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Background

Tensor-parallelism is a technique used in inference
and training which splits model weights between

multiple devices.
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Tensor-parallel trade-off:

/

Communication overhead T

Inference latency |
Per device memory

There have been many approaches to reduce tensor-
parallel communication overhead:

Tensor-Parallelism with Partially Synchronized Activations
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Communication XNot scalable

computa’Fion XNot compatible with

overlapping other parallelization
methods

Compression X Accuracy degradation

X Compression overhead

Inference time
methods

XDoes not address training
communication

* Work was done while author was at Intel.
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Partial Synchronization Results
Our Insight Partial Channel-Reduce A CAAT-Net variant of Llama2-7b trained with
Activations don’ 1to be full hronized In partial channel-reduce, only a subset of the tensor-parallel dimension 8 and p = 0.5 achieves
fctlvatlons O,n t pee to be tully synchronize channels in the hidden dimension are results on par with the baseline.
atter communication. synchronized, Wlth synchronization factor D. Model LAMBADA (acc)  Hellaswag (acc) WinoGrande (acc) PIQA (acc)
- Baseli 61.34 + 0.68 45.85 4+ 0.50 61.48 + 1.37 72.91 + 1.06
CAAT-Net CiiTH-];et 61.05 + 0.68 46.10 + 0.50 62.19 + 1.36 72.86 + 1.04
/ D - h 1 — p)x OpenBookQA (acc) BOOL-Q (acc) WikiText (ppl) Validation Loss
/X Device 1 Z\ The Communication B - - Baseline 26.60 + 1.98 64.89 + 0.83 12.51 1.01
1 1 A Architect CAAT-Net 24.00 + 1.87 62.51 +0.85 12.46 1.00
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‘ Q ‘ Y (CAAT-Net) uses oL For a 130M Lol o TP4
.part1al channel-reduce ‘%% | o . . | parameter model, ,, i 36
/ to overcome the ¢ Hidden : Shhal‘edl Private validation loss 8%
/" communication [y thannels Chann_els can improve for 188
overhead associated = some values of p.  1.86] . . | | .
with tensor- Z5 . E 7.+ Z,| Z, 0.0 0.2 0.4 ; 0.6 0.8 1.0
vfz sl Zy parallelism. —
\ / Training Speedup 99, training
30} —o— p=0 p=0.5 —a— Baseline
X = p=0.25 +:=0'75/ Speedup and
Implementing Partial Synchronization 220 14% inference
.. (@ (b) g |- —— speedup
i common traing; NG NILEE T ehieved in the
frameworks, partial Z, Norm, X, 7, Norm, X Ok : = i .
synchronization Residual Residual ; 4 8 16 contiguration
ly ds t f d Tensor-Parallelism Dimension used to train
eads 10 a 1orward-
backward mismatch. i _ TP 8 Inference Speedup Llama2-7b.
To address thiS, the Z, Norm, X5 X, Norm, Y — 40 : 228.25 e S=8.35 —+— Baseline Better Speedup
backward pass is Residual Residual 2 = | — is achieved for
modified. \ / \ / § 5ol = — "\.\_ higher tensor-
Numerical Stabﬂjty 1s (a) Vanilla transformers in current training frameworks. The operation f is an all-reduce in the g'- | parallel
also assessed. forward pass and identity in the backward pass. The operation g is an all-reduce in the backward 0 __:7 ; W dimension and
pass and identity in the forward pass. (b) With partial synchronization, h denotes the reduction L 25 >6 >7 1
operation in both the forward and the backward pass. Batch Size Oower p )
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