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attempt to explain large language models honestly: what they are, how
they work, and why sounding right is not the same thing as being right.
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� i: Dimension-pair index, from 0 through d_model/2 − 1 
for even d_model. The implementation below requires a 
positive even model dimension.
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Scaling by √d_k:
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PyTorch DDP loop fragment. Launch one process per GPU with 
torchrun. Supply a model returning logits shaped [batch, 
sequence, vocabulary] and a DataLoader using 
DistributedSampler, with the same number of batches on every 
rank. Labels are unshifted token IDs, with padding set to −100. 
The loop shifts them and averages loss over valid target tokens 
across all ranks. If the batch includes attention_mask, the model 
must accept that keyword.
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