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Infinite-Precision Arithmetic for LLVM



Use case: MLIR Presburger Library
Affine loop fusion, …
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+ Alex Zinenko,
Uday Bondhugula, …



Presburger library: a number cruncher
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int64_t is usually enough in practice…

98% ≤ 64-bit
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…but we need to know when it isn’t
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DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  bool overflow = __builtin_mul_overflow(x.val, y, &x.val);

  if (!overflow)

    exit(42);

  return x;

}

Roofline:



Introducing DynamicAPInt

- Arbitrary precision supported for correctness…
- …but heavily optimized for 64-bit fast path.
- Defined as union of int64_t and APInt 
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DynamicAPInt operator*=

DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  

  

  bool overflow = __builtin_mul_overflow(x.val, y, &x.val);

  if (!overflow)

    return x;

  

  exit(42);

  

  

}



DynamicAPInt operator*=

DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  if (x.is64()) {

  int64_t result;

  bool overflow = __builtin_mul_overflow(x.val, y, &result);

  if (!overflow) {

    x.val = result;

    return x;

  }

  }

  return slowPath();

}
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Microbenchmark 

int64_t x = 1;

for (unsigned i = 0; i < 1000'000'000; ++i)

  if (__builtin_mul_overflow(x, 1, &x))

  exit(42);
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Microbenchmark

int64_t x = 1;

for (unsigned i = 0; i < 1000'000'000; ++i)

  if (__builtin_mul_overflow(x, 1, &x))

  exit(42);

if (x != 1)

  exit(42);
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Microbenchmark

int64_t one = getInput(); // 1

int64_t x = getInput(); // 1

for (unsigned i = 0; i < 1000'000'000; ++i)

  if (__builtin_mul_overflow(x, one, &x))

  exit(42);

if (x != 1)

  exit(42);
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Microbenchmark

int64_t x = 1;

for (unsigned i = 0; i < 1000'000'000; ++i)

  if (__builtin_mul_overflow(x, 1, &x))

  exit(42);
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Microbenchmark

void roofline() {

int64_t x = 1;

for (i = 0; i < 1000'000'000; ++i)

  if (__builtin_mul_overflow(x, 1, &x))

  exit(42);

}

void ours() {

DynamicAPInt x = 1;

for (i = 0; i < 1000'000'000; ++i)

  x *= 1;

} 13

Unrolling here…

…affects performance here!



void ours() {

DynamicAPInt x = 1;

for (i = 0; i < 1000'000'000; ++i)

  x *= 1;

}

Microbenchmark
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● Unroll factors 2, 8, 9, 13, 17, 20, 24 are slow.
● ours() start addresses 0x453990, 0x4539d0, 0x453a10 are slow.



void ours() {

DynamicAPInt x = 1;

for (i = 0; i < 1000'000'000; ++i)

  x *= 1;

}

Microbenchmark
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● Unroll factors 2, 8, 9, 13, 17, 20, 24 are slow.
● ours() start addresses 0x453990, 0x4539d0, 0x453a10 are slow.



void ours() {

DynamicAPInt x = 1;

for (i = 0; i < 1000'000'000; ++i)

  x *= 1;

}

Microbenchmark
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● Unroll factors 2, 8, 9, 13, 17, 20, 24 are slow.
● ours() start addresses 0x453990, 0x4539d0, 0x453a10 are slow.
● bad start addresses ≡ 16 mod 64

https://www.bazhenov.me/posts/2024-02-performance-roulette/



Annotating branches!

DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  if (x.is64()) {

  int64_t result;

  bool overflow = __builtin_mul_overflow(x.val, y, &result);

  if (!overflow) {

    x.val = result;

    return x;

  }

  }

  return slowPath();

} 17



DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  if (LLVM_LIKELY(x.is64())) {

  int64_t result;

  bool overflow = __builtin_mul_overflow(x.val, y, &result);

  if (!overflow) {

    x.val = result;

    return x;

  }

  }

  return slowPath();

}

Annotating branches!

18



DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  if (LLVM_LIKELY(x.is64())) {

  int64_t result;

  bool overflow = __builtin_mul_overflow(x.val, y, &result);

  if (!overflow) {

    x.val = result;

    return x;

  }

  }

  return slowPath();

}

Annotating branches?
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DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  if (LLVM_LIKELY(x.is64())) {

  int64_t result;

  bool overflow = __builtin_mul_overflow(x.val, y, &result);

  if (LLVM_LIKELY(!overflow)) {

    x.val = result;

    return x;

  }

  }

  return slowPath();

}

Annotating branches?
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DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  if (LLVM_LIKELY(x.is64())) {

  int64_t result;

  bool overflow = __builtin_mul_overflow(x.val, y, &result);

  if (LLVM_LIKELY(!overflow)) {

    x.val = result;

    return x;

  }

  }

  return slowPath();

}

Annotating branches!

21

-align-all-functions=6 and 
-align-all-nofallthru-blocks=6

https://www.bazhenov.me/posts/2024-02-performance-roulette/



Inlining
LLVM_ATTRIBUTE_ALWAYS_INLINE
DynamicAPInt &operator*=(DynamicAPInt &x, int64_t y) const {

  if (LLVM_LIKELY(x.is64())) {

  int64_t result;

  bool overflow = __builtin_mul_overflow(x.val, y, &result);

  if (LLVM_LIKELY(!overflow)) {

    x.val = result;

    return x;

  }

  }

  return slowPath();
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Microbenchmark

for (i = 0; i < 1000'000'000; ++i) {

  if (LLVM_LIKELY(x.is64())) {

    int64_t result;

    bool overflow = __builtin_mul_overflow(x.val, y, &result);

    if (LLVM_LIKELY(!overflow)) {

      x.val = result;

      continue;

    }

  }

  slowPath(x);

}
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24https://chipsandcheese.com/p/amds-zen-4-part-1-frontend-and-execution-engine
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Microbenchmark
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for (i = 0; i < 1000'000'000; ++i) {

  if (LLVM_LIKELY(x.is64())) {

    int64_t result;

    bool overflow = __builtin_mul_overflow(x.val, y, &result);

    if (!overflow) {

      x.val = result;

      continue;

    }

  }

  slowPath(x);

}



Microbenchmark no longer useful
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for (i = 0; i < 1000'000'000; ++i) {

  if (LLVM_LIKELY(x.is64())) {

    int64_t result;

    bool overflow = __builtin_mul_overflow(x.val, y, &result);

    if (!overflow) {

      x.val = result;

      continue;

    }

  }

  slowPath(x);

}
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Speedups!

(unchecked)



Branch prediction
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Memory traffic
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Potential next steps

● Library function to run a lambda with just one surrounding fast-path check
● Try a smaller datatype with 32-bit small int instead of 64-bit
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Conclusion
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