Ð!Requires	JVM	state.	Some	use	sites	have	JVM	state	attached	(e.g.,	safepoints),	some	
don’t.		

Ð!What	to	do	when	one	is	not	available?	
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!$55#8W&
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Vector	Box	Rematerialization	

¥!Can’t	rely	on	EA	
Ð!rematerialization	happens	during	EA	only	on	scalarizable	objects	

SafePoint	É 	(VectorBox	Y0 &̂4#B$*)	É  	
				=>		
SafePoint	É 	(!#T*:0C1"!7#B#8]Y2*7"	box_klass	#value)	É  4#B$*	
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G8#1%T085#"C01%&
&
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Vector	Box	Rematerialization	

555,

cd\Be=, !G%!2f4,LMGGgO>L&*1@,,,,,, Z,*1)++,

555,0++%#0$)%(,555,

cdJhe=, #0++f , ,, K("PK)(*$0(#"Ki0!0 ,

cdhHe=,555,

cdhhe=, !G%!2f4,>L&*1@OLMGGQ,,,,,, Z,D)++ ,

555,
"
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e08%"&A#%*,&A#BB&

b)Z*+) L;)M cdJhe".66+*-M13"%0-+M1O5"
GGG"
\.)'<+"
""h"<>5" %EjWHgk,
""GGG"
t%i*)-+"
""""h" Hg=,'($HIJC"#$%&, *$0#- Wgk,
5,
,
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6*7"08c0 &̂-&6*7"08'1Y0^&

¥!used	in	Vector	API	intrinsics	
¥!works	on	typed	vectors	

Ð!2	objects:	typed	box	+	backing	array	
Ð!easy	access	to	vector	internals	in	non-
optimized	case	

¥!*^(BC7C"BW&5#"*8C#BCX*%&Y0^*%&01&
C1"8C1%CTC7#"C01&
Ð!enables	lazy	box	materialization	
Ð!requires	full	JVM	state	

6c0^&

¥!used	in	Machine	Code	Snippets	
¥!works	on	super-longs	

Ð!1	object:	super-long	embeds	vector	values	
Ð!requires	some	hacks	in	C2	to	fool	alias	
analysis	

¥!works	with	preallocated	boxes	
¥!8*5#"*8C#BCX#"C01&01&%#T*(0C1"%&

¥!experiment	to	enable	aggressive	
reboxing	during	EA	
Ð!status,&V9;IUP&
Ð! +""(,-- 78/0(*12)3/2#4#/1*"-f 4BC4#104-(#1#5#- +Y0 -̂&
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Panama	
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¥!excellent	buffer	elimination	support	
Ð!buffers	can	reside	both	on-heap	and	in	
thread-local	buffer	

Ð!aggressive	scalarization	
Ð!rematerialization	on	safepoints	
Ð!custom	calling	conventions	for	Q-types		

¥!works	only	on	Q-types	
Ð!no	identity-sensitive	operations	on	
buffers	allowed	

Ð!explicit	boxing/unboxing	in	bytecode	
98	

Panama	 Valhalla	
6*7"08c0 &̂-&6*7"08'1Y0^&

É &

6Y0 &̂
É &

&

6#B$*GW(*=0)*&
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6*7"08c0 &̂-&6*7"08'1Y0^&
É &

6Y0 &̂
É &

&

6#B$*GW(*=0)*&

¥!MVT:	1st	iteration	
Ð!works	only	on	Q-type	

¥!@Ie08B)F:	2nd	iteration	
Ð!use	L-types	instead	of	U-types		
Ð!very	close	to	the	world	of	Vector	API!	

¥!every	vector	lives	in	L-typed	slot	

Ð!difference:	identity-sensitive	operations	
will	throw	exceptions	at	runtime	
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Panama	 Valhalla	

http://mail.openjdk.java.net/pipermail/valhalla-dev/2017-December/003631.html	
http://mail.openjdk.java.net/pipermail/valhalla-spec-experts/2017-November/000432.html	
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Other	Directions	
T08&C5(804*5*1"%&
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Non-intrinsifiable	operations	

¥!So	far,	we	are	focused	on	intrinsified	case	
¥!“Graceful	performance	degradation”	

Ð!one	of	the	main	project	goals	

¥!Box	elimination	optimizations	should	work	irrespective	of	intrinsification!	

¥!May	require	changes	in	memory	layout	for	typed	vectors	
Ð!having	typed	vector	wrapper	+	backing	array	can	hinder	C2	ability	to	see	boxed	values	
Ð!another	approach:	mimic	ValueTypeNode	and	keep	track	of	individual	elements	

¥!VectorBox	box	vn	=>	VectorBox	box	e1	É 	en	
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Materials/Links	
Ð!Generalized	Intrinsics	

¥!http://cr.openjdk.java.net/~vlivanov/panama/vector.generalized_intrinsics.01/	

Ð!“On	vector	box	elimination”	
¥!http://mail.openjdk.java.net/pipermail/panama-dev/2017-December/000840.html	

Ð!“MVT-based	vectors:	experiments	with	JVM	support”	
¥!http://mail.openjdk.java.net/pipermail/valhalla-dev/2017-November/003555.html	

		Project	Valhalla	
Ð!Minimal	Value	Types	

¥!http://cr.openjdk.java.net/~jrose/values/shady-values.html	

Ð!“LWorld	prototype	-	initial	brainstorming	goals/prototyping	steps”	
¥!http://mail.openjdk.java.net/pipermail/valhalla-dev/2017-December/003631.html	

Ð!“abandon	all	U-types,	welcome	to	L-world	(or,	what	I	learned	in	Burlington)”	
¥!http://mail.openjdk.java.net/pipermail/valhalla-spec-experts/2017-November/000432.html	
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Safe	Harbor	Statement	
The	preceding	is	intended	to	outline	our	general	product	direction.	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.	The	development,	release,	and	timing	of	any	features	or	
functionality	described	for	Oracle’s	products	remains	at	the	sole	discretion	of	Oracle.	
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