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Processing every frame is impractical and often ineffective due to excessive context, and 
recent approaches focus on converting videos into textual representations.

Yet key questions remain:
● Can visual details be fully represented via text?
● Does retrieving both text and visuals always help?
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Understanding Long Video

[1] EgoLife: Towards Egocentric Life Assistant, CVPR 2025.
[2] Seeing, Listening, Remembering, and Reasoning: A Multimodal Agent with Long-Term Memory, ICLR 2026.



To fully exploit multimodal information, rather than relying on text or exhaustive input 
context, we propose to leverage multiple types of memories, consisting of both textual and 
visual representations, with adaptive memory retrieval.
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Multimodal Memory
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WorldMM
WorldMM is a dynamic multimodal memory agent that
● builds separate multimodal memory at multiple modalities and granularities;
● and iteratively selects the most relevant memory.



Episodic memory encodes events into knowledge graphs generated from video captions.

As relying on a single fixed temporal scale is impractical, we formulate a multi-scale 
memory with multiple temporal resolutions to encode events at varying scales.

e.g., “Where did I leave my glasses?” vs. “What happened in the second half of the soccer match?”

I raise my right hand as Katrina walks toward 
me. Lucia asks, “Using ancient poems? Or what 
else?” Katrina says, “I’m not good with ancient 
poems.” Tasha asks, “Then what else to use?” 
Katrina says, “I’ll be out in the first round. …
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Episodic Memory

…
[I, raise, right hand]
[Lucia, asks about, using ancient poems]
[Katrina, says, not good with ancient poems]
[Tasha, asks, what else to use]
…
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Semantic Memory
Semantic memory captures long-term, evolving knowledge about relationships and habits.

We introduce a consolidation process to continuously update and compress the knowledge.

I stood up, grabbed a pack of 
snacks, and proceed to my room 
to enjoy them. Alice asked about 
something being fancy, and I 
fetched my glasses, …

[I, often eats, snacks]
[I, wears, glasses]
[Lucia, dislikes, overly sweet food]
[Alice, expresses romantic feelings toward, I]
[Tasha, participates in, house demolition tasks]

Updated Semantic Memory
[I, wears, glasses]
[I, often eats, fruits and snacks]
[Alice, expresses romantic feeling toward, I]
[Tasha, participates in, household projects]

Existing Semantic Memory
[I, wears, glasses]
[I, often eats, fruits]
[Lucia, likes, sweet desserts]
[Tasha, participates in, household projects]
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Visual Memory
Visual memory captures rich visual details that cannot be fully conveyed through text by 
storing selected frames. We support two scenarios:
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Visual Memory
Visual memory captures rich visual details that cannot be fully conveyed through text by 
storing selected frames. We support two scenarios:

1. Keyword-based Search : Encode segments into visual features with multimodal encoder

2. Timestamp-based Search : Retrieves a clip for the specified time range when required
e.g., “What ingredients did Alice use to make the cookies?”

[DAY 5 17:00:00 - 17:30:00]

Alice baked cookies. She combined several ingredients 
and mixed them together, then shaped the dough. After 
that, she preheated the oven and placed the cookies …

<think> We need a visual of Alice 
combining ingredients. </think>
call(visual, Alice combining ingredients)
call(visual, DAY5 17:00:00-17:10:00)
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Adaptive Memory Retrieval
The retrieval agent iteratively decides which memory to access and what query to issue, 
conditioned on the user question and retrieval history.



Main Results
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● WorldMM-GPT achieves an average score of 69.5%, 
exceeding the strongest baseline by 8.4%.

● Retrieval- and memory-based methods score 
higher, showing selective retrieval works better.

● Outstanding performance of WorldMM highlights 
integrating textual and visual memory and 
adaptively selecting temporal scopes are crucial.
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Effect of Memories
Visual memory improves perceptual understanding by preserving visual details, while 
semantic memory enables long-term and relational reasoning across events.
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Efficiency Analysis
WorldMM achieves the best accuracy–latency trade-off among all methods. 
By adaptively retrieving only relevant video segments, it delivers much higher accuracy 
with lower inference time than long-video LLMs and RAG-based approaches.
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