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1 QKYVO Rotary Position Embedding

The mechanism of multiplicative positional encodings like RoPE can be analyzed through a general-
ized attention formulation:
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where the position relationship between the ¢-th query g; and the i-th key k; is reflected by the
cumulative matrix products. RoPE defines the transformation matrix R ; as a block diagonal matrix
cos(j0r) —sin(jby)
sin(70,) cos(j0k)
frequency 6. Due to the properties of rotation matrices, i.e., R;_; = R/ R, absolute positional
information R; and R; can be applied separately to q; and k;, which are then transformed into
R, — ( cos((t—1)0x) — sin((t—1i)0) ) ]

composed of dj, /2 2D rotation matrices R? = ( ) with per-2-dimensional angular

relative positional information ¢ — ¢ encoded as szz 41 sin((—1)0x) cos((t—1)0x)

What would happen if we applied a rotation matrix to V. O? ’
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1.1 Gated Delta Rule as QK Position Encodings
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1.2 Gated Oja Rule as VO Position Encodings
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1.3 Gated Oja Rule with Value Gate
For a standard Gated OjaNet with a diagonal value gate,
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By partially expanding the recurrence, we have
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7D ( ‘pseudo” memory decay) :=H, [Tt] (“pseudo” Incremental memory)

Then, we employ the WY representation:
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To maximize hardware efficiency, we apply the UT transform to reduce non-matmul FLOPs, which is crucial to
enable better hardware utilization during training.
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Then we have the following vector form:
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Equivalently, in matrix form:
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