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The connectionism vs. symbolism dilemma

A central question in AI

How is knowledge represented in our mind ?

Symbolic approaches

Reasoning as the result of formal manipulation of symbols

Connectionist (sub-symbolic) approaches

Reasoning as the result of processing of interconnected
(networks of) simple units
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Connectionism vs. symbolism approaches

Symbolic approaches

founded on the principles of logic

highly interpretable

toxic(m) :- doublebond(m,c1,c2), hydroxyl(c2), methyl(m)

Connectionist approaches

can more easily deal with uncertain knowledge

can be easily distributed

often seen as “black box” → dark magic
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Deep learning

Deep learning has brought (back ?) a revolution into AI

exploit more computational power

refine optimization methods (dropout, rectification, ...)

automatically learn feature hierarchies

exploit unsupervised data (though not yet enough)
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Deep learning

Breakthough in a variety of application fields

Speech recognition

Computer vision

Natural language processing

. . .

Is this the solution to all AI problems ? Probably not but...

for certain types of task it is hard to compete

big companies are currently playing a major role

huge space for applications upon deep learning systems

What is missing ?
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Pioneering approaches

Knowledge-based artificial neural networks (KBANNs)

[Towell & Shavlik, 1994]

One of the first attempts to inject knowledge into ANNs

Trying to interpret an ANN model as logic rules
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Pioneering approaches

Knowledge-based artificial neural neyworks (KBANNs) [1994]
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NeSy and SRL

More recent research directions:

Neural-Symbolic Learning (NeSy)

Statistical Relational Learning (SRL)

→ developed during the 90s-00s
→ combining logic with cognitive neuroscience (NeSy)
→ combining logic with probabilistic/statistical learning (SRL)
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NeSy and SRL

Example – Markov logic
A probabilistic-logic framework to model knowledge

2.3 LikedMovie(x,m) ∧ Friends(x,y) => LikedMovie(y,m)

1.6 Friends(x,y) ∧ Friends(y,z) => Friends(y,z)

Extension [Lippi & Frasconi, 2009] → learn weights with ANNs
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Deep learning

Memory Networks (MemNNs) @ Facebook

General model described in terms of four component networks:

1 Input feature map (I )
→ convert input into an internal feature space

2 Generalization (G )
→ update memories given new input

3 Output (O)
→ produce new output (in feature space) given memories

4 Response (R)
→ convert output into a response seen by the outside world

MEMORY
m     = I(x)x I(x) O(x,m)

DEEP NETWORK

G(x)
DEEP

NETWORK
DEEP

NETWORK R(x)
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Memory Networks (MemNNs)

Example: a (simple ?) reasoning task

Joe went to the kitchen. Fred went to the kitchen. Joe picked up
the milk. Joe travelled to the office. Joe left the milk. Joe went to
the bathroom.

Where is the milk now? A: office
Where is Joe? A: bathroom
Where was Joe before the office? A: kitchen
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Memory Networks (MemNNs)

A very simple implementation

1 Convert sentence x into a feature vector I (x) (e.g., BoW)

2 Store I (x) into an empty slot of memory: mG(x) = I (x)

3 When given query q, find k supporting memories given q:
o1 = O1(q,m) = argmaxi sO(q,mi )
o2 = O2(q,m) = argmaxi sO([q,mo1 ],mi )

4 Formulate a single-word response r given vocabulary W :
r = argmaxw∈W sR([q,mo1 ,mo2 ],w)

Scoring functions sO , sR are implemented as deep networks
→ Need some form of supervision
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Benchmarking

The (20) bAbI tasks

The Children’s Book Test

The Movie Dialog dataset

The SimpleQuestions dataset
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bAbI tasks (Facebook)

[Table by Weston et al.]
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bAbI tasks (Facebook)

[Table by Weston et al.]
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Children’s Book Test

[Table by Hill et al., 2016]
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Movie Dialog dataset

[Table by Dodge et al., 2016]
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SimpleQuestions dataset

[Table by Bordes et al., 2015]
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Neural Conversational Model (Google)

[Table by Vinyalis & Le, 2015]
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Open challenges

Connectionist models for reasoning

Process input and store the information in some memory
Understand pieces of knowledge relevant to a given question
Formulate some hypothesis
Provide the correct answer
Completely different from existing sophisticated question
answering systems

Big data

A reason of the impressive success of deep learning
Availability of huge datasets
Various and heterogeneous data sources over the Web
Advancements in computer hardware performance
Injection of background knowledge network structures ?
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Open challenges

Unsupervised learning

Automatically extract knowledge from data
Encode it into a neural network model
Integrate expert-given knowledge
A proper use of unsupervised data is still missing in deep
learning [LeCun et al. 2015].

Incremental learning

Humans naturally implement a lifelong learning scheme
Continuously acquire, process and store knowledge
A crucial element for the development of reasoning skills
Dynamically change the neural network topology ?
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Beyond the Turing test ?

Design reasoning tasks for a new version of the Turing test
=⇒ e.g., Visual Turing Challenge [Geman et al. 2014]
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