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22 On Symbolic Computation

• Abstract representations of tasks
• Computation using symbolic expressions

• Arithmetic expressions: 
      x + y,  x – y,  x * y, …

• Challenges for artificial neural networks:
• Flexible cognitive control:
      RED, GREEN, BLUE, PURPLE

• Free generalization
     e.g., wug - wugged
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33 Motivation and Contribution
• Understanding intelligence
• Can symbolic computation be performed by (spiking) neural 

networks?

• Goal:
• move towards computation using “higher-level” rules

• Experiment: 
• Learning to solve symbolic arithmetic expressions
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44 Biological neuron
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Leaky Integrate-and-Fire Neuron
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Calculation using arith. expression y - y

Step no. Arith. expression y – y Network output Mean Squared 
Error (MSE)

1 -0.4705 – (0.4705) = 0 -0.0014 0.0000
2 0.9398 – 0.9398 = 0 -0.0887 0.0079

… … … …
50 0.2152 – 0.2152 = 0 0.0279 0.0008
51 0.1826 – 0.1826 = 0 -0.0411 0.0017

… … … …
99 0.2508 – 0.2508 = 0 -0.0196 0.0004

100 0.4771 – 0.4771 = 0 -0.0306 0.0009
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99 Conclusion

• Our model is able to store and retrieve information, and to 
calculate arithmetic expressions.

• Our first step to show that symbolic computation is 
possible with connectionist model
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[G. Bellec, D. Salaj, A. Subramoney, R. Legenstein, and W. Maass. Long short-term memory and 
learning-to-learn in networks of spiking neurons. 32nd Conference on Neural Information 
Processing Systems (NIPS 2018), Montreal, Canada, 2018.] 
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1111 Leaky Integrate-and-Fire Neuron
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[Wulfram Gerstner and Werner Kistler. Spiking Neuron Models: An Introduction. Cambridge 
University Press, New York, NY, USA, 2002.] 

LIF neurons are augmented 
with an adaptive threshold (ALIF). 

 

Graz, June 18, 2019



1212 Backpropagation Through Time (BPTT)
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[G. Bellec, D. Salaj, A. Subramoney, R. Legenstein, and W. Maass. Long short-term memory and 
learning-to-learn in networks of spiking neurons. 32nd Conference on Neural Information 
Processing Systems (NIPS 2018), Montreal, Canada, 2018.] 
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1414 Experiment:
Learning to Solve Symbolic Arithmetic Expressions
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Expression Target function
z = x – x,              z = y – y Horizontal line z = 0
z = x + x = 2x,      z = y + y = 2y Linear function (with a slope)
z = x ∗ x = x2,      z = y ∗ y = y2 Quadratic function (parabola)
z = x - y,  z = y - x,   z = x + y, Plane (3D space)
z = x ∗ y Hyperbolic paraboloid
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Learning to Remember and Solve Symbolic Arithmetic Expressions
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1616 Input Encoding
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1717 Neuron Model
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