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Motivation

• Floating point intensive workloads often use multiply + add 
sequences

• FMA instruction: combines A * B + C into a single instruction
• Benefits:

• Higher Throughput
• Reduced rounding error



What is FMA?

The operation fusedMultiplyAdd(𝑥, 𝑦, 𝑧) computes (𝑥 × 𝑦 ) + 𝑧 as if 
with unbounded range and precision, rounding only once to the 
destination format.
– IEEE-754-2008 (Definition 2.1.28)

Regular
%0 = fmul float %x, %y
%1 = fadd float %0, %z
ret float %1

= round(round(x * y) + z)

FMA
%0 = call float @llvm.fma.f32(float %x, float %y, float %z)
ret float %0

= round( x * y + z)



What is FMA?



What is FMA?

We’re computing:
1.0000001 × 1 × 108 − 1 × 108 = 10

Results:
• No FMA = 8
• With FMA = 11.9209289551



What is FMA?

Floating points aren’t an exact representation, just the closest 
estimate



What is FMA?

What we want to compute:
1.0000001 × 1 × 108 − 1 × 108 = 10

What we actually compute:
1.000000119209289551 × 1 × 108 − 1 × 108

= 11.9209289551

Results:
• No FMA = 8
• With FMA = 11.9209289551



Project Objective

• Implement a custom LLVM pass that:
• Detects `fmul` + `fadd` patterns
• Replaces them with LLVM’s FMA intrinsic
• Checks hardware support
• Ensures transformation is legal and profitable

• Evaluate across different tests



Creating the LLVM Pass



Pattern Detection

We want to detect the following pattern:
%mul = fmul double %x, %y
%add = fadd double %mul, %z
How?
1. Search the LLVM IR for all `fadd`
2. For each `fadd`, check if one of the operands opcode is `fmul`
3. If true, add the `fadd` + `fmul` combo to candidate list



Pattern Detection

We want to detect the following pattern:
%mul = fmul double %x, %y
%add = fadd double %mul, %z



Pattern Detection

We can use the “llvm/IR/PatternMatch.h” header functions to 
improve it (using match)



Legality Conditions

• Test if FMA is supported on the target machine
• Implement a profitability check (only transform if beneficial, e.g., 

not in precise FP mode)



Legality Conditions

• Test if FMA is supported on the target machine

1. Get the intrinsic cost attributes for float and double FMA
2. Get the instruction cost for the FMA’s
3. Check if the cost is valid
4. If valid, FMA is supported. If not, FMA not supported



Legality 
Conditions
• Test if FMA is

supported on
the target machine



Legality Conditions

Implement a profitability check (only transform if beneficial, e.g., 
not in precise FP mode)

1. Check if fast-math flags are enabled
2. Check count of uses for FMUL
3. Check if in precise FP mode
4. Default case: don’t optimize



Legality Conditions

• Implement a profitability
check

1. Check if fast-math flags
are enabled

2. Check count of uses for
FMUL

3. Check if in precise FP
mode

4. Default case: don’t
optimize



Transformation Implementation

Transform all candidate `fadd` + `fmul` into FMA instructions
1. Extract operators and operands from pattern
2. Get appropriate FMA intrinsic type based on pattern
3. Create FMA intrinsic call using extracted operands
4. Preserve flags from original instruction in FMA call
5. Replace the `fadd` with the new FMA call
6. Remove dead `fmul` code 
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Transformation Implementation

Transform all candidate `fadd` + `fmul` into FMA instructions
1. Extract operators and operands from pattern
2. Get appropriate FMA intrinsic type based on pattern
3. Create FMA intrinsic call using extracted operands
4. Preserve flags from original instruction in FMA call
5. Replace the `fadd` with the new FMA call
6. Remove dead code 



Testing

• Compiled with –O0

clang -emit-llvm
opt -passes=mem2reg

opt -passes=fma



Testing

• Compiled with –O0

clang -emit-llvm
opt -passes=mem2reg

opt -passes=fma



Next Steps

• Properly benchmark to see if there’s performance improvements
• Test on different architectures (only have tested on my mac)
• Could add support for different FMA patterns (-x * y +z OR x * y – z)
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