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Implementing a language in GraalVM

GraalVM is a shiny high-performance
next-generation multi-lingual
embeddable VM.




Implementing a language in GraalVM

GraalVM is a shiny high-performance
next-generation multi-lingual
embeddable VM.

How do you implement a
new language for it?




Implementing a language in GraalVM

Steps to create a language

1. Implement an executable AST.

2. Implement a parser that creates
the AST for an input program.




Running example

Expression-stack languages with arithmetic and blocks.




Expression-stack language with arithmetic and blocks

e vy FFar
s A P77

TN .

<instr> =
1I32.const <n>
i32.add
i32.eq

block
<instr>*
end




Expression-stack language with arithmetic and blocks

3u- /S I7P3

block
<instr> = iI32.const 7
. i32.const 9
iI32.const <n> i32 add
i32.add block
132.const 11
132.eq iI32.const 5
block I3d28dd
<instr>* en
end I32.eq
end

Grammar Example program
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Expression-stack language with arithmetic and blocks

. »bFOCk
Let’s show the semantics i32.const 7
1I32.const 9

on an example. i32.add

block
i32.const 11
i32.const 5
i32.add

end

i32.eq

end

Program state Example program

Expression stack and program counter
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Expression-stack language with arithmetic and blocks

. 132.const 7

iI32.const 9

i32.add

block
i32.const 11
iI32.const 5
i32.add

end

i32.eq

Z end

Program state Example program
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Expression-stack language with arithmetic and blocks

block
iI32.const 7
. iI32.const 9
i32.add
block
i32.const 11
iI32.const 5
i32.add
end

9 132.eq
Z end

Program state Example program

10
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Expression-stack language with arithmetic and blocks

block
I32.const 7
i32.const 9

i32.const 11
iI32.const 5
i32.add
end
i32.eq
16 end

Program state Example program
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Expression-stack language with arithmetic and blocks

block
iI32.const 7
iI32.const 9
i32.add

block
» i32.const 11
iI32.const 5
i32.add
end

i32.eq
16 end

Program state Example program

12




e T
>~ & p & . 4 e
= o 7 ogy&* Y /fj,‘? & &

Expression-stack language with arithmetic and blocks

block
iI32.const 7
iI32.const 9
i32.add
block
i32.const 11
iI32.const 5
»i32.add
S end

11 132.eq
16 end

Program state Example program
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Expression-stack language with arithmetic and blocks

block
iI32.const 7
iI32.const 9
i32.add
block
i32.const 11
iI32.const 5
s i32.add
end
16 132.eq
16 end

Program state Example program

14
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Expression-stack language with arithmetic and blocks

block

iI32.const 7

iI32.const 9

i32.add

block
i32.const 11
iI32.const 5
i32.add

end

i32.eq
. end

]
Program state Example program
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Expression-stack language with arithmetic and blocks

block
Let’s capture the semantics :22-23::::{;
In an interpreter. 32 add
block
i32.const 11
i32.const 5
i32.add
end

i32.eq
. end

]
Program state Example program

16
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Implementing a language with an interpreter loop

Step 1: extend the Node class

O : block
class BlockNode extends Node { ; :gggggz’t;
final int offset: 3- i32.add
final byte[] program; 4: bloék
T i132. 1
BlockNode(int offset, byte[] program) { 2 :ggggg:{;
this.offset = offset; 7: i32.add
this.program = program; 8: end.
} 9: i32.eq
Object execute(Frame frame) { ... } Ll
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Implementing a language with an interpreter loop

Step 2: implement the execute method

. block

: i132.const 7
. 132.const 9
: i32.add

. block
i32.const 11
iI32.const 5
132.add

. end

. 132.eq

- end

Object execute(Frame frame) {

Think of it as an array of 4 — ~
local variables

CQuwWwooO~NOCLULT D WNEFE O
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Implementing a language with an interpreter loop

Step 2: implement the execute method

O : block
Object execute(Frame frame) { 1: i32.const 7
int pc = offset: 2. !32.const9
while (program[pc] != END) { 3: i32.add
4 : block
5: i32.const 11
6: 1i32.constb
7: 132.add
8: end
9: 132.eq
} 10: end
return null;

}
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Implementing a language with an interpreter loop

Step 2: implement the execute method

@ : block
Object execute(Frame frame) { l 132.const 7
int pc = offset; 2: 32.const 9
while (program[pc] != END) { i: ng(dd
switch rogram[pc++ .
(prog Lp 1) A 5: 132.const 11
6: 132.constb
7. i32.add
8: end
) 9: i132.eq
) 10: end
return null;

}
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Implementing a language with an interpreter loop

Step 2: implement the execute method

©: block
Object execute(Frame frame) { 1: i32.const 7
int pc = offset; 2. !32.const9
while (program[pc] != END) { 3: i32.add
switch (program[pc++]) { 4: block
case I32 CONST: >: I32.const 11
case 132 ADD: 6: i32.const5
case I32 EQ: 7: i32.add
case BLOCK: 8: end
} 9: 132.eq
10: end

}

return null;

}
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Implementing a language with an interpreter loop

Step 2: implement the execute method

©: block
Object execute(Frame frame) { 1: i132.const 7
int pc = offset; 2. i32.const 9
while (program[pc] != END) { 3: i32.add
switch (program[pc++]) { 4 : block
case 132 ADD: 5: i32.const 11
int x = pop(frame); 6: i32.const5
int y = pop(frame); 7. i32.add
push(frame, x + y); 8: end
break; 9: i132.eq
} 10: end

}

return null;

}
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Implementing a language with an interpreter loop

Step 2: implement the execute method

©: block
Object execute(Frame frame) { 1: i132.const 7
int pc = offset; 2. i32.const 9
while (program[pc] != END) { 3: i32.add
switch (program[pc++]) { 4 : block
case BLOCK: 5: i32.const 11
BlockNode b = children[pc]; 6: i32.constd
b.execute(frame) ; 7: i32.add
break; 8: end
9: i132.eq
} 10: end

}

return null;

}




Implementing a language with an interpreter loop

. block

. 132.const 7
. 132.const 9
: i32.add

. block
i32.const 11
iI32.const 5
132.add

. end

. 132.eq

- end

AST holds offsets into the

Instructions array
BlockNode

BlockNode

CQuwWwooO~NOCLULT D WNEFE O
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Congratulations

You're now the local WebAssembly expert.




How compilation works

iIn Graal and Truffle



Truffle compiler pipeline

AST = i Truffle tier | i Graal tier | _
| i IR ! i o machine
I | | |
| | Partial Truffle tier |! t[ High || Mid || Low || Back |[i code
|nterpreter » i evaluation optimizations i i tier tier tier end E
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Partial evaluation

AST =

interpreter mp-

28  Copyright © 2020, Oracle and/or its affiliates |

Truffle tier

N

/

=P Graal IR

Specializes the interpreter code to a

given AST.




Partial evaluation

i32.const 16 mmlp

Truffle tier =)
BlockNode.execute mmmlp-
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Partial evaluation

Object execute(Frame frame) {

(r ‘\ int pc = offset;

i while (program[pc] != END) {
i32.const 16 mmlp>- switch (program[pc++]) {
. case I32 ADD: ...
TrUfﬂe tler » case I32 CONST:
BlockNode.execute mmmlp- y

\_ J )

return null;

30  Copyright © 2020, Oracle and/or its affiliates |




Partial evaluation

Object execute(Frame frame) {

int pc = 0;
(,7 \\ = END) {

. while (program[pc]
132.const 16 » switch (program[pc++]) {
. case I32 ADD: ...
TrUfﬂe tler » case I32 CONST:
BlockNode.execute mmp- y

\_ J )

return null;
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Partial evaluation

32

i32.const 16 mmlp

BlockNode.execute mmmlp-

Copyright © 2020, Oracle and/or its affiliates |

Truffle tier

Object execute(Frame frame) {
int pc = 0;
switch (program[0]) {
case I32 ADD: ...
case I32 CONST:

} e

return null;




Partial evaluation

33

i32.const 16 mmlp

BlockNode.execute mmmlp-

Copyright © 2020, Oracle and/or its affiliates |

Truffle tier

Object execute(Frame frame) {
int pc = 0;
switch (I32 CONST) {
case I32 ADD: ...
case I32 CONST:

} e

return null;




Partial evaluation

Object execute(Frame frame) {

/’ ‘\ int pc = 0;

i32.const 16 » int x = program[1];
. push(frame, x);
Truffle tier >
BlockNode.execute - return null:

N Y, )

34  Copyright © 2020, Oracle and/or its affiliates |




Partial evaluation

Object execute(Frame frame) {

/ \ int pc = 0;
i32.const 16 iy int x = 16;

Trufﬂe tler I push(frame, x);

BlockNode.execute - return null:
- / }

35  Copyright © 2020, Oracle and/or its affiliates |




Partial evaluation

i32.const 16 mmlp

Object execute(Frame frame) {

Truffle tier mmp return 16;

}
BlockNode.execute mmmlp-

36  Copyright © 2020, Oracle and/or its affiliates |




Partial evaluation

132.const 16 » [oStart] [1042C(16)i32]
Truffle tier -
BlockNode.execute - Graal IR

37  Copyright © 2020, Oracle and/or its affiliates |




Partial evaluation

i32.const 16 iy : _ |
Partlal TrUffle tler |05tart| |10420(16)|32‘
evaluation optimizations I
execute P
- / \_ Y,

Most of the work is done in partial evaluation,
and then optimizations simplify the IR.

38  Copyright © 2020, Oracle and/or its affiliates |




Stories

In performance engineering
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Start by comparing
with another VM

® GraalWasm ® GCC (highest optimization level) = V8 (NodeJS 12.4 LTS)

loop-posterize loop-linear-rec loop-blur loop-luminance




How do | improve the
performance?




Look at the data

Understanding what’'s going on will help you
solve the problem.
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Look at the data

Understanding what’'s going on will help you
solve the problem.

Your problem is not a
black box.
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Look at the data

Understanding what’'s going on will help you
solve the problem.

2 .

~
<~ ~
‘ Your problem is not a
v S black box.

T

D
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Look at the compiler IR

Understanding what the compiler works with
will help you solve the problem.

45  Copyright © 2020, Oracle and/or its affiliates
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Memory out-of-bounds access profiling

Example program: invert filter
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Memory out-of-bounds access profiling

Example program: invert filter

for (uint32 t pixel = 0; pixel != IMAGE SIZE; ++pixel) {
uint32 t color = image[pixel % IMAGE SIZE];
uint8 t R = OxFF - ((color & OxFFOOOO0O) >> 24);
uint8 t G = OxFF - ((color & OxO0FFOOEO) >> 16);
uint8 t B = OxFF - ((color & Ox0000FFOO) >> 8);
result[pixel % IMAGE SIZE] = (R << 24) + (G << 16) + (B << 8) + OxFF;

C program

47  Copyright © 2020, Oracle and/or its affiliates |
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Memory out-of-bounds access profiling

Example program: invert filter
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Memory out-of-bounds access profiling

Example program: invert filter

for (uint32 t pixel = 0; pixel != IMAGE SIZE; ++pixel) {
uint32 t color = image[pixel % IMAGE SIZE];
uint8 t R = OxFF - ((color & OxFFOOOO0O) >> 24);
uint8 t G = OxFF - ((color & OxO0FFOOEO) >> 16);
uint8 t B = OxFF - ((color & Ox0000FFOO) >> 8);
result[pixel % IMAGE SIZE] = (R << 24) + (G << 16) + (B << 8) + OxFF;

C program
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Memory out-of-bounds access profiling

Example program: invert filter

for (uint32 t pixel = 0; pixel != IMAGE SIZE; ++pixel) {

uint32 t color = image[pixel % IMAGE SIZE]; € -~

uint8_t R = OxFF - ((color & OxFFOOOOOO) >> 24); \Memowraxj

uint8 t G = OxFF - ((color & OxOOFFOOOO) >> 16);

uint8 t B = OxFF - ((color & Ox0000FFOO) >> 8);

_-»result[pixel % IMAGE_SIZE] = (R << 24) + (G << 16) + (B << 8) + OxFF;

I/ }
I

Memory write S [pIEE/E
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Memory out-of-bounds access profiling

Example program: invert filter

loop ;; label = @1
local.get 2
i32.const 2

i32.const 2064
i32.add

~
local.tee O N

i32.const 8 Memory read

- -> i32.store
7
Memory write i32.ne
br_if 0 (@1;) WebAssembly
end program

51 Copyright © 2020, Oracle and/or its affiliates |




Memory out-of-bounds access profiling

How to implement memory reads and
writes in a Truffle interpreter?

1. Allocate a region of memory for the Truffle program.

public UnsafeWasmMemory(int pageCount) {
this.startAddress = unsafe.allocateMemory(pageCount * PAGE SIZE);

}

52  Copyright © 2020, Oracle and/or its affiliates |




Memory out-of-bounds access profiling

How to implement memory reads and
writes in a Truffle interpreter?

1. Allocate a region of memory for the Truffle program.
2. Implement methods that read and write to memory.

int load _i32(long address) {
if (address < O || address + 4 > this.pageCount * PAGE SIZE) {
i32.load trapOutOfBounds (address, 4);
i32.store }
int value = unsafe.getlInt(this.startAddress + address);
return value;

WebAssembly } GraalWasm

and a few more...
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Memory out-of-bounds access profiling

How to implement memory reads and
writes in a Truffle interpreter?

1. Allocate a region of memory for the Truffle program.
2. Implement methods that read and write to memory.
3. Call those methods when interpreting loads and stores.

case I32 LOAD: {
int address = frame[--stackPointer];
int value = memory.load i32(address);
frame[stackPointer] = value;
stackPointer++;

break; GraalWasm

}
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Memory out-of-bounds access profiling

308 LoopBegin

What does our program look like after
partial evaluation completes?

1809 Invoke#lnsafe\WasmMemory trapOutOfBaounds |

\-1899 Begin | I 1912 KillingBegin ]

case I32 LOAD: {
int address = frame[--stackPointer];
int value = memory.load i32(address);
frame[stackPointer] = value;
stackPointer++; =

break; GraalWasm

After Truffle tier [1921End|  [1922End]

1918 Merge

}

55  Copyright © 2020, Oracle and/or its affiliates |




Hg2-GtdnsateWasm
1893 LoadField#nsareVVas

1642 CHb) 132
89

—‘ 6631 ZeroExtend |

1897 <

1909 Invoke#UnsafeWasmMemory trapOutOfBounds |

| 1899 Begin | | 1912 KillingBegin |

|1921 End | |1922 End |

1919 Merge

56  Copyright © 2020, Oracle and/or its affiliates -

| 1927 UnsafeMemorylLoad




Memory out-of-bounds access profiling

308 LoopBegin

The part that corresponds to the =
bounds check and the memory read

1809 Invoke#lnsafe\WasmMemory trapOutOfBaounds |

\-1899 Begin | I 1912 KillingBegin ]

case I32 LOAD: {
int address = frame[--stackPointer];
int value =;memory.load 1i32(address);
frame[stackPointer] = value;
stackPointer++; =

break; GraalWasm

After Truffle tier [1921End|  [1922End]

1918 Merge

}
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308 LoopBegin

Memory out-of-bounds access profiling

The part that corresponds to the e
bounds check and the memory read

1809 Invoke#lnsafe\WasmMemory trapOutOfBaounds |

1f (address + 4 > pagecount * PAGE_SIZE) { \-1899i3eg_in||1912}<iu|ingsegin]
trapOutOfBounds (address, 4); After Truffle tier [eEd] [E2Ed]
} 1919 Merge

return unsafe.getInt(startAddress + address);

GraalWasm [1928+
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308 LoopBegin

Memory out-of-bounds access profiling

The part that corresponds to the e
bounds check and the memory read

1809 Invoke#lnsafe\WasmMemory trapOutOfBaounds |

1f (address + 4 > pagecount * PAGE_SIZE) { \-1899i3eg_in||1912}<iu|ingsegin]
trapOutOfBounds (address, 4); After Truffle tier [eEd] [E2Ed]
} 1919 Merge

returnjunsafe.getInt(startAddress + address);

GraalWasm [1928+

59  Copyright © 2020, Oracle and/or its affiliates |
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Memory out-of-bounds access profiling

It Is Important to take a look at the IR
after the low tier as well

LoadField nodes on Java objects are converted into Read
nodes, which may have been moved around the IR.

if (address + 4 > pageCount * PAGE SIZE) {
trapOutOfBounds (address, 4);

}

return,unsafe.getInt(startAddress + address);

GraalWasm

60  Copyright © 2020, Oracle and/or its affiliates |

308 LoopBegin
= ;

| 6858 Read#Unsafe\WWasmMemory.pageSize

—

1894 If

1898 Begin

| 1909 Invoke!#Direct#UnsafeWasmMemow.traE:OutOfBounds ‘

\

After low tier

|‘1899 Beginl |191-2 KillingBegin |

‘1921 End‘ |1922 End‘

1919 Merge

‘ 3859 Read#Unsafe\WWasmMemory.startAddress

r__—_—__—_J

| 6865 AMDB4Address |

L‘—‘_'—._
—— |
‘37’63 Read#OFF_HEAP_LOCATIOT\|




Memory out-of-bounds access profiling :

| 6858 Read#Unsafe\WWasmMemory.pageSize

f =l

We have 3 memory-read nodes for
every memory read in the program

1894 If

1898 Begin

We WOUId expect that the S|Ze O.I: the heap and the Start- | 1909 Invoke!#Direct#UnsafeWasmMemory.trapOutOfBound: ‘
address of the heap are loop-invariant. \

After |OW tier ‘1921 End‘ |1922 Endl

1919 Merge

|‘1899 Beginl |191-2 KillingBegin |

‘ 3859 Read#Unsafe\WWasmMemory.startAddress

o = ]

]
| 6865 AMDB4Address |

L‘—‘—‘—._
o |
‘37’63 Read#OFF_HEAP_LOCATIOT\|
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308 LoopBegin
{1882 C{UnsateYWasmilemoryfe tbaa2687a—
r ress

Memory out-of-bounds access profiling

I 6858 Read#Unsafe\WWasmMemory.pageSize

—

The compiler decides not to float
the reads out of the loop - why?

1894 If

1898 Begin

| 1909 Invoke!#Direct#UnsafeWasmMemory.traE:OutOfBounds

|‘|899 Beginl |191-‘2 KillingBegin |

After |OW tier ‘1921 End‘ |1922 Endl

1919 Merge

‘ 3859 Read#Unsafe\WWasmMemory.startAddress

I

e
| 6865 AMDB4Address |

L‘_‘—‘—._
—— |
‘3?63 Read#OFF_HEAP_LOCATIOI\|
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Memory out-of-bounds access profiling

Frontend
High Mid Low
[ tier ][ tier ][ tier

float reads fix reads

machine
code

—

\------—I

e/
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Memory out-of-bounds access profiling

308 LoopBegin

The compiler decides not to float [T
the reads out of the loop - why? ==

} 1921 End ‘ 1922 End

1919 Merge
___| :

To understand why, we need to inspect the memory
graph that gets produced once the reads get floated.

6763 Read#OFF_HEAP_LOCATION |

I | 6770 Phi(0, 6777) ANY_LOCATION ‘

"5772 Phi(6770, 1912) ANY_LOCATION ]

—

6775 Read#UnsafeWasmMemory.pageSize

Before fix-reads

4687 <

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

— | e
. . . | 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
64  Copyright © 2020, Oracle and/or its affiliates | [
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Memory out-of-bounds access profiling ST

The compiler decides not to float
the reads out of the loop - why? ==

: 1921 End ‘

|

| 1909 Invokel#Direct#lUnsafeWasmMemory trapOutOfBounds |

1912 KillingBegin

1922 End

To understand why, we need to inspect the memory
graph that gets produced once the reads get floated.

1919 Merge
_ _—

(6763 Read#OFF_HEAP_LOCATION |

I l 6770 Phi(0, 6777) ANY_LOCATION ‘

Heavily simplified model - a read cannot be scheduled
before its (either value or memory) inputs.

‘ 6772 Phi(6770, 1912) ANY_LOCATION |

—

6775 Read#UnsafeWWasmMemory.pageSize

Before fix-reads

4687 < |

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

. . . | 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Memory out-of-bounds access profiling

The memory graph consists of &  [[Femsmmmmos

set of ordered effects = S

|

1 1921 End ‘

We find a read, and follow its inputs.

1919 Merge

6763 Read#OFF_HEAP_LOCATION |

I | 6770 Phi(0, 6777) ANY_LOCATION ‘

‘" 6772 Phi(6770, 1912) ANY_LOCATION ]

St —— e S Before fix-reads

- ->| 6775 Read#UnsafeWasmMemory.pageSize ||
4

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

— | e
. . . l 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Memory out-of-bounds access profiling

The memory graph consists of a
set of ordered effects "

} 1921 End ‘

We find a read, and follow its inputs.

| 17644 ValueProxy(17096) |
-I
Value-phl nOdeS represent a == ITS??;PN(;T;}:Q‘I?) ALO(;\]:ON ]'
[17114 Begin| [17117 Begin| ChOICe t_)etween tWO Values’ g o -‘2 _____ ; Before fix-reads
dependlng On Wthh CO”trOl 6775 Read#UnsafeWasmMemory pageSize .

|17288 End | |17290 End |

17286 Merge
17249 ZeroExtend

flow the program has

previously traversed.

/
/

-7 | 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

4687 <

I ———

17647 Phi(s2o, 11249, i64)

— | i
. . . | 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Memory out-of-bounds access profiling ST

308 LoopBegin

The memory graph consists of a
set of ordered effects s

} 1921 End |

|

| 1909 Invokel#Direct#lUnsafeWasmMemory trapOutOfBounds |

1912 KillingBegin

1922 End

1919 Merge
_ _—

We find a read, and follow its inputs.

(6763 Read#OFF_HEAP_L OCATION |

Memory-phi nodes (green edges) represent a choice _
between two memory states, depending on which | [ 7700, 677D AN OGATION |

control flow the program has previously traversed. .- *:_SZP_““ET_‘”’_&LSTE'J

6775 Read#UnsafeWasmMemory.pageSize

Before fix-reads

4687 <

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

. . . | 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Memory out-of-bounds access profiling ST

The memory graph consists of a
set of ordered effects

a1y

1922 End

: 1921 End ‘

We find a read, and follow its inputs.

1919 Merge
_ _—

(6763 Read#OFF_HEAP_LOCATION |

Memory-phi nodes (green edges) represent a choice
between two memory states, depending on which
control flow the program has previously traversed.

I l 6770 Phi(0, 6777) ANY_LOCATION ‘

‘ 6772 Phi(6770, 1912) ANY_LOCATION |

—

6775 Read#UnsafeWWasmMemory.pageSize

Before fix-reads

We reach a KillingBegin node - beginning of a basic
block that could follow a write to a memory location.

4687 < |

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

. . . | 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Memory out-of-bounds access profiling T

The memory graph consists of a
set of ordered effects

We find a read, and follow its inputs.

Memory-phi nodes (green edges) represent a choice
between two memory states, depending on which
control flow the program has previously traversed.

‘ 6772 Phi(6770, 1912) ANY_LOCATION |

—

6775 Read#UnsafeWWasmMemory.pageSize

Before fix-reads

We reach a KillingBegin node - beginning of a basic
block that could follow a write to a memory location.

4687 < |

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

Unsurprising: preceding Invoke may write to memory. e
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Memory out-of-bounds access profiling e

308 LoopBegin

|

Conclusion: we cannot schedule
the read before a call to a method == . - »{[ee==n;
that may have written to memory -

If we did schedule the read above the Invoke, then we
would read a stale value. | 7o 77 v ocion]

‘ 6772 Phi(6770, 1912) ANY_LOCATION |

—

6775 Read#UnsafeWasmMemory.pageSize

Before fix-reads

4687 <

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

. . . | 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Could the compiler inline the call
to trapOutOfBounds? e - >

6772 Phi(6770, 1912) ANY_LOCATION ]

Before fix-reads

6775 Read#UnsafeWasmMemory.pageSize |

4687 <

| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

— | i
. . . l 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Memory out-of-bounds access profiling

308 LoopBegin

Could the compiler inline the call
to trapOutOfBounds? | - >

|

No, because this call is a Truffle boundary, which
was added to prevent the exception creation code
from getting partially evaluated.

"5772 Phi(6770, 1912) ANY_LOCATION ]

@TruffleBoundary S Before fix-reads
VO-Id trapoutOfBoundS (1ong add ress, 1ong Offse‘t) { 6775 Read#UnsafeWasmMemory pageSize |
throw new WasmTrap(
"Out-of-bounds: “ + (address + offset));
} 4687 <.
GraalWasm
| 6769 Phi(0, 6768) OFF_HEAP_LOCATION |

— | i
. . . | 6773 Phi(6769, 1912) OFF_HEAP_LOCATION |
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Memory out-of-bounds access profiling :

| 6858 Read#Unsafe\WWasmMemory.pageSize

f =l

We have 3 memory-read nodes for
every memory read in the program

1894 If

1898 Begin

| 1909 Invoke!#Direct#UnsafeWasmMemow.traE:OutOfBounds ‘

Normally, the language should annotate these values as
@CompilationFinal values, so that partial evaluation \
can inline them into the code. After low tier o5e e [z vseeon,
‘1921 End‘ 1922 End |
class WasmMemory { = -
@CompilationFinal long startAddress; LR o e Wi e
@CompilationFinal long pageSize; (G865 AvBBaAGaress|
| ——

o |
‘37’63 Read#OFF_HEAP_LOCATIOT\|

GraalWasm
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Memory out-of-bounds access profiling

| 6858 Read#Unsafe\WWasmMemory.pageSize

-~

In WebAssembly, memory can grow

1894 If

There is an instruction that can attempt to resize the
memory Of the prog ram. | 1909 Invoke!#Direct#UnsafeWasmMemory.traE:OutOfBounds ‘

The startAddress and pageSize cannot be constant! \

After |OW ti er |‘1899 Beginl |1a1-2 KiIIingBegin|
‘1921 End‘ |1922 Endl
. 1919 Merge
class WasmMemory { gg?ﬁd
long startAddress,; 132.store ES e oo A
lLon g page Size X memorygrow [6865 AMDB4Address|

o |
‘37’63 Read#OFF_HEAP_LOCATIOI\|

GraalWasm WebAssembly
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308 LoopBegin
1882 E{UnsafeWasmilemoryfa tbaa?6871a—
r ress

I 6858 Read#Unsafe\WWasmMemory.pageSize

f =l

Memory out-of-bounds access profiling

So, is there anything we can do?

1894 If

1898 Begin

| 1909 Invoke!#Direct#UnsafeWasmMemory.traE)OutOchunds

After | ow ti er |‘|899 Eeg‘inl |1a1_-2 KillingBeg‘in|
‘1921 End‘ |1922 Endl
' 1919 Merge
class WasmMemory { .|322-|Oad
long startAddress; 132.store B =1 i
Lon g page Size X memorygrow [6865 AMDB4Address|

o |
‘3?63 Read#OFF_HEAP_LOCATIOI\|

GraalWasm WebAssembly
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Memory out-of-bounds access profiling

I 6858 Read#Unsafe\WWasmMemory.pageSize

-~

So, is there anything we can do?

1894 If

When in doubt, speculate.
HOW Often doeS an OUt'Of'boundS aCCGSS error happen? | 1909 Invoke!#Direct#UnsafeWasmMemory.traE:OutOfBounds

After | ow ti er |‘|899 Beginl |191-‘2 KillingBegin|
‘1921 End‘ |1922 Endl
' 1919 Merge
class WasmMemory { .2322-|?ad
long startAddress,; 132.store ES e oo A
lLon g page Size X memorygrow [6865 AMDB4Address|

o |
‘3?63 Read#OFF_HEAP_LOCATIOI\|

GraalWasm WebAssembly
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308 LoopBegin

Memory out-of-bounds access profiling

| 6858 Read#Unsafe\WWasmMemory.pageSize

f =l

Out-of-bounds memory access must
terminate the program

1894 If

1898 Begin

| 1909 Invoke!#Direct#UnsafeWasmMemcry.traE:OutOfBounds ‘

\

After |OW tier |‘1899 Beginl |191-2 KiIIingBegin|
‘1921 End‘ |1922 End|
int load i32(long address) { e
if (address + 4 > pageCount * PAGE SIZE): { ﬁ _
trapOutOfBounds (address, 4); —e=—fecemmee-
} |6865 AMD64Addre55|
return unsafe.getInt(startAddress + address); ===

o |
‘37’63 Read#OFF_HEAP_LOCATIOF\|

}

GraalWasm
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Memory out-of-bounds access profiling

Out-of-bounds memory access must
terminate the program

Therefore, it will never happen while the program is running.

We can therefore speculate that the branch that throws the
out-of-bounds error will never happen.

int load i32(long address) {
if (address + 4 > pageCount * PAGE SIZE): {
trapOutOfBounds (address, 4);

}

return unsafe.getInt(startAddress + address);

}

GraalWasm
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308 LoopBegin
= ;

| 6858 Read#Unsafe\WWasmMemory.pageSize

f =l

1894 If

1898 Begin

| 1909 Invoke!#Direct#UnsafeWasmMemow.traE:OutOfBounds ‘

\

After low tier

|‘1899 Beginl |191-2 KillingBegin |

‘1921 End‘ |1922 End‘

1919 Merge

‘ 3859 Read#Unsafe\WWasmMemory.startAddress

r__—_—__—_J

| 6865 AMDB4Address |

L‘—‘——._

o |
‘37’63 Read#OFF_HEAP_LOCATIOT\|




Memory out-of-bounds access profiling

308 LoopBegin

We speculate that the out-of-bounds
branch with a ConditionProfile

ConditionProfile oob = ConditionProfile.create();

int load i32(long address) {

if (oob.profile(address + 4 > pageCount * PAGE_SIZE)) {

trapOutOfBounds (address, 4);
}

return unsafe.getInt(startAddress + address);

}

GraalWasm
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| 6858 Read#Unsafe\WWasmMemory.pageSize

f =l

1894 If

1898 Begin

| 1909 Invoke!#Direct#UnsafeWasmMemory.tra;AJC)utOfBounds ‘

\

After low tier

|‘1899 Beginl |191-2 KillingBegin |

‘1921 End‘ |1922 Endl

1919 Merge

‘ 3859 Read#Unsafe\WWasmMemory.startAddress

r__—_—__—_J

| 6865 AMDB4Address |

L‘—‘—‘—._
o |
‘37’63 Read#OFF_HEAP_LOCATIOT\|




. & & W & i Feyrr s

Memory out-of-bounds access profiling

1895 LoadField#UnsafeVWWasmiVIEmory.pagesize

load guard

A profile whose count is O will introduce
Guard nodes into the IR

The compiler move the guard out of the loop when its condition )  storejguard [471£ijs;fenne;mgm|
does not depend on the values produced in that loop. Phd
P s
V4 [6173 Loor:Exil_| 6174 Begin|
int load _i32(long address) { J

if (oob.profile(address + 4 > pageCount * PAGE_SIZE)) {
trapOutOfBounds (address, 4);

} 6584 Return

return unsafe.getInt(startAddress + address);

} GraalWasm
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Memory out-of-bounds access profiling

Guards float out, anchored
to an earlier block - m——————

{1882 C(UnsafeWasmMemory @57e363c2) a -}—
1895 LoadField#UnsafeVWWasmV

TRB2-GldnsateWasmenoryebfedbaed ) -a— FH5-E{Hythd:
6/60 UiTse ress

load guard

[1882 C{UnsafeWasmMemory@57e363c2) a |
1925 LoadField#UnsafeWasmMemory.startAddress

| 1928 UnsafeMemoryLoad .

store guard

l 4716 UnsafeMemoryStore

|.sa 73 L,O'QPEXit,-| |'6'.-1 74 Begi‘nl

i

6764 Read#OFF_HEAP_LOCATION

=L
|5741 chNode$AlIocatingBox| ]61 75-L00pEnd| L p——————— J|

4718 + |
6584 Return L 1
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Memory out-of-bounds access profiling

Reads float, and take the previous
memory effect as input =

After floating reads

——— -
|s593 #ﬁ?ﬁﬁ’%&“ﬁa, i32)|

6769 Read#UnsafeWasmMemory.pageSize

‘ 6764 Read#OFF_HEAP_LOCATION

6638 ZeroExtend

|

el |3764 Read#OFF_HEAP L

Copyright © 2020, Oracle and/or its affiliates |

\I OCATIOI\|
|



Memory out-of-bounds access profiling

Reads are then scheduled into basic
blocks according to their inputs

. S— \

: { 3831 Read#UnsafeWasmMemory.startAddress ‘

I | e

—_—
P o [ *l |0832 Read#UnsafeWWasmMemory. page8\26|

| Y

307 End

308 LoopBegin

¢UE I N N N N N N S . T-‘{-f: -

[6638 ZeroExtend|
b - 1900 <

8776 If

1929 +| 4690 <| [6773 Begin|

/ £ E;W a
6763 Offse ress 6780 If

|3764 Read#OFF_H EAP_LOCATIOI\| 6777 Begin
|
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After fix-reads
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Memory out-of-bounds access profiling

% log [aal & T event-sim (op/s) /]
0.95 e e B S —
' ——
0.9 ‘

085 ||‘——.—.—-_._M_._'

= |

* 14% improvement on a discrete-event
simulation benchmark (event-sim)

metric value AVG
=
o

0.4]

0.3500000

0.3000000

0.2500000

0.2]

0.1500000

0.1000000

0.05

11/04/2020 12/04/2020 13/04/2020 14/04/2020 16/04/2020 17/04/2020 18/04/2020 19/04/2020 20/04/2020 21/04/2020
12:13:20 16:00-00 10:46-40 233320 03:20:00 07 -DG-40 10:53:20 14-40:00 18:26:40 221320

‘commit.committer-ts
commit.committer-ts 1586856080:
sserver,graal-core,none B:  0.7304053743650510

Show | 10 v entries Search:

12
At ‘commit.committer build_job-name Series Revision Build Value i A%
18/04/2020 15:58:12Matthieu Bovel bench-graalwasm-c-micro-linux-amd64-enterprise m server graal-enterprise none 8 b5daed #5650055 0.9345965804296438 opfs +0.113 op/s +13.76%
Showing 1to 1 of 1 entries Previ 1
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Memory out-of-bounds access profiling

% log [l ™ T phong (op/s)
e e 7 il
4 [~ — _.,.ﬂ-l—rT Py A gy 8 ——
|
|
a5
25
g
E
L
2 2
g
5
T
E
15
1
05
10/04/2020 11/04/2020 12/04/2020 13/04/2020 14/04/2020 16/04/2020 17/04/2020 181042020 19004/2020 20104/2020 21/04/2020 23/04/2020 24/04/2020
08:26:40 12:13:20 16:00:00 10:46:40) 23:33:20 02:20:00 07:06:40 10:53:20 14:40:00 18:26:40 22:13:20 02:00:00 05:46:40
Commit.committer-1s
commit.committar-ts 1587075455:
=server.graal-enterprise,none,8: m 2.9807608270053087
Show| 10 ¥ | entries Search:
At = commit.committer build.job-name Series Revision Build Value o A%

86

18/04/2020 15:58:12Matthieu Bovel bench-graalwasm-c-micro-linux-amdé4-enterprise w server,graal-enterprise none 8 bSdaed #5650055 4 044650092513604 op/s +1.074 apfs +36.16%

Showing 1 to 1 of 1 entries Previous

Copyright © 2020, Oracle and/or its affiliates |

14% improvement on a discrete-event
simulation benchmark (event-sim)
39% improvement on a 3d-renderer
benchmark (phong)




Memory out-of-bounds access profiling

% log [ad = 1 merge-join (op/s)

/04/2020 3/04/202 41047201 04/20 5/04/2020 16I04/202 6/04/2 104120 04/202 8/04/2021 190421 04/2020 2020 0/04/20:
19:46:40 09:40:00 032000 171320 10:53:20 L2 a3:20 26
commit.commitier-ts

commit.commitler-ts 1586627335
wserv 700502144,

Show 10 v | entries Search:

1&

At ~ commit.committer build.job-name Series Revision Build Value & A%

18/04/2020 15:58:12Matthieu Bowvel bench-graatwasm-c-micro-linux-amd64-enterprise m server,graal-enterprise. none.8 bSdaed #5650055 6.743436651263069 op/s +1.991 op/s +41.89%

Showing 1to 1 of 1 entries Previous 1
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14% improvement on a discrete-event
simulation benchmark (event-sim)
39% improvement on a 3d-renderer
benchmark (phong)

42% improvement on a merge-join
benchmark (merge-join)
improvements on other benchmarks in
the 5%-60% range




Memory out-of-bounds access profiling

Example program: posterize filter
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Resetting Truffle frame-slot values

Example program: posterize filter

for (uint32_t pixel = 0; pixel != IMAGE SIZE; ++pixel) {
uint32 t color = image[pixel % IMAGE SIZE];
uint8 t R = (color & OxFFOOO000) >> 24;
uint8 t G = (color & OxOOFFOO00) >> 16;
uint8 t B = (color & Ox0000FFOO) >> 8;
double luminance = (0.2126 * R + 0.7152 * G + 0.0/22 * B);
result[pixel % IMAGE SIZE] = luminance > 127 ? UINT32 MAX : OxFF;
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Truffle frame-slot values

In GraalVM, a program can
deoptimize at safepoints

When this happens, the values of the local
variables must be copied back to the

corresponding frame slots of the interpreter.

90  Copyright © 2020, Oracle and/or its affiliates |

| 6831 Read#UnsafeWasmMemory.startAddress |

| 6832 Read#UnsafeWasmMemory.pageSize |

After low tier

|6824 End | Isazg End | ‘ 6764 Read#OFF_HEAP_LOCATION |

6823 Merge | 6767 Write#OFF_HEAP_LOCATION |

6828 DynamicUeoptimize

6171 If

|6173 LoopExit | |5174' Begin |

| 6833 Read#Array: Object | | 6781 Safepoint J

_6 175 LoopEnd

safepoint

6584 Return




Truffle frame-slot values

Frame-state nodes encode local
variable state of the Java program

After low tier
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Truffle frame-slot values

Frame-state nodes encode local
variable state of the Java program

A Truffle interpreter is a Java program, so the values of its
local variables must be linked to the frame state node. |

5688 Begin

4339 @UnsafeWasmMemory.store_i32:34 [

6277 Safepoint
5689 LoopEnd

After low tier
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Truffle frame-slot values

Frame-state nodes encode local
variable state of the Java program

A Truffle interpreter is a Java program, so the values of its
local variables must be linked to the frame state node.

int execute(VirtualFrame frame) {
int offset = initialOffset;
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308 LoopBegin
5688 Begin

4339 @UnsafeWasmMemory.store_i32:34 ‘

6277 Safepoint
5689 LoopEnd

After low tier




Truffle frame-slot values

Frame-state nodes encode local
variable state of the Java program

A Truffle interpreter is a Java program, so the values of its
local variables must be linked to the frame state node. _

| C(17
’ i | B
-int exeCUte (V-i rtua-I-Frame frame) { // |4339@UnsafeWasmMemoryAstore_i32:34]
int offset = initialOffset; / Y ——
———————————————————————— / 6277 Safepoint
\ \ P /
\ \ _ 7 / 5689 LoopEnd
S o - == 7’ After low tier
S~ -~ - -
S~ - -
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Truffle frame-slot values

Truffle Frames contain the values of the
local variables of the guest program

One of the local variables in the interpreter is the Truffle frame,
which represents the local variables of the guest program. The

frame is represented as an allocation of the Frame objecit.
- —-—
int execute(VirtualfFrame frame) { 7
int offset = initialOffset;\ ,’
\ /
s N - -_— o -
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New Frame
* 308 LoopBegin
~ 7 cay)
5688 Begin
| 4339 @UnsafeWasmMemory.store_i32:34 ‘
I\
6277 Safepoint
5689 LoopEnd

“After PE”
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Truffle frame-slot values

Truffle Frames contain the values of the
local variables of the guest program

The escape analysis replaces the allocation node of the Frame VirtualObjectState
with a virtual object state - a node that represents the state of the ~ |
Frame, but does not require an allocation in the final code. _ 7 [ S:
int execute(VirtualFrame frame) { -7 [ 4538 @UrsaeWasmierary siore 5234 |
int offset = initialOffset;) ,7 ]
RN =7 %

“After escape analysis”
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Resetting Truffle frame-slot values

Truffle Frames contain the values of the
local variables of the guest program

If the compiled code of the guest program gets deoptimized, VirtualObjectState
then the Truffle Frame object must be allocated ~ |
(this is the same as with any other object in a Java program). _ 7 e S:
int execute(VirtualFrame frame) { -7 = @UnsafeWasn!MemoryAstore_isz;34 |
int offset = initialOffset;| ,7 ]

After low tier
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Truffle frame-slot values

Truffle Frames contain the values of the

local variables of the guest program \ /
By looking at the inputs of the VirtualObjectState node that VirtualObjectState
corresponds to the Truffle Frame, we can see which values in ~ |
the guest program were “saved”. _ 7 67 .
- )
int execute(VirtualFrame frame) { -7 (4555 @UnsareWasmifemory ire 525 |
int offset = initialOffset;| ,’ ——
\ / 6277 Safepoint

After low tier
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Truffle frame-slot values

The state of the Frame must be

tracked in the compiled code \ /
The corresponding values have to stay live at the point VirtualObjectState
where the frame state is used. This means that they must S
be stored either in a register or on the program stack. C(17) _—

4339 @UnsafeWasmM

After low tier
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Truffle frame-slot values

308 LoopBegin

e LSIoT(4)Wjcy) T B
6085 Phi(18, 6207, 132)

6243 Conditional

By inspecting the state of the i

After low tier

frame, we can see what's tracked

A lot of values tracked. Recall, the original C program.

for (uint32_ t pixel = 0; pixel != IMAGE SIZE,; ++pixel) {
uint32 t color = image[pixel % IMAGE SIZE];

uint8 t R = (color & OxFFOOOOOO) >> 24;
uint8 t G = (color & OxOOFFOOOO) >> 16;
uint8 t B = (color & Ox0000FFO0) >> 8;

double luminance =

(0.2126 * R + 0.7152 * G + 0.0722 * B);
result[pixel % IMAGE SIZE] =

luminance > 127 7?7 UINT32_MAX : OxFF;
black pixels += luminance > 127 ? 0 : 1,
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Truffle frame-slot values

308 LoopBegin

e LSIoT(4)Wjcy) T B
6085 Phi(18, 6207, 132)

After low tier

By inspecting the state of the .
frame, we can see what's tracked |

We need to at least track these 2 values at loop end.

{3600 C(4604617168452267173) 64}
-y

for (uint32_t(pixel}= 0; pixel != IMAGE_SIZE; ++pixel) {
uint32 t color~= image[pixel % IMAGE SIZE];

uint8 t R = (color & OxFFOOOOOO) >> 24;
uint8 t G = (color & OxOOFFOOOO) >> 16;
uint8 t B = (color & Ox0000FFO0) >> 8;

double luminance =
(0.2126 * R + 0.7152 * G + 0.0722 * B);
result[pixel % IMAGE SIZE] =
_luminance > 127 7 UINT32_MAX : OxFF;
(black_pixelsy+= luminance > 127 ? 0 : 1;

-
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Truffle frame-slot values

There are more values stored In

the frame than what'’s necessary -

/
What’s this?

—--

for (uint32 t(p1xe1,= 0; pixel != IMAGE SIZE; ++pixel) {
uint32 t colot =" image[pixel % IMAGE SIZE]

uint8 t R = (color & OxFFOOOOOO) >> 24;
uint8 t G = (color & OxOOFFOOOO) >> 16;
uint8 t B = (color & Ox0000FFO0) >> 8;

double luminance =
(0.2126 * R + 0.7152 * G + 0.0722 * B);
result[pixel % IMAGE SIZE] =
lumlnange > 127 ? UINT32 MAX : OxFF;
(Black p1xels:+— luminance > 127 ?2 0 : 1;
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3481 FloatConver

6-E01 132 18-C(01132
ondifiona
‘ 67295) 1

After low tier

6243-C{268435455} 152
B ==

6103 VirtualObjectState

61 IrtualObjeciState
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Truffle frame-slot values

.
There are more values stored In .

the frame than what’s necessary

|3664 Relnterpretl ‘ 4059 ZeroExtend |

I
: : . |
No need to store the intermediate expression result.
R \
for (uint32 t(p1xe1,— 0; pixel != IMAGE_SIZE; ++pixel) {} _UL

uint32 t colot =" image[pixel % IMAGE SIZE]
uint8 t R (color & OxFFOOOOOO) >> 24;

After low tier

6243-C{268435455} 152
B ==

Uint8 t G = (color & OxOOFFROO0) >> 16: I
uint8_t B = (color & Ox0000FFO0) >> 8; l =
double luminance zZ--==-- /

(0.2126 * R +(@ 7152 * G‘+ 0.0722 * B); 7/ |

6103 VirtualObjectState

resultipixel % IMAGE=ST7E] = = = m— — _ _ — =
_luminance > 127 ? UINT32_MAX : OxFF;

(Black p1xels:+— luminance > 127 ?2 0 : 1; 61

IrtualObjeciState

HeEi32 56-C(2)137 o0-C(F)132 o0-E(2)132 50-Ct21152—1o0-CZ 32— {o0-Ct2 32— 1o0-Ct2 1132

W
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Resetting Truffle frame-slot values

308 LoopBegin

There are more values stored in
the frame than what’s necessary

- {18 C(0} i32] .
6085 Phi(18, 6207, i32)

What’s this?
o After low tier

—--

for (uint32 t(p1xe1,= 0; pixel != IMAGE SIZE; ++pixel) {
uint32 t color"= image[pixel % IMAGE SIZE];

uint8 t R = (color & OxFFOOOOOO) >> 24; ARSI
uint8_ t G = (color & Ox00FFOOEO) >> 16; i -
uint8_t B = (color & Ox0000FFOO) >> 8; rﬂiéé%ggmmgj
double luminance =

(0.2126 * R + 0.7152 * G + 0.0722 * B); [6334 AMDBAAddress|

result[pixel % IMAGE_SIZE] =
_luminance > 127 ? UINT32_MAX : OxFF;
(Black p1xels:+— luminance > 127 ?2 0 : 1;

}. ‘ {1363 C{255}16 g 463863724 7447433716116 3600-C{4604617 168457267 t7 31 tod—
ate
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Resetting Truffle frame-slot values

There are more values stored in
the frame than what’s necessary

No need to store the array offset after the write is done.

—--

for (uint32 t(p1xe1,= 0; pixel != IMAGE SIZE; ++pixel) {
uint32 t colot =" image[pixel % IMAGE SIZE]
uint8 t R (color & OxFFOOOOOO) >> 24;
uint8 t G (color & OxOOFFOOOO) >> 16;
uint8 t B
double luminance = /
(0.2126_X Rt~ * G + 0.0722 * B); Ve
result(p1xe1 % IMAGE SIZE;_ —_——, e e e == T
lum:.aa.n_ce-v-tz-?--?--tn'r\r'r_%z MAX : OxFF;
(Black p1xels:+— luminance > 127 ?2 0 : 1;

308 LoopBegin

- {18 C(0} i32] .
6085 Phi(18, 6207, i32)

(color & OxOOOOFFOO) >> 8; /

After low tier

3600-C{4604617 168452267 173164
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Resetting Truffle frame-slot values

Why do these extra values persist?

To understand why, we need to look at the WebAssembly
code that the C program was compiled to.
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loop ;;label = @1
local.get 2
i32.const 2
i32.shl
i32.const 4194300
i32.and
local.tee 0
i32.const 4196368
i32.add
i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add
i32.load
local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)
f64.mul
local.get 0
i32.const 24
i32.shr_u
fé4.convert_i32_s
f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul
local.get 0
i32.const 16
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.6e2eb1c432cabp-1 (;=0.7152;)
f64.mul
f64.add
f64.add
f64.const 0x1.fcp+6 (;=127;)
fe4.gt
local.tee 0
select
i32.store
local.get 1
local.get 0
i32.const 1
i32.xor
i32.add
local.set 1
local.get 2
i32.const 1
i32.add
local.tee 2
i32.const 268435456
i32.ne
br_if 0 (@1;)

end




. - o & & -
— el VI IFZ

loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368
i32.add

i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add

i32.load

Part of the guest language Frame is e

i32.shr_u
i32.const 255

used as an expression stack

f64.mul
local.get 0

—————————————————————————————— - o :32.20:13;24
- f64.convert_i32_s ™~ fodcomeri32_s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) s
f64mUI :gg:ﬁpjw

!32.const 255
| O C a | . g et O :‘gi-.iggverLBZj

f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)

i132.const 16 WebAssembly fo4 a0

|32 . Sh I’_u program /I]EEE:i;gst 0x1.fcp+6 (:=127;)
i32.ConSt 255 II I:;i:eeo
32.and /B,
f64.convert i32_s S
f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;) /et
fe4out J' resia
______________ !gge.lzl:giit2268435456

i32.
| o brif0 (@1)
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loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368
i32.add

i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add

i32.load

Part of the guest language Frame is e

i32.shr_u
i32.const 255

used as an expression stack

f64.mul
local.get 0
—————————————————————————————— i32.const 24

- f64.convert_i32_s T~ e

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) -

0 f64.mul
0 |OC3.|get O :‘gi-.iggverLBZﬁ 07150
O |32 Const 16 WebAssembly Eggfn:%stOx1.6e2eb1c432ca5p— (;=0. })
. 64.a
. / t64.add
Frame ObjeCt * 15 !32'Shr—u program /I ;gig?nstom.fcms (=127))
i32.const 255 I s
32.and !
f64.convert_i32_s S B
. i32.add
local variable 0 f64.const Ox1.6e2eb1c432cadp-1 (;=0.7152;) /  weaser
/ !32.const1
OxOffOL11ff oAUl e ! oo 002
i32.const 268435456

i32.
. brif0 (@1)
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L

loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368
i32.add

i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add

i32.load

local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)

¢program
02126 * R+ 0.7152* G + ... >f64.conver’[_i32_s. " ~ lodcomert 32 s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) eageco
L f64.mul :35::2?5:16

i32.const 255

0 |OC3.| . get O :‘gi-.iggvertfi%fs

. f64.const 0x1.6e2eb1c432cabp-1 (;=0.7152;)
0 132.const 16 WebAssembly b

. f64.add
* 15 |32.Shr_u program / fg4.constOX1.fcp+6 (=127}

i32.const 255 X iod.gt

Frame object

local.tee 0
select

i32.and [ e

f64.convert i32 s S e

local variable 0 f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;) ;e
OxOFfOL1FT oAUl e / S

i32.const 268435456

i32.
o brif0 (@1)
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Resetting Truffle frame-slot values

case F64 CONVERT_I64 S: GraalWasm
case F64_CONVERT_I64_U:

pop(frame, stackPointer);
(double) x;

stackPointer,

long x
double result

pushDouble(frame, result);

C program

— o o o o o o o o o o O O D O O O O S O O o oy,

+0.7152* G + ... Pf64.convert i32_s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul
local.get O
132.const 16
132.shr_u
132.const 255
iI32.and
f64.convert i32_s
f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;)
f64.mul

0.2126 *

WebAssembly
program

Frame object

= 15.0

local variable 0
OxOffO11ff
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M a2

loop ;;label = @1
local.get 2
i32.const 2
i32.shl
i32.const 4194300
i32.and
local.tee 0
i32.const 4196368
i32.add
i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add
i32.load
local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)
f64.mul
local.get 0
i32.const 24
i32.shr_u
f64.convert_i32_s
f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul
local.get 0
i32.const 16
i32.shr_u
i32.const 255
i32.and
f64.convert_i32_s
f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)
f64.mul
f64.add
/ t64.add

/ f64.const 0x1.fcp+6 (;=127;)

fe4.gt

local.tee 0

select

i32.store

local.get 1

local.get 0

i32.const 1

i32.xor

i32.add

local.set 1

local.get 2

i32.const 1

i32.add

local.tee 2

i32.const 268435456

i32.ne

br_if 0 (@1;)

end




Resetting Truffle frame-slot values

C program

02126/ R+ 0.7152* G + ...

0

0

P 0.2126

Frame object

15.0

local variable O

OxOffO11ff
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case F64 CONST:
long value = peek8(instructions, offset);
offset += §;
push(frame,

f64.convert i32_s

P>64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.mul

local.get O
132.const 16
132.shr_u
132.const 255
iI32.and
f64.convert i32_s

f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;)

f64.mul

stackPointer, value);

GraalWasm

WebAssembly
program

M fa =2

loop ;;label = @1
local.get 2
i32.const 2

i32.shl

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368
i32.add

i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add

i32.load

local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)
f64.mul

local.get 0
i32.const 24
i32.shr_u
f64.convert_i32_s
f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul

local.get 0
i32.const 16
i32.shr_u
i32.const 255
i32.and
f64.convert_i32_s
f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)
f64.mul

f64.add

/ t64.add
/ f64.const 0x1.fcp+6 (;=127;)

fe4.gt
local.tee 0
select
i32.store
local.get 1
local.get 0
i32.const 1
i32.xor
i32.add
local.set 1
local.get 2
i32.const 1
i32.add
local.tee 2
i32.const 268435456
i32.ne
br_if 0 (@1;)
end




Resetting Truffle frame-slot values

GraalWasm

stackPointer) ;
stackPointer) ;

case F64 MUL:
double X
double vy
double result
pushDouble(frame,

popDouble(frame,
popDouble(frame,

stackPointer, result);

C program
O.2126R +0.7152* G + ..

f64.convert i32_s
f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
P=i64.mul
local.get O
i132.const 16
132.shr_u
132.const 255
i32.and
f64.convert i32_s
f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;)
f64.mul

0.2126

P 3.189

WebAssembly
program

Frame object

local variable 0
OxOffO11ff
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loop ;;label = @1
local.get 2
i32.const 2
i32.shl
i32.const 4194300
i32.and
local.tee 0
i32.const 4196368
i32.add
i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add
i32.load
local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)
f64.mul
local.get 0
i32.const 24
i32.shr_u
f64.convert_i32_s
f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul
local.get 0
i32.const 16
i32.shr_u
i32.const 255
i32.and
f64.convert_i32_s
f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)
f64.mul
f64.add
/ t64.add

/ f64.const 0x1.fcp+6 (;=127;)

fe4.gt

local.tee 0

select

i32.store

local.get 1

local.get 0

i32.const 1

i32.xor

i32.add

local.set 1

local.get 2

i32.const 1

i32.add

local.tee 2

i32.const 268435456

i32.ne

br_if 0 (@1;)

end




Resetting Truffle frame-slot values

case LOCAL_ GET:

int value = getInt(frame,
pushInt(frame,

C program
0.2126 * R+ 0.7152* G + ...

Frame object 3.189

local variable O

OxOffO11ff
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f64.convert i32_s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.mul

0 Plocal.get 0

132.const 16
132.shr_u
132.const 255
iI32.and
f64.convert i32_s

f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;)

f64.mul

GraalWasm
index) ;

stackPointer, value);

WebAssembly
program

L

loop ;;label = @1
local.get 2
i32.const 2

i32.shl

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368
i32.add

i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add

i32.load

local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)
f64.mul

local.get 0
i32.const 24
i32.shr_u
f64.convert_i32_s
f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul

local.get 0
i32.const 16
i32.shr_u
i32.const 255
i32.and
f64.convert_i32_s
f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)
f64.mul

f64.add

/ t64.add
/ f64.const 0x1.fcp+6 (;=127;)

fe4.gt
local.tee 0
select
i32.store
local.get 1
local.get 0
i32.const 1
i32.xor
i32.add
local.set 1
local.get 2
i32.const 1
i32.add
local.tee 2
i32.const 268435456
i32.ne
br_if 0 (@1;)
end




Resetting Truffle frame-slot values

case I32 CONST:

int value = peek4(instructions, offset);

offset += 4;

push(frame,

C program

G = (color & OxOOFFOGOO) >>|16;

02126 * R+ 0.7152* G + ...

0

P 16

Frame object 3.189

local variable O

OxOffO11ff
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f64.convert i32_s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.mul
local.get O

oxorfoiirr | PPi32.const 16

132.shr_u
132.const 255
iI32.and
f64.convert i32_s

f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;)

f64.mul

stackPointer,

WebAssembly
program

value) ;
GraalWasm

loop ;;label = @1
local.get 2

i32.const 2

i32.shl

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368
i32.add

i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add

i32.load

local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)
f64.mul

local.get 0
i32.const 24
i32.shr_u
f64.convert_i32_s
f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul

local.get 0
i32.const 16
i32.shr_u
i32.const 255
i32.and
f64.convert_i32_s
f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)
f64.mul

f64.add

/ t64.add
/ f64.const 0x1.fcp+6 (;=127;)

fe4.gt
local.tee 0
select
i32.store
local.get 1
local.get 0
i32.const 1
i32.xor
i32.add
local.set 1
local.get 2
i32.const 1
i32.add
local.tee 2
i32.const 268435456
i32.ne
br_if 0 (@1;)
end




Resetting Truffle frame-slot values

case I32 SHR U: GraalWasm
int x = popInt(frame, stackPointer);
int y = popInt(frame, stackPointer);
int result =y >>> x;
pushInt(frame, stackPointer, result);
C program

G = (color & OxOOFFOGO0G) |>>|16;

loop ;;label = @1
local.get 2
i32.const 2
i32.shl
i32.const 4194300
i32.and
local.tee 0
i32.const 4196368
i32.add
i32.const -1
i32.const 255
local.get 0
i32.const 2064
i32.add
i32.load
local.tee 0
i32.const 8
i32.shr_u
i32.const 255
i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)
f64.mul
local.get 0
i32.const 24

0.2126 * R+ 0.7152* G + ... f64.convert_i32_s T~ G comer 2.5

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
0 f64.mul
16 local.get O

P oxorfo i32.const 16 WebAssembly

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)
f64.mul
local.get 0
i32.const 16
i32.shr_u
i32.const 255
i32.and
f64.convert_i32_s
f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)
f64.mul
f64.add
/ t64.add

Frame ObJeCt 3.1 89 N32'Shr_u program / f64.const 0x1.fcp+6 (;=127;)

i32.const 255 /
i32.and )

f64.convert i32_s ;
local variable 0 f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;) /

OXxOffO1L1ff t64mul )
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fe4.gt
local.tee 0
select
i32.store
local.get 1
local.get 0
i32.const 1
i32.xor
i32.add
local.set 1
local.get 2
i32.const 1
i32.add
local.tee 2
i32.const 268435456
i32.ne
br_if 0 (@1;)
end




loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and
local.tee 0
!32.const 4196368
case I32 CONST: e
int value = peek4(instructions, offset); ocaigol0
i32.const 2064

offset += 4; i32.add

i32.load

push(frame, stackPointer, value); jocal.tee 0

i32.const 8
GraalWasm | 2o s
C program 32 and

fé4.convert_i32_s

f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)

G = (color & OxXOQFFOOOO) >> 16; fod mul

local.get 0
_____________________________ — i32.const 24

0.2126*R + 0.7152* G + ... f64.convert _i32_s T~ Rasomer s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) -

: f64.mul
P 255 local.get 0 o oo 2.
. f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;
0X07f0 132.const 16 WebAssembly i T
. / t64.add
Frame ObJeCt 3.1 89 !32.Shr_u program / ;gj:g?nstom.fcms (;=127;)
>|’3200n3t 255 II I:;::;eeo
32.and ;S
f64.convert_i32_s S e
local variable 0 f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;) /e
OxOffOLLff t64mul N

i32.const 268435456

i32.
| o brif0 (@1)
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loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and
local.tee 0
i32.const 4196368
case I32 AND: GraalWasm | e
int x = popInt(frame, stackPointer); ocaigol0

i32.const 2064

int y = popInt(frame, stackPointer); i32.add

i32.load

.Int I’ESUlt — y & X; local.tee 0

i32.const 8

pushInt(frame, stackPointer, result); i32.cormt 255
C program 32 and

fé4.convert_i32_s

f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)

G = (color| & |OXxOOFFOO00O) >> 16; fodmul

local.get 0
_____________________________ — i32.const 24

0.2126*R + 0.7152* G + ... f64.convert _i32_s T~ Rasomer s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) eageco
L f64.mul :Si::ﬁ?f&“’

i32.const 255

2515 |OC3.| get 0 :‘gi-.iggvertii%is

f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)

H» OxfO i32.const 16 WebAssembly )
Frame object 3.189 !32.shr_u program ! IEEEEE"SS“’X””*G e
132.const 255 )| lomalieoo
Pi32.and [/ o
f64.convert_i32_s I e
local variable 0 f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;) /st

/ local.get 2

/ i32.const 1

OXOFfO11ff fe4mout )

local.tee 2
i32.const 268435456

i32.ne
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loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368

case F64 CONVERT_I64 S: GraalWasm ; iad
case F64 CONVERT _I64 U: ;gg;g;tozss

long x = pop(frame, stackPointer); 022
double result = x; local.tee 0

i32.const 8

pushDouble(frame, stackPointer, result); .

i32.and
fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)

C program fodmu

local.get 0
_____________________________ — i32.const 24

0.2126 *R + 0.7152 |G K+ ... f64.convert _i32_s T~ Rasomer s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) eageco
L f64.mul :Si::ﬁ?f&“’

i32.const 255

2515 |OC3.| get 0 :‘gi-.iggvertii%is

f64.const 0x1.6e2eb1c432ca5p-1 (;=0.7152;)

B 240.0 i132.const 16 WebAssembly o4 4l

i / t64.add
Frame ObJeCt 3. 1 89 !32.Shr—u program I[ ;gig?nst 0x1.fcp+6 (;=127;)
|3200n3t 255 / I:;::;eeo
i32.and S
local.get 0

P=f64.convert_i32_s S e
local variable 0 f64.const 0x1.6e2eb1c432cabp-1 (;=0.7152;) /  iocasers

/ local.get 2

/ i32.const 1

OXOFfO11ff fe4mout )

local.tee 2
i32.const 268435456

i32.
| o brif0 (@1)
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M a2

loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and
local.tee 0
i32.const 4196368
i32.add
. i32.const -1
case F64 CONST: i32.const 255
- local.get 0

long value = peek8(instructions, offset); 132 const 2064

i32.add

offset += §; i32.I0ad

local.tee 0

push(frame, stackPointer, value); szcomsis

i32.const 255

GraalWasm | e

fé4.convert_i32_s
f64.const 0x1.27bb2fec56d5dp-4 (;=0.0722;)

C program localget 0

_____________________________ — i32.const 24

0.2126 * R +/0.7152* G + ... f64.convert _i32_s T~ Rasomer s

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) -

0 f64.mul
B 0.7152 local.get 0 . -
240 0 |32cons’[ 16 WebAssembly Egg:::nﬁstom.6e2eb1c432ca5p—1 (;=0.7152;)
: : If64:2dd
Frame ObJeCt 3.1 89 !32.Shr_u program / ;gj:g?nstom.fcms (;=127;)

i32.const 255 )| osaliooo
32.an¢ ;
f64.convert_i32_s S e
local variable 0 B>64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;) /s
i32.const 1
OXOffOLLFF t64mul ) Shess

i32.const 268435456

i32.
| o brif0 (@1)
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loop ;;label = @1
local.get 2

Resetting Truffle frame-slot values -

i32.const 4194300
i32.and

local.tee 0
i32.const 4196368
i32.add

case F64 MUL: GraalWasm | izeonstt
double x = popDouble(frame, stackPointer); Eﬁ%&m
i32.a

double y = popDouble(frame, stackPointer); i32.load

local.tee 0
double result =y * Xx; szconsta
pushDouble(frame, stackPointer, result); 92const 255
;gi:gg:;?g;i?.’%;bﬁecs6d5dp—4 (:=0.0722;)
C program s
————————————————————————————— - i32.const 24

0.2126*R+0.7152*|G+..  f64.convert_i32_s PR .

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;)

f64.const 0x1.b367a0f9096bcp-3 (;=0.2126;) -

0 f64.mul
071 52 |Oca|.get O :‘gi-.iggvertii%is
. f64.const 0x1.6e2eb1c432cabp-1 (;=0.7152;)
P-171.648 132.const 16 WebAssembly o p
. / t64.add
Frame object 3.189 !32.shr_u program e R e
i32.const 255 I e
i32.and [
f64.convert_i32_s S e
local variable 0 f64.const Ox1.6e2eb1c432cabp-1 (;=0.7152;) ¢+ iowees
OxOFFfOLLTT B>64.mul S
f6 4 ] ad d / :ggsgnst 268435456
______________________________ br_if 0 (@1:)
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Resetting Truffle frame-slot values

The partial evaluator stitches these
Interpreter snippets together.

double u = frame[sp + 1]; 132.and
0 double v = frame[sp];
frame[sp] = v & u;
0.7152 WebAssembly
By X frame[sp] = (double) frame[spl; f64.convert i32 s program
Frame object
frame[sp + 1] = 0.7152; f64.const Ox1.6e2eb1c432ca5p-1 (;=0.7152;)
, double x = frame[sp + 1]; f64.mul
local variable 0 double y = frame[sp]:
OxOffO11ff frame[sp] =y * Xx;

121 Copyright © 2020, Oracle and/or its affiliates |



Resetting Truffle frame-slot values

Reads and writes on the frame slots are
eliminated during escape analysis.

D v & U
0.7152
* y " X (double) frame[sp]
Frame object Values are propagated through
0.7152 the reads and the writes.
; double x = 0.7152;
local variable 0 double y = (double) (v & u); M
OxOffO11ff frame[sp] =y * Xx;
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Resetting Truffle frame-slot values

From the compiler’s standpoint, the
contents of the Frame object are various

expression nodes. C(255)

/ >>>
0 C(0.7152) & —

v & U
'\j /J
- — FloatConvert (double) frame[sp]
Frame object f
©.7152
local variable 0 double x = 0.7152;
" double y = (double) (v & u);

OxOffO1l1ff frame[sp] =y * x;
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Resetting Truffle frame-slot values

This is exactly what we see in the IR.

0 C(0.7152)

— _/

C(255)

&/ >>>
=,

After low tier

o2 S Clh a2
ondifiona

1256-C{42949672951 1641 1363-C(255]164]
e i )T

— FloatConvert
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f [3664 Reinterpret | ‘4059 ZeroExtend‘

*

363 C(255) 164 r;t;r. il I;Y. A74474 § - [3600 (4604617 1084522
619/ VirtualObjectstate

6102 VirtualObjectState | [




Resetting Truffle frame-slot values

How do we prevent this?

3481 FloatConver
1l

Set the Frame slots to their default values
after the value is no longer needed, because
the virtual object state does not need to track

default values.

After low tier

681132 1250-C{4294967295) 164 —1363 G200} 164}
g } 5245 Conditional 7

long pop(v-lrtualFrame frame’ -Int SlOt) { |3664Reinterpret| ‘405926r0Extend‘

long result = frame.getlLong(slot);
return result;
6102 VirtualObjectState | | A Cdao) o U7 Viuarobjactstate 2 AL

}
|
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Resetting Truffle frame-slot values

How do we prevent this?

3481 FloatConver
1l

Set the Frame slots to their default values
after the value is no longer needed, because
the virtual object state does not need to track

default values.

After low tier

681132 1250-C{4294967295) 164 —1363 G200} 164}
g } 5245 Conditional 7

long pop(v-lrtualFrame frame’ -Int SlOt) { |3664Reinterpret| ‘405926r0Extend‘

long result = frame.getlong(slot);
(255) 16 A (3600 C{AB046 171684522

frame.setlLong(slot, OL);
6102 VirtualObjectState | | = 5197 Vinualobjectstate

}

return result;
I
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Resetting Truffle frame-slot values

How do we prevent this?

Set the Frame slots to their default values
after the value is no longer needed, because
the virtual object state does not need to track

default values.

long pop(VirtualFrame frame, int slot) {
long result = frame.getlong(slot);
frame.setlLong(slot, OL);
return result;

}
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—, T ﬁf 5?".*. '}’d‘f}-" VI

308 LoopBegin

18 C(0) i32]
6598 Phi(18, 6/13, i32)

2?2%% (5ond|f|ona

_———-—_-__-_-—_-__-_-_
18 C(0)i32] -
6597 Phi(13, 5175, i32) I

After low tier

™

6703 VirtualObjectState
I




Resetting Truffle frame-slot values

How do we prevent this?

Set the Frame slots to their default values
after the value is no longer needed, because
the virtual object state does not need to track

default values.

long pop(VirtualFrame frame, int slot) {
long result = frame.getlong(slot);
frame.setlLong(slot, OL);
return result;

}
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—, T ﬁf 5?".*. '}’d‘f}-" VI

308 LoopBegin

18 C(0) i32]
6598 Phi(18, 6/13, i32)

pixel
(loop variable)

2?2%% (5ond|f|ona

_———-—_-__-_-—_-__-_-_
18 C(0)i32] -
6597 Phi(13, 5175, i32) I

™

6703 VirtualObjectState
I

After low tier




Resetting Truffle frame-slot values

How do we prevent this? black pixels
(sum variable)

Set the Frame slots to their default values
after the value is no longer needed, because
the virtual object state does not need to track

default values.

long pop(VirtualFrame frame, int slot) {
long result = frame.getlong(slot);
frame.setlLong(slot, OL);
return result;

}
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—, 1 ﬁy 5;-',*. r:fxf’}"} VI

308 LoopBegin

18 C(0) i32]
6598 Phi(18, 6/13, i32)

pixel
(loop variable)

2?2%% (5ond|f|ona

J‘
6597 Phi(18, 5175, i32)

™

6703 VirtualObjectState
I

After low tier




Resetting Truffle frame-slot values

How do we prevent this? black pixels
(sum variable)

Set the Frame slots to their default values
after the value is no longer needed, because
the virtual object state does not need to track

default values.

long pop(VirtualFrame frame, int slot) {
long result = frame.getlong(slot);
frame.setlLong(slot, OL);
return result;

}

130 Copyright © 2020, Oracle and/or its affiliates |

—, 1 ﬁy 5;-',*. r:fxf’}"} VI

308 LoopBegin

pixel
(loop variable)

Bonus question:

what is this?

2?2%% (5ond|f|ona 4J

J‘
6597 Phi(18, 5175, i32)

™

6703 VirtualObjectState
I

After low tier




Resetting Truffle frame-slot values

% oy [ 1 event-sim (op/s)

0.9

L T N

08

0.7000000

000000

value:AVS

5000000

mefc.

04

0.3000000

02000000

0.1

l.
S e L ..J‘ ' s

24/06/2020 20/06/2020 107201 03/07/2020 050712020 06/07/2020
14:00:00 17:46:40 21:33:20 01:20:00 05:06:40 08:53:20 12:40:00 16:26:40 20:13:20 00:00:00 03:46:40
commit committar-ts
commit.committer-ts 1593411571:
sserver,graal-core,none,: « 0.7304081675390064
Show| 10 ¥ entries Search:
l& E = B ?
At commit.committer build job-name Series Revision Build Value A A%
02/07/2020 15:41:00Matthieu Bovel bench-graalwasm-enterprise-c-micro-linux-amdB4 = server graal-enterprise.none & 3b2dfb #8441560 1.0295519345683422 op/s +0.183 op/s +21.82%

Showing 1 to 1 of 1 entries
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Next

21% improvement on a discrete-event
simulation benchmark (event-sim)




Resetting Truffle frame-slot values

% log [aa ® T gsort (opfs)

oes| ___almym—ahdea W peA. .Wiﬁl\hr"i‘u_-_-#\-_i__, g e
o5 —F—MMFM_—WW

g
Ed
0.4

3500000
03000000
0.2500000

0z
01500000
0.1000000

0.05]

! — | A s
B R S . LN 8.}

ﬁwmmmw

15/06/2020 17/06/2020 19/06/2020 0 200062020 01/07/2020
O7.46:40 15:20:00 22:53:20 06:26:40 14:00:00 21:33:20 05:06:40 12:40:00

commit.committer-ts

‘commit. mitter-ts 1502011674
mserver.graal-enterprise none B: m 0.6440045761351136

Show| 10 ¥ entries

I&

axor2020 06/07/2020 08/07/2020 10/07/2020
20:13:20 03:46:40 11:20:00 18:53:20

Search:

At ~ commit.committer build job-name Series Revision Build Value iy A%
02/07/2020 15:41:00Matthieu Bovel bench-graalwasm-enterprise-c-micro-linux-amdé4 a server,graal-enterprise none.& 3b2dfb #6441560 0.7654390170905648 opfs +0.108 op/s +16.42%

Showing 1 to 1 of 1 entries
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Previous 1

21% improvement on a discrete-event
simulation benchmark (event-sim)
16% improvement on the quicksort
benchmark (gsori)




%% log [aal & 1 hash-join (op/s)

)

9
,—-'..'N-’“-—f_.r-'._.-(f\"“‘-—d*-\,,__—f
[
|
/
8l —_— = = = A\‘-
= —==— ]
N AN —'\/-\//' o
&
8
o
2
o
E
T 4
3
2
1
27/06/2020 28/062020  28/06/2020 20006/2020  2006/2020  30/06/2020 30062020 01072020 02072020 02072020 0340772020 03/07/2020 04/07/2020
11:26:40 01:20:00 15:13:20 05:06:40 19:00:00 08:53:20 22:46:40 12:40:00 02:33:20 16:26:40 06:20:00 20:13:20 10:06:40
commit.committer-ts
‘commit.committer-ts 1503238607:
sserver.graal-enterprise,none.8. m 8.040053659068323
Show 10 ¥ entries Search
At ** commit.committer build job-name Series Revision Build Value Iy A%
02/07/2020 15:41:00Matthieu Bovel bench-graatwasm-enterprise-c-micro-linux-amdé4 m server.graal-enterprise none.8 3b2dfb #5441560 B.771463353930622 opfs +1.013 op/s +13.06%

Showing 1 to 1 of 1 entries
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21% improvement on a discrete-event
simulation benchmark (event-sim)
16% improvement on the quicksort
benchmark (gsori)

13% improvement on a hash-join
benchmark (hash-join)




Resetting Truffle frame-slot values

# log skl @ 1 loop-blur (op/s)
P sas w
0.2400000 /
S sl
0.22|
e PR ——
0z /
01800000 fl
- 4
0.18]
2]
gz 0w
E
=
;1200000
g
E
0.0999909
0.08]
0.06]
0.0399909
0.02]
30M06/2020 30/0B/2020 01/07/2020 0210712020 02107/2020 03/07/2020 03/07/2020 04/07/2020 05/07/2020
08:53:20 23:46:40 12:40:00 02:33:20 16:26:40 06:20:00 20:13:20 10:06:40 00:00:00
‘commit. committer-ts.
mmit committer-ts 1583603012
sserver,graal-core,none,8: « 0.1706160745016283
erver,graal-enterprise,none,B: w 0 2260941935015370
Show| 10 ¥ | entries Search:
At "= commit.committer build_job-name Seri Revision Build Value A A%
02/07/2020 15:41:00Matthieu Bovel bench-graalwasm-closed-c-synth-linux-amdé4 ® server.graal-core.none, 8 3b2dfb #5442083 0.20548364843776512 op/s +0.035 op/s +20.4
02/07/2020 15:41:00Matthieu Bovel bench-graalwasm-enterprise-closed-c-synth-linux-amd64 m server graal-enterprise none 8 3b2dfh #5442084 0.256575731625451 opis +0.03 op/s  +13.2
4 »

Showing 1 to 2 of 2 entries
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21% improvement on a discrete-event
simulation benchmark (event-sim)

16% improvement on the quicksort
benchmark (gsori)

13% improvement on a hash-join
benchmark (hash-join)

20% improvement on an image-
processing microbenchmark (/loop-blur)




We've only scratched the surface.
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Internships

In all areas of GraalVM
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Internship Program

Our Research Center Locations

Cabanca oroco Belgrade, Serbia

https://www.graalvm.org/community/internship/
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Thank you!

Questions?
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