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Overview
• Introduction to compositionality

• Introduction to synfire chains

• Methods used in the model

• Compositionality binding mechanism 

• Competition among synfire chains

• Demonstration of compositionality.
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Introduction

• Compositionality is the ability to build complex mental 
images out of smaller parts and to reconfigure the same 
parts in many different ways.
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Introduction to Synfire Chains
• Synfire chains are feed-forward excitatory neural 

networks including pools of neurons.
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About Synfire Chains
• Properties of synfire chains:

Stability over a time span (1 sec)
Reproducibility
Learnability by a self-organization process 
(Bienenstock 1991, Doursat 1991)
Large storage capacity
Ability to account for compositionality

• (Bienenstock 1991, Doursat 1991)
Compositionality implemented by dynamic 
binding of weakly connected synfire chains
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Network Architecture

• Compositionality implemented by dynamic binding of 
weakly connected synfire chains
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Two Weakly Connected Synfire Chains
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Methods used for deriving results of the model

• Simulations – extension of the one used by Abeles et al (1993).
• The network consists of both inhibitory and excitatory neurons.
• Some properties of the simulated neurons were:

Synaptic events were modeled as currents injected into the cell 
body through the dendrites. (pulse packets)
Neuron dynamics had three modes:

o Integrating
o Firing
o Refractoriness

• Three types of connections between excitatory neurons were used:
Random connections
Synfire chains architecture
Inter-chain connections
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Synfire Chain Parameters
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• The initial delay of 11 ms between the two waves 
is small.  They synchronize after 60 ms.
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The Binding Mechanism
• Synchronizing the waves across synfire chains can 

be used for binding components into a whole.
• For simplicity, waves in two synfire chains were 

considered as synchronized when activity waves in 
both chains exist at corresponding pools.

• The binding problem.
All components could synchronize to represent one mega 
object.

• Bounds on the binding mechanism:   
Synchronization depends of the strength of the 
connections between neurons. 

• Solution:  Competition among synfire chains
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Competition Among Synfire Waves
• Achieved by adding inhibitory neurons to each 

pool in the synfire chain that increase their activity 
when waves become synchronized.

• Competition rules:
When none of the waves are synchronized, 
unsynchronized waves propagate freely.
When some waves are synchronized, the activity of the 
inhibitory neurons increases to the level where 
synchronized waves are stable and unsynchronized 
waves fade after a short period of time.

• If < 50% of active neurons, then wave has faded
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Synchronization Sensitive Synfire Chain

• Inhibition sensitive to synchronization
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Hierarchy 
• Bottom-up, Top-down
• Ability to use bi-directional stream of effects to 

resolve complex scenarios.
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Examples of synchronization process

• Demonstrate which synfire chains may 
synchronize to which others through neurons in 
the synfire chains and priming.
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Example of activities during binding
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Example of activity during binding with priming
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Conclusion
• The main features of the compositionality model:

Waves within synfire chains play a major role in compositional 
mental images in a neural network.
Components are represented by activity waves propagating along 
synfire chains.
Binding is expressed by synchronization among activity waves at
different synfire chains.
Global inhibition can regulate the total amount of synchronization 

within each group of synfire chains.
Solutions to binding problems are facilitated by introducing a 
hierarchy of synfire chains.
Reciprocal links between areas provide the means for 
simultaneous bottom-up and top-down binding.
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Questions and Answers

• Open discussion...
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