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Abstract

Training models with longer in-context lengths is a significant challenge for multi-
modal machine learning due to substantial GPU memory and computational costs.
This exploratory study does not present state-of-the-art models; rather, it introduces
an innovative method designed to increase in-context text length in multi-modality
large language models (MLLMs) efficiently. We present Visualized In-Context
Text Processing (VisInContext), which processes long in-context text using visual
tokens. This technique significantly reduces GPU memory usage and floating point
operations (FLOPs) for both training and inferenceing stage. For instance, our
method expands the pre-training in-context text length from 256 to 2048 tokens
with nearly same FLOPs for a 56 billion parameter MOE model. Experimental
results demonstrate that model trained with VisInContext delivers superior perfor-
mance on common downstream benchmarks for in-context few-shot evaluation.
Additionally, VisInContext is complementary to existing methods for increasing
in-context text length and enhances document understanding capabilities, showing
great potential in document QA tasks and sequential document retrieval. The code
is available at https://github.com/showlab/VisInContext.

1 Introduction

Large Language Models (LLMs), such as OPT, Mistral, and LLaMA-2 [4, 5, 6], have significantly
advanced the field of Natural Language Processing (NLP). These advancements are partly due to the
increased capability of LLMs to process long contexts, from 512 tokens [7] up to 16K tokens [6].
Building on these developments, recent multi-modal learning research [1, 8, 9, 10] has shifted focus
from simple image-text pairs, like those in CC3M [11] and LAION-400M [12], to more complex
and lengthy interleaved document datasets. Examples include web corpora like MMC4 [13] and the
OBELICS [14] dataset, as well as PDF corpora like DocVQA [15].

However, training models on these complex datasets presents significant challenges due to the
increased GPU memory and computational demands of extended contexts. For instance, while
processing just SM data items from MMC4 and 10M from the OBELICS dataset, OpenFlamingo-
9B [9] resorted to sub-sampling text and processing only 256 tokens at a time, yet it still requires
32 80GB A100 GPUs for over three days. This highlights the need for more computation-efficient
methods to handle long context lengths effectively.

In the domain of LLMs, two popular methods to extend context length are the use of memorizing
banks [16] and novel self-attention mechanisms [17, 18]. These methods have inspired advancements
in the multi-modality domain as well. For example, the Large World Model [19] introduces Ring
Attention [18], and MA-LMM [20] employs memory banks to process long video understanding tasks.
While these techniques have shown promise, our approach aims to increase in-context text length
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Figure 1: VisInContext significantly increases the in-context text length from 256 to 2048 during pre-
training on NVIDIA H100 GPU. For our method, we incorporate VisInContext after 128 text tokens.
We implement PyTorch Flamingo [1] models with different in-context length during pre-training.
The language model is a 56B MOE [2] model loaded with 4-bit quantization and the batch size on
each GPU is 32 with FP16. We train the model with DeepSpeed [3] Zero-2.

by leveraging the strengths of visual encoders in MLLMs. We first observe that existing MLLMs
usually exploit a much lighter visual encoders, compared to its text decoders. For instance,
Flamingo-9B consists of a 304.4M ViT-L/16 [21] as image encoder, and a 7.1B Chinchilla [1] model
as the text decoder. Additionally, previous works [22, 23] have demonstrated that visual encoders
trained on paired image-text data also exhibit emergent OCR capabilities.

Motivated by these observations, we propose Visualized In-Context Text Processing (VisInContext),
a method that uses visual tokens to process extended textual contexts, which is complementary
of existing methods in extending context length. Specifically, we convert long textual content
into images and use the visual encoders to extract textual representations. In this way, we
can efficiently and effectively enable models with much longer text contexts, as shown in Figure 1.
With VisInContext, we show that the in-context text length can be increased by 7 times over the
competing baseline. Additionally, we observe almost the same overall computation FLOPs even as
in-context length extends significantly. Our extensive experiments will also show that VisInContext
renders superior model performance on conventional in-context few-shot evaluations and document
understanding, with much lower computational cost.

Contributions. In summary, our contributions are as follows: i. We introduce Visualized In-
Context Text Processing (VisInContext), a novel method that increases in-context text length using
visual tokens. VisInContext directly compresses text context at input-level, which is complementary
to existing techniques with improved self-attention or memory banks. ii. We demonstrate that
VisInContext is effective for both training and inference stage with much lower computational cost.
iii. With extended text context brought by VisInContext, our model improves the average in-context
few-shot performance from 55.8% to 57.8% over the competing baseline. iv. As a byproduct, our
method also shows great potential in document understanding on popular document QA tasks and
our newly proposed sequential document retrieval task.

2 Method

The goal of VisInContext is to process in-context text using visual tokens so that the model can handle
long text context more efficiently. We primarily base our study on Flamingo-based architecture [1, 9,
14], as it has shown success in improving a model’s ability to learn from long multimodal context
that contains arbitrarily interleaved text and images.

2.1 Terminology

Before diving into model details, we define the following terms:
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Figure 2: VisInContext Pipeline. The VisInContext pipeline builds upon the Flamingo model for in-context
few-shot modeling (represented in gray). VisInContext processes interleaved image-text data by rendering
portions of the in-context text into images. This approach maintains the Text Token Length of the model while
allowing for a significantly extended In-context Text Length.
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In-context Text Length: The actual length of text tokens observed by the model within a document.

Text Token Length: The length of the text sequence input directly to the LLM, corresponding to the
token count of this sequence.

With VisInContext, the In-context Text Length is greater than the text token length, as part of the text
is represented using visual tokens.

2.2 Overall Architecture

The implementation and architecture of VisInContext are shown in Figure 2. It is based on a
dual-stream encoder model that integrates both visual and textual data. To effectively handle long
interleaved data, we use a pre-sampling strategy as in Flamingo-style works [1, 9, 14]. We sample m
images Iy, Io, ..., I, € I with corresponding texts 77,75, ..., T,, € T. Tokens are concatenated
in the form < visual; >< text; > ... < visual,, >< text,, >, where < visual > is a single
placeholder token. A random 256-token sequence is then sampled. However, since the overall length
of a web document is generally much longer than 256 tokens (In-context Text Length > Text Token
Length), this sampling approach can lead to the omission of a lot of related text context.

To address this issue, we convert these omitted text context into visual signals by rendering them into
images. We first concatenate all omitted text segments and divide them into K parts to render text
images, named Tll, TQ/7 ey T,/n € T". Both the original images and the text-rendered images are then
processed through a shared frozen vision encoder. Then, we employ two learnable resamplers to
extract a fixed number of tokens from both the raw and text-rendered image features, respectively.
To facilitate the model to learn from rendered text images, we introduce two novel model designs,
Token Masking mechanism and Text-Centric Contrastive Learning (TCCL). Token Masking allows
the model to only read from text image tokens by masking the raw image tokens with masking ratio
1, which ensures that the model won’t simply be ignoring the text images during training, hence
can learn the association between the rendered text images {7} } and the text tokens {7} }. TCCL
aligns the visual text representation from the resampler with the embeddings extracted from text
tokenizers in LLM, which reduces the gap between our visual text tokens and the text tokens the LLM
is trained to perceive. With these designs, VisInContext not only reduces computational demands—as
evidenced by a reduction in flops and inference time—but also improves the OCR ability, as we will
show in our experiments.

2.3 Text Rendering

This module converts textual data into a visually rich RGB format, specifically rendering the text into
an image size of p;, X np,,, where n is the number of patches. We employ the HERSHEY font at a
size of 10px. On average, one 16x16 patch accommodates approximately 1.5 OPT text tokens. A
224x224 text image contains about 294 text tokens. Consequently, a visual encoder operating on this
rendered text image requires only 1/3 of tokens to encode an equivalent amount of text, compared



to the text tokenizer in language models. The vision encoder is quite lightweight ViT-L (340M)
compared to language model MOE (56B), which makes the processing of rendered text images
significantly more efficient than directly inputting the text into a language model.

2.4 Token Masking

In our initial experiments, we find that combining tokens from raw images and text images directly
led to the network disregarding the text-image input. To address this issue, we introduce a Token
Masking strategy to force the model to learn text semantics from visual inputs. During pretraining,
the raw image and text image are first encoded into the same number of tokens after resampler,
and then we mask the raw image tokens with a pre-defined probability. When masking out the raw
image tokens, the model can focus on learning the association between rendered text images and
the complementary text tokens. At inference time, we add the text-image tokens and image tokens
together, to allow the model effectively leverage information from both sources.

2.5 Text-Centric Contrastive Loss (TCCL)

Motivation. Given that the vision encoder, typically a frozen Vision Transformer (ViT) [24], never
observes rendered text images during pretraining, it may struggle to derive text semantics from pixels.
To mitigate this issue, we introduce a new training objective, Text-Centric Contrastive Loss (TCCL).
This objective aims to guide the resampler on rendered text images to interpret visual representations
of text with a proficiency comparable to traditional text tokenizers, so that the textual semantics can
be effective extracted from the rendered text images.

Mechanism. TCCL utilizes raw text token embeddings from the text tokenizer as soft supervision
signals to supervise the resampler to learn text-centric representation. To reduce the global semantic
gap between text image embeddings and text token embeddings, we first aggregate these embeddings
with average pooling and then align them with TCCL. Intuitively, TCCL is designed to turn the
joint of the vision encoder and resampler into a “visual" text tokenizer, as it promotes the text image
embeddings to share a similar global semantic as the text token embeddings. The core of TCCL is
formulated as a contrastive loss:

exp(sim(fy,, ft,)/7)
o= 1 i (D
J ©8 <Z£]_1 eXp(Sim(waftk)/T)>

Where L;; denotes the contrastive loss for comparing the ith text image against the j'" text, f,, and
[t, represent the feature embeddings of the it" text image and j*" text, respectively. 7 is a parameter
that control the sharpness of the output distribution. Note that f,, and f;, are different features
extracted from the same text, as the 7t text image is a direct rendering of the ith text.

3 Experiment

3.1 Experimental Setup

Pretraining. We validate VisInContext with Open-Flamingo [9] and CosMo [25]. To enhance
computational efficiency, all models utilize float16 precision. For the 56B MOE [2] model, we employ
DeepSpeed’s [3] Zero-2 stage with CPU offloading and further optimize the model by quantizing
it to 4-bit precision . We also use Flash Attention [17] to further improve memory efficiency. For
all other experiments, we train the model using DeepSpeed Zero-2 without CPU off-loading. The
Open-Flamingo 9B baseline is based on Mistral7B [5].

Our pretraining dataset includes a 180M subset of DataComp1B [26], MMC4 [13], the OBELICS [14]
dataset, and OCR Rendered Text [27]. (More details are provided in the Appendix B.1) For each
input document or image-text pair, we render a text sequence into an image with a fixed size of
16x8192 (512 patches) by default, with p;, = p,, = 16.

'The implementation is from https://github.com/TimDettmers/bitsandbytes.



Method Text ICL Shots VQA Caption Classi. Mean
Tokenst
okvga textvga vizwiz vqav2 coco flickek HM

Open- 0 402 213 233 478 823 594 604 478
Flamingo Raw 256 4 425 222 322 498 905 635 638 521
MOE [9]f  Text 32 | 468 232 405 499 982 662 660 558
+Rendered 0 395 264 263 485 844 605 622 497
+VisInContext Image 2048 4 443 289 320 503 942 653 655 544
32 463 312 412 510 1013 684 652 578

Table 1: Increasing in-context text length with VisInContext significantly improves performance on
multi-modality downstream tasks. The model is pre-trained with a 56B MOE model. ICL stands for in-context
text length. HM is short for hatefulmemes. With VisInContext, we increase the ICL from 256 to 2048, leading
to clear improvements over the baseline. { indicates our implementation.

Method Text Text T-Shots VQA Caption Mean
Source Tokens
okvga textvqa vizwiz vqav2 coco flickr

Open- Raw 0 18.1 148 215 265 40.1 321 25.5
Flamingo9B TText 4 238 181 237 405 575 353 33.2(7.71)
Baseline [9] 426 32 252 164 255 346 661 385 34.4(8.97)
Rendered 0 162 168 154 30.6 423 335 25.8
+VisInContext | 4 172 218 197 352 524 352 303(4.57)
mage oy

213 226 215 388 603 370 33.6(7.81)

Table 2: VisInContext effectively incorporates in-context text with visual tokens, demonstrating significant
performance improvements with consistent token usage. Here, T-shots refer to text-only in-context examples.
Tokens indicate the length of the input to the LLM. Text source describes the preprocessing method for in-context
examples. T denotes our implementation on 180M pretraining data.

Downstream Evaluation. Our objective is to demonstrate that in-context length can be extended
using visual tokens, thereby enhancing the understanding of complex multimodal documents. Conse-
quently, we focus primarily on tasks related to long-context understanding.

To evaluate the long-context understanding ability, we adopt the few-shot evaluation setting in
Flamingo [1]. We report answer accuracy on the OK-VQA [28], TextVQA [29], VizWiz [30],
and VQAV2 [31]. Additionally, we assess performance on captioning tasks using COCO [32] and
Flickr30K [33]. Moreover, we also propose a setting named text-only in context few-shots to explore
text-only in-context evaluation. For this setting, we use in-context sampling without visual input to
generate long-context inputs and the visual input is not observed by the model.

In order to illustrate the impact of having long in-context text, we evaluate the model for document
understanding on DocVQA [15] and OCR VQA [34]. Lastly, we introduce a new task, sequential
multimodal document retrieval. This dataset is based on the existing interleaved OBELICS [14]
dataset. Further details are provided in the Sec. D of the appendix.

3.2 In-context Few-shot Evaluation

Impact of Extended In-Context Text Length. Interleaved document datasets typically contain
long texts. For instance, the OBELICS [14] dataset has an average token length of 815 tokens per
document. Due to GPU memory constraints, Flamingo-like models [14, 9] only sub-sample 256
tokens during pretraining, which leads to a significant loss of context information. We compare
the baseline model pre-trained with 256 tokens, against our method with an increasing In-context
Text Length to 2048 tokens. Table | shows a clear advantage of VisInContext. For example, on
TextVQA, accuracy improves from 23.2% to 31.2% with 32-shot. Similarly, the average model
performance across all datasets show an increase from 55.8% to 57.8%. These findings demonstrate
that VisInContext effectively increases the In-context Text Length to improve multi-modality
understanding.

Few-shot Evaluation with Text-only In-context Examples. As downstream tasks often differ in
format from pretraining data, several works [1, 9, 14] have tested the few-shot abilities of models



Method Text Source DocVQA OCR VQA
val test

Open-Flamingo-9B Baseline [9] Raw Text 453 48.2 51.5

+VisInContext Rendered Image | 48.5(3.21) 52.2(4.07) 58.4(6.97)

Table 3: VisInContext clearly boosting the baseline on document understanding tasks.
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Figure 3: VisInContext significantly improves the OCR ability of LLM. We present the Rendered Text [27]
images and the corresponding next-word prediction accuracy on the validation set. Using the same pre-training
steps, VisInContext achieves significantly better results in predicting words in visual images, even when the
fonts are difficult to recognize.

using in-context examples. For instance, in the VQA dataset, a few question-and-answer pairs
are provided as in-context examples with visual signals. However, for zero-shot evaluation, two
question-and-answer pairs are added as in-context examples without visual signals in [1, 9, 14].
Follow the zero-shot setting, we examine the effect of having text-only in-context examples and
extend it to multi-shot setting, by leaving out the corresponding images (See Appendix .E for more
details). We compare model performance of the baseline Open-Flamingo 9B and our method under
the same setting, where the differences lie in how these text-only in-context examples are processed.
Specifically, Open-Flamingo directly takes in them as text tokens, while VisInContext takes in the
corresponding rendered text images.

Inference GPU Memory Usage vs. In-Context Text Length Table 2 summarizes the results across four VQA bench-

131 —a= Orgial Method marks and two captioning benchmarks. Notably, compared
12 | == Nvidia H100 GPU Memory to the text-only O-shot setting, our VisInContext with 32-

shot significantly is improved on all VQA and captioning
~* | benchmarks considered. Though the 32-shot performance
of VisInContext is slightly lower than the competing base-
line, we cut down the input tokens to the LLM from 426 to
only 10 Text Token Length, which lead to significant reduc-
tion in the inference cost. These outcomes highlight two
] ] ] ] key points: i. VisInContext can effectively understand
O emory eage 68) 80 text rendered in images. ii. Text rendered as images can

be comparably effective as raw text, when used as text-only
in-context examples.
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Figure 4: VisInContext extends the in-
context text length of MOE based MLLM
from 1k to 9k at inference stage.
Comparison on Inference Cost. We then analyze the
inference cost of VisInContext and compare to the baseline. Both models are based on a 56B MOE
LLM with a batch size of one to explore the maximum manageable In-context Text Length. The
results, shown in Figure 4, demonstrate that the In-context Text Length can be extended up to 9192
tokens for the 56B MOE model on 80GB H100 GPUs with our method at inference stage. This result



The Zika virus is a positive sense single-stranded RNA molecule 10794 bases long [3] with two non-coding regions flanking regions known as the 5' NCR and the 3 NCR. The open reading frame of the Zika virus reads

Genome Structure T
as follows: 5-C-prM-E-NS1-NS2A-NS2B-NS3-NS4A-NS4B-NS5-3' and codes for a polyprotein that is subsequently cleaved into capsid (C), precursor membrane (prM), envelope (E), and non-structural proteins (NS). [8]

Fvisgoome

"_l Y| | The E protein composes the majority of the virion surface and is involved with aspects of replication such as host cell binding and membrane fusion. [3] NS1, NS3, and NS5 are large, highly-conserved proteins while the.
! NS2A, NS2B, NS4A, and NS4B proteins are smaller, hydrophobic proteins. [8] Located in the 3' NCR are 428 nucleotides that may play a part in translation, RNA packaging, cyciization, genome stabilzation, and

L1} {3 recognition. [3] The 3' NCR forms a loop structure and the 5' NCR allows translation via a methylated nucleotide cap or a genome-linked protein. [7) Ry
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The structure of ZIKV follows that of other flaviviruses. It contains a nucleocapsid approximately 25-30 nm in diameter surrounded by a host-membrane derived liid bilayer that
contains envelope proteins E and M. The virion is approximately 40 nm in diameter with surface projections that measure roughly 5-10 nm. [8] The surface proteins are arranged in an icosohedrakike symmetry. [7)

Reproductive Cycle of a Zika virus in a Host Cell

The reproductive cycle of ZIKV follows that of other known flaviviruses. First, the virion attaches to the host cell membrane receptors via the envelope protein which induces virion endocytosis. Next, the virus membrane fuses with the
endosomal membrane and the ssRNA genome of the virus is released into the cytoplasm of the host cell It i then translated into a polyprotein that is subsequently cleaved to form all structural and non-structural proteins. Repiication

then takes place at intracellular compartments known s cytoplasmic viral factories in the endoplasmic reficulum resuling in a dsRNA genome. The dsRNA genome is then transcribed resulting in additional ssRNA genomes. Assembly
then occurs within the endoplasmic reiticulum and the new virions are transported to the Golgi apparatus and then excreted into the intracellular space where the new virions can infect new host cells. [7] R,

Figure 5: Sequential multi-modal retrieval example. The input sequence is 1,71, R1, I2, T>, R2 that from
interleaved document in OBELICS [14] dataset.

Visual Input  Text Input  Surrounding Text Input \ Seq-I  Seq-T

Raw Image Raw Text - 16.3 64.8
Raw Image Raw Text Raw Text 18.9 67.5
Raw Image Raw Text Rendered Text Image 22.7 66.5

Table 4: The model pretrain with VisInContext significantly improves sequence understanding ability.
We report the sequence retrieval result on OBELICS-Hybrid6.

highlights the efficiency and advantages of VisInContext, also show its potential in understanding
very long document.

3.3 Document understanding

In this section, we evaluate the model on document understanding tasks. Unlike common vision-
language tasks that usually short-form pairs, this task requires comprehension of long and complex
document data. We evaluate our model on DocVQA and OCRVQA. All document images are of
size 384 x 384. Following Pix2Struct [35], we finetune the model on DocVQA train data and report
performance on the average normalized Levenshtein similarity (ANLS) metric.

Results in Table 3 show that our method significantly outperforms the baseline. For instance, we
achieve a 6.9% improvement on OCRVQA. To further analyze why our method enhances document
understanding, we present the validation accuracy of the LLM on the Rendered Text [27] dataset
during pretraining in Figure 3. We observe a substantial improvement in next word prediction
accuracy, with top-1 accuracy increasing from 67.37% to 85.25% (a 16% improvement) and top-5
accuracy rising from 80.76% to 93.38%. These findings indicate that the LLM can effectively
understand text embedded in visual signals with VisInContext.

3.4 Sequential Multi-modal Retrieval

In order to further analyze the benefit of having long text context in multimodal modeling, we propose
a new task — Sequential Multimodal Retrieval (SMR), based on document data from interleaved
OBELICS [14] dataset. The document is composed of interleaved data, consisting of images and
texts arranged in a meaningful sequence.

We show one sample in Figure 5 and define the input and output of this task as below: Input: Given
a pair of content items, an image and a corresponding text (11,71, Ry, I, Tz, Rs), from a document
D. I is Image, T is the matched text and R is the surrounding text. QOutput: The task is to retrieve
the next image I, and the next text 75 in the sequence. Named as Seq-I and Seq-T, correspondingly.

We sample the first 1K documents that contain data like I, T}, Ry, Is, T, Rs from OBELICS [14]
and named it as OBELICS-Hybrid6, which have at least three frames and three texts. (See Sec. E in
appendix for more details.) This task encourages the model to leverage the contextual and semantic
relationship in interleaved sequences to effectively predict and retrieve the subsequent pair.

To enable our model with retrieval, we follow CosMo [25] to add a simple contrastive head between
visual embedding and language embedding from the middle layers. Recall that visual embeddings
are either from raw images or rendered images or the addition of the two in our method. Table 4



Method Pretrain Text Source Task

DocVQA-val
FuYu9B [8]} Raw-Text \ 423
+ VisInContext +Rendered Image | 44.5(2.27)

Table 5: Pretraining with VisInContext helps on long-context understanding task for FuYu
model. { means our implementation on 180M data.

reports the results from our model with several input variants. We observe taking surrounding text
input as rendered text image performs much better on the Sequence to image retrieval, while on par
on Sequence to text retrieval, when compared with taking surrounding text input as raw text. These
results further support the designs of VisInContext in the context of document understanding.

3.5 Extension to MLLM with Linear Embedding

Beyond utilizing the visual encoder, some works [36, 8] also employ linear embedding to extract
visual features directly from raw images. To show the generality of our method, we also explore
FuYu [8] model as a baseline and integrate VisInContext into the model. (See Sec. A in the appendix
for more details.) As indicated in Table 5, our method is successful in improving the performances
on DocVQA dataset that require long-context understanding.

Text Image Token Masking TCCL \ Ok-VQA  TextVqa VizWiz VqaV2

11.5 153 8.7 24.2
v 11.3 15.0 9.4 30.1
v v 17.8 18.3 15.3 335
v v 13.5 15.3 10.3 30.9
v v v 17.2 21.8 19.7 35.2
Table 6: Ablation study of the component in our pipeline for text-only 4-shot example.
Font Size | 4 6 8 10 12 Dataset | 2 4 8 16 32
TextVQA | 154 172 185 21.8 203 TextVQA | 21.8 205 21.3 185 153
DocVQA | 39.8 425 45.6 443 36.2 DocVQA | 443 432 394 405 36.6
Table 7: Font size ablation. We report the result Table 8: Font interval thresh ablation. Larger
on DocVQA val dataset. thresh leads to few texts in general.

3.6 Ablation Study

Ablations on Model Design. We conduct ablation studies on the following modeling components
to demonstrate their effectiveness: Text Image, TCCL, and Token Masking. Results are detailed
in Table 6, which reveal two findings: 1. Token Masking is crucial for the model to learn from
rendered text images. Without Token Masking, the model can only perform comparably to the
baseline. Forcing the model to learn text semantics from rendered text images via token masking
significantly improves model performance. 2. Utilizing TCCL with Token Masking yields better
performance than using Token Masking alone.

Ablations on Font Size and Interval Threshold. As shown in Table 7, optimal performance varies
with changes in font size. We found that adjusting the font size impacts performance similarly to
altering the patch size—both methods effectively increase the contextual information within each
patch. We prefer modifying the font size over the patch size because it allows for more intuitive
adjustments. Our findings indicate that the model does not need a highly detailed understanding of
each word to perform effectively.

Another important factor is the font interval threshold. As shown in Table 8, we observed that a
too-large interval leads to inferior results. This is intuitive because a larger threshold results in fewer
texts in the rendered text image.



4 Related Work

Multimodal Language Models. Current mainstream Multimodal Large Language Models
(MLLMs) [37, 38, 22, 39, 40, 41] leverage the capabilities of Large Language Models (LLMs) [42, 6]
due to their strong reasoning abilities, as demonstrated by recent advancements. These models
typically adopt one of two primary designs for integrating visual information. The first approach
involves the effective adaptation of visual representations, which are acquired via a separate visual
encoder, into the text-based LLM framework like CLIP, GIT, and BLIP2 [22, 43, 37]. The repre-
sentative method in this category incorporates visual representations into the language model using
cross-attention, as seen in the Flamingo series models [1, 9, 14]. Along this line, recently some works
like LLaVA [40], EMU?2 [44], InternVL [45], DeepSeeker [10], and QWen [41] lead to superior
results on multi-modality tasks with supervised finetuning on high-quality data. The second approach
uses visual embeddings directly as input "tokens" for the LLMs, bypassing the traditional use of
a separate visual encoder. This method processes visual patches with a linear layer and uses the
resulting embeddings as direct inputs to the LLM, as implemented in models like ViLT [36] and
FuYu [8]. This strategy omits the need for an additional visual encoder and simplifies the architecture.

In this work, we adopt the Flamingo [ 1] architecture as our main baseline for the following reasons:
First, the Flamingo model emphasizes in-context few-shot learning ability and designs comprehensive
few-shot evaluation strategies. Second, our focus is on extending the in-context text length during
pre-training rather than on supervised fine-tuning.

Enhancing Text Understanding through Visual Inputs. Traditional text tokenization processes
raw text efficiently, but it faces challenges such as vulnerability to spelling errors and limited cross-
lingual transferability [46, 47]. These issues have prompted the exploration of tokenizer-free models,
which aim to improve robustness and facilitate better cross-language applicability. For instance,
a single spelling error can lead to entirely different tokens using traditional tokenization methods,
impacting model performance.

Recent developments have seen innovative approaches like the Pixel model [46], which proposes
processing text as an image using both an image encoder and an image decoder. This approach
has sparked a series of studies that process not only textual data but also images, charts, and tables
through a unified visual input system [35, 46, 48, 47]. These models are trained on a diverse array
of visual data, such as webpage screenshots and user interface images, sourced extensively from
the internet. They are specifically designed to handle visually-situated text in an end-to-end manner,
offering the potential to support a wide range of applications.

Long Context Modeling. The challenge of incorporating more tokens into LLMs is an active area
of research [49, 50]. Common approaches involve novel self-attention mechanisms [18, 51, 52] ,
compressed token [53, 54, 55] or memory banks [16]. Some works [56] exploit tensor parallelism
or sequence parallelism to reduce memory costs. There also have some works focus on position
embedding [57, 58]. In multi-modality research, closed-source models like Gemini [59] and GPT-
4V [60] support long context inference up to millions of tokens. Open-source models such as
MA-LMM for Long-Term Video Understanding [20] can process up to one hour of video using a
long memory bank. The most relevant work Large World Model [19] extends token length using
Ring Attention.

In contrast to these methods, our method utilizes off-the-shelf LLMs and compresses text tokens into
visual tokens for efficient processing. Our method is complementary to these existing techniques and
can be integrated with them to achieve lower computational cost and longer context length.

5 Conclusion and Limitations

This paper centers on multi-modality learning and addresses the in-context length limitations presented
by heavy computational cost of LLMs in MLLMs. Our contribution is a novel and efficient method
named VisInContext, which enables the model to perceive long text context as rendered text images.
Comprehensive experiments show that VisInContext is effective on conventional in-context few-shot
evaluations and document understanding, while being much more efficient.



One limitation of our method is, currently our method requires processing a fixed size image even for
brief texts. In future work, we plan to dynamically reduce token counts with variable image sizes by
retaining only non-empty tokens during pre-training. We aim to expand this method to additional
tasks and encourage the community to further explore this direction.

Acknowledgement

This research is supported by the National Research Foundation, Singapore under its Al Singapore
Programme (AISG Award No: AISG3-RP-2022-030).

References

(1]

[2

—

[3

—

[4

—

(5

—

(6]

[7

—

[8

—_—

[9

[

(10]

(11]

(12]

[13]

(14]

Jean-Baptiste Alayrac, Jeff Donahue, Pauline Luc, Antoine Miech, Iain Barr, Yana Hasson, Karel Lenc,
Arthur Mensch, Katherine Millican, Malcolm Reynolds, et al. Flamingo: a visual language model for
few-shot learning. Advances in Neural Information Processing Systems, 35:23716-23736, 2022.

Albert Q Jiang, Alexandre Sablayrolles, Antoine Roux, Arthur Mensch, Blanche Savary, Chris Bamford,
Devendra Singh Chaplot, Diego de las Casas, Emma Bou Hanna, Florian Bressand, et al. Mixtral of
experts. arXiv preprint arXiv:2401.04088, 2024.

Jeff Rasley, Samyam Rajbhandari, Olatunji Ruwase, and Yuxiong He. Deepspeed: System optimizations
enable training deep learning models with over 100 billion parameters. In Proceedings of the 26th ACM
SIGKDD International Conference on Knowledge Discovery & Data Mining, pages 3505-3506, 2020.

Susan Zhang, Stephen Roller, Naman Goyal, Mikel Artetxe, Moya Chen, Shuohui Chen, Christopher
Dewan, Mona Diab, Xian Li, Xi Victoria Lin, et al. Opt: Open pre-trained transformer language models.
arXiv preprint arXiv:2205.01068, 2022.

Albert Q Jiang, Alexandre Sablayrolles, Arthur Mensch, Chris Bamford, Devendra Singh Chaplot, Diego
de las Casas, Florian Bressand, Gianna Lengyel, Guillaume Lample, Lucile Saulnier, et al. Mistral 7b.
arXiv preprint arXiv:2310.06825, 2023.

Hugo Touvron, Louis Martin, Kevin Stone, Peter Albert, Amjad Almahairi, Yasmine Babaei, Nikolay
Bashlykov, Soumya Batra, Prajjwal Bhargava, Shruti Bhosale, et al. Llama 2: Open foundation and
fine-tuned chat models. arXiv preprint arXiv:2307.09288, 2023.

Jacob Devlin, Ming-Wei Chang, Kenton Lee, and Kristina Toutanova. Bert: Pre-training of deep bidirec-
tional transformers for language understanding. In NAACL-HLT (1), 2019.

Adept Al. Fuyu-8B. https://www.adept.ai/blog/fuyu-8b, n.d. Accessed: [insert date here].

Anas Awadalla, Irena Gao, Josh Gardner, Jack Hessel, Yusuf Hanafy, Wanrong Zhu, Kalyani Marathe,
Yonatan Bitton, Samir Gadre, Shiori Sagawa, et al. Openflamingo: An open-source framework for training
large autoregressive vision-language models. arXiv preprint arXiv:2308.01390, 2023.

Haoyu Lu, Wen Liu, Bo Zhang, Bingxuan Wang, Kai Dong, Bo Liu, Jingxiang Sun, Tongzheng Ren,
Zhuoshu Li, Yaofeng Sun, et al. Deepseek-vl: towards real-world vision-language understanding. arXiv
preprint arXiv:2403.05525, 2024.

Piyush Sharma, Nan Ding, Sebastian Goodman, and Radu Soricut. Conceptual captions: A cleaned,
hypernymed, image alt-text dataset for automatic image captioning. In Proceedings of the 56th Annual
Meeting of the Association for Computational Linguistics (Volume 1: Long Papers), pages 2556-2565,
2018.

Christoph Schuhmann, Richard Vencu, Romain Beaumont, and Kaczmarczyk. Laion-400m: Open dataset
of clip-filtered 400 million image-text pairs. arXiv preprint arXiv:2111.02114,2021.

Wanrong Zhu, Jack Hessel, Anas Awadalla, Samir Yitzhak Gadre, Jesse Dodge, Alex Fang, Youngjae Yu,
Ludwig Schmidt, William Yang Wang, and Yejin Choi. Multimodal c4: An open, billion-scale corpus of
images interleaved with text. arXiv preprint arXiv:2304.06939, 2023.

Hugo Laurengon, Lucile Saulnier, Léo Tronchon, Stas Bekman, Amanpreet Singh, Anton Lozhkov,
Thomas Wang, Siddharth Karamcheti, Alexander M Rush, Douwe Kiela, et al. Obelics: An open web-scale
filtered dataset of interleaved image-text documents. In Thirty-seventh Conference on Neural Information
Processing Systems Datasets and Benchmarks Track, 2023.

10


https://www.adept.ai/blog/fuyu-8b

[15]

(16]

(7]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

Minesh Mathew, Dimosthenis Karatzas, and CV Jawahar. Docvqa: A dataset for vqa on document images.
In Proceedings of the IEEE/CVF winter conference on applications of computer vision, pages 2200-2209,
2021.

Yuhuai Wu, Markus N Rabe, DeLesley Hutchins, and Christian Szegedy. Memorizing transformers. arXiv
preprint arXiv:2203.08913, 2022.

Tri Dao, Dan Fu, Stefano Ermon, Atri Rudra, and Christopher Ré. Flashattention: Fast and memory-efficient
exact attention with io-awareness. Advances in Neural Information Processing Systems, 35:16344-16359,
2022.

Hao Liu, Matei Zaharia, and Pieter Abbeel. Ring attention with blockwise transformers for near-infinite
context. arXiv preprint arXiv:2310.01889, 2023.

Hao Liu, Wilson Yan, Matei Zaharia, and Pieter Abbeel. World model on million-length video and language
with ringattention. arXiv preprint arXiv:2402.08268, 2024.

Bo He, Hengduo Li, Young Kyun Jang, Menglin Jia, Xuefei Cao, Ashish Shah, Abhinav Shrivastava, and
Ser-Nam Lim. Ma-lmm: Memory-augmented large multimodal model for long-term video understanding.
arXiv preprint arXiv:2404.05726, 2024.

Hugo Touvron, Matthieu Cord, Alaaeldin El-Nouby, Jakob Verbeek, and Hervé Jégou. Three things
everyone should know about vision transformers. In European Conference on Computer Vision, pages
497-515. Springer, 2022.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agarwal, Girish
Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, et al. Learning transferable visual models from
natural language supervision. In International conference on machine learning, pages 8748-8763. PMLR,
2021.

Yiqi Lin, Conghui He, Alex Jinpeng Wang, Bin Wang, Weijia Li, and Mike Zheng Shou. Parrot captions
teach clip to spot text. arXiv preprint arXiv:2312.14232,2023.

Alexey Dosovitskiy, Lucas Beyer, Alexander Kolesnikov, Dirk Weissenborn, Xiaohua Zhai, Thomas
Unterthiner, Mostafa Dehghani, Matthias Minderer, Georg Heigold, Sylvain Gelly, et al. An image is
worth 16x16 words: Transformers for image recognition at scale. In International Conference on Learning
Representations, 2020.

Alex Jinpeng Wang, Linjie Li, Kevin Qinghong Lin, Jianfeng Wang, Kevin Lin, Zhengyuan Yang, Lijuan
Wang, and Mike Zheng Shou. Cosmo: Contrastive streamlined multimodal model with interleaved
pre-training. arXiv preprint arXiv:2401.00849, 2024.

Alex Fang Samir Yitzhak Gadre, Gabriel Ilharco. Datacomp: In search of the next generation of multimodal
datasets. arXiv preprint arXiv:2304.14108, 2023.

Wendler, Chris. Renderedtext dataset. https://huggingface.co/datasets/wendlerc/
RenderedText, 2023. Accessed: 2023-05-05.

Kenneth Marino, Mohammad Rastegari, Ali Farhadi, and Roozbeh Mottaghi. Ok-vqa: A visual question
answering benchmark requiring external knowledge. In Proceedings of the IEEE/cvf conference on
computer vision and pattern recognition, pages 3195-3204, 2019.

Amanpreet Singh, Vivek Natarajan, Meet Shah, Yu Jiang, Xinlei Chen, Dhruv Batra, Devi Parikh, and
Marcus Rohrbach. Towards vqa models that can read. In Proceedings of the IEEE/CVF conference on
computer vision and pattern recognition, pages 8317-8326, 2019.

Danna Gurari, Qing Li, Abigale J Stangl, Anhong Guo, Chi Lin, Kristen Grauman, Jiebo Luo, and Jeftrey P
Bigham. Vizwiz grand challenge: Answering visual questions from blind people. In Proceedings of the
IEEE conference on computer vision and pattern recognition, pages 3608-3617, 2018.

Yash Goyal, Tejas Khot, Douglas Summers-Stay, Dhruv Batra, and Devi Parikh. Making the v in vqa
matter: Elevating the role of image understanding in visual question answering. In Proceedings of the
IEEE conference on computer vision and pattern recognition, pages 6904—-6913, 2017.

Tsung-Yi Lin, Michael Maire, Serge Belongie, James Hays, Pietro Perona, Deva Ramanan, Piotr Doll4r,
and C Lawrence Zitnick. Microsoft coco: Common objects in context. In Computer Vision—-ECCV 2014:
13th European Conference, Zurich, Switzerland, September 6-12, 2014, Proceedings, Part V 13, pages
740-755. Springer, 2014.

11


https://huggingface.co/datasets/wendlerc/RenderedText
https://huggingface.co/datasets/wendlerc/RenderedText

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

(49]

[50]

Bryan A Plummer, Liwei Wang, Chris M Cervantes, Juan C Caicedo, Julia Hockenmaier, and Svetlana
Lazebnik. Flickr30k entities: Collecting region-to-phrase correspondences for richer image-to-sentence
models. In Proceedings of the IEEE international conference on computer vision, pages 2641-2649, 2015.

Anand Mishra, Shashank Shekhar, Ajeet Kumar Singh, and Anirban Chakraborty. Ocr-vqa: Visual question
answering by reading text in images. In /ICDAR, 2019.

Kenton Lee, Mandar Joshi, Iulia Raluca Turc, Hexiang Hu, Fangyu Liu, Julian Martin Eisenschlos, Urvashi
Khandelwal, Peter Shaw, Ming-Wei Chang, and Kristina Toutanova. Pix2struct: Screenshot parsing as
pretraining for visual language understanding. In International Conference on Machine Learning, pages
18893-18912. PMLR, 2023.

Wonjae Kim, Bokyung Son, and Ildoo Kim. Vilt: Vision-and-language transformer without convolution or
region supervision. In International conference on machine learning, pages 5583-5594. PMLR, 2021.

Junnan Li, Dongxu Li, Silvio Savarese, and Steven Hoi. Blip-2: Bootstrapping language-image pre-training
with frozen image encoders and large language models. arXiv preprint arXiv:2301.12597, 2023.

Danny Driess, Fei Xia, Mehdi SM Sajjadi, Corey Lynch, Aakanksha Chowdhery, Brian Ichter, Ayzaan
Wahid, Jonathan Tompson, Quan Vuong, Tianhe Yu, et al. Palm-e: An embodied multimodal language
model. arXiv preprint arXiv:2303.03378, 2023.

Jiahui Yu, Zirui Wang, Vijay Vasudevan, Legg Yeung, Mojtaba Seyedhosseini, and Yonghui Wu. Coca:
Contrastive captioners are image-text foundation models. arXiv preprint arXiv:2205.01917, 2022.

Haotian Liu, Chunyuan Li, Qingyang Wu, and Yong Jae Lee. Visual instruction tuning. Advances in neural
information processing systems, 36, 2024.

Jinze Bai, Shuai Bai, Shusheng Yang, Shijie Wang, Sinan Tan, Peng Wang, Junyang Lin, Chang Zhou, and
Jingren Zhou. Qwen-vl: A versatile vision-language model for understanding, localization, text reading,
and beyond. 2023.

Tom Brown, Benjamin Mann, Nick Ryder, Melanie Subbiah, Jared D Kaplan, Prafulla Dhariwal, Arvind
Neelakantan, Pranav Shyam, Girish Sastry, Amanda Askell, Sandhini Agarwal, Ariel Herbert-Voss,
Gretchen Krueger, Tom Henighan, Rewon Child, Aditya Ramesh, Daniel Ziegler, Jeffrey Wu, Clemens
Winter, Chris Hesse, Mark Chen, Eric Sigler, Mateusz Litwin, Scott Gray, Benjamin Chess, Jack Clark,
Christopher Berner, Sam McCandlish, Alec Radford, Ilya Sutskever, and Dario Amodei. Language models
are few-shot learners. In H. Larochelle, M. Ranzato, R. Hadsell, M. F. Balcan, and H. Lin, editors,
Advances in Neural Information Processing Systems, volume 33, pages 1877-1901. Curran Associates,
Inc., 2020.

Jianfeng Wang, Zhengyuan Yang, Xiaowei Hu, Linjie Li, Kevin Lin, Zhe Gan, Zicheng Liu, Ce Liu,
and Lijuan Wang. Git: A generative image-to-text transformer for vision and language. arXiv preprint
arXiv:2205.14100, 2022.

Quan Sun, Qiying Yu, Yufeng Cui, Fan Zhang, Xiaosong Zhang, Yueze Wang, Hongcheng Gao, Jingjing
Liu, Tiejun Huang, and Xinlong Wang. Generative pretraining in multimodality. arXiv preprint
arXiv:2307.05222, 2023.

Zhe Chen, Jiannan Wu, Wenhai Wang, Weijie Su, Guo Chen, Sen Xing, Zhong Muyan, Qinglong Zhang,
Xizhou Zhu, Lewei Lu, et al. Internvl: Scaling up vision foundation models and aligning for generic
visual-linguistic tasks. arXiv preprint arXiv:2312.14238, 2023.

Phillip Rust, Jonas F Lotz, Emanuele Bugliarello, Elizabeth Salesky, Miryam de Lhoneux, and Desmond
Elliott. Language modelling with pixels. International Conference on Learning Representations, 2023.

Tianyu Gao, Zirui Wang, Adithya Bhaskar, and Danqi Chen. Improving language understanding from
screenshots. arXiv preprint arXiv:2402.14073, 2024.

Michael Tschannen, Basil Mustafa, and Neil Houlsby. Clippo: Image-and-language understanding from
pixels only. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition,
pages 11006-11017, 2023.

Rewon Child, Scott Gray, Alec Radford, and Ilya Sutskever. Generating long sequences with sparse
transformers. arXiv preprint arXiv:1904.10509, 2019.

Iz Beltagy, Matthew E Peters, and Arman Cohan. Longformer: The long-document transformer. arXiv
preprint arXiv:2004.05150, 2020.

12



[51]

[52]

(53]

[54]

[55]

(561

(571

(58]

[59]

[60]
[61]

(62]

Amanda Bertsch, Uri Alon, Graham Neubig, and Matthew Gormley. Unlimiformer: Long-range trans-
formers with unlimited length input. Advances in Neural Information Processing Systems, 36, 2024.

Woomin Song, Seunghyuk Oh, Sangwoo Mo, Jachyung Kim, Sukmin Yun, Jung-Woo Ha, and Jinwoo
Shin. Hierarchical context merging: Better long context understanding for pre-trained llms. arXiv preprint
arXiv:2404.10308, 2024.

Tao Ge, Jing Hu, Lei Wang, Xun Wang, Si-Qing Chen, and Furu Wei. In-context autoencoder for context
compression in a large language model. arXiv preprint arXiv:2307.06945, 2023.

Jesse Mu, Xiang Li, and Noah Goodman. Learning to compress prompts with gist tokens. Advances in
Neural Information Processing Systems, 36, 2024.

Alexis Chevalier, Alexander Wettig, Anirudh Ajith, and Danqgi Chen. Adapting language models to
compress contexts. arXiv preprint arXiv:2305.14788, 2023.

Vijay Anand Korthikanti, Jared Casper, Sangkug Lym, Lawrence McAfee, Michael Andersch, Moham-
mad Shoeybi, and Bryan Catanzaro. Reducing activation recomputation in large transformer models.
Proceedings of Machine Learning and Systems, 5, 2023.

Shanda Li, Chong You, Guru Guruganesh, Joshua Ainslie, Santiago Ontanon, Manzil Zaheer, Sumit
Sanghai, Yiming Yang, Sanjiv Kumar, and Srinadh Bhojanapalli. Functional interpolation for relative
positions improves long context transformers. arXiv preprint arXiv:2310.04418, 2023.

Shouyuan Chen, Sherman Wong, Liangjian Chen, and Yuandong Tian. Extending context window of large
language models via positional interpolation. arXiv preprint arXiv:2306.15595, 2023.

Gemini Team, Rohan Anil, Sebastian Borgeaud, Yonghui Wu, Jean-Baptiste Alayrac, Jiahui Yu, Radu
Soricut, Johan Schalkwyk, Andrew M Dai, Anja Hauth, et al. Gemini: a family of highly capable
multimodal models. arXiv preprint arXiv:2312.11805, 2023.

OpenAl. Gptv system card, 2023. Accessed: 2024-05-22.

Srinivasan lyer, Xi Victoria Lin, Ramakanth Pasunuru, Todor Mihaylov, Daniel Simig, Ping Yu, Kurt
Shuster, Tianlu Wang, Qing Liu, Punit Singh Koura, et al. Opt-iml: Scaling language model instruction
meta learning through the lens of generalization. arXiv preprint arXiv:2212.12017, 2022.

Ahmed Masry, Do Xuan Long, Jia Qing Tan, Shafiq Joty, and Enamul Hoque. Chartqa: A benchmark for
question answering about charts with visual and logical reasoning. arXiv preprint arXiv:2203.10244, 2022.

13



A Extending VisInContext to MLLM Using Only Linear Embedding

In Multimodal Large Language Model (MLLM), besides using visual encoders, there are several
works [36, 8] that utilize only linear embeddings to encode visual information. To demonstrate the
generality of our method, we first extend it to the FuYu [8] model in this section. We evaluated our
methodology using the FuYu [8] architecture, a prominent model that leverages visual information
through simple linear embeddings. This approach utilizes a large language model framework without
the need for a visual encoder, instead employing linear embedding to process visual information.

A.1 Methodology

Our system architecture, based on FuYu [8], incorporates a single decoder where both visual and
textual inputs are converted into token embeddings and processed by the same Transformer structure.
Inputs are divided into two segments: the first is a sequence of image patches forming a screenshot
and image patches from text image, and the second a sequence of textual tokens that contextualize
the screenshot. The configuration of this uni-modal approach is depicted in Figure 6.

:

[ Large Language Model ] Figure 6: The main pipeline is based on Fuyu [8]. What’s different

is we introduce an additional text image. During pre-training, the
rendered text image and original image is also alternatively. The
| Tokenization && Embedding ‘ DCSE is preserved. We show one image-text pair here for simplicity.
Renderedinto Image
ONONS
Input Format. The model inputs are formatted such that a text sequence of m tokens is divided
into screenshot segment (ms) tokens and text segment (m;) tokens, each comprising 256 tokens.
The screenshot dimensions are defined as py, X p,, pixels. Special tokens are integrated to guide the
model’s understanding of segment differentiation.

The rendering strategies are consistent with those employed in our visual encoder-based methods.

Architecture. The architecture follows the FuYu model [8], a widely used framework among visual
encoder-free multi-modal language models (LMs), utilizing a 9 billion parameter model. Image
patches are transformed into embeddings through a linear projection, while textual inputs utilize
corresponding word embeddings. These embeddings are subsequently processed together in the
Transformer blocks. To keep contrastive loss, we compute the average token metric after 3rd layer.

A.2 Evaluation Settings
The primary objective of this experiment is to assess whether autoregressive screenshot language
models (LMs) can accurately interpret text within screenshots using only linear embedding for the

rendered text image. In this setup, the screenshot LM processes 256 text tokens derived from the
screenshot context along with an additional 25 text tokens.

A.3 Training Settings
Our training setup follows the Flamingo model, using image-text data sourced from DataComp [26].
For interleaved data, since FuYu does not support interleaved input, we sample one frame and a fixed

length of text during pretraining. The model is trained with DeepSpeed Zero 2 optimization [3] and
uses fp16 data type. We initialize the Language Model from Persimmon-8B weight.

B Pretraining & Downstream Task Evaluation details

B.1 Pretraining Data Details

The associated data statistics for pretraining, presented comprehensively in Table 9, mainly include
Datacomp [26] subset, MMC4 [13], Obelics [14] and Rendered Text [27].
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Data Type | Dataset Sample
Image-Text DataComp1B [26] 108M
MMCA4 [13] 30M
Interleaved Image-Text Obelics [14] 30M
Synthetic Data Rendered Text [27] 12M
Total - 180M

Table 9: Statistics of the Pre-training Dataset: Subsets are random sampling.

The comparison between our method and Open-flamingo baseline, utilizing equivalent-scale pre-
training data, consistently demonstrates the superior performance of our approach across diverse

tasks
VisInContext VisInContext VisInContext
3B 9B 57B
Language Model Backbone OPT-IML-1.8B [61] Mistral-7B [5] MOE 56B [2]
Model
ode Vision Model Backbone openai/clip openai/clip laion/CLIP-ViT
-vit-large -vit-large -H-14-laion2B
-patchi4 -patchl4 -s32B-b79K
Cross-Layer Interval 2 4 4
Text Sequence Length 128 128 128
Training ICL Text Length 2048 2048 2048
Effective Batch Size 3072 1536 768
Max Training Steps 200K 200K 500K
Weight Decay 0.1 0.1 0.1
Optimizer adamw(0.9, 0.999) adamw(0.9, 0.999) adamw(0.9, 0.999)
Gradient Clipping 1.0 1.0 1.0
Initial Max Se-5 3e-5 3e-5
Learning Rate Decay Schedule Cosine Cosine Cosine
Linear warmup Steps 5000 5000 5000

Table 10: The hyperparameters used in pre-training for three distinct VisinContext variations. The
learning rate and batch size is smaller for sine the GPU memory limitation is 32GB.

B.2 Hyperparameter Configuration

In this subsection, we outline the essential training details required for reproducibility. Our exper-
iments included three different model sizes, with larger models requiring smaller batch sizes due
to GPU memory limitations. We employed DeepSpeed ZeRO-2 optimization with fp16 precision
and adjusted gradient accumulation steps to match the data type count. Comprehensive results are
presented in Table 10.

The text input sequence length is 128 as default. Since we adopt VisInContext to increase the
in-context length, the ICL length can be increased to 2048, around 15 text images. The 7 for TCCL
15 0.07.

B.3 Parameter Details

The Flamingo [1] baseline include Resampler, Language Model, Visual Encoder, Cross-attention.
Both the Language Model and Visual Encoder are frozen during pretraining. We mainly train the
Gated Cross Attention layer and Resampler layer.
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Model | Language Vision Gated Cross Attention ~ Resampler

Flamingo-9B 7.1B 428M 0.8B 194M
Flamingo-9B Baseline 7B 307M 0.35B 194M
MOE Baselinet 56B 307M 0.5B 194M

Table 11: Parameter counts for each component in MLLM. T means our implementation.

Method Text  Parameter Text  T-Shots VQA Mean
Source Tokens|
ok-vqa textvqa vizwiz vqav2
10 0 11.2 15.8 5.4 33.6 16.5
?;;ri 4 Eﬁgggred 138 10 4 172 218 78 332 20.0(3.51)
: 10 32 21.3 22.6 11.5 35.8  22.8(6.31)
Rendered 10 0 28.5 232 244 377 28.5
MPT Tmage 7B 10 4 30.1 232 284 403  30.5(2.01)
10 32 32.5 254 303  41.8  32.54.01)

Table 12: VisInContext performs well over different Language Models.

B.4 Extension to Other Language Models

Our research extends beyond the Mistral model, incorporating other language models such as OPT
and MoE. The comparative results are summarized in Table 12. We noted marked improvements
in performance across all models with the use of more in-context examples. This indicates that
VisInContext’s effectiveness is not highly dependent on the specific language model used, showcasing
the broad applicability and robustness of our methodology.

C Document Understanding Example

In this experiment, we present examples to demonstrate our method. As shown in Figure 7, we
provide samples from the validation sets of DocumentVQA [15] and ChartQA [62].

Using VisInContext, we observe that the method answers questions more accurately, even when the
font is unclear. For instance, consider the first pdf image have low resolution.

D Sequential Multi-modal Retrieval Details

Data Collection We retrieve 1,000 samples from the OBELICS dataset, each sample consisting of
six segments in the fixed order: 11,74, T5, I>, T, Ty. Each image has one matching text segment and
additional surrounding text. We use relative positioning to indicate which text is matched and which
is surrounding.

Retrieval Details To perform the retrieval task, we incorporate contrastive loss during pretraining,
following the approach of CosMo [25]. We add a contrastive head for the uni-modality text and
vision embeddings. Using the mean of the text and image features as a query, we retrieve the next
image or text segment. This task tests the model’s ability to handle long in-context text.

We compute the dot product similarity and rank the scores to determine the final result. When
processing surrounding text as "Raw Text," we concatenate 73 and the surrounding text R; directly
to the LLM to obtain the text embedding. We then use the mean of this text embedding and the image
embedding of I; to retrieve the next image or text.

For our method, we render the surrounding text 12 into an image and use the sum of two resampler
outputs as the image embedding. We compute the mean of this image embedding and the T3
embedding and use this mean vector to retrieve the next image or text segment.
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Q: What is the brand name of the five star category
of hotels?

Baseline: WelcomHeritage
+VisInContext : WelcomHotel

Q: Which country is represented by the red line?
Baseline: The red line is Peru
+VisInContext : Kenya

Figure 7: The document understanding example of our method.

E In-Context Few-Shot Example

In this work, we primarily follow the methods from the Flamingo series [1, 14, 9], as these provide
comprehensive support for in-context pretraining.

For zero-shot evaluation, the input sequence is formatted as follows:
<Visual><Question><Answer>

For few-shot evaluation, such as a two-shot evaluation, the input includes two in-context examples.
The sequence then becomes:

<Visuall><Questionl><Answer1><Visual2><Question2><Answer2>
<Visual><Question><Answer>

For the text-only input sequence in a text-to-image few-shot setting, the format is:

<Questionl1><Answerl1><Question2><Answer2>
<Visual><Question><Answer>

Note that we remove all visual tokens to create a longer input sequence, which can then be rendered
into a text image for text-to-image few-shot evaluation.

F Activating the Visual Encoder

One approach involves activating the visual encoder during pretraining, allowing the model to
independently learn visual OCR information within the vision encoder.

As shown in Table 13, this method significantly enhances performance in document understanding
tasks. However, it also introduces considerable instability during pretraining and requires extended
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Method DocVQA OCR VQA C(lassification

val test Hatefulmems
Frozen \ 48.5 52.2 58.4 61.3
Learnable \ 50.3(1.97) 54.0(1.87)  59.0(0.67) 59.4(1.9])

Table 13: The impact of opening visual encoder during pre-training.

iterations (from 200k to 500k) for convergence. Additionally, it decreases performance in classifi-
cation tasks. Therefore, we use the frozen visual encoder by default, as the token resampler alone
suffices to develop document understanding capabilities.

G Boarder Impact

This work introduces VisInContext, a method to enhance token efficiency in multi-modality large
language models (MLLMs) by using visual tokens to process extended textual contexts.

Positive Impacts: VisInContext can democratize access to advanced NLP technologies by reducing
computational resources required for long text sequences. This improvement promotes sustainable
Al practices by lowering energy consumption and allows researchers with limited resources to utilize
powerful MLLMs for applications in education, healthcare, and content generation.

Negative Impacts: Potential negative impacts include the misuse of efficient text processing for
spreading misinformation or creating deepfake content. Additionally, reliance on visual tokens may
introduce biases if training data is not diverse.

Mitigation Strategies: To mitigate these risks, we recommend implementing content moderation,
developing ethical Al usage guidelines, and ensuring diverse and balanced training datasets. Contin-
uous monitoring and auditing of Al systems using VisInContext can also help address unintended
consequences.

In summary, VisInContext offers significant advancements in token efficiency and computational
sustainability, but it is essential to consider and address its broader societal impacts responsibly.
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NeurlIPS Paper Checklist

1. Claims

Question: Do the main claims made in the abstract and introduction accurately reflect the
paper’s contributions and scope?

Answer: [Yes]
Justification: Reflected in Sectionl contribution.
Guidelines:

e The answer NA means that the abstract and introduction do not include the claims
made in the paper.

* The abstract and/or introduction should clearly state the claims made, including the
contributions made in the paper and important assumptions and limitations. A No or
NA answer to this question will not be perceived well by the reviewers.

* The claims made should match theoretical and experimental results, and reflect how
much the results can be expected to generalize to other settings.

* It is fine to include aspirational goals as motivation as long as it is clear that these goals
are not attained by the paper.

2. Limitations
Question: Does the paper discuss the limitations of the work performed by the authors?
Answer: [Yes]
Justification: We discuss the limitation in conclusion.
Guidelines:

* The answer NA means that the paper has no limitation while the answer No means that
the paper has limitations, but those are not discussed in the paper.

* The authors are encouraged to create a separate "Limitations" section in their paper.

The paper should point out any strong assumptions and how robust the results are to
violations of these assumptions (e.g., independence assumptions, noiseless settings,
model well-specification, asymptotic approximations only holding locally). The authors
should reflect on how these assumptions might be violated in practice and what the
implications would be.

* The authors should reflect on the scope of the claims made, e.g., if the approach was
only tested on a few datasets or with a few runs. In general, empirical results often
depend on implicit assumptions, which should be articulated.

* The authors should reflect on the factors that influence the performance of the approach.
For example, a facial recognition algorithm may perform poorly when image resolution
is low or images are taken in low lighting. Or a speech-to-text system might not be
used reliably to provide closed captions for online lectures because it fails to handle
technical jargon.

* The authors should discuss the computational efficiency of the proposed algorithms
and how they scale with dataset size.

If applicable, the authors should discuss possible limitations of their approach to
address problems of privacy and fairness.

* While the authors might fear that complete honesty about limitations might be used by
reviewers as grounds for rejection, a worse outcome might be that reviewers discover
limitations that aren’t acknowledged in the paper. The authors should use their best
judgment and recognize that individual actions in favor of transparency play an impor-
tant role in developing norms that preserve the integrity of the community. Reviewers
will be specifically instructed to not penalize honesty concerning limitations.

3. Theory Assumptions and Proofs

Question: For each theoretical result, does the paper provide the full set of assumptions and
a complete (and correct) proof?

Answer: [NA]
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Justification: This paper do not propose new theory.

Guidelines:

The answer NA means that the paper does not include theoretical results.

All the theorems, formulas, and proofs in the paper should be numbered and cross-
referenced.

All assumptions should be clearly stated or referenced in the statement of any theorems.
The proofs can either appear in the main paper or the supplemental material, but if
they appear in the supplemental material, the authors are encouraged to provide a short
proof sketch to provide intuition.

Inversely, any informal proof provided in the core of the paper should be complemented
by formal proofs provided in appendix or supplemental material.

Theorems and Lemmas that the proof relies upon should be properly referenced.

4. Experimental Result Reproducibility

Question: Does the paper fully disclose all the information needed to reproduce the main ex-
perimental results of the paper to the extent that it affects the main claims and/or conclusions
of the paper (regardless of whether the code and data are provided or not)?

Answer: [Yes]

Justification: The reproduce details are already included in the experiment sections and
appendix.

Guidelines:

The answer NA means that the paper does not include experiments.
If the paper includes experiments, a No answer to this question will not be perceived
well by the reviewers: Making the paper reproducible is important, regardless of
whether the code and data are provided or not.
If the contribution is a dataset and/or model, the authors should describe the steps taken
to make their results reproducible or verifiable.
Depending on the contribution, reproducibility can be accomplished in various ways.
For example, if the contribution is a novel architecture, describing the architecture fully
might suffice, or if the contribution is a specific model and empirical evaluation, it may
be necessary to either make it possible for others to replicate the model with the same
dataset, or provide access to the model. In general. releasing code and data is often
one good way to accomplish this, but reproducibility can also be provided via detailed
instructions for how to replicate the results, access to a hosted model (e.g., in the case
of a large language model), releasing of a model checkpoint, or other means that are
appropriate to the research performed.

While NeurIPS does not require releasing code, the conference does require all submis-

sions to provide some reasonable avenue for reproducibility, which may depend on the

nature of the contribution. For example

(a) If the contribution is primarily a new algorithm, the paper should make it clear how
to reproduce that algorithm.

(b) If the contribution is primarily a new model architecture, the paper should describe
the architecture clearly and fully.

(c) If the contribution is a new model (e.g., a large language model), then there should
either be a way to access this model for reproducing the results or a way to reproduce
the model (e.g., with an open-source dataset or instructions for how to construct
the dataset).

(d) We recognize that reproducibility may be tricky in some cases, in which case
authors are welcome to describe the particular way they provide for reproducibility.
In the case of closed-source models, it may be that access to the model is limited in
some way (e.g., to registered users), but it should be possible for other researchers
to have some path to reproducing or verifying the results.

5. Open access to data and code

Question: Does the paper provide open access to the data and code, with sufficient instruc-
tions to faithfully reproduce the main experimental results, as described in supplemental
material?
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Answer: [Yes]
Justification: We provide the code in supplementary.
Guidelines:

» The answer NA means that paper does not include experiments requiring code.

* Please see the NeurIPS code and data submission guidelines (https://nips.cc/
public/guides/CodeSubmissionPolicy) for more details.

* While we encourage the release of code and data, we understand that this might not be
possible, so “No” is an acceptable answer. Papers cannot be rejected simply for not
including code, unless this is central to the contribution (e.g., for a new open-source
benchmark).

* The instructions should contain the exact command and environment needed to run to
reproduce the results. See the NeurIPS code and data submission guidelines (https:
//nips.cc/public/guides/CodeSubmissionPolicy) for more details.

* The authors should provide instructions on data access and preparation, including how
to access the raw data, preprocessed data, intermediate data, and generated data, etc.

* The authors should provide scripts to reproduce all experimental results for the new
proposed method and baselines. If only a subset of experiments are reproducible, they
should state which ones are omitted from the script and why.

* At submission time, to preserve anonymity, the authors should release anonymized
versions (if applicable).

* Providing as much information as possible in supplemental material (appended to the
paper) is recommended, but including URLSs to data and code is permitted.
6. Experimental Setting/Details

Question: Does the paper specify all the training and test details (e.g., data splits, hyper-
parameters, how they were chosen, type of optimizer, etc.) necessary to understand the
results?

Answer: [Yes]
Justification: The details are reported in the experiment section.
Guidelines:

* The answer NA means that the paper does not include experiments.

* The experimental setting should be presented in the core of the paper to a level of detail
that is necessary to appreciate the results and make sense of them.

* The full details can be provided either with the code, in appendix, or as supplemental
material.
7. Experiment Statistical Significance

Question: Does the paper report error bars suitably and correctly defined or other appropriate
information about the statistical significance of the experiments?

Answer:

Justification: We did not include error bars as the experiments are computationally expensive,
and existing literature do not have the convention to report error bras.

Guidelines:

* The answer NA means that the paper does not include experiments.

* The authors should answer "Yes" if the results are accompanied by error bars, confi-
dence intervals, or statistical significance tests, at least for the experiments that support
the main claims of the paper.

* The factors of variability that the error bars are capturing should be clearly stated (for
example, train/test split, initialization, random drawing of some parameter, or overall
run with given experimental conditions).

* The method for calculating the error bars should be explained (closed form formula,
call to a library function, bootstrap, etc.)

* The assumptions made should be given (e.g., Normally distributed errors).
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8.

10.

« It should be clear whether the error bar is the standard deviation or the standard error
of the mean.

It is OK to report 1-sigma error bars, but one should state it. The authors should
preferably report a 2-sigma error bar than state that they have a 96% CI, if the hypothesis
of Normality of errors is not verified.

* For asymmetric distributions, the authors should be careful not to show in tables or
figures symmetric error bars that would yield results that are out of range (e.g. negative
error rates).

* If error bars are reported in tables or plots, The authors should explain in the text how
they were calculated and reference the corresponding figures or tables in the text.
Experiments Compute Resources

Question: For each experiment, does the paper provide sufficient information on the com-
puter resources (type of compute workers, memory, time of execution) needed to reproduce
the experiments?

Answer: [Yes]
Justification: We discuss the details in the first subsection of experiments.
Guidelines:

* The answer NA means that the paper does not include experiments.

* The paper should indicate the type of compute workers CPU or GPU, internal cluster,
or cloud provider, including relevant memory and storage.

* The paper should provide the amount of compute required for each of the individual
experimental runs as well as estimate the total compute.

* The paper should disclose whether the full research project required more compute

than the experiments reported in the paper (e.g., preliminary or failed experiments that
didn’t make it into the paper).

. Code Of Ethics

Question: Does the research conducted in the paper conform, in every respect, with the
NeurIPS Code of Ethics https://neurips.cc/public/EthicsGuidelines?

Answer: [Yes]
Justification: We have reviewed and followed the NeurIPS Code of Ethics.
Guidelines:

¢ The answer NA means that the authors have not reviewed the NeurIPS Code of Ethics.

* If the authors answer No, they should explain the special circumstances that require a
deviation from the Code of Ethics.

* The authors should make sure to preserve anonymity (e.g., if there is a special consid-
eration due to laws or regulations in their jurisdiction).
Broader Impacts

Question: Does the paper discuss both potential positive societal impacts and negative
societal impacts of the work performed?

Answer: [Yes]
Justification: We discuss the broader impact in Sec G of appendix.
Guidelines:

» The answer NA means that there is no societal impact of the work performed.

e If the authors answer NA or No, they should explain why their work has no societal
impact or why the paper does not address societal impact.

» Examples of negative societal impacts include potential malicious or unintended uses
(e.g., disinformation, generating fake profiles, surveillance), fairness considerations
(e.g., deployment of technologies that could make decisions that unfairly impact specific
groups), privacy considerations, and security considerations.
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11.

12.

13.

14.

15.

» The conference expects that many papers will be foundational research and not tied
to particular applications, let alone deployments. However, if there is a direct path to
any negative applications, the authors should point it out. For example, it is legitimate
to point out that an improvement in the quality of generative models could be used to
generate deepfakes for disinformation. On the other hand, it is not needed to point out
that a generic algorithm for optimizing neural networks could enable people to train
models that generate Deepfakes faster.

* The authors should consider possible harms that could arise when the technology is
being used as intended and functioning correctly, harms that could arise when the
technology is being used as intended but gives incorrect results, and harms following
from (intentional or unintentional) misuse of the technology.

* If there are negative societal impacts, the authors could also discuss possible mitigation
strategies (e.g., gated release of models, providing defenses in addition to attacks,
mechanisms for monitoring misuse, mechanisms to monitor how a system learns from
feedback over time, improving the efficiency and accessibility of ML).

Safeguards

Question: Does the paper describe safeguards that have been put in place for responsible
release of data or models that have a high risk for misuse (e.g., pretrained language models,
image generators, or scraped datasets)?

Answer: [Yes]

Justification: We expect our model to have similar risk as the pre-trained language model
and Flamingo model. We discuss potential mitigation strategies in Appendix G.

Licenses for existing assets

Question: Are the creators or original owners of assets (e.g., code, data, models), used in
the paper, properly credited and are the license and terms of use explicitly mentioned and
properly respected?

Answer: [Yes]

Justification: We properly cited all code, data, and models used in this paper.
Guidelines:

New Assets

Question: Are new assets introduced in the paper well documented and is the documentation
provided alongside the assets?

Answer: [Yes]
Justification: Included code in supplementary material.
Crowdsourcing and Research with Human Subjects

Question: For crowdsourcing experiments and research with human subjects, does the paper
include the full text of instructions given to participants and screenshots, if applicable, as
well as details about compensation (if any)?

Answer: [NA]
Justification: This work do not include human subjects.

Institutional Review Board (IRB) Approvals or Equivalent for Research with Human
Subjects

Question: Does the paper describe potential risks incurred by study participants, whether
such risks were disclosed to the subjects, and whether Institutional Review Board (IRB)
approvals (or an equivalent approval/review based on the requirements of your country or
institution) were obtained?

Answer: [NA]
Justification: No human subjects.
Guidelines:

* The answer NA means that the paper does not involve crowdsourcing nor research with
human subjects.
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* Depending on the country in which research is conducted, IRB approval (or equivalent)
may be required for any human subjects research. If you obtained IRB approval, you
should clearly state this in the paper.

* We recognize that the procedures for this may vary significantly between institutions
and locations, and we expect authors to adhere to the NeurIPS Code of Ethics and the
guidelines for their institution.

* For initial submissions, do not include any information that would break anonymity (if
applicable), such as the institution conducting the review.
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