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Introduction:

* Despite expanded context windows, LLMs struggle
with reasoning over long-term memory.

* Existing Solutions:
o Tabular Dynamic Memory: MemoryStream!!l, MemGPT 2]

Benefit:  Enables adding information on the fly.
Limitation: Independent rows don’t scale with scattered evidence.

o Structured Static Memory: RAPTORP, GraphRAG 4]

Benefit:  Provides structured knowledge with high-level representations.
Limitation: Requires complete rebuilding to incorporate new information.
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@ MemTree Algorithm
* Tree Representation: 7' = (V| E)

- For each node v ; ,
4 Textual content: C,

Embedding: e, = fomp(cy) € RY
Parent node: Dy

Set of children: C, €V
Depth from root: d,,

V= [C'U,e'vap’lhc’v)d'l)] \

- Root node (vy) 1s a structural node:

Does not hold any content: c,o = @, e, = 0

1. Insert new info as a new node: c .y , €new

— Tree Traversal: Traverse down the most similar node at each depth if similarity
exceeds a depth-adaptive threshold.

sim(epew, €y) = 0(d)

= Stop Condition: If similarity is below the threshold, insert as a child at current depth.

= Boundary: If traversal reaches a leaf node, expand it as a parent node.

- Depth-Adaptive Threshold:
6(d) = 6,e??

= Threshold base (6,) and rate (1)

= Deeper nodes (more specific info) require higher similarity to integrate new info.

2. Update parent nodes along traversal path after insertion:
~ Conditional Content Aggregation:

Cg — Aggregate(cv, Cnew | ’I'L) €y < femb (c'/u)

— Implemented as an LLM-based operation.
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Experiments:
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1. ¥ Conversational: 2. — Document QA:

~ Multi-Session Chat (MSC):

Context: ~14-round conversation session.
Task: Respond to 1 follow-up question based on early conversations.

— Multi-Session Chat - Extended (MSC-E)

Context: ~200-round conversation session.
Task: Respond to 100 follow-up questions evenly across all rounds.

- Single-Doc QA (QuALITY)
- Multi-Doc QA (MultiHop RAG)

Context: 609 news articles.
Task: Respond to 2,255 multi-hop queries by pooling evidence from multiple articles.

Results: v° Multi-Session Chat

MSC (~14 rounds)
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Long-context conversations (right figure) demand external memory, unlike short contexts (left figure)

- Position bias [/l degrades LLM performance when utilizing full conversation history.

MSC-E (~200 rounds)
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Theorem (Approximation Guarantee of MemTree)

MemTree aligns with Online Top-Down hierarchical clustering
algorithml>! (OTD) and inherits its theoretical properties:

By employing a depth-adaptive threshold, MemTree processes data that
1s [-well-separated, and the hierarchy it maintains achieves a revenue

satisfying 3
Rev(MemTree; W) >

23 Rev(T*; W),

where 7™ is the optimal hierarchy maximizing Moseley-Wang(®l revenue.

Efficient Memory Updates with MemTree

*  MemTree’s dynamic top-down insertion enables parallelized node
updates, minimizing bottlenecks as memory grows. Despite a ~1.4x
higher cumulative cost than static methods, it excels in real-time
adaptability, ideal for dynamic use cases.

. 5500 F [ 23 S S R B

2 I g i MemTree (online)

g T T T T T T T T Y =547 | [ = 2o0L RAPTOR (offline) ]

= [ GraphRAG (offline

= 5450 - PHRAG (oftine)

?,3 =15 - e ————————7]

5 4300 FQS'; : t = 1.5h

— Q |

= S 10f :

8 €2 [

~+ o) F

o i > i

g v 205} ]

-5 : g :

d'j O | . " L 1 L A 1 . L 1 R = OO _ ] L 1 L . 1 . L ] _
0 200 400 600 © 0 200 400 600

# Documents # Documents
References

[1] Generative agents: Interactive simulacra of human behavior, Park et al (2023).

[2] MemGPT: Towards LLMs as operating systems, Packer et al (2023).

[3] RAPTOR: Recursive abstractive processing for tree-organized retrieval, Sarthi et al (2024).

[4] From local to global: A graph RAG approach to query-focused summarization, Edge et al (2024).
[5] Online hierarchical clustering approximations, Menon et al (2019).

[6] Approximation bounds for hierarchical clustering, Moseley et al (2017).

[7] Lost in the middle: How language models use long contexts, Liu et al 2024

Results: = Multi-Doc QA

*  MemTree outperforms dynamic methods, matches static methods, and surpasses all baselines, including human annotations,
on temporal reasoning tasks.
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* Visualization of the learned MemTree (subset):

Uber's Q3 2023 earnings report highlights
a significant turnaround in profitability,

transitioning from a $1.2 billion net loss
last year to a net income of $219 million

In an October 2023 friendly match, the
U.S. Men's National Team (USMNT)

The housing market is facing a downturn,
with existing home sales plunging to levels

faced Germany and suffered a 3-1 defeat
... Concurrently, the U.S. women's team

seen during the Great Recession. This
decline is driven by reduced affordability

has appointed Emma Hayes as the new

head coach ...

Emma Hayes, the highly successful coach
of Chelsea Women, has been appointed as
the 10th full-time head coach of the U.S.

Women's National Soccer Team
(USWNT) ...

In a friendly match on October 14, 2023,
the USA men's national soccer team

(USMNT) faced Germany and suffered a

3-1 defeat at Rentschler Field in
Hartford. Despite the loss, there were

notable individual performances ...

The particulars around timing and the
plan moving forward have been one of the
areas of discussion between Hayes and her

representatives, Chelsea and US Soccer,
that has continued through the start of

November. Unless the situation changes
drastically, Hayes will only have two
camps, including four friendlies, with the

USWNT ahead of the 2024 Olympics in
Paris. She'll miss three international

windows between Tuesday’s
announcement and her planned start date,
including the 2024 CONCACAF Gold
Cup in February and March. US Soccer
has a plan in place for the transition.

In their recent 3-1 defeat to Germany, the USMNT
displayed a blend of offensive promise and defensive
shortcomings. Christian Pulisic, with a stunning goal and
high pass completion rate, and Tim Weah's speed and link-
up play, were offensive highlights. Gio Reyna also

contributed creatively. However, the defensive side was
problematic ...

In his first 45 minutes of international football under Gregg Berhalter since the World Cup fallout, Gio
Reyna was his usual self, drawing the attention of German defenders and proving visionary with his
passing. He combined with Folarin Balogun on a number of occasions on the counter, which is a link-up
that US fans have been begging for more of. Reyna was only fit for 45 minutes of play here as he returns
from a leg injury, but it's no coincidence that Germany truly secured midfield dominance when he came off
the field.

As the tree deepens, the information
stored in the nodes becomes more
detailed and increases in length.
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