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Abstract

We present CoDi-2, a Multimodal Large Language
Model (MLLM) for learning in-context interleaved multi-
modal representations. By aligning modalities with lan-
guage for both encoding and generation, CoDi-2 empowers
Large Language Models (LLMs) to understand modality-
interleaved instructions and in-context examples and au-
toregressively generate grounded and coherent multimodal
outputs in an any-to-any input-output modality paradigm.
To train CoDi-2, we build a large-scale generation dataset
encompassing in-context multimodal instructions across
text, vision, and audio. CoDi-2 demonstrates a wide range
of zero-shot and few-shot capabilities for tasks like edit-
ing, exemplar learning, composition, reasoning, etc. CoDi-
2 surpasses previous domain-specific models on tasks such
as subject-driven image generation, vision transformation,
and audio editing and showcases a significant advance-
ment for integrating diverse multimodal tasks with sequen-
tial generation.

1. Introduction

Multimodal generation has achieved remarkable advance-
ments in recent years, e.g., generating high-fidelity im-
age, video, audio and music samples from prompt provided
by users. Recent advancements in Al-Generated Content
(AIGC) highlight in-context generation [24, 38], concept
learning [28], editing [2], and fine-grained control [46]. Re-
cently, Tang et al. [32] proposed CoDi, the first model ever
that can generate any combinations of modalities from any
combinations of input ones. Building upon this founda-
tional work, the subsequent study by [40] further advances
CoDi by proposing a model that can facilitates conversa-
tional abilities and expansion to additional modalities.

*Work done while at Microsoft internship and UNC.
Correspondence: ziyiyang @microsoft.com, mbansal @cs.unc.edu
#Work done while at Microsoft.

Although remarkable advances have been made in mul-
timodal generation, several critical challenges remain: (1)
Zero-shot fine-grained and complex user-control of multi-
modal generation is difficult: current multimodal genera-
tive models (MGM) cannot follow in-context generation ex-
amples without finetuning on subtasks, such as replicating
or transferring an editing effect via an ‘analogy’ setting or
subject driven generation, as demonstrated in the prompt
(as in the row “Exemplar Learning” and ‘““’ Subject Driven’
of Table 3). Moreover, the reasoning ability of MGM is
rather limited, e.g., the input prompts are usually descrip-
tive where the generation do not require capabilities such as
logical, compositional, and analytical intelligence. (2) The
inputs in previous MGMs mostly only contain one or two
modalities. The ability to understand modality-interleaved
inputs, such as language instruction mixing with contextual
visual and auditory inputs is critical to building a fundamen-
tal multimodality model. Hence, overall, a versatile any-
to-any MGM, that can follow interleaved in-context mul-
timodal instructions and interactive multi-round chatting is
strongly needed. (3) The user-and-model interaction is usu-
ally constrained to single-round, or it is challenging for cur-
rent models to follow multi-round instructions while ensur-
ing the consistency and faithfulness of responses across the
rounds, as shown in Figure 1.

To this end, we propose CoDi-2, a versatile Multimodal
Large Language Model (MLLM) that understand in-context
examples, follow modality-interleaved instructions, per-
form multi-round chatting and editing. Enabling in-context
learning and following interleaved multimodal instructions
in multimodal generation is challenging. In previous mul-
timodal generative models, the backbone is mostly diffu-
sion models (DMs) which are good at generation but in-
trinsically lack the capability to perform in-context under-
standing [39]. We therefore propose to harness a Large Lan-
guage Model (LLM) as the “brain” to understand modality-
interleaved human instructions and in-context examples,
and output multimodal signals. LLMs have strong language
reasoning capabilities for complex instructions in the lan-
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Figure 1. Multi-round conversation between humans and CoDi-2 offering in-context multimodal instructions for image editing.

guage domain. By mapping all modalities to the space of
language (as proposed in CoDi [32]) and connecting these
modalities to LLM through encoder and synchronized de-
coders, CoDi-2 can process multimodal inputs within their
context by aligning vision or audio features to the language
model input and output space, and understand the delicate
modality-interleaved instructions for zero-shot or few-shot
generation.

For generation, we propose to train the MLLM to auto-
gressively predict the features of the output modality. The
predicted features are then input to (synchronized) diffusion
models. This end-to-end any-to-any generative framework
enables CoDi-2 to conduct elaborate reasoning for under-
standing and generate multiple modalities, and therefore
allows diverse tasks such imitation, editing, compositional
creation, etc. In training CoDi-2, the gradient obtained from
the diffusion models’ generation loss also directly back-
propagates to the LLM which can enhance the perceptual
faithfulness to the inputs including images or audio.

The development of the alignment data to train such
model is also challenging, hindered by the scarcity of spe-
cialized data such as multimodal reasoning or in-context
learning. To start with, we comprehensively collect lat-
est instructional generation datasets across vision, audio,
and language. We then propose to convert these instruc-
tional datasets to in-context generation ones, such that in
the prompt (e.g., row “Exemplar Learning” of Table 1) and
more can be referred in Tables 1 to 3. To further diversify
the in-context learning datasets, we propose a novel method
to build text-only datasets for multimodal in-context learn-
ing. Since language and other modalities (vision and audio)

are mapped to the same space through the aligned encoders,
we can flexibly build multimodal datasets with only lan-
guage, where the multimodal components are represented
by their respective textual descriptions (e.g., using image
caption instead of the pixels to represent the image).

Empirical assessments of our multimodal generation
tasks, which include a diverse array of complex and inter-
twined instructions, yield remarkable results. These tasks
encompass audio fusion and editing, image generation with
intricate composition, the use of in-context exemplars, and
sophisticated reasoning, as well as understanding and gen-
erating videos. This wide range of tasks show strong ca-
pability in both zero-shot and few-shot prompting settings,
showcasing our system’s adaptability and robust perfor-
mance across different scenarios.

2. Related Work
2.1. Multimodal Large Language Models

Recent years have witnessed the rapid evolution of LLMs,
setting a new precedent in natural language understand-
ing and generation [23, 34, 35]. Multimodal LLMs extend
LLMs to multimodal learning [42, 45], enabling the pro-
cessing of diverse input forms, not just limited to text but
also incorporating visual and other sensory data [7, 16, 18,
20, 43, 44]. The innovation in this space has led to mod-
els that are not only capable of understanding multimodal
inputs but also adept at generating multifaceted outputs,
thereby pushing the boundaries of creative and contextual
Al-generated content [32, 40]. Another notable line of work
is using LLM to ground image generation [13, 31].

27426



2.2. Multimodal In-Context

Multimodal in-context requires sometimes interleaved in-
context understanding of multimodal inputs like images
and text like Wikipedia (with images), documents, videos
with narrations or QAs, etc. This domain has expanded
yet facing its set of challenges. While there is a plethora
of research focusing on the understanding aspect of mul-
timodal data [16, 49], the generation of raw sensory per-
ceptions such as images or audio remains a complex hur-
dle. The concept of treating images as a foreign language
opened new avenues, particularly in in-context image gener-
ation [25]. However, these pioneering techniques are still in
nascent stages, often constrained by their training regimes
and lacking genuine in-context learning capabilities, which
limits their performance and adaptability.

2.3. Multimodal Generation

Recent years have witnessed a significant growth in image
editing and manipulation research, which can be broken into
image editing [2, 21], exemplar learning [38] for image gen-
eration, image composition [14, 25, 28], and concept learn-
ing [11] from images.

Image editing [21] uses guidance control and edit the at-
tributes of an image. To align the guidance with human in-
structions, InstructPix2Pix [2] takes in instructional image
editing prompts to directly transform an image. The realm
of image composition are tasks that compose one or more
images into a single image and demand high fidelity to in-
put images, which poses unique challenges. Techniques in-
volved in subject-driven image generation [28] have shown
promise in transforming a subject into a new scene. How-
ever, they often necessitate task-specific or subject-specific
tuning. This specialization often confines the models within
the boundaries of their training data, impeding their ability
to generalize beyond learned tasks or subjects. Kosmos-
G [25] furthers the efforts for zero-shot image generation
with in-context interleaved image and text. But its efforts is
limited to image composition. Lastly, learning visual con-
cepts and apply them in image generation is also a growing
direction [11, 14]. For example, multi-concept customiza-
tion to text-to-image generation [14] requires the model to
extract visual concept like a moon gate or a certain sub-
ject and apply them in image generation. The aspiration
to develop a model with in-context multimodal reasoning
abilities to transcend these limitations inspires our versatile
framework that takes in task instructions and perform in-
context zero-shot generation.

3. Model Architecture

CoDi-2 is designed to process in-context multimodal in-
puts, including text, images, and audio, utilizing specific in-
structions to facilitate in-context learning and generate cor-
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Figure 2. Model Architecture: CoDi-2 comprises a multimodal
large language model that encompasses encoder and decoder for
both audio and vision inputs, as well as a large language model.
This architecture facilitates the decoding of image or audio inputs
using diffusion models. In the training phase, our approach em-
ploys pixel loss obtained from the diffusion models alongside to-
ken loss, adhering to the standard causal generation loss.

responding text, images, or audio outputs. The model is
distinguished by the several key features as introduced in
following subsections.

3.1. Multimodal LLM as the Fundamental Engine

Building such an any-to-any foundation model that can di-
gest interleaved inputs of modalities, understand and rea-
son over complex instructions (e.g., multi-round conversa-
tion, in-context examples), and interact with multimodal
diffusers requires a powerful fundamental “engine”. We
propose to leverage MLLM for this engine, which is built
by empowering a text-only LLM with multimodal percep-
tions.

The motivation of harnessing LLM is intuitively in-
spired by the observation that LLMs exhibit exceptional
ability such as chatting, zero-shot learning, instruction-
following, etc, in language-only domain [48]. By lever-
aging projections from aligned multimodal encoders (e.g.,
[32]), we can seamlessly empower the LLM to perceive
modality-interleaved input sequence. Specifically, in pro-
cessing the multimodal input sequence, we first use the
multimodal encoder to project the multimodal data into a
feature sequence. Special tokens are prepended and ap-
pended to the features sequence, e.g. “(audio) [audio
feature sequence] (/audio)”. By such for in-
stance, a modality-interleaved input sequence “A cat sit-
ting on [image0O:an image of a couch] is making
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the sound of [audioO:audio of cat purring]”
is then transformed to “A cat sitting on (image)
[image feature sequence] (/image) is making
the sound of (audio) [audio feature sequence]
(/audio), before inputting to the MLLM to process and
generation.

3.2. Multimodal Generation with MLLM

To generate text, the MLLM can naturally generate text to-
kens autoregressively; for multimodal generation, one com-
mon way in previous works was to transform the multi-
modal target (e.g., the ground-truth image) into discrete to-
kens such that they can be generated autoregressively like
text. However, the generation quality of this methodol-
ogy is intrinsically constrained by the VAE-like genera-
tion decoder, while current SOTA multimodal generation
frameworks generally adopt Diffusion Models (DMs) [27].
Therefore, we propose to integrate DMs into MLLM to
generate multimodal outputs, following nuanced modality-
interleaved instructions and prompts. Recall the training ob-
jective of a diffusion model is given as:

Lpm =Eseille —ea(ze,t.Cy(y)) |3, (1)

where y is the conditional modality, C,, is the conditional
encoder for y, €y is the U-Net, and z; is the noisy latent
variable at time step ¢.

We propose to train the MLLM to generate the condi-
tional feature ¢ = C)(y) that will be fed into DM to syn-
thesize the target output . By such, the generative loss
of DM can be used to train MLLM. To further provide a
stronger and directer supervision signal for MLLM, and to
retain the perceptual characteristics inherent in the original
input, we explicitly induce that ¢ = C,(x), i.e., MLLM is
trained to generate C,(x) and DM is expected to function
as an autoencoder in this case'. The mean squared error be-
tween MLLM output feature cjsr,1,n and C (), together
with Lpys, and text token prediction loss L, is the final
training loss: L = OéMSE(CMLLM, C$(a:)) +Lpm + Ly
controlled by weighting a.

4. Building Diverse Multimodal In-Context
Generation Data
4.1. Dataset Construction

We construct and employ a variety of datasets to facilitate
interleaved and in-context multimodal generation, enrich-
ing the capabilities of CoDi-2.

Multimodal In-Context Learning Datasets. Our ap-
proach leverages the strength of multimodal in-context un-

'We leverage the condition encoder aligned across modalities from
CoDi (Tang et al. [32], named prompt encoder in the original paper)

derstanding, and to bolster this aspect, we integrate MIMIC-
IT [16] into our tasks. MIMIC-IT offers an extensive and
diverse dataset comprising 2.8 million instruction-response
pairs, specifically designed to elevate the performance of
Vision-Language Models (VLMs) in real-world scenarios.
This augmentation equips VLMs with abilities in percep-
tion, reasoning, and planning. Despite its output is text-
only, it can help model’s in-context understanding of mul-
timodal inputs and overall instruction following. For ex-
ample in perceptual understanding, given two images with
only subtle differences, the instruction is to spot the differ-
ent. By another example for reasoning, given video frames
of football, the instruction is to predict what will happen
next.

Multimodal Paired Datasets. Paired datasets like image-
text are natural multimodal data for cross-modal genera-
tion. We use LAION-400M [29] that consists of 400 mil-
lion image-text pairs filtered using CLIP. For audio paired
dataset, we use AudioSet [8]. AudioSet offers a com-
prehensive ontology of 632 audio event classes. It also
boasts a collection of 2,084,320 human-labeled 10-second
sound clips sourced from YouTube videos. For video paired
dataset, we use Webvid [1], featuring 10.7 million short
video-caption pairs, totaling 52,000 hours, gathered from
stock footage websites, showcasing diverse content. We
construct two tasks with these datasets, 1) instructing to
generate caption given an image or audio, and 2) instructing
to generate the image or audio from caption.

Instructional Editing Datasets. Instructional Editing is
a task structured as an input image, an editing instruction,
and the resulting edited image. We use Instructpix2pix [2]
for image instructional editing. For audio editing dataset,
our approach is built on top of AudioSet [8]. We develop
instructional editing versions of it, taking cues from AU-
DIT [37]. We have developed three versions of this dataset:
audio addition (overlay), removal, and replacement, result-
ing in a dataset three times the size of AudioSet. By over-
laying two distinct audio segments, a, b, we obtain a new
combined audio a+b. This combined audio can also serve
as an input for audio removal a+b— a, or removing audio
b from audio a+b. Audio replacement is constructed by in-
tegrating two different audio segments b, c into the same
base audio a, and then we get a+b— a+c, or replacing b
with ¢ for audio a+b to get a+c.

Constructed In-context Multimodal Generation
Datasets. To further stimulate the multimodal in-context
ability, we construct several in-context datasets for mul-
timodal generation. [InstructPix2Pix can be extended to
interleaved in-context multimodal format, given its multiple
image pairs corresponding to the same editing prompt.
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Task Type Example Prompt Output
Zero-Shot Prompting

Instruction . s .

Editing Turn this | - into Van Gogh style

Composition

Reasoning Given J\r\r \‘ \‘ \‘J and . . , what happens next?
One-Shot/Few-Shot Prompting
We apply a new concept to

Exemplar

Learning
Apply the same concept to

Concept Given the artistic style represented in ;

Learning

__________ create anew artwork similar toit. _______________

Given

Subject

Driven

Table 1. Zero-shot, one-shot, and few-shot image generation examples by CoDi-2.
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Apply this same new sound to

(train noise).

Task Type Example Prompt QOutput
Zero-Shot Prompting \
|
Instruction ) ) ok :
Editing Add echoing to this audio |
: echoes)
One-Shot/Few-Shot Prompting :
T
|
We overlaid a new sound to |
|
Exemplar . . : ——
Learning | (street noise, raining). | noise,
|
|
|
|
|

Table 2. Audio generation examples of CoDi-2.

Consequently, we define the in-context learning template
as: Input: “Given the transformation between [ image0]
and [imagel], apply the same editing to [image2].”
Target: [image3]. This approach can also be adapted
for audio editing datasets using the same template structure.

In addition, we utilize the Kosmos-G dataset [25], con-
structed using Open Images V7 [15] with 9M images for
image composition. Here, entities from captions are ex-
tracted to produce image segmentation for each identity.
For instance, for descriptions like ‘A cat on a couch’,
we obtain: Input: [imageO] on [imagel] Target:
[image2], where [imageO] and [imagel] repre-
sent the segmented cat and couch images derived from
[image2], respectively.

Text-Only Datasets Repurposed for Interleaved Mul-
timodal In-Context. We propose to employ text-only
datasets for enhancing generation with multimodal rea-
soning. Since the encoder features for all modalities are
aligned, replacing text tokens with text encoder features can
enhance interleaved multimodal understanding. Concretely,
we randomly select phrases or words in the sentence and
encode them with text feature encoder to swap out the orig-
inal text embeddings. This innovative strategy bolsters the
model’s proficiency in understanding complex, interleaved
multimodal scenarios by aligning the encoder features and
the original language model text embeddings. We employ
instructional dataset alpaca [33]. For example, we convert
A cat typically has a compact, flexible body, covered in soft
fur that can come in a variety of colors and patterns.” to
“[text0] typically has [text1], covered in [text?2]
that can come in a variety of colors and patterns.” where

[text0] [textl] [text2] are respectively text fea-

LEINT3

tures from “a cat”, “a compact, flexible body”, and “soft

fur”.
4.2. In-Context Instruction Task Types

Tables 1 to 3 offer a comprehensive overview of the task
types utilized in in-context multimodal generation. Each
task type presents a unique approach to prompting models
to generate or transform in-context multimodal content, in-
cluding images, audio, and combinations thereof.

Zero-Shot Prompting. Zero-shot prompting tasks re-
quire the model to reason and generate new content without
any prior examples. For instance, in Table 1, model trans-
forms an image to match Van Gogh’s style or compositing
two separate images to form a coherent scene exemplifies
the model’s capacity to understand and apply complex in-
structions directly. Model also can perform reasoning and
predict the next image in a sequence, which is one cube
in consistent style. Table 2 shows adding echoes to an
audio. Table 3 shows visual editing with sound vibe and
frame+sound prediction of a video sequence.

One-Shot/Few-Shot Prompting. One-shot or few-shot
prompting provides the model with one or a few examples
to learn from before performing a similar task. This method
is evident in tasks where the model adapts a learned concept
from one image to another or creates a new piece of artwork
by understanding the styles depicted in provided exemplars.

Exemplar learning is a subset of few-shot prompting
where the model is explicitly shown an example of the de-
sired output before being asked to apply this learning to a
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Task Type Example Prompt

Zero-Shot Prompting

Instruction
Editing

Reasoning

what will happen next? Generate the sound and image for it.

One-Shot/Few-Shot Prompting

Exemplar
Learning

Subject
Driven

Table 3. Example generation with multimodal inputs and outputs. The instructions, image, and audio are interleaved demanding in-context
understanding of the inputs. The outputs are either unimodal and multimodal requiring model’s synchronized generation abilities.

new instance. This technique is particularly useful when
trying to generalize a concept from a specific instance to a
new, but related, context. In Table 1, model is shown a set
of images with season change and then asked to apply the
same to a similar image. In Table 2, model is shown a set
of audio where the latter one has raining sound on top of it,
and then asked to apply the same to a new audio. In Table 3,
model is shown the audio caption of an image and asked to

generate audio for an image with different vibe.

Concept learning involves the model learning from
shared concept/attributes of given examples, such as artis-
tic styles or patterns, and then creating new content that
exhibits similar concept/attributes. The model’s ability to
discern and replicate complex patterns indicates a sophis-
ticated understanding of visual styles. In Table 1, model
learns the intricate floral patterns and then draws a new im-
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Model

DINOf CLIPI{ CLIPTT npodel CLIPSIM 7

Real Images (Oracle) 0.774 0.885 - Diffusion Model Only
Fine-Tuning SDEdit-1/2T [21] 0.134

DreamBooth [28] 0.668  0.803 0305  InstructPix2Pix [2] 0.151

Test Time Tuning Free Diffusion Model + LLM

Re-Imagen [4] 0.600 0740 0.270

KoSMOS-G [25] 0.694  0.847 0.287 Ours 0.147

Ours 0.703  0.852 0311

Table 4. Left: Comparisons on DreamBench. Right: Image Editing on MS-COCO.

Adding Dropping Replacement
Model Text LSD () KL({) FD({) ,LSD(}) KL{) FD(),LSD(}) KL{) FD()
SDEdit-3/4T [21] caption 1.54 1.68 28.87 1.54 1.14 29.66 1.63 1.58 28.78
SDEdit-1/2T [21] caption 1.43 1.38 28.75 1.43 1.05 28.19 1.52 1.27 27.71
SDEdit-1/4T [21] caption 1.38 1.30 28.25 1.40 1.30 31.31 1.46 1.15 26.72
AUDIT [37] instruction 1.35 0.92 21.80 1.37 0.95 22.40 1.37 0.84 21.65
Ours instruction 1.21 0.88 19.72 1.26 0.90 18.06 1.25 0.80 17.32

Table 5. Evaluation results of the adding, dropping, and replacement tasks on auditory data.

age that reflect the same intricate styles.

Subject-driven learning focus on generating new con-
tent based on a set of provided images. This approach tests
the model’s ability to understand and recreate the subject
with variations in pose, lighting, or context, while maintain-
ing the subject’s distinct features. In Table 1, given several
pictures of a specific cat, the model will create a new image
of the same cat in new poses. In Table 3, given the cat im-
ages, the model can create a video+sound of the same cat.

5. Experiments
5.1. Model Setups

Our implementation is based on Llama2 [35], specifically
Llama-2-7b-chat-hf. We use ImageBind [9] which has
aligned image, video, audio, text, depth, thermal, and IMU
modality encoders. We use ImageBind to encode the im-
age and audio features and project it to the input dimension
of the LLM (Llama-2-7b-chat-hf) with a multilayer percep-
tron (MLP) that consists of a linear mapping, activation,
normalization, and one more linear mapping. When the
LLM generates the image or audio features, we project them
back to ImageBind feature dimension with another MLP.
Our image diffusion model is based on StableDiffusion-
2.1 [27] (stabilityai/stable-diffusion-2-1-unclip [26]), Audi-
oLDM2 [19], and Zeroscope,VZZ.

For images or audio that require higher fidelity to the
original input, we additionally feed the original image or au-
dio to the diffusion model alongside the generated features
by concatenation of the diffusion noise [2, 19, 27]. This ap-
proach is particularly effective in preserving the most per-
ceptual features of the input including instruction editing

Zhttps://huggingface.co/cerspense/zeroscope_v2_576w

like adding new content or changing style.

5.2. Image Editing Evaluation

Section 4 shows the evaluation results of subject driven im-
age generation on Dreambench [28] and CLIPSIM scores
on MSCOCO. Our method achieves very competitive zero-
shot performance, showing our model’s generalization to
new unseen tasks.

5.3. Audio Editing Evaluation

Table 5 provides an overview of our evaluation results con-
cerning audio manipulation tasks—namely, adding, drop-
ping, and replacing elements within audio tracks. These re-
sults are pivotal in understanding the effectiveness of the
proposed methods. It is evident from this table that our
approach demonstrates superior performance in compari-
son to previous methodologies. Notably, it has achieved
the lowest scores across all metrics—Log Spectral Distance
(LSD), Kullback-Leibler (KL) divergence, and Fréchet Dis-
tance (FD)—across all three editing tasks.

6. Conclusion

We introduced CoDi-2, a model for multimodal generation
with groundbreaking abilities such as modality-interleaved
instruction following, in-context generation, user-model
interaction through multi-round conversations. CoDi-2 is
able to processes complex modality-interleaved input and
instructions by MLLM, and then autoregressively produce
the latent features that is fed to diffusers for multimodal
generation. The evaluations show that CoDi-2 has excep-
tional zero-shot and few-shot ability on tasks including style
adaptation, subject-driven generation, and editing across
modalities. CoDi-2 represents a remarkable exploration
to build the GPT-like fundamental multimodal system.
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