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How do transformers learn from sequential data?

Transformers via Markov chains
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Main results

L(8)

Bad local minima (weight tying)

If p + g > 1 and the weights are tied, there exists an

explicit @, such that:

(i) @, is a bad local minima for L( - ) with L(6,) > L(6-.),

weight-tying

bad local minimum

fe-n- (xyll) - P(xn-i-l = 1)

(ii) ﬁgﬂ(xf) = P(x,,; = 1), the marginal distribution,

(i) VL(@@,) = 0, i.e. @_ is a stationary point.

Saddle point (no weight tying)

Under the same setting as above with the weights not
tied, 6 becomes a saddle point.

no weight-tying

saddle point

fo(27) =P(xpy1 = 1)

Empirical evidence
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Depth helps!
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