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Architecture- Neural Turing Machine (NTM)

Read Heads Write Heads

Memory

External Input External Output

All parts are differentiable!

controller



Architecture- Differentiable Neural Computing (DNC)



Architecture- Differentiable Neural Computing (DNC)
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The Controller 

The controller can be any neural network architecture (in this case a deep LSTM)
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The controller          (LSTM) N
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In each layer,                          we compute the following functions:{1,...,L}l

output vector, inference vector  

1W ;...; L
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Interface Vector
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- The interface vector contains parameters 

1
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location selection for reading/writing  depends on weighting(s)

- Controller uses interface vector to connect to memory for Reading/Writing



Memory Attention mechanisms for Read/Write Weighting(s)

The controller interpolates among these mechanisms using scalar gates
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Memory Attention mechanisms for Read/Write Weighting(s)
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Memory Attention mechanisms for write weighting
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Architecture- Differentiable Neural Computing (DNC)

tξ
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memory 

allocation

content-
based 

addressing

Writing
w

t Nw



Memory: Writing

In writing, location selection depends on single weighting
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Memory Attention mechanisms for Write Weighting
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content lookup operations on the memory N MM 
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key strength (scalar)



Memory Attention mechanisms for Write Weighting
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- The controller should have a mechanism to free and allocate memory-when needed
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Aim of dynamic memory allocation: 

finding allocation weightings      (history based)

(used to provide new locations for writing)

- The controller emits free gates                  (one per read head)

- can the most recently read locations be freed ?



- free-gates determines if the most recently read locations can be freed 

dynamic 
memory 
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dynamic memory allocation

I) free-gates are used to define memory retention vector
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II)      Usage vector, then, is defined as follow  
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if high free gate, so DCN can forget those memories and write new information to those locations 
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- free-gates determines if the most recently read locations can be freed 

dynamic 
memory 

allocation

dynamic memory allocation

if DNC has not recently write to 

,1 ,R ,1 ,R 11 ˆˆ ˆ ˆ; ; ; ; ;g ;g ; ˆ ˆ ˆ ˆ; ;ˆ ˆ R

t t t t t tt

w w a w

t t t t tt t t

Rf f         = 
r r r r

k kv e k

if DNC has recently read from

I) free-gates are used to define memory retention vector
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II)      Usage vector, then, is defined as follow  

differentiable free list 

if high free gate, so DCN can forget those memories and write new information to those locations 

ta



Memory usage vector tracks the usage of each memory location
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Allocation weightings: used to provide new locations for the writing
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If usages are 1, then               and the controller can not longer allocate memory0ta =
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Writing on Memory and Weightings
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Memory Attention mechanisms for Read Weighting(s)
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Architecture- Differentiable Neural Computing (DNC)
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Memory: Reading
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In reading, location select depends on weightings
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content lookup operations on the memory                    use the following functionN MM 
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Memory Attention mechanisms for Read Weighting(s)
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temporal 
memory 
linkage

Temporal Memory Linkage

location     was written to just after location      in the pervious time step. i j

N

N

The order of stored/written information is important for reading

e.g. retrieving instructions 

temporal memory linkage 
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tracks the order of writings on the memory locations 

precedence weigh of location     at pervious

the write weight of location     at current timei
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temporal 
memory 
linkage

Temporal Memory Linkage Finding read gates

allowing the controller to iterate forward or backward in time 

( ) 1 t-1[i, j] 1 [i] [j] [i, j] [i] [j]w w w

t t t t tL L −= − − +w w w p

r,i

t-1

i T

t tb L= w
r,i

t-1

i

t tf L= w

,11 ,R ,1 ,R 1ˆ ˆ ˆˆ ˆ ˆ; ; ; ; ;g ;g ; ˆ; ˆ ˆˆ ;R w w a w

t t t t t t t t

R

t tt t t t tf f        = 
r r r r

k kv e k

[i, j]tL



Architecture- Differentiable Neural Computing (DNC)
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Finding read gates
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content- based 
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temporal 
memory linkage
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Dynamic Memory Allocation - Test

- present sequences to the network

- controller’s aim is to recreate of the input
If could recreate, 

then that input is not needed again

- many input sequences:

- but the size of memory is 10; 

- it must erase and write 

Goal: to test whether the memory 

allocation system would be used and 

free and re-use the locations



DNC- Test on Graphs

DNC is tested on answer questions from about the graphs

I) London Underground graph
- DNC asked single navigation questions 

The Goal was not solve the problems in the graphs, 
The goals was to show either DNC can create and navigate throughout the graph. 



DNC- Test on Graphs

DNC is tested on answer questions from about the graphs

II) Family graph: the relation between people has been asked which has not been 
shown in the training time. 

The goal was not solve the problems in the graphs, 
The goals was to show either DNC can create and navigate throughout the graph. 



DNC- Test on Graphs

DNC is tested on answer questions from about the graphs

II) family graph which the relation between people has been asked which has not 
been shown in the training time. 

https://www.youtube.com/watch?v=B9U8sI7TcMY

The goal was not solve the problems in the graphs, 
The goals was to show either DNC can create and navigate throughout the graph. 

https://www.youtube.com/watch?v=B9U8sI7TcMY


Thank You!


