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ach location. A head can thereby attend sharply to the memory at a single location or
ikly to the memory at many locations.

Reading

M, be the contents of the N x M memory matrix at time t, where N is the number
memory locations, and M is the vector size at each location. Let w; be a vector of
ightings over the IV locations emitted by a read head at time ¢. Since all weightings are
‘malised, the N elements wy (i) of wy obey the following constraints:

Yow(i) =1, 0<wli) <LV (N

¢ length M read vector Ty returned by the head is defined as a convex combination of
« row-vectors M, (i) in memory: :

e SwM), 2)

rich is clearly differentiable with respect to both the memory and the weighting.

2 Writing

Kking inspiration from the input and forget gates in LSTM, we decompose each write into
10 parts: an erase followed by an add.
Given a weighting w, emitted by a write head at time £, along with an erase vector
whose M elements all lie in the range (0. 1), the memory vectors M;_,(i) from the
evious lime-step are modified as follows:

M, (i) «— M, (i) [1 — wililed] (3)

here 1 is a row-vector of all 1-s, and the multiplication against the memory location acts
sint-wise. Therefore, the elements of a memory location are reset to zero only if both the
cighting at the location and the erase element are one; if either the weighting or the erase
. zero. the memory is left unchanged. When multiple write heads are present, the erasures
an be performed in any order, as multiplication is commutative.

Each write head also produces a length M add vector ay, which is added to the memory
fter the erase step has been performed:



