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High-Level Synthesis

High-Level Synthesis (HLS) tools generate HDL from

C++ description
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int vec_mul(int #*v1, int *v2,
int out, int n) { HLS
for (int i = 0; i < n; ++i)
out += vi[i] * v2[i];
return out;
}
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HLS automatically generates pipelined hardware

FPGA needs deep pipelining to be efficient
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What can | use HLS for in 2025

Loop nests
High arithmetic intensity

Irregular control flow
Low arithmetic intensity
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€ HLS tools struggle at efficiently scheduling kernels with irregular control-flow



Static scheduling

SOTA commercial HLS tools all rely on static

while (1) {
y =y + X,
// 2 cycles
if (C(x)) {
// 1 cycle
X = F(x);
} else {
// 3 cycles
X = 8(x);
}
}
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Static scheduling is pessimistic: based on worst case behavior

Static scheduling
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Speculative scheduling

Speculative scheduling starts future iterations by

predicting control-flow decisions

while (1) {
y =y + X,
// 2 cycles
if (C(x)) {
// 1 cycle
X = F(x);
} else {
// 3 cycles
X = 8(x);
}
}

Speculation hypothesis:
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the gamma node selects the fast input
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Some value need to be restored
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Rollback logic behavior
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rollback logic values example for a 5 cycles execution

° Rollback logics are inserted after every y and y node
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How to optimize rollback logic cost ?
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Experimental results

Resource utilization for each benchmark
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Conclusion

Speculation opens up new opportunities for High-Level Synthesis

One challenge is to minimize rollback logic overhead

With our approach, it is possible to decrease the speculative circuit
area and increase the clock frequency
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