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e Veritying GraalVM compiler optimizations

e Proving transformations of the GraalVM IR preserve semantics

e This paper marks the first steps by:
1. defining GraalVM IR structure in Isabelle/HOL;
2. formalizing GraalVM IR semantics in Isabelle/HOL;

3. validating the formalized semantics; and

4. demonstrating proof-of-concept optimizations.
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The GraalVM compiler is a state-of-the-art JVM bytecode compiler
Uses partial evaluation to implement new languages

relies heavily on correct optimizations
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GraalVM IR

e Constructed from JVM bytecode.
e A directed cyclic graph.

® Sea O

" nodes structure.
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e Composed of nodes with
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Int fact(int n) {
if{n> 1) {
return 1;

}
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}

Building a GraalVM IR from scratch



0 Start

Int fact(int n) {
if(n>1) {
return 1;

}

return n;

}

Building a GraalVM IR from scratch



0 Start

int fact(int n) {

Int result = 1;
if(n>1) {
return 1;

}

return result:

Building a GraalVM IR from scratch



0 Start

int fact(int n) {

Int result = 1;
if(n>1) {
return 1;

!

return result:

Building a GraalVM IR from scratch



0 Start

int fact(int n) {
1

return result:

Building a GraalVM IR from scratch



0 Start

int fact(int n) {
1

return result:

Building a GraalVM IR from scratch



0 Start

T

\ /
/

int fact(int n) {
Int result = 1;

)
n,

while (n > 1) {
result *

!

return result:

Building a GraalVM IR from scratch



0 Start

int fact(int n) {
Int result = 1;

)
n,

{

while (n > 1
result *

!

return result:

5 LoopEnd 7 Return

Building a GraalVM IR from scratch



0 Start

Int fact(int n)
INnt result =
while (n

result *=
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{

1
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}
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2 LoopBegin

Int fact(int n) {
Int result = 1;
while (n > 1) {

result *= n;
n=n-1:

}

return result;

}

4 Begin 6 LoopExit

ﬁ
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datatype IRNode =

— ConstantNode (ir_const: Value)

— ParameterNode (ir_index: nat)

— ValuePhiNode (ir_nid: nat) (ir_values: nat list) (ir_merge: nat)
— NegateNode (ir_value: nat)

— AddNode (ir_x: nat) (ir_y: nat)
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ValuePhiNode (ir_nid: nat) (ir_values: nat list) (ir_merge: nat)
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typedef IRGraph = {g :: ID — IRNode . finite (dom g)}
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Expression: Subgraphs which form side-effect free directed acyclic graphs

Intraprocedural: Control-flow within a method graph transfers control to
the successor nodes, updating the method state where required

Interprocedural: Control-flow between method graphs via invocation looks
up the relevant method graph and pushes a new method state
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1. defining GraalVM IR structure in Isabelle/HOL;
2. formalizing GraalVM IR semantics in Isabelle/ HOL;

3. validating the formalized semantics; and

e over 1400 unit tests.

4. demonstrating proof-of-concept optimizations.

e exploratory canonicalizations, entirety of conditional elimination.
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e Develop a high-level notation for expressing canonicalization optimizations
e Investigate verification of more optimization phases

e Generate code to pertorm verified optimizations
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