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WHAT I5 UNIVERSALITY OF NEURAL
NETWORKS?

= Symbolic machines
= Rule-based systems

= Minimum information and fast access - Explainable
= Faster communication

= Sub-symbolic machines
= Neural networks

= Large amount of data — Least explainable
= Adaptation

= \We want machines to represent, incorporate, process, adapt, and retrieve symbols
efficiently with minimal resources — Artificial general intelligence (AGI) — human like

= Representational or neuro-symbolic Al: Turing universal neural networks




WHY IS MEMORY IMPORTANT FOR
REASONING?

= Memory Augmented Neural Network — Memory + Feedback
= Turing Complete with finite precision and Time (Stogin & Mali, Arxiv 22, Mali, Arxiv 23c)

= Grammatical rules inserted into the weights of tensor network (Neural State PDA, Mali IEEE
TAI 21)

= Memory augmented NNs work well compared to Transformers and Long-short term memory
(LSTM) for mathematical reasoning and Grammatical inference task (Mali, ICGI 21a, Mali,
ICGI 21b, Mali, AAAI 21, Mali, Arxiv 23a, Mali Arxiv 23b, Mali Arxiv 23d)

= Predictive Coding - Bio-inspired approach to train Neural Networks

= Faster convergence, robust, local learning and works with non-differentiable activation
function (Ororbia and Mali, AAAI 19)

= Ability to do lifelong or continual learning (Ororbia, NeurlPS 22, Ororbia, IEEE TNNLS 20)

= Can work with sparse reward where SoTa RL agents generally struggle (Ororbia and Mali,
AAAI 22, Ororbia and Mali, Arxiv 22)







FEW REFERENCES

= Mali, A., 2023a. Reducing uncertainty in automata extraction using difference target
propagation (In review)

= Mali, A., 2023b. Improving stability of automata extraction by learning the activation
function (In review)

= Ororbia, A.G. and Mali, A., 2022, June. Backprop-free reinforcement learning with active
neural generative coding. In Proceedings of the AAAI Conference on Atrtificial
Intelligence (Vol. 36, No. 1, pp. 29-37).

= Ororbia A, Mali A. Active predicting coding: Brain-inspired reinforcement learning for
sparse reward robotic control problems. arXiv preprint arXiv:2209.09174. 2022 Sep 19.

= Mali, A., Ororbia, A., Kifer, D. and Giles, L., 2021, August. Recognizing long
grammatical sequences using recurrent networks augmented with an external
differentiable stack. In International Conference on Grammatical Inference (pp. 130-
153). PMLR.

= Mali, A., Ororbia, A., Kifer, D. &amp; Giles, L.. (2021). Investigating Backpropagation
Alternatives when Learning to Dynamically Count with Recurrent Neural Networks.
Proceedings of the Fifteenth International Conference on Grammatical Inference in
Proceedings of Machine Learning Research (pp.154-175). PMLR

)



FEW REFERENCES

= Mali, A.A., Ororbia ll, A.G. and Giles, C.L., 2020. A neural state pushdown
automata. IEEE Transactions on Artificial Intelligence, 1(3), pp.193-205.

= Ororbia, A., Mali, A., Giles, C. L., & Kifer, D. (2022). Lifelong Neural Predictive Coding:
Learning Cumulatively Online without Forgetting. In A. H. Oh, A. Agarwal, D. Belgrave,
& K. Cho (Eds.), Advances in Neural Information Processing Systems. Retrieved from

= Stogin, J., Mali, A. and Giles, C.L., 2020. Provably stable interpretable encodings of
context free grammars in rnns with a differentiable stack. arXiv preprint
arXiv:2006.03651.

= Mali, A., 2023c. Neural State Turing Machine (In review)
= Mali, A., 2023d. Turing completeness of Second Order RNN(In review)

= Mali, A., Ororbia, A.G., Kifer, D. and Giles, C.L., 2021, May. Recognizing and verifying
mathematical equations using multiplicative differential neural units. In Proceedings of
the AAAI Conference on Artificial Intelligence (Vol. 35, No. 6, pp. 5006-5015).



https://openreview.net/forum?id=ccYOWWNa5v2

