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Attention and Sparse Attention
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Long-Term Conversation s

LoCoMo: A dataset of very long-term conversations,
each encompassing 300 turns and 9K tokens on avg.,
over up to 35 sessions.

Example: Two agents, each initialized with an LLM.
Unigue persona statements are assigned to each
agent.

Create a temporal event graph for each agent to
mirror real-life experiences

Agent architecture is utilized for each agent,
enabling them to effectively memorize and reflect
conversation history in ongoing dialogues.

Introduction and Frontiers of Cognitive Science
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Joanna is a writer Nate loves dogs
from Midwest. She and turtles. He
is allergic to pets. has two pet turtles.

Persona
driven
dialog

Awww! How long have you had them? response

27 March, 2022

.. these little ones
\‘.‘5}"* =~ keep me calm when
oy things are important Image

behavior

.. for 3 years now

20 May, 2022

Image
sharing
behavior

’" just got a new addition to
b, ‘a the family, this is Max!

Unfortunately, allergies make it so | Memory
can't have any. from event

Do you have any of your own?

25 May, 2022 graphs

... took Max for a walk and ran
into this super nice couple who
had a dog.. We decided to do
doggy playdates

21 October, 2022

used to have a dog in Michigan .. then
| got allergic.. had to get rid of her

22
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Age nt a rC h ite Ct u re Source: https://snap-research.github.io/locomo/

* The agent is equipped with a memory and reflection module to retrieve relevant
history for dialog generation

* Persona statement and a timeline of casually connected events in their life.

Ongoing
Session

E— : Agent Architecture Human
v Persona SRS Edltmg
Retriever Image. . statement ~ & 4: _,.‘ T ,." @ .. allergies make it
‘ Reaction i 1 so | can't have pets.
[ Long -term mem. ] .. | got allergic ..
Observations ' Prediction had to get rid of
Short-term
v A ] memory the dog
(update at ' Image 0
; = AR = Response | too have a dog,
update at session end) session end) sharing

|

her name is Molly!

1
[i Reflection
[
.
1
]
]
]

v

a database of assertions (observations) about each speaker’s life and persona

2025 FA
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Temporal Event Graph s

* Each event is generated in accordance with the specified persona and causal
connections between events.

Persona Jack is a 25 year old male who works the graveyard shift at a hotel. He enjoys playing video games in his free time, and lisening to pop music. He has a
small circle of friends who he meets up with sometimes to have dinner or watch a movie. He also has a few close friends fromwork. Even though his shift
Summary hours are irregular, he still manages to socialize and do activities with his friends. His goal in life is to eventually become a hotel manager.

Causal //\4 /\

Events Jack signs up for a Jack starts Jack records and Jack gets an invitation from Jack has a phone interview
Timeline hotel management playing a new uploads a video Gamma Games to try out with the representatives
course. video game. promoting the course. their new video game. from Gamma Games.
8 July 10 Aug 11 Sep 3 Oct 18 Nov
2023 2023 2023 2023 2023 R

Time
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Eva I U atiO n Source:

* Question Answering. Agents need to “recall” past context correctly to integrate
relevant information into future responses.

* Single-hop, multi-hop, common sense & world know., adversarial, temporal

* Event Graph Summarization. Agents also need to recognize long-range causal
and temporal connections in the dialogues to generate empathetic and relevant

responses.

* Multi-modal Dialog Generation. Conversational agents need to utilize relevant
context recalled from past conversations to generate responses that are
consistent with the ongoing narrative.
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Findings Source:

* Long-context LLMs and RAG demonstrate effectiveness in QA tasks: improving

(&)
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“memory” capabilities of LLMs, but still significantly lag behind human levels (by

56%), especially in temporal reasoning, (by 73%);

Category Model Context Length Answer Prediction (1)

Single Hop Multi Hop Temporal Open Domain  Adversarial Overall

Human Human - 951 85.8 92.6 75.4 89.4 379

Mistral-Instruct-7B 8K 10.2 12.8 16.1 19.5 17.0 13.9

Hiia Llama-2-Chat-70B 4,096 19.7 14.4 133 15.9 221 17.9

; GPT-3.5-turbo 4,096 29.9 233 17.5 29.5 12.8 224

GPT-4-turbo 4,096 23.4 234 10.4 24.6 70.2 321

4K 31,7 254 16.8 27.6 13.1 24.1

8K 38.8 12 21.0 35.0 8.4 252

Corigchitest  SaT-3a5-81rbe-Tok 12K 51.1 40.4 25.0 36.5 6.4 33.5

16K 56.4 42.0 20.3 37.2 2.1 37.8

Table 2: Question answering performance of Base and Long-context models. Optimal performance is in bold.

Results are based on F1-score for answer prediction; higher is better.

2025 FA
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Findings Source:
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* Long-context LLMs has significant hallucinations: difficulty with adversarial

guestions in QA and event graph summarization task.

(1) Question Answering Task

Based on the given context, write a short answer for the question.

Single-Hop Reasoning Commonsense & World Know.
Last night .. we celebrated my I'm a fan of both classical like Bach
daughter's birthday. and Mozart, as well as modern

music like Ed Sheeran's "Perfect".
Q: Whose birthday did X celebrate?
Q: Would X likely enjoy "The Four

A: daughter Seasons" by Vivaldi?
Multi-Hop Reasoning A: Yes; she likes classical music.

A picture from one of & ey Sep 52020: I'm learning the piano.
my older travels

Q: When did X start learning violin?
Q: Which places has X visited? (A) Sep 5, 2020 (B) Not answerable

A: New York, Horseshoe Canyon A: (B) Not answerable

Temporal Reasoning

July 10, 2022: ... | actually started on a book recently since my movie did well!
Oct 6, 2022: ... | finished up my writing for my book last week..
Q: How long did it take for X to finish writing the book? A: three months

(2) Event Summarization Task
21 January, 2022

Summarize the significant

| won my first video game events that have occurred in
tournament last week - so exciting! X’s life.

The game was called Counter - 21 Jan: X wins his first video
Strike: Global Offensive .. game tournament playing

Counter -Strike: Global
23J , 2022
anuary Offensive with a team.

| start to hang out with some

people outside of my circle at the 23 Jan: X starts hanging out
tournament. with new people he met from
outside his circle at the
24 March, 2022 Counter Strike tournament.
I'm currently participating in the 24 Mar: X participates in
video game tournament again and another Counter Strike
it's INTENSE! tournament.

(3) Multimodal Dialog Generation Task

.. Trying out different flavors like Plea§e generate_ con_versation
chocolate, raspberry, and coconut with appropriate image.
has been a blast!

Yeah.. made these

Sounds delicious! Are you only dairy -free chocolate
trying dairy -free options? coconut cupcakes...

Introduction and Frontiers of Cognitive Science 27
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Related Work  soe

 Memory OS (2025): a hierarchical storage architecture that comprises three levels of

storage units:
* Short-term memory,
* Mid-term memory,

* Long-term personal
memory.
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Related Work so

* MemO: a scalable memory-centric architecture by dynamically extracting,
consolidating, and retrieving salient information from ongoing conversations.

The database serves as the
central repository, providing
context for processing and
storing updated memories.

Messages
Ommmn o—

2025 FA

Extraction Phase

LLM

fetch summary & past messages

Database

update memories

Summary

Last m messages

New extracted
memories
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