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Abstract. In this paper, we present our preliminary findings on the
parallelisation of pre-trained Large Language Models to enhance their per-
formance by exploiting alternative pathways within the stack of features
learned by Transformer neural networks. The objective of this study is to
investigate whether the independence and compositional flexibility of these
pathways can be leveraged to better extract the information embedded in
the models. By reordering and parallelising the feature stack, we aim to
virtually extend the depth of the network, thereby providing more space for
reasoning. Our experiments involved evaluating on the H6 benchmark the
parallelised pre-trainedmodels and the fine-tunedmodels, adapted for paral-
lelisation using Low-Rank Adaptation. The results we collected highlighted
that even without fine-tuning, parallelising a model can help improve certain
tasks and that fine-tuning can further enhance these gains. These promising
results suggest that the parallelisation of pre-trained Large Language Mod-
els is a viable approach to improving model performance and that further
exploration and refinement of this technique could yield significant benefits.
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1 Introduction

Large Language Models (LLMs) have emerged as powerful generative text models
capable of handling many types of information. Besides their text generator na-
ture, LLMs can be viewed as lossy compression algorithms that have memorised
vast amounts of information from their pre-training data [3]. However, due to the
lossy nature of this compression, the stored information is not always accessible
or accurate, and the recall of specific information can vary based on the query
formulation [8]. Therefore, these LLMs are less reliable than expected.

LLMs are built upon the Transformer architecture [12], which has been revised
many times to accommodate different improvements. In this context, we are
interested in (sub-)layer independence and transformation compositionality. For
example, models of the PaLM [1] family have started exploring the concept
of parallel layers on large scales: the sub-layer components –self-attention and
Feed-Forward Neural Networks (FFNN)– are made independent and parallelisable
within each layer. Differently, other models, like the Universal Transformer
[2], have shown how iteratively refining the hidden representations, enabling
the same transformations to yield progressively better results. These examples
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highlight the potential for (sub-)block independence and iterative refinement,
which inspired our exploration of Transformer layers parallelisation.

In this paper, we work on parallelising transformer models to better exploit
the knowledge embedded within LLMs. Our preliminary results suggest that par-
allelisation can yield performance improvements, even without fine-tuning. These
findings open the door to further investigations into incorporating parallelisation
during training to possibly learn more independent and composable features.

The rest of this paper is structured as follows. In Section 2, we detail our
methodology for parallelising Transformer models and the intuition for expected
improvements. In Section 3, we describe our experimental setup, including bench-
marks and fine-tuning processes, followed by the presentation of our results.
Finally, in Section 4, we provide concluding remarks and suggest future directions.

2 Parallelising the Transformer
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<latexit sha1_base64="T6VF7BsBOEtTlK+KnvAWzPLwnVQ=">AAACOHicbVA9SwNBEN3zM8avREsRFoMgiOFO/CoFG0sFY4QkhLl1oou7d8funBiOq/w1ttr5T+zsxNZf4F5MYaJTPd6bmTfzwkRJS77/5k1MTk3PzJbmyvMLi0vLlerKpY1TI7AhYhWbqxAsKhlhgyQpvEoMgg4VNsO7k0Jv3qOxMo4uqJ9gR8NNJHtSADmqW1lvEz6Q0Zlb0dsBIowKIe9mcjvIu5WaX/cHxf+CYAhqbFhn3ao32b6ORardGqHA2lbgJ9TJwJAUCvNyO7WYgLiDG2w5GIFG28kGf+R8M7VAMU/QcKn4gMTfExloa/s6dJ0a6NaOawX5n9ZKqXfUyWSUpO4/URiRVDgwssJIFxDya2mQCIrLkcuICzBFHEZyEMKRqUtsxDCSAnsGxMhTWajzsostGA/pL7jcrQcH9f3zvdqxPwywxNbYBttiATtkx+yUnbEGE+yRPbFn9uK9eu/eh/f50zrhDWdW2Uh5X9+gAKzu</latexit>

self-attentioni+1

<latexit sha1_base64="QFjptDOG2KW5tcsPC2UzvZSKsgg=">AAACLnicbVDLSgNBEJw1PuMrMUcvg0EQhLArvo6CEDwFBWOEJITesaODM7PLTK8Ylv0Wr3rzawQP4tXPcBNzMMY6FVXdVHeFsZKOfP/dmynMzs0vLC4Vl1dW19ZL5Y0rFyVWYFNEKrLXIThU0mCTJCm8ji2CDhW2wvvTod96QOtkZC5pEGNXw62RfSmAcqlXqnQIH8nqtF5vNLJeKneDrFeq+jV/BD5NgjGpsjHOe2Wv0LmJRKLRkFDgXDvwY+qmYEkKhVmxkziMQdzDLbZzakCj66aj6zO+nTigiMdouVR8JOLvjRS0cwMd5pMa6M799Ybif147of5xN5UmTgiNGAaRVDgKcsLKvBbkN9IiEQwvRy4NF2CBCK3kIEQuJnlPE4FGCuxbEBNPpaHOinltwd+SpsnVXi04rB1c7FdP/HGBi2yTbbEdFrAjdsLO2DlrMsEG7Ik9sxfv1XvzPrzPn9EZb7xTYRPwvr4BCVCoBQ==</latexit>

FFNNi+1

<latexit sha1_base64="CWYZZ8BXWYAEWLDSntGbRO1/AYA=">AAACH3icbVDLTgJBEJwFH4gv0KOXicTEE9k1vo5ELx4xkUcChPQODY7Mzm5mek3Ihn/wqje/xpvxyt+4rBxErFOlqjvVXX6kpCXXnTm5/Nr6xmZhq7i9s7u3XyofNG0YG4ENEarQtH2wqKTGBklS2I4MQuArbPnj27nfekZjZagfaBJhL4CRlkMpgFKp2Q0jFdt+qeJW3Qx8lXgLUmEL1PtlJ98dhCIOUJNQYG3HcyPqJWBICoXTYje2GIEYwwg7KdUQoO0l2blTfhJboJBHaLhUPBPx90YCgbWTwE8nA6BH+9ebi/95nZiG171E6igm1GIeRFJhFmSFkWkPyAfSIBHML0cuNRdggAiN5CBEKsZpMUuBWgocGhBLTyV+MC2mtXl/S1olzbOqd1m9uD+v1G4WBRbYETtmp8xjV6zG7lidNZhgT+yFvbI35935cD6dr5/RnLPYOWRLcGbfbnuitw==</latexit>�

(c) Layer-parallel

Norm

Norm
<latexit sha1_base64="CWYZZ8BXWYAEWLDSntGbRO1/AYA=">AAACH3icbVDLTgJBEJwFH4gv0KOXicTEE9k1vo5ELx4xkUcChPQODY7Mzm5mek3Ihn/wqje/xpvxyt+4rBxErFOlqjvVXX6kpCXXnTm5/Nr6xmZhq7i9s7u3XyofNG0YG4ENEarQtH2wqKTGBklS2I4MQuArbPnj27nfekZjZagfaBJhL4CRlkMpgFKp2Q0jFdt+qeJW3Qx8lXgLUmEL1PtlJ98dhCIOUJNQYG3HcyPqJWBICoXTYje2GIEYwwg7KdUQoO0l2blTfhJboJBHaLhUPBPx90YCgbWTwE8nA6BH+9ebi/95nZiG171E6igm1GIeRFJhFmSFkWkPyAfSIBHML0cuNRdggAiN5CBEKsZpMUuBWgocGhBLTyV+MC2mtXl/S1olzbOqd1m9uD+v1G4WBRbYETtmp8xjV6zG7lidNZhgT+yFvbI35935cD6dr5/RnLPYOWRLcGbfbnuitw==</latexit>�

<latexit sha1_base64="CWYZZ8BXWYAEWLDSntGbRO1/AYA=">AAACH3icbVDLTgJBEJwFH4gv0KOXicTEE9k1vo5ELx4xkUcChPQODY7Mzm5mek3Ihn/wqje/xpvxyt+4rBxErFOlqjvVXX6kpCXXnTm5/Nr6xmZhq7i9s7u3XyofNG0YG4ENEarQtH2wqKTGBklS2I4MQuArbPnj27nfekZjZagfaBJhL4CRlkMpgFKp2Q0jFdt+qeJW3Qx8lXgLUmEL1PtlJ98dhCIOUJNQYG3HcyPqJWBICoXTYje2GIEYwwg7KdUQoO0l2blTfhJboJBHaLhUPBPx90YCgbWTwE8nA6BH+9ebi/95nZiG171E6igm1GIeRFJhFmSFkWkPyAfSIBHML0cuNRdggAiN5CBEKsZpMUuBWgocGhBLTyV+MC2mtXl/S1olzbOqd1m9uD+v1G4WBRbYETtmp8xjV6zG7lidNZhgT+yFvbI35935cD6dr5/RnLPYOWRLcGbfbnuitw==</latexit>�

<latexit sha1_base64="ingiI2nDm1v+ALAu/I0Qfv/1u+o=">AAACNHicbVA9SwNBEN0zfsT4lWglNotBsDHciV9lwMYyglEhCWFuneji7t2xOyeG4/DX2GrnfxHsxNbf4F5MYdSpHu/NzJt5YaKkJd9/9aZK0zOzc+X5ysLi0vJKtbZ6buPUCGyLWMXmMgSLSkbYJkkKLxODoEOFF+HtcaFf3KGxMo7OaJhgT8N1JAdSADmqX13vEt6T0ZlbMdgBIowKIe/LfrXuN/xR8b8gGIM6G1erX/NK3atYpNqtEAqs7QR+Qr0MDEmhMK90U4sJiFu4xo6DEWi0vWz0Q863UgsU8wQNl4qPSPw5kYG2dqhD16mBbuxvrSD/0zopDY56mYyS1P0mCiOSCkdGVhjpwkF+JQ0SQXE5chlxAaaIwkgOQjgydWlNGEZS4MCAmHgqC3VecbEFv0P6C853G8FBY/90r970xwGW2QbbZNssYIesyU5Yi7WZYA/skT2xZ+/Fe/PevY/v1ilvPLPGJsr7/AKYvaty</latexit>

self-attentioni

<latexit sha1_base64="MvOwUDuYcVzPwJHVKX53IR+/dHc=">AAACLHicbVDLSgNBEJz1bXwlevQyGARPYVd8HQOCeAoRTCIkIfROOjo4M7vM9Ppg2U/xqje/xouIV7/DTczBROtUVHVT3RXGSjry/XdvZnZufmFxabmwsrq2vlEsbTZdlFiBDRGpyF6F4FBJgw2SpPAqtgg6VNgKb0+HfusOrZORuaTHGLsaro0cSAGUS71iqUP4QFanZ2e1WtZLZdYrlv2KPwL/S4IxKbMx6r2SN9vpRyLRaEgocK4d+DF1U7AkhcKs0EkcxiBu4RrbOTWg0XXT0e0Z300cUMRjtFwqPhLx90YK2rlHHeaTGujGTXtD8T+vndDgpJtKEyeERgyDSCocBTlhZV4K8r60SATDy5FLwwVYIEIrOQiRi0ne0kSgkQIHFsTEU2mos0JeWzBd0l/S3K8ER5XDi4Ny1R8XuMS22Q7bYwE7ZlV2zuqswQS7Z0/smb14r96b9+F9/ozOeOOdLTYB7+sbE+CnlQ==</latexit>

FFNNi

Norm

Norm
<latexit sha1_base64="CWYZZ8BXWYAEWLDSntGbRO1/AYA=">AAACH3icbVDLTgJBEJwFH4gv0KOXicTEE9k1vo5ELx4xkUcChPQODY7Mzm5mek3Ihn/wqje/xpvxyt+4rBxErFOlqjvVXX6kpCXXnTm5/Nr6xmZhq7i9s7u3XyofNG0YG4ENEarQtH2wqKTGBklS2I4MQuArbPnj27nfekZjZagfaBJhL4CRlkMpgFKp2Q0jFdt+qeJW3Qx8lXgLUmEL1PtlJ98dhCIOUJNQYG3HcyPqJWBICoXTYje2GIEYwwg7KdUQoO0l2blTfhJboJBHaLhUPBPx90YCgbWTwE8nA6BH+9ebi/95nZiG171E6igm1GIeRFJhFmSFkWkPyAfSIBHML0cuNRdggAiN5CBEKsZpMUuBWgocGhBLTyV+MC2mtXl/S1olzbOqd1m9uD+v1G4WBRbYETtmp8xjV6zG7lidNZhgT+yFvbI35935cD6dr5/RnLPYOWRLcGbfbnuitw==</latexit>�

<latexit sha1_base64="CWYZZ8BXWYAEWLDSntGbRO1/AYA=">AAACH3icbVDLTgJBEJwFH4gv0KOXicTEE9k1vo5ELx4xkUcChPQODY7Mzm5mek3Ihn/wqje/xpvxyt+4rBxErFOlqjvVXX6kpCXXnTm5/Nr6xmZhq7i9s7u3XyofNG0YG4ENEarQtH2wqKTGBklS2I4MQuArbPnj27nfekZjZagfaBJhL4CRlkMpgFKp2Q0jFdt+qeJW3Qx8lXgLUmEL1PtlJ98dhCIOUJNQYG3HcyPqJWBICoXTYje2GIEYwwg7KdUQoO0l2blTfhJboJBHaLhUPBPx90YCgbWTwE8nA6BH+9ebi/95nZiG171E6igm1GIeRFJhFmSFkWkPyAfSIBHML0cuNRdggAiN5CBEKsZpMUuBWgocGhBLTyV+MC2mtXl/S1olzbOqd1m9uD+v1G4WBRbYETtmp8xjV6zG7lidNZhgT+yFvbI35935cD6dr5/RnLPYOWRLcGbfbnuitw==</latexit>�

<latexit sha1_base64="ingiI2nDm1v+ALAu/I0Qfv/1u+o=">AAACNHicbVA9SwNBEN0zfsT4lWglNotBsDHciV9lwMYyglEhCWFuneji7t2xOyeG4/DX2GrnfxHsxNbf4F5MYdSpHu/NzJt5YaKkJd9/9aZK0zOzc+X5ysLi0vJKtbZ6buPUCGyLWMXmMgSLSkbYJkkKLxODoEOFF+HtcaFf3KGxMo7OaJhgT8N1JAdSADmqX13vEt6T0ZlbMdgBIowKIe/LfrXuN/xR8b8gGIM6G1erX/NK3atYpNqtEAqs7QR+Qr0MDEmhMK90U4sJiFu4xo6DEWi0vWz0Q863UgsU8wQNl4qPSPw5kYG2dqhD16mBbuxvrSD/0zopDY56mYyS1P0mCiOSCkdGVhjpwkF+JQ0SQXE5chlxAaaIwkgOQjgydWlNGEZS4MCAmHgqC3VecbEFv0P6C853G8FBY/90r970xwGW2QbbZNssYIesyU5Yi7WZYA/skT2xZ+/Fe/PevY/v1ilvPLPGJsr7/AKYvaty</latexit>

self-attentioni

<latexit sha1_base64="MvOwUDuYcVzPwJHVKX53IR+/dHc=">AAACLHicbVDLSgNBEJz1bXwlevQyGARPYVd8HQOCeAoRTCIkIfROOjo4M7vM9Ppg2U/xqje/xouIV7/DTczBROtUVHVT3RXGSjry/XdvZnZufmFxabmwsrq2vlEsbTZdlFiBDRGpyF6F4FBJgw2SpPAqtgg6VNgKb0+HfusOrZORuaTHGLsaro0cSAGUS71iqUP4QFanZ2e1WtZLZdYrlv2KPwL/S4IxKbMx6r2SN9vpRyLRaEgocK4d+DF1U7AkhcKs0EkcxiBu4RrbOTWg0XXT0e0Z300cUMRjtFwqPhLx90YK2rlHHeaTGujGTXtD8T+vndDgpJtKEyeERgyDSCocBTlhZV4K8r60SATDy5FLwwVYIEIrOQiRi0ne0kSgkQIHFsTEU2mos0JeWzBd0l/S3K8ER5XDi4Ny1R8XuMS22Q7bYwE7ZlV2zuqswQS7Z0/smb14r96b9+F9/ozOeOOdLTYB7+sbE+CnlQ==</latexit>

FFNNi

Norm

Norm

<latexit sha1_base64="T6VF7BsBOEtTlK+KnvAWzPLwnVQ=">AAACOHicbVA9SwNBEN3zM8avREsRFoMgiOFO/CoFG0sFY4QkhLl1oou7d8funBiOq/w1ttr5T+zsxNZf4F5MYaJTPd6bmTfzwkRJS77/5k1MTk3PzJbmyvMLi0vLlerKpY1TI7AhYhWbqxAsKhlhgyQpvEoMgg4VNsO7k0Jv3qOxMo4uqJ9gR8NNJHtSADmqW1lvEz6Q0Zlb0dsBIowKIe9mcjvIu5WaX/cHxf+CYAhqbFhn3ao32b6ORardGqHA2lbgJ9TJwJAUCvNyO7WYgLiDG2w5GIFG28kGf+R8M7VAMU/QcKn4gMTfExloa/s6dJ0a6NaOawX5n9ZKqXfUyWSUpO4/URiRVDgwssJIFxDya2mQCIrLkcuICzBFHEZyEMKRqUtsxDCSAnsGxMhTWajzsostGA/pL7jcrQcH9f3zvdqxPwywxNbYBttiATtkx+yUnbEGE+yRPbFn9uK9eu/eh/f50zrhDWdW2Uh5X9+gAKzu</latexit>

self-attentioni+1

<latexit sha1_base64="QFjptDOG2KW5tcsPC2UzvZSKsgg=">AAACLnicbVDLSgNBEJw1PuMrMUcvg0EQhLArvo6CEDwFBWOEJITesaODM7PLTK8Ylv0Wr3rzawQP4tXPcBNzMMY6FVXdVHeFsZKOfP/dmynMzs0vLC4Vl1dW19ZL5Y0rFyVWYFNEKrLXIThU0mCTJCm8ji2CDhW2wvvTod96QOtkZC5pEGNXw62RfSmAcqlXqnQIH8nqtF5vNLJeKneDrFeq+jV/BD5NgjGpsjHOe2Wv0LmJRKLRkFDgXDvwY+qmYEkKhVmxkziMQdzDLbZzakCj66aj6zO+nTigiMdouVR8JOLvjRS0cwMd5pMa6M799Ybif147of5xN5UmTgiNGAaRVDgKcsLKvBbkN9IiEQwvRy4NF2CBCK3kIEQuJnlPE4FGCuxbEBNPpaHOinltwd+SpsnVXi04rB1c7FdP/HGBi2yTbbEdFrAjdsLO2DlrMsEG7Ik9sxfv1XvzPrzPn9EZb7xTYRPwvr4BCVCoBQ==</latexit>

FFNNi+1

Norm

Norm

<latexit sha1_base64="T6VF7BsBOEtTlK+KnvAWzPLwnVQ=">AAACOHicbVA9SwNBEN3zM8avREsRFoMgiOFO/CoFG0sFY4QkhLl1oou7d8funBiOq/w1ttr5T+zsxNZf4F5MYaJTPd6bmTfzwkRJS77/5k1MTk3PzJbmyvMLi0vLlerKpY1TI7AhYhWbqxAsKhlhgyQpvEoMgg4VNsO7k0Jv3qOxMo4uqJ9gR8NNJHtSADmqW1lvEz6Q0Zlb0dsBIowKIe9mcjvIu5WaX/cHxf+CYAhqbFhn3ao32b6ORardGqHA2lbgJ9TJwJAUCvNyO7WYgLiDG2w5GIFG28kGf+R8M7VAMU/QcKn4gMTfExloa/s6dJ0a6NaOawX5n9ZKqXfUyWSUpO4/URiRVDgwssJIFxDya2mQCIrLkcuICzBFHEZyEMKRqUtsxDCSAnsGxMhTWajzsostGA/pL7jcrQcH9f3zvdqxPwywxNbYBttiATtkx+yUnbEGE+yRPbFn9uK9eu/eh/f50zrhDWdW2Uh5X9+gAKzu</latexit>

self-attentioni+1

<latexit sha1_base64="QFjptDOG2KW5tcsPC2UzvZSKsgg=">AAACLnicbVDLSgNBEJw1PuMrMUcvg0EQhLArvo6CEDwFBWOEJITesaODM7PLTK8Ylv0Wr3rzawQP4tXPcBNzMMY6FVXdVHeFsZKOfP/dmynMzs0vLC4Vl1dW19ZL5Y0rFyVWYFNEKrLXIThU0mCTJCm8ji2CDhW2wvvTod96QOtkZC5pEGNXw62RfSmAcqlXqnQIH8nqtF5vNLJeKneDrFeq+jV/BD5NgjGpsjHOe2Wv0LmJRKLRkFDgXDvwY+qmYEkKhVmxkziMQdzDLbZzakCj66aj6zO+nTigiMdouVR8JOLvjRS0cwMd5pMa6M799Ybif147of5xN5UmTgiNGAaRVDgKcsLKvBbkN9IiEQwvRy4NF2CBCK3kIEQuJnlPE4FGCuxbEBNPpaHOinltwd+SpsnVXi04rB1c7FdP/HGBi2yTbbEdFrAjdsLO2DlrMsEG7Ik9sxfv1XvzPrzPn9EZb7xTYRPwvr4BCVCoBQ==</latexit>

FFNNi+1

(d) Iterative sub-layer-
parallel

Norm

Norm

<latexit sha1_base64="CWYZZ8BXWYAEWLDSntGbRO1/AYA=">AAACH3icbVDLTgJBEJwFH4gv0KOXicTEE9k1vo5ELx4xkUcChPQODY7Mzm5mek3Ihn/wqje/xpvxyt+4rBxErFOlqjvVXX6kpCXXnTm5/Nr6xmZhq7i9s7u3XyofNG0YG4ENEarQtH2wqKTGBklS2I4MQuArbPnj27nfekZjZagfaBJhL4CRlkMpgFKp2Q0jFdt+qeJW3Qx8lXgLUmEL1PtlJ98dhCIOUJNQYG3HcyPqJWBICoXTYje2GIEYwwg7KdUQoO0l2blTfhJboJBHaLhUPBPx90YCgbWTwE8nA6BH+9ebi/95nZiG171E6igm1GIeRFJhFmSFkWkPyAfSIBHML0cuNRdggAiN5CBEKsZpMUuBWgocGhBLTyV+MC2mtXl/S1olzbOqd1m9uD+v1G4WBRbYETtmp8xjV6zG7lidNZhgT+yFvbI35935cD6dr5/RnLPYOWRLcGbfbnuitw==</latexit>�

<latexit sha1_base64="ingiI2nDm1v+ALAu/I0Qfv/1u+o=">AAACNHicbVA9SwNBEN0zfsT4lWglNotBsDHciV9lwMYyglEhCWFuneji7t2xOyeG4/DX2GrnfxHsxNbf4F5MYdSpHu/NzJt5YaKkJd9/9aZK0zOzc+X5ysLi0vJKtbZ6buPUCGyLWMXmMgSLSkbYJkkKLxODoEOFF+HtcaFf3KGxMo7OaJhgT8N1JAdSADmqX13vEt6T0ZlbMdgBIowKIe/LfrXuN/xR8b8gGIM6G1erX/NK3atYpNqtEAqs7QR+Qr0MDEmhMK90U4sJiFu4xo6DEWi0vWz0Q863UgsU8wQNl4qPSPw5kYG2dqhD16mBbuxvrSD/0zopDY56mYyS1P0mCiOSCkdGVhjpwkF+JQ0SQXE5chlxAaaIwkgOQjgydWlNGEZS4MCAmHgqC3VecbEFv0P6C853G8FBY/90r970xwGW2QbbZNssYIesyU5Yi7WZYA/skT2xZ+/Fe/PevY/v1ilvPLPGJsr7/AKYvaty</latexit>

self-attentioni

<latexit sha1_base64="MvOwUDuYcVzPwJHVKX53IR+/dHc=">AAACLHicbVDLSgNBEJz1bXwlevQyGARPYVd8HQOCeAoRTCIkIfROOjo4M7vM9Ppg2U/xqje/xouIV7/DTczBROtUVHVT3RXGSjry/XdvZnZufmFxabmwsrq2vlEsbTZdlFiBDRGpyF6F4FBJgw2SpPAqtgg6VNgKb0+HfusOrZORuaTHGLsaro0cSAGUS71iqUP4QFanZ2e1WtZLZdYrlv2KPwL/S4IxKbMx6r2SN9vpRyLRaEgocK4d+DF1U7AkhcKs0EkcxiBu4RrbOTWg0XXT0e0Z300cUMRjtFwqPhLx90YK2rlHHeaTGujGTXtD8T+vndDgpJtKEyeERgyDSCocBTlhZV4K8r60SATDy5FLwwVYIEIrOQiRi0ne0kSgkQIHFsTEU2mos0JeWzBd0l/S3K8ER5XDi4Ny1R8XuMS22Q7bYwE7ZlV2zuqswQS7Z0/smb14r96b9+F9/ozOeOOdLTYB7+sbE+CnlQ==</latexit>

FFNNi

Norm

Norm

<latexit sha1_base64="CWYZZ8BXWYAEWLDSntGbRO1/AYA=">AAACH3icbVDLTgJBEJwFH4gv0KOXicTEE9k1vo5ELx4xkUcChPQODY7Mzm5mek3Ihn/wqje/xpvxyt+4rBxErFOlqjvVXX6kpCXXnTm5/Nr6xmZhq7i9s7u3XyofNG0YG4ENEarQtH2wqKTGBklS2I4MQuArbPnj27nfekZjZagfaBJhL4CRlkMpgFKp2Q0jFdt+qeJW3Qx8lXgLUmEL1PtlJ98dhCIOUJNQYG3HcyPqJWBICoXTYje2GIEYwwg7KdUQoO0l2blTfhJboJBHaLhUPBPx90YCgbWTwE8nA6BH+9ebi/95nZiG171E6igm1GIeRFJhFmSFkWkPyAfSIBHML0cuNRdggAiN5CBEKsZpMUuBWgocGhBLTyV+MC2mtXl/S1olzbOqd1m9uD+v1G4WBRbYETtmp8xjV6zG7lidNZhgT+yFvbI35935cD6dr5/RnLPYOWRLcGbfbnuitw==</latexit>�

<latexit sha1_base64="ingiI2nDm1v+ALAu/I0Qfv/1u+o=">AAACNHicbVA9SwNBEN0zfsT4lWglNotBsDHciV9lwMYyglEhCWFuneji7t2xOyeG4/DX2GrnfxHsxNbf4F5MYdSpHu/NzJt5YaKkJd9/9aZK0zOzc+X5ysLi0vJKtbZ6buPUCGyLWMXmMgSLSkbYJkkKLxODoEOFF+HtcaFf3KGxMo7OaJhgT8N1JAdSADmqX13vEt6T0ZlbMdgBIowKIe/LfrXuN/xR8b8gGIM6G1erX/NK3atYpNqtEAqs7QR+Qr0MDEmhMK90U4sJiFu4xo6DEWi0vWz0Q863UgsU8wQNl4qPSPw5kYG2dqhD16mBbuxvrSD/0zopDY56mYyS1P0mCiOSCkdGVhjpwkF+JQ0SQXE5chlxAaaIwkgOQjgydWlNGEZS4MCAmHgqC3VecbEFv0P6C853G8FBY/90r970xwGW2QbbZNssYIesyU5Yi7WZYA/skT2xZ+/Fe/PevY/v1ilvPLPGJsr7/AKYvaty</latexit>
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(e) Iterative layer-
parallel

Fig. 1: Visualisation of the different alternatives for Transformer parallelisation
(parallelisation rate is two) compared with the base architecture

We designed our parallelisation approach starting from the base Transformer
model: a stack of Transformer layers that alternates between self-attention and
FFNN sub-layers (see Figure 1a) writing to a residual stream. The main idea be-
hind parallelisation is to exploit either the potential independence of features, by
running these (sub-)layers in parallel, or the existence of alternative feature depen-
dencies, by iterating through parallelised blocks multiple times. In this context, we
define the parallelisation rate as the number of (sub-)layers running concurrently.

Similarly to parallel layers [1], to exploit possible transformations indepen-
dence, we initially resorted to sub-layer parallelisation taking self-attention
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components of consecutive layers, computing their output in parallel from the
same input and summing the outputs to the residual stream before proceeding to
do the same with the corresponding FFNN components (see Figure 1b). This tech-
nique reduces the effective depth of the Transformer. Alternatively, given possible
intra-layer dependencies, we consider layer parallelisation (see Figure 1c), where
multiple full layers (each comprising self-attention and its FFNN) are fed with
the same input, and their outputs are then summed together. Two main aspects
need consideration with these parallelisations: (i) the stacked features may have
dependencies across layers, which could be disrupted by parallel processing, and
despite the use of averaging, summing features in the residual connections may
disrupt the feature scales, potentially causing instability in the model. (ii) find
the best possible rank allocation allowed by the available memory.

To address the dependency issues, we iterate multiple times through the
parallel layers (see Figures 1d and 1e), effectively recovering the original sequen-
tiality and exploring different orderings of the transformations. This approach
can be beneficial when information extracted later in the stack is useful for
earlier pattern recognition. Additionally, this method virtually increases the
network’s depth, providing more room for internal reasoning. Given that LLMs
contain vast amounts of information, our hypothesis is that alternative ordering
of transformations for a given sequence may help recall the information needed
to complete the sequence, such as the knowledge required to answer a question.

To prevent scale disruption, we considered, optionally, averaging the outputs of
the parallel layers before adding the result to the residual connection rather than
summing them directly. This helps maintain feature scale consistency and stability.

3 Experiments and Results

Table 1: Parallelisation configurations

Parallelisation Parameter Configuration ID

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Rate 2 2 2 2 2 2 2 2 4 4 4 4 4 4 4 4
Levela SL SL SL SL L L L L SL SL SL SL L L L L
Iterative ✗ ✗ ✓ ✓ ✗ ✗ ✓ ✓ ✗ ✗ ✓ ✓ ✗ ✗ ✓ ✓

Averaged ✗ ✓ ✗ ✓ ✗ ✓ ✗ ✓ ✗ ✓ ✗ ✓ ✗ ✓ ✗ ✓

a Parallelisation level can be Sub-Layer (SL) or Layer (L)

For our evaluations, we considered the H6 benchmark [10] from HuggingFace
[13], which encompasses a diverse range of tasks, including Question Answering
(QA) and mathematics. These benchmarks are designed to test a diverse array of
abilities in LLMs. We evaluated medium-scale LLMs: Gemma 7B [10], Llama 3
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Fig. 2: Results of parallelised architectures on the H6 benchmark (blue bars are the
results of parallelised pre-trained models, orange bars are the results of parallelised
fine-tuned models, the dashed line corresponds to the results of the base model)
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8B [11] and Mistral 7B v0.3 [7] using different parallelisation approaches based
on those we presented in Section 2. Additionally, we fine-tuned only a subset of
the configurations using Quantised Low Rank Adapters (QLoRA) [4] adapters to
further enhance its performance and help cope with the parallelisation.

In our evaluations, we compared the base models with various parallelisation
configurations, we report the considered configurations in Table 1. We used the
LM Evaluation Harness [5] tool to automatically run the evaluations (we left the
default configurations for all tasks) For fine-tuning, we applied QLoRA with a
rank of 16 to all transformations within the transformer. The fine-tuning process
was conducted on a subset of the Open WebText corpus [6], with validation and
testing performed on WikiText-2 [9], as Open-WebText lacks regular validation
and test splits. We fine tuned Mistral 7B v0.3 with layer-level parallelisation,
iterative approach and using rates two and four; we Llama 3 8B as well only with
a rate of two, to see the effect of fine-tuning at least on one of the other models.

In examining the results (see Figure 2), we noticed that Mistral 7B v0.3
was the only model to improve over the baseline on one of the tasks (Truth-
fulQA), while maintaining results close to the baseline on other tasks, but still
slightly worse. Llama 3 8B and Gemma 7B were more adversely affected by
parallelisation. Fine-tuning seems to mitigate some of the issues arising from the
abrupt introduction of parallelisation, which was never used during pre-training.
However, the results still remain below the baseline. Interestingly, averaging
and parallelisation level do not seem to have a significant impact on the results,
whereas iterating through the parallelised layers shows a more noticeable effect.

The improvements observed in TruthfulQA align with our intuition, but a
deeper analysis is required to confirm these findings. Fine-tuning appears to help
the models cope with the abrupt changes due to parallelisation, although we
still miss a proper hyperparameter search. In fact, while fine-tuning improved
performance on other benchmarks for Mistral 7B v0.3, it also decreased per-
formance above the baseline on TruthfulQA. Additionally, we did not perform
prompt tuning, which might have influenced the results, as seen in the original
Gemma 7B experiments [10]. Our primary focus at this stage was to explore the
feasibility of parallelisation rather than achieving the best possible performance.

4 Conclusion

In this paper, we presented our preliminary findings on the parallelisation of
pre-trained LLMs to enhance their performance by leveraging feature indepen-
dence or alternative pathways within the Transformer architecture. The proposed
parallelisation approaches aim at better exploiting the information memorised
during pre-training through better use of learnt patterns inside the Transformer
to improve model performance and reliability. Our experiments with various
parallelisation configurations, including sub-layer and layer parallelisation, iter-
ative and non-iterative approaches, and output averaging, demonstrated that
parallelising these models can yield performance improvements and that iterating
through the parallelised layers is crucial for the results. Despite these promising
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initial results, fine-tuning with QLoRA adapters did not yet achieve the expected
performance improvements, indicating the need for further refinement. Future
works will focus on enhancing the fine-tuning process and exploring the potential
benefits of incorporating parallelisation techniques during the pre-training phase.

Source code https://github.com/vincenzo-scotti/parallel_transformers
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