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MEMORY

Machine learning algorithms are like computers, but most do so
without memory

- Memory is useful

- Memory in RNN/LSTMs is small and not compartmentalized



Joe went to the garden then Fred picked up the milk; Joe moved to the
bathroom and Fred dropped the milk, and then Dan moved to the
living_room.

Where is Dan? A: living room | believe

Where is Joe? A: the bathroom

Fred moved to the bedroom and Joe went to the kitchen then Joe took the
milk there and Dan journeyed to the bedroom; Joe discarded the milk.
Where is the milk now ? A: the milk is in the kitchen

Where is Dan now? A: | think he is in the bedroom

Joe took the milk there, after that Mike travelled to the office, then Joe went
to the living_room, next Dan went back to the kitchen and Joe travelled to
the office.

Where is Joe now? A: | think Joe is in the office



ARCHITECTURE

Input x, memory is an array of objects, m = {ms,...,my} and 4
layers

- I: convert raw input into internal representation

- G: update old memories

- O: produce output given input and state of memory

- R: convert output into desired output space (e.g textual response)



GENERALIZATION (G)

Update memories
Vi, m; = G(m;, I(x), m)

e.g Store in empty space. Given current n,
my = 1(x), n=n+1

This paper doesn’t overwrite anything. Other memory paper, Neural
Turing Machines, has a fancy method of (softly) overwriting
everything



MEMNN: A QUESTION /ANSWERING SYSTEM

Details of I, G, O, R

- | converts sentences to integer representation. e.g The cat said yes
=[10,1,106, 3]

- G stores sentence in next free position

- allthe funisin O,R.



OUTPUT IMPLEMENTATION

Retrieve k most relevant memories.
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e.g Where is the milk now?

1. Joe left the milk.
2. Joe travelled to the office.



RESPONSE

Could easily do RNN/LSTM text generation. Instead, choose a single
word.
r = arg maxsg([x, Mo,, Mo, ], W) (3)
wew



SCORING FUNCTIONS

How to compare similarity/relevance?
(%, y) = () TUTUD(y). (4)

where U is n x D (word vectors) and ®() is D x 1.

@, and &, maps a sentence to the D-dimensional space (bag of
words here). Separate U for each scoring function.



TRAINING

Have labelled data, questions and answers, AND supporting
memories/statements. Use margin ranking loss

32 max(0,v — so(x, Mo,) + So(x,f)) + (5)
f#mo,
> max(0,y = so([x, Mo, ], Mo,]) + so([x, Mo, 1)) + (6)
f'#mo,
_; max(0,v — sr([X, Mo,, Mo, ], 1) + Sr([X, 01, Mo,], 1)) (7)

Use negative sampling instead of computing full sum.

If LSTM, RNN is used for response, use log likelihood of sequence
X, 01,09, T.



EXTENSIONS

- Words as input (learn segmenter)
- Efficient memory (hashing or cluster word embeddings)
- Modelling write time (embed concept of absolute time)

- Unseen words (store left and right context (n grams?) in bag of
words)



