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# slime/utils/ppo_utils.py ( #8 A B )
# (AURS)

def _maybe_all_reduce(tensor, op, process_group):
""'Conditional all-reduce to handle both distributed and non-distributed cases.""'
if dist.is_available() and dist.is_initialized():
dist.all_reduce(tensor, op=op, group=process_group)

class _VocabParallelLogProbEntropy(torch.autograd.Function):
Fused autograd function that computes log-probability and optional entropy
in one forward pass, sharing the softmax computation and its all-reduce
cross communication. The backward similarly merges gradients from both losses.
@staticmethod
def forward(
ctx,



vocab_parallel_logits: torch.Tensor, # [seq_len, local_vocab]
target: torch.Tensor, # [seq_len]
log_prob_keep_mask: torch.Tensor | None,
process_group,
with_entropy: bool,
) -> tuple[torch.Tensor, torch.Tensor]:
vocab_parallel_logits = vocab_parallel_logits.float()
seq_len, local_vocab = vocab_parallel_logits.shape
rank, _ = _get vocab_parallel_rank_size(process_group)
vocab_start = rank * local_vocab

# - Shared softmax primitive -

def vocab_parallel_softmax(logits):
# stable softmax with cross-shard max/sum reduces
max_vals = logits.max(dim=-1, keepdim=True).values
_maybe_all_reduce(max_vals, dist.ReduceOp.MAX, process_group)
normalized = logits - max_vals
exp = normalized.exp()
sum_exp = exp.sum(dim=-1, keepdim=True)
_maybe_all_reduce(sum_exp, dist.ReduceOp.SUM, process_group)
softmax = exp / sum_exp
return normalized, sum_exp, softmax, max_vals

# - Log-probability branch (always computed) --—--
if log_prob_keep_mask is None:
norm, sum_exp, softmax, max_v = vocab_parallel_softmax(vocab_parallel_logits)
log_probs = ... # gather and subtract log(sum_exp); handle partition boundaries
else:
masked_logits = vocab_parallel_logits.masked_fill(~log_prob_keep_mask, float('-inf'))
norm, sum_exp, softmax, max_v = vocab_parallel_softmax(masked_logits)
log_probs = ... # similar calculation

# - Entropy branch (conditional) ——-
entropy = torch.zeros(seq_len, ...)
if with_entropy:
if log_prob_keep_mask is None:
# reuse softmax from logprob path
sum_s_t = (softmax * vocab_parallel_logits).sum(dim=-1, keepdim=True)
_maybe_all_reduce(sum_s_t, dist.ReduceOp.SUM, process_group)
entropy = (max_v + sum_exp.log() - sum_s_t).squeeze(-1)
else:
# separate softmax on unmasked logits for entropy
_, entropy_sum_exp, entropy_softmax, entropy_max = vocab_parallel_softmax(vocab_
parallel_logits)
sum_s_t = (entropy_softmax * vocab_parallel_logits).sum(dim=-1, keepdim=True)
_maybe_all_reduce(sum_s_t, dist.ReduceOp.SUM, process_group)
entropy = (entropy_max + entropy_sum_exp.log() - sum_s_t).squeeze(-1)

return log_probs, entropy
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