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Why low-precision floating-point?
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“Artifical intelligence, particularly deep learning has profoundly impacted 
floating-point computation.”

AI is changing floating-point
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Dongarra et al. https://doi.org/10.48550/arXiv.2411.12090



“Artifical intelligence, particularly deep learning has profoundly impacted 
floating-point computation.”

“As a result, reduced-precision floating-point types, [...] have become 
increasingly popular in AI applications.”

AI is changing floating-point
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Dongarra et al. https://doi.org/10.48550/arXiv.2411.12090



Where did all my FLOPS go?
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Hopper

Blackwell



Ozaki Schemes:

AMD is taking a different approach…

6

Nick Malaya
https://www.hpcwire.com/2026/03/13/amd-hints-at-big-fp64-increases-in-mi430x-gpu-as-ozaki-underwelms/
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Not IEEE-compliant
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Ozaki Schemes:
Not IEEE-compliant
Deviate from true FP64

AMD is taking a different approach…

8

Nick Malaya
https://www.hpcwire.com/2026/03/13/amd-hints-at-big-fp64-increases-in-mi430x-gpu-as-ozaki-underwelms/



Ozaki Schemes:
Not IEEE-compliant
Deviate from true FP64
Only DGEMM

AMD is taking a different approach…
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Ozaki Schemes:
Not IEEE-compliant
Deviate from true FP64
Only DGEMM

MI325X: ~80 TFLOPS

MI430X: ~200 TFLOPS ?

AMD is taking a different approach…
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Nick Malaya
https://www.hpcwire.com/2026/03/13/amd-hints-at-big-fp64-increases-in-mi430x-gpu-as-ozaki-underwelms/



“[...] physics-based models will remain vital, simply because the physics generalizes 
in ways that are designed to fill in [...] sparse observations”

Scientific simulations: Still relevant
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Bauer et al. https://doi.org/10.1038/s43017-023-00468-z
Zhang et al. https://doi.org/10.48550/arXiv.2508.15724



How to low-precision floating-point?
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Keep it simple!

How to low-precision floating-point?
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Keep it simple!

How to low-precision floating-point?
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Domain scientists know what they are doing!
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How to low-precision floating-point?
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Keep it simple!

How to low-precision floating-point?
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Domain scientists know what they are doing!
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Keep it simple!

How to low-precision floating-point?

17

Domain scientists know what they are doing!

Test their hypothesis.

23
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Empirical studies
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find . -name *.cpp -exec sed -i 's/double/float/g' {} \;



Empirical studies
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find . -name *.cpp -exec sed -i 's/double/float/g' {} \;

fp32
tf32
bfloat16
fp16
fp8 e5m2
fp8 e4m2
fp4
…



Empirical studies
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find . -name *.cpp -exec sed -i 's/double/float/g' {} \;

fp32
tf32
bfloat16
fp16
fp8 e5m2
fp8 e4m2
fp4
…

foo()
bar()
baz()



Empirical studies
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find . -name *.cpp -exec sed -i 's/double/float/g' {} \;

fp32
tf32
bfloat16
fp16
fp8 e5m2
fp8 e4m2
fp4
…

foo()
bar()
baz()

foo()
if (s >= 3) {
  bar()
} else {
  bar()
}
baz()



Empirical studies
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find . -name *.cpp -exec sed -i 's/double/float/g' {} \;

foo()
if (s >= 3) {
  bar()
} else {
  bar()
}
baz()

foo()
bar()
baz()

fp32
tf32
bfloat16
fp16
fp8 e5m2
fp8 e4m2
fp4
…

23
1



LLVM-based tool for precision 
experimentation with focus on scientific code

● Wide range of FP formats
● Ease of use
● Control of granularity
● C/C++/Fortran support
● CPU and GPU support

Tool: Raptor
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Tool: Raptor
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Sedov Blast and Sod Shock Analysis

Sedov blast
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Sedov Blast and Sod Shock Analysis

Sedov blast
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Sedov Blast and Sod Shock Analysis

Sedov blast
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Sedov Blast and Sod Shock Analysis

Sedov blast

Sod shock
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Sedov Blast and Sod Shock Analysis

Sedov blast
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Sedov Blast and Sod Shock Analysis
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Sedov Blast and Sod Shock Analysis

Sedov blast

Sod shock
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This was all just op-mode. We can do more!
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Memorization mode

39

Store arbitrary information 
alongside every value



Memorization mode

40

Store arbitrary information 
alongside every value

Diagnose operations 
individually



Memorization mode

41

Store arbitrary information 
alongside every value

Trace and pinpoint problems

Diagnose operations 
individually



Memorization mode

What if I had used FP64 up to here?
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 7 a1 = a + b
 8 a2 = c - d
 9 a3 = a1 / a2
10 a4 = sqrt(a2)
11 a5 = cosh(a1)
12 a6 = a4 - a5
13 a7 = a6 - a3 .
14 ...

→ Truncate to FP16



Memorization mode

What if I had used FP64 up to here?
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Did FP16 drift?

 7 a1 = a + b
 8 a2 = c - d
 9 a3 = a1 / a2
10 a4 = sqrt(a2)
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12 a6 = a4 - a5
13 a7 = a6 - a3 .
14 ...

→ Truncate to FP16



Memorization mode

What if I had used FP64 up to here?
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Did FP16 drift?

 7 a1 = a + b
 8 a2 = c - d
 9 a3 = a1 / a2
10 a4 = sqrt(a2)
11 a5 = cosh(a1)
12 a6 = a4 - a5
13 a7 = a6 - a3 .
14 ...

Where?

→ Truncate to FP16



Memorization mode

What if I had used FP64 up to here?

45

Did FP16 drift?

 7 a1 = a + b
 8 a2 = c - d
 9 a3 = a1 / a2
10 a4 = sqrt(a2)
11 a5 = cosh(a1)
12 a6 = a4 - a5
13 a7 = a6 - a3 .
14 ...

Where?

This is an 
(over-)simplification.



Nonetheless, mem-mode is very powerful

→ It will help us learn how to use low-precision FP.
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Automatic diagnosis using bisection

Further Ideas
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 1 for (...) {  .
 2   z = z + 0.1.
 3   z4 = z / z3.
 4 }            .
 5 a = z1 * z2  .
 6 b = z3 * z4  .
 7 a1 = a + b   .
 8 a2 = c - d   .
 9 a3 = a1 / a2 .
10 a4 = sqrt(a2).
11 a5 = cosh(a1).
12 a6 = a4 - a5 .
13 a7 = a6 - a3 .
14 if (...) {   .
15   x = z2 / a7.
16 } else {     .
17   ...        .
18 }            .

Truncate all
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Further Ideas
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Automatic diagnosis using bisection

Further Ideas
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Simultaneous precision streams

Further Ideas
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Simultaneous precision streams

Further Ideas
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fp16 fp32 fp64 fp2048Simultaneous precision streams



Further Ideas

59

fp16 fp32 fp64 fp2048Simultaneous precision streams

Compare, step-for-step



Further Ideas
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fp16 fp32 fp64 fp2048Simultaneous precision streams

Compare, step-for-step



RAPTOR - tool for numerical profiling and experimentation
● Experiment with precisions on CPU and GPU
● Scientific applications written with fp64 can tolerate lower precisions (sometimes!)

Conclusion

github.com/RIKEN-RCCS/RAPTOR
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Extras
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● Replacing existing fp operations with a 
specified one

● IEEE standard formats
● Arbitrary exponent & mantissa

● Scoping of transformation
● Function
● File
● Program

● Gathering information about fp 
operations

● Number
● Errors
● Memory

RAPTOR’s Capabilities

63



● Support for GPU (only op-mode to hardware types)

● Support for OpenMP (no reductions in mem-mode)

● Compatible with MPI (with reduction caveats in mem-mode)

Check out the paper for details!

Features & Limitations

64



RAPTOR Usage (Op-Mode)

  ...
  c = foo(a, b);
  ...

double foo(double a, double b); 
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RAPTOR Usage (Op-Mode)

  ...
  c = foo(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 32);

  c = f(a, b);
  ...

double foo(double a, double b); 
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RAPTOR Usage (Op-Mode)
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  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 16);

  c = f(a, b);
  ...



RAPTOR Usage (Op-Mode)
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  c = foo(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 32);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 1,
    /* to_exponent */ 3,
    /* to_mantissa */ 20);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 16);

  c = f(a, b);
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double foo(double a, double b); 
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RAPTOR Usage (Op-Mode)

  ...
  c = foo(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 32);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 1,
    /* to_exponent */ 3,
    /* to_mantissa */ 20);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 16);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 1,
    /* to_exponent */ 4,
    /* to_mantissa */ 3);

  c = f(a, b);
  ...

double foo(double a, double b); 
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RAPTOR Usage (Op-Mode)
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    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 32);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 1,
    /* to_exponent */ 3,
    /* to_mantissa */ 20);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 0,
    /* to_type */ 16);

  c = f(a, b);
  ...

  ...
  auto f = __raptor_trunc_func_op(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 1,
    /* to_exponent */ 4,
    /* to_mantissa */ 3);

  c = f(a, b);
  ...

double foo(double a, double b); 
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You can also specify on the command line:

clang ... --raptor-truncate-all="ieee(64)_sim(5,21)"

clang ... --raptor-truncate-all="ieee(64)_ieee(16)" 

For file-scope transformation



RAPTOR Usage (Mem-Mode)

  ...
  c = foo(a, b);
  ...

double foo(double a, double b); 

  ...

  auto f = __raptor_trunc_func_mem(
    /* function */ foo,
    /* from_type */ 64,
    /* sim(1) or hardware(0) */ 1,
    /* to_exponent */ 3,
    /* to_mantissa */ 20);
  
  c = 
    raptor_post_convert(
      f(
        raptor_pre_convert(a),
        raptor_pre_convert(b)
      )
    );

  ...
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Mem-Mode: LLVM IR Transformation & Runtime

fp64 foo(fp64 %a, fp64 %b, fp64 %c):
  %d = fadd %a, %b : fp64
  call @print(%d : fp64)
  %e = fmul %c, %d : fp64
  return %e : fp64

fp64 to fp(3, 6) (unavailable in hardware)

fp64 foo_3_6(fp64 %a, fp64 %b, fp64 %c):
  %d = call @__raptor_mem_fadd(%a, %b, 3, 6) : fp64
  call @print(%d : fp64)
  %e = call @__raptor_mem_fmul(%c, %d, 3, 6) : fp64
  return %e : fp64
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Mem-Mode: LLVM IR Transformation & Runtime

fp64 foo(fp64 %a, fp64 %b, fp64 %c):
  %d = fadd %a, %b : fp64
  call @print(%d : fp64)
  %e = fmul %c, %d : fp64
  return %e : fp64

fp64 to fp(3, 6) (unavailable in hardware)

fp64 foo_3_6(fp64 %a, fp64 %b, fp64 %c):
  %d = call @__raptor_mem_fadd(%a, %b, 3, 6) : fp64
  call @print(%d : fp64)
  %e = call @__raptor_mem_fmul(%c, %d, 3, 6) : fp64
  return %e : fp64

double __raptor_mem_fadd(double a, double b,
                         int e, int m) {
  mpfr_t *ma = get_raptor_val(a);
  mpfr_t *mb = get_raptor_val(b);

  pair<mpfr_t *, double> mc, c = get_new_raptor_val(e, m);
  
  mpfr_add(*mc, *ma, *mb);

  return c;
}

mpfr_t *get_raptor_val(double a) {
  return raptor_vals[(int)a];
}

RAPTOR Runtime
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Mem-Mode RAPTOR

double __raptor_mem_fadd(double a, double b,
                         int e, int m) {
  mpfr_t *ma = get_raptor_val(a);
  mpfr_t *mb = get_raptor_val(b);

  pair<mpfr_t *, double> mc, c = 
    get_new_raptor_val(e, m);
  
  mpfr_add(*mc, *ma, *mb);

  return c;
}

mpfr_t *get_raptor_val(double a) {
  return raptor_vals[(int)a];
}

RAPTOR Runtime
struct __raptor_fp {
  mpfr_t m;
  double d;
}

double __raptor_mem_fadd(double a, double b,
                         int e, int m) {
  mpfr_t *ma = get_raptor_val(a);
  mpfr_t *mb = get_raptor_val(b);

  pair<mpfr_t *, double> mc, c = get_new_raptor_val(e, m);
  
  mpfr_add(mc->m, ma->n, mb->m);
  mc->d = ma->d + mb->d;

  check_drift(mc->d, mc->m);

  return c;
}

mpfr_t *get_raptor_val(double a) {
  return raptor_vals[(int)a];
}

RAPTOR Runtime
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RAPTOR Showcase: Hardware Co-Design
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More power means more FLOPS, right?
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1000W TBP

1400W TBP
MI325X

MI355X
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Rising Bubble Analysis

80H
oe

ro
ld

, I
va

no
v 

et
 a

l. 
ht

tp
s:/

/d
oi

.o
rg

/1
0.

11
45

/3
71

22
85

.3
75

98
10


