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* Fuse region features

and text tokens for
early multimodal
understanding.

« Pretrain on large-scale ‘

image-text datasets.

* Mainly image + text

inputs; text outputs.

« Learn transferable

representations from
massive image-text
pairs.

« Contrastive or matching

objectives at web scale.

« Stronger alignment

across modalities.

Connect vision or
audio encoders to
powerful pretrained
LLMs.

Leverage LLMs for
reasoning, instruction

following, and dialogue.

Support image, audio,

« Tune on large-scale

instruction data for
general-purpose
assistants.

|« Improve multi-turn

dialogue, tool use, and
asfety.

* Better follow user

 Handle richer inputs:
higher resolution,
multiple images, and
longer videos.

« Strengthen temporal
reasoning and fine-
grained perception.

[ Expand context length

**
« Jointly model perception
and ion across

« Enable real-time

multiple modalities.

* Move toward any-to-any
understanding and
generation.

« Support text, speech,
image, and more.

« Continuous perception

 Extend to memory,

with low latency.

of audio, video, and
other signals.

planning, and action in
the real world.

and video understanding. intent across modalities. and efficiency. * Towards embodied
assistants and agents.
Examples: Examples: =xar Examples: | Examples: Examples: Examples:
ViLBERT, LXMERT, CLIP, ALIGN, Flamingo, BLIP-2, LLaVA, InstructBLIP, ‘ | InternVL, Qwen2-VL, Unified-1O 2, Chameleon, Qwen2.5-Omni,
UNITER, OSCAR ALBEF PaLl Kosmos-2, Ferret LLaVA-OneVision, Show-o, Janus, Emu3 Moshi, RT-2,
‘ Molmo OpenVLA
e . P s
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CONTEXT
COMPRESSION

o

4 4

L T
EEEE o
PEmn =~ Se8
uEaEn

Reduce the number of
visual tokens sent to the
LLM.

Examples
* Token pruning
+ Token merging
* Resampling

* Frame sampling

MODEL
COMPRESSION

Make the model smaller
and cheaper to run.

Examples
* Quantization (INT4/8)
* Sparsity / Pruning
« Distillation
« Lightweight encoders

CACHE & MEMORY
EFFICIENCY

C]:]%DD
s

Reduce memory usage for

long contexts and generation.

Examples
* KV cache compression
* Cache eviction
* KV quantization
« Visual prefix reuse

@

ADAPTIVE
COMPUTATION

%
s
G B H

Allocate the right amount of
compute for each input.

Examples
+ Dynamic token budget
* Early exit
* Model cascade

* Query-aware routing

SYSTEM & SERVING
OPTIMIZATION

B

Optimize the runtime system
to deliver lower latency and
higher throughput.

Examples
« Efficient kernels
« Batching & Parallelism
« Offloading
* Edge / Cloud scheduling
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(a) Modality-Decoupled Compression
compresses video and audio independently (e.g., DyCoke)

(b) Modality-Symmetric Compression
treats both modalities as equally informative (e.g., OmniZip)

[ Large Language Model (LLM)

)

Large Language Model (LLM) J

I

Audio Compressor

i

Audio Encoder J

f f
E

Video Compressor

[ Vision Encoder

| .

Audio-Video Joint Compressor
Query (audio saliency guides video pruning)

f f

[ Vision Encoder [ Audio Encoder J

f f
2]

Video Audio Video Audio
(c) Modality-Asymmetric Compression (OmniSIFT)
prunes visual redundancy first, then selects audio tokens under visual guidance
Large Language Model (LLM) ]

|
[J—

Video

Ques Spatio-Temporal Video Pruning visual anchors
Y (intra-frame + inter-frame redundancy) .
guide audio selection

I

Vision-Guided Audio Selector
(audio queries attend to visual anchors)

Audio Encoder

Audio
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