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INTRODUCTION

Training large language models (LLMs) efficiently remains a significant
challenge due to the vast computational resources required. Spectrum, a novel
methodology for optimizing LLM training, addresses this by selectively
targeting specific layers based on their signal-to-noise ratio (SNR).This e-book
provides an overview of Spectrum and its core principles, highlights its key
benefits, explains its methodology, shares real-world implementation examples,

and offers a comparative analysis of its advantages.

. WHAT IS SPECTRUM

Spectrum is a novel training methodology designed to optimize the
training process of LLMs by selectively training specific layers based on
their signal-to-noise ratio (SNR). The core concept of Spectrum is
straightforward yet highly effective. Instead of updating every layer of the
model during training, Spectrum identifies and prioritizes the layers that
contribute most significantly to performance improvements (high SNR)

while the layers with low SNR remain frozen.

Signal-to-noise ratio (SNR) measures the clarity and quality of a
sighal amid noise. In training LLMs, SNR indicates the importance and
effectiveness of each layer's contribution to the model's performance.
High SNR layers offer significant improvements, while low SNR layers
add minimal value and can introduce complexity. Focusing on high

SNR layers optimizes training efficiency and effectiveness.
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IIl. ADVANTAGES OF SPECTRUM

As the latest advancement in large language model(LLM) training,

grounded in cutting-edge research, Spectrum offers several key

advantages with its targeted training approach:

Reduced Training Time:

By concentrating the training
effort on a subset of the model's
layers, Spectrum makes training at

least 2x faster and 2x cheaper.

Minimized Catastrophic

Forgetting:

Freezing specific layers helps
retain the knowledge already
embedded in the model, thereby
reducing the risk of catastrophic

forgetting.

Memory Efficiency:

Selective layer training results in
lower memory consumption,
enabling the handling of larger

models or batch sizes.

Model Accuracy:

Achieve highly accurate models
with fewer iterations, perfectly

aligned with full CPT standards.
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I1l. HOW DOES SPECTRUM WORK?

The Spectrum methodology can be broken down into the following steps:

Q n SNR Analysis
I

=
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In the initial training phase, Spectrum assesses the signal-to-noise ratio for
each model layer. The SNR measures the useful information each layer
contributes relative to the noise.

Layer Selection

Based on the SNR analysis, layers are categorized into high and low SNR
groups. Layers with high SNR are deemed critical for training and are
selected for updates.

Targeted Training

Only the high SNR layers undergo active training, while the low SNR layers
are kept frozen.
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IV. SPECTRUM IN ACTION AT ARCEE.AI

At Arcee.ai, we have seamlessly integrated Spectrum into our model
training pipeline to optimize both the continued pretraining and supervised
fine-tuning phases. Here's how Spectrum has transformed our training

process:

* Increased Training Speed: With Spectrum, we have accelerated our
training process by up to 42%. Focusing on the most impactful layers
reduces the overall computational workload without sacrificing model

performance.

¢ Maintained Quality: Our models uphold high-performance standards
despite the accelerated training schedule. The selective training ensures
that the critical parts of the model are tuned, preserving the quality and

accuracy of our LLMs.

e Enhanced Memory Efficiency: Reducing active layers during training
translates to lower memory usage. This efficiency allows us to train
larger models or increase batch sizes, improving our training

throughput.

e Reduced Catastrophic Forgetting: One of the significant advantages of
Spectrum is its ability to minimize catastrophic forgetting. By keeping
specific layers frozen, the existing knowledge within the model is
preserved, ensuring that new training does not overwrite previously

learned information
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V. CASE STUDY: OPTIMIZING LLM TRAINING WITH
SPECTRUM FOR QWEN2-72B AND LLAMA-3-70B

The Challenge
Training massive models like Qwen2-72B and Llama-3-70B on a single
H100 node traditionally required significant performance trade-offs due to

the extensive computational resources needed.

Implementation of Spectrum

At Arcee.ai, we utilized Spectrum for the continued pretraining of Qwen2-
72B and Llama-3-70B, selectively training layers with a high signal-to-noise
ratio (SNR).

Evaluation Results
To quantify the impact of Spectrum, we conducted extensive evaluations

across various metrics. Here are some highlights:

e Training Time Reduction: Spectrum reduced training time by an
average of 35%, with some pipelines achieving a 42% reduction,

allowing faster iterations and quicker model deployment.

e Memory Usage: Selective layer training cut memory usage by up to
36%, enabling larger models or increased batch sizes without requiring

extra hardware.

e Performance Metric: Models trained with Spectrum showed no
significant performance degradation, with some even improving due to

targeted training of high-impact layers.
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VI. COMPARISON OF SPECTRUM, QLORA, AND FULL
FINE-TUNING TECHNIQUES

To better understand Spectrum’s advantages in LLM training, here are the key
findings comparing Spectrum against QLoRA and full fine-tuning techniques
within the same training procedure:

Training Time Reduction:

e Spectrum-50:15.48% reduction compared to full finetuning
e Spectrum-25: 36.78% reduction compared to full finetuning
e QLORA: 24.19% reduction

In terms of training time, Spectrum demonstrates significant improvements over
full finetuning and QLoRA. And, as the size of models grows, the time it takes to
train using LoRA often increases.

Memory Usage:

e Spectrum-50:17.72% memory savings per GPU compared to full finetuning
e Spectrum-25: 23.05% memory savings per GPU compared to full finetuning
e QLORA:14.73% memory savings per GPU compared to full finetuning

Spectrum’s selective layer training provided substantial memory savings,
especially when comparing it to QLORA in distributed training settings.
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Performance Metrics: Spectrum not only competes with fully fine-tuned
models but also, in some cases, outperforms them in terms of benchmark
scores. and Additionally, Spectrum surpasses QLoRA almost across all

metrics.

Figure 1:

Performance Comparison of Mistral-Th Models
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Figure 2:
Performance Comparison of Llama-3-8b Models
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To learn more about the detailed comparative analysis of Spectrum, refer
to the paper HERE. Authors includes Lucas Atkins and Fernando Fernandes

Neto from Arcee.


https://arxiv.org/abs/2406.06623
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VIl. COMMON QUESTIONS

Is Spectrum the right solution for me?

If your goal is to reduce computational costs while significantly
enhancing the efficiency and performance of your large language models
(LLMs), then yes, Spectrum is the right solution for you. By adopting
Spectrum, you'll be able to stay at the forefront of Al advancements,
maintaining a competitive edge in the industry.

Can Spectrum be integrated into existing training pipelines?

Yes, Spectrum can be integrated into existing training pipelines with
minimal adjustments. Its flexible design allows it to work seamlessly with
various training frameworks and environments.

Where can | get access to Spectrum?

At Arcee, we have seamlessly integrated Spectrum into our model
training pipeline to optimize both the continued pretraining and
supervised fine-tuning phases. You can leverage Spectrum directly with
Arcee with a license.

How does Spectrum contribute to Arcee’s long-term strategy?
Spectrum will remain a vital component of our toolkit, empowering us to
deliver top-tier models that meet our clients’ needs. This optimization has
streamlined our current training processes and paved the way for future
advancements, ensuring we remain at the cutting edge of LLM training.
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https://www.linkedin.com/company/arcee-ai/
https://www.youtube.com/@ArceeAI/featured
https://twitter.com/arcee_ai
https://github.com/arcee-ai

