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Testing Compilers

Mutation based Generation based



Testing compilers

Null-pointer dereference Signed overflow if x = MAX_INT

Examples from cppreference.com

Access out of bounds, UB if loop reaches 5 iterations



Testing compilers
Know ground truth: exactly how the code should behave



Testing compilers
Differential testing across 
implementations or configurations



Testing compilers
Compilers should never crash!



What is a program generator

int i0 = 0;
int i1 = 1;
bool c = i0 > i1;
if (c) {
  int i2 = i0 * i1;
  

float * i3 = &i0;

int i2 = i1 / i0;

for (i = i1; i < i0+i1; i+=i0) {
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What is a program generator

Semantics

int i0 = 0;
int i1 = 1;
bool c = i0 > i1;
if (c) {
  int i2 = i0 * i1;
  

i0’ = i0 == 0 ? 1 : i0;
int i3 = i1 / i0’;

Generator

Reads

Updates

Writes



What is a program generator

Semantics?

Partial programs: programs obtained by 

- Doing a DFS on some valid (e.g. well-defined) program
- Take the prefix of that DFS



What is a program generator

int i0 = 0;
int i1 = 1;
bool c = i0 > i1;
if (c) {
  int i2 = i0 * i1;

int i0 = 0;
int i1 = 1;
bool c = i0 > i1;
if (c) {

int i0 = 0;
int i1 = 1;
bool c = i0 > i1;

int i0 = 0;
int i1 = 1;  

int i0 = 0;

... and more

⊆ PartialProrgams



What is a program generator

- Fuzzers extend partial programs
- To some larger partial program, using operations 
- [e1, e2, … en]

- extend : PartialProgram ~> PartialProgram



What is a program generator

Semantics for fuzzers: defined on partial programs

- S : PartialProgram -> A

Efficient semantics:

- S(p+e) = f(S(p), e)



What is a program generator

Program generators are an interface:

generate : S -> RandomGen(E)

evaluate : (S, E) -> S



What is a program generator

Program generators are an interface:

generate : (S, [Int]) -> E

evaluate : (S, E) -> S



Applying to MLIR

%0 = “arith.constant”() {value = 5 : i64} : () -> i64

Dialect Operation Op type



Applying to MLIR

"func.func"()<{function_type = () -> i1, sym_name = "one"}> ({
  %0 = "arith.constant"() <{value = -1}> : () -> i1
  "func.return"(%0) : (i1) -> ()
}) : () -> ()

%1 = "scf.if"(%c) ({
  ...
}, {
  ...
}) : (i1) -> (f64)



Applying to MLIR

MLIR

Math 
Dialect

Async 
Dialect

Functions 
Dialect

Linear Algebra 
Dialect

Mython Language Loops 
Dialect

Buffer Pointers 
Dialect

Photo by: Julie Larsen Maher/WCS.

LLVM IR



Applying to MLIR

Building MLIR fuzzing infrastructure. Wishlist:

- Library of composable fuzzers
- User’s new dialect fuzzers can be combined with existing ones
- Should write fuzzers able to find deep bugs



Applying to MLIR

Async 
Dialect

Functions 
Dialect

Linear Algebra 
Dialect

Async 
Fuzzer

Functions 
Fuzzer

Linear Algebra 
Fuzzer

User’s new 
dialect

User’s new 
fuzzer

Ratte



Applying to MLIR

generate : (S, [Int]) -> E

evaluate : (S, E) -> S

E: MLIR Operation

S: MLIR semantics, e.g. types, values



Applying to MLIR

generate : (S, [Int]) -> Operation

evaluate : (S, Operation) -> S



Applying to MLIR

Functional languages:Imperative languages:

Diagram idea from: Eli Benderski https://eli.thegreenplace.net/2016/the-expression-problem-and-its-solutions/ 

Types Interp …

Arith 😵 

Scf 😵 

… 😊 😊

Types Interp …

Arith 😊

Scf 😊

… 😵 😵 

https://eli.thegreenplace.net/2016/the-expression-problem-and-its-solutions/


Applying to MLIR

Effect Systems + QuickCheck

Our solution:



MLIR semantics in terms of effects
Effect constructors = Syntax
Effect tree = Syntax tree
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MLIR semantics in terms of effects
Effect constructors = Syntax
Effect tree = Syntax tree



MLIR semantics in terms of effects
Effect constructors = Syntax
Effect tree = Syntax tree
Effect handler = Semantics by tree-rewrites



MLIR semantics in terms of effects

Operation Effect constructor

Value (Name, MLIR Type)

: [Value] -> Effect ASTRegion

Dialect Group of constructors



MLIR semantics in terms of effects



MLIR semantics in terms of effects

Disjoint union
Updates the joint state, but no 
interaction otherwise

arith.constant, tensor.fill

Joint interface
Interface involving two or more 
specific types

arith.index_cast

Open interface
Public interface that allows types of 
other dialects to implement

vector.print

Continuations (regions)
Continuation that can be called, 
which may contain semantics from 
other dialects
Linalg.generic, func.func



MLIR semantics in terms of effects

Semantics Store

%10 = arith.constant true : i1
%11 = scf.if {
  vector.print %10 : i1
  %12 = arith.addi %11, %11 : i1

vector.print %3 : i64
%5 = arith.addi %3, %3 : i64

Generator

Reads

Updates

Writes



MLIR semantics in terms of effects

- Abstracted the structure YARPGen/Csmith program generator
- Extensible YARPGen/Csmith style fuzzers

- Key: address the expression problem for MLIR semantics
- Way to develop QuickCheck-validated MLIR semantics



Results from fuzzing

Miscompilation: arith



Results from fuzzing

Rejection in func.call 

func.func @func0(%arg0: i1, %arg1: i1) -> (i1, i1) {
  %true = arith.constant true
  return %arg1, %true : i1, i1
}
func.func @func1(%arg0: i1) -> (i1, i1) {
  %true = arith.constant true
  %0, %1 = func.call @func0(%true, %arg0) : (i1, i1) -> (i1, i1)
  return %0, %1 : i1, i1
}

<source>:11:26: error: null operand found
                %7, %8 = "func.call"(%5, %4) {callee=@func0} : (i1, i1) -> (i1, i1)
                         ^
<source>:11:26: note: see current operation: %0:2 = "func.call"(<<NULL VALUE>>, %arg0) <{callee = @func0}> : (<<NULL TYPE>>, i1) -> (i1, i1)
Compiler returned: 1


