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Motivation — Long Contexts for Multi-Modal LLM

Language Response X, Q Q Q

Language Model f(:,

Image of 336 x 336 divided into 14 x 14 patches Projection W H, - 73}[1_[_
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X, Image q Language Instruction

LIaVA Architecture from [Liu et al. 2023]
1 frame = 576 tokens

F

The average length of a YouTube video = 11.7 minutes

5 O P 1 frame per second sampling rate =>

576 x 11.7 x 60 = 404,352 tokens

adws

- ) © 2025, Amazon Web Services, Inc. or its affiliates. All rights reserved.


https://arxiv.org/pdf/2304.08485

Omnilong Training Recipe
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Handling Multimodal Long Context Input
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Step 1: Shard Images
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Step 2: Shard Tokens

(1) Gathering Global Input Embedding

Sequence

(2) Padding Sequence

(3) Sharding to Local GPU
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[Figure from chen et al. 2024]
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Step 3: Sequence Parallel Training

Local Inputs

Ring Attention


https://arxiv.org/abs/2408.10188
https://arxiv.org/abs/2408.10188

DeepSpeed Zero3 + CPU Offload

Memory Consumption Comm

Formulation Specific Example Volume
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Parameters Gradients Optimizer States

ZeRO-Offload training process on each GPU

Step i N Stepi+1  ume

Forward & Backward p update Forward & Backward

swapping stream: GPU -> CPU CPU -> GPU

g offload g swap

Figures from [DeepSpeed Team et al 2020]
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Stage 1 : Shards optimizer states across
data parallel workers/GPUs

Stage 2 : Shards optimizer states +
gradients across data parallel
workers/GPUs

Stage 3: Shards optimizer states + gradients
+ model parameters across data parallel
workers/GPUs

Optimizer Offload: Offloads the gradients +
optimizer states to CPU/Disk building on top
of ZERO Stage 2

Param Offload: Offloads the model
parameters to CPU/Disk building on top of
ZERO Stage 3


https://www.microsoft.com/en-us/research/blog/deepspeed-extreme-scale-model-training-for-everyone/

Out of Memory (OOM) issue — Root Cause

torch.OutOfMemoryError: CUDA out of memory.

Caused by fully

HBM

X-
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Out of Memory (OOM) issue - Solution

torch.OutOfMemoryError: CUDA out of memory.

Optimised Loss Calculation

Run n times sequentially

HBM

x -
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Datasets and Base Models

Base Models
. llava-onevision-qwen2-7b-ov-hf
. Qwen2.5-VL-7B-Instruct

Stage 1

Osource code
Oresearch papers
B open web content

@ public domain books

1.2B tokens

Long-context Continual Pretraining
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Stage 2

064 K tokens 0 128 K tokens
@ 256 K tokens @ 512 K tokens

22M tokens

Long-context Instruction Fine-tuning

Fine-tuned Models
*  OmniLong-LLaVA-OneVision-7B
*  OmniLong-Qwen2.5-VL-7B

Stage 3

O 256 Frames @512 Frames
@ 1024 Frames @ 2048 Frames

1200 videos

Video Instruction Fine-tuning



Long Context Capabilities in Text Domain

Text Needles in A Haystack (NIAH)

<book> /Needle

Distractor

</book>.

Based on the content of the book,

Question: What is the special magic Singapore number?
Answer: The special magic Singapore number is:

Context Length:
32K to 512K
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OmnilLong-LLaVA-OneVision-7B OmniLong-Qwen2.5-VL-7B

3 Distractors 3 Distractors

O Distractor O Distractor
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Long Context Capabilities in Video Domain

Question: Find the frame of a couple in a wedding. Inside
the frame there is a balloon on the bridegroom's head.
What is the color of that balloon?

Answer the question using a single word or phrase.
Answer: Yellow

[Figure from Zhang et al. 2024]

Vision Needle in the Haystack

e Purely synthetic long vision benchmark inspired by
the language model's NIAH test

 5video question-answering problems and inserts
each answer (ie. the “needle”) as a single frame into
hours-long videos (ie. the “haystack”)
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OmniLong-Qwen2.5-VL-7B
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https://arxiv.org/abs/2406.16852

Ablation study

* W/O Stage 2 vs with Stage 2

e Stage?2 (Text Instruction Fine-
tuning) generally further enhance
the long context capabilities
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VideoMME: Comprehensive Evaluation Benchmark of Multi-
modal LLMs in Video Understanding

A Video-MME
mwﬂ

y (<2 min.)
Sh ort 2 min. I On what date did the individual in the video leave a place that Simon thought was very important to him?
e medium (4—15m in ) A. May 31, 2022. B. June 9, 2021. C. May 9, 2021. D. June 31, 2021.

* long (30—60min.) The date o Day s May 31, 2021

 Atotal of 900
videos (254 hours)

* 2,700 question-
answer pairs.

e Subtitles

;.“/7 Full Video Link: https://www.youtube.com/watch?v=VFntoBRGF1A

Screen shot from VideoMME website
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https://video-mme.github.io/home_page.html
https://video-mme.github.io/home_page.html
https://video-mme.github.io/home_page.html
https://video-mme.github.io/home_page.html
https://video-mme.github.io/home_page.html

VideoMME Benchmark - OmniLong-LLaVA-OneVision-7B

63
61
59
57
55
53
51
49
47
45

adws

]

VideoMME w/o Subtitles

—

/

—

16 32 64 128 256
# of sampled Frames

llava-onevision-qwen2-7b-ov-hf

=—e—0OmniLong-LLaVA-OneVision-7B

© 2025, Amazon Web Services, Inc. or its affiliates. All rights reserved.

512

70

65

60

55

50

45

VideoMME with Subtitles
//& g \.
/
16 32 64 128 256 512

# of sampled Frames

llava-onevision-qwen2-7b-ov-hf

== OmniLong-LLaVA-OneVision-7B

14



VideoMME Benchmark - OmniLong-Qwen2.5-VL-7B
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VideoMME Leadboard

Model Name # of Params Overall (%) - w/o subs Overall (%) - w subs
OmniLong-Qwen2.5-VL-7B 7B 67.9 73.4
Qwen2.5-VL-7B-Instruct 7B 65.1 71.6
OmniLong-LLaVA-

OneVision-7B /8 by Qs
llava-onevision-qwen?2-7b- 78 58 2 615

ov-hf

LongVA /B 52.6 54.3

adws

- ) © 2025, Amazon Web Services, Inc. or its affiliates. All rights reserved.


https://huggingface.co/Qwen/Qwen2.5-VL-7B-Instruct
https://huggingface.co/Qwen/Qwen2.5-VL-7B-Instruct
https://huggingface.co/Qwen/Qwen2.5-VL-7B-Instruct
https://huggingface.co/Qwen/Qwen2.5-VL-7B-Instruct
https://huggingface.co/Qwen/Qwen2.5-VL-7B-Instruct
https://huggingface.co/Qwen/Qwen2.5-VL-7B-Instruct
https://huggingface.co/Qwen/Qwen2.5-VL-7B-Instruct
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://huggingface.co/llava-hf/llava-onevision-qwen2-7b-ov-hf
https://github.com/EvolvingLMMs-Lab/LongVA

Validated Long Context Finetuning Solutions on AWS

github.com)jzhang38/EasyContext/tree/main

[ README Apache-2.0 license

EasyContext

e f(((m

& Hugging Face

Memory optimization and training recipes to extrapolate language models’ context length to 1 million tokens, with
minimal hardvrare.

What is this?

Many companies have been promoting their models' capability to handle long context. For those outside the
companies, a context of 1 million tokens still seems somewhat magical o requires enormous compute. This repo

aims to demystify long context scaling and show that it is actually quite straightforward. AW S S a g e m a k e r Al

This repo does not propose new ideas. Instead, we showcase how to combine existing techniques to train
language models with a context length of:

+ 700K with 8 A100 (Llama2-78)
+ 1M with 16 A100 (Llama2-13B)

No approximations are used. The models can be trained with full finetuning, full attention, and full sequence
length. Our training script (train.py) has less than 200 lines of code

https://github.com/jzhang38/EasyContext/

PyTorch
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Try OmnilLong-Qwen2.5-VL-7B and stay tuned!

https://huggingface.co/aws-prototyping /long-llava-gwen2-7b
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Thank you!

Questions and Discussions
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