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Why Traditional RNNs?

State-Tracking Tasks cannot be solved by 
Transformers[2] and current SSMs (Mamba[3]) [1]

Example: Parity Task
● Given a sequence of zeros and ones, add a 

zero or one, such that the total number of ones
is even.

● Solved by a simple flip-flop, 1-bit finite-state automaton
● Cannot be solved by Transformer or Mamba in extrapolation
● Parity is only the simplest form of a State-Tracking Task [1] 

BUT: Can be solved by 
Traditional RNNs
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Traditional RNNs



Traditional RNNs
● LSTM[5]            – 4 gates, 2 states 

● Elman Networks[4]          – 1 gate, 1 state
● GRU[6]                          – 3 gates, 2 states 
● sLSTM[7]                        – 4 gates, 4 states 
● ...



Speed Optimization
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Main CPU 

Memory 

GPU HBM

GPU SRAM

GPU

Register

R

b xt

ht-1

gt

ht, ct, ... 

Rht-1

P

@

Fused

R

b xt

ht-1

gt

ht, ct, ... 

Rht-1

P

@

Rht-1

Alternating



Hardware Adaption: SRAM... sizes
● Hardware Constraints 

as Integer CSP
(12 variables – 15 constraints)

● Solve with ConstrINT



Speed Results

30x – 140x speed up over vanilla PyTorch impl. 
a bit slower than closed source cuDNN LSTM



Language Modeling Test and Parity

Parity Extrapolated Validation Results: RNNs can do state tracking

Language Modeling on SlimPajama[8], 160M parameters: FlashRNN-based RNN 
models with Transformer backbone are just 2x slower than Transformers



Conclusion
● Traditional RNNs can be largely accelerated on 

modern GPUs
● Not as fast in training as parallelizable 

Transformers
● Valuable for Tasks that need State-Tracking 

Capabilities
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